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ABSTRACT 

Two field experiments were carried out during 
growing seasons 2010 and 2011, it executed in 
research farm of national research center in 
Nubaryia region, Egypt to study the effect of 
pulse drip irrigation and mulching systems for 
saving water, increasing and improving yield of 
soybean. The study factors were, pulse drip ir-
rigation technology (adding of daily water re-
quirements on 4 times, 8 times, 12 times com-
pared with adding of daily water requirements 
on 1 time) and mulching systems (covering the 
soil with black plastic mulch “BPM”, rice straw 
mulch “RSM” and the control treatment was soil 
surface without mulch “WM”). The following pa- 
rameters were studied to evaluate the effect of 
pulse drip irrigation and mulching systems: 1) 
Soil moisture distribution in root zone, 2) 
Growth characters of soybean plant, 3) Yield of 
soybean, 4) Irrigation water use efficiency of 
soybean “IWUE soybean”, and 5) Oil content 
and oil yield, 6) Protein content and protein yield, 
7) Economical parameter. According to the eco- 
nomical view and the results of statistical ana- 
lysis for effect of pulse drip irrigation and mul- 
ching systems on yield, quality traits and IWUE 
soybean indicated that, applying the irrigation 
requirements on 8 pulses/day with using BPM is 
the best conditions because under these condi-
tions was occurred the highest value of yield, 
quality traits and IWUE soybean and there was 
significant deference between this case and 
other treatments. Where, pulse irrigation tech-
nique increase from water movement in hori-
zontal direction than vertical direction hence 

improve from soil moisture distribution and 
wetted soil volume in root zone and using BPM 
decrease from evaporation process rate from 
soil surface hence decreasing of salts accumu-
lation in addition to decreasing of weed growth 
in the root zone. All traits at AIR on 12 pulses/ 
day are decreased by increasing of pulses, this 
may be due to irrigation water was very small 
with every pulse at AIR on 12 pulses/day in ad-
dition increasing the total time of time-off, this 
mean, un-sufficient application for irrigation wa- 
ter to remove water stress in the root zone. 
 
Keywords: Pulse Irrigation; Mulching Systems; 
Water Use Efficiency; Soybean Oil and Protein 

1. INTRODUCTION 

Pulse drip irrigation technology is applied all over the 
world because it has positive effects on increasing yield, 
improving quality, saving water, and reducing from 
clogging emitters, etc. Pulsing irrigation refer to the pra- 
ctice of irrigating for a short period then waiting for an-
other short period, and repeating this on-off cycle until 
the entire irrigation water is applied [1]. If the drip sys-
tem drains out after each irrigation, break the irrigation 
down into the longest pulses possible to reduce losses to 
drainage. Redesign the irrigation system if the wetted 
area is too small (limiting) and pulsing is not an option 
[2]. 

Based on reports from other states (where soil types 
are different), it is often believed that the size of the wet-
ted zone can be increased if irrigation is pulsed [1]. Pulse 
irrigation system, irrigating amount and timing are the 
objectives for reducing run off, decreasing percolation of 
water beneath the root zone and reducing water evapora-
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tion after irrigation [3]. Applying irrigation water in 
stages or pulses rather than all at one time can save water 
by giving the media time to moisten from the first pulse 
of water thereby allowing it to absorb subsequent irriga-
tion more readily and reducing the total amount of water 
required [4]. High irrigation frequency might provide 
desirable conditions for water movement in soil and for 
uptake by roots [5]. 

Continuous water application is associated with in-
creased water percolation under root zone. Intermittent 
irrigation strategy based on discharge pulses followed by 
breaks could improve water management in the field and 
increase irrigation efficiency [6]. [5,7] reported that high 
frequency or long lasting, low discharge irrigation can 
increase water use and yields of crops by providing de-
sirable conditions for water movement in soil and for 
uptake by roots. As soil water conditions become more 
constant, plants are able to utilize water and increase 
production. Further study is necessary to evaluate these 
finding on other crops and to develop economically fea-
sible methods for low discharge and high frequency irri-
gation. The studies resulted in the fact that, under the 
experiment alternatives with low-volume pulse water 
application close to the evapotranspiration, the yields of 
cultivated crops (clover, rye grass, timothy, fescue, tip 
onion, lettuce) were usually 1.3 - 2.5 times higher than 
the yields of crops grown under traditional regular irriga-
tion [8]. 

Mulch is a protective layer of either organic or inor-
ganic material that is spread on the top soil to: 1) reduce 
the moisture loss from the soil by preventing evaporation 
from sunshine and desiccating winds, 2) prevent weed 
growth, 3) improve soil condition, 4) provide home for 
earthworms and natural enemies found in the soil, 5) 
reduce soil compaction from the impact of heavy rains. 
Mulch helps regulate soil temperature by shading it in 
the summer thus keeping it cooler and helps insulate it in 
the winter from chilling winds. This temperature regu-
lating effect helps encourage the root growth of plants, 
and prevent soil erosion [9]. Agriculture with mulch in 
the tropics promotes plant health and vigor. Mulching 
improves nutrient and water retention in the soil, en-
courages favorable soil microbial activity and worms, 
and suppresses weed growth. When properly executed, 
mulching can significantly improve the well-being of 
plants and reduce maintenance as compared to bare soil 
culture. Mulched plants have better vigor and, conse-
quently have improved resistance to pests and diseases 
[10]. Using plastic mulches at 200 and 150 mm, two lay-
ers of cattail or rice straw mulch, and hand hoeing for 
controlling weeds resulted in the highest yield per tree 
without significant differences between these treatments 
[11]. Soybean (Glycine max) is one of the most important 
world crops and is grown for oil and protein. Present 

world production is about 176.6 million tons of beans 
over 75.5 million ha. The crop is mainly grown under 
rain fed conditions but irrigation, specifically supple-
mental irrigation, is increasingly used [12]. 

The objective of this study was to investigate the ef-
fect of pulse drip irrigation and mulching systems for 
increasing yield, irrigation water use efficiency and im-
provement of quality traits for soybean crop in arid and 
semi-arid regions. 

2. MATERIALS AND METHODS 

2.1. Site Description 

Field experiments were conducted during two wheat 
seasons from May to September of 2010-2011 at the ex-
perimental farm of National Research Center, El-Nuba- 
ria, Egypt (latitude 30.8667 N, and longitude 31.1667 E, 
and mean altitude 21 m above sea level). The experi-
mental area has an arid climate with cool winters and hot 
dry summers prevailing in the experimental area. Table 1 
summarizes the monthly mean climatic data for the two 
growing seasons 2010 and 2011, respectively, for El- 
Nubaria city, which are nearly the same. The data of 
maximum and minimum temperature, relative humidity, 
and wind speed were obtained from “weather station 
inside the farm”. There was not rainfall that could be 
taken into consideration through the two seasons, be-
cause the amount was very little and the duration didn’t 
exceed few minutes. 

Estimation the seasonal irrigation water for soybean 
plant (Giza 111): seasonal irrigation water was estimated 
according to the meteorological data of the Central La- 
 
Table 1. Summarizes the monthly mean climatic data for the 
two growing seasons 2010 and 2011, for El-Nubaria city. 

Precipitation HC air temperature 
HC relative 

humidity 

[mm] [˚C] [%] Date 

sum average minimum maximum average 

May/2010 0.0 21.4 15.4 28.8 65.8 

Jun/2010 0.0 24.3 18.7 30.5 69.6 

Jul/2010 0.19 26.63 20.62 33.19 73.16 

Aug/2010 0.1 26.4 20.5 32.8 73.2 

Sep/2010 0.19 25.06 19.05 32.22 75.13 

May/2011 0.05 22.46 15.65 30.72 73.81 

Jun/2011 0.0 25.3 19.6 31.9 80.2 

Jul/2011 0.0 27.7 22.1 33.8 80.1 

Aug/2011 0.0 27.5 21.7 34.1 79.6 

Sep/2011 0.00 24.99 19.34 31.51 80.20 
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boratory for Agricultural Climate (CLAC) depending on 
Penman-Monteith equation was shown in Figure 1, the 
seasonal irrigation water applied was found 3385 m3/fed. 

2.2. Soil Physical and Chemical Properties 

Properties of soil and irrigation water for experimental 
site are presented in Tables 2-4. 

2.3. Irrigation System Components 

Irrigation system components consisted of control 
head, pumping and filtration unit. It consists of submer- 
sible pump with 45 m3/h discharge and it was driven by 
electrical engine and screen filter and back flow preven 
 

 

Figure 1. The relation between growth of soybean plant and 
irrigation water requirements. 
 
Table 2. Chemical and mechanical analyses of soil. 

Mechanical analysis Chemical analysis 

Te
xt

ur
e 

Fine 
sand 

Course 
sand 

CaCO3 Clay + Silt
% 

EC 
(dSm−1) 

pH 
(1:2.5) 

OM 
(%) 

Depth 

2.49 49.75 47.76 7.020.35 8.7 0.65 0 - 20 

3.72 39.56 56.72 2.340.32 8.8 0.40 20 - 40 

S
an

dy
 

3.84 59.40 36.76 4.680.44 9.3 0.25 40 - 60 

 
Table 3. Characteristics of soil. 

Hydraulic  
conductivity (cm/hr)

A.W (%) W.P (%)F.C (%) SP (%) Depth 

22.5 5.4 4.7 10.1 21.0 0 - 20 

19.0 7.9 5.6 13.5 19.0 20 - 40 

21.0 7.9 4.6 12.5 22.0 40 - 60 

 
Table 4. Chemical characteristics of irrigation water. 

Cations and anions (meq/L) 

Anions Cations 

S
A

R
%

 

2SOCl− 3HCO  3CO  K+Na+ Mg2+ Ca2+ 

EC 
(dSm−1) 

pH 

2.81.32.7 0.1 0.22.4 0.5 1 0.41 7.35 

tion device, pressure regulator, pressure gauges, flow- 
meter, control valves. Main line was of PVC pipes with 
110 mm in diameter (OD) to convey the water from the 
source to the main control points in the field. Sub-main 
lines were of PVC pipes with 75 mm diameter (OD) was 
connected to the main line. Manifold lines: PE pipes 
were of 63 mm in diameter (OD) was connected to the 
sub main line through control valve 2 and discharge 
gauge. Emitters, built in laterals tubes of PE with 16 mm 
diameter (OD) and 30 m in long emitter discharge was 4 
lph at 1.0 bar operating pressure and 30 cm spacing be-
tween emitters. 

2.4. Components of Mulch 

2 layers of rice straw mulch (6 cm deep) = 15 tons/ha 
and black Plastic mulch (BPM) 200 mm thickness was 
used. 

2.5. Experimental Design 

Experimental design and treatments was split plot with 
three replications. Pulse drip irrigation (adding of daily 
water requirements on 4 times, 8 times, 12 times com-
pared with adding of daily water requirements on 1 time) 
in main plots and mulching systems (covering the soil 
with black plastic mulch, rice straw mulch and the con-
trol treatment was soil surface without mulch) in sub- 
main plots. 

2.6. Methods 

Soil moisture content was determined according to 
[13]. The soil samples were taken at maximum actual 
water requirements by profile probe before and 2 hours 
after irrigation and from different locations. In the case 
of 30 cm emitter space the sample locations were at 5, 10, 
and 15 cm on the X-direction (space between the emit-
ters). For each of these locations, soil samples were co- 
llected from different depths from soil surface, which 
were 0, 15, 30 and 45 cm on the Y-direction. By using 
“contouring program Surfer version 8”, we obtained on 
contouring maps for different moisture levels with dep- 
ths. 

Irrigation water use efficiency of Soybean crop 
(IWUESoybean crop) was calculated according to [14] as 
follows: IWUESoybean crop (kggrain/m

3
water) = Total yield, 

(kggrain/fed.)/Total applied irrigation water, (m3
water/fed./ 

season). 
Leaf area = leaf length × maximum leaf width × 0.75 

according to [15] and chlorophyll content was estimated 
by Span device. 

Costs of mulching materials LE/fed., 1) cost of rice 
straw mulch = price of rice straw + cost of transport of 
rice straw + Labor, 2) cost of black plastic mulch = price 
of black plastic sheet + cost of transport of black plastic - 
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sheet + Labor, and 3) cost with no mulch = cost of weed 
control. 

Seed oil %: was determined by soxhlet apparatus us-
ing petroleum ether (40˚C - 60˚C b.p) according to [16] 
and oil yield (kg/fed) was calculated by seed yield 
(kg/fed) × seed oil (%). 

Total N-content in seeds determined and protein % 
was calculated by multiplying N-content by 6.25 accor- 
ding to [17], protein yield/fed. Calculated by multiply 
protein % × seed yield/fed.  

Statistical analysis: the standard analysis of variance 
procedure of split-split plot design with three replications 
as described by [18] was used. All data were calculated 
from combined analysis for the two growing seasons 
2010 and 2011. The treatments were compared according 
to L.S.D. test at 5% level of significance. 

3. RESULTS AND DISCUSSION 

3.1. Soil Moisture Distribution in Root Zone 

Figures 2-4 indicated the effect of number of irriga-
tion pulses and mulching systems on soil moisture dis-
tribution in the root zone (SMDRZ). SMDRZ is im-
proved after irrigation and before the next irrigation by 
increasing number of irrigation pulses per day than app- 
lying of irrigation requirements continuously (AIRC) and 
applying of irrigation requirements (AIR) on 12 pulses. 

SMDRZ is improved also with using black plastic 
mulch (BPM) and rice straw mulch (RSM) respectively 
compared with control treatment (without mulch “WM”). 
Increasing of SMDRZ by increasing number of irrigation 
pulses this may be due to increasing number of pulses 
will increase from water movement in horizontal direc-
tion than vertical direction. These results are agreement 
with those obtained by [1,2,6,19-21]. Not only SMDRZ 
is improved by increasing number of pulses but also 
wetted soil volume (more than or equal field capacity 
“WSV≥FC”) is increased. Increasing of WSV≥FC in the 
root zone will increase from volume of available water in 
root zone. 

WSV≥FC decreased after AIR on 12 pulses this due to 
apply small amount of irrigation water with more pulses 
with increasing in time-off will decreased from WSV≥FC. 
Improving of SMDRZ with using BPM and RSM com-
pared with without mulch this may be due to increase of 
initial moisture content before irrigation. Increasing of 
initial moisture content in the root zone before the irriga-
tion occurred with using BPM and RSM only this due to 
decrease in evaporation process from soil surface. 

3.2. Growth Characters of Soybean Plant 

Data illustrated in Table 5 shows the effect of number 
of irrigation pulses and mulching systems on the main 
growth parameters of soybean plants. Effect of the first 

factor (pulse irrigation technique) on main growth pa-
rameters of soybean plants was positive and significant 
where, the highest values of growth parameters occurred 
by AIR on 4 pulses and 8 pulses respectively. Effect of 
the second factor (mulching systems) on main growth 
parameters of soybean plants also was positive and sig-
nificant where, the highest values of growth parameters 
occurred by using BPM and RSM respectively compared 
with control treatment (without mulch).  

Table 5 shows clearly that the effect of interaction 
between pulse drip irrigation and mulching systems on 
main growth parameters of soybean plants also was posi-
tive and significant where, the highest values of growth 
parameters occurred by AIR on 8 pulses per day and us-
ing BPM. Increasing the values of growth parameters by 
AIR on 8 pulses per day and using BPM this may be due 
to improve in SMDRZ and increasing of WSV≥FC in the 
root zone and using BPM will decrease from evaporation 
process from soil surface and salt accumulation. These 
results are agreement with those obtained by [22]. 

3.3. Seed Yield of Soybean 

Seed yield is the main goal from any development in 
agriculture. Table 6 shows the effect of number of irriga-
tion pulses and mulching systems on soybean yield.  

Effect of the first factor (pulse irrigation technique) on 
soybean yield was positive and significant where, the 
highest values of soybean yield were 1.67 (ton/fed.) and 
1.61 (ton/fed.) occurred by AIR on 4 pulses and 8 pulses 
respectively and there are no significant deference be-
tween AIR on 4 pulses and 8 pulses. 

Effect of the second factor (mulching systems) on 
soybean yield also was positive and significant where, 
the highest value of soybean yield was 1.71 (ton/fed.) 
occurred by using BPM and there are significant defer-
ence between using BPM and other treatments. 

Figure 5 and Table 6 show the effect of interaction 
between pulse drip irrigation and mulching systems on 
soybean yield. The highest value of soybean yield was 
2.2 (ton/fed.) occurred by using AIR on 8 pulses per day 
and using BPM and there are significant deference be-
tween theses conditions and other treatments. Increasing 
the value of soybean yield by AIR on 8 pulses per day 
and using BPM this may be due to the increasing in the 
available nutrients in the root zone and these nutrients 
will be more available for plant by improvement of 
SMDRZ and increasing of WSV≥FC in the root zone and 
also using BPM will decrease from evaporation process 
from soil surface and salt accumulation. In general, val-
ues of soybean yield increased by increasing number of 
irrigation pulses under BPM and RSM until AIR on 8 
pulses/day and than values of soybean yield decreased at 
AIR on 12 pulses/day, this may be due to irrigation water  
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Figure 2. Soil moisture distribution without mulch. AIRC: Appling of Irrigation Requirements Continuously. 
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Figure 3. Soil moisture distribution rice straw mulch. AIRC: Appling of Irrigation Requirements Continuously. 
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Figure 4. Soil moisture distribution black plastic mulch. AIRC: Appling of Irrigation Requirements Continuously. 
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Figure 5. Interaction between pulse drip irrigation and mulching systems on seed yield of soybean. 
 
Table 5. Effect of experimental treatments on the wheat growth 
parameters. 

was very small with every pulse at AIR on 12 pulses/day 
in addition increasing the number of time-off and this 
mean, un-sufficient application for irrigation water to 
remove water stress in the root zone. Under no mulch 
and after AIR on 4 pulses/day, the values of soybean 
yield decreased by increasing number of irrigation pulses 
this may be due to increasing of evaporation process rate 
from soil surface by increasing number of irrigation 
pulses and increasing of time-off, this mean, concentra-
tion the salts around the plant which increase from os-
motic potentional, hence increasing in probability of 
plasmolysis (loss of water through osmosis is accompa-
nied by shrinkage of protoplasm away from the cell wall) 
hence decreasing from yield of soybean. 

 
Dry  

weight/ plant, (g) 
Leaves  

area/plant, cm2 
Chlorophyll 
content, %

Pulsed drip irrigation technique 

AIRC/day 103.89 5876.3 30.61 

AIR on 4 pulses/day 112.67 6328 37.80 

AIR on 8 pulses/day 111.22 6178 36.16 

AIR on 12 pulses/day 94.11 5539.2 24.51 

L.S.D. at 5% level 2.35 13.72 0.61 

Mulching systems 

WM 97.42 5558.3 25.98 

RSM 107.75 5921.8 33.02 

BPM 111.25 6461 37.81 

L.S.D. at 5% level 2.47 8.49 0.81 

Interaction between pulse drip irrigation and mulching systems 

WM 100.33 5825.3 27.20 

RSM 105.00 5887.3 31.67 AIRC/day 

BPM 106.33 5916.3 32.97 

WM 110.33 5954.3 34.33 

RSM 112.00 6007.7 36.33 
AIR on 4 

pulses/day 

BPM 115.67 7022.0 43.03 

WM 99.00 5434.0 23.03 

RSM 114.33 6045.0 40.03 
AIR on 8 

pulses/day 

BPM 120.33 7055.0 45.40 

WM 80.00 5020.0 19.67 

RSM 99.67 5747.0 24.03 
AIR on 12 
pulses/day 

BPM 102.67 5850.7 29.83 

L.S.D. at 5% level 4.95 16.98 0.61 

3.4. Irrigation Water Use Efficiency 

Irrigation water use efficiency is the main goal from 
any development in agriculture is saving water. Table 6 
shows the effect of number of irrigation pulses and mul- 
ching systems on IWUESoybean. 

Effect of the first factor (pulse irrigation technique) on 
IWUESoybean was positive and significant where, the high- 
est values of IWUESoybean were 0.478 (kgseed/m

3
water) oc- 

curred by AIR on 4 pulses and 8 pulses and there are no 
significant deference between AIR on 4 pulses and 8 
pulses. 

Effect of the second factor (mulching systems) on 
IWUESoybean also was positive and significant where, the 
highest value of IWUESoybean was 0.492 (kgseed/m

3
water) 

occurred by using BPM and there are significant defer-
ence between using BPM and other treatments.  

Figure 6 and Table 6 clearly that the effects of inter-
action between pulse drip irrigation and mulching sys-
tems on IWUESoybean. The highest value of IWUESoybean 
was 0.633 (kgseed/m

3
water) occurred by using AIR on 8 

pulses per day and using BPM and there are no signifi-
cant deference between these conditions and other treat-
ments. Increasing the value of IWUESoybean by AIR on 8 
pulses per day and using BPM this due to the increasing 
in soybean yield and this mean, the highest value of 
soybean yield (2.2 ton/fed.) occurred under AIR on  

RSM: Rice Straw Mulch, BPM: Black Plastic Mulch, WM: Without Mulch, 
AIRC: Appling of Irrigation Requirements Continuously, AIR: Appling of 
Irrigation Requirements. 
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Figure 6. Interaction between pulse drip irrigation and mulching systems on irrigation water use efficiency of soybean. 
 
Table 6. Effect of experimental treatments on the soybean yield and irrigation water use efficiency. 

 Seed yield, ton/fed. IWUE Soybean, kg seed/m
3

water 

Pulsed drip irrigation technique 

AIRC / day 1.36 0.389 

AIR on 4 Pulses/ day 1.67 0.478 

AIR on 8 Pulses/ day 1.61 0.478 

AIR on 12 Pulses/ day 1.02 0.300 

L.S.D. at 5% level 0.06 0.051 

Mulching systems 

WM 1.08 0.317 

RSM 1.46 0.425 

BPM 1.71 0.492 

L.S.D. at 5% level 0.04 0.027 

Interaction between pulse drip irrigation and mulching systems 

WM 1.13 0.333 

RSM 1.40 0.400 AIRC / day 

BPM 1.53 0.433 

WM 1.53 0.433 

RSM 1.67 0.500 AIR on 4 Pulses/ day 

BPM 1.80 0.500 

WM 0.90 0.300 

RSM 1.73 0.500 AIR on 8 Pulses/ day 

BPM 2.20 0.633 

WM 0.73 0.200 

RSM 1.03 0.300 AIR on 12 Pulses/ day 

BPM 1.30 0.400 

L.S.D. at 5% level 0.08 0.054 

RSM: Rice Straw Mulch, BPM: Black Plastic Mulch, WM: Without Mulch, AIRC: Appling of Irrigation Requirements Continuously, AIR: Appling of Irrigation 
equirements. R 
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8 pulses per day and using BPM compared with (1.13 
ton/fed.) under AIRC/day and without mulch (control 
treatment) under the same amount of irrigation water this 
mean, increasing degree in the yield was 50% which 
equal 1.07 ton/fed. 

3.5. Oil Content and Oil Yield 

Table 7 shows the effect of number of irrigation pulses 
and mulching systems on oil content and oil yield of  
 
Table 7. Effect of experimental treatments on the oil content, 
oil yield, protein content and protein yield. 

 
Seed yield, 

ton/fed. 

Oil  
content, 

% 

Oil 
yield, 

kg/fed. 

Protein 
content,

% 

Protein 
yield,

kg/fed.

Pulsed drip irrigation technique 

AIRC/day 1.36 17.69 240.58 29.38 399.57

AIR on 4 pulses/day 1.67 19.77 330.16 34.53 576.65

AIR on 8 pulses/day 1.61 19.37 311.86 34.73 559.15

AIR on 12 pulses/day 1.02 16.04 163.61 25.09 255.92

L.S.D. at 5% level 0.06 0.5 14.36 1 26.02

Mulching systems 

WM 1.08 16.94 182.95 28.38 306.50

RSM 1.46 18.26 266.60 31.02 452.89

BPM 1.71 19.45 332.60 33.4 571.14

L.S.D. at 5% level 0.04 0.57 8.1 1.14 15.09

Interaction between pulse drip irrigation and mulching systems 

WM 1.13 16.97 191.76 27.93 315.61

RSM 1.40 17.7 247.80 29.4 411.60AIRC/day 

BPM 1.53 18.4 281.52 30.8 471.24

WM 1.53 18.6 284.58 32.2 492.66

RSM 1.67 20.07 335.17 35.13 586.67
AIR on 4 

pulses/day 

BPM 1.80 20.63 371.34 36.27 652.86

WM 0.90 16.63 149.67 29.27 263.43

RSM 1.73 19.87 343.75 35.73 618.13
AIR on 8 

pulses/day 

BPM 2.20 21.6 475.20 39.2 862.40

WM 0.73 15.57 113.66 24.13 176.15

RSM 1.03 15.4 158.62 23.8 245.14
AIR on 12 
pulses/day 

BPM 1.30 17.17 223.21 27.33 355.29

L.S.D. at 5% level 0.08 1.31 18.07 2.63 34.84

RSM: Rice Straw Mulch, BPM: Black Plastic Mulch, WM: Without Mulch, 
AIRC: Appling of Irrigation Requirements Continuously, AIR: Appling of 
Irrigation Requirements. 

soybean. 
Effect of the first factor (pulse irrigation technique) on 

the oil content was positive and significant where, the 
highest values of oil content were 19.77% and 19.37% 
occurred by AIR on 4 pulses and 8 pulses respectively 
and there are no significant deference between AIR on 4 
pulses and 8 pulses. But there is significant deference 
between the highest values of oil yield. 

Effect of the second factor (mulching systems) on oil 
content and oil yield of soybean also was positive and 
significant where, the highest value of oil content and oil 
yield was 19.45% and 332.60 (kg/fed.) occurred by using 
BPM and there are significant deference between using 
BPM and other treatments.  

Figure 7 and Table 7 clearly that the effect of interac-
tion between pulse drip irrigation and mulching systems 
on oil content and oil yield of soybean. The highest value 
of oil content and oil yield of soybean was 21.6% and 
475.20 respectively occurred by using AIR on 8 pulses 
per day and using BPM and there are significant defer-
ence between theses conditions and other treatments. 
Increasing the value of oil content and oil yield by AIR 
on 8 pulses per day and using BPM this may be due to 
the increasing in the available nutrients in the root zone 
and these nutrients will be more available for plant by 
improvement of SMDRZ and increasing of WSV≥FC in 
the root zone and also using BPM will decrease from salt 
accumulation. 

3.6. Protein Content and Protein Yield 

Table 7 shows the effect of number of irrigation pulses 
and mulching systems on protein content and protein 
yield of soybean. 

Effect of the first factor (pulse irrigation technique) on 
the protein content was positive and significant where, 
the highest values of protein content were 34.73% and 
34.53% occurred by AIR on 8 pulses and 4 pulses re-
spectively and there are no significant deference between 
AIR on 8 pulses and 4 pulses. The highest values of pro-
tein yield were 576.65 and 559.15 (kg/fed.) occurred by 
AIR on 4 pulses and 8 pulses respectively and there are 
no significant deference between AIR on 4 pulses and 8 
pulses. 

Effect of the second factor (mulching systems) on 
protein content and protein yield of soybean also was 
positive and significant where, the highest value of pro-
tein content and protein yield was 33.4% and 571.14 
(kg/fed.) occurred by using BPM and there are signifi-
cant deference between using BPM and other treatments. 

Figure 8 and Table 7 clearly that the effect of interac-
tion between pulse drip irrigation and mulching systems 
on protein content and protein yield of soybean. The 
highest value of protein content and protein yield was 
39.2% and 862.40 (kg/fed.) respectively occurred by 
using AIR on 8 pulses per day and using BPM and there 
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are significant deference between theses conditions and 
other treatments. Increasing the value of oil content and 
oil yield by AIR on 8 pulses per day and using BPM this 
may be due to the increasing in the available nutrients in 
the root zone and these nutrients will be more available 
for plant by improvement of SMDRZ and increasing of 
WSV≥FC in the root zone and also using BPM will de-
crease from salt accumulation. 

3.7. Economical Parameter 

Figure 9 and Table 8 clearly that the effects of inter-
action between pulse drip irrigation and mulching sys-
tems on costs of mulching and total income−CMP (costs of 

mulching process) where, total income−CMP = total income − 
costs of mulching process only. The highest value of total 
income−CMP was 8660 LE/fed occurred by using AIR on  

 

 

Figure 7. Interaction between pulse drip irrigation and mulching systems on oil content and oil yield of soy-
bean. 

 

 

Figure 8. Interaction between pulse drip irrigation and mulching systems on protein content and protein yield 
of soybean. 

 

 

Figure 9. Effect of interaction between pulse drip irrigation and mulching systems on costs of mulching and 
total income−CMP. 
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Table 8. Effect of experimental treatments on costs of mulching 
process and total income−CMP. 

 
Costs of mulching, 

LE/fed. 
Total income−CMP, LE/fed.

Pulsed drip irrigation technique 

AIRC/day 2533 5586 

AIR on 4 pulses/day 2533 7480 

AIR on 8 pulses/day 2533 7153 

AIR on 12 pulses/day 2533 3573 

L.S.D. at 5% level N.S. 371 

Mulching systems 

WM 600 5840 

RSM 2000 6775 

BPM 5000 5230 

L.S.D. at 5% level 0.05 241.9 

Interaction between pulse drip irrigation and mulching systems 

WM 600 6180 

RSM 2000 6440 AIRC/day 

BPM 5000 4140 

WM 600 8660 

RSM 2000 8080 
AIR on 4 
pulses/day 

BPM 5000 5700 

WM 600 4800 

RSM 2000 8360 
AIR on 8 
pulses/day 

BPM 5000 8200 

WM 600 3620 

RSM 2000 4220 
AIR on 12 
pulses/day 

BPM 5000 2880 

L.S.D. at 5% level 0.06 483.9 

RSM: Rice Straw Mulch, BPM: Black Plastic Mulch, WM: Without Mulch, 
AIRC: Appling of Irrigation Requirements Continuously, AIR: Appling of 
Irrigation Requirements. 
 
4 pulses per day with WM. Although, mulching with 
black plastic is very expensive but, there are no signifi-
cant deference between this value (8660 LE/fed) and 
8360 LE/fed and 8200 LE/fed with AIR on 8 pulses/day 
+ RSM and AIR on 8 pulses/day + BPM respectively. So, 
and according to economical view, AIR on 8 pulses/day 
+ BPM is the best conditions because under these condi- 
tions was occurred the highest value of soybean yield 
under the same amount of irrigation water. 
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