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Abstract 

 
In Konkan there is no rain after November though it receives 3500 mm to 4000 mm rains 
per year, particularly in the rainy seasons while water level decreases then after. The soil 
in Konkan area is made up of lateritic type, where the rate of percolation of water is very 
high. This results in lowering down the water level in the soil as summer enhances. Due 
to lack of irrigation facilities, vast land remains under uncultivated condition. The study 
of Nitrogen Metabolism will help in choosing significant crop as staple food for health 
beneficial to all over human being. In view of these three enzymes viz. nitrate reductase 

(NR), aspartate amino transferase (AspAT) and alanine amino tranferase (AlaAT)).  
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Introduction 
 

epending on the species of plant and the source of stress, plant will respond in 
different ways. After a certain tolerance level is reached, the plant will eventually 
die. A problem arises when the plants in question are crop plants. The two major 

environmental factors that currently reduce plant productivity are drought and salinity 
(Serrano et al., 1999), and these stresses causes’ similar reactions in plants due to water 
stress. Aminotransferases play a key role in the synthesis of amino acids, after the 
assimilation of nitrogen into glutamine and glutamate, its further distribution to many 
compounds takes place by the action of these enzymes (Givan, 1980).Nitrogen is one of 
the most important nutrient elements required for plant growth. Most plants entirely 
depend on nitrogen, which is absorbed from the soil mainly as nitrate and as ammonium 
for their growth. Supply of nitrogen affects plant growth by controlling photosynthetic 
activity and thus the production of carbon assimilates necessary for growth. 
 India is the country where large number of varietal crops are grown under 
different environmental conditions. There is wide range for climatic conditions and also 
for soil states which has affected the total productivity in the crop plants. Konkan 
receives 3500 mm to 4000 mm rains per year, particularly in the rainy seasons. There is 
no rain after November so there is decrease in the water level in the soil. The soil in 
Konkan area is made up of lateritic type, where the rate of percolation of water is very 
high. This results in lowering down the water level in the soil as summer enhances. Due 
to high rate of evaporation of soil water, there is water stress condition in many parts of 
Konkan region except river bank areas in certain areas. And also due to lack of irrigation 
facilities, vast land remains under uncultivated condition. Nitrate reductase is the first 
enzyme in the incorporation of nitrate to amino acids and is considered the main 
regulating enzyme of the pathway (Campbell, 1985) Nitrate reductase also influences the 
growth of plants. Among the various aminotransferases, stable and active reaction occurs 
between 2 -oxoglutarate and aspartate (AspAT) or alanine (AlaAT). Nitrate Reductase 
activity, in higher plants, is finely regulated in response to changes in physiological, 
environmental and other conditions (Guerrero et al., 1981). Light, nitrogen source, energy 
source, mineral nutrition, water stress, temperature, plant growth regulators, plant age 
and metabolic inhibitors are some of the factors which influence the synthesis, degradation 
and activity of Nitrate Reductase , (Beevers and Hageman1980; Naiket al., 1982). Nitrate 
Reductase activity depends directly on the supply of substrate, coenzymes and energy. 
The enzyme Nitrate Reductase substrate inducible (Sanderson and Cocking, 1964; Somers, 
et al., 1983) and undergoes rapid turnover (Oaks et al., 1972). Nitrate Reductase levels 
are generally maintained through a balance between synthesis and turnover of the enzyme 
(Lee and Stewart, 1978). 

The study of Nitrogen Metabolism will help in choosing significant crop as staple 
food which will be for health beneficial to all over human being. India is the country 
where large number of varietal crops are grown under different environmental 
conditions. There is wide range for climatic conditions and also for soil states which has 
affected the total productivity in the crop plants. 
 
 

D 
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Objectives 
1. The effect of environmental stress on the crop plants on the ion regulation 

mechanism. 
2. Some of the parameters like chlorophyll content, protein etc 
3. Stress affects various enzymes of Nitrogen metabolism. In view of these three 

enzymes viz. nitrate reductase (NR), aspartate amino transferase (AspAT) and 
alanine amino tranferase (AlaAT) 
 

Methodology and Plan of Work 
1. Survey 
2. Investigation in laboratory. 

 
Results and Discussion    
 
Chlorophyll Estimation 
 The chlorophyll content from the control and treated leaves was estimated by the 
method of Arnon (1949). One g of fresh material was homogenized in a mortar and pestle 
using 80 % acetone. The extract was filtered through Buchner funnel using Whatman No. 
1 filter paper. Residue was washed repeatedly with 80 % acetone. The filtrate was pooled 
and the volume of filtrate was made to 100 ml with 80 % acetone. The absorbance of the 
chlorophyll extract was read at 645 nm and 663 nm on a JASCO UV-Visible 
Spectrophotometer Model V530. 
 It has been observed that drought conditions affect to a lesser degree, the 
quantity of segments strongly bound with the lipo protein complex, particularly 
chlorophyll b. According to a study, the drought resistant plants are characterised by the 
least changes in the pigment content, but the nitrogen content of the leaves is not 
affected. Gill (1979) studied ultra-structural changes in the mesophyll and bundle sheath 
cells of maize leaves in response to water stress. He found that mesophyll cells are more 
sensitive to water stress than bundle sheath cells. It has been seen that, rapid leaf 
dehydration causes profound changes in the photochemical activity of thylakoid 
membranes in detached tobacco leaves. From the above discussion, it can be said that, 
in most plant species, water deficit has a profound influence on the photosynthetic 
apparatus and more specifically on the photosynthetic pigment system. In most cases, 
the chloroplast membrane is disrupted and degradation of chlorophyll takes place. 
 An absorption spectrum (plural spectra) displays the amount of light energy 
taken up or absorbed by a molecule or substance as a function of the wavelength of the 
light. The absorption spectrum for a particular substance in a nonabsorbing solvent can 
be determined by a spectrophotometer (Taiz and Zeiger).Fig.2 shows that Vari shows 
higher degree of absorption than the other two crops and also more absorption at 
420nm filter. Due to such higher quality of absorption, vari must be showing higher 
chlorophyll content. 
 



 PLANTA – Vol.-3, 2021: 754 - 765 
(Research Book Series – www.pgrindias.in) 

____________________________________________________________________________________________ 

Sonali Santosh Kadam, Nitrogen Metabolism in Some of the Crops at Ratnagiri District | 757  

 
Fig.1: Shows that there is more chlorophyll content in Vari than in Rice and abput 25% 

chlorophyll content is seen in Nagali compare to Vari. 
 

 
 
Protein Estimation 
 Proteins constitute about 30% of the total dry weight of typical plant cells. If we 
exclude inert materials, such as the cell wall and starch, which can account for up to 
90% of the dry weight of some cells, proteins and aminoacids represent about 60 to 
70% of the dry weight of the living cell. Cytoskeletal structures such as microtubules and 
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microfilaments are composed of protein. Proteins can also occur as storage forms, 
particularly in seeds. But the major function of proteins in metabolism is to serve as 
enzymes, biological catalysts that greatly increase the rates of biochemical reactions, 
making life possible (Taiz and Zeiger ,1991). 
 
Materials and Methods  
 Protein from the leaves of control and treated plants was estimated by the method 
of  Lowry et al.,  (1951).  Quantification was done by calibrating with standard graph using 
BSA as standard.  
  

 
 
Nitrate Reductase (NR) 
 Reduction of N03  to NH4 + is a two-step process, catalysed by the enzymes 
nitrate reductase and nitrite reductase. In the first step, NR reduces NO3  to N02  using 
two electrons. 
 
N03  + 2H + + 2e          > N02  + H2O. 
 
 NR is the first enzyme in the incorporation of nitrate to amino acids and is 
considered the main regulating enzyme of the pathway (Campbell, 1985) NR also 
influences the growth of plants. A significant positive correlation between NR activity and 
plant growth has been observed by many workers (Zieserl et al., 1963; Dykstra, 1974). 
NR is a large complex protein with high molecular weight. It contains flavin adenine 
dinucleotide (FAD), heme and molybdenum as the prosthetic groups. The enzyme is 
composed of two subunit proteins of approximately 115 kD each. There is a considerable 
argument concerning localization and regulation of the enzyme NR. Many scientists 
believe that NR is a cytoplasmic enzyme (Suzuki et al.,1981). 
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 Immunofluorescence studies by Vaughn et al., (1984) on the fixed tissue 
selection of soybean cotyledons, also suggested the localization of NR in the cytoplasm. 
However, there are reports indicating the presence of NR in chloroplasts (Losada and 
Guerreo 1979.). Recently, based on immunogold localization studies (Kamachi et al., 
1987) have shown that NR is specifically located in the chloroplasts of spinach.  There 
are some evidences suggesting the localization of NR in the plastids in roots (Miflin, 
1975; Layzell, 1990). 
 The reaction mechanism of NR is proposed to be a two site  ping pong model 
(Campbell, 1985). Reduced pyridine nucleotide donates 2 electrons to the first acceptor, 
FAD. Electron then passes through cyt b557 site to Mo cofactor site. Where they are 
donated to N03 which gets reduced to NO2 

 
NADH FAD      Cyt b (red)         Mo (oxi)       NO2 
  
 
 
 
 
NAD FADH2     Cyt b (oxi)         Mo (red)       NO3 
 
 The reductant for NR activity is generally believed to be NADH (Klepper et al., 
1971; Oaks et al., 1972). However, NR can also function with NADPH (Prakash et al., 
1984) FMNH2 ,FADH2 and reduced benzyl and methyl  viologens (Lee and Stewart, 
1978). 
 NR activity, in higher plants, is finely regulated in response to changes in 
physiological, environmental and other conditions (Guerrero et al., 1981). Light, nitrogen 
source, energy source, mineral nutrition, water stress, temperature, plant growth 
regulators, plant age and metabolic inhibitors are some of the factors which influence the 
synthesis, degradation and activity of NR (Beevers and Hageman1980; Naik et al., 1982). 
NR activity depends directly on the supply of substrate, coenzymes and energy. 
 The enzyme NR is substrate inducible (Sanderson and Cocking,1964; Somers, et 
al.,1983) and undergoes rapid turnover (Oaks et al.,1972). NR levels are generally 
maintained through a balance between synthesis and turnover of the enzyme (Lee and 
Stewart, 1978). The requirement of NO3as a substrate for the induction of NR is well 
documented (Filner et al 1969; Hewitt,.1975; Rajasekhar 1988).Light also has a strong 
influence on the appearance of NR (Canvin and Atkin,1974; Kapoor et al.,1987). 
According to Srivastava (1980) and Guerreo et al., (1981), NH4 and amino acids also 
regulate the activity of NR.  NH4 + the end product of NO3 reduction, is found to repress 
NR activity (Joy, 1969; Stewart, 1972; Stewart and Rhodes, 1977).  
 On the other hand, some scientists believe that NH4+ stimulates the activity of 
NR enzyme (Smith and Thompson 1971).The presence of Mo, as an essential factor in 
the NR activity, is universal as NR is a molybdoflavo protein. The association between Mo 
and NR was first recognized in Aspergillusniger by   Steinberg (1937). Since Mo is a 
component of NR molecule, NR activity is low in Mo deficient plants and increases rapidly 
when Mo is supplied exogenously (Afridi and Hewitt, 1964). 
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Materials and Methods 
 Reagents: Extraction and Assay buffer: 0.1M Tris   HC1 (pH 7.5’), KN03 0.1M, 
Sulphanilamide 1% in 1 N HCl, 1N (1 naphthyl ethylene diaminedihydrochloride 0.1%. 
Principle: NR catalyses the reduction of nitrate to nitrite. Sulphaniamide is used as an 
amino compound which is coupled with 1N (1 naphthyl ethylene diaminedihydrochloride 
(NEDD) in the presence of NO2 to form an azo dye. The amount of azo dye formed is 
proportional to the initial concentration of NO2. 
 Extraction of enzyme: Leaves from control and treated plants were harvested 
and cut into small pieces. Known weight of the leaves was used as a source of the 
enzyme. 
 
Assay 
 The in vivo activity of the enzyme NR was assayed by the method of Klepper et 
al., (1971). The initial 2.0 ml assay mixture contained 0.1M Tris- HCL buffer pH 7.5, 
0.005 M KNO3 and fresh plant material 50 mg 
 The assay mixture was incubated at 370C for 20 min. The reaction was 
terminated by adding 1.0 ml of sulphanilamide followed by by the addition of  NEDD. The 
pink colour doveloped was estimated colorimeterically at 525nm. The amount ofnitrite 
was estimated using, standard curve for nitrite. The activity of enzyme was expresed as 
mg NO2-/hour/gm fresh tissue. 
 Commonly grown crops in Ratnagiri of Maharashtra,a part of  Konkan grows 
sps(vari) in more quantity as these are the staple food of this coastal 
line.Oryzasativa(rice) ,Eleusinecoracana(nagali), Echinochloasps. Presence of enzyme 
nitrate reductase  is shown in the graph no.4  
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 The graph shows that NR activity in Oryzasativa(rice)and Echinochloasps(vari)is 
almost similar and higher than  Eleusinecoracana(nagali),Eleusinecoracana shows about 
50% depletion than the rice and vari. 
 
Asparate Aminotransferase (AspAT, EC 2.6.1.1) 
Reagents  
 Extraction buffer 0.1M Tris –HCl, pH  7.4  Assay  buffer  0.1M Tris HC1, pH 8.0, 
Aspartate –O.4 M, 2 - oxaloglutarate - 0.82 mM, Aniline citrate-1g citric acid/m1 of water 
+ equal volume of redistilled aniline, 2 4¬ dinitrophenyl  hydrazine – l mg/ml of 0.2 N 
HCl, NaOH  I N 0.4M 2- oxoglutarate and  enzyme. 
 The assay mixture was incubated at 37°C for 30 min.  The reaction was 
terminated by adding 0 1ml of aniline citrate which converts oxaloacetate to pyruvate. 
After 20min.1ml of 2 4 dinitrophenyl hydrazine was added followed by the addition of 5 
ml of NaOH. The colour developed by hydrazone in the alkaline medium was read at 525 
nm. The concentration of pyruvate was calculated with the use of standard curve for 
pyruvate. A soluble protein of the enzyme source was determined by the method of 
Lowry et al.,(1951). The enzyme activity was expressed as mM pyruvate/mg 
protein/30min. 
 
Alanine Aminotransferase (AlaAT EC 2.6.1 .2) 
Reagents 
 Extraction buffer 0.1M Tris –HCl, pH 7.4. Assay buffer 0.1M Tris HC1, pH 8.0, 
Alanine – O.4 M,  2 - oxoglutarate - 0.82 mM, , 2 4¬ dinitrophenyl  hydrazine –  l mg/ml 
of  0.2 N HCl, NaOH  1 N.  
 
Principle    
 Pyruvate formed from alanine and 2 –oxoglutarate forms hydrazone with 24 
dinitrophenyl hydrazine in alkaline medium. The coloured hydrazone is colorimetrically 
estimated. .  
 
Extraction  
The enzyme was extracted from the plant material in a similar manner as that for AspAT. 
 
Assay 
 The enzyme was assayed by the method of Reitman and Frankle (1957). The 
initial 2ml volume of assay mixture contained 0.1 M Tris   HCI buffer 
 
 0.1MAlanine 
 0.04mM 2- oxoglutarate enzyme  
 
 The assay   mixture was incubated for 30min. at 37°C. The reaction was stopped 
by adding 1ml of 2 4 di-nitrophenyl hydrazine. ¬ Thehydrazone formed was measured 
colorimetrically at 525 nm in alkaline medium. The concentration of pyruvate was 
calculated with the use of standard curve for pyruvate. 
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 The amount of soluble proteins from the enzyme source was estimated by the 
method of Lowry et al., (1951). The enzyme activity was expressed as mM pyruvate /mg 
protein/30 min.Sharma and Garg (1985) reported increased AspAT activity in leaves. 
They observed increased AspAT activity only during grain filling stage. It has been 
suggested that the increase in AspAT and AlaAT activities under saline condition may be 
due to the de novo synthesis of enzyme protein, which may be true even  in the  present 
investigation. 
 When etiolated leaves are exposed to light, an increase in the activities of 
aminotransferases has been observed. According to study, AlaAT might be of some 
significance in the regulation of changeover from vegetative to reproductive condition. 
Hence variation in nitrogen metabolism may be received. Jha and Singh (1997), while 
studying physiological reponses of rice varieties to different levels of moisture stress, 
reported 60 to 70 % decrease in protein as well as in total free amino acids under 10 atm 
level of moisture stress. Jesudaset al., (1992) reported significant increase in soluble 
proteins in different parts of control plants of ragi variety under drought stress condition 
 

 
 

Fig. 5: Shows that comparatively there is more amount of ASpaT in both 
Eleusinecoracana(nagali), Echinochloasps (vari)  than in Oryzasativa(rice)  and also than 

enzyme AlaAT . While in Oryzasativa(rice)   variety Jaya shows about similar level of both 
the enzymes  i.e. 40% ALaAT and 39% ASpaT and also comparatively more amount of 

AlaAT than AspAT. 
 
Conclusion 
 Chlorophyll content inEchinochloa (Vari) is more than in Rice and about 25% 
chlorophyll content is seen in Eleusinecoracana(Nagali) compare to Vari. Echinochloa 
(Vari) shows higher degree of absorption than the other two crops and also more 
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absorption at 420nm filter. Due to such higher quality of absorption, vari must be 
showing higher chlorophyll content. Protein content in rice is more than in Echinochloa 
(nagali) (20%) but less than Echinochloa (Vari).NR activity in Oryzasativa (rice) and 
Echinochloasps (vari) is almost similar and higher than Eleusinecoracana (nagali), 
Eleusinecoracana shows about 50% depletion than the Oryzasativa (rice ) and 
Echinochloa (vari). Comparatively there is more amount of ASpaT in bothEleusinecoracana 
(nagali), Echinochloasps (vari)  than in Oryzasativa (rice)  and also than enzyme ALaaT . 
While in Oryzasativa (rice)   variety Jaya shows about similar level of both the enzymes 
i.e. 40% AlaAT and 39% AspAT and also comparatively more amount of AlaAT than 
AspAT. 
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