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Summary: The cultivated plant climate association in agricultural yields is getting expanded consideration with regards to changing climatic 

conditions. Abiotic stressors can lead to morpho-anatomical, physiological, and biochemical alterations in harvests, resulting in a significant loss of 

profit. A comprehension of ecological elements and their communication with physiological cycles is critical for improving agricultural practices. 

Drought stress is among the main natural factor affecting plant development, growth, and yield measures. Assessing the impact of environmental 

change and atmospheric variability on tomato crop output will require a thorough understanding of this stress element. The physiology, development, 

improvement, yield, and quality of the tomato crop are all affected by dry season stress. This mini-review essay presents the most prominent features 

about the effects of drought stress on tomato crop plant physiology and production, with specific highlighting for the complex relationship between 

drought stress, and nutrients uptake. 
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Introduction 
 

 The crop-environment dynamic relationship in horticultural 

crops suggests that climate change and global warming should 

be taken into account. Natural stresses caused by 

environmental change produce plant (morpho-anatomical), 

physiological, and finally biochemical changes in horticulture 

crops, resulting in a rapid drop in income. 

Dry spell, flooding, saltiness, and temperature (heat) stress 

are among the main environmental variables affecting plant 

development, improvement, and yield. A full exploring of the 

negative effects of these natural conditions will be powerful in 

understanding the impact of a worldwide temperature alteration 

on plant crop production. 

There is a great need to understand ecological factors' 

interact with physiological, and biochemical processes for 

improving integrated horticultural crop management. Abiotic 

stressors in crops have become a major concern in recent 

decades, owing to the likelihood of increased severity and 

frequency as climatic conditions change. Figures 1-2 

separately indicated the adjustment in yearly precipitation and 

yearly mean temperatures extended in the Middle East and 

Jordan in 2050 (produced utilizing programming of Wigley, 

(2008)), cited in (Massimi et al., 2018b). 

At numerous levels of crop response, these detrimental 

consequences can be seen. Abiotic stress can cause 

morphological changes in shoot, root, and leaf growth, as well 

as formative alterations in crop-season life cycle and duration, 

with more modest or fewer harvest plant parts. Physiological 

metabolism processes are also negatively affected, like 

transpiration, respiration, mineral uptake, photosynthetic rate, 

and assimilates partitioning to crop plant organs. Eventually, at 

the biochemical (molecular) level, ecological abiotic stress 

causes enzyme inactivation changed the water and ion uptake, 

and adjusted hormone concentrations. 

Drought (moisture) stress is the most important abiotic 

stress for horticulture crops, as can be seen. Salts get 

concentrated in the soil solution as the soil dries, according to 

Utah State University's Amacher et al. (2000), increasing salt 

stress. 

As a result, salt problems are more severe in hot, dry 

conditions than in cool, humid conditions. It is intuitive to 

understand the relationship between heat stress and annual 

precipitation on one hand, and the outcome, which is drought 

stress, on the other hand. Abiotic stresses are frequently 

interrelated, either independently or in mixed impact; they 

cause anatomical, physiological and biochemical changes that 

antagonistically sway crop improvement, development, and at 

last yield. 

Vegetables are being succulent, the greater part of the 

vegetable plants are touchy to dry spell stress, especially from 

flowering to the seed development stage. According to reports, 

corn, soybeans, beans, and peas are moderately water stress-

sensitive, whereas tomatoes are extremely drought-sensitive 

(Nemeskeri & Helyes, 2019).  

Massimi & Al-Bdour (2018) stated that corn, beans, peas, 

and tomatoes are horticultural crops that can be grown as 

agronomic crops in the open fields of Jordan. Massimi et al. 
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(2018a) stated that due to climate change, there is an 

anticipation of extreme dry spell conditions portrayed by lower 

precipitation and less water for the water irrigation systems in 

areas of Jordan. It can be concluded that it is better to grow 

tomatoes in dry countries as a protected crop inside 

greenhouses to ensure higher yields and economic profitability. 

 

 

Figure 1. The shift in estimated annual precipitation in the Middle East in 2050 

 

 

Figure 2. A shift in estimated and predicted annual mean temperature in the 

Middle East in 2050 
 

Tomato (Lycopersicon esculentum Mill.) is an important 

horticultural summer warm-season crop. Németh & Ehret-Berczi 

(2014) stated that the production of greenhouse vegetables is a 

key sector of horticulture, which represents a significant 

proportion of the value of production of horticultural products, 

and contributes to minimizing imports in Hungary. Greenhouses 

growing vegetables account for 5-6 % of the total vegetable 

production area in Hungary, where the most important vegetable 

crop in greenhouse vegetables is tomato after paprika. Moreover, 

the agricultural survey conducted by the department of statistics 

in Jordan (2017) reported that tomatoes are a major vegetable 

crop in Jordan. In 2017, the total area cultivated with tomatoes 

was (12194.5 ha) of the total (37695.6 ha) area cultivated with 

all other vegetables. The oldest agricultural survey in Jordan, 

conducted in 1995, revealed a similar trend, as the area of 

tomatoes (11104.6 ha) is larger than the total area of vegetables 

(42930.9 ha). 

This mini-review essay presents the most important issues 

about the effects of the main abiotic environmental factor (i.e.; 

drought stress) on some morphological, physiological, 

biochemical production responses of tomato (Lycopersicon 

esculentum Mill.) generally. In particular, the essay focusing 

on tomatoes in regions prone to climate change such as 

Hungary and Jordan.  

 

Drought stress and mechanisms of drought resistance 

 

 Plants undergo drought stress either when it becomes 

difficult to supply water to the roots or when the transpiration 

rate of the plant becomes very high (Srinivasa Rao et al., 

2016). Drought stress as a result of insufficient rainfall and 

inadequacy of water supply due to the capacity to store soil 

moisture induces anatomical, morphological, physiological, 

biochemical and, genetic responses in crops, which restricted 

crop growth, development, and yield (Zhou et al., 2017). 

Water is a basic component for preserving crop 

physiological activity and metabolism, thus water supplying 

adequately is critical for keeping optimum productivity of 

horticultural crops. Tomatoes, for example, are typically sold 

by fresh weight, and thus yield is determined by the amount of 

water in crop tissue. 

Srinivasa Rao et al. (2016) classified drought resistance into 

three classes, drought escape, drought avoidance, and drought 

tolerance. 

Drought escape is the ability of crop plants to complete 

their life cycle duration before soil water deficits occur by early 

flowering and maturity, and re-mobilization of plants 

assimilates to the grain. But, drought avoidance is the ability of 

crop plants to keep high tissue water potential regardless of a 

soil water shortage by the maintenance of turgor via increasing 

efficient rooting system and depth and increasing hydraulic 

conductance, reducing stomatal conductance, reduction of 

radiation absorption by leaf folding and reduction of leaf 

surface evaporation (Srinivasa Rao et al., 2016).   

Drought tolerance is characterized as the ability to 

withstand water scarcity with a low potential for tissue water 

and the ability of crop plants to produce a minimum loss of 

their economic productivity. Several drought tolerance 

mechanisms exist to preserve turgor by osmotic adjustment and 

induce solvent accumulation in plant cells (Srinivasa Rao et al., 

2016).  The chlorophyll content identified by (Zhou et al., 

2017) strongly depends on the physiological responses of the 

species and their ability to withstand stress. The chlorophyll 

content is one of the most important markers for the 

identification of tomato tolerances for drought.  

In the book of irrigation water management, mainly chapter 

three written by Brouwer & Heibloem (1986) and published by 

the Food and Agricultural Organization (FAO), vegetable 

horticultural crops are classified according to drought 

sensitivity. The following vegetables are medium to highly 

drought-sensitive: cabbage, maize, melon, onion, pea, and 

pepper. However, potato is considered highly sensitive to 

drought as compared to sugar-beet, which is low to medium 

drought sensitive. It was stated and documented previously that 

the tomato crop belongs to extremely drought-sensitive plants 

in comparison to corn, soybean, beans, and peas. The latter 

groups are known to be moderately susceptible to water stress 

(Nemeskeri & Helyes, 2019). The tomato crop is more 

susceptible to water stress during fruit setting and fruit 

development (Nemeskéri et al., 2019). 

 

Anatomical Responses of Tomato Crop to Drought Stress 

 

Many studies have been conducted documenting and 

demonstrating the impact of drought stress on the tomato crop 

and the physiological and biochemical changes that occur. 
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However, morphological changes and their study are an 

important factor in understanding what is happening 

physiologically and biochemically, and thus understanding the 

effect of drought stress on the overall crop production. Under 

the sub-title of drought resistance mechanisms, general 

observations regarding morphological (anatomical) changes are 

presented and they are: 

1. Leaf rolling, folding, and decreased evaporation of the leaf 

surface area, as well as decreased absorption radiation 

2. The improved depth and productive root system for rooting 

 

Srinivasa Rao et al. (2016) Abiotic stresses, with smaller or 

fewer crop plant organs, have been linked to altered shoot, 

root, and leaf growth, as well as crop-season life cycle and 

length. Khan et al. (2015) studied morpho-physiological 

various changes in tomato crop parameters under drought stress 

conditions.  In two separate conditions of water availability, 

both regulated and drought conditions, he experimented with 

tomato plants grown in greenhouses. Relative water content 

(%), and relative growth rate (per week) were the parameters 

studied. Stress from drought has a huge influence on all studied 

parameters. Due to less water supply, the plant body's relative 

water content decreases during drought stress. The research 

concluded that photosynthesis capacity was negatively affected 

due to less water, resulting in less energy output and ultimately 

low growth. The relative growth rate per week for fresh weight 

was 1.37 gm in managed conditions, while that of a plant in 

drought condition was 0.57 gm, it was recorded. 

Several studies have been performed and concluded that by 

cultivating a deep root system, tomatoes can survive prolonged 

periods of soil water deficit (Patane et al., 2010). Moisture 

stress decreased the weight of shoots and roots of tomato 

seedlings substantially for up to 6 days (Zhou et al., 2019). 

In a review article published in an agronomy journal 

entitled (physiological responses of selected vegetable crop 

species to water stress), researchers concluded that tomatoes 

through strong suction force roots better than snap beans. The 

shallow-rooted crop of the snap bean was responsible for this 

(Nemeskeri & Helyes, 2019). 

 

Tomato crop physiological responses to drought stress 

 

Changes in plant morphology and anatomy were evaluated 

and recorded in the sense of drought stress tests. But in 

different research, the change in physiological processes and 

plant responses have not been properly assessed but needs to be 

collectively reviewed (Nemeskeri & Helyes, 2019). 

Crop plants have physiological responses to drought stress 

in various issues. The most important parameters used to 

evaluate crop plant physiological processes under drought 

stress are: 

1. Canopy temperatures 

2. Stomatal behaviors and conductance 

3. Chlorophyll content of leaves 

 

Crop water index, leaf water potential, relative water 

quantity, turgor potential, osmotic change, and the difference 

between a canopy and air temperature are all physiological 

parameters that can be used as screening techniques to measure 

crop plant water stress resistance (Chatterjee & Solankey, 

2015). The crop water index is calculated by a technique of 

infrared thermometry technique to assess the change in the 

temperature of the canopy and to detect the temperature 

difference between the canopy of the crop plant and air under 

conditions of drought stress. 

Canopy temperature is directly related to the stomatal size, 

density, and behavior. If the agricultural plant is suffering from 

drought (water) stress, the difference between a canopy and air 

temperature is said to be positive. (Nemeskeri & Helyes, 2019). 

Under drought stress, the tomato canopy temperature was 

greater than the air temperature at a given time of day. (Helyes, 

1991).  From this point on, it can be inferred that when the 

amount of water available for crop plants in the soil decreases, 

transpiration is reduced depending on the air temperature, 

resulting in a rise in the temperature of the canopy. Therefore, 

the closure of stomata induces a decrease in transpiration that 

leads to a rise in the temperature of the canopy of crop plants.  

Similar conclusions were reviewed and reported by 

(Nemeskeri & Helyes, 2019). Under drought stress, the canopy 

temperature of tomatoes was only (1.8 C) higher than the air 

temperature, although it was somewhat lower (0.6 C) under 

excellent water supply circumstances, according to a study 

done in Hungary (Helyes, 1990). 

The relative water content of the tomato plant's body decline 

during drought stress due to less water availability (Khan et al., 

2015). Drought stress arises when soil water content for good 

growth or water supply is not adequate (Larcher, 2003). Initially, 

a decrease in leaf relative water content (RWC) induces stomatal 

closure, which in turn contributes to a decrease in the supply of 

mesophyll cells with carbon dioxide (CO2) and thus decreases 

the photosynthetic rate of leaves. 

Drought avoidance mechanism is carried out by retaining 

turgor through increased hydraulic conductivity through 

productive root systems and by reduction of water loss through 

reduced stomatal conductance, plants under drought conditions 

survive by doing a balancing act between maintenance of 

turgor and reduction of water loss (Srinivasa Rao et al., 2016).  

Drought stress affects the photosynthetic rate, relative water 

content (RWC), leaf water capacity, and stomatal conductivity, 

according to the findings. According to these observations, 

stomatal closure causes an increase in leaf water potential and 

reduces the rate of transpiration. 

Stomatal conductance falls from 14% to 73% in the case of 

tomatoes grown under non-irrigated conditions, depending on 

the environmental conditions and varieties, compared with 

well-watered crop plant varieties (Nemeskeri et al., 2019) 

(Helyes et al., 2013). Under water deficit conditions such as 

drought stress, stomatal conductivity for both water and CO2 

flow decreased by closing the stomata (Sing & Reddy, 2011), 

thus it can be concluded that stomatal resistance increased.  

Drought stress allows the concentration of solute in the soil 

solution to increase, leading to an osmotic flow of water from 

the cells of plants. This leads to an increase in the 

concentration of solutes in plant cells, decreasing the potential 

of water and disrupting membranes and cell processes such as 

photosynthesis (Srinivasa Rao et al., 2016). Also, a reduction 

in leaf relative water content causes stomatal closure, which in 

turn leads to a decrease in the supply of carbon dioxide which 

contributes to the decrease in photosynthesis. 

Drought stress changes the concentration of the chlorophyll 

in the leaf due to metabolic disturbance, at this time the light 

absorption decreases. The sum amount of pigments that are 

photosynthetic in leaves influences the light absorption by 

leaves. In the photosynthesis process, photosynthetic pigments 

in the photochemical photo-systems (PSI, PSII) of leaves are 

used to absorb light and convert light to chemical energy. An 
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ultimate reduction in chlorophyll content and photosynthesis 

can be expected under drought stress conditions (Srinivasa Rao 

et al., 2016). 

 

Biochemical response of tomato crop to drought stress 

 

Simply, shifts in the biochemical environment synergize or 

antagonize various hormonal signaling pathways in response to 

single stresses and combined stresses that ultimately activate 

distinct physiological responses. At the biochemical/molecular 

level, abiotic stresses induce changes in crop plant body such 

as enzyme inactivation, altered water, and ion absorption, and 

altered hormone concentrations. 

By sensitizing growth and developmental processes, plant 

growth regulators play an important role in controlling plant 

responses to drought stress. Plants are naturally equipped with 

many endogenous biochemical and molecular pathways to 

provide immunity against drought stress. The regulatory 

functions of plant growth regulators (PGR) (Table 1) are one of 

the most critical aspects of drought stress tolerance.  

 
Table 1. A brief list of all plant growth regulators and formulas 

Plant Growth Regulator (PGR) Basic Native 

Auxins Indole-3-Acetic Acid (IAA) 

Gibberellins Gibberellic Acid (GA3) 

Cytokinins CK 

Ethylene Ethene 

Abscisic Acid ABA 

 

PGRs are chemical compounds that regulate the growth and 

differentiation of plant cells, tissues, and organs, as well as 

serving as chemical signals for intercellular communication. In 

general, there are five major classes of plant growth regulators, 

each grouped into one of these classes based on their structural 

similarities and physiological responses. These include the 

auxins and gibberellins that stimulate cell elongation; 

cytokinins, that stimulate cell division; ethylene, the gaseous 

molecule that controls, among other things, fruit ripening plant 

event; and abscisic acid (ABA), which regulates senescence 

and abscission of plant parts and helps to maintain plant water 

connections (Upreti & Sahrma, 2016). 

Research and studies in this field are complex and 

intertwined. The role of ABA and cytokines in the tolerance of 

stress is well explained.  

There are several ABA functions in crop plants. To 

promote stress tolerance, high cellular levels of ABA facilitate 

changes in stomatal activity, root hydraulic conductivity, 

photosynthesis, biomass allocation between roots and shoots, 

plant water ties, osmolyte production, and synthesis of stress-

responsive proteins and genes (Kim et al., 2010).  

The following are the most important pieces of literature 

mentioned about the tomato crop plant and its biochemical 

changes (cited by Upreti & Sharma, 2016). It is important to 

note the indirect relationship between drought stress and other 

types of stress, i.e. high temperature may cause drought stress, 

and thus salinity stress (Figure 3): 

1. Pillay and Beyl (1990) reported a decrease in the 

concentration of cytokinin in a drought-prone tomato cultivar 

2. Maggio et al. (2010) reported that tomato GA3 treatment 

decreased stomatal resistance and increased the use of 

plant water 

3. Dunlop and Binzel (1996) witnessed a substantial 

reduction in the amounts of IAA levels of tomato caused 

by salinity 

 

 

Figure 3. Intertwined relationship of different abiotic stresses 

 

Tomato yield and quality under drought stress 

 

Drought is one of the most important limiting factors for 

field crops and vegetable production worldwide. The 

magnitude and length of drought stress affect tomato plant 

growth, yield, and fruit quality. Drought stress during seedling 

establishment, vegetative development, and early reproductive 

growth stages typically reduce yield by reducing the number of 

seeds, seed size, and seed quality. Terminal drought and high-

temperature stress reduced seed size more than drought stress 

alone resulting in the production of shriveled seeds (Copeland 

et al., 1995). The average seed mass decreased when the 

severity of drought stress during or before seed filling 

increased, which interrupted seed development and produced 

light seeds (Copeland et al., 1995). Similar results were 

concluded for barley (Hordeum vulgare L.) in Jordan and 

reported by Massimi (2018).   

However, other research studies showed no significant 

effect of drought stress on seed quality, and vigor of tomato 

(Lycopersicon esculentum L.) (Pervez et al., 2009). The latter 

research concluded that the height of the plant, the number of 

leaves, and the number of fruits per plant showed substantial 

results in drought stress. Resulting in drought effects on the 

growth of tomatoes. 

Concerning the quality parameters of the effect of drought 

stress on tomatoes, several studies have shown that the sugar 

and acid content of tomatoes, such as malic acid, citric acid, 

and ascorbic acid, increases with water (drought) stress in 

tomatoes, thus improving the fruit quality (Nahar & 

Gretzmacher, 2002). A large increase in fruit fructose, glucose, 

and sucrose has also been reported and the propensity of the 

tomato plant to respond osmotically to drought stress has been 

shown. An increase in ascorbate concentrations under drought 

stress has been reported (Favati et al., 2009). 

From here emerges the importance of conducting in-depth 

research to show the effect of drought stress on tomato plant 

growth and yield. Especially since tomatoes are grown in 

protected conditions to ensure productivity and marketing and 

to prevent or to control pests, diseases, insects, and weeds, 

which will lead definitely towards low productivity and 

consequently decreased profitability. 

 

Drought stress and nutrients uptake 

 

The key limiting factors in maintaining and enhancing 

vegetable production are the abiotic stresses of rising 

temperatures, the decreased supply of irrigation water, and 

salinity. Extreme climatic conditions can also adversely affect 

Heat Stress

Drought Stress

Salinity Stress
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the fertility of the soil and increase soil erosion. To maintain 

productivity, further application of fertilizer or improved 

nutrient-use efficiency of crops will therefore be needed 

(Srinivasa Rao et al., 2016).   

Drought stress is one of the most serious abiotic stresses 

that plants face, as it restricts the flow of important nutrients to 

the root zone and limits water accessibility to cells due to 

inadequate hydraulic conductance from roots to leaves induced 

by stomatal closure. As a result of the reduction in hydraulic 

conductivity, the supply of nutrients to the shoot is reduced. 

An electronic application called (PLANTIX App 3.3.0) has 

been prepared by Progressive Environmental & Agricultural 

Technologies (PEAT GMBH) in Germany (Strey, 2020). The 

reasons for the lack of nutrients of the tomato plant according 

to the different growth stages were addressed using this 

application (Table 2). 

 
Table 2. Outline for tomato crop growth stages and nutrients deficiency 

expectations because of drought stress 

Nutrient Symbol 
Tomato growth 

stage 

Nitrogen N 
vegetative, 

flowering, fruiting 

Potassium K 

flowering, 

fruiting, 

harvesting 

Phosphorus P 
vegetative, 

flowering, fruiting 

Calcium Ca  
vegetative, 

flowering, fruiting  

 

According to the application (Strey, 2020), periods of 

drought stress hinder the absorption of Nitrogen (N) in the 

vegetative, flowering, and fruiting stages of the tomato plant.  

Besides, drought conditions limit the absorption of water and 

phosphorus (P) by roots and trigger deficiency symptoms in the 

growth and development stages of vegetative, flowering, and 

fruiting.  

However, hot temperatures or drought conditions block the 

transport of water and potassium (K) to the tomato plants in 

flowering, fruiting, and harvesting growth stages. Tomato 

calcium deficiency (Ca) typically occurs in sandy soils with a 

low capacity to retain water, which is vulnerable to drought 

and can reduce its absorption. Calcium deficiency symptoms 

usually in the vegetative, flowering, and fruiting growth stages 

of the tomato plants.  

 

Conclusions and recommendations 
 

Drought stress is one of the significant environmental 

factors affecting the growth, production, and yield of tomato 

plants. In determining the effect of climate variability on 

tomato development, a thorough understanding of the impact 

of this stress factor will be important. Drought stress affects 

several processes including physiology, growth, development, 

yield and, quality of the tomato crop. This mini-review essay 

sheds light on the most prominent research requirements 

features on the effects of drought stress on the physiology and 

development of tomato crop plants, with particular focus on the 

complex relationship between drought stress, and nutrients 

absorption. To enhance organic crop production methods, such 

as foliar application and integrated pest control, it is proposed 

that agricultural science research be extended. 
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