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Abstract

A field experiment was conducted to compare the response of wheat crop in rice-wheat cropping
system to flat and bed sowing methods. The experiment was comprised of triple-row and double-row bed
planting with bed planter and a single row flat sowing with Rabi drill. Maximum germination count,
number of productive tillers, grains per spike, 1000-grains weight and grain yield (kg ha™) were observed
in triple-row bed planting followed by double-row bed planting and drill sowing. The grain yield obtained
in triple-row (3953 kg ha) and double-row (3728 kg ha™) bed planting methods, was 17% and 11%,
respectively more than that of flat sowing (3364 kg ha™). It is thus concluded that triple-row bed planting is

the most appropriate method of wheat sowing after rice.
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Introduction

Wheat (Triticum aestivum L.) is the staple
food of Pakistan and the most important cereal
crop of the country. It contributes 14.4 percent to
the value added in agriculture and 2.8 percent to
GDP. Wheat is cultivated on an area of 9042
thousand hectares with the annual estimated
production of 23864 thousand tones and an
average yield under irrigated conditions as 2639
kg ha' (Anonymous, 2010). The average grain
yield of wheat in Pakistan is very low as compared
to other leading wheat-growing countries of the
world. Several reasons of low production are poor
soil fertility, lack of irrigation water, weed
infestation, late planting and, the most important
and less noticeable is the traditional sowing
method.

The selection of suitable sowing method
plays an important role in the placement of seed at
proper depth, which in turn ensures the better
emergence and the subsequent growth. In Pakistan
wheat is sown through broadcast method on a
large area after harvesting rice. Broadcasting not
only requires higher seed rate but also results in
poor plant population (Collins and Fowler, 1992).
Drill sowing is recommended method because of
its uniform seed distribution at desired depth,
which results in better germination and uniform
crop stand (Tariq et al., 2001; Riffkin et al., 2003).

Sowing of cereals on raised beds was
introduced initially for wheat after inspiring by the
success of irrigated maize-wheat on permanent

raised beds in Mexico (Sayre and Hobbs, 2004).
Since then, many advantages of growing wheat on
beds have been reported including opportunities
for mechanical weeding, relay intercropping and
improved fertilizer placement (Sayre and Hobbs,
2004), irrigation water savings of about 30% and
reduced water logging (Talukdar et al., 2002;
Sayre and Hobbs, 2004). Raised beds are widely
used in agriculture in developed countries and
have proven to be an excellent option for wheat
(Singh et al.,, 2009). In field experimentation,
Humphreys et al. (2005) reported irrigation water
savings of 12-60% for direct-seeded and
transplanted rice on beds, but with variable effects
on yield and water productivity. Balasubramanian
et al. (2003) described that transplanting or direct
drill sowing of rice on beds is more efficient in
irrigation water use than traditional transplanting
of rice in puddle soil. As a result of better physical
environment (loose soil) under bed planting,
higher root length density in upper 0-50 cm soil
layer was observed than that of conventional
system (Aggarwal and Goswami, 2003).

Although effectiveness of raised bed sowing
is well studied in various cropping systems but
detailed information is not available with
reference to wheat by considering the number of
rows per bed as a factor. Therefore the present
study was planned to compare the conventional
flat sowing of wheat with double-row and triple-
row bed sowing.
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Materials and Methods

A field experiment was conducted at
Adaptive Research Farm, Sheikhupura, Pakistan
(31.0°-32.5° N; 73.5°-74.42° E) during Rabi 2009-
10 in a silt loam soil. The experiment was laid out
in randomized complete block design with three
replications in plots measuring 8 m x 10 m. The
experiment comprised of three treatments viz.
triple-row bed planting, double-row bed planting
with bed planter and single row sowing on flat
with Rabi drill. After the harvest of rice crop, seed
bed was prepared by traditional methods. The bed
(70 cm wide) formation and wheat cv. Sehar-2006
seeds sowing were done in a single operation by
using bed planter on 15" of November, 2009. The
seed was used @ 125 kg ha™. To the bed and flat
plots fertilizers were applied at 100 kg N, 60 kg
P,0s5 and 60 kg K,0 ha'! in the form of urea,
diammonium phosphate (DAP) and sulphate of
potash (SOP), respectively. The whole P, K, and
one third of N were applied at time of sowing.
Remaining two third of the N was applied with
first irrigation. Four irrigations excluding rauni
(irrigation applied before seed bed preparation)
were applied at crown root initiation, booting,
anthesis and grain development stages. All other
agronomic practices except those under study
were kept normal and uniform for all the
treatments. The meteorological data for the growth
period of wheat crop was collected from weather
station of Plant Protection Department located in
the vicinity of experimental area (Table 1).

An area of one square meter was taken at
random at 3 places in an experimental unit to
record observations and averages were used in
statistical analysis. Germinated seeds and fertile
tillers were counted from the selected area. Wheat
leaf area was measured periodically (40, 80 and
120 days after sowing with leaf area meter (Licor
Model 3100) by randomly selecting a 20 cm crop
row segment in each plot at three places. For
recording number of grains spike” and plant
height, ten tillers were randomly selected from
each plot. The crop was harvested on April 15,
2010 and threshed mechanically with a mini
thresher. A random grain sample from each
experimental unit was obtained to record 1000-
grains weight (g). The data collected were
analyzed statistically by using Mstat-C Fisher’s
analysis of variance was used to test the
significance of variance sources and treatment
means were compared by using LSD test at P <
0.05 (Steel et al., 1997).
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Results and Discussion

Effect of planting methods on germination
count

Planting methods significantly affected the
number of wheat seedlings emerged per square
meter (Table 2). Among the three treatments,
minimum number of seedlings (172 m™) was
observed in flat sowing with Rabi drill. Maximum
(208 m?) number of seedlings was noted in
treatments where crop was sown on triple-row
beds. It was statistically (P < 0.05) at par with that
of double-row beds (Table 2). The better
germination of wheat seeds in bed sowing
compared to that of flat sowing might be attributed
to the availability of more volume of loose soil
and almost uniform moisture conditions to all
seeds sown on beds. These results are contrary to
Tanveer et al. (2003), who reported that drill
sowing on flat or on beds promoted emergence of
wheat seedlings. These contradictions seem to be
due to differences in soil physicochemical
properties in both studies.

Effect of planting methods on leaf area, spike
bearing tillers and grains per spike

All three sowing methods significantly
affected leaf area (m?) of wheat crop and it was
increased from 40 DAS to 80 DAS and then
declined at 120 DAS. Maximum leaf arca was
noted in plots where crop was sown on double-
row bed followed by triple-row bed planting
technique. However, in both cases, leaf area was
statistically similar when noted at 40 and 80 DAS
(Table 2).

The magnitude of the sink capacity of wheat
spike is determined by the number of grains it
produces, which are often affected by the growing
conditions. The sowing method not only
influenced the number of spike bearing tillers but
also significantly affected the number of grains per
spike.  Triple-row bed planting produced
significantly higher number of productive tillers
m~ (354.31) which was statistically (P < 0.05) at
par with that of double-row bed planting. The least
number of productive tillers m? (341.25) was
recorded in plots of Rabi drill sowing on flat
(Table 2). In the same way, grains per spike were
found maximum (42.23) when sowing was done
according to triple-row bed planting which was
statistically (P < 0.05) at par with that of double-
row bed planting. The least number of grains
spike™ (38.10) was noted in plots sown by Rabi
drill (Table 2).
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More leaf area, number of spikes per
square meter and grains per spike, in case of wheat
sown on beds, seems to be due to more nutrient
and water use efficiency owing to better root
growth in low bulk density soil of beds than that
of flat. Better nutrient uptake by plants sown on
beds than those on flat is reported previously (Syre
and Ramos, 1997).

Effect of planting methods on plant height

Plant height is a function of both genetic
constitution as well as the environmental factors.
The data regarding plant height as affected by
different planting methods is presented in Table 2.
There was a significant difference (P < 0.05)
among the height of wheat plants sown under
different planting geometry. The tallest plants
(85.10 cm) were found in plots where sowing was
done with automatic Rabi drill which was
statistically (P < 0.05) at par with that of double-
row bed planting. Wheat plant height was found
minimum (81.71 cm) in plots where sowing was
done on triple-row beds.

The decrease in plant height of bed sown
wheat than that of drilled on flat might be
attributed to the moderate availability of water in
beds. In case of wheat sown on flat flooding at
regular intervals and rains gave a more dip of roots
to water than that of bed sowing. This impact is
further increased when irrigation was followed by
rain at different growth stages particularly
vegetative ones (Table 1). Increase in plant height
with surplus amount of water is already reported
by researchers (Baher et al., 2002).

Effect of planting methods on 1000-grains
weight and grain yield

Grain weight is an important yield
component and makes a major contribution to
grain yield of wheat. Significantly (P < 0.05)
higher 1000-grains weight (40.34 g) was observed
in triple-row bed planting and it was followed by

double-row bed planting method. The wheat 1000-
grains weight was minimum (35.52) in plots sown
by Rabi drill on flat (Table 2).

The efficiency and effectiveness of a sowing
method is ultimately determined by grain yield per
hectare, which in turn is a function of the interplay
of the wvarious yield components. The data
pertaining to grain yield depicted that there was
highly significant difference among the wheat
grain yield under various sowing methods. Triple-
row bed planting produced significantly (P < 0.05)
higher grain yield (3953 kg ha™') which was 17%
more than that of flat sowing and it was
statistically at par with double-row bed planting
method. The minimum grain yield (3364 kg ha™)
was obtained from plots sown by Rabi drill on flat
(Table 2)

In conventional tillage system ploughing soil
more than 4 inches depth provide very little loose
space in soil for the growth and development of
plant roots. Raising the soil to form beds possibly
increase the volume of low bulk density soil for
better and easy root proliferation. Therefore, more
volume of soil would be explored for nutrient
uptake with healthy crop stand. It was due to the
same reason that bed sowing improved growth and
yield parameters of wheat compared to that which
was sown flat. The better grain yield of wheat on
beds was due to more germination count, number
of productive tillers, grains per spike and 1000-
grains weight. A number of researchers reported
more crop yields by sowing on beds than that of
flat (Rath et al., 2000; Pratik et al., 2002; Tripathi
et al., 2002); however, reversal is also possible
under some specific soil and environmental
conditions (Riffkin et al., 2003).

It is concluded from the results of the
experiment that triple-row bed planting is a better
method of sowing of wheat after rice. Further
investigations are required to understand
principles behind the scene by taking root growth
and nutrient uptake as parameters.

Table 1: Meteorological data during growth period of wheat for the year 2009-10.

Mean Temperature (°C) Relative .

Month Minimum Maximum humidity (%) Rainfall (mm)
November 2009 12.0 25.3 55 0.0
December 2009 5.2 23.1 50 2.0
January 2010 4.6 17.4 68 0.0
February 2010 8.7 23.6 78 1.0
March 2010 17.0 32.1 70 3.0
April 2010 20.7 34.6 58 4.0

Source: Assistant Director of Agriculture (Pest Warning and Quality Control), Sheikhupura, Pakistan.
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Table 2: Growth and yield parameters of wheat as affected by different planting methods.

2 . Number

Leaf area (m) Getrir(r)lrllna— Plant of spike ~ Number lfa(;g; Grain

Treatments 120 count height bearing of grains v% cight yield
40DAS  80DAS ¢ e (cm) tillers spike™ © (kg ha™)

() £

Triple-row bed 2.09at 428 a 1.99 a 208 a 82b 354a 42a 403 a 3953 a

planting a7
Double-row bed 2.08a 438a 2.07a 186 ab 83 ab 353 ab 4l a 37.7b 3728 ab

planting an
Single row flat 1.94b 3.87b 1.78 b 172b 85a 341b 38b 355¢ 3364 b

sowing (Control)
LSD P <0.05 0.85 0.15 0.11 32.02 2.58 10.41 1.53 0.76 554.0

+Means not sharing a letter in common in a column differ significantly at P < 0.05 by using LSD test.
Figures given in parenthesis indicate percent increase over control. DAS = days after sowing.
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