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Crop yields in arid lands are generally low and highly variable because of sparse and erratic 
precipitation leading to water stress. A greenhouse study was conducted to determine the effect of 
integrated nutrient management and mulching on the yield, nutrient uptake and water use efficiency 
(WUE) of sorghum. The treatments compared were: control, full N + P fertilizer, compost, manure, ½ N + 
P fertilizer + compost, and ½ N + P fertilizer + manure. Straw mulch was applied at the rate of 28 g pot-1 
to one set of this experiment, while the other set did not receive straw mulch. Mulching gave statistically 
superior results over no mulch with respect to grain and stover yields, total N and P uptake, and water 
use efficiency (WUE), and it also reduced total water used. Among the nutrient management treatments, 
full N + P fertilizer gave the best results, however, it differed non significantly for ½ N + P fertilizer + 
compost and ½ N + P fertilizer + manure treatments for grain yield, total N and P uptake, and WUE. 
Difference between compost and manure applied either alone or with ½ N + P fertilizer was non-
significant to all the crop parameters mentioned before. It was concluded that when mulch water was 
used more efficiently, it produces higher crop yield as compared to no-mulch. Similarly, combined use 
of organic and mineral fertilizers reduced the amount of water used by the crop; still the crop yield and 
WUE were comparable with NP fertilizer.  
 
Key words: Integrated nutrient management, mulching, NP fertilizers, sorghum yield, WUE. 

 
 
INTRODUCTION 
 
Rain-fed agriculture is predominant in the world. About 
80% of the agricultural land is under rain-fed production 
systems, sharing 60% of the world food production. In 
semi-arid regions, rain-fed agriculture experiences unre-
liable rainfall and recurrent droughts with subsequent 
production failures. Although irrigation plays an important 
role in food production, the possibilities of further exten-
sion seem to be limited since water resources of good 
quality have become scarce or too expensive 
(Stroosnijder, 2003). 

Sorghum  is   one   of   the   main  staples  ranking  fifth  
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globally. The crop is genetically suited to hot and dry agro 
ecologies where it is difficult to grow other food grains. In 
many of these agro-ecologies, sorghum is a dual-purpose 
crop, as both grain and stover are high value commo-
dities. In most of the developing world, stover accounts 
for 50% of the total value of crop, especially in drought 
years (Abdelrahman, 1998). Developing countries repre-
sent about 90% of the world’s sorghum area and 70% of 
total production (FAO/ICRISAT, 1996). 

Adequate soil water or rainfall for timely planting, toge-
ther with favorable growing season rainfall, allow for good 
yields of dryland sorghum (Unger and Baumhardt, 1997). 
However, water normally becomes limited during the criti-
cal reproduction and grain-filling growth stages and 
severely reduces grain yield (Bandaru et  al.,  2006).  The  



 

 
 
 
 
use of surface organic mulch or straw can store more 
precipitation water in soil by reducing storm runoff, incr-
easing infiltration, and decreasing evaporation (Schertz 
and Kemper, 1998). 

Bayu et al. (2006) reported a positive effect of 
integrating farm yard manure and inorganic fertilizer on 
sorghum growth and yield. Enhanced maize growth, yield 
and nutrient uptake were recorded through balanced 
nutrition both from inorganic and biological sources (Jilani 
et al., 2007). Nutrient deficiencies can reduce water use 
efficiency (WUE) due to reduced yield and greater soil 
evaporation (Fisher and Turner, 1978). Akram et al. 
(2007) observed a significant positive effect of P and K 
fertilization on the biological and grain yield, nutrients 
uptake and fertilizer use efficiency of sorghum. Zaongo et 
al. (1997) obtained the highest WUE with the combined 
treatment of irrigation, mulch and N fertilizer.  

So, there is a need to find farm inputs and practices 
that would reduce water losses and favour water efficient 
utilization. This study was conducted to evaluate integ-
rated nutrient management along with mulching as water 
conservation practice for sorghum [Sorghum bicolor (L.) 
Moench] yield. 
 
 
MATERIALS AND METHODS 
 
This was a greenhouse experiment conducted at West Texas A&M 
University, Canyon, Texas, USA during April – July, 2007. Thirty six 
pots (30 cm diameter) were used to triplicate twelve treatment 
combinations (6×2) with a two factor factorial completely rando-
mized design. The pots were lined with plastic bags from inside to 
restrict leaching. Each pot was filled with 10 kg soil after grinding 
and screening through 2 mm sieve. The soil was Amarillo fine 
sandy loam (fine loamy mixed, thermic, Aridic Paleustalfs) with a 
field capacity of 14% by weight,  pH 7.65, organic matter 0.67%, 
NO3 - N 6.23 mg kg-1, and available P 12 mg kg-1. 
 
 
Treatments 
 
Chemical and organic fertilizers 
 
T1 = Control 
T2 = 100 mg N kg-1 soil as urea + 50 mg P kg-1 soil as diammonium 
phosphate (DAP). 
T3 = Compost to supply 100 mg N kg-1 soil.  
T4 = Manure to supply 100 mg N kg-1 soil. 
T5 = 50 mg kg-1 N as urea + 50 mg P kg-1 as DAP + compost to 
supply 50 mg N kg-1 soil. 
T6 = 50 mg N kg-1 as urea + 50 mg P kg-1 as DAP + manure to 
supply 50 mg N kg-1 soil. 
 
 
Mulching 
 
M1 = Wheat straw mulch applied at 2 g kg-1 soil (equivalent to 4 t 
ha-1). 
M2 = No mulch was applied. 
 
The organic and inorganic fertilizer treatments were mixed with soil 
while filling the pots as per treatments. Nine seeds of sorghum were 
sown at equal distance in each pot at 2 cm depth by hand on April 
03, 2007.  Equal amount of water viz. 1400 mL was added  to  each  
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pot slowly. This amount of water was calculated on the basis of its 
predetermined field capacity. Pots were weighed daily to measure 
the water loss through evapo-transpiration, and deficit water was 
added to maintain the soil water at field capacity level. After 
emergence, extra seedlings were discarded to maintain five plants 
per pot. The position of each pot was randomized and changed 
weekly in the greenhouse to ensure uniform environ-mental 
conditions. During the study, maximum temperature inside the 
greenhouse was about 40°C and the minimum was 20°C. 

Sorghum was harvested on 12th July, 2007, by cutting the plants 
at the level of soil surface. The plants were then separated into 
heads and stover, and each treatment samples were kept in 
separate bags. Plant samples were oven dried at 70°C till constant 
weight, grains were threshed and data were recorded as g pot-1 for 
stover and grain weight. 
 
 
Chemical analysis 
 
The compost and manure were analyzed by Servi-Tech Laborato-
ries, Amarillo, TX, USA. Analyses showed the following composition 
of compost and manure: 
 
Compost: 1.94 % total nitrogen, 1.11 % P;  
Manure: 1.03 % total nitrogen and 0.47 % P.  
 
Grain and stover samples were grinded and sub samples were 
taken to digest with H2SO4 and H2O2 for 7 h (Lu, 2000). Total 
nitrogen concentration in the digest was analyzed by continuous 
flow analysis (Chemlab, 1988) and P was determined by the 
molybdate-blue method (Lu, 2000). Uptake of N and P in grains (or 
stover) was calculated by multiplying yield of grain (or stover) by 
percentage of N and P in grains (or stover). The WUE (kg m-3) was 
determined by dividing the biomass yield with total amount of water 
used. Total water used was the amount of water applied to crop 
during crop growth period from sowing till harvest. 
 
 
Statistical analysis 
 
Data was statistically analyzed using M-STAT C software and least 
significant difference (LSD) test was applied for treatment means at 
p � 0.05 (Steel et al., 1997). 
 
 
RESULTS AND DISCUSSION 
 
Sorghum yield 
 
The highest grain yield was produced by full N + P ferti-
lizer treatment and it was 110% greater than in the 
control (Table 1). Data also indicated statistically higher 
stover yield by full N + P fertilizer and it showed 54% 
increase over control. Application of ½ N + P fertilizer 
along with compost or manure produced statistically 
similar grain yield but lower stover yield as with full N + P 
fertilizer. Compost or manure applied singly could not 
give yield comparable to NP fertilizer. Mulching with 
wheat straw was significantly superior to no mulch for 
sorghum grain and stover yields. The interaction of nut-
rient sources and mulching was statistically non-
significant for both grain and stover yield of sorghum. 

Yield increase as a result of mulch conditions was due 
to the fact that water conservation improved physical and 
chemical   properties   of   soil   and  enhanced  biological  
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Table 1. Effect of integrated nutrient management and mulching on the yield of sorghum. 
 

Grain yield (g pot-1) Stover yield (g pot-1) 
Nutrient sources 

Mulch No mulch Means Mulch No mulch Means 
Control 21.9 NS 18.4 20.2 C** 28.9 NS 27.3 28.1 C** 
Full N + P fertilizer 44.3 40.2 42.3 A 46.5 39.9 43.2 A 
Compost 30.8 28.2 29.5 B 32.7 27.5 30.1 C 
Manure 32.9 27.0 30.0 B 32.4 28.2 30.3 C 
½ N + P + compost 44.1 34.0 39.1 A 37.7 35.5 36.6 B 
½ N + P + manure 42.8 35.0 38.9 A 39.6 34.3 36.9 B 
Means 36.2 A** 30.5 B  36.3 A** 32.1 B  

 

** Means in a column/row followed by same letter(s) are statistically non-significant at p � 0.01; NS Non-significant difference 
among means or interactions of treatments at p � 0.05. 

 
 
 

Table 2. Effect of integrated nutrient management and mulching on N uptake by sorghum. 
 

N Uptake by grain (g pot-1) N Uptake by stover (g pot-1) 
Nutrient sources 

Mulch No mulch Means Mulch No mulch Means 
Control 0.18 NS 0.17 0.17 D* 0.09 NS 0.09 0.09 NS 
Full N + P fertilizer 0.53 0.55 0.54 A 0.20 0.19 0.19 
Compost 0.29 0.31 0.30 C 0.36 0.10 0.23 
Manure 0.28 0.28 0.28 C 0.10 0.11 0.11 
½ N + P + compost 0.45 0.42 0.44 B 0.15 0.14 0.14 
½ N + P + manure 0.48 0.46 0.47 B 0.15 0.14 0.14 
Means 0.37 NS 0.36  0.18 NS 0.13  

 

* Means in a column/row followed by same letter(s) are statistically non-significant at p � 0.05; NS Non-significant difference 
among means or interactions of treatments at p � 0.05. 

 
 
 
activities (Deng et al., 2006; Ramakrishna et al., 2006). 
Surface mulching reduces evaporation and increases 
infiltration which result into more water availability for 
crop growth. Bayu et al. (2006) reported that the main 
effects of farm yard manure (FYM) and inorganic fertili-
zers were the increased stover yield by 8 - 21% and 14 - 
21%, respectively. Use of FYM with inorganic fertilizers, 
in addition to nutrient supply and improvement of soil 
physical conditions, checks N losses and conserves soil 
N by forming organic-mineral complexes, thus ensuring 
continuous N availability and greater yields 
(Satyanarayana et al., 2002). 
 
 
Nutrient uptake 
 
The mean values of nutrient sources have significant 
difference for N uptake by sorghum grain but not by 
stover (Table 2). The highest N uptake to grain was 
under N + P fertilizer treatment, and it was statistically 
superior to all other treatments. The combined use of 
compost or manure with ½ N + P fertilizer also gave 
significantly higher N uptake by grains as compared to 
their sole use. Nitrogen uptake both by grain and stover 
under  mulching  had  non-significant  difference  with  no 

mulch treatment, although greater values with mulching. 
Interaction of nutrient sources with mulch treatments was 
also non-significant for N uptake by both grains and 
stover. 

Bayu et al. (2006) found that inorganic fertilizer appli-
cation at 50 and 100% of the recommended rate 
increased N uptake in 14 and 20% in the grain; 10 and 
21% in the stover. Yang et al. (2004) reported the highest 
N uptake in wheat grain and straw with integrated nutrient 
application. Higher N uptake under N + P fertilizers was 
due to their fast release of nutrients rather than from 
organic sources. Sharma and Mittra (1991) reported that 
unlike mineral fertilizers, nutrients contained in organic 
manures are released more slowly and are stored for a 
longer time in the soil. 

Phosphorus uptake to sorghum is shown in Table 3, for 
both grain and stover there was significantly higher P 
uptake with mulching as compared to no-mulch treat-
ment. All the nutrient management treatments were 
statistically similar for P uptake to grain, and the highest 
value was obtained with full N + P fertilizer that showed 
103% increase over control. Phosphorus uptake values 
of stover under nutrient management treatments were 
statistically alike with control at p � 0.05. Similarly, inte-
raction   of  mulching  with  nutrient  treatments  was  also  
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Table 3. Effect of integrated nutrient management and mulching on P uptake by sorghum. 
 

P Uptake by grain (g pot-1) P Uptake by stover (g pot-1) 
Nutrient sources 

Mulch No mulch Means Mulch No mulch Means 
Control 0.06 NS 0.06 0.06 B* 0.010 NS 0.010 0.010 NS 
Full N + P fertilizer 0.11 0.11 0.11 A 0.043 0.023 0.033 
Compost 0.10 0.09 0.09 A 0.017 0.010 0.013 
Manure 0.10 0.09 0.09 AB 0.027 0.017 0.022 
½ N + P + compost 0.13 0.10 0.11 A 0.017 0.010 0.013 
½ N + P + manure 0.12 0.10 0.11 A 0.017 0.013 0.015 
Means 0.10 A* 0.09 B  0.022 A* 0.014 B  

 

* Means in a column/row followed by same letter(s) are statistically non-significant at p � 0.05; NS Non-significant difference 
among means or interactions of treatments at p � 0.05. 

 
 
 

Table 4. Effect of integrated nutrient management and mulching on water use efficiency. 
 

Quantity of water used (L) Water use efficiency (kg m-3) 
Nutrient sources 

Mulch No mulch Means Mulch No mulch Means 
Control 17.1 g* 22.8 c 19.9 D** 1.29 NS 0.81 1.05 D** 
Full N + P fertilizer 23.3 c 26.4 a 24.9 A 1.90 1.51 1.71 A 
Compost 18.3 f 23.3 c 20.8 C 1.69 1.18 1.45 BC 
Manure 19.6 e 23.1 c 21.4 C 1.71 1.17 1.44 C 
½ N + P + compost 21.6 d 25.5 b 23.85 B 2.04 1.32 1.68 AB 
½ N + P + manure 21.4 d 24.9 b 23.2 B 1.97 1.39 1.68 AB 
Means 20.2 B** 24.3 A  1.77 A** 1.23 B  

 

* Interaction means of nutrient sources with mulch / no mulch treatments having similar letter(s) are statistically non-significant at p � 0.05; ** 
Means in a column/row followed by same letter(s) are statistically non-significant at p � 0.01. NS Non-significant difference among means or 
interactions of treatments at p � 0.05. 

 
 
 
statistically non-significant. Parmar and Sharma (1996) 
found that P uptake increased with a higher amount of P 
fertilizer under mulch conditions. 
 
 
Quantity of water used and water use efficiency 
 
Total quantity of water used by plants under mulched and 
non-mulched treatments is shown in Table 4; no-mulch 
treatment consumed significantly higher quantity of water. 
Figure 1 shows that starting from 20 DAS and throughout 
the study period of 90 days water used by non-mulch 
treatment increased. It was mainly due to more evapo-
ration from the bare soil surface without mulch. Use of 
surface organic mulch (straw) can result in storing more 
precipitation water in soil by reducing storm runoff, 
increasing infiltration, and decreasing evaporation 
(Schertz and Kemper, 1998). It was also reported that 
straw mulch increased soil water storage, decreased soil 
evaporation and increased plant transpiration (Raeini-
Sarjaz and Barthakur, 1997). The mulch layer on the field 
surface reduces the intensity of turbulent exchange bet-
ween the atmosphere and soil water, which causes soil 
moisture to be prevented from evaporating, and thus 
reduces  ineffective  water  consumption (Dong and Qian, 

2002). Ahmad et al. (2007) indicated that increased rate 
of wheat straw mulch from 1 to 4 t ha-1 enhanced the soil 
water contents progressively at various stages of crop 
growth. 

Data in Table 4 also presents a comparison of various 
nutrient management treatments. With full rate of N + P 
fertilizers a higher quantity of water was used by the crop. 
Bar diagram shown in Figure 2 shows that the N+P 
fertilizer treatment (T2) used more water than the 
integrated nutrient treatments (T5 and T6) did, but the 
yield of N+P fertilizer treatment was at par with these 
treatments. This was due to the fact that chemical 
fertilizers being a quick source of nutrients enhanced the 
vegetative growth of plants which resulted in more 
transpiration compared to that with organic fertilizers. 
Increasing N fertilization up to 100 or 150 kg ha_1 resulted 
in more forage and dry matter production (Turgut et al., 
2005). 

Organic matter retains more water and releases 
nutrients slowly than the chemical fertilizers do. Compost 
or manure along with ½ N + P fertilizer used compara-
tively less amounts of water during sorghum growth but 
they gave grain yield similar to that with full N + P 
fertilizer. The application of FYM has been reported to 
improve soil physical and chemical conditions and to help 
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Figure 1. Water used affected by mulch and non-mulch treatments during sorghum growth.  
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Figure 2.  Total amount of water used by integrated nutrient management treatments during sorghum 
growth period. T1= Control; T2= Full N + P fertilizer; T3= Compost; T4= manure; T5= ½ N + P + compost; 
T6= ½ N + P + manure. 

 
 
 
soil moisture conservation (Sattar and Gaur, 1989; Son et 
al., 1995). 

Water use efficiency (WUE) was significantly higher 
with mulching as compared to non-mulch treatment 
(Table 4). Among nutrient management treatments, the 
highest WUE was recorded for full N + P fertilizer that 
was statistically at par with ½ N + P + compost and ½ N + 
P + manure. This was due to the fact that grain yields 
with these treatments were statistically similar. Nutrient 
deficiencies can reduce water use efficiency due to 
reduced yield and greater soil evaporation. Zaongo et  al. 

(1997) reported 27% increase in WUE with mulch 
treatments. Huang et al. (2005) reported that straw mulch 
decreased evapo-transpiration and increased water use 
efficiency. Mulches modify the microclimate and growing 
conditions of crops (Albright et al., 1989), conserve more 
water and increase water use efficiency (Zhao et al., 
1996). Mulches increase WUE as these reduce the soil 
water evaporation by reducing soil temperature, impeding 
water vapour diffusion, absorbing water vapor onto mulch 
tissue and reduce wind speed gradient at the soil-
atmosphere interface (Sauer et al., 1996). 



 

 
 
 
 
Conclusions 
 
From the results of this study it was found that mulching 
is effective in enhancing the sorghum yield, phosphorus 
uptake and water use efficiency by the crop. Similarly, 
synergistic uses of organic and mineral nutrient sources 
also improve these attributes to the level of full NP 
fertilizer. Therefore, application of organic matter either 
as mulch or as supplementary nutrient source bears a 
significant beneficial impact on soil water conservation 
and nutrient supply for crop production. 
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