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ABSTRACT

A field experiment was conducted at the experimental farm of the faculty of
agriculture, Kafrelsheikh University, Kafr EI-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.
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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 31° 07" lat. and 30° 52" long. and it has elevation about 6 meters above sea
level. Farm was irrigated with fresh water (EC < 0.5 dSm'l) 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™ (1.5 soil water extract) 0.412 0.593 0.503 0.532 0.659 0.596
pH (1:2.5 soil water suspension) 8.37 8.48 - 8.12 8.26 -
bulk density pa, Mg/m® 1.127 1.260 1.194 1.107 1.142 1.125
particle size distribution, %
Sand 22.6 20.5 21.5 22.4 20.9 21.7
Silt 27.7 25.9 26.8 26.2 25.4 25.8
Clay 49.7 53.6 51.7 51.4 53.7 52.5
Texture class Clay Clay Clay Clay Clay Clay
Mean weight diameter, mm 0.541 0.416 0.479 0.753 0.582 0.668

At harvesting time, rice plants were collected from 1m? 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. EC, 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. EC. 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.

0-30cm 30-60 cm

. Puddling Previous Puddling

Previous crop— i T without | M | crop with | without | Mean
EC, dS/m
\wheat 0.482a | 0407a | 0444 A wheat 0.529 a | 0.509 a 0.519B
clover 0572a | 0467a | 0.519A clover 0.747a | 0474 a 0.610 A
Mean 0527 A | 04378B Mean 0.638 A | 0492 A
PH

wheat 7.55b 7.74 a 7.75 A wheat 7.70 a 7.82 a 776 B
clover 772 a 774 a 7.73B clover 7.88 a 7.90 a 7.89 A
Mean 7.64B 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 (p,), infiltration rate (IR) and saturated hydraulic
conductivity (Ks) as affected by soil puddling, previous crop and interaction
between them are shown in Table 3.

P, 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 p, 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 p, 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. K
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.

pa, Mg/m®

0-30cm 30-60 cm

Previous Puddling Mean Previous Puddling Mean
crop with without crop with without

wheat 1.286 a 1.167 b 1.227 A wheat 1312 a 1.258 b 1.285 A
clover 1.234 a 1.112b 1.173B clover 1.286 a 1.183 b 1.234B
Mean 1.260 A 1.140 A Mean 1.299 B 1.221 A

IR, cm/hr Ks, cm/day
\wheat 20a 24 a 22A wheat 12.7 a 13.9a 13.3B
clover 22a 28a 25A clover 14.0 a 15.0a 145 A
Mean 21B 26 A Mean 134 A 145A

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.

0-30cm 30-60 cm

Previous Puddling Mean Previous Puddling Mean

crop with | without crop with [ without

Total WSA > 0.25 mm,%
\wheat 57.09 a 53.81l a 55.45B 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 5271 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 4414 A
Mean 47.24 B 50.93 A Mean 37.96 A 43.03 A
Mean weight diameter, mm

\wheat 0.53b 0.48 b 0.51B wheat 0.35a 042a 0.39B
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 042 A 047 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 Puddling Mean Previous Puddling Mean

crop with | without crop with [ without

Plant height, cm No. of grain at pinnacle
wheat 68.4 a 73.0a 70.7 A wheat 87.1a 90.7 a 88.9A
clover 67.5a 76.6 a 72.1A clover 94.1a 96.6 a 95.3A
Mean 68.0 A 74.8 A Mean 90.6 A 93.7A
1000 grain weight, gm Yield, Mg/ha.

wheat 21.34 a 21.32 a 21.33A wheat 4.793 a 4.850 a 4.821 A
clover 21.30 a 21.29 a 21.29 A clover 4.905 a 4929 a 4917 A
Mean 21.32 A | 21.30A 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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