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Effect of hydrogel in three rates (0.2%, 0.5%, 1%) weight to weight in soil and control (without) on yield 
and yield components of mungbean (Vigna radiata L.Wilczeck) as seventh season after hydrogel 
addition. The six bellow crops arranged in  sequent's  as summer season  followed by winter seasons  
rice – barley  – sunflower -  wheat – mungbean forage – Egyptian berseem) in the same pot  aims to 
study the effect of hydrogel on soil and yield components of mungbean for long time (seventh season) 
under newly reclaimed sandy soil. Greenhouse experiment was conducted during summer season of 
2017 in research and production station of National Research Centre, Al Emam Malek village, Al 
Nubaria district, Al Behaira Governorate, Egypt. Results clear that increasing hydrogel from 0.2% to 
0.5% and 1% reducing pH, Ca Co3% and Ec ds/m. Macro and micro elements N, P, K, Cu, I, Mn, Z and 
available water (A.W) were increased with increasing rate of hydrogel in soil. The highest forage yield 
6.85 ton/feddan at 50 days after sowing (DAS) ; the tallest plants 90.0 cm. the highest straw yield 1.82 
ton/fed.; the highest biological yield 2.93 ton/fed. And the highest total carbohydrates in seeds 61.5%. 
were recorded by treatment of 1% hydrogel but 0.5% hydrogel produced the tallest pods 10.83 cm; 
highest no. of seeds/pod 13.25; highest no. of pods/plant 34.5 cm; seeds weight/plant 38.0 g; seed yield 
1.26 ton/fed. And highest protein in seeds 24.35%.  
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INTRODUCTION 

Decreasing irrigation quantity is one of the 
important objectives in countries of reduced water 
availability. Hydrogels have high absorbents of 
water which may be one gram dry weight absorb 
up to 1500 gram water respectively (Johnson 
1984; Bowman and Evans 1999). Chemical 
properties of the hydrogel, soil and irrigation water 
type were determined the efficiency of hydrogel 
(Mikkelsen 1994). The non-cross-linked 
polyacrylamide PAM form was effective tool in 
reducing soil erosion and earthen canal bed 
stabilization (Woodhouse and Johnson 1991). 

The useful effect of hydrogel in promoted 
growth and seedling under arid zone was reported 
by Callaghan et al., (1988 and 1989) also, (Viero 
et al., (000) reported the same trend with 
irrigation. Application of hydrogel especially in 
sandy soil reflect in plant water potential and 
water retention (Huttermann et al., 1999, Abedi-
kaoupai and Sohrab 2004). Jahangir et al., 2008 
revealed reduction in required irrigation. Many 
effectiveness of hydrogels in transplants and tree 
seedlings reported (Specht and Harvey-Jones 
2000; Save et al., 1995; Callaghan et al., 1988, 
1989). 
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 Mungbean (Vigna radiata L. Wilczek) is a 
summer pulse crop with short duration (70 – 90 
days) Elkaramany et al., 2001 , 2003 and double 
use (forage and seed) Elkaramany et al., 2005 
and Elkaramany 2006 and high nutritive value. 
Forage contains 12 – 18% protein but seeds 
contain 22 – 28% protein, 60 -65% carbohydrates, 
1 – 1.5% fats, 3.5 – 4.5% ash (El karamany, 
2006). Mungbean is common used in cooking 
using green and mature pods, sprouts are rich in 
vitamins and amino acids also, in broilers diets as 
un-traditional feeding stuff Elkhimsawy et al., 1999 
or its husks as crop by-products for feeding 
rabbits and decrease cost of feeding without loss 
in nutrition value Omer et al., 2017.  

   The arable land around the world suffers 
from low water availability which causes 
reductions in yield of many crops. (Bruce et al., 
2002 and Ober 2001). Increasing water use 
efficiency by roots of plant in sandy soil one of the 
main objectives aim to tolerate drought stress.  
Hydrogel may be effective tool to insure soil 
moisture profile in the root zone which in turn in 
reducing amount of irrigation under sandy soil 
condition also, reducing fertilizers leaching from 
soil. Excellent benefits of hydrogel by many crops 
were reported by many researchers under 
Egyptian conditions Waly et al., 2015a on rice and 
barley; Waly et al., 2015b on sunflower and wheat 
; Elkaramany et al., 2015 on sugar beet ; Waly et 
al., 2016 on botato and Elkaramany et al., 2016 
on sunflower. 

Thus the aim of this work was to examine 
effect of three rates of hydrogel on yield and yield 
components of mungbean as seventh crop in 
summer and winter seasons after addition of 
hydrogel as treatments before the first crop only 
with reducing irrigation to 75% from 
recommended. 
 
MATERIALS AND METHODS 

Green house experiment was carried out 
during summer of 2017 in Researches and 
Production Station of National Research Centre 
(NRC), Al-Nubaria District, Al Behaira 
Governorate, Egypt. The experimental soil before 
add hydrogel treatments was analyzed according 
to Chapman & Pratt 1978. Soil texture was sandy 

and its characteristics are shown in Table (1) 

Location and climate of experimental site:  
This experimental farm (latitude 30˚30'1.4''N, 

and longitude 30˚19'10.9''E, and mean altitude 21 
m above sea level). The data of temperature and 
relative humidity were obtained from “Local 
Weather Station inside Researches and 
Production Station of National Research Centre 
(NRC). Summer is hot, with no rain, and mean air 
temperature in June, July, August and September 
was 25.50, 25.46, 26.06 and 24.71o C, with mean 
relative humidity of 66.93, 75.47, 76.30 and 73.23, 
respectively. 

Sandy soil from wild zone in NRC station was 
used in the 1st season. The crops arranged in 
sequent's as summer season followed by winter 
seasons rice – barley – sunflower - wheat – 
mungbean forage – Egyptian berseem). 
Earthenware pots 40 cm diameter and 30 cm in 
depth each one filled with 10 kg sandy soil then, 
treatment was done mixed with soil and covered 
by thin layer of sandy soil in each pot.  

Treatments were: 
A- Control without (hydrogel). 
B-  B- (hydrogel 0.2%) weight /weight.  
C-(hydrogel 0.5%) weight /weight.  
 D- (hydrogel 1%) weight /weight in each pot. 
Hydrogel prepared method was used as 

follow, in duple jacketed of a capacity 60 litter 
equipped with condenser, variable speed motor 
temperature controller adjusted at 30 °C was 
reactor charged with 4 kg starch slurred in 40 litter 
water followed by addition of 2 g emulsifier after 
10 minutes acrylonitrile (AN) 4 kg added during 20 
minutes with continues stirring for three hours. 
The obtained product was saponified in 
isopropanol (40 litters) with continues stirring with 
the addition of 0.65 equivalent sodium hydroxyl 
tell the color of the product changed from deep 
brown to yellowish color. The obtained hydrogel 
was filtered, dried and milled. Materials used 
commercial product without purification: 
Acrylonitrile (AN), Corn starch, Sodium hydroxyl, 
emulsifier

Table (1): Mechanical and chemical analysis of experimental soil before 1st season. 

Sand 
% 

Silt 
% 

Clay 
% 

pH 
O M 
% 

CaCO3 
% 

E.C. 
dS/m 

Soluble N, 
 ppm 

Av.P,  
ppm 

Ex. K, 
ppm 

91.2 3.7 5.1 8.3 0.2 4.8 4.3 8.1 0.22 10.2 
     OM = Organic matter - AV = Available - EX = Exchangeable 
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At 50 DAS (days after sowing) whole canopy 
of each pot was cut 10 cm above surface of soil 
and weighted as forage yield, then attributed to 
per feddan. At harvest date 100 DAS the following 
characters were measured 1- Plant height (cm) 2- 
Pod length(cm) 3- Number of seeds/pod 4- 
Number of pods/plant 5- Seeds weight/plant (g) 6- 
Seed yield (ton/fed.) 7- Straw yield (ton/fed.) 8- 
Biological yield (ton/fed.) 9- Harvest index (seed 
yield/biological yield %) 10- Total carbohydrates in 
seed (%) 11- Protein in seeds (%).  Characters 
measured per feddan by weight per pot (10 kg 
soil) then convert to per feddan (theoretical 106 kg 
soil) by multiply yield per pot x 106.  

The experimental design was complete 
randomize block design in eight replicates. At 
harvest the obtained data were statistically 
analyzed according to SAS 9.4 program and 
treatments means were compared using least 
significant differences LSD at probability level of 5 
%.  

The simple correlation coefficient among all 
studied characters were computed according to 
Steel and Torrie 1980.  

Total carbohydrates were determined (as 
glucose) after acid hydrolysis and spectro 
photometrically measured using phenol sulfuric 
acid reagent according to Dubbois et al., (1956). 

Protein in seeds measured by Near Infra Red 
Grain Analyzer Produced by FOSS Analytical A/S 
Denmark www.foss.dk.  
 
RESULTS AND DISCUSSION 

Data presented at table 2 show mechanical 
and chemical analysis of experimental soil after 
harvest of mungbean crop as seventh season 
after addition of hydrogel treatments. It is clear 
that percentage of sand; pH; CaCo3 and E.C were 
decreased but percentage of silt; clay and organic 
matter were slightly increased, these result may 
be due to effect of hydrogel by absorb water by 
many hundreds of its weight combined with 
nutrients added as fertilizers through seven 
seasons and effect of hydrogel in reducing 
leaching nutrients and organic matter from root 
growth zone, Johnson 1984; Bowman and Evans 
1999 clear that hydrogels are super absorbents 
that absorb and store water hundreds of times 
their own weight, i.e. 400-1500 g water per dry 
gram of hydrogel. 

It can be discussed from data in table 3 that 
the effect of increasing hydrogel from 0.2 to 0.5 to 
1% in experimental soil resulted increasing 
available water and macro and micro nutrients N; 
P; K; Cu; I; Mn; and Z in ascending order meaning 

that 1% hydrogel had superiority in absorb all 
measured nutrients and decrease nutrients 
leaching from soil after seven seasons. 

As shown in table 4 treatment of 1% hydrogel 
had superiority on other treatments in producing 
6.85 ton/feddan forage as first purpose of 
mungbean sown as summer crop in the period of 
very shortage in legume green fodder with high 
nutritive value under Egyptian condition especially 
in sandy soil also, high irrigation requirement due 
to hot climate in Summer under Egyptian 
condition. Forage yield increase in ascending 
order 2.86 – 3.36 – 6.02 to 6.86 ton/feddan by 
increasing addition of hydrogel from without 
(control) to 0.2% to 0.5% to 1% hydrogel in soil. 
The tallest plants 90.0 cm produced by treatment 
of 1% hydrogel, the second 81.25 cm from 0.5%, 
the third 76.25 cm the control and the fourth was 
0.2% hydrogel.  

Treatment of 0.5% hydrogel recorded the best 
results in characters of pod length 10.83 cm; no. 
of seeds/pod 13.25; no. of pods/plant 34.5 and 
heaviest seeds weight/plant 38.0 g. 

Results were in accordance with those 
obtained by Huttermann et al., 1999, Abedi-
kaoupai and Sohrab 2004 who reported that 
hydrogel application in sandy soil promotes an 
increase in water retention capacity and plant 
water potential also, Callaghan et al., (1988,1989) 
found that hydrogel amendments in sandy soils 
promoted seedlings survival and growth under 
arid conditions, while Viero et al.,(2000) under 
similar conditions found only an increase in 
seedling growth when hydrogel was applied in 
combination with irrigation. 

Data presented in table 5 and figure 1 clear 
that treatment of 0.5 % hydrogel produced the 
highest seed yield 1.26 ton/feddan, treatment of 
1% came in the second order 1.11 ton/fed., 
treatment 0.2% came third 1.01 and the fourth 
was control 0.8 ton/feddan, the same trend was 
recorded in protein % in seeds 0.4 – 1% - 0.2% - 
control (without) and treatments arranged in 
descending order 24.35%, 23.52%, 21.94% and 
21.75%.  

Treatment of 1% hydrogel had superiority in 
straw, biological yields and carbohydrates in 
seeds, in straw yield it recorded 1.82 ton/fed. 
Followed by 0.5% (1.58 ton/fed.), 0.2% (1.23 ton) 
and control (1.04 ton). Due to biological yield 1% 
hydrogel was first by production of 2.93 ton/fed., 
second was 0.5% (2.84 ton), third was 0.2% 
hydrogel (2.23 ton) and the fourth was control 
(without hydrogel) (1.84 ton).  
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Table (2): Mechanical and chemical analysis of experimental soil after harvest of 7th season. 

                     Characters 
Treatments 

Sand 
% 

Silt 
% 

Clay 
% 

 pH 
OM 
 % 

CaCo3 
% 

E.C. 
dS/m 

Control without (hydrogel) 91.10 3.70 5.20 7.9 0.35 1.4 1.7 

0.2% (hydrogel)weight/weight 90.66 3.94 5.50 7.9 0.40 1.3 1.6 

0.5%(hydrogel)weight/weight 90.58 3.96 5.56 7.8 0.45 1.3 1.4 

1% (hydrogel)weight/weight 90.48 3.98 5.64 7.5 0.50 1.3 1.2 

     OM% = Organic matter%  

 
Table (3): Macro, micro nutrients and available water of experimental soil after harvest of 7th 

season. 

                      Characters 
Treatments 

N 
ppm 

AV. P 
ppm 

EX. K, 
ppm 

Cu 
ppm 

I 
ppm 

Mn 
ppm 

Z 
ppm 

A.W 
% 

Control without (hydrogel) 52 12 36 0.36 2.12 0.29 1.93 10.2 

0.2% (hydrogel)weight/weight 64 13 40 0.58 2.62 0.37 2.05 10.6 

0.5%(hydrogel)weight/weight 68 14 52 0.60 2.88 0.42 2.64 12.0 

1% (hydrogel)weight/weight 92 15 68 0.68 3.64 0.51 3.24 14.0 
EX = Exchangeable - AW = Available Water 

 

Table 4- Effect of hydrogel % in soil on yield and yield components of mungbean double purpose 
(forage + seed) 

                              Characters 
Treatments 

Forage yield  
ton/fed. At  

50 DAS 

Plant 
 height 

(cm) 

Pod  
length  
(cm) 

No. of   
Seeds 
/pod 

No. of  
pods/ 
plant 

Seeds  
weight 
/plant g 

Control without (hydrogel) 2.86 76.25 7.50 7.50 18.00 25.25 

0.2% (hydrogel)weight/weight 3.36 62.00 8.65 9.50 24.00 30.25 

0.5%(hydrogel)weight/weight 6.02 81.25 10.83 13.25 34.50 38.00 

1% (hydrogel)weight/weight 6.85 90.00 8.00 10.50 25.50 31.50 

LSD at 0.05 0.65 1.70 1.64 1.65 7.23 10.03 

 
Table 5- Effect of hydrogel % in soil on yield and yield components of mungbean. 

                         Characters 
 
Hydrogel % In soil 

Seed yield/ 
(ton/fed.) 

Straw yield 
ton/fed 

Bio-yield/ 
ton/fed 

Harvest 
 index% 

TC % 
in seeds 

P % 
in seeds 

 

Control without (hydrogel) 0.80 1.04 1.84 43.59 46.7 21.75 

0.2% (hydrogel)weight/weight 1.01 1.23 2.23 45.18 60.4 21.94 

0.5%(hydrogel)weight/weight 1.26 1.58 2.84 44.34 61.0 24.35 

1% (hydrogel)weight/weight 1.11 1.82 2.93 38.67 61.5 23.52 

LSD at 0.05 0.12 0.37 0.42 5.00 22.2 1.35 

T C% = Total carbohydrates % - P = Protein 
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Table 6 - Correlation coefficient between all studied characters 
 

 
Pod  

length 
No.of  

seeds/pod 
No. of  

pod/plant 
Seed  

weight/plant 
Seed  

yield/fed 
Straw  

yield/fed 
Bio  

yield/fed 
Harvest  
index 

TC 
Protein 
 seed 

Forage yield/fed 0.33 0.71** 0.62** 0.43 0.72** 0.77** 0.81** -0.41 0.34 0.77** 

Pod length 
 

0.76** 0.66** 0.81** 0.63** 0.11 0.3 0.38 0.17 0.52* 

No.of seeds/pod 
  

0.88** 0.60** 0.89** 0.50* 0.68** 0.06 0.14 0.83** 

No. of pod/plant 
   

0.50* 0.87** 0.58** 0.73** -0.08 0.24 0.69** 

Seed weight/plant 
    

0.55* 0.37 0.46 -0.04 0.17 0.47 

Seed yield/fed 
     

0.69** 0.85** -0.09 0.27 0.78** 

Straw yield/fed 
      

0.97** -0.78** 0.22 0.60** 

Bio yield/fed 
       

-0.60** 0.25 0.71** 

Harvest index 
        

-0.02 -0.15 

TC 
         

0.01 
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The same trend in straw and biological yields was 
recorded in total carbohydrates in seeds 61.5% % 
- 61.0% - 60.4% and 46.77%. Treatment of 0.2% 
hydrogel recorded the best harvest index (seed 
yield/biological yield) %, 0.5% came second, 
control was third and the lowest was 1% 
hydrogel. 
 
CONCLUSION 

It can be concluded that superiority of 
treatment 1% hydrogel in characters of straw and 
biological yields may be due to the highest 
amount of water absorbent by highest level of 
hydrogel 1% in soil also, long time decomposing 
of 1% hydrogel level   compared to 0.2%, 0.5% 
and without hydrogel  which reflected on huge 
canopy. Results were in accordance with obtained 
by; Elkaramany et al., 2015; Waly et al., 2016 and 
Elkaramany et al., 2016. 

It can be concluded from data in table 6 that 
straw; biological; forage and seed yields had high 
correlation between them and any character had 
high benefits to other one from the 4 characters 
so, any treatment increase one character of them 
will reflect on other character by increasing its 
value also, these result was true in effect of 
hydrogel treatments on yield and yield 
components which recorded the same trend of 
same effect of treatment on the four characters. 
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