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Abstract

A field experiment was conducted for two consecutive seasons during 2010/2011 and 2011/2012 on the Demonstration
Farm of the Faulty of Agriculture, University of Kassala at New Half. Nitrogen use efficiencies (i.e. agronomic AE,
internal IE, physiological PE and recovery RE) and grain protein content were investigated at different level of watering
regimes and organic manure application of wheat (Triticum aestivum L). The watering regime treatments were irrigation
every 7, 14 and 21 days, and the nitrogen fertilizer levels were zero, 43, 86 kg N ha™* without or with 4 tons of chicken
manure ha™*. Frequent irrigation, addition of high N level and organic manure significantly increased AE, IE, PE, RE and
grain protein content compared to their respective treatments. Mixing of organic manure and nitrogen fertilizer increased
AE, IE and RE but resulted in a slightly increase in PE than both treatments when they were added solely. Further, the
magnitude of organic manure on AE, IE, RE and grain protein content was significantly greater under normal watering
regime. Wheat plants under optimum conditions (frequent watering, high N level plus organic manure) used N, as
indicated by AE, PE, IE and RE, more efficiently than under other treatment combination.

Keywords: Wheat; Water stress; Organic manure; Nitrogen use efficiency.

1. Introduction

Although, Sudan is considered as a marginal area of wheat production, the wheat crop ranks second after
sorghum and now has become a strategic crop due to the shortage of food in the world and to the drastic change in
the consumption habit of the people in Sudan [1].

In recent years, fertilizers are major input costs in Sudanese cropping systems. Farmers are recognizant of these
costs and thus they are interested in alternative approaches for improving soil fertility. The development of cropping
systems that efficiently use N helps to reduce the cost of N fertilizer inputs and to minimize nitrate contamination
[2]. Using organic materials plays important role in overcoming the constraints and increasing crop yield. In this
regard, manure and other waste products of plants and livestock have been used as soil amendments for centuries.
These materials were the only way of quickly improving soil fertility before the advent of chemical fertilizers [3].
Moreover, Ali, et al. [4] reported that nitrogen use efficiency decreased with increasing nitrogen levels under water
stress and it was reduced to half its values under normal irrigation. Also, Wang, et al. [5] found that agronomic
efficiency was higher with addition of organic manure due to its greater effect on soil microbial communities
compared to the effect of mineral nitrogen on soil microbial organisms. Moreover, Kumar and Pannul [6] concluded
that, the maximum physiological efficiency and apparent recovery efficiency were recorded with the application of
poultry manure at 75kgN ha™ and decreased significantly with increase in irrigation levels while it decreased among
the different level of organic sources when applied in combination with high doses of N. Also, they reported that
internal efficiency was non-significant under application of organic manure at 150 and 225 kgN ha™. Abdel Rahman
[7], found that higher protein content values in grains were contributed mainly with lower irrigation rate, whereas
other researchers indicated that wheat grain protein percentage was greater with higher water levels [8, 9]. On the
other hand, increasing nitrogen rates increased grain protein content [10]. Also, Zeidan, et al. [11] reported
significant interaction between irrigation intervals and nitrogen fertilizer levels with or without addition of organic
manure on grain protein content.

As wheat is an irrigated crop, its production is frequently exposed to water deficits at any stage of the crop
development. In this regard, Elsiddig, et al. [12] reported that irrigation water and nitrogen fertilizers are the most
crucial components of the production package (soils of wheat growing areas are inherently deficient in N). The high
cost of fertilizer nitrogen raises the question about the feasibility of applying N fertilizer under limited soil moisture
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conditions.Water supply affects the uptake of nutrients and efficiency of fertilizers use and grain quality. Keeping
these in view, in this study, nitrogen use efficiencies (i.e. agronomic AE, internal IE, physiological PE and recovery
RE) and protein content were investigated at different level of watering regimes and organic manure application of
wheat (Triticum aestivum L).

2. Materials and Methods

The proposed study was conducted on the Demonstration Farm of the Faulty of Agriculture, University of
Kassala at New Halfa, Sudan (Latitude 15° 19" N. Longitude 35° 36'E and Altitude 45 m asl). The experiment was
arranged in strip-split-plot design with three replications. Strip blocks were allotted for the organic manure
treatments and the main plots were allotted for watering treatments and the subplots for nitrogen treatments. Seeds
were sown manually at a rate of 120 kg/ha, in three lines 15 cm apart, on the second week of November in both
Seasons.

2.1. Nitrogen use Efficiency Indices
Different indices of nitrogen efficiency were computed as per Dobermann and Fairhurst [13].
Agronomic efficiency (AE= NUE), physiological efficiency (PE), Internal efficiency (IE) and recovery
efficiency (RE) were calculated as follows:-
(grainyieldin N fertilizedplot - grain yieldin no N plot)
(quantity of N fertilizerapplied in N fertilized plot)
(grain yieldin N fertilized plot- grain yieldin no N plot)
(total N uptake in N fertilized plot - total N uptake in no N plot)
(total N uptake in N fertilized plot—totalNinno N plot) <100
(quantity of N fertilizerappliedin N fertilizedplot)
(grain yield)
(total N uptake)

AE (kg grain/kg N applied) =

PE (kg grain/kg N uptake) =

RE (%) =

IE (kg grain/kg N uptake) =

2.2. Grain Protein Content
Protein content for grains estimated by using the improved kjeldahl- method and crude protein percentage was
calculated by multiplying the total nitrogen of the grain by 5.7.

2.3. Statistical Analysis

Data were statistically analyzed according to the analysis of variance (ANOVA) for strip-split plot design using
MStat-C computer software package [14]. Mean comparisons were worked out by Duncan's Multiple Range Test
(DMRT) at 5% level of probability

3. Results

Generally, frequent watering (W1) and application of nitrogen fertilizer and organic manure significantly
increased the mean AE, IE, PE,RE and grain protein content compared to their respective treatments (Table 1). The
results showed that increasing nitrogen level from 0 to 43 kg N ha ?, even mixed with organic manure, had no
significant effect on PE (Table 2). However, prolonged watering interval significantly inhabited the positive effects
of nitrogen fertilizer on NUE i.e. AE (Table 2). Further, mixing of organic manure and nitrogen fertilizer increased
AE, IE and RE but resulted in a slightly increase in physiological efficiency than both treatments when they were
added solely. The results revealed that, the magnitude of organic manure on AE, IE, RE and grain protein content
was significantly greater under normal watering regime (Table 2). Although, prolonged watering intervals,
application of high nitrogen level and organic manure solely resulted in a significant increase in the mean protein
content but mixing of these fertilizers was significantly increased the grain protein content under all watering
regimes (Table 2 and 3). Correlation analysis between NUE indices (PE, IE, RE and AE) and grain yield per plant
was presented in table (4). Generally, all these characters were positively and significantly correlated with each
others. In this regard, the mean grain yield per plant had significant strong-positive correlation with IE, RE and AE
but it had moderate positive correlation with PE. However, all of NUE indices were showed moderately significant
positive correlation with each other in both seasons.

4. Discussion

In the present study, nitrogen use efficiency indices (AE, IE, PE and RE) were found to be greater under
frequent irrigation. This was in line with the results reported by Ali, et al. [15] who concluded that wheat under
adequate irrigation treatments used nitrogen fertilizer more efficiently than under stress conditions. This was further
confirmed by correlation analysis where these traits were positively correlated with grain yield. Also, Paradhan, et
al. [16] reported that AE increased with increasing irrigation level. On the other hand, application of N fertilizer at
high level resulted in greater mean values of AE, IE, PE and RE (19, 44, 36 and 39, respectively). Similar results
were obtained by Lopez-Bellido, et al. [17] in bread wheat treated with high nitrogen level. Moreover, Ibrahim, et al.
[18] indicated that application of organic fertilizer is important for increasing N recovery efficiency in wheat plant.
The significant increase due to the interaction of organic manure and nitrogen fertilizer on NUE indices observed in
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the present study particularly under frequent irrigation was similar to results reported by Mohammad, et al. [19]. He
attributed the positive effect of application of organic manure together with nitrogen on NUE to the improvement in
grain yield. Further, the positive effect of frequent irrigation with high nitrogen level on AE in this study was agreed
with those findings reported by Paradhan, et al. [16]. Moreover, the significant increase of grain protein content
under prolonged watering interval was agreed with results reported by Ercoli, et al. [20] who attributed this to the
sensitivity of protein deposition under water stress. Nitrogen application at high level resulted in significantly higher
grain protein content probably due to the increase in nitrogen availability for plant uptake. Supporting results were
reported by AL-Nouri [21]; Mattas, et al. [10]. They attributed the increase in grain protein content to improved
availability of N at high level. Furthermore, the substantial increase in grain protein content due to combination of
organic manure with high nitrogen level might be due to the increase in grain yield under such treatments as reported
by Johnson and Mattern [22] and Upadhaya, et al. [23]. The results of present experiments indicated that application
of organic manure led to grain protein content enhancement due to its effect on soil structure and consequently
increases in plant nutrients uptake. Consistent with the findings of Zeidan, et al. [11] our results demonstrated that
the application of mixed fertilizer under frequent watering regimes increased grain protein concentration.

In conclusion, it is strongly suggested to use combination of organic and high N level fertilizer particularly
under frequent watering interval to achieve highest NUE indices with wheat seed quality because organic manure
improved the use efficiency of recommended nitrogen fertilizer and reduced its cost.
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Table-1. Mean of AE, PE, IE, RE and grain protein content as affected by water stress, N and organic manure
2010/2011 2010/2011
treatments | AE(kg PE(kg | IE(kg RE% Grain AE(kg PE(kg 1IE(kg RE Grain

kg™) kg™) kg?) Protein % | kg?) kg?) kg™) % Protein %

+M 21.9 35.8 42,5 35.8 12.4 23.0 34.4 39.4 35.1 | 13.2
-M 9.8 33.3 40.8 20.7 13.9 12.6 34.1 35.1 28.8 | 14.2
LSDg 05 0.9 4.3 0.6 0.6 1.1 2.3 3.2 4.5 0.9 1.0
W1 20.7 43.1 42.2 34.6 12.4 23.2 39.4 38.4 41.4 | 12.8
W2 13.0 35.8 42,5 27.0 13.4 17.0 35.4 37.7 28.1 | 14.0
W3 13.8 24.9 40.2 23.1 13.7 12.9 28.2 35.6 29.1 | 14.2
LSDo 05 2.0 4.2 0.8 0.6 0.6 0.4 3.5 1.6 9.6 1.0
NO 10.9 33.2 40.7 22.7 12.6 13.2 33.7 36.6 30.6 | 13.3
N1 18.5 33.9 42.1 27.2 12.9 20.2 33.5 36.8 32.2 | 13.8
N2 18.2 36.7 42,5 34.9 14.0 19.9 35.5 39.0 33.1 | 14.0
LSDg 05 0.7 1.8 1.3 2.4 0.6 1.5 2.3 1.4 2.5 0.4

Table-2. Mean of AE, PE, IE, RE and grain protein content as affected by interactive effects of water stress, N and organic manure on wheat

plant
2010/2011 2011/2012
treatments AE(kgkg?h) | Grain Protein % | AE(kgkg®) | Grain Protein %
W1 -M NO 13.4 13.3 8.9 13.2
N1 12.1 10.9 14.3 12.4
N2 16.7 11.7 12.6 12.4
+M NO 8.9 13.1 24.3 13.2
N1 14.3 12.9 40.6 14.0
N2 12.6 14.4 38.7 14.5
W2 -M NO 4.6 13.0 7.8 14.0
N1 13.0 10.7 19.2 114
N2 11.8 14.1 16.3 14.5
+M NO 16.7 13.1 18.4 13.7
N1 15.6 12.9 17.1 14.0
N2 16.8 15.0 23.4 14.1
W3 -M NO 6.4 15.0 7.0 14.1
N1 14.4 12.0 17.5 11.5
N2 6.2 12.7 9.0 13.3
+M NO 13.7 14.3 12.8 14.5
N1 15.0 13.9 12.1 14.8
N2 27.3 15.7 19.5 15.8
LSDg s MWN 0.8 15 3.7 0.8
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Table-3. Mean of AE and grain protein content as affected by interactive effects of water stress, N and organic manure on wheat plant

2010/2011 2011/2012
treatments | AE(kg | PE(kg 1E(kg RE% | Grain AE(kg | PE(kg IE(kg RE Grain
kg™) kg™) kg™) Protein % | kg?) kg?) kg?) % Protein %
+ | W1 30.7 42.8 43.8 48.1 13.7 34.6 40.3 43.0 47.6 | 13.9
M| W2 16.4 37.5 42.6 34.4 13.7 19.6 36.4 39.3 285 | 13.8
W3 18.7 27.2 41.1 24.6 14.6 14.8 26.5 35.6 29.1 | 15.0
- |W1 10.7 43.4 40.6 20.9 12.0 11.9 38.4 33.7 35.2 | 12.7
M | W2 9.8 34.1 42.5 19.6 12.6 14.4 34.3 36.2 27.7 | 13.3
W3 9.0 22.5 39.3 21.5 13.2 11.2 29.8 35.4 23.5 | 13.0
LSDy 05 1.7 8 2.4 2.7 15 0.7 6.4 3.1 8.1 0.8
+ | NO 16.9 35.0 40.9 30.2 13.5 18.4 34.8 38.6 34.1 | 13.9
M| N1 23.8 35.4 42.6 35.9 13.7 23.3 32.1 38.6 34.4 | 13.8
N2 24.9 37.1 44.8 41.1 14.6 27.2 35.8 42.0 36.7 | 15.0
- | NO 4.9 31.4 40.6 15.1 11.3 7.9 32.5 34.7 27.0 | 14.6
M| N1 13.1 32.4 41.6 18.4 13.2 17.0 34.8 34.9 299 | 11.3
N2 11.5 36.3 40.2 28.6 12.8 12.6 35.1 35.9 29.5 | 12.8
LSDy 05 1.1 1.7 1.8 4.2 0.8 2.2 3.2 2.0 NS 0.7
W| NO 11.9 41.3 25.7 40.2 12.0 16.6 39.2 39.8 36.0 | 12.8
1| N1 26.5 43.8 34.7 42.2 11.8 27.5 37.6 30.8 38.3 | 12.8
N2 23.6 43.9 43.6 44.2 13.3 25.7 41.3 44.6 41.0 | 13.0
W| NO 10.6 36.2 22.5 42.3 12.8 13.1 34.6 30.2 37.1 | 13.7
2 | N1 14.3 35.1 24.3 43.0 13.0 18.1 36.1 28.8 36.4 | 14.0
N2 14.3 36.0 34.2 42.5 14.4 19.8 35.3 25.4 39.7 | 14.5
W| NO 10.1 22.1 19.7 39.8 13.0 9.9 27.2 21.7 35.2 | 13.3
3 | N1 14.7 22.3 22.5 41.0 14.0 14.8 26.8 27.8 35.6 | 14.7
N2 16.7 30.1 26.9 40.6 14.2 14.2 29.7 29.4 36.1 | 14.5
LSDy 05 0.2 NS NS NS 1.1 2.6 NS NS NS 0.2

Table-4. Correlation coefficient between means NUE indices (PE, IE, RE& AE ) and grain yield due to the effects of watering interval, organic
manure and nitrogen level during 2010/2011(below) and 2011/2012(above) seasons

PE IE _ RE _ AE _ yield plant®
PE 0.4 0.5 0.5 0.5
IE 0.3 0.5 0.6~ 0.8"
RE 0.4~ 0.5 05" 0.77
AE 0.4~ 0.5 0.8" 0.6
yield plant™ 04" 0.6~ 0.9" 0.8"
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