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Research Communication

Effect of boron on growth indices, physiological traits and productivity of rice
(Oryza sativa) under north-west Indian conditions
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ABSTRACT

An experiment was conducted during the rainy season (kharif) of 2019 at the Punjab Agricultural University,
Ludhiana, to explore the role of boron (B) in improving seed filling, vascularisation and yield of rice (Oryza sativa
L.). The field experiment comprising 14 treatments, viz. foliar application of boron (B) @ 24, 28, 32 and 40 millimo-
lar (mM) at boot-leaf stage (BL) or at 1 week after boot-leaf stage (1 WABL) as well as at both the stages (BL+1
WABL) along with foliar application of water and control (unsprayed), were laid out in randomised complete-block
design, with 3 replications. Plants sprayed with 24 mM B at different stages showed improved photosynthetic effi-
ciency in terms of chlorophyll content, carotenoid content and hill-reaction activity of leaf chloroplasts. Also, the
yield-attributing traits, viz. 1,000-grain weight, panicle weight and panicles/m?, were significantly higher in plants
treated with 24 mM B at BL + 1 WABL, followed by plants treated with 24 mM B at 1 WABL, which were similar to
that treated with 24 mM B at BL or at 1 WABL. Increasing B concentration above 24 mM showed negative impact
on the growth and yield of rice. Thus, foliar spray of 24 mM B at BL or 1 WABL may be used to improve the pro-

ductivity of rice.
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Rice (Oryza sativa L.) is the world’s second highest pro-
duced cereal crop after maize. About 90% of the world’s
rice is cultivated and consumed in Asia (FAO, 2018). Grain
yield of rice is influenced by a number of factors including
environmental, genetic and agronomic. The prevalence of
favourable climatic conditions enhances yield of rice
through its effect on yield attributes. The 2 major attributes
among various yield attributes are the number of grains per
panicle and 1,000-grain weight. Although the total number
of grains/panicle is a characteristic feature of variety and
under genetic control, sometimes there is an increase in
number of unfilled grains per panicle due to which the
yield is reduced. The increase in number of unfilled grains
per panicle is explained by various factors such as environ-
mental stress, deficiency of mineral nutrients and poor
translocation of photo-assimilates from source to sink. Rate
of grain-filling is determined by source-sink balance
(Saleem et al., 2020). Carbon transportation from stem to
panicles and carbon assimilation in leaves affect the source
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ability for proper grain-filling.

Among various micronutrients, boron (B) is the essen-
tial micronutrient and its deficiency causes a reduction in
final crop yield (Patil ez al., 2017). The main physiological
roles of B in plants are translocation of sugars, synthesis of
cellular walls, maintaining membrane integrity, [AA me-
tabolism, accelerating flowering and fruit-bearing pro-
cesses in head (Prasad et al., 2014; Farooqi et al., 2019). A
large amount of biomass is locked up in the vegetative
plant parts, so any practice to manipulate the
remobilization of photosynthates from vegetative parts to
head may improve harvest index and grain yield. Various
studies have indicated an increase in productivity of rice
with application of boron. It has been suggested that, the
grain sterility results from several unrelated factors includ-
ing poor vascular bundles differentiation and boron
deciency (Farooqi et al., 2019). Since limited studies have
been carried out to evaluate the effectiveness of boron on
the grain-filling and vascularisation of rice in North-West
Indian conditions, present investigation was conducted to
study the effect of foliar application of boron for improv-
ing seed-filling, vascularisation and yield of rice.

The experiment was conducted during the rainy season
(kharif) of 2019 at Research farm and Laboratory of De-
partment of Botany, Punjab Agricultural University,
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Ludhiana [30°56' N, 75°52"' E, 247 m altitude], located in
the Western Indo-Gangetic Plains (WIGPs). Climate of
experimental site is characterized as subtropical, semi-arid,
with an annual rainfall of 733 mm received mainly (80% of
total) during June-September. The soil of the experimental
field was sandy loam, high in available P and available K
but low in available N and soil organic carbon (SOC) sta-
tus. Boron content of soil was sufficient (0.8 ppm). The
electrical conductivity and pH of the soil were within nor-
mal range. The experiment comprising 14 treatments was
laid out in randomized complete-block design (RCBD)
with 3 replications. The treatments included foliar applica-
tion of boron @ 24, 28, 32 and 40 millimolar (mM) either
at boot-leaf stage (BL) or 1 week after boot leaf stage (1
WABL) as well as at both the stages. Treatments of water
spray and unsprayed (control) were also kept. The short-
duration rice variety ‘PR 126’ was sown in nursery during
the last week of May and transplanted during the last week
of June at 15 cm x 20 cm spacing with 30-day-old seed-
lings. All other production and protection technologies
were followed as per recommendations of the Punjab Ag-
ricultural University, Ludhiana (PAU, 2022).

Plant height, tiller count, leaf-area index (LAI) and flag-
leaf area were recorded at anthesis and physiological ma-
turity by randomly selecting 5 plants in each experimental
unit. Flag-leaf area was calculated by measuring length and
width of flag leaf manually and multiplying with a correc-
tion factor of 0.75 as suggested by Chanda and Singh
(2002) and expressed as cm?. Total chlorophyll and caro-
tenoid content were determined as per the method of
Hiscox and Isrealstam (1979). Hill-reaction activity was
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measured from randomly chosen leaves from each plot and
calculated by using the equation suggested by Cherry
(1973). Total and effective tillers were counted from 5 ran-
dom plants and expressed as tillers/m? and panicles/m?,
respectively. Five panicles were randomly selected from
each experimental unit for recording panicle weight and
number of grains (filled and unfilled) per panicle. For re-
cording grain yield, the grains obtained after threshing net
plots (10 m?) were sun-dried, winnowed, cleaned and
weighed on an electronic balance. For valid comparison of
different treatments, moisture content in grains was esti-
mated using digital moisture meter (Kett’s RICETER J
Handheld grain moisture meter) and grain yield was ad-
justed at 14% moisture and expressed as g/ha (100 kg/ha).
The weight of straw from each net plot was also recorded
3 days after harvesting for estimation of straw yield, which
was expressed as g/ha. For anatomy of the peduncle, its
transverse sections were hand-cut and observed under
Leica Bright Field Research Microscope at 4x magnifica-
tion. Data were subjected to analysis of variance (ANOVA)
using Proc GLM procedure of SAS software (SAS 9.3.) as
per RCBD. The multiple comparisons among treatment
means were made using Tukey’s test (P < 0.05).

At anthesis stage, plants treated with 24 mM B at BL +
1 WABL were taller (118.7 cm) than those of the control
(Table 1). But at physiological maturity, plants treated with
24 mM B 1 WABL, though statistically at par with the
plants treated with 24 mM B at BL or at BL+ 1 WABL,
recorded the highest plant height (119.6 cm). Results on
increased plant height due to foliar spray of B are in accor-
dance with that reported by Rehman et al., (2014). A

Table 1. Effect of boron treatments on periodic plant height, tiller count, leaf area index, flag-leaf area and number of vascular bundles of rice

Treatment Plant height Tiller count Leaf-area Flag-leaf area Number of
(cm) (number/m?) index (cm?) vascular
Anthesis  Physiological Anthesis Physiological Anthesis Physiological Anthesis Physiological bundles
stage maturity stage maturity stage maturity stage maturity

T,,24 mM B at BL 1152 118.8 ¢ 367.9° 364.3 8.1¢ 6.9° 40.4¢ 29.8¢ 15
T,, 28 mM B at BL 114.3 < 117.9 ® 364.8° 362.2¢° 7.9¢ 6.7¢ 40.14% 28.2M 15
T,, 32 mM B at BL 1y m 110.8 & 361.4° 360.9° 751 6.0 37.2¢ 27.5% 16
T,, 40 mM B at BL 109.7 & 110.6 & 361.3a 360.1° 7.5¢ 6.0" 37.6° 27.6% 16
T,, 24 mM B at IWABL 117.2 % 119.6 * 368.8° 366.8° 8.3¢ 7.4 4530 30.3° 16
T,, 28 mM B at IWABL 116.3 = 118.1 365.8° 365.3¢ 8.2¢ 7.3 448¢ 30.3° 15
T, 32 mM B at IWABL 111.8 <t 112.8 < 360.4° 360.1° 7.3! 5.9 37.6" 26.91¢ 16
T,, 40 mM B at IWABL 112 113.4 360.2° 359.1° 7.4% 591 37.3f 26.9¢ 15
T,, 24 mM B at BL + IWABL 118.7* 1193 369.2° 368.8° 8.9 7.7° 48.9° 36.5° 16
T,,, 28 mM B at BL + IWABL 112.7 4 113.3 ¢ 368.2° 366.7* 8.6 7.5¢ 47.0° 34.1° 14
T,,32 mM B at BL + IWABL 109.3 " 109.6 & 359.1° 359.8° 7.2 5.6 36.7" 26.2¢ 14
T,,, 40 mM B at BL + IWABL 109.3 " 107.6 " 358.2¢ 357.1° 7.1k 56k 36.5° 26.3¢ 15
T,,, Water sprayed 11274 115.6 % 360.2° 359.7 7.4 6.2¢ 38.4¢ 27.8¢ 15
T,,. Control 112 < 1142« 358.3° 358.2¢ 7.1% 5.9¢ 37.9¢ 26.6¢ 12
SEm+ 0.5 0.6 3.9 4.7 0.1 0.2 0.65 0.5 -

B, Boron; BL, boot-leaf stage; WABL, week after boot leaf stage.

Within column, Means followed by the same letter are not significantly different.
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decrease in leaf-area index and flag-leaf area was observed
from anthesis to physiological maturity stage but plants
treated with boron maintained higher values of these pa-
rameters than the control plants. Plants treated with 24 mM
B at BL + 1 WABL showed the highest leaf-area index both
at anthesis (8.9) and physiological maturity (7.7). However,
this treatment was at par with 28 mM B at BL + 1 WABL
in respect of the flag-leaf area at physiological maturity
(Table 1). The higher leaf-area index owing to application
of B as observed in our study might be because of more
cell division (hyperlasia) and elongation (hypertrophy) that
led to vigorous leaf production and ultimately higher leaf-
area index in individual rice plants. Similar results were
reported by Dhillon et al., (2018b) in sunflower.

The total chlorophyll content, carotenoid content and
hill-reaction activity of leaf chloroplast decreased from
anthesis to physiological maturity stage which might be
due to onset of senescence, resulting in chlorophyll degra-
dation (Fig. 1). Maximum total chlorophyll and carotenoid
content were observed in plants treated with 24 mM B at
BL+ 1 WABL both at anthesis (7.76 mg/g fresh weight) and
at physiological maturity (3.64 mg/g fresh weight) stages.
Maximum hill-reaction activity at anthesis (0.860 mg/chl/
h) and at physiological maturity (0.085 mg/chl/h) was ob-
served in plants treated with 24 mM B at BL + 1 WABL,
followed by plants sprayed with 24 mM B 1 WABL (0.844
and 0.061 mg/chl/h at anthesis and physiological maturity
respectively). Rehman et al., (2014) also reported increase
in chlorophyll content with B application.

Variation in number of vascular bundles was observed
in all the treatments as compared to the control
(unsprayed). Plants treated with 24 mM B at BL + 1 WABL
showed the maximum number of vascular bundles in their
peduncles (Fig. 2). The increase in number of vascular
bundles led to an increase in area of conducting tissues
which might be responsible for increased translocation of
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Fig. 1. Effect of boron treatments on photosynthetic parameters

V, A, Pindicate the values of photosynthetic parameters at vegetative, anthe-
sis and physiological maturity stages, respectively.

1,2,3,...... 14 indicate treatment number.
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(B) 24mM B at IWABL

() 24mM B atBL
(C) 24mM B at BL + IWABL (D) Control

Fig. 2. Transverse section of rice peduncle showing vasculature
under boron treatment and control

assimilates to the grains. Dhillon ef al., (2018a) also re-
ported improvement on vasculature of sunflower in re-
sponse to B application.

The highest value of grain weight/panicle (4.83 g) and
filled grains/panicle (181.3) was observed in plants sprayed
with 24 mM B at BL + 1 WABL, which was statistically
similar to the treatments wherein B was applied @ 24 mM
at BL or at 1 WABL (Table 2). Likewise, these treatments
exhibited higher panicle fertility. The plants under
unsprayed (control) treatment exhibited the least values of
these parameters. Increment of 7.4% in filled grains/
panicle increased by 7.4% in plants treated with 24 mM B
at BL+ 1 WABL than in the untreated (control) plants
which might be because of the favourable effect of boron
application on translocation of assimilates and grain-filling.
Ali et al., (2016) also reported that, supplemental applica-
tion of B during panicle-formation stage increased the
number of filled grains/panicle. The poor yield attributes
under higher levels of B application (28, 32 and 40 mM B)
may be ascribed to the phytotoxic effect of higher concen-
tration of boron (Roessner ef al., 2006). Increase in panicle
weight with B application might be owing to higher num-
ber of filled grains/panicle or improvement in individual
grain weight, which might be the consequence of improved
source-sink relationship that ensured better assimilate
translocation during grain development. Similarly, 6.13%
higher 1,000-grain weight under 24 mM B at BL + 1
WABL than the control treatment might be owing to posi-
tive role of boron in translocation of assimilates to grains.
Increase in spikelet (grain) number following boron appli-
cation was also reported by Farooqi et al., (2019) in wheat.

Application of 24 mM B at BL + 1 WABL resulted in
the highest grain yield (86.46 g/ha) owing to higher value
of the yield attributes (Table 2). However, this treatment
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Table 2. Effect of boron treatments on yield attributes and yields of rice

[Vol. 67, No. 4

Treatment Panicle Grain Filled Panicle 1,000-grain  Grain Straw Harvest
number weight/ grains/ fertility weight yield yield index
() panicle(¢) panicle (%) © (aha)  (a/ha) (%)
T,, 24 mM B at BL 364 ¢ 4.7 182.3 @ 91.12 21.3% 84.0 ® 112.8 % 42,72
T,, 28 mM B at BL 362 4.1°¢ 160.6 © 81.5d 21.2M 80.2 b¢ 110.3 = 42,1
T,,32mM B at BL 361 3.2¢ 158.1°¢ 79.1°¢ 20.4% 76.0 % 1054 ¢ 41.7 e
T,, 40 mM B at BL 360 @ 3.2¢ 159.5¢ 79.1°¢ 20.9 e 76.0% 110.5 = 40.6
T,, 24 mM B at 1 WABL 367 4.7 ® 180.4 ® 89.3 21.4%® 84.0 113.0® 426
T,, 28 mM B at 1 WABL 365 43¢ 161.4 b 81.0 ¢ 21.1 M 81.1°% 110.9 = 422
T., 32 mM B at 1 WABL 360 @ 3.1 162.9 b 80.8 ¢ 20.6 ¢ 75.7 4 106.4 b 41.6¢
T,, 40 mM B at 1 WABL 359° 3.2¢ 1599 ¢ 80.0 ° 20.1¢ 75.3¢ 1043 ¢ 41.9%
T,, 24 mM B at BL + 1 WABL 369 4.8° 181.3 @ 88.0° 21.8%2 86.5¢° 1143 43.0°
T,,28 mM B at BL+1 WABL 367 4.6° 163.4% 81.2¢ 21.2M 82.2b¢ 112.9® 42.1
T,,32mMB at BL+ 1 WABL 360 @ 3.2¢ 161.6 80.6 20.6 ¢ 74.6 ¢ 110.2 = 40.3¢
T, 40 mM B at BL+ 1 WABL 357 33¢ 161.4 b 80.3 ¢ 20.9 e 73.5°¢ 110.1 = 40.0 ¢
T,,, Water sprayed 360 @ 3.64 168.9° 83.8% 20.84f 79.0 ¢ 110.4 = 41,7
T,,, Control 358¢ 33¢ 168.8° 84.2¢ 20.5¢¢ 78.8 4 110.3 = 41,7
SEm+ 4.6 0.03 1.49 0.57 0.1 0.73 1.33 0.35

B, Boron; BL, boot-leaf stage; WABL, week after boot leaf stage.

Within column, Means followed by the same letter are not significantly different.

was at par with application of 24 mM B at BL or at 1
WABL. Similarly, straw yield was also higher in plants
treated with 24 mM B at BL + 1 WABL. The grain and
straw yield decreased significantly when B was applied at
higher concentration (28, 32 or 40 mM) both at BL and 1
WABL. According to Binhafiz (2017), rice straw yield in-
creased with boron application because boron improved
the membrane function which favoured the activities of
membrane-bound enzymes that attributed to higher straw
yield of rice. The plants treated with 24 mM B at BL or at
1 WABL or at BL + 1 WABL had the highest harvest index.
Improvement in harvest index in boron-treated plants can
be attributed to better assimilate utilization that resulted in
improvement in seed setting and translocation of photo-
assimilates to developing grains which may increase the
grain size and number of grains/panicle (Farooqi et al.,
2019; Lenka et al., 2019).

It may be concluded that, foliar spray of B @ 24 mM at
boot-leaf stage or at 1 week after boot-leaf stage may be
done for higher yield of rice crop which is ascribed to im-
provement in photosynthetic efficiency and yield attributes
of rice on account of improved vasculature.
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