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ABSTRACT 

  

Two field experiments were carried out during 

two summer seasons of 2013 and 2014 years at 

the Experimental Farm of Kaha Station, Qalubia 

Governorate to study the effect of using three irri-

gation intervals (7, 15 or 21 day) and five treat-

ments of water absorbent substrates as adding to 

soil before transplanting ,i.e. (without substrates 

(control), SAP at 15 kg/fed., SAP at 20 kg/fed., 

compost at 5 t/fed. and compost at 10t/fed.) on 

sweet  pepper plants c.v. Mohanad and the effect 

of that on growth, yield, physical and chemical 

characters of sweet  pepper fruits. The results indi-

cated that, the highest values of all vegetative 

growth parameters, yield and yield components 

were registered by the treatment of 7 days or 15 

day irrigation intervals. Concerning of using water 

absorbent substrates, it was found that, pepper 

plants grown in the soil fertilized at 10 t/fed. or 

treated with super absorbent polymer (SAP) 20 

kg/fed., respectively gave the highest values of 

vegetative growth parameters, yield and yield 

components. It is obvious that the plants fertilized 

at 10 t/fed. and irrigated every 7 days gave the 

highest values of fruit length, fruit diameter, fresh 

fruit weight and total yield. While, plants treated 

with SAP at 20 kg/fed. and irrigated every 15 day 

gave the highest values of fruit diameter and fresh 

fruit weight, but the differences did not reach to 

significance level for fruit length and early yield in 

both growing seasons. On the other hand, com-

post at 10 t/fed., compost at 5 t/fed. and SAP at 20 

kg/fed. with irrigation every 21 day were the best 

treatments for yield and yield components of pep-

per plants.  

Generally, it can recommend by using compost 

at 5 t/fed., or super absorbent polymer (SAP) at 20 

kg/fed. with irrigation every 15 days and this mean 

that increased the irrigation period without any 

injury or statistical effect on the fruit crop to obtain 

high pepper fruit yield  with height quality and 

height net income to the growers. 

 

INTRODUCTION 

 

Pepper (Capsicum annuum L.) plants are sen-

sitive to water stress during the establishment pe-

riod and fruit setting, (Doorenbos and Kassam, 

1986). High levels of irrigation are often applied in 

order to maximize yields. However, field observa-

tions suggest that excessive irrigations may nega-

tively affect pepper plants.                                         

Egypt is a country with tremendous land re-

sources but limited water resources. The cultivated 

area is only 3.3% of geographical area. The main 

water source for Egypt is Nile River and few 

amounts from underground water. The total water 

resources in Egypt are 55.5 billion m3 from Nile 

River, in addition to 6 billion m3 from groundwater. 

The agricultural sector consumes 84% of the water 

resources. It would be much difficult to meet the 

food requirements in the future with the declining 

water resources and limited clean water reservoirs 

in the future, as 70% ~ 90% of the available water 

resources is used in food production. 

Jaimez et al (2000), Costa and Gianquinto 

(2002) and Antony and Singandhupe (2004) re-

ported that continuous water stress significantly 

reduced total fresh weight of fruit and total pepper 

yield. Irrigation should begin before the crop 

comes under severe water stress by enough peri-
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ods to reduce water stress injury on crop yield or 

quality. The level of stress that will cause a reduc-

tion in crop yield or quality depends on the kind of 

crop and its stage of development as well as the 

water condition during the growing season (Oke-

susi and Olorunwa, 2006). Moreover, adequate 

amount of water is needed at the right time in order 

to get higher crop yield and should be applied to 

farmlands. Therefore, it is vital to determine the 

water consumptions of plants and periods that 

plants are susceptible for water beside the irriga-

tion intervals in order to increase crop yield, 

(Ngouajio et al 2008). In this regard, Khan et al 

(2009) on pepper showed that, when six water 

treatments i.e. watering once every day (W
1
), wa-

tering twice everyday (W
2
), watering at 4 days in-

terval(W
3
), watering at 8 days interval (W

4
), water-

ing at 16 days interval (W
5
), and no watering (W

0
) 

were tested. The results revealed that, plant 

height, no. of leaves per plant, leaf area per plant, 

canopy diameter, leaf dry weight, stem dry weight,   

no. of fruits per plant, fruit length, fruit diameter, 

individual fruit weight, fruit yield per plant, fruit dry 

weight per plant, showed lowest values of these 

parameters by either deficit or excess water treat-

ments. By increasing irrigation interval, stem diam-

eter, plant height, leaf area, fresh weight and dry 

weight of root and shoot were reduced. Moreover, 

the larger irrigation interval resulted in lower yields 

and quality of pepper such as number of fruit, 

mean fruit weight, pepper length and width   

(Sezen et al 2011, Sayyari et al 2012 and Aba-

yomi et al 2012).  Also, Adeoye et al (2014) 

showed that the irrigation intervals used (daily, 3 

days, six days and 9 days and a no-irrigation) 

shows significant influence of irrigation intervals on 

pepper yield and some growth parameters. The 

irrigation interval also has remarkable influence on 

stem diameter but with little effect on stem height 

and leaf number.                                                                                                          

Concerning vitamin C, Mitchell et al (1991), 

Liu and Chen (2002) and Mahajan and Singh 

(2006), reported that vitamin C concentration in 

tomato fruits increased with lower water supply.                                                                                                                                             

One of the most important factors of costs in 

production and maintenance of plants is irrigation.  

It was found that, one method of water conserva-

tion and reduction of irrigation costs is using super 

absorbent polymer (SAP) as soil improvement 

substances. SAPs are hydrogels that can absorb 

considerable amount of water, saltwater or physio-

logical solutions. These polymers besides having 

high speed and capacity of water absorption also 

act as miniature water storage place and give wa-

ter easily, if required. Using SAP in the production 

of tomato increased the yield by 35% and facilitat-

ed the fruits ripening and nutrient elements are 

increased and losses or washing amount of the 

elements is reduced as mentioned by, (Bjorne-

berg et al (2003); Flanagan et al 2003 and El-

Hadi and Camelia, 2004). These substances ab-

sorb about 200 to 500 times as much water as 

their weight and after 5 to 12 years are gradually 

destroyed because of microbial disintegration or 

sun ray effect and are changed into some sub-

stances as water, carbon dioxide and ammonium 

(Poresmaiil et al 2007). Yazdani et al (2007) re-

ported that using absorbent polymer under drought 

stress and water shortage conditions can increase 

the yield of soybean. Positive effects of polymer on 

crop yields and growth activities can be found in 

the researchers of Abu-Zreig et al (2007) and 

Lentz and Sojka (2009).  

Sayyari and Ghanbari (2012) indicated that, 

by increasing irrigation intervals (5, 7, 9, 11 days) 

under drought stress, pepper growth parameters, 

yield and chlorophyll were reduced. In this study, 

super absorbent polymer application A200 (0, 0.2, 

0.3, 0.4, 0.5 weight percent) reduced prolonged 

irrigation effects on pepper by increasing growth 

rate, yield, leaf chlorophyll. The results of this study 

showed also that SAP can store and absorb con-

siderable water and reduce negative effects of 

water shortage on plants. 

The use of compost has been used to increase 

crop productivity and yields, and their use is usual-

ly associated with improved soil structure and en-

hanced soil fertility, increased soil microbial popu-

lations, significantly increased tomato plant dry 

biomass, fruit diameter, yield and water use effi-

ciency (WUE) and an improved moisture-holding 

capacity of the soil (Arancon, et al 2004; Ali, 

2005; Curtis and Claassen, 2005; Lakhdar et al 

2009 and Tejada et al 2009). Moreover, Nguyen 

et al (2012) reported that, addition compost to to-

mato or pepper plants increased shoot and root 

growth as well as fruit yield.  

Thus, based on positive properties of SAP or 

compost, the objective of this study was to evalu-

ate the effects of applying SAP or compost on 

pepper plant under different irrigation periods. Our 

specific objectives were: (1) The determination of 

the best amount of SAP or compost application in 

soil, and (2) Determining the best irrigation interval 

for pepper with or without super absorbent sub-

strates. 

MATERIALS AND METHODS 
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        The experiment was conducted at the Exper-

imental Farm of Kaha Station, Qalubia Gover-

norate; in the clay soil. The present investigation 

was conducted during tow successive seasons of 

2013 and 2014. Seeds of sweet pepper (Capsicum 

annum L. cv. Mohanad) were sown under plastic 

house in nursery at first week of February during 

both 2013 and 2014 seasons and received natural 

agricultural practices. After 50 day from sowing 

healthy seedlings were selected and transplanted 

on the field plot (35cm apart). The plot area was 

(8.4 m²) and includes 3 ridges each of (0.7 m) 

width and (4.0m) length. A split plot design system 

with three replicates was adopted. Fifteen treat-

ments, i.e., the combination among three irrigation 

intervals (7 days, 15 day and 21 day) were distrib-

uted in the main plots .In addition, tow super ab-

sorbent substances with tow concentration (SAP at 

15 kg/fed., SAP at 20 kg/fed., compost at 5 t/fed., 

compost at 10 t/fed. and control without any addi-

tion) which was arranged in the sub plots. SAP and 

compost were added to soil before sowing during 

soil preparation at 15cm depth. 

 

Table 1. Names and contains of the materials 

used in this study 

 

Substrate name Composition 

 SAP Polyacrylamide 

Compost  Moisture 27.5%, PH 7.4, EC 

3.8 (ds/m), Total nitrogen 1.6%, 

Organic matter 45%, Organic 

carbon 25%, C/N ratio 01:15, 

Total phosphor 0.6%, Total 

potassium  1.3% and Calcium  

0.7%. 

 

The other agricultural practices were followed ac-

cording to the recommendation for sweet pepper 

plantation. The following data were recorded as 

follows: 

                                                                                

1. Vegetative growth parameters  

 

Three plants were chosen randomly from each 

treatment in the three replicates at the beginning of 

flowering stage in order to determine the following: 

- Plant length (the length of main stem cm) -Leaves 

number/plant. 

-Fresh weight and dry weight (g/plant):  A random 

sample of other three plants from each plot was 

taken and dried at 70 Cº till constant weight and 

the dry weight of whole plant was determined us-

ing the standard methods as illustrated by A.O.A.C 

(1990).  

- No. of. brunches/ plant . 

The leaf area was calculated according to the 

following formula of Wallace and Munger (1965): 

Leaf area (cm2) = Leaves dry weight (gm) x disk 

area / Disk dry weight (gm) 

Total leaf chlorophyll content was measured 

using Minolta chlorophyll meter SPAD- 501 as 

SPAD units 

      

2- Fruit yield and its characteristics 

 

Five sweet pepper fruits were randomly select-

ed from each plot to determine the following data: 

Fruit length (cm) - Fruit diameter (cm) - Aver-

age fruit weight (g) – Dry fruit weight (g):100g  from 

fruits was taken and dried at 70 Cº till constant 

weight and the dry weight was determined -  Early 

fruit yield(ton/fed) as the first and second pickings- 

Total fruit yield (ton/fed)- 

Total ascorbic acid: (Vitamin C mg/100g fresh 

weight) content was determined by using the die 2, 

6 dichlorophenol indophenols, method as de-

scribed by Ranganna(1979).  

 

3- Soil moisture percentage 

 

Before 2 day of irrigation interval, the sample of 

soil was collected in soil core and oven dried at 

105 Cº (for 24 hours) or till constant weight and the 

dry weight of the soil was determined. The mois-

ture contents of the samples were determined us-

ing the standard methods as illustrated by 

A.O.A.C, (1990).                                                                                                                         

 

4- Economic study 

 

A study of economic gain for different water 

absorbed substrates treatments were estimated by 

subtract the price of total fruit yield and cost of 

substrates treatments to obtained income in Egyp-

tian pounds.  

 

5-Statistical analysis  

 

Data obtained were subjected to the proper 

analysis of variance (split-plot design) as described 

by Snedecor and Cochran (1980) using M. stat 

program. Averages between treatments were dif-

ferentiated by using LSD at 5% level. 

RESULTS AND DISCUSSION 
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1- Effect of irrigation intervals, water absorbent 

substrates and interaction on vegetative 

growth and leaf chlorophyll concentration 
  

1.1. Effect of irrigation intervals  
 

Data in Table (2) show that statistical analysis 

(p< 0.05) revealed that the change in irrigation 

interval has a significant effect on the vegetative 

growth parameters of sweet pepper plants, i.e., 

plant length, number of leaves/plant, leaf area, 

number of brunches/ plant as well as the fresh and 

dry weight of plant, the highest values of all vege-

tative growth parameters were obtained in the plot 

with 7 days or 15 day irrigation intervals. These 

results are in the same line with those obtained by 

(Khan et al 2009; Sezen et al 2011; Sayyari et al 

2012 and Abayomi et al 2012) on sweet  pepper. 

On the other hand, leaf chlorophyll contents, data 

in Table (2) revealed that plants were irrigated 

every 21day showed the lowest concentration of 

chlorophyll in the leaves than those irrigated every 

7 or 15 day. The results are true in both growing 

seasons in this regard (El-Hadi and Camelia, 

2004). Sayyari and Ghanbari (2012) indicated 

that, by increasing irrigation intervals (5, 7, 9, 11 

days) under drought stress, sweet pepper chloro-

phyll was reduced. 
 

1.2. Effect of water absorbent substrates 
 

As shown in Table (2), sweet pepper plants 

grown in the soil fertilized with compost at 10 t/fed 

or super absorbent polymer (SAP) at 20 kg/fed, 

respectively gave the highest values of vegetative 

growth parameters, i.e., number of leave/plant, leaf 

area, number of brunches/ plant as well as the 

fresh and dry weight of plant in both growing sea-

son and plant length in the second season. The 

results of this study may be due to that SAP can 

store and absorb considerable water and reduce 

negative effects of water shortage on sweet pep-

per plants. Positive effects of polymer on growth 

activities were reported by Bjorneberg et al 

(2003); Flanagan et al (2003); Abu-Zreig et al 

(2007); Lentz and Sojka (2009) and Sayyari and 

Ghanbari (2012). Moreover, Ali, (2005) and Ngu-

yen et al (2012) showed that, compost addition to 

tomato or pepper plants increased shoot and root 

growth. While, concerning to leaf chlorophyll con-

tents, data in Table (2) revealed that adding com-

post at 5 t/fed. or 10 t/fed showed the highest con-

centration of chlorophyll in the leaves. The use of 

compost is usually associated with improved soil 

structure and enhanced soil and plant fertility, 

(Arancon, et al 2004). 

 

1.3. Effect of the interaction between irrigation 

intervals and water absorbent substrates 
 

The results of the interaction effect between ir-

rigation intervals and water absorbent substrates 

on vegetative growth, i.e., plant length, number of 

leaves, leaf area, number of brunches/ plant and 

fresh as well as dry weight of sweet pepper plant 

are shown in Table (2). It is obvious that plants 

fertilized with compost at 10 t /fed  or adding SAP 

20 kg/fed, respectively and irrigated every 7 days 

gave the highest values of number of leaves/plant, 

as well as fresh and dry weight. On the other hand, 

SAP at 20 kg/fed or compost  at 5 t/fed, respective-

ly and irrigated every 15 days gave the highest 

values of plant length, data revealed also that 

compost  at 10 t/fed or compost at 5 t/fed, respec-

tively and irrigation interval 7 days were the best 

treatments for leaf area. Concerning number of 

brunches/ plant, the data did not exert any signifi-

cant effect in both growing season. SAP is hydro-

gels that can absorb considerable amount of wa-

ter. These polymers besides having high speed 

and capacity of water absorption also act as minia-

ture water storage place and give water easily. 

This substance, i.e. SAP absorbs about 200 to 500 

times as much water as their weight and reduces 

negative effects of water drought (Poresmaiil et al 

2007). The use of compost has been used to in-

crease crop productivity and their use is usually 

associated with improved soil structure and en-

hanced soil fertility, and an improved moisture-

holding capacity of the soil (Lakhdar et al 2009 

and Tejada et al 2009). Data revealed also that 

compost at 5 t/fed. or compost at 10 t/fed, respec-

tively and irrigation interval 21 day were the best 

treatments for total leaf chlorophyll in both growing 

season.                                                                                             
 

2- Effect of irrigation intervals, water absorbent 

substrates and interaction on yield and its 

fruits quality 

 

2.1. Effect of irrigation intervals 

 

The yield and yield components of sweet pep-

per plants, i.e. fruit length, fruit diameter, fresh fruit 

weight, dry fruit weight, early and total yield as 

affected by irrigation intervals are shown in Table 

(3). The data reveal that the highest values of fruit 

length, fruit diameter, fresh fruit weight, total and 

early  yield  were  registered in the plot with 7 days  
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or 15 days irrigation intervals, respectively in both 

growing seasons. Although the differences did not 

reach to significance level for fruit diameter. In this 

regard (Sezen et al 2011; Sayyari et al 2012 and 

Abayomi et al 2012) came to similar result.  Also, 

Adeoye et al (2014) indicated that, the larger irri-

gation interval resulted in lower yields and quality 

of sweet pepper such as number of fruit, mean fruit 

weight, fruit length and width. 

Concerning dry fruit weight irrigation interval 21 

days gave the highest means. Moreover, it was 

found that the plants irrigated every 21 days pro-

duced fruits containing the highest values of vita-

min. C compared with those supplied every 7 or 15 

days, the results are true in both growing seasons. 

This result may be due to applying lower water 

treatment caused osmotic adjustment in the peri-

carp of pepper fruit and resulted in higher ascorbic 

acid content (Mitchell et al 1991). The results 

herein are in the same line of the results obtained 

by, Liu and Chen (2002); Mahajan and Singh 

(2006), they reported that vitamin C concentration 

in tomato fruits increased with lower water supply.  

  

2.2. Effect of water absorbent substrates 

 

Yield and yield attributes of sweet pepper 

showed significant results by using different water 

absorbent substrates as shown in Table (3). The 

data showed that the plants treated with polymer 

(SAP) at 20 kg/fed or compost at 10 t/fed gave the 

highest values of fruit length, fruit diameter, fresh 

and dry fruit weight, V.C, early and total yield. 

These results are agreements with those obtained 

by Bjorneberg et al (2003); Flanagan et al 

(2003); Abu-Zreig et al (2007); Lentz and Sojka 

(2009) and Sayyari and Ghanbari (2012) on 

sweet  pepper. Moreover, Yazdani et al (2007) 

reported that using absorbent polymer under 

drought stress condition and water shortage condi-

tions can increase the yield of soybean. Using SAP 

in the production of tomato increased the yield by 

35%. The additions of rice straw compost, signifi-

cantly increased tomato plant dry biomass, fruit 

diameter, yield, Ali, (2005). Moreover, Nguyen et 

al (2012) reported that, compost addition to tomato 

or   pepper plants increased fruit yield. 

 

2.3. Effect of the interaction between irrigation 

intervals and water absorbent substrates 

 

The results of the interaction effect between ir-

rigation intervals and water absorbent substrates 

on yield and yield components of sweet pepper 

plants are shown in Table (3), it is obvious that the 

plants grown in soil fertilized with compost at 10 t 

/fed and irrigated every 7 days gave the highest 

values of fruit length, fruit diameter, fresh fruit 

weight, total yield. While, plants treated with SAP 

at 20 kg/fed. and irrigated every 15 days gave the 

highest values of fruit diameter and fresh fruit 

weight but the differences did not reach to signifi-

cance level for fruit length and early yield in both 

growing seasons, but in the same irrigation interval 

compost at 10 t/fed was the best for dry fruit weight 

and total yield. On the other hand, compost at 10 

t/fed., compost at 5 t/fed. and SAP at 20 kg/fed. 

with irrigation every 21 days were the best treat-

ments for yield and yield components of sweet  

pepper plants. Positive effects of polymer on crop 

yields were illustrated by Bjorneberg et al (2003); 

(Flanagan et al 2003); Abu-Zreig et al (2007) and 

Lentz and Sojka (2009). Concerning to V.C it is 

obvious that irrigation every 21 days without add-

ing any substrate gave the highest values of it, this 

result may be due to the lowest  sweet  pepper fruit 

yield under drought stress, hence enhanced the 

accumulation and the concentration of ascorbic 

acid in the remaining fewer fruits. 

 

3- Effect of irrigation intervals, water absorbent 

substrates and interaction on soil moisture 

percentage 

 

3.1. Effect of irrigation intervals 

 

The effect of irrigation intervals are shown in 

Fig. (1). The data reveal that the highest values of 

soil moisture percentage were obtained from the 

soil was irrigated every 7 days followed by 15 days 

in both growing season. 

 

3.2. Effect of water absorbent substrates 

 

As shown in Fig. (2), the soil treated with super 

absorbent polymer (SAP) at 20 kg/fed. or compost 

10 t/fed., respectively gave the highest values of 

soil moisture percentage in both growing season 

although the differences did not reach to significant 

level in the first season. These result may be due 

to that super absorbent polymer absorb about 200 

to 500 times as much water as their weight, be-

sides having high speed and capacity of water 

absorption also act as miniature water storage 

place and give water easily under requirement 

condition (Poresmaiil et al 2007). Moreover, using 

compost improves moisture-holding capacity of the 

soil (Lakhdar et al 2009 and Tejada et al 2009). 
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Fig. 1. Effect of irrigation intervals on soil moisture percentage of sweet pepper plants during the two sea-

sons of 2013 and 2014 

 

 

                          

 

                         

 
 

Fig. 2. Effect of water absorbent substrates on soil moisture percentage of sweet pepper plants during the 

two seasons of 2013 and 2014 
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3.3. Effect of the interaction between irrigation 

intervals and water absorbent substrates 
 

The results of the interaction effect between ir-

rigation intervals and water absorbent substrates 

on soil moisture percentage are shown in Fig. (3). 

It is obvious that soil fertilized with compost at 10 

t/fed. or compost at 5 t/fed., respectively and irri-

gated every 7 days gave the highest values of soil 

moisture percentage. On the other hand, SAP at 

20 or 15 kg/ fed, respectively and irrigated every 

15 day were the best treatments, data revealed 

also that, in the case of irrigation every 21 days the 

highest percentage of soil moisture noticed under 

using SAP at 20 kg/fed followed by compost treat-

ments in both growing season although the differ-

ences did not reach to significant level in the first 

season. This results may be due to that compost 

improved moisture-holding capacity of the soil (Ali, 

2005; Curtis and Claassen, 2005; Lakhdar et al 

2009 and Tejada et al 2009). It can said that, us-

ing SAP substrate showed highest moisture, hold-

ing capacity and increased the period of irrigation 

from 7 to 15 days without any injury in soil water 

content. 
 

4. Economic study 
 

Data in Table (4) show the total income per 

feddan under different quantity from SAP or com-

post treatments. It is evident from such data that 

adding compost at 5 t/fed., compost at 10 t/fed., 

SAP at 20 kg/fed. or SAP at 15 kg/fed., respective-

ly gave higher total income/feddan than control 

treatment. 

Generally, it can say that, adding compost at 5 

t/fed., then SAP at 20 kg/fed. with irrigation every 

15 days gave the highest sweet pepper fruit yield  

with height quality and height net income to the 

growers. 

 
 

Fig. 3. Effect of interaction between irrigation intervals and water absorbent substrates on soil moisture 

percentage of sweet pepper plants during the two seasons of 2013 and 2014. 
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