oWater requirements of Wheat crops in a small watershed by using CROPWAT
Abstract

A study was conducted to determine the water demand of wheat crops in the area around the
Tonna Pumping Canal. It used 2017-2018 climate data to determine the need for wheat crops
in water in CROPWAT. Reference crop evapotranspiration (ETo) was determined using the
FAO Penman Monteith method. When considering wheat crops, four stages of crop
growth were  considered: early stage, development stage, mid-maturity, and late-maturity
stages. Crops were planted inthe 2017 rabi season and yields were determined for each.
This study shows that baseline evapotranspiration (ETo) in the study area ranges from 1.48 to
3.98 mm/day. Crop evapotranspiration (ETc) and water demand for wheat crops ranged from
0.44 to 3.75 mm/day and 1.9 to 39.8 mm/day. The maximum water demand was 0.13 I/s/ha or
1.1 mm/day with 65% efficiency. The irrigation water demand was estimated at about
27.93 mm/day, andthe actual water intake was 81,000.29 m®. The canal can therefore
provide a convenient supply of the water needed to irrigate the area.

Keywords: Crop Evapotranspiration, Reference evapotranspiration, Crop water requirement,
Peak water requirement, total crop water requirement, and climatic data.

Abbreviations: I/s/ha_ Litres/Second/Hectare, mm/day_ Millimetre/days, Eta_ Crop Evapo-
transpiration, NIWR_Net irrigation water requirement, ETo_Reference crop Evapo-
transpiration.

Introduction

“Water is important for plant growth and meals manufacturing. there is competition among
municipal, industry customers and agriculture for the finite quantity of to be had water,
estimating irrigation water necessities accurately is essential for water undertaking planning
and management” (Michael, 1999). The number one objective of irrigation is to apply water
to preserve crop evapotranspiration (and many others) while precipitation is inadequate. The
finite general amount of to be had water is essential for the economic system, health, and
welfare of a totally massive a part of the developing world. Hess (2005) defined crop water
necessities as the overall water wanted for evapotranspiration, from planting to harvesting a
given crop in a selected weather regime, while adequate soil water is maintained by way of
rainfall and/or irrigation in order that it does no longer restriction plant growth and crop yield.

FAO (2005) defined crop water requirement (CWR) for a given crop as:

CWR =Kcx ETo
Where, Kc is the Crop coefficient of the given crop and ETo is the Reference
evapotranspiration. Each crop has its personal water necessities. net irrigation water
requirements (NIWR) in a genuine scheme for a given 12 months are hence the sum of

individual crop water requirements (CWR) meant for each irrigated crop. more than one



cropping (numerous cropping periods in keeping with yr.) is for that reason automatically
occupied into account via rather computing crop water necessities for in my opinion cropping
duration. with the aid of dividing with the aid of the region of the scheme, a fee for irrigation
water requirements is acquired and can be expressed in mm or in m*ha. FAO (1992), Smith
et al. (1991) and Smith (1992) reported that “CROPWAT is supposed as a realistic device to
help agrometeorologists, agronomists, and irrigation engineers to perform general
calculations for evapotranspiration and crop water use research, and extra especially the
layout and control of irrigation schemes. It allows the development of recommendations for
stepped forward irrigation practices, the making plans of irrigation schedules underneath
varying water deliver situations, and the assessment of production underneath rainfed
conditions or deficit irrigation”. Broner and Schneckloth (2003) said that “water necessities
of vegetation depend especially on environmental situations. plants use water for cooling
purposes and the riding force of this system is triumphing climate situations. specific crops
have specific water use necessities, below the equal climate situations. crops will transpire
water on the most fee while the soil water is at field capacity”. Broner (2003) mentioned that
“understanding seasonal crop water requirements is crucial for planning your crop planting
aggregate specially at some point of drought years. adequate facts on irrigation water
requirements of most plants aren’t always available in growing nations of the arena. that is
one of the motives why for the failure of large-scale irrigation initiatives in most developing
nations of the sector. The objective of this look at turned into to determine crop water

requirements of wheat at Harrai”.

Materials and methods

Study area

It is located on the banks of the Tons canal within 7 km of Rampur on the Mirzapur highway
in Prayagraj. Harrai village come under the Karchhana block. In this village farmers are
depending on canals and artificial resources for water supply in agriculture and most of the
farmer do the maximum cultivation of wheat and paddy under the cereal-based farming
system. Some general class farmers also do animal husbandry along with farming. In which
most of the farmers reared cows and buffaloes. In Harrai village some lower- and middle-
class farmer’s also rearing pig and goat.

Harrai village lies between the longitude and latitudes are 81.9624 to 81.9813 and 25.2806 to
25.2876.
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Fig 1: Study areas at Harrai village, Prayagraj
Stages of growth
Four awesome ranges of plant growth had been utilized in determining water requirement of
the crop. The a long time encompass |, I, and 1l at the same time as the crop growth stages
include preliminary level, improvement level, mid-season, and late season level.
Estimation of water requirement
Crop water requirement became determined from the interrelationships of the ET, soil kind,
bulk density of the soil, discipline potential and everlasting wilting point of the soil and the
powerful root sector of okra plant on the project website. The crop ET (and so forth) became
expected by using FAO Penman-Monteith equation (FAO, 1998) Hatfield and Fuchs (1992)
and Smith et al.,1991)
ETo=ETc =Kc (ETo)
where the reference crop ET (mm/day) is as defined in equation below as:
ETo = 0.408A(Rn-G) + v [900/(T + 273)] u2 (ea - ed)/A + y(1 + 0.34u2)
Where, ETo = reference evapotranspiration [mm day™], Rn = net radiation at the crop surface
[MJ m-2 day™], G = soil heat flux density [MJ m™ day™], T = mean daily air temperature at 2
m height [°C], u2 = wind speed at 2 m height [ms™], es = saturation vapour pressure [kPa], ea

= actual vapour pressure [kPa], es - ea = saturation vapour pressure deficit [kPa], D =



slope vapour pressure curve [kPa °C™], g =psychrometric constant [kPa°C™]. Irrigation
frequency was calculated using the relationship discussed by Michael (1999) Irrigation
frequency (days) = Field capacity of Soil — Moisture content before irrigation / Daily
consumptive use,

fi=dg/Cu
where, fi = irrigation frequency (days), dg = gross depth of application (mm), and CU = daily
consumptive use (mm/day). The CROPWAT 8.0 programme developed for the FAO
Penman-Monteith approach (FAO, 56) become applied for estimating the crop water
requirement of wheat plants studied. To make sure the integrity of computations, the weather
measurements were made at 2 m (or converted to that height) above an in-depth floor of
green grass, shading the floor. The climatic information used for the calculations were
received from a meteorological station located at SHUATS Prayagraj.
Results
Reference crop evapotranspiration
The results acquired while a 2017-2018 duration was used with the FAO-Penman Monteith
approach to decide the reference crop evapotranspiration (ETO) for the place under study
show that ETo various from a minimal cost of 1.48 mm/day in December to the best price of
3.98 mm/day in April given underneath in table 1. The consequences display that ETO turned

into lowest all through the peak of the winter season to maximum during the height of the

summer time.
Table 1. Reference Crop Evapotranspiration
Country: India
Meteorological Station: . .
Planting date: | Harvesting date: 20- . .
SHl_JATS 97-11-2017 04-2018 Altitude: 98m
Crop: Wheat
Duration: 145 days
Min Max
Temp Temp Humidity Wind Sun Rad ETo
Day (°C) (°C) (%) (km/day) | (hours) | (MJ/m#day) | (mm/day)
Nov 9 28 38.75 1 8.55 15.425 1.59
Dec 9.7 27.6 42 1 7.5 13.9 1.48
Jan 8.5 25.8 48 1 6.1 13 1.55
Feb 11.7 30.2 43 1 7.2 16.1 2.24
Mar 18.8 36.3 37 1 8.7 20.5 3.31
Apr 24.56 39.31 38.55 2.45 8.04 21.15 3.98

where ETo = Reference Crop Evapotranspiration computed using the FAO Penman-Monteith
Method.
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Fig 4: Reference Evapotranspiration 2017-2018
Crop water requirement
Outcomes display that for wheat, crop evapotranspiration (and so forth) and crop water
requirement for various from zero.44 to 3.75 mm/day and 0.19 to 3.98 respectively (table 2).

Table 2. Evapotranspiration and Irrigation Requirement for Wheat 2017-2018.

Month | Decade | Stage Crop ETc ETc Eff rain IR. Req. IR. Req.
Coeff | (mm/day) | (mm/dec) | (mm/dec) | (mm/dec) | (mm/day)
(Ke)
Nov 3 Init 0.3 0.48 1.9 0 1.9 0.19




Dec 1 Init 0.3 0.44 4.4 0 4.4 0.44
Dec 2 Init 0.3 0.46 4.6 0 4.6 0.46
Dec 3 Deve 0.33 0.47 5.2 0 5.2 0.52
Jan 1 Deve 0.52 0.65 6.5 0 6.5 0.65
Jan 2 Deve 0.73 1.13 11.3 0 11.3 1.13
Jan 3 Deve 0.95 1.75 19.2 0 19.2 1.92
Feb 1 Mid 1.13 2.23 22.3 0 22.3 2.23
Feb 2 Mid 1.14 2.46 24.6 0 24.6 2.46
Feb 3 Mid 1.14 3.01 24.1 0 24.1 2.41
Mar 1 Mid 1.14 3.35 33.5 0 33.5 3.35
Mar 2 Mid 1.14 3.75 37.5 0 37.5 3.75
Mar 3 Late 0.99 3.62 39.9 0.1 39.8 3.98
Apr 1 Late 0.68 2.5 25 0.2 24.9 2.49
Apr 2 Late 0.38 1.63 16.3 0.3 16.1 1.61

IR = Irrigation Requirement (mm/day), IR = Irrigation Requirement (mm/dec), Kc = Crop Coefficient
and ETc = Crop Evapotranspiration (mm/day) and ETc = Crop Evapotranspiration (mm/dec).
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Fig 5: Crop Evapotranspiration 2017-2018
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Fig 6: Irrigation Requirements 2017-2018
Scheme irrigation requirement
The estimation of actual irrigation requirement at Harrai village changed into performed
(table 3). The net irrigation water requirement is 259.3 mm/season (table 3). this is

summation of the water requirement values from Planting date (27th Nov, 2017 to20th April,



2018). the use of an irrigation application frequency of 65%, the gross water requirement of
398.92 mm/season turned into obtained. consequently, the whole land vicinity of 102.14 ha
would require 0.292 mm/day/ha water. The consequences show that the canal can easily
supply the water required for irrigation inside the region.

Table 3. Scheme Irrigation Requirements

ETo Station: SHUATS Rain Station: SHUATS Cropping Pattern: Wheat
Nov Dec Jan Feb March | April

Wheat 19 142 37.1 71.0 110.8 4.09

Net Scheme Irr. Req.

mm/day 0.1 0.4 11 2.4 34 1.3

mm/month 1.8 13.3 34.9 66.7 104.1 38.5

I/sec/h 0.01 0.05 0.13 0.28 0.39 0.15

Irrigated area

Total area (Ha) 102.14 102.14 102.14 | 102.14 | 102.14 | 102.14

Irr. Req. for actual

area

I/sec/h 0.01 0.05 0.14 0.29 0.41 0.16

Discussion

The effects showed that reference and crop evapotranspiration (ETo and etc) had been higher
in plants with an extended developing season than in plants with a shorter developing season.
also, ETo and and so forth have been better in dry season than in wintry weather. FAO (2005)
suggested that summer season-grown crops require more water than winter-grown vegetation.
Water demand became very low all through peak season (due to heavy rainfall) and very high
all through peak season (because of loss of rain), so the variety of water needs for small-
discipline wheat changed into especially high. The ratio of and so on to that of the ETo was
occupied as Kc of the crop at every respective growth stage and the sum of each level and so
on had been taken as seasonal and so on of wheat. From the end result of this studies the
averaged periodic etc of wheat is 18.42 mm with the average and so forth for preliminary,
development, mid-season, and late season stage 3.63, 10.55, 28.04 and 27.06 respectively.
The seasonal Kc values at initial, development, mid-season and late-season stage had been
located to be 0.3, 0.63, 1.13 and 0.68 respectively. while the seasonal irrigation water
requirement values at initial, development, mid-season and past due-season of wheat level
have been located to be 3.63, 10.55, 28.4 and 26.93 respectively.

Conclusion

The take a look at indicates that dams can provide sufficient water for irrigation across the

regions and lands currently in use. The effects obtained from the have a look at can be used



by farmers to manual the choice of irrigation water amount and frequency for the vegetation
beneath examine. due to the fact irrigation is a key driver of water use. Quantitative and
qualitative degradation of water resources is regularly pragmatic, and demonstrating the
requirement for appropriate water management. The method to be had right here dedication
facilitate diverse spatially allotted evaluation, in addition to water needs of agriculture,
quantitative pressures on water resources (in aggregate with assessment up to now water
availability), water saving potentials (as discrepancies between abstractions and water needs).
additionally effects of land use change and climate change on agricultural water wishes and
agricultural pressures at the environment can be assessed. The outcomes of this study depend
on without delay on the quality of the underlying data foundations (irrigated regions, land
use). The values of and so on and Kc of this experiment slightly distinctive from FAO and
different outcomes. This indicates the robust want for nearby calibration of crop and so on
and Kc. the prevailing result of and many others and Kc and different record reviewed
showed that these variables are dependent on crop, area, neighbourhood climatic situation
and growing season.

The future enhancement and enlargement of the statistical proof will therefore additionally
extend the model assessment of irrigation water requirements and wishes.
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