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Abstract: A lot of research work regarding irrigation scheduling in rice has been carried out at global level with the 
objective of increasing irrigation water productivity (IWP) and sustaining grain yield. Under natural conditions rain 
disturb the planned irrigation treatments. One way to overcome this problem is to use rain shelters which is a costly 
affair, crop growth simulation models offer a good scope to conduct such studies by excluding the effect of rain. Very 
limited studies are available where FAO’s AquaCrop model has been used to develop irrigation schedule for crops. 
Therefore, a study was conducted using FAO AquaCrop model to develop irrigation schedule for rice having higher 
IWP. The model was calibrated and validated using the experimental data of field experiments conducting during 
2009 and 2010, respectively. The model underestimated the above ground dry biomass at 30 days after transplant-
ing (DAT) in the range of 21.60 to 24.85 %. At the time of harvest the model overestimated the above ground dry 
biomass within the range 11.58 to 14.34 %. At harvest the values of normalized root mean square error (15.54%) 
suggested a good fit for the above ground dry biomass and an excellent agreement (3.34%) between observed and 
model predicted grain yield. The model suggested to irrigate rice transplanted in puddled loamy sand soil on every 
5th day to get higher IWP coupled with statistically similar grain yield as obtained with daily irrigation schedule.  

Keywords: Above ground dry biomass, Grain yield, Puddled rice, Water productivity 

INTRODUCTION 

Food security of many countries including India  

depends upon rice. Punjab is a major contributor to the 

central pool of rice and its contribution ranged from 

45.3 % in 1980-81 to 29.5 % in 2009-10. The sustain-

ability of rice production in Indian Punjab is threatened 

by increasing scarcity of water. In northwest part of 

India, rice is mostly cultivated in puddled fields with 

continuously ponded water and it is also one of the 

biggest users of world’s fresh water resources (Tuong 

and Bouman, 2003). Rice cultivation with current 

practices, consumes very large quantity (1500 to 3000 

mm) of irrigation water (Sharma et al., 2002; Singh et 

al., 2002) and its cultivation is considered as one of the 

most important reasons for fall in underground water 

table in central parts of the Indian Punjab (Singh, 

2006). Therefore, there is an urgent need to produce 

more rice per unit of irrigation water used. 

Irrigation plays most important role in increasing the 

productivity of rice, but the irrigation water productiv-

ity (IWP) of rice is quite low owing to its high water 

requirement and percolation losses. Proper scheduling 

of irrigation can help in saving the irrigation water 

considerably. Many workers have suggested to irrigate 

the rice after 1- 3 days after disappearance of ponded 
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water (Bali and Uppal, 1999; Edwin and Anal, 2008; 

Husain et al., 2008; Luikham et al., 2004; Parihar, 

2004; Ramakrishna et al., 2007; Sandhu et al., 2012). 

However, some others advocated to further increase 

the interval between successive irrigations and sug-

gested to irrigate rice crop after 5 days after disappear-

ance of ponded water (Sandhu et al.,1980; Singh et al., 

2008), irrigation on every 5th (Katozi et al., 2009) and 

7th (Khalifa et al., 2005) day. However, under natural 

conditions rain disturb the planned irrigation  

treatments and it becomes very difficult of get the 

proper effect of applied irrigation treatments. One way 

to overcome this problem is to use rain shelters which 

is a costly affair. Crop growth simulation models offer 

a good scope to conduct such studies by excluding the 

effect of rain. To overcome these limitations, many 

workers (Benli et al., 2007; Blum, 2009; Geerts and 

Raes, 2009; Heng et al., 2007; Pereira et al., 2009) 

have suggested that crop simulation models can be a 

useful tool for conducting such research. Very limited 

studies are available where FAO’s AquaCrop model 

has been used to develop irrigation schedule for crops. 

The AquaCrop, developed by the FAO is a crop water 

productivity simulation model and it simulates  

response of crop yield to water. AquaCrop model 

evolved from the concepts of crop yield response to 
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evapotranspiration (ET) developed by Doorenbos and 

Kassam (1979). This model requires a few parameters 

and other input data to simulate the yield response to 

water. These parameters are explicit and mostly  

intuitive and the model maintains an adequate balance 

between accuracy, simplicity and robustness. The 

model is aimed for use by broad range of users like 

engineers, economists, extension specialists and water 

managers at various levels (Steduto et al., 2009). The 

AquaCrop model has been tested by several research-

ers (Baumhardt et al., 2009; Geerts et al., 2009; Heng 

et al., 2009; Alizadeh  et al., 2010; Araya et al., 2010a; 

Araya et al., 2010b; Andarzian et al., 2011; Stricevic 

et al., 2011; Zeleke et al., 2011; Zinyengere et al., 

2011; Abedinpour et al., 2012; Mkhabela and Bullock 

2012) around the globe under diverse environmental 

conditions and their results indicate the wide applica-

bility of the model under diverse climatic conditions. 

Therefore, a study was conducted, in order to verify 

these findings and to develop irrigation schedule with 

higher IWP, along with similar grain yield, by using 

Food and Agriculture Organisation (FAO) AquaCrop 

model version 3.1 Plus for rice transplanted in puddled 

field in northwest India. 

MATERIALS AND METHODS 

The field experiment was conducted at Punjab Agri-

cultural University, Ludhiana, Punjab, India, during 

summer seasons of 2009 and 2010. The site is situated 

in Trans-Gangetic agro-climatic zone, representing the 

Indo-Gangetic alluvial plain at 30o56' N latitude, 

75o52' E longitude and at an altitude of 247 m above 

mean sea level. The soil of the experimental field was 

loamy sand with slightly alkaline reaction. The soil 

was analyzed for organic carbon (Walkley and Black, 

1934), available nitrogen (Subbiah and Asija, 1956), 

available phosphorus (Olsen et al., 1954) and available 

potassium (Merwin and Peech, 1950) and their content 

in 0-15 cm layer of soil was 0.42 per cent, 285, 20 and 

265 kg ha-1, respectively. Soil moisture (at 0.3 and 15 

bars) and bulk density were determined on a 1.50 m 

profile. Electrical conductivity and pH were measured 

for the top layers of the soil profile (Table 1). All the 

measurements were performed before conducting the 

experiments. The meteorological data was recorded at 

Meteorological Observatory of Punjab Agricultural 
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Table 1. Physical and chemical properties of soil profile of the experimental field.  

Soil depth 
(cm) 

pH Sand 
(%) 

Silt 
(%) 

Clay 
(%) 

EC 
(dS m-1) 

Moisture  

content 
(cm) at 0.3 bar 

Moisture  

content 
(cm) at 15 bar 

Bulk density 
(g cm-3) 

0-15 7.93 77.45 7.75 14.80 0.25 3.51 1.38 1.57 

15-30 8.03 76.47 8.63 14.90 0.29 3.62 1.44 1.61 

30-60 - - - - - 6.21 2.23 1.59 

60-90 - - - - - 6.33 2.35 1.63 

90-120 - - - - - 6.22 2.31 1.61 

120-150 - - - - - 6.47 2.02 1.66 

150-180 - - - - - 6.56 2.13 1.64 

Total - - - - - 38.92 13.86 Average =1.62 

Table 2. Meteorological data recorded during rice growing seasons of 2009 and 2010 (recorded at meteorological observatory, 

Punjab Agricultural University, Ludhiana). 

 

Month 

Average Air temperature (˚C) Average rela-

tive humidity 

(%) 

Total 

rainfall 

(mm) 

Total pan 

evaporation 

(mm) 

Average sun-

shine hours (hr 

day-1) Maximum Minimum 

2009 

22-30 May 39.4 24.7 37.0 0 112 8.80 

June 40.0 25.2 45.0 111 334 9.90 

July 33.8 25.9 80.0 493 148 7.40 

August 34.8 26.9 77.0 118 141 6.60 

September 32.7 23.8 77.0 69.9 112 8.40 

1-17 October 31.8 19.7 75.8 26.2 53 8.70 

Mean 35.5 24.4 65.3     8.34 

Total       818 900   

2010 

24-30 May 40.1 24.7 44.0 3.80 106 9.30 

June 38.7 25.9 53.9 33.2 275 8.50 

July 32.7 26.9 81.0 382 131 4.40 

August 33.2 26.5 81.0 106 124 5.60 

September 31.7 23.5 82.0 127 98 6.80 

1-20 October 32.9 21.1 73.6 0.00 58 5.50 

Mean 35.1 24.8 69.3     6.83 

Total       652 792   
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University, Ludhiana and data recorded during rice 

growing seasons of 2009 and 2010 are given in Table 

2. The reference evapotranspiration (ETo) was esti-

mated by ETo calculator developed by FAO and avail-

able at http://www.fao.org/nr/water/eto.html.    

The experimental data required for calibration and 

validation of the model was taken from the experiment 

described in detail by Sandhu et al., (2012). The ex-

periment was conducted in split-plot design. The re-

sults of the treatment in which rice was transplanted in 

puddled flat plots receiving nitrogen @ 120 kg ha-1 

(recommended dose) in main plots and 4 irrigation 

schedules {irrigation after 1 day (I1), 2 days (I2), 3 

days (I3) after water disappearance and at soil suction 

of 150+20 cm (I4)} in sub plots, were used for calibra-

tion and validation of the AquaCrop model. Rice  

variety PAU 201 was used for the experiment and it 

was transplanted on 28th and 26th June 2009 and 2010, 

respectively. 

Description of AquaCrop model: The AquaCrop 

model developed by FAO simulates attainable yields 

of major herbaceous crops as a function of water  

consumption under rainfed and irrigated conditions. 

The growth engine of AquaCrop is water-driven, 

where transpiration is first calculated and translated 

into biomass using conservative, crop-specific parame-

ters (Geerts et al., 2009). The water productivity  

parameter of AquaCrop is normalized for atmospheric 

evaporative demand and air CO2 concentration. The 

normalization is done to make AquaCrop applicable to 

diverse locations and seasons. This model uses canopy 

ground cover as a base to calculate transpiration and to 

separate soil evaporation from transpiration. Crop 

yield is calculated as the product of above-ground dry 

biomass and harvest index (HI). The HI can be modi-

fied negatively or positively, depending on stress level, 

timing and stress duration. The AquaCrop uses a  

relatively small number of parameters which are  

explicit and mostly intuitive and attempts to balance 

simplicity, accuracy and robustness. The detailed  

description of the AquaCrop model can be seen in 

Steduto et al. (2009). 

S. S. Sandhu et al. / J. Appl. & Nat. Sci. 7 (2): 691 - 699 (2015) 

Table 3. Non-conservative parameters used for simulation of rice growth and yield.  

Parameter Value 

Planting density (plants ha-1) 333,333 

Initial canopy cover (%) 2.00 

Days taken by plants to recover from transplanting shock 5.00 

Days taken from transplanting to reach maximum canopy cover 60.0 

Days taken from transplanting to start of flowering 63.0 

Total duration of flowering (days) 15.0 

Days taken from transplanting to start of senescence of canopy cover 97.0 

Days taken from transplanting to reach maturity 107 

Maximum canopy cover (%) 95.0 

Canopy growth coefficient (% day-1) 11.6 

Canopy decline coefficient (% day-1) 9.30 

Maximum effective rooting depth (m) 0.60 

Soil fertility Non limiting 

Soil bund height (m) 0.30 

Table 4. Characterises of soil profile created for puddled condition.  

Soil Horizon Soil type Thickness 

(m) 

PWP 

(%) 

FC 

(%) 

SAT 

(%) 

TAW (mm m-1) Ksat (mm day-1) Tau 

1 Clay 0.05 39.0 54.0 55.0 150 41.8 0.32 

2 Loamy 

sand 

1.75 8.00 16.0 38.0 80.0 800 0.90 

Table 5. Comparison of observed and simulated rice grain yield and above ground dry biomass of rice at harvest during 2010. 

Treatments Observed 
(t ha-1) 

Simulated 
(t ha-1) 

CRM RMSE 
(t ha-1) 

NRMSE 

(%) 

MAE 
(t ha-1) 

MBE 
(t ha-1) 

Above ground dry biomass at harvest 

I1 14.32 16.56 -0.15 2.21 15.54 2.20 2.20 

I2 14.21 16.55 

I3 14.10 16.46 

I4 14.24 16.10 

Grain yield 

I1 6.96 7.12 -0.03 0.23 3.34 0.21 0.18 

I2 6.84 7.12 

I3 6.77 7.09 

I4 6.98 6.92 

I1: Irrigation after 1 day after water disappearance; I2: Irrigation after 2 day after water disappearance; I3: Irrigation after 3 day 

after water disappearance; I4: Irrigation at soil suction of 150+20 cm (I4) 

http://www.fao.org/nr/water/eto.html
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The AquaCrop model requires two types of input crop 

parameters. Values of crop specific but non location 

specific parameters have been determined and vali-

dated for varying locations by the FAO and are pro-

vided as default values in the model. These parameters 

are referred to as conservative parameters as they do 

not change with location, management practices and 

time and are applicable under stress free as well as 

under stress conditions. The second set of parameters 

are called non conservative parameters and are cultivar 

specific, affected by the climate, field management and 

conditions of the soil profile, thus have to be provided 

by the end user of the model. 

The AquaCrop model differs from other models as it 

focuses on water, the use of ground canopy cover  

instead of leaf area index and the use of water produc-

tivity values normalized for atmospheric evaporative 

demand and of CO2 concentration. These differences 

enable the model for an extended extrapolation capac-

ity to diverse locations and seasons, including future 

climate scenarios. Although the model is simple but it 

gives attention to the fundamental processes involved 

in crop productivity and in the responses to water, 

from a physiological and agronomic background (Raes 

et al., 2009). 

Calibration of the model: The values of conservative 

parameters were used as already specified in the  

model. The non conservative parameters (Table 3) 

were calibrated from the measured data of the rice  

experiment conducted during 2009. The options avail-

able in the model were used to estimate the initial can-

opy cover (CCo) from plant density. The canopy ex-

pansion rates were automatically estimated by the 

model after specifying some of the phenological dates 

such as maximum canopy cover, senescence and ma-

turity. The flowering date, length of the flowering 

stage, onset of senescence and maturity were specified 

to simulate the grain yield.  

Under field management component of the model, a 

field was created surrounded by earthen bunds of 0.30 

m height. The soil fertility level of the field was se-

lected as non limiting (selected from the options avail-

able in the model) and it was not covered with the 

mulch. The amount of water applied during each irri-

gation in the field and simulation study was kept as 75 

mm.  

The default soil profile (paddy soil) for the rice trans-

planted in the puddled field was of heavy clay type but 

the soil of field experimental site was loamy sand in 

texture. Therefore, a soil profile (Table 4) for puddled 

conditions was created by selecting the soil types from 

the list provided in the model along with their soil 

properties. Due to puddled field the top most horizon 

was taken as clayey and the values of water content at 

saturation (SAT), field capacity (FC), permanent wilt-

ing point (PWP), total available soil water (TAW) and 

tau (dimensionless drainage characteristic) were used 

as given in the model, but saturated hydraulic conduc-

tivity (Ksat) was taken as 41.8 mm day-1. The measured 

value (measured by using constant head method) of 

Ksat of top 0.05 m of puddled soil was 150 mm day-1, 

but this value did not represents the true condition of 

the field. If this value was used in the model, it re-

sulted in the infiltration of the entire amount of the 

applied irrigation water on the day of irrigation itself 

and there was no ponded water left on the surface of 

the puddled soil on next day, but actually in the field 

sufficient water remained available during next day 

also. Therefore, the measured value of infiltration rate 

(41.8 mm day-1) was used at the place of Ksat. This 

value reflected the correct picture of the field, as on the 

day of irrigation 41.8 mm of water infiltrated and rest 

was infiltrated on the next day, after taking care of 

crop evapotranspiration. The infiltration rate was 

measured by infiltrometer and the measurements were 

done thrice during the crop season and average value 

was taken for the modelling. The topmost layer of the 

soil profile was selected as clay because during pud-

dling the soil particle (sand, silt and clay) get separated 

and settle after some time. In the course of settling the 

sand particle settle first followed by silt and at last clay  

particles settle. This process results in the formation of 

a less pervious clay layer at the top surface of the soil, 

resulting in reduced infiltration rate. The thickness of 

these layers depends upon the content of respective 

soil particles and the thickness of clay layer in our  

experimental field was about 0.005 m. Another  

problem was faced while creating the soil profile. If 

the depth of top clay layer was kept less than 0.05 m 

than all the applied irrigation water infiltrated on the 

day of irrigation itself. Therefore, we increased the 

thickness upto 0.05 m of clay layer, which is unrealis-

tic in fields having loamy sand soil, but it served the 

purpose of retaining water on the surface of the field, 

which actually happens in puddled fields. 

Validation of model: Model validation is an important 

step in crop modelling; it makes the user aware about 

how efficiently the model is working under different 

environment.  The performance of the model was 

evaluated by using the parameters/ indexes given in the 

following sections. The experimental data of 2010 

which was not used for calibration of the model was 

used for calculation of these parameters/ indexes and 

for validation of the model. 

Coefficient of residual mass: Coefficient of residual 

mass (CRM) shows the difference in observed and 

predicted data relative to the observed data (Equation 

1). Its zero, negative and positive values indicates a 

perfect fit, over and under-prediction, respectively. It 

was calculated as under 

CRM = (∑n
i=1 Oi - ∑

n
i=1Pi) / ∑

n
i=1Oi                    (1) 

Where, O is observed value and P is value predicted 

by the model. 

Root mean square error: The root mean square error 

(RMSE) provides the weighted variations in errors 

(residual) between the predicted and observed values. 

S. S. Sandhu et al. / J. Appl. & Nat. Sci. 7 (2): 691 - 699 (2015) 
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The value equal to zero for a model shows a perfect fit 

between the observed and predicted data. It was calcu-

lated as follows (Equation 2): 

RMSE = [∑n
i=1(Pi – Oi)

2 / n]0.5                       (2) 

Where, P is value predicted by the model, O is  

observed value and n is total number of observations. 

Normalised root mean square error: Normalized 

root mean square error (NRMSE) provides a measure 

(%) of relative difference of predicted versus observed 

data (Equation 3). The simulation is considered excel-

lent, good, fair and poor if NRMSE is less than 10%, 

10-20%, 20-30% and more than 30%, respectively, 

(Jamieson et al., 1991). NRMSE was calculated as 

follow: 

NRMSE = [∑n
i=1(Pi – Oi)

2 / n]0.5 x 100/Ō          (3) 

Where, P is value predicted by the model, O is  

observed value, n is total number of observations and               

is mean of observed values. 

Mean absolute error: The mean absolute error 

(MAE) measures the weighted average magnitude of 

the absolute errors and was calculated as follows 

(Equation 4): 

MAE = [∑n
i=1|Pi – Oi|] 

 / n       (4) 

Where, P is value predicted by the model, O is  

observed value and n is total number of observations. 

Mean bias error: The mean bias error (MBE) provides 

the information of over and under prediction by the model 

(Equation 5). Positive MBE indicate over prediction, 

negative values indicate under prediction and a zero 

indicates equal distribution between negative and posi-

tive values. The MBE was calculated as follows: 

MBE = [∑n
i=1(Pi – Oi)] 

 / n      (5) 

Where, P is value predicted by the model, O is  

observed value and n is total number of observations. 

Application of model: After the validation of the  

AquaCrop model, it was used for generation of irriga-

tion schedule for rice transplanted in puddled soil. In 

Punjab (NW India) rice is grown in rainy season. 

Therefore, to study the effect of irrigation treatments in 

fields becomes difficult as at most of the time rains 

disturb the planned schedule of irrigations. To over-

come this problem a rain data input file with no rain 

(zero seasonal rain) was created and used for running 

the model. This zero rain file was used in combination 

with other ETo and temperature files having actual 

values during the years 2001 to 2012. ETo was calcu-

lated by using actual temperature, humidity, wind 

speed and duration of sunshine hours of the respective 

years. The model was run using the conservative and 

non conservative parameters (Table 3) along with zero 

rain and actual weather data of respective years. 

The crop growth period of 107 days (after transplant-

ing to maturity) was divided into two phases the first 

one was from transplanting to first 15 days and the 

remaining days were in the second phase. This was 

done to check the adequacy of a general recommenda-

tion of keeping water ponded during first 15 days after 

transplanting (DAT) of rice seedlings. The model was 

run during the respective years firstly to determine 

optimum irrigation schedule during first 15 DAT. The 

irrigation schedule varied from daily irrigation to  

irrigation on every 10th day during the first fifteen days 

and daily irrigation during second phase of the crop 

growth. The best schedule having statistically similar 

grain yield as compared to I1-1 (daily irrigation during 

both phases) treatment along with higher IWP was 

selected. This selected irrigation schedule was further 

used for development of irrigation schedule for whole 

of the crop season (first and second phase). This was 

done by running the model with best irrigation sched-

ule of first 15 days followed by irrigation schedules of 

2nd phase. The irrigation schedule of 2nd phase also 

varied from irrigation on every day to irrigation on 

every 10th day. The last irrigation during simulation 

was applied 15 days prior to harvest, because it is a 

common practice recommended to the farmers of the 

region. Irrigation water productivity (kg m−3) was cal-

culated by dividing grain yield (kg ha−1) with irrigation 

water applied (m3 ha−1). 

Statistical analysis: The output of model was sub-

jected to statistical analysis using randomised block 

design (RBD). The years were assumed as replications 

and irrigation schedules as treatments. The means were 

compared using least significant difference (LSD) at 

5%, probability. 

RESULTS AND DISCUSSION  

Model validation 

Periodic above ground dry biomass: The data on 

periodically observed and predicted above ground dry 

biomass of rice under different irrigation schedules 

during 2010 is presented in fig. 1. The model under 

estimated the above ground dry biomass at 30 DAT by 

23.75, 21.60, 22.45 and 24.85%, in I1, I2, I3 and I4 irri-

gation schedules, respectively. The underestimation of 

above ground dry biomass of rice during initial phases 

of crop growth by AquaCrop is also reported by Lin et al. 

(2012). Afterwards it over estimated the biomass and the 

over estimation at harvest was 13.52, 14.13, 14.34 and 

11.58%, in I1, I2, I3 and I4 treatments, respectively. In all 

treatments, the predicted above-ground dry biomass 

agrees well with observed values, notwithstanding a 

slight under / overestimation by the model. These dis-

crepancies might have been caused by error in meas-

ured data and/or the manner in which the model simu-

lates crop growth. In AquaCrop model above ground 

dry biomass is derived from the crop transpiration by 

means of the crop water productivity (Steduto et al., 

2009). However, in all the treatments the pattern of 

accumulation of predicted above ground dry biomass 

was very much similar to the observed pattern. The 

predicted rate of dry matter accumulation was quite 

similar with that of observed rate as indicated by the 

almost similar slopes of the curve in different sections.  

Above ground dry biomass at harvest: The CRM 

indicated an overestimation of above ground dry  
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biomass at harvest by a fraction of 0.15 in relation to 

the observed data (Table 5). The RMSE, MAE and 

MBE calculated for comparison of predicted values to 

the observed data shows the overestimation by the 

model upto 2.20 t ha-1. However, the NRMSE having 

value of 15.54% indicates a good agreement between 

the predicted and observed data.   

Grain yield: The CRM for grain yield again pointed 

towards an overestimation by a fraction of 0.03 as 

compared to observed grain yield (Table 5). The 

RMSE, MAE and MBE had values of 0.23, 0.21 and 

0.18, respectively, indicating an overestimation by 

2.47% (on average basis) or upto 0.23 t ha-1. Araya et 

al. (2010a) simulated barley grain yield by using  

AquaCrop and reported that the simulated grain yield 

deviated from the observed yield within a range of 

−13% to 15%. Zeleke et al. (2011) simulated total  

biomass and grain yield for canola (B. napus L.) using 

AquaCrop model and reported a <10% difference be-

tween observed and simulated values. The value of 

NRMSE was 3.34% indicating an excellent agreement 

between the predicted and observed grain yield data. 

Application of the model: After validation, the 

AquaCrop model was used for generation of irrigation 

schedule, having yield comparable to well watered 

treatment along with higher IWP. The data in Table 6 

indicated that grain yield of rice did not decrease sig-

nificantly upto an irrigation schedule of irrigating rice 

on every 5th day (I5-1) during first 15 DAT as compared 

to irrigation schedules having higher water inputs. 

Moreover, I5-1 had statistically similar IWP as com-

pared to treatments having higher irrigation input. 

Therefore it is the best irrigation schedule for first 

phase of crop growth. Under Punjab conditions earlier 

it was recommended to the farmers to keep water 

ponded for getting higher weed control efficiency of 

the applied herbicides, which were mostly pre emer-

gence in nature. Presently, post emergence herbicides 

are also available in rice so irrigation schedule of I5-1 

can be recommended to the farmers after validating it 

under the actual field conditions. 

During some years, the grain yield dropped down to 

zero (Table 6), with increasing irrigation interval, but 

remained non zero in some of the years even on irrigat-

ing rice on every 10th day. This variation is due to the 

difference in total amount of ETo (Table 7) during the 

1st 15DAT, except in year 2003 where ETo was low 

but yield dropped to zero when irrigation was applied 

on every 7th day. The years having higher value of ETo 

required frequent irrigation and vice versa.  

The irrigation schedule for the remaining phase of the 

crop was generated by taking irrigation schedule of I5-1 

for first 15 DAT and then following different irrigation 

schedules of 2nd phase. The results (Table 8) indicated 

that on an average grain yield of rice was statistically 

similar between irrigation schedules of irrigating on 

every (I5-1), 2nd (I5-2), 3rd (I5-3), 4th (I5-4) and 5th day  

(I5-5). Out of these irrigation schedules I5-5 had statisti-

cally higher IWP.  

Therefore, we can irrigate transplanted rice on every 

5th day during both phases of the crop growth in order 

to save irrigation water, have higher IWP and along 

with crop productivity comparable with that obtained 

with higher irrigation inputs. Before recommending 

this irrigation schedule to the farmers it needs to be 

evaluated in field, because it seem that transplanted 

rice seedlings may not survive if irrigated on every 5th 

day during first 15 DAT. However, this study finds 

favour from another field study (Sandhu et al., 1980) 

conducted at same institute. The study found a non 

significant difference between grain yield obtained 

from continuous submergence, irrigation after 1, 2, 3 

S. S. Sandhu et al. / J. Appl. & Nat. Sci. 7 (2): 691 - 699 (2015) 

Fig.1. Observed and predicted above ground dry biomass of rice under different irrigation schedules during 2010. 
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and 5 days after disappearance of ponded water, but 

the soil of the experimental field was sandy loam and 

these treatments were started after 3 weeks of initial 

submergence. The average (4 year trial) irrigation wa-

ter applied to treatment of irrigating 3 and 5 days after 

disappearance of ponded water was 1130 and 960 mm, 

respectively and the average rainfall was 449.5 mm. In 

present simulation study, treatment I5-5 needed 1500 

mm of irrigation water (Table 8) in a rain free environ-

ment. The difference in total water input between the 

simulation and field study (Sandhu et al.,1980) may be 

due to the reason that the varieties used was of longer 

duration than used in simulation, initial ponding for 

three weeks and uneven distribution of rainfall. The 

results of the present study also find support from the 

reports like irrigating rice after 5 days after disappear-

ance of ponded water (Singh et al., 2008), irrigation on 

every 5th (Katozi et al., 2009) and 7th (Khalifa et al., 

2005) day. Sandhu et al. (1980) has also suggested that 

increasing the interval between successive irrigation 

leads to saving of irrigation water primarily due to 

reduction in seepage losses. 

Conclusion 

The study concluded that AquaCrop model simulated 

above ground dry biomass and grain yield of rice was 

quite satisfactorily. The values of NRMSE were 

15.54% (within the range specified for good simula-

tion) and 3.34% (within the range specified for excel-

lent simulation) for above ground dry biomass and 

grain yield, respectively. In the application part model 

indicated that there is no need to keep water ponded 

during first 15 days. These predictions of AquaCrop 

model needs to be verified under field conditions. The 

model suggested to irrigate the rice transplanted in 

puddled loamy sand soil on every 5th day to get statisti-

cally higher IWP and statistically similar grain yield as 

obtained with higher irrigation water inputs. This  

irrigation schedule can be followed throughout the 

crop growth period of rice after its transplanting. 
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