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ABSTRACT 
Global climate change negatively affects life, thus complicating the 

production of vegetables. In addition to this, very little is known about 

eggplant cultivation under different irrigation strategies. For example, 

although water use efficiency gives better results in some plant species 

and varieties without any decrease in yield when the partial root drying 

(PRD) technique is used, the PRD technique has not been adequately 

examined in eggplant cultivation. The potential reactions of grafted and 

ungrafted eggplant plants under different irrigation water levels (100%, 

80%, 60% and 40%) with the use of the conventional and deficit irrigation 

and PRD technique were investigated in this study. The research was 

conducted in a glass greenhouse during two cultivation seasons in 2019 

and 2020. Irrigation was applied equally to both grafted and ungrafted 

eggplant plants using the drip irrigation method. In the study were 

examined the growth, quality criteria, yield, yield components, WUE, 

IWUE, and ky of eggplant to determine the reactions of grafted and 

ungrafted eggplant plants under different irrigation applications. It was 

found in the study that the method and amount of irrigation water applied 

had a significant effect on the grafted and ungrafted eggplant plants. 

Irrigation water was applied in the first and second season respectively 

between 148.45 and 365.48 mm, 245.61 and 584.84 mm. The statistical 

differences were found in the level of importance of yield, 

evapotranspiration, water-use efficiency, LSD classification of irrigation 

water-use efficiency values P<0.01 and/or P<0.05. Regression analysis 

values between irrigation water and yield of grafted and ungrafted 

eggplant in both cultivation seasons were found to be at a fairly good level 

(0.80<R2). In addition, as an important finding, the regression analysis 

value of grafting in the second season was found to be at the highest level 

(R2=91). In general, grafted eggplant plants were found to have had a 

higher total yield than the ungrafted plants. As the amount of irrigation 

water applied decreased, the yield also decreased. In the first season, the 

highest yields were recorded statistically in FPRD100, I100 and FPRD80 

(45.26, 44.01 and 39.26 t ha-1, respectively). Similarly, in the second 

season, the highest yields were obtained in I100 and FPRD100 (50.97 and 

48.96 t ha-1, respectively) followed by FPRD80 (48.96 t ha-1). The 

advantages of the PRD technique over conventional and deficit irrigation 

have also been revealed. As a result of the research, it could be 

recommended that the cultivation of grafted eggplant seedlings is more 

suitable, and irrigation applications could be carried out using the PRD 

technique.  
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1. Introduction 
  

Precipitation distributions are changing worldwide with climate change, and irrigation is now more needed, including the areas 

where irrigation was previously unnecessary (Ouma et al. 2024). With the increase in the global population and industrialization, 

competition for freshwater is increasing gradually, which leads to the need for additional water resources (Ouma et al. 2024). 

Ensuring food security in a scenario where natural resources such as water are degraded seems to be a major challenge (Singh 

2016). In addition, agriculture consumes about 70% of the available freshwater resources worldwide, and it is about 77% in 

Turkey (Anonymous 2022). The world population is estimated to be 9 billion and food production is expected to increase by 

50% by 2050, (Mekonnen & Gerbens-Leenes 2020; Ungureanu et al. 2020). This population is expected to increase the demand 

for food, clothing and shelter, which are heavily dependent on water resources (Meena et al. 2023). In such a case, the water 

demand will increase even more and will put severe pressure on the agricultural sector, which uses the most water. Because plant 

production is one of the sectors most sensitive to and most affected by climate change and variability (Sikka et al. 2018).  

 

Irrigation is compulsory for crop production, especially in arid and semi-arid climates. The reason for this is that the 

precipitation in the regions is irregular and insufficient. In order for irrigation to be effective, it is necessary to use correct 

irrigation planning and management. A successful irrigation strategy has three main issues such as (1) method, (2) time, and (3) 

amount. Correct and appropriate irrigation planning is essential because both excessive and insufficient irrigation damage the 

crop and lead to economic losses (Bhatnagar & Poonia 2018). In the correct and appropriate irrigation management; the variables 
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of crop type, evaporation-transpiration, crop growth stage, climate, effective precipitation, soil water, etc. are very effective 

(Ouma et al. 2024).  

 

Irrigation has some benefits such as reducing plant water stress, increasing yield, and helping to grow more than one crop 

across the year as the production is not dependent on seasons and precipitation (Zafar et al. 2020). Under conditions where water 

is required for crop production, growers need to manage the irrigation process very accurately. For example, in cases where 

water is insufficient, reducing water in each application and/or extending the irrigation interval to reduce the number of irrigations 

could be a solution. The irrigation mentioned so far is the conventional deficit irrigation strategy that has been applied 

traditionally. However, for the conventional deficit irrigation strategy to be used effectively, farmers must know in advance the 

critical-sensitive periods when plants need water (Kirda et al. 2004). On the other hand, another and relatively new type of 

irrigation applied without the need to know in advance the critical-sensitive periods when plants need water is the partial root 

drying (PRD) technique (Kirda et al. 2004). The PRD technique increases the efficiency of irrigation water use without reducing 

efficiency, and this is a very important achievement. This success has been achieved in many studies (Dry et al. 1995; Dry & 

Loveys 1998; Kang et al. 2000; Kang et al. 2001; Kang et al. 2002; Sonawane & Shrivastava 2022; Kaman et al. 2022; Kaman 

et al. 2023a; Kaman et al. 2023b; Kaman et al. 2023c). As can be understood from these studies, the PRD technique has been 

used for many plant species and varieties in the last 10 to 20 years. However, the PRD technique has not yet been examined in 

the cultivation of grafted and/or ungrafted eggplants.  

 

Cantürk et al. (2023), Darko et al. (2019), Al-Hadidi & Sweity (2022) and Diaz-Perez & Eaton (2015) have highlighted the 

contribution of deficit irrigation to acceptable yield and quality in eggplant crops and water saving. Bozkurt Çolak (2019) 

reported that there are very few studies conducted to estimate the optimal amount of water for eggplant plants under deficit 

irrigation. According to the results of the few available studies in the literature, water use efficiency could be increased under 

reduced irrigation in eggplant cultivation (Bozkurt Çolak 2019).  

 

Eggplant (Solanum melongena L.), which is one of the vegetables from the Solanaceae family, is a vegetable widely and 

traditionally produced in tropical, subtropical, and Mediterranean countries (Howladar 2018; Mokabel et al. 2022). 59.3 million 

tons of eggplant are produced worldwide (FAO 2024). In Turkey, eggplant constitutes about 1 million tons of 31.8 million tons 

of total vegetable production in Turkey in 2023, and has a share of 2.6% of the total production (TUIK 2024).  

 

An important reason why grafted plants perform better than ungrafted plants has been attributed to the root system of grafted 

plants, which can go deeper by developing roots (Ibrahim et al. 2014; López-Marín et al. 2017). Different researchers have reported 

that grafting in pumpkin and eggplant plants can increase the WUE value due to an increase in the net CO2 assimilation rate 

and/or a decrease in stomatal conductivity and transpiration rate, as reported for grafted eggplant (Khah et al. 2011; Al-Harbi et 

al. 2018). While the demand for grafted eggplant seedlings is increasing rapidly, research has focused on the effects of 

rootstock/scion combinations on plant performance in terms of yield and fruit quality (Sabatinoa et al. 2018). In this context, the 

yield, obvious quality characteristics and chemical composition of fruits obtained from grafted plants should remain equal or 

improved compared to nongrafted plants (Sabatinoa et al. 2018). According to Gisbert et al. (2011), Moncada et al. (2013), 

Maršič et al. (2014) and Sabatino et al. (2016), grafting can affect yield and fruit quality in eggplant. On the other hand, research 

on how greenhouse evaporation and microclimates affect evapotranspiration is needed for greenhouse water management and 

environmental control (Wang et al. 2024).  

 

This study examined some potential reactions of grafted and ungrafted eggplant plants under the conventional and deficit 

irrigation and PRD techniques. Within the scope of the research, many observations and measurements were made regarding the 

growth, quality criteria, yield, yield components, water-use efficiency (WUE), irrigation water-use efficiency (IWUE) and yield-

response factor (ky) of eggplant to determine the reactions of grafted and ungrafted eggplant plants under different irrigation 

applications.  

 

2. Material and Methods  
 

2.1. Climate and soil characteristics of the study site 

 

The experiment was conducted during two spring growing seasons in 2019 (Season 1) and 2020 (Season 2) at the research fields 

of Akdeniz University, Faculty of Agriculture (30° 38' 30ʹʹ - 30° 39ʹ 45ʹʹ East, 36° 53ʹ 15ʹʹ - 36° 54ʹ 15ʹʹ North, 54 m above sea 

level), Antalya, Turkey. The study was carried out under completely controlled conditions in accordance with the growing 

season. The greenhouse was designed with a size of 16×60 m, which is widely used in Turkey and is established in a north-south 

direction.  

 

The Mediterranean climate prevails in the study area Antalya. The average annual temperature is 18.0 °C, the relative 

humidity 63%, total precipitation is 1063.5 mm and total evaporation is 1886.3 mm (Anonymous 2000). 

 

The soil type of the research area is the Gölbaşı series. The Gölbaşı series, which is developed on massive travertines, is 

included in the Entisol ordo because they are young soils that do not show much profile development. All the profiles of the soils 
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of this series, which have an AC horizon and are very young, have a clay-tin texture. They are located in almost flat and almost 

flat topographies (Sarı et al. 1993). Analysis of spoiled and unspoiled soil samples taken from different parts of the experimental 

area were analyzed for the physical properties of the soil (Table 1). Based on these values, the greenhouse soil is perfectly suitable 

as a growing medium for eggplant.  

 
Table 1 - Physical properties of soils in the experimental area 

 

Depth BD  FC  WP  TAW 

(cm) (g cm–3)  (cm3 cm-3) (mm)  (cm3 cm-3) (mm)  (cm3 cm-3) (mm) 

0-10 1.263  0.348 34.83  0.235 23.46  0.114 11.4 

10-20 1.270  0.347 34.67  0.235 23.53  0.111 11.1 

20-30 1.404  0.385 38.53  0.260 25.98  0.125 12.5 

30-40 1.303  0.356 35.59  0.241 24.08  0.115 11.5 

Total (0–40 cm)   143.63   97.06   35.19 

 
BD= Bulk density; FC= Field capacity; WP= Wilting point; TAW= Total available water 

 

2.2. Plant material 

 

The Korsika F1 eggplant variety, whose production is widespread throughout Turkey and around Antalya province, where most 

greenhouse production takes place, was used as the plant material in the research, and the eggplant plants were grafted on the 

AGR703 rootstock. AGR703 rootstock is a variety with a strong root structure, high root development at a low rhizosphere 

temperature and very good rootstock-scion. The effective root depth of the eggplant plant is known to be 30-60 cm. Cultural 

practices such as fertilization and spraying of eggplant plants were carried out according to standard practices.  

 

2.3. The drip irrigation system, plot sizes and experimental treatments 

 

Irrigation and fertilization were conducted using a drip irrigation system with a 2 L h-1 dripper flow rate. Soil preparation 

(leveling, deep ploughing) was completed before planting. In the area where the research was conducted, soil preparation 

operations were carried out in a manner like farmer practices in the region. A completely randomized block experimental design, 

comprising irrigation treatments with three replicates, was used. Replicated sub-plots of each irrigation treatment were 4×2.4 m 

(9.6 m2) in size and had 3 rows of 8 plants, with 0.8 m row spacing. The plant spacing in rows was 0.5 m.  

 

The planting dates were 05 February and 07 February in 2019 and 2020, respectively. After the seedlings were planted in the 

greenhouse, sap water was given until the plants began to take root in the soil. Irrigation and fertilizer applications were carried 

out with a drip irrigation system with a 2 L h-1 dripper flow rate. The irrigation water applied was measured with a flow meter, 

installed in the water delivery unit of the irrigation system, which was designed for independent control of water delivery to each 

irrigation treatment. The water delivery unit had both mesh and sand filters for preventing dripper clogging. While irrigation was 

applied once a week after planting the seedlings, the number of irrigations increased to two per week with the increase in 

evaporation parallel to the increase in air temperatures. The last harvests were made on 28 June and 27 July, respectively, in 

2019 and 2020. The amount of irrigation water was calculated according to the evaporation (ET) measured through the Class-A 

Evaporation Pan placed in the center of the greenhouse. In addition, the electrical conductivity of the irrigation water used in the 

study was 0.443 dS m-1.  

 

Various irrigation technologies for conventional deficit-irrigation and fixed-partial root-zone drying (FPRD) treatments were 

applied together with FULL (Table 2).  

 

2.4. Irrigation water 

 

We had used fixed irrigation interval, seven days until midseason, then two irrigations were applied weekly, at 3- and 4-day 

intervals. By doing so, irrigation water applied was limited to a maximum quantity of 6 L per plant, which prevented deep 

percolation (Kirda et al. 2004). Firstly, with the planting of seedlings, water was applied to each plant in equal amounts until 

rooting. Afterwards, irrigation water was calculated using the evaporation amounts from the evaporation container during the 

irrigation interval. A Class-A Evaporation Pan located in the center of the greenhouse was used to estimate irrigation water 

requirement (I, mm) for I100 using the Equation (1):  

 

𝐼 = 𝐾 × 𝐸𝑝            (1) 

 

Where; K is a coefficient comprising plant coverage, wetted area (diameter of 45–50 cm) and pan coefficient; Ep is 

cumulative evaporation (mm) measured during the allowed irrigation interval. K was allowed to change from 0.30 to 1.27 as the 

season progressed. 
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Table 2 - Irrigation treatments 

 

Irrigation 

treatments 
Description 

For conventional and deficit irrigation (I) 

I100 Irrigation water amount was applied uniformly on the two halves of plant root-zone (CONTROL). 

I80 Received 20% less water, compared to I100 irrigation. 

I60 Received 40% less water, compared to I100 irrigation. 

I40 Received 60% less water, compared to I100 irrigation. 

For fixed-partial root drying irrigation (FPRD)  

FPRD100 Received 100% water, compared to I100 irrigation; only one half of the plant root zone was relatively irrigated. 

FPRD80 Received 20% less water, compared to I100 irrigation; only one half of the plant root zone was relatively irrigated. 

FPRD60 Received 40% less water, compared to I100 irrigation; only one half of the plant root zone was relatively irrigated. 

FPRD40 Received 60% less water, compared to I100 irrigation; only one half of the plant root zone was relatively irrigated. 

 

2.5. Evapotranspiration (ET), water-use efficiency (WUE), irrigation water-use efficiency (IWUE) and yield response factor (ky) 

 

Plant evapotranspiration (ET, mm) was determined based on the water-budget using the following Equation (2):  

 

SIET =  
             (2) 

 

Where; I is the amount of irrigation water applied (mm); ΔS is the change in soil-water content between the beginning and 

the end of the season (mm). There was no capillary water inlet in the study, and precipitation had no effect. Thus, capillary water 

inlet, surface runoff and precipitation were not included in the plant evapotranspiration equation.  

 

The water-use efficiency (WUE, kg m-3) to irrigation regime was determined using the following Equation (3):  

 

𝑊𝑈𝐸 =
𝑌

𝐸𝑇
 

                                                                                                               (3) 

 

Where; Y is yield (kg da-1); ET is evapotranspiration (mm).  

 

The irrigation water-use efficiency (IWUE, kg m-3) to irrigation regime was determined using the following Equation (4):  

 

𝐼𝑊𝑈𝐸 =
𝑌

𝐼
 

                                            (4) 

 

Where; Y is the yield (kg da-1); I is the irrigation water applied during the season (mm).  

 

Ky, which is an indicator of the effect of water deficiency on plant yield, was calculated using the following Equation (5) 

proposed by Doorenbos & Kassam (1979) and Stewart et al. (1977):  

 

[1 −
𝑌𝑎

𝑌𝑚
] = 𝑘𝑦 × [1 −

𝐸𝑇𝑎

𝐸𝑇𝑚
] 

                                            (5) 

 

Where; Ya is the actual-yield (t ha-1), which corresponds to actual plant evapotranspiration in the environments where the 

plant is cultivated; Ym is the yield obtained through maximum evapotranspiration in the environments where no water shortage 

is experienced through the growth season (t ha-1); ky is the yield-response factor, which shows the decrease in the yield due to a 

unit decrease in evapotranspiration; ETa is the actual evapotranspiration in environments where the plant is cultivated (mm); 

ETm is the maximum evapotranspiration in environments where the plant is exposed to no water deficit through the growing 

season of the plant (mm).  

 

2.6. Measurement and observation of fruit quality and other parameters  

 

In addition to those explained above, total yield, mean fruit weight, fruit width, fruit length, biomass, plant height observations 

and measurements were made. Fruit width and length were measured with a caliper. Biomass and plant height measurements 

were made by cutting the plants from the soil surface at the end of the season. In addition, plant height measurements were made 

once a week throughout the growing season. Total soluble solids content (SSC, %), pH, fruit color (L*), fruit color (a*), fruit 

color (b*) measurements were also made in the fruits. Total SSC amount in the juices obtained from the harvested eggplant fruits 

with a juicer was determined with a digital refractometer (%). pH values were measured in the juices obtained with a juicer. 

Colour values were measured with a Minolta CR400 colour chromameter, SSC digital refractometer (Siomas et al. 2002; Madeira 

et al. 2003).  
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2.7. Statistical analysis 

 

A completely randomized block experimental design was employed, comprising irrigation treatments with three replicates. The 

plants from the beginning and end of the rows were excluded from the measurement to prevent the plant edge effect. A one-way 

analysis of variance (ANOVA) was performed using the SAS package program. The significance of the differences in the means 

of the different treatments were tested at P<0.01 and P<0.05 significance levels. The LSD multiple comparison test was used to 

investigate which of the treatment means differed in cases where the ANOVA results showed a significant difference in the 

means.  

 

3. Results  
 

3.1. Evaporation from Class-A Pan and amount of irrigation water 

 

As expected, the amount of irrigation water also increased in parallel with the increase in the amount of evaporation for both 

seasons of study (Figure 1). In the first (2019) season of the study, irrigation water application was applied a total of 35 times in 

total depending on the evaporation amounts measured in the Class-A evaporation. In the second (2020) season, irrigation water 

was applied 44 times in total. However, since the process in the second season was longer, the number and amount of irrigations 

was naturally higher (Figure 1).  

 

3.2. Yield, evapotranspiration, water-use efficiency, irrigation water-use efficiency  

 

The amount of irrigation water was applied between 148.45 and 365.48 mm in the first season, and between 245.61 and 584.84 

mm in the second season (Tables 3 and 4). Depending on the amount of irrigation water application, statistical differences (at 

P<0.01 and/or P<0.05) were found in the yield values. Similarly, evapotranspiration (ET), water use efficiency, irrigation water 

use efficiency values were also found to be statistically significant (Tables 3 and 4).  

 

  

  

 

Figure 1 - Evaporation (mm) from Class-A Pan in the greenhouse and cumulative amount of irrigation water (mm) under 

100%, 80%, 60% and 40% for ungrafted-grafted eggplant 
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Table 3 - Irrigation water, yield, ET, WUE, and IWUE in Season 1 
 

Treatments I (mm) Yield (t ha-1) ET (mm) WUE (kg m-3) IWUE (kg m-3) 

I100 365.48 44.01 a 390.11 a 11.28 12.04 

I80 291.36 31.29 bc 316.57 c 9.91 10.74 

I60 219.02 27.72 cd 256.71 d 10.80 12.65 

I40 148.45 21.30 d 187.40 f 11.40 14.35 

FPRD100 365.48 45.26 a 392.98 a 11.52 12.38 

FPRD80 291.36 39.26 ab 333.43 b 11.78 13.47 

FPRD60 219.02 30.78 bcd 261.63 d 11.75 14.05 

FPRD40 148.45 22.93 cd 194.60 e 11.79 15.44 

Significance Level of 

Irrigation (I) 

- ** ** ns ns 

 Ungrafted - 31.30 291.24 10.72 12.41 

Grafted - 34.33 292.13 11.84 13.88 

Significance Level of 

Graft (G) 

- ns ns ns ns 

I100 Ungrafted 365.48 40.92 389.01 a 10.52 bd 11.20 cd 

Grafted 365.48 47.10 391.22 a 12.04 ad 12.89 bd 

I80 Ungrafted 291.36 27.86 322.76 c 8.63 cd 9.56 d 

Grafted 291.36 34.72 310.38 d 11.19 bd 11.92 bd 

I60 Ungrafted 219.02 27.49 260.89 f 10.54 bd 12.55 bd 

Grafted 219.02 27.95 252.54 g 11.07 bd 12.76 bd 

I40 Ungrafted 148.45 24.60 184.11 ı 13.36 ab 16.57 ab 

Grafted 148.45 17.99 190.70 hı 9.43 bd 12.12 bd 

FPRD100 
Ungrafted 365.48 45.49 394.91 a 11.52 ad 12.45 bd 

Grafted 365.48 45.03 391.05 a 11.52 ad 12.32 bd 

FPRD80 Ungrafted 291.36 41.12 329.04 c 12.50 ac 14.11 bd 

Grafted 291.36 37.40 337.82 b 11.07 bd 12.83 bd 

FPRD60 Ungrafted 219.02 28.10 254.20 fg 11.05 bd 12.83 bd 

Grafted 219.02 33.47 269.06 e 12.44 ac 15.28 bc 

FPRD40 Ungrafted 148.45 14.83 194.98 h 7.61 d 9.99 d 

Grafted 148.45 31.03 194.23 h 15.97 a 20.90 a 

Significance Level of IxG - ns ** * * 

 

I=Irrigation water (mm); Y=Yield (t ha-1); ET=Evapotranspiration (mm); WUE=Water-use efficiency (kg m-3) and IWUE=Irrigation water-use efficiency (kg 

m-3); Means with different letters in the same column were significantly different; *: (P<0.05), **: (P<0.01), ns: non-significant 

 

In general, grafted plants had a higher yield than ungrafted plants (Table 4). In other words, the situation was similar in all 

irrigation treatments and it was revealed that grafting had an increasing effect on yield. The statistical change in yield values is 

very significant (P<0.01) for the irrigation levels (100%, 80%, 60%, and 40%). The differences between irrigation×grafting 

(P<0.01) and irrigation×grafting (I×G) correlations were not statistically significant (Tables 3 and 4). However, grafting was 

also very important (P<0.01) in the second season (Table 4). In the first season, I100, FPRD100, and FPRD80 treatments had the 

highest yield value and I40 had the lowest yield value (Table 3). In the second season, I100 and FPRD100 treatments had the highest 

yield value, and I40 and FPRD40 had the lowest yield value (Table 4). As the amount of irrigation water increased, the yield values 

also tended to increase (Tables 3 and 4).  

 

It can be said that grafting, together with irrigation water, also increases yield. Similar results were found for the mass values 

(Tables 3 and 4). In addition, the differences between the irrigation×grafting (I×G) correlations for mass values were also found 

to be statistically significant (P<0.01 and P<0.05) (Tables 3 and 4). The differences between the irrigation×grafting (I×G) 

correlations were found to be statistically significant (P<0.01 and P<0.05). As with irrigation water, the increase in the amount 

of mass along with the increase in yield values also tended to increase (Tables 3 and 4). Grafting, together with the mass value, 

could be claimed to have increased yield. The correlation of irrigation×grafting (I×G) in the first season (Table 3) and the change 

between grafting and irrigation levels (100%, 80%, 60%, and 40%) in the second season (Table 4) were found to be statistically 

very significant (P<0.01) for WUE. The correlation between irrigation× grafting (I×G) was found to be statistically significant 

(P<0.01). Similar to the WUE values, the irrigation×grafting (I×G) correlation was found to be important for IWUE in the first 

season (Table 3) (P<0.05), and grafting was found to be very important in the second season (Table 4) (P<0.01).  
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Table 4 - Irrigation water, yield, ET, WUE, and IWUE in Season 2 
 

Treatments I (mm) Yield (t ha-1) ET (mm) WUE (kg m-3) IWUE (kg m-3) 

I100 584.84 50.97 a 657.70 a 7.75 a 8.71 

I80 472.12 32.48 cd 546.08 b 5.96 bcd 6.88 

I60 358.73 30.07 d 427.77 d 7.06 abc 8.38 

I40 245.61 17.52 e 321.38 f 5.45 cd 7.13 

FPRD100 584.84 48.96 ab 657.51 a 7.45 ab 8.37 

FPRD80 472.12 40.88 bc 546.23 b 7.48 ab 8.66 

FPRD60 358.73 30.57 d 435.84 c 7.00 abc 8.52 

FPRD40 245.61 15.74 e 332.86 e 4.73 d 6.41 

Significance Level of Irrigation (I) - ** ** ** ns 

 Ungrafted - 29.87 b 491.26 5.88 b 7.02 b 

Grafted - 36.93 a 490.08 7.34 a 8.75 a 

Significance Level of Graft (G) - ** Ns ** ** 

I100 Ungrafted 584.84 46.41 657.50 a 7.06 7.94 

Grafted 584.84 55.52 657.90 a 8.44 9.49 

I80 Ungrafted 472.12 25.86 551.49 b 4.69 5.48 

Grafted 472.12 39.09 540.66 b 7.23 8.28 

I60 Ungrafted 358.73 21.49 433.74 cd 4.95 5.99 

Grafted 358.73 38.66 421.80 e 9.17 10.78 

I40 Ungrafted 245.61 16.23 323.26 g 5.02 6.61 

Grafted 245.61 18.81 319.51 g 5.89 7.66 

FPRD100 
Ungrafted 584.84 47.33 656.57 a 7.21 8.09 

Grafted 584.84 50.58 658.46 a 7.68 8.65 

FPRD80 Ungrafted 472.12 40.20 549.54 b 7.31 8.51 

Grafted 472.12 41.56 542.92 b 7.66 8.80 

FPRD60 Ungrafted 358.73 25.69 429.87 de 5.98 7.16 

Grafted 358.73 35.45 441.82 c 8.02 9.88 

FPRD40 Ungrafted 245.61 15.73 328.12 fg 4.79 6.40 

Grafted 245.61 15.76 337.60 f 4.67 6.42 

Significance Level of IxG  - ns * ns ns 

 

I=Irrigation water (mm); Y=Yield (t ha-1); ET=Evapotranspiration (mm); WUE=Water-use efficiency (kg m-3) and IWUE=Irrigation water-use efficiency (kg 
m-3); Means with different letters in the same column were significantly different; *: (P<0.05), **: (P<0.01), ns: non-significant. 

 

3.3. Regression analysis between water and yield 

 

Regression analysis values between irrigation water and yield of grafted and ungrafted eggplant in both cultivation seasons were 

found to be at a fairly good level (R2>80) (Figure 2). However, as an important finding, the regression analysis value of grafting 

in the second season was found to be at the highest level with R2=91 (Figure 2).  

 

  

  

 
Figure 2 - Correlations between irrigation water and yield on ungrafted-grafted eggplant (The bars show standard deviation) 

 

Similar to the regression analysis results between irrigation water and yield (Figure 2), the regression analysis values between 

evapotranspiration and yield were calculated at a good level (R2>80) (Figure 3). As an important result, the regression analysis 
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value of grafting in the second season occurred at the highest level with R2=89 (Figure 3). Regression analysis between both 

irrigation water and yield and evapotranspiration and yield revealed an increasing correlation (Figures 2 and 3). In particular, 

despite the increase in the amount of irrigation water, there has been no decrease in yield values. This reveals that the amount of 

irrigation water is applied correctly and under appropriate conditions. In general, the fact that the R2 values are greater than 0.80 

in the regression analysis reveals that irrigation is managed very well and correctly (Figures 2 and 3). It can also be concluded 

that grafting, together with irrigation management, is very valuable in the eggplant plant.  

 

  

  
 

Figure 3 - Correlations between evapotranspiration (ET) and yield on ungrafted-grafted eggplant (The bars show standard 

deviation) 

 

3.4. Yield response factor  

 

Yield response indicates a decrease in yield in response to a unit decrease in evapotranspiration. Yield response graphs have 

been prepared as an indicator of the effect of a proportional decrease in plant water consumption on a proportional decrease in 

ungrafted eggplant yield (Figure 4). In the regression analysis, ky values were found by using seasonal plant water consumption 

and yield values. In the first season, the ky values changed between 0.68 and 1.87, and in the second season between 0.80 and 

2.70 (Figure 4). In response to the proportional decrease in plant water consumption, decreases have also occurred in the yield 

of ungrafted and grafted eggplants. However, it can be said that the most significant results were obtained in grafted eggplant 

and FPRD irrigation.  

  

 
 

 

Figure 4 - The yield response factors under deficit irrigation (DI) and fixed-partial root drying irrigation (FPRD) 
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3.5. Yield components, biomass and plant height 

 

The statistical analysis results of the yield-related parameters such as total yield per plant, average fruit weight, fruit width, and 

fruit length, as well as dry biomass and plant height values are given in Tables 5 and 6. The biomass and plant height values in 

the tables were taken on the last day of the research. In addition, plant height changes were also monitored during the season 

(Figure 5). All parameters regarding the yield were negatively affected by water stress in general.  

 
Table 5 - Total yield, mean fruit weight, fruit width, fruit length, biomass, plant height in Season 1 

 

Treatments Total fruit yield  

(g plant-1) 

Mean fruit 

weight  

(g fruit-1) 

Fruit width (mm 

fruit-1) 

Fruit length (mm 

fruit-1) 

Biomass  

(g plant-1) 

Plant height  

(at the end of 

the season) (cm 

plant-1) 

I100 1760.44 a 153.10 ab 51.63 15.35 ab 88.69 b 108.25 ab 

I80 1251.64 bc 146.72 bc 53.05 14.84 b 66.35 c 94.56 c 

I60 1108.68 cd 147.51 bc 52.85 14.56 b 56.80 cd 83.92 ce 

I40 851.85 d 135.23 cd 52.30 13.21 c 44.25 e 73.19 e 

FPRD100 1810.31 a 161.57 a 51.26 15.84 a 115.06 a 111.25 a 

FPRD80 1570.35 ab 145.74 bc 51.05 14.78 b 90.87 b 96.67 bc 

FPRD60 1231.30 bd 143.75 bc 52.12 14.67 b 51.92 de 88.58 cd 

FPRD40 917.08 cd 129.70 d 50.24 13.64 c 48.31 de 76.31 de 

Significance Level of Irrigation (I) ** ** ns ** ** ** 

 Ungrafted 1252.04 149.90 a 52.95 a 14.48 68.86 87.51 b 

Grafted 1373.38 140.93 b 50.68 b 14.74 71.70 95.67 a 

Significance Level of Graft (G) ns * ** ns ns * 

I100 Ungrafted 1636.85 162.84 ab 53.07 ad 15.36 ab 81.73 cd 105.78 

Grafted 1884.02 143.37 bd 50.19 df 15.35 ab 95.65 bc 110.72 

I80 Ungrafted 1114.43 147.44 bd 53.88 ac 14.63 ac 71.84 de 91.67 

Grafted 1388.86 146.00 bd 52.22 bf 15.06 ac 60.85 ef 97.44 

I60 Ungrafted 1099.52 138.74 ce 52.62 ae 13.98 cf 59.44 ef 82.22 

Grafted 1117.84 156.28 ac 53.09 ad 15.13 ac 54.15 fg 85.61 

I40 Ungrafted 984.18 149.64 bd 55.89 a 13.27 df 49.82 fh 69.56 

Grafted 719.52 120.81 e 48.72 f 13.15 ef 38.68 h 76.83 

FPRD100 
Ungrafted 1819.44 170.20 a 51.83 bf 15.84 a 108.26 ab 99.56 

Grafted 1801.18 152.94 ad 50.69 cf 15.83 a 121.85 a 122.94 

FPRD80 Ungrafted 1644.89 156.30 ac 52.89 ad 15.56 ab 90.85 c 95.11 

Grafted 1495.81 135.18 de 49.22 ef 13.99 cf 90.89 c 98.22 

FPRD60 Ungrafted 1123.85 152.51 ad 54.67 ab 14.35 be 43.11 gh 87.44 

Grafted 1338.75 134.98 de 49.57 df 14.98 ac 60.72 ef 89.72 

FPRD40 Ungrafted 593.13 121.56 e 48.74 f 12.83 f 45.79 fh 68.72 

Grafted 1241.04 137.84 ce 51.73 bf 14.45 bd 50.84 fh 83.89 

Significance Level of IxG  ns ** ** * * ns 

 

Means with different letters in the same column were significantly different; *: (P<0.05), **: (P<0.01), ns: non-significant 

 

For the irrigation levels in the first season (100%, 80%, 60%, and 40%); the statistical change in the values of total yield per 

plant, average fruit weight, fruit length, biomass, and plant length were found to be very significant (P<0.01) (Table 5). For 

grafting, the average fruit weight and plant height were significant (P<0.05), while the fruit width was very significant (P<0.01). 

In the irrigation×grafting (I×G) correlation, mean fruit weight and fruit width were highly significant (P<0.01), while fruit length 

and biomass were found to be significant (P<0.05).  

 

In the statistical analysis of irrigation levels in the second season (100%, 80%, 60%, and 40%); total yield per plant, average 

fruit weight, fruit length, biomass, and plant length were found to be highly significant (P<0.01), while fruit width was found to 

be significant (P<0.05). For grafting, the total yield per plant and fruit size were highly significant (P<0.01), and plant size was 

significant (P<0.05). In the irrigation×grafting (I×G) correlation, only the average fruit weight was found to be significant 

(P<0.05).  

 

In both seasons, the plant height increased gradually at all deficit irrigation levels of ungrafted and grafted eggplants (Figure 

5). In the first season, the average height of ungrafted eggplants was 60.32 cm on ungrafted eggplant, the lowest was 20.61 cm, 

and the highest was 105.78 cm on I100. The average size of grafted eggplant was 64.68 cm, the lowest was 27.28 cm, and the 

highest was 122.94 cm on FPRD100. In the second season, the average was measured at 63.87 cm in grafted eggplant, the lowest 

was measured as 12.83 cm, and the highest was measured as 114.11 cm in I100. On the grafted eggplant, the average was measured 

as 69.18 cm, the lowest was measured as 19.33 cm, and the highest was measured as 124.22 cm in the I100 treatment.  
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Table 6 - Total yield, mean fruit weight, fruit width, fruit length, biomass, plant height in Season 2 

 

Treatments Total fruit yield  

(g plant-1) 

Mean fruit 

weight  

(g fruit-1) 

Fruit width (mm 

fruit-1) 

Fruit length (mm 

fruit-1) 

Biomass  

(g plant-1) 

Plant height  

(at the end of the 

season) (cm 

plant-1) 

I100 2038.67 a 156.31 a 52.01 a 15.58 ab 130.09 a 119.17 a 

I80 1299.00 cd 143.85 bc 50.98 ab 14.88 cd 74.52 cd 101.11 bc 

I60 1202.88 d 136.35 c 51.79 a 14.42 d 61.75 de 92.83 cd 

I40 700.83 e 123.74 d 48.99 b 13.74 e 44.45 f 87.39 d 

FPRD100 1958.29 ab 154.94 a 52.09 a 15.74 a 109.33 b 114.83 a 

FPRD80 1635.17 bc 148.25 ab 51.65 a 15.42 ac 81.67 c 107.61 ab 

FPRD60 1222.92 d 148.13 ab 50.87 ab 15.05 bc 49.03 ef 97.83 bd 

FPRD40 629.71 e 120.63 d 49.24 b 13.79 e 48.06 ef 86.39 d 

Significance Level of Irrigation (I) ** ** * ** ** ** 

 Ungrafted 1194.66 b 140.967 51.06 14.62 b 72.19 97.58 b 

Grafted 1477.21 a 142.083 50.84 15.03 a 77.54 104.21 a 

Significance Level of Graft (G) ** ns ns ** ns * 

I100 Ungrafted 1856.50 151.94 ac 52.18 15.24 131.18 114.11 

Grafted 2220.83 160.68 ab 51.84 15.92 128.99 124.22 

I80 Ungrafted 1034.33 144.96 cd 50.78 14.50 78.02 98.56 

Grafted 1563.67 142.73 cd 51.18 15.27 71.02 103.67 

I60 Ungrafted 859.42 135.75 de 52.58 14.12 57.07 85.33 

Grafted 1546.33 136.95 de 50.99 14.72 66.44 100.33 

I40 Ungrafted 649.17 127.72 ef 48.69 13.69 43.00 85.33 

Grafted 752.50 119.76 fg 49.30 13.78 45.91 89.44 

FPRD100 
Ungrafted 1893.25 146.22 cd 51.50 15.27 98.05 110.89 

Grafted 2023.33 163.67 a 52.68 16.21 120.61 118.78 

FPRD80 Ungrafted 1607.83 143.68 cd 51.58 15.33 83.51 102.56 

Grafted 1662.50 152.82 ac 51.73 15.51 79.84 112.67 

FPRD60 Ungrafted 1027.67 150.31 bc 51.28 14.93 43.15 97.67 

Grafted 1418.17 145.94 cd 50.45 15.16 54.92 98.00 

FPRD40 Ungrafted 629.08 127.15 eg 49.93 13.89 43.56 86.22 

Grafted 630.33 114.11 g 48.55 13.70 52.56 86.56 

Significance Level of IxG  ns * ns ns ns ns 

 

Means with different letters in the same column were significantly different; *: (P<0.05), **: (P<0.01), ns: non-significant 

 

  

  
 

Figure 5 - Variation of plant height with deficit irrigation levels through the growing seasons 

 

3.6. SSC, pH and fruit outer color 

 

The statistical change in irrigation levels in the first season (100%, 80%, 60%, and 40%) and only the pH values for grafting 

were found to be very significant (P<0.01) (Table 7). In the statistical analysis of the correlation between irrigation levels (100%, 

80%, 60%, and 40%) and irrigation×grafting (I×G) in the second season, only pH was highly significant (P<0.01) (Table 8). In 

the grafting, pH, and fruit color a* were found to be significant (P<0.05).  
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Table 7 - SSC, pH, fruit color (L*), fruit color (a*), fruit color (b*) in Season 1 
 

Treatments SSC pH L* a* b* 

I100 5.38 8.97 cb 36.59 5.20 0.87 

I80 5.02 8.81 cb 36.20 4.59 0.77 

I60 5.83 8.67 cb 36.76 5.27 0.75 

I40 5.72 10.14 a 36.32 4.97 0.75 

FPRD100 5.43 8.29 c 36.06 5.08 0.80 

FPRD80 5.05 9.32 b 36.28 5.12 0.81 

FPRD60 5.47 8.94 cb 36.49 5.70 0.83 

FPRD40 5.43 8.92 cb 36.65 5.47 0.83 

Significance Level of Irrigation (I) ns ** ns ns ns 

 Ungrafted 5.45 8.76 b 36.42 5.22 0.79 

Grafted 5.37 9.26 a 36.42 5.13 0.81 

Significance Level of Graft (G) ns ** ns ns ns 

I100 Ungrafted 5.50 9.02 36.42 5.42 0.82 

Grafted 5.27 8.92 36.76 4.99 0.92 

I80 Ungrafted 5.20 8.56 36.06 4.60 0.57 

Grafted 4.83 9.06 36.34 4.58 0.98 

I60 Ungrafted 5.77 8.66 36.82 5.56 0.88 

Grafted 5.90 8.68 36.70 4.99 0.62 

I40 Ungrafted 5.90 9.74 36.79 5.44 0.88 

Grafted 5.53 10.54 35.86 4.50 0.61 

FPRD

100 

Ungrafted 5.57 7.87 35.70 4.84 0.79 

Grafted 5.30 8.71 36.42 5.33 0.81 

FPRD

80 

Ungrafted 5.10 9.15 36.30 4.74 0.73 

Grafted 5.00 9.48 36.27 5.50 0.89 

FPRD

60 

Ungrafted 5.53 8.80 36.77 5.78 0.89 

Grafted 5.40 9.09 36.20 5.63 0.77 

FPRD

40 

Ungrafted 5.17 8.24 36.46 5.40 0.79 

Grafted 5.70 9.60 36.84 5.54 0.86 

Significance Level of IxG  ns Ns ns ns ns 

 
Means with different letters in the same column were significantly different; *: (P<0.05), **: (P<0.01), ns: non-significant 

 

Table 8 - SSC, pH, fruit color (L*), fruit color (a*), fruit color (b*) in Season 2 
 

Treatments SSC pH L* a* b* 

I100 5.03 6.20 a 26.76 7.51 0.29 

I80 5.40 6.15 ab 26.67 7.26 0.28 

I60 5.15 6.20 a 26.57 6.81 0.25 

I40 5.70 6.11 b 26.68 6.62 0.22 

FPRD100 5.03 6.21 a 26.68 6.53 0.24 

FPRD80 5.38 6.18 a 26.58 6.57 0.21 

FPRD60 5.13 6.21 a 26.39 6.88 0.16 

FPRD40 5.00 6.10 b 26.32 6.61 0.17 

Significance Level of Irrigation (I) ns ** ns ns ns 

 Ungrafted 5.27 6.19 s 26.65 7.05 a 0.23 

Grafted 5.19 6.15 b 26.51 6.64 b 0.22 

Significance Level of Graft (G) ns * ns * ns 

I100 Ungrafted 5.10 6.19 ad 26.83 7.78 0.30 

Grafted 4.97 6.20 ad 26.69 7.23 0.28 

I80 Ungrafted 5.83 6.11 df 26.92 7.64 0.31 

Grafted 4.97 6.19 ad 26.43 6.87 0.24 

I60 Ungrafted 4.97 6.17 bd 26.65 6.80 0.21 

Grafted 5.33 6.23 ac 26.48 6.83 0.29 

I40 Ungrafted 5.60 6.20 ad 26.88 6.54 0.23 

Grafted 5.80 6.02 f 26.48 6.71 0.20 

FPR

D100 

Ungrafted 5.07 6.28 a 26.92 6.67 0.26 

Grafted 5.00 6.14 ce 26.44 6.39 0.23 

FPR

D80 

Ungrafted 5.30 6.24 ab 26.56 6.74 0.24 

Grafted 5.47 6.12 de 26.61 6.39 0.17 

FPR

D60 

Ungrafted 5.17 6.23 ac 26.25 7.34 0.15 

Grafted 5.10 6.18 bd 26.52 6.41 0.16 

FPR

D40 

Ungrafted 5.13 6.07 ef 26.18 6.89 0.18 

Grafted 4.87 6.13 de 26.45 6.33 0.17 

Significance Level of IxG  ns ** ns ns ns 

 

Means with different letters in the same column were significantly different; *: (P<0.05), **: (P<0.01), ns: non-significant 
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4. Discussion  
 

Soil and irrigation water test results performed at the beginning of the season are presented in Table 1, respectively. The EC (dS 

m-1) values of the irrigation water at the beginning of the season were found to be suitable for eggplant irrigation as claimed by 

Machado & Serralheiro (2017). The pH of the irrigation water was also found suitable for the cultivation of eggplant (Okiror et 

al. 2017).  

 

4.1. Evaporation from Class-A Pan and amount of irrigation water 

 

The amount of irrigation water was recorded between 148.45 and 365.48 mm and between 245.61 and 584.84 mm in the first 

and second seasons respectively (Tables 3 and 4). Similarly, Ayas (2017) determined the amount of irrigation water required for 

eggplant cultivation to be between 85 mm and 464 mm, with mass values ranging between 170 mm and 472 mm. During the 

research, the amount of irrigation water also increased due the increasing evaporation values, the extension of days and plant 

growth (Figure 1). Similar results have been documented in many studies (e.g. Kirda et al. 2004; Topcu et al. 2007; Cantürk et 

al. 2023). This reveals that the research and especially the irrigation management have been carried out correctly.  

 

4.2. Yield, evapotranspiration, water-use efficiency, irrigation water-use efficiency 

 

As seen in Tables 3 and 4, it is an important result that the fruit mass values are higher than the irrigation water quantity values 

throughout the study, because in such a case it may mean that water is not wasted through ways such as surface flow, deep 

filtration, etc. Therefore, it is an indicator that irrigation has been managed well and that water has been used most effectively.  

 

Depending on irrigation and grafting in the research; the results of ANOVA analysis regarding yield (Y), evapotranspiration 

(ET) water-use efficiency, and irrigation water-use efficiency values showed a significant change at the P<0.01 and/or P<0.05 

level (Tables 3 and 4). When the grafted and ungrafted eggplant yields in the first season of the study are considered together, 

depending on the irrigation practices (Table 3), the FPRD100 and FPRD80 treatments gave similar results. In other words, the 

highest yield was obtained with less water. Although they had statistically the highest yield compared to the FPRD100 and I100, 

2.8% more yield was obtained from the FPRD100. This reveals the importance of partial-wetting irrigation. A similar result is 

found in the irrigation treatments producing the highest yield. The results of this research are consistent with previous research 

in literature. Ertek et al. (2006) found that there was a decrease in eggplant yield when the highest irrigation water was applied 

in the deficit irrigation study. This means that the amount of water should be optimized to avoid excessive irrigation conditions 

that may negatively affect crop yield in eggplant cultivation. In this study, the negativity that Ertek et al. (2006) highlighted was 

not experienced as no excessive irrigation was applied (Figure 1, Tables 3 and 4). In general, grafted plants have produced more 

yield than ungrafted plants. Grafting was very important for yield values, especially in the second season (Table 4) (P<0.01). 

The increase in yield of grafted eggplants is similar to that reported by Consentino et al. (2022).  

 

Water stress also reduces the ability of plants to perform photosynthesis, which negatively affects their growth and production 

(Kumar et al. 2019). Semida et al. (2021) also reported that the increase in water stress reduced eggplant yield. This explains that 

the yield decreases due to an increase in water stress. The results of this research are consistent with the study conducted by Ayas 

(2017), which found that the yield of eggplant is significantly affected by the irrigation level applied. For example, the studies 

conducted by Kirda et al. (2004), Topcu et al. (2007), and Kirda et al. (2007) on other vegetables such as tomatoes and peppers, 

found consistent results with this study. Similarly, cucumbers under deficit irrigation, PRD techniques, and conventional 

irrigation (Kaman et al. 2022; Kaman et al. 2023a) and also strawberry plants experienced a decrease in yield (Kaman et al. 

2023b; Kaman et al. 2023c) due to increased water stress.  

 

In general, these studies also showed a change in yield values as a function of different amounts of irrigation water. The 

results obtained from this study are similar to the values given in the literature. However, the I100, FPRD100 and FPRD80 treatments 

in the first season and the I100 and FPRD100 treatments in the second season had the highest yield value (Table 3, Table 4). On 

the other hand, this study did not examine the irrigation levels such as 125% and 150%, and it was found that 80% and 100% 

irrigation levels gave quite good results. Regression analysis values between the irrigation water and yield of grafted and 

ungrafted eggplant in both growing seasons were found to be at a fairly good level (R2>80) (Figure 2). However, as an important 

finding, the regression analysis value of grafting in the second season was found to be at the highest level with R2=91 (Figure 

2). The regression analysis between both irrigation water-yield and evapotranspiration-yield revealed an increasing correlation 

(Figures 2 and 3). In particular, despite the increase in the amount of irrigation water, there was no decrease in yield values. This 

reveals that the amount of irrigation water was correctly applied under appropriate conditions. In general, the fact that the R2 

values are greater than 0.80 in the regression analysis reveals that irrigation has been managed very well (Figures 2 and 3). It 

can also be concluded that grafting, together with irrigation management, is very important in eggplant cultivation. Canturk et 

al. (2023) reported that differences in the amount of water consumption during the cultivation season caused a significant 

difference in eggplant yield. Many studies have reported that there is a linear relationship between yield and seasonal 

evapotranspiration (Öktem et al. 2003; Bozkurt Çolak et al. 2018; Karam et al. 2011).  
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IWUE is an important indicator that shows how efficiently the plant uses the available water to produce a certain yield (Ouma 

et al. 2024). Similarly, WUE is another important parameter that shows the efficient use of available water. Since plants with 

water stress fade quicker than the normal conditions, plants under water stress have a higher IWUE (Rodan et al. 2020). In this 

study, the correlation of irrigation×grafting in the first season for WUE (Table 3) and the irrigation levels with grafting in the 

second season (Table 4) were found to be statistically very significant (P<0.01). In line with these research results, different 

researchers have reported that the grafting may increase WUE due to a decrease in stoma conductivity and transpiration rate 

(Khah et al. 2011; Al-Harbi et al. 2018). For IWUE, the irrigation×grafting correlation was found to be important in the first 

season (P<0.05) (Table 3), and grafting was found to be very important in the second season (P<0.01) (Table 4). The WUE and 

IWUE results of this study are generally consistent with the findings of Ouma et al. (2024) Rodan et al. (2020), Darko et al. 

(2019), Mohawesh (2016) and Wakchaure et al. (2020). In addition, the results of Ayas (2017), Bozkurt Çolak et al. (2017) and 

Al Ali et al. (2018) regarding IWUE values are similar to those of this research.  

 

4.3. Yield response factor 

 

The yield-response factor is another important parameter indicating a decrease in yield in response to a unit decrease in 

evapotranspiration. As a result of the regression analysis, the obtained values were found to have changed between 0.68 and 1.87 

in the first season and between 0.80 and 2.70 in the second season (Figure 4). A general decrease was experienced in the yield 

of ungrafted and grafted eggplants in response to the proportional decrease in plant water consumption. However, it could be 

said that the best results were obtained from the grafted eggplant and the FPRD irrigation.  

 

Canturk et al. (2023) reported that a decrease in evapotranspiration caused a decrease in efficiency. Similarly, Campi et al. 

(2019) found that deficit irrigation strategies led to a significant reduction in asparagus yield, which was attributed to the 

development of smaller canopies under water stress conditions. In another study, Abd El-Wahed & Ali (2013) reported that 

deficit irrigation reduced bean yield to a certain rate. Therefore, previous studies are consistent with the research results of this 

study.  

 

An important reason why grafted plants perform better than ungrafted plants has been attributed to the deeper and well-

developed root system, which can increase the volume of soil that the root system of grafted plants can reach (Ibrahim et al. 

2014; López-Marín et al. 2017). Similarly, Consentino et al. (2022) reported that grafted eggplant provided a yield advantage, and 

this finding is also consistent with that of this study. In line with the results of this research, Sabatino et al. (2018) found that 

grafted plants consistently produced more fruits per plant than ungrafted ones, and similar findings were found by Sabatino et 

al. (2016) and Maršič et al. (2014).  

 

4.4. Yield components, biomass and plant height  

 

The results of ANOVA analysis regarding some yield-related parameters showed significant changes at the P<0.01 and/or P<0.05 

level (Tables 5 and 6). It revealed that yield parameters, biomass and plant height were primarily affected by irrigation levels 

(100%, 80%, 60%, and 40%). A similar result was also observed in the yield, mass, WUE and IWUE values (Tables 3 and 4, 

Figures 2 and 3). The results of this study were found to be consistent with those of Darko et al. (2019) and Consentino et al. 

(2022). All parameters were negatively affected by water stress in general. Similar to the results of this research, Ouma et al. 

(2024) have also reported that deficit irrigation increases eggplant yield. However, the water deficit level must not be below 40% 

for mean fruit weight (g fruit-1).  

 

Gisbert et al. (2011) found that the use of interspecies hybrid rootstock obtained from a fully compatible breed of eggplant 

with related species could be a valuable approach to improve eggplant production. According to Sabatino et al. (2018) reported 

that the demand for eggplant grafted seedlings is increasing rapidly, but the yield, obvious quality characteristics and chemical 

composition of fruits obtained from grafted plants should remain equal or improved compared to ungrafted plants. In addition, 

Gisbert et al. (2011), Moncada et al. (2013), Maršič et al. (2014) and Sabatino et al. (2016) found that grafting could affect the 

yield and fruit quality in eggplant. These explanations related to grafting were found to be consistent with the total fruit yield, 

fruit length, and plant height per plant in Table 6. It is relatively similar to other yield parameters.  

 

Biomass (total leaf+stem) dry weight of the above-ground part of the plant) was generally found to be higher in cultivations 

where there is no water restriction, and lower in areas where there is water restriction (Tables 5 and 6). Although grafting had 

no effect, the irrigation×grafting (I×G) correlation with irrigation levels was found to be effective for biomass (Tables 5 and 6). 

Similar results regarding the biomass were also found in the study conducted by Bozkurt Çolak et al. (2017). In this study, the 

amount of dry matter was found to increase as the amount of irrigation water applied increased.  

 

In both seasons, the plant size showed a gradual increase in all deficit irrigation levels of ungrafted and grafted eggplant 

(Figure 5). The plant height was measured as the highest in the grafted eggplant (Tables 5 and 6, and Figure 5) and this is 

consistent with the findings of Consentino et al. (2022) and Ouma et al. (2024). Grafting had a positive effect on plant height 

(Tables 5 and 6) and the results are consistent with the results of Miceli et al. (2014).  
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4.5. SSC, pH and fruit outer color  

 

In the statistical analysis of irrigation levels in both seasons of the study (100%, 80%, 60%, and 40%), grafting and 

irrigation×grafting (I×G) correlation in the second season, the only change between the pH values was found to be very 

significant (P<0.01) (Tables 7 and 8). The pH, which measures total acidity or alkalinity, is an important factor in the production 

of vegetables and fruits as it is related to the fruit quality (Darko et al. 2019). The change between the pH values in the research 

was found to be similar to that of Ouma et al. (2024).  

 

The change between the SSC values was found to be statistically insignificant and similar results were reported by Miceli et 

al. (2014), Sabatino et al. (2018) and Consentino et al. (2022).  

 

Color measurements were made as L*, a*, and b* with the Minolta CR400 model color chromometer on eggplant fruits, and 

the values of C (Chroma) and hº (hue) were calculated using the values of *a and *b (Siomos et al. 2002; Madeira et al. 2003). 

However, it was seen that grafting in the second season affected only fruit color a* (P<0.05) (Table 8). In other cases, it was 

found that the color parameters were not significantly affected, and this result is consistent with that of Sabatino et al. (2018).  

 

5. Conclusions  
 

It was found in the study that the method and level of irrigation water applied had a significant effect on ungrafted and grafted 

eggplant plants. The amount of irrigation water applied in the study was recorded between 148.45 and 365.48 mm, 245.61 and 

584.84 mm in the first and second seasons, respectively. Accordingly, statistically significant changes (p<0.01 and/or p<0.05 

significance level) were found in yield, evapotranspiration, water use efficiency, irrigation water use efficiency values. The 

regression analysis values between irrigation water and yield were determined at a very good level (0.80<R2). In addition, as an 

important finding, the regression analysis value of grafting was determined at the highest level (R2=91) in the second season. In 

the first season of the study, the highest yields were statistically determined in FPRD100, I100 and FPRD80 (45.26, 44.01 and 

39.26 t ha-1, respectively). Similarly, in the second season, the highest yields were obtained from I100 and FPRD100 with 50.97 

and 48.96 t ha-1, respectively, followed by FPRD80 with 48.96 t ha-1. 

 

It has been found when compared in terms of irrigation treatments, that grafted eggplant plants in general had a higher total 

yield than ungrafted plants. However, as the amount of irrigation water applied decreased, yield has also decreased. Although 

the different irrigation levels applied to grafted and ungrafted eggplant plants were not statistically significant in the first year, 

the water use efficiency showed similar reactions in the I100, FPRD100, FPRD80, and FPRD60 treatments in the second year. This 

reveals the advantages of partial-wetting irrigation compared to conventional irrigation. As a result of the research, the cultivation 

of grafted eggplant plants is recommended and PRD technique should be used in irrigation.  
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