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INTRODUCTION 

The o v e r a l l  o b j e c t i v e  o f  t h e  research e f f o r t  a t  Nor th  Carol ina Sta te  

U n i v e r s i t y  i s  t o  cont inue development o f  a dynamic p l a n t  growth model t h a t  

i s  capable o f  s imula t ing  d r y  ma t te r  p r o d u c t i v i t y  and d i s t r i b u t i o n  i n  response 

t o  environmental cond i t ions .  We have repor ted  progress i n  model development 

i n  a previous paper i n  t h i s  volume. Inherent  i n  mechanist ic models t h a t  

descr ibe the  dynamics o f  p l a n t  growth should be t h e  i n t e r r e l a t i o n s h i p  between 

r o o t  f u n c t i o n  o f  supplying n i t rogen  and the  shoot f u n c t i o n  of supply ing 

photosynthate. We have proposed a conceptual model (F igure 1) which des- 

c r i b e s  n i t rogen  uptake i n  p l a n t s  as a func t ion  o f  t h e  balance between r o o t  

and shoot a c t i v i t i e s  (Raper -- e t  al. ,  1976, 1977, 1978). According t o  t h i s  

model, n i t rogen  uptake i s  regu la ted by the  balance between the  demand f o r  

carbon and n i t rogen  products w i t h i n  the  var ious p l a n t  par ts ,  and thus the  

subsequent balancing of n i t rogen  f l u x  i n t o  t h e  shoot and carbohydrate f l u x  

i n t o  t h e  root .  Since absorp t ion  o f  n i t rogen  by r o o t s  i s  an a c t i v e  process 

t h a t  requ i res  metabol ic a c t i v i t y ,  n i t rogen  uptake i s  responsive t o  l e v e l  of 

so lub le  carbohydrate i n  the  r o o t  (Raper -- e t  a l . ,  1938). Uninterrupted uptake 

o f  n i t rogen  by roots ,  which a r e  i n h e r e n t l y  low i n  so lub le  carbohydrate 

(Raper e t  al . ,  1976, 1978), thus i s  dependent upon concurrent  t r a n s l o c a t i o n  

o f  so lub le  carbohydrate from the  shoot. 

https://ntrs.nasa.gov/search.jsp?R=19860010470 2020-03-20T15:10:10+00:00ZCORE Metadata, citation and similar papers at core.ac.uk

Provided by NASA Technical Reports Server

https://core.ac.uk/display/42842012?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


+ I I 

PHOTOSYNTHESIS LEAF AREA 
I 
I 

I 
I 

(NET C02 EXCHANGE RATE) I I 
' I 

I 
I 

I 
I 
I 

LEAF INITIATION I 

AND EXPANSION 1 T I I 

L ~ A F  3 LEAF 
I 
I 

CHP ( P 0 O L b P ( M L  I t I 1 I 
LEAF 

STEM INITIATION 

STEM 

ROOT 
NI 

POOL 
t 

ROOT INITIATION 
AND ELONGATION r 

ROOT -MASS 
I I 

N, U P ~ K E  L J 
(SPECIFIC AESORPTION RATE ) 

F igure 1. Scheme f o r  balancing the n i  trogen-supplying funct ion of roo ts  w i t h  
the carbon-suppJying func t ion  o f  shoots. N. and No i nd i ca te  inorganic 
dons (NO; o r  NH4) and organic. products o f  n j  t rogen ass imi la t ion.  

An assumption i n  the model i s  t h a t  when photosynthate i n  the shoot (leaves 

and stems) i s  l im i t ed ,  i t  i s  pa r t i t i oned  w i t h i n  the p l an t  according t o  the scheme 

o f  Thornley (1976). The carbohydrate,pool i n  the shoot i s  suppl ied by photo- 

synthesis and i s  u t i l i z e d  as the source f o r  both growth and resp i r a t i on  w i t h i n  

the shoot and as-  the source f o r  the r o o t  pool (Figure 1 ) .  Subsequent t rans- 

l o c a t i o n  of carbohydrate i s  responsive t o  the concentrat ion of carbohydrate 



i n  shoot pools and s ize and metabolic a c t i v i t y  o f  s ink  pools (Wann and Raper, 

1979, 1984). As ni t rogen absorbed by roo ts  i s  translocated t o  shoots, i t  stim- 

u la tes  i n i t i a t i o n  and expansion of new leaves (Raper and Peedin, 1978; Ruf ty  

e t  a1 . , 1984). N i  trogen-stimulated metabol i c  demand o f  new leaves reduces -- 

a v a i l a b i l i t y  of carbohydrate i n  the shoot pool f o r  t rans locat ion t o  roots.  

Since n i t rogen uptake i s  dependent on t rans locat ion o f  carbohydrate from shoot 

t o  roots, t h i s  mode1 would p red i c t  t h a t  decreased t rans locat ion t o  roo ts  would 

reduce n i t rogen uptake and, u l t ima te ly ,  amount o f  n i t rogen t ranslocated t o  

shoots. A subsequent reduct ion i n  i n i t i a t i o n  and expansion o f  new leaf  t i s sue  

i n  response t o  decreased t rans locat ion o f  n i t rogen (Raper and Peedin, 1978; 

Rufty -- e t  al . ,  1984) would reduce shoot demand f o r  carbohydrate before reducing 

canopy photosynthetic r a t e  (Raper and Peedin, 1978) and, thus, increase a v a i l  - 
a b i l i t y  o f  carbohydrate f o r  t ranspor t  t o  roots.  Thus, uptake o f  n i t rogen and 

p a r t i t i o n i n g  o f  carbon and n i t rogen w i t h i n  the p l an t  are  regulated t o  maintain 

a funct iona l  balance between r o o t  and shoot growth. 

Four inferences about n i t rogen uptake can be drawn from th is ,  model f o r  

whole p l a n t  regu la t ion of n i t rogen uptake. F i r s t ,  when grown under n e a r ,  

optimum condi t ions,  a f l uc tua t i on  should occur i n  the r a t e  o f  n i t rogen uptake 

which would be a fun,ction o f  the f l u c t u a t i o n  i n  demand o f  carbon and n i t rogen  

i n  the shoot and a v a i l a b i l i t y  o f  carbohydrate w i th in  the roo ts  t o  support the 

uptake process. Second, i f  r o o t  f unc t i on  i s  disturbed, an a l t e r a t i o n  should 

occur i n  r a t e  of n i t rogen uptake which might a lso be associated w i t h  a change 

i n  pa t t e rn  o f  uptake as the p l an t  establ-iashes a new balance between r o o t  and 

shoot funct ion.  Third, i f  external n i t rogen supply f o r  the roo ts  i s  d i s -  

continued, i n i t i a l  s h i f t s  i n  d ry  matter and n i t rogen p a r t i t i o n i n g  w i t h i n  the 



plant  should include a rapid decl ine  i n  nitrogen content of shoots, w i t h  l i t t l e  

immediate reduction in photosynthetic r a t e ,  and an increase i n  root  dry weight. 

As the  nitrogen s t r e s s  continues and the  nitrogen content of leaves f a l l  below 

c r i t i c a l  l eve l s ,  photosynthetic r a t e  should drop abruptly and dry weights of 

roots  should decl ine  r e l a t i v e  to nonstressed plants .$  Fourth, i f  the  balance 

between carbon and nitrogen supplies remains t i g h t l y  coupled during vegetative 

growth, the re  should be l i t t l e  d i s t inc t ion  i n  the  u t i l i z a t i o n  of ammonium and 

n i t r a t e  a s  sources of nitrogen i f  pH of the  nu t r ien t  solution is  controlled.  

We have designed experiments t o  t e s t  the  va l i d i t y  of each of these inferences 

a s  a challenge t o  the  concept of regulation of nitrogen uptake a t  the  whole 
. J  

plant  level  by the  interdependence of root  and shoot funct ional i ty .  

EXPERIMENTAL SYSTEM 

In our experiments we use a wal k-'in growth room of the Phytotron a t  

North Carolina S t a t e  University (Downs and Thomas, 1983) which has a growing 

2 area of 8.92 m and a height of 2.13 m between f l oo r  and l i g h t  bar r ie r .  

Aerial temperature i s  monitored and control led w i t h i n  the  growth room t o  

w i t h i n  0.3 C over an operational range of 7 t o  40 C.  A combination of cool 

white f luorescen t  and incandescent lamps, a t  an input wattage r a t i o  of 10:3, 

provide a photosynthetic photon f l ux  densi ty  (PPFD) of up t o  750 pmol s-I 

m-2 between wavelengths o f  400 and 700 nm and photomorphogenic radia t ion (PR) 

of 10 w m-2 between wavelengths of 700 and 850 nm. Ambient Cop i s  monitored 

and maintained w i t h  in jec t ion  of commercial grade gas. 



A continuous-flow, hydroponic cu l  t u r e  system has been constructed t o  

operate w i t h i n  the growth room. The system includes f o u r  independent u n i t s  

w i t h  continuous moni tor ing and con t ro l  o f  pH (20.05 pH u n i t )  and temperature 

(20.2 C )  of the so lu t ion.  Each of the f ou r  u n i t s  consists o f  an upper com- 

partment where the p l an t  r oo t  systems a re  suspended i n  100 L o f  n u t r i e n t  

so lu t ion  and a lower reservo i r  compartment contain ing 100 L o f  so lu t ion.  

Temperature and pH moni tor ing and con t ro l  occurs i n  the reservo i r  compartment, 

and the n u t r i e n t  so lu t ion  i s  continuously c i r cu l a ted  between the upper and 

lower compartments a t  0.38 L s-'. The upper compartment i s  d iv ided i n t o  

12 8.3-L chambers w i t h  ind iv idua l  supply and re tu rn  1 ines w i t h  the common 

reservo i r .  Each of the 12 r o o t  chambers per u n i t  can contain one t o  f ou r  

p lants .  

A Dianex Ion  Chromatograph system 2110 w i t h  dual ca t ion and anion columns 

i s  located adjacent t o  the growth room. From a s ing le  i n j ec t i on ,  anions plus 

monovalent ca t ions i n  a sample o f  n u t r i e n t  so l u t i on  can be determined i n  less  

than 8 minutes. (With subs t i t u t i on  o f  a new ca t i on  column being developed f o r  

Dionex, both monovalent and d i va l en t  ca t ions can be separated i n  one column 

simultaneously. ) Sampling and i n j e c t i o n  c u r r e n t l y  i s  done manually, bu t  i n  

the f u t u r e  the  chromatograph w i l l  be connected on- l i ne  w i t h  the hydroponics 

system f o r  automated sampling. Nu t r ien t  uptake ra tes  and t o t a l  n u t r i e n t  ace-lmu- 

l a t i o n  by p lan ts  can be determined by dep le t ion from the n u t r i e n t  so lu t ion.  

Nu t r ien t  concentrat ions i n  so lu t ions are  rep1 enished t o  treatment 1 eve1 s by 

add i t ions of s a l t s  i n  response t o  dep le t ion dur ing a sampling i n t e r v a l  o f  one 
1 ' .  

day o r  less.  



F igu re  2. E f f e c t  of n i t r o g e n  s t ress  and r e s t o r a t i o n  o f  n i t r o g e n  a v a i l a b i l  i t y  

on ( A )  number o f  mainstem and branch ( i n s e t )  leaves and ( B )  canopy 

l e a f  area o f  soybean. 
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ONSET AND RECOVERY OF NITROGEN STRESS 

Nonnodul ated soybean (Glycine max ( L .  ) Merrill 'Ransom' ) plants were 

grown hydroponically f o r  14 days w i t h  1.0 mM NO; i n  a complete nu t r ien t  

solution.  Plants then were t ransferred to  complete nu t r ien t  solution w i t h  

1.0 mM NO; f o r  25 days, t o  a m i n u s - n i  troben solution (0.0 m?l NO;) f o r  25 

days, o r  t o  the  0.0 mM NO; solution f o r :  1'6 days followed by t rans fe r  t o  the  

1.0 mM NO; solution f o r  15 days. Throughout the  experiment, day/night a e r i a l  

temperature was 24 C.  PPFD during the 9-$ day was 700 pmol s-I  rn-', and a . . 

3-h in terrupt ion of the  dark period by incandescent lamps was used t o  repress 

f l o r a l  i n i t i a t i o n .  Ambient C02 concentratio; was 400 pL L". The pH of the  

nu t r ien t  solution was maintained a t  6.0. 

When NO; was removed from solut ion,  NO; s torage pool s in the  plant  were 

reduced rapidly (data not shown). As nitrogen , I became l imiting f o r  sustained 
? 

growth and meristematic a c t i v i t y ,  i n i t i a t i o n  of both mainstem and branch 

leaves ceased w i t h i n  7 days, along with,expansion of canopy leaf  area (Figure 2 ) .  

In contras t ,  root  growth of the  nitrogen-s&essed plants during th is  f i r s t  

week was increased r e l a t i ve  t o  t ha t  of nonstressed plants  (Figure 3 ) ,  and 

thereaf te r  was reduced a s  the nitrogen s t r e s s  continued. Thus, under long- 

term nitrogen s t r e s s ,  there was an a l t e r a t i on  i n  carbon and nitrogen par- 

t i  tioning predicted by the  model (Figure 1 ) .  While nitrogen s t r e s s  re&uced 

the  photosynthetic r a t e  of leaves (Figure 4 ) ,  i t  resul ted i n  a greater  

reduction in the i n i t i a t i o n  and expansion of leaves (Figure 2 ) .  As a 

consequence, the  a c t i v i t y  of leaves a s  a s i n k  f o r  photosynthate was reduced 

more than t h e i r  a c t i v i t y  a s  a source. Until the  t o t a l  photosynthetic area 



Figure 3.  Effect of nitrogen s t r e s s  and restoration of nitrogen availabil i ty  

on dry matter accumulation in (A) whole plants, (B) leaves, ( C )  stems, 

and ( D )  roots of soybean plants. Insets show dry weights of ( A )  shoot, 

(B) leaves, (C) stems, and (D) roots of nitrogen-stressed plants as  

percentages of dry weights of nonstressed plants. 
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Another in fe rence from t h e  model (F igure  1) i s  t h a t  uptake r a t e s  o f  

n i t rogen,  r a t h e r  than remaining cons tant  du r ing  growth, should o s c i l l a t e  

w i t h  a p e r i o d i c i t y  r e l a t e d  t o  the  i n t e r v a l  of, l e a f  emergence and t h e  associ -  

a ted  changes i n  s i n k  a c t i v i t y  of l ea f  growth. To con f i rm  t h i s  inference of t he  

model, soybean p l a n t s  were grown i n  the  hydroponic system f o r  31  days w i t h  



a complete nutr ient  soluction containing 1.0 mM NO;. The depletion of NO; 

from solution was monitored daily by ion chromatography, recorded, and NO; 

was added to the solution as  Ca(N03)2 to  return the concGntration i n  solution 

to  1.0 mM NO;. Solutions were completely changed every 2 days to  avoid de- 

pletion of any nutr ient  below 8 0 %  of the i n i t i a l  con,centration. Uptake r a t e .  

of NO; per plant during each 24-h period was calculated as  mM NO; removed 

from the solution i n  each hydroponic system divided by number of plants in 

the system during tha t  day. 

As predicted by the model (Figure l ) ,  uptake r a t e  of NO; oscillated 

between maxima and minima w i t h  a periodicity of 3 t o  5 days (Figure 5A). 

The interval between emergence of successive mainstem soybean leaves i s  

0 3 10 17 24 31 0 3 10 17 24 31 
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Figure 5. Uptake r a t e  of NO; per plant (A)  and per g root dry weight ( B )  of 
soybean plants grown a t  two root-zone temperatures. Uptake rates  were 
determined by depletion of NO; from a replenished nutrient solution. 
(Adapted from To1 l ey and Raper, 1985. ) 



about 4 days a t  the  26/22 C day/night a e r i a l  temperature used in t h i s  study 

(Hesketh -- e t  a l . ,  1973; Thomas and Raper, 1976). The periodicity of the  

o sc i l l a t i ons  i n  NO; was not affected by the  root-zone temperatures of 14 o r  

22 C ,  although uptake ra tes  per plant  were lower a t  14 then 22 C.  The study 

was repeated w i t h  concentrations of nitrogen in  solution a t  10.0 and 

1.0 mM NO;. A1 though the minima and maxima of the  o s i c l l a t i ons  were g rea te r  

a t  10.0 than 1.0 mM NO;, t he  per iodic i ty  of o sc i l l a t i ons  renained between 

3 and 5 days (data  not shown). These r e s u l t s  indicate  t h a t ,  while t he  maximum 

r a t e  of uptake may be regulated a t  the  root  l eve l ,  the control of the  actual 

uptake does not res ide  in the roots  themselves, b u t  is a function of the  

interdependence of roots and shoots. 

DISTURBANCE OF ROOT FUNCTION 

When root function i s  disturbed,  the  mode1 indicates  tha t  an a l t e r a t i o n  

should occur i n  r a t e  of nitrogen uptake a s  the  plant  es tabl ishes  a new balance 

between root and shoot function. The previous experiment serves to  t e s t  t h i s  

hypothesis s ince  plants were grown a t  root  temperatures of 14 and 22 C while 

ae r ia l  conditions remained the same. Total plant  and root dry weights were 

reduced s l i g h t l y  a t  the  14 C ,  r e l a t i v e  t o  the  22 C ,  root  temperature (Figure 6 ) .  

Nitrogen accumulation i n  the plants a t  14 C was reduced proportionally w i t h  

the dry weight (data not shown). 

During the  i n i t i a l  5 t o  10 days following t rans fe r  of the plants t o  the  

14 C root  temperature, the uptake r a t e  of NO; per g root  dry weight was lower 

a t  14 than 22 C '(Figure 5B). After t h i s  i n i t i a l  period, there was l i t t l e  



DAYS AT TEMPERATURE 

Figure 6. Effect  of root-zone temperature on dry matter accumulation i n  
(A) whole plants ,  and (B) roots  of soybean. Shoot ( A )  and root ( B )  
dry weights a t  14 C a r e  shown i n  i n se t s  a s  percentages dry weights 
a t  22C. (Adapted from Tolley and Raper, 1985.-) 

d i f fe rence  in  uptake r a t e  per g root .  The i n i t i a l  reduction in r a t e  of NO; 

uptake per g root  presumably was a d i r e c t  response of root  metabolism o r  

membrane permeabil i t y  t o  the  lower temperature (Osmond -- e t  a1 . , 1982). As 

roo t  growth continued, however, uptake r a t e  per g root  a t  14 C became 

indis t inguishable  from t h a t  a t  22 C. Thus, the i n i t i a l  reduction i n  uptake 

r a t e  of NO; per plant  (Figure 5A), a s  well a s  the i n i t i a l  decrease i n  t o t a l  

nitrogen accumulation by plants (data not shown), a t  14 C can be a t t r i bu t ed  

t o  an e f f e c t  of temperature on t he  absorption processes of  NO^ by roots .  



The cont inued reduc t i on  i n  uptake r a t e  of NO; per  p l a n t  a t  14 C a f t e r  t h e  

i n i t i a l  pe r i od  o f  exposure i s  a consequence o f  t he  reduct ion  i n  r o o t  growth 

(F igure  6B). 

UTILIZATION OF AMMONIUM AND NITRATE SOURCES 

P lan ts  suppl i e d  w i t h  moderate concent ra t ions  o f  N H ~  i n  s o l u t i o n  general 1 y 

grow poor l y  compared w i t h  p l a n t s  suppl i e d  w i t h  NO;. Experiments were conducted 

i n  t he  f l ow ing  hydroponics system t o  determine whether growth r e s t r i c t i o n s  

4- 
could be avoided over  an extended per iod  i n  t he  presence o f  NH4 i f  root-zone 

pH were c o n t r o l l e d  and i f  p l a n t s  were exposed t o  N H ~  dur ing  exponential  growth 

when carbohydrate f l u x e s  t o  the r o o t  a re  coordinated w i t h  the r a t e  of n i t r o g e n  

a c q u i s i t i o n .  

I n  an i n i t i a l  experiment, vegeta t ive  soybean p l a n t s  a t  the beginning o f  

t he  exponential  growth stage were t r a n s f e r r e d  t o  complete n u t r i e n t  s o l u t i o n s  

conta in ing  n i t rogen  as e i t h e r  1.0 mM NO; o r  1.0 mM N H ~ .  A c i d i t y  o f  t he  

s o l u t i o n s  was cons tan t l y  monitored and maintained a t  pH 5.8. Experiments 

were conducted under th ree  sets o f  a e r i a l  environments: (1 )  standard con- 

d i t i o n s  w i t h  PPFD o f  7 0 0  vmol s-lm-' and C o p  a t  400 pL L - l ,  (2) low PPFD 

cond i t i ons  w i t h  PPFD o f  350 p o l  ~ " r n - ~  and C02 a t  400 uL L - l ,  and 

( 3 )  h igh  C02 codd i t i ons  w i t h  PPFD o f  700 umol s-lm-' and C02 a t  1000 UL L-l. 

The source o f  n i t rogen  d i d  n o t  a l t e r  growth o r  n i t r o g e n  accumulation o f  p l a n t s  

over  a 4-week growth i n t e r v a l  (F igure  7 )  under any of t he  th ree  environmental 

cond i t ions .  I n  a r e l a t e d  experiment w i t h  tomato (Lycopersicon esculentum L. 

M i l  1. 'Vendor' ) , growth and n i t rogen  accumulation by p l a n t s  dur ing  exponential  



+ Figure  7. Effect o f  NOjand NH4 sources  on d r y  m a t t e r  and n i t rogen  accumulation 

i n  soybean p l a n t s  grown under s tandard  (PPFD = 700 vmol s-1m-2 and Cop = 

-1 -2 400 rL I--')¶ low PPFD (PPFD = 325 urn01 s rn and C02 = 400 L - I ) ,  

and h i g h  C02 (PPFD = 700 urn01 s -1,-2 and Cop = 1000 vL L - ~ )  cond i t i ons .  

(Adapted from Rufty -- e t  a l . ,  1983.) 

TIME AFTER START OF TREATMENTS , days 



growth were n o t  a l t e r e d  by source of n i t rogen  when a c i d i t y  o f  t h e  s o l u t i o n  was 

c o n t r o l l e d  a t  pH 6.0 (data n o t  shown). 

+ 
I n  a  subsequent experiment, soybean p l a n t s  were grown w i t h  1.0 mM NH4 as 

the  s o l e  n i t r o g e n  source w i t h  a c i d i t y  o f  the  s o l u t i o n  maintained a t  pH 6.1, 5.1, 
+ 

and 4.1. While p l a n t s  exposed t o  NH4 a t  pH 6.1 accumulated d r y  mat te r  (F igure  8 )  

and n i t r o g e n  (data n o t  shown) a t  r a t e s  comparable t o  p l a n t s  exposed t o  NO; as 

the  so le  n i t rogen  source ( c f .  F igure  7) ,  growth was reduced a t  pH 5.1 and 

+ 
ceased w i t h i n  days o f  i n i t i a l  exposure t o  NH4 a t  pH 4.1. The decreased growth 

+ 
a t  l ow  pH under NH4 n u t r i t i o n  was n o t  a  s ingu la r  response t o  a c i d i t y  o f  t he  

n u t r i e n t  s o l u t i o n .  I n  another experiment (Ru f t y  -- e t  a1 . , 1982) soybean p lan ts  

r e c e i v i n g  1.0 mM NO; as the n i t r o g e n  source i n i t i a l l y  responded t o  decreased 

s o l u t i o n  a c i d i t y  from pH 6.1 t o  pH 4.1 w i t h  a reduc t i on  i n  growth ra te ,  b u t  

t he  p l a n t s  rece i v ing  NO; acc l imated t o  t h e  low pH and a f t e r  3 weeks had 

a t t a i n e d  growth r a t e s  comparable t o  p l a n t s  growing a t  pH 6.1. Apparent ly,  

t h e r e  i s  an i n t e r a c t i o n  between ex terna l  pH o f  the  n u t r i e n t  s o l u t i o n  and the  
t 

a b i l i t y  o f  t h e  p l a n t s  t o  a s s i m i l a t e  NH4 as i t  enters  t h e  roo ts .  Experiments 

a r e  planned t o  f u r t h e r  exp lore  the  r e l a t i o n s h i p  between ex terna l  a c i d i t y  and 
+ 

NH4 t o x i c i t y .  
\ 

CONCLUSION 

The r e s u l t s  o f  our  experiments support the  proposed conceptual model 

(F igure  1 )  t h a t  r e l a t e s  n i t r o g e n  uptake a c t i v i t y  by p l a n t s  as a balanced 

interdependence between t h e  carbon-supplying f u n c t i o n  o? t h e  shoot and the  

n i  t rogen-supplying func t ion  o f  t h e  roo ts .  The data a r e  being used t o  modify 



Figure 8. Effect  of pH of the ny t r ien t  solution on dry matter accumulation by 
soybean p lan t s  receiving NH4 a s  the  so le  nitrogen source. 

a dynamic simulation model of plant  growth, which presently describes carbon 

flows through the  plant  (Wann and Raper, 1979, 1984), t o  describe nitrogen 

uptake and ass imila t ion w i t h i n  the  plant  system. A1 though several models have 

been proposed t o  predic t  nitrogen uptake and partitioning , they emphasize 

root  cha rac t e r i s t i c s  affect ing nu t r ien t  uptake and r e ly  on empirical methods 



t o  descr ibe t h e  r e l a t i o n s h i p  between n i t r o g e n  and carbon f lows w i t h i n  the  

p lan t .  We propose, on the  o the r  hand, t o  cont inue t o  attempt a mechanist ic  

s o l u t i o n  i n  which the  e f f e c t s  of environment on n i t rogen  (as w e l l  as carbon) 

. a s s i m i l a t i o n  a r e  incorporated through t h e i r  d i r e c t  e f f e c t s  on photosynthesis,  

r e s p i r a t i o n ,  and aging processes. 
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