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ABSTRACT 
 
 Utilization of green manure crops along with nitrogen fertilizer may balance requirement of soil and plants 
to nitrogen and increase nitrogen availability for succeeding crops. In order to study the effect of green manure 
(GM) crops and nitrogen (N) levels on grain, straw and soil nitrogen concentration and biomass production 
efficiency (BPE), a field experiment was conducted on Agricultural Faculty of ShahidChamran University of 
Ahvaz during 2010-2011. The experimental design was split plot based on RCB with three replications. Main 
plot including nitrogen rates (i.e. 0, 50, 100, 150 kg.ha-1) and sub-plot including green manure crops (i.e. fallow, 
millet, sesbania, amaranth, cowpea and mung bean). Our result showed that, both GM crops and N levels had 
significant effect on BPE, wheat grain, straw and soil N concentration. The effect of GM and N interaction was 
significant only on soil N concentration. Relationship BPE and wheat grain N concentration with N fertilizer 
levels was linear. In contrast, relationship of wheat straw N concentration as well as soil N concentration with N 
fertilizer levels was non-linear. Biomass production efficiency diminished as N fertilizer rates increased, while 
other studied factors increased with increase of N fertilizer rates. Highest grain and soil N concentration 
obtained with legume GM crops (sesbania and cowpea, respectively) application and highest BPE and straw N 
concentration obtained after fallow treatment. Generally, result of this study indicated that, legume GM crops 
can be better than non-legume GM crops due to atmospheric N fixation and release suitable nutrients especially 
N for subsequent crops. 
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Introduction 
 
 For optimum yield, crops require a supply of 
mineral nutrients.The most important of which is 
nitrogen. In most agricultural ecosystems, lack of N 
limits plant growth more than any other nutrient. 
Crop plants effectively satisfy their N requirement 
only  by  acquisition of mineralized N (NH4+and 
NO3-). Atmospheric N (N2), though abundant, cannot 
be utilized by plants [7]. In recent years, fertilizer 
cost and concern for sustainable soil productivity and 
ecological stability in relation to chemical fertilizer 
use have emerged as important issues [2]. There is a 
renewed interest in organic manures, such as 
farmyard manures, compost, and green manures, as 
sources of plant nutrients [1]. Farmyard manures and 
compost are in limited supply and may have low and 
variable nutrient contents. The more readily available 
green manures constitute a valuable source of both N 
and organic matter [8].  

 Green manure is a crop used primarily as a soil 
amendment and a nutrient source for future crops. 
Leguminous GM may add N to crop systems through 
biological fixation, and the slow release of N from 
decomposing GM residues may be well timed with 
plant uptake [5]. The more readily available green 
manures constitute a valuable source of both N and 
organic matter [14]. Leguminous and non-
leguminous plants are used in the production of 
green manures. Leguminous plants can form 
symbiotic associations with Rhizobium bacteria in 
order to atmospheric N fixation. This fact causes that 
the green manures, which their principal component 
are leguminous plant debris, supply to the soil 
important amounts of N in relation to the green 
manures obtained from non-leguminous plants. 
However, the influence of this organic matter on soil 
properties depends upon amount, type, size and 
dominant component of the added organic materials 
[16]. The residues and ploughed-in green material of 
perennial grasses, as preceding crops, have a positive 
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effect on the formation of productivity elements of 
cereal crops not only in the first year but also in the 
second year, which determines the productivity of 
the cereal link [15]. Therefore, high yields are the 
result of environmental, technological, management, 
capital, and input conditions. Muurinen et al. [11] 
reported that strong N translocation from vegetative 
parts of the main shoot in wheat, which exhibited 
higher competition for N between vegetative and 
reproductive organs. Therefore, improved 
understanding of plant N requirements and dynamics, 
particularly BPE and NRE from vegetative parts 
among species and cultivars, is needed to determine 
better NUE. 
 The objective of this study was to determine the 
effects of legume and non-legume green manure 
crops in combination with N fertilizer rates on i) 
biomass production efficiency and ii) wheat grain, 
straw and soil nitrogen concentration. 
 
Materials and Methods 
 
 This trial was established at the experimental 
field of the Agriculture Faculty of ShahidChamran 
University of Ahvaz, Iran, (31º20′ N latitude and 
48º41′ E longitudes) at an elevation of 20 m above 
mean sea level during 2010-2011 wheat growing 
season. The soil texture was sandy loam with PH 7.8 
and a 0.52% average organic matter concentration. 
The 0-30 cm soil layers contained 0.039 % nitrogen, 
13 mg kg-1 phosphorus rate and 151 mg kg-1 
potassium exchange. 
 The experiment was laid out in a split-plot 
design with three replications. The main plot (24 m2) 
treatments were four N fertilizer levels (i.e. 0, 50, 
100 and 150 kg N ha-1) that used in form of urea. 
Also, sub-plot (6 m2) treatments constituteddifferent 
green manure crops including millet (Pennisetum 
sp.), sesbania (Sesbania sp.), amaranth (Amaranthus 
sp.), cowpea (VignaunguiculataL.) and mung bean 
(Vigna radiate L.) that compared with fallow. The 
green manure crops were seeded on 6 Sep. 2010 and 
incorporated to the soil on 7 Oct. 2010. Then wheat 
(cv. Chamran) seeded at a rate of 180 kg.ha-1on 16 
Nov. 2010 and harvested on 21 Apr. 2011.  
 A 1 m2 portion at maturity was also collected 
from the center of each sub-plot to determine the N 
concentration of straw and grain by standard macro-

Kjeldahl procedure. Soil samples were taken on all 
plots, after wheat harvest, at a depth of 30 cm, and 
analyzed for nitrate content. The biomass production 
efficiency (BPE, kg kg-1) parameter was calculated 
for each treatment follow [6]: 
 
Biomass production efficiency (kg /kg) = total 
biological yield / total plant N uptake 
 
 ANOVA (analysis of variance) techniques were 
employed to test the significance of data and LSD 
(least significant difference) test was used to 
compare the means. 
 
Results and Discussion  
 
Biomass production efficiency (BPE): 
 
 BPE as a measure of total plant biomass 
produced per unit N absorbed demonstrates N 
concentration in the entire plant and describes the 
internal N requirement in many agronomical 
important crops. Biomass production efficiency 
varied significantly according to N rates and GM 
crops (p<0.01). But, N×GMinteraction had no 
significant effect on this trait in wheat (Table 1). Our 
result showed that, there was linear trend (r2= 0.97) 
between BPE and N rates. According to linear trend, 
BPE diminished as N fertilizer rates increased (Fig. 
1). The mean comparison indicated that, the highest 
value recorded for BPE (100.6 kg/kg) was in fallow 
which was significantly higher than other GM 
crops.In contrast, lowest BPE (75.95 kg/kg) observed 
in wheat crops that affected by Sesbania as a green 
manure crop. Of course, No significant differences 
observed among millet, amaranth, cowpea and mung 
bean GM crops (Table 2). Differences among N rates 
with respect to biological yield, which is directly 
related to crop N uptake, account for the variation in 
the BPE index. Ortiz-Monasterio et al. [13] found 
that, the BPE increased by application of N rates. In 
addition, Muurinen et al. [11] reported that wheat 
would show competition for N between vegetative 
and reproductive organs. Therefore, part of the 
accumulated N possibly would not be translocated to 
filling grains in cultivars which have higher internal 
competition. 

 
Table 1:Analysis of variance for Biomass production efficiency (BPE), wheat grain, straw and soil nitrogen concentration. 

S.O.V D.F. BPE 
Grain N 

concentration 
Straw N 

concentration 
Soil N concentration 

Replication 2 51.435 ns 0.11 ns 0.768 ns 0.0000001ns 
Nitrogen (N) 3 411.859 ** 126.89 ** 5.246 ** 0.000029 ** 
Error (a) 6 26.921 2.728 0.733 0.000001 
Green manure (GM) 5 793.0001** 22.501 ** 2.104 ** 0.00013 ** 
N × GM 15 108.874 ns 3.946 ns 1.043 ns 0.000073** 
Error (b) 40 94.861 5.987 0.551 0.000001 
CV (%) - 11.58 12.724 18.16 0 
** Significant at the 0.01 level, * Significant at the 0.05 level, ns: Non-significant. 
S.O.V: Source of variation, D.F. : Degree of freedom  
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Table 2: Mean comparison of biomass production efficiency (BPE), wheat grain, straw and soil nitrogen concentration as affected by 
different green manure crops and nitrogen fertilizer levels. 

Treatment 
BPE 

(kg.kg-1) 

Nitrogen concentration 

Grain 
(g.kg-1) 

Straw 
(g.kg-1) 

Soil 
(%) 

Green manure     
Control 100.6 a ¶ 18.5 bc 4.83 a 0.039 d 
Millet 92.56 b 18 c 4.15 b 0.035 f 
Sesbania 75.95 c 21.6 a 4.14 b 0.038 e 
Amaranth 85.94 b 18.7 bc 3.68 b 0.041 c 
Cowpea 87.65 b 20.1 ab 3.71 b 0.044 a 
Mung bean 90.36 b 18.4 bc 4.08 b 0.043 ab 
¶ In each section means followed by the same letter within columns are not significantly different (p < 0.05) according to LSD test. 

 
Fig. 3: Relationship between wheat straw nitrogen concentration and different nitrogen fertilizer levels. 

 
 

Fig. 4: Relationship between soil nitrogen concentration and different nitrogen fertilizer levels. 
 
Soil nitrogen concentration: 
 
 Analysis of variance showed high significant 
differences among N fertilizer levels, green manure 
crops and interaction of them (N × GM) on soil 
nitrogen concentration (Table 1). The result of this 
study showed existence of significant polynomial 
regression (r2 = 0.84) trend between soilnitrogen 
concentration and N fertilizer rates. Soil nitrogen 
concentration increased with increase of N fertilizer 
rates from 0 to 100 kg N ha-1, and highest soil N 
concentration obtained with application of 100 kg N 
ha-1. In contrast, by increasing of N fertilizer from 
100 to 150 kg N ha-1, soil nitrogen concentration 
decreased (Fig. 4). Mean comparison effect of 
different green manure crops on this trait indicated 
that the highest soil nitrogen concentration obtained 
in wheat plots that affected by cowpea as green 
manure crop (Table 2). Minimum soil N 
concentration obtained in wheat plots that influenced 
by millet green manure. N and green manure 
interaction indicated that, maximum (0.044 %) soil N 
concentration achieved by cowpea along with 100 kg 
N ha-1 application. Also, minimum (0.033 %) soil N 

concentration obtained after sesbania green manure 
without N fertilizer application (Fig. 5). This result 
for sesbania probability was due to high N absorption 
by wheat plant after this green manure. Because, 
high wheat grain N concentration demonstrated that, 
this green manure release high amount of nitrogen to 
soil. Increase in C/N ratio due to green manure 
application without N can cause competition among 
soil micro-organism in the use of more soil plant 
available N, which will result in appearance of N 
deficiency symptom and yield reduction in the 
plants. 
 Mosavi et al., [10] reported that, rye green 
manure application without nitrogen decreased wheat 
yield and yield components because without nitrogen 
application C/N ratio in soil increased to above 30 
can cause competition among soil micro-organisms 
in the use of more soil plant available nitrogen. N 
fertilizer not only promoted mineral elements in the 
soil, but is usually essential for growth enhancement 
and maximizes yield production in crops. Nitrogen 
was added into system, because most of crop 
residues remained on soils are deficit in available soil 
nitrogen [4]. 
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Fig. 5: Comparison of different green manure crops and N fertilizer levels interaction on soil nitrogen 

concentration. 
 
Conclusion: 
 
 Generally legume green manure crops in 
compared with non-legume crops improve soil 
available nitrogen for succeeding crops. Also, 
legume green manures (i.e. Sesbania) by positive 
effect on remobilization of nitrogen from vegetative 
to reproductive parts of wheat (data not shown) can 
improve nitrogen concentration of grain. Response of 
BPE to C/N ratioshowed that, for increasing 
efficiency of this index, integrated use of green 
manure crops with N fertilizer is necessary.   
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