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ABSTRACT: An experiment was conducted to evaluate the Effects of water infiltration to soil in yield and water 

use efficiency in soybean (Glycin max) in Langeroud, North of Iran. A was studied split-plot in a complete random 

block plan with 3 replications in the 2011 crop year. Irrigation management included no irrigation (dryland) and 

irrigations with 6, 12 and 18 days Intervals. Results of this research indicated that average final infiltration was 9.4 

(cm/day) and the highest seed yield values for the irrigation management with 12 day interval were 5125.6 (kg/ha) 

respectively. The highest water use efficiency based on seed yield in irrigation treatment was in the 12, 18 days 

interval with 1.59 and 1.76 (kg/m
3
). Volumetric moisture variations in different depths indicated that the moisture 

content in upper soil layers such as 0-20 cm and 20-40 cm was less than those of 40-60 cm and 60-80 cm layers 

which was due to water absorption in the first and second layers by the plant. 
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INTRODUCTION 

 

 Soybean plants under drought stress on field 

observations indicate that significant amounts of soil water 

Access during all stages of plant development has an 

important effect on plant growth imposed. Briyer et al 

(2000) also concluded that climatic factors have no 

tangible impact on the spread of soybean roots, but in his 

view there is some contrary information. In fact, 

influenced by the gravity, water flows and moisturizes the 

whole surface of the field or part of it (Sohrabi and Paydar, 

2009). Infiltration is considered as one of the important 

parameters for designing irrigation systems based on 

which irrigation management and planning is done 

(Sohrabi and Behnia, 2007). At the beginning, the 

infiltration rate is high, but in the longrun, it gradually 

decreases until it reaches an approximately constant rate. 

Hence, the infiltration rate is of great significance in terms 

of irrigation because it is a determining factor for storing 

certain amount of water in the soil. Final soil infiltration is 

the permeability which the soil shows in long durations. 

Moreover, during early stages, soil moisture is more 

effective on the infiltration rate. When air becomes stuck 

between the wetting front and the confining layer, its 

pressure increases and in turn, reduces the infiltration rate 

(Sohrabi and Paydar, 2009). Thus, certain planning for 

water consumption level and how to optimize it should be 

done (Deming et al, 1999; Reddy et al, 2004). Bingru and 

Hongwen (2000) believe that supplying sufficient water 

for a plant during its growth and development and prior to 

the occurrence of adverse effects of water stress are very 

important for physiological processes inside a plant. In 

their study results, Li at al. (2001) showed that under 

recommended complete irrigation conditions and 

supplementary irrigation programs, plants would have 

higher yields compared with those without any irrigation. 

Also, Lai and Katul (2000) reported that under water 

deficit conditions in the soil, the plant's physiological 

characteristics and root density at different layers are of 

great significance. For example, as stress occurs in surface 

layers, roots in lower layers are more effective and 

efficient in terms of water absorption. The purpose of this 

study is evaluation of volumetric moisture variations and 
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water infiltration in soil on yield and water use efficiency 

in soybean (Glycin max). 

 

MATERIALS AND METHODS 

 

 This experiment was done Langeroud in the north of 

Iran, situated at 36
°
54' and 40

°
50' with an average altitude 

of 4m (above the sea level), based on the studied split-plot 

in a complete random block plan with 3 replications in the 

2011 crop year. Meteorological data were obtained from 

the respective stations in Langeroud (Table 1). Prior to 

tillage, in order to determine physical and chemical 

properties of the soil, samples were taken from different 

parts of the field (Table 2). Each experimental unit was 

3×3m in dimensions consisting of 7 rows. Irrigation 

management included no irrigation (dryland) and 

irrigations with 6, 12 and 18-days intervals. At first, the 

field went under a complete tillage on, 14 May 2011 and 

followed by creating ridges and furrows, cultivation of 

Chernika variety seeds started. Prior to cultivation, the 

seeds were disinfected in 2:1000 carboxin thiram as a 

fungicide (Craufurrd et al, 2002). Crop management 

operations included weeding (to control weeds) and side 

dressing around the root. Surface irrigation method used in 

this research was of the ridges and furrows system type 

where the distance between the ridges was 80 cm with the 

distance between plants in each ridge being 30cm. Soil 

moisture content was measured using a TRIME-FM model 

TDR device in 0-20 cm, 20-40 cm, 40-60 cm and 60-80 

cm depths based on moisture volume percentage during 

the growth period in different irrigation managements at 4 

spots and in the center of each plot. Water level for each 

irrigation was determined based on soil moisture Deficit 

up was to 60 cm deep (effective root depth) in each plot. 

Then, 6, 12 and 18 days intervals irrigation managements 

were applied in the field. 

 Consumed water level during the growth period was 

determined through measuring the amount of irrigation 

water and the precipitation level. In order to measure the 

amount of Water for irrigation for each experimental unit, 

a contour was used. For 6, 12 and 18 days irrigation 

managements, 7, 4 and 3 irrigation frequencies were 

considered, respectively in which 380, 260 and 210 mm 

water was consumed. In order to measure the infiltration 

rate in the field, the Double cylinder method was used. To 

determine the total biomass (dry matter) at maturity, after 

excluding two rows on both sides in each plot, 12 plants 

were randomly selected. Then, pods, leaves and stems 

were placed in a 70ºC oven for 48 hours. When dried, 

initially, mature pods' weight for each plant was measured 

by the ratio of mature pods weight to the number of mature 

pods per 12 plants. To estimate seed and pod yields, after 

the exclusion of two rows on the sides, mature pods and 

seeds were weighed using an accurate laboratory scale. 

Water use efficiency (WUE) was calculated following the 

equations (Zhang et al, 2005): 

 

WUE= 
Yield (kg/ha) 

Irrigation (mm) 

   

 For variance analysis and the comparison of mean 

values (Duncan test, probability level of 5%) and in order 

to draw relevant diagrams, MSTATC and Excel software 

were used. 

 
Table1. Mean meteorological data in the studied 

Month 
Max Temp 

(C°) 
Min temp (C°) Sunshine (h) Max Humidity (%) Min Humidity (%) 

Jun 29.3 27.6 5.6 87 67 
Jul 33.3 22.4 6.5 84 58 

Agu 22.9 22.6 8.5 80 59 

sep 31.5 18.8 3.9 88 65 
Oct 27.8 15 3.4 92 71 

 
Table2. Soil properties related to the experimental field 

Soil depth 

(cm) 

EC 

(dS/m) 

Organic 

carbon (%) 

Total nitrogen 

 (%) 

Phosphors 
Absorbent 

(ppm) 

Potassium 
Absorbent 

(ppm) 

Clay 

(%) 

Silt 

(%) 
Sand (%) 

0-20 0.361 0.68 0.084 0.07 239 19 32 49 
20-40 0.656 0.66 0.065 2.17 191 19 32 49 

40-60 0.681 0.36 0.051 0 119 17 38 45 

 

RESULTS AND DISCUSSION 

 

Infiltration and water content 

 Results from this research showed that after 130 

minutes of measurement, infiltration intensity reached the 

constant rate of 0.39 (cm/h) which was equal to 9.4 

(cm/day) (Figure 1). It seemed that the infiltration process 

depended on the physical properties of the soil surface, 

initial distribution of water in soil prior to irrigation and 

the flow of water on and in the soil (Rashidi and Seyfi, 

2007). Mean values of the cumulative infiltration [D] (cm) 

and average infiltration intensity [i] (cm/h) as a function of 

time [t] (min) indicated that the infiltration rate was high at 

the beginning and then decreased with the passage of time 

until it reached a constant rate (Figure 1). Accuracy of 

water advance and depth infiltration equations will have 

significant effects on the success of irrigation design and 

management (Sohrabi and Behnia, 2007). Results from the 
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volumetric moisture changes of different depths revealed 

that the moisture content in upper soil layers such as 0-20 

cm and 20-40 cm was less than those of 40-60 cm and 60-

80cm layers which was due to the absorption of water in 

the first and second layers by the plant. In all depths 

without-irrigation management and 6 days irrigation 

management led to the minimum and maximum moisture 

contents, respectively in superficial depths during the 

growth period which was attributed to using more water 

for irrigation. However, in lower layers, the moisture 

content of 6 and 12 days irrigation managements were 

close to each other (Figure. 2). Moisture variations in 

different layers along with water level in irrigated layers at 

different times suggested that before applying water stress, 

moisture conditions were equal in all layers. However, as 

stress was applied, the upper layers lost their moisture. 

These layers affected the continuation of the plant's growth 

such that for the existing roots, water was not absorbable. 

Moisture content difference in surface layers was quite 

apparent, while in lower layers this difference for 

irrigation managements was negligible in a way that 

moisture rates were corresponding during the growth 

period.  

  

Seed yield 

 Irrigation Management was on seed yield at 5% level 

of significance (Table3). So the maximum seed yield of 

irrigation management 12 days to the 5125.6 kg/ha, 

respectively (Figure1). With increasing irrigation intervals 

for seed yield increased from 6 days to 12 days. That will 

not yield a significant decrease of these results with results 

of other researchers Gregory (2000) is also consistent. The 

result with the experimental results Hatami et al (2009) 

and Ebadi et al (2006) is consistent.  The number of pods 

per plant and plant products are potentially affected and 

are most effective in increasing seed yield. 

 

Number of pods per plant 

 Irrigation effect on the number of pods per plant at 

significant was the 5% level (Table 3). The highest 

number of pods in irrigation management in irrigation 

levels was similar between the treatments without 

irrigation had the lowest (Table 4(.  

 

100-seed weight 

 Analysis of variance results in Table 3 indicated that 

there was a significant difference between irrigation 

management treatments in terms of their 100-seed weights 

(p<0.01). The effect of irrigation management was so that 

the highest 100-seed weight (M=494.1 g) was obtained for 

irrigation management 18 days interval treatment (Table 

4). 

 

Water use efficiency 

 Water use efficiency in the irrigation management 

based on seed yield was significant (P<0.01) (Table 3). In 

the 6 days irrigation treatment for the seeds this water use 

efficiency was 0.94 kg/m
3
, respectively (Table 4). From 

the present study it was observed that 12 day irrigation 

gave maximum yield in soybean grown in loamy soil of 

humid region. At 12 and 18 day irrigation treatment plants 

had more height and more number of branches, characters 

of an ideal high yielding plant. The development of above 

ground portions. Stems and leaves dictated seeds as well 

as surface irrigation. Though amount yield towards seeds 

was more in lower irrigation levels, the total yield was less 

due to reduction in development of stem and leaves. So 

any factor that controls the growth of above ground 

portion can decide the yield in soybean. The difference in 

frequency of irrigation in surface treatments caused 

changes in root characteristics. At lower levels of 

irrigation, plants produced roots with more length and less 

mass under surface irrigation. Though there was an 

increase in yield in soybean. At the higher levels of 

irrigation tested under surface systems, more researches in 

this area are required to identify the yield saturating levels 

of irrigation under surface irrigation in loam soils of humid 

zone. Higher water use efficiency in lower irrigation levels 

may be due to production of substantial seed yield with 

minimum water use. The results resembled the findings of 

Begum et al, (2001). 

 

Table 3. Analysis of variance of soybean measured in terms of irrigation 

Source of variation df Seed yield Number pods per pod 100-seed weight water use efficiency 

Bloks 2 84776.696 ns 315.393 ns 3166.683 ns 0.0064 ns 

Irrigation 2 77409.116 * 558.694* 10079.274 ns 9.384 ** 
Error 4 196282.102 141.141 425.417 0.0194* 

CV (%)  10.27 19.37 5.68 8.20 
ns non significant, *significant at P<0.05 

 
Table 4. Mean Analogy by Duncan Test 

Treatments Number pods per pod 
100-seed weight 

(g) 
water use efficiency (kg/m3) 

no irrigation 69.2 c 434.6 b 1.1b 

6 day 82 a 467.4 ab 0.85cb 
12 day 86.9 a 482.8 ab 1.59a 

18 day 83.7 a 494.1 a 1.76a 
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Figure1. mean infiltration rate (cm/h) and mean cumulative infiltration (cm) 
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Figure 2. Effect of irrigation management on seed yield 
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Figure 3. Trend volumetric moisture in deeps the 0-20cm (a),20-40 cm (b),40-60cm (c),60-80cm (d) 

 

 

CONCLUSION 

 

 Results of this research indicated that irrigation 

management was on seed yield in soybean at 5% level of 

significant, and average final infiltration was 9.4 (cm/day) 

and the highest seed yield values for the irrigation 

management with 12 day interval were 5125.6 (kg/ha), 

respectively. The highest water use efficiency based on 

seed yield in irrigation treatment was in the 12, 18 days 

interval with 1.59 and 1.76 (kg/m
3
). Volumetric moisture 

variations in different depths indicated that the moisture 

content in upper soil layers such as 0-20 cm and 20-40 cm 

was less than those of 40-60 cm and 60-80 cm layers 

which was due to water absorption in the first and second 

layers by the plant. 
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