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he field work was carried out at the Experimental Station 
of the Desert Research Center, Balosa region, North Sinai 
Governorate, during two summer seasons of 2015 and 

2016. To study the effect of subsurface drip irrigation (SDI) at 
depths of 10, 20 and 30 cm below soil surface and polymers at the 
rates of 0, 50, 100 and 150 kg polyacrylamide (PAM) per feddan 
(0.42 hectar) on productivity of maize under sandy soil conditions. 
Results indicated that all studied parameters [plant height (cm), 
number of ears/plant, ear length (cm), ear diameter (cm), grains 
weight/ear, 1000-grain weight (g), harvest index (%), shelling (%), 
water use efficiency  grain yield (kg/feddan), total biomass 
(kg/feddan), as well as, protein and oil (%) in grains] were 
significantly affected by subsurface drip irrigation in both seasons. 
The highest values of these parameters were recorded when 
subsurface irrigation was used at a depth of 30 cm below the soil 
surface, followed by 20 cm, while the minimum values were 
recorded for subsurface irrigation at a depth of 10 cm below the soil 
surface in 2015 and 2016 growing seasons. Increasing PAM rates 
from 0 to 150 kg/feddan caused a significant increase in all studied 
parameters of maize plants in the both seasons. The highest values 
of these parameters were obtained at 100 kg PAM/feddan compared 
with control treatment (without PAM). This has occurred in both 
seasons and in all parameters, except plant height, ear diameter, 
water use efficiency, protein % and oil %, which were higher when 
using 150 kg PAM/feddan, but the differences between the two 
levels were insignificant in both seasons. Available data revealed 
that all studied parameters of maize were affected significantly by 
the interaction between subsurface drip irrigation and polymers in 
both seasons, except no. of ears/ plant, ear diameter and ear length, 
which did not reach a significant level in the two seasons. Maximum 
values of the interaction between subsurface drip irrigation and 
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polymers were obtained when subsurface irrigation was used at a 
depth of 30 cm below the soil surface with the rate of 
polyacrylamide (100 kg/feddan) in two seasons under sandy soil 
conditions. 

Keywords: maize, polyacrylamide, subsurface irrigation and yield  
components. 

In Egypt, the total cropped area occupied by maize was 2.37 million 
feddan (0.42 hectar) with total production of 6.3 million ton (FAO, 2016). It 
is very important to increase production of maize to cover the gap between 
production and consumption. The development of non-traditional new 
technologies to conserve water is becoming important for attaining a 
sustainable economic growth, especially in agricultural countries. The 
subsurface irrigation system is a non-conventional method of irrigation, 
which corresponds with the water crisis that is worsening day by day. Thus, 
the use of this technique in the sandy soils leads to rationalize the water 
consumption of plants by up to 50% as a result of reducing the water lost 
from the soil either down by percolation  or up by evaporation (Shahid et al., 
2012). Improving the efficiency of irrigation water by different methods is 
one of the economically viable alternatives in overcoming the water scarcity. 
Sandy soils productivity can be improved when water is wisely managed by 
applying subsurface water retention technology that is regarded as 
apromising solution to sandy soils problems (Ismail and Ozawa, 2007). This 
is not only crucial for the sustainable agricultural yield but also to meet the 
challenges of current environmental issues and justice, financial problems 
and physical barriers (Ahmed et al., 2012). Many researchers have observed 
positive response of maize plants to subsurface irrigation and increasing 
yield and its components (Vories et al., 2009; Douh and Boujelben, 2011 and 
Robiul et al., 2011). 

Polymers (polyacrylamide) is a water retaining, cross-linked 
hydrophilic, biodegradable amorphous polymer, which can absorb and retain 
water at least 300 times of its original weight and make at least 95 percent of 
stored water available for crop absorption (Johnson and Veltkamp 1985). 
When polymer is mixed with the soil, it forms an amorphous gelatinous 
mass on hydration and is capable of absorption and desorption over long 
period of time, hence acts as a slow release source of water in soil. These 
particles may be taken as “miniature water reservoir” in the soil and water 
will be removed from these reservoirs upon the root demand through 
osmotic pressure difference. Islam et al. (2011) reported that incorporating 
polymer into the soil will improve soil structure and water retention, thus 
reducing leaching, reducing water losses due to percolation and evaporation, 
protecting the plant against water stress and increasing both the nutrient and 
water supply to the roots. In addition, the structural improvement in soil will 
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lead to better aeration for the root system and reduces soil compaction. Many 
researchers found that polymers increased yield and its components of maize 
as recorded by Azzam (1983), El-Hady (1987), Huttermann et al. (1999), 
Yazdani et al. (2007) and Adem et al. (2016). 

This study was designed to improve the maize productivity and 
increases water use efficiency at sandy soils as a result of reducing the water 
lost from the soil either down by percolation or up by evaporation by using 
some water retention technologies, i.e. subsurface irrigation at different 
depths and rates of polymers application under sandy soil conditions in 
Baloza region, Egypt. 

MATERIALS AND METHODS 
Two field experiments were carried out at Baloza Station of the Desert 

Research Center, North Sinai Governorate during two consecutive seasons 
of 2015 and 2016. The experiments aimed to study the effect of subsurface 
drip irrigation (SDI) and polymers (polyacrylamide, PAM) on productivity 
of maize plants cv. Giza 321 under sandy soil conditions. Twelve treatments 
were resulted from the combination of three depths of subsurface irrigation, 
where percolation lines were buried to a depth of 10, 20 and 30 cm and four 
rates of polymers (PAM) as a soil conditioner, i.e. 0, 50, 100 and 150 
kg/feddan, which were added at the depths of subsurface irrigation and 
mixed with fertilizers. The physical and chemical soil characteristics of the 
studied site were determined according to Klute (1986), as recorded in table 
(1). The chemical analysis of irrigation water was carried out using the 
standard method of Page et al. (1982) and presented in table (2).  

Table (1). Physical and chemical properties of the experimental soil. 

Particle size 
distribution (%) 

Soil 
texture  

Ec 
(dsm-1) 

pH Available nutrients (cations) Available nutrients (anions) 

Sand Silt Clay P 

(%) 

K+ 

(%) 

Na+ 

(%) 

Ca++ 

(me/l) 

Mg++ 

(me/l) 

Co3
= HCO3

- 

(me/l) 

Cl- 

(me/l) 

SO4
= 

(me/l) 

91.0 5.0 4.0 sand 1.29 8.0 0.39 0.51 4.54 3.42 4.11 - 3.62 3.00 5.80 

Table (2). Chemical analysis of irrigation water. 

Samples  pH  
 

E.C. 
(ppm) 

S.A.R. 
Soluble cations (me/l)  Soluble anions (me/l)  

Ca++ Mg++ Na+ K+ CO3
= HCO3- SO4

= Cl- 
2015 

season 7.63 1411 3.55 3.41 3.12 8.47 0.63 0.17 3.22 2.38 7.47 

2016 
season 7.74 1355 3.18 3.54 3.25 7.36 0.58 0.32 3.68 2.79 8.24 
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Organic manure was added at the rate of 15 m³/feddan. While, calcium 
super-phosphate (15.5% P2O5) at the rate of 150 kg /feddan, potassium 
sulphate (48% K2O) at the rate of 100 kg/feddan and nitrogen fertilizer was 
added as ammonium sulphate (20.5% N) at the rate of 150 kg N/feddan. 
Maize was planted in 1st May in both growing seasons. All agricultural 
practices for maize crop production were followed according to the 
recommendation of Egyptian Ministry of Agriculture throughout the two 
experimental seasons. 

At harvest, samples of 5 plants/ plot were taken randomly 121 and 126 
days after sowing in 2015 and 2016 growing seasons, respectively, from the 
middle of plot for every treatments to determine the following characters: 
plant height (cm), number of ears/plant, ear length (cm), ear diameter (cm), 
grains weight/ear, 1000-grain weight (g), harvest index (%), shelling (%), 
water use efficiency, grain yield (kg/feddan), total biomass (kg/feddan), as 
well as, protein and oil (%) in grains, at harvest grain and total biomass (kg) 
of each plot were recorded. 

Whereas, shelling percentage (%) was worked out by using the 
formula as suggested by Beadle (1987), shelling percentage (%) was 
calculated according the following formula = weight of grains from ten ears / 
weight ten ears x 100. Water use efficiency (WUE) was calculated by 
dividing the crop yield (kg) by the amount of water used (m3) according to 
Molden et al. (2003). Harvest index (%) was computed by using the 
following formula (Beadle, 1987): HI (%) = grain yield/ total biomass x 100.  

A split plot design with three replicates was used. Main plots were 
occupied with subsurface irrigation and the sub plots allotted with polymer. 
Each experimental unit area was 10.5 m2 (1/400 feddan) in the two seasons. 
All recommended common agricultural practices were adopted throughout 
the two experimental seasons. All the obtained data for subsurface irrigation 
and PAM treatments were subjected to analysis of variance according to the 
method described by Gomez and Gomez (1984). Means comparison were 
done using least significant difference (LSD) at 5% level of probability. 

RESULTS AND DISCUSSION 
1. Effect of Subsurface Drip Irrigation, SDI 

Data in table (3) reveal that all studied parameters, i.e. plant height, 
number of ears/plant, ear diameter, ear length, grains weight/ ear, 1000-grain 
weight, shelling %, grain yield, total biomass, harvest index, crop index, 
water use efficiency, protein % and oil %, were significantly affected by 
subsurface drip irrigation in both seasons. The highest values of these 
characters were recorded when subsurface irrigation was at a depth of 30 cm 
below the soil surface, followed by 20 cm, while the minimum values were 
recorded for subsurface irrigation at a depth of 10 cm below the soil surface 
in both 2015 and 2016 growing seasons.  
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It is worthy to mention that the differences among the studied depths 
of subsurface irrigation in all studied characters may be due to that 
subsurface drip irrigation allows uniform delivery of water directly to the 
plant root zone, minimizes evaporative loss, improvs vegetative growth and 
yield characters and increases use efficiency over other irrigation methods. 
These results are further evidence that drip line depth at a 30 cm is probably 
acceptable on this soil type and climate for maize production. These results 
are in accordance with those mentioned by Lamm and Trooien (2003) and 
(2005), Douh and Boujelben (2011), Albasha et al. (2015) and Lamm  et al. 
(2017). 

2. Effect of Polyacrylamide, PAM 
Data in table (4) indicate that increasing PAM rates from 0 to 150 kg 

/feddan caused a significant increase in all studied parameters of maize 
plants in both seasons. The highest values of these parameters were obtained 
at 100 kg PAM /feddan compared with control treatment (without PAM). 
This is fairly true in both seasons and in all parameters, except plant height, 
ear diameter, water use efficiency, protein % and oil %, which were higher 
when using 150 kg PAM/ feddan, but the differences between the two levels 
were insignificant in both seasons. 

The increasing percentages of these attributes with using the rate of 
PAM (100 kg/feddan) comparing with control treatment were 38.92 and 
41.78 for plant height, 16.56 and 17.69 for number of ears/plant, 40.06 and 
30.56 for ear diameter, 63.72 and 65.88 for ear length, 237.02 and 248.86 for 
grains weight/ ear, 60.42 and 64.68 for 1000-grain weight, 39.76 and 43.33 
for shelling %, 287.27 and 286.31 for grain yield, 67.18 and 62.22 for total 
biomass, 127.67 and 133.84 for harvest index, 222.57 and 230.28 for crop 
index, 85.19 and 92.21 for water use efficiency, 14.84 and 13.19 for protein 
% and 9.09 and 13.07 for oil % in 2015 and 2016 seasons, respectively. The 
increasing in the values of these traits under this study resulted from the 
incorporation of polymers material with soil, can retain large quantities of 
water, nutrients, which are released slowly as required by the plant to 
improve growth under limited water supply. This may also be due to 
developments in  the  nature  of  root  growth,  like root length, root  volume, 
rootfresh and dry weight which in turn lead to better translocation of water, 
nutrients and photoassimilates and finally better plant development. Similar 
results of incorporating polymer into the soil and its effect on the yield and 
its components have been reported by Sivapalan (2006), Sarvas et al. (2007), 
Yazdani et al. (2007), Islam et al. (2011), Rafiei et al. (2013), Adem et al. 
(2016) and Kumari et al. (2017). 
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3. Effect of the Interaction between Subsurface Drip Irrigation and 
Polymers, SDI x PAM 

Available data in table (5 and 6) show that all studied parameters of 
maize were affected significantly by the interaction between subsurface drip 
irrigation and polymers in both seasons, except number of ears/plant, ear 
diameter and ear lenght don’t reach to significant level in the two seasons. 
The highest values for each of plant height were 253.90 and 250.97 cm, 
grain weight were 93.83 and 91.45 g, 1000-grain weight were 269.05 and 
263.07 g, shelling were 82.78 and 81.69%, grain yield were 4028 and 3972 
kg/feddan, total biomass were 8938 and 8743 kg/feddan, harvest index were 
45.06 and 44.43%, crop index were 82.03 and 83.50%, WUE were 1.82 and 
1.74 kg m3, protein were 11.09 and 16.65% and oil were 3.92 and 3.89%, 
due to the interaction between subsurface drip irrigation and polymers were 
obtained when subsurface irrigation was used at a depth of 30 cm below the 
soil surface, with the rate of 100 kg polyacrylamide/feddan, in the first and 
seconed season, respectively. Regarding of subsurface drip irrigation, 
Ahmed et al. (2012) reported that subsurface drip irrigation allows highly 
production of crops without negative environmental impacts associated with 
leaching or runoff. Lamm  et al. (2017) found that the highest values of yield 
components of maize and water use efficiency were observed under 
subsurface drip system, which was approximately twice and seven times 
than sprinkler and basin systems, respectively, for many crops production 
under desert condition. However, about of PAM, Adem et al., (2016) pointed 
out that using of polymwers as afertilizer with maize led to an increase in ear 
weight, 1000-grains weight, grain yield and total biomass and also increased 
water use efficiency in percentages ranging from 33-87%. 

CONCLUSION  
The results indicate that the use of subsurface drip irrigation at a depth 

of 30 cm below the soil surface in combination with addition of 100 kg 
polyacrylamide /feddan had a significant effect on most of the parametrs 
under study. This may be due to the integration between the study factors to 
benefit each other, so that the water provided by subsurface irrigation don’t 
lost quickly away of the plant, but is caught on the surface of the 
polysaccharides granules, so that the plant can absorb it by roots, thus 
reducing the amount of irrigation water needed for the unit area and 
improving its productivity. 
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Table (5). Effect of the interaction between subsurface drip irrigation and 

polyacrylamide on yield and quality of maize during 2015 and 
2016 growing seasons under sandy soil conditions in Baloza, 
North Sinai, Egypt.  

Characters 
 

 
SDI X PAM  

Plant  
height 
(cm) 

No. of ears/ 
plant 

Ear 
diameter 

(cm) 

Ear 
length 
(cm) 

Grains 
weight/ 
ear (g) 

1000 grain 
weight 

(g) 

Shelling 
(%) 

SDI 
(cm) 

PAM 
(kg/fed) 2015 Season 

10  

0 149.97 1.33 3.11 11.23 18.28 138.04 41.78 
50  161.47 1.33 4.11 14.20 28.37 181.61 53.34 

100  185.30 1.47 4.25 18.67 43.51 246.27 61.17 
150  186.77 1.40 4.51 16.65 42.01 243.77 60.60 

20  

0 156.20 1.47 3.90 13.59 21.03 154.51 49.46 
50  169.93 1.53 4.20 16.55 33.43 207.34 59.28 
100  221.90 1.87 4.62 22.79 74.59 258.32 71.67 
150  225.53 1.80 5.24 23.50 73.74 253.05 69.88 

30  

0 167.63 1.73 3.10 15.55 23.57 189.69 63.06 
50  229.60 1.80 4.17 19.15 39.39 221.98 71.58 

100  253.90 1.93 5.30 24.61 93.83 269.05 82.78 
150 251.00 1.87 5.45 25.01 91.61 266.19 81.59 

LSD at 5% 6.70 NS NS NS 1.42 2.39 1.12 
                               2016 Season 

10  

0 146.20 1.27 2.80 10.76 17.35 134.50 40.32 
50  156.73 1.33 3.80 13.70 26.77 180.48 50.18 

100  180.30 1.40 3.90 17.92 42.78 241.57 60.16 
150  182.67 1.40 4.19 18.17 40.88 239.54 59.43 

20  

0 152.77 1.40 3.97 13.59 20.72 217.59 48.67 
50  165.93 1.47 4.11 15.47 32.12 203.53 56.58 

100  219.17 1.87 4.27 22.37 72.25 250.57 71.31 
150  222.20 1.73 4.81 23.66 72.11 249.23 69.87 

30  

0   158.23 1.73 3.34 13.99 21.12 106.52 59.71 
50 221.17 1.80 4.02 19.71 36.75 217.27 72.58 

100  250.97 1.93 5.02 23.30 91.45 263.07 81.69 
150  248.77 1.80 5.12 24.79 90.20 258.93 79.59 

LSD at 5% 8.58 NS NS NS 0.99 3.29 0.68 
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Table (6). Effect of the interaction between subsurface drip irrigation and 
polyacrylamide on yield and quality of maize during 2015 and 
2016 growing seasons under sandy soil conditions in Baloza, North 
Sinai, Egypt.  

Characters 
 
 

SDI X PAM  
 

 

Grain 
yield 

(kg/fed) 

Total 
biomass 
(kg/fed) 

Harvest 
index 
(%) 

Crop 
index 
(%) 

WUE 

(kg/m3) 
Protein 

(%) 
Oil 
(%) 

SDI 
(cm) 

PAM 
(kg/fed) 2015 Season 

10  

0 587 3904 15.04 17.72 0.68 8.73 3.21 
50  893 4863 18.40 22.57 0.90 9.74 3.37 

100  1492 7069 21.11 26.76 0.98 10.11 3.40 
150  1456 6959 20.93 26.48 1.10 10.22 3.46 

20  

0 779 5083 15.33 18.10 0.82 9.10 3.28 
50  1429 6211 23.05 29.99 1.22 9.75 3.74 

100  3427 7937 43.18 76.03 1.71 10.14 3.85 
150  3446 7957 43.31 76.42 1.72 10.83 3.87 

30  

0   943 5335 17.68 21.48 0.93 9.25 3.74 
50  1822 6631 27.50 37.97 1.38 10.10 3.71 

100  4028 8938 45.06 82.03 1.82 11.09 3.92 
150  3973 8335 43.91 79.52 1.76 10.74 3.80 

LSD at 5% 20.34 174.14 1.05 1.78 0.05 0.26 0.09 
                               2016 Season 

10  

0 569 3860 14.74 17.29 0.66 8.64 3.21 
50  886 4505 19.72 24.59 0.88 9.53 3.37 

100  1486 5781 25.72 34.62 0.99 9.80 3.40 
150  1450 5553 26.18 35.53 1.02 9.96 3.44 

20  

0 754 4774 15.81 18.78 0.80 8.93 3.28 
50  1426 5679 25.11 33.55 1.16 9.03 3.69 

100  3432 7735 44.37 79.78 1.71 9.94 3.85 
150  3417 7661 44.62 80.61 1.73 10.12 3.87 

30  

0 977 5089 19.21 23.78 0.85 9.03 3.38 
50  1756 6030 29.14 41.14 1.28 9.52 3.82 

100  3972 8743 44.43 83.50 1.74 10.65 3.89 
150  3922 8619 43.50 81.26 1.68 10.41 3.77 

LSD at 5% 25.63 119.02 1.70 1.33 0.06 0.18 0.08 
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ححج إوخاجٍت الذرة الشامٍت  البولٍمزاث والزي ححج السطحً علىحأثٍز 
 بمصز تبمىطقت بالوظ ظزوف الأرض الزملٍت
  

 حمد ثابج شومانأ حسام الدٌه
 الماىزة ،المطزيت ،مزكش بحٌد الصحزاء ، لسم الإنخاس النباحي،المحاصيلًحذة 

الخابعتتت لمزكتتش بحتتٌد الصتتحزاء  تأليمتتج حضزبختتال حمنيختتال بالمحطتتت البحزيتتت بمنطمتتت بالٌ تت
عنتت   يححتتج الستتطح يالتتز لذرانتتت حتت ريز، 1026ً 1025ختت س مٌنتتمي   ،شتتماس نتتيناءبمحافظتتت 

 يصتٌرة بتٌل يل  الخزبتت فتإضافت البٌليمزاث إنم ححج نطح الخزبت ً 00ً 10 ،20عماق مخخنفت أ
الزمنيتتت باتتماس  يراضتتكضتتم لنفتتذال ححتتج  تتزً  اأ 250ً 200 ،50 ،كزي ميتتذ بمعتتذفث صتتفزأ

 نيناء.
 :يكالخال النخائش المخحصل عنييا ًكانج
 فت  كت  يححتج الستطح يا بالزرزث معنٌي   ح ححج الذرانتل صميع الصفاث أحايز النخائش  .2

 يححتج الستطح يالتز نتخخذا إعنذ أعن  الميم ليذه الصفاث حم الحصٌس عنييا   المٌنمين.
ححتتج  يالتتزنتتخخذا  إلتتل المتتيم كانتتج عنتتذ أبينمتتا  ،نتتم ححتتج نتتطح الخزبتتت 00عنتت  عمتتك 

 ك  المٌنمين. ينم( ف 20لل عمك )أعن   يالسطح
لت  إكضم/فتذال  250لت  إكزي ميتذ( متن صتفز أ يضافت البٌليمزاث )بٌلإدث سيادة معذس أ .1

أعنت  المتيم   كت  المٌنتمين. يسيادة معنٌيت بضميع صتفاث التذرة الاتاميت ححتج الذرانتت فت
 يكضتتم بتتٌل 200ضتتافت البتتٌليمزاث بمعتتذس إعنتتذ مكتتن الحصتتٌس عنييتتا أليتتذه الصتتفاث 

ًلضميتع  ،مينكت  المٌنت يفت كزي ميذ لنفتذال بالممارنتت بمعامنتت الكنختزًس )بتذًل إضتافت(أ
نستبت البتزًحين بتالحبٌ   ،نخخذا  المتاءإكفاءة  ،لطز الكٌس ،نخزناء طٌس النباثإاث بالصف

كضتم  250عن  معذس بتٌليمزاث ًىتٌ أنخخذا  إعن  بأحيذ كانج  ،ًنسبت الشيج بالحبٌ 
المعتذس ضتافت ىتذا المعتذس ًإىتذه الصتفاث نخيضتت  يًلكن الشيادة ف . كزي ميذ لنفذالأ يبٌل
 .1026ً 1025الشراعت  يك  مٌنم يمنو لم حكن معنٌيت ف للاأ

ا نخيضتت الخفاعتل بتين معتام ث رزث معنٌي ت حتم درانتخيا حت يصميع صتفاث التذرة الاتاميت الخت .0
نتخزناء عتذد إكت  المٌنتمين ب يًالمعذفث المخخنفت من البتٌليمزاث فت يححج السطح يالز

 يالذرانتت فت يا بالخفاعتل بتين عتامنعنٌي  لطز الكٌس ًطٌس الكٌس لم حخ رز م ،الكيشال/ نباث
مكتن الحصتٌس عنييتا عنتذ أالذرانتت  يالمتيم نخيضتت الخفاعتل بتين عتامنأعنت   ك  المٌنتمين.

ضتافت البتٌليمزاث إنتم ححتج نتطح الخزبتت ً 00عنت  عمتك  يححج السطح ينخخذا  الزإ
 يراضتتكتت  المٌنتتمين ححتتج  تتزً  اأ يكزي ميتتذ لنفتتذال فتتأ يكضتتم بتتٌل 200بمعتتذس 
 .الزمنيت
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