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Abstract

In this study, effects of different applications of irrigation on yield of sunflower (Helianthus 
annuus L.) and usability of plant-based measurement techniques in irrigation applications were 
investigated. As a result of the study, the evapotranspiration values measured in the experimen-
tal subjects during the plant growing season changed, depending on the amount of irrigation 
water applied, between 375.2 and 655.0 mm in 2018 and between 278.2 and 801.3 mm in 2019. 
The seed yields obtained from treatments in both years changed depending on the amount  
of water entering the soil (precipitation + irrigation). Linear relationships were calculated  
between applied irrigation water, measured seasonal evapotranspiration and seed yields of sun-
flower. The IWUE (Irrigation Water Use Efficiency) and WUE (Water Use Efficiency) values 
were found to be high in the experimental treatments with less irrigation water. As a result  
of the study, it can be suggested that 25 and 50% of the evaporation values measured from  
class A pan evaporation is applied under limited water supply conditions. In the under-limited 
water conditions, the leaf area index value of 2.83-3.95 m2 m-2, leaf water potential value of -13 
and -14 bar, chlorophyll content of 45-50, stomatal conductance value of 35-70 mmol m-2 s-1, 
photosynthesis rate value of 25-30 µmol CO2 m-2 s-1 and transpiration rate of 5-8 mmol H2O m-2 
s-1 can be used for irrigation applications, especially in the flowering period of sunflower.  
It is important to determine the irrigation data required for sunflower in terms of protection  
of soil and water resources in conditions where irrigation practices are not very intensive and 
drip irrigation applications are new.
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INTRODUCTION

In Türkiye, sunflower plants are generally grown under rainfed condi-
tions in Thrace Region. Although the plant with its deep root system is resis-
tant to drought, droughts that occur especially during the flowering period  
in the summer months affect the yield significantly. As a result of previous 
studies conducted in the region and world conditions, it has been stated that 
the sunflower yield increased significantly with irrigation applications (Sener 
et al. 2007, Azevedo et al. 2016, Garcia-Lopez et al. 2016, Mahmoud, Ahmed 
2016, Ismail, El-Nakhlawy 2018, Liu et al. 2018, Jing et al. 2020) Water 
stress, particularly at the flowering stage, reduces fertilization impact and 
seed set due to dehydration of pollen grains (Elsheikh et al. 2015). Water 
stress at the flowering stage was observed to be a limiting factor for seed 
filling, hence a significant increase in unfilled seeds was observed as a result 
of irrigation deficit. Pejic et al. (2009) summarized that the period from  
flowering to maturity was the most sensitive towards water deficit. Yawson 
et al. (2011) reported that, sunflower is to some extent tolerant to water defi-
cit. According to Casadebaig et al. (2008), minimizing water loss in response 
to water deficit is a major aspect of drought tolerance, and can be achieved 
by decreasing either the leaf area expansion rate or transpiration per unit 
leaf area (stomatal conductance). Pekcan and Erdem (2005) reported in their 
research conducted under conditions prevalent in Thrace, Türkiye, that  
the sunflower seed yield values obtained by supplemental irrigation applied 
during the flowering period of the plant increased statistically relative  
to rain-fed conditions. Therefore, knowledge of the effects of an irrigation 
schedule on sunflower production and water productivity under water stress 
conditions is becoming increasingly important. Irrigation scheduling is par-
ticularly important since many field crops are more sensitive to water deficit 
at specific phenological stages. In the season where there is insufficient  
water for crop demand, the optimum use of irrigation water is essential  
for water resources management (Elsheikh et al. 2015). 

Irrigation scheduling is generally based on management of soil water 
content or meteorological parameters for modelling or computing evapotrans-
piration. But in the recent years, plant-based indicators have been used  
to quantity crop water stress levels. Of these, the photosynthesis rate, leaf 
area index, chlorophyll content, leaf water potential, stomatal conductance 
and transpiration rate are accepted as most stable, reliable and accurate  
indicators for irrigation scheduling (Balanco et al. 2018). 

The purpose of research was to identify the plant-based indicators for 
sunflower in the Thrace Region of Türkiye. Sunflower was grown under six 
different irrigation regimes during the 2018 and 2019 growing seasons.  
The correlations among the measurements the photosynthesis rate, leaf area 
index, chlorophyll content, leaf water potential, stomatal conductance and 
transpiration rate during the flowering period and sunflower water relations 
were examined. 
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MATERIALS AND METHODS

Experiment site and growth conditions
The experiment was carried out in Tekirdag, northern Türkiye (40°59′ N 

and 27°29′), at the experimental station of Tekirdag Viticulture Research 
Institute, during the 2018 and 2019 sunflower growing periods. The climate 
of the region is semi-arid, with average annual precipitation of 580.80 mm. 
Additionally, some meteorological factors in 2018 and in 2019 relative to the 
long-term data during the sunflower growing period are presented in Table 1. 

Some soil properties of the field are listed in Table 2. The bulk density 
varied from 1.49 to 1.61 g cm-3. The available water holding capacity within 
90 cm of the soil profile was 152.38 mm in 2018 and 128.17 mm in 2019.  
Irrigation water quality was classified as C2S1 with 1.8 sodium absorption 
ratio (SAR) and 0.72 dS m-1 electrical conductivity (EC).

Table 1
Some meteorological data of the experimental site

Year Month
T RH W n Ep R

(°C) (%) (m s-1) (h) (mm day-1) (mm month-1)
2018 April1 17.35 70.87 2.38 10.18 5.05 -

May 18.46 79.39 3.65 5.93 3.80 27.40
June 22.28 72.59 3.03 8.30 4.98 75.40
July 25.12 69.23 2.59 8.39 5.08 87.70

August 26.05 63.12 3.83 7.84 6.38 -
September2 26.67 65.67 2.10 6.50 6.35 -

2019 April3 17.50 67.80 3.10 11.50 4.00 -
May 17.81 70.62 2.32 6.11 3.99 31.2
June 24.06 64.75 2.80 7.90 6.31 7.50
July 23.87 64.48 2.85 9.42 6.51 18.8

August 25.23 62.25 3.66 9.47 7.11 -
September4 24.68 63.40 4.32 9.18 6.54 -

Long-term April 11.9 77.10 2.50 5.60 2.12 40.70
May 16.8 76.00 2.30 7.70 3.70 36.90
June 21.5 72.00 2.40 9.00 4.74 37.90
July 24.0 68.80 2.80 9.70 5.80 22.50

August 24.0 69.40 3.00 8.80 5.51 13.20
September 20.0 73.40 2.80 7.20 3.83 33.90

T – average temperature, RH – average relative humidity, W – average wind speed at 2 m,  
n – sunshine duration, Ep – class-A pan evaporation, R – rainfall, 
1 the four-day averages (27-30 April), 2 the five-day averages (1-4 September), 3 the one-day value 
(30 April), 4 the six-day averages (1-5 September).
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The Sanay MR variety of sunflower (Helianthus annuus L.) was planted 
on 27 April (DOY 117) in 2018 and 30 April (DOY 120) in 2019. Trifluralin 
at a rate of 0.2 kg da-1 was applied to control weeds. The preceding crop  
in both years was wheat. Composite fertilizer including 50 kg ha-1 N and  
22 kg ha-1 P was applied to all plots, according to soil analysis recommenda-
tions. Each plot was 25.20 m2 (4.20 m x 6.00 m) and was seeded with  
120 plants at 0.70 m x 0.30 m spacing. There was a gap of 3 m width  
between the plots.

Irrigation management and experimental design
Sunflower was grown under a drip irrigation technology. The diameters 

of polyethylene (PE) laterals were 16 mm, and each lateral irrigated two 
plant rows. The pressure compensating dripper discharge rate was 4 L h-1 
above 10 m operating pressure. The dripper and lateral spacing were calcu-
lated as 0.50 m and 1.40 m, and the percentage of the wetted area (P) was 
calculated as 36%, according to the methods described by Keller, Bliesner 
(1990).

The experiment was designed as completely randomized blocks repli- 
cated three times. The irrigation regime treatments consisted of six levels  
of cumulative pan evaporation (Ep) and water quantities applied were:  
0.00 (I1 rainfed treatment), 0.25 (I2), 0.50 (I3), 0.75 (I4), 1.00 (I5) and 1.25 (I6) 
times of pan evaporation measured at seven days interval with a Class A 
Pan. The amount of irrigation water was calculated from equation given  
below:

     I = Ep x kpc x P,
where:  Ep – the cumulative pan evaporation for a 7-day irrigation interval 

(mm), kpc – the coefficient of pan evaporation (0.00, 0.25, 0.50, 0.75, 
1.00 and 1.25) and P – the percentage of wetted area. 

Soil water content was gravimetrically calculated every week in the 30 
cm depth to 90 cm. Evapotranspiration was determined using the soil water 
balance equation (Li et al. 2017). Water use efficiency (WUE) and irrigation 

Table 2
Soil properties of the experimental site

Year
Soil

depth
Texture

class
Field

capacity
Wilting
point

Bulk
density

Organic 
matter pH EC

(cm) (m3 m-3) (m3 m-3) (g cm-3) (%) (ds m-1)

2018 0-30
30-60
60-90

C
C

CL

0.348
0.358
0.301

0.165
0.189
0.147

1.60
1.59
1.54

2.11
2.88
2.50

7.64
7.73
7.50

0.6
0.6
0.6

2019 0-30
30-60
60-90

C
C
C

0.343
0.427
0.511

0.237
0.279
0.337

1.49
1.58
1.61

1.27
1.01
1.45

7.19
6.71
7.05

0.6
0.5
0.5
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water use efficiency (IWUE) were determined as total marketable sunflower 
yield divided by the seasonal ET and seasonal irrigation water applied, re-
spectively (Kilemo 2022). 

Plant-based measurements
The leaf water potential, stomatal conductance, leaf area index, photo-

synthesis rate, chlorophyll content and transpiration rate during the flower-
ing period were measured as plant-based indicators for sunflower. Leaf area 
index (LAI) was measured with a plant canopy analyser (LAI-2200 C,  
LI-COR, USA). The leaf water potential was monitored before the irrigation 
applications at 12:00-14:00 h (midday time) with a Scholander pressure 
chamber (Model 3115 Soil Moisture Equipment Corp., USA) according  
to Hisio (1993). In the leaf water potential measurements, young and fully 
developed leaves of the sunflower plant facing the top sun were used.  
The chlorophyll content was monitored before the irrigation applications  
at 12:00-14:00 h (solar time) with a Chlorophyll Meter (SPAD-502 Plus,  
Konica Minolta, Japan). The photosynthesis rate, transpiration rate and sto-
matal conductance were measured for the youngest and fully expanded 
leaves between 12:00-14:00 with an infrared gas analyser (LI-6400 Portable 
Photosynthesis System, LI-COR, USA).

Yield measurement and statistical analysis
After physiological maturity, head samples for seed yield were harvested 

from four rows in each plot on 4 September 2018 (DOY 247) and 5 Septem-
ber 2019 (DOY 248). The seeds were separated from the heads, oven dried at 
65°C and adjusted to 9% moisture content (Unger 1982). Analysis of variance 
(ANOVA) and the Least Significant Difference (LSD) Test were used for  
effects of yield, WUE and IWUE. Differences were evaluated at p<0.05  
or p<0.01 levels. Relationships between plant-based measurements, evapo-
transpiration and irrigation water were determined according to regression 
analyses.

RESULTS AND DISCUSSION

Irrigation water use and evapotranspiration
The daily rain, irrigation water amounts, measured soil water content 

before irrigation applications, and measured evapotranspiration are shown  
in Figure 1 for 2018 and Figure 2 for 2019. The total sunflower period after 
planting was determined as 131 days in the first year and 129 days in the 
second year. Irrigation applications were started in both years of the study 
when the spring precipitation decreased and the soil moisture at the 90 cm 
depth fell to around 50% of the available water holding capacity. As shown 
in Figures 1 and 2, seven irrigation applications were applied in 2018 and 
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twelve ones in 2019. Although the irrigation applications were planned to be 
carried out on 7 days during the research, daily excessive rainfall amounts  
of 50.5 mm on June 28, 28.2 mm on July 24 and 29.9 mm on July 30 in 2018 
affected irrigation applications in the first year. The cumulative rainfall was 
190.5 mm in 2018 and 57.5 mm in 2019. The total irrigation water applied 
varied between 67.0 and 334.8 mm in 2018 and between 133.7 and 668.1 mm 
in 2019, depending on the experimental treatments. The difference between 
the total rainfall in the two years resulted in the total number of applica-
tions and amounts of irrigation water being lower in 2018 than in 2019.  
The soil moisture values measured at 90 cm soil depth before irrigation  
applications differed depending on the treatment. The moisture values before 
irrigation differed due to excessive rainfall in 2018. In the second year of the 
experiment, it was determined that the soil moisture values measured before 
the irrigation season in I5 treatment, where 100% of the open water surface 
evaporation amount measured from the A class pan was applied, were 
around 60% of the available soil water capacity. Especially in the second 

Fig 1. Daily and cumulative amounts of rain – a, irrigation water applied per irrigation – b,  
soil water content variations before irrigation – c, cumulative measured evapotranspiration  

for treatments for 2018 – d
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year, it was observed that the existing moisture before irrigation fell to the 
wilting point and below in I1 and I2 treatments, i.e. without irrigation water 
and with the amount of irrigation water equal 25% of the evaporation 
amount, respectively. 

The evapotranspiration (ETc) measured from treatments during the total 
growing season varied between 375.2 mm and 655.0 mm in 2018 and  
between 278.2 mm and 801.3 mm in 2019. The sunflower seasonal ETC  
increased with the depth of irrigation water applied. Excessive rainfall  
in 2018 and high irrigation water amounts in 2019 affected the sunflower 
seasonal ETc. The total seasonal evapotranspiration (ETc) obtained in the 
current study corresponds well with the values obtained from previous  
studies conducted in Thrace Region, Türkiye, and elsewhere in the world 
(Pekcan, Erdem 2005, Sezen et al. 2011, Sullu, Dagdelen 2015, Azevedo  
et al. 2016, Garcia-Lopez et al. 2016, Mahmoud, Ahmed 2016, Yavuz 2016, 
Ismail, El-Nakhlawy 2018, Liu et al. 2018, Jing et al. 2020,).

Fig 2. Daily and cumulative amounts of rain – a, irrigation water applied per irrigation – b,  
soil water content variations before irrigation – c, cumulative measured evapotranspiration  

for treatments for 2019 – d
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Yield and irrigation water use efficiency (IWUE), water use 
efficiency (WUE)

The sunflower seed yields, irrigation water use efficiency (IWUE) and 
water use efficiency (WUE) for treatments are given in Table 3. The seed 

yield varied between 2.73 t ha-1 and 5.04 t ha-1 in 2018 and between  
2.22 t ha-1 and 5.19 t ha-1 in 2019. Seed yields harvested from the experimen-
tal treatments in both years changed depending on the amount of water  
entering the soil (rainfall + irrigation). Especially the high amount of rainfall 
in 2018 resulted in higher seed yield than in the second year in I2, I3 and I4 
treatments, when less irrigation water was applied. 

 Sunflower seed yield values obtained in I1 treatment, where irrigation 
water is not applied, were 2.73 t ha-1 in 2018 and 2.22 t ha-1 in 2019. Similar 
results were obtained for sunflower seed yields under conditions where irri-
gation water was not applied in previous studies conducted in the same  
region or in the country. Yılmaz and Boyraz Erdem (2020) stated that under 
the same conditions, the seed yield in four different sunflower varieties  
in three different soils varied between 1.65 t ha-1 and 2.54 t ha-1 in rainfed 
conditions. The seed yields obtained in I5 treatment, where 100% of the open 
water surface evaporation value measured from the A class pan was applied, 

Table 3
Irrigation water use efficiency (IWUE) and water use efficiency (WUE) for treatments

Year Treatment 
I ETc Y IWUE WUE

(mm season-1) (mm 
season-1) (t ha-1) (kg m-3) (kg m-3)

2018

I1 - 375.2 2.73 c** - 0.73 ns
I2 67.0 432.6 2.94 c 4.39 a** 0.68
I3 134.1 489.7 4.08 b 3.04 b 0.83
I4 201.0 551.7 3.91 b 1.95 c 0.71
I5 267.8 613.1 4.75 ab 1.77 c 0.77
I6 334.8 655.0 5.04 a 1.50 c 0.77

LSD0.01=0.88 LSD0.01=0.70

2019

I1 - 278.2 2.22 c** - 0.80 ns
I2 133.7 367.2 2.79 c 2.06 a** 0.75
I3 267.4 480.9 3.35 b 1.25 b 0.70
I4 401.1 579.5 3.73 b 0.93 c 0.64
I5 534.4 682.6 5.05 a 0.95 c 0.74
I6 668.1 801.3 5.19 a 0.78 c 0.65

LSD0.01=0.99 LSD0.01=0.23

I – applied irrigation water, ETc – measured evapotranspiration, Y – seed yield, IWUE – irriga-
tion water use efficiency, WUE – water use efficiency, ** numbers followed by different letters 
indicate statistically significant differences at P<0.01, ns – non-significant



457

was 4.75 t ha-1 in 2018 and 5.05 t ha-1 in 2019. The corresponding values 
were 5.04 t ha-1 and 5.19 t ha-1 for the experimental years, respectively,  
in I6 treatment, where 125% of the open water surface evaporation value was 
applied. It is similar to the seed yield values obtained under the maximum 
crop evapotranspiration (ETc = ETm) in the conditions of the region, country 
and other parts of the world. 

The IWUE values obtained from the treatments varied between 1.50 and 
4.39 kg m-3 in 2018 and between 0.78 and 2.06 kg m-3 in 2019. The reason  
for the high IWUE values obtained in the first year is that less irrigation 
water was applied to the treatments owing to that year’s high rainfall com-
pared to the second year. The WUE values obtained in both years between 
the treatments showed similarity. The WUE values varied between 0.68  
and 0.83 kg m-3 in 2018 and between 0.64 and 0.80 kg m-3 in 2019. The high-
est WUE values were obtained from I3 treatment in the first year of the  
experiment and from I1 treatment in the second year. The IWUE and  
WUE values obtained in this study are similar to the results obtained from 
previous investigations. Yavuz (2006) reported WUE values for sunflower  
of 0.53-0.75 kg m-3 in Konya, Türkiye, and Karam et al. (2007) obtained 
WUE values of 0.83 kg m-3 in Lebanon. The IWUE values of 1.00-2.36 kg m-3 
were obtained in Söke, Türkiye, by Süllü and Dağdelen (2015) and  
0.70-3.70 kg m-3 in Konya, Türkiye, by Yavuz (2006). 

The results of plant-based measurements
The plant-based indicators were measured during the flowering period 

when the sunflower plant is most sensitive to water constraint. The flower-
ing period of the sunflower lasted for a total of 24 days, between 27 June 
(DOY 178) and 20 July (DOY 201) in the first year of the experiment, and  
it was completed in 29 days, between 19 June (DOY 170) and 17 July (DOY 
198) in 2019. During the flowering period in both research years, the experi-
mental treatments were irrigated four times. The average of the plant-based 
measurements before irrigation applications from each treatment at the 
flowering period of sunflowers are given in Table 4. In addition, the relation-
ship between sunflower seed yield and seasonal evapotranspiration with each 
plant-based measurement is shown in Figures 3 and 4.

The leaf water potential values obtained from treatments varied between 
-10.6 and -13.3 bar in 2018 and between -12.5 bar and -16.1 bar in 2019  
(Table 4). The reason why higher leaf water potential values were obtained 
in 2019 compared to the first year can be attributed to the high rainfall  
values measured during the first year. On the other hand, the leaf water 
potential values obtained depending on the amount of irrigation water  
applied between the treatments changed, and the leaf water potential values 
decreased with the increasing water constraint. The lowest leaf water poten-
tial values were obtained from I1 treatment without irrigation water, and  
the highest leaf water potential values were obtained from I6 treatment with 
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Fig 3. Relationships between seasonal evapotranspiration and seed yield  
of plant-based measurement techniques: a – leaf water potential, b – stomatal conductance,  

c – photosynthesis rate
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Fig 4. Relationships between seasonal evapotranspiration and seed yield of plant-based 
measurement techniques: a – transpiration rate, b – chlorophyll content, c – leaf area index
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the highest irrigation water amount. As can be seen in Figure 3, linear rela-
tionships were obtained between leaf water potential values measured from 
treatments and sunflower seasonal evapotranspiration, seed yield. In the 
USA, Sionit and Kramer (1976) irrigated the sunflower when the leaf water 
potential values reached -16 bar and -23 bar and reported that when the leaf 
water potential value of the sunflower plant fell below -16 bar, the plant 
went into water stress. 

As can be seen in Table 4, stomatal conductance values corresponding  
to the flowering period in both years increased due to the irrigation water 
constraint. The average stomatal conductance values measured during  
the flowering period varied between 26.02 - 48.23 mmol m-2 s-1 in 2018 and 
between 12.33-55.42 mmol m-2 s-1 in 2019. Linear relationships were obtained 
between stomatal conductance values measured during flowering and sun-
flower seasonal evapotranspiration, seed yield (Figure 3). Also, Orta et al. 
(2002) stated that the stomatal conductance values of sunflower under diffe- 
rent irrigation water applications varied between 15 and 110 mmol m-2 s-1  
under same conditions. Carvalho et al. (2020), explained in their study con-
ducted in Brazil that stomatal conductance values of different sunflower  
varieties varied between 76 and 240 mmol m-2 s-1 under supplemental irriga-
tion.

The average photosynthesis rate values measured during the flowering 
period varied between 29.86-41.90 µmol CO2 m-2 s-1 in 2018 and between 
18.18-31.11 µmol CO2 m-2 s-1 in 2019 (Table 4). In both years, the photosyn-

Table 4 
Plant-based measurements for treatments

Year Treatment 
LWP gs Pn E Chl LAI

(bar) (mmol m-2 s-1)
(mmol

CO2 m-2 s-1) 
(mmol 

H2O m-2s-1)
 (SPAD)  (m2 m-2)

2018

I1 -13.3 48.23 29.86 5.79 58.6 3.13
I2 -13.1 44.95 34.42 6.61 49.4 3.19
I3 -13.0 45.05 38.31 7.22 44.7 3.45
I4 -12.6 36.05 38.68 7.44 45.9 3.48
I5 -11.2 33.15 40.69 7.72 44.6 3.87
I6 -10.6 26.02 41.90 7.40 42.8 3.91

2019

I1 -16.1 55.42 18.18 5.58 52.6 2.86
I2 -14.5 37.48 20.55 5.03 48.6 2.83
I3 -14.2 35.21 22.36 6.31 49.2 3.20
I4 -13.4 29.72 24.87 6.85 48.7 3.05
I5 -12.6 20.59 30.77 6.48 46.0 3.29
I6 -12.5 12.33 31.11 7.55 41.7 3.95

LWP – leaf water potential, gs – stomatal conductance, Pn – photosynthesis rate, E – transpira-
tion rate, Chl – chlorophyll content, LAI – leaf area index
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thesis rate values obtained from the treatments changed depending on the 
increase in the amount of irrigation water applied. While the lowest photo-
synthesis rate values were obtained from I1 treatment, the highest photosyn-
thesis rate values were obtained from I6 treatment in both years. The linear 
relationships at p<0.01 level were obtained between the measured photosyn-
thesis rate values and sunflower seasonal evapotranspiration, seed yield 
(Figure 3). Additionally, Carvalho et al. (2020) measured the photosynthesis 
rate values of different sunflower varieties under irrigation applications  
between 27.16 and 31.72 µmol CO2 m-2 s-1.

The average transpiration rate values obtained from the treatments  
varied between 5.79-7.72 mmol H2O m-2 s-1 in 2018, and between 5.03-7.55 
mmol H2O m-2s-1 in 2019 (Table 4). The transpiration rate measured for the 
treatments changed depending on the increase in the amount of irrigation 
water applied in both years. The lowest transpiration rate values were  
obtained from I1 treatment in 2018 and the I2 treatment in 2019, while the 
highest transpiration rate values were obtained from I5 treatment in 2018 
and I6 treatment in 2019. The linear relationships at p<0.05 level was ob-
tained between measured transpiration rate values and sunflower seasonal 
evapotranspiration and seed yield for treatment in both years. 

Average chlorophyll content values obtained from treatments varied  
between 42.8 and 58.6 in 2018 and between 41.7 and 52.6 in 2019 (Table 4). 
In both years, SPAD values obtained from treatments changed depending on 
the increase in the amount of irrigation water applied. The lowest SPAD 
values were obtained from I6 treatment in both years. Linear relationships 
were obtained between SPAD values measured during flowering and sun-
flower seasonal evapotranspiration, seed yield (Figure 4). Furtado et al. 
(2016) stated in the study conducted in Brazil, where five different amounts 
of irrigation water were applied that the SPAD values increased with  
the decrease in the amount of water applied. The SPAD values obtained for 
the sunflower plant are in parallel with the values obtained from previous 
studies (Furtado et al. 2016, Uçak 2018).

The average leaf area index values measured before each irrigation  
application during the flowering period of the sunflower ranged from 3.13  
to 3.91 m2 m-2 in 2018, from 2.86 to 3.95 m2 m-2 in 2019 (Table 4). In both 
years, LAI values increased due to the increase in the amount of irrigation 
water applied. Linear relationships were obtained between LAI values mea-
sured during flowering period and seasonal evapotranspiration of sunflower 
(Figure 4). Also, Orta et al. (2002) explained that sunflower LAI values  
were at the highest in the flowering period and these values varied between 
3.31-4.05 m2 m-2 under different irrigation water applications. 
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CONCLUSIONS 

In this research, linear relationships were calculated between applied 
irrigation water, measured seasonal evapotranspiration and seed yields  
of sunflower. As the amount of irrigation water applied and the measured 
evapotranspiration increased, the yield of sunflower seed yield increased.  
The highest seasonal evapotranspiration and seed yield values were achieved 
in both years in the treatment where 125% of the open water surface evapo-
ration amount measured from A class pan was applied. When all the data 
obtained on sunflower seed yield harvested after different irrigation regimes 
were examined together, it was concluded that the plant is relatively resis-
tant to water shortage. This result supports the claim that obtaining higher 
yields than the country’s average from the sunflower plants grown only  
under rain-fed conditions in the region’s conditions is possible. On the other 
hand, it is also possible to increase the sunflower yield owing to irrigation. 
The IWUE and WUE values were found to be high in the experimental treat-
ments with less irrigation water. As a result of evaluating these data together, 
it can be recommended to apply 100% and 125% of the open water surface 
evaporation amount measured from the A class pan in a 7-day irrigation  
interval where the water resources are sufficient and a drip irrigation  
method is applied. On the other hand, taking into account the high IWUE 
and WUE values in conditions where the water supply is limited, it can be 
recommended to apply 25 and 50% of the open water surface evaporation 
amount measured from the A class pan in a 7-day irrigation interval.

Leaf water potential values obtained from the treatments varied between 
-10.6 and -13.3 bar in the first year and between -12.5 bar and -16.1 bar  
in the second year. According to these results, it can be suggested to use -13 
and -14 bar leaf water potential values for irrigation of sunflower plants, 
especially under limited water resource conditions. Stomatal conductance 
values measured before irrigation increased as the amount of irrigation  
water applied increased. It can be suggested to take the stomatal conduc-
tance value of 35-70 mmol m-2 s-1 as indicating the need to start irrigation of 
sunflowers grown under limited water supply conditions. In both years, the 
photosynthesis rate and transpiration values obtained from the experimental 
treatments changed depending on the increase in the amount of irrigation 
water applied. In water deficit conditions, it can be suggested to consider  
the photosynthesis rate in the range of 25-35 µmol CO2 m-2s-1 and transpira-
tion rate in the range of 5-8 mmol H2O m-2 s-1 for planning the irrigation  
of sunflower plants. No major differences were found in the measured leaf 
area index (LAI) values from the treatments and the values varied between 
2.83 and 3.95 m2 m-2. LAI values increased as the amount of irrigation water 
applied increased. The SPAD values obtained from the experimental treat-
ments changed depending on the increase in the amount of irrigation water 
applied. It can be suggested to consider the chlorophyll content (SPAD) value 
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in the range of 45-50 for planning the irrigation of sunflower plants under 
water deficit conditions.

As a result, it is important to determine the data required for the irriga-
tion of sunflower, related to the protection of soil and water resources where 
irrigation practices are not very intensive and drip irrigation installations 
have only been started recently. For this reason, it is thought that the data 
obtained in this research will be useful for producers and researchers.

Acknowledgments

The authors are grateful to the Tekirdag Namık Kemal University  
Research Fund (TNKU-BAP) for its financial support to the project  
of NKUBAP.03.YL.18.173.

REFERENCES 
Azevedo B.M., Vasconcelos D.V., Bonfim G.V., Viana T.V.A., Nascimento Neto J.R.,  

Oliveria K.M.A.S. 2016. Production and yield response factor of sunflower under different 
irrigation depths. Revista Rev. Bras. Eng. Agríc. Ambient, 20(5): 427-433. https://doi.
org/10.1590/1807-1929/agriambi.v20n5p427-433 

Balanco V., Domingo R., Perez-Pastor A., Blaya-Ros P.J.,Torres-Sanchez R. 2018. Soil and 
plant water indicators for deficit irrigation management of field-grown sweet cherry trees. 
Agric. Water Manag., 208: 83-94. https://doi.org/10.1016/j.agwat.2018.05.021 

Carvalho L.M, Carvalho H.W.L., Carvalho C.G.P. 2020. Yield and photosynthetic attributes  
of sunflower cultivars grown under supplemental irrigation in the semiarid region of the 
Brazilian Northeast. Pesq. Agropec. Bras., 55, e01715. https://doi.org/10.1590/S1678-3921.
pab2020.v55.01715

Casadebaig P., Debaeke P., Lecoeur J. 2008. Thresholds for leaf expansion and transpiration 
response to soil water deficit in a range of sunflower genotypes. Euron J Agr, 28(4): 646-654. 

Elsheikh E.R.A., Schultz B., Abraham H.M., Adam H.S. 2015. Effect of deficit irrigation  
on yield components of sunflower (Helianthus annuus L.) on Gezira clay soil Sudan.  
Afr J Agricl Res, 10(29): 2829-2834.

Furtado G. F., Xavier D.A., Andrade E.M.G., Lima G.S., Chaves L.H.G., Vasconcelos A.C.F., 
Wanderley J.A.C. 2016. Growth and physiological responses of sunflower grown under  
levels of water replacement and potassium fertilization. Afr J Agric Res, 11(14): 1273-1281. 
https://doi.org/10.5897/AJAR2016.10852

García-López J., Lorite I.J., García-Ruiz R., Ordoñez R., Dominguez J. 2016. Yield response  
of sunflower to irrigation and fertilization under semi-arid conditions. Agric. Water Ma-
nag., 176: 151-162. https://doi.org/10.1016/j.agwat.2016.05.020

Hisio T.C. 1993. Plant Atmosphere Interactions, Evapotranspiration and Irrigation Scheduling 
Course I.C.M.A.S. Bari, Italy, 148s.

Ismail S.M., El-Nakhlawy F.S. 2018. Optimizing water productivity and production of sun-
flower crop under arid land conditions. Water Supply, 18(5): 1861-1868. https://doi.
org/10.2166/ws.2018.011

Jing B., Shah F., Xiao E., Coulter J.A., Wu W. 2020. Sprinkler irrigation increases grain yield 
of sunflower without enhancing the risk of root lodging in a dry semi-humid region. Agric. 
Water Manag., 239:106270. https://doi.org/10.1016/j.agwat.2020.106270

Karam F., Lahoud R., Masaad R., Kabalan R., Breidi J., Chalita C., Rouphael Y. 2007. Evapo-
transpiration, seed yield and water use efficiency of drip irrigated sunflower under  



464

full and deficit irrigation conditions. Agric. Water Manag, 90: 213-223. https://doi. 
org/10.1016/j.agwat.2007.03.009

Keller J., Bliesner R.D. 1990. Sprinkler and Trickle Irrigation. Van Nostrand Reinhold,  
New York.

Kilemo D.B. 2022. The review of water use efficiency and water productivity metrics and their 
role in sustainable water resources management. Open Access Library J, 9: 1-21. https://doi.
org: 10.4236/oalib.1107075

Li J., Mao X., Shang S., Steenhius T.M. 2017. Modeling regional soil water balance in farmland 
of the middle reaches of Heihe River Basin. Water, 9(847): 1-21. https://doi.org/10.3390/
w9110847

Liu R., Abdelraouf E.A.A., Bicego B., Joshi V.R., Garcia Y., Garcia A. 2018. Deficit irrigation:  
a viable option for sustainable confection sunflower (Helianthus annuus L.) production  
in the semi-arid US. Irrig Sci, 36: 319-328. https://doi.org/10.1007/s00271-018-0588-6 

Mahmoud A.M., Ahmed T.A. 2016. Water use efficiency of sunflower genotypes under drip irri-
gation. Afr J Agric Res, 11: 925-929. DOI: 10.5897/AJAR2015.10708

Orta A.H., Erdem T. Erdem Y. 2002. Determination of water stress index in sunflower. Helia, 
25(37): 27-38.

Pekcan V. Erdem T. 2005. The effects of supplementary irrigation on sunflower water use and 
yield in Edirne Conditions. Trakya Univ J Natur Sci, 6(2): 59-66. 

Pejic B., Maksımovic L., Skoric D., Milic S., Stricevic R., Cupina B. 2009. Effect of water stress 
on yield and evapotranspiration of sunflower. Helia, 32(51): 19-32. 

Sener M., Yuksel A.N. Konukcu F. 2007. Evaluation of Hayrabolu Irrigation Scheme in Turkey. 
J Tekirdag Agric Faculty, 4(1): 43-53.

Sezen S.M., Yazar A., Kapur B., Tekin S. 2011. Comparison of drip and sprinkler irrigation 
strategies on sunflower seed and oil yield and quality under Mediterranean climatic condi- 
tions. Agric. Water Manag., 98: 1153-1161. 

Sionit N., Kramer P.J. 1976. Water potential and stomatal resistance of sunflower and soybean 
subjected to water stress during various growth stages. Plant Physiol, 58: 537-540.

Sullu A., Dagdelen N. 2015. The evaluation of drip irrigation applications on second crop  
sunflower yield and quality in Söke Region. J Adnan Menderes Univ Agric Faculty,  
12(2): 45-54.

Uçak A.B. 2018. Identification of sunflower (Helianthus annuus L.) genotypes tolerant to water 
stress. J Agric. Sci., 24: 312-322. 

Unger P.W. 1982. Time and frequency of irrigation on sunflower production and water sse.  
Soil Sci. Am J, 46: 1072-1076.

Yavuz N. 2016. The effect of different irrigation intervals and deficit irrigation on yield and  
quality of sunflower. PhD Thesis. The Graduate School of Natural and Applied Science  
of Selçuk Univ, Konya. 

Yawson D.O, Bonus M., Armah F.A. 2011. Water requirement of sunflower (Helianthus annuus 
L.) in a tropical humid-costal savanna zone. APRN J Agric Biol Sci, 6(1): 1-7. 

Yılmaz F.F., Boyraz Erdem D. 2020. Effects of different soil types and varieties on oil quality  
of sunflower in the Thrace Region. Riv Ital Sostanze Gr, 47: 51-59.


