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Abstract: The experiment was carried out at the field laboratory of Bangladesh Institute of Nuclear Agriculture,
Mymensingh, during amon season (July to October, 2001) to study the effects of different tillage practices on
growth, yield and yield contributing characters of BRRI Dhan-33. The crop was grown under supplemented
wrigation condition. The soil was calcarious grey belonging to Sonatola series of old Brahmaputra flood plam.
The treatment of this study comprised of power tiller with 1, 2, 3 and 4 passes at 7 and 15 cm depth and 4 passes
with country plough at normal depth. The 4 passes at 15 ¢cm deep ploughing by power tiller showed the highest
yield of grain (4.95 t ha™") and straw (5.89 t ha™") which was associated with higher leaf area index (L.AT), crop
growth rate (CGR), net assimilation rate (NAR), total dry matter (TDM), leaf numbers/hill, plant height, number
of total and effective tillers, panicle length, number of filled grains/spikelets/panicle and with lower number of
non-bearing tillers/hill and sterile spikelets/panicle. The lowest values of all parameters were found in 1 pass
with power tiller at both 7.5 and 15 c¢m depth. Though 4 passes with country plough at normal depth and
3 passes with power tiller at 15 cm depth showed statistically identical results of 4 passes with power tiller at
15 cm depth inrespect of yield performance, this treatment (4 passes with power tiller at 15 cm depth) gave the

highest yield practically.
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INTRODUCTION

Tillage is the most important operation on crop
production system. The process by which forces are
imparted and changes m soil properties occur are known
as tillage which is comprised of some technical operations
such as ploughing and harrowing!!. Tillage practices
control weeds, provide a suitable seed bed for crop
plants, mcorporate crop residues into the soil, make
the soil loose, enhance chemical reaction and thereby
improves the physicochemical condition of soil which in
turn affect the growth and development of crop plants.
The preparatory land tillage by different tillage implements
have different impact on physical, chemical and biclogical
changes in soil. This is why production of the relevant
crop may go up and down. Johnson” emphasized the
mmportance of tillage in loosening the soil, benefiting
chemical reaction, improving moisture condition and
structure of the soil. This condition is essential for rice
cultivation. The quantum of tillage 1s very important for
amon rice cultivation because the puddling of soil

facilitates easy transplanting of seedlings. Intensive and
continuous rice-rice-rice crop culture is predominant in
Bangladesh as rice is the staple food of her people.
Although  the agro-climatological conditions of
Bangladesh are favourable for rice cultivation all the year
round, the per hectare yield is still very low compared to
other major rice growing countries like Australia, Japan,
China and South Korea. This lower yield might be due to
declining soil fertility status and lack of proper soil
management practices including tillage operations.

In Bangladesh, about 80% of farm families use
traditional wooden plough (country plough) pulled by
draft animal for land preparation'™. Tillage operation by
country plough is a slow process and requires more time
for complete preparation of seed bed. Shallow depth of
ploughing (7.71 cm) was found with country plough
which increased the bulk density, soil resistance and
mechanical impedance of soil for which poor physical
condition might be developed™. Moreover, draft power
shortage 18 one of the major problems i cultivation
process at present. Sarker™ carried out surveys in four
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areas of Bangladesh and observed that there was a
shortage of draft power for land preparation in HY'V boro
irrigated areas. The number of draft animal is decreasing
very rapidly among the farmers’ level due to various
reasons such as high rate of slaughtering, high death rate,
slow rate of reproduction and reduced pasture area. In
recent years, use of power tiller for land preparation has
increased many folds to meet the acute draft power
shortage. Power tiller is suitable for saving labour cost,
maintaining timeliness in operation, better quality of soil
preparation and desired depth of tillimg which has its
ultimate bearing on soil fertility and crop productivity™.
Deep tillage by power tiller decreases the bulk
density!™™, increases the soil porosity, infiltration
rate"™'? and hydraulic conductivity'”. As a result, soil
becomes permeable, aerated and having good physical
condition for crop growmg. However, it might have a
possibility of depletion of nutrients and soil organic
matter due to deep ploughing and excess pulverization.
Therefore, an optimum tillage practices in terms of number
of passes and depth of tillage are to be found for better
crop productivity and soil fertility. The present piece of
work was therefore undertaken to find out the optimum
number of passes and depth of tillage for better growth
and productivity of transplant amon rice and to make a
comparative assessment between the country plough and
power tiller tillage.

MATERIALS AND METHODS

Experimental site and soil: The experiment was
conducted at the field laboratory of Bangladesh Institute
of Nuclear Agriculture, Mymensingh during the amon
season (July to October 2001). The experimental field
belongs to Old Brahmaputra Floodplain agro-ecological
zone (AEZ-9). The soil was sandy loam in texture having
a pH 6.95.

The experiment was laid out in a Randomized
Complete Block Design using 9 tillage treatments with
four replications. The treatments were: 1 pass with power
tiller at 7.5 ecm depth (T,), 2 passes with power tiller at
7.5 ¢cm depth (T,), 3 passes with power tiller at 7.5 cm
depth (T,), 4 passes with power tiller at 7.5 cm depth (T,),
1 pass with power tiller at 7.5 cm depth (T,), 2 passes with
power tiller at 15 cm depth (T,), 3 passes with power tiller
at 15 cm depth (T), 4 passes with power tiller at 15 cm
depth (T;) and 4 passes with country plough at normal
depth (T,). The umt of plot size was 7>6 m. The fertilizers
added were Urea, TSP, MP, Gypsum and Zinc sulphate @
150, 100, 60 and 10 kg ha™, respectively. The entire
amount of TSP, MP, Gypsum and Zinc sulphate were
applied at the time of final land preparation. Urea was
applied in 3 equal installments at 15, 30, 45 Days after
Transplanting (DAT) as top dressed.
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Plant culture: BRRI Dhan-33, a high vielding variety of
transplant amon rice developed by the Bangladesh Rice
Research Institute (BRRT), was used as the test crop in the
experiment. Sprouted seeds of rice were sown n the
nursery bed on 4 Tuly 2001. The nursery beds were made
wet by application of water both in the moming and
evening on the previous day before uprooting the
seedlings. Without causing any mechanical injury to the
roots, the seedlings were uprooted and kept on soft
mud m shade before they were transplanted. Twenty mne-
days-old seedlings were transplanted in the experimental
field on 1 August 2001 using 2 seedlings/lull with a
spacing of 20x15 cm between the rows and hills,
respectively. Intercultural operations were done as and
when required for ensuring and maintaining the normal

growth of the crop.

Sampling and data recording: Sampling for data recording
on growth parameters were done four times at an interval
of 15 days starting from 20 DAT up to 65 DAT. In each
sampling six hills excluding the border hills from each unit
plot were randomly collected by cutting with sickle at root
zone level They were washed thoroughly n clean water
to remove any mud/dirt and were taken to laboratory for
recording data from them. Data were recorded on the
following items: plant height (cm), number of leaves/hill,
leaf area (cm®)/hill and total dry matter (g)/hill. At each
time of sampling all the green leaves were separated/hill
basis and leaf area of one hill was measwed by the
automatic leaf area meter (Model: LI-3000, USA). All the
plant parts/hill basis were oven dried at 80£5°C for 48 h
and then weighed to get total dry matter (TDM)
production. Leaf area index (I.AT), crop growth rate (CGR)
and net assimilation rate (NAR) were calculated according
to the formulae rendered by Hunt!",

At maturity 75 random hills were harvested from
undisturbed area of each plots. Out of 75 hulls, 5 hulls were
taken for data collection on the followmng yield attributes:
plant height (cm), number of total tillers/hill, mumber of
bearing and non-bearing tillers/lull, panicle length (cm),
number of spikelets/pamecle, number of filled and unfilled
gramns/pamcle and 1000-gramn weight (g). The rest 70 lulls
were used for recording data on grain yield (tha™), straw
vield (t ha™), biological yield (t ha™) and harvest index
(%0). The height of the plant was measured from the colar
zone to the tip of the longest leaf or pamcle. Tiller
number/hill was determined on all tillers with emerged
heads. The tillers, which had at least 25% or above
spikelets of a normal panicle were counted as effective
tillers. Panicle lengths were recorded from the basal node
of the rachis to the apex of last grain of each pamicle. All
the spikelets from the panicles of 5 hills were first
threshed and filled and unfilled spikelets were counted
and they were divided by the number of bearing tillers and
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thus filled and unfilled grains/panicle were found out.
Presence of any food material in the spikelet was
considered as filled spikelet. On the other hand, the
unfilled spikelets lacked any food materials inside. The
mumber of filled spikelets/panicle plus the number of
unfilled spikelets/panicle gave the total number of
spikelets/panicle. Weight of 1000 randomly collected filled
grains was determined by an electrical balance from the
dried seed of 5 hills. Finally the weight was adjusted at
14% moisture level taking moisture % reading by an
automatic moisture meter (Model Gmk-303RS, Jewon
Machinery Co. Ltd. Japan). The grains of 70 hills were
threshed, properly sun dried and cleaned and then their
weight was converted tot ha™. Straw of 70 hills from each
unit plot was weighed after repeated sun drying and the
values were converted to t ha™. Harvest index was
calculated as grain yield divided by total biological yield
which was the sum of grain yield and straw yield and it
was expressed in percentage.

Data recorded for different growth and yield
parameters were statistically analysed and the mean
differences among the treatments were compared with
DMRT or LSD.

RESULTS AND DISCUSSION
Growth parameters

Plant height: Plant height was significantly affected by
different tillage practices. Plant height was increased with

the advancement of growth stages. Number of passes and
depth resulted sigmficant effect, ligher number of passes
caused higher plant height (Fig. 1). The 1 pass with power
tiller of both depths (7.5 and 15 ¢cm) gave the lowest plant
height and the 4 passes with power tiller at 15 cm
depth gave the highest plant height at all growth stages.
At 90 DAT, the highest plant height was observed m T,
(4 passes with power tiller at 15 ¢cm depth) treatment,
which was followed by T,, T+, Ty, T, and T, respectively.
A similar results on tillage treatment was obtained by
Olofintoye! and Rahman'?. However, our result is quite
contradictory to the findings of Basunia® who reported
that maximum plant height was found by country plough
with 4 passes than power tiller treatment.

Number of leaves/ill: Number of leaves/hill was
significantly affected by different tillage practices at
different DAT (Fig. 2). The 4 passes with power tiller at
15 cm depth gave the highest number of leaves from 20 to
60 DAT. The second highest number of leaves/hill was
found in 3 passes with power tiller at 15 cm depth. The
lowest mumber of leaves/hill was found in 1 pass with
power tiller at both the depths (7.5 and 15 cm) which were
significantly different from other treatments. The number
of leaves/ill were low at the earlier stage and reached
maxunum at 35-50 DAT and thereafter declined due to
senescence of leaves.

Table 1: Yield and yield contributing characters of transplant amon rice (BRRI Dhan-33) using various tillage practices

Tatal tillers Effective tillers Non-bearing Panicle Grains Sterile spikelets

Treatments hill (No.) /hill (No.) tillers/hill (No.) length (cm) /panicle (No.) /panicle (No.)
T, 7.90d 512f 2.78a 19.95¢ 00.63¢ 25.57a
T, 9.00c 7.38d 1.62¢ 20.38bc 85.83b 23.43a-c
T, 9.23¢ 7.83¢cd 1.40cd 21.00a-¢ 87.62b 22.57a-d
T, 9.71b 841bc 1.30cd 21.20a-c 91.75ab 21.00b-d
Ts 8.01d 591e 2.10b 20.40bc 85.25b 23.98ab
Ts 9.78b 837bc 1.41cd 21.65a-¢ 93.25ab 23.35a-c
T, 10.03b 8.70ab 1.33cd 21.98a-c 98.50a 20.81cd
Ts 10.51a 9.42a 1.09d 22.65a 101.5a 19.74d
Ts 10.02b 8.74ab 1.28¢cd 22.25ab 99.75a 20.60cd
L8D(0.05) 0.44 0.70 0.39 1.82 885 2.78
Table 1: Continue

1000-grain Grain yield Straw yield Biological yield Harvest index
Treatments weight (g) (tha™) (tha™H (tha™h (%)
T, 22.25 2.10g 3.40c 5.49f 38.25b
T, 22.52 3901e 4.87b 8.78d 44.53a
T, 22.65 3.98d 4.97b 8.95d 44.47a
T, 22.80 4.21c-e 5.12b 9.33¢d 45.12a
Ts 22.35 3.00f 3.95¢c T.0Mde 43.89a
Ts 22.93 4.42b-d 5.45ab 9.87bc 44.78a
T, 23.06 4.57a-c 5.55ab 10.12b 45.16a
Ts 23.21 4.95a 5.89a 10.84a 45.66a
Ts 23.15 4.79ab 5.75a 10.54ab 45.45a
L8D(0.05) NS 0.43 0.65 0.45 3.89

N8 =Nat significant. Figires in a cohimn having common letter (8) do not difter signitficantty as per DMRT

T, =1 pass with power tiller at 7.5 cm depth, T, = 2 passes with power tiller at 7.5 cm depth, T; = 3 passes with power tiller at 7.5 cm depth, T,= 4 passes
with power tiller at 7.5 cm depth, Ts= 1 pass with power tiller at 15 cm depth, T; = 2 passes with power tiller at 15 cm depth, T; = 3 passes with power
tiller at 15 cm depth, Ty = 4 passes with power tiller at 15 cm depth and Ty = 4 passes with country plough at normal depth
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Fig. 1: Effect of different tillage practices on plant height
of BRRI Dhan-33 at different days after
transplanting (values in parentheses indicate 1.SD
at 5% level)
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Fig. 2: Effect of different tillage practices on number of
leaves/hill of BRRI Dhan-33 at different days after
transplanting (values in parentheses indicate LSD
at 5% level)
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Fig. 3: Effect of different tillage practices on leaf area
index of BRRI Dhan-33 at different days after
transplanting (values in parentheses indicate LSD
at 3% level)

T, =1 pass with power tiller at 7.5 cm depth, T, = 2 passes

with power tiller at 7.5 cm depth, T, = 3 passes with power

tiller at 7.5 cm depth, T,= 4 passes with power tiller at

7.5 cm depthy, T; = 1 pass with power tiller at 15 cm depth,

T, = 2 passes with power tiller at 15 cm depth, T, = 3

passes with power tiller at 15 cm depth, T; = 4 passes with

power tiller at 15 cm depth and T, = 4 passes with country
plough at normal depth.

Leaf area index (LAT): Different tillage treatments showed
sigmificant effect on LAls during 20-65 DAT. At all
growth stages, 1 pass with power tiller at 7.5 cm depth
showed the lowest LAT followed by 1 pass with power
tiller at 15 cm depth (Fig. 3). The 4 passes with power tiller
at 15 cm depth showed the highest LAT values at 20-65
DAT. The plant age also showed different sigmificant
effect on LAT. At earlier growth stage the LAT were lower
and reached to the maximum at 50 DAT and thereafter
declined at 65 DAT that means LAT became higher before
the pamcle emergence stage and then declined rapidly
with advancing maturity. Deep ploughing (15 cm) resulted
in higher LAT wvalues as compared to the shallow
ploughing (7.5 cm) by power tiller wrespective of the
number of passes.

Crop growth rate (CGR): CGR is an important
index of agricultural productivity™. Figure 4 shows
significant effect of tillage practices on CGR. 1 pass with
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power tiller at both the depths (7.5 and 15 ¢m) showed the
lowest CGR values (4.65) at 35-50 DAT. The higher
number of passes showed lugher CGR values and
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Fig. 6: Effect of different tillage practices on total dry
matter of BRRI Dhan-33 at different days after
transplanting (values in parentheses indicate LSD
at 3% level)

T, =1 pass with power tiller at 7.5 cm depth, T, = 2 passes

with power tiller at 7.5 cm depth, T, = 3 passes with power

tiller at 7.5 cm depth, T,= 4 passes with power tiller at

7.5 cm depthy, T; = 1 pass with power tiller at 15 cm depth,

T, = 2 passes with power tiller at 15 cm depth, T ,= 3

passes with power tiller at 15 cm depth, T; = 4 passes with

power tiller at 15 cm depth and T, = 4 passes with country
plough at normal depth

maximum CGR was obtained in the 4 passes with power
tiller at 15 cm depth. Plant age showed significant effect
on CGR. At the earlier growth stage the CGR values were
low and reached to the maximum at 35-50 DAT and they
declined after panicle emergence stage (50-65 DAT) which
might be due to high respirational loss of assimilates at
that stage. A smmilar effect of tillage treatment was
obtained by Tanaka"? and Wilson and Eillis™®.

Net assimilation rate (NAR): Different tillage practices
showed sigmficant effect on NAR during vegetative
phase (20-65 DAT). 1 pass with power tiller at both the
depths (7.5 and 15 cm) showed the lowest NAR values
and the 3 passes with power tiller at 15 cm depth showed
the highest NAR (14.20 mg m*/day) at 20-35 DAT and 4
passes with power tiller at 15 c¢m depth showed the
highest NAR (19.07 mg m~*/day) at 35-50 DAT (Fig. 5).
Plant age showed significant effect on NAR. At 20-35 and
35-50 DAT, the NARs were not so much different, but
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Grain yield: Different tillage treatments significantly
influenced the grain vield of BRRI Dhan-33 (Tablel). The
highest grain vield (4.95 t ha™") was found with 4 passes
at 15 ¢cm depth and the lowest (2.10 tha ') was with
1 pass at 7.5 ¢m depth by power tiller. The treatments of
2, 3 passes at 15 cm depth and 4 passes with country
plough at normal depth produced statistically similar grain
yield per hectare but sigmficantly different from rest of the
treatments. This finding was supported by Matin and
Uddin®, Rezaul and Ahmed™! and Ardell et al* .

Straw yield: Different tillage treatments significantly
influenced the straw yield of BRRI Dhan-33 (Table 1). The
straw vyield ranged from 3.40 t ha™ to 5.89 t ha™. The
highest straw yield was recorded mn 4 passes with power
tiller at 15 cm depth. The lowest straw yield was obtamed
under 1 pass with power tiller at 7.5 cm depth. 4 passes
with power tiller at 15 cm depth was statistically
significant over 1, 2, 3 and 4 passes at 7.5 cm  depth and
1 pass with 15 cm depth but failed to show any significant
differences between 2 and 3 passes of power tiller at 15 cm
depth and country plough at normal depth. A similar
effect was also reported by Shadidullah and Mazumder™
and Matin and Uddin™.

Biological yield: Biological yield was significantly
affected by tillage operations. The maximum biological
vield was found m 4 passes with power tiller at 15 cm
depth which was significantly different from all other
treatments expect conventional tillage by country plough
(Table 1). The lowest biclogical yield was found in 1 pass
with power tiller at 7.5 cm depth, which was significantly
different from all treatments. Biological vield is the sum of
gramn and straw yield. Therefore, the increase or decrease
1 biological yield 1s obviously correlated to the increase
or decrease 1 grain and straw yield.

Harvest index: Harvest index was significantly affected by
different tillage practices. The highest harvest index was
found in 4 passes with power tiller at 15 cm depth. The
second highest harvest index was found in 4 passes with
country plough at normal depth which was followed by
3 passes with power tiller at 15 cm depth. The lowest
harvest index was found m 1 pass with power tiller
at 7.5 cm depth, which was significantly different from all
other treatments.

The magnitude of tillage effects varies with the use of
tillage implements. Power tiller 1s used for deep ploughing,
sub soiling and rotating the soil much better than that of
country plough. Deep tillage decreases the  bulk
density™™, increases the soil porosity, infiltration rate!'™%
and hydraulic conductivity!"!. As a result, scil becomes

109

permeable, aerated and having good physical condition
for crop growing. On the other hand, shallow tillage
increases the bulk density, soil resistance and mechanical
impedance of soil for which poor physical condition may
be developed. In our experiment, under 4 passes with
deep ploughing (15 ¢m depth) soil perhaps were more
loose compared to other tillage treatments, which might
have permited the roots to enter into the deeper layer for
uptaking water and mineral nutrients. Positive
physiological and metabolic activities of rice were
indicated by ligher LAT wvalues, higher CGR and
consequently the NAR values in the treatment of higher
passes at deep ploughing especially by 4 passes with
power tiller at 15 ¢cm depth. Hence, highest grain yield of
rice was obtained using 4 passes with power tiller at 15 cm
depth ploughmg because of igher number of panicle/hill,
higher panicle length, higher number of grains/panicle and
higher 1000-grain weight.

In conclusion, most of the growth and wyield
parameters of rice responded significantly to different
tillage practices. However, power tiller treatment with
4 passes at 15 cm depth was found to be the better tillage
practice than the rest. Therefore, it may be practiced for
BRRI Dhan-33 rice cultivation in Bangladesh.
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