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ABSTRACT 

 
A field experiment was conducted at the experimental farm of the faculty of 

agriculture, Kafrelsheikh University, Kafr El-Sheikh, Egypt, in 2007 summer season. 
The experiment was conducted to study the effect of soil puddling (with puddling or 
without), previous crop (wheat or clover) and interaction between them on some soil 
properties and productivity of rice crop. Combined design with three replicates was 
used. It was found that, values of soil salinity under puddling soils were higher than 
that without puddling. Soil bulk density was significantly affected by puddling, previous 
crop and interaction between them in the two layers of soil except, puddling in surface 
layer (0-30 cm) was insignificant. Values of soil bulk density were higher under wheat-
rice than those under clover-rice and it were higher under puddling soil than those 
without puddling. Infiltration rate was significantly affected by puddling and non 
significantly by previous crop.  Infiltration rate values were higher under clover-rice 
than those under wheat-rice. Hydraulic conductivity of soil was insignificant affected 
by puddling and interaction between puddling and previous crop. It was significantly 
affected by previous crop. All parameters of aggregates were significantly affected by 
previous crop and its values were higher under clover-rice than those under wheat-
rice. Values of rice yield without puddling were higher than those under puddling. The 
highest value of rice yield was found under clover-rice without puddling. Generally, it 
was recommended to cultivate rice after clover or wheat without puddling to increase 
the yield and save the cost of operation puddling. 
Keywords: Clover- rice, hydraulic conductivity, rice yield, soil aggregates and wheat-

rice  

 
INTRODUCTION 

 
Rice is the most important cereal crop after wheat in Egypt. It 

occupies a pivotal position in the food security system of Egypt. Rice 
production can be increased through several factors, cultural practices viz 
land preparation and planting methods are inter-related factors which affect 
rice production and grain quality. Improved seedbed preparation is one of the 
promising recent advances in crop production into farmer’s fields in order to 
increase rice yield, (RRTC, 2007). Elias (1969) showed that puddling 
operation now is one of the most tedious and expensive agricultural 
practices. Where puddling destroys soil aggregates from (1.7 to 0.36 mm) 
and thus changes other soil physical (bulk density, soil structure and soil 
strength). So, puddling process reduces root growth and distribution. 
Puddling does not benefit rice growth and yield on naturally dispersed soil, 
such as Vertisols and poorly drained. Sharma (1985) concluded that puddling 
does not significantly increase yield on clay soils. Also, Saffan (1975) 
reported that wet-leveling operation, increased soil bulk density in the upper 
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20 cm compared to without puddling and the grain yield of wet-leveling soil 
(puddling) was reduced by 8.12% as compared with control and reported that 
puddling soils gave poor distribution and penetration of rice roots than the 
untreated soil. Alva and Petersen (1979) reported that  the better root 
development of rice in un-puddling soils than puddling soils. Ebada (1992) 
and Gorgy (1995) noticed that grain yields were higher in dry leveling than 
puddling or other treatments of land preparation. The objective of this study 
was to evaluate the puddling process on rice crop grown on heavy clay soil 
and its effects on soil properties and rice yield. 

 
MATERIALS AND METHODS 

 
The current study was performed at the faculty of agriculture's farm, 

Kafr El-Sheikh University at summer season 2007. Kafr El-Sheikh is located 
at 31º 07

-
 lat. and 30º 52

- 
long. and it has elevation about 6 meters above sea 

level. Farm was irrigated with fresh water (EC < 0.5 dSm
-1

) and had tile 
drainage. Combined design with three replicates was used. Four fields were 
chosen and prepared to cultivate rice crop, variety Giza 177, two of them 
were cultivated with wheat and others with clover as the preceding crop. In 
each location, chosen area was divided into two equals parts, one was 
puddled (wet leveling by wooden board drown by one horse) and other 
without puddling as well as automatic transplanting. All treatments were 
managed by the same practices at all season growth of rice. Soil samples 
were taken before experiment as described in Table (1) and after harvesting 
from (0-30) and (30-60cm) layers. Collected soil samples (disturbed) were air 
dried, gently ground, sieved through 2mm sieve and kept for analysis. 

Total soluble salts and soil reaction (pH) were determined according to 
page et al., (1982). Soil bulk density was determined by soil cylinder 
according to Vomocil (1957). Particle size distribution was determined 
according to Gee and Bauder (1986). Aggregate stability parameters were 
determined by wet sieving technique according to Baver et al., (1972). 
 
Table (1): Some chemical and physical properties of soil samples before 

experiment. 

Variables 
After wheat After clover 

0-30 30-60 Mean 0-30 30-60 Mean 

EC, dSm
-1
 (1:5 soil water extract) 

pH (1:2.5 soil water suspension) 
bulk density ρa, Mg/m

3
 

particle size distribution, % 
Sand 
Silt 
Clay 
Texture class 
Mean weight diameter, mm 

0.412 
8.37 

1.127 
 

22.6 
27.7 
49.7 
Clay 
0.541 

0.593 
8.48 

1.260 
 

20.5 
25.9 
53.6 
Clay 
0.416 

0.503 
- 

1.194 
 

21.5 
26.8 
51.7 
Clay 
0.479 

0.532 
8.12 

1.107 
 

22.4 
26.2 
51.4 
Clay 
0.753 

0.659 
8.26 

1.142 
 

20.9 
25.4 
53.7 
Clay 
0.582 

0.596 
- 

1.125 
 

21.7 
25.8 
52.5 
Clay 
0.668 

 
At harvesting time, rice plants were collected from 1m

2
 and dried to 

calculate the yield and yield components for each treatment with 3 replicates. 
Obtained data were subjected to analysis of variance according to Gomez 
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and Gomez (1984). Treatment means were compared by Duncan’s Multiple 
Range Test (Duncan, 1955). All statistical analysis was performed using 
analysis of variance technique by means of “MSTATC” computer software 
package.   

 
RESULTS AND DISCUSSION 

 
Soil salinity (ECe) and soil pH as affected by soil puddling, previous 

crop and interaction between them are shown in Table 2. 
Soil salinity (ECe) was increased by soil depth increasing. ECe was 

affected significantly by puddling in surface layer (0-30 cm) of soil and 
insignificantly affected by previous crop of rice and interaction between 
puddling and previous crop. ECe in subsurface layer (30-60 cm) was 
significantly affected by previous crop and insignificantly by puddling and 
interaction between puddling and previous crop. Values of soil salinity under 
puddling soils were higher than that without puddling.  Soil pH follows the 
same trend of soil salinity.  
 
Table (2): Effect of previous crop, puddling and the interaction between 

them on soil salinity and pH under rice crop. 
0-30 cm 30-60 cm 

Previous crop 
Puddling 

Mean 
Previous 

crop 

Puddling 
Mean 

with without with without 

EC, dS/m 

wheat 0.482 a 0.407 a 0.444 A wheat 0.529 a 0.509 a 0.519 B 

clover 0.572 a 0.467 a 0.519 A clover 0.747 a 0.474 a 0.610 A 

Mean 0.527 A 0.437 B  Mean 0.638 A 0.492 A  

PH 

wheat 7.55 b 7.74 a 7.75 A wheat 7.70 a 7.82 a 7.76 B 

clover 7.72 a 7.74 a 7.73 B clover 7.88 a 7.90 a 7.89 A 

Mean 7.64 B 7.74 A  Mean 7.79 A 7.86 A  

In each column and the row of Mean, means followed by a common letter are not 
significantly different at 5% level according to DMRT 

 
Soil bulk density (ρa), infiltration rate (IR) and saturated hydraulic 

conductivity (Ks) as affected by soil puddling, previous crop and interaction 
between them are shown in Table 3. 

ρa was significantly affected by puddling, previous crop and interaction 
between them in the two layers of soil except, puddling in surface layer(0-30 
cm) was not significant. Values of ρa were higher under wheat-rice than that 
under clover-rice and it was higher under puddling soil than that without 
puddling. Values of soil bulk density were not change after rice without 
puddling and changed under puddling compared with those before 
experiment. Values of ρa were increased by increasing soil depth. Gorgy 
(2010) showed that increasing puddling intensity increased soil bulk density 
compared with dry leveling and flooding. Infiltration rate (IR) was significantly 
affected by puddling and insignificantly affected by previous crop.  IR values 
were higher under clover-rice than that under wheat-rice. The increasing in IR 
values without puddling than that puddling may be due to destroying of soil 
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structure and aggregates. Hydraulic conductivity of soil was insignificantly 
affect by puddling and interaction between puddling and previous crop. It was 
significantly affect by previous crop that due to the effect of root crop as 
appear in soil profile and puddling effect appear in surface layer of soil. Ks 
values were higher under without puddling and clover than that under 
puddling and wheat, respectively. 
 
Table (3):Effect of previous crop, puddling and the interaction between 

them on soil bulk density, infiltration rate and hydraulic 
conductivity under rice crop. 

ρa, Mg/m
3
 

0-30 cm 30-60 cm 

Previous 
crop 

Puddling 
Mean 

Previous 
crop 

Puddling 
Mean 

with without with without 

wheat 1.286 a 1.167 b 1.227 A wheat 1.312 a 1.258 b 1.285 A 

clover 1.234 a 1.112 b 1.173 B clover 1.286 a 1.183 b 1.234 B 

Mean 1.260 A 1.140 A  Mean 1.299 B 1.221 A  

IR, cm/hr Ks, cm/day 

wheat 2.0 a 2.4 a 2.2 A wheat 12.7 a 13.9 a 13.3 B 

clover 2.2 a 2.8 a 2.5 A clover 14.0 a 15.0 a 14.5 A 

Mean 2.1 B 2.6 A  Mean 13.4 A 14.5 A  

In each column and the row of Mean, means followed by a common letter are not 
significantly different at 5% level according to DMRT 

 
Data in Table (4) show the effect of puddling, previous crop and 

interaction between them on aggregation parameters such as total of water 
stable aggregates > 0.25 mm, optimum size of aggregates and mean weight 
diameter. All parameters of aggregates were significantly affected by 
previous crop and its values were higher under clover-rice than that under 
wheat-rice that is becuae organic residues were higher under clover than 
wheat and the role of it in aggregation formation. All values of aggregation 
parameters decreased as soil depth increasing and were lower under 
puddling than that without puddling.  
 

Table (4):Effect of previous crop, puddling and the interaction between 
them on some soil aggregation parameters under rice crop. 

0-30 cm 30-60 cm 

Previous 
crop 

Puddling 
Mean 

Previous 
crop 

Puddling 
Mean 

with without with without 

Total WSA > 0.25 mm,% 

wheat 57.09 a 53.81 a 55.45 B wheat 50.88 a 49.71 a 50.30 B 

clover 60.31 a 64.89 a 62.60 A clover 53.96 a 55.72 a 54.84 A 

Mean 58.70 A 59.35 A  Mean 52.42 A 52.71 A  

Optimum size of aggregates, % 

wheat 44.59 a 47.42 a 46.01 B wheat 33.61 a 40.10 a 36.85 B 

clover 49.89 a 54.44 a 52.17 A clover 42.31 a 45.96 a 44.14 A 

Mean 47.24 B 50.93 A  Mean 37.96 A 43.03 A  

Mean weight diameter, mm 

wheat 0.53 b 0.48 b 0.51 B wheat 0.35 a 0.42 a 0.39 B 

clover 0.63 a 0.72 a 0.68 A clover 0.47 a 0.53 a 0.50 A 

Mean 0.58 A 0.60 A  Mean 0.42 A 0.47 A  

In each column and the row of Mean, means followed by a common letter are not 
significantly different at 5% level according to DMRT 
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Soil physical changes from puddling is likely related to the site specific 
nature of soil puddling. The physical manipulation of saturated soil (i.e. 
puddling) disperses surface aggregates and compresses the subsoil. A 
portion of the clay fraction from the surface horizon is deposited as clay-skins 
along pore surfaces at the top fringe of the compacted layer (Grant, 1964; 
Hobbs et al., 1994). These processes reduce macro pore volume in the upper 
portion of the soil profile while increasing bulk density in the compacted, 
anthropogenic horizon that is alternately termed the plough sole or tillage pan  
(Adachi, 1990 and Aggarwal et al., 1995). Puddling typically lowers soil 
hydraulic conductivity and diminishes the water required to maintain flooding 
(DeDatta and Kerim, 1974 and Naklang et al., 1996). Behera et al., (2007) 
stated that bulk density of puddled soil was higher than unpuddled soil. They 
showed that after dispersion of soil particles by puddling, flocculation takes 
place and there is a stratified settlement of soil particles leading to destruction 
of macro pores, which creates a dense soil. Bulk density, soil moisture 
content and water percolation rate decreased faster in the puddled soil under 
field and laboratory conditions, (Mousavi et al., 2009). 

Data in Table (5) show the effect of puddling, previous crop and the 
interaction between them on plant height, number of grain at pinnacle, 1000 
grain weight and rice yield. All parameters in Table (5) were insignificantly 
affected by puddling, previous crop and the interaction between them. Values 
of rice yield without puddling were higher than that under puddling. The 
highest value of rice yield was found under clover-rice without puddling. 
These results were in agreements with those obtain by Gorgy (2010). Lal 
(1983) reported that for soils with relatively high clay content, there is no 
obvious advantage in rice yield by puddling over no-till method of seedbed  
preparation. But in medium textured soils, puddling increases grain yield over 
no-till method (Mambani et al., 1989). 
 
Table (5): Effect of Previous crop, puddling and the interaction between 

them on yield and yield components of rice crop. 
Previous 

crop 
Puddling 

Mean 
Previous 

crop 
Puddling 

Mean 
with without with without 

Plant height, cm No. of grain at pinnacle 

wheat 68.4 a 73.0 a 70.7 A wheat 87.1 a 90.7 a 88.9 A 

clover 67.5 a 76.6 a 72.1 A clover 94.1 a 96.6 a 95.3 A 

Mean 68.0 A 74.8 A  Mean 90.6 A 93.7 A  

1000 grain weight, gm Yield, Mg/ha. 

wheat 21.34 a 21.32 a 21.33 A wheat 4.793 a 4.850 a 4.821 A 

clover 21.30 a 21.29 a 21.29 A clover 4.905 a 4.929 a 4.917 A 

Mean 21.32 A 21.30 A  Mean 4.850 A 4.888 A  

In each column and the row of Mean, means followed by a common letter are not 
significantly different at 5% level according to DMRT. 

 
Generally, it is recommended to cultivate rice after clover or wheat 

without puddling, this will lead to increase the yield and save some cost of 
operation puddling which cost about 250 L.E /ha.  
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ل رررإتلاجي  مرررإتل ل ت ررر تعررروتصرررلل تلويأثرررلتلويطرررلمحتللوالسرررلعتلوبررر   ت طررر ت 
تل للض تلوحمجمإ
تألادتبعدتلولج لي

تقبمتل للض تللوام ه،تكطمإتلو لل إ،ت  اعإتكفلتلوشمخ،تاسل
 

 .7002صةي   موسة  فةي كفةر اليةي  جامعةة ،الزراعةة مزرعة كلية في تجربة حقلية أجريت
علة   بينهمةا التفاعةلو )أرز -برسةي  أو أرز- قمة ) السةاب  لوصةوالمح لةوي الت دراسةة تةيريرلوذلة  
 Combined  التصةمي  اححصةا ي تة  اسةتخدا  ز وقدمحصول األر وإنتاجية خواص التربة بعض

design حجراء الدراسة رالث مكررات مع. 
تلك جتتأهمتلوجي ئجتلوايلسعت طمه تا تمط :

  الظاهرية معنويا تربة الكرافة وتيررت علي منها بدون تلوي . ملوحة التربة تحت التلوي  أكانت
س  ما 00-00س ، 00-0بكل من التلوي  والمحصول الساب  والتفاعل بينهما في  بقتي التربة 

كانت قي  ومعنويا علي كرافة التربة الظاهرية.  اعدا التلوي  في ال بقة الس حية ل  يكن له تيرير
أرز( -ا فةي حالةة )برسةي ي منهعلأرز( أ-قم ) ظاهرية للتربة تحت النظا  المحصوليالكرافة ال

 اعلي تحت التلوي  عنها بدون تلوي . قيمها كانتو

 ل السةاب  تةيريرا معنويةا عليةه.عملية التلوي  بينما لة  يكةن للمحصةوتيرر معدل التيرب معنويا ب 
-)قمة  نظةا  علي منهةا تحةتأرز( أ-)برسي وكانت قي  معدل التيرب تحت النظا  المحصولي 

 أرز(.

   يبع للتربة معنويا بكل من التلوي  والتفاعةل بةين مامل التوصيل الهيدروليكي القي  مع ل  تتيرر
تةيررت جميةع أدلةة بينمةا  المحصول الساب  والتلوي  ولكنها تيررت معنويةا بالمحصةول السةاب .

علةي منهةا ز( أأر-التحبب المدروسة معنويا بالمحصول الساب  وكانت قيمها تحت نظا  )برسةي 
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 .أرز(-تحت نظا  )قم 

 المتحصل علي القي  لوي  وكانت أعلي منها تحت التفي التربة بدون تلوي  ااألرز  يةإنتاج تكان
أرز( وبةدون إجةراء عمليةة التلةوي  -النظا  المحصةولي )برسةي عليها في األراضي المنزرعة ب

 للتربة.
بصفة عامة يمكن أن نوصي بزراعةة األرز بعةد محصةول البرسةي  أو القمة  ولكةن بةدون  

ء عملية التلوي  الن ذل  يةدد  إلةي زيةادإل احنتاجيةة وتةوفير تكلفةة إجةراء عمليةة التلةوي  للتربةة إجرا
لهةا مةن ارةار  تربةة بجانةب مةاوخةواص ال احنتاجيةةفةرو  معنويةة علةي  أو تيريروالتي ل  يكن لها أ  

   خواص التربة.   سي ة علي

ت
تق مت يلكممتلو لث
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