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S H O R T  C O M M U N I C A T I O N  

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

(L . )  M e r r . ]  a s  a f f e c t e d  b y  p h o s p h o r u s  l e v e l s  i n  s o l u t i o n *  

Summary 
Phosphorylated compounds in four varieties of soybeans (Lincoln and 

Clark, sensitive; Chief and L9, tolerant) were studied in relation to plant 
sensitivity to high phosphorus supply as indicated by reduced dry mat ter  
yield. Total P in all tissues indicated that  sensitive varieties took up P from 
solution more readily than tolerant ones, especially at low P levels. Tolerant 
varieties had a greater protein synthesis rate at high solution P concentration, 
while sensitive varieties reached a maximum rate at a lower P concentration. 

Introduction 

Although P sensitivity in plants has been investigated by several 
workers 2 3 4 6 7 11, the relationship of P-containing compounds to P response 
has not been adequately studied. Phosphorylated compounds themselves are 
unique in role and ubiquitous in plant metabolism. Previous experiments a 7 
showed that  P uptake and content of various P fractions were related to the 
P sensitivity and tolerance of some soybean varieties to high P supply. 

The objectives of the present study were: first, to investigate the effects of 
P supply on phosphorylated compounds in different tissues of sensitive and 
tolerant soybean varieties, and second, to a t tempt  to explain the resu/ts in 
terms of a mechanism for P sensitivity. 

Materials and methods 

Four varieties of soybean,** Lincoln and Clark (sensitive) and Chief and L9 
(tolerant) were selected because of their distinctive differences in sensitivity 
and tolerance to high P treatment.  Phosphorus content of weight-selected 
soybean seeds showed no difference among varieties. 

Plants were grown in a controlled environment chamber using a split- 

* Paper No. 7083, Scientific Journal Series, Minnesota Agricultural Experiment Sta- 
tion. 

** Seed was obtained from the U.S. Regional Soybean Laboratory, ARS, USDA, 
Urbana, Illinois. L9 is a composite of three F8 lines from Clark 6 × Chief selected for 
P-tolerance and developed by Dr. R. L. Bernard. 
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medium technique  wi th  cont inuous aerat ion of the  solution*. Hoagland ' s  
minus-P  nu t r i en t  solution of one- ten th  s t rength  was used. Dupl ica te  samples 
of four  plants  were grown for each of f ive P t r ea tmen t s  (0 to  4.0 nag P/l i ter ,  
applied as NaH2PO4.H~O). New solutions were provided  every  o ther  day  to 
main ta in  the  P concent ra t ion  as cons tan t  as possible. P lan ts  were harves ted  
28 days af ter  germinat ion;  separa ted  into roots, stems, t r i fol iolate  leaves, and 
te rmina l  buds;  frozen wi th  l iquid n i t rogen;  and lyophilized.  

The  general  scheme for ex t rac t ing  phosphory la ted  compounds  was pre- 
sented previously  s. Inorganic  phospha te  was de termined  by  the  ascorbic 
acid me thod  9. Content  of R N A - P  and D N A - P  were measured by  U V  ab- 
sorpt ion a t  260 and 268 nm, respective]y, af ter  s tandardiz ing against  P and 
sugar conten t  procedures.  

Results and discussion 

Plants  usual ly  respond with  increased growth  to increasing level of P 
supply,  bu t  when sensit ive to high P, exhibi t  reduced growt  h. The  results in 
Table  1 show tha t  wi th  increasing P concent ra t ion  up to 3.0 mg  P per l i ter  in 

TABLE 1 

Yield of plant tops (rag dry weight*) for four soybean 
varieties grown at various P concentrations 

P concen- 
tration 

rag[1 

Lincoln Clark Chief L9 

0.0 360 430 210 450 
1.0 530 640 470 760 
2.0 640 790 570 810 
3.0 670 870 630 830 
4.0 520 780 690 990 

LSD (.05) 95 80 60 90 

* Mean of four plants. 

solution, d ry  weights  increased signif icant ly for all four  variet ies  of soybeans 
grown. The  sensi t ive varieties,  Lincoln and Clark, decreased a t  4.0 mg P per  
liter, while the  to le ran t  variet ies,  Chief and L9, cont inued to gain. Previous  
da t a  s had  shown Chief to increase in weight  even  up to 18 mg P per l i ter  in 
solution. Reduc t ion  in growth  for the  sensit ive var ie t ies  was no t  accompanied 
by  tox ic i ty  symptoms,  such as severe s tunt ing,  browning of leaves, chlorosis, 
or leaf drop. 

* For experimental details see: Lee, K. W. 1968. Phosphorus fractions and growth 
of the soybean plant as affected by phosphorus supply. Ph.D. Thesis, University of 
Minnesota, St. Paul. 
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T o t a l  P c o n t e n t  in  t he  y o u n g e s t  t r i fol ioIate  leaves,  as shown  in Tab le  2, 
i n d i c a t e d  t h a t  sens i t ive  va r ie t i e s  t o o k  up  P f rom solu t ion  more  r ead i ly  t h a n  
t o l e r a n t  ones, especial ly  a t  low P levels. S imi lar  s t i m u l a t i o n  ill P u p t a k e  b y  
sens i t ive  va r ie t i e s  was  also shown  b y  F o o t e  a n d  H o w e l l  5. T h e  va r i e t a l  
d i f ference in t o t a l  P was als0 no t i ceab le  in  o t h e r  t issues,  especial ly  in  t h e  roots  
(da ta  n o t  shown),  whose  P s t a t u s  cont ro l s  t h e  genera l  P m e t a b o l i s m  of t h e  
whole  p l a n t  10 

TABLE 2 

Total P, acid-soluble organic-P, and phosphatide-P fractions ([lg/mg dry w t )  
in trifoliolate leaves* 

P concen- P content** 

tration PT Ps Pt PT  Ps Pt 
rag/1 

Lincoln Chief 

0.0 2.58 0.06 0.21 2.70 0.12 0.26 
1.0 4. I2 0.14 0.53 3.45 0.12 0.29 
2.0 5.01 0.58 0.63 4.80 0.47 0.46 
3.0 6.50 0.77 1.16 5.94 0.73 0.6t 
4.0 6.78 0.84 1.03 6.51 0.87 0.70 

Clark L9 

0.0 2.41 0.20 0.44 2.50 0.18 0.42 
1.0 3.59 0.24 0.69 3A6 :0:20 0.60 
2.0 4.89 0.47 1.06 4.23 0.34 0.98 
3.0 5.72 0.77 1.10 4.80 0.45 1.00 
4.0 6.17 0.97 1.06 5.29 0.81 1.04 

* Youngest trifoliolate leaf, next to terminal bud. 
** P-fraction: PT, total P; Ps, acid-soluble organic-P; and Pt, 

Mean of two composite samples of four plants. 
phosphatide-P. 

The  acid-soluble  o rgan ic -P  f r ac t ion  (Ps), p h o s p h a t e  es ters  a n d  nucleot ides ,  
increased  w i t h  inc reas ing  P in so lu t ion  w i t h o u t  a p p a r e n t  va r i e t a l  differences.  
The  c o n t e n t  of p h o s p h a t i d e - P  (Pt) was g r e a t e r  in  L i n c o l n  t h a n  in Chief, 
whereas  no  di f ference was  found  b e t w e e n  Clark  a n d  L9 (Table  2). T h e  in-  
crease in t h e  a m o u n t  of Pt  reflects  poss ib ly  a n  increase  in t h e  a m o u n t  of 
i n t r ace l lu l a r  m e m b r a n e s  and  ind ica tes  cell en l a rgemen t .  Therefore ,  i t  is sug- 
ges ted  t h a t  L inco ln  showed a n  ab i l i ty  to  grow rap id ly  w i t h  qu ick  response  to  
P s u p p l y  in t he  i m m a t u r e  leaves.  

The  inorgall iC-P f r ac t i on  (Bi) was af fec ted  b y  e x t e r n a l  P supp ly  more  thai1 
a n y  o t h e r  f r ac t ion  in b o t h  sens i t ive  a n d  t o l e r a n t  va r i e t i e s  (Table  3). B a r r  
a n d  U l r i c h  1 r epo r t ed  s imi la r  resu l t s  w i t h  l ima  beans .  T h e  p e r c e n t a g e  Of/~i  
in  t o t a l  p genera l ly  increased  w i t h  inc reas ing  P concen t r a t i on ,  p a r t i cu l a r l y  in 
t h e  roots .  A m o n g  leaves  of d i f fe ren t  g r o w t h  s tages  t h e  p e r c e n t a g e  of P i  in  
t o t a l  P was g rea t e s t  in t h e  t e r m i n a l  bud .  Since o r t h o p h o s p h a t e  P has  an  im- 
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TABLE 3 

Inorganic-P content ([~g/mg dry wt) in roots, stems, and leaves* of P-sensitive and 
-tolerant soybeans 

P concn. P content** 

mg/1 root stem T3 TB root stem T3 TB 

Lincoln Chief 

0.0 0.22 0.31 0.60 0.86 0.25 0.22 0.47 0.78 
1.0 0.62 0.46 1.05 1.58 0.48 0.30 0.72 1.95 
2.0 1.35 0.58 l.lO 1.96 0.92 0.42 1.26 2.25 
3.0 2.29 1.45 1.76 2.52 1.37 0.84 1.70 2.78 
4.0 3.71 2.20 2.07 2.66 2.21 1.60 2.00 2.80 

Clark L9 

0.0 0.67 -- 0.23 0.16 0.60 -- 0.24 0.19 
1.0 -- -- 0.43 0.41 -- -- 0.34 0.29 
2.0 4.59 - -  0.65 0.73 3.47 - -  0.65 0.73 

3.0 -- -- I.I0 1.14 -- -- 1.05 1.17 
4.0 7.90 -- 1.40 1.37 6.06 -- 1.19 1.25 

* Separate leaf parts: youngest trifoliolate leaf (T3), next to the terminal bud (TB). 
** Mean of two composite samples of four plants. 

p o r t a n t  d i rec t  effect  u p o n  g lycoly t ic  s y s t e m s ,  t he  increase  in P i  in h igh  P 

so lu t ions  m a y  ind ica te  t h a t  t h e  r e d u c t i o n  in g r o w t h  b y  t he  L inco ln  a n d  Clark  

var ie t ies  could  n o t  be  ascr ibed  on ly  to  c h a n g e s  in t he  P i  f ract ion.  

I nc r ea s ing  P in so lu t ion  r e su l t ed  in increases  in R N A - P  a n d  D N A - P  in t he  

t r i fol iolate  leaves  of all four  var ie t ies  (Table 4). The re  were no a p p a r e n t  differ-  

ences  in 1RNA a n d  D N A  c o n t e n t s  be tw e e n  sens i t ive  a n d  t o l e r a n t  var ie t ies .  

B o t h  f rac t ions  of nucle ic  ac ids  were m u c h  lower in s t e m s  a nd  roots  t h a n  in 

leaves  (da t a  n o t  shown) .  Th i s  was  poss ib ly  due  to  t h e  cells of s t e m s  a n d  roots ,  

be ing  more  m a t u r e  (lower RNA)  a n d  fewer in n u m b e r  per  u n i t  w e igh t  (lower 
D•A). 

If  D N A  is a s s u m e d  to  be  c o n s t a n t  for  all s o m a t i c  cells, t h e  ra t io  of R N A - P  

to  D N A - P  r ep re sen t s  t he  R N A  c o n t e n t  per  cell a n d  t h u s  m a y  be  cons idered  

to  be an  i ndex  of p ro t e in  s y n t h e s i s  c a p a c i t y  per  cell. I n  Tab le  4, t h e  sens i t ive  

var ie t ies  show a s l igh t  decrease  in t h e  R N A - P / D N A - P  ra t io  for  t he  y o u n g e s t  
t r i fol iolate  leaves  a t  h igh  P supp ly ,  even  t h o u g h  o the r  t i s sues  did  n o t  show 
a n y  c o n s i s t e n t  di f ferences  b e t w e e n  sens i t ive  a n d  t o l e r a n t  var ie t ies .  

W h e n  R N A - P  c o n t e n t  was  expressed  as a ra t io  w i th  t o t a l  n i t r oge n  con ten t ,  
L inco ln  a n d  Clark  showed  a decrease  a t  h i g h  P in so lu t ion  in t h e  y o u n g e s t  
t r i fol iolate  l eaves  as  well as  in roots .  Chief  a n d  L9, however ,  showed  a s l igh t  

increase  in R N A - P / N .  These  re su l t s  m a y  ind ica te  t h a t  t o l e r a n t  var ie t ies  h a d  
an  inc reas ing  r a t e  of p ro te in  s y n t h e s i s  a t  h igh  P in solut ion,  while  sens i t ive  
var ie t ies  r eached  a m a x i m u m  a t  a lower P concen t r a t i on .  
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T A B L E  4 

R NA-P ,  D N A - P  ([zg/mg dry wt) and ratio of R N A - P / N  (~tg/mg) in trifoliolate leaves* 

P concn. R N A - P  D N A - P  R N A - P / N  R N A - P  D N A - P  R N A - P / N  
rag/1 

Lincoln Chief 

0.0 1.29 0.42 35 1.44 0.41 33 
1.0 1.87 0.53 61 1.88 0.44 53 
2.0 2.08 0.50 68 2.12 0.49 62 
3.0 2.32 0.48 60 2.39 0.51 70 
4.0 2.31 0.53 57 2.42 0.52 73 

Clark L9 

0.0 1.20 0.34 39 1.27 0.39 37 
1.0 1.84 0.39 50 1.64 0.38 53 
2.0 2.21 0.50 64 1.82 0.44 64 
3.0 2.27 0.48 74 1.86 0.44 65 
4.0 2.24 0.50 70 1.90 0.45 66 

* Youngest  trifoliolate leaf, next  to terminal  bud. Mean of two composite samples of four 
plants.  

I t  h a s  b e e n  s h o w n  t h a t  t o t a l  P ,  i n o r g a n i c - P  a n d  R N A - P  w e r e  t h e  m a i n  P 

f r a c t i o n s  in  w h i c h  s e n s i t i v e  a n d  t o l e r a n t  v a r i e t i e s  d i f f e red .  S e n s i t i v e  v a r i e t i e s  

t o o k  u p  P m o r e  r e a d i l y  t h a n  t o l e r a n t  o n e s ;  R N A - P  d e c r e a s e d  a t  h i g h  P 

s u p p l y  p r i m a r i l y  in  l e a v e s  of  s e n s i t i v e  v a r i e t i e s .  
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