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Abstract: Two different genotypes of barley (Hodreum vulgare L.) wild type (Steptoe) and the mutant 
(Az12) that deficient in NADH- specific NR as plant materials were grown in sand dune field at 
December (heavy rain month) under two fertilization regimes. Measurements were taken 30, 137, 165 
days after applying two nitrate fertilization regimes. NADH-NR and ANDPH-NR activities were 
assayed in leaves of both genotypes. Our results showed that enzyme extracted from wild type Steptoe 
was higher than that in mutant Az12. The activity increase after 30 days then decreased subsequently at 
137 and 165 for Steptoe, Az12 showed low levels for both isozymes at 30 and 137 days then hardly 
any activity can be detected at 165 days at both levels of low and high N levels. 
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INTRODUCTION 

 
The mineral nutrient needed in greatest abundance by plants is nitrogen; it is an essential nutrient which 

directly affects crop yield. Nitrate assimilation is the primary pathway by which reduced nitrogen is 
accumulated in plants. Once the plant has taken up nitrate, the initial reduction of nitrate by nitrate reductase 
many authors consider the most important controlling step in the assimilation process to be the one catalysed by 
the enzyme NR. Nitrate reductase (NR; EC 1.6.6.1), the first rate-limiting enzyme in the overall process of 
nitrate assimilation and also a key enzyme: it reduces nitrate to nitrite. NR, is located primarily in the cytosols of 
root epidermal and cortical cells and shoot mesophyll cells (Rufty et al., 1986; Vaughn and Campbell, 1988 and 
Fedorova et al., 1994). It is reported that nitrate reductase is regulated by light. Consequently, nitrite reductase 
(EC 1.7.7.1) catalyses the reduction of nitrite to ammonia. NR requires nitrate to be induced, and assimilates 
(sugars, eventually amino acids) appear also to be involved in the control of NR expression (Nussaume et al., 
1995) .Soil nitrogen is also lost when crops are harvested and plant material is removed from the soil. To be 
competitive, plants have developed many mechanisms to attain nitrogen at low concentrations and to use a 
variety of forms of nitrogen. Plants provided with a high nitrate supply transport the majority of nitrate to the 
leaves where photosynthesis provides energy and C-skeletons for N-assimilation (Rufty, 1997). In this study we 
focus on the nitrate reductase activity in shoots of barley (Hordeum vulgare L.) wild type Steptoe and the mutant 
Az12 that deficient in NADH-specific NR as plant material. 
 

MATERIALS AND METHODS 
 
Experimental field and sampling: 

The wild type Steptoe and the mutant Az12 were used in this study. Seeds were sterilized with 5gL-1 sodium 
hypochlorite solution for 5 min, then thoroughly washed with tape water. Then the seeds were transplanted to a 
sandy dune field. Two rates of N low and high (25 and 75 kg/ha) were applied. Mineral fertilizers were also used. 
Three replications of Steptoe and Az12 were grown in 12 raws (0.1 x 9 m). All raws were used for plant 
analyses during the growing season. Plant samples were taken at 30, 137 and 165 maturity) days after planting 
for determination of NR activity. Only the upper most fully expanded leaves were harvested (10 leaflets), 
immediately frozen in liquid nitrogen, and subsequently freeze-dried. 
 
Measurement of in vitro NR activity: 

Determination of NR activity was achieved on the uppermost fully expanded leaves. After harvested, 
weighed and immediately leaf samples were ground in liquid nitrogen and 3ml of extraction buffer was added 
for each 1 g fresh weigh (g FW) of leaf tissue, or frozen tissues were stored at -80oC until further use. For assays 
NADH- NR and NAD(P)H-NR activities, frozen leaves were extracted with extraction buffer. The extraction 
buffer contained 50mM Hepes-KOH (pH 7.7), 25 mM NaF, 1mM Na4P2O7, 10mM 2-mercaptoethanol, 10µM 
leupeptin and 1mM EDTA. Following centrifugation of the crude homogenate (20 min, 15,000 r.p.m, 4oC), the 
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supernatants were used for the NR assay. The soluble fraction assayed for NR activity according to (Dailey et al., 
1982b) in a reaction mixture containing 50 mM Hepes-KOH (pH 7.7), 5.6µM leupeptin, 2.2 mM KNO3, 10 µM 
FAD, 1.1 mM EDTA and 0.2mM ß-NADH in case of NADH-NR assay or 0.1mM ß-NADPH, LDH 500 units, 
100 µM ß-NADP+ and 0.13 M Na-pyruvate in case of NADPH assay in a total volume of 450 µl and incubated 
at 30oC for 15 min. Subsequently, the reaction was stopped by adding 50µl of 1M zinc acetate, and an equal 
volume of 1% sulphanilamide. 0.02% N-(1-napthyl) ethylene diamine dichlorohydrate were added and after 
centrifugation for 15 min at 15, 000 r.p.m. and color development for 20 minutes. The absorbance was measured 
with a spectrophotometer (UV-1600, SHIMADZU Co., LTd., Kyoto, Japan) at A540 nm NR activity was 
expressed as µmol NO2

-g.fw-1h-1. All in vitro activity assays were run in triplicates.  
Statical analysis: 

 
Each treatment was analysed with at least three replicate tissue samples. Results are the means of three 

replicates. SEs exceeding the symbol size are indicated by bars. 
 
Results: 

In Steptoe, nitrate induced only NADH-dependent NR activity in leaves. Whereas, in Az12 NADH and 
NADPH-dependent activities were induced in leaves (Fig. 1). In Steptoe after 30 days, the activity state of 
NADH-dependent NR activity in leaves obtained from low and high nitrate was higher by 21% (6.88 vs 8.32 
µmol.g-1.f.wt-1.hr-1). Whereas, in Az12, NR activity was low both under low and high nitrate regime. The 
activity state of NADH-and NADPH-dependent NR activity in Az12 under low nitrate was lower than that 
under high nitrate. Induction is defined as increase in NR activity above the endogenous level occurring when 
plants are exposed to NO3

- (Aslam et al., 1973)  

Nitrate reductase activity after 30 days
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Fig. 1: NADH-and NADPH-dependent NR activities in leaves of Steptoe and Az12 seedling under low and high   
      nitrate after 30 days. 

 
After 137 days, Steptoe NADH-NR activity was increased than those of Az12 under the two fertilization 

regimes. Under low nitrate Steptoe NADH-NR activity was higher by 78% than under high nitrate, whereas 
Az12 activity was lower than Steptoe and no significant difference observed between NADH-NR and 
NADPH-NR under the two fertilization regimes (Fig. 2).  

Nitrate reductase activity after 137 days
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Fig. 2: NADH-and NADPH-dependent NR activities in leaves of Steptoe and Az12 seedling under low and high  
      nitrate after 137 days. 
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After a165 days, the activity for both genotypes was extremely decreased, hardly any activity in Az12 could 
be detected. But same trends were seen in Steptoe NADH-NR activity under high nitrate was higher by 85% 
than those under low nitrate (Fig. 3). 

Nitrate reductase activity after 165 days
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Fig. 3: NADH-and NADPH-dependent NR activities in leaves of Steptoe and Az12 seedling under low and high  
      nitrate after 165 days. 
 
Discussion: 

Nitrogen is commonly used in agriculture as a fertilizer for crops and because it is relatively inexpensive 
(Vellidis et al., 2003). However, plants should compete for nitrogen in soil with abiotic and biotic processes 
such as erosion, leaching, and microbial consumption. Nitrate reductase activity was higher after 30 days then 
decreased at 137 and 156 days for both genotypes for the two fertilization regimes this may be due to leaching 
of nitrate to the soil due to heavy rain during that month. Fertilization regime had an effect on potential nitrate 
reduction (Chéneby et al., 2009). Plant assimilate nitrogen as a source for growth, biomass production and 
development. Under field conditions, nitrate is the principal N source for most higher plants. Nitrate reductase, a 
cytosolic enzyme which reduces nitrate to nitrite using NAD(P)H as electron donor. It is considered as the first 
rate limiting factor for higher plant protein production, development and growth (Huppe and Turpin, 1994). 
There was a difference among species in NRA distribution. This difference among species was not in the 
principal site of NRA, but in their different responses to external nitrate supply. There are large differences 
among species and genotypes in the role of shoot and root systems in the reduction of nitrate (Andrews, 1986; 
Wallace, 1986; Chalifour and Nelson, 1988). Plants can be categorized into three groups according to the major 
site of nitrate reduction: (1) root; (2) root and shoot; and (3) shoot (Stewart et al., 1986). Following uptake into 
the root cells, nitrate is stored in vacuoles, reduced by NR, or loaded into the xylem. In the xylem, nitrate 
(mainly as KNO3) is transported with the transpiration stream primarily to source leaves where it can be stored 
in vacuoles until it is finally assimilated. The product of nitrate assimilation, the amino acids, are transferred 
through the phloem to the growth centers of the shoot, or transported back to the root through the phloem, for 
supporting their growth. Nitrate uptake and root growth are also dependent on a sustained flux of carbohydrates 
from the shoot. NRA and other enzymatic activities which are involved in the nitrate assimilation pathway also 
change during organ and plant development (Andrews, 1986 and Kenis et al., 1992).  
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