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ABSTRACT: Water scarcely is a common problem especially in arid and semi-arid 

areas of the world like the Mediterranean region. Therefore, enormous efforts directed to 

improve the adaptation of plants to use less irrigation water by increasing their tolerant 

and resistant to water deficit by different means. In this study, tomato plants cv. "Alisa" 

were irrigated with three different amounts of water i.e. optimum amount which was the 

amount of water that added to raise soil field capacity (FC) from 70% (as re-irrigated 

tomato when FC drop to 70% is considered the most suitable irrigation regime) to 100% 

(T1), 66% (T2) and 33% (T3) of optimum water amount. Also, three different drought 

adaptable treatments were applied to tomato plants, i.e. drought pretreatment of 

seedlings (seedling priming), spraying plants with a reflecting antitranspirant (a 

suspension of calcium carbonate at concentration of 6%) or infected plants with 

arbuscular mycorrizal fungus, as well as control which was not treat with any of 

adaptable treatment. Decreasing amount of irrigation water applied decreased gradually 

relative water content (RWC), No of fruits/ plant, average fruit weight and early and total 

yields, than those of well-watered plants (T1).  The reduction in total yield was mainly due 

to the reduction of both fruit weight and fruit number. However, water deficit treatments 

(T2 & T3) enhanced water use efficiency (WUE) and improved fruit quality i.e. increased 

vit. C, TSS, titratable acidity, and lycopene contents and fruit firmness in ripe fruits. The 

increase in fruit quality traits by water stress could be interpreted on the base that plants 

grown under such conditions react by stimulate the secondary metabolism which 

increasing plant defense, the secondary metabolites involved sugars, organic acids, 

vitamins, carotenoids and etc. All adaptable treatments used, often alleviated (even 

partly) the detrimental effects of water deficit treated plants (T2&T3) as they promoted 

plant productivity of both well watered and water stressed plants than those of untreated 

(control) plants. The increase in total yield resulted from using adaptable treatments was 

mainly due to the increase in average fruit weight, and to lesser extent fruit number. 

Adaptable treatments also enhanced plant water relation (RWC &WUE) compared to 

those of untreated control, but they considerably reduced fruit quality traits. In most 

cases, spraying plants with the antitranspirant material gave the highest values of yield 

and its components particularly when combined with well watered treatment (T1) and 

moderate water stress treatment (T2) but not with severe water stress treatment (T3). 

Using mycorrizal inoculation treatment gave the highest values of average fruit weight, 

also it gave the second highest values of plant water relations and productivity 

characters alternately with drought pretreatment.  In addition, mycorrizal treatment gave 

the highest total yield when combined with lowest water supply (T3) than those obtained 

by other two adaptable treatments.   

Key words: Tomato, water stress, mycorrhizal fungus, antitranspirant, drought 

pretreatment, yield, fruit quality. 
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INTRODUCTION  
Tomato is one of the most 

nutritionally and economically important 

crops in Egypt and around the world. 

Water scarcely is a common problem 

especially in arid and semi-arid areas of 

the world like the Mediterranean region. 

The Egyptian people (about 100 million) 

already face water shortage, and the 

shortages of water are predicted to 

become severe even sooner. 

Drought is one of the major limitations 

to food production worldwide, and 

limited water resources affect the 

development of sustainable agriculture. 

Water stress is a menace for plants and 

prevents them from reaching their full 

genetic potential and limit the crop 

productivity. Reduction of plant growth is 

the most typical symptom of drought 

stress (Sairam and Srivastava, 2001). 

Both cell division and cell enlargement 

are more affected under drought owing to 

impaired enzyme activities, loss of 

turgor, and decreased energy supply 

(Kiani et al., 2007, Farooq et al., 2009a 

and Taiz and Zeiger, 2010). In addition 

Samuel and Paliwal (1994) reported that 

photosynthetic rate and stomatal 

conductance decreased by 50% as a 

result of water stress. Relative water 

contents (RWC), leaf water potential, 

osmotic potential, pressure potential, and 

transpiration rate are the major attributes 

of plant water relations (Kirkham, 2005), 

which are significantly affected under 

water deficit owing to decrease water 

supply. Also, Chen et al. (2013) found 

that water use efficiency (WUE) was 

significantly increased by application of 

1/3 or 2/3 of full irrigation water amount. 

Moisture stress affected tomato crop 

yield by reducing the number of flowers, 

fruit set and fruit enlargement and hence 

fruit number and weight (Yoon et al., 1989 

& Rao and Padma 1991). However, water 

shortage reduced tomato yield, fruit 

quality improved under certain degree of 

water deficit. Mitchell and Shennan (1991) 

found that deficit irrigation reduced 

tomato fresh fruit yield, but increased 

fruit soluble solids level and led to higher 

concentrations of hexoses, citric acid, 

and higher fruit acid concentrations. 

Nahar and Gretzmacher (2002) and Toor 

et al., (2006) reported that water stress 

increased sugars and acids contents 

such as ascorbic acid of tomato fruits.  

Similarly, fruit contents of total soluble 

solids (TSS) reducing sugars (RS), 

organic acid (OA) and vit.C as well as 

fruit firmness and color index were 

significantly increased by application of 

1/3 or 2/3 of full irrigation water amount 

particularly at flowering and fruit 

development and maturation stage (Chen 

et al., 2013). Moreover, Matsuzoe et al. 

(1998) reported that under soil water 

stress total carotene of fully ripe fruits 

and the amount of lycopene were 

increased under water stress.  

The challenge of irrigated agriculture 

in our time is how to produce more crops 

from limited water supply. One way of 

tackling this challenge is adoption of 

practices that improve drought tolerance 

at field scale. Using some cultural 

practices that enhance drought 

tolerance, appear to be very promising in 

a achieving this goal. Therefore, 

enormous efforts directed to improve the 

adaptation of plants to use less irrigation 

water by increasing their tolerant and 

resistant to water deficit by different 

means. 

It was reported that mycorrizal 

inoculation improved water and nutrients 

uptake and status in plants partly 

because of the large surface area of 

fungal hyphae, which are much longer 

and finer than plant root hairs, and partly 

because such fungi can mobilize soil 

minerals unavailable to the plant's roots 

(Selosse et al., 2006). Stomatal 

conductance, transpiration rate and leaf 

water potential and water-use efficiency 

https://en.wikipedia.org/wiki/Root_hair
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are often higher in mycorrhizal (M) plants 

than non mycorrhizal plants under 

drought conditions due to a higher water 

uptake (Augé et al., 1987, Subramanian et 

al., 1995, Duan et al., 1996, and Al-Karaki 

(1998). Consequently, such favorable 

effects of Mycorrhiza on enhancing 

nutrient uptake and water status in 

inoculation plants could result in 

improving growth, yield and quality of the 

products, (Edathil et al., 1996, 

Courtecuisse, 1999 and Smith et al., 

2011).  

Drought pre- treatment of seedlings at 

particular stage was found to ameliorates 

the adaptation of adult plants to stress 

conditions. In this respect Gonzalez -

Fernandez (1996) observed that tomato 

plants which had previously been 

subjected to a drought stress 

pretreatments were able to grow better 

than non - pretreated plants after 21 days 

under salt treatment. Also, it has been 

observed that adaptation of pretreated 

plants was maintained throughout the 

growth cycle (Cuartero et al., 2006 and 

Cayuela et al., 2007). Adaption to water 

deficit brings about changes in the 

metabolic processes and perhaps in the 

structure of the cell that allows the cell to 

continue metabolism at low water 

potential (Ingram and Bartels, 1996).  

Also, using antitranspiration materials 

as foliar application can reduce the 

permeability of leaf surface to water 

vapor or movement; these processes can 

increase drought tolerance of plants. 

Most of antitranspirants have been 

observed to reduce transpiration to 

various degrees, if such materials 

suppressed transpiration without serious 

injury to the treated plants, or reduce 

photosynthesis it could be of 

considerable practical value. It was 

reported that there are three types of 

antitranspirants i.e., metabolic, film 

forming and reflecting materials. The 

later materials were mentioned to be 

inexpensive compared with those of film 

forming and not toxic unlike some 

metabolic antitranspirants (Patil and De, 

1976). Abou- khaled et al. (1970) showed 

that the role of reflecting materials in 

reducing transpiration was mainly 

depend on decreasing absorption of 

radiant energy and thereby reduce leaf 

temperature of (3 - 4C
5
) which in turn 

diminished transpiration rate of 30%. 

Also, Malash and Gawish (1990) reported 

that white wash (a suspension of calcium 

carbonate) as reflecting antitranspirant 

enhanced growth, yield and leaf moisture 

content of cowpea plants grown under 

saline or non- saline conditions.  

Similarly, Farouk and Ramadan (2012) 

found that foliar-applied of chitosan 

which is a reflectant antitranspirant 

counteracted the harmful effect of water 

stress, as it increased yield and its 

quality of cowpea under stressed and 

non-stressed conditions compared with 

untreated plants.  

Thus the aim of this work is to study 

the effect of some adaptable treatments 

such as antitranspirant application, 

mycorrhizal inoculation and seedling 

drought pre-treatment (priming) in 

alleviation water stress (by using lesser 

amount of irrigation water than optimum) 

on productivity of tomato plants. 

 

MATERIALS AND METHODS 
This experiment was carried out in 

three successive early summer seasons 

from 2014 to 2016 at the Agricultural 

Experimental Farm, Faculty of 

Agriculture, Menoufia University in 

Shibin El-Kom, Egypt. In this study, 

tomato plants were subjected to different 

irrigation regimes i.e. irrigated with three 

different amounts of water. Also, three 

different drought adaptable treatments 

were applied to tomato plants i.e. drought 

pretreatment of seedlings, spraying 

plants with reflectant antitranspirant or 

infected with an arbuscular mycorrhizal 

fungus to study their effects on 
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productivity of tomato plants particularly 

when deficit irrigation treatments were 

applied. The soil was clay loam in 

texture, with EC= 0.42 dS/m, organic 

matter = 1.37% and water field capacity = 

38.8%.   

Seeds of tomato (Solanum 

lycopersicum) cv. Alisa were sown in 

speeding trays on 1
st

 of January in the 

first and on 5
th

 of January in the second 

and third seasons. The seedlings were 

transplanted 50-60 days afterwards. 

Transplants were set on north side of 

rows 100 cm. apart and 3 m long with 50 

cm between transplants. Each plot 

consisted of 3 rows. The plot area was 6 

m
2
 and the distance between the two 

adjacent plots was not less than 1.5 m to 

reduce treatment over lapping as 

possible. 

To obtain good plant establishment, 

all plots were irrigated as normal i.e. as 

occur in tomato production fields in the 

area, in the first two irrigations. The 3
rd

 

irrigation added at 20-25 days after 

transplanting and was considered the 

beginning of practicing the three different 

irrigation treatments. 

All plots were fertilized according to 

the recommendations (rates and time of 

applications) of ministry of agriculture in 

old land. Other cultural practices were 

applied as commonly practice in tomato 

production field in the area.  
 

1. Treatments used  
Three amounts of irrigation water 

(irrigation regimes) were used as follows: 

1. Full irrigation (T1) is the optimum 

amount of irrigation water for tomato 

(full water requirement i.e. 100% of 

optimum irrigation water amount) 

which is the amount of water added to 

raise water content from 70% to 100% 

of field capacity (FC). Many previous 

worker recommended that irrigation at 

70 – 75% FC was considered the most 

suitable irrigation regime for tomato 

(Nahar and Gretzmacher, 2002, liu et 

al., 2009 and Nahar and Ullah, 2011) 

2. Applied 2/3 or (66 %) of the optimum 

amount which was considered 

moderate water deficit (T2). 

3. Applied 1/3 or (33 %) of the optimum 

amount which was considered severe 

water deficit (T3). 

Soil moisture was determined 

gravimetrically between irrigations. Soil 

samples were taken every 2 days 

between successive irrigations from 

each treatment by using an iron tube with 

a sharp circular cutting edge named 

(regulator Auger). The samples were 

immediately transferred in tightly closed 

aluminum cans to the laboratory and 

weighed, then soil samples were dried in 

an oven at 105 till constant weight.  

Soil moisture percentage was 

calculated according the following 

equation: 

% S.M. =  X 100 

% S.M. = Soil moisture percentage. 

Soil moisture measurements were 

used to determine the date of irrigation.  

During the entire period of the 

experiment, the depletion of water for 

each plot was carefully measured in all 

treatments (as mentioned above). 

Irrigation water was applied when soil 

moisture reached 70% of it's field 

capacity, only in plots devoted to 

treatment of optimum amount of 

irrigation water (T1), to raise moisture of 

the soil to 100% FC. Other deficit 

irrigation water treatments (  

of optimum amount of irrigation water) 

were irrigated at the same time with T1 

but received only 66% and or 33% of the 

amount of water applied to T1 

respectively. The desired quantity of 

water needed to T1 was calculated using 

the following formula: (Aron, 1972).         
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      Q=    

Where: 

Q = the quantity of water in cubic meter. 

F.C = field capacity of the experimental 

field. 

 =the percentage of soil moisture 

before irrigation. 

Bd = Bulk density of the soil in gm/cm
3
. 

D= Soil depth required to be irrigated. 

R= Area that would be irrigated. 

 

Tap water was the source of the 

irrigation water, which was delivered to 

each experimental unit through rubber 

tube. In addition water flow and water 

amount were controlled by using normal 

water counter.   
 

Drought adaptable treatments 
(sub treatments) were: 

1) Drought pretreatments of seedlings: 

seedlings were subjected to drought 

(by withholding irrigation water) at 5
th 

leaf stage for the maximum period that 

permitted subsequent recovery of at 

least 90% of the pretreated plants 

(Cuartero et al., 2006 and Malash and 

Khatab, 2008). Then the seedlings 

were irrigated and after recovery of 

seedling they were transplanted to the 

field. This process was carried out 

while seedlings were growing in the 

speeding trays.  

2) Tomato plants were sprayed with 

water suspension of calcium 

carbonate at concentration of 6%, it 

used as a reflecting antitranspiration 

(Malash and Gawish, 1990). The 

reflected antitranspiration was applied 

four times with 10 days intervals 

beginning at 27days after 

transplanting.  

3) Tomato plants were infected at 5 days 

after transplanting by arbuscular 

mycorrizal fungus (Glamous sp.) 

endogenous mycorrizal. It was added 

to the soil in a liquid case beside plant 

roots with equal amount (20cm
3
/plant 

which consist of 50 spores around 

root area
 
). Mycorrhizal was provided 

from Ain Shams University, Faculty of 

Agriculture, Microbial Inoculants Unit.  

4)  Control i.e. no further adaptable 

treatment was applied. 

In all cases seedlings were 

transplanted at the same time in the field.  

The design of the experiment was split 

plot design with 3 replications. Water 

amounts treatments and drought 

adaptable treatments were assigned 

respectively to main and sub plots. 

 

Data recorded: 
Although this experiment was carried 

out for three years i.e. 2014, 2015 and 

2016, only data of the 2015 and 2016 were 

presented. Trail carried out in 2014 used 

as preliminary study.  
 

I. Plant water relations: 
1- Relative Water Content (RWC): The 

5
th

 leaf from the plant top were taken 

from three randomly selected plants 

from each treatment at 62 day after 

transplanting. The RWC was 

calculated by the following equation 

as described by Barrs and Weatherly 

(1962). 

                    RWC=  x 100 

Where:  
FW= fresh weight of leaf discs. 

DW =dry weight of discs (at 70  till 

constant weight). 

TW=full-turgor weight i.e., turgor weight 

was determined by floated 10 leaf 

discs (1cm in diameter) from each 

treatment on distilled water in petri 

dishes under laboratory conditions. 

The discs left in the water for 

sufficient time and then weighed 

every 15 minutes they get out of the 

water after showing constant weight, 

discs were blotted before weighing.  
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RWC can be successfully used to 

identify drought- resistant crops. It was 

also called relative turgidity and is 

perhaps the most widely accepted 

method of expressing the quantity of 

water in plant tissue (Boyer, 1969). 

2- Water use efficiency (WUE):  At the 

end of the growing season total 

amount of water applied to each 

treatment (in m
3
) and total yield (Kg) 

obtained from the same treatment 

were used to calculate WUE according 

to the following formula. 

WUE=  

 

II. Yield and its components: 
Ripe fruits were harvested every 3-4 

days during the harvesting season, fruit 

weight and numbers were determined 

simultaneously for each harvesting. Yield 

and it's component were determined as 

follows: 

a) Early yield: was the fruit yield of the 

first three harvests.  

b) Total yield: was the weight of all 

harvested fruits throughout the entire 

harvesting season. 

c) Number of fruits per plant throughout 

the harvesting season. 

d) Average fruit weight: was determined 

by dividing the weight of fruits by their 

total number.  
 

III. Fruit quality: 
Fruit quality and chemical contents 

(vit.C, TSS, titratable acidity, firmness 

and lycopene) were determined in fruit 

samples taken randomly from the 2
nd

, 4
th

 

and 6
th

 harvestings and average values 

were only presented: 

a) Fruit firmness was determined by the 

fruit and vegetable tester (John 

Chatillon & Sons Ine., Kew Gardens, 

New York, U.S.A) using gauge 516- 

500 MRPFR (puncture test). Each fruit 

was tested at 3 positions: near the 

blossom end, at the shoulder and in 

the middle of the fruit. Then, average 

value was calculated for each fruit. 

b) Ascorbic acid content in tomato juice: 

(Vitamin C) the determination was 

carried out using 2, 6, dichlorophenol 

indophenol dye and oxalic acid as 

extractor as described in A.O.A.C., 

1965. 

c) Lycopene pigment content in tomato 

fruits: were determined by using 

method described in A.O.A.C., 2003. 

Lycopene was measured with a 

spectrometer model (CT- 2200 

spectrophotometer (Med Line 

Scientific Limited).  

d) Total soluble solids (TSS) content: 

were measured using an abbẻ hand 

Refractmeter.  

e) Titrable acidity: The acidity in fruit 

juice was assayed as citric acid by the 

titration with 0.7 N sodium hydroxide 

after adding a few drops of 

phenolphthaline as an indicator 

(A.O.A.C, 1975). 
 

Data statisticall analysis: 
The data of two seasons were 

statistically analyzed using the CoStat 

package program, version 6.311 (Cohort 

software, USA). The differences among 

the means of treatments were tested 

using the least significant differences 

(L.S.D) at 0.05 level of probability 

according to the method described by 

Snedecor and Cochran (1980).  
 

RESULTS AND DISCUSSION 
1- Effect on plant water relations 
1.1. Effect on relative water content 

(RWC) 

RWC is perhaps the most widely 

accepted method of expressing the 

quantity of water in plant tissue. As 

amount of irrigation water decreased 

RWC also gradually and significantly 

decreased in tomato leaves in both 
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seasons (Table 1). The reduction in RWC, 

(average of the two seasons) compare to 

that of well water treatment (T1) were 25 

and 53% when plants irrigated with 66% 

(T2) and 33% (T3) of optimum amount of 

water respectively (Table 1). Thus, these 

findings are in agreement with those 

reported by Chengkun et al. (1996), 

Subramanian et al. (2006) and Ozkur et al. 

(2009) who found that drought lowered 

RWC in tomato plants.  

Table 1 also shows that the three 

adaptable treatments (antitranspirant 

sprays, drought pretreatment and 

mycorrizal inoculation) all enhanced 

RWC in tomato leaves, comparable to 

those of untreated control, in both 

seasons. Mycorrizal inoculation gave 

significantly the highest RWC in leaves in 

the first season, but in the second one 

differences between RWC values 

obtained by using any of the three 

adaptable treatments were not 

significant. These results confirmed 

previous reports regarding the 

favourable effect of mycorrizal on 

improving water status in plants 

(Subramanian et al., 1995) as the fungal 

mycelium has higher absorptive capacity 

(because of its large surface area) for 

water and other minerals. 

Also, using antitransparent sprays 

reduced transpiration and enhanced 

water status in plants. Drought 

pretreatment also improved water 

content in tomato plants, but by 

encourage solutes accumulation which 

leading to conserve water in plants 

(Villar-Salvador et al., 2004). 

According to the data given in Table 1, 

the highest values of RWC in tomato 

leaves were in plants irrigated with the 

optimum amount of irrigation water, 

whatever was the adaptable treatment 

used, this result was true in both 

seasons. In addition, it is obvious that 

foliar spraying of plants with 

antitransparent produced the highest 

RWC in leaves of plants particularly when 

irrigated with the optimum amount of 

water. Moreover, RWC in leaves of plants 

that received the combination between 

antitransparent application and 66% of 

optimum amount of irrigation water (T2) 

also gave the highest value of R.W.C 

among water deficit treatments whatever 

were adaptable treatments.  

 
1.2. Effect on water use efficiency 

(WUE) 

WUE significantly increased as 

amount of irrigation water decreased 

(Table 1), in both seasons. This result 

confirmed with the results obtained by 

Liu and Chen (2002), Abbate et al. (2004), 

Zhao et al. (2006) and Subramanian et al. 

(2006) who detected higher WUE in wheat 

and tomato under drought than well 

watered control, mainly due to reduce 

transpiration rate under drought 

conditions and hence less water uptake.  

WUE of plants received any of the 

adaptable treatments were significantly 

higher than WUE obtained by control 

plants (Table 1). Values of WUE obtained 

by either of adaptable treatments were 

not significantly differ among them in the 

2015 season. In 2016 season, using 

drought pretreatment gave significantly 

the highest WUE among adaptable 

treatments, while WUE values obtained 

as a result of antitranspirant application 

and mycorrizal inoculation were not 

significantly differ (Table 1). 

These findings are in accordance with 

those of Moftah and Al- humide (2005) 

who mentioned that reflectant 

antitranspirant increased WUE in potato 

plants grown under water stress. Also, 

Al-karki and Clark (1999) and Farahani et 

al. (2008) showed that WUE was 

increased with application of mycorriza 

under drought conditions. In all cases the 

adaptable treatments increased RWC (as 

previously mentioned) in plant tissues 

which in turn enhanced physiological 

process and  improve  metabolic  activity  
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and   hence   gain   more   yield   without 

consume more water. In other words, the 

higher values of WUE obtained when the 

lowest amount of water applied was 

attributed to that the reduction in yield 

was not sever as much as the reduction 

in water applied. 
 

2. Effect on total yield and its 
components 

2.1. Effect on total fruit number / plant 

As expected decreasing amount of 

irrigation water decreased gradually and 

significantly number of fruit/ plant (Table 

2). Irrigation with the lowest amount of 

water (T3) considerably reduced fruit 

number /plant. Similar results were 

obtained by Vieria et al. (1991), Beverly 

and Latimer (1995), Pulupol et al. (1996), 

Rahman et al. (1998) and Krinka et al. 

(2001) regarding the reduction of fruit 

number by water stress. The reduction in 

fruits number was attributed either to 

flower or fruit drop or to low fruit set 

brought about by water stress (Rao and 

Padma, 1991). Also, Roa and Bhatt (1992) 

reported that in tomato plants 

continuously water stressed after 

seedling establishment, a fruit drop of 20-

25% may occur.  

Results presented in Table 2 show 

that all adaptable treatments used in this 

study often did not significantly increase 

fruit number over those obtained by 

plants of untreated control. Spraying 

plant with antitranspirant only in the first 

season resulted in increasing fruit 

number significantly when compared to 

those of untreated control (Table 2).  

Meanwhile, the differences in fruit 

number / plant as affected by different 

adaptable treatments were not significant 

except in one case (Table 2). 

Data in Table 2 show that number of 

fruit/ plant was highest when the plants 

were irrigated with optimum amount of 

irrigation water whatever was the 

adaptable treatment used. However, the 

lowest fruit number was obtained when 

plants irrigated with the lowest irrigation 

water amount regardless of adaptable 

treatments used. With very few 

exceptions it seems that adaptable 

treatments had a slight favourable effect 

on fruit number only when plants 

irrigated with 66% but not with those 

irrigated with 33% of optimum amount of 

irrigation water. This may suggest that 

the effect of severe water deficit cannot 

modified by such adaptable treatments. 
 

2.2. Effect on average fruit weight 

Decreasing irrigation water than its 

optimum amount reduced average fruit 

weight and the reduction in weight was 

gradually and significantly, as amount of 

irrigation water decreased (Table 2). The 

reduction percentages in fruit weight (as 

average of the two seasons) were 11.9 

and 27.5% with 66 and 33% of optimum 

irrigation water amount, respectively. 

These results agreed with former reports 

regarding the reduction of fruit weight by 

water stress (Yoon et al., 1989, Beverly 

and Latimer, 1995 and Rahman et al., 

1998). The reason of the reduction in fruit 

weight as a result of water stress may be 

return to the reduction in fruit 

enlargement due to low water content in 

fruits, (Yoon et al., 1989).  

Unlike fruit number/ plant using 

adaptable treatments significantly 

enhanced average fruit weight over those 

of untreated control (Table 2). Meanwhile 

differences in average fruit weight 

produced by plants received either of the 

three adaptable treatments were not 

significantly differ in both seasons (Table 

2). This result suggests that improving 

water status in adaptable treated plants 

leading to enhance fruit enlargement and 

weight. Similar results was also obtain by 

Beverly and Latimer (1995) who reported 

that average fruit weight of drought 

conditioned plants was 28% greater than 

those taken from plants receiving no 

conditioning. 
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It is obvious from data presented in 

Table 2 that although there were no 

significant differences between fruit 

weight produced from plants treated with 

any of the three adaptable treatments (as 

average), using antitranspirant spraying 

resulted in increasing fruit weight 

significantly over other adaptable 

treatments only when this treatment 

combined with irrigation with 100% of 

optimum amount of irrigation water. 

However, when lowest amount of water 

(T3) added, combined with treatment of 

antitranspirant showed significantly 

lower fruit weight when compared with 

weight of counterpart fruits of other two 

adaptable treatments. The alteration in 

average fruit weight as affected by using 

antitranspirant spraying and different 

level of irrigation water amounts seems 

to be quiet related to water status in 

plants, as fruit weight produced, as result 

of this combination, almost follow their 

counterpart data of RWC in leaves of 

plants (Table 1). This observation of 

obtaining the lowest fruit weight and the 

lowest RWC value in plants treated with 

antitranspirant and T3 may suggest that 

partially stomata closing by water stress 

treatment (33% of optimum irrigation 

water) plus the effect of antitranspirant 

application may brought about a large 

reduction in transpiration which may 

effect on water uptake and hence low 

RWC (Table 1), which predisposing to 

lower fruit weight. 

 
2.3. Effect on early yield 

According to the data given in Table 3, 

reducing amount of irrigation water 

applied from 100% to 33% of optimum 

amount decreased gradually and 

significantly early yield of tomato, in both 

seasons of study. The average reduction 

of the two seasons in early yield were 

respectively 18.6% and 48.2% when 66% 

and 33% of optimum amount of irrigation 

water were used compared to 100% 

treatment. The reduction in early yield by 

water stress treatments may return to the 

lower average fruit weight and fewer 

numbers of fruits produced/ plant  

Data in Table 3 show that early yield of 

plants received adaptable treatments 

(antitranspirant, drought hardening and 

mycorrizal inoculation) was significantly 

higher than that obtained by those 

untreated (control), in both seasons of 

study. Early yield obtained by 

antitransparent application was 

significantly higher than that obtained by 

other two adaptable treatments (drought 

hardening and Mycorrizal inoculation) 

only in one season (2015 season). But 

differences in early yield values obtained 

by other two adaptable treatments were 

not significantly differ in 2015 and 

between the three adaptable treatments 

in 2016 (Table 3). 

The results in Table 3 indicated that 

the highest early yield was recorded for 

plants received 100% of optimum amount 

of irrigation water and sprayed by 

antitranspirant, the second highest early 

yield was obtained in plants received 

100% of optimum water amount 

combined with mycorrizal inoculation. 

However, the lowest early yield was 

obtained by the combination between the 

lowest amount of T3 and control 

treatment. Nevertheless the second 

lowest early yield was recorded for the 

combination between antitranspirant 

treatment with T3.  

 
2.4. Effect on total yield 

Results presented in Table 3 show 

that total yield of tomato decreased 

significantly and gradually with 

decreasing amount of irrigation water. 

The reductions (as a percentage) in total 

yield as an average of the two seasons 

were 17.5% and 44.0% when 66% and 

33% of optimum amount of irrigation 

water were applied respectively. These 

results  agreed   with    former   reports  



N.M. Malash, et al., 

192 

 



Enhancing  drought  tolerance  of  tomato  plants  grown under  different ……….. 

193 

regarding the deteriorative effect of water 

deficit on tomato yield (Sivakumar and 

Srividhya, 2016, Liu and Chen, 2002, 

Rahman et al., 1998 and Ul et al., 1994). 

The reduction in yield by water deficit 

was attributed to the reduction in flower 

formation, fruit set, fruit enlargement 

(Yoon et al., 1989) and fruit number and 

weight (Beverly and Latimer, 1995).  

In this study the reduction in total 

yield occurred as a result of water stress 

was mainly attributed to the reduction in 

average fruit weight and to less extent 

number of fruits (Table 2). This result 

support the previous report of 

Panagitopoulos and Fordham (1995) who 

mentioned that reduction in total fruit 

yield of tomato mainly due to reduce fruit 

size. 

Also, the data (Table 3) indicate that 

the three adaptable treatments 

(antitranspirant spraying, drought 

hardening and mycorrizal inoculation) 

significantly increased total yield of 

tomato plants over that obtained by 

untreated control plants. The differences 

between values of total yield obtained by 

the three adaptable treatments were not 

significantly differ except in one case i.e. 

when antitransparent material applied in 

2015 in which gave significantly higher 

total yield than other two adaptable 

treatments. 

The favourable effect of mycorrizal 

inoculation on total yield of tomato 

grown under water stress conditions was 

also found elsewhere (Auge, 2001, Ruiz-

Lozano, 2003, Kaya et al., 2003 and 

Subramanian et al., 2006). 

Data in Table 3 show that the highest 

and the lowest total tomato yields were 

obtained when antitranspirant application 

combined with the optimum amount of 

irrigation water treatment and when 

untreated (control) plants combined with 

the lowest amount of irrigation water 

respectively, in both seasons of study. 

Also, the reduction in total yield was 

aggravated when the lower amount of 

irrigation water (T3) was applied with any 

of the adaptable treatments particularly 

with antitranspirant one (Table 3). 

However, using any of the adaptable 

treatments (only when combined with the 

moderate irrigation water amount i.e. 

66%) gave total yield either with slight 

decrease (differences were significant) in 

2015 season or slight increase or quite 

similar (differences were not significant) 

in 2016 season when compare to total 

yield obtained from plants received 100% 

of optimum amount of irrigation water 

and did not receive any of adaptable 

treatments (control plants). This may 

suggests that adaptable treatments used 

in this study could often alleviate 

moderate drought effect on tomato yield.  

 

3. Effect on fruit quality and 
chemical contents 

3.1. Effect on vit.C 
Decreasing amount of irrigation water 

applied increased significantly vit.C 

content in tomato fruits (Table 4). 

However, the highest vit.C content was in 

fruits produced by plants received the 

moderate amount of irrigation water i.e. 

66% of optimum irrigation water amount 

in both seasons. Similar results were 

obtained by Liu and Chen (2002), Nahar 

and Gretzmacher (2002), Toor et al. 

(2006) and Chen et al. (2013) who 

reported that water stress increased 

sugars and acids contents such as 

ascorbic acid of tomato fruits. The 

increase of vit.C content in fruits 

produced under water stress conditions 

may be due to altering environmental 

conditions which occur as a result of 

reducing vegetative growth vigor which 

allow fruits greatest exposure to light and 

relatively high temperature (McCollum, 

1944, Brown, 1955 and Liptay et al., 1986) 

and to the effect of stress on increasing 

synthesis of secondary metabolites 

compounds and antioxidants including 

vit.C. 
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Data in Table 4 show that fruits of 

plants that did not receive any of three 

adaptable treatments (antitransparent, 

drought pretreatment and mycorrizal 

inoculation) i.e. those of untreated 

control had significantly higher vit.C. 

content than those fruits produced from 

plants received any of the adaptable 

treatments. Meanwhile, the differences in 

vit.C contents in fruits produced by 

plants treated by any of the three 

adaptable treatments were not significant 

(Table 4). These findings do not in 

agreement with those reported by 

Subramanian et al. (2006) who suggested 

that mycorrizal inoculated plants, 

produced tomato fruits that contain 

significantly higher quantity of ascorbic 

acid than un inoculated plants when both 

grown under drought stress conditions. 

The effects of adaptable treatments 

which enhancing growth (which gave 

more shading) besides decreasing 

sugars and acids concentrations by 

improving water status of adaptable 

treated plants which also minimize the 

need to increase antioxidants 

compounds may be the reason of 

reducing vit.C. in fruits produced from 

plants received such treatments. 

Table 4 shows that the highest vit.C. 

content were in the fruits produced 

untreated by plants with any of adaptable 

treatments (control) followed by fruits of 

plants treated by mycorrizal inoculation, 

both in combined with irrigation with 66% 

of optimum water amount in particular, in 

both years of study. However, the lowest 

vit.C. contents were observed in fruits of 

plants received the optimum amount of 

irrigation water (100%) among those 

fruits produced by plants received any of 

adaptable treatments (Table 4).  

 
3.2. Effect on total soluble solids 

(TSS) 

As expected TSS values were higher 

in fruits produced from plants that 

received less amount of irrigation water 

than fruits produced from plants received 

optimum amount of water (Table 4). 

These findings are in agreement with 

those reported by Ito and Kuawai (1994), 

Panagitopoulus and Fordham (1995), Liu 

and Chen (2002) and Chen et al. (2013) 

regarding the enhancement effect of 

water deficit on TSS of tomato fruits. 

Water deficit may benefit tomato fruits 

quality due to the increased levels of 

total soluble solids (sugars, amino acids 

and organic acids) which are major 

compounds that accumulate in the fruits 

(Yin et al., 2010 and Nuruddin et al., 

2003). In this respect sugars constitute 

65 to 70% of the fruit TSS (Hosbon and 

Grierson, 1993). Moreover, the 

differences in TSS content resulting from 

using different water treatments may due 

to differences in water content of the 

fruits of mango (Abdel- Razik, 2012). 

Also, Ho and Grimbly (1990) and Mitchell 

et al. (1991) elicit that the increases in 

TSS by water stress are mainly due to the 

decrease in fruit water content and to a 

slight increase in soluble sugar 

accumulation. 

 High soluble solids increases the 

value of fresh fruits and improves of the 

quality of the fruits because it affects the 

flavour, taste and water content of the 

fruits. 

Results in Table 4 show that fruits 

produced from untreated plants by any of 

the three adaptable treatments (i.e. un-

treated control) had significantly the 

highest TSS content, in both season of 

study.  Meanwhile, TSS content in fruits 

that harvested from plants treated with 

any of the three adaptable treatments 

were not significantly differ among them 

(Table 4). These findings do not in 

agreement with those reported by 

Subramanian et al. (2006) who suggested 

that mycorrizal inoculated plants, 

produced tomato fruits that contain 
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significantly higher quantity of total 

soluble solids than un inoculated plants 

when both grown under drought stress 

conditions. It seems that the favourable 

effect of the three adaptable treatment on 

improving water status (R W C) in plants 

as previously shown in Table 1, may be 

the reason of reducing TSS 

concentration (%) in fruits treated with 

such adaptable treatments, comparable 

to those produced by the untreated 

plants (control) 

Results in Table 4 also indicate that 

the highest TSS content was in fruits of 

the untreated plants with any of 

adaptable treatments (control) and 

received the lower amount of water 

(33%). On the other hand, the lowest TSS 

content was recorded in fruits produced 

from plants that received the optimum 

amount of irrigation water and did not 

subjected to any of those adaptable 

treatments in both seasons of study 

(Table 4).  

Thus, it is obvious that water status in 

plants (and fruits) is the main factor 

affecting TSS content whatever was the 

adaptable treatment used. To further 

elucidate, water deficit enhanced sugars 

and organic acids assimilation, besides 

reduced dilution of such compounds, 

therefore TSS increased. Otherwise, 

under well water conditions sugars do 

not accumulate and abundant water 

content may reduce TSS concentration.  

 
3.3. Effect on titratable acidity 

The titratable acidity (TA) showed 

similar response to irrigation regimes as 

did TSS content (Tables 4 & 5). Titratable 

acidity increased gradually and 

significantly in tomato fruits as irrigation 

water amount decreased, in both 

seasons. The increase in TA percentage, 

as an average of the two seasons, were 

26.8 and 50% when 66% and 33% of 

optimum amount of irrigation water 

applied respectively, over those received 

100% of optimum amount of irrigation 

water. The increase in TA content in 

fruits grown under water stress was also 

observed elsewhere (Mitchell and 

Shennan, 1991, Panagitopoulos and 

Fordham, 1995, Veit-Kohler et al., 1999, 

Liu and Chen, 2002, Chen et al., 2013 and 

Agbemafle et al., 2014). 

Results presented in Table 5 show 

that acidity was significantly high in 

fruits produced from plants of untreated 

control i.e. did not treated with any of 

those adaptable treatments in both 

seasons of study. Meanwhile, differences 

in acidity content in fruits harvested from 

plants treated by any of the three 

adaptable treatments were not 

significant, in both seasons. This result 

may suggest that water regimes (amount 

of irrigation water) had the main effect on 

fruit acidity content than adaptable 

treatments effects. 

The highest value of TA was in fruits 

harvested from plants irrigated with 33% 

of optimum amount of irrigation water in 

combined with the untreated control 

(Table 5).  

 
3.4. Effect on fruit firmness 

Results in Table 5 show that fruit 

firmness increased gradually and 

significantly with decreasing amount of 

irrigation water applied, in both seasons 

of study. These results agreed with 

former reports, which indicated that 

tomato fruit firmness was significantly 

increased by application of 1/3 or 2/3 of 

full irrigation water amount (Chen et al., 

2013). Similar findings were also reported 

by Lopez et al. (2011) and by Abdel-Razik 

(2012) who indicated that water deficit 

increased firmness of pea pods and 

mango fruits, respectively. In addition 

some workers observed a positive link 

between dry matter or total soluble solids 

and firmness of tomato fruits (Aurand et 

al., 2012). However, Agbemafle et al.  



Enhancing  drought  tolerance  of  tomato  plants  grown under  different ……….. 

197 

 



N.M. Malash, et al., 

198 

(2014) reported that although deficit 

irrigation increased tomato fruit firmness, 

but differences between the effects of 

different irrigation treatments were not 

significant.  

Using the three adaptable treatments 

(antitranspirent application, drought 

pretreatment and mycorrizal inoculation) 

resulted in decreasing fruit firmness 

significantly compared to those 

produced by untreated control plants in 

both seasons (Table 5). The effect of 

adaptable treatments on tomato fruit 

firmness were discrepancies between the 

two seasons, besides differences in fruit 

firmness among these treatments were 

not significant in most cases.  

The report of Aurand et al. (2012), 

previously mentioned above may explain, 

even in part, the reason of decreasing 

fruit firmness when plants treated with 

such adaptable treatments. Improving 

water stress in plants by using such 

treatments may negatively affect dry 

matter content in fruits and hence on fruit 

firmness.  

Fruit firmness of plants treated with 

each of adaptable treatments at any 

amount of irrigation water used were 

lower than their counterparts that were 

not treated (Table 5). This result may 

suggest that adaptable treatments had no 

favourable effect on fruit firmness, unlike 

amount of irrigation water applied, but 

they impaired it. 
 
3.5. Effect on lycopene content in 

tomato fruit 

It is obvious from results presented in 

Table 5 that lycopene content in 

tomatoes increased as irrigation water 

amount decreased, and the plants that 

irrigated by the lowest water amount 

produced fruits contained the highest 

lycopene content, in both seasons. Thus, 

these findings support the previous 

findings of Klunklin and Savage (2017), 

Sivakumar and Srividhya (2016), 

Giannakoula and Illias, (2013), Chen et al. 

(2013) and Matsuzoe et al. (1998) who 

reported that lycopene was increased 

under water stress than under well 

watered conditions. 

The increase in lycopene content of 

tomato fruit under water stress 

conditions could interpreted on the base 

that plants growing under stress 

conditions react by increasing their 

antioxidant production from both non-

enzymatic systems which including 

lycopene (Apel and Hirt, 2004). Moreover, 

as it is well known that abscisic acid 

(ABA) is a primary stress indicator for 

drought pathways in plants to increase 

the plants response to desiccation. The 

lycopene and B- carotene accumulation 

in the fruits were accompanied by an 

increase of ABA content (Chaves et al., 

2009). Ethylene which also largely 

accumulates in stressed plant as like 

ABA, also increases carotenoids 

concentration in tomato fruits (Basiouny 

et al., 1994 and Paz et al., 1982).  

Data in Table 5 show that using any of 

the three adaptable treatments reduced 

lycopene content in tomato fruits 

compared to those of untreated control. 

This result seems to be accepted as such 

treatments reduce the deleterious effect 

of drought and hence reduce the 

synthesis of secondary metabolites as 

well as antioxidants, therefor lycopene 

decreased. Using drought pretreatment 

as an adapting method enhanced 

lycopene content in tomato fruits than 

those obtained by using other two 

treatments (antitranspirant and 

mycorrizal) in both seasons but the 

increment in lycopene content as result 

of using the former treatment was 

significant only in the 2015 season. 

Results obtained in Table 5 also show 

that the highest and lowest values of 

lycopene contents were in fruits 

produced from control plants when 
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combined with the lowest and highest 

amount of irrigation water respectively. 
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تحفيز المقاومة لمجفاف فى نباتات الطماطم النامية تحت ظروف نظم رى مختمفة 
 باستخدام بعض المعاملات الزراعية

 
 سعيد عبدالعال نبيل محمد ممش ، محمد عبدالفتاح فتح الله ، منى رشدى خميل ، إيمان

 جامعة المنوفية –كمية الزراعة  –قسم البساتين 

 الممخص العربى

تعتبر الطماطم من أىم محاصيل الخضر من حيث قيمتيا الاقتصادية والغذائية فى مصر وفى العالم. نقص المياه ىى 
ى منطقة البحر المتوسط إما نتيجة إحدى المشاكل الرئيسية والمنتشرة فى المناطق الجافة وشبو الجافة فى العالم كما ىى ف

لنقص معدلات الأمطار أو نتيجة لعدم تجدد مصادر المياة العذبة بالرغم من زيادة عدد السكان فى ىذة المناطق. ولذلك 
ىناك جيود تبذل وتجارب تجرى من أجل تحسين أقممة المحاصيل النباتية وبالذات الإقتصادية منيا لزيادة مقاومتيا 

مياة الرى. ففى ىذة الدراسة رويت نباتات الطماطم صنف "اليسا" بثلاث كميات مختمفة من المياة وىى  وتحمميا لنقص
% من السعة الحقمية الى 00( وىى عبارة عن كمية المياة اللازمة لرفع الرطوبة الأرضية من T1كمية المياة المثمى )

 %66% ىو أنسب نظام لرى الطماطم(، 00الى  % )حيث وجد أن اعادة رى الطماطم عندما تصل السعة الحقمية100
(T2 و )33(%(T3  من كمية المياه المثمى، بالاضافة الى ذلك عوممت نباتات الطماطم بثلاث معاملات لرفع درجة

مقاومتيا لنقص الماء وىى معاممة البادرات )عمر خمس أوراق حقيقية( بالجفاف بإيقاف الرى لفترة محدودة، أو رش أوراق 
( أو عدوى جذور النباتات بعد %6الطماطم بمضاد لمنتح )عبارة عن معمق من كربونات الكالسيوم فى الماء بتركيز نباتات 

 شتميا بفطر الميكوريزا علاوة عمى نباتات الكنترول التى لم تعامل. 

ماء وتشير النتائج عمى أن نقص مياة الرى المضافة أدى الى نقص تدريجى ومعنوى فى  المحتوى النسبى لم
((RWC ، عدد الثمار/ نبات ومتوسط وزن الثمرة والمحصول المبكر والكمى مقارنة مع مثيلاتيا فى النباتات التى رويت

(. ويعود النقص فى المحصول الكمى الى النقص فى كل من عدد الثمار ومتوسط وزن الثمرة.  T1بكمية المياة المثمى)
( الى زيادة كفاءة استخدام الماء علاوة عمى تحسين صفات T2&T3ء)وعمى العكس من ذلك فقد أدت معاملات نقص الما

(، الحموضة المعايرة وصلابة الثمار وكذلك TSS، المواد الصمبة الذائبة الكمية )Cالجودة من حيث زيادة كل من فيتامين 
تحسين المون )زيادة صبغة الميكوبين( فى الثمار الناضجة. وقد عممت تحسين صفات الجودة فى الثمار باستعمال كميات 

ة أقل من المياة الى أن النباتات تحت ظروف نقص المياة تمجأ الى تغيير مسار العمميات الغذائية بحيث تكون مركبات ثانوي
والكاروتينويدات ........الخ.  ،الفيتامينات ،ومن ىذة المركبات السكريات، الأحماض العضوية ،بدرجة أكبر كوسيمة لمدفاع

جدير بالذكر أن معاملات زيادة مقاومة النباتات  لنقص المياة الثلاثة )الرش بمثبط النتح، معاممة البادرات بالجفاف 
الات أدت الى تخفيف أضرار نقص الماء عمى نباتات الطماطم حيث أنيا حسنت معنويا والعدوى بالميكوريزا ( فى معظم الح

)نباتات الكنترول( وذلك تحت ظروف كل من الرى بالكمية المناسبة  المحصول ومكوناتو لمنباتات عن تمك التى لم تعامل
(T1( أو الرى بكميات أقل )T2&T3 الزيادة الناتجة عن إستخدام معاملات تخفيف .) أضرار نقص الماء)الجفاف( فى

المحصول ترجع أساسا الى الزيادة فى متوسط وزن الثمرة ولكن بدرجة أقل الى عدد الثمار. بالاضافة الى ذلك أدت ىذة 
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( وزيادة كفاءة استخدام المياة RWC) المعاملات )معاملات زيادة مقاومة الجفاف( الى تحسين الحالة المائية لمنباتات
((WUE ياتين الصفتين فى نباتات الكنترول. ولكن أدت ىذة  المعاملات الى نقص فى صفات جودة الثمار قد مقارنة ب

يكون ىذا نتيجة لتحسين الحالة المائية فى النباتات فأدى ذلك الى تقميل تركيز الذائبات والأحماض وغيرىا. غالبا كان 
خدام مثبط النتح خاصة عندما تروى النباتات بالكمية أعمى القيم المتحصل عمييا فى المحصول ومكوناتو ترجع الى إست

إنخفضت ىذة القيم  T3)ولكن عند النقص الشديد فى ماء الرى ) T2)( أو بكمية المياة متوسطة النقص )T1المناسبة )
دى عدوى لتكون أقل من مثيلاتيا الناتجة عن إستخدام المعاممتين الأخريين )العدوى بالميكوريزا وجفاف الشتلات(. أيضا أ

النباتات بالميكوريزا الى اعطاء أعمى قيم لمتوسط وزن الثمرة مقارنة بالمعاممتين الأخريين وثان أعمى القيم لمعلاقات 
المائية والمحصول ومكوناتو وذلك بالتبادل مع معاممة جفاف البادرات. كما أن العدوى بالميكوريزا أدت الى الحصول عمى 

 مقارنة بقيم المعاممتين الأخريين. T3 )ناتو عندما رويت بأقل كمية من المياة )أعمى قيم لصفات المحصول ومكو 
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