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Abstract -

An e v a l u a t i o n and comparison of the f l o w o f geochemicals through 

three systems of farm management i s made, using Vicia faba L. as a crop 

phytometer. Organic manures form the only n u t r i e n t a d d i t i o n to one system 

(Organic), a r t i f i c i a l f e r t i l i z e r s alone are a p p lied to the second ( S t o c k l e s s ) , 

and the t h i r d system receives a mixture of the two n u t r i e n t sources (Mixed). 

The i n f l u e n c e of the farm management upon each of the main components of 

the a g r i c u l t u r a l ecosystem i s determined, and these are discussed separately 

i n the f i v e main sections of the t e x t . Crude balance sheets are constructed 

to demonstrate the magnitude o f the annual flow of geochemicals through each 

system. -

The s o i l of the three farms i s compared by chemical a n a l y s i s . 

I t i s shown t h a t where organic manures have been used, the content of 

a v a i l a b l e p l a n t n u t r i e n t s i s s i g n i f i c a n t l y higher than i n the s o i l s where 

only i n o r g a n i c f e r t i l i z e r s have been applied. 

feThe f l o w of water through the ecosystem i s determined by the use 

of l y s i m e t e r s . A study of the chemical composition of the leachate shows 

t h a t the.system r e c e i v i n g both manures and f e r t i l i z e r s provides the greatest 

t h r e a t of e u t r o p h i c a t i o n . The maximum loss of p l a n t n u t r i e n t s from the s o i l 

i s shown to occur d u r i n g the season of the greatest r a i n f a l l . 

The r a t e of the f i x a t i o n of energy i n t o the system i s determined 

by a study of the growth and y i e l d of the crop phytoneter. I t i s found 

t h a t the long-term p r a c t i c e of growing separate stocks of seed on each farm, 

( i m p r i n t i n g ) , does not cause any p h y s i o l o g i c a l e v o l u t i o n to occur by which 

each p l a n t type could become b e t t e r s u i t e d to i t s own farm type. I t i s 

demonstrated that, the magnitude of the growth of the bean p l a n t s does not 

show any s i g n i f i c a n t e f f e c t of farm management, despite the d i f f e r e n c e s i n 

n u t r i e n t a v a i l a b i l i t y from the three s o i l s . I t i s suggested t h a t t h i s lack 
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o f growth response i s due t o the high background l e v e l of n u t r i e n t s i n 

a l l the s o i l s . The only e f f e c t of n u t r i e n t a v a i l a b i l i t y i s shown by 

the s i z e of the bean seed y i e l d , but t h i s e f f e c t i s seen to be d r a s t i c a l l y 

m o d i f ied by weed competition. 

The flow of geochemicals i n t o the standing crop i s i n v e s t i g a t e d 

by d e t a i l e d chemical a n a l y s i s of the p l a n t s throughout the season. 

Corresponding to the lack of growth response to the farm management, no 

s i g n i f i c a n t e f f e c t of s o i l treatment can be shown to be i n f l u e n c i n g the 

chemical composition of the crop. There i s no evidence to show any 

e u t r o p h i c a t i o n of the crop by n i t r a t e s , but a marked death r e a c t i o n i s 

demonstrated to be causing high concentrations of lead i n the bean seeds. 

Due to a g r e a t e r biomass on the Mixed se c t i o n , i t was t h i s management which 

i n c u r r e d the g r e a t e s t f l o w o f geochemicals i n t o the standing crop. 

The phenomenon of symbiotic n i t r o g e n f i x a t i o n by the phytometer 

i s i n v e s t i g a t e d . A close r e l a t i o n s h i p between the r a t e of f i x a t i o n , the 

e x t e n t of n o d u l a t i o n and the a v a i l a b i l i t y of s o i l n i t r o g e n i s determined. 

The former two c h a r a c t e r i s t i c s are sho™ t o provide an accurate assay of 

the l e v e l of n i t r o g e n i n the s o i l . C a l c u l a t i o n of the probable annual 

f i x a t i o n of n i t r o g e n shows t h a t t h i s i s maximal on the farm where no 

organic manures are supplied. 

From the c o n s t r u c t i o n o f the balance sheets, and the discussion i n 

the t e x t , i t i s i n d i c a t e d t h a t the management system, which i s the most geo-

chemically and economically v i a b l e , i s the Mixed system. This farm produces 

the h i g h e s t y i e l d of bean seeds, and permits a reasonable l e v e l of n i t r o g e n 

f i x a t i o n by the legume, but also poses the most serious t h r e a t of e u t r o p h i c ­

a t i o n t o other ecosystems. Even so, the concentration of n i t r a t e s i n the 

leachate never exceeded the maximum safe l i m i t suggested by the World Health 

Organization. 
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Conventions followed i n the t h e s i s 

1. Measurements : 

A l l measurements were made i n SI u n i t s according to the metric scale. 

Where reference f i g u r e s are quoted from the l i t e r a t u r e , a l l values 

are converted to the m e t r i c scale. The abbreviations used : 

yg or ygm = microgramme 

mg or mgm = milligramme mm = millim^etres 

kg = kilogramme cm = centimetres 

m = metres 

ha = hectares 

2. Numbering : 

- Tables and Graphs - Section number - sequential number f o r . t h a t 

s e c t i o n 

i e 4—.9 = the n i n t h graph i n Section 4. 

- Text - paragraphs numbered according to the Universal Decimal 

C l a s s i f i c a t i o n , "eg Section number :1.1.2-3(1) 

3. Abbreviations : 

where several elements are m.entioned together i n the t e x t , and i n 

a l l the tables they are l i s t e d by symbols (according to the P e r i o d i c 

Table) 

Farm management and i m p r i n t types : 0 = Organic 

M = Mixed 

S = Stockless 

C = Commercial 



- Vioia faba L. v a r i e t i e s : Tic 
Thro, Throw = Throws 

- P l o t treatment : 1971 F i e l d T r i a l : NF = No f e r t i l i z e r 

3F = 375 Kg f e r t i l i z e r / h a 

6F = 625 Kg f e r t i l i z e r / h a 

: 1972 F i e l d T r i a l : NFLys = Normal f e r t i l i z e r lysimeter 

S+ = HFLys = High f e r t i l i z e r l y s i m e t e r 

: 1973 F i e l d T r i a l : 

PPKK = double normal r a t e of phosphorus and potassium 

NNPPKK = double normal r a t e n i t r o g e n , phosphorus and 

potassium 

NNPK = double norm.al n i t r o g e n added to normal r a t e 

phosphorus and potassium 

4. D e s c r i p t i o n of geochemicals 

- I n the t e x t and tables the terms "ions", " n u t r i e n t s " and 

"geochemicals" are used synonomously^ 

- T o t a l geochemicals eg T o t a l K = t o t a l q u a n t i t y of geochemical 

which i s e x t r a c t e d from the sample by concentrated acid 

e x t r a c t i o n . Includes s t r u c t u r a l , exchangeable and 

water soluble f r a c t i o n s . - ' 

- A v a i l a b l e and exchangeable : throughout the t e x t and tables both 

t h e B e terms i n f e r t h a t t h e q u a n t i t i e s described are a v a i l a b l e to 

the growing p l a n t s , although they have been determined by chemical 

methods. S t r i c t l y : 

: a v a i l a b l e = the f r a c t i o n of s o i l geochemicals a v a i l a b l e to a 

growing p l a n t , i d e n t i f i e d by analysis of p l a n t s . 

: exchangeable = the f r a c t i o n of s o i l geochemicals which are 

chemically exchangeable, i d e n t i f i e d by analysis 

of the s o i l . 
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5. Nitrogen f i x a t i o n : 

- Throughout Section 5, a l l measurements o f p o t e n t i a l n i t r o g e n 

f i x a t i o n are expressed i n the volumes of n i t r o g e n f i x e d , but were 

a c t u a l l y one t h i r d of the volumes of ethylene produced by the 

re d u c t i o n of acetylene, which had c o m p e t i t i v e l y i n h i b i t e d the 

f i x a t i o n of n i t r o g e n . 

6. S t a t i s t i c s : 

- I n a l l sections of the t e x t , except i n Section 3 where polynomial 

regressions of the growth parameters v;ere u t i l i z e d , the t e s t used-

to determine the s i g n i f i c a n c e of the d i f f e r e n c e between sets of 

values was Bailey's d t e s t ( B a i l e y 1959). This i s designed to 

be used where the variances are not equal. I n the tables showing 

the r e s u l t s of t h i s s t a t i s t i c a l t e s t , a large number of abbreviations 

have been used : 

«> 
d f . or d. of f . = degrees of freedom 

d = c a l c u l a t e d values of d. 

p = p r o b a b i l i t y value 

p values : NS = No s i g n i f i c a n t d i f f e r e n c e i e p =: >0.1 

0.05 - 0.1 = No s i g n i f i c a n c e , but may i n d i c a t e a tren d . 

*or <0.05 = 95% confidence l e v e l - lowest l e v e l of p r o b a b i l i t y 

considered to show a s i g n i f i c a n t d i f f e r e n c e . 

**or <0.01 = 99% confidence l e v e l - d i f f e r e n c e h i g h l y 

s i g n i f i c a n t . 

R = i n some tables where the d i f f e r e n c e i s shorn to be 

s i g n i f i c a n t , the r e l a t i o n s h i p between the treatments 

i s i n d i c a t e d , i e X > Y 

SD = Standard Dev i a t i o n 

SE = Standard E r r o r . The bars shorn on some of the 

graphs are values of standard e r r o r s . 
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I n t r o d u c t i o n 

I remember the time when the s t a b l e would y i e l d . 

Whatsoever was needed to f a t t e n the f i e l d , 

But chemistry now i n t o t i l l a g e we lugs. 

And we drenches the e a r t h w i t h a p a r c e l of drugs. 

A l l we poisons, I hopes, i s the slugs. 

(Punch 1846, published at the advent of the 
i n d u s t r i a l production of inorganic f e r t i l i z e r s ) . 

The Biosphere 

The biosphere may be defined as t h a t p a r t of the Earth i n which 

l i f e e x i s t s , and undergoes a c t i v e metabolism (Hutchinson 1970); or as the 

re g i o n i n which l i q u i d water can e x i s t and which receives an ample supply 

of energy from an e x t e r n a l source (Penman .1970). The energetics of the 

biosphere depend upon the u t i l i z a t i o n of solar energy f o r the photo-

s y n t h e t i c * r e d u c t i o n of carbon dioxide by a u t o t r o p h i c p l a n t s , to produce 

organic compounds and molecular oxygen. Thus the geochemical r e s u l t of 

photosynthesis i s to produce an oxidized p a r t of the biosphere - atmosphere 

and water - and a reduced p a r t - organisms and t h e i r organic decomposition 

products. The maintenance of the biosphere requires a c y c l i c a l flow of 

the b i o l o g i c a l l y important m a t e r i a l s , which are re-used at the expense of 

s o l a r energy. The movement of such m a t e r i a l s i s l a r g e l y c o n t r o l l e d by the 

v e c t o r of water, c a r r y i n g dissolved and p a r t i c u l a t e substances through the 

system. As Leonardo da V i n c i said : 'Water i s the d r i v e r of nature'. 

Thus the d e t a i l e d knov/ledge of the mechanisms of the geochemical c y c l i n g of 

each element i n the water, i n the t e r r e s t r i a l ecosystem, p a r t i c u l a r l y con­

cerning the processes by which the s o l i d - l i q u i d i n t e r f a c e i s crossed, i s 

of enormous b i o l o g i c a l importance. 



The Ecosystem 

W i t h i n the biosphere there are many ecosystems, each of which has 

evolved to contain a d i v e r s i t y of species, which i n t e r a c t to e x p l o i t to a 

maximum the p o t e n t i a l b e n e f i t from the i n c i d e n t energy. A n a t u r a l eco­

system i s c o n t r o l l e d by a number of homeostatic mechanisms, which serve t o 

r e g u l a t e the development o f the i n d i v i d u a l c o n s t i t u e n t populations of 

organisms. The u l t i m a t e s t r u c t u r e of the ecosystem w i l l depend upon the 
r a t e and magnitude of the flow of energy, and r e c y c l i n g of the mineral 

n u t r i e n t s through the food chains. I n t e r r e s t r i a l ecosystems, no matter how 

complex these chains may be, from green p l a n t s - herbivores - carnivores, 

most of the energy w i l l be d i s s i p a t e d as heat, and e v e n t u a l l y the contained 

organic m a t e r i a l w i l l be returned to the substrate. There i t w i l l undergo 

p h y s i c a l , chemical, and b a c t e r i a l , decomposition to u l t i m a t e l y form humus. 

This becomes i n t e g r a t e d w i t h the mineral substrate p a r t i c l e s which aggregate 

together to form s o i l , both f r a c t i o n s being a source of n u t r i e n t s f o r f u t u r e 

generations of p l a n t s . The s t r u c t u r e of the s o i l w i l l depend upon the 

o r i g i n and size of the mineral p a r t i c l e s , and the p r o p o r t i o n of decomposed 

organic remains, which w i l l , i n t u r n , i n f l u e n c e the a v a i l a b i l i t y of a i r , 

water and d i s s o l v e d minerals t o the p l a n t s . Organic matter i s one of the 

major f a c t o r s i n f l u e n c i n g the p r o d u c t i v i t y of the s o i l (Bruin 1965). I t 

c o n t r i b u t e s t o n u t r i e n t a v a i l a b i l i t y through decomposition and by a c t i n g as 

a c h e l a t i n g agent - the c a t i o n exchange capacity of a s o i l i s l a r g e l y 

dependent upon i t s organic matter content. 

An ecosystem w i l l tend to evolve tovjards a climax s t a t e - during 

the s e r a i stages the loss of energy from the system i n r e s p i r a t i o n w i l l be 
less than the gross production, so t h a t the f i x e d energy can be stored i n 

an i n c r e a s i n g biomass. The climax ecosystems represent the most e f f i c i e n t 

way of using the resources of an area to s u s t a i n l i f e , w i t h the minimum 

impact upon other ecosystems - a l l the energy captured i n u n i t time i s l o s t 



d u r i n g the metabolism required to maintain the status quo of the biomass. 

This allows no net annual storage, and the n u t r i e n t gains from the sub­

s t r a t e are balanced by the n u t r i e n t losses. 

The development of A g r i c u l t u r e 

During the f i r s t two m i l l i o n years of h i s existence, man was a 

d e s t r u c t i v e predator upon h i s environment, v/hich consequently was able to 

support only a low p o p u l a t i o n of i n d i v i d u a l s . About ten thousand years 

ago, man began to adapt the biosphere, i n p a r t i c u l a r the t e r r e s t r i a l eco­

systems, to f u l f i l the needs of food production, by the domestication of 

p l a n t and animal species, and c u l t i v a t i o n of the land. This i n i t i a t e d . t h e 

s p i r a l by which a greater food supply enabled the development of a l a r g e r 

p o p u l a t i o n , which then required a f u r t h e r increase i n food supply. The 

s p i r a l has become s t e a d i l y more acute as the advances i n a g r i c u l t u r a l 

technology have been o u t s t r i p p e d by the world p o p u l a t i o n growth. Hence, 

we have an a c c e l e r a t i n g impact upon the biosphere, tending towards the mass 

di s r u p t i o n ! of ecosystems, as an i n c r e a s i n g f r a c t i o n of the solar energy 

f i x e d by green p l a n t s , and the mineral n u t r i e n t s extracted from the e a r t h , 

become i n t e g r a t e d i n t o the biomass of Homo sapiens. 

W i t h i n a n a t u r a l t e r r e s t r i a l ecosystem the main f a c t o r s c o n t r o l l i n g 

the r a t e of the f l o w o f energy are the climate and the a v a i l a b i l i t y of the 

main raw m a t e r i a l s of metabolism, which are n i t r o g e n , phosphorus and p o t ­

assium. The f e r t i l i t y of the s o i l i s maintained by the weathering of bed­

rock and s o i l minerals i n t o forms a v a i l a b l e to the p l a n t s , and the r e t u r n of 

the organic m a t e r i a l t o the s o i l to maintain i t s s t r u c t u r e . 

U n t i l the mid-19th century i n B r i t a i n , a g r i c u l t u r a l management 

c l o s e l y mimicked the s i t u a t i o n found i n a n a t u r a l ecosystem. Species 

d i v e r s i t y was maintained so as 'to e f f i c i e n t l y e x p l o i t the d i f f e r e n t f r a c t i o n s 

of the s o i l m inerals, by the use of crop r o t a t i o n s . These commonly included 

a year of a c e r e a l , then a r o o t crop, a legume, another c e r e a l , and then leys 



supporting l i v e s t o c k f o r several years. The f e r t i l i t y of the s o i l was 

preserved by the r e t u r n of organic m a t e r i a l s i n the form of straw, vegetable 

waste and animal manure, and by a low annual removal of n u t r i e n t s i n the 

small y i e l d s gained. I f one area of land became n u t r i t i o n a l l y depleted, 

f a l l o w i n g was o f t e n employed, and new land areas were c u l t i v a t e d f o r food 

production. This system was very l a b o u r - i n t e n s i v e , but d i d not r e q u i r e 

the i m p o r t a t i o n of n u t r i e n t s and f i x e d energy from outside the system. 

Due to the increased growth i n the numbers of people to be f e d , 

and a decreasing a v a i l a b i l i t y o f new areas f o r a g r i c u l t u r a l expansion, 

farming has become i n c r e a s i n g l y i n t e n s i v e on a smaller area of land. For 

example, i n the United States, according to V i e t s (1971) : 

i n 1944 353 x 10^ acres were used f o r a g r i c u l t u r e 

i n 1963 287 x 10^ " " " " " , but t h i s 

reduced area produced twice the q u a n t i t y of y i e l d s 

as found i n 1944. 

N u t r i e n t and Energy i n p u t 

When the upper l a y e r of the r e g o l i t h i s i n t e n s i v e l y c u l t i v a t e d , 

the mineral and organic c o n s t i t u e n t s are r a p i d l y depleted - i n the l a s t 

three decades, the use of crop r o t a t i o n s and manure has been l a r g e l y d i s ­

continued i n the i n d u s t r i a l i z e d c ountries because, i n the short term, greater 

p r o d u c t i v i t y can be gained from the a p p l i c a t i o n o f inorganic s a l t s alone, 

which represent large im.portations of energy i n t o the system. An understand­

i n g of genetics has enabled the breeding of improved high y i e l d i n g s t r a i n s o f 

crops, but these o f t e n r e q u i r e very high l e v e l s of a v a i l a b l e n u t r i e n t s i n the 

s o i l , e s p e c i a l l y the "super-cereals" of the "green r e v o l u t i o n " , which has 

r e s u l t e d i n t h e i r d i s c o n t i n u a t i o n by the poorer c o u n t r i e s . 



As more labour has l e f t the land, farm management has become 

i n c r e a s i n g l y energy-intensive - i n the form of f e r t i l i z e r s , p e s t i c i d e s , 

h e r b i c i d e s and mechanization - which has r e s u l t e d i n greater environmental 
stresses. At present, about 10% of the t o t a l world land surface i s 

u t i l i z e d f o r a g r i c u l t u r e , of which 66% i s devoted to cereals. Since the 

i n n o v a t i o n of f e r t i l i z e r manufacture i n the mid-19th century (Lawes -

superphosphate), the farm management p r a c t i s e d i n B r i t a i n has become success­

i v e l y f u r t h e r removed from the s i t u a t i o n found i n Wature. The species d i ­

v e r s i t y has been d r a s t i c a l l y reduced, w i t h monocultural p r a c t i s e s becoming 

predominant, and the use of animal manures as a n u t r i e n t source and s t r u c t ­

u r i n g agent has been abandoned on most of the commercial farms. Much of 

the p l a n t residues are burned, or used f o r fodder f o r animals outside the 

producing system, and the high y i e l d s e x t r a c t e d annually, r a p i d l y deplete 

the s o i l of i t s n u t r i e n t s . I n t e n s i v e mechanization w i t h large machines 

encourages s o i l compaction, e s p e c i a l l y when c u l t i v a t i o n of heavy s o i l i s 

r e q u i r e d i n wet weather. A l l the modern p r a c t i c e s tend towards a loss of 

the s o i l s t r u c t u r e and the inherent f e r t i l i t y . 
Due to the management techniques p r a c t i s e d , an increasing amount 

of a r t i f i c i a l i n o r g a n i c f e r t i l i z e r s have to be applied to the land. As 

the s o i l loses i t s s t r u c t u r e , and thence the n u t r i e n t - b i n d i n g a b i l i t y , high 

crop y i e l d s can only be maintained i f the r a t e of a p p l i c a t i o n i s enlarged; 

the higher the r a t e , the more i n e f f i c i e n t the use of the n u t r i e n t s . Net 

annual p r o d u c t i o n can a t t a i n a l e v e l of 6-10 Kg dry organic matter/square 

metre/year, but most systems average only 1-3 Kg of m a t e r i a l . This product­

i v i t y i s bought a t the expense of stored energy i n the form of f o s s i l f u e l s , 

which are used e x t e n s i v e l y i n the manufacture of agrochemicals, and i n the 

mechanization of farm a c t i v i t i e s . 

The most important p l a n t n u t r i e n t s which are applied i n inorganic 

f e r t i l i z e r s are n i t r o g e n , phosphorus and potassium. A l l three V7ere o r i g -

a l l y mined; sodium n i t r a t e from C h i l e , rock phosphate from N. A f r i c a , and 



potash from Canada. The reserves of the l a t t e r two, although t h e i r 

occurrence i s geo g r a p h i c a l l y r e s t r i c t e d , and r e q u i r e c o s t l y i m p o r t a t i o n 

and pre-treatment, should survive the world demand f o r several decades. 

However, u n t i l the e a r l y 20th century when the method of i n d u s t r i a l 

f i x a t i o n of n i t r o g e n was discovered, which had been pr e d i c t e d to be e s s e n t i a l 

by Lawes (1847) and Crookes (1896), the Chilean deposits of n i t r a t e and the 

by-products of the coal gas i n d u s t r y V'/ere q u i t e inadequate to supply 

s u f f i c i e n t n i t r o g e n f o r world a g r i c u l t u r e . During the f i r s t h a l f of t h i s 

century the use of f e r t i l i z e r s i n the U.K. increased d r a m a t i c a l l y , espec­

i a l l y f o r n i t r a t e and potash production : 

i n thousands of tons : Date N '2°5 K̂ O 

1900 16 110 7 

1939 60 170 75 

1956 291 386 305 

This increase was p a r t l y necessary because of the increased loss of 

from the farmed land : i n Kg/ha/year 

N K̂ O 

Four year r o t a t i o n 57 18 7 

Modem system. 390 128 435 (Cooke 1954) 

E u t r o p h i c a t i o n 

U n f o r t u n a t e l y the imported inorganic n u t r i e n t s do not remain v ; i t h i n 

the a g r i c u l t u r a l ecosystem, but leak out through the water systems, causing 

e u t r o p h i c a t i o n of r i v e r s , lakes and oceans. E u t r o p h i c a t i o n may be defined 

as the enrichment of an ecosystem by geochemical n u t r i e n t s from outside the 

system. I f these n u t r i e n t s could be contained v ; i t h i n the farms, such 

e u t r o p h i c a t i o n might be an advantage to the c o n t i n u a l production of h i g h 

y i e l d i n g crops. But, j u s t as N, ? and K are the most important elements 



f o r the n u t r i t i o n of t e r r e s t r i a l p l a n t s , so they s t r o n g l y i n f l u e n c e the 

growth of algae and aquatic macroflora, which may choke e u t r o p h i c waterways. 

When these organisms d i e , the water f r e q u e n t l y becomes deoxygenated, r e s u l t ­

i n g i n f i s h - k i l l s , and a loss of the amenity value of the water. Thus 

e u t r o p h i c a t i o n has taken the popular connotation of over-enrichment, 

e q u i v a l e n t to p o l l u t i o n . 

N i trogen 

The supply o f food i s l i m i t e d more by the a v a i l a b i l i t y of f i x e d 

n i t r o g e n than by any other p l a n t n u t r i e n t (Delwiche 1970). Thus, i n 

modem a g r i c u l t u r e , the most serious i n t e r v e n t i o n i n t o the n a t u r a l b i o -

geochemical cycles o p e r a t i n g i n t e r r e s t r i a l systems has been the i n d u s t r i a l 

f i x a t i o n o f n i t r o g e n . Since 1950, t h i s a r t i f i c i a l f i x a t i o n has increased 

5 - f o l d , and now exceeds, by about 10%, the t o t a l amount n a t u r a l l y f i x e d by 

a l l t e r r e s t r i a l ecosystems before the advent of modem a g r i c u l t u r e . I n 

1968, the t o t a l v 7 o r l d p r o d u c t i o n of i n d u s t r i a l l y - f i x e d n i t r o g e n was 30 

m i l l i o n tons, and since then t h i s q u a n t i t y has been doubling, once every 

s i x years. This energy-intensive process has r e c e n t l y become very 

expensive, due to the r i s e i n o i l p r i c e s , f o r i t requires 6000 K c a l o r i e s 

of energy to f i x one Kilogrammie of n i t r o g e n . 

Before i n d u s t r i a l f i x a t i o n , the amount of n i t r o g e n f i x e d n a t u r a l l y 

by microorganisms was balanced by those d e n i t r i f y i n g the system, but the 

f u l l consequences of a much higher f i x a t i o n r a t e , than d e n i t r i f i c a t i o n , 

over a long p e r i o d , i s not known. One e f f e c t which i s becoming evident 

i n the regions of the world where i n t e n s i v e systems operate i s the high 

c o n c e n t r a t i o n of n i t r a t e i n the d r i n k i n g water supplies. The main source 

of t h i s increased concentration i s assumed to be a g r i c u l t u r a l r u n - o f f . For 

example, i n 1968 Wadleigh estimated t h a t i n the USA, of the-.-7 m i l l i o n tons 

of n i t r o g e n f e r t i l i z e r added to the s o i l , a t l e a s t 3 m i l l i o n tons of n i t r a t e 
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entered the wateni?ays. This very soluble i o n leaches r a p i d l y from s o i l s , 

and once present i n the water i s very d i f f i c u l t t o remove. The only 

economical process which has been used t o overcome t h i s problem has been the 

d i l u t i o n o f the eutrophic water v j i t h purer supplies from n o n - a g r i c u l t u r a l 

regions. High n i t r a t e l e v e l s i n the d r i n k i n g water can b r i n g about the 

c o n d i t i o n of methaemoglobinemia i n young c h i l d r e n and animals, which may 
r e s u l t i n the death o f the v i c t i m s . 

E u t r o p h i c a t i o n of crop p l a n t s has also been demonstrated by 

Thome (1957) and Ackerson (1963), who found f r e e c r y s t a l s of potassium 

n i t r a t e i n t u r n i p and maize leaves r e s p e c t i v e l y , where the pla n t s were 

r e c e i v i n g h i g h rates o f n i t r o g e n f e r t i l i z e r s . I t i s possible t h a t i f t h i s 

c o n c e n t r a t i n g e f f e c t occurs i n the p a r t s of crop plants used f o r human 

consumption, t h i s source might also prove to be a dangerous r e s u l t of the 

o v e r - a p p l i c a t i o n of a r t i f i c i a l f e r t i l i z e r s . 

Thus the production o f increased food y i e l d s necessary f o r the 

s u r v i v a l of man, i s i t s e l f causing a p o l l u t i o n of the environment V7hich may 

reduce the numbers of our species. The accumulation of t o x i c and non-

degradable agrochemical wastes, and high concentrations of e s s e n t i a l n u t r i e n t s , 

i s t ending t o reduce the s t a b i l i t y and the complexity of ecosystem s t r u c t u r e , 

s h o r t e n i n g food chains, and fa v o u r i n g decomposition and decay. Woodwell 

(1970) s t a t e d t h a t the e u t r o p h i c a t i o n of the environment encourages the 

s i m p l i f i c a t i o n of the b i o t a , and increases the i n t e r a c t i o n between the mineral 

cycles i n the t e r r e s t r i a l and aquatic ecosystems - the long-term trend of 

e v o l u t i o n towards s t a b l e , complex and l a r g e l y autonomic systems i s being 

reversed. I n 1968, Odum suggested t h a t such p o l l u t i o n of the environment 

should not be regarded as completely detrim.ental, as i t may provide new 

o p p o r t u n i t i e s f o r the e v o l u t i o n of organisms and ecosystems, but as so many 

o f the p o l l u t a n t s cause widespread death and decay, i t i s d i f f i c u l t to see 

how t h i s s t a t e could form the basis of an ev o l u t i o n a r y advance (Hutchinson 

1970). 



A g r i c u l t u r e has thus become an a n t i - s e r a l development, whereby 

the s t o r e d energy of the system becomes p r o g r e s s i v e l y depleted, the whole 

only being able to continue t o operate i f i n c r e a s i n g amounts of energy and 

n u t r i e n t s are added to i t by man. 

Organic manures versus Inorganic F e r t i l i z e r s 

Since the 1840s there has been a c o n t i n u i n g controversy conceming 

the b e n e f i t s and disadvantages o f the farm management methods which u t i l i z e 

animal manures as the main source o f p l a n t n u t r i e n t s . The German 

a g r i c u l t u r a l chemists, such as L i e b i g (1840), showed t h a t p lants were made 

up o f C, H, N, and 0, which they reasoned o r i g i n a t e d from the atmosphere, 

and P, K, Mg, and Ca, o r i g i n a t i n g from the substrate. I'Jhen c a l c u l a t i n g the 

formulae of the necessary n u t r i e n t a p p l i c a t i o n s f o r crops, they assumed that 

any substance discovered i n the p l a n t was serving a u s e f u l purpose. Because 

farmyard manure contained very low l e v e l s of the macronutrients, p r o p o r t i o n a l 

to i t s b u l k , they decided that i t was more e f f e c t i v e and economical to 

supply tliese i n the form of simple s a l t s from which the n u t r i e n t s were 

speedily a v a i l a b l e t o the crops. This view was controverted by Lawes and 

G i l b e r t at Rothamsted who reasoned t h a t most of the n i t r o g e n o r i g i n a t e d from 

the s o i l , and t h a t when n u t r i e n t s were added i n organic manures, supplemented 

by the i n o r g a n i c s a l t s , t h i s a p p l i c a t i o n was more equivalent to the n u t r i e n t 

r e c y c l i n g found i n nature. The applied manures underwent gradual decomp­

o s i t i o n , making the contained n u t r i e n t s a v a i l a b l e as the crop p l a n t s grew, 

and the humus improved/maintained the good s t r u c t u r e of the s o i l . The sound 

.nature of t h e i r b e l i e f s can be seen from the r e s u l t s of the 130 year exper­

iment on Broadbalk f i e l d at Rothamsted. 

I n the 1971 M i n i s t r y of A g r i c u l t u r e Advisory L e a f l e t (No. 435), 

the o f f i c i a l , recommendation was t h a t the use of farmyard manure "being the 

s o l i d and l i q u i d excreta of c a ttle/pigs,mixed w i t h t h e i r l i t t e r , i m p r o v e d the 
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n u t r i e n t content and s t r u c t u r e of the s o i l , enabling i t to r e t a i n more 

moisture, and to provide easier c u l t i v a t i o n . " The area most l i k e l y to 

b e n e f i t from t h i s treatment was suggested to be East Anglia. However, they 
f u r t h e r r e i t e r a t e d the German agrochemists' views t h a t " t o o b t a i n economic 

r e t u r n s under present-day i n t e n s i v e conditions i t i s necessary t o g r e a t l y 

increase the amount of p l a n t n u t r i e n t s supplied to crops. As the q u a n t i t y 

of farmyard manure i s l i m i t e d , t h i s means t h a t an e x t r a a d d i t i o n of inorganic 

f e r t i l i s e r s should be made." Because l i v e s t o c k are now also r a i s e d i n t e n s i v e ­

l y , f ed on high p r o t e i n concentrates, there may be a vast surplusage of s l u r r y 

and manure i n many l o c a l i z e d areas, but no supplies of manure i n others. 

Therefore the main problem today i s t h a t of the d i s t r i b u t i o n and storage of 

t h i s n a t u r a l resource. 

I n 1970, the S t r u t t r e p o r t stated t h a t the use of a r t i f i c i a l 

f e r t i l i s e r s had caused no loss of s o i l - f e r t i l i t y , and that there was no 

evidence t h a t organic manures from l e y s , and the farmyard, were a b e t t e r 

source of n u t r i e n t s . However, i t d i d note t h a t a low organic matter content 

of the s o i l could be serious, where there.was a complete absence of l i v e s t o c k 

and a continuous monoculture of one cereal crop, e s p e c i a l l y i n the areas of 

the country where l i g h t s o i l s are c u l t i v a t e d . 

The Research P r o j e c t 

I n order to e l u c i d a t e , and compare, the flow of n u t r i e n t s found 

under " n a t u r a l " organic farming c o n d i t i o n s , w i t h those where only a r t i f i c i a l 

f e r t i l i z e r s are used as a n u t r i e n t source, the a g r i c u l t u r a l ecosystems found 

at the Haughley Research Farm were i n v e s t i g a t e d . The creed of the S o i l 

A s s o c i a t i o n , which was responsible f o r the running of the farm f o r most of 

i t s e xistence, was t h a t the r e a l ends o f a g r i c u l t u r a l science should be to 

achieve high crop y i e l d s by the best u t i l i z a t i o n of the n a t u r a l processes of 

n u t r i e n t r e c y c l i n g , and n a t u r a l crop r e s i s t a n c e , to produce a s t a b l e , non-

p o l l u t i n g , s e l f - g e n e r a t i n g and inexpensive, closed system. The i n i t i a l 
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founding of t h i s research farm was the work of Lady Eve Balfour; through 

much of the farm's l i f e a d d i t i o n a l income was provided by the s e l l i n g of 

Organic 'Health' foods. 

The Haughley Research farm i s .situated i n E. S u f f o l k at a height 

of 200 f e e t above s e a - l e v e l . The farm i s more or less f l a t , and i s sub­

d i v i d e d by hedges and deep ditches i n t o small f i e l d s of 2.5 - 3.2 hectares. 

I n 1941 the farm was d i v i d e d i n t o three sections " f o r the purposes of 

comparing, from the h e a l t h p o i n t o f view, three systems o f farm management, 

based on the d i f f e r e n t conceptions of the nature of crop n u t r i t i o n . " Two 

of the farm s e c t i o n s , each of 30 hectares, c a r r i e d l i v e s t o c k , and the remain­

i n g 13 hectares were to remain w i t h o u t stock of any k i n d . The f e r t i l i t y of 

one of the stock-bearing sections (Organic) was t o depend e n t i r e l y upon the 

crop residues and animal manures produced upon t h a t section - no mianufactured 

agrochemicals were to be used. The second stockbearing section (Mixed) v;as 

t o receive a supplementary a p p l i c a t i o n of chemical f e r t i l i z e r s , i n a d d i t i o n 

to the crop residues and manures produced w i t h i n t h a t section. The Stockless 

s e c t i o n received crop residues and chemical f e r t i l i z e r s , V 7 i t h organic manures 

and leys excluded. Only on the Mixed and Stockless sections was the use of 

p e s t i c i d e s and h e r b i c i d e s p e r m i t t e d . The a e r i a l view of the experimental 

farm i s shown on Plate 1, and t h i s also i n d i c a t e s the plan of the d i f f e r e n t 

f i e l d types. 

This research p r o j e c t was undertaken to attempt to evaluate the 

a g r i c u l t u r a l ecosystems at Haughley, to determine the long-term r e s u l t s of 

the three systems of farm management upon the crop environment, to determine 

which system produced the most economic r e t u r n i n crop y i e l d f o r the input 

of n u t r i e n t s and energy, and to determine vzhich system posed the most serious 

t h r e a t t o the p o s s i b l e e u t r o p h i c a t i o n of the t e r r e s t r i a l and aquatic eco­

systems. 
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The complexity o f even a p a r t i a l l y man-made ecosystem i s very 

gr e a t , and t h i s precludes any simple, s i n g l e f a c t o r analysis to provide an 

accurate e v a l u a t i o n of the system. However, because of the. c e n t r a l r o l e 

of energy i n m a i n t a i n i n g the l i f e o f organisms, an examination of the 

f i x a t i o n o f t h i s energy (expressed as p l a n t growth and y i e l d ) , and the 

q u a n t i f i c a t i o n of the flow of n u t r i e n t s through the p l a n t , s o i l , s o i l -

water system, enables a more thorough comprehension of the.dynamics of the 

ecosystem (Woodwell 1970). These e c o l o g i c a l parameters formed the basis 

of the e v a l u a t i o n of the three farm systems at Haughley, where the phytometer 

chosen was Vicia fdba L. The bean seeds produced by t h i s p l a n t contain 

25-27% crude p r o t e i n (dry w e i g h t ) , and have r e c e n t l y become a most important 

source of hi g h p r o t e i n f l o u r , f o r human consumption. The choice of a 

legume also allowed an e s t i m a t i o n to be made of the impact o f these three 

forms of farm management, upon the n a t u r a l symbiotic f i x a t i o n o f n i t r o g e n . 



Fig.1 Aeria! view of the Haughley Research Fsrm. 
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O v e r a l l aims of the Research Pro j e c t 

I n order to assess the long-term e f f e c t s of the three systems of 
farm management upon the crop environment at Haughley, f i v e methods of 

approach were adopted : 

1. To determine the s t a t u s quo of the p l a n t n u t r i e n t supply i n the 

three s o i l s - the crop template. 

Regular analyses of the plough-depth of top s o i l , and occasional 

sampling of the s u b - s o i l , f o r the t o t a l geochemical content of a broad 

spectrum of elements were to be performed, throughout three years of f i e l d 

t r i a l s . Tlie " p l a n t - a v a i l a b l e " (chemically exchangeable) q u a n t i t i e s of 

n i t r o g e n , phosphorus and potassium i n the top s o i l were also to be determined. 

I t was planned t h a t the n u t r i e n t content of the inorganic f e r t i l i z e r s and 

the organic manures should be defined to enable the c a l c u l a t i o n of the annual 

a d d i t i o n of n u t r i e n t s to the three systems. 

"As no i n f o r m a t i o n concerning the geochemistry of t h i s p a r t i c u l a r 

environment was a v a i l a b l e , a broad spectrum approach was chosen. The 

q u a n t i f i c a t i o n of a v/ide range of n u t r i e n t s was required i n order to i d e n t i f y 

whether or not the farm management had a l t e r e d the s o i l ' s p o t e n t i a l f o r 

producing h e a l t h y , h i g h - y i e l d i n g crops. 

2. To determine the r a t e , and magnitude, of the flow of geochemicals 

through the three farm systems i n the water vector. 

Monthly c o l l e c t i o n s of r a i n f a l l and f i e l d drainage water vjere to 

be made f o r chemical a n a l y s i s , and t h e i r volumes recorded, to enable the 

c a l c u l a t i o n of the annual a d d i t i o n t o , and loss from, the system f o r the 

geochemicals considered. 

Because the automatic monitoring of the flow of water from the 

e x i s t i n g f i e l d t i l e drains was a n t i c i p a t e d to be p r o h i b i t i v e l y expensive, 
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the i n s t a l l a t i o n of l y s i m e t e r s was planned t o be implemented f o r the 

second year's f i e l d t r i a l . This would enable the measurement of the volum.e 

of water, and the weight of geochemicals, l o s t by p e r c o l a t i o n through the 

s o i l . 

3. To determine the i n f l u e n c e of the farm management systems upon 

the grov7th performance of the crop phytometer. 

The farm management systems were t o be evaluated, using one of 

the crops which had been included i n the normal r o t a t i o n at Haughley since 

the beginning of the experiment i n 1941. The crop selected f o r the 

phytometer was the f i e l d bean - Vi-cia faba L. var Tic and var Throws. 

During the t h i r t y - y e a r p e r i o d of the Haughley experiment, each of the three 

systems had been planted only w i t h the bean seeds which had been p r e v i o u s l y 

produced" on t h a t s e c t i o n - t h i s process i s here c a l l e d i m p r i n t i n g . 

The f i r s t aim was to determine, by analysis of the growth and ' 

y i e l d data, whether the process of i m p r i n t i n g had adapted any of the i m p r i n t s 

t o be able to grow b e t t e r on i t s own management regime, r a t h e r than on 

another type. 

The second aim was to compare the growth performance of a s i n g l e 

seed type under the three management system.s, and v a r y i n g l e v e l s of 

f e r t i l i z e r a p p l i c a t i o n on the Stockless s e c t i o n , t o show how the method of 

n u t r i e n t i n p u t i n f l u e n c e d the crop growth dynamics. 

An i n i t i a l p i l o t p r o j e c t i n a greenhouse, during the w i n t e r months 

preceding the f i r s t f i e l d t r i a l , was to be used to provide growth data w i t h 

which t o t e s t the proposed method of polynomial regression analysis (Hughes 

and Freeman 1967). Following t h i s , f i e l d t r i a l s were planned i n order 

t h a t the hypothesis concerning the e f f e c t of i m p r i n t i n g , and the e f f e c t of 

management, could be i n v e s t i g a t e d under normal a g r i c u l t u r a l c o n d i t i o n s . 
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4. To determine the uptake of n u t r i e n t s by the crop phytometer. 

The crop p l a n t s were to be analysed f o r a broad range of geo­

chemicals, corresponding t o those studied i n the s o i l , i n order to determine 

the p a t t e r n of the uptake of n u t r i e n t s from the three regimens of farming. 

The p l a n t s which were to be sampled f o r growth measurement would be sub­

j e c t e d to chemical a n a l y s i s , so t h a t the flov; of n u t r i e n t s i n t o the standing 

crop could be estimated. I t was hoped to compare the e f f e c t of the d i f f e r e n t 

farm managements upon the chemical composition of the crop at the times of 

the growth maxima discovered by the previous analysis of growth. The poss­

i b i l i t y of the e u t r o p h i c a t i o n of the p l a n t s by f r e e n i t r a t e (sensu Thorne 

1957), e s p e c i a l l y i n the seeds, which are used f o r himian consumption, was 

t o be explored. 

5. To determine the i n f l u e n c e of farm management upon the 

symbiotic n i t r o g e n f i x a t i o n by the crop phytometer. 

Using the phenomenon of sjmibiotic n i t r o g e n f i x a t i o n f o r which 

legumes are renovmed, i t was intended t h a t an i n v e s t i g a t i o n should be made 

i n t o the p o s s i b i l i t y of using the r a t e of n i t r o g e n f i x a t i o n , and the degree 

of r o o t n o d u l a t i o n , as b i o l o g i c a l assays of the s o i l n i t r o g e n s t a t u s . This 

study would also provide an e s t i m a t i o n of the p o t e n t i a l n a t u r a l i n p u t of 

n i t r o g e n i n t o the a g r i c u l t u r a l ecosystem. 

A plan of the c h r o n o l o g i c a l arrangement of the research, which 

f u l f i l l e d these aims, i s shown o v e r l e a f . 

The theme running through the f i v e methods of approach f o r the 

assessment of the farm systems was to enumerate the magnitude of the 

mi n e r a l i n p u t , and output, of the a g r i c u l t u r a l ecosystem. From the r e s u l t s 

i t was a n t i c i p a t e d t h a t o v e r a l l tables could be constructed to show the 
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approximate magnitude, and r a t e , of the f l o w of n u t r i e n t s through the 

p l a n t - s o i l - s o i l water system. This would demonstrate the e f f e c t 

o f the farm management upon mineral c y c l i n g , which w i l l u l t i m a t e l y c o n t r o l 

the a g r i c u l t u r a l p r o d u c t i v i t y . 



The C h r o n o l o g i c a l Arrangement o f the Haughley Research P r o j e c t 

Research processes used, w i t h dates 

1941-1970 : I m p r i n t i n g 

1969-1970 : I m p r i n t i n g 

1970 : Research p r o j e c t i n i t i a t e d 

1. Comparison of seed w e i g h t s , t o 
dete r m i n e the e f f e c t o f i m p r i n t i n g 

( T e x t s e c t i o n 3) 

2. Comparison o f seed g e r m i n a t i o n , t o 
de t e r m i n e the e f f e c t o f i m p r i n t i n g 
and s o i l t}'pe 

( T e x t s e c t i o n 3) 

1970-1971 : Greenhouse T r i a l 

To de t e r m i n e the e f f e c t o f i m p r i n t i n g and 
s o i l t y p e d u r i n g a p e r i o d o f t e n weeks, on : 

1. Crop g r o w t h - measurements o f d r y w e i g h t , 
l e a f area - c a l c u l a t i o n o f LAR, RGR, NAR 

( T e x t s e c t i o n 3) 

2. Crop g e o c h e m i s t r y ( S e c t i o n 4) 

1971 : F i e l d T r i a l 

To de t e r m i n e the e f f e c t o f i m p r i n t i n g , s o i l 
t y p e and f e r t i l i z e r a p p l i c a t i o n r a t e upon : 

1. Crop grov7th - a n a l y s i s as f o r Greenhouse 
t r i a l . 

( S e c t i o n 3) 

2. Crop g e o c h e m i s t r y - comparisons o f geo­
che m i c a l c o n c e n t r a t i o n s a t the times o f 
grov/th maxima, i n separate p l a n t p a r t s 

( S e c t i o n 4) 

3. S o i l - p h y s i c a l a n a l y s i s 
- c h e m i c a l a n a l y s i s f o r t o t a l and 

exchangeable geochemicals 

( S e c t i o n 1) 

1972 : F i e l d T r i a l 

To d e t e r m i n e the e f f e c t o f fa r m management upon 

1. Crop g r o w t h ( S e c t i o n 3) 
2. Crop g e o c l i e m i s t r y ( S e c t i o n 4) 
3. S o i l a n a l y s i s ( S e c t i o n 1) 
4. Water - a n a l y s i s o f r a i n , d r a i n a g e and 

l y s i m e t e r l e a c h a t e ( S e c t i o n 2) 
5. N i t r o g e n f i x a t i o n ( S e c t i o n 5) 

1973 : F i e l d T r i a l 

To d e t e r m i n e Che e f f e c t o f f a r m managenionC upon 

1. Crop g c o c h c n i s t r y ( S e c t i o n 4) 
2. S o i l a n a l y s i s ( S e c t i o n 1) 
3. N i t r o g e n t i x n t i o n ( S e c t i o n 5) 

P l a n t m a t e r i a l used 

Viaia faba v a r T i c 

Vioia faba v a r Throws 

T i c 0, T i c M, T i c S 

Throws 0, Throws M, 
Throws S 

T i c 0, T i c M, T i c S 

T i c 0, T i c M, T i c S 

T i c 0, T i c M, T i c S 

Throws 0, Throws M, 
Throws S 

Commercially o b t a i n e d 
Vicia faba v a r Throws 

Commercially o b t a i n e d 
Vicia faba var Throws 

• Treatments 

Organic - Mixed - S t o c k l e s s 
f a r m f a r m f a r m 

P e t r i - d i s h - water 
- KNO, 

Flower p o t s - Organic s o i l 
- S t o c k l e s s s o i l 

Organic s o i l 
S t o c k l e s s s o i l 

Organic s o i l 
S t o c k l e s s s o i l 

- no f e r t i l i z e r 
- 375 Kg f e r t i l i z e r / h a 
- 625 Kg f e r t i l i z e r / h a 

F i e l d and l y s i m e t e r s 
- Organic 
- Mixed 
- S t o c k l e s s 
- S t o c k l e s s - h i g h f e r t i l i z e r 

F i e l d s : 
- Organic 
- Mixed 
- S t o c k l e s s 
- Commorcial 
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Section 1. SOIL 

1:1 Background 

:1.1 The major d i f f e r e n c e between the farm management methods 

employed on the three farm sections at Haughley concerned the manner 

of the a p p l i c a t i o n of a d d i t i o n a l n u t r i e n t s t o ' t h e s o i l , i n the form 

of organic manures and/or a r t i f i c i a l f e r t i l i z e r s . I n 1847 Lawes 

def i n e d a g r i c u l t u r e as "the production of food f o r man or other 

animals on a space of ground incapable of supporting them i n the 

n a t u r a l state',' . .. Ever since, research has been a c t i v e l y pursued i n 

many countries, to determine the most e f f i c i e n t form i n which n u t r i e n t s 

should be added to the s o i l t o maintain i t s f e r t i l i t y w h i l s t 

producing food. 

:1.2 The t r a d i t i o n a l way of m.aintaining the p r o d u c t i v i t y of 

arable s o i l s i n NW Europe has been through the a p p l i c a t i o n of farmyard 

manure, but since the i n i t i a t i o n of the i n d u s t r i a l production of 

chemical f e r t i l i z e r s , organi,,c manures have become progressively more 

expensive t o produce and d i s t r i b u t e , w h i l s t f e r t i l i z e r s have becom.e 

much more economical. Although as the i n d u s t r i a l production of 

f e r t i l i z e r s , e s p e c i a l l y t h a t of n i t r a t e s , i s Very energy i n t e n s i v e , 

since the massive r i s e i n o i l p r i c e s , the cost d i f f e r e n t i a l between 

the use of a r t i f i c i a l and n a t u r a l n u t r i e n t sources has diminished. 

I n many present i n t e n s i v e a g r i c u l t u r a l system-S the p r a c t i c e of 

a p p l y i n g organic manures and using temporary leys i n crop r o t a t i o n s 

has o f t e n been abandoned i n favour of monocultural crops dependent 

e n t i r e l y upon heavy a p p l i c a t i o n s of a r t i f i c i a l f e r t i l i z e r s . I n 

1961 Williams and Cooke s t a t e d t h a t many B r i t i s h s o i l s could continue 

to produce good arable y i e l d s f o r several years w i t h o u t needing any 
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a p p l i c a t i o n o f organic m a t e r i a l s to improve the s o i l s t r u c t u r e , 

but i n some areas s o i l s so t r e a t e d would lose t h e i r organic matter 

causing degradation of s t r u c t u r e , d i f f i c u l t c u l t i v a t i o n and a loss 

of y i e l d . 

:1.3 I t has been confirmed by many a g r i c u l t u r a l s c i e n t i s t s 

over the l a s t one hundred years t h a t the main c o n t r o l l i n g f a c t o r i n 

the maintenance of good s o i l s t r u c t u r e i s the organic m.atter content, 

and the s t r u c t u r e i n t u r n s t r o n g l y influences the growth of the pla n t s . 

Whereas the a p p l i c a t i o n of chemical f e r t i l i z e r s t o the s o i l provides 

inmiediately a v a i l a b l e p l a n t n u t r i e n t s which may be.leached through 

the s o i l before they can be u t i l i z e d by the crop, the use of organic 

manures provides n u t r i e n t s slowly and improves the s o i l s t r u c t u r e . 

As organic farmyard manure i s o r i g i n a l l y derived from p l a n t s , i t tends 

t o c o n t a i n most of the required p l a n t n u t r i e n t s which are held i n an 

a v a i l a b l e form, f o r several years, being slowly released during the 

growth of the p l a n t s (Mcintosh and Varney 1973). Organic matter i s 

not e s s e n t i a l f o r p l a n t growth as normal, healthy plants can be grown 

i n water/sand c u l t u r e w i t h o u t a t r a c e of humus, but under normal 

cropping and farm c o n d i t i o n s i t i n f l u e n c e s n u t r i e n t , a i r and water 

supply t o the p l a n t s . The decomposition of organic matter promotes 

the f o r m a t i o n of a s t a b l e crumb s t r u c t u r e (aggregation) and i t acts 

as a r e p l e n i s h i n g reserve f o r the release and i m m o b i l i z a t i o n of 

n u t r i e n t i o n s , and as a c h e l a t i n g agent (Schatz et al.1964). The 

main p a r t of the humus r e s u l t i n g from t h i s decomposition of organic 

matter i s i n the form of a gelatinous f i l m on the surface of small 

s o i l p a r t i c l e s , and a d i r e c t r e l a t i o n s h i p can be observed between 

the degree of humus accum.ulation, and the water holding capacity 

and water p e r m e a b i l i t y of the s o i l ( I n a l 1973). 
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:1.4 Despite the o f t e n observed c o r r e l a t i o n , between the l e v e l 

o f organic matter i n the s o i l and the r e s u l t i n g f e r t i l i t y , the 

o f f i c i a l Government Report from the A g r i c u l t u r a l Advisory Council i n 

1970 s t a t e d t h a t there was "no evidence t h a t the disappearance of 

l i v e s t o c k from c e r t a i n areas and the replacement of ley farming and 

farmyard manures by chemical f e r t i l i z e r s , has led t o any loss of 

inhere n t s o i l f e r t i l i t y — nor i s there any evidence t h a t organic 

matter i s i n t r i n s i c a l l y a b e t t e r source of n u t r i e n t s . " Thus the 

f i r s t approach t o the q u a n t i f i c a t i o n of the farming systems at Haughley 

was t o consider the template upon which the growth of crops depends, 

namely the status of the s o i l n u t r i e n t s w i t h i n each management type. 

As has been s t a t e d , these types d i f f e r i n t h e i r management through 

the method of n u t r i e n t a d d i t i o n ; there f o l l o w s a basic d e s c r i p t i o n 

of each management p r a c t i c e . 

:1.5 Management of farm sections 

to 

.5.1 Organic s e c t i o n 

The s o i l f e r t i l i t y depends upon the a d d i t i o n of organic 

manures which are supplied twice w i t h i n a ten-year r o t a t i o n , plus a 

ploughing under of the annual crop residues. O r i g i n a l l y i t was 

planned t h a t a l l the manure used should be home-produced on t h i s 

s e c t i o n but due t o the i n t r i n s i c loss of s o i l n u t r i e n t s , f a l l i n g 

s t o c k i n g rates and increased labour costs, production f e l l , so p i g 

and p o u l t r y muck produced elsewhere have been introduced i n t o the 

system. The r o t a t i o n s p r a c t i s e d have been changed several times 

since the experiment began, but the one i n oper a t i o n at the time of 

t h i s research study was : 
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oats : barley : lucerne/beans : wheat : oats : l e y : ley : ley : ley 

Manure Manure 

w i t h farmyard manure applied at the times i n d i c a t e d at the r a t e of 12,500 

- 50,000 Kg/ha (5-20 tons/acre). This s e c t i o n has not been t r e a t e d w i t h 

any h e r b i c i d e s nor a r t i f i c i a l f e r t i l i z e r s since 1941, although Calseamin 

has been applied at rates of 1,250 Kg/ha, but not t o any of the f i e l d s used 

i n t h i s study. One f i e l d i n the s e c t i o n had received sewage sludge at the 

r a t e of 62,500 Kg/ha, but t h i s area was avoided. 

.5.2 Mixed Section 

The s o i l f e r t i l i t y depends upon the a d d i t i o n of organic manures 

applied as described f o r the organic s e c t i o n , plus an annual supplement of 

a r t i f i c i a l NPK f e r t i l i z e r a p p l i e d at the r a t e of 375 - 1,250 Kg/ha, 

depending on the crop, i n the form of Shell No. 3 or 5, and N i t r a s h e l l on 

the ley-y plus a ploughing under of the annual crop residue.. The r o t a t i o n 

f o l l o w e d on t h i s s e c t i o n was : 

wheat : roots : ba r l e y : beans : oats : ley : ley : ley : ley 
t f 

Manure Manure 

On some f i e l d s w i t h i n the s e c t i o n , s l u r r y was applied during the ley period. 

I n a d d i t i o n , the herb i c i d e s Shell M25 and Gramoxone were applied to the 

b a r l e y and bean crops at the r a t e of 6.3 1/ha and 3.1 1/ha r e s p e c t i v e l y . 

I t was considered t h a t at these rates of a p p l i c a t i o n any c o n s t i t u e n t elements 

would appear at n e g l i g i b l e concentrations i n the growing crop, s o i l and s o i l 

water, and t h e r e f o r e these compounds were not analysed. The bean seeds 

were not dressed p r i o r to d r i l l i n g . 

.5.3 Stockless Section 

The s o i l f e r t i l i t y depends upon the annual a p p l i c a t i o n of NPK 

f e r t i l i z e r s i n the form of Fisons 52 and 53 a t the rates of 188 - 1,000 Kg/ha, 

depending upon the crop, plus the ploughing under of the annual crop 

residues. 



21 

No leys were u t i l i z e d i n the r o t a t i o n on t h i s s e c t i o n , and there was no 

a p p l i c a t i o n of any form of organic manures. The r o t a t i o n followed had 

a f i v e - y e a r span : 

wheat : barley/sugarbeet : barley : beans : barley 

As f o r the Mixed s e c t i o n , only PK f e r t i l i z e r s were applied t o the 

leguminous crops. The sprays used during the r o t a t i o n were Phenoxylene 

Plus and Carbyne, at the r a t e of 6.3 1/ha or sim-adex at 2.5 Kg/ha. 

.5.4 Commercial Section 

This s e c t i o n was only sampled i n 1973 f o r the comparative 

analysis of the crop geochemistry. Ad d i t i v e s to t h i s s ection comprised 

a d i f f e r e n t one of the f o l l o w i n g , a p p l i e d every year,at the r a t e shown i n 

brackets : Humber Fish No. 4 (310 Kg/ha) : Pig muck (41,250 Kg/ha) : 

P o u l t r y manure (12,500 Kg/ha) : Farmyard manure (37,500 Kg/ha) : 

Sewage sludge (62,500 Kg/ha). The d i f f e r e n c e s i n terms of n u t r i e n t 

a d d i t i o n t b the systems were defined s c i e n t i f i c a l l y by the d e t a i l e d 

chemical analysis of the manures and f e r t i l i z e r s used during the research 

study. This allowed an accurate e s t i m a t i o n of the input of the contained 

elements i n t o the f i e l d ecosystem. 
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1:2 Analysis of Manures and F e r t i l i z e r s 

1:2.1 Aim To chemically analyse the manures and f e r t i l i z e r s used at 

Haughley, t o enable determinations of the a d d i t i o n of n u t r i e n t s to the 

farm sections to be made. 

1:2.2 Methods 

Table 1-1 l i s t s the concentrations of t o t a l and a v a i l a b l e 

geochemicals i n the manures and f e r t i l i z e r s used i n the f i e l d s and 

experimental p l o t s d u r i n g the research p r o j e c t . 

:2.2.1 T o t a l geochemicals - The f i g u r e s on Table 1-1(1) are expressed i n 

terms of grammes of the , geochemical/Kilogramme f r e s h manure,as t h i s was 

the form i n which i t was applied to the f i e l d s concerned. I n the actual 

d e t e r m i n a t i o n s , t h a t f o r t o t a l n i t r o g e n was.conducted upon fr e s h manure 

due t o the loss of ammonia-nitrogen when d r y i n g t h i s m a t e r i a l , but the 

remainder of the analyses employed manure d r i e d at 105°C f o r 48 hours 

p r i o r t o wet d i g e s t i o n . The t o t a l Nitrogen f i g u r e s are derived from the 

a d d i t i o n of K j e l d a h l Organic n i t r o g e n to the separately determined values f o r 

N i t r a t e - n i t r o g e n . The methods of analyses used appear i n the Appendix. 

The mean water content of the f r e s h manures was : Organic FYM - 76% water; 

Mixed FYM - 70% water; P o u l t r y muck - 61.7% water. 

:2.2.2 Exchangeable geochemicals'(Table 1-1(2)) - Although some loss of 

ammonia occurred when the f r e s h manure was d r i e d , even at room temperature, 

i t was found i m p r a c t i c a b l e t o use the f r e s h m a t e r i a l f o r the e s t i m a t i o n of 

the NH^-N and NÔ -N by cold d i s t i l l a t i o n w i t h magnesium oxide and t i t a n o u s 

sulphate (see Appendix). Therefore f o r the analysis of a v a i l a b l e n i t r o g e n 

and phosphorus (sodium bicarbonate e x t r a c t i o n ) the manures and f e r t i l i z e r s 

were d r i e d at simulated room tem^perature (30°C i n forced a i r draught f o r 

5 days). I t was discovered t h a t even t h i s extent of drying markedly 

increased the q u a n t i t y of a v a i l a b l e potassium,as determined by the ammonium 
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acetate e x t r a c t i o n method to almost the t o t a l contained potassium l e v e l , 

t h e r e f o r e f r e s h manure had to be used f o r t h i s element. 

F e r t i l i z e r s were found to give l e v e l s of a v a i l a b l e n i t r o g e n and 

phosphorus almost equivalent t o the t o t a l geochemical content of these 

elements and tended t o so swamp the methods chosen f o r s o i l analysis t h a t 

f r e q u e n t l y f i g u r e s f o r the a v a i l a b l e i o n would be above t h a t derived by 

ac i d d i g e s t i o n . The a l t e r n a t i v e to using these concentrated d r i e d forms 

was t o employ massive d i l u t i o n of the f e r t i l i z e r , but t h i s also introduced 

large e r r o r s . I t has t h e r e f o r e been assumed t h a t the actual a v a i l a b l e / 

exchangeable q u a n t i t i e s of n i t r o g e n and phosphorus i n the f e r t i l i z e r s 

about 90% of the t o t a l s i n d i c a t e d by acid d i g e s t i o n , 

:2.3 Discussion of r e s u l t s 

:2.3.1 Concentration of geochemicals - The main d i f f e r e n c e i n terms of 

t o t a l ions between the three forms of manure employed was t h a t the p o u l t r y 

manure contained s i g n i f i c a n t l y more phosphorus, calcium, magnesium, 

aluminium, i r o n , copper, zinc and lead than e i t h e r of the farmyard manures. 

On a weight f o r weight basis the c h i e f d i f f e r e n c e i n chemical content 

between f e r t i l i z e r s and manures was the very much higher concentrations of 

phosphorus and potassium and s l i g h t l y higher concentrations of n i t r o g e n i n 

the former compound. - For t h i s reason the weight a p p l i c a t i o n of manures, 

where used, was of necessity much greater per u n i t area than t h a t of 

chemical f e r t i l i z e r s . Despite a t o t a l e x t r a c t a b l e n i t r o g e n f i g u r e f o r 

p o u l t r y manure between t h a t o f the two farmyard manures, t h i s had a 

s i g n i f i c a n t l y higher value f o r a v a i l a b l e n i t r o g e n (mainly as ammonium), 

than e i t h e r of the other forms. Otherwise, the p a t t e r n shoim f o r the 

c o n c e n t r a t i o n of t o t a l geochemical ions i n these three manures was maintained 

f o r the a v a i l a b l e ions, w i t h the p o u l t r y manure having the highest l e v e l of 

phosphorus, but the lowest l e v e l of potassium. 
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:2.3.2 A d d i t i o n of geochemicals to the farm system 

.3.2.1 Table 1-2 depicts the a d d i t i o n of geochemicals to the f i e l d s 

d u r i n g the nine months preceding the f i e l d t r i a l s , based on the t o t a l 

geochemical analyses. This t a b l e i n d i c a t e s one of the problems of 

conducting research under normally operating f i e l d c o n d i t i o n s . Due t o 

the pre-existence of c e r t a i n r o t a t i o n s , which d i d not at any one time 

c o i n c i d e between the three management sec t i o n s , both the Organic f i e l d s 

s t u d i e d i n 1972 and 1973 received manure a p p l i c a t i o n s immediately p r i o r 

to the experiment, whereas n e i t h e r of the Mixed f i e l d s d i d . Thus any 

d i f f e r e n c e s observed between the sections i n the analysis of the s o i l , 

and the growth of the crop p l a n t s , may be caused e i t h e r by the stage 

a t t a i n e d i n the r o t a t i o n , or by the management p a t t e r n i t s e l f . 

I n a d d i t i o n , separate f i e l d s w i t h i n any one s e c t i o n tended to 

receive d i f f e r e n t treatments during each p a r t i c u l a r year. Thus i n 1973 

Nappers f i e l d received double the q u a n t i t y of manure applied t o Oxer f i e l d 

although both were w i t h i n the Organic s e c t i o n . S i m i l a r l y , on the Stockless 

s e c t i o n , PK f e r t i l i z e r a p p l i c a t i o n i n 1972 was at the r a t e of 250 Kg/ha, 

whereas i n 1973 t h i s r a t e ranged from 188-375 Kg/ha. These basic 

d i f f e r e n c e s i n the supply of n u t r i e n t s t o the s o i l must be remembered when 

e v a l u a t i n g any observations and measurem.ents of the growth and y i e l d of 

the crop p l a n t s . 

.3.2.2 Table 1-3 l i s t s the a d d i t i o n of n u t r i e n t s t o the i n d i v i d u a l t r i a l 

p l o t s used over the three year p r o j e c t . The treatments are discussed 

below, but complete i n f o r m a t i o n regarding the lysimeters w i l l be found i n 

Section 2 on Water chemistry, and concerning the 1973 Special f e r t i l i z e r 

Treatment i n Section 5 on Nitrogen f i x a t i o n . 

.3.2.2-1 1971 I n order to compare the growth of bean seeds on the Organic 

and Stockless s o i l 1.22 metre square p l o t s were arranged i n random blocks on 
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Lower Wassicks South and Road f i e l d s (see Section 3 on Crop Growth). 
The organic f i e l d had been t r e a t e d two years p r e v i o u s l y w i t h manure 
brought i n from outside the system, apart from on a wide s t r i p i n the 
centre of the f i e l d . The p l o t s used f o r t h i s t r i a l were chosen from 
w i t h i n the untreated s t r i p so as t o measure the e f f e c t of the s o i l 
n u t r i e n t s t a t u s of the o r i g i n a l management system. Unfortunately t h i s 
meant t h a t no e s t i m a t i o n of the a d d i t i o n of n u t r i e n t s to these p l o t s could 
be made. On the Stockless f i e l d two l e v e l s of f e r t i l i z e r s were applied 
to the p l o t s :-

.2.2-1(1) No f e r t i l i z e r a p p l i c a t i o n i n the year of study. 

.2.2-1(2) F e r t i l i z e r r a t e of 375 Kg/ha S h e l l s t a r No. 3 - a 10:25:25 

f e r t i l i z e r added as a top dressing a f t e r the bean seeds had been sovm. 

.2.2-1(3) F e r t i l i z e r , r a t e of 625 Kg/ha S h e l l s t a r No. 3 applied as a top 

dressing. I n a d d i t i o n , the crop residues from the previous crop of wheat 

had been ploughed i n t o the s o i l but no estim.ate of the extent of t h i s 

n u t r i e n t source could be made. The a d d i t i o n of n u t r i e n t s t o these p l o t s 

i s sho™ i n Table 1-3(1). 

.2.2-2 1972 Sixteen l y s i m e t e r s were constructed w i t h the aim of 

e v a l u a t i n g the q u a n t i t y of n u t r i e n t s leached'out by r a i n f a l l during the 

course of the year. On each of the Organic and Mixed sections four 

l y s i m e t e r s were made, tvjo deep (0.108 sq. metre surface area) and two 

shallow (1.44 sq. metres) and on the Stockless s e c t i o n two sets of four 

were dug t o allow two l e v e l s of f e r t i l i z e r to be applied. The Organic 

f i e l d (Nappers)h ad had no manure a p p l i c a t i o n since August 1970 when p o u l t r y 

manure had been applied at the r a t e of 15,000 Kg/ha, of which some would 

be remaining f o r the 1972 crop. The f i g u r e s on Table 1-3(2) give the 

values f o r t o t a l n u t r i e n t s which v/ould have been applied i n 1970 - the 

a c t u a l , amount remaining cannot be estimated. The Mixed f i e l d (Cottage) 

was' t r e a t e d w i t h 250 Kg/ha n i t r o c h a l k and 125 Kg/ha s i n g l e super-phosphate 
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i n September 1971 and w i t h 250 Kg/ha Top Y i e l d No. 5 20:14:14 f e r t i l i z e r 

i n A p r i l 1972. Both these treatments were designed f o r the barley crop 

gro^vTi i n the remainder of the f i e l d and consequently provided much higher 

l e v e l s of n i t r o g e n than would normally be applied to the bean crop. To 

a l l the l y s i m e t e r s i n the Stockless f i e l d ( L i t t l e ) 250 Kg/ha Top Y i e l d No.5 

f e r t i l i z e r was a p p l i e d , and one set of four lysimeters had an a d d i t i o n a l 

a p p l i c a t i o n o f 900 Kg/ha of 10:24:24 f e r t i l i z e r . The t o t a l n u t r i e n t 

a d d i t i o n s t o the l y s i m e t e r s appear i n Table 1-3(2) expressed i n grammes/ 

ly s i m e t e r and the equivalent Kg/ha. I n a d d i t i o n , the crop residues on 

a l l sections v^70uld have been ploughed back i n t o the s o i l before the 

l y s i m e t e r s were constructed. 

.2.2-3 1973 The only experimental p l o t s were the s p e c i a l f e r t i l i z e r 

treatments on Chestnut Tree East f i e l d (Stockless s e c t i o n ) . The f i e l d 

was sown t o f i e l d beans and t h e r e f o r e 37.5 Kg/ha potassium and the same 

q u a n t i t y of phosphorus had already been ap p l i e d . Three weeks a f t e r sowing, 

the f o l l o w i n g supplementary a p p l i c a t i o n s were made as top dressings : 

.2.2-3(1) PPKK - Normal f e r t i l i z e r plus an a d d i t i o n a l 37.5 Kg/ha of 

potassium and phosphorus 

.2.2-3(2) NNPPKK - Normal f e r t i l i z e r plus 37.5 Kg/ha potassium 

37.5 Kg/ha phosphorus 

135 Kg/ha n i t r o g e n i n the form 

of ammonium n i t r a t e 

.2.2-3(3) NNPK - Normal f e r t i l i z e r plus 135 Kg/ha n i t r o g e n . 

1:2.4 Conclusions 

I t has been demonstrated t h a t i f short term evaluations are to be 

performed on p r e - e x i s t i n g farm systems, the c o n t r o l of the v a r i a b l e s , 

e s p e c i a l l y w i t h respect t o those of n u t r i e n t a d d i t i o n s to the system, i s 

severely l i m i t e d . The bean p l a n t s grown r a r e l y had the precise l e v e l s of 

n i t r o g e n , phosphorus and potassium which would be normally applied to t h i s 



27 

crop, as experimental p l o t s had t o be s i t u a t e d i n the most convenient 

f i e l d s r a t h e r than i n those designed f o r growing beans. I t proved 

impossible t o use f i e l d s on the d i f f e r e n t sections which were a l l at the 

same stage i n the crop r o t a t i o n . Thus where i n the f o l l o w i n g sections 

the e f f e c t of the Organic management appears s i g n i f i c a n t l y d i f f e r e n t from 

t h a t of the Mixed, t h i s may be e n t i r e l y due t o the f a c t t h a t the l a t t e r 

had not received organic manure f o r at l e a s t two years preceding the 

experim.ent, whereas the Organic f i e l d s selected had had manures applied 

immediately p r i o r to the t r i a l s . I t was considered t h a t a meaningful 

comparison of the three systems could s t i l l be made, provided t h a t these 

l i m i t a t i o n s were recognized p r i o r t o a s s o c i a t i n g p a r t i c u l a r d i f f e r e n c e s 

observed, t o be due t o management pat t e r n s alone. 

The f i e l d s u t i l i z e d i n the research p r o j e c t were c a r e f u l l y 

selected from those a v a i l a b l e f o r g e o l o g i c a l u n i f o r m i t y . Therefore as 

f a r as was p o s s i b l e f i e l d s belonging to a s i n g l e s o i l phase were used 

throughout the three years (see Appendix). At the beginning of the 1972 

season, three s o i l p i t s were dug, one on each s e c t i o n , and the observations 

are i n c o r p o r a t e d i n t o the Appendix. The chemical analysis of the s o i l 

l ayers i s shown i n the t e x t i n the appropriate s e c t i o n . 
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1:3 S o i l Analysis 

Aim To compare the status quo of the s o i l s from the three farm sections 

and t o determine whether changes have been brought about by the d i f f e r e n t 

management p r a c t i c e s . This assumes t h a t w i t h i n each s o i l phase the s o i l 

( t o plough depth) on a l l f i e l d s was very s i m i l a r before the experiment 

began i n 1941. 

1:3.1 PHYSICAL 

;3.1.1 Loss of weight on i g n i t i o n 

Aim To determine whether the a d d i t i o n of organic matter t o the Organic 

and Mixed sections has increased the f r a c t i o n which i s l o s t on i g n i t i o n 

of these s o i l s , and to show any v a r i a t i o n i n the weight loss during the 

season. 

Method S o i l s which had been p r e v i o u s l y d r i e d at 105°C f o r 48 hours and 

sieved t o pass a 1 mm gauge v/ere i g n i t e d at 550°C i n an e l e c t r i c furnace 

f o r 24 hours. The r e s u l t s are sho^jn i n Table 1-4 where the f i g u r e s are 

expressed as the percentage weight loss from oven dry s o i l through the 

season of 1972. 

Results The t a b l e shows t h a t there was no s i g n i f i c a n t change i n the loss 

of weight on i g n i t i o n d u r i n g the season, nor were there any s i g n i f i c a n t 

d i f f e r e n c e s i n t h i s c r i t e r i o n between the layers 0-10 cm and 10-20 cm. 

The e f f e c t of s o i l depth i s demonstrated by the decrease f o r 31/3/72 

which i s most marked on the Organic s e c t i o n . I'Jhen the seasonal means of 

the three sections are s t a t i s t i c a l l y compared i t i s evident t h a t 0 > S and 

M > S although 0 = M. 

Conclusions Howard (1965), using the conditions described above, explained 

t h a t although t h i s tem.perature d i d not cause decomposition of calcium 

carbonate, some loss of weight on i g n i t i o n may have been due t o the release 
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TABLE 1-4 Loss of weight on i g n i t i o n , using s o i l from 
the three farm systems 1972. 

Date 

S o i l 
depth 
(cms) 

Expressed as percentage weight l o s s . 

Organic -Mixed S t o c k l e s s Depth 
(cms) 

21/3/72 
0-24 

25-35 
36+ 

5.9 
1.5 
1.7 

6.1 
2.7 
2.6 

4.7 
3.5 
2.0 

1/5/72 0-20 5.8 5.7 4.3 

25/6/72 0-10 
11-20 

4.7 
5.7 

5.2 
5.2 

4.4 
4.2 

10/7/72 0-10 
11-20 

5.1 
6.4 

6.1 
5.0 

4.3 
4.3 

19/8/72 0-10 
11-20 

6.8 
6.5 

6.0 
5.9 

4.8 
4.5 

20/9/72 0-10 
11^20 

6.5 
5.9 

5.3 
5.5 

3.7 
4.2 

6/11/72 0-10 
11-20 

6.7 
6.8 

6.4 
6.1 

4.8 
4.9 

Mean ± SE 
SD 

0-10 5.9 ± 0 
0.81 

.31 5.8 ± 0.17 
0.45 

4.4 ± 0.15 
0.,39 ., 

Mean ± SE 
SD 

11-20 6.1 ± 0 
0.42 

.16 5.6 ± 0.16 
0.43 

4.4 ± 0.27 
0.10 

S t a t i s t i c a l comparison of means 
(using B a i l e y ' s d t e s t ) 

0-M 
df d df 

0-S 
d df 

M-S 
d 

0-10 9.4 0.29 NS 8.6 4.41 <0.0l 11.7 6.09 40.001 
11-20 12.0 2.17 NS 6.7 10.63 <0.001 6.7 7.06 <0.001 
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of bound water which was not removed by p r i o r d r y i n g at 105°C. He 
suggested t h a t the a c t u a l l e v e l s of organic carbon present were about 50% 
of the loss on i g n i t i o n f i g u r e s . The f i g u r e s suggest t h a t the a p p l i c a t i o n 
of organic manures to the Organic and Mixed s e c t i o n s , but not to the 
Stockless s e c t i o n , r e s u l t s i n a s i g n i f i c a n t l y " lower content of organic 
matter on t h i s l a t t e r s o i l . McSheehy and Rawlings (1973) analysed the 
top 15 cms of s o i l , from a l l three sections at Haughley, f o r the organic 
matter c o n t e n t , using the potassium dichromate d i g e s t i o n method ( T i n s l e y ) :-

Mean values of organic matter Standard 
Section as % of dry weight Error 

Organic - 3.38% 0.08 

Mixed 3.34% " 0.03 

Stockless • 2.81% 0.05 

The p a t t e r n shown by these f i g u r e s c l o s e l y resembles t h a t shown 

by the loss of weight on i g n i t i o n w i t h O H M and 0 > S M > S s i g n i f i c a n t . 

The c o r r e l a t i o n between these r e s u l t s shows th a t the loss on i g n i t i o n 

method i s v a l i d f o r use i n comparisons where absolute f i g u r e s are not 

r e q u i r e d , and t h a t the f i f t y percent f i g u r e shown by Howard does 

approximately r e l a t e the value t o the organic carbon content. 

:3.1.2 Moisture content 

Aim To determine whether the p a t t e r n observed f o r v a r i a t i o n i n organic 

matter content of the s o i l s i s r e f l e c t e d by the moisture content of the 

s o i l , as measured through the growing season of 1973. 

Method S o i l cores were tr a n s p o r t e d whole i n p l a s t i c bags from the f i e l d 

t o the l a b o r a t o r y and were weighed before and a f t e r d r y i n g at 105°C f o r 

48 hours. 

Results The r e s u l t s of t h i s study are presented i n Table 1-5. Although 

the same trends are i n d i c a t e d as were shown f o r the loss of weight on 
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TABLE 1 - 5 Moisture content of s o i l s from 
the three farm systems 1973. 

Date 
Pre c i p i t a t i o n 
( i n mm) during 
previous 3 
days 

Organic Mixed Stockless 

2 7/2/73 0.50 23.34 ± 1.33 21.95 ± 0.71 
2.66 1.43 

20 .12 ± 1.15 
2.29 

7/3/73 5.50 19.20 ± 0.10 21.25 ± 0.53 
0.20 1.06 

19 .25 ± 0.17 
0.34 

14/4/73 0.00 22.10 20.3 16.4 
21/5/73 5.00 21.10 ± 0.15 17.50 ± 0.70 

0.30 1.40 
16 .6 ± 0.60 

1.20 
8/6/73 0.00 17.8 14.6 11.6 
5/9/73 2.00 12.3 14.4 13.9 
6/11/73 6.50 20.9 18.3 18.4 

Mean ± SE 
SD 

19.5 ± 1.4 • 18.3 ± 1.2 
3.7 3.0 

16 .6 ± 1.1 
3.0 

S t a t i s t i c a l comparison of annual means 
(using Bailey's d test) 

0-M 0-S M-S • 
df d p df d p df d p 

2 7/2/73 4.7 0.92 NS 5.8 1.83 NS . ; . 6 .4 . .2.39 NS 

7/3/73 3.3 3.80 < 0 . 0 5 4.8 0.25 NS 3 .6 3.57 <0.05 
21/5/73 3.2 5.0 <0.02 3.4 7.3 <0.01 5 .9 0.98 NS 

Seasonal 
Mean 11.5 0.67 NS 11.4 1.61 NS 12.0 1.06 NS 

Samples taken from top 20 cm of s o i l . 
Moisture content expressed as w/w % of fresh s o i l . 
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i g n i t i o n , the comparison of the seasonal means show no s i g n i f i c a n t 

d i f f e r e n c e s between the management sections. Only when the s o i l samples 

from i n d i v i d u a l dates are considered, are some s i g n i f i c a n t d i f f e r e n c e s 

shown, e.g. March 1973 M > 0 and M > S s i g n i f i c a n t t o >95% l e v e l 

May 1973 0 > M and 0 > S •" " >98% l e v e l 

Conclusions The trends shown i n the determination of organic matter and 

loss of weight on i g n i t i o n are maintained i n the s o i l moisture content. 

This suggests t h a t the organic matter content of the s o i l does a f f e c t t h e . 

supply o f water to the crop p l a n t s due to an improvement of s o i l s t r u c t u r e 

(Gooke and Garner 1954; Anderson and Peterson 1973)» I t i s postulated 

t h a t t h i s has been brought about as a r e s u l t of the management p r a c t i s e d 

on the Organic and Mixed sections over the past 30 years. 

However there does not appear t o be any c o r r e l a t i o n between the 

amount of r a i n f a l l i n the preceding three days w i t h the l e v e l of moisture 

i n the s o i l from any s e c t i o n . 



31 

1:3:2 GHEMICAL 

;3.2.1 T o t a l e x t r a c t a b l e geochemicals 

.2.1.1 Aim To determine the t o t a l e x t r a c t a b l e concentrations of a broad 

range of geochemicals i n the s o i l to assess how season, farm management 

and s o i l depth a f f e c t these concentrations. 

.2.1.2 Method S o i l i s an exceedingly heterogeneous m a t e r i a l and th e r e f o r e 

i t i s d i f f i c u l t to o b t a i n t r u l y r e p r e s e n t a t i v e r e s u l t s when sampling large 

areas of land w i t h o u t using a p r o h i b i t i v e l y large number of samples. 

However, w i t h i n the man-made ecosystem of a farm at le a s t a small degree 

of homogenization of s o i l w i t h i n each f i e l d v / i l l have r e s u l t e d from the 

annual c u l t i v a t i o n . I n 1971 Webster and Beckett suggested t h a t the 

v a r i a b i l i t y between samples o f t e n increases v j i t h the size of the area 

sampled. Therefore i t was decided t h a t the most e f f i c i e n t method of 

sampling X'las t o se l e c t at random a small s i t e (20 ra square) w i t h i n the 

centre of each f i e l d from which s o i l cores could be withdrawn on the dates 

r e q u i r e d . This method was suggested to give r e p r e s e n t a t i v e r e s u l t s by 

V a l l i s (1973). 

At monthly i n t e r v a l s d u r i n g the course of two seasons, c y l i n d r i c a l • 

cores t o the depth of the ploughed l a y e r (20-25 cm) were removed from the 

selected s i t e s i n each f i e l d , were transported to the la b o r a t o r y where they 

were homogenized and d r i e d at 105°C f o r 48 hours, p r i o r to s i e v i n g to pass 

a 1 mm gauze, and V7et d i g e s t i o n of the sub-samples. I n 1972 f i v e s o i l 

cores from each f i e l d were bulked and l a t e r sub-sampled f i v e times, and i n 

1973 f i f t e e n s o i l . c o r e s were bulked and sub-sampled f i v e times. The 

methods of chemical analysis used appear i n d e t a i l i n the Appendix. 

T o t a l Nitrogen - K j e l d a h l - detected by a l k a l i n e phenol sodium n i t r o p r u s s i d e 

( A l l e n and W l i i t f i e l d 1965) • 

To t a l Phosphorus - Acid d i g e s t i o n - detected by vanadamolybdate method 

T o t a l cations of potassium, calcium, magnesium, sodium, aluminium, i r o n , 

manganese, le a d , copper and zinc - Acid d i g e s t i o n - detected by atomic 

absor p t i o n spectrophotometer. 
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Results 

.2.1.3 1972 Season 

Table 1-6 shows the t o t a l concentrations (expressed i n grammes/ 

Kilogramme oven dry s o i l ) of the twelve geochemicals measured through the 

season of 1972, i n the s o i l from the three farm systems, together w i t h the 

seasonal means which are then used t o s t a t i s t i c a l l y compare the sections i n 

Table 1-7. Table 1-8 presents :-

(1) The e f f e c t of depth i n the s o i l p r o f i l e on geochemical 

co n c e n t r a t i o n s . 

. (2) A v i s u a l comparison of the geochemical concentrations i n the 

f i e l d s o i l w i t h t h a t from the shallow lysi m e t e r previous mentioned. This 

was used as a check t h a t the status of s o i l n u t r i e n t s w i t h i n the lysimeters 

had not s i g n i f i c a n t l y changed, as a r e s u l t of t h e i r c o n s t r u c t i o n , from the 

s i t u a t i o n e x i s t i n g i n the f i e l d . 

A l l these t a b l e s have been corrected f o r the i n t e r f e r e n c e 

exerted by the a l k a l i n e earths upon the atomic absorption spectrophotometer 

readings of the heavy metals (see Appendix). The f i e l d s used f o r sampling 

i n 1972 were Lower Wassicks South ( 0 ) , Seven Acres (M) and Chestnut Tree 

West (S). Those used f o r l y s i m e t r y were Nappers ( 0 ) , Cottage (M) and 

L i t t l e (S). A l l these f i e l d s belonged to phase 2 s o i l type except Seven 

Acres which was i n phase 1 (see Appendix). 

Discussion 

o2.1.3-1 E f f e c t of season 

W i t h i n Table 1-6 there are no marked seasonal trends of change i n 

the c o n c e n t r a t i o n of any of the geochemicals considered during the growing 

season. As the major p a r t of the t o t a l ions w i l l be complexed i n t o 

u n a v a i l a b l e forms, or form the s t r u c t u r a l l a t t i c e , i t would not be expected 

t h a t cropping should s i g n i f i c a n t l y change these concentrations (Lawes and 
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G i l b e r t 1864). Of those elements comprising macronutrients t o the p l a n t s , 

the p r o p o r t i o n o f a v a i l a b l e ions w i l l be very small when compared t o the 

t o t a l present. Nevertheless c e r t a i n patterns of change were observed to 

occur on a l l sections as o u t l i n e d below. 

.3-1(1) T o t a l n i t r o g e n and phosphorus - the concentrations of both these 

elements decreased between March and September, but a f t e r the crop had been 

harvested tended t o increase again. I t i s suggested t h a t the decrease 

d u r i n g cropping i s due t o p l a n t uptake and leaching, e s p e c i a l l y of the 

n i t r o g e n m i n e r a l i z e d from the organic matter. 

.3-1(2) T o t a l potassium tended t o show a s i g n i f i c a n t net increase between 

the beginning and end of the growing season, but a f t e r h a r v e s t i n g a 

subsequent decrease. I t i s p o s s i b l e t h a t more potassium i s released from 

the organic matter and chemical f e r t i l i z e r than can be u t i l i z e d by the crop, 

and a f t e r the disturbance and uncovering of the. s o i l at harvest these l e v e l s 

are then reduced by leaching. 

.3-1(3) Calcium and m.agnesium concentrations were extremely v a r i a b l e , 

probably due t o the s t r u c t u r a l nature of these two elements i n the chalky 

boulder clay w i t h fragments of pure chalk scattered through the p r o f i l e . 

The l e v e l s appeared to f a l l on the Mixed and Stockless sections and r i s e 

or s t a b i l i z e on the Organic s e c t i o n , but due t o the high i n t e r n a l v a r i a b i l i t y , 

e s p e c i a l l y of calcium, no s i g n i f i c a n c e can be attached t o these changes. 

.3-1(4) Sodium and aluminium - the concentrations of these elements are 

synergic and c o r r e l a t e i n v e r s e l y w i t h the calcium changes observed. On 

the Organic s e c t i o n they decreased during crop growth, but increased a f t e r 

h a r v e s t , whereas on the Mixed and Stockless sections the concentrations 

decreased d u r i n g crop growth and increased a f t e r harvest. 

.3-1(5) I r o n - concentrations f l u c t u a t e d widely over the season, and d i d 

not appear t o c o r r e l a t e w i t h time nor any of the other elements. 
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Table 1 - 7 *' SOIL ANALYSIS 

s t a t i s t i c a l comparison of the 1972 seasonal means 
of concentration of t o t a l geochemicals in the s o i l s 

of the three farm systems. 

Element 0-M 0-S M-S 
df d P df d P df d P 

N 5.5 1.06 NS 4.4 6 .56 <0.01 5.3 6.67 <0.01 
P 9.6 1.70 NS 12.0 1 .67 NS 9.4 0.33 NS 
K 8.7 3.70 <0.01 8.5 2 .95 <0.02 12.0 0.49 NS 

Ca 9.4 4.56 <0.01 11.6 4 .82 <0.001 10.3 1.06 NS 
Mg 10.7 1.66 NS 9.8 4 .43 <0.01 8.1 1.56 NS 
Na 10.0 1.81 NS 10.0 3 .64 <0.01 ' 12.0 1.43 NS 
Al 9.3 1.06 NS 8.7 1 .46 NS 12.0 0.40 NS 
Fe 10.8 0.22 NS 11.5 3 .29 <0.01 11.8 2.57 <0.05 
Mn 11.6 1.36 NS 10.3 3 .70 <0.01 7.4 5.42 <0.001 
Cu 9.6 1.33 NS 11.8. 0 .88 NS 9.1 0.14 NS 
Zn 7.2 0.89 NS 9.2 1 .73 NS 9.1 0.14 NS 
Pb 10.5 0.57 NS 10.6 0 .18 NS 7.7 0.63 NS 
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.3-1(6) Manganese, copper, lead, zinc - the concentrations of t o t a l heavy 
metals tended t o decrease s l i g h t l y w i t h season, or t o remain at the i n i t i a l 
l e v e l s . Most of these elements w i l l be f i r m l y complexed to the organic 
matter or s t r u c t u r a l minerals of the s o i l , w i t h a very small p l a n t uptake 
indeed. 

The changes of concentration o u t l i n e d above may have been due to 

f a c t o r s completely separate from the e f f e c t of the growing crop such as 

weathering of s o i l m i n e r a l s , leaching, v o l a t i l i z a t i o n , mechanical 

decomposition, or e n t i r e l y due to i n s u f f i c i e n t sampling of a very hetero­

geneous medium, 

.2.1.3-2 E f f e c t of farm management 

Summarizing the r e s u l t s of the s t a t i s t i c a l comparison of the 

annual means of the t o t a l geochemical concentrations on Table 1-7, the 

s i g n i f i c a n t d i f f e r e n c e s t o >95% confidence l e v e l were :-

0 > M) S > 0) M > S f o r N 
) f o r Ca, K ) f o r Fe, Mn 

0 > S) S > M) . 0 > S f o r N, Mg, Na 

and t h e r e were no s i g n i f i c a n t d i f f e r e n c e s between sections :-

0 E M s S f o r P, A l , Pb, Cu, Zn. 

c3-2(1) The calcium l e v e l i n the s o i l i n the Organic s e c t i o n was 

s i g n i f i c a n t l y greater than t h a t of the Mixed s e c t i o n despite a heavy 

a p p l i c a t i o n of calcium i n the form of dolomite i n March 1972 to the l a t t e r 

f i e l d . From the s o i l p i t dug on the Organic s e c t i o n the very high l e v e l 

of calcium at 20 cm can be observed (Table 1-8) and i t i s assumed t h a t 

t h i s was the cause of the s i g n i f i c a n t l y higher concentration of calcium 

when compared w i t h the other tv70 sections. 

.3-2(2) The Organic f i e l d contained a higher annual mean concentration 

of potassium than i n e i t h e r the Mixed or Stockless f i e l d . P r i o r t o the 

1972 season a heavy a p p l i c a t i o n of p o u l t r y manure was made to t h i s f i e l d , 
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p r o v i d i n g 60% more potassium per u n i t area than supplied i n f e r t i l i z e r s 

t o the other two f i e l d s . The Mixed f i e l d , (Seven Acres) ,had not received 

organic manures since the autumn o f 1969 and t h e r e f o r e was on an equal 

f o o t i n g w i t h the Stockless f i e l d concerning potassium. 

.3-2(3) The Organic and Mixed sections possessed s i g n i f i c a n t l y higher 

annual mean concentrations of t o t a l n i t r o g e n than the Stockless s e c t i o n , 

showing t h a t even on the Mixed s e c t i o n , where manure had not been a p p l i e d 

f o r a few years, there was a s i g n i f i c a n t e f f e c t of n i t r o g e n immobilized 

i n the organic matter w i t h i n the ploughed depth. 

.3-2(4) The Organic s e c t i o n contained s i g n i f i c a n t l y higher concentrations 

o f magnesium and sodium than the Stockless s o i l due t o the r e l a t i v e l y high 

p r o p o r t i o n of these elements supplied by the p o u l t r y manure the previous 

autumn. 

.3-2(5) I r o n and manganese were found i n higher concentrations where 

a r t i f i c i a l f e r t i l i z e r wasapplied, although t h i s e f f e c t V7as modified where 

remains of organic manures were present too. This occurred i n s p i t e of 

the f a c t t h a t more t o t a l i r o n was supplied i n the manure than i n the 

f e r t i l i z e r a p p l i c a t i o n s . „ 

.3-2(6) The seasonal mean c o n c e n t r a t i o n of t o t a l phosphorus, aluminium, 

lead, copper and zinc i n the s o i l s of the three farm sections were unaffected 

by the farm management type. 

The most i n t e r e s t i n g f e a t u r e was the lack of d i f f e r e n c e between the 

farm sections i n phosphorus c o n c e n t r a t i o n , despite the f a c t t h a t the amount 

of t h i s element applied i n the p o u l t r y manure on the Organic s e c t i o n was 50% 

gr e a t e r per u n i t area than found i n the chemical f e r t i l i z e r . Part of t h i s 

l a c k of d i f f e r e n c e was due t o the c a l c u l a t i o n of a seasonal mean f o r the. 

comparison of the three sections which masked some of the v a r i a t i o n between 

f i e l d s on i n d i v i d u a l dates. I t i s knoxm from the water chemistry studies 
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(see Section 2) t h a t very l i t t l e phosphorus was leached through the s o i l 

on any s e c t i o n . Upon the a p p l i c a t i o n of phosphate t o the s o i l there are 

two stages of f i x a t i o n (Olsen and Watanabe 1957) - a r a p i d i n i t i a l 

r e a c t i o n a t t r i b u t e d t o an exchange adsorption of phosphate ions f o r 

h y d r o x y l ions on surfaces of s o i l p a r t i c l e s , the phosphate a t t a c h i n g to 

calcium, i r o n and aluminium ions. This may occur w i t h i n as short a time 

p e r i o d as ten days a f t e r i n i t i a l a p p l i c a t i o n of f e r t i l i z e r (Huffman 1962) 

and w i l l be followed by a slower r e a c t i o n whereby there i s a gradual 

increase i n c r y s t a l s i z e of the p r e c i p i t a t e d phosphate. Due t o the high 

chalk content of the clay at Haughley i t i s probable t h a t most phosphorus 

a p p l i e d t o the s o i l , which i s not immediately taken up by the crop, w i l l 

be immobilized i n t o an i n s o l u b l e form such as octocalcium phosphate 

(Aslyng 1954). I t has been shown i n t h i s research study ( l y s i m e t r y and 

s p e c i a l f e r t i l i z e r treatments) t h a t where high l e v e l s of phosphate are 

a p p l i e d t o the s o i l i n Spring, high l e v e l s tend t o remain at the end of 

the growing season. Oknina 1973 showed t h a t t h i s was e s p e c i a l l y t r u e on 

f e r t i l i z e r treatments as opposed to manurial ones, p a r t i c u l a r l y i n dry years. 

I t i s p o s t u l a t e d t h a t each year an appreciable amount of the phosphate 

a p p l i e d as f e r t i l i z e r accumulates i n i n s o l u b l e forms u n t i l the l e v e l s 

a t t a i n e d on a l l sections are equal due t o a s a t u r a t i o n of exchange s i t e s . 

.3-3 E f f e c t of depth of s o i l sample 

S o i l samples were removed from the three s o i l p i t s dug t o examine 

the s o i l p r o f i l e s on each s e c t i o n i n March 1972. The patterns of change 

i n concentrations of the t o t a l geochemicals w i t h depth are sho™ i n Table 

1-8(1), and o u t l i n e d below - i t i s probable t h a t most of those changes 

were d i r e c t l y a t t r i b u t a b l e t o the s o i l horizons described i n the Appendix, 

and t h e r e f o r e only r e l e v a n t f o r the p a r t i c u l a r f i e l d s i n which the s o i l 

p i t s were s i t e d . 
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.3-3(1) Nitrogen and phosphorus concentrations on a l l sections decreased 

w i t h s o i l depth, and t h i s was p a r t i c u l a r l y marked i n the n i t r o g e n l e v e l s 

which c l o s e l y followed the p a t t e r n found i n the i n v e s t i g a t i o n of the loss 

of s o i l weight on i g n i t i o n , demonstrating the a s s o c i a t i o n between t o t a l 

s o i l n i t r o g e n and the organic matter. 

.3-3(2) Potassium, aluminium and sodium - the synergic r e l a t i o n s h i p 

suggested p r e v i o u s l y f o r aluminium and sodium was maintained through the 

s o i l p r o f i l e . Concentrations of a l l three elements decreased w i t h depth 

on the Organic s e c t i o n , increased on the Mixed s e c t i o n and showed l i t t l e 

change on the Stockless s e c t i o n . 

.3-3(3) A dramatic increase i n the concentration of calcium ( t o over 

10% dry weight of s o i l ) at 20 cm on the Organic s e c t i o n explained why . 

higher l e v e l s of t h i s element were recorded on t h i s s e c t i o n during the 

monthly sampling. The Stockless s o i l c oncentration of calcium also 

increased s i g n i f i c a n t l y below 50 cm, but decreased i n the Mixed se c t i o n 

t o a l e v e l very s i g n i f i c a n t l y below t h a t of the other two sections. 

.3-3(4) On a l l three sections the concentrations of magnesium and 

manganese ions f l u c t u a t e d w i t h o u t any consistent p a t t e r n , except on the 

Stockless s e c t i o n where manganese concentrates were unvarying through the 

p r o f i l e . 

.3-3(5) I r o n and zinc concentrations tended t o f l u c t u a t e together; they 

decreased w i t h depth on the Organic and Stockless sections, but increased 

on the t h i r d f i e l d type. 

.3-3(6) Lead and copper concentrations vary w i t h depth according to the 

l o c a t i o n of the f i e l d sampled. 
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.3-4 Comparison of f i e l d and'lysimeter s o i l s at the end of the season 

The f i g u r e s l i s t e d on Table 1-8(2) demonstrate the close 

r e l a t i o n s h i p between concentrations of t o t a l geochemicals i n the s o i l of 

l y s i m e t e r and f i e l d . The only elements which the excavation and back­

f i l l i n g of s o i l i n the lysimeters s i g n i f i c a n t l y a f f e c t e d were :-

.3-4(1) Organic n i t r o g e n - the f a l l r e g i s t e r e d i n the concentration i n 

the s o i l over the growing season was greater i n the disturbed s o i l of the 

l y s i m e t e r than i n the undisturbed f i e l d . I t i s suggested t h a t the de-

s t r u c t u r i n g of the s o i l increased a e r a t i o n , enabling greater m i n e r a l i z a t i o n 

of organic matter and consequent leaching out. This c o r r e l a t e s w i t h the 

i n f o r m a t i o n gained i n the-water chemistry studies (see Section 2) where i t 

was shown t h a t l y s i m e t e r leachate contained s i g n i f i c a n t l y greater concen­

t r a t i o n s of n i t r o g e n than i n the drainage water from the f i e l d . 

.3-4(2) Calcium - the decrease i n concentration on the Mixed and Stockless 

sections d u r i n g the growing season was greater i n the f i e l d than i n the 

l y s i m e t e r s . On the Organic s e c t i o n the s o i l l e v e l s apparently increased 

more i n the cropped l y s i m e t e r , but less i n the f a l l o w one than i n the f i e l d . 

I t has already been suggested t h a t the analysis of samples of chalky 

boulder c l a y f o r t h i s element i s l i k e l y t o give very v a r i a b l e r e s u l t s , so 

the observations here may e i t h e r be due t o s o i l disturbance or due t o the 

n a t u r a l background v a r i a t i o n s i n the s o i l . 

.3.4(3) I r o n - concentrations i n the s o i l of the Mixed and Stockless 

sections were found to increase i n the f i e l d but decrease i n the l y s i m e t e r , 

p o s s i b l y due to the greater leaching i n the l a t t e r s i t u a t i o n . 

I t i s considered t h a t the degree of s i m i l a r i t y of changes i n the 

t o t a l geochemical concentration of a l l elements considered, except as 

described above, i n d i c a t e s t h a t the c o n d i t i o n s w i t h i n the lysimeters were 
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comparable w i t h those i n the open f i e l d and t h a t despite the recognised 

l i m i t a t i o n s , l y s i m e t r y does f u l f i l a u s e f u l r o l e i n the determination of 

the f l o w o f n u t r i e n t s through an a g r i c u l t u r a l ecosystem. 

When a comparison i s made between the f a l l o w and cropped l y s i m e t e r s 

f o r the values on Table 1-8(2) there i s l i t t l e p a t t e r n t o the changes 

observed to be the r e s u l t of cropping the s o i l , i n terms of t o t a l geo­

chemical concentrations. Values f o r i r o n , manganese and copper tended 

to change over the season equally i n f a l l o w and cropped s o i l on a l l 

s e c t i o n s , or the l a t t e r l o s t more than the former. Changes i n concentration 

of sodium were equal whether p l a n t s were present or not. The values f o r 

the c oncentrations of a l l the other elements measured,changed over the 

season i n a manner which v a r i e d from s e c t i o n to section,and element to 

element. 

Conclusions from 1972 

The r e s u l t s i n d i c a t e t h a t despite crude sampling methods,the 

seasonal iRsans of geochemical concentrations i n the s o i l d i d show a 

p o s i t i v e c o r r e l a t i o n v;ith the farm m.anagement type which had been p r a c t i s e d 

over the previous t h i r t y years. The presence of organic manures i n the 

s o i l has a c o n t r o l l i n g e f f e c t upon the t o t a l n i t r o g e n , potassium, magnesium and 

sodium concentrations, w h i l s t chemical f e r t i l i z e r s i m i l a r l y a f f e c t s i r o n 

and manganese concentrations. 

.2.1.4 1973 Season 

As few d e f i n i t e seasonal trends were sho^m by the monthly sampling 

and a n a l y s i s of s o i l s f o r the t o t a l geochemicals i n 1972, t h i s analysis was 

repeated i n 1973 only at the beginning and end of the growing season. 

Table 1-9 l i s t s the r e s u l t s of . these analyses and in d i c a t e s where a s i g ­

n i f i c a n t change has occurred due t o the season, and the d i r e c t i o n of t h i s 

change. Table 1-10 depicts a s t a t i s t i c a l comparison of the geochemical 
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concentrations i n the s o i l s from the three sections i n A p r i l and September, 

and the s i g n i f i c a n t d i f f e r e n c e s are discussed below. Table 1-11 shows the 

r e s u l t s of the chemical analysis of the s o i l s from the s p e c i a l f e r t i l i z e r 

treatments designed f o r the n i t r o g e n f i x a t i o n experiments. The f i e l d was 

analysed f o r the same twelve geochemicals as the other sections i n order t o 

f u r t h e r determine whether i n c r e a s i n g the a p p l i c a t i o n of n i t r o g e n , phosphorus 

and potassium a l t e r e d the concentrations of the other ions. The f i e l d s 

sampled i n 1973 were Nappers ( 0 ) , Gypsey (M), L i t t l e (S) and Chestnut Tree 

East s p e c i a l f e r t i l i z e r treatment) which a l l lay i n the zone of 

s o i l phase 2 except the l a t t e r f i e l d which was s i t e d i n phase 1. 

Discussion 

.2.1.4-1 E f f e c t of sfeason 

I n general i t was found t h a t despite the use of d i f f e r e n t 

f i e l d s w i t h i n the three sections from those sampled i n 1972,the r e s u l t s 

gained from the second year's sampling confirmed those of the f i r s t , as 
shown i n Table 1-9, and b r i e f l y mentioned below. 

.4-1(1) The f a l l i n the s o i l c oncentration of n i t r o g e n and phosphorus 

found i n 1972 was s i g n i f i c a n t on a l l sections i n .1973, except f o r 

n i t r o g e n on the Stockless s e c t i o n . 

,4-1(2) The increase i n t o t a l potassium concentration during the season 

of 1972 was repeated although i t was only s t a t i s t i c a l l y s i g n i f i c a n t on 

the Stockless s e c t i o n . 

.4-1(3) Calcium and magnesium - as found p r e v i o u s l y at Haughley great 

v a r i a t i o n of t o t a l calcium c o n c e n t r a t i o n occurs on a l l sections and i n 1973 

t h e r e was no s i g n i f i c a n t change over the season. Unlike the e a r l i e r lack 

of p a t t e r n of change i n the magnesium concentrations, l e v e l s on a l l farm 

sections increased d u r i n g the season although t h i s was not s i g n i f i c a n t on 

the Organic s e c t i o n . 
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,4-1(4) The e a r l i e r suggestion of a synergism between sodium and 

aluminium was not borne out by the 1973 analyses. The l e v e l s of sodium 

increased on the Mixed and Stockless sections as found i n 1972, but n e i t h e r 

these changes nor those o f aluminium proved t o be s t a t i s t i c a l l y s i g n i f i c a n t . 

.4-1(5) I r o n and manganese - i n 1973 the concentrations of both these 

elements decreased w i t h the passing of the season but the change was only 

s i g n i f i c a n t on the Organic and Stockless sections. Previously n e i t h e r of 

these elements showed c o n s i s t e n t p a t t e r n s of change. 

.4-1(6) Lead, copper and zinc - i n 1972 none of these elements showed 

s i g n i f i c a n t changes i n c o n c e n t r a t i o n w i t h the season, but i n the second ' 

year a l l showed a decrease i n lead which was s i g n i f i c a n t , f o r lead on the 

Organic s e c t i o n , copper on a l l s e c t i o n s , and zinc on the Stockless s e c t i o n . 

.2.1.4-2 E f f e c t of ' farm manageriient 

Summarizing the r e s u l t s of the s t a t i s t i c a l comparison of the 

values at the s t a r t and end of the season, sho;<m on Table 1-10, the 

s i g n i f i c a n t d i f f e r e n c e s v a l i d t o >95% l e v e l of confidence were :-

M > 0 f o r A l , K. M > 0) M > S) 
) f o r Fe, Mn ) f o r N, Mg 

M > S f o r A l , K,P S > 0) O > S) 

0 > M f o r Ca 

and there were no s i g n i f i c a n t d i f f e r e n c e s between sections :-

0 H M E.S f o r Na, Pb, Cu, Zn and 0 = S f o r P 

Where the r e s u l t s of 1973 corroborated those found i n 1972 i t was 

considered t h a t r e a l phenomena i n d i c a t i n g d i f f e r e n c e s caused by the 

p a r t i c u l a r farm management had been measured,which were not simply due to 

sampling methods or i n d i v i d u a l f i e l d c h a r a c t e r i s t i c s . VJhere data c o n f l i c t e d 

between the two years' sampling, measurements may be d e f i n i n g the p r o p e r t i e s 

of i n d i v i d u a l f i e l d s which w i l l vary w i t h the geology, or may i n d i c a t e 

sampling e r r o r s o 



k2 

.4-2(1) The calcium l e v e l i n the Organic f i e l d was again found t o be 

s i g n i f i c a n t l y greater than t h a t of the Mixed s e c t i o n . I t had been 

considered i n 1972 t h a t t h i s was purely the r e s u l t of v a r y i n g depths of 

g e o l o g i c a l horizons, but as the Organic f i e l d s sampled f o r the two years 

are s p a t i a l l y d i s j u n c t i n the farm, the r e p e t i t i o n of t h i s r e s u l t might 

suggest t h a t the greater c o n c e n t r a t i o n of t h i s element was genuinely 

caused by massive a p p l i c a t i o n of p o u l t r y manure which does contain a 

high p r o p o r t i o n of t h i s element. 

.4-2(2) The l e v e l of potassium i n the s o i l of the Mixed se c t i o n i s greater 

than t h a t of e i t h e r of the other two sections despite the heavy a p p l i c a t i o n 

per u n i t area of t h i s element i n the p o u l t r y manure on the Organic f i e l d . 

As these r e s u l t s d i r e c t l y oppose those of 1972 where the Organic f i e l d had 

the h i g h e s t potassium value, the 1973 f i n d i n g s i n d i c a t e t h a t e i t h e r 

sampling e r r o r s were i n v o l v e d , or the Gypsey f i e l d contained a higher back­

ground l e v e l of potassium i n the s o i l . As found p r e v i o u s l y , the lowest 

potassium concentrations occur on the Stockless s o i l , which may have been 

the r e s u l t of more r a p i d leaching of t h i s i o n i n t o the s u b s o i l ( i n the s o i l 

c o n t a i n i n g l e a s t organic m a t t e r ) , as has been sho^ra i n the Broadbalk 

experiment (Johnston 1968)» 

,4-2(3) As defined by the 1972 data, and as has been shorn by the very 

long term Rothamsted experiments, the main e f f e c t of the a p p l i c a t i o n of 

organic manures t o the s o i l was t o increase the organic n i t r o g e n content 

of the Organic and Mixed s e c t i o n f i e l d s , and again i n 1973 the d i f f e r e n c e 

from the l e v e l s i n the Stockless s o i l was h i g h l y s i g n i f i c a n t . I n a d d i t i o n , 

both f i e l d s r e c e i v i n g manures showed s i g n i f i c a n t l y greater concentrations 

of magnesium confirming the 0 > S p a t t e r n f o r t h i s element, due t o the 

appreciable l e v e l s i n the p o u l t r y manure. 
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. 4 - 2 ( 4 ) Whereas no s i g n i f i c a n t d i f f e r e n c e s i n the t o t a l phosphorus 

concentrations were found between any s e c t i o n i n 1 9 7 2 , i n the second year 

the Mixed s e c t i o n h a d a s i g n i f i c a n t l y greater s o i l concentration of t h i s i o n 

than the Stockless s o i l , a t the end of the season. Repeating the 1 9 7 2 
r e s u l t s , there was no s i g n i f i c a n t d i f f e r e n c e between the two most opposite 

farm management types ( 0 = S) i n s o i l concentrations of phosphate (see 

p o s s i b l e explanation i n 1 9 7 2 d i s c u s s i o n ) , 

, 4 - 2 ( 5 ) As p r e v i o u s l y found, the t o t a l c oncentration of i r o n and 

manganese was s i g n i f i c a n t l y greater on the sections r e c e i v i n g a r t i f i c i a l 

f e r t i l i z e r s , 

o 4 - 2 ( 6 ) I n 1 9 7 3 where the v a r i a t i o n between A p r i l and September was not 

masked by the comparison of sections by seasonal means, the Mixed se c t i o n 

had s i g n i f i c a n t l y higher s o i l concentrations of aluminium than e i t h e r of 

the other two s e c t i o n s . I n 1 9 7 2 no s i g n i f i c a n t d i f f e r e n c e s were found. 

This may have been due t o the a p p l i c a t i o n of both f e r t i l i z e r s and manures 

t o t h i s sqc:tion over several years, but as t h i s f e a t u r e d i d not appear i n 

1 9 7 2 , the f i e l d concerned here may have had a higher background l e v e l of 

aluminium, as i t may have had f o r potassium, 

, 4 - 2 ( 7 ) No s i g n i f i c a n t d i f f e r e n c e s were found i n the s o i l s from any 

s e c t i o n f o r the concentrations of lead, copper, zinc or sodium which 

confirms the 1 9 7 2 r e s u l t s (except t h a t 0 > S f o r sodium i n 1 9 7 2 ) . The 

l e v e l s of these heavy metal ions were observed t o change very l i t t l e w i t h 

season and as the annual i n p u t by manures, f e r t i l i z e r s and r a i n f a l l are 

n e g l i g i b l e and removal by crops very small, i t i s suggested t h a t the 

s i m i l a r i t y of the s o i l concentrations of these ions i n d i c a t e t h a t p r i o r 

t o the Haughley farm management experiment, the s o i l s of the three sections 

were a l l of the same chemical type. 
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.2.1.4-3 E f f e c t of high rates of NPK a p p l i c a t i o n 

The r e s u l t s of analysing the s o i l s from the s p e c i a l f e r t i l i z e r 

treatments on Chestnut Tree East f i e l d appear on Table 1-11 and are 

discussed below. 

E f f e c t of season - the changes observed t o occur on the OMS 

sections i n 1972 and 1973 were repeated on a l l three treatments PPKK, 

NNPPKK and NNPK, whereby the s o i l concentrations of n i t r o g e n , phosphorus, 

calcium, magnesium, aluminium, i r o n , manganese, copper, zinc and lead a l l 

showed a s i g n i f i c a n t decrease ( w i t h the exception of lead) and those of 

potassium and sodium showed a s i g n i f i c a n t increase between A p r i l and 

Septembers 

E f f e c t of r a t e of f e r t i l i z e r a p p l i c a t i o n - gained by s t a t i s t i c a l l y 

comparing the concentrations of geochemical ions of the three treatments 

at the end of the 1973 season. 

.4-3(1) Nitrogen - when s i g n i f i c a n t l y d i f f e r i n g rates of n i t r o g e n were 

a p p l i e d i n the form of chemical f e r t i l i z e r to separate p l o t s at the beginning 

of the growing season, due t o crop uptake and leaching, there were no 

s i g n i f i c a n t d i f f e r e n c e s i n t o t a l n i t r o g e n concentration i n the s o i l of the 

p l o t s a t the end of the growing season, 

.4-3(2) Phosphorus and potassium - a f t e r h i g h a p p l i c a t i o n rates of these 

elements i n the form of a r t i f i c i a l f e r t i l i z e r s i n the s p r i n g , the concent­

r a t i o n s i n the s o i l remain at higher l e v e l s throughout the growing season 

than where a p p l i c a t i o n r a t e s were low. Thus NNPPKK > NNPK s i g n i f i c a n t 

t o >95% confidence l e v e l , but although PPKK >NNPK t h i s was not s i g n i f i c a n t , 

probably due t o low r e p l i c a t e numbers, 

,4-3(3) Doubling the PK r a t e apparently s i g n i f i c a n t l y increased the 

c o n c e n t r a t i o n of calcium i n the s o i l at the end of the season, but the 

a d d i t i o n of n i t r o g e n has no modifying e f f e c t , so PPKK > NNPK ) s i g n i f i c a n t 

NNPPKK > NNPK ) 
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t o > 9 5 % confidence l i m i t , but t h a t may have been a sampling anomaly, 

. 4 - 3 ( 4 ) The a d d i t i o n of n i t r o g e n increases the concentration of i r o n 

remaining i n the s o i l a t the end of the season so t h a t NNPPKK > PPKK 

NNPK > PPKK 
are s i g n i f i c a n t , 

, 4 - 3 ( 5 ) The r a t e of a p p l i c a t i o n of f e r t i l i z e r does not s i g n i f i c a n t l y 

a f f e c t the con c e n t r a t i o n of magnesium, sodium, aluminium, lead, copper 

or z i n c i n the s o i l . 

The r e s u l t s o u t l i n e d i n paragraphs ( 1 ) - ( 5 ) above also apply 
f u l l y t o the a p p l i c a t i o n of high f e r t i l i z e r r a tes i n the l y s i m e t r y study. 

. 2 , 1 , 5 Conclusion 

Despite the f a c t t h a t most of the geochemicals present i n the 

s o i l w i l l be i n a form u n a v a i l a b l e t o the p l a n t s , s i g n i f i c a n t seasonal 

changes were found t o occur i n the concentrations of most of the elements 

s t u d i e d . These were e s p e c i a l l y marked f o r n i t r o g e n and phosphorus where 

the concentrations decreased during the season, and potassium, f o r which 

there was a s i g n i f i c a n t net increase. 

Most of the d i f f e r e n c e s observed i n t o t a l geochemical concentrations 

between farm management sections can be d i r e c t l y c o r r e l a t e d w i t h the supply 

of these n u t r i e n t s i n the manures or f e r t i l i z e r s . 
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l t 3 . 2 . 2 Exchangeable riitrogeii, phosphorus and potassium 

2 o 2 „ l BACKGROUND 

I t has long been argued as t o whether or not chemical analysis 

( a c t i n g by exchange) i s able t o define the p r o p o r t i o n of the t o t a l geo­

chemical ions i n the s o i l which are a v a i l a b l e ' to growing p l a n t s . Many 

e x t r a c t a n t s f o r each element have been proposed to e l u t e the a v a i l a b l e 

f r a c t i o n from the s o i l , but the crop response r a r e l y f u l f i l s the 

p r e d i c t i o n s from such methods due t o other f a c t o r s which also l i m i t growth. 
The a c t u a l amount of each element a v a i l a b l e f o r uptake by the p l a n t w i l l 

depend upon many f a c t o r s such as the p l a n t species, growth requirement, 

s o i l type and s o i l moisture, and i t i s d i f f i c u l t t o evaluate these 

v a r i a b l e s by a chemical t e s t . Since the days of Lawes and G i l b e r t (1864) 

i t has been recognised t h a t the q u a n t i t y of any element extracted by 

chemical -means w i l l depend p r i m a r i l y upon the nature and s t r e n g t h of the 

e x t r a c t a n t . I d e a l l y , no major change i n the chemical composition of the 

s o i l should be induced by the e x t r a c t i o n (Hislop and Cooke 1968), as f o r 
. ^^^^^^ 

example, Williams/^describes where p l a n t s were found to be able to take up 

more phosphate from the s o i l once i t had been t r e a t e d w i t h d i l u t e a c e t i c 

a c i d t o remove the " a v a i l a b l e phosphate", hence the use of anion exchange 

r e s i n s have becom.e popular f o r the e s t i m a t i o n of a v a i l a b l e phosphorus. 

I t has been demonstrated t h a t c e r t a i n t e s t s do i n d i c a t e r e s u l t s 

which c o r r e l a t e f a i r l y w e l l w i t h the a c t u a l growth of p l a n t s upon the 

s o i l s i n question (Russell 1931; BlackKl965). Thus i n a d d i t i o n t o the 

a n a l y s i s of s o i l s f o r the t o t a l geochemical concentrations, the s o i l s 

from the three farm sections were analysed f o r the exchangeability of 

the three most important macronutrients, n i t r o g e n , phosphorus and potassium. 

I n the l i t e r a t u r e the terms " a v a i l a b l e " and "exchangeable" are 

f r e e l y interchanged, although t h e i r meanings d i f f e r . The chemical methods 

used t o measure the exchangeability of an i o n = the amount which i s f r e e t o 

exchange w i t h the cations of a s a l t s o l u t i o n added t o the s o i l , but the 
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r e s u l t s are used t o p r e d i c t the a v a i l a b i l i t y of an element = the amount 

which e x i s t s i n the s o i l i n a form which the growing p l a n t can use. 

Throughout the t h e s i s the term "exchangeable" i s used t o describe the 

q u a n t i t i e s of n i t r o g e n , phosphorus and potassium measured i n the 

l a b o r a t o r y but i n f e r r e d t o be a v a i l a b l e to the Vioia faba crop growing 

i n the Haughley s o i l s . 

o 2 . 2 . 2 Aim ,To analyse the s o i l s from the three farm sections f o r the 

concentrations of exchangeable n i t r o g e n , phosphorus and potassium, t o 

determine the way i n which these change w i t h the season and to evaluate 

the e f f e c t of the farm management upon them. 

. 2 . 2 , 3 Method During the course of two seasons c y l i n d r i c a l s o i l cores 

to the depth of the ploughed l a y e r were removed from selected areas of 

the t h r e e f i e l d types, were transported t o the l a b o r a t o r y where they were 

homogenized, and were d r i e d i n a forced-draught oven at 3 0 ° C f o r f i v e days 

t o simulate a i r d r y i n g , p r i o r t o s i e v i n g and sub-sampling. I n 1 9 7 2 the 

three d i s t i n c t s o i l horizons i n each section were analysed f o r a v a i l a b l e 

potassium and phosphorus, and enough samples from the main plough depth 

were c o l l e c t e d t o enable the„ c a l c u l a t i o n and comparison of seasonal means. 

I n t h a t f i r s t year only two sub-samples were analysed on each occasion f o r 

potassium and phosphorus i n each s o i l . I n 1 9 7 3 the analysis f o r a v a i l a b l e 

n i t r a t e - n i t r o g e n and ammonium-nitrogen vjere included i n a d d i t i o n to t h a t f o r 

potassium and phosphorus,using f i f t e e n r e p l i c a t e s per s o i l type on fo u r 

occasions throughout the year. I n a d d i t i o n t o the analysis of the s o i l s 

from the OMS sections, the s o i l from the s p e c i a l f e r t i l i z e r treatments was 

st u d i e d i n order t o discover how the a d d i t i o n of extr a q u a n t i t i e s of NPK 

a f f e c t e d the exchangeability of these ions i n the s o i l . The methods of 

an a l y s i s employed are shoxra below and they are discussed i n d e t a i l i n 

the Appendix :-
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A v a i l a b l e n i t r o g e n - ex t r a c t e d by n e u t r a l 2N sodium c h l o r i d e (Bremner 1965) 

- N i t r i t e - n i t r o g e n - Griess-Ilosvay method (Barnes and Folkard 1951) 

- N i t r a t e - n i t r o g e n ) Semi micro determination method - m o d i f i c a t i o n s 
) of Conway procedure (Etherington and Morr.ey 1967 

- Ammonium-nitrogen) and Bremner 1960) 

A v a i l a b l e phosphorus - ext r a c t e d by sodium b i t a r b o n a t e (Olsen et a l . 1954) 

- detected by ammonium molybdate and stannous c h l o r i d e 

A v a i l a b l e potassium - e x t r a c t e d by ammonium acetate ( P r a t t 1965) 

- detected by atomic absorption spectrophotometer 

,2.2,4 Results The r e s u l t s found from the above analyses are discussed 

by element, f o r both seasons and fou r treatments. For each element the 

r e s u l t s are tabulated and s t a t i s t i c a l l y compared, and the seasonal changes 

are depicted g r a p h i c a l l y , 

,2,4-1 NITROGEN 

This element i s of such major importance i n crop r o t a t i o n that the 

exchangeable f r a c t i o n was described i n three p a r t s . The most important 

forms of exchangeable n i t r o g e n i n the s o i l are ammonium-nitrogen, n i t r a t e -

n i t r o g e n and n i t r i t e - n i t r o g e n , a l l of which may be u t i l i z e d by p l a n t s , but 

one form or another may be p r e f e r e n t i a l l y absorbed by d i f f e r e n t p l a n t species 

depending upon the environmental c o n d i t i o n s , 

,4-1(1) N i t r i t e - n i t r o g e n - the l e a s t important form of n i t r o g e n f o r ., 

higher p l a n t s due to very small q u a n t i t i e s present i n most s o i l s . The 

e x t r a c t i n g s o l u t i o n f o r n i t r o g e n was selected to enable the determination 

of a l l three forms from one e x t r a c t i o n . The r e s u l t s of the analysis 

conducted i n A p r i l 1973 appear below :-

Section Organic Mixed Stbckless 

Mean NO2-N 0,36 0,25 0.29 

Standard D e v i a t i o n 0.07 0,03 0.13 
Standard E r r o r 0,03 0,02 0.06 

Values expressed i n y gm NÔ -N/gm a i r dry s o i l 



Table 1 --12(lj SOIL ANALYSIS 

A v a i l a b l e N i t r a t e - N i t r o g e n i n the S o i l of the three 
farm systems 1973. 

E x pressed as microgrammes NOo-N/gm a i r dry s o i l . 
Each reading a mean from 15 s o i l c o r e s . 

Date Organic Mixed S t o c k l e s s 
Mean SD SE Mean SD- SE Mean SD SE 

14/4/73 48.5 20.3 5.6 14.9 4.8 1.3 9.2 4.3 1.2 
21/5/73 37.9 20.3 6.5 23.0 11.7 3.1 11.4 7.8 2.2 
24/7/73 18.3 12.9 3.6 11.2 8.1 2.1 8.9 12.3 3.3 
5/9/73 14.4 8.8 2.3 6,9 3.3 0.9 6.1 3.3 1.1 

Mean over ^g.g 16.2 8.1 
season 

14.0 6.8 3.4 8.9 2.2 1.1 

S t a t i s t i c a l Comparison of Treatments 
(using B a i l e y ' s d t e s t ) 

(a) Treatments 

0-M 0-S M-S 
Date df d p df d p df d P 

14/4/73 15,6 6.22 ^0.001 15.3 7.30 <0.001 27.4 3 .35 <0 .01 
21/5/73 22.3 2.44 <0.05 18.1 4.73 <.0.001 24.6 3 .22 <0 .01 
24/7/73 23.7 1.82 NS 27.8 2.04 NS 24.1 0 .61 NS 
5/9/73 17.9 3.13 <0.01 17.9 3.46 <0.0l 28.0 0 .67 NS 

se a s o n a l ^^^^ ̂ ^^^^ 
Mean 3.1 5.11 <0.02 4.8 2 .59 ^0.05 . 

(b) Change over season 

Dates Organic Mixed S t o c k l e s s 

14/4/-
21/5/73 28.0 1.43 NS 18.6 2.49 <0.05 21.6 0.96 NS 

21/5/-
24/7/73 23.7 3.16 <0.01 25.1 3.19 <0.01 23.8 0.66 NS 

24/7/-
5/9/73 24.7 0.97 NS 18.5 1.90 NS 16.0 0.85 NS 
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S t a t i s t i c a l comparison 

Samples compared d.fo d P R 

0 - M 5o4 0.3 0.1 NS 

0 - S 6.1 Oo4 Ool NS 

M - S 4.4 0.7 0.1. NS 

The amount of exchangeable n i t r o g e n i n the form of n i t r i t e was 

exceedingly small i n a l l three s o i l types, and there were no s i g n i f i c a n t 

d i f f e r e n c e s i n concentrations between sectionso Due t o these very low 

concentrations the determination v/as not repeated. 

,4-1(2) N i t r a t e - n i t r o g e n The most important form of exchangeable 

n i t r o g e n i n the s o i l , e s p e c i a l l y i n a farm ecosystem where i t i s the main 

form of n i t r o g e n i n chemical f e r t i l i z e r s . The r e s u l t s of the analysis f o r 

n i t r a t e - n i t r o g e n i n the s o i l of the three sections are shown i n Table 1-12(1) 

and are depicted on Graph 1-1 ( l ) 

E f f e c t of season 

The graph demonstrates the marked change i n the exchangeability 

of the n i t r a t e - n i t r o g e n i n the s o i l during the season. There was a 

s i g n i f i c a n t decrease on a l l three s e c t i o n s , but t h i s was greatest i n the 

Organic s e c t i o n s o i l which also had the highest concentration of n i t r o g e n 

i n t h i s formo The d e t a i l e d r e s u l t s of the s t a t i s t i c a l comparison of the 

change i n concentration w i t h the season are shown below. 

14/4/73 - 21/5/73 

21/5/73 - 24/7/73 

24/7/73 - 5/9/73 

S i g n i f i c a n t increase on Mixed section 

S i g n i f i c a n t decrease on Organic and Mixed sections 

Change not s i g n i f i c a n t on any se c t i o n 

The increase on the Mixed s e c t i o n i n d i c a t e s the movement of the 

n i t r a t e f e r t i l i z e r i n t o , the s o i l , which had been applied as top dressings 

i n A p r i l o This increase, which i s greater than that shown on the Stockless 

s e c t i o n , could also be accounted f o r by an increase i n the r a t e of m i n e r a l -
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i z a t i o n of some of the remaining organic matter, which has been shown to 

be s t i m u l a t e d by the a d d i t i o n of n i t r o g e n f e r t i l i z e r (Kundler 1970), but 

Gadet and Soubiees (1972) found m i n e r a l i z a t i o n t o be depressed under these 

c o n d i t i o n s . I t w i l l be noted t h a t none of the i n d i v i d u a l decreases on 

the Stockless s e c t i o n v/ere s i g n i f i c a n t , a l t h o u g h the graph shows there was 

a s i g n i f i c a n t net f a l l over the whole season. The magnitude of loss of 

exchangeable n i t r a t e - n i t r o g e n from the s o i l d uring the season i s d i r e c t l y 

p r o p o r t i o n a l t o the concentration of t h i s form of n i t r o g e n i n the s o i l . 

The i n t e r n a l v a r i a t i o n of r e p l i c a t e readings w i t h i n each sec t i o n also 

f o l l o w e d the p a t t e r n 0 > M > S as i t i s much easier to ensure an even 

d i s t r i b u t i o n of n u t r i e n t s over the f i e l d when they are applied i n the form 

of dry f e r t i l i z e r granules than when i n the form of wet lumps of manure. 

E f f e c t of farm management 

The h i g h l y s i g n i f i c a n t e f f e c t of farm management upon the n i t r a t e -

n i t r o g e n c o n c e n t r a t i o n i n the s o i l i s c l e a r l y demonstrated i n Graph l - l ( l ) 

which i n d i c a t e s the extent t o which the exchangeable n i t r o g e n content of 

t h e Organic s o i l was . greater than i n the s o i l s of the other sections. 

The d e t a i l e d r e s u l t s of the s t a t i s t i c a l comparison of the concentration 

appear below :-

14/4/73 0 > M 0 > S M > S s i g n i f i c a n t to >99% l e v e l 

21/5/73 0 > M 0 > S M > S " " >95% " 

24/7/73' 0 > M 0 > S M > S trend only s i g n i f i c a n t to 99% l e v e l 

5/9/73 0 > M 0 > S s i g n i f i c a n t t o >99% l e v e l 

Seasonal 0 > M 0 > S M > S " • " >95% " 
Mean 

Thus the s o i l which received an a p p l i c a t i o n of p o u l t r y manure i n 

the previous autumn c o n s i s t e n t l y maintained a higher l e v e l of n i t r a t e -

n i t r o g e n i n the s o i l throughout the season when compared w i t h the sections 

which received a p p l i c a t i o n s of n i t r a t e f e r t i l i z e r i n the s p r i n g of 1973, 



Graph 1-1. 

The Seasonal Variation in the Level of Exchangeable 

Nitrogen in the Soil. 
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Table 1-12f2) SOIL ANALYSIS 

A v a i l a b l e Ammonia-Nitrogen i n the s o i l of the three 
farm systems i n 1973. 

Expressed as microgrammes NH^-N/gm a i r dry s o i l . 
Each reading a mean from 15 s o i l c o r e s . 

Date 
Organic 

Mean SD SE Mean 
Mixed 

SD SE 
S t o c k l e s s 

Mean SD SE 

14/4/73 9.0 3.3 1.0 7.6 2.1 0.5 9.0 0.9 0.3 
21/5/73 5,7 4.5 1.4 2.6 3.1 0.9 2.1 1.2 0.3 
24/7/73 34.4 33.1 9.2 27.0 29.3 7.6 3.0 3.7 0.9 
5/9/73 7.7 4.2 1.1 6.9 3.3 0.9 5.3 2.3 0.7 

Mean over 
season 14.2 13.5 6.8 11.0 10.9 5.4 4.9 3.1 1.5 

S t a t i s t i c a l Comparison of Treatments 
(using B a i l e y ' s d t e s t ) 

(a) Treatments 

Date df 
0-M 
d df 

0-S 
d df 

M-S 
d 

14/4/73 
21/5/73 
24/7/73 
5/9/73 

23.7 1.40 NS 
24.9 2.20 <0.05 
27.6 0.65 NS 
26.3 0.57 NS 

16.1 0.0 NS 
16.0 3.00 <0.01 
14.3 3.65 <0.01 
21.. 7 1.85 NS 

24.5 2.03 NS 
18.1 0.58 NS 
14.4 3.16 ̂ 0.01 
25.0 1.54 NS 

Seasonal 
Mean 5 . 7 0. 70 NS 3.3 3.49 0.05 3.5 2.18 NS 

(b) Change over season 

Dates Organic Mixed S t o c k l e s s 

21/5/73 ^^•'^ ̂ *^^ <0.05 24.4 5.21 <0.001 25.3 18.2 < 0.001 

24/7/73 '̂ '̂̂  ̂ '^^ <0.01 14.3 3.21 <0.0l 17.0 0.90 NS 

l^/iK'o 14.5 3.10 <0,01 14.3 2.65 <0.02 23.5 2.05 NS 
5/9/ / J 
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The considerable d i f f e r e n c e s between the Organic and Mixed sections 

demonstrate how q u i c k l y the exchangeable n i t r a t e - n i t r o g e n supplied i n 

manures disappears from the plough depth of s o i l . Several years a f t e r 

the a p p l i c a t i o n of manure (Mixed s e c t i o n 1970) the concentrations of t h i s 

form of n i t r o g e n are closer t o those i n the Stockless. s o i l than t h a t of 

the Organic s o i l . I t i s suggested t h a t the n i t r a t e i s q u i c k l y taken up 

by the crop p l a n t , or being h i g h l y soluble w i l l be leached out i n the 

drainage water, or immobilized i n the s o i l organic matter, 

.4-1(3) Ammonium-nitrogen A form of n i t r o g e n which i s important i n the 

s o i l , p a r t i c u l a r l y as an intermediate form between organic n i t r o g e n and 

n i t r a t e . Despite the hundreds of papers w r i t t e n on the subject of n i t r o g e n 

uptake by p l a n t s , i t i s not knoxm i n which p a r t i c u l a r form n i t r o g e n i s 

absorbed from the s o i l by each p l a n t species. The r e s u l t s of the analyses 

of s o i l samples f o r exchangeable ammonium-nitrogen are sho™ i n Table 1-12(2) 

and are depicted on Graph 1-1(2) 

E f f e c t of ''season 

The graph demonstrates the marked v a r i a t i o n i n the exchangeability 

of ammonium-nitrogen d u r i n g the season, p a r t i c u l a r l y w i t h reference to the 

Organic and Mixed s e c t i o n s . The r e s u l t s of the s t a t i s t i c a l comparison of 

the change w i t h season i s shown below :-

14/4/73 - 21/5/73 S i g n i f i c a n t decrease on a l l sections 

21/5/73 - 24/7/73 S i g n i f i c a n t increase on Organic and Mixed sections 

24/7/73 - 5/9/73 S i g n i f i c a n t increase on Organic and Mixed sections 

The i n i t i a l decrease on a l l sections may have been caused by the 

v o l a t i l i z a t i o n of the ammonium-nitrogen.prior to the i n c o r p o r a t i o n of the 

f e r t i l i z e r i n t o the s o i l s . I t i s i n t e r e s t i n g to note that only on the 

Stockless s e c t i o n i s there a net loss of NĤ -N over the growing season. 

Despite great f l u c t u a t i o n s i n the l e v e l s of exchangeability of t h i s i o n 
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i n the Organic and Mixed section,the s t a t e of e q u i l i b r i u m i n the s o i l s 
was maintained f o r the f o l l o w i n g season. This i s an example of one of 
the p o s s i b l e n u t r i t i o n a l b e n e f i t s of using organic manures instead of 
a r t i f i c i a l f e r t i l i z e r s , i n t h a t the supply of n i t r o g e n from the manure 
was n a t u r a l l y maintained to the p l a n t s throughout the most a c t i v e p a r t 
of the growing season, w h i l s t the supply from the f e r t i l i z e r was much 
lower. 

E f f e c t of farm management 

The graph shows how much closer the l e v e l s of exchangeable 

NH^-N were i n the s o i l s of the Organic and Mixed sections compared w i t h 

those i n the Stockless s o i l - a cl e a r e f f e c t of the a p p l i c a t i o n of organic 

manures to the system. The d e t a i l e d r e s u l t s of the s t a t i s t i c a l comparison 

from Table 1-12(2) are shown below. 

14/4/73 - no s i g n i f i c a n t d i f f e r e n c e between any s e c t i o n 

21/5/73 - 0 > M 0 > S S i g n i f i c a n t to >95% l e v e l 

24/7/73 - 0 > S M >° S S i g n i f i c a n t to >99% l e v e l 

5/9/73 - no s i g n i f i c a n t d i f f e r e n c e s 

Seasonal - 0 >„S S i g n i f i c a n t to >95% l e v e l 
mean 

Thus although there were s i g n i f i c a n t f l u c t u a t i o n s of concentrations 

w i t h i n the season, there were no s i g n i f i c a n t d i f f e r e n c e s between the sections 

a t the beginning or the end of the crop growing season. Wiere d i f f e r e n c e s 

d i d occur, the concentrations of NH^-N were always lowest on the Stockless 

s o i l where there were few organic remains. Whereas f o r n i t r a t e - n i t r o g e n 

the f i g u r e s f o r the Organic and Mixed sections were always s i g n i f i c a n t l y 

d i f f e r e n t , i n t h i s form there \̂ as a greater degree of s i m i l a r i t y , suggesting 

t h a t i n both s e c t i o n s , n i t r o g e n i n the remaining, or newly added, organic 

matter was m i n e r a l i z e d t o the NĤ -N form during May, June and July • This was 

then l o s t by conversion t o n i t r a t e , l eaching, v o l a t i l i z a t i o n , crop uptake 
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or r e m i n e r a l i z a t i o n during the subsequent months. The c o n s i s t e n t l y low 

values f o r the Stockless s e c t i o n i n d i c a t e very low reserves of n i t r o g e n 

i n organic matter form f o r t h a t s o i l type. 

Graph 1-1 (3) depicts the combination of exchangeable NÔ -N and 

NH^-N f i g u r e s t o show the t o t a l n i t r o g e n a v a i l a b l e to the p l a n t as measured 

by t h i s e x t r a c t i o n procedure. The s i g n i f i c a n t e f f e c t of the manure which 

maintains a high l e v e l of a v a i l a b l e n i t r o g e n t o the plants throughout the 

growing season on the Organic and Mixed sections i s c l e a r l y demonstrated. 

There was a s i g n i f i c a n t net loss of n i t r o g e n during the season on a l l three 

s e c t i o n s , which c o r r e l a t e s w i t h the decreases observed f o r the t o t a l organic 

n i t r o g e n concentrations p r e v i o u s l y described. However, i t should be noted 

t h a t these concentrations of a v a i l a b l e forms of n i t r o g e n c o n s t i t u t e only 

2-3% of the t o t a l n i t r o g e n concentrations measured. 

.4-1(4) N i t r a t e - n i t r o g e n and Ammonium n i t r o g e n on the special 

f e r t i l i z e r treatments 

The r e s u l t s of the s o i l analysis and the comparison of n i t r o g e n 

concentrations i n the s o i l of treatments NNPPKK and PPKK appear on Table 1-13. 

The treatments of NNPK and PPKK are not compared, due t o the complicating 

f e a t u r e o f the phosphate and potassium a p p l i c a t i o n r a t e s . The top dressing 

of ammonium n i t r a t e was applied to the experimental p l o t s at the beginning 

of May 1973 and the e f f e c t can c l e a r l y be seen by the massive increase i n 

both forms of n i t r o g e n r e g i s t e r e d on 21/5/73. 

N i t r a t e - n i t r o g e n 

The l e v e l of n i t r a t e - n i t r o g e n on the PPKK treatment increased i n 

May, but not s i g n i f i c a n t l y so, which may have been caused by some m i n e r a l - • 

i z a t i o n o f the n a t u r a l organic matter i n the f i e l d . The concentrations 

then decreased r a p i d l y t o a constant value. Where high n i t r o g e n i s applied 

to the PPKK p l o t , the decrease i n exchangeable n i t r o g e n i s much more r a p i d 

than where applied t o the s i n g l e PK p l o t . I t i s postulated t h a t where the 



Table 1-13 SOIL ANALYSIS 

A v a i l a b l e N i t r a t e - N i t r o g e n and Ammonia-Nitrogen i n 
S p e c i a l F e r t i l i z e r Treatment on Chestnut Tree E a s t 

. F i e l d i n 1973. 

Expressed as pgm/gm a i r dry s o i l . 
Each reading a mean of four samples. 

N i t r a t e - N i t r o g e n 

PPKK NNPPKK NNPK 
Date Mean SD SE Mean SD SE Mean SD SE 

14/4/73 7.7 4.5 1.3 _ 

(TOP 
DRESSING) 
21/5/73 9.8 1.0 0.5 49.4 2.7 1.4 51.3 4.4 2.2 
24/7/73 2.1 0.5 0.3 11.1 6.7 3.4 33.2 17.3 8.7 
5/9/73 2.4 0.7 0.3 3.8 2.0 0.9 7.9 4.1 2.1 

Ammonia-Nitrogen 
14/4/73 7.8 2.0 0.6 - - -,- - - -
21/5/73 1.3 0.7 0.5 111.7 25.9 14.9 36.0 23.8 13.7 
24/7/73 • 26.4 1.9 1.1 53.6 17.4 8.7 55.3 29.6 14.8 
5/9/73 3.4 1.2 0.5 3.1 0.7 0.3 6.4 1.9 1.1 

S t a t i s t i c a l Comparison of PPKK with NNPPKK 
(using B a i l e y ' s d t e s t ) " 

Date 
N i t r a t e - N i t r o g e n 

d.of f . d 

Ammonia-Nitrogen 
Date d.of f . d 

21/5/73 
24/7/73 
5/9/73 

3.8 2 7.5 <0.001 21/5/73 
3.0 2.68 NS 24/7/73 
3.7 1.32 NS 5/9/73 

3.0 8.5 <0.01 
3.1 3.1 NS 
4.8 0.43 NS 
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l e v e l s o f phosphorus and potassium are also h i g h , these stimulated p l a n t 

and microorganism growth so t h a t the loss of n i t r o g e n was more marked than 

where the phosphate and potassium a p p l i c a t i o n rates were lower. The com­

paris o n of NNPPKK > PPKK i s only s i g n i f i c a n t immediately a f t e r a p p l i c a t i o n , 

probably due to low numbers of r e p l i c a t e s i n 'July, and due to the d r a s t i c 

l o s s , as already described, by September. 

Ammonium-nitrogen 

The l e v e l of exchangeable ammonium-nitrogen on the PPKK treatment 

f l u c t u a t e d g r e a t l y between the four occasions of sampling during the season. 

The only explanation put forward f o r the great increase i n NĤ -N i n l a t e ' 

J u l y i s t h a t p o s s i b l y the samples were taken from the s o i l where l o c a l i z e d 

release of f i x e d n i t r o g e n from the decaying bean ro o t nodules was occurring. 

This e f f e c t , i f genuine, would not be so marked on the sections where 

n i t r o g e n had been a p p l i e d , due to . t h e p a r t i a l i n h i b i t i o n of n i t r o g e n 

f i x a t i o n on these treatments. I t i s not known why the ammonium-nitrogen 

f i g u r e s f o r NNPPKK and NNPK should be so d i f f e r e n t from each other on the 

May sampling. This anomaly may have r e s u l t e d from the uneven spread of 

the n i t r o g e n f e r t i l i z e r which was broadcast by hand a f t e r the bean plants 

had germinated. I t i s suggested t h a t the apparent increase i n exchangeable 

ammonium-nitrogen shown by the f i g u r e s f o r NNPK i n July was not t r u l y rep­

r e s e n t a t i v e of an increase, but r a t h e r a decrease from the l e v e l expected 

i n May. As f o r the n i t r a t e - n i t r o g e n , there was a dramatic increase i n 

the c o n c e n t r a t i o n of exchangeable n i t r o g e n where t h i s f e r t i l i z e r was 

ap p l i e d d u r i n g the season. I t i s suggested t h a t the NNPPKK > PPKK only i n May, 

.was due t o low r e p l i c a t e numbers, and an increase i n the concentration of N 

on PPKK i n J u l y , buti. due t o genuinely low values f o r September, on a l l 

s e c t i o n s , due t o the loss of n i t r o g e n by v o l a t i l i z a t i o n and leaching of 

the h i g h l y s o l u b l e anmionium n i t r a t e . This loss of n i t r o g e n where i t 

was a p p l i e d , t o give no s i g n i f i c a n t decreases between the high and low 
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a p p l i c a t i o n rates at the end of the season, c o r r e l a t e s w e l l w i t h the 

r e s u l t s described f o r the t o t a l organic n i t r o g e n seasonal changes. 

.2.4-2 PHOSPHORUS 

Method Since Daubeny (1845), many chemical methods have been assumed to 

measure p l a n t - a v a i l a b l e phosphorus, but these have f r e q u e n t l y produced 

c o n f l i c t i n g r e s u l t s t o observed growth of the p l a n t s because d i f f e r e n t 

species vary i n t h e i r a b i l i t y t o take up phosphorus from the s o i l , 

depending on species, r a t e of growth and s o i l c onditions (Nelson e t a l . 1 9 5 3 ) , 

However, Alexander and Woodham (1958) demonstrated t h a t the measurement of 

p l a n t a v a i l a b l e phosphorus f o r Yicia faba (Tic v a r i e t y ) by use of a sodium 

bicarbonate e x t r a c t a n t (Olsen et a l . 1954), produced values which c o r r e l a t e d 

w e l l w i t h the growth response of t h i s species. This method i s p a r t i c u l a r l y 

a p p l i c a b l e t o Haughley s o i l s as i t s e f f i c i e n c y i s not influenced by high 

l e v e l s of calcium carbonate. I t i s probable t h a t most phosphorus i s 

taken up as Ĥ PÔ  ions i n s o i l s of pH range 4 - 9 , but may also gain entry 

i n d i r e c t l y , b o u n d t o one of the cations required by the p l a n t , depending on 

the form of phosphate i n the p a r t i c u l a r s o i l . 

Results 

.4-2(1) 1972 Table 1-14(1) shows how the concentration of exchangeable 

phosphorus was found t o vary according to s o i l depth, season and 

management type. 

E f f e c t of depth of s o i l 

The decrease i n exchangeable phosphorus w i t h increasing depth 

of s o i l was p a r t i c u l a r l y marked i n the Organic s o i l p r o f i l e , s l i g h t l y more 

gradual i n the Stockless s o i l , and only changed a b r u p t l y i n the Mixed 

s e c t i o n below 50 cm. Thus almost a l l the p l a n t a v a i l a b l e phosphorus i n 

the Organic and Stockless sections was confined to the ploughed depth of 

s o i l , whereas i t was spread f a i r l y evenly to 50 cm i n the Mixed se c t i o n . 



Table I-MQ) SOIL ANALYSIS 

A v a i l a b l e Phosphorus i n s o i l from the three farm 
systems 1972. (Expressed i n micrograms P/gm a i r dry s o i l ) . 

( ( ) A v a i l a b i l i t y according to s o i l depth; 

:Depth 
(cms.) 

0-20 
20-50 
50+ 

Organic 

20.3 
0.3 
0.0 

Mixed 

33.1 
23.6 
6.5 

S t o c k l e s s 

47.5 
4.1 
4.3 

(a) Seasonal v a r i a t i o n i n a v a i l a b i l i t y (0-20 cm) 

Date 
21/3/72 
1/5/72 

20/9/72 

Seasonal mean 
± SE 
SD 

Organic 
20.3 ' 
20.0 
20.9 

20.4 ± 0.3 

0.46 

Mixed 
33.1 
58.0 
49.1 

46.7 ± 7.3 

12.6 

S t o c k l e s s 
47.5 
79.5 
39.9 

55.6 ± 12.1 

21.0 

S t a t i s t i c a l comparison of seasonal mean:-

Sample 

0-M 
0-S 
M-S 

d. O f f . 

4.0 
4.0 
6.6 

d 

3.60 
2.91 
0.63 

P 
<0.05 
<0.05 

NS 
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This p a t t e r n c o r r e l a t e d w e l l w i t h the v a r i a t i o n w i t h depth i n calcium 

content shown i n Table 1-8, because the higher the content, the more 

phosphate w i l l be bound i n an unavailable form. 

E f f e c t of season 

The seasonal v a r i a t i o n of the phosphorus concentrations showed 

the impact of adding phosphate f e r t i l i z e r to the system on the Mixed and 

Stockless sections at the end o f March 1972, which caused an immediate 

increase i n the exchangeable l e v e l s . These sections showed a decrease 

between May and September, but the f i n a l values achieved were s t i l l 

s i g n i f i c a n t l y above those found on the Organic s e c t i o n . The phosphorus 

l e v e l i n the Organic s o i l remained remarkably constant throughout the 

season due t o the s t a b i l i z i n g e f f e c t of the organic manure. I t i s 

p o s t u l a t e d t h a t the presence of organic manure-remains on the Mixed s e c t i o n 

enabled the f i n a l c o n c entration reached i n September to remain above th a t 

of the Stockless s e c t i o n . I t has been shown by many research workers 

t h a t organic matter has an important c o n t r o l l i n g i n f l u e n c e on the l e v e l s 

of phosphate a v a i l a b l e to p l a n t s (Huffman 1962; Johnston and Warren 1964; 
( J 

Williams and Cooke 1970, Lysogorov et a l . 1973). 

E f f e c t of farm management 

When the seasonal means are compared f o r the three farm sections : 

M > 0 and S > 0 are s i g n i f i c a n t at the 95% l e v e l , but t h i s was not due 

e n t i r e l y t o the a d d i t i o n of phosphate f e r t i l i z e r i n the year of study. 

Before the a p p l i c a t i o n of f e r t i l i z e r s S > M > 0, and i t i s suggested t h a t 

the a v a i l a b i l i t y of phosphorus was already s i g n i f i c a n t l y greater on the two 

sections S and M due to the r e t e n t i o n of some of the f e r t i l i z e r s which were 

a p p l i e d d u r i n g the previous years. 

.4-2(2) 1973 The r e s u l t s of the s o i l a n alysis f o r exchangeable phosphorus 

i n 1973 appear i n Table 1-14(2), together w i t h the s t a t i s t i c a l comparison 
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of the management types and season e f f e c t s , which are depicted on 
Graph 1- 2(1). I n general, the r e s u l t s i n d i c a t e d by the cursory study 
of 1972 were confirmed.-

E f f e c t of season 

As p r e v i o u s l y found, there vjas a lack of v a r i a t i o n i n the 
c o n c e n t r a t i o n of exchangeable phosphorus i n the Organic soil,where there 

were no s i g n i f i c a n t d i f f e r e n c e s shown at any time during the season, n e i t h e r 

between i n d i v i d u a l data samples, nor between the beginning and end of the 

season, although the l a t t e r d i d show a s l i g h t decrease. The most v a r i a t i o n 

w i t h season occurred i n the l e v e l s of exchangeable phosphorus on the Mixed 

s e c t i o n where there v/as a s i g n i f i c a n t net increase i n the values betx^?een 

A p r i l and September. On both sections where phosphate f e r t i l i z e r s were 

s u p p l i e d , there was a s i g n i f i c a n t increase at the beginning of the season 

due t o the i n c o r p o r a t i o n of the f e r t i l i z e r i n t o the s o i l , and an almost 

equal decrease at the end of the season due t o a combination of p l a n t 

uptake and^phosphate i m m o b i l i z a t i o n . The s i g n i f i c a n t d i f f e r e n c e s found 

were :-

14/4/73 - 21/5/73 S i g n i f i c a n t increase on Mixed and Stockless sections 

21/5/73 - 24/7/73 No s i g n i f i c a n t changes on any section 

24/2/73 - 5/3/73 S i g n i f i c a n t decrease on Mixed and Stockless sections 

E f f e c t of farm management 

The s t a t i s t i c a l analysis of the 1973 data on Table 1-14(2) shows 

t h a t f o r most of the season there were no s i g n i f i c a n t d i f f e r e n c e s i n the 

concentrations of exchangeable phosphorus on the three farm management 

se c t i o n s . The only s i g n i f i c a n t d i f f e r e n c e s were :-

14/4/73 . 0 > M 0 > S s i g n i f i c a n t to >99% confidence l e v e l 

Seasonal mean 0 > M • 



Table 1 -]4(2) SOIL ANALYSIS 

A v a i l a b l e Phosphorus i n the s o i l from the three 
farm systems 1973. 

Expressed as microgrammes P/gm a i r dry s o i l . 
Each reading a mean of 15 separate s o i l c o r e s . 

Date 
Organic 

Mean SD SE 
Mixed 

Mean SD • SE 
S t o c k l e s s 

Mean SD SE 

14/4/73 
21/5/73 
24/7/73 
5/9/73 

46.8 26.1 7.0 
43.6 16.7 5.6 
48.6 19.0 5.5 
38.7 18.1 4.8 

26.4 6.3 1.6 
44.2 14.1 3.8 
54.2 23.5 6.3 
33.0 11.6 3.0 

37.4 8.3 2.2 
48.2 16.3 4.2 
52.7 15.4 4.0 
29.6 9.3 2.9 

Mean over 
season 44.9 6.4 3.2 39.5 12.3 6.1 42.0 10.5 5.2 

S t a t i s t i c a l Comparison of Treatments 
(usinq B a i l e y ' s d t e s t ) 

(a) Treatments 

Date 
0-M 

df d P df 
0-S 
d P df 

iM-S 
d P 

14/4/73 
21/5/73 
24/7/73 
5/9/73 

15.7 2.96 
27.4 0.11 
26.7 0.70 
23.9 0.02 

<0.01 
NS 
NS 
NS 

16.8 
28.1 
27.1 
21.0 

1.30 
0.80 
0.65 
1.72 

NS 
NS 
NS 
NS 

26.2 
27.4 
24.2 
26.9 

4.07 
0.71 
0.21 
0.90 

40.001 
NS 
NS 
NS 

Seasonal 
Mean 21.4 3.03 <0.01 23.0 1.81 NS 27.3 1.21 NS 

(b) Changeover season 

Dates Organic Mixed S t o c k l e s s 

14/4/-
21/5/73 23.8 0.40 NS 19.5 4.45 <0.001 20.8 2.30 <0.05 

21/5/-
24/7/73 27.3 0.77 NS 23.1 1.41 NS 27.8 0.78 NS 

24/7/. 
5/9/73 28.2 1.46 NS 20.4 3.12 <.0.01 23.6 4.92 <0.001 



Granh1-2 

The Seasonal Variation in the Level of Exchangeable 

Phosphorus in the Soil. 
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Thus where d i f f e r e n c e s d i d occur, the s e c t i o n r e c e i v i n g manure 

alone provided more p l a n t - a v a i l a b l e phosphorus to the crop p l a n t s , as 

measured by t h i s method, than d i d e i t h e r of those sections supplied w i t h 

a r t i f i c i a l f e r t i l i z e r s . These f i n d i n g s are i n d i r e c t c o n t r a d i c t i o n to 

those found i n 1972 where the Organic s e c t i o n had the lowest l e v e l s of 

t h i s form of phosphorus, but t h a t may have been e n t i r e l y due t o the 

i n s u f f i c i e n t r e p l i c a t i o n of sampling i n the f i r s t year of s o i l s tudies. 

However, due t o the c o n s i s t e n t l e v e l s recorded f o r the organic sections 

w i t h i n each year, i t i s more l i k e l y t h a t t h i s d i f f e r e n c e was a r e a l 

phenomenon which can be explained by c o n s i d e r a t i o n of the amount of 

phosphorus supplied t o the f i e l d s concerned, as shoiwn i n Table 1-2. 

I f the f i g u r e s of the mean seasonal exchangeable phosphorus f o r 1972 

and 1973 are compared :-

Section Organic Mixed Stockless 

1972 20.4 ± 0.3 ,46.7 ± 7.3 55.6 ± 12.1 

1973 44.9 ± 3.2 29.5 ± 6.1 42.0 ± 5.2 

Expressed i n y gms phosphorus/gm a i r dry s o i l . 

I t i s seen t h a t the Mixed and Stockless sections show no 

s i g n i f i c a n t d i f f e r e n c e s of concentration of phosphorus between the two 

years de s p i t e the i n v e s t i g a t i o n of d i f f e r e n t f i e l d s , because s i m i l a r 

q u a n t i t i e s of a r t i f i c i a l f e r t i l i z e r s had been supplied t o both. However, 

on the Organic s e c t i o n the d i f f e r e n c e i s s i g n i f i c a n t l y twice as high i n 

1973 than 1972. From Table 1-2 the a p p l i c a t i o n of p o u l t r y manure to the 

1972 f i e l d at the r a t e of 12,500 Kg/ha was e x a c t l y h a l f t h a t applied to the 

Organic f i e l d i n 1973, 25,000 Kg/ha. These d i f f e r e n c e s c o r r e l a t e w e l l 

w i t h the exchangeable phosphorus concentrations observed i n the f i e l d s 

d u r i n g the f o l l o w i n g growing season, and e x p l a i n the d i f f e r e n c e s observed 

between the two f i e l d s w i t h i n the same m.anagement type. 
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The o v e r a l l c o n s t r a i n t of the v a r i a t i o n of the exchangeable 

phosphorus l e v e l s w i t h i n narrow l i m i t s , the d i r e c t r e l a t i o n s h i p between 

the amount of t o t a l phosphorus applied and t h a t exchangeable, and the 

absence o f net change between the beginning and end of the season, agree 

w e l l w i t h the data described f o r the t o t a l s o i l phosphorus concentrations, 

shov/ing t h i s element t o be r e l a t i v e l y immobile i n the s o i l . The exchange­

able f r a c t i o n of the t o t a l phosphorus content of the s o i l has been shown 

to be about 8% by t h i s study. 

.4-2(3) Special F e r t i l i z e r Treatment 

Table 1-14(3) shows the concentrations of exchangeable phosphorus 

i n the s o i l s of the s p e c i a l f e r t i l i z e r treatment i n 1973 where two rates 

of phosphate f e r t i l i z e r were ap p l i e d . The concentrations i n d i c a t e d f o r 

NNPK should i n d i c a t e the magnitude o f the exchangeability of t h i s element 

i n the remainder of t h i s Stockless f i e l d . The reason t h a t these f i g u r e s 

are lower than those found i n the main Stockless f i e l d described f o r 1973 

was due t o d i f f e r e n t a p p l i c a t i o n r a t e s of f e r t i l i z e r . 

E f f e c t of season 

The graph 1- 2(2) depicts the net f a l l which occurred i n the 

e x c h a n g e a b i l i t y of phosphorus on a l l three treatments, but t h i s was 

s i g n i f i c a n t only f o r NNPK, This i n d i c a t e s t h a t the doubling of the 

phosphate r a t e meant t h a t there was a more than adequate supply of t h i s 

element t o the p l a n t s . The p a t t e r n of seasonal change shora i n the graph 

was the same as t h a t demonstrated f o r the Stockless f i e l d i n graph 1-

w i t h l i t t l e v a r i a t i o n i n exchangeability w i t h the passage of time. 

E f f e c t of treatment 

As was a n t i c i p a t e d , the comparison of NNPPKK w i t h PPKK showed no 

s i g n i f i c a n t d i f f e r e n c e s i n the am.ount of exchangeable phosphorus due to the 

i d e n t i c a l supply of phosphate f e r t i l i z e r to those treatments. When NNPPKK 



Table 1 - 14(3) SOIL ANALYSIS 

A v a i l a b l e Phosphorus i n s o i l from the s p e c i a l f e r t i l i z e r 
treatments on Chestnut Tree E a s t f i e l d . 1973. 

Expressed as micrograms P/gra a i r dry s o i l . 
Each reading a mean of 4 separate s o i l c o r e s . 

PPKK NNPPKK NNPK 
Date Mean SD SE Mean SD SE Mean SD SE 

14/4/73 21.6 7.1 1.9 _ _ 
21/5/73 30.6 4.7 2.3 31.1 3.9 2.3 26.6 5.4 3.1 
24/7/73 26.4 5.1 2.6 31.0 10.9 5.5 26.2 4.2 2.1 
5/9/73 19.2 8.9 4.0 18.5 3.8 1.7 12.2 2.8 1.4 

S t a t i s t i c a l comparison of NNPPKK and NNPK. 
d i f f e r e n c e s between NNPPKK and PPKK. 

Date 
21/5/73 
24/7/73 
5/9/73 

d. of f. 
5.4 
3.9 
5.5 

1.35 
0.83 
2.63 

No s i g n i f i c a n t 

2 
NS 
NS 

<0.05 

A v a i l a b l e Potassium i n s p e c i a l f e r t i l i z e r treatment s o i l s 
on Chestnut Tree E a s t F i e l d i n 1973. 

Expressed as micrograms K/gm a i r dry s o i l . 
Each reading a mean of 4 separate s o i l c o r e s . 

Date 

14/4/73 
21/5/73 
24/7/73 
5/9/73 

PPKK 
Mean . SD SE 
202.7 31.4 8.1 
101.3 12.5 6.3 
73.9 8.6 4.3 
69.0 14.4 6.5 

NNPPKK 
Mean SD SE 

95.0 1.4 0.8 
71.2 10.1 5.1 
69.5 15.3 6.8 

NNPK 
Mean SD SE 

70.0 0.5 0.1 
52.8 0.3 0.1 
50.0 5.4 2.7 

S t a t i s t i c a l comparison of PPKK and NNPK. 
d i f f e r e n c e s between PPKK and NNPPKK. 

No s i g n i f i c a n c e 

Date 

21/5/73 
24/7/73 
5/9/73 

d. of f. 

3.0 
3.0 
3.7 

35.21 
3.61 
2.35 

<0.001 
<0.05 

NS 
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V7as compared w i t h NNPK the d i f f e r e n c e s were found t o be n o n - s i g n i f i c a n t 

due t o the lack of r e p l i c a t e samples u n t i l the end of the season when 

NNPFKK > NNPKo 

.2.4-3 POTASSIUM 

Method The most u n i v e r s a l l y employed index t o potassium a v a i l a b i l i t y 

i n s o i l s i s the sum. of the exchangeable,and water soluble,potassium as 

ex t r a c t e d by n e u t r a l I.Oir ammonium acetate s o l u t i o n ( P r a t t 1965). This 

provides an index of the amounts of the element exchangeable at the time 

of a n a l y s i s , but cannot i n d i c a t e the r a t e of release of potassium from 

non-exchangeable forms during the cropping p e r i o d . 

U n f o r t u n a t e l y i n most s o i l s the exchangeable potassium changes 

w i t h d r y i n g . When the exchangeable potassium l e v e l s are h i g h , as a f t e r 

a p p l i c a t i o n o f potassium f e r t i l i z e r , there i s l i k e l y to be f i x a t i o n (or a 

decrease) on d r y i n g , whereas when the s o i l i s low i n t h i s form of the 

element there w i l l be a release of potassium from non-exchangeable forms 

upon d r y i n g . Thus a v a r i a b l e e r r o r was b u i l t i n t o the methods used i n 

t h i s research study when the s o i l s were a i r d r i e d , but the s o i l s from a l l 

s ections were t r e a t e d e q u a l l y . 

Results 

.4-3(1) 1972 The r e s u l t s of the 1972 analysis f o r the concentrations 

of exchangeable potassium i n the s o i l from the three farm sections appear 

i n Table 1-15. 

E f f e c t of s o i l depth 

As found f o r the decrease i n the l e v e l of exchangeable phosphorus 

the c o n c e n t r a t i o n of exchangeable potassium s i g n i f i c a n t l y decreased w i t h 

i n c r e a s i n g depth, e s p e c i a l l y below the ploughed layer (0-20 cm). I n the 

top s o i l l a y e r the conc e n t r a t i o n of t h i s element i s much higher i n the 

Organic and Stockless s e c t i o n s , but at lower horizons i t i s the Mixed 
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s e c t i o n which maintains the highest l e v e l . I t i s possible t h a t both 
organic manures and a r t i f i c i a l f e r t i l i z e r s leave appreciable q u a n t i t i e s 
of potassium i n the ploughed t i l t h , but i t i s necessary to have both 
forms of supply present i f a more even d i s t r i b u t i o n of the element through 
the s o i l p r o f i l e i s t o be obtained. As the two most c o n t r a s t i n g management 
types had an equal d i s t r i b u t i o n of potassium, t h i s e f f e c t may be due more 
to g e o l o g i c a l horizons. 

E f f e c t of season 

Although there was considerable f l u c t u a t i o n during the season 

the general t r e n d i n the change of the magnitude of the exchangeable 

potassium was f o r the concentrations i n the s o i l s r e c e i v i n g a r t i f i c i a l 

f e r t i l i z e r s t o decrease d u r i n g the growing season, w h i l s t those on the 

Organic s e c t i o n increased. The f i g u r e s given f o r the s o i l analyses i n 

May showed only s l i g h t increases on the Mixed and Stockless sections 

d e s p i t e the previous a p p l i c a t i o n of potassium f e r t i l i z e r s , which may have 

been due tao the d r y i n g e r r o r as p r e v i o u s l y explained. 

E f f e c t of farm'managem.ent 

The broad e q u a l i t y i n concentrations found on the Organic and 

Stockless sections i n March continued to be evident u n t i l June, a f t e r which 

time the l e v e l on the former s e c t i o n increased, w h i l s t t h a t on the l a t t e r 

decreased to l e v e l s equivalent to those of the Mixed s e c t i o n . Throughout 

the season the c o n c e n t r a t i o n of exchangeable potassium tended to remain 

highest on the Organic s e c t i o n where the a p p l i c a t i o n i n the manure the 

previous autumn supplied 70% more t o t a l potassium than found i n the 

f e r t i l i z e r , when compared on a u n i t area basis. Thus when the seasonal 

means are s t a t i s t i c a l l y compared : 0 > M and 0 > S to >95% l e v e l of 

confidence. 



Table 1-15 SOIL ANALYSIS. 

Depth 
(cms.) 

A v a i l a b l e Potassium i n s o i l from the three 

farm systems 1972. (Expressed i n micrograms K/gm a i r dry s o i l . ) 

( I ) A v a i l a b i l i t y according to s o i l depth (March 1972): 
Organic Mixed" S t o c k l e s s 

0-20 
20-50 
50+ 

352.8 
151.2 
117.6 

268.8 
168.0 
168.0 

386.4 
168.0 
117.6 

( X ) 

Date 
21/3/72 
1/5/72 

25/6/72 
10/7/72 
19/8/72 
20/9/72 

Seasonal mean 
± SE 
SD 

Seasonal v a r i a t i o n i n a v a i l a b i l i t y (0-20 cm): 

Organic Mixed S t o c k l e s s 
352.8 
420.0 
361.2 
386.4 
420.0 
470.4 

401.8 ± 17.9 

- 43.9 

268.8 
285.6 
294.0 
243.6 
235.2 
218.4 

257.6 ± 12.2 

29.9 

386.4 
386.4 
361.2 
201.6 
268.8 
268.8 

312.2 ± 31.3 

76.7 

S t a t i s t i c a l comparison of seasonal mean:-

Sample 
0-M 
0-S 
M-S 

d. of f, 
6.4 
8.0 
6.5 

d 
6.65 
2.48 
1.63 

2 
<0.001 
<0.05 

NS 



Table 1-16 SOIL ANALYSIS 

Changeover season i n a v a i l a b i l i t y of P and K i n s o i l 
of l y s i m e t e r s , and comparison with changes i n a v a i l a -
b i l i t y i n s o i l of f i e l d s . 1972. ' • 

(|agm/gm a i r dry s o i l ) . 

1. A v a i l a b l e P 

Date 

21/3/72 

20/9/72 
20/9/72 

20/9/72 

S i t e 
F i e l d 
Lysimeter; 
F i e l d 
Lysimeter 

Cropped 
Fal l o w 

Organic 

20.3 

20.9 

20.9 
25.5 

Mixed 

33.1 

49.1 

24.4 
27.4 

Cropped 
Fal l o w 

NF, 
I I 

HF, 

S t o c k l e s s 

-47.5 

39.9 

34.4 
44.5 

, 116.6 
41.0 

2. A v a i l a b l e K 

Date 

21/3/72 

20/9/72 

S i t e 
F i e l d 
Lysimeter 
F i e l d 
L ysimeter 

Cropped 
Fal l o w 

Organic 

352.8 

470.4 

470.4 
487.2 

20/9/72 

Mixed 

268.8 

218.4 

235.2 
268.8 

Cropped. 
Fallow 

NF. 

H F . 

S t o c k l e s s 

386.4 

268.8 

352.8 
386.4 
453.6 
352.8 
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Comparison of f i e l d and lysimeter s i t u a t i o n 

Table 1-16 l i s t s the exchangeability of phosphorus and potassium 

as found i n f i e l d and lysimeter s o i l s at the end of the 1972 season. 

On the Organic section conditions i n the f i e l d and lysimeter 

were closely equivalent i n terms of exchangeable phosphorus and potassium 

concentrations. For both elements the figures were id e n t i c a l i n the f i e l d 

and cropped lysimeters, but under the fallow conditions the concentrations 

rose more than where the s o i l was cropped. 

On the Mixed section the exchangeable phosphorus concentrations 

d i f f e r e d markedly between the f i e l d and lysimeter readings, there being 

a s i g n i f i c a n t decrease i n the l a t t e r , but an increase i n the former. For 

exchangeable potassium there was a close correlation w i t h i n the tv;o 

situations. 

On the Stockless section for both elements the exchangeability 

levels i n the f i e l d and lysimeter closely resembled each other, except that 

the net seasonal f a l l i n the concentration of phosphorus was greater i n the 

lysimeters than i n the f i e l d , w h i lst that of potassium was less than i n the 

f i e l d . 

Under high f e r t i l i z e r application rates the concentration of both 

elements was maintained at a high level where cropped, but where s o i l was 

fallow the concentrations f e l l to levels below that found x^here normal 

f e r t i l i z e r rates were used. 

With the exception of the concentrations of exchangeable phosphorus 

i n the Mixed section, the nutrient status i n terms of these two elements are 

equivalent i n the open f i e l d and i n the disturbed conditions found withi n 

the lysimeter. Under a l l three farm managements where normal nutrient 

levels were applied, the concentrations of these elements remained higher 

under fallow conditions than where cropped. For exchangeable potassium 

on the Mixed and Stockless sections, the f i n a l concentration i n the fallow 
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s o i l was i d e n t i c a l to that of the ( f i e l d and lysimeter) s o i l at the 

beginning of the season^ suggesting that most loss of exchangeable 

potassium was due to crop uptake. 

,4-3(2) 1973 The results and s t a t i s t i c a l comparison of the s o i l analysis 

for available potassium i n 1973 appear i n Table 1-17 and are depicted 

on Graph l - 3 ( l ) . • 

Effect of season 

From the graph i t can be seen that there was a decrease i n the 

level of available potassium on a l l three farm sections, and this f a l l i n 

concentration was s i g n i f i c a n t as shown below :-

14/4 - 21/5/73 Significant decrease M and S sections to >99.9% C level 

24/7 - 5/9/73 " " 0, M and S " " >99.9% C level 

Although the concentrations increased s l i g h t l y on a l l three 

sections i n July, t h i s change was not s t a t i s t i c a l l y s i g n i f i c a n t . The 

change wi t h season was most marked on the Stockless section, and most 

gradual on the Organic, but a l l showed very sudden decreases between the , 

end of July and the beginning of September. 

Effect of farm management 

The effect of the application of manure to the Organic section i n 

the autumn of 1972 was very marked, upon the potential levels, of available 

potassium i n the s o i l of that section, for throughout the season the 

concentrations there were considerably higher than i n the s o i l of either 

of the two sections which received a r t i f i c i a l f e r t i l i z e r . These differences 

were s t a t i s t i c a l l y s i g n i f i c a n t as shorn below :-

14/4/73 0 > M 0 > S S > M Significant to >95% level of confidence 
21/5/73 0 > M 0 > S M > S " " >99% " " 
24/7/73 0 > M 0 > S " " >99.9% " " 
5/9/73 0 > S M > S " " >99.9% " " 

Seasonal D. > S M > S " " >95% " " 
means 



Table 1-17 SOIL ANALYSIS 

A v a i l a b l e Potassium i n the s o i l of the three farm 
systems 1973. 

Expressed as microgrammes K/gm a i r dry s o i l . 
Each reading a mean from 15 s o i l c o r e s . , 

Date 
Organic 

Mean SD SE 
Mixed 

Mean SD SE 
S t o c k l e s s 

Mean SD SE 

14/4/73 3 78 .0 93 .1 24 .9 269 .9 32 .0 8. .3 310 .2 46 .6 12 .0 
21/5/73 317 .5 78 .6 24 .9 224 .0 35 .2 9 .1 200 .5 28 .0 7 .2 
24/7/73 348 .0 73 .2 19 .6 240 .8 41 .0 10. .6 229 .6 65 .3 16 .9 
5/9/73 194 .9 42 .0 10 ,9 178 .1 16 .6 4 .3 . 141 .1 19 .7 6 .2 . 

Mean over 309 .6 80 .4 40. .2 228 .2 38 .4 19, .2 220 .4 70 .3 35 .2 
season 

S t a t i s t i c a l Comparison of Treatments 
(using B a i l e y ' s d t e s t ) 

(a) Treatments 

Date 
0-M 

df d p 
.0-S 

df d. 
M-S 

df d p 

14/4/73 17.3 4.26 <0.00l 
21/5/73 19.2 4.22 <0.00l 
24/7/73 22.0 4.94 <0.001 
5/9/73 18.1 1.44 NS 

20.5 2.52 <0.05 
17.4 5.44 <0.001 
27.8 4.68 <0.001 
19.9 4.49 <0.001 

24.8 2.76 <0.02 
26.6 2.03 <0.01 
23.4 0.56 NS 
27.5 5.55 <0.001 

Seasonal 
Mean 4.3 3.65 <0.05 5.9 3.34-<0.02 4.7 0.39 NS 

(b) Changeover season 

Dates Organic Mixed S t o c k l e s s 

14/4/-
21/5/73 
21/5/-
24/7/73 
24/7/-
5/9/73 

27.6 3.73 <0.001 23.1 7.84 <0.001 

27.6 1.20 NS 19.0 1.59 NS 

27.1 1.92 NS 

27.6 1.10 NS 

22.3 7.02 <0.001 18.5 5.50 <:0.001 16.4 5.03 <0.001 



Graph 1-3 

The Seasonal Variation in the Level of Exchangeable 

Potassium in the Soil. 
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These clearly demonstrate that the levels of available potassium 
i n the Organic section s o i l were at a l l times greater than those i n the 
Stockless s o i l , and f o r the early part of the season greater than those 
i n the Mixed s o i l too. Although i n i t i a l l y the concentrations on S > M 
due t o a higher application rate of f e r t i l i z e r to the Stockless section, 
for most of the season the levels on the Mixed s o i l were greater than 
those i n the Stockless s o i l . As i n 1972^ the application of t o t a l 
potassium to the Organic section i n the form of manure was much greater 
(130%) than that applied i n the form of a r t i f i c i a l f e r t i l i z e r s to the 
other sections. 

I f the concentrations of available potassium i n the soils of the 

d i f f e r e n t sections are compared for 1972 and 1973 i t w i l l be seen that on 

the Mixed and Stockless sections, when allowance has been made for the 

s l i g h t l y "differing application rates o f • f e r t i l i z e r , the values are with i n 

the same order of magnitude despite the use of di f f e r e n t f i e l d s for study. 

However, as was noted i n the explanation of available phosphorus levels 

which d i f f e r e d between the two years on the Organic section due to the 

higher rates of manure application i n 1973, for potassium t h i s higher 

rate has caused lower levels of available potassium at a l l times, except 

at the beginning of the season. 

.4-3(3) S p e c i a l F e r t i l i z e r Treatment 

Table 1-14(3) and Graph 1-3(2) show the results of s o i l analysis 

fo r available potassium i n the special f e r t i l i z e r treatments on Chestnut 

Tree East f i e l d i n 1973. Throughout the season there was no significant 

difference i n concentration of thi s form of potassium between PPKK and 

NNPPKK, so the presence/absence of double nitrogen did not affect the 

a v a i l a b i l i t y of t h i s ion. On a l l three treatments the level of potassium 

decreased i n the s o i l with the progression of the season, and throughout 

t h i s time the level v/here the normal rate-of f e r t i l i z e r had been applied 
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was lower. This difference was sign i f i c a n t :-

21/5/73 PPKK > NNPK Significant to >99.9% confidence level 

24/7/73 PPKK > NNPK " " >95% " " 

I t i s probable that only the small number of replicates used 

here prevented the differences i n September from being si g n i f i c a n t too. 

Thus where high rates of t o t a l potassium are applied i n f e r t i l i z e r or 

manure,so are the available potassium concentrations i n the s o i l higher 

throughout the season. 

.2.2.5 Cdhclusioiis The analysis of the soils showed sig n i f i c a n t 

effects of season and farm management upon the concentrations of 

exchangeable nitrogen phosphorus and potassium. The results indicated 

that i f organic manures were supplied to a s o i l system every year, more 

nutrients would be available than from f e r t i l i z e r treatments. However, 

where manures are only applied twice i n ten year, t h i s beneficial effect 

i s soon l o s t . 



SECTION 2. WATER CHEMISTRY 
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Section 2. WATER CHEMISTRY 

2:1 Introduction 

2:1.1 One of the main aspects of the growing concern about environ­
mental p o l l u t i o n has been that of nutrient enrichment (eutrophication) 
of natural waters. Three main sources of nutrients have been i d e n t i f i e d 

(Kolenbrander 1972) :-

:1.1-1 Atmosphere - particles carried by wind and pre c i p i t a t i o n . 

.1-2 Soil - drainage and runoff-water carrying dissolved and 

particulate matter from s o i l and applied f e r t i l i z e r s . 

.1-3 Urban population - domestic and i n d u s t r i a l effluent. 

:1.2 I t i s known that the eutrophication of waters with nitrogen and 

phosphorus tends to enhance the growth of algae and the macroflor'a, and 

upon t h e i r death, deoxygenation of the water and f i s h - k i l l s often result. 

A more serious factor brought about by high n i t r a t e concentrations i n 

drinking water i s human infant, and animal, m.ortality from methaemoglobinemia 

( i n t e r n a l asphjrxiation). 'Prior to 1970 most human deaths from t h i s cause 

were sho\m to have resulted from the use of shallow sevzage-contaminated 

wells, but i n that year several cases of. methaemoglobinemia i n Lincolnshire 

occurred as a resul t of ingestion of the public water supply, derived from 

an intensively a g r i c u l t u r a l region (Tomlinson 1971). Due to thi s toxic 

e f f e c t of n i t r a t e s , the World Health Organization has defined a maximum 

safe l i m i t of 22.6 mg NO^-N/litre, with a preferred l i m i t of 11.3 mg NÔ -

N / l i t r e . To date the only economical measure f o r maintaining concent­

rations i n the public water supply i n B r i t a i n below this l i m i t , has been 

to employ massive d i l u t i o n with purer water. 
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:1.3 I t has been demonstrated that eutrophication of the water tends 

to increase proportionately with the size of population (Kolenbrander 1972) 

but there i s considerable controversy as to whether the runoff from 

a g r i c u l t u r a l land, or urban sewage, i s c h i e f l y to blame. As the two most 

l i m i t i n g nutrients for plant growth are nitrogen and phosphorus, attention 

has been mainly focussed upon the possible sources of these two elements. 

I t i s suggested i n the l i t e r a t u r e that the main source of n i t r a t e i s runoff 

from the heavy applications of a r t i f i c i a l f e r t i l i z e r s i n intensive farming 

systems (Owens 1970), but that almost a l l the phosphate i s derived from the 

domestic and i n d u s t r i a l use of detergents (Bernhardt ,\1969; Pleisch 1970). 

2:2 Background to Methods 

2:2.1 I t was decided that i t would be useful to elucidate the 

contribution to the eutrophication of the ground water by nutrients leached 

from the s o i l on each of the three farm management sections at Haughley. 

This would determine the r e l a t i v e threat of each type of system used, to 

the eutrophication of the water draining from the land, and v7ould give a 

guide to the efficiency of plant uptake and s o i l immobilization of the 

macronutrients added to the system. 

:2.2 In many parts of Britain,land used f o r agriculture overlies 

impervious layers of clay, where to speed drainage of water,tile-drains may 

be i n s t a l l e d at a depth of about 75-100 cms. Several research workers have 

analyzed the e f f l u e n t from such drains to determine the loss of nutrients 

from the land (Johnston et_ a l . 1965; Bolton e t a L . 1970; Hood 1975). 

Although t h i s has enabled calculation of nutr i e n t loss under actual • 

prev a i l i n g conditions i n modern agriculture, there are several disadvantages 

of using such methods :-

:2.2-l The proportion of the t o t a l water draining through the s o i l , 

which i s collected by the t i l e system, cannot be calculated, and w i l l vary 

from season to season as the subsoil drainage channels vary i n capacity i n 
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dry and wet years (Williams 1970). The amount lo s t between the t i l e 

drains depends on the height of the water table. 

:2.2-2 In most f i e l d s i t i s d i f f i c u l t to determine the precise area of 

land served by the t i l e - d r a i n system, and frequently runoff occurs from 

one f i e l d onto another. 

:2.2-3 I t i s d i f f i c u l t and expensive to monitor continuously the large 

outflow of water from a t i l e - d r a i n system serving a whole f i e l d . 

:2.3 To overcome these disadvantages many researchers have u t i l i z e d 
lysimeters to study the percolation of water through the s o i l . The f i r s t 

(nxo) 

recorded use of lysimetry was by De la Hire i n 168a', followed by Dalton 

(1819), Way (1850), and Lawes and Gilbert (1882). Despite several major 

l i m i t a t i o n s whereby the conditions measured may not be d i r e c t l y comparable 

with those experienced i n the open f i e l d , lysimetry has remained the most 

pr a c t i c a l method fo r monitoring nutrient flow through t e r r e s t r i a l eco­

systems. There are three liiaih types of lysimeter construction :-

(1) Undisturbed monoliths - may be mechanically impracticable/ 

expensive. 

(2) F i l l e d tanks - natural s o i l structure destroyed. 

(3) Tension lysimeters - t o t a l percolate volume not measurable. 

:2.4 The main l i m i t a t i o n s involved i n the use of lysimeters have been 

defined by Lipman and Conybeare (1936), Kohnke et a l . (1940), Pratt and 

Chapman (1961), Low and Arraitage (1970) :-

:2.4-l Unnatural r e s t r i c t i o n of l a t e r a l water movement and root 

development. 

.4-2 Development of shrinkage cracks, especially along walls, 

causing high drainage rates. 

.4-3 Impedence of drainage by s o i l / a i r interface at base of 

container. 

.4-4 • Plant roots i n shallow lysimeters are able to use ponded 

water and nutrients. 



69 

.4-5 Destruction of natural s o i l structure which increases the 

surface area of p a r t i c l e s exposed to the solvent action of 

r a i n f a l l , r e s u l t i n g i n exaggerated nutrient leaching. 

.4-6 D i f f i c u l t . t o allow and measure natural runoff water. 

Despite these l i m i t a t i o n s i t was considered that the use of 

lysimeters at Haughley would enable a comparison of the long term effects 

of farm management upon s o i l water retention, rate of leachate flow, and 

the leaching of macronutrients from d i f f e r e n t a g r i c u l t u r a l additives on 

a single s o i l type. 



TO 

2:3 Aim To determine whether the farm management practised over t h i r t y 

years had altered the a b i l i t y of the s o i l to reta i n water, and to compare 

the loss of nutrients i n the s o i l leachate from the three sections. 

2:4 Method Over a period of twelve months from A p r i l 1972 - March 1973 

the quantity of r a i n f a l l at Haughley was continuously monitored. On seven 

occasions the rainwater was analysed for nitrogen, potassium, phosphorus, 

sodium, calcium and magnesium so that estimates of the addition of these 

nutrients to the system, from the atmosphere, could be calculated. A 

series of f i l l e d , shallow and deep, lysimeters were constructed (see 

Appendix f o r deta i l s of construction) with one fallow and one cropped 

container of each depth on each farm section. The shallow lysimeters V7ere 

1.44 sq. metres i n surface area, the deep ones 0.108 sq. metres i n area. 

On the Stockless section two groups of lysimeters were made to allov? two 

rates of f e r t i l i z e r application to be given. The fallow lysimeters were 

maintained free of weeds throughout the year, whilst the cropped areas were 

planted at the normal • cropping density with Vicia faba v;hich were harvested 

at the same time as those plants i n the f i e l d . The volume of leachate 

flovjing out of each lysimeter was measured at monthly intervals and v/as 

analysed for the six elements previously mentioned (see Appendix for 

methods of analysis). Throughout the year, samples of t i l e - d r a i n effluent 

were collected from a l l the f i e l d s on each section. For those f i e l d s under 

specific study, individual samples of drainage water were analysed. The 

water samples from the remainder of the f i e l d s were bulked together to 

provide a mean chemical analysis for each management type. Due to the 

expense of automatic monitoring systems i t was not possible to measure the 

volume of tile-drainage e f f l u e n t , but the results of the chemical analysis 

of t h i s water were used to show how comparable the conditions within the 

lysimeters ware with those of the open f i e l d . 



WATER ANALYSIS 

Table 2-1 Concentration of q eochemicals i n rainv/ater 
(Concentrations i n m g / l i t r e ) 

Date of 
c o l l e c t i o n 

Org 
N NO3-N T o t a l 

N K Na Ca Mg 

11/4-1/5 1.50 0.84 2.34 3.00 4.20 7.00 2.50 
2/5-22/5 0.70 0.22 0.92 1.80 2.00 1.80 0.40 

23/5-22/6 1.50 0.14 1.64 3.50 7.20 3.80 0.75 
23/6-25/7 1.50 0.22 1.72 0.50 0.90 3.00 0.31 
26/7-19/8 1.50 0.20 1.70 0.30 0.90 1.10 0.25 
20/8-19/9 0.50 0.90 1.40 1.10 0.60 8.30 7.30 
20/9-10/12 5.10 0.84 5.94 4.00 6.00 7.00 9.00 

Mean 1.76 0.48 2.24 2.03 3.11 4.57 2.93 

S.E. 0.58 0.13 0.64 0.56 1.02 1.08 1.39 

Other metals: A l Fe Cu Zn Pb 

Means 0.070 0.230 0.012 0.050 0.020 
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Discussion of Results 

2:5 Addition to the system 

(The input of nutrients in. f e r t i l i z e r s and manures, and from 

symbiotic nitrogen f i x a t i o n , i s discussed i n Sections 1 and 5 respectively). 

:5.1 Table 2-1 demonstrates how variable the concentrations of.the 

macronutrients m the ram water were during the twlovo months considered. 

On each occasion the water was analysed f o r phosphate, but concentrations 

were always below the level of accurate determination (0.05 mg/1). The 

mean concentrations of Organic nitrogen,(assumed to be mainly NĤ -N) and 

NÔ -N, f e l l w i t h i n the range found elsewhere i n the l i t e r a t u r e , but no 

concentration figures were found for the other elements which were 

determined :-

NÔ -N mg/1 NĤ -N mg/1 

e.g. Haughley 0.48 Haughley 1.76 

Berkshire 0.40 (Hood 1975) Berkshire 0.70 

Rothamsted 1.50 (Cooke and 
Williams 1970) 

New York 0.10 (Collison and New York 1.01 
Mensching 1932) 

Isr a e l 0.03-2.00 (Feth 1966) Isr a e l 0.4-2.2 

The highest concentration of nitrogen occurred i n the period of 

greatest r a i n f a l l , which coincides with the findings of Hood (1975). I t 

has been suggested that n i t r a t e - , and ammonium-, nitrogen i n r a i n f a l l i s 

derived almost e n t i r e l y from the dissolution of gaseous oxides of nitrogen 

and ammonia (Gambell and Fisher 1964), but that l i g h t n i n g may be p a r t l y 

responsible too (Viemeister 1960). Junge and Manson (1961) state that 
there i s a constant f a l l o u t of nitrogen compounds from the stratosphere, 

which vzill be dissolved i n p r e c i p i t a t i o n , whilst Hutchinson (1954) suggests 
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t h a t the n i t r a t e i n r a i n f a l l i s derived from atmospheric ammonia by photo­

chemical o x i d a t i o n . However, none of these explanations account f o r an 

increase i n the concentration of n i t r o g e n w i t h increased r a i n f a l l . I t 

i s probable t h a t most of the elements detected i n the r a i n f a l l i n t h i s 

a g r i c u l t u r a l r egion o r i g i n a t e d c h i e f l y from wind eroded s o i l p a r t i c l e s 

which had been c a r r i e d up. i n t o the atmosphere. ' The f a c t t h a t most of the 

higher concentrations f o r a l l elements considered occurred a t , or immediately 

a f t e r , the times o f maximum mechanical s o i l disturbance (seed d r i l l i n g -

March, crop harvest - September) tends to confirm t h i s p r o b a b i l i t y . This, 

and the f i g u r e s found f o r Haughley, would also e x p l a i n why Junge (1958) 

found t h a t r a i n f a l l over i n c r e a s i n g l y a l k a l i n e s o i l s contained greater 

concentrations of NH^-N, although i t i s not kno\̂ 7n how l o c a l t h i s e f f e c t i s 

l i k e l y t o be i n S u f f o l k . 

:5.2 Table 2-2(1) shows the a c t u a l r a i n f a l l recorded each month, 

together w i t h the c a l c u l a t e d a d d i t i o n of macroelements to each ly s i m e t e r , 

and the t o t a l a d d i t i o n i n mg/year ( A p r i l 72 - March 73). The second table 

2-2(2) presents the t o t a l annual a d d i t i o n of these elements to the f i e l d i n 

Kilogrammes/hectare, using the mean r a i n f a l l analysis f i g u r e s obtained f o r 

1972-3. Again f o r n i t r o g e n , the f i g u r e s f o r t o t a l annual a d d i t i o n to the 

farm system f a l l w i t h i n the range suggested i n the l i t e r a t u r e , although the 

q u a n t i t y w i l l depend upon the t o t a l annual r a i n f a l l :-

Haughley (1972) 9.4 - 10.4 Kg N/ha/year 

A l l e n e t a l . (1968). 8.7-19.0 " 

Van Schreven (1970) 8.5 

Von Krzysch (1958) 10.0 

.Low and Armitage (1970) 12.5 " " 

The t o t a l a d d i t i o n of the other elements measured, also agrees w i t h f i g u r e s 

found i n the l i t e r a t u r e , although the i n f o r m a t i o n i s very scarce; e.g. Low 
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and Armitage (1970) K : 9.6 Kg/ha/year, Ca : 19.0 Kg/ha/year. I t 

must be noted t h a t the t o t a l annual r a i n f a l l during the three years of 

research i n S u f f o l k of 42 - 46 cms (17 - 19") was w e l l below the average 

expected f o r East A n g l i a . 

2:6 Loss from system 

2:6.1 Loss of water 

One o f the aims of the ly s i m e t e r study was t o discover whether 

or n o t the farm management type i n f l u e n c e d the r e t e n t i o n of water by the 

s o i l . Tables :6.1-1, 1-2 and 1-3 present the r e s u l t s of t h i s study, 

showing volume of l y s i m e t e r leachate, volume of water taken up by the 

growing bean crop, and volume of water l o s t by evaporation r e s p e c t i v e l y , 

on the three farm sections. 

:6.1-1 Volume of ly s i m e t e r leachate ( l i t r e s ) ( F u l l details on Table 2-3 overleaf) 

Treatment;^ April-Septem-ber, 1972 Growing Season A p r i l 1972-March 1973 

Lysimeter Shallow Deep Shallow Deep 
type 

Cropped Fallow Cropped Fallow Cropped Fallow Cropped Fallow 

0 11.5 21.3 3.5 5.0 26.3 39.9 10.8 12.7 

M 12.2 25.5 0.6 5.0 30.2 44.1 9.8 (5.0) 

S-NF 12.1 23.8 1.6 6.7 29.1 28.7 9.6 15.6 

S-HF (8.0) 19.6 1.7 7.8 23.0 38.7 11.5 16.5 

T o t a l r a i n f a l l 343.8 25.8 528.4 39.6 

Key : (5.0) = Some water-logging, impeded drainage 

S-NF = Normal f e r t i l i z e r treatment 

S-HF = High " " 

There appeared to be no consistent c o r r e l a t i o n f o r any lysimeter 

type or farm management s e c t i o n , between the volumes of leachate and 



Table 2-3 

Volumes of leachate l o s t from the Lysimeter A p r i l 1972 - March 1973 

Shallow Lysimeters (leachate i n l i t r e s ) 

Period of Organic Mixeci Stockless Stockless + 
C o l l e c t i o n C F C F C F C F 

11/4 - 1/5/72 0.4 3.0 5.0 5.0 • 4.9 4.5 1.0 2.7 
2/5 - 22/5 0.6 2.3 0.2 2.7 0.4 2.0 0.4 1.1 

23/5 - 22/6 2.4 4.8 0.9 5.0 1.0 5.0 2.2 4.9 
23/6 - 25/7 3.9 1.8 0.0 4.1 . 0.0 3.4 0.0 4.9 
26/7 - 19/8 1.4 4.7 1.6 4.9 3.0 4.9 1.6 4.9 
20/8 - 19/9 2.8 4.6 4.5 3.9 2.8 4.0 2.8 1.1 
20/9 - 10/12 3.9 4.6 4.6 4.1 4.5 4i9 4.9 4.5 
11/12- 6/1/73 3.7 4.6 4.6 4.1 4.4 0.0 2.9 4.9 
7/1 - 26/2 3.9 , 4.7 4.5 4.8 4.1 0.0 4.7 4.9 

27/2 - 6/3 3.3 4.8 4.2 5.1 4.0 0.0 2.4 4.8 

TOTAL . 26.3. 39.9 .30.2. .44.1 . 29.1 . 28.7 23.0 38.7 

Deep Lysimeters (leachate i n l i t r e s ) 

11/4 - 1/5/72 0.6 0.2 0.3 0.3 0.4 0.4 0.4 0.6 

2/5 - 22/5 0.8 0.6 0.0 0.5 0.6 0.5 0.3 0.6 

23/5 - 22/6 1.6 0.8 0.0 1.0 0.6 1.3 0.0 1.4 

23/6 - 25/7 0.2 0.8 0.0 1.4 0.0 1.2 0.0 2.6 

26/7 - 19/8 0.0 1.0 0.0 0.9 0.0 1.5 0.0 0.9 

20/8 - 19/9 0.4 1.6 0.3 0.9 0.0 1.8 1.0 1.7 

20/9 - 10/12 3.1 4.7 3.7 0.0 3.5 4.0 3.7 4.0 

11/12- 6/1/73 1.1 0.0 1.0 0.0 1.1 1.3 2.5 1.3 

7/1 - 16/2 2.4 0.5 3.6 0.0 2.6 2.8 2.9 2.7 

27/2 - 6/3 0.8 0.5 0.9 0.0 0.8 0.8 0.7 0.7 

TOTAL 10.8 12.7 9.8 5.0 9.6 15.6 11.5 16.5 
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p r e c i p i t a t i o n , e s p e c i a l l y on the f a l l o w s o i l s . This agreed w i t h the 

f i n d i n g s of D r e i b e l b i s (1946). 

The i n d i v i d u a l monthly leachate volumes are presented on Table 2-3, 

I t i s noted t h a t although the deep lys i m e t e r s included s o i l from the semi-

pervious chalky clay h o r i z o n , the volume of leachate i n p r o p o r t i o n to the 

t o t a l r a i n f a l l volume a v a i l a b l e was much greater from the deep l y s i m e t e r s , 

e s p e c i a l l y i n the f a l l o w c o n d i t i o n s . I t i s probable t h a t the s o i l moisture 

content i n the deep lys i m e t e r s was i n i t i a l l y much higher than found i n the 

plough depth alone, (shallow l y s i m e t e r s ) and evaporation l e s s , due to greater 

depth. Therefore the amount of r a i n f a l l r e q u i r e d to produce an outflov? of 

leachate would be much less f o r the deep lysimeters compared to the shallow, 

even when the d i f f e r e n c e i n t h e i r surface area i s taken i n t o account. The 

f i g u r e s f o r the deep l y s i m e t e r s were i n close agreement w i t h Low and 

Armitage's (1970) r e s u l t s , showing t h a t 20-30% of the p r e c i p i t a t i o n drains 

through cropped arable s o i l . U n f o r t u n a t e l y i t was not f e a s i b l e to b u i l d 

r e p l i c a t e l y s i m e t e r s i n each f i e l d , and t h e r e f o r e a c e r t a i n amount of i n t e r n a l 

v a r i a b i l i t y w i t h i n a s i n g l e management type, must be expected to reduce the 

s i g n i f i c a n c e of d i f f e r e n c e s between management types.. 

Thus the d i f f e r e n c e s observed between the leachate volumes from 

S-NF and S-HF, which were adjacent w i t h i n the same f i e l d , were sometimes 

greater than those between f i e l d types. The bracketed f i g u r e s i n these 

t a b l e s i n d i c a t e t h a t , when the lysi m e t e r s were dismantled a t the end of the 

experiment, blocked o u t f l o w pipes were found to have impeded the drainage of 

water from the containers,- which explained the low leachate volumes 

c o l l e c t e d . 



75 

:6.1-2 Diff e r e n c e s between cropped and f a l l o w lysimeter leachate 

volumes during the growing season ( l i t r e s ) - uptake by p l a n t s 

Treatment Shallow ly s i m e t e r s Deep lysimeters 

Volume 
d i f f e r e n c e 

Plant 
number 

Volume 
/ p l a n t 

Volume 
d i f f e r e n c e 

Plant 
number 

Volinne 
/p l a n t 

0 9.8 35 0.28 1.5 3 0.50 

M 13.3 55 0.24 4.4 7 0.63 

S-NF 11. 7 40 0.29 5.1 9 0.57 

S-HF 11.6 40 0.29 6.1 9 0.68 

For the cropped l y s i m e t e r s , water loss w i l l be mainly due to 

t r a n s p i r a t i o n , but w i l l i n c lude some evaporation from the s o i l surface 

u n t i l the crop gives complete shade. The loss of water from f a l l o w 

l y s i m e t e r s , a f t e r s u b t r a c t i o n of leachate, was assumed to be e n t i r e l y by 

evaporation from the s o i l surface. I d e a l l y the same number of pl a n t s 

should have been gro^jn on each lysim e t e r type : 35-40 on shallow and 

3-5 on deep ( f o r normal f i e l d d e n s i t y ) , but due to exaggerated edge 

e f f e c t s i n the smaller surface area of the l a t t e r type, more p l a n t s were 

sown. The problem was f u r t h e r complicated by p l a n t m o r t a l i t y . 

Table :6.1-2 shows the r e s u l t of d i v i d i n g the d i f f e r e n c e i n 

leachate volume betv7een cropped and f a l l o w l y s i m e t e r s , by the number of 

p l a n t s gro;m, which i s then the value of the minimum t r a n s p i r a t i o n loss per 

p l a n t d u r i n g the season. I t i s l i k e l y t h a t t h i s q u a n t i t y was g r e a t l y 

supplemented by the amount of water apparently l o s t by evaporation, as shown i n 

Table :6.1-3, but the a c t u a l water loss due to evaporation alone was not 

measured. I t i s suggested t h a t the f i g u r e s derived from the deep lysimeters 

were l a r g e l y due to an i n i t i a l l y greater storage of s o i l water i n the lower 

s o i l horizons. Thus when these considerations are taken i n t o account, so 

as t o remove the v a r y i n g p l a n t d e n s i t y e f f e c t , there was very l i t t l e 

d i f f e r e n c e between the farm management types. 
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I t i s suggested t h a t most of the observed water loss was the 

r e s u l t o f evaporation from the s o i l surface. I t was found t h a t the mean 

s o i l water content d u r i n g the growing season was 18% w/w. Thus i n the. 

t o t a l s o i l volume of 360 l i t r e s i n the shallow l y s i m e t e r s , and 36.1 l i t r e s 

i n the deep l y s i m e t e r s , only 64.8 l i t r e s and-6.5 l i t r e s of water would'be 

r e q u i r e d r e s p e c t i v e l y , t o maintain the observed water content. ^ e 

remainder o f the water would have been l o s t by evaporation,or would have 

been p o t e n t i a l l y a v a i l a b l e f o r t r a n s p i r a t i o n i n the cropped l y s i m e t e r s . 

:6.1-3 

Treatment 

Volume of water evaporated from the s o i l surface 

A p r i l 1973 

:6.1-3 

Treatment 

or p o t e n t i a l l y a v a i l a b l e to p la n t s ( l i t r e s ) 

A p r i l 1973 

:6.1-3 

Treatment A p r i l 1972 - September 1972 A p r i l 1972 - A p r i l 1973 

Shallow Deep Shallow Deep 

0 257.7 14.3 423.7 20.4 

M 253.5 14.3 419.5 (28.1) 

S-NF 255.2 12.6 (434.9) 17.5 

S-HF 259.4 11.5 424.9 16.6 

Conclusions concerning Water Loss. 

As would be expected, the evaporation from three f i e l d s , w i t h i n 

the same l o c a l region was found t o be very s i m i l a r on .the three farm 

s e c t i o n s . Thus despite small s i g n i f i c a n t d i f f e r e n c e s observed i n s o i l 

moisture between the sections during the growing season (see S o i l s e c t i o n 

Page 3 0 ) , the o v e r a l l conclusion must be t h a t the farm management type 

p r a c t i s e d had not s u b s t a n t i a l l y changed the a b i l i t y o f the s o i l to r e t a i n 

water i n a form a v a i l a b l e f o r p l a n t growth, when figure's are considered f o r 

an e n t i r e growing season. I t i s probable t h a t any d i f f e r e n c e s i n s o i l 

s t r u c t u r e , brought about by the higher organic matter content shown to e x i s t 

on the Organic and Mixed s e c t i o n s , xrould be negated by the s o i l disturbance 

necessary t o - c o n s t r u c t the lysim-eters, and consequently the expected 

d i f f e r e n c e s i n water h o l d i n g capacity l o s t . 
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2:6.2 Loss of Geochemicals 

Presentation o f Results 

:6.2.1 Concentrations of geochemicals i n lysim e t e r leachate 

and f i e l d drainage water 

Tables A l ( l ) and (2) F u l l d e t a i l s of the monthly concentrations of the 

major geochemicals i n the lysim e t e r leachate, expressed i n 

milligrammes/litre , plus the c a l c u l a t e d annual mean values. 

Table A1(3) Concentrations o f f i v e m i c r o n u t r i e n t s i n the lysimeter 

leachate a t the beginning and end of the growing season. 

Tables A 2 ( l ) and (2) Results of chemical analysis of f i e l d drainage water 

c o l l e c t e d a t i n t e r v a l s throughout the year, i n d i v i d u a l l y from the 

f i e l d s under s p e c i a l study, and bulked samples from a l l the other 

f i e l d s i n each s e c t i o n . 

Table 2-4 A summary of Tables A l - A2. 

Table 2-5* A s t a t i s t i c a l comparison of the concentrations of 

geochemicals i n the lysimeter leachate w i t h t h a t of f i e l d 

drainage water. 

Table 2-6 A s t a t i s t i c a l comparison of the concentrations of 
geocheHiicals i n the lysim e t e r leachate from the three farm 

management sections. 

:6.2.2- Loss of geochemicals from the ly s i m e t e r s 

Tables A 3 ( l ) - (3) The monthly loss of geochemicals from the lysimeters, 

expressed i n milligrammes/lysimeter, and the c a l c u l a t e d t o t a l 

annual loss from each of the fou r treatments. 
Tables A 4 ( 1 ) - ( 3 ) Monthly losses expressed in Kg /hectare 
Histogram 2-1 to 2-3- Histograms of the monthly loss of s i x geochemicals 

from the shallow l y s i m e t e r s . 

Histogram 2-4 The t o t a l annual loss of geochemicals from 

lys i m e t e r s expressed as gramraes/lysimeter, shorn as a histogram. 
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Histogram 2 - 5 The t o t a l annual loss of geochemicals from 

l y s i m e t e r s expressed as kilogrammes/hectare equivalent, 

shoxm as a histogram, 

:6.2.1 Concentrations of geochemicals i n lysim e t e r leachate and 

f i e l d drainage water 

Discussion o f r e s u l t s 

Lysimeter leachate 

.2.1,1 From the f u l l r e s u l t t ables of the concentrations of geochemicals 

i n the l y s i m e t e r leachate Tables A l ( l ) - | 3 ) c e r t a i n conclusions can be 

drawn :-

.2.1.1-1 The highest concentration o c c u r r i n g at any one time, and the 

l a r g e s t range of concentrations d u r i n g the season, occurred on the Organic 

f i e l d f o r most of the elements measured :-

Organic - high e s t concentrations of N, NO^, K, Na, A l , Zn 

llixed - " " Mg, Ca, Cu 

Stockless - " It . 
(High F e r t i l i z e r ) 

These.findings c o r r e l a t e w e l l w i t h the chemical analysis of 

the s o i l s (see Section 1 ) . 

.2.1.1-2 The lowest concentration ranges tended to occur on the Mixed 

s e c t i o n f o r most elements (no manure supplied to these Mixed f i e l d s f o r • 

two y e a r s ) : -

Mixed - lowest concentrations of N, NO^, K, Na, A l , Zn, Pb 

Stockless " " " Fe 

Stockless " " " Ca, Mg, Cu 
(High F e r t i l i z e r ) 
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.2.1.1-3 The month a t which the maximum concentrations o f each element 

occurred are shown below :-

Lysimeter type Element 

Shallow 
Cropped 

Shallow 
Fallow 

Deep 
Cropped 

Deep 
Fallow 

Organic N May May Apr-May May 

NÔ -N 0,M Sep-Dec 0,M , -July-Aug Sep-Dec 0,M July-Aug 

s,s'̂  Apr-June s,s'*' Apr-May S May 

s-̂  Sep-Dec 

K 0 Apr-May June-Sep 0,M Aug-Sep 0,M Apr-May 

M,S,S'*" Aug-Sep SjS"^ Apr-May s,s'̂  Aug-Sep 

Na Apr-May 0 Aug-Sep o,s'*' Apr-May Apr-July 

M,S,S^ Apr-May M,S Sep-Dec 

Ca 0,M Feb-Mar June-Sep 0 Jan-Feb 0 Apr-May 

S Aug-Sep M • Aug-Sep M June-July 

s-̂  May-June Q s.s"*" Sep-Dec s,s"*' Aug-Sep 

Mg o,s'*' May-June June-July 0 June-July July-Sep 

M,S Aug-Sep s Sep-Dec M,S,S'*' Sep-Dec 

Many of the hi g h concentrations occurred w i t h i n the f i r s t four 

months a f t e r the a p p l i c a t i o n o f f e r t i l i z e r ( A p r i l - J u l y ) during the main 

p e r i o d o f crop growth. This was the perio d f o r high leachate concentrations 

on the Organic section^even though manures had not been applied since the 

previous autumn. I t i s suggested t h e r e f o r e , t h a t n u t r i e n t loss was enhanced 

by the disturbance of s o i l s t r u c t u r e which occurred during the c o n s t r u c t i o n 

o f the l y s i m e t e r s , which alloxred greater leaching than was possible i n the 
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undisturbed s o i l . Even so, the mobile i o n of n i t r a t e d i d not leach out 

to give maximum concentrations u n t i l September - December on cropped Organic 

and Mixed shallow l y s i m e t e r s , nor on any of the f o u r types of deep cropped .. 

l y s i m e t e r s . During the p e r i o d A p r i l - J u l y r a i n f a l l was low, and except 

f o r the shallow f a l l o w l y s i m e t e r s , t o t a l leachate volume tended to be low too. 

Thus any leaching of the s o i l d u r i n g t h a t time of maximum a v a i l a b i l i t y of 

n u t r i e n t s from the f e r t i l i z e r a p p l i c a t i o n would r e s u l t i n high loads of 

geochemicals,per u n i t o f water o u t f l o w . This explains the high concentr­
a t i o n s of most elements observed e a r l y i n the season. Despite a greater 

depth o f s o i l through which the water had to flow before being c o l l e c t e d , 

the maximum concentrations of most elements i n the leachate from the deep 

l y s i m e t e r s also occurred at the. same time of year as f o r the shallovj 

c o n t a i n e r s . 

.2.1.1-4 The l y s i m e t e r leachate was analysed f o r phosphate on several 

occasions, but the l e v e l s were at a l l times below those measurable, using 

the methods chosen (see Appendix). The n e g l i g i b l e amount of phosphate i n 

the l y s i m e t e r leachate agrees w i t h the f i n d i n g s of Maschhaupt (1941), 

S t a u f f e r (1942), A l l i s o n (1955), P f a f f (1963), Cooke and Williams (1970), 

a l l of whom found t h a t the rem.oval of phosphate by d i s s o l u t i o n i n the s o i l 

p e r c o l a t e was o f t e n too low t o be measurable. Because of the r a p i d i t y by 

which added phosphorus i s p r e c i p i t a t e d as i n s o l u b l e forms, p a r t i c u l a r l y i n 

a l k a l i n e s o i l , the movement of phosphorus through the s o i l p r o f i l e i s very 

slow. For example, Cooke and Williams found t h a t phosphorus moved down 

through 1 cm per 5-8 years, i n the s o i l below the ploughed l a y e r . Any 

phosphorus which i s l o s t from the s o i l system i s u s u a l l y associated w i t h 

suspended s o i l p a r t i c l e s , and i s t h e r e f o r e more f r e q u e n t l y l o s t by erosion 

r u n o f f from the s o i l surface. 
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.2.1.2 F i e l d drainage 

From the f u l l r e s u l t tables o f the concentrations of geochemicals 
i n the f i e l d drainage water Tables A 2 ( l ) ( 2 ) c e r t a i n conclusions can be 

drawn :-

.2.1.2-1 The highest concentration of almost a l l the elements measured 

was found on the Mixed s e c t i o n . The only exception was t h a t the Organic 

f i e l d s produced the highe s t concentrations o f organic n i t r o g e n , copper and 

lead. 

.2.1.2-2 The maximum range of concentrations of geochemicals i n the 

drainage water also occurred on the Mixed s e c t i o n , w h i l s t the minimum range 

of concentrations was found on the Stockless se c t i o n f i e l d s , w h i c h agrees 

w i t h the s o i l chemical an a l y s i s :-

Organic f i e l d s - maximum range of N, Cu 

minimum range NO^, Ca, Mg, Zn 

Mixed f i e l d s - maximum range P, K, Ca, Mg, A l , Fe 

minimum range N, Pb 

« 
Stockless f i e l d s - maximum range of NO^, Zn, Pb 

minimum range P, K, Na, A l , Fe, Cu 

These two conclusions do not c o n t r a d i c t the f i n d i n g s from the lysimeter 

experiment,where the Mixed se c t i o n tended to produce the lowest concentr­

a t i o n s of geochemicals i n the leachate, i f the r o t a t i o n stages are considered. 

On the Mixed f i e l d s s t u d i e d by l y s i m e t r y , due to the p a r t i c u l a r stage reached 

i n the p r e - e x i s t i n g r o t a t i o n , no organic manure had been supplied f o r two 

years. I n e f f e c t , t h e r e f o r e , most of the immediately leachable geochemicals 

were derived from the a r t i f i c i a l f e r t i l i z e r a p p l i c a t i o n alone. But of the 

f i e l d s considered f o r the drainage-water chemistry, several had had manures 

added iminediately p r i o r to the season st u d i e d , and were therefore supplying 

leached geochemicals from both manure and f e r t i l i z e r s (see I n t r o d u c t i o n -

S o i l S e c t i o n ) . 
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.2.1.2-3 The t i m i n g of the maximum concentrations of geochemicals i n the 

f i e l d drainage water depended upon the farm management type p r a c t i s e d . 

Thus on the Organic and Mixed sections, where manure had been applied i n 

November, maxima occurred e i t h e r immediately or during e a r l y Spring; on 

the Mixed and Stockless sections, where f e r t i l i z e r had been applied i n 

March, most leaching occurred i n e a r l y summer. 

Thus, by element : N, NO^, Cu, Zn - maxima occurred i n 

November or A p r i l 

: P, K, Na, Ca, Mg, Pb, Fe - max3.ma occurred 

February - May 

.2.1,2-4 I f the annual mean concentrations of geochemicals i n the f i e l d 

drainage water from the three farm sections are s t a t i s t i c a l l y compared, 
there are no s i g n i f i c a n t d i f f e r e n c e s f o r any of the elements measured. 

Thus apparently the d i f f e r e n c e s i n farm management showed no e f f e c t upon 

the drainage e f f l u e n t from the t i l e d r a i n s . However i t i s suggested that 

these r e s u l t s were probably gained f o r several reasons :-

.2-4(1) W i t h i n each management s e c t i o n , each f i e l d was given a d i f f e r e n t 

treatment of manure and/or f e r t i l i z e r , depending on the stage a t t a i n e d i n 

the e x i s t i n g r o t a t i o n . Thus the i n t e r n a l v a r i a b i l i t y of the composition 

of e f f l u e n t between f i e l d s w i t h i n each s e c t i o n , when the drainage water was 

bulked together, would provide a wide range of goochmoiGal concentrations 

and reduce the d i f f e r e n c e s between sections. 

.2-4(2) The concentrations of geochemicals i n the drainage water 

f l u c t u a t e d w i t h season, so t h a t although f i g u r e s f o r i n d i v i d u a l months of 

the year may have shown s i g n i f i c a n t d i f f e r e n c e s between sections, the c a l c u l ­

a t i o n of annual means reduced the o v e r a l l v a r i a b i l i t y of concentrations. 

Due t o the infrequency of running drains during the dry year of study, and 

to the time r e q u i r e d f o r chemical analysis of the water, samples were 
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bulked, which prevented the c a l c u l a t i o n of standard e r r o r s f o r each 

month, and hence no s t a t i s t i c a l comparisons through the year could 

be made. 

.2-4(3) I n many o f the f i e l d s sampled, drainage water from the o u t l e t s 

i n one f i e l d would have o r i g i n a t e d from several f i e l d s , not n e c e s s a r i l y 

a l l o f the same management type. 

.2.1.3 Comparison of l y s i m e t e r leachate w i t h f i e l d drainage water 

Table 2-4 summarizes the f u l l d e t a i l s of the concentration of 
geochemicals i n the ly s i m e t e r leachate and the f i e l d drainage water. 

Table 2-5 de p i c t s the r e s u l t s of a s t a t i s t i c a l comparison of t h e i r annual 

means. 

.2.1.3-1 The r e s u l t s of the comparison show.that although f o r organic 

n i t r o g e n , t h e l y s i m e t e r method gave an accurate guide to the amount l o s t by 

leaching of the s o i l i n t o the f i e l d d r a i n s , the concentrations of a l l the 

other elements measured d i f f e r e d to a v a r y i n g extent between the two 

methods o f water c o l l e c t i o n . The two elements showing a most consistent 

d i f f e r e n c e were :-

.3-1(1) N i t r a t e - n i t r o g e n - the disturbance of the s o i l s t r u c t u r e 

i n c u r r e d i n the c o n s t r u c t i o n of the l y s i m e t e r s , exposed more s o i l - p a r t i c l e 

surface area t o the solvent a c t i o n of r a i n f a l l (Kohnke and D r e i b e l b i s 1940) 

so t h a t the loss of t h i s very soluble i o n was s i g n i f i c a n t l y greater from 

a l l l y s i m e t e r types than from the f i e l d d r a i n s . This e f f e c t was p a r t i c u l ­

a r l y marked on the Organic and Mixed se c t i o n s , the s o i l of which had 

possessed more s t r u c t u r e before i t s disturbance. 

.3-1(2) Sodium - on a l l types of lysim.eters the leaching of t h i s element 

was s i g n i f i c a n t l y l e ss than from any of the t i l e drains on a l l three farm 

s e c t i o n s . 

.2.1.3-2 I n a d d i t i o n , f o r some ly s i m e t e r s on some sections, the concentr­

a t i o n s of potassium, calcium, and magnesium, were less i n the leachate from 
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the l y s i m e t e r s than from the normal f i e l d drainage. This e f f e c t was 

found mainly i n the shallow l y s i m e t e r s and only on the Mixed and Stockless 

s e c t i o n s . The discrepancies between f i e l d and lysimeter drainage geo-

chemical concentrations,of a l l f o u r a l k a l i n e e a r t h elements,can be simply 

explained by considering the s o i l p r o f i l e s described i n the S o i l Section 1.. 

I n the Mixed and Stockless f i e l d s , the s o i l horizon w i t h the highest con­

c e n t r a t i o n s of these elements was below 50 cms, which was t h e r e f o r e below 

the l e v e l leachable i n both the shallow and deep l y s i m e t e r s , but above the 

t i l e d r a i n s (75 cms). Thus the water p e r c o l a t i n g through the Mixed and 
Stockless l y s i m e t e r s passed through less of the a l k a l i n e - e a r t h - r i c h 

horizons than the water e n t e r i n g the lower t i l e drains - t h i s e f f e c t would 

have been p a r t i c u l a r l y marked i n the shallow l y s i m e t e r s which vjere only 

25 cms deep. This e f f e c t was not shown to produce discrepancies on the 

Organic -section (except w i t h reference to sodium), because the main s t r a t a 

r i c h i n a l l these elements was w e l l above 50 cms, w i t h i n the constructed 

l y s i r a e t e r s . 
to 

.2.1.3-3 Despite these d i f f e r e n c e s between l y s i m e t e r leachate and f i e l d 

drainage, i t was considered v a l i d to use a comparison of the lysimeter 
leachate r e s u l t s , to evaluate the e f f e c t of s o i l use (fallov? or cropped), 
and farm management, upon the e u t r o p h i c a t i o n of the ground water. The 

chemical analysis o f the contained s o i l s at the beginning and end of the 

1972 growing season (see S o i l Section 1) showed t h a t f o r most elements the 

s i t u a t i o n w i t h i n the l y s i m e t e r s was broadly equivalent to the c o n d i t i o n s of 

s o i l i n the open f i e l d . The main serious e r r o r which would r e s u l t from 

p r e d i c t i n g the loss of geochemicals from the f i e l d d r a i n s , by e x t r a p o l a t i o n 

of the l y s i m e t e r leachate r e s u l t s , would be an overestimate f o r n i t r a t e l o s s , 

and an underestimate f o r sodium. 
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.2.1.3-4 Most of the references to the concentration of geochemicals 

l o s t i n lysimeter leachate and f i e l d drainage water,in the l i t e r a t u r e , 

refer to the levels expected for nitrogen. The reported concentrations 

are very variable, depending upon the volume of r a i n f a l l , s o i l type and 

crop, amount of f e r t i l i z e r or manure used, and method of collection and 

analysis of the percolate. 

The range found i s 1.8 - 91.5 mg N / l i t r e of water, but the mean 

expected concentrations are :-

2.7 mg NO^-N/litre - Sylvester (1961) 

5-10 

8-12 

5-14 

10-30 

2-63 

46-53 

" - Cooke and Williams (1970) 

- Tomlinson (1970) . 

" " - Bolton et a l . (1970) 

" " - .Hood (1975) 

t o t a l N / l i t r e - Johnston et_ al_. (1965) 

" " - Fischbach et a l . (1973) 

Thus the range of mean annual concentrations found at Haughley, of 32-44 

mg N / l i t r e and 1.6 - 9.3 mg NO^-N/litre, do f a l l within the range of figures 

collected from the l i t e r a t u r e . I t is not known why both the leachate and 

f i e l d drainage water from a l l management sections showed greater concentr­

ations of organic nitrogen, and less of nitrate-nitrogen, whereas most 

authors have found that most nitrogen is los t i n the n i t r a t e form. 

Although no phosphorus could be detected i n the lysimeter leachate, 

the f i e l d drainage water showed annual mean concentrations of 0.29 - 0.63 

mg/ l i t r e , which were w i t h i n the same order of magnitude as concentrations 

reported i n the l i t e r a t u r e e.g. 0.05 - 0.27 by Johnston et^ a l • (1970). 

Very few references to the concentrations of potassium, sodium, calcium 

and magnesium expected i n drainage water were found, but those available 
agreed with the Haughley results, viz :-
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Haughley 

Potassium : 0.8 - 6.5 mg K/1 

Sodium : 5.5 - 20.7 mg Na/1 

Literature 

Bolton et a l . 0.9-1.7 mg/1 

Cooke and Williams 0.4 - 5.2 mg/1 

* 
Cooke and Williams 7.4 -44.8 mg/1 

Mean of 19.0 mg/1 

Calcium : 62 - 116 mg Ca/1 Cooke and Williams 62 - 246 mg/1 

Magnesium : 2.3 - 5.6 mg Mg/1 Cooke and Williams 0.8 -28.8 mg/1 

Note - This further demonstrated that the levels of sodium i n the 

lysimeter leachate were very low. 

.2.1.4 Effect of lysimeter type on leachate geochemical concentration 

Within a single management section the variation i n the mean 

annual leachate concentration of geochemicals between the fallow and cropped 

condition, the shallow and deep form, did not follow any consistent pattern. 

There wer^ no s i g n i f i c a n t differences between lysimeter types at the 95% 

leve l of confidence. The only trends found were :-

.2.1.4-1 Concentration of potassium was higher from the shallow 

lysimeters on a l l management sections. 

.2.1.4-2 Concentrations of potassium, sodium and magnesium on the 

Stockless soil,were greater from the fallow lysimeters than 

from the cropped containers. 

.2.1.5 Effect of farm managem-ent upon the concentration of 

geochemicals i n lysimeter leachate 

The results of the chemical analysis of lysimeter leachate from 

each farm management section were s t a t i s t i c a l l y compared and the results are 

shown on Table 2-6. Out of 144 pairs used for comparison to demonstrate 

e f f e c t of farm management, only 38 pairs.showed any sig n i f i c a n t difference. 
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Summarizing the results by element (the figures i n brackets 

indicate the number of times the differences were shown) :-

.2.1.5-1. Organic nitrogen - the only geochemical which showed no significant 

difference between any management section or lysimeter type, correlating 

well with the evidence from the f i e l d drainage analyses. 

.5-2 Nitrate-nitrogen - some differences occurred i n a l l four 

lysimeter types. There were :- 0 > S(l) M > S (3) M > s"*'(l) 

showing the influence of adding organic manures to the 0 and M sections, 

either d i r e c t l y by nutri e n t content, or i n d i r e c t l y improving drainage rates 

through the s o i l . 

.5-3 Potassium - the main differences occurred i n the shallow 

lysimeters, but the overall s i g n i f i c a n t differences were :-

0 > M (2) 0 > S (1) 0 > S"̂  (2) 

S > M (2) S > (1) 

Ŝ > M (2) 

Thus although the recent application of organic manure caused the greatest 

concentration of potassium to be leached from the Organic section, high and 

normal f e r t i l i z e r rates applied to the Stockless section leached out 

potassium more rapidly than from Mixed s o i l , where f e r t i l i z e r s vjere applied 

each Spring. I t i s possible that the application of organic manure to the 

Mixed section two years e a r l i e r had lost most of i t s own potassium before 

t h i s experiment, but that the organic remains l e f t prevented rapid leaching 

of the f e r t i l i z e r K. 

.5-4 Sodium - there were, no differences between the Mixed and Stockless 

sections, but i n many comparisons the concentration of sodium leached from 

the Organic section was s i g n i f i c a n t l y greater,because the upper s o i l layer 

i n that f i e l d was much richer i n th i s element than i n the other sections, 
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(see Soil Section 1.). Thus 0 > M (3) 0 > S (3) 0 > s"̂  (4) 

.2.1.5-5 Calcium - the only s i g n i f i c a n t differences occurred on the deep 

fallow lysimeters, and a l l involved the lack of calcium f.lo\<fing from the 

high f e r t i l i z e r treatment. I t i s not known why t h i s should have occurred. 

.2.1.5-6 Magnesium - both f i e l d s which had received organic manures leached 

greater concentrations of magnesium than from the Stockless f i e l d . 

Thus 0 > M (1) 0 > S (1) 0 > S"̂  (3) 

M > S (1) M > S"̂  (2) 
S > S"̂  (1) 

Again there was a lack of magnesium i n the leachate on the high f e r t i l i z e r 

treatment, especially i n the deep lysimeter type. 

.2.1.6 Conclusions concerning concentration of gedchemicals i n farm 

s o i l percolate 

.2.1.6-1 Lysimeters 

.1.6-1(1) Due to the recent application of organic manure pri o r to the 

experiment, the Organic f i e l d tested by lysimetry, leached out geochemicals 

i n greater concentrations than from the other management t3T)es. 

(2) The highest concentrations of geochemicals occurred during the 

growing season,when the flow of percolate volumes through the s o i l was low. 

(3) The lowest concentration of geochemicals leached from the s o i l 

was found on the Mixed section,where manure had not been applied for two 

years. The phosphate being leached out of lysimeters on a l l farm sections 

was found to be ne g l i g i b l e . 

(4) Although the s i t u a t i o n was complicated by the disturbance of 

s o i l incurred i n lysimeter construction, and by the d i f f e r e n t depths of 

s o i l layers i n the p r o f i l e of each f i e l d , some differences i n concentration 
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of geochemicals i n lysimeter leachate could be attr i b u t e d to farm 

management. The concentrations of geochemicals determined i n the leachate, 

f a l l w i t h i n the range quoted from the l i t e r a t u r e , even though the leaching 

of sodium at Haughley was lower than expected. 

.2.1.6-2 Drains 

.1.6 2(1) Due to a wide variety of treatments between f i e l d s within each 

section, to the use of bulked water samples, and to fluctuating seasonal 

geochemical concentrations, no si g n i f i c a n t effect of the farm management 

was demonstrable. However the trend found, was for the highest concentr­

ations of almost a l l elements measured to occur on the Mixed section, due 

to the application of both organic manures and a r t i f i c i a l f e r t i l i z e r s i n 

the year of study. 

(2) Only for organic nitrogen was there a consistently close 

corre l a t i o n between the f i e l d drainage and lysimeter leachate results. 

However whilst automatic weirs for the continuous monitoring of the outflow 

from f i e l d drains remain so expensive,and subject to pract i c a l problems, 

lysimetry w i l l continue to be used to estimate the loss of nutrients from 
the ecosystem. 

(3) The annual mean concentration for nitrate-nitrogen i n the 

drainage water was well below the TOO l i m i t referred to at the beginning of 

th i s section. Even i n the water from the lysimeters, where s o i l disturbance 

had s i g n i f i c a n t l y increased the leaching of t h i s ion, the danger l i m i t of 

11.3 mg NO^-N/l was not exceeded on any farm section. 

2:6.2.2 Loss of geochemicals from lysimeters 

Tables A3(l) - (3) i n the Appendix record the actual monthly loss 

of geochemicals from each lysimeter during the 1972-3 period. The losses 

of six of the macronutrients from the shallow lysimeters are presented i n 
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histogram form i n the text to demonstrate v i s u a l l y the differences i n the 

magnitude of loss (Histogram 2-1 t . 2-3)..,.. Two further histograms 

i l l u s t r a t e the t o t a l annual loss of geochemicals expressed i n grammes/ 

lysimeter and Kilogrammes/hectare equivalents (Histograms 2-4^2-5). 

Discussion of Results 

The following conclusions can be drawn from the results :-

.2.2.1 The largest single monthly loss of geochemicals occurred on 

d i f f e r e n t farm sections, depending on the lysimeter type :-

Treatment Cropped shallow Cropped deep Fallow shallow Fallow deep 

0 N, Na, Mg, K N, K NÔ , K, Na, Mg N, Na, Ca 

M NÔ , Ca Na Ca . 

S Ca, Mg • K, Mg 

S"̂  NÔ  N NÔ  

The maximum loss of nitrogen and n i t r a t e occurred on Ŝ  because 

of the more immediately available nature of the nitrogen,in the high rate 

of application of f e r t i l i z e r supplied to t h i s lysimeter type. Even so, 

where cropped i n the shallow depth, losses were greater from the sections 

which had previously received organic manures, because of the higher 

quantities of these geochemicals supplied. 

.2.2.2 The histograms of monthly losses show that the most s t r i k i n g 

difference between the farm management types was for nitrate-nitrogen,v.'here 

the e f f e c t of organic manures i n the s o i l was clearly demonstrable i n 

providing t h i s ion for leaching,by mineralization throughout the year. 

Tomlinson (1971) suggests that at least 30-60 kg N/ha/yr i s mineralized 

from organic matter i n B r i t i s h s o i l s , and that the amount i s s i g n i f i c a n t l y 

greater where organic manures are supplied. 
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The Monthly Loss of GeocheiTiicals in the lysimeter Leachate Mgm/^hallow 
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.2.2.3 The annual loss of geochemicals was s i g n i f i c a n t l y greater from 

the deep lysimeters on a l l treatments. This i s evident from the Histogram 

2 - 5 only, because the surface area of the deep lysimeters was but 1/13 

that of the shallow containers. Despite the smaller surface area, and a 

t o t a l volume only 1/10 that of the shallow lysiraeters, the loss of leachate 

volume proportional to the t o t a l r a i n f a l l available,was greater from the 

deep lysimeters than from the shallov;. , This was probably due to less 

evaporation per unit volume of s o i l , due to greater depths. . I t i s suggested 

that the greater loss of ions observed was due to the inclusion of the lower 

s o i l horizons i n the deep lysimeters,which were r i c h i n several geochemicals 

due to geological layering, and vjhere many geochemicals leached from the 

surface layers, previous to t h i s experiment, may have been redeposited. 

The possession of these deeper layers would have thus enabled greater leach­

ing losses to be recorded for the deep lysimeters, despite their smaller 

volime. 

.2.2.4 The greatest leaching of the geochemicals was found from the 

fallow lysimeters where there had been no competition from plant uptake and 

no protection of the s o i l surface from the r a i n f a l l . The only exceptions • 

to t h i s rule were found where p a r t i a l blockage of the outflow pipe caused 

waterlogging of the lysimeter, and r e s t r i c t e d leachate volumes (M - deep,-

a l l geochemicals; S - shallow, organic nitrogen; S"*̂  - shallow, n i t r a t e ) . 

.2.2.5 The t o t a l annual loss of geochemicals, as shown i n Histogram 

2 - 4 , 2 - 5 , demonstrates the following pattern, showing the effect of farm 

management to be complex :-
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Summary Table Lysimeter type 

Element Shallow cropped Shallow fallov? Deep cropped Deep fallow 

N S>M>0>S'*" 0>S'*'>M>S 0 > S ' ^ > S > M S = S'^>0>M 

NÔ -N 0 = M > S"*'-> S M > 0 > S ' ^ > S . S ' ^ > S E O > M S ' * ' > 0 > S > M 

K O > M > S ' ' ' > M O > S > S ' * " > M O > M S S ' * ' E S S > S ' ^ > O > M 

Na 0 > M > S > S ' ^ 0>M>S'*">S 0 > S E M > S ' * ' 0 > S ' * " > S > M 

Ca M > S > O > S"*" 0 > M > S* > S S > S**" > M > O S > 0 > S"̂  > M 

Mg 0 > M > S > S"*" 0 > M > S E S"*" 0 E M = S"̂  > S S > S"̂  S 0 > M 

From t h i s summary table,several conclusions can be dratm :-

.2.2.5-1 In the shallow lysimeters where the ground v;as fallow, the greatest 

t o t a l annual loss of a l l the geochemicals, apart from n i t r a t e , occurred on 

the Organic section, least being l o s t from the normal f e r t i l i z e r treatment 

on the Stockless section. The loss of most elements from the Organic 

section even exceeded that from the high f e r t i l i z e r treatment Ŝ . The 

t o t a l volume of leachate collected from t h i s type of lysimeter showed that 

the relationship betxreen the treatments was : M > 0 > S"*̂  > S which 

exactly explained the relationship between treatments for the loss of 

nitra t e - n i t r o g e n . The differences i n t o t a l leachate volumes also 

elucidated the r e l a t i v e losses from the Organic and Stockless treatments, 

which were 0 > s"*" > S for a l l geochemicals measured i n the shallow 

fallow lysimeter leachate. 

.2.2.5-2 In the deep fallow lysimeters least loss of geochemicals occurred 

on the Mixed section, whilst mcist vjas los t from the Stockless s o i l . This 

relationship can again be explained by considering the t o t a l leachate 

volume lost during the year which followed the pattern Ŝ  > S > 0 > M 

(see Table 2-3). 
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.2.2.5-3 Where the lysimeters were cropped, the relationship between the 

losses from the d i f f e r e n t treatments i s less easy to explain. From both 

the shallow and deep containers,the most potassium, sodium and magnesium 

was leached out of the Organic section, p a r t l y due to the geological 

layering previously mentioned, and p a r t l y due to the addition of geochemicals 

to the three sections i n the manures and f e r t i l i z e r s , a t the beginning of the 

season. I f the relationship between the four treatments, for the i n i t i a l 

addition of nutrients, i s extracted from Table 1-3 i n the Soils Section 1, 

the magnitude of loss from several lysimeter types can be explained. Thus, 

i n the Spring of 1972, the addition of nutrients i n manure and f e r t i l i z e r s 

to the lysimeters followed the pattern :-

N 0 > S ' ^ > S > M Ca 0 > M > S E S ' * " 

K S"̂  > O > M H S. Mg 0 > M = S E S"̂  

Na 0 > M = S > S"*" 

These patterns correlated with the t o t a l annual loss of geochemicals from 

the lysimeters as follows :-

: N - Complete correlation deep cropped, p a r t i a l correlation deep 

- fallow S, S"̂  M 

p a r t i a l correlation shallow 

fallow 0 S"̂, S 

: Na, Mg - " " " shallow cropped, shallow fallow 

: Ca - " shallow fallow lysimeter 

There was no correlation shorn between the rate of addition, and rate of 

loss of potassium,for any lysimeter type. 

.2.2.5-4 The loss of most geochemicals through leaching was low from the 

shallow cropped lysimeter on the high f e r t i l i z e r treatment, because of the 

small application of sodium, calcium and magnesium, coupled with a lovj 

t o t a l annual leachate volume M E S > 0 > s""". 



9h 

.2.2.6 I f the t o t a l quantity of each geochemical added to the lysimeters 

i n the r a i n f a l l (Table 2-2(1)), during the period A p r i l 1972 to March 1973, 

is compared with the t o t a l quantity leached out during that time,(Table 2-6 

and Histogram 2-4) i t can be seen that for several geochemicals, on most 

management sections, there was a net gain over the year. I f the supply of 

nutrients from the f e r t i l i z e r s and manures, and the loss of nutrients into 

the crop plants are ignored :-

: K and Mg - large net gain on a l l management sections and lysimeter types 

: Na - " " " " " " " except on Organic i n 

the deep fallow • 

: N and Ca - s l i g h t net gain on shallow cropped 0, S, s"*̂ , but no change 

on M 

" fallow M 

- large net losses on shallow fallow 0, S, and deep 

lysimeters on a l l sections. 

The mean quantities l o s t and gained over the 12 month period are shown 

below (Kg/ha) :-

Element Addition i n Loss, shallow Loss, deep 
^ . r a i n f a l l . .lysimeters . .lysimeters 

N 10.3 10.0 48.0 

K 8.5 0.8 1.5 

Na 13.1 2.0 7.8 

Ca 18.5 19.0 99.0 

Mg 14.7 0.8 3.4 

I t i s probable that the loss from the deep lysimeters was closer 

to the actual loss of geochemicals from the f i e l d drains over the year,than 

was that from the shallow containers, due to the inclusion of the lower s o i l 

layers which influence the composition of the percolate. I t must be 
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remembered that the concentrations of geochemicals lost i n the deep 
lysimeter leachate and f i e l d drainage water mainly dif f e r e d i n the levels 
of n i t r a t e (L > D) and sodium (D > L). In addition, D > L for potassium 
on the Stockless f i e l d . Thus the annual losses of geochemicals sho\m. to 
occur from the deep lysimeters w i l l probably.be a s l i g h t underestimate for 
potassium and sodium, but may be equivalent to the f i e l d loss for nitrogen, 
(nitrate-nitrogen a very small proportion of the t o t a l ) calcium and magnesium. 
In the absence of the f i e l d drainage volume data, i t i s suggested therefore 
that the annual loss of nitrogen and calcium from the f i e l d s would be greater 
than the addition i n the r a i n f a l l , but that the loss of potassium and 
magnesium would have been less. The results for potassium, calcium and 
nitrogen agree with the research results of Low and Armitage (1970) v7ho 
found that the r a i n f a l l supplied more potassium, but less calcium and 
nitrogen,than V7as l o s t by leaching. However, they also found that more 
magnesium was leached than was supplied i n the r a i n f a l l , which disagreed 
with the results from Haughley. A f u l l balance sheet, including a l l sources 
and sinks of these geochemicals i n the farm ecosystem, is shoim. i n the f i n a l 
Discussion at the end of the thesis. 

Q 

.2.2.7 The losses of geochemicals estimated i n terms of Kilogrammes l o s t / 

hectare of land, which are reported i n the l i t e r a t u r e , vary over a very broad 

range, as do t h e i r concentrations (previously described). Again, most 

information concerns the loss of nitrogen,for which the range of loss 

reported i s 11 - 186 Kg N/ha/year. 

.2.2.7-1 The losses tend to be greater from f e r t i l i z e d fallow land than 

from areas cropped, except where the crop concerned is a legume which supplies 

nitrogen to the s o i l through sjrmbiotic nitrogen, f i x a t i o n . (Vieia fdba at 

Haughley fixe d 120-520 Kg N/ha/year depending on the farm management section 

used. See main Discussion for inclusion of this nitrogen source into an 

o v e r a l l balance sheet at Haughley.) A considerable amount of nitrogen i s 

l o s t by leaching, even from u n f e r t i l i z e d land, due to the mineralization of 

nitrogen held i n the organic matter. Thus :-
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Land use KgN lo s t Source 
/ha/year 

U n f e r t i l i z e d fallow 17 - 20 Lawes et a l . (1882) 

arable s o i l 25 Kolenbrander (1972) 

34 All i s o n e t a l . (1955) 

38 Hall and Russell (1919) 

Normal f e r t i l i z e r application 68 - 78 Lawes e t a l . (1882) 

Fallow : 89 Low and Armitage (1970) 

Normal f e r t i l i z e r application 33 Kolenbrander (1972) 

Cropped : 13 - 111 Johnston et a l . (1965) 

legume : 30 - 130 Tomlinson (1971) 

legume : 43 - 186 Sylvester (1961) 

Thus the mean loss of 49 KgN/ha/yr observed from the deep 

lysimeters, which i s suggested to be the probable mean loss of nitrogen 

from the three farm sections at Haughley, was well within the range 

reported i n the l i t e r a t u r e . 

.2.2.7-2 The loss of phosphorus at Haughley was not calculable due to the 

absence of the element i n the lysimeter leachate, and the absence of 

volumetric data on the loss of drainage water from the drains. 

.2.2.7-3 The mean loss of potassium at Haughley which was suggested to be 

s l i g h t l y underestimated by the loss from the deep lysimeters, of 1.5 Kg/ha, 

f a l l s very near to the range of losses expected by Low and Armitage (1970) 

of 2.0 - 8.0 Kg/ha, which is s t i l l below the level of the potassium 

supplied i n the r a i n f a l l . 

.2.2.7-4 The only reference to the loss of calcium from a farm system was 

again found to be i n the paper by Low and Armitage (1970), who found 

58 - 112 Kg/ha/yr to be leached out from fallow ground, but only 15/Kg/ha/yr 

from beneath clover. Thus the quantity leached from the deep lysimeters at 

Haughley of 99 Kg/ha/yr was by.no means excessive. 
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.2.2.8 The magnitude of the r e l a t i v e losses of the geochemicals from the 

f i e l d systems at Haughley followed the pattern Ca > N > Na > Mg > K > P 

which corresponds f a i r l y closely to the r e l a t i v e addition of geochemicals 

i n the r a i n f a l l Ca > Na > Mg > N > K > P. A l l the investigators xAo have 
reported upon the r e l a t i v e losses of these geochemicals from the farm s o i l s 

have shown th i s pattern to exist :-

e.g. Lawes et a l . (1882) Ca > Na > N > Mg > K > P 

Kohnke and Dreibelbis 

(1940) Ca > Mg > K > Na 

Dreibelbis (1946) Ca > Mg > K > P . 

Kilmer e t a l . (1944) Ca > Mg > K > P 

Bolton e t a l . (1970) Ca > Mg > N > K > P 

Despite s l i g h t variations of the pattern, the greatest loss i s always that 

of calcium, and least leaching loss of potassium and phosphorus. This tends 

to confirm the suggestion made at the beginning of the Water Chemistry section, 

that very l i t t l e phosphate i n the rivers i s l i k e l y to have originated from 

a g r i c u l t u r a l land. 

.2.2.9 The months when the maximum loss of geochemicals occurred were 

drawn up into a table to be compared with that for the months of maximum 

geochemical concentrations i n the lysimeter leachate. In the table, a l l 

managements are grouped together where possible, thus i t shows the degree 

of s i m i l a r i t y / d i f f e r e n c e of the effect of the management type upon the 

leaching loss :-

(The asterisks indicate the points at which the maximum loss, 

correlated with the maximum leachate concentration, for each geochemical 

considered.) 
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Element Lysimeter type 

Shallow cropped Shallow fallow Deep cropped Deep fallow 

Org N Sep-Jan 

NÔ -N 

K 

0,M "Sep-Dec 

S,s'^*May-June 

0,s'^*Jan-Feb 

M,S *Aug-Sep 

0,M May . 

S,S* Sep-Dec 

May-Aug 

Sep-Dec Sep-Dec 

Sep-Dec Sep-Dec 

0,S *June-July . 0,S Sep-Dec 0,S Sep-Dec 

M,S '̂ Aug-Sep M,S Sep-Feb M,S Jan-Feb 

Na 0,S,S Sep-Jan 0,S,S Sep-Dec 

M Aug-Sep M June 

Sep-Dec 0,S,S Aug-Dec 

M (July) 

Ca 

Mg 

0,M,S Jan-Feb 

S May 

0,̂S Jan-Feb 

M,S Sep-Dec 

*June-Sep *0,M,S Jan-Feb 

S *Sep-Dec 

Sep-Dec 

0,M *June 0 *June 0 Sep-Dec 

S *Sep-Dec 

Aug-Sep 

M,S *Sep-Dec M,S *June-July 

S Jan-Feb S *Aug-Sep 

.2.2.9-1 Although the farm management and lysimeter type did modify the 

date of maximum loss by leaching of some geochemicals, most leaching occurred 

during September-December. During that time the deep lysimeters showed 

maximum volume of leachate on a l l management sections (except f o r M which had 

become permanently blocked), but generally low concentrations of geochemicals 

i n the water. Although the leachate volum.es from the shallow lysimeters were 

also high at that time, they were not at t h e i r maximum. This timing of 

maximum loss correlates to a much better degree with the t o t a l rainfall,which 

was at the highest i n the Autumn months concerned. In the cropped lysim.eters 

the s o i l was disturbed i n September during the harvesting of the Vicia faba 

plants, and the flow of nutrients i n these soils would then be reversed dotm-

wards.by the Autumn rains. 
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.2.2.9-2 Where the s o i l was fallow, and the lysimeters shallow, the loss 

of several geochemicals was at a maximum during the Summer months May-

August, during the second highest r a i n f a l l period of the year. This 

period was also the time of high outflow of leachate volume, and high 

concentrations of geochemicals i n the water (see asterisks). However the 

flow from the deep fallow lysimeters was low during that time, due to the 

longer period of time required to percolate through the less pervious 

deeper s o i l layers, and the maximum loss of geochemicals was delayed u n t i l 

September-December. 

.9-3 Where the s o i l was cropped, the maximum leaching of most geo­

chemicals occurred a f t e r harvest, except f o r the rapid removal of n i t r a t e -

nitrogen from the f e r t i l i z e d plots on the Stockless f i e l d i n May. However 

i n the deep lysimeters S and Ŝ  t h i s maximum loss was again delayed u n t i l 

the period of heaviest r a i n f a l l , and high volume of leachate (Sep-Dec). 

.9-4 Inhere f e r t i l i z e r had been applied, potassium leached out from the 

M and S sections during August-September despite low r a i n f a l l , correlating 

with high concentrations of t h i s element i n the water, but th i s did not occur 

on the treatments of 0 and . This can be explained by the much lower 

leachate volumes from the l a t t e r two treatments. 

.9-5 The number of geochemicals for which the individual management 

l e t t e r s (0 M S s"*̂ ) are l i s t e d on the table indicates that for most lysimeter 

types there was a dependence upon the farm management type,for the timing 

of the maximum leaching loss. 

.9-6 The lack of asterisks (except on the shallow fallow lysimeter 

column) shows that f o r most geochemicals and lysimeter types, the maximum 

loss occurred at the time of maximum r a i n f a l l and leachate volume outflow, 

not when the concentration i n the leachate was at a maximum. 
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2:7 Overall Conclusions 

:7.1 The t o t a l annual loss of nutrients from the farm systems at 

Haughley was shown to depend upon s o i l use and depth considered, r a i n f a l l 

volume, volume of drainage water, the form and quantity of nutrients 

applied to the s o i l at the beginning of the season, and the concentration 

of geochemicals i n the water outflow. 

:7.2 The outflow of most nutrients tended to be greater from the land 

supplied with organic manures than where a r t i f i c i a l f e r t i l i z e r s alone were 

supplied, as shown by the higher concentrations i n the drainage from 

Organic lysimeters and Mixed f i e l d s . As was found by t h i s research, 

Lawes e_t a l . (1882) demonstrated that the application of farmyard manures 

caused high losses of n i t r a t e throughout the year i n the drainage water, 

and Williams (1970), that farmyard manure supplied more n i t r a t e to the 

ground water system than did inorganic f e r t i l i z e r s . However Kolenbrander 

(1972) shewed that because more than twice as much nitrogen must be supplied 

to a farm system i n organic manures,as given i n inorganic f e r t i l i z e r form, 

to give the same crop y i e l d , for a given rate of nitrogen i n Kg/ha, farm­

yard manures actually leached out less nitrogen than from the f e r t i l i z e r s , 

corroborating the evidence of Raney (1960). I f the r e l a t i v e additions and 

losses of nitrogen at Haughley are compared, i t i s seen that the t o t a l amount 

of nitrogen supplied to the Organic section lysimeters was 10 times that 

applied i n the normal f e r t i l i z e r rate on the Stockless section, and 5 times 

that applied to the high f e r t i l i z e r treatment. Despite t h i s , the t o t a l 

annual loss of nitrogen was actually s l i g h t l y greater from both fallow and 

cropped lysimeters on both the Stockless treatments, because of the depend.-

ence of annual loss upon drainage flow rate rather than upon the concentr­

ations of nitrogen i n drainage water alone. Thus, considered on a "per 

u n i t of.nitrogen supplied basis", organic manures pose less of a threat to 
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the nitrogen eutrophication of ground waters than a r t i f i c i a l f e r t i l i z e r s , 
but when manures are applied i n quantities of up to 25,000 Kg manure/ 
hectare i t i s l i k e l y that t h i s relationship w i l l be reversed. 

:7.3 No evidence was found from any of the farm management sections 

at Haughley of levels of n i t r a t e nitrogen which even approached the WHO 

l i m i t of 11.3 mg NO^-N/l. McCarthy et a l . (1967) stated that i n t h e i r view 

the greater use of f e r t i l i z e r was contributing greatly to the changes of 
nitrogen and phosphorus levels i n surface water supplies, yet Tomlinson 

(1970), i n his survey of eighteen r i v e r systems i n B r i t a i n , showed that 

during the period of 1953-1967 there had been no increase i n the concentr­

ation of n i t r a t e s , despite a f o u r - f o l d increase i n the use of nitrogen 

f e r t i l i z e r during that time. From the results of this study i t i s con­

cluded that the a g r i c u l t u r a l contribution to the eutrophication of rivers 

by phosphorus i s n e g l i g i b l e , and that despite the use of high levels of 

a r t i f i c i a l f e r t i l i z e r s , which leach more nitrogen per unit nitrogen applied 

than do organic manures, the quantities of nitrogen l o s t do not alone account 

for the high levels of n i t r a t e s i n some riv e r s i n the south of England. 

:7.4 Despite the l i m i t a t i o n s of lysimetry, Kolenbrander (1972) demon­

strated a close correlation between the losses from lysimeters on clay arable 

land i n the Netherlands,with the discharge of nitrogen into the r i v e r system 

(33 Kg N/ha/yr). The results described for the t o t a l annual loss of nutrients 

at Haughley correspond well m t h the findings of other research workers, 

using both lysimetry and t i l e drainage systems, as quoted i n the l i t e r a t u r e , 

especially from the deep containers where the s o i l depth was roughly 

equivalent to that served by the f i e l d drains. The results showed that 

more potassium, magnesium and sodium were added to the s o i l i n the r a i n f a l l 

than was l o s t from the f i e l d s i n the leachate, even where large quantities 

of potassium f e r t i l i z e r had been applied i n the Spring. Thus the 

atmosphere contributes more of these three elements to the r i v e r systems 
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i n the r a i n f a l l , than i s l i k e l y to be lost from the most intensive 

arable a g r i c u l t u r a l system. This conclusion was reached despite the 

findings of White e_t al^. (1971) which suggested that 50-75% of the ions 

entering the s o i l from the atmosphere did so as a dry deposit, and 

therefore the addition of nutrients to the s o i l system i n the r a i n f a l l 

was only a small f r a c t i o n of the t o t a l . 



SECTION 3. ANALYSIS OF CROP GROOTH 
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Section 3. ANALYSIS OF CROP GROWTH 

3:1 Introduction 

:1.1 During the f i r s t twenty years of t h i s century many people 

researching into the growth of plants were attempting to define the 

observed progression of development i n mathematical terms, i n order that 

the growth and y i e l d under d i f f e r e n t treatments could be accurately 

compared. Many of the formulae so produced included ambiguous variables 

associated with the influence of the immediate environment, or with the 

d i f f e r e n t stages i n the l i f e of the plant (Gr.essler 1907; Robertson 1908; 

Balls and Holton 1915; Reed and Holland 1919; Mitscherlich 1919). In 

a l l these papers, measurements of dry weight, shoot length, leaf area, 

leaf weight, and seed y i e l d weight were used as standard parameters, but 

the relationships between them were expressed i n di f f e r e n t ways. In 1919 

Blackman likened the growth of an annual plant to the mechanisms of 

compound i n t e r e s t , whereby the.increase i n dry weight during any i n t e r v a l 

of time was added to the " c a p i t a l " f o r further increase by growth i n l a t e r 

l i f e . He suggested that the production of dry matter by a plant w i l l be 

t o t a l l y dependent upon the i n i t i a l weight of the seed and the length of 

the growing period, and that comparative investigations should be made on 

thi s basis. 

:1.2 The most important advances i n the standardization of the quant­

i t a t i v e analysis of plant growth were made by Briggs, Kidd and West (1920). 

They stated that the comparison of plant growth on diff e r e n t treatments 

should be made, using the r e l a t i v e growth rate (RGR), which they defined as 

the increase i n dry weight, per unit dry weight, per unit of time. This 

was an expression of the e f f i c i e n c y of the plant to produce dry matter and 

they recognised that t h i s would be affected by l i g h t i n t e n s i t y , temperature, 

and the mineral and water supply to the plant. As 80-90% of the dry weight 

increase x̂ as determined to be due to the accumulation of carbon compounds, 
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through photosynthesis, they further suggested that the rate of assimil­

ation per un i t dry weight would be a function of the amount of leaf area 

per u n i t dry weight. 

:1.3 The r e l a t i v e growth rate i s the result of a complex integration 

of metabolic reactions and therefore i n i t s e l f i t has no direct physiological 

significance, but i t can be resolved into two components :-

(1) Unit Leaf Rate - increase i n dry weight of the plant per un i t of leaf 

area. This was defined as the Net Assimilation Rate 

by Gregory (1917) and t h i s name i s adopted here. 

NAR ,= Net Assimilation Rate .= 1/A ... dW/dt where A = leaf area t = time 

W = dry weight of plant 

(2) Leaf Area Ratio - the f r a c t i o n of the plant responsible for producing 

new material. 

LAR = Leaf Area Ratio = A/W 

These two expressions together form the index of re l a t i v e growth rate : 

LAR X NAR = RGR or A/W x 1/A . dW/dt = 1/W . dW/dt 
(I 

Thus a concept for comparing the growth of plants under d i f f e r e n t 

treatments by the use of an expression which was relevant to the whole 

growth period had been determined. By the use of the easily measured 

parameters - leaf area and dry weight - recorded upon a number of occasions 

during a set growth period, accurate s t a t i s t i c a l analysis could be u t i l i z e d , 

to determine where s i g n i f i c a n t differences i n the growth of plants had 

occurred. 

:1.4 Subsequently many results of work performed before 1920, which 

i t had not been possible to analyse accurately, were subjected to comparison, 

using the calculated r e l a t i v e growth rate (Ballard and Petrie 1936). 
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Extensive research has since been completed, which was based from the s t a r t 

upon the Briggs et_ al_. (1920) concept, p a r t i c u l a r l y for elucidating the 

response of crop plants to various a g r i c u l t u r a l conditions - Williams (1936), 

who studied the v a r i a t i o n i n growth indices as affected by the supply of 

phosphorus - Watson (1947) who investigated -the effect of temperature upon 

Net Assimilation Rate - Blackman and Wilson (1951) who studied the r e l a t i o n ­

ship between NAR and l i g h t intensity, to demonstrate the effect of shading 

i n the growth of arable crops. 

:1.5 Most studies which have used the three standard growth indices 

have required the use of large batch samples of plants i n order to allow 

s t a t i s t i c a l treatment of the data collected on each sampling occasion. 

In 1967 Hughes and Freeman published the results of a growth study i n which 

the emphasis was placed upon the entire growing season. A computer V7as 

employed to derive the standard growth indices by a regression of results, 

using frequent.harvests of very small numbers of replicate plants within 

each sampJLe. This enabled the consideration of a large number of t r e a t ­

ments simultaneously, by avoiding very time-consuming measurement of large 

batch samples, and i t served to reduce the amount of information at r i s k 

upon any one harvest occasion. Because of the limited time and labour 

available f o r the study of the growth of Yicia faba plants at Haughley, 

the Hughes and Freeman approach was adopted i n t h i s study, both i n the 

greenhouse experiment and i n the f i e l d t r i a l s . The method involved i s 

described i n greater d e t a i l below. 

3:2 Method of Growth Analysis 

:2.1 The primary data required for t h i s method are those described 

e a r l i e r : leaf area, t o t a l plant dry weight and times of harvesting. 

As plants increase i n size, so does th e i r absolute v a r i a b i l i t y , but 
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transformation of the primary data to logarithmic form renders the 

v a r i a b i l i t y more nearly homogeneous with time. The polynomial regression 

of s u f f i c i e n t f i t to the logarithms of t o t a l dry weight and leaf area on 

time i s determined by the Least Squares method - this makes the sum of the 

squares of the discrepancies between the observed and f i t t e d values as 

small as possible. A cubic i s considered to be adequate for both weight 

and leaf area, so that two equations are derived :-

2 3 
Log^ W = a + bt + ct + dt where W = dry weight 

2 3 
Log^ A = e + f t + gt + ht A = leaf area 

t = time 

:2.2 The progress curves of the r e l a t i v e growth rate, leaf area 

r a t i o and net assimilation rate are obtained by d i f f e r e n t i a t i o n of the 

regression equations above, according to the classical formulae shown i n 

3:1, thus :-

dt 

LAR = antilogy ^ ~ ^°^e 

NAR= d(Log^W)/dt 
antilog (Log A - Log W) 

6 6 ^ 

Thus the derived data obtained are i n the form of smooth curves 

f i t t e d over the whole of the growth period, instead of mean values for 

periods between pairs of sampling occasions, as produced by e a r l i e r methods. 

In t e r p r e t a t i o n of the results i s aided by comparing the f i t t e d values with 

the observed values, and by using an estimate of error for a l l the f i t t e d 

values. The standard errors of the items i n the regression equation, and 

of the calculated values derived from them, are estimated from the residual 
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sum of the squares a f t e r removal of the sum of squares due to the linear, 

quadratic and cubic terms. 

:2.3 The computer programme supplied by Hughes and Freeman had been 

w r i t t e n i n Algol 14 for use on an E l l i o t computer, but the Fortran form, 

supplied by Dr Thornley of the National Vegetable Research Station was used 

a f t e r s l i g h t modification,in the IBM360 computer i n Durham. In the o r i g i n a l 

paper i t was stated that t h i s method had been designed for experiments i n 

controlled environments, but that the system was also applicable to glass­

house and outdoor investigations. Dr Hughes kindly agreed to run a check 

on the results from the data of t h i s project, through the computer at 

Reading, but unfortunately he died before t h i s could be completed. 

:2.4 The computer converts the dry weights and leaf areas of the 

i n d i v i d u a l plants harvested to natural logarithms and arranges the harvest­

ing times i n ascending order. The f i n a l computer printout reads : 

:2.4.1 Equations for Loĝ W and Log^ A, standard errors of constant 

terms and of l i n e a r , quadratic and cubic c o e f f i c i e n t s ; p a r t i t i o n of 

variance and covariance i n t o l i n e a r , quadratic, cubic, between-sample 

residual and within-sample components. 

.4.2 Log^ W observed, mean f i t t e d Log^ W and S.E. of f i t t e d value 

I I I I I I 

I I I I I I I I I I i r I I I I I I " " " " 

I I I I I I . I I I I I I I I " " " NAR " " 

.4.3 Log A " I . " Log A 
e e 

.4.4 For each harvesting t i i n 6 , t t i 6 in63.n. f i t t s d . va.lu6 of RGR 3nd ids S.E, 

.4.5 

.4.6 

:2.5 The form of computation allows the number of plants taken per 

sample, or the i n t e r v a l between harvests to be altered wi t h i n any individual 

treatment, without a l t e r a t i o n of the programme being necessary. I t i s 

suggested that three plants per sample are adequate for the described method. 
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although t h i s means that the standard error for the sample at any one time 

w i l l then be much larger than would be expected by the older batch-

harvesting methods. Hughes and Freeman suggest that t h i s loss of accuracy 

at each point during the growing season i s more than compensated for by 

the increase i n the number of treatments,and.harvesting times,which can 

be encompassed by t h i s method. 



109 

3:3 An assessment of the effect of farm management lipbri the growth 

of Yicia faba. 

3:3.1 Background 

At the beginning of the Haughley Experiment a single seed. tj^o. 

for each crop was sown upon a l l three farm management sections. Throughout 

the following t h i r t y year period, p r i o r to t h i s research study, the seed 
for each crop,grown w i t h i n each farm section,was derived e n t i r e l y from the 

seed produced on the same section the previous year. Thus three sets of 

seed, of tj^& 0, M and S were available for each crop grown on the Kaughley 

Farm. The process of growing crops,from seed produced previously on the 

same farm management section i s here called imprinting, and hence the 

three seed groups produced (0, M, S) are called imprint types. The variety 

of Vicia faba which had been subjected to imprinting f o r t h i r t y years was 

Tic. tn 1970, due to the increasing s u s c e p t i b i l i t y of t h i s variety to 

Chocolate Spot {Botrytis spp), a modern commercial variety (Throws) vjas 

introduced, which i s less susceptible to fungal attack and has less 

tendency to lodge. Thus at the beginning of t h i s study, two varieties 

of Yi-cia faba were available as phytometers, to assess the effect of farm 

management; Tic, which had been imprinted every year for t h i r t y years, 

and Throws, which had been imprinted for a single year. 

:3.2 Aim 

.2.1 To determine whether the imprinting of the Vicia faba (Tic and 

Throws v a r i e t i e s ) had caused any physiological differences to be evolved 

i n the seeds, causing i n turn the development of a dependence of each type 

upon the farm management section from which i t originated. 

.•2.2 To determine whether more differences had evolved i n the Tic 

(compared to the Throws) variety, due to a longer imprinting period. 
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.2,3 To determine the effect of the farm management upon the growth 

and y i e l d of Vicia faba. 

:3.3 Experiments 

The experiments conducted to f u l f i l the aims of the research 

study are described and discussed separately below. The overall plan of 

experiments can be seen on the flow diagram. 

:3.4 An investigation of the. Vioia faba seeds produced at Haughley 

:3.4.1 Seed weight 300 Tic bean seeds and 150 Throws seeds of each 

imprint type were selected at random from the Haughley store. One t h i r d 

of the t o t a l number of each type was used to determine each of - the dry 
weight (after drying at 105°C for 24 hours) - the fresh weight (as stored) 

and the imbibed weight(after soaking i n d i s t i l l e d water for 48 hours and 

b l o t t i n g o f f ) . 

Results 

^The results showing the mean weight of each imprint type, with 

standard deviation and standard error, are presented on Table 3-1, together 

with the results of the s t a t i s t i c a l comparisons between the imprint types. 

Where differences between imprint types occurred, the most 

s i g n i f i c a n t trends for both v a r i e t i e s were according to the pattern 

S > M > 0. Thus i n a l l three categories of moisture content measured, 

the seeds produced on the Stockless section (despite longer storage) were 

the heaviest. Although the Throws seeds had only experienced one season 

of imprinting, t h i s v ariety showed more consistent differences between the 

imprint types than did the Tic variety. 

The colour of the Throws seeds from the three sections was 

i d e n t i c a l , but for the Tic va r i e t y the 0 seeds were yellow, the M seeds 

brown, and the S seeds dark red. This difference was la t e r shown.to be 

e n t i r e l y due to d i f f e r e n t storage times - the colour darkens with age. 



Table 3-1 

Characteristics of the dry, fresh and imbibed weights of the Vicia faba seed 
produced at Haughley (Weights expressed in grammes) 

SD = Standard deviation SE = Standard error 

Seed Type Dry weight Fresh weight Imbibed weight • 

Mean SD SE Mean SD SE Mean SD SE 

Tic 0 0.615 0.135 0.014 0.692 0.159 0.016 1.265 0.266 0.027 

M 0.560 0.121 0.012 0.717 O.UO 0.014 1.314 0.228 0.023 

S 0.659 0.146 0.014 0.754 0.127 0.013 1,285 0.240 0.024 . 

Throws 0 0.238 0.035 0.005 0.275 0.028 0.004 0.560 0.054 0.017 

M 0.260 0.028 0.004 0.313 0.042 0.006 '0.608 0.027 0.009 

S 0.277 0.064 0.009 0.341 0.035 0.005 0.663 0.086 0.027 

Moisture content of bean seeds as stored-

(percentage of fresh weight) 

Tic 0 11.1% Throws 0 13.5% 

M 21.9% M 16.9% 

S 12,6% S 18,8% 

S t a t i s t i c a l comparison of seed imprint weights 

Seed Type 

Tic Df d p R Df d p R Df d p R 

0-M 197.0 3.06 <0.01 0 "> M 197.6 1,19 >0.1 NS 192.6 1,40 >0.1 MS 

0 - 2 195.5 2.22 <0.05 S > 0 193,0 2.82 <0,01 S > 0 198,2 0.56 >0.1 NS 

M - S 192,1 5.21 <0,001 S > M 194.5 1,95 >0,05 NS 198,1 0,88 >0.1 NS 

Throws 

0-M 94,4 3.67 <0.001 M > 0 73,8 5.43 <0,001 M > 0 64.5 5.33 <0.001 M > 0 

0 - S "75.8- 3,90 <0.001 S > 0 98,2 11,00 <0,001 S > 0 81,4 " 7.36 <0.001 S > 0 

M-S 67,5 1,72 >0.05 NS 87.5 3,50 <0,001 S >M 57.0 4,23 <0,001 S > M 
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:3.4.2 Seed germination and ecesis 

Method 

A comparison of the rate of germination of the 0, M and S Tic 

seeds was made, using (1) moist f i l t e r papers i n Petri dishes i n the 

laboratory, and (2) s o i l from the top 15 cms of the f i e l d s of the Organic 

and Stockless section farms, i n flower pots i n the greenhouse. The seedling 

performance (ecesis) during the f i r s t week i n the pots was investigated. In 

addition, the effect of three concentrations of potassium n i t r a t e upon 

germination i n the Pe t r i dishes was determined. 

A number of seeds of each type were randomly selected from the 

store and were imbibed i n d i s t i l l e d water for 48 hours. Ten bean seeds 

were placed on a moist f i l t e r paper i n a Petri dish, which was kept i n the 

dark, at room temperature f o r a week. Ten replicate dishes of each imprint 

type were made, and 5 mis of. d i s t i l l e d water were added to the dishes once 

every two days. A further ten replicates of each imprint type were made 

for each of the three concentrations of potassium n i t r a t e solution. The 

imbibed seeds were placed at the rate of three seeds per 10 cm diameter 

flower pot, on the surface of s o i l from the Organic and Stockless sections, 

with nine replicates per seed type on each s o i l . The pots were covered 

with black polythene sheeting i n a greenhouse and were watered with d i s t i l l e d 

water every second day. A l l these treatments were examined daily, when the 

percentage germination, and the lengths of the radicle and plumule, were 

recorded. 

Results 

The results are presented i n Table 3-2 and are drawn on Graphs 

3-1, 3-2 and 3-3. 



Table 3-2(1) 

The germination of Vicia faba seeds 

(1) Germination in Water 7 % germination (%G). Mean plumule (P) and radicle (R) 
lengths in millimetres, with 

Seed Type 

standard errors 

Tic 0 Tic M Tic S 

Time %G R P R , • R • P 
(days) •-• 

1 77.0 • 2.0±0.1 - 68.0 5.0±0.2 - . 6.0 •;• • -
2 98.5 6.0+0.2 95.5 6.0+0.2 - 42.0 4.0i0.3 -
3 99.5 11.0±0.5 - 98.5 9,0+0.6 - 74.5 5.0+0.3 -
« 99.5 17.0+0.8 7.0±0.7 98.5 12.0+0.6 6.0i0.5 78.0 6.0+0.3 -
5 99.5 21.0±0.9 12.0+0.6 98.5 16.Oil.3 9.0i0.7 81.0 7.0i0.6 -
6 99.5 23.0±1.0 15,0±2.0 98.5 18.Oil.1 11.0+1.2 81.0 8.0+0.4 2.0+0.4 

7 99.5 28.Oil.0 19.0+1.0 98.5 20.0+1.7 13.Oil.4 81.0 9.0i0.4 3.0i0.4 

Seed Type 

Time and 
Treatment 

2 days^ 

Water 

0.1% KNO3 

1.0% " 

10.0% " 

4 days 

Water 

0.1% KNOj-

1.0% " 

10.0% " . 

(2) Germination in Potassium nitrate 

Tic 0 Tic M 

%G 

98.5 

93.0 

90.0 

3.0 

99.5 

100.0 

100.0 

5.0 

6.0i0.2 

4.0+0.1 

3.0+0.2 

0.0 

P %G 

95.5 6.0i0.2 

98.0 4.0+0.1 

95.0 3.0i0.1 

10.0 l.OiO.l 

Tic S 

%G R 

42.0 4.0+0.2 

13.0 2.0+0.1 

15.0 2.0i0.1 

3.0 0.0 

17.0±0.8 8.0+1.3 98.5 14.0i2.2 6 . 0 i l . l 78.0 6,0+0.7 

12.0+1.6 6.0+1,9 100.0 11.Oil.3 3.0+0.7 60.0_ 5.0+0.8 

13.Oil.4 6.0+1.9 95.0 ll.OiO.8 3.0+0.9 68.0 7.0i0.9 

0.0 - 13.0 4,0+0.6 - 3.0 0.0 



Table 3-2(2) 

The germination of Viaia faba seeds 

(3) Germination in s o i l . 

Seed type Tic 0 Tic M ' Tic S 

Time (days) 

and Soil type I G R -

0 Soil 2 96.0 4,8+0.5 - 96,0 . 5,0±0,6 - 37,0 1,6+0,3 

4 100.0 48.0±5.0 13.0+2.0 100.0 32.0+5.0 10,0+3.0 92,0 17,0±4,0 -

6 100.0 96.0+6.0 42.0+4.0 100,0 78.0±7.0 37.0+4,0 92,0 19,0+4.0 20.0+3.0 

S Soil • 

2 96,0 7,0+0.6 - 96,0 5,1+0.5 - 26,0 1,9+0.5 

4 100.0 50.0±5.0 11,0+3,0 100.0 40,0+6,0 9,0+2,0 81,0 20,0+3,0 

6 100.0 102,0±8,0 . 37,0+4,5 100,0 88.0±8,0 30,0+3,0 81,0 21,0+3,0 14.0+3.0 

.(4) Dry weight of 7 day seedlings (weight in grammes) 

Seed type Tic 0 Tic M Tic S 

Dry wt, Wt, change Dry wt. Wt. change Dry wt, Wt. change 
Substrate seedling in 7 days seedling in 7 days seedling in 7 days 

Water 0,696 +0,081 0.652 +0,092 0,613 -0.046 

0 s o i l 0,543 -0,072 0,549 -0,011 0.680 +0,021 

S s o i l 0.491 -0.124 0,524 -0,036 0.612 - -0,047 



Seed Germination and Early Growth 

Graph 3-1 Rate of Germinat ion 
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Discussion 

Text tables (1) and (3), and graph 3-1 demonstrate that the rate 

and percentage of germination of 0 and M seeds was much greater than that 

of S seeds, both i n water and on 0 and S s o i l . The influence of s o i l 

type showed no effect upon the success of germination of 0 and M seeds, 

but f o r S seeds a small difference was exhibited, so that the percentage 

germination was better on 0 s o i l than S s o i l . Table (1) and Graph 3-2 

show that the rate of growth of the radicle and plumule of seeds grown i n 

water, followed the pattern 0 > M > S, as shown f o r the percentage germ­

ina t i o n against time. The radicle and plumule of germinating 0 and M • 

imprint types were measurable at the same time (day 0 and day 3 respectively), 

but those of S seeds appeared 1 - 2 days l a t e r . On both water and s o i l 

substrates,the S seeds frequently became smothered with fungal hyphae and 

the t i p s of the radicles tended to wither before the i n i t i a t i o n of the 

plumule. Thus on Table (4), 0 and M seeds both showed an increase i n 

weight in*water, but a decrease on s o i l , whereas S seeds lost weight i n 

water and gained weight on the Organic s o i l due to the action of the fungus. 

The greater loss of weight by a l l imprint types on the Stockless s o i l 

correlated with the greater growth of the radicles on that s o i l , as shown 

on Table (3). However a l l seeds showed the greatest rate of plumule 

growth on the Organic s o i l . This apparent influence of s o i l type upon 

germination i s summarized i n Graph 3-3, but none of the differences within 

lany imprint type were s i g n i f i c a n t at the 95% l e v e l . 

The germination of seeds i n potassium n i t r a t e solution was 

investigated because i t has been suggested (McEwen 1970) that the addition 

of n i t r a t e s to a bean f i e l d may enhance plant yields, but that the presence 

of nitrogen when sowing may reduce germination. Upon the i n i t i a l applic­

ation of such f e r t i l i z e r , high local concentrations of t h i s very soluble 
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ion would exist around the seeds. This test showed that only the highest 

concentration (10% KNÔ ) s i g n i f i c a n t l y reduced the percentage of successful 

germination by a l l seed imprint types, but that a l l concentrations tended 

to reduce the rate of growth of the radicle and plumule. Subsequent to 

th i s research, i t was found by Welch et a l . "(1973) that high nitrogen 

levels i n the s o i l r e s t r i c t e d the germination of Glycine. 

Conclusions 

The only differences observed were that the Tic S seeds were 

darker i n colour, and exhibited poorer germination and growth i n the f i r s t 

week, than the Tic 0 and M imprinted seeds. These differences may have been 

caused by a genuine physiological v a r i a t i o n between the seed imprint types, 

but i t was more probable that t h i s was purely the result of a longer storage 

time f o r S seeds. Garner and Sanders (1935) referred to the common practice 

of using old f i e l d bean seeds for sowing. They, too, found a reduction i n 

the rate of germination with increasing age, but they suggested that the 

climat i c conditions pr e v a i l i n g at the time of harvesting controls the sub­

sequent germination, more than seed age. The S seeds of both Tic and 

Throws v a r i e t i e s were heavier than those imprinted on the 0 and M sections. 

Although t h i s could have been due to the length of storage time for Tic 

seeds, a l l Throws seeds were of the same storage age. Thus the difference 

i n Tic weights may indicate a change brought about by imprinting. The only 

e f f e c t of the s o i l type on the performance of the seedlings was the d i f f e r ­

e n t i a l rate of extension of the plumule and radicle, but t h i s was not stat ­

i s t i c a l l y s i g n i f i c a n t . 
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:3.5 Greenhouse Pot Experiment 
:3.5.1 Aim 

During the winter of 1970-71 a ten week pot t r i a l was conducted 

i n a Dutch l i g h t greenhouse i n Durham i n order :-

(1) To determine whether the imprint type, or s o i l used, influenced the 

growth of the Viaia faba plants over a longer period than was used 

for the germination studies; 

(2) To provide plant material f o r testing the proposed chemical analysis 

methods; 

(3) To provide growth data to test the Hughes Freeman computer programme. 

:3.5.2 Method 

The Tic seeds of each imprint type were sown at the rate of three 

seeds per 10 cm diameter pot, separately i n s o i l from the Organic and Stock­

less farms at Haughley. F i f t y - f o u r replicates of each treatment were 

arranged w i t h i n nine 6 x 6 Latin squares (as described i n the Appendix) i n 

the greenhouse, where conditions of l i g h t and temperature were maintained as 

constantly as possible. Small samples of three plants per treatment were ' 

harvested at random, at frequent in t e r v a l s , during the ten week period. 

Measurements of shoot length, leaf area and t o t a l dry weight were made on 

each plant p r i o r to chemical analysis (see Section 4). 

:3.5.3 Results 

The raw data sho^Ti on Table A5 demonstrate that when there was 

only a small population of t r i a l plants, from which small samples were drawn, 

destructive sampling, as was practised i n t h i s project, encouraged any over­

a l l trends to be masked by the great v a r i a b i l i t y within the population. I t 

was not possible to trace the development of one particular plant throughout 

the experiment, and consequently the gradual increase i n shoot length, leaf. 



115 

area and dry weight values incorporated many fluctuations within each 

imprint type. Thus comparison between plant or s o i l types using only 

the raw growth data would prove very d i f f i c u l t . 

To overcome t h i s problem the Hughes-Freeman computer growth 

analysis progranmie was used, which f i t t e d curves to the changing Log Weight 

and Log Area for the plants i n each treatment, and hence calculated the 

Leaf Area Ratio (LAR), Net Assimilation Rate (NAR) and the Relative Growth 

Rate (RGR). The f i t t e d data are presented i n Tables A6(l) and (2). The 

standard errors shown i n the tables, and the graphs 3-4, 3-5, 3-6 are 

those calculated between the actual growth curves and the f i t t e d curves. 

The re s u l t s of the growth analysis thus enabled the comparison of :-

(1) three plant types on one s o i l - effect of plant type on growth 

(2) each plant type on two soi l s - effect of s o i l type on growth 

The graphs demonstrate that the volume of s o i l and conditions of l i g h t were 

not s u f f i c i e n t to allow normal growth of the plants beyond day 65, except 

for S plants i n 0 s o i l . After that time, the plants became progressively 

e t i o l a t e d and the leaves shrivelled, and the experiment was thus terminated 

at ten weeks. There were several shortcomings of the greenhouse experiment 
which i t was thought would l i m i t the v a l i d i t y of the results v;ith regard to 

predicting performance under f i e l d conditions. The main limitations were :• 

(1) The length of the t r i a l was very short compared with a normal f i e l d 

season, thus the influence of imprinting upon plant development to 

maturity,could not be estimated. 

(2) The competition for water and nutrients was greater than i n the 

f i e l d due to a very small permitted rooting volume. 

(3) The soi l s were homogenized pri o r to the experiment which would have 

destroyed much of the natural s o i l structure. The soils were 
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removed from the f i e l d s i n November when a f u l l year's crop had 

already been grown on these sections subsequent to the application 

of manure and f e r t i l i z e r s . 

(4) The day length and temperature could not be constantly maintained 

due to several power cuts. 

:3.5.4 Discussion 

.4-1 From the actual raw data as measured : (where capital l e t t e r s indicate 
plant type, lower case s o i l 
type) 

(1) Short length Oo > Os; Mo = Ms; So < Ss 

(2) Leaf area - effect of plant type - on organic s o i l S > M > 0 
was not consistent 

- on Stockless s o i l M > S > 0 

- effect of s o i l type Oo > Os; Mo < Ms; So = Ss 

(3) . Dry weight - effect of plant type - on organic s o i l 0 = S > M 

was not consistent 

» - on Stockless s o i l S > M > 0 

- effect of s o i l type Oo > Os; Mo < Ms; So = Ss 

Although overall trends are d i f f i c u l t to compare or determine from 

the raw growth data, w i t h i n a single s o i l type, S or M seeds appeared to grow 

better than 0 seeds. The effe c t of the s o i l type was that 0 plants grew 

best on t h e i r own s o i l , but M and S plants grew equally well on both s o i l s , 

or s l i g h t l y better on Stockless s o i l . The s o i l type affected both leaf 

area and plant dry weight according to the same pattern. 

.4-2 Using the f i t t e d growth data from the computer programme 

Once the raw data have been processed by the computer programme, 

the f i t t e d curves of the seed and s o i l types can be s t a t i s t i c a l l y compared. 

This can be done for the whole experiment using analysis of variance on 

the printed out regression equations. Additionally Hughes and Freeman (1967) 
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stated that a direct comparison can be made between the f i t t e d values at 

any given time, using the calculated standard errors to test for the 

significance of any difference between treatments. The degrees of freedom 

are taken from the regression equations, and the figure found by dividing 

the difference between any two f i t t e d values", by the difference of t h e i r 

standard errors, can be treated as a normal deviate, i.e. 

F i t t e d value - F i t t e d Value. 
2 2 SE^ . SÊ  

The f i t t e d curves for the f i v e parameters have been drawn on 

Graphs 3-4, 3-5, 3-6. These demonstrate well the recession of growth 

which set i n at the 58th day of the experiment (except i n Stockless plants 

on the Organic s o i l ) , probably induced by the overcrowding of the plants i n 

small flower pots. The only differences which were found to be s t a t i s t i c ­

a l l y s i g n i f i c a n t by the above described method of direct comparison of the 

curves, appear i n Table 3-3. 

Due to the degree of s i m i l a r i t y between the f i t t e d growth curves 

for most of the duration of t h i s experiment, shown v i s u a l l y by the graphs 

and s t a t i s t i c a l l y by the dir e c t comparison method, the very computer-time-

consuming process of the analysis of variance of the printed out regression 

equations was omitted. 
In the discussion of the results of the s t a t i s t i c a l comparison 

shown on the previous table, the value of p = <0.1 i s considered to 

indicate a trend towards a s i g n i f i c a n t difference between treatments. 

4-2(1) Effect of plant imprint type on growth 

0 v M - except at the end of the ten week period when the f i t t e d 

log dry weight values were 0 > M, on both soils wherever there was a 

s i g n i f i c a n t difference i n f i t t e d growth parameters M > 0. These d i f f e r ­

ences tended to occur towards the beginning of the experiment on S s o i l , 
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Table 3-3 

Age of p l a n t s at which the d i f f e r e n c e s between the growth of the imprint 

types were s i g n i f i c a n t (Greenhouse T r i a l ) 

(-) = no s i g n i f i c a n t d i f f e r e n c e 

Result considered to be s i g n i f i c a n t when p = <0.1 

P l a n t types 
Compared 0 V M 0 V S M V S 

Growth parameter 
and S o i l type 

Age 
(days) 

P 
Value 

- S i g n i f . 
r e s u l t 

Age 
(days) 

P 
Value 

S i g n i f . 
r e s u l t 

Age 
(days) 

P 
value 

S i g n i f . 
r e s u l t 

F Log Wt ^ - • 

0 s o i l 65-73 <0.05 0 > H - - - 12-19 

65-73 

<0.1 

<0.05 

S > M 

S > K 

S s o i l 51-54 <0.1 M > 0 - - - - -

F Log Area • -

0 s o i l 65 <0.1 M > 0 9-16 <0.01 0 > S 9-16 <0.001 H > S 

73 <0.01 M > 0 73 <0.05 S > 0 19 <0.1 M > S 

S s o i l 26-29 <0.1 M > 0 . 9-16 <o.ooi • 0 > s 9-12 <0.001 M > S 

19 <0.05 0 > s 16-19 <0.05 M > S 

LAR 

0 s o i l 65-73 <0.01 M > 0 12-16 <0.05 0 > s 9-19 <0.01 M > S 

S s o i l 19-45 <0.1 M > 0 9-19 <0.01 0 > s 9-19 <0.001 M> S 

• — 23 <0.02 M > S 

MR 

0 s o i l - - - - - - 26-29 

65-73 . 

<0.05 

<0.05 

M > S 

S > M 

S s o i l •- - - - - . - - -

RGR 

0 s o i l - - - - - - 23-26 
58-73 

<0.05 
<0.05 

M > S 
S > M 

S s o i l 26-29 <0.1 M > 0 
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but towards the end of the period on the Organic s o i l . Differences 

were ra r e l y s i g n i f i c a n t at less than p = 0.1 and therefore may have been 

e n t i r e l y due to the v a r i a b i l i t y w i t h i n a single population. 

0 V S - the only s i g n i f i c a n t differences shown,concerned the leaf 

area parameters where 0 > S s i g n i f i c a n t to p = <0.05,was the main trend. 

M V S - apart from differences of leaf area, the only s i g n i f i c a n t 

differences between these plant types occurred on the Organic s o i l , but 

the trend f o r a l l growth parameters was M > S except at the end of the 
experiment when S > M. 

.4-2(2) Effect of s o i l type on growth 

The growth of the three plant imprint types was more variable 

upon the Organic s o i l , but the only differences which were s t a t i s t i c a l l y 

s i g n i f i c a n t are shown below :-

0 plants on 0 and S s o i l - differences only occurred at age of 58-73 days 

when growth on S s o i l > 0 s o i l for F. Log Area and LAR^but growth on 0 s o i l 

> S s o i l for F. Log Weight (p = <0.01). 

M plants on 0 and S s o i l - only s i g n i f i c a n t difference was shown for F. Log 

Weight where growth on S s o i l > 0 s o i l at day 65,but only to p = <0.1. 

S plants on 0 and S s o i l - despite the continued growth of S plants on 0 s o i l 

a f t e r day 58,the f i t t e d curves show no s t a t i s t i c a l l y s i g n i f i c a n t effect of 
s o i l type,for any of the growth parameters calculated. 

:3.5.5 Conclusions from the Greenhouse T r i a l 

The use of the computer growth prograirane enabled the s t a t i s t i c a l 

comparison of the effec t of various treatments upon the growth of Vicia faba 

plants, even when very small samples were harvested. The results of the 

computer analysis agreed with the observations made upon the raw data, but 

by removing the i r r e g u l a r i t i e s i n the measured values, revealed the true 

differences where these occurred. 
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From the results obtained, i t appeared that where s i g n i f i c a n t 

differences were caused by plant imprint or s o i l type, these were only 

evident f o r a short part of the ten week period. Where differences 

occurred between plant imprint types, they followed the pattern M > 0 > S, 

except towards the end of the experiment when 0 > S > M,due to the greater 

s e n s i t i v i t y of the M plants to the poor growth conditions. The results 

may indicate that some changes i n the growth response had been brought 

about by the imprinting of seeds during the t h i r t y year period. I f 

imprinting was responsible f o r the observed differences, this would support 

the statements made by Thompson (1937) who showed that the a v a i l a b i l i t y of 

s o i l n u t rients to the parent plant (Laotuca sativa) at the time of seed 

maturation,affected seed y i e l d and subsequently affected the physiological 

behaviour and growth of the seeds. For several growth parameters there 

were indications that the organically imprinted seeds grew best on the 

Organic s o i l , whilst the Mixed and Stockless imprinted seeds grew better 

on the Stockless s o i l , but t h i s experiment involved too many l i m i t a t i o n s 

to allow f i r m conclusions to be made. The experiment needed repeating on 

a f i e l d scale for the durat,rion of a whole season, to determine whether or 

not these results would be found when the crop was growing under the normal 

a g r i c u l t u r a l conditions - indicating that actual physiological evolution 

had taken place. 

Where the s o i l type showed any s i g n i f i c a n t e f f e c t , growth of a l l 

plant types on the Organic s o i l tended to be more variable than on the 

Stockless s o i l , which may have been due to the more uneven d i s t r i b u t i o n of 

nutrients i n the former s o i l (see Section 1). The s o i l type only exerted 

influence over plant growth towards the end of the ten week period, 

especially upon the organically imprinted type. 
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3:3.6 1971 Field T r i a l 

:3.6.1 Aims 

(1) To determine whether the differences i n growth between 

seed imprint types indicated by the greenhouse t r i a l were exhibited under 

f i e l d conditions,over an entire growing season at Haughley. This to 

determine whether imprinting had caused any physiological evolution within 

Vicia faba, f i t t i n g each imprint type to optimum growth upon i t s own farm 

management section. 

(2) To determine the response, as measured by the y i e l d and the 

growth parameters previously described, of each imprint type to increased 

rates of a r t i f i c i a l f e r t i l i z e r . (The account concerning y i e l d response 

can be found i n Section 3:3.9.) 

:3.6..2 Method 

Latin squares of small subplots 1.2 metres square were l a i d i n 

the Organic and Stockless f i e l d s (Lower Wassicks South and Road f i e l d , 
respectively) as shown i n the Appendix, to give a random separation of the 

plant types used. In the Stockless f i e l d three blocks were used, one for 

each le v e l of f e r t i l i z e r applied :-

NF : no f e r t i l i z e r applied to s o i l 

3F : 375 Kg/ha Shellstar No. 3, a 10:25:25 NPK f e r t i l i z e r 

designed for f i e l d beans 

6F : 625 Kg/ha Shellstar No, 3 

The additional f e r t i l i z e r s were applied to the plots at the time 

of sowing of the seeds. The seeds used i n this experiment vjere Vicia faba 

var. Tic and var. Throws, of imprint types 0, M, S. In both f i e l d s there 

were three or four replicate plots of each Tic imprint, but only one plot 

f o r each Throws imprint. The plots were so\m with seed at the normal 

density f o r Vicia faba, which was 27 plants per square metre. 



Section 3 : Plate 1 

The early growth of the Vicia faba plants. 

(1) The appearance of the plants 7 weeks after sowing 

(2) The state of growth found af t e r 12 weeks 
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The growth of the plants was determined by random sampling of 

the plots at f o r t n i g h t l y intervals throughout the growing season, 

harvesting three plants for each treatment and imprint type. The plants 

were washed, measured and dried as described for the greenhouse t r i a l , 

p r i o r to chemical analysis (see Section 4). The data were subjected to 

the Hughes-Freeman computer growth analysis so that the f i t t e d curves of 

the six plant imprint and variety types,growing on the four nutrient levels,-

could be d i r e c t l y compared. 

:3.6.3 Results 

The comparison of the growth of the plants growing on the Organic 

and Stockless section was made more d i f f i c u l t because the f i r s t sowing of 

the bean seeds on the former section was completely devoured by rooks. 

By the time t h i s f i e l d has been resown, f i v e weeks had elapsed since the 

sowing of the Stockless f i e l d . Due to the lat e r planting, growth on the 

Organic section tended to be faster than normal, so that the plants of both 

sections were f i n a l l y harvested,bearing ripe seeds,on the same calendar date, 

at the ages of 24 weeks (S) and 19 weeks (0). In addition to any differences 

of growth being possibly caused by natural population v a r i a b i l i t y , imprint 

type, or farm management, t h i s shortened growth cycle also had a profound 

ef f e c t upon the plants' performance. A preliminary discussion considering 

the raw growth data as measured,is followed by a description of the results 

derived from the computer growth programme. The raw data are presented on 

Table 3-4 i n the t e x t , the f i t t e d data on Tables A7(l-3) and on Graphs 3-7 

to 3-11 i n the tex t . 

:3.6.4 Discussion 

.4-1 Raw growth data 

The treatments and plant types were compared with respect to the 

age at which the maximum growth was attained, and the magnitude of the 

maxima. 
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(1) The maxima of shoot length, leaf area and dry weight on Table 3-4 

are underlined, and from t h i s i t can be seen that neither the treatment 

nor plant type had much influence upon the age at which these maxima 

occurred. The most important age of the plants with reference to these 

c r i t e r i a was week 18. The rapid senescence"after that age was evident 

by the reduction of leaf area, the foreshortening of the stem due to apical 

death, and the decrease i n dry weight of the whole plant, despite the 

increasing weight of the developing seeds. 

(2) Within the Stockless section,the maximum shoot length and dry weight 

occurred at the age of 18-21 weeks for a l l plant imprint types, for both 

v a r i e t i e s , and at a l l rates of f e r t i l i z e r application. Maximum leaf area 

tended to occur s l i g h t l y e a r l i e r . The only apparent effect of the d i f f e r ­

ent f e r t i l i z e r treatments upon the timing of the maxima was found for four 

plant types (Tic M, Throw 0, M, S), whereby increasing the f e r t i l i z e r rate 

from NF to 6F enabled the attainment of maximum shoot length three weeks 

e a r l i e r . Similarly f o r maximum leaf area, increasing the f e r t i l i z e r 

application rate from NF to 6F enabled Tic M, Tic S and Throws S plants to 

achieve the maximum four weeks e a r l i e r . 

(3) Within the Organic section there was much more varia t i o n i n the timing 

of the maxima, but there appeared to be no clear relationship between the age 

of attainment and the imprint type. Due to a reduced growing season, the 

maximum shoot length and dry weight were not attained u n t i l the f i n a l or 

penultimate harvest. 

(4) Despite the time lag between the two farm management sections, the 

maximum leaf area occurred at the same calendar time on both, although the 

maxima of dry weight and shoot length occurred at d i f f e r e n t calendar times 

(the same plant age). 
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(5) A l l plant types on a l l treatments achieved the stage of maximum 

flowering at the same calendar time (18th June 1971). This agreed with 

the results of McEwen (1970) who found that flowering dates of Viciix faba 

were unaffected by varying the rates of f e r t i l i z e r application. By an 

accelerated growth i n higher temperatures and longer photoperiods, a l l the 

plant types on the Organic section caught up i n development with the plants 

which had been sown e a r l i e r on the Stockless section. 

(6) Probably due to the shorter growing season, a l l the imprints on the 

Organic section reached s i g n i f i c a n t l y lower maximum shoot lengths, leaf 

areas and t o t a l dry weights, than the same imprint tjrpes on the Stockless 

treatments. The magnitude of the maxima of a l l three measurements for 

both plant v a r i e t i e s was broadly equivalent on the Stockless section, but 

on the Organic section the Throws variety showed much less growth than the 

Tic v a r i e t y - the former v a r i e t y being more affected by the shorter growing 

season. 

(7) Tnere was no consistent nor s i g n i f i c a n t effect of imprint type upon 

the growth performance,as measured by short length, leaf area or dry weight, 

shown under any of the treatments used. 

(8) There was no consistent nor s i g n i f i c a n t effect of treatment upon the 

growth performance of any of the plant imprint types grown, which could not 

be explained by a difference i n planting dates. 

Conclusions from the raw growth data 

Without the use of s t a t i s t i c a l analysis the trends i d e n t i f i e d 

by considering the raw growth data were :-

(1) The farm management o r i g i n of each plant imprint type had 

not affected the growth potential of Viaia faba plants for any treatment 

given. 
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(2) No consistent effect of increased nutrient a v a i l a b i l i t y 

was exhibited by the growth of any plant imprint type. 

(3) The timing of the maximum leaf area and maximum flowering 

were controlled by day length and temperature, whereas attainment of 

maximum shoot length and dry weight may have'been determined more by the 

age of the plant. 

.4-2 F i t t e d growth data 

Graphs have been drawn for the growth indices i n order that a 

visual comparison of the growth of plant types on the various treatments 

can be made. Each point on the f i t t e d curves was then compared s t a t i s t i c ­

a l l y between treatments and plant types, as previously described, i n order 

to determine the net effec t of these on plant growth. Because of the l a t e r 

sowing on the Organic f i e l d , the f i t t e d growth curves of the plants on the 

two sections were compared, using the age of the plants ( i n weeks) as the 

x axis on the graphs, rather than calendar time. The effect of the twenty 
Ik 

four combinations of plant type and nutrient treatment are discussed i n 

turn,for each of the f i t t e d growth indices. 
.4-2.1 F i t t e d Log Dry Weight - (Log grammes) - Graph 3-7 

(1) Due to the very close s i m i l a r i t y of the f i t t e d curves 

produced by the computer analysis,for the progress of the Log Dry Weight 

of the plants during the season, these can only be drawn i f they are 

resolved in t o a t o t a l of four lines. Thus one curve accurately represents 

the Log Dry Weight of a l l six imprint types,growing under a l l three levels 

of f e r t i l i z e r application,on the Stockless f i e l d . The only divergence 

occurred at the age of 3-5 weeks ( s i g n i f i c a n t to p = <0.05) and 21-26 weeks 

(not s i g n i f i c a n t ) when the Tic and Throws lines d i f f e r e d , due to a s i g n i f i c ­

antly l i g h t e r seed weight i n the l a t t e r variety. The level of f e r t i l i z e r 
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applied had no s i g n i f i c a n t effect upon the gain i n dry weight of any 

imprint type during the entire season. Similarly on the Organic f i e l d , 

two curves suffice on the graph, one for each Vicia faba variety, and 

again these were only s i g n i f i c a n t l y d i f f e r e n t at weeks 3-5 (p = <0.02). 

(2) On neither farm sections used" did the imprint types show any 

influence upon the gain i n dry weight of the plants, with the exception of 

Tic 0 on the Organic f i e l d at 19 weeks,where the. dry weight did not f a l l , 
but t h i s example was not s i g n i f i c a n t l y d i f f e r e n t (at the 95% confidence 

level) from M and S plants. 

(3) The only s i g n i f i c a n t difference between the plants on the 

Organic and Stockless f i e l d s was that those on the former section attained 

a lower maximum dry weight,(to p = <0.01), than those on the l a t t e r , due to 

the shorter time available for growth. Even so, the dry weights at the 

f i n a l harvest did not d i f f e r s i g n i f i c a n t l y between the management types. 

(4) A l l plant types on both f i e l d s tended to a t t a i n maximum 

f i t t e d drv x^eight at the same calendar time. 

.4-2.2 F i t t e d Log Leaf Area - (Log square centimetres) - Graph 3-8 

In order to c l a r i f y the differences between the development of 

leaf area of plants on the Organic and Stockless f i e l d s , the f i t t e d curves 

for these sections were drawn separately. 

(1) Stockless f i e l d 

Two f i t t e d curves accurately represent the course of leaf 

area development over the season for the 18 combinations of plant type and 

f e r t i l i z e r treatment. The graph demonstrates a sl i g h t difference i n response 

by the plant imprint types to the three levels of f e r t i l i z e r , but these did 

not segregate out according to variety. Curvej_ depicts the development of 

the leaf area of the plants growing mainly on the higher levels of f e r t i l i z e r . 



126 

although the response to NF and 6F appeared to be i d e n t i c a l for Tic M, 

Throv7S M and Throws S. The maximum leaf area was s l i g h t l y higher, and 

was ; attained three weeks l a t e r than on the lower f e r t i l i z e r levels. The 

difference was maintained throughout the l a t t e r half of the growing season. 

Curve i i shows the pattern of development followed,mainly by the 

plants growing on lower levels of f e r t i l i z e r , although Tic 0 followed this 

course f o r a l l levels of f e r t i l i z e r , and Tic M was not represented at a l l 

by t h i s l i n e . 

Thus on the Stockless f i e l d there was some indication of 

d i f f e r i n g responses by the three plant imprint types, p a r t i c u l a r l y between 

Tic 0 and Tic M, and Throws 0 and Throws M, but none of these differences 

were s i g n i f i c a n t at the 95% confidence level. 

(2) Organic f i e l d 

The development of the leaf area of f i v e imprints was 

i d e n t i c a l , and can therefore be accurately represented by the single curve 

I I I , Only Tic S diverged from t h i s pattern (shown by curve IV), whereby 

the development to a t t a i n the maximum leaf area was much more rapid, so 

that a s l i g h t l y lower maxim'um was achieved f i v e weeks e a r l i e r than sho\m. 

by the other plants,on the Organic f i e l d . The curves I I I and IV only 

d i f f e r e d s i g n i f i c a n t l y (p = <0.05) at week 16, because Tic S demonstrated 
an e a r l i e r senescence. 

(3) Apart from Tic S, a l l imprint types achieved the same 

maximum leaf area,at the same age,on both management sections. The only 

s i g n i f i c a n t difference between the development of leaf area on the Organic 

and Stockless treatments was that areas were greater (p = <0.05) on the 

former section, for the f i r s t seven weeks of the experiment - due to 

faster growth by l a t e r sown seeds. 
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.4-2.3 Leaf Area Ratio = increase i n leaf area according to dry weight 

of plant (square centimetres/gramme dry weight). 

(Graph 3-9) 

The pattern of development of the LAR with age,differed markedly on the two 
farm sections, therefore the graphs were again drawn and discussed separately. 

(1) Stockless f i e l d 

A single curve IV can be drawn to accurately represent the 

progress of change of the LAR for a l l three Throws imprints,growing on a l l 

f e r t i l i z e r levels. For these plants, neither increasing the a v a i l a b i l i t y 

of n u t r i e n t s , nor the previous one year of imprinting, influenced the leaf 

area developed per gramme t o t a l dry weight of the plant. For most of the 

season a second curve I adequately represents the pattern of LAR for a l l 

imprint -types of the Tic variety, but the maximum LAR achieved differed i n 

magnitude and timing for each type. Thus the maxima for Tic 0 ( I ) and 

Tic S ( I I ) were very similar and occurred at week 8, whilst that for 

Tic M ( I I I ) coincided with that of the Throws plants and occurred at week 7. 

The le v e l of f e r t i l i z e r applied had no influence over the LAR response by 

any plant type. None of the maxima were s i g n i f i c a n t l y d i f f e r e n t . 

(2) Organic f i e l d 

Corresponding to the difference exhibited by Tic S i n terms 

of f i t t e d Log Leaf Area, the progress of LAR of t h i s imprint type showed a 

marked v a r i a t i o n from the course exhibited by the other f i v e types, 

p a r t i c u l a r l y with regard to the maximum achieved. The LAR variation with 

time, f o r Tic 0 and Tic M, was i d e n t i c a l , but much lower than for Tic S 

except for weeks.3-5, 13-19, when a l l three followed the same course. As 

on the Stockless section, the effe c t of imprinting on Throws 0, M, S, 

showed no influence at a l l on the LAR produced on the Organic section. 



"TO 

I 
s: 
§ o 
O 
c e o 

TO 
a: 

I 
CO 

•% 
(v 6: 

5 
d CO 
o o 

CO 

d 
o 

v ^ ^ 

\ 

CO 
5 
6 
o 

d « s 
O (J u 
£ p p 

\ \ 
<3 

0) 



128 

(3) Comparing the graphs of LAR from the Organic and Stockless 

section 

The magnitude of LAR for Throws plants after week 6 showed 

no differences between the sections, although before that age there was 

great v a r i a t i o n between the management types. The Tic variety plants had 

much higher LARs throughout the growing season on the Organic section, which 

may have been due to the l a t e r planting. As the Throws variety showed 

l i t t l e difference between management sections, i t i s possible that the 

difference observed i n the Tic plants was due to the effect of the Organic 

s o i l . As a result of l a t e r planting, or a farm management e f f e c t . Tic 

plants on the Organic section achieved maximum LAR at the same age as the 

Stockless grown plants, whereas Throws plants achieved their maximum f i v e 

weeks e a r l i e r , corresponding to the same calendar time as the Stockless 

plants. . A l l plant types on both sections achieved one-half pre-maximum 

LAR at 4-5 weeks of age, and one-half post-maximum LAR at 12-14 weeks of age. 

.4-2.4 Net Assimilation Rate - increase i n weight i n grammes/square 

centimetre leaf area/week (Graph 3-10) 

(1) At the beginning of the season, leaf area increased more 

rapidly than dry weight, causing a f a l l i n the curves on the Stockless graph, 

but d e v e l o p m e n t was so much more rapid on the Organic section that t h i s 

stage had been passed, by the f i r s t sampling date (3 weeks of age). During 

the mid-section of the growing season the dry weight and leaf area of the 

plants increased together,so that there was no net change i n the value of 

NAR. After week 18,senescence rapidly caused a reduction of leaf area to 

zero, and t o t a l dry weight decreased s l i g h t l y too. 

The graphs of the change i n NAR with season, fo r the Organic and 

Stockless plants, were dram separately to show the faster i n i t i a l develop­

ment and e a r l i e r senescence on the former section, due to later sovzing of 

the seed. 
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(2) On the Stockless graph,the several curves demonstrate that 

the progress of NAR through the season varied s l i g h t l y between weeks 3-5 

and 18-24, depending on imprint type and f e r t i l i z e r treatment, but these 

did not segregate out int o any clear pattern. The differences exhibited 

between treatments during maximum growth at the beginning of the season, 

were not the same as those ex i s t i n g during senescence. In an examination 

of the groupings of imprint types on the NAR graphs, i t was interesting to 

f i n d that the Throws var i e t y plants nearly always separated out i n the 

opposite way to the Tic variety. Thus :-

Tic Throws 

Week 3-5 NF O E S > M O E S < M 

3F 0 > M > S 0 5 S > M 

6F 0 > S > M O H M H S 

Week 18-24 NF M > O E S M < O E S 

3F M > O E S M < O E S 

6F M > O E S M < O E S 

But the imprint types 0 and S,from the two most opposite farm management 

treatments,tended to respond i n the same way together, especially during 

senescence. 

(3) As previously found for other growth indices, the Tic S 

plants were the only imprint type to diverge i n the course of the NAR 

development during the season on the Organic section, but the extent of 

this divergence was not s i g n i f i c a n t . A l l f i v e other imprint types co­

incided i n t h e i r NAR values exactly. 

.4-2.5 Relative Growth Rate = LAR x NAR - increase i n weight 
grammes/gramme/week (Graph 3-11) 

(1) Stockless f i e l d 

A single curve I can be drawn,to accurately represent the 

calculated r e l a t i v e growth rate of a l l three Throws imprints, on a l l 
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f e r t i l i z e r levels, because although Table A7(3) indicates some s l i g h t 

differences between OMS on the three treatments, these were not sig n i f i c a n t 

at the 95% le v e l of confidence. Curve I I represents the growth rate of 

a l l Tic imprint types, except Tic S on 3F during early growth, when th i s 

showed a slower growth rate (curve I I I ) . Maximum growth rate was achieved 

by Throws plants at eight weeks of age, and by Tic plants at 10 weeks of 

age. The differences between va r i e t i e s were not s i g n i f i c a n t . 

(2) Organic f i e l d 

The overall growth rate of plants upon th i s section depended 

greatly upon the imprint type and variety, hence the complex Graph 3-11(2). 

Again the progress of NAR f o r a l l Throws plants can be accurately represented 

by a single curve, which shows that i n i t i a l l y the growth rate of these plants 

was greater than that of the Tic variety. During the f i r s t eight weeks of 

growth,Tic 0 and M grew equally w e l l , but Tic S differed s i g n i f i c a n t l y (to 

p = <0.05) because the plant growth accelerated more rapidly than for 0 and 

M imprints. At week 16,the rate of senescence of Tic M and S plants was 

s i g n i f i c a n t l y greater (steeper i n c l i n e of l i n e ) to p = <0.01 than that of 

Tic 0. This difference was maintained through to week 19 (p = <0.05). 

(3) For a l l Throws and Tic imprint types the progress of RGR 

through the f i r s t h a l f of the season was very similar on the O r g a n i c and 

Stockless s o i l s , a l l tending to reduce th e i r growth rate at the same age. 

The only differences i n the growth of the plants between the sections 

occurred a f t e r week 12, when, due to effect of calendar time, the senescence 

of 0 grown plants became more rapid than that of S grown plants. 

-.3.6.5 Conclusions from the Growth Analysis 

(1) The imprinting of Yioia faha upon the three farm management 

sections was shown to have a small effect upon the growth responses of the 
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r e s u l t i n g plants where the process had been practised for many years 

(Tic v a r i e t y ) , but f o r most parameters these differences were not s t a t i s t i c ­

a l l y s i g n i f i c a n t . Where imprinting had only been used for one year,(Throws 

v a r i e t y ) , no differences between the seed types were observed for any of the 

growth parameters measured. 

(2) The growth differences expressed by the three imprint types 

of Tic beans,were especially evident upon the Organic farm section, where 

for most parameters Tic 0 and M segregated out together, separately from 

Tic S. However, for the calculated r e l a t i v e growth rate which assessed 

the whole response of the plants (RGR = NAR x LAR), Tic 0 plants showed 

slow i n i t i a l growth and slow senescence, Tic M showed slow i n i t i a l growth, 

but rapid senescence, and Tic S plants both grew and senesced quickly. 

These differences may indicate that, to a small degree, imprinting had 

caused some dependence of the imprint type upon i t s own farm management type. 

(3) The main differences brought about by imprinting Vicia faba, 

tended to be exhibited i n terms of the age of achieving certain growth 

maxima, or the onset of senescence, rather than by the magnitude of the 

parameter measured. 

(4) Changing the rate of application of the a r t i f i c i a l 
f e r t i l i z e r s did not profoundly affect the magnitude of growth of any of the 

plants, except for Leaf Area and Net Assimilation Rate values. The f e r t ­

i l i z e r l e v e l interacted with the imprint types,to change the timing of the 

achievement of the maxima,and the onset of senescence. I t has been found 

by several people,working on many d i f f e r e n t crops,that even where no change 

i n the magnitude of growth or y i e l d i s brought about by application of 

f e r t i l i z e r , the timing of flowering, maximum dry weight, and senescence, 

may be altered by the a v a i l a b i l i t y of nutrients from the s o i l (Borodin 

(1931) - barley; Boatwright and Haas (1961) - wheat; Tewari (1965) -

soybean; McEwen (1970) - f i e l d bean). 
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I t must be assumed from the lack of growth response by the 

plants to the f e r t i l i z e r rates,that the level of available nutrients i n 

the s o i l , where no f e r t i l i z e r had been applied, were adequate for the 

growth of the bean plants, due to the retention of nutrients from the 

previous crop of wheat. Steenbjerg and Jakbbs (1963) stressed that an 

experiment designed to show the effec t of f i e r t i l i z e r on growth should be 

performed on a nutrient deficient soil,so that there would be no i n t e r ­

ference from i n t e g r a l n u trients. However, i t was evident that there were 

no de f i c i e n t soils at Haughley, thus the absence of any effect of increasing 

the f e r t i l i z e r rates on growth could be expressed i n terms of diminishing 

returns (Liebig 1855). Even where deficient soils have been used for 

nu t r i e n t experiments, problems may occur due to the s o i l properties. Thus 

Singh et a l . (1973) found that the maximum crop response to added phosphorus 

did not occur on very de f i c i e n t soils,because as soon as f e r t i l i z e r was 

added, the phosphate was fixed i n t o an unavailable form by the s o i l . 

I f the excess nitrogen applied to the Stockless f i e l d 

reduced nitrogen f i x a t i o n by the root nodules (see Section 5), the level of 

nitrogen i n the f e r t i l i z e r , , must have been s u f f i c i e n t to compensate for t h i s 

suppression, so that there was no net effect upon the rate of growth. 

(5) The timing of the maxima of the growth parameters was 

determined by a combination of treatment e f f e c t , plant variety and imprint 

type. Thus f o r :-

( 5 ) - l Dry weight - f o r a l l plant imprint types, of both 

v a r i e t i e s and on both farm management sections, the 

timing of the maximum depended upon calendar time. 

(5)-2 Leaf area - the timing of the maximum depended upon 

plant age except for Tic S where i t was controlled 

by calendar time. 
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(5)-3 LAR - for Tic variety the occurrence of maximum 

depended upon plant age. 

- fo r Throws variety the occurrence of maximum 

depended upon calendar time. 

(5) -4 NAR and RGR - achievement of maxima depended upon 

plant age. 

(6) For most of the growth parameters considered,the 

differences occurring between the Organic and Stockless sections could be 

f u l l y explained by the l a t e r planting date on the former section. Although 

the maximum dry weights achieved on the Stockless section were greater than 

on the Organic section,due to a longer period of time available for growth, 

the magnitude of maximum leaf areas showed no differences. For the 

calculated growth rates and r a t i o s , the variations of the f i t t e d curves 

were due to a faster early development,and an ea r l i e r onset to senescence, 

by the plants with the shorter growing season. 
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3:3.7 1972 Field T r i a l 

;3.7.1 Aim 

To compare the growth of a single seed type {Vicia .faha 

var. Throws, bought commercially) on the three farm sections at Haughley, 

to check the conclusions reached concerning the effect of farm management 

upon growth i n 1971. 

This t r i a l served to monitor the progress of growth on the 

d i f f e r e n t farm sections with reference to the chemical analysis tests made 

(Section 4), and the nitrogen f i x a t i o n study (Section 5). I t V7as also used 

to demonstrate the differences i n y i e l d between the plants groxvn i n the 

f i e l d and those i n the experimental lysimeters. 

:3.7.2 Method 

A l l the f i e l d s and lysimeters were successfully sown with 
Throws seeds within the same week i n March. In order to follow the farm 

r o t a t i o n the f i e l d s used for sampling were Lower Wassicks South (0) (as 

used i n l571). Seven Acres (M) and Chestnut Tree West (S). Upon six 

occasions during the growing season, f i v e plants were removed at random 

from a small area i n the centre of each f i e l d . They were measured for 

shoot length, leaf area and dry weight, as previously described, prior to 

chemical analysis. 

:3.7.3 Results 

The raw data as measured, and the f i t t e d data from the 

computer programme, are l i s t e d on Table A-8. Some of the f i t t e d curves 

are drawn on Graph 3-12. 

:3.7.4 Discussion 

.4.1 Raw data 

(1) Shoot length - there was no s i g n i f i c a n t effect of farm 
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management upon the magnitude of the shoot length at any time during the 

season, and the maxima attained occurred on the same date on a l l treatments. 

(2) Leaf Area - the plants on the Organic and Stockless farm 

sections achieved t h e i r maximum leaf area at. the same time, but those on 

the Mixed section reached t h i s stage f i v e weeks l a t e r . In magnitude the 

maxima followed the pattern 0 > M > S. 

(3) Dry Weight - the plants on the Organic and Stockless 

sections achieved equal maximum dry weights at the same time, whilst those 
on the Mixed section attained a greater maximum value f i v e weeks e a r l i e r . 

Thus i n magnitude,the maximum dry weights followed the pattern M > 0 E S 

due to the greater weight of bean seeds,and pods per plant,on the Mixed 

section. 

By comparison, the dry weights achieved at f i n a l harvest time, 

by the plants grown i n the four lysimeter types,were very s i g n i f i c a n t l y 

lower than those found under natural f i e l d conditions. Whereas i n the 
field-grown plants, the y i e l d of bean seeds was responsible f o r most of 

the dry weight i n the harvested plant, yields i n the lysimeters were very 

low, with the dead stems contributing most weight to the plants. In the 

lysimeters, the relationship between management sections for overall plant 

dry weight was S > s"*" > M > 0 and for bean seed y i e l d s"*" > S > M > 0. 

Thus the bean y i e l d from plants grown under lysimeter conditions did not 

provide a true representation of the f i e l d s i t u a t i o n . 

.4-2 F i t t e d data 

(1) F i t t e d Log Weight - throughout the growing season the 

dry weights of plants on the Mixed section d i f f e r e d from those on the Organic 

and Stockless f i e l d s , where the f i t t e d dry weights were at a l l times equal. 

The dry weight of M was s i g n i f i c a n t l y (p = <0.01) lower during the early 

part of the seaon, but s i g n i f i c a n t l y higher (p = <0.01) than 0 and S after 

week 17 u n t i l harvest time. 
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(2) F i t t e d Log Leaf Area and Net Assimilation Rate - the 

f i t t e d values of these parameters showed no effe c t of farm management type 

at any time during the growing season. 

(3) Leaf Area Ratio - the progress of t h i s parameter was 

very similar on a l l three management types, except during the i n i t i a l four 

weeks when the leaves of the S plants developed more quickly than those on 

the other two sections. This difference was s i g n i f i c a n t to p = <0.01 for 

S > 0 and S > M. After week 10 there were no s i g n i f i c a n t differences 

between sections. 

(4) Relative Growth Rate - Graph 3-12 shows that although 

the growth rate of the plants on the Organic and Stockless sections differed 

s l i g h t l y from each other at the beginning and end of the season, these d i f f ­

erences were not s i g n i f i c a n t and, f o r most of the season, development and 

senescence rates on these two sections were equal. However the growth 

rate of plants on the Mixed section d i f f e r e d s i g n i f i c a n t l y , for most of the 

season,from those on the other two sections. By the time of the f i r s t 

sampling, the maximum rate of increase of dry weight had already been 
it 

achieved ( i . e . p r i o r to week 7), which corresponds well with the timing of 

t h i s maximum i n the 1971 Field T r i a l (week 7). At week 7 the maximum on 

M had only j u s t been achieved, but for the 0 and S plants the rate of 

increase i n dry weight was already f a l l i n g sharply. By week 19, when the 

rate of increase on M had begun to f a l l steeply, the rate of increase on 

the other two sections had begun to level out. Thus at weeks 7, 14, 19, 

27, the growth on M was s i g n i f i c a n t l y d i f f e r e n t to p = <0.01 from that of 

plants on 0 and S treatments. 

:3.7.5 Conclusions 

The results of the 1972 Field T r i a l bore out the findings of . 

the 1971 t r i a l - very few s i g n i f i c a n t differences i n grovrth were found 
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between plants growing on the Organic and Stockless sections,despite the 

differences i n the form of nutrient supply. Thus the differences between 

the Organic and Stockless sections observed i n the 1971 Field T r i a l were 

probably e n t i r e l y due to the l a t e r planting on the former section, and not 

due at a l l to an e f f e c t of farm management. • For most parameters measured, 

the growth of plants on the Mixed section (where, there was a maximum 

a v a i l a b i l i t y of nutrients from both organic and a r t i f i c i a l sources), 

d i f f e r e d s i g n i f i c a n t l y from that shown on the other two farm management 

types. There was a s i g n i f i c a n t l y higher y i e l d of bean seeds from the 

Mixed section plants. The lysimeter plants were not representative of the 

s i t u a t i o n i n the f i e l d . 



138 

3:3.8 1973 Field T r i a l 

:3.8.1 Aim 

To conduct a very b r i e f survey of the growth of Vioia faha var. 

Throws on the three farm sections at Haughley, and on the Special F e r t i l i z e r 

Treatments used for the study of nitrogen fixation^.to show the effect of 

additional inorganic nitrogen. 

:3.8.2 Method 

Ten plants were removed at random from each treatment,upon three 

occasions during the 1973 season. Each plant was measured for i t s shoot 

length, number of l i v e l e a f l e t pairs and number of inflorescences. 

:3.8.3 Results 

The results which appear below are referred to i n Section 5 

(ef f e c t of additional inorganic nitrogen upon nitrogen f i x a t i o n ) and i n 

th i s section (effect of farm management upon y i e l d of Vioia fdba). The 

table shows the mean values with standard errors. 

Table 3-5 

Raw growth dat a fron the 1973 F i e l d T r i a l 

Treatment 

Growth Age 
Parameter Date (weeks) 0 M S PPKK NNPPKK NNPK 

Mean shoot 23/5 10 23.Oil.0 17.3±1.4 17.7+0.9 16.3i0.6 18.5+0.6 
height (cms) 

- 7/6 12 69.8±1.9 55.2±0.9 55 . 1 i l . 4 52.3+1.0 48.2+0.9 4 8 . 8 i l . 3 

20/6 15 107.0±1.6 90.Oil.8 86,Oil.7 79.3+2.0 71.9il.4 81.1i0.9 

Number of 23/5 10 5.0±0.2 5.1i0.1 5.2i0.2 4.9+0.3 5.0+0.1 4.7±0.3 
l i v e l e a f l e t 
p a i r s 7/6 12 6.5+0.5 10.3i0.3 10.3+0,5 11.1+0.3 11.5+0.3 9.8+0.5 

20/6 . 15 16.0±1.0 26.0+1.0 29.0+1.0 .25.0+2.0 26.0+2.0 2 4 . I t l . O 

I n f l o r e s c e n c e s 20/6 15 2.5±0.3 6.5i0.A 6.4+0,3 6.0i0,2 6.5+0.3 6.2i0.2 
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:3.8.4 Conclusions 

(1) Despite a longer stem, the average plant on the Organic 

system had s i g n i f i c a n t l y fewer l i v e l e a f l e t pairs than the plants on the 

Mixed and Stockless sections. Much of the increased lengthening of the 

internodes (Organic section) was seen to be due to l i g h t competition caused 

by a heavy i n f e s t a t i o n of the f i e l d by Sinapsis arvensis ̂ (see photograph), 

which resulted i n very few inflorescences per plant and consequently a low 

seed y i e l d . 

Growth on the Mixed and Stockless sections differed s l i g h t l y 

with longer stems on M but fewer l e a f l e t pairs. Stockless plants were 

p o t e n t i a l l y the most e f f i c i e n t , w i t h shorter stems and a greater leaf area. 

(2) On the Special F e r t i l i z e r Treatment,the addition of nitrogen 

to the double PK reduced the mean shoot length, but. increased the number of 

l e a f l e t pairs and inflorescence. When nitrogen was added to the normal 

PK rate the effect on growth was to s l i g h t l y , but not s i g n i f i c a n t l y , 

lengthen ^he t o t a l shoot height, but to reduce the number of l e a f l e t s , 

and s l i g h t l y , but not s i g n i f i c a n t l y , increase the number of inflorescences 

per plant. 
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3:3.9 Yield of seed by Yicia faba 

:3.9.1 Background 

Several aspects of the dynamics of the Vicia faba phytometer 

have already been discussed to demonstrate the outward expression of farm 

management i n terms of the growth of the crop, but from the farmers' 

position the most important parameter by which to assess the effect of a 

system w i l l be crop y i e l d . The ultimate decision concerning the selection 

of one farm management approach i n preference to any other w i l l be deter­

mined by the best economic return which can be gained from the crop y i e l d , 

i n r e l a t i o n to the investment required for the input of seed, f e r t i l i z e r s , 

manures and labour. 

:3.9.2 Aim 

To assess the farm management at Haughley by a consideration of 

the characteristics of bean seed y i e l d by the Vicia faba plants,over a 

three year period. 

:3.9.3 Method 

At the f i n a l harvest of the Vicia faba crop, ten plants were 

removed at random from each f i e l d studied and a number of measurements were 

made. These included the number of pods per plant; the number of seeds 

per pod and hence per plant; the dry weight per seed, and hence of seed 

y i e l d per plant; and from these were calculated the predicted y i e l d of 

seed (Kg/ha). In 1971 the developm.ent of the bean seeds over the f i n a l 

six week period was investigated for each of the three plant imprint types 

of the two var i e t i e s Tic and Throws. In 1973, i n addition to the study of 

the three main farm sections, measurements of plants gro\m on the Special 

F e r t i l i z e r Treatm.ent area,(used for nitrogen f i x a t i o n study), and the 

Commercial section were included. 



Section 3 : Plate 2 

(1) Achievement of maximum flowering : 

Stockless with herbicides Organic without herbicides 

1 ' • > -

(2) State of bean f i e l d at harvest time 
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:3.9.4 Results 

The results from the 1971 study are shown i n f u l l d e t a i l on 

Table 3-6, and the summarized results for a l l three years are presented 

on Table 3-7. . 

:3.9.5 Discussion 

.5.1 1971 

(1) The results shown on Tables 3-6 are discussed by considering 

plants on the Organic and Stockless sections measured on the same calendar 

date. Thus, according to the stage i n development, plants of age 13, 16 

and 19 weeks on the Organic section were considered equivalent to plants of 

18, 21 and 24 weeks on the Stockless section. The f i n a l calculated mean 

y i e l d was derived from the estimate of the plant density i n a l l f i e l d s of 

27 piants/square metre,and the mean bean seed y i e l d per plant. 

(2) From the table i t i s evident that the measurements of 

po t e n t i a l ^ y i e l d made six weeks pri o r to f i n a l harvest proved to be a poor 

guide to the actual f i n a l y i e l d found. During the six week period many 

pods and seeds f a i l e d to develop beyond the i n i t i a l stage. Of those which 

did f u l l y develop, many pods dried out and dehisced, scattering their seeds 

on the ground before the f i n a l harvest date. In some instances whole pods 

were l o s t due to the abscission of the peduncles from the dying stems. 

Thus, p a r t i c u l a r l y between weeks 21 and 24, the numbers of seed borne on 

each plant V7ere substantially reduced. 

(3) The two main characters influencing the f i n a l y i e l d of seed 

harvested were the number of pods per plant, and the dry weight per seed. 

Although the y i e l d of seed from a l l imprint types on the Organic section 

was lower than that produced on the Stockless section plants, t h i s was 

c h i e f l y due to lower numbers of pods per plant - the numbers of seeds per 
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pod remained constant under both management types. 

(A) Under a l l four treatments, a l l imprint types of the 

Throws v a r i e t y of Vicia faba produced s i g n i f i c a n t l y smaller and l i g h t e r 

seeds than the Tic variety plants, but this was more than compensated for 

by a s i g n i f i c a n t l y larger number of pods per plant on the former variety. 

(5) - From the table there do not appear to be any clear 

consistent trends of difference concerning the y i e l d of seeds, between 

the three imprint types, i n either variety. In the previous discussion 

on growth, certain small differences were shown to exist between the Tic 

imprint types (few of these vjere s t a t i s t i c a l l y s i g n i f i c a n t ) , but very 

few were shown between Throws imprint types due, presumably, to the 

shorter imprinting period. When the yields of bean seeds were considered, 

the great v a r i a b i l i t y between imprint types of both varieties indicated no 

influence of this process upon seed production. 

(6) In order to c l a r i f y the effect of the f e r t i l i z e r treatment 

upon seed production, a summary table overleaf shows the mean Tic and 

Throws yields calculated from the three imprint types. 
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Mean Yield of Pods and Seeds by Tic and Throws Plants 

Variety Tic Throws 

Treatment Organic S-NF S-3F S-6F Organic S-NF S-3F S-6F 

Parameter and 
Time (weeks) 

Number of H-6 '.:8- 14 11 14 6 19 23 24 
pods/plant 

H-3 7 11 12 12 11 18 20 31 

H 5 7 8 7 6 13 12 17 

Number of . H-6 24 42 36 46 24 70 76 96 
seeds/plant 

H-3 21 36 40 36 36 72 73 114 

H 14 21 24 22 19 48 37 .56 

Dry weight H 0.49 0.61 0.56 0.63 0.29 0.35 0.34 0.35 
/seed(gms) 

Dry weight H 6.8 12.8 13.4 13.9 5.5 17.0 12.6 19.6 
seed/plant 
(gms) 

0 

Yield seed H 1830 3440 3680 3730 1490 4610 3350 5240 
(Kg/ha) 

(Where : H = Harvest time) 

The e a r l i e r discussion of the growth parameters concluded that no 

differences of growth were caused by a l t e r i n g the rate of application of NPK 

f e r t i l i z e r on the Stockless section. From t h i s table, however, a clear 

influence over y i e l d was seen to occur, so that the yields of Tic plants 

followed the pattern 6F > 3F > NF > Organic - increasing the rate of NPK 

application increased bean seed y i e l d , agreeing with the findings of 
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Mc Ewen-(1970) and Hardy et a l . (1971). For the Throws variety, due to 

an unexpected reduction i n the number of seeds borne per plant,between H-3 

and H on the m i d - f e r t i l i z e r l e v e l , the pattern of y i e l d was 6F > NF > 3F > 

Organic. 

(7) Both v a r i e t i e s suffered poor yields on the Organic section, 

which may have been due e n t i r e l y to the shorter growing season on that section, 

or due to treatment, or due to a combination of the two effects. The red­

uction i n y i e l d , compared with that on the three f e r t i l i z e r treatments, was 

greater for the Throws variety, where there was a severe reduction i n the 

number of pods per plant, and a lessening of the dry weight per seed, 
whereas Tic plants suffered only the l a t t e r reduction. 

.5-2 1971-1973 

(1) Table 3-7 includes the figures f o r yields from the Throws 

plants on the Organic (LWS) and Stockless f e r t i l i z e r (Road) plots i n 1971, 

for comparison with the seed production measured under normal f i e l d con­

di t i o n s i» 1972 and 1973. The figures for the Organic section confirm the 

postulation that the low yields i n 1971 were due to a shorter growing period, 

rather than being t r u l y representative of the f i e l d s ituation on that 

management type. However, the y i e l d from the 'no f e r t i l i z e r ' treatment 

i n 1971 proved to be roughly equivalent to that from the Stockless f i e l d s i n 

1972-3, i n terms of pod and seed number, although the dry weight per seed 

was greater i n 1971. The Road f i e l d used for the Stockless plots i n 1971 

must have had a high background level of nutrients remaining from the previous 

wheat crop and applied f e r t i l i z e r , so that no nutrients were l i m i t i n g to 

growth. 

(2) In Table 3-6 the t o t a l predicted y i e l d of seed was calculated, 

using the figure of 27 plants/square metre density,which was found to be the 

mean density throughout the season on a l l farm sections. Thus to predict 

the t o t a l y i e l d per hectare :-



Table 3 - 7 DYNAMICS OF CROP GROWTH 

Summary Table of Crop y i e l d of Throws V a r i e t y under Three Systems 
1971/73. 

Each mean c a l c u l a t e d from 10 samples. 

F i e l d Type 
and Date F i e l d Name No. pods No. seeds Dry wt/seeds Dry wt/seeds Predicted Actual % Actual 

/ p l a n t / p l a n t (gms) ± SE /p l a n t (gms) y i e l d Kg/ha y i e l d :predicted 
± SE 

ORGANIC 
1971 L.W.S. p l o t 6 19 0.290 ± 0.013 5.50 + 0.5 • 1490 1490 -
1972 L.W.S. 14 • 44 0.436 -1-0.022 19.18 1.3 5184 3510 68 
1973 Oxer 13 47 0. 40 ± 0.013 11.28 1.5 4240 2640 62 

Nappers 10 30 0.320 ± 0.019 9.60 1.2 3480 1320 38 

Mean f i e l d 12 40 0.332 0.019 13.28 ± 0.9 4301 2490 56 

MIXED 
1972 •7 ac r e s 19 63 0.359 + •0.009 22.62 1.8 6102 3050 50 
1973 Gypsey 19 63 0.273 ± 0.009 17.20 1.1 6290 3490 56 

Mean f i e l d 19 63 0.316 0.009 19.91 1.5 6196 3270 53 

STOCKLESS 
1971 Road p l o t 13 48 0.350 0.009 17.10 1.0 4610 4610 -1972 Ĉ TW 15 55 0.333 0.009 i s ; 32 ± 0.8 •4941 3550 72 

F. Break - - - - - 3390 -
1973 L i t t l e 11 42 0.295 ± 0.009 12.40 1.2 . 4430 3010 68 

Wetherden 10 28 0.325 ± 0.016 9.09 ± 0.9 3270 . 2850 87 
ChTE 13 44 0.251 ± 0.009 11.04 1.7 4080 3010 74 

S p e c i a l 
P l o t s . 
1973 PPKK 12 40 0.288 + 0.009 11.51 ± 1.6 4130 4130 -

NNPPKK 13 40 0.273 ± 0.013 10.92 ± 1.9 4080 4080 -NNPK 11 33 0.266 0.013 8.77 1.3 3160 3160 -
Mean f i e l d 12 43 0.301 0.006 12.94 0.6 4180 . 3162 75 

COMMERCIAL 
1971 Tips - - - - .- 2920 -1972 Church - - - - - 3640 -
1973 H i l l 19 67 0.273 0.013 18.29 ± 1.8 6370 2820 44 

Stackyard 22 67 0.266 0.006 17.80 ± 1.4 6480 2850 44 

Mean f i e l d 21 67 0.270 0.009 18.05 1.6 6425 3058 44 

Abbreviations: L.W.S.- Lo-rfer Wassicks South 
7 acres = Seven Acres 
ChTW 
ChTE 

Chestnut Tree West 
Chestnut Tree E a s t . 



Ih5 

Yield = Mean dry weight bean seeds per plant x 270,000 x F 

where F was the factor required to convert the dry weight to the fresh 

weight, as collected. The moisture content of the bean seeds at harvest 

for a l l sections f e l l i n the range 24-27%,with a mean of 26.2% water. 

Thus on Table 3-7, the column marked 'predicted y i e l d ' was calculated i n 

t h i s way. the following column labelled 'actual y i e l d ' was the bagged 

weight recorded by the farm after the f i e l d had been combined, the figures 

showing great discrepancy from the predicted yields due to several factors 

l i s t e d below :-

(2), 1 The density of bean plants i n the randomly thrown one 

metre quadrat was not t r u l y representative of the conditions over the whole 

f i e l d , due to'lower densities i n headlands, i n weed infested areas, i n tree 

shade, and where local death of the crop had occurred. Thus the figure of 

27 plants/square metre was the maximum density of plants i n the f i e l d . 

(2). 2 I t i s possible that the plants chosen at harvest time, 

from which the figure of the mean seed weight/plant was calculated, were not 

t r u l y representative of the plants over the whole f i e l d . Although plants 

were collected at random, those which had lodged were not included, due to 

minimal bean formation. 

(2).3 Whilst the stems of the bean plants were drying and the pod 

cases becoming blackened, many pods dehisced and lost t h e i r contained seeds. 

For many plants whole pods may f a l l to the ground. This was p a r t i c u l a r l y 

marked during combining when many thousands of bean seeds were lost i n this 

way. Between the f i e l d and the weighing station further losses occurred. 

thus the predicted y i e l d i s the maximum which would be expected 

i f there were no losses p r i o r to, and during, harvesting, and i f there were 

no barren plants or open areas i n the f i e l d . The experimental plots har­

vested by hand i n 1971 were of uniform density and did not suffer such har­

vesting losses. For 1972, from the relationship between the actual and 



projected y i e l d , i t was possible to determine the number of plants/ha i n 

each section which would have been standing i n the f i e l d i f a l l plants had 

borne the mean dry weight of seed found :-

0 M S 

Projected y i e l d 5}180 6,102 4,940 
Kg/ha 

Actual y i e l d 3,510 3,050 3,550 
Kg/ha 

No. plants i n field/ha 182,930 135,000 193,970 
bearing mean crop weight 

However, i t i s unlikely that there would have been as few plants 

as these numbers i n the f i e l d , because, as previously stated, very few plants 

w i l l have produced the mean seed weight/plant. Therefore i n the Crop Geo­

chemistry (Section 4) section, the figure used to estimate the mean removal 

of nutrients from the f i e l d i n the whole plants at harvest time was 

270,000 plants, as t h i s was the best approximation to the number of plants 

which could have been harvested. But when considering losses of nutrients 

i n the bean seeds alone, where figures are available, the actual y i e l d of 

seeds was used. 

(3) Table 3-7 demonstrates the great v a r i a b i l i t y of the y i e l d of 

bean seeds within each section,from d i f f e r e n t f i e l d s , and separate years. 

Even where the number of pods per plant, and the number of seeds per plant, 

remained constant w i t h i n a section (M), there was a large variation i n the 

dry weight per seed, and hence the t o t a l y i e l d . Within the Organic section, 
the considerable difference i n yields i n 1973 between Oxer and Nappers f i e l d s 

was due to the very intense competition for l i g h t and moisture from the heavy 

i n f e s t a t i o n of charlock i n the l a t t e r f i e l d (see photograph). I t was 

predictable that a low y i e l d would occur on Nappers from the poor i n f l o r ­

escence formation (see 3:3.8). A l l the Organic f i e l d s tended to suffer 



from t h i s weed as no herbicide could be applied, but the invasion into 

Nappers f i e l d was p a r t i c u l a r l y marked. Hewson eit a l . (1973) showed that 

i n dry years (such as 1973), when s o i l moisture was at a premium, the 

reduction i n y i e l d due to competition for water, nutrients and l i g h t could 

be up to 80% for Vioia faha. The competition reduced both the number of 

pods/plant and the dry weight/seed. Within the Stockless section, where 

most bean f i e l d s were sited during t h i s research project, the va r i a t i o n i n 

yields between f i e l d s was very marked. Although the number of seeds/ 

pod remained f a i r l y constant, the number of pods/plant and dry weight 

of i n d i v i d u a l seeds was very variable. 

(4) The y i e l d of bean seed from the Organic, Mixed, Stockless 

and Commercial f i e l d s was s t a t i s t i c a l l y compared (Bailey 1959) to determine 

which differences between the mean yield/section were s i g n i f i c a n t . The 

results appear below :-

Parameter Dry weight of seed Dry weight of seed/plant 

S t a t i s t i c df d P R df d P R 

Field types 
compared :-

0 V M 45 1.23 >0.1 N S 30 5.66 <0.001 M > 0 

0 v S 34 2.82 <0.01 0 > S 45 0.54 >0.1 N S 

M V S 27 2.03 <0.05 M > S 22 6.53 <0.001 M > S 

0 V C 45 4.77 <0.001 0 > C 28 3.77 <0.001 C > 0 

M V C 39 4.84 <0.001 M > C 38 1.20 >0.1 N S 

S V C 28 4.19 <0.001 S > C 21 4.33 <0.001 C > S 

Individual seed weij ;ht - despite the great range of values found 

on a l l sections except the Commercial f i e l d s , individual seed weight on 

plants, grown on the sections receiving organic manures was greater than 
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that of plants grown on a r t i f i c i a l f e r t i l i s e r s alone. This does not agree 

with the conclusions reached from the i n i t i a l survey of Throws bean seeds 

produced i n 1970, at the beginning of the growth survey, but those seeds 

had been i n store f o r several months p r i o r to investigation, and had been 

produced i n a d i f f e r e n t year. For many results concerning research into 

the growth of crop plants, the influence of season i s more marked than any 

other factor (Alexander and Woodham 1958). The individual seed weight on 

the Commercial section was s i g n i f i c a n t l y the lowest of any management i n 

1973. The relationship between the sections was 0 = M > S > C. 

Seed weight per plant, and hence yield/hectare - due to the 

s i m i l a r i t y i n numbers of seeds per plant between the Commercial and Mixed 

sections, there was no si g n i f i c a n t difference i n the overall y i e l d of these 

managements, but they were both s i g n i f i c a n t l y more productive than either 

the Organic or Stockless sections. Although the conditions of management 

concerning the form of nutrients added to the system v/ere very similar for 

M and C, the l a t t e r received organic manures every year (see Soils section 1), 

thus the input of nutrients was more expensive f o r the y i e l d return. Thus 

the Mixed section was the most economically productive system. Although the 

Organic seeds were s i g n i f i c a n t l y heavier i n d i v i d u a l l y , than those produced 

on the Stockless section, the l a t t e r plants contained m.ore seeds per pod, 

and hence no si g n i f i c a n t differences i n yields were observed. Thus the 

relationship between the sections for seed weight per plant was found to 

be : C = M > 0 E S. 

(5) Table 3-7 also records the effect of the Special F e r t i l i z e r 

Treatments i n 1973 on the yi e l d i n g capacity of the plants. The effect of 

adding double nitrogen to the PPKK treatment was to lower the number of 

seeds per pod, to reduce the dry weight of individual seeds and the dry 

weight of seeds per plant, but none of these reductions were s t a t i s t i c a l l y 

s i g n i f i c a n t . When the double nitrogen application was added to the normal 
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l e v el of phosphorus and potassium, the reduction effect upon a l l three 

of these parameters was increased. Thus the depressing effect of double 

nitrogen was pa r t l y compensated for by the higher levels of PK. This 

follows the trend found concerning the effect of the nitrogen treatments 

upon the nitrogen f i x a t i o n by the V. fdba root nodules,where (although 

not s i g n i f i c a n t ) PPKK > NNPPKK > NNPK (see Section 5). These results 

do not c o n f l i c t with the findings of 1971, where increasing f e r t i l i z e r 

levels altered the y i e l d of Throws plants, because d i f f e r e n t rates of 

application,of d i f f e r e n t f e r t i l i z e r s . w e r e used i n the two seasons. 

;3.10 Overall conclusions from Growth Section 

(1) The effect of imprinting V-icia faba seeds caused small 

changes i n the growth of the consequent plants, but these changes were 

mainly s t a t i s t i c a l l y non-significant, and did not f i t any imprint type to 

grow better on i t s o\m management type - no physiological evolution was 

proved to have occurred. Elhomidi, Moursi and Ahmed (1968) stated that 

seed physiology and performance were not easily changed by n u t r i t i o n a l , 

or environmental,factors. 

(2) The f i e l d t r i a l s demonstrated that increasing the rates of 

f e r t i l i z e r application affected the date of attainment of the maxima of 

the growth parameters measured, but did not change s i g n i f i c a n t l y the 

magnitude of growth, except with regard to y i e l d . In 1971, increasing 

the rate of NPK f e r t i l i z e r s i g n i f i c a n t l y increased the y i e l d of bean seeds, 

but i n 1973 th i s reduced the yields, although not s i g n i f i c a n t l y . In 

agreement with McEwen (1970) and Welch et_ al_. (-1973), the return i n y i e l d , 

produced by the addition of nitrogen f e r t i l i z e r to beans, would be 

uneconomical farm management. 
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(3) The greenhouse and f i e l d t r i a l s demonstrated that although 

the main influence upon the growth of the bean plants was the type of 

farm management upon which they were growing at the time of study, 

there were no s i g n i f i c a n t differences i n growth or y i e l d between the 

Organic and Stockless systems. A sig n i f i c a n t increase i n growth and 

yields was found i n plants on the Mixed and Commercial systems, with the 

greatest economic return occurring on the Mixed section. 



SECTION 4. CROP GEOCHEMISTRY 
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Section 4 CROP GEOCHEMISTRY 

4:1 Background 

4:1.1 Under natural conditions, growing plants are subject to, an 

accretion of nutri e n t ions from, and loss t o , . t h e i r environment; the 

chemical composition of the plant i s thus a net result of this b i d i r e c t i o n a l 

movement. The main source of the nutrients f o r the plant i s the rooting 

medium from which minimum quantities of certain geochemicals are required, . 

to maintain the growth of the plant. The uptake of nutrients through the 

root system, i s controlled by a complex of interacting factors which are 

d i f f i c u l t to investigate accurately. The plant has only a limited a b i l i t y 

to discriminate between various ions and other soluble substances i n the s o i l , 

so that some geochemicals vzhich are unnecessary, or even t o x i c , to the plant 

may enter the root system (Turner 1969). The pr i n c i p a l factors controlling 

geochemical uptake are : 

:1.1.1 Th% form i n which the geochemical occurs i n the s o i l , and i t s 

concentration i n the s o i l solution, at the active root surface (Nielsen 1972). 

:1.1.2 The rate at which the reserve of each element can move from the 

l a b i l e pool i n the s o i l to the root surface e.g. n i t r a t e very mobile, 

phosphate immobile. 

:1.1.3 Conversion rate of non-exchangeable to exchangeable forms by 

weathering, microflora, mineralization and leaching. 

:1.1.4 The efficiency of the roots to transfer the external geochemicals 

to the vacuoles of the c o r t i c a l and endodermal c e l l s . 

:1.1.5 The s o i l moisture - the d i l u t i o n of the s o i l solution displaces the 

cation exchange equilibrium so that adsorption of divalent ions increases, 

and that of monovalent ions decreases (Arnold 1967). 
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:1.1.6 The rate of growth of the roots through the s o i l , and the rate 
of increase of the absorbing surface area. 

:1.1.7 The rate of u t i l i z a t i o n of each geochemical, which w i l l depend upon 

the stage attained i n the growth cycle (Boatwright and Haas 1961), influencing 

the concentration gradients with i n the root, and between the root and s o i l . 

:1.1.8 The presence of any low concentration, toxic substances acting as 

specific i n h i b i t o r s , or high concentrations of a normal s o i l component 

acting as a non-specific i n h i b i t o r (Bollard and Butler 1966). 

:1.1.9 The ionic balance w i t h i n the plant. 

4:1.2 During the process of ion uptake, the electrochemical n e u t r a l i t y 

w i t h i n the plant must be maintained (Kiikby 1969). As plants absorb 

inorganic ions at d i f f e r e n t rates, the ionic equilibrium may be controlled by 

(1) the excretion of H"*̂  or HCÔ  ions into the rooting medium, 

(2) w i t h i n the plant, by accumulation of organic acids (e.g. malate), 

(3) by the recombination of the metal cations to form sa l t s , with 

anions absorbed, or produced by the plants' metabolism 

(Dijkshoom 1969). 

In t h i s l a t t e r way the shortage of one cation, for example 

potassium, may be p a r t l y replaced by the excess of another^ e.g. sodium, 

without any apparent anomalies of t o t a l ion accumulation. Thus the grovjth 

of a plant w i l l be strongly influenced by the balance of cations and anions, 

both i n the rooting medium and w i t h i n the plant. The metallic ions tend 

to exert t h e i r ionic charge when within the plant, and these must be compen­

sated for by negatively charged n i t r a t e , sulphate and phosphate ions. After 

these have been used f o r charge neut r a l i z a t i o n , any excess of cations over 

anions w i l l be balanced by carboxylate ions, produced from absorbed bicarb-

onates, or released during the metabolic assimilation of n i t r a t e (Boning 

et a l . 1932). Therefore a given n u t r i e n t supply w i l l only support the 
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maximum growth rate of a plant when there i s an adequate amount of each 

ion absorbed, to allow u t i l i z a t i o n of the ions and the maintenance of the 

normal concentrations of carboxylates (de Wit et a l . 1963). 

4:1.3 Many research workers have demonstrated the complex interaction,and 

antagonism,between geochemicals i n the soil-plant system,which so strongly 

influences the res u l t i n g chemical composition of the plant tissues. Kirkby 

and Mengel.(1967) showed that the form i n which nitrogen was supplied to the 

tomato plant had a profound effect upon the uptake of several other cations. 

Thus when nitrogen was available i n the ammonium form there was a reduction 

i n the uptake of Ca"*", Mg^ and due to a c o n f l i c t i o n of charge, whereas 

nitrogen i n the form of n i t r a t e enhanced cation uptake. In agriculture, the 

predominate source of nitrogen to crop plants i s i n the form of n i t r a t e . 

Where ammonium, ions were applied, these were quickly converted to the 

negatively charged ion, but where n i t r i f i c a t i o n was i n h i b i t e d , either 

n a t u r a l l y or a r t i f i c i a l l y (to reduce leaching losses of n i t r a t e ) , a large 

uptake of «smmonium ions was found to result i n a reduction of the inorganic 

cation uptake. Thus where NĤ"*̂  and k"*" are applied, especially to l i g h t 

acid s o i l s , Mg^ deficiency may r e s u l t . Richards (1956) showed that potassium 

deficiency was increased when nitrogen was applied as ammonium, instead of 

n i t r a t e . 

4:1.4 Few experiments have been conducted with whole plants i n a controlled 

environment, using n u t r i e n t culture, where the concentrations of geochemicals 

were as low as i s found i n the s o i l solution (Nye 1969), but where this has 

been done (Russell et a l . 1954, Loneragan and Asher 1967), the plant uptake 

was d i r e c t l y proportional to the supply concentration of each geochemical. 

In s o i l , the l i m i t i n g factor for the uptake of nutrient ions i s the number of 

ions at the root surface, which w i l l be proportional to the concentration of 

that geochemical i n the s o i l solution (Gunary and Sutton 1968). Because of 

the dependence of nutr i e n t uptake by the plant on the concentration of ions 
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i n the s o i l , i t has been recognised by many people that the chemical 

composition of a plant can be s a t i s f a c t o r i l y used as a guide to the a v a i l ­

a b i l i t y of nutrients i n the rooting medium (Greenham and White 1959, Boynton 

and Oberiy 1966, Wilson 1973). Hence the use of leaf analysis has become 

ah established method to determine deficiencies of nutrient geochemicals i n 

a g r i c u l t u r a l crops. Bould and P a r f i t t (1973) showed that the level of 

phosphorus i n leaves of apple trees could be used to predict the flowering 

performance and y i e l d , and that a c r i t i c a l concentration value was recognisable, 

below which phosphate was l i m i t i n g to maximum growth. 

4:1.5 Many experiments have been conducted in'an attempt to elucidate the 

complex relationships which control the uptake of geochemicals into the plants, 

and to investigate the extent to which uptake i s proportional to the a v a i l ­

a b i l i t y i n the s o i l . In 1969, Hodgson stated that organic complexing played 

a v i t a l riole i n the uptake of micronutrient cations, especially with refer­

ence to the heavy metals. Although interactions between cations do occur, 

Anderson et a l . (1973) showed that the uptake of Cr, Ni and Co i n oats was 

proportional to the supply i n the s o i l , and Dolar and Keeney (1971) demon­

strated t h i s to be true for Cu. Broyer et a l . 1972), working on Phaseolus 

and barley, and Jones et a l . (1973), on ryegrass, described the direct 

relationship between lead concentrations i n the roots, and the available 

level i n the s o i l , but showed how th i s was modified by the sulphur content of 

the s o i l . The degree to which the analysis of plant material can predict 

the a v a i l a b i l i t y of geochemicals i n the s o i l , as determined by chemical analysis 

of the s o i l , w i l l depend upon the methods and species used. 

4:1.6 In 1953 Sen and Sundara Rao, and i n 1973 Khare et a l . , demonstrated 

that increasing phosphate levels i n the s o i l increased the phosphate and 

calcium concentrations of the legumes gro™ upon i t . Boatwright and Haas 

(1961) showed that the timing of the maximum uptake i n wheat was influenced 

by the p a r t i c u l a r geochemical considered, by the plant part, and by the stage 
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attained i n the plant's growth cycle. Nitrogen concentrations i n the plants 

were increased by the addition of nitrogen to the s o i l , but the addition of 

nitrogen and phosphorus decreased the nitrogen concentrations, due to the 

d i l u t i o n e f f e c t of increased growth. Because many plants can absorb n i t r a t e s 

to an excess, over and above the amount required for metabolism, which may 

accumulate i n the unchanged ionic form, van Burg (1966) analysed plant tissue 

fo r n i t r a t e to determine whether they had an adequate supply of t h i s geo­

chemical i n the s o i l . Bassioni (1973) suggested that the uptake of n i t r a t e 

i n barley was strongly influenced by the uptake of the associated cation. 

The higher the valency of the cation, the greater the stimulatory effect i.e. 

Th > Al > La > Mc > Ca > K - the cations acting as catalysts, or affecting 

the formation/dissociation constant of the n i t r a t e carrier complex. Tewari 

and Mandel (1972) confirmed the work of LoewUl901"; and Hunter (1949), showing 

that magnesium aids the absorption and d i s t r i b u t i o n of phosphorus i n soybean 

plants, so that phosphate uptake was enhanced by increasing s o i l levels of 

magnesiimi, but decreased by adding calcium. Bould and P a r f i t t (1973) 

demonstrated the i n t r i c a t e interdependence of f i v e major plant nutrients :-

Concentration of N i n leaf increased by increasing available N or P 

Concentration of K i n leaf increased by increasing available K, but decreased 

by increasing P or Mg 

Concentration of Ca, Mg i n leaf increased by increasing available P, but 

decreased by increasing K 

Concentration of P i n leaf decreased' by increasing available N, high P 
interferes with Zn and Fe translocation 

4:1.7 The plant tissue composition may also depend upon the water stress . 

i n the plant (Nezgovorova 1957 - oats and maize) and the age of the plant 

parts analysed (Jacoby and Dagan 1969) , because once inside the plant, the 

geochemicals w i l l be translocated from one part to another, depending on 

demand. Thus when growth i s mainly apical, geochemicals w i l l continue to 
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move through the xylem to the lower leaves u n t i l these achieve maximum size, 

when assimilates and some ions (potassium) w i l l be exported to other plant 

parts i n the phloem. However, calcium has been-shown to be retained i n the 

leaves, so that by continuing the intake, the concentration of th i s ion will 

accumulate i n the older leaves, p a r t i c u l a r l y i n legumes. During senescence 

the e f f i c i e n c y of the phloem decreases, and the reduced a b i l i t y to export 

assimilates w i l l mean that many compounds may accumulate i n the dying leaves 

(Thrower 1967 - soybean). Thus the composition of the leaf material w i l l 

depend upon i t s position on the plant and i t s age (Ward 1964; Kirkby and 

DeK ock 1965). In addition, during senescence of the plant, a minimum 

level of each ion required may be maintained i n the actively-forming seeds 

by transfer of endogenous nutrients from another part of the plant, after 

the external source has been depleted, or lost due to the death of the roots 

(Dijkshoorn 1969). 
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4:2 Investigation of the geochemistry of the bear! plants 
4:2.1 Aim 

(1) To determine whether the farm management at Haughley influenced 

the chemical composition of the 7. faha plants - the discussion i n section 4:1 

indicates that the chemical composition of a plant frequently r e f l e c t s the 

n u t r i t i o n a l status of the s o i l upon which i t i s growing. 

(2) To compare the plant imprint types at the physiological l e v e l , 

on the basis of t h e i r chemical composition. 

4:2.2 Method 

The plants used for the measurement of growth from the greenhouse 

and f i e l d t r i a l s (Section 3) were subjected to chemical analysis, as 

described i n the Appendix. The effe c t of the s o i l treatment and the imprint 

type upon the plant chemical composition was measured at frequent intervals 

during each experiment, by determining the concentration of the geochemicals 

i n the tissues, expressed i n parts per m i l l i o n . 

4:2.3 Results 

The results of th^, chemical analysis determinations are discussed 

separately f o r each experiment, i n terms of the concentration of each geo­

chemical (ygm/gm p l a n t ) . The e f f e c t of the treatments and plant type upon 

the biochemical composition of the crop was evaluated i n each t r i a l , at the 

times of the various growth maxima determined i n Section 3. Because of the 

number of treatments used, the sampling of each imprint type was not often 

replicated - therefore, i n the comparison of the composition of d i f f e r e n t 

plant imprints, s t a t i s t i c a l analysis of any differences could not always be 

used. However, where the imprint type was shown to have no apparent effect 

upon the composition, w i t h i n each treatment, the three imprints of the two 

v a r i e t i e s have been considered to be replicates of a single population, i n 

order to calculate the mean composition for the treatment - this has enabled 

the s t a t i s t i c a l comparison of the treatment effects. 
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4:3 1970-1971 Greenhouse T r i a l 

4:3.1 Aim 

To provide plant material upon which to perfect the techniques of 

chemical analysis, to enable an i n i t i a l determination of the effect of the 

plant imprint and s o i l type upon the chemical composition of the crop. 

4:3.2 Method 

The Vioia faha plants were grown and sampled as described i n 

Section 3. The methods of chemical analysis used are shown i n the Appendix. 

The plant and s o i l types used for this t r i a l are shown belov; :-

Measurements Plant material Treatment 

Crop geochemistry - plants Tic 0 Tic M Tic S Soil - from Organic farm 

analysed f o r : NÔ -N/i.'N, 

P, K, Ca, Mg, Na and Zn 

- from Stockless " 

4:3.3 Results 

The f u l l a n a lytical data are shown on Tables A9 and AlO 

Some of the results are presented i n the following graphs to demonstrate the 

e f f e c t of the plant imprint type, and that of the s o i l type, upon the chemical 

composition of the plants, expressed as the concentration of ealch geochemical 

per gm dry weight of the whole plant. In t h i s p i l o t project no re p l i c a t i o n 

of the chemical analyses was made, which prevented the use of s t a t i s t i c a l 

analysis i n the evaluation of the data produced. 

4:3.4 Discussion 

The salient features of the graphs are described with reference to : 

(1) The influence of imprint type upon the chemical composition 

(2) " " " " s o i l t t I I I I I I 
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4:3.4.1 Nitrate-nitrogen (Graph 4-1) 

,.. . (1) No consistent effect of the imprint type was evident, except that 

the Tic S plants contained the highest maximum concentrations on 

both s o i l s . 

(2) The s o i l type had l i t t l e apparent e f f e c t , except that the maximum 

concentrations on the Organic s o i l were higher than on the Stockless 

s o i l , for each imprint type. 

:3.4.2 Organic nitrogen (Graph 4-2) 

(1) The effect of the imprint type upon the nitrogen concentration, 

i t s e l f depended upon the s o i l type. Thus on the Organic s o i l , 

M > 0 s S, but on the Stockless s o i l S > M > 0,which indicated a 

possible a f f i n i t y between the imprint and the s o i l type. The 

reduction i n the nitrogen concentrations after day 45, was also sho\m 

"by the values for the t o t a l nitrogen/plant, indicating that t h i s was 

a real effect of the senescence brought about by the poor growing 

conditions, rather than due to a d i l u t i o n caused by the growth of 

the plants. 

(2) The plants from the farms receiving organic manures absorbed most 

nitrogen from the Organic s o i l , whilst the plants from the Stockless 

farm absorbed most nitrogen from the Stockless s o i l - this may have 

been an indication of an adaptation of the imprints to t h e i r own 

farm management type. Plants on the Organic s o i l showed the greatest 

range of nitrogen concentrations, correlating with the greater 

heterogeneity of nitrogen d i s t r i b u t i o n i n that s o i l (Section 1). 

:3.4.3 Phosphorus (Graph 4-3) 

(1) On both soils the M and S imprints tended to have higher and more 

variable concentrations of phosphorus than the 0 imprint plants. 

(2) For a l l imprints there were greater concentrations of phosphorus 

on the Stockless s o i l , which correlated w i t h the greater exchange­

a b i l i t y of t h i s geochemical i n that s o i l (Section 1). 
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ĉ  

M O 0 0 

M i~i O d d 
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:3.4.4 Potassium (Graph 4-4) and Calcium (Graph 4-5) 

(1) For potassium, the imprint type only influenced the plants' 

chemical composition during the f i n a l few days of the experiment, 

but f o r calcium there was no imprint influence at a l l . 

(2) The s o i l type showed no influence oyer the concentration of 

potassium and calcium i n any of the plants grown. 

:3.4.5 Magnesium (Graph 4-6) and Sodium (Graph 4-7) 

(1) There was no effect of imprint type upon the concentrations of 

either of these geochemicals i n the plants. 

(2) For both geochemicals the range was wider and concentrations 

. higher on the Organic s o i l , which correlated with the higher t o t a l 

levels of these i n that s o i l (Section 1). 

:3.4.6 Zinc (Graph 4-8) 

(1) The only consistent difference a t t r i b u t e d to the imprint type was 

M > 0 > S, but this only occurred on the f i r s t sampling occasion. 

(2) Again the only difference between s o i l types occurred on the 

f i r s t sampling occasion when S > 0 for a l l imprints. 

4:3.5 Conclusions 

4:3.5-1 The chemical composition of the plants was found to vary between 

the imprint types for several geochemicals, but only for organic nitrogen 

did the difference suggest that a physiological adaptation to the farm 

management type may have taken place during the imprinting process. I t must 

be concluded that, for most geochemicals, the particular ancestry of the bean 

seeds used had no influence over the chemical composition of the plants 

produced. 

.5-2 The s o i l upon which the plants were growing during the t r i a l 

exerted a positive influence over the plant chemical composition as follows :• 
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(1) The greatest range and the maximum concentration values of 

nit r a t e - n i t r o g e n , organic nitrogen, magnesium and sodium tended to 

be found i n the plants growing on the Organic s o i l . This corre­

lates well with the s o i l chemistry data from the 1971 Field T r i a l 

(Section 1), which showed that the concentration of a l l these geo-

chemicals was s i g n i f i c a n t l y higher i n the s o i l from the Organic 

system. 

(2) The greatest range and the maximum concentration values for 

phosphorus and zinc were found i n the plants growing on the Stockless 

s o i l - analysis of the s o i l showed that t h i s system contained the 

highest concentration of these geochemicals (Section 1). 

(3) The s o i l type showed no d e f i n i t e influence upon the concentration 

of calcium and potassium i n the plants, despite a s i g n i f i c a n t l y 

•greater concentration of these i n the Organic s o i l . The uptake 

from t h i s s o i l type may have been reduced by the Kirkby-Mengel effect 

mentioned i n 4:1, where the absorption of posit i v e l y charged ions «> 
from the s o i l can be reduced by the presence of NĤ  ions. Chemical 

. analysis i n Section 1 showed that the levels of the ammonium ions 

was s i g n i f i c a n t l y greater i n the Organic s o i l . 
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4:4 1971 Field T r i a l 

4:4.1 Aims 

To repeat the greenhouse t r i a l under normal a g r i c u l t u r a l conditions 

i n the f i e l d , using Yicia faba var. Tic and var. Throws, to determine the 

possible influence upon the chemical composition of the plants by : 

- the plant imprint type 

- the farm management type 

- the f e r t i l i z e r application rate, 

4:4.2 Method 

The plants were grown and sampled as described i n Section 3, and 

were subjected to the chemical analysis methods shown i n the Appendix. The 

plant types and s o i l treatments used f o r the t r i a l are shorn below :-

. Measurements Plant material Soil treatments . 

Crop geochemistry - plants Tic 0, Tic M, Tic S Organic s o i l . 

analysed f o r : NÔ -N, Throws 0 Stockless s o i l ; 

N, P, K, Na, Ca, Mg, A l , Throws M 
I ! -no f e r t i l i z e r 

Cu, Zn, Pb Throws S 

-375 Kg f e r t i l i z e r / h a 

-625 " 
4:4.3 Results 

The chemical analysis data collected f o r the 24 combinations of 

plant type and treatment, at frequent intervals throughout the growing season, 

enabled the determination of the effect of the imprint type and farm 

management as measured upon the following : 

1. The composition of the bean seeds,and hence the addition of 

geochemicals to the system i n the bean seeds so\m. 

2. The seasonal v a r i a t i o n i n the geochemical com.position of the 

plants,-and hence the mean seasonal concentrations. 
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3. The d i s t r i b u t i o n of the geochemicals i n the separate plant parts, 

determined at the age of f i v e weeks, and twenty-four weeks. 
4. The maximum ion concentration attained during the season. 

5. The chemical composition of the plants at the growth maxima 

(Dry Weight and Leaf Area Index). 

6. The maximum flow of geochemicals into the crop biomass, and the 

loss from the system i n the f i n a l harvest. 

The results are discussed under these headings on the following 

pages. The geochemical composition of the plants i s expressed i n terms 

of the weight of geochemical/gramme dry weight of plant material. 

4:4.4 Discussion 

:4.4.1 Addition of geochemicals i n the seeds sown 

Table 4-1 shows the results of the chemical analyses of the bean 

seeds sown on the farm i n March 1971. Several differences i n the composition 

of the seeds of the two v a r i e t i e s were found, especially for the concentrations 

of calcium, phosphorus, aluminium and zinc. The influence of the plant imprint 

type was only shown by the S type, of both v a r i e t i e s . For example : 

- Concentrations i n Tic S plants much lower than i n Tic 0 and 

Tic M for Ca and Na. 

- Concentrations i n Throws S plants much lower than i n Tnrows 0 

and Throws M for Na, K and Zn. 

Apart from these trends there was no consistent pattern to indicate 

any e f f e c t of imprinting upon the chemical composition of the seeds sown. 

The second part of the table shows the calculated addition of the 
geochemicals to the ecosystem i n the seeds, when they were sown at the normal 

rate of 250 Kg/ha. These figures are used under the "Gain " heading i n the 

main Discussion. 



TABLE 4-1. CROP GEOCHEMISTRY 

CONCENTRATIONS OF GEOCHEMICALS IN SEEDS USED 1971. 

-Concentration of ions in seeds. Expressed as mgm ion/qm dry weight seed 

Seed N type P N NO3-N . Ca Mg Na K Al Cu Zu Pb 

T i c 0 3.5 37 0.08 1.4 1.12 0,59 5.2 0.4 0.014 0,006 0,040 
T i c M 4.7 28 0.07 1.9 1.52 0,25 7.0 0.1 0.016 0.016 0.040 
T i c S 3.7 47 0.05 0.4 1.47 0.03 9,7 0.2 0.009 0.009 0.040 

Mean 4.0 37.3 0.07 1.2 1.37 0,29 7,3 0.23 0.013 0.010 0.040 
SD 0.6 9.5 0.02 0.8 0,22 0.28 2.3 0.15 0.004 0.005 0.000 

Thro 0 1.3 51 0.10 4.6 0,8 0.50 4.2 0.8 0.013 0.415 0,030 
Thro M • 1.6 50 0.07 5.5 0.9 0.80 4.2 0.7 0.020 0.420 0.070 
Thro S 1.5 45 0.10 5.7 1.1 0.05 0.7 0.7 0.012 0.140 0.070 

Mean 1.5 48.7 0.09 5.3 0.9 0.45 3.0 0.73 0.015 0,325 0.057 
SD 0.2 3.2 0.02 0.6 0,2 0.38 2.0 0.06 0.004 0,160 0.023 

(2) Addition of nutrients to f i e l d in seeds used ( freshweiqht). Expressed 
as Kq ion /ha 

T i c 0 0.78 8.3 0.017 0.31 0.25 0.13 1.15 0.08 0.003 0,001 0.009 • 
T i c M 0.94 5.5 0.014 0.38 0,30 0.05 1.39 0.02 0.003 0.008 0.008 
T i c S 0.84 11.7 0.012 0,09 0,34 0.01 2.21 0.05 0.002 0.002 0.009 

Mean 0.85 8.5 0.014 0.26 0,30 0.06 1,58 0.05 0.003 0.004 0.009 
SD 0.08 3.1 0-003 0.15 0,05 0.06 0.56 0.03 0.001 0.004 0.001 

Thro 0 0.28 11.0 0.021 0,99 0,17 0.11 0,90 0.16 0.003 0.089 0.006 
Thro M 0.33 10.3 0.015 1.13 0,19 0.16 0,86 0.13 0.004 0.086 0.014 
Thro S • 0.31 9.3 0.020 1.18 0,23 0,01 0,15 0.15 0.0O3 0.029 0.015 

Mean 0.31 10.2 0.018 1.10 0.20 0,09 0.64 0.15 0,003 0.068 0.012 
SD 0.03 0.9 0.003 0.10 0,03 0,08 0.42 0.02 0.001 0.034 0.005 
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:4.4.2 Seasonal v a r i a t i o n i n the geochemical cbiiceritratibns 

The progress curves of the concentrations of the geochemicals i n 

the plants during the season were plotted for each treatment. For each 

geochemical there was a specific shape to the curve so produced, which was 

not altered by any treatment. The only effe c t of the various treatments 

was to a l t e r the magnitude of the concentrations, not the way i n which they 

varied w i t h the growth of the plant. A specimen of the characteristic 

progress curves for each geochemical i s shown i n Graph 4-9. 

The concentrations of phosphorus, calcium, magnesium and sodium 

followed the pattern of plant growth, with low values when the plants were 

young, r i s i n g to a peak at the maximum growth rate, and then f a l l i n g as the 

plants started t h e i r senescence. Organic nitrogen, zinc, aluminium and 

potassium tended to follow the same pattern as each other, although the 

timing of t h e i r maxima varied s l i g h t l y . The concentrations of the heavy 

metals, copper and lead, were below the detectable level for most of the 

season, but increased dramatically during the las t three weeks of senescence 

p r i o r to the f i n a l harvest. The concentration of the nitrate-nitrogen 

increased gradually during the t r i a l , to a maximum at the time of the 

main extension of the bean pods. 

:4.4.3 Seasonal mean of the geochemical concentrations 

(1) Using the chemical analysis data collected during the whole 

season, the seasonal means were calculated f o r each of the twenty-four 

treatment combinations (Table 4-2). Although some differences of composition 

had been indicated i n the seeds sown, there was very l i t t l e apparent effect of 

imprinting upon theise seasonal means. S t a t i s t i c a l analysis revealed .there to 

be no s i g n i f i c a n t differences between any pairs of imprints, within any of 

the four treatments, for any geochemical. Because the heavy metals were only 

detectable at the beginning and end of the season, they were omitted from t h i s 
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table. I t i s most probable that the lack of si g n i f i c a n t differences 

between the seasonal means for each imprint type was due to the marked 

seasonal fluctuations referred to i n 4:4.4.2. 

(2) In the same way, s t a t i s t i c a l comparison of the four treatment 

means for each geochemical showed no sig n i f i c a n t differences between any of 

them. 

Thus any true differences between treatments may have been masked 

by the use of the seasonal means. Alternatively, the apparent lack of any 

differences between the treatments may indicate that the flow of the geo­

chemicals from the s o i l into the crop was very similar on a l l the experimental 

pl o t s . This p o s s i b i l i t y was supported by the lack of difference i n the crop 

growth (Section 3) between any of the four plot t3iT)es. This further implies 

that the level of nutrients i n the Stockless s o i l , where no f e r t i l i z e r was 
applied i n the year of the t r i a l , was adequate for crop growth, and that 

the additional f e r t i l i z e r applied only provided an excess of nutrients which 

would be leached through, or bound i n t o , the s o i l . 

:4.4.4 Location of geochemicals i n the shoots, roots arid nodules 

at the age of f i v e weeks from sowing 

Because of the possible masking effect of using the seasonal means 

for the treatment and imprint comparisons, the chemical composition of the 

plants was compared at a number of--times during the season. 

.4-1 The f i r s t comparison to be discussed was made at the age of f i v e 

weeks, upon the separately analysed shoots, roots and nodules. At t h i s age 

i t was s t i l l possible to remove the whole root system from the s o i l . >̂Jhen 

the results of the analyses were examined, i t was 

found that there was no consistent pattern to indicate that imprinting had 

had any ef f e c t upon the chemical composition of the bean plants. 



Table 4-3 

Shoots 

The mean geochemical concentrations i n the stems anci roots of 5 week pla n t s 

(Means c a l c u l a t e d from s i x readings) SD = Standard Deviation 
* = S i g n i f i c a n t to p = <0.05 

** = S i g n i f i c a n t to p = <0.01 
NS "> No s i g n i f i c a n t d i f f e r e n c e 

Treatment Dry Wt P OrgN Ca Mg Na K Al Cu Zn 
(gms) mg mg VZ mg mg mg mg mg VS. 

Organic-mean 0.65 2.5 40.3 87.5 20.0 1.9 4.7 8.0 1.5 19.2 36.7 
SD 0.14 0.4 4.6 11.3 2.1 0.2 2.1 1.0 0.5 6.3 40.0 

S-No f e r t i l i z e r 0.21 3.4 56.0 107.0 13.6 1.0 1.3 9.5 2.0 18.2 125.0 
SD 0.03 1.2 3.8 10.3 2.8 0.1 0.1 1.4 0.2 8.0 82.0 

S-375 f e r t i l i z e r 0.20 2.1 53.5 95.8 . 14.0 1.0 1.4 7.6 • 3.2 14.0 95.0 
SD 0.03 .0.5 6.3 19.1 2,6 0.2 0.4 1.1 0.3 1.1 21.0 

S-625 f e r t i l i z e r 0.20 2.5 54.0 83.3 13.2 1.0 1.5 8.0 3.3 26.3 175.0 
SD • 0.08 0.7 2.0 13.0 2.2 0.1 0.4 1.1 1.1 4.7 64.0 

S i g n i f i c a n t 0 >S •N>3 S>0 N>0 0>S 0>S 0>S N>3 N,3,6>0** 6>3 3,6>( 
D i f f e r e n c e s * ** N>6** ** ** * 3,6>N** 6>3* 

Roots 

Organic-mean -
SD 

0.25 
0.09 

2.4 
0.8 

26.7 
7.6 

87.5 
11.3 

12.6 
1.4 

2.2 
0.3 

4.3 
1.1 

6.2 
3.3 

5.4 
1.8 

18.8 
6.0 

92.7 
100.0 

S-No f e r t i l i z e r 
SD 

0.23 
0.03 

2.9 
0.8 

40.0 
6.7 

107.0 
10.3 

12.7 
2.0 

1.6 
0.2 

2.4 
0.4 

3.5 
1.0 

7.3 
1.7 

23.7 
7.0 

139.0 
150.0 

S-375 f e r t i l i z e r 
SD 

0.22 
0.10 

2.5 
0.9 

35.8 
10.2 

95.8 
19.1 

12.0 
3.5 

1.4 
0.5 

2.4 
. l - . l 

3.8 
2.1 

6.6 
2.5 

17.2 
5.2 

104.0 
26.0 

S-625 f e r t i l i z e r 
SD 

0.23 
0.10 

2.1 
0.6 

39.0 
4.9 

83.3 
13.0 

13.3 
2.1 

1.3 
0.4 

2.4 
0.7 

3.8 
0.7 

5.9 
1.5 

26.0 
4.5 

138.0 
53.0 

S i g n i f i c a n t 
d i f f e r e n c e s 

NS NS N,6>0 
* 

N>0* 
N>6* 

. NS 0>S 
** 

. 0>S 
* 

NS NS 6>3* 
6>0* 

NS 

A n a l y s i s of 
nodules - No f e r t i l i z e r 

375 
625 

44.0 
55.0 
50.0 

135.0 
160.0 
125.0 

6.2 
4.9 

10.0 

1.3 
1.3 
1.8 

2.5 
3.3 
2.4 

9.7 
14.2 
10.2 

• 2.8 
2.3 
4.9 

17.0 
15.0 
17.0 

17.0 
42.0 
37.0 
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.4-2 Because of t h i s apparent lack of effect of imprinting, the values 

for the s i x imprints w i t h i n each treatment were used as replicates, to enable 

the s t a t i s t i c a l comparison of the concentrations of geochemicals i n the plants 

from the d i f f e r e n t treatments. The means used, and the results of the 

s t a t i s t i c a l comparison, are shown on Table 4-3. From th i s table : 

(1) There was an inverse relationship between the supply and the 

uptake for P, NÔ -N and K. 

(2) There was a d i r e c t relationship between the f e r t i l i z e r application 

rate and the uptake of aluminium, copper and zinc - increasing the 

application increased the concentrations of these cations, but did 

not affect the uptake of any of the other geochemicals. 

(3) The chemical composition of the shoots was more affected by the 

treatment than that of the roots; comparing the plants on the 

Organic and Stockless sections : 

0 > S f o r Ca, Mg, Na S > 0 for NÔ -N, N, A l , Cu, Zn 

0 E S f o r P and K 
«> 

(4) The treatments did not a l t e r the location of the main concentrations 

of each geochemical : 

Stem > Root P, N, K, Pb 

Root > Stem Mg, Al 
Stem E Root NÔ -N, Ca, Cu, Zn 

(5) There was no apparent effect of treatment or imprint type upon 

the chemical composition of the root nodules. 

Section 4:4.4.9 describes the d i s t r i b u t i o n of the geochemicals 

i n the plants at the end of the growing season. 

:4.4.5 Maximum geochemical Concentration 

The second comparison of plant and treatment types was made at 

the time of achieving the maximum concentration of each geochemical i n the 

plant tissues. 



TABLE4-4. CROP GEOCHEMISTRY 

Plant 

MAXIMUM CONCENTRATION OF GEOCHEHICALS IN WHOLE PLANTS 1971. 

Concentrations expressed as mg ion/gm dry plant material 
Type P N NO3-N Ca Mg Na K Al Cu Zn Pb 

NO FERTILI2;ER 

T i c 0 5.0 56 0.13 17.2 2.0 5.3 12.9 5.8 0.47 0.28 0,76 
T i c M 4.6 64 0.12 18.9 1.8 5.8 15.4 4.2 0.80 0.49 0.17 
T i c S 4.7 55 0.12 18.2 2.0 5.9 12.9 4.1 0.32 0.33 0.11 
Thro 0 5.1 61 0.12 18.0 2.0 5.3 16.4 3.7 0.87 0.54 0.13 
Thro M 4.1 64 0.12 19.8 2.0 4.9 14.9 6.3 0.31 0.30 0.25 
Thro S 4.0 54 0.12 19.9 1.6 9.5 16.4 4.7 0.50 0.32 0.09 

Mean 
SD 

4.6 59.0 0.12 
0.5 4.6 0.006 

18.7 1.9 6.1 14.8 4.8 0.54 0.37 0.25 
1.1 0.2 1.7 1.6 1,0 0.24 0,110 0.26 

375 Kg,FERTILIZER / HECTARE. 
T i c 0 4.2 53 0.17 17.9 2.0 5.5 15.4 6.8 0.44 0.38 0,13 
T i c M 4.2 53 0.14 20.0 1,9 5.4 16.9 4.9 0.77 0.53 0,17 
T i c S 4.3 61 0.11 15.4 1.8 9,5 13.4 5,3 0.69 0.41 0.10 
Thro 0 4.1 59 0.14 18.2 1.6 5.6 14.9 3.6 0.93 0.57 0.12 
Thro M 4.1 55 0.12 19.4 1.7 5.3 14.4 6.1 0.93 0.57 0,09 
Thro S 4.5 70 0.13 15.8 1.5 5.7 14.4 2.7 0.76 0.57 0.05 

Mean , 4.2 58.5 0.14 17.8 1.8 6.2 14.9 4.9 0.75 0.50 0,11 
SD 0.2 6.5 0.02 1.9 0.19 1,6 1.2 1.5 0.18 0.09 0.04 

625 Kq,FERTILIZER / HECTARE. 
T i c 0 4.1 51 . 0.14 16.5 1.6 5.1 13.4 4.5 0.05 0.46 0,14 
T i c M * 4.1 55 0.12 23.2 2.7 5.5 14.9 4,8 0.19 0.50 0,0.7 
T i c S 4.5 53 0.15 16.7 1.9 5.6 17.4 3,5 0.20 0.24 0,23 
Thro 0 4.1 70 0.14 20.4 3.1 5.7 13.4 3.7 0.33 0.23 0,07 
Thro M 4.5 53 0.12 20.7 4.3 5.6 21.9 5.0 0.24 0.23 0,66 
Thro S . 4.0 61 0.11 19,4 1.9 4.7 16,9 4.1 0.13 0.29 0,10 
Mean 4.2 57.2 0.13 19.5 2.6 5.4 16.3 4.3 0.19 0.32 0.21 
SD . 0.2 7.2 0.01 2.6 1.0 0.4 3,2 0.6 0.10 0.12 0.23 

ORGANIC 
T i c 0 3.1 45 0.12 18.6 1.9 5.4 13.2 2.9 0.17 0.31 0.10 
T i c M 3.1 50 0.13 22.2 2.0 7.7 13.5 2,7 0.06 0.34 0,22 
T i c S 3.8 47 0.11 18.2 2.0 9.5 12.4 3.4 0.16 ' 0.36 0,09 
Thro 0 3.8 53 0.11 19.7 2.0 8.0 10.2 2.8 0,04 0.50 0,03 
Thro M 3.4 72 0.11 20.6 2.3 8.1 9.7 2,8 0,11 0.38 0.15 
Thro S 3.4 49 0.13 19.7 1.8 8.2 11.4 2,2 0.04 0.28 0.04 

Mean 3.4 52.7 0.12 19.8 • 2..0 7.8 11.7 2,8 0,09 0,36 0.11 
SD 0.3 9.9 0.01 1.4 0.17 1.3 1.6 0.4 0.06 0,08 0.07 



TABLE4-5. CROP GEOCtlEMISTRY 

CONCENTRATIONS OF GEOCHEMICALS AT MAXIMUM DRY WEIGHT 1971 
Expressed i n mgm ion/gm dry wt. plant material. 

Plant Type 

Treatment. ^̂ ^̂ ^̂  
P j j o ^ . j , Ca Mg Na Al Cu Zn 

NO FERTILIZER. 
Tic.O 18 2.9 25 0.13 15,8 1.3 2.0 2.5 0.02 0,02 0.06 
T i c M 21 1.9 25 0.08 8,8 1.1 2,3 4.7 0.10 0.02 0.01 
T i c S 18 3.0 37 0.11 14,0 1.8 2,7 4.4 0.04 0.02 0.02 
Thro 0 21 1.6 19 0.08 8,6 1.0 2,4 4.6 0.10 0.03 0.01 
Thro M 21 2.1 18 0.09 9,3 1.2 2.2 4.5 0.16 0.02 0.01 
Thro S 18 3,0 30 0.12 13,5 0,8 2.1 4.5 0.08 0.03 0.02 

Mean 2.4 25,7 0.10 11.7 1,2 2.3 4,2 0.08 0,02 0.02 
SD 0.6 7.1 0.02 3.1 0,3 0.2 0.8 0.05 0,004 0.02 

375 Kq-..FERTILIZER / HECTARE. 
T i c 0 18 3.2 34 0.17 15.5 1,0 1.5 5,2 0.05 0.01 0.03 
T i c M 21 1.6 20 0.09 8.4 1,1 2.3 7,2 0,25 0.02 0,02 
T i c S 18 2.6 27 0.11 11.2 0,6 2.4 4,3 0,05 0.02 0,01 
Thro 0 18 2.3 26 0.14 9.9 1,1 2.1 4.3 0.10 0.02 0.02 
Thro M 21 1.6 25 0,05 9.4 1,2 2.0 5.6 0.33 0.02 0.02 
Thro S 18 2.5 24 0.12 14,0 1,2 1.6 5.0 0.20 0.02 0.02 
Mean 2.3 26,0 0,11 11,4 1,0 2,0 5.3 0.16 0.02 0.02. 
SD 0.6 4,6 0,04 2,8 0,2 0,4 1,1 0,12 0.004 0.007 

625 Kq.FERTILIZER / HECTARE. 
T i c 0 18 2.8 35 0,10 12,4 1,1 3.5 5,2 0,10 0.02 0.02 
T i c M 18 . 2.2 27 0.12 10.3 1.0 2.7 3.4 0.10 0.01 0.01 
T i c S 18 2.5 28 . 0,10 14.7 i.9 2.6 6.0 o.id 0.02 0.02 
Thro 0 18 2.7 27 0.10 14.1 1.0 2.4 4.0 0.10 0.02 0.08 
Thro M 21 1.7 28 0.09 9.5 1,0 2.4 4.9 0.20 0.01 0.02 
Thro S 21 2.8 15 0.09 8.0 1,0 1.5 4.9 0,42 0.01 0.02 

Mean 2.5 26,7 0.10 11.5 1-2 2.5. 4.7 0.17 0.02 0.03 
SD 0.4 6,5 0.01 2.7 0.4 O.C 0.9 0.13 0.004 0.03 

ORGANIC 
T i c 0 19 2.5 27 0,07 . 7,0 0.9 2.9 4.2 0.50 0.01 0.08 
T i c M 16 2.7. 23 0.09 12.7 1,6 3.1 3,7 0.70 0.02 0.03 
T i c S 16 3.2 30 0.08 13,6 2.0 2.9 7,2 0.40 0.02 0.02 
Thro 0 19 2.3 29 0.08 8.2 1,1 3.1 3,2 , 0.70 0.01 0.02 
Thro M 16 2,7 26 0.10 10.7 1,7 2.8 • 5.9 ' 0.45 0.02 0.01 
Thro S 16 2,6 24 0.08 13.4 . 1.8 2.5 2.9 0.60 0.01 0.04 

Mean 2.7 27 0.08 10.9 1.5 2.9 4.5 0.55 0.02 0.03 
SD 0.3 2,7 0.01 2.8 0.4 0.2 1.7 0.13 0.004 0.03 
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.5-1 Table 4-4 shows the maximum concentration achieved during the 

season f o r each geochemical. This occurred at a d i f f e r e n t age of the plant 

for each geochemical considered (Graph 4-9), but, as previous stated, the 

timing was unaffected by either the imprint or s o i l type. However, due to 

the shorter growing season on the Organic system, the plants growing there 

achieved e a r l i e r growth and geochemical concentration maxima. 

.5-2 The low standard deviations shown on Table 4-4 indicate how small 

an e f f e c t the imprint type had upon the magnitude of the maximum concentration 

of each geochemical. Even i n the case of the heavy-metal concentrations, 

where there was more v a r i a t i o n between the imprints, no clear pattern emerged. 

.5-3 Within the Stockless section, when the imprint types were used as 

replicates to calculate the treatment means, the magnitude of the maximum 

concentrations of P, Org N, NÔ -N, Ca, Mg, Na, K, Al and Pb were unaffected 

by the rate of f e r t i l i z e r application. The concentrations of Cu and Zn 

were affected i n inverse proportion to the rate of f e r t i l i z e r applied. 

.5-4 When the Organic and Stockless sections were compared, the 

relationship between the treatments was : 

0 > S for Na - only s t a t i s t i c a l l y s i g n i f i c a n t 0>6F treatment 

S > 0 for P, K, A l , Cu and Zn 

0 = S f o r N, NÔ -N, Ca, Mg, Pb 

:4.4.6 Concentration of geochemicals at the Maximum Dry Weight 

The t h i r d comparison of the chemical composition of the crops was 

made at the time at which the crops achieved,Maximum"Dry-Weight. 

.6-1 Table 4-5 presents the concentrations of the geochemicals recorded 

at the maximum dry weight of the plants. There was a trend indicated, by 

which the S and 0 imprints of both bean varieties contained higher concen­

trations of some geochemicals, but t h i s pattern was not consistent throughout 
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a l l treatments, nor f o r a l l geochemicals. This was the only effect of 

the imprint type upon chemical composition which was evident at the 

maximum dry weight, 

.6-2 Using the imprint types as replicates, the treatment means were 

s t a t i s t i c a l l y compared (Bailey 1959, d te s t ) . - The results of t h i s comparison 

were : . 

(1) The rate of f e r t i l i z e r application had no significant effect upon 

the concentrations of P, Org N, NÔ -N, Ca, Mg, Na, K, A l , Zn. 

(2) The rate of f e r t i l i z e r application s i g n i f i c a n t l y affected Cu 

by inverse proportion (p = <0.05). 

(3) 0 > S for Mg, Na, Al concentrations (p = <0.01). 

S > 0 fo r Cu and NÔ -N concentrations (p = <0.05). 

0 B S f o r P, N, Ca, K and Zn. 

.6-3 Table 4-6 shows the t o t a l weight of geochemicals per plant at the 

time of the achievement of the Maximum crop dry weight - these values were 

considered'T.n order to determine whether a growth d i l u t i o n factor was operatingi 

whereby a constant quantity of one geochemical/plant would give a low concen­

t r a t i o n reading/gm i n a large plant, but a higher reading i n a small plant. 

(1) The previously observed trend for S and 0 imprints to have 

larger concentrations than M was repeated, but for fewer 

geochemicals than before. 

(2) As for .6-2, the only geochemical to be s i g n i f i c a n t l y affected 

by the f e r t i l i z e r application rate was Cu, i n an inverse manner. 

(3) Due to the greater dry weight of the Stockless plants (Section 3), 

the t o t a l crop content of a l l the geochemicals measured was greater 

upon the Stockless section, except for Zn, where 0 = S due to the 

high v a r i a b i l i t y , and A l , where 0 > S despite the lower plant weight 

on the Organic section. Hence the only two geochemicals affected 



TABLE4-6. CROP GEOCHEMISTRY 

CONCENTRATIONS OF GEOCHEMICALS AT MAXIMUM DRY WEIGHT 1971. 

Expressed mgm and gm ion/plant 

Plant type 
& 

Treatment 
Age 
(wks) P Org 

N NO3-N Ca Mg Na K Al Cu Zn 

NO FERTILIZER. 
T i c 0 18 158.4 1.36 7.1 865 71.0 107.8 137.7 1.1 1.33 3.43 
T i c M 21 101.6 1.43 4.4 831 58.9 118.9 268.8 5.4 0.83 0.42 
T i c S 18 188.8 2.31 7.0 879 110.3 172.3 .278.4 2.5 1.47 1.86 
Thro 0 21 106.2 1.21 4.9 496 66,4 142.4 318.5 5.9 1.55 0.50 
Thro M 21 121.5 1.05 4,9 491 74.0 98.7 285.0 10,5 1.21 0.54 
Thro S 18 205.0 2.04 8,0 927 58.0 143.0 311,0 5,7 1.83 1,15 

Mean 
SD 

146.9 1.6 
43.9 0.5 

6.1 
1.5 

748 
200 

73.1 130.5 
19,3 27.2 

267 5.2 1.37 1,32 
66 3,3 0,3 1,2 

375 Kg.FERTILIZER / HECTARE. 
T i c 0. 18 197.5 2,11 10.7 954 58.6 91.6 318.5 3,0 0.87 2.0 
T i c M 21 74.7 0,91 4.0 361 53.3 100.2 338.6. 11,0 0,8 0.8 
T i c S 18 152.1 1,60 6.4 663 37,3 139.2 254.1 3,0 1.39 0.8 
Thro 0 18 101.5 1,15 6.0 438 47.2 91.4 189.1 5,7 1.14 1,08 
Thro M 21 106.1 1.69 3.7 523 73.0 106.6 390.0 17.9 1.05 1.35 
Thro S , 18 140.0 1.35 6.6 788 67,0 90.0 284,0 10.9 1.25 0.82 

Mean 128.7 1,46 6.2 621 56.1 103.2 296 8.6 1.08 1,14 
SD 43.8 0.4 2.5 224 13.0 18.8 70 5.8 0.2 0,5 

.625 Kq.FERTILIZER / HECTARE, . 
T i c 0 18 178.2 2.23 6.1 790 67,4 220.9 332.7 7.8 1.3 1.3 
T i c M 18 97.7 1.16 5.4 448 45.0 118.0 148,5 5.2 0.6 0.4 
T i c S 18 133.4 1.53 5,3 795 99.3 138.6 324,2 6.3 0.95 0.81 
Thro 0 18 173.2 1.72 6,2 910 64.1 156.9 259,0 8.3 1.27 4.98 
Thro M 21 95.0 1.65 4,6 473 58,0 115.6 292,0 10.5 0,52 0.92 
Thro S 18 81.0 1.03 4,5 493 41.0 87,0 176.0 12.4 0,83 0.28 

Mean 126,4 1,55 .5,4 652 62,4 139.5 255 8.4 0.91 1.45 
SD 41,9 0.4 0.7 202 20.8 46.3 77 2.7 0.3 1.8 

ORGANIC 
T i c 0 • 19 71.1 0,78 2,1 202 27.0 84,0 119,6 13.7 0.34 2,37 
T i c M 16 66.5 0,60 2,3 399 44.0 86,0 87.9 19.7 0.49 0.85 
T i c S 16 119.7 1,14 3.0 531 74.7 115,0 265.0 15,8 0,73 0.67 
Thro 0 19 50.0 0.60 1.7 172 23.8 65,1 67.1 15.2 0.21 0,50 
Thro M 16 58,3 0,57 2.7 342 •41.8 94.9 104.4 16.0 0.35 0.13 
Thro S 16 55.9 0,50 1.7 315 39.6 55.7 60,1 14.1 0.43 0.72 

Mean 70.3 0.70 2.3 327 41,8 83,5 117,4 15.8 0,43 0.87 
SD 25.4 0.2 0.5 132 18.1 21.2 75,7 2,1 0.18 0.8 



. TABLE4-7. CROP GEOCHEMISTRY 

CONCENTRATIONS OF GEOCHEMICALS AT MAXIMUM LEAF AREA INDEX 1971. 
Expressed as mgm ion/gm dry wt. plant material 

Plant type 
& 

Treatment 
Age 
(V7ks) P Org 

N NO3-N Ca Mg Na K Al Cu Zn 

NO FERTILIZER, 
T i c 0 18 2.9 25 .0,13 15.8 1.3 2.0 2.5 0.02 0.02 0.06 
T i c M 18 2.1 25 0,12 11.0, 1.5 3.1 2.1 0.02 0.02 0.03 
T i c S 18 3.0 37 0.11 14,0 1.8 2.7 4.4 0.04 0.02 0.03 

. Thro 0 18 2.2 32 0.11 18,0 1.2 3.2 4.1 0.02 0.03 0.02 
Thro M 18 2.3 30 0.12 12,6 1.0 2.1 4,6 0.02 0.02 0.02 
Thro S 18 3.0 30 0.12 13,5 0.8 2,1 4,5 0.08 0.03 0.02 

Mean . 2.6 29,8 0.12 14,2 1.3 2,5 3,7 0.03 0,02 0.03. • 
SD 0.4 4,5 0.01 2.5 0.4 .0,5 1,1 0.02 0.004 0.02 

-375 Kq,FERTILIZER / HECTARE. 
T i c 0 18 3.2 34 0.17 15,5 1.0 1,5 5,2 0,05 0,01 0.03 
T i c M 14 4.2 30 0.14 14,0 1.2 3,8 4,9 1,0 0.03 0.03 
T i c S 18 2.6 27 0.11 11.2 0.6 2,4 4,3 0,05 0.02 0.01 
Thro 0 18 2.3 26 0.14 9.9 1.1 2,1 4.3 0,1 0.03 0.02 
Thro M 18 2.7 27 0.12 13.1 1.1 1,8 3.2 0.2 0.02 0.02 
Thro S 18 2.5 24 0.12 14.0 1.2 1,6 5,0 0,2 0.02 0.02 

-Mean. 2.9 28,0 0.13 13.0 1.0 2.2 . 4.5 0.3 0.02 0.02 
SD 0.7 3,5 0.02 2.1 0.2 0.9 0.7 0.4 0.004 0.008 

625 Kq.FERTILIZER / HECTARE. 
T i c 0 18 2.8 35 0.10 12.4 1.1 3.5 5.2 0.1 0.02 0.02 
T i c M . 14 4.1 22 0.09 13.0 1.2 5.5 7.5 0.3 0.04 0.06 
T i c S . 14 4.5 30 0.10 16.0 1,5 4.6 4.3 1.0 0.03 0.03 
Thro 0 18 2.7 27 0.10 14.1 1,0 2.4 4.0 0.1 0.02 0.08 
Thro M 18 2.7 28 0.11 13.2 1,1 . 1,5 6.0 0.05 0.02 0.04 
Thro S 14 4.0 34 0.09 14.9 1.3 3,6 7.7 0.05 0.03 0.04 

Mean 3.5 29.3 0.10 13.9 1.2 .3,5 5.8 0.3 0.03 0.04 
SD 0,8 . 4.8 0.01 1.3 0,17 1.4 1.6 0.4 0.006 0.02 

ORGANIC 
T i c 0 13 2,0 28 0,06 14.3 1.6 4.5 4.4 0.6 0.02 0.03 
T i c M 13 2,0 27 0.08 11.1 1.2 4.7 4.0 0.7 0.01 0.08 
T i c S 9 3,8 38 0,08 15.4 1.8 9.5 10.9 2.2 0,03 0.03 
Thro 0 13 2.7 32 0.09 17.5 1.7 3.5 9.4 0.6 0,01 0.04 
Thro M 16 2.3 22 0.10 13.2 1.6 3.7 4.0 0.6 0.01 0.01 
Thro S 16 2,5 23 0.08 14.3 1.8 2.5 2.7 0.6 0,02 "0.03 

Mean 2,6 28.3 0.08 14.3 1.6 4,7 5.9 0.9 0.02 0.04 

SD 0,7 6.0 0.01 2,1 0.2 2.5 3.4 0.6 0.007 0.02 
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by the proposed d i l u t i o n factors were magnesium and sodium, i.e. 

although the concentrations of these two were greatest i n the 

organically grown plants, there was less t o t a l weight of them i n 

the t o t a l standing crop, than i n the Stockless f i e l d . 

:4.4.7 Concentrations of geochemicals at the 'Maximum Leaf Area Index 

The fourth comparison of the geochemical concentrations was made at 

the time at which the crop attained Maximum LAI. The Maximum Leaf Area Index 

provides a growth parameter f o r the comparison of geochemical concentrations, 
which i s independent of the direct measurement of dry weight. The Leaf Area 

Index i s an expression of the r a t i o of the leaf area of the plant to the area 

of the ground shaded. The maximum' LAI occurred at about 18 weeks of age on 

the Stockless f i e l d , but the greater the quantity of f e r t i l i z e r supplied, the 

e a r l i e r t h i s maximum was attained. On the Organic section t h i s stage was 

reached at 13 weeks of age (corresponding calendar time to that on the Stockless 

section). Table 4-7 shows the concentrations of geochemicals i n the plants at 

the stage of maximum LAI. 

(1) There was no clear effect of imprint type upon the concentration 

of any geochemical. 

(2) The only geochemical concentrations which were s i g n i f i c a n t l y 

affected by the changing f e r t i l i z e r application rates were : 

P, K and Zn - d i r e c t l y proportional ) 
) (p =<0.0^ 

NÔ -N - inversely proportional ) 

(3) 0 > S for Mg, Na and Al (p = <0.05) 

S > 0 for NÔ -N and Cu (p = <0.05) but not for 6F 

O S S for P, N, Ca, K, Zn. 

This pattern coincides. exactly with'Tthat " found at the maximum dry 

weight, although these two growth maxima did not occur at the same age of the 

plants. 
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:4.4.8 Maximum, flow of gedchemcals iritb the staridirig crop - shorC-tem 

storage 

From the f u l l a n a l ytical results pf. the 1971 Field T r i a l 

the maximum value for the "geochemical concentration x t o t a l plant dry 

weight" was determined. Due to the seasonal-fluctuation i n concentrations 

t h i s did not always coincide with the timing of the maximum plant dry weight. 

Using the "estimate of 270,000 plants per hectare, the maximum flow of geo-

chemicals i n t o the standing crop was calculated - t h i s was used for the f i f t h 

comparison of the plants' chemical composition - the values are presented i n 

Table 4-8. These figures do not refer to the quantity of geochemicals lost 

from the ecosystem, only that which i s mobile w i t h i n i t , for leaf f a l l and 

senescence of the root w i l l return some of these t o t a l quantities to the s o i l . 

.8-1 For the geochemicals where maximum flow did coincide with the 

maximum plant dry weight, the e a r l i e r observed pattern of 0 and S imprints 

having higher geochemical concentrations than M imprints occurred as a non­

s i g n i f i c a n t trend. A l l imprint types showed some differences i n the flow of 

geochemicals in t o the standing crop, but not according to any consistent 

pattern. Maximum flow did not coincide with the timing of the maximum plant 

dry weight for Na, K, A l , Cu, Zn. 

.8-2 As previously, the means calculated from the six plant types 

w i t h i n each treatment were used to s t a t i s t i c a l l y evaluate the treatment 

e f f e c t . The conclusions drawn from t h i s analysis were : 

(1) The rate of f e r t i l i z e r application had no sig n i f i c a n t effect 

upon the short-term storage of P, N, NÔ -N, Ca, Mg, Al or Pb 

i n the standing crop. 

(2) The short-term storage of K was affected by the f e r t i l i z e r 

application rate so that 3F >NF (p = <0.05). For Na, Cu and Zn, 

increasing the rate of f e r t i l i z e r application decreased the 

magnitude of maximum flow into the plants. 



TABLE 4-8. CROP GEOCHEMISTRY 

MAXIMUM FLOW OF GEOCHEMICALS FROM SOIL INTO PLANTS -
SHORT TERM STORAGE 

Expressed i n Kg/ha (using an estimate of 270,000 plants/hectare 

Plant 
Type P Org N NO3-N Ca • Mg Na K Al Cu Zn Pb 

NO FERTILIZER. 
T i c 0 42.8. 360.5 1.91 233.6 19.2 39.4 68.3 4-1 3.6 2.2 2.0 
T i c M 34.7 385.3 1.54 224.4 18.6 38.3 72.6 7.2 5.1 3.1 0.53 
T i c S 51.0 622.4 1.89 237.3 29.7 46.4 75.1 5.7 2.9 1.9 0.87 
Thro 0 28.7 350.7 1.32 194.9 17.8 38.3 86.1 . 2.3 5.3 3.3 0.64 
Thro M 32-8 428.2 1.76 181.4 20.0 30.8 77.0 5.8 2.7 1.9 0.91 
Thro S 55.4 551.3 2.16 250.3 15.7 38.6 84.0 3.2 4.6 2.3 0.61 

Mean 40.9 449.7 1.76 220.3 20.2 38.6 77.2 4.7 4.0 2.45 0.93 
SD 10.7 112 0.3 26.6 4.9 4.9 6.8 1.8 1.1 0.6 0.5 

375 Kq.FERTILIZER / HECTARE. 
T i c 0 53.3 570.5 2.90 257.6 15.8 24.7 93.9 5.0 3.6 2.1 0.63 
T i c M 29.7 322.4 1.67 134.7 14.4 29.4 91.5 7.1 5.9 3.6 1.18 
T i c S 41.1 430.9 1.73 179.0 15.7 37.5 115.3 4.8 5.0 3.0 0.36 
Thro 0 27.4 328.3 1.62 118.3 12.7 24.7 77.5 4.7 5.6 3.4 0.39 
Thro M 28.7 458.2 1-27 141.2 19.7 28.9 105.3 6.9 9.1 5.6 0.84 
Thro S 47.5 366.1 1.78 212.8 22.1 31.6 76.7 4.6 5.2 2.7 0.33 

Mean 38.0 412.7 1.83 173.9 16.7 29.5 93.4 5.5 5.7 3.4 0.62 
SD 11.0 94.6 0.6 53-4 3.5 4.8 15.2 1.2 1.8 1.2 0.3 

625 Kq.FERTILIZER / HECTARE. 

T i c 0 48.1 600.8 1.70 213.3 18.2 59.6 89.8 5.1 0.41 0.35 0.82 
T i c M 33.1 313.5 1.46 132.3 29.9 44.0 91.3 5.7 1.03 1.30 0.28 
T i c S . 36.1 413'. 9 1.43 214.7 26.8 37.5 87.5 6.8 1.43 1.0 0.85 . 
Thro 0 46.8 464.4 1.67 245.7 17.3 42.4 77.0 10-2 3.2 1.8 0.47 • 
Thro M 37.0 444.7 1.45 170.1 15.7 35-4, 78-8 5.6 2.6 1.35 1.86 
Thro S 50.2 278.9 1.32 133.1 16.7 .23.5 82.1 6.7 1.1 0.65 0.31 

Mean 41.9 419.4 1.51 184.9 20,8 40.4 84.4 6.7 1.6 1.08 0.77 
SD • 7.3 115 0.15 47.0 6.0 11.9 6-0 1.8 1.1 0.5 0.6. 

ORGANIC 
T i c 0 19 .9 210 .4 0. 58 65 6 7 .8 25 .4 32 .3 3 7 1. 30 0. 65 1. 04 
T i c M 18 .0 162 8 0. 62 107 7 11 .9 28 .1 24 .0 5 3 0. 19 0. 46 0. 52 
T i c S 32 .3 308 9 0. SI 143 4 20 .2 31 .1 71 .6 4 3 6. 73 0. 43 0. 43 
Thro 0 13 .5 160 9 0. 51 70 2 8 .6 18 .3 28 .9 4 1 0. 11 0. 14 0. 14 
Thro M 15 .7 153 9 0. 73 -92 3 11 .3 25 .6 28 ,1 4 3 0. 41 0. 16 0. 46 
Thro S 15 .1 134 2 0. 46 85 1 10 .7 15 .0 21 ,9 3. 8 0. 11 0. 19 0. 16 

Mean 19 .1 188 5 0. 62 94 1 11 .8 23 .9 34 5 4, 3 0. 50. 0. 34 0. 46 
SD 6 .9 64 1 0. 13 28 6 4 .4 6 .1 18 .6 0, 6 0. 47 0. 20 0. 33 
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(3) Because of the lower plant weight on the Organic section, the 

flow of P, N, NÔ -N, Ca, K and Zn was greater S > 0 (p = <0.01). 

(4) Despite the lower t o t a l crop biomass on the Organic section, there 

were no si g n i f i c a n t differences i n the magnitude of the short-term 
storage of some geochemicals, between the Organic and Stockless 

treatments, at some f e r t i l i z e r rates : 

Mg and Na 0 5 3F but NF, 6F > 0 (p = <0.02) 

Al and Cu 0 = 6F but NF, 3F > 0 (p = <0.02) 

Thus, for a l l geochemicals considered, the maximum flow of 

geochemicals through the Stockless f i e l d ecosystem was greater than through 

the Organic f i e l d , despite a greater " a v a i l a b i l i t y " of some geochemicals i n 

the s o i l of the l a t t e r management type. 

:4.4.9 Location of geochemicals i n the stems, pods aiid seeds 

The effect of the plant imprint type and treatment upon the 

chemical composition of the stems, pod cases and seeds were investigated 

during the penultimate six weeks of the crop's l i f e . The f u l l results, 

from these analyses are shown i n Table A l l . 

.9-1 Neither the imprint' type nor the s o i l treatment affected the main 

location of any geochemical during the f i n a l weeks i n the l i f e cycle of the 

T.faha plants. The concentrations of each geochemical were s i g n i f i c a n t l y 

greater i n certain plant parts, and the difference increased as the plants 

dried out : 

(1) Concentration i n stem > pod cases > seeds for Ca, Na, A l , Cu, Zn, Pb 

(2) " " pod cases > seed > stem for Mg, K 

(3) It I I gggjj > pQjj cases > stem for P, Org N 

but with no par t i c u l a r location for the concentrations of NÔ -N. 

.9-2 The effect of the s o i l treatments upon the chemical composition of 

the separate plant parts during the last three weeks of the season was s t a t i s t i c -



Table 4-9 Results of the s t a t i s t i c a l comparison of the e f f e c t of s o i l treatment 

upon the concentrations of geochemicals i n the dying bean plant 

Time and 
plant part 

H-3 weeks P Org _N NÔ -N 

Stem 

Pod + seed 

Harvest 

Stem 

Pod cases 

Seeds 

Ca Mg Na 

ON 
* 

0>6 

*. 

NS 

NS 

NS 

0>N,3 0>S 0>N,3* 0>N,3 0 N,3 NS 

6>3 * 

N>0 

0>S NS 

** 

0>3,6 NS 0>3.6 

0>N,3 0>N •S>0 ** 0>S 

* * 6>N ** 

S>0 ** NS 

6>3.N* 

NS 

0>S 0>3,6 

0>S * 0>S 

6>3,N* ** 

S>0 0>S 

** ** 

NS 

3>N 

** 

NS 

Al Cu 

0>N,3* NS 

6,3>N* 

NS NS 

Zn 

0>N 

* 

6,3>N 

Pb 

NS 0>S S>0** S>0* 

** 3>N.6* 3>6* 

6>0 * 0>S** S>0 S>0 NS 

6>3,N* 6>3,N** * * 

NS 0>S** N>0* N>0* 6>6 

6>3** N>3>6* N>3>6* 

Key : H-3 •= 3 weeks p r i o r to harvest 

NS •= No s i g n i f i c a n t differences 

P «= Organic 

N —= No f e r t i l i z e r (Stockless) 

S = a l l Stockless treatments 

* = s i g n i f i c a n t to p = <0.05 

** •= " " P = <0.01 

3 - 375 Kg f e r t i l i z e r / h a 

6 = 625 Kg f e r t i l i z e r / h a 

- =- no measurement made 
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a l l y determined from the treatment means (Table 4-9). The effect of the 

s o i l treatments increased i n severity as the plants dried out : 

(1) The rate of f e r t i l i z e r had no effect upon the concentrations 

of P, Org N, Ca, Na i n the plant tissues. Increasing the rate 

of application of f e r t i l i z e r s increased the plant concentrations 

of NÔ -N, Mg, K, A l , but decreased that of Cu, Pb and Zn. 

(2) 0 > S for P, Org N, Ca, Mg, Na, Al and Cu (stem) 

S > 0 for NÔ -N, An, Pb, Mg (seeds), K (pods), Cu (pods). 

These results showed almost no overlap with the effects of the s o i l 

treatment shown to act upon the concentrations of geochemicals i n the separate 

plant parts at f i v e weeks of age. The discussion has demonstrated how 

dependent the chemical composition of the plants was, upon the particular 

stage i n the growth cycle at which the plants were sampled. 

.9-3 The heavy metal content of the crop was only b r i e f l y investigated 

i n 1971. From Table A 11 i t was seen that very high concentrations of lead 

were present i n the dead plants at the f i n a l harvest. The mean values for 

each v a r i e t y were calculated from the three imprint types : 

Concentrations of lead i n the dead plants Tic and Throws 1971 

Treatment Plant part Tic Throws 
VI gm Pb/gm y gm Pb/gm 

dry plant material dry plant material 
I n i t i a l seed 40.0 56.3 

0 Whole plant 203.3 29.0 
Pod case + stem 301.0 41.6 
Seed 20.0 6.0 

s Whole plant 200.0 108.3 
Pod case + stem 375.0 231.3 
Seed 19.3 36.7 

s + 375 Whole plant 95.0 93.3 
Pod case + stem 250.7 145.0 
Seed 23.0 40.0 

s + 625 Whole plant 66.6 56.7 
Pod case + stem 108.0 88.0 
Seed 36.0 30.0 
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Although the concentrations varied widely between the varieties 

and treatments, i n a l l plants analysed the main concentration of lead was 

found i n the dead stem and pod cases. The concentrations i n the l i v e seeds 

were considerably lower (below the levels found i n the seeds shown). ' 

When the analysis for lead was made on the plants of 5 - 20 weeks 

of age, the concentrations were always below 5 ygm Pb/gm dry plant material. 

Although there was a reduction i n the t o t a l plant dry weight during the f i n a l 

four weeks of the season, the resu l t i n g concentration of the lead already i n 

the plant tissues was not s u f f i c i e n t alone to explain the high levels found 

i n the stems and pod cases at f i n a l harvest. These could only have resulted 

from an increased uptake of lead from the s o i l after the death of the plant. 

During the f i n a l stages of senescence, to the dry and blackened state i n 

which the plants were harvested, there would have been a strong upward 

movement of water through the plant dra^vTi by the evaporation from the dead 

stem surface. 



TABLE4-ia CROP GEOCHEMISTRY 

REMOVAL OF GEOCHEMICALS FROM FIELD SYSTEM IN FINAL HARVEST OF 
WHOLE PLANTS 1971. 

Plant Expressed i n Kilogrammes/hectare 
Type P Org N NO3-N Ca Mg Na • K Al Cu Zn Pb 

NO FERTILIZER,. 
T i c 0 16.1 202.7 0.78 37.5 6.35 8.26 36.3 2,62 3.56 2.17 2.02 
T i c M 14.3 178.6 0.68 33,2 .5.80 10.40 45.4 5,43 5.07 3.09 0.53 
T i c S 17.9 247.8 1.00 50.1 6.50 19.7 37.7 5.67 2.87 1.00 0.87 
Thro 0 61.3 174,8. 0.73 26,3 2.89 9.75 21.8 0.54 5.26 3.28 0.64 
Thro M 24.6 199,3 .0.89 26.6 3.89 19.4 28,1 1.19 2.68 1.90 0.91 
Thro S 17.3 263,8 1,03 42.3 3.83 17.4 28.3 2.81 4.58 2.29 0.61 

Mean 17.8 211.1 0.85 36,0 4.9 14.2 32.9 3.0, • 4.0 2,3 0.93 
SD 3.6 36,6 0.14 9.3 1.5 5.2 8,5 2.1 1.1 0.8 0.6 

375 Kg.FERTILIZER / HECTARE. 

T i c 0 18 .7 223 .4 0. 76 30, 7 4 .37 13 .7 34 .6 0. 43 2 .98 2 .05 0 .63 
T i c M 18 .0 180 .0 0. 95 37. 5 4 .46 13 .9 34 .5 0. 27 5 .93 3 .57 1 .18 • 
T i c S 21 .2 244 .9 0. 57 12, 8 5 .20 5 .9 35 .1 0. 30 5 .02 2 .97 0 36 
Thro 0 15 .2 170 .6 0. 65 25. 5 3 .40 • 6 .91 19 .2 0. 54 5 .57 3 .41 0 39 
Thro M 18 .9 323 .2 1. 32 55. 1 6 .00 13 .0 38 .9 6. 94 9 .11 5 .56 0 84 
Thro S 12 .9 183 .3 0. 73 28. 6 2 ,59 7 .4 3 .3 2. 84 4 .27 2 .65 0 33 

Mean 17 .5 220 .9 0. 83 31. 7 4 .3 10 .1 27 .6 1. 9 5 .5 3 .4 0, 62 
SD 3 .0 58 0. 3 14. 1 1 .2 3 .8 13 .7 2. 7 2 .0 1 .2 0, 3 

625 Kg.FERTILIZER / HECTARE. 
T i c 0 19 .4 263 .2 1 .10 31 .6 8 .00 8 .94 43 .4 1 .27 0 .41 Q 32 0 .82 
.Tic M 18 .4 177 .7 0 .62 23 .5 6 .05 6 .64 27 .7 0 .51 1 .02 1 29 0 28 
T i c S 15. 1 175 .2 0 .89 33 .4 4 .16 18 .7 29 .0 0 .65 1 .42 1. 00. 0. 85 
Thro 0 30. 1 303 .5 1 .30 31 .8 5 .10 8 .10 . 33 .9 2 .84 3 .15 1. 77 0. 47 
Thro M 37. 0 365 .0 1 .32 38 .3 5 .91 13 .91 47 .3 5 .51 2 .59 1. 35 1. 86 
Thro S 17. 0 257 .6 0 .92 16 .3 4 .70 io .20 35 .2 1 .30 1 .05 0. 65 0. 31 

Mean 22. 8 257 .0 1 .0 29 .1 5 .7 11 .1 36 .1 2 .0 1 .6 1. 1 . 0. 77 
SD 8. 7 73 0 .3 7 .9 1 .4 4 .5 7 .8 1 .9 1 .1 0. 5 0. 59 

ORGANIC 
T i c 0 19. 2 210 .4 0 .60 54 .5 7 .30 22 .7 32 .3 3. 70 1 .28 0. 64 1. 04 
. T i c M 7. 9 103 .1 0 .27 26 .1 3 .11 12 .5 12 .0 1 .11 0 .20 0. 08 0. 52 
T i c S 10. 7 144 .2 0 .38 26 .8 4 .83 13 .5 17 .2 2 30 0 .73 0. 42 0. 43 
Thro 0 13. 5 160 .9 0 .45 46 .4 6 .40 17 .6 18 .1 4. 10 0 .06 0. 14 0. 14 
Thro M 7. 13 136 .9 0 .30 29 .8 4 .35 9 .3 15 .6 2. 32 0 .40 0. 16 0. 46 
Thro S 10. 12 134 .2 0 .30 36 .5 3 .54 11 .4 11 .4 2. 05 0 .03 0. 06 0. 16 

Mean 11. 4 148 .3 0 .38 36 .7 4 .9 14 .5 17 .8 2, 6 0 .45 0. 25 0. 46 
SD 4. 4 35 .8 0 .13 11 .6 1 .6 4 .9 7 .6 1, 1 0 .5 0. 23 0. 33 
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:4.4.10 Loss of geochemicals from the system i n the f i n a l harvest 

.10.1 One of the most important factors which w i l l l i m i t the product­

i v i t y of an arable farm ecosystem i s the loss of the nutrient geochemicals 

i n the harvested crop. The magnitude of the loss w i l l depend upon the t o t a l 

dry weight of the standing crop, i t s chemical composition, and the harvesting 

techniques. At Haughley, the beans were harvested by combine which l e f t 

most of the roots i n the s o i l , but removed seed, stems and pod cases, the 

l a t t e r to be burned elsewhere. 

.10.2 Table 4-10 presents the values of the geochemical loss i n the 

whole plants from the four treatments, expressed i n Kg/ha, using the estimate 

of 270,000 plants per hectare. The imprint types showed no influence over 

the loss from the system. Therefore to determine the treatment effect,, 

means were calculated from the six plant types w i t h i n each treatment. The 

high values of the standard deviations for the losses of heavy metal demon­

strated the great v a r i a b i l i t y i n tissue concentration, between the plants 

w i t h i n each treatment. 

.10.3 The results of the s t a t i s t i c a l analysis of the losses from the 

four treatments are shown below : 

Geochemical P Org N NÔ -N Ca Mg Na K . Al Cu Zn. . . Pb 

Significant g^^ g^^ j^g j^g ĝ Q jjg g>Q g>Q ĵ S 
Result 

, NF,3F>6F NF,3F>6F 
p value * * ** * A* ** 

Where * p = <0.05 ** p = <0.01 NS = no significant difference 

(1) Because of the s i g n i f i c a n t l y l i g h t e r plants on the Organic section 

(p = <0.05), no .geochemical was lost i n greater quantity from that 

section, despite higher tissue concentrations i n some of the 

Organic plants. 
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(2) Because of the higher tissue concentrations i n the Organic plants, 
despite lower biomass i n the f i e l d 0 = S loss f o r Ca, Mg, Na, Al 
and Pb, but S > 0 loss f o r P, N, NÔ -N, K, Cu and Zn. 

(3) The rate of f e r t i l i z e r application only showed a si g n i f i c a n t e f f e c t 

upon the loss of copper and zinc,according to the previously noted 

inverse relationship. 

4:4.11 Summary of results and conclusions from, the 1971 Geochemical Analysis 

. l l r l Effect of imprint type 

(1) The greenhouse t r i a l showed some indications that each imprint type 

was able to obtain more nitrogen from i t s own farm management s o i l , 

but this trend was not confirmed by the f i e l d t r i a l for any geo-

chemical. Thus i t i s concluded that there was no physiological 

adaptation of any imprint type to i t s own farm management section -

this.correlated with the observations of crop growth (Section 3). 

(2) The imprint type never s i g n i f i c a n t l y influenced the chemical 

composition of the bean plants at any stage i n the growth cycle. 

.11-2 Effect of f e r t i l i z e r application rate 

(1) The location of the main concentrations of geochemicals i n the plant 

tissues followed a set seasonal pattern, which was never s i g n i f i c ­

antly altered by the rate of f e r t i l i z e r application. 

(2) The apparent effe c t of the f e r t i l i z e r application rate upon the 

chemical composition of the plants.depended upon the stage i n the 

growth cycle at which the plants were sampled, and the plant part 

considered, agreeing with the work on wheat by Boatwright and Haas 

(1961). A summary of the effect of increasing the level of f e r t ­

i l i z e r , upon the concentration of geochemicals i n the plants, i s 

shown overleaf : 
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Stage i n the 

growth cycle P N NÔ -N Ca Mg Na K Al Cu Zn Pb 

Seasonal mean - - - - - - - - - _ -

5 week old plants i " i " " " 1 T T t ~ 
Maximum ion cone. _ _ _ _ _ _ _ _ | _ 

Maximum Dry Weight - - ~ ~ ~ | 

Maximum LAI T " ! - - - 1 ' _ - .|_ 
Maximum flow - - - _ _ j ^ | _ | _ 
21-24 week plants " " . t - t - T t i J , i 
Harvest loss _ _ _ _ _ _ _ _ _ 

where t = increase i n concentration with increasing f e r t i l i z e r rates 

j = decrease " 

- = no effect 

Thus the uptake of most geochemicals was unaffected for most of 

the growing season by the rate of f e r t i l i z e r application, except for that of 

the heavy metals, copper and zinc, which were usually absorbed i n inverse 

proportion to the rate of the f e r t i l i z e r application. 

Although the growth studies (Section 3) showed that the crop y i e l d 

was strongly influenced by the rate of f e r t i l i z e r application, this was not 

found to be true f o r the loss of geochemicals i n the f i n a l harvest. The 

uptake of geochemicals from the Stockless f i e l d did not accurately r e f l e c t the 

rate of the addition of nutrients i n the f e r t i l i z e r s . This may have been due 

to an, already more than adequate supply of plant nutrients i n the u n f e r t i l i z e d 

s o i l p l o t s . 

.11-3 Effect of farm management 

(1) The farm management never s i g n i f i c a n t l y altered the seasonal pattern 

shown by the main locations for the concentrations of each geochemical. 
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(2) Whenever plant weight was used i n the comparison of geochemical 

uptake between the two sections (Max flow and harvest loss), S > 0 

due to the larger plants on the Stockless section. Apart from 

t h i s , the relationship between the farm, management sections 

depended upon each pa r t i c u l a r geochemical as shown below : 

Growth stage P N NÔ -N Ca Mg Na K Al Cu Zn Pb 

Greenhouse S>0 0>S 0>S - 0>S 0>S - - - S>0 -

Field : 

Seasonal mean S>0 - S>0 0>S 0>S 0>S - - - - -
5 week plants • - • S>0 S>0 0>S 0>S 0>S - S>0 S>0 S>0 -
Max Ion cone S>0 - - - - - 0>S S>0 S>0 S>0 -

Max Dry Wt - - S>0 - 0>S 0>S - 0>S S>0 -

Max LAI - - S>0 - 0>S 0>S - 0>S S>0 - -

Max Flow S>0 S>0 S>0 S>0 S>0 S>0 S>0 S>0 S>0 S>0 -

21-24 week ̂  0>S 0>S S>0 0>S 0>S 0>S - 0>S S>0 S>0 S>0 

Harvest loss S>0 S>0 S>0 _ _ _ S>0 _ S>0 S>0 

Except where the patterns were confounded by the differences i n 

plant dry weight, the plant chemical content was d i r e c t l y proportional to the 

supply i n the s o i l , shown by chemical means (Section 1) e.g. f o r the alkaline 

earths. However, despite higher NPK content i n the organic s o i l , the plants 

grown on that system contained lower concentrations of. these geochemicals, 

possibly due to the Kirkby-Mendel e f f e c t , 

.11-4 A death reaction was observed whereby the uptake of the heavy metals, 

especially lead, increased during senescence to produce very high concentrat­

ions i n the dead stems and pod cases. 
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4:5 1972 Field T r i a l 

:5.1 Aim 

To determine the effect of the three farm management types upon 

the chemical composition of V.faba var Throws (not previously imprinted) 

under normal a g r i c u l t u r a l conditions, which included a more detailed study 

of the heavy metal content of the plants. 

:5.2 Method 

Five plants were randomly sampled from each of the Organic, Mixed 

and Stockless farms upon six occasions during the growing season. They 

were dried as previously described, before being analysed for fourteen 

geochemicals by the methods i n the Appendix. 

The plant and s o i l treatments used for this t r i a l are shown below 

Measurements Plant material 

Crop geochemistry - plants Commercially 
analysed for : P, N, NO -N, obtained Y.foba 

v a r . 

NĤ -N, Na, K, Ca, Mg, A l , Throws 

Fe, Mn, Cu, Zn, Pb at 

intervals throughout 

the season 

Treatment 

Organic f a r m - f i e l d 

- lysimeter 

Mixed farm - f i e l d 

- lysimeter 

Stockless farm - f i e l d 

- lysimeter 

(normal f e r t ) 

- lysimeter 

(high f e r t ) 
:5.3 Results 

The results are presented i n graph form - Graphs 4-10 to 4-16. 
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:5. 4 . Discussion 

:5.4.1 Seasonal changes i n the geochemical concentrations 

.4.1-1 The graphs 4-10 to 4-13 show the pattern of the seasonal change 

i n the chemical composition of the 1972 plants on the three farm sections, 

expressed as the concentration of geochemicals/gm dry weight, and the t o t a l 

concentration/plant. When these are compared with'the 1971 results 

(Graph 4-9), most geochemicals followed the same seasonal pattern i n both 

years. Only the graphs of nitrate-nitrogen, copper and zinc d i f f e r e d -

the l a t t e r two reached t h e i r maxima e a r l i e r i n 1972. 

.4.1-2 The graphs demonstrate the effect of farm management upon the 

plant chemical composition - summarizing : 

•.the management had no sustained effe c t upon N, NĤ -N, P, K or Ca concentrations, 

OEM for tissue concentrations of NÔ -N, Na, Mg, Mn and Zn 

0 > S " " " " NÔ -N, Na, Zn 

S > 0 " " " " Mg, A l , Mn and Pb 

M > 0 E S for tissue. " " Fe and Cu 

.4.1-3 The graphs of the t o t a l weight of geochemicals per plant indicate 

that most followed the pattern, where the t o t a l increased to a maximum at 

19-22 weeks (Maximum dry weight 22-27 weeks) and then decreased during the 

f i n a l f i v e weeks of senescence. The only exception., to this rule was shown 

by the Organic nitrogen values - the t o t a l quantity per plant continued to 

increase throughout the season on a l l three farm sections. The Organic 

system exhibited a markedly d i f f e r e n t influence over several geochemicals, 

when compared with the effects seen on the other two farms. The t o t a l 

quantities of P, Ca, Mg, Mn, Cu and Pb i n the organically grown plants 

continued to increase throughout the growth cycle, and that of NÔ -N and Na 

showed two maximum peaks - the second occurred af t e r the death of the plants. 
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.4.1-4 Because of the s i g n i f i c a n t l y greater dry weights of the p l a n t s 
on the Mixed s e c t i o n these showed the greatest f l o w of geochemicals i n t o 
the standing crop, f o r a l m p s t a l i the geochemicals measured. Very high 
concentrations, i n terms of mgm/plant, of Mg i n the Stockless p l a n t s , 
r e s u l t e d i n a maximum f l o w of t h i s c a t i o n i n t o the standing crop on t h a t 
s e c t i o n , despite the lower dry weights of the Stockless-grown p l a n t s . 

Considering the r e l a t i o n s h i p shown by the flow of geochemicals i n 

the other two systems : 

0 > S f o r t o t a l p l a n t content o f K, NÔ -N and Zn 

S > 0 " " " " Ca, Mg and Mn 

0 = S " " " " " P, N, NH^-N, Na, A l , Fe, Cu and Pb 

.4.1-5 The r e s u l t s of the chemical analysis o f the pla n t s grown i n the 

ly s i m e t e r s showed lower concentrations than found i n the field-grown p l a n t s , 

f o r a l l geochemicals considered,...but the r e l a t i o n s h i p s between the farm 

sections o u t l i n e d above were maintained. 

:5.4.2 Mean seasonal geochemical concentrations 

A l l the geochemicals showed marked seasonal f l u c t u a t i o n s i n t h e i r 

concentrations and t h e r e f o r e "the s t a t i s t i c a l comparison of the seasonal means 

from the three farm sections would have i n c u r r e d using large standard d e v i a t i o n s , 

which would have masked any d i f f e r e n c e s between them (as i l l u s t r a t e d f o r the 

1971 t r i a l ) ' . 

:5.4.3 Heavy metal an a l y s i s 

I n the 1971 t r i a l there were i n d i c a t i o n s t h a t the l e v e l of lead, 

copper and zinc increased i n the senescing p l a n t s t o give high concentrations, 

p a r t i c u l a r l y i n the stem and pod cases. One aim of the 1972 research was to 

determine, i n greater d e t a i l , the magnitude of the flow of heavy metals i n t o 

the bean p l a n t s on the three farm systems, during the whole of the growing 

season. 



Table 4-11 

Concentrations of Copper, Zinc and Lead i n the 1972 7. faba p l a n t s 

COPPER ZINC LEAD 

Age (weeks) 
and 

p l a n t part 

Dry weight 
plant 
(gms) 

Concent­
r a t i o n 
|igm/gm 

T o t a l / 
p l a n t 
pgm 

Concent 
r a t i o n 
pgm/gm 

T o t a l / 
plant 
(igm 

Concent­
r a t i o n 
pgm/gm 

Tot a 
plan 
pgm 

Organic s e c t i o n 
Seed sown 0.24 15.0 3.6 10.0 2.4 29.0 7.0 
7 weeks 0.42 22.0 9.2 . 67.0 28.1 3,3 1.4 

10 1.60 4.0 6.4 45.0 72.0 10,2 16.3 
14 11.72 6.0 70.3 56.0 656.3 15,3 179.3 
19 20,40 30.0 612.0 61.0 1244.4 182.5 3723.0 
22 21.00 35.0 735.0 67.0 1407.0 263.5 5534.0 
27 . 36.70 38.2 1402.0 29.4 1079.0 256.1 9399.0 

27 stem 12.60 41.0 516.6 39.0 491.4 222.5 2803.5 
podcases 4.90 67.0 328.3 61.0 298.9 39.2 192.6 

seed 19.2 29.0 556.8 15.0 288.0 333.5 6403.2 

Mixed s e c t i o n 
Seed sown 0.26 15.0 3.9 10,0 2.6 70.0 18.2 
7 weeks 0.34 10.0 3.4 56.0 19.0 3.0 1.0 

10 0.87 5.0 4.4 56.0 48.7 20.4 • 17.8 
14 , 8.07 6.0 48.4 61.0 492.3 10.2 82.3 
19 37.83 152.0 5750.0 40.0 1513.2 326.6 12355.3 
22 47.90 46.0 2203.0 72.0 3448.8 100.5 4814.0 
27 41.80 37.2 1555.0 25.7 1074.2 133.0 5559.4 

27 stem 12.70 51.0 647.8 50.0 635.0 60.5 768.4 
podcases 6.50 28.0 184.0 33.0 214.5 121.5 789.8 

seed 22.60 32.0 723.2 10.0 226.0 142.9 . 3230.0 

S t o c k l e s s s e c t i o n -

Seed sown 0.28 15.0 4.2 10.0 2.8 70.0 19.6 
7 weeks 0.49 14.0 6.9 56.0 27.4 2.0 1.0 

"10 1.28 15.0 19.2 28.0 35.8 20.4 26.1 

14 10.20 3.0 30.6 17.0 173.4 20.4 208.1 

19 20.70 81.0 1677.0 , 50.0 1035.0 355.0 7350.0 

22 25.90 26.0 673.4 39.0 1010.0 116.5 3017.4 

27 36.60 35.1 1285.0 22.3 816.3 265.4 9714.2 

27 stem 13.50 28.0 378.0 33.0 445.5 84.5 1140.8 

podcases 4.80 21.0 100.0 39.0 187.2 70.5 338.4 

seed 18.30 44.0 805.2 10.0 183,3 450.0 8235.0 
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The r e s u l t s shown on Table 4-11 and Graph 4-13 demonstrate th a t 

the concentrations and t o t a l q u a n t i t i e s of copper and zinc reached a 

maximum before the p l a n t was completely dead, but those of lead d i d not 

a t t a i n t h a t stage u n t i l the f i n a l harvest. 

.3-1 Copper The t o t a l l e v e l of copper per p l a n t changed w i t h the 

season according t o a p a t t e r n which d i f f e r e d f o r each farm management se c t i o n . 

Very h i g h concentrations of t h i s c a t i o n only occurred b r i e f l y , and only i n 

the Mixed s e c t i o n p l a n t s . At the f i n a l harvest most of the t o t a l copper/ 

p l a n t was found i n the bean seeds, although the highest concentrations were 

i n the dead pod cases, or stems, on the Organic and Mixed sections (Graph 

4-14). 

.3-2 Zinc On each farm s e c t i o n , two concentration maxima occurred, 

one i n the young p l a n t , the second at week 22 a f t e r most of the leaves were 

dead. The t o t a l l e v e l then decreased as the abscission of the leaves took 

place. At f i n a l harvest most of the zinc was located i n the dead stems, 

w i t h much lower q u a n t i t i e s and concentrations found i n the l i v e bean seeds. 

Throughout the year, the concentrations of zinc i n the p l a n t tissues were 

w i t h i n the range suggested to be normal f o r cereals i n B r i t a i n - 38-54ygm 

Zn/gm dry weight by Dolar et a l . ( 1 9 7 1 ) . 

.3-3 Lead The q u a n t i t y of lead present i n the seeds sown became 

" d i l u t e d " i n t o the body of the p l a n t d u r i n g the f i r s t seven weeks of growth. 

Over the f o l l o w i n g seven weeks the uptake of lead from the environment 

increased at about the same r a t e as t h a t of the dry weight, so t h a t there 

was s c a r c e l y any change i n the net concentration. I t was between the weeks 

14-19 t h a t a massive i n t a k e of lead occurred on a l l farm sections, but 

p a r t i c u l a r l y on the Mixed farm where a f i v e - f o l d increase i n p l a n t dry weight 

was accompanied by a more than 100-fold increase i n lead content, and a 30-fold 

increase i n lead c o n c e n t r a t i o n . Thus at the age of 19 weeks the. p l a n t s , which 
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were j u s t s t a r t i n g to lose more leaves through senescence than were being 

formed (Max L A I ) , contained lead i n concentrations o f 182-355 ppm dry weight. 

On the Organic farm both the concentration and the t o t a l q u a n t i t y 

o f lead i n the p l a n t s continued to increase u n t i l the f i n a l harvest, when 

the seeds contained the very high l e v e l of 333 ppm lead. On both the other 

farms, the t o t a l q u a n t i t y , and t i s s u e concentration of lead, f e l l during the 

p e r i p c j o f .maximum l e a f f a l l (weeks 19-22), but by the f i n a l harvest, uptake 

had again increased. Thus, as on the Organic s e c t i o n , the seeds contained 

most o f the lead, w i t h a massive l e v e l o f 450 ppm on the Stockless s e c t i o n . 

The i n d i v i d u a l histograms on Graph 4-14 show t h a t i n the lysimeter-grown 

p l a n t s the r e l a t i o n s h i p between the farm sections d i f f e r e d from the s i t u a t i o n 

i n the. f i e l d s , but the main l o c a t i o n of lead was s t i l l i n the l i v e seeds. 

The observa t i o n made by Haar (1970), t h a t there was a great v a r i a b i l i t y i n 

the lead content o f b i o l o g i c a l m a t e r i a l w i t h i n a s i n g l e treatment, applies 

here. 

I t i s very d i f f i c u l t t o e x p l a i n the o r i g i n of the very high conc­

e n t r a t i o n b f lead i n the l i v e bean seeds i n the harvested V.faba p l a n t s . 

The d i f f e r e n c e s i n p l a n t t i s s u e concentrations d i d not c o r r e l a t e w i t h the 

lead l e v e l s i n the s o i l s , which showed no s i g n i f i c a n t d i f f e r e n c e s between the 

farms. Jones e t a l . (1973) showed t h a t only the lead l e v e l i n the p l a n t 
r o o t s was p r o p o r t i o n a l t o the s o i l supply, but these were not analysed from 

the f i e l d - g r o w n p l a n t s . The l e v e l o f 20-60 ppm lead i n the s o i l was low by 

the standards of Swaine (1955) who s t a t e d t h a t concentrations of 1 - 500 ppm 

Pb could be considered normal f o r arable s o i l s . The analysis of the r a i n at 

Haughley showed only 90 gms of lead/ha to be added annually to the s o i l . 

From the ana l y s i s of the drainage water there were no s i g n i f i c a n t d i f f e r e n c e s 

i n the annual loss of lead from the three farm systems. 

I n order to check the concentrations of lead found, several of the 

samples e x h i b i t i n g h igh values were analysed independently at L i v e r p o o l 

U n i v e r s i t y - the r e s u l t s found at Durham were confirmed. The high values 
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were not the r e s u l t of s p e c t r a l i n t e r f e r e n c e (from the a l k a l i n e earths) 
on the atomic absorption spectrophotometer, and the a d d i t i o n of known 
q u a n t i t i e s o f lead standards t o the p l a n t d i g e s t s d i d not r e s u l t i n d i s ­
t o r t e d readings. I t i s u n l i k e l y t h a t any of the processes involved i n 
sample p r e p a r a t i o n r e s u l t e d i n an increase i n lead l e v e l s - indeed Sommer 
(1972) found t h a t oven d r y i n g of f r e s h p l a n t m a t e r i a l reduced the lead content 
by 50%. The seeds were separated i n t o t e s t a and endosperm, both of which 
were analysed f o r lead to determine i f any contamination of the seed surface 
was producing the observed r e s u l t s . However, i n the samples t e s t e d , 95% 
of the lead content was found i n the endosperm, implying t h a t the lead had 
been t r a n s p o r t e d i n t o the seed through the p l a n t . 

I t i s w e l l documented t h a t airborne dust p a r t i c l e s contain lead, 

and i t i s t h e r e f o r e p o s s i b l e t h a t the concentrations found i n the stem and 

leaves were due to adhering p a r t i c l e s - the p l a n t s were not washed p r i o r to 

a n a l y s i s . Day e t a l . (1975) found t h a t dust could contain 85-10,OOOngm 

Pb/gm, although the lower l e v e l s were more common i n r u r a l areas. Patterson 

(1970), Bryce-Smith (1971) and Glater (1972) a l l reported abundant lead upon 

the l e a f surfaces of p l a n t s due to i n d u s t r i a l f a l l o u t , w i t h concentrations of 

up to 5000 ppm i n elm leaves due to lead smelter p o l l u t i o n ( L i t t l e and Martin 

1972). However, Haughley i s s i t u a t e d i n a predominantly a g r i c u l t u r a l region, 

which does not s u f f e r from high t r a f f i c d e n s i t i e s (lead i n v e h i c u l a r exhausts) 

nor from obvious i n d u s t r i a l p o l l u t i o n , and i t i s u n l i k e l y t h a t a e r i a l p o l l ­

u t i o n should have been so much worse during the f i n a l weeks of crop 

senescence, than a t any other time of the year. 

I t has been shown i n several studies t h a t the p e r m e a b i l i t y of 

membranes w i t h i n the p l a n t a l t e r s d uring senescence, so t h a t i n , f o r example, 

ageing bean leaves, there i s an increased export of solutes t o the stem 

(Burg e t a l . , 1964; Jacoby and Dagan 1969), although the d e t e r i o r a t i n g 

c o n d i t i o n of the phloem (Throv/er 1967) w i l l prevent leakage of a l l the l e a f 
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contents. Indeed, geochemicals such as calcium may be s e l e c t i v e l y moved 

i n t o the leaves p r i o r to abscission, thus r i d d i n g the p l a n t s of various 

excesses (Rieley 1967). However, none of these explanations show why the 

concentrations of lead i n the Haughley bean p l a n t s should have increased 

d u r i n g the f i n a l f i v e weeks o f the season; — the t o t a l q u a n t i t y i n the 

p l a n t s was also seen to increase i n t h a t p e r i o d . I t i s possible t h a t t h i s 

was p a r t l y or wholly due to the e f f e c t shown by M i t c h e l l and Reith (1966), 

where the concentration of lead i n the p l a n t shoot was increased by t r a n s ­

l o c a t i o n from the accumulated l e v e l s i n the roots a f t e r these had died. I n 

a l l the analyses at Haughley (except f o r the lysimeter-grown p l a n t s ) , due to 
the d i f f i c u l t y of removing the r o o t s from the s o i l , only the shoot from s o i l 

l e v e l upwards was used. Jones e t a l . (1973) showed th a t the roots of p l a n t s 

u s u a l l y contained the main supplies of lead i n the p l a n t s , and t h a t during 

a c t i v e p l a n t growth t h i s d i d not pass i n t o the shoots. Thus a possible 

e x p l a n a t i o n o f the observed levels,would be that.upon the death of the r o o t s , • 

the s t r o n g upward t r a n s l o c a t i o n of water caused by the development of the 

bean seeds and the d r y i n g out of the stem,would have c a r r i e d any accumulated 

lead from the r o o t s t o the s i t e of a c t i v e metabolism. . C e r t a i n l y the only 

r o o t s analysed ( l y s i m e t e r p l a n t s ) at the f i n a l harvest had low l e v e l s of lead 

w i t h i n them (Graph 4-14). Upon death, the r o o t s would lose any a b i l i t y t o 

r e s t r i c t the e n t r y of solutes and water from the s o i l , and thus solutes could 

become concentrated i n the senescing p l a n t s , as water was drawn through the 

p l a n t t o be l o s t by the large evaporating surface. The.soil d i d not contain 

h i g h l e v e l s o f lead, thus, as observed by Broyer e t a l . (1972), the lead 

r e c o v e r i e s i n the p l a n t s exceeded the l e v e l s o f the known supplies. 

I t i s p o s t u l a t e d t h a t the l e v e l s of lead found i n the V. faba 

seeds at Haughley would exceed the WHO (1972) maximum t o l e r a b l e l i m i t f o r 

human a d u l t i n g e s t i o n of 3 mg Pb/week, i f used e x t e n s i v e l y i n human food. 

. U n t i l 1971, most f i e l d bean seed y i e l d s were used "for d i r e c t feeding t o stock, 

but w i t h the awareness of the need f o r h i g h p r o t e i n sources f o r human 
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consumption, since t h a t date most production has been d i r e c t e d towards 

" a r t i f i c i a l meat" processes, and high p r o t e i n f l o u r a d d i t i v e s f o r sausages 

and t i n n e d meat. However, i t i s not known what percentage of the lead i n 

the seeds produced a t Haughley would have been b i o l o g i c a l l y a c t i v e . Haar 

(1970) found t h a t the average a d u l t d a i l y i n t a k e of lead was about 200ygm, 

of which 5-10% only was absorbed - but lead i s an accumulative t o x i n . I t 

i s suggested t h a t f u r t h e r research should be conducted to determine how 

widespread i s t h i s "death r e a c t i o n " uptake of lead, e s p e c i a l l y concerning 

the e d i b l e p o r t i o n s o f crop p l a n t s . 

:5.4.4 D i s t r i b u t i o n o f geochemicals i n the p l a n t s at f i n a l harvest 

Graph 4-14 shows the r e s u l t s of the chemical analysis of the f i n a l 

h arvest p l a n t s , considering the seeds, pod cases, stems and roots separately. 

The composition of the lysimeter-grown p l a n t s r e f l e c t e d the p a t t e r n found i n 

the f i e l d - g r o w n crop, but the i n c l u s i o n of r o o t analyses of the former p l a n t s , 

complicated the comparison. 

.4-1 The d i s t r i b u t i o n o f the main concentrations of each geochemical 

through the p l a n t s f o l l o w e d a set p a t t e r n which was unaffected by the manage­

ment ty p e , except f o r copper and zinc. Thus : 

(1) . P, N and Pb were located mainly i n the seeds 

(2) NH^-N, K, Mg and Zn i n the pod cases 

(3) Na, Ca, Cu and Zn i n the dead stems 

(4) NO^-N, A l , Fe, Mn, Cu and Zn i n the dead r o o t s 

(5) the main l o c a t i o n o f copper and zinc v a r i e d w i t h management. 

I t i s p o s s i b l e t h a t some of the A l and Fe included i n the r o o t analyses was 

due t o adhering s o i l p a r t i c l e s . 

.4-2 When the e f f e c t o f farm management upon the magnitude of geochemical 

concentrations was i n v e s t i g a t e d i t was found t h a t : 
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0 = M s S f o r N, P, K, Fe, Mn and Cu i n a l l p l a n t s analysed 

0 > M > S f o r Na, Mg and Zn agreeing w i t h the 0 > S r e s u l t s f o r 1971 

S > M > 0 f o r NH -N and A l 4 

:the r e l a t i o n s h i p between the farm sections f o r the concentrations of 

NO^-N, Ca and Pb depended upon the p a r t i c u l a r p l a n t p a r t considered. 

:5.4.5 The loss of geochemicals i n the f i n a l harvest 

The histograms on Graphs 4-15 and 4-16 show the loss o f the geo­

chemicals i n the p l a n t s at the f i n a l harvest i n the bean seeds alone, and i n 

the whole p l a n t s . A d e t a i l e d discussion i n Section 3:3.9.5-2 explained the 

reason f o r the d i f f e r e n c e s between the p r e d i c t e d and actu a l y i e l d s of seeds 

from each farm s e c t i o n . The s o l i d blocks represent the loss of geochemicals 

i n the seeds, using the a c t u a l bagged y i e l d per hectare, the clear blocks 

show the losses t h a t would have occurred i f the p r e d i c t e d y i e l d of seeds had 

been achieved. 

.5-1 Loss i n the bean seeds (Graph 4-15) 
to 
Considering only the losses of geochemicals i n the a c t u a l y i e l d , 

the e f f e c t of the farm management upon the loss v a r i e d according to each 
i n d i v i d u a l geochemical - there was no o v e r a l l p a t t e r n except t h a t the lea s t 

i n f l u e n c e of management was found f o r the three major p l a n t n u t r i e n t s , N, 

P and K. 

.5-2 Loss i n the whole p l a n t s (Graph 4-16) 

The discrepancy between the ac t u a l and p r e d i c t e d seed loss can be 

e x t r a p o l a t e d to i n d i c a t e the probable minimum geochemical losses i n the whole 

p l a n t s ( s o l i d blocks on histograms). The clear blocks represent the maximum 

loss which could have occurred - the ac t u a l loss would have been between the 

two l e v e l s on the histograms. Thus only where these ranges do not overlap 

between farm sections can a d e f i n i t e e f f e c t of farm management upon loss be 
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p o s t u l a t e d . As a r e s u l t , the only s i g n i f i c a n t e f f e c t s of farm management 

which could be determined were : 

0 = M E S. f o r P, N, NO^-N, K, Mg, Mn, Cu, Zn . 

S > M > 0 " f o r NH -N and A l - as found i n the seed loss alone 4 

0 ? M > S f o r Na and Ca - corresponding t o the s o i l composition 

r e l a t i o n s h i p 

S > 0 > M f o r Fe and Pb 
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4:6 1973 F i e l d T r i a l 

:6.1 Aim To survey a l l the f i e l d s used f o r growing beans on the Organic, 

Mixed, Stockless and Commercial farms t o determine the i n f l u e n c e of farm 

management upon the loss of geochemicals from the system i n the f i e l d harvest. 

The i n f l u e n c e of the r a t e of NPK f e r t i l i z e r a p p l i c a t i o n upon the loss was 

;also i n v e s t i g a t e d . 

:6.2 Method Ten p l a n t s were removed at random from each f i e l d at the time 

of f i n a l harvest. The p l a n t s were d i v i d e d i n t o green stems, brown stems, 

pod cases and seeds which were analysed separately f o r eleven geochemicals 

as p r e v i o u s l y described. 

The p l a n t and seed treatments used f o r t h i s t r i a l were : 

Measurements Plant m a t e r i a l Treatment 

Commercially obtained 
7. faba var.Throws 

Organic farm 
Mixed farm 
Stockless farm 
Commercial farm 

Crop geochemistry -
a n a l y s i s - f o r P, N, 
K, Na, Ca, Mg, A l , 
Fe, Cu, Zn, Pb at 
f i n a l harvest only 

:6.3 Results 

The r e s u l t s are presented i n histogram form on Graphs 4-17, 

4-18 and 4-19. 

:6.4 Discussion 

:6.4.1 D i s t r i b u t i o n of geochemicals i n the p l a n t s at f i n a l harvest 

.4.1-1 Graph 4-17 shows the d i s t r i b u t i o n o f geochemicals i n the p l a n t s at 

f i n a l harvest which was unaffected by the farm management, hence : 

(1) P, N and Pb were located mainly i n the seeds 

(2) K was located mainly i n the pod cases 

(3) Na was located mainly i n . t h e green stems 
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(4) Ca, Al and Fe mainly i n the brown stems 

(5) The Cu and Zn concentrations varied i n location according to 

the farm management. 

These results confirm exactly the pattern determined i n the 

1972 plants. 

.4.1-2 The histograms show that \d.thin each farm section,the concentration 

v a r i a t i o n was as great as the v a r i a t i o n between farm sections. The relation­

ship showing the effe c t of s o i l treatment upon the chemical composition was 

again d i f f e r e n t for each geochemical considered, but several generalisations 

can be made : 

the highest concentrations of Ca were found i n the Organic grown plants 

" Na " " " " Mixed 

" " N, A l , Fe, Cu, Zn " Stockless " 

" . " K, Mg, Cu, Fb " Commercial 

.4.1-3 Graph 4-18 depicts the d i s t r i b u t i o n of geochemicals i n the plants 

at harvest which were grown on the Special F e r t i l i z e r Treatments used for 

the nitrogen f i x a t i o n study. The pattern of concentrations i n the plants 

did not follow that of the nutrients supplied to the three plots. Thus : 

for P, K and Al - NNPK > PPKK E NNPPKK - a low application resulted-

i n high concentrations of P and K, because of the differences 

i n t o t a l plant weight 

for N and Ca - NNPPKK > PPKK > NNPK - an application of high nitrogen 

gave variable results depending on the level of P and K applied 

for Na, Fe, ?b, Mg, Cu and Zri - PPKK > NNPPKK E NNPK - the addition of 

nitrogen to the plots decreased the concentrations of these other 

cations, possibly by growth d i l u t i o n , or by the Kirkby-Mendel 

e f f e c t . 
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.4.1-4 The second part of the graph shows the loss of geochemicals i n 

the harvested bean seeds from the Special F e r t i l i z e r Treatments. Considering 

only the actual y i e l d histograms : 

:the loss of phosphorus was unaffected by the rate of f e r t i l i z e r 

application; 

: NNPPKK > PPKK > NNPK for N and Ca - agreeing with the concentrations 

of ions i n the whole plants; 

:PPKK = NNPPKK > NNPK for K - doubling the supply increased the loss 

of t h i s geochemical; 

:the addition of nitrogen decreased the loss of Na, Fe, Pb, Mg, Cu 

and Zn i n the seeds. 

:6.4.2 Loss of geochemicals i n the beari seeds at f i n a l harvest (Graph 4-19) 

Considering the losses of the geochemicals i n the actual seed 

y i e l d , considerable v a r i a t i o n was found between the f i e l d s w i t h i n the same 

management section ( p a r t i c u l a r l y i n the Stockless section) due to a variation 

i n seed y i e l d . Despite t h i s v a r i a t i o n , certain patterns emerged, showing 

the influence of the farm management treatment : 

:the loss of a l l geochemicals from the Organic farm tended to be lower 

than from any other farm type, mainly because of the lower 

seed yiel d s ; 

:the loss of the-macronutrients tended to be greatest on the Mixed 

or Stockless farms; 

:the loss of the micronutrients A l , Fe, Cu, Zn was greatest on the 

Stockless farm; 

; the loss of lead was greatest on the Commercial farm, where the s o i l 

content was probably the highest (from application of sewage sludge), 
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4:7 Overall conclusions from the Geochemistry Section 

The overall aim of the crop geochemistry study was to determine 

the influence of plant imprinting and s o i l management upon the chemical 

composition of the plants. 

4:7.1 The t r i a l s showed that the plant ancestry had only a very limited 

e f f e c t upon the chemical composition of the crop, over short periods withi n 

the growth cycle, and th a t . t h i s e f f e c t never,followed a s i g n i f i c a n t pattern. 

Therefore i t must be concluded that the imprinting of the bean crops on the 

same farm management system for 30 years had not caused any physiological 

adaptation to take place. Thus no imprint was better suited to i t s own 

farm type i n preference to any other - no evolved dependence. 
This coincided with the findings from the study of the imprint 

e f f e c t upon growth of the plants. 

4:7-2 In each season there was a fixed pattern of change i n the geo-

chemical concentrations, closely linked to the growth cycle of the plant. 

The pattern was unaffected by the farm management type or the f e r t i l i z e r 
application rate. Therefore the stage i n the growth cycle at which the 

plants were sampled was very important i n determining the chemical 

composition found. 

4:7-3 I t was shown that the location of the main concentrations of each 

geochemical i n the various plant parts, followed a r i g i d pattern which was 

unaffected by the s o i l treatment. The d i s t r i b u t i o n of geochemicals during 

senescence demonstrated a marked "death reaction", by which the uptake of 

large quantities of the heavy metals, especially lead, continued after the 

death of the plants. 

4:7-4 The rate of the f e r t i l i z e r application affected only the -conc­
entration of the heavy metals i n the crop plants, but the magnitude, and 
the r e lationship, varied, depending upon the growth stage, and plant part 
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selected - the uptake of the other geochemicals was rarely affected by 

the f e r t i l i z e r application rate. 

4:7-5 Although the relationship between crop composition and farm 

management was confounded by the effect of the s o i l upon the dry weight 

of the plant, f o r many geochemicals the crop content, i n concentration/gm 

and quantity/ha, was d i r e c t l y related to the supply i n the s o i l , which had 

been quantified by chemical means. 



SECTION 5. NITROGEN FIXATION 
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Section 5. NITROGEN FIXATION 

5:1 Introduction 

:1.1 One of the main reasons for including a leguminous crop i n a 

farm r o t a t i o n i s that through nitrogen fixation,the symbiotic bacteria 

are able to draw upon an unlimited supply of atmospheric nitrogen, some 

of which i s released to enrich the s o i l on the death of the nodules. As 

a r t i f i c i a l and natural n u t r i e n t additives for the farm ecosystem become 

more expensive and i n shorter supply, i t i s considered essential to determine 

the e f f e c t of a g r i c u l t u r a l management upon the natural improvement of the 

s o i l nitrogen, through symbiotic f i x a t i o n . 

:1.2 I t has been regularly observed by many research workers that the 

presence of available inorganic nitrogen i n the s o i l exerts a profound 

influence upon the f i x a t i o n of nitrogen by root nodule bacteria (Fred, 

Baldwin and Mc Coy 1932; Norman and Krampitz 1946; Alios and Bartholomew 

1955; Gibson and Nutman 1960; Raggio et a l . 1965; Moustafa, Ball and 

Field 1969; Dart and Wildon 1970; Rubes 1973). In a l l these reports 

i t has been demonstrated that a high level of available nitrogen i n the 

rooting medium i n h i b i t s nodulation and depresses nitrogen f i x a t i o n . I t has 

also been shown that small amounts of nitrogen may stimulate the f i x a t i o n of 

-nitrogen by increasing the growth of the host plant, and hence the demand 

for nitrogen, or by increasing the number of sites available for nodule 

i n i t i a t i o n (Giobel 1926; McConnell and Bond 1957; Burton, Allen and Berger 

1961; Dart and Mercer 1965; Moustafa and Hastings 1973). 

:1.3 There i s considerable controversy concerning the mechanism by 

which the s o i l nitrogen acts upon the plant. Orcutt and Wilson (1935) and 

Cartwright (1967) suggest that the adverse effects are due to the accumulation 

of nitrogen compounds and a depletion of carbohydrates within the root which 
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would reduce nitrogen f i x a t i o n . However Tanner and Anderson (1963) and 

Raggio et a l . (1965) believe that the effect i s external : the high local 

concentrations of n i t r a t e i n the region of the root hair i n t e r f e r i n g with 

indolacetic acid production, and hence reducing nodule i n i t i a t i o n . 

:1.4 I t i s clear from the l i t e r a t u r e that the specific effect of 

nitrogen upon f i x a t i o n i s strongly influenced by the host plant species 

and growth rate (Alios and Bartholomew 1959); the bacterial s t r a i n i n f e c t i n g 

the root nodules (Henzell 1962; Dart and Wildon 1970) : the form i n which 

the nitrogen i s present i n the s o i l ( D i a t l o f f 1967), and the seasonal time 

of nitrogen application (Pate and Dart 1961). In addition, nitrogen f i x ­

ation i t s e l f i s controlled by the host's environment with particular refer­

ence to temperature (Gibson 1971; Dart and Day 1971); l i g h t i n t e n s i t y 

(Butler, Greenwood and Soper 1959; Bergesen 1970); diurnal rhythm 

(Wheeler 1971) and oxygen a v a i l a b i l i t y ' (Virtanen and Hausen 1935; Bergesen 

1962). The study of nitrogen f i x a t i o n i s further complicated because a l l 

these factors i n t e r a c t , and i d e a l l y a l l should be measured when assessing 

a p a r t i c u l a r environment fo r potential f i x a t i o n . 

5.2 Aim 

The chemical analysis of the so i l s at Haughley (see Section 1) 

showed that one of the major differences between the farm management sections 

was the a v a i l a b i l i t y of nitrogen. I t was decided that a biological evalu­

ation of the s o i l nitrogen status would be made by studying the phenomenon 

of symbiotic nitrogen f i x a t i o n . I t was hoped that the study would further 

elucidate the differences between the so i l s from the three sections and 

would show how the long term addition of manures and f e r t i l i z e r s had 

affected the potential natural addition of nitrogen. In addition to an 

assay of nitrogen f i x a t i o n under the normal f i e l d conditions, i t was planned 

to investigate the e f f e c t of adding high levels of phosphate, potassium and 

n i t r a t e to one of the Stockless f i e l d s (Special F e r t i l i z e r treatments PPKK, 

NNPPKK and NNPK). 
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5:3 Method 

:3.1 Before any attempt could be made to demonstrate the effect of 

farm management upon f i x a t i o n , i t was deemed necessary to determine i n 

d e t a i l the response of f i x a t i o n by Vioia faha (var. Throws) to temperature 

and diurnal rhythm. This was done i n order"to prevent ascribing d i f f e r ­

ences caused by these c r i t e r i a to have been the res u l t of farm practices. 

As the approach influences the results, t h i s i s discussed i n the text. 

The main study of nitrogen f i x a t i o n comprised a survey of the development 

and d i s t r i b u t i o n of nodules on the root system through the season, and an 

estimation of nitrogen f i x a t i o n by the plants, using acetylene reduction 

techniques. 

:3.2 Nitrogen f i x a t i o n was measured using the acetylene reduction 

technique discovered by Dilworth (1966) and Schollhorn and Burris (1966) 

and developed by Koch and Evans (1966) and Hardy e t a l . (1968) : "The 

v a l i d i t y of measuring nitrogen f i x a t i o n i n terms of acetylene reduction 

has been established by extensive comparison of these a c t i v i t i e s , using 

defined systems including p u r i f i e d nitrogenase preparations and pure cultures 

of nitrogen f i x i n g bacteria^;" Acetylene acts as a competitive i n h i b i t o r 

f o r nitrogen f i x a t i o n , being reduced by nitrogenase to ethylene : both 

gases are easily detected using gas chromatography. With t h i s assay i t 

becomes possible and practicable to conduct comprehensive surveys of nitrogen 

f i x a t i o n and to rapidly evaluate the effects of c u l t u r a l practices and envir­

onmental factors upon nitrogen f i x a t i o n . Compared with e a r l i e r methods, 

such as •'"̂N2 studies, the short incubation periods minimize the changes 

occurring inside incubation flasks and enable measurement of short term 

changes, such as diurnal fluctuations, which were previously..very-difficult 

to determine. 
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:3.3 There has been much c o n f l i c t i n g evidence concerning the r e l a t i o n ­

ship which exists between the amount of acetylene reduced by the bacteria 

and the quantity of nitrogen which would have been fixed i n the absence of 

acetylene. Factors quoted i n the l i t e r a t u r e for other legumes include : 

S«2 = ' ^2 

Glycine max 2.3-6.6 : 1 

Fisum sativum 1.7 - 3.5 : 1 

Trifolium sp. 1,5-3.7 : 1 

No figures were found for Vioia fdba, therefore the approximations 

recommended by Hardy and Holsten (1968, 1971) and Stewart e£al. (1967) 
were used. These workers have reasoned that : 

1 molecule C2H2 reduced to ^^^i^ requires 2 electrons 

1 molecule N2 reduced to 2NH2 requires 6 electrons 

3 molecules Ĉ Ĥ  reduced e 1 molecule N̂  fixed. 

Thus to calculate the quantity of nitrogen f i x e d , the volume of ethylene, 

produced, determined by gas chromatography, must be divided by a factor of 

three. Throughout the discussion concerning the results of the nitrogen 

f i x a t i o n studies at Haughley, a l l volumes of ethylene measured have been 

divided by thi s factor, and are expressed as volumes of nitrogen fixed. 

5:4 Development of Technique 

:4.1 A Time Course of Fixation 

:4.1.1 Aim 

In order to perfect f i e l d techniques, and to determine the effect 

of plant decapitation and size of incubation flask upon f i x a t i o n , an i n i t i a l 

time course of f i x a t i o n was determined. The f u l l details of the f i e l d tech­

nique used appear i n the Appendix. 
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:4.1.2 Discussion of Results 

.1.2-1 Despite the statement by Dart and Day/(1972), that removing the 

plant shoot has no measurable effect upon the nitrogen fixed by the root 

nodules during short term assays. Graph 5-1(1)(2) demonstrates that both, 

the t o t a l amount of nitrogen, and the rate at which i t was fixed, were 

s i g n i f i c a n t l y greater for the whole plants than for the decapitated ones. 

.1.2-2 As nitrogen f i x a t i o n i n the root nodules i s affected by the state 

of the whole plant, i t i s not unexpected that a drastic action such as 

decapitation should lower the rate of nitrogen f i x a t i o n . Moustafa, Ball 

and F i e l d (1969), working on Trifolium, demonstrated that decapitation 

caused a reduction i n f i x a t i o n rates w i t h i n half an hour. Hardy and Holsten 

(1971) proposed that such a reaction to decapitation may be due d i r e c t l y to 
the i n j u r y , or i n d i r e c t l y by removing the supplies of photos3Tithates which 

have been shown are necessary (Gibson 1966) for f i x a t i o n to take place. I t 

i s probable that i n t h i s study the incubation periods were too short for the 

lowering qf f i x a t i o n to be caused by lack of carbohydrates. I t i s far 

more l i k e l y to have been the result of upsetting the physical balances 

wi t h i n the whole plant, f o r example, water tension. 

.1.2-3 For a l l three categories of plant-state and flask size tested, 

the increase i n t o t a l nitrogen fixed was linear f o r three hours (Graph 

5-1(1) ). Although the difference was not s i g n i f i c a n t , probably due to the 

small number of replicates used, the rate at which the increase i n t o t a l 

nitrogen fixed approached zero was greater i n the 30 ml flasks than i n the 

100 ml flasks. This eff e c t of the incubation volume proportional to the 

nodule volume can be explained by the s e n s i t i v i t y of the nodules to the 

p a r t i a l pressure of oxygen. As the incubation proceeds, the respiring 

roots and nodules reduce the pO^ i n the flask, and the smaller the volume 

of the f l a s k , the more quickly the level w i l l become l i m i t i n g to f i x a t i o n . 



Gr?ph 5-1 

Nitrogen Fixation 

initial Time Course 

Total Nitrogen fixed 
pMoles/ gm root 2g 

0) 

0 1 2 4 5 6 7 
Time of Incubation - fiours 

Rate of Fixation 
pMoles/gnyroot hour 5 

( 2 ) 

Key: 

0 

r c 

4 5 6 7 
Time of Incubtion-hqurs 

A = Decapitated roots in 30m!. f lasks 
B = M in lOOml. •• 
C = Whole plants in 100ml. •• 
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Although the actual reduction of nitrogen (or acetylene) i s anaerobic, 

an adequate pO^ i n the system i s required for the production of ATP 

which energizes the reaction. 

.1.2-4 Bergesen (1971) showed that i f the PO2 i s too low, the lack of 

ATP becomes l i m i t i n g , and i f the pO^ i s too high, nodule respiration 

increases and electrons are diverted from the nitrogen f i x i n g pathway. 

Graph 5-1(2) demonstrates the f a l l i n g rate of f i x a t i o n as time progressed. 

The f l a t t e n i n g out of the curve on graph 5-1(1) correlates closely with the 

ef f e c t shown by Oghoghorie and Pate (1971) where the increase i n t o t a l 

nitrogen f i x e d by the nodulated f i e l d pea slackened o f f due to pÔ  depletion 

a f t e r four hours. The maximum f i x a t i o n rate appears to have taken place 

30 minutes af t e r the incubation was started, as shown by the point on l i n e 

A (Graph 5-1(2) ). 

:4.1.3 Conclusions concerning technique 

As a resu l t of t h i s i n i t i a l test i t was decided to improve the 

technique by using a'greater number of replicates of whole plants, incubated 

i n larger flasks to reduce oxygen starvation. In later studies, the nodule 

weight, or number, was used instead of the t o t a l dry weight of root, as i t • 

was considered that these values would bear a closer relationship to the 

quantities of nitrogen f i x e d . I t had been observed here that small l i g h t 

roots often bore more nodules than the larger heavier roots. The gas 

samples would be removed from the incubation flasks after 1-2 hours to 

ensure that f i x a t i o n rates were linear when sampled, and the gas would be 

stored and transported i n leakproof Vacutainers (Schell and Alexander 1970). 
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5:4.2 Temperature Studies 

:4.2.1 Aim 

I t was appreciated i n advance that the monitoring of nitrogen 

f i x a t i o n by.plants from the three farm sections would have to be carried 

out i n a laboratory i n Suffolk, where there would be no control over 

temperature fluctuations. Therefore to prevent f i x a t i o n differences 

being a t t r i b u t e d to management practices, when they were caused merely by 

va r i a t i o n i n temperature, i t was necessary to make a detailed preliminary 

study of the response of nitrogen f i x a t i o n of Vioia faba nodules to such 

varia t i o n s . 

:4.2.2 Method 

For the f i r s t temperature study, 13 week plants were transported 

from the Stockless section to Durham and decapitated prior to incubation. 

In order to confirm the results found, during the same season, a second 

study was^performed on pot grown plants i n Durham, using both whole and 

decapitated plants. F u l l d e t a i l s of these studies appear i n the Appendix. 

The results of the f i r s t and second temperature studies appear on Table 5-1 

and Graph 5-2. 

:4.2.3 Discussion of Results 

.2.3-1 For the f i r s t temperature study (Table 5-1(1) and Graph 5-2(1) ) 

a s t a t i s t i c a l comparison of the effect of changing the temperature on 

nitrogen f i x a t i o n rates demonstrated that wi t h i n the range of 14°C - 22°C 

there was a si g n i f i c a n t decrease i n the rate of f i x a t i o n per root, and per 

nodule, a f t e r a t t a i n i n g a maximum rate at 14°C. The effect of an i n t e r ­

mediate temperature was not possible to determine due to a malfunction of 

equipment. The f i x a t i o n rates at 8 - 14°C were not s i g n i f i c a n t l y higher 

than the rates at 22 - 30°C. At 26°C there was a temporary rise i n 
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f i x a t i o n rates which was almost s i g n i f i c a n t at the 95% l e v e l , and th i s 

occurrence t a l l i e d with the form of graphs for Medicago truncatula and 

Glycine (Merit) shown by Dart and Day (1971) and the figures for Glycine 
et J.. 

max. (Hardy^l968). In these studies, p r i o r to a f i n a l decrease i n f i x ­

ation rates with increasing temperatures caused by enzyme denaturation, 

there was a short l i v e d r i s e i n the rate of f i x a t i o n due to stimulation 

of nitrogenase a c t i v i t y . 

S t a t i s t i c a l cdiiipafisori to demonstrate the significance 

of change i n the rate of nitrogen f i x a t i o n with changing 

temperatures 

Temperature Rate of nitrogen f i x a t i o n 
Compared 

Mean t o t a l / r o o t p Moles Mean Total/nodule n Moles 
N2/hr .... N^/hr 

°c df d P R df d P R 

8.0-12.5 17.8 0.19 >0.1 NS 14.9 0.92 >0.1 NS 

12.5-14.0 16.8 1.13 >0.1 NS 17.9 0.35 >0.1 NS 

16.0-22.0 10.5 3.72 <0.01 Decrease 10.8 2.86 <0.02 Decrease 

22.0-26.5 17.9 1.78 >0.1 NS 15.5 0.39 >0.1 NS 

26.5-29.0 15.5 1.29 >0.1 NS 14.8 1.06 >0.1 NS 

On Table 5-1(1) the great v a r i a t i o n i n nodule numbers within a single f i e l d 

type was demonstrated for both the main taproot and the t o t a l root system. 

This v a r i a b i l i t y was repeated even under the much more uniform conditions 

of the pot grown plants (Table 5-1(2) ). On graph 5-2(l)-2 the upper l i n e 

shows the rate of f i x a t i o n per nodule when only the main taproot nodule 

numbers were considered ( i . e . the f i x a t i o n by l a t e r a l nodules was considered 

to be zero). The s o l i d l i n e shows the rate of f i x a t i o n per nodule when a l l 

nodules were included. The difference between the lines i s a t t r i b u t a b l e 

to the e f f e c t of the l a t e r a l root nodules which f i x less nitrogen than 

those on the main tap root. 
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.2.3-2 The results of the second temperature study s t a t i s t i c a l l y 

compared i n the table overleaf, confirm those of the f i r s t , but show 

more d e t a i l w i t h i n the range of 12 - 22°C (Table 5-1(2) and Graph 5-2(2) ). 

The shape of the graphs for decapitated plants correlated well with each 

other as the temperature increased. The s l i g h t difference between maxima 

at 14°C i n the f i r s t study, and at 12°C i n the second, can be accounted 

for by the difference i n nodule age between the two studies. The rate 

of f i x a t i o n by the bean roots i n the second study was double that found 

i n the f i r s t , study, and the respective differences i n f i x a t i o n rates by 

ind i v i d u a l nodules was even greater. This difference was probably due 

to the v a r i a t i o n i n nodule age, and to the length of time incurred between 

the removal of the plants from the s o i l and the i n i t i a t i o n of incubation. 

In the f i r s t study the time lag was about eight hours, but i n the second 

study i t was only twenty minutes. 
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Nitrogen Fixation - Temperature Study 2 

S t a t i s t i c a l comparison to show the significance of change i n the 

rate of f i x a t i o n with changing temperatures 

Temperatures 
Compared Rate of' nitrogen f i x a t i o n 

Mean t o t a l root M Moles/h r Mean total/nodule nM/hr 

Whole Plants 
df d p R df . d P R 

12.0 - 20.0 14.9 2.20 <0.05 Increase . 16.9 1.47 >0.1 NS 
20.0 - 25.5 14.6 0.11 >0.1 NS 15.4 0.27 >0.1 NS 
12.0 - 25.5 12.3 1.59 >0.1 NS 17.2 0.95 >0.1 NS 

Decapitated 

7.5 - 12.0 16.5 1.55 >0.1 NS 12.8 3.86 <0.01 Increase 
12.0 - 16.0 14.2 2.16 <0.05 Decrease 14.3 3.80 <0.01 Decrease 
16.0 - 20.0 13.4 0.85 >0.1 NS 13.0 1.34 >0.1 NS . 
20.0 - 23.0 9.2 2.75 <0.05 Decrease 8.8 2.69 <0.05 Decrease 
23.0 - 25.5 14.9 1.68 >0.1 NS 11.7 1.91 >0.1 NS 

Comparison of whole plants with decapitated plants 

12.0 18.1 0.41 >0.1 NS 11.6 1.38 >0.1 NS 
20.0 14.7 2.83 <0.02 W > D 18.0 4.32 <0.001 W > D 

25.5 9.8 3.21 <0.01 W > D 11.4 4.31 <0.01 W > D 

Key : W = Whole :d = Decapitated . NS.= No signi f i c a n t difference 

.2.3-3 Graph 5-2(1) shows that the decapitation of plants markedly increased 

the s u s c e p t i b i l i t y of root nodule bacteria to the damaging effect of increas­

ing temperature. Only at 12°C was the rate of fixation/decapitated plant 

s l i g h t l y greater than that of fixation/whole plants but the difference was 
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not s i g n i f i c a n t at the 95%. l e v e l . This bears out the ea r l i e r proposal 

made, that isolated roots are more vulnerable to changes i n external 

conditions, than are whole plants, i n which systems such as water tension 

w i t h i n xylem and phloem, are complete. I t was interesting to discover 

how the f i x a t i o n by nodules of whole plants was only marginally affected 

by temperature changes, the effect only being s i g n i f i c a n t per root between 

12 - 20°C, and not si g n i f i c a n t at a l l when considering f i x a t i o n per nodule. 

The maximum rate of f i x a t i o n for whole plants was achieved at 20 - 26°C 

compared with 12 - 14°G for decapitated plants. 

.2.3-4 Many times i n the l i t e r a t u r e i t i s stated that the particular 

plant species, va r i e t y , and s t r a i n of inf e c t i n g bacteria,control the 

symbiotic response to temperature i n each individual environment. However 

the optimum nitrogen f i x a t i o n temperatures of 20 - 25°C for the whole Vicia 

fdba plants at Haughley agree well with the figures published for other 

nodulated plants :-

t>Pismi sativum - maximum 20°C (Vincent 1965) 

: Glycine max - " 20° - 30°C (Hardy) 

Alnus glutinosa - " 20° - 25°C (Hardy) 

Vicia faba. - " 20° - 30°C (Dart and Day 
1971) 

Trifolium subterraneum - " 24 C (Hardy) 

The results found at Haughley correspond to those found by Gibson (1971) 

who wrote i n his review that high and low temperatures affect nodulation 

and f i x a t i o n , the effect of these on whole plants being less marked than 

for similar temperatures on roots alone. Meyer and Anderson (1959) also 

found that high temperatures of the root s p e c i f i c a l l y i n h i b i t f i x a t i o n . 

.2.3-5 The maintenance of maximum f i x a t i o n a c t i v i t y by whole plants i n 

the temperature range 20 - 30°C i s dependent upon an adequate supply of 

oxygen which enables the production of a constant supply of ATP (Bergesan 
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19.792.̂  'nie pO^ i n an incubation flask decreases more quickly at the 

higher temperatures due to the increasing rate of respiration by the roots 

and nodules (Nutman 1970). However Sprent (1971) believes that one of 

the main factors c o n t r o l l i n g root-nodule nitrogen f i x a t i o n under laboratory 

and f i e l d conditions i s the degree of dehydration of the roots. This 

increases proportionally to the temperature and the length of time since 

decapitation. . She showed that once the t u r g i d i t y of the nodules decreased 

below 80% of the maximum fresh weight, acetylene reduction ceased altogether. 

Thus she warns against the extrapolation of the results of a single assay of 

acetylene reduction to a weekly f i x a t i o n figure, as daily fluctuations of 

water stress i n the s o i l w i l l cause similar v a r i a t i o n i n f i x a t i o n rates. 

Such water stress also affects respiration rate, sugar and amino acid 

content of the root sap, and phosphorylation. To avoid t h i s hazard, 

several .investigators (Dart and Day 1971) have recommended the use of 

moist f i l t e r papers i n the incubation flasks, but due to the great solub­

i l i t y of both acetylene and ethylene i t was considered i n t h i s study that 

t h i s would provide a further source of error. I t would appear from the 

observations made on the roots used for the temperature studies, that those 

which were decapitated dehydrated more quickly than those of whole plants. 

The severing from the stem, plus the breaking o f f of d i s t a l parts of the 

main and l a t e r a l roots, produced a faster loss of t u r g i d i t y than i n the 

whole plants which continued active transpiration. 

:4.2.4 Conclusions 

The nitrogen f i x a t i o n by root nodules on decapitated roots was 

more sensitive to increasing temperatures than tha;t by nodules on the whole 

plants, where scarcely any s i g n i f i c a n t effect was shown by increasing the 

temperatures from 16°C to 26°C. Due to t h i s lack of v a r i a t i o n i n f i x a t i o n 

rates, wherever possible, when comparing rates for plants from d i f f e r e n t 

management sections, whole plants were used. Although the laboratory 

temperatures could not be controlled, the f i x a t i o n studies were usually 

made.within the optimum temperature range. 
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5:4.3 Diurnal Study 

:4.3.1 Aim 

The aim of the diurnal study was to determine the most suitable 

time of day at which a single assay of acetylene reduction could be extra­

polated to account f o r f i x a t i o n over a twenty-four hour period, with the 

minimum of inaccuracy. 

:4.3.2 Method 

Ideally the diurnal study should have been made at a constant 

temperature as variations i n th i s have been shown to have some effect on 

f i x a t i o n rates, but convenient f a c i l i t i e s were not available. I t has 

been demonstrated by the temperature studies that nodules on whole plants 

are less susceptible to temperature changes than on decapitated plants. 

Therefore to minimize the interference of the diurnal rhythm by temperature, 

whole plants were used for t h i s study. Twelve replicates of ten week old 

plants were removed from the f i e l d (Stockless section), at intervals through­

out a 24 hour period and incubations were performed as previously described. 

:4.3.3 Results 

The results of th i s study appear i n Table 5-2 and Graph 5-3. 

A s t a t i s t i c a l comparison of the f i x a t i o n rates i s shown overleaf :-
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Table to show the s t a t i s t i c a l l y s i g n i f i c a n t differences 

i n the rate of nitrogen f i x a t i o n with the time of day 

Times Rate of nitrogen f i x a t i o n y Moles N fixed/hour 
Compared 

(24 hour clock) Mean fi x a t i o n / r o o t Mean fixation/nodule 
Hours J T. j^iT J r , df d p R df. d p R 

17.00-21.00 16.4 0.33 >0.1 NS 21.9 1.52 >0.1 NS 

21.00-01.20 19.6 4.66 <0.001 Decrease 22.0 . 2.64 <0.02 Decrease 

01.20-06.45 22.1 0.96 >0.1 NS 21.9 0.33 >0.1 NS 

06.45-11.00 21.5 3.29 <0.01 Increase 21.7 0.00 >0.1 NS 

11.00-14.45 16.3 1.50 >0.1 NS 17.4 2.27 <0.05 Increase 

:4.3.4 Discussion ' 

.3.4-1 This table indicates that a si g n i f i c a n t drop i n f i x a t i o n rates 

per root took place between 21.00 and 01.20, and a significant r i s e between 

06.45 and 11.00 hours. The pattern was reflected by the rate of f i x a t i o n 

per nodule, except that the s i g n i f i c a n t increase due to the start of the 

photoperiod was not exhibited u n t i l after 11.00 hours. The graph shows 

the length of darkness and the va r i a t i o n i n temperatures over the twenty 

four hour period. Although the temperature f l u c t u a t i o n followed approx­

imately the same diurnal pattern as that of f i x a t i o n , the l a t t e r variation 

was not due to temperature alone. Whole plant f i x a t i o n has been shown to 

vary only s l i g h t i y at d i f f e r e n t temperatures, whereas the changes i n this 

study were large and s i g n i f i c a n t . Also between 17.00 and 21.00 hours the 

f i x a t i o n rates continued to increase despite a drop i n temperature. From 

graph 5-3(2) i t would appear from the difference between the dotted and 

so l i d black lines that the l a t e r a l nodules played a proportionately more 

important part i n f i x a t i o n during the late photoperiod than at any other 
time, but further investigation of th i s i s required before f i r m conclusions 

can be drawn. 
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.3.4-2 The maximum f i x a t i o n rate i n Yicia faba occurred toward the end 

of the photoperiod when maximum photosynthates were available (Virtanen, 

Moisio and Burris 1955; Nutman 1968; Hardy e t a l . 1971). Although i t 

has been observed (Wheeler 1971) that translocation of photosynthates can 

occur w i t h i n ten minutes of formation, a time lag i s required to allow 

s u f f i c i e n t l y large quantities of carbohydrates to be transported to the 

nodules. I t i s probable too that the l i g h t i n t e n s i t y i n the morning was 

not s u f f i c i e n t for photosynthesis u n t i l about 07.00 hours, which would 

explain why t h i s time lag i s so long. As the l i g h t intensity decreases 

i n the evening, photosynthesis w i l l diminish, and hence a drop i n the rate 

oif nitrogen f i x a t i o n occurs before n i g h t f a l l . Although the diurnal 

f l u c t u a t i o n i n f i x a t i o n of nitrogen i s not caused by temperature va r i a t i o n , 

t h i s w i l l add magnitude to the changes which occur i n the f i e l d . 

.3.4-3 Other research workers have found similar diurnal fluctuations 

to occur i n other crops studied e.g. :-

Glycine - Maximum f i x a t i o n 15.00-20.00 (Hardy 1968.) 

- Minimum f i x a t i o n 00.00-08.00 

Alnus - Maximum f i x a t i o n 13.30 (Wheeler 1971) 

• Trifolium - Maximum f i x a t i o n 08.00-16.00 (Bergesen 1970) 

- Minimum f i x a t i o n 04.00 

Nutman (1970), studying clover, vetch and soybean, showed that active 

nitrogen f i x a t i o n per nodule decreased at the beginning of the photoperiod 

p r i o r to an increase to maximum - t h i s concurred with the findings for 

Vicia fdba at Haughley. 

;4.3.5 Conclusion 

A marked diurnal f l u c t u a t i o n i n nitrogen f i x a t i o n rates was 

observed. The mean rates of f i x a t i o n for each twenty-four hour period 

occurred at 23.30 and 10.00 hours. Therefore wherever possible the f i x a t i o n 

rates for f i e l d samples were measured at 09.00-11.00 hours to lend maxim.um 
accuracy to the consequent extrapolation of the figures gained, to estimate 
d a i l y f i x a t i o n . 
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5:5 Effect of farm management upon nodulation 

:5.1 Aim 

To conduct a survey of the development and d i s t r i b u t i o n of 

nodules on the root system of Vicia fdba through the growing season, 

and to make a comparison of these features on plants from the three 

f a m management sections. 

:5.2 Discussion of Results 

:5.2.1 The development of the root nodules during each season followed 

a set pattern on a l l three farm sections studied. The differences between 

sections are described on the basis of nodule numbers, on the roots used for 

the nitrogen f i x a t i o n study. The f i r s t nodules to form were always 

situated w i t h i n 15 cm of the s o i l surface on the main tap root, with the 

largest nodules nearest to the surface (up to 5 mm i n diameter). This 

location was probably due to the influence of oxygen di f f u s i n g into the s o i l , 

which i s better near to the surface and encourages nodule i n i t i a t i o n 

(Loveday 1963). These primary nodules quickly became pink with leghaemo-

globin and actually fixed nitrogen before the development of nodules on the 

l a t e r a l roots. The acetylene reduction studies showed a direct r e l a t i o n ­

ship to exist between the rate of acetylene reduction and the size and pink-

ness of the nodule. This has been demonstrated by Bergesen (1969), 

Schwinghamer, Evans and Dawson (1970) and E l l f o l k (1973). A visual assess­

ment of the nitrogen f i x i n g p o t ential of the nodules was therefore possible 

by c u t t i n g the nodules open to observe the i n t e n s i t y of the leghaemoglobin 

colouration. Storage of the roots used for nitrogen f i x a t i o n studies,in 

the deep freeze p r i o r to the estimation of nodule numbers,increased the 

i n t e n s i t y of colour which aided i n i t s assessment. The progress of the 

development of nodules during 1972-3 i s shown on Graph 5-4 and the s t a t i s t ­

i c a l comparison of numbers on plants from d i f f e r e n t sections on Table 5-3. 
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Table 5-3 . NITROGEN FIXATION 

S t a t i s t i c a l comparison of nodulation through the season. 

Management 
Types compared 

df 

Total 

d 

nodules 

P R 

2 / 6 / 7 2 0-M 15 .8 0 , 4 6 >0.1 NS 
0-S 1 5 . 9 0 . 9 0 >0.1 . NS 
M-S 12.8 0 . 2 7 >0.1 NS 

2 2 / 6 / 7 2 0-M 1 0 . 4 0 . 4 7 >0.1 NS 
0-S 1 3 . 9 0 . 7 2 >0.1 NS 
M-S 1 0 . 9 1 .42 >0.1 NS 

3 0 / 4 / 7 3 O-M 2 3 . 9 2 .33 <0 .05 M>0 

0-S 2 1 . 5 0 . 45 >0.1 NS 
M-S 2 3 . 0 2 .55 <0 .02 M>S Main root nodules 

df d P R 

2 2 / 5 / 7 3 O-M 1 2 . 4 1 .25 >0,1 NS 16.0 0 . 21 <0 .1 NS 
0-S 12 .2 4 . 7 4 <0 . 0 0 l S>0 8 . 7 4 .65 >0.01 S>0 
M-S 14 .6 3 .21 <0 .01 S>M 1 1 . 2 4 . 0 7 >0.01 S>M 

PPKK - NNPPKK 17 .3 2 .61 <:o.o2 PP>NN 1 6 . 7 3 .03 ;'0.01 PP >NN 

7 / 6 / 7 3 O-M 1 9 . 5 0 . 7 5 >0.1 NS • 2 0 . 4 1.71 >0.1 NS 
0-S 1 6 . 9 2 .30 <0 ,05 S>0 2 0 . 9 2 .33 <0 .05 S>0 
M-S 2 0 . 8 1 .50 >0.1 NS 22.0 0 . 79 : >0 .1 NS 

PPKK - NNPPKK 15.2 2 . 34 <0 .05 -PP>NN 1 8 . 8 2 .51 <:0.05 PP>NN 
PPKK - NNPK 
NNPK - NNPPKK 

1 6 . 1 

• 21 .8 

1.09 

2 .02 

>0 .1 

0 . 1 

NS 
NS 

1 9 . 7 

2 1 . 9 

0 . 82 

2 .14 

>0.1 

<0 .05 

NS 
NN 

NNPK>PP 
KK 

2 0 / 6 / 7 3 O-M 2 2 . 1 3 .30 <0 .01 0>M 1 8 . 5 3 .73 4 0 . 0 1 0>M 
o - s 23 .3 0 . 4 9 >0.1 NS 2 2 . 5 1.33 >0.1 NS 
M-S 1 7 . 5 2 .76 <0 .02 S>M 1 5 . 6 3 .83 <0 .01 . S>M 

PPKK - NNPPKK 2 6 . 7 2 .85 <.0.01 PP>NN -• - - -
PPKK - NNPK- 20 .8 4 .38 <0.001 PP>NN - - . - • -

NNPK - NNPPKK . 2 0 . 8 0 . 9 4 >0.1 NS - - - . 
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I n 1972 a p r e l i m i n a r y survey of n o d u l a t i o n was c a r r i e d out when, due to 

the small number of ro o t s c o l l e c t e d , none of the d i f f e r e n c e s between the 

sections were s i g n i f i c a n t a t the 95% l e v e l . However at the 90% confidence 

l e v e l the tr e n d i n June was c l e a r l y S > M and S > 0 w i t h M >< 0 as f a r as 

nodule numbers were concerned. I n 1973, at" seven weeks'after sowing, 

development of primary nodules was found to be most r a p i d on the M p l a n t s 

but most e f f i c i e n t on the S se c t i o n p l a n t s :-

Development at 7 weeks 

Section 

0 

M 

S 

Mean number of 
nodules per 

root 

13.2 

17.4 

12.3 

Location of 
nodules 

Main r o o t 

Main r o o t 

Main r o o t 

P r o p o r t i o n of Proportion of 
t o t a l nodules t o t a l nodules 
which were pink which were white 
and > 2 mm diam and < 2 mm diam 

25% 

29% 

75% 

75% 

71% 

25% 

The number of nodules on the M s e c t i o n p l a n t s were s i g n i f i c a n t l y greater 

than on the 0 or S s e c t i o n . 

:5.2.2 W i t h i n the f o l l o w i n g two weeks secondary nodules on the top 10 cm 

of the l a t e r a l r o o t s were i n i t i a t e d . At a l l times during the primary 

n o d u l a t i o n the l a r g e s t and most e f f i c i e n t nodules were found on the tap 

r o o t , w h i l s t nodules on the l a t e r a l s were less e f f i c i e n t and smaller 

(diameter 0.5 - 2.0 mm). Roughley and Dart (1969) suggest t h a t t h i s i s 

because the l a t e r a l r o o t s receive less photosynthate than the tap r o o t . 

As many of the l a t e r a l r o o t nodules remain i n e f f e c t i v e , the value of the 

t o t a l nodule number does not always r e f l e c t a c t u a l f i x a t i o n (Gibson 1971). 

:5.2.3 By the t e n t h week, the numbers of nodules per p l a n t , and the 

weight of nodules per gramme f r e s h weight o f r o o t , were s i g n i f i c a n t l y higher 

on S s e c t i o n p l a n t s on the tap r o o t alone, and on the whole r o o t system. 

Plants on the 0 and M sections showed no important d i f f e r e n c e s . On the 

Special F e r t i l i z e r Treatment, the e f f e c t of adding a double q u a n t i t y of 
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nitrogen f e r t i l i z e r to part of the PPKK t r i a l was already evident. This 

addition, which occurred after the tap root nodules had been i n i t i a t e d , 

caused widespread death and decay of the nodules. 

:5.2.4 At twelve weeks of age, the plants on a l l sections achieved the 

maximum numbers of root nodules, which coincided with the point i n the plant 

l i f e cycle at which the maximum numbers of inflorescences were produced. 

Heavy infestations of white larvae of the bean weevil Sitonia lineatus also 

reached t h e i r maximum density at t h i s time. The larvae feed upon the root 

nodules, causing widespread death and loss of nitrogen f i x i n g a b i l i t y . The 

larvae were p a r t i c u l a r l y abundant on the M section, but absent on the 0 

section. 

Development at 12 weeks 

Section Mean number of nodules per root Mean number of healthy 
decayed, or eaten by Sitohia nodules per root 

0 0.0 55.9 - 3.3 

M «, 10.3 - 2.2 60.3 - 4.9 

S 6.3 - 1.6 72.2 - 6.3 

Despite the difference i n l a r v a l density, the S section plants maintained 

a s i g n i f i c a n t l y higher number of healthy root nodules than either of the 

other sections. 

:5.2.5 On the Special F e r t i l i z e r Treatment the differences exhibited at 

ten weeks between PPKK and NNPPKK were maintained, but there was no sig­

n i f i c a n t difference between nodule numbers on PPKK and NNPK. This suggests 

that the depressant effec t of double nitrogen i s exacerbated i f the levels 

of phosphate and potassium are increased too. This i s supported when com-, 

paring nodule numbers on NNPK and NNPPKK, the value of the former being 

s i g n i f i c a n t l y higher than on the l a t t e r , at the 90% level. 
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TABLE5-4. Nodule Survey 1973. 

Summary T a b l e of Mean Nodule Numbers 

Management 
Type 

Nodules on Tap r o o t 
S i z e Mean 

mm diam. No. SD SE 

Nodules on l a t e r a l r o o t s 
S i z e . Mean 

ram'diam. No. SD SE 

Nodules on 
complete root 
Mean 
No. 

ORGANIC 1-2 24.4 14.4 2.2 1 

MIXED 2-3 32.8 10.4 1.5 1-2 

STOCKLESS 1-3 34.8 9.2 1.2 1-2 

25.2 16.1 2.4 49.6 14.8 2.2 

20.4 11.6 1.7 53.2 18.2 2.6 

17.5 13.3 1.8 52.4 17.4 2.3 

S t a t i s t i c a l Comparison 

Management 
Types compared 

Tap r o o t 
df d p R 

L a t e r a l r o o t s 
df d p R 

• Complete root 
df d p R 

0-M 

0-S 

M-S 

88.7 3.35 <0.01 M>0 88.8 1.71 >0.1 NS 95.1 1.09 >0.1 NS 

83.3 4.30 <0.001 S>0 95.1 2.61 <0.02 0>S 94.6 0.88 >0.1 NS 
« • • • 

96.8 1.02 >0.1 NS 96.8 1.16 >0.1 NS 97.9 0.22 >0.1 NS 
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:5.2.6 The main survey comparing no d u l a t i o n of p l a n t s from the three 

sections was performed when the p l a n t s were at twelve weeks from sowing. 

I n a d d i t i o n t o sampling the f i e l d s used f o r the n i t r o g e n f i x a t i o n s t u d i e s , 

a l l the other bean f i e l d s w i t h i n each sec t i o n were included. F i f t y r oots 

were removed a t random from each f i e l d and the nodules on the tap r o o t and 

l a t e r a l s were counted separately. The r e s u l t s are l i s t e d on Table 5-4 and 

?how a close c o r r e l a t i o n between the management sections, the d i s t r i b u t i o n 

o f the nodules on the r o o t system, and the n i t r o g e n f i x a t i o n r a t e s . The 

Organic p l a n t s had the smallest nodules, the lowest number of tap r o o t 

nodules, the highest number on the l a t e r a l r o o t s , and the lowest o v e r a l l 

r a t e s of f i x a t i o n . The Stockless p l a n t s had the l a r g e s t range i n nodule 

s i z e , the l a r g e s t number of tap r o o t nodules, the lowest number on the 
l a t e r a l r o o t s , and the highest f i x a t i o n r a t e s . The Mixed p l a n t s possessed 

the l a r g e s t nodules, an intermediate number of tap and l a t e r a l nodules, and 

an i n t e r m e d i a t e n i t r o g e n f i x a t i o n r a t e . 

:5.2.7 I t i s c l e a r from these statements t h a t the f i x a t i o n rates recorded 

d i d not depend upon the t o t a l number of nodules on the r o o t system, but upon 

the s i z e and number of nodules on the tap r o o t . The observations of nodul­

a t i o n on the Organic.section f i t the statements of Munns (1968) and Dart and 

Wildon (1970), who found t h a t high l e v e l s o f a v a i l a b l e n i t r o g e n i n the s o i l 

delayed the appearance o f primary nodules on the main r o o t and reduced t h e i r 

numbers, but d i d not a f f e c t the formation of secondary nodules on the l a t e r a l 

r o o t s , except by reducing t h e i r s i z e . I n 1952 Nutman demonstrated t h a t the 

f i r s t nodules- e s t i b l i s h e d tend'to i n h i b i t the formation of secondary nodules 

- t h i s would e x p l a i n why the p l a n t s on the Stockless section have a large 

number of tap r o o t nodules, but less on the l a t e r a l s . 

:5.2.8 At the age of f o u r t e e n weeks the nodule numbers on a l l sections 

had decreased due to widespread death of both roots and nodules. Most 

were blackened and empty, or contained pupating Sitonia larvae.. Estimates 
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o f the a c t u a l numbers of dead nodules per r o o t was d i f f i c u l t as many 

sloughed o f f when the r o o t s were e x t r a c t e d from the s o i l . The trend shown 

i n the t a b l e below continued on tap and l a t e r a l r o o t s , so t h a t the s i g ­

n i f i c a n t l y lowest number of l i v e nodules per r o o t was found on the M section 

p l a n t s . Although nodule numbers on sections 0 and S showed no s i g n i f i c a n t 

d i f f e r e n c e , f i x a t i o n r a t e s were s t i l l higher on S. On a l l sections i t was 

observed t h a t a few,very small,white nodules had formed on the l a t e r a l r o o t s . 

These were not included i n the numbers i n t h i s t a b l e , due to t h e i r dimin­

u t i v e s i z e . 

Development at 14 weeks 

Section Mean number of dead Mean number of l i v e 
nodules per r o o t nodules per r o o t 

0 26.1 - 2.2 21.3 - 3.2 

M 48.8 - 1.8 9.1 - 1.8 

S 35.3 - 4.5 24.3 - 5.2 

:5.2.9 A s i m i l a r decrease i n nodule numbers was observed to occur on the 

Special F e r t i l i z e r Treatments. The d i f f e r e n c e seen e a r l i e r was maintained, 

w i t h nodule numbers being - s i g n i f i c a n t l y higher where no n i t r o g e n had been 

a p p l i e d . However the previous lack o f d i f f e r e n c e between PPKK and NNPK, 

and the d i f f e r e n c e between NNPK and NNPPKK were not evident a t t h i s time. 
This suggests t h a t e a r l i e r i n d i c a t i o n s o f a possible exacerbating e f f e c t of 

in c r e a s i n g phosphate on in p u t o f n i t r o g e n was probably a f a c t o r r e s u l t i n g 

from too few r e p l i c a t e s . I f guidance i s sought from the n i t r o g e n f i x a t i o n 

s t u d i e s , i t can be seen t h a t f a r from inc r e a s i n g the e f f e c t , a d d i t i o n of 

double PK compensates p a r t l y f o r the depressant e f f e c t of double n i t r o g e n , 

so t h a t f i x a t i o n on NNPPKK i s higher than on NNPK. 

:5.2.10 A f t e r f l o w e r i n g , which reached a maximum at 12 weeks, the develop­

ment of the bean pods caused a great increase i n the p l a n t s ' demand f o r 

n i t r o g e n . Weber et a l . (1972) have shown t h a t f o r soybean t h i s increase 
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TABLE 5-5. Renodulation Survey 1973, 

Summary Table of Mean Nodule nutrOjers per root 

Management Type Size Number Standard Standard 
(ram diam.) ^ ^ Deviation Error 

Standard f i e l d s : -
ORGANIC 
MIXED 
STOCKLESS 

Special Treatments: 
PPKK 
NNPPKK 
NNPK 

1.4 
0.5 
0.7 

0.5 
0.5 
0.8 

28.5 
4.6 
7.7 

14.2 
9.0 

12.1 

18.9 
4.5 
5.2 

14.4 
5.7 

11.5 

4.3 
1.0 
1.2 

3.2 
1.3 
2.6 

S t a t i s t i c a l Comparison 

Management 
Types 

Compared 

Degrees 
of 

Freedom 

0-M 
0-S 
M-S 

PPKK-NNPPKK 
PPKK-NNPK 
NNPPKK-NNPK 

21.1 
21.9 
37.3 
24.7 
36.1 
27.8 

5.56 
4.73 
2.07 
1.49 
0.51 
1.07 

<0.001 
<0.001 
<0.05 
>0.1 
>0.1 
>0.1 

0>M 
0>S 
S>M 
NS 
NS 
NS 
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i n the requirement f o r n i t r o g e n s t i m u l a t e s the n i t r o g e n f i x a t i o n of the 

r o o t nodule b a c t e r i a t o a maximum f o r the season, between f l o w e r i n g and pod 

expansion. Therefore to determine whether or hot t h i s occurred i n V-icia 

faha, a second nodule survey was made on the p l a n t s at 16 weeks, of age. 

I t was found t h a t extensive r e n o d u l a t i o n , the i n i t i a t i o n of which had been 

seen a t week 14, had taken place,to a d i f f e r i n g extent under the three sections 

o f farm management. The r e s u l t s are presented i n Table 5-5. 

:5.2.11 At t h i s stage many of the tap roots were found to be dead, the new 

nodules forming on the l a t e r a l r o o t s only. They tended to lack leghaemo-

g l o b i n and had a h i g h l y developed r e t i c u l a t e surface. As can be seen from 

the t a b l e , on r e n o d u l a t i o n , the Organic p l a n t s produced a s i g n i f i c a n t l y 

g r e a t e r number of l a r g e r nodules than were found on e i t h e r the Mixed or 

Stockless sections. As has already been discussed, Nutman (1952) found 

t h a t primary nodules tended to r e s t r i c t the growth of secondary nodules so 

t h a t the Stockless p l a n t s , which p r e v i o u s l y had a l a r g e r number of nodules 

than on the Organic s e c t i o n , may now renodulate to a lesser extent f o r t h i s 

reason. Also Munns (1968) showed t h a t secondary nodules were not a f f e c t e d 

by h i g h n i t r o g e n l e v e l s , sq, t h a t the depressant e f f e c t o f high l e v e l s of 

a v a i l a b l e n i t r o g e n on the Organic s e c t i o n would not a f f e c t r e n o d u l a t i o n . 

A combination of these two ideas may e x p l a i n the observations made upon 

r e n o d u l a t i o n . 

:5.2.12 There were no d i f f e r e n c e s i n r e n o d u l a t i o n on the Special F e r t i l i z e r 

Treatments which were s i g n i f i c a n t . This may be because by t h i s stage i n 

the crop's growth most of the added n i t r o g e n had been u t i l i z e d or leached 

away. The lack of d i f f e r e n c e i s probably more l i k e l y to have been due to 

the masking e f f e c t of the very high v a r i a b i l i t y i n nodule numbers w i t h i n 

each treatment, and the samples consequently being too small t o reveal 

d i f f e r e n c e s . U n f o r t u n a t e l y , due to a m a l f u n c t i o n of equipment, i t was not 
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p o s s i b l e to measure the n i t r o g e n f i x a t i o n by the new nodules, but as the 

numbers observed were much less than at maximum n o d u l a t i o n , i t i s u n l i k e l y 

t h a t the h i g h l e v e l s of f i x a t i o n recorded at t h a t time were exceeded by the 

new nodules. Thus Weber's r e s u l t s f o r soybeans were not found to r e l a t e t o 

r e n o d u l a t i o n of Vid-Ca faba, p a r t i c u l a r l y as the p l a n t s w i t h the l a r g e s t 

number of new nodules (0) e v e n t u a l l y produced the lowest bean y i e l d and 

would t h e r e f o r e have had the smallest increase i n n i t r o g e n demand. 

5:5.3 Conclusions from n o d u l a t i o n studies 

:5.3.1 The nodule development and d i s t r i b u t i o n , on r o o t s o f Vicia faba, 

was seen to be s t r o n g l y i n f l u e n c e d by season and by the farm management 

p r a c t i c e s . Roughley and Dart (1970) showed t h a t low s o i l temperatures, 

as would be experienced e a r l y i n the season,, encourage the slow formation 

o f l a r g e nodules on the primary r o o t . Later i n the year, the higher temp­

erat u r e s encourage f a s t e r i n i t i a t i o n of nodules on the l a t e r a l r o o t s . These 

sta:tements f u l l y e x p l a i n the p a t t e r n of development observed to occur at 

Haughley. 

:5.3.2 I t was demonstrated t h a t the most important guide to the n i t r o g e n 

f i x a t i o n p o t e n t i a l o f any r o o t was the number, size and colour of the nodules 

on the main tap r o o t , d u r i n g the main n o d u l a t i o n . The t i m i n g o f the max-

imxarn number of nodules coincided e x a c t l y w i t h the time a t which the maximum 

number o f inflorescences were produced. This agreed w i t h the f i n d i n g s of 

M a s e f i e l d (1961) who worked on Vicia faba p l a n t s . He also demonstrated 

t h a t the i n f e s t a t i o n s of Sitonia larvae could be reduced by i n c r e a s i n g the 

s o i l moisture content. The f a c t t h a t no larvae were to be found on the 

Organic section;'compared w i t h heavy i n f e s t a t i o n s on the other sections, 

i n d i c a t e s t h a t p o s s i b l y on the former s e c t i o n , a much higher s o i l moisture 

content e x i s t e d . This suggestion was borne out by the studies on s o i l 

water content (see S o i l s s e c t i o n ) , but i t i s u n l i k e l y t h a t t h i s f a c t o r alone 

would e x p l a i n the absence of larvae on the Organic s e c t i o n . 
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:5.3.3 Each farm s e c t i o n i n f l u e n c e d the r a t e of formation of the i n i t i a l 

p l a n t nodules, the r a t e o f t h e i r decay, and the r a t e of renodulation. For 

each management type there was a c h a r a c t e r i s t i c r a t e f o r these processes. 

Thus the r o o t s o f p l a n t s on the Mixed s e c t i o n were the quickest t o i n i t i a t e 

nodules, and also l o s t t h e i r nodules more r a p i d l y than on the other s e c t i o n s ; 

the Organic p l a n t s nodulated slowly, but tended to lose t h e i r nodules slowly 

too. 

:5.3.4 With reference to the f i n d i n g s by many research workers (see 5:1) 

t h a t a h i g h l e v e l of a v a i l a b l e n i t r o g e n i n the r o o t i n g medium decreases 

n o d u l a t i o n , i t i s concluded t h a t the low l e v e l of nodulation^ on the Organic 

s e c t i o n was caused by t h i s f a c t o r . I t has been shown by other researchers 

t h a t several geochemicals can i n f l u e n c e the n o d u l a t i o n of legumes, but these 

f a c t o r s are u n l i k e l y t o have been oper a t i n g at Haughley to produce the r e s u l t s 

obtained. A c i d i t y o f s o i l has been shown to depress nodul a t i o n (Loneragan 

and Bowling 1958; Munns 1970), but a l l the f i e l d s at Haughley showed pH 

values i n ^ t h e range 7.0 - 7.4. The presence of calcium and magnesium has 

been found to s t i m u l a t e n o d u l a t i o n ( H e l l r i e g e l 1894; Albrecht and Davis 

1929; Dobereiner 1966), but at Haughley, where s o i l analysis showed the 

Organic s e c t i o n t o have s i g n i f i c a n t l y higher concentrations of both these 

geochemicals, t h a t s e c t i o n had the p l a n t s \d.th the l e a s t nodules. Thus 

the i n f l u e n c e of a v a i l a b l e s o i l n i t r o g e n was the most l i k e l y cause of 

poorer n o d u l a t i o n on the Organic s e c t i o n . 

I t was considered t h a t the c l i m a t o l o g i c a l impact would have been 

the same on a l l f i e l d s s t u d i e d . I t i s possible t h a t the d i f f e r e n c e s i n 

n o d u l a t i o n between sections were caused by the i n f e c t i o n of the r o o t s by 

d i f f e r e n t b a c t e r i a l s t r a i n s , but t h i s was not i n v e s t i g a t e d . 

:5.3.5 The number of l a r g e p i n k , e f f e c t i v e tap r o o t nodules provided a 

good assay f o r the a v a i l a b i l i t y of n i t r o g e n i n the s o i l , c o r r e l a t i n g by 

inverse p r o p o r t i o n t o the l e v e l s of a v a i l a b l e n i t r o g e n determined by 
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chemical a n a l y s i s . The a d d i t i o n of high l e v e l s of n i t r a t e - n i t r o g e n to 

bean p l a n t s which had already i n i t i a t e d the formation of nodules, caused 

widespread death and decay of the nodules, and the reduced number on these 

p l a n t s was maintained throughout the growing season, agreeing w i t h the 

observations of Oghoghorie and Pate (1971). " 

5:6 The e f f e c t of farm management upon n i t r o g e n f i x a t i o n 

:6.1 Aim 

To compare the r a t e s o f n i t r o g e n f i x a t i o n by p l a n t s from the three 

farm management sections upon a number of occasions during the growing season. 

:6.2 Results 

The f u l l f i e l d r e s u l t s are shown on Table A12 and an account of 

the problems encountered and methods used i n the field,appears w i t h i t i n 

the Appendix. A summary of these r e s u l t s i s presented on Table 5-6 and 

depicted on Graphs 5-5 and 5-6. A s t a t i s t i c a l comparison of the f i x a t i o n 

under d i f f e r e n t farm management sections i s shown i n Table 5-7. 

:6.3 Discussion of Results 

:6.3.1 The seasonal e f f e c t upon n i t r o g e n f i x a t i o n i s c l e a r l y demonstrated 

f o r 1972 and 1973 i n Graphs 5-5 and 5-6. Although the p a t t e r n of f i x a t i o n 

per root,and f i x a t i o n per nodule,closely f o l l o w e d the v a r i a t i o n i n a i r temp­

e r a t u r e a t which the incubations were performed, i t was demonstrated e a r l i e r 

t h a t the response of whole p l a n t s t o temperature changes between 18 - 25°C 

was small. Therefore the seasonal change i n n i t r o g e n f i x a t i o n r a t e was 

probably due e n t i r e l y t o nodule age and the demand by the p l a n t f o r n i t r o g e n , 

which w i l l vary as i t grows. The f i x a t i o n r a t e s recorded f o r the 0, M and 

S sections at week 14 i n 1972 were probably a more accurate estimate of the 

a c t u a l rates found at week 14 i n 1973 than the values sho^m. Due to the 

l a r g e s i z e of the shoot and dryness of the s o i l , 1973 p l a n t s at t h i s age 



NITROGEN FIXATION 
TABLE 5 -6 . Summary of f i e l d sampling data through 

1972/73. 

Treatment Date Age Mean number ^^^e of nitrogen f i x a t i o n m 

l i v e nodules root/hr. nod.Ar. 

Organic 2/6/72 11 31.5 + 4.2 40.0 + 4.0 1.33 + 0.13 
22/6/72 14 35.6 ± 5.9 9.0 ± 2.9 0.25 + 0.06 
30/4/73 7 13.2 ± 1.3 0.073 ± 0.030 0.012 + 0.003 
22/5/73 10 26.8 ± 2.9 , 22.2 ± 3.9 0.80 ± 0.10 
7/6/73 12 55.9 ± 3.3 12.4 ± 1.3 0.23 ± 0.02 

20/6/73 14 21.3 ± 3.2 4.1 ± 1.4 0.16 ± 0.03 

Mixed 2/6/72 10 34.5 ± 4.9 30.1 ± 3.3 1.33 ± 0.33 
22/6/72 13 32.5 ± 2.9 30.9 ± 5.5 0.97 ± 0.13 
30/4/73 7 17.4 ± 1.3 0.34 ± 0.08 0.023 ± 0.007 
22/5/73 10 33.4 ± 4.5 29.9 ± 3.2 0.93 ± 0.17 
7/6/73 12 60.3 ± 4.9 82.0 ± 5.9 1.43 ± 0.17 

20/6/73 14 9.1 + 1.8 1.3 ± 0.3 0.14 ± 0.02 

Stockless 2/6/72 11 36.1 ± 3.0 54.7 + 10.2 1.53 ± 0.23 
22/6/72 14 41.3 ± 5.4 39.9 ± 4.9 1.07 ± 0.17 
30/4/73 7 12.3 ± 1.5 0.51 ± 0.08 0.042 ± 0.009 
22/5/73 10 56.5 ± 5.5 57.0 ± 5.3 1.07 ± 0.13 
7/6/73 12 72.2 ± 6.3 100.9 ± 16.4 1.43 ± 0.27 

20/6/73 14 24.3 ± 5.2 14.5 ± 3.3 0.57 a. 0.07 

PPKK 22/5/73 10 37.2 ± 2.5 40.0 ± 4.2 1.07 + 0.07 
7/6/73 12 52.0 ± 7.0 95.2 ± 10.3 1.97 + 0.17 

20/6/73 14 11.4 ± 1.3 4.0 ± 1.6 0.31 0.11 

NNPPKK 22/5/73 10 26.5 ± 3.2 30.0 ±. 5.0 1.10 + 0.07 
7/6/73 12 34.2 ± 3.1 60.1 ± 6.6 1.47 0.20 

20/6/73 14 5.9 ± 1.3 2.2 ± 0.6 0.36 0.08 

NNPK 7/6/73 12 43.5 ± 3.5 51.4 ± 9.2 1.10 + 0.13 
20/6/73 14 4.4 ± 0.8 1.1 ± 0.3 0.21 0.04 
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Table 5-7 • NITROGEN FIXATION 

S t a t i s t i c a l comparison of n i t r o g e n f i x a t i o n r a t e s . 

Management 
t y p e s compared 

Rate of f i x a t i o n / r o o t / h r 

df d p . R 
Rate of f i x a t i o n / n o d u l e / h r 

df d p R 

2/6/72 O-M 16.8 1.90 0.1 NS 10.1 0.00. >0.1 NS 
0-S 10.4 1-35 >0-l NS 13.4 0.77 >0.1 NS 
M-S 9.7 2.28 <0-05 S>M 13.9 0.50 >0.1 NS 

22/6/72 O-M 13.6 3.54 <0.01 M>0 11.2 4.80 <0.001 M>0 
0-S 11.6 5.43 <0.001 S>0 8.3 4.56 <0.01 S>0 
M-S 15.9 1.23 >0.1. NS 14.6 0.46 >0.1 NS 

30/4/73 O-M 14.9 4.19 <0.001 M>0 16-3 1.84 0.1 NS 
O-S 12,2 6.13 <0.001 S>0 12-5 3.88 iO.Ol S>0 
M-S 23.0 1.88 0.1 NS 20.5 2.11 <0.05 S>M 

22/5/73 O-M 13.7 1.19 >0.1 NS 10.0 0.68 >0.1 NS 
0-S 15.0 5.27 <0.001 S>0 15.6 1.69 >0.1 NS 
M-S 15.0 3.61 <0.01 S>M 12.8 0.67 >0.1 NS 

PPKK - NNPPKK 10.6 2.27 <0.05 PP>NN 16,8 0.25 >0.1 • NS 

7/6/73 O-M 12.1 11-40 <0.001 M>0 11-2 7.06 <0.001 M>0 
0-S 11.1 5.36 <0.001 S>0 11.1 4.62 <0.001 S>0 
M-S 13.8 1-08 >0.1 NS 19.0 0.00 >0.1 NS 

PPKK - NNPPKK 18.8 2.88 <0.0l PP>NN - 21.3 1.85 >0.1 PP>NN 
PPKK - NTJPK 21.9 3.20 <0.0l PP>NN 18.4 4.35 <0.001 PP>NN 
NNPK - NNPPKK 20.3 0.77 >0.1 NS 14.3 1.48 >0.1 NS 

20/6/73 O-M 15.5 1.96 0.1 . NS 26.9 0.50 >0,1 NS 
0-S 18.9 2.89 <0.0l S>0 16.9 6.12 <o.ooi S>0 
M-S 14.3 4.00 <0.01 S>M 14.0 0.49 >0.1 NS 

PPKK - NNPPKK 17.9 1.08 >0.1 NS 25-3 0.39 >0.1 NS 
PPKK - NNPK 15.2 1.81 0.1 NS 19-3 0.87 . >0.1 ' NS 
NNPK - NNPPKK 19.8 . 1.57 >0.1 NS 20.9 1.67 >0.1 NS 
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were decapitated and washed p r i o r t o inc u b a t i o n . Both these f a c t o r s would 

have served t o depress the f i x a t i o n r a t e s , as observed e a r l i e r . 

:6.3.2 The i n f l u e n c e of farm management which caused d i f f e r e n c e s between 

f i x a t i o n r a t e s per r o o t f o r Organic, Mixed and Stockless se c t i o n p l a n t s was 

e f f e c t i v e both by causing d i f f e r e n c e s i n the. f i x a t i o n r a t e per nodule, and 

by the m o d i f i c a t i o n of r o o t nodule numbers. Thus the s i g n i f i c a n t d i f f ­

erences shown between the f i x a t i o n r ates per r o o t f o r Mixed and Stockless 

p l a n t s i n Graph 5-5 were due e n t i r e l y t o a d i f f e r e n c e i n nodule numbers -

the curves on Graph 5-6 showed no s i g n i f i c a n t d i f f e r e n c e s except at week 7. 

But the d i f f e r e n c e s between S and 0 p l a n t s on Graph 5-5 are r e f l e c t e d i n 

5-6 due t o a genuinely lower f i x a t i o n r a t e per nodule i n the l a t t e r t r e a t ­

ment, coupled w i t h lower nodule numbers. 

:6.3.3 Maximum f i x a t i o n occurred at twelve weeks of age on the Mixed and 

Stockless sections which coincided w i t h the maximum n o d u l a t i o n , and w i t h 

maximum f l o w e r i n g , of the bean p l a n t s . However on the Organic section 

maximum n^itrogen f i x a t i o n per ro o t and per nodule occurred two weeks e a r l i e r 

(two weeks p r i o r to the achievement of maximum n o d u l a t i o n ) . I t i s possible 

t h a t i n f a c t t h i s e a r l i e r maximum occurred at 11 weeks of age when no sample 

was taken, as i n d i c a t e d by the higher r a t e o f f i x a t i o n a t t h i s time i n 1972. 

This i n d i c a t e s t h a t many of the nodules on the Organic plants were i n e f f e c t i v e 

at f i x i n g n i t r o g e n , which concurs w i t h the conclusions reached i n the 

n o d u l a t i o n s e c t i o n . 

:6.3.4 Summarising the r e s u l t s of the s t a t i s t i c a l comparisons of the 

treatment e f f e c t upon n i t r o g e n f i x a t i o n r ates by i n d i v i d u a l nodules and 

whole r o o t s i n Table 5-7 - out of 36 p a i r s t e s t e d :-

At the 95% confidence l e v e l M > 0 f i v e times 
S > 0 nine times 
S > M four times 
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Out o f the 18 t e s t s i n which no s i g n i f i c a n t d i f f e r e n c e s were found, the 

lack of d i f f e r e n c e s segregated as fo l l o w s :-

0 not s i g n i f i c a n t l y d i f f e r e n t from M - seven times 

M " " " " " • " " S - eigh t times 

S " " " " " " " 0 - three times 

From these s t a t i s t i c a l t e s t s the conclusions are t h a t the 

Organic s e c t i o n p l a n t s had a s i g n i f i c a n t l y lower a b i l i t y to f i x atmospheric 

n i t r o g e n than those on e i t h e r the Mixed or Stockless s e c t i o n , and i t i s 

suggested t h a t t h i s was a d i r e c t e f f e c t of the farm management on the 0 

se c t i o n . There was no s i n g l e instance i n which the f i x a t i o n r a t e on the 

Organic s e c t i o n was greater than t h a t on the Stockless s e c t i o n , and only on 

three occasions out of 36 were there no s i g n i f i c a n t d i f f e r e n c e s between 

these s e c t i o n s . The trend f o r the r e l a t i o n s h i p between the Mixed section 

and the'other two,was :-

M f i x a t i o n > 0 f i x a t i o n 

» S " > M " although seven and eight times r e s p e c t i v e l y 

out o f 36 comparisons,these p a i r s showed no s i g n i f i c a n t d i f f e r e n c e s . 

:6.4 Special F e r t i l i z e r Treatment Results 

:6.4.1 The measurement of n i t r o g e n f i x a t i o n by pla n t s from the s p e c i a l 

f e r t i l i z e r treatments was f i r s t made j u s t one week a f t e r the a d d i t i o n of 

double n i t r o g e n to p a r t of the PPKK and PK p l o t s . Within such a very short 

time the e f f e c t of the n i t r o g e n was t o s i g n i f i c a n t l y reduce the nodule 

niombers, and hence the f i x a t i o n per r o o t , but the f i x a t i o n r a t e per nodule 

was un a f f e c t e d . A f t e r a f u r t h e r two weeks had elapsed, the added n i t r o g e n 

had lowered the r a t e of f i x a t i o n per nodule s i g n i f i c a n t l y , on both s i n g l e , 

and double, phosphate and potassium p l o t s (NNPK and NNPPKK). Although the 

f i x a t i o n per nodule per hour was s i g n i f i c a n t l y PPKK > NNPPKK > NNPK, t h i s 

d i f f e r e n c e d i d not hold completely t r u e f o r the f i x a t i o n rates per p l a n t . 
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The NNPK treatment caused less death of nodules than the NNPPKK p l o t , 

and hence there was no s i g n i f i c a n t d i f f e r e n c e i n the t o t a l f i x a t i o n per 
root between these treatments. At the end o f the season there were no 

d i f f e r e n c e s i n f i x a t i o n between any of the s p e c i a l f e r t i l i z e r p l o t s , 

although the trend was f o r PPKK p l a n t s t o have the highest number of 

nodules per r o o t . This i n d i c a t e s t h a t e i t h e r the n i t r o g e n applied had 

been leached away or used up by t h i s time, or t h a t i t s e f f e c t upon f i x a t i o n 

wore o f f as the nodules aged, p o s s i b l y because the secondary nodules which 

are less s e n s i t i v e t o n i t r o g e n became more important f o r the f i x a t i o n of 

n i t r o g e n (Munns 1968). 

From Table 5-7 out o f a t o t a l o f 14 p a i r s compared,fixation was 

s i g n i f i c a n t l y d i f f e r e n t f o r :-

PPKK > NNPPKK three times 

PPKK > NNPK tw i c e , the remaining nine showing no di f f e r e n c e s 

at the 95% l e v e l , which may have been due to the use of samples which were 

too small i n number. I n general, the r e s u l t s gained from the special 

f e r t i l i z e r treatment were those expected from the work of B e l l and Nutman 

(1971); Moustafa, B I I I and F i e l d (1969); and Vincent (1965). 

:6.4.2 Nitrogen f e r t i l i z e r i n the form of ammonium n i t r a t e was applied 

to the s p e c i a l f e r t i l i z e r p l o t s immediately a f t e r the primary nodules had 

been i n i t i a t e d , but before f i x a t i o n had s t a r t e d . Oghoghorie and Pate (1971) 

suggest t h a t combined n i t r o g e n supplied to p l a n t s at t h i s stage may w e l l 

enhance l a t e r f i x a t i o n by causing greater growth of the shoot, and hence 

increased n i t r o g e n demand. This e f f e c t was not seen to occur on the t r i a l 

p l o t s i n t h i s study, when comparing NNPK p l a n t s w i t h the standard PK plants 

on the Stockless s e c t i o n . I t i s assumed t h a t the q u a n t i t i e s used here 

were too g r e a t , and t h e r e f o r e the depressant e f f e c t too long l a s t i n g , f o r 

t h i s b e n e f i t to be shown. 
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:6.4.3 I t i s i n t e r e s t i n g t o compare the maximum r a t e of f i x a t i o n by 
p l a n t s on the s p e c i a l f e r t i l i z e r treatments w i t h the maximum r a t e of those 
p l a n t s on the 0, M and S sections. 

.3-1 When comparing f i x a t i o n PK (S) w i t h PPKK, the e f f e c t of doubling 

the phosphate and potassium s i g n i f i c a n t l y enhanced the f i x a t i o n p o t e n t i a l 

per nodule. However the same a d d i t i o n so reduced the nodule numbers t h a t 

the r e s u l t i n g n i t r o g e n f i x a t i o n per p l a n t showed no o v e r a l l e f f e c t to 

d i s t i n g u i s h between the two treatments. 

.3-2 When double n i t r o g e n was added to the PPKK p l o t , the e f f e c t on 

nodule f i x a t i o n was equivalent to t h a t found on the M and S sections. But 

again the r e d u c t i o n i n nodule numbers caused the o v e r a l l f i x a t i o n r a t e per 

p l a n t t o f a l l s i g n i f i c a n t l y below t h a t of the M se c t i o n p l a n t s . 

.3-3 When double n i t r o g e n was added to the PK p l a n t s , both the f i x a t i o n 

per nodule, and the f i x a t i o n per r o o t , were depressed below t h a t of NNPPKK, 

but t h i s was not s i g n i f i c a n t f o r the whole r o o t as there was no commensurate 

increase i n nodule numbers. 

Thus f o r nodules : PPKK > NNPPKK = K = S > NNPK > 0 

and f o r r o o t s ": PPKK s S > M > NNPPKK E NNPK > 0 

Therefore even the a d d i t i o n of a high l e v e l of n i t r a t e f e r t i l i z e r to the 

bean p l a n t s on the Stockless f i e l d could not depress the whole p l a n t 

f i x a t i o n to a l e v e l as low as the normal r a t e of f i x a t i o n on the Organic 

s e c t i o n . 

:6.4.4 The doubling of the a p p l i c a t i o n of phosphorus and potassium t o 

the Stockless system i n the s p e c i a l f e r t i l i z e r treatments severely r e s t r i c t e d 

the f o r m a t i o n of new nodules, but the e f f e c t was compensated f o r by a con­

s i d e r a b l e enhancement o f the r a t e of n i t r o g e n f i x a t i o n per nodule. A d d i t i o n 

o f n i t r a t e - n i t r o g e n i n the form of a top dressing of f e r t i l i z e r a f t e r the 

i n i t i a t i o n o f nodules caused an immediate r e d u c t i o n i n the number of nodules^ 
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f o l l o w e d by a r e d u c t i o n i n the n i t r o g e n f i x i n g a b i l i t y of each nodule. 

This depressant e f f e c t by i n o r g a n i c n i t r o g e n was not as severe as was shown 

by the n i t r o g e n derived from the manurial treatment, on the Organic s e c t i o n . 

:6.5 E s t i m a t i o n of n i t r o g e n fixed/hectare/year 

:6.5.1 Although Hardy et a l . (1968) e x t r a p o l a t e d s i n g l e readings of 

acetylene r e d u c t i o n , which had been measured at a set time once per week, 

to an e s t i m a t i o n of the n i t r o g e n f i x e d by a symbiotic legume as s o c i a t i o n . 

per season, t h i s can o n l y give a very rough guide, due t o the large number 

of changing f a c t o r s which i n f l u e n c e the r a t e of f i x a t i o n . The l i g h t 

i n t e n s i t y , temperature, time of day, water s t r e s s , a v a i l a b i l i t y of s o i l 

n i t r o g e n , the n u t r i t i o n a l s t a t e of the p l a n t , and the age and growth of 

nodules and p l a n t s a l l i n t e r a c t t o c o n t r o l n i t r o g e n f i x a t i o n by the root 

nodule b a c t e r i a . As the d a i l y f l u c t u a t i o n s i n these f a c t o r s cannot be 

assessed by a s i n g l e measurement o f acetylene r e d u c t i o n , great care must 

be exercised when quo t i n g the p o t e n t i a l annual n i t r o g e n f i x a t i o n f o r a 

p a r t i c u l a r p l a n t , i f i t i s obtained i n t h i s way. However, as these var­

i a t i o n s cannot be c o n t r o l l e d under f i e l d c o n d i t i o n s , any such estimate may 

prove u s e f u l i n the context of a n i t r o g e n balance sheet f o r a p a r t i c u l a r 

ecosystem. Thus, although the f i x a t i o n r ates measured at Haughley were 

only v a l i d f o r the time and c o n d i t i o n s of the assay, these f i g u r e s have 

been e x t r a p o l a t e d to cover the f i x a t i o n over the growing season. 

:6.5.2 As described p r e v i o u s l y , a l l the acetylene reduction incubations 

i n the 1973 season were performed between 09.00 - 11.00 hours because t h i s 

c o i n c i d e d w i t h the time of the mean f i x a t i o n r a t e s over the d i u r n a l period 

s t u d i e d . For the determination of the p o t e n t i a l n i t r o g e n f i x e d i n 1973, 

f i g u r e s f o r the 14th week were used from 1972 so t h a t a l l the means used 

would be derived from a study of whole p l a n t s . 
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Calculation :-

Age of plants Number Mean f i x a t i o n rates y Moles nitrogen/root/hour 
(weeks) of days Organic Mixed Stockless 

7 - 10 21 11.06 15.12 28.76 

10 - 12 14 17.30 55.90 78.95 

12 -14 14 10.69 56.47 70.42 

14 - 15.5 9 4.49 15.47 19.97 

Then :-

figm f i x e d = Mean f i x a t i o n rate x number x weight of x Number of plants 
of days 1 y M Nitrogen per hectare 

The number of plants per hectare was estimated to be 270,000. 

Bell and Nutman (1971) stated that when the nitrogen content of a harvested 

crop i s quoted as a measure of the t o t a l nitrogen fixed, t h i s was seldom an 

overestimate. But the figures f o r the annual removal of nitrogen at 

Haughley bore l i t t l e resemblance to t h i s estimation of nitrogen f i x a t i o n , 

except on the Mixed section. 
Special F e r t i l i z e r Treatments 

Section Organic Mixed Stockless PPKK NNPPKK 

KgN^ fixed/ha/season 120.6 368.4 521.6 334.0 231.7 

KgN^ removed/ha/season 321.0 381.0 311.0 

The estimation of values f o r f i x a t i o n on the special f e r t i l i z e r treatments 

was probably an underestimate because at week 14 only the figures for 

decapitated plants were available; but the difference between PPKK and 

NNPPKK demonstrated the eff e c t of adding inorganic nitrogen. 

:6.5.3 No figures f o r the-annual f i x a t i o n of nitrogen were found i n the 

l i t e r a t u r e to relate to f i e l d beans, but the figures calculated at Haughley 

l i e w i t h i n the range round fo r other crops elsewhere :-
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Lucerne 0 - 300 KgN/ha/year Bell and Nutman (1971) 

Soybean 30 - 120 " " " Hardy (1968), Weber (1966) 

Clover 150 - 600 " " " Munro (1969), Sears et a l . (1965) 

:6.5.4 The assessment of nitrogen f i x a t i o n for the Haughley farm sections 

suggests that the depressant effect of the Organic manurial treatments upon 

symbiotic nitrogen fix a t i o n , r e s u l t e d i n the removal of nearly three times 

as much nitrogen i n the crop as was fixed by the root nodules. I f further 

studies which included the measurement of nitrogen f i x a t i o n over the whole 

season corroborated these results , there would be a strong indication that 

the organic management system employing expensive manures was defeating 

part of the aim of using legumes i n the farm r o t a t i o n , to improve the 

nitrogen status of the s o i l . Conversely, the Stockless system appears to 

permit the f i x a t i o n of much more nitrogen than i s removed annually by the 

crop. The loss of nitrogen from a l l three systems could be lessened i f 

the dead stems of the plants were ploughed back into the ground, instead 

of being removed from the f i e l d and burned, or used as fodder. 

:6.6 Nitrogen content of the nodules 

Standard Kjeldahl analysis of the dried and ground root nodules 

was carried out through the 1973 season, to determine the organic nitrogen 

content of these structures. In order to provide s u f f i c i e n t material for 

analysis, nodules from a l l three sections were homogenized together. 

Date Age of plant N^.content of nodules 
(weeks) Ngm/gm dry weight 

30/4/73 7 38.4 
21/5/73 10 64.3 
7/6/73 12 48.2 

, 24/7/73 19 49.1 
2/8/73 20 47.3 
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This indicates that even a f t e r the root systems were dead, and long after 

f i x a t i o n had ceased, the root nodules retained t h e i r high levels of nitrogen, 

which would be released to the s o i l as they gradually decayed. The maximum 

nitrogen content occurred at the time at which plants on the Organic section 

were undergoing maximum f i x a t i o n . • 

:6.7 Overall conclusions of the Nitrogen f i x a t i o n study 

:6.7.1 The nitrogen f i x a t i o n by Vicia faba plants was found to be 

strongly influenced by season and by the farm management practices. 

The seasonal effec t causing variations i n the rate at which 

nitrogen was fixed, acted through day length, the age of nodules, and the 

changing demand for nitrogen by the plant as the crop matured. I t is 

possible that the greater f i x a t i o n rates recorded on the Stockless section 

were due to the large demand for nitrogen for the high y i e l d of bean seed, 

whereas on the Organic section low seed y i e l d caused, or was the effect of, 

low nitrogen f i x a t i o n rates. 

:6.7.2 The effect of farm management controlled the t o t a l amount of 

nitrogen fi x e d per plant through the combination of two p a r t i a l l y 

independent factors :- • . 

- by modifying the number of effective nodules i n i t i a t e d on 

each root 

- by a l t e r i n g the efficiency of nitrogen f i x a t i o n per nodule. 

The severe depression of nitrogen f i x a t i o n found on the Organic 

farm section i s considered to have been caused by the high levels of 
available nitrogen which had resulted from the long-term use of organic 

manures. The response of the symbiotic legume association to the level 

of available nitrogen i n the s o i l can be used as a biological assay to 

confirm or replace chemical s o i l analyses. 
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FINAL DISCUSSION 

The aim of the research project conducted at Haughley was to 

evaluate and compare the dynamics of the a g r i c u l t u r a l ecosystem, under three 

contrasting patterns of farm management. In each of the fi v e main sections 

of the text the methods of investigation used to determine the rate of energy 

f i x a t i o n (crop growth and y i e l d ) , and the magnitude of the flow of geochemicals 

through the system, are described, and the results discussed. Thus the 

influence of farm management upon each of several individual components of 

the ecosystem has been i d e n t i f i e d . The purpose of this Final Discussion i s : 

1. To draw together the indi v i d u a l conclusions from the previous 

sections of the t e x t , to provide an overall picture of the a g r i c u l t u r a l 

ecosystem. 

2. To emphasize the most important findings of the research 

project. 

3. To suggest future spheres of i n t e n s i f i e d research, designed 

to examine more closely some of the results of t h i s broad-based screening 

operation. <• 

1. The ove r a l l picture of the a g r i c u l t u r a l ecosystem 

The theme of investigation i n t h i s research has been to define 

the seasonal dynamics of the flow of geochemicals through the p l a n t - s o i l -

s o i l water system. In order to provide a basis for quantifying most of the 

sources and sinks f o r plant nutrients w i t h i n a f i n i t e closed system, lysim-

eters were constructed for the second year f i e l d t r i a l . As described i n 

Section 2 (2:2.4) the lysimeters provided only a very crude approach to the 

problem, f o r due to several l i m i t a t i o n s of construction, conditions w i t h i n 

them tended to be dissimilar from those operating i n the open f i e l d . However, 
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the use of t h i s equipment enabled the inexpensive monitoring of the rate 

of outflow of the soil-water percolate - th i s information proved to be 

impossible to co l l e c t from the whole-field studies. Using the results 

from the lysimeter study, crude balance sheets were constructed for the 

plant macronutrients - the magnitude of the annual flow through the system 

was expressed i n Kilogrammes/hectare/year. 

For the purpose of the formulation of these tables, analytical 

values gained from d i f f e r e n t seasons have been collated with the lysimeter 

r e s u l t s . For example, the comparative study of sjonbiotic nitrogen f i x a t i o n 

by the legume crop was performed i n 1973 - the f i x a t i o n values have been 
inserted i n t o the appropriate columns on the Gain sheet for the 1972 

si t u a t i o n . The estimate for the high f e r t i l i z e r (S*) f i x a t i o n was taken 

to be equivalent to the f i x a t i o n recorded on the NNPPKK plot i n 1973. 

Thus a composite picture has been produced to show the balance of 

the Gain and Loss of Nutrients to, and from, the system, i n which a l l the 

values are necessarily only very approximate, but which allows some comparison 

of the effects of the three management patterns to be made. 

(1) Gains to the system 

_ The addition of geochemicals to each system were supplied i n : 

:1. the p r e c i p i t a t i o n 

:2. the manures and f e r t i l i z e r s 

:3. the seeds sown 

:4. the nitrogen fixed by the legume symbionts 

:5. the nitrogen fixed by the free s o i l microflora 

(The numbers refer to those additions l i s t e d i n Table D:l). 

The values for the non-symbiotic f i x a t i o n of nitrogen were taken 

from the results of Basahy (1974), and are inserted as a guide to the 

influence of farm management upon t h i s process. The pattern followed was 
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Table D:l Gains to the Farm Systems (Kg/ha/year) 

Geochemical Input Cropped Fallow 
+ „+ 

0 M S s • 0 M S S 

Nit r a t e - N 1 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 
3 0.02 0.02 0.02 0.02 

T o t a l 2.0 2.0 . . 2.0 2.0 . 2.0 . .2.0. . 2.0 2.0 

Organic N 1 8.3 8.3 8.3 . 8.3 8.3 8.3 8.3 '8.3 
2 398.0 103.0 50.0 112.0 398.0 103.0 50.0 112.0 
3 10.2 10.2 10.2 10.2 
.4 120.6 368.4 521.6 232.0 

To t a l 537 490 590 363 406 111 58 120 

5 40 26 74 50 40 26 . 74 50 

Org. N + NO^-N T o t a l 579 518 666 415 • 448 139 134 172 

Phosphorus 2 68.0 46.0 35.0 120.0 68.0 46.0 35.0 120.0 
3 0.3 0.3 0.3 0.3 

T o t a l 68 46 35 120 68 46 35 120 

Potassium 1 8.4 8.4 8.4 8.4 8.4 8.4 8.4 8.4 
2 80.0 35.0 35.0 198.0 80.0 35.0 35.0 198.0 
3 0.6 0.6 0.6 0.6 

T o t a l . 89 .44 . 44 207 88 43 43 206 

Calcium 1 18.1 18.1 18.1 18.1 18.1 18.1 18.1 18.1 
2 253.0 28.0 6.0 1.7 253.0 28.0 6.0 • 1.7 
3 1.1 1.1 1.1 .1.1 

T o t a l 272 .47 25 21 271 46 24 20 

Magnesium 1 14.3 14.3 14.3 14.3 14.3 14.3 14.3 14.3 Magnesium 
2 49.0 10.0 0.5 1.7 49.0 10.0 0.5 1.7 
3 0.2 0.2 0.2 0.2 

T o t a l . .. . 64 . . . 25 .15 . . . 16 . . , 63 24 15 . 16 

Sodium 1 13.1 13.1 13.1 13.1 13.1 13.1 13.1 13.1 
2 12.0 - 1.2 4.4 12.0 - 1.2 4.4 
3 0.1 0.1 0.1 0.1 

T o t a l . . 25 . 13 , 14 18 25 . . 13 14 18 

Key : Input 1 = P r e c i p i t a t i o n over one year 
2 = F e r t i l i z e r / M a n u r e 
3 = Seed content 
4 = Nitrogen f i x e d by legumes 
5 = Nitrogen f i x e d by f r e e b a c t e r i a 

T o t a l s expressed to nearest whole number 
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similar to that found for the f i x a t i o n i n the legume root nodules, with 
a maximum i n the s o i l where no organic manures had been supplied (Stockless 
farm) and a minimum on the Organic farm. However i t i s unlikely that t h i s 
l e v e l of non-symbiotic f i x a t i o n would have occurred i n the f i e l d as the 
values were only obtained af t e r massive enrichment of the s o i l with glucose. 

Table D:l depicts the si t u a t i o n for both sizes of lysimeter, 

because, although these d i f f e r e d i n t h e i r surface areas, the additions are 

expressed i n weight per unit area. The differences between the cropped and 

fallow additions were due to the chemical content of the seeds sown, and to 

crop nitrogen f i x a t i o n . Thus, except for nitrogen, the t o t a l gains of 

geochemicals by the cropped and fallow lysimeters were equal, - 1 Kg/ha. 

As a l l the values on the table are approximate, t h i s allows further 

s i m p l i f i c a t i o n : 

Total Gains of geochemicals i n Kg/ha/year : 

Geochemical Lysimeter type 0 M S s" 
«> 

N + NÔ -N Fallow 448 139 134 172 

Cropped 579 518 666 414 

P Fallow + Cropped 68 . 46 35 120 

K Fallow + Cropped 89 44 44 207 

Ca Fallow + Cropped 272 47 25 21 

Mg Fallow + Cropped 64 25 15 16 

Na Fallow + Cropped 25 13 14 18 

Although the flow of a greater range of geochemicals had been 

investigated during the f i e l d studies, complete nutrient balance information 

was not available i n a form easily related to the lysimeter s i t u a t i o n , and 

therefore only the macronutrient values have been presented i n these tables. 



. 4 diagram to i l l u s t r a t e the eight components which were considered when 
constructing the Net Annual Geochemical Balance Sheet for the a g r i c u l t u r a l 
ecosystem at Haughley. 

(The numbers i n brackets r e f e r to the categories used on the Gain and Loss 
Tables D-1 and D-2,from which figures the annual balance was calculated). 
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There were two l i m i t a t i o n s which further r e s t r i c t e d the 
accuracy of the figures shown on Table D:l : 

: Due to the very large concentrations of nitrogen i n the 

f e r t i l i z e r s and manures the sensitive methods of analysis used for the 

plant and s o i l samples were swamped - no accurate estimation was possible. 

Therefore a l l the nitrogen i n these additives has been included into the 
table under the one heading of Organic nitrogen. 

: I t was impossible to estimate accurately the level of nutrients 

remaining i n the Organic farm s o i l from the application of manure which had 

been made i n the previous year. As i t was necessary to provide a figure 

on the table for each geochemical considered, an a r b i t r a r y figure of 75% 

of the i n i t i a l n u t r i e n t value (Section 1:2.3.2) of the manure supplied,was 

used to represent the probable remaining l e v e l . 

An indication of the beneficial value of including a leguminous' 

crop i n the farm r o t a t i o n i s shown by the difference between the Gains i n 

Organic nitrogen,for the cropped and fallow lysimeters. A sig n i f i c a n t 

relationship can be seen to have been operating between the level of 

nitrogen applied by man, and the res u l t i n g f i x a t i o n of nitrogen by bacteria : 

Source of nitrogen 0 M S S 

Fertilizer/Manure 398 103 50 112 

Legume symbiosis 121 368 522 232 

Clearly the higher the p r i o r addition of nitrogen, the lower the f i x a t i o n 

rates. I t i s noted from Section 5 (5:6.4.3-2) that despite a massive 

application of inorganic nitrogen to the plot NNPPKK, the resulting 

depression of f i x a t i o n was s t i l l not as severe as was experienced on 

the Organic farm. 
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(2) Losses from the system 

Although i t was possible to simplify the presentation of 

the Gain sheet (D:l) by equating the values for shallow and deep, cropped 

and fallow lysimeters, no similar s i m p l i f i c a t i o n of the Loss sheet (D:2) 

can be made - the loss of geochemicals i n the leachate (6) and i n the 

harvested crop (7) were considerably different,, depending closely upon the 

lysimeter size, depth and use of s o i l . With the exception of d e n i t r i f i c -

ation (figures from Basahy 1974), the only loss assumed to be suffered by 

the fallow lysimeters was through leaching of the s o i l by the percolating 

r a i n f a l l . 

I f a comparison i s made between the losses from the deep and 

shallow containers, i t can be seen that for a l l geochemicals except phosphorus, 

the leachate loss was greatest from the former type. Except for potassium, 

which i s .a r e l a t i v e l y immobile ion l i k e , phosphorus (Cooke and Williams 1970), 

the extent to which the loss from Deep > Shallow dif f e r e d was very large. 

For the r e l a t i v e depth of s o i l , less r a i n f e l l onto the deep lysimeters, but 

the lower evaporation rate, and the inclusion of the lower s o i l horizons, 

enabled the leaching of greater quantities of the alkaline earths (especially 

calcium) from t h i s type. As discussed i n Section 2 (2:6.2.2.6), the loss 

of geochemicals from the deep lysimeters was probably more closely akin to 

that found i n the f i e l d than that shown by the shallow type. However, the. 

loss would s t i l l be an overestimate of the actual n i t r a t e loss, and probably 

a s l i g h t vmderestimate of the loss of the alkaline earths. 

Comparing the losses of geochemicals i n the leachate alone,from 

the cropped and fallow lysimeters, these were always greater from the l a t t e r 

type, due to a combination of factors. Where there was no crop, the un­

protected s o i l surface would have been more vulnerable to leaching, and where 

plants'.were growing, some of the geochemicals otherwise available for leaching 

would have been taken up into the plant biomass. The only exception to this 
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Table D:2 Losses from the Farm Systems (Kg/ha/year) 

Geochemical Output 

0 

Shallow lysime.tcrs 

M S S* 0 

Deep l y s i m c t e r s 

M S S^ 

1. CROPPED • 

Nicrate-N 6 
7 

1.5 
0.1 

1.5 
0.2 

1.5 
0,1 

1,5 
0.2 

6.0 
0.1 

4.6 
0.2 

5.3 
0.1 

9.0 
0.2 

T o t a l 2.0 2.0 2.0 2.0 6.0 5.0 5.0 9.0 

Organic N 6 
7 

7 
80 

7 
105 

8 
115 

7 
120 

44 
80 

30 
105 

51 
115 

65 
120 

T o t a l 87 112 123 127 124 135 166 185 

8 55 24 5 4 55 24 5 4 

Org. N + NO^-N To t a l 144 138 130 133 185 164 176 198 

Phosphorus 7 • 8 10 12 12 8 10 12 12 

Potassium 6 
7 

0.7 
37 

0.3 
27 

0.6 
45 

0.7 
35 

3.0 
37 

0.9 
27 

0.9 
45 

o:9 
35 

T o t a l 38 27 46 36 41 28 46 36 

Calcium 6 
7 

15 
12 

18 
20 

15 
34 

9 . 
25 

75 
12 

84 
20 

105 
34 

99 
25 

T o t a l 27 38 49 34 87 104 139 124 

Magnesium 6 
7 

1.0 
2.0 

0.8 
3.0 

0.5 
3.0 

0.4 
6.0 

3.6 
2.0 

3.7 
3.0 

3.3 
3.0 

3.0 
6.0 

T o t a l 3 4 4 6 6 7 6 9 

Sodium 6' 
7 2.1 

1.0 
1.7 
5.0 

0.9 
1.0 

0.8 
1.0 

9.3 
1.0 

7.5 
5.0 

7.5 
1.0 

6.6 
1.0 

To t a l 3 7 2 2 . 10 13 9 8 

2. FAI.LOW 

Nit r a t e - N 6 • 3.0 1.8 1.5 1.5 9.0 2.8 7.5 12.0 

Organic. N 6 
8 

12 
55 

9 
24 

6 
5 

12 
4 

45 
55 

12 
24 

75 
5 

86 
4 

Org. N + KO^-N T o t a l . 70 35 . 13 18 . 109 .. 39 . . 88 .. . 102 

Potassium 6 1.7 0.4 1.2 0.7 1.2 0.3 2.1 1.5 

Calcium 6 30 30 15 21 126 36 150 108 

Magnesium 6 1.3 1.0 0.7 0.7 3.8 1.1 4.8 3.5 

Sodium -. -6-". 3.3 2.1 1.5 1.5 14.1 2.0 7.5 9.3 

Key : Output 6 = Lysimotor lea c h a t c over one year 
7 " Crop removal at f i n a l l i a r v e s t 
8 - D e n i t r i f i c n t i o n by s o i l b a c t e r i a 
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rule was shown by the deep lysimeters of the Mixed section where the the 

values of geochemical loss were greatest for the cropped s o i l , but t h i s 

was due e n t i r e l y to an i n t e r n a l blockage of the outflow pipe from the fallow 

containers, e f f e c t i v e from September 1972 - March 1973. Except for sodium, 

where the difference of loss i n leachate and crop was small, the major loss 

of n u t r i e n t s from the cropped lysimeters was contained i n the plant material 

removed at the time of the f i n a l harvest. Although the bean seed yields 

i n the lysimeters were considerably below those recorded i n the f i e l d , i n 

order to r e t a i n the s i t u a t i o n found w i t h i n the containers, the f i e l d data 

were not substituted i n t o t h i s table. Therefore the actual f i e l d loss of 

geochemicals i n the plant biomass was generally above that indicated here 

(see Section 4:5.4.5). 

(3) Net annual geochemical change 

By subtracting the values of the annual losses from the system 

(Table D : l ) , from the values of the annual gains to the system (Table D:2), 

the net annual geochemical change i n each farm system can be defined 

(Table D:3). 

As mentioned i n the discussion of Table D:l, the nitrate-nitrogen 

figures are not t r u l y representative of the values for the actual gains and 
losses of t h i s ion because of the exclusion of the f e r t i l i z e r and manure 

content. Therefore the negative values, showing a net annual loss of n i t r a t e , 

must be passed over, except to r e i t e r a t e how much greater the loss of geo­

chemicals, was from the deep lysimeters. 

I t i s s i g n i f i c a n t t h a t , despite a greater content of easily 

exchangeable, and therefore p o t e n t i a l l y leachable, plant nutrients i n the 

Organic s o i l (Section 1:3.2.2), that system did not demonstrate a net annual 

loss of any of the main geochemicals considered. By contrast, a l l sections 

receiving inorganic f e r t i l i z e r s showed such losses, p a r t i c u l a r l y of calcium, 

potassium and nitrogen, under both cropped and fallow conditions. Except 
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Table D:3 Net annual geochemical change (Kg/ha/year) 

The f i g u r e s i n d i c a t e the net annual 
(with minus 

gain, and the 
sign ) 

net inrxOLil l o s s 

Goochemical Shallow l y s i m e t e r s Deep ly s i m e t e r s 

0 M S S+ 0 . M S S+ 

1. Cropped : 

Nit r a t e - N 0.4 0.3 0.4 0.3 -4.1 -2.8 -3.4 -7.2 

i . Organic N 450 378 467 236 413 . 355 424 178 

i i . Nitrogen 395 354 462 232 354 328 416 167 

i i i . Nitrogen 435 380 536 282 394 354 490 217 

Phosphorus 60 36 23 108 60 36 23. 108 

Potassium 51 17 -2 171 48 16 -2 171 

Calcium 245 9 -24 -13 185 -57 -114 -103 

Magnesium 64 . 21 11 10 58 18 9 7 

Sodium 22 6 12 16 15 0 5 10 

2. F a l l o w : 

Nitrate-N -1.1 0.1 0.4 0.4 -7.1 -0.9 -5.6 -10.1 

i . Organic N 394 102 52 108 361 99 -17 34 

i i . Nitrogen 338 78 47 104 299 74 • -28 20 

i i i . Nitrogen 378 104 121 154 . 339 100 46 70 . 

Phosphorus 68 46 35 120 68 46 35 120 

Potassium 86 43 42 205 87 43 41 205 

Calcium 241 16 9 -1 145 10 -126 -88 

Magnesium 62 23 14 15 59 23 10 13 

Sodium 22 11 13 17 11 11 7 9 

Key : Nitrogen i . = s o i l f i x a t i o n , d e n i t r i f i c a t i o n , and n i t r a t e - n i t r o g e n f i g u r e s omitted 
i i , = d e n i t r i f i c a t i o u and n i t r a t e included 

i i i . = d e n i t r i f i c a t i o n , n i t r a t e and s o i l f i x a t i o n included. 
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f o r sodium, where the Mixed plants demonstrated a very high uptake, the 
maximum loss (or minimum gain) of geochemicals was always found on the 
Stockless section where there were no remains of organic manures to stab­
i l i z e the a v a i l a b i l i t y of the s o i l geochemicals. Organic material serves 
to bind certain compounds into i t s matrix (1:1.3) and w i l l also only 
gradually decompose to release the i n i t i a l l y "unavailable nutrients into an 
available form. In comparison, when a r t i f i c i a l inorganic f e r t i l i z e r s are 
added to the s o i l , most of the contained nutrients are immediately available, 
f o r plant uptake or leaching by the percolating soil-water. 

The extent of the loss of the calcium, magnesium and sodium from 

the normal Stockless system was closely copied by that from the high f e r t ­

i l i z e r treatment (S"*^), and the loss over the year was much greater than from 

the Organic and Mixed systems. However, due to t h e i r r e l a t i v e immobility, 

the levels of phosphorus and potassium, which were supplied at a greater rate 

i n the s"̂  lysimeters, remained at levels 300-500% higher than i n S, through­

out the season. Thus, the use of s i g n i f i c a n t l y greater quantities of f e r t ­

i l i z e r than i s normal did not greatly increase the threat to water system 

eutrophication, except marginally so for t o t a l nitrogen. 

The most r e a l i s t i c of the nitrogen figures l i s t e d i s probably i i . 

which included the d e n i t r i f i c a t i o n and nitrate-nitrogen estimates, and the 

legume f i x a t i o n values, but omitted the probably i n f l a t e d values of the non-

symbiotic f i x a t i o n figures. Using t h i s category, i t can be seen that the 

most advantageous system (where most nitrogen was conserved) was the Stock­

less system, due to the maximum level of symbiotic f i x a t i o n . Most of the 

gain i n nitrogen on t h i s system was obtained without any fin a n c i a l investment 

by the farmer, whereas most of the apparently large gain i n nitrogen on the 

Organic farm originated from the heavy application of expensive animal 

manures. Despite a high investment i n nitrogen f e r t i l i z e r s on the S p l o t , 

the net annual gain was the lowest for a l l systems, due to the depression of 

f i x a t i o n . The Mixed system showed a lower net annual nitrogen gain than 
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either of the other normal systems, but a greater proportion of the gain 
was derived from legume f i x a t i o n than on the Organic system and, addition­
a l l y , the Mixed farm gave the highest bean seed yields. Thus, with the 
exception of nitrogen, the net annual gain of most geochemicals followed 
the pattern 0 > M > S, no matter whether the s o i l volume considered was deep 
or shallow, cropped or fallow. 

2. The most important features of the research results 

The findings shown by the construction of the balance sheets 

must be considered i n conjunction with the conclusions drawn from each 

section of the t o t a l investigation, as many of these are not referred to 

by the figures on these tables. 

(1) The research was conducted against the background of 

differences found i n the rooting medium, which had been brought about as a 

r e s u l t of the d i f f e r e n t farm management systems practised over a period of 

t h i r t y years. The chemical and physical analysis of the s o i l showed that 

the use of organic manures on the Organic and Mixed farms had improved the 

l e v e l of organic matter, and the soil's p otential moisture content. There 

was a close relationship between the amount of nutrients supplied to the s o i l 

i n the manures and f e r t i l i z e r s , and the concentrations found i n the s o i l 

during the season; with the maxima of most geochemicals occurring where 

organic manures had recently been applied. 

The organic manures were shown to be a better source of exchange­

able nitrogen, phosphorus and potassium than a r t i f i c i a l f e r t i l i z e r s as, i n 

addition to a high i n t r i n s i c nutrient content, they encouraged s o i l s t a b i l i t y , 

and they/gradually released t h e i r own nutrients to the developing crop plants, 

during the season. In theory therefore,the Organic and Mixed farms should 

have provided the best rooting medium for the healthy growth of crop plants. 

I t was shown that per unit weight, the organic manures actually provided 
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less n u t r i e n t additions to the s o i l than the highly concentrated inorganic 

s a l t s , but due to the massive rates of application of manures, the a v a i l ­

a b i l i t y of nutrients on the Organic and Mixed farms was maximal. For this 

reason the Organic system posed a possible threat of eutrophication to the 

water draining from the land. The most serious threat, however, came from 

the. Mixed farm where nutrients were supplied i n the form of both organic 

manures, and annual a r t i f i c i a l f e r t i l i z e r applications. Even so, the WHO 

preferred safe l i m i t for nitrate-nitrogen concentrations i n water,was never 

exceeded, even where leaching of t h i s ion had been a r t i f i c i a l l y increased 

by the construction of lysimeters. 

Only the concentrations of heavy metals and phosphorus i n the s o i l 

were unaffected by farm management. I t has been shown that due to great 

immobility, the annual addition of phosphorus to the s o i l of each system 

tended to cause a progressive accumulation i n the s o i l horizons, so that 

adequate supplies were available, f o r crop growth,even where no f e r t i l i z e r 

was applied i n the experimental season. The loss of phosphorus by leaching 

was found to be negligible when the analysis of the percolate was made. 

(2) A study of the chemical composition of the water draining 

from the lysimeters and fields,revealed that the maximum concentrations of 

leached geochemicals did not occur during the same season as the maximum 

t o t a l weight loss of the geochemicals from the s o i l . The maximum concentr­

ations occurred during the three months following the application of manures 

(November), and f e r t i l i z e r s (March), but the maximxim t o t a l losses occured 

during the season of maximum r a i n f a l l (September - December), especially 

a f t e r the disturbance of the s o i l during the harvesting of the crop. This 

seasonal pattern of loss was independent of the farm management type - the 

only exception was found to be the shallow fallow lysimeters where, due to 

an unprotected s o i l surface, maximum loss occurred during the summer. In 

general, the magnitude of the leaching losses followed the pattern of the 
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t o t a l voltime of water draining through the s o i l , and the rate of nutrient 
application to the s o i l , w i t h i n the framework of Ca > Na > N > Mg > K > P, 
a pattern which closely mimicked that of the supply of geochemicals i n the 
rainwater. Analysis of the r a i n showed that a greater quantity of potassium, 
magnesium and sodium were supplied per unit area of f i e l d , than was los t i n 
the drainage water, even from.areas where high potash f e r t i l i z e r had been 
applied. 

(3) The main evaluation of the long-term effects of the three 

management systems, and varying application rates of f e r t i l i z e r s was made 

using the crop Viaia faba L. as a phytometer. Despite the differences i n 
nu t r i e n t a v a i l a b i l i t y on the three systems, the growth performance of the 

bean plants showed almost no s i g n i f i c a n t differences on any of the farms,at 

any l e v e l of f e r t i l i z e r application. I t must therefore be assumed that on 

a l l the farms the background level of plant nutrients was adequate for 

e f f i c i e n t crop growth, and that any further application of geochemicals was 

surplus to the crop's requirements. The only apparent effect of varying 

the rate of nut r i e n t input was to reduce or extend the length of time 

required f o r the plant to achieve i t s growth maxima. 

The only major effect of farm management upon any aspect of the 

performance by the phytometer was upon i t s y i e l d , where increasing the 

f e r t i l i z e r application rate caused an increase i n the bean seed y i e l d . When 

comparing the f i e l d s where organic manures had been applied during the previous 

year to each of the Organic, Mixed and Commercial f i e l d s studied, the y i e l d 

followed the pattern M E C > 0 E S. The practice on the Commercial f i e l d s 

was to supply heavy applications of manures every year, so that although not 

measured by s o i l analysis, the nutrient a v a i l a b i l i t y on that section would 

probably have been the maximum to be found anywhere at Haughley. However, 

the n u t r i e n t input, and hence the f i n a n c i a l investment, was less on the 

Mixed section. Thus the Mixed farm would be the most economically rewarding 

for the farmer to use, with a lower nutrient input than on the Commercial farm, 

but with the same yields. 
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Before the phytometer was used to evaluate the effect of farm 

management systems upon the s o i l , an investigation had been made into the 

possible long-term effects of imprinting the crop on each farm system. 
The hypothesis was made that the continued growth of a crop ( i n rotation) 
upon farms d i f f e r i n g i n t h e i r n u t r i e n t a v a i l a b i l i t y might have caused a 

physiological adaptation of each imprint type" to be . able to grow more 

e f f i c i e n t l y upon i t s own system. However, t h i s hypothesis was largely d i s ­

proved by a greenhouse and f i e l d t r i a l . Although there were some differences 

i n the growth performance of the three imprint types, these were largely non­

s i g n i f i c a n t , and could have been purely due to natural within-population 

v a r i a b i l i t y , which had been emphasized by the use of very small samples. 

Because of the observed lack of differences i n the growth of the plants on 

the three farm management sections (referred to i n the previous two para­

graphs), i t was probably the high background level of plant nutrients on a l l 

the farms which prevented the process of imprinting from having any .'evol­

utionary' eff e c t upon the physiological requirements of the Vioia faba crop. 

(4) In order to investigate the flow of geochemicals from the s o i l 

i n t o the standing biomass of the crop, the plants used for the measurement 

of the growth parameters were subjected to chemical analysis. Because t h i s , 
study was designed to be a comparative one, and not to define the absolute 

values f o r crop chemical composition, the main text section did not discuss 

the actual chemical concentrations except where these were of particular 

i n t e r e s t . 

I t was found that neither the process of imprinting, nor the farm 

management type, nor f e r t i l i z e r application rate, altered the main location 

of the geochemical concentrations i n the plants. The treatment also showed 

no e f f e c t upon the seasonal pattern of the v a r i a t i o n of concentrations i n 

each separate plant part. There was no evidence of any 'eutrophication' 

of any part of the plant by an accumulation of n i t r a t e s , but a marked death 

reaction occurred by which there was a dramatic increase i n the uptake of 
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heavy metals, i n p a r t i c u l a r lead, af t e r the death of the roots. The 
magnitude of the flow of lead into the plant was considered to be at a 
possibly dangerous l e v e l , p a r t i c u l a r l y i f large quantities of the bean seed 
were consumed. The accumulation of t h i s toxin did not appear to be related 
to any p a r t i c u l a r farm management practice. 

Due to the presumed-adequate level of plant nutrients i n the non-

f e r t i l i z e d s o i l , the uptake of geochemicals from the various treatments on 

the Stockless section did not accurately r e f l e c t the rate of addition of the 

extra quantities of f e r t i l i z e r . This lack of response corresponded well 

with the results found from the comparative growth studies. However, except 

i n young plants, there was a dire c t relationship between the rate of a p p l i ­

cation of inorganic f e r t i l i z e r s and the uptake of potassium and aluminium 

by the plants. For some reason, possibly due to complexing between the 

added nutrients and the heavy metal ions i n the s o i l , the greater the a p p l i ­

cation of f e r t i l i z e r , the lower the uptake of copper and zinc by the crop. 

When the geochemical composition of the crop plants from the three 

main management sections was compared, the concentrations of the alkaline 

earth macronutrients were found to be d i r e c t l y proportional to the s o i l content. 

Although the potential supply of the three most inqjortant plant nutrients 

(N, P, K) was greater i n the soi l s treated with organic manures, the conc­

entrations of these tended to be greater i n the plants grown on the Stockless 

farms. This could possibly have been due to the greater i n i t i a l a v a i l a b i l i t y 

of these elements i n the inorganic s a l t s , or the uptake may have been i n ­

fluenced by the Kirkby-Mengel e f f e c t (4:1.3). 

As soon as the plant weight was taken i n t o consideration, to 

evaluate the effect of farm management upon the t o t a l geochemical content of 

the standing crop, the maximum content was always found on either the Mixed 

or Stockless f i e l d s . This was due to the c h a r a c t e r i s t i c a l l y low dry weight 

of the plants on the Organic section, which i n the open f i e l d resulted from 

the great competition with the high population of weeds, especially charlock. 
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This factor could have only been avoided w i t h i n the constraints of the 
Organic management, by prodigious hand hoeing, as no chemical herbicides 
were allowed. Thus weed competition reduced the potential y i e l d of the 
otherwise ideal rooting medium to a level far below that of the other farm 
sections. Although the chemical composition of the crop on the Mixed f i e l d , 
was only studied during one f i e l d t r i a l , i t i s concluded that due to a lack 
of competition from weeds on the Mixed and Stockless sections, the maximum 
geochemical content of the standing crop always followed the pattern of 
M > S > 0. This demonstrates that a complex of interacting factors influences 
the uptake of nutrients i n t o the plants, which cannot be predicted by the 
chemical analysis of the s o i l alone. 

(5) The Gain sheet (Table D:l) demonstrated the value of including 

a legume i n the crop r o t a t i o n -. re s u l t i n g i n a great input of naturally-fixed 

nitrogen, b e n e f i c i a l to the succeeding crops. I t i s well-documented i n the 

l i t e r a t u r e that the ,level of available nitrogen i n the s o i l strongly influences 

the symbiotic f i x a t i o n of nitrogen. This research project confirmed that 

high s o i l nitrogen i n h i b i t s the formation of nodules, and reduces the f i x a t i o n 

rates of those that do form. The responses of nitrogen f i x a t i o n are governed 

by many factors (5:1.3) but i t was considered that t h i s phenomenon provided 

a means of b i o l o g i c a l l y assaying the nitrogen levels i n the s o i l of the three 

farm sections. 

I t was found that nodulation development and d i s t r i b u t i o n on the 

root were strongly influenced by season, farm management and the rate of 

application of nitrogenous f e r t i l i z e r s . Each particular farm section 

influenced the rate of decay of the i n i t i a l nodules, and the rate of re-

nodulation of the bean plants according to a predictable pattern. The number 

of large pink nodules which developed upon the tap root was determined to be 

a good assay of the l e v e l of available nitrogen i n the s o i l - the results 

indicated the same relationship between the farm sections as had been found 
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by chemical analysis of the s o i l s . A strongly seasonal effect upon 
nitrogen f i x a t i o n was found, presumed to be due to a changing demand for 
nitrogen by the developing plant, and to changing temperature and daylength. 
The timing of the maximum f i x a t i o n and nodulation was found to coincide with 
the time of maximum flowering, and that of renodulation with the i n i t i a t i o n of 
bean seed formation. 

The farm management effec t shown on Table D;l was for an increasing 

rate of nitrogen f i x a t i o n to occur as the available nitrogen content of the 

s o i l . f e l l . . However, the demand for nitrogen by the plant also influenced 

the rate of f i x a t i o n - thus the low bean seed y i e l d on the Organic section may 

have been p a r t i a l l y caused by, or have been the effect of, low f i x a t i o n , and 

vice-versa on the•Stockless section. 

Having discounted the p o s s i b i l i t y that the low f i x a t i o n rates on 

the Organic section were due to any other recognised factors (5:5.3.4), i t 

i s concluded that the measurement of potential nitrogen f i x a t i o n provides a 

worthwhile b i o l o g i c a l assay of the level of available nitrogen i n the s o i l . 

I t was t h i s character of the s o i l which was one of the major differences 

between the farm management sections, assumed to be the main result of adding 

organic manures to the s o i l over a t h i r t y year period. 

Now that a g r i c u l t u r a l economists are aware of the problems of the 

increased costs of farm management, i t i s somewhat of a contradiction to 

closely combine the use of a legume crop with the application of organic 

manures, as the second practice defeats part of the object of the f i r s t . 

Yet,, at Haughley, the bean f i e l d s on the Organic section selected for the 

nitrogen f i x a t i o n studies had a l l received heavy applications of organic 

manures during the preceding winter. This ensured the maximum level.of 

available s o i l nitrogen during the growth of the bean crop, causing a 

maximum reduction i n the nitrogen f i x a t i o n p o t ential of the bean root 

nodules. 
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FINAL CONCLUSIONS 

The conclusion from the ecological evaluation of the three systems 

of farm management at Haughley, using the f i e l d bean as a phytometer, i s that 

the methods of management have caused changes to occur i n the a v a i l a b i l i t y of 

nutrients i n the s o i l , which strongly influence the y i e l d and nitrogen f i x ­

ation p o t e n t i a l of the crop. The most economical and geochemically viable 

system was shown to be that of the Mixed farm where both organic manures and 

inorganic f e r t i l i z e r s were employed. Upon t h i s system there was a maximum 

a v a i l a b i l i t y of s o i l nutrients f o r crop growth, and hence a maximum y i e l d of 

bean seeds. Provided that the addition of manures to the system did not 

occur w i t h i n less than two years of the planting of a bean crop, an adequate 

natural symbiotic f i x a t i o n of nitrogen was possible, which would greatly 

benefit the following cereal crop. 

The only problem which could be associated with the widespread 

use of t h i s system of farm management would be that, p a r a l l e l to the maximum 

a v a i l a b i l i t y of s o i l nutrients for the crop growth, there would be a high r i s k 

of water system eutrophication. Even so, the levels of n i t r a t e suggested to 

be dangerous by the World Health Organization were not approached, even where 

the loss of t h i s ion was a r t i f i c i a l l y increased. On the basis of the results 

from the lysimeter study, none of the systems investigated would appear to 

pose a serious threat of nitrogen or. phosphorus eutrophication. 
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3. Recommendations for future research 

From the results and conclusions derived from the research project 

at Haughley several recommendations can be made f o r more detailed research 

to be conducted, to determine how widespread the occurrence of these 

phenomena are : 

(1) In order to complete the information and balance sheets from 

Haughley, automatic monitoring systems of the f i e l d drainage outflow points. 

should be set up, to enable a more accurate estimation of the actual loss of 

water and geochemicals from each farm management system under normal f i e l d 

conditions. This would indicate the possible severity of a eutrophication 

threat from the Mixed farm system. 

(2) Exhaustion studies on the s o i l at Eaughley could be conducted 

to determine the extent to which the natural background level of nutrients i s 

adequate f o r crop growth. 

(3) A f u l l investigation could be made into the physical structure 

of the s o i l from the three farm systems to determine whether changes had been 

caused over the past t h i r t y years which could explain the d i f f e r e n t i a l a v a i l ­

a b i l i t y of the major plant nutrients. I t would also be interesting to 

further elucidate the:exact form i n which the geochemicals exist i n each s o i l . 

(4) On a wider scale i t i s considered important that a survey 

should be made to determine how common the phenomenon of lead accumulation i s , 

p a r t i c u l a r l y i n the seeds of cereals and grain legumes, where the crop i s 

harvested a f t e r the death of the plants. Additional research should t r y to 

i d e n t i f y the source of the lead, and the form i n which i t occurs i n the plants 

- i . e . whether or not i t i s b i o l o g i c a l l y active. And therefore toxic, to 

consumers. 
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(5) A survey should be made of the farm management practices 

used where legumes are included i n crop rotations, to determine to what 

extent the natural nitrogen f i x a t i o n potential of the crop i s being lost 

by i n e f f i c i e n t farm systems which supply high levels of available nitrogen 

to the s o i l , immediately p r i o r to the growth of the legumes. 

(6) An investigation could be made into the possible sources 

of the high levels of geochemicals i n the r a i n f a l l which could pose problems 

of eutrophication to the water systems. 
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SOIL 
Soil characteristics of the Haughley Research Farm 

The Haughley Research Farm l i e s i n gently undulating countryside 

on Kimmeridgian chalky boulder clay at an a l t i t u d e of 200 feet above sea 

le v e l . • 

In 1961 Williams and Cooke at Rothamsted described a s o i l p r o f i l e 

from each farm management type, and a complete s o i l survey of the farm was 

completed by the Soil Survey of England and Wales i n 1968. These reports 

are combined with observations made during the course of the current research 

to determine the s o i l patterns i n the f i e l d s used fo r t h i s project. 

Four local phases ( 1 , 2, 2A, 3) of the Beccles series (Corbett 

and Tatler 1970) are distinguishable over the area of the farm, but a 

complete map has not been made due to the very complex mosaic of the phases. 

A l l phases show a s l i g h t impedance below 25 cms to a variable degree, which 

i s indicated by the mottled colouration of the lower horizons. A l l contain 

calcium carbonate throughout the p r o f i l e , and i n the upper layers have a 

moderate organic matter content, though very l i t t l e i n the lower horizons. 

The surface horizon i s reported to be similar over a l l f i e l d s , consisting 

of an olive-brown clay-loam of a consistent texture. However during the 

course of t h i s study, i t was noted that the surface s o i l of the Organic 

section f i e l d s had a f i r m structure where the crumbs were easily detached, 

with many earthworms, whereas that of the Stockless section f i e l d s had l i t t l e 

s tructure, the clods being d i f f i c u l t to break apart, and with few earthworms. 

The Mixed section s o i l was similar i n structure to that of the Organic 

section, but had few earthworms. The colour too was seen to vary, the 

Stockless s o i l being a l i g h t e r brown than that of the Organic section. 

However these q u a l i t a t i v e differences were only evident by observation, and 

were not found to be quantifiable i n s c i e n t i f i c terms, with the exception of 
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the measured v a r i a t i o n i n the organic matter content,which could account for 

some of the observed st r u c t u r a l differences. The main distinctions between 

the p r o f i l e s occur i n the lower horizons. 

Phase 1 :- occurs as a discontinuous W - E band across the farm, and of 

the f i e l d s used fo r t h i s research only Oxer (Organic) and Seven Acres (Mixed) 

l i e f u l l y w i t h i n t h i s s o i l type. The part of Chestnut Tree East (S),used 

f o r the investigation of the effect of the special f e r t i l i z e r treatment upon 

nitrogen f i x a t i o n i n 1973, also l i e s w i t h i n t h i s phase. The s o i l i s derived 

from calcareous clay, the upper horizon of 25 cms of olive brown sandy clay-

loam being sharply distinguished from a variable thickness (13-46 cm) of 

bright yellow^brown sandy clay with no chalk p a r t i c l e s . Below t h i s l i e s a 

pale yellow-brown clay mottled with grey and white due to a high proportion 

of chalk', and intense gleying. Large and small particles of chalk occur i n 

this layer of prismatic structure. 

Phase 2 :- i s the most extensive, and a l l the f i e l d s (whole/in p a r t ) , 

used i n the three year study, other than those mentioned above, occur with i n 

t h i s s o i l tjTse. The parent material of phase 2 i s also derived, from a 

calcareous clay, but contains more clay and less fine sand than phase 1. 

The top two layers are similar to phase 1, although the lower one i s more 

consistent i n i t s extent (25 cms). The lowest layer i s much darker than 

i n phase 1, but s t i l l contains abundant chalk p a r t i c l e s . 

Phase 2A :- i n some f i e l d s on the farm, i n the lower layers an additional 

gravelly layer may be found. This occurs i n Road (S) and Gypsey (M) which 

were used i n 1971 and 1973 respectively, but the local areas chosen i n 

these f i e l d s were outside the boundaries of phase 2A, so that the drainage 

through the s o i l p r o f i l e would be similar to the other f i e l d s studied. 
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Phase 3 :- derived from a calcareous sand, occurs sporadically i n the form 

of sandy pockets scattered over the whole farm, but not i n any of the 

f i e l d s used. The upper horizon i s similar to those of phases 1 and 2, but 

below 25 cms a sandy loam occurs which i s always wet, and often waterlogged 

below 60 cms. The colour of this layer i s a bright orange-yellow, but grey-

green where waterlogged, and occurs down to 100 - 150 cms from the surface. 

The mean p a r t i c l e sizes for a p r o f i l e through phase 2 are as 

follows :-

Size of p a r t i c l e % of particles 
Top Base 

< 2 y 26 40 

2 - 50 y 14 47 

50 - 100 y 10 4 

100 - 200 y 30 4 

200 - 500 y 18 3 

500y - 2 mm 2 2 

The results of Williams and Cooke (1961) investigation are 
* 

summarized below :-

Section pH % CaCO_ % org C % Total N Density % Water holding pH 
-J gm/ml capacity 

Organic 7.8 2.6 2.27 0.27 2.42 66.2 

Mixed 8.1 5.2 1.70 0.27 2.46 55.8 

Stockless 7.8 5.6 1.24 0.18 2.51 47.3 

There would appear to be a dir e c t correlation between water-

holding capacity and percentage organic Carbon, but these results can only 

act as a guide to the Haughley si t u a t i o n as no details concerning the 

location of sampling sites were given. 
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From the s o i l survey discussion^and the map,it can be seen that 

a l l the f i e l d s used for t h i s research, with the exception of Oxer, Seven 

Acres and Chestnut Tree East,"are composed of the same basic s o i l phase. 

The pH of a 1:1 soil:water measurement, ranged between 7.6 - 7.8 on a l l 

f i e l d s used, i n a l l sections, except for Road f i e l d (S) which read 6.8. 
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WATER CHEMISTRY 

Construction of Lysimeters 

In March 1972 a series of f i l l e d , shallow and deep, lysimeters 

were constructed i n one f i e l d of each farm section, i n order that the 

drainage water from the s o i l could be collected, and analysed, at monthly 

i n t e r v a l s throughout the year. On the Organic and Mixed sections two 

lysimeters of each depth were made, so that one pair (shallow and deep), 

could be planted with beans, and the other pair maintained i n a weed-free, 

fallow condition. On the Stockless section four lysimeters of each depth 

were used i n order that two rates of f e r t i l i z e r could be applied. 

Both types of lysimeter consisted of a container with s l i g h t l y 

sloping walls, an open top, and a base which provided f o r the collection of 

the water percolate. The containers were f i l l e d with the s o i l which had 

been removed from the hole excavated to acconmodate the lysimeter. Care 

was taken to replace the layers i n the order i n which they naturally 

occurred. The top was completely covered with s o i l , level with the surr­

ounding area, to permit natural runoff, and to eliminate the border effect 

r e s u l t i n g from a raised rim. 

Shallow lysimeters 

The lysimeters were constructed from heavy gauge polythene 

sheeting, l i n i n g a hole 1.2 metres square and 25 cms deep. The base was 

sloped towards the middle from both sides, where a channel containing coarse 

gravel was made to f a c i l i t a t e the flow of water. From the lower end of the 

channel, a brass connector was attached to a 1.5 cm diameter clear polythene 

tube, which drained into the ditch where the water was collected i n a 5 l i t r e 

black polythene b o t t l e . No space was l e f t between the tube and bottle-neck, 

thus preventing entry by dust and insects. The use of black polythene 

prevented the growth of algae. 
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Deep lysimeters 

The deep lysimeters were constructed from commercial p l a s t i c 

dustbins which were sunk into the ground and r e f i l l e d with the s o i l . 

Brass connectors,with lengths of clear polythene tubes, drained from the 

base of. the dustbins into the polythene c o l l e c t i n g vessels. The dustbins 

were 0.37 metres i n diameter at the top (surface area 0.108 square metres) 

and 0.47 metres deep. 

The spaces between the lysimeters i n the f i e l d were sown with 

barley, to minimize the edge effects on the crop stands w i t h i n the 

lysimeters, and to camouflage the isolated bean areas from the birds. 

The diagrams below show the cross-sections of the lysimeter 

constructions. 

l.Shallo-.'r LysLmeters: 

1.2 metres' 

heavy gauge ^J^^^sy^Z 
polythene 
sheeting 

r e f i l l e d 
s o i l 

2.Deep Lysimeters 

0.25 metres 
L 

r e f i l l e d s o i l : 
-upper layer 
-lower layer 

coarse erravex 

conimercial plastic 
dustbin 

aramase pioe 

aramage pipe 

5 l i t r e black 
polythene collecting 

vessel 

5 l i t r e black 
polytheme c o l l e c t i n g 
vessel 
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Cbllection and storage of water samples 

The t o t a l volume of the lysimeter leachate draining into the 

polythene containers was measured at monthly i n t e r v a l s , when a sample of 

125 mis of the agitated t o t a l was collected i n a small polythene b o t t l e . 

These samples were f i l t e r e d before being placed i n the deep freeze to 

await chemical analysis. 

Samples of water draining out of the f i e l d t i l e - d r a i n s were 

collected when these were at peak flow rate, the water being s i m i l a r l y 

f i l t e r e d p r i o r to freezing. There have been several reports concerning 

the chemical a l t e r a t i o n of water samples on storing i n glass and polythene 

containers (Rainwater and Thatcher 1960; Struempler 1973), due to ad­

sorption or release of compounds ( p a r t i c u l a r l y phosphates) by the container 

walls or the associated bacteria. I t has been shown that t h i s can be 

avoided by the addition of small volumes of various organic compounds, or 

by deep freezing the samples (Heron 1962). 
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CROP GROWTH 

1. Preliminary Growth Analysis - Greenhouse Pot T r i a l 

The flower pots were arranged i n nine Latin squares over the 

benches i n the greenhouse,which meant that the s l i g h t l y variable conditions 

of l i g h t and temperature were averaged out over a l l treatments. The Latin 

squares ensured a maximum ordered disorder of the d i f f e r e n t combinations of 

the seed imprint type (Tic 0, Tic M, Tic S), and s o i l type (Organic and 

Stockless). 

Arrangement of Latin square :-Where capital l e t t e r s indicate seed type 

Vioia faba var. Tic) and lower case l e t t e r s indicate s o i l types :-

Os Ms Ss Op Mo So 

Ss Oo Mo So Os Ms 

Mo Ss Os Ms Ss Oo 

Ms Ss Oo Mo' So Os 

Oo Mo So Os Ms Ss 

So Os Ms Ss Oo - Mo 

The l i g h t was provided by eight P h i l l i p s 400 watt mercury .. 

vapour h o r t i c u l t u r a l lamps, to give a photoperiod of 17 hours from midnight 

to 5 p.m. The additional heat provided by these lamps helped to prevent any 

undue f a l l i n temperature i n the early morning. The temperature was main­

tained at 19 - 21°C, and the r e l a t i v e humidity at 80%. 

The seeds were i n i t i a l l y planted at the rate of three per 10 cm 

pot, and were covered by black polythene f o r one week to stimulate germin­

ation. Later i n the experiment t h i s rate of planting proved too dense, 

and the plants were thinned to one plant per pot. Samples were taken twice 

per week, pots being removed at random from the Latin squares. The pots 

were watered as evenly as possible on every second day, with a d i s t i l l e d 

water sprinkler. 
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Measurement of p l a n t s 

(1) Shoot l e n g t h - measured by metre r u l e from the p o i n t at 

which the s o i l surface occurred, t o the base of the youngest l e a f i n the 

a p i c a l shoot. 

(2) Leaf area - measured as described by Blade (1943), and 

m o d i f i e d by Blackman and Wilson (1951). The leaves were removed from the 

stem.and were placed between two sheets of glass i l l u m i n a t e d from below. 

The o u t l i n e o f each l e a f was drawn upon paper o f uniform thickness, the 

weight o f which had been c a l i b r a t e d against area ( i n square centimetres). 

The paper l e a f - o u t l i n e s were cut out, and c o l l e c t i v e l y w e i g h e d f o r each'plant, 

t h e i r area being c a l c u l a t e d from the c a l i b r a t i o n t a b l e . This method proved 

more accurate than the use o f the l e a f area meter. 

(3) Dry weight - a d h e r i n g - s o i l p a r t i c l e s were washed from the 

r o o t s w i t h tap water, f o l l o w e d by d i s t i l l e d water. The p l a n t s were separ­

ated i n t o l e a f , shoot and r o o t f r a c t i o n s which were d r i e d at 105°C f o r 24 

hours, by which time a constant weight had been a t t a i n e d . The samples were 

cooled i n a d e s s i c a t o r p r i o r t o weighing and chemical a n a l y s i s . 

(4) L e a f l e t p a i r s - the leaves of Vioia faba are compound, 

each being composed o f several e l l i p t i c a l l e a f l e t s arranged i n p a i r s along 

a c e n t r a l a x i s . When the niamber of leaves was used as a growth parameter 

(1973)j the r e s u l t s were expressed i n terms of the l e a f l e t p a i r s per p l a n t . 

2. 1971 F i e l d T r i a l 

The p l o t s used f o r t h i s f i e l d t r i a l were shared w i t h A.Y. Basahy 

who was c a r r y i n g out a s i m i l a r growth study on b a r l e y under the f o u r t r e a t ­

ments. The plan of the p l o t s i s shown ov e r l e a f - the blank p l o t s were 

used f o r the b a r l e y study. 
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Methods of Chemical Analysis 

During the research p r o j e c t , samples o f s o i l , water and p l a n t 

m a t e r i a l were subjected t o chemical analysis f o r a wide range of geo-

chemicals. The methods of ana l y s i s used are described below, but are only 

discussed i n d e t a i l where m o d i f i c a t i o n s t o the standard methods were made. 

As some of the i n i t i a l methods used i n c u r r e d major disadvantages, these 

were improved or replaced, where p o s s i b l e , f o r l a t e r analyses. 

Preparation of samples p r i o r t o chemical analysis 

1. S o i l - when the s o i l s sampled from the f i e l d s were to be 

analysed f o r t h e i r " t o t a l geochemical" content, the samples were homogenized 

by hand, before being d r i e d to a constant weight i n a forced-draught oven. 

A p e r i o d of f o r t y - e i g h t hours at 105°C was s u f f i c i e n t to achieve t h i s s t a t e . 

A f t e r d r y i n g , the samples were cooled i n a d e s s i c a t o r , and ground w i t h a 

p e s t l e and mortar u n t i l the s o i l passed through a 1 mm gauge sieve. The 

samples were stored i n paper bags w i t h i n a dessicator. 

- when the s o i l s sampled were to be analysed f o r t h e i r 

"exchangeable geochemicals" the homogenized s o i l was d r i e d f o r f i v e days at 

30°C i n a forced-draught oven t o simulate a i r d r y i n g , before g r i n d i n g and 

s i e v i n g . 

2. Plant m a t e r i a l - the r e p l i c a t e p l a n t s were d i v i d e d i n t o 

t h e i r component p a r t s where separate analysis was desired, the roots were 

washed i n d i s t i l l e d water and a l l p a r t s were d r i e d i n an oven at 105°C 

u n t i l a constant weight was a t t a i n e d (a period of twenty f o u r hours was 

adequate). A f t e r c o o l i n g i n a de s s i c a t o r , the samples v;ere ground to a 

f i n e powder i n a Moulinex e l e c t r i c coffee g r i n d e r to f a c i l i t a t e d i g e s t i o n / 

e x t r a c t i o n , and t o homogenize the samples. The m a t e r i a l was stored i n glass 

tubes sealed w i t h polythene caps p r i o r to a n a l y s i s , when three r e p l i c a t e sub-

samples were taken from each sample. The small coffee g r i n d e r was found to 

be more convenient than a conventional m i l l , due to the small bulk of many 

of the d r i e d samples. 
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3. Water - upon c o l l e c t i o n of the samples from the f i e l d d r a i n s , 
l y s i m e t e r b o t t l e s and r a i n gauge, the water was f i l t e r e d and stored f o r 
a n a l y s i s i n a deep freeze. The samples were used f o r analysis immediately 
a f t e r thawing out. 

1. N i t r o g e n 

1:1 N i t r a t e - n i t r o g e n 

- 1:1.1 Phenoldisulphonic acid method - used f o r water, s o i l 

and p l a n t e x t r a c t s i n 1970-1972. 

N i t r a t e was q u a n t i t a t i v e l y e x t r a c t e d from the ground d r i e d 

p l a n t m a t e r i a l , and sieved, d r i e d s o i l , b y a short p e r i o d of a g i t a t i o n i n 

water ( R o l l e r and McKaig 1939). The phenoldiisulphonic acid method depends 

on the n i t r a t i o n o f the a c i d by the n i t r a t e s i n the aqueous s o l u t i o n . 

Under a l k a l i n e c o n d i t i o n s t h i s r e s u l t s i n a ye l l o w colour, the i n t e n s i t y o f 

which i s d i r e c t l y p r o p o r t i o n a l to the concentration o f - n i t r a t e i n the sample. 

The colour was measured a t 420 my i n a spectrophotometer c e l l . The proced­

ure used was described by Johnson and U l r i c h (1950) and Bremner (1965). 

Disadvantages : (1) This method of n i t r a t e a nalysis i s subject 

t o i n t e r f e r e n c e from organic matter, n i t r i t e s , c h l o r i d e s and the colour of 

the aqueous e x t r a c t s . The organic matter was s u c c e s s f u l l y o x i d i z e d by the 

use of 100 volume hydrogen peroxide. The samples from Haughley contained 

very small q u a n t i t i e s of the two main i n t e r f e r i n g anions and t h e r e f o r e these 

d i d n ot c o n s t i t u t e a problem. Tests using the d e c o l o u r i z i n g agent of a c t ­

i v a t e d charcoal r e s u l t e d i n a loss of c o l o u r , but an increase i n the n i t r a t e 

l e v e l of the e x t r a c t . I t was found necessary t o increase the q u a n t i t y of 

hydrogen peroxide used when e x t r a c t s were coloured, or t o use the c o r r e c t ­

i o n method described by Berge (1941) and recommended by Metson (1956). 

(2) The method i s tedious and time-consuming, 

and the equipment r e q u i r e d does not enable large numbers of samples to be 

analysed simultaneously. 
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(3) The r e a c t i o n mixture i s made a l k a l i n e by the 

a d d i t i o n o f ammonium hydroxide s o l u t i o n . The concentration of the 

commercially a v a i l a b l e phenodisulphonic ac i d may be v a r i a b l e w i t h i n a s i n g l e 

batch - sometimes the a d d i t i o n of ammonia caused v i o l e n t s p i t t i n g from the 

evaporating basins. I t was not d e s i r a b l e to use a concentrated ammonia 

s o l u t i o n i n the same l a b o r a t o r y i n which K j e l d a h l analyses f o r t o t a l 

n i t r o g e n were being undertaken. 

1:1.2 2-6 Xylenol - used f o r f i l t e r e d water samples i n 1972-1973. 

This method depends upon the r e a c t i o n between n i t r a t e and 2-6 

x y l e n o l i n s u l p h u r i c a c i d i n the-presence of ammonium c h l o r i d e . The o p t i c a l 

d e n s i t y of the s o l u t i o n so produced was measured using a Perkin Elmer (402) 

spectrophotometer a t 310 my wavelength. The method used was as described 

by Lewis (1961) and Montgomery and Dymock (1962). 

1:2 N i t r a t e - n i t r o g e n and Ammonium n i t r o g e n by a cold d i s t i l l a t i o n method 

Used f o r determining the exchangeable n i t r o g e n i n the s o i l and 

manure samples, and the i n o r g a n i c n i t r o g e n content o f the p l a n t m a t e r i a l , 

i n 1973. • 

The method i s based upon the displacement of ammonia by 

magnesium oxide and the r e d u c t i o n of n i t r a t e to ammonia by t i t a n o u s sulphate. 

The technique used was a m o d i f i c a t i o n of t h a t used by Etherington and Morrey 

(1967), based upon the m i c r o d i f f u s i o n p r i n c i p l e s described by Conway (1947). 

The ammonia, which i s l i b e r a t e d from the aqueous e x t r a c t of the s o i l or 

p l a n t sample, i s separated by m i c r o d i f f u s i o n , i d e a l l y at 25°C, instead of 

by the steam d i s t i l l a t i o n method which i s more t r a d i t i o n a l (Bremner 1965). 

Reagents 

1. Plant and s o i l e x t r a c t a n t , see below. 

2. Magnesium oxide suspension - 12 grammes l i g h t MgO 

i n 100 ml d i s t i l l e d water. 



Methods of Chemical Analysis Appendix Plate 1 

A photograph of the Wheel used f o r r o t a t i n g the Cold D i s t i l l a t i o n 

v i a l s . 

A diagram of the J. & J. v i a l used f o r c o l d d i s t i l l a t i o n . 

Angle designed to 
a l l o w l i q u i d t o 
spread t o maximiim 

polTthene c<ip 

Johnson 'j. Jorgensen v i a l 
drawn a t the angle a t wr.ich 
they ". e placed on the 
r-otating Mieel 

side vie;v, showing 
e r . t r a l w e l l 

f r o n above, 
she-in-- c e n t r a l w e l l and the 
1 sq .cm. sqi^are o f i n d u s t r i a l 
n: "?n c l o t h , upon which i s 
i.i Oi l . - , d 2 urO; 3 oi" £ju_̂  x'i'j 
a c i d . 
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3. Titanous sulphate s o l u t i o n - t h i s must be t e c h n i c a l grade, 

as Analar p u r i t y prevents the r e a c t i o n t a k i n g place. 

5 mis Ti 2 ( S 0 ^ ) ^ i n 100 mis d i s t i l l e d water. 

4. N Analar s u l p h u r i c a c i d . 

5. Analar (NH,)„ SO, f o r c o n s t r u c t i o n of the c a l i b r a t i o n curve. 
4 2 4 

6. Phenol sodium n i t r o p r u s s i d e s o l u t i o n - 12 gm phenol dissolved 

i n 1 l i t r e of water plus 200 ml 1.7% NaOH, plus 0.06 gm sodium 

n i t r o p r u s s i d e dissolved i n 10 ml water - made up to 2:1 and 

stored i n a dark b o t t l e . The s e n s i t i v i t y of t h i s reagent was 

found t o increase d r a m a t i c a l l y w i t h i n 24 hours of pre p a r a t i o n 

and was t h e r e f o r e always f r e s h l y prepared f o r each batch of 

samples. 

7. A l k a l i n e sodium h y p o c h l o r i t e s o l u t i o n - 10 ml of sodium hypo­

c h l o r i t e s o l u t i o n ( c o n t a i n i n g 10% a v a i l a b l e C l ^ - the domestic 

bleach, Domestos, was found to be i d e a l ) added to 250 ml 1.7% 

NaOH. (6 and 7 from A l l e n and W h i t f i e l d 1965). 

Procedure 

Disposable p l a s t i c syringes were used throughout the technique f o r 

the t r a n s f e r o f s o l u t i o n s , and the a p p l i c a t i o n o f acid to the caps. 

2 mis of the e x t r a c t was i n j e c t e d i n t o a 15 ml Johnson and 

Jorgensen p l a s t i c capped glass specimen v i a l , f o l l o w e d by 1 ml of 12% MgO 

suspension which had been f r e s h l y prepared. The p l a s t i c cap, which had 

p r e v i o u s l y had a 1 sq cm.square of i n d u s t r i a l nylon c l o t h f i t t e d i n t o the 

c e n t r a l w e l l and moistened w i t h two drops o f N Ĥ SÔ , was immediately 

replaced on the v i a l (see diagram). The ammonia w i t h i n the e x t r a c t was 

slowly d i s p l a c e d by the MgO and was absorbed by the sulphuric acid on the 

nylo n square. The v i a l was then placed a t an angle on the r o t a r y wheel 

shown i n the photograph, so t h a t the contents were allowed to spread t o a 
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maximum surface area w i t h o u t e n t e r i n g the cap. The wheel was r o t a t e d f o r 
24 hours. The cap of the v i a l was removed, and placed upon a second v i a l 
c o n t a i n i n g 10 ml phenol sodium n i t r o p r u s s i d e s o l u t i o n plus 2 ml a l k a l i n e 
sodium h y p o c h l o r i t e s o l u t i o n . The v i a l was shaken u n t i l the nylon square 
was dislodged i n t o the s o l u t i o n , the colour was developed i n the dark f o r 
one hour, and the i n t e n s i t y o f the blue colour was determined at 680 my on 
a spectrophotometer. The phenol-hypochlorite r e a c t i o n has been described 
by Russell (1944), and Lubochinsky and Z a l t a (1954). The v i a l on the 
wheel had 1 ml of 5% t i t a n o u s sulphate s o l u t i o n i n j e c t e d i n t o i t , and a new 
cap w i t h n y l o n square placed on top. The v i a l had t o be g e n t l y s w i r l e d by 
hand t o prevent the separation of the MgO from the Ti^iSO^)^, before being 
replaced on the wheel f o r 48 hours. The n i t r a t e s i n the e x t r a c t were 
reduced t o ammonia which was then l i b e r a t e d as before onto the nylon square. 
The ammonia i n the s u l p h u r i c a c i d was evaluated as described p r e v i o u s l y . 
T r i p l i c a t e determinations o f every sample were made. 

A c a l i b r a t i o n curve using various concentrations of Analar 

Ammonium sulphate i n the extractants,was constructed - i t was found to be 

l i n e a r t o a concentration of 5 yg NH^-N/ml. I t was found t h a t the d i s t i l l ­

a t i o n could be s u c c e s s f u l l y performed at normal room temperature provided 

t h i s d i d not f a l l below 20°C. Below th a t temperature, condensation d r o p l e t s 

tended t o form on the neck of the v i a l s . These tended to absorb some of the 

l i b e r a t e d ammonia and the complete recovery was very slow. At lower temp­

erat u r e s i t was necessary to extend the time allowed f o r d i s t i l l a t i o n . Blanks 

and standards were run w i t h every batch of samples because of the v a r i a b l e 

s e n s i t i v i t y of the phenol-sodium n i t r o p r u s s i d e reagent. 

The advantages of using t h i s method were t h a t a t o t a l of 102 samples 

could be d i s t i l l e d simultaneously on the wheel, which was a l l the equipment 

r e q u i r e d . The method enabled the use of coloured p l a n t and s o i l e x t r a c t s . 
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and no i n t e r f e r e n c e s from other compounds were found. Although the d i s t ­

i l l a t i o n time was lengthy, the a c t u a l work contact-time w i t h the samples 

was very s h o r t . I n samples having a low NH^-N content, but high NÔ -N 

content, i t was shown t h a t i f one v i a l was used d i r e c t l y f o r the determin­

a t i o n o f n i t r a t e + ammonia, and another was used f o r ammonia alone, the 

n i t r a t e content could be determined by s u b t r a c t i o n . This method reduced 

the amount of time r e q u i r e d on the wheel f o r each sample. However where 

the ammonia content was h i g h , the two drops o f s u l p h u r i c acid on the nylon 

square were i n s u f f i c i e n t t o absorb a l l the gaseous ammonia l i b e r a t e d , and 

hence recoveries by t h i s method tended to be low. 
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E x t r a c t i o n of samples 

( i ) S o i l - The s o i l was d r i e d at 30°C i n a forced draught f o r 

5 days t o simulate a i r d r y i n g , p r i o r to e x t r a c t i o n . The drying of s o i l 

samples s i m p l i f i e s t h e i r p r e p a r a t i o n f o r a n a l y s i s , but tends to change the 

ammonium and n i t r a t e content (Cooke and Cunningham 1958; A l l e n and Grimshaw 

1962). Storage a f t e r d r y i n g tends t o increase the exchangeable n i t r o g e n 

concentrations (Gasser 1961) even when the s o i l s are stored i n a i r t i g h t 

c o ntainers (Cunningham 1962). 

Thus, where f e a s i b l e , s o i l samples were d r i e d and analysed w i t h i n 

24 hours o f c o l l e c t i o n . I t has been shown t h a t several e x t r a c t a n t s are 

s u i t a b l e f o r the d e t e r m i n a t i o n of the exchangeable n i t r o g e n i n the s o i l . 

The use of KCl or NaCl s o l u t i o n s was proposed by McLean and Robertson (1924), 

which were a c i d i f i e d by HGl by Olsen (1929), and the form of the e x t r a c t a n t 

was f u r t h e r modified by Richardson (1938) who used K^SO^ a c i d i f i e d w i t h 

H2S0^. As the l i t e r a t u r e does not provide c l e a r evidence as to which of 

these e x t r a c t a n t s provides r e s u l t s which are the closest t o the p l a n t -

a v a i l a b l e n i t r o g e n l e v e l s , a l l were teste d upon the Haughley s o i l s . 

I n order t h a t the "extract could be used f o r the.analysis of 

n i t r i t e - n i t r o g e n too, the n o n - a c i d i f i e d e x t r a c t a n t s of N KCl and N ^2^^ii 

were evaluated f o r t h e i r e f f e c t i v e n e s s . I t was found t h a t the i n t r i n s i c 

l e v e l s of both n i t r a t e - n i t r o g e n and ammonium-nitrogen i n KCl were very h i g h , 

and the recovery of a known standard was only 63%. For K̂ SÔ  the i n t r i n s i c 

n i t r o g e n l e v e l s were s l i g h t l y lower, and the recovery was 102% of the stand­

ard - the low s o l u b i l i t y of the sulphate caused d i f f i c u l t i e s i n the prep­

a r a t i o n of the e x t r a c t a n t . 

Because of the appreciable i n t r i n s i c n i t r o g e n content even i n the 

K2S0^, experiments were run using 2N NaCl as the e x t r a c t a n t . I t was found 

t h a t the recovery r a t e of the known addi t i o n s of n i t r o g e n was always above 

90%, and u s u a l l y above 95%, and t h a t the n i t r o g e n content was n e g l i g i b l e , 
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but s o l u b i l i t y h igh. Therefore throughout the i n v e s t i g a t i o n of the l e v e l s 

of exchangeable n i t r o g e n i n the s o i l s , 2N NaCl was s u c c e s s f u l l y used as the 

e x t r a c t a n t . 5 gms o f a i r - d r y s o i l were shaken w i t h 100 mis 2N NaCl f o r 

two hours, and f i l t e r e d through a Whatman No. 42 f i l t e r paper p r i o r to 

a n a l y s i s . The standards and blanks were also made up i n sodium c h l o r i d e 

s o l u t i o n . As the wheel d i s t i l l a t i o n had to be run overnight, the l a b o r a t o r y 

temperature f r e q u e n t l y f e l l below 20°C. Therefore, t o ensure f u l l recovery 

o f the s o i l n i t r o g e n , i t was c a l c u l a t e d from the time course t h a t the d i s t ­

i l l a t i o n time f o r ammonium n i t r o g e n should be 48 hours, and t h a t f o r n i t r a t e -

n i t r o g e n 72 hours. This was adopted as the standard procedure. 

(2) Plant m a t e r i a l - the p l a n t m a t e r i a l was prepared as p r e v i o u s l y 

described. Water and O.IN H„SO, were t r i e d as e x t r a c t a n t s f o r the cold 
2 4 

d i s t i l l a t i o n d etermination o f n i t r o g e n . The recovery r e s u l t s showed t h a t 

both these were s a t i s f a c t o r y , but t h a t there were no s i g n i f i c a n t d i f f e r e n c e s 

between the e x t r a c t s . For s i m p l i c i t y , water was used, shaking 100 mg p l a n t 

m a t e r i a l w i t h 20 ml water f o r 10 minutes, before f i l t e r i n g the e x t r a c t through 

a Whatman No. 42 f i l t e r paper. 

1:3 N i t r i t e - n i t r o g e n - used f o r s o i l s 1972-1973. 

Because the 2N NaCl e x t r a c t a n t was not a c i d i f i e d , the e x t r a c t 

which was prepared f o r the determination of n i t r a t e - and ammonium-nitrogen 

could be used f o r the a n a l y s i s f o r n i t r i t e n i t r o g e n by the modified Griess-

I l o s v a y method (Griess 1879; I l o s v a y 1889). The method depends upon the 

r e a c t i o n of n i t r i t e w i t h primary aromatic amines i n a c i d i c s o l u t i o n to produce 

diazonium s a l t s which r e a c t w i t h aromatic compounds containing amino or 

h y d r o x y l groups to form coloured azo compounds which are s u i t a b l e f o r photo­

m e t r i c measurement ( S n e l l and S n e l l 1949). The d i a z o t i z a t i o n i s brought 

about by s u l f a n i l a m i d e , and the coupling r e a c t i o n by N-(l-naphthyl) 

ethylenediamine. The colour i s measured at 520 my. The method used i n 
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t h i s research was described by Barnes and Folkard (1951). Because the 
values f o r n i t r i t e - n i t r o g e n i n the s o i l s a t Haughley were very low, i t was 
not necessary t o remove the n i t r i t e p r i o r to the cold d i s t i l l a t i o n determin­
a t i o n o f n i t r a t e - and ammonium-nitrogen. 

1:4 T o t a l n i t r o g e n - used f o r p l a n t , water and s o i l samples 

1970-73. 

Since K j e l d a h l (1883) f i r s t proposed h i s method f o r the determin­

a t i o n o f t o t a l n i t r o g e n by the d i g e s t i o n of organic matter w i t h s u l p h u r i c 

a c i d , many m o d i f i c a t i o n s have been developed by d i f f e r e n t research workers 

to extend the scope of the method. The method used i n t h i s research was 

based on t h a t o u t l i n e d by A l l e n and W h i t f i e l d (1965), and l a t e r modified by 

A l l e n (personal comm.). The temperature of the d i g e s t i o n was r a i s e d , using 

Se metal powder, and hydrogen peroxide was used to complete the o x i d a t i o n of 

the organic matter. 

Reagents 1. Phenol sodium n i t r o p r u s s i d e - prepared as described i n A 1:2.6 

^ 2. A l k a l i n e sodium h y p o c h l o r i t e - " " " " A 1:2.7 

3. 0.1 gm Se metal powder di s s o l v e d , w h i l s t heating, i n 

100 mis Analar Ĥ SO, 2 4 
4. 30 volume hydrogen peroxide. 

Procedure - The d i g e s t i o n was performed on a micro scale which 

enabled the simultaneous treatment of s i x t y samples of s o i l , p l a n t m a t e r i a l 

or water. The d i g e s t i o n used 100 mg of d r i e d p l a n t m a t e r i a l , or 0.5 gms 

d r i e d s o i l , or 4 ml of water, which were placed i n the micro K j e l d a h l f l a s k s 

which had been made by pinching i n the w a l l s of a t h i c k - w a l l e d t e s t tube 

4 cms from the base. 2 ml of the selenium s o l u t i o n was added, followed 

s l o w l y by 1 ml of hydrogen peroxide. The tubes were placed i n the m i l d s t e e l 

d i g e s t i o n block (constructed at East M a i l i n g ) and heated f o r 1^ hours. To 

prevent bumping, two unglazed p o r c e l a i n i n s u l a t i n g beads were added to each 

tube. 
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A f t e r d i g e s t i o n , the s o l u t i o n was made up t o 20 ml w i t h d i s t i l l e d 

water. 2.5 ml o f t h i s s o l u t i o n was d i l u t e d t o 100 ml, and 1 ml used f o r 

the colour r e a c t i o n . 5 mis of the phenol sodium n i t r o p r u s s i d e were added 

to the 1 ml of d i l u t e d d i g e s t , f o l l o w e d by 1 ml of a l k a l i n e sodium hypo­

c h l o r i t e . The colour was developed i n the dark f o r one hour, p r i o r to 

reading of the colour i n t e n s i t y at 680 my A c a l i b r a t i o n curve was made by 

using standards of ammonium sulphate added to blank d i g e s t s . The colour 

r e a c t i o n f o l l o w e d Beer's law up t o 5 pgm NH^-N/ml. 

The s a l i c y l i c acid and sodium t h i o s u l p h a t e m o d i f i c a t i o n 

suggested by Bremner and Shaw (1958) was experimented w i t h , but i t was found 

very d i f f i c u l t to use on the microscale described above, as the tube contents 

tended t o f r o t h out. Recovery t e s t s suggested t h a t less than 10% of the 

n i t r a t e - n i t r o g e n , but more than 90% of the ammonium-nitrogen, i n the s o i l and 

p l a n t saiiq)les were recovered by the unmodified A l l e n method. Therefore i n 

t h i s research the n i t r a t e - n i t r o g e n l e v e l s were analysed separately and were 

then added t o the K j e l d a h l d i g e s t r e s u l t s t o give the t o t a l n i t r o g e n values. 

2. Acid D i g e s t i o n f o r t o t a l cations - used f o r p l a n t s , s o i l 

and water, 1970-1973. 

• The technique used to dige s t the s o i l , p l a n t m a t e r i a l and 

water f o r the determination of t o t a l cations was a m o d i f i c a t i o n of those 

described by Piper (1950) and Mackereth (1963). I n i t i a l l y , the digest 

m i x t u r e consisted of h y d r o c h l o r i c a c i d , n i t r i c acid and p e r c h l o r i c acid. 

I t was l a t e r found t h a t the omission of HCl improved the determination of 

phosphorus. 

Reagents 1. Concentrated Analar n i t r i c acid 

2. Concentrated Analar p e r c h l o r i c a c i d 

Plant a n a l y s i s - 0.5 - 1.0 gm p l a n t m a t e r i a l used f o r 

d i g e s t i o n . 
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S o i l a n a l y s i s - 2.0 gms were used f o r d i g e s t i o n . 

Water a n a l y s i s - 100 ml samples were evaporated down t o 

5 mis p r i o r to d i g e s t i o n . 

D i g e s t i o n 

The m a t e r i a l t o be digested was placed i n a 125 ml glass 

d i g e s t i o n beaker on a sand bath i n a fume cupboard. 20 mis cone. HNÔ  were 

added and allowed to stand cold o v e r n i g h t . This allowed most of the organic 

m a t e r i a l t o be digested p r i o r t o the a d d i t i o n o f p e r c h l o r i c a c i d , which can 

re a c t e x p l o s i v e l y i n contact w i t h organic matter. 5 ml p e r c h l o r i c a c i d was 

added and the samples heated, g r a d u a l l y at f i r s t , and then more s t r o n g l y f o r 

about 2 h o u r s , u n t i l i g n i t i o n was obtained (dense white fumes). D i s t i l l e d 

water was c a r e f u l l y added, heating being continued u n t i l the a c i d i t y was 

apprec i a b l y reduced. A f t e r f i l t r a t i o n , the samples were made up to 250 ml 

w i t h d i s t i l l e d water, and stored f o r analysis i n polythene b o t t l e s . 

An improved method described by Adrian (1973) allows d i g e s t i o n 

t o take place a t room temperature i n closed p l a s t i c b o t t l e s , which i s consid­

e r a b l y safer than the method used here. 

3. Phosphorus 

3.1 T o t a l phosphorus - used f o r p l a n t m a t e r i a l , s o i l and water 

1970-1973. 

The determination was made upon the a c i d digest,obtained as described 

p r e v i o u s l y . The col o r i m e t e r method used was found on the Unicam Instrument 

Method Sheet No. 53 (1960), described by Yarwood (Ph.D. Thesis). 

Reagents 1. 1.25 gm ammonium metavanadate dissolved i n 400 mis 

1:1 HNO^ : water 

2. 50 gm ammonium molybdate dissolved i n 400 ml d i s t i l l e d 

water 
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S o l u t i o n 2 was added to Solu t i o n 1, and made up to 1 1. w i t h 

d i s t i l l e d water. The s o l u t i o n was usable f o r one month. 

3i Standard : 4.393 gm potassium dihydrogen phosphate 

made up to 1 1. contains 1000 pgm PO^-P/ml 

Procedure 12 mis o f the sample dig e s t + 4 mis reagent, made up 

to 20 mis w i t h water. A f t e r 10 minutes, the i n t e n s i t y o f yel l o w colour 

was read i n an U l t r a v i o l e t spectrophotometer a t 490 my wavelength. 

3.2 Exchangeable phosphorus - used f o r s o i l analysis 1972-73. 

Phosphorus was eixtracted from the s o i l using 0.5 M NaHCO^ at a pH 

of 8.5 and detected using ammonium molybdate and stannous c h l o r i d e . The 

method used was t h a t described by Olsen e t al_. (1954), w i t h o u t m o d i f i c a t i o n . 

3.3 Dissolved phosphorus - used f o r water analysis 1972-73. 

The method used required the use of ammonium molybdate, sulphuric 

a c i d and ascorbic a c i d , e x a c t l y as described by Fogg and Wilkinson (1958). 

^4. Potassium 

4.1 T o t a l potassium - used f o r p l a n t m a t e r i a l , s o i l and water 

samples 1970-1973. 

The determination o f t o t a l potassium was made upon the aci d digest 

using a Perkin Elmer 403 Atomic absorption spectrophotometer. 

4.2 Exchangeable potassium - used f o r s o i l samples 1972-73. 

The exchangeable f r a c t i o n of potassium i n the s o i l s was determined 

using the method described by P r a t t (1965), e x t r a c t i n g the potassium w i t h 

1 N Ammonium Acetate at pH 7.0 and reading the concentrations from the 

p r e v i o u s l y c a l i b r a t e d E e l Flame photometer, according t o the p r i n c i p l e s 

o u t l i n e d by Dean (1960). 
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5. T o t a l cations of Ca, Mg, Na, A l , Fe, Mn, Cu, Zn, Pb - used 
f o r p l a n t m a t e r i a l , s o i l and water samples 1970-1973. 

The determination of the concentrations of the above cations were 

made upon the a c i d d i g e s t using a Perkin Elmer 403 Atomic absorption 

spectrophotometer. The machine was c a l i b r a t e d against known standards f o r 

each c a t i o n , and the reading of blank digests were subtracted from those of 

the samples. 

Absorption i n t e r f e r e n c e 

I t was found t h a t high concentrations of the a l k a l i n e e arth 

c a t i o n s i n thei d i g e s t s caused an i n t e r f e r e n c e i n the determinations of the 

concentrations o f the heavy metals, copper, zinc and lead. The e f f e c t of 

each a l k a l i n e e a r t h became accumulative i n the digest and served to increase 

the heavy metal readings above t h a t due to these ions alone. This phenomenon 

was r e p o r t e d on by Koirtyohann and P i c k e t t (1965). Because of t h i s i n t e r ­

ference, a c o r r e c t i o n f a c t o r was c a l c u l a t e d , according to the formulae 

below. I n each case the apparent concentrations of each heavy metal i n 

the p l a n t t i s s u e or s o i l sample was c a l c u l a t e d from the machine readings, 

and then the value of I was subtracted :-

For Pb I = 0.15x Ca 0.15x Mg 0.12x K 0.19x Ha 
3 3 4 4 10-̂  10 10^ 10^ 

where Ca = concentration of calcium i n sample used. 

For Cu I = 0.22x Ca 0.012x Mg 0.03x K 0.04x Na 
4 3 4 4 10^ 10-̂  10^ 10^ 

For Zn I = 0.13x Ca _̂  O.lOx Mg ^ 0.02x K ^ O.Olx Na 
4 3 4 4 10 10-̂  10^ 10 

These approximate formulae were c a l c u l a t e d from exhaustive t e s t s 

perform.ed at Durham by G.J. Waughman. A l l the f i g u r e s f o r heavy metal conc­

e n t r a t i o n s r e f e r r e d to i n the t e x t (Section 4) and l i s t e d i n the Appendix 

Tables have under!;one these c o r r e c t i o n s f o r a l k a l i n e earth i n t e r f e r e n c e s . 
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NITROGEN FIXATION 

Field Technique 

An i n i t i a l time course of nitrogen f i x a t i o n by Vioia faha was 

performed i n order to perfect f i e l d techniques and the use of equipment. 

This was conducted upon both whole and decapitated plants which were used 

seven weeks aft e r sowing. The plants were removed from the nearest f i e l d 

to the laboratory h a l f an hour p r i o r to incubation. The roots used were 

standardized to include only the top 12 cms of tap root, and the connected, 

l a t e r a l roots up to 8 cm i n length; t h i s section of the . t o t a l root system 

bore 95% of the root nodules. The whole plants were incubated i n 100 ml 

Biichner flasks, the stem being sealed i n t o the neck of the flask at the 

junction between shoot and root, using p l a s t i c i n e and parafilm. The side 

arm was f i t t e d with a No. 25 suba seal to allow penetration with a syringe 

needle (see photograph). The decapitated plants were incubated i n 30 ml 

and 100 ml flasks, to determine whether increasing the volvune proportional 

to that of the root system increased the length of time f o r which f i x a t i o n 

proceeded l i n e a r l y , as observed by Sprent (1969). Prior to incubation, 

the s o i l was shaken gently from the roots, but these were not washed, as i t 

has been shown that a f i l m of moisture over the nodules reduces t h e i r a b i l i t y 

to f i x nitrogen (Schwinghamer, Evans and Dawson 1970). 

Most research workers using the acetylene reduction technique have 

evacuated the incubation vessels and then flushed with an " i n e r t gas : 

oxygen" mixture to remove the nitrogen present i n the a i r . In order to 

reduce the amount of equipment to be transported to the f i e l d , no evacuation 

or flushing was done. Hardy and Holsten (1968) stated that a f a i l u r e to 

replace the a i r with argon : oxygen could res u l t i n a 10-20% reduction i n 

the acetylene conversion to ethylene. However the a f f i n i t y of nitrogenase 

for acetylene f a r exceeds that for nitrogen (Dart and Day 1972), and i t has 
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been shown (Stewart 1971; Sprent 1971) that the error involved by having 

nitrogen present i s marginal during short incubation periods, especially 

where the acetylene concentration i s increased to 20% ^/v. Acetylene gas 

was transported to the f i e l d i n f o o t b a l l bladders (Waughman 1971), each 

f i t t e d w ith a short length of high pressure tubing closed with a spring c l i p , 

from which acetylene gas was easily removed i n hypodermic syringes. Due to 

a shortage of acetylene, the time course was performed using only a 10% ^/v 

concentration of acetylene i n the incubation flasks. . Glass beads were 

included i n the flasks to aid the mixing of acetylene with a i r . 

The necessary volume of gas was injected into the flask, which was 

then shaken, and a f t e r two.minutes the gas mixture was equilibrated to ' 

atmospheric pressure by piercing the seal with another needle. Four 

replicates of each treatment were made, together with four control flasks : 

two containing decapitated roots, but not injected with acetylene, to 

determine whether or not endogenous ethylene was produced : two empty flasks 

injected with acetylene to determine the effect of the suba seal rubber, and 

the amount of ethylene i n the i n d u s t r i a l acetylene gas. There have been 

reports that as ethylene i s soluble i n the silicone rubber, used seals may 

contain adsorbed ethylene which w i l l l a t e r be released, enhancing sample 

readings on the gas chromatograph (Kavanagh and Postgate 1970). This • 

possible error source was confirmed by the present work, and therefore only 

new suba seals were u t i l i z e d f o r each incubation. 

The plants were incubated for seven hours, two 1 ml samples of gas 

being withdrawn from each flask every hour, into disposable 1 ml syringes. 

In the f i r s t experiment, the gas samples were transported back to the 

laboratory for analysis, i n thie syringes - the needles f i r m l y lodged into a 

rubber bung (Dart and Day 1971). The acetylene i t s e l f was used as an 
in t e r n a l standard to detect leakage or erroneous i n j e c t i o n . I f the 

acetylene reading of the sample on the gas chromatograph was more than 5% 
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Nitrogen Fixation Appendix Plate 2 

A photograph of the apparatus used f o r the incubation of the 

samples with acetylene, together with the Vacutainer assembly for collecting 

and storing the gas mixture. 

A diagram to explain the apparatus seen i n the above photograph. 

p l a s t i c e n e plug 

250nl.B'Jchner 
f l a s k ( g a s volraie 

330ml) 

nodulated ro o t 

^xung bean p l a n t , i n c u b a t e d whole 

Saba s e a l No.25 7nl . V a c u t a i n e r 

3 
double ended 
needle 

l e d l e . 
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below the reading of the control, the sample was discarded. I t was found 
that the storage of gas i n syringes was only satisfactory for about f i v e 
hours, a f t e r which time the leakage prevented any accurate evaluation of 
acetylene reduction. The gas samples were analysed, using a Varian 1200 
Gas Chromatograph f i t t e d with a 360 cm x 0.31 cm steel column f i l l e d with 
Poropak, R, operating at 100°C. The carrier gas of nitrogen was used at 
a flow rate of 10 mis every 25 seconds, and the ethylene and acetylene 
levels were determined by a hydrogen/air flame ionization detector. These 
settings allowed fast reading of gas samples at 35 seconds after i n j e c t i o n 
of 1 ml gas. I t was essential to test the levels of ethylene i n the 
acetylene cylinders on every occasion of using the gas as th i s level varied, 
depending on the p a r t i a l pressure withi n the cylinder. Over two years, 
readings (RAP) on the gas chromatograph of the blank control flask varied 
between 1x2x10 to 1x32x20, which had to be subtracted from the reading of 
each sample. 

Calculation 

The calculation used to estimate the volume of nitrogen which 

would have been fixed by the bean root nodules, i f the acetylene had not 

been present, was as follows :- . 

(RAP/M)(Vi/Vg)(V^+Vg/V^) 
n Moles nitrogen fixed = 

where :-

RAP - Range x Attenuation x Peak height - readings taken from gas 
chromatograph 

M - Machine factor - A one ml sample of gas i s injected into the gas 

chromatograph from a one l i t r e b o t t l e which has been injected, one hour 

previously, with 0.5 ml sample of i n d u s t r i a l ethylene. Using the gas . 

constant - one mole of gas occupying 22.4 l i t r e s at standard temperature 

and pressure, and the reading above, a factor i s calculated to determine 
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the number of nMoles of gas i n a 1 ml sample injected. Hence 1 RAP unit 

i s defined : for t h i s machine M = 25. 

- Volume of incubation flask 

V - Volume of syringe s 
V - Volume of vacutainer ' . 
V 
F - Conversion factor of 3 (Hardy and Holsten 1968) 

The calculation was further modified, when necessary, to produce values for 

nitrogen f i x a t i o n per unit weight of root or nodules, f i x a t i o n per nodule, 

or f i x a t i o n per unit time. The results calculated from the i n i t i a l time 

course experiment appear i n the table below. They are presented graphically 

(Graph 5-1) and are discussed i n the main text (Section 5:4.1). The figures 

are the mean values of four replicates - Standard errors, and show Total 

Nitrogen f i x e d , expressed i n yM N̂ /gm roots and Rate of nitrogen f i x a t i o n 

expressed i n yM N^/gm/hr. 

Incub­
ation 
time 

Decapitated plant 
30 ml flask 

Decapitated plant 
100 ml flask 

Whole plant 
100 ml flask 

(hours) Total N2 
f i x e d 

Rate of 
f i x a t i o n 

Total 
fixed 

Rate of 
f i x a t i o n 

Total 
fixed 

Rate of 
f i x a t i o n 

0.25 0.125-0.04 0.50^0.15 - - - -
0.50 1.164-0.15 2.33-0.56 - - - -
1.00 2.060^0.63 2.06-0.63 2.92-0.51 2.92-0.51 4.00-1.40 6.00^1.40 
2.00 4.641-1.18 2.32-0.59 - - 5.97-3.21 2.99-1.61 
2.50 - - 6.13-0.85 2.47-0.34 - -
3.00 7.07 -1.80 2.36^0.60 5.88-1.00 1.97^.33 10.67-3.45 3.56-1.15 
4.00 8.06 -2.06 2.02-0.51 7.50-1.07 1.87-0.27 13.53-4.23 3.38^1.06 
5.00 8.35 -2.19 1.67-0.44 Id.70-1.25 2.13-0.25 15.00-5.33 3.00-1.07 
6.00 9.13 -2.46 1.52-0.41 11.04-1.59 1.83^.27 15.90-5.10 2.65-0.86 
7.00 8.93 -2.40 1.28^0.34 - - 17.00^6.30 2.43^0.90 

The values for nitrogen f i x a t i o n were based upon the dry weight 

of the roots incubated. 
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Having found that the safe storage time f o r transporting gases 

from the f i e l d to the laboratory was rather l i m i t e d , a l l the nitrogen 

f i x a t i o n studies af t e r the construction of the time course used B-D 

Vacutainers f o r t h i s purpose, as proposed by Schell and Alexander (1970). 

These pre-evacuated blood sampling tubes were found to be ideal f o r the 

purpose (although expensive), and, using the apparatus shown i n the photo­

graph, enabled c o l l e c t i o n and transport of the gases with negligible leak­

age. I t was discovered by other workers i n the University Department that 

some of the vacutainer stocks, with an increased amount of glycerine i n the 

rubber septa, tended to release ethylene when samples were stored for 

several weeks. This phenomenon was investigated, using 240 Vacutainers 

injected with a known mixture of acetylene/ethylene similar to levels 

experienced i n the nitrogen f i x a t i o n study. Batches of 40 tubes were 

analysed'each week, for f i v e weeks. 

Time (weeks) Mean RAP readings Mean RAP readings 
Acetylene Ethylene 

0 100x512x40 1x8x30 

1 x40 1x8x65 

2 x40 1x16x50 

3 x39 1x16x70 

4 x38 . .1x16x96 

5 •x38 1x16x96 

A s i g n i f i c a n t increase i n the level of ethylene was recorded over 

the f i r s t four weeks. Changing the temperature f o r further batches made no 

difference to the increase. To ensure that t h i s error source did not affe c t 

the results i n the research study, an older stock of tubes with l6ss glycerine 

was employed, and a l l samples were read on the gas chromatograph within 

48 hours of co l l e c t i o n of gases. 
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TEMPERATURE STUDIES 

Although the conclusions made from the i n i t i a l time course 

experiment stated that whole plants would be used for a l l subsequent 

f i x a t i o n studies, i t was found necessary to use decapitated plants for the 

f i r s t temperature study. To provide a wide range of temperatures, growth 

cabinets without l i g h t s had to be used for some temperatures. Plants of the 
age of 13 weeks from sowing were removed from the Stockless section, being 

transported whole to Durham, i n r o l l s of wet newspaper and pla s t i c bags. 

The plants were decapitated, and to standardize conditions, ten replicates 

i n 100 ml flasks were placed i n the dark into each temperature cabinet to 

equil i b r a t e f o r one hour p r i o r to incubation. Sufficient acetylene to give 

a concentration of 21.3% was injected, and the flasks incubated for one hour, 

a f t e r which gas samples were analysed on the gas chromatograph. The results 

are tabulated and discussed i n the text (Section 5:4.2). 

In the second temperature study both whole and decapitated plants 

were u t i l i z e d . A mixture of OMS Throws var i e t y seed was sown i n pots con­

tai n i n g S s o i l , i n open cold frames i n Durham, at the end of June. This 

enabled younger and more active plants to be tested, and these were removed 

from the s o i l immediately before incubation. The whole root system was 

recoverable i n the study, and the average length of the main tap root was 

found to be 25 cms. A l l the root nodules were located withi n the top 12 cms 

length, 95% wi t h i n the top 8 cms. This confirmed that the previous decision 

to only use the top 12 cms of tap root i n the plants removed from the f i e l d , 

had included almost a l l the root nodules formed. Plants were removed from 

the pots at the age of f i v e weeks when, due to l a t e r planting than normal, 

faster growth rates had enabled them to develop to a stage equivalent to 

eight weeks of growth i n the f i e l d . Ten replicates for each temperature 

were used, as previously described. Where l i g h t s were available, the 

a c t i v i t y of nodules on whole plants was estimated, using 330 ml flasks, 
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injected with 90 mis of acetylene to give a 21.3% concentration. Incub­
ations of a l l plants were maintained for two hours. The results of the 
second temperature study confirm those of the f i r s t , and appear i n the 
text - Table 5-1(2) and Graph 5-2(1). 

FIELD COMPARISONS 

Table A12 summarizes a l l the measurements taken during t h i s study; 

the methods used were those which have been previously described. 

On the f i r s t occasion, i n order to maintain the f i e l d environment 

during incubation with acetylene, the plants were dug from the s o i l and 

sealed in t o the flasks standing i n the f i e l d . The flasks were replaced i n 

the holes from which the plants had been removed, the shoots being exposed 

to the wind and sun. This technique was not repeated,as excessive w i l t i n g 

resulted. Also the spatial separation of the f i e l d s on the three farm 

sections prevented simultaneous incubation of replicates from d i f f e r e n t 

f i e l d s . After t h i s experience, a l l incubations were performed i n the 
laboratory where humidity, temperature, l i g h t i n t e n s i t y and time of day 

were uniform for a l l samples to be compared. During 1972, both incub­

ations were performed for three hours, but due to excessive w i l t i n g , which 

caused v a r i a t i o n i n the l i n e a r i t y of acetylene re:duction, t h i s period was 

cut to two hours i n 1973, to minimize the effect of oxygen and water stress. 

Comparison of 2 and 3 hour incubations : 

Section 2 hrs incub:Fix Rate y MN^/hr 3 hrs incubiFix Rate yMN^/hr 
/root /nodule / r o o t /nodule 

0 10.4 0.3 8.9 0.25 

M 30.9 0.97 28.9 0.93 

S 37.2 1.03 38.9 1.07 
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As the diurnal study showed that the daily mean of f i x a t i o n 

occurred at 23.00 and 10.00 hours, incubations were standardized for 

09.00 - 11.00 hours. Thus the rates of f i x a t i o n measured at these times 

may be m u l t i p l i e d by 24 to give the probable net fixation/day. Whole 

plants were used for incubations throughout both seasons u n t i l the stem 

height became too large, at which time decapitated roots had to be used. 

Table A12 refers to f i x a t i o n rates of "selected" and " a l l " roots 

on 30/4/73. Within the replicates used for f i e l d comparison on t h i s date, 

several roots with small white nodules showed no greater reduction of 

acetylene than could be accounted for by experimental error. When the 

results of these samples are included i n a t o t a l ( " a l l " roots), the great 

v a r i a t i o n w i t h i n one treatment causes very large standard deviations to 

occur. The pattern of f i x a t i o n S > M > 0 i s retained. Graphs 5-5 

and 5-6 use the results of the "selected" roots - comparison of the 

management ef f e c t being made from the roots with actively f i x i n g nodules 

only. 
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Table A7(3) DYNAMICS OF CROP GROWTH 

1 9 7 1 F i e l c 3 T r i a l - Compute(3 D a t a 

5 . R e l a t i v e G r o w t h R a t e w i t h S t a n d a r ( 3 E r r o r s . 

T r e a t ­
ment & 
Age 
( w e e k s ) 

T i c O T i c M T i c S T h r o w 0 T h r o w M T h r o w S 

S T O C K L E S S - NO F E R T I L I Z E R 

3 0 . 0 3 5 H; 0 . 0 1 4 0 . 0 3 5 ± 0 . 0 1 4 0 . 0 3 6 ± 0 . 0 1 5 0 . 0 4 9 ± 0 . 0 2 1 0 . 0 5 9 0 . 0 1 8 . 0 . 0 5 6 0 . 0 2 3 
5 0 . 0 4 7 H- 0 . 0 0 8 0 . 0 4 7 0 . 0 0 8 0 . 0 4 6 0 . 0 0 8 0 . 0 6 0 0 . 0 1 2 0 . 0 6 3 ± 0 . 0 1 1 0 . 0 6 1 0 . 0 1 4 
7 . 0 . 0 5 5 ± 0 . 0 0 4 0 . 0 5 4 H; 0 . 0 0 4 0 . 0 5 3 0 . 0 0 5 0 . 0 6 6 0 . 0 0 5 0 . 0 6 4 0 . 0 0 6 0 . 0 6 3 ± 0 . 0 0 7 

10 0 . 0 5 7 0 . 0 0 4 0 . 0 5 6 0 . 0 0 4 0 . 0 5 5 0 . 0 0 4 0 . 0 6 6 ± 0 . 0 0 5 0 . 0 6 1 H; 0 . 0 0 5 0 . 0 6 1 0 . 0 0 6 
12 0 . 0 5 3 0 . 0 0 4 0 . 0 5 2 0 . 0 0 4 0 . 0 5 2 0 . 0 0 5 0 . 0 6 0 0 . 0 0 7 0 . 0 5 5 ± 0 . 0 0 5 0 . 0 5 5 0 . 0 0 7 
14 0 . 0 4 5 0 . 0 0 5 0 . 0 4 3 ± 0 . 0 0 5 0 . 0 4 4 * 0 . 0 0 5 0 . 0 5 0 ± 0 . 0 0 7 0 . 0 4 6 * 0 . 0 0 6 0 . 0 4 6 ± 0 . 0 0 8 
18 0 . 0 1 6 ± 0 . 0 0 3 0 . 0 1 3 0 . 0 0 3 0 . 0 1 7 0 . 0 0 3 0 . 0 1 6 * 0 . 0 0 5 0 . 0 1 8 0 . 0 0 4 0 . 0 1 9 0 . 0 0 5 
21 - 0 . 0 1 9 + 0 . 0 0 7 - 0 . 0 2 1 0 . 0 0 7 - 0 . 0 1 3 ± 0 . 0 0 7 - 0 . 0 2 2 0 . 0 1 0 - 0 . 0 0 9 ± 0 . 0 0 8 - 0 . 0 0 9 0 . 0 1 1 
24 - 0 . 0 6 2 0 . 0 1 4 - 0 . 0 6 6 0 . 0 1 4 - 0 . 0 5 3 0 . 0 1 6 - 0 . 0 7 0 0 . 0 2 2 - 0 . 0 4 4 0 . 0 1 9 - 0 . 0 4 4 0 . 0 2 4 

S T O C K L E S S - 375 Kg F E R T I L I Z E R A a 

3 0 . 0 2 5 ± 0 . 0 1 1 0 . 0 2 0 ± 0 . 0 2 0 0 . 0 0 5 ± 0 . 0 1 3 0 . 0 4 9 0 . 0 2 0 ' 0 . 0 6 6 0 . 0 1 3 0 . 0 3 9 0 . 0 1 1 
5 0 . 0 4 2 0 . 0 0 6 0 . 0 3 7 0 . 0 1 2 0 . 0 2 7 0 . 0 0 8 0 . 0 6 0 ± 0 . 0 1 1 0 . 0 6 8 ± 0 . 0 0 8 0 . 0 5 3 ± 0 . 0 0 6 
7 0 . 0 5 7 0 . 0 0 3 0 . 0 5 2 ± 0 . 0 0 5 0 . 0 5 0 0 . 0 0 3 0 . 0 6 7 0 . 0 0 5 0 . 0 6 6 ± 0 . 0 0 3 0 . 0 6 5 0 . 0 0 3 

10 0 . 0 6 0 0 . 0 0 3 0 . 0 5 6 ± 0 . 0 0 5 0 . 0 5 7 0 . 0 0 3 0 . 0 6 7 0 . 0 0 5 0 . 0 6 2 ± 0 . 0 0 3 0 . 0 6 6 0 . 0 0 3 
12 0 . 0 5 7 0 . 0 0 3 0 . 0 5 6 0 . 0 0 6 0 . 0 5 8 0 . 0 0 4 0 . 0 6 1 0 . 0 0 6 0 . 0 5 5 0 . 0 0 4 0 . 0 6 2 ± 0 . 0 0 3 
14 0 . 0 4 9 0 . 0 0 4 0 . 0 4 9 0 . 0 0 6 0 . 0 5 3 0 . 0 0 4 0 . 0 5 1 0 . 0 0 6 0 . 0 4 6 0 . 0 0 4 0 . 0 5 2 ± 0 . 0 0 4 
18 0 . 0 1 7 0 . 0 0 2 0 . 0 2 0 0 . 0 0 5 0 . 0 2 4 ± 0 . 0 0 3 0 . 0 1 6 0 . 0 0 4 0 . 0 1 9 0 . 0 0 3 0 . 0 1 7 ± 0 . 0 0 3 
21 - 0 . 0 2 2 ± 0 . 0 0 5 - 0 . 0 1 5 0 . 0 0 9 . - 0 . 0 1 4 6 . 0 0 6 - 0 . 0 2 2 ± 0 . 0 0 9 - 0 . 0 0 8 0 . 0 0 6 - 0 . 0 2 3 0 . 0 0 5 
24 - 0 . 0 7 3 0 . 0 1 2 - 0 . 0 6 2 0 . 0 2 1 - 0 . 0 6 5 0 . 0 1 4 - 0 . 0 7 1 ± 0 . 0 2 1 - 0 . 0 4 1 0 . 0 1 4 - 0 . 0 7 5 0 . 0 1 2 

S T O C K L E S S - 6 2 5 Kq F E R T I L I Z E R A a 

3 0 . 0 2 7 H; 0 . 0 1 6 0 . 0 2 5 0 . 0 1 4 0 . 0 3 3 0 . 0 1 6 0 . 0 6 0 0 . 0 1 8 0 . 0 5 7 0 . 0 2 2 0 . 0 5 2 0 . 0 1 7 
5 0 . 0 4 2 0 . 0 1 0 . 0 . 0 4 1 0 . 0 0 3 0 . 0 4 7 0 . 0 1 0 0 . 0 6 6 0 . 0 1 1 0 . 0 6 4 ± 0 . 0 1 4 0 . 0 5 9 ± 0 . 0 1 0 
7 0 . 0 5 4 0 . 0 0 4 0 . 0 5 5 0 . 0 0 4 0 . 0 5 8 0 . 0 0 4 0 . 0 6 8 , ± 0 . 0 0 5 0 . 0 6 8 0 . 0 0 6 . 0 . 0 6 4 0 . 0 0 4 

10 0 . 0 5 7 0 . 0 0 4 0 . 0 5 8 £ 0 . 0 0 4 0 . 0 5 9 ± 0 . 0 0 4 0 . 0 6 5 ± 0 . 0 0 5 0 . 0 6 5 ± 0 . 0 0 6 0 . 0 6 3 0 . 0 0 5 
12 0 . 0 5 4 0 . 0 0 5 0 . 0 5 5 ± 0 . 0 0 5 0 . 0 5 6 0 . 0 0 5 0 . 0 5 9 0 . 0 0 6 - 0 . 0 6 0 ± 0 . 0 0 7 0 . 0 5 8 ± 0 . 0 0 6 

14 0 . 0 4 7 0 . 0 0 5 0 . 0 4 7 H; 0 . 0 0 5 0 . 0 4 7 • £ 0 . 0 0 6 0 . 0 4 9 ± 0 . 0 0 6 0 . 0 5 0 0 . 0 0 8 0 . 0 4 9 ± 0 . 0 0 6 
18 0 . 0 1 9 H; 0 . 0 0 4 0 . 0 1 4 ± 0 . 0 0 3 0 . 0 1 5 0 . 0 0 4 0 . 0 1 8 ± 0 . 0 0 4 " 0 . 0 2 0 0 . 0 0 5 0 . 0 1 9 0 . 0 0 4 
21 - 0 . 0 1 6 ± O . 0 0 8 - 0 . 0 2 5 ± 0 . 0 0 7 - 0 . 0 2 3 ± o . o o a - 0 . 0 1 3 ± 0 . 0 0 9 - 0 . 0 1 2 ± 0 . 0 1 1 - 0 . 0 1 3 0 . 0 0 8 

. 2 4 - 0 . 0 6 1 0 . 0 1 7 - 0 . 0 7 6 0 . 0 1 5 - 0 . 0 7 1 0 . 0 1 8 - 0 . 0 5 3 0 . 0 2 0 - 0 . 0 5 2 0 . 0 2 4 - 0 . 0 5 3 + 0 , 0 1 8 

• ORGANIC . ' • 

3 0 . 0 4 4 O . O l O 0 . 0 3 3 0 . 0 1 4 O . 0 0 3 ± 0 . 0 1 0 0 . 0 5 9 0 . 0 1 8 0 . 0 7 1 0 . 0 1 7 0 . 0 4 2 ± 0 . 0 1 8 
5 0 . 0 5 0 ± 0 . 0 0 5 0 . 0 4 9 0 . 0 0 7 0 . 0 3 6 0 . 0 0 5 0 . 0 6 1 0 . 0 0 9 0 . 0 6 9 ± O.O09 D . 0 5 3 ± O . 0 0 9 
7 0 . 0 5 3 0 . 0 0 3 0 . 0 5 7 0 . 0 0 4 0 . 0 5 7 0 . 0 0 3 0 . 0 6 0 H; 0 . 0 0 5 • 0 . 0 5 4 0 . 0 0 5 0 . 0 5 8 0 . 0 0 5 
9 0 . 0 5 1 0 . 0 0 3 0 . 0 5 7 + 0 . 0 0 4 0 . 0 6 5 ± 0 . 0 0 3 0 . 0 5 6 ± 0 . 0 0 5 0 . 0 5 6 0 . 0 0 5 0 . 0 5 8 0 . 0 0 5 

13 0 . 0 3 7 0 . 0 0 3 0 . 0 3 3 ± 0 . 0 0 4 0 . 0 4 6 +: 0 . 0 0 3 0 . 0 3 8 0 . 0 0 5 0 . 0 3 1 0 . 0 0 5 0 . 0 4 0 0 . 0 0 5 
16 0 . 0 1 7 0 . 0 0 3 - 0 . 0 0 7 0 . 0 0 5 0 . 0 0 0 0 . 0 0 3 0 . 0 1 6 0 . 0 0 7 0 . 0 0 4 ± 0 . 0 0 6 0 . 0 1 2 ± 0 . 0 0 7 
19 - 0 . 0 1 2 — 0 . 0 1 0 - 0 . 0 6 5 H; 0 . 0 1 5 - 6 . 0 7 3 — 0 . 0 1 0 - 0 . 0 1 3 - 0 . 0 1 9 - 0 . 0 3 0 - 0 . 0 1 8 - 0 . 0 3 0 — 0 . 0 1 9 
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