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As a staple food, rice (Oryza sativa L.) is consumed by
65% of the world’s population. From irrigated to rainfed,
upland to lowland conditions, it is cultivated under
diverse ecological conditions. Since rice has a semi-
aquatic phylogenic origin, it is primarily produced in
water-intensive systems. Due to climate change and water
competition with other crops, cereal crop production is
becoming increasingly threatened by water shortages
(Chhokar et al, 2017). Rice varieties that are drought
resistant have been developed in response to the predicted
increase in drought in the future. Drought, combined
with its strong relationship with the environment, slowed
genetic improvement. Climate change mitigation will
require an understanding of stress physiology in specific
environments (FAO, 2004). The reproductive stage
is highly susceptible to drought, particularly during
flowering, but even mild droughts can cause considerable
damage in other stages as well (Liu ez al, 2006). There
are approximately 50% of rice-growing areas that are
irrigated, 34% that are rainfed low-lands, 9% that are
rainfed uplands, and 7% that are flooded. The global rice
production is largely dominated by irrigated rice (75%)
(IRRI, 2007).

During the peak period of farm operation, the lack of
irrigation water, insufficient labour and high wages
inevitably delayed rice planting. The solution is to seed

directly in puddled conditions to mitigate this problem.
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Direct seeding of rice refers to sowing seeds directly into
the field rather than transplanting young plants (Pandey
et al., 2002). Rice is typically grown in wetlands by
planting seedlings in puddled fields. Drought is among
the most important constraint adversely affecting yields
in rainfed upland conditions. In comparison with non-
drought-tolerant varieties, drought-tolerant rice varieties
can yield 0.8 to 1.2 tha more. A yield advantage in these
23 million hectares of drought-prone soil will propel
poverty-stricken rural communities to be much more
productive and provide them with food security. Farmers
in drought-prone ecosystems benefit from drought-tolerant
rice varieties by reducing their risk of losing crops. To
enhance the productivity of the drought prone ecosystem
of Bihar, drought tolerant varieties need to be developed
and discriminated. In this context, the objective of this
study was to evaluate the effect of different establishment
methods and drought-tolerant varieties on rice growth and

yield under rainfed conditions in eastern India.

An experiment was conducted at the research farm of
Dr. Rajendra Prasad Central Agricultural University,
Pusa (Bihar) during kharif'season of 2017. The climate is
sub-tropical, greatly influenced by south-west monsoon.
A total of 797.3 millimeters of rainfall fell during the
cropping period, and maximum temperatures ranged
between 32.6 and 37.8 °C. Mean minimum temperatures

ranged between 15.3 and 26.4 °C. Maximum relative
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humidity ranged between 91 to 77%. At the start of the
experiment, the soil layer 0 to15 cm was sandy loam with
pH 8.2, organic carbon content 0.46%, and available N of
285 kg ha', available P,O, of 22.6 kg ha', and available
K,O of 161. kg ha™. Three different establishment methods
(direct seeded rice, puddled transplanting, un-puddled
transplanting) in main-plot were used in the split-plot
design of the experiment and six varieties (Sahbhagi Dhan,
Abhishek, Sabour Ardhjal, DRR 42, Swarna Shreya,
Rajendra Neelam) in sub-plot with three replications.
Each treatment was replicated three times, with a net plot
size of 5.0 m x 2.6 m. The treatments were randomized as
per procedure given by Cochran and Cox (1962).Several
agronomic characteristics of rice plant are observed at
different growth stages using the “representative sample”
technique. Sampled plants were properly earmarked and

tagged for field observation in situ.

With a meter scale, each net plot area consisted of five
randomly selected hills tagged and measured in cm. Before
heading, the height was measured at 30, 60 and 90 DAS/
DAT. Counting the leaves was completed after detaching
the leaves from their sheaths and categorizing them into
small, medium, and large ones. Using a maximum length-
width method for leaf area calculation, multiplied by the
correction factor of 0.75 given by Yoshida (1981) for rice.
The number of tillers was counted from the hills selected
for plant heights during 30 DAS/DAT, 60 DAS/DAT,
and 90 DAS/DAT. Plant of five hills from second row
of each plot were uprooted and the uprooted plant were
washed thoroughly. Thereafter, whole plant sample were
sun dried, first. After that plant were oven dried (70° C £
5° C) for 48 hours till constant weight was attained. The
final dry weight was expressed in g m?. The formula given
by Watson (1952) is based on dry weight gained by a unit
area of crop in a unit time expressed as g m?day'.On the
basis of clean and dry grains yield in the net plot area, kg
plot’! was converted to t ha'. In each net plot area, straw
was obtained after threshing and weighed after air drying.
As a result, the weight of straw obtained was converted
into t ha'. In this study, the analysis of variance was
performed by employing the appropriate method (Gomez
and Gomez, 1984).

Plant height at 30, 60, 90 DAS/DAT and at harvest
were statistically non-significant under the establishment

methods studied (Table 1). However, leaf area index
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(LAI) at 60 and 90 DAS/DAT was found to be statistically
significant. Highest LAI (4.86 and 4.28) was observed
with puddled transplanting at 60 and 90 DAS/DAT
respectively which was significantly higher over other
establishment methods. There may be less competition
between the main crop and weeds for resources, such as
light, nutrients, and moisture, since little water percolates
under puddled conditions. A higher LAI was also
reported by Baloch et al. (2006) for transplanted rice.
It was found that puddled transplanting produced
significantly more tillers and dry matter at 60, 90 DAS/
DAT, as well as at harvest, compared with unpuddled
transplanting and direct seeding of rice. The increase in
number of tillers and drymatter production under puddled
transplanting could be attributed to better moisture
regimes in puddled transplanting since puddling reduces
percolation of water. Similar results were reported by
Kumar ¢t al. (2008). In general crop growth rate increased
upto 90 days only. This may be ascribed to the increased
leaf abscission and senescence during late stages. Crop
growth rate was estimated during 0-30, 30-60, 60-90 DAS/
DAT and 90 DAS/DAT to harvest and during all the
stages it was non-significant except during 60-90 DAS/
DAT where maximum CGR (16.12 gm*?day™!) was noticed
under puddled transplanting. Increased dry matter is the
sole reason of significant improvement in crop growth
rate. Sharma ez al. (2006) also reported significant variation
on crop growth rate among establishment methods.
SabourArdhjal had the highest plant height at all stages,
followed by Abhishek and Sahbhagi Dhan. Variations
in photosynthetic partitioning may be responsible for
variation in plant height among varieties. Uddin et
al. (2010), Sarkar et al. (2013), and Birhane (2013) also

reported similar results.

LAI varied significantly among varieties at all stages of
observation (Table 1). The variety Sahbhagi Dhan has
registered the highest LAI at all the stages of growth
which was followed by Sabour Ardhjal. The higher
number of tillers under this variety at all the stages of
growth might be responsible for greater LAI Likewise,
Murthy ez al. (2012) reported similar findings. At 90 DAS,
puddled transplanting produced the highest number of
tillers (273.6 m?), significantly higher than unpuddled
transplanting (248.9 m?) and direct seeding of rice (247.6
m?).Correspondingly, at harvest maximum number of
tillers (265.0 m?) was obtained with Sahbhagi Dhan,
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Fig. 1. Effect of different establishment methods and varieties on grain yield (t ha') and straw

yield (t ha')

M -Direct seeding of rice; M,-Puddled transplanting; M,-Unpuddled transplanting; V
 DRR42; V/,

Dhan V,-Abhishek; V, Sabour Ardhjal,

which was statistically at par with Sabour Ardhjal (257.7
m?) and Sawarna Shreya (256.0 m?) and significantly
superior over rest of the varieties. Sahbhagi Dhan has
more tillers due to its ability to adapt to stress conditions
with higher water and nutrient use efficiency capabilities,
increasing photosynthetic rate and stomatal conductance.
These findings are in agreement with those of Baghelet
al. (2013) and Dinesh et al. (2005). Significant variation in
dry matter production and crop growth rate was observed
among the varieties in all the stages of observation. Sabour
Ardhjal recorded higher dry matter production and crop
growth rate from 30 days onwards. There is also evidence
that Gill et al (2006), Murthy ez al. (2012), and Sarkar ez

al. (2013) have found similar results.

The highest grain yield was obtained from puddled
transplants (4.13 tha?), followed by unpuddled transplants
(3.80 t ha') and direct seeded rice (3.78 t ha').In
comparison to the other varieties, Sahbhagi Dhan was
significantly superior in grain yield. The variety produced
4.15 t ha',
Ardhjal and Swarna Shreya. According to Sahu et al.

which was statistically similar to Sabour
(2015), puddled transplanting results in higher grain yields

than unpuddled transplanting. A similar conclusion was

reached by Jha et al. (2011) as well.

pY

-Sahbhagi
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It can be concluded from these results that puddled
transplantation performed significantly better than direct
seeding or unpuddled transplanting in terms of plant
growth and yield, and Sahbhagi Dhan performed better
among different varieties as far as growth and yield were
concerned. Hence, for rainfed ecosystem transplantation
of drought tolerant rice variety Sahbhagi Dhan under
puddled condition may be a viable option for superior

growth and yield.
Acknowledgement

The authors wish to thank the Dr. Rajendra Prasad Central
Agricultural University, Pusa, Samastipur for providing

the necessary facilities throughout the entire study.
Compliance with ethical standards: NA
Conflict of interest: No

Authors’ contribution:

This article is fully based on M.Sc. research work of the
first author (A. Paswan) under the supervision of N. Kumar
as major advisor. N. Kumar and A. Paswan conceptualized
and designed the experiment. Manuscript has been drafted
by S. Sow. All the authors have provided critical feedback

in preparation of the manuscript.

307



Journal of Cereal Research 15 (2): 304-308

References
1.

10.

308

Baghel JK, YV Singh, D Kumar, G Abraham and
S Singh. 2013. Effect of varieties and nitrogen
management on nematodes infestation and
productivity of aerobic rice (Oryza sativa). Indian
Journal of Agronomy58(3):427-429.

Baloch MS, IU Awan, G Hassan and AA Khakwani.
2006. Effect of establishment methods and weed

management practices on some growth attributes
of Rice. Rice Sciencel3(2):131-140.

Birhane A. 2013. Effect of planting methods on
yield and yield components of rice (Oryza Sativa L.)
varieties in TahtayKoraroWereda, Northern Ethiopia.
International Journal of Technology Enhancement and
Emerging Engineering Researchl(5):2347-4289.

Chhokar RS, RK Sharma, SC Gill and R Kumar.
2017. Influence of tillage, ultivar, seed rate and

planting geometry on wheat yield. journal of Wheat
Research9(1):12-20.

Dinesh D, A Baskar and AU Bagabathi. 2005.
Influence of methods of rice cultivation on yield,
nutrient availability and uptake of nutrients

in the coastal soils of Karaikal. Journal of Rice
Research1(2):30-35.

FAO. 2004. Rice is life. (www.fao.org/newsroom/
en/focus/2004/36887/index.html)

Gill MS, A Kumar and P Kumar. 2006. Growth
and yield of rice (Oryza sativa) cultivars under
various methods and time of sowing. Indian Journal
of Agronomy51(2): 123-127.

IRRI 2007. The rice environments or ecosystems.
(www. knowledgebank. irri.org /ericeproduction/0.3._

Rice_environments.html)

Jha AK, ML Kewat, VB Upadhyay and SK
Vishwakarma. 2011. Effect of tillage and sowing
methods on productivity, economics and energetics
of rice (oryza sativa) wheat (Triticum aestivum) cropping
system. Indian Journal of Agronomy56(1):35-40.

Kumar GS, P Muthukrishnan, S Ramasamy and
KK Chandaragiri. 2008. Effect of non conventional
systems of cultivation with varied nitrogen levels on
growth, yield and water management of rice. Madras
Agriculture Journal95:343-352.

11.

12.

13.

14.

15.

16.

17.

Liu Z, XG Yang, CY Xue, QP Zhang, BAM
Bouman and HQ Wang. 2006. Analysis of
water consumption and yield characteristics of
aerobic rice in North China. Chinese Journal of Eco-
Agriculturel6(5):1143-1148.

Murthy KVR, DS Reddy and GP Reddy. 2012.
Response of rice (Oryza sativa) varieties to graded
levels of nitrogen under aerobic culture. Indian

Journal of Agronomy57(4):367-372.

Pandey S, LE Velasco and N Suphanchaimat. 2002.
Economics of direct-seeding in North East Thailand.
Direct Seeding: Research and Strategies and
Opportunities. Proceeding of the International Workshop
on Direct Seeding in Asian Rice System.: Strategic Research
Issues and Opportunities, 25-28 Jan., 2000, Bangkok,
Thailand. IRRI. pp 139-160.

Sahu R, MK Singh and L Yadav. 2015. Yield and
economics as influenced by nitrogen scheduling,
weed management and rice establishment methods
in transplanted rice (Oryza sativa). Indian Journal of
Agronomy60(2):261-266.

Sarkar BC, M Zahan, UK Majumder, MA Islam and
B Roy. 2013. Growth and yield potential of some
local and high yielding boro rice cultivars. Journal
of Agronomy for Environment7(1):107-110.

Sharma V, AS Bali and Kachroo. 2016. Effect
of different establishment methods and sowing
schedule on growth and yield of hybrid rice (Oryza
sativa) and their after effect on succeeding wheat

(Triticum aestivum) in rice-wheat cropping system.
Economic Affair61(13):487-493.

Uddin MJ, MM Hasan, SM Ahmed and M Hasan.
2010. Effect of spacing on morpho-physiological
response of different Aman rice cultivars under
coastal high land ecosystem. Indian Journal Agricultural
Researchd4(4):251 — 258.



