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This study was carried out to determine the effects of different irrigation programs on yield and quality parameters of
eggplant under greenhouse conditions, using Class A pan evaporation calculations and different plant-pan
coefficients. Irrigation water was applied through drip irrigation method twice a week during the growing period.
Irrigation treatments consisted of five plant-pan coefficients (S1: K¢, = non-irrigation, S2: Kk, = 0.50, S3: k¢, = 0.75, S4:
kep = 1.00 and S5: kg, = 1.25). The amount of irrigation water ranged between 95.2 and 238.7 mm among the
treatments. Evapotranspiration (ET) values varied from 93.1 to 466.3 mm for the treatments. The highest yield was
obtained from the S3 and S4 treatments. A significant polynomial correlation was obtained between the yield and
irrigation water, and between the yield and ET (P < 0.01). This indicated that when irrigation water and ET increased,
yield also increased to a certain point. However, when the amount of irrigation water exceeded the plant water
requirement, eggplant yield decreased. Yield response factor (K,) was determined as 0.81. Since K, < 1, eggplants
were not sensitive to water deficiency. In addition, the highest water use efficiency (WUE) and irrigation water use
efficiency (IWUE) values were calculated in the S3 (12.9 kgm™) and S2 (44.2 kgm™) treatments, while the lowest WUE
and IWUE values were calculated in the S5 (7.9 and 15.5 kgm™) treatment to which the highest irrigation water was
applied. This finding indicated that WUE and IWUE values decreased with the increasing irrigation water and ET.
These results suggested that S3 (k., = 0.75) treatment can be the most appropriate irrigation program for eggplant
with higher yield and WUE under greenhouse conditions.
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INTRODUCTION

tonnes from 1.9 million ha according to the data of 2009.
93% of the eggplant production takes place in Asia, while
7% is produced in Africa, Europe and America (FAO,
2010). Turkey is the third biggest producer in the world
with 816000 tonnes production, of which 250000 tonnes
are produced in greenhouses (TSI, 2010). In addition to
the field production, the reasons why greenhouse
production of the eggplant gains importance, is because
of more profit and greenhouse producers want to get rid
of their dependence on the tomato production. Plantation
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with application of improving agricultural technologies,
and the eggplant is the fourth in rank within the green-
house products, after tomato, pepper and cucumber
(Boyaci, 2007).

Greenhouse production is more advantageous than
field production since irrigation water and fertilizer are
used more effectively and controlled (Van OS, 1994).
Irrigation is a vital importance for successful vegetable
production. Because vegetables need irrigation water
during the all growing period and get adequate benefit
from irrigation, amount of the irrigation water applied and
the irrigation duration must be calculated scrupulously
(Cevik et al., 1996; Ertek et al., 2002). Both higher water
use efficiency (WUE) and higher yield are obtained in the
cultivated plants such as the eggplant (Chartzoulakis and



Table 1. Some physical characteristics of the soil in the greenhouse.

Bulk density  Field capacity Wilting point Total available soil water content

Soil depth (cm) Structure (gcm-d) % mm % mm % mm
0-30 CL 1.52 27.7 126.1 13.2 60.0 14.5 66.2
30-60 CL 1.36 28.1 114.6 14.1 57.4 14.0 57.2
60-90 CL 1.35 31.0 125.6 16.2 65.7 14.8 59.8
90-120 CL 1.26 325 122.8 17.4 65.8 15.1 57.0
Total (0 to 90 cm depth) 366.2 183.1 183.2
Total (0 to 120 cm depth) 489.0 248.9 240.2

Table 2. Chemical properties of the irrigation water.

Parameter Value
EC (ds m ™) 0.81
pH 7.7

Cations (me L'l)
+

Ca 1.2
Na" 0.11
Mg" 6.8
K" 0

Anions (me L'l)

HCOs 7.36
cr 0.27
S04 0.48
SAR 0.06
Class C3S1

Drosos, 1995; Aujla et al., 2007), cucumber (Yuan et al.,
2006) and pepper (Antony and Singandhupe, 2004;
Sezen et al., 2006) in drip irrigation method according to
traditional irrigation methods.

An important portion of the natural water resources are
used in agriculture. Decreasing available water resources
brings a serious water shortage problem. In order to deal
with this problem, the studies for the efficient use of
irrigation water by providing water saving gain importance
(Zzhang et al., 1999; Oweis et al., 2000; Pandey et al.,
2000; Motilva et al., 2000; Li et al., 2001; Fabeiro et al.,
2001). However, more studies are still needed for deficit
irrigation of vegetables (Chartzoulakis and Drosos, 1995;
Mendezr, 1987, Mannini and Gallina, 1996). Deficit
irrigation aims to increase the efficiency of irrigation
water, to generate water stress at a level without
excessive yield loss in the production period of the plant
and, consequently, to obtain the highest vyield
corresponding to each unit of water (Kirda, 2002). While
designing deficit irrigation programs, it should be
designed according to the relationship between water and
yield. Researches indicated that there is a linear cor-

relation between relative evapotranspiration deficit and
relative yield decrease, and this correlation is defined as
yield response factor (Ky) (Stewart et al., 1977;
Doorenbos and Pruitt, 1977).

The use of irrigation programs based on pan evapora-
tion method is very common due to its simple and easy
usage (Elliades, 1988). This research aimed to determine
the effects of different irrigation programs on the yield and
quality parameters of the eggplant under greenhouse
conditions using Class A pan evaporation calculations
and different plant-pan coefficients.

MATERIALS AND METHODS

This study was carried out in plastic covered greenhouse of which
the long axis was placed in the east-west direction, in Agricultural
Research and Experimental Center at the Campus of Sileyman
Demirel University, Isparta, Turkey during 2010. The study area

was between 37° 50I 2N latitude and 30° 32I 0II E longitude and
1010 m altitude. Isparta region defined as Lakes region indicates a
transition characteristic between the Mediterranean climate and
Middle Anatolian continental climate. It resembles the
Mediterranean climate in terms of precipitation regime, while it
resembles the Middle Anatolian continental climate in terms of
temperature since summer season is hot and dry, and winter
season is cold and snowy. In Isparta, long-term average annual
temperature, relative humidity and precipitation are 12°C, 61%, 520
mm, respectively (TSMS, 2008). Automatic recorders and Class A
pan were used in order to determine the monthly values of inner
greenhouse average temperature, relative humidity, the sunshine
duration and evaporation during the growing season.

The greenhouse soil was sandy-loam, and the dry soil bulk

density average was 1.37 g cm™ throughout the 1.2 m deep profile.
The total available soil water content within top 1.2 m of soil profile
was 240.2 mm and no water problem was found. Some soil
characteristics related to irrigation are presented in Table 1.
Seedlings of the eggplant were transplanted at 0.60 x 0.90 m
spacing on May 10th, 2010. The plots consisted of 14 plants in 7.47
m”. Burnt farm manure were implemented before trans?lanting, and
19.6 kg ha'1 mono ammonium phosphate, 14 kg ha~ phosphoric

acid, 174 kg ha'1 potassium nitrate and 140 kg ha ™~ ammonium
nitrate were applied with irrigation water by drip system after
transplanting, and also agricultural pest control were done during
the growing period (from beginning of June to end of August).
Irrigation water was obtained from the hydrants on the irrigation
network near the greenhouse and distributed to the pilots by
laterals. Discharge rate of the irrigation water taken from the

irrigation network was 1.5 L s'l. The chemical properties of the
irrigation water are presented in Table 2.



Table 3. Monthly mean climate values in greenhouse related to growing period.

Month Mean temperature (°C) Mean humidity (%) Duration of sunshine (h)
May 24.2 58.4 8.3
June 31.9 56.8 7.6
July 34.2 53.7 10.3
August 34.6 56.6 13.5

Experimental treatments were determined according to five different

plant-pan coefficients (S1: kep = 0.00, S2: kep = 0.50, S3: Kep

=0.75, S4: kep = 1.00 and S5: kep = 1.25). The coefficients used in
this study included pan coefficient and plant coefficient factors as
indicated in Ertek et al. (2002). In the study, experiment was carried
out according to the completely randomized design with three
replicates. Plots were irrigated up to field capacity at the beginning
of the irrigated growth period. Irrigation water was applied through
drip irrigation method twice a week during the growing period. Class
A pan was used to determine the amount of applied irrigation water.
Irrigation was initiated based on the cumulative pan evaporation in
daily values measured in each irrigation interval with the Class A
pan located in the greenhouse. Engineering characteristics and
working principles related to the drip irrigation method were
determined on the fundamentals given in Kanber (2010). Drip
irrigation system consisted of PE laterals of @16 mm in diameter in-
line type drippers with pressure regulators at 0.33 m distance. The

drippers had a discharge rate of 3 L h™ under an operational
pressure of 4 atm. One lateral was placed in each plant row and the
percentage of the wetted area was determined as 36%. In
calculating irrigation water volume, equation 1 described by
Doorenbos and Pruitt (1977) was used:

I = Axk o, xE , xP o

Where, | is the volume of irrigation water applied (L), A is the pilot

2 . - . .
area (m”), kep is the plant-pan coefficient, Ep is the cumulative
evaporation at Class A pan in the irrigation intervals (mm) and P is
the wetted area percentage (36%). Evapotranspiration related to
the treatments were estimated using the water balance method
(Equation 2) (James, 1988):

ET =1+P+C, -D, xR £ § )

Where, ET is the evapotranspiration (mm), | is the depth of irrigation
water (mm), P is precipitation (mm), C, is the capillary rise (mm), Dy
is the water loss by deep percolation (mm), Rt is runoff loss (mm)
and S is the change in the soil water content determined by the
gravimetrical method in the 120 cm soil depth (mm). In the
experiment area, since there was no capillary water entrance from
the water table and runoff loss due to the drip irrigation method, Cp
and Rr values were neglected in the calculations. Besides, since the
sum of soil moisture before the irrigation and the amount of irrigation
water applied did not exceed the field capacity, Dp values were
neglected (Kanber et al., 1993) and since the study was carried out
in a greenhouse, P value was also neglected.

Equation 3 as described by Doorenbos and Kassam (1986) was
used in order to determine the yield response factor (Ky). Therefore,
the relationship between relative decrease in evaporatranspiration
and relative decrease in yield was determined.

=T grm 3)

Where, Y and Y, are actual and maximum yields (tonnes ha'l),
respectively, ET and ETp, are actual and maximum evapotran-
spiration (mm), respectively and Ky is yield response factor.

WUE and irrigation water use efficiency (IWUE) in all the
treatments were calculated using Equations 4 and 5 (Hillel and
Guron, 1975; Kanber et al., 1996):

WUE = 160(—)
= (4)
Vit

IWUE = 100 (¥
I, ®)

Whlere, WUE is the water use efficiency (kg m'3), Y is the yield (kg
ha™), ET is the evapotragspiration (mm), IWUE is the irrigation
water use efficiency (kg m™), Yni is the yield obtained from the non-

irrigation treatment (kg ha™™) and | is the irrigation water (mm).
Since yield was not obtained from non-irrigation treatment (S1), Yni
was assumed as zero.

Eggplants were hand-harvested several times taking edge effects
in the study plots into consideration and weighed in July and
August. Amount of yield per unit area (tonnes ha'l), number of fruit
per unit area (number ha'l) and some quality characteristics of
eggplant fruit such as mean fruit weight, diameter, length, fruit
firmness and amount of the soluble solids were determined.
Statistical analyses were done applying the one way ANOVA
analysis method. The Tukey test was used in determining the
differences between the averages of the groups and the differences
of the treatments were indicated with the latin letters in the test
result. The non-irrigation treatment (S1) was not included in the
statistical analysis, because yield was not obtained.

RESULTS AND DISCUSSION

In relation with the period of study carried out, monthly
mean temperature, humidity and duration of sunshine
values ranged between 24.2 and 34.6°C, 53.7 and 58.4%
and 8.3 and 13.5 h in the greenhouse, respectively (Table
3).

All plots were irrigated up to field capacity in the O to
120 cm soil depth prior to scheduled irrigation. Irrigation
treatments were initiated at the beginning of June. During
growing season, 529 mm evaporation occurred and
treatments were irrigated 22 times (Table 4). The lowest
irrigation water amount was applied to the S2 treatment
as 95.2 mm and the highest irrigation was applied to the
S5 treatment as 238.7 mm. ET values ranged from 93.1
(S1) to 466.3 mm (S5). ET increased the amount of
irrigation water applied. The ET value obtained from the
S1 treatment (non-irrigation) was calculated according to
the soil water content in root zone soil profile when the



Table 4. Number of irrigation, amounts of irrigation water, evapotranspiration and cumulative evaporation.

Number of Irrigation water Evapotranspiration Cumulative evaporation
Treatments L
irrigation amount (mm) (mm) (CAP*, mm)

S1 - - 93.1

S2 22 95.2 341.9

S3 22 143.1 391.5 529

S4 22 190.5 430.8

S5 22 238.7 466.3

*Class A pan.
Table 5. Yield components related to treatments.
Treatments
*
Yield component Sl S2 S3 S4 S5
X +Sx X £Sx X £+SX Y £Sx X £SX

Yield (ton ha'l)* - 42.1+09b 505+1.7a 519+11la 37.0+25b
Fruit number "> - 11.7+0.9 13.7+0.3 13.3+0.3 11.3+0.9
Mean fruit weight (g)* - 196.6 + 11.1 ab 199.3+1.9ab 210.5+£6.3a 176.7+19b
Fruit diameter (mm) "™ - 44.0£1.2 441+ 1.4 43.8+1.0 42.7+13
Fruit lenght (mm) "™ - 180.6 + 8.5 181.8 + 4.8 182.6 £5.2 1749 +5.4
Fruit firmness (libre) ™ - 14.3+0.2 14.7£0.2 14.3+0.2 14.0 £ 0.6
Soluble Solid (%) " - 6.8+0.1 6.8+ 0.1 6.0+ 0.3 6.3+0.3

*S1 (Non-irrigation) was not included in the statistical analyses, because yield was not obtained.

plants dried. The obtained values related to the amount of
the irrigation water and ET was similar to the findings of
Elliades (1992), Chartzoulakis and Drosos (1995) and
Lovelli et al. (2007). However, less irrigation water was
applied in this study as compared to studies the
described earlier which may be explained by the wetting
percentage (36%) of the drip irrigation method used.
Values regarding the average fruit number, yield and
quality parameters of all the treatments are presented in
the Table 5. It was shown that irrigation treatments had a
significant effect on the eggplant yield (p < 0.05). While
the highest yield was obtained from the S4 treatment, S3
and S4 treatments were in the same class in terms of
yield values. The lowest yield was obtained from the S5
treatment to which the highest irrigation was applied and,
no yield was obtained from the S1 treatment (non-irri-
gation). Controlled irrigation is a vital importance
regarding the plants which are sensitive to excessive or
deficient irrigation water (FAO, 2004). Despite the highest
irrigation water and plant water consumption, it was
observed that the more vegetative growth of the plants
affected the fruit yield negatively in the S5 treatment. This
indicated that irrigation may decrease the eggplant yield
when irrigation water exceeded plant water requirement.
In addition, significant polynomial correlations between
the yield and irrigation water and the yield and ET were

obtained as shown in Figure 1 (p < 0.01). It was observed
that when irrigation water and ET increased, yield also
increased to a certain point, however, irrigation had a
sllghtly (R = 0.99**) more positive-effect on yield than ET

= 0.94*%). The obtained results are similar with the
results found by Cevik et al. (1996) and Ertek et al.
(2006). In these studies, the researchers concluded that
there was a linear relationship between amount of
irrigation water and the vyield for the eggplant to a certain
level, but after a certain level, the excessive water applied
did not provide a significant increase, and on the
contrary, caused a decrease in the yield.

In terms of the measured fruit weight, the highest fruit
weight was obtained from the S4 treatment as 210.5 g,
while the lowest fruit weight was obtained from the S5
treatment as 176.7 g (p < 0.05). Nonetheless, significant
differences were not observed in the fruit number and the
other quality parameters such as fruit diameter, fruit
length, fruit flesh firmness and soluble solids values of the
eggplant among the irrigation treatments.

The relationship between relative decreases in yield (1-
Y/Ym) and relative decreases in evapotranspiration (1-
ET/ETm) is shown in Figure 2. The coefficient Ky,
calculated according to Equation 3 for irrigation treat-
ments, was determined as 0.81. In this sense, 0.81 unit
yield decrease can be expected for per unit water
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Figure 1. Relationships between yield and irrigation water amount or evapotranspiration.
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Figure 2. Relationships between relative yield decrease and relative

evapotranspiration deficit for eggplant.

deficiency. This means Ky < 1 and therefore, shows that
eggplant is not sensitive to water deficit. The vyield

response factor (Ky) was determined as 0.60 by Ertek et
al. (2006) and as 1.37 by Lovelli et al. (2007). The value
obtained in this study differed from the referred
researchers’ values which may be caused by the
greenhouse conditions carried out in this study and total
yield values used in the Equation 3 instead of marketable
yield values.

The WUE and IWUE values related to the irrigation
treatments are presented in Figure 3. The highest WUE
and IWUE values were calculated in the S3 (12.9 kgm'3)

and S2 (44.2 kgm'g) treatments, while the lowest WUE

and IWUE values were calculated in the S5 (7.9 and 15.5

kgm'3) treatment where the highest irrigation water was
applied. In other words, it was seen that WUE and IWUE
values decreased with the increasing irrigation water and
evapotranspiration. The results obtained in this study are
parallel with the studies of Lovelli et al. (2007) and Ertek
et al. (2006) in the eggplant, Xuesen et al. (2003) in
cucumber, and Costa and Gianquinto (2002) in pepper.

Conclusions

In this study, it was observed that different irrigation
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Figure 3. Water use efficiency (WUE) and irrigation water use efficiency (IWUE) related to

the treatments.

programs with plant-pan coefficients had a significant
effect on the yield and fruit weight (p < 0.05). The highest
eggplant yields were obtained from the S4 (51.9 tonnes

ha ™) and S3 (50.5 tonnes ha'l) treatments. A significant
polynomial correlation between the yield and irrigation
water and between the yield and ET were obtained. It
was shown that there was a linear relation between
irrigation water amount and the yield for the eggplant to a
certain level, but after a certain level, the excessive water
applied did not provide a significant increase, and on the
contrary, caused a decrease in the yield. The seasonal

yield response factor (Ky), which is a crucial parameter in
the determination of the plant’s resistance against the
water stress and the appropriate irrigation program was
obtained as 0.81 in this study. This value indicated that
the eggplant was not sensitive to water deficiency and
was more adapted to the irrigation program where the
water deficit was applied. In conclusion, for similar
greenhouse conditions, S3 (kcp = 0.75) treatment for
eggplant can be suggested as the most appropriate

irrigation program with higher yield and higher WUE (12.9

kgm ).
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