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ABSTRACT

Field experiment was conducted for one grow-
ing season (2012) in clay loam soil at the Ex-
perimental Farm of Faculty of Agriculture, Sou-
thern lllinois University at Carbondale (SIUC),
USA on soybean crop to study the effect of: 1)
the closed drip irrigation system: closed circuits
with one and two a manifolds for lateral lines
(CM1DIS; CM2DIS) and traditional drip irrigation
system (TDIS) as a control; and 2) lateral lines
length (LLL): LLL1, LLL2 and LLL3 (40, 60, 80 m)
on soybean growth, yield, oil, protein content
and water use efficiency. Plants were drip irri-
gated every 4 days. N, K,O and P,Os fertilizers
were added via irrigation water. Data obtained
could be outlined as follows: 1) According to the
mean values of soybean crop growth (leaf area;
plant height), yield (grain and straw), both oil and
protein content and water use efficiency, the
treatment used could be ranked in the following
ascending orders: TDIS < CM1DIS < CM2DIS and
LLL3<LLL2<LLL1; 2) Differences in the means
of the studied data among treatments used were
significant at the 1% level; 3) The effects of the
DIC x LLL on the data obtained were significant
at the 1 % level; and 4) The highest values of the
obtained data and the lowest ones were achi-
eved in the following interactions: CM2DIS x
LLL1; TDIS x LLL3, respectively.

Keywords: Closed Circuits; Drip Irrigation; Lateral
Lines; Soybean; WUE

1. INTRODUCTION

Soybean is one of the most important world crops. It is
grown for oil and protein [1]. It had been mentioned that
the present world production is about 6.2 million tons of
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seed over 45 million ha. According to [1] the growth
periods most sensitive to water deficit of soybean are the
last part of the flowering stage and the early part of the
yield formation (pod development). When water supply
is limited, saving in water can be made by reducing the
supply during the vegetative period and near crop matur-
ity. [2] mentioned that irrigation is an important and an
increasingly common practice in Georgia and other
southeastern states for soybean production, as shown by
an expansion in irrigated acreage from almost 9000 ha in
2000 to more than 40,000 in 2008. Soybean yield had
been reported as low as 807 kg-ha ' in 1980 and as high
as 2220 kg-ha ' in 2003 [3]. This large difference are
mainly due to droughts, evidencing the need for supple-
mental irrigation in Georgia, despite humid climate. Se-
veral studies conducted for a wide range of environ-
ments have demonstrated that soybean yield increases
with irrigation [4-7].

Closed drip irrigation circuits have used in attempts to
overcome the drop in pressure at the end of the lateral
line of drip irrigation system. [8-13] carried out labora-
tory and field experiments to study the effects of: Closed
drip irrigation circuit with one manifold for lateral lines
(CM1DIS), with two manifolds for lateral lines (CM2-
DIS); traditional drip irrigation system as a control
(TDIS) and lateral lines and length (LLL) of 40, 60, 80 m
(LLL1, LLL2, LLL3) and their interactions on some hy-
draulic characteristics of the irrigation system, corn yield,
water, fertilizer use efficiency per unit of irrigation water
and fertilizer used. Their data could be summarized in
the following: 1) Relative to TDIS, both CM2DIS and
CMIDIS improved the studied hydraulic characteristics
(pressure head, friction loss, flow velocity, lateral dis-
charge, uniformity coefficient; coefficient of variation),
corn yield and use efficiency of both water and fertilizer;
2) The mean effects of both DIC and LLL treatments on
the studied parameters were significant at the 1%; 3) The
effect of DIC x LLL on the parameters under investiga-
tion were significant at the 1% level; and 4) concerning
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the improving effect on the investigated parameters, the
treatments could be stated in the following increasing
orders: TDIS < CMIDIS < CM2DIS and LLL3 < LLL2
<LLLI.

2. MATERIAL AND METHODS

The field experiments design was split in randomized
complete block design with three replicates. Laboratory
tests carried out using three irrigation lateral lines L1, L2;
L3 (40, 60, 80 m) and the following three drip irrigation
circuits (DIC): 1) One manifold for lateral lines or closed
circuits with one manifold of drip irrigation system
(CMIDIS); 2) Closed circuits with two manifolds for
lateral lines (CM2DIS); and 3) traditional drip irrigation
system (TDIS) as a control.

Tables 1-3 indicated there some (physical and chemi-
cal) characteristics of there the location and irrigation
water, respectively.

Irrigation networks include the following components
are: 1) Control head: It was located at the water source
supply. It consists of centrifugal pump 3"/3", driven by
electric engine (pump discharge of 80 m*/h and 40 m lift),
sand media filter 48" (two tanks), screen filter 2" (120
mesh), back flow prevention device, pressure regulator,
pressure gauges, flow-meter, control valves and chemical

Table 1. Some physical properties of the soil”.
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Injection; 2) Main line: PVC pipes of 75mm in (ID) @ to
convey the water from the source to the main control
points in the field; 3) Sub-main lines: PVC pipes of 75
mm in (ID) @ were connected to with the main line
through a control unit consists of a 2" ball valve and
pressure gauges; 4) Manifold lines: PVC pipes of 50 mm
in (ID) @ were connected to the sub main line through
control valves 1.5"; 5) Lateral lines: PE tubes of 16 mm
in (ID) @ were connected to the manifolds through be-
ginnings stalled on manifolds lines; 6) Emitters: These
emitters (GR) built in PE tubes 16 mm in (ID) @, emitter
discharge of 4 lh-1 at 1 atm, Operating pressure and 30
cm spacing in-between. The components of closed cir-
cuits of the drip system include, supply lines, control
valves, supply and return manifolds, drip lateral lines,
emitters, check valves and air relief valves/vacuum brea-
kers.

2.1. Irrigation Scheduling
Intervals of irrigation (I) in day were calculated using
the following equations:
I=d/ETc )

where: d = net water depth applied per each irrigation
(mm), and ETc = crop evapotranspiration (mm/day).

Sample Particle Size Distribution, % 6% (w/w) at

depth Texture class
cpth, cm C. Sand F. Sand Silt Clay E.C. W.P. AW.
0-15 3.4 29.6 39.5 275 C.L. 32.35 17.81 14.44
15-30 3.6 29.7 393 27.4 C.L. 33.51 18.53 14.98
30-45 3.5 28.5 38.8 28.2 C.L. 32.52 17.96 14.56
45 -60 3.8 28.7 39.6 279 C.L. 32.28 18.61 13.67

"Particle size distribution after [13] and moisture retention after [14]; C.L.: Clay Loam; F.C.: Field Capacity; W.P.: Wilting Point; A.W.: Available Water.

Table 2. Some chemical properties of the soil (saturated extracted)”.

Soluble cations, meq/L

Sample pH EC Soluble anions, meq/L
depth, cm 1:2.5 dS/m Ca? Mg* Na* K* co HCO;, o cr
0-15 7.3 0.35 1.5 0.39 1.52 0.12 0 0.31 1.52 1.67
15-30 7.2 0.36 1.51 0.44 1.48 0.14 0 0.41 1.56 1.63
30 -45 7.3 0.34 1.46 0.41 1.4 0.13 0 0.39 1.41 1.63
45-60 7.4 0.73 2.67 1.46 3.04 0.12 0 0.67 2.86 3.82
"Chemical properties after [15].
Table 3. Some chemical properties of irrigation water.
Soluble cations, meq/L Soluble anions, meq/1
pH EC dS/m SAR
Ca** Mg* Na* K* CO: HCO, SO} cr
7.3 0.37 0.76 0.24 2.6 0.13 0 0.9 0.32 2.51 1.14
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d=AMD-ASW-Rd-P ©)

where: AMD = allowable soil moisture depletion (%),
ASW = available soil water, (mm water/m depth), Rd =
effective root zone depth (m), or irrigation depth (m),
and p = percentage of soil area wetted (%).

AW (v/v%)=ASW (w/w%)-B.D. 3)

where: B.D. = soil bulk density (gm-cm ).
Irrigation Intervals used was 4 days under both closed
circuits and traditional drip irrigation systems.

2.2. Measuring the Seasonal
Evapotranspiration (ETc)

The (ETc) was computed using the Class Pan evapora-
tion method for estimating (ETo) on daily basis was
taken from nearest meteorological station as showing in
Table 4.

The modified pan evaporation equation to be used:

ETo = KpEp @)

where: ETo = reference evapotranspiration [mm-day '],
Kp = pan coefficient of 0.76 for Class A pan placed in
short green cropped and medium wind area. Ep = daily
pan evaporation (mm-day '), seasonal average is [7.5
mm-day '] [16].

The reference evapotranspiration (ETo) is then multi-
plied by a crop coefficient Kc at particular growth stage
to determine crop consumptive use at that particular
stage of maize growth.

Etc = EToKc %)

The reduction factor (Kr) was calculated using EQ.6.

Table 4. Water requirements for soybean grown at experimental site.

Kr = GC+1/2(1-GC) (6)

where: GC = ground cover percentage.
Irrigation efficiency (Ea) was calculated by

Ea = Ks'Eu @)
where: Ea = irrigation efficiency (%), Eu = emission uni-
formity (%) and Ks = reduction factor of soil wetted.

The gross irrigation water requirements IWRg (mm
depth) were calculated according to:

IWRg = IWRn-Ea + Lr (8)

where: IWRg = the gross irrigation water requirements,
IWRn = the net irrigation water requirements and Lr =
the extra amount of water needed for leaching.

Soybean seeds were (Glycine max-L, Rils-75) Varity
was cultivated on April 15", The distance between rows
was 0.7 m and 0.15 m between plants in the row. Plants
densities were 55,500 plants per fed according to (ISU).
Each row was irrigated by a single straight lateral line in
the closed circuits and traditional drip irrigation plots.
Figure 1 shows that the total experimental area was 4536
m”. Under each of the tested drip irrigation circuits, plot
areas of Lateral lines lengths were 168, 252 and 336 m’
under LLL1, LLL2 and LLL3, respectively. Soybean was
harvested on September 11. Irrigation season of Soybean
was ended 10 days before harvest. Fertilization program
had been done according to the recommended doses
throughout the growing season using fertigation tech-
nique. These amounts of fertilizers NPK (20-20-10),
were 74.6 kg/fed of N and 33.0 kg/fed of K,O. While
60.5 kg/fed of P,Os. For all plots, weed and pest con-
trol applications followed recommendations of Soybean
yield.

Month Apr. May Jun. Jul. Aug. Sep.

Epan (mm/day) 6.34 6.92 797 9.59 9.32 7.17

Kp 0.76

Kc 0.72 0.82 0.93 1.18 1.2 1.23

Kr 0.25 0.63 0.95 1 1 1

ETo (mm/day) 4.75 5.26 6.06 7.29 7.09 5.45

ETc (mm/day) 0.85 2.72 5.35 8.6 8.51 6.7

Ks 100% (1.00)

Eu 90% (1.11)

Lr 10%

Growth Planting ) ) ) ) )
Rapid vegetative growth Flowering-seed fill Maturation and harvesting

stage (Establishment)

Length of growth stage 15Apr.-14May 14May-13 Jun. 13Jun.-12 Aug. 12Aug.-11Sep.

Number of days (Irri. season) 30 30 61 31

IRn (mm/month) 15.0 92.8 176.6 293.3 290.2 81.1
IRg (mm/month) 493 158.8 198.6 264.5 268.2 273
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Scale: 1:2000
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Figure 1. Layout of the field experimental plots: using DIC, (CM2DIS, CM1DIS and TDIS); and (LLL; = 40 m; LLL, = 60 m

and LLL; = 80 m) treatments.

2.3. Measurements of Soybean Plant
Growth Yield and Quality

Plant measurements and observations were started 21
days after planting, and were terminated on the harvest
date. Yield and components including leaf area (cm®) by
Plano meter, plant height (cm) by meter measuring, total
grain and straw (Kg/fed) by balance; oil and protein
(g/kg). Oil and protein determined in Grain Quality
Laboratory using near-infrared analysis. All plant sam-
ples were dried at 65°C until constant weight. Grain yield
was determined by hand harvesting the 8 m sections of
three adjacent center rows in each plot and was adjusted
to 15.5% water content. In all treatments plots, the grain
yields of individual rows were determined in order to
evaluate the yield uniformity among the rows.

MSTATC program (Michigan State University) was
used to carry out statistical analysis. Treatments mean
were compared using the technique of analysis of vari-
ance (ANOVA) and the least significant difference
(L.S.D.) between systems at 1% [17].

3. RESULTS AND DISCUSSION

3.1. Leaf Area (cm?) and Plant Height
(cm)

Table 5 indicated the effects of DIC and LLL treat-
ments on leaf area and plant height, treatments used could
be ranked in following descending orders: CM2DIS >
CMIDIS < TDIS and LLL1 < LLL2 < LLL3. Diffe-
rences in leaf area and plant height between means of the
two factors studied were significant at the 1% level ex-
cept that between CM2DIS and CMI1DIS for both leaf
area and plant height and between LLL1 and LLL2 for
plant height. The effects of DIC % LLL on plant height
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and leaf area were significant at the 1% level. The supe-
riority of the studied growth parameters under (CM2DIS;
CMI1DIS relative to TDIS) and (LLL1; LLL2 relative to
LLL3) can be noticed. This superiority was due to im-
proving both water and fertilizers distribution uniformity
[8-12].

3.2. Grain and Straw Yield (kg/fed)

Table 5 showed the effect of DIC and LLL treatments
on grain and straw yield (kg/fed). They could be ranked
in following descending order: CM2DIS > CMI1DIS >
TDIS and LLL1 > LLL2 > LLL3. Differences in grain
and straw yield between means of any two treatments
were significant at the 1% level except that between
CMIDIS and CM2DIS in straw yield. The effects of the
DIC x LLL on both grain and straw yield were signifi-
cant at the 1% level. The highest and lowest values of
both grain and straw yield were recorded in the interact-
tions: CM2DIS x LLLI1 and TDIS x LLL3, respectively.
This superiority was due to improving both vegetative
growth, water and fertilizers distribution uniformity [8-13].

3.3. Oil and Protein (g/kg)

Data in Table 5 indicated the effects of DIC and LLL
treatments on Soybean oil and protein production (g/kg),
both of them could be ranked in the following ascending
orders: TDIS < CMIDIS < CM2DIS and LLL3 < LLL2
< LLL1, respectively. In respect to the main effect of
(DIC) on both of oil and protein, one can notice that, the
differences in both of oil and protein were significant
among all DIC and LLL treatments at the 1% level ex-
cept that between CMI1DIS and CM2DIS in oil. The
highest and lowest oil and protein were obtained in the
interactions CM2DIS x LLL1 and TDIS x LLL3, respec-
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Table 5. Effect of irrigation circuits designs and lateral lines lengths on soybean plants growth yield and quality (operating pressure =
1 atm and slope = 0%).

Growth, yield and quality characteristics (average)

Water use efficiency

DIC LLL (M)  [cafarca Plant Yield (kg/fed) Quality (g/kg) (kg/m’)

(cm?) }}iﬁl)lt Grain Straw oil Protein WUEg WUEs

40 791a 94.38a 657.5a 588.6a 183.5a 366.2a 0.150a 0.134a

CM2DIS 60 7.62cb 92.26dc 648.3cb 557.5d 181.2d 364.1d 0.148b 0.127d
80 6.56f 91.15h 641.6db 531.8h 178.1¢g 361.8g 0.146d 0.121h

40 7.64b 94.29ba 642.2b 583.7b 183.3b 365.3b 0.146¢d 0.133b

CMIDIS 60 7.43dc 92.35¢ 628.3¢ 546.4¢ 180.6e 363.6e 0.143¢ 0.125¢
80 6.22h 91.52f 597.7g 537.2g 177.6h 361.3h 0.136g 0.123g

40 6.85¢ 92.11e 605.3f 574.3¢ 182.4e 365.1c 0.138f 0.131c

TDIS 60 6.51g 91.18g 593.4hg 542 .8fe 179.7f 362.2f 0.135h 0.124f
80 5.92i 90.23ih 586.21 519.61 176.31 360.41 0.134ih 0.1191

(1) (2) LSDon 0.23 0.12 8.2 48 0.14 1.3 0.002 0.001
CM2DIS 7.36a 92.59%a 649.1a 559.3a 180.9a 364.0a 0.148a 0.128a
(1) Means CMI1DIS 7.09ba 92.72ba 622.7b 555.8ba 180.5ba 363.4ba 0.142b 0.127ba
TDIS 6.43¢c 91.17¢ 595.0c 545.6¢ 179.5¢ 362.6¢ 0.136¢ 0.124¢

LSDo.o1 0.48 0.51 15.8 7.2 0.6 0.7 0.004 0.002

40 7.47a 93.60a 635.0a 582.2a 183.1a 365.5a 0.145a 0.133a

(2) Means 60 7.19ba 91.93b 623.3b 548.9b 180.5ba 363.3b 0.142b 0.125b
80 6.23c 90.97¢c 608.5¢ 529.5¢ 177.3¢ 361.2¢ 0.139¢ 0.121c

LSDy 0.72 0.71 12.4 26.4 3.1 1.9 0.003 0.005

DIC: Irrigation circuit design; L.L.L.: Lateral line length; CM2DIS: Closed circuits with tow manifolds separately; CM1DIS: Closed circuits with one manifold;

TDIS: Traditional drip irrigation system.
tively.

3.4. WUEg and WUEs (kg/m?)

Table 5 showed the effects of both DIC and LLL treat-
ments on WUEg and WUEs (kg/m®). We can notice that
the changes in WUEg and WUEs took the same trend of
growth, grain, straw, parameters and thus took the trend
of quality (oil; protein). Concerning the positive effects
of DIC and LLL treatments on WUEg and WUEs, they
could be ranked in following descending orders: CM2DIS
> CMI1DIS > TDIS and LLL1 > LLL2 > LLL3, respect-
tively. Differences in WUEg and WUEs between means
of any two treatments were significant at the 1% level
except that between CM1DIS and CM2DIS in WUEs.
The effect of the DIC x LLL on WUEg and WUEs were
significant at 1% level. The highest and lowest values of
WUESs were obtained at CM2DIS x LLL1 and TDIS x
LLL3, respectively. We can notice that the Soybean
WUEg, WUEs oil and protein took the same trend of
other vegetative growth and yield parameters, and this
finding could be attributed to the close correlation be-
tween vegetative growth; grain yield from side and qual-
ity of oil and protein production from the other one [8-
12].
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4. CONCLUSIONS

Data on hand could be stated in the following:

1) According to the mean values of soybean crop
growth (leaf area; plant height), yield (grain and straw),
both oil and protein content and water use efficiency, the
treatment used could be ranked in the following ascend-
ing orders: TDIS < CMIDIS < CM2DIS and LLL3 <
LLL2<LLLI;

2) Differences in the means of the studied data among
treatments used were significant at the 1% level;

3) The effects of the DIC x LLL on the data obtained
were significant at the 1% level;

4) The highest values of the obtained data and the
lowest ones were achieved in the following interactions:
CM2DIS x LLL1; TDIS x LLL3, respectively.
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