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Effects of boron fertilizer application at different growth stages on boron
uptake and productivity in KDML105 rice variety grown under non-flooded
and flooded conditions
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ABSTRACT: Boron (B) is an essential micronutrient for plant growth and development. This study evaluated the
responses of boron uptake and productivity of KDML105 rice variety to soil boron fertilizer applications in Khao
Dawk Mali 105 (KDML105) rice variety grown under non-flooded and flooded conditions. The pot experiment was
arranged in 2x4 factorial in a completely randomized design (CRD) with four replications. Rice plants were cultivated
under two different water managements, 1) non-flooded and 2) flooded conditions, with four soil boron fertilizer
applications, 1) the control with no boron, 2) boron application at tillering stage, 3) boron application at flowering
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stage, and 4) boron application two times at tillering and flowering stages. Results showed that grain yield had no
clear response to boron application in all treatments, but plants grown under flooded condition had 15% grain yield
higher than that under non-flooded condition. The number of spikelets per panicle and the percentage of unfilled
fertilized grains were increased compared to the control, even though it did not affect on grain yield but the number
of spikelets per panicle and the percentage of unfilled fertilized grains increased with increasing of boron
concentration in different plant parts and total boron uptake in boron fertilizer application at flowering, and two
times at tillering and flowering stages under non-flooded and flooded conditions. These were indicated by the
positive correlation between boron concentration in different plant parts and the percentage of unfilled fertilized
grain. However, this study has a positive trend to further investigate the appropriate management for rice variety by
boron fertilizer with other elements to improve yield components and productivity which would benefit to farmers.
Keywords: boron; rice; yield; water management; soil boron application
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Table 1 Grain yield, straw dry weight, and harvest index of KDML105 grown under different boron fertilizer

applications and water managements

Water Boron fertilizer Grain yield Straw dry weight Harvest
management (W) application (B) (¢/pot) (g/pot) index
Non-flooded Control 22.7 22.1 0.54
Tillering 259 19.0 0.58
Flowering 27.0 25.5 0.56
Tillering + Flowering 25.8 19.3 0.56
Flooded Control 28.8 26.5 0.52
Tillering 28.0 24.1 0.55
Flowering 29.6 26.3 0.53
Tillering + Flowering 29.9 22.3 0.56
Mean Non-flooded 253 8B 215B 0.56 A
Flooded 29.1 A 24.8 A 0.54 B
Control 25.8 243 a 0.53 ¢
Tillering 26.9 21.6 b 0.56 a
Flowering 28.3 259 a 054 b
Tillering + Flowering 27.8 20.8 b 0.56 a
F-test Water management (W) ** ** **
Boron fertilizer application (B) ns *x **
WxB ns ns ns
LDy, 05 (W) 1.48 1.19 0.01
LSDg g5 (B) - 1.68 0.01
LSDy g5 (WxB) - - -

Means in a same column followed by the different letters are significantly different by LSD (P<0.05, *)
ns = not significantly different (P<0.05), * and ** = significantly different at P<0.05 and P<0.01, respectively
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Table 2 Yield components of KDML105 grown under boron fertilizer applications and water managements

Water management Boron fertilizer Height Tillers/ Panicles/  Spikelets/ Filled 1090
(W) application (B) (cm) plant plant panicle grain (%) srein
weight (g)
Non-flooded Control 79.4 bc 3.8 3.1 89.0d 87.6 21.0
Tillering 75.0d 35 3.2 90.7d 87.4 21.8
Flowering 76.8 d 37 3.6 106.6 a 82.5 21.8
Tillering + Flowering 75.8d 33 3.1 98.4 bc 85.2 223
Flooded Control 814 a a7 4.6 93.0 cd 88.0 22.8
Tillering 81.1 ab 4.6 4.1 879d 91.6 22.5
Flowering 81.5a 4.6 4.4 99.4 b 86.4 22.8
Tillering + Flowering 79.2 c 4.4 3.8 90.9d 90.6 234
Mean Non-flooded 76.78B 368 328 96.2 A 85.7 B 21.78B
Flooded 80.8 A 4.5 A 42 A 92.88B 89.1 A 22.8 A
Control 80.4 a 4.3 3.8 91.0 bc 878 a 219
Tillering 78.1 bc 4.0 3.6 89.3 ¢ 89.5 a 22.1
Flowering 79.1 ab 4.1 4.0 103.0 a 84.5b 22.3
Tillering + Flowering 775¢c 3.8 35 94.6 b 879a 228
F-test Water management (W) x> e . * ** o
Boron fertilizer application (B) ** ns ns ** * ns
WxB * ns ns * ns ns
LSDg 05 (W) 0.96 0.38 0.37 3.14 2.21 0.50
LSDg,05 (B) 1.36 - - 4.45 3.13 -
LSDg05 (WxB) 1.92 - - 6.29 - -

Means in a same column followed by the different letters are significantly different by LSD (P<0.05, *)

ns = not significantly different (P<0.05), * and ** = significantly different at P<0.05 and P<0.01, respectively
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Figure 1 The percentage of (a) unfilled fertilized and (b) unfilled unfertilized grain of KDML105 grown under boron
fertilizer applications and water managements. The different letters above the bars indicate difference by LSD at

P<0.05. ** = significantly different at P<0.01.
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Figure 2 Boron concentration in (a) stem, (b) leaf, (c) flag leaf, and (d) grain of KDML105 grown under boron fertilizer
applications and water managements. The different letters above the bars indicate difference by LSD at P<0.05. *

and ** = significantly different at P<0.05 and P<0.01, respectively.
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Table 3 Boron contents in different parts and total B uptake of KDML105 grown under four treatments of B fertilizer

applications and two water managements

Water B fertilizer B content (mg/pot) B uptake
management application Stem Leaves Flag leaves Grains (mg/pot)
Non-flooded Control 0.04 e 0.05d 0.006 f 0.10 0.20 f
Tillering 0.09 d 0.06 d 0.003 f 0.12 0.27e
Flowering 0.13 c 0.13 b 0.012d 0.20 0.46 ¢
Tillering and Flowering 0.11d 0.13 b 0.011d 0.17 0.41d
Flooded Control 0.11d 0.05 d 0.011d 0.13 030 e
Tillering 0.13 c 0.09 c 0.022 ¢ 0.18 0.41d
Flowering 0.28 a 0.20 a 0.029 b 0.26 0.77 a
Tillering and Flowering 0.22b 0.20 a 0.038 a 0.22 0.68 b
Mean Non-flooded 0.09 B 0.09 B 0.008 B 0.15B 0.33B
Flooded 0.18 A 0.14 A 0.025 A 0.20 A 0.54 A
Control 0.08d 0.05¢ 0.008 d 0.12d 0.25d
Tillering 0.11¢ 0.08 b 0.012 ¢ 0.15¢ 0.34 ¢
Flowering 021 a 0.16 a 0.020 b 0.23 a 0.61 a
Tillering + Flowering 0.16 b 0.16 a 0.024 a 0.20 b 0.54 b
F-test Water management (W) ** ** ** ** **

X% X% *¥ *¥ *%

Boron fertilizer application (B)

WxB xx xx *% ns xx
LSDyg.05 (W) 0.01 0.01 0.001 0.01 0.02
LSDyg 5 (B) 0.01 0.01 0.001 0.02 0.02
LSDyg05 (WxB) 0.02 0.01 0.002 - 0.03

Means in a same column followed by the different letters are significantly different by LSD (P<0.05, *)
ns = not significantly different (P<0.05), ** = significantly different at P<0.01.

ANMUFUNUSTZUIINANEN LATDIAUIENOUNANAR

MnMsTasginnuduiusvomanan waressusznounananuasiiiugunnenuyd 105 Avgnuuulddai wy
ANUFURUSITIUINTEMININANAR LArDIAUTENBUNANER LALA $1UIUTIMBRY (r = 0.55%) S1uIUnBNERERDT (1 = 0.62%)
wagimiin 1,000 WAA (r = 0.68*%) kazdANUFURUSIIRUITENINNANDS wazaIRUsEnaUNanan Lok AES (r = -0.51%)
Tuneiithiugumeenued 105 Agnuuudshlamuanudsiuddnann (Data not shown)

YoN9nd 91nN153LASERALEUTUSYBINANER S1LIUABNYRYDTIY AT WAREY WaRAUTnsHEY was
winduilifinssaudemnuiduduluseuludiusing q vesi1niuduninenuyd 105 (Table 4) wuiiniugunaenugd 105
ﬁﬂqmwulnj%’ﬂﬁw fanuduiusidauinseninsanuadureduseuludiuvesisu Tu Tuss uavwdn deduiunendessie
599 (r = 0.72**, 0.59% 0.55%, wag 0.77** AUA1AU) ADWARAU (r = 0.64%*, 0.60%, 0.59*%, way 0.63** AUAIFU) LALHD
WAAAUTTINNTHEN (r = 0.90%, 0.88**, 0.80%*, way 0.85** Mud ) uazilauduiusBauseninsmududuvesddusou
Tuduvesdndu Tu Tuse uaziandewanauildiinisnan (r = -0.94%* -0.77**, -0.63**, uay -0.74** auaeu) Tuvausfiand
WuguInenugd 105 ﬁUQﬂLLUU%’aﬁw NUANUFURUSBaUINsEritesnnududuvedlusouludinvesddu Tu Tuse waziudn
AOLAREUNTINSHEN (r = 0.85%*, 0.88** 0.87**, way 0.74** audsu) uazilimuduiusiBauseniteausuduves

Tusaulugiuvesdrdu Tu warlusssawmdnauiliinisuay (r = -0.53%, -0.60%, wag -0.59* ANUAISU)
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Table 4 The correlation between B concentration in different plant parts and yield components of KDML105

grown under four boron fertilizer applications and two water managements

Boron concentration (mg/kg)

Water management Yield components
Stem Leaf Flag leaf Grain
Non-flooded Grain yield (g/pot) 0.48™ 0.42™ 0.31™ 0.43™
Number of spikelets per panicle 0.72%* 0.59% 0.55% 0.77**
Filled grain (%) -0.41™ -0.32"™ -0.29™ -0.40™
Unfilled grain (%) 0.64%* 0.60% 0.59% 0.63**
Unfilled grain fertilized (%) 0.90%* 0.88** 0.80** 0.85%*
Unfilled grain unfertilized (%) -0.94x* -0.77%* -0.63%* -0.74%*
Flooded Grain yield (¢/pot) 0.43™ 0.42™ 0.35™ 0.34™
Number of spikelets per panicle 0.29™ 0.14™ 0.21™ 0.20™
Filled grain (%) -0.20™ -0.01™ 0.03™ -0.23™
Unfilled grain (%) 0.09™ -0.12"™ -0.13™ 0.07™
Unfilled grain fertilized (%) 0.85** 0.88** 0.87%* 0.74%*
Unfilled grain unfertilized (%) -0.53* -0.60% -0.59% -0.43™

ns = not significantly different (P<0.05), * and ** = significantly different at P<0.05 and P<0.01, respectively.
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