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Abstract :  The pot experiment was carried out during September 2015 to January 2016 at instructional farm, College of Agricultural 

Engineering, UAS Raichur under rain shelter  to study the effect of different water regimes, (i.e. T1:100, T2:90, T3:80, T4:70, T5:60 

and T6:50) per cent of water application with available moisture holding capacity on grain yield and crop coefficients for different 

treatments. Completely Randomized block design with four replications was used in this study. The results showed that there was 

significant difference between the yield and crop coefficients under different levels of irrigation. The total irrigation water applied 

were (i.e., 211.98, 243.02, 225.78, 155.09, 135.51 and 105.62 mm/plant) under different water regime treatments (100, 90, 80, 70, 

60 and 50 %) of available moisture holding capacity (AMHC) respectively. Grain yield productions under different treatments were 

106.25, 171.25, 127.50, 75, 55 and 40.75 g/plant/pot at 100, 90, 80, 70, 60 and 50 per cent of AMHC respectively. Therefore, the 

90 % of AMHC treatment (T2) is recommended for groundnut irrigation for water saving. The comparison of actual crop coefficient 

that obtained by water balance technic in experiment and crop coefficient (Kc) values of groundnut for different crop growth stages 

were selected based on the values suggested by FAO (Allen et al., 1998) are similar in the treatment of 90 % (T2) of the AMHC. 

Furthermore, the result showed that the treatment of 90 per cent of Available moisture holding capacity (T2) seemed to be better 

adapted to product a high crop yield with acceptable yield coupling with water use efficiency in this region.  
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________________________________________________________________________________________________________ 

 

1. INTRODUCTION  

 Deficit irrigation has been widely investigated as a valuable and sustainable production strategy in dry 

regions. Water resources were considered bountiful so far, but have now come under increasing pressure, 

primarily due to burgeoning population and competing demand from other water consuming sectors. About, 

75 to 80% of the available freshwater resource is used for agricultural production in many parts of the World 

(FAO, 2016). According to the nature resources and economic condition of the region, water-saving 

agriculture is the most effective way to solve the problem in water shortage in agriculture and to make 

sustainable use in water resources and increase the water use efficiency of crops. Groundnut crop (Arachis 

hypogaea L.) is one of the leading oilseed crop, as its seeds contain high amounts of edible oil (43–55%) and 

protein (25–28%) on a dry seed basis (Savage and keenam 1994).. Even though it is a fairly drought-tolerant, 

production fluctuates considerably as a result of rainfall variability. This is because farmers are afraid of low 

yields due to scarcity of water during the lean season. Moreover there is no information to help farmers to 

manage this scarce resource called water during drought in order to optimise  yields in the lean season  

 Furthermore, to calculate groundnut crop evapotranspiration (ETc), there is need to multiply the crop 

co-efficient (Kc) by the reference evapotranspiration (ETo). However, over the years, Kc is selected from 
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1.05 for both the developmental and mid season stages. But Allen et al., (1998) reported Kc values of 1.05 

and 0.70 for both the mid season and late season stages respectively. Therefore, there is the need to determine 

the Kc values for groundnut grown in Agro climatic condition of Raichur, Karnataka at the different 

developmental stages for accurate estimation of crop evapotranspiration (ETc). The study thus seeks to 

determine the Kc for the various growth stages and also investigate the effect of deficit irrigation on the growth 

and yield of groundnut. 

 

2. MATERIAL AND METHODS  

Study area 

 The study was conducted at the instructional farm, College of Agricultural Engineering, UAS Raichur. 

It is situated in North-Eastern Dry zone (Zone 2) of Karnataka at 16° 12′ N latitude and 77° 20′ E longitude 

with an altitude of 389 meters above the mean sea level. The temperature and relative humidity of the study 

area were 14.8-36.2o C and 78-94 per cent respectively. while, the soil type and annual rainfall are sandy clay 

loam and 540-800 mm respectively. 

Experimental design and procedure 

 In this study, groundnut  seeds (Kadiri-9) were grown in containers (Plastic Pots) and placed under a 

rain shelter. Completely Randomised Design (CRD) with four replications (R1-R4) and six treatments (T1-

T6 two samples per each treatment) was used. In all there were fourty eight (48) treatment combinations. 

2.1 Soil characteristics of the location  

 The experiment was laid out on red soil. Composite soil sample was collected from the experimental 

site from top 30 cm depth before initiation of experiment. The soil was air dried, powdered and allowed to 

pass through 2 mm sieve and was analyzed for physical (viz., textural composition and bulk density) and 

chemical properties (available N, P, K, EC and pH) were determined using the standard procedures. Under 

the textural classification, the soil was found to be sandy clay loam. The values obtained along with the 

methods employed for their estimation are furnished in Table 1. 

Table 1: Soil characteristics of the experimental plot at Raichur 

Soil characteristics Particulars Composition Method 

Textural composition 

Sand (%) 

Silt (%) 

Clay (%) 

61.8 

17.4 

20.8 

Piper (1966) 

Available N (kg/ha) 285 Jackson (1967) 

Available P2O5 (kg/ha) 39.5 Jackson (1967) 

Available K2O (kg/ha) 224.2 Jackson (1967) 
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pH 6.85 Jackson (1967) 

EC (ds/m) 0.139 Jackson (1967) 

Bulk density (d) (g/cm3) 1.4 
Richards 

(1954) 

Field capacity (%) 26.0 Pressure plate 

Permanent wilting point (%) 11.4 Pressure plate 

2.2 Soil moisture constants   

The soil samples were collected based on the standard procedure. The field capacity (FC) and 

permanent wilting point (PWP) of the soil were determined using pressure plate apparatus. The field capacity 

of the soil was determined by keeping saturated soil in extractor chamber under the pressure of 0.33 bars. The 

permanent wilting point of soil was determined by keeping saturated soil in extractor chamber under the 

pressure of 15 bars. The moisture content at field capacity and permanent wilting point are presented in Table 

1. 

              

𝐀𝐌𝐇𝐂 =
(𝐅𝐂−𝐏𝐖𝐏)

𝟏𝟎𝟎
∗ 𝐝 ∗ 𝐯𝐨𝐥𝐮𝐦𝐞 𝐨𝐟 𝐩𝐨𝐭  ..3.1 

Where, AMHC = Available moisture holding capacity; FC = field capacity (%);                                PWP = 

permanent wilting point (%); BD = bulk density (g cm-3) (d). 

The soil textural class was sandy clay loam within the soil profile considered. The values of FC, PWP 

and AMHC were 26.0 %, 11.4 % and 2000 g respectively, while the bulk density was 1.4 g cm-3 and volume 

of the pot is 9740 cc. 

2.3 Irrigation Water Application 

Irrigation water was applied to the treatment T1 crop upto 26 % of field capacity reached (12300 g of 

pot weight), for treatment T2 when 10 % depletion of the available soil moisture occurred within the crop root 

zone (Table 2). 

Table 2: Pot weight of different available moisture holding capacity (AMHC) for different treatments 

AMHC (%) 100% (T1) 90% (T2) 80% (T3) 70% (T4) 60% (T5) 50% (T6) 

Pot weight 

(g) 

12300 

MC=26 % 

12100 

MC=23.4 

% 

11900 

MC=20.8 % 

11700 

MC=18.2 % 

11500 

MC=15.6 % 

11300 

MC=13 % 

 

 

 

Growth stages 
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 In this experiment, four growth stages were examined, namely initial, developing, mid and late stages. 

Treatments were then given at these various stages. 

Treatments 

 At the end of every day, available moisture holding capacity (AMHC) was determined for each 

treatment and the corresponding volume or amount of water was given. These were: T1=100% of AMHC, 

T2= 90% of AMHC, T3=80% of AMHC, T4=70% of AMHC, T5=60% of AMHC and T5=50% of AMHC. 

Data collection 

 The following data were collected during the research i.e. crop evapotranspiration (ETc) water applied 

for crop at different growth stages, plant height, leaf area index, SPAD values, number of leaves per plant, 

crop yield, crop co-efficient (Kc) and water use efficiency. 

LAI (Leaf area index)  

 It is the total green leaves occupied per unit of land surface (Ashley et al., 1965). Leaf area index 

(LAI) was measured with an AccuPAR 80 ceptometer (Decagon Devices, Inc., Pullman, WA, USA) between 

11:30 am and 3:30 pm. The ceptometer contains 80 individual quantum sensors on the probe and automatically 

calculate LAI based on PAR readings from the ground to the top of the canopy. The observations were 

recorded at initial, developing, mid and late stages for each plant. 

SPAD Value  

 Leaf chlorophyll content was also determined by light absorbance in the red and infrared light with a 

chlorophyll meter (SPAD-502, Minolta France SA, Currieres-Sur-Seine, France) as per the procedure 

followed by Hervey et al. (2001) as well as Teng  et al. (2004) SPAD was used to measure the chlorophyll 

meter readings. Chlorophyll meter observations were expressed as SPAD readings. The observations were 

recorded at initial, developing, mid and late stages for each plant. 

Plant height and number of leaves 

 Plant height for each plant was determined by measuring the length of the plant from the base to the 

apex of the plant and also number of leaves for each plant for initial, developing, mid and late stages of 

groundnut crop was recorded. 

Yield Components 

 Plants from each pot were harvested and developed pods were separated, soil particles adhered to the 

pods was removed and sun dried. The pod weight (g/plant/pot) was recorded for every treatment. 

Determination of crop co-efficient (Kc), Crop evapotranspiration (ETc) and reference evapotranspiration 

(ETo). 

 The crop water requirement (ETc) is defined as the depth or amount of water needed to meet the water 

loss through evapotranspiration and it is given by the formula, crop coefficient for the four growth stages were 

determined (Allen et al., 1998), 
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Where,  

             Kc  : Crop coefficient [dimensionless] 

             ETc: Crop evapotranspiration [mm d-1] 

             ETo: Reference crop evapotranspiration [mm d-1] 

Reference crop Evapotranspiration (ETo) was also calculated by the formula 

 The ETo estimation pertaining to study area was calculated using Standardized Reference 

Evapotranspiration Equation recommended by the Food and Agricultural Organizations, Irrigation and 

Drainage Paper No.56 (FAO). Following standard procedure and formula. The required data for ETo 

estimation was obtained from main agricultural research station (MARS) located in Raichur campus. Thus 

ETo calculated on daily basis during stipulated crop period of groundnut crop (24th Sep to 20th Jan 2016) was 

summarised on weekly, monthly and crop growth stage wise. 
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Where, 

         ETo = Reference evapotranspiration (mm day-1) 

         G    = soil heat flux density (MJ M-2 day-1)  

         Rn    =  net radiation (MJ M-2 day-1) (used sunshine hours) 

         T    =  Mean daily air temperature (0C) 

        =  Psychrometric constant (kPa 0C-1)  

      =  Slope of saturation vapour pressure function (kPa 0C-1) 

   es     =  saturation vapour pressure at air temperature T (kPa) 

 ea       =  actual vapour pressure at dew point temperature (kPa) 

 U2     =  average daily wind speed at 2 m height (m sec-1) 

Statistical analysis 

 The data on the observations with respect to crop physiological responses made and characters studied 

were statistically analyzed using Completely Randomised Design. Wherever, the results are significant, the 

critical difference at 1 per cent level was worked out and presented in respected tables. The data were analyzed 

by using ‘SPSS’ software. 
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3.RESULTS AND DISCUSSION  

Leaf area 

 From Table 3, the leaf area index for the various treatments showed significant differences at 10 % 

between them 25 days after sowing, though variations or differences were observed in the order of T2> T3> 

T1> T4> T5> T6. Furthermore, at the end of harvesting stage there were significant differences between the 

various treatments applied. The table shows that T2 had the highest mean leaf area index while the least was 

T6. This could be due to water stress and could be said that reduction of moisture reduces the rate of leaf 

expansion as a mechanism to obviate the effect of moisture stress and this is supported by Norman et al., 

(1995). 

Table 3: Leaf area index per plant of groundnut at different growth stages as influenced by different Available moisture 

holding capacity (AMHC) 

Treatments 
T1 =100% 

of AMHC 
T2=90% of 

AMHC 
T3 =80% of 

AMHC 
T4 =70% of 

AMHC 
T5 =60% of 

AMHC 
T6 =50% of 

AMHC 

Initial stage 0.56 0.91 0.79 0.62 0.42 0.33 

Developmental stage 2.00 2.47 2.25 1.88 1.17 1.04 

Mid stage 3.34 3.78 3.49 3.32 3.11 2.18 

At harvest 2.55 3.04 2.76 2.32 2.15 1.78 

 

Yield (Number of pods /plant, yield and total dry matter) 

 The yield data taken from the studies can be seen in Table 4. For the mean number of pods, treatment 

T2 had the highest and it was significantly different from T1 & T3. It could therefore be said that a slight 

reduction of water requirement of groundnut does not significantly affect the number of pods formed. 

However, above 20% water stress affects number of pods per plant. For total pod yield per plant, differences 

existed between the treatments applied. However T1& T3 showed no significant differences while T4 & T5 

also showed no significant difference, while T2 were significantly different from T1 & T3. It could be said 

that for a significant reduction of pod yield per plant to be seen for more than 20 per cent of water deficit. 

groundnut plant under T2 treatment had the highest number of pods and pod yield per plant and this was 

significantly different from T1, T3, T4, T5 and T6 (T2>T3>T1>T4>T5>T6). This order suggests that 

availability of the right amount of water enhances the development and final yield of groundnut as reduction 

imposes stress thus making the plants unable to efficiently make use of available nutrients for growth and 

yield. 

Table 4: Effect of Different available moisture holding capacity levels on Number of pods, Yield, Kernel weight and total 

dry matter per plant 

Treatments 
T1 =100% 

of AMHC 
T2=90% of 

AMHC 
T3 =80% of 

AMHC 
T4 =70% of 

AMHC 
T5 =60% of 

AMHC 
T6 =50% of 

AMHC 

Number of pods /plant 33 47 37 26 22 18 

Yield (g/plant) 106.25 171.25 127.50 75.00 55.00 40.75 

Total dry matter 

(g/plant) 
73.50 90.06 80.75 65.56 58.25 41.19 
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Water requirement of crop at different treatments  

The water requirement of groundnut crop as influenced by different soil moisture stress levels is 

presented in Table 5. The water consumed per plant in season is varied from 243.02 mm per plant (10 per cent 

depletion of soil moisture stress level) to 105.62 mm per plant (50% depletion of soil moisture stress level) 

Among different soil moisture stress treatments, plant receiving water at 10 per cent depletion of soil moisture 

stress level treatment recorded the highest water use efficiency (0.7 g mm-1) which is on decreasing trend for 

20 per cent depletion of soil moisture stress level (0.56 g mm-1), no soil moisture stress level (0.5 g mm-1), 30 

per cent depletion of soil moisture stress level (0.48 g mm-1), 40 per cent depletion of soil moisture stress level 

(0.41 g mm-1) and 50 per cent depletion of soil moisture stress level (0.39 g mm-1).  

Table 5: Water requirement of crop with respect to water use efficiency of groundnut crop under different levels of Available 

moisture holding capacity 

Treatments 
T1 =100% of 

AMHC 
T2=90% of 

AMHC 
T3 =80% of 

AMHC 
T4 =70% of 

AMHC 
T5 =60% of 

AMHC 
T6 =50% of 

AMHC 

Yield (g/plant) 106.25 171.25 127.50 75 55 40.75 

Water consumed (mm 

plant-1) 
211.98 243.02 225.78 155.09 135.51 105.62 

Water use efficiency  

(g mm-1) 
0.50 0.70 0.56 0.48 0.41 0.39 

Crop co-efficient (Kc), Reference Evapotranspiration and Crop Evapotranspiration 

 From Table 6, the seasonal Kc value for groundnut crop grown in Raichur it is situated in North-

Eastern Dry zone (Zone 2) of Karnataka was found to be between                    0.44-0.60. The developed Kc 

values for groundnut crop under different levels of Available moisture holding capacities at different crop 

growth stages namely, initial, developmental, mid and late stages were presented. The Kc value of T2 is the 

highest as compared to the other treatments and these values are found to be in concurrence with the FAO Kc 

values for groundnut crop. The observed Kc values in case of 10 per cent depletion of soil moisture level (T2) 

was on par with the FAO suggested Kc value for groundnut crop.  

Table 6: Mean Kc, ETo and ETc (T2 at 90 % of AMHC) at various growth stages 

Growth stages Kc ETo (mm/day) ETc (mm/day) 

Initial stage 0.44 2.23 0.99 

Developmental stage 0.78 3.04 2.34 

Mid stage 0.98 2.60 2.52 

Harvest stage 0.60 2.63 1.66 

 

 

 

CONCLUSION 

 The results show that deficit irrigation is infeasible. However, to a large extent when water given is 

below 80% of AMHC, it negatively affects growth, development and total yield or profitability of groundnut 
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production in the north eastern dry zone (Raichur) of Karnataka. From this experiment it can be concluded 

that a 10-15% reduction in the amount or volume of water required while all other things been equal could be 

the best condition for groundnut production if water economics is to be practiced to improve net profit of 

production. finally the crop coefficient Kc values for the north eastern dry zone (Raichur) of Karnataka are 

between 0.44-0.98. 
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