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Abstract. A two-year field experiment was conducted to evaluate the physiological response of eggplant 

stomatal resistance (rs) and yield to different deficit irrigation levels using surface and subsurface drip 

methods under Mediterranean climatic conditions. Treatments consisted of surface (SDI) and subsurface 

drip (SSDI); 3-day and 6-day irrigation frequencies (IF3, IF6); and full irrigation (FI), deficit irrigations 

(DI50, DI75) and partial root-zone drying (PRD50). Irrigation systems, frequencies and levels produced 

significantly different eggplant yields. IF3FI treatment produced the greatest yield in the experimental years 

and followed by IF3DI75. The results revealed that 3-day interval resulted in significantly greater yields than 

6-day frequency. Water deficit in the root-zone decreased fresh eggplant yield drastically and IF6PRD50 

produced the lowest yield. Smaller rs values were observed in FI treatment in SDI and SSDI systems under 

3-day frequency than deficit irrigated and 6-day frequency plots. Significant relationships among rs and 

yield, dry matter yield, SWC, ET, and LAI were obtained. A value of 60 s m-1 could be considered as the 

threshold to regulate rs for high eggplant yield. Therefore rs could be utilized for scheduling irrigations. 

The rs response to water stress can be used for sustainable crop production in water scarce regions. 

Keywords: deficit irrigation, partial root-zone drying, water use efficiency, irrigation scheduling 

Introduction 

Vegetable production in many countries relies on irrigation. Optimizing irrigation 

amount and frequency is thus essential to ensure yield increase without compromising 

quality. All over the world, the reduction in the amount of water which is used for 

irrigation and environmental concerns make obtaining the most benefit from a unit of 

water necessary. Therefore micro irrigation systems such as surface drip (SDI) and 

subsurface drip systems (SSDI) are necessary for efficient use of scarce water resources 

in irrigated agriculture for increasing yield and saving water. A number of field studies 

indicated relevant benefits of managing SSDI for production of vegetables (Lamm and 

Camp, 2007; Kong et al., 2012; Bozkurt and Sayilikan Mansuroğlu, 2018). 

Deficit irrigation (DI) is an important water-saving practice in irrigated agriculture 

(English et al., 2002). DI could decrease vegetative growth, while having little effect on 

fruit growth and development through balancing the relationship between reproductive 

and vegetative growth (Goodwin and Boland, 2002). Moreover, DI significantly reduces 

irrigation amount (Pérez-Pérez et al., 2008). 

Several field trials on eggplant irrigation have been conducted in various locations 

around the world (Chartzoulakis and Drosos, 1995; Gaveh et al., 2011; Diaz-Perez and 

Eaton, 2015; Mohawesh, 2016; Müller et al., 2016; Bozkurt Çolak et al., 2017) indicating 

that eggplant production can be realized at moderate water stress levels without major 

reduction in crop yield. 

http://horttech.ashspublications.org/content/21/3/301.full#ref-25
http://horttech.ashspublications.org/content/21/3/301.full#ref-25
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Irrigation scheduling methods is usually categorized on soil, plant, and meteorological 

basis. Plant-based irrigation scheduling techniques are more advantageous since plants 

respond to both the soil and aerial environmental conditions (Yazar et al., 1999). For that 

reason, crop based irrigation scheduling is used more and more in recent years. The 

irrigation time can be determined by detecting the water stress status of the plant. Among 

the possible measures of some aspect of plant water status include direct measuring 

stomatal resistance or conductance (Yao et al., 2001; Agele et al., 2006; Lianga et al., 

2011) that is known to respond sensitively to water stress. 

Stomatal have an important task in regulating water losses through transpiration and 

CO2 uptake for photosynthesis and plant growth (Gerosa et al., 2012). Also, stomatal 

control is a major physiological way for optimizing water use under drought condition 

(Makbul et al., 2011). Crop water use estimation based on scaling up from leaf stomatal 

conductance to canopy conductance is of paramount importance for improving efficient 

use of limited water resources in agriculture (Zhang et al., 2011). 

It is believed that virtually most of the plants’ first reaction to severe water stress is 

the stomatal closure to prevent the water losses by transpiration (Berry et al., 2010; 

Brodribb and McAdam, 2011; Nemeskeri et al., 2015). Stomatal closure occurs due to 

from direct evaporation of water from the guard cells without any metabolic action. When 

available soil water content is decreased, the stomata open little or even remain closed in 

response to severity of water deficiency. The crop prevents dehydration by maintaining 

stomata closed under drought conditions (Anjum et al., 2011; Osakabe et al., 2014; Clauw 

et al., 2015). Behboudian (1977) reported that eggplants have greater resistance to water 

stress than the other vegetable crops. 

For sustainable eggplant production and making decision on the best irrigation 

practice, a comprehensive assessment of the yield and physiological response of the crop 

to a specific soil type, production method and irrigation strategy is required. Therefore, 

determination of the critical threshold values (beyond which yield loss or reduction is 

inevitable) of stomatal resistance (rs) is important for a specific crop growing under 

different climatic and soil conditions so that they can be utilized effectively for irrigation 

scheduling purposes. The main objectives of this research were to evaluate the 

physiological response of eggplant such as stomatal resistance (rs) to different deficit 

irrigation strategies under subsurface and surface drip systems; and to establish threshold 

levels for stomatal resistance for irrigation scheduling of eggplant for high and good 

quality yield under the semi-arid climatic environment in the Mediterranean region. 

Materials and methods 

Experimental site description 

Field experiments were conducted during 2013 and 2014 growing seasons on the 

experimental farm at the Alata Horticultural Research Institute in Tarsus in 

Mediterranean region of Turkey. The experimental site is located between latitude 

36o53' N and longitude 34o57' E with an elevation of 60 m. Mediterranean climate 

prevails in the experimental site. Monthly mean climatic data for the study years along 

with long-term means are depicted in Figure 1. The mean annual rainfall, temperature, 

evaporation and relative humidity are 616 mm, 17.8oC, 1487 mm, 70.5%, respectively. 

The amount of rainfall recorded during the eggplant growing season (May through 

August) was 163.0 mm in 2013, and 126.0 mm in the 2014 growing season. 

http://www.sciencedirect.com/science/article/pii/0304423877900024
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The experimental soil has a clayey-silt texture with volumetric water content at field 

capacity 29.6% and wilting point 19.2% and mean bulk density of 1.39 g cm-3. Plant 

available water in the effective root depth of 60.0 cm was estimated as 88 mm. 

 

Figure 1. Mean monthly climatic data in the experimental years along with long-term means 

 

 

Agronomic practices 

Four weeks old eggplant seedlings of Solanum Melongena L. (cv. Anamur Karası) 

were transplanted into the experimental plots in 90 cm row spacing and with 70 cm plant 

spacing on May 6 and April 14 in 2013 and 2014, respectively. 

Compound fertilizers were incorporated into the plant beds at a rate of 50 N; 50 P2O5; 

and 50 kg ha-1 K2O prior to transplanting. About 21 days after transplantation, plots 

received Nitrogen via fertigation every 6 days (160.0 kg ha-1 N) during the eggplant 

growth period. 

Agronomic and plant protection practices carried out during the growing seasons are 

summarized in Table 1. 

Design of the experiment and treatments 

The experiment was designed split-split plots with four replicates. Experimental 

treatments consisted of surface drip (SDI) and subsurface drip systems (SSDI); 3-day 

6-day (IF3; IF6) irrigation frequencies; and Full irrigation (FI); deficit irrigations, DI50 and 

DI75; and Partial Root-zone drying (PRD50). Irrigation was launched when 25% of 

available water in the root-zone depth of 60 cm was depleted and replenished to field 

capacity in all treatments. Then treatment irrigations were scheduled based on 

replenishment of soil water deficit in effective root-zone depth of 60 cm to field capacity 

in fully irrigated treatments (FI) in the two irrigation frequencies considered. In the deficit 

irrigation plots of DI50 and DI75, respectively received 50 and 75% of water applied to 

full irrigation plots. PRD50 plots were irrigated alternately from the two laterals on both 

side of the crop row and received 50% of water applied to full irrigation plots. In the 

experiment, subplots were 10 m long and 5.4 m (6 plant rows) wide. A general view of 

the experimental plots is shown in Figure 2. 

In the surface drip system plots (SDI), drip lateral pipes were placed in every plant 

row for FI and DI50, and DI75 treatments. Drip tapes had inline emitters with discharge 
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rate of 1.6 l h−1 spaced at 0.20 m. In the PRD50 treatment, two drip laterals were laid on 

each side of the plant row 25 cm away from the eggplant rows. In the subsurface drip 

irrigation plots (SSDI), laterals were buried at 25 cm depth in the soil under the plant 

rows. Lateral with in-line emitters spaced at 0.20 m intervals and with flow rate of 

2.3 l h−1 were used (Geoflow Corte Madera, CA, USA). Since the same flow rate and 

emitter interval surface and subsurface drip systems were not available in the local 

market, we used the abovementioned systems in the study. The irrigation amount in each 

plot was measured by a flow meter. 

 
Table 1. Some agronomic and management practices carried out during the experiments in 

2013 and 2014 

Agronomic 

Practices 
2013 2014 

Transplanting 

date 
May 6 April 14 

Cultivar Anamur Karası Anamur Karası 

Planting spacing 90 cm x70 cm 90 cm x70 cm 

Plant density 155 556 plants ha-1 155 556 plants ha-1 

Fertilization 

50 N; 50 P2O5; and 50 kg ha-1 K compound 

fertilizer at transplanting plots stated to receive 

N through fertigation at every 6-day irrigation 

interval (160 kg ha-1 N) three weeks after 

transplanting 

50 N; 50 P2O5; and 50 kg ha-1 K compound 

fertilizer at transplanting plots stated to receive N 

through fertigation at every 6-day irrigation 

interval (160 kg ha-1 N) three weeks after 

transplanting 

Irrigation system 
Inline surface and inline subsurface drip 

irrigation 
Inline surface and inline subsurface drip irrigation 

Effective 

cultivated area 
3456 (80 m lenght x 43.2 m width) 3456 (80m lenght x 43.2 m width) 

First picking June 27 June 16 

Hoeing and 

weeding 
23 May, 10, 17 June; 2 July 22 and 29 May, 17 June and 1 July 

Plant Protection 

On 20.06.2013, insecticide applied against green 

worms, leaf galleria fly, red spider, white fly 

various insecticides and on 01.08.2013 fungicide 

against Fusarium oxysporum fungus was 

sprayed. 

Various insecticides  against green worms, aphids, 

leaf galleria fly, red spider, white fly on 25 April, 

7 May, 14 May and 23 May; On 25 April, 14 May 

and 23 May, fungicide was applied against lead 

mold and powdery mildew and Fusarium 

oxysporum. 

First picking June 27 June 16 

Last picking Agust 5 July 25 

 

 

Figure 2. A general view of the experimental plots 
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Measurements 

Soil water content 

A neutron moisture meter was used to measure the soil water content (SWC) with 

(Model 503 DR, Martinez, CA) at 0.2 m depth intervals down to 0.80 m prior to irrigation 

applications with 3- and 6-day frequencies during the eggplant growing seasons. Access 

tubes were placed in the mid plant rows between two plants in the experimental subplots. 

Average of four replications was taken as mean soil water content for each depth to reduce 

spatial variability. Gravimetrical sampling method was used to measure SWC in the upper 

soil layer of 20 cm during the growing seasons. 

Eggplant evapotranspiration and water use efficiency 

Seasonal evapotranspiration (ET) or crop water use was estimated using the water 

budget equation Eq. (1). 

 

 𝐸𝑇 = 𝑅 + 𝐼 ∓ ∆𝑊 − 𝐷𝑝 − 𝑅𝑜𝑓𝑓 (Eq.1) 

 

In this equation, ET is seasonal crop water use or evapotranspiration (mm), R is rainfall 

(mm), I is seasonal total irrigation water applied (mm), ∆W is change in soil water storage 

in the root zone depth (mm), Dp is downward soil water movement or deep percolation 

below the root-zone depth (mm), and Roff is surface runoff (mm). Dp and Roff were 

neglected since the amount of irrigation water applied via drip systems was precisely 

controlled and rainfalls received during the growing season was less than soil storage 

capacity in 60 cm profile depth. 

Water use efficiency (WUE) values were estimated as the ratio of fresh eggplant yield 

over seasonal crop water use or evapotranspiration (Gong et al., 2017). 

Leaf area index 

Leaf areas for experimental treatment plots were estimated using LAI-2000 Plant 

Canopy Analyzer equipment (Li-Cor 2000, Lincoln, NE) at weekly interval throughout 

the growing season. In this method of LAI measurement, four measurements below the 

plant canopy and one measurement above the canopy were taken for each treatment plots 

to account for the canopy light interception in crop canopy at five different angles, from 

which LAI was estimated employing radiative transfer model. 

Dry matter yield 

Variation of dry matter yields with time in each experimental sub-plot was determined 

at two-week intervals until harvest by cutting the plants in 2.10 m of a row section in each 

subplot at the ground level. The plant samples taken were dried in an oven at 65oC for 

several days until constant dry weight reached. 

Stomatal resistance 

A diffusion porometer (AP4 Leaf Porometer, Delta–T Devices, Cambridge, England) 

was used to determine the stomatal resistance of eggplant leaves (Figure 3). 

Measurements were taken at 6-day intervals prior to irrigations until harvest between 

12:00 and 14:00 O'clock on the fully developed upper two leaves and under clear sky 

conditions. Soil water contents were also measured on the same day with porometer 
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readings. The porometer was calibrated before making each reading. Using the calibration 

values, the lower and upper surface resistances of the leaf were calculated with the 

Equation 2 given by Clawson and Blad (1982). 
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(Eq.2) 

 

where rs is the average stomatal resistance s m-1; ru and rl are stomatal resistance of the 

upper and the lower surface of the leaf, respectively. 

Diurnal variations of stomatal resistance were also measured in mid-growth stage once 

each year before an irrigation application. 

 

Figure 3. Measurement of stomatal resitance in eggplant with porometer 

 

 

Statistical analysis 

Statistical analysis of the data was carried out using the JMP Statistical software (SAS 

Institute, Inc., Cary, NC, USA). Two-way variance analyses (ANOVA) were conducted, 

and to determine the differences among treatment means Least Significant Difference 

(LSD) at a 5% probability level was made (Steel and Torrie, 1980). 

Results 

Irrigation and crop water use results 

The data on total irrigation water applied, seasonal evapotranspiration, yield and water 

use efficiency for the treatments in the experimental years were presented in Table 2. 

Seasonal irrigation amounts differed between the treatment plots in the growing seasons 

due to prevailing weather conditions and distribution and quantity of rainfall received 

during each season. The rainfall received during the growing season in the experimental 

years was 163 and 126 mm, respectively, which wre greater than long-term mean of 

86 mm. Mean maximum temperatures in 2014 in June was 38.2oC was higher than 2013 

and long-term mean. Mean minimum temperatures in June through August in 2014 were 

greater than those in 2013 and long-term mean. The data revealed that the seasonal 

irrigation amount varied between 243 mm in IF6DI50 and IF6PRD50 and 495 mm in IF3FI 

plots in the SDI plots, and ranged from 228 mm IF6DI50 and IF6PRD50 to 450 mm in IF3FI 
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plots the SSDI in 2013 (Table 2). The total irrigation water changed between 229 mm in 

IF6DI50 and IF6PRD50 to 444 mm in IF3FI in SDI plots; and varied from 216 mm IF6DI50 

and IF6PRD50 to 418 mm in IF3FI in the SSDI treatment plots in 2014. PRD50 and DI50 

plots received the same quantity of irrigation water. 

 
Table 2. Eggplant yield, seasonal irrigation, ET, WUE and LAI values under the different 

treatments in the experimental years 

Years 
Irrigation 

systems 
Treatments 

Seasonal irrigation 

mm 

ET 

mm 

Yield 

t ha-1 

WUE 

kg m-3 
LAI 

2013 

Surface Drip 

(SDI) 

IF3FI 495 543 78.7 14.5 h* 4.13 

IF3DI75 382 441 75.3 17.1 def 3.8 

IF3DI50 268 339 70.4 20.8 b 3.47 

IF3PRD50 268 346 58.1 16.8 f 2.95 

SDI 

IF6FI 446 517 69.8 13.5 ı 3.56 

IF6DI75 344 425 63.4 14.9 g 3.2 

IF6DI50 243 349 60.8 17.4 d 3.07 

IF6PRD50 243 356 48.7 13.7 ı 2.65 

Subsurface Drip 

(SSDI) 

IF3FI 450 495 71.9 14.5 h 4.02 

IF3DI75 348 403 69.3 17.2 de 3.73 

IF3DI50 245 306 66.9 21.9 a 3.25 

IF3PRD50 245 318 53.9 17.0 ef 2.75 

SSDI 

IF6FI 414 479 60.7 12.7 j 3.45 

IF6DI75 321 398 58.1 14.6 gh 3.15 

IF6DI50 228 317 56.8 17.9 c 2.91 

IF6PRD50 228 335 40.9 12.2 k 2.6 

2014 

Surface Drip 

(SDI) 

IF3FI 444 527 92.2 17.5 g 4.30 

IF3DI75 349 441 87.6 19.9 de 3.85 

IF3DI50 253 367 83.0 22.6 b 3.55 

IF3PRD50 253 375 68.3 18.2 f 3.03 

SDI 

IF6FI 396 508 87.7 17.3 g 3.99 

IF6DI75 312 433 84.6 19.5 e 3.65 

IF6DI50 229 363 77.2 21.3 c 3.30 

IF6PRD50 229 369 64.3 17.4 g 2.80 

Subsurface Drip 

(SSDI) 

IF3FI 418 494 92.7 18.8 f 4.18 

IF3DI75 329 419 88.6 21.2 c 3.79 

IF3DI50 240 350 85.7 24.5 a 3.34 

IF3PRD50 240 353 68.9 19.5 e 2.97 

SSDI 

IF6FI 369 473 86.2 18.2 f 3.95 

IF6DI75 292 411 83.4 20.3 d 3.47 

IF6DI50 216 349 75.5 21.7 c 3.10 

IF6PRD50 216 354 58.8 16.6 h 2.64 

* LSD grouping at 5 % level; each year was analyzed separately 

 

 

Soil water content variation in different treatments with time in the experimental years 

are characterized by a gradual decrease in SWC in response to deficit irrigated treatments 

towards the end of the season as compared with full irrigation plots. In the two drip 

systems with 3-day frequency plots, plant available water in FI and DI75 treatments were 

greater than 50% during the growing seasons. On the other hand, in DI50 and PRD50 

treatments SWC values were below the 50% available soil water level (soil water data 

not presented). The detailed information on soil water content variations in the 

experimental treatments and years can be found in previous publication by Bozkurt Çolak 

et al. (2017). 
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Irrigation systems and irrigation levels resulted in significantly different ET values in 

the first experimental year, but only irrigation levels had significantly different effect in 

the second year (Table 3). Seasonal evapotranspiration changed between 339 mm in DI50 

with 3-day frequency treatment and 543 mm in IF3 FI under the SDI in the first 

experimental year, and 363 mm in IF6 DI50 and 527 mm in IF3 FI in the second year. In 

SSDI treatment plots, ET values changed between 306 mm in IF3 DI50 to 495 mm in IF3 

FI plots in 2013; and 349 mm in IF6 DI50 to 494 mm in IF3 FI in 2014 (Table 2). In the 

second growing season slightly lower ET values were determined compared with ET 

values in 2013 probably due to occurrence of the lower monthly minimum temperatures 

in April 2014, and prevailing high maximum air temperatures in June and August in the 

second season. Prevaling considerably lower air temperatures in April (4.4oC) in the 

second year hampered the plant establishment and growth. The results revealed that DI50 

plots in both drip systems resulted in an average of 3% less crop water use values than 

PRD50 plots despite of receiving the same quantity of irrigation water. 

 
Table 3. Statistical analysis results on yield of eggplant under different treatments in the 

experimental years 

Years Irrigation Treatments 
Yield 

(kg ha-1) 

WUE 

(kg m-3) 

ET 

(mm) 
LAI 

2013 

Irrigation systems 
LSD=1541 

P=0.0012** 
ns 

LSD=5.051 

P=0.0001** 

LSD=0.117 

P=0.0457* 

Irrigation frequency 
LSD=1245 

P=0.0001** 

LSD=0.12 

P=0.0001** 
ns 

LSD=0.045 

P=0.0001** 

Irrigation levels 
LSD=1886 

P=0.0001** 

LSD=0.17 

P=0.0001** 

LSD= 15.64 

P=0.0001** 

LSD=0.058 

P=0.0001** 

Int. of irr. syst. and irr fre. ns 
LSD=0.17 

P=0.0001** 
ns ns 

Int. of irr. sys.and irr. lev. ns 
LSD=0.24 

P=0.0001** 
ns ns 

Int. of irr. fre. and irr. lev. ns 
LSD=0.24 

P=0.0001** 
ns 

LSD=0.083 

P=0.0001** 

Int. of irr. syst. and irr. fre. and 

irr. lev. 
ns 

LSD=0.34 

P=0.0061** 
ns ns 

2014 

Irrigation systems ns 
LSD=0.44 

P=0.0080** 
ns 

LSD=0.049 

P=0.0054** 

Irrigation frequency 
LSD=1749 

P=0.0001** 

LSD=0.19 

P=0.0001** 
ns 

LSD=0.019 

P=0.0001** 

Irrigation levels 
LSD=2844 

P=0.0001** 

LSD=0.30 

P=0.0001** 

LSD= 15.69 

P=0.0001** 

LSD=0.049 

P=0.0001** 

Int. of irr. syst. and irr fre. 
LSD=2473 

P=0.0425* 

LSD=0.27 

P=0.0004** 
ns ns 

Int. of irr. sys.and irr. lev. ns 
LSD=0.42 

P=0.0122* 
ns 

LSD=0.069 

P=0.0486* 

Int. of irr. fre. and irr. lev. ns 
LSD=0.42 

P=0.0001** 
ns ns 

Int. of irr. syst. and irr. fre. and 

irr. lev. 
ns 

LSD=0.6 

P=0.0115* 
ns ns 

** LSD grouping at 1% level, * LSD grouping at 5 % level 

 

 

Eggplant yield 

The fresh eggplant yields obtained from the experimental treatment plots in the study 

years are given in Table 2. Table 3 presents statistical analysis on the mean eggplant 

yields. The effects of various treatments on eggplant yield differed in the experimental 
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years. Since the years were statistically different in combined variance analysis, we 

analyzed the data for each experimental year separately. The results indicated that 

irrigation systems, frequencies and levels resulted in significantly different eggplant yield 

values (P < 0.01). SDI system performed better than the SSDI in the first year, however 

they performed similarly in the second growing season. 

Eggplant yields varied from a minimum of 40.90 t ha-1 in subsurface drip irrigated IF6 

PRD50 treatment plots to greatest 78.7 t ha-1 in the surface drip irrigated IF3 FI in 2013, 

and changed between 58.8 t ha-1 in IF6 PRD50 in SSDI and 92.7 t ha-1 in the IF3 FI in SSDI 

2014 growing season. PRD50 treatments produced the least yields in the experimental 

years. The second growing season resulted in significantly higher yields than in the first 

season because of prevailing favourable climatic conditions in the 2014. 

Water use efficiency 

Water use efficiency values were significantly affected by drip irrigation systems, 

irrigation frequencies and levels in the experimental years (Table 3). WUE values varied 

between 12.2 kg m-3 in IF6 PRD50 under SSDI and 21.9 kg m-3 in the IF3 DI50 in SSDI in 

2013 and ranged from 16.6 kg m-3 in the IF6 PRD50 treatment under SDI to 24.5 kg m-3 

in the IF3 DI50 under SSDI in 2014. The results revealed that WUE increased with 

decreasing irrigation water amounts except in the PRD50 treatment which resulted in 

minimum WUE values in both growing seasons. 

Dry matter yield and leaf area index 

The evolution of the dry matter yield with time for different treatments under the 

surface and subsurface drip systems in the experimental is depicted in Fig. 4a-d. The 

IF3FI under the SDI system resulted in the maximum dry matter yield of 6329 and 6400 

kg ha-1 in 2013 and 2014 growing seasons, respectively; and the least dry matter yields 

were observed in the IF6 PRD50 treatment under the SSDI. 

 

Figure 4. Dry matter yield variation during the 2013 and 2014 eggplant growing season in all 

treatments under surface and subsurface drip irrigation. (a) SDI, 2013; (b) SSDI, 2013; (c) 

SDI, 2014; (d) SSDI, 2014 
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The maximum leaf area index (LAI) values for the different treatments under both drip 

systems in the experimental years are presented in Table 2. Irrigation systems, frequency 

and level resulted in significantly different LAI values (Table 3). The IF3 FI treatment 

under SDI produced the maximum LAI of 4.13 and 4.30 in the first and second growing 

seasons, respectively; the minimum LAI values of 2.6 and 2.1 were observed in the IF6 

PRD50 treatment under SSDI in 2013 and 2014, respectively. 

Stomatal resistance 

Stomatal resistance (rs) evolution with time in the experimental years for different 

treatments under SDI and SSDI systems are depicted in Fig. 5a-d, respectively. The 

stomatal resistances showed tendency to increase with increasing water stress. Smaller rs 

values were observed in FI plots under the two drip systems with 3-day irrigation 

frequency than DI50 and PRD50 treatments with 6-day irrigation frequency. Generally, the 

lower rs value was measured in the beginning of the growing season, and the rs rises 

towards the end of the growing season. In the SDI treatments, stomatal resistance values 

ranged between 40 s m-1 in IF3FI and 132 s m-1 in IF6PRD50 in 2013, and varied between 

36 s m-1 IF3FI and 136 s m-1 IF6PRD50 in the 2014. In SSDI plots, rs values varied between 

34 s m-1 IF3FI plots and 121 s m-1 IF6PRD50 in 2013, and varied from 30 s m-1 IF3FI to 

132 s m-1 IF6PRD50 in the 2014. Higher stomatal resistance values were observed in the 

PRD50 than those in the DI50 plots under both drip irrigation systems. We also observed 

that the values of stomatal resistance (rs) in SSDI plots were slightly lower than those of 

SDI plots in general. 

 

Figure 5. Stomatal resistance variation during the experimental years in all treatments. (a) 

Surface drip irrigation (2013); (b) Subsurface drip irrigation (2013); (c) Surface drip irrigation 

(2014); (d) Subsurface drip irrigation (2014) 

 

 

Diurnal variation of stomatal resistance values for the different treatments in the study 

years are presented in Figure 6a-d, respectively. As shown in these figures rs values were 

lower in the morning hours and gradually increased with time and reached their maximum 

at solar noon time (13:00-14:00). Then rs values started to decrease towards the sunset 
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time in all treatments due to lower air temperatures. The lowest rs values were observed 

in the IF3FI plot in both study years; maximum rs values were measured in IF6PRD50 and 

IF6DI50 treatments. 

 

Figure 6. Diurnal variation of stomatal resistance values in all treatments. (a) Surface drip 

irrigation (2013); (b) Subsurface drip irrigation (2013); (c) Surface drip irrigation (2014); (d) 

Subsurface drip irrigation (2014) 

 

 

Relations between soil water content, yield, dry matter, evapotranspiration, water use 

efficiency and stomatal resistance 

The relationships between soil water content and stomatal resistance (rs) prior to 

irrigations in treatments in the 2013 and 2014 growing seasons for surface and subsurface 

drip systems are depicted in Fig. 7a-d, respectively. Mean stomatal resistance was 

calculated by taking average of the readings taken before irrigation throughout the 

growing season. 

Significant second order polynomial relations were obtained between soil water 

content in the effective root-zone depth and stomatal resistance in the experimental years. 

Stomatal resistance values decreased as the soil water content increased towards the field 

capacity (245 mm) under both drip systems. 

The relationships between mean stomatal resistance and total eggplant yield values for 

SDI and SSDI treatments in the experimental years are presented in Fig. 8. Significant 

relations were found between fresh eggplant yield and stomatal resistance. The 

relationship between yield and stomatal resistance was expressed with a second order 

polynomial in the first year (R2=0.66), and strong linear equation in the second year 

(R2=0.83). Sezen et al. (2019) also expressed significant relationships among the stomatal 

resistance, evapotranspiration and red pepper yield in the Mediterranean region. 

The relationship between stomatal resistance and dry matter yield for SDI and SSDI 

treatment plots were presented in Fig. 9. We found significant linear relations between 
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dry matter yield and stomatal resistance for eggplant with the coefficient of determination 

(R2) for the stomatal resistance was 0.84 and 0.85 in 2013 and 2014, respectively. 

The relationships between stomatal resistance and evapotranspiration for SDI and 

SSDI treatments were shown in Fig. 10. We found significant linear equations between 

evapotranspiration and stomatal resistance for eggplant with the coefficient of 

determination (R2) for the stomatal resistance was 0.68 and 0.74 in 2013 and 2014, 

respectively. Liu et al. (2016) reported that transpiration rate linearly increased with 

increasing stomatal conductance. It was observed that plants experiencing water deficit 

generally increase rs, thereby decreasing transpiration rate, increasing leaf temperatures 

(Ballester et al., 2013). 

 

Figure 7. The relationship between soil water content and stomatal resistance (rs) in treatments 

in the experimental years (a) SDI-2013; (b) SSDI-2013; (c) SDI-2014; (d) SSDI-2014 

 

 

Figure 8. The relationship between total yield and stomatal resistance in the 2013 and 2014 

growing seasons 

 

 

The relationships between stomatal resistance and water use efficiency values for SDI 

and SSDI treatment plots were depicted in Fig. 11. We found significant second order 

equations between WUE and stomatal resistance for eggplant with the coefficient of 

determination (R2) for the rs was 0.27 and 0.42 in 2013 and 2014, respectively. The 
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relationship between LAI and stomatal resistance for the different treatments were 

depicted in Figure 12. Significant linear relation was obtained between LAI and rs for the 

2013 and 2014 growing seasons with high coefficient of determination (R2) values as 0.90 

and 0.84, respectively. 

 

Figure 9. The relationship between dry matter yield and stomatal resistance (rs) in the 2013 

and 2014 growing seasons in all treatments 

 

 

Figure 10. The relationship between ET and stomatal resistance in the 2013 and 2014 growing 

seasons 

 

 

Figure 11. The relationship between WUE and stomatal resistance in the 2013 and 2014 

growing seasons 



Bozkurt Çolak: Effects of irrigation frequency and level on yield and stomatal resistance of eggplant 

- 15598 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(6):15585-15604. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1706_1558515604 

© 2019, ALÖKI Kft., Budapest, Hungary 

 

Figure 12. The relationship between LAI and stomatal resistance in the 2013 and 2014 growing 

seasons 

 

 

Discussions 

Studies were made to see whether physiological responses of SDI and SSDI irrigated 

eggplant to full and various deficit irrigation regimes and frequencies could be utilized 

for irrigation scheduling. 

The research results revealed that the effects of SDI and SSDI systems, irrigation 

frequencies and levels were found to be significant on total yield and evapotranspiration 

of eggplant for obtaining greater yield in the Mediterranean environment. 

The full irrigation with more frequent irrigation frequency (3-day) under the two drip 

systems produced significantly greater eggplant yields, followed by DI75 treatment which 

produced slightly lower yield (about 5%) than FI in both experimental years but resulted 

in water saving of 22.5%. The improved yield under high irrigation frequency as observed 

in our experiment might be due to the enhanced nutrients uptake (Silber et al., 2003; Ta 

et al., 2012), consistent with studies on tomato (Pires et al., 2011; Rodriguez-Ortega et 

al., 2017) and other crops such as bell pepper (Sezen et al., 2006) and melon (Sensoy et 

al., 2007). 

The results revealed that water stress occurring in DI50 and PRD50 treatments under 

both drip systems resulted in decreased eggplant yield significantly. These reductions for 

6-day irrigation frequency were much greater than those in 3-day frequency. Our findings 

are in agreement with those found by Kırnak et al. (2002) who reported that deficit 

irrigations caused a decrease in yield and fruit size of eggplant. The most sensitive growth 

periods of eggplant to water stress are during flowering and fruit formation. Therefore, 

occurrence of any water stress in these growth stages might lead to the development of 

blossom end rot and malformed fruits. Kemble et al. (1998) reported that fruit size and 

yield as well as dry matter yield (Sarker et al., 2005) are decreased by water stress. Aujla 

et al. (2007) obtained eggplant yields changing between 43.10 and 103.10 t ha-1 in India; 

Kuşcu et al. (2009) reported maximum marketable eggplant yield of 46.40 t ha–1 when 

irrigations were scheduled at 80% replenishment of the evaporation form Class A pan in 

Turkey. Karam et al. (2011) determined fresh eggplant yields changing from 13.40 to 

33.80 t ha-1 for full and deficit irrigations under Lebanease conditions. Douh and 

Boujelben (2010) investigated the effects of subsurface and surface drip systems on 

eggplant yield Tunisia and they concluded that SSDI had better performance than SDI. 

Rakhymzhanov et al. (2015) reported that drip irrigation produced 41% greater yield than 
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furrow method and resulted in water saving of 29% as compared to furrow irrigation in 

Kazakhstan. 

Three-day irrigation frequency (IF3) produced significantly higher yields than six-day 

(IF6) frequency for the corresponding treatments. The reason for greater yield under the 

more frequent irrigations is that plants can uptake water more easily without experiencing 

any stress effect compared with longer irrigation frequency treatments. There was no 

significant difference between the SDI and SSDI systems with regard to eggplant yields 

although SDI performed slightly better than the SSDI in the first year but they performed 

similarly in the second year. The results indicated that both SDI and SSDI full irrigation 

with 3-day irrigation frequency (IF3 FI) treatment can be recommended. Deficit irrigation 

DI50 and PRD50 produced lowest eggplant yields. Although the DI75 received 

approximately 22.5% less water as compared to the FI, yield was reduced only by an 

average of 4.3%. Therefore, considering water deficiency in dry years DI75 irrigation 

practices can be a good alternative for high yields. The physiological response of eggplant 

to different water stress levels can be used for optimization and sustainability of crop 

production in areas where water sources are limited or expensive. 

The 3-day irrigation frequency produced higher dry matter yields than the 6-day 

frequency treatments in both drip methods. The significantly greater reduction in dry 

matter yields for plants under water stress in DI50 and PRD50 treatments during fruit 

ripening stage might be due to decrease in fruit dry-matter yields, as reported by Chaves 

et al. (2003), and Lovelli et al. (2007). Passioura and Angus (2010) indicated that 

decreases in plant growth in semi-arid agriculture might be the results of reductions in 

assimilate transfer from leaves to fruits due to increasingly unfavourable water supply 

conditions. This observation is apparently pertinent to eggplant produced under water 

stress conditions. 

Water stress resulted in lower leaf area index values under both SDI and SSDI 

treatments in the experimental years. Madramootoo and Rigby (1991) indicated that water 

stress reduced the leaf areas of eggplants. Karam et al. (2011) observed the highest LAI 

in the full irrigation plots, while 44 and 10% reductions were reported for deficit 

irrigations. Mohawesh (2016) found that water deficit resulted in reduction in growth of 

eggplant which in turn reduced LAI. The main reason for the decreased vegetative growth 

of vegetable crops under water stress might be acceleration of leaf senescense, as pointed 

out by Kırnak et al. (2002) on eggplant and Karam et al. (2009) on bell pepper plants. 

Passioura and Angus (2010) demonstrated that under water stress, the life cycles of annual 

plants are shortened and leaf senescense accelerated due to reduced water uptake by the 

roots. These findings are similar with our results obtained in the present study. 

Our finding indicated that the highest WUE was not associated with the least irrigation 

quantity is because increasing water stress hindered plant growth and consequently 

reduced the final yield, consistent with previous studies on tomato, and eggplant (Kang 

et al., 2004; Cantore et al., 2016). Similarly, the minimum WUE was not associated with 

the highest irrigation amount because it enhanced non-productive transpiration, alluding 

that increasing irrigation amount benefited yield but not WUE (Du et al., 2017). It is 

suggested that high WUE should be associated with high (or acceptable) yields, 

particularly in water scarce areas. Karam et al. (2011) reported the maximum WUE in the 

deficit irrigated plots as 5.6 kg m-3 in Lebanon, while Lovelli et al. (2007) observed the 

greatest WUE value of 10.3 kg m-3 in full irrigation in Italy. Other researchers reported 

increased WUE in deficit irrigation treatments for red pepper (Sezen et al., 2014), 

eggplant (Kırnak et al., 2002). The reason for greater WUE in crops under water stress is 
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because stressed plants wilt far more than unstressed plants and wilting invariably occurs 

in times when the vapour pressure deficit of the atmosphere is large (Bloch et al., 2006). 

It was observed that slightly lower rs values were recorded for SSDI plots than the SDI 

treatments in general. Stomatal resistance values influenced by changing weather 

conditions especially they were sensitive to changes in vapour pressure deficit, wind 

speed, and air temperature as well as soil water content variation at measurement times. 

Thus, this parameter fluctuates significantly with changing soil water and weather 

conditions. Therefore, utilizing rs values for irrigation scheduling requires considerable 

attention for reliable and practical applications. 

Weng et al. (2011) stated that stomata play a significant role in determining the carbon 

and water cycle between the plants and the atmosphere. One of the first physiological 

responses of plants exposed to water restriction is to control the stomatal opening and 

closing movements in order to decrease water loss via transpiration. However, since CO2 

entry is also inhibited, the photosynthesis activity of the plant is directly affected by these 

movements (Arve et al., 2011). It is noted that water stress decrease stomatal conductance 

(gs) and transpiration rate (Tr), and the photosynthesis rate primarily decreased in 

response to reduced stomatal conductance (Ma et al., 2015). It is also mentioned that 

lower stomatal conductance would decrease CO2 assimilation very slightly, however 

would significantly reduce Tr, since transpiration rises linearly with stomatal 

conductance, due to constant difference in water vapor concentration between leaves and 

the air (Liu et al., 2016). 

In this study, the evapotranspiration rates of the eggplant reduced with decreasing 

amount of applied irrigation water, resulting in increased stomatal resistance and 

subsequent reduction in yield and plant growth. These results confirm many earlier 

studies on different crops (Ma et al., 2015; Liu et al., 2016). Thus, our findings 

demonstrated that the stomatal resistance is a good indicator for describing the plant water 

status. 

Water shortage resulted in greater stomatal resistance values. The current study results 

demonstrated that there were strong linear relations among the yield, dry matter yield and 

stomatal resistance (rs). In addition, we found strong significant linear relations between 

crop water use (ET) and stomatal resistance. Significant curvilinear relationships were 

obtained between the soil water content and WUE and rs. All these relations indicated 

that an average value of 60 s m-1 stomatal resistance value prior to irrigation is the 

threshold value for irrigation scheduling of eggplants. Since rs values were lower in the 

early season and increased towards the end of season as shown in Figs. 5 and 6, rs value 

range of 30-40 s m-1 in the vegetative stage until flowering; 40-60 s m-1 during flowering 

and yield formation stage, and 60-80 s m-1 during late growth stage can be used for 

irrigation scheduling purpose. 

Conclusions 

Studies were made to see whether physiological responses such as stomatal resistance 

of SDI and SSDI irrigated eggplant to full and various deficit irrigation regimes and 

frequencies could be utilized for irrigation scheduling. Water shortage resulted in greater 

stomatal resistance values. The current study results demonstrated that there were strong 

linear relations among the yield, dry matter yield and stomatal resistance (rs). In addition, 

we found strong significant linear relations between crop water use (ET) and stomatal 

resistance. Curvilinear relationships were obtained between the WUE and rs. 
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Stomatal resistance values in subsurface drip irrigated eggplant were generally lower 

than those in the surface drip irrigated plots. Frequent irrigations also resulted in lower 

stomatal resistance values when compared with 6-day irrigation frequency in this study. 

Lower rs values were observed in FI plots under two drip systems with 3-day frequency 

than DI50 and PRD50 plots and 6-day frequency. The results indicated that threshold value 

of stomatal resistance was approximately 60 s m-1 for eggplant for irrigation scheduling. 

Therefore, it is proved that rs can be used for irrigation scheduling. The predicting the 

yield response to stomatal resistance is important for developing strategies and making 

decisions for use by farmers as well as researchers for managing irrigation under scarce 

water resources conditions. 

The research results also revealed that the effects of SDI and SSDI systems, irrigation 

frequencies and levels were found to be significant on total yield and evapotranspiration 

of eggplant for obtaining greater yield in the Mediterranean environment. The results 

indicated that both SDI and SSDI full irrigation with 3-day irrigation frequency (IF3 FI) 

treatment can be recommended. Deficit irrigation DI50 and PRD50 produced lowest 

eggplant yields. Although the DI75 received approximately 22.5% less water as compared 

to the FI, yield was reduced only by an average of 4.3%. Therefore, considering water 

deficiency in dry years DI75 irrigation practices can be a good alternative for high yields. 

The physiological response of eggplant to different water stress levels can be used for 

optimization and sustainability of crop production in areas where water sources are 

limited or expensive. 
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