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Effects of boron fertilizer applications on yield of ‘Sanpatong 1’ rice
variety grown at two locations
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ABSTRACT: Boron-deficient soil causes inefficient plant growth and productivity. Many studies have been reported
the effect of applying boron fertilizer on productivity in many crops of Thailand and other countries, but limit
information is available on rice crop. Therefore, the objective of this study was to evaluate the effects of boron
fertilizer application on yield and yield components of Sanpatong 1 rice variety. The experiment was arranged in
randomized complete block design (RCB) with four replications. The field experiment was conducted in the dry
season of 2018 comprising of three boron fertilizer applications as soil boron, foliar boron, and non-boron fertilizer
application. Rice plants were grown at two locations: the research station, Chiang Mai University and farmer’s field
at San Sai District, Chiang Mai Province. The results showed that soil and foliar applications of boron had no
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significant effect on grain yield of Sanpatong 1 rice variety erown at both locations compared with non- boron
fertilizer application, while it was affected on tiller number and panicle number per hill differently by the location.
Foliar boron application increased tillers and panicles number per hill of rice grown at the research station, while
soil boron application decreased tillers per hill of rice grown in San Sai location. In addition, boron application
significantly affected on number of filled grains differently at each the location. It was found that soil and foliar
boron applications increased the percentage of filled grains per panicle of rice grown at the research station, but
no response was found in rice grown in San Sai location. The results from this study indicate that boron had
affected on yield component depended on the growing location. Although, there was no significant effect on grain
yield, but it is likely that boron fertilizer could improve grain yield, which should be determined and confirmed
the efficient methodology of boron application in the future study.

Keywords: Sanpatong 1 rice variety; soil boron fertilizer application; foliar boron fertilizer application; yield
production; boron
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Table 1 Grain yield, straw dry weight and harvest index of Sanpatong 1 rice variety grown at CMU and San Sai

under different treatment of boron fertilizers

Location Treatment Grain Yield Straw dry weight Harvest
(ton ha™) (ton ha™) index
CMU Control a.5 4.2 cd 0.48
Soil B 4.8 49 a 0.46
Foliar B 4.1 4.4 bc 0.45
San Sai Control 53 4.7 ab 0.50
Soil B 5.0 39d 0.52
Foliar B 4.9 43 c 0.50
Mean CMU 4.4 B 4.5 0.46 B
San Sai 51A 4.3 0.50 A
Control 4.9 a.5 0.49
Soil B 4.9 4.4 0.49
Foliar B a.5 4.3 0.47
F-test Location (L) el ns *xx
Treatment (T) ns ns ns
LxT ns xxx ns
LSDg0s (L) 0.2 - 0.02
LSDg g5 (T) - - ,
LSDg 5 (LXT) - 0.2 -

¥, ** and *** = Significantly different at P<0.05, P<0.01 and P<0.001, respectively; ns = Non significant; Means in each column

followed by different letters indicate significant differences using least significant difference (LSD) at P<0.05
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Table 2 Yield components of Sanpatong 1 rice variety grown at CMU and San Sai under different treatment of

boron fertilizers

Location  Treatment Tillers  Panicles Filled 1,000 grains Panicle  Culm
plant”’ plant™ grain (%)  weight (¢) length  length
(cm) (cm)
CcMU Control 143 b 13.6 bc 783 C 30.4 257 70.7
Soil B 143b 138b 825b 30.8 26.0 70.3
Foliar B 16.2 a 15.7 a 823 b 30.7 255 72.8
San Sai Control 143b  13.1 bcd 909 a 31.3 26.3 717
Soil B 12.7 ¢ 12.5d 89.3 a 31.0 258 66.4
Foliar B 13.0c 128 d 89.0 a 31.2 26.5 71.4
Mean CMU 149A 144A 81.1B 30.6 258 71.3
San Sai 1338B 128 B 89.7 A 31.2 26.2 69.8
Control 143a 1335 84.6 30.9 26.0 71.2 a
Soil B 1356 1325 85.9 30.9 26.0 68.3 b
Foliar B 14.6 a 14.2 a 85.6 31.0 259 72.1 a
F-test Location (L) *xx *xx o ns ns ns
Treatment (T) ** * ns ns ns **
LxT *xx ** * ns ns ns
LSDy g5 (L) 0.4 0.6 1.9 - - -
LSDg g5 (T) 0.7 0.7 - - - 2.0
LSD0.05 (LxT) 1.0 1.0 3.0 - - -

¥, ** and *** = Significantly different at P<0.05, P<0.01 and P<0.001, respectively; ns = Non significant; Means in each column

followed by different letters indicate significant differences using least significant difference (LSD) at P<0.05
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azopuspflutmanduarinuiiiad FsnsveluseusiliAnanudumarlunisufaudiiinaninassglaiiam vaonsy
wildnuaziinund luvuzieafuonsnelusevlutmandwesinuisiadesuanieenludnuurnmsisiadumiy aiunsa
Janaldlundssgnanuaninas Tasnuimsiidnuaslsda nasidile unsvdannidusssiulifinugs Wesnnli
nsuauinas dudunauianimuinisvesareonsydumad WUy a935a uagduaild, 2532; Rerkasem et al, 1997)
ilesanluseudldiutnslunsiamnvesazesasaflussoznaninaslianysal drelvivoneniimugauauysel laiidunsiu
dwavilissfindnunn (Rashid et al, 2004) Mnuansnaaasfenauantliiuil mslddeluseuetaiinavilduady
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Yaglusau (Wilson et al,, 1951; Ouelltte, 1958) FeaonndpafuTIBIUVeY Yermiyahu et al. (2001) wag Gupta (2016) i
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wuhuileaziBeailuseunnniiuidonsu TasanududuveddusouluiuasifsdunuinameshuioosBon wazu
deanBonvzgaduluseulddniduiensiu dulu dnnuirfiefiugnlufunsessuansoinisualuseuldine Tu
suzfefumudulslesiveduseuluiuomananiosnn nsnuesinideruiisentuilsveismlessufadulinanad
Uszqazgnomdalageymaluduriliiniluldusslowndldtesas (Mengel ua Kirkby, 2001) Auftugnitsansudadlunis
naaosideanudunsadslufuiiunndsiu fsomanduammuiiifiatonnuiulslosiveduseluiu lnewuihu
fAfAnnudusinsgs anudulsylovivesluseudenisgalulivesiivfaziosas (Tyler uag Olsson, 2001) 931047
yaaostinu waslgnuuniinedeidedml faranudunsadwwesiugainindasdunsne Jedwmalinimevausves
Tusewsionsamandnludniivgnluulasminerdadedn fuunliidimniudasdunseidaeudunsamsiiseiu
Uunans uendnidmudn mnubulsslevivessgweanetaiidanuunndatuvesiidesutasugniaedinasetmdn
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Fududusvanssesanlulasiau ﬁﬁuﬁud’m%mnﬁm@u‘lmLLasmiﬁmmmaaﬁﬂU (Brady wag Weil., 2008) n15¥1191u
sfusgniluseunasreanssa dunaiuldaindadenaresznisvenisviareanssa afuayunisnaaesves
Nelyubova wag Sychev (1959) ﬁwmﬁmﬂnm/\laaWa%’amﬁ]%aami@miﬂﬁusauiuﬁuﬁ‘u FaAnannsannnudutuves
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duUsEnaUUIIeENweINIATneasn wazn15uIRsldruieadostunisdesaateunnsatianasn (Kevresan et al, 1971;
Dugger., 1983) n1sanasveinsaihnddnlunisvinluseunazeanssasiuiuewiliinujisengnle (chain reaction)
LaYNI5ANALh RNA %V‘fﬂﬁtﬁmn1samawaaT,Uiausﬁmzﬁwlﬂgjﬂ’]il,ﬁzyl,auim LaENNTANaUBINMT LY (Hewitt, 1983) ER
aonndasfiuTIBmuas Bonila et al. (2004) seauihdnsiifiuiuremeansdanasiusouasifotosi AINGIAY
Srunumiiedens ATIENITH wazTIUIUTIENaYedn agslafiniu nansevuveduseuiiuiniian iesedurloanie s
owfisuifussiuneanesauunatsuazgs Tuviueadeaiu Kabir et al. (2556) Tsauinmsliweanesasiuivluseutie
diuarugs uazdinsiuuduludias Inevleanlesareliarugeesfinfindu enadosnannmsduansuadifiuiu T
dasunsLasiulnvesie ( El-Habbasha et al., 2007 ) wonaniluseudssidudmiunsulsvaduaznsiniveasad
a'awaiﬁmm'%z:gLauimsuaaﬁsziLLazﬂawmqamaaﬁ%LﬁuﬁuﬁﬂﬁaEJ (Camacho-Cristobal et al,, 2015) iAdenountii wuiinns
leneanasa LLaz‘EUiauémﬁuﬂdqmﬁumsLs’?‘uimmawé‘mazqmmwmaaﬁﬂs’%ﬁmm’w q ldueeed (Huang et al,, 2012;
Kabir et al., 2013; Chowdhury et al., 2015; Muhlbachova et al., 2017 ) A9AAABINUNISNARBIVBY Muhammad et al.
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wandnvonudatmand uenanisarisluseuinzavenaiufisuateauiusslevivesusevlunisifiunanie
Tuin Mnaumeassmsneuausswelslusevludnsfiunnsneiuludn Taewuin $niinisnevaussiesninieluseust
561319 0.5 - 1.0 Yaussoiowaed (0.55 - 1.1 Alansulusousioianmd) vilvnandadnduualtndiudy (Dunn et al, 2005)
Mnwaradina o dullin uwasiumivendededwifidefunenunit maldadeluseudl 3 Alansusiowaams Tavinls
Anarandufivdedn iesanluseudilanshuuisdruenagnuedn dlu lusasiituluwasdunseifidefuaziBonniy
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199417 wenand madesgiluseuludeediusig q vesiivoraduuumidlunmsusdsauannsalunmagald nns

avay uaznsdudiuludadiusing q vesiutale dalu nmslddeluseunmueanlunisugndnisasiansanainviinfui



KHON KAEN AGRICUL TURE JOURNAL 50 (1): 229-239 (2022)./doi:10.14456/kaj.2022.xx 237

Ugn YSunaduseunazaueglufunswinisimneUgniiy sllavesdeluseu suuuuvesnislddy uagszeemaasyiiulaves

1%

U1

G

anmsdnwwui msldadeluseulundnfiguuuumsduuasydluliiiadonaninuda vestiugdulines 1
faouvasgniuminendoidedminarulasdunme iduiuivseuandusnemsiidndudenaaigyiviavosis
winududselomiveduseuromaaiydulauaramandnvostnenitadofisrusumaisetng 1wy mugamaNysal

' o

yoshuuarautRsns 9 983iu uanani Smunsnovaussenislateluseuresdusyneunandniiuandrsiuluiisans
fuiugn nuindEmsladeluseusenarumdlulifudtugiudines 1 ivgnluwasminedodedmifisuumions
nauardIuILTIwEnaiut uLlag i BvBnadenandniuda udlumnssiutuiunisnevausswesinfivgnlunuasdu
n918 nenuin Bnslddeluseumsiusazmsludsmalidniidnundononeanas agdlsinm udinisladeluseulals
fnasensiiuvesnandniudaldogiadniau Lwimﬂeiﬂsﬂmauﬁu’wNauuazmﬂvmmsmﬁamﬁmﬁ’wu’mmﬁmﬁmim
Tnstanzagneblutniivgnlusasmmiinerdodedl uisdlinunmevaussinariluwlasidunss ann1sfnuni
iitudn wananovauesluseulufuuUasmiinerdododul fuimalusoulufusuasidofume shlvidnouauss
Tusouldd lurnriuulasdunsefififofuazBoaaunsngadulusoulufuldd uindunuinislaluseuaslufinayili
psfUsEnounandnanas desauuandndlunaneuauasienisianisteluseuisansiiufivgniuduldhanuunndises
fufiugniivanetiads 1wy arugauanysaivesiuidludumenmuased smdseuunnisesaningienmea 5vdna
sonnuidulszlovivesluseulufuuasiiv msinsgienuduiureduseuludedefivuasAuatisaziBoatnazauia
osuauuanaslunsmeuausdlfuniuuaranunsatulduuumdunisinniseluseuievssavsamlumaidiy

nanand3lemaly

LONE581989

Julles 28l 2544, nswSsuiiisunsnevaussasgluseulutmaduasinusiad. Inelinus Ineaansumddie
JudinIneae unnivendeidediv.

WayanTIL gnu uazuadd $19n. 2532, mauAtymsduidesnmasglusouluinaduasimuriad. niasiu
wazde. 11: 200-209.

Bonilla, I., A. El-Hamdaoui, and L. Bolafios. 2004. Boron and calcium increase Pisum sativum seed germination and
seedling development undersalt stress. Plant and Soil. 267: 97-107.

Bould, C., E. Hewitt, and P. Needham. 1983. Diagnosis of Mineral Disorders in Plants. Vol. 1, Principles. Her
Majesty’s Stationery Office, London.

Brady, N.C., and R.R. Weil, .2008. The Nature and Properties of Soils. 14th edition. Prentice Hall, Upper Saddle
River, New Jersey, USA.

Brown, P.H., N. Bellaloui, M.A. Wimmer, E.S. Bassil, J. Ruiz, H. Hu, H. Pfeffer, F. Dannel, and V. Romheld. 2002. Boron
in plant biology. Plant Biology. 4: 211-229.

Caffall, KH., and D. Mohnen. 2009. The structure, function, and biosynthesis of plant cell wall pectic
polysaccharides. Carbohydrate Research. 344: 1879-1900.

Cakmak, 1., and V. Rémheld. 1997. Boron deficiency induced impairments of cellular functions in plants. Plant and

Soil. 193: 71-83.



ununEAs 50 ASUT 1: 229-239 (2565)./doi: 10.14456/kaj.2022.xx 238

Camacho-Cristobal, J.J., E.M. Martin-Rejano, M.B. Herrera-Rodriguez, M.T. Navarro-Gochicoa, J. Rexach, and A.
Gonzalez-Fontes. 2015. Boron deficiency inhibits root cell elongation via an ethylene/auxin/ROS-
dependent pathway in Arabidopsis seedlings. Journal of Experimental Botany. 66(13): 3831-3840.

Cheng, C.H., and B. Rerkasem. 1993. Effects of boron on pollen viability in wheat. Plant and Soil. 155/156: 313-
315.

Chowdhury, S.Z., M.A. Sobahan, A.H.M. Shamim, N. Akter, and M.M. Hossain. 2015. Interaction effect of phosphorus
and boron on yield and quality of lettuce. Azarian Journal of Agriculture. 2(6): 147-154.

Debnath, P., and K. Ghosh. 2009. Distribution of available boron in relation to physico-chemical properties in the
selected surface and sub-surface soils of alluvial zone of West Bengal. Environment and Ecology. 27: 139-
142.

Dugger, W.M. 1983. Boron in plant metabolism. pp: 626-650. In: Laéuchli A, BieleskiRL (eds) In organic plant
nutrition. Encyclopedia of plant physiology. Springer, Berlin.

Dunn, D., G. Stevens, and A. Kendig. 2005. Boron fertilization of rice with soil and foliar applications. Online. Crop
Management. 4(1): 1-7.

El-Habbasha, S.F., M. Hozayn, and A. Khalafallah. 2007. Integration effect between phosphorus levels and
biofertilizers on quality and quantity yield of faba bean (Vicia faba L.) in newly cultivated sandy soils.
Research Journal of Agriculture and Biological Sciences. 3: 966-971.

Fageria, N.K, and V.C. Baligar. 2003. Methodology for evaluation of lowland rice genotypes for nitrogen use
efficiency. Journal of Soil Science and Plant Nutrition. 26: 1315-1333.

Gowri, S. 2005. Physiological studies on aerobic rice (Onyza sativa L.). M.Sc. Thesis, Tamil Nadu Agriculture
University, Coimbatore, India.

Gupta, U.C. 1979. Boron nutrition of crops. Advances in Agronomy. 31: 273-307.

Gupta, U.C. 2016. Handbook of Plant Nutrition. Available: https://www.routledgehandbooks.com. Accessed Sep.
26, 2018.

Huang, Y.F., L.B. Huang, X.L. Yan, and H. Lia. 2012. Effects of phosphorus and boron coupled deficiency on
soybean growth, phosphorus, boron uptake and the genetic variations. Journal of South China Agricultural
University. 33: 129-134.

Hundt, I., G. Schilling, F. Fischer, and W. Bergmann. 1970. In vestigations on the influence of micronutrient boron
on nucleic acid metabolism. In German. Thaer-Arch. 14: 725-737.

Kabir, R., S. Yeasmin, AKMM. Islam, and M.AR. Sarkar. 2013. Effect of phosphorus, calcium and boron on the
growth and yield of groundnut (Arachis hypogea L.). International Journal of Bio-Science Bio-Technology
5(3): 51-59.

Kevresan, S., S. Grujic, R. Kastori, and T. Kandrac. 1977. Study of the ratio of some groups of nucleic acids in
relation to boron nutrition. Zemljiste Blljke. 26: 57-64.

Marschner, H. 2002. 8 - Functions of Mineral Nutrients: Macronutrients. pp: 229-312. In: Marschner’s Mineral
Nutrition of Higher Plants (Second Edition). Academic Press, San Diego.

Mengel, K., and E.A. Kirkby. 2001. Principles of Plant Nutrition, 5th Ed., Kluwer Academic, Dordrecht.

Mubshar, H., K. Ayaz, K. Bismillah, F. Muhammad, and F. Shahid. 2012. Boron Application Improves Growth, Yield
and Net Economic Return of Rice. Rice Science. 19(3): 259-262.

Muhammad, A. I., Q. Xiang, X. Liao, D. Liu, and T. Ding. 2018. Understanding the impact of nonthermal plasma on

food constituents and microstructure — A review. Food and Bioprocess Technology. 11(3): 463 486.



KHON KAEN AGRICUL TURE JOURNAL 50 (1): 229-239 (2022)./doi:10.14456/kaj.2022.xx 239

Muhlbachova, G., P. Cermak, R. Vavera, M. Kas, M. Pechova, K. Markova, H. Kusa, P. Ruzek, J. Hlusek, and T. Losak.
2017. Boron availability and uptake under increasing phosphorus rates in a pot experiment. Plant Soil and
Environment. 63(11): 483-490.

Nieuwenhuis, J., BAM. Bouman, and A. Castaneda. 2000. Crop-water re-sponses of aerobically grown rice,
preliminary results of pot experiments. In: Bouman BAM, Hengsdijk H, Hardy B, Bindraban PS,Tuong TP,
Ladha JK (eds) Water wise rice production. pp: 177-186. Proceedings of a thematic workshop on water-
wise rice production. 8-11 April 2002. IRRI Headquarters in Los Banos, Philippines.

Pandey, S., and L.E. Velasco. 1999. Economics of alternative rice establishment methods in Asia: a strategic
analysis. Discussion Paper, Social Sciences Division Discussion Paper, International Rice Research Institute,
Los Bafos, Philippines

Rashid, A., S. Muhammad, and E. Rafique. 2002. Genotypic variation in boron uptake and utilization in rice and
wheat. pp: 305-310. In: Goldbach H E, Rerkasem B, Wimmer M A, Brown P H, Thellier M, Bell R W. All
Aspects of Plant and Animal Boron Nutrition. Kluwer and Plenum Academic Publishers.

Rashid, A., M. Yaseen, M. Ashraf, and R.A. Mann. 2004. Boron deficiency in calcareous soils reduces rice yield and
impairs grain quality. International Rice Research Notes. 29: 58-60.

Rashid, A., M. Yasin, M.A. Ali, Z. Ahmad, and R. Ullah. 2007. An alarming boron deficiency in calcareous rice soils of
Pakistan: boron use improves yield and cooking quality. pp: 103-116. In: Xu F (ed) Advances in plant and
animal boron nutrition. Proc 3" international symposium on all aspects of plant and animal boron
nutrition, Wuhan, China, 9-13 Sep. 2005. Springer, Dordrecht.

Rehman, A.,, M. Farooq, Z.A. Cheema, A. Nawaz, and A. Wahid. 2014. Foliage applied boron improves the panicle
fertility, yield and biofortification of fine grain aromatic rice. Journal of Soil Science and Plant Nutrition. 14:
723-733.

Reid, R.J., J.E. Hayes, A. Post, J.C.R. Stangoulis, and R.D. Graham. 2004. A critical analysis of the causes of boron
toxicity in plants. Plant, Cell and Environment. 27: 1405-1414.

Rerkasem, B., RW. Bell, S. Lordkaew, and J.F. Loneragan. 1997. Relationship of seed boron concentration to
germination and growth of soybean (Glycine max L. Merr.). Nutrient Cycling in Agroecosystems. 48: 217-
223,

Rerkasem, B., and S. Jamjod. 1997. Genotypic variation in crop response to low boron and implication for plant
breeding. Plant Soil. 193: 169-180.

Shah, J.A, M.Y. Memon, M. Aslam, D. Nizamuddin, N.A. Sial, and P. Khan. 2011. Response of two rice varieties viz.,
khushboo-95 and mehak to different levels of boron. Pakistan Journal of Botany. 43: 1021-1031.

Sharma, K.R., P.C. Srivastava, P. Srivastava, V.P. Singh. 2006. Effect of farmyard manure application on boron
adsorption—-desorption characteristics of some soils. Chemosphere. 65: 769-777.

Shorrocks, V.M. 1997. The occurrence and correction of boron deficiency. Plant and Soil. 193: 121-148.

Warington, K. 1933. The influence of length of day on the response of plants to boron. American Journal of
Botany. 47: 429.

Wilson, C.M., R.L. Lovwom, and J.R. Woodhouse. 1951. Movement and accumulation of water-soluble boron within

the soil profile. Agronomy Journal. 43: 363-367.



