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EFFECT OF TILLAGE INTENSITY, FERTILIZER AND MANURE
ON ROOT MASS DENSITY, SOIL PROPERTIES AND THEIR
CORRELATION ON RICE (Oryza sativa L.) YIELD
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Abstract

An experiment was carried out at the Bangladesh Agricultural University Farm,
Mymensingh during the Aman season of 2008 to study the effect of tillage
intensity, fertilizer and manure on the root mass density soil properties
and their correlation on rice yield (BRRI dhan 41). The experiment was laid
out in a split plot design with three replications. The treatments were three
tillage operations as factor A: one passing (P;), two passing (P,), and three
passing (P3) of a power tiller and four fertilizer and manure treatments as factor
B: recommended dose of fertilizers (FM,), 50% of N plus rest of recommended
dose of fertilizers + cowdung @ 5 t/ha (FM;), 50% of N plus rest of
recommended dose of fertilizers + rice straw @ 5 t/ha (FM,) and 50% of N plus
rest of recommended dose of fertilizer + cowdung @ 2.5 t/ha plus rice straw @
2.5 t/ha (FM3). The highest and the lowest bulk densities were found in P;FMy
and PsFM, treatments, respectively. The maximum soil moisture content and air
filled porosity were obtained in PsFM); treatment, whereas P;FM, demonstrated
the lowest soil moisture content. The maximum (8.09 mg cm™) and minimum
(1.63 mg cm™®) root mass densities were observed in P; (10 cm depth) and P,
(10-20 cm depth) treatments, respectively. The highest grain yield was recorded
in PsFM, treatment. Root mass density was positively correlated with soil
moisture content and grain yield, but negatively with bulk density.
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Introduction

Rice is the most important food crop of Asia and it contributes about 92% of the
world rice harvest (IRRI, 1995). It is the major food crop of Bangladesh. The
agro-climatological condition of Bangladesh is favourable for its cultivation all
the year round. The per hectare yield of this crop is low in Bangladesh due to
declining soil fertility and lack of proper tillage practices. Use of chemical
fertilizers is an essential component of modern farming and about 50% of the
world's crop production can be attributed to fertilizer use (Pradhan, 1992). But
sustainable production of crops can not be maintained by using only chemical
fertilizers, and similarly it is not possible to obtain higher crop yield by using
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organic manure alone (Rose et al., 2001). Organic manure acts as a buffer
medium for making favourable environments by improving soil physical,
chemical and microbial properties. Tillage practices suppress weeds, destroy
insects’ host, incorporates organic matter into the soil and alter the aggregates of
size distribution. By altering the aggregates of size distribution, tillage also
affects the physical and chemical properties of the soil, which in turn affects
plant growth (Dexter, 1999) by controlling air and water movement and to a
certain extent, enhance nutrient supply. Tillage operation also influences soil
physical properties, water conservation, root growth, and crop yield. Zero tillage
is not suitable for crop production, though it resists soil erosion, conserves
moisture and reduces energy, because the roots of crop plants may not be able to
move easily to deep soil to absorb adequate nutrient required for its better growth
and yield. Therefore, the study was conducted to evaluate the effect of tillage
operations, fertilizer and manure on the root mass density, soil properties and
yield of rice.

Materials and Method

The experiment was conducted at the Bangladesh Agricultural University Farm
during the Aman (Kharif-2) season of 2008. The experimental field belongs to
the "OIld Brahmaputra Floodplain" agroecological zone (AEZ-9). The land was
first opened on 28 July 2008 with the help of a power tiller and it was further
ploughed on 3 August 2008. Every ploughing was followed by laddering to have
a good tilth. High yielding T.Aman variety BRRI dhan-41 was used as the test
crop. The experiment was laid out in a split plot design with three replications.
There were two sets of treatments viz. (A) three tillage treatments in main plot,
namely P;= One passing, P,= two passings and Ps= three passings of a power
tiller (P3), and (B) fertilizer and manuring treatments in sub-plots, namely (a)
recommended dose of fertilizer (FMy), (b) 50% of N plus rest of recommended
dose of fertilizers + cowdung @ 5 t/ha (FMy), (¢) 50% of N plus rest of
recommended dose of fertilizers + rice straw @ 5 t/ha (FM,), and (d) 50% of N
plus rest of recommended dose of fertilizers + cowdung @ 2.5t/ha + rice straw
@ 2.5 t/ha (FM3). The unit plot size was 4.0 m x 2.5 m, plot to plot spacing was
0.5m and block to block was 1 m. The cowdung and the rice straw were applied
after the first tillage operation and incorporated into the soil thoroughly. The
land was fertilized by applying N, P, K, S, and Zn fertilizer as per Fertilizer
Recommendation Guide (BARC, 2005). Data were recorded from five randomly
selected samples of each treatment. Root mass density was measured at the
maximum vegetative stage using auger like sampler of 7 cm in diameter as
recommended by Schuurman and Goodevregen (1971). Data were statistically
analyzed using MSTAT-C computer program (Gomez and Gomez, 1984).



EFFECT OF TILLAGE INTENSITY 531

Results and Discussion

Effects of tillage intensity, fertilizer and manure on soil physical
properties and root mass density

Root mass density was significantly influenced by tillage intensity (Table 1). The
maximum root mass density of 8.09 mg cm™® was recorded under P; tillage
treatment at surface soil (0-10 cm) depth, which was statistically different from
the other treatments. The minimum value (1.63 mg cm™) was found in P; tillage
treatment at 10-20 cm soil depth (Table 2). The result of this study is in
agreement with the observation made by Hassan et al. (2005) and Khan et al.
(1997). The rice root penetrated into the deeper layer under P; treatment and
uptook more nutrients from different soil depths that influenced growth and
development of rice. As a result, roots became thicker and increased root mass
density. On the other hand, roots could not grow sufficiently under P, treatment.
Root mass density has drastically reduced with soil depth. The decline in root
mass density was associated with the increase in bulk density (Table 2). Root
proliferation was obstructed by compact layers in the soil profile, as reported by
Parker and Lear (1996) and Singh and Singh (1996).

Table 1. Analysis of variance for soil physical properties, root mass density
and yield of rice as influenced by tillage intensity, fertilizer and

manuring.
Source of Mean Square
variation Soil Bulk [Airfilled| Root Mass Density Yield | Straw
Moisture | density | Porosity (mg cm?) (t/ha) yield
) | @em) | O ooem [ 1020 cm (Vha)

Factor A  87.457** (.313** 12.835** 8.808" 17157  2.217** 0.884"

Error 2.104 0.002  0.849 0.004 0.257  0.037 0.102
Factor B 107.539** 0.197** 24.172** 214~ 1.967  1.782** 1.069”
AB 70.859** 0.094** 2.974**  0.453" 086~ 0135 0.347"
Error 5.178 0.003  0.265 0.054 0.18 0.025  0.062

** Significant at 1% level of probability, Factor A=Tillage operations, Factor B=
Fertilizer and manure treatments

Fertilizer and manure treatments had highly significant effect on root mass
density. The highest root mass density (7.82 mg cm™) was measured in the FMg
treatment at 0-10 cm soil depth, which was different from other treatments. The
lowest root mass density (1.66 mg cm™) was recorded in the FM, treatment at 10-
20 cm soil depth (Table 2).

The interaction effect of tillage and fertilizer were also significant. The
highest value of root mass density (9.23 mg cm™) was observed in PsFM,
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treatment and the lowest at 0-10 cm soil depth (1.35 mg cm™) was found at
P1FMj; treatment at 10-20 cm soil depth (Table 2).

Effects of tillage intensity, fertilizer and manure on yield of rice grain
yield

Tillage intensity and fertilizer and manure significantly influence on the grain
yield of BRRI dhan-41 (Table 1). The highest grain yield (4.85 t/ha) was found in
P3 treatment while P, recorded the lowest yield (3.78 t/ha) (Table 2). This finding
was supported by Ranjan et al. (2006), Matin and Uddin (1994) and Ardell et al.
(2001). In case of fertilizer and manuring, the highest yield (4.74 t/ha) was
recorded with FM, treatment.

Table 2. Effects of tillage intensity, fertilizer and manuring and their interactions
on soil physical properties, root mass density and yield of rice.

Soil Bulk | Airfilled| Root mass density Grain Straw
Treatment | moisture | density | porosity (mg cm?) yield yield
(%) | (@cm®) | (%) [(0-10)cm [ (10-20)cm| (tha) | (tha)

Tillage
P, 47.80b 1.28a 12.09b 6.41c 1.63b 3.78b 6.00b
P, 49.44b 1.17b 12.33b 6.95b 2.24a 3.91b 6.10b
Ps 53.08a 0.96¢ 13.99a 8.09a 2.33a 4.58a 6.52a
Fertilizer - Manure treatments
FM, 45.53c 1.33a 11.03d 7.82a 2.74a 4.74a  6.0lbc
FM, 53.63a 1.17b 14.72a 6.88c 1.98b 3.77c 5.92¢
FM, 51.63ab  0.99d 13.52b 7.17b 1.66b 3.85¢ 6.22b
FM, 49.64b 1.06c 11.95¢ 6.71c 1.89b 4.01b 6.69a

LSD0.05  2.403 0.412 0.612 0.5487 0.1414 0.1566  0.246

Tillage x Fertilizer - Manure treatments
P.FMq 40.64e 1.46a 10.14g  6.79de 2.05b-¢e 448b  5.91bc
P,FM; 51.74abc 1.36b  14.31bc  6.43efg 1.53de 3.59de 5.92bc
P,FM, 50.65bc  1.12c  13.7bcd  6.28fg 1.6de 3.34e 6.21b
P.FM;  48.19cd  1.18c 10.22g 6.13g 1.35e 3.71d 6.37b
P,FM,  44.61d 1.3%9b  10.29g 7.44c 2.83ab 4.77ab  6.03bc
P,FM;  53.75ab 1.19c 14.5dab 6.90d 2.53bc 3.56de 5.69¢c
P,FM, 50.93bc 1.01de 13.34de 6.58de 1.58de 3.60de  6.15bc
P,FM;  48.19cd 1.10cd  11.18f 6.59def  2.02cde 3.74d  6.14bc
PsFM, 51.36abc  1.15c 12.65e 9.23a 3.33a 498a  6.07bc
PsFM; 55.4a 0.95ef 15.34a 7.32¢ 1.87cde 4.16¢ 6.15bc
PsFM, 53.3ab 0.85g 13.51cde 8.37b 1.8cde 4.61b 6.28b
PsFM;  52.26abc  0.9fg  14.45abc  7.42c 2.31bcd 4.58b 7.56a

LSD0.05  3.903 0.094 0.883 0.398 0.727 0.4736  0.427
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Same letter(s) in a column does not differ significantly at 5% level of
probability; P;= One passing, P,= two passings and Ps= three passings of a power
tiller; FMo= Recommended dose of fertilizer, FM;= 50% of N plus rest of
recommended dose of fertilizers + cowdung @ 5 t/ha, FM,= 50% of N plus rest
of recommended dose of fertilizers + rice straw @ 5 t/ha and FMs;= 50% of N
plus rest of recommended dose of fertilizers + cowdung @ 2.5t/ha + rice straw
@ 2.5 t/ha.

The lowest grain yield of 3.77 t/ha was recorded in FM; treatment. The
interaction effects of tillage, fertilizer, and manuring on yield was also significant
(Table 1). The highest yield of 4.98 t/ha was found in PsFMg treatment, and the
lowest (3.34 t/ha) was found in P;FM; (Table 2).

Straw yield

Tillage intensity significantly influenced the straw yield of BRRI dhan-4l
(Table 1). The highest straw yield of 6.52 t/ha was recorded in P; treatment
(Table 2) where loose soil permited the penetration of the roots into the deeper
layer for up take of water and mineral nutrients. Positive physiological and
metabolic activities of rice were probably influenced by tillage operation and
thus grain and straw yields were increased. Application of fertilizer and manure
showed significant effect on the straw yield. The highest straw yield of 6.69 t/ha
was recorded in FM; treatment and the lowest yield (5.92 t/ha) in FM, (Table 2).
The interaction effect of tillage, fertilizer and manuring showed significant
results on straw yield. The highest straw yield (7.56 t/ha) was observed in the
PsFMj; treatment combination. The lowest straw yield (5.69 t/ha) was obtained in
P,FM, treatment (Table 2).

Correlation among root mass density, soil properties and yield of rice

Although not significant, root mass density was positively correlated (r = 0.284)
with soil moisture content. (Fig. 1). A weak negative relationship (r = -0.272)
was found between bulk density and root mass density. Rice yield depended
largely on root mass density. Grain yield has a positive relationship with root
mass density (r=0.750; P<0.01) (Fig. 3). Positive relationship indicated that
increase of grain yield was dependent on increase of root mass density. On the
other hand, grain yield had a negative relationship with bulk density which
indicated that grain yield would decrease with the increase of bulk density.
Because high bulk density restricted root growth that affected the yield
contributing characters of rice.
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5.5 W y = 0.4027x + 1.3631
r = 0.750*
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Fig. 3. Correlation between grain yield and root mass density.
Conclusion

Root mass density was positively correlated with soil moisture content and grain
yield of rice, but had a negative relationship with bulk density. Regarding tillage
treatment and fertilizer and manuring, the treatment combination P;FM, (three
passing of a power tiller with recommended dose of fertilizer) was most suitable
for both root mass density and yield of rice.
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