
J. Agric. Sci. Mansoura Univ., 34(1): 411 - 417, 2009 

 

EFFECT OF NITRATE-N ON GROWTH AND N2 FIXATION BY  
Medicago sativa, L. AND Clitoria ternatea, L. 
Wasfi, M.A. and Mawaheb E.M. Elnour 

Dept. of Botany, Univ. of Khartoum, P.O.Box 321, Khartoum, Sudan 
 

ABSTRACT 
 

Addition of nitrate significantly increased nitrogenous fractions (NO-
3, T.N.,T., 

S.N)*, fresh and dry weights of roots and shoots in both plant species.  Carbohydrates 
(T.S.,T.,S.S)*, acetylene reduction activity (A.R.A)* and nodule fresh weights were 
significantly decreased as compared with untreated nodulated plants.  The depressive 
effect of nitrate on acetylene reduction activity is discussed in relation to hypotheses 
explaining photosynthate demand for nitrate assimilation in the nodules (assimilate 
deprivation), or nitrite poisoning.  Present data are in favour of the assimilate 
deprivation hypothesis.  
Keywords: Nitrates, carbohydrates, acetylene reduction activity assimilate 

deprivation. 
 

INTRODUCTION 
 
Many reports have referred to the effects of combined nitrogen on the 

physiology of the Rhizobium – Legume symbiosis.  Eaglesham et al. (1983) 

reported that the effects of combined nitrogen on symbiosis, whether positive 
or negative, varied with the legume host and the growth stage at harvest.  
Many other reports emphasized the depressive effect of combined nitrogen 
on different growth parameters such as nodule number (Dart and Mercer, 
1965), nodule mass (Summerfield et al., 1977) N2-fixing activity of nodulated 
roots (Gibson, 1974) and the total amount of N2 fixed (Allos and 
Bartholomew, 1959).  The degree of depression also varied with the form of 
nitrogen (dart and Wildon, 1970), species (Allos and Bartholomew, 1959), 
cultivar (Gibson, 1974) and strain of Rhizobium (Pate and Dart, 1961).  On 
the other hand, a few reports have established stimulative effects on different 
growth parameters when combined nitrogen was applied at low levels, 
(Ezedinma, 1964, Agboola, 1978, Huxley, 1980 and Minchin et al., 1981). 

In the present work, we have investigated the effect of nitrate-N (7 mM) 
on growth of nodulated Medicago sativa L. and Clitoria ternatea L.  Emphasis 
was centered on the effects of nitrates on N2-fixation. 

 

MATERIALS AND METHODS 
 

Plant culture: 
Seeds of Medicago sativa L. and Clitoria ternatea L. were surface 

sterilized in 1% NaOCI for 10 minutes, then washed several times in 
deionised water.  The seeds wee germinated in vermiculite and were watered 
alternately with water and N-free nutrient solution as described by (Rigaud 
and Puppo, 1977).  Comparable seedlings were thinned to 1 per pot, and 
were then separated under the following range of conditions: 

 ـــــــــــــــــــــــ
*No-

3= Nitrates, T.N.= Total Nitrogen, T.S.N.= Total Soluble Nitrogen, T.S.= Total 
Sugars T.S.S.= Total Soluble Sugars,  A.R.A.= Acetylene Reduction Activity. 



Wasfi, M.A. and Mawaheb E.M. Elnour 

 412 

A- Medicago sativa L. 
a)  Seedlings were inoculated with a suspension of Rhizobium meliloti 

(strain TAL 380 obtained from NIFTAL project, University of Hawaii, 
U.S.A). 

b)  Seedlings inoculated as above plus 3.5 mM calcium nitrate (7mM NO-
3) 

iii) Seedlings were inoculated with a suspension of Rhizobium meliloti 
(isolate SUD 120, which was locally isolated and authenticated). 

iv) Seedlings inoculated as above (iii) plus 3.5 mM calcium nitrate (7 mM 
NO-

3). 
B- Clitoria ternatea L. 

Same protocol as above was followed except that inoculation was 
done by Rhizobium sp. (strain TAL 1282 obtained from NIFTAL project, 
University of Hawaii, U.S.A) and (isolate SUD 150) which was isolated and 
authenticated from locally grown plants. 

For nitrate treatment, 3.5 mM calcium nitrate (7 mM NO-
3) was added 

to the root medium, one week before the termination of the experiment at the 
age of 6 weeks.  At the stage, nodules were fully developed and active.  The 
plants were kept in a glasshouse at mean temperatures 37oC day, 27oC night 
and a 12 h photoperiod.  The experiment was set up in a randomized block 
design with 5 replications. 
 

Acetylene Reduction Activity (A.R.A): 
The classical acetylene reduction method was applied to intact plants 

(Hardy et al., 1968).  Roots of nodulated plants at the age of 6 weeks wee 
placed in air tight flasks.  A known volume of air was withdrawn from the 
flasks and replaced by an equal volume of acetylene so as to maintain a final 
15% v/v. Nodulated roots were incubated in this atmosphere for 30 minutes 
and ethylene produced was measured by gas chromatography 
(INFOTRONICS 2400), Kinetics were linear. 
Nitrate assay: 

Dried samples were ground and 100 mg of powder were mixed with 10 
ml distilled water for 1 h at 45oC.  The supernatant after 15 min centrifugation 
(5000 g) was used for nitrate determination by the salicylic method (Cataldo 
et al., 1975). 
Nitrogen fractions: 

The Total Nitrogen (T.N) was determined in the dried tissues by the 
conventional micro-Kjeldah 1 method as described by Pirie (1955).  

The Total Soluble Nitrogen (T.S.N) was determined in water extracts of 
the tissues titrates using the micro – Kjeldah 1 method modified to include 
nitrates and nitrites as outlined by Pucher et al. (1930) and Humphries, 
(1956).  In both cases, the plant material was digested with concentrated H2 
SO4 in the presence of catalysts and the nitrogen was measured by steam 
distillation of ammonia from Kjeldah 1 digests. 
Carbohydrate extraction and analysis: 

Sugars were extracted by methanol – chloroform – water mixtures as 
described in Dickson (1975).  The upper (lighter) soluble fraction dried and 
redissolved in water was used for the assay.  Total Reducing Sugars (T.R.S) 
wee assayed by the method developed by Somogyi (1937) and described by 
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Nelson (1944).  Aliquot water extracts were mixed with alkaline copper 
reagent and read at 520 nm using Spectrophotometer (SPECTRONIC 20).  
The Total Soluble Sugars (T.S.S) were measured by the anthrone method 
(Halhoul and Kleinberger, 1972). 

 

RESULTS 
 
Data from Table (1) show the effect of nitrate nutrition at the 

concentration of 7 mM on vegetative growth (dry and fresh weights of roots, 
shoots and nodules).  Significant increases in fresh and dry weights of shoots 
and roots were observed as compared with untreated nodulated plants.   
However, this increase was accompanied by a drastic decrease in nodule 
fresh weight.  It is evident that the two experimental plants responded more 
or less similarly to nitrate addition.  The influence of nitrate nutrition on 
nitrogenous fractions, sugar content and A.R.A in Medicago sativa L. and 
Clitoria ternatea L. was demonstrated in Tables (2 and 3).  As would be 
expected at this stage, applied nitrates stimulated accumulation of all nitrogen 
fractions assayed.  On the other hand, application of nitrates resulted in 
significant  reduction  of  carbohydrates fraction in shoots, roots and nodules.  
 

Table (1): Effect of Ca (NO3)2 4.H2O (3.5 mM) on different growth 
parameters of Medicago sativa L. and Clitoria ternatea L.  
Each value represents the mean of 5 replicates + SE. 

 
Legume Host 

 
Inoculated 

with 

Shoots Roots Nodule 
fresh 

wt./plant 
(g) 

Fresh wt. 
per plant 

(g) 

Dry wt. per 
plant (g) 

Fresh wt. 
per plant 

(g) 

Dry wt. per 
plant (g) 

M. sativa L. TAL 380 0.9 +0.02 0.6+0.006 1.0+0.04 0.5+0.008 0.30 +0.04 

TAL 380 + 
NO-

3 

1.3 +0.04 0.8+0.004 1.6+0.08 0.7+0.002 0.14 +0.08 

SUD 120 1.1 +0.03 0.7+0.008 1.2+0.03 0.6+0.003 0.25 +0.03 

SUD 120 
+ NO-

3 

1.5 +0.04 0.8+0.006 1.6+0.04 0.9+0.005 0.15 +0.04 

C. ternatea 
L. 

TAL 1282 1.1 +0.01 0.5+0.002 1.2+0.04 0.5+0.002 0.35 +0.04 

TAL 1282 + 
NO-

3 

1.5 +0.02 0.6+0.003 1.6+0.03 0.6+0.003 0.20 +0.08 

SUD 150 1.2 +0.03 0.7+0.006 1.2+0.04 0.7+0.006 0.25 +0.03 

SUD 150 
+ NO-

3 

1.7 +0.04 0.8+0.005 1.6+0.03 0.8+0.005 0.12 +0.04 
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               It is important to observe the depressive effect of nitration on nodule 
carbohydrate content (T.S and T.S.S) and acetylene reduction on nodules 
(A.R.A).  Plants harvested after 7 days of exposure to nitrate showed an 
approximate 3-4 fold decline in nodule activity relative to control plants.  It is 
worthmentioning that, the imported Rhizobium strains (TAL 380 and TAL 
1282) and the two locally isolated and authenticated isolates (SUD 120 and 
SUD 150) nodulated the experimental plants more or less similarly and this 
was verified when the plants were analysed for different components.  

 

RESULTS 
 
The influence of nitrates in the Rhizobium – legume symbiosis is still 

not well understood.  The results and conclusions already obtained are very 
variable and in some cases contradictory (Salvagiotti et al., 2008).  Our study 
revealed that, a close relationship was observed between nitrate – induced 
inhibition of N2-fixation, reduction of assimilate import to shoots and roots and 
lowering of nodule carbohydrate content.  The interpretation of this effect of 
nitrate on carbon import and metabolism in the nodule remain unclear (Arrese 
– Igor et al., 1997).  The rapid induction of the nitrate assimilation pathways 
in the plant may represent an important competitive sink for assimilates.  This 
idea is supported by the reduction in the size of all the carbohydrate pools in 
the different organs (Tables 2 and 3).  However, the specific inhibition of 
carbon translocation to nodules is difficult to explain by reduced sink demand, 
since the onset of an active nitrate assimilation in the nodule is also energy 
demanding.  Lowering of respiratory capacities may provide another inhibitory 
mechanism.   

An inhibition of nodule respiration was observed in nitrate treated 
plants Wasfi (1983).  Trinchant and Rigaud (1981) demonstrated that this 
effect originated from impairment of bacteroid respiration and decreased 
affinity for respiratory substances.  The increased nitrate reductase activity, 
the nitrite accumulation and the low nitrite reductase give support to an 
inhibitory role of nitrite on N2-fixation as proposed by Wasfi (1983).  So, 
additional inhibitory mechanisms are probably encountered.  Closer 
examination of the relationship between A,R,A and carbohydrate content 
shows that 11 – 12% reduction in T.S.S of the nodules of Medicago sativa L. 
nodulated with strain TAL 380, corresponded to approximately 4-fold 
decrease in A.R.A in nitrate treated plants.  Similar values were obtained in 
Clitoria ternatea L. 

In conclusion, the results obtained in this study support the 
carbohydrate deprivation hypothesis, which was forwarded to explain the 
depressive effect of nitrates on N2-fixation.  But, the hypothesis is unable to 
explain the totality of inhibition and much remain to be done in this field. 
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و على بناتى البرسيم الحجااى  وبسال  ـتأثير النترات على نمو وتثبيت نيتروجين الج
 0الفراش 

 مرغنى عبد الرحمن وصفى ومواهب الأمين محمد النور 

 0جمهوري  السودان –جامع  الخرطوم  –كلي  العلوم  –قسم النبات 
 

ج ترو  اااا ب تراءتى  ءا ءااال مو وااا   إضااا ال تراتاااىتب ئةااان وء ااال تراوااا ا متوب و ا ءااا 
أوااا    0تراءتاااى  ءل تر ةااان  تراااذلت ال   ااالرا ترااا مل تر اااذ ن  ترى اااذ  اااان  ااا  تراوااا تءل

تر ىو هءوىتب مو و   ترس ىء ب تر ةن  ترلت ولا  تختمتل تلأساتةءل  تراذ مل ترى ا  رة  او 
 0تر لىءل ا و تاخفضب و  ىال و راو ت ب ترتن رم ءت ت و تراتىتب ان وء ته 

رةاتاىتب ئةان تختامتل تلأساتةءل ئةان اىضاءل تر  قال واءل ا ا  ا قش تلأثاى ترساةون 
تراتا    ترا رءال   0وات  ب تروا ا ترضا  ن  توثءال تراتاىتب أ  ترتساوم و موءا و تى ءام تراتىءاب

 0ت ضو اىضءل ا   وات  ب تروا ا ترض  ن
 
   



J. Agric. Sci. Mansoura Univ., 34(1): 411 - 417, 2009 

 

  Table (2): Effect of Ca (NO3)2 4.H2O (3.5 mM) on different nitrogenous fractions, sugar content and acetylene 
reduction activity of Medicago sativa L.  Each value represents the mean of 5 replicates + SE. 

Plant 
organ 

Inoculated     with %* 
T.N 

%** 
T.S.N 

% 
NO-

3 

T.S.S*** 
(mg) 

T.R.S**** 
(mg) 

A.R.A***** 
 moles/h/gm F. Wt. nodule 

Shoot TAL 380 3.2 + 0.08 2.1 + 0.08 0.40 + 0.06 1.8 + 0.07 0.70 + 0.07 - 

TAL 380+NO-
3 3.6 + 0.04 2.4 + 0.07 0.60 + 0.04 1.6 + 0.04 0.50 + 0.04 - 

SUD 120 3.0 + 0.04 1.9 + 0.07 0.32 + 0.06 1.9 + 0.10 0.80 + 0.01 - 

SUD 120+NO-
3 3.5 + 0.04 2.3 + 0.06 0.50 + 0.05 1.6 + 0.08 0.70 + 0.04 - 

Root TAL 380 4.5 + 0.03 3.1 + 0.05 0.78 + 0.01 1.5 + 0.08 0.64 + 0.01 - 

TAL 380+NO-
3 6.2 + 0.02 3.8 + 0.03 0.95 + 0.04 1.1 + 0.03 0.52 + 0.04 - 

SUD 120 4.1 + 0.05 2.6 + 0.10 0.75 + 0.01 1.2 + 0.04 0.65 + 0.01 - 

SUD 120+NO-
3 6.0 + 0.04 3.5 + 0.10 0.92 + 0.02 5.9 + 0.05 0.50 + 0.01 - 

Nodule TAL 380 - - - 2.0 + 0.05 0.90 + 0.03 360 + 3.70 

TAL 380+NO-
3 - - - 1.8 + 0.02 0.70 + 0.04 80 + 1.80 

SUD 120 - - - 1.8 + 0.06 0.82 + 0.04 369 + 0.01 

SUD 120+NO-
3 - - - 1.6 + 0.04 0.72 + 0.03 922 + 0.04 

      * Total nitrogen content.       ** Total soluble nitrogen.      *** Total soluble sugars. 
   **** Total reducing sugars.    ***** Acetylene reduction activity. 
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  Table (3): Effect of Ca (NO3)2 4.H2O (3.5 mM) on nitrogenous fractions, sugar content and acetylene reduction 

activity of Clitoria ternatea L.  Each value represents the mean of 5 replicates + SE. 
Plant 
organ 

Inoculated     with % 
T.N 

% 
T.S.N 

% 
NO-

3 

T.S.S 
(mg) 

T.R.S 
(mg) 

A.R.A 
 moles/h/gm F. Wt. nodule 

Shoot TAL 1282 3.5 + 0.05 2.0 + 0.04 0.40 + 0.02 1.5 + 0.02 0.5 + 0.03 - 

TAL 1282+NO-
3 4.0 + 0.03 2.2 + 0.04 0.50 + 0.04 1.3 + 0.08 0.4 + 0.02 - 

SUD 150 3.8 + 0.05 2.1 + 0.02 0.45 + 0.04 1.4 + 0.03 0.6 + 0.03 - 

SUD 150+NO-
3 4.2 + 0.07 2.3 + 0.05 0.60 + 0.05 1.2 + 0.06 0.4 + 0.04 - 

Root TAL 1282 5.0 + 0.05 3.8 + 0.07 0.90 + 0.006 1.2 + 0.04 0.72 + 0.005 - 

TAL 1282+NO-
3 6.4 + 0.07 4.1 + 0.08 0.90 + 0.02 1.0 + 0.10 0.56 + 0.01 - 

SUD 150 4.9 + 0.06 3.2 + 0.04 0.85 + 0.01 1.0 + 0.10 0.45 + 0.006 - 

SUD 150+NO-
3 5.8 + 0.06 3.7 + 0.05 0.91 + 0.01 0.89 + 0.01 0.39 + 0.005 - 

Nodule TAL 1282 - - - 1.8 + 0.05 0.69 + 0.04 427 + 5.2 

TAL 1282+NO-
3 - - - 1.5 + 0.04 0.53 + 0.02 108 + 4.1 

SUD 150 - - - 1.6 + 0.03 0.50 + 0.02 488 + 5.1 

SUD 150+NO-
3 - - - 1.3 + 0.05 0.90 + 0.04 112 + 3.9 

 


