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ABSTRACT 

I n greenhouse and c o n t r o l l e d environment e x p e r i m e n t s , 

the i n f l u e n c e s o f t e m p e r a t u r e , P n u t r i t i o n - , and f o l i a r s p r a y s 

o f 3 growth r e t a r d i n g c h e m i c a l s on the growth, y i e l d and 

m i n e r a l c o m p o s i t i o n o f Pisum s a t i v u m L. cv. Dark S k i n P e r f e c t i o n 

were i n v e s t i g a t e d . The u t i l i z a t i o n o f P under 4 a i r and s o i l 

t e m p e r a t u r e regimes w i t h i n the p h y s i o l o g i c a l range was a l s o 

s t u d i e d . The d w a r f i n g e f f e c t o f h i g h t e m p e r a t u r e was r e l a t e d 

t o t h a t due t o r e l a t i v e l y h i g h c o n c e n t r a t i o n s o f growth r e t a r d i n g 

c h e m i c a l s . 

Banded P f e r t i l i z e r , a p p l i e d a t r a t e s o f up t o 352 l b . 

p e r a c r e , i n c r e a s e d p l a n t growth, pea y i e l d and t h e uptake o f 

N, P, K, Ca and Mg. P i n c r e a s e d t h e t o t a l c o n t e n t s o f a l l 

5 m i n e r a l s i n a l l 3 t i s s u e s ( v i n e , pod and pea s e e d ) , but had 

m u l t i p l e e f f e c t s on m i n e r a l c o n c e n t r a t i o n s . E f f i c i e n c y of P i n 

p r o d u c i n g pea y i e l d i n c r e a s e was maximum a t t h e 44 l b . p e r a c r e 

r a t e . 

The h i g h a i r t e m p e r a t u r e o f 30° d e c r e a s e d growth,, 

pea y i e l d , and t o t a l m i n e r a l u p t a k e , compared w i t h a tempera

t u r e o f 21°. The h i g h s o i l t e m p e r a t u r e o f 18° i n c r e a s e d t h e s e 

3 groups o f v a r i a b l e s , as compared w i t h a temperature o f 10°. 

I n c r e a s e s i n m i n e r a l c o n c e n t r a t i o n a t the h i g h a i r t emperature 

were l a r g e l y due t o " c o n c e n t r a t i o n e f f e c t s ' ' r e s u l t i n g from 
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s m a l l e r p l a n t s . I n c r e a s e s due t o t h e h i g h s o i l t e m p e r a t u r e 

were a b s o l u t e because they o c c u r r e d even i n b i g g e r p l a n t s . 

I n c r e a s e i n m i n e r a l uptake a t the h i g h s o i l t e m p e r a t u r e was not 

due t o i n c r e a s e d r o o t growth, but was a r e s u l t o f i n c r e a s e d meta

b o l i c a c t i v i t y . The e f f e c t o f s o i l t e mperature on t o t a l a b s o r p t i o n 

was g r e a t e r t h a n on t r a n s l o c a t i o n i n t o the pea seed. 

( 2 - c h l o r o e t h y l ) trimethylammonium c h l o r i d e ( C y c o c e l ) a t 

1 ppm was t h e most e f f e c t i v e i n terms of growth and y i e l d s t i m u l a t i o n . 

2 , 4 - d i c h l o r o b e n z y l t r i b u t y l p h o s p h o n i u m c h l o r i d e (Phosfon) a t 100 ppm 

was t h e most e f f e c t i v e w i t h r e s p e c t t o growth r e t a r d a t i o n , but 

markedly d e c r e a s e d pea y i e l d . N-N-dimethylamino s u c c i n a m i c a c i d 

(B-Nine) a t c o n c e n t r a t i o n s o f 1 and 100 ppm was i n e f f e c t i v e i n 

a l t e r i n g growth p a t t e r n . E f f e c t s o f the growth r e t a r d i n g c h e m i c a l s 

on m i n e r a l uptake l a r g e l y r e f l e c t e d p l a n t s i z e d i f f e r e n c e s , and 

were not a b s o l u t e e f f e c t s . C y c o c e l and Phosfon a t low c o n c e n t r a 

t i o n s a r e p r o m i s i n g f o r use i n a r r e s t i n g e x c e s s i v e v e g e t a t i v e growth 

and i t s a t t e n d a n t p r o b l e m s , and i n i n c r e a s i n g pea y i e l d w i t h o u t 

d e f o r m a t i v e e f f e c t s . 

The e f f e c t s o f r e l a t i v e l y h i g h c o n c e n t r a t i o n s o f C y c o c e l 

and Phosfon were s i m i l a r t o t h o s e o f h i g h t e m p e r a t u r e s w i t h r e s p e c t 

t o p l a n t d w a r f i n g , changes i n m i n e r a l c o m p o s i t i o n and a l t e r a t i o n i n 

t h e l e v e l s o f G l u c o s e , G - l - P , G-6-P, F-6-P, F l , 6 - P , ADP and ATP. 

I t appears t h a t h i g h c o n c e n t r a t i o n s o f growth r e t a r d i n g c h e m i c a l s 

and h i g h t e m p e r a t u r e s d e p r e s s p l a n t growth by r e d u c i n g the u t i l i z a 

t i o n o f ATP i n t h e p h o s p h o r y l a t i o n o f s u g a r s , i n t h e g l y c o l y t i c 

sequence. 
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The n e a r e s t - o p t i m a l a i r and s o i l t e m perature regime 

f o r p l a n t growth and m i n e r a l uptake was the 21/13/18° d a y / n i g h t / s o i l . 

F o r u n i f o r m i t y i n the nomenclature o f p l a n t growth r e g u l a t o r s , i t 

i s s u g g e s t e d t h a t growth r e t a r d i n g c h e m i c a l s be c a l l e d "RETARDINS". 
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1 

INTRODUCTION 

The pea (Pisum s a t i v u m L.) i s a c o o l weather s p e c i e s , 

grown e x t e n s i v e l y i n the Lower M a i n l a n d o f B r i t i s h C o l u m b i a , i n 

n o r t h w e s t e r n Washington S t a t e , G r e a t B r i t a i n and A u s t r a l i a . 

Combined acreage i n B r i t i s h Columbia and Washington i s o v e r 

6 0,000. Two i m p o r t a n t f a c t o r s l i m i t i n g pea y i e l d a r e warm 

te m p e r a t u r e s and d e f i c i e n c y o f p l a n t n u t r i e n t s , n o t a b l y phosphorus. 

The c l i m a t e o f the pea-growing a r e a s o f B r i t i s h Columbia 

and Washington i s v a r i a b l e , not o n l y from e a s t t o west but a l s o 

from y e a r t o y e a r . I t has been e s t a b l i s h e d w i t h e x p e r i m e n t s a t 

the A g a s s i z Research S t a t i o n and a t the U n i v e r s i t y o f B r i t i s h 

C o l umbia, over 3 s e a s o n s , t h a t a s m a l l d i f f e r e n c e i n the mean 

tem p e r a t u r e o f t h e growing season can a f f e c t y i e l d s s i g n i f i c a n t l y . 

T h i s means t h a t t h e c o o l e r weather near the sea c o a s t a l l o w s f o r 

a l o n g e r growing season t h a n does t h e weather o f a r e a s f a r t h e r 

i n l a n d where h i g h e r t e m p e r a t u r e s may de c r e a s e y i e l d s . On the 

o t h e r hand the l a t t e r may be more f a v o u r a b l e f o r e a r l y s p r i n g 

p l a n t i n g . 

Phosphorus f e r t i l i z a t i o n has l e d t o . c o n s i d e r a b l e 

i n c r e a s e s i n y i e l d because most s o i l s i n the pea-growing 

a r e a s are p h o s p h o r u s - d e f i c i e n t . H i g h e r pea y i e l d s due t o 

phosphorus f e r t i l i z a t i o n are a l s o accompanied by s l i g h t l y 

h i g h e r p e a : v i n e r a t i o , so t h a t l e s s v i n e i s h a n d l e d p e r u n i t 

of peas h a r v e s t e d . 

Phosphorus i s f r e q u e n t l y d e f i c i e n t i n the s o i l s o f 

the Lower M a i n l a n d o f B r i t i s h C o lumbia, and v a l u e s lower t h a n 
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10 pounds a v a i l a b l e P p e r a c r e have been r e p o r t e d . E xperiments 

are t h e r e f o r e n e c e s s a r y t o c l a r i f y the s e p a r a t e e f f e c t s o f a i r 

and s o i l t e m p e r a t u r e s on the response o f peas t o phosphorus 

added t o a d e f i c i e n t s o i l . F o r example, i t i s p o s s i b l e t h a t 

e a r l y p l a n t i n g i n c o l d e r s o i l s may r e q u i r e more phosphorus 

f e r t i l i z e r t h a n f o r warmer s o i l s , o r t h a t phosphorus f e r t i l i z a 

t i o n c o u l d o f f s e t some o f the adverse e f f e c t s o f h i g h t e m p e r a t u r e s 

i n warm pea-growing a r e a s . 

Many ex p e r i m e n t s have been c a r r i e d out t o e s t a b l i s h 

optimum a i r or optimum s o i l t e m p e r a t u r e f o r the growth o f 

peas. However, the combined e f f e c t s o f a i r and s o i l tempera

t u r e s , and the response t o phosphorus f e r t i l i z a t i o n as an i n t e r 

a c t i n g f a c t o r have had l i t t l e i n v e s t i g a t i o n . Much o f the 

i n f o r m a t i o n about the r e l a t i v e i mportance o f the shoot and 

r o o t t e m p e r a t u r e s has been o b t a i n e d , t h e r e f o r e , i n d i r e c t l y . 

A l s o , most o f the e x p e r i m e n t s r e p o r t e d h i t h e r t o were not 

c a r r i e d out a t d i f f e r e n t s t a g e s o f growth, but u s u a l l y a t one 

growth s t a g e ; and have a l s o s c a r c e l y been c a r r i e d out t o c r o p 

m a t u r i t y t o e l u c i d a t e m i n e r a l d i s t r i b u t i o n p a t t e r n s i n t h e 

d i f f e r e n t p a r t s o f t h e WHOLE, SOIL-GROWN p l a n t . 

I t i s p o s s i b l e t h a t growth r e t a r d i n g c h e m i c a l s may 

be used t o a c h i e v e a r e d u c t i o n o f the p l a n t v i n e and c o n s e q u e n t l y 

t o reduce problems a s s o c i a t e d w i t h e x c e s s i v e v e g e t a t i v e growth 

w i t h o u t r e d u c i n g pea y i e l d , o r perhaps p r o m o t i n g y i e l d . 

The garden pea was chosen because o f i t s r e l a t i v e 

homogeneity o f p o p u l a t i o n s , e a s i l y o b s e r v a b l e m o r p h o l o g i c a l 
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c h a r a c t e r s , e l o n g a t e stem growth u s e f u l f o r n u t r i e n t a b s o r p t i o n 

and t r a n s l o a t i o n s t u d i e s , and i t s i n c r e a s i n g economic importance 

i n the a g r i c u l t u r a l i n d u s t r y o f the Lower M a i n l a n d o f B r i t i s h 

Columbia and e l s e w h e r e . The c u l t i v a r Dark S k i n P e r f e c t i o n 

was used because o f i t s wide commercial a c c e p t a n c e based on 

a r e l a t i v e l y h i g h p e a : v i n e r a t i o , medium h e i g h t and t e n d e r n e s s 

o f peas. 

The s p e c i f i c o b j e c t i v e s o f the p r e s e n t s t u d i e s were: 

t o d e t e r m i n e the e f f e c t s o f a i r and s o i l t e m p e r a t u r e s on: 

1. Growth c h a r a c t e r i s t i c s and y i e l d f a c t o r s . 

2. Phosphorus uptake a t 3 p r e - f r u i t i n g s t a g e s , and d i s t r i b u t i o n 

i n the d i f f e r e n t p a r t s o f the p l a n t a t c r o p m a t u r i t y . 

3. The i n f l u e n c e o f a p p l i e d phosphorus on the uptake and 

d i s t r i b u t i o n o f N, K, Ca and Mg; and a l s o t o d e t e r m i n e : 

4. Optimum a i r and s o i l t e m perature c o m b i n a t i o n f o r e f f i c i e n t 

p r o d u c t i o n o f peas and u t i l i z a t i o n o f p l a n t n u t r i e n t s . 

5. Comparative r e s p o n s e s o f the p l a n t t o low c o n c e n t r a t i o n s 

o f 3 growth r e t a r d i n g c h e m i c a l s : C y c o c e l , Phosfon and 

B-Nine. 

6. P o s s i b l e d i f f e r e n c e s i n phosphorus u t i l i z a t i o n as r e f l e c t e d 

by some s p e c i f i c m e t a b o l i c p h o s p h o r y l a t e d compounds. 

7. P o s s i b l e r e l a t i o n s h i p s between te m p e r a t u r e r e s p o n s e s and 

growth r e t a r d i n g c h e m i c a l r e s p o n s e s , s i n c e t h e d w a r f i n g 

e f f e c t s o f h i g h t e m p e r a t u r e on the pea p l a n t are m o r p h o l o g i 

c a l l y s i m i l a r t o t h o s e o f growth r e t a r d i n g c h e m i c a l s on 

many p l a n t s . 
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1. REVIEW OF LITERATURE 

A. TEMPERATURE AMD PLANT GROWTH 

1.1 G e n e r a l A s p e c t s o f Temperature and P l a n t Growth P r o c e s s e s 

An i n c r e a s e o f tem p e r a t u r e almost i n v a r i a b l y i n c r e a s e s 

t h e r a t e o f a c h e m i c a l r e a c t i o n . For a homogeneous system i t i s 

known t h a t the r a t e i s d o u b l e d o r t r e b l e d f o r each 10° r i s e 

o f t e m p e r a t u r e , and even f o r many heterogeneous p u r e l y c h e m i c a l 

r e a c t i o n s . The a p p l i c a t i o n o f i n f o r m a t i o n o b t a i n e d w i t h i s o l a t e d 

c h e m i c a l r e a c t i o n s t o the complex c h e m i s t r y o f a l i v i n g p l a n t i s 

d i f f i c u l t ; i t i s i n f a c t dangerous t o t h i n k o f p l a n t growth i n 

terms o f s i m p l e c h e m i c a l r e a c t i o n s , o r t o a p p l y d i r e c t l y 

i n f o r m a t i o n o b t a i n e d w i t h i s o l a t e d enzyme systems ( N i e l s e n and 

Humphries, 1965). 

N e v e r t h e l e s s , a l l r e a c t i o n s o c c u r r i n g i n p l a n t c e l l s 

f o l l o w the b a s i c laws o f thermodynamics and r a t e theory.; t h a t 

i s , an i n c r e a s e i n p l a n t growth p r o c e s s e s w i t h i n c r e a s e i n 

t e m p e r a t u r e , from a minimum where t h e r e i s r e l a t i v e i n a c t i v i t y 

up t o a maximum beyond which growth i s hampered m a i n l y due t o 

the d e n a t u r a t i o n o f p r o t e i n s . However, the p l a n t b e i n g a l i v i n g -

e n t i t y made up o f complex c o n s t i t u e n t s , s u r v i v e s i n most c a s e s , 

v a r i a t i o n s and f l u c t u a t i o n s i n t e m p e r a t u r e . I t i s thought 

t h a t one o f the main defence mechanisms p l a n t c e l l s may posses s 

t o r e s i s t t h e d e l e t e r i o u s e f f e c t s o f low o r h i g h t e m p e r a t u r e s , 

i s t he development o f p r o t o p l a s m which can r e s i s t t he c h e m i c a l 

and p h y s i c a l a s p e c t s o f t h e s e t e m p e r a t u r e s . 
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To add t o the c o m p l e x i t y o f p l a n t r e sponse t o 

t e m p e r a t u r e , i t i s known t h a t optimum tem p e r a t u r e f o r 

growth i s a f f e c t e d as much by the medium used t o grow 

p l a n t s as i t i s by t h e s u p p l y o f n u t r i e n t s a v a i l a b l e and t h e i r 

placement i n s o i l s ( K n o l l et_ a l . , 1964:. Brouwer, 1959 ). 

An optimum has t h e r e f o r e been c o n s i d e r e d t o be 

the r e s u l t o f 2 o p p o s i n g mechanisms a t work i n a p l a n t , one 

s y n t h e t i c and the o t h e r d e g r a d a t i v e . A t c o o l t e m p e r a t u r e s the 

d e g r a d a t i v e mechanism, l a r g e l y r e s p i r a t i o n , i s slowed down 

more than the s y n t h e t i c , l a r g e l y p h o t o s y n t h e s i s . As tempera

t u r e s a r e r a i s e d , the r a t e s o f both the s y n t h e t i c and degrada

t i v e p r o c e s s e s i n c r e a s e , the l a t t e r more r a p i d l y u n t i l a 

compensation t e m p e r a t u r e i s a t t a i n e d above which t h e r e i s a 

n e t l o s s o f d r y m a t t e r . E x c e p t i o n s t o t h i s g e n e r a l r u l e w i l l , 

o f c o u r s e , o c c u r i n the case o f p l a n t s such as c o r n and suga r 

cane which have no r e s p i r a t i o n i n the l i g h t (Downton and 

Tregunna, 1968). 

I n a c t i v a t i o n o f c e r t a i n enzyme systems may o c c u r 

a t t e m p e r a t u r e s w e l l below t h a t a t which p r o t e i n s a r e 

d e n a t u r e d (about 60°). As a r e s u l t c e r t a i n m e t a b o l i t e s may 

not be produced and p l a n t growth w i l l be reduced (Bonner, 

1957). Hence the s u p p l y o f c a r b o h y d r a t e s and e s s e n t i a l 

m e t a b o l i t e s may w e l l be the d e t e r m i n i n g f a c t o r s i n e s t a b l i s h 

i n g optimum t e m p e r a t u r e s f o r p l a n t growth. Weissman (1964), 

f o r example, s u g g e s t e d t h a t l e a v e s are dependent t o a con

s i d e r a b l e e x t e n t on amino a c i d c o n s t i t u e n t s produced i n t h e 

r o o t s , f o r b u i l d i n g up p r o t e i n . He f u r t h e r s u g g e s t e d t h a t 
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amino a c i d s a re s y n t h e s i z e d o n l y i n the r o o t . From t h i s i t 

i s r e a s o n a b l e t o suggest t h a t s o i l t emperature i s as l i m i t i n g 

a s , i f not more l i m i t i n g t h a n , a i r t e m p e r a t u r e , f o r p l a n t 

growth. 

1.. 2 S o i l Temperature, and P l a n t Growth 

The s o i l i s a dynamic n a t u r a l body c o n s i s t i n g o f 

the weathered and b i o l o g i c a l l y molded upper p a r t o f the 

r e g o l i t h (Buckman and Brady, 1960). S o i l t e m p e r a t u r e e x e r t s 

i t s i n f l u e n c e on p l a n t growth through i t s p h y s i c a l , c h e m i c a l 

and b i o l o g i c a l e f f e c t s on r o o t growth. Some o f t h e c h e m i c a l 

r e a c t i o n s i n the s o i l which a re i n f l u e n c e d by temp e r a t u r e a re 

h y d r a t i o n , h y d r o l y s i s , o x i d a t i o n , c a r b o n a t i o n and s o l u t i o n . 

One o f t h e most i m p o r t a n t p h y s i c a l f a c t o r s i n f l u e n c e d 

by s o i l t e m p e r a t u r e i s the v i s c o s i t y o f w a t e r . As t h e 

tem p e r a t u r e i s i n c r e a s e d t h e number o f hydrogen bonds i n 

wate r d i m i n i s h e s because o f t h e r m a l movements o f t h e m o l e c u l e s , 

and t h e r e f o r e the energy o f a c t i v a t i o n w i l l d e c r e a s e . In 

o t h e r words t h e lower t h e temperature the more hydrogen 

bonding t h e r e i s , and the more the hydrogen b o n d i n g , the 

g r e a t e r i s the v i s c o s i t y ( N i e l s e n and Humphries, 1965). 

E n t r y o f water i n t o p l a n t r o o t s depends p a r t l y on 

m e t a b o l i c a c t i v i t y , and t h e r e f o r e on t e m p e r a t u r e . Some water 

e n t e r s the r o o t p a s s i v e l y , and c o l d may slow i t s e n t r y by 

i n c r e a s i n g i t s v i s c o s i t y ( N i e l s e n and Humphries, 1966). 
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Kramer (1949) a t t r i b u t e d r e d u c e d uptake o f water by t r a n s p i r i n g 

p l a n t s i n c o l d s o i l s t o i n c r e a s e d r e s i s t a n c e t o wa t e r movement 

a c r o s s the l i v i n g c e l l s o f the r o o t , and he r e p o r t e d (1956) 

t h a t the a d d i t i v e e f f e c t s o f temperature on v i s c o s i t y and 

p e r m e a b i l i t y o f p r o t o p l a s m d e c r e a s e d the uptake o f water a t 

5° t o a q u a r t e r o f t h a t a t 25°. 

Much i s known about the e f f e c t o f tem p e r a t u r e on 

m i n e r a l a b s o r p t i o n b o t h by i s o l a t e d r o o t s and i n t a c t p l a n t s . 

Uptake o f i o n s depends on energy s u p p l i e d by o x i d a t i o n o f 

c a r b o h y d r a t e s and a b s o r p t i o n i s t h e r e f o r e slowed by c o l d 

t e m p e r a t u r e . N u t r i e n t uptake by i n t a c t p l a n t s i s o p t i m a l a t 

low e r t e m p e r a t u r e t h a n i s t h a t o f e x c i s e d r o o t s , w h i c h shows 

t h a t the shoot i n f l u e n c e s uptake by the r o o t a t h i g h e r 

t e m p e r a t u r e s . N i e l s e n e t aJL. (1960) found i o n s t o be more 

c o n c e n t r a t e d i n the r o o t s o f l u c e r n e a t 5° th a n ""at 12°, 

a l t h o u g h t o t a l uptake was g r e a t e r a t 12°. T h i s they a t t r i b u t e d 

t o e i t h e r the f a c t t h a t t r a n s p o r t from the r o o t s i s impeded a t 

5°, o r because sugars are more c o n c e n t r a t e d i n r o o t s a t 5°. 

However, the g r o s s s i z e o f t h e r o o t system - measured as t o t a l 

w e i g h t o r l e n g t h - i s not an e s t i m a t e o f i t s a b s o r b i n g 

c a p a c i t y because a l a r g e and cha n g i n g p r o p o r t i o n o f the system 

ceases t o absorb ( N i e l s e n and Humphries, 1966). They a l s o 

contended t h a t when r o o t s a re a t a low tem p e r a t u r e t h e y use 

l e s s c a r b o h y d r a t e s , a l l o w i n g c a r b o h y d r a t e s t o accumulate i n 

the l e a f , t h u s s l o w i n g p h o t o s y n t h e s i s and s h o r t e n i n g the l i f e 

span o f the l e a f . 
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Temperature a f f e c t s i o n uptake and t r a n s p o r t 

t h r o u g h the p l a n t s i m i l a r l y because both a re energy-dependent 

p r o c e s s e s , and a r e thus much s l o w e r i n the c o l d . S h t r a u s b e r g 

(1955) suggested t h a t c o l d r o o t s d i m i n i s h e d movement o f 

n u t r i e n t s t o the shoot o f cucumber p l a n t s and so i n h i b i t e d 

growth. 

Gas exchange i n the s o i l atmosphere i s a l s o a 

f u n c t i o n o f t e m p e r a t u r e . Temperature a f f e c t s not o n l y the 

r a t e a t which oxygen i s used i n m e t a b o l i c p r o c e s s e s , but a l s o 

the r a t e a t which i t reaches t h e r o o t system. A s u p p l y o f 

oxygen i n the r o o t zone i s n e c e s s a r y t o m a i n t a i n r e s p i r a t i o n . 

S i n c e t h e r a t e o f r e s p i r a t i o n v a r i e s w i t h t e m p e r a t u r e , the 

s u p p l y o f oxygen n e c e s s a r y t o m a i n t a i n optimum p l a n t m e t a b o l i s m 

might be e x p e c t e d a l s o t o v a r y w i t h t e m p e r a t u r e . Cannon 

(1925) a t t r i b u t e d the n e c e s s i t y f o r h i g h e r oxygen c o n c e n t r a 

t i o n s i n the s o i l atmosphere i n o r d e r t o m a i n t a i n normal r o o t 

growth a t h i g h e r t e m p e r a t u r e s , t o the d e c r e a s i n g s o l u b i l i t y 

o f oxygen i n t h e s o i l s o l u t i o n w i t h temperature i n c r e a s e . 

L e t e y ejt a l . (1961) however were o f t h e o p i n i o n t h a t 

i n c r e a s e d d i f f u s i o n r a t e o f oxygen t o the r o o t s u r f a c e i s 

more i m p o r t a n t because o f a h i g h e r d i f f u s i o n c o e f f i c i e n t 

t h r o u g h b o t h gas and l i q u i d . Oxygen d i f f u s i o n r a t e s a t 

h i g h s o i l t e m p e r a t u r e s were found t o be h i g h e r than those a t 

low t e m p e r a t u r e s . They a l s o showed t h a t the a c c u m u l a t i o n o f 

Ca and P i n c o t t o n and s u n f l o w e r was s t i m u l a t e d by i n c r e a s e d 

oxygen s u p p l y . I n a subsequent r e p o r t ( L e t e y e t a l . , 1962) 



9 

oxygen d i f f u s i o n r a t e s were shown t o i n c r e a s e 1.8% per degree 

r i s e i n s o i l t emperature f o r a g i v e n oxygen c o n c e n t r a t i o n . 

One o f t h e most i m p o r t a n t b i o l o g i c a l e f f e c t s o f 

s o i l t e m perature i s i t s i n f l u e n c e on m i c r o b i a l a c t i v i t i e s . 

T h i s i s p a r t i c u l a r l y i m p o r t a n t w i t h the pea p l a n t , a legume, 

most i f not a l l o f the n i t r o g e n n u t r i t i o n o f which i s dependent 

on the a c t i v i t i e s o f the s y m b i o t i c b a c t e r i a , Rhizobium  

leguminosarum. G e n e r a l l y , i t i s t o be e x p e c t e d t h a t a r i s e 

i n t e m p e r a t u r e , w i t h i n l i m i t s , would l e a d t o i n c r e a s e d 

n o d u l a t i o n and g r e a t e r n i t r o g e n - f i x i n g c a p a c i t i e s o f t h e 

b a c t e r i a . Meyer and Anderson (19 59) found t h a t a m o d e r a t e l y 

h i g h t emperature o f 30° i n h i b i t e d s y m b i o t i c N f i x a t i o n i n 

s u b t e r r a n e a n c l o v e r grown i n n u t r i e n t agar. L a t e r , u s i n g s o i l 

c u l t u r e s , Mes (19 59) r e p o r t e d t h a t p l a n t s of V i c i a f a b a , 

Lupinus l u t e u s and Pisum s a t i v u m r e a c t e d i n accordance w i t h 

t h e r e s u l t s o f Meyer and Anderson. An i n c r e a s e i n day 

t e m p e r a t u r e from 18, 19 or 21° t o e i t h e r 25 o r 27° g e n e r a l l y 

d e c r e a s e d N p e r c e n t a g e and t h e t o t a l N c o n t e n t o f the p l a n t s . 

An i n c r e a s e i n the n i g h t temperature from 10 t o 21° g e n e r a l l y " 

a l s o d e c r e a s e d the t o t a l N c o n t e n t a l t h o u g h a c t u a l N p e r c e n t a g e 

o f t e n i n c r e a s e d . I t was emphasized t h a t response would 

depend on whether the s p e c i e s i s a warm- o r c o o l - t e m p e r a t u r e 

p l a n t . 

I t i s thus e v i d e n t t h a t the e f f e c t s o f temperature 

on p l a n t growth are as complex as the p l a n t i t s e l f . The 

e f f e c t s o f temperature are t h e r e f o r e not o n l y on the p l a n t 
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per se but a l s o on the p h y s i c a l and c h e m i c a l s t a t u s o f , and 

b i o l o g i c a l a c t i v i t i e s i n , the s o i l on one hand, and the 

complex m e t a b o l i c r e a c t i o n s i n the p l a n t on the o t h e r hand. 

1.3 Temperature and t h e Growth o f the Pea p l a n t 

Some o f t h e e a r l y r e p o r t s on the e f f e c t s o f tempera

t u r e on the growth and development o f peas were summarized by 

B e a t t i e e t a l . (1942). The pea i s a c o o l weather s p e c i e s . 

High t e m p e r a t u r e checks i t s growth and causes i t t o f l o w e r 

and form pods b e f o r e the p l a n t has a t t a i n e d enough s i z e t o 

bear a good c r o p , w h i l e c o o l weather p e r m i t s a l o n g c o n t i n u e d 

growth and the f o r m a t i o n o f many pods t h a t do not r e a c h the 

h a r v e s t s t a g e p r e m a t u r e l y . B r e n c h l e y (19 20) showed t h a t the 

maximum r a t e o f i n c r e a s e i n the we i g h t o f the pea p l a n t was 

o b t a i n e d p r i o r t o f l o w e r i n g . The r a t e f e l l o f f a f t e r r e a c h i n g 

t h i s maximum, but an a b r u p t r i s e was ob s e r v e d f o r a p e r i o d 

which may have been connected w i t h the i n i t i a t i o n o f s e x u a l 

r e p r o d u c t i o n . 

L a t e r , Went (195 7) found t h a t g e r m i n a t i o n a t a 

h i g h t e m p e r a t u r e o f 26° was f a s t e r but the p l a n t s were l e s s 

u n i f o r m t h a n when germinated a t 23 o r 20°. However, t h e 

o p t i m a l t e m p e r a t u r e f o r stem e l o n g a t i o n d e c r e a s e d i n the cour s e 

o f development. At the h i g h e s t temperature h a r d l y any seeds were 

s e t , and pea weight was low. Only one o r a few seeds d e v e l o p e d 

per pod w i t h one o r two pods p e r p l a n t ; w h i l e a t the lo w e r tempera

t u r e s a l l o v u l e s grew i n t o seeds. F r e s h and d r y w e i g h t s o f t h e 
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whole p l a n t were a f f e c t e d by t h e environment i n a s i m i l a r way t o 

stem e l o n g a t i o n . 

H i g h k i n (1960) showed t h a t a l a c k o f d a y / n i g h t tempera

t u r e f l u c t u a t i o n was i n h i b i t o r y f o r growth o f the pea p l a n t . 

The e x p e r i m e n t s i n d i c a t e d the need f o r c e r t a i n e n v i r o n m e n t a l 

f l u c t u a t i o n s d u r i n g the e n t i r e l i f e c y c l e o f t h e p l a n t . One 

e x p l a n a t i o n g i v e n by H i g h k i n was t h a t an environment w i t h 

f l u c t u a t i o n s on a 2 4-hour b a s i s i s i n b e t t e r agreement w i t h 

endogenous d i u r n a l rhythms which o c c u r i n p l a n t s as w e l l as i n 

an i m a l s and a c o n s t a n t t e m p e r a t u r e environment was c o n s i d e r e d 

" i n c o m p a t i b l e " w i t h the " b i o l o g i c a l c l o c k " o p e r a t i n g i n the 

p l a n t . T h i s had l e d t o the wide u s e , i n e x p e r i m e n t a l work, 

o f d i f f e r e n t t e m p e r a t u r e s i n the day and n i g h t p o r t i o n s o f 

the d a i l y c y c l e . 

Wang and Bryson (1956) f u r t h e r p o i n t e d out t h a t the 

re s p o n s e o f peas t o tem p e r a t u r e v a r i e s w i t h the p l a n t ' s 

s t a g e o f development. They d i v i d e d the l i f e c y c l e i n t o 

underground, s e e d l i n g , v e g e t a t i v e and r e p r o d u c t i v e s t a g e s , 

and showed t h a t t h e optimum tem p e r a t u r e range changed from 

about 14-24° t o 18-31° f o r the f i r s t two s t a g e s , and t o 

10-21° as the p l a n t passed t h r o u g h t h e l a s t two s t a g e s . 

R e l a t i v e l y h i g h y i e l d s o f peas are o b t a i n e d i n t h e 

Lower M a i n l a n d o f B r i t i s h Columbia as a r e s u l t o f g e n e r a l l y 

f a v o u r a b l e c l i m a t i c c o n d i t i o n s . S t u d i e s by F l e t c h e r e t a l . 

(1966) however i n d i c a t e d t h a t y i e l d s v a r y w i d e l y between l o c a t i o n s 

and p l a n t i n g d a t e s . They e s t a b l i s h e d optimum s e a s o n a l mean 

tem p e r a t u r e f o r peas, i n f i e l d e x p e r i m e n t s a t A g a s s i z and Vancouver. 
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A t A g a s s i z where t e m p e r a t u r e s exceeded optimum t h e y o b t a i n e d a 

n e g a t i v e c o r r e l a t i o n o f temperature w i t h t o t a l d r y m a t t e r y i e l d , 

peas p e r pod and pea y i e l d . At Vancouver where te m p e r a t u r e s 

were suboptimum, they o b t a i n e d a p o s i t i v e c o r r e l a t i o n o f tempera

t u r e w i t h t o t a l d r y m a t t e r y i e l d , pea y i e l d and some o t h e r growth 

c h a r a c t e r i s t i c s . The optimum temperature f o r peas was suggested 

t o be about 21-2 2°. I n c o n t r o l l e d environment s t u d i e s , S t a n f i e l d 

e t a l . (1966) found t h a t the c o m b i n a t i o n o f h i g h day and h i g h . 

n i g h t t e m p e r a t u r e s caused an i n c r e a s e i n t h e number o f nodes t o 

the f i r s t f l o w e r . T i l l e r i n g was most p r o l i f i c a t the l o w e r 

t e m p e r a t u r e s and was absent a t 32° day t e m p e r a t u r e . Pea y i e l d 

d e c r e a s e d as temperature i n c r e a s e d above 16/10° d a y / n i g h t tempera

t u r e s , due m a i n l y t o a r e d u c t i o n i n t h e number o f pods p e r p l a n t . 

On a d r y m a t t e r a c c u m u l a t i o n p e r day b a s i s , v i n e growth d e c r e a s e d 

above and below a t e m p e r a t u r e optimum which s h i f t e d from 21/16 

t o 16/10° i n the c o u r s e o f p l a n t development. 

1• 4 S o i l Temperature and the Growth o f Some P l a n t s 

There has not been much r e s e a r c h i n the a r e a o f the 

i n t e r a c t i o n o f a i r and s o i l t e m p e r a t u r e s on the growth o f peas. 

One o f the few r e p o r t s on the e f f e c t o f s o i l t e m p e r a t u r e on pea 

growth i s t h a t o f Mack e t a l ^ . (19 64). In a greenhouse experiment 

w i t h peas, d u r i n g which a i r t e m p e r a t u r e f l u c t u a t e d between 30° 

maximum and 13° minimum, s o i l t e m p e r a t u r e s were m a i n t a i n e d a t 13, 

17, 21 and 2 5°. They found t h a t d r y w e i g h t s o f pea p l a n t s a t 

e a r l y bloom were u s u a l l y h i g h e s t a t s o i l t e m p e r a t u r e s o f 21 and 

25° . 
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The i n f l u e n c e o f s o i l t e m perature on t h e growth o f 

o t h e r p l a n t s has been w i d e l y s t u d i e d . Tomato ( L i n g l e and D a v i s , 

1959 ), snapbean (Mack e t a l . , 1964; Singh and Mack.; 1966), 

and b a r l e y (Power e t a l . , 1963) growth have been found g e n e r a l l y 

t o i n c r e a s e w i t h i n c r e a s e i n s o i l t e m p e r a t u r e from about 10 t o 

30°. Dormaar and Ketcheson (1960) and N i e l s e n e t a l . (1961) 

a l s o o b t a i n e d i n c r e a s e s i n the y i e l d o f c o r n as r o o t tempera

t u r e s were i n c r e a s e d from 5 t o 27°. 

1.5 F i e l d M a n i p u l a t i o n o f S o i l Temperature 

Most o f the work on i n f l u e n c i n g s o i l t e m p e r a t u r e i n 

the f i e l d has been w i t h mulches. U n f o r t u n a t e l y t h e n a t u r a l 

mulches o f p l a n t r e s i d u e s l o w e r the s o i l t e m perature and d e l a y 

g e r m i n a t i o n and e a r l y growth o f c r o p s p l a n t e d i n them ( N i e l s e n 

and Humphries, 1965). Anderson and R u s s e l l (1964) o b t a i n e d a 

dec r e a s e o f 0-3° f o r each 1000 l b . / A o f b r i g h t wheat s t r a w . 

The e f f e c t o f such mulches i s t o d e l a y m a t u r i t y and t o reduce 

y i e l d s where a p p r e c i a b l e q u a n t i t i e s o f crop r e s i d u e s a re l e f t 

on the s u r f a c e . 

T r a n s l u c e n t p l a s t i c f i l m s warm the s o i l by t r a n s 

m i t t i n g much i n s o l a t i o n t o the s o i l beneath. B l a c k f i l m s 

absorb the i n s o l a t i o n , heat up and conduct much o f the heat i n t o 

the atmosphere l e a v i n g the s o i l beneath a t n e a r l y t h e same 

tempe r a t u r e ( C l a r k s o n , 1960). * 
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L a r s o n and W i l l i s (195 7) showed t h a t the d i r e c t i o n o f 

rows can a f f e c t s o i l t e m p e r a t u r e s , n o r t h - s o u t h ones p e r m i t t i n g 

more r a d i a t i o n t o r e a c h t h e s o i l w i t h r e s u l t a n t h e a t i n g than 

e a s t - w e s t ones. 

1.6 App a r a t u s f o r C o n t r o l l i n g S o i l Temperature 

While t h e r e have been many d i f f e r e n t p h y s i c a l a r r a n g e 

ments o f a p p a r a t u s f o r c o n t r o l l i n g r o o t t e m p e r a t u r e s , t h e use o f 

water as a c o o l i n g o r h e a t i n g medium has been a common f e a t u r e . 

Thus Campbell and P r e s l e y ( 1 9 4 5 ) , Cooper e t a l . (1960) and 

W i l l i s e t a l . (1963) have d e s c r i b e d o p e r a t i o n s u s i n g water t o 

' c o n t r o l s o i l t e m p e r a t u r e . 

M e d e r s k i and Jones (196 3) c o n t r o l l e d s o i l tempera

t u r e i n the f i e l d , u s i n g h e a t i n g c a b l e s imbedded under rows o f 

p l a n t s . They were thus o n l y a b l e t o work w i t h t e m p e r a t u r e s 

above the normal s o i l t e m p e r a t u r e . Mack and Evans (1965) 

however e x c a v a t e d t h e i r p l o t a r e a and l a i d i n p i p e s t o c a r r y 

b o t h h e a t e d and c o o l e d water t o c o n d i t i o n the s o i l p l a c e d o v e r 

the p i p e s . T h i s type o f work g i v e s a b e t t e r u n d e r s t a n d i n g o f 

the p r a c t i c a l i m p l i c a t i o n s o f s o i l t e m perature e f f e c t s , but 

more c o n t r o l l e d environment work i s r e q u i r e d t o reduce t h e number 

of t r e a t m e n t s needed f o r f i e l d t r i a l s ( N i e l s e n and Humphries, 

1965) . 
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B, MINERAL NUTRITION OF PLANTS 

1.7 S o i l - P l a n t R e l a t i o n s h i p s i n P l a n t N u t r i t i o n 

I f o t h e r f a c t o r s such as l i g h t , t e mperature and water 

a r e not l i m i t i n g growth, t h e n t h e a p p r o p r i a t e s u p p l y of 

n u t r i e n t s may be l i m i t i n g . P l a n t growth r e q u i r e s a c o n t i n u o u s 

net s h i f t o f i o n s from the s o i l system i n t o the p l a n t ; t h a t i s , 

t h e r e i s a stea d y i n p u t o f i o n s from t h e s o l i d phase i n t o the 

s o i l s o l u t i o n , and a c o n t i n u o u s m e t a b o l i c removal o f i o n s from 

the s o i l s o l u t i o n by the p l a n t ( F r i e d and S h a p i r o , 1961). 

Ion uptake by p l a n t s from a s o i l system may be d i v i d e d 

i n t o 4 s t e p s : 

(a) the r e l e a s e o f the i o n from the s o l i d phase i n t o the 

s o i l s o l u t i o n 

(b) the movement o f the i o n from any p o i n t i n the s o i l s o l u t i o n 

t o t h e v i c i n i t y o f t h e r o o t 

(c) the movement o f the i o n from the v i c i n i t y o f the r o o t i n t o 

the r o o t 

(d) t h e movement o f the i o n t o the shoot o f the p l a n t 

The o v e r a l l p r o c e s s o f i o n a b s o r p t i o n and t r a n s p o r t 

i s thus c o n s i d e r e d a m u l t i - s t e p phenomenon i n which v a r i o u s s t e p s 

may be r a t e l i m i t i n g , depending on e x t e r n a l ( s o i l ) and i n t e r n a l 

( p l a n t ) c o n d i t i o n s , the l a t t e r b e i n g e s p e c i a l l y r e l a t e d t o a 

s e r i e s o f p h y s i o l o g i c a l p r o c e s s e s c o n c e r n i n g growth and energy 

s u p p l y (Brouwer, 1965). 

The t r a n s f e r o f i o n s between the s o i l phase and the 

s o l u t i o n phase i s a p p a r e n t l y not r a t e l i m i t i n g f o r e i t h e r 
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phosphorus (P) o r c a t i o n s i n the o v e r a l l i o n uptake p r o c e s s . 

Thus f o r two a c i d s o i l s and one c a l c a r e o u s s o i l , F r i e d e t a l . 

(1957) demonstrated t h a t 13 t o 15 l b . P/A can be r e l e a s e d each 

hour. The r a t e o f f o r m a t i o n o f s o i l s o l u t i o n P was found t o 

be g r e a t e r t h a n th e r a t e o f a b s o r p t i o n o f P by the p l a n t from 

the s o i l s o l u t i o n by a f a c t o r o f a t l e a s t 250. 

Ohlrogge (1962) c o n s i d e r s n u t r i e n t uptake as a r a t e 

p r o c e s s and i s t h e r e f o r e b e s t e x p r e s s e d as a r a t e , t h a t i s 

g r a m s /plant/day o r hour. T h i s e s t a b l i s h e s the d e l i v e r y c a p a c i t y 

o f a s o i l p e r u n i t o f t ime t o m a i n t a i n an a d e q u a t e l y n o u r i s h e d 

c r o p . He a l s o remarked t h a t each phase o f p l a n t development 

d e s e r v e s g r e a t e r a t t e n t i o n . Only a f t e r the phases o f p l a n t 

development have been c o m p l e t e l y d e s c r i b e d and u n d e r s t o o d can 

t h e y be assembled i n t o an u n d e r s t a n d a b l e c y c l e . 

1.8 Mechanism(s) o f Ion Uptake 

" P a s s i v e " and " a c t i v e " mechanisms o f the e n t r y o f i o n s 

i n t o the r o o t have been proposed. P a s s i v e e n t r y i s s u p p o r t e d 

by the work o f Hylmo (1958), and E p s t e i n (1960). T h i s e n v i s i o n s 

a c o n t i n u a t i o n o f the s o i l s o l u t i o n i n t o the r o o t i n t o the 

s o - c a l l e d " o u t e r " o r " f r e e " space. But i f d i f f u s i o n were r a t e -

l i m i t i n g , i o n uptake s h o u l d be d i r e c t l y p r o p o r t i o n a l t o c o n c e n t r a 

t i o n . G e n e r a l l y , i t i s n o t . The h i g h t emperature c o e f f i c i e n t s 

o f i o n a c c u m u l a t i o n f o r monovalent a n i o n s i n c l u d i n g phosphate, 

and c a t i o n s a l s o i n d i c a t e t h a t d i f f u s i o n i s not r a t e - l i m i t i n g 

( F r i e d and S h a p i r o , 1961). 
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A c t i v e e n t r y o f i o n s , which i m p l i e s the use o f m e t a b o l i c 

e n e rgy, i s s u p p o r t e d by the work o f Brouwer (1956), and van den 

Honert e t a l . (1955). I t i s g e n e r a l l y known t h a t the p a r t i t i o n 

o f i o n s between s o l u t i o n and p l a n t t i s s u e d e v i a t e s c o n s i d e r a b l y 

from the p a r t i t i o n which i s t o be e x p e c t e d on t h e b a s i s o f f r e e 

d i f f u s i o n (Brouwer, 1965). A l t h o u g h much e f f o r t has been 

devoted t o the stu d y o f the mechanisms u n d e r l y i n g t r a n s p o r t o f 

i o n s , t h e r e i s s t i l l no c l e a r i n s i g h t i n t o the p r o c e s s . The 

o n l y statement t h a t may be made w i t h c e r t a i n t y i s t h a t t h i s 

t r a n s p o r t depends on m e t a b o l i c a l l y produced energy. Such a 

c o n c l u s i o n i s a r r i v e d a t from the i n f l u e n c e o f oxygen s u p p l y , 

t e m p e r a t u r e , and i n h i b i t o r s o f m e t a b o l i s m , n o t a b l y d i n i t r o p h e n o l 

( B u t l e r , 1953). The way i n which t h i s energy i s t r a n s f e r r e d t o 

the t r a n s p o r t p r o c e s s , however, remains u n c l e a r . 

A c c o r d i n g t o t h e e l e c t r o c h e m i c a l t h e o r y o f a n i o n 

r e s p i r a t i o n as de v e l o p e d by Lundegardh (1955), a d i r e c t r e l a t i o n 

s h i p e x i s t s between r e s p i r a t i o n and i o n . u p t a k e , and p a r t i c u l a r l y 

between a n i o n r e s p i r a t i o n and a n i o n t r a n s p o r t . The a n i o n s a r e 

assumed t o be t r a n s p o r t e d a l o n g a d s o r p t i o n t r a c k s , w h i l e a t t h e 

same t i m e e l e c t r o n s produced i n r e s p i r a t i o n move i n the r e v e r s e 

d i r e c t i o n . The c a t i o n s move inwards by exchange a g a i n s t the H 

i o n , a l s o a p r o d u c t o f r e s p i r a t i o n . Most o f the c r i t i c i s m s 

a g a i n s t t h e t h e o r y a re t h a t i t i s based on the assumption o f 

o n l y one t r a n s p o r t mechanism f o r a n i o n s and c a t i o n s . 



18 

A l t h o u g h the e l e c t r o c h e m i c a l t h e o r i e s o f a n i o n 

r e s p i r a t i o n (Lundegardh, 1955), and redox pump (Conway, 1953) 

have had many s u p p o r t e r s , much a t t e n t i o n i s now b e i n g p a i d t o 

the c a r r i e r t h e o r y , e s p e c i a l l y a f t e r t h e work o f E p s t e i n and 

Hagen (1952). The e s s e n t i a l f e a t u r e s i n the f u n c t i o n i n g o f 

c a r r i e r s a r e t h e c o m b i n a t i o n o f i o n and c a r r i e r m o l e c u l e s o u t s i d e 

the membrane, t h e movement o f the i o n - c a r r i e r complex a c r o s s the 

membrane, and t h e subsequent d i s c h a r g e o f t h i s complex i n s i d e 

the membrane. A f t e r the d i s s o c i a t i o n o f t h e i o n s from the 

c a r r i e r , the i o n s a r e p r e v e n t e d from back d i f f u s i o n by the 

i m p e r m e a b i l i t y o f the membrane t o f r e e i o n s ( E p s t e i n , 1960). 

T h i s t h e o r y i s b e l i e v e d t o be the most s a t i s f a c t o r y one based on 

d a t a o f k i n e t i c a n a l y s i s (Thomas, 1956). 

A number o f groups o f compounds have been suggested 

as c a r r i e r s a l t h o u g h the c h e m i c a l n a t u r e o f the c a r r i e r s i s 

s t i l l unknown. Some p o s t u l a t e d compounds i n c l u d e p h o s p h o r y l a t e d 

e n e r g y - r i c h n i t r o g e n o u s compounds (Steward and S t r e e t , 1947) 

and r i b o n u c l e o p r o t e i n s (Tanada, 1956). Tanada suggested t h a t 

the n u c l e i c a c i d p o r t i o n b i n d s the c a t i o n s w h i l e the p r o t e i n 

m o i e ty b i n d s t h e a n i o n s . There seems t o be complete a g r e e 

ment t h a t i o n - b i n d i n g compounds might be c a p a b l e o f r e a d i l y 

u n d e r g o i n g o x i d a t i o n and r e d u c t i o n , o r o f u n d e r g o i n g some o t h e r 

change i n energy l e v e l such as would be i n v o l v e d w i t h p h o s p h o r y l a t e d 

compounds (Gauch, 1956). I n view o f the i n c r e a s i n g amount o f 

e v i d e n c e t h a t " e n e r g y - r i c h " o r g a n i c phosphates such as adenosine 

t r i p h o s p h a t e (ATP) a c t as i n t e r m e d i a t e s i n energy t r a n s f e r , i t 

seems not u n r e a s o n a b l e t o c o n c l u d e t h a t a c t i v e t r a n s p o r t , l i k e 

o t h e r e n d e r g o n i c p r o c e s s e s , depends on energy d e r i v e d more o r l e s s 
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d i r e c t l y from such s u b s t a n c e s . The e f f e c t s o f p h o s p h o r y l a t i o n 

i n h i b i t o r s such as DNP, on s a l t a b s o r p t i o n s u p p o r t s t h i s c o n c l u s i o n , 

but so f a r t h e r e i s no d i r e c t e x p e r i m e n t a l e v i d e n c e ( S u t c l i f f e , 

1962 ) . 

The p o s i t i o n o f the r a t e - l i m i t i n g s t e p o r s t e p s i n the 

o v e r a l l p r o c e s s o f n u t r i e n t a b s o r p t i o n and t r a n s p o r t i s not 

known f o r a l l e n v i r o n m e n t a l c o n d i t i o n s and p l a n t s p e c i e s . I t . 

can c o n c e i v a b l y be d u r i n g movement o f t h e i o n t o the v i c i n i t y o f 

the p l a n t r o o t , a t the t u r n - o v e r o f the i o n - c a r r i e r complex, o r 

at the t r a n s p o r t s t e p t o the p l a n t t o p . ( F r i e d and S h a p i r o , 

1961). 

1.9 M i n e r a l Uptake and T r a n s p o r t i n P l a n t s 

The m i n e r a l c o m p o s i t i o n o f a t i s s u e i s dynamic 

s i n c e i t i s s u b j e c t t o t h e p h y s i c o - c h e m i c a l changes m a n i f e s t i n 

growth p r o c e s s e s . Some elements are p r e s e n t i n h i g h c o n c e n t r a 

t i o n s in.young t i s s u e and a r e d i l u t e d as the t i s s u e e n l a r g e s . 

Others a re p r e s e n t i n low c o n c e n t r a t i o n s i n young t i s s u e and 

g r a d u a l l y i n c r e a s e . The a c c u m u l a t i o n of dry weight d i l u t e s a l l 

elements u n l e s s an i n f l u x o f m i n e r a l s o f f s e t s t h i s e f f e c t . 

There a r e i n s t a n c e s i n which a d d i t i o n s o f elements lowered 

o r had no e f f e c t on element c o n c e n t r a t i o n i n the p l a n t , but when 

t o t a l element per l e a f i n s t e a d o f c o n c e n t r a t i o n was c o n s i d e r e d , 

t h e r e was a good c o r r e l a t i o n w i t h y i e l d ( S m i t h , 1962). 

Next t o t h e s u p p l y o f e l e m e n t s , the p h y s i o l o g i c a l age 

of t h e t i s s u e i s p r o b a b l y t h e most i m p o r t a n t f a c t o r a f f e c t i n g 

t h e m i n e r a l c o m p o s i t i o n of a g i v e n s p e c i e s . C o n c e n t r a t i o n s o f 
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N, P and K d e c r e a s e w i t h age i n a p p l e (Rogers e t a l . , 1953) and 

v e g e t a b l e s ( B r a d l e y and F l e m i n g , 1960). M a l s o d e c r e a s e s w i t h 

age i n Japanese mint ( S i n g h and S i n g h , 1968). Ca and Mg 

i n c r e a s e w i t h age i n v e g e t a b l e s . With r e s p e c t t o pea p l a n t s , 

MacLean and Byers (196 8) found t h a t Ca and Mg remained r e l a t i v e l y 

c o n s t a n t . They e s t a b l i s h e d t e n t a t i v e l e v e l s o f N, P and K f o r 

the stem apex a t the 5th t o 8th-node s t a g e s as 3.5, 0.20 and 

2.5-3.0% r e s p e c t i v e l y . 

R e d i s t r i b u t i o n o f elements w i t h i n t h e p l a n t i s a 

c o n t i n u o u s p r o c e s s and one t i s s u e g a i n s as a n o t h e r l o s e s 

(Rogers et_ aJL. , 1953). A l s o , d i f f e r e n t p a r t s o f a p l a n t w i l l 

r e f l e c t the P s t a t u s o f the p l a n t t o d i f f e r e n t degrees ( U l r i c h 

and B e r r y , 1961). S t u d i e s w i t h t r a c e r P showed t h a t P i s 

c o n t i n u o u s l y c i r c u l a t i n g up and down the p l a n t ( B i d d u l p h e t a l _ . , 

1958), but not l a t e r a l l y (Rinne and L a n g s t o n , 1960). Many 

p l a n t s show a 'loss o f l e a f K c o n c o m i t a n t w i t h f r u i t development. 

N and K a r e r e g a r d e d as m o b i l e (Lundegardh, 1947), but B o w l i n g 

and Weatherley (19 6 4) r e p o r t e d t h a t 99% o f K absorbed by R i c i n u s  

communis r o o t s was accumulated i n the r o o t t i s s u e s . Ca and Mg 

are u s u a l l y r e l a t i v e l y i m m o b i l e , but Mg can move under s t r e s s 

o f d e f i c i e n c y . 

The s u p p l y o f one element may r e s u l t i n a s i m u l t a n e o u s 

i n c r e a s e i n the t i s s u e l e v e l o f t h a t element as w e l l as i n a n o t h e r . 

T h i s i s r e f e r r e d t o as a s y n e r g i s t i c e f f e c t , some examples o f 
i 

which a r e : the i n c r e a s e i n l e a f Ca o f avocado from a p p l i e d N 

(Embleton et_ aJL. , 1958 ), the i n c r e a s e i n l e a f Mg o f tung a l s o 

r e s u l t i n g from a p p l i e d N ( N e f f e t a l _ . , 1958), and t h e decrease 

i n t o t a l N c o n t e n t o f Japanese mint due t o P d e f i c i e n c y ( S i n g h 
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and S i n g h , 1968). E f f e c t s o f such i o n s as n i t r a t e , s u l p h a t e 

and phosphate i n s t i m u l a t i n g t h e a b s o r p t i o n o f o t h e r i o n s i s 

p r o b a b l y due t o enhancement o f m e t a b o l i s m ( S u t c l i f f e , 1962). 

A n t a g o n i s t i c e f f e c t s , t h a t i s where an i n c r e a s e i n 

one element l e a d s t o a decrease i n a n o t h e r , have a l s o been 

r e p o r t e d , n o t a b l y the decrease i n l e a f P r e s u l t i n g from an 

i n c r e a s e i n N s u p p l y t o V a l e n c i a orange ( R e i t z and Koo, 1960). 

M u l t i - e l e m e n t e f f e c t s , t h a t i s where the s u p p l y o f 

one element may a f f e c t the t i s s u e c o n t e n t s o f o t h e r elements 

are a l s o common. For example, i n c i t r u s , an i n c r e a s e i n B has 

no e f f e c t on N, but i n c r e a s e s P and Ca w h i l e i t d e c r e a s e s K and 

Mg (Smith and R e u t h e r , 1951). 

1.10 M i n e r a l Uptake as I n f l u e n c e d by Temperature 

M i n e r a l uptake by p l a n t s may be i n f l u e n c e d by e n v i r o n 

m e n t a l f a c t o r s , prominent among which a re n u t r i e n t a v a i l a b i l i t y 

as w e l l as shoot and r o o t t e m p e r a t u r e s . 

I n c r e a s e d s o i l t e m p e r a t u r e may r a i s e the c o n c e n t r a t i o n 

of s o l u b l e s o i l and f e r t i l i z e r P by i n c r e a s i n g the r a t e o f 

m i n e r a l i z a t i o n o f o r g a n i c P o r the c h e m i c a l d e c o m p o s i t i o n o f 

i n s o l u b l e i n o r g a n i c forms o f P. The e q u i l i b r i u m c o n c e n t r a t i o n 

o f P i n s o l u t i o n i s a l s o r a i s e d by h i g h e r s o i l t e m p e r a t u r e s 

( A r a m b a r r i and T a l i b u d e e n , 1959). However, h i g h e r s o i l t e m p e r a t u r e s 

may reduce P s o l u b i l i t y by i n c r e a s i n g the r a t e o f i m m o b i l i z a t i o n 

and c h e m i c a l f i x a t i o n o f P i n the s o i l . Thus, t h e net r e s u l t 

o f i n c r e a s e d s o i l t e m perature on P s o l u b i l i t y w i l l depend on 
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the r e l a t i v e r a t e s a t which t h e s e p r o c e s s e s change w i t h tempera

t u r e . These r a t e s may v a r y c o n s i d e r a b l y from one s o i l t o a n o t h e r 

(Hinman e t a l . , 1962). 

In a d d i t i o n , v a r i a t i o n s i n s o i l t e m perature may a l s o 

a f f e c t n u t r i e n t uptake t h r o u g h changes i n the amount o f , 

r o o t e x t e n s i o n . When temperature i s reduced below optimum, r o o t 

growth and e x t e n s i o n are a l s o r e d u c e d . T h i s may be due t o 

reduced t r a n s l o c a t i o n o f c a r b o h y d r a t e s from the t o p s , o r t o 

re d u c e d n u t r i e n t uptake from the s o i l , o r both ( R i c h a r d s e t a l . , 

1952). 

A number o f s t u d i e s have been c a r r i e d out t o determine 

th e i n t e r a c t i v e i n f l u e n c e s o f s o i l t e m perature and P f e r t i l i z a 

t i o n on P upta k e . I n a greenhouse experiment w i t h peas and beans, 

Mack e t a l _ . (1964) m a i n t a i n e d s o i l t e m p e r a t u r e s o f about 13, 17, 

21 and 25° w i t h r a t e s o f P a p p l i c a t i o n r a n g i n g from 0 t o 280 l b . 

per a c r e . P i n c r e a s e d i n the bean and pea p l a n t s w i t h t emperature 

and a p p l i e d P. D u r i n g the e a r l y s t a g e s o f the growth o f c o r n , 

an i n c r e a s e i n s o i l t e m p e r a t u r e i n c r e a s e d the uptake o f N, P and 

K, but d i d not s i g n i f i c a n t l y i n f l u e n c e the c o m p o s i t i o n o f c o r n 

p l a n t s sampled a t 60 days o r a t m a t u r i t y ( M e d e r s k i and J o n e s , 

1963). The P c o n t e n t o f a n n u a l range f o r a g e legumes a l s o 

i n c r e a s e d w i t h t e m p e r a t u r e and P f e r t i l i t y ( M c K e l l e t al_. , 1962 ). 

Singh and Mack (1966) found t h a t w h i l e P and K c o n t e n t s o f 

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

up t o 24°, t h e r e was no c o n s i s t e n t e f f e c t o f s o i l t e m perature on 

N, Ca and Mg c o n t e n t s . G e n e r a l l y , P was h i g h e s t i n shoot and pod, 

K i n pod, Ca i n s h o o t , and Mg i n r o o t and shoot . In the tomato 
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p l a n t , L o c a s c i o and Warren (1960) r e p o r t e d i n c r e a s e i n P c o n t e n t 

w i t h i n c r e a s e i n s o i l t e m p e r a t u r e up t o between 21 and 30°. 

L i n g l e and D a v i s (1959) a l s o found i n c r e a s e i n P, but Ca and 

Mg c o n c e n t r a t i o n s o f the tomato p l a n t tended t o d e c r e a s e a t 

h i g h s o i l t e m p e r a t u r e s . N i e l s e n and Cunningham (1 9 6 4 ) , however, 

found t h a t w i t h i n t h e range o f 11 t o 2 8° i n c r e a s e d s o i l t e m p e r a t u r e 

g r e a t l y i n c r e a s e d p e r c e n t Ca and Mg but had l i t t l e i n f l u e n c e on 

the c o n c e n t r a t i o n s o f N, P and K i n I t a l i a n r y e g r a s s . 

The e f f e c t o f s o i l - a p p l i e d P i n i n c r e a s i n g the p e r 

centage P i n the p l a n t s was s i g n i f i c a n t l y g r e a t e r a t a lower 

s o i l t e m p e r a t u r e t h a n a t a h i g h e r s o i l t e m p e r a t u r e , f o r p o l e 

beans (Apple and B u t t s , 1953), c o r n ( K e t c h e s o n , 1957), and 

r e d c l o v e r (Robinson e t aJL. , 1959 ). 

1.11 E f f i c i e n c y o f Phosphorus F e r t i l i z e r Placement 

Some o f the methods o f a p p l i c a t i o n o f f e r t i l i z e r s a r e 

b a n d i n g , s u r f a c e b r o a d c a s t i n g and l e a v i n g on s o i l s u r f a c e o r 

d i s c i n g i n t o t he s o i l , f o l i a r a p p l i c a t i o n , and a d d i n g t o i r 

r i g a t i o n w a t e r . Some f e r t i l i z e r m a t e r i a l s may be s a t i s f a c t o r i l y 

added by s e v e r a l o f the above a p p l i c a t i o n methods. Other 

f e r t i l i z e r m a t e r i a l s a re r a t h e r s p e c i f i c i n t h a t t h e y must be 

a p p l i e d by a c e r t a i n method i f good r e s u l t s a r e t o be o b t a i n e d . 

Phosphorus i s c l a s s i f i e d as an "immobile" n u t r i e n t 

because i t does not r e a d i l y move i n the s o i l . W h i l e " m o b i l e " 

n u t r i e n t s , f o r example n i t r o g e n , may become p o s i t i o n a l l y 

a v a i l a b l e f o r p l a n t a b s o r p t i o n by two f o r c e s : by v i r t u e o f i t s 

moving i n t o t h e r o o t zone, o r by v i r t u e o f r o o t growth t o t h e 
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n i t r o g e n , P i s p o s i t i o n a l l y a v a i l a b l e t o the p l a n t p r i m a r i l y 

because o f r o o t e x t e n s i o n i n t o the zone o f f e r t i l i z e r P. Only 

one a c t i o n f o r c e t h e r e f o r e makes P p o s i t i o n a l l y a v a i l a b l e t o 

p l a n t s (Welch e t a l , 1966). 

R a d i o a c t i v e P has p e r m i t t e d t h e d e t e r m i n a t i o n o f t h e 

q u a n t i t y of f e r t i l i z e r P absorbed by p l a n t s w i t h d i f f e r e n t 

placement methods. N e l s o n e t a l . (1949) r e p o r t e d t h a t 

f e r t i l i z e r P absorbed by p l a n t s was l e s s f o r b r o a d c a s t t h a n 

f o r placement w i t h the seed o r f o r m i x i n g i n t h e row. The 

e f f e c t s on p l a n t uptake of banded compared w i t h b r o a d c a s t P are 

dependent on such f a c t o r s as s o i l m o i s t u r e , t e m p e r a t u r e , and 

t h e c h e m i c a l form of P. 

O l s e n e_t a l . (1961) found t h a t P uptake by c o r n 

s e e d l i n g s was i n v e r s e l y r e l a t e d t o s o i l m o i s t u r e t e n s i o n . 

Simpson (1960) a l s o o b s e r v e d t h a t the l o w e r i n g o f s o i l m o i s t u r e 

t e n s i o n t o f i e l d c a p a c i t y ( a c h i e v e d by the d a i l y w a t e r i n g o f 

p l a n t s ) g r e a t l y i n c r e a s e d the uptake of f e r t i l i z e r P from s u p e r 

phosphate by o a t s . T h i s means t h a t d u r i n g d r y p e r i o d s b r o a d

c a s t and ploughed-under P might be more r e a d i l y absorbed 

t h a n banded P. Robinson e t a l . (1959) e s t a b l i s h e d the 

s u p e r i o r i t y o f band placement over P mixed w i t h the s o i l f o r 

r e d c l o v e r , e s p e c i a l l y a t low t e m p e r a t u r e s . They c o n c l u d e d t h a t 

the band placement was the more e f f e c t i v e because of an i n c r e a s e d 

c o n c e n t r a t i o n o f P i n a p o r t i o n o f the r o o t zone. They emphasized 

t h a t band a p p l i c a t i o n would be p a r t i c u l a r l y i m p o r t a n t : (1) f o r 

s e e d i n g s made d u r i n g p e r i o d s o f low t e m p e r a t u r e , (2) f o r c r o p s 

t h a t make most o f t h e i r growth d u r i n g c o l d weather, and (3) f o r 



25 

s o i l s low i n a v a i l a b l e phosphate, p a r t i c u l a r l y i f t hey a r e h i g h 

i n f i x i n g c a p a c i t y . 

N e l s o n e t a l . (1949) s t a t e d t h a t 200 l b s . o f f e r t i l i z e r 

P i n the row was f r e q u e n t l y as e f f e c t i v e as 400 l b s . b r o a d c a s t 

P p e r a c r e , i n i n c r e a s i n g c o r n y i e l d s . Welch et_ a l . (1966) 

w o r k i n g w i t h t h r e e d i f f e r e n t s o i l s a t t h r e e l o c a t i o n s c o n c l u d e d 

t h a t the r e l a t i v e e f f i c i e n c y o f b r o a d c a s t as compared w i t h 

banded P appears t o be r e l a t e d t o the i n i t i a l P s t a t u s o f the 

s o i l t o w hich P i s a p p l i e d . As the f e r t i l i t y s t a t u s o f a s o i l 

i s r a i s e d t o a h i g h e r l e v e l by f e r t i l i z a t i o n , t h e advantage 

o f band a p p l i c a t i o n as compared w i t h b r o a d c a s t a p p l i c a t i o n 

would be e x p e c t e d t o d e c r e a s e . 

1.12 Case f o r P l a n t A n a l y s i s and I n t a c t - P l a n t N u t r i t i o n 

The f a c t t h a t the uptake o f s a l t s from th e s o i l i s 

i n f l u e n c e d by many f a c t o r s makes s o i l c h e m i c a l a n a l y s i s 

q u e s t i o n a b l e as a u n i v e r s a l method o f d e t e r m i n i n g s o i l f e r t i l i t y 

(Lundegardh, 1947). S o i l a n a l y s i s i n c l u d e s the use o f a c i d s , 

b a s e s , and n e u t r a l s a l t s f o r e x t r a c t i n g p a r t i c u l a r n u t r i e n t s 

and p r e d i c t i n g n u t r i e n t needs. T h i s method may be m i s l e a d i n g 

because many cases have been c i t e d p o i n t i n g t o p r e d i c t i o n 

e r r o r s made, i n c l u d i n g cases where s o i l a n a l y s i s f o r P'have 

shown a complete range o f e r r o r and u n r e l i a b i l i t y . There are 

cases where h i g h a v a i l a b l e P (60-145 l b s . per a c r e f o o t a t 

s o i l pH 4.6) a r e known t o g i v e a s t r o n g r e s ponse t o phosphate 

f e r t i l i z e r , and low P (28-30 l b s . p e r a c r e f o o t ) where r e s p o n s e 

was not o b t a i n e d ( Clements, 1964). 
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Thus s o i l a n a l y s i s may g i v e r e a d i n g s which show no 

r e l a t i o n s h i p e i t h e r t o p l a n t a b s o r p t i o n o r r e s p o n s e , and Clements 

c o n c l u d e d t h a t the o c c a s i o n a l c o r r e l a t i o n o f s o i l a n a l y s i s w i t h 

c r o p y i e l d can o n l y be r e g a r d e d as f o r t u i t o u s . A comparison 

between s o i l a n a l y s i s and l e a f a n a l y s i s has r e s u l t e d i n a h i g h e r 

degree o f r e l i a b i l i t y f o r t h e l a t t e r (Lundegardh, 1947). T i s s u e 

a n a l y s i s i s t h u s v e r y w i d e l y used as a g u i d e t o n u t r i e n t 

adequacy, s i n c e o n l y t h o s e n u t r i e n t s a l t s w hich have e n t e r e d t h e 

p l a n t d e t e r m i n e growth and f r u i t i n g . However a c o m b i n a t i o n o f 

p l a n t and s o i l a n a l y s e s may be the i d e a l approach. 

Even where t i s s u e a n a l y s i s i s used as a guide t o 

n u t r i e n t r e q u i r e m e n t , r e l i a b i l i t y i s s t r e n g t h e n e d by the use o f 

i n t a c t p l a n t s f o r n u t r i e n t s t u d i e s . Thus i t has been suggested 

by W i l l i a m s (1955) t h a t much c a u t i o n i s n e c e s s a r y when u s i n g 

r e s u l t s from a b s t r a c t p r o c e d u r e s such as t i s s u e c u l t u r e f o r 

t h e i n t e r p r e t a t i o n o f growth p r o c e s s e s w i t h i n the i n t a c t p l a n t . 

S u t c l i f f e (1962) i s a l s o o f the o p i n i o n t h a t w h i l e much can be 

l e a r n e d about t h e mechanism o f i o n movements a t the c e l l u l a r 

l e v e l by the s t u d y o f homogenous t i s s u e s , the r e l e v a n c e o f such 

knowledge t o t h e p r o c e s s e s g o i n g on i n t h e i n t a c t p l a n t must 

u l t i m a t e l y be demonstrated r a t h e r t h a n assumed. 
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C. THE PHYSIOLOGY OF GROWTH RETARDING CHEMICALS 

1.13 G e n e r a l A s p e c t s o f Growth R e t a r d i n g C h e micals 

The term '.'growth r e t a r d a n t " i s used f o r a l l c h e m i c a l s 

t h a t slow c e l l d i v i s i o n and c e l l e l o n g a t i o n i n shoot t i s s u e s 

and r e g u l a t e p l a n t h e i g h t p h y s i o l o g i c a l l y w i t h o u t f o r m a t i v e 

e f f e c t s . The p h y s i o l o g i c a l a c t i o n r e q u i r e d f o r a c h e m i c a l t o 

be a growth r e t a r d a n t e x c l u d e d many k i n d s o f growth r e g u l a t o r s 

such as auxins., h e r b i c i d e s o f growth r e g u l a t o r t y p e , growth 

i n h i b i t o r s l i k e m a l e i c h y d r a z i d e , and g e r m i n a t i o n i n h i b i t o r s 

(Cathey. 1964). 

been r e p o r t e d . They b e l o n g t o q u i t e d i s t i n c t c h e m i c a l c l a s s e s 

but have s i m i l a r e f f e c t s on p l a n t growth. They i n c l u d e q u a t e r n a r y 

ammonium carbamates (Halevy and Cathey, 1960), phosphonium 

compounds ( P r e s t o n and L i n k , 1958), and s u c c i n a m i c a c i d d e r i v a 

t i v e s . ( R i d d e l l e t a l . , 1962). 

S e v e r a l groups o f growth r e t a r d i n g c h e m i c a l s have 

( 2 - c h l o r o e t h y 1 ) t r i m e t h y 1 -

ammonium c h l o r i d e ( C y c o c e l ) 

2 , 4 - d i c h l o r o b e n z y l -

t r i b u t y I p h o s p h o n i u m 
CI 

c h l o r i d e (Phosfon) 
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N-dimethylamino s u c c i n a m i c 

a c i d (B-Nine) 

While some o f the compounds are p a r t i c u l a r l y a c t i v e 

on some groups o f p l a n t s p e c i e s , t h e r e i s no o b v i o u s c o r r e l a t i o n 

between taxonomic c l a s s i f i c a t i o n and p l a n t response t o a p a r t i c u 

l a r compound. Cathey and S t u a r t (1961) found t h a t 19 out o f 

55 s p e c i e s t e s t e d were r e s p o n s i v e t o s o i l a p p l i c a t i o n s o f C y c o c e l . 

1.14. S t r u c t u r a l Requirements f o r A c t i v i t y 

S u b s t i t u t e d C h o l i n e s . ( 2 - c h l o r o e t h y l ) t r i m e t h y l -

ammonium c h l o r i d e ( C y c o c e l , CCC) i s the most a c t i v e . I t was 

c o n s i d e r e d an a n a l o g of c h o l i n e . The bromide and c h l o r i d e 

s a l t s a r e a c t i v e compounds. The t r i m e t h y l q u a t e r n a r y ammonium 

c a t i o n i s n e c e s s a r y f o r a c t i v i t y , any s u b s t i t u t i o n f o r even 

one m e t h y l group has been found t o produce n e a r l y i n a c t i v e " 

compounds. For o p t i m a l a c t i v i t y , t he carbon c h a i n which c o n t a i n s 

t h e s u b s t i t u e n t a t the end s h o u l d be 2 carbons i n l e n g t h . 

Phosphoniums. The most a c t i v e s t r u c t u r e i s t h a t o f 

2 , 4 - d i c h l o r o b e n z y l t r i b u t y l p h o s p h o n i u m c h l o r i d e ( P h o s f o n ) . 

The t r i b u t y l q u a t e r n a r y phosphonium c a t i o n i s n e c e s s a r y f o r 

a c t i v i t y , any s u b s t i t u t i o n o f s h o r t e r a l k y l groups o r p h e n y l 

groups f o r even one b u t y l group l e a d s t o l o s s o f a c t i v i t y . F o r 

o p t i m a l a c t i v i t y the benzene r i n g s h o u l d have a s u b s t i t u e n t i n 

the 4 - p o s i t i o n and be s m a l l i n s i z e , n u c l e o p h i l i c and non-

i o n i z a b l e . 
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S u c c i n a m i c a c i d s . N-dimethylamino s u c c i n a m i c a c i d 

( B - Nine, A l a r ) i s unique i n i t s c h e m i c a l s t r u c t u r e as a growth 

r e t a r d a n t . I t does not c o n t a i n a benzene r i n g , q u a t e r n a r y 

ammonium o r phosphonium c a t i o n , o r s u b s t i t u e n t s t h a t are o f s m a l l 

s i z e , n u c l e o p h i l i c and non i o n i z a b l e l i k e the s u b s t i t u t e d c h o l i n e s 

and phosphoniums. B-Nine i s a f r e e , i o n i z a b l e a c i d w i t h the 

C-C-N-N system found i n B - h y d r o x y e t h y l h y d r a z i n e and m a l e i c 

h y d r a z i n e . The u n s a t u r a t e d f o r m , N-dimethylamino maleamic 

a c i d ( C O ^ ) was u n s t a b l e i n aqueous s o l u t i o n s . The analogous 

compounds d e r i v e d from p h t h a l i c a c i d were i n a c t i v e . The amides 

o f B-Nine were a c t i v e compounds but l e s s so t h a n the a c i d s . 

The m e t a l and a l k a n o l a m i n e s a l t s o f B-Nine were r e a d i l y formed 

and f u n c t i o n e d as growth r e t a r d a n t s (Cathey, 1964). 

1.15 P o s s i b l e Mode(s) o f A c t i o n 

C e r t a i n growth r e t a r d a n t s have been shown t o reduce 

g i b b e r e l l i c a c i d (GA) p r o d u c t i o n i n F u s a r i u m m o n i l i f o r m e 

(Hinneman e t a l . , 1965) and pea seeds ( B a d l e v e_t a l _ . , 1965 ). 

Other r e p o r t s show an i n t e r a c t i o n w i t h a u x i n r a t h e r t h a n GA. 

C l e l a n d (1965) and K u r a i s h i and M u i r (1963) showed an i n t e r 

a c t i o n w i t h a u x i n . K u r a i s h i and M u i r o b s e r v e d a d e c r e a s e i n 

d i f f u s i b l e endogenous a u x i n c o n t e n t i n p l a n t s t r e a t e d w i t h 

growth r e t a r d a n t s . The e f f e c t on a u x i n has been suggested t o 

o p e r a t e t h r o u g h a d e c r e a s e i n b i o s y n t h e s i s as shown f o r t a l l 

and dwarf peas by Reed e t a l . (1965) o r by an i n c r e a s e i n a u x i n 

d e g r a d a t i o n as shown f o r cucumber by Halevy ( 1 9 6 3 ) , o r by b o t h . 
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Because the e f f e c t s of growth r e t a r d a n t s are i n many 

a s p e c t s o p p o s i t e t o t h o s e o f g i b b e r e l l i n s , t h e y were g e n e r a l l y 

d e s i g n a t e d a n t i g i b b e r e l l i n s . L o c k h a r t (1962), however, suggested 

t h a t they be c o n s i d e r e d a n t i m e t a b o l i t e s , s i n c e the r o u t e t o 

u l t i m a t e e x p r e s s i o n by the p l a n t s may v a r y w i t h s p e c i e s i n 

r e g a r d t o the sequence of m e t a b o l i c s t e p s l e a d i n g t o such 

e x p r e s s i o n s . I t thus seems t h a t the p r i m a r y e f f e c t s o f the 

growth r e t a r d a n t s are not n e c e s s a r i l y r e s t r i c t e d t o the hormonal 

l e v e l . More b a s i c a s p e c t s o f m e t a b o l i s m may be i n v o l v e d . 

F u r t h e r work on the p o s s i b l e mechanism o f a c t i o n w i l l be r e v i e w e d 

under " B i o c h e m i c a l Aspects'' ( 1 . 2 0 ) . 

1.16 E f f e c t s o f Growth R e t a r d i n g Chemicals on P l a n t s 

The p l a n t g r o w t h - r e g u l a t i n g p r o p e r t i e s o f ( 2 - c h l o r o -

e t h y l ) trimethylammonium c h l o r i d e ( C y c o c e l ) were r e p o r t e d f o r 

wheat by T o l b e r t (1960) who found t h a t c o n c e n t r a t i o n s r a n g i n g 

from 0.13 t o 1300 ppm l e d t o a r e d u c t i o n i n s i z e , which was 

accompanied by a d a r k e r green c o l o u r t h a n i n u n t r e a t e d p l a n t s . 

Adedipe e t a l . (1968) found 1.3 ppm t o s t i m u l a t e t h e growth of 

pea p l a n t s , t o reduce the c h l o r o p h y l l c o n c e n t r a t i o n o f pea 

l e a v e s , and t o i n c r e a s e pea y i e l d . K n a v e l (196 8) r e p o r t e d t h a t 

C y c o c e l - t r e a t e d tomato p l a n t s c o n t a i n e d more N, P, Ca and Mg 

t h a n o t h e r p l a n t s . U n t r e a t e d p l a n t s c o n t a i n e d more K t h a n the 

t r e a t e d p l a n t s . 

2 , 4 - d i c h l o r o b e n z y l t r i b u t y l p h o s p h o n i u m c h l o r i d e 

(Phosfon) was r e p o r t e d by P r e s t o n and L i n k (1958) t o r e t a r d t h e 



growth o f a l a r g e number o f s p e c i e s i n c l u d i n g soybean, snapbean, 

mungbean and sweet pea. 

The g r o w t h - r e t a r d i n g c a p a b i l i t i e s o f N-dimethylamino 

s u c c i n a m i c a c i d (B-Nine) have been r e p o r t e d by J a f f e and I s e n b e r g 

(1965) f o r p e t u n i a s and cucumbers, and by B a t j e r e_t a l _ . (1964) 

f o r a p p l e s , p e a r s and sweet c h e r r i e s . G e n e r a l l y , c o n c e n t r a t i o n s 

between 500 and 2000 ppm r e t a r d e d the growth and caused a 

marked i n c r e a s e i n the amount o f bloom on t h e f r u i t t r e e s the 

f o l l o w i n g s p r i n g . A p p l i c a t i o n s o v e r two c o n s e c u t i v e y e a r s 

were found t o have no a p p r e c i a b l e i n f l u e n c e on t h e f o l i a r l e v e l s 

o f N, P, K, Ca, Mg, Mn, Zn, B; f r u i t s e t and t o t a l y i e l d o f 

a p p l e s (Southwick e t a l . , 1968), but K n a v e l (196 8) r e p o r t e d 

i n c r e a s e s i n N, P and Ca i n tomato p l a n t s . When a p p l i e d t o peas, 

B-Nine a t a c o n c e n t r a t i o n o f 2000 ppm reduced shoot l e n g t h 

about 4 0% and a c t e d as a g e n e r a l i n h i b i t o r o f growth r a t h e r 

t h a n by s u p p r e s s i n g growth o f p a r t i c u l a r organs ( S p r e n t , 

1967) . 

I n c o m p a r a t i v e s t u d i e s by Cathey and S t u a r t (1961) 

w i t h buckwheat and sweet pea, and by Moore (196 7) w i t h cucumber 

h y p o c o t y l s , Phosfon was found t o be more e f f e c t i v e i n growth 

r e t a r d a t i o n t h a n q u a t e r n a r y ammonium compounds ( i n c l u d i n g 

C y c o c e l ) . Growth r e t a r d a t i o n due t o B-Nine d i d not p e r s i s t as 

l o n g as t h a t due t o Phosfon (Majumder, 1968); and C y c o c e l was 

more e f f e c t i v e t h a n B-Nine f o r r e d u c i n g tomato p l a n t growth.. 

Both C y c o c e l and B-Nine i n c r e a s e d N, P and Ca and d e c r e a s e d K 

( K n a v e l , 1968). These growth r e t a r d a n t s have h i t h e r t o most 

f r e q u e n t l y been used a t h i g h c o n c e n t r a t i o n . 



D. BIOCHEMICAL ASPECTS OF TEMPERATURE, PHOSPHORUS AND GROWTH 

RETARDING CHEMICAL RESPONSES 

1.17 B i o c h e m i s t r y o f Temperature Response 

Went (1944) gave one o f the e a r l y r e p o r t s c o n c e r n i n g 

the e f f e c t s o f tem p e r a t u r e on p h y s i o l o g i c a l p r o c e s s e s . I n the 

tomato p l a n t , t r a n s l o c a t i o n o f sugars was found t o be g r e a t e r 

a t 18° t h a n a t 26.5°C, w h i l e t h e uptake o f r a d i o p h o s p h o r u s 

from the s o i l was g r e a t e r a t 2 6.5 th a n a t 18°. Bonner (194 3) 

r e p o r t e d a s e t o f exp e r i m e n t s i n which t h i a m i n e was a p p l i e d t o 

Cosmos p l a n t s grown a t d i f f e r e n t t e m p e r a t u r e r e g i m e s . The 

re s p o n s e s o b t a i n e d were t a k e n t o i n d i c a t e a case o f a c h e m i c a l l y 

r e p a r a b l e low tem p e r a t u r e l e s i o n (Bonner, 1957). 

G a l s t o n and Hand (1949) p r e s e n t e d d a t a t o p r o v i d e 

e v i d e n c e f o r a h i g h - t e m p e r a t u r e i n d u c e d r e d u c t i o n o f the a b i l i t y 

o f t he pea p l a n t t o s y n t h e s i z e a d e n i n e . These r e s u l t s were 

o b t a i n e d from e x p e r i m e n t s on the a d d i t i o n o f adenine a l o n e , 

and i n the presence o f IAA t o s u b - a p i c a l s e c t i o n s o f e t i o l a t e d 

pea e p i c o t y l s a t 25 and 35°. G a l s t o n (1957) l a t e r r e p o r t e d 

the r e s p onse t o adenine o f i n t a c t green p l a n t s o f pea. A l l 

p l a n t s were k e p t a t 2 3° d u r i n g the day but d i f f e r e n t groups were 

s u b j e c t e d t o d i f f e r e n t n i g h t t e m p e r a t u r e s r a n g i n g from 2 t o 30°. 

The r e s p o n s e s l i s t e d f o r stem h e i g h t and stem f r e s h w e i g ht a r e 

l e s s pronounced t h a n f o r l e a f f r e s h w e i g h t , where adenine 

appears t o e x e r t i t s g r e a t e s t e f f e c t . However, even i n t h i s 

c a s e , the s t i m u a l t i o n by adenine i s much the same o v e r t h e 

e n t i r e t e m p e r a t u r e r a n g e , i n d i c a t i n g t h a t t e m p e r a t u r e i s not 

i n d u c i n g an adenine d e f i c i e n c y . L a n g r i d g e and G r i f f i n g ( 1 9 5 9 ) , 
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i n a s t a t i s t i c a l a n a l y s i s o f the pea d a t a c o n c l u d e d t h a t t h e r e 

were no s i g n i f i c a n t t e m p e r a t u r e - a d e n i n e i n t e r a c t i o n s as f a r as 

growth i n e p i c o t y l l e n g t h was concerned. K e t e l l a p e r and Bonner 

(1961) a l s o o b s e r v e d t e m p e r a t u r e - i n d u c e d i n h i b i t i o n o f p l a n t 

growth. P l a n t s were grown a t d i f f e r e n t t e m p e r a t u r e s , i n c l u d i n g 

the o p t i m a l temperature, and sp r a y e d r e g u l a r l y w i t h a m i x t u r e o f 

B v i t a m i n s , v i t a m i n C, c a s e i n h y d r o l y s a t e , s u c r o s e o r r i b o s i d e s . 

A p p l i c a t i o n o f 10% s u c r o s e s o l u t i o n t o pea p l a n t s grown i n 

a r t i f i c i a l l i g h t a t 23° day and 17° n i g h t t e m p e r a t u r e s (23/17°) 

caused a 56% i n c r e a s e i n dry w e i g h t , which made t h e d r y weight 

e q u a l t o t h a t o f p l a n t s grown i n o p t i m a l c o n d i t i o n s (17/17°). 

Treatment o f pea p l a n t s k e p t a t 30/2 3° w i t h a v i t a m i n B m i x t u r e 

o r r i b o s i d e s gave up t o 40% i n c r e a s e i n d r y w e i g h t . 

Many o f t h e s e growth s t i m u l a t i o n s r e p o r t e d f o r 

f l o w e r i n g p l a n t s were however o f poor r e p r o d u c i b i l i t y . More 

c l e a r - c u t r e s u l t s have been o b t a i n e d w i t h A r a b i d o p s i s t h a l i a n a , 

u s i n g a s e p t i c c u l t u r e t e c h n i q u e s , c l o s e l y c o n t r o l l e d e n v i r o n 

m e n t a l c o n d i t i o n s and s t a t i s t i c a l t e s t s f o r temperature-supplement-

growth i n t e r a c t i o n s . L a n g r i d g e and G r i f f i n g (1959) d e t e c t e d 

h i g h t e m p e r a t u r e l e s i o n s i n t h e p l a n t . They grew 43 r a c e s a t 

c o n s t a n t t e m p e r a t u r e o f 25, 30 and 31.5°. F i v e o f t h e s e r a c e s 

were d e p r e s s e d i n growth, and m o r p h o l o g i c a l l y abnormal when 

c u l t u r e d a t 31.5°. F u r t h e r e x p e r i m e n t s e s t a b l i s h e d t h a t i n two 

r a c e s the temperature l e s i o n was c o m p l e t e l y p r e v e n t e d i f b i o t i n 

was s u p p l i e d a t the r a t e o f 3 ug p e r p l a n t . The tem p e r a t u r e 
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^ l p s i o n i n t h e t h i r d r a c e was p a r t i a l l y a l l e v i a t e d i n the presence 

of c y t i d i n e a t 250 /ug/plant, w h i l e the o t h e r two r a c e s d i d not 

respond t o supplements. I t was c o n c l u d e d t h a t t h e r e are g e n e t i c 

i m p l i c a t i o n s i n the response o f p l a n t s t o t e m p e r a t u r e ; i n t h i s 

c a s e , t h e r e a r e two gene f u n c t i o n s . 

G e n e r a l l y , the o r g a n i c compounds most o f t e n used t o 

c o u n t e r a c t h i g h temperature e f f e c t s are g l u t a m i c a c i d , t h i a m i n , 

b i o t i n ( L a n g r i d g e , 196 3) and adenine. With r e s p e c t t o the 

d i f f e r e n c e s i n , and m u l i p l i c i t y o f , compounds r e q u i r e d , 

L a n g r i d g e o f f e r e d some e x p l a n a t i o n s . At tem p e r a t u r e extremes 

the r a t e o f growth may be l i m i t e d by the v e l o c i t y o f a s i n g l e 

r e a c t i o n . I n many m i c r o o r g a n i s m s growth ceases a t temp e r a t u r e s 

u s u a l l y o n l y s l i g h t l y above the optimum, but may be r e s t o r e d 

by the a d d i t i o n o f a s i n g l e s u b s t a n c e . I f the growing tempera

t u r e i s r a i s e d a l i t t l e h i g h e r , a f u r t h e r s ubstance becomes 

n e c e s s a r y and t h e s e r e q u i r e m e n t s become p r o g r e s s i v e l y more 

numerous w i t h i n c r e a s i n g t e m p e r a t u r e . Thus, temperature l e s i o n s 

do not form a homogeneous c l a s s as f a r as mechanisms r e s p o n s i b l e 

f o r the r e q u i r e m e n t s are concerned. The p o s s i b l e causes f o r 

h i g h t e m p e r a t u r e growth r e q u i r e m e n t s i n c l u d e (a) a c c e l e r a t e d 

breakdown o f m e t a b o l i t e s (b) o c c u r r e n c e o f r a t e imbalance 

( c ) n o n - f o r m a t i o n o f a d a p t i v e enzymes due t o heat d e s t r u c t i o n 

o f r i b o n u c l e i c a c i d (RNA) and (d) r e v e r s i b l e and i r r e v e r s i b l e 

heat i n a c t i v a t i o n o f enzymes. 

Anot h e r approach t o the temperature l e s i o n problem i s 

t o a n a l y z e p l a n t s s u b j e c t e d t o d i f f e r e n t t e m p e r a t u r e s . T h i s 

would show which compounds o r groups o f compounds become 
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l i m i t i n g . I n such a s t u d y , P o t t s and Ormrod (19 69) i n t h e i r 

phosphorus-compounds f r a c t i o n a t i o n work w i t h the pea p l a n t 

showed t h a t t h e r e was no change i n the l e v e l s o f o r g a n i c , l i p i d 

and t o t a l phosphorus f o r up t o 6 days when p l a n t s were t r a n s 

f e r r e d a b r u p t l y from 25/15° t o 35/25° ( d a y / n i g h t t e m p e r a t u r e s ) . 

Only a f t e r 6 days was t h e r e a d e f i n i t e i n c r e a s e i n i n o r g a n i c 

phosphorus, the c o n t r i b u t o r t o which c o u l d not be accounted f o r , 

but c o n t r i b u t i o n s p o s s i b l y from n u c l e i c a c i d o r p r o t e i n f r a c t i o n s 

were sug g e s t e d . They c o n c l u d e d t h a t t h e i r r e s u l t s do not p r e 

c l u d e the p o s s i b i l i t y t h a t the c o n c e n t r a t i o n s o f compounds 

w i t h i n the o r g a n i c phosphorus f r a c t i o n d i d v a r y . Such s p e c i f i c 

compounds i n c l u d e a d e n y l i c a c i d , hexose phosphates and adenosine 

phosphates i n Euglena (Albaum, 1952) and o t h e r p l a n t s . 

I m p a i r e d r e s p i r a t i o n and p h o t o s y n t h e s i s c o u l d 

o b v i o u s l y c o n s t i t u t e a s i g n i f i c a n t f a c t o r i n d e c l i n i n g growth 

a t h i g h t e m p e r a t u r e s . Ormrod and Bunter (1961) r e p o r t e d 

i n c r e a s e s i n s e e d l i n g r e s p i r a t i o n r a t e s f o l l o w e d by r a p i d 

d e c l i n e s i n 4 c u l t i v a r s o f r i c e , w i t h i n c r e a s e i n temperature 

up t o 37 o r 43°. Beevers and Hanson (1964) p o i n t e d out t h a t 

r a p i d o x i d a t i o n o f s u b s t r a t e does not n e c e s s a r i l y i m p l y an 

e f f i c i e n t p r o d u c t i o n o f ATP. Working w i t h m i t o c h o n d r i a 

o b t a i n e d from t h e r o o t s and s h o o t s o f e t i o l a t e d c o r n s e e d l i n g s , 

t h e y found t h a t h i g h t e m p e r a t u r e s d i d uncouple o x i d a t i v e phos

p h o r y l a t i o n . T h i s was e v i d e n t between 40 and 45° where s u b s t r a t e 

o x i d a t i o n i n c r e a s e d but P/0 r a t i o s d e c l i n e d . A t 50° both r e s 

p i r a t i o n and p h o s p h o r y l a t i o n were i m p a i r e d , p h o s p h o r y l a t i o n t o 
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a h i g h e r degree. Root m i t o c h o n d r i a appeared t o be somewhat 

more s e n s i t i v e t o h i g h t e m p e r a t u r e s than were shoot m i t o c h o n d r i a . 

Between 30 and 50° r o o t m i t o c h o n d r i a s u f f e r e d 80% i n h i b i t i o n 

o f p h o s p h o r y l a t i v e e f f i c i e n c y , compared w i t h 58% f o r shoot 

m i t o c h o n d r i a . 

El-Sharkawy and Hesketh (1964) r e p o r t e d gas-exchange 

e x p e r i m e n t s f o r a s p e c i e s each o f Sorghum, H e l i a n t h u s , Gossypium 

and T h e s p e s i a . Net p h o t o s y n t h e t i c r a t e s were d e p r e s s e d w i t h i n 

20 minutes by h i g h t e m p e r a t u r e s o f up t o 60°. The e f f e c t s o f 

t e m p e r a t u r e on p l a n t m e t a b o l i s m are thus e f f e c t s on the many 

component p r o c e s s e s and r e a c t i o n s i n the p l a n t . 

1.18 C a r b o h y d r a t e s and M i n e r a l Uptake 

There are a number o f s u b s t a n c e s which e i t h e r s t i m u l a t e 

o r i n h i b i t s a l t uptake by an i n f l u e n c e on metabolism. Among 

th o s e which promote a b s o r p t i o n a t s u i t a b l e c o n c e n t r a t i o n s a r e 

s o l u b l e s u g ars and o t h e r r e s p i r a t o r y s u b s t r a t e s ( S u t c l i f f e , 

1962). Humphries (1956) demonstrated a p o s i t i v e c o r r e l a t i o n 

between the r e d u c i n g sugar c o n t e n t o f e x c i s e d b a r l e y r o o t s and 

s a l t u p t a k e . I n t h e same e x p e r i m e n t s , s u c r o s e c o n t e n t seemed 

e i t h e r t o be u n r e l a t e d o r t o show a n e g a t i v e c o r r e l a t i o n w i t h 

a b s o r p t i o n . ]h i n t a c t angiosperms, a b s o r p t i o n o f s a l t s i s 

sometimes d e p r e s s e d w i t h t h e onset o f f l o w e r i n g , and t h i s i s 

c o r r e l a t e d w i t h a f a l l i n t h e l e v e l o f c a r b o h y d r a t e s i n the r o o t s . 

1.19. R o l e and M e t a b o l i s m o f Phosphorus i n P l a n t s 

G e n e r a l A s p e c t s . In a d d i t i o n t o the c h e m i c a l energy 

bound i n the components o f the c e l l d u r i n g g r o w t h , some components 
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o f a l l organisms are broke n down c o n t i n u o u s l y and must be 

r e p l a c e d , a p r o c e s s d e s c r i b e d as maintenance. S y n t h e s i s o f 

m a t e r i a l f o r growth and maintenance, an e n d e r g o n i c p r o c e s s , 

i s p o s s i b l e o n l y i f c o u p l e d w i t h e x e r g o n i c r e a c t i o n s . Many 

p l a n t c e l l s m a i n t a i n c o n c e n t r a t i o n s o f i o n s and m e t a b o l i t e s 

i n the v a c u o l e s a g a i n s t a c h e m i c a l o r e l e c t r o c h e m i c a l g r a d i e n t , 

a l s o a p r o c e s s c o u p l e d w i t h e x e r g o n i c r e a c t i o n s . A n o t h e r 

p r o c e s s r e q u i r i n g such c o u p l i n g , but about which r e l a t i v e l y 

l i t t l e i s known, i s p r o t o p l a s m i c s t r e a m i n g o r c y c l o s i s (Rowan, 

1966). 

In the economy of l i f e p r o c e s s e s , p h o s p h o r y l a t i o n 

(which i s d e f i n e d as t h e b i o c h e m i c a l p r o c e s s by which phosphate 

or p h o s p h o r y l r a d i c a l s a re t r a n s p o r t e d t o an a c c e p t o r by a 

t r a n s f e r r e a c t i o n ) o c c u p i e s a p l a c e comparable t o t h a t o f 

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

of p r o t e i n s as s p e c i f i c c a t a l y s t s , and o f o x i d a t i o n - r e d u c t i o n 

systems i n energy t r a n s f e r . As a consequence o f p h o s p h o r y l a t i o n 

the r e a c t i v i t y o f a compound i n c r e a s e s . T h i s i s due, i n many 

c a s e s , t o the c a p a c i t y f o r s u b s t i t u t i n g the p h o s p h o r y l group 

w i t h o t h e r groups o r r a d i c a l s , t o a h i g h e r c a p a c i t y f o r b i n d i n g 

a c t i v e c o n s t i t u e n t s , e.g. e n z y m a t i c p r o t e i n s , o r f o r f o r m i n g 

complexes w i t h m e t a l i o n s ( M a r r e , 1961). 

P h o s p h o r y l a t i o n ( s ) . The i m p o r t a n t mechanisms by 

which o r t h o p h o s p h a t e i s i n c o r p o r a t e d i n t o o r g a n i c phosphate 

are (1) P h o t o p h o s p h o r y l a t i o n and (2) P h o s p h o r y l a t i o n c o u p l e d 

w i t h r e s p i r a t i o n . 
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PHOTOSYNTHETIC PHOSPHORYLATION i s d e f i n e d as t h e l i g h t 

i n d u c e d f o r m a t i o n o f ATP by c h l o r o p l a s t s . The s y n t h e s i s o f 

ATP by i s o l a t e d c h l o r o p l a s t s i n l i g h t w i t h o u t the a i d o f m i t o 

c h o n d r i a was f i r s t d e s c r i b e d by Arnon e_t a l . (1954). When 

c o n d i t i o n s were a r r a n g e d so t h a t a s s i m i l a t i o n o f exogenous CO2 

was p r e v e n t e d , i s o l a t e d c h l o r o p l a s t s used l i g h t energy t o 

e s t e r i f y i n o r g a n i c phosphate. A t l e a s t two fundamental d i f 

f e r e n c e s were apparent which demonstrated t h a t t h i s l i g h t -

i n d u c e d ATP f o r m a t i o n was not i d e n t i c a l w i t h o x i d a t i v e phosphory

l a t i o n by m i t o c h o n d r i a . ATP f o r m a t i o n i n the i l l u m i n a t e d 

c h l o r o p l a s t s o c c u r r e d : (1) w i t h o u t the net consumption o f 0^, 

and (2) w i t h o u t t h e a d d i t i o n o f a c h e m i c a l s u b s t r a t e t o s u p p l y 

t h e f r e e energy f o r the s y n t h e s i s o f pyro-phosphate bonds. The 

o n l y " s u b s t r a t e " t h u s consumed i n p h o t o s y n t h e t i c phosphory

l a t i o n i s l i g h t (Whatley and Losada, 1964). 

A l a r g e p a r t o f the f r e e energy which would be l o s t 

from t h e c e l l as heat i f hexose were o x i d i z e d d i r e c t l y t o 

C 0 2 and w a t e r , i s r e t a i n e d as c h e m i c a l energy t h r o u g h s y n t h e s i s 

o f ATP. 

PHOSPHORYLATION COUPLED WITH RESPIRATION a r e o f two 

t y p e s : (1) " S u b s t r a t e l e v e l p h o s p h o r y l a t i o n " i n which t h e 

p h o s p h o r y l a t i o n i s o f an i n t e r m e d i a t e d i r e c t l y i n the pathway 

o f o x i d a t i o n o f t h e r e s p i r a t o r y s u b s t r a t e . Two o f such phosphory

l a t i o n s o c c u r , one c o u p l e d t o t h e o x i d a t i o n o f g l y c e r a l d e h y d e -

3-phosphate i n the g l y c o l y t i c pathway ( B e e v e r s , 1961), and t h e 

o t h e r c o u p l e d t o t h e o x i d a t i o n o f s u c c i n y l coenzyme A. 
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( s u c c i n y l - C o A ) i n the c i t r i c a c i d c y c l e (Kaufmann and A l i v i s a t o s , 

1955). S u b s t r a t e l e v e l p h o s p h o r y l a t i o n s are not uncoupled by 

DNP ( B e e v e r s , 1961). 

(2) " O x i d a t i v e p h o s p h o r y l a t i o n " , i s used f o r t h e 

p h o s p h o r y l a t i o n c o u p l e d w i t h the s t e p s o f the e l e c t r o n t r a n s p o r t 

c h a i n . The p h o s p h o r y l a t i o n s are c o u p l e d a t 3 s t e p s o f the c h a i n . 

Thus, w i t h the a c i d s , p y r u v a t e , c i t r a t e and c < - k e t o g l u t e r a t e 

r e a c t i n g w i t h NAD, 3 atoms o f P are e s t e r i f i e d f o r each atom 

o f oxygen absorbed. In a s i m p l e system a l l ADP would be c o n v e r t e d 

t o ATP and t h e l a t t e r would b l o c k the a c c e p t a n c e o f P by ADP. 

However, ATP i s removed i n k i n a s e r e a c t i o n s i n which more ADP 

i s formed (Rowan, 1966). 

The r a t e o f the g l y c o l y t i c pathway w i l l be a f u n c t i o n 

o f t h e c o n c e n t r a t i o n s o f t h e s u b s t r a t e s o f t h e f o u r c o n t r o l l i n g 

i r r e v e r s i b l e r e a c t i o n s ( h e x o k i n a s e , p h o s p h o f r u c t o k i n a s e , phospho-

g l y c e r o k i n a s e and p y r u v a t e k i n a s e ) . ATP a t the f i r s t two, and 

ADP a t the l a s t two r e a c t i o n s c o u l d a c t as r e g u l a t o r s i n a 

feedback mechanism. C o n c e n t r a t i o n s o f s u b s t r a t e s , not enzymes, 

have been found t o be t h e r a t e - l i m i t o r s i n t h e s e r e a c t i o n 

r a t e s (Rowan, 1966). 

The s i t e o f a c t i v a t i o n o f the g l y c o l y t i c pathway by 

t h e s e mechanisms can be d e t e c t e d by u s i n g the c r o s s - o v e r 

theorem o f Chance et_ a l . (1958) which s t a t e s t h a t a c o n t r o l 

s i t e i n a c h a i n o f r e a c t i o n i s i d e n t i f i e d under c o n d i t i o n s o f 

i n c r e a s i n g f l u x by t h e p o i n t a t which t h e r e i s a c r o s s - o v e r 

between r e l a t i v e d e p l e t i o n and r e l a t i v e a c c u m u l a t i o n o f i n t e r 

m e d i a t e s . But i n a p p l y i n g t h i s theorem t o the a n a l y s i s o f g l y c o l y t i c 

i n t e r m e d i a t e s i n y e a s t (Ghosh and Chance, 1964), th e a c t i v a t i o n 
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o f t h e pentose phosphate pathway which would lower t h e c o n c e n t r a 

t i o n o f G-6-P must be c o n s i d e r e d . D e s p i t e t h i s , however, t h e 

d e t e c t i o n o f c r o s s - o v e r p o i n t s appears t o be the most f r u i t f u l 

method o f e x a m i n i n g the r e g u l a t i o n o f m e t a b o l i c r a t e (Rowan, 

1966) . 

Growth and Development. Phosphorus m e t a b o l i s m 

i n v o l v e s many a s p e c t s o f p l a n t growth p r o c e s s e s . As n u c l e i c 

a c i d s d i r e c t p r o t e i n s y n t h e s i s ; and p r e c u r s o r s o f p r o t e i n s , 

p o l y s a c c h a r i d e s and f a t s are formed by the t r a n s f e r o f phosphate 

o r pyrophosphate groups from n u c l e o s i d e t r i p h o s p h a t e s , the 

m e t a b o l i s m o f phosphorus i s d i r e c t l y concerned i n growth and 

development. 

While the dependence of i n t e r c o n v e r s i o n o f c a r b o 

h y d r a t e s and r e l a t e d compounds, amino a c i d m e t a b o l i s m ( M a r r e , 

1961) and f a t m e t a b o l i s m (Stumpf, 1955) on phosphate t r a n s f e r 

p o t e n t i a l energy has been demonstrated a t the m o l e c u l a r l e v e l , 

t h e i n v o l v e m e n t o f p h o s p h o r y l a t i o n i n a number o f p h y s i o l o g i c a l 

p r o c e s s e s i s s t r o n g l y suggested by o b s e r v a t i o n s in_ v i v o . A c t i v e 

uptake o f s o l u t e s , growth by c e l l w a l l e x t e n s i o n , t r a n s l o c a t i o n , 

and the c o n t r o l o f r e s p i r a t i o n r a t e s a r e some o f the more 

prominent p r o c e s s e s . 

A c t i v e uptake o f s o l u t e s . A c c u m u l a t i o n o f e l e c t r o l y t e s 

by p l a n t c e l l s a g a i n s t an e l e c t r o c h e m i c a l g r a d i e n t o r o f non-

e l e c t r o l y t e s a g a i n s t a c h e m i c a l g r a d i e n t must be c o u p l e d w i t h 

an e x e r g o n i c p r o c e s s . E v i d e n c e s t r o n g l y s u g g e s t s t h a t some 

common b a s i c phosphate t r a n s f e r p o t e n t i a l e n e r g y - r e q u i r i n g 

mechanisms i s r e q u i r e d f o r the a c t i v e uptake o f any s o l u t e 

( L a t i e s , 1959). 
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Growth by c e l l w a l l e x t e n s i o n . Growth by c e l l d i v i s i o n 

and the s y n t h e s i s of p r o t o p l a s m a r e o b v i o u s l y phosphate t r a n s f e r 

p o t e n t i a l energy-dependent p r o c e s s e s i n s e v e r a l e s s e n t i a l 

a s p e c t s , such as p r o t e i n and n u c l e i c a c i d s y n t h e s e s . I f one 

a c c e p t s the i d e a o f a c e n t r a l r o l e o f p e c t i n a n a b o l i s m i n c e l l 

e x t e n s i o n , the n e c e s s a r y dependence o f t h i s t y pe o f growth 

appears as a b i o l o g i c a l c o r o l l a r y because ATP i s r e q u i r e d i n two, 

o r p o s s i b l y t h r e e s t e p s o f p e c t i n b i o s y n t h e s i s : h e x o s e ( o r 

u r o n i c a c i d ) p h o s p h o r y l a t i o n , UTP s y n t h e s i s f o r UDP-sugar forma

t i o n , and a c t i v a t i o n of m e t h i o n i n e (Marre, 1961). 

T r a n s l o c a t i o n . Phosphate t r a n s f e r has been 

i m p l i c a t e d i n t h e mechanism o f t r a n s l o c a t i o n . P h o t o s y n t h a t e 

moves i n t h r e e s t a g e s : from c h l o r o p l a s t t o b u n d l e - s h e a t h , from 

b u n d l e - s h e a t h i n t o t h e s i e v e t u b e , and w i t h i n the s i e v e t u b e . 

Phosphate t r a n s f e r c o u l d be concerned i n the mechanism o f 

movement i n each s t a g e . The l i k e l y mechanisms are p h o s p h o r y l a t i o n 

o f s u g a r s , and movement by p r o t o p l a s m i c s t r e a m i n g (Canny, 1962). 

The s u c r o s e i s o l a t e d as the predominant sugar i n t h e phloem 

from many p l a n t s c o u l d be i n e q u i l i b r i u m w i t h a sugar-phosphate 

which c o u l d be t h e t r a n s i t m o l e c u l e . With r e s p e c t t o t h e p a r t i c i 

p a t i o n o f p r o t o p l a s m i c s t r e a m i n g i n t r a n s l o c a t i o n , e v i d e n c e 

s u g g e s t s t h a t p r o t o p l a s m i c s t r e a m i n g i s c o u p l e d w i t h dephos-

p h o r y l a t i o n o f ATP (Kamiya, 1960). 

P h o s p h o r y l a t i o n and M e t a b o l i c c o n t r o l . As e s s e n t i a l 

p h o s p h o r y l a t i v e s t e p s a re i n v o l v e d i n p r a c t i c a l l y a l l m e t a b o l i c 

pathways, i t appears o b v i o u s t h a t t h e e f f i c i e n c y o f enzymes 

and the l e v e l s o f s u b s t r a t e s i n v o l v e d i n p h o s p h o r y l a t i o n 
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r e a c t i o n s c l o s e l y c o n t r o l any i m p o r t a n t p r o c e s s i n the c e l l . 

A-number o f d a t a i n d i c a t e t h a t i n h i g h e r p l a n t s , ATP, ADP and 

P^ l e v e l s may c o n t r o l g l y c o l y t i c and o x i d a t i v e m e tabolism. 

Hatch and Turner (1959) demonstrated t h a t the o p e r a t i o n o f 

t y p i c a l g l y c o l y s i s i n an acetone powder e x t r a c t from pea seeds, 

r e q u i r e d and adenine n u c l e o t i d e s . Hess (196 3) however 

m a i n t a i n e d t h a t P^ does not f i n d a p l a c e i n the scheme o f 

g l y c o l y t i c f l u x c o n t r o l i n a s c i t e tumour c e l l s . He demonstrated 

t h a t under s t e a d y - s t a t e c o n d i t i o n s g l y c o l y t i c r a t e i s c o n t r o l l e d 

by ATP. The i n h i b i t i o n o f g l y c o l y s i s e a r l i e r r e p o r t e d was 

a t t r i b u t e d t o a d i r e c t i n h i b i t i o n o f g l y c e r a l d e h y d e dehydrogenase 

and o f a l c o h o l dehydrogenase (Mossberry ejt a l _ . , 1964). 

L e v e l s o f P h o s p h o r y l a t e d I n t e r m e d i a t e s i n H i g h e r P l a n t s 

W h i l e the p r e s e n c e o f most o f the p h o s p h o r y l a t e d 

i n t e r m e d i a t e s t h a t o c c u r i n a n i m a l t i s s u e s and i n l o w e r organ

isms have been documented, r e l a t i v e l y few d a t a a r e a v a i l a b l e 

c o n c e r n i n g t h e average c o n c e n t r a t i o n o f the main p h o s p h o r y l a t e d 

c o n s t i t u e n t s and t h e i r changes i n r e l a t i o n t o v a r i o u s p h y s i o 

l o g i c a l s i t u a t i o n s . A s u r v e y o f r e c e n t r e p o r t s ( M a r r e , 1961) 

i n d i c a t e s t h a t hexose phosphate and adenosine phosphate, 

t o g e t h e r w i t h P^ are p r o b a b l y the q u a n t i t a t i v e l y more i m p o r t a n t 

and w i d e s p r e a d components. I t appears t h a t hexosemonophosphates 

predominate among sugar esters,, t h e i r c o n c e n t r a t i o n s r a n g i n g 

between L a n d 6 AiM/gram f r e s h w e i g h t . G-l-P and F l , 6 - P 

c o n c e n t r a t i o n s are s i g n i f i c a n t l y l o w e r , r a n g i n g between 0.3 

and 2 juM/gram f r e s h w e i g h t . A c c o r d i n g t o a few d a t a a v a i l a b l e 

ATP and ADP c o n c e n t r a t i o n s v a r y between 0.2 and 1 /iM/gram f r e s h 
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w e i g h t . A q u a l i t a t i v e e v a l u a t i o n o f o t h e r n u c l e o s i d e p o l y 

phosphates i n pea t i s s u e s shows t h a t guanosine t r i p h o s p h a t e 

and u r i d i n e t r i p h o s p h a t e (GTP and UTP) are p r e s e n t i n much 

low e r c o n c e n t r a t i o n s . T o t a l n u c l e o t i d e c o n t e n t p e r u n i t d r y 

we i g h t i n c o r n s e e d l i n g s was maximum between 5 and 6 days and 

the n l e v e l l e d o f f ( C h e r r y and Hageman, 1960). 

1.20 Growth R e t a r d i n g Chemicals and P l a n t M e t a b o l i s m 

The e f f e c t s o f growth r e t a r d a n t s on g i b b e r e l l i n s o r 

a u x i n s o r t h e i r i n t e r a c t i o n s have r e c e i v e d wide a t t e n t i o n , but 

i t i s s t i l l c o n t r o v e r s i a l as t o which i s the more b a s i c a l l y 

i n f l u e n c e d . C l e l a n d (1955), however found i n s t a n c e s i n which 

t h e r e was l i t t l e o r no mutual antagonism between t h e r e t a r d a n t s 

and g i b b e r e l l i n s o r a u x i n s . He f e l t , as some o t h e r i n v e s t i g a t o r s 

do, t h a t t h e i n h i b i t o r y e f f e c t s s h o u l d not be r e s t r i c t e d t o t h e 

hormonal l e v e l . 

I n s u p p o r t o f C l e l a n d ' s v i e w , a few o t h e r b i o c h e m i c a l 

a s p e c t s o f growth r e t a r d a n t e f f e c t s have been o b s e r v e d . Tanaka 

and T o l b e r t (1966) r e p o r t e d t h a t C y c o c e l (which i s a l s o c a l l e d 

c h l o r o c h o l i n e c h l o r i d e because i t i s an a n a l o g o f c h o l i n e ) 

s t i m u l a t e d the a c t i v i t y o f p a r t i a l l y p u r i f i e d c h o l i n e k i n a s e 

from s p i n a c h and pea l e a v e s , but i t i n h i b i t e d t h e a c t i v i t y o f 

y e a s t c h o l i n e k i n a s e . The a c t i v i t y o f d i f f e r e n t C y c o c e l a n a l o g s 

on p l a n t growth c o r r e s p o n d e d t o t h e i r s t i m u l a t o r y e f f e c t on 

i s o l a t e d c h o l i n e k i n a s e . S t i m u l a t i o n o f c h o l i n e k i n a s e o f 

s p i n a c h l e a v e s i n c r e a s e d w i t h i n c r e a s e i n C y c o c e l c o n c e n t r a t i o n 

from 13 t o 1300 ppm. C y c o c e l t h u s s t i m u l a t e d c h o l i n e k i n a s e 
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a c t i v i t y and the u t i l i z a t i o n o f c h o l i n e - C ( t h a t i s , t h e 

i n c o r p o r a t i o n i n t o l i p i d s and i n s o l u b l e c o n s t i t u e n t s o f the 

p l a n t ) , w hich e f f e c t s were r e v e r s e d by g i b b e r e l l i n A^. 

Reed e t a l . (1965) found t h a t the i n h i b i t i o n o f 

shoot e l o n g a t i o n i n dwarf and t a l l peas by B-Nine was c o r r e l a t e d 
14 

w i t h the i n h i b i t i o n o f the o x i d a t i o n o f tryptamme-2-C t o 
14 . . . 

m d o l e a c e t a l d e h y d e - 2 - C by way o f diamine o x i d a s e , xn homogenates 

p r e p a r e d from e p i c o t y l s o f young p l a n t s . The growth r e t a r d i n g 

a c t i o n o f B-Nine was a t t r i b u t e d t o the f o r m a t i o n o f 1,1-

d i m e t h y l h y d r a z i n e i n v i v o . T h e i r s t u d i e s c o n f i r m e d e a r l i e r work 

by D a h l g r e n and Simmerman (1963) which suggested t h a t CO^^ may 

r e t a r d p l a n t growth because of t h e f o r m a t i o n o f 1 , 1 - d i m e t h y l -

h y d r a z i n e and 1 , 1 - d i m e t h y l h y d r a z i n i u m hydrogen m a l e a t e . Both 

compounds were r e p o r t e d t o be produced by t h e i n t r a m o l e c u l a r l y 

c a t a l y z e d d e c o m p o s i t i o n of the growth r e t a r d a n t s i n aqueous 

s o l u t i o n s . 

Brook e t a l . (1967) found t h a t Phosfon t r e a t m e n t o f the 

pea p l a n t r e s u l t e d i n a d e c r e a s e i n s o l u b l e RNA and an i n c r e a s e 

i n r i b o s o m a l RNA. The n u c l e i c a c i d s from t r e a t e d t i s s u e s were 

more r e s i s t a n t t o RNAse d e g r a d a t i o n and endogenous RNAse 

a c t i v i t y was l ower i n t r e a t e d t i s s u e s . I t was s u g g ested t h a t 

t h e s e a l t e r a t i o n s i n n u c l e i c a c i d m e t a b o l i s m c o u l d i n t u r n 

a l t e r a wide v a r i e t y o f m e t a b o l i c p r o c e s s e s r e s u l t i n g i n 

r e t a r d e d growth. 

Ormrod and W i l l i a m s (1960) found t h a t 50 yug o f 2,4-

d i c h l o r o p h e n o x y a c e t i c a c i d (2,4-D) o r g i b b e r e l l i c a c i d per 

T r i f o l i u m p l a n t a p p l i e d as a s p r a y caused a s t r i k i n g i n c r e a s e 
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i n a c i d - s o l u b l e o r g a n i c phosphorus and a c o n c u r r e n t decrease i n 

i n o r g a n i c P as q u i c k l y as one minute a f t e r t r e a t m e n t . T u l i 

e t a l . (1964) suggested t h a t r e s p i r a t i o n i n h i b i t i o n by N -

b e n z y l a d e n i n e was a consequence o f i n h i b i t i o n o f r e s p i r a t o r y 

( g l y c o l y t i c ) k i n a s e s . The e f f e c t s o f growth r e t a r d a n t s may be 

t o i n d u c e changes i n a u x i n s o r g i b b e r e l l i n s o r b o t h , but t h e s e 

a l s o a f f e c t and are a f f e c t e d by o t h e r a s p e c t s of p l a n t m e tabolism. 
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2. MATERIALS AND METHODS 

2.1 Experiments Conducted 

D u r i n g the p e r i o d between June 19 6 6 and F e b r u a r y 19 6 9 

the f o l l o w i n g e x p e r i m e n t s were c a r r i e d o u t : 

(a) A greenhouse experiment i n which the response 

o f peas t o 5 l e v e l s ( 0 , 44, 88, 176, 352 l b . / A ) o f P„ was 

i n v e s t i g a t e d . A t the end o f t h i s experiment 3 l e v e l s ( 0 , 44, 

176) were chosen f o r c o n t r o l l e d environment s t u d i e s . 

(b) E f f e c t s o f a i r and s o i l t e m p e r a t u r e s and t h e 

3 l e v e l s o f P on m i n e r a l uptake and growth a t 6 t h node, 10th 

node and f u l l bloom s t a g e s . 

(c) E f f e c t s o f a i r and s o i l t e m p e r a t u r e s and t h e 

3 l e v e l s o f P on m i n e r a l uptake and d i s t r i b u t i o n i n the r o o t , 

v i n e , pod and pea seed. Growth c h a r a c t e r i s t i c s and y i e l d 

were a l s o o b s e r v e d . 

(d) E f f e c t s o f C y c o c e l . Phosfon and B-Nine a t 1 and 

100 ppm on c h l o r o p h y l l c o n c e n t r a t i o n , m i n e r a l c o m p o s i t i o n , 

growth c h a r a c t e r i s t i c s and pea y i e l d . T h i s experiment was 

c a r r i e d out i n the greenhouse. 

(e) E f f e c t s o f t e m p e r a t u r e , C y c o c e l and Phosfon on 

the l e v e l s o f G l u c o s e , Hexose pho s p h a t e s , ADP and ATP i n 5-day 

o l d pea r a d i c l e s . Seeds were ge r m i n a t e d i n p e t r i d i s h e s . 

( f ) E f f e c t s o f a i r and s o i l t e m p e r a t u r e s and P on 

the l e v e l s o f compounds i n (e) i n t h e l e a f and r o o t o f 30-day 

o l d p l a n t s . 
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2.2 C o n t r o l o f A i r and S o i l Temperatures and S o i l M o i s t u r e 

For t e mperature s t u d i e s , a c o n t r o l l e d environment 

m u l t i p l e growth chamber w i t h 4 c a b i n e t s , as developed and 

d e s c r i b e d by Ormrod (1962) was used. A i r and s o i l t e m p e r a t u r e s 

were c o n t r o l l e d i n each c a b i n e t ( F i g . 1 ) . E s s e n t i a l l y the 

c a b i n e t s were o f wood c o n s t r u c t i o n . Movement o f a i r t h r o u g h 

the c a b i n e t was by means o f f a n s which c i r c u l a t e d r e f r i g e r a t e d 

i n - c o m i n g a i r , and the i n t e r n a l a i r passed t h r o u g h l i g h t p a n e l s 

t o the top o f the c a b i n e t s and thence t o t h e e x t e r i o r . 

L i g h t was p r o v i d e d by a c o m b i n a t i o n o f 10 c o o l - w h i t e 

f l u o r e s c e n t lamps and 2 40-watt t u n g s t e n f i l a m e n t lamps. The 

l i g h t p a n e l s were 70 cm above p l a n t - c o n t a i n e r l e v e l , and p r o v i d e d 

a l i g h t i n t e n s i t y o f about 16 00 f o o t - c a n d l e s (measured w i t h 

a Weston Model 756 I l l u m i n a t i o n Meter w i t h o u t c o s i n e f i l t e r ) 

a t 50 cm below t h e l i g h t s . The p h o t o p e r i o d , c o n t r o l l e d by an 
n I n t e r m a t i c n time s w i t c h , was 16 hours i n a 24-hour c y c l e . 

S o i l t e m p e r a t u r e i n each c a b i n e t was c o n t r o l l e d 

by t h e use o f water baths i n which the pot s were immersed 

( F i g . 2 ) . T h i s system i s s i m i l a r t o t h a t employed by W i l l i s 

e t a l . (1963). The water b a t h s measured 90 X 45 X 30 cm. A 

180 X 0.5 cm copper tube was c o i l e d i n each b a t h ( F i g . 3 ) . To 

one end o f the tube c o i l was a t t a c h e d a c o l d - w a t e r - i n l e t r u b b e r 

t u b e , w h i l e the o t h e r end was connected t o the w a r m - w a t e r - o u t l e t . 

C o l d water (3-5°) was c i r c u l a t e d from a r e f r i g e r a t e d tank 

( F i g . 4, 5 ) . The a s c e n t o f c o l d w ater t o t h e c o l d - w a t e r - i n l e t 
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F i g . 2. I n t e r i o r o f growth c a b i n e t showing pot placement. 
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F i g . 3. I n t e r i o r o f growth c a b i n e t showing w a t e r b a t h , c o l d 
w a ter c o i l e d copper t u b e , t h e r m o s t a t and t h e r m i s t o r s . 



A Water Tank 
B Refrigeration Motor 
C Refrigeration C o i l 
D Water Pump 
E Water Tube from Pump 
F Copper Manifold 
6 Inlet Water Tube 

H Water Bath 
I Solenoid Valve 
J Thermostat 
K Copper Tube C o i l 
L Outlet Water Tube 
M Water 

Fi g . Schematic diagram of s o i l temperature control 
equipment. 



i g . 5. R e f r i g e r a t e d w ater t a n k . 
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was f o r c e d by a pump. The c o i l e d tube ensured c o n t i n u o u s 

c o o l i n g o f water i n the b a t h , as needed, t h r o u g h a t h e r m o s t a t -

o p e r a t e d s o l e n o i d v a l v e . Water r e t u r n e d t o the r e f r i g e r a t e d 

tank m a i n l y by g r a v i t y . 

Because s o i l m o i s t u r e i s known t o i n f l u e n c e P uptake 

by p l a n t s (Simpson, 1960), i t was n e c e s s a r y t o keep the s o i l 

m o i s t u r e c o n t e n t c l o s e t o optimum f o r P u p t a k e , which i s c l o s e 

t o f i e l d c a p a c i t y . A l s o , s o i l m o i s t u r e c o n t r o l was d e s i r a b l e 

t o m i n i m i z e v a r i a t i o n s due t o d i f f e r e n c e s i n s o i l m o i s t u r e 

c o n t e n t between temperature regimes and P l e v e l s . I n a d d i t i o n , 

the p o t s submerged i n the wa t e r b a t h s d i d not have f r e e d r a i n a g e . 

A t r i a l was c a r r i e d o u t , u s i n g the I n d u s t r i a l 

I n s t r u m e n t s Model BN-2A Bouyoucos Meter and gypsum r e s i s t a n c e 

b l o c k s , t o determine the m o i s t u r e c o n t e n t of t h e s o i l a t f i e l d 

c a p a c i t y (F.C.) and permanent w i l t i n g p o i n t (P.W.P.). Pea and 

s u n f l o w e r s e e d l i n g s were used ( F i g . 6 ) . An e a r l i e r t r i a l w i t h 

''Irrometer" t e n s i o m e t e r s was u n s a t i s f a c t o r y w i t h r e s p e c t t o 

s e n s i t i v i t y . There were minor d i f f e r e n c e s i n the s u n f l o w e r 

and pea d a t a . The l a t t e r was used. 

The m o i s t u r e c o n t e n t a t e s t i m a t e d F.C. (72-hour 

d r a i n a g e a f t e r s a t u r a t i o n ) was about 28% o f oven d r y weight 

of s o i l . T h i s gave 10 2% on the Bouyoucos meter and was r e g a r d e d 

as 100%. P.W.P. was about 10% o f oven dry we i g h t o f s o i l , 

w hich c o r r e s p o n d e d t o 15% on t h e meter. 

To determine the amount o f water r e q u i r e d t o b r i n g 

6 kg o f s o i l t o 100% on the meter, v a r y i n g known q u a n t i t i e s o f 

water were added and the p e r c e n t a g e changes on the meter 



r e c o r d e d . C a l c u l a t i o n s showed t h a t about 5 5 ml o f water was 

r e q u i r e d t o r a i s e t h e meter r e a d i n g 1% w i t h i n the range 20 

t o 100%. Meter r e a d i n g s were s u b s e q u e n t l y t a k e n e v e r y 3 days 

up t o the 6 t h node s t a g e , and d a i l y t h e r e a f t e r . The s o i l was 

watered a c c o r d i n g t o i n d i c a t e d r e q u i r e m e n t , which was o f t e n e r 

a t t h e h i g h e r temperatures.' 

Two a i r and two s o i l t e m p e r a t u r e s were combined i n t o 

f o u r a i r and s o i l t e m p e r a t u r e r e g i m e s . These were d a y / n i g h t / 

s o i l t e m p e r a t u r e s o f 21/13/10, 21/13/18, 30/21/10, 30/21/18°. 

The c a b i n e t s c o n t i g u o u s t o t h e r e f r i g e r a t e d tank c a r r i e d the 

10° s o i l t e m p e r a t u r e ( F i g . 4 ) . 

2.3 S o i l , F e r t i l i z e r A p p l i c a t i o n s , P l a n t i n g and H a r v e s t i n g 

A low-P Monroe S i l t Loam from t h e Lower F r a s e r V a l l e y 

o f B r i t i s h Columbia was used. C h e m i c a l a n a l y s e s i n d i c a t e d t h e 

f o l l o w i n g c o m p o s i t i o n : pH ( w a t e r ) . 6.1; N, 0.24%; a v a i l . P, 

4 ppm; exch. K, 0.3 m.e./lOO g; exch. Ca, 10.8 m.e./lOO g; 

exch. Mg, 1.6 m.e./lOO g; t o t a l exchangeable b a s e s , 18.4 m.e./ 

100 g. The w e i g h t o f a i r - d r y s o i l i n t h e 4 L pot used was 6 kg. 

A commercial superphosphate f e r t i l i z e r (20% ^2^5^ 

was used as t h e P s o u r c e . Each p o t , i n c l u d i n g c o n t r o l s , 

r e c e i v e d a b a s a l d r e s s i n g o f m u r i a t e o f p o t a s h (60% K 20) r e q u i r e d 

t o s u p p l y 16 5 l b . K/A. The weight o f f e r t i l i z e r r e q u i r e d t o 

s u p p l y 44 and 176 l b . P/A were 1.4 and 5.6 g r e s p e c t i v e l y , 

w h i l e 0.8 g/pot was r e q u i r e d f o r 165 l b . K/A. 

A greenhouse s t u d y was c a r r i e d out t o e s t a b l i s h a 

r e s p o n s e c u r v e o f pea p l a n t s grown i n the e x p e r i m e n t a l s o i l 

a t 5 l e v e l s o f P: 0, 44, 88, 176 and 352 l b . / A . 3 l e v e l s 
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( 0 , 44, 176) were s u b s e q u e n t l y chosen f o r the a i r and s o i l 

t e m p e r a t u r e s t u d i e s . The 44 l b . l e v e l was chosen on the b a s i s 

o f maximum e f f i c i e n c y (pea y i e l d p e r u n i t o f P a p p l i e d ) , and 

t h e 176 l b . l e v e l was chosen t o p r o v i d e a s u p r a - o p t i m a l r a t e . 

The b a s a l d r e s s i n g o f K was b r o a d c a s t o v e r and mixed 

u n i f o r m l y w i t h the s o i l . The pot was f i l l e d w i t h 2 kg o f s o i l 

and a gypsum r e s i s t a n c e b l o c k put i n p l a c e . 3.5 kg o f s o i l 

was poured onto the b l o c k . The P f e r t i l i z e r was t h e n a p p l i e d 

i n a band, u s i n g a 10 cm. d i a . f u n n e l as a c o n v e n i e n t and 

r e p r o d u c i b l e marker f o r the f e r t i l i z e r band. The r e s t (0.5 kg) 

of the s o i l was used t o c o v e r the f e r t i l i z e r . A f t e r each 

experiment t h e s o i l was d i s c a r d e d and t h e pot f i l l e d w i t h 

f r e s h s o i l . 

Seeds o f pea, Pisum s a t i v u m L. cv. Dark S k i n 

P e r f e c t i o n were t r e a t e d w i t h a s l u r r y o f peat base i n o c u l u m 

" N i t r a g i n " about 30 minutes b e f o r e p l a n t i n g . 6 seeds were sown 

3 cm. o u t s i d e t h e p e r i p h e r y o f t h e f e r t i l i z e r - band u s i n g a 

marked peg t o o b t a i n a r e p r o d u c i b l e depth o f 2 cm. A 3 cm 

l a y e r o f peat moss was s p r e a d on top o f the s o i l t o m i n i m i z e 

e v a p o r a t i o n . 50 0 ml o f water was added t o each pot and t h e p o t s 

were t r a n s f e r r e d i n t o the t r e a t m e n t c a b i n e t s . At 2-node st a g e 

(between 7 and 10 days a f t e r s e e d i n g ) , the s e e d l i n g s were 

t h i n n e d t o 4 per p o t , f o r u n i f o r m i t y . From t h i s s t a g e onward, 

w a t e r i n g was done a c c o r d i n g t o the r e q u i r e m e n t s o f the 4 p l a n t s 

i n each p o t . Water from a b o t t l e k e p t i n t h e water bath was 

used f o r t h e 6 p o t s (2 r e p l i c a t e s each o f the 3 l e v e l s o f P) 

i n t h a t b a t h , t o m i n i m i z e v a r i a t i o n s i n s o i l temperature'. The 

\ 
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d e p a r t u r e o f s o i l t e m p e r a t u r e from water b a t h temperature was 

o n l y about 1°. Temperatures were r e a d u s i n g a system o f 

t h e r m i s t o r s connected t o an e x t e r n a l l y s i t u a t e d Y e l l o w S p r i n g s 

I n s t r u m e n t s r e s i s t a n c e b r i d g e . 

At the p r e - d e f i n e d growth s t a g e s ( 6 t h node, 10th 

node, f u l l bloom and e s t i m a t e d m a r k e t a b l e m a t u r i t y o f peas) the 

p l a n t s were c u t a t s o i l l e v e l . F u l l bloom was r e g a r d e d as the 

sta g e a t which each o f the 4 p l a n t s i n a pot was a t 0.5 

blossom s t a g e a c c o r d i n g t o the c l a s s i f i c a t i o n scheme deve l o p e d 

by Maurer et_ a l . (1966). M a r k e t a b l e m a t u r i t y o f peas was 

e s t i m a t e d by p o d - f i l l . The p l a n t was s e p a r a t e d i n t o r o o t , 

v i n e , pod and pea seed components. The r o o t was c a r e f u l l y 

s e p a r a t e d from s o i l by the f l o t a t i o n method o f M c K e l l e t a l . 

(1961). F r e s h w e i g h t s were det e r m i n e d i m m e d i a t e l y a f t e r 

h a r v e s t i n g . The t i s s u e s were d r i e d i n a f o r c e d a i r oven a t 

60° f o r 48 h o u r s , weighed, ground i n a W i l e y m i l l and d r y -

ashed i n a m u f f l e f u r n a c e a t 500° . Dry a s h i n g a t 500° i s 

w i t h i n t h e temp e r a t u r e range g i v e n by C l a r k s o n (1966) as 

b e i n g i n agreement w i t h r e s u l t s o b t a i n e d w i t h wet a s h i n g . 

2.4 A p p l i c a t i o n o f Growth R e t a r d i n g Chemicals 

A t t h e 5th t o 6th node stage (15 days a f t e r s e e d i n g ) 

each p l a n t was s p r a y e d w i t h 10 ml o f r e t a r d i n g c h e m i c a l con

t a i n i n g 0.1% " T r i t o n B-1956" s u r f a c t a n t , u s i n g a do m e s t i c 

p l u n g e r s p r a y e r w i t h 4 j e t s . C o n t r o l p l a n t s were s p r a y e d w i t h 

s u r f a c t a n t o n l y . The pot s were th e n p l a c e d on t h e greenhouse 

bench i n a randomized complete b l o c k d e s i g n . There were 6 

r e p l i c a t e s ( b l o c k s ) f o r each t r e a t m e n t , and 2 ru n s ( t h a t i s , 

one r e p e t i t i o n o f t h e e n t i r e s e t up) o f the ex p e r i m e n t . 
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For r a d i c l e s t u d i e s , 10 seeds were p l a c e d i n steam-

s t e r i l i z e d p e t r i d i s h e s . 10 ml o f r e t a r d i n g c h e m i c a l was 

added. The p e t r i d i s h e s were t r a n s f e r r e d i n t o growth c a b i n e t s 

a t 2 5° i n the d a r k . 

2.5 ^ A n a l y t i c a l Techniques 

PLASTID PIGMENTS. Two days b e f o r e h a r v e s t i n g , 

c h l o r o p h y l l and c a r o t e n o i d a n a l y s e s were c a r r i e d out on 

r e p r e s e n t a t i v e samples t a k e n from f u l l y expanded l e a v e s a t the 

2 youngest nodes. U s u a l l y , 0.5 g sample, made up o f 9 t o 15 

l e a v e s depending on s i z e , was used. Leaves were c u t i n t o 

p i e c e s and ground w i t h acid-washed sand and CaCO^ i n c o l d 

acetone u s i n g a c h i l l e d m o r t a r . Repeated e x t r a c t i o n was done, 

the e x t r a c t s c e n t r i f u g e d a t 2000 rpm, p o o l e d and made t o volume. 

Absorbance was r e a d w i t h a Beckman DU Spectrophotometer u s i n g 

1 cm q u a r t z c e l l s . C o n c e n t r a t i o n s o f c h l o r o p h y l l s a and b were 

c a l c u l a t e d a c c o r d i n g t o MacKinney's (1940) s p e c i f i c a b s o r p t i o n 

c o e f f i c i e n t s . von W e t t s t e i n ' s (1957) e q u a t i o n was used t o 

c a l c u l a t e c a r o t e n o i d c o n c e n t r a t i o n . 

MINERAL COMPOSITION. Che m i c a l a n a l y s i s was done as 

f o l l o w s : semi-micro K j e l d a h l f o r N; P by phospho-molybdate 

c o l o r i m e t r y u s i n g a Beckman C c o l o r i m e t e r ; Ca and Mg by atomic 

a b s o r p t i o n ; and K by flame e m i s s i o n photometry (A.O.A.C., 1965) 

u s i n g an Evans E l e c t r o s e l e n i u m Atomic A b s o r p t i o n flame photometer, 

and a Texas I n s t r u m e n t s Servo R i t e r I I r e c o r d e r . T o t a l amounts 

of m i n e r a l s i n p l a n t t i s s u e s were computed from c o m p o s i t i o n 

and d r y w e i ght d a t a . 
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PHOSPHORYLATED COMPOUNDS. Hexose p h o s p h a t e s , ADP 

and ATP, as w e l l as g l u c o s e , were s p e a r a t e d by i o n exchange 

chromatography, w i t h the use o f b o r a t e c o m p l e x i n g as deve l o p e d 

by Khym and Cohn (195 3) and l a t e r used f o r the s e p a r a t i o n o f 

phosphates from Scenedesmus by Goodman e t a l . (1955). 

A c o m b i n a t i o n o f c o l d e x t r a c t i o n s i m i l a r t o t h a t 

s u g g e sted by B i e l e s k i (1964) and c h e m i c a l i n h i b i t i o n (Shaw, 

1968, B u r s t o n , 1962) was used t o i n h i b i t phosphatases because 

i t was found more e f f e c t i v e t h a n c o l d a c i d s (Rowan, 1966). 

L i q u i d N was added t o 1.0-2.0 g o f f r e s h p l a n t t i s s u e . 

T h i s r e s u l t e d i n an immediate f r e e z i n g o f the t i s s u e . The 

t i s s u e was t h e n homogenized f o r 5 minutes i n c o l d 80% e t h a n o l 

c o n t a i n i n g 0.001M NaF a t -20°. The homogenate was c e n t r i f u g e d 

a t 9000 X g f o r 15 minutes a t 0-2°. The e x t r a c t was c o n c e n t r a t e d 

i n vacuo t o 10 ml. C h l o r o p h y l l and p h o s p h o l i p i d s were removed 

w i t h hexane, as t h i s was found t o be more s a t i s f a c t o r y t h a n 

e t h a n o l - p e t r o l e u m e t h e r method used by Goodman e t a l _ . (1955 ). 

The e x t r a c t was ke p t a t -20° u n t i l i t was r e q u i r e d f o r a n a l y s i s . 

S e p a r a t i o n o f the compounds was done by a n i o n 

exchange u s i n g Dowex 1 - X8 (200-400 mesh) i n C l ~ form. The 

exchanger was washed f r e e o f f i n e s by r e p e a t e d d e c a n t a t i o n and 

s l u r r i e d i n t o a 3 0 X 1.5 cm "Pharmacia" column. The exchanger 

was c o n v e r t e d t o the C l ~ form by r u n n i n g 2 0 bed volumes o f 1M 

HC1 t h r o u g h the column. Excess C l ~ was removed by r u n n i n g 

2 0 bed volumes o f water t h r o u g h the column. 
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An LKB U l t r o r a c 7000 f r a c t i o n c o l l e c t o r was used t o 

s e p a r a t e the e f f l u e n t . An LKB P e r i s t a l t i c pump was used t o 

r e g u l a t e the e l u t i o n r a t e a t 2.5 ml/minute. The column, 

f r a c t i o n c o l l e c t o r , pump and e l u e n t r e s e r v o i r were a l l i n a 

r e f r i g e r a t o r , and temperature was k e p t a t 3°. The column was 

r e g e n e r a t e d a f t e r each sample r u n , and a g i v e n r e s i n bed was 

used f o r a maximum o f 6 sample r u n s . 

Ba and K s a l t s o f a u t h e n t i c p h o s p h o r y l a t e d compounds 

were o b t a i n e d from Mann Research L a b o r a t o r i e s , New Y.ork. The 

a u t h e n t i c compounds were; g l u c o s e - l - p h o s p h a t e d i p o t a s s i u m ; 

g l u c o s e - 6 - p h o s p h a t e d i b a r i u m ; f r u c t o s e - 6 - p h o s p h a t e barium; 

f r u c t o s e 1,6-diphosphate barium; adenosine monophosphate d i h y d r a t e ; 

adenosine d i p h o s p h a t e barium; and adenosine t r i p h o s p h a t e d i b a r i u m . 

A s t r o n g c a t i o n exchanger, Dowex 50W - X8 i n H + 

form (200-400 mesh) was used b a t c h w i s e t o c o n v e r t t h e Ba and K 

s a l t s o f the a u t h e n t i c compounds t o t h e i r a c i d s . The s o l u t i o n s 

were n e u t r a l i z e d w i t h IN NH^OH and s t o r e d a t -20°. The 

s o l u t i o n s o f the a u t h e n t i c compounds were r u n t h r o u g h the 

column t o d e t e r m i n e the r e c o v e r y o f each compound. A s u c c e s s i o n 

o f e l u t i n g agents were used f o r s e l e c t i v e l y d e s o r b i n g t h e 

p h o s p h o r y l a t e d compounds. The e l u t i n g agents and t h e o r d e r o f 

use were as f o l l o w s : 

Compound E l u t i n g agent E f f l u e n t v o l . . , ml. 

G l u c o s e .001M NH^OH 150 

G-l-P .025 NH^Cl +-.01M ^2

B^°7 3 0 0 

G-6-P .025 NH 4C1 + .0025 MH^OH + 300 

.001M K 2 B 4 0 ? 
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Compound E l u t i n g agent E f f l u e n t v o l . , ml, 

F-6-P .025 NH^Cl + .0025 NH^OH + 300 

.00001M K 2 B 4 0 7 

ADP .01M HC1 300 

F l , 6 - P .02M HC1 + .02M KC1 300 

ATP .02M HC1 + .20M KC1 300 

Recovery p e r c e n t a g e s o f the a u t h e n t i c compounds 

v a r i e d between 94 f o r G-l-P and 102 f o r G l u c o s e , and were 

thus s i m i l a r t o thos e o b t a i n e d by Goodman e t a l . (1955). 

Recovery was dete r m i n e d by comparing a m i x t u r e o f t h e compounds 

s e p a r a t e d on the column w i t h i n d i v i d u a l compounds not r u n 

thr o u g h t h e column. 

A f t e r s e p a r a t i o n , the v e r y d i l u t e s o l u t i o n o f each 

compound was c o n c e n t r a t e d i n vacuo t o 6-8 ml. f o r the hexose 

phosphates and 15 ml f o r the aden o s i n e phosphates. G l u c o s e 

needed no c o n c e n t r a t i o n . The f i n a l e x t r a c t o f each compound 

was n e u t r a l i z e d w i t h NH^OH and a n a l y z e d . 

For the q u a n t i t a t i v e d e t e r m i n a t i o n o f g l u c o s e and 

the p h o s p h o r y l a t e d s u g a r s , Dreywood's anthrone r e a g e n t method 

( M o r r i s , 1948) used by Khym and Cohn (1953) was found t o be 

u n s a t i s f a c t o r y w i t h the pea e x t r a c t s due t o the f o r m a t i o n o f 

brown c o l l o i d a l p a r t i c l e s . T h i s may have r e s u l t e d from i n t e r 

f e r e n c e by n i t r a t e o r n i t r i t e (Juo and S t o t z k y , 1967). The 

method o f S c o t t e_t a l _ . (1967 ) employing c o n c e n t r a t e d s u l p h u r i c 

a c i d was used i n s t e a d . T h i s method i s based on the f o r m a t i o n 

o f u l t r a v i o l e t - a b s o r b i n g f u r a n a l d e h y d e s i n s t r o n g s u l p h u r i c 

a c i d . 
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To 0.5 ml o f sugar s o l u t i o n i n a 20 X 2 cm. t e s t 

tube was r a p i d l y added 40 ml o f 95% r e a g e n t grade s u l p h u r i c 

a c i d from an a u t o m a t i c p i p e t t e , and the s o l u t i o n mixed. The 

tube was c o r k e d and p l a c e d i n a 70° water b a t h f o r 30 minutes. 

The tube was th e n c o o l e d t o room t e m p e r a t u r e . Absorbance was 

r e a d w i t h a Unicam SP 800 U l t r a v i o l e t s p e c t r o p h o t o m e t e r , u s i n g 

1 cm q u a r t z c e l l s . Maximum absorbance o f the c a r b o h y d r a t e s 

was found t o be a t 322 mju. T h i s method was found t o be v e r y 

s a t i s f a c t o r y , p a r t i c u l a r l y w i t h r e s p e c t t o r e p r o d u c i b i l i t y . 

Absorbance o f ADP and ATP was r e a d d i r e c t l y a f t e r c o n c e n t r a t i o n 

i n vacuo. Maximum absorbance a t pH 7.0 was a t 260 mu. 

Cont e n t s were e x p r e s s e d per u n i t f r e s h w e i g ht because 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 i n t h e p e r c e n t d r y m a t t e r o f 

the t i s s u e s . 

2.6 S t a t i s t i c a l A n a l y s e s o f Data 

A l l d a t a were examined by the a n a l y s i s o f v a r i a n c e 

u s i n g an IBM Model 7044 e l e c t r o n i c computer. 

For the greenhouse experiment i n which t h e response 

o f peas t o 5 l e v e l s o f P was i n v e s t i g a t e d , the randomized 

complete b l o c k d e s i g n was used. The pot s were p l a c e d i n a 

manner i n which t h e 5 l e v e l s o f P were a l o n g t h e bench, 

w h i l e t h e 4 r e p l i c a t e s c o n s t i t u t e d 4 b l o c k s a c r o s s the bench. 

The b l o c k e f f e c t was not s i g n i f i c a n t , so d a t a were r e a n a l y z e d 

a c c o r d i n g t o t h e c o m p l e t e l y randomized d e s i g n . 

I n the c o n t r o l l e d environment work, the c o m p l e t e l y 

randomized d e s i g n was used w i t h i n each t e m p e r a t u r e regime. 
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Each experiment was conducted t w i c e . There were thus 2 RUNS 

each o f 2 r e p l i c a t e s f o r a t o t a l o f 4 r e p l i c a t e s ( p o t s ) . I n 

the combined a n a l y s i s o f v a r i a n c e t h e r e was a t e s t i n g term 

f o r each o f the f o l l o w i n g : Run, Temperature, Phosphorus and 

a l l p o s s i b l e i n t e r a c t i o n s . S i g n i f i c a n t i n t e r a c t i o n s o c c u r r e d 

between t e m p r a t u r e and phosphorus i n the combined a n a l y s i s o f 

d a t a f o r main e f f e c t s a t each growth s t a g e . T h e r e f o r e , i n d i v i d u a l 

a n a l y s e s were a l s o made f o r the s i m p l e e f f e c t o f phosphorus 

a t each growth s t a g e and each t e m p e r a t u r e regime. 

For the growth r e t a r d a n t e x p e r i m e n t , the 2 c o n c e n t r a 

t i o n s o f each o f the 3 compounds and the c o n t r o l were r e g a r d e d 

as d i f f e r e n t t r e a t m e n t s . There were thus 7 t r e a t m e n t s . The 

randomized complete b l o c k d e s i g n was used w i t h t r e a t m e n t s 

a l o n g t h e bench, and the 6 r e p l i c a t e s ( b l o c k s , p o t s ) a c r o s s 

t h e bench. There were 2 runs o f the experiment so t h a t t h e r e 

was a t e s t i n g t e r m f o r Run, B l o c k , Treatment and t h e i r 

i n t e r a c t i o n s . 

Treatment means were s u b j e c t e d t o Duncan's m u l t i p l e 

range t e s t (Duncan, 1955) f o r d e t e r m i n a t i o n o f s i g n i f i c a n t 

d i f f e r e n c e s among i n d i v i d u a l means. 
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3. RESULTS 

3.1 P l a n t Response t o Phosphorus F e r t i l i z e r i n the Greenhouse 

When pea p l a n t s were grown i n the greenhouse, P 

f e r t i l i z e r a p p l i e d a t r a t e s o f between 0 and 352 l b . / A , i n c r e a s e d 

pod w e i g h t , pea weight and t o t a l d r y m a t t e r , but had no e f f e c t on 

p l a n t h e i g h t and mean i n t e r n o d e l e n g t h ( T a b l e 1 ) . 

E x p r e s s e d as p e r c e n t o f dry m a t t e r , N and P were 

g e n e r a l l y h i g h e s t i n t h e pea seed (Table 2 ) . While N was l e a s t 

i n t h e pod, P was l e a s t i n b o t h the pod and the v i n e . K, Ca and 

Mg c o n c e n t r a t i o n s were h i g h e s t i n the v i n e . W h i l e Ca and Mg were 

l e a s t i n the pea, K was l e a s t i n the pod. 

E x p r e s s e d as t o t a l m i l l i g r a m s o f u p t a k e , M i n t h e pea 

seed was s l i g h t l y l e s s t h a n i n the v i n e , w h i l e P was s l i g h t l y 

more i n the seed t h a n i n the v i n e . K, Ca and Mg were g r e a t e s t 

i n the v i n e . 

A p p l i e d P i n c r e a s e d the c o n c e n t r a t i o n s and t o t a l 

c o n t e n t s o f N i n the v i n e , pod and pea seed. P i n the v i n e and 

pod i n c r e a s e d w i t h a p p l i e d P i n a l l t i s s u e s e x c e p t t h e pea seed. 

P had no e f f e c t on the c o n c e n t r a t i o n s o f K, Ca and Mg i n a l l 

t i s s u e s w i t h the e x c e p t i o n o f s l i g h t changes i n Ca i n t h e pea 

seed. P however i n c r e a s e d the t o t a l c o n t e n t s o f a l l m i n e r a l s i n 

a l l t i s s u e s . 



T a b l e 1. E f f e c t s o f Phosphorus F e r t i l i z a t i o n on growth and y i e l d f a c t o r s o f pea 
p l a n t s grown i n the greenhouse, V a l u e s a r e f o r one p l a n t . 

Lbs. 
Mean 

i n t e r - V i n e Pod Peas 
P 

p e r 
a c r e 

P l a n t 
h e i g h t 
(cm) 

node 
l e n g t h 
(cm) 

d r y 
w e i ght 

(g) No. 

Dry 
weight 

(g) No. 

F r e s h 
weight 

<g> 

Dry 
weight 

<g> 

T o t a l 
d r y 

m a t t e r 
<g> 

0 8 7.0a* 4.9a 2 .97c 2 .5c 1.03c 12. 5d 4.78d 1.01c 5 . 01c 

44 90 . 5a 5 .0a 3.63b 3 .5b 1.46b 19 .5c 10 .38c 2.19b 7.28b 

88 90. 8a 5 . 0a 3.78ab 3 . 8ab 1.56ab 22 .0b 11.71b 2 .55b 7.89ab 

176 91.0a 5.0a 3.98ab 4 . Oab 1.67a 22.8b 12.38ab 2.6 3ab 8 . 28a 

352 93. 5a 5 . 0a 4 .33a 4 . 3a 1. 83a 24.5a 13 .20a 2.85a 9 .01a 

Each f i g u r e i s t h e mean o f 4 r e p l i c a t e s . F i g u r e s f o l l o w e d by the same l e t t e r 
w i t h i n a p a r t i c u l a r measurement are not s i g n i f i c a n t l y d i f f e r e n t a t P = 0.05 
a c c o r d i n g t o Duncan's m u l t i p l e range t e s t . 

05 
CO 



T a b l e 2. E f f e c t s o f Phosphorus F e r t i l i z a t i o n on t h e c o n c e n t r a t i o n s and t o t a l 
c o n t e n t s o f N, P, K, Ca and Mg i n the v i n e , pod and pea o f greenhouse-
grown p l a n t s . 

Lbs. 
P Per cen t o f d r y m a t t e r M i l l i g r a m s p e r p l a n t 

P l a n t p e r 
t i s s u e a c r e N P K Ca Mg N P K Ca Mg 

Vi n e 

Pod 

Pea 

0 2 . 65 c" 0 ,13d 1. 96a 3 .25a 0 .43a 79c 3d 58b 94c 13b 
44 2 . 98b 0 . 15d 2 . 27a 3 .84a 0 • 48a 109b 5c 82a 139b 17a 
88 3. 04b 0 .16c 2. 07a 3 .80a 0 .43a 116b 5c 79a 143ab 17a 

176 3. 2 8ab 0 .19b 2. 18a 3 .75a 0 .41a 13 l a b 7b 87a 149ab 17a 
352 3. 34a 0 .23a 2 . 11a 3 .76a 0 .41a 144a 10a 91a 163a 18a 

0 1. 18b 0 .12b 1. 26a 1 .57a 0 . 31a 13c I d 13b 16b 3b 
44 1. 47b 0 . 17b 1. 17a 1 .74a 0 .34a 21b 2c 17b 25a 5a 
88 1. 60a 0 .17b 1. 24a 1 .85a 0 .32a 25ab 2c 19ab 29a 5a 

176 1. 70a 0 . 23a 1. 37a 1 .61a 0 .31a 28ab 4b 23a 27a 5a 
352 1. 83a 0 .27a 1. 23a 1 .69a 0 . 30a 33a 6a 23a 31a 5a 

0 3. 64b 0 .34a 1. 58a 0 .10d 0 . 19a 37c 3c 16c I d 2c 
44 4. 33a 0 .34a 1. 59a 0 .11c 0 .20a 95b 7b 35b 2c 5b 
88 4. 37a- 0 . 35a 1. 51a 0 .11c 0 • 19a 112ab 9b 38b 2c 5b 

176 4. 39a 0 . 35a 1. 60a 0 .12b 0 .19a 115a 9b 42a 3b 5b 
352 4. 42a 0 .39a 1. 47a 0 .13a 0 .21a 126a 12a 42a 4a 6a 

Each f i g u r e i s the mean o f 4 r e p l i c a t e s . F i g u r e s f o l l o w e d by the same l e t t e r 
w i t h i n a p a r t i c u l a r element and t i s s u e a r e not s i g n i f i c a n t l y d i f f e r e n t a t 
P = 0.0 5 a c c o r d i n g t o Duncan's m u l t i p l e range t e s t . 
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3.2 E f f e c t s o f Phosphorus N u t r i t i o n on Growth and M i n e r a l  

Uptake a t 3 P r e - f r u i t i n g Growth Stages as I n f l u e n c e d  

by A i r and S o i l Temperatures 

The u t i l i z a t i o n o f P i n p r o m o t i n g growth and i n f l u e n c i n g 

m i n e r a l uptake v a r i e d w i t h the a i r and s o i l t e m p e r a t u r e c o m b i n a t i o n s . 

T h i s was e v i d e n t from the s i g n i f i c a n t i n t e r a c t i o n s between tempera

t u r e and phosphorus f o r most o f the v a r i a b l e s i n the combined 

a n a l y s i s o f v a r i a n c e ( T a b l e s 3, 4 and 5 ) . The s i m p l e e f f e c t s o f 

phosphorus a t each t e m p e r a t u r e regime were t h e r e f o r e d e t e r m i n e d . 

GROWTH 

P l a n t H e i g h t . A p p l i e d P had no e f f e c t on p l a n t h e i g h t and mean 

i n t e r n o d e l e n g t h a t the 6 t h and 10th node s t a g e s ( T a b l e 6 ) . A t 

f u l l bloom, P a t t h e 44 l b . / A r a t e i n c r e a s e d p l a n t h e i g h t a t a l l 

t e m p e r a t u r e regimes e x c e p t a t the c o o l a i r and low s o i l tempera

t u r e c o m b i n a t i o n (21/13/10° d a y / n i g h t / s . o i l ) where P had no 

s i g n i f i c a n t e f f e c t . The i n f l u e n c e o f P a t the 176 l b . / A r a t e 

was not 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 a t t h e 44 l b . / A r a t e . 

Dry M a t t e r P r o d u c t i o n . A t the 6th node s t a g e , P had no e f f e c t 

on t h e d r y we i g h t o f p l a n t s a t a l l t e m p e r a t u r e regimes except 

a t 21/13/18° where P a t the 176 l b . / A r a t e i n c r e a s e d v i n e w e i g h t 

38% ( T a b l e 6 ) . 

A t the 10th node and f u l l bloom s t a g e s , P i n c r e a s e d 

the d r y weight o f p l a n t s a t a l l t e m p e r a t u r e regimes. I n c r e a s e s 

due t o P were g r e a t e r a t the h i g h s o i l t e m perature o f 18° than 

a t 10°. ' A l s o , the i n c r e a s e due t o P a t the h i g h s o i l t e m perature 

was g r e a t e r a t the c o o l d a y / n i g h t a i r temperature o f 21/13° than 



T a b l e 3. An example o f a Combined A n a l y s i s o f V a r i a n c e Computer Output 
f o r Main E f f e c t s 

Source DF Sum Sq Mean Sq E r r o r F Prob. 

Run 1 0.00047 0.00047 00.01 0 . 8 779 

Temp 3 0.76092 0 .25354 RXT (A) 61.09 0 . 0069 

RXT (A) 3 0.01246 0.00415 0.11 0 .9502 

Phosph 2 - 0.40887 0.20444 ERR (B) 71.11 0 .0001 

TXP 6 0.18363 0.03061 ERR (B) 10.65 0 .0023 

ERR (B) 8 0.02299 0.00287 0.07 0 .9994 

E r r o r 24 0.92475 0.03853 

T o t a l 47 2.31410 

V a r i a b l e : Dry weight o f p l a n t s a t t h e 10th node stage 

Temp: 21/13/10 , 21/13/18, 30/21/10 , 30/21/18.; Day/night/soil°C 

Phosph: 0, 44, 176 l b s . P per a c r e . 



Table 4. F values and the significances of Main Effects at each growth stage, and of each plant tissue at crop maturity. 
Part I. Dry matter and mineral concentrations. 

Pre-fruiting stages Crop maturity 
Treat. 6th 10th F u l l 

Variable effects node node bloom Root Vine Pod Pea 

Dry weight Temp. 52.9** 61.1** 24.9* 3.5n.s. 6 3.9** 7 0.8** 15 .0* Dry weight 
Phos. 18.7** 71.1** 175.3** 106.8** 65.0** 57.2** 61 
TXP 7.5** 10.7** 18.7** 4.9* 5.2* 4.9* 2 .On.s. 

%N Temp. 127.3** 8.8n.s. 6.9n.s. 10.4n.s. 8.2n.s. 2.9n.s. 12 .7n.s. 
Phos. 34.2** 28.7** 9.8** 41.0** 11.0** 9.3** 7 . 9* 
TXP 1.5n.s. 6.2* 4.9* 0.7n.s. 1.7n.s. 0.9n.s. 0 .7n.s. 

%P Temp. 178.4** 2.6n.s. 10.6* 4.On.s. 30.3** O.ln.s. 2 .5n.s. 
Phos. 42.1** 145.1** 262.5** 55.1** 33.4** 4.On.s. 106 .0** 
TXP 1.2n.s. 2.7n.s. 1.6n.s . 4.7* 2.1n.s. 0.6n.s. . 12 .4** 

%K Temp. 17 0.0** 65.1** 194.3** 149.7** 179.2** 23.5* • 2 .6n.s. 
Phos. 5.7* 79.5** 10.0** 0.4n.s. 2.6n.s. 2.7n.s. 0 .5n.s. 
TXP 14.2** 8.3** 5.4** 23.1** 3.3n.s. 1.7n.s. 1 .ln.s. 

%Ca Temp. 5.5n.s . 7.On.s. 3.7n.s. 26.5* 8.2n.s. 8.In.s. 226 . 1** 
Phos. 1.On.s. 24.1** 245.9** 15.5** 330.3** 1.4n.s. 6 '.8* 

' TXP 2.7n.s. 3.4n.s. 2.9n.s. 1.5n.s. 7.9** 0.4n.s. 7 .1** 
%Mg Temp. 15.7* 8.2n.s. 1.9n.s. 643.6** 100.4** 5.On.s. 15 .0* %Mg 

Phos. 5.1* 1.On.s. 13.9** 2.2n.s. 27.3** O.ln.s. 0 .4n.s. 
TXP 0.4n.s. 0.8n.s. 0.8n.s. 7.6* 1.8n.s. 0.2n.s. 0 .3n.s. 

C D 
- J 



Table 5. F values and the significances of Main Effects at each growth stage, and of each plant tissue at crop maturity. 
Part II. Total mineral contents. 

Pre-fruiting stages Crop maturity 
Treat. 6th 10th F u l l 

Variable effects node node bloom Root Vine Pod Pea 
mg. N Temp. 81.3** 13.2* 148.9** 1.4n.s.- 30 . 3** 17.2* 85.8** 

Phos. 43.5** 89.3** 265.4** 66.5** 65 .7** 3.9n.s. 133.1*^* 
TXP 13.2** 26.5** 20.9** 5.6* 7 .5** 1.In.s. 6.7** 

mg. P Temp. 79.6** 50.9** 44 .4** 1.6n.s. 23 .6* 7.3n.s. 179 . 0** 
Phos. 75.2** 125.1** 86.9** 101.2** 89 . 2** 17.4** 152.3** 
TXP 10.1** 4.6* 7.4** 9.7** 4 .'6* 1.6n.s. 4.2* 

mg. K Temp. 154.5** 26.2* 27.7* 25.9* 47 2 ft ft 306.5** 57.0** 
Phos. 33.8** 48.8** 244.4** 79 . 5** 112 . 2** 116.7** 105.8** 
TXP 20.8** 7.1** 25.4** 6.4** 6 . 1** 9.8** 5.4* 

mg. Ca Temp. 399.2** 35.7** 16.8* 1.3n.s . 57 . 8** 5 . On.s. 65.3** 
Phos. 6.7* 54 .1** 93.1** 3 2.4** 66 .9** 17.0** 55.7** 
TXP 5.6* 18.5** 13.0** 2.3n.s. 6 . 2** 0.9n.s. 3.5n.s . 

mg. Mg Temp. 168.1** 55.1** 26.7* 35.3** 43 .8** 26.0* 43.6** 
Phos. 31.1** 29.7** 186.8** 38.0** 79 . 7** 55.2** 8 5.2** 
TXP 7.7** 7.6** 15.2** 1.6n.s. 5 .2* 2.8n.s. 4 . 2* 

0 0 



Table 6, E f f e c t s of A i r and S o i l Temperatures on Growth Response of pea plants at 3 p r e - f r u i t i n g stages to 
phosphorus f e r t i l i z a t i o n . 

6th node 10th node F u l l bloom 

Mean Mean Mean 
Temp. Lbs. i n t e r - Vine i n t e r - Vine i n t e r - Vine 

Regime P Plant node dry Plant node dry Plant node dry 
Day/Night/Soil 

°C 
per height length weight height length weight height length weight Day/Night/Soil 

°C acre cm cm g cm cm g cm cm g 

21/13/10 0 11 .5a* 1 . 89a 0 .19a 18 . 8a 1 .86b 0 . 30b 43 • 8a 3 ,40a 0 • 65b 
44 12 .5a 2 .08a 0 .22a 21 . 0a 2 • 11a 0 . 38a 50 . 0a 3 .40a 1 .35a 

176 12 . 0a 2 .00a 0 .23a 20 . 0a 2 .00a 0 . 39a 50 .5a 3 . 29a 1 .8 2a 

21/13/18 0 14 . 3a 2 .38a 0 . 31b 28 .5a 2 .85a 0 .42b 49 .3b 3 .45b 0 .95b 
44 14 . 0a 2 . 34a 0 . 33b 29 .3a 2 .93a 0 .75a 69 .0a 4 • 01a 3 .45a 

176 15 .5a 2 • 58a 0 .43a 29 .3a 2 .93a 0 . 88a 66 . 0a 3 . 84a 3 .23a 

30/21/10 0 9 .3a 1 . 58a 0 .18a 18 . 8a 1 .90a 0 .32a 30 .3b 2 .15b 0 .50b 
44 8 .8a 1 .37a 0 .18a 19 . 8a 1 .91a 0 .44a 44 . 8a 2 .79a 1 .24a 

176 8 . 5a 1 .42a 0 .16a 17 . 3a 1 .93a 0 .43a 42 . 0a 2 . 56a 1 .21a 

30/21/18 0 9 . 5a 1 .61a 0 .22a 19 • 0a 1 • 90a 0 . 34b 31 • 5b 2 • 13a 0 .53b 
44 9 .5a 1 . 66a 0 .25a 20 . 3a 2 .03a 0 .53a 44 . 8a 2 .43a 1 .4 3a 

176 10 . 5a 1 .78a 0 .28a 18 . 3a 1 • 83a 0 .52a 45 . 3a 2 .46a 1 .46a 

Each f i g u r e i s the mean of 4 r e p l i c a t e s . Figures followed by the same l e t t e r within a p a r t i c u l a r temperature 
regime, growth stage and v a r i a b l e are not s i g n i f i c a n t l y d i f f e r e n t at P = 0.05 according to Duncan's m u l t i p l e 
range t e s t . 

CT) 
CO 
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a t 30/21°. P e f f e c t s on d r y weight a t t h e 44 l b . / A were not 

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 o s e a t t h e 176 l b . / A r a t e a t a l l 

temperature r e g i m e s . The magnitude o f weight i n c r e a s e s due t o 

P were g r e a t e r a t f u l l bloom t h a n a t the 10th node s t a g e . 

MINERAL UPTAKE 

M i n e r a l C o n c e n t r a t i o n s . When e x p r e s s e d as p e r c e n t o f dry matter 1, 

N g e n e r a l l y d e c r e a s e d . w i t h p l a n t age from the 6th node, t h r o u g h 

the 10th node t o the f u l l bloom s t a g e s ( T a b l e 7 ) . P and K 

remained r e l a t i v e l y c o n s t a n t a t a l l t h r e e s t a g e s . Ca and Mg 

i n c r e a s e d a t t h e 10th node s t a g e , but d e c r e a s e d a t f u l l bloom 

t o about the same l e v e l s as a t the 6 t h node s t a g e . There were 

however minor v a r i a t i o n s i n t r e n d s due t o P l e v e l and t e m p e r a t u r e 

regime. 

A t the 6 t h node s t a g e , P a t the 176 l b . / A i n c r e a s e d 

N c o n c e n t r a t i o n o n l y a t the c o o l a i r and h i g h s o i l t e m p e r a t u r e 

regime (21/13/18°). P a t b o t h r a t e s o f a p p l i c a t i o n had no 

s i g n i f i c a n t e f f e c t s on K> Ca and Mg c o n c e n t r a t i o n s . T i s s u e 

l e v e l s o f P g e n e r a l l y i n c r e a s e d w i t h a p p l i e d P, but the magnitude 

of i n c r e a s e d P uptake depended on the t e m p e r a t u r e regime. 

At the 10th node s t a g e , a p p l i e d P a t t h e 176 l b . / A 

r a t e , but g e n e r a l l y not a t t h e 44 l b . / A r a t e , i n c r e a s e d N 

c o n c e n t r a t i o n e xcept a t 30/21/10°. P had some i n f l u e n c e on K 

and Ca c o n c e n t r a t i o n s , but had no s i g n i f i c a n t e f f e c t on Mg 

c o n c e n t r a t i o n . Both r a t e s o f a p p l i e d . P i n c r e a s e d the P concen

t r a t i o n o f p l a n t s a t a l l t e m p e r a t u r e r e g i m e s . 

At f u l l bloom P d e c r e a s e d N c o n c e n t r a t i o n a t 21/13/18° 

but had no s i g n i f i c a n t e f f e c t a t the o t h e r 3 t e m p e r a t u r e r e g i m e s . 

P g e n e r a l l y had no i n f l u e n c e on K and Mg c o n c e n t r a t i o n s w h i l e i t 

d e c r e a s e d Ca a t a l l t e m p e r a t u r e regimes e x c e p t 21/13/18°. 
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Ta b l e 7. E f f e c t s o f A i r and S o i l Temperatures and Phosphorus 
n u t r i t i o n on t h e c o n c e n t r a t i o n s o f 5 m i n e r a l s i n the 
pea v i n e a t 3 p r e - f r u i t i n g growth s t a g e s . 

Lbs . 
P Per cent o f d r y m a t t e r 

Growth D a y / N i g h t / S o i l per 
Stage °C a c r e M p K Ca Mg 

6th 21/13/10 0 4 .13a* 0 .17b 2 .03a 1 .80a 0 .52a 
node 4 .20a 0 .24a 2 .05a 2 . 03a 0 .54a 

176 4 .52a 0 .26a 1 .93a 1 .92a 0 .58a 
21/13/18 0 4 • 68b 0 .18c 2 .74a 2 .19a 0 .59a 

44 4 • 90b 0 ,28b 2 .75a 2 .42a 0 .59a 
176 5 . 33a 0 .37a 3 .03a 2 . 28a 0 . 65a 

30/21/10 0 5 .12a 0 .21b 2 .51a 2 ,19a 0 .63a 
44 5 .04a 0 .3 3a 2 .16a 2 .25a 0 .62a 

176 5 . 33a 0 . 39a 2 .16a 2 .24a 0 . 6 5a 
30/21/18 0 5 .18a 0 .24b 2 .43a 2 .59a 0 .66a 

44 5 . 32a 0 . 3 l a b 2 .67a 2 .2 5a 0 .68a 
176 5 .67a 0 .39a 3 .01a 2 .12a 0 .75a 

10th 21/13/10 0 3 .97b 0 .12c 1 .96a 2 .97a 0 .67a 
node' 44 3 .88b 0 .23b 2 .30a 3 .02a 0 • 70a 

176 4 . 6 3a 0 . 34a 2 .73a 2 . 69a 0 .71a 
21/13/18 0 4 .02b 0 .10c 2 .72b 3 . 24a 0 .75a 

44 5. • 12a 0 . 29b 2 . 9 2ab 2 .75ab 0 .76a 
176 5 .12a 0 . 50a 3 . 27a 2 . 52b 0 .78a 

30/21/10 0 4 . 59a 0 .10c 2 .19a 3 .15a 0 .73a 
44 4 .48a 0 .24b 2 .32a 3 .13a 0 .73a 

176 4 .9 3a 0 .39a 2 • 48a 3 .0 8a ,0 . 81a 
30/21/18 0 4 .41b 0 .10c 2 . l i b 3 .18a 0 .81a 

44 5 • 01a 0 . 31b 2 .7 3ab 2 . 7 2ab 0 • 82a 
> • 17 6 4 . 99a 0 .45a 3 .00a 2 .42b 0 .78a 

F u l l 21/13/10 0 3 .22a 0 .0 8b 1 .97a 3 .74a 0 .71a 
bloom 44 3 .09a 0 . 22a 1 .87a 2 .86b 0 .65a 

176 3 .11a 0 .28a 1 . 88a 2 .18b 0 .64a 
21/13/18 0 2 . 99a 0 . 16a 1 .39a 1 .05a 0 .35a 

44 .2 .56b 0 .17a 1 .75a 1 .03a 0 . 66a 
176 2 . 53b 0 . 21a 1 .77a 1 .22a 0 • 66a 

30/21/10 0 3 .77a 0 .10c 2 .20a 3 .74a 0 .69a 
44 3 .11a 0 .22b 2 .03a 2 .62b 0 .57a 

176 3 .44a 0 . 30a 2 .21a 2 .05c 0 .57a 
30/21/18 0 3 .54a 0 .12c 2 .07b 3 .24a 0 .74a 

.44 3 .72a 0 .27b 2 .27ab 2 .20b 0 .62a 
176 •3 .78a 0 .33a 2 .47a 2 . l i b 0 .70a 

* Each f i g u r e i s t h e mean o f 4 r e p l i c a t e s . F i g u r e s f o l l o w e d by the 
same l e t t e r w i t h i n a p a r t i c u l a r growth s t a g - i , t e m p e r a t u r e regime 
and n u t r i e n t a re not s i g n i f i c a n t l y d i f f e r e n t a t P = 0.0 5 a c c o r d i n g 
t o Duncan's m u l t i p l e range t e s t . 
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T o t a l M i n e r a l C o n t e n t s . At the 6 t h node s t a g e , a p p l i e d P a t t h e 

176 l b . / A r a t e i n c r e a s e d the t o t a l uptake o f N and K a t t h e h i g h 

s o i l t e m perature o f 18°, but not a t the low s o i l t e m p e r a t u r e o f 

10° (Table 8 ) . The 44 l b . / A r a t e had no s i g n i f i c a n t e f f e c t on 

the t o t a l uptake o f N, K, Ca and Mg. I n c r e a s e i n P uptake due 

t o the 176 l b . / A a p p l i e d P was g r e a t e s t a t 21/13/18°. 

A t the 10th node s t a g e , a p p l i e d P tended t o i n c r e a s e 

the t o t a l uptake o f N and K. A t 21/13/18° the 176 l b . / A r a t e 

r e s u l t e d i n d e c r e a s e s i n N and K, compared t o t h e 44 l b . / A r a t e . 

P had no s i g n i f i c a n t e f f e c t on Ca and Mg except a t 21/13/18° 

where Ca and Mg i n c r e a s e d w i t h a p p l i e d P, but o n l y a t the 44 l b . / A 

r a t e . A t the low s o i l t e m p e r a t u r e o f 10° P uptake i n c r e a s e d a t 

both r a t e s o f a p p l i e d P. 

A t f u l l bloom the a p p l i c a t i o n o f P i n c r e a s e d the t o t a l 

c o n t e n t o f each o f the 5 m i n e r a l s a t a l l t e m p e r a t u r e r e g i m e s . 

The magnitude of i n c r e a s e s i n the uptake o f the m i n e r a l s , due t o 

a p p l i e d P, depended on the t e m p e r a t u r e regime. The magnitude 

was g e n e r a l l y g r e a t e r a t the h i g h s o i l t e m p e r a t u r e than a t 

the low s o i l t e m p e r a t u r e . The magnitude o f such an i n c r e a s e 

i n m i n e r a l uptake due t o P a t t h e h i g h s o i l t e m p e r a t u r e was 

reduced by the warm a i r temperature o f 30/21° compared w i t h 

t h a t o f 21/13°. 
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T a b l e 8. E f f e c t s o f A i r and S o i l Temperatures and Phosphorus 
n u t r i t i o n on the t o t a l c o n t e n t s o f 5 m i n e r a l s i n t h e 
pea v i n e a t 3 p r e - f r u i t i n g growth s t a g e s . 

_ _ _ 
P M i l l i g r a m s per p l a n t 

Growth D a y / N i g h t / S o i l p e r 
Stage °C a c r e N P K Ca Mg 

6 t h 21/13/10 • 0 Sa 0.3b 4a 4a l a 
node 44 ga 0 . 5a 4a 5a l a 

176 10a 0 . 6a 4a 4a l a 
21/13/18 0 15b 0 .6b 8b 7a 2a 

44 16b 0 . 9b 9b 8a 2a 
176 23a 1.7a 12a 10a 3a 

30/21/10 0 9a 0 .4b 5a 4a l a 
44 9a 0 . 6ab 4ab 4a l a 

176 8a 0 .7a 3b 4a l a 
30/21/18 0 l i b 0.5b 5b 6a 2a 

44 13ab 0 . 8ab 6b 6a 2a 
176 16a 1.1a 8a 6a 2a 

10th 21/13/10 0 12b 0 .4c 6b 9a 2a 
node 44 15ab 0.9b 9a 11a 3a 

176 18a 1.4a 11a 11a 3a 
21/13/18 0 17b 0.3b 7c 13b 3b 

44 39a 2.0a 21a 21a 6a 
176 19b 2 .0a 14b 9b 3b 

30/21/10 0 14b 0 .2c 7b 10a 2a 
44 20a 1.0b 10a 14a 3a 

176 21a 2. 0a 10a 13a 3a 
30/21/18 0 15b 0 . 3b 7b 11a 3a 

44 26a 1.6a 14a 14a 4a 
176 25a 2.3a 14a 13a 4a 

F u l l 21/13/10 0 21c 0 . 5c 13b 25b 5c 
bloom 44 37b 2 . 9b 26ab 38a 8b 

176 53a 4. 8a 33a 40a 11a 
21/13/18 0 28b 1.0b 19b 35b 7b 

44 86a 8. 0a 69a 80a 18a 
176 100a 11.0a 70a 67a 19a 

30/21/10 0 18b 0 . 5b l i b 19b 3b 
44 38a 2 .7a 25a 32a 7a 

176 41a 3 .6a 26a 25a 7a 
30/21/18 0 18b 0 .6b l i b 17b 4b 

44 53a 3 .8a 32a 31a 9a 
176 55a 4.7a 36a 30a 10a 

* Each f i g u r e i s the i mean o f 4 r e p l i c a t e s . F i g u r e s f o l l o w e d by 
the same l e t t e r w i t h i n a p a r t i c u l a r growth s t a g e , t e m p e r a t u r e 
regime and n u t r i e n t a r e not s i g n i f i c a n t l y d i f f e r e n t a t P = 0.05 
a c c o r d i n g t o Duncan's m u l t i p l e range t e s t . 



3.3 E f f e c t s o f Phosphorus N u t r i t i o n on Y i e l d F a c t o r s a t  

E s t i m a t e d M a r k e t a b l e M a t u r i t y o f Peas as I n f l u e n c e d  

by A i r and S o i l Temperatures 

GROWTH AND YIELD FACTORS 

A p p l i e d P i n c r e a s e d p l a n t h e i g h t a t a l l t e m p e r a t u r e 

regimes e x c e p t 30/21/18° ( F i g . 7 and Ta b l e 9 ) . P a l s o i n c r e a s e d 

t h e d r y w e i g h t s o f a l l 4 t i s s u e s ( r o o t 3 v i n e , pod and pea seed) 

a t a l l t e m p e r a t u r e r e g i m e s , but t h e magnitude o f such i n c r e a s e s 

depended on the t i s s u e and temp e r a t u r e regime ( T a b l e 9 ) . 

The g r e a t e r i n c r e a s e s i n r o o t w e i ght due t o a p p l i e d 

P p a r t i c u l a r l y a t t h e 44 l b . / A r a t e were a t t h e h i g h s o i l 

t e m p e r a t u r e . There were l a r g e i n c r e a s e s i n v i n e w e i ght due t o 

P a p p l i c a t i o n but the e f f e c t o f 176 l b . / A were g e n e r a l l y not 

d i f f e r e n t from t h o s e o f 44 l b . / A ( F i g . 8 and T a b l e 9 ) . The 

s m a l l e s t i n c r e a s e i n v i n e w e i ght due t o a p p l i e d P was accompanied 

by t h e l a r g e s t i n c r e a s e i n pea we i g h t a t the 30/21/10° regime. 

I n c r e a s e s i n pea y i e l d due t o a p p l i e d P r e s u l t e d l a r g e l y from 

i n c r e a s e s i n pea number and t o a l e s s e r e x t e n t on pea s i z e and 

pod number ( F i g . 9 and T a b l e 9 ) . 

MINERAL UPTAKE 

M i n e r a l D i s t r i b u t i o n i n P l a n t T i s s u e s . G e n e r a l l y , N and P 

c o n c e n t r a t i o n s were h i g h e s t i n t h e pea seed, Ca i n the v i n e , and 

Mg i n t h e r o o t ( T a b l e 1 0 ) . The t o t a l c o n t e n t s o f K, Ca and Mg 

were however g r e a t e s t i n t h e v i n e w h i l e P was g r e a t e s t i n t h e 

pea seed ( T a b l e 1 1 ) . N was h i g h e r i n v i n e and pea seed t h a n i n 

r o o t o r pod. 





Table 9. Growth characteristics and y i e l d factors i n peas as influenced by A i r and S o i l temperatures and phosphorus. 

Pods Peas 
Temp. 
Regime 

Day/Night/Soil 
°C 

Lbs. P 
per 

acre 

Plant 
height 
cm 

Root 
dry 

weight 
g 

Vine 
dry 

weight 
g 

Mean 
No. 

weight 
g 

Mean 
No. 

Fresh 
weight 

g 

Dry 
weight 

g 

Tota] 
dry 

mattei 

21/13/10 0 49b* 0.24b 0.71b 1.3b 0.24b 2.8b 0.96b 0.18b 1.37c 
44 66a 0.35ab 1.91a 2.5a 0.91a 10.0a 4.38a 0.93a 3.87b 
176 65a 0.42a 2.21a 2.8a 1.12a 10.8a 5.54a 1.31a 5.12a 

21/13/18 0 55b 0.14b 0.75b 1.3b 0.31b 4.0b 1.73b 0.34b 1.54b 
44 74a 0.32a 2.78a 3. 8a 1.28a 16.5a 8 .84a 1.74a 6.12a 
176 71a 0.28a 2.94a 4.8a 1.46a 16.0a 7.60a 1.55a 6.23a 

30/21/10 0 35b 0.22b 0.40b 1.0b 0.12b 1.8b 0 .43b 0.08b 0.82b 
.44 45a 0.33a 0.90a 2.0a 0.45a 7.0a 3.14a 0.7 8a 2.46a 
176 50a 0.38a 1.07a 1.8a 0.47a 7.8a 3.49a 0.76a 2.68a 

30/21/18 0 38a 0.14c 0.43b 1.0b 0.12b 2.3b 0.80b 0.19b 0.88b 
44 47a 0.33a 1.17a 2.0a 0 .41a 7.8a 3.68a 0.99a 2.90a 
176 48a 0.25b 1.26a 2.0a 0 .47a 7.0a 3.49a 1.03a 3.01a 

* Each figure i s the mean of 4 replicates. Figures followed by the same l e t t e r within a particular temperature 
regime and measurement are not s i g n i f i c a n t l y different at P = 0.0 5 according to Duncan's multiple range test. 

cn 
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F i g . 8. E f f e c t of phosphorus f e r t i l i z a t i o n on the growth 
of the plant at the nearest-optimum a i r and s o i l 
temperature combination. 

TEMP. "C DAY/NIGHT/SOIL 

21 13 IB 

* » • t • 
• • • »• 

F i g . 9. E f f e c t o f a i r and s o i l t e m p e r a t u r e s and phosphorus 
on number and s i z e o f peas p e r pot (4 p l a n t s ) . 



Table 10. Mineral uptake and distribution in the root, vine, pod and pea seed as influenced by A i r and S o i l temperatures 
and phosphorus. Mineral concentrations, percent of dry matter. 

Temp. 
Regime 

Lbs. 
P Root Vine 

uay/wignx/aon per 
°C acre N P K Ca Mg N P K Ca Mg 

21/13/10 0 2 .7 2a* 0, ,07c 2 .74a 0, ,69b 1, ,77a 2. ,40a 0.06b 1 .95a 4 • 19a 0. 80a 
44 2 .28ab 0, .13b 2 .25b 0 , . 90ab . 1, ,56a 1. ,71b 0.08b .1 .88a 3 .7 3a 0.63b . 
176 2 .10b 0 , ,21a 1 .84b 1. ,26a 1, ,29a 1. . 54b 0.13a 1 ,73a 2 .29b 0. 52c 

21/13/18 0 2 .99a 0, ,16a 1 .39a 1. , 05a 0, . 35b 2, ,67a 0.10c 2 .00a 3 • 57a 0.88a 
44 2 .56b 0, ,16a 1 .75a 1. , 03a 0, ,66a 2, ,47a 0.13b 1 .83a 3 .14a 0.66a 
176 2 .,53b 0, .21a 1 .77a 1, ,22a 0, .66a 1, ,92b 0.18a 1 .9 3a 2 .44b 0.67a 

30/21/10 0 2 • 82a 0, ,10b 2 .98a 0, ,86a 1, .73a 2, ,9 6a 0.06b 2 .21a 4 .13a 1.00a 
44 2 . 34b 0, ,12b 2 .75a 1, ,14a 1, .61a 2, ,40b 0.17a 2 . 31a 3 .44a 0. 83a 
176 2 • 33b 0, .29a 2 . 53a 1, ,19a 1, ,61a 2 , ,21b 0.19a 2 .23a 2 .33b 0.75a 

30/21/18 0 2 .87a 0 . .14b 1 .05b 1, .07a 0 , , 36c . 2 , ,66a 0.08b 2 .44a 3 .58a 0.99a 
44 2 . 54b 0 , .16b 1 .65a 1. .29a 0, .68a 2 , ,57a 0.11b 2 .20a 3 .35a 0.98a 
176 2 .56b 0. .23a 2 .00a 1, .37a 0. .56b 2, ,54a 0.23a 2 .48a 2 .49b 0.8 9a 

Pod Pea 
21/13/10 0 1 .99a 0 , .06b 1 .25a 1, ,65a 0, ,48a 4. ,46a 0.30b 1 .43a 14c 0.28a 

44 1 . 34b 0, .15a 1 . 39a 1, ,57a 0 . .44a 4, ,12a 0.46a 1 .66a 12a 0. 28a 
176 1 .28b 0. .18a 1 .31a 1. ,40a 0-, ,47a 4, ,01a 0.51a 1 .64a • 11a 0.30a 

21/13/18 0 1 .90a 0, ,08c 1 .22a 1, ,51a 0, ,49a 4, ,39a 0.34b 1 .55a 13a 0. 30a 
44 1 . 56a 0 , .12b 1 .41a 1, ,49a 0, ,47a 4, ,14a 0. 39b 1 .59a 15a 0.31a 
176 1 .90a 0 , ,21a 1 .57a 1. ,34a 0 . ,47a 4, ,37a 0.49a 1 .59a • 15a 0.31a 

30/21/10 0 2 • 54a 0, ,12b 1 .73a 1. ,76a 0 , ,57a 4, ,68a 0.26c 1 .67a 19a 0.33a 
44 1 .33b 0 . .1.0 b 1 .59a 1, , 99a 0, ,60a 4. ,33a 0. 36b 1 .66a 15a 0.33a 
176 1 • 43b 0 , ,19a 1 .68a 1. ,68a 0, , 59a 4. ,21a 0.44a 1 .68a 14a 0. 33a 

30/21/18 0 2 .26a 0, ,09b 1 .61a 1. ,73a 0, ,70a 4 , ,82a 0.28b 1 .73a 17a 0.3 5a 
44 1 ..36b 0, ,14a 1 .57a 1, . 99a 0 , ,67a 4 . ,42a 0.37b 1 .62a 16a 0.32a" 
176 1 . 54b 0, ,16a 1 .78a 1, ,87a 0, ,66a 4, ,49a 0.65a 1 .65a 18a 0.34a 

* Each figure i s the mean of 4 replicates. Figures followed by the same l e t t e r within each temperature regime, 
plant tissue and element are not s i g n i f i c a n t l y different at P = 0.05 according to Duncan's multiple range test. 

oo 



Table 11. M i n e r a l uptake and . d i s t r i b u t i o n i n the r o o t , v i n e , pod and pea seed as i n f l u e n c e d by A i r and S o i l temperatures 
and phosphorus. M i n e r a l c o n t e n t s , m i l l i g r a m s per p l a n t . 

Temp. Lbs. 
Regime P Root Vine 

D a v / N i g h t / S o i l per :  

°C acre N P K Ca Mg N P K Ca Mg 
21/13/10 0 6. ,5a* 0 . . 2c 6 . .6a 1. ,7b 4 . . l a 16. .7a 0 . ,4c 13 . l b 29 , . 6c 5. ,6b 

44 7 . . 9a 0 . .4b 7 . . 8a 3. .lab 5. . 4a 32 , .8a 1. ,6b 35 .5a 68. .7a 11. .7a 
176 8, ,5a 0 . ,9a 7 , ,7a 5. ,6a 5 . . 8a 34 . . 5a 2 . ,9a 38 , 0a 50 , . 0b 11. . 5a 

21/13/18 0 4 , ,0b 0 . . 3b 1. .9b 1. . 5b 0 . . 5b 19 , .8b 0. ,6c 14 . 9b 26 , .5c 6. ,4b 
44 8 . . 3a 0 , . 5a 5 , . 8a 3 . .3a 2 . . l a 53 . . 3a 3 . ,4b 50 .7a 87. . 3a 18 . . 3a 

176 7 , . l a 0 , . 6a 5 , ,0a 3 . ,4a 1. , 9a 72 , .9a 5. ,3a 56 .0a 69 . ,9b 19 . ,4a 
30/21/10 0 6 . . 2b 0 . . 2b 6 , ,6b 2. ,0a 3 . , 9b 11. . 3b 0 . . 2b 9 .0b 16, ,4b 3 . .9b 

44 7 . . 8ab 0 . .4b 8 . ,4ab 3 . . 8a 5 . ,5a 20 , .0a 1. . 5a 20 . 9a 30 . ,7a 7 . ,3a 
176 8, . 6a 1. • l a 10 . • l a 4. .8a 6 . . l a 25 , .4a 2. . 0a 23 .9a 24 . . 5a 7 . .9a 

30/21/18 0 3 , . 9b 0 . . 2b 1. ,4b 1. ,5b 0 . ,5b 11, .4b 0 . . 3c 10 .6c 15. . 3c 4 . • l b 
44 8 . . 3a 0". ,6a 5 , . 8a 4 . . 2a 2. ,1a 29 , . 8a 1. . 3b 25 . 8b 39. ; 3a 11 . . 3a 

176 6 , ,4a 0 . . 6a 5 , .0a 3 . .4a 1. ,1b 31, .9a 2 . . 9a 31 . 2a 31. ; 0b 11. . l a 

Pod Pea' 
21/13/10 0 4 . . 6b 0 . . 2b 3 . .0b 3 . . 8b 1. . 2b 7 , .9b 0 . . 5c 2 .6b 0 . ,3b 0. . 5b 

44 12 . ,8a 1. ,4a 12 , . l a 13 . ,7a 4 . . 0a 37 , ,3a '• 4. . 3b 15 .4a 1. . l a ' 2 . . 6c 
17 6 13 . ,1a 1. ,9a 14 . . 3a 16 . ,9a 5. . 3a 52 , ,5a 6 . ,7a 21 .5a ' 1. . 4a 3. . 9a 

21/13/18 0 5. . 8b 0 . ,4b 3 . ,8b 4 . ,6b 1. .6b 14 , ,9b 1. , 3b 5 . 3b 0 . ,4b 1. .0b 
44 19 . ,7a 1. . l b 17 . ,8a • 19. ,4a 5. ,9a 72. ,0a 5. ,9a 27 .7a 2 . ,6a 5. .4a 

176 28 . ,0a 3 . . l a 22. . 9a 19 . , 3a 6 . .8a 67 , ,7a 7 . ,6a 24 .6a 2. ,3a 4 . . 8a 
30/21/10 0 3 . . 0b 0 . . 2c 2 . .lb 2. ,0b 0 . ,7b 3 . .7b . 0. . 2b 1 .3b 0 . . 2b 0 . . 3b 

44 5 . .9a 0 . , 5b ' 7 . ,1a 8 . ,8a 2. ,7a 33. ,8a 2 . ,8a 12 .9a 1. . 2a 2. ,6a 
176 6. ,9a 0. . 9a 7 , , 8a 7 . , 5a 2 . , 7a 32 . ,0a 3 . . 3a 12 .8a 1. , l a . 2. . 5a 

30/21/18 0 2 , . 8b 0 . ,2c 2 . . 0c 2 . , l b 0 . ,9b 9 . .lb 0. , 5c 3 . 3b 0 . . 3b 0 . ,7b 
44 5 . . 5a 0 . .4b 6. ,4b 8 . , 3a 7 . ,8a 43 . .6a 3 . .7b 16 .0a 1. . 6a 3 . , 2a 

176 7 . , 6a 0. , 8a 8 . ,2a 8 . , 8a 3 . ,1a 45 . ,6a 6 . ,7a 17 . 0a 1. .9a 3. ,5a 

Each f i g u r e i s the mean of 4 r e p l i c a t e s . F i g u r e s f o l l o w e d by the same l e t t e r w i t h i n each temperature regime, 
p l a n t t i s s u e and. element are not s i g n i f i c a n t l y d i f f e r e n t at P = 0.05 a c c o r d i n g t o Duncan's m u l t i p l e range t e s t . CO 
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M i n e r a l C o n c e n t r a t i o n s . The i n f l u e n c e o f a p p l i e d P on t i s s u e 

l e v e l s o f N, P, K, Ca and Mg depended on the t i s s u e and the 

tem p e r a t u r e regime. I n t h e r o o t , a p p l i e d P a t b o t h r a t e s 

g e n e r a l l y d e c r e a s e d N c o n c e n t r a t i o n a t a l l t e m p e r a t u r e regimes 

( T a b l e 1 0 ) . Root l e v e l s o f P i n c r e a s e d w i t h the 176 l b . / A r a t e 

o f a p p l i e d P e x c e p t a t 21/13/18°. Root K tended t o i n c r e a s e w i t h 

a p p l i e d P a t t h e h i g h s o i l t e m p e r a t u r e , p a r t i c u l a r l y when the 

a i r t e m p e r a t u r e was warm, and tended t o de c r e a s e a t the low s o i l 

t e m p e r a t u r e , p a r t i c u l a r l y a t t h e c o o l a i r t e m p e r a t u r e . Root Ca 

was a f f e c t e d by a p p l i e d P a t a l l t e m p e r a t u r e regimes but t h i s 

was s i g n i f i c a n t o n l y a t 21/13/10°. Root Mg was not i n f l u e n c e d 

by P a t t h e low s o i l t e m p e r a t u r e but was i n c r e a s e d a t t h e h i g h 

s o i l t e m p e r a t u r e . 

In t h e v i n e , a p p l i e d P d e c r e a s e d N c o n c e n t r a t i o n a t 

a l l t e m p e r a t u r e regimes e x c e p t 30/21/18°. P a t the h i g h e r r a t e 

i n c r e a s e d the P c o n c e n t r a t i o n o f the v i n e a t a l l t e m p e r a t u r e 

r e g i m e s . V i n e K and Mg were not s i g n i f i c a n t l y i n f l u e n c e d by P 

a t a l l t e m p e r a t u r e regimes e x c e p t t h a t b oth r a t e s o f P d e c r e a s e d 

Mg c o n c e n t r a t i o n a t 21/13/10°. Ca was d e c r e a s e d by t h e h i g h e r 

r a t e o f P a t a l l t e m p e r a t u r e r e g i m e s . 

I n t h e pod and the pea seed, K, Ca and Mg c o n c e n t r a t i o n s 

were not i n f l u e n c e d by P a t a l l t e m p e r a t u r e r e g i m e s . N c o n c e n t r a t i o n 

o f the pod d e c r e a s e d w i t h a p p l i e d P e x c e p t a t 21/13/18°. N 

c o n c e n t r a t i o n o f t h e pea seed was not i n f l u e n c e d by P a t a l l 

t e m p e r a t u r e r e g i m e s . P c o n c e n t r a t i o n o f the pod and the pea 

seed i n c r e a s e d w i t h a p p l i e d P. 
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T o t a l M i n e r a l C o n t e n t s . A p p l i e d P g e n e r a l l y i n c r e a s e d t h e t o t a l 

upake o f M i n a l l 4 t i s s u e s a t a l l 4 t emperature regimes ( T a b l e 1 1 ) . 

P c o n t e n t o f a l l t i s s u e s i n c r e a s e d w i t h a p p l i e d P a t a l l t e m p e r a t u r e 

r e g i m e s . K, Ca and Mg a l s o g e n e r a l l y i n c r e a s e d w i t h P a p p l i c a t i o n 

i n a l l t i s s u e s . 

3.4 M i n e r a l T r a n s l o c a t i o n P a t t e r n s 

I n a d d i t i o n t o i t s e f f e c t on the t o t a l a b s o r p t i o n o f 

m i n e r a l s , P a l s o i n f l u e n c e d t h e d i s t r i b u t i o n p a t t e r n s i n t h e 

p l a n t t i s s u e s . M i n e r a l c o n t e n t s o f the pea seed i n r e l a t i o n 

t o the c o n t e n t s o f the e n t i r e p l a n t v a r i e d w i t h a p p l i e d P. 

Pea seed c o n t e n t as p e r c e n t o f t o t a l p l a n t c o n t e n t was employed 

as t h e i n d i c a t o r o f t r a n s l o c a t i o n (Table 1 2 ) . For example, 

w h i l e t h e amount o f N t r a n s l o c a t e d i n t o the pea seed was 22% o f 

t h e amount c o n t a i n e d i n the e n t i r e p l a n t w i t h o u t a p p l i e d P a t 

21/13/10°, a p p l i e d P a t t h e 44 l b . / A r a t e i n c r e a s e d t h e v a l u e 

t o 41%. The d i s t r i b u t i o n p a t t e r n s o f K and Mg were s i m i l a r 

t o t h o s e o f N. Ca c o n t e n t o f the pea seed was t o o low t o p e r m i t 

d e f i n i t e i n t e r p r e t a t i o n o f phosphorus and t e m p e r a t u r e e f f e c t s . 

I n c r e a s e s i n the t r a n s l o c a t i o n o f m i n e r a l s i n t o t h e pea s eed, 

due t o a p p l i e d P, were u s u a l l y g r e a t e r a t the low s o i l tempera

t u r e o f 10° t h a n a t the h i g h s o i l t e m perature o f 18°. 

3.5 Comparative Growth , P l a s t i d Pigment and M i n e r a l  

Responses o f the P l a n t t o F o l i a r A p p l i c a t i o n s o f  

C y c o c e l , Phosfon and B-Nine a t Low C o n c e n t r a t i o n s 

The e f f e c t s o f t h e 3 growth r e t a r d i n g c h e m i c a l s on 

growth c h a r a c t e r i s t i c s , pigment c o n t e n t s , and m i n e r a l uptake 



Table 12. A b s o r p t i o n and T r a n s l o c a t i o n o f N, P, K, Ca and Mg as I n f l u e n c e d by-
Phosphorus n u t r i t i o n a t 4 A i r and S o i l Temperature Regimes. 

Temperature Lbs 
Regime P 

T o t a l uptake 
mg/plant 

Pea seed c o n t e n t 
as % p l a n t c o n t e n t 

D a y / N i g h t / S o i l 
°C 

per 
a c r e N P K Ca Mg N P . K Ca Mg 

21/13/10 0 36 1. 3 25 35 11 22 3 3 10 0.9 4 
44 91 7 . 7 71 87 24 41 55 22 1.3 11 

176 109 12.4 82 74 27 48 54 26 1.9 15 

21/13/18 0 45 2 . 6 26 33 10 33 50 10 1.2 11 
44 153 10.9 102 113 32 47 54 27 2.3 16 

176 176 16 .6 109 94 33 38 45 22 2.4 14 

30/21/10 0 24 0 . 8 19 21 9 15 25 7 1.0 4 
44 68 5 . 2 49 45 18 39 54 2 7 2.7 15 

176 73 7 . 3 5 5 38 19 44 45 24 2.9 13 
30/21/18 0 27 1.2 17 19 6 34 42 19 1.6 11 

44 87 6.0 54 53 19 50 62 29 3.0 17 
176 92 11.0 61 45 19 50 61 28 4.2 19 

C O 
t-O 
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depended on the r e t a r d i n g c h e m i c a l and i t s c o n c e n t r a t i o n ( T a b l e s 

13, 14, and 1 5 ) . 

CYCOCEL a t 1 ppm i n c r e a s e d p l a n t h e i g h t ( F i g . 1 0 ) , 

i n t e r n o d e l e n g t h , t o t a l d r y m a t t e r and pea y i e l d but d i d not 

a f f e c t number o f peas ( T a b l e 1 3 ) . C h l o r o p h y l l a and t h e 

c h l o r o p h y l l a:b r a t i o were s i g n i f i c a n t l y r e d u c e d w h i l e c h l o r o p h y l l 

b was not i n f l u e n c e d ( T a b l e 1 4 ) . N, P and Mg c o n c e n t r a t i o n s were 

h i g h e r t h a n i n c o n t r o l p l a n t s ( T a b l e 1 5 ) . C y c o c e l a t 100 ppm 

caused a r e d u c t i o n i n p l a n t h e i g h t , i n t e r n o d e l e n g t h and t o t a l 

d r y m a t t e r p r o d u c t i o n but d i d not a f f e c t pea y i e l d . The 

r e d u c t i o n i n t o t a l d r y w e i g h t was l a r g e l y a r e s u l t o f a de c r e a s e 

i n v i n e w e i g h t . P, Mg and c h l o r o p h y l l b c o n c e n t r a t i o n s were 

i n c r e a s e d and K d e c r e a s e d by t h i s t r e a t m e n t . 

PHOSFON a t 1 ppm i n c r e a s e d i n t e r n o d e l e n g t h and the 

c o n c e n t r a t i o n o f P but d e c r e a s e d K c o n c e n t r a t i o n . 100 ppm 

Phosfon caused a marked r e d u c t i o n i n p l a n t h e i g h t , i n t e r n o d e 

l e n g t h , v i n e w e i g h t , pea weight and t o t a l d r y m a t t e r , but i n c r e a s e d 

the c o n c e n t r a t i o n s o f c h l o r o p h y l l s a and b, and P and Ca. 

B-NINE a t 1 ppm d i d not s i g n i f i c a n t l y a f f e c t growth 

and y i e l d o r p l a s t i d pigment c o n t e n t . N, P and K c o n c e n t r a t i o n s 

were reduced and Mg i n c r e a s e d . B-Nine a t 100 ppm i n c r e a s e d mean 

i n t e r n o d e l e n g t h as w e l l as N and P c o n t e n t s . K was a g a i n l e s s 

t h a n i n c o n t r o l p l a n t s . 

The t o t a l number o f peas, c a r o t e n o i d c o n c e n t r a t i o n and 

c h l o r o p h y l l : c a r o t e n o i d r a t i o were not s i g n i f i c a n t l y i n f l u e n c e d by 

any o f the t r e a t m e n t s ( T a b l e s 13, 14 and 1 5 ) . The r e l a t i v e 

magnitude o f t r e a t m e n t e f f e c t s on m i n e r a l c o m p o s i t i o n depended on 



T a b l e 13. E f f e c t s o f C y c o c e l , P hosfon and B-Nine on growth and y i e l d f a c t o r s i n peas. 

Mean 
i n t e r - V i n e T o t a l Pea Pea T o t a l 

P l a n t node d r y number f r e s h d r y d r y 
h e i g h t l e n g t h w e i g ht peas w e i g h t weight m a t t e r 
(cm) (cm) (g) (no) (g) (g) (g) 

C o n t r o l 69 . 3 b* 3 .63b 4 . 57ab 28 .7a 15 . 38b 3.27b 10 . 30b 

C y c o c e l , 1 ppm 75 . 5a 4 .15a 4 .86a 27 . 8a 20 • 46a 4. 45a 11 .94a 

C y c o c e l , 100 ppm 62 .8c 3 . 33c 3 .96b 24 . 8a 13 .77b 2 . 97b 9 .17c 

P h o s f o n , 1 ppm 73 ,6ab 3 .90a 4 .49a 27 .7a 16 .86b 3 .38b 10 .17b 

P h o s f o n , 100 ppm 38 . 3d 2 . 26d 2 .94c 21 . 0a 9 .75c 1.95c 6 .66d 

B-Nine, 1 ppm 69 .96b 3 .70b 4 . 16ab 26 .5a 14 . 25b 3 .15b 9 ,50b 

B-Nine, 100 ppm 71 . 3ab 3 .93a 3 .97b 28 . 3a 14 .71b 3 .43b 9 .5 3b 

* Each f i g u r e i s t h e mean o f 12 p l a n t s . F i g u r e s f o l l o w e d by t h e same l e t t e r w i t h i n 
a p a r t i c u l a r measurement are not s i g n i f i c a n t l y d i f f e r e n t a t P = 0.0 5 a c c o r d i n g t o 
Duncan's m u l t i p l e range t e s t . 

0 0 



T a b l e 14. E f f e c t s o f C y c o c e l , P hosfon and B-Nine on p l a s t i d pigment c o n t e n t s o f 
pea p l a n t s . 

C h l o r o . 
a 

mg/g 
C h l o r o 

b 

f r e s h l e a f 
T o t a l 

C h l o r o . 
C a r o t e -
n o i d s 

R a t i o 
C h l o r o . 
a: b 

R a t i o 
C h l o r o . / 
c a r o t . 

C o n t r o l 1.9 0b* 0.78b 2.6 8b 0.28a 2.44a 9 . 6a 

C y c o c e l , 1 ppm 1.67c 0 .73b 2.40c 0 .24a 2 .29b 10 .0a 

C y c o c e l , 100 ppm 2.00b 0 . 90a 2.90ab 0.27a 2.22b 10 .7a 

P h o s f o n , 1 ppm 1.79b 0.74b 2.53b 0.27a 2.42a 9 .4a 

P h o s f o n , 100 ppm 2 .14a 0 .91a 3 .05a 0.29a 2.35a 10.5a 

B-Nine, 1 ppm 1.89b 0 .78b 2 .67b 0 . 28a 2 .42a 9.5a 
B-Nine, 100 ppm 1.88b 0 .78b 2.66b 0.23a 2 .42a 11.6a 

Each f i g u r e i s the mean o f 12 p l a n t s . • F i g u r e s f o l l o w e d by t h e same l e t t e r w i t h i n 
a p a r t i c u l a r measurement are not s i g n i f i c a n t l y d i f f e r e n t a t P = 0.05 a c c o r d i n g t o 
Duncan's m u l t i p l e range t e s t . 



T a b l e 15. M i n e r a l c o m p o s i t i o n and t o t a l c o n t e n t s i n pea p l a n t s as i n f l u e n c e d by two 
c o n c e n t r a t i o n s o f C y c o c e l , P hosfon and B-Nine. 

M i n e r a l c o m p o s i t i o n T o t a l m i n e r a l uptake 
( p e r c e n t o f d r y m a t t e r ) (mg/plant v i n e p o r t i o n ) 

N P K Ca Mg N P K Ca Mg 

C o n t r o l 3. 80 b* 0 .08c 4 .46a 2 . 94b 0.76b 174a 3 .7b 204a 134a 35ab 

C y c o c e l , 1 ppm 4 . 05a 0 .10c 4 .22ab 2 .95b 0 .79a 197a 4 .Qab 205a 143a 38a 

C y c o c e l , 100 ppm 4. 05a 0 .13b 2 .64c 3 . 07ab 0 .80a 160b 5 . l a 105c 122b 32b 

P h o s f o n , 1 ppm 3 . 86b 0 .13b 3 .59b 2 .99b 0.75b 173a 5 . 8a 161a 134a 34b 

P h o s f o n , 100 ppm 3. 89b 0 .16a 4 . 3 5a 3 .23a 0 .74b 114c 4 .7ab 128b 95c 22c 

B-Nine, 1 ppm 3 . 56c 0 .06d 4 .07b 2 .88b 0 .80a 148b 2 . 5c 159a 120b 33b 

B-Nine, 100 ppm 3. 95a 0 . 11c 3 .99b 2 .90b 0.78ab 157b 4 .4ab 158a 115b 31b 

Each f i g u r e i s t h e mean o f 12 p l a n t s . F i g u r e s f o l l o w e d by t h e same l e t t e r w i t h i n a 
p a r t i c u l a r element a r e not s i g n i f i c a n t l y d i f f e r e n t a t P = 0.05 a c c o r d i n g t o Duncan's 
m u l t i p l e range t e s t . 

0 0 
CD 



F i g . 10. E f f e c t s o f B-Nine, C y c o c e l and P h o s f o n a t 1 and 100 ppm on growth o f t h e 
p l a n t . 
" 0 0 
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whether t h e y were e x p r e s s e d on a p e r c e n t o f d r y m a t t e r b a s i s 

o r e x p r e s s e d on a t o t a l uptake p e r p l a n t ( v i n e p o r t i o n ) b a s i s 

( T a b l e 1 5 ) . 

3.6 E f f e c t s o f Temperature and A p p l i e d Phosphorus on G l u c o s e , 

Hexose phosphates and Adenosine phosphates i n Pea  

T i s s u e s 

G l u c o s e and hexose phosphates had absorbance maxima 

a t about 32 5 nyu, and adenosine phosphates a t about 26 0 mjd 

( F i g . 1 1 ) . ADP and ATP d i d not g i v e peaks as sharp as t h o s e o f 

g l u c o s e and hexose phosphates. 

I n 5-day o l d pea r a d i c l e s , an i n c r e a s e i n t e m p e r a t u r e 

from 20 t o 25° l e d t o a marked i n c r e a s e i n the l e v e l o f g l u c o s e , 

had no e f f e c t on G-l-P and G-6-P", but d e c r e a s e d F-6-P, F-D-P, 

ADP and ATP l e v e l s ( T a b l e 1 6 ) . With an i n c r e a s e t o 30°, 

g l u c o s e remained h i g h w h i l e the l e v e l s o f hexose phosphates 

i n c r e a s e d , and t h o s e o f ADP and ATP were v i r t u a l l y unchanged. 

R a d i c l e w e i g h t i n c r e a s e d a t 25° but t h e r e was no s i g n i f i c a n t 

d i f f e r e n c e between r a d i c l e s a t 20 and 30°. 

I n l e a v e s and r o o t s o f 30-day o l d p l a n t s , t h e r e were 

s i g n i f i c a n t i n t e r a c t i o n s between te m p e r a t u r e and P f o r t h e 

p h o s p h o r y l a t e d compounds e x c e p t G-6-P i n the l e a f and ATP i n 

the r o o t . The s i m p l e e f f e c t s o f P a t each t e m p e r a t u r e regime 

were t h e r e f o r e d e t e r m i n e d . 

A p p l i e d P a t 44 l b . / A i n c r e a s e d l e a f w e i g ht a t a l l 

temperature r e g i m e s , and i n c r e a s e d r o o t w e i ght o n l y a t t h e c o o l 
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F i g . I I . Typical absorption spectra of glucose (glu), 
hexose phosphates (HP) and adenosine phosphates 
(AP) of 5-day old pea ra d i c l e s grown at 25°. 
1 g of fresh tissue was used. 



90 

T a b l e 16. E f f e c t o f temp e r a t u r e on G l u c o s e , Hexose pho s p h a t e s , 
ADP and ATP l e v e l s o f 65-day o l d pea r a d i c l e s . F r e s h 
weight (F.W.) i n g; compounds i n uM/g. F.W. 

Temp. 
°c F.W. G l u . G-l-P G-6-P F-6-P F-D-P ADP ATP 

20 1.86b* 76b .54b .19b .15b .23b . 21a .17a 

25 2 .21a 150a .46b .20b .10c .12c .17b .13b 

30 1.79b 149a 1.64a .39a .18a .40a • 15c .13b 

Each f i g u r e i s the mean o f 3 r e p l i c a t e s . F i g u r e s f o l l o w e d 
by t h e same l e t t e r w i t h i n each compound a r e not s i g n i f i c a n t l y 
d i f f e r e n t a t P = 0.0 5 a c c o r d i n g t o Duncan's m u l t i p l e range 
t e s t . 



91 

d a y / n i g h t a i r temperature o f 21/13° ( T a b l e 1 7 ) . P s i g n i f i c a n t l y 

d e c r e a s e d l e a f g l u c o s e o n l y a t 30/21/18°. Leaf G-l-P d e c r e a s e d 

w i t h a p p l i e d P a t the c o o l a i r t e m p e r a t u r e but not a t the warm 

a i r t e m p e r a t u r e . P d e c r e a s e d G-6-P i n t h e l e a f a t a l l 

temperature r e g i m e s . F-6-P was i n c r e a s e d by P a t a l l t e m p e r a t u r e 

regimes except 21/13/18°. F-D-P i n the l e a f d e c r e a s e d w i t h 

a p p l i e d P a t 21/13/18°. A t 21/13/10° t h e r e was a d e c r e a s e i n ' 1 

l e a f ADP and an i n c r e a s e i n ATP, due t o a p p l i e d P. A t 21/13/18°, 

however, P had no s i g n i f i c a n t e f f e c t on ADP but d e c r e a s e d ATP. 

In t h e r o o t , a p p l i e d P s i g n i f i c a n t l y d e c r e a s e d t h e 

l e v e l s o f G - l - P , G-6-P, F-6-P and ATP a t 21/13/18°. A t 

30/21/18°, P i n c r e a s e d g l u c o s e , G - l - P , G-6-P, F-D-P and ADP but 

dec r e a s e d F-6-P. 

3.7 E f f e c t s o f C y c o c e l and Phosfon on G l u c o s e , Hexose 

phosphates and Adenosine phosphates i n 5-day o l d Pea 

R a d i c l e s 

C y c o c e l a t 1 ppm i n c r e a s e d the l e v e l s o f G-l-P and 

G-6-P (Table 1 8 ) . F-6-P tended t o i n c r e a s e w i t h i n c r e a s i n g 

c o n c e n t r a t i o n o f C y c o c e l . F-D-P d e c r e a s e d a t 1 ppm, was not 

i n f l u e n c e d a t 10 and 100 ppm, and i n c r e a s e d a t 1000 ppm. C y c o c e l 

a t a l l c o n c e n t r a t i o n s d e c r e a s e d ADP. ATP d e c r e a s e d a t 1 and 

10 ppm, was not s i g n i f i c a n t l y a f f e c t e d a t 100 ppm, but i n c r e a s e d 

a t 1000 ppm. Only 1000 ppm C y c o c e l d e c r e a s e d r a d i c l e w e i g h t . 

Phosfon a t up t o 100 ppm i n c r e a s e d g l u c o s e . A t 1 and 

10 ppm, Phosfon d e c r e a s e d G-6-P, F-D-P, ADP and ATP, but 

i n c r e a s e d F-6-P. At 1000 ppm, Phosfon markedly d e c r e a s e d g l u c o s e 



T a b l e 17. T i s s u e l e v e l s o f G l u c o s e , Hexose pho s p h a t e s , ADP and ATP' as i n f l u e n c e d 
by a i r and s o i l t e m p e r a t u r e s and a p p l i e d phosphorus. L e v e l s o f 
compounds i n ;uM/g f r e s h w e i g h t . 

Temperature Lbs. 
Regime P F r e s h 

D a y / N i g h t / S o i l p e r 
°C a c r e 

wt. 
g G l u . G-l-P G-6-P F-6-P F-D-P ' ADP ATP 

LEAF 
21/13/10 0 5 . . l b * 47a 1.70a .51a .26b . 82a .31a . l i b 

44 11, . 5a 52a .53b .33b .46a .70a . .2 4b .14a 
21/13/18 0 5. .5b 58a .71a .43a .26a . 66a .27a .14a 

44 17, . 5a 53a .56b . 32b .28a ,47b . 30a .10b 
30/21/10 0 4 , .9b 51a .76a , 55a . 38b .40b .33a .13a 

44 9 , .4a 54a .65a .33b .48a . 5 3a .32a .14a 
30/21/18 0 4, ,4b 120a .71a .52a . 32b .44b . 31a .14a 

44 9 , . 3a 45b .60a .33b .51a . 55a .26a .14a 

ROOT 
21/13/10 0 11. ,9b 36a . 53a .33a .32a .38b .25a .10a 

44 16 , .8a 21b .46a .26b . 32a .43a .22a .10a 
21/13/18 0 13. ,5b 17a .47a . 43a .42a .50a .20a .08a 

44 17 . , 6a 14a .30b . 25b . 30b .4 8a .17a .06b 
30/21/10 0 11 .4a 13a .19b .28a .48a .40a .16a .08a 

44 12 . , 5a 11a . 32a . 31a . 32b .37a .17a .09a 
30/21/18 0 10 . , 5a l i b .47b . 37b .50a .43b .15b .09a 

44 10 . , 6a 16a .60a . 50a .40b .57a .22a .10a 

* Each f i g u r e i s the mean of 3 r e p l i c a t e s . Means f o l l o w e d by the same 
l e t t e r w i t h i n a t i s s u e , temperature regime and compound a r e not s i g n i f i c a n t l y 
d i f f e r e n t a t P = 0.05. 



T a b l e 18. E f f e c t s o f C y c o c e l and Phosfon on the l e v e l s o f G l u c o s e , Hexose 
phosphates, ADP and ATP i n 5-day o l d pea r a d i c l e s . F r e s h w e i g h t 
(F.W.) i n g.\ compounds i n AiM/g F.W. 

R e t a r d a n t ppm F.W. G l u . G--1-P G-6-P F-6-P F-D-P AD? ATP 

C y c o c e l 0 1. ,9 3a* 60d .53b . 21b .09c ,09b .19a .12b 

1 2 , ,04a 70d .93a .49a .09c .07c .15b .10c 

10 1. . 98a 97c .65b . 24b • 12b .09b .12b .10c 

100 1, , 86a 123a . 55b .23b . 31a .10b .13b .13b 

loob 1, ,19b 110b .45c .23b . 29a .15a .13b .18a 

Phosfon 0 1. , 74a 71b . 51b .22b ,11c .12a . 21a .13c 

l 1, ,61a 122a ,50b .16c . 19a .09b .15b . l i b 

10 1. ,62a 118a .43b .14c .14b • .05c .12c .10b 

100 1. , 22b 119a . 35c .15c .15b ,05c .13c . l i b 

1000 0 . ,48c 47c 1 . 31a . 35a .15b .05c .16b .20a 

Each f i g u r e i s the mean o f 3 r e p l i c a t e s . F i g u r e s f o l l o w e d by the same l e t t e r 
w i t h i n a growth r e t a r d a n t and v a r i a b l e a r e not s i g n i f i c a n t l y d i f f e r e n t a t P = 0. 
a c c o r d i n g t o Duncan's m u l t i p l e range t e s t . 
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but i n c r e a s e d t h e hexose monophosphates and ATP. R a d i c l e w e i ght 

d e c r e a s e d a t 100 and 1000 ppm Phosfon. 
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4. DISCUSSION 

4.1 Growth Responses t o Phosphorus N u t r i t i o n 

I n c r e a s e d pea y i e l d s due t o a p p l i e d P were accompanied 

by r e l a t i v e d e c r e a s e s i n v i n e w e i g h t s , w i t h no r e l a t i v e changes 

i n pod w e i g h t s . I n c r e a s e s i n y i e l d thus appeared t o have 

o c c u r r e d t h r o u g h the use o f p h o t o s y n t h a t e t h a t would o t h e r w i s e 

have remained i n l e a v e s and/or stem when P was not added t o a P-

d e f i c i e n t s o i l . T h i s may be i n t e r p r e t e d as an enhanced t r a n s 

l o c a t i o n o f p h o t o s y n t h a t e from the l e a v e s , t h r o u g h the pod t o t h e 

pea s e e d , s i n c e t h e p h o s p h o r y l a t i o n o f sugars has been i m p l i c a t e d 

i n t r a n s l o c a t i o n (Canny, 1962). 

There was a d e l e t e r i o u s e f f e c t o f warm a i r t e m p e r a t u r e 

on g r o w t h , which i n c r e a s e d w i t h age o f p l a n t s . Beyond t h e 10th 

node s t a g e the optimum a i r temperature f o r pea p l a n t growth was 

i n d i c a t e d t o be l o w e r t h a n f o r p r e c e d i n g s t a g e ( s ) o f growth. 

T h i s i s c o n s i s t e n t w i t h the r e s u l t s o f Wang and Bryson ( 1 9 5 6 ) , 

Went (1957) and S t a n f i e l d e t a l . (1966). 

An i n c r e a s e i n s o i l t e m p e r a t u r e from 10 t o 18° 

g e n e r a l l y i n c r e a s e d p l a n t w e i g h t a t the 3 p r e - f r u i t i n g growth 

s t a g e s . These o b s e r v a t i o n s a r e i n g e n e r a l agreement w i t h t h o s e 

o f A p p l e and B u t t s (1953) f o r p o l e beans, Ketcheson (1957) and 

M e d e r s k i and Jones (1963) f o r c o r n , L i n g l e and D a v i s (1959) f o r 

tomato, Singh and Mack (1966 ) f o r beans, and Mack e t aJL. (1964) 

f o r peas. However, the response t o s o i l t e m p e r a t u r e was found i n 

the p r e s e n t s t u d i e s t o a l s o depend on a i r t e m p e r a t u r e . F o r 

example, a l t h o u g h the h i g h s o i l t e m p e r a t u r e o f 18° i n c r e a s e d 
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growth compared w i t h the low s o i l t e m p e r a t u r e o f 10°, the i n c r e a s e s 

were g r e a t e r a t the c o o l d a y / n i g h t a i r t e m p e r a t u r e o f 21/13° th a n 

a t t h e warm a i r t e m p e r a t u r e o f 30/21°. 

A p p l i e d P d i d not o f f s e t the g r o w t h - l i m i t i n g e f f e c t s 

o f warm a i r t e m p e r a t u r e o r low s o i l t e m p e r a t u r e up t i l l about 40 

days a f t e r p l a n t i n g ( f u l l bloom s t a g e ) . Growth p r o m o t i o n by 

a p p l i e d P was always g r e a t e r a t the h i g h s o i l t e m p e r a t u r e , 

p a r t i c u l a r l y when the a i r t e m p e r a t u r e was warm. T h i s d i f f e r s 

from the r e s u l t s o f Mack e t a l . (1964) f o r peas, and Apple 

and B u t t s (1953) f o r p o l e beans. Mack e t a l . (1964) found t h a t 

the d r y we i g h t r e s p o n s e o f pea- p l a n t s t o P f e r t i l i z e r a t 70 l b . / A 

was s i m i l a r a t the s o i l t e m p e r a t u r e s t e s t e d (13 t o 25°). F a i l u r e 

t o d e t e c t d i f f e r e n c e s i n the magnitude o f growth i n c r e a s e s by 

P a t d i f f e r e n t s o i l t e m p e r a t u r e s as r e p o r t e d by Mack e t a l . (1964) 

may have r e s u l t e d from the n a t i v e P c o n t e n t o f t h e e x p e r i m e n t a l 

s o i l . They used a s o i l c o n t a i n i n g 15 t o 25 ppm P w h i l e the s o i l 

used i n t h e p r e s e n t e x p e r i m e n t s c o n t a i n e d o n l y 4 ppm P. The 

h i g h s o i l P might have l e d t o d e c r e a s e d response t o P f e r t i l i z e r . 

A p p l e and B u t t s ( 1 9 5 3 ) , however, s t a t e d t h a t o t h e r f a c t o r s not 

under t h e i r c o n t r o l such as l i g h t i n t e n s i t y might have a f f e c t e d 

t h e i r r e s u l t s . The b a s i s o f d i f f e r e n c e s i n t h e s e r e s u l t s and 

th o s e o f the p r e s e n t s t u d i e s might t h e r e f o r e be due t o s e v e r a l 

f a c t o r s . The bean p l a n t may be more s e n s i t i v e t o low s o i l 

t e m p e r a t u r e so t h a t P would o f f s e t some o f the d e l e t e r i o u s 

e f f e c t s o f c o l d s o i l . I n c r e a s e d d r y m a t t e r due t o P i s c o n s i s t e n t 

w i t h the r o l e o f P i n p r o t e i n s y n t h e s i s and growth by c e l l w a l l 

e x t e n s i o n ( M a r r e , 1961). 
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A t c r o p m a t u r i t y the e f f e c t s o f a i r and s o i l t e m p e r a t u r e s 

and a p p l i e d P on p l a n t growth v a r i e d w i t h the f o u r t i s s u e s ( r o o t , 

v i n e , pod and pea s e e d ) . A p p l i e d P c o n t r i b u t e d m a i n l y t o the 

pr o m o t i o n o f pea seed y i e l d a t a l l temperature r e g i m e s . The 

magnitude o f such i n c r e a s e s i n pea y i e l d however depended on b o t h 

a i r and s o i l t e m p e r a t u r e s . The g r e a t e s t i n c r e a s e due t o P a t t h e 

M-U l b . / A r a t e was a t the warm a i r and low s o i l t e m p e r a t u r e regime 

o f 30/21/10°. I n c r e a s e s i n y i e l d due t o P a t the o t h e r t h r e e 

t e m p e r a t u r e regimes were p r a c t i c a l l y o f the same magnitude. The 

a i r t e m p e r a t u r e o f 30/21° was s u p r a - o p t i m a l and t h e s o i l 

t e m p e r a t u r e o f 10° was s u b - o p t i m a l f o r pea p l a n t growth. A t 

30/21/10° the g r e a t i n c r e a s e might thus have been due t o a l a c k 

o f adequate u t i l i z a t i o n o f growth f a c t o r s a t o t h e r t h a n o p t i m a l 

a i r and s o i l t e m p e r a t u r e c o m b i n a t i o n . Such d e l e t e r i o u s e f f e c t s 

might t h u s be e x p e c t e d t o be m i n i m i z e d by P because o f i t s r o l e 

i n growth p r o c e s s e s . 

The g r e a t e s t v i n e and pod weight i n c r e a s e s due t o P 

were a t t h e c o o l a i r and h i g h s o i l t e m perature regime o f 21/13/18° 

which appeared t o have been the n e a r e s t o p t i m a l regime o f t h o s e 

t e s t e d . T h i s s u g g e s t s t h a t under o p t i m a l o r c l o s e t o o p t i m a l 

c o n d i t i o n s a p p l i e d P c o n t r i b u t e d more t o the v i n e and the pod 

tha n t o pea seed because t r a n s l o c a t i o n o f p h o t o s y n t h a t e t o t h e 

seed was not l i m i t i n g . 

The g r e a t e s t i n c r e a s e i n any t i s s u e w e i g h t due t o 

a p p l i e d P was i n pea seed a t 30/21/10°. T h i s was accompanied by 

the s m a l l e s t i n c r e a s e i n r o o t w e i g h t . T h i s i n d i c a t e s t h a t t h e r e 

p r o b a b l y was a reduced t r a n s l o c a t i o n o f p h o t o s y n t h a t e t o the r o o t 

due t o a d i v e r s i o n t o the pea seed a t t h i s t e m p e r a t u r e regime. 
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4. 2 M i n e r a l Uptake Responses t o Phosphorus N u t r i t i o n 

In greenhouse-grown p l a n t s , a p p l i e d P l e d t o a b s o l u t e 

i n c r e a s e s i n N and P i n the v i n e and the pod. There was thus 

a s y n e r g i s t i c e f f e c t o f P on N, s i m i l a r t o t h a t r e p o r t e d f o r 

Japanese mint ( S i n g h and S i n g h , 1968). The v i n e , and t o a 

l e s s e r degree the pod, r e f l e c t e d the P s t a t u s o f the p l a n t 

b e t t e r t h a n d i d t h e pea seed, i n accordance w i t h o b s e r v a t i o n s 

made by U l r i c h and B e r r y (1961) t h a t d i f f e r e n t p a r t s o f a 

p l a n t w i l l r e f l e c t t h e P s t a t u s o f the p l a n t t o d i f f e r e n t 

d e g r e e s . P had no e f f e c t on K, Ca and Mg c o n c e n t r a t i o n s but 

i n c r e a s e d t h e i r t o t a l c o n t e n t s . The a p p l i c a t i o n o f P thus l e d 

t o a m u l t i p l e e f f e c t on the o t h e r p l a n t m i n e r a l s , such as 

was d e s c r i b e d by Smith and Reuther (1951). R e l a t i v e l y c o n s t a n t 

c o n c e n t r a t i o n s o f K, Ca and Mg a p p a r e n t l y were due t o a 

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

o f d r y w e i ght d i l u t e s the m i n e r a l s ( S m i t h , 1962). 

C o n s i d e r a t i o n o f age e f f e c t s are b e s t c o n f i n e d t o 

between s e e d l i n g and bloom, s t a g e s because subsequent pod and 

pea development would cause major r e d i s t r i b u t i o n o f n u t r i e n t s . 

V i n e c o n t e n t s a t c r o p m a t u r i t y are t h u s not m e a n i n g f u l l y 

comparable t o v i n e c o n t e n t s a t the p u r e l y v e g e t a t i v e growth 

s t a g e s o r a t the i n c e p t i o n o f r e p r o d u c t i v e development. 

N, P and K c o n c e n t r a t i o n s i n the pea p l a n t g e n e r a l l y 

d e c r e a s e d w i t h p h y s i o l o g i c a l age, p a r t i c u l a r l y a f t e r t h e 10th 

node s t a g e . Ca and Mg tended t o i n c r e a s e w i t h p l a n t age. These 

r e s u l t s g e n e r a l l y agree w i t h t h o s e o f B r a d l e y and F l e m i n g (1960) 
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f o r v e g e t a b l e s (cucumbers, tomatoes and w a t e r m e l o n s ) . The 

r e s u l t s a r e i n p a r t i a l agreement w i t h t h o s e o f MacLean and 

Byers (1968) who s t u d i e d the m i n e r a l c o m p o s i t i o n o f 3 c u l t i v a r s 

o f peas, i n c l u d i n g Dark S k i n P e r f e c t i o n , i n f i e l d e x p e r i m e n t s . 

They found t h a t P, Ca and Mg remained r e l a t i v e l y c o n s t a n t w i t h 

a g i n g . T h i s might have been due t o the f a c t t h a t s a m p l i n g was 

done a t 2-node i n t e r v a l s and stopped a t the 12th node s t a g e . 

T h e i r r e s u l t s f o r t h i s c u l t i v a r a t the 6th and 10th node 

s t a g e s agree w i t h the r e s u l t s o f t h e p r e s e n t s t u d i e s . 

There were marked i n c r e a s e s i n the t o t a l c o n t e n t s 

o f a l l f i v e m i n e r a l s as a r e s u l t o f P f e r t i l i z a t i o n a t a l l 

t e m p e r a t u r e r e g i m e s . I n c r e a s e d m i n e r a l uptake due t o a p p l i e d 

P i s c o n s i s t e n t w i t h s u g g e s t i o n s t h a t p h o s p h o r y l a t e d compounds 

may be i n v o l v e d i n the p r o c e s s e s o f i o n uptake and t r a n s p o r t 

( M a r r e , 1961; S u t c l i f f e , 1962). 

The e f f e c t o f a p p l i e d P i n i n c r e a s i n g the p e r c e n t 

o f P i n the p l a n t was g r e a t e r a t the h i g h s o i l t e m p e r a t u r e , 

i n c o n t r a s t t o the r e p o r t s f o r p o l e beans (Apple and B u t t s , 

195 3 ) , tomato ( L o c a s c i o and Warren, 1960), and c o r n ( K e t c h e s o n , 

1957), t h a t p e r c e n t P was i n c r e a s e d more a t the l o w e r s o i l 

t e m p e r a t u r e s . 

A t c r o p m a t u r i t y M and P c o n c e n t r a t i o n s were h i g h e s t 

i n t h e pea s e e d , Ca i n the v i n e , and K and Mg i n t h e r o o t . 

T h i s i n d i c a t e s t h a t N and P a r e m o b i l e , a l t h o u g h P has been 

found t o c i r c u l a t e up and down i n the pea p l a n t ( B i d d u l p h , 1958). 

That K and Mg are immobile was i n d i c a t e d by the f i n d i n g t h a t 

t h e y were more c o n c e n t r a t e d i n the r o o t t h a n i n any o t h e r t i s s u e . 
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High r o o t c o n c e n t r a t i o n s were a l s o found by B o w l i n g and 

Weatherley (196 4) f o r K i n R i c i n u s communis, and f o r Mg i n 

a p p l e (Rogers e t a l . , 1953). Ca appears t o be m a r g i n a l but 

c o u l d be r e g a r d e d as b e i n g m o b i l e i n the pea p l a n t . 

The h i g h s o i l t e m perature i n c r e a s e d N and P c o n c e n t r a 

t i o n s i n a l l t i s s u e s e x cept the pea seed. K was d e c r e a s e d i n 

the r o o t but was not i n f l u e n c e d i n o t h e r t i s s u e s . The h i g h 

s o i l t e m p e r a t u r e a l s o d e c r e a s e d the t o t a l c o n t e n t s o f o t h e r 

m i n e r a l s e x c e p t P i n the r o o t . T h i s shows t h a t a t the h i g h 

s o i l t e m p e r a t u r e more o f each m i n e r a l was t r a n s p o r t e d out o f 

the r o o t i n t o shoot t i s s u e s . S h t r a u s b e r g (19 55) s i m i l a r l y 

found t h a t c o l d r o o t s d i m i n i s h e d the movement o f m i n e r a l s t o 

cucumber s h o o t s . The warm a i r t e m p e r a t u r e , compared w i t h t h e 

c o o l a i r t e m p e r a t u r e , reduced t h e magnitude o f enhanced m i n e r a l 

t r a n s p o r t by t h e h i g h s o i l t e m p e r a t u r e . 

A p p l i e d P i n c r e a s e d the t o t a l c o n t e n t s o f each o f 

the f i v e m i n e r a l s , p a r t i c u l a r l y i n the v i n e . I n c r e a s e s i n the 

m i n e r a l c o n t e n t o f the shoot t i s s u e s were accompanied by t h e i r 

d e c r e a s e s i n t h e r o o t . For example N t r a n s l o c a t e d i n t o the 

pea seed was 22% o f t h a t i n t h e e n t i r e p l a n t a t 21/13/10°. 

T h i s v a l u e was i n c r e a s e d t o 41% w i t h the a p p l i c a t i o n o f P a t 

44 l b . / A , which r e p r e s e n t s almost a 100% i n c r e a s e . 

A n a l y s e s o f p l a n t s a t crop m a t u r i t y i n d i c a t e d t h a t 

the e f f e c t s o f t e m p e r a t u r e on t h e a b s o r p t i o n o f P were g r e a t e r 

t h a n t h o s e on i t s t r a n s l o c a t i o n . In c o n t r o l p l a n t s i n c r e a s e s i n 

P a b s o r p t i o n due t o the h i g h s o i l t emperature were 50 and 15 0% 

a t t h e c o o l and warm a i r t e m p e r a t u r e s r e s p e c t i v e l y w h i l e 
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i n c r e a s e s i n t r a n s l o c a t i o n were s m a l l and not s i g n i f i c a n t . A t 

the n e a r e s t o p t i m a l P r a t e o f 44 l b . / A h i g h s o i l t e m p e r a t u r e 

i n c r e a s e d P a b s o r p t i o n more a t the c o o l than a t the warm a i r 

t e m p e r a t u r e . There was no s o i l t emperature e f f e c t on t r a n s l o c a t i o n 

a t t h e n e a r e s t o p t i m a l P l e v e l because P i s n o r m a l l y m o b i l e , 

and t r a n s l o c a t i o n i s m a i n l y i n c r e a s e d under s t r e s s o f d e f i c i e n c y . 

I n c r e a s e d m i n e r a l uptake a t the h i g h s o i l t e m p e r a t u r e 

i n the p r e s e n t e x p e r i m e n t s was not due t o a l a r g e r r o o t system. 

A p p l e and B u t t s (1953) and Power e t al _ . (1964) a t t r i b u t e d t h e 

i n c r e a s e o f P i n p o l e beans and b a r l e y r e s p e c t i v e l y as a r e s u l t 

o f h i g h s o i l t e m p e r a t u r e , t o g r e a t e r r o o t w e i g h t s . In the 

p r e s e n t e x p e r i m e n t s , the h i g h s o i l t e m perature t e n d e d , i n f a c t , 

t o d e c r e ase r o o t w e i g h t . I n c r e a s e d m i n e r a l uptake would 

t h e r e f o r e be due t o i n c r e a s e d m i n e r a l - a b s o r b i n g c a p a c i t y o f t h e 

r o o t , which may be a f u n c t i o n o f m e t a b o l i s m o r a n a t o m i c a l 

f e a t u r e s o r b o t h . I t was shown t o be r e l a t e d t o i n c r e a s e d 

u t i l i z a t i o n o f ATP. T h i s i n c r e a s e d c a p a c i t y o f the r o o t f o r 

m i n e r a l a b s o r p t i o n was a l s o accompanied by an e f f i c i e n t u t i l i z a 

t i o n o f P f o r growth and y i e l d . 

E f f i c i e n c y o f f e r t i l i z e r P i n pro m o t i n g a c t u a l pea 

y i e l d was g r e a t e s t a t the c o o l a i r temperature but a t h i g h 

s o i l t e m p e r a t u r e (21/13/18°) where pea y i e l d p e r u n i t ( l b . ) 

of a p p l i e d P was 40 mg/plant a t t h e 44 l b . / A r a t e . A t the low 

s o i l t e m p e r a t u r e (21/13/10°) i t was o n l y 21 mg/plant. A l s o i f 

e f f i c i e n c y i s e x p r e s s e d as l b . P r e q u i r e d t o g i v e 50% o f maximum 

y i e l d , t h e c o n c l u s i o n i s the same s i n c e 18 l b . / A would be 

r e q u i r e d a t t h e h i g h s o i l t e m p e r a t u r e w h i l e 29 l b . / A would be 

r e q u i r e d a t t h e low s o i l t e m p e r a t u r e . 



102 

I n c r e a s e d uptake of m i n e r a l s r e s u l t i n g from P a p p l i c a 

t i o n i s c o n s i s t e n t w i t h t h e r o l e o f P i n the a c t i v e uptake o f 

s o l u t e s ( L a t i e s , 1959). For p r e d i c t i o n o f u l t i m a t e pea y i e l d , 

the f o l l o w i n g c r i t i c a l l e v e l s o f m i n e r a l s i n t h e l e a v e s o f 

p l a n t s a t t h e 10th node s t a g e were e s t a b l i s h e d : N, 4.0; 

P, 0.25; K, 2.8:. Ca, 2.8:. Mg, 0.8 p e r c e n t o f d r y m a t t e r . These 

ar e i n g e n e r a l agreement w i t h t h o s e t e n t a t i v e l y e s t a b l i s h e d 

by MacLean and Byers (196 8) f o r N, P and K i n pea l e a v e s o f 

p l a n t s a t the 5th t o 8th node s t a g e s . 

4-. 3 Comparative Growth, P l a s t i d Pigment and M i n e r a l  

Responses o f the P l a n t t o F o l i a r A p p l i c a t i o n s o f  

C y c o c e l , P hosfon and B-Nine a t Low C o n c e n t r a t i o n s 

C y c o c e l a t 1 ppm was found t o s t i m u l a t e growth and 

t o i n c r e a s e y i e l d , w h i l e i t d e c r e a s e d c h l o r o p h y l l c o n c e n t r a t i o n 

as e a r l i e r r e p o r t e d by Adedipe e t a l . (1968). F u r t h e r m o r e , 

C y c o c e l i n c r e a s e d t h e l e v e l s o f N, P and Mg but d e c r e a s e d K, 

w hich agrees w i t h K n a v e l ' s (196 8) r e s u l t s , e x c e p t t h a t Ca was 

not a f f e c t e d i n the pea p l a n t as i t was i n the tomato. 

Whil e r e l a t i v e l y h i g h c o n c e n t r a t i o n s o f B-Nine have 

been r e p o r t e d t o r e t a r d t h e growth o f f r u i t t r e e s ( B a t j e r 

e t a l . , 1964? J a f f e and I s e n b e r g , 1965 ), t o i n c r e a s e the amount 

o f bloom the f o l l o w i n g s p r i n g ( B a t j e r e t a l . , 1964), and t o 

r e d u ce shoot l e n g t h o f pea p l a n t s by about 40% ( S p r e n t , 1967), 

d a t a o b t a i n e d i n t h e p r e s e n t s t u d i e s show t h a t the low concen

t r a t i o n s o f 1 and 100 ppm were i n e f f e c t i v e i n a l t e r i n g the 

growth p a t t e r n o f pea p l a n t s . C o n c e n t r a t i o n s o f N and P were 
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found t o be i n c r e a s e d and K d e c r e a s e d by 100 ppm o f B-Nine i n 

agreement w i t h K n a v e l ' s (196 8) r e s u l t s f o r tomatoes but i n 

c o n t r a s t t o t h e r e s u l t s o f Southwick e_t a l . (1968) f o r a p p l e s . 

The i n f l u e n c e o f the r e t a r d a n t s on m i n e r a l c o n t e n t 

depended on the u n i t o f e x p r e s s i o n o f n u t r i e n t amounts. F or 

example, a t 10 0 ppm C y c o c e l i n c r e a s e d the c o n c e n t r a t i o n o f N by 

about 6% when t h e l e v e l was e x p r e s s e d as p e r c e n t o f d r y m a t t e r . 

However, when t h e l e v e l was e x p r e s s e d as t o t a l m i n e r a l i n t h e 

v i n e t h e r e was a de c r e a s e o f about 8%. The 6% i n c r e a s e was 

thus due t o a " c o n c e n t r a t i o n e f f e c t " r e s u l t i n g from s m a l l e r 

p l a n t s . S i m i l a r l y , P h osfon a t 100 ppm i n c r e a s e d P by 100% when 

i t was e x p r e s s e d as p e r c e n t o f d r y m a t t e r , but had much l e s s 

e f f e c t on t o t a l P c o n t e n t o f the v i n e . The use o f both u n i t s 

o f e x p r e s s i o n t h u s g i v e s a b e t t e r i n d i c a t i o n o f net uptake 

w h i l e i t a l s o e x p l a i n s , i f o n l y p a r t i a l l y , d i f f e r e n c e s i n 

m i n e r a l c o n t e n t o f t r e a t e d p l a n t s as compared t o u n t r e a t e d p l a n t s . 

On the bases o f pronounced r e d u c t i o n i n p l a n t h e i g h t 

and marked i n c r e a s e i n c h l o r o p h y l l c o n c e n t r a t i o n , Phosfon 

appears t o be the most e f f e c t i v e growth r e t a r d a n t , thus a g r e e i n g 

w i t h t h e r e p o r t s o f Cathey and S t u a r t ( 1 9 6 1 ) , Majumder (1968) 

and Moore (1967). A t 1 ppm however, C y c o c e l s t i m u l a t e d growth, 

i n c r e a s e d y i e l d and the l e v e l s o f N, P and Mg w h i l e Phosfon 

a t t h e same c o n c e n t r a t i o n d i d not have a s i g n i f i c a n t e f f e c t on 

y i e l d and i n c r e a s e d the l e v e l o f P o n l y . S i n c e 100 ppm Phosfon 

was perhaps t o o d r a s t i c , and 1 ppm had l i t t l e e f f e c t , i t may 

w e l l be t h a t growth s t i m u l a t i o n may o c c u r a t l e s s t h a n 1 ppm 

or between 1 and 10 0 ppm. 
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I t i s c o n c l u d e d t h a t B-Nine a t a c o n c e n t r a t i o n o f up 

t o 100 ppm i s i n e f f e c t i v e i n s t i m u l a t i n g pea p l a n t growth. 

C y c o c e l a t 1 ppm i s the most e f f e c t i v e i n terms o f growth and 

y i e l d s t i m u l a t i o n . P hosfon a t 100 ppm i s the most e f f e c t i v e 

i n terms o f growth r e t a r d a t i o n but d e c r e a s e s y i e l d . Phosfon 

a t c o n c e n t r a t i o n s l o w e r t h a n 10 0 ppm, perhaps l e s s t h a n 1 ppm, 

may s t i m u l a t e pea growth and may be, l i k e C y c o c e l , p r o m i s i n g 

f o r use i n i n c r e a s i n g pea y i e l d w i t h o u t d e f o r m a t i v e e f f e c t s . 

T h i s p o s s i b i l i t y s h o u l d be i n v e s t i g a t e d . 

4.4 Phosphorus M e t a b o l i s m as I n f l u e n c e d by Temperature, 

Phosphorus and Growth R e t a r d i n g C h e micals 

The l e v e l s o f g l u c o s e , hexose p h o s p h a t e s , ADP and 

ATP i n pea t i s s u e s v a r i e d w i t h t e m p e r a t u r e , a p p l i e d P and the 

2 growth r e t a r d i n g c h e m i c a l s ( C y c o c e l and P h o s f o n ) . G l u c o s e 

and g l u c o s e phosphates as w e l l as ADP and ATP were u s u a l l y 

h i g h e r i n t h e l e a f t h a n i n the r o o t o f 30-day o l d p l a n t s . 

F r u c t o s e phosphates were o f the same magnitude i n both the 

l e a f and the r o o t . For example,.at the a i r and s o i l tempera

t u r e regime t h a t i s nearest-optimum (21/13/18°), the l e a f / r o o t 

c o n t e n t s , i n AiM/g f r e s h w e i g ht were; g l u c o s e , 53/14; G - l - P , 

. 56/.30- G--6-P, . 32/. 35 ; F-6-P, .28/.30 ; F-D-P, .47/.48; 

ADP, .27/.17; and ATP, .10/.06. These l e v e l s a r e w i t h i n the 

ranges g i v e n by Marre (1961) f o r h i g h e r p l a n t s i n g e n e r a l . 

Hexose phosphates i n 5-day o l d r a d i c l e s were u s u a l l y 

l o w e r t h a n i n the l e a f o r r o o t o f 30-day o l d p l a n t s , depending 

on t e m p e r a t u r e and a p p l i e d P l e v e l . G l u c o s e c o n t e n t was h i g h e r 
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i n the r a d i c l e than i n the l e a f o r r o o t , w h i l e ADP and ATP 

were about t h e same. Low c o n c e n t r a t i o n s o f hexose phosphates 

i n t h e r a d i c l e s may be due t o a s l o w e r r a t e o f i n c o r p o r a t i o n o f 

p h y t i n p r o d u c t s i n t o t h e s e compounds. T h i s i n t e r p r e t a t i o n i s 

s u p p o r t e d by the work o f Loughman and R u s s e l l (1957) 

which showed t h a t t h e i n c o r p o r a t i o n o f absorbed P i n b a r l e y 

s e e d l i n g s i n t o hexose phosphates was s l o w e r than i n t o n u c l e o t i d e s . 

The h i g h e r l e v e l s o f p h o s p h o r y l a t e d compounds i n t h e l e a f i s 

u n d e r s t a n d a b l y a t t r i b u t a b l e t o the a d d i t i o n a l c o n t r i b u t i o n 

r e s u l t i n g from p h o t o s y n t h e t i c p h o s p h o r y l a t i o n (Whatley and 

Losada, 1964). 

A t 25 and 30°, pea r a d i c l e s c o n t a i n e d t w i c e as much 

g l u c o s e as a t 20°. T h i s c o u l d be due t o i n c r e a s e d a c t i v i t y 

o f p h o s p h o r y l a s e i n the breakdown o f seed s t a r c h . A t 25°, 

however, t h e l e v e l s o f hexose phosphates d e c r e a s e d s h a r p l y 

compared w i t h t h o s e a t 20 and 30°. The a c c u m u l a t i o n o f t h e s e 

compounds a t 30° i m p l i e s e i t h e r i n c r e a s e d r e s p i r a t o r y a c t i v i t y 

o r an a c c u m u l a t i o n o f g l y c o l y t i c s u b s t r a t e s due t o r educed 

u t i l i z a t i o n . On t h e o t h e r hand, d e c r e a s e s i n t h e s e compounds 

a t 2 5° i m p l i e s e i t h e r a g e n e r a l d e c r e a s e i n r e s p i r a t o r y a c t i v i t y 

o r a r a p i d u t i l i z a t i o n o f t h e s e g l y c o l y t i c s u b s t r a t e s and 

p r o d u c t s a l o n g the c y c l e . ATP d e c r e a s e d by 22% a t 25 and 30° 

compared t o 20°, p r o b a b l y showing an i n c r e a s e d u t i l i z a t i o n o f ATP 

f o r o t h e r a s p e c t s o f c e l l m e t a b o l i s m and growth. Decreased 

l e v e l s o f hexose phosphates and ATP were accompanied by a 19% 

i n c r e a s e i n r a d i c l e f r e s h w e i ght a t 2 5°. T h i s shows t h a t 

g l y c o l y t i c a c t i v i t y might have been h i g h , thus l e a d i n g t o a 
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r a p i d t u r n o v e r o f s u b s t r a t e s and p r o d u c t s i n the g l y c o l y t i c 

sequence. T h i s i s c o n s i s t e n t w i t h t h e o b s e r v a t i o n s o f Hatch 

and T u r n e r (1959) and Mossberry e t a l . (1964) t h a t i n h i g h e r 

p l a n t s , ATP c o n t r o l s g l y c o l y t i c and o x i d a t i v e m e t a b o l i s m . 

I n t h e r a d i c l e s , the g r e a t e s t change was i n F-D-P, 

w i t h the temp e r a t u r e o f 30° l e a d i n g t o a 74% i n c r e a s e , w h i l e 

25° l e d t o a 48% d e c r e a s e . I t would t h e r e f o r e seem t h a t the 

c o n t r o l o f g l y c o l y s i s i s dependent on the l e v e l o f t h i s 

s u b s t r a t e as w e l l as t h a t o f ATP. as suggested by Marre (1961). 

In 30-day o l d p l a n t s , t h e changes i n p h o s p h o r y l a t e d 

compounds brought about by a i r and s o i l t e m p e r a t u r e s were 

i n t e r d e p e n d e n t . There was a d e c r e a s e d u t i l i z a t i o n o f ATP i n 

the p h o s p h o r y l a t i o n o f g l u c o s e , due t o the warm a i r t e m p e r a t u r e 

o f 30/21° compared w i t h 21/13°. The a v a i l a b i l i t y o f g l u c o s e 

was not the l i m i t i n g f a c t o r because i t was t w i c e as h i g h . On 

the o t h e r hand t h e r e was an i n c r e a s e d u t i l i z a t i o n o f ATP a t the 

h i g h s o i l t e m p e r a t u r e o f 18° tha n a t the low s o i l t e mperature o 

o f 10°, p a r t i c u l a r l y a t the c o o l a i r t e m p e r a t u r e . T h i s p a t t e r n 

o f changes was a l s o the case i n the r o o t . T h i s t h e r e f o r e 

suggests t h a t i n c r e a s e d m i n e r a l uptake (as e a r l i e r r e p o r t e d ) 

may not be d i r e c t l y r e l a t e d t o c a r b o h y d r a t e c o n t e n t s p e r se 

(Humphries. 1956) but t o o t h e r compounds i n v o l v i n g t h e i r 

u t i l i z a t i o n o r i n t e r c o n v e r s i o n s , such as the p h o s p h o r y l a t e d 

s u g a r s . The h i g h s o i l t e m p e r a t u r e i n c r e a s e d growth p r o b a b l y 

because sugars were r a p i d l y and c o n t i n u o u s l y p h o s p h o r y l a t e d 

i n k i n a s e r e a c t i o n s , and ATP was a l s o u t i l i z e d i n o t h e r p l a n t 



10? 

growth p r o c e s s e s ( M a r r e , 1961). The r e v e r s e was p r o b a b l y the 

case w i t h the warm a i r temperature which was e a r l i e r shown t o 

d e c r e a s e t o t a l c o n t e n t s o f m i n e r a l s i n t h e pea p l a n t t i s s u e s . 

I n c r e a s e d m i n e r a l uptake a t t h e h i g h s o i l t e m p e r a t u r e may 

t h e r e f o r e have r e s u l t e d from energy d e r i v e d from ATP as suggested 

by S u t c l i f f e (1962). 

A p p l i e d P g e n e r a l l y l e d t o d e c r e a s e s i n hexose phosphates 

e x c e p t F-6-P. The g r e a t e s t o f such d e c r e a s e s were a t the c o o l 

a i r and h i g h s o i l t e m p e r a t u r e (21/13/18°) which has been shown 

t o be t h e n e a r e s t o p t i m a l regime f o r p l a n t growth, l e a f growth 

and pea y i e l d . A t t h i s t e m p e r a t u r e r e g i m e , a p p l i e d P l e d t o a 

d e c r e a s e i n ATP. ATP was t h u s b e i n g u t i l i z e d more a t t h i s 

t e m p e r a t u r e regime t h a n a t any o t h e r . T h i s may e x p l a i n the 

l a r g e i n c r e a s e i n p l a n t growth a t t h i s t e mperature regime,^and 

may be r e l a t e d t o t h e s u g g e s t i o n by Power e t a l . (19 6 4) t h a t 

i t i s p o s s i b l e f o r low s o i l t e m p e r a t u r e t o l i m i t the u t i l i z a t i o n 

o f c e r t a i n m e t a b o l i t e s . T h i s l i m i t a t i o n i s g r e a t e r a t the warm 

a i r t e m p e r a t u r e o f 30/21° t h a n a t 21/13°. 

The s t i m u l a t i o n o f pea stem growth by adenine a t h i g h 

t e m p e r a t u r e ( G a l s t o n and Hand, 1949) may t h e r e f o r e r e p r e s e n t 

a l a c k o f u t i l i z a t i o n o f adenine f o r p h o s p h o r o c l a s t i c r e a c t i o n s 

i n v o l v i n g ATP r a t h e r t h a n an a b s o l u t e d e f i c i e n c y o f adenine a t 

h i g h t e m p e r a t u r e . The p o s i t i v e growth response o f peas t o 

s u c r o s e a t 2 3° ( K e t e l l a p e r and Bonner, 1961) might have 

r e s u l t e d from i n c r e a s e d t r a n s l o c a t i o n o f sugars t o the r o o t , 

which i n the p r e s e n t e x p e r i m e n t s was shown t o be low i n g l u c o s e 

a t h i g h t e m p e r a t u r e . 
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P o t t s and Ormrod (1969) found no changes i n t h e l e v e l s 

o f o r g a n i c , l i p i d and t o t a l phosphates when pea p l a n t s were 

a b r u p t l y t r a n s f e r r e d from 25/15 t o 35/25° da y / n i g h t e m p e r a t u r e s 

and h e l d f o r up t o 6 days a t the h i g h e r t e m p e r a t u r e . They 

suggested t h a t t h e i r r e s u l t s d i d not p r e c l u d e t h e p o s s i b i l i t y 

t h a t the c o n c e n t r a t i o n o f compounds w i t h i n the o r g a n i c phosphorus 

f r a c t i o n d i d v a r y . T h i s was i n f a c t the case i n the p r e s e n t 

e x p e r i m e n t s . Changes i n p h o s p h o r y l a t e d compounds were not 

l a r g e enough i n the P o t t s and Ormrod st u d y t o be d e t e c t e d by 

g r o s s f r a c t i o n a t i o n t e c h n i q u e s . A l s o , t h e p r e t r e a t m e n t o f the 

p l a n t s a t 25/15° i n t h e i r work may have r e s u l t e d i n an e q u i l i b r a 

t i o n o f the f r a c t i o n s , o r t h a t more than 6 days were r e q u i r e d 

t o cause changes a f t e r such a r e l a t i v e l y f a v o u r a b l e p r e t r e a t m e n t . 

The e f f e c t o f t e m p e r a t u r e i n i n f l u e n c i n g phosphorus m e t a b o l i s m 

appears t o be c o n t r o l l e d by g l y c o l y t i c k i n a s e s o r phospho-

x g l u c o i s o m e r a s e o r a l d o l a s e o r a l l , depending on t h e t y p e and 

age o f t i s s u e . 

In i n t e r p r e t i n g the r e s u l t s o f s t u d i e s o f the e f f e c t s 

o f C y c o c e l and Phosfon on g l u c o s e and p h o s p h o r y l a t e d compounds 

the c r o s s - o v e r theorem o f Chance e t a l . (1958) may be used f o r 

l o c a t i n g t h e c o n t r o l s i t e ( s ) . In t h i s t e c h n i q u e i t i s n e c e s s a r y 

t o compare the compounds t h a t show r e c i p r o c a l t r e n d s , t h a t i s , 

the compound(s) which d e c r e a s e d as t h e o t h e r ( s ) i n c r e a s e d . A t 

1 ppm C y c o c e l , G-6-P i n c r e a s e d w h i l e F-D-P and ATP d e c r e a s e d 

( F i g . 1 2 ) . T h i s i n d i c a t e s t h a t a t t h i s c o n c e n t r a t i o n o f C y c o c e l , 

t h e r e was an i n c r e a s e d u t i l i z a t i o n o f ATP f o r t h e p h o s p h o r y l a t i o n 

o f sugars ( h e x o s e s ) . Hexokinase a c t i v i t y might thus have been 



F i g . 12. Comparative Rate Effects of Cycocel and Phosfon on P u t i l i z a t i o n patterns 
of 5-day old pea r a d i c l e s grown at 25°. 
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s t i m u l a t e d . A l a c k o f a c c u m u l a t i o n o f F-D-P might have been 

due t o a p o s s i b l e r a p i d u t i l i z a t i o n o f F-D-P by a l d o l a s e t o 

form t r i o s e p h o s p h a t e s , but t h i s p o s s i b i l i t y was not i n v e s t i g a t e d . 

P h osfon a t c o n c e n t r a t i o n s o f up t o 100 ppm, on the 

o t h e r hand, d e c r e a s e d G-6-P and F-D-P, w h i l e a t 1000 ppm i t 

i n c r e a s e d ATP. The g e n e r a l d e c r e a s e s i n hexose phosphates was 

p r o b a b l y due t o a l a c k o f p h o s p h o r y l a t i o n o f sugars by ATP. 

The s u p p l y o f g l u c o s e was however not the l i m i t i n g f a c t o r . While 

C y c o c e l a t 1 ppm may have s t i m u l a t e d h e x o k i n a s e , Phosfon a t t h e 

same c o n c e n t r a t i o n may have i n h i b i t e d i t , as r e f l e c t e d by t h e 

l e v e l o f G-6-P. There i s thus a d i f f e r e n t i a l c o n c e n t r a t i o n 

e f f e c t o f t h e s e two growth r e t a r d i n g c h e m i c a l s . T h i s response 

i s s i m i l a r t o growth r e s p o n s e e a r l i e r r e p o r t e d i n the p r e s e n t 

s t u d i e s i n which C y c o c e l a t 1 ppm was found t o s t i m u l a t e growth 

w h i l e Phosfon a t the same c o n c e n t r a t i o n had no s i g n i f i c a n t 

e f f e c t on growth. 

These r e s p o n s e s s u p p o r t C l e l a n d ' s (196 5) view t h a t 

t h e i n h i b i t o r y e f f e c t s o f growth r e t a r d i n g c h e m i c a l s a re not 

n e c e s s a r i l y l i m i t e d t o the hormonal l e v e l . Tanaka and T o l b e r t 

(1966) found t h a t C y c o c e l s t i m u a l t e d c h o l i n e k i n a s e a c t i v i t y 

i n s p i n a c h and pea l e a v e s , but i t i s not known i f o t h e r growth 

r e t a r d i n g c h e m i c a l s , f o r example Phosfon and B-Nine, w i l l a l s o 

i n f l u e n c e t h i s k i n a s e . 
g 

T u l i e t a l _ . (1964) showed N - b e n z y l a d e n i n e t o be 

an i n h i b i t o r o f r e s p i r a t o r y k i n a s e s . Ormrod and W i l l i a m s (196 0) 

found t h a t 2,4-D and g i b b e r e l l i c a c i d caused a s t r i k i n g i n c r e a s e 

i n a c i d - s o l u b l e o r g a n i c phosphorus as q u i c k l y as 1 minute 
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a f t e r the t r e a t m e n t o f T r i f o l i u m h i r t u m . I t i s c l e a r t h a t 

growth r e t a r d i n g c h e m i c a l s may i n f l u e n c e the endogenous l e v e l s 

o f a u x i n s ( K u r a i s h i and M u i r , 1963; H a l e v y , 1963; Reed et_ a l . , 

1965), o r g i b b e r e l l i n s (Hinneman e t a l . , 1964; Badlev e t a l . , 

1965; Tanaka and T o l b e r t , 1966), but th e y may a l s o i n f l u e n c e 

n e i t h e r ( C l e l a n d , .1965 ). A u x i n s and g i b b e r e l l i n s on the o t h e r 

hand depend on p r o d u c t s o f p r i m a r y m e t a b o l i t e s f o r t h i e r b i o 

s y n t h e s i s . Brook e t aJL. (1967 ) suggested t h a t a l t e r a t i o n s i n 

n u c l e i c a c i d m e t a b o l i s m by Phosfon c o u l d i n t u r n a l t e r a wide 

v a r i e t y o f m e t a b o l i c p r o c e s s e s r e s u l t i n g i n r e t a r d e d growth. 

A l t e r a t i o n i n g l y c o l y t i c m e t a b o l i s m r e p o r t e d i n the p r e s e n t 

e x p e r i m e n t s may be one o f such p r o c e s s e s . The more p r i m a r y 

e f f e c t o f growth r e t a r d i n g c h e m i c a l s may i n f a c t l i e i n 

changes i n t h e l e v e l s o f b a s i c m e t a b o l i t e s , such as g l y c o l y t i c 

i n t e r m e d i a t e s brought about by e f f e c t s on g l y c o l y t i c k i n a s e s , 

o r i n d e e d o f o t h e r enzymes. T h i s means t h a t growth r e t a r d i n g 

c h e m i c a l s s h o u l d be c o n s i d e r e d more as a n t i m e t a b o l i t e s 

( L o c k h a r t , 1962) r a t h e r t h a n as a n t i g i b b e r e l l i n s . 

A l t e r a t i o n i n the l e v e l s o f b a s i c m e t a b o l i t e s may i n 

t u r n i n f l u e n c e t h e b i o s y n t h e s i s o f growth r e g u l a t o r y s u b s t a n c e s , 

which c o u l d i n t u r n modify growth. U l t i m a t e m o r p h o l o g i c a l 

e x p r e s s i o n may i n f a c t be c o n t r o l l e d by d i f f e r e n t a s p e c t s o f 

p l a n t m e t a b o l i s m i n d i f f e r e n t s p e c i e s , and w i t h v a r y i n g concen

t r a t i o n s o f d i f f e r e n t growth r e t a r i d n g c h e m i c a l s . 

The d w a r f i n g e f f e c t s o f h i g h a i r t e m p e r a t u r e on pea 

p l a n t growth were s i m i l a r t o t h o s e o f r e l a t i v e l y h i g h c o n c e n t r a t i o n s 

o f growth r e t a r d i n g c h e m i c a l s , p a r t i c u l a r l y P h o s f o n . A l s o , 
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the h i g h t e m p e r a t u r e o f 30° l e d t o s i m i l a r e f f e c t s on phosphory

l a t e d compounds, as t h o s e brought about by 1000 ppm C y c o c e l 

and P h o s f o n . I t t h u s appears t h a t one o f the ways by which 

h i g h a i r tem p e r a t u r e as w e l l as h i g h c o n c e n t r a t i o n s o f growth 

r e t a r d i n g c h e m i c a l s l i m i t p l a n t growth, i s the d e c r e a s e d 

u t i l i z a t i o n o f ATP i n k i n a s e r e a c t i o n s and i n growth p r o c e s s e s 

such as p r o t e i n s y n t h e s i s and c e l l w a l l e x t e n s i o n . 

The e f f e c t s o f growth r e t a r d i n g c h e m i c a l s on r e s p i r a 

t o r y and o t h e r k i n a s e s , a u x i n s and g i b b e r e l l i n s need t o be 

s t u d i e d i n t h e same s e t o f e x p e r i m e n t s t o throw l i g h t on 

which a s p e c t o f m e t a b o l i s m i s the most p r i m a r i l y i n f l u e n c e d . 

F o r u n i f o r m i t y i n t h e nomenclature o f p l a n t growth 

r e g u l a t o r s i t i s suggested t h a t growth r e t a r d i n g c h e m i c a l s be 

c a l l e d "RETARDINS" i n l i n e w i t h o t h e r groups such as a u x i n s , 

g i b b e r e l l i n s , k i n i n s and m o r p h a c t i n s . 
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5. SUMMARY AND CONCLUSIONS 

In greenhouse and c o n t r o l l e d environment e x p e r i m e n t s , 

the i n f l u e n c e s o f t e m p e r a t u r e , phosphorus n u t r i t i o n and growth 

r e t a r d i n g c h e m i c a l s on growth and m i n e r a l c o m p o s i t i o n of the 

pea p l a n t were i n v e s t i g a t e d . The u t i l i z a t i o n o f P under 4 

a i r and s o i l t e m p e r a t u r e regimes w i t h i n the p h y s i o l o g i c a l range 

was a l s o s t u d i e d . The d w a r f i n g e f f e c t o f h i g h t e m p e r a t u r e was 

r e l a t e d t o t h a t due t o r e l a t i v e l y h i g h c o n c e n t r a t i o n s o f growth 

r e t a r d i n g c h e m i c a l s . From t h e r e s u l t s o f the ex p e r i m e n t s t h e 

f o l l o w i n g c o n c l u s i o n s can be drawn. 

( i ) P f e r t i l i z e r a p p l i e d a t r a t e s o f up t o 352 l b . / A 

i n c r e a s e d p l a n t growth and y i e l d o f peas. Y i e l d i n c r e a s e s 

r e s u l t e d from d e c r e a s e s i n v i n e r e l a t i v e t o t o t a l d r y m a t t e r , 

w i t h no r e l a t i v e e f f e c t s on pod w e i g h t . * E f f i c i e n c y o f P i n 

prom o t i n g pea y i e l d was h i g h e s t a t the 44 l b . / A r a t e . 

( i i ) N and P c o n c e n t r a t i o n s were h i g h e s t i n the pea 

see d , w h i l e K, Ca and Mg c o n c e n t r a t i o n s were h i g h e s t i n t h e 

v i n e . The t o t a l c o n t e n t o f P, i n m i l l i g r a m s p e r p l a n t , was 

h i g h e s t i n t h e pea seed, w h i l e t h o s e o f N, K, Ca and Mg were 

h i g h e s t i n the v i n e . P tended t o i n c r e a s e t h e t o t a l c o n t e n t s 

of a l l 5 m i n e r a l s i n a l l 3 t i s s u e s ( v i n e , pod and pea s e e d ) . 

( i i i ) Between 5th node and f u l l bloom s t a g e s (about 

20 and 40 days o f g r o w t h ) , t h e warm a i r t e m p e r a t u r e o f 30/21° 

( d a y / n i g h t ) d e p r e s s e d v i n e growth and m i n e r a l u p t a k e , compared 

w i t h the c o o l a i r t e m p e r a t u r e o f 21/13°. D e p r e s s i o n s o f 

growth and m i n e r a l uptake by t h e warm a i r t e m p e r a t u r e were 

g r e a t e r a t t h e h i g h s o i l t e m p e r a t u r e o f 18° than a t 10°. 
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( i v ) The h i g h s o i l t e m p e r a t u r e i n c r e a s e d v i n e w e i g h t 

and m i n e r a l uptake as compared t o t h e low s o i l t e m p e r a t u r e . 

I n c r e a s e s i n growth and m i n e r a l uptake were g r e a t e r a t t h e c o o l 

t h a n a t t h e warm a i r t e m p e r a t u r e . 

(v) I n c r e a s e s i n m i n e r a l c o n c e n t r a t i o n s a t the warm 

a i r t e m p e r a t u r e were l a r g e l y due t o " c o n c e n t r a t i o n e f f e c t s " 

r e s u l t i n g from s m a l l e r p l a n t s . I n c r e a s e s due t o t h e h i g h 

s o i l t e m p e r a t u r e were a b s o l u t e because they o c c u r r e d r e g a r d l e s s 

o f p l a n t s i z e . 

( v i ) The g r e a t e s t i n c r e a s e i n growth r e s u l t i n g from 

added P was a t the c o o l a i r and h i g h s o i l t e m p e r a t u r e regime 

o f 21/13/18°. I n c r e a s e i n P r a t e beyond t h e 44 l b . / A tended t o 

dec r e a s e growth compared w i t h t h a t a t t h e 44 l b . / A r a t e . 

( v i i ) A p p l i e d P d i d not o f f s e t t h e g r o w t h - l i m i t i n g 

e f f e c t s o f e i t h e r warm a i r o r low s o i l t e m p e r a t u r e a t t h e 6 t h 

and 10th node s t a g e s . At f u l l bloom and a t e s t i m a t e d m a r k e t a b l e 

crop m a t u r i t y h o w e v e r , P became more l i m i t i n g , and i t s a p p l i 

c a t i o n o f f s e t the d e l e t e r i o u s e f f e c t s o f warm a i r and c o l d s o i l . 

( v i i i ) I n c r e a s e i n m i n e r a l uptake a t t h e h i g h s o i l 

t e m p e r a t u r e was not due t o i n c r e a s e d r o o t growth, but was a 

r e s u l t o f i n c r e a s e d m e t a b o l i c a c t i v i t y o f the r o o t l e a d i n g t o 

i n c r e a s e d c a p a c i t y f o r m i n e r a l a b s o r p t i o n . The e f f e c t o f s o i l 

t e m p e r a t u r e on t o t a l a b s o r p t i o n o f P was g r e a t e r than on t r a n s 

l o c a t i o n i n t o t h e pea seed. 
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( i x ) Of t h e 3 growth r e t a r d i n g c h e m i c a l s i n v e s t i g a t e d , 

C y c o c e l a t 1 ppm was t h e most e f f e c t i v e i n terms o f growth and 

y i e l d s t i m u l a t i o n . Phosfon a t 100 ppm was the most e f f e c t i v e 

i n terms o f growth r e t a r d a t i o n , but markedly d e c r e a s e d y i e l d . 

B-Nine a t c o n c e n t r a t i o n s o f up t o 10 0 ppm was i n e f f e c t i v e i n 

a l t e r i n g p l a n t growth p a t t e r n . C y c o c e l and Phosfon a p p l i e d a t 

low c o n c e n t r a t i o n s appear t o be p r o m i s i n g f o r use i n i n c r e a s i n g 

pea y i e l d w i t h o u t d e f o r m a t i v e e f f e c t s . E f f e c t s o f the growth 

r e t a r d a n t s on m i n e r a l uptake l a r g e l y r e f l e c t e d p l a n t s i z e 

d i f f e r e n c e s , and were not a b s o l u t e i n c r e a s e s o r d e c r e a s e s . 

(x) The e f f e c t s o f r e l a t i v e l y h i g h c o n c e n t r a t i o n s 

o f C y c o c e l and Phosfon were s i m i l a r t o t h o s e o f h i g h a i r tempera

t u r e w i t h r e s p e c t t o d w a r f i n g o f p l a n t s and changes i n the l e v e l s 

o f g l u c o s e , hexose p h o s p h a t e s , ADP and ATP. I t appears t h a t 

one o f t h e ways by which h i g h c o n c e n t r a t i o n s o f growth r e t a r d i n g 

c h e m i c a l s as w e l l as h i g h t emperature depress p l a n t growth i s 

the d e c r e a s e d u t i l i z a t i o n o f ATP i n k i n a s e r e a c t i o n s and growth 

p r o c e s s e s . 

( x i ) The g r e a t e r m i n e r a l uptake and t r a n s l o c a t i o n 

a t t he h i g h s o i l t e m p e r a t u r e was due not t o i n c r e a s e i n g l u c o s e 

p e r s e , but t o d e c r e a s e i n i t s p h o s p h o r y l a t i o n by ATP, and i t s 

i n t e r c o n v e r s i o n s t o o t h e r hexose phosphates. 

( x i i ) The most s a t i s f a c t o r y o r nearest-optimum a i r 

and s o i l t e m p e r a t u r e regime f o r p l a n t growth and m i n e r a l uptake 

was t h e 21/13/18° d a y / n i g h t / s o i l t e m p e r a t u r e s . 
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( x i i i ) I n s o i l s t h a t a r e c o l d i n e a r l y s p r i n g , P 

may be used t o g i v e t h e s e e d l i n g s a v i g o r o u s "start''' and t o 

compensate f o r l o s s i n y i e l d t h a t might have r e s u l t e d i f t h e 

summer became warm. 

( x i v ) For p r e d i c t i o n o f u l t i m a t e pea y i e l d , the 

f o l l o w i n g c r i t i c a l l e v e l s o f m i n e r a l s i n the l e a v e s o f p l a n t s 

a t t h e 10th node s t a g e were e s t a b l i s h e d : N, 4.0; P, 0.25; 

K, 2.8; Ca, 2.8; Mg, 0.8 p e r c e n t o f d r y m a t t e r . 

(xv) F o r u n i f o r m i t y i n t h e nomenclature o f p l a n t 

growth r e g u l a t o r s i t i s suggested t h a t growth r e t a r d i n g 

c h e m i c a l s be c a l l e d "RETARDINS" i n l i n e w i t h o t h e r groups such 

as a u x i n s , g i b b e r e l l i n s , k i n i n s and m o r p h a c t i n s . 



117 

BIBLIOGRAPHY 

1. ADEDIPE, N.O., D.P. ORMROD and A.R. MAURER. 1968. Response 
of pea p l a n t s t o s o i l and f o l i a r a p p l i c a t i o n s o f C y c o c e l 
( ( 2 - c h l o r o e t h y l ) trimethylammonium c h l o r i d e ) . Can. J . 
P l a n t S c i . 48: 323-325: 

2. ALBAUM, E.G. 1952. The me t a b o l i s m o f p h o s p h o r y l a t e d 
compounds i n p l a n t s . Ann. Rev. P l a n t P h y s i o l . 3: 35-38. 

3. ANDERSON, D.T. and G.C. RUSSELL. 1964. E f f e c t s o f v a r i o u s 
q u a n t i t i e s o f s t r a w mulch on the growth and y i e l d o f s p r i n g 
and w i n t e r wheat. Can. J . S o i l S c i . 44: 109-118. 

4. A.O.A.C. (ASSOCIATION OF OFFICIAL AGRICULTURAL CHEMISTS). 
1965. Atomic a b s o r p t i o n s p e c t r o p h o t o m e t r y : methods o f 
a n a l y s i s . 10th ed., 13, 16, 23-24. 

' 5. APPLE, S.B. and J.S. BUTTS. 195 3. S o i l t e m p e r a t u r e 
s t u d i e s . 1. The e f f e c t o f s o i l t e m p e r a t u r e and phosphorus 
on growth and phosphorus uptake by p o l e beans. P r o c . Amer. 
Soc. H o r t . S c i . 61: 325-332. 

6. ARAMBARRI, P. and 0. TALIBUDEEN. 19 59. F a c t o r s i n f l u e n c i n g 
t h e i s o t o p i c a l l y exchangeable phosphate i n s o i l s . I I I . The 
e f f e c t o f te m p e r a t u r e i n some c a l c a r e o u s s o i l s . P l a n t and 
S o i l 11: 364-376. 

7. ARNON, D.I., M.B. ALLEN and F.R. WHATLEY. 19 54. Photo
s y n t h e s i s by i s o l a t e d c h l o r o p l a s t s . Nature 174: 394-396. 

8. BADLEV, B., A. LANG and A.O. AGATEP. 196 5. G i b b e r e l l i n 
p r o d u c t i o n i n pea seeds developed i n e x c i s e d pods. E f f e c t 
o f growth r e t a r d a n t AMO-1618. S c i . 147: 155-157. 

9. BATJER, L.P., M.W. WILLIAMS and G.C. MARTIN. 1964. 
E f f e c t s o f N-dimethylamino s u c c i n a m i c a c i d (B-Nine) on 
v e g e t a t i v e and f r u i t c h a r a c t e r i s t i c s o f a p p l e s , p e a r s , and 
sweet c h e r r i e s . P r o c . Amer. Soc. H o r t . S c i . 85: 11-16. 

10. BEATTIE, W.R., L.L. HARTER and B.L. WADE. 19 42. Growing 
peas f o r c a n n i n g and f r e e z i n g . U.S.D.A. Farmers' B u l l e t i n 
1920, Wash., D.C. 

11. BEEVERS, H. 1961 R e s p i r a t o r y m e t a b o l i s m i n p l a n t s . Harper 
and Row, New York. 

12. BEEVERS, L. and J.B. HANSON. 1964. O x i d a t i v e p h o s p h o r y l a t i o n 
by r o o t and shoot m i t o c h o n d r i a from c o r n s e e d l i n g s as a f f e c t e d 
by t e m p e r a t u r e . Crop S c i . 4: 549-550. 



118 

13. BIDDULPH, 0., S. BIDDULPH, R. CORY and H. KOONTZ. 19 58. 
C i r c u l a t i o n p a t t e r n s f o r phosphorus, s u l f u r and c a l c i u m 
i n the bean p l a n t . P l a n t P h y s i o l . 33: 293-300. 

14. BIELESKI, R.L. 1964. The problem o f h a l t i n g enzyme a c t i o n 
when e x t r a c t i n g p l a n t t i s s u e s . A n a l . Biochem. 9: 431-442. 

15. BONNER, J . 1943. E f f e c t s o f a p p l i c a t i o n o f t h i a m i n e 
t o Cosmos. Bot. Gaz. 104: 475-479. 

16. BONNER, J . 1957. The c h e m i c a l c u r e o f c l i m a t i c l e s i o n s . 
Engng. S c i . Mag. 20: 28-30. 

17. BOWLING, D.J.F. and P.E. WEATHERLEY. 1964. P o t a s s i u m 
uptake and t r a n s p o r t i n r o o t s o f R i c i n u s communis. J . 
E x p t l . Bot. 15: 413-421. 

18. BRADLEY, G.A. and J.W. FLEMING. 1960. The e f f e c t s o f 
p o s i t i o n o f l e a f and time o f s a m p l i n g on t h e r e l a t i o n s h i p 
o f l e a f phosphorus and p o t a s s i u m t o y i e l d o f cucumbers, 
tomatoes and watermelons. P r o c . Amer. Soc. Hort S c i . 75: 
617-624. 

19. BRENCHLEY, W.E. 1920. On the r e l a t i o n between growth 
and t h e e n v i r o n m e n t a l c o n d i t i o n s o f temp e r a t u r e and b r i g h t 
s u n s h i n e . Ann. A p p l . B i o l . 6: 211-244. 

20. BROOK, J . , S.H. WEST and D.S. ANTHONY. 1967. E f f e c t s o f 
Phosfon on n u c l e i c a c i d m e t a b o l i s m i n Pisum s a t i v u m 
A l a s k a . P l a n t P h y s i o l . 42: 785-790. 

21. BROUWER, R. 195 6. I n v e s t i g a t i o n s i n t o t he o c c u r r e n c e 
o f a c t i v e and p a s s i v e components i n t h e i o n uptake o f 
V i c i a f a b a . A c t a . Bot. N e e r l . 5: 287-314. 

22. BROUWER, R. 1959. The i n f l u e n c e o f the r o o t t e m p e r a t u r e 
on the growth o f peas. J a a r b IBS. 1959: 27-36. I n 
N i e l s e n and Humphries, 1965. 

23. BROUWER, R. 1965. Ion a b s o r p t i o n and t r a n s p o r t i n p l a n t s . 
Ann. Rev. P l a n t P h y s i o l . 16: 241-266. 

24. BUCKMAN, H.O. and N.C. BRADY. 1960. The n a t u r e and p r o p e r t y 
o f s o i l s . 6th ed., M a c M i l l a n , New York. 

25. BURSTONE, M.S. 1962. Enzyme h i s t o c h e m i s t r y and i t s a p p l i c a 
t i o n i n the s t u d y o f neoplasms. Acad. P r e s s , New York. 

26. BUTLER, G.W. 19 53. Ion uptake by young wheat p l a n t s . I . 
Time c o u r s e o f t h e a b s o r p t i o n o f p o t a s s i u m ahd c h l o r i d e i o n s . 
P h y s i o l . P l a n t 6: 594-616. 

27. CAMPBELL, W.A. and J.T. PRESLEY. 1945. D e s i g n f o r c o n s t a n t 
temperature t a n k s . P h y t o p a t h o l o g y 35: 213-216. 



119 

28. CANNON, W.A. 1925. P h y s i o l o g i c a l f e a t u r e s o f r o o t s w i t h 
s p e c i a l r e f e r e n c e t o the r e l a t i o n o f r o o t s t o the a e r a t i o n 
o f s o i l . C a r n e g i e I n s t . Wash. Pub. 368: 1-168. 

29. CANNY, M.J. 1962. The mechanism o f t r a n s l o c a t i o n . Ann. Bot. 
(M.S.) 26: 603-617. 

30. CATHEY, H.M. 1964. P h y s i o l o g y o f growth r e t a r d i n g c h e m i c a l s . 
Ann. Rev. P l a n t P h y s i o l . 15:: 271-302. 

31. CATHEY, H.M. and N.W. STUART. 1961. Comparative p l a n t 
g r o w t h - r e t a r d i n g a c t i v i t y o f AMO-1618, Phosfon and CCC. 
Bot. Gaz. 123: 51-57. 

32. CHANCE, B., W. HOLMES and J . HIGGINS. 1958. L o c a l i z a t i o n 
o f i n t e r a c t i o n s i t e s i n multi-component t r a n s f e r systems: 
Theorems d e r i v e d from a n a l o g u e s . Nature 182: 1190-1193. 

33. CHERRY, J.H. and R.H. HAGEMAN. 1960. S e p a r a t i o n and i d e n t i 
f i c a t i o n o f s o l u b l e n u c l e o t i d e s from e t i o l a t e d c o r n s e e d l i n g s 
as a f u n c t i o n o f growth. P l a n t P h y s i o l . 35: 34-3-352. 

34a. CLARKSON, D.T. 19 66. E f f e c t o f aluminum on t h e uptake and 
me t a b o l i s m o f phosphorus i n b a r l e y s e e d l i n g s . P l a n t 
P h y s i o l . 41: 165-172. 

34b. CLARKSON, V.A. 1960. E f f e c t o f b l a c k p o l y e t h y l e n e mulch on 
s o i l and m i c r o c l i m a t e t e m p e r a t u r e and n i t r a t e l e v e l . Agron. 
J . 52: 307-309. 

35. CLELAND, R. 1965. Evi d e n c e on the s i t e o f a c t i o n o f growth 
r e t a r d a n t s . P l a n t C e l l P h y s i o l . 6: 7-15. 

36. CLEMENTS, H.F. 1964. I n t e r a c t i o n o f f a c t o r s a f f e c t i n g 
y i e l d . Ann. Rev. P l a n t P h y s i o l . 15: 409-442. 

37. CONWAY, E . J . 195 3. A redo x pump f o r t h e b i o l o g i c a l p e r 
formance o f o s m o t i c work, and i t s r e l a t i o n t o t h e k i n e t i c s o f 
f r e e i o n d i f f u s i o n a c r o s s membranes. I n t n l . Rev. C y t o l . 2: 
419-445. 

38. COOPER, D.J., K.F. NIELSEN, J.W. WHITE and W. KALBFLEISCH. 
196 0. A p p a r a t u s f o r c o n t r o l l i n g s o i l t e m p e r a t u r e s . Can. 
J . S o i l S c i . 40: 105-107. 

39. DAHLGREN, G. and N.L. SIMMERMAN. 196 3. I n t r a m o l e c u l a r 
c a t a l y s i s o f the h y d r o l y s i s o f N-dimethylamino maleamic 
a c i d ( C o ^ ) . S c i . 140: 485-486. 

40. DORMAAR, J.F. and J.W. KETCHESON. 1960. The e f f e c t o f 
n i t r o g e n form and s o i l t e m p e r a t u r e on the growth and 
phosphorus uptake o f c o r n grown i n the greenhouse. Can. 
J . S o i l S c i . 45: 177-184. 



120 

41. DOWNTON, W.J.S. and E.B. TREGUNNA. 196 8. Carbon d i o x i d e 
compensation -- i t s r e l a t i o n t o p h o t o s y n t h e t i c c a r b o x y l a t i o n 
r e a c t i o n s , s y s t e m a t i c s o f t h e Gramineae and l e a f anatomy. 
Can. J . Bot. 46: 207-215. 

42. DUNCAN, D.B. 1955. M u l t i p l e range and m u l t i p l e F t e s t s . 
B i o m e t r i c s 11: 1-42. 

43: EL-SHARKAWY, M.A. and J.D. HESKETH. 19 64. E f f e c t s o f 
temperature and water d e f i c i t on l e a f p h o t o s y n t h e t i c r a t e s 
o f d i f f e r e n t s p e c i e s . Crop S c i . 4: 514-518. 

44. EMBLETON, T.W., M.J. GARBER, W.W. JONES and S.J. RICHARDS. 
1958. E f f e c t s o f i r r i g a t i o n t r e a t m e n t s and r a t e s o f 
n i t r o g e n f e r t i l i z a t i o n on young Hass Avocado t r e e s . 
IV. M i c r o n u t r i e n t c o n t e n t o f l e a v e s . P r o c . Amer. Soc. 
H o r t . S c i . 71: 310-314. 

45. EPSTEIN, E. 1960. Spaces, b a r r i e r s , and i o n c a r r i e r s : 
i o n a b s o r p t i o n by p l a n t s . Amer. J . Bot. 47: 393-399. 

46. EPSTEIN, E. and E.C. HAGEN. 1952. A k i n e t i c s t u d y o f the 
a b s o r p t i o n o f a l k a l i c a t i o n s by b a r l e y r o o t s . P l a n t P h y s i o l . 
27: 457-474. 

47. FLETCHER, H.F., D.P. ORMROD, A.R. MAURER and B. STANFIELD. 
1966. Response o f peas t o environment. I . P l a n t i n g d a t e 
and l o c a t i o n . Can. J . P l a n t S c i . 46: 77-85. 

48. FRIED, M., C.E. HAGEN, J.F. SAIZ DEL RIO and E. LEGGETT. 
19 57. K i n e t i c s o f phosphate uptake i n the s o i l - p l a n t 
system. S o i l S c i . 84: 427-437. 

49. FRIED, M. and R.E. SHAPIRO. 19 61. S o i l - p l a n t r e l a t i o n s h i p s 
i n i o n u p t a k e . Ann. Rev. P l a n t P h y s i o l . 12: 91-112. 

50. GALSTON, A.V7. B i o c h e m i s t r y . I n E x p e r i m e n t a l c o n t r o l o f 
p l a n t g rowth, F.W. Went, ed., C h r o n i c a B o t a n i c a , Waltham, 
M a s s a c h u s e t t s . 1957. 

51. GALSTON, A.W. and M.E. HAND. 1949. Adenine as a growth 
f a c t o r f o r e t i o l a t e d peas and i t s r e l a t i o n t o t h e r m a l 
i n a c t i v a t i o n o f growth. A r c h . Biochem. 22: 434-443. 

52. GAUCH, H.G. 1956. M i n e r a l n u t r i t i o n o f p l a n t s . Ann. Rev. 
P l a n t P h y s i o l . 31: 155-161. 

53. GHOSH, A. and B. CHANCE. 1964. O s c i l l a t i o n s i n g l y c o l y t i c 
i n t e r m e d i a t e s i n y e a s t c e l l s . Biochem. B i o p h y s . Res. 
Commun. 16: 174-181. 



121 

54. GOODMAN, M., A.A. BENSON and M. CALVIN. 1955. F r a c t i o n a t i o n 
o f phosphates from Scenedesmus by a n i o n exchange. J . Amer. 
Chem. Soc. 77: 4257-4261. 

55. HALEVY, A.H. 1963. I n t e r a c t i o n o f growth r e t a r d i n g 
compounds and g i b b e r e l l i n on i n d o l e a c e t i c a c i d o x i d a s e and 
p e r o x i d a s e o f cucumber s e e d l i n g s . P l a n t P h y s i o l . 38: 731-
737 . 

56. HALEVY, A.H. and H.M. CATHEY. 19 60. E f f e c t o f s t r u c t u r e 
and c o n c e n t r a t i o n of some q u a t e r n a r y ammonium compounds on 
growth o f cucumber s e e d l i n g s . Bot. Gaz. 112: 151-154. 

57. HATCH, M.D. and J.F. TURNER. 1958. G l y c o l y s i s by an 
e x t r a c t from pea seeds. Biochem. J . 69: 495-501. 

58. HESS, B. 1963. C o n t r o l o f m e t a b o l i c r a t e s . I n C o n t r o l 
mechanisms i n r e s p i r a t i o n and f e r m e n t a t i o n . B. W r i g h t , ' e d . 
Ronald P r e s s , New York; 

59. HIGHKIN, H.R. 1960. The e f f e c t o f c o n s t a n t t emperature 
environments and o f c o n t i n u o u s l i g h t on t h e growth and 
development o f pea p l a n t s . C o l d S p r i n g Harbour Symposia on 
Q u a n t i t a t i v e B i o l o g y , v o l . XXV: 231-238. New York. 

60. HINMAN, W.C., J.D. BEATON and D.W.L. READ. 1962. Some 
e f f e c t s o f m o i s t u r e and temperature on t r a n s f o r m a t i o n o f 
monocalcium phosphate i n s o i l . Can. J . S o i l S c i . 42: 
229-239. 

61. HINNEMANN, H., J.A.D. ZEEVART, H. KENDE and A. LANG. 1964. 
The p l a n t growth r e t a r d a n t CCC as i n h i b i t o r o f g i b b e r e l l i n 
b i o s y n t h e s i s i n Fusar i u m m o n i l i f o r m e . P l a n t a 61: 229-235. 

62. HONERT, T.V. van den, J.J.M. HOOYMANS and W.S. VOLKERS. 
1955. Experiments on the r e l a t i o n between water a b s o r p t i o n 
and m i n e r a l uptake by p l a n t r o o t s . A c t a Bot. N e e r l . 4: 
139-155. 

63. HUMPHRIES, E.C. 1956. The r e l a t i o n between the r a t e o f 
n u t r i e n t uptake by e x c i s e d b a r l e y r o o t s and t h e i r c o n t e n t o f 
s u c r o s e and r e d u c i n g s u g a r s . Ann. Bot. (N.S.) 20: 411-417. 

64. HYLMO, B. 19 58. P a s s i v e components i n t h e i o n a b s o r p t i o n 
o f t h e p l a n t . I I . The z o n a l water f l o w , i o n passage and 
pore s i z e i n the r o o t s o f V i c i a f a b a . P h y s i o l . P l a n t 11: 
382-400. 

65. JACOBSON, L., R. OVERSTREET, R.M. CARLSON and J.A. CHASTAIN. 
1957. The e f f e c t of pH and temp e r a t u r e on the a b s o r p t i o n 
o f p o t a s s i u m and bromide by b a r l e y r o o t s . P l a n t P h y s i o l . 
32: 658-662. 



122 

66. JAFFE, M.J. and F.M. ISENBERG. 1965. Some e f f e c t s o f N-
dimet h y l a m i n o s u c c i n a m i c a c i d ( B - n i n e ) on t h e development 
of v a r i o u s p l a n t s w i t h s p e c i a l r e f e r e n c e t o the cucumber, 
Cucumis s a t i v u s L. P r o c . Amer. Soc. Hort S c i . 87: 420-428. 

67. JUO, P. and G. STOTZKY. 1967. I n t e r f e r e n c e by n i t r a t e 
and n i t r i t e i n the d e t e r m i n a t i o n o f c a r b o h y d r a t e s by 
ant h r o n e . A n a l . Biochem. 21: 149-151. 

68. KAMIYA, N. , 1960 . P h y s i c s and c h e m i s t r y o f p r o t o p l a s m i c 
s t r e a m i n g . Ann. Rev. P l a n t P h y s i o l . 11: 323-340. 

69. - KAUFMANN, S. and S.G.A. ALIVISATOS. 1955. P u r i f i c a t i o n 
and p r o p e r t i e s o f t h e p h o s p h o r y l a t i n g enzyme from s p i n a c h . 
J . B i o l . Chem. 216: 141-152. 

70. KETCHESON, J.W. 1957. Some e f f e c t s o f s o i l t e m p e r a t u r e 
on phosphorus r e q u i r e m e n t s o f young c o r n p l a n t s i n the 
greenhouse. Can. J . . S o i l S c i . 37: 41-47. 

71. KETELLAPER, H.J. and J . BONNER. 1961. The c h e m i c a l b a s i s 
o f t e m p e r a t u r e response i n p l a n t s . P l a n t P h y s i o l . 3 6 : ( s u p p l . ) 
x x i . 

72. KHYM, J.X. and W.E. COHN. 1953. The s e p a r a t i o n o f sugar 
phosphates by ion-exchange w i t h t h e use o f t h e b o r a t e 
complex. J . Amer. Chem. Soc. 75: 1153-1156. 

73. KNAVEL, D.E. 1968. I n f l u e n c e o f growth r e t a r d a n t s on 
growt h , n u t r i e n t c o n t e n t and y i e l d s o f tomato p l a n t s grown 
w i t h v a r i o u s f e r t i l i t y l e v e l s . H o r t . S c i . 3: 101. 

74. KNOLL, H.A., N.C. BRADY and D.J. LATHWELL. 1964. E f f e c t 
o f s o i l t e mperature and phosphorus f e r t i l i z a t i o n on the 
growth and phosphorus c o n t e n t o f c o r n . Agron. J . 56: 
145-147. 

75. KRAMER, P.J. 1949. P l a n t and s o i l water r e l a t i o n s h i p s . 
1 s t ed. M c G r a w - H i l l , T o r o n t o . 

76. KRAMER, P . J . 1956. P h y s i c a l and p h y s i o l o g i c a l a s p e c t s o f 
water a b s o r p t i o n . E n c y c l . P l a n t P h y s i o l . 3: 124-159. 
S p r i n g e r - V e r l a g , B e r l i n . 

77. KURAISHI, S. and R.M. MUIR. 196 3. Mode o f a c t i o n o f 
growth r e t a r d i n g c h e m i c a l s . P l a n t P h y s i o l . 38: 19-24. 

78. LANGRIDGE, J . 196 3. B i o c h e m i c a l a s p e c t s o f temperature 
r e s p o n s e . Ann. Rev. P l a n t P h y s i o l . 14: 441-462. 

79. LANGRIDGE, J . and B. GRIFFING. 1959. A study o f h i g h 
t e m p e r a t u r e l e s i o n s i n A r a b i d o p s i s t h a l i a n a . A u s t r a l i a n 
J . B i o l . S c i . 12: 117-135. 



123 

80. LARSON, W.E. and W.O. WILLIS. 1957. L i g h t , s o i l t e m p e r a t u r e , 
s o i l m o i s t u r e and a l f a l f a - r e d c l o v e r d i s t r i b u t i o n between 
c o r n rows o f v a r y i n g s p a c i n g and row d i r e c t i o n s . Agron. J . 
49: 422-426. 

81 LATIES, G.G. 1959. A c t i v e t r a n s p o r t o f s a l t i n t o p l a n t 
t i s s u e s . Ann. Rev. P l a n t P h y s i o l . 10: 87-112. 

82. LETEY, J . , L.H. STOLZY, G.B. BLANK and O.R. LUNT. 1961-. 
E f f e c t o f te m p e r a t u r e on oxygen d i f f u s i o n r a t e s and 
subsequent shoot growth, r o o t growth, and m i n e r a l c o n t e n t 
o f two p l a n t s p e c i e s . S o i l S c i . 92: 314-321. 

83. LETEY, J . , L.H. STOLZY, N. VALORAS and T.E. SZUSZKIEWICZ. 
1962. I n f l u e n c e o f oxygen d i f f u s i o n r a t e on s u n f l o w e r . 
Agron. J . 54: 316-319. 

84. LINGLE, J.C. and R.M. DAVIS. 1959. The i n f l u e n c e o f s o i l 
t e m p e r a t u r e and phosphorus f e r t i l i z a t i o n on t h e growth and 
m i n e r a l a b s o r p t i o n o f tomato s e e d l i n g s . P r o c . Amer. Soc. 
H o r t . S c i . 73: 312-322. 

8-5,,. LOCASCIO, S.J. and G.F. WARREN. 1960 . I n t e r a c t i o n o f s o i l 
t e m p e r a t u r e and phosphorus on growth o f tomatoes. P r o c . 
Amer. Soc. H o r t . S c i . 75: 601-610. 

86. LOCKHART, J.A. 1962. K i n e t i c s t u d i e s o f c e r t a i n a n t i -
g i b b e r e l l i n s . P l a n t P h y s i o l . 37: 759-764. 

87. • LOUGHMAN, B.C. and R.S. RUSSELL. 1957. The a b s o r p t i o n 
and u t i l i z a t i o n o f phosphate by young b a r l e y p l a n t s . IV. 
The i n i t i a l s t a g e s o f phosphate m e t a b o l i s m i n r o o t s . J . 
E x p t l . Bot. 8: 280-293. 

88. LUNDEGARDH, H. 1947. M i n e r a l n u t r i t i o n o f p l a n t s . Ann. 
Rev. Biochem. 16: 503-528. 

89. LUNDEGARDH. H. 19 55. Mechanisms o f a b s o r p t i o n , t r a n s p o r t , 
a c c u m u l a t i o n , and s e c r e t i o n o f i o n s . Ann. Rev. P l a n t 
P h y s i p l . 6: 1-24. 

90. MACK, A.R. 196 5. E f f e c t o f s o i l t e m p e r a t u r e and m o i s t u r e 
on y i e l d and n u t r i e n t uptake by b a r l e y . Can. J . S o i l S c i . 
45: 337-346. 

91. MACK, A.R. and W.A. EVANS. 1965. S o i l t e mperature c o n t r o l 
system f o r f i e l d p l o t s . Can. J . S o i l S c i . 45: 105-107. 

92. MACK, H.J., S.C. FANG and S.B. APPLE, J r . 1964. E f f e c t s 
o f s o i l t e m p e r a t u r e and phosphorus f e r t i l i z a t i o n on snap
beans and peas. P r o c . Amer. Soc. H o r t . S c i . 84: 332-338. 



124 

93. MACKINNEY, G. 1940. C r i t e r i a f o r p u r i t y i n c h l o r o p h y l l 
p r e p a r a t i o n s . J . B i o l . Chem. 132: 91-109. 

94. MACLEAN, K.S. and D.L. BYERS. 19 68. N u t r i e n t c o n t e n t o f 
f i e l d - g r o w n peas. Can. J . P l a n t S c i . 48: 155-160. 

95. MAJUMDER, S.K. 1968. Morphogenetic r e s p o n s e s o f tomato 
p l a n t s t o combined and i n d i v i d u a l a p p l i c a t i o n s o f g i b -
b e r e l l i c a c i d , phosfon and B-Nine. P l a n t and S o i l 28: 
291-297. 

96. MARRE, E. 1961. P h o s p h o r y l a t i o n i n h i g h e r p l a n t s . Ann. 
Rev. P l a n t P h y s i o l . 12: 195-218. 

97. MAURER, A.R., D.E. JAFFRAY and H.F. FLETCHER 1966. 
Response, o f peas t o environment. I I I . Assessment o f t h e 
m o r p h o l o g i c a l development o f peas. Can. J . P l a n t S c i . 46: 
285-290. 

98. MCKELL, CM., A.M. WILSON and M.B. JONES. 1961. A 
f l o t a t i o n method f o r easy s e p a r a t i o n o f r o o t s from s o i l 
samples. Agron. J . 53: 56-57. 

99. MCKELL, CM., A.M. WILSON and W.A. WILLIAMS. 1962. 
E f f e c t o f te m p e r a t u r e on phosphorus u t i l i z a t i o n by n a t i v e 
and i n t r o d u c e d legumes. Agron. J . 54: 109-113. 

100. MEDERSKI, H.J. and J.B. JONES, J r . 1963. E f f e c t o f s o i l • " = 
tempe r a t u r e on c o r n p l a n t development and y i e l d . I . Studies-
w i t h a c o r n h y b r i d . S o i l S c i . Soc. Amer. P r o c . 27: 186-189. 

101. MES, M.G. 19 59. I n f l u e n c e o f temperature on t h e s y m b i o t i c 
f i x a t i o n o f legumes. Nature 184: 2032-2033. 

102. MEYER, D.R. and A . J . ANDERSON. 1959. Temperature and 
s y m b i o t i c n i t r o g e n f i x a t i o n . Nature 18 3: 61. 

10 3. MOORE, T.C 196 7. K i n e t i c s o f growth r e t a r d a n t and 
hormone i n t e r a c t i o n i n a f f e c t i n g cucumber h y p o c o t y l e l o n g a 
t i o n . P l a n t P h y s i o l . 42: 677-684. 

104. MOORIS, D.L. 1948. Q u a n t i t a t i v e d e t e r m i n a t i o n o f 
c a r b o h y d r a t e s w i t h Dreywood's anthrone r e a g e n t . S c i . 10 7: 
254-255. 

105. MOSSBERRY, Y., A.M. MAYER and L.W. MAPSON. 1964. 
I n h i b i t i o n o f g l y c o l y s i s by adeonsine t r i p h o s p h a t e . J . 
E x p t l . Bot. 15: 29-34. 

106. NEFF, M.S., H.L. BARROWS and C.B. SHEAR. 195 8. Response 
o f t u n g t r e e s t o a p p l i e d n i t r o g e n , p o t a s s i u m and magnesium 
i n d i f f e r e n t s o i l t y p e s . P r o c . Amer. Soc. H o r t . S c i . 71: 
237-240. 



125 

107. NELSON, W.L., B.A. KRANTZ, C D . WELCH and N.S. HALL. 1949. 
U t i l i z a t i o n o f phosphorus as a f f e c t e d by placement. I I . 
C o t t o n and c o r n i n N o r t h C a r o l i n a . S o i l S c i . 68: 137-144. 

108. NIELSEN, K.F. and R.K. CUNNINGHAM. 1964. The e f f e c t s o f 
s o i l t e m p e r a t u r e , form and l e v e l o f N on growth and c h e m i c a l 
c o m p o s i t i o n of I t a l i a n r y e g r a s s . S o i l S c i . Soc. Amer. P r o c . 
28: 213-218. 

109. NIELSEN', K.F., R.L. HALSTEAD, A . J . MACLEAN, S.J. BOURGET ••, 
and R.M. HOLMES. 1961. The i n f l u e n c e o f s o i l t e m p e r a t u r e 
on the growth and m i n e r a l c o m p o s i t i o n o f c o r n , bromegrass 
and p o t a t o e s . S o i l S c i . Soc. Amer. P r o c . 25: 369-372. 

110. NIELSEN, K.F., R.L. HALSTEAD, A . J . MACLEAN, R.M. HOLMES and 
S.J. BOURGET. 1960. E f f e c t s o f s o i l t e m p e r a t u r e on t h e 
growth and c h e m i c a l c o m p o s i t i o n o f Lucerne. P r o c . 8 t h 
I n t n l . G r a s s l a n d Congr., 287-292. 

111. NIELSEN, K.F. and E.C. HUMPHRIES. 1965. S o i l t e m p e r a t u r e 
and p l a n t g r o w t h , an a n n o t a t e d b i b l i o l o g r a p h y (1951-1964). 
Can. Dept. A g r i c . S w i f t C u r r e n t Pub. 108: 36-40. 

112. NIELSEN, K.F. and E.C. HUMPHRIES. 1966. E f f e c t s o f r o o t 
t e m p e r a t u r e on p l a n t growth. S o i l s and F e r t i l i z e r s 29: 1-7. 

.113. OHLROGGE, A . J . 1962. Some s o i l - r o o t - p l a n t r e l a t i o n s h i p s . 
S o i l S c i . 93: 30-38. 

114. OLSEN, S.R., F.S. WATANABLE and R.E. DANIELSON. 1961. 
Phosphorus a b s o r p t i o n by c o r n r o o t s as a f f e c t e d by m o i s t u r e 
and P c o n c e n t r a t i o n . S o i l S c i . Soc. Amer. P r o c . 25: 289-
294. 

115. ORMROD, D.P. 1962. Note on i n e x p e n s i v e m u l t i p l e p l a n t 
growth c a b i n e t s . Can. J . P l a n t S c i . 42: 742-745. 

116. ORMROD, D.P. and W.A. BUNTER, J r . 1961. I n f l u e n c e o f 
temperature on the r e s p i r a t i o n o f r i c e s e e d l i n g s . Crop. 
S c i . 1: 353-354. 

117. ORMROD, D.P. and W.A. WILLIAMS. 1960. Phosphorus metabolism 
o f T r i f o l i u m h i r t u m A l l as i n f l u e n c e d by 2 , 4 - d i c h l o r o -
p h e n o x y a c e t i c a c i d and g i b b e r e l l i c a c i d . P l a n t P h y s i o l . 35: 
81-87. 

118. POTTS, J.R.M. and D.P. ORMROD. 1969. The e f f e c t o f ab r u p t 
t e m p e r a t u r e i n c r e a s e on growth and phosphorus f r a c t i o n s o f 
Pisum s a t i v u m . Can. J . Bot. 47. I n P r e s s . 

119. POWER, J. F . , D.L. GRUNES, G.A. REICHMAN and W.O. WILLIS. 
1964. S o i l t e mperature and phosphorus e f f e c t s upon n u t r i e n t 
a b s o r p t i o n by b a r l e y . Agron. J . 56: 355-359. 



126 

120. POWER, J . F . , D.L. GRUNES, W.O. WILLIS and G.A. REICHMAN. 
1963. S o i l t e m p e r a t u r e and phosphorus e f f e c t s upon b a r l e y 
growth. Agron. J . 55: 389-392. 

121. PRESTON, W.H. J r . and C.B. LINK. 1958. Use o f 2,4-
d i c h l o r o b e n z y l t r i b u t y l p h o s p h o n i u m c h l o r i d e t o dwarf p l a n t s . 
P l a n t P h y s i o l . 33 ( s u p p l . ) x l i x . 

122. REED. D.J., T.C. MOORE and J.D. ANDERSON. 1965. P l a n t 
growth r e t a r d a n t B-995: a p o s s i b l e mode o f a c t i o n . S c i . 
148: 1469-1471. 

123. REITZ, H.J. and R.C.J. K00, J r . 1960. E f f e c t s o f n i t r o g e n 
and p o t a s s i u m f e r t i l i z a t i o n on y i e l d , f r u i t - . q u a l i t y , and 
l e a f a n a l y s i s o f V a l e n c i a orange. P r o c . Amer. Soc. H o r t . 
S c i . 75: 244-252. 

124. RICHARDS, S . J . , R.M. HAGAN and T.M. MCCALLA. 1952. S o i l 
t e m p e r a t u r e and p l a n t growth. I n S o i l p h y s i c a l c o n d i t i o n s 
and p l a n t growth. B.T. Shaw, ed. Acad. P r e s s , New York. 

125. RIDDELL, J.A., H.A. HAGEMAN, C M . JANTHONY and W.L. HUBBARD. 
R e t a r d a t i o n o f p l a n t growth by a new group o f c h e m i c a l s . 
S c i . 135: 391. 

126. RINNE, R.W. and R.G. LANGSTON. 1960. S t u d i e s on l a t e r a l 
movement o f phosphorus 32 i n peppermint. P l a n t P h y s i o l . 
35: 216-219. 

127. ROBINSON, R.R., V.G. SPRAGUE and C.F. CROSS. 1959. The 
r e l a t i o n o f temp e r a t u r e and phosphate placement t o growth 
o f r e d c l o v e r . S o i l S c i . Soc. Amer. P r o c . 23: 225-228. 

12 8. ROGERS, B.L., L.P. BATJER and A.H. THOMPSON. 1953. S e a s o n a l 
t r e n d o f s e v e r a l n u t r i e n t elements i n D e l i c i o u s a p p l e 
l e a v e s e x p r e s s e d on a p e r c e n t and u n i t a r e a b a s i s . P r o c . 
Amer. Soc. H o r t . S c i . 61: 1-5. 

129. ROWAN, K.S. 1966. Phosphorus m e t a b o l i s m i n p l a n t s . I n t n l . 
Rev. C y t o l . 19: 301-391. 

130. SCOTT, R.W., W.E., MOORE, M.J. EFFLAND and M.A. MILLET. 
1967 . U l t r a v i o l e t i % p e c t r o p h o t o m e t r i c d e t e r m i n a t i o n o f 
hex o s e s , pentoses aiid u r o n i c a c i d s a f t e r t h e i r r e a c t i o n s 
w i t h c o n c e n t r a t e d s u l f u r i c a c i d . A n a l . Biochem. 21: 68-80. 

131. SEKIOKA, H. 1963. E f f e c t o f some e n v i r o n m e n t a l f a c t o r s on 
the t r a n s l o c a t i o n and s t o r a g e o f c a r b o h y d r a t e s . I . R e l a t i o n 
s h i p between the t r a n s l o c a t i o n o f c a r b o h y d r a t e s o r r a d i o i s o t o p e s 
and s o i l and a i r t e m p e r a t u r e s i n sweet p o t a t o . S o i l s and 
F e r t i l i z e r s 26: 31-59. 

13 2. SHAW, M. 1968. P e r s o n a l communication. 



127 

13 3. SHTRAUSBERG, D.V. 1955. The e f f e c t o f s o i l t e m p e r a t u r e 
on t h e u t i l i z a t i o n o f v a r i o u s n u t r i e n t s by p l a n t s . S o i l s 
and F e r t i l i z e r s 20: 2. 

134. SIMPSON, K. 1960. E f f e c t o f s o i l t e m p e r a t u r e and m o i s t u r e 
on t h e uptake o f phosphorus by o a t s . J . S c i . Food A g r i c . 
11: 449-456. 

13 5. SINGH, H.N. and H.J. MACK. 1966. E f f e c t s o f s o i l tempera
t u r e s on growth, f r u i t i n g , and m i n e r a l c o m p o s i t i o n o f 
snapbeans. P r o c . Amer. Soc. H o r t . S c i . 88: 378-383. 

136. SINGH, H.N. and D.P. SINGH. 1968. S t u d i e s i n t h e m i n e r a l 
n u t r i t i o n o f Japanese m i n t . P l a n t and S o i l 28: 36 3-371. 

137. SMITH, P.F. 1962. M i n e r a l a n a l y s i s o f p l a n t t i s s u e s . 
Ann. Rev. P l a n t P h y s i o l . 13: 81-108. 

138. SMITH, P.F. and W. REUTHER. 1951. The r e s p o n s e o f young 
V a l e n c i a orange t r e e s t o d i f f e r e n t boron s u p p l y i n sand 
c u l t u r e . P l a n t P h y s i o l . 26: 110-114. 

139. SOUTHWICK, F.W., W.J. LORD and W.D. WEEKS. 1968. The 
i n f l u e n c e o f s u c c i n a m i c a c i d , 2 , 2 - d i m e t h y l h y d r a z i n e ( A l a r ) 
on t h e growth, p r o d u c t i v i t y , m i n e r a l n u t r i t i o n and q u a l i t y 
o f a p p l e s . P r o c . Amer. Soc. H o r t . S c i . 92: 71-81. 

140. SPRENT, J . I . 1967. E f f e c t s o f n u t r i e n t f a c t o r s , w a t e r 
s u p p l y , and g r o w t h - r e g u l a t i n g s u b s t a n c e s on t h e v e g e t a t i v e 
growth p a t t e r n o f peas and t h e i r r e l a t i o n s h i p t o t h e node 
o f f i r s t f l o w e r . Ann. Bot (N.S.) 31: 607-618. 

141. STANFIELD, B., D.P. ORMROD' and H.F. FLETCHER. 1966. 
Response o f peas t o environment. I I . E f f e c t s o f t e m p e r a t u r e 
i n c o n t r o l l e d - e n v i r o n m e n t c a b i n e t s . Can. J . P l a n t S c i . 
46: 195-203. 

142. STEWARD, F.C. and H.E. STREET. 1947. The n i t r o g e n o u s 
c o n s t i t u e n t s o f p l a n t s . Ann. Rev. Biochem. 16: 471-502. 

143. STUMPF, P.K. 1955. F a t m e t a b o l i s m i n h i g h e r p l a n t s . I I I . 
Enzymic o x i d a t i o n o f g l y c e r o l . P l a n t P h y s i o l . 30: 55-58. 

144. SUTCLIFFE, J.F. 1962. M i n e r a l s a l t s a b s o r p t i o n i n p l a n t s . 
Pergamon P r e s s . O x f o r d . 

145. TANADA, T. 1956. E f f e c t o f r i b o n u c l e a s e on s a l t a b s o r p t i o n 
by e x c i s e d mung bean r o o t s . P l a n t P h y s i o l . 31: 251-253. 

146» TANAKA, K. and N.E. TOL^ERT. 1966. E f f e c t s o f C y c o c e l 
d e r i v a t i v e s and g i b b e r e M i i n s on c h o l i n e k i n a s e and c h o l i n e 
m e t a b o l i s m . P l a n t P h y s i o l . 41: 313-318. 

147. THOMAS, C.A., J r . 1956. New scheme f o r performance of 
o s m o t i c work by membranes.. S c i . 123: 60-61 



128 

148. TOLBERT, N.E. 1960. ( 2 - c h l o r o e t h y l ) trimethylammonium 
c h l o r i d e and r e l a t e d compounds as p l a n t growth s u b s t a n c e s . 
I I . E f f e c t s on growth o f wheat. P l a n t P h y s i o l . 35: 380-385. 

149. TULI, V., D.R. DILLEY and S.H. WITTWER. 1964. N 6-
b e n z y l a d e n i n e : I n h i b i t o r o f r e s p i r a t o r y k i n a s e s . S c i . 
146: 1477-1479. 

150. ULRICH, A. and W.L. BERRY. 1961. C r i t i c a l phosphorus 
l e v e l s f o r l i m a bean growth. P l a n t P h y s i o l . 36: 626-632. 

151. WANG, J.W. and R.A. BRYSON. 1956. A stu d y o f p h y t o -
m e t e o r o l o g i c a l e f f e c t s on t h e growth and development o f 
peas. Dept. M e t e o r o l . , U n i v . o f W i s c o n s i n Pub. 

152. WEISSMAN, G.S. 1964. E f f e c t o f ammonium and n i t r a t e 
n u t r i t i o n on p r o t e i n l e v e l and exudate c o m p o s i t i o n . P l a n t 
P h y s i o l . 39: 947-952. 

153. WELCH, F.L., D.L. MULVANEY, L.V. BOONE, G.E. MCKIBBEN and 
J.W. PEMBLETON. 1966. R e l a t i v e e f f i c i e n c y o f b r o a d c a s t 
v e r s u s banded phosphorus f o r c o r n . Agron. J . 58: 283-287. 

154. WENT, F.W. 1944. P l a n t growth under c o n t r o l l e d c o n d i t i o n s . 
I I I . C o r r e l a t i o n between v a r y i n g p h y s i o l o g i c a l p r o c e s s e s 
and growth i n the tomato p l a n t . Amer. J . Bot. 31: 597-
618. V 

155. WENT, F.W. 1957 . The e x p e r i m e n t a l c o n t r o l o f plajit;-growth. 
C h r o n i c a B o t a n i c a , Waltham, M a s s a c h u s e t t s . 

156. WETTSTEIN, D. von. 1957. C h l o r o p h y l l - l e t a l e und d e r 
s u b m i k r o p i s c h e f o r m u e s c h e l der p l a s t i d e n . Exp. C e l l Res. 
12: 427-506. 

157. WHATLEY, F.R. and M. LOSADA. 1964. The p h o t o c h e m i c a l 
r e a c t i o n s o f p h o t o s y n t h e s i s . I n P h o t o p h y s i o l o g y I . 
A.C. G r i e s e , ed. Acad. P r e s s , New York. 

158. WILLIAMS, R.F. 1955. R e d i s t r i b u t i o n o f m i n e r a l elements 
d u r i n g development. Ann. Rev. P l a n t P h y s i o l . 6: 25-42. 

159. WILLIS, W.O., J.F. POWER, G.A. REICHMAN and D.L GRUNES. 
196 3. C o n s t a n t t e m p e r a t u r e water b a t h s f o r p l a n t growth 
e x p e r i m e n t s . Agron. J . 55: 200. 


