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ABSTRACT

A field experiment was conducted during the kharif seasons of 2020-21 and 2021-22 to evaluate the effect of
seed rates and timing of knockdown of dhaincha on growth and productivity of direct seeded rice.  The
experiment was laid out in split-plot design. The main plot treatments consisted of brown manure species
of Dhaincha (Sesbania aculeata) sown at three seed rates (20, 30 and 40 kg ha-1) and sub plot treatments
comprising knockdown of dhaincha at four stages (20, 25, 30 and 35 DAS) using 2,4-D @ 0.5 kg ha-1 with
three replications. Dhaincha seed rate @ 40 kg ha-1recorded significantly taller plants, higher number of
tillers m-2, number of panicles m-2, test weight and grain yield and among the timing of knockdown days of
dhaincha the highest values were observed with treatment of brown manuring at 30 DAS. However, BM at
25 DAS maintained parity with BM at 35 DAStreatment. Thus, brown manuring practice with dhaincha
seed rate @ 40 kg ha-1 and knocking it down at 30 days has displayed profound effectiveness in realizing
higher grain yield of direct seeded rice in rice-maize system.
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Introduction

Rice based cropping systems described as a mix of
farming practices comprise rice as a dominant crop
followed by other crops in subsequent sequence. As
a staple food source for most of the Indians, rice oc-
cupies a pragmatic status in the agricultural
economy of this country with an area of 45.07 M ha
producing 122.27 Mt and a productivity of 2.71 t ha-

1. India is the second largest producer and consumer
of rice among the world nations (Directorate of Eco-
nomics and statistics, Ministry of Agriculture, Gov-
ernment of India, 2021). As farmers solely depend
on chemical fertilizers for crop cultivation, the im-

balance supply of nutrients take place. Lack of ad-
equate knowledge and limited facility for soil testing
also results in fertilizer application without any sci-
entific basis. The use of single nutrient fertilizers
adds to the misery and the practice gradually re-
duces soil fertility and productivity.  There is also
increasing advocacy for use of green manure and
natural nutrients for preventing the harmful effects
of chemical fertilizers. This has generated a lot of
attention for the integration of nutrients from or-
ganic, inorganic and biological sources. As chemical
fertilizer cost is increasing progressively; brown
manuring is an unconventional approach for sup-
plying almost all nutrients to the crops which are
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considered advantageous for weed management as
well as improving soil properties which ultimately
leads to increase in crop yield by influencing overall
agroecosystem. Interference by sesbania plants at
initial stage (0-35 DAS) may affect rice growth and
yield. This requires proper optimization of sesbania
seed rate and time of 2,4-D application for higher
rice-sesbania coordination.

Materials and Methods

The experiment was laid out in a split plot design on
clay loam soils of Agricultural College Farm,
Bapatla with 12 treatments during kharif  2020-21
and 2021-22. Each treatment was replicated thrice
and were randomized as per procedure given by
Cochran and Cox (1957). The main plot treatments
includes brown manure species Dhaincha (Sesbania
aculeata) sown at three seed rates (20, 30 and 40 kg
ha-1) and sub plot treatments comprising knock-
down of dhaincha at four stages (20, 25, 30 and 35
DAS). The soil pH was slightly alkaline in reaction,
low in organic carbon, low in available nitrogen,
medium in available phosphorus and high in avail-
able potassium status. the average maximum and
minimum temperatures during the cropping period
were 32.0 °C and 24.4 °C during 2020-21 and 32.0 °C
and 23.8 °C during 2021-22, respectively. A total
rainfall of 847.2 mm and 1219 mm was received dur-
ing 2020-21 and 2021-22, in 58 and 76 rainy days,
respectively. The test variety used for sowing was
BPT-5204 and crop was sown at 20 cm and 15 cm
inter and intra row distance, respectively and
adopted all the standard package of practices.
Sesbania was grown as co-culture with direct sown
rice for brown manuring. Its seeds at three rates (20,
30 and 40 kg ha-1) as per the treatments were broad-
casted manually all through the respective plots af-
ter sowing of rice in rows and allowed to grow with
rice crop. Application of 2,4-D spray @ 0.5 kg ha-1

was done uniformly at 20, 25, 30 and 35 DAS by us-
ing a knapsack sprayer @ 500 l ha-1 of spray fluid to
knockdown dhaincha as per the respective treat-
ments in the experimental plots which resulted in
gradual killing of sesbaniaplants. The data on
growth attributes, yield attributes and grain yield
were recorded as per standard procedures. Statisti-
cal analysis of the data recorded was done following
the fisher’s method of analysis of variance as out-
lined by Panse and Sukhatme (1978) for the design
adopted in this study.

Results and Discussion

Effect of seed rates and timing of knockdown of
dhaincha on growth and yield of rice

Plant height (cm) at harvest

From Table 1, dhaincha seed rate @ 40 kg ha-1 re-
corded the tallest plants at harvest during 2020-21
and 2021-22, respectively and was statistically
higher than those at 30 kg ha-1. These results are in
accordance with the findings of Muntasir et al.
(2010) and Patel and Kumhar (2010) who reported
that more quantity of fresh biomass addition which
led to release more quantity of nutrients. Addition
of nitrogen by brown manure species is associated
with increase in protoplasm, cell division and cell
enlargement resulting in taller plants.

The tallest plants were registered under S3 treat-
ment i.e., brown manuring at 30 days. However, the
shortest plants at harvest was associated with brown
manuring at 20 days. When the brown manuring
crop was annihilated with 2, 4-D ethyl ester spray at
30 days, the decomposition followed by mineraliza-
tion of these dead plants might have resulted in
proper blend of both organic and inorganic nitrogen
fructifying a favorable environment in the rhizo-eco-
system of rice. Immediate release of fertilizer N in
the initial stages followed by subsequent release of
organic N thereafter favored their increased
meristamatic activity and plant height of rice at sub-
sequent stages. The results of the present investiga-
tion are in agreement with the findings of Gill and
Wallia (2014) and Sarangi et al. (2016).

Number of tillers m-2 at harvest

During both the years of study, the total number of
tillers m-2 measured at harvest was significantly in-
fluenced by seed rates and knockdown treatments.
However, their interaction depicted non-significant
behaviour.

Data analyzed for number of tillers m-2at harvest
presented in Table 1 revealed that the seed rate @ 40
kg ha-1 disclosed higher number of tillers m-2 during
2020-21 and 2021-22, respectively, which was found
significantly superior to 30 and 20 kg    ha-1 seed rate.
The lower number of tillers m-2 was recorded with
the seed rate @ 20 kg ha-1 during both the years of
experiment. It could be a outcome of larger nutrient
availability that encouraged superior tiller produc-
tion. These findings are in conformity with Ramesh
and Rathika (2017) who, found that tiller production
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being a vegetative attribute demands liberal
supply of nitrogen and release of  nutrients
at a slow pace for better uptake by the
crop. Sufficient availability of nitrogen in-
creases plant height and photosynthesis
which in turn helps in development of
tillers according to research findings of
Sanodiya and Singh (2018). Application of
higher seed rate (40 kg ha-1) aided in steady
release of nutrients that resulted in maxi-
mum number of tiller production. The least
number of tillers m-2 were noticed with the
application of lower quantity of dhaincha
biomass with a seed rate of 20 kg ha-1.

At harvest, of direct seeded rice, the
maximum number of tillers m-2 was re-
corded with BM at 30 days, which exerted
significant superiority over BM at 25, 35 and
20 days and the minimum number of tillers
m-2 was recorded with BM at 20 days. This
could be due to the fact that the individual
plants have effectively utilized the available
resources such as space, foraging area for
root system, light utilization etc. reflecting
on enhanced tiller production.  Dhaincha, as
BM component knocked down at 30 days
with a post-emergence herbicide 2,4-D func-
tions as mulch which decomposes  provid-
ing a substantial amount of nitrogen besides
other nutrients to the crop succeeding in en-
hanced nutrient absorption by the crop  for
augmented tillering.

Number of panicles m-2 of rice

Significantly the highest number of panicles
m-2 during 2020-21 and 2021-22, respectively
were recorded in seed rate @ 40 kg ha-1

treatment over other seed rates (Table 1).
The lowest number of panicles m-2 was ob-
served with the 20 kg seed of dhaincha per
ha. The higher number of panicles per unit
area could be due to higher essential nutri-
ents to the plant, that promoted plant
growth and development, resulting in in-
creased number of productive tillers. The
present findings are in close conformity
with the earlier findings of Schomberg et al.
(2007).

Among the timing of knockdown of
dhaincha the highest number of panicles per
m-2 was observed in treatment brown ma- T
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nuring at 30 DAS which was significantly superior
to brown manuring at 25, 35 and 20 DAS. The low-
est number of panicles m-2 was registered with time
of 2,4-D application at 20 DAS treatment during
2020-21 and 2021-22, respectively. The higher num-
ber of panicles m-2 with brown manuring at 30 DAS
might be due to higher and profused tillering, which
could have facilitated plants for better utilization of
the resources such as nutrients, moisture and light.
More availability of these natural resources might
have encouraged growth and development of rice
plant to express more number of productive tillers
(Ali et al., 2013).

Test weight (g)

Data on 1000 grain weight (g) are presented in Table
1. The data revealed that the 1000 grain weight (g)
was not significantly influenced by seed rate and
timing of knockdown of dhaincha during 2020-21
and 2021-22. Interaction effect between seed rate
and timing of knockdown of dhaincha with respect
to 1000 grain weight was not significant.

Grain yield (kg ha-1)

Main plot treatments receiving seed rates of
dhaincha were found to display considerable influ-
ence on grain yield. Significantly higher grain yield
was recorded with the application of dhaincha seed
@ 40 kg ha-1 and found significantly superior over
the seed rate @ 30 and 20 kg ha-1. The lowest grain
yield was associated with seed rate @ 20 kg ha-1. The
yield increase in the treatment receiving dhaincha

seed rate @ 40 kg ha-1 might be attributed to the in-
creased growth components besides marked yield
components. Higher nutrient input of dhaincha pro-
motes improvement in leaf photosynthetic rate, bio-
mass production and sink formation, which in-
creased the grain yield of rice as reflected in the
present investigation were also reported by
Deshpande and Devasenapathy (2011).

Grain yield (Table 1) of rice was influenced sig-
nificantly due to different knockdown days. The
highest grain yield was observed with BM at 30
DAS, which was significantly superior to BM at 25,
35 and 20 DAS. Significantly the lowest grain yield
was registered with early knockdown of dhaincha at
20 DAS. The highest grain yield obtained with BM at
30 DAS subscribes to the view that there was greater
availability of growth inputs matching with forma-
tion and development of yield components. The
lower grain yield recorded in treatments which re-
ceived early 2,4-D application (BM at 20 DAS) might
be due to low availability of nutrients and photosyn-
thates at critical stages of crop growth period which
displayed a decreased trend in the yield attributes
and yield as reported by many workers (Winarni et
al., 2016). The loss in grain yield in delayed time of
knockdown i.e., BM at 35 DAS could be due to se-
vere competition among plants for nutrients, solar
radiation and space which might have offered
greater interference with rice during the initial 35
DAS. Lower light penetration to lower leaves in-
creases foliar shading and produces thinner stem.
All these factors collectively contribute to a decrease

Table 2. Interaction between seed rates and timing of knockdown of dhaincha on grain yield (kg ha-1) of direct seeded
rice during kharif, 2020-21 and 2022-21

Treatments 2020-21 2021-22
S1 S2 S3 S4 Mean S1 S2 S3 S4 Mean

M1 4467 4967 5821 5133 5096 4533 5313 5873 5417 5284
M2 5000 5829 5833 5467 5532 5350 5866 5929 5475 5655
M3 5817 5947 5966 5806 5883 5861 6027 6167 5922 5994
Mean 5094 5581 5873 5468 5248 5735 5989 5604

SEm+ CD(p=0.05) CV(%) SEm+ CD(p=0.05) CV (%)
Main Plot 109.3 298 7.1 112.2 312 6.9
Sub Plot 59.6 192 6.2 60.3 226 6.0
Interaction
M X S 198.6 596 205.3 613
S X M 132.9 412 136.4 422

Main Plot treatments-Seed rate of dhaincha (M)M1- Seed rate of dhaincha @20 kg ha-1M2- Seed rate of dhaincha @30 kg
ha-1M3- Seed rate of dhaincha @40 kg ha-1

Sub Plot treatments- Timing of knockdown of dhaincha S1- Brown manuring at 20 DASS2- Brown manuring at 25 DASS3-
Brown manuring at 30 DASS4- Brown manuring at 35 DAS
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in photosynthesis; assimilate production and its par-
titioning and finally results reduction in drymatter
production and grain yield.

Interaction effect of seed rates and timing of
knockdown of dhaincha is presented in Table 2. and
was significant with grain yield. The seed rate @ 40
kg ha-1 along with application of 2,4-D spray at 30
DAS registered highest grain yield followed by BM
at 25 DAS at same seed rate. While, grain yield was
minimum with the seed rate @ 20 kg ha-1 and knock-
down at 20 DAS during both the years of study.
Higher yield with seed rate of sesbania @ 40 kg ha-1

in combination with knocking down at 30 DAS
might have offered greater interference against
weeds but less interference on rice by the dhaincha
during initial stages of growth, thus, providing com-
petitive advantage to the rice crop. These results are
in close conformity with those of Subramani et al.
(2009) and Sraw (2017) who earlier reported that
lesser crop weed competition and higher growth
and yield attributes lead to enhanced photosynthetic
accumulation and translocation together contrib-
uted for higher grain yield. The supply of the re-
quired nutrients through brown manuring facili-
tated balanced nutrition of the crop, which might
have resulted in enhanced grain yield (Chaudhary et
al., 2018).

Conclusion

The outcome of the above research findings can con-
clude that brown manuring with seed rate of
dhaincha @ 40 kg ha-1 along with its knockdown at
30 days exhibited a significant response on growth
and yield of rice during both the years of study.
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