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Abstract  :  

 Factorial field experiments was conducted during 2012/2013 growth season to 

study the effect of soil mulch (mulch and without mulch) and some fertilizers (control , 

sulfur, organic and high potash fertilizer) on alleviating salt stress in leaf area, chlorophyll  

and free and bound hormones (IAA, GA3, ABA and Zeatine) of broccoli. The results 

showed that using mulch, fertilizer treatment and the interaction between mulch and 

fertilizer treatment led to a significant increase in leaf area and chlorophyll content. In 

general, using mulch+ fertilizers, which caused increases in free and bound hormones 

(IAA, GA3 and Zeatine) and decrease in ABA and to less extend by using mulch without 

fertilizer.   
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تأثير تغطية التربة واألسمدة في تقليل االجهاد الملحي على الكلوروفيل والمساحة الورقية ومحتوى 

 الهرمونات في نباتات البروكولي

 

 اهيم مرهجايفان إبر                              علي حسين جاسم

 

 الخالصة:

لدراسة تأثير تغطية التربة )غطاء بالبالستك  2102-2102اجريت تجاري عاملية حقلية خالل فصل النمو       

االسود وبدون غطاء( وبعض االسمدة )سيطرة، كبريت زراعي، سماد عضوي وسماد عالي البوتاس( لتقليل االجهاد 

ل والهرمونات النباتية الحرة والمرتبطة )االوكسين، الجبرلين، حامض الملحي على مساحة الورقة ومحتوى الكلوروفي

االبسيسك والزياتين( في نبات البروكولي. اظهرت النتائج ان تغطية التربة بالبالستك االسود والمعاملة باألسمدة 

فان تغطية التربة + والتداخل بينهما أدى الى زيادة معنوية في المساحة الورقية ومحتوى الكلوروفيل. وبصورة عامة 

االسمدة سببت زيادة في محتوى الهرمونات النباتية الحرة والمرتبطة )االوكسين والجبرلين والزياتين( وقلة في 

 ون اضافة االسمدة. االبسيسك أسد ويكون التأثير أقل عند تغطية التربة  بد

 

Introduction : 

Broccoli (Brassica oleracea L. var. Italica) is a member of Brassicaceae family , 

native to the Mediterranean region, cultivated in Italy in ancient roman times (Decoteau, 

2000). It is an important vegetable crop with high nutritional and good commercial value 

(Yoldas et al., 2008).  Salt stress is one of the major abiotic stress factors that affect 

almost every aspect of physiology and biochemistry of a plant, resulting in a reduction in 
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its yield (Foolad, 2004). Thus it is a serious threat to agricultural productivity especially 

in arid and semi-arid regions (Parvaiz and Satyawati, 2008). However, when 

environmental conditions become stressful, plants cope with this pressure by adapting a 

strategy of reducing leaf expansion and closing their stomata's for limiting water loss. 

Virk et al. (1988) exercised the changes point to the naturally changing points of the 

control, and proposed model based on the auxin-cytokinin countercurrent (Romanov, 

1992). The latter was suggest that the reduction of plant growth in response to a stressful 

environment may have been due to an impaired hormonal balance.  

       Soil mulch increased the photosynthesis net (Pn) rate ,delayed accumulation of salts, 

ellevation of soil temperature and reduction of moisture loss ( Dong et al, 2009). In soil , 

S decreased soil pH (Orman and Kaplan, 2011), and in plants it was involved in numerous 

metabolic activities, especially in amino acids, and protein synthesis (Zhao et al., 1997). 

Schonhof et al. (2007) reported that to produce broccoli with higher crop yield, S and N 

nutritional status is crucial importance in term of crop management.  

        Foliar fertilizers methods have some advantages such as rapid and efficient response 

to the plant needs, less quantity  needed, and independence of soil conditions.  K is the 

most important inorganic solute in cell metabolism. It affects water-, osmotic- and turgor 

potentials and is directly involved in cell wall extensibility and volume (Hsiao and 

Lduchli, 1986). Suitable K status improves the plant's adaption to water/salt stress. 

 

Material and methods : 

Field experiment was conducted in Babylon province , Agriculture college field 

during  the growing season  2012–2013, to study the effect of soil mulch (with black 

polyethylene) and it`s interactions with fertilizers treatment to ellevate the injury of soil 

salt stress of broccoli. The experimental soil was sandy loam with pH 7.8 and EC 801 

ds/m
-1

 . Broccoli seeds were germinated at 1/10/2012, after 35 days seedlings were 

planted on ridges 75 cm apart and 30 cm between plants. DAP (diammonium phosphate at 

the rate of 200 kg/ ha was added as soil dressing down the plant line 10 cm. 

       Factorial experiment within (R.C.B.D.) was adopted. Two  levels of mulch with black 

polyethylene (mulching and without mulching) were added. Four levels of treatments 

with :1- control (without treatments), 2-sulfur at the rate (100 k/ha), 3-foliar treatment 

with organic fertilizer (polyexal) as poly hydro carboxylic was applied (i.e. 2) mg/l  at 4 

and 6 leaf stage, and 4- high potash complete fertilizer (13-10-15, + TE) was applied (i.e. 

3) mg/l as foliar application at 4 and 6 leaf stage. Each treatment with 3 replicates. The 

experimental unit included 3 ridges (3 meters long). At flowering stage: leaf area was 

calculated , chlorophyll content was measured by chlorophyll meter (spad) and plant 

hormones (IAA, zeatine, gibberellins and ABA) were assayed according to (Ŭnyayar et 

al., 1996). Means of treatments were compared by using Least Significant Difference test 

(L.S.D.) at 0.05 probability level (Steel and Torrie, 1981) .  
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Results :  

 Figure (1- a, b) showed that leaf area increased significantly when using mulch 

(100cm
2
)as compared to control (42%). Most fertilizers treatments caused significant 

increase in leaf area (mostly between 74-84) cm
2 

as compared to control (53 cm
2
). The 

interactions had significant effect on leaf area and the treatment of mulch + sulfur 

fertilizer was superior and highly significant in increasing leaf area (>130 cm
2
). It showed 

that fertilizer treatments without mulch had no significant effect on leaf area. 
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Figure (1- a): Mean effect of much and fertilizers on leaf area (cm
2
). 

Figure (1-b): Effect of interaction of much and fertilizers on leaf area (cm
2
). 
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Figure (2, a, b) shows that soil mulch caused a significant increase in Chlorophyll 

content (120 spad) as compared to control (85 spad). Organic fertilizer caused a 

significant increase in Chlorophyll content as compared to control and other fertilizer. The 

interactions between mulch and fertilizers had no significant increase in chlorophyll 

content. 
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Figure (2-a): Effect of much and fertilizers on chlorophyll content (Spad.) 

Figure (2-b): Effect of soil mulch and fertilizers on chlorophyll 

content (Spad.) 
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Table (1, 2) shows the effect of  treatments on free hormone contents. Soil mulch had no 

significant effect on free IAA and GA3 in leaves and flowers but, it had a significant 

effect in increasing ABA in leaves and flowers. Sulfur fertilizer significantly increased 

free IAA, GA and Zeatine in leaves but only IAA in flowers. Organic fertilizer 

significantly increased (GA3, and  Zeatine ) content in leaves and IAA in flowers. Free 

hormones (GA3 and Zeatine) were increased in leaves of plants which treated with high 

potash. While in flowers,, high potash significantly increased (IAA, and ABA). Whereas, 

other hormones had no change in leaves and flowers.  In the case of using mulch + 

fertilizers, Zeatine was significantly increased in leaves by using (sulfur, organic and high 

potash), whereas it had no significant effect on GA3 and ABA. Mulch+ (sulfur or high 

potash) caused a significant increase in IAA and GA3 in flowers.  Mulch+ organic 

fertilizer caused a significant decrease in Zeatine in flowers. Interactions of non mulch 

with fertilizers, only sulfur caused a significant increases in IAA in leaves. No mulch 

+(Sulfur or organic) had a significant increases in IAA and ABA in flowers. 

 

Table (1-a): Effect treatments on free hormones in leaves. 

 

                     Hormone con.(mM)   

Treatments 
IAA GA3 ABA Zeatine 

Mulch 0.20 11.6 31.2 1.5 

No Mulch 0.21 9.9 12.0 2.3 

LSD (0.05) N.S N.S 11.41 0.34 

Without treatment (control) 0.17 5.1 29.2 1.2 

Sulfur 0.30 13.6 14.8 2.0 

organic fertilizer 0.20 13.8 37.5 2.5 

high potash 0.15 10.6 4.9 1.9 

LSD (0.05) 0.059 2.41 16.14 0.48 

 

Table (1-b): Effect the interactions on free hormones in leaves. 

 

                 Hormone con.(mM)                         

Treatments  
IAA GA3 ABA Zeatine 

Without 

mulch 

Control 0.22 5.18 34.21 1.66 

Sulfur 0.35 12.6 21.61 1.37 

organic fertilizer 0.10 16.6 62.70 2.28 

high potash 0.14 12.20 6.63 0.90 

With mulch 

Control 0.12 5.03 24.26 0.83 

Sulfur 0.26 14.5 8.03 2.81 

organic fertilizer 0.30 11.05 12.48 2.91 

high potash 0.16 9.09 3.31 2.92 

LSD (0.05) 0.084 N.S N.S 0.682 
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Table (2-a): Effect treatments on free hormones in flowers. 

 

                 Hormone con.(mM)                        

Treatments  
IAA GA3 ABA Zeatine 

Mulch 0.2 12.7 78.04 2.3 

No Mulch 0.2 13.1 64.43 2.1 

LSD (0.05) N.S N.S 12.139 N.S 

Without treatment (control) 0.17 11.3 56.70 2.45 

Sulfur 0.27 12.6 60.48 2.24 

organic fertilizer 0.25 13.7 92.05 2.13 

high potash 0.24 13.8 75.71 2.23 

LSD (0.05) 0.060 N.S 17.167 N.S 

 

Table (2-b): Effect of interactions on free hormones in flowers. 

 

                 Hormone con.(mM) 

Treatments  
IAA GA3 ABA Zeatine 

Without 

mulch 

Control 0.13 10.26 47.77 2.68 

Sulfur 0.24 12.39 74.37 2.14 

organic fertilizer 0.34 15.50 125.72 2.63 

high potash 0.20 12.79 64.31 2.09 

With 

mulch 

Control 0.21 12.52 65.63 2.23 

Sulfur 0.29 13.00 46.58 2.34 

organic fertilizer 0.16 11.96 58.38 1.63 

high potash 0.28 14.89 87.10 2.38 

LSD (0.05) 0.084 2.586 24.278 0.568 

 

 Table (3, 4) shows the effect of treatments on bound hormones. Soil mulch caused 

significant increase in bounded IAA and Zeatine and decreased the bounded GA3 in 

leaves. In flowers, soil mulch had no significant effect on bounded IAA, GA3 , and ABA 

but it had a significant effect in decreasing Zeatine. Plants which treated with sulfur 

fertilizer caused a significant increase only in bound IAA in leaves, but in flowers it 

caused a significant increase in IAA, GA3 and ABA compared to control. Organic 

fertilizer caused a significant increase in bounded IAA and decreases in Zeatine in leaves, 

but in flowers it caused a significant increases in IAA, GA3 and ABA.  

 High potash caused a significant increases in GA3 but, it decreased bounded ABA 

in leaves.  In flowers, high potash caused a significant increases in bounded IAA, GA3 

and ABA. The interaction had significant effect on increasing Zeatine in leaves with soil 

mulch + sulfur or high potash in leaves. In flowers, soil mulch + sulfur or potash caused 

increases in IAA . 
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Table (3-a): Effect treatments on bound hormones in leaves 

 

               Hormone con.(mM)      

Treatments  
IAA GA3 ABA Zeatine 

No Mulch 0.08 4.49 39.98 0.65 

Mulch 0.17 3.49 43.10 0.95 

LSD (0.05) 0.055 0.845 N.S 0.131 

Without treatment (control) 0.05 3.39 42.72 0.81 

Sulfur 0.15 3.13 43.48 0.90 

organic fertilizer 0.20 4.24 53.33 0.56 

high potash 0.09 5.20 26.64 0.94 

LSD (0.05) 0.078 1.196 14.070 0.185 

 

Table (3-b): Effect of interactions on bound hormones in leaves 

 

               Hormone con.(mM)      

Treatments  
IAA GA3 ABA Zeatine 

Witho

ut 

mulch 

Control 0.06 4.84 36.58 0.69 

Sulfur 0.12 3.30 37.10 0.55 

Organic fertilizer 0.10 3.91 56.80 0.47 

high potash 0.03 5.90 29.44 0.87 

With 

mulch 

Control 0.05 1.93 48.86 0.92 

Sulfur 0.19 2.97 49.85 1.25 

organic fertilizer 0.29 4.57 94.85 0.64 

high potash 0.15 4.50 23.83 1.01 

LSD (0.05) N.S N.S N.S 0.262 

 

Table (4-a): Effect treatments on bound hormones in flowers. 

 

                Hormone con.(mM)      

Treatments  
IAA GA3 ABA Zeatine 

Mulch 0.17 3.87 55.27 1.00 

No Mulch 0.16 4.22 51.74 0.84 

LSD (0.05) N.S N.S N.S 0.142 

Without treatment (control) 0.10 2.60 38.59 0.81 

Sulfur 0.19 3.73 52.27 1.00 

organic fertilizer 0.20 3.61 62.48 0.90 

high potash 0.17 6.25 60.68 0.97 

LSD (0.05) 0.036 1.012 11.822 N.S 
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Table (4-b): Effect of interactions on bound hormones in flowers. 

 

                       Hormone con.(mM)      

Treat.  
IAA GA3 ABA Zeatine 

Without 

mulch 

Control 0.11 2.10 46.50 1.09 

Sulfur 0.22 3.05 56.42 1.01 

organic fertilizer 0.23 3.45 78.45 1.04 

high potash 0.11 6.88 39.71 0.87 

With mulch 

Control 0.09 3.10 30.67 0.53 

Sulfur 0.17 4.41 48.12 0.99 

organic fertilizer 0.16 3.77 46.50 0.75 

high potash 0.23 5.62 81.65 1.08 

LSD (0.05) 0.051 N.S 16.719 0.285 

 

Discussion : 

Salt stress affects plant growth and development (Foolad, 2004). Turan et al. (2009) 

pointed to decrease the total chlorophyll due to salinity. Many scientists have suggested a 

positive correlation between decrease in chlorophyll content and salt-induced weakness of 

protein-pigment-lipid complex (Strogonov et al., 1970) , increased chlorophyllase enzyme 

activity (Stivsev et al., 1973) or attributed to the reactive oxygen species (ROS) which 

increased by salt (Zhu, 2001).  Fig 1&2 showed that polyethylene film (plastic mulching) 

is improving leaf area and chlorophyll. These improvements were due mainly to delayed 

accumulation of salts, elevation of soil temperature and reduction of moisture loss 

compared with no mulch (Dong et al ,2009). Sulfur nutrition has been shown to reduce 

the adverse effects of salinity by increasing leaf area (fig. 1). One of the functions of S on 

plants is the synthesis of cysteine, which is a precursor or S donor for most organic S 

compounds, of which glutathione is probably the most important, as it is correlated with 

salinity tolerance and potentiate the detoxification of ROS produced under salinity (Kocsy 

et al., 2004; Nazar et al., 2011). Sulfur as acidifying materials is regarded as a possible 

and economic way to improve nutrient availability and plant growth in salty soils (Singh 

and Chaudhari 1997; Kaplan and Orman 1998). Organic fertilizer had significant effect on 

leaf area and chlorophyll content (fig1,2) due to its contains of nutrients and estimating 

phytohormons. It agrees with Dilmaghani, et al (2012) who found that application of 

sulfur + organic material significantly increased (10.4%) in chlorophyll content of leaves 

over the control. 

Nutrient uptake of saline soils might be low due to high concentrations of cations and 

anions which might competes with the uptake of nutrient ions (Fageria et al., 2011). Some 

studies (e.g., Nathawat et al. 2007; Bybordi, 2011) have indicated that application of 

nutrient can reduce the adverse effects of salinity.  

There are many internal and external factors that affect the overall growth and 

development of plants. One such internal factor is plant hormone, which helps in acting as 
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a signal. Previous findings have shown that endogenous content of plant hormones such 

as abscisic acid, auxin, cytokinins, zeatin and gibberellins changes in response to salt 

stress (Javid et al., 2011). Abscisic acid which is known as the hormone of stress is a 

major player in mediating adaptive responses of plants to stress (Javid et al., 2011). It is 

produced in roots in response to decreased soil water potential and translocated to leaves 

where it binds to receptors at the surface of plasma membrane of stomatal guard cells. 

Current results in agreement with Babu et al., (2012) who  showed that endogenous ABA 

and IAA content significantly increased with the application of alleviated NaCl treatment 

on tomato plants. IAA controls almost all aspects of plant life, from seed germination to 

vegetative growth and flowering (Ritchie and Gilroy, 1998). Babu et al., (2012) suggested 

that the growth and development of tomato plants under salt stress is supported by 

increased production of IAA. Wang et al., (2001) demonstrated that IAA generally 

increase in plants in response to elevated salt stress. 
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