3 Egypt. J. Soil Sci. 44, No. 1, pp. 27-40 (2004)

Direct Efiects of Rice Stubble Management on
some Physical Properties of Soil

R.E.A. Sabrah, Sh.l. Abdel Aal, Y.A. Nasr and M. Ei-
Bassiouny*

Soil Science Department, Faculty of Agriculture, Carro Unive-
rsity; and *Soils, Water and Environmen! Research Instituze,

Cuairo, Egypt.

ICE stubble management is widely practiced in cropping systems

and often utlized as a means of reducing stubble loads on the soil
surface. However, the short-term effects of these management regimes
on soil surface properties are largely unknown. Therefore, this study
was carried out at the Experimental Farm of Tani El-Nataf, Sakha
Agriculture Rescarch Station, Kafr El-Sheikh Governorate, Egypt, to
investigate the direct effects of three methods of rice stubble
management {no-tillage (NT), notillage + stubble buming (NT + SB)
and conventional tillage (CT)} on soil bulk density and related moisture
content, t otal porosity, pore size distribution and infiltraticn rate, in
w0 successive agricultural scasons, i.e., 1996-97 and 1997-98.

Burmning treatment (NT + $B) has a positive significant effect on
the values of soil bulk density. This effect was restricted to the surface
soil fayer (0 — 5 cm) in the two scasons. In contrast, conventional
tillage (CT) treatment has a negative significant influence on the soil
bulk density vatues.

Significant (P < 0.03) decreases of approximateiy 3-4% in tot2)
porosity and 6.5 — 5.5 % in the quickly drainable pores in the surface
soil layer ((-5cm) were achicved in the burnt plots relative o unbumy
plois (NT treatment). However, burning had no significant effect on
the lower soil layers. In contrast, plowing practice (CT treamriznt) has
a positive significant effect on the values of total poresity as well as
quickly drainable pores. The increasing in the total porosity and = 10
pores after CT treatment in the surface layer ranged between 6.2 10 6.8
% and 9.1 1o 10.5 %, respectively. Furthermore, this positive imnact
of convertional ullage treatment was extended to inciude all
investigated soit depths.

The statistical analysis obviously indicates that the decline in both
basic infiitration rate and cumulative infiluation after burning
treatment (MT - 8B) was of negative significant values, as the basic
LR reduced fiem 2.32 1o 0.43 em hr'' in the first season and fiom 2,74
to 0.4% om hr' in the second one. Alsa, cumulative nfiliration
decreased by 72.9 to 79.3% in the twe seasons. On the other hard, incr-
easing the Lasic infiltration rate or cumulative infiltration after (O
treatment ig of positive significant valug.
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The wmicromorphological investigation on the surface and
subsurface soil before and after burning of rice stubble certainly
submitted the occurrence of macropore blockage mechanism due to
the precipitating or infilling by residual ash,

Buming is known to alter the physical and chemical properties of soil. During
and immediately after buming plant residues, major changes may take place in
the surface soil layer. The soil environment is directly affected by a modification
of microclimate and inputs of heat and ash.

The changes in soil bulk density induced by burning have been studied a long
time ago. Biederbeck er al. (1980) found that the bulk density values were
significantly greater in the bumt plots than unburnt ones (1.17 compared to 1.05
g/cm®). Eden er al. (1991); Tomkins et al. (1991) and Hulugalle (1992)
concluded that bulk density at 0-2 c¢m depth increased significantly following
burning. On the other hand, they found no significant trend in the bulk densities
of the 2-5 cm and 5-10 cm depths.

Soil porosity is defined as the fraction of the soil volume not occupied by the
soil particles. Giovannini et af. (1988) Boyer & Miller {1994) and Giovannini &
Lucchesi (1997) observed that burning reduced soil total porosity, available soil
moisture holding capacity and macroporespace of the surface and subsurface soil
layers and consequently, increased the bulk density of surface soils.

Infiltration is defined as the downward entry of water into soils. Biederabeck
et al. (1980) and Valzano er al. (1997) reported that there was a significant
decrease of approximately 50 % in sorptivity, the final infiltration rate and
hydraulic conductivity in the burnt plots relative to the adjacent unburnt ones.

The type of tillage practice and its suitability to sotl and plant is one of the
main problems in arid regions, and it has influence on soil physical properties and
fertility status. Hill (1990) and Hulugalle et al. (1990) observed that bulk density
and proportion of micropores were greater than proportion of macropores, with
no-tillage than conventionally tilled. On the other hand, Franzluebbers ef al.
(1993); Potter et al. {1997) and Unger & Jones (1998) reported that soil bulk
density was reduced shortly after tillage, but increased under no-tillage during
the growing season in all crops. Also, they found that bulk density values were
lowest near the surface and gradually increased with depth. In this conceps, Hill
{1990); Sojka et al. (1997) and Morssi (1997} concluded that conventionally
tilled soils had greater pore volume in pores with radii > 15 pm. than no-tilled
soils. Also, the amount of pore space available for the storage of plant available
water was greater for conventionally tilled soils. On the other hand, Singh er al.
(1996) noticed that the total porosity of the notill + straw ireatment was
significantly lower (0.619) than of the till + straw treatrment (0.643) in the 2.5-5
cm layer, and there was no effect of those treatments on total porosity of the 10-
12.5 cm layer.
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EFFECT OF RICE STUBBLE ON SOME PHYSICAL PROPERTIES 29

Medeiros et al. (1696) showed that tillage increases the surface water
infiltration rate and hence d ecreases the amount o frainfall that is lost through
run- off and increases the amount of water available to crops. On the other hand,
Bissett and Leary (1996) noticed that potential infiltration rates were higher
under conservation tillage.

Material and Methods

The experimental area was located at the Experimental Farm of Tani El-Nataf,
Sakha Agnculture Research Station, Kafr El-Sheikh Govemorate, Egypt. The
experiment was carried out in two successive seasons of 1996-97 and 1997-98.

The investigated area (one feddan) was divided into equal homogenous plots.
Eachplotarea was 5 x 32 m (160 m®). These plots were separated from each
other by fireproof tracks (1 x32 m). Three trcatment of rice stubble management
practices were investigated:

1-No tillage (NT): (control) rice stubble was removed and berseem seeds
were sown on sotl surface directly without any tillage operation.

2-No tillage + rice stubble burning (NT + SB), rice stubble was burnt on
the surface of soil plots and berseem seeds were sown directly without any
tillage operation.

3-Conventicnal tillage (CT), rice stubble was ploughed into a depth of
30cm. The conventional tillage consisted of moldboard plowing to
incorporate crop residues, tandem-disking, and harrowing to prepare the
seedbed of berseem.

A randomized complete block design with four replicates for each treatment
was implemented in the experimental area.

The soil characteristics of the experimental site are reported in Table 1. Data
indicate that the soil classified as clayey, non-saline, non-alkali soil.

Undisturbed and disturbed soil samples were collected to a total depth of 20
cm. Two sampling periods were chosen, after rice harvesting (AH), and after
treatments {AT). For physical and chemical determinations, three successive
layers of (0-3), {5-15) and (15-30) em depth were collected. Physical and
chemical characteristics of the studied soil site were determined according to the
standard methods (black, 1963).

Micromorphological studies

Thin section examinations were prepated using undisturbed scil samples
{Abdel-Harmid, 1973). The micromorphologica! description is carried out according
to the proposed descriptive system after Brewer {1964).

Favpt. J. Soil Sci. 44, No. i 12004)
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TABLE 1. Some physical and chemical characteristics of the experimental soil site.

A-Physical characteristics

Soil depth Particle size distribution (%) Texture | CaCO, o.M
(cm) C.sand F.sand Silt Clay class %% Yo
0-20 0.6 13.7 31.0 54.7 Clay 1.72 1.35

20-40 0.5 16.4 28.4 547 Clay 1.65 0.84
40-60 0.5 22.9 27.5 49.1 Clay 1.31 0.71

B- Chemical characteristics

Soit EC. Soluble Cations (meg/L) Soluble anions (mea/L}
Depth | (dSm'™y* pH | ca™ [ Me” | Na* | K |coy | Heor [ cr | sof
{em)

§-20 1.42 7.68 415 229 £.10 0.30 1.90 3.85 2.20 689
20-40 1.51 8.03 4.60 2.7k 941 0.25 230 4.30 2.80 7.34
40-60 7.84 8.04 5.61 2.88 11.00 .35 2.60 421 3.60 943

* In soil paste extract,
Results and Discussion

The calculated mean values of the dry soil bulk density and related soil
moisture ¢ ontent, with 9 5% confidence limits, of the studied soil depths under
the investigated treatments of rice stubble management are presented in Table 2,
The data reveal that, the mean values of the initial soil bulk density (AH period)
are relatively high. This seems to be due to the hoof pressure of cattles which
were used in wet leveling process. On the other hand, the mean values of soil
bulk density of the deeper soil layers are known to be greater than those of the
upper ones. Since, the former were exposed to the weight of the latter, thus, the
deeper layers become more compacted than the upper ones.

The effect of no tillage + stubble burning treatment (NT + SB) on the soil
bulk density obviously show that, its mean values of the (0-3) cin layer seem to
exceed the values of the corresponding layer of the initial soil bulk density (AHj.
The percentages of increasing were 5.6 and 4.5% in the two seusons,
respectively. On the other hand, no significant differences between the values of
soil bulk density occurred at the soil layers of (5-135) and (15-30) cm as a result
of burning. This means that the impact of burning temperature on the soil bulk
density was found to be superficial.

The increase in soil buik density after burning may be explained by the
decrease of moisture content in this particular surface layer, as it was exposed o
high temperature resulting from burning. Morecver, high soil temperature which
led to composition of organic matter and a relative increase of the volume
fraction of minerals characterized by high density. On the other hand, heat of
burning causes soil aggregates to collapse, and this led to a considerable increase
in sotl compaction,
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EFFECT OF RICE STUBBLE ON SOME PHYSICAL PROPERTIES 3

TABLE 2. Dependance of confidence limits of soil bulk density and related moisture
content of rice stubble management.

Treatmenls
Soil
g pammEEr {NT) (NT + SB) (CT)
% Period | ltem depth (cm) depth {cm) depth (cmy
(0-5)] (5-153§ (15303 | (@-53] (5-15)} (15-30)] (0-53] (5-15}] (15-30)
Mean 1.09 1.23 133 {1.07 1.21 1.32 1.12 1.22 1.32
S Q.04 0.04 0.04 | 0.03 0.02 0.03 0.05 0.02 0.04
CV%| 335§ 318 325 1292 1.62 227 | 4.4 1.44 2.65
e At C.L. 0.04 0.04 0.04 {003 0.02 0.03 Q.05 0.G2 0.03
“?‘5 Upper 113 | 1.26 137 | 110 1.22 1.35 | 117 1.23 1.36
g Lower | 1.05 1.19 129 103 1.19 1.29 | 1.08 1.20 1.29
g
__E Mean 1.09 1.23 1.33 ] 113 1.22 1.32 1.03 118 i.30
% SD. 0.04 0.05 0.04 §0.03 .02 0.02 | 0.0z 0.0G 0.02
A TNV % 335 374 325 | 228 1.97 1.30 2.10 0.40 1.3}
AT CL. 0.04 0.05 0.04 1003 0.02 0.02 0.02 0.00 0.02
Upper 1.13 128 1.37 | 1.16 1.24 133 1.05 [.19 i.32
2 Lower 1.05 1.19 128 [ t.10 1.19 130 | .01 .18 124
o
- Mean |24.82 |28.44 32,51 |25.91 | 2622 | 3059 | 26237 29.64] 31.52
5D, 182 153 1.99 291 | 213 2.31 1651 032] 206
CV| 733 536 612 [11.25 | 8.12 7.54 €130 311 6.54
3 MUl T [uso | nss (2ss |20e | 226 | el ose| 200
E_LZ’ Upper [26.60 129.94 34.46 |28.76 | 28.31 32,85 | 27.84| 30.58) 33.54
% Lower {2304 12693 3056 [23.05 {2414 2833 ] 2461y 28741 1950
§ Mean 2832 |28.44 32.51 1048 #6 42 3315 | 2240 25.0¢| 2008
§_‘. 5.D. 1.82 1.52 199 {1.83 1.73 1.67 1.75 IR33 4.0%
& CV% {733 |5236 6.12 |95  ]6.60 5.03 7991 753 13.57
A C.L 178 1149 195 180 [1.70 1.63 1.75 1.85] 4.00
nper 26,60 ]19.94 3440 1228 P72 3478 {2406} 683y 2408
wer 2304 {12095 D56 {Bo¥ P43 3052 1200657 23001 et
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TABLE 2. Contd.

R.E.A. SABRAH eral

Treatment
Soil (NT) (NT + SB) €D
§ parameter depth {cm) depth (cm) depth (cm)
"l"g Period Item
¢0-5y 1 (5-15) | (15-30) | €0-5) | (5-15) § (J5-30) | (0-5) | {5-15) | (15-30)
Mean | 113 Q1 1258 134 111 w21 135 f| sy 123 1.33
8.0, 004 | 006 oo1 || 004l oot b 003 || oozl ooz | 003
Cv%ll 375l sav roe ff 3l 002 218 i 231 125 213
— AH Cl. 004 | 006 oot # 004l o001 003 I oo3fl oo 0.63
E wpper|| 17| 3 o vas || ovas o122 || vas f vz r2s| 13
% Lower |[ too|[ n18| 133 |f 1.07f 120§ 132 | 12| 122 1.30
= Mean ff 113 ¢ 1258 134 ] vaefl v2s o135 0 ores]] rzel 1m
E S.D. 004 f co6ff o010 §§ coaf vo2f oco3 Jf coal o3l o023
2 CVel 375 s.2t 3 106k 348 187 1.85 N 3874 230 | 225
AT CL 004 || ooa| ool || coall ooz g o02 || 004 003 0.03
Upper[l 117 | 131§ 135 f 120 127 138 §f 108 1.23 1.34
Lower || 1.09 {[ a8 | 133 || 12l 1224 133 | 108l va7d 128
F
- Mean | 2459} 31.03 | 3284 (2250 | 2607| 29.70 [ 23,80} 2827 3332
S.D. 16l [ 062 F 045 F190 | 221 [ 24t {067 035 172
cv% i 655 | 201 137 (843 | 248 | 810 282 | 123 519
=z AH C.L 158 | o611 o044 Jiee | 2171 236 | 066 | 034 t68
c\i Upper | 2617} 31.64| 3328 [2436 | 2823 | 32.06 | 24.46| 2861 3480
‘5’ Lower | 2301 3042} 3240 {2064 | 2300 2734 |23.14| 27.93| 3144
§ Mean | 24.59| 31.03 [ 32.84 |18.40 | 25807 31.45 |z20.22] 2529 3224
é S.D. 16l | 062 045 108 | 030 | 052|321 o7 0.32
E cv%l sss | 201 1.37 | 5.85 117 | 165 {1585] 279 | 1.3
g AT clL. 1.58 | 061 f 044 | 103 [ 030F 051 [ 314 069} 033
Upper | 26174 31.64§ 33.28 {19.45 | 2609 3196 [ 2336 | 2599| 3257
Lower | 23.01] 3042 3240|1735 | 2550 3094 |17.08} 2460 31.92

S.D = Standard Deviation
C.V. % = Coefficient of Variation %

C.L. = Confidence imils at 5%

Upper Limit = Mean + C.L.
Lower Limit= Mean - C.L

Conventional tillage treatment (CT) leads 10 a clear reduction in the soil bulk
density values comparing with other treatmenis especially, in the surface layer
{Table 2). The decrements in the values of soil bulk density after conventional
tillage treatment were -8.0, -3.3 and -1.5 % in the first studied season and were -
8.7, -2.4 and -1.5 % in the second studied season at {0-3}, {5-15) and (15-30) ¢m

Egypr. J. Soil Sci. 44, No. 1 (2004}
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EFFECT OF RICE STUBBLE ON SOME PHYSICAL PROPERTIES 33

soil depths, respectively. The obtained results may be interpreted by the
improved soil aeration, consequently, the increasing total porosity, which led to a
noticeable reduction in soil bulk density. Furthermore, the incorporation of rice
stubble with mineral fracticns encourages the role of organic matter which acts
as cementing material leading to the formation of soil aggregates and voids, thus,
decreases soil bulk density.

Total porasity and pore size distribution

Data in Table 3 show that treatment of rice stubble burning (NT + SB) causes
a considerable decrease in the values of total porosity, particularly, at the surface
soil layer (0-5 cmy). In contrast, conventional tillage causes relatively high
increase in the total porosity of all soil depths. These variations are more
pronounced at the upper layers. The reduction of total porosity after ( NT + SB)
treatment is seen by the decrease of the volume fraction of the organic matter,
which is replaced by mineral ones. In addition, soil organic matter contributes to
soil structure, and its composition causes a structure breakdown and collapse
with the consequent decrease of porosity {Giovannini and Lucchesi, 1997). On
the other hand, the increase in soil total porosity that followed conventional
tillage treatment {CT) may be atiributed to the ploughing process and disturbance
of soil. Hence, this led to increase soil aeration and prosity, decrease seil bulk
density and compaction.

TABLE 3. Mean values of soil total porosity (%) and pore size distribution (%)
under the studied treatments of rice stubble management,

Period —’]
Soil AH AT
Treat depth Towd Fore size distribution % Total Pare size distnbution %
(cm} Poro- 3600. 10- 9 <02 Foro- 3000- 30- 9. <02
sty % W0u 9p 02p n sIty p ATS 0.2 u
1996
NT &3 5524 38 5 500 1500 4141 R4 38.58 500 1508 LIRS
515 5487 3830 178 1770 4411 5487 3630 1.78 17.70 L Ek)
1530 5037 26,72 647 1519 5161 5137 2672 0,47 1545 Siod
NT+SB (V] 513 62 588 13195 4351 3670 1703 614 14.55
515 370 3728 109 1701 4462 55.24 3676 i 17lo
15-30 5081 BEE 151 16 7L 5101 5081 37 0.5 16071
cT 05 5703 3890 168 1352 4581 6054 4253 156 i274
515 5524 3738 145 1820 4208 5647 3871 142 178
1530 5069 3008 571 456 5483 5743 31M 070 1425 54.03
1997
NT o5 5670 36T 513 15.41 42.52 5676 3693 513 54 25
315 5423 3552 180 1793 HT7 523 3552 180 17U 4177
1530 5000 26.20 6.52 133G 5199 000 26,20 6.52 "5“_‘5 Spen
NT+5B 05 5754 15 133 1785 2748 5562 320 134 1846 4194
>15 5555 §3.5% 134 18.48 4363 407 1159 1.3 1551 i 4474
1530 4063 4563 256 14.47 349i 49 57 2797 256 1449 5008
T 05 3607 5607 1.7 1373 G 55 00 3195 13! 1287 Ect
S5 el 63 147 1841 A3 S5B0 4790 144 ! 15.083 4057
1530 5037 5037 2N 1434 3385 5112 3099 (134} i 434 . i 4.3 ]
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The pore size distribution under the studied treatments (Table 3) indicates
that, at the initial s tate unuseful pores (< 0.2 gpm) are the dominant pore sizes
along the profile depths and increase with increasing soil depth. On the other
hand, quickly drainable pores (> 30 um) form a considerable part of total
porosity as they generally, decrease by increasing soil depth.

Rice stubble burning resulted in a pronounced reduction in the values of
quickly drainable pores (> 30 pm), especially at the surface soil layer. The
decrements in this pore diameter were found to be 6.5 and 5.5% in both studied
seasons, respectively in comparison to NT treatment. The most likely
explanation o f this p henomenon may be that fire c auses a ggregates to become
unstable and undergo greater collapse when wetted. This enhanced instability
may be due to changes in the soil moisture or loss of organic carbon as a direct
result of the fire.

Soil under conventional tillage treatment (CT) verifies that the amount of
quickly drainable pores (> 30 pm)} significantly increased parallel to the
decrease in the unuseful pores (< 0.2 p). This trend was clearly noticed along the
all studied soil depths, in both two seasons under investigation,

Infiltration rate

Data in Table 4 indicate that, at the initial state, after harvesting, values of
basic infiltration rate are somewhat low. This finding may be attributed to using
puddling practice in the preparing soil for rice cultivation. This inhibits the
movement of water, due to shear stress which destroles the macropores, and also
due to lodging of finer particles which caused the plugging of the pore channels.

The treatment of rice stubble buming (NT+SB) has an immediate effect on
the values of basic infittration rate to be significantly reduced. Basic infiltration
rate declined from 2.32 ¢em hr”' under no tillage treatment (NT) to 0.43 cm hr”'
under no tillage + stubble burring treatment (NT + SB) (Season 1996) and from
276 cm hr' under (NT) treatment to 0.43 cm hr'' under (NT + SB) treatment
season 1997. On the other side, burning treatment also caused a significant
reduction in the values of cumulative infiltration. The estimated reductions were
found to be 72.9 % and 79.3 % compaied with no-tillage (NT) treatment in the
two seasons, respectively. In contrast, values of basic infiltration rate ¢ hanged
from 2 .32 and 2.76 cm hr' under (NT) treatment to be 4.58 and 4.47 ¢cm hr
under (CT) treatment at both studied seasons, respectively. Also, the results
suggested that (CT) treatment contributed to increasing the cumulative
infiltration in comparison with the control treatment (NT), whereas, the
cumulative infiltration values were increased by 83.5 and 59.0 % in both
seasons, respectively.

Egypt. J Soil Sci. 44, No. 1 (2004)
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TABLE 4. Dependence of basic infiltration rate and cumulative infiltration on the
treatments of rice stubble management.

AT (Period)
Treatment Season Basic LR, (cm he'ly Cumulative T R. (cm}
R Rz R3 Mean R1 R2 R3 Mean

NT 179 .89 2.27 232¢" 48.97 7461 60.31 61300
NT+5B 1996 037 0.51 0.42 043D 15.46 19.46 1491 1661 D
CT 5.00 4.38 4.35 4.58 A 120.78 112.89 107.52 11373 A
LS Dat0.05 0.745 15,80
NT 2.67 2.8% 271 275C 71.06 75.00 70.83 7237C
NT+SB 1997 Q.49 (.40 G40 043D i6.04 1492 14.05 15601
< 471 4.59 4.1l 4.47 A 110.83 122.10 112,24 115.06 A
L.SD at 0.05 0.615 7.203

* Means with the same letter are not significantly different.

The decline of basic infiltration rate as well as the cumulative infiltration is
usually associated with the loss of macropores to the soil surface. Heating soil
surface produced loss of the OH groups from the clay minerals and collapsed the
internal structure of the clays, thus caused a considerable variation of the
physico- chemical parameters of the soil which affect both horizontal and
vertical water movement into soil {Cress-Well and Kirkegaard, 1995). However,
the most likely explanation for the decline in basic infiltration rate and
cumulative infiltration was either to high temperature or the fine particles of ash
produced by the rice stubble burning caused a blockage of macropores at the soil
surface, thus reducing infiltration rate,

Micromorphological mvestigations on the soil surface and subsurface atier
burning of rice stubble certainly displayed the occurrence of this mechanism, r.e.,
macropore blockage due to the precipitation or infilling by residual ash {(Plaes i
and 2). In contrast, the improvement in the basic infiltration rate as well
cumulative nfilration under (CT) treatment may be explained by ploughing
practice which increases the rate of water entry by loosing the soil surface
reducing scil compactess and introducing a balanced pore size distribuiicn,
(Piates 3 and 4).

Egvpr J Soif Sci 44 No, 1(2004)
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Plate 1. The ash precipitated in or blockage some voids in the soil
{NT+ 5B treatment), soil depth [0-5}cm; X 25.

Plate 2. The ash precipitated partially in some voids in the sofl
{(NT+5B treatment) , soil depth {5-15}em; X50.

Egypr X Soil Sci. 44, No. T (2004)
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Plate 3. The void pattern of (CT) treatment at the surface layer [0-
Slem; X6.

Plate 4. The void pattern of (CT) treatment at {15-30}cm soil
depth; X6,

Egype. J Soil Sei 44, No. | (2004)
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Plate 5 . The void pattern of (NT) treatment at {15-30}cm soil depth; X6.
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