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Introduction

Reduction of water resources in arid and semi-arid areas requires the application of management
methods to achieve optimal performance. With the logical application of saline water as a source of
irrigation water, we can supply a part of the crop water requirement (Hamdy, A., Abdel-Dayem, S.
and Abu-Zeid, M., 1993), using various applicable management techniques. The optimal
management is, in turn, considered as the use of conjunctive irrigation. Two commonly used
solutions include mixing salty and fresh water to obtain water with the optimal salinity; and also the
periodic application of fresh and salty water (Amer, 2010; Aslam, & Prathapar, 2006). In effect, salt
mainly enters the surface layers of the soil through irrigation and the solute moves vertically from the
unsaturated to the saturated zone and towards the groundwater. In turn, the SWAP model is often
used to simulate the solute transfer in soil. However, field measurement of the solute concentration
changes is very difficult in soil profiles. A simulation model can, thus, be used to estimate the
accumulation of solutes in the soil profiles. (Van Dam, Huygen, & Wesseling, 1997)

Methodology

This study was conducted to investigate the effect of conjunctive irrigation on the amount of
cation and anion in the soil saturation extract in a research farm at Isfahan University of Technology.
The soil texture was sandy loam and the dimension of the farm was 13.5*15 m including fifteen
2.4*3 m plots. To conduct the study, grain sorghum was cultivated as a row crop with 60*10 cm
spacing with a density of 20 plants per square meter on June 14, 2014. The experimental design was
a completely randomized design with three replications. Five irrigation treatments were used
including irrigation with saline water (salinity of 5 dS / m), irrigation with fresh water (municipal
water with salinity of 0.4 dS/m), alternate irrigation, conjunctive irrigation, and irrigation with fresh
water to the raceme stage followed by irrigation with saline water. To measure the chemical
properties of soil, the samples were taken at the depths of 0-20 and 20-40 cm. Sodium and potassium
concentration of the saturated extract was, then, measured by Flame Photometer. Calcium and
magnesium concentration was, in turn, measured using titration with EDTA, chloride concentration
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was measured by sedimentation titration with silver nitrate, and bicarbonate concentration was
measured by titration with sulfuric acid. In turn, to measure the sodium and potassium concentration
of the plant, plant ash samples were prepared and after mixing with nitric acid, their concentration
was determined by Flame Photometer. The analysis of variance and the mean comparison test with
LSD method was performed using SAS software.

Results and discussion

Table 1 shows the variation of average salinity of soil ECe 50 days after planting and at the end of
the season, and its comparison with the beginning of the season at two depths of 0-20 and 20-40 cm.
ECe in each irrigation management had a significant difference in 50 days after planting and at the
end of the season at two depths of 0-20 and 20-40 cm.

Table 1- Average soil EC and its variation ratio 50 days after planting and at the end of the growth
season compared to the beginning of the season at two depths of 0-20 and 20-40 cm

Depth 0-20 cm Depth 20-40 cm
Irrigation 50 days . . 50 days o .
*Variation End of  **Variation Variation End of  Variation
management after . . after . .
. ratio season ratio . ratio season ratio
treatment planting planting
fresh water 0.84¢ -40.1 % 0.8° -43.6 % 0.88° -81.4 % 1.1¢ -76.8 %
saline water 3.89° 169 % 4.18 194 % 3.65° -23.1% 8.90° 78.3 %
alternate 1.59% 12.0 % 2.94 107 % 2.79 -412% 5530 250%
1rrigation
conjunctive 4.43 71.1 % 2.94° 107 % 327 50.1% 463 -164%
irrigation
Salinity the
end of the 0.85¢ -40.0 % 3.59° 178 % 0.90° -81.0 % 4.38° -7.70 %
season

*Variation ratio = (ECe 50 days after planting — initial ECe)/ initial ECe
**Variation ratio = (ECe end of season—initial ECe)/ initial ECe
initial ECe ¢.o0 = 1.47 dS/m and initial ECe 5940 = 4.75 dS/m

The effect of irrigation management treatments on the concentration of potassium in the shoot at a
5% probability level and the potassium concentration of grain at the probability level of 1% were
statistically significant. The effect of irrigation treatments on the sodium concentration of shoot and
grain at a 1% probability level was statistically significant. The results of mean comparison test
showing the concentration of sodium and potassium of the crop under the influence of different
irrigation management can be seen in Table 2.

Table 2- Comparison of the mean crop sodium and potassium concentration under the influence of
different irrigation managements

Sodium concentration Potassium concentration
(mg/g DW) (mg/g DW)

Irrigation management shoot Grain shoot Grain
fresh water 18.1¢ 12.5° 0.7442 0.468b
saline water 23.8% 21.2° 0.515¢ 0.381¢
alternate irrigation 20.82 13.5° 0.582b 0.569°
conjunctive irrigation 19.9b¢ 11.3° 0.636%¢ 0.394¢
Salinity the end of the g e 1210 0.684%  0.508%

season

The measured and calculated ECe at the end of the root zone can be seen in Figures 1 and 2 in the
middle and at the end of the season. The model estimates ECe more than its actual value. Thus, the
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coefficients were 0.75 and 0.81 50 days after planting, and at the end of the season. Besides, the
NRMSE were 0.092 and 0.058 50 days after planting, and at the end of the season, respectively.
MAE were 0.35 and 0.23 50 days after planting, and at the end of the season, respectively.
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Fig. 1- Comparison between the mean and standard error of the measurement and calculated
salt concentration at the end of the root zone 50 days after planting
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Fig. 2- Comparison between the mean and standard error of the measurement and calculated salt
concentration from the end of the root zone at the end of growth season

Conclusion:
The results showed that among irrigation management treatments, the lowest and the highest

variation in soil ECe were observed in alternate irrigation and saline irrigation treatments,
respectively. Moreover, it was found that the simulation of the model at the end of the growth season
was more accurate than in the middle of the growth season. Further, the statistical indices showed
that the model could simulate the output salt originated from the root zone.
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Table 1- Some physical soil before planting

Depth(cm)  Sand(%)  Silt(%) Clay(%) Soil texture  Gravel  Soil density  FC(%)  PWP(%)

(%) (g/em’)
0-20 50.4 21.8 27.8 Sandy clay 38.0 1.57 31.57 15.0
20-40 52.3 20.3 274 Sandy clay 49.6 1.68 33.71 15.0
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Table 2- Some chemical properties irrigation water

cation (meq/ lit)

anion (megq/ lit)

Na* K* Ca?* Mg>* CI CO5? HCO; pH EC(dS/m) SAR
Saline 47.7 0.23 6.00 1.20 50.0 0.80 2.90 8.10 5.50 47.7
zits,el:f 0.88 0.18 1.40 0.40 0.60 2.10 2.10 7.50 0.40 0.88
water
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Table 3- some chemical properties of soil before planting

Depth cations (meq/ lit) anions (meq/ lit)

(cm) Na* K* Ca* Mg** Cl HCO5 pH EC(dS/m) SAR

0-20 12.9 1.72 3.80 1.80 6.00 3.90 8.38 1.42 7.72

20-40 38.5 4.13 134 9.40 22.0 2.90 8.04 4.75 114
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Table 4-Soil cations concentration analysis of variance under the influence of different irrigation
management in depth 0-20cm 50 days planting

Variations Degrees of Mean squares
sources freedom Na* K* Ca?* Mg EC SAR
Treatment 3 390™ 0.129" 12.8™ 1.40™ 5.02™ 94.3"
Replication 2 2.60™ 0.175™ 0.310™ 0.040™ 0.116" 2.07™
Error 6 7.53 0.043 0.963 0.137 0.404 7.08

**significant level of 1%, * significant level of 5% and ns not significant
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Table 5- Soil cations concentration analysis of variance under the influence of different irrigation
management in depth 20-40cm 50 days planting

Variations Degrees of Mean squares
sources freedom Na* K* Ca?* Mg?* EC SAR
Treatment 3 440™ 0.044rs 8.20" 4.58" 4.02" 78.6"
Replication 2 43.8™ 0.058" 3.79" 0.670™ 3.13™ 4.72"
Error 6 25.6 0.043 1.67 0.794 0.720 9.46

**significant level of 1%, * significant level of 5% and ns not significant
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Table 6- Soil cations concentration analysis of variance under the different irrigation management in
depth of 0-20cm at the end of growth season

Variations Degrees of Mean squares
sources freedom Na* K* Ca?* Mg?* EC SAR
Treatment 4 965™ 0.140" 11.01™ 1.50" 4.90" 243"
Replication 2 0.762" 0.365" 1.08" 0.141m™ 0.277™ 3.01m
Error 8 38.3 0.210 0.777 0.344 0.590 10.3

**significant level of 1%, * significant level of 5% and ns not significant
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Table 7 - soil cations concentration analysis of variance under the different irrigation management in
depth of 20-40cm at the end of growth season

Variations  Degrees of Mean squares
Source freedom Na* K" Ca?* Mg EC SAR
Treatment 4 1938™ 0.219 139 69.8" 23.8™ 130"
Replication 2 36.10™ 0.125™ 15.3™ 3.12m 4.46" 14.0"
Error 8 28.10 0.366 10.1 11.8 1.30 7.70

**significant level of 1%, * significant level of 5% and ns not significant
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Table 8- Average of soil Sodium concentration and its variation ratio 50 days after planting and at
the end of growth season compared to the beginning of the season at two depths of 0-20 and 20-40 cm

Depth 0-20 cm Depth 20-40 cm
L 50 days 50 days
Irrigation after *Variation End of **Variation after Variation End of Variation
management planting ratio season ratio planting ratio season ratio
treatment (meq/lit) (meq/lit) (meqlit) (meq/lit)
Fresh water 3.30¢ -72.5% 3.40¢ -71.6% 3.03¢ -92.1% 4.50° -88.3%
Saline water 30.5% 154% 53.8% 317% 31.9° -17.1% 74.12 92.4%
Alternate 17.3b 44.1% 29.9 149% 32.2w -16.1% 32.20 -17.9%
irrigation
Conjunctive 22.4b 86.6% 29.7° 131% 20.5b -46.7% 31.3b -18.9%
1rrigation
Salinity the
end of the 3.40¢ -71.6% 28.1¢ 117% 3.10¢ -92.1% 24 .4¢ -36.6%
season

*Variation ratio =(Na 50 days after planting — initial Na)/ initial Na
**Variation ratio =(Na end of season— initial Na)/ initial Na
initial Na o2 = 12.9 meq/lit and initial Na 5949 = 4.45 meq/ lit
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Table 9- Average of soil Potassium concentration and its variation ratio S0 days after planting and at
the end of growth season compared to the beginning of the season at two depths of 0-20 and 20-40 cm

Depth 0-20 cm Depth 20-40 cm
. 50 days 50 days
Irrigation after *Variation End of **Variation after Variation End of Variation
management planting ratio season ratio planting ratio season ratio
treatment (meq/lit) (meq/lit) (meq/lit) (meq/lit)

Fresh water 1.23% -28.4% 1.432 -16.8% 1.06* -74.1% 1.26* -69.2%
Saline water 1.50% -12.8% 1.632 -5.23% 1.332 -67.5% 1.28? -68.7%
Alternate 114> 33.7% 1.70° -1.16% 1.55° 62.2% 1.612 61%

irrigation
Conjunctive 1.56° 9.30% 1.612 -6.40% 1.022 -68.5% 1.412 -65.6%
irrigation
Salinity theend of )y 7 304 163 -1.56% 1.29% -67.5% 1918 -53.4%
the season

*Variation ratio = (K 50 days after planting — initial K)/ initial K
**Variation ratio = (K end of season— initial K)/ initial K
initial K ¢50=1.72 meq/ lit and initial K 2040 = 4.1 meq/ lit



AR

AV-AYD o AVAA JL F o Lia FY o0 45)l:‘.T6“J“"'€"’3(}‘L°

38 b SIl 4 s b Sl 9 bl ST g 59300 OT Ol g Mo 3d § B puds” il (piSloo -1+ 9>
S Hl Ve—te g Y Bos 92

Table 10- Average of soil Calcium concentration and its variation ratio 50 days after planting and at

the end of growth season compared to the beginning of the season at two depths of 0-20 and 20-40 cm

Depth 0-20 cm Depth 20-40 cm

L 50 days 50 days
mgr;;gt;r?:nt after *Variation E;‘i;f **Variation after Variation Eé:js:lf Variation
r a;gm ot planting ratio (meq/lit) ratio planting ratio (meq/lit) ratio
catme (meq/lit) cq (meg/lit) cq
Fresh water 3.86% 1.57% 2.40° 36.8% 3730 T11% 2.53° 81.8%
Saline water 7.60 100% 746 96.3% 7.66" -42.8% 213 59.1%
ﬁrlg‘:f‘gﬁ 2.86" 25.9% 3.83b 0.789% 6.23% -53.5% 10.8b -19.4%
Cl‘;‘rlf;‘;fgge 5.46b 43.6% 3.66° -3.68% 5.06% -60.7% 8.33be 37.8%
Sal“:}‘lteyst::ssgd of 4 ggwe 2.63% 3.600 5.26% 3.800 272.6% 10.9° -18.4%

*Variation ratio =(Ca 50 days after planting — initial Ca)/ initial Ca

**Variation ratio =(Ca end of season— initial Na)/ initial Ca

initial Ca 020 = 3.80 meq/ lit and initial Ca 2040 = 13.4 meq/ lit
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Table 11- Average of soil Magnesium concentration and its variation ratio 50 days after planting
and at the end of growth season compared to the beginning of the season at two depths of 0-20 and

20-40 cm
Depth 0-20 cm Depth 20-40 cm
. 50 days 50 days .
Irrigation after *Variation End of **Variation after Variation End of V.a riat
m; EZtgrfl?rftnt planting ratio (ISIT:S?li) ratio planting ratio (ISIT:S?li) rla(glo
( meq/lit) 4 ( meg/lit) 4
Fresh water 1.33% -26.1% 1.33¢ -26.1% 1.46° -84.0% 1.46¢ 34 _40/
o 0
Saline water 2.86% 58.8% 3.16% 75.5% 4.332 -53.9% 14.82 57.4%
Alternate 1.86¢ 3.30% 2.330e 29.4% 3.75° -60.3% 8.00° )
irrigation 14.8%
Conjunctive 2.53¢® 40.5% 2,67 48.3% 3.06% -67.4% 5.73b¢ -
irrigation 39.0%
Salinity the end . N be o b o be -
of the season 1.40 -22.2% 1.86 3.30% 1.50 -84.4% 7.80 17.2%

*Variation ratio =(Mg 50 days after planting — initial Mg)/ initial Mg

**Variation ratio =(Mg end of season- initial Na)/ initial Mg

initial Mg 0.0 = 1.80 meq/ lit and initial Mg 20-40 = 9.4 meq/ lit
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Table 12- Average of soil EC and its variation ratio 50 days after planting and at the end of growth
season compared to the beginning of the season at two depths of 0-20 and 20-40 cm

Depth 0-20 cm

Depth 20-40 cm

L 50 days 50 days

Irrigation after *Variation End of **Variation after Variation End of Variation
management planting ratio season ratio planting ratio season ratio

treatment (dS/m) (dS/m) (dS/m) (dS/m)
Fresh water 0.84° 401 % 0.8° 43.6 % 0.88° 814 % LI 276.8 %
Saline water 3.89° 169 % 4.18 194 % 3.65 23.1% 8.90° 78.3 %

ﬁfgﬁfgﬁ 1.59% 12.0 % 2.94b 107 % 2.792 412 % 5.53b 2.50 %
Cﬁggﬁ;‘f 2.43b 71.1% 2.94b 107 % 3.27% -50.1 % 4.63 -16.4 %

Sah‘:l‘lteysti‘aesggd of () gse -40.0 % 3.592 178 % 0.900 81.0% 4380 2770 %

*Variation ratio = (ECe 50 days after planting — initial ECe)/ initial ECe
**Variation ratio = (ECe end of season— initial ECe)/ initial ECe

initial ECe 0.20 = 1.47 dS/m and initial ECe 20.40 = 4.75 dS/m
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Table 13- Average of soil SAR and its variation ratio 50 days after planting and at the end of growth
season compared to the beginning of the season at two depths of 0-20 and 20-40 cm

Irrigation

Depth 0-20 cm

Depth 20-40 cm

50 days

50 days

*Variation End of **Variation Variation End of  Variation
management after . . after . .
. ratio season ratio . ratio season ratio
treatment planting planting
Fresh water 2.10°¢ =727 % 2.35¢ -69.6 % 1.84¢ -83.8 % 3.30d -16.9%
Saline water 15.22 96.8 % 27.0° 249 % 14.7% 28.9 % 20.6* 80.7 %
ﬁf;;‘:‘otz 1200 66.7% 18.4° 138 % 10.5° 789% 104  8.77%
Cl‘;‘;g;‘;’g‘;e 11.0° 18.4 % 16.7° 116 % 9.87° 134 % 132> 157%
sal“;ﬁ?;:;gﬁd of oo 705% 125°  61.9% 1.90¢ 833% 7249 365%

*Variation ratio =(SAR 50 days after planting — initial SAR )/ initial SAR

**Variation ratio =( SAR end of season— initial SAR)/ initial SAR

initial SAR (20 =7.72 and initial SAR 5040 = 11.4
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Table 14- Crop sodium and potassium analysis of variance under the different irrigation

managements
Mean squares
Variations Source Degrees of Potassium  Potassium Sodium sodium of
freedom . .
of shoot of grain of shoot grain
Treatment 3 0.23" 0.018™ 13.5™ 104™
Replication 2 0.005" 0.001ns 0.440s 2.52m8
Error 8 0.004 0.002 1.46 1.61

**significant level of 1%, * significant level of 5% and ns not significant
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Table 15- Comparison of the mean crop sodium and potassium concentration under the influence of
different irrigation managements

Sodium concentration Potassium concentration
(mg/g DW) (mg/g DW)

Irrigation management shoot Grain shoot Grain
Fresh water 18.1¢ 12.5° 0.744* 0.468%

Saline water 23.8% 21.2% 0.515°¢ 0.381¢

Alternate irrigation 20.8? 13.5° 0.582b¢ 0.569*
Conjunctive irrigation 19.9b¢ 11.3° 0.636%° 0.394¢d
Salinity the end of the season ~ 19.6°¢ 12.1° 0.684%® 0.5082

3.0 §
Measured data :l
T
2.5 Calculated data |:|

v
o
1

A
o
1

©
(&)}
L

Corcertration of output salt (mgfent)
o
_|
_|

saline water fresh water  alternate irrigation conjunctive irrigation Salinity the end of the season
Irrigation management

Fig. 1- Comparison between the mean and standard error of measured and calculated salt
concentrationat the end of root zone 50 days after planting
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Fig. 2- Comparison between the mean and standard error of measured and calculated salt
concentration from the end of root zone at the end of growth season
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