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IELD experiments were conducted to study the possibility of reducing the negative effects of 

irregular high temperatures (IHT) >30oC on the  growth of  hard head  lettuce and pea plants 

during growing season by reducing fertigation solution concentration (FSC) to minimize the chance 

of plants being exposed to salt accumulation in the  plant root zone. The experimental area was 

divided into six plots to receive the following FSC treatments: 100, 90, 80, 70, 60, and 50 % of the 

recommended fertilization rate (RFR) for each crop. A significant increase was revealed in the yield, 

fresh weight and diameter of marketable lettuce heads as affected by reducing FSC levels to 70 % 

from  RFR of the lettuce crop. Similar trends were obtained for pea crops in some of its growth 

parameters such as seed weight and pod production. The contents of N, K, Ca and Mg in lettuce and 

pea leaves decreased with decreasing FSC treatments. Chlorophylls (A, B and total), and β-carotene 

contents increased with decreasing FSC treatments to 70 % of RFR. Data showed a significant 

reduction in the concentrations of superoxide dismutase (SOD), peroxides (POD), Polyphenol oxides 

(PPO) and proline in both lettuce and pea with decreasing FSC treatments to 70 % then decreased 

with decreasing FSC treatments lower than 70 % of RFR. It could be concluded that the reduction in 

FSC to 70% from the RFR led to an increase in plant resistance to IHT, improved crop yield and 

economical benefit/cost ratios of lettuce and pea crops grown under IHT. 

 

Keywords: Irregular high temperature, Abiotic stress, Antioxidant defense, Crisphead lettuce, Green 

pea. 

 Introduction 

Climate change has taken a lot of attention from the world due to the noticed risks to human life. Human activity 

via chopping down forests, burning fossil fuels, and farming livestock is one of the primary causes of gas 

emissions and worldwide warming, which is often known as the "greenhouse effect" (SharafEldin et al., 2023). 

High temperatures due to climate change caused by global warming led to a serious threat to crop yield 

worldwide (Wang et al. 2018). With a 1°C increase in average temperatures, yields of the major food and cash 

crop species can decrease by 5 to 10 percent (Hatfield et al. 2011). In general, the term “heat stress” often refers 

to a period in which plants are subjected to high temperatures for long enough to permanently change their 

ability to function or grow normally (Tuteja et al. 2012; Wahid et al. 2007). At the same time, rising air 

temperatures because of climate changes considered real safety threatens agrarian production. Hence, to cope 

with these challenges, particularly in some regions, it is vital to modify current agricultural practices (Mohamed  

et al. 2024) 

High temperature, salinity-induced osmotic stress and ionic stress lead to the overproduction of reactive oxygen 

species (ROS) and, ultimately, result in oxidative damage to cell membrane components, and may cause cell and 

plant death. The antioxidant defense system protects the plant from abiotic stress-induced oxidative damage by 

detoxifying the ROS, also by maintaining the balance of ROS generation under abiotic stress (Motsa et al. 

2015). Some of scientific investigations have demonstrated that heat stress has a variety of negative effects on 

plant development, , physiological traits, growth and productivity-both in terms of quality and quantity ( 

Shalaby et al., 2021). 

Excessive fertilizer application beyond crop needs particularly at high temperatures may result in soluble salt 

buildup and phytotoxic effects on plant growth. Lettuce has a moderately low salt tolerance. Soluble salt injury 

results in a reduction in head size. Lettuce yield losses can occur when the electrical conductivity of the soil 
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solution exceeds 1.3 dS/m (Moretti et al. 2010, Xu and Mou 2015). In hot dry areas where temperatures are 

relatively high, the transpiration rate is also high. As expected under such conditions, the accumulation of salts 

dramatically increased in the active plant root zone. This increase in salt accumulation may reach a level that 

causes severe damage to the cell membranes of the roots loseing their selective ability to control the entry of 

dissolved materials and ions and chooseing the appropriate ones (Ibrahim 2013). Therefore, it is a good idea to 

reduce nutrients added through fertilization during a heat wave (Wahid et al. 2007). Crisphead lettuce crop is 

adapted to cool growing conditions with the optimum temperatures for growth of 15.6-18.3
o
C and 21.1-26.7

o
C 

for flower and produce seed. Lettuce can tolerate a few days of temperatures from 26.7 to 29.4
o
C (Sanders 

2019). Pea crops are particularly sensitive to heat stress at the bloom stage; only a few days of exposure to high 

temperatures (30–35
o
C) can cause heavy yield losses through flower drop or pod abortion (Wahid et al. 2007). 

Improving plant nutrition can successfully mitigate the adverse effects of high temperature stress. Where, the 

efficient use of nutrients including the proper fertigation solution concentration (FSC) under heat stress 

conditions may help in activate the metabolic and biological processes to increase the heat stress tolerance. The 

application of plant nutrients like N, K, Ca, and Mg was also found to reduce the toxicity of reactive oxygen 

species (ROS) by increasing the amount of antioxidant enzymes (Waraich et al. 2012). In fact, there is a 

scarcity of information about the appropriate FSC for crops under (IHT) conditions that may influence plant 

tolerance to heat stress (Bita and Gerats, 2013). Therefore, there is an urgent need to study possibilities to 

enhance plant tolerance to high temperatures by improving nutritional management. Hence, the main purpose of 

this research is to evaluate the possibility of increasing plant tolerance to (IHT) that causes heat stress by 

improving nutritional management by reducing the FSC added during the growing season of lettuce and pea 

crops which varied in their heat stress sensitivity. 

2. Materials and Methods 

2.1. Field experiment 

Due to climate changes, it has been observed that the average temperature during one year differs from the year before and from the 

following, and therefore the fertilizer needs of plants will differ depending on these changes. 

It was noted that during growing season the plant is exposed to varying temperatures between high and low, which affects the efficiency and 

natural growth rate of the plant during the various stages of its growth and thus the final crop. A procedure field experiment was conducted in 

the experimental area of Soil and Water Department, Faculty of Agriculture, Ain Shams University to study the possibility of reducing the 
negative effects of IHT on the growth and development of crisphead lettuce and green pea crops by adjusting FSC to reduce the chance of 

plants being exposed to the accumulation of salts and drought stress in the plant root zone In these experiments, crisphead lettuce was planted 

at different dates in order to reach the highest economic production of the crop outside the known marketing window, where supply is low 
for local marketing or export, and thus the economic return is as high as possible.. The experimental area was divided into six main plots. 

Two drip irrigation lines of 16 mm were installed for each experimental plot, including a dripper of 4 L/h every 30 cm, with a total of about 

52 drippers for each experimental plot of 1×8 m (Figure 1). Plants irrigated according to the tracking of the readily available water in the 
root zone as described by Allen et al. (2002).  

 

Fig. 1. A sketch of the experimental area including location, drip irrigation lines and fertilization tanks. 

 

Lettuce (Lactuca sativa L. Crisphead palsam CV.) seedlings were planted on April 14, 2023, at a rate of 78 

plants per terrace (30×30 cm per plant). Pea seeds, (Pisum sativum L. Master B CV.) were planted on March 21, 

2023, at a rate of 39 plants per terrace (30×60 cm per plant). Plants grown under such conditions are exposed 

during growth seasons to IHT which may cause heat stress. 
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2.1.1 The climatic conditions surrounding the plants under study 

Data in Fig. 2. shows the daily average values of air temperature (T) and relative humidity (RH) during the 

growth season. In this work crisphead lettuce and green pea grown through the period from April 14 to June 10, 

2023, for lettuce and from March 21 to June 4, 2023, for pea plants. The temperature conditions to which plants 

were exposed during the different growth stages can be summarized as follows: 

 
Fig. 2. The average air temperature and relative humidity at the experiment area during different growth 

seasons of lettuce and pea crops. 

 During the vegetative growth stage of lettuce “A” (from transplanting, to 75% plant cover), which lasted 

for about 30 days (720 hrs.), lettuce plants were exposed to 71 hrs. at T mean>30 °C (5.19 %), 291 hrs. at T 

max>30°C (21.3 %), and 90 hrs. at T max>37°C (6.58 %). 

 The heading lettuce growth stage “B” (from the beginning of the formation of heads until the harvest), 

which lasted for about 27 days (648 hrs.), plants were exposed to 242 hrs. at T mean>30°C (17.7 %), 436 hrs. at 

T max>30°C (31.9 %), and 242 hrs. at T max>37°C (17.7 % of the total number of hrs. of growth season (1368 

hrs.). 

 During the vegetative growth stage of pea plants “A” (from the appearance of the first true leaf until 20% 

of the flowers emerge), which lasted for about 30 days (720 hrs.), pea plants were exposed to 43 hrs. at T 

mean>30°C (2.36%), 186 hrs. at T max>30°C (10.2%), and 62 hrs. at T max>37°C (3.4%). 

 The pea flowering stage “B” (from 20% flowering until 20% of pods are formed), which lasted for about 30 

days (648 hrs.), lettuce plants were exposed to 82 hrs. at T mean>30°C (4.5%), 303 hrs. at T max>30°C (16.6%), 

and 97 hrs. at T max>37°C (5.32%). 

 During the pea-pod emergence stage “C” (after 20% of the pods are formed, until the harvest), which lasted 

for about 16 days (384 hrs.), pea plants exposed to 161 hrs. at T mean>30°C (8.83%), 270 hrs. at T max>30°C 

(14.8%), and 161 hrs. at T max>37°C (8.83% of the total number of hrs. of growth season i.e. 1824 hrs.). 

Also, the number of hours where lettuce and pea plants were exposed to the high temperature during different 

growth stages (<T mean>30
o
C, T max>30

o
C, T max>37

o
C) were calculated and presented in Table 1 

Table 1. Air temperature during different growth stages of lettuce and pea crops. 

Crop Planting 

Date 

Growth 

stage 

Growth stage 

Duration 

Temperature during growth season in °C 

T mean>30
o
C T max>30

o
C T max>37

o
C 

Day hrs. hrs. % hrs. % hrs. % 

Lettuc

e 

15/4-14/5 A 30 720 
71 5.19 291 21.3 90 6.58 

 15/5-10/6 B 27 648 242 17.7 436 31.9 242 17.7 

 15/4-10/6 Total 57 1368 312 22.8 727 53.1 332 24.3 

Pea 21/3-4/6 A 30 720 43 2.36 186 10.2 62 3.40 

 21/3-19/4 B 30 720 82 4.50 303 16.6 97 5.32 

 20/4-19/5 C 16 384 161 8.83 270 14.8 161 8.83 

 21/3-19/5 Total 76 1824 282 15.5 758 41.6 319 17.5 
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2.1.2 Electrical conductivity of fertigation solutions (EC fert) 

To evaluate the possibility of increasing the tolerance of plants to IHT during the different growth stages using 

nutrient management (mainly by reducing the FSC). The experimental areas were divided to receive the 

following 6 fertigation solution concentrations (FSC) treatments: 100, 90, 80, 70, 60 and 50 % of the RFRs 

(RFR) for each crop. These FSC treatments were used only when plants needed fertilization during exposure to 

high temperatures (T mean>30°C). The FSC treatment of 100 % was used for all growing plants when they needed 

fertilization at T mean<30°C. The average electrical conductivity values (EC fert) of the different FSC treatments 

used during different growth stages for the tested crops were determined and presented in Table 2. 

Table 2. Average electrical conductivity of fertigation solutions (EC fert) used during different growth 

stages of the lettuce and pea crops. 

Crop 

 

Growth 

Season 

Electrical conductivity of fertigation solutions) EC 

fert(in dS/m 

100 90 80 70 60 50 

Lettuce A 1.10 0.99 0.88 0.77 0.66 0.55 

 

B 1.04 0.94 0.83 0.73 0.63 0.52 

Pea A 1.10 0.99 0.88 0.77 0.66 0.55 

 

B 1.18 1.06 0.94 0.83 0.71 0.59 

 

C 1.24 1.12 1.00 0.87 0.75 0.62 

2.1.3. Nutrients added under different temperature and FSC treatments. 

Crop fertilizer requirements for any of the tested crops were divided to add through the fertigation system twice 

a week. The different FSC were made using water soluble fertilizers such as NH4NO3 (33% N), H3PO4 (60% 

P2O5), KNO3 (13% N, 46% K2O), Ca (NO3)2 (15% N and 26% CaO), MgSO4 (16% MgO), FeSO4 (19% Fe), 

ZnSO4 (13 % Zn), MnSO4 (14 % Mn), Na3BO3 (10% B). The amount of nutrients added for the tested crops 

under different temperatures and FSC treatments were recorded and presented in Table 3 for lettuce and Table 4 

for pea crops Ibrahim (2013). 

Table 3. The amount of nutrients added for lettuce crop under different temperatures and fertigation 

solution concentration( FSC). 

Lettuce Fertigatio

n 

Nutrients added during growth season in 

kg/Fad 

15/4-

10/6 

times 

N P2O5 K2O CaO 

Mg

O Mic Mix 

Nutrients added at T mean< 30
o
C 

100 10 15.7 2.98 14.8 2.60 2.27 1.60 

 Nutrients added at T mean>30
o
C 

100 6 5.99 0.79 10.8 1.91 0.60 0.56 

90  5.39 0.71 9.75 1.71 0.54 0.50 

80  4.31 0.57 7.80 1.37 0.43 0.40 

70  4.19 0.55 7.59 1.33 0.42 0.39 

60  3.59 0.47 6.50 1.14 0.36 0.34 

50  2.99 0.40 5.42 0.95 0.30 0.28 

Fad = Fadden = 4200 m
2
=0.42 hectare (ha) 

Table 4. The amount of nutrients added for pea crops under different temperatures and fertigation 

solution concentration( FSC) treatments. 

Pea Fertigatio

n 

Nutrients added during growth season in 

kg/Fad 

21/3-4/6 

times 

N P2O5 K2O CaO 

Mg

O Mic Mix 

Nutrients added at T mean < 30
o
C 

100 15 24.1 5.38 26.5 5.84 3.54 2.37 

Nutrients added at T mean >30
o
C 

100 6 9.58 1.58 14.9 2.79 1.13 0.91 

90  8.62 1.42 13.4 2.51 1.01 0.82 

80  7.66 1.27 11.9 2.24 0.90 0.73 

70  6.70 1.11 10.5 1.96 0.79 0.64 

60  5.75 0.95 9.00 1.68 0.68 0.55 

50  4.79 0.79 7.50 1.40 0.56 0.46 
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2.2 Growth and yield measurements 
Some parameters of growth and development of lettuce plants were measured at harvest, on June 10, 2023, 58 days after planting lettuce 
seedlings, especially fresh weight, size, diameter and crop yield of the marketable lettuce head (MLH). Some growth parameters of peas 

plants were also measured at harvest on June 4, 2023, 76 days after planting such as the number of pods per plant, weight of pods per plant, 

Pod weight in g/ pod, and the pod crop yield per ha. 

2.3 Chemical analyses 

2.3.1 Soil, and water analyses 

Representative soil samples were collected at 0-30 cm depth from the experimental area before cultivation for 

some physical and chemical analyses. Soil physical characteristics (i.e. SP, FC and PWP, CaCO3, Real particle 

density (Pd), bulk density (Bd) and soil texture were determined using the methods described by Black et al., 

(1965). Soil organic matter (OM) was determined based on the Walkley-Black chromic acid wet oxidation 

method as described by Walkley (1947). Electrical conductivity (EC1:2.5) was determined in 1:2.5 soil: water 

extract using an EC meter (Model YSI 32). In the 1:2.5 soil: water extract, pH, water - soluble K
+
, Ca

2+
, Mg

2+
, 

Na
+
, Cl

-
, HCO3

-
 and CO3

=
 were determined using the standard methods of analysis as described by Jackson 

(1973). The soil in this area was not saline and almost light alkaline. The results were presented in Table 5. 

Table 5. Some soil physical and chemical properties and irrigation water in the experimental area. 

Some soil physical properties of the experimental area  

CaCO3 

% 

OM 

% 

Pd 

g/cm
3 

Bd 

g/cm
3 

SP 

% 

FC 

% 

PWP 

% 

Sand 

% 

Silt 

% 

Clay 

% 
Soil texture 

1.85 0.82 2.16 1.36 36.3 22.4 14.5 63.9 16.0 20.1 Sandy clay loam 

Some soil chemical properties for the experimental area 

Soil sample 

30 cm depth 

pH1:2.5 
EC1:2.5 

ds/m 

Ca
++

 Mg
++

 K
+
 Na

+
 HCO3- CO3

=
 Cl

-
 SO4

=
 

meq/l in 1:2.5 soil: water extract 

7.94 0.63 4.40 0.80 0.51 0.56 3.20 ND 2.04 1.02 

Some chemical properties of irrigation water 

Irrigation water 
pH 

EC 

ds/m 

Ca
++

 Mg
++

 K
+
 Na

+
 HCO3- CO3

=
 Cl

-
 SO4

=
 

meq/l 

7.36 0.71 1.00 1.20 0.03 5.52 4.80 ND 1.68 1.28 
 
2.3.2 Determination of N, K, Ca, and Mg contents 
The collected samples of lettuce and pea leaves were prepared for chemical analysis. Plant samples were dried in 
a drying oven at 70°C for 24 h and digested with a mixture of H2SO4/H2O2. The nitrogen, potassium, calcium 
and magnesium contents were determined using the methods described by Walinga et al., (2013); Chapmann 
and Pratt (1961). 
2.3.3 Determination of some biochemical compounds (chlorophyll’s, β-Carotene, antioxidant defense 
compounds and proline) 
 Chlorophyll and β-carotene concentrations in lettuce and pea leaves were determined according to the 
method described by Ruth G. Alscher and Alan R. Wellburn (1994). 
 Peroxidase activity (POD) was determined by the method described by Hammerschmidt et al. (1982). The 
assay mixture (100 ml) contained 10 ml of 1% (v/v) guaiacol, 10 ml of 0.3 % H2O2 and 80 ml of 50 mM 
phosphate buffer (pH=6.6). A volume of 100 µl crude enzyme was added 2.9 ml of the assay mixture to start the 
reaction. The absorbance was recorded every 30 s for 3 min at 470 nm using spectrophotometer. The rate of 
change in absorbance per minute was calculated and one unit of enzyme was expressed as ^OD= 0.01. The G-
POD activity was expressed as unit.mg-1 protein. 
 Polyphenol oxidase (PPO) activity was measured according to Oktay et al. (1995). The reaction mixture 
consisted of 100 µl crude enzyme, 600 µl catechol and 2.3 ml phosphate buffer (0.1 M, pH=6.5). The absorbance 
at 420 nm was recorded zero time and after 1 min using a spectrophotometer. One unit of PPO activity 
absorbance of 0.001 per min at 420 nm. 
 Superoxide dismutase (SOD) assay was based on the method described by Beyer and Fridovich (1987). The 
reaction mixture with a total volume of 3 ml contained 100 µl crude enzyme, 50mM phosphate buffer (pH=7.8), 
75 µM NBT,13 mM L-methionine, 0.1 mM EDTA and 0.5 mM riboflavin. The reaction was initiated by the 
addition of riboflavin then the reaction mixture was illuminated for 20 min with a 20 W fluorescent lamp. One 
unit of enzyme activity was defined as the amount of enzyme required to result in a 50% inhibition in the rate of 
nitroblue tetrazolium reduction at 560 nm using spectrophotometer. The enzyme activity was expressed as µg g

-1
 

FW. 
 Proline concentration was determined using a ninhydrin colorimetric method of Troll and Lindsley (1955) as 
modified by Petters et al. (1997). Frozen tissues of leaves were ground using mortar and pestle and homogenized with 100 
mM sodium phosphate buffer pH=6. The extraction ratio was 10 ml for each one gram of plant tissue. Afterward, the 
homogenate was centrifuged for 10 min at 4500 rpm then 200 µl of the extract was reacted with1 ml of ninhydrin solution 
(2.5 g dissolved in 100 ml of orthophosphoric acid. acetic and water 15:6:25, V: V: V) for 1 h in boiling water. Thereafter, 
the developed dye was extracted with 1 ml of toluene and vigorously vortexed for 15 s. The toluene phase was sucked using 
micropipette and the color was measured at 515 nm using a spectrophotometer. The proline concentration was calculated 
from the standard curve of L-proline. Proline concentration was expressed as µg proline. g-1 Fresh weight (FW). 
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2.4 Profitability 
The economic evaluation based on the Benefit/Cost ratio was estimated according to Cimmyt (1988) by calculating the cost 
of cultivation for different agro-inputs, i.e., labor, fertilizers, irrigation, insect control, harvesting, and other necessary 
experimental requirements. The returns of each tested treatment were calculated on the basis of the local market price of 
crisphead lettuce and green pea crop yield (about 200 US$/Ton each): 
Benefit/Cost ratio was determined by dividing the proposed total cash benefit of a project by the proposed total cash cost of 
the project. 
2.5. Statistical Analysis 
The data on Lettuce and pea were analyzed according to the following two General Linear Models and the means were 
separated by Duncan’s test using of SAS (2011). 
3 Results 
Evaluation of Lettuce Genotypes for 
Salinity Tolerance 
Chenping Xu and Beiquan Mou 
Evaluation of Lettuce Genotypes for 
Salinity Tolerance 
Chenping Xu and Beiquan Mou 
 

 

 

 

 
 

FSC treatments relative to RFR = 100 

 
Fig. 3. Some growth parameters of lettuce and pea crops as affected by irregular high temperature (IHT) under 

different fertigation solution concentration( FSC) treatments. 
Means with the same letters are not significantly different. 
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3.1 Growth parameters of lettuce and pea crops as affected by IHT under different FSC treatments. 
Data in Figure 3 Showed significant increases in fresh weight (FW), size and diameter and yield of MLH as affected by FSC 
treatments to 70 % from the RFR of lettuce and peas. The relative increase in these growth parameters were 118-132-125-
118% and 121-142-125-121% for lettuce at FSC of 80 and 70 % from RFR respectively. Similar trends were also obtained 
for Pes crop. It could be also observed slight decreases in some growth parameters of lettuce and peas such as MLH FW, 
size, yield, pod weight per plant, and pod No. per plant with reducing the FSC treatments to 50 % from the RFR under IHT. 

3.2 N, K, Ca and Mg contents in lettuce and pea crops as affected by irregular high temperature under 

different FSC treatments 

Data in Fig. 4. indicated that N, K, Ca and Mg contents in lettuce and pea leaves were significant decreased 

except N in lettuce with decreasing nutritional levels treatments from 100 to 50 % of the recommended rate of  

fertilization. These decreases were more pronounced for K and Ca particularly at nutritional level less than 70 % 

from the RFR of lettuce and pea crops. The decreases in K and Ca at 60-50 % of the tested nutritional treatments 

reached to about 75-75 and 56-48 % for lettuce and 57-55 and 61-51 % for pea plants respectively. 

  

  

  

  
  

 FSC treatments relative to RFR = 100 
 

Fig. 4. Some nutrients contents in lettuce and pea crops as affected by irregular high temperatures (IHT) under 

different fertigation solution concentration (FSC) treatments. 

Means with the same letters are not significantly different. 

 

3.3 Chlorophyll (A, B and Total), and β-carotene contents in lettuce and pea plants as affected by IHT under different 

FSC treatments 

Results in Figure 5 showed a significant increases in chlorophyll A, chlorophyll B, chlorophyll A+B, and β-carotene 

particularly with reducing FSC treatments from 100 to 70 % of RFR under IHT. These increases were about 134, 149, 141, 

145% and 146, 167, 155, 182 % for lettuce and 152, 151, 179, 144% and 164, 180, 187, 161% for pea crops at FSC 
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treatments of 80 and 70 % from RFR respectively (Figure 5). It could be also observed marked decreases in all the tested 

biochemical compounds contents in leaves of lettuce and pea plants with decreasing FSC treatments particularly to 50 %  

from the RFR. 

 

  

  

  

  
 

FSC treatments relative to RFR = 100 
 

Fig. 5. Chlorophyll (A, B and Total), and β-Carotene contents in lettuce and pea plants as affected by 

irregular high temperature(IHT) under different fertigation solution concentration (FSC) 

treatments. 

Means with the same letters are not significantly different. 

3.4 Antioxidant defense compounds and proline contents in lettuce and pea plants as affected by IHT 

under different FSC treatments 

Results in Figure 6 showed significant reduction in the concentrations of peroxidase (POD), Polyphenol oxidase 

(PPO), superoxide dismutase (SOD), and proline in both lettuce and pea plants to 70 % then increased with 

decreasing the FSC lower than 70 % of from the RFR for both crops under IHT. The relative decreases in POD, 

PPO, SOD and proline were 73, 77, 64, 69% and 61, 61, 53, 62 % for lettuce and 70, 82, 53, 72% and 44, 67, 48, 

58 % for pea at FSC of 80 and 70 % from RFR respectively. While the relative increases in POD, PPO, SOD and 

proline with reducing FSC to 60 and 50 % from RFR were 74, 58, 73, 70; and 81, 66, 85, 82 % for crisphead 

lettuce and 74, 71, 61, 67% and 55, 73, 69, 76 % for green pea respectively.` 
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FSC treatments relative to RFR = 100 

 

Fig .6. Concentrations of peroxidase (POD), polyphenol oxidase (PPO), superoxide dismutase (SOD), and 

proline in lettuce and pea plants as affected by different fertigation solution concentration (FSC) 

levels under irregular high temperature(IHT). 

Means with the same letters are not significantly different. 
 

3.5 The economic benefit/cost ratio for the proposal to alleviate the negative impact of IHT 

From agribusiness feasibility point of view, data in Figure 7 show the economic benefit/cost ratio for crisphead 

lettuce crop as affected by reducing FSC from 100 to 50 % of the RFRs as a tool for alleviate the negative 

impact of heat stress under irregular high temperature. Data revealed that the maximum benefit/cost ratio was 

obtained by reducing the FSC to 80 and 70% from RFR. The relative economic benefit/cost ratio at FSC levels 

of 80 and 70 % were 133 and 138 % for crisped lettuce and 171 and 203 % for green pea crops respectively. It 

worthies to mentioned that these increases were calculated as relative to control FSC treatment which received 

100 % from the RFR for each of the tested crops. 
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FSC treatments relative to RFR = 100 

 

Fig. 7. The economic benefit/cost ratio of lettuce and pea crops affected different fertigation solution 

concentration (FSC) levels under irregular high temperatures (IHT). 

Means with the same letters are not significantly different. 

4. Discussion 
Concerning climatic conditions surrounding the tested plants presented in Figure 2 and Table 3, it could be 

observed that crisphead lettuce exposed to high temperatures (T mean>30
o
C) during different growth stages which 

may consider as heat stress for quite a lot of hrs. According to Sanders (2019) who reported that crisphead 

lettuce grows best at 15 to 18
o
C. Germination takes place at an optimum range of 16 to 20

o
C, (depending on the 

cultivar and type of lettuce). It could be also observed that pea plants may exposed to high - temperature (T 

mean>30
o
C) during different growth stages which may consider also as heat stress for some hours according to 

Mahoney, (1991) who reported that the ideal temperature for vegetative growth in pea crop is 15-20°C and the 

heat stress consequences are determined by intensity, duration and timing of heat exposure to the plant.  

From the previous results, it has become clear to us that reducing the fertilization rate from 100% to 70% of the 

recommended fertilization rates according to (Ibrahim 2013) is appropriate for plant growth under heat stress 

because it works to reduce the overall stress that the plant can feel due to the high temperature and the increase 

in the rate of evapotranspiration, such as water stress resulting from  rationalizing the use of irrigation water and 

resorting to drip irrigation instead of flood and saline irrigation due to the accumulation of excess salts from 

fertilization. 

The conscious decreases in the FSC treatments were implemented and evaluated as a mitigator for the negative 

effects of heat stress and the associated abiotic stress such as salt and drought stresses stresses (Riham , et al. 

2023; El-Hamdi, et al., 2020); Khalifa, 2019). Lettuce and pea crops received the FSC treatments at different 

growth stages during exposure to high temperatures (T mean>30
o
C). Nikolić et al., (2023) reported that abiotic 

stress such as salt, drought and heat stress causes a significant threat to photosynthesis in plants, which can be 

attributed to various mechanisms including changes in enzymatic activities, suppression of chlorophyll 

biosynthesis, and damage of the photosynthetic apparatus, dissipation of heat energy through non-photochemical 

processes, and reduced CO2 influx due to stomatal closure. In addition, they concluded that the injurious effects 

of salinity and drought can be more stress with increasing temperature. Similar results of lettuce growth 

parameters shown in Figure 3 were also obtained by Song et al. (2020) who documented that the rise in 

temperature adversely affects plant development, and limits plant growth and productivity mostly by reducing 

photosynthesis. 

These results of pea growth parameters confirm the importance of reducing the FSC to increase the tolerance of 

plants to irregularly high temperatures particularly those that cause heat stress. Meanwhile, Sadras et al., (2013) 

found that pea crop productivity usually declines when the maximum day temperature during flowering exceeds 

25°C. The decreases in some growth parameters such as MLH FW, size, yield and ENR of lettuce and pod 

weight per plant, and pod seeds No. per plant with reducing the FSC treatments to 50 % from the RFR under 

IHT mainly attributed to the reduction in the applied fertilizers at these treatments of FSC to 50 % from the RFR 

of lettuce and pea crops (Waraich et al., 2012). 

Concerning N, K, Ca and Mg contents in lettuce and pea crops as affected by IHT under different FSC 

treatments, , Abou-Amer, 2013; Younis, 2021. Bhowmick et al., (2013) conclude that salinity and rising 

temperature is a threat for growing vegetables. Excessive uptake of the macronutrients than normal can cause 

even death of the vegetables. They also noted that due to excessive salinity some tissue of plant was damaged. 

So much awareness is required for salinity and rising temperatures for vegetable cultivation. 

Concerning Chlorophyll (A, B and Total) and β-carotene contents in lettuce and pea plants as affected by IHT 

under different nutritional treatments. Crafts-Brandner et al., (2002) concluded that photosynthesis is one of 

the most heat - sensitive physiological processes in plants. However, the observed decreases in Chlorophyll (A, 

B and Total) particularly at control treatment (100 %) compared with the FSC of 90, 80 and 70 % from the RFR 

https://ejss.journals.ekb.eg/?_action=article&au=68074&_au=riham+Mohamed+naguib+Faiyad
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under IHT may ascribed to the expected closure of stomata under high temperature in impairing photosynthesis 

due to the decrease in the concentration of the intercellular CO2 (Ashraf and Hafeez, 2004). Moreover, such 

decreases in chlorophyll’s and β-Carotene contents in both lettuce and pea plants may attributed to high 

temperature stress through the eradication of enzymes involved in the mechanism of chlorophyll biosynthesis as 

mentioned by Ashraf and Harris, (2013). 

The increases in chlorophyll and β-Carotene contents in lettuce and pea plant leaves grown under (IHT) with 

nutritional treatments of 90, 80 and 70 % may be mainly due to reducing FSC levels added from 100 to 90, 80 

and 70 % of the FSC. Where, the reduction in FSC levels led to alleviating the negative impact of high 

temperatures by reducing drought and salt stress associated with the high FSC levels (Shin et al., 2020). 

The decreases in the tested biochemical contents (chlorophyll and β-Carotene) in the leaves of both lettuce and 

pea plants with decreasing FSC lower than 70 % from the RFRs may ascribed to the expected negative effects of 

reducing FSC level in the fertigation system particularly to 60 or 50 % from the RFR on nutrient uptake and 

contents in leaves of both lettuce and pea crops .However, Waraich et al., (2012) mentioned that improving 

plant nutrition including FSC can successfully mitigate the adverse effects of high - temperature stress. 

The high concentrations of oxygen radicals and their derivatives, known as reactive oxygen species, (ROS), may 

cause oxidative stress (Munns and Gilliham, 2015). Many abiotic stresses such as high temperature, salinity-

induced osmotic stress lead to the overproduction of ROS and, ultimately, result in oxidative damage to cell 

membrane components, and may cause cell and plant death. The antioxidant defense system as either enzymes or 

amino acid forms protects the plant from abiotic stress induced oxidative damage by detoxifying the ROS and by 

maintaining the balance of ROS generation. 

It is well known that superoxide dismutase (SOD), peroxidase (POD), Polyphenol oxidase (PPO) and amino acid 

proline are among the most important components which act in reducing reactive oxygen species (ROS) under 

abiotic stress including heat stress (Hasanuzzaman et al. 2020). induced by stress, such as the activation of the 

antioxidant defense system to neutralize ROS (Farooq et al., 2012;Ali et al., 2021). Proline, an essential non-

enzymatic antioxidant, holds a key role in the neutralization of ROS that are produced due to a lack of water 

(Loudari et al., 2023). Additionally, it strengthens the plant's antioxidant systems and enhances their survival 

capacity during periods of water scarcity (Desoky et al., 2021) Therefore, the decreases in the concentrations of 

such antioxidant defense compounds in plants demonstrate the ability of plants to tolerate abiotic stress 

conditions particularly with reducing salinity-induced osmotic stress by lowering the FSC from 100 to 70% of 

the RFR for both the tested crops. The increases in the tested antioxidant compounds (SOD, POD, PPO and 

proline) with lowering FSC from 70 to 50 % of the RFR may attributed to the additional abiotic stress caused by 

the nutrient’s deficiencies at the FSC treatment of 60 or 50 % from the RFR. The accumulation of antioxidant 

components by plants under stress conditions is a significant defense mechanism against drought stress 

(Elsherpiny et al. 2023), which protects plant cells from negative impacts of drought stress and preserves 

membrane integrity (Hegazy et al., 2015;Desoky et al., 2023). 

 

Success in growing some crops under irregular temperatures that are not suitable for plant growth is important in 

terms of increasing its economic feasibility due to the higher purchase price and the opportunity to export it 

abroad than that crop growing under its optimal temperatures. 

Concerning the economic benefit/cost ratio, it worthy to mentioned that feasibility studies are an important tool 

for evaluating the viability and potential success of an agricultural technology such as that suggested in this work 

to alleviate heat stress (Tolinggi et al., 2018). Therefore, according to the above calculated feasibility study, it 

could be concluded that reducing FSC to 70 % from the RFR for the tested crops increases the benefit/cost ratio 

to the highest significant values. 

5. Conclusion 

From the aforementioned results, it could be concluded that plants have been exposed to heat stress in the past 

few years due to the rise in temperatures as a result of climate change. However, exposure of plants to heat stress 

is usually accompanied by exposure of plants to other types of abiotic stresses such as drought and salt stress. 

These types of abiotic stresses closely lead to damage to the water relations of plants, including even the closure 

of stomata thus reducing the photosynthesis process and the growth and development of plants. Therefore, this 

research can be considered as an attempt to alleviate the negative impact of high temperatures (heat stress) by 

reducing the negative effects of the accompanying abiotic stresses, especially those resulting from salt stress. 

These results were confirmed by increasing the concentrations of some biochemical compounds, particularly 

those related to photosynthesis. In addition, to the reduction in the concentrations of antioxidant defense 

compounds, decreasing the fertigation solution concentration (FSC) to 70% of the recommended fertilization 

rate (RFR) for lettuce and pea crops. 

https://scholar.google.com.eg/citations?user=qiJrRbcAAAAJ&hl=ar&oi=sra
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