
EVALUATION OF THE LEAF NITRATE, NITRATE REDUCTASE ACTIVITY AND 
PROTEIN IN AMARANTHUS HYBRIDUS L. AND AMARANTHUS SPINOSUS I. 

Muhammad Aliyu 

Abstract 
Amarantluis hybridus L. and Amaranthus spinosus L. were raised at the 
College of Education Agricultural Farm in Minna on plots supplied with 
fertilizer (N.P.K 27:33:13) at the rates of 0,250 and 500 kg ha'1. The 
experimental design was randomized complete block design with four 
replications. Leaves of the two genotypes were randomly sampled weekly 
from 4 to 8 weeks after planting (WAP) and the nitrate and protein contents, 
and the nitrate reductase activity (NRA) were analysed. Except for 
Amaranthus spinosus L. that had the largest protein content at 4 WAP, both 
genotypes generally had the highest leaf nitrate and nitrate reductase 
activity al 5 WAP. A general decline was observed from 6 to 8 WAP in 
both species. The 250 and 500 kg ha"1 treatments increased significantly the 
leaf protein contents over those of the control. Only the 500 kg ha"1 
treatment plots produced significantly the highest leaf nitrate among 
fertilizer treatments. Amaranthus spinosus L. produced a non-significantly 
higher leaf nitrate and protein contents than Amaranthus hybridus L. While 
the nitrate reductase activity was non-significantly highest in Amaranthus 
hybridus L. 

Introduction 
Amaranthus species plant is a common annual plant widely grown in Malasia and West Africa. 

This annual tropical leaf herb belongs to the family, Amaranthaceae, and genus, Amaranthus. Commonly 
cultivated species in Nigeria for food are Amaranthus hybridus, Amaranthus cruentus, Amaranihus 
particulars, and Amaranthus tricolor, Amaranthus spinosus which is a spiny weed, is also common in 
Nigeria, but is mostly fed upon by animals. 

Amaranthus varies in leaflets, stem, colour, rate of growth and height. They grow up to 10.00cm 
in height with colours ranging from green to purplish or pinkish. Those grown for leaf and seed takes 4 to 8 
weeks to reach first harvesting period (Tindal, 1975). 

Like other plants, the requirement of Amaranthus for nitrogen is also very high. Thus, ample 
nitrogen supply as fertilizer has been reported to encourage luxuriant foliage of vegetables, especially at the 
vegetative parts which when ingested by man may impair his health by causing methomoglobinemia 
when the standard causes lOppm given by W.H.O is exceeded,, and the potentiality of nitrosoamine 
formation which is mutagenic, carcinogenic, teratogenic and sometimes death in fetuses (Martins, 1997). 

Amaranthus is a leafy vegetable which i^ives vitamins A and C, carotenes and proteins. However, 
the proteins obtained from Nitrate Reductase Activity on tissue nitrate is of lower nutritive value than animal 
proteins because of the absence of the essential Amino acid, especially the sulphur containing Amino acids 
such as methionine (Kasimu, 1989). 

The objective of this paper, therefore, is to investigate the leaf nitrate reductase activity and, nitrate 
and protein contents of Amaranthus hybridus L. and Amaranthus spinosus L supplied with three levels 
ofN.P.K. 27:13:13 fertilizer.  

Materials and Method 
Twelve beds with area 0.90m" were prepared at the College Agriculture Farm plot, College of 

Education, Minna. 

Soil Sampling and Analysis 
Soil samples were obtained from 0-15cm depth from the experimental plot before cropping in 

2002. These were bulked to give a composite soil. A sub-sample of the composite soii was used to 
determine pH, Organic C, Total N, Available P, Exchangeable cations, Effective C.E.C., Particle 
size and Textual class using the procedures described by Juo (1979). 

 



Treatments and Experimental Design 
Seeds of Ainaranlhus spifioiis L. and Amaranthus hybridus L. were broadcasted on their 

respective beds on 315 t  October, 2002 and irrigated subsequently. 
Three levels (0,250 and 500 kg ha-1) of Nitrogen, phosphorus and potassium (NPK 27:13:13) 

fertilizer were applied two weeks after planting. This was done immediately after thinning. Weeding 
was done as at when necessary. 

Plant Sampling and Analysis 
Leaf sampling of both genotypes for nitrate reductase activity (NRA), protein and nitrate 

contents were done weekly from 4 to 8 weeks after planting. 

Determination of Leaf Nitrate Reductase Activity 
Leaf samples were collected from the farm in the morning (8.30 to 9.30am). Leaves between the 

3r and 4" positions from the plant top were randomly sampled from each treatment plot and 
transferred into labeled polythene bags which were put in bucket containing ice blocks for 
transportation to the laboratory. In the laboratory, the leaves were washed in distilled water, dried 
between filter papers and the midribs were removed. Leaf discs were obtained from the leaves using 
cork borer (2mm in diameter). Other samples not punched were stored in the refrigerator. The total 
NRA was then assayed by the combined methods of Jaworki (1971 )  and Radin (1973). 

Determination of Leaf Protein Content 
Part of the samples collected for NRA determination were put in labeled envelops and oven 

dried at 70°C to constant weight. After drying, the leaves were allowed to cool and later ground to 
powder in a mortar, stored in a labeled specimen bottle and stoppered tightly. This was then used for 
protein analysis by Nitrogen determination using the Micro-Kjeldah! method and Calculation. 

Determination of Leaf Nitrate Content 
The   remaining   powdered   samples   after   protein   determination determining using 

the method of Chopra and Kanwar (1977). were   used   for  nitrate 
 
Statistical Analysis. 
The data collected were subjected to statistical analysis. Comparism of treatments levels were done 
using the least standard deviation tested at (0.05). 

 
Res u lts  
Soil Analysis 

The soil is sandy loam with low chemical properties eharaciei-j/Jrij!. [he soil lo be of low fertility 
status (Table I ) .  This agrees with the findings of Muhammad, 2001. The tow fertility status of the control 
plots (Okg ha"1 NPK) probably made the parameters investigated in this work (Tables 2.3 and 4) to have 
values generally lower than those pfols treated wifh 250 and 500 kg ha'1

  



NPK (27:13; 13) fertilizer levels. 

Table I: Sonic Selected Physko-Cliemical Properties of the Soil Before Cropping in 2002 PARAMETERS 
SAND(%) 75 
SJLT(%) 20 
CLAY(%) 5 
TEXTURAL CLASS SANDY LOAM 
pll(kcl) '1.79 
ORGANIC C(%) 0-38 
TOTAL N(%) 0.04 
EXTRACTABLE P (Ugg ' soil) 9.03 
K*(cmolskg') 0.2 
Ca++ (crnols kg" ) 1.2 
Mg"(cmols kg"1) 0.3 
EXCHANGEABLE ACIDITY (cmols kg') 0.3 
EFFECTIVE CEC (cmols kg"1) 1.7 

Leaf Nitrate Content 
At 4 and 8 weeks after planting (WAP) there was no significant difference in leaf Nitrate in A. xpinoxus, but at 5, 7 and 8 WAP, 

leaf nitrate of/I spinosus from plots healed with 500 and 250 kg ha' 1 N.I'.K (27:13:13) was significantly higher than that of the 
control, irrespective of sampling dales, the leaf nitrate of X. xpinosux on 500 kg ha"1 fertilizer treated plots was significantly than that of 
250 kg ha'1, which in turn was significantly higher than that of the control ('fable 2). 

irrespective of treatment, both A.xpiuosus and A. hybridus had the highest leaf nitrate at 5 WAP but this declined form 6 
WAP. Although this was below the detectable level in A. hybrid™ (Table 2). 

The 500 kg ha"1 fertilizer treatment consistently produced a significantly higher leaf nitrate in A. hybridus on most of the 
sampling dates (4-7 WAP) than other treatments, the converse was true for the control treatment (Table 2). 

Table 2:  Leaf Nitrate Content (%) of Amaranth us spinosus and Amaranthus hybrid us as Affected by Nitrogen 
Fertilizer Levels (kg ha"1) and Plant Age (wks) 

 

Amaranthus spinos 
FERTILIZER 
LEVEL 
(kg ha1) 

its Plant Age (Weeks After Planting) 
4                5 6 7 8            MEAN      LSD(0.05) 

D 250 500 
MEAN    
-LSD (0.05) = 
0.021 

0.0067a   0.0850b   0.0057c   0.0013b   0.0000b    0.0247c       
0.025 0.0140a   0.1483a   0.0830b   0.0530a 0.0083a   0.06l3b 
0.0217a   0.1730a   0.1410a   0.0810a 0.0270a   0.0887a 0. 
0143d   0.1354a   0.0766b   0.0450c 0.0177d LSD 
0.05=0.03 

Amaranthus hybrid 
FERTILIZER 
LEVEL (kg ha'1) 

us 
Plant Age (Weeks After Planting) 
4                   5 6 7 8             MEAN   LSD(0.05) 

0 0.0087b   0.0273c   0.0023c     0.000b    0.000a   0.0096c    0.014 
250 0.0290a   0.0760b   0.0440b    0.0103a 0.000a   0.0398b 
500 0.0420a   0.1353a   0.0833a    0.0273a 0.000a   0.0720a 
MEAN 0.0266c   0.0795a   0.0432b    0.0188d 0.000e 
LSD LSD** 
(0.05) -0.021 (0.05) 
 0.017 

LSD** = LSD for Treatment and sampling dates interaction. 

On the whole, irrespective of treatment and sampling dates, the leaf nitrate in A. spinosm was slightly higher than that in A. 
hybrid™ (LDS 0.5)=0.035. 

Leaf Nitrate Reductase Activity (NRA) 
In both Amaranthus species, irrespective of treatment, the highest NRA was observed at 5 WAP and lowest at 8 WAP 

(Table 3). 
There was no significant difference in A. sninosus leaf NRA due to fertilizer treatment at 4,7 and 8 WAP. But at 5 and 6 

WAP, plants on 500 kg ;ia"' N.P.K treated plots had higher leaf NRA than that of other treatments. 



-The 250 and 50.0 kg ha-1 fertilizer treatment plots produced the highest leaf NRA in A. hybridus at 4 WAP, whereas Okg 
ha" treatment gave the highest NRA at 5 WAP. However there was no significant difference in leaf NRA of A. hybridus due to 
fertilizer treatment from 6-8 (Table 3). 

Although leaf NRA in A. hybridm was slightly higher, this was not significantly different from that of A. spinosus on 
each sampling date (LSD) 0.05=10.67. 
  

Table 3: Leaf Nirra 
spinosus and Amaru 
Age (wks) 
Amaranthus spinosu 
FERTILIZER 
LEVEL 
(kg ha'1) 

te Keductase Activity (NKA) (ujnoles NO., »"' fresh n (. h '} of Anuiranfhns 
n{hus ftybridus as Affected by Nitrogen Fertilizer trvel (kg ha'1) and Plan! 
r riant Age (Weeks After Plating) 
4 5 6                 78           MEAN    
LSD(0.05) 

0 75.20a I20.80b 72.00a    !5.40a 13.30a      59.34a        19.784 
250 883.40a 73.50c 46.20a   14.90a 13.70a    46.34b 
500 95.40a 152.40a 93.20a   !7.40a 17.10a    75.10.1 
MEAN 84.67b M5.57a 70.47b   15.90a I4.70c 
LSD    LSD 
(0.05)= 16.489     

 0.05=23 729   
Amaranth us- hybridus.    

FERTILIZER 
LEVEL (kg ha1) 

Plant Age (Weeks After Planting) 

 4 5 6              7 8          MEAN       LSD(0.05) 
0 68.00b 142.00a 88.30a    36.30a 32.70a    73.44;i        20.78 
250 96.90a 113, 70b 63.40a    20.20a IS.lOa    62.4 6a 
500 93.10a 96.90b 73.30a   37.00a 33.80a    6n.f52a 
MEAN 86.00b N7.53a 75.00b   3LI5c 28.20c 
LSD    LSD** 
(0.05)= 17.322    (0.05) 
    24.928 



LSD** = LSD for Treatment and sampling dates interaction. 

Leaf Protein Content 
The highest leaf protein was observed at 4 WAP in A. spinosus but at 
5 WAP in A. hybridus after which it declined in both plants t i l l  8 
WAP (table 4). 

But 250 and 500 kg ha'1 fertilizer treatments produced 
significantly higher leaf protein in both plants compared with control 
treatment only at 4 and 5 WAP (Table 4) in A. .spinosus and A. Hybridus 
respectively. However, both of the fertilizer levels irrespective of the 
sampling dates had significantly higher leaf protein content than the 
control. 

In A. hybridus, 250 kg ha"1 fertilizer treatment produced 
significanlly the highest leaf protein compared with other treatments from 
6-8 WAP. This was similarly repealed by the same treatment in A. 
spinosus at 6 and 7 WAP (Table 4). 

On the whole, leaf protein in A. spinosus was significantly 
higher than that of A. hybridus only at 4 WAP (LSD 0.05=5.63). 

Table 4:  Leaf Protein  Content  (%) of Amaranthus spinosus and Amtiranthus 
hybridus as Affected by Nitrogen Fertilizer Level (kg ha"1) and plant age (wks) 

Amaranthus spinosus 
FERTILIZER Plant Age (Weeks After 
Planting) 
LEVEL   - 

4 5 6 7 8       MEAN        LSD(0.05) 
(kg ha') 
0 29.6Sa    30.93b    22.76b      21 .01b      15.76a   24.03b 2.715 
250 46.l i b     36.77a    29.18a      23.34a    11.67c    39.41a 
500 54.28a    36.19a    28.Ola      19.26b    12.26b    30.00a 
MEAN 43.36a    34.63a    26.65b      26.65c     21.20d 
LSD LSD 
(0.05)          - 0.05=3.254 
2.262 ______ _ _ _ _ _ _ _ ^ _ _ _ _ _ . ^ _ _ _ _ _ ^  

Amaranthus hybridus 
FERTILIZER Plant Age (Weeks After Planting) 
LEVEL    (kg 
ha'1) _________ 4 5 6  ______ 7 8 MEAN       LSD(O.Q5) 
0      ""         ~~ 9.92c       23.35b    26.66b    16.93b      9.92b     17.28b   "   
2.526 
250 14.01 b      34.43a    29.76a    21.O l a      20.43a     23.93a 
500 33.27a      36.77a     22.18c   15.17b      8.75b     23.23a 
MEAN I9.07c      31.52a    26.07b    17.70c      13.03d 
LSD LSD**     . 
(0-05) - (0.05) 
2.! 04 | . 3.026 

LSD** = LSD for Treatment and sampling dates interaction. 

Discussion 
The high level of leaf nitrate at the early part of Amaranthus growth was probably due to high 



soil nitrate, high level applied fertilizer and high rate of absorption by the actively growing roots. 
Maynard and Baker (1972) had reported that there was high nitrate in leaves of spinach after 
supplying some amount of fertilizer and this reflects the levels of applied fertilizer. 

The decline in leaf nitrate from its peak at 5 WAP in both Amaranthus species were probably 
due to ageing and nitrate depletion from the soil around the root zone due to leaching. The occurrence of 
high leaf nitrate content in both Amaranthus species probably led to increased synthesis of nitrate 
reductase enzyme. This might have resulted in the high NR activity observed at 5 WAP, since NK 
activity is substrate inducible. This is consistent with the work of Ajakaiye (198 1). 

The high NR activity observed at the early age probably led to the increased .leaf protein 
content. Moreover, significant positive correlation have been reported among Nitrate, NRA and 
protein levels by Kasimu (1989). The low level of NRA at 8 WAP in both species could be attributed to 
old age of leaves which probably might have brought about decline in photo-synthetic activity which 
is the source of energy for NRA. Nitrate depletion at the root zone and the ageing of the root could also 
have led to low NRA at this age. 

The subsequent decline in protein level with plant maturity was probably clue to growth 
dilution, low amount of carbohydrate needed for protein synthesis and the increase in the rate of 
proteolysis with age. In A. spmosux. nitrate is consistently higher than in A. hydridus. However, there 
was less NRA in A, spuwsua but the protein in A. spinosus was slightly higher than that of//. 
hybridus. This could be that A. spinosus was able to make efficient use of the reduced nitrate for 
protein synthesis than A. hybrid™. This corroborates with the work of Ajakaiye (1988) who reported 
that different vegetable genotypes have different efficiency of using NKA. 

Recommendations and Conclusion 
Recommendations 

Based on the findings off his study, /, therefore, recommend that: 
1. The 250 kg ha"  fertilizer level be used by farmers. 
2. Genotypes with better NRA be sort for and grown for consumption. 
3. Harvest for consumption could be made at 4 or 5 WAP. 
4. A. spinosus could be consumed by man. 

Conclusion 
The results of this investigation showed that leaf Nitrate Reductn.st- Activity, and nitrate and 

protein contents of both species were generally highest at 4 and 5 WAP, with a decline from 6-8 
WAP. 

Although the leaf protein content was increased significantly by fertilizer application over 
those of the control, only the 500kg ha*1 treatment plots produced significantly the highest leaf nitrate 
among fertilizer levels. 

Generally, A. spinosus produced larger leaf nitrate and protein content'; than A. hybrid™. On 
the other hand Nitrate Reductase Activity was higher in A. hyhridus. 
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