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ABSTRACT 
 

Soil salinity is one of the important environmental factors that impair the agricultural production, while the application of some 

amendments such as soluble calcium alleviates the adverse effect of salinity on plant growth. The objective of the present study was to 

evaluate the interactive effect of soil application of soluble calcium (sol. Ca) (2 or 4L/fed) and foliar application of chitosan (CHT) (0.5 

or 1L/fed) on maize productivity, NPK absorption and some soil properties under salt stress (8.27 dS/m for soil and 2.9 dS/m for 

irrigation water). The experiment was carried out at Sakha Agric. Res. St. Lysimeter, Kafrelsheikh governorate, Egypt, during summer 

season (2018). The obtained results proved that these amendments individually or in combination markedly improved the growth and 

yield of maize (plant height, grain filling, and cobs and straw yields), enhanced N, P and K concentration (in grain and straw) and 

ameliorated some chemical properties of salt affected soils(ECe, SARe and ESP). It was, therefore, found that the application of higher 

levels of sol. Ca and CHT in combination significantly affected the plant growth and caused the highest increases in plant height 

(65.1%), 100- grain weight (112.2%), cobs and straw yields (168.4 and 111.6%, respectively). In addition, this combination achieved the 

highest NPK contents in grain (3.51, 0.33 and 1.08 %, respectively) and straw (1.73, 0.14 and 1.62 %, respectively). Also, the application 

of sol. Ca and CHT as well as in combination slightly decreased soil ECe, SARe and ESP values. In general, soil application of sol. Ca 

and foliar application of CHT ameliorated the adverse effect of salinity on maize productivity, and the combined application of them was 

more positive effective on plant growth under salt stress.  
 

INTRODUCTION 
 

Application of new technologies have resulted in 
rapid advances in the agriculture, and made it possible to 
achieve good crop production. However, for continuation of 
advances in agricultural productivity, more environmental 
friendly production technologies must be followed. Some 
environmental-friendly products that have been widely used 
in the agricultural applications are for stimulation of plant 
defenses (Yu and Meuhlbauer 2001). Therefore, Katiyar, et 
al (2015) concluded that chitosan (CHT) enhances the 
efficacy of plants to reduce the deleterious effect of 
unfavorable biotic and abiotic stresses conditions, and 
enhances plant’s productivity through defense mechanisms 
involving various enzymes.  

CHT is obtained by de-acetylation of chitin, the most 

abundant natural amino polysaccharide, its molecular weight 

ranges between 5*104 and 2*106 Da and it is available 

commercially with molecular weight ranging from 10,000 to 

1,000,000 Da (Chawla, et al, 2014).  
 

 
Fig. 1. Chemical structure of chitosan 

 

Also, CHT can be extracted from insects, yeast, 

mushroom, cell wall of fungi, and marine shellfish such as 

crab, lobster, krill, cuttlefish, shrimp and squid pens (Kurita K 

(2006). Malerba and Cerana (2016) added that CHT, the 

natural, safe, and cheap product of chitin deacetylation, has 

been proven to stimulate plant growth and induce abiotic and 

biotic stress tolerance due to its effect on different enzyme 

activities. In addition, CHT has a potent protective effect on 

plants such as grain crops, fruits, vegetables and trees (Zhao 

et al. 2009).  Also, foliar application of CHT enhanced fruit 

weight and productivity of tomato (Sathiyabama, et al, 2014), 

fruit yield, plant height, and leaf number of okra (Mondal, et 

al , 2012)  and spike number and grains per spike of wheat 

(Wang, et al, 2015). CHT extracted from natural chitin has 

been used in agriculture as plant growth promoter (Katiyar et 

al., 2014). On the other hand, Ngo, et al (2015) reported that 

the chitosan is a natural nontoxic biopolymer produced by 

alkaline de-acetylation of chitin; it is insoluble in water as 

well as most organic solvents and it possessed diverse 

biological activities, including antioxidant. 
Salt stress is one of the most brutal environmental 

factors and the abiotic stresses; it is a major factor which 
reduces crop productivity and nano chitosan has unique 
physicochemical properties (Zayed, et al., 2017). So, CHT 
increased root and shoot length, shoot dry weight, relative 
water content of ajowan under salinity stress (Mahdavi and 
Rahimi, 2013). Also, Ma et al. (2011) reported that wheat 
seeds which treated with CHT showed higher growth than 
control under salinity stress. Farouk, et al (2011) reported that 
CHT as soil addition increased plant growth and yield of 
radish through improving some physiological processes. 
Moreover, application of chitosan assisted in conserving 
water in the plants by closing the stomata and decreasing 
transpiration, hence increasing relative water content in the 
leaves (Bitteli et al., 2001). Also, Khan, et al (2002) observed 
that foliar application of chitosan pentamer (CH5) caused an 
increase in maize photosynthetic rate due to increases in 
stomatal conductance and transpiration rate, while it did not 
affect maize height, root length, leaf area, shoot or root dry 
mass. Foliar application of CHT enhanced fruit weight and 
productivity of tomato (Sathiyabama, et al., 2014), plant 
growth of Greek Oregano (Yin, et al, 2012) and biomass 
accumulation of ocimum (Mathew and Sankar, 2012). Also, 
the soil addition of CHT increased height, canopy diameter, 
and leaf area of capsicum (Chookhongkha, et al, 2012).  

At present, the plants cannot absorb about 80-90% of 
P, 40-70% of N, and 50% -70% of K contained in fertilizers, 
leading to waste of money and severe environmental 
pollution (Sun, et al, 2012). Consequently, CHT-based 
polymers may be the solution (Davidson and Gu, 2012). In 
this context, Agbodjato, et al (2016) found that the 
combination of chitosan and plant growth promoting rhizo-
bacteria can be used as biological fertilizers to increase 
production and nitrogen content of maize. Nanoparticles 
composed by an inner coating of CHT, an outer coating of 
urea and a core of water-soluble granular NPK fertilizers 
showed slow-controlled release of the nutrients without any 
detrimental impact on the soil (Wu, et al, 2008). 

Soil salinity is one of the most serious environmental 
threats for plant survival and crop yield and it covers 19.5% 

https://www.sciencedirect.com/science/article/pii/S0268005X15002246#!
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of irrigated land and 2.1% dry land agriculture across the 
globe (FAO, 2000). Considerable interest has been focused 
on calcium (Ca) due to its ability to induce a protective effect 
on plants under adverse environmental conditions. Ca is an 
essential plant nutrient that determines the structure of cell 
wall and membranes, and plays as a role regulator of plant 
growth and development (Hepler, 2005). Ca plays a vital role 
in salt stress tolerance (Khan et al. 2010) and also induces 
antioxidant enzyme activities and reduces lipid peroxidation 
of cell membranes under abiotic stress (Jiang and Huang 
2001). Ca also stabilizes cell membrane surfaces, influences 
the pH of cells and prevents solute leakage from a cytoplasm 
(Hirschi 2004). It is a counteraction for inorganic and organic 
anions in the vacuole, and the cytosolic Ca concentration is 
an obligate intracellular messenger coordinating responses to 
numerous developmental cues and environmental challenges 
(White and Broadley 2003).  

The external Ca may interfere with cellular Ca and 
affect osmotic adjustment of cell under stress conditions. It is, 
also, required for various structural roles in the cell wall and 
membranes. However, the application of Ca markedly 
improved plant growth, photo-synthetic pigments and 
activities of antioxidant enzymes peroxidase under salt stress 
(Al-Whaibi, et al, 2012).  Oh, et al (2014) found that the 
increase in the exogenous calcium levels enhanced soybean 
root elongation and suppressed the cell death in root tip under 
flooding stress. They suggest that calcium might affect the 
cell wall/hormone metabolisms, protein degradation/ 
synthesis, and DNA synthesis in roots under flooding stress. 
Also, the exogenous calcium alleviated the suppression of 
plant growth, maintain it and modulate cellular function by 
relieving gene repression under stresses of salt (Henriksson 
and Nordin Henriksson, 2005). Also, calcium improves 
tolerance to short-term hypoxia by calcium-mediated 
reduction of polyamine degradation, elevation of nitrate 
uptake, and accelerated synthesis of heat-stable proteins and 
polyamines was reported in muskmelon roots (Gao et al., 
2011). In addition, calcium has functions in protecting the 
integrity of cell membranes, reducing membrane 
permeability and preventing ionic leakage caused by biotic 
and abiotic stresses (Lin et al., 2008). Khan, et al (2010) 
showed that application of CaCl2 and gibberellic acid alone 
as well as in combination mitigated the adverse effect of 
salinity, but combined application of these treatments proved 
more effective in alleviating the adverse effects of salinity 
stress because they appear to confer greater osmoprotection. 
Navarro, et al (2000) found that application of Ca2+ 
ameliorated tomato plants grown in saline culture due to its 
effect on root hydraulic conductivity and increase of NH4+ 
incorporation into the amino acid synthesis which reduce the 
negative effect of salinity. Gulser, et al (2010) observed that 
the applications of calcium nitrate (50 mg kg-1) significantly 
affected pepper growth and increased its fresh and dry root 
weight, stem diameter, root length and shoot length in saline 
soils. Kaya, et al (2002) reported that Ca as CaCl2 supplied in 
nutrient solution ameliorated the negative effects of salinity 

on growth and fruit yield of strawberry. Also, calcium 
ameliorated stress-induced damage in some crop species (He 
et al., 2012). Ca2+ sustains K+ transport and K+/Na+ 
selectivity in Na+ challenged plants, while the interaction of 
Na+ and Ca2+ on plant growth is well established (Rengel, 
1992). This study aims to evaluate the effect of sol. Ca and 
CHT on maize irrigated by saline water under salt-affected 
clay soil. 

 

MATERIALS AND METHODS 
 

1. The experimental treatments: The experiments was 

carried out at Sakha Agric. Res. St. Lysimeter, Kafrelsheikh 

governorate, Egypt, during summer growing season (2018) to 

study the effect of soluble calcium (sol. Ca) and chitosan 

(CHT) on maize irrigated by saline water under salt-affected 

clay soil (8.27 dS/m) and irrigation by well water (2.9 dS/m). 

the experiments was located at 31°05'26.4" N latitude and 

30°55'30.7" E longitude, with an elevation of about 6 meters 

above the sea level. The experiment was designed in a split 

plots with three replicates. Sol. Ca allocated to the main plots 

and CHT occupied the sub main plots. Soil application of sol. 

Ca (CaO, 14%) was applied 4 times with irrigation at the 

rates of zero, 2 and 4 L/fed, while foliar application of CHT 

(chitosan 5.5% and 15% N) was done three times at 25, 40 

and 55 days after sowing at the rate of zero, 0.5 and 1.0 L/fed. 

Maize (variety hybrid 10) was planted on May, 06th, 2018 

and harvested on Aug., 15th, 2018. All recommended 

agronomic practices were applied uniformly to all plots. The 

experiment consists of the following treatments: 
No Symbol Treatments 

1 Ca0 CHT0 zero  Calcium       + zero  Chitosan 
2 Ca0 CHT1 zero  Calcium       +0.5 L Chitosan/fed 
3 Ca0 CHT2 zero  Calcium       +1.0 L Chitosan/fed 
4 Ca1 CHT0 2.0 L Calcium/fed+ zero  Chitosan 
5 Ca1 CHT1 2.0 L Calcium/fed +0.5 L Chitosan/fed 
6 Ca1 CHT2 2.0 L Calcium/fed+1.0 L  Chitosan/fed 
7 Ca2 CHT0 4.0 L Calcium/fed+ zero   Chitosan 
8 Ca2 CHT1 4.0 L Calcium/fed+0.5 L  Chitosan/fed 
9 Ca2 CHT2 4.0 L Calcium/fed+1.0 L  Chitosan/fed 
 

Plant height was measured; 100-grain weight, cobs 

and straw yields were determined at maturity stage. NPK 

contents in maize grain and straw were determined using wet 

digestion method (H2SO4+ H2O2) according to Peterburgski 

(1968) and Jackson (1973). Available N in soil was 

determined using K2SO4 (1N) according to Jackson (1973), 

Also, available P and K in soil were extracted by ammonium 

bicarbonate- DTPA and determined according to Soltanpour 

(1985). The obtained data were analyzed statistically using 

analysis of variance according to Gomez and Gomez (1984). 

Treatment means were compared using the least significant 

difference test (LSD) at 0.05 and 0.01 levels. Representative 

soil samples before planting from 0-15, 15-30 and 30-45 cm 

depths were subjected to chemical and physical analysis 

according to Black et al., (1983) as shown in Tables (1-3).  

 

Table 1. Some physical and soil moisture characteristics of soil before experiment 
Soil 
depth 
(cm) 

Mechanical analysis (%) 
Texture 
grade 

OM 
% 

Total 
CaCO3 

(%) 

C.E.C. 
meq/ 
100 g 

Field 
capacity 

(%) 

Wilting 
point 
(%) 

Available 
water  
(%) 

Bulk 
density 
(g/cm

3
) 

Sand Silt Clay 

0-15 19.00 33.00 48 clayey 1.25 2.42 40.9 41.9 20.1 21.8 1.20 
15-30 18.59 31.41 50 clayey 1.16 2.31 38.2 39.0 21.2 17.8 1.28 
30-45 18.52 30.48 51 clayey 1.04 2.24 36.7 37.0 22.7 14.2 1.29 
Mean 18.70 31.63 49.67 clayey 1.15 2.32 38.6 39.3 21.3 17.9 1.26 
 

http://community.frontiersin.org/people/u/187942
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Table 2. Chemical analysis of soil paste extract before experiment. 
Depth 
(cm) 

pH 
ECe    

dS m
-1

 
SAR 

Soluble cations (meq L
-1

) Soluble anions (meq L
-1
) 

Na
+
 K

+
 Ca

++
 Mg

++
 CO3

-2
 HCO3

-
 Cl

-1
 SO4

-2
 

0-15 8.27 10.02 15.7 64.8 1.2 22.0 12.0 0.0 5.5 55.0 39.5 
15-30 8.49 7.51 14.4 52.2 0.7 15.9 10.4 0.0 3.5 54.8 20.9 
30-45 8.38 7.29 14.3 50.2 1.1 16.0 8.8 0.0 4.5 43.1 28.5 
Mean  8.27 14.8 55.7 1.0 18.0 10.4 0.0 4.5 50.9 29.6 
 

Table 3. Available NPK in soil before experiment. 

Depth (cm) 
Available (mg kg

-1
) 

N P K 
0-15 19.9 8.9 289.6 
15-30 17.8 9.2 264.1 
30-45 15.4 9.4 259.6 
Average 17.7 9.2 271.1 
 

RESULTS AND DISCUSSION 
 

1. Effect of soluble calcium and chitozan on maize 

growth and productivity: 

Plant height and 100-grain weight:  

The statistical analysis of data shown in Tables (4 and 

5) revealed that the presence of both of soluble calcium (sol. 

Ca) and chitosan (CHT) in the growth medium significantly 

increased plant height and 100-grain weight when compared 

with the control. Where, the application of sol. Ca and/or 

CHT had a clear stimulating effect on plant height and grain 

filling. The plant height was increased from 184 cm in the 

control plots to 222.7 cm or 240 cm (49.4 or 61.1 % increase) 

as a result of application of 2 or 4 L sol. Ca/fed, respectively. 

Also, the weight of 100 grains was increased from 25.1 g in 

check plots to 37.1 or 40.4 g (47.9 or 61.1 % increase) with 

application of 2 or 4 L sol. Ca/fed, respectively. These results 

are in somewhat harmony with those obtained by Gulser, et 

al (2010) who observed that the applications of calcium 

nitrate significantly affected root and shoot length of pepper 

under the saline soil condition. 
 

Table 4. The increase of plant height and 100-grain 

weight as response to sol. Ca and CHT. 
Parameters Plant height (cm) 100-grain weight (g) 

Treatments Chitosan, B (L fed-1) Chitosan, B (L fed-1) 

Sol. Ca (A) Without 0.5 1.0 Mean Without 0.5 1.0 Mean 

Without  32.9 37.6  
 

25.0 42.0  
2 L fed-1 41.6 53.0 53.7 49.4 64.4 87.8 91.2 47.9 
4 L fed-1 55.0 63.1 65.1 61.1 77.1 101.5 112.2 61.1 
Mean  49.7 52.1 

 
 16.4 23.4 

  

Regarding to the effect of the CHT on both 

parameters, the results indicated that the plant height clearly 

increased from 197 cm in the untreated plants cm to 223 or 

226.7 cm (49.7 or  52.1 % increase) with the treated plants by 

0.5 or 1.0 L CHT/fed, respectively. On the other hand, the 

weight of 100 grains was increased from 30.2 g to 35.1 or 

37.3 g (16.4 or 23.4 % increase) as a response to the 

application of 0.5 or 1.0 L CHT/fed, respectively. The 

increase of plant growth might be due to stability of cell walls 

and enhanced activity of some enzymes with CHT 

application. These results are in agreement with findings of 

Mondal, et al (2012), Chookhongkha, et al (2012) and 

Mahdavi and Rahimi (2013) who reported that the addition 

of CHT increased the plant height and leaf area.  

The results showed also positive significant effects 

on the vegetative growth and grain filling due to the 

interaction between soil. Ca and CHT. The application of 

sol. Ca combined with CHT alleviated the adverse effect of 

salinity on plant height and the grain filling when 

compared with the individual application of them. 

Therefore, the application of 4 L sol. Ca in addition to 1.0 

L CHT /fed achieved the tallest maize plants (246 cm) and 

the most filled grains (43.5 g/100 grains), while the shortest 

maize plants (149 cm) and the lowest 100-grain weight 

(20.5 g) were recorded with the untreated plants.  
 

Table 5. Effect of sol. Ca and CHT on plant height and 

100-grain weight 
Parameters Plant height (cm) 100 grains weight (g) 

Treatments Chitosan, B (L/fed) Chitosan , B (L/fed) 

Sol. Ca (A) Without 0.5 1.0 mean Without 0.5 1.0 mean 

Without 149 198 205 184 20.5 25.6 29.1 25.1 
2 L fed-1 211 228 229 222.7 33.7 38.5 39.2 37.1 
4 L fed-1 231 243 246 240 36.3 41.3 43.5 40.4 
mean 197 223 226.7  30.2 35.1 37.3 

 

(A) F-test & 
LSD 

** ** 
LSD0.05 = 3.74 LSD0.05 = 0.936 
LSD0.01 = 6.20 LSD0.01 = 1.552 

(B) F-test & 
LSD 

** ** 
LSD0.05 = 3.70 LSD0.05 = 0.515 
LSD0.01 = 5.18 LSD0.01 = 0.854 

(AxB) F-test 
& LSD 

** ** 
LSD0.05 = 3.73 LSD0.05 = 0.657 
LSD0.01 = 6.20 LSD0.01 = 1.090 

Maize yield:  

The obtained results showed that the plants 

supplemented by the sol. Ca and /or CHT exhibited an 

enhancement of its growth. The statistical analysis of the data 

in Tables (6 and 7) proved that the cobs and straw yields were 

markedly increased as response to the application of sol. Ca 

and/or CHT comparing to the check plots. The application of 

2 or 4 L sol. Ca /fed increased the cobs yield by 56.8 or 72.8 

%, respectively over the control. The corresponding increases 

in straw yield with both Ca application levels were 44.2 and 

59.9%, respectively comparing to that produced from the 

untreated plots. The positive effect of Ca on maize 

productivity may be related to that it is an essential nutrient 

for plant that determines the structure of cell wall and 

membrane, stabilizes cell membrane surface, influences the 

pH of cells and plays a role in growth development (Hepler, 

2005 and Hirschi 2004). Also, Ca improves plant growth 

through the enhancement of its photo-synthetic pigments and 

activates of the antioxidant enzymes under salt stress (Al-

Whaibi, et al, 2012), Gulser, et al (2010) and Navarro, et al 

(2000) or it increases the plant tolerance to salinity stress 

(Khan et al., 2010 and Gao et al., 2011).  

On the other hand, the cobs yield showed 16.0 % or 

32.7% increases, respectively over the control due to 

application of 0.5 or 1.0 L CHT/fed, respectively comparing 

to that produced from the check plots. Also, the straw yield 

was increased by 14.0 or 32.8 % in the plots treated by 0.5 or 

1.0 L CHT/fed, respectively, over that recorded in the 

untreated plots. These results may be attributed to that CHT 

causes an enhancement in maize photosynthetic rate through 

an activates of some enzymes and through some 
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physiological processes (Khan, et al, 2002 and Farouk, et al, 

2011) or due to the increases in the stomatal conductance and 

transpiration rate (Katiyar, et al, 2015).   
 

Table 6. The increase of cops and straw yields as 

response to the sol. Ca and CHT. 

Parameters Cobs yield increase (%) Straw yield increase (%) 

Treatments Chitosan, B (L fed-1) Chitosan, B (L fed-1) 

Sol. Ca (A) Without 0.5 1.0 Mean Without 0.5 1.0 Mean 

Without  54.4 75.4   17.4 45.3  

2 L fed-1 98.2 115.8 154.4 56.8 40.7 76.7 103.5 44.2 

4 L fed-1 128.1 140.4 168.4 72.8 81.4 87.2 111.6 59.9 

Mean  16.0 32.7 
 

 14.0 32.8 
   

Table 7. Effect of sol. Ca and CHT on maize productivity. 

Parameters Cobs yield (kg plot-1) Straw yield (kg plot-1) 

Treatments CHT, B (L fed-1) CHT, B (L fed-1) 

Sol. Ca (A) Without 0.5 1.0 Mean Without 0.5 1.0 Mean 

Without 0.57 0.88 1.00 0.81 0.86 1.01 1.25 1.04 

2 L fed-1 1.13 1.23 1.45 1.27 1.21 1.52 1.75 1.50 

4 L fed-1 1.30 1.37 1.53 1.40 1.56 1.61 1.82 1.66 

Mean 1.00 1.16 1.33 
 

1.21 1.38 1.61 
 

(A) F-test & 

LSD 

** ** 

LSD0.05 = 0.120 LSD0.05 = 0.122 

LSD0.01 = 0.182 LSD0.01 = 0.203 

(B) F-test & 

LSD 

** ** 

LSD0.05 = 0.073 LSD0.05 = 0.094 

LSD0.01 = 0.102 LSD0.01 = 0.132 

(AxB) F-test 

& LSD 

* ns 

LSD0.05 = 0.120 ns 

LSD0.01 = 0.182 ns 
 

The plants supplemented by sol. Ca + CHT exhibited 

a significant enhancement of its productivity compared to that 

supplemented by one of them alone or the untreated plants. 

Therefore, the statistical analysis showed that the positive 

enhancement degree of sol. Ca combined with CHT on 

maize productivity was greater than one of them alone. So, 

the highest cobs yield (1.53 kg plot
-1
 with 168.4 % increase) 

and straw yield (1.82 kg plot
-1 

with 111.6 % increase) were 

achieved due the application of 4 L sol. Ca with 1.0 L 

CHT/fed , comparing to that produced from the untreated 

plots (0.57 and 0.86 kg plot
-1
, respectively). 

Grain and straw quality:  

The effect of sol. Ca and CHT on grain and straw 

quality are presented in Table (8-9). It is evident from the 

results that the presence of sol. Ca and CHT in the growth 

medium enhanced the accumulation of N, P and K in maize 

grain and straw when compared with their respective control 

plots.  

a- NPK contents in the grain:  

It is evident from the results (Table 8) that NPK 

concentrations in grain were significantly increased as a result 

of application of sol. Ca comparing to that in the untreated 

plants. The concentration of N was increased from 2.18 % in 

untreated plants to 3.04 or 3.21 % in plants treated by 2 or 4 L 

sol. Ca /fed, respectively. Also, both Ca application rates 

increased P concentration levels in grain from 0.12 % in 

check plots to 0.26 or 0.29 %, respectively. In the same 

direction, K concentration was increased in grain from 0.68 

% to 0.96 or 1.01 % with both Ca application levels, 

respectively. 

In regard to the effect of CHT, the application of 0.5 

or 1 L CHT/fed increased the concentration of N in grain to 

2.79 or 3.08%, respectively comparing to that in the untreated 

plants (2.55%). The corresponding concentrations of P in 

grain with both CHT application rates were 0.23 or 0.27%, 

respectively comparing to the control (0.16%). In case of K, 

its concentrations in grain were 0.91 or 0.97 % with the two 

application rates of CHT, respectively, while the 

concentration in the check plots was 0.77%. 

Also, the quality of maize grain significantly affected 

by the interaction of sol. Ca with CHT treatments according 

to the statistical analysis. Meanwhile, the highest 

concentration of of N, P and K contents (3.51, 0.33 and 1.08 

%, respectively) were achieved in maize grains due to the 

application of 4 L sol. Ca combined with 1 L CHT/fed. On 

the other side, the lowest N, P and K contents (1.92, 0.05 and 

0.48 %, respectively) were recorded in grains produced from 

the untreated plants.  
 

Table 8. Effect of soluble Ca and chitosan on N, P and K concentration in maize grain. 
Parameters N % P % K % 
Treatments Chitosan, B (L fed

-1
) Chitosan, B (L fed

-1
) Chitosan, B (L fed

-1
) 

Sol.Ca (A) without 0.5 1.0 mean without 0.5 1.0 mean without 0.5 1.0 mean 
without 1.92 2.08 2.53 2.18 0.05 0.12 0.18 0.12 0.48 0.72 0.84 0.68 
2 L fed

-1
 2.84 3.07 3.20 3.04 0.22 0.26 0.29 0.26 0.94 0.95 1.00 0.96 

4 L fed
-1

 2.89 3.23 3.51 3.21 0.22 0.32 0.33 0.29 0.89 1.06 1.08 1.01 
mean 2.55 2.79 3.08 

 
0.16 0.23 0.27 

 
0.77 0.91 0.97 

 
(A) F-test & 
LSD 

** ** ** 
LSD0.05 = 0.164 LSD0.05 = 0.024 LSD0.05 = 0.046 
LSD0.01 = 0.272 LSD0.01 = 0.040 LSD0.01 = 0.076 

(B) F-test & 
LSD 

** ** ** 
LSD0.05 = 0.072 LSD0.05 = 0.009 LSD0.05 = 0.047 
LSD0.01 = 0.119 LSD0.01 = 0.013 LSD0.01 = 0.078 

(AxB) F-test & 
LSD 

** ** ** 
LSD0.05 = 0.164 LSD0.05 = 0.024 LSD0.05 = 0.046 
LSD0.01 = 0.272 LSD0.01 = 0.040 LSD0.01 = 0.076 

 

b- NPK contents in the straw:  

The results showed that N, P and K contents in straw 

(Table 9) significantly increased as a response of 

supplemented the plants by sol. Ca and/or CHT comparing to 

the untreated plants. Concerning the impact of sol. Ca, the 

application of 2 or 4 L sol. Ca /fed led to increase of N 

concentration in straw from 0.82 % in untreated plants to 1.52 

or 1.63 %, respectively. Also, P concentrations were 

increased with both sol. Ca application levels from 0.01 % in 

untreated plots to 0.12 or 0.13%, respectively. In addition, K 
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concentration was increased from 1.06% in untreated plants 

to 1.51 or 1.57 % with both Ca application levels, 

respectively. These results may be attributed to that the 

presence of sol. Ca in growth medium enhances the 

absorption of different nutrients such as potassium (Rengel, 

1992) and nitrogen (Gao et al., 2011). 

In regard to the effect of CHT on NPK contents, the 

application of 0.5 or 1 L CHT/fed increased N concentration 

in straw to 1.34 or 1.47 %, respectively comparing to the 

untreated plants (1.17%). Also, the concentration of P were 

increased to 0.09 or 0.10%, respectively with both CHT 

levels comparing to that in plants without CHT treatment 

(0.08%). The corresponding K concentrations with both CHT 

levels were 1.42 or 1.47 %, respectively, while its 

concentration in check plants was 1.24%. This behavior may 

be related to that CHT increases the fertilizers use efficiencies 

by plant (Davidson and Gu, 2012) which are about 40–70% 

for N, 80-90% for P and 50-70% for K contained in fertilizers 

(Sun, et al, 2012). Also, CHT can be used as biological 

fertilizers according to Agbodjato, et al (2016) leading to 

increase the production and N content in maize. 

Also, significant impacts of the interaction between 

sol. Ca and CHT treatments on the quality of maize straw 

were found according to the statistical test. The application of 

sol. Ca combined with CHT clearly enhanced the absorption 

of N, P and K by maize plant comparing with the application 

of sol. Ca or CHT alone. Therefore, the highest N, P and K 

contents in straw (1.73, 0.14 and 1.62 %, respectively) were 

achieved in maize straw from the plots received 4 L sol. Ca 

with 1 L CHT/fed., while the lowest contents (0.56, 0.01 and 

0.85 %, respectively) were recorded in straw of plants grown 

in the control plots. 
  

Table 9. Effect of sol. Ca and CHT on N, P and K concentration in maize straw. 
Parameters N % P % K % 
Treatments Chitosan, B (L fed

-1
) Chitosan, B (L fed

-1
) Chitosan, B (L fed

-1
) 

Sol.Ca (A) without 0.5 1.0 mean without 0.5 1.0 mean without 0.5 1.0 mean 
without 0.56 0.86 1.05 0.82 0.01 0.01 0.01 0.01 0.85 1.12 1.22 1.06 
2 L fed

-1
 1.45 1.50 1.62 1.52 0.10 0.12 0.13 0.12 1.41 1.52 1.59 1.51 

4 L fed
-1

 1.50 1.66 1.73 1.63 0.12 0.13 0.14 0.13 1.47 1.62 1.62 1.57 
mean 1.17 1.34 1.47 

 
0.08 0.09 0.10 

 
1.24 1.42 1.47 

 
(A) F-test & 
LSD 

** ** ** 
LSD0.05 = 0.067 LSD0.05 = 0.005 LSD0.05 = 0.088 
LSD0.01 = 0.111 LSD0.01 = 0.008 LSD0.01 = 0.146 

(B) F-test & 
LSD 

** ** ** 
LSD0.05 = 0.049 LSD0.05 = 0.005 LSD0.05 = 0.048 
LSD0.01 = 0.081 LSD0.01 = 0.007 LSD0.01 = 0.080 

(AxB) F-test & 
LSD 

** ** ** 
LSD0.05 = 0.067 LSD0.05 = 0.005 LSD0.05 = 0.088 
LSD0.01 = 0.111 LSD0.01 = 0.008 LSD0.01 = 0.146 

 

Soil chemical properties:  

The results listed in Table (10) showed that the soil 

application of sol. Ca and foliar application of CHT 

slightly affected the soil salinity (ECe) and soil sodicity 

(SAR and ESP) comparing to the untreated plots. 

a- Soil ECe (dS m
-1

): The ECe value of soil slightly 

decreased from 7.03 dSm
-1

 in the check plots to 6.84 or 

6.64 dSm
-1

 in soil treated by sol. Ca at the rate of 2 or 4 L 

fed
-1
, respectively. Concerning the effect of chitozan, the 

ECe value was decreased from 6.93 dSm
-1

 in untreated 

soil to 6.80 or 6.79 dSm
-1

 in plots treated by 0.5 or 1.0 L 

chitosan fed
-1

, respectively. On the other hand, the 

highest ECe value (7.12 dS
-1

) was recorded in plots that 

untreated by sol. Ca or chitozan, while the lowest value 

(6.67 dS
-1

) was achieved in soil treated by 4 sol. Ca with 

1.0 chitozan fed
-1

. 

b- Soil SARe: The SARe values clearly affected by the 

application of the sol. Ca since it was decreased from 

14.44 in untreated soil to 12.22 or 11.94 in soils treated 

by 2.0 or 4.0 L sol. Ca fed
-1

, respectively. With chitozan 

application, SARe values of soil were slightly decreased 

from 13.02 in check plots to 12.79 or 12.78 in soils 

treated by 0.5 or 1.0 L chitozan, respectively. However, 

the application of 4.0 L sol. Ca with 1.0 L chitozan 

achieved the lowest SARe value (11.89) comparing to 

the untreated soil which recorded the highest value 

(14.53).       

c- Soil ESP: The same trend was observed with ESP 

value, where it slightly decreased from 16.82 in soil 

without sol. Ca application to 14.54 or 14.25 in plots 

supplemented by 2.0 or 4.0 L sol Ca fed
-1

, respectively. 

Also, ESP value was slightly decreased from 15.37 in 

untreated plots by CHT to 15.13 or 15.12 as a result of an 

application of 0.5 or 1.0 L CHT fed
-1
, respectively. In 

addition, the combination of sol. Ca and CHT slightly 

affected the soil ESP, since the application of 4.0 L sol. 

Ca+1.0 L CHT gave the lowest value (14.20), while the 

highest value (16.92) was recorded in the untreated plots. 

The slight effects of sol. Ca or CHT on some 

chemical properties of the soil may be attributed to that 

both materials were applied in very low rates and they in 

particularly are applied as plant growth regulators.     
 

Table 10. Some soil chemical properties as affected by soluble Ca and chitosan applications. 
Parameters EC (dS/m) SARe ESP 
Soluble  Ca 
(A) 

Chitosan, B (L fed
-1

) Chitosan, B (L fed
-1

) Chitosan, B (L fed
-1

) 
without 0.5 1.0 mean without 0.5 1.0 mean without 0.5 1.0 mean 

without 7.12 6.99 6.98 7.03 14.53 14.40 14.39 14.44 16.92 16.78 16.77 16.82 
2 L fed

-1
 6.93 6.80 6.80 6.84 12.52 12.07 12.07 12.22 14.85 14.39 14.38 14.54 

4 L fed
-1

 6.73 6.60 6.59 6.64 12.02 11.90 11.89 11.94 14.33 14.21 14.20 14.25 
mean 6.93 6.80 6.79 6.84 13.02 12.79 12.78 12.87 15.37 15.13 15.12 15.20 
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Agri excellent: 

Many benefits were achieved by these treatments as 

follow:- 

- A new management with low cost technology and 

friendly used to decrease the toxic effects caused by high 

salinity on plant growth and increase the productivity.  

- Applications of soluble Ca and/or CHT increase the use 

efficiency of the fertilizers and consequently decrease 

severe environmental pollution. 

- Development of salt affected soils is one of the processes 

of soil degradation leading to land desertification and 

consequently application of CHT and soluble Ca 

decrease this negative effect. 
 

CONCLUSION 
 

It could be concluded from this study that the soil 

application of sol. Ca and/or foliar application of CHT 

alleviated the adverse effect of salinity on maize 

productivity, and the combined application of them was 

more effective on maize growth under salt stress. However, 

there were no obvious decreases in ECe, SARe or ESP for 

soil treated by the soluble Ca and/or CHT.  
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 تأثيز الشيتىساى والكبلسيىم الذائب على النظن النببتيت
 هشبم هحوىد ابى السعىد و تبهز حسي خليفت ،هحود سبهى السقب 

 هعهد بحىث الاراضى والويبه والبيئت ، الجيشة ، هصزيت البحىث الشراعهزكش
 

 اىشيزىصاُو/ أو  )ّزشاد مبىسجىً( بد ٍثو اىنبىسيىً اىزائتاىَسسْثؼط  اظبفخرؼذ ٍيىزخ اىزشثخ أزذ اىؼىاٍو اىجيئيخ اىَهَخ اىزي رعؼف الإّزبج اىضساػي ، في زيِ أُ 

 اىىسقً ششاىواىزفبػيي ىيزطجيق اىزشثخ  ىزش/فذاُ 4او  2اظبفخ اىنبىسيىً اسظيب ثَؼذه  يخفف ٍِ اىزأثيش اىعبس ىيَيىزخ ػيً َّى اىْجبد. مبُ اىهذف ٍِ هزٓ اىذساسخ هى رقييٌ رأثيش

 8.27) ظشوف الأساظً اىَيسيخ وثؼط خىاص اىزشثخ رسذ سيىً جىربِ واىفىسفىس واىاىْجبد ىيْيزشوخي ػيً إّزبخيخ اىزسح ، واٍزصبصىزش /فذاُ  1أو  0.5ثَؼذه يشيزىصاُ ى

أثجزذ اىْزبئح اىزي رٌ اىسصىه ػييهب أُ هزٓ اىزؼذيلاد ٍْفشدح أو ٍدزَؼخ أدد إىً رسسِ ٍيسىظ في َّى اىزسح )اسرفبع اىْجبد، . ديسيسَْض( 2.9) ىَيبح اىدىفيخىشي ثبديسيسَْض( وا

زىل م. ح ثبلأٍلاذاىَزأثشىيزشثخ اىفيضيبئيخ واىنيَيبئيخ  اىخىاص في اىسجىة واىقص ورسسيِ ثؼطاىْيزشوخيِ واىفىسفىس واىجىربسيىً  اىنىص واىقص( ، رشميض ٍسصىهرؼجئخ اىسجىة ، 

٪(  112.2زجخ ) 100٪( ، ووصُ 65.1في اسرفبع اىْجبد ) صيبدحثشنو مجيش ػيً َّى اىْجبد ورسججذ في أػيً أثش ٍدزَؼخ  اىنبىسيىً واىشيزىصاٍُِ ٍسزىي اظبفخ أُ أػيً  وخذ، 

،  1.08و  0.33،  3.51في اىسجىة ) رشميض ىيْيزشوخيِ واىفىسفىس واىجىربسيىً أػيً  ؼبٍيخاىَ حهز ذعبفخ ، زققأي٪ ػيً اىزىاىي(.  111.6و  168.4واىقص ) اُضاىني، وإّزبخيخ 

ػيً اّزبخيخ  إىً رخفيف اىزأثيش اىسيجي ىيَيىزخ أدي اظبفخ اىنبىسيىً اىزائت و/ أو اىشيزىصاُ اظبفخ فبُثشنو ػبً ،و. (اىزىاىي، ػيً  1.62و  0.14،  1.73ػيً اىزىاىي( واىقص )

ىيزشثخ  ECe ، SAR ،ESP    اىـ واظر فً قيٌ . وٍغ رىل ، ىٌ ينِ هْبك اّخفبضيخاىَيس اىظشوف رسذ حَّى سسيِأمثش فبػييخ في ر مبُ ملاهَب اظبفخ أُ ، ثيَْب ثجذ اىزسح

 .بىنبىسيىً واىشيزىصاُاىَؼبىدخ ث
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