GROWTH AND YIELD OF BORO RICE AS AFFECTED BY
SEEDLING AGE AND PLANTING GEOMETRY UNDER
SYSTEM OF RICE INTENSIFICATION

SUDIP CHAKRABORTTY

SN
By =

DEPARTMENT OF AGRONOMY
SHER-E-BANGLA AGRICULTURAL UNIVERSITY
DHAKA-1207

JUNE, 2013



GROWTH AND YIELD OF BORO RICE AS AFFECTED BY
SEEDLING AGE AND PLANTING GEOMETRY UNDER
SYSTEM OF RICE INTENSIFICATION

BY

SUDIP CHAKRABORTTY
REGISTRATION NO.: 06-01885

A Thesis
Submitted to the Faculty of Agriculture
Sher-e-Bangla Agricultural University, Dhaka
in partial fulfilment of the requirements
for the degree of

MASTER OF SCIENCE
IN
AGRONOMY

SEMESTER: JANUARY-JUNE, 2013
Approved by:

Prof. Dr. Parimal Kanti Biswas Prof. Dr. Tuhin Suvra Roy
Supervisor Co-Supervisor

Prof. Dr. A. K.M. Ruhul Amin
Chairman
Examination Committee



DEDICATED
T0
MY BELOVED PARENTS




DEPARTMENT OF AGRONOMY

| uj Sher-e-Bangla Agricultural University
3 Sher-e-Bangla Nagar, Dhaka-1207

.
e e

CERTIFICATE

This is to certify that the thesis entitled “Growth and Yield of Boro Rice as
Affected by Seedling Age and Planting Geometry Under System of Rice
Intensification” submitted to the Faculty of Agriculture, Sher-e-Bangla
Agricultural University, Dhaka, in partial fulfilment of the requirements for the
degree of MASTER OF SCIENCE in AGRONOMY, embodies the result of a
piece of bonafide research work carried out by Sudip Chakrabortty, Registration
number: 06-01885 under my supervision and guidance. No part of the thesis has

been submitted for any other degree or diploma.

| further certify that such help or source of information, as has been availed on

during the course of this investigation has duly been acknowledged.

Dated: (Prof. Dr. Parimal Kanti Biswas)
Dhaka, Bangladesh Supervisor




ACKNOWLEDGEMENT

All praises to Almightly and Kindfull trust on to “Omnipotent Creator” for His
never-ending blessing, the author deems it a great pleasure to express his
profound gratefulness to his respected parents, who entiled much hardship

inspiring for prosecuting his studies, receiving proper education.

The author likes to express his deepest sense of gratitude to his respected
supervisor Dr. Parimal Kanti Biswas, Professor, Department of Agronomy,
Sher-e-Bangla Agricultural University (SAU), Dhaka, Bangladesh for his
scholastic  guidance, support, encouragement, valuable suggestions and
constructive criticism throughout the study period and gratuitous labor in
conducting and successfully completing the research work and in the preparation

of the manuscript writing including data analysis.

The author also expresses his gratefulness to his respected Co-Supervisor
Dr. Tuhin Suvra Roy, Professor, Department of Agronomy, Sher-e-Bangla
Agricultural University, Dhaka for his scholastic guidance, helpful comments and
constant inspiration, inestimatable help, valuable suggestions throughout the

research work and in preparation of the thesis.

The author expresses his sincere gratitude towards the sincerity of the Chairman,
Dr. A.K.M. Ruhul Amin, Professor, Department of Agronomy, Sher-e-Bangla
Agricultural University, Dhaka for his valuable suggestions and cooperation
during the study period. The author also expresses heartfelt thanks to all the
teachers of the Department of Agronomy, SAU, for their valuable suggestions,

instructions, cordial help and encouragement during the period of the study.

The author shows his gratefulness to the Bangladesh Academy of Sciences for

financial support to conduct the research.

The author expresses his sincere appreciation to his brother, sisters, relatives, well
wishers and friends for their inspiration, help and encouragement throughout the

study period.



GROWTH AND YIELD OF BORO RICE AS AFFECTED BY SEEDLING
AGE AND PLANTING GEOMETRY UNDER SYSTEM OF RICE
INTENSIFICATION

ABSTRACT

The experiment was conducted at the Sher-e-Bangla Agricultural University,
Dhaka, Bangladesh during the period from December 2011 to May 2012 to study
the growth and yield of Boro rice as affected by seedling age and planting
geometry under System of Rice Intensification (SRI). BRRI dhan50 were used as
the test crop of this experiment. The experiment comprised of two factors. Factor
A: Seedling age (4 levels); 12 days old seedling, 14 days old seedling, 16 days old
seedling & 30 days old seedling and Factor B: Plant spacing: (5 levels); 25 cm x
25 cm, 30 cm x 30 cm, 35 cm x 35 cm, 40 cm x 40 cm and 25 cm x 15 cm. The
experiment was laid out in split-plot design with three replications. Due to the
interaction effect of seedling age and planting geometry, the maximum number of
effective tillers hill™* (39.20) was found in the treatment combination of 12 days
old seedlings transplanted in 40 cm x 40 cm spacing and the minimum number
(16.20) in same seedling age with 25 cm x 15 cm spacing. The longest panicle
(23.90 cm) was found in the treatment combination of 14 days old seedlings with
30 cm x 30 cm spacing and the shortest (22.38 cm) in 16 days old seedlings
having 25 cm x 25 cm spacing. The maximum number of filled grains panicle™
(108.97) was found in the treatment combination of 14 days old seedlings with 40
cm x 40 cm spacing and the minimum number (84.60) in 16 days old seedlings
having 25 cm x 25 cm spacing. The highest grain yield (7.11 t ha™) and straw
yield (6.86 t ha™) were found in the treatment combination of 16 days old
seedlings transplanted in 40 cm x 40 cm spacing whereas the lowest grain yield
(3.21 t ha™) in 30 days old seedlings with 30 cm x 30 cm spacing but straw yield
(2.70 t ha™) in 16 days old seedlings with 30 cm x 30 cm spacing. The 16 days old
seedlings planted in 40 cm x 40 cm spacing showed the better response in most of
the studied parameters.
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CHAPTER |

INTRODUCTION

Rice is the most important food for majority of people around the world. It is the
staple food for more than two billion people in Asia (Hien et al., 2006). In
Bangladesh, the geographical, climatic and edaphic conditions are favorable for
year round rice cultivation. About 75% of the total cropped area and more than
80% of the total irrigated area is planted to rice (Hossain and Deb, 2003).
However, the national average rice yield in Bangladesh (4.2 t ha™) is very low
compared to those of other rice growing countries, like 8.75 t ha™ in China, 8.22
t ha™! in Japan and 8.04 t ha™ in Korea (FAO, 2009).

A conservative statistics given by Bhuiyan et al. (2002) indicated that about 21%
higher amount of rice than the production of 2000 have to be produced to feed the
population of Bangladesh by the year 2025. There is no opportunity to increase
rice area consequently; much of the additional rice required will have to come
from higher average yield on existing land. Horizontal expansion of rice area, rice
yield unit™ area should be increased to meet this ever-increasing demand of food
in the country. Clearly, it will require adoption of new technology such as high
management package, high yielding cultivar, higher input use etc. (Wang et al.,
2002). There should be need to develop appropriate management technique.
Proper planting and management practices are the most effective means for
increasing Yyield of rice at farmers level using inbred and hybrid varieties
(Alauddin, 2004).

The age of rice seedling plays a vital role in the growth and development of rice
and as well as the production of grain. Rice seedlings lose much of their growth
potential if they are transplanted more than 15 days after they emerge in their
nursery. Early aged seedlings utilize maximum time for vegetative growth,
whereas older seedling recover slowly particularly when injured during up rooting

and produce fewer tillers, delay maturity and may reduce yield (De Datta, 1981).



BRRI (2003) reported that the best age for transplanting wet-bed seedling is 20-30
days and according to the optimum age of seedling for aus, and boro rice are 20-
30, 30-40 and 35-50 days, respectively. Seedlings should be transplanted before
the fourth phyllochron begins to preserve the tillering potential (Rafaralahy,

2002). Seedling age is known to influence the seed yield (Singh et al., 2004).

System of rice intensification (SRI) developed in Madagascar, is a system
approach to increase rice productivity with less external and inexpensive inputs.
SRI method of cultivation is slowly gaining momentum all over the world. SRI
cultivation is visualized as a water saving system of rice cultivation. The most
obvious advantage from SRI appears to be the yield increase in farmers’ field
without any new seeds or chemical and mechanical inputs (Stoop et al., 2002) and
that is reported to be from 50% to 200% (Uphoff, 2005; Deichert and Yang, 2002;
Wang et al., 2002). According to proponents, SRI techniques encompasses a set
of principles, each of them fairly simple, but working synergistically with the
others in order to achieve higher grain yield in boro rice (Uphoff, 2002;
Anon., 1992; Vallois, 1996).

Early transplanting of rice seedlings assumes special significance and principal
means in obtaining higher yields in SRI cultivation. It is reported that the rice
yields obtained in this method is similar to the yields obtained under conventional
system although it requires 50 per cent less water. This is the most important
feature, since the water table depletion has become a global phenomenon, which
is sending alarming signals to rice growing countries (Laulanie, 1993). The SRI is
also one such type of methodology, which revolves around this concept. One of
the sound principles of SRI is, wider spacing of plants leading to greater root
growth and better tillering potential. SRI is now a proven technology worldwide
that can increase the productivity of irrigated rice cultivation by changing the
management of plants, soil water and nutrients (Haden et al., 2007; Kabir and
Uphoff, 2007; Mishra et al., 2006; Ceesay et al., 2006; Latif et al., 2005).



SRI is a package of technologies that cuts the seed cost by 80-90% water savings
of 25 to 50%. The system may require more labor but once the methods are
mastered and complemented are being developed labor is saved. Furthermore SRI
is environment friendly; accessible for farmers which have small land holdings
and need to get highest yields possible from their available land, higher outrun
with fewer broken grains, ripening about 7 days sooner than regular crops of the
same variety, reducing the application of agrochemicals. The plant geometry and
spatial configuration exploit the initial vigour of the genotypes, enhances soil
aeration and provides congenial condition for better establishment. Hence, there is
a need to study the effect of seedling age and planting geometry to get higher seed

yield of better quality in Bangladesh condition.

Considering these matters this research work was undertaken with the following

objectives:
I. To find out the optimum planting geometry in SRI

ii. To find out the optimum seedling age to be used in SRI.



CHAPTER 11
REVIEW OF LITERATURE

Horizontal expansion of rice area, rice yield unit™ area should be increased to
meet this ever-increasing demand of food in the country but it will require
adoption of new technology such as high management package, high vyielding
cultivar, higher input use etc. Management practices have considerable effects on
the growth and development of any crop particularly rice. Among these, seedling
age and planting geometry are the two important factors. Numerous studies have
been performed evaluating the influence of seedling age and planting geometry on
the performance of rice. Among the above factors some of the recent past
information on seedling age and planting geometry on rice have been reviewed

under the following headings:

2.1 Influence of seedling age on the growth and yield of rice

Kavitha et al. (2010) carried out a field experiment during kharif seasons to study
the effect of age of seedlings, weed management practices and humic acid
application on SRI. Transplanting 14 days old seedlings with pre emergence
application of Pretilachlor at the rate of 0.75 kg ha™ and one mechanical weeding
at 30 DAT and humic acid application as seedling dip (0.3%) and foliar spray
twice significantly reduced weed growth and improved growth parameters, yield

attributes of rice.

Thakur et al. (2010) conducted an experiment in eastern India over three years,
2005-2007, to compare the performance of certain System of Rice Intensification
(SRI) practices: transplanting single, young (10 days old) seedlings the Central
Rice Research Institute of India. All plots received the same fertilization, a
combination of organic and inorganic nutrients, and the SRI spacing used was
20% less than usually recommended. These selected SRI practices out-yielded
RMP by 42%, with the higher vyield. Significant measurable changes were
observed in physiological processes and plant characteristics, such as longer

panicles, more grains panicle™ and higher percentage of grain-filling.



Krishna and Biradarpatil (2009) conducted an experiment to study the Influence
of age of seedlings and spacings on seed yield and quality under SRI (system of
Rice Intensification) method of cultivation in ES-18 short duration variety during
rabi season at Agricultural Research Station Gangavati, Karnataka during 2004-05
and reported that the younger seedlings (8 days-old) flowered early. Time of 50%
flowering increased as the age of the seedling increased from 8 days old to 12
days old, 16 days old, 25 days old.

Krishna et al. (2008) conducted an investigation to evaluate the influence of
system of rice intensification (SRI) on seed yield and quality in rice variety BPT-
5204 was conducted at Agricultural Research Station (Paddy), Sirsi during kharif
2004-05. They reported that the 12 days seedlings produced more number of
tillers per plant and productive tillers per plant. Wider spacing of 40 x 40 cm
found to have significant influence on growth parameters. The younger seedlings
(8 days-old) flowered about four to five days earlier as compared to 25 days-old
seedlings. Significantly higher seed yield per ha (3.19 t) was produced by 12 days
seedlings. The treatment combination of 12 days old seedling with wider spacing

recorded maximum seed yield ha™.

Karmakar et al. (2004) reported that, conventional practice (25 cm x15 cm
spacing with 15 days old seedlings) gave higher yield that the SRI practices with
wider spacing. Number of tillers and panicle per unit area were higher in closer

spacing that contributed to obtain higher yield.

Longxing et al. (2002) studied the physiological effects of different rice crop
management systems by comparing the results associated with traditional methods
of flooded rice irrigation to non-flooded rice farming with young seedlings and
wider spacing (SRI). In SRI, they observed, forms high biomass by larger
individual plants, and dry mater accumulation after heading accounted for 40% of
the total dry matter. More than 45% of the material from stem and sheath was
contributed to grain yield in SRI. At the same time, SRI facilitates a heavier and

deeper root system. Root growth was markedly greater in the plants raised under



SRI than in traditional system, root dry matter and root depth were also more in

SRI compared to traditional rice.

Banarjee et al. (1992) reported that seedlings of 25 days old were the best yield
potential of aman rice. The optimum age of seedling for transplanting aus, aman
and boro rice are 20-30, 30-40 and 35 - 45 days respectively (DAE, 1992).
Tillering is one of the most important development stages of rice, since it has a
decisive character bearing on yield. Tiller number, particularly effective tiller is
strongly correlated with grain vyield, depending on the cultivar and crop
environment. The number of tillers is regulated by tillering duration, which varies
with cultivars seedling age, environmental conditions, availability of nutrients in

the soil, etc.

Roy et al. (1992) reported other wise, where they mentioned that the number of
panicles per plant decreased as seeding age increased. The 20 days old seedlings
of IR 50 produced 24 panicles and this number decreased to 21 in 80 days old
seedlings. In highest number of field grains/panicle of BR 14 and IR 50 was
obtained with 60 days old seedlings than those of 20 and 40 days old seedlings.
The older seedlings had reduced number of tillers per plant due to the reduction in
field duration and thus, low yield were observed. Harvest index increased with the
increase of seedling age. It was 0.41 for 20 and 0.51 for 80 days old seedlings of
BR 14 and for IR50 it was 0.45 for 20 and 0.57 for 80 days old seedling. The
lower harvest index with younger seedlings indicated that the partitioning of dry

matter in their case was less efficient as compared to the older seedlings.

Generally, plant height of rice is a genetically controlled trait which varies with
species as well as varieties within the same species. For example, the modern rice
cultivars are generally short to intermediate stature, where as the traditional
cultivars are taller (Hossain and Alam, 1991). Harun et al. (1991) however,
mentioned that grain yield decreased gradually with increased of seedling age in

boro rice.



Mannan et al. (1991) mentioned that the average number of panicles in the
September 30 planting did not differ significantly due to seedling age while in the
October 15 planting, 60 days old seedlings contributing to more number of
panicles than the seedling 30, 45 and 75 days old in T. aman rice. In 15
September planting, 30 and 45 days old seedlings gave slightly higher grain yield
than 60 days old seedlings in Joydebpur (BRRI, 1991). BRRI (1991) further
reported that 20 to 40 days old seedling produce higher grain yield.

Ashraf and Mahmood (1989) studied the effect of over aged seedlings of two
Basmati rice varieties and reported that yield and vyield attributes declined
significantly with the increase in seedling age; the reduction in yield was partly
attributed to fewer productive tillers per hill and fewer spikelets per panicle. The
filled grain percentage and 1000 grain weight were significantly higher with 30
and 40 days old seedlings than with 50 days old ones during the wet season at
Pantnagar, India (Datta and Goutam, 1988).

Seedling quality was affected considerably by management and seedling age and
the proper age of rice seedling during transplanting was of prime importance for
uniform stand establishment (Kosta et al., 1987). Maurya and Yadav (1987) in
India observed that yield components were adversely affected by planting over-
aged seedlings resulting in lower grain yield irrespective of the varieties. In
Southern India planting of up to 50 day old seedling did not affect plant height

and yield components during the wet season (Balasubramaniyan, 1987).

In transplanting rice culture, seedlings are raised in especially cared nursery bed.
Seedling quality affects growth and development of the plant after transplanting
(Sattar et al., 1986). The older seedling (50 days old) was better than the younger
ones (30 days old) for increasing yield of late T. aman rice (BRRI, 1986).

Older seedling reduced field duration more than the younger seedlings and
compared to 30 days old seedlings, 60 days old seedlings of BR 6 enhanced crop
maturity by more than one week, respectively (BRRI, 1985). BRRI (1985)



reported a decrease in field duration with the increase in seedling age irrespective
of the aus season. Seedling age affects dry matter accumulation. Crop raised with
young seedling showed higher dry matter accumulation than older seedling
(Mondal and Roy, 1984).

Seedling height and seedling strength at transplanting increased with the increase
in seedling age (BRRI, 1983). However, management practices also influence
plant height as well. Twenty day old seedling produced the tallest plant as
compared to seedling age of 28 and 36 days (Sundersingh et al., 1983 and Kosta
etal., 1982).

Padalia (1981) concluded that the decrease in yield components was possibly due
to shorter effective duration. He also indicated that it was the panicle weight but
not the panicle number that decreased with increase in seedling age of the photo-

period sensitive varieties in wet season.

De Datta (1981) reported that younger seedling recover faster than the older
seedling when transplanted. The grain yield was affected by seedling age but the
effect was not similar in all varieties. In BR14 the highest grain yield (6.61 tha™)
was obtained from 40 days old seedlings which was statistically similar to that
from 20 and 60 days old seedlings but in IR50 the highest grain yield (6.30 tha™)
was obtained from 20 days old seedling although yield with age up to 80 days did

not vary significantly.

Although the field duration was shorter when older seedlings were transplanted,
the total growth duration was higher with older seedling that with younger
seedlings (BRRI, 1981). However, this increase was not proportional to the
increase in seedling age. Lal et al. (1981) mentioned otherwise where they
reported that the yield reduction caused by transplanting older (55 days) seedlings
were small and non significant as compared to younger (25 days) ones. In boro,
optimum seedling ages were 20-40 days for long and 20 days for short duration

varieties but in aus rice, seedling age had no effect on grain yield.



2.2 Influence of plant spacing on the growth and yield of rice

The field experiment was conducted by Sridhara et al. (2011) at College of
Agriculture, Navile Farm, Shivamogga during Kharif 2004 and 2005 to assess the
response of genotypes, planting geometry and methods of establishment on root
traits and yield of aerobic rice. The study revealed that among planting geometry,
30 cm x 30 cm recorded significantly higher root length (24.4 cm), root volume
(60.30 cc), root number (154.2) and root weight (6.5 g) as compared to 45 cm x
20 cm. Direct seeded recorded significantly higher root length (25.9 cm), root
volume (67.66 cc), root number (161.1) and root weight (7.6 g) compared to other
methods. Significantly higher dry matter accumulation, number of panicles
plant™, test weight was recorded in BI-43 with 30 cm x 30 cm spacing under

direct seeding.

Krishna et al. (2008) conducted an investigation to evaluate the influence of
system of rice intensification (SRI) on seed yield and quality in rice variety BPT-
5204 was conducted at Agricultural Research Station (Paddy), Sirsi during kharif
2004-05. Wider spacing of 40 x 40 cm found to have significant influence on

growth parameters.

Karmakar et al. (2004) reported that, conventional practice (25 cm x15 cm
spacing with 15 days old seedlings) gave higher yield that the SRI practices with
wider spacing. Number of tillers and panicle per unit area were higher in closer

spacing that contributed to obtain higher yield.

Mazid et al. (2003) found that conventional practices of rice cultivation gave
significantly higher grain vyield compared to the SRI method of crop
establishment. SRI method with 30 cm x 30 cm and 40 cm % 40 cm spacing and
younger seedlings increased number of panicles/hill but total number of panicles

per unit area was found to be low.

Venkatachalapathy and Veerabadran (2002) conducted a field experiment at the

Agricultural College and Research Institute, Killikulam, Tamil Nadu, India during



1996 on wet-seeded rice cv. ADT-36. The highest yield was recorded in drum
seeding with 2 cm intra row spacing. However, the net return per rupee invested
was higher with drill seeding at 2 cm. Direct seeding an effective alternative

technology to transplanting, since it gave more gain without extra expenditure.

Aziz and Hasan (2000) reported that in SRI practice, the average number of tillers
hill* and effective tillers hill"* were 117 and 103; respectively in Parija variety at
Rajshahi. The highest number of effective tillers m? (531) was found with 35 cm
x 35 cm spacing in Department of Agricultural Extension trials at Kishoregonj.
But with the same spacing the number was 342 m™ in locality intensified farming
enterprises trials at Kishoregonj. On the other hand, in farmers practice the
average number of effective tillers m? was 290 and 393 with 20 cm x 20 cm and
20 cm x 15cm spacing, respectively. At Kisoregonj the average number of filled
grains per panicle with 35 cm x 35 cm spacing was found more promising, which
was 173 filled grains per panicle and 42 unfilled grain per panicle. At Rajshahi the
average number of filled grains per panicle was 106 in case of SRI practice for
local Parija variety and 70 in case of farmers practices. The grain weight was
found 12% higher with SRI practice over farmers’ practice (FP). The weight of
1000 grains was the lowest (18.75g) with 20 cm X% 15 cm spacing in case of
farmers practice (FP) and the higher (28 g) with 40 cm x 40 cm spacing in case of
SRI. Spacing of 35 cm x 35 cm showed better performance both at locally
Intensified Farming Enterprises and Department of Agricultural Extension trial at
Kishoregonj where the average yield was 7.5 and 8.9 t ha™*, respectively. On the
other hand, in case of farmers practice the average yields were 5.2 and 4.7 t ha™

with 20 cm x 15 cm spacing, respectively.

Islam (1999) carried out a field experiment and reported that plant spacing of 25
cm x 25 ¢cm or 20 cm x 20 cm, yields of rice were about the same (9.5 t ha™* and
9.2 tha™, respectively) but with spacing of 30 cm x 30 cm, the yield increased up to
10.5 tha™.

10



Sorour et al. (1998) observed in field experiments in 1993-94 at Kafr El-Sheikh,
Egypt, the short duration rice cultivar Giza 177 and the traditional cultivar Giza
176 were planted using the following methods: traditional transplanting (TT, no
fixed number of hills or seedlings/hill), hand transplanting (HT) in hills at a
spacing of 20 x 20 or 15 x 15 cm, mechanical transplanting (MT) in hills at a
spacing of 30 x 14 or 30 x 12 cm, broadcasting (B), mechanical drilling (MD), or
planted in puddled soil (D) in hills at a spacing of 20 x 20 cm or 15 x 15 cm. D 15
x 15 cm, HT 15 x 15 cm and MT 30 x 12 cm gave significantly better results than
TT as regards dry matter production, LAI, crop growth rate, plant height, number
of panicles/m? and grain yield/feddan. The net assimilation rates for B, MD, TT

and HT 20 x 20 cm exceeded those for other methods.

Dwivedi et al. (1996) conducted field experiments during the rainy seasons of
1991 and 1992 at RRS, Agwanpur, Saharsa (Bihar) to study the effect of different
methods of planting on rice yield under mid upland situations. Transplanting rice
(15 x 15 cm with 2 seedlings hill'!) gave significant the higher yield attributes,

yield and net returns.

Rao (1990) conducted an experiment with plant derived from primary, secondary
and tertiary tillers and transplanted at 20 x 10 cm spacing produced harvest index
which were 45.3, 45.3, 9.1 and 45.1% for plants derived from primary, secondary

and tertiary tillers and control plants respectively.

Rao et al. (1981) conducted a field experiment and reported that number of
productive tillers m? were higher in local method of planting as compared to
transplanting in 15 cm x 10 cm spacing but both grain yield and straw yield were
higher in transplanting in row than local planting method with transplanting in 15
cm x 10 cm. They further found no significant difference in panicle length,
number of grains and1000-grains weight between local planting method and

transplanting in rows.

11



2.3 Influence of SRI on the growth and yield of rice

2.3.1 Plant height

A field experiment was carried out by Tohiduzzaman (2011) at Agronomy
research field, Sher-e-Bangla Agricultural University, Dhaka, Bangladesh, during
the period from December, 2010 to May 2011 for the screening of rice varieties
responsive to SRI in boro season. The experiment consisted of sixteen treatments
viz. BR3 (V,), BR14 (V;,) BR16 (V3), BRRI dhan28 (V,), BRRI dhan29 (Vs),
BRRI dhan36 (Vs), BRRI dhan45 (V;), BRRI dhan50 (Vg), Binadhan-6 (Vy), Bina
new line (), BRRI hybrid dhanl (Vi;), BRRI hybrid dhan2 (V,), BRRI hybrid
dhan3 (V3), Chamak (Vy4), Hiral (V5) and Bhajan (V6). Experimental results
showed that the sixteen varieties cultivated in boro season had significant
difference among them in all agronomic parameters including plant height in SRI

system.

Nissanka and Bandara (2004) evaluated the productivity of System of Rice
Intensification (SR1) method with conventional rice farming systems in Sri Lanka.
Average plant height growth and leaf chlorophyll content during the growing

stages were also similar among the treatments.

Sarkar et al. (2003) reported that compared with transplanting, the crops from
anaerobic direct sowing had greater plant height. Sarker et al. (2002) investigated
the effect of row arrangement, time of tiller separation on growth of transplant
aman rice (cv. BR23). The experiment comprised of three row arrangement viz.,
single, double and triple row; two times of tiller separation viz., 25 days after
transplanting (DAT) and 35 DAT; and three levels of number of tillers kept hill™
viz., 2,4 and intact hills. The tallest plant was recorded in single row, intact hills

and when row and intact hills.

Goel and Verma (2000) investigated the effects of 2 sowing methods, direct
sowing and transplanting, on the yield and yield components of 2 rice cultivars,
and observed plant height (104.8 cm) was higher in transplanting. No significant

interactions were observed between cultivars and sowing methods.
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Reddy et al. (1987) conducted an experiment in India in which rice cv.
Tellahamsa seedling were transplanted in lines or at random. They found that

plant height (78.1-78.01 cm) did not differ significantly for the planting methods.

2.3.2 Number of tillers hill™*

A field experiment was carried out by Tohiduzzaman (2011) at Agronomy
research field, Sher-e-Bangla Agricultural University, Dhaka, Bangladesh, during
the period from December, 2010 to May 2011 for the screening of rice varieties
responsive to SRI in boro season and reported that BR14 had the highest tiller
number hill* at 90 DAT (32.80) and at harvest (26.37). BR16 had the highest
number of effective tillers hill™* (27.33) in SRI system.

Akbar (2004) reported that hybrid variety Sonarbangla-1 ranked first in respect of
total tillers hill™* among the varieties studied. Sarker et al. (2002) investigated the
effect of row arrangement, time of tiller separation on growth of transplant aman
rice (cv. BR23). Experimental result showed that in single row tillers could be

separated at 25 DAT without hampering tiller reduction hill™.

Saina (2001) reported in SRI practice fifty tillers per plant were easily obtained,
and farmers who had mastered the methods and understand the principles had

been able to get over 100 tillers from single tiny seedling.

2.3.3 Leaf area index

Sarker et al. (2002) investigated the effect of row arrangement, time of tiller
separation on growth of transplant aman rice (cv. BR23). Growing of transplant
aman rice in triple rows with intact hills appears as the promising practice in

respect of highest leaf area index.

Hoon and Kim (1997) compared the physiological and ecological characteristics
of rice cv. Whasungbyeo in direct sown and transplanted crops in Japan. The
specific leaf area was higher in mechanically transplanted crop (MTC) than in
direct sown crop (DSC) from the tillering stage to 15 days before heading, and

was lower in MTC from the heading stage to 15 days after heading.
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2.3.4 Dry matter production

Nissanka and Bandara (2004) evaluated the productivity of System of Rice
Intensification (SR1) method with conventional rice farming systems in Sri Lanka.
Dry weights of stems, leaves, and roots and the total dry weights, leaf area and
total root length per hill during the growing period and the tiller number per plant
at heading were significantly higher in SRl compared to other treatments.
However, all these parameters, when expressed per unit area basis, were not

significantly different.

Paul et al. (2003) investigated leaf production, leaf and culm dry matter yield of
transplant aman rice as affected by row arrangement and tiller separation in this
study. The maximum culm dry matter yield was recorded in triple row (4.14 t ha™,
85 DAT). But the lowest dry matter of culm was recorded in single row (0.42 t
ha™ 25 DAT). Closer row spacing significantly reduced the leaf production ability
hill* but increase leaf and culm production per unit area and hence, dry matter
yield increased. To enhance leaf production hill™, transplant aman rice cv. BR 23
(Dishari) could be grown in single row but to increase dry matter yield it could be

grown in triple or double row arrangement.

Sarkar et al. (2003) conducted an experiment at Cuttack, Orissa, India where
seeds of 6 rice cultivars (Tulasi, FR 13A, T 1471, Sabita, Kolasali and CH 19)
were sown in moistened soil and maintained after 5 days under 5 cm of water
were compared with 30-day-old seedlings transplanted in the normal way.
Compared with transplanting, the crops from anaerobic direct sowing had greater

above-ground dry matter.

Longxing et al. (2002) studied the physiological effects of different rice crop
management systems by comparing the results associated with traditional methods
of flooded rice irrigation to non-flooded rice farming with young seedlings and
wider spacing (SRI). In SRI, they observed, forms high biomass by large
individual plants, and dry matter accumulation after heading accounted for 40% of

the total dry matter. More than 45% of the material from stem and sheath was
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contributed to grain yield in SRI. At the same time, SRI facilitates a heavier and

deeper root system.

Sarker et al. (2002) investigated the effect of row arrangement, time of tiller
separation on growth of transplant aman rice (cv. BR23). Growing of transplant
aman rice in triple rows with intact hills appears as the promising practice in

respect of highest total dry matter production.

Naklang et al. (1996) reported that direct sowing produced more total dry matter
than transplanting. Root dry matter growth was small after panicle initiation under
all conditions and was greatest in direct sowing than transplanting in low land

conditions.

Naklang et al. (1997) reported that rainfed rice crops were grown under both
upland and lowland conditions. While upland crops were almost always direct
sown, both transplanting and direct sowing were commonly practiced for lowland
crops in Asia. Direct sowing, particularly broadcasting, produced more total dry
matter than transplanting. Root dry-matter growth was small after panicle
initiation under all conditions, and was greater in direct sowing than transplanting
in lowland conditions. Root growth occurred mostly in the top 10 or 15 cm soil
layer in both upland and lowland crops. Root mass below 30 cm depth exceeded
10% of the total root mass at maturity in only one crop in which seeds were

dibbled under upland conditions.

2.3.5 Days to flowering and maturity

Ali et al. (2006) mentioned that shortage of labor and water are forcing farmers to
explore the alternatives of transplanting. They further concluded that direct-
seeded rice had shorter crop duration. Anon. (2004) reported that the cultivation
of boro rice by direct seeding using the drum seeder had created a sensation
among farmers wherever it was tested. Earlier harvest could result in another crop
being accommodated. The choice of appropriate variety and cropping system

would be important.
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Karmakar et al. (2004) conducted two experiments in boro 2002 and 2003 at the
Bangladesh Rice Research Station, Rajshahi, Bangladesh to validate the SRI
practice through spacing, seedling age and water movement comparing with
conventional practice and bed planting on BRRI dhan29. In general, growth
duration increased by 7-10 days in the treatments where wider spacing and

younger seedlings were used.

Valarmathi and Leenakumary (1998) carried out a field experiment in Kerala,
India to evaluate the suitability of aman rice cultivars under direct sown
conditions because of scarcity of labor for transplanting. Shorter duration in time
to maturity was observed in all the cultivars under direct sowing, upland situation

than under lowland transplanted conditions.

Bo and Min (1995) noticed that transplanted rice was most costly and it delayed
flowering by 20 days and yielded lower than the direct wet-seeded rice. Sattar and
Khan (1995) reported that direct wet-seeded rice was harvested 16 days earlier

than transplanted rice.

De Datta and Nantasomsaran (1991) reported that direct wet-seeding contributed
to early establishment of the first crop and contributed to increase cropping

intensity because it eliminated the time for seedling raising.

2.3.6 Number of effective tillers m™

A field experiment was carried out by Tohiduzzaman (2011) at Agronomy
research field, Sher-e-Bangla Agricultural University, Dhaka, Bangladesh, during
the period from December, 2010 to May 2011 for the screening of rice varieties
responsive to SRI in boro season. BR16 had the highest number of effective tillers
hill"* (27.33).

Akbar (2004) reported that inbred variety BRRI dhan 41 performed the best in
respect of number of bearing tillers hill* in comparison with hybrid variety

Sonarbangla-1.
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Aziz and Hasan (2000) reported that in SRI practice, the average number of tillers
hill* and effective tillers hill™* were 117 and 103, respectively in Parija variety at
Rajshahi. The highest number of effective tillers m? (531) was found with
35 cm x 35 cm spacing in Department of Agricultural Extension trials at
Kishoregonj. But with the same spacing the number was 342 m™ in Locally
Intensified Farming Enterprises trials at Kishoregonj. On the other hand, in
farmers practice the average number of effective tillers m™? was 290 and 393 with

20 cm x 20 cm and 20 cm x 15 cm, respectively.

Magsood et al. (1997) grown rice cv. Basmati-385 grown at Faisalabad during
1994 and 1995 established by transplanting or direct sowing and reported that
number of productive tillers hill"* was significantly higher from transplanting than

direct sowing for both the years.

2.3.7 Total number of grains panicle™

A field experiment was carried out by Tohiduzzaman (2011) at Agronomy
research field, Sher-e-Bangla Agricultural University, Dhaka, Bangladesh, during
the period from December, 2010 to May 2011 for the screening of rice varieties
responsive to SRI in boro season and reported that Binadhan-6 had the highest

number of total grains panicle™ (222.70) in SRI system.

Akbar (2004) reported that inbred variety BRRI dhan 41 produced the highest
number of grains panicle™ than the hybrid variety Sonarbangla-1. Biswas and
Salokhe (2001) observed that grains panicle™ showed better responses with early
transplanting of the photo periodically sensitive KDML 105 in the mother crop
and vegetative tillers. Rahman (2001) observed that the maximum number of

grains panicle™ was found in the intact crop.

2.3.8 Filled grains panicle™
A field experiment was carried out by Tohiduzzaman (2011) at Agronomy
research field, Sher-e-Bangla Agricultural University, Dhaka, Bangladesh, during

the period from December, 2010 to May 2011 for the screening of rice varieties
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responsive to SRI in boro season and reported that BR16 had the highest number

of filled grains panicle™ (191.00) in SRI system.

Biswas and Salokhe (2001) observed that percent filled grains showed better
responses with early transplanting of the photo periodically sensitive KDML 105
in the mother crop and vegetative tillers. Rahman (2001) observed that the

maximum number of filled grains panicle™ was found in the intact crop.

Aziz and Hasan (2000) reported that in SRI practice, at Kishoregonj the average
number of filled grains panicle™ with 35 cm x 35 cm spacing was found more
promising, which was 173 panicle™ and unfilled grains was 42 panicle™. At
Rajshahi the average number of filled grains panicle™ was 106 in case of SRI

practice and 70 in case of farmers practice.

2.3.9 Weight of 1000-grains

A field experiment was carried out by Tohiduzzaman (2011) at Agronomy
research field, Sher-e-Bangla Agricultural University, Dhaka, Bangladesh, during
the period from December, 2010 to May 2011 for the screening of rice varieties
responsive to SRI in boro season and reported that BR3 and BR14 both had the
highest 1000-grain weight (30.63 g) in SRI system.

Biswas and Salokhe (2001) observed that weight of 1000-grains showed better
responses with early transplanting of the photo periodically sensitive KDML 105

in the mother crop and vegetative tillers.

Aziz and Hasan (2000) reported that in SRI practice, the grain weight was found
12% higher with SRI practice over farmers practice. The weight of 1000-grains
was the lowest (18.75 g) with 20 cm x 15 cm spacing in case of farmers practice

and the highest (28 g) with 40 cm x 40 cm spacing in case of SRI.

Goel and Verma (2000) investigated the effects of 2 sowing methods, direct
sowing and transplanting, on the yield and yield components of 2 rice cultivars,

and observed weight of 1000-grains (25.0 g) was higher in direct sowing.
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2.3.10 Grain yield

A field study was conducted by Hameed et al. (2011) at Al-Mishkhab Rice
Research Station (MRRS) during the summer season 2009 to evaluate irrigation
water use efficiency (IWUE) using Anbar 33 variety with the System of Rice
Intensification compared to traditional methods. During the growth phase, the
number of leaves, stems, and roots, and the average plant height were measured
every 15 days for the two sets of methods. At maturity, the depth and length of
plant roots was assessed, along with leaf area index (LAI) of the flag leaf and
plant height. The amount of irrigation water applied was measured by water meter
for both methods. SRI principles for plant age, spacing, etc., were implemented in
the SRI plots. The results indicated more vigorous growth of roots under SRI
methods, reaching 13,004 cm plant'1 compared with non-SRI results of 4,722 cm

plant™. There was 42% increase in grain yield when SRI methods were used.

A field experiment was carried out by Tohiduzzaman (2011) at Agronomy
research field, Sher-e-Bangla Agricultural University, Dhaka, Bangladesh, during
the period from December, 2010 to May 2011 for the screening of rice varieties
responsive to SRI in boro season. BR16 had the highest grain yield (6.86 t ha™) in
SRI system.

The work was developed at Los Palacios Rice Research Station by Martin et al.
(2010) for three years and later at small-scale producers' areas belonging to a non-
specialized system (popular rice) as an agricultural extension. The study consisted
of determining the effect of seedling age, plant spacing and seedling number per
site on agricultural yield. Results showed a seed amount reduction in the nursery,
to the value of 5 kg ha™ year™, which represent between 35 and 40% of that used
in the traditional transplanting system. In addition, agricultural yields increased up
to 2.0 t ha™’; there was a greater tillering and root system development per plant
compared to the check control. On the other hand, when crop irrigation was

discontinued for 21 days, 3 300 m® ha™ year™ of water were saved.
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Ali et al. (2006) mentioned that crop-establishment method did not influence
grain yield during the wet or dry seasons, indicating the potential of the three
variants of direct seeding as alternative methods of establishing lowland rice. Satu
(2006) reported that comparison trials had an average SRI yield is 7.23 t ha™

compared to 3.92 t ha™* with conventional methods, an 84% increase.

Devarajan (2005) reported that SRI (System of Rice Intensification) method
produced rice yields of 7 to 8 t ha™ against the normal 3 to 4 tons. Reddy (2005)
conducted a field experiment where SRI was compared with existing traditional
cultivation methodology. In both systems (traditional and SRI), it was found that

SRI could produce similar yield with less inputs.

Anonymous (2005) summarized the speech of a workshop on drum seeding held
at Bangladesh Rice Research Institute (BRRI) in Gazipur on June 20, that it was
possible to produce 10-20 percent higher yield than the traditional transplanting
method. Latif et al. (2005) reported that in comparison of short- and long-duration
varieties, the long-duration variety BRRI dhan29 vyielded highest with SRI

practices.

McDonald et al. (2005) assembled 40 site-years of SRI versus best management
practices (BMP) comparisons into a common database for analysis. Indeed, none
of the 35 other experimental records demonstrated yield increases that exceeded
BMP by more than 22%. Excluding the Madagascar examples, the typical SRI
outcome was negative, with 24 of 35 site-years demonstrating inferior yields to

best management and a mean performance of -11%.

Paris and Chi (2005) reported that the promotion of plastic row/drum seeder
technology was on the yield increase in Vietnam, particularly in the southern part
of the country, and in other Southeast Asian countries due to its advantages over
the traditional transplanting or broadcast method of rice production. Uphoff
(2005) reported that System of Rice Intensification (SRI) had 1.6-2.5 t ha™* yield

advantage over more input-intensive rice-growing practices.
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Anonymous (2004) embarked on trialing SRI in the project target area in the
Districts of Kralanh and Angkor Chum in Siem Province in Cambodia. Harvest of
the trials was conducted in December 2002, which showed average yield increases
of 148% and 85% respectively or 3.24 t ha™ and 2.3 t ha™. Results from the 2003
season showed 130% and 92% increase or 2.94 t ha™ and 2.16 t ha™ this showed a
consistent higher yield. Reduced results in 2003 were due to poor rainfall in the
area, many families were unable to grow any rice which had resulted in food
shortages and reinforces the need to improve methodologies to increase rice

yields.

Bari (2004) reported the grain yield from direct wet seeded line sowing method
was significantly higher than those from transplanted method. In boro season with
the planting methods of transplanting, seedling throwing/broadcasting with
normal seedlings, direct seeding and seedling throwing with young seedling, the
highest grain yield (5.4 t ha™') of BRRI dhan29 was obtained from transplanting
method and direct seeding method gave the lowest grain yield (4.73 t ha™).
Seedling throwing method gave little bit lower yield than transplanting method

but higher than direct seeding method.

Horie (2004) reported some of the ways to increase yields might include
components of the system of rice intensification (SRI). The extremely high yields
in SRI were incredible but its elements, which had been studied and practiced in
Japan for the past 50 years, might lead to yield increases. The practice of
transplanting one or two young seedlings hill* had advantages in reducing
transplanting injury and increasing tiller and root numbers on lower nodes. Such
advantages could be realized under direct-seeding systems, where they were

applicable.

Karmakar et al. (2004) reported that, conventional practice (25 cm x 15 cm
spacing with 15 days old seedling) gave higher yield than the SRI practices with
wider spacings. Number of tillers and panicle per unit area were higher in closer

spacing that contributed to obtain higher yield.
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Nissanka and Bandara (2004) evaluated the productivity of System of Rice
Intensification (SR1) method with conventional rice farming systems in Sri Lanka.
Grain yield was 7.6 t ha™ in the SRI and it was 9%, 20% and 12% greater than the

conventional transplanting, and normal and high density broadcasting.

Rajkhowa and Gogoi (2004) conducted a field experiment at Jorhat, Assam, India,
during the 1999 and 2000 in summer seasons to determine the effect of planting
methods on transplanted summer rice cv. Luit. The treatments comprised 3
planting methods, namely closer (10 x10 cm), normal (15 x 15 cm) and farmers'
practice (haphazard planting). Normal planting showed significantly higher yield
than the other planting methods in 1999, while closer planting recorded the

highest grain yield in 2000.

Sheehy et al. (2004) reported that the combination of natural resources, genes,
weather and management systems largely determines maximum crop Yyields.
Recently, one of those elements was portrayed as the key to releasing hitherto
unrecognized, but significant, untapped growth potential in rice. That element, the
system of rice intensification (SRI), was an unconventional management system
developed in Madagascar, where it was reported to increase rice yields to
‘fantastic' levels. They further reported that the SRI had no inherent advantage
over the conventional system and that the original reports of extraordinary high

yields were likely to be the consequence of error.

Uphoff (2004) reported that SRI offer unprecedented opportunities for improving
rice production in a variety of situations around the world, not just by increments
but even by multiples. SRI sounds 'too good to be true," but increasing evidence
from research and its spreading adoption by farmers were showing that SRI was
as productive and as beneficial as reported by its proponents, initially Association
Tefy Saina, an indigenous NGO in Madagascar. Less than five years ago, SRI was
known and practiced only in Madagascar. Today there were confirming results

from 18 additional countries ranging from China to Peru, with average yields

22



from SRI in the 7-8 tha™* range, and with yields over 15 tha™ reported from at least

four countries beyond Madagascar.

Zheng et al. (2004) mentioned that the features of the SRI were: transplanting of
young seedlings singly in a square pattern with wide spacing, using organic
fertilizers and hand weeding, and keeping the paddy soil moist during the
vegetative growth phase. Significant phenotypic changes occur in plant structure
and function and in yield and yield components under SRI cultivation. The
production increased could be notable. With these modifications, grain yield

exceeded 12 t hat, which is 46% greater than in control.

Akanda (2003) presented results of 232 SRI demonstration plots from aman 2003
season, conducted in 15 districts under DAE, and the results of 386 demonstration
plots of boro 2002-2003 season conducted in 8 districts. In most of the cases, the

result showed a significant yield increase in SRI practice.

Chowhan (2003) reported that farmers were able to achieve on average, 30%
higher production from SRI practice than traditional practice (SRI = 75.75 Mds

acre™, traditional practice = 58.04 Mds acre™).

Das (2003) reported that the System of Rice Intensification (SRI) gave more rice
yield compared to the farmers’ practice (FP). The farmers from their SRI plots
received 19% higher yield compared to their FP plot during the boro season in
2003.

Hossain et al. (2003) conducted an experiment at the Agronomy Field Laboratory
of Bangladesh Agricultural University, Mymensingh from July to December,
2001 to study the performance of BRRI dhan32 in SRI and conventional methods
and their technology mixes. The highest grain yield of SRI planting method was
mostly the outcome of higher total number of tillers hill™*, highest panicle length

and highest number of grains panicle™.
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Husain et al. (2003) conducted SRI trial in two Upazilas of Noakhali district. The
farmers practiced both SRI and conventional cultivation at the same time to
compare the results regarding production cost, yield, and net return. SRI practices
permitted soil aeration, better root development, more effective tillering and more
panicles, which ultimately increase the yield in SRI method. During the boro
season 2002-2003, SRI farmers got 43% more yield than with conventional

methods.

Mazid et al. (2003) found that conventional practice of rice cultivation gave
significantly higher grain vyield compared to the SRI method of crop
establishment. SRI method with 30x30 cm and 40x40 cm spacing and younger
seedlings increased number of panicles hill* but total number of panicles per unit
area was found to be low. They further concluded that, the SRI practice was not
necessary for growing rice near the yield potential, and the conventional method

of crop establishment was recommended for rice cultivation.

Deichert and Yang (2002) discussed the experiences of 400 Cambodian farmers in
adapting on how many elements of SRI were applied. The majority of farmers
obtained yields from 3 to 6 t ha™* and the overall yields showed an increase from
50 to more than 200% over the national average. So far these achievements result
mainly from small plot sizes, but importantly also with traditional crop varieties

and without chemical fertilizers.

Johnkutty et al. (2002) studied the effects of crop establishment (transplanting,
broadcasting or line sowing) along with manual (plots were kept weed-free up to
the maximum tillering stage) control treatments on the yield of aman rice cv.
Jyothi in Pattambi, Kerala, India during the rabi season of 1996/97, 1997/98 and
1998/99. In 1998/99, direct sowing of sprouted seeds by DRR wet seeder was also
evaluated. Line sowing was conducted at a spacing of 15x10 cm. A seed rate of
80 kg ha™ was used for broadcasting. In 1996/97 and 1997/98, the grain yield did
not significantly vary among the treatments. In 1998/99, the highest yields were

obtained with random planting with hand weeding.

24



McHugh et al. (2002) reported that SRI was associated with a significantly higher
grain yield of 6.4 t ha™ compared with 3.4 t ha™* from conventional practices. On
SRI plots, grain yields were 6.7 t ha™ for AWD irrigation, 5.9 t ha™ with
nonflooded irrigation, and 5.9 t ha™ for continuously flooded. The results of the
study suggested that, by combining AWD irrigation with SRI cultivation
practices, farmers could increase grain yields while reducing irrigation water

demand.

Nagappa and Biradar (2002) conducted an economic analysis on employing drum
seeding and transplanting of 2 rice varieties (BPT-5204 and ES-18) at a farmer's
field in Siruguppa, Karnataka, India. A substantial difference in yield was noted
between the two methods of planting during summer 1999-2000. During 2000-
2001, similar yields were noted between drum seeding and transplanting during
kharif and marginally higher yield was observed in drum seeding during summer.
The yield obtained suggested that drum seeder sowing gave yields similar to those
achieved with transplanting. These results suggest that drum seeding would help

improve the profitability of rice farming in the Tungabhadra project area.

Ogura (2002) conducted an experiment using direct sowing in plots without
ploughing and with fertilizer applied in the slots or by transplanting from long
mats of seedlings grown hydroponically. Yields with transplanting were 470 g m™

compared to 451 g m™ with direct sowing.

Subbaiah et al. (2002) conducted an experiment during wet seasons in 1996 and
1997 at Nizamabad district, Andhra Pradesh, India to evaluate the performance of
a drum seeder in farmers' fields. Rice crops established using a drum seeder had a
higher mean grain yield (4.63 t ha™) which was at par with transplanting (4.25 t

ha™) and superior over broadcasting (3.34 t ha').

Venkatachalapathy and Veerabadran (2002) conducted a field experiment at the
Agricultural College and Research Institute, Killikulam, Tamil Nadu, India during

1996 on wet-seeded rice cv. ADT-36. The highest yield was recorded in drum
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seeding with 2 cm intrarow spacing. However, the net return per rupee invested
was higher with drill seeding at 2 cm. Direct seeding an effective alternative

technology to transplanting, since it gave more gain without extra expenditure.

Changes to rice transplanting through SRI increased yield by 50%. For instance,
in Bangladesh, the SRI increased yield from 4 to 6 t ha™ and reduced seed
requirement for planting by 80% (Anon., 2001). Bruno (2001) conducted on-farm
experiments in the high plateau of Madagascar to evaluate the critical variables of
SRI. Results showed that a minimum grain yield was about 8 t ha™ if the main
factors were used under the optimal conditions which had been identified through

the experiment.

Budhar and Tamilselvan (2001) conducted an experiment to evaluate the
feasibility of different stand establishment techniques in lowland irrigated rice
(cv. ADT43). The stand establishment techniques were transplanting, seedling
throwing, direct sowing by manual broadcasting and wet sowing by a drum
seeder. The various stand establishment techniques showed no significant
difference in grain yield in both seasons. In a pooled analysis of 2 seasons, grain
yield was highest in wet sowing by manual broadcasting followed by direct

sowing using a drum seeder and traditional transplanting.

Anbumani et al. (2000) reported that line planting of aman rice cv. ADT-38
revealed higher rice grain yield compared to direct sowing or random
transplanting in Tamil Nadu, India, during August 1995-April 1996. The different

planting methods did not influence the yield of aman rice.

Aziz and Hasan (2000) reported that in SRI practice, 35 cm x 35 cm spacing
showed better performance both at Locally Intensified Farming Enterprises and
Department of Agricultural Extension trials at Kishoregonj where the average
yield was 7.5 and 8.9 t ha™, respectively. On the other hand, in case of farmers
practice the average yields were 5.2 and 4.7 t ha™ with 20 cm x 15 cm and 20 c¢m

x 20 cm spacings, respectively.
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Ganajaxi and Rajkumara (2000) studied the performance of various methods of
sowing with different agronomic practices for growing direct seeded rice an
experiment conducted in Karnataka, India during the wet season of 1999. They
reported that seeding with 8 row DRR drum seeder had significantly higher yield
than broadcasting of sprouted seeds (3083 and 2433 kg ha™, respectively).

Goel and Verma (2000) investigated the effects of 2 sowing methods, direct
sowing and transplanting, on the yield and yield components of 2 rice cultivars,
Pusa-33 and HKR-120/HKR-126, during the kharif seasons of 1992, 1993, 1994
and 1996, at Karnal, Haryana, India. Grain yields in both sowing methods were at
par during 1992 and 1993, but were 15.2 and 9.1% less in direct sowing than
transplanting, respectively, during 1994 and 1996. This reduction in yield was
attributed to the heavy infestation of weeds in direct sowing in subsequent years
and the delay in first manual weeding beyond 20 days after sowing. Mean grain
yield was higher in transplanting than in direct sowing, with values of 54.60 and

51.60 q ha™, respectively.

Hirsch (2000) reported that on the rice sector in Madagascar SRI yields in the
Antsirable and Amhositra areas ranged between 6.7 and 10.2 t ha™ and 7.7 and
11.2 t ha™, respectively. Rajaonarison (2000) conducted an experiment to assess
SRI practices during the 2000 minor season on the West Coast of Madagascar and
found that SRI practices produced 6.83 t ha™ grain yield where standard practices
produced 2.84 t ha™.

Uphoff (1999) reported that a system of plant, soil, water and nutrient
management for irrigated rice developed in Madagascar had been yielding 5, 10,

even 15 t ha™* on farmers’ fields where previous yields averaged around 2 t ha™.

Miyagawa et al. (1998) investigated rice grain yield and its components in
Northeast Thailand in 24 direct-sown and 45 transplanted plots for 1994, and 41
direct-sown and 62 plots transplanted for 1995. Mean yield of direct-sown plots

was lower than that of transplanted plots in the drought year of 1994 while this
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was not observed in 1995, a year with abundant precipitation. In irrigated fields,
yield of direct-sown rice was not significantly different from that of transplanted
rice in both years. In the rain-fed paddy fields of A type (most vulnerable to
drought) and B type (less vulnerable to drought and flood), mean yield of direct-
sown rice was lower than that of transplanted rice when yield values of both types
were pooled in 1994, because of the smaller number of spikelets panicle™ and
spikelets m?2. Grain yield in direct-sown rice showed a significant positive
correlation with straw weight and culm length. It was concluded that more profuse
vegetative growth and a larger number of spikelets panicle” obtained by
supplemental irrigation, fertilizer application, early planting and appropriate

breeding were necessary to improve direct-sown rice cultivation.

Sorour et al. (1998) observed in field experiments in 1993-94 at Kafr El-Sheikh,
Egypt, the short duration rice cultivar Giza 177 and the traditional cultivar Giza
176 were planted using the following methods: traditional transplanting (TT, no
fixed number of hills or seedlings hill'*), hand transplanting (HT) in hills at a
spacing of 20 x 20 or 15 x 15 cm, mechanical transplanting (MT) in hills at a
spacing of 30 x14 or 30 x 12 cm, broadcasting (B), mechanical drilling (MD), or
planted in puddled soil (D) in hills at a spacing of 20 x 20 or 15 x 15 cm. D 15 x
15 cm, HT 15 x 15 cm and MT 30 x12 cm gave significantly better results than
TT as regards dry matter production, LAI, crop growth rate, plant height, number

of panicles m™ and grain yield/feddan.

Valarmathi and Leenakumary (1998) carried out a field experiment in Kerala,
India to evaluate the suitability of aman rice cultivars under direct sown
conditions because of scarcity of labor for transplanting. Yield increases were

dependent on an increase in the number of productive tillers plant™.

Magsood et al. (1997) grown rice cv. Basmati-385 grown at Faisalabad during
1994 and 1995 established by transplanting or direct sowing and reported that
yield was not significantly affected by establishment method in 1994, but in 1995
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lower yield (3.58 t ha™) from direct sowing and higher yield (4.43 t ha™) from

transplanting.

Naklang et al. (1997) reported that with the use of appropriate crop management,
direct sowing could increase grain yield and reduce the cost and risk associated

with transplanting in rainfed lowland areas.

Roknuzzaman (1997) conducted an experiment with rice cultivar BR11 where
seedlings transplanted in haphazard and row arrangements. Haphazard planting
produced the highest grain yield which was statistically similar to that produced

by row method of planting.

Ye and Ye (1997) established rice cultivars with low, intermediate or strong
tillering characteristics by direct sowing, by broadcasting seedlings or by hand
transplanting. With low and intermediate tillering cultivars, yields were highest
with broadcasting seedlings but with the strongly tillering cultivar they were
highest with direct sowing. In all cultivars yields were lowest with hand

transplanting.

Dwivedi et al. (1996) conducted a field experiment during the rainy seasons of
1991 and 1992 at RRS, Agwanpur, Saharsa (Bihar) to study the effect of different
methods of planting on rice yield under mid upland situations. Transplanting rice
(15 x 15 cm with 2 seedlings hill™") produced significantly higher yield attributes,
yield and net returns. Random transplanting, spreading of seedlings, random
transplanting of single seedlings and row transplanting of single seedlings hill™
also resulted higher yield attributes, yield and net returns than direct sowing of

seeds.

Naklang et al. (1996) reported that rainfed rice crops were grown under both
upland and lowland conditions. While upland crops were almost always direct
sown, both transplanting and direct sowing were commonly practiced for lowland

crops in Asia. Under lowland conditions, direct-sown crops yielded more than
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transplanted crops in one year, slightly less in another when establishment was a

problem in direct sowing, and similar between the two methods in the other.

Talukder (1996) stated that higher grain yield was obtained in direct wet seeded

rice (2.75 t ha™*) over transplanted one (2.56 t ha™*) in late aman season.

Elahi et al. (1995) reported that method of planting has a profound effect on the
yield performance of rice crops in Bangladesh, when rice is planted late in the
aman season, direct wet-seeding yields was higher than the transplanting method
mainly because of higher plant population and early flowering. Garcia et al.
(1995) found that uninhibited growth of direct seeded rice during the vegetative

stage led to equal grain yield to that of transplanted rice.

Park et al. (1995) analyzed the labor saving and cost reduction effects resulting
from the adoption of direct sowing in rice cultivation in the Korea Republic. Data
were collected from 125 dry sowing farms and 125 wet sowing farms. The
average yield was 4.5% lower for direct sown rice than for transplanted rice (5%

lower for dry sowing and 4% less for wet sowing).

Sattar and Khan (1995) carried out a number of studies on direct wet-seeded rice
to recognizing the importance of direct wet-seeding method under different Agro-
Ecological Zones of Bangladesh to determine its yield and economic performance
compared to transplanted rice. In aman season at Thakurgaon, direct wet-seeded
rice gave 835 kg ha™ higher yield than transplanted rice with same management
practices. In boro season at BRRI, Joydebpur, Gazipur an average yield benefit of

319 kg ha™* was obtained in direct wet-seeded rice over the transplanted one.

Supaad and Cheong (1995) observed that the production difference between direct
seeding and transplanting have been obvious, generally up to 1 t ha™. In aman
season at Thakurgaon, wet seeded rice gave 835 kg ha™ higher yield than
transplanted and an average of 319 kg ha™ vyield benefit was obtained over

transplanted in the Bangladesh Rice Research Institute.
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Kundu et al. (1993) recorded a higher grain yield in direct wet-seeded rice than
the transplanted one; however, the yield difference was not significant. They
recorded 4.5 t ha™ and 4.2 t ha™ of mean grain yield of direct seeding and

transplanting methods, respectively.

Bautista and Gagelonia (1994) reported that the seeder facilitates chemical-free
weeding methods (both manual and mechanical), which minimize environmental
pollution and hazardous chemical contamination of both humans and animals. It
might also allow additional sources of income for farmers engaging in a custom-
seeding scheme. Pilot testing gave an av. increase in yield of 425 and 750 kg ha™

compared with manual broadcasting and transplanting, respectively.

Mallick (1994) reported that removal of tillers from the mother shoot and double
transplanting increased panicle formation by about 10% in both the varieties
studied. Tiller removal increased grain yield panicle™ by 27% in Nizersail and
21% in BR 22.

Bhattacharya (1993) conducted an experiment during June to December, 1989 at
the Agronomy field Laboratory, Bangladesh Agricultural University,
Mymensingh with three spacings viz. 25 cm x 15 ¢cm, 20 cm % 12.5 cm and 15 cm
x 10 cm and three levels of tillers transplantation @ 3, 6 and 9 hill™ along with
two ages of tillers viz. 30 and 40 days to find out their effect in transplant aman
rice cv. BR11. Significant variations due to number of tillers transplanted hill™
were found in character like plant height, grains panicle™, panicle length, sterility,
grain and straw yield and field duration. Three tillers transplanted hill* gave
significantly higher yield (4.23 t ha™) than that of 9 tillers transplanted hill™* (3.85
t ha') but statistically identical with 6 tillers transplanted hill™* (4.14 t ha™). Effect
of age of tillers was found statistically identical for yield and yield attributes.
Older tillers significantly reduced the field duration than younger ones. The
interaction between number of tillers transplanted hill™* and age of tillers were not

found significant for yield and yield attributes. Similarly no variation due to
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interaction between spacing and age of tillers was observed with respect to any

character.

Matsuo and Hoshikawa (1993) observed in an experiment that the main stem of a
rice plant produced a large number of tillers, reaching around 50 or more at the
‘maximum tiller number stage’. The tillers that developed in an early growing
stage of a plant usually grow vigorously, produce panicles at the tips of the stem
and finally contributed to the yield as productive tillers. The number of panicles in
a yield component depends largely on the number of tillers. The development of

tillers during the tiller stage, therefore was important for the yield or rice.

Rajput and Yadav (1993) observed in a field trial at Bilaspur, Madhya Pradesh in
the 1982-83 kharif seasons where the improved biasi (broadcasting + biasi +
challai) method of establishing rice gave the highest rice yield and net profit.
Transplanting gave yields not significantly different from the improved biasi

method, while all establishment methods tested were superior to the local method.

Varughese et al. (1993) observed in a field experiment at Kerala, India that rice
cv. Ptb 20 and Jaya seedlings broadcasted (haphazardly) gave slightly higher grain

yield compared with transplanted seedlings.

Hong and Park (1992) reported that since 1991, the Rural Development
Administration had operated a demonstration farm project for direct sowing in
rice production. Average rice yield was reported 4.267 kg ha™ for the direct

sowing method, 7% lower than for transplanting.

Park et al. (1989) conducted field trials at Milyang in 1987, where rice cv.
Palgongbyeo and Gayabyeo were direct sown into wet fields by broadcasting or
subsurface drilling or into upland fields by drilling. Grain yields after direct
sowing averaged 4.82-4.93 t ha™* for cv. Palgongbyeo compared with 5.77-5.70 t
ha™ for hand transplanting and 5.11-5.64 t ha™ for cv. Gayabyeo compared with
5.64-8.12 t ha™ for hand transplanting. There was little difference in grain yields

between direct drilled and broadcast sown treatments.
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2.3.11 Straw yield

A field experiment was carried out by Tohiduzzaman (2011) at Agronomy
research field, Sher-e-Bangla Agricultural University, Dhaka, Bangladesh, during
the period from December, 2010 to May 2011 for the screening of rice varieties
responsive to SRI in boro season and reported that BRRI hybrid dhan2 had the
highest straw yield (7.70 t ha™) in SRI system.

Das (2003) reported that the System of Rice Intensification (SRI) gave more rice
yield compared to the farmers’ practice (FP). The SRI plots also produced more
straw (12%) compared to the hay produced in the FP plot. Hossain et al. (2003)
conducted an experiment to study the performance of BRRI dhan 32 in SRI and
conventional methods and their technology mixes and reported that conventional

planting method produced the lowest straw yield (4.29 t ha™).

Budhar and Tamilselvan (2001) conducted an experiment to evaluate the
feasibility of different stand establishment techniques such as transplanting,
seedling throwing, direct sowing by manual broadcasting and wet sowing by a
drum seeder. The various stand establishment techniques showed no significant
difference in straw yield in both seasons. Ganajaxi and Rajkumara (2000) studied
the performance of various methods of sowing with different agronomic practices
for growing direct seeded rice an experiment conducted in Karnataka, India
during wet season of 1999. They reported that fodder yield was highest in
transplanting (farmer’s practice; 5483 kg ha™).

Roknuzzaman (1997) conducted an experiment with rice cultivar BR11 where
seedlings transplanted in haphazard and row arrangements and observed that

straw yield was highest in row planting.

2.3.12 Biological yield
A field experiment was carried out by Tohiduzzaman (2011) at Agronomy
research field, Sher-e-Bangla Agricultural University, Dhaka, Bangladesh, during

the period from December, 2010 to May 2011 for the screening of rice varieties

33



responsive to SRI in boro season and reported that BRRI hybrid dhan2 had the
highest biological yield (13.24 t ha*) in SRI system

Bari (2004) reported that all the yield contributing characters studied were
significantly affected by method of planting except panicle length, 1000-grains
weight and straw yield. The biological yield from direct wet seeded line sowing

method was significantly higher than those from transplanted method.

Rahman (2001) observed that the highest biological yield was found in the intact
crop. Garcia et al. (1995) found that uninhibited growth of direct seeded rice
during the vegetative stage led to superior biological yield than that of

transplanted rice.

2.3.13 Harvest index
A field experiment was carried out by Tohiduzzaman (2011) at Agronomy
research field, Sher-e-Bangla Agricultural University, Dhaka, Bangladesh, during
the period from December, 2010 to May 2011 for the screening of rice varieties
responsive to SRI in boro season and reported that BRRI dhan50 had the highest
harvest index (49.30).

Hoon and Kim (1997) compared the physiological and ecological characteristics
of rice cv. Whasungbyeo in direct sown and transplanted crops in Japan. The
harvest index was higher in direct sown crop (DSC) than in mechanically

transplanted crop (MTC).

Roknuzzaman (1997) conducted an experiment with rice cultivar BR11, where
seedlings transplanted in haphazard and row arrangements and observed that the

harvest index was highest in haphazard planting.

Rao (1990) conducted an experiment with plant derived from primary, secondary
and tertiary tillers and transplanted at 20 x10 cm spacing produced harvest index
which were 45.3, 45.3, 9.1 and 45.1% for plants derived from primary, secondary

and tertiary tillers and control plants respectively.
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CHAPTER 111
MATERIALS AND METHODS

The experiment was conducted at the Sher-e-Bangla Agricultural University
Farm, Dhaka, Bangladesh during the period from December 2011 to May 2012 to
study the growth and yield of boro rice as affected by seedling age and planting
geometry under System on Rice Intensification (SRI). The details of the materials and

methods have been presented below:

3.1 Description of the experimental site

3.1.1 Location

The present piece of research work was conducted in the experimental field of
Sher-e-Bangla Agricultural University, Sher-e-Bangla Nagar, Dhaka. The location
of the site was 23°74/N latitude and 90°35'E longitude with an elevation of 8.2

meter from sea level.

3.1.2 Sail

The soil of the experimental area that used in the plot for rice cultivation belongs
to “The Modhupur Tract”, AEZ — 28 (FAO, 1988). Top soil was silty clay in
texture, olive-gray with common fine to medium distinct dark yellowish brown
mottles. Soil pH was 5.6 and has organic carbon 0.45%. The experimental area
was flat having available irrigation and drainage system. The details of the plot

soil have been presented in Appendix I.

3.1.3 Climate

The geographical location of the experimental site was under the subtropical
climate, characterized by three distinct seasons, winter season from November to
February and the pre-monsoon period or hot season from March to April and
monsoon period from May to October (Edris et al., 1979). Details of the
meteorological data of air temperature, relative humidity, rainfall and sunshine
hour during the period of the experiment was collected from the Weather Station
of Bangladesh, Sher-e Bangla Nagar, Dhaka and has been presented in

Appendix II.
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3.2 Experimental details

3.2.1 Treatments
The experiment comprised of two factors.

Factor A: Seedling age (4 levels):
i. Aj;:12 days old seedling
ii.  A,:14 days old seedling
iii. As: 16 days old seedling
iv. A4 30 days old seedling

Factor B: Plant spacing (5 levels):
I. S1:25cmx25cm
. S,:30cm x 30cm
li. S3:35cm x 35¢cm
iIv. S;:40cm x40cm

V. Ss:25cmx15cm

As such there were 20 treatment combinations viz., A;S;, A1S,, A;Ss, A1Ss, A;Ss,
AsS1, ASy, ArSs, ASs, AsSs, AsSi, AsSy, AsSs, AsSs, AsSs, AsS1, AsSy, AySs,
AsS, and AsSs.

3.2.2 Experimental design and layout

The experiment was laid out in split-plot design with three replications. Seedling
age was assigned to main plots and plant spacings to sub-plots. There were 60
plots for 60 treatment combination and the 20 treatment combinations of the
experiment were assigned at random in 20 plots of each replication following

split-plot design.

3.3 Growing of crops

3.3.1 Raising seedlings
3.3.1.1 Seed collection
The seeds of the test crop i.e. BRRI dhan50 were collected from Bangladesh Rice

Research Institute (BRRI), Joydebpur, Gazipur.
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3.3.1.2 Seed sprouting
Healthy seeds were selected by specific gravity method and then immersed in
water bucket for 24 hours and then they were kept tightly in gunny bags. The

seeds started sprouting after 48 hours and were sown after 72 hours.

3.3.1.3 Preparation of seedling tray and seed sowing
Seeds were sown in tray on December 11, 25, 27 and 29, 2011, for 30, 16, 14 and
12 days old seedling, respectively in order to transplant the seedlings in the plot as

per experimental treatment.

3.3.3 Fertilizers and manure application

The fertilizers N, P, K, S, Zn and B in the form of urea, TSP, MP, gypsum, zinc
sulphate and borax, respectively were applied. The entire amount of TSP, MP,
gypsum, zinc sulphate and borax were applied during the final preparation of plot
land. Mixture of cowdung and compost was applied @ 10 t/ha during 15 days
before transplantation. Urea was applied in three equal installments at after
recovery, tillering and before panicle initiation. The dose and method of

application of fertilizers are shown in Table 1.

Table 1. Dose and method of fertilizers application

Fertilizers Dose (kg Application (%)

ha™) Basal After 1" 2"

recovery | installment | installment

Urea 150 - 33.33 33.33 33.33
TSP 100 100 -- -- --
MP 100 100 -- -- --
Zinc sulphate 10 100 -- - -
Gypsum 60 100 -- -- --
Borax 10 100 -- -- --

Source: BRRI, 2012, Adhunik Dhaner Chash, Joydevpur, Gazipur

3.3.4 Uprooting of seedlings
The nursery bed was made wet by application of water one day before uprooting
of the seedlings. The seedlings were uprooted on January 10, 2012 without

causing much mechanical injury to the roots.
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3.3.5 Transplanting of seedlings in the plots
The rice seedlings were transplanted in the plot at 10 January, 2012 and 1 healthy
seedling was transplanted in the plot in a hill for 12, 14 and 16 days old seedlings,

2 seedlings hill™ for 30 days old seedlings following the spacing as per treatments.

3.3.6 After care
After establishment of seedlings, various intercultural operations were

accomplished for better growth and development of the rice seedlings.

3.3.6.1 Irrigation and drainage

Irrigation was provided to maintain a constant level of standing water upto 6 cm
in the early stages to establishment of the seedlings and then maintained the
amount drying and wetting system throughout the entire vegetative phase. No
water stress was encountered in reproductive and ripening phase. The plot was

finally dried out at 15 days before harvesting.

3.3.6.2 Gap filling
First gap filling was done for all of the plots at 10 days after transplanting (DAT)

by planting same aged seedlings.

3.3.6.3 Weeding

Weedings were done to keep the plots free from weeds, which ultimately ensured
better growth and development. The newly emerged weeds were uprooted
carefully at 30 DAT and 60 DAT by mechanical means.

3.3.6.4 Top dressing
First dose after recovery, the remaining doses of urea were top-dressed in 2 equal

installments at tillering and before panicle initiation.

3.3.6.5 Plant protection
Furadan 57 EC was applied at the time of final land preparation and later on other

insecticides were applied as and when necessary.
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3.4 Harvesting, threshing and cleaning

The crop was harvested depending upon the maturity of plant and harvesting was
done manually from each plot. The harvested crop of each plot was bundled
separately, properly tagged and brought to threshing floor. Enough care was taken
during harvesting, threshing and also cleaning of rice seed. Fresh weight of grain
and straw were recorded plot wise. The grains were cleaned and finally the weight
was adjusted to a moisture content of 14%. The straw was sun dried and the yields

of grain and straw plot™ were recorded and converted to t ha™.

3.5 Data recording

3.5.1 Plant height
The height of plant was recorded in centimeter (cm) at the time of 30, 60, 90 and
110 DAT (Days after transplanting). The height was measured from the ground

level to the tip of the plant of five hills and finally averaged.

3.5.2 Number of tillers hill™
The number of tillers hill"* was recorded at the time of 30, 60, 90 and 110 DAT by

counting total tillers of five respective hills and finally averaged to hill™* basis.

3.5.3 Leaf area index

Leaf area index measured manually at the time of 30, 60, 90 and 110 DAT. Data
were recorded as the average of 05 plants selected at random the inner rows of
each plots. The final data calculated multiplying by a correction factor 0.75 as per
Yoshida (1981).

3.5.4 Dry matter hill™

Dry matter was recorded at 40, 70 and 100 DAT from 2 randomly collected hills
of each plot from inner rows leaving the boarder row. Collected plants including
roots, leaves, grain and straw were oven dried at 70°C for 72 hours then
transferred into desiecator and allowed to cool down at room temperature, final

weight was taken and converted into dry matter content hill ™.
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3.5.5 Effective tillers hill™*
The total number of effective tillers hill* was counted as the number of panicle
bearing tillers hill*. Data on effective tiller hill™ from five hills were counted and

value was recorded and averaged to hill™ basis.

3.5.6 Ineffective tillers hill™
The total number of ineffective tillers hill* was counted as the number of no
panicle bearing tillers hill*. Data on in effective tillers hill"* were counted at

harvest and value was recorded.

3.5.7 Panicle length
The length of panicle was measured with a meter scale from 10 selected panicles

and the average value was recorded.

3.5.8 Filled grains panicle™
The total number of filled grains was counted randomly from selected 10 panicles
of a plot on the basis of grain in the spikelet and then average number of filled

grains panicle™ was recorded.

3.5.9 Unfilled grains panicle™
The total number of unfilled grains was counted randomly from the same 10
panicles where filled grains were counted of a plot on the basis of no grain in the

spikelet and then average number of unfilled grains panicle™ was recorded.

3.5.10 Weight of 1000-grains
One thousand grains were counted randomly from the total cleaned harvested

grains of each individual plot and then weighed in grams and recorded.

3.5.11 Grain yield

Grains obtained from each unit plot were sun-dried and weighed carefully and
finally adjusted to 14% moisture basis using a digital moisture meter. The dry
weight of grains of each plot from harvested area was measured and converted to
that,
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3.5.12 Straw vyield

Straw obtained from each unit plot were sun-dried and weighed carefully. The
sub-samples of the straw of each plot was oven dried and finally converted to
that,

3.5.13 Biological yield
Grain vyield and straw yield together were regarded as biological yield. The

biological yield was calculated with the following formula:
Biological yield = Grain yield + Straw yield.

3.5.14 Harvest index
Harvest index was calculated from the grain and straw yield of rice for each plot

and expressed in percentage.

Economic yield (grain weight)
HI (%) = % 100
Biological yield (Total dry weight)

3.5.15 Weed population m™
From the 1m?area of each plot, the total weeds were uprooted and counted.

3.5.16 Weed dry matter m™

The fresh weight of weeds from 1m? area of each plot was weighed and oven
dried at 80°C until a constant weight was obtained. The sample was then
transferred into desiccators and allowed to cool down to the room temperature and

then final weight of the sample was taken.

3.6 Statistical Analysis

The data obtained for different characters were statistically analyzed using
IRRISTAT software to observe the significant difference among the treatments.
The mean values of all the characters were calculated and analysis of variance
was performed. The significance of the difference among the treatment means was
estimated by the Least Significant Difference (LSD) test at 5% level of probability
(Gomez and Gomez, 1984).
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CHAPTER IV
RESULTS AND DISCUSSION

This study was conducted to determine the growth and yield of Boro rice as
affected by seedling age and plant spacing under System of Rice Intensification
(SRI). Data on different growth parameters, yield attributes and yield were
recorded. The results were presented and possible interpretations given under the

following headings:

4.1 Plant height

4.1.1 Seedling age

Significant variation was recorded for plant height of boro rice at 30 DAT for
different seedling age but it was non-significant for 60, 90 and 110 DAT
(Appendix 111 and Table 2). The results revealed that at 30 DAT, the longest plant
(19.55 cm) was recorded in A, (14 days old seedling) which was statistically
similar (19.26 cm and 19.04 cm) with Az (16 days old seedling) and A; (12 days
old seedling), respectively again the shortest plant (17.82 cm) was found in A, (30
days old seedling). The 14 days old seedlings showed 1.50, 2.68 and 9.71% higher
plant height compared to 16, 12 and 30 days old seedlings respectively. At 60
DAT, the numerically maximum plant height (44.91 cm) was found in As,
whereas the minimum plant height (43.30 cm) was observed in A;. At 90 DAT,
the maximum plant height (65.59 cm) was observed in Az, while the minimum
plant height (64.07 cm) was recorded in A4. The same trend of plant height was
also observed at 110 DAT. Twenty days old seedlings of rice produced the tallest
plant as compared to seedling age of 28 and 36 days reported by Kosta et al.
(1982) and Sundersingh et al. (1983). Touhiduzzaman (2011) also recorded
similar increment of plant height having variety BRRI dhan50. The optimum age
of seedling for growth parameter under conventional method for transplanting
aus, aman and boro rice were 20-30, 30-40 and 35 - 45 days, respectively
(DAE, 1992).
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Table 2. Effect of seedling age on plant height of boro rice

Treatments Plant height (cm) at
30 DAT 60 DAT 90 DAT 110 DAT
Ay 19.04 ab 43.30 64.53 76.23
A, 19.55a 44,76 65.13 75.43
Az 19.26 ab 4491 65.59 76.69
Ay 17.82b 44,05 64.07 74.77
LSD(0.05) 1.466 NS NS NS
CV (%) 8.66 9.93 3.95 2.83

In a column, similar letter do not differ significantly at 0.05 level of probability
A= 12 days, A,= 14 days, As= 16 days and A,= 30 days old seedlings
NS = Non significant

4.1.2 Plant spacing

Plant height of boro rice showed statistically non significant differences at 30, 60
and 110 DAT but significant at 90 DAT due to the different plant spacing
(Appendix Il and Table 3). At 30 DAT, the numerical maximum plant height
(19.47 cm) was found in S; (25 cm x 25 cm), while the minimum plant height
(18.49 cm) was recorded in S (40 cm x 40 cm). At 60 DAT, the maximum plant
height (44.99 cm) was recorded in S,, while the minimum plant height (43.05 cm)
was recorded in S4. At 90 DAT, the longest plant height (65.98 cm) was observed
in S4 which was statistically similar (65.33 cm, 64.86 cm and 64.15 cm) with S,
S, and Sy, respectively, whereas the shortest plant height (63.85 cm) was found in
Ss. The 40 cm x 40 cm spacing gave 0.99, 1.73, 2.85 and 3.34% higher plant
height than that of 35 cm x 35 cm, 30 cm % 30 cm, 25 cm x 25 cm and 25 cm x 15
cm spacings respectively. At 110 DAT, the maximum plant height (76.92 cm) was
recorded in Ss, and the minimum plant height (75.17 cm) was observed in S;.
Krishna et al. (2008) reported that wider spacing of 40 x 40 cm found to have
significant influence on growth parameters. Tohiduzzaman (2011) cultivated
sixteen varieties in boro season and reported significant difference among them in

all agronomic parameters including plant height in SRI system.
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Table 3. Effect of plant spacing on plant height of boro rice

Treatments Plant height (cm) at
30 DAT 60 DAT 90 DAT 110 DAT

S1 19.47 43.70 64.15 ab 75.17

S, 19.31 44.99 64.86 ab 75.96

S3 18.71 44.90 65.33 ab 76.92

S4 18.49 43.05 65.98 a 75.53

Ss 18.78 44.64 63.85 Db 76.12
LSD0.05) NS NS 1.850 NS
CV(%) 12.77 7.32 3.43 4.09

In a column, similar letter do not differ significantly at 0.05 level of probability
S;=25cm x 25 cm, S,= 30 cm x 30 cm, S;= 35 cm x 35 cm, S,= 40 cm x 40 cm, Ss=25cm x 15 cm
NS = Non significant

4.1.3 Interaction effect

Interaction effect of seedling age and plant spacing showed significant differences
for plant height of boro rice at 30, 60, 90 and 110 DAT (Appendix Il and Table
4). At 30 DAT, the longest plant (21.82 cm) was found in the treatment
combination of A3S; (16 days old seedling and 25 cm X% 25 cm plant spacing) and
the shortest plant (16.85 cm) was observed in the treatment combination of A;Ss
(14 days old seedling and 25 cm x 15 cm plant spacing). At 60 DAT, the longest
plant (46.43 cm) was found in the treatment combination of AsS, and the shortest
plant (40.69 cm) was observed in the treatment combination of A;S,. At 90 DAT,
the longest plant (69.07 cm) was found in the treatment combination of AsS, and
the shortest plant (63.00 cm) was observed in the treatment combination of A;S,.
At 110 DAT, the longest plant (78.42 cm) was found in the treatment combination
of A;S; and the shortest plant (71.43 cm) was observed in the treatment
combination of A,S;. Karmakar et al. (2004) reported that, conventional practice
(25 cm x15 cm spacing with 15 days old seedlings) gave longest plant. Ashraf and
Mahmood (1989) studied the effect of over aged seedlings of two Basmati rice
varieties and reported that yield attributes declined significantly with the increase

in seedling age.
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Table 4. Interaction effect of seedling age and plant spacing on plant height

of boro rice
Treatments Plant height (cm) at
30 DAT 60 DAT 90 DAT 110 DAT
ASq 19.51 ab 43.89 ab 64.79 bc 76.35 ab
AS; 20.09 ab 43.50ab 63.41 bc 74.81 ab
AS;3 19.45 ab 43.34 ab 67.03 ab 78.42 a
A1Sy 19.31 ab 40.69 b 63.81 bc 74.13 ab
A;Ss 16.85b 45.08 ab 63.63 bc 7742 a
AS; 18.97 ab 41.29 ab 63.89 bc 71.43b
AS; 20.72 ab 45.40 ab 63.95 bc 76.13 ab
ArS;3 19.45 ab 45.91 ab 66.61 a-c 77.84a
AS, 18.91 ab 46.13 a 67.05 ab 76.47 ab
AsSs 19.71 ab 45.05 ab 64.16 bc 75.28 ab
AsS; 21.82a 45.67 ab 63.53 bc 77.07 a
AsS; 18.75 ab 46.43 a 69.07 a 77.87a
AsS;3 18.43 ab 44.96 ab 64.41 bc 76.60 ab
AsS, 18.10 ab 43.87 ab 67.10 ab 76.67 a
AsSs 19.21 ab 43.64 ab 63.87 bc 75.24 ab
AsS; 17.57 b 43.95 ab 64.37 bc 75.85 ab
A4S, 17.66 b 44.61 ab 63.00 c 75.03 ab
AyS;3 17.52 b 45.40 ab 63.29 c 74.81 ab
A4S, 17.63 b 41.50 ab 65.96 a-c 74.83 ab
AySs 19.35a 44.80 ab 63.73 bc 76.54 ab
LSD(0.05) 4.025 5.385 3.701 5.163
CV (%) 12.77 7.32 3.43 4.09

In a column, similar letter do not differ significantly at 0.05 level of probability
A= 12 days, A,= 14 days, As= 16 days and A,= 30 days old seedlings
S;=25cm x 25 cm, S,= 30 cm x 30 cm, S3= 35 c¢cm x 35 cm, S,= 40 cm x 40 cm, Ss= 25 cm x 15 cm
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4.2 Number of tillers hill™
4.2.1 Seedling age
Significant variation was recorded for number of tillers hill* of boro rice at 30

DAT for different seedling age but it was non-significant for 60, 90 and 110 DAT
(Appendix IV and Figure 1). The results revealed that at 30 DAT, the maximum
number of tillers hill™ (3.03) was recorded in A, (14 days old seedling) which was
statistically similar (2.56 and 2.41) with A; (12 days old seedling) and A; (16 days
old seedling), again the minimum number of tillers hill™* (2.13) was found in A,
(30 days old seedling). The 14 days old seedlings showed 18.34, 25.73 and
42.25% higher number of tillers hill* compared to 12, 16 and 30 days old
seedlings respectively. At 60 DAT, the numerically maximum number of tillers
hill* (15.36) was found in A, whereas the minimum number of tillers hill™*
(13.32) was observed in A,. At 90 DAT, the maximum number of tillers hill™
(34.03) was observed in Az, while the minimum number (32.77) was recorded in
A,. The same trend of number of tillers hill* was also observed at 110 DAT.
Krishna et al. (2008) reported that the 12 days seedlings produced more number
of tillers plant®. Touhiduzzaman (2011) also recorded similar increment of

number of tillers hill* having variety BRRI dhan50.

4.2.2 Plant spacing
Number of tillers hill™* of boro rice showed statistically non significant differences

at 30 and 60 DAT but significant at 90 and 110 DAT due to the different plant
spacing (Appendix IV and Figure 2). At 30 DAT, the numerical maximum
number of tillers/hill (2.65) was found in S; (25 cm x 25 cm) and S, (30 cm x 30
cm), while the minimum number (2.38) was recorded in Ss (25 cm x 15 cm). At
60 DAT, the maximum number of tillers hill"* (15.30) was recorded in S;, while
the minimum number of tillers hill"* (13.20) was recorded in S,. At 90 DAT, the
highest number of tillers hill™* (42.38) was observed in S; which was statistically
similar (40.47) with S, and closely followed (32.37 and 28.83) with S, and S,

respectively, while the minimum number of tillers hill™* (22.70) was found in Ss.
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The 35 cm x 35 cm spacing gave 4.72, 30.92, 47.31 and 87.09% higher number of
tillers hill™* than that of 40 cm x 40 cm, 30 cm x 30 cm, 25 cm x 25 cm and 25 cm
x 15 cm spacings, respectively. At 110 DAT, the highest number of tillers hill™
(44.03) was recorded in S4, which was closely followed (40.73) by S; and the
lowest number (19.50) was observed in Ss. The 40 cm x 40 cm spacing gave 8.10,
45.41, 71.86 and 125.80% higher number of tillers hill"* than that of 35 cm x 35
cm, 30 cm x 30 cm, 25 cm x 25 cm and 25 cm x 15 cm spacings, respectively.
Karmakar et al. (2004) reported that number of tillers and panicles per unit area
were higher in closer spacing. Tohiduzzaman (2011) cultivated sixteen varieties in
boro season and reported significant difference among them in all agronomic

parameters including number of tillers hill™* in SRI system.

4.2.3 Interaction effect

Interaction effect of seedling age and plant spacing showed significant differences
for number of tillers hill™* of boro rice at 30, 60, 90 and 110 DAT (Appendix IV
and Table 5). At 30 DAT, the highest number of tillers hill™* (3.33) was found in
the treatment combination of A,S, (14 days old seedling and 40 cm x 40 cm plant
spacing) and the lowest number (1.87) was observed in the treatment combination
of A;Ss (14 days old seedling and 25 cm x 15 cm plant spacing). At 60 DAT, the
highest number of tillers hill"* (18.40) was found in the treatment combination of
A3S; and the lowest number of tillers hill™* (11.73) was observed in the treatment
combination of A;Ss. At 90 DAT, the highest number of tillers hill* (44.53) was
found in the treatment combination of A,S; that similar to A,S4, A3S4, A;S3, AsSs,
A4S; and A;S, and the lowest number (20.73) was observed in the treatment
combination of A;Ss. At 110 DAT, the highest number of tillers hill"* (50.93) was
found in the treatment combination of A;S, and the lowest number of tillers hill™
(18.47) was observed in the treatment combination of A3;Ss. Mazid et al. (2003)
found that SRI method with 30 cm x 30 cm and 40 cm x 40 cm spacing and

younger seedlings increased number of tillers hill™.
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Table 5. Interaction effect of seedling age and plant spacing on number of
tillers hill™ of boro rice

Treatments Number of tillers hill™* at

30 DAT 60 DAT 90 DAT 110 DAT
A:S; 2.80 a-d 16.27 ab 26.73 f-j 22.67 f-h
AS; 3.13ab 14.47 ab 31.53 d-g 27.53 d-g
A:Ss 2.40 a-d 14.47 ab 4320 a 39.13 bc
A:S, 2.60 a-d 13.73 ab 39.47 ab 43.27 b
A:Ss 1.87d 11.73b 22.93 h-j 19.53 h
AsS; 2.80 a-d 14.27 ab 28.40 e-i 24.93 e-h
AsS; 3.13ab 15.80 ab 30.33 d-g 29.07 d-f
AsSs 3.13ab 15.53 ab 4453 a 41.73 b
AsSy 3.33a 15.20 ab 43.47 a 42.00 b
AsSs 2.73 a-d 16.00 ab 21.60 ij 18.87 h
AsS; 3.07 a-c 18.40a 30.07 d-h 26.60 e-g
AsS; 2.33 b-d 15.93 ab 34.07 c-e 33.13 cd
AsS; 2.20 b-d 13.00 ab 41.93 ab 40.40 b
AsS, 2.13 cd 12.00b 43.33a 50.93 a
AsSs 2.33 b-d 13.40 ab 20.73 18.47 h
A4S 1.93d 12.27 ab 30.13 d-g 32.27 d-f
AsS; 2.00d 13.60 ab 33.53 c-f 31.40 de
AsS3 2.20 cd 13.33 ab 39.87 a-C 41.67 b
AsSs 1.93d 11.87b 35.60 b-d 39.90 b
AsSs 2.60 a-d 16.73 ab 25.53 g-j 21.13 gh

LSD 0.05) 0.987 6.323 7.165 6.514
CV(%) 23.47 26.40 12.92 12.23

In a column, similar letter do not differ significantly at 0.05 level of probability
A= 12 days, A,= 14 days, As= 16 days and A,= 30 days old seedlings
S;=25cm x 25 cm, S,= 30 cm x 30 cm, S3= 35 cm x 35 ¢cm, S,= 40 cm x 40 cm, Ss= 25 cm x 15 cm
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4.3 Leaf area index

4.3.1 Seedling age
Ssignificant variation was recorded for leaf area index of boro rice at 30 DAT but

at 60, 90 and 110 DAT it was non significant (Appendix V and Figure 3). The
results revealed that at 30 DAT, the numerically maximum leaf area index (0.06)
was recorded in Az (16 days old seedling) which was statistically similar (0.05)
with A; (12 days old seedling) and A, (14 days old seedling) and the lowest leaf
area index (0.04) was found in A, (30 days old seedling). At 60 DAT, the
numerically maximum leaf area index (0.847) was found in A, whereas the
minimum (0.734) was observed in Az. At 90 DAT, the maximum leaf area index
(5.19) was observed in A, while the minimum leaf area index (4.82) was
recorded in A;. At 110 DAT, the maximum leaf area index (3.46) was observed in
As, while the minimum leaf area index (3.16) was recorded in A,. Touhiduzzaman
(2011) also recorded similar increment of leaf area index having variety BRRI
dhan50. Krishna et al. (2008) reported that wider spacing of 40 x 40 cm found to

have significant influence on leaf area index.

4.3.2 Plant spacing
Leaf area index of boro rice showed statistically significant differences at 30, 60,

90 and 110 DAT due to the different plant spacing (Appendix V and Figure 4). At
30 DAT, the numerical highest leaf area index (0.09) was found in S5 (25 cm x 15
cm) which was similar (0.07) with S; (25 cm x 25 cm), while the lowest leaf area
index (0.02) was recorded in S4 (40 cm x 40 cm). At 60 DAT, the highest leaf
area index (1.228) was recorded in Ss, which was followed (0.837) by S,, while
the lowest leaf area index (0.430) was recorded in S;. At 90 DAT, the highest leaf
area index (6.66) was observed in S which was followed (5.10) by S;, whereas
the lowest leaf area index (4.14) was found in S;. At 110 DAT, the highest leaf
area index (4.49) was observed in S which was followed (3.54) by S;, whereas
the lowest leaf area index (2.45) was found in S,. Tohiduzzaman (2011) cultivated
sixteen varieties in boro season and reported significant difference among them in

all agronomic parameters including leaf area index in SRI system.
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4.3.3 Interaction effect
Interaction effect of seedling age and plant spacing showed significant differences

for leaf area index of boro rice at 30, 60, 90 and 110 DAT (Appendix V and Table
6). At 30 DAT, the highest leaf area index (0.141) was found in the treatment
combination of AsS; (16 days old seedling and 25 cm x 25 cm plant spacing) and
the lowest leaf area index (0.020) was observed in the treatment combination of
A4S, (30 days old seedling and 40 cm x 40 cm plant spacing). At 60 DAT, the
highest leaf area index (1.552) was found in A,Ss and the lowest (0.332) was
observed in the treatment combination of A;S;. At 90 DAT, the highest leaf area
index (7.33) was found in the treatment combination of A,Ss and the lowest leaf
area index (3.38) was observed in A,S,. At 110 DAT, the highest leaf area index
(4.87) was found in the treatment combination of A;Ss and the lowest leaf area

index (1.96) was observed in A;S,.

4.4 Dry matter hill*

4.4.1 Seedling age
Significant variation was recorded for dry matter hill™ of boro rice at 40 and 100

DAT for different seedling age but it was non-significant for 70 DAT (Appendix
VI and Table 7). The results revealed that at 40 DAT, the highest dry matter hill™
(0.44 g) was recorded in A; (12 days old seedling) which was statistically similar
(0.43 g and 0.42 g) with A, (14 days old seedling) and A; (16 days old seedling),
respectively and the lowest dry matter hill™* (0.30 g) was found in A, (30 days old
seedling). The 12 days old seedlings showed 28.57, 30.23 and 31.82 % higher dry
matter hill* compared to 30, 16 and 14 days old seedlings respectively. At 70
DAT, the numerically maximum dry mater hill"* (29.89 g) was found in A,,
whereas the minimum (27.18 g) was observed in A;. At 100 DAT, the highest dry
matter hill™* (106.48 g) was observed in A,, which was statistically similar (101.21
g) with Az, while the lowest (88.37 g) was recorded in A;. The 14 days old
seedlings showed 5.21, 12.14 and 20.49% higher dry matter hill™* compared to 16,
12 and 30 days old seedlings, respectively. Touhiduzzaman (2011) recorded

similar increment of dry matter content per hill having variety BRRI dhan50.
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Table 6. Interaction effect of seedling age and plant spacing on leaf area
index of boro rice

Treatments Leaf area index at
30 DAT 60 DAT 90 DAT 110 DAT

AiS; 0.057 b-d 0.652d 4.82 e-h 3.13 d-i
AS; 0.044 b-d 0.750 bc 4.16 f-i 3.11 d-j
A1Ss3 0.027 cd 0.332¢ 4.29 f-i 3.05 d-k
A1Sy 0.030 cd 1.415 a-d 4.10 g-i 2.67 e-k
A1Ss 0.091 a-c 0.831 a-d 6.71 ab 4.87 a
AS; 0.070 b-d 0.658 d 4.74 f-h 3.71 b-f
AsS; 0.040 cd 0.617 e 4.52 f-i 2.57 g-k
ArS;3 0.040 cd 0.524 ¢ 4.29 f-i 2.95 d-k
AzS, 0.018d 0.460 e 3.38i 2.15 h-k
AsSs 0.107 ab 1.552 a 7.33a 4.47 a-c
AsS; 0.141a 0.954 a-d 5.53 b-f 3.72 b-e
AsS; 0.034 cd 0.488 e 4.34 f-i 3.44 c-g
AsS; 0.027 cd 0.469 e 4.49 f-i 3.11d-k
AsS, 0.034 cd 0.732 cd 5.14 c-e 3.02 d-j
AsSs 0.085 a-c 1.028 a-e 6.46 a-c 4.03 a-c
AsS; 0.022 d 0.495¢e 5.31c-e 3.60 b-f
A4S 0.047 b-d 1.484 a-c 6.27 a-d 3.19d-h
AyS;3 0.031 cd 0.3%¢e 4.28 f-i 3.02 d-k
A4S, 0.020 d 0.361¢e 3.94 g-i 1.96 k
AySs 0.076 a-d 1.499 ab 6.15 a-e 4.61 ab

LSD0.05) 0.065 0.763 1.39 1.09

CV (%) 74.50 58.42 16.68 19.82

In a column, similar letter do not differ significantly at 0.05 level of probability
A= 12 days, A,= 14 days, As= 16 days and A,= 30 days old seedlings
S;=25cm x 25 cm, S,= 30 cm x 30 cm, S3= 35 cm x 35 cm, S,= 40 cm x 40 cm, Ss= 25 cm x 15 cm
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Table 7. Effect of seedling age on dry matter hill"* of boro rice

Treatments Dry matter hill™* (g) at
40 DAT 70 DAT 100 DAT
A 0.44 a 27.18 94.95 b-d
A 0.43a 29.89 106.48 a
As 0.42 a 23.67 101.21 ab
As 0.30b 27.74 88.37 ¢
LSDo.os) 0.109 NS 6.659
CV (%) 30.42 26.11 7.62

In a column, similar letter do not differ significantly at 0.05 level of probability
A= 12 days, A,= 14 days, As= 16 days and A,= 30 days old seedlings
NS = Non significant

4.4.2 Plant spacing
Dry matter hill"* of boro rice showed statistically significant differences at 70 and

100 DAT but non significant for 40 DAT due to the different plant spacing
(Appendix VI and Table 8). At 40 DAT, the highest dry matter hill"* (0.46 g) was
found in S, (30 cm x 30 cm), while the lowest dry matter hill’* (0.35 g) was
recorded in S; (35 cm x 35 cm). At 70 DAT, the highest dry matter hill™ (38.74 g)
was recorded in Sz which was statistically similar (35.15 g) with S, and followed
(30.97 g) by S,, while the lowest (14.77 g) was recorded in Ss. At 100 DAT, the
highest dry matter hill'* (156.18 g) was observed in S, which was followed
(122.87 g) by S; whereas the lowest dry matter hill™* (44.63 g) was found in Ss.
Tohiduzzaman (2011) cultivated sixteen varieties in boro season and reported
significant difference among them in all agronomic parameters including dry
matter hill™ in SRI system. Sridhara et al. (2011) reported that significantly higher
dry matter accumulation was recorded in BI-43 with 30 cm x 30 cm spacing under

direct seeding.
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Table 8. Effect of plant spacing on dry matter hill™ of boro rice

Treatments Dry matter hill™* (g) at
40 DAT 70 DAT 100 DAT

S1 0.44 15.98 d 50.84d

S, 0.46 30.97 bc 114.24 c

S3 0.35 38.74 a 122.87b

S4 0.36 35.15ab 156.18 a

Ss 0.40 14.77 d 44.63 e
LSD0.05) NS 6.45 6.01
CV(%) 39.31 28.59 7.47

In a column, similar letter do not differ significantly at 0.05 level of probability
S;=25cmx 25 cm, S,= 30 cm x 30 cm, S;= 35 cm x 35 cm, S,= 40 cm x 40 cm, Ss= 25 cm x 15 cm
NS = Non significant

4.4.3 Interaction effect
Interaction effect of seedling age and plant spacing showed significant differences

for dry matter hill™* of boro rice at 40, 70 and 100 DAT (Appendix VI and Table
9). At 40 DAT, the highest dry matter hill’* (0.57 g) was found in the treatment
combination of A,S, (14 days old seedling and 40 cm x 40 cm plant spacing) and
the lowest dry matter hill™* (0.25 g) was observed in the treatment combination of
A4S, (30 days old seedling and 30 cm x 30 cm plant spacing). At 70 DAT, the
highest dry matter hill™* (52.56 g) was found in the treatment combination of A;S,
and the lowest dry matter hill* (9.90 g) was observed in the treatment
combination of A;S;. At 100 DAT, the highest dry matter hill"* (164.55 g) was
found in the treatment combination of A,S, and the lowest (37.03 g) was observed
in the treatment combination of A;Ss. Mazid et al. (2003) found that SRI method
with 30 cm x 30 cm and 40 cm x 40 cm spacing and younger seedlings increased

dry matter hill™.
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Table 9. Interaction effect of seedling age and plant spacing on dry matter
hill™* of boro rice

Treatments Dry matter hill™* (g) at
40 DAT 70 DAT 100 DAT
AS; 0.43 a-c 9.90i 52.88 fg
A1S; 0.52 ab 28.51 c-g 107.92 de
A1S3 0.50 a-c 33.13 b-f 122.69¢c
A1S, 0.33 a-c 52.56 a 154.25a
A;Ss 0.42 a-c 11801 37.03h
AsSq 0.41 a-c 15.76 g-i 55.88 f
AzS; 0.50 a-c 45.18 ab 123.83 ¢
AsSs3 0.24c 40.81 a-c 137.91b
AySy 0.57 a 27.23 d-g 164.55 a
AsSs 0.45 a-c 20.51 f-i 50.22 fg
AsS; 0.57 a 21.04 f-i 47.63 f-h
AsS; 0.56 a 24.88 f-h 119.87 cd
AsS3 0.33 a-c 38.15 b-e 125.25¢
AsS, 0.26 bc 20.99 f-i 165.30 a
AsSs 0.41 a-c 13.30 hi 47.99 f-h
AySq 0.34 a-c 17.20 g-i 47.01 f-h
AyS; 0.25¢ 25.32 e-h 105.32 e
A4Ss3 0.34 a-c 42.88 ab 105.61e
AyS, 0.27 bc 39.81 a-d 140.61 b
A4Ss 0.33 a-c 13.48 hi 43.28 gh
LSD(.05) 0.261 12.893 12.029
CV(%) 39.31 28.59 7.47

In a column, similar letter do not differ significantly at 0.05 level of probability
A= 12 days, A,= 14 days, As= 16 days and A,= 30 days old seedlings
S;=25cm x 25 cm, S,= 30 cm x 30 cm, S3= 35 c¢cm x 35 cm, S,= 40 cm x 40 cm, Ss= 25 cm x 15 cm
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4.5 Effective tillers hill™

4.5.1 Seedling age

Non significant variation was recorded for number of effective tillers hill* of boro
rice for different seedling age (Appendix VII and Table 10). The results revealed
that the maximum number of effective tillers hill™* (26.72) was recorded in A, (30
days old seedling), and the minimum number (26.27) was found in A; (16 days
old seedling). Krishna et al. (2008) reported that the 12 days seedlings produced
more productive tillers plant™. Touhiduzzaman (2011) also recorded similar

increment of number of effective tillers hill™* having variety BRRI dhan50.

Table 10. Effect of seedling age on yield contributing characters of boro rice

Treatments Effective Ineffective Filled Unfilled grains

tillers hill™ tillers hill'*  grains panicle™ panicle™
(No.) (No.) (No.) (No.)

Ay 26.44 2.48 93.08 25.97

A, 26.52 2.39 100.95 24.71

As 26.27 2.88 93.46 27.56

A, 26.72 2.59 100.69 24.47
LSD0.05) NS NS NS NS

CV(%) 2.75 45.84 11.77 25.30

In a column, similar letter do not differ significantly at 0.05 level of probability
A= 12 days, A,= 14 days, As;= 16 days and A,= 30 days old seedlings
NS = Non significant

4.5.2 Plant spacing

Number of effective tillers hill* of boro rice showed statistically significant
differences due to the different plant spacing (Appendix VII and Table 11). The
highest number of effective tillers hill™* (36.30) was found in S, (40 cm x 40 cm)
which was followed (31.93) by S3 (35 cm x 35 cm), while the lowest number of
effective tillers hill™* (18.28) was recorded in S5 (25 cm x 15 cm). The 40 cm x 40
cm spacing gave 13.69, 46.25, 72.04 and 98.58% higher number of effective
tillers hill™* than that of 35 cm x 35 ¢cm, 30 cm x 30 cm, 25 ¢cm x 25 cm and 25 ¢cm
x 15 cm spacings respectively. Tohiduzzaman (2011) cultivated sixteen varieties
in boro season and reported significant difference among them in all agronomic

parameters including number of effective tillers hill™* in SRI system.
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Table 11. Effect of plant spacing on yield contributing characters of boro rice

Treatments Effective Ineffective Filled Unfilled
tillers hill™* tillers hill™* grains grains

(No.) (No.) panicle™ (No.) panicle™
(No.)
S1 21.10 cd 2.33 bc 93.97 26.13
S 2482 c 2.70 ab 94.70 24.75
Ss3 31.93b 2.95 ab 96.13 26.26
Sy 36.30 a 3.27 a 98.93 26.47
Ss 18.28 d 1.67c 101.5 24.78
LSD(0.0s) 4.126 0.727 NS 3.720
CV(%) 18.73 33.91 12.14 17.42

In a column, similar letter do not differ significantly at 0.05 level of probability
S;=25cmx 25 cm, S,= 30 cm x 30 cm, S;= 35 cm x 35 cm, S,= 40 cm x 40 cm, Ss= 25 cm x 15 cm
NS = Non significant

4.5.3 Interaction effect

Interaction effect of seedling age and plant spacing showed significant differences
for number of effective tillers hill™* of boro rice (Appendix VII and Table 12). The
highest number of effective tillers hill* (39.20) was found in the treatment
combination of A;S, (12 days old seedling and 40 cm x 40 cm plant spacing) that
similar to A,S,; (38.40), AsS, (34.87), AsSs (32.73), A4Sz (32.53), AsS; (32.27),
A;S;3 (31.60) and A,S; (31.33) and the lowest number (16.20) was observed in the
treatment combination of A;Ss (12 days old seedling and 25 cm x 15 cm plant
spacing) that similar to A3Ss (16.80).

4.6 Ineffective tillers hill™

4.6.1 Seedling age
Non significant variation was recorded for number of ineffective tillers hill™* of

boro rice for different seedling age (Appendix VII and Table 10). The results
revealed that the maximum number of ineffective tillers hill™ (2.88) was recorded
in Az (16 days old seedling), and the minimum number (2.39) was found in A, (16
days old seedling). Touhiduzzaman (2011) also recorded similar increment of

number of ineffective tillers hill* having variety BRRI dhan50.
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Table 12. Interaction effect of seedling age and plant spacing on Yyield
contributing characters of boro rice

Treatments Effective tillers  Ineffective Filled Unfilled
hill™ (No.) tillers hill™ grains grains
(No.) panicle™ panicle™
(No.) (No.)
A:S; 22.131fg 2.27 b-e 94.70 a-c 24.23 ab
AS; 23.07 e-g 2.33 b-e 93.37 a-c 26.13 ab
AS;3 31.60 a-d 2.27 b-e 92.80 a-c 25.33 ab
A1S, 39.20 a 3.93a 85.13c 27.23 ab
A;Ss 16.20 ¢ 1.60 de 99.40 a-c 26.93 ab
AS; 20.00 fg 1.93 c-e 91.03 a-c 26.77 ab
ArS; 24.20 d-g 2.20 b-e 107.60 a 23.87 ab
ArS;3 31.33 a-e 3.00 a-d 100.10 a-c 25.30 ab
AzS, 38.40a 2.93 a-e 108.97 a 22.83b
AsSs 18.67 fg 1.87 c-e 103.07 a-c 24.77 ab
AsS: 20.73 fg 2.93 a-e 84.60 c 30.87 a
AsS; 26.67 b-f 3.40 ab 87.67 bc 25.53 ab
AsS;3 32.27 a-d 3.40 ab 94.13 a-c 28.37 ab
AsS, 34.87 ab 3.92a 102.5 a-c 29.30 ab
AsSs 16.80 g 153e 98.4 a-c 23.73 ab
AsS; 21.53 fg 2.20 b-e 105.53 ab 22.63 b
A4S, 25.33 c-f 2.87 a-e 96.17 a-c 23.47 ab
A4S3 32.53 a-c 3.13 a-c 97.50 a-c 26.03 ab
A4S, 32.73 a-c 3.07 a-c 99.10 a-c 26.50 ab
AySs 21.47 fg 1.67 c-e 105.13 ab 23.70 ab
LSD(0.05 8.251 1.454 19.596 7.441
CV (%) 19.32 33.91 12.14 17.42

In a column, similar letter do not differ significantly at 0.05 level of probability
A= 12 days, A,= 14 days, As= 16 days and A= 30 days old seedlings
S;=25cm x 25 cm, S,= 30 cm x 30 cm, S3= 35 cm x 35 cm, S,= 40 cm x 40 cm, Ss= 25 cm x 15 cm
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4.6.2 Plant spacing
Number of ineffective tillers hill* of boro rice showed statistically significant

differences due to the different plant spacing (Appendix VII and Table 11). The
highest number of ineffective tillers hill™* (3.27) was found in S, (40 cm x 40 cm)
which was statistically similar (2.95 and 2.70) with S; (35 cm x 35 cm) and S, (30
cm x 30 cm), while the lowest number of ineffective tillers hill"* (1.67) was
recorded in Ss (25 cm x 15 cm). The 40 cm x 40 cm spacing gave 10.85, 21.11,
40.34 and 95.81% higher number of ineffective tillers hill"* than that of 35 cm x
35 cm, 30 cm x 30 cm, 25 cm x 25 cm and 25 cm x 15 cm spacings respectively.
Tohiduzzaman (2011) cultivated sixteen varieties in boro season and reported
significant difference among them in all agronomic parameters including number

of ineffective tillers hill"* in SRI system.

4.6.3 Interaction effect
Interaction effect of seedling age and plant spacing showed significant differences

for number of ineffective tillers hill™* of boro rice (Appendix VIl and Table 12).
The highest number of ineffective tillers hill™* (3.93) was found in the treatment
combination of A;S, (12 days old seedling and 40 cm x 40 cm plant spacing) that
similar to A3S, (3.92) and the lowest number (1.53) was observed in the treatment

combination of A3Ss (16 days old seedling and 25 cm x 15 cm plant spacing).

4.7 Panicle length

4.7.1 Seedling age
Non significant variation was recorded for panicle length of boro rice for different

seedling age (Appendix VII and Figure 5). The results revealed that the maximum
panicle length (23.37 cm) was recorded in A, (14 days old seedling) and A, (30
days old seedling), again the minimum panicle length (22.92 cm) was found in A3
(16 days old seedling). Touhiduzzaman (2011) also recorded similar increment of
panicle length having variety BRRI dhan50. Thakur et al. (2010) observed
measurable changes in longer panicles with transplanting single, young (10 days

old) seedlings.
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4.7.2 Plant spacing
Panicle length of boro rice showed statistically non significant differences due to

the different plant spacing (Appendix VII and Figure 6). The numerical maximum
panicle length (23.42 cm) was found in S, (30 cm x 30 cm), while the minimum
panicle length (22.05 cm) in Ss (25 cm x 15 cm). Tohiduzzaman (2011) cultivated
sixteen varieties in boro season and reported significant difference among them in

all yield parameters including panicle length in SRI system.

4.7.3 Interaction effect
Interaction effect of seedling age and plant spacing showed non significant

differences for panicle length of boro rice (Appendix VII and Figure 7). The
maximum panicle length (23.90 cm) was found in the treatment combination of
A,S; (14 days old seedling and 30 cm x 30 cm plant spacing) and the minimum
panicle length (22.38 cm) was observed in the treatment combination of AsS; (16

days old seedling and 25 cm x 25 cm plant spacing).

4.8 Filled grains panicle™
4.8.1 Seedling age
Non significant variation was recorded for number of filled grain panicle™ of boro

rice for different seedling age (Appendix VII and Table 10). The results revealed
that the maximum number of filled grains (100.95) was recorded in A, (14 days
old seedling), again the minimum number of filled grains (93.08) was found in A,
(12 days old seedling). Touhiduzzaman (2011) also recorded similar increment of
number of filled grain having variety BRRI dhan50. Thakur et al. (2010) observed

more grains panicle™ with transplanting single, young (10 days old) seedlings.

4.8.2 Plant spacing
Number of filled grain panicle™ of boro rice showed statistically non significant

differences due to the different plant spacing (Appendix VII and Table 11). The
maximum number of filled grains (101.5) was found in S5 (25 cm x 15 cm), while
the minimum number of filled grains (93.97) was recorded in S; (25 cm x 25 cm).
Tohiduzzaman (2011) cultivated sixteen varieties in boro season and reported

significant difference in filled grain panicle™ in SRI system.
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4.8.3 Interaction effect
Interaction effect of seedling age and plant spacing showed significant differences

for number of filled grains panicle™ of boro rice (Appendix VII and Table 12).
The highest number of filled grains (108.97) was found in the treatment
combination of A,S, (14 days old seedling and 40 cm x 40 cm plant spacing) that
similar to A,S, (107.60) and the lowest number (84.60) in the treatment
combination of AsS; (16 days old seedling and 25 cm x 25 cm plant spacing) that
similar to A;S, (85.13).

4.9 Unfilled grains panicle™

4.9.1 Seedling age

Non significant variation was recorded for number of unfilled grains of boro rice
for different seedling age (Appendix VII and Table 10). The results revealed that
the maximum number of unfilled grains (27.56) was recorded in A; (16 days old
seedling), and the minimum number of unfilled grains (24.47) was found in A,
(30 days old seedling). Touhiduzzaman (2011) also recorded similar increment of

number of filled grain having variety BRRI dhan50.

4.9.2 Plant spacing

Number of unfilled grains panicle® of boro rice showed statistically non
significant differences due to the different plant spacing (Appendix VII and Table
11). Maximum number of unfilled grains (26.47) was found in S; (40 cm % 40
cm), while the minimum number (24.75) was recorded in S, (30 cm x 30 cm).
Tohiduzzaman (2011) cultivated sixteen varieties in boro season and reported

significant difference for unfilled grains in SRI system.

4.9.3 Interaction effect
Interaction effect of seedling age and plant spacing showed significant differences

for number of unfilled grains panicle™ of boro rice (Appendix VII and Table 12).
The maximum number of unfilled grains (30.87) was found in the treatment
combination of A3S; (16 days old seedling and 25 cm x 25 cm plant spacing) and
the minimum number (22.63) was observed in the treatment combination of A4S,

(30 days old seedling and 25 cm x 25 cm plant spacing) that similar to A,S,.
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4.10 Weight of 1000-grains

4.10.1 Seedling age
Non significant variation was recorded for weight of 1000 grains of boro rice for

different seedling age (Appendix VIII and Figure 8). The results revealed that the
maximum weight of 1000 grains (19.00 g) was recorded in A, (14 days old
seedling) and the minimum weight of 1000 grains (18.15 g) was found in A; (12
days old seedling). Touhiduzzaman (2011) also recorded similar increment of
weight of 1000 grains having variety BRRI dhan50. Datta and Goutam (1988)
reported that 1000 grain weight were significantly higher with 30 and 40 days old

seedlings than with 50 days old ones during the wet season.

4.10.2 Plant spacing
Weight of 1000-grains of boro rice showed statistically significant differences due

to the different plant spacing (Appendix VIII and Figure 9). The highest weight of
1000-grains (18.98 g) was found in S, (30 cm x 30 cm) which was statistically
similar (18.88 g) with S4 (40 cm x 40 cm), while the lowest weight of 1000 grains
(17.86 g) was recorded in S; (25 cm x 25 cm). The 30 cm x 30 cm spacing gave
0.53, 5.33, 5.62 and 6.27% higher weight of 1000 grains than that of 40 cm x 40
cm, 35 cm x 35 ¢cm, 25 cm x 15 cm and 25 cm x 25 cm spacings respectively.
Tohiduzzaman (2011) cultivated sixteen varieties in boro season and reported
significant difference among them in all yield parameters including weight of

1000 grains in SRI system.

4.10.3 Interaction effect

Interaction effect of seedling age and plant spacing showed significant differences
for weight of 1000 grains of boro rice (Appendix VIII and Figure 10). The highest
weight of 1000 grains (19.69 g) was found in the treatment combination of A;S,
(30 days old seedling and 40 cm x 40 cm plant spacing) and the lowest weight
(17.29 g) was observed in the treatment combination of A;S; (16 days old seedling

and 35 cm x 35 cm plant spacing).
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4.11 Grain yield

4.11.1 Seedling age
Non significant variation was recorded for grain yield of boro rice for different

seedling age (Appendix VIII and Table 13). The results revealed that the
maximum grain yield (5.06 t ha™) was recorded in A; (16 days old seedling) and
the minimum grain yield (4.58 t ha™) was found in A, (14 days old seedling).
Krishna et al. (2008) recorded significantly higher seed yield ha™ (3.19 t) from 12
days old seedlings. Touhiduzzaman (2011) also recorded similar increment of

grain yield having variety BRRI dhan50.

Table 13. Effect of seedling age on yield of boro rice

Treatments Grain yield Straw yield Biological Harvest index
(tha) (tha™) yield (t ha) (%)
Ay 491 471a 9.62 51.17 bc
A 4.58 5.11a 9.75 47.75 ¢
As 5.06 4.78 a 9.84 52.84 ab
Ay 4.94 3.80b 8.73 56.21 a
LSD0.05) NS 0.889 NS 3.48
CV(%) 13.86 21.62 16.24 7.49

In a column, similar letter do not differ significantly at 0.05 level of probability
A= 12 days, A,= 14 days, As= 16 days and A,= 30 days old seedlings
NS = Non significant

4.11.2 Plant spacing
Grain yield of boro rice showed statistically significant differences due to the

different plant spacing (Appendix VIII and Table 14). The highest grain yield
(6.85 t ha™) was found in S, (40 cm x 40 cm) which was closely followed (5.23 t
ha™t) by Ss (25 cm x 15 cm) and S; (25 cm x 25 cm), while the lowest grain yield
(3.42 t ha™) was recorded in S, (30 cm x 30 cm). The 40 cm x 40 cm spacing
gave 30.98, 44.21, 66.26 and 100.29% higher grain yield than that of 25 cm x 15
cm, 25 cm x 25 cm, 35 cm x 35 cm and 30 cm x 30 cm spacings respectively.
Tohiduzzaman (2011) cultivated sixteen varieties in boro season and reported
significant difference among them in all yield parameters including grain yield in

SRI system.
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Table 14. Effect of plant spacing on yield of boro rice

Treatments Grain yield Straw yield Biological Harvest index

(tha™) (tha?) yield (t ha™) (%)

S1 4.75b 4.41 bc 9.16 ¢ 52.00

S, 3.42d 3.20d 6.62 d 51.96

S3 4.12c¢c 4.07 cd 8.27c 51.15

S4 6.85a 5.86a 12.71a 54.47

Ss 5.23b 5.45 ab 10.68 b 50.28
LSD0.05) 0.576 1.109 1.40 NS

CV(%) 14.23 28.99 17.79 11.76

In a column, similar letter do not differ significantly at 0.05 level of probability
S;=25cmx 25 cm, S,=30 cm x 30 cm, S;= 35 cm x 35 cm, S4= 40 cm x 40 cm, Ss= 25 cm x 15 cm
NS = Non significant

4.11.3 Interaction effect
Interaction effect of seedling age and plant spacing showed significant differences

for grain yield of boro rice (Appendix VIII and Table 15). The highest grain yield
(7.11 t ha) was found in the treatment combination of A3S, (16 days old seedling
and 40 cm x 40 cm plant spacing) that similar to A;S, (7.07 t ha™) and A,S, (6.36
t ha) that similar to A;S, (7.07 t ha™) and A,S, (6.30 t ha™) and the lowest grain
yield (3.21 t ha™') was observed from A,S, (30 days old seedling and 30 cm x 30
cm plant spacing). Krishna et al. (2008) reported treatment combination of 12

days old seedling with wider spacing recorded maximum seed yield ha™.

4.12 Straw yield

4.12.1 Seedling age
Significant variation was recorded for straw yield of boro rice for different

seedling age (Appendix VIII and Table 13). The results revealed that the highest
straw yield (5.11 t ha™') was recorded in A, (14 days old seedling) which was
statistically similar (4.78 t ha™* and 4.71 t ha™) with A; (16 days old seedling) and
A, (12 days old seedling), respectively and the lowest straw yield (3.80 t ha™) was
found in A4 (30 days old seedling). The 14 days old seedlings gave 6.90, 7.83 and
34.47% higher straw yield than that of 16 days old seedlings, 12 days old
seedlings and 30 days old seedlings, respectively. Touhiduzzaman (2011) also

recorded similar increment of straw yield having variety BRRI dhan50.
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Table 15. Interaction effect of seedling age and plant spacing on yield of boro

rice
Treatments Grain yield Straw vyield Biological Harvest index
(tha) (tha) yield (t ha™) (%)
AS; 4.59 c-f 3.98 c-h 8.57 c-g 53.56 a-c
AS; 3.34 hi 3.69 d-h 7.02 e-g 47.58 bc
A1S3 4.56 c-g 4.61 b-h 9.17 c-f 49.73 bc
A1Sy 7.07 a 5.87 a-d 12.94 ab 54.64 a-c
ASs 5.00 b-e 5.38 a-f 10.38 b-d 48.17 bc
AS; 4.17 d-i 4.99 a-g 9.17 c-f 4547 c
ALS; 3.25 hi 3.55e-h 6.80 e-g 47.79 bc
ArS;3 410 e-i 4.71 a-h 9.12 c-f 44.96 c
ArS, 5.86 b 6.71 ab 12.57 ab 46.62 bc
AsSs 5.50 bc 5.61 a-e 11.11 bc 49.50 a-c
AsS; 4.96 b-f 4.60 b-h 9.57 c-e 51.83 a-c
AsS; 3.88 f-i 2.70 h 6.57 fg 59.06 a
AsS;3 4.40 c-h 3.78 c-h 8.18 d-g 53.79 a-c
AsS, 711a 6.86 a 13.96 a 50.93 a-c
AsSs 4.96 b-f 5.96 a-c 10.91 b-d 4546 c
AsS; 5.27 b-d 4.07 c-h 9.34 c-f 56.42 ab
A4S, 3211 2.88 gh 6.09¢9 52.71 a-c
AyS;3 3.42 g-i 3.17 f-h 6.59 fg 51.90 a-c
A4S, 6.36 a 4.01 c-h 11.37 a-c 55.94 ab
AySs 5.44 bc 4.86 a-h 10.30 b-d 52.82 a-c
LSD(0.05) 1.153 2.218 2.80 10.18
CV (%) 14.23 28.99 17.79 11.76

In a column, similar letter do not differ significantly at 0.05 level of probability
A= 12 days, A,= 14 days, As= 16 days and A= 30 days old seedlings
S;=25cm x 25 cm, S,= 30 cm x 30 cm, S;= 35 cm x 35 cm, S,= 40 cm x 40 cm, Ss= 25 cm x 15 cm
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4.12.2 Plant spacing

Straw yield of boro rice showed statistically significant differences due to the
different plant spacing (Appendix VIII and Table 14). The highest straw yield
(5.86 t ha™') was found in S, (40 cm x 40 cm) which was statistically similar (5.45
t ha™) with S5 (25 cm x 15 cm) and closely followed (4.41 t ha) by S; (25 cm x
25 cm), while the lowest grain yield (3.20 t ha™) was recorded in S, (30 cm x 30
cm). The 40 cm x 40 cm spacing gave 7.52, 32.88, 43.98 and 83.13% higher straw
yield than that of 25 cm x 15 cm, 25 cm x 25 cm, 35 cm x 35 cm and 30 cm x 30
cm spacings respectively. Tohiduzzaman (2011) cultivated sixteen varieties in
boro season and reported significant difference among them in all yield

parameters including straw yield in SRI system.

4.12.3 Interaction effect
Interaction effect of seedling age and plant spacing showed significant differences

for straw yield of boro rice (Appendix VIII and Table 15). The highest straw yield
(6.86 t ha™) was found in the treatment combination of A3S, (16 days old seedling
and 40 cm x 40 cm plant spacing) and the lowest straw yield (2.70 t ha™') was
observed in the treatment combination of AsS, (16 days old seedling and 30 cm x
30 cm plant spacing). Karmakar et al. (2004) reported that, conventional practice
(25 cm x15 cm spacing with 15 days old seedlings) gave higher yield that the SRI

practices with wider spacing.

4.13 Biological yield

4.13.1 Seedling age
Non significant variation was recorded for biological yield of boro rice for

different seedling age (Appendix VIII and Table 13). The results revealed that the
maximum biological yield (9.84 t ha™) was recorded in A; (16 days old seedling),
and the minimum biological yield (8.73 t ha™) was found in A, (30 days old
seedling). Touhiduzzaman (2011) also recorded similar increment of biological

yield having variety BRRI dhan50.
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4.13.2 Plant spacing
Biological yield of boro rice showed statistically significant differences due to the

different plant spacing (Appendix VIII and Table 14). The highest biological yield
(12.71 t ha™) was found in S, (40 cm x 40 cm) which was closely followed (10.68
t ha') by S5 (25 cm x 15 cm), while the lowest biological yield (6.62 t ha™) was
recorded in S, (30 cm x 30 cm). The 40 cm x 40 cm spacing gave 19.01, 38.76,
53.69 and 91.99% higher biological yield than that of 25 cm x 15 cm, 25 cm x 25
cm, 35 cm x 35 cm and 30 cm x 30 cm spacings respectively. Tohiduzzaman
(2011) cultivated sixteen varieties in boro season and reported significant
difference among them in all yield parameters including biological yield in SRI

system.

4.13.3 Interaction effect
Interaction effect of seedling age and plant spacing showed significant differences

for biological yield of boro rice (Appendix VIII and Table 15). The highest
biological yield (13.96 t ha™) was found in the treatment combination of A3S, (16
days old seedling and 40 cm x 40 cm plant spacing) and the lowest biological
yield (6.09 t ha™*) was observed in the treatment combination of A,S, (30 days old

seedling and 30 cm x 30 cm plant spacing).

4.14 Harvest index

4.14.1 Seedling age
Significant variation was recorded for harvest index of boro rice for different

seedling age (Appendix VIII and Table 13). The results revealed that the highest
harvest index (56.21%) was recorded in A4 (30 days old seedling) which was
statistically similar (52.84%) with A; (16 days old seedling) and closely followed
(51.17%) by A; (12 days old seedling) and the lowest harvest index (47.75%) was
found in A, (14 days old seedling). The 30 days old seedlings gave 6.38, 9.85 and
17.72% higher harvest index than that of 16, 12 and 14 days old seedlings,
respectively. Touhiduzzaman (2011) also recorded similar increment of harvest
index having variety BRRI dhan50. Roy et al. (1992) reported lower harvest index

with younger seedlings compared to the older seedlings.
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4.14.2 Plant spacing
Harvest index of boro rice showed statistically non significant differences due to

the different plant spacing (Appendix VIII and Table 14). The numerical
maximum harvest index (54.47%) was found in S, (40 cm x 40 cm), while the
minimum (50.28%) was recorded in S5 (25 cm x 15 cm). Tohiduzzaman (2011)
cultivated sixteen varieties in boro season and reported significant difference

among them in all yield parameters including harvest index in SRI system.

4.14.3 Interaction effect
Interaction effect of seedling age and plant spacing showed significant differences

for harvest index of boro rice (Appendix VIII and Table 15). The highest harvest
index (59.06%) was found in the treatment combination of AsS, (16 days old
seedling and 30 cm x 30 cm plant spacing) and the lowest harvest index (44.96%)
was observed in the treatment combination of A,S; (14 days old seedling and 35

cm x 35 cm plant spacing).

4.15 Weed population
4.15.1 Seedling age
Significant variation was recorded for weed population m? at 30 DAT but non

significant at 60 DAT for different seedling age (Appendix IX and Table 16). The
results revealed that at 30 DAT, the highest weed population (58.87 m™) was
recorded in A; (12 days old seedling) which was statistically similar (49.93 m™
and 49.80 m™) with A, (30 days old seedling) and A3 (16 days old seedling) and
the lowest weed population (43.73 m) was found in A, (14 days old seedling).
The 12 days old seedlings showed 17.91, 18.21 and 34.62% higher number of
weed population m™ than that of 30, 16 and 14 days old seedlings, respectively.
At 60 DAT, the highest weed population (88.40 m™) was recorded in Az (16 days
old seedling) and the lowest weed population (63.13 m™) was found in A, (14

days old seedling).
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Table 16. Effect of seedling age on weed population and weed dry matter of

boro rice
Treatment Weed population m™ (No.) at Weed dry matter (g m™) at
30 DAT 60 DAT 30 DAT 60 DAT

A 58.87 a 65.53 2.73 2.93

A 43.73 b 63.13 1.96 2.96

Az 49.80 ab 88.40 2.31 3.53

As 49.93 ab 85.00 2.52 3.44
LSD0.05) 14.98 NS NS NS
CV(%) 33.15 69.88 68.89 64.19

In a column, similar letter do not differ significantly at 0.05 level of probability
A= 12 days, A,= 14 days, As= 16 days and A,= 30 days old seedlings
NS = Non significant

4.15.2 Plant spacing

Weed population m? of boro rice varied significantly at 30 DAT but non
significant for 60 DAT due to the different plant spacing (Appendix IX and Table
17). At 30 DAT, the highest number of weed population (61.25 m™) was found in
S, (30 cm x 30 cm) which was statistically similar (55.92 m) with S5 (25 cm x 15
cm), while the lowest weed population (38.00 m™) in S, (40 cm x 40 cm). The 30
cm x 30 cm spacing showed 9.53, 24.59, 32.26 and 61.18% higher number of
weed than that of 25 cm x 15 cm, 25 cm x 25 cm, 35 cm x 35 cm and 40 cm x 40
cm spacings respectively. At 60 DAT, the maximum number of weed population

(84.25 m™) was found in Sz, while the minimum (65.83 m™) was recorded in S;.

Table 17. Effect of plant spacing on weed population and weed dry matter of

boro rice
Treatments Weed population m™ (No.) at Weed dry matter (g m™) at
30 DAT 60 DAT 30 DAT 60 DAT

S1 49.16 b 65.83 2.26 2.95

S, 61.25a 74.92 2.79 3.26

S3 48.58 b 84.25 2.20 3.58

S4 38.00c 78.00 2.15 3.22

Ss 55.92 ab 74.58 2.49 3.07
LSD0.05) 9.09 NS NS NS
CV(%) 21.60 34.02 34.43 30.20

In a column, similar letter do not differ significantly at 0.05 level of probability
S;=25cmx 25 cm, S,=30 cm x 30 cm, S;=35 cm x 35 cm, S4,= 40 cm x 40 cm, Ss= 25 cm x 15 cm
NS = Non significant
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4.15.3 Interaction effect
Interaction effect of seedling age and plant spacing varied significantly for weed

population at 30 and 60 DAT (Appendix IX and Table 18). At 30 DAT, the
highest weed population (80.00 m?) was found in the treatment combination of
A;S; (12 days old seedling and 25 cm x 25 cm plant spacing) and the lowest weed
population (31.00 m) was found from A;S, (16 days old seedling and 40 cm x 40
cm plant spacing). At 60 DAT, the highest weed population (106.33 m®) was
found in the treatment combination of A3;Ss (16 days old seedling and 25 cm x 15
cm plant spacing) and the lowest weed population (43.00 m®) was found in A;Ss

(12 days old seedling and 25 cm x 15 cm plant spacing).

4.16 Weed dry matter

4.16.1 Seedling age
Non significant variation was recorded for weed dry matter m at 30 and 60 DAT

of boro rice for different seedling age (Appendix IX and Table 16). The results
revealed that at 30 DAT, the maximum weed dry matter (2.73g m™) was recorded
in A; (12 days old seedling) and the minimum weed dry matter (1.96 g m?) was
found in A, (14 days old seedling). At 60 DAT, the maximum weed dry matter
(3.44 g m™) was recorded in A, (30 days old seedling) and the minimum weed dry

matter (2.93 g m®) was found in A; (12 days old seedling).

4.16.2 Plant spacing
Weed population m™ of boro rice showed statistically non significant differences

at 30 and 60 DAT due to the different plant spacing (Appendix 1X and Table 17).
At 30 DAT, the numerical maximum weed dry matter (2.79 g m™) was found in
S, (30 cm x 30 cm), while the minimum weed dry matter (2.15 g m?) was
recorded in S, (40 cm x 40 cm). At 60 DAT, the numerical maximum weed dry
matter (3.58 g m™) was found in S3 (35 cm x 35 cm), while the minimum weed

dry matter (2.95 g m®) was recorded in S; (25 cm x 25 cm).
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Table 18. Interaction effect of seedling age and plant spacing on weed
population and weed dry matter of boro rice

Treatments Weed population m™ (No.) at Weed dry matter (g m™) at
30 DAT 60 DAT 30 DAT 60 DAT

AiS; 80.00 a 51.33 de 2.73 ad 2.48 ab
AS; 56.67 b-d 59.00 b-e 2.33 b-d 2.82 ab
A1S3 59.33 b-d 76.00 a-e 2.79 ad 3.13ab
A1Sy 45.67 d-g 98.33 a-c 2.41 a-d 3.94 a
A;1Ss 52.67 b-f 43.00 e 3.37ab 2.29b
AS; 32.33 9 70.00 a-e 1.97 cd 3.49ab
AsS; 56.00 b-e 52.33 de 1.79d 2.30b
ArS;3 40.67 e-g 75.67 a-e 1.84d 3.36 ab
AzS, 37.00 fg 60.00 b-e 1.94 cd 2.65ab
AsSs 52.67 b-f 57.67 c-e 2.22 b-d 2.98 ab
AsS; 38.00 e-g 79.33 a-e 2.24 b-d 3.21ab
AsS; 69.00 ab 87.33 a-d 3.75a 3.85ab
AsS; 46.33 d-g 88.00 a-d 1.76d 3.84ab
AsS, 31.00 g 81.00 a-e 1.77d 3.12ab
AsSs 64.67 a-c 106.33 a 2.00 cd 3.65ab
AsS; 46.33 d-g 62.67 b-e 2.10 b-d 2.61 ab
AsS; 63.33 a-d 101.00 ab 3.26 a-c 4.07 a
AyS;3 48.00 c-g 97.33 a-c 2.39 a-d 3.99a
A4S, 38.33e-g 72.67 a-e 2.47 a-d 3.17 ab
AySs 53.67 b-f 91.33 a-d 2.35 b-d 3.37ab

LSD(0.05) 18.18 42.74 1.36 1.62

CV (%) 21.60 34.43 34.43 30.20

In a column, similar letter do not differ significantly at 0.05 level of probability
A= 12 days, A,= 14 days, As= 16 days and A,= 30 days old seedlings
S;=25cm x 25 cm, S,= 30 cm x 30 cm, S;= 35 cm x 35 cm, S,= 40 cm x 40 cm, Ss= 25 cm x 15 cm
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4.16.3 Interaction effect

Interaction effect of seedling age and plant spacing showed significant differences
for weed dry matter m? at 30 and 60 DAT of boro rice (Appendix IX and Table
18). At 30 DAT, the highest weed dry matter (3.75 g m?) was found in the
treatment combination of AsS, (16 days old seedling and 30 cm x 30 cm plant
spacing) and the lowest weed dry matter (1.76 g m?) was observed in the
treatment combination of A3S; (16 days old seedling and 35 cm x 35 cm plant
spacing). At 60 DAT, the highest weed dry matter (4.07 g m™) was found in the
treatment combination of A;S, (30 days old seedling and 30 cm x 30 cm plant
spacing) and the lowest (2.29 g m™) was observed in the treatment combination of

A;S5 (12 days old seedling and 25 cm x 15 cm plant spacing).
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CHAPTER V
SUMMARY AND CONCLUSION

The experiment was conducted at the Sher-e-Bangla Agricultural University farm,
Dhaka, Bangladesh during the period from December 2011 to May 2012 to study
the growth and yield of Boro rice as affected by seedling age and planting
geometry under System of Rice Intensification (SRI). BRRI dhan50 were used as
the test crop of this experiment. The experiment comprised of two factors. Factor
A: Seedling age (4 levels); A;: 12 days old seedling, A,: 14 days old seedling, Aas:
16 days old seedling & A,: 30 days old seedling and Factor B: Plant spacing: (5
levels); S;: 25 cm x 25 ¢cm, S,: 30 cm x 30 cm, S3: 35 cm x 35 cm, S;: 40 cm % 40
cm and Ss: 25 cm x 15 cm. The experiment was laid out in split-plot design with
three replications. Data on different growth parameters, yield attributes and yield

were recorded.

At 30 DAT, the longest plant (19.55 cm) was recorded in A, and the shortest plant
(17.82 cm) in A;. At 60 DAT, the maximum plant height (44.91 cm) was found in
Az, whereas the minimum plant height (43.30 cm) in A;. At 90 DAT, the
maximum plant height (65.59 cm) was observed in Az, while the minimum plant
height (64.07 cm) in A,. The same trend of plant height was also observed at 110
DAT. At 30 DAT, the maximum number of tillers hill™* (3.03) was recorded in A,
and the minimum number (2.13) in A;. At 60 DAT, the maximum number of
tillers hill™ (15.36) was found in A,, whereas the minimum number (13.32) in A,.
At 90 DAT, the maximum number of tillers hill"* (34.03) was observed in A,
while the minimum number (32.77) in A;. The same trend of number of tillers
hill'* was also observed at 110 DAT. At 30 DAT, the highest leaf area index
(0.06) was recorded in Az and the lowest (0.04) in A;. At 60 DAT, the highest leaf
area index (0.847) was found in A4, whereas the lowest (0.734) in A;. At 90 DAT,
the maximum leaf area index (5.19) was observed in Az, while the minimum leaf
area index (4.82) was recorded in A;. At 110 DAT, the highest leaf area index
(3.46) was observed in Ag, while the lowest (3.17) in A,.
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At 40 DAT, the highest dry matter hill* (5.46 g) was recorded in A; and the
lowest (3.82 g) in A, At 70 DAT, the numerically maximum dry mater hill™
(29.89 g) was found in A,, whereas the minimum (27.18 g) was observed in A;.
At 100 DAT, the highest dry matter hill"* (106.48 g) was observed in A,, while the
lowest (88.37 g) was recorded in A;. The maximum number of effective tillers
hill* (26.72) was recorded in A, and the minimum number (26.27) in As. The
maximum number of ineffective tillers hill* (2.88) was recorded in A; and the
minimum number (2.39) in A,. The longest panicle (23.37 cm) was recorded in A,
and the shortest panicle (22.92 cm) in Az. The maximum number of filled grains
panicle™ (100.95) was recorded in A, and the minimum number (93.08) in A;.
The maximum number of unfilled grains panicle™ (27.56) was recorded in A; and
the minimum number (24.47) in A4. The highest weight of 1000 grains (19.00 g)
was recorded in A, and the lowest weight (18.15 g) in A;. The highest grain yield
(5.06 t ha™) was recorded in A; and the lowest (4.58 t ha™) in A,. The highest
straw yield (5.11 t ha™*) was recorded in A, and the lowest (3.80 t ha™) in A;. The
highest biological yield (9.75 t ha™) was recorded in A, and the lowest (8.73 t ha’
1) in A,. The highest harvest index (56.21%) was recorded in A, and the lowest
(47.75%) in A,. At 30 DAT, the highest weed population (58.87 m?) was
recorded in A; and the lowest (43.73 m?) in A,. At 60 DAT, the highest weed
population (88.40 m™) was recorded in Az and the lowest (63.13 m®) in A,. At 30
DAT, the highest weed dry matter (2.73g m™) was recorded in A; and the lowest
(1.96 g m?) in A,. At 60 DAT, the highest weed dry matter (3.44 g m®) was
recorded in A, and the lowest (2.93 g m?) in A,.

In consideration of planting geometry at 30 DAT, the maximum plant height
(19.47 cm) was found in S;, while the minimum plant height (18.49 cm) in S;. At
60 DAT, the maximum plant height (44.99 cm) was recorded in S,, while the
minimum plant height (43.05 cm) in S;. At 90 DAT, the longest plant height
(65.98 cm) was observed in S4, whereas the shortest plant height (63.85 cm) in Ss.
At 110 DAT, the longest plant (76.92 cm) was recorded in Sz and the shortest
plant (75.17 cm) in S;. At 30 DAT, the maximum number of tillers hill"* (2.65)
was found in S; and S,, while the minimum number (2.38) in Ss. At 60 DAT, the
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maximum number of tillers hill"* (15.30) was recorded in S;, while the minimum
number (13.20) in S,. At 90 DAT, the maximum number of tillers hill* (42.38)
was observed in S;, whereas the minimum (22.70) in Ss. At 110 DAT, the
maximum number of tillers hill™* (44.03) was recorded in S, and the minimum
(19.50) in Ss. At 30 DAT, the highest leaf area index (0.09) was found in Ss, while
the lowest (0.02) in S,. At 60 DAT, the highest leaf area index (1.23) was
recorded in Ss, while the lowest (0.430) in S,. At 90 DAT, the highest leaf area
index (6.66) was observed in Ss, whereas the lowest leaf area index (4.14) was
found in S4. At 110 DAT, the highest leaf area index (4.49) was observed in S,
whereas the lowest (2.45) in S,. At 40 DAT, the highest dry matter hill* (10.44 g)
was found in Ss, while the lowest (1.77 g) in S4. At 70 DAT, the highest dry
matter hill™ (38.74 g) was recorded in S;, while the lowest (14.77 g) was recorded
in Ss. At 100 DAT, the highest dry matter hill* (156.18 g) was observed in S;,
whereas the lowest dry matter hill™* (44.63 g) was found in Ss. The maximum
number of effective tillers hill* (36.30) was found in S,, while the minimum
number (18.28) in Ss. The maximum number of ineffective tillers hill™* (3.27) was
found in S4, while the minimum number (1.67) was recorded in Ss. The longest
panicle length (23.42 cm) was found in S,, while the shortest (22.05 cm) in Ss.
The maximum number of filled grains panicle™ (101.5) was found in Ss, while the
minimum number (93.97) in S;. The maximum number of unfilled grains panicle™
(26.47) was found in S4, while the minimum number (24.75) in S,. The highest
weight of 1000 grains (18.98 g) was found in S,, while the lowest (17.86 g) in S;.
The highest grain yield (6.85 t ha™) was found in S,, while the lowest (3.42 t ha™)
in S,. The highest straw yield (5.86 t ha™) was found in S,, while the lowest (3.20
t hal) in S,. The highest biological yield (12.71 t ha™) was found in S,, while the
lowest (6.62 t ha™) in S,. The highest harvest index (54.47%) was found in S,
while the lowest (50.28%) in Ss. At 30 DAT, the highest number of weed
population (61.25 m?) was found in S,, while the lowest (38.00 m?) in S,. At 60
DAT, the highest number of weed population (84.25 m™) was found in Sz, while
the lowest (65.83 m?) in S;. At 30 DAT, the highest weed dry matter (2.79 g m)
was found in S,, while the lowest (2.15 g m™) in S,. At 60 DAT, the highest weed
dry matter (3.58 g m®) was found in Sz, while the lowest (2.95 g m?) in S;.
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In case of interaction effect of seedling age and planting geometry, at 30 DAT, the
longest plant (21.82 cm) was found in the treatment combination of AsS; and the
shortest plant (16.85 cm) in A;Ss. At 60 DAT, the longest plant (46.43 cm) was
found in the treatment combination of AsS, and the shortest plant (40.69 cm) in
A;S,;. At 90 DAT, the longest plant (69.07 cm) was found in the treatment
combination of A3S, and the shortest plant (63.00 cm) in A;S,. At 110 DAT, the
longest plant (78.42 cm) was found in the treatment combination of A;S; and the
shortest plant (71.43 cm) in A,S;. At 30 DAT, the maximum number of tillers
hill* (3.33) was found in the treatment combination of A,S, and the minimum
number (1.87) in A;Ss. At 60 DAT, the maximum number of tillers hill™* (18.40)
was found in the treatment combination of A3S; and the minimum number (11.73)
in A;Ss. At 90 DAT, the maximum number of tillers hill"* (44.53) was found in
the treatment combination of A,S; and the minimum number (20.73) in A3Ss. At
110 DAT, the maximum number of tillers hill™* (50.93) was found in the treatment
combination of AsS, and the minimum number (18.87) in A,Ss. At 30 DAT, the
highest leaf area index (0.141) was found in the treatment combination of AsS;
and the lowest leaf area index (0.020) in A;S;. At 60 DAT, the highest leaf area
index (1.552) was found in the treatment combination of A,Ss and the lowest
(0.332) in A;Ss. At 90 DAT, the highest leaf area index (7.33) was found in the
treatment combination of A,Ss and the lowest leaf area index (3.38) was observed
in A,S;. At 110 DAT, the highest leaf area index (4.87) was found in the
treatment combination of A;Ss and the lowest leaf area index (1.96) in A;S;. At
40 DAT, the highest dry matter hill* (11.79 g) was found in the treatment
combination of A,Ss and the lowest (1.28 g) in A3S,. At 70 DAT, the highest dry
matter hill"* (52.56 g) was found in the treatment combination of A;S, and the
lowest dry matter hill"* (9.90 g) was observed in the treatment combination of
A;S;. At 100 DAT, the highest dry matter hill* (164.55 g) was found in the
treatment combination of A,S, and the lowest (37.03 g) was observed in the
treatment combination of A;Ss. The maximum number of effective tillers hill™
(39.20) was found in the treatment combination of A;S; and the minimum number
(16.20) in A;Ss. The maximum number of ineffective tillers hill* (3.93) was

found in the treatment combination of A;S, and the minimum number (1.53) in
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A3Ss. The longest panicle (23.90 cm) was found in the treatment combination of
A,S, and the shortest (22.38 cm) in A3S;. The maximum number of filled grains
panicle (108.97) was found in the treatment combination of A,S, and the
minimum number (84.60) in A3S;. The maximum number of unfilled grains
panicle (30.87) was found in the treatment combination of A3S; and the
minimum number (22.63) in A;S;. The highest weight of 1000 grains (19.69 g)
was found in the treatment combination of A;S, and the lowest weight (17.29 q)
in A;S;. The highest grain yield (7.11 t ha’) was found in the treatment
combination of A3S, and the lowest grain yield (3.21 t ha™) in A,S,. The highest
straw yield (6.86 t ha™*) was found in the treatment combination of A3S, and the
lowest straw yield (2.70 t ha™) in A3S,. The highest biological yield (13.96 t ha)
was found in the treatment combination of A3S, and the lowest (6.09 t ha™) in
A,S,. The highest harvest index (59.06%) was found in the treatment combination
of AsS, and the lowest (44.96%) in A,S;. At 30 DAT, the highest weed population
(80.00 m™) was found in the treatment combination of A;S; and the lowest weed
population (31.00 m) in AsS,. At 60 DAT, the highest weed population (106.33
m?) was found in the treatment combination of A;Ss and the lowest (43.00 m™) in
A;Ss. At 30 DAT, the highest weed dry matter (3.75 g m™) was found in the
treatment combination of A;S, and the lowest (1.76 g m™) in A3S;. At 60 DAT,
the highest weed dry matter (4.07 g m™) was found in the treatment combination
of A,S, and the lowest (2.29 g m?) in A;Ss.

Considering the findings of the present experiment, following conclusion may be

drawn:

1. Lower seedling age of rice planted in wider spacing (SRI) revealed higher

grain yield compared to that a conventional practice.

2. Before recommendation of seedling age and planting geometry to optimize
boro rice production further study is needed in different agro-ecological

zones of Bangladesh for regional adaptability.
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APPENDICES

Appendix I.  Physical characteristics of field soil analyzed in Soil Resources
Development Institute (SRDI) laboratory, Khamarbari, Farmgate,

Dhaka
A. Morphological characteristics of the experimental field
Morphological features Characteristics
Location Agronomy field, SAU, Dhaka
AEZ Madhupur Tract (28)
General Soil Type Shallow red brown terrace soil
Land type High land
Soil series Tejgaon
Topography Fairly leveled
Flood level Above flood level
Drainage Well drained
B. Physical and chemical properties of the initial soil
Characteristics Value
% Sand 27
% Silt 43
% clay 30
Textural class Silty-clay
pH 5.6
Organic carbon (%) 0.45
Organic matter (%) 0.78
Total N (%) 0.03
Available P (ppm) 20.00
Exchangeable K (me/100 g soil) 0.10
Available S (ppm) 45

Source: Soil Resources Development Institute (SRDI)

Appendix Il. Monthly record of air temperature, relative humidity, rainfall, and
sunshine of the experimental site during the period from December
2011 to May 2012

*Air temperature (°C) *Relative | Total Rainfall | *Sunshine

Month Maximum Minimum | humidity (%) (mm) (hr)
December, 2011 22.4 135 74 00 6.3
January, 2012 24.5 124 68 00 5.7
February, 2012 27.1 16.7 67 30 6.7
March, 2012 314 19.6 54 11 8.2
April, 2012 34.2 23.4 61 112 8.1
May, 2012 34.7 25.9 70 185 7.8

* Monthly average,
Source: Bangladesh Meteorological Department (Climate & weather division) Agargoan, Dhaka — 1212
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Appendix I1l1. Means square values for plant height of boro rice at different
growth duration

Sources of Degrees of Mean square

variation freedom 30 DAT 60 DAT 90 DAT 110 DAT
Replication 2 26.3063 8.05450 14.3055 20.8708
Seedling age (A) 3 7.36253* 8.18819"° 6.70863"° 5.90036™°
Error (a) 6 2.69283 19.3201 6.54782 461185
Plant spacing (S) 4 2.08244N° 8.62196™° 9.02600* 5.23795"°
AxS 12 4.27145* 7.35355* 8.77084* 8.75987*
Error (b) 32 5.85833 10.4830 4.95140 9.63857

* Significant at 5% level;

NS = Non significant

Appendix IV. Means square values for number of tillers hill* of boro rice at
different growth duration

Sources of Degrees of Mean square

variation freedom 30 DAT 60 DAT 90 DAT 110 DAT
Replication 2 4.87467 26.7440 241.262 214.536
Seedling age (A) 3 2.09244* 8.59911"° 5.32156"° 33.9659"°
Error (a) 6 0.495111 24.6658 35.1642 37.9779
Plant spacing (S) 4 0.160000M° 7.97167"° 801.114* 1262.43*
AXS 12 0.454667* 10.8863* 19.6138* 19.9254*
Error (b) 32 0.352500 14.4562 18.5612 15.3425

* Significant at 5% level;

NS = Non significant

Appendix V. Means square values for leaf area index of boro rice at different
growth duration

Sources of Degrees of Mean square

variation freedom 30 DAT 60 DAT 90 DAT 110 DAT
Replication 2 0.00447 0.02837 1.4278 2.5605
Seedling age (A) 3 0.00164"° 0.03509"° 0.6368"° 0.2344N°
Error (a) 6 0.00121 0.45467 1.9352 0.8362
Plant spacing (S) 4 0.00931* 1.0064* 11.909* 6.9434*
AXS 12 0.00169* 0.4363* 1.2634* 0.3708*
Error (b) 32 0.00150 0.21029 0.6985 0.4327

* Significant at 5% level;

NS = Non significant
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Appendix VI. Means square values for dry matter hill™* of boro rice at different
growth duration

Sources of Degrees of Mean square

variation freedom 40 DAT 70 DAT 100 DAT
Replication 2 0.00928167 32.6238 182.419
Seedling age (A) 3 0.0626017* 48.4323"° 663.078*
Error (a) 6 0.0148017 26.1593 95.7623
Plant spacing (S) 4 0.0270642N° 229.8009" 452.2034*
AXxS 12 0.0332753* 34.9679* 206.924*
Error (b) 32 0.0247238 26.6141 149.044

* Significant at 5% level;

NS = Non significant

Appendix VII. Means square values for yield contributing characters of boro rice
at different growth duration

Sources of Degrees Mean square
variation of Effective Ineffective Panicle Filled Unfilled
freedom | tillers hill* | tillers hill* length grains grains
(No.) (No.) (cm) panicle™ panicle™
(No.) (No.)
Replication 2 234.085 2.42467 1.46921 324201 | 9.81617
Seedling age (A) 3 0.530666"° | 0.686889"° | 0.685411N° | 285.551* | 30.1998"°
Error (a) 6 20.0580 1.39889 0.730123 130.564 42.2299
Plant spacing (S) 4 675.202* | 4.55333* 0.434184" | 117.563"° | 8.46058"°
AxS 12 13.6401* | 0.534667* | 0.355194* | 103.091* | 12.1016*
Error (b) 32 24.6147 0.765333 0.834927 | 138.841 | 20.0167
* Significant at 5% level; NS = Non significant
Appendix VIII. Means square values for yield of boro rice at different growth
duration
Sources of Degrees Mean square
variation of Weight | Grainyield | Strawyield | Biological Harvest
freedom |  of 1000 (t ha™) (t ha™) yield index (%)
grains (q) (t ha™)
Replication 2 1.02871 0.460712 3.06633 5.74912 24.6379
Seedling age (A) 3 2.33033* | 0.641717"° | 4.77051* 3.88178"° | 186.074*
Error (a) 6 1.43118 0.465567 0.989138 2.37278 15.1988
Plant spacing (S) 4 3.51354* | 20.1895* | 13.7598* | 64.8646* | 29.4453"°
AXS 12 0.612294* | 0.669303* | 1.00467* 1.35689* 49.3111*
Error (b) 32 0.852893 0.480247 1.77838 2.84990 37.3568

* Significant at 5% level;
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Appendix IX. Means square values for weed population and weed dry matter of
boro rice at different growth duration

Sources of Degrees of Mean square
variation freedom Weed population m™(No.) at Weed dry matter (g m™) at
30 DAT 60 DAT 30 DAT 60 DAT
Replication 2 317.317 2762.02 0.809807 1.90582
Seedling age (A) 3 582.861"N° 2544.64N° 1.61748"° 1.48505"°
Error (a) 6 281.161 2785.57 2.68242 4.26700
Plant spacing (S) 4 919.708* 532.308"° 0.825686"° 0.683906"°
AxS 12 323.042* 786.819* 0.803848* 0.925678*
Error (b) 32 119.408 659.892 0.670061 0.945036

* Significant at 5% level;

NS = Non significant
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PLATES

12 days

BRRI dhan50

Plate 1. Young seedlings of different ages

Plate 2. Field preparation
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Plate 4. Field view of the plot after mulching
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Plate 5. Early vegetative stage of seedlings

Plate 6. Vegetative stage of seedlings
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Plate 8. Single hill produces 76 tillers
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Plate 10. Field view of the experiment before maturity
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