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Abstract

Field experiment was conducted in the Farmers field (Sandy clay loam —Typic Ustifluvents) at kuttalam to study the effect of
nitrogen and boron on growth and yield in rice. The treatments consisted of Factor A- Nitrogen levels, 0, 75, 150, 225 kg ha*
and Factor B- Boron levels 0, 1.5, 3.0 kg ha’.Totally fifteen treatments were conducted in a FRBD design with three
replications. The test crop was rice with variety ADT 46. The results demonstrated that that application of nitrogen or boron
alone or both significantly increased the growth and yield in rice. Application of nitrogen and boron recorded highest growth
and yield than in individual application. The highest growth parameters viz., plant height (111.8cm), no. of tillers/hill (22.6),
LAI (4.8), chlorophyll content (46.3 SPAD value) were recorded in N3B; (225 kg N ha! and 1.5 kg B ha™) in rice. With
Respect to nitrogen alone, the highest plant height (106.5cm), no. of tillers/hill (20.1), LAI (4.6), chlorophyll content (43.7
SPAD value) were observed in N3 (225 kg ha). Further More, the results suggested that with regards to boron alone, the
highest plant height (91.7cm), no. of tillers/hill (15.6), LAI (4.0), chlorophyll content(36.3 SPAD value) were registered in
B1(1.5kg ha?). The highest grain and straw yield (5631.3, 7637.1 kg ha') were recorded in N3B;. Among the nitrogen
treatments, the highest grain (5344.3 kg ha*) and straw yield were recorded in Ns. With regards to B alone, the highest grain
(4695 kg ha*) and straw yield (6509 kg ha*) were recorded in B;. This study concluded that for attaining maximum vyield in
nutrients deficient soil (N and B), application of 225 kg N ha* and 1.5 kg B ha™* found to be beneficial to the farmers.
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Introduction

Rice occupies 52% of the total grain production and 55% of
total cereal production in India. India ranks next to china in
rice occupying an area of 43.4 million ha with production of
about 112.9 million tonnes in 2017-18 (Anonymous, 2017)
1. In Tamil nadu rice is cultivated with an area of 22 lakh
hectares with an annual production of 7.2 million tonnes.
Nitrogen is the key nutrient that mostly limits the rice
production (Nayak et al. 2014) 1. N is the most important
nutrient that determines rice yield due to its role in
photosynthesis, tiller production and more panicle formation
(Biswajit Saha et al. 2017) [*8l, Imbalanced N application
resulted in limited yield and poor in grain quality (Gewaily
et al. 2018) 19 Optimum dose of N fertilization is
important in the growth and development of rice (Noor,
2017) [61,

Similarly, Yoseftabar (2013) ° found significant increase
in plant growth parameters and grain yield at the rate of 100,
200 and 300 kg N ha. Boron is the second most important
micronutrient next to zinc made deficient in Indian soils.
Soils of about 56 % of the state are found to be deficient in
available boron (< 0.5 mg kg*) (Shukla et al. 2014) 29,
Boron influences the grain setting, better pollination, and
also favours the enzymes production (Firdous et al. 2017)
81 Application of non-judicious NPK fertilizers only has

made the soil deficient in micronutrients particularly in
boron. Accelerated depletion of micronutrients from the soil
which resulted in severe micronutrients deficiency in many
parts of India. Boron fertilizers in addition with NPK
nutrients is needed in the days to come to improve the
growth and yield of rice in lowland soils (Patel et al. 2019)
1171, The response of nitrogen on growth and yield of rice is
well documented, but the interaction effect of nitrogen along
with boron is very meager. With this perspective, the
present investigation was carried out to study the various
levels of N and B on growth and yield in rice.

Materials and Methods

Field experiment was conducted in the farmer’s field at
Kuttalam, Tamil Nadu, during 2020 in sandy clay loam
(Padugai Series- Typic Ustifluvents) in samba season to
study the nitrogen and boron on growth and yield in rice.
The treatments consisted of Factor A- NO- no nitrogen, N;-
75 kg hat, N2- 150 kg ha?, N3- 225 kg ha?, N4- 300 kg ha™.
Factor B- BO- no boron, B;- 1.5 kg ha?, B,- 3.0 kg ha™.
Totally fifteen treatment combinations were replicated
thrice. The experimental soil was sandy clay loam (Padugai
series- Typic Ustifluvents) with pH (6.9), EC (0.17),
available nitrogen (228.4kg ha?), available phosphorus
(14.3 kg hal), available potassium (270.5 kg hal) and
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available boron (0.31 mg kg). The experiment was laid out
in a factorial randomized block design. A medium duration
rice variety cv. ADT 46 was used as a test crop. The
experimental site was puddled thrice to bring satisfactory
tilth. After levelling, the plots were laid out as per the
specification of plot size (5x4 m?). Totally 45 plots, were
raised and the bunds were strengthened in between
replication to prevent seepage of water and nutrients from
one plot to another. The recommended dose of 150: 50: 50
N, P,Os and KO ha' were followed for fertilizer
application through urea, superphosphate and muriate of
potash. Zinc (zinc sulphate) was applied @25 kg ha* as
basal dose. Boron was applied through sodium tetraborate or
borax (Na;B4O7). All the plots received uniform doses of
phosphorus (50 kg ha?), potassium (50 kg ha?) and zinc
sulphate (25 kg ha*). The spacing adopted was 15 x 10 cm
and gap-filling was done at 7 DAT. The entire dose of P was
applied basally before transplanting. Nitrogen and
potassium were applied in two split doses. The water level
was maintained upto 2.5cm uniformly throughout the field
trial. The growth parameters (plant height, no. of tillers/hill,
LAI, chlorophyll content (SPAD) were observed at tillering,
panicle initiation and harvest stages of rice. The crop was
harvested after attaining physiological maturity. The grains
were separated by threshing from each plot. The grain and
straw yield was computed and expressed as kg ha.

Results and Discussion

Growth Parameters

There was significant (p=0.05) increase in growth
parameters with the application of either nitrogen or boron
applied alone or both over control (Table 1, 2). Application
of both nitrogen and boron has proved better than their
individual effect. The highest growth parameters viz., plant
height (111.8cm), no. of tillers/hill (22.6), LAI (4.8),
chlorophyll content (46.3 SPAD value) were recorded in
N3B; (225 kg N ha' and 1.5 kg B ha') in rice. The reason
for increased plant height might be due to better plant
nutrition and balanced interaction of nitrogen and boron.
More number of tillers/hill may be due to higher availability
of N and B resulted in efficient utilization for cell
multiplication and formation of nucleic acid. Similar results
were reported by (Achin Kumar and Singh, 2017) . The
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increase in the LAI could be attributed to enhanced
production of carbohydrate which might have resulted in
leaf expansion. Positive aspects of nitrogen with boron
might be attributed to higher LAI (Zhang et al. 2020) 251,
Chlorophyll colouration is related to the amount of nutrients
absorbed by the plants from soil. Integration of nitrogen and
boron provides macronutrient and micronutrient which are
assimilated by the plants and utilized for various metabolic
activity to synthesis chlorophyll (Zayed et al. 2011) [24,
Application of nitrogen (225 kg ha*) N3 recorded highest
plant height (106.5cm), no. of tillers/hill (20.1), LAI (4.6)
and chlorophyll content (43.7 SPAD value). The increase in
the plant height might be due to increased cell division, cell
elongation. Increase in plant height might be primarily due
to improved vegetative growth and supplementary
contribution of nitrogen (Mahajan et al. 2010) 1, Increased
levels of N favours the greater absorption of nutrients
resulted in rapid expansion of foliage, better accumulation
of photosynthates finally the more number of tillers
(Dakshinamurthy et al. 2015) €l The higher LAl may be
due to an appropriate nitrogen rate could ensure that rice
canopy. Similar results were documented by (Zhang et al.
2020) 31 Application of nitrogen fertilizer increased the
cell division and formation of photosynthetic pigments
resulted in higher chlorophyll content. Improved nitrogen
availability increased the chlorophyll content (Gholizadeh et
al. 2017) B,

The highest plant height (91.7cm) was recorded in B; (1.5
kg hal). Application of boron increased the plant height
may be due to increased vegetative growth (Muhammad
Aamer et al. 2020) [*?1. Among the boron levels, the highest
no. of tillers hill* (15.6), LAl (4.0) and chorophyll content
(43.7 SPAD value) were recorded in B; (1.5 kg ha?).
Mubshar et al. (2012) [*3; EI-Dissoky et al. (2013) ['); Abde-
Motagally and EI-Zohri (2016) ™ also reported significant
increase in growth parameters in various crops due to
application of boron. This enhancement in plant growth due
to boron application at tillering and booting (grain filling)
stage indicates the importance of B in nitrogen and
phosphorus usage by plants at this stage (Ahmed; 2001) [,
Rehman et al. (2014) % also observed that applied B
improved leaf elongation, tillering and leaf chlorophyll
contents.

Table 1: Effect of nitrogen and boron on growth parameters in rice in sandy clay loam soil

Treatments |  Plantheight(cm) |  No. of tillers/hill [ LAI | Chlorophyll content (SPAD value)
N levels (kg/ha)
(No) 0 78.4 9.0 3.2 27.6
(N1) 75 82.1 10.9 3.4 29.2
(N2) 150 87.6 135 3.7 32.6
(Ns) 225 106.5 20.1 4.6 43.7
(N4) 300 92.9 16.6 4.2 38.3
C.D. @ 5% 1.02 0.35 0.04 0.50
B levels (kg/ha)
(By)O 86.6 13.1 3.7 32.9
(B2) 15 91.7 15.6 4.0 36.3
(Bs3) 3.0 90.1 13.4 3.7 33.6
C.D. @ 5% 0.79 0.27 0.03 0.38
Table 2: Interaction effect of nitrogen and boron on growth parameters in rice in sandy clay loam soil
Treatments Plant height (cm) No. of tillers/hill LAI Chlorophyll content (SPAD value)
NoBo 77.2 8.7 3.1 27.2
N1Bo 81.1 9.9 3.3 28.4
N2Bo 86.1 12.4 3.6 30.9
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N3BO 98.3 18.7 4.5 41.8
N4Bo 90.3 15.7 4.0 36.5
NoB1 79.7 9.4 3.3 28.0
N1B1 83.4 10.6 3.6 30.4
N2B1 88.7 15.4 4.0 35.4
N3B1 111.8 22.6 4.8 46.3
N4B1 95.1 18.2 4.5 41.2
NoB2 73.8 9.0 3.3 27.6
N1B2 81.8 10.2 3.3 28.7
N2B2 88.0 12.7 3.6 31.6
N3B2 109.3 19.1 4.5 43.0
N4B2 93.3 16.0 4.0 37.3
C.D. @ 5% 1.77 0.62 0.08 0.86
Rice yield N3 caused reduction in panicle sterility resulted in marked

There was significant (p=0.05) increase in grain and straw
yield with the application of either nitrogen or boron applied
alone or both over control (Table 3, 4). The highest grain
(5631.3 kg hal) and straw yield (7637.1 kg ha'l) were
registered in N3B; (225 kg N ha? and 1.5 kg B hal). The
best treatment caused (53.9, 45.8%) increase in grain and
straw yield over control. The increased in the grain yield
might be due to synergistic effect of nitrogen and boron on
flowering and fruit setting (Bandita Jena and Nayak, 2016)
BBl Similar findings were also observed by (Nagula et al.
2015) 41, With respect to nitrogen alone, the highest grain
(5344.3 kg ha?l) and straw yield (7309.4 kg ha') were
recorded in N3 (225 kg ha') and declined thereafter (Na).
The best treatment caused (46.1, 39.5 %) increase in grain
and straw yield over control. Higher levels of nitrogen upto

improvement in yield attributes The adequate assimilation
of carbohydrates in the panicle proved instrumental in
increasing grain number per panicle due to application of
nitrogen resulted in higher yield (Srivastava et al. 2006) 221,
With respect to the B alone, the highest grain (4695 kg ha)
and straw yield (6509 kg ha™) were recorded in B1(1.5 kg
ha') and declined in B; (3.0 kg ha). The the best treatment
caused (27.5, 23.9 %) increase in grain and straw yield over
control. B showed marked stimulating effect on protein
synthesis and increased panicle length due to effective
translocation of carbohydrates and thus decreased sterility
percentage and increased the number of grains panicle?
which ultimately resulted in higher grain yield (Subedi et al.
1997) [21,

Table 3: Effect of nitrogen and boron on grain and straw yield (kg/ha) in rice

Treatments | Grain yield (kg/ha) |

Percent increase over control

| Straw yield (ka/ha) | Percent increase over control

N levels(kg/ha)

(No)0 3749.2 1.00 5288.9 0.19
(N1) 75 3965.2 6.58 5704.8 6.83
(N2) 150 4404.7 20.42 6227.8 18.73
(N3) 225 5344.3 46.10 7304.9 39.51
(N4) 300 4902.8 34.03 6757.0 29.04

C.D @ 5% 45.3 - 50.6 ---
B levels(kg/ha)

(B1) 0 4331.9 17.90 6098.0 15.71
(B2) 1.5 4695.0 27.55 6509.9 23.97
(B3) 3.0 4392.8 19.42 6162.0 16.91

C.D @5% 35.09 39.2

Table 4: Interaction effect of nitrogen and boron on grain and straw yield (kg/ha) in rice

Treatments Grain yield Per cent increase over control Straw yield Per cent increase over control
NoBo 3656.4 5234.2
N1Bo 3860.3 2.82 5517.3 2.20
N2Bo 4201.3 14.88 6056.2 15.03
NsBo 5178.2 41.56 7103.9 35.68
N4Bo 4763.4 30.23 6578.7 25.63
NoB1 3829.3 0.72 5348.5 0.41
N1B1 41475 13.36 5979.4 14.18
N2B1 4726.5 29.23 6536.0 24.83
NsB1 5631.3 53.93 7637.1 45.83
N4B1 5140.3 40.53 7048.8 34.60
NoB2 3761.8 2.28 5283.9 0.17
NiB2 3887.7 3.55 5617.8 4.10
N2B2 4286.5 17.16 6099.1 16.33
NsB2 5223.6 42.80 7173.8 37.03
N4B2 4804.7 31.34 6643.5 26.90

C.D@ 5% 78.47 87.6
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Conclusion

It may be concluded that application of nitrogen and boron
(225 kg ha! and 1.5 kg ha) N3B; was recorded highest
growth and yield in rice. Among the nitrogen treatments, the
highest growth parameters and yield were recorded in N3
(225 kg ha'). However, with respect to B levels, B; (1.5 kg
hal) was recorded highest growth parameters and yield in
rice.
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