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ABSTRACT 

This investigation was executed at the Experimental Vegetable Station, Faculty Agric., 
Mansoura Univ., El-Mansoura, Egypt during the two successive winter seasons of 2013/2014 and 
2014/2015 to study the effect of chitosan foliar application rates (0.0, 100, 200 and 300 mg L-1) on 
improving growth, field performance and some plant-water relations of developed furrow irrigated-
cabbage plants (cv. O-S Cross) grown in clay loamy soil under the impact of three irrigation water 
deficit stress treatments, i.e. without stress as complete irrigation (control), moderate and severe stress 
(75 % and 50 % from the control, consecutively). The experiment was laid out in a strip-plot design 
with three replicates. The irrigation water deficit stress treatments were arranged in the vertical plots, 
while the chitosan foliar application rates were distributed in horizontal-plots. The results revealed 
that vegetative growth traits (plant height, foliage fresh weight, leaves number and fresh weight and 
leaf area), outer leaves chemical constituents (chlorophyll a, b, total carotenoids, NPK content), heads 
yield and its components (head fresh weight, total heads yield/fed., edible head fresh weight and 
diameter), edible heads yield quality (compactness rate, VC and TSS) and leaf relative water content 
were significantly decreased with increasing water deficit stress and vice versa for characters of 
(edible head dry matter, leaf electrolyte leakage and water-use efficiency). All above mentioned 
parameters were significantly increased with chitosan treated plants at 200 mg L-1 as compared with 
untreated plants. Respecting the impact of interaction, the most forecited effective characters were 
significantly ameliorated with the interaction treatment between chitosan at 200 mg L-1 and either 
without water stress (control) or moderate stress. In general, it is concluded that foliar-applied 
chitosan at 200 mg L-1 may be a promising compound employed to reduce the damaging impact of 
water deficit stress on growth and field performance of cabbage plants. 
                 
Key words: Water deficit stress, Chitosan, Cabbage, growth, Field performance and Plant-water 

relations.  

 
Introduction 

Cabbage (Brassica oleracea var. capitata L.) is one of the most important cole crops that 
belong to the Cruciferous vegetables (Brassicaceae or Cruciferae family) which contain a group of 
economically significant horticultural crops (Sousa et al., 2008). The Cruciferous vegetables included 
cabbage are considered to be excellent source of some bioactive phytochemicals such as 
glucosenolates, folate, myricetin, selenium (Bibak et al. 1999), vitamins (A, B1, B2, B6, C, and E), 
minerals (Mn, Ca, K and Mg) and protein (Maynard and Hochmuth, 2007). All of these compounds 
are important in human diet in order to protect against cancer of prostate, lung and breast (World 
Cancer Research Fund, 1997). Cabbage is used as boiled, salad, cooked, dehydration and pickling 
purposes. It neutralizes the acidity, improves the digestion and the zest. The total area harvested of 
cabbage in Egypt in 2015 was nearly 46136 fed. which produced about 563437 ton with an average of 
12.21 ton fed-1 (FAO, 2015). 

Life of humans and all living organisms including higher plants requires water. So, water is  
one of the most significant factors for plant growth, development and productivity. Irrigation water 
plays a principal role in sustainable agricultural production. The enhancement of irrigation water-use 
efficiency and saving its amount consumed in agriculture in the same time can achieve by adoption of 
typical modern irrigation systems and accurate management practices (Keyvan and Irandoost, 2015). 

Scarceness of irrigation water resources is a stringent environmental constraint to plant 
growth and crop performance particularly in arid and semi-arid areas. Drought is the most crucial 
threats to world food security. Since, the world’s water resources are limited, future food is required 
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for quickly increment of population pressures is likely to further aggravate the impacts of severe water 
deficit (Somerville and Briscoe, 2001). The quantity of water needed by plants and the timing of 
irrigation are managed by predominant climatic conditions, crop type and its growth stage, holding 
capacity of soil moisture and the intensity of root system as determined by crop variety, growth stage 
and soil type.  

Water deficit stress is considered one of the most critical abiotic stresses for cabbage 
productivity. Cabbage has been categorized as moderately susceptible to irrigation water deficit stress 
and it is more sensitive especially in the period of head formation (Nortje and Henrico, 1988), 
therefore insufficient available water limits the yield and quality of cabbage (Larteh, 2011). Many 
investigations had reported that water deficit stress decreased vegetative growth parameters in terms 
of plant height, fresh weight of leaves and marketable head and dry matter content of cabbage (Smittle 
et al., 1994; Ibrahim et al., 2011; Kadyampakeni, 2013; Nyatuame et al., 2013 and XU and Leskovar, 
2014).  Also, the highest values of broccoli plants leaf area and its curd attributes were attained when 
plants are irrigated with complete irrigation level (Ayas et al., 2011 and Erken et al., 2013). 
Moreover,, the yield of cauliflower reduced with decreasing irrigation water level (Moniruzzaman et 
al., 2007). Similar results were obtained by (Van Averbeke and Netshithuthni, 2010) on Chinese 
cabbage, (Farouk and Abd El Mohsen, 2011) on cowpea and (Abu-Muriefah, 2013) on common bean. 

Water deficit stress reduced the quantity and quality of plant growth which depends on cell 
division, elongation and differentiation, and includes genetic, ecological, physiological and 
morphological processes and their complex combinations (Taiz and Zeiger, 2006). Also, decreased 
root multiplication, stem elongation and leaf size, unsuitable plant-water relations, decreased water-
use efficiency, inhibited transpiration, damaged photosynthetic apparatus and thus photosynthesis 
induced by water deficit stress as a result of reactive oxygen species (ROS) generation which induces 
oxidative damage in proteins, membrane lipids, nucleic acids and other cellular components (Farooq 
et al., 2009) as a consequence of the disturbance of balance between the formation of ROS and 
antioxidant plant defense systems under these conditions. The antioxidant defense system of plant 
cells contains both enzymatic and non-enzymatic antioxidants components. Amongst the enzymatic 
antioxidants are catalase, superoxide dismutase, glutathione reductase, peroxidase and ascorbate 
peroxidase. Whereas, the non-enzymatic antioxidants system consists of some important anti-
transpirant or bio-stimulant compounds such as chitosan that activate the enzymatic antioxidant 
system for scavenging of ROS and protecting the plant cells (Farouk et al., 2013 and Ragab et al., 
2015).   

Chitosan is a natural biopolymer formed by low alkaline deactivation of chitin, an important 
polysaccharide component of the exoskeletons either of shellfish such as shrimp, lobster and some 
fungi cell wall or of crustaceans such as crab and crawfish (Kaya et al., 2014). It possesses special 
characteristics of being inexpensive, a friend for environment and safe for human health and livestock 
because it is non-toxic compound and easily degradable. Chitosan has been used as fertilizer in 
agriculture as coatings for seeds, leaves, fruits and vegetables. It increases plant growth and 
productivity, stimulates several antioxidant enzyme activities within plant cells to get rid of oxidative 
damage induced by reactive oxygen species under different adverse environmental conditions such as 
drought, salinity, etc., and also it protects the plants against diverse microorganisms (Malerba and 
Cerana, 2016). Many researchers reported that chitosan as a foliar application has been widely used to 
improve germination, growth, yield components and quality of vegetable crops such as faba bean (El-
Sawy et al., 2010), cowpea (Farouk and Abd El Mohsen, 2011), okra (mondal et al., 2012), common 
bean (Abu-Muriefah, 2013), summer squash (Ibraheim and Mohsen, 2015) and spinach (Sultana et 
al., 2015) .Finally, Saharan et al. (2015) on tomato, found that Cu-chitosan enhanced growth, 
germination percentage, length of seedling and fresh and dry weights. 

 Therefore, the aim of this present work was studying the impact of chitosan foliar application 
on ameliorating growth and field performance of cabbage plants under either non water-stressed or 
stressed conditions. 
 
Materials and Methods 

 

In order to investigate the impact of chitosan foliar application rates on ameliorating growth, 
field performance and some plant-water relations of hybrid cabbage plants (cv. O-S Cross) under 
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irrigation water deficit stress treatments, two field experiments were performed at the Experimental 
Station, Olericulture and Floriculture Dept., Faculty Agric., Mansoura Univ., El-Mansoura, Dakahlia 
Governorate, Egypt during the two successive winter seasons of 2013/2014 and 2014/2015 under 
conditions of clay loamy soil by developed furrow irrigation system. The irrigation water deficit stress 
treatments were three levels, i.e. without stress as complete irrigation (control), moderate stress (75 % 
from complete irrigation) and severe stress (50 % from complete irrigation). Whereas, the foliar 
application rates of chitosan were (0.0, 100, 200 and 300 mg L-1) and they were foliar-applied three 
times at 30, 60 and 90 days after transplanting. The physical and chemical properties of the used soil 
are shown in Table (1) and the soil analysis was carried out according to Chapman and Pratt (1978).  

 
Table 1: Physical and chemical parameters of experimental farm soil during 2013/2014 (1st) and 2014/2015 

(2nd) seasons.  

Seasons 
Clay 

(%) 

Silt 

(%) 

Sand 

(%) 

Soil 

texture 
pH 

EC 

(dSm-1) 

FC 

(%) 

WP 

(%) 

AW 

(%) 

OM 

(%) 

CaCO3 

(%) 

N 

(ppm) 

P 

(ppm) 

K 

(ppm) 

1st 36.5 41.6 21.9 
Clay 

loamy 
8.14 1.59 35.3 18.6 16.8 2.0 3.39 52.3 6.0 292 

2nd 36.7 41.8 21.5 
Clay 

loamy 
8.09 1.81 35.0 18.3 16.9 2.2 3.43 52.9 6.5 296 

EC: Electrical conductivity, FC: Field capacity; WP: Welting point, AW: Available water, OM: Organic matter. 

Cabbage transplants 45 days old were transplanted on one side of each ridge (70 cm width) at 
distance of 50 cm apart on 23th of October during both seasons. Each sub-plot included 5 ridges, 70 
cm width and 3 m length and the total sub-plot area was 10.5 m2.     

Equal quantities of irrigation water were applied to all experimental units during transplanting 
at the rate of 250 and 260 m3/fed. in both seasons, consecutively, using developed furrow irrigation 
system containing water counter joined with main black polyethylene plastic pipeline (63 mm in 
diameter) that manifold to two lateral black polyethylene plastic pipeline (63 mm in diameter). Each 
lateral plastic pipeline was put longitudinally between two vertical plots and each of them included 6 
PVC ball valves (63 mm in diameter) which were fixed at the rate of one PVC ball valve per 4 sub-
plots. Thus, one row at a width of two meters was left between each two vertical plots as a guard area 
for avoidance of the overlapping of irrigation water infiltration. Irrigation water quantity treatments 
were repeated three times every 30 days interval from transplanting time. Irrigation water quantities of 
diverse treatments were accurately computed through water counter and presented in Table (2). 

 

Table 2: Irrigation water quantities added as m3/fed. during 2013/2014 and 2014/2015 seasons. 

Irrigation time 
Irrigation water levels (%) 

2013/2014 season 2014/2015 season 
 100 75 50 100 75 50 

At transplanting  250 250 250 260 260 260 

After 30 days  160 120 80 160 120 80 
After 60 days  180 135 90 180 135 90 
After 90 days  190 142.5 95 180 135 90 

Total amount 780 647.5 515 780 650 520 
 

Cabbage plants were fertilized with 240 kg of ammonium nitrate (33.5 % N), 400 kg of 
granulated single calcium superphosphate (12.5 % P2O5) and 100 kg of potassium sulfate (50 % K2O) 
per fed. Both full dose of phosphorus fertilizer and good decomposed farmyard manure at 20 m3/fed. 
were completely added during soil preparation. While, nitrogen and potassium fertilizers were divided 
into two equal batches and applied before the first and second irrigation time. 

 
Experimental design: 

The experiments were laid out in a strip-plot design with three replications. The vertical plots 
were allotted to the irrigation water deficit stress treatments, while the horizontal plots were assigned 
to the chitosan foliar application rates. 
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Recorded data:  

After 115 days from transplanting, 5 plants were randomly taken from each plot of both 
seasons to determine the following characters: 

 
1. Vegetative growth traits:  

Plant height, foliage fresh weight/plant as outer and inner stem + outer and inner leaves), 
leaves number and fresh weight/plant and leaf area/plant were determined in both seasons. 

  
2. Outer leaves chemical constituents:  

Chlorophyll a, b and total carotenoids content as well as N, P and K percentages were 
estimated according to AOAC (1990).  

 
3. Heads yield and its components:  
  Head fresh weight/plant as outer and inner stem + inner leaves, edible head fresh weight/plant 
as inner stem and leaves, edible head diameter and total heads yield/fed. were recorded.  
 
4. Edible heads yield quality:  

Edible head compactness rate was registered according to Riad et al. 2009 as indicated in the 
following equation: 

Compactness rate  = 
Edible head volume (0 .75 × 3.14 × radius3) 

 Edible head weight 
 As well as, edible head dry matter %, vitamin C (VC) and total soluble solids (TSS) were 

estimated according to AOAC (1990).  
 

5. Plant-water relations:  
Leaf relative water content percentage and electrolyte leakage percentage were determined 

according to Xu and Leskovar (2014). As well, water use efficiency was counted according to Ragab 
et al. (2015).   

 
Statistical analysis:  

Data obtained was subjected to statistical analysis employing the analysis of variance 
(ANOVA) technique as described by Gomez and Gomez (1984). Least significant difference (LSD) at 
5% of probability was utilized to compare the differences among treatment means reported by 
Snedecor and Cochran (1989).  

   
Results and Discussion 
 
1. Vegetative growth traits:  
 
Irrigation water deficit stress. 

The effect of irrigation water deficit stress on vegetative growth traits of cabbage plants, 
namely plant height, foliage fresh weight, leaf number, leaf area and leaf fresh weight are presented in 
Table (3). All previous traits were significantly decreased with increasing water deficit stress in both 
seasons, respectively. The highest means of all forecited traits were achieved with complete irrigation 
water (without stress as control) followed by moderate stress (75 % from complete irrigation), 
whereas the lowest means were recorded with severe stress (50 % from complete irrigation). The 
increases in vegetative growth traits connected to complete irrigation water level may be attributed to 
that providing with typical and adequate irrigation water resulted in increased growth and 
development of cells, formation of vigorous root system, ameliorating essential elements availability, 
uptake and transportation required to support plant metabolism which led to increase vegetative 
growth attributes, and conversely happened when plants are exposed to irrigation water deficit stress. 
These results are in general agreement with those found by (Xu and Leskovar, 2014) on cabbage, 
(Farouk and Abd El Mohsen, 2011 and 2012) on cowpea, (Abu-Muriefah, 2013) on common bean 
and Malekpoor et al., 2016) on basil. 
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Chitosan rate. 
Data of Table (3) reveals that all former vegetative growth parameters of cabbage plants had 

significantly been affected by chitosan foliar application rates in two growing seasons. In this respect, 
the highest values of all growth parameters were attained with the chitosan treated plants at 200 mg L-

1, while the lowest values were registered with untreated plants (control). The stimulating influence of 
chitosan on increment of plant growth traits of cabbage plants might be due to an increase in the 
availability and uptake of water and minerals through adjusting pressure of cell osmotic, and decrease 
the accumulation of hurtful free radicals by enhancing antioxidants and enzyme activities (Guan et al., 
2009). These results are in harmony with the obtained results by (Abdel-Mawgoud, 2010) on 
strawberry, (Farouk and Abd El Mohsen, 2011) on cowpea, (Sheikha, 2011) on bean, (Mondal et al., 
2012) on okra, (Shehata et al., 2012) on cucumber, (Abu-Muriefah, 2013) on common bean, 
(Ibraheim and Mohsen, 2015) on summer squash.  

 
Table 3: Cabbage vegetative growth traits as affected by irrigation water deficit stress and chitosan 

foliar application and their interactions during 2013/2014 (S1) and 2014/2015 (S2) 
seasons. 

Parameters Plant  
height  
(cm) 

Foliage FW* 
(g/plant) 

Leaves 
No./plant 

Leaves area 
(m2/plant) 

Leaves FW* 
(g/plant) 

Treatments S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 

Irrigation water deficit stress treatments 
Without stress  30.2 29.7 7223 7090 57.1 56.0 3.825 3.772 6902 6801 
Moderate stress 28.3 27.8 6775 6650 53.6 52.6 3.588 3.536 6474 6379 
Severe stress 24.7 24.3 5912 5803 46.7 45.9 3.131 3.085 5649 5567 
LSD 5% 2.2 1.9 537 528 4.1 3.6 0.284 0.267 514 488 

Chitosan foliar application (mg L -1) 
Without 26.0 25.4 6226 6078 49.2 48.1 3.297 3.231 5949 5830 
100 27.8 27.4 6651 6546 52.4 51.7 3.522 3.480 6355 6280 
200 29.0 28.5 6925 6808 54.8 53.8 3.667 3.619 6617 6531 
300 28.2 27.7 6747 6625 53.5 52.4 3.573 3.526 6447 6355 
LSD 5% 2.3 1.8 550 539 4.3 2.9 0.291 0.263 526 516 

Interaction treatments 

Without 
stress 

Without 28.1 27.5 6721 6561 53.0 52.0 3.559 3.488 6422 6294 
100 30.3 29.9 7245 7144 57.3 56.3 3.837 3.798 6922 6853 
200 31.9 31.4 7628 7500 60.3 59.3 4.040 3.987 7289 7194 
300 30.5 30.0 7301 7156 58.0 56.6 3.866 3.815 6976 6864 

Moderate 
stress 

Without 26.9 26.3 6429 6275 51.0 49.6 3.405 3.337 6143 6020 
100 28.7 28.1 6852 6721 54.0 53.3 3.629 3.573 6547 6448 
200 29.1 28.6 6965 6847 55.3 54.3 3.688 3.640 6655 6568 
300 28.7 28.3 6857 6757 54.3 53.3 3.631 3.593 6552 6482 

Severe 
stress 

Without 23.1 22.6 5529 5398 43.6 42.6 2.928 2.869 5284 5178 
100 24.5 24.2 5855 5774 46.0 45.6 3.101 3.070 5595 5539 
200 25.8 25.4 6181 6077 49.0 48.0 3.273 3.231 5906 5830 
300 25.5 25.0 6084 5963 48.3 47.3 3.222 3.170 5813 5720 

LSD 5% 3.9 3.0 953 935 7.4 4.9 0.504 0.456 911 894 
FW*: Fresh weight, Without stress: Complete irrigation water (control), Moderate stress: (75% from complete irrigation), 

Severe stress: (50% from complete irrigation).         

Interaction treatments. 
Concerning the interaction effect between irrigation water deficit stress and foliar application of 

chitosan, data shown in the same Table (3) indicates that the interactions between all rates of chitosan 
(100, 200 and 300 mg L-1) and both without water stress (complete irrigation) and moderate water 
stress (75% from complete irrigation) gave significant increases for all above mentioned growth 
parameters as compared with the interaction treatment between severe water stress (50% from 
complete irrigation) and without chitosan foliar application in the first and the second seasons, 
respectively. The maximum records in this regard were achieved with the combination treatment 
between complete irrigation water level (without stress) and foliar application of chitosan at 200 mg 
L-1. On the other hand, the minimum records were registered with severe water stress treatment only 
(without chitosan). These results may be due to the effective role of chitosan (whether in stressed or 
non-stressed water deficit conditions) in improving water and essential nutrients absorption and using 
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them in the various plant metabolism processes such as photosynthesis, etc. and formation of various 
assimilates and solutes that are significant to produce efficient new plant organs and consequently 
improvement vegetative growth attributes. Also, chitosan save cell membranes integrity through its 
vital role in elevating antioxidant enzyme activities that act as scavenges for reactive oxygen species 
(ROS) and thus reducing oxidative damage caused by irrigation water deficit stress and ameliorating 
plant growth parameters under these conditions (Farouk et al., 2013). These results are in the same 
line with those of (Farouk and Abd El Mohsen, 2011 and 2012) on cowpea, (Shehata et al., 2012) on 
cucumber, (Abu-Muriefah, 2013) on common bean and Malekpoor et al., 2016) on basil.   

 
2. Chemical constituents of cabbage outer leaves: 
 
Irrigation water deficit stress. 

Data presented in Table (4) declares that chemical constituents of cabbage plant outer leaves, 
namely chlorophyll a and b, total carotenoids, N, P and K contents had been decreased significantly as 
irrigation water deficit stress increased. The highest means of all previous parameters were obtained 
with complete irrigation water level (without stress), without significant differences with moderate 
stress (75% from complete irrigation) in most cases as compared with severe stress (50% from 
complete irrigation) in both seasons, successively. These increases in chemical contents of cabbage 
leaves of photosynthetic pigments and NPK elements may be due to that more available water in soil 
increased effective plant root system capacity to absorb more available major nutrients needed for 
different plant physiological and biochemical processes such as photosynthesis and synthesis of 
necessary organic components like nucleic acids, amino acids, proteins and photosynthetic pigments 
which lead to increase the chemical constituents of resultant plant leaves. On the other hand, the 
negative impact of water deficit may be due to reduced cell division and enlargement as a result of 
increasing activity of ROS, decreased root system extension and uptake and transport of essential 
nutrients, increased abscisic acid (ABA) generation which lead to close of leaf stomata and therefore 
reduced photosynthesis and decreased chemical components of leaves. Such results go in line with the 
findings of (Xu and Leskovar, 2014) on cabbage, (Farouk and Abd El Mohsen, 2011 and 2012) on 
cowpea, (Abu-Muriefah, 2013) on common bean and Malekpoor et al., 2016) on basil.  
 
Chitosan rate. 

Results listed in Table (4) demonstrate that all aforementioned characters had significantly been 
affected by foliar application of chitosan rates comparing with untreated plants (control) in the two 
consecutive seasons. The highest values for all forecited characters were accomplished with chitosan 
foliar applied-plants at 200 mg L-1. On the contrary, the lowest values of these previous characters 
were recorded with control treatment (untreated plants). The increments of cabbage leaves chemical 
constituents related to chitosan foliar application under water deficit stress may be referred to its 
function in facilitating water and nutrients uptake by vigorous roots, inhabiting oxidative damage 
caused by ROS, activating both antioxidant enzyme defense systems (Malerba and Cerana, 2016) and 
photosynthetic enzymes leading to improve photosynthesis and biosynthesis of essential organic 
molecules and increase accumulation of assimilates of cabbage leaves. The obtained results go in the 
same line with the obtained results by (El-Tantawy, 2009) on tomato, (Farouk and Abd El Mohsen, 
2011 and 2012) on cowpea, (Abu-Muriefah, 2013) on common bean, (El-Miniawy et al., 2013) on 
strawberry and Malekpoor et al., 2016) on basil plants.  

 
Interaction treatments. 

Regarding the influence of combination treatments between irrigation water deficit stress and 
foliar spray of chitosan, data given in Table (4) obviously indicates that the combinations between 
complete irrigation water level (without stress) and all chitosan rates (100, 200 and 300 mg L-1) with 
there were no significant differences with 75% from complete irrigation one (moderate stress) with 
the same chitosan rates achieved significant increments for all aforementioned parameters compared 
with the combination treatment between the level of 50% from complete irrigation (severe stress) only 
without foliar application of chitosan in both seasons, respectively. In general, the maximum values 
for all abovementioned attributes were attained with combination treatment between complete 
irrigation water level and chitosan at 200 mg L-1. On the other hand, the minimum values were 
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realized with severe water deficit stress treatment only. As mentioned above, the positive impact of 
chitosan on chemical components of cabbage leaves in terms of photosynthetic pigments and NPK 
nutrients may be ascribed to the chitosan-mediated improve root system efficiency to absorb more 
available water and nutrients that needed for important physiological activities such as photosynthesis 
and biosynthesis of important assimilates which ameliorate leaves chemical quality. Similar results 
were obtained by (Farouk and Abd El Mohsen, 2011 and 2012) on cowpea, (Abu-Muriefah, 2013) on 
common bean and Malekpoor et al., 2016) on basil.   
 
Table 4: Chemical constituents of cabbage outer leaves as affected by irrigation water deficit stress 

and chitosan foliar application and their interaction during 2013/2014 (S1) and 2014/2015 
(S2) seasons. 
Parameters Chl. a1 

(mg/100g FW*) 
Chl. b2 

(mg/100g FW*) 
Carotenoids 
(mg/100g FW*) 

N 
(%) 

P 
(%) 

K 
(%) 

Treatments S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 

Irrigation water deficit stress treatments 
Without stress  45.3 44.9 22.8 22.5 12.7 12.3 2.78 2.74 0.335 0.330 3.48 3.43 
Moderate stress 42.5 42.0 21.4 21.0 11.9 11.6 2.61 2.57 0.314 0.309 3.26 3.22 
Severe stress 37.1 36.7 18.6 18.3 10.4 10.2 2.27 2.24 0.274 0.270 2.85 2.81 
LSD 5% 3.4 2.1 1.7 1.1 1.0 0.7 0.21 0.17 0.025 0.017 0.26 0.11 

Chitosan foliar application (mg L -1) 
Without 39.1 38.4 19.6 19.2 11.0 10.4 2.39 2.35 0.289 0.282 3.00 2.94 
100 41.7 41.5 21.0 20.8 11.7 11.4 2.56 2.53 0.309 0.304 3.20 3.17 
200 43.5 43.0 21.8 21.5 12.2 12.0 2.66 2.63 0.321 0.315 3.34 3.30 
300 42.3 41.9 21.3 21.0 11.9 11.6 2.59 2.56 0.313 0.309 3.25 3.21 
LSD 5% 3.5 2.2 1.7 1.0 1.0 0.6 0.21 0.18 0.026 0.016 0.27 0.12 

Interaction treatments 

 
Without 

stress 

Without 42.2 41.5 21.2 20.8 11.8 11.0 2.58 2.54 0.312 0.305 3.24 3.18 
100 45.5 45.5 22.8 22.9 12.8 12.5 2.79 2.76 0.336 0.332 3.49 3.46 
200 47.9 47.4 24.1 23.7 13.4 13.1 2.93 2.90 0.354 0.346 3.67 3.63 
300 45.8 45.2 23.0 22.6 12.9 12.5 2.81 2.77 0.339 0.336 3.52 3.46 

Moderate 
stress 

Without 40.3 39.6 20.3 19.9 11.3 10.6 2.47 2.43 0.298 0.292 3.10 3.04 
100 43.0 42.5 21.6 21.3 12.1 11.5 2.64 2.60 0.318 0.313 3.30 3.25 
200 43.7 43.3 22.0 21.6 12.3 12.2 2.68 2.64 0.323 0.319 3.35 3.31 
300 43.0 42.7 21.6 21.4 12.1 12.0 2.64 2.61 0.318 0.314 3.30 3.27 

Severe 
stress 

Without 34.7 34.1 17.4 17.1 9.7 9.7 2.13 2.08 0.257 0.251 2.66 2.61 
100 36.7 36.5 18.5 18.3 10.3 10.2 2.25 2.23 0.272 0.269 2.82 2.80 
200 38.8 38.4 19.5 19.2 10.9 10.6 2.38 2.35 0.287 0.282 2.98 2.94 
300 38.2 37.7 19.2 18.9 10.7 10.4 2.34 2.30 0.282 0.277 2.93 2.89 

LSD 5% 6.0 3.9 3.0 1.8 1.7 1.1 0.37 0.32 0.044 0.029 0.46 0.21 
FW*: Fresh weight        Chl. a1: Chlorophyll a         Chl. b2: Chlorophyll b 

3. Heads yield and its components and quality: 
 
Irrigation water deficit stress. 

Data shown in Tables 5 and 6 reveals that cabbage heads yield and its components, viz. head 
fresh weight, edible head fresh weight, edible head diameter and total heads yield (Table 5) and edible 
heads yield quality, i.e. head compactness rate, vitamin C and TSS, except edible head dry matter 
percentage (Table 6) significantly had been impacted by irrigation water deficit stress. The highest 
values for all previous characters were attained by complete irrigation water level without significant 
differences with moderate stress level (75% from complete irrigation) in the two consecutive seasons, 
respectively. Otherwise, the lowest values for all these former traits were recorded with severe water 
stress (50% from complete irrigation) in both seasons. On contrast, the maximum edible head dry 
matter percentage (Table 6) was registered with application of severe water stress (50% from 
complete irrigation) without significant differences with moderate water stress as compared with 
complete irrigation water in the first and the second seasons. These results may be referred to that 
water deficit stress led to the increasing reactive oxygen species (ROS) which cause cells death 
because of their interaction with plasma membranes, nucleic acids, and proteins. Also, it increased the 
production of abscisic acid (ABA) and ethylene, and in the same time it decreased about 10-30% of 
photosynthesis, nutrients uptake and some plant growth regulators such as cytokinins and gibberellins 
which resulted in the reduction of plant photosynthetic pigments and thus the plant growth and 
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productivity were apparently decreased. These results are in general agreement with the findings 
previously mentioned by Kadyampakeni (2013), Nyatuame et al. (2013) and XU and Leskovar (2014) 
on cabbage, Van Averbeke and Netshithuni (2010) on Chinese cabbage, Ayas et al. (2011) on 
broccoli, Farouk and Abd El Mohsen (2011 and 2012) on cowpea and Abu-Muriefah (2013) on 
common bean. 

  
Chitosan rate. 

Data presented in Tables 5 and 6 shows that all aforementioned parameters of cabbage heads 
yield and its components and quality had significantly been influenced by chitosan foliar application 
at 200 mg L-1 compared with control treatment (untreated plants) in both seasons. Hence, the highest 
values of these all previous characters were attained with 200 mg L-1 of chitosan foliar spray, whereas 
the lowest values in this connection were recorded with chitosan untreated plants in the two 
consecutive seasons, respectively. These results are in the same line with those of  by (Abdel-
Mawgoud, 2010) on strawberry, (Farouk and Abd El Mohsen, 2011) on cowpea, (Mondal et al., 2012) 
on okra, (Shehata et al., 2012) on cucumber, (Abu-Muriefah, 2013) on common bean and (Ibraheim 
and Mohsen, 2015) on summer squash.  

 
Table 5: Cabbage heads yield and its components as affected by irrigation water deficit stress and 

chitosan foliar application and their interactions during 2013/2014 (S1) and 2014/2015 
(S2) seasons. 

 Parameters Head  
FW*/plant (g) 

Edible head 
FW*/plant (g) 

Edible head 
diameter (cm) 

Total heads yield 
(ton/fed.) 

Treatments S1 S2 S1 S2 S1 S2 S1 S2 

 Irrigation water deficit stress treatments 
Without stress 6964 6862 5613 5520 37.7 37.3 83.5 82.3 
Moderate stress 6523 6428 5265 5177 35.3 35.1 78.2 77.1 
Severe stress 5675 5591 4594 4518 30.8 30.6 68.1 67.1 
LSD 5% 529 521 418 411 2.8 2.5 6.3 6.2 

Chitosan foliar application (mg L -1) 
Without 5990 5870 4838 4732 32.5 32.2 71.8 70.4 
100 6393 6320 5168 5097 34.7 34.3 76.7 75.8 
200 6668 6582 5381 5300 36.1 35.9 80.0 78.9 
300 6497 6402 5243 5158 35.2 34.9 77.9 76.8 
LSD 5% 541 532 427 420 2.9 1.9 6.5 6.4 

Interaction treatments 

Without 
stress 

Without 6476 6347 5222 5108 35.1 34.5 77.7 76.1 
100 6977 6907 5629 5562 37.8 37.3 83.7 82.8 
200 7360 7265 5928 5839 39.8 39.5 88.3 87.1 
300 7041 6928 5673 5571 38.1 37.7 84.5 83.1 

Moderate 
stress 

Without 6189 6065 4995 4886 33.5 33.4 74.2 72.7 
100 6591 6500 5324 5233 35.7 35.4 79.0 78.0 
200 6708 6621 5412 5331 36.3 36.1 80.4 79.4 
300 6605 6525 5328 5261 35.8 35.6 79.2 78.3 

Severe stress 

Without 5305 5199 4297 4202 28.8 28.8 63.6 62.4 
100 5611 5555 4550 4495 30.5 30.1 67.3 66.7 
200 5938 5860 4803 4731 32.3 32.1 71.2 70.3 
300 5845 5752 4727 4643 31.7 31.4 70.1 69.0 

LSD 5% 937 922 741 728 5.0 3.4 11.2 11.1 
FW*: Fresh weight    
 
Interaction treatments. 

The diverse interactions between irrigation water deficit stress (especially in the case of without 
stress level as a complete irrigation water, with no significant differences with moderate stress level as 
75% from complete irrigation) and foliar applied-chitosan rates (100, 200 and 300 mg L-1) had many 
significant impacts on all studied parameters except edible head dry matter % one as compared with 
the level of severe stress only without chitosan in both seasons as presented in Tables 5 and 6. The 
highest values of these previous parameters were attained with the interaction between complete 
irrigation and sprayed chitosan at 200 mg L-1 whereas the lowest values were achieved with severe 
water stress only without chitosan. On the contrary, the highest mean of edible head dry matter 
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percentage was registered at irrigation by severe stress level (50% from complete irrigation) and 200 
mg L-1 of chitosan, while the lowest mean in this regard was recorded with complete irrigation level 
only. The obtained results may be due to the principal role of chitosan in ameliorating plant roots 
capacity to uptake water and necessary nutrients and use them efficiently within plant in promotion of 
antioxidant enzyme activities, prevention of ROS, activation of photosynthesis and biosynthesis of 
carbohydrates, proteins and other organic compounds that needed for different plant metabolic 
activities and production of more assimilates which translocated to edible head in consequence of K 
and P mode of action, and therefore the marketable head yield and quality increased. These results are 
in accordance with those of (Farouk and Abd El Mohsen, 2011) on cowpea and (Abu-Muriefah, 2013) 
on common bean.  

 
Table 6: Edible heads yield quality of cabbage as affected by irrigation water deficit stress and 

chitosan foliar application and their interactions during 2013/2014 (S1) and 2014/2015 
(S2) seasons.   

 Parameters 
Edible head 

compactness rate 
Edible head DM* 

(%) 
VC 

(mg/100g FW*) 
TSS 
(%) 

Treatments S1 S2 S1 S2 S1 S2 S1 S2 

 Irrigation water deficit stress treatments 
Without stress 2.83 2.78 7.61 7.53 47.1 46.7 6.18 6.12 
Moderate stress 2.48 2.48 8.64 8.55 44.1 43.8 5.81 5.74 
Severe stress 1.89 1.87 9.37 9.27 38.5 38.2 5.08 5.00 
LSD 5% 0.41 0.36 1.03 0.75 3.5 3.3 0.44 0.26 

Chitosan foliar application (mg L -1) 
Without 2.11 2.11 8.12 7.99 40.6 40.0 5.32 5.22 
100 2.40 2.35 8.50 8.45 43.3 43.1 5.72 5.65 
200 2.60 2.60 8.86 8.78 45.1 44.8 5.95 5.86 
300 2.48 2.45 8.68 8.57 44.0 43.7 5.77 5.74 
LSD 5% 0.41 0.25 0.64 0.51 3.6 2.9 0.47 0.31 

Interaction treatments 

Without 
stress 

Without 2.44 2.39 7.11 7.00 43.8 43.2 5.73 5.63 
100 2.84 2.77 7.53 7.49 47.2 47.0 6.23 6.16 
200 3.14 3.12 7.95 7.88 49.7 49.4 6.53 6.46 
300 2.91 2.84 7.83 7.73 47.6 47.4 6.23 6.23 

Moderate 
stress 

Without 2.24 2.28 8.27 8.14 41.9 41.3 5.50 5.40 
100 2.53 2.51 8.65 8.60 44.6 44.2 5.90 5.83 
200 2.62 2.61 8.82 8.74 45.4 45.1 6.00 5.90 
300 2.54 2.54 8.82 8.71 44.7 44.5 5.86 5.83 

Severe 
stress 

Without 1.65 1.68 8.96 8.82 36.0 35.6 4.73 4.63 
100 1.85 1.79 9.32 9.27 38.1 38.0 5.03 4.96 
200 2.06 2.05 9.82 9.73 40.3 40.0 5.33 5.23 
300 2.00 1.97 9.39 9.28 39.6 39.2 5.23 5.16 

LSD 5% 0.71 0.44 1.10 0.88 6.2 4.9 0.81 0.54 
DM*: Dry matter 

4. Plant-water relations: 
 
Irrigation water deficit stress. 

 The effect of irrigation water deficit stress on cabbage plant-water relations, i.e. the percentage 
of leaf relative water content and electrolyte leakage and water use efficiency is shown in Table (7). 
All previous parameters had significantly been affected by water deficit stress treatments in both 
seasons. The severe water stress level (50 % from complete irrigation) gave the worst values for both 
leaf relative water content and percentage of electrolyte leakage as compared with complete irrigation 
level (without stress as control), and vice versa for water use efficiency parameter in the two 
consecutive seasons. On the other hand, the moderate stress level (75 % from complete irrigation) 
recorded values for all former parameters between these two extremes. The previous results may be 
ascribed to that higher water amount applied to plants led to holding higher water content within plant 
tissues with reducing electrolyte leakage as a result of ameliorating root growth, improving root water 
and nutrients uptake, reducing oxidative damage of plasma membranes because of stimulating 
antioxidant defense system leading to increase plant water keeping and conversely in the case of water 
deficit stress. The obtained results go in line with the findings of Kadyampakeni, 2013; Nyatuame et 
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al., 2013; Haris et al., 2014; XU and Leskovar, 2014 on cabbage; Van Averbeke and Netshithuni, 
2010 on Chinese cabbage and Ayas et al., 2011 on broccoli.   

     
Chitosan rate. 

Data of Table (7) reveals that all aforementioned characters significantly had been influenced 
by chitosan foliar application rates comparing with untreated plants (control). The rate of 200 mg L-1 
of chitosan achieved the best means for all forecited characters, whereas the chitosan untreated plants 
registered the lowest records in this respect in both seasons, respectively. These results may be due to 
the vital role of chitosan as antioxidant which inhibited ROS and ethylene formation and promoted 
enzymatic defense system, which resulted in protecting cell membranes. Also chitosan-mediated 
increase soluble carbohydrates, protein and water content which increase plant growth and reduced 
electrolyte leakage. The increment of leaf relative water content may be related to the important role 
of chitosan in accumulation of compatible osmolytes within plants tissues, depending on water deficit 
stress. Bittelli et al. (2001) on pepper plant found that foliar application of chitosan enhanced water 
use efficiency of pepper plants by 26-43% while maintaining biomass production and yield. Also, the 
biomass:water ratio was significantly better in the treated plants compared to the untreated plants 
(control). 

 
Table 7: Some plant-water relations of cabbage as affected by irrigation water deficit stress and 

chitosan foliar application and their interactions at harvest during 2013/2014 (S1) and 
2014/2015 (S2) seasons. 

Parameters Leaf relative water 
content (%) 

Electrolyte leakage 
 (%) 

Water use efficiency 
  (kg/m3 water) 

Treatments S1 S2 S1 S2 S1 S2 

Irrigation water deficit stress treatments 
Without stress 70.1 69.4 62.3 61.5 107.8 104.2 
Moderate stress 65.7 65.1 71.4 70.4 121.6 117.3 
Severe stress 57.3 56.8 76.1 75.1 132.8 127.9 
LSD 5% 5.2 3.5 5.6 5.7 9.1 8.7 

Chitosan foliar application (mg L -1) 
Without 60.4 59.5 72.9 71.6 113.3 108.7 
100 64.5 64.1 71.1 70.5 120.7 116.9 
200 67.2 66.6 65.6 64.8 126.0 121.7 
300 65.4 64.8 70.0 69.1 123.0 118.6 
LSD 5% 5.3 3.2 5.8 5.4 9.7 9.3 

Interaction treatments 

Without 
stress 

Without 65.2 64.2 65.1 63.9 100.2 96.4 
100 70.3 69.9 64.1 63.6 108.0 104.9 
200 74.0 73.4 61.7 57.6 113.9 110.3 
300 70.8 70.0 58.2 60.8 109.0 105.2 

Moderate 
stress 

Without 62.3 61.4 73.4 72.0 115.4 110.7 
100 66.5 65.8 72.2 71.6 122.8 118.6 
200 67.6 67.0 67.7 67.0 125.0 120.9 
300 66.5 66.1 72.2 71.2 123.1 119.1 

Severe stress 

Without 53.6 52.8 80.4 78.9 124.2 118.9 
100 56.8 56.5 76.9 76.3 131.3 127.1 
200 59.9 59.5 70.8 70.0 139.0 134.1 
300 59.0 58.3 76.3 75.2 136.8 131.6 

LSD 5% 9.3 5.5 10.0 9.4 16.8 16.2 

 
Interaction treatments. 

 Results presented in Table (7) show the impact of combination treatments between irrigation 
water deficit levels and chitosan foliar spray rates on plant-water relation parameters of cabbage. The 
combination treatments between all chitosan rates (100, 200 and 300 mg L-1) and both without stress 
level (complete irrigation) and moderate stress level (75% from complete irrigation) had many 
significant effects for the percentages of leaf relative water and electrolyte leakage parameters as 
compared with the severe stress level (50% from complete irrigation) only (without chitosan foliar 
application) in the 1st and 2nd seasons, consecutively. The best values in this regard were obtained with 
the interaction of complete irrigation and 200 mg L-1 of chitosan, while the worst values were 
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recorded with the combination of severe water stress and without spraying of chitosan. On the 
contrary, the interactions between all chitosan rates and both severe water stress and moderate water 
stress gave significant increases for water use efficiency (WUE) parameter as compared with the 
complete irrigation treatment only in both seasons. The highest records in this connection were 
achieved with the interaction of 200 mg L-1 chitosan under severe water stress, whereas the lowest 
records were attained under complete irrigation treatment only (without chitosan). In this connection, 
Ghoname et al. (2010) also demonstrated that chitosan foliar application on sweet pepper significantly 
increased water use efficiency and the mean weight of fruit, as well as fruit quality characteristics. 
The role of chitosan in alleviating the harmful effect of drought stress on growth, yield and water 
relations in cabbage plants may be attributed to an increase in stomatal conductance and net 
photosynthetic CO2-fixation activity under water stress (Khan et al., 2002), and to its role in reducing 
transpiration to save water. 

 
Conclusion 
 

A glance to the results of this investigation, it could be concluded that irrigation water deficit 
stress had detrimental effects on growth, field performance and plant-water relations of all vegetable 
crops including cabbage. These damaging impacts of water deficit can be alleviated with the optimum 
rate of chitosan foliar spraying. Consequently, the foliar application of cabbage plants (cv. O-S Cross) 
with chitosan at 200 mg L-1 either with complete irrigation treatment (to achieve the best results for all 
most efficient studied parameters) or with moderate water stress one (to obtain satisfactory 
parameters) is considered the effective combination treatment that this study recommends to use with 
O-S Cross cultivar of cabbage grown under Dakahlia Governorate conditions by using developed 
furrow irrigation system. 
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