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Introduction 
Salinity of arable land is an increasing problem under irrigated where rainfall is 
insufficient to leach down the salts from the root zone and it has been recognized 
as significant factor in declining crop productivity [1]. Decreasing water quality and 
quantity is an increasing threat in agricultural water scarce regions, where even 
saline irrigation waters be an important resource. Poor quality of water causes 
saline and sodic conditions which reduce the quality and productivity of soil [2]. 
When crop is irrigated with saline water it effects on ET and crop coefficient (K c) is 
inversely proportional with respect to salinity of irrigation water [3]. Kc approach is 
described by SIMDualKc model becoming a simple alternative tool for saline 
irrigation management in water scarce regions [4]. About 60-90% salinity in 
coastal region of Gujarat is due to ingression of saline sea water directly or 
indirectly through water or by saline water intrusion due to reverse hydraulic 
gradient and capillary action through porous. It was found that only 39.6% of 
surface soil are free from salinity (<2dS m-1) 49.3 % soil are saline (2-4 dSm-1) and 
only 11.1% soils are having salinity greater than 4dS m-1[5]. 
Generally, farmer in Saurashtra region are taking a single crop of groundnut 
during rainy season (kharif) and field are being kept follow during winter and 
summer due to decreasing water quantity and quality. Limited work has been 
attempted so far, salinity stress on groundnut in Gujarat. A protocol for screening 
large number of germplasm accessions for salinity tolerance has been developed 
[6]. and some groundnut cultivars have been tested for toxicity of ions of different 
salts. Also, the performance of groundnut cultivars under saline water irrigation in 
black clay soil of Saurashtra and sandy soils of Bhuj has been tested [7]. Most  of 
these studies either varied the cultivars keeping the salinity invariant throughout 
the growing season. In many plant species sensitivities to salinity is known to vary 
between growth stages and general threshold limits are well established [8]. On 
the other hand, the salinity during different season goes on fluctuating with time 
and 

 
tolerable salinity levels for different stages are not well defined. No work was 
reported for assessing differential crop salinity response function for groundnut. 
Keeping this in view a study was undertaken that the salinity effects on flowering 
stage by applying saline irrigation water and keep other stages are saline free. By 
this research work, we can save the fresh water which is not used for flowering 
stage and which may use to irrigate another growth stages and for other 
agricultural practices. 
 
 Materials and Methods 
 Experimental and Treatment Details  
The experiment was undertaken at Research Training and Testing Center, 
Junagadh Agriculture University, Junagadh, Gujarat. Crop is subjected to different 
salinity levels at flowering stage keeping other stages saline free. Different 
concentrations of saline water 2 dSm-1, 4 dSm-1, 8 dSm-1 and 12 dSm-1 which are 
indicated as T1, T2, T3 and T4 was irrigated at flowering growth stage(S2) and S1 
and S3 are vegetative stage and pod development stage respectively. The crop is 
irrigated at a frequency of 7 days. The concentration of water used in the control 
treatment (Tc) was 1.90dSm-1.    

During this experiment, traditional method of groundnut cultivation was adopted. 
Plots of 2.0 m X 1.0 m size with provision of 1.0 m spacing between each row and 
column were prepared. Soil moisture sensors were used to sense soil moisture 
and temperature. Soil moisture sensors install in each treatment to obtain an 
average of soil moisture across a site. Actual evapotranspiration ETa was 
calculated using soil moisture sensors with data loggers may installed at 10cm 
and 50cm depth from top of the soil [10]. In different treatment soil moisture 
tension recorded periodically. The soil moisture sensors were fitted properly at a 
depth of 30 cm from ground surface to all the treatments for measuring daily 

International Journal of Agriculture Sciences 
ISSN: 0975-3710&E-ISSN: 0975-9107, Volume 9, Issue 44, 2017, pp.-4733-4736. 

Available online at http://www.bioinfopublication.org/jouarchive.php?opt=&jouid=BPJ0000217 

Abstract- Salinity of soil and water is serious arising problem in costal and arid region. Fluctuations in salt concentration of irriga tion water effect on crop yield and at 
different growth stages. Hence in the present research the influence of variable concentrations of irrigation water subjectin g to groundnut and its effect was evaluated 
on ET, crop coefficient and yield response by undertaking a field experiment during 2015. Four different concentration of saline irrigation water mainly 2dSm-1(T1), 
4dSm-1(T2), 8dSm-1(T3) and 12dSm-1(T4) applied to flowering stage (S2) and treatment was replicated four times. Observed that, increasing salinity will decrease crop 
yield, decrease crop coefficient and threshold irrigation water salinity level is 2dSm -1 for flowering stage. FAO approach failed to predict the concentration of irrigation 
water at which relative yield becomes zero accurately. The saline irrigation water at which yield become zero was estimated for flowering stage as per the procedure 
developed in the present study. 
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fluctuation of soil moisture. Ddifferent concentration of saline water is prepared by 
diluting four major types of salts (NaCl, MgCl2, CaCl2 and MgSO4) by using the 
balance ratio of major cations and anions.  
Under steady state conditions, the value for ECe can be predicted as a function of 
EC of the irrigation water (ECiw) and the leaching requirement (LR) is estimated 
leaching formula(FAO-29) LR = ECiw / (5 ECe – ECiw). ECiw is decided for each 
treatment. According to Shalhevet (1991), the rate of salinization depends on the 
amount of saline water applied, which should thus be kept to a desirable 
minimum.  
 
Salinity Response on Crop Yield 
Differential salinity directly response on crop growth stages as well as differential 
salinity response function of crop yield represents crop yield and it. Several 
studies have shown that the earlier salinity is applied in the growth season, the 
greater are its detrimental effects on yield [19,20]. However,  no researches found 
for the crop yield reduce because they were more sensitive during the early 
growth stage. In this research work, salt sensitivity at flowering growth stage of the 
groundnut is evolved for Saurashtra region. Maas and Hoffman (1977) proposed a 
linear response equation to describe salt tolerance in crop with help of threshold 
value. Two parameters obtained from this model are: (1) the threshold soil salinity 
and (2) the slope (%) i.e. yield decrease per unit increase in salinity beyond the 
threshold salinity level used to calculate relative yield (Yr) for any given soil salinity 
exceeding the threshold level by using below equation 1. 
 
Ya

Ym
= 1 − (ECe − ECt)

b

100
                                                                 [1] 

 
Where, Ya= actual crop yield (at particular salinity); Ym = maximum expected crop 
yield when ECe< ECt ; ECe = mean electrical conductivity of the saturation extract 
for the root zone [dS m-1]; ECt = electrical conductivity of the saturation extract at 
the threshold of ECe; b = reduction in yield per increase in ECe [%/(dSm-1)]. In the 
present study the value of slope (b) by is determine substituting the values of ECe 
,  ECt ,  Yr. This method is termed as FAO approach. 
Salinity is closely related with ET, decreasing ET while increasing salinity.   
Evapotranspiration-yield relationship for linear crop-water production function was 
introduced in the FAO Irrigation and Drainage Paper No: 33 to predict the 
reduction in crop yield when water stress was occurred. Equation 2 was taken to 
determine the effect of salinity in a particular stage on the basis of estimating the 
value of Ky. 
 

(1 −
Ya

Ym
) =  Ky(1 −

ETa

ETm
) ; Ky a yield response factor                                    [2] 

 
Performance evaluation criteria  
Efficiency criteria are defined as mathematical measures of how well a model 
simulation fits the available observations [3]. The efficiency criteria used in this 
study are Root mean square error (RMSE) and Nash-Sutcliffe efficiency (EF) 
given in equation 3 and 4.  
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Where Oi = Observed values; Ei = Models estimated value; n = No. of data 

considered; ō = average of observed value.    
Estimation of Crop Evapotranspiration and Crop Coefficient Curve 
Development                                                                                                               
Irrigation water application was estimated using the ETm was calculated by ET0 
and recommended crop coefficient Kc [6]. ET0 was estimated using the Penman-
Monteith equation.  Kc value is determined for three cases. The first case is 
determination of Kc for non-moisture stress and non-saline conditions. The second 
case is the determination of Kc for non-moisture stress and saline conditions. The 
last case is the Kc for the daily moisture content (by soil moisture sensors) for 
each treatment. 
Kc values (FAO-56) also defined by three primary Kc values: Kc during the initial 
periods Kc ini, Kc during the midseason (full cover) period Kcmid, and Kc at harvest 
Kc end. So, in second case, Kc value was adjusted based on locally atmosphere 
condition by following the procedure given in FAO-56.    
ETa is actual crop evapotranspiration [mmd-1] determined from the sensor data on 
daily basis. ETm crop evapotranspiration for standard conditions (no water stress) 
[mmd-1] which is determined as:  
 
ETm=   Ks * Kc * ETo                                                                                                                                        [5] 

                                                                                          
The value of water stress coefficient, Ks is taken as one for non-moisture stress. 
The value of crop coefficient Kc is determined for different moisture and saline 
condition. When salinity stress occurs without water stress, the value of Ks is 
determined from the following equation: 
 

𝐾𝑠 = 1 −  
b

Ky×100
× (ECe − ECt)                                                               [6] 

 
In third case, ETa can be determined by sensors and divided by the ETo to 
developed Kc. The net amount of water required for irrigation is the total 
consumptive use minus the rainfall, is estimated by using below equation.  
 

NIR=
IW

1−LR
                                                                                                               [7] 

 
Application losses are not accounted here as water application is precisely applied 
manually. The gross irrigation requirements of crops is that quantity of water 
needed exclusive of rainfall to satisfy consumptive use, plus the quantity required 
to take care of losses which occur in transportation and application. 
 
Results  
The results evolved from the experiment under the following categories: (a) Yield 
salinity relationship; (b) ET and salinity relationship and (c) behavior of Kc with 
differential salinity. Groundnut is essentially a tropical plant and requires a long 
and warm growing season and temperature in the range of 25 to 30ºC is optimum 
[26]. 
 
Differential Salinity Response Function on Crop Yield 
The effect of different ECiw and on flowering stage was found that yield is 
decreasing when salinity is increasing. [Table-1]. The slope value and the salinity 
of ECiw at which yield becomes zero were determined using functional approach. 
The differential salinity response function was achieved by plotting graph of EC iw 
viz. Yr for different growth stages for fodder yield, pod yield and shell yield is 
shown in [Fig-1]. The differential salinity response function represented by 
approximated by 2nd order or 3rd order polynomial equations with relevant 
goodness of fit. The equations can be presented as: 
 
Yr  =  aX3 + bX2 + cX + d                                                            [8]  
                  
Where Yr is the relative yield defined as the ratio of Ya to Ym; X is the salinity of 
irrigation water (dSm-1) and a, b, c and d are the empirical coefficients. The data 
pertaining to yield attributes and yield were subjected to ANOVA using statistical 
package for comparison of means. Goodness of fit and efficiency coefficients were 
determined using equation 3 and 4 [Table-2].  
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Table-1 Differential salinity effect on crop yield parameter based on FAO approach 

Treat 

Fodder Yield Pod Yield Shell Yield 

Ya 

(kg/ha) 
ECe 

b 
(%) 

ECiw at 
which Yr = 0 

Ya 

(kg/ha) 
ECe 

B 
(%) 

ECiw at 
which Yr = 0 

Ya 

(kg/ha) 
ECe 

b 
(%) 

ECiw at 
which Yr = 0 

S2T1 2867.5 3.06 0 - 1880.25 3.06 0 0 1029.25 3.06 0 - 

S2T2 2581.5 6.13 3.50 20.53 1665.5 6.13 4.01 4.01 404.25 6.13 19.37 4.95 

S2T3 814.25 12.26 7.76 10.39 521 12.26 6.74 7.88 223.75 12.26 8.93 9.28 

S2T4 223.25 18.40 5.99 12.88 149 18.40 6.0 6.0 86 18.40 6.06 12.75 

 
Table-2 Coefficients of differential salinity response function with goodness of fit and model efficiency  

 
 
 
 

 
 
 

 
 
 

  
 

X0=11.5dSm-1     b=10.53 % Xo = 10.1  dSm-1 b = 12.35% Xo =  12.1dSm-1 b = 9.9% 

Fig-1 Differential salinity yield relationship of Pod, fodder and Shell yield for vegetative stage 
 
Evapotranspiration and Development of Crop Coefficient Curve  
The ETa was also estimated using daily moisture content in saline condition values 
obtained from the moisture sensor observations. The Kc was estimated by 
following FAO-56 procedure. The Kc with time can be estimated with 3rd and 4th 
order polynomial equation. 
  
Kc=eX4+fX3+gX2+hX+i                                                                                [9] 

                                                                                                      
According to functional approach slope and yield response for Kc curve calculated 
above were utilized for different treatments are listed in [Table-3]. In this [Table-3] 
the value of coefficients for different treatments are expressed for fodder, pod and 
shell yields with goodness of fit and efficiency coefficient. According to FAO 
sensor based Kc curve was developed for different treatment in [Fig-3]. 

 
Table-3 Yield, Slope, ECe and ECiw at which Yr become zero using response function approach 

Treat. 

Fodder Yield Pod Yield Shell Yield 

Ya 

(kg/ha) 
ECe 

b 
(%) 

ECiw at  
Yr =0 

Ya 

(kg/ha) 
ECe 

b 
(%) 

ECiw at 
 Yr =0 

Ya 

(kg/ha) 
ECe 

b 
(%) 

ECiw at 
Yr =0 

S2T1 2867.5 3.06 

10.5
3 

11.5 

1880.25 3.06 

12.
35 

10.1 

1029.25 3.06 

9.9 12.1 
S2T2 2581.5 6.13 1665.5 6.13 404.25 6.13 

S2T3 814.25 12.26 521 12.26 223.75 12.26 

S2T4 223.25 18.40 149 18.40 86 18.40 

 

 
Fig-2 Water saving for different treatments 

The cumulative ETm (for flowering stage) for standard condition, locally adjusted 
(ETadjst) conditions and sensors based (ETa) are plotted in [Fig-3] and its 
cumulative values mentioned in [Table-4]. 
 

Table-4 water saving (%) for different treatment 
Treat 

 

Cumulative ET % saving of ETa 

ETm ETadj ETa Over ETm Over ETadj 

S2T1 413.87 413.87 387.41 6.39 6.39 

S2T2 413.87 363.86 364.93 11.82 -0.29 

S2T3 413.87 360.19 359.74 13.08 0.12 

S2T4 413.87 300.3 347.02 16.15 -15.56 

 
 

Yield 
Growth 
Stages 

Empirical Coefficients 
R2 

Model 
Efficiency a b C d 

Pod S2 - 0.0143 -0.2894 1.4821 0.9984 0.8639 

Fodder S2 0.0029 -0.058 0.2141 0.773 1 0.9905 

Shell S2 - 0.0127 -0.2475 1.2421 0.9323 0.8278 
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1.ET for S2T1 2.ET for S2T2 3.ET for S3T3 4.ET for S4T4 

 
   

1. Kc for S2T1 2. Kc for S2T2 3. Kc for S2T3 4. Kc for S2T4 

Fig-3 Cumulative ET value and Kc curve for different Treatments 
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