
J. Plant Production,  Mansoura Univ., Vol. 7 (4): 433 - 441 , 2016 

Alleviation of High Temprature in Cabbage Plants Grown in Summer 

Season  Using Some Nutrients, Antioxidants and Amino Acids As  Foliar 

Application with Cold Water. 
Mohamed, M. H. M

*
 and R. M. Y. Zewail

 **
 

*Horticulture Department, Faculty of Agriculture, Benha University, Egypt. 

**Botany Department, Faculty of Agriculture, Benha University, Egypt. 

Corresponding author: mustafa.mohamed@fagr.bu.edu.eg. 

 

 

ABSTRACT 
 

Two field experiments were conducted during 2014 and 2015 summer seasons in the experimental farm of the Faculty of 

Agriculture at Moshtohor, Benha University to study the effects of spraying cabbage plants (Brassica oleracea var. capitata) cv. 

Balady with mineral nutrients i.e., potassium (K2O) at 2g/l, chelated calcium (Ca) at 2g/l, micronic sulphur (S) at 5g/l, boric acid 

at 100mg/l and antioxidants salicylic acid (SA) at 50mg/l, citric acid at 2g/l and amino acids at 2ml/l all of these materials are 

dissolved before spraying either in normal water (30±1) or in cold water (4±1). Growth and head production including some 

quality characteristics were investigated. The obtained results revealed that cold water showed positive and significant effect in 

case of non- consumable outer leaves and those inner and consumable ones as well as the fresh weight of formed heads. As for 

the interaction effects of nutrients and the antioxidants dominantly were significantly and positively affects different estimated 

growth and productivity aspects. Also, results confirmed the beneficial effects of applying such low costs treatments to minimize 

different disorders those facing cabbage production in high temperature summer plantings. These beneficial effects of such 

applied treatments were prolonged to the quality characteristic of formed heads with high and rich edible value. 

Keywords: Cabbage, minerals, antioxidants, amino acids, yield and chemical constituents. 
 

INTRODUCTION 
 

Cabbage (Brassica oleracea var. capitata) is a 

popular vegetable through the world because of its 

adaptability to a wide range of climatic conditions and 

soil, ease of production and storage, and its food value. 

In Egypt, cabbage is grown country-wide, but 

production is more concentrated in the Delta and the 

north regions. According to the recorded data obtained 

from the Department of Agricultural Economics and 

Statistics, Ministry of Agriculture and land 

Reclamation, Egypt, the cultivated area of cabbage in 

2013-2014 reached about 40965 fed.  which yielded 

515,749 tons with an average of about 12.59t/fed. A 

rosette of sessile leaves arises as the growing point 

continues to form leaf primordial. The outer leaves are 

green in color and the inner ones are white and represent 

the edible, consumable and the economic part of the 

plant.                       

As the plant grows, the leaves increase in 

number, forming a ball-shaped "head" in the center of 

the plant formed by overlapping of numerous leaves 

developing over the growing point of its shortened stem. 

Botanically, when cabbage plants go through irregular 

growth periods as well as in high temperature and/or 

calcium deficiency, the leaves especially the newest 

ones in the center tends to grow vegetatively without 

overlapping or even the plants form bolts (Ghosh and 

Madhavi, 1998). In this respect, temperature over 23Cº 

can induce "bolting” in cabbage (www.aces.edu) but 

varieties differ in their susceptibility to this disorder. 

Bolting is the process in which the plant switches from 

vegetative growth (heading) to reproductive growth 

(formation of flowers and seeds). So, in Egypt under the 

prevailing of high temperature especially during spring, 

summer and fall season plantings; bolting as well as the 

continuity of leaves to form without they being 

overlapped are the evident disorders for cabbage 

production in Egypt during the high temperature 

plantations. In general, most soils are rich in calcium, so 

plants have access to plenty of this nutrient. However, 

when plants go through irregular growth periods, 

calcium is not adequately transported to younger inner 

leaves and this causes the leaf edges "to burn” or turn 

brown (Smith, 1995 and Tiwari et al. 2003), therefore 

chelated calcium was also applied as one of the present 

study materials.  

Elemental sulfur (S) is a natural material and can 

be applied to improve availability of nutrients and 

decline their deficiencies in calcareous and alkaline 

soils (Hunashikatti et al,.2000 ). Sulphur has a vital role 

in activation of photosynthesis process, carbohydrate 

metabolism and certain enzyme systems in plants, and 

can enhance growth, yield and chemical compoition 

(Yadav et al., 2013). Also, sulphur contributes to the 

cooking smell of cabbage (Smith, 1995).  In this respect, 

sulphur as well as potassium have been reported to 

economically affect positively growth, yield and quality 

of cabbage by several studies (Eid, 2011 and Ramadan, 

2012). In addition, recently salicylic acid as one of the 

common antioxidants inserted to many agricultural 

systems have been recorded to stimulate growth and 

productivity of cabbage as well as many other plants. In 

this respect, e.g. Sunaina and Singh (2014) and Iqbal et 

al., (2015) reported that salicylic acid significantly 

increased the antioxidant enzymes under salinity due to 

oxidative damage but the graded concentrations of SA 

played protective role against the plant stress.  

Boron (B) is one of the important micronutrients, 

which has basic role in stabilizing certain constituents of 

cell walls structure and function and activity of plasma 

membrane, enhancement of cell division, tissue 

differentiation. Thus, boron could be directly associated 

with cell growth (Goldbach et al., 1990). Also, boron 

has been involved in metabolism of nucleic acid, 

carbohydrate, protein, auxin and phenol. Moreover, 

boron has been role in sugar translocation, nucleic acids 

synthesis and pollen tube growth. Also, Boron plays a 

key role in higher plants by facilitating the short - and 

long- distance transport of sugar via the formation of 
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borate- sugar complexes (Marschner, 1997; Goldbach 

and Wimmer, 2007 and Ganie et al., 2013). In addition, 

Ganie et al. (2013) reported that application of boron 

increased net photosynthetic rate which may be attributed 

to the increase in chlorophylls content of leaves.  

Recently, a group of substances known as 

antioxidants or oxygen free radical scavengers were 

applied to protect against adverse effects of 

environment, reactive oxygen spices (ROS) and 

oxidative stress such as ascorbic acid, citric acid, α 

tocopherol and vitamins (Chen and Gallie, 2006). On 

the other hand, antioxidants are one of the new methods 

enhanced plant growth and development, increased 

photosynthetic pigments thereby increased chlorophyll 

and productivity as well. 

Amino acids have traditionally been considered 

as precursors and constituents of proteins. Many amino 

acids also act as precursors of other nitrogen containing 

compounds, e.g., nucleic acids. Amino acids can play 

wide roles in plants including acting as regulatory and 

signaling molecules. Amino acids also affect synthesis 

and activity of some enzymes, gene expression, and 

redox homeostasis (Rai, 2002). Many studies have 

reported that foliar application of amino acids caused an 

increase in the growth and development of plants.  

Hence, the present study aimed to accelerate 

headings in cabbage plants during periods of high 

temperature fluctuation by using simple and low cost 

foliar spraying with certain nutrients, antioxidants and 

amino acids dissolved in either normal or cold water. 

That is a simple idea and technique to minimize or 

prevent bolting, head splitting in mature cabbage and 

make heads well overlapped with good quality. 
 

MATERIALS AND METHODS 
 

Two field experiments were carried out during 

the two successive summer seasons of 2014 and 2015 at 

the vegetable farm of the Faculty of Agriculture, 

Moshtohor, Benha University, to investigate the effects 

of spraying cabbage plants cv. Balady with potassium 

oxide (K2O), chelated calcium, micronic sulphur, boric 

acid, salicylic acid, citric acid and amino acids dissolved 

in cold water (4±1)
 o

C or normal water (30±1) 
o
C on 

vegetative growth, chemical composition and yield. In 

this respect, cabbage seeds were sown on 1
st
 and 5

th
 of 

April in both seasons, respectively. Uniform transplants 

were obtained after 45 days from seeds sowing in both 

seasons. Transplants were planted at 40cm apart on one 

side of ridge, 80 cm in width. The experimental plot 

consisted of 4 rows each 4m long and 0.8 m wide with 

an area of about 11.8m
2
, a guard ridge was left between 

each adjacent plot. The soil of the experimental farm 

was clay loam in texture with pH 7.9 according to 

Jackson (1973) and Black et al. (1982) Soil mechanical 

and chemical analyses are shown in Table a wlile Table 

b showed the air temperature in Qalubia region during 

the two seasons of study. 
 

Table a. Mechanical and chemical analyses of the experimental soil as an average of the two seasons of study. 

Physical analysis 
Chemical analysis 

Cations meq/l Anions meq/l 

Coarse sand 7.14% Ca
++ 

7.26 CO3
--
 Zero 

Fine sand 17.26% Mg
++

 3.02 HCO3
- 

4.14 

Silt 23.20% Na
+
 5.36 Cl

- 
4.81 

Clay 52.40% K
+ 

0.83 SO4 
-- 

7.52 

Texture class clay loam   

Soil pH 7.83 Available N 21.3 mg/kg 

E.C, dS/m 1.65 Available P 8.43 mg/kg 

Organic matter 2.16% Available K 117.4 mg/kg 

 

Table b: Monthly air temperature in Qalubia region during two seasons of the experimental. 

Months 
First season 2014 Second season 2016 

Max °C Min °C Average °C Max °C Min °C Average °C 

April 38 10.8 20.9 29.5 6.2 17.3 

May 44.1 16.5 25.7 40.8 11.5 24.6 

June 39.9 18.7 27.1 39 18.6 28 

July 40.8 21.8 29.3 38.1 17.8 26.6 

August 43.9 23.9 31.3 37.7 17.4 27.4 

September 39.3 22.2 30.2 38.4 17.7 27.8 

 

Each experiment included 16 treatments resulted 

from the combinations of two spray method and eight 

spray substances as follows.  

a. Spray method treatments:  

1. Spray with cold water.    2-Spray with normal water. 

b. spraying substances:  

1-Potassium oxide (K2O) at 2g/l.  

2- Chelated calcium at 2g/l  

3 Micronic sulphur at 5g/l.             

4- Boric acid at 100 mg/l 

5- Salicylic acid at 50 mg/l.       6- Citric acid at 2g/l. 

7- Amino acid at 2ml/l.             8- Control.                 

Where the abovementioned eight substances were 

dissolved either in or in cold water at 4±1Cº or normal 

water 30±1Cº just before spraying in the two seasons. In 

this experiment, randomized complete block 

design(RCBD) with three replicates was adopted. The 

spray treatments were started after 30 days from 

transplanting and every 15
th
 days by intervals to the end of 
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the experiment (i.e., normal and cold waters were sprayed 

five times for each).  

All other agricultural practices required for cabbage 

production were carried out according to the 

recommendations of the Ministry of Agriculture of Egypt. 

Data recorded: 

1. Vegetative growth characteristics.  

 Random representative samples, each of five 

plants were taken from each experimental plot at 

harvesting stage (110 days after transplanting). Plants 

were separated into stem and leaves to determine the 

following characteristics:    

a. plant height, stem length, number of outer leaves, 

number of inner leaves/plant 

b- Chemical constituents of plant leaves: - total 

chlorophyll (SPAD) were determined according to Hoel 

and Solhaug (1998), total carbohydrates% were 

determined according to Herbert et al. (1971), total 

sugars%, and vitamin C were determined 

calorimetrically as described in A. O. A. C. (1990). 

While, total N, P, K, Ca, S percentages and B ppm were 

determined according to Pregl (1945), John (1970) and 

Brown and Lilleland (1946), Rowell (1995) in case of 

N, P, K and Ca, respectively while, S and B contents 

were determined by atomic absorption as described by 

Chapman and Paratt (1961). 

C. yield and head characteristics: at harvest time, all 

plants reached to harvesting stage were taken and the 

following parameters were recorded i.e., head fresh 

weight, stem fresh weight, plant fresh weight, head 

length, diameter and circumference. 

Statistical analysis:  

All data obtained in both seasons of study were 

subjected to analysis of variance as factorial 

experiments in complete randomized block. L.S.D. 

method was used to differentiate means according to 

Snedecor and Cochran (1991). 
 

RESULTS AND DISCUSSION 
 

1- Vegetative growth parameters: 

Data in Table (1) clearly indicate that each of 

plant height and stem length responded insignificantly 

with applying the cold water treatment when compared 

with the normal water (control). Since, insignificant 

increases of these two parameters were recorded in 

cabbage plants with the low temperature (i.e., cold 

water treatment). In this respect, values were 69.05, 

73.03 and 20.45, 22.12 cm with normal water spraying 

but rose up to 69.41,73.59 and 20.75, 22.65 cm with 

cold water spraying for plant height and stem length, in 

the first and second seasons, respectively. The same 

data in Table 1 indicate that spraying cabbage plants 

five times during the growth seasons with nutrient 

elements (K2O at 2g/l, micronic sulphur at 5g/l, calcium 

at 2g/l, boric acid at 100mg/l and antioxidants i.e., 

salicylic acid at 5mg/l, citric acid at 2g/l and amino 

acids at 2ml/l) significantly increased both plant height 

and stem length compared with the control in both 

seasons of study. In addition, amino acids exhibited the 

highest values followed by salicylic acid, potassium 

oxide and calcium in descending order during the two 

seasons of study. The superiority of amino acids, 

salicylic acid, potassium oxide and calcium may be 

attributed to its affect on auxin biosynthesis, protecting 

the plant against abiotic stress and the main role of 

nutrient elements (K, Ca) all affect cell division and 

elongation and consequently the continues growth of 

plant stem in length and thickness which connected with 

stem weight and leaves formation. 

Also, data in Table (1) confirmed the positive 

effect of cold water when combined with the 

antioxidants (i.e., salicylic and citric acids), potassium, 

calcium, micronic sulphur, boric acid and amino acids 

regarding the above mentioned two growth parameters 

of cabbage plants. Also, it could be noticed that the 

amino acids sprayed in cold water gave the highest 

values of plant height and stem length (i.e., 73.80,81.70 

and 25.40,28.20 cm for plant height and stem length, 

respectively), yet, citric acid at 2g/l gave the lowest 

values for plant height and stem length, respectively. As 

for the number of outer leaves (i.e., the complete 

greenish leaves) and the number of inner leaves (i.e., the 

greenless leaves) it could be noticed that the repeat 

subjection of cabbage plants through spraying with low 

temperature water directly after the transplanting 

significantly decreased the number of outer leaves (i.e., 

the green ones but significantly increased the number of 

inner leaves i.e., the greenless leaves (the edible and 

consumable leaves). Since, values of the number of 

outer green leaves were 11.28 and 12.13with normal 

water meanwhile it was decreased to 10.40 and 

11.31with repeated cold water treatment. But, the 

number of consumable greenless leaves (i.e., the inner 

edible leaves) were 22.95and 24.3 with normal water 

rose up to reach 24.31and 25.6 with repeated cold water 

treatment in the first and second seasons, respectively. 

Also, the same data in Table 1 reveal that spraying 

cabbage plants with all tested spraying materials 

(antioxidants and nutrient elements) significantly 

decrease the outer leaves (non-consumable leaves). On 

contrast it significantly increased the inner leaves (the 

edible part) compared with the control treatment in both 

seasons of study. In addition, using amino acids 

reflected the highest values for inner leaves followed by 

salicylic acid and potassium oxide and calcium. 

Increasing in inner leaves was connected the slow 

continuous increase in stem length as a result of 

terminal bud development and growth as a result of 

auxin bio-synthesis and in turn increased interior leave 

and head growth. 

 On the other hand, the cold water in combination 

with antioxidants as well as with other applied 

chemicals i.e., potassium, micronic sulphur and amino 

acids significantly decreased the number of non-

consumable green outer leaves. In general, there was a 

positive interaction effect between cold water in the two 

seasons and the desirable characteristics of grown 

cabbage leaves especially the greenless and good white 

curled inner leaves as compared with normal water in 

combination with spray substances. Also, the specific 

effect of the applied treatments is being evident. 
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Table 1: Effect of spray method and some nutrients, antioxidants, amino acids and their interaction on 

vegetative characteristics of cabbage plants grown in summer season during 2014 and 2015 

seasons. 

Second season 2015 Frist season 2014 Treatments 

No.of  

inner 

leaves 

No.of 

outer 

leaves 

Stem 

length 

(cm)) 

Plant 

height 

(cm) 

No.of  

inner 

leaves 

No.of 

outer 

leaves 

Stem 

length 

(cm) 

Plant 

height 

(cm) 

Spray Treatment 

6.52 11511 6652. 915.7 63511 11531 6159. 69.41  Cold water 

6351 16511 66516 91511 6657. 11.28 6153. 69.05  Normal water 

1513 1527 N.S N.S 1511 1521 N.S N.S LSD at 5% 

6.591 1159. 61531 9351. 6357. 11511 61529 91526 K2O at 2g/l 

 

6251. 1157. 61539 99511 63569 11596 66516 9152. Ca at 2g/l 

6156 1157. 61512 9152. 66511 7571 17536 21519 micronic sulphur at 5g/l 

6359 1153. 66536 9.531 615.1 11526 61516 91511 Boric acid at 100 mg/l 

6956 11519 6359. 915.1 6251. 1651 66539 91517 SA at 50 mg/l 

6157 115.6 61511 2353. 61516 7521 11591 23571 Citric acid at 2g/l 

1151 1151. 6952. 11511 67536 11519 6357. 93591 Amino acids at 2ml/l 

615.. 757. 19571 21511 11521 7531 1.5.. 21561 Control 

6517 1517 6519 653. 6519 1561 1511 6591 LSD at 5% 

6251 11531 61591 93521 6.51 11511 61571 96536 K2O at 2g/l 

Cold water 

625. 1151 61511 99591 6351 11561 66561 91561 Ca at 2g/l 

6157 11521 17511 96511 6657 7511 17511 21531 micronic sulphur at 5g/l 

6.51 11511 66561 9.511 6351 11561 17591 91511 Boric acid at 100 mg/l 

6151 11511 63571 91571 62591 11571 66521 915.1 SA at 50 mg/l 

665. 11511 66531 23521 6159 7511 17561 2.5.1 Citric acid at 2g/l 

1152 11531 61561 11591 6757 16511 6.531 91511 Amino acids at 2ml/l 

6153 7521 11561 21571 1752 7511 1.571 21511 Control 

6.519 16511 61511 93511 63511 115. 61531 91516 K2O at 2g/l 

Normal water 

6.52 16591 61511 92511 6159 11561 61511 91511 Ca at 2g/l 

6652 11511 61576 91511 6151 11529 17591 21511 micronic sulphur at 5g/l 

6351 11511 66521 9.5.1 66571 11511 61511 9151. Boric acid at 100 mg/l 

6951 11521 63521 91519 6.531 16511 66511 9656. SA at 50 mg/l 

6151 11571 17511 23511 175.1 11519 11561 23539 Citric acid at 2g/l 

6753 13511 69511 11571 61571 11511 635.1 9.521 Amino acids at 2ml/l 

1759 11511 19529 21591 19529 7591 1.561 .7539 Control 

657.  6571 1539 1512 1527 65.2 1573 LSD at 5% 

 

2- Head characteristics: 

As shown in Table 2, heads fresh weight with the 

treatment of cold water was significantly increased 

when compared with those heads sprayed with normal 

water. Since, this weight was 7.77 and 9.09kg/head with 

normal water (30±1ºc) but significantly rose up to 

8.25and 9.94kg/head in case of cold water (4±1ºc) 

sprayed in the two seasons. Also, Table 2 shows that 

different materials i.e., potassium oxide, chelated 

calcium, micronic sulphur, boric acid, salicylic acid, 

citric acid and amino acids had positive specific 

significant effect upon heads fresh weight as compared 

to the control. Here, it could also be noticed that 

spraying amino acids at 2ml/l gave the highest increase 

of head weight/plant that reached to 10.51and 

12.54kg/head but the lowest increase (6.47and 

7.57kg/head) was existed with citric acid treatments in 

the first and second seasons, respectively. Meanwhile, 

this weight was only 5.87 and 6.83kg/head in case of the 

control treatment (i.e., only normal water with no 

materials) in the first and second seasons, respectively. 

It could be noticed that spraying amino acids at 2ml/l 

dissolved in cold water gave the highest fresh 

weight/head that reached 10.91 kg/head and this value 

was 10.12 kg/head with normal water (30 ±1c) in the 

first season and 13.12kg/head in case of cold water and 

11.94 kg/head in case of normal water in the second 

season. With regard to the specific effect of water 

temperature of the sprayed solvent water upon stem 

fresh weight, only insignificant increase between cold 

and normal sprayed water. While, this specific effect 

was exhibited significant increase in stem fresh weight 

with different applied materials to reach its maximum 

with amino acids at 2ml/l that reached to 0.88 and 

0.97kg/stem during the first and second season, 

respectively. Meanwhile, its lowest significant increase 

was existed in case of micronic sulphur at 5g/l that 

reached only to 0.62 and 0.77kg/stem in the first season 

and second season. In addition, regarding the stems 

fresh weight it was significantly and positively 

interacted with either cold or even normal sprayed 

water. In this respect, amino acids were more 

pronounced (gave 0.93 kg/stem with cold water and 

0.84 kg/stem with normal water in the first season and 

0.96kg in case of cold water and 0.99kg/stem in case of 

normal water in the second season). As regards the fresh 
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weight/plant, head length, head diameter and head 

circumference were significantly increased as a result of 

using cold water in spraying compared with normal 

water in the two seasons of study. Such increment in all 

aforementioned measurements are connected with the 

increase in outer and inner produced leaves by plants 

(Table1) which reflected on average head parameters. 

As for the effect of spraying materials the same data in 

Table 2 indicate that plant fresh weight and head 

measurements expressed as average head length, 

diameter and circumference were significantly increased 

as a result of spraying the plants with all tested spray 

materials compared with the control treatments in the 

two seasons of study. In this regard, among different 

materials were the amino acids at 2ml/l and salicylic 

acid at 5mM/l followed by potassium oxide at 2g/l were 

the most effective treatments compared with other 

tested one in both seasons of growth. Such superiority 

of these materials on plant fresh weight and head 

parameters may be attributed to its effect on vegetative 

growth traits (Table1).   

 

Table 2: Effect of spray method and some nutrients, antioxidants, amino acids and their interaction on head 

yield characteristics of cabbage plants grown in summer season during 2014 and 2015 seasons. 

Second season 2015 Frist season 2014 Treatments 

Head  

circumf 

irance 

Head  
diameter 

(cm) 

Head  

length 

(cm) 

Plant 

fresh 

weight 

(kg) 

Stem 

fresh 

weight 

(kg) 

Head 

fresh 

weight 

(kg) 

Head 

Circum 

firance 

Head  
diameter 

(cm) 

Head  

length 

(cm) 

Plant 

fresh 

weight 

(kg) 

Stem 

fresh 

weight 

(kg) 

Head 

fresh 

weight 

(kg) 

Spray Treatment 

11657 37577 11511 11511 151. 7573 11.59 33566 61512 1579 1596 156.  Cold water 

1125. 3151. 11563 7571 1513 7517 11151 31512 69513 1539 1591 9599  Normal water 

159 1512 1513 151. N.S 1513 156 1511 1512 1511 N.S 1511  LSD at 5% 

11151 .15. 165. 1151. 1571 1156. 11.59 32561 6751. 7519 1599 7511 K2O at 2g/l 

 

11953 3751 115. 11511 1517 11531 11359 3.57 6153. 15.. 1596 9511 Ca at 2g/l 

11.53 3251 6753 1573 1599 1519 7151 3151 6251. 9591 1526 951. micronic sulphur at 5g/l 

11359 3156 1151 7577 1511 7511 11151 3151 69511 1566 1522 95.. Boric acid at 100 mg/l 

1115. .151 1157 16561 1576 11561 11157 3159 1156. 11531 1511 7521 SA at 50 mg/l 

11656 3152 6953 1512 1597 95.9 7251 115. 6359. 9511 1591 2539 Citric acid at 2g/l 

16652 .15. 1951 115.1 1579 165.3 11251 .351 11516 11531 1511 115.1 Amino acids at 2ml/l 

7651 1151 6352 9532 1526 2511 1151 1352 6151. 2517 15.1 .519 Control 

153 651 6517 1511 1519 1567 653 159 6511 1561 151. 1561 LSD at 5%  

11253 .153 1156 11521 1571 11591 11151 3251 6757 757. 1597 7512 K2O at 2g/l 

Cold water 

11.51 .151 1651 1159. 1576 11511 11259 3251 6751 1512 1591 1511 Ca at 2g/l 

11156 3.57 1156 753. 1593 1591 11153 3159 6251 1516 1521 9531 micronic sulphur at 5g/l 

16651 3151 1159 11511 1519 753. 11.59 3657 615. 15.1 1523 9512 Boric acid at 100 mg/l 

16151 .153 1351 16521 1517 11591 1115. 3157 1157 11521 1597 7513 SA at 50 mg/l 

11.51 3151 6151 1573 1511 1511 7252 1157 6.53 95.7 159. 2531 Citric acid at 2g/l 

16.59 .751 1159 13517 1572 11511 11157 .35. 1157 11513 1571 11571 Amino acids at 2ml/l 

7151 3151 6.51 9521 1527 2576 7651 1.59 6653 253. 15.2 .517 Control 

11156 .159 1151 11527 1517 7511 11151 3251 6153 7511 159. 751. K2O at 2g/l 

Normal water 

11751 375. 1159 1151. 1519 7571 11659 3.51 6951 156. 1591 95.3 Ca at 2g/l 

11659 3251 6159 1533 1511 9523 725. 3157 6.51 95.3 1523 2571 micronic sulphur at 5g/l 

11951 3153 6757 7522 1571 1592 11151 3151 6951 9573 1527 956. Boric acid at 100mg/l 

11.59 .156 1151 11511 157. 11512 11151 315. 6752 11511 1516 7512 SA at 50 mg/l 

7751 3153 6252 9597 1592 9511 715. 1156 6351 2591 1521 2511 Citric acid at 2g/l 

1175. .153 1257 16571 1577 11573 11359 .356 1659 11572 1513 11516 Amino acids at 2ml/l 

1952 1.57 6356 9511 15.2 259. 1.5. 1152 6151 2511 1539 .512 Control 

351 1511 657 1536 1511 1531 153 65. 151 1567 1519 1567  LSD at 5% 

 

As regards the fresh weight/plant (Table 2) 

obviously it could be noticed that the specific effect of 

cold and normal water and different applied materials as 

well as the interactions effect of the applied materials 

either sprayed with cold or normal water were 

significantly and positively interacted with this aspect of 

cabbage growth. Also, it could be noticed that each of 

cold water either when sprayed alone or in combination 

with different materials were more pronounced in this 

respect. In addition, among different materials were the 

amino and salicylic acids followed by potassium oxide 

were the most effective treatments. Furthermore, as 

shown in Table 2 the specific effect of cold water upon 

the head length, diameter and circumference as well it 

showed significant increase of all these characteristics. 

Yet, the same positive specific effect was obtained also 

in case of different applied salts and antioxidants. In this 

respect, the amino and salicylic acids were the most 

effective treatments regarding the all above mentioned 

characteristics in 2014 and 2015 seasons, as well. With 

regard to the interaction effects of sprayed water 

temperature and the applied nutrient salts significant 

increases in all studied characteristics with different 

applied treatments were existed. But, also it could be 

noticed that the amino and salicylic acids were more 

pronounced in this respect during the two successive 
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seasons of this study.  Also, using amino acids followed 

by salicylic acid either dissolved in cold or normal 

waters reflected the highest values in all measured plant 

weight and head parameters compared with other 

interaction treatments in the two seasons of growth.  

3- Total chlorophylls and some bio constituents 

 As shown in Table 3 spraying cabbage plants 

with cold water (4±1) tended to increase total 

chlorophyll content, total sugars and total carbohydrates 

percentage as well as vitamin C content of plant leaves 

compared with using normal water (30±1) in both 

seasons of study. Such increases reached the level of 

significant only in case of total carbohydrate percentage 

that reached 12.20 and 13.4% in case of cold water as 

compared with only 10.81and 11.76% in case of normal 

water in the first and second seasons, respectively. Such 

enhancing effect of cold water foliar spray may be due 

to it reduced the respiration rate of plant tissues and 

consumption of such bio-constituents in respiration 

under high temperature conditions in summer planation 

and consequently increased its accumulation in plant 

cells. 

As for the specific effect of different nutrients 

and antioxidants applied, data in the same Table 

indicate that all assayed chemical constituents were 

significantly increased as a result of spraying the plants 

with all tested nutrients and antioxidants compared with 

the control treatment in both seasons of study. In 

addition, spraying the plants with amino acids at 2ml/l 

reflected the highest values of total chlorophyll during 

both seasons, while using boric acid at 100ppm 

exhibited the highest value in total sugars. But the 

highest values of total carbohydrate was recorded in 

case of sprayed the plants with potassium oxide. 

Moreover, the highest vitamin C concentration was 

registered in case of salicylic acid. Such increases in 

chlorophyll and bio-constituents of cabbage leaves as a 

result of using the tested nutrients and antioxidants may 

be due to such nutrients and antioxidant play an 

important role as a constituents or aid in their bio 

assimilation and in turn increased it. 
 

Table 3: Effect of spray method and some nutrients antioxidants, amino acids and their interaction on total 

chlorophyll and some bio constituents of cabbage plants grown in summer season during 2014 and 

2015 seasons 

Second season 2015 Frist season 2014 Treatments 

VitaminC 

(mg/100 

gf.w) 

Total 

carbohy 

drat% 

Total  

sugars 

% 

Total 

chlorophyll 

(SPAD) 

VitaminC 

(mg/100 

gfw) 

Total 

carbohy 

drat % 

Total  

sugars 

% 

Total 

chlorophyll 

(SPAD) 
spray Treatment 

1.53 1153 6511 69156 1.563 16561 6511 62.52  Cold water 

13513 11592 6561 62951 13516 11511 6511 62657  Normal water 

N.S 0.52 N.S N.S N.S 0.54 N.S N.S LSD at 5% 

1659 1351 6511 616 1152 1151 6517 693 K2O at 2g/l  

1.51 165.6 6517 691 1.5.. 1651. 1511 611 Ca at 2g/l  

1351 1159 6512 621 1151. 1151. 6511 632 micronic sulphur at 5g/l  

1.59 135. 65.1 691 1359 1651. 6536 621 Boric acid at 100 mg/l  

3153 11561 6516 691 3656. 1157. 6561 621 SA at 50 mg/l  

1151 11519 1577 6.1 1157 1152 1572 621 Citric acid at 2g/l  

1951 13561 6531 671 1952 16591 6511 613 Amino acids at 2 ml/l  

6956 752 1517 637 6159 151. 1599 631 Control  

159 151. 1519 1652 659. 1517 1511 1653 LSD at 5% 

1651 1.59 65.3 611 1157 1152 6517 692 K2O at 2g/l 

Cold water 

1357 1153 6531 692 1.57 1651 1576 611 Ca at 2g/l 

1351 1152 6519 621 1151 1656 6511 63. micronic sulphur at 5g/l 

1.57 1.53 65.9 696 1352 115. 6531 622 Boric acid at 100 mg/l 

3156 1651 6512 696 3653 1152 656. 623 SA at 50 mg/l 

1151 1351 6516 6.6 1751 115. 1572 621 Citric acid at 2g/l 

1952 1.51 6539 672 1951 1151 6513 619 Amino acids at 2ml/l 

6153 757 1576 6.1 6751 751 1511 631 Control 

1652 1157 6566 611 1151 1653 6517 691 K2O at 2g/l 

Normal 

water 

1.56 11521 6519 691 1.56 1151 151. 697 Ca at 2g/l 

1351 751 6512 6.7 1152 757 6512 631 micronic sulphur at 5g/l 

1.523 1152 65.7 627 1351 1656 6531 621 Boric acid at 100 mg/l 

1759 11519 6567 621 3651 1151 6561 6.7 SA at 50 mg/l 

1156 16511 1579 6.3 1151 759 1579 626 Citric acid at 2g/l 

1951 11519 6531 671 1953 1651 6562 616 Amino acids at 2ml/l 

6251 751 1512 639 6151 152 1593 617 Control 

653. 1537 1563 1957 1511 15. 1511 1952 LSD at 5% 
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With regard to the interaction effect data in Table 

3 show that all assayed chemical constituents were 

significantly affected as a result of the interaction 

treatments. In this respect, using cold water in spraying 

all tested nutrients or antioxidant reflected the highest 

values compared with using normal water. In addition, 

using cold water in spraying combined with spraying 

the plants with each of amino acids, boric acid, 

potassium oxide and salicylic acid reflected the highest 

values in total chlorophyll, total sugars, total 

carbohydrates percentage and vitamin C content, 

respectively during both seasons of study. 

4- Macro and micro elements content in the inner 

curled leaves: 

As indicated in Table 4, there were differences in 

all assayed macro-elements (N, P, K, Ca, S) and micro-

elements (B concentration) in inner curled leaves as a 

result of spraying the plants with water at different 

temperature. In this respect, such differences reached 

only the level of significancy in case of potassium 

percentage in both seasons and boron in the first season 

as well as sulphur percentage during the second season 

only. Moreover, spraying the plants five times during 

the growing season with cold water (4±1Cº) exhibited 

the highest values in all measured mineral elements 

compared with using normal water in spraying. This 

indicate that cold water tended to reduce the abiotic 

stress of hot summer temperature and encourage the 

absorption and accumulation of nutrients by plants 

especially in newly formed inner leaves and in turn 

increases the nutritional values of edible part of 

cabbage. 

As for the effect of sprayed nutrients and 

antioxidants, the same data in Table (4) show that all 

assayed mineral elements were significantly increased 

as a result of spraying cabbage plants with all tested 

materials compared with the control treatment in both 

seasons of study. In this respect, using amino acids and 

potassium oxide in spraying reflected the highest values 

of nitrogen, phosphorus and potassium content, 

whereas, the highest values of calcium, sulphur and 

boron contents were recorded by Ca at 2g/l, micronic 

sulphur at 5g/l and boric acid at 100mg/l, respectively 

compared with other treatments. 
 

Table 4: Effect of spray method and some nutrients, antioxidants, amino acids and their interaction on some 

macro and micro nutrients content of cabbage plants grown in summer season during 2014 and 

2015 seasons. 

Second season 2015 Frist season 2014 Treatments 

B 

(ppm) 
S% Ca% K% P% N% 

B 

(ppm) 
S% Ca% K% P% N% spray Treatment 

915. 1511 1591 15.2 1561 65.1 9157 1511 1592 15.1 1511 653.  Cold water 

9651 1561 1521 1563 1569 65.1 2259 1519 1596 1569 1561 6531  Normal water 

N.S 0.02 N.S 0.09 N.S N.S 1.9 N.S N.S 0.11 N.S N.S  LSD at 5% 

9156 1531 1571 1591 1511 6599 9151 1561 1571 152. 1516 65.1 K2O at 2g/l 

 

1156 1511 6511 1531 1511 6511 9.5. 1512 6511 15.. 1567 6596 Ca at 2g/l 

2651 1591 1531 1513 1562 6539 2651 1519 1511 1536 1562 6512 micronic sulphur at 5g/l 

7153 1571 1593 1561 1563 6516 1.51 1511 1516 1561 1562 6511 Boric acid at 100 mg/l 

2351 1516 15.1 1531 1561 65.2 2351 1512 1511 1537 1511 6531 SA at 50 mg/l 

2156 1577 152. 1537 1561 6532 .75. 1571 15.1 1511 1511 6569 Citric acid at 2g/l 

1959 15.2 6516 15.7 1511 657. 9951 1511 6519 1521 151. 6576 Amino acids at 2ml/l 

.757 1511 1517 6572 1566 6519 ..51 1516 1566 6516 1566 6513 Control 

657 151. 1513 1517 1513 1569 151 1511 151. 1566 1511 1511 LSD at 5% 

9351 1539 1576 1576 1511 6511 9356 156. 1576 1512 1513 65.1 K2O at 2g/l 

Cold water 

1151 1516 6513 1591 1511 6597 9152 1513 6519 1527 1511 6592 Ca at 2g/l 

2157 1593 1531 15.1 1569 65.1 2351 1536 1512 15.1 1562 6536 micronic sulphur at 5g/l 

7159 1516 1591 1516 1563 6511 1151 1571 1513 1561 1562 6519 Boric acid at 100 mg/l 

2151 1513 15.1 1526 1567 6521 2.53 1517 1513 1529 1511 2.4 SA at 50 mg/l 

2657 1516 1529 1527 1567 6531 2159 1576 1521 1539 1516 6562 Citric acid at 2g/l 

1751 15.7 6513 1511 1513 6573 9756 1513 6511 1597 1519 6577 Amino acids at 2ml/l 

2156 1513 1561 6572 1561 6517 .251 1511 1563 6516 1563 651. Control 

9651 1537 1517 15.1 1567 6593 2753 1561 1573 1533 1511 6537 K2O at 2g/l 

Normal water 

9751 1561 6516 1569 1567 6511 9653 1511 6517 1536 1561 6521 Ca at 2g/l 

2651 1527 1536 1511 1562 6531 .751 1516 1511 1513 1569 6511 micronic sulphur at 5g/l 

1756 1513 1591 1511 156. 6511 1651 1512 1511 1517 1569 6517 Boric acid at 100 mg/l 

2357 1511 15.1 156. 1569 6537 2652 1513 1592 1516 1567 6513 SA at 50 mg/l 

2152 1572 1523 1511 1569 65.1 .951 1573 15.3 1517 1511 6567 Citric acid at 2g/l 

1253 15.3 6511 1517 1516 6579 9253 1562 6513 1531 1513 651. Amino acids at 2ml/l 

.152 1592 1519 6572 1561 6512 .157 1511 1561 6516 1561 6513 Control 

351 1519 1561 1569 1512 1517 .53 1511 1561 1511 151. 1536 LSD at 5% 

 

Concerning the specific effect of the interaction 

the same data in Table 4 indicate that there were 

significant differences in all estimated elements as a 

result of the interaction treatments. In this respect, 
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spraying cabbage plants with dissolved nutrients and 

antioxidants in cold water significantly reflected the 

highest values in all determined chemical elements. 

Moreover, using cold water combined with amino acids 

recorded the highest values in total nitrogen and 

phosphorus percentage in both seasons. While, using 

cold water combined with potassium oxide, chelated 

calcium, micronic sulphur and boric acid recorded the 

highest content of potassium, calcium, sulphur and 

boron, respectively in both seasons of study.  

Generally, some of the applied treatments 

especially those of amino acids and some extend 

salicylic acid exhibited many positive effects in the 

studied growth aspects, e.g., number of outer green 

leaves (Table,1). That is prolonged to other growth 

aspects including the chlorophyll content. This growth 

enhancement and performance (Table, 2) was prolonged 

to the improvement of quality characteristics e.g., total 

sugars, total carbohydrates and vitamin C (Table, 3). 

Also, different estimated nutrient elements were 

positively responded (Table, 4). With regard to that 

above mentioned unique and obvious active effects of 

amino acids treatment upon difference estimated or 

measured growth characteristics could be attributed to 

the facts that of these amino acids is the tryptophan the 

main precursor for indole acetic acid (IAA) biosynthesis 

(Taiz and Ziger,2002). Here, shoot apical meristems and 

young leaves are primary sites of auxin synthesis in 

which exhibit apex-base structural polarity, and this 

structural polarity is dependent on the polarity of auxin 

transport (Salisbury and Ross, 1992). Because, the auxin 

is the only plant hormone that has been clearly shown to 

be transported polarly through the vascular parenchyma 

tissues most those likely associated with the xylem 

(Vince, 2011). So, the main auxin route or passage from 

the site of synthesis (i.e., terminal inner shoot bud is the 

medvin of the leaves and because the fact that unique 

amount of auxin on both medvin sides due to the light 

intensity on the both (Hopknis and Huner, 2009).  

This situation, makes auxin with its low amount 

on the outside of medvin more active for cell division 

and elongation more than in the inhibitor high level of 

auxin on the inner side leading to the overlapped leaves 

when they go in growth. Also, studies have been 

recommended that several compounds are synthesized 

that can act as auxin transport inhibitors including NPA 

(1-N- naphthylphtalomic acid), TIBA (2,3,5- 

triidabenzoic acid), GDP (2- carboxyphenyl -3-phenyl 

propane-1.3-dione), flavonoids,  .etc . (Aloni et al., 

2002) 

 Finally, by applying such safe, natural and low 

cost treatments i.e., antioxidants, amino acids and cold 

water in very low temperature) it could be strongly 

admit economically the use of these treatments to 

improve growth and productivity of this leafy and most 

popular plant under high temperature. 
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تقليللللث تللللة يل رارللللة تفعلللللتاب تفتلتلكللللا نلللللف  التلللللت تفيل للللخ تف لعيللللا  للللف تفكللللل ب تف لللليليا    لللل   ت   كلللل  

 تفتغذيلت،عضلرتت تلاكس ب  تلاحتلض تلاعي يا اشل عع تفتلء تفالار.
 اضل ععت  يو ف ز يث*   ع طلف حتزب ععت  ععت 

 كلية تفزاتنة رلعكة   هل–قسم تفاسلتين 

 رلعكة   هل–لية تفزاتنا ك–*قسم تف الت تفزانف 

 
لدزااهت حهيريس  6113،.611أجسيج حجسبخاى حقليخاى بوصزعت الخضس بكليت الصزاعه  جاهةهت بٌ ها  هوس ه اهوم الٌوه 

 جن/لخهس، حوها الب زيه ،.بخسكيص  جن/لخس،الكبسيج الويكسوًم6بخسكيص  جن/لخس،الكالسي م الوخلبم6بخسكيص  اكسيد الب حااي م

جن/لخههس امحوهالا امهيٌيهه  بخسكيههص 6هجن/لخهس حوهها السهخسي  بخسكيههص 111حوها السالسههيل ، بخسكيههص  هجن/لخههس111بخسكيهص 

والوهال  1± 3هل/لخس علم ًو  وأًخاجيت ًباحاث الكسًب الٌاهيت فم الةسوة الصيفيت جويع الوةاهوث حن أذابخ ها فهم الوهال البهاز  6

وأًخاج زوؤض الكسًب هخضوٌا بةا صفاث الج  ة 5الوةاهلهت بالوهال 5أ ث الوةاهوث الوخخلفت الم ححسيي الٌو   1±11الةا ى 

الباز  أ ث الم حدود شيا ة هةٌ ي  فم الخفاف اوزاق الكسًب بامضافت الهم شيها ة اله شى الجهاشج للسوؤض5كوها أ ث هةهاهوث 

صهههفاث الٌوهههه   هةٌ يهههه  فهههمالوغهههرياث ،هضههها اث امكسهههدة وامحوههههالا امهيٌيههه  هخل رههه  ههههع الوههههال البهههاز ة الهههم شيههها ة 

5والٌخائج حؤكد امهويت الخجبيقيت للوةاهوث هع حقليل الخكلفت الوسسخخده  لصيا ة أًخاجيت الكسًب ححج ظهسوف الحهسازة وامًخاجيت

الوسحفة  فم الةسوة الصيفيت5 والٌخائج الوخحصل علي ا حؤكد أهويت الوةاهوث فم شيا ة اًخاجيهت الكسًهب وححسهيي ج  حه  وهيوخه  

 5الغرائي 
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