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SUMMARY 

 
The SPAD value, the chlorophyll fluorescence and the canopy temperature of the leaves and fruits of tomato hybrid “H1015” were investigated 

under non-irrigated (I0), deficit irrigated (I50) and well-irrigated (I100) conditions. The aim of the experiments was to show which treatment 

effect on the examined traits affected photosynthesis, leaf temperature and yield quantity, as well as quality under water scarcity. In the control 

treatment (I0), the canopy temperature increased, but the SPAD decreased compared to the other two treatments (I50 and I100). Chlorophyll 

fluorescence produced a fluctuating result. In the end, the number of the fruits was high, but the number of the sick and green berries was 

increased. 
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INTRODUCTION 

 
The tomato (Lycopersicon esculentum Mill.) is a 

member of the Solanaceae. The plant species are native 
to South America (Mexico) and Central America, but 
today people across the world have planted it especially 
in temperate climates and greenhouses only. The 
largest tomato producers were the California, USA, 
where 11.6 million mT, were processed, followed by 
Italy 4.65 million mT and China 3.8 million mT. Spain 
was the fourth largest producer in the world, with 2.8 
million mT, in 2018. Hungary was only 106000 mT 
(WPTC, 2018). 

The tomato is one of the most popular vegetables 
and one of the most important fruit crops (Brandt et al., 
2003). Vegetables included an ample quantity of 
vitamins and nutrition that prevents various deadly 
diseases to human bodies (Rubatzky and Yamaguchi 
Mas, 1997). Tomatoes main contain lycopene, 
tocopherols, vitamin C, potassium and iron (Pék et al., 
2014). Water management (irrigation management) 
plays a major role in drive processing tomato yields. 
Stevens and Rick (1986) considers the difficulty of 
water management to be the most important deterrent 
to high yields of high quality tomatoes. 

The knowledge of the plant response to water stress 
is important in order to determine the timing of 
irrigation, the applied water amount (Fereres and 
Evans, 2006). Decrease in soil water content induces 
the stomatal closure to reduce the water loss of plants. 
Nevertheless, the long-term stomatal closure results not 
only reduction in transpiration but photosynthesis 
inhibition (Sing and Reddy, 2011). The photosynthetic 
activity of the crops is one of the important factors 
influencing the yield that can be monitored by the 
measurement of physiological traits (Song et al., 2012). 
The photosynthetic pigments in the leaf absorb strongly 
the light in the visible range, minimizing its reflectance. 
The light energy that is not used for the photosynthesis 
either as emitted fluorescence or as heat is released 
(Lambrev et al., 2012). Stress factors result the 
metabolic disturbance change in the chlorophyll 
content of the leaves (Carter and Knap, 2001; Knipling, 

1970) and also change the leaf reflectance. Under 
drought stress the change in chlorophyll fluorescence 
(Fv/Fm) depending the genotypes (Estrada et al., 2015). 
Researchers found reduction in chlorophyll content 
under moisture deficit could be attributed to the fact 
that water stress damages the photosynthetic apparatus 
by causing changes in the chlorophyll contents and 
components (Kenneth et al., 2017). Reduction in 
moisture led to a decrease in the leaf relative water 
content, stomatal conductance, and fruit yield.  

The aim of this study was to evaluate the influence 
of irrigation factors on the physiological traits and yield 
of processing tomato. 
 
MATERIALS AND METHODS 

 
In 2018, open field experiments were conducted on 

the Institute of Horticulture’s farm at Szent István 
University, Gödöllő, Hungary. The type of soil was 
brown forest soil. The tomato cultivar distributed by 
Heinz was H1015 hybrid with early ripening (114 days) 
and had resistance to Verticillium race 1, Fusarium 
races 1 and 2, root-knot nematode and bacterial speck. 
H1015 processing tomato can be grown under both arid 
and humid conditions. The planting was a symmetrical 
arrangement: the row and plant distances were 
150x18.6 cm which means the plant density was 3.58 
plants m2. The date of transplantation was May 17th and 
the harvest date was August 27th.  

On the basis of crop evapotranspiration using the 
equation ETc= ET0×Kc, two different irrigation 
treatment (I), was performed: optimum water supply 
(I100) and deficit irrigation (I50) where half of irrigated 
doses of I100 treatment was applied. Non-irrigated 
plots represented the rain-fed control (I0). The 
irrigation was done with a drip system. 

Measurements of physiological traits were 
performed every week from the beginning of flowering. 
The soil moisture was measured with PT-1 (Kapacitív 
Kkt., Hungary), the leaf temperature using by Raytek 
MX4 (Raytek Corporation CA, USA) infrared remote 
thermometer. Chlorophyll content of leaf was 
measured by SPAD 502 (Minolta, UK) portable 
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chlorophyll meter and it was given as SPAD values. 
PAM-2500 (Waltz, Germany) portable fluorometer 
was used to measure the chlorophyll fluorescence of 
leaf. 

10 plants were harvested from each plot per repeat. 
The total biomass and yield were weighed, then the 
yield was classified to the marketable (ripe) and non-
marketable (green and ill) fruits and measured the yield. 

Data were evaluated by analysis of variance 
(ANOVA) using SPSS 20.0 for Windows software. 
The average values of treatments were compared by 
Duncan‘s Multiple Range Test at P<0.05. 

 

RESULTS AND DISCUSSION 
 
2018 can be considered as a dry year, but the 

distribution of precipitation was from 5.00 to 160.2 mm 
during the stages of development of tomato. Large 
amount of precipitation was fallen from planting to the 
beginning of flowering of tomato; however it was low 
(5.0 mm) during flowering period (Table 1). During 
fruit development, the high temperature associated with 
large amount of available water contributed a large 
yield. Total water of I100 treatment was 464.8 mm and 
I50 treatment was 384.8 mm from planting to 
harvesting stages (Table 1).

 
Table 1 

Meteorological data during the growth of tomato (2018) 

 

Date Stages 
Tmin 

ºC 

Tmax 

ºC 

RH

% 

Soil 

moisture at 

60 cm 

% 

Precipitation 

(mm) 

Irrigation 

mm (I100) 

Total 

water 

(I100) 

(mm) 

Total 

water 

(I50) 

(mm) 

17.05–24.06 Growing 14.98 25.78 75.1 25.6 160.2 20.1 180.3 170.3 

25.06–12.07 
Beginning 

flowering 
13.69 25.11 72.2 26.2 48.6 35.1 83.7 66.2 

13.07–20.07 Flowering 15.60 27.60 66.1 27.7 5.0 24.3 29.3 17.2 

21.07–26.07 
Flowering fruit 

setting 
16.90 28.33 74.4 27.8 28.3 19.5 47.8 38.0 

27.07–09.08 
Fruit 

development 
18.34 31.52 70.3 27.2 17.8 44.0 61.8 39.8 

10.08–23.08 Fruit ripening 17.36 31.22 65.8 24.8 22.5 17.2 39.7 31.1 

27.08 Harvesting 15.90 24.60 79.0  22.2 0.0 22.2 22.2 

 
From planting 

to harvesting 
    304.6 160.2 464.8 384.8 

T min = minimum temperature; T max = maximum temperature; RH-relative humidity 

 

 
During flowering and fruit setting the SPAD value 

was large, but it was decreased during fruit 
development and later began to increase during 
ripening period of tomato. There was high canopy 
temperature from the fruit setting to fruit ripening 

period while chlorophyll fluorescence fluctuated from 
0.809 to 0.681 (Table 2). During this time, the 
physiological traits were changed by the water supply 
conditions (Figures 1–3). 

 
Table 2 

Change in physiological traits of tomato during generative stages of development (2018) 

 

Traitsz 
Flowering Fruit setting Fruit development Fruit ripening 

VII.13 VII.20 VII.26 VIII.02 VIII.09 VIII.17 VIII.23 

SPAD 51.5 a 50.6 a 48.4 b 46.3 bc 48.8 a 49.2 a 45.1 c 

CT ºC 26.2 b 28.9 a 28.3 a 28.8 a 28.5 a 25.8 b 29.0 a 

Fv/Fm 0.723 c 0.772 b 0.734 c 0.809 a 0.759 b 0.757 b 0.681 d 

zCT= canopy temperature, Fv/Fm =chlorophyll fluorescence 

 
 
Mean values in the column having a different letters 

are significantly different at P < 0.05 level using 
Duncan’s multiple range test. 

A significant effect of water supply on canopy 
temperature was detected during the flowering; it was 
the lowest for the well-irrigated plants compared to the 

water-stressed ones (Figure 1). Under water deficiency 
(I50), during fruit development and ripening, the 
canopy temperature was low and did not change 
significantly except during the last period of fruit 
ripening. 
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Figure 1: Effect of water supply on canopy temperature of processing tomato 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 

Figure 2: Effect of water supply on SPAD value of leaves of processing tomato 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
Under non-irrigated condition (I0), during 

flowering and fruit setting periods the SPAD value of 
leaf was significantly lower than that of the irrigated 
plants (I50, I100) (Figure 2). While there were no 
differences between the two measurements at treatment 
I50 in the fruit development, in the other two irrigation 

SPAD results have decreased. At the control, the 2nd 
measurement shows a protruding value in fruit 
ripening, while the others two SPAD results have 
decreased after each measurement, more spectacular in 
I100.
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Figure 3: Change in chlorophyll fluorescence under different water supply conditions 

 

 
 
Water supply did not influence significantly the 

chlorophyll fluorescence (Fv/Fm) except at the end of 
fruit ripening. In the non-irrigated treatments, the 
chlorophyll fluorescence was lower than that at 
regularly irrigation (Figure 3). In the end of the fruit 
development all results were high, then the results of 
the control fall sharply in the middle of the fruit 
ripening. 

Under non-irrigated (I0) condition, high canopy 
temperature, SPAD values of the leaves and low 
chlorophyll fluorescence decreased the photosynthesis. 
Although the productivity of tomato decreased under 

this condition, the fruit quality was favourable due to 
the low ratio of the green and diseased, injured tomato 
fruits (Table 3). The water shortage (I50), even though 
the SPAD was high, did not decrease the yield due to 
the low canopy temperature and chlorophyll 
fluorescence. Under well-irrigated condition (I100), the 
low canopy temperature, SPAD and high chlorophyll 
fluorescence (Fv/Fm) contributed to the intensive 
photosynthesis which resulted increase in the yield of 
tomato but the ratio of green and others fruits also 
increased significantly (Table 3).

 
Table 3 

Physiological traits and yield of tomato under different water supply conditions 

 

Water supplyz 
Canopy 

temperature ºC 
SPAD Fv/Fmy 

Total yield 

t ha-1 

Yield  

t ha-1 
Marketable Green Others 

I0 28.4 a 50.0 a 0.737 b 50.7 b 45.2 b 4.4 b 0.8 b 

I50 27.7 b 48.8 a 0.749 ab 64.9 ab 59.2 a 4.6 b 1.0 b 

I100 27.7 b 47.0 b 0.757 a 72.4 a 59.7 a 9.9 a 2.7 a 

z I0= non-irrigation, I50= water deficiency, I100= regularly irrigation,  y chlorophyll fluorescence 

 
 
Mean values in the column having a different letters 

are significantly different at P < 0.05 level using 
Duncan’s multiple range test. 

Tomato is considered to be a high water-demanding 
crop (Patané et al., 2011). The period from fruit setting 
to the end of fruit development is the most sensitive to 
water deficiency (Helyes and Varga, 1994), when the 
degree of water stress tolerance of cultivars can be 
determined by the measurement of the physiological 

traits. The results confirmed that these stages of 
development of tomato were sensitive to severe water 
deficiency because the canopy temperature of crop 
increased significantly in comparison with that of well-
irrigated one. The high canopy temperature can results 
the degradation in the chlorophyll content, thus the 
absorption of light decreases in the chloroplast and the 
reflectance increases that presented large SPAD value. 
Agbna et al. (2017) found that deficit irrigation 
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improved the fruit quality of tomato but it reduced the 
vegetative growth, photosynthesis and transpiration 
rate as well as fruit yield. This results also showed that 
moderate water deficiency (I50) on contrary to the large 
SPAD value did not decrease the yield but the fruit 
quality was favourable than that of well-irrigated 
plants.  

Measurement of Fv/Fm has also been used to screen 
the heat tolerance of tomato genotypes. Zhou et al. 
(2015) established, that heat tolerant tomato genotypes 
have higher Fv/Fm did not alter the net photosynthesis 
rate, but increased the stomatal conductance under heat 
stress comparing with the control. According to the 
result, the chlorophyll fluorescence (Fv/Fm) decreased 
significantly under non-irrigated plants in compared to 
the well-irrigated ones. This value was higher than in 
the work of Mishra et al. (2012) wherein a low (0.45) 
Fv/Fm was measured under drought stress condition. 

According to Cselőtei and Helyes (1988) and 
Helyes (1990) irrigation was effected at foliage 
temperature and yield of tomato. Differences doses and 
time of irrigation were reflected the development of 
plants very well. 

 
CONCLUSION 

 
During flowering and fruit setting periods of 

tomato, severe water deficit increased significantly the 

canopy temperature while SPAD value of leaf was low 
in comparison with the well-irrigated plants. 
Chlorophyll fluorescence fluctuated independently the 
water supply during the growth of tomato. Significant 
difference in between the SPAD and Fv/Fm has been 
shown at the end of fruit ripening when the SPAD 
values increased, but Fv/Fm decreased under non-
irrigated condition. Under water deficiency (I50), in 
contrary the high SPAD value of the total yield did not 
decrease due to the low canopy temperature and 
chlorophyll fluorescence during the growth of tomato. 
Under regularly irrigation, the low canopy temperature 
and SPAD and high Fv/Fm contributed to an intensive 
photosynthesis that resulted large yield, but the amount 
of green and diseased injured fruits of tomato increased. 
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