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Pomegranate (Punica granatum L) cultivation today is a highly 
lucrative and remunerative agriculture business in India. The al-
luring monetary return per unit area from this crop has resulted 
in steady increase in area, production and export of pomegranate 
during last two decades. It is one of the oldest known edible fruits 
and is capable of growing in different agro - climatic conditions 
ranging from the tropical to temperate region. India occupies first 
position in pomegranate area and production globally [8]. Maha-
rashtra State is a leading state for production of pomegranate and 
contributes more than 70% of its total production in India.

The study was carried out to estimate reference crop evapotranspiration, develop crop coefficients, area factors and estimate crop 
evapotranspiration of pomegranate for western part of Maharshtra, India. The crop coefficient values were estimated for pomegran-
ate plantation of 1st year to maturity (5th year) on weekly basis from the concept of shaded area approach that is widely used for the 
deciduous crops. Pomegranate crop evapotranspiration was then determined on weekly basis for this region for 1st, 2nd, 3rd, 4th and 
5th years of pomegranate orchards for Ambia, Mrig and Hast Bahars. The values of water to be applied to pomegranate plantation 
spaced at 3 x 4.5 m and irrigated by the drip irrigation system of 90% efficiency were estimated. These values would be useful for the 
appropriate irrigation water management of pomegranate orchards.

It is widely cultivated throughout India, Iran, China, Turkey, 
USA, Spain, Azerbaijan, Armenia, Afghanistan, Uzbekistan, the 
Middle East, Pakistan, Tunisia, Israel, dry regions of Southeast 
Asia, Peninsular Malaysia, the East Indies and tropical Africa. India 
is the world’s leading countries in pomegranate production. The 
statistics on acreage and production of pomegranate are not avail-
able with Food and Agriculture organization at global level, howev-
er, estimated global cultivated area under pomegranate is around 

3 lakh ha and production 3.0 million tones. In India, pomegranate 
is extensively grown in Maharashtra, Karnataka, Andhra Pradesh, 
Gujarat, and is picking up fast in, Himachal Pradesh, Rajasthan 
and Madhya Pradesh. Small areas are under cultivation in Tamil 
Nadu, Mizoram, Odissa, Nagaland, Lakshadweep, Jharkhand and 
Jammu and Kashmir. As per recent advance estimates for the year 
2017, available at the National Horticulture Board of India website 
http://nhb.gov.in, total area under pomegranate in India is 1.27 
lakh ha out of which (90,000 ha is in Maharashtra only [12]. Total 
production in India is 822.80 thousand MT (NHB 2017). Export of 
pomegranate has increased from 18.21 thousand MT (Rs. 710 mil-
lion) in 2010-2011 to 31.33 thousand MT (Rs. 2985.0 million) in 
2013-14 [5]. Thus, there is a need to enhance the productivity of 
pomegranate in India by appropriate scheduling and management 
of the resources including water.

Water is the most important natural resource for agricultural 
development and economic advancement of any country. But, it is 
one of the limiting factors for expansion of pomegranate produc-
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tion in arid and semi-arid regions of the world. Traditional irri-
gation methods (i.e. furrow, border and flood irrigation) deliver 
water to plants through gravity but usually results in substantial 
water losses and limited uniformity in water distribution. Modern 
irrigation technologies, i.e. surface, sub-surface drip and sprinkler 
irrigation results in higher water use efficiency as compared to tra-
ditional methods [7]. Water applied as per appropriate irrigation 
scheduling can influence pomegranate productivity and fruit qual-
ity [1].

Although, the crop is best suited for drought prone areas as 
it requires light texture soil and low rainfall of 180-550 mm [13] 
but the performance of the trees i.e. yield, fruit size, fruit quality, 
storability and long term productivity are highly dependent on ad-
equate supply of water through irrgation. For maintaining produc-
tivity of the plants, generally one of the three bahars (flowering) is 
regulated, which depends upon market factors and availability of 
water resources [9]. The sudden change in soil moisture causes the 
moisture stress, which affects the fruit development adversely and 
leads to fruit cracking [3].

The water requirement is estimated from reference crop evapo-
transpiration (ETr) and crop coefficient (Kc). ETr depends on cli-
matological parameters while Kc values are dependent upon age, 
stage, growth, canopy height, season, location and management 
strategies [1]. It has been demonstrated that the Kc is highly cor-
related canopy cover [4]. The development of simple method to 
estimate Kc values for pomegranate would be great benefit. Crop 
evapotranspiration is not easy to measure. Specific devices and 
accurate measurements of various physical parameters or the soil 
water balance in lysimeters are required to measure actual evapo-
transpiration. These methods are often expensive and demanding 
in terms of accuracy of measurements and can only be fully ex-
ploited by well trained research personal. Although, the methods 
are inappropriate for routine measurements, they remain impor-
tant for the evaluation of ETr estimates obtained by indirect meth-
ods. However due to simplicity, indirect methods that use weather 
parameters are used for estimation of ETr. The crop evapotrans-
piration (ETc) is then estimated by multiplying ETr with crop co-
efficient (Kc). Hence, accurate estimation of ETr and Kc are of para-
mount importance for proper irrigation scheduling. 

The main objective of this paper is to determine Kc values and 
estimate ETr for this region and present water to be applied for 
the pomegranate orchards during different weeks from their plan-

tation for western part of Maharashtra. The paper presents the 
methodology used for determination of ETr, Kc, ETc and water to 
be applied and the bahar wise values.

As stated in the beginning of this paper it is important to know 
the values of ETr and Kc to estimate ETc. Kc values of most of the 
crops are not available locally and hence for irrigation water man-
agement of these crops, the Kc values reported by FAO are often 
used. So is the case with pomegranate too. Hence in this study it 
was decided to determine the Kc values locally and then use these 
values for estimation of ETc by knowing ETr. As the meteorologi-
cal data can be readily available, ETr values in this study were es-
timated by the climatological approach rather than measuring it. 
This section describes the methods used for the determination of 
reference crop evapotranspiration (ETr), crop coefficient (Kc), area 
factor (Fa), irrigation time (IT), shaded area (SA), water require-
ment (WR) values and water to be applied.

Materials and Methods

It is proposed to use the Penman-Monteith method for the es-
timation of ETr as this method is widely used, recommended by 
FAO; and many researchers found this method close to the actual 
measurements of ETr compared to other methods. A consultation 
of experts and researchers was organized by FAO in May 1990, in 
collaboration with ICID and WMO, to review the FAO methodolo-
gies on crop water requirements and to advice on the revision and 
updates of procedures. The most common FAO56-Penman Monte-
ith method was used for the estimating reference crop evapotrans-
piration for the present study and is given by equation [1].

Estimation of ETr

Where, ETr = reference evapotranspiration (mmday-1), G = 
soil heat flux density (MJ/m2/day), Rn = net radiation (MJ/m2/
day), T = mean daily air temperature (0C), γ = psychometric con-
stant (kPa/0C), ∆ = slope of saturation vapour pressure function 
(kPa/0C), es = saturation vapour pressure at air temperature T 
(kPa), ea = actual vapour pressure at dew point temperature (kPa), 
u2 = average daily wind speed at 2 m height (msec-1).

The Kc values vary with the crop growth stages and the age of 
the crop. The determination of Kc values needs the measurement 

Determination of Kc values
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of ETc and the estimation of ETr. ETc values need to be measured 
with help of lysimeters or soil moisture studies. As the pomegran-
ate is a widely spaced fruit crops and stabilizes after 4-5 years, it 
is required to grow pomegranate for 4-5 years in large lysimeters. 
Such type of experimental set up is very expensive and takes lot of 
time to generate the information, though accurate. Hence in this 
study it was proposed to develop the Kc values with the help of 
shaded area approach that is adopted for many deciduous planta-
tions.

For this purpose two commercial pomegranate orchards (Mrig 
Bahar) of 1st to 5th years each were selected and from each orchard 
5 numbers of representative plants were randomly selected. The 
shaded area was measured at solar noon hour with the help of spe-
cially prepared plywood boards of 1.5 x 1.5, 2.5 x 2.5, 3.5 x 3.5 m 
sizes with grid marking of size 20 x 20 cm. The total numbers grids 
occupied by shaded area were measured on a weekly basis for each 
selected plant. The crop coefficient was then calculated by equa-
tion [2], which is developed for deciduous fruit crops [6].

Where, Kc = Crop coefficient, x = Percentage of shaded area, (%)

By using the above stated equation, the week wise crop coef-
ficient values were developed for different phenological stages i.e. 
new leaf initiation, crop development, crop maturity and crop har-
vesting for the orchards pruned in the month of May-June (Mrig 
Bahar) for ages from 1st to 5th year. 

The weekly values of ETr and Kc were used to obtain weekly 
values of ETc by equation (3) for Ambhe, Mrig and Hasta bahars 
for all the years.

Estimation of ETc

ETc = ETr*Kc      (3)

Where, ETc = pomegranate evapotranspiration (mmday-1), ETr = 
reference crop evapotranspiration (mmday-1), Kc = crop coefficient 
of pomegranate.

The water requirement by the surface irrigation methods is 
equal to the crop evapotranspiration estimated by the equation (3). 
However water requirement by the drip irrigation method is less 
than the water requirement of the surface irrigation methods as 
in drip irrigation method unlike in surface irrigation method, it is 

Water requirement (WR)

possible to apply water to the effective root zone only. Hence water 
requirement in case of drip irrigation method is estimated by the 
equation (4).

WR = ETc * Fa  (4)

Where, WR = water requirement (mmday-1), Fa = Area factor 
(fraction)
Irrigation Time (hrs)

Where, IT –Irrigation time (hr); WR– Water requirement (Lday-

1tree-1); DC-Dripper discharge capacity (Lhr-1)

Area factor is the proportion of the effective root zone with re-
spect to the total area. The area factor hence varies with the crop 
growth period and the age of the crop. In general it has been re-
ported in the literature that for most of the deciduous crop, the ef-
fective root zone area below the soil surface is the area occupied by 
the canopy above the soil. In this study it was therefore considered 
that the canopy area is the effective root zone area. The area factor 
then is decided by knowing the canopy area and the area occupied 
by the tree. The canopy area is the shaded area at solar noon hour 
and was measured weekly for all the trees under experimentation 
i.e. the pomegranate tress of all the ages by using the procedure 
described above. Area factor was then computed by equation (6).

Area factor

Fa = SA/A      (6)

Where, Fa = Wetted area, SA = Shaded area measured at solar 
noon hour, (m2), S = Area occupied by one tree, (m2)

The wetted area was calculated on weekly basis for the pome-
granate trees up to the age of 5th years. 

Wetted area is the proportion of the effective wetted root zone 
with respect to the total area. Wetted Area can be calculated by 
equation (7).

Wetted Area (WA)

WA = SA/A      (7)

Where,
WA = Wetted area, (Fraction); SA = Shaded area, (m2); A = Area 

occupied by a tree, (m2)
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Figure 1: Average weekly ETr values for Western Part of 
Maharashtra.

The average wetted area can be calculated for the pomegranate 
trees of one to five years old (Table 4).

The farmers need the information on water to be applied to 
each pomegranate tree. Water to be applied was estimated on 
weekly basis for the pomegranate trees up to the age of 5th by using 
the equation (8).

Water to be applied

WA = WR * A/eff.         (8)

Where, WA = water to be applied to each tree (Lday-1), A = area 
occupied by each tree (m2),  eff = efficiency of the drip irrigation 
system (fraction).

The average weekly reference crop evapotranspiration values 
estimated by Penman- Monteith method are presented in Figure 
1. It is revealed from figure that, ETr is the highest in May (19-20 
meteorological week-MW) and lowest in the month of December 
(49-52 MW). The weekly values of ETr are useful for obtaining 
the crop evapotranspiration of any crop for which the crop coef-
ficient values are known. The mean annual value of reference crop 
evapotranspiration (ETr) as obtained by Penman-Monteith meth-
od is 1982.50 mm for Western Part of Maharashtra. The average 
weekly ETr values will be useful for daily or alternate day irrigation 
scheduling during Mirg, Hasta and Ambia bahars in pomegranate 
orchards.

Results and Discussion

The weekly values of shaded area and crop coefficient as de-
termined by using the procedures explained in the methodology 
section are presented in Table 1 and Figure 2 for Ambhe, Mrig and 
Hasta bahars for the pomegranate trees of different ages. It is to 
be noted that the values were experimentally determined for the 

Mrig bahar only and for other baharas, these values were appro-
priately adjusted. It is observed from the tables and Fig. that the 
shaded area increases from new leaf initiation to maturity period. 
During harvesting period shaded area decreases due to leaf drop, 
less application of irrigation water, removing of water sprout and 
harvesting of fruits. During the period from the new leaf initiation 
to crop development, the crop coefficient values increase during 
maturity period, the Kc values are around 1.1. At harvesting, the 
value of Kc decrease from 1.10 to 0.88 due to leaf drop, removing of 
water sprout, foliage crumbling and harvesting of fruits. The week-
ly crop coefficient values of pomegranate tree of different ages for 
different bahars shown in Figure 2 can be used for the estimation 
of pomegranate crop evapotranspiration provided that the values 
of reference crop evapotranspiration are known. The values of the 
weekly shaded area shown in this Table 1 for the pomegranate 
trees of different ages for different bahar treatments can be used 
to estimate the water requirement for the pomegranate plantation 
irrigated by the drip irrigation method, once the values of pome-
granate crop evapotranspiration are estimated. The water to be 
applied to the pomegranate plantation irrigated by surface irriga-
tion methods can be calculated by using the ETr values (Figure 1) 
and Kc values (Figure 2), if the efficiency of the surface irrigation 
method is known. 

Figure 2: Average weekly crop coefficient (Kc) values of 1st to 
5th year pomegranate trees.

Years Ages of tree
1st 2nd 3th 4th 5th

Shaded area (m2) 2.65 4.05 5.40 6.75 8.10
Area per plant (m2) 13.5 13.5 13.5 13.5 13.5
Wetted area (Fraction) 0.20 0.30 0.40 0.50 0.60

Table 1: Year wise wetted area of 1st to 5th old 

age pomegranate tree.
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According to different phenological stages of pomegranate, the 
period of new leaf initiation to 10% ground cover of tree is 25 days, 
the crop development period i.e. up to 60 to 80% ground cover of 
the tree is 65 days, the maturity to yellowness of leaves is 85 days 
and harvesting period when ripe fruits start falling on the ground 
or birds and squirrels start nibbling the fruits which are ripe is 65 
days (Table 2). 240 numbers of days were required to complete all 
phenological events from new leaf initiation to harvesting. Bhaga-
wa being the late maturing variety took more than 200 days from 
new leaf initiation to harvesting. Similar studies on Pomegranate, 
Apple and Peaches on duration across the phenological stages 
were reported by [2,11].

Sr. No. Stages Indicators Days
1. Initials Start of new leaves to 10% 

ground cover
0-21(21)

2. Crop Devel-
opment

10% ground cover to 
effective full cover, about 
60-70% coverage for tree 

crops

22-99(77)

3. Mid period Effective full cover to 
maturity, indicated by yel-
lowing of leave, leaf drop 

and browning of fruit.

100-156(56)

4. Harvesting Maturity to harvest 157-217(60)

Table 2: Phenological stages of pomegranate Bhagawa cv.

Pomegranate orchard needs to be provided with the water 
stress for the management purpose and abundant flowering. This 
period is 1 month or 2 months. However this period can be up to 
2 months depending on the climate and soil types. After the stress 
period is over, it is necessary to bring the moisture content in the 
root zone to the field capacity. For this purpose, it is proposed to 
operate the drip irrigation system continuously for 24 to 48 hours. 
The values in the tables would be useful for irrigation scheduling 
of pomegranate by drip irrigation method from new leaf initiation 
to harvesting [10].

The water to be applied to the pomegranate plantation irrigated 
by drip irrigation method can be calculated by using the ETr values 
(Figure 1) and Kc values (Figure 2) and WA values (Table 1), if the 
efficiency of the drip irrigation method and the area covered by the 
pomegranate tree are known. Usually the pomegranate is spaced 
at 4.5 x 3 m and the drip irrigation systems are designed for 90% 
efficiency. Hence, the values of water to be applied to pomegran-
ate of different seasons for western part of Maharashtra state were 
estimated for the tree spacing of 4.5 x 3.0 m and drip irrigation ef-
ficiency of 90%. The values of water to be applied in liter/day/tree 

MW Age of the plant MW Age of the plant
1st 2nd 3rd 4th 5th 1st 2nd 3rd 4th 5th

23 3 5 6 8 11 39 2 9 16 25 31
24 3 5 6 8 13 40 2 8 15 24 30
25 3 5 7 11 16 41 2 8 16 24 30
26 3 5 8 13 17 42 3 9 16 25 32
27 3 6 9 15 20 43 3 9 18 27 34
28 3 6 10 16 22 44 3 9 17 26 33
29 2 7 11 18 23 45 3 9 17 26 33
30 2 7 10 17 23 46 3 8 16 25 32
31 2 7 12 19 25 47 3 8 15 24 30
32 2 8 13 21 27 48 3 7 15 23 29
33 2 8 14 22 29 49 3 7 14 23 29
34 2 8 14 23 29 50 3 6 13 21 27
35 2 8 15 25 31 51 3 6 13 21 26
36 2 9 16 25 32 52 3 6 12 20 25
37 3 9 17 26 33 01 3 5 12 19 24
38 2 8 16 24 31 02 3 6 12 20 26

Table 3: Water to be applied (Lday-1) for 1st to 5th years  
old pomegranate tree during Mirg bahar.

MW Age of the plant MW Age of the plant
1st 2nd 3rd 4th 5th 1st 2nd 3rd 4th 5th

36 2 3 4 5 6 52 2 8 16 24 30
37 2 3 4 6 9 01 2 8 15 23 29
38 2 4 5 8 11 02 2 8 16 24 30
39 2 4 6 10 13 03 3 9 16 25 31
40 2 4 7 11 15 04 3 10 18 28 35
41 2 5 8 13 18 05 3 10 19 29 37
42 2 6 9 15 20 06 3 10 20 31 39
43 2 7 11 18 24 07 4 11 21 33 41
44 2 7 12 19 25 08 4 11 23 35 44
45 2 8 13 21 28 09 4 12 24 37 47
46 2 8 14 22 29 10 5 12 24 39 49
47 2 8 14 23 30 11 5 12 25 39 49
48 2 8 15 24 31 12 6 12 25 41 52
49 2 9 16 25 32 13 6 12 25 41 52
50 2 8 16 24 30 14 6 12 25 41 52
51 2 8 16 24 30 15 6 12 26 43 54

Table 4: Water to be applied (Lday-1) for 1st to 5th years  
old pomegranate tree during Hasta bahar.

on weekly basis are presented in Tables 3, 4 and 5 for Mrig, Hasta 
and Ambia bahars.
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MW Age of the plant MW Age of the plant
1st 2nd 3rd 4th 5th 1st 2nd 3rd 4th 5th

1 2 3 3 5 6 17 5 19 35 54 68
2 2 3 4 5 8 18 6 20 36 56 70
3 2 4 5 8 11 19 6 19 36 56 70
4 2 5 7 11 15 20 6 19 36 56 70
5 2 6 8 13 18 21 6 19 35 54 67
6 3 7 10 17 23 22 5 18 33 51 65
7 3 8 12 20 27 23 4 14 27 42 53
8 3 9 15 25 33 24 4 12 24 37 47
9 4 11 18 30 39 25 4 11 22 33 42

10 4 12 21 34 45 26 4 10 19 30 38
11 4 13 24 38 50 27 4 9 18 29 37
12 4 15 28 44 57 28 4 8 17 27 34
13 5 16 30 48 60 29 3 7 15 25 32
14 5 17 32 49 62 30 3 6 13 22 27
15 5 18 33 51 64 31 3 6 13 21 27
16 5 19 35 54 68 32 3 6 13 21 27

Table 5: Water to be applied (Lday-1) for 1st to 5th years  
pomegranate tree during Ambia bahar. 

In summary, the Penman-Monteith method which is recom-
mended by the FAO is the most accurate method for the estimation 
of reference crop evapotranspiration as evidenced from the litera-
ture. However, this method needs the large amount of data. The 
values of reference crop evapotranspiration that were estimated 
by the Penman-Monteith method and presented in this paper on 
weekly basis for the Western part of Maharashtra would be use-
ful to estimate the crop evapotranspiration, if the values of crop 
coefficient are known. The crop coefficient values of pomegran-
ate trees of 1st to 5th year maturity would be useful to estimate the 
crop evapotranspiration of pomegranate. The area factor values 
developed in this study would be useful to estimate the water re-
quirement of pomegranate trees of different ages in combination 
with the crop coefficient values. The values of water to be applied 
to pomegranate (spaced at 3 x 4.5 m) irrigated by drip irrigation 
method of efficiency of 90% on weekly basis for western part of 
Maharashtra State would be useful for irrigation planning and op-
timum and efficient utilization of irrigation water for pomegranate 
orchards

Conclusion
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