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ABSTRACT 
 

Two pot experiments were carried out during two successive seasons to study the efficiency of benzyl 
adenine (BA) for alleviation of the harmful injury of high temperature on growth and biochemical constituents of 
tomato (lycopersicon esculentum Mill.). Foliar spray of BA at the concentration of zero, 10-5, 10-4 and, 10-3mol at 
35 and 45 days after sowing (DAS) was carried. The data were taken at 60 (DAS). The results showed that the 
used concentrations of BA increased growth criteria expressed by number of branches, number and area of leaves 
as well as fresh and dry weight of shoots, however, the same treatments of BA decreased the stem length. BA 
increased photosynthetic pigments i.e chlorophylls ("a" and "b") and carotenoids of tomato leaves as well as the 
studied chemical constituents of tomato shoots i.e carbohydrates (reducing sugars, sucrose, polysaccharides), 
nitrogenous compounds (amino acids, proline, protein), nucleic acids and saturated fatty acids. Foliar spray of BA 
twice at 35 and 45 DAS with 10-4 and 10-3mol might alleviate the harmful effect of high temperature stress and 
enhanced the ability of tomato plants to tolerate the adverse conditions during growth stage. 
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Introduction 
 

Tomato plant (Lycopersicon esculentum, Mill) is one of the important vegetable crops in Saudi Arabia as 
well as in the world. 

Tomato is usually cultivated in the open field in Saudi Arabia during September as the prevailing temperature 
is suitable for growth and development of the plant. Tomato plants grow rapidly, so expansion in cultivation of 
the plant can be achieved by sowing the seeds at spring during March, however, tomato plants are relatively 
sensitive to high temperature stress. 

High temperature is one of the most important environmental factors could harm plant growth (Karim et al., 
1998). It affects different morphological tomato criteria (Khalil and Moursy, 1983 and Warrag, 1999). High 
temperature affects the wide spectrum of both chemical and physiological response within the plant cells (Roy 
and Gosh, 1996). 

Protection of plants from high temperature stress can be achieved by several mechanisms. One of these 
mechanisms is the bioregulators. Cytokinins are an important group of plant hormones. Their levels were involved 
in coordinating plants response to stress, they tend to decrease under adverse condition (Hare et al., 1997). 
Cytokinins have been showed to participate in the regulation of numerous aspects of plant growth (Khalil and 
Mandurah, 1990). They have an important role in chlorophyll synthesis (Xie et al., 2004), carbohydrate content 
(Mostafa et al., 1993), as well as, proteins and nucleic acids (Soeda et al., 1990 and Reese et al., 1995). BA one 
member of Cytokinins group. Ibrahim et al. (2012) found that BA diminished the harmful effect of high 
temperature stress on snap bean.  

The objective of the present study is to mitigate the harmful injury of high temperature stress (30-40 CO) 
during growth stage on growth, physiological and biochemical changes of tomato plants by using foliar application 
of benzyl adenine. 

 

Material and Methods 
Tomato (Lycopersicon esculentum Mill. c.v. Marmand VF) plants were sown for two successive seasons out 

doors in the screen of Girls College of Science, Dammam, Saudi Arabia. 
The chemical used 6-benzyl adenine (BA) product of SIGM. The maximum and minimum temperatures are 

represented in Table (1). 
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Table 1: Average monthly maximum and minimum air temperature during the two seasons of study. 

Month 
1st season 2nd season 

Temperature Temperature 
Maximum Minimum Maximum Minimum 

March 
April 
May 

30 
38 
43 

10 
14 
16 

30 
36 
44 

11 
14 
18 

Seeds were sown in JV (7) cubes and after 30 days the seedlings were transferred to pots (30 cm diameter) 
containing equal amounts of soil (consisted of clay + petmoss + perlite at the ratio of 1:3:5). Fertilization was 
applied as the recommended dose i.e. 5g superphosphate, 10g mixture of ammonium nitrate and potassium 
sulphate at the ratio of 3:2 for each pot. Water requirement was regularly fulfilled. Every treatment was 
represented by three replicates, each consisted of 30 pots. The plants were sprayed with 6-benzyl adenine (BA) 
twice, after five days from transferring to the pots and ten days later at the rates of 0, 10-5, 10-4, 10-3mol. The 
experiment was carried out doors in the screen of Girls College of Science, Dammam, Saudi Arabia. 

Samples were collected at random after 30 days after transplanting (DAT). Each treatment divided into three 
replicates for recording growth characters and chemical analysis. Photosynthetic pigments [chlorophyll (a), 
chlorophyll (b) and carotenoids] were determined in fresh leaves (Metzner et al., 1965). Sucrose, polysaccharides, 
sucrose and polysaccharides were estimated in dry shoots according to Dubios et al. (1956). Total amino acids 
extraction and estimation were followed of Boulter and Barber (1963), respectively. Protein extraction was carried 
out according to Anderson and Beardall (1991) and estimated as described by Lowry et al. (1951). 

Proline, nucleic acids and fatty acids were determined in fresh shoots. Proline was determined according to 
the method of Troll and Lidsley (1955). Nucleic acids extraction was done according of Schmidt and Thaunhauser 
(1945), ribonucleic acid (RNA) and deoxyribonucleic acid (DNA) were estimated according to the methods of 
Winzler (1955) and Burton (1956), respectively. 

Quantification of fatty acids was achieved through four successive steps: 1- Extraction by petroleum ether 
(60O C – 40O C). 2- Saponification with NaOH (20%). 3- Methylation by methyl alcohol. 4- Identification by 
Varian Model 6000 chromatography. The GLC condition for isothermal work was as follows: The glass column 
filled with (15% DEGS). The column oven temperature was programmed at 6O C/min from 80O C to 130O C and 
kept finally for 25 min. Injector and detector temperature were 220O C and 260O C respectively. Gases flow rates 
were 30, 30, 300 cm/min for N2, H2 and air, respectively. The flow rate inside the column was adjusted as 1 
ml/min. 

 
Statistical analysis:  

The experiments were arranged in complete randomized design. Combined analysis of the two seasons was 
calculated after Steel and Torrie (1966) as the results obtained showed the same trend. For comparison between 
treatments Least Significant Differences (LSD) at P < 0.05 was used (Gomez and Gomez, 1984).  

 

Results  

Growth responses 
The foliar spray of the two highest concentrations (10-4, 10-3mol) of BA increased significantly number of 

branches, number of leaves per plant as well as area of leaves. In addition, fresh and dry weight of shoots increased 
significantly, 10-4 and 10-3mol attained the highest increase (Table 2). 

 
Table 2: Effect of BA on vegetative growth parameters of tomato  

BA conc.  

(mol) 

Stem 

length 

(cm) 

No. of 

branches/plant 

No. of 

leaves/plant  

Leaf area 

(cm2/plant) 

Shoot FW. 

(g/plant) 

Shoot DW. 

(g/plant)  

0 

10-5 

10-4 

10-3 

36.5 

36.4 

33.3 

33.1 

0.67 

1.67 

2.00 

2.00 

6.33 

8.77 

9.89 

8.67 

199.27 

260.40 

282.50 

278.20 

11.76 

15.03 

16.62 

19.05 

1.41 

1.73 

1.84 

2.07 

LSD at 5% 1.77 0.32 1.21 26.95 0.72 0.32 

 
Photosynthetic pigments 

Data recorded in Table 3 showed significant increase of chlorophyll (a and b) and carotenoids inplants 
treated with the two concentrations of BA (10-4 and 10-3mol). BA at the level of 10-3 mol revealed the highest 
significant values (Table 3). 
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Carbohydrate contents  
Tomato plants treated with BA (10-4mol and 10-3mol) exhibited significant increases in reducing sugars 

and sucrose content in the shoots, however, polysaccharides content was increased significantly only by the 
highest concentration (10-3mol BA) as shown in Table (3). 

 
Table 3: Effect of BA on photosynthetic pigments (mg/g fresh weight) and carbohydrate (mg/g dry weight) of tomato plant. 

BA conc. (mol) Chl a Chl b Chl (a+b) Carotenoids Red. sugars Sucrose Polysaccharides 

0 

10-5 

10-4 

10-3 

0.563 

0.568 

0.607 

0.703 

0.225 

0.221 

0.240 

0.306 

0.788 

0.789 

0.847 

1.009 

0.217 

0.228 

0.239 

0.314 

18.26 

21.12 

28.22 

32.53 

32.11 

31.14 

42.35 

38.39 

137.90 

132.48 

143.23 

154.14 

LSD at 5% 0.020 0.013 0.032 0.013 1.72 2.25 8.03 

 
Nitrogenous constituents 

The presented study showed that spraying tomato plants with all concentrations of BA increased amino 
acids content, and the significant increase was recorded only (Table 4) with the highest concentration (10-3mol). 

Proline, one of the most important amino acids, which was accumulated under high temperature stress. 
Proline content increased significantly by using the two concentrations of BA (10-4mol and 10-3mol) (Table 4). 
Also a significant increase in protein content of tomato shoots was recorded in all BA treatments. Treatments with 
10-3 BA attained the highest significant value (Table 4). 

 
Nucleic acids content 

It has been found in the present investigation that the different treatments of BA induced significant increase 
of DNA and RNA content of tomato shoots. The most pronounced effect was observed in plants exposed to the 
highest concentrations of BA (10-4 and 10-3mol), (Table 4). 

 
Table 4: Effect of BA on amino acids, proline, protein and nucleic acids. 

BA conc.  

(mol) 

Amino acids  

(mg/g DW) 

Proline 

(ug/g FW). 

Protein  

(mg/g DW) 

RNA  

(mg/g FW). 

DNA  

mg/g FW) 

0 

10-5 

10-4 

10-3 

7.01 

6.84 

7.40 

8.12 

41.22 

41.53 

48.17 

49.25 

29.21 

30.78 

32.42 

38.01 

1.01 

1.10 

1.22 

1.22 

0.211 

0.215 

0.217 

0.217 

LSD at 5% 0.68 2.50 1.39 0.05 0.004 

 
Fatty acids 

Data in Table (5) revealed that percentage of total saturated fatty acids in tomato shoots was obviously 
increased by using 10-4 and 10-3 treatments as compared to control plants. Myristic acid (C 14:0) showed the 
highest increase, however, the unsaturated palmitoleic acid (C 16:1) and oleic acid  (C 18:1) showed the maximum 
decrease as compared to control plants (Table 5). 

 
Table 5: Effect of BA on percentage of fatty acids in plant shoots. 

Treatment Percentage of saturated and unsaturated fatty acids* Percentage of total 

saturated fatty 

acids 

BA conc. 

(Mol) 

C 

12:0 

C  

14:0 

C 

14:1 

C 

16:0 

C 

16:1 

C 

16:2 

C 

18:0 

C 

18:1 

C 

18:2 

C 

18:3 

0 0.69 1.32 -- 36.61 31.61 1.45 7.26 16.88 -- 1.86 45.9 

10-4 1.63 72.70 -- 3.68 1.46 0.44 4.10 3.65 3.54 0.52 82.1 

10-3 2.65 67.25 -- 7.21 3.69 0.25 2.74 4.11 3.13 -- 79.9 

*C 12:0 Lauric acid; C 14:0 Myristic acid; C 14:1 Myristoleic acid; C 16:0 Palmitic acid ; C 16:1 Palmitolic acid;  C 16:2 
Pamitolenic acid; C 18:0 Stearic acid ; C 18:1 Oleic aicd; C 18:2 Linoleic acid; C 18:3 Linolenic acid 
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Discussion:  

Plant growth is negatively affected by high temperature stress, so improvement of plant tolerance is of 
special importance to different plants grown under high temperature. 

The data of the present study showed that application of BA enhanced the vegetative growth (Table 2) of 
tomato plants grown under high temperature stress. The stimulating effect of BA on vegetative growth characters 
represents by number of branches and leaves, leaf area as well as fresh and dry weight of shoots was previously 
reported by several investigators (Vijay and Laxmi, 2001 on beans; Patil et al. (2002) on soybean and  Amin et 
al. (2007)on maize). The obtained results revealed decrease of stem length concomitantly to increase of the 
number of branches. This result is in harmony with the previous study of Sodak (2005) on rosette plants through 
decreasing of apical dominance. 

Foliar spray of BA on tomato plants increased photosynthetic pigments chl. "a" and chl. "b" and carotenoids 
(Table 3). The potent effect of BA on chlorophyll (a and b) was previously reported by other researches (Srivasta 
et al. (1994) on bean and Patil et al. (2002) on soybean). In addition, Xie et al. (2004) reported that cytokinins 
stimulate chlorophyll biosynthesis and chloroplast differentiation in wheat plants. The substantial increase in 
carotenoids level in treated plants could be a further support to explain the higher content of chlorophylls, since 
that carotenoids act as protective agent from photo-oxidation (Axelsson, 1981).  They are important antioxidant 
as they scavenge singlet oxygen through direct quenching of triplet-state of chlorophyll molecule and dissipate 
harmlessly as a heat (Pallet and Young, 1993). 

It is clear in the present study that there is a correlation between growth rate, assimilating area and 
photosynthetic pigments content in response to BA. 

Application of BA increased soluble carbohydrates with all used concentrations; however, limited increase 
was recorded in polysaccharides content (Table 3). The increase of soluble sugars due to BA treatment was 
previously obtained by other investigators (Khalil and Mandurah, 1989 on cowpea and Abd-Latef et al. (2009) on 
Hibiscus sabdariffa and Ibrahim et al., 2012 on snap bean). Basu et al. (1991) showed that tolerant varieties of 
potato grown under high temperature stress contain high level of soluble sugars especially sucrose comparing to 
sensitive ones, meanwhile, the increase was always accompanied with high activity of sucrose-phosphate synthase 
in the leaves of tolerant varieties. On the other hand, the activity of the same enzyme decreases in sensitive variety 
of soybean accompanied by decrease in the translocation of assimilates from leaves (Kerr et al., 1987). 
Accumulation of starch accompanied by decrease of soluble sugars, especially sucrose, was previously found in 
sensitive tomato variety (Roma) comparing with the tolerant one (Robbin) (Dinar and Rudich, 1985). 

Nitrogenous compounds in the present study are represented as amino acids, proline and protein (Table 4). 
Amino acids act as osmolytes hence their accumulation with other molecules as soluble carbohydrates, proline 
and glycinebetadine are responsible to environmental stress. The present study showed accumulation of amino 
acids in tomato shoots due to foliar spray of BA. It was reported that increase of amino acids were attributed to 
the changes caused by water deficit which promotes protein degradation by proteases, significant increase in the 
level of amino acids was reported in Vigna unguiculata L. Walp. under water stress (Lobato et al., 2008). 

Proline is one of the most important amino acids; which was accumulated under high temperature stress in 
the present study (Table 4). Several researchers found positive correlation between accumulation of proline and 
increase tolerance of plants subjected to stress in Niectiana sylvestris, periwinkle and wheat plants, respectively 
(Shevyakova et al., 1994; Maiti et al., 2000 and El-Bassiouny and Bekheta, 2005). Proline involved in many roles 
under environmental stress. It is one of the most common compatible osmolytes in stressed plants (Mafiakher et 
al., 2010). It acts as storage compound of carbon and nitrogen for recovery from stress (Jager and Meyer, 1977), 
as free radical scavenger (Smirnoff and Gumb, 1989). Proline improves stability of some cytoplasmic and 
metacondrial enzymes (Nash et al., 1982) and membrances (Solonom et al., 1994), increase salvation of protein 
(Paleg et al., 1985). In addition, Paley and Blumwald (2011) reported that elevated cytokinins level promoted 
survival of plants under stress conditions, inhibited leaf senescence and increased proline level. Therefore, it could 
be suggested that high proline level due to BA application might share in protection of tomato plant grown under 
high temperature. 

Proline content of tomato shoots increased in response to BA. These increments were induced by increase 
of BA concentration (Table 4). In this respect other researchers indicated to the important role of cytokinins in 
nitrogenous metabolism especially proteins (Sharma et al., 1975 on tomato). In addition, other investigators 
showed increase in protein chloroplast in Dianthus caryophyllus cultures and Citrullus lanatus cotyledons 
(Scheider and Szweykowska, 1987 and Bracale et al., 1988). Khalil and Mandurah (1990) found that kinetin 
increased protein content of cowpea plants. 

Foliar application of BA to stressed tomato plants increased nucleic acids (RNA and DNA) (Table 4). This 
increase was reported by other investigators (Soeda et al., 1990 and Momotani et al., 1991) who found increase 
in nucleic acids in bean plants. In addition, other investigators stated that cytokinins have an effective role in RNA 
and DNA synthesis (Flores and Tobin, 1986, 1988 and Topochi et al,, 2009). 
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High temperature induces numerous disturbances in physiochemical properties of cell membranes. Several 
researches showed increase of ratio of unsaturated fatty acids which in turn leads to increase of lipid fluidity and 
injury of cell membrane (Levitt, 1980; Hale and Orcutt, 1987, Quinn, 1989 and Suutari et al., 1990). The present 
study showed that application of BA at the level of 10-4mol and 10-3mol increased the ratio of saturated acid to 
79.9% and 82.1% respectively, compared to the untreated plants as the ratio did not exceed 45.9%. The increment 
of saturated acids may lead to decrease of the fluidity of lipids that brought out by high temperature and improve 
physiochemical properties of cell membranes. 

In conclusion, this study indicated that foliar spray of BA enhanced the defense mechanism of tomato 
plants and could mitigated the harmful impacts of high temperature on growth and metabolism through 
enhancement of their protective parameters such as carotenoids amino acids, proline, soluble sugars as well as 
saturated fatty acids. 
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