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Abstract
Irrigation water scheduling is crucial to make the most efficient use of ever-decreasing water. As excessive irrigation decreases 
yield, while imprecise application also causes various environmental issues. Therefore, efficient management of irrigation fre-
quency and irrigation level is necessary to sustain productivity under limited water conditions. The objective of the current study 
is to assess the water productivity at various irrigation regimes during peanut crop growing seasons (2014 and 2015) in Eastern 
Mediterranean, Turkey. The field experiments were conducted with treatments consisting of three irrigation frequencies (IF) 
 (IF1: 25 mm;  IF2: 50 mm; and  IF3: 75 mm of cumulative pan evaporation (CPE)), and four irrigation water levels  (WL1 = 0.50, 
 WL2 = 0.75,  WL3 = 1.0, and  WL4 = 1.25).  WL1,  WL2,  WL3, and  WL4 treatments received 50, 75, 100, and 125 of cumulative pan 
evaporation. The CSM-CROPGRO-Peanut model was calibrated with experimental data in 2014 and evaluated with second-year 
experimental data (2015). The model simulated seed yield and final biomass (dry matter) reasonably well with low normal-
ized root mean square error  (RMSEn) in various irrigation intervals. The model simulated reasonably well for days to anthesis 
(RMSE = 2.53, d-stat = 0.96, and r2 = 0.90), days to physiological maturity (RMSE = 2.55), seed yield (RMSE = 1504), and tops 
biomass dry weight at maturity (RMSE = 3716). Simulation results indicated good agreement between measured and simulated 
soil water content (SWC) with low  RMSEn values (4.0 to 16.8% in 2014 and 4.3 to 18.2% in 2015). Further results showed that 
 IF2I125 irrigation regime produced the highest seed yield. Generally, model evaluation performed reasonably well for all studied 
parameters with both years’ experimental data. Results also showed that the crop model would be a precision agriculture tool 
for the extrapolation of the allocation of irrigation water resources and decision management under current and future climate.
Highlights

• DSSAT-CROPGRO-Peanut model was used to optimize irrigation scheduling for drip irrigated peanut.
• Twelve irrigation strategies were evaluated with the model.
• The genetic coefficients of peanut used in the model have been determined.
• CROPGRO-Peanut model satisfactorily simulated peanut yield and phenology.
• CROPGRO was evaluated for predicting peanut yield, SWC, LAI, ET, WP, and IWP.
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Introduction

Peanut (Arachis hypogaea L.) is a major industrial and food 
crop in Turkey as in many parts of the world (Sezen et al. 
2019). Peanut crop production  was 0.40 tons  ha−1 in 2019, 
and 86.6% of peanut production was from East Mediter-
ranean part of Turkey (TUIK 2020). The average number 
of world annual peanut production was 45.9 million tons 
in 2018. Data from the Food and Agriculture Organization 
revealed that China, India, and Nigeria are the world’s three 
major peanut-producing countries. While Turkey produces 
0.38% of world peanut production (FAOSTAT 2020).

Water resources are depleting over the world (Hashemi 
et al. 2020; Meena et al. 2019; Saddique et al. 2020c), and 
less irrigation water will be available for crop production. 
Therefore, the management and judicious use of irrigation 
water is a challenge (Saddique et al. 2020a). As, water is 
essential for successful crop production, therefore, any 
shortage and poor management have negative impacts on 
crop yield (Magombeyi et al. 2018; Saddique et al. 2020b). 
The farmers in the East Mediterranean part of Turkey com-
monly used wild flooding, furrow, and basin, resulting in 
high water losses and low irrigation efficiencies which create 
drainage and salinity problems other than irrigation water 
losses (Tekinel et al. 1989; Shafqat et al. 2019). The applica-
tion of water according to crop requirement increases pro-
ductivity and minimizes water loss in the form of runoff 
and percolation (Nikolaou et al. 2020). Traditional surface 
irrigation methods are used to irrigate peanut crop in East 
Mediterranean region of Turkey; farmers apply the water 
through flood without considering the actual consumptive 
requirements of the peanut that reduced the water efficiency, 
and also reduce the crop yield. Supplemental irrigation dur-
ing water stress is critical to ensure and improve plant devel-
opment and produce high yield and top-quality peanut in the 
Southeastern part of Mediterranean (Sezen et al. 2019). The 
appropriate irrigation scheduling is useful to minimize water 
use, increase water productivity, and save economic returns 
while maintaining production (Fereres and Soriano 2007; 
Rahman et al. 2016, 2021; Shafqat et al. 2021). Addition-
ally, irrigation frequency (IF) and irrigation level are some 
of the most prominent factors in drip irrigation management 
due to the soil water pattern and water percolation under the 
root zone (Wang et al. 2006). There are limited studies that 
have been focused to improve irrigation water use efficiency 
and reduce water losses besides improving the peanut crop 
yield. There is a need to maximize the production per unit 
of water consumed to remain economically competitive and 
to sustain irrigated agriculture.

Different precision tools are being used for irrigation 
water management and decision management under water-
scarce scenarios in the world. Computer simulation mod-
els, such as Decision Support System for Agro-technology 
Transfer (DSSAT) (Hoogenboom et  al. 2010), have the 
potential to develop irrigation scheduling and to evaluate 
the impact of water stress on plant growth and development, 
as these crop simulations consider the soil–plant-atmosphere 
complex interaction. The CSM-CROPGRO module under 
DSSAT has been successfully applied for irrigation manage-
ment, particularly cumulative water stress during the grow-
ing season (Wajid et al. 2013). The CSM-CROPGRO Pea-
nut is a process-based, management-oriented model that can 
simulate the growth and development of peanut as affected 
by varying levels of water and irrigation intervals (Boote 
et al. 1998a, b). Previously, the model which has been suc-
cessfully applied and used for decision support for different 
crop management under different contrasting environments 
showed the ability and potential (Wajid et al. 2014; Amin 
et al. 2017; Rahman et al. 2019, 2020).

The present study aims to manage the irrigation water 
through deficit irrigation using a decision support system. 
The goals of the current study were to evaluate growth 
(leaf area index, biomass), phenology, evapotranspiration, 
seed and biological yield, water, and irrigation productivity 
under full and deficit irrigation practices using field data and 
model approach. The main objective of this study is to adapt 
and evaluate the CSM-CROPGRO-peanut model to simulate 
the growth, development, and yield in response to irrigation 
interval and levels in Eastern Mediterranean of Turkey for 
efficient use of irrigation water.

Materials and methods

Environmental conditions of the study site

The experimental site is located in the Eastern Mediter-
ranean of Turkey, and 2 years (2014 and 2015) of experi-
ments were conducted at the Soil and Water Resources Unit 
of Alata Horticultural Research Station, Tarsus, Turkey 
(37° 01′ N latitude and 35° 01′ E longitude; 60 m above 
mean sea level). Daily maximum and minimum tempera-
ture, rainfall, and solar radiation for the cropping period 
were recorded with an automatic weather station installed 
in the experimental field and used as input data for the 
model. The maximum and minimum temperatures varied 
in the ranges 27.9–37.7 °C and 1.9–20.0 °C, respectively, 
during the 2014 growing season, with a total rainfall of 
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223 mm. While, during the 2015 cropping season, a 
total of 103-mm rainfall was received, with maximum 
and minimum temperatures in the ranges 29.5–40.4 °C 
and 4.5–18.9 °C, respectively, as shown in Fig. 1. The 
collected weather data were used to create a weather 
module of the model.

The values of the measured field water capacity at the 
site varied between 29.46 and 32.08 g  g−1, and wilting point 
increased from 15.81 to 19.83 g  g−1 on a dry weight basis. 
The soil contained high ratios of sand (32.5–43.6%) fol-
lowed by clay (28.5–37.0%) and silt (27.9–32.6%) and it 
could be categorized as clay-loam. The dry soil bulk den-
sities ranged from 1.38 to 1.58 g  cm−3 along with 0.90-m 
profiles. The available water in the 0.90 m of soil depth was 
computed 155 mm. The soil had a pH of 7.5–7.8, organic 
matter content of 0.53–1.43%, total nitrogen, and phos-
phorus of 0.04%, while potassium was 0.42% (Sezen et al. 
2017). Soil physical and chemical characteristics for each 
soil layer were then implemented to create a soil module 
in the model.

Experimental detail

Crop experiments consisted of twelve treatment combinations, 
including three irrigation frequencies (IF)  (IF1: 25 mm;  IF2: 
50 mm;  IF3: 75 mm of cumulative pan evaporation (CPE)) 
and four irrigation water levels  (WL1 = 0.50,  WL2 = 0.75, 
 WL3 = 1.00, and  WL4 = 1.25). While,  WL1,  WL2,  WL3, and 
 WL4 treatments received 50, 75, 100, and 125 of CPE respec-
tively. Treatment combinations were used and replicated four 
times. The experiment was designed in a split-plot arrange-
ment (main factor: irrigation frequency; sub factor: irrigation 
water level). Peanut seeds of cultivar NC-7 (Virginia-type 
peanut) were planted on May 20, 2014, and May 08, 2015. 
Compound fertilizer (18% N, 46%  P2O5, and 0%  K2O) was 
used at a rate of 200 kg  ha−1 during sowing. While the remain-
ing N (400 kg  ha−1) was applied as ammonium nitrate (33% 
N) during the flowering growth stage during both years. The 
harvest was carried out by manually collecting 6 m portions of 
three adjacent central rows at each subplot on November 06, 
2014, and October 09, 2015. The data of phenology (days to 
anthesis, maturity), growth (leaf area index and biomass), and 

Fig. 1  Daily maximum and 
minimum air temperatures, 
solar radiation, and rainfall 
during peanut crop growing 
seasons of 2014 and 2015
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yield were collected from the experiments, which were used 
to calibrate and evaluate the model.

Calibration and evaluation of CSM‑CROPGRO model

The model (CSM-CROPGRO-Peanut model V 4.7.5) was cali-
brated with field experimental data of 2014 and evaluated with 
second-year field data (2015). The parameters used for model 
parameterization were phenology (days to anthesis, and matu-
rity), leaf area index (LAI), and biological (dry biomass) and 
grain yield. The genetic coefficients for peanut cultivar NC-7 
were estimated using the generalized likelihood uncertainty 
estimation (GLUE) approach; similar methods were previously 
used for CROPGRO-model calibration as Ahmed et al. (2018); 
Rahman et al. (2018); Vanli et al. (2019).

The accuracy of the model was determined by comparing 
the simulated values with observed by using statistical indices 
such as coefficient of determination (r2), the root mean square 
error (RMSE) (Wallach and Goffinet 1987) and the index of 
agreement (d) (Willmott et al. 1985), and normalized root 
mean square error  (RMSEn) as shown in Eqs. 1–5. The values 
of RMSE and d indicate the degree of agreement between the 
predicted values with their corresponding observed values, and 
a low RMSE value and d value approaching unity are desir-
able (Dangthaisong et al. 2006). The RMSE and  RMSEn were 
computed using the following equations:

where n is the number of observations, Pi is the predicted 
value for the ith measurement and Oi is the observed value 
for the ith measurement. The d-statistic (d-stat) or “index of 
agreement” value was calculated as follows;

where n = number of observations, Pi = predicted value 
for the ith measurement, Oi = observed value for the ith 
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measurement, Ō = the overall mean of observed values, 
P’i = Pi– Ō, and O’i = Oi – Ō. The percent error (E) was also 
calculated to compute the error between observed and simu-
lated values using Eq. 5.

where n = number of observations, Pi and Oi are predicted 
and observed values, respectively.

Measurements of soil water content (SWC)

The soil water content was measured before irrigation until 
harvest for all treatments by adopting gravimetric sampling 
in 0–0.30-m depth while for the rest of soil depths from 
0.30 to 1.20 m, a neutron probe (503 DR Hydroprobe, CPN 
International, Inc., CA. USA) was used. The aluminum 
access tubes were installed at 1.20-m depth in the center of 
each sub-plot. The neutron probe was calibrated against the 
soil water content determined gravimetrically. The surface 
soil layer (0–30 cm) was sampled gravimetrically. The four 
replications were taken per treatment until harvest in both 
growing seasons. The measured values of soil water before 
sowing were used as input into the model.

Soil water balance and evapotranspiration (ET)

Accurate estimation of the soil water balance is important for 
determining the availability of water resources and the opti-
mal management in agriculture (Porporato et al. 2004). In 
the current study, the soil water balance and ET were calcu-
lated using CSM-CROPGRO model in DSSAT. The CROP-
GRO-Peanut simulation model uses the Ritchie method to 
calculate evapotranspiration, which is used to calculate water 
balance in the soil. The model is based on works by Jones 
and Ritchie (1990) and consists of estimating crop evapo-
transpiration in mm  day−1, calculating water evaporation in 
the soil and transpiration independently. The daily soil water 
balance in DSSAT is based on the one-dimensional ‘‘tipping 
bucket’’ approach described by Ritchie (1998).

The measured ET value was calculated using the meas-
ured SWC by a water balance method described by Allen 
et al. (1998). Simulated ET value was estimated with the 
one-dimensional water balance method described by Allen 
et al. (1998). The equation can be written as follows:

where I is the amount of irrigation water (mm); R is the 
rainfall (mm); E is evaporation (mm); T is transpiration 
(mm); ET is evapotranspiration (mm); ΔSWC is the change 
in the soil water content in the 90- cm soil profiles (mm); Dp 

(5)Error(E) =

[(
Oi − Pi

)

Oi

]

× 100

(6)I + R = E + T + Dp + Rf ± ΔSWC
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is the deep percolation beyond the root zone (mm), and Rf is 
the amount of runoff (mm). The irrigation and rainfall were 
inputs from crop management and weather data, while other 
components of water balance were simulated by the model. 
For the seasonal water balance, the daily components were 
summed from sowing to harvesting in both years.

Water productivity (WP) and irrigation water 
productivity (IWP)

Measured WP and IWP values were calculated as observed 
peanut yield divided by total measured ET and seasonal 
irrigation during the growing seasons. Simulated water 
productivity (WP) was estimated as the ratio between sim-
ulated yields and simulated seasonal ET calculated by the 
CROPGRO-Peanut model using Penman Monteith method 
(Allen et al. 1998). Simulated irrigation water productivity 
(IWP) was calculated as simulated peanut yield divided by 
total seasonal irrigation amount during the growing season, 
respectively (Soler et al. 2013).

Results and discussion

Results

Effect of irrigation frequencies (IF) and water level (WL) 
on growth and yield of peanut

The highest peanut yield (5300 kg  ha−1) was recorded in 
 IF2WL1.25, followed by  IF1WL1.25 and  IF2WL1.0 (4910 and 

4670 kg  ha−1) was observed in 2014. The lowest peanut 
yield was obtained from the  IF3WL0.50 (2700 kg  ha−1) in 
2015. While a maximum peanut yield of 4420 kg  ha−1 was 
obtained from the  IF2WL1.25, followed by  IF1WL125 and 
 IF2WL1.0 with peanut yields of 4330 and 4160 kg   ha−1, 
respectively in 2015. Minimum peanut yield was acquired 
from the  IF3WL50 treatment with 1960 kg  ha−1 in 2015.

Genetic coefficients estimation of CROPGRO‑Peanut model

The calibrated genetic coefficients of NC-7 derived from the 
CROPGRO-Peanut model are presented in Table 1. Initially, 
coefficient EMFL and SDPM were estimated for the close fit 
of anthesis and maturity as followed by the approach Rah-
man et al. (2019). The time taken from emergence to flowering 
(EMFL) was 24 days, while the time acquired from first seed to 
physiological maturity was 84 days (Table 1). In the next step, 
the biomass was optimized by adjusting the LFMAX, which 
showed the value of 1.45 mg  CO2/m2-s. Then the SLAVR was 
adjusted to correct the LAI peak values. Similarly, the coef-
ficients FLSH, FLSD, and PODUR were tuned to correct the 
time for pod initiation and dry weight. The values of WTPSD 
and SFDUR were calibrated to adjust the size of the seed and 
shelling %. Lastly, the value of XFRT (0.94 g) was adjusted to 
obtain the close fit for the slop of pod or seed harvest index.

Calibration and evaluation of CROPGRO‑Peanut model 
for phenology

The model error (%) of different physical parameters for 
three irrigation frequencies and four irrigation levels is 

Table 1  Genetic coefficients of CROPGRO-Peanut model for cultivar NC-7

Coefficient Description Values Unit

CSDL Critical short-day length below which reproductive 10.84 hour
PPSEN Slope of the relative response of envelopment to photoperiod with time 0.00 l/hour
EMFL Time between plant emergence and flower appearance (R1) 24.3 photothermal days
FLSH Time between first flower and first pod (R3) 8.0 photothermal days
FL-SD Time between first flower and first seed (R5) 23.4 photothermal days
SD-PM Time between first seed (R5) and physiological maturity (R7) 84.5 photothermal days
FL-LF Time between first flower (R1) and end of leaf expansion 88.0 photothermal days
LFMAX Maximum leaf photosynthesis rate at 30 C, 350 ppm  CO2, and high light 1.45 mg  CO2/m2-s
SLAVR Specific leaf area of cultivar under standard growth conditions 270 cm2/g
SIZLF Maximum size of full leaf (three leaflets) 20.0 cm2

XFRT Maximum fraction of daily growth that is partitioned to seed + shell 0.94 g
WTPSD Maximum weight per seed 1.0 g
SFDUR Seed filling duration for pod cohort at standard growth conditions 38.0 photothermal days
SDPDV Average seed per pod under standard growing conditions 1.65 (#/pod
PODUR Time required for cultivar to reach final pod load under optimal conditions 30.0 photothermal days
THRSH The maximum ratio of [seed/(seed + shell)] at maturity 75.0 %
SDPRO Fraction protein in seeds 0.270 g(protein)/g(seed)
SDLIP Fraction oil in seeds 0.510 g(oil)/g(seed)
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presented in Table 2. The values of simulated and observed 
anthesis day, maturity day, seed, and biological yield at 
harvest (kg  ha−1) showed reasonable agreement during the 
2014 growing season. Table 2 presents the goodness of fit 
parameters for seed yield and aboveground dry matter. The 
model showed quite satisfactory results for grain yield and 
biological yield of peanut in both years.

The observed anthesis dates varied between 48 and 
58 days depending on the irrigation interval and irrigation 
level in 2014 and 2015 but the model simulated the same 
days at all treatments (Table 2). However, the difference was 
2–4 days between observed and simulated anthesis days in 
both years while the simulation for days to anthesis in 2015 
was poor (1–9 days difference) for studied treatments (differ-
ent irrigation frequencies and irrigation levels). Predictions 
of the maturity dates were reasonably accurate (1–6 days 
difference between observed and simulated in 2014) for 
the peanut cultivar NC-7 at all irrigation levels in 2014 
and 2015. However, predictions for maturity dates under 
the different irrigation frequencies and irrigation levels in 
2015 were rather poor, with the differences being 1–10 days. 
There was a 3.81- and 6.29-day difference in the entire cycle 
than observed days to maturity (Table 2). The  IF3WL0.50 
treatment reached earlier harvest maturity (153 and 146 days 
after sowing) in both years, while the  IF2WL1.25 treatment 
reached harvest maturity at 165 and 157 days after sowing. 
The simulated days to physiological maturity ranged from 
153 and 154 days for the  IF3WL0.50 treatment to 159 for 
the  IF2WL1.25 treatment in both years. The model simulated 
well the grain yield with RMSE values of 462 kg  ha−1 and 

d-index of 0.85 in 2014, while low RMSE of 324 kg  ha−1 
and d-index of 0.95 was recorded in 2015 (Table 2). Zhao 
et al. (2019) evaluated the capability of the model for sow-
ing dates and seeding rate to optimize sowing dates, seeding 
rate, and irrigation regimes. The results indicate that the 
model performed reasonably well in predicting the emer-
gence and the majority of the growing season.

Leaf area index during calibration and evaluation 
of CROPGRO‑Peanut model

The values of observed and simulated temporal variation 
in the peanut leaf area index (LAI) for 2014 are presented 
in Fig. 2a–l at different irrigation intervals and water lev-
els. The RMSE values for LAI values in the  IF1 irrigation 
interval range between 0.59 and 1.32, while the standard 
deviation (d-stat) values are between 0.69 and 0.94. Gener-
ally predicted values in  IF1 irrigation interval were estimated 
higher than measured values. RMSE values for  IF2 irrigation 
interval in 2014 ranged between 0.60 and 1.29, while d-stat 
values were between 0.69 and 0.95 (Fig. 2e–h). RMSE val-
ues for  IF3 irrigation interval in 2014 ranged between 0.67 
and 1.35, while d-stat values were ranged between 0.64 and 
0.91. Generally, estimated values in  IF3 irrigation interval 
were estimated higher than measured values (Fig. 2i–l).

The observed and simulated LAI values for 2015 are pre-
sented in Fig. 2m–x at different irrigation intervals and water 
levels. RMSE values for LAI values in  IF1 irrigation inter-
val vary between 0.86 and 1.05, while standard deviation 
(d-stat) values are between 0.77 and 0.87 (Fig. 2m–p). In 

Table 2  Calibration results of CROPGRO-Peanut model using the data set from the three irrigation frequencies and four irrigation levels during 
2014 and 2015 season

Parameters Days to anthesis Days to maturity Seed yield (kg  ha−1) Biological yield (kg  ha−1)

Error, % Error, % Error, % Error, %

2014 2015 2014 2015 2014 2015 2014 2015

IF1WL0.50  − 3.92  − 11.7  − 1.95  − 5.44 1.52 1.69  − 6.38 17.35
IF1WL0.75 0.00  − 7.55  − 2.58  − 6.04  − 14.32  − 15.69  − 7.49 0.32
IF1WL1.0 5.36 1.72 3.05  − 1.92 3.67  − 6.63 0.94  − 12.47
IF1WL1.25 5.36 1.72 3.05  − 2.56 10.41  − 8.18 4.13  − 10.64
IF2WL0.50 0.00  − 14.0  − 1.28  − 6.90 5.37 4.01  − 5.04 15.48
IF2WL0.75 1.85  − 5.56  − 1.27  − 5.41  − 4.87 7.93  − 2.99 8.85
IF2WL1.0 7.02 1.72 3.64  − 0.64 9.40  − 8.34  − 4.66  − 6.68
IF2WL1.25 7.02 1.72 3.64  − 1.27 21.25  − 11.58 0.35  − 12.64
IF3WL0.50  − 8.16  − 18.7  − 0.65  − 5.48 3.30  − 1.73 7.36 33.22
IF3WL0.75  − 6.00  − 16.3  − 2.60  − 5.44  − 13.58  − 13.21 0.96 16.49
IF3WL1.0 0.00  − 7.55 0.63  − 1.29  − 12.11  − 9.78  − 6.59  − 2.44
IF3WL1.25 0.00  − 7.55 0.63  − 1.29 1.67  − 8.04  − 1.53  − 9.84
RMSE 2.58 days 4.92 days 3.81 days 6.29 days 462.50 kg  ha−1 323.9 kg  ha−1 533.5 kg  ha−1 1516.1 kg  ha−1

RMSEn, % 4.82 9.18 2.39 4.15 11.39 9.50 4.61 14.15
d index 0.238 0.459 0.523 0.612 0.859 0.960 0.823 0.648
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2015, the RMSE values in the  IF2 irrigation interval varied 
between 0.81 and 1.03, while the standard deviation values 
were between 0.82 and 0.88 (Fig. 2q–t). In 2015, the RMSE 
values for LAI values in the  IF3 irrigation range ranged 
between 0.64 and 0.89, while the standard deviation (d-stat) 
values were between 0.87 and 0.92 (Fig. 2u–x). Generally, 
the model performed reasonably well for LAI in both years 
either irrigation intervals and water levels, showing the mod-
el’s ability to predict the LAI and canopy-related attributes.

Modeling water productivity (WP), irrigation water 
productivity (IWP), and soil water content (SWC)

The measured water productivity (WP) during the 2014 
cropping season ranged between 0.39 and 0.63 kg  m−3 in 
the treatments, while simulated WP values ranged between 
0.43 and 0.59 kg  m−3, with 0.10 kg  m−3 RMSE, whereas 
these WP values ranged from 0.32 to 0.57 kg  m−3 with an 
RMSE value of 0.15 kg  m−3 during model evaluation (2015) 
(Table 3). The  RMSEn was 19.8% in 2014 and 34.1% in 
2015 growing seasons, showing reasonable to satisfactorily 
performance for WP in peanut crop under Mediterranean 
climatic conditions. The water productivity in the CROP-
GRO model under both experimental years was higher than 
observed. There was a positive relation between cumula-
tive irrigation and simulated WP; as the irrigation amounts 
increased, the values for simulated WP increased.

Table 3 compares simulated with measured irrigation 
water productivity value of peanut across all calibration 
and evaluation data. The measured IWP during the 2014 

cropping season ranged between 0.45 and 0.89 kg   m−3 
among all treatments, while simulated values ranged between 
0.42 and 0.85 kg  m−3, with the RMSE value 0.06 kg  m−3, 
whereas these IWP ranged from 0.40 to 0.68 kg  m−3 with 
an RMSE value of 0.04 kg  m−3 during the model evaluation 
(2015). The model performed reasonably well with  RMSEn 
of 9.3% in 2014 and 8.6% in 2015 growing seasons.

The variations in measured and estimated SWC during 
2014 and 2015 for each IF are shown in Figs. 3a–l and 4a–l, 
respectively while irrigation treatments were started on June 
6, 2014, and May 23, 2015. The SWC ranged between the 
field capacity (FC) (395 mm) and permanent wilting point 
(PWP) (240 mm) for both seasons. The significant differ-
ences in the SWC among treatments from crop establish-
ment to harvesting in both years were caused by the WL 
and the uptake of root water. Although deficit irrigation 
treatments  (WL0.50 and  WL0.75) received an equal volume 
of water under different irrigation intervals  (IF1,  IF2, and 
 IF3) along with the experiment, both treatments had dif-
ferent water uptake patterns. In the high  (IF1) and medium 
 (IF2) irrigation frequencies, SWC kept greater as compared 
to lower frequency  (IF3) in both years. The available SWC 
in the  IF1WL1.0 and  IF1WL1.25 plots of the higher irrigation 
interval, and  IF2WL1.0 and  IF2WL1.25 treatment plots of the 
 IF2 irrigation interval remained above 50% in most of the 
peanut growth stages during 2014 and 2015. Therefore, the 
 IF2WL1.0 and  IF2WL1.25 treatments performed an appropri-
ate soil water condition for peanut. Moreover, almost in all 
irrigation water levels for  IF3, the available water fell below 
50% in both study years.
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Fig. 2  a–x. Temporal variation of observed and simulated peanut LAI values at all irrigation levels in 2014 (a–l) and 2015 (m–x)
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Various statistical analysis methods, including RMSE, 
 RMSEn, and absolute error (E), was used as the evaluation 
indices for model calibration and evaluation to verify the 
reliability of the results and the goodness of fit indicators 
relative to SWC curves (Table 4, Fig. 3a–l, 4a–l). Simula-
tion results indicated good agreement between measured 
and simulated SWC with low  RMSEn values (4.0 to 16.8% 
in 2014 and 4.3 to 18.2% in 2015) and lower error (E) 
values for SWC (1 to 19% in 2014 and from 0 to 20% 
in 2015 growing season) (Table 4). The RMSE values 
increased generally depending on the increasing amount 
of irrigation water in each irrigation interval in both years. 
The results showed that the model performed reasonably 
well in predicting the soil water content under different 
irrigation intervals and irrigation water levels. The high 
RMSE,  RMSEn, and E values were found in  WL1.0 and 
 WL1.25 treatments with each irrigation interval in both 
years (Table 4).

Summary of the findings

Deficit irrigation with less application frequency affects the 
phenology, growth, dry matter, and finally the yield. The 
treatments  IF2WL1.0 and  IF2WL1.25 showed an appropriate 
soil water condition for peanut growth and development. 
Crop reached anthesis and maturity earlier (153 and 146 days 
after sowing) in  IF3WL0.50 due to water deficit conditions 
and lower SWC in soil profile while more duration was taken 
to maturity (165 and 157 days after sowing) in  IF2WL1.25 
treatments during both years. More crop duration and bet-
ter growth conditions especially the available soil moisture 
promoted the LAI and dry matter production and finally 
the yield. The highest yield (5300 and 4420 kg  ha−1) was 
recorded in  IF2WL1.25, followed by  IF1WL1.25 and  IF2WL1.0 
(4910 and 4330 kg  ha−1 and 4670 and 4160 kg  ha−1 in 2014 
and 2015, respectively) while the lowest yield obtained 
(2700 and 1960 kg  ha−1) from  IF3WL0.50 during both studied 

Table 3  The observed and simulated WP and IWP of peanut in different treatments in 2014, 2015

Treatments 2014 2015

Observed WP, kg  m−3 Simulated WP, kg  m−3 Error, % Observed WP, kg  m−3 Simulated WP, kg  m−3 Error, %

WP
IF1WL0.50 0.55 0.43 21.0 0.49 0.42 14.1
IF1WL0.75 0.47 0.55  − 16.2 0.51 0.57  − 10.9
IF1WL1.0 0.47 0.55  − 18.4 0.46 0.58  − 25.6
IF1WL1.25 0.48 0.55  − 16.3 0.42 0.63  − 49.7
IF2WL0.50 0.61 0.46 24.4 0.57 0.44 22.6
IF2WL0.75 0.53 0.57  − 6.9 0.52 0.50 3.8
IF2WL1.0 0.52 0.55  − 4.8 0.48 0.64  − 33.9
IF2WL1.25 0.54 0.54 1.1 0.49 0.69  − 41.2
IF3WL0.50 0.45 0.39 14.6 0.33 0.36  − 8.1
IF3WL0.75 0.39 0.53  − 33.7 0.32 0.45  − 41.0
IF3WL1.0 0.45 0.59  − 31.1 0.36 0.55  − 53.4
IF3WL1.25 0.46 0.58  − 26.1 0.34 0.60  − 77.2

RMSE: 0.10 RMSEn: 19.8 RMSE: 0.15 RMSEn: 34.1
IWP
IF1WL0.50 0.81 0.80 1.5 0.65 0.64 2.2
IF1WL0.75 0.62 0.71  − 14.3 0.54 0.62  − 15.6
IF1WL1.0 0.57 0.55 3.7 0.46 0.49  − 7.5
IF1WL1.25 0.49 0.44 10.4 0.41 0.44  − 7.9
IF2WL0.50 0.89 0.85 5.4 0.71 0.68 4.4
IF2WL0.75 0.69 0.72  − 4.9 0.59 0.54 8.1
IF2WL1.0 0.59 0.53 9.4 0.52 0.56  − 8.1
IF2WL1.25 0.53 0.42 21.2 0.44 0.50  − 12.5
IF3WL0.50 0.67 0.64 3.3 0.48 0.49  − 1.1
IF3WL0.75 0.56 0.63  − 13.6 0.40 0.45  − 12.5
IF3WL1.0 0.49 0.55  − 12.1 0.41 0.45  − 9.2
IF3WL1.25 0.45 0.44 1.7 0.37 0.40  − 6.8

RMSE: 0.06 RMSEn: 9.3 RMSE: 0.04 RMSEn: 8.6
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years. Environmental and climatic conditions were found 
more promising for peanut growth in the first year than the 
second as there was a 17% higher yield obtained in 2014 
than in 2015. Furthermore, the model calibration was found 
well and also performed reasonably well during evaluation 
for all studied parameters during both years. It showed the 
potential of the model to apply for further seasonal analysis 
and climate change impact assessment in the region for deci-
sion support for the peanut growers.

Discussion

Peanut yield decreased with the reductions in the irrigation 
application water depending on the irrigation frequency, 
regimes, and amounts. The study results indicated the water 
stress gradually increases at lower frequency irrigations 
induced considerable effects on growth and reductions in 

peanut yield during both studies years. It could be due to 
loss of turgor due to lower availability of soil moisture than 
required by plants and it leads to drought conditions and fur-
ther affects the photosynthesis and other physiological pro-
cess and leads to lower LAI and dry matter production and 
yield (Wajid et al., 2013). Deficit irrigation treatments with 
less irrigation frequency (IF1) at critical crop growth phases 
leads to lower soil water availability and defiantly affects the 
plant growth and yield process which leads to a reduction 
in yield. Similar findings are also reported previously like 
Kheira (2009) demonstrated that water stress at pegging and 
pod development drastically reduced the yield; furthermore, 
he found that deficit irrigation and water stress conditions 
also affect the yield drastically (2200 and 3700 kg  ha−1 for 
deficit and full irrigation levels) in Egypt. Rowland et al. 
(2012) reported average yields of peanut in all fifteen irriga-
tion treatments varying between 4203 and 4147 kg  ha−1 in 
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Fig. 3  a–l. Variation of simulated and observed soil water for peanut in  IF1 (a–d),  IF2 (e–h), and  IF3 (i–l) treatments in 2014
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2005 and 2006 respectively, showing the fact and logic that 
water stress affects peanut growth and yield.

The model predicted phenology (3–6  day difference 
between observed and simulated) at various irrigation fre-
quencies. The variation in results could be due to structural 
simplification of biophysical processes in the model, uncertain 
model inputs such as errors in weather data, and uncertainty 
in model parameters (Rahman et al. 2018). However, Dangth-
aisong et al. (2006) reported that predictions of the maturity 
dates were reasonably accurate for the peanut cultivar Tainan 
9 at different water regimes in 2004 and at full irrigation in 
2005, where the difference only ranged 0–4 days between 
observed and predicted. However, predictions of the maturity 
dates of Tainan 9 under the two water stress levels in 2005 
were rather poor, with the differences being 6–7 days. Also, 
for the cultivar KK 60–3, the prediction of the maturity date 

at full irrigation in 2004 was rather poor (8 days difference) 
while predictions of the maturity dates at the two water stress 
levels were reasonably good (2–4 day differences).

Parmar et al. (2013) tested the CROPGRO-Peanut V4.5 
model in 3 peanut varieties in the Gujarat region of India on 
different sowing dates. The model underestimated LAI values 
for each variety. Dugan et al. (2011) evaluated the perfor-
mance of the CROPGRO-Peanut model in Ghana by simulat-
ing the response of two peanut varieties to sowing dates and 
sowing densities (9 and 17 plants). The changes in the leaf 
area index (LAI) in the model were significantly compatible 
with the observed values (r2 = 0.81). The study results indi-
cated that the model simulated the temporal LAI well with 
lower RMSEs values (Fig. 2a–x). Similar was reported by 
Zhao et al. (2019) that the model performed satisfactorily in 
simulating LAI of peanut under different irrigation regimes 
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and management conditions. Furthermore, Haro et al. (2008) 
also found the values of 3.9 for maximum LAI for peanut 
grown under water stress conditions and 6.2 for fully irrigated 
plots in Argentina. Patel and Golakia (1988) showed that con-
tinuous water deficit resulted in fewer and smaller leaves in 
a study conducted in India which lead to effects on growth, 
dry matter production, and yield. Maximum seasonal LAI for 
peanut tends to be greater than for most crops (Kiniry et al. 
2005), with reported values for maximum LAI ranging from 
3 (Gardner and Auma 1989) to greater than 8 (Chapman et al. 
1993). Soler et al. (2013) reported that the observed maximum 
LAI ranged from 1.2 for the 30% available soil water (AWC) 
treatment to 6.3 for the 90% of AWC treatment.

The simulation of WP by the model was found reason-
ably well so the growth, development, and yield parameters 
were simulated in a good range (Table 3). Our results are in 
agreement with previous studies based on observed data for 
calculating WP and simulated results by Soler et al. (2013). 
In another study in Egypt conducted on sandy soil and under 
drip irrigation, reported that the peanut yield WP increased 
with increasing irrigation water quantity (El-Boraie et al. 
2009). In water stress conditions, WP was reduced in differ-
ent peanut varieties grown in Argentina (Collino et al. 2000). 
Bandyopadhyay et al. (2005) found that WP values ranged 
from 0.48 to 0.60 kg  m−3 for peanut grown during two crop-
ping seasons in India. Aydinsakir et al. (2016) reported that 
the WP varied from 0.5 to 0.75 kg  m−3 and 0.5 to 0.8 kg  m−3 
in 2013 and 2014, respectively. Kheira (2009) reported WP 
values for deficit irrigated peanut in Egypt varying between 
0.45 and 0.61 kg  m−3. Our results are in agreement with the 
abovementioned study results and also showed the logical 
reasoning for the reduction in yield due to water deficit con-
ditions. The simulated WP of peanut with different irrigation 
regimes ranged from 0.64  m−3 in a dry year under rainfed to 
1.54 kg  m−3 in a normal year. The WP of peanut increased 
with an increase in irrigation rate in dry years, but not in 

normal or wet years in Northern Chain Plain (Zhao et al. 
2019).

It is reported that during the total growing period of pea-
nut, an adequate water supply and comparatively moist soils, 
which are essential for good growth, development, and high 
yields, are required (Rao et al. 1988; Reddy and Reddy 1993). 
However, the flowering and fruit filling periods of peanut are 
more sensitive to water stress than early vegetative and late-
ripening periods (Howell et al. 1980; Jain et al. 1997). The 
findings of related studies showed that less than 40–50% of 
depletion in soil water can be acceptable for higher yields 
(Doorenbos and Kassam 1986). Results show that the model 
captures SWC seasonal variations reasonably well in lower 
irrigation frequencies  (IF2 and  IF3) than higher irrigation fre-
quency  (IF1), and more precisely when SWC is permanently 
low in treatments. The observed model weaknesses appear 
to come mainly from SWC overestimation, all over the treat-
ments in 2014. While the model generally gives similar results 
to the first experimental year, it tends to underestimate SWC 
late in the season with some treatments, including deficit irri-
gated treatments  (IF3WL0.50 and  IF3WL0.75). The distribution 
among the data shows that the observed SWC is well repre-
sented as a result of simulated values and statistical evalu-
ations. It is concluded that CSM-CROPGRO-Peanut model 
is a useful tool for irrigation water management in Eastern 
Mediterranean region of Turkey and further it can be used for 
decision-making related to crop management and irrigation 
water application to improve resource use efficiency.

Conclusions

The CROPGRO-Peanut model simulated the phenology, 
growth (LAI, dry matter production), and grain yield 
reasonably well with low RMSE during calibration 

Table 4  Goodness of fit 
indicators relative to model 
prediction of available soil–
water (ASW) for 2014 and 2015 
growing seasons of peanut for 
all treatments

Treatments 2014 2015

RMSE, mm RMSEn, % d Error, % RMSE, mm RMSEn, % d Error, %

IF1WL0.50 31.0 11.1 0.52 8 20.2 7.2 0.66 3
IF1WL0.75 44.1 15.6 0.43 14 42.2 14.6 0.40 12
IF1WL1.0 48.5 16.9 0.39 15 50.8 17.5 0.38 15
IF1WL1.25 57.3 19.9 0.36 19 64.1 22.0 0.32 20
IF2WL0.50 17.3 6.1 0.72 4 20.3 7.1 0.53 4
IF2WL0.75 20.3 7.1 0.65 6 24.3 8.5 0.52 6
IF2WL1.0 39.7 13.8 0.47 12 23.3 8.1 0.46 6
IF2WL1.25 39.2 13.6 0.48 12 49.2 17.2 0.34 15
IF3WL0.50 21.1 7.5 0.48 5 38.9 13.5 0.52 10
IF3WL0.75 11.3 4.0 0.64 1 30.6 10.5 0.55 7
IF3WL1.0 24.9 8.9 0.53 7 12.3 4.2 0.68 0
IF3WL1.25 25.0 8.0 0.53 8 14.7 5.1 0.62 0
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evaluation for irrigation frequencies and water levels. 
The simulated WP showed a positive relation between 
cumulative irrigation with lower  RMSEn during both 
growing seasons. The IWP values decreased with 
increasing IF with the same WL values. Thus, it is 
not suggested to use  IF1 and  IF3 while  IF2 can also 
be adopted by the farmers for drip-irrigated peanut 
growing in the East Mediterranean part of Turkey. 
Furthermore, simulation results indicated good agree-
ment between measured and simulated SWC with low 
 RMSEn values (4.0 to 16.8% in 2014 and 4.3 to 18.2% 
in 2015) and low error (E) values for SWC ranged from 
1 to 19% in 2014 and from 0 to 20% in 2015 grow-
ing season.  IF2WL1.25 produced maximum peanut yield 
during both study years, followed by  IF2WL1.0 while 
lower yield was obtained with water stress conditions 
in  IF3WL0.50. It may be recommended that farmers may 
use  IF2 (50 mm of cumulative pan evaporation) with 
water levels of  WL1.25 (125 of CPE) and  WL1.0 (100 
of CPE) to achieve a good yield and save irrigation 
water. However, furthermore, we suggest that optimum 
irrigation management practices should be identified 
from long-term simulations for decision-making by the 
farmers under contrasting climatic conditions.

Author contribution S.M.S. and I.A. conceived the experiment idea. 
S.M.S., I.A., and K.C.O. contributed greatly to the overall preparation 
and conduct of the research. K.C.O., S.T., E.A., M.H.R., and C.M.M. 
contributed to the organization of the data for different attributes, pro-
vided support for the experiment, and designed the figures and tables. 
S.M.S., I.A., M.H.R., and E..A. analyzed the data and model calibra-
tion, evaluation, and application. All authors provided critical feedback 
and helped shape the research, analysis, and manuscript. S.M.S., I.A., 
and M.H.R. drafted and revised the article and provided technical guid-
ance and editing support. S.M.S supervised the project.

Funding Open Access funding enabled and organized by Projekt 
DEAL. This research work is funded by the TUBITAK-BIDEP, Sci-
entific Research Projects Coordination Unit (BAP) of Çukurova Uni-
versity underground no: FYL-2019–12401, and National Agricultural 
Research and Policies (TAGEM) of Ministry of Agriculture, Turkey.

Data availability The datasets and codes used and/or analyzed dur-
ing the current study are available from the corresponding author on 
reasonable request.

Declarations 

Ethics approval and consent to participate We all declare that manu-
script reporting studies do not involve any human participants, human 
data, or human tissue. So it is not applicable.

Consent for publication Our manuscript does not contain data from 
any individual person, so it is “Not applicable.”

Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

Ahmed I, Rahman MH, Ahmed S, Hussain J, Ullah A, Judge J (2018) 
Assessing the impact of climate variability on maize using simula-
tion modeling under semiarid environment of Punjab, Pakistan. 
Environ Sci Pollut Res 25:28413–28430. https:// doi. org/ 10. 1007/ 
s11356- 018- 2884-3

Allen RG, Pereira LS, Raes D, Smith M (1998) Crop evapotranspira-
tion – guidelines for computing crop water requirements. FAO 
Irrig and Drain paper, No. 56, Rome

Aydinsakir K, Dinc N, Buyuktas D, Bastug R, Toker R (2016) Assess-
ment of different irrigation levels on peanut crop yield and quality 
components under Mediterranean conditions. J Irrig Drain Eng 
142(9):04016034–04016039. https:// doi. org/ 10. 1061/ (ASCE) IR. 
1943- 4774. 00010 62

Amin A, Nasim W, Mubeen M, Nadeem M, Ali L, Hammad HM, 
Sultana SR, Jabran K, Rahman MH et al (2017) Optimizing the 
phosphorus use in cotton by using CSM-CROPGRO-cotton model 
for semi-arid climate of Vehari-Punjab. Pakistan Environ Sci Pol-
lut Res 24(6):5811–5823

Bandyopadhyay PK, Mallick S, Rana SK (2005) Water balance and 
crop coefficients of summer-grown peanut (Arachis hypogaea L.) 
in a humid tropical region of India. Irrig Sci 23(4): 161–169. 
https:// doi. org/ 10. 1007/ s00271- 005- 0104-7

Boote KJ, Jones JW, Hoogenboom G (1998a) Simulation of crop 
growth: CROPGRO model. In: Peart RM, Curry RB (eds) Agri-
cultural systems modeling and simulation (Chapter 18). Marcel 
Dekker Inc, New York, pp 651–692

Boote KJ, Jones JW, Hoogenboom G, Pickering NB (1998b) The 
CROPGRO model for grain legumes. In: Tsuji GY, Hoogenboom 
G, Thornton PK (eds) Understanding options for agricultural 
production. Kluwer Academic Publishers, Dordrecht, pp 99–128

Chapman SC, Ludlow MM, Blamey FPC, Fischer KS (1993) Effect of 
drought during early reproductive development on growth of culti-
vars of groundnut (Arachis hypogaea L.). II. Biomass production, 
pod development and yield. Field Crops Res 32(3–4):211–225. 
https:// doi. org/ 10. 1016/ 0378- 4290(93) 90032-I

Collino DJ, Dardanelli JL, Sereno R, Racca RW (2000) Physiologi-
cal responses of Argentine peanut varieties to water stress. Water 
uptake and water use efficiency. Field Crops Res 68:133–142. 
https:// doi. org/ 10. 1016/ S0378- 4290(00) 00115-5

Dangthaisong P, Banterng P, Jogloy S, Vorasoot N, Patanothai A, 
Hoogenboom G (2006) Evaluation of the CSM-CROPGRO-
Peanut model in simulating responses of two peanut cultivars to 
different moisture regimes. Asian J Plant Sci 5:913–922. https:// 
doi. org/ 10. 3923/ ajps. 2006. 913. 922

Doorenbos J, Kassam AH (1986) Yield response to water. FAO irriga-
tion and drainage paper 33, Rome, Italy, 193 pp

Dugan E, Adiku SGK, Dowuona GNN, Laryea KB, Kumaga F (2011) 
Application of CROPGRO Peanut model to evaluate groundnut 

26947Environmental Science and Pollution Research  (2022) 29:26936–26949

1 3

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s11356-018-2884-3
https://doi.org/10.1007/s11356-018-2884-3
https://doi.org/10.1061/(ASCE)IR.1943-4774.0001062
https://doi.org/10.1061/(ASCE)IR.1943-4774.0001062
https://doi.org/10.1007/s00271-005-0104-7
https://doi.org/10.1016/0378-4290(93)90032-I
https://doi.org/10.1016/S0378-4290(00)00115-5
https://doi.org/10.3923/ajps.2006.913.922
https://doi.org/10.3923/ajps.2006.913.922


growth and yield in some farming zones of Ghana. Biores Bull 
5:322–328

El-Boraie FM, Abo-El-Ela HK, Gaber AM (2009) Water requirements 
of peanut grown in sandy soil under drip irrigation and biofertili-
zation. Aust J Basic Appl Sci 3:55–65

FAOSTAT (2020) Food and Agriculture Organization of the United 
Nations. http:// fao. org

Fereres E, Soriano MA (2007) Deficit irrigation for reducing agricul-
tural water use. J Exp Biol 58:147–159. https:// doi. org/ 10. 1093/ 
jxb/ erl165

Gardner FP, Auma EO (1989) Canopy structure, light interception, 
and yield and market quality of peanut genotypes as influenced 
by planting pattern and planting date. Field Crops Res 20:13–29. 
https:// doi. org/ 10. 1016/ 0378- 4290(89) 90020-8

Haro RJ, Dardanelli JL, Otegui ME, Collino DJ (2008) Seed yield 
determination of peanut crops under water deficit: soil strength 
effects on pod set, the source-sink ratio and radiation use effi-
ciency. Field Crops Res 109:24–33. https:// doi. org/ 10. 1016/j. fcr. 
2008. 06. 006

Hashemi F, Pohle I, Pullens JW, Tornbjerg H, Kyllmar K, Marttila H, 
Lepisto A, Kløve B (2020) Conceptual mini-catchment typologies 
for testing dominant controls of nutrient dynamics in three Nordic 
countries. Water 12:1776. https:// doi. org/ 10. 3390/ w1206 1776

Hoogenboom G, Jones JW, Wilkens PW, Porter CH, Boote KJ, Hunt 
LA, Singh U, Lizaso JL, White JW, Uryasev O, Royce FS, Ogashi 
R, Gijsman AJ, Tsuji GY (2010) Decision support system for 
agro technology transfer version 4.5. [CD–ROM]. University of 
Hawaii, Honolulu, HI

Howell TA, McFarland MJ, Reddell DL, Brown KW, Newton RJ, Dah-
men P (1980) Response of peanuts to irrigation management at 
different crop growth stages. Tech. Report 113(2),103p, Texas 
Water Resources Inst., Texas A&M University

Jain LL, Panda RK, Sharma CP (1997) Water stress response func-
tion for groundnut (Arachis hypogaea L.). Agric Water Manag 
32:197–209. https:// doi. org/ 10. 1016/ S0378- 3774(96) 01240-1

Jones JW, Ritchie JT (1990) Crop growth models: management of farm 
irrigation system, in Hoffman, G.J., Howell, T.A., Solomon, K.H., 
(Eds.). ASAE monograph No. 9, ASAE. St. Joseph, Mich., 63–89

Kiniry JR, Simpson CE, Schubert AM, Reed JD (2005) Peanut leaf 
area index, light interception, radiation use efficiency, and harvest 
index at three sites in Texas. Field Crops Res 91:297–306. https:// 
doi. org/ 10. 1016/j. fcr. 2004. 07. 021

Kheira AAA (2009) Macro management of deficit-irrigated peanut 
with sprinkler irrigation. Agric Water Manag 9:1409–1420. 
https:// doi. org/ 10. 1016/j. agwat. 2009. 05. 002

Magombeyi MS, Taigbenua AE, Barron J (2018) Effectiveness of agri-
cultural water management technologies on rainfed cereals crop 
yield and runoff in semi-arid catchment: a meta-analysis. Int J 
Agric Sustain 16(4–5):418–441. https:// doi. org/ 10. 1080/ 14735 
903. 2018. 15238 28

Meena RP, Karnam V, Tripathi SC, Jha A, Sharma RK, Singh GP 
(2019) Irrigation management strategies in wheat for efficient 
water use in the regions of depleting water resources. Agric Water 
Manag 214:38–46. https:// doi. org/ 10. 1016/j. agwat. 2019. 01. 001

Nikolaou G, Neocleous D, Christou A, Kitta E, Katsoulas N (2020) 
Implementing sustainable irrigation in water-scarce regions under 
the impact of climate change. Agronomy 10:1120. https:// doi. org/ 
10. 3390/ agron omy10 081120

Parmar PK, Patel HR, Yadav SB, Pandey V (2013) Calibration and val-
idation of DSSAT model for Kharif groundnut in North-Saurash-
tra agro-climatic zone of Gujarat. J Agrometeorol 15(1):62–65

Patel MS, Golakia BA (1988) Effect of water stress on yield attributes 
and yield of groundnut. Indian J Agric Sci 58:701–703

Porporato A, Daly E, Iturbe IR (2004) Soil water balance and ecosys-
tem response to climate change. Am Nat 164(5):625–632. https:// 
doi. org/ 10. 1086/ 424970

Rahman MH, Ahmad A, Wajid A et al (2016) Estimation of temporal 
variation resilience in cotton varieties using statistical models. 
Pakistan J Agric Sci 53:787–807

Rahman MH, Ahmad A, Wang X, Wajid A, Nasim W, Hussain M, 
Ahmad B, Ahmad I, Ali Z, Ishaque W, Awais M, Sheliab V, 
Ahmad S, Fahdl S, Alam M, Ullah H, Hoogenboom G (2018) 
Multi-model projections of future climate and climate change 
impacts uncertainty assessment for cotton production in Pakistan. 
Agric For Meteorol 253–254:94–113. https:// doi. org/ 10. 1016/j. 
agrfo rmet. 2018. 02. 008

Rahman MH, Ahmad A et al (2019) Application of CSMCROPGRO-
Cotton model for cultivars and optimum planting dates: evaluation 
in changing semi-arid climate. Field Crop Res. https:// doi. org/ 10. 
1016/j. fcr. 2017. 007

Rahman MH et al (2020) Climate resilient cotton production system: 
a case study in Pakistan. In: Ahmad S, Hasanuzzaman M (eds) 
Cotton Production and Uses. Springer, Singapore. https:// doi. org/ 
10. 1007/ 978- 981- 15- 1472-2_ 22

Rahman MH, Ahmad I, Wang D, Fahad S, Afzal M, Ghaffar A, 
Saddique Q, Khan MA, Saud S, Hassan S et al (2021) Influ-
ence of semi-arid environment on radiation use efficiency and 
other growth attributes of lentil crop. Environ Sci Pollut Res 
28:13697–13711

Rao RCN, William JH, Sivakumar MVK, Wadia KDR (1988) Effect of 
water deficit at different growth phases of peanut: II. response to 
drought at pre flowering phase. Agron J 80:431–438. https:// doi. 
org/ 10. 2134/ agron j1988. 00021 96200 80000 30010x

Reddy CR, Reddy SR (1993) Scheduling irrigation for peanuts with 
variable amounts of available water. Agric Water Manag 23:1–9. 
https:// doi. org/ 10. 1016/ 0378- 3774(93) 90016-4

Ritchie JT (1998) Soil water balance and plant water stress. In Under-
standing options of agricultural production, eds. Tsuji, G.Y., 
Hoogenboom, G., Thornton, P.K., Dordrecht, The Netherlands: 
Kluwer Academic Publishers and International Consortium for 
Agricultural Systems Applications; p.41–53

Rowland DL, Fairclotha W, Payton P, Tissue DT, Ferrell JA, Sorensen 
RB, Butts CL (2012) Primed acclimation of cultivated peanut 
(Arachis hypogaea L.) through the use of deficit irrigation timed 
to crop developmental periods. Agric Water Manag 113:85–95. 
https:// doi. org/ 10. 1016/j. agwat. 2012. 06. 023

Saddique Q, Cai H, Xu J et al (2020a) Analyzing adaptation strategies 
for maize production under future climate change in Guanzhong 
Plain, China. Mitig Adapt Strateg Glob Change 25: 1523–1543 
(2020). https:// doi. org/ 10. 1007/ s11027- 020- 09935-0.

Saddique Q, Liu De Li, Wang Bin, Feng Puyu, He Jianqiang, Ajaz Ali, 
Ji Jianmei, Jiatun Xu, Zhang Chao, Cai Huanjie (2020) Modeling 
future climate change impacts on winter wheat yield and water 
use: a case study in Guanzhong Plain, northwestern China. Eur J 
Agron 119:2020. https:// doi. org/ 10. 1016/j. eja. 2020. 126113

Saddique Q, Khan MI, Habib ur Rahman M, Jiatun X, Waseem M, 
Gaiser T, MohsinWaqas M, Ahmad I, Chong L, Cai H (2020b) 
Effects of elevated air temperature and CO2 on maize production 
and water use efficiency under future climate change scenarios in 
Shaanxi Province, China. Atmosphere. 11(8):843. https:// doi. org/ 
10. 3390/ atmos 11080 843

Shafqat W, Jaskani MJ, Maqbool R, Khan AS, Ali Z (2019) Evaluation 
of citrus rootstocks against drought, heat and combined stress 
based on growth and photosynthetic pigments. Intl J Agric Biol 
22:1001–1009

Shafqat W, Jaskani MJ, Maqbool R, Chattha WS, Ali Z, Naqvi SM, 
Haider MS, Khan IA, Vincent CI (2021) Heat shock protein and 
aquaporin expression enhance water conserving behavior of citrus 
under water deficits and high temperature conditions. Environ Exp 
Bot 181. https:// doi. org/ 10. 1016/j. envex pbot. 2020. 104270

Sezen SM, Yazar A, Kara O, Tekin S, Yıldız M, Yucel S, Konuşkan 
D, Alaç V, Kurt C, Subaşı S, Çolak YB (2017) Determination 

26948 Environmental Science and Pollution Research  (2022) 29:26936–26949

1 3

http://fao.org
https://doi.org/10.1093/jxb/erl165
https://doi.org/10.1093/jxb/erl165
https://doi.org/10.1016/0378-4290(89)90020-8
https://doi.org/10.1016/j.fcr.2008.06.006
https://doi.org/10.1016/j.fcr.2008.06.006
https://doi.org/10.3390/w12061776
https://doi.org/10.1016/S0378-3774(96)01240-1
https://doi.org/10.1016/j.fcr.2004.07.021
https://doi.org/10.1016/j.fcr.2004.07.021
https://doi.org/10.1016/j.agwat.2009.05.002
https://doi.org/10.1080/14735903.2018.1523828
https://doi.org/10.1080/14735903.2018.1523828
https://doi.org/10.1016/j.agwat.2019.01.001
https://doi.org/10.3390/agronomy10081120
https://doi.org/10.3390/agronomy10081120
https://doi.org/10.1086/424970
https://doi.org/10.1086/424970
https://doi.org/10.1016/j.agrformet.2018.02.008
https://doi.org/10.1016/j.agrformet.2018.02.008
https://doi.org/10.1016/j.fcr.2017.007
https://doi.org/10.1016/j.fcr.2017.007
https://doi.org/10.1007/978-981-15-1472-2_22
https://doi.org/10.1007/978-981-15-1472-2_22
https://doi.org/10.2134/agronj1988.00021962008000030010x
https://doi.org/10.2134/agronj1988.00021962008000030010x
https://doi.org/10.1016/0378-3774(93)90016-4
https://doi.org/10.1016/j.agwat.2012.06.023
https://doi.org/10.1007/s11027-020-09935-0
https://doi.org/10.1016/j.eja.2020.126113
https://doi.org/10.3390/atmos11080843
https://doi.org/10.3390/atmos11080843
https://doi.org/10.1016/j.envexpbot.2020.104270


of optimum irrigation program and effect of deficit irrigation 
strategies on yield and quality of peanut irrigated with drip sys-
tem under the Eastern Mediterranean climatic conditions. The 
Republic of Turkey Ministry of Food Agriculture, General Direc-
torate of Agricultural Research and Policies. Project No. TAGEM/
TSKAD/14/A13/P02/06, final report,156 p

Sezen SM, Yucel S, Tekin S, Yıldız M (2019) Determination of opti-
mum irrigation and effect of deficit irrigation strategies on yield 
and disease rate of peanut irrigated with drip system in Eastern 
Mediterranean. Agric Water Manag 221:211–219. https:// doi. org/ 
10. 1016/j. agwat. 2019. 04. 033

Soler CMT, Suleiman A, Anothai J, Flitcroft I, Hoogenboom G (2013) 
Scheduling irrigation with a dynamic crop growth model and 
determining the relation between simulated drought stress and 
yield for peanut. Irrig Sci 31(5):889–901. https:// doi. org/ 10. 1007/ 
s00271- 012- 0366-9

Tekinel O, Yazar A, Cevik B, Kanber R (1989) Ex-post evaluation of 
the Lower Seyhan Project in Turkey. In: Rydzewski JR, Ward CF 
(eds) Irrigation Theory and Practice. Pentech Press, London, pp 
145–152

TUIK (2020) Peanut production. Turkish Statistical Institute (In 
Turkish). biruni.tuik.gov.tr/bitkiselapp/bitkisel.zul (accessed 22 
November 2020)

Vanli O, Ustundag BB, Ahmad I, Ochoa IMH, Hoogenboom G (2019) 
Using crop modeling to evaluate the impacts of climate change on 
wheat in southeastern Turkey. Environ Sci Pollut Res 26:29397–
29408. https:// doi. org/ 10. 1007/ s11356- 019- 06061-6

Wajid A, Rahman MHU, Ahmad A, Khaliq T, Mahmood N, Rasul F, 
Bashir MU, Awais M, Hussain J, Hoogeboom G (2013) Simulat-
ing the interactive impact of nitrogen and promising cultivars on 

yield of lentil (Lens culinaris) using CROPGRO-legume model. 
Int J Agric Biol 15:1331–1336

Wajid A, Ahmad A, Hussain M, Rahman MH, Khaliq T, Mubeen M, 
Rasul F, Bashir U, Awais M, Iqbal J, Sultana SR, Hoogenboom 
G (2014) Modeling growth: development and seed-cotton yield 
for varying nitrogen increments and planting dates using DSSAT. 
Pak J Agric Sci 51:639–647

Wallach D, Goffinet B (1987) Mean squared error of prediction in mod-
els for studying ecological and agronomic systems. Biometrics 
43:561–573. https:// doi. org/ 10. 2307/ 25319 95

Wang FX, Kang Y, Liu SP (2006) Effects of drip irrigation frequency 
on soil wetting pattern and potato growth in North China Plain. 
Agric Water Manag 79:248–264. https:// doi. org/ 10. 1016/j. agwat. 
2005. 02. 016

Willmott CJ, Ackleson SG, Davis RE, Feddema JJ, Klink KM, Legates 
DR, O’Connell J, Rowe CM (1985) Statistics for the evaluation 
and comparison of models. J Geophys Res 90(C5):8995–9005. 
https:// doi. org/ 10. 1029/ JC090 iC05p 08995

Zhao J, Chu Q, Shang M, Meki MN, Norelli N, Jiang Y, Yang Y, 
Zang H, Zeng Z, Jeong J (2019) Agricultural policy environmental 
extender (APEX) simulation of spring peanut management in the 
North China Plain. Agronomy 9(443):21. https:// doi. org/ 10. 3390/ 
agron omy90 80443

Publisher’s note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Funding open access: APC will pay by INRES, University of Bonn, 
Germany.

26949Environmental Science and Pollution Research  (2022) 29:26936–26949

1 3

https://doi.org/10.1016/j.agwat.2019.04.033
https://doi.org/10.1016/j.agwat.2019.04.033
https://doi.org/10.1007/s00271-012-0366-9
https://doi.org/10.1007/s00271-012-0366-9
https://doi.org/10.1007/s11356-019-06061-6
https://doi.org/10.2307/2531995
https://doi.org/10.1016/j.agwat.2005.02.016
https://doi.org/10.1016/j.agwat.2005.02.016
https://doi.org/10.1029/JC090iC05p08995
https://doi.org/10.3390/agronomy9080443
https://doi.org/10.3390/agronomy9080443

	Growth and productivity assessments of peanut under different irrigation water management practices using CSM-CROPGRO-Peanut model in Eastern Mediterranean of Turkey
	Abstract
	Highlights
	Introduction
	Materials and methods
	Environmental conditions of the study site
	Experimental detail
	Calibration and evaluation of CSM-CROPGRO model
	Measurements of soil water content (SWC)
	Soil water balance and evapotranspiration (ET)
	Water productivity (WP) and irrigation water productivity (IWP)

	Results and discussion
	Results
	Effect of irrigation frequencies (IF) and water level (WL) on growth and yield of peanut
	Genetic coefficients estimation of CROPGRO-Peanut model
	Calibration and evaluation of CROPGRO-Peanut model for phenology
	Leaf area index during calibration and evaluation of CROPGRO-Peanut model
	Modeling water productivity (WP), irrigation water productivity (IWP), and soil water content (SWC)
	Summary of the findings

	Discussion

	Conclusions
	References


