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Abstract

Rice is the life and livelihood of Indians and the fact is more appropriate to the eastern part of the country.
Rainfed and drought prone upland rice contributes a significant part of the total rice cultivation not only in
India but also at the global level. However, the productivity is very low as compared to other rice-ecosystems.
Hybrids were released from many institutions having several advantages and limitations. Comparative
evaluation of rice hybrids and high yielding varieties (HYVs) under transplanting and direct seeding
conditions is necessary to obtain a comparative picture. A field trial was conducted for three consecutive
years to compare HY Vs and popular hybrids under integrated crop management in drought prone rainfed
ecology. Results of the experiment revealed that higher number of tillers were noted under wet-direct seeding,
whereas increased application of fertilizer dose did not influence tillering under both direct seeding (DSR)
and transplanting methods of crop establishment. Number of panicles per unit area also showed similar trend
as tiller number and it was found that number of panicles were more in DSR as compared to transplanted rice.
Grain yield between the transplanted and DSR is comparable, however, reduction in yield was higher in case
of hybrids when switched from transplanted to DSR as compared to HY Vs. Hence, it can be concluded that,
in the drought prone rainfed areas HY Vs should be preferred for cultivation over hybrids under DSR as there

is diminishing scope of transplanted rice cultivation.
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Introduction

Achieving higher productivity and increasing and a productivity of 2.7 tonnes per hectare. (Gol,

input use efficiency remain the major challenges
experienced by researchers and farmers worldwide
and it is the crucial option for increasing productivity
and profitability in a sustainable manner for meeting
food demand and alleviation of poverty. Rice is the
staple food of about half of the world’s population
mainly in southeast, east, and south Asia and in some
countries of Africa and tropical South America. In
India, rice covers about 44 million hectares of area
with an average production of 120 million tonnes

2022). Considering the increasing population and
the demand for rice, it is estimated that in 2030 and
2050 the requirement would be 137 and 197 million
tonnes, to feed around 1.51 and 1.65 billion people,
respectively (Pathak er al., 2020). India must have
to increase its rice productivity by 3% per annum to
sustain the present food self-sufficiency and to fulfil
future food demand (Thiyagarajan and Selvaraju,
2001). Rice is grown in diverse ecologies from
submerged lowland in Assam to the drought prone
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upland conditions of Chotanagpur plateau and from
hilly regions of Himalaya to the coastal saline regions
of Kerala. Rainfed upland rice accounts for 11% of
total rice area in India (4.8 Mha), located mainly in
Eastern part of the country i.e., Bihar, Chhattisgarh,
Jharkhand, Odisha, UP and West Bengal (Pathak et
al.,2020) and it is the prime contributor of livelihood
security of the people in this region. In a suitable eco-
region mapping for different crops, it was also found
that eastern and northeastern states of the country
come under suitable to very suitable category for
growing rice (Pathak et al., 2020).

Transplanting is the common method of crop
establishment in rice and 77% of rice crop in the world
is established through this method (Rao ef al., 2007).
In India also barring rainfed upland and some deep-
water areas, rice is mostly transplanted in all other
ecosystems. But this method of crop establishment
consumes huge quantity of water either through rain or
irrigation and is highly labour intensive and requires
about 30 persons/ha/day (IRRI 2007). In the recent
years, there is a trend of labour migration from low-
income rural areas to high income urban/ industrial
areas that led to huge shortage of labour in agricultural
sector and as a result, labour-intensive work like
transplanting of rice is adversely affected. Among
different agricultural operations, transplanted rice is
one of the major sources of greenhouse gas emission
contributing 11% of the global total anthropogenic
methane emission leading to global warming effect
(Stocker et al., 2013). With the increasing problem
of transplanting operations in rice cultivation and
to reduce the cost of cultivation in an environment
friendly manner there is a growing interest to replace it
with other suitable methods. Different alternative crop
establishment methods such as dry-direct sowing of
rice (D-DSR), wet direct sowing (Wet DSR), aerobic
rice etc have emerged to address several issues related

to rice production viz. water and labour scarcity,

/R

improving the economic gain from rice cultivation

etc. Aerobic rice is growing rice like any other upland
crop under non-puddled, non-flooded and non-
saturated soil conditions that require considerably less
water than conventional puddled (transplanted) rice.
Direct seeded rice (DSR) in wet (puddled) condition
results in reduced use of labour, less consumption of
water and early crop maturation of 1 to 2 weeks earlier
when compare to the conventional transplanted rice
(Weerakoon et al., 2011; Mishra et al., 2017; Saha
et al., 2020). However, DSR has several limitations
such as inconsistent plant population, injudicious use
of fertilizer, water stress and presence of weeds in
the field that often restrict realization of crop yield
(Shultana et al., 2016). To improve the productivity
and production in rainfed drought prone systems,
a combination of improved varieties as well as
integrated crop management practices are necessary. It
was observed that, many farmers practice injudicious
application of fertilizers which promotes higher losses
in soil or environment that leads to low nutrient use
efficiency. Fertilizers use efficiency (especially N) is
very low in rice (approx. <40%) due to several losses
(Cassman et al., 2002). Beside this, performance of
different crop establishment methods also varies
throughout the agroecological regions with different
crop management options. Hence, there is scope for
comparative evaluation of different establishment
methods and crop management options together
(Alam et al., 2020). Current situation demands an
economically viable crop establishment method while
growing different varieties to enhance the productivity
as well as net return. Limited information is available
on fertilizer management options under wet-DSR
system. Moreover, DSR is an emerging production
system which is less labour intensive that may reduce
the cost of production. Hence, information on effect
of fertilizer and different rice varieties in DSR may

be helpful to identify suitable crop management
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options to achieve higher production and to reduce

cost of cultivation. Therefore, the present study was
undertaken to evaluate suitable varieties and fertilizer
management options to obtain higher grain yield
under wet DSR and to compare its relative advantage

over transplanted rice.

Materials and Methods
Experimental details

To achieve the objectives, a field trial was initiated
in kharif (wet season) of 2016 and continued for
three consecutive years to compare high yielding
varieties (HYVs) and popular hybrids under
integrated crop management (fertilizer application
rates and crop establishment methods) at research
farm of CRURRS (ICAR-NRRI), Hazaribag.
Combination of two crop establishment methods
viz., 1) Transplanting and 2) Wet direct Seeding
(DSR); and two fertilizer management schedule

viz.,, 1) Ng:P, K, and 2) NP _:K, comprised
the main plot treatments while four high yielding
varieties (Hazaridhan, Sadabahar, Sahbhagidhan
and DRR Dhan 44) and two hybrids (PAC 801 and
PA 6444 Gold) formed the subplot treatments. The
experiment was carried out under shallow lowland
field having clay loam soil texture. The weather
condition during the crop growth period is shown

in Figure 1.
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Figure 1: Weather condition during crop growth period

Table 1: Duration and special features of the rice varieties used in the study

Varieties Duration (days) Special Feature

Hazaridhan 115-120 Long slender grain, resistant to blast, moderately resistant to bacterial leaf blight,
stem borer

Sadabahar 105 Long bold grain, moderately resistant to sheath blight

Sahbhagidhan 105-110 Long-bold grains; resistant to blast, and moderately resistant to brown spot, sheath
rot, stem borer and leaf folder

DRR Dhan 44 115-120 Long slender grains, resistant to blast, moderate resistant to bacterial leaf blight and
plant hoppers

PAC 801 120-125 Hybrid, long slender grains

PA 6444 Gold 135 Hybrid, resistant to bacterial leaf blight

Field and crop management

The field was prepared with two passes by a power
tiller followed by two ladderings before sowing or
transplanting. Twenty-four to thirty days old seedlings
were transplanted in the main field at a spacing of 20
cm x10 cm; maintaining two to three seedlings at each
hill in conventional transplanting. In direct seeding,
2-3 sprouted seeds were dibbled manually at 20 cm
x 10 cm spacing in puddled field with negligible
or no standing water on surface. The nursery for

transplanting and main field sowing in direct sowing
was done at the same time for providing uniform
growth. Fertilizers were applied as per the treatments
through urea, DAP (di-ammmonium phosphate) and
MOP (muriate of potash) in both transplanting and
DSR. Alternate wetting and drying were followed
for managing water requirement of the crop. Others
management practices were followed throughout the
experiment as per requirement.
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Data collection and analysis

After harvesting rice plants were separated into straw
(including rachis) and spikelets by hand threshing and
then the grain yield, straw yield, panicle weight, grains
per panicle and 1000-grain weight (test weight) were
recorded. The data pertaining to treatment effects on
different parameters were tested by two-way analysis
of variance (ANOVA), and treatment means were
compared using least significant difference (LSD)
tests at 0.05 level of significance (p < 0.05).

Results and Discussion

During the three consecutive years of study, it was
observed that the number of days required for 50%
flowering varied significantly due to interaction
between varieties, methods of crop establishment as
well as fertilizer application rates. On an average it
was observed that, varieties took 7-10 days more to
flower (50% flowering) under TPR compared to wet-
DSR. Varieties also showed substantial variations
among themselves in number of days taken to 50%
flowering as illustrated in Figure 2.

Wet-DSR 120-60-30

BOWet-DSR 80-40-30 ®@TPR 120-60-30 & TPR 80-40-30

6444 Gold 5
%

PAC 801
DRR Dhan 44
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Deysto 0% fowering
Figure 2: Effect of crop establishment, fertilizer application
and varieties on 50% flowering
Effects of crop management options and varieties
are found to be significant on different growth and
yield attributes as shown in Table 2. Higher number
of tillers was noted under DSR method, whereas
increased application of fertilizer dose did not
influence tillering under both DSR and TPR methods

—
of crop establishment. Number of panicles per unit
area also showed similar trend as tiller number and it
was found that number of panicles were more in DSR
as compared to transplanting. Higher tiller number in
DSR compared to transplanted rice was also observed
in other studies (Mai et al., 2021). Xu et al., (2019)
also reported positive response to direct rice seeding
in terms of panicle number. In contrast to tiller and
panicle number, it was found that, under TPR, panicles
were heavier and number of spikelets per panicle was
also more as compared to DSR method and increased
rate of fertilizer also resulted in heavier panicles with
more grains per panicle. Among the varieties, hybrids
were found with heavier panicles and more spikelets
per panicle as compared to HY Vs. Crop establishment
method and fertilizer application (integrated crop
management options) failed to influence test weight;
however, varieties are found to be significantly
differed in their test weights.

Effect of crop management options and varieties are
significant on the grain yield, and it was found that,
wet-DSR method produced numerically less yield
(not significant in most of the cases) as compared
to transplanted condition. The yield under wet DSR
is comparable to transplanted method as there was
very less change (mean change of approx. 0.5 t/ha)
due to switching from DSR to TPR over three years
of experimentation (Table 2). Other researchers
also reported comparable result in rice grain yield
under wet and dry direct sowing in comparison to
transplanted rice (Kukal and Aggarwal, 2002; Saha
et al, 2020). Among the varieties, hybrids produced
more yield as compared to HY Vs in some instances,
however, the trend is not similar throughout the year
and establishment methods and yield are comparable
in most of the cases (Table 3).

Interactive effect of integrative crop management
options and varieties are also significant, and on an
average, it was found that grain yield reduction of
17.7 per cent in hybrids and 5.0 per cent in the HY Vs
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Table 2: Effect of crop management (crop establishment methods and fertilizer application) and varieties

on yield and yield attributes of rice

Tillers/m? (no.) Panicles/m? (no.) Panicle wt. (g) Spikelets/panicle  1000- grain wt. Grain yield (t/ha)
Treatments (no.) ®
2016 2017 2018 2016 2017 2018 2016 2017 2018 2016 2017 2018 2016 2017 2018 2016 2017 2018
Establishment
method X
Fertilizer
TPR 80-40-30 167 236 201 153 208 178 4.67 430 4.02 209 137 145 249 249 244 5.69 527 477
TPR 120-60-30 155 227 205 142 203 184 5.00 427 416 215 139 152 251 253 254 561 554 4.89
Wet-DSR 8§0- 250 266 255 234 229 227 325 414 325 127 129 103 25.7 26.1 242 499 479 422
40-30
Wet-DSR 120- 231 246 257 209 215 232 3.68 4.18 345 135 127 112 253 259 248 5.60 5.15 3.98
60-30
CD (0.05) 42 30 36 39 16 28 0.58 032 31 ns 25 ns ns 04 0.69 057 0.62
Varieties
Hazaridhan 207 238 228 195 213 200 428 420 3.78 147 116 113 28.1 27.8 273 552 532 457
Sadabahar 256 275 274 236 250 248 328 397 3.15 117 109 106 249 256 246 4.83 4.67 3.88
Sahbhagidhan 218 235 236 188 211 210 3.65 429 349 156 129 117 243 258 243 553 532 4.55
DRR Dhan 44 184 228 214 161 198 188 4.32 437 387 202 148 140 249 264 250 542 504 431
PAC 801 178 237 214 166 207 196 4.69 440 4.07 192 150 136 257 253 248 583 543 4.77
PA 6444 Gold 177 253 212 163 220 186 4.69 4.17 395 231 144 153 233 232 226 5.72 535 471
CD (0.05) 25 18 28 24 20 18 061 027 042 25 14 16 1.5 08 1.1 065 042 0.58
Table 3: Interaction effect of crop management and varieties on grain yield of rice
_ , 2016 | 2017 2018
Rice variety
Tl T2 T3 T4 T1 T2 T3 T4 T1 T2 T3 T4
Hazaridhan 5.91 5.92 4.60 5.64 5.53 5.69 4.79 5.26 5.07 5.12 4.02 4.08
Sadabahar 4.48 4.73 4.78 5.32 4.40 4.85 4.54 4.90 3.58 4.18 4.01 3.76
Sahbhagidhan 5.18 5.37 5.74 5.83 5.47 5.66 491 5.22 4.64 4.78 4.66 4.10
DRR Dhan 44 5.34 5.61 5.05 5.69 5.06 5.19 4.82 5.10 4.50 4.64 4.19 3.89
PAC 801 686 602 487 557 560 591 490 530 545 528 424 412
PA 6444 Gold 639 603 491 5.53 555 596 479 510 539 534 420 392
CD 5% 1.59 0.94 0.86

Note- T1: TPR 80-40-30, T2: TPR 120-60-30, T3: Wet-DSR 80-40-30, T4: Wet-DSR 120-60-30

was noted because of switching of crop establishment
method from TPR to DSR. However, between the two
fertilizer doses, remarkable response of HYVs was
noted under DSR at high dose of fertilizer application.
Hybrids used in this study were originally bred for
conventional transplanting that might be a reason
for less response of hybrids in wet-direct seeding. A
higher number of panicles in DSR compared to TPR
might have compensated for less test weight and
number of grains per panicle (Yadav et al., 2021).

Conclusions

From the above finding it was observed that, though
the number of grains per panicle was lower in DSR,
the increased tiller number compensated the same
which turned into comparable grain yield between the
transplanted and direct seeding. However, reduction
in yield is higher in case of hybrids when shifted
from transplanted to DSR as compared to HYVs.
Rice varieties/hybrids bred for transplanted condition
should not be used for DSR without judging their
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potential to perform in direct seeded methods. Hence,
it can be concluded that in the drought prone rainfed
areas HY' Vs should be preferred for cultivation under
DSR over hybrids as there is diminishing scope of
transplanted rice.
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