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Abstract

A field experiment was conducted on boron deficient soil of Bhadra command area, Karnataka to
evaluate the effect of borax levels on growth and yield of rice and the experiment was laid out in a
randomized complete block design with seven treatments and replicated thrice. Application of
recommended FYM+NPK+8 kg Borax per ha recorded significantly higher plant height (76.90 cm),
number of leaves (89.43 plant?), number of tillers (17.70 plant?), dry matter accumulation (55.78 g hill-
1), grain yield (5135.64 kg ha') and straw yield (5845.39 kg ha). Lowest plant height (65.00 cm),
number of leaves (76.50 plant?), number of tillers (15.73 plant?), dry matter accumulation (47.42 g hill-
1), grain yield (3904.26 kg ha') and straw yield (4733.48 kg ha') was recorded treatment that received
recommended FYM+NPK+20 kg Borax per ha.
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Introduction

Bhadra command in Karnataka is the area commanded by Bhadra Reservoir covering an area
of 1.21 lakh hectares that comprises a part of Shivamogga, Davanagere and also a part of
Chikkamagalure districts. Major crops that are being cultivated in the Bhadra command are
paddy (Oryza sativa L.), Sugarcane (Saccharum Officinarum L.) and areca nut (Areca catechu
L.) and major areas coming under paddy cultivation.

Rice (Oryza sativa L.), is the most important staple food for more than half of the planet’s
population. Rice provides 30 to 75 per cent of the total calories to more than 3 billion Asians
(Khush, 2004) 1. Worldwide, rice is grown in an area of 258.8 m ha with an average
productivity of 4660 kg per ha, out of which 90 per cent of world’s rice is produced in Asian
region including China, India, Bangladesh, Indonesia and Japan (Anon., 2016) B, India being
the second largest producer of the world (106.57 m t), covers an area of 43.97 m ha with the
productivity of 2424 kg per ha (Anon., 2016a) ™. In Karnataka, rice occupies 1.33 m ha
producing 3.52 m t with the productivity of 2649 kg per ha (Anon., 2016b) Bl. The crop is
again one of the important staple food of the Southern Transitional Zone and grown both under
irrigated and rainfed situations to the tune of three lakh hectares with the productivity of 2990
kg per ha.

Rice is an exhaustive nutrient crop and nutrient removal from the soil is much higher than
fertilizer input. As a result, wide spread micronutrient deficiencies occurred in rice. Soils under
rice cultivation are generally alkaline and calcareous in nature and deficient in micronutrient
especially zinc and boron (Rashid and Ryan, 2004) 4. Boron (B) an important mineral
nutrient stimulate a number of physiological processes in vascular plants, it is important for
carbohydrates metabolism, translocation, development of cell wall and RNA metabolism
(Herrera-Rodriguez et al., 2010; Siddiky et al., 2007) [: 71, Deficiency of B causes a reduction
in leaf photosynthetic rate, total dry matter production, plant height and a number of
productive tillers during vegetative and grain filling stage (Zhao and Oosterhuis, 2003) [8],
Farmers in Bhadra command are cultivating the paddy with intensive agricultural practices
with imbalanced fertilizers application particularly micronutrients (zinc and boron) without
soil test results and as such no information is available with respect nutrition and micronutrient
status in soils of Bhadra command in Karnataka.

Keeping in view the important role of boron in increasing grain yield of rice present study was
conducted to investigate the effects of the direct effect of boron application on rice.
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Materials and Methods

The field experiment was conducted at Agricultural and
Horticultural Research Station, Kathalagere, Davanagere
district coming under Bhadra command area of Karnataka
during Kharif season 2016-17, to investigate the “Effect of
different levels of borax application on growth and yield of
rice (Oryza sativa L) at Bhadra command, Karnataka”. The
experiment was conducted under protective irrigation to
maintain soil under saturation condition. The initial soils have
sandy clay loam in texture with pH of 7.04, electrical
conductivity (0.53 dSm), organic carbon content (8.56 g kg
1), available nitrogen, phosphorus, potassium (257.81, 28.62
and 219.81 kg ha* respectively), available sulphur (21.25 mg
kgl), exchangeable calcium and magnesium (2.78 and 1.63
cmol [p*] kg respectively) and hot water extractable boron
(0.41 mg kg') were observed. The experiment consists of
seven treatments with replicated three times and was laid out
in a Randomized complete block design with different levels
of boron. The treatments include viz. T1: Control, T2: 2 kg
Borax hal, Ts: 4 kg Borax ha, T4: 8 kg Borax hal, Ts: 12 kg
Borax ha, Te: 16 kg Borax ha?, T7: 20 kg Borax ha* and
Recommended dose of N: P: K and 10 tons FYM was
common for all the treatments including control. Plant height
was recorded at 30, 60, 90 DAT from the base of the plant up
to the last sheath of the main shoot and expressed in
centimeter. A total number of fully opened leaves from five
tagged plants were counted and mean per plant was
computed. Five plants were uprooted at randomly from the
adjacent to net plot area excluding two border rows each plot
and were dried in hot air oven at 65°C for 72 hours until the
constant weight. Then dry matter per plant was calculated.
The crop was harvested, threshed and dried in the sun. The
grains were cleaned and weight was recorded and straw after
threshing was dried in the sun, weighed and expressed in kg
per hectare.

Results and Discussion

Highest plant height was recorded in treatment that received
borax @ 8 kg ha* at 30, 60and 90 DAT (30.53, 57.03 and
76.90 cm, respectively) and on par with treatment which
received borax @ 4 kg ha'(29.67, 57.43and 73.47 cm,
respectively) followed by the treatment receiving borax @2
kg halover control (Table 1). Lowest plant height was
recorded in T+ treatment which received borax @ 20 kg ha*
(27.07, 50.77and 65.00 cm, respectively). The maximum
number of leaves per plant was recorded in treatment received
borax @ 8 kg haat all crop growth stages (36.90, 81.43 and
89.43 at 30, 60 and 90 DAT respectively) and on par with
treatment received borax @ 4 kg halat 30, 60 and 90 DAT
(35.63, 78.27and 84.90, respectively). A minimum number of
leaves per plant (Table 1) was recorded in T treatment which
received borax @ 20 kg haat 30, 60, 90 and at harvest
(30.13, 71.23and 76.50, respectively). A maximum number of
tillers per plant were recorded in the treatment that received
borax @ 8 kg ha* at all crop growth stages (10.80, 14.60 and
17.70 at 30, 60 and 90 DAT, respectively) and on par with
treatment which received borax @ 4kg ha*(10.30, 14.27 and

17.20, respectively). A minimum number of tillers per plant
(Table 2) was recorded in the T treatment which received
borax @ 8 kg ha? at 30, 60, and 90 DAT (8.87, 12.40and
15.73, respectively). Significantly higher total dry matter per
plant was recorded in treatment that received borax @ 8 kg
haat all crop growth stages (4.56, 13.55 and 55.78 g per hill
at 30, 60 and 90 DAT, respectively) and on par with treatment
received borax @ 4 kg ha'(4.16, 12.29 and 54.68 g per hill,
respectively). However, significantly lower amount of dry
matter per plant (Table 2) was recorded in T treatment which
received borax @ 20 kg ha* (3.16, 9.86 and 47.42 g per hill,
respectively). An increase in plant height, number of leaves,
number of tillers and dry matter accumulation was recorded
due to the efficient photosynthetic system, use of NPK and
borax along with organic matter (FYM) application might
have helped in inducing better vegetative growth. Addition of
FYM might have regulated the supply of the added nutrients
in tune with the crop requirements in addition to encouraging
soil micro-biota to induce some hormonal influence on stem
and leaf elongation hence plant growth enhanced (Chandan
Kumar et al., 2013) . An increase in growth components
could be ascribed due to the effect of boron for proper
development and differentiation of tissues, particularly
growing tips, phloem and xylem. These results are in
conformity with the findings of Mehmood et al. (2009) 1%
and Ahmad et al. (2009) . Similarly, Ahmad and Irshad,
(2011) ™ reported that a positive effect on growth components
may be attributed to proper development and differentiation
of tissue as boron affects the deposition of cell wall material
by altering membrane properties. The results of the present
investigation also confirmed the findings of Rahamthullah et
al. (2006) [*31 and Muhammad et al. (2011) (1,

The treatment which received borax @ 8 kg ha* had resulted
in higher grain yield (5135.64 kg ha') and straw vyield
(5845.39 kg ha') with higher harvest index of 0.47 (Table 3
and Fig. 1) and was found on par with treatment receiving
borax @ 4 kg haand significantly lower grain yield (3904.26
kg ha') and straw yield (4733.48 kg ha'') with a harvest index
(0.45) was noticed in treatment which received borax @ 20 kg
ha’. The applied nutrients by their effect on the metabolism
of the cell, promoted the meristematic activity of the crop and
its better uptake by plants for favorable metabolic processes
such as nucleic acid, carbohydrate, protein, auxins and pollen
development. Efficient metabolism and translocation of
carbohydrate from the source to sink might have increased the
grain yield. Khan et al. (2006) [ observed in field
experiments that paddy yield was significantly increased by
the B application, which ranged from 3.51 to 6.00 t per ha
while maximum vyield was observed with application of 2 kg
B per ha in rice and wheat. Rashid et al. (2007) ! reported
that 14 to 23 per cent increase in paddy yield was achieved
with the B application. Muhammad et al. (2011) ™% also
reported the application of borax improved all plant growth
parameters, B concentration in plant and rice yield. These
results are in accordance with the findings of Murthy (2006)
(21 and Shinde et al. (1990) [,

Table 1: Influence of different levels of borax on plant height and number of leaves of paddy of Bhadra command, Karnataka

Treatments Plant height (cm) Number of leaves per plant
30 Dat 60 Dat 90 Dat 30 Dat 60 Dat 90 Dat
Ta: Control 28.73 56.13 72.37 34.43 77.33 84.23
T,: 2.0 kg Borax ha' 29.33 56.77 72.53 34.53 77.73 83.77
Ta: 4.0 kg Borax ha't 29.67 57.43 73.47 35.63 78.27 84.90
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T,4: 8.0 kg Borax ha't 30.53 57.03 76.90 36.90 81.43 89.43
Ts: 12.0 kg Borax ha* 28.10 56.03 71.50 33.27 74.93 83.07
Te: 16.0 kg Borax ha* 27.87 54.27 69.23 31.87 73.50 80.23
T7: 20.0 kg Borax ha* 27.07 50.77 65.00 30.13 71.23 76.50
S.Em. + 0.68 1.58 1.89 1.28 1.48 1.48

C.D. at 5% NS NS 5.83 3.95 4.56 4.55

NS: Non significant, DAT: Days after transplanting

Table 2: Influence of different levels of borax on number of tillers and dry matter accumulation of paddy of Bhadra command, Karnataka

Treatments Number of tillers per plant Dry matter accumulation (g hill*)
30 Dat 60 Dat 90 Dat 30 Dat 60 Dat 90 Dat
Ti: Control 10.00 13.87 16.83 3.97 12.25 53.52
Ta: 2.0 kg Borax ha't 10.13 14.13 17.03 4.07 12.28 53.85
T3: 4.0 kg Borax ha! 10.30 14.27 17.20 4.16 12.29 54.68
T4: 8.0 kg Borax hat 10.80 14.60 17.70 4.56 13.55 55.78
Ts: 12.0 kg Borax hat 9.47 13.63 16.50 3.92 11.61 49.38
Te: 16.0 kg Borax hat 9.17 13.23 16.13 3.64 10.68 49.31
T7: 20.0 kg Borax hat 8.87 12.40 15.73 3.16 9.86 47.42
S.Em. + 0.35 0.24 0.35 0.15 0.33 1.19
C.D. at 5% 1.08 0.73 1.09 0.45 1.00 3.67

DAT: Days after transplanting,

Table 3: Influence of different levels of borax on grain, straw and harvest index of paddy of Bhadra command, Karnataka

Treatments Grain y|eldkg |ha_18traw yield Harvest index
Ty: Control 4855.47 5633.33 0.46
Ta: 2.0 kg Borax ha! 4892.33 5689.63 0.46
Ts: 4.0 kg Borax ha! 4997.86 5782.18 0.46
T4: 8.0 kg Borax hat 5135.64 5845.39 0.47
Ts: 12.0 kg Borax hat 4490.56 5499.67 0.45
Ts: 16.0 kg Borax ha! 4211.39 5185.16 0.45
T7: 20.0 kg Borax ha! 3904.26 4733.48 0.45
S.Em. + 251.05 256.63 0.007
C.D. at 5% 773.57 NS NS

NS: Non significant
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Fig 1: Different levels of borax application on grain and straw yield of paddy at Bhadra command, Karnataka
T1: Control, T2: 2.0 kg Borax hal, Ts: 4.0 kg Borax hat, T4: 8.0 kg Borax ha?, Ts: 12.0 kg Borax ha?, Te: 16.0 kg Borax ha't, T7: 20.0 kg Borax

hat

Conclusion
The application of borax to the soil increased the yield and 1.
yield attributes of paddy over control, which showed a
positive response of rice to borax (boron) application.
However, soil application of 8 kg borax hal! + a 2.
Recommended dose of NPK recorded significantly higher
growth and yield of paddy compare to a higher dose of borax
in Bhadra command area of Karnataka. 3.

~ 3030~

References

Ahmad, Irshad. Effect of boron application time on yield
of wheat, rice and cotton crop in Pakistan. Soil and
environment. 2011; 10:2074-2085.

Ahmad W, Niaz A, Kanwal S, Rahmatullah, Rasheed
MK. Role of boron in plant growth: A review. Journal of
Agricultural Research. 2009; 47:329-338.
Anonymous. Rice — statistics and facts,
http://www.statista.com/topics /1443/ rice/

2016.



Journal of Pharmacognosy and Phytochemistry

4. Anonymous. Agricultural statistics at a glance, 2016a.
http://eands. Dacnet.nic.in/PDF/ Agricultural-Statistics-
At-Glance

5. Anonymous. Agricultural statistics at a glance, 2016b.
http://raithamitra.kar.nic.in/fENG/statistics.asp

6. Chandan kumar HC, Raturi SP, Uniyal. Response of
boron and lime application on growth and seed yield of
snowball cauliflower (Brassica oleracea var. botrytis L.)
cv. PSBK-1. Asian journal of horticulture. 2013;
8(1):246-249.

7. Herrera Rodriguez MB, Gonzalez Fontes A, Rexach J,
Camacho Cristobal JJ, Maldonado JM, Navarro Gochicao
MT. Role of boron in vascular plants and response
mechanism to boron stresses. Plant Stress. 2010; 4:115-
122.

8. Khan RU, Gurmani AH, Gurmani AR, Zia MS. Effect of
boron application on rice yield under wheat -rice system.
International Journal of Agricultural Biology. 2006;
8(6):805-808.

9. Khush GS. Harnessing science and technology for
sustainable rice-based production systems. Proceedings
of FAO rice conference Rice is life. Int. Rice
Communication Newsletter. 2004; 53:17-23.

10. Mehmood EH, Kausar R, Akram M, Shahzad SM. Is
boron required to improve rice growth and yield in saline
environment. Pakistan Journal of Botony. 2009; 41:1339-
1350.

11. Muhammad Saleem, Mohd Khanif Yusop, Fauziah Ishak,
Abd Wahid Samsuri, Babar Hafeez. Boron fertilizers
borax and colemanite application on rice and their
residual effect on the following crop cycle. Soil Science
and Plant Nutrtion. 2011; 57:403-410.

12. Murthy 1Y. Boron studies in major oil seed crops.
Fertilizer News. 2006; 1:11-20.

13. Rahamthullah K, Akbar HG, Ali AG, Zia MS. Effect of
boron application on rice yields under wheat rice system.
International Journal of. Agriculture and Biology. 2006;
8:805-808.

14. Rashid A, Ryan J. Micronutrient constraint to crop
production in  soils with  mediterranen type
characteristics: A review. Journal of Plant Nutrition.
2004; 27:959-975.

15. Rashid A, Yasin M, Ali MA, Ahmed Z, Ullah R, An
alarming boron deficiency in calcareous rice soils of
Pakistan: boron use improves yield and cooking quality.
In: Advances in Plant and Animal Boron Nutrition.
Springer Publisher. 2007, 103-116.

16. Shinde BN, Rote BP, Kale SP. Effect of soil application
of boron on yield of groundnut and its residual effect on
wheat. Journal of Maharashtra Agriculture University.
1990; 15:195-198.

17. Siddiky MA, Halder NK, Ahammad KU, Anam K,
Rafiuddin M. Response of brinjal to zinc and boron
fertilization. International Journal of Sustainable and
Agricultural. Technology. 2007; 3(3):40-45.

18. Zhao D, Oosterhuis DM. Cotton growth and physiological
responses to boron deficiency. Journal of Plant Nutrition.
2003; 26(4):855-867.

~3031~



