
 

 

 

Abstract—Since agriculture is the major consumer, it is essential 

to inhibit overuse of water resources. Controlled water stress practice 

is suggested to reduce this consumption. Prior to stress, effects of 

water decrease should be investigated to determine appropriate 

deficiency. Furthermore, developing of new approaches that may 

reduce critical effects of water shortage is crucial. In this study, it was 

aimed to minimize the reduction in physiological processes and yield 

parameters of Eggplant (Solanum melongena L.) cultivar by pruning. 

Three levels of irrigation (I100, I75 and I50) according to Field Capacity 

and two levels of pruning (P0 and P1) were applied in interaction. The 

changes in photosynthesis, transpiration, intercellular CO2 

concentration, stomatal conductance, chlorophyll index, water use 

efficiency, fruit characteristics and seasonal yield were evaluated. 

Results showed that depletions occurred in photosynthesis, 

transpiration, chlorophyll index and intercellular CO2 concentration 

of P0 plants due to water stress while P1 plants could lightened these 

impacts. Yield reductions of 18.16 % and 27.13 % observed under 

low and moderate stress. However, increases of 4.82 %, 22.21 % and 

37.22 % were seen in I100-P1, I75-P1 and I50-P1 respectively. 

Consequently, pruning of stressed plants alleviated water stress 

effects on investigated parameters except fruit sizes and Water Use 

Efficiency (WUE). 
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water stress, yield 

I. INTRODUCTION 

ater scarcity is the major limiting factor in agricultural 

production in arid and semi-arid regions [1]. With the 

changes in climate and precipitation regimes, water resources 

became more restricted. Water management policies should be 

generated including strategies to prevent excessive usage. 

Besides political approaches, there are various 

recommendations to avert overuse of resources and to avoid 

damages of water limitation in agricultural production. Many 

researchers emphasize the importance of developing drought 

resistant and tolerant species. Another alternative suggestion is 
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to apply deficit irrigation schedules without causing 

substantial amount of yield losses. However, it has been 

reported that serious amounts of yield reductions occurred in 

many crop species due to water stress. Prior to controlled 

water stress application, soil-water relations for each plant 

must be investigated to overcome hazardous effects of 

decreasing water [2]. Optimum deficiency level should be 

identified to maintain yield. 

Eggplant is commonly produced not only in Turkey, but 

also in many Asian countries. In Turkey, approximately 

822000 tons of eggplant produced in 2011 [3]. Eggplants grow 

both under open field conditions and greenhouses respectively 

in summer and winter seasons [4]. There are various studies 

conducted related to eggplant productivity, morphological and 

physiological responses under limited water conditions. 

Results commonly showed reduction in fruit yield, quality, 

plant vegetative development and increase in stomatal 

resistance, decrease in photosynthetic activity [5], [6], [7].  

 Sensitivity to water stress varies in respect of their 

species, environmental conditions, and even growing stages. It 

is an important challenge to observe presence of water stress 

before the symptoms become obvious. Leaf water potential 

(LWP) is a strong indicator of plant water status. However, 

measurement of LWP via pressure chamber is a 

disadvantageous method that leads to one-time measurement 

per leaf. Development of non-destructive techniques including 

spectroradiometers, thermal cameras, chlorophyll and 

photosynthesis analyzers provided indirect diagnosis of plant 

health.  As the most significant plant process, photosynthesis 

is a considerable indicator of water stress [8]. Open 

photosynthesis analyzing systems enabled rapid and 

instantaneous leaf photosynthesis related measurements in situ 

conditions.  

Because eggplants have an intensive vegetative growth [9], 

upper leaves reach more sufficient radiation, especially PAR 

(photosynthetic active radiation) [10]. Therefore, several 

researchers recommended eggplant pruning for different 

reasons such as; to enhance light efficiency, increase 

yield/quality of fruits, improve photosynthetic activity and 

avoid plant disease resulting from old blanched leaves.  

The aim of this study is to evaluate responses of eggplant to 

low and moderate water stress levels for pruned and not-

pruned circumstances under field conditions. For this purpose, 

instantaneous values of photosynthesis, chlorophyll status, 

transpiration, intercellular CO2 concentration, stomatal 

conduction, water use efficiency (WUE) were recorded and 

compared with seasonal yield and fruit characteristics. 
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II. MATERIALS AND METHODS 

A. Study Area and Experimental Design 

Study was conducted between 16
th 

of May- 06
th

 of August 

2013 under in vivo conditions in Agricultural Research and 

Experimental Center at Dardanos Campus of Canakkale 

Onsekiz Mart University, Canakkale, Turkey (Fig. 1). The 

center coordinates of the study area are 40°04’34” N - 

26°21’39” E.  

 
Fig. 1 Location of study area 

 

Karabas (F1) hybrid eggplant cultivar (Solanum melongena 

L.) was used in the study.  

Field Capacity (FC), Wilting Point (WP) and Available 

Water Holding Capacity (AWC) within 0-90 cm soil profile 

are found to be 305.6 mm, 167.3 mm and 138.3 mm 

respectively.  

Eggplant seedlings about 10 cm height with 2-3 leaves were 

transplanted to field on 16
th

 of May. In the beginning all plots 

were irrigated to field capacity for uniform growth. Nutrients 

were uniformly supplied with irrigation (16 N, 30 P) on 15 

and 30 days after transplanting (DAT). Cultivation processes 

such as; pest, disease and weed control were done using 

standard commercial procedures.  

Experiment consisted of three irrigation levels (I100, I75 and 

I50) and two pruning levels (P0 and P1) interaction. It was 

carried out according to randomized plots design with three 

replicates. Each replicates consisted of 25 plants, thus 225 

plants were used in total. The spacing between treatments, 

replicates, row and within row are 1.4 m, 1 m, 1 m and 0.5 m 

respectively. Experimental design is given in Fig. 2. Irrigation 

levels were applied according to FC and with 7 days interval 

for all treatments. I100 watered up to FC, 75% of FC applied to 

I75, and 50% to I50. I75 and I50 are low and moderate stress levels 

respectively. Each irrigation treatment had pruning sub-

groups; plants grown under P0 level had no pruning practice 

and P1 level plants were pruned to manage two main shoots. 

IP (32) interactions are given in Table I. 

 

 

 

 

 

 

 

TABLE I  

IRRIGATION  PRUNING COMBINATIONS 

I  P Application 

I100 
P0 

Irrigated to FC without 

pruning 

P1 Irrigated to FC with pruning 

I75 

P0 
75 % of I100 irrigation water 

applied  without pruning 

P1 

75 % of I100 irrigation water 

applied  with pruning 

I50 

P0 
50 % of I100 irrigation water 

applied  without pruning 

P1 

50 % of I100 irrigation water 

applied  with pruning 

 

Different irrigation treatments were applied after 30 DAT. 

Moisture content of soil were determined weekly via 

gravimetric method within 0-30 cm, 30-60 cm and 60-90 cm 

depths. Water delivered using drip lines.  

Plants were pruned two times: The first pruning was made 

on 40
th

 DAT and the second was on 60
th

 DAT. 

B. Measurements 

Measurements were recorded from nine plants that selected 

through each treatment. These particular plants were measured 

three times; on 50
th

 DAT, 64
th

 DAT and 78
th

 DAT. All field 

measurements were done under bright sky conditions between 

10.00-14.00 hours and before irrigation. 

  

Photosynthesis measurements 

Individual leaf photosynthesis, transpiration, stomatal 

conductance, intercellular CO2, leaf and air temperatures, and 

PAR values were measured using portable photosynthesis 

analyzer system (LI-6400, LI-COR, USA) (Fig. 2). 

 

 
Fig. 2 Photosynthesis analyzer system installation 

 

Selected leaves of nine plants were measured each time.  

Measurement area of the leaf chamber was 6 cm
2
. Twelve g of 

liquid CO2 tubes were used as carbon dioxide source. 

Incoming CO2 was fixed at 400 µmol s
-1 

using carbon dioxide 
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mixer. Relative humidity was maintained between 50-55 %. 

Flow rate were fixed at 500 µmol s
-1 

during the measurements. 

Photosynthesis related parameters were calculated 

automatically using following equations (1-5) [11], [12]. 

 

Transpiration (E) (mol m
-2

 s
-1

) calculated as; 

 

   
 

Stomatal conductance to water vapour (gsw) (mol H2O m
-2    

s
-1

) computed as; 

 
 

Net photosynthesis (A) (µmol CO2 m
-2

 s
-1

) calculated 

according to equation (3): 

 

 
 

Intercellular CO2 concentration (Ci) (µmol CO2 mol air
-1

) 

calculated as; 

 

 
 

Water Use Efficiency (WUE) is calculated as; 

E

A
WUE   

where F is flow rate (µmol s
-1

), Ws  is sample and Wr is 

reference water mole fractions (mmol H2O (mol air)
-1

), and S 

(cm
-2

) is measured leaf area, gtw is total conduction of the leaf 

(mol H2O m
-2

s
-1

), gbw is boundary layer conductance to water 

vapour (mol H2O m
-2 

s
-1

), kf  is stomatal ratio, A is net 

assimilation rate (µmol CO2 m
-2

 s
-1

), Cr and Cs are sample and 

reference CO2 concentrations (µmol CO2 (mol air)
-1

), gtc is 

total conductance to CO2. 

 

 Chlorophyll readings 

Chlorophyll readings were taken with FieldScout CM1000 

Chlorophyll meter (Spectrum Inc., USA) (Fig. 3). Chlorophyll 

meter estimates leaf chlorophyll quantity using light at 

wavelengths of 700 nm and 840 nm [13]. Chlorophyll 

readings were taken from exactly the same leaves that 

photosynthesis measurements were conducted. Brightness 

value was fixed manually at 5, and the distance between optic 

lens and leaf surface was approximately 30 cm. Average 

values of three readings were computed for individual leaf 

chlorophyll status. 

 

 
Fig. 3 Chlorophyll meter measurements 

 

Harvest 

Fruits from nine plants (2 m
2 

area) per each replicates were 

harvested. Total weights (kg), fruit lengths (cm), fruit 

diameters (cm) and brix values (%) were recorded. Total yield 

(kg da
-1

) was calculated. 

III. RESULTS AND DISCUSSION 

 

 A. Irrıgation Water 
 

Throughout 30-73 DATS, respectively 672 mm, 504 mm 

and 336 mm of water applied to I100, I75, and I50 treatments 

without distinction of pruning.  

 

B. Physiological Measurements 
 

Results of photosynthesis related measurements showed 

that water stress comprised a significant reduction in 

photosynthesis (Fig. 4). If first measurement results were 

considered, it can be seen that deficiencies of 25 % and % 50 

in irrigation supply caused photosynthesis decrease of 17 % 

and 30 % respectively. There is a similar trend in second and 

third measurement. The depressions in all treatments on the 

third measurement were unexpected. The reason of this 

depression may result from increased air temperature on last 

measurement (mean 35.48°C), which was measured a few 

degrees lower on first and second (29.32°C and 30.33°C). 

Pruned plants showed higher photosynthetic activities in 

all irrigation level treatments. This overlaps with the findings 

of [14]. 

(1) 

(2) 

(3) 

(4) 

(5) 
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Fig. 4 Influence of different irrigation levels with/without pruning 

on photosynthesis at three different dates 

 

Changes in chlorophyll readings are consistent with 

photosynthesis alternations for all treatments and dates. 

Chlorophyll index decreased with increasing water stress level 

while pruning seem to alleviate stress effects on this parameter 

(Fig. 5). 

 
Fig. 5 Changes of chlorophyll readings according to treatments 

and dates 

 

Transpiration (Fig. 6), intercellular CO2 concentrations (Ci) 

(Fig. 7), and stomatal conductance (Fig. 8) parameters showed 

comparable fluctuations. As soil moisture decrease, increasing 

level of ABA concentrations in leaf tissues stimulate stomatal 

closure, thus photosynthetic capacity decreases [15]. Closure 

of stomata pores conduce an increase in stomatal resistance, 

causing reductions in stomatal conductance, transpiration, and 

intercellular gas concentrations. Transpiration seemed to be 

increased in pruning treatments at all irrigation levels. 

However, trends Ci levels of pruned plants were varied 

temporally. In first and second measurement periods, pruning 

enhanced intercellular CO2 except I100-P1 plants. On the other 

hand, pruning had no improving effect on Ci levels. 

Consequently, stomatal conductance was raised with both 

water stress and pruning interactions. 

 
Fig. 6 Temporal changes of transpiration rates depending on 

treatments 

 

 
Fig. 7 Temporal changes of Ci depending on treatments 

 

 
Fig. 8 Temporal changes in stomatal conductance depending on 

treatments 
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WUE was enhanced under low water stress conditions 

while moderate stress caused some decrease (Fig. 9). Similar 

results were found in [12] under salt stress treatments. 

Comparing to other results, pruning had no improving effect 

on WUE except two situations. On 50
th

 DAT pruning raised 

WUE of I100 plants and on 78
th

 DAT WUE of I50 plants were 

seemed to increase clearly.  

 
Fig. 9 Water use efficiency changes under different treatments 

depending on date 

 

C. Fruit Characteristics and Yield 

 

Mean values of fruit length (cm), diameter (cm) and soluble 

solid (%) are given in Fig. 10 and 11. It was shown that both 

water stress and pruning had an indistinct effect on fruit size. 

Fruit length and diameter decreased slightly due to water 

deficiency and slight increase appeared with pruning (Fig. 12).  

 
 

Fig. 10 Mean fruit lengths and diameters of different treatments 

 

Under water stress conditions, soluble solids were increased 

as expected. This is consistent with results reported in [16]. 

However, soluble solid contents of B0 plants were greater than 

B1 plants at all stress treatments. 

 
Fig. 11 Alternations in soluble solids (%) 

 

Eggplant yield (kg da
-1

) was reduced with decreasing level 

of irrigation. Seasonal yield of I100-B0 was 6368.8 kg da
-1

 

while I75-B0 and I50-B0 plants produced 4856 kg da
-1

 and 3099 

kg da
-1

 yields. However, pruning increased eggplant 

production at all irrigation levels (Fig. 12). Increases of 4.82 

%, 22.21 % and 37.22 % were seen in I100-B1, I75-B1 and I50-B1 

respectively. 

 
Fig. 12 Seasonal yield changes due to I × P 

 

Comparisons of yield reductions kg da
-1

 I100 to I75 and I100 to 

I50 are given in Fig. 13. As it can be seen on Fig. 13, pruning 

reduced yield losses (kg) under both low and moderate stress 

levels. 
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Fig. 13 Yield reductions of plant with/without pruning practice 

under stress conditions 

IV. CONCLUSIONS 

Limitations in water supply retard various mechanisms in 

plants including biochemical, morphological and 

physiological processes [16]. In present study water stress 

affected photosynthetic responses, fruit soluble solid content 

and yield of Eggplant. Moreover, it was seemed that 

photosynthesis and chlorophyll measurements can be used as 

strong indicator of water stress in similar eggplant cultivars. 

These parameters are strongly related to plant development 

and productivity; 18.16 % and 27.13 % yield depletion 

occurred due to low and moderate stress levels while 

photosynthetic activity related parameters were decreased as 

well. Conversely, it was shown that the depletions in 

photosynthesis, chlorophyll, transpiration and yield of pruned 

plants were not as dramatical as others without pruning. These 

findings are coherent with other literatures [17], [18].  Lengths 

and diameters of fruits were not differed much. Thus, in the 

present case yield differences between groups were grounded 

from number of fruits per treatment. Consequently, pruning of 

stressed plants alleviated water stress effects on investigated 

parameters except fruit sizes and WUE. However, further 

studies should be conducted to investigate the inherent 

mechanisms such as antioxidant system defense in response to 

IP interactions, which is still obscure.  
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