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Improving grain yield and zinc accumulation by zinc fertilizer management
in wetland and upland rice varieties
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ABSTRACT: The objective of this study was to evaluate the interaction effects between fertilizer treatment (FT) and
application method (AM) on yield and zinc (Zn) accumulation in wetland (CNT1) and upland (KH CMU) rice varieties.
The four fertilizer treatments of (1) local treatment (control), (2) local treatment + Zn, (3) local treatment + N, P
and K, and (4) local treatment + N, P, Kand Zn were applied by using two difference application methods of soil
and foliar applications. Both soil and foliar fertilizer applications were applied at tillering, booting and flowering
stages. At maturity, plants were harvested to determine yield and the samples of brown rice were analyzed for Zn
concentration. The result showed that grain yield was the highest increased up to 38.9% by soil application of N-P-
K-Zn when compared with the local treatment. Foliar and soil applications of Zn, N-P-K and N-P-K-Zn increased
27.8% grain Zn concentration in KH CMU which was higher than the local treatment, while it was increase by 23.3%
in soil application of N-P-K and N-P-K-Zn in CNT1. The result showed a positive correlation between grain yield and
Zn concentration in CNT1 (r = 0.78, P < 0.05), but such the correlation was not found in KH CMU. This experiment
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indicated that the wetland and upland rice varieties responded differently to Zn fertilizer management for grain
yield and Zn accumulation. The results from this study would be useful for the selection of appropriate fertilizer
management for increasing grain yield and Zn accumulation in rice cultivation which would be benefits for both
farmers and consumers

Keywords: foliar fertilizer application; soil fertilizer application; Zn accumulation; wetland rice variety; upland rice
variety
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Table 1 Description of fertilizer managements by soil and foliar applications in wetland and upland rice varieties

Fertilizer application Fertilizer treatment Symbol

Soil application Local treatment control
urea (N), sodium dihydrogen orthophosphate (P) and
potassium chloride (K) fertilizer were directly applied into

soil at 30kg ha™ each, respectively)

Local treatment + 50 kg Zn ha™ Zn
Local treatment + 70 kg N ha™, 70 kg P ha™,70 kg K ha™ N-P-K
Local treatment + 50 kg Zn ha™, 70 kg N ha™, 70 kg P ha™ N-P-K-Zn
70 kg K ha'

Foliar application Local treatment control

urea (N), sodium dihydrogen orthophosphate (P) and
potassium chloride (K) fertilizer were directly applied into

soil at 30 kg ha™ each, respectively)

Local treatment + Foliar 0.5% ZnS0O,.7H,0O Zn
Local treatment + Foliar 0.5% N, 0.5% P and 0.5% K N-P-K
Local treatment + Foliar 0.5% ZnS0O,.7H,0O, 0.5% N, 0.5% P N-P-K-Zn
and 0.5% K

v =R v
n1studindaya
Wiudeadnane 2 ugluszezanuiuazinsizinandalagthinaiudenuniuaaiieanmudulivie 14 Wesidud

Fedminursnseunsiuiindeya

N153LA51EANI AT

quiegeduden 10 n$u unswdauendrufiudndesaziddensenainiu didiuvesdindssningzi
musasmdindluwdnlagldisnig dry - ashing wndaeg1alaeldgamgll 535 ssreaidea wiu 8 Falue wazih
A1902a19A9Y19UIDIUAINILLATOY Atomic Absorption Spectrophotometry (AA) W3 BULTIBUAULTNTUINNEITAZATY

o

UINTTIUVRITINHINTE

N15AATIVdaYANISERA
WATANKUTUTINYedaYalag Analysis of variance (ANOVA) kagiU3uiisuaduuansesenindiafeves
Wwiiazn3313s laevnan LSD (Least Significant Difference) isefiuauidioiu 95% uagmanuduiusvastoyausazynlag

Fnseszrdulseansanduius (Correlation coefficient)

NaN15AN®YI
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1NNTIATIERANUUUTUTIUNEDANUTINUETI TaN5Tan1slenazisnsldde d8vanasenandnuwazaiy
Wutudanzdlumdaunnsaiuegafideddgynieeadia (P < 0.05) (Table 2) Inewuufdumiussansenindisnmslddonaznis

o w

Jansdens 4 sUkvudenandnuanegelituddy @i (P < 0.05) (Figure 1) d1aiugdeum 1 dnandnudniade 9.6
n3u sadu wnndiugiven wy. Alnandnwdaiade 6.0 N3N Ay wazdsn13ian1sUanuu N-PK uaz N-P-K-Zn dawali
HARAMUAAINTY 15.9% waz 24.2% auadu llewIeuiisuiunssuisnisladewuu control uenaininisladelnenss
a ' 4 a @ A = I aa a o+ I [ (4 I aa [ + aa
meudsmalyinandnwdnianaieginitisnisdanudenisly Ae 8.9 ndu siedu wudEn13dnnsdeuuunssaids N-PK-Zn
Inenslansnudmalinandaudaiiudunniigade 38.9% wWisuifisuiunisdanisdewuunssuds control Tuvauzinisde

Wulelunssuds zn, N-PK, N-P-K-Zn Tnenmsnumsly waznisldde zn egrafeamnsiulidmwasonandnuée

Table 2 Analysis of variance of the two rice varieties grown under different fertilizer treatments and application

methods on grain yield and Zn concentration in brown rice

Source Grain yield Zn concentration
Variety (V) o o
Fertilizer treatment (FT) ** xxX
Application method (AM) o ns
FT*V ns xx
FT*AM ** ns
V¥AM ns x*
FT*V*AM ns xx

Note: “*”, “**”and “***” denote “significant difference at p<0.05, p<0.01and p<0.001, respectively,” and “ns” indicates “no significant

difference”

12 1 LSDg 5= 1.6"
10 -

8 1 cd q cd cd cd

Grain yield
(g plant?)
(o)}

Foliar application Soil application

Ocontrol OZn @N-P-K W N-P-K-Zn

Figure 1 Grain yield as affected by four fertilizer treatments (control, Zn, N-P-K and N-P-K-Zn) and two application
methods (foliar and soil applications). The data are mean of four independent replications. The lowercase

letters above the bars indicate significant difference between the treatment by LSD, s, least significant

difference at P < 0.05
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Zn, N-P-K, N-P-K-Zn lagnislamsfunazaanunisly danudududingduinign dauadewiiu 34.4 Sadnsu dained se

LY 4

Alansu wagtvugtown 1 Wedanuleaienssuds Zn, N-PK, N-P-K-Zn n13lu wazldle zn Taenisldnieiu dainy

)

Y v o

Wuduressmdinsddeefign Javiriunssudsnlasunisdnnisdewuu control vesuddowm 1 laelinadewiniu 18.5

a a o o a s

fiadinsu daned seflansu waznuanuduiusiBeuinseninmandnwinduazanududuressindinsdludnndesiug
Foum 1 (r = 0.78, p< 0.05) (Figure 3)

LSDg o5 = 3.8™
40

30 A

¢ d d
e
ol © e e e o
N II
0

Foliar application  Soil application Foliar application  Soil application

Zinc concentration in brown rice
(mg Zn kg™)

CNT1 KH CMU

O control OZn @ N-P-K W N-P-K-Zn

Figure 2 Zinc concentration in brown rice of two rice varieties grown under different fertilizer managements. The
significance different between rice varieties, fertilizer treatments and fertilizer applications were indicated

by LSD at P < 0.05

@CNT 1
20 OKH CMU
1 y =0.89x - 8.26
S~ r=0.78%**
9 -
5 10
G % 0 (o] r=0.19ns
o) le)
5 O o o d)o o
0
0 10 20 30 40 50

Zinc concentration in brown rice
(mgZnkg?)

Figure 3 Relationship between grain yields and Zn concentration in brown rice of two rice varieties grown under

different fertilizer managements and application methods



KHON KAEN AGRICULTURE JOURNAL 49 (4): 799-809 (2021)./d0i:10.14456/kaj.2021.00. 805

130

AmsLANAsTEMIHaRART IUaILazTlIwUT FfusTeum 1 @) Winandnganindiaiugimey
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uannewaglvinandnsnitiniuiau wazillevgnimlsluanmuiaiu wuin nandnd1alsanas (Conyu, 2011) f5Ba1ui
AUBANANNNETIYINGBITIMEIULasT 1L Sdmalia NI TalunsUSudsan siansUeTuusdasnssuiBunneng
#u (Rinsinjoy et al, 2019) 99nNMsNAABIENUIN 3%'mﬂa'ﬂwwﬁummmLﬁmamﬁmmﬁmlﬁmmdﬁ%imﬂuﬂsmwﬂfu R
aonndosiunuisuneuvthiinunanivaassludnunzientu (Hussain et al,, 2018) LLa:mamsﬁﬂmﬂﬁdﬂmﬁmms{ja
wuUNTIA3 N-Pk-Zn Tnenslanisuanansafiunandntnanniian edudy 18 - 44% Faansvaassdenandlaid
seuluin winussalumafiusandatnalnese (Abrol et al, 2007; Ashoka and Sunitha, 2011) wagnuitnslade
N-P-K-Zn $auful)sdunIdnisAuarunsaiiunandaldiduiu (Khan et al, 2007) mamﬁmﬁ"Lﬁui'j'yummﬁﬁ’mﬂﬁﬂauw
3338 N-P-k-Zn lnenslansiuannsaeduneldainussansamlunsvinuimiussrinsindaingdiululasauiidu
nalandnlunsdaalunnasyivlnvesdlifs ety Tngiluglulasiauiiavinadensiaiauossnuazdii QRELTakAT
51991319570 MaAdeuesInevsInInlUdEdy wazn1suUsudanydludsdausng 4 v8ea (Erenoglu et al,,
2011) Tuduiifian i dslulasaudunseratedangd deldlslulnaaulusugide (Urea) viliAnansusznouidadou NH,
- Zn Feogluguiiivanunsagadulédd uavdwalvien pH lufivanasdadunadrenisugninlududifianwdusing Gao et
al, 2012; Hakoomat et al,, 2014) luvazifrfudsnsaRTiavsnasionisgaduuasmsiadoudrelulasiauludn Guo et al,
2016) ImsJmiameﬁuluimmumqsz‘um’]ﬂ%aﬂ?‘iqmzdama@iamsLﬁmLUa‘SLsﬁum‘TﬂiﬁuMLuﬁWﬁn (Bhutto and Anwar, 2017,
Duhan and Singh, 2002) nslddelulnsiausuifudansddmaliiimin 1000 whndiutu Wosnlulnsaufiumimdudy
TusfuludalnefdengAdudnusznaudifnues DNA-binding protein Adufnszdu (activating region) n1stAnUfizen
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(Cakmak et al., 2010) wenannsyiausniululasiau Immm%smLﬂuﬁﬂmmﬁaﬁwmmﬁLﬁaasﬁ'aqﬁué’Qﬂzﬁ 5189791
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naasstiaudududingdluimndosiugimon . utuannsdanslouuunssads Zn, N-PK, N-PK-Zn fialngnisie
wumslutaznslanisiu uandliiiuiniugimen wy. Faduiusingls aevauswionssuidnslidevarnaeguuuuly
nsavaudengaluimndes Saumnssondmiugioum 1 AiFesinmateuuunssad® N-PK uag N-P-K-Zn nsduvintiu 3
wannsniuenuditudensAlutnndedd amduduresdingdfdutuluinndosiustoum 1 fuunltufiosrils
wandndaiusToum 1 galudae muduiusideanssriseuduturesdingduasnandn Fiduihnsazaudangduay
msadremanaadunszuaunmsiiietesiuludnuiain waraenndostunasuidoneuntii (Tuiwong et al, 2015) &4
nalnmaiadeudne dides wazavaudangafuandnafuluinudagiugesldsunmsnyiiuduioosuisiwmlansazau
dngFlutnnferiasiuiunndretu venandmsfinyiIBnafumendndonssuiinsdaiumdufufuiiosuiet

winladsnsiiunandndsgnindavsensuausaiivnssuisnistadenmediu

G
N13MBUANBIVDINANANTIUIEIU (WugTewm 1) wazd1als (Hugniven uv.) Aeisnisdanisdeuasnssuisms

+

Tagelifauuandnetu nsdsnslale N-P-k-zn mafudssasieonsiiiunandnuniigalasifintu 38.9% ewisuifiey
Aunsdanisdewuuniuau (control) Wuginmaukazdilsnevauswianisdnnisdeuasnssuisnistadelunisasausy
Fengdludnindeafiunndredu Wugimen wu. iledantsnssuds Zn, N-PK, N-P-k-Zn srauvuldmshuuasdamumalud
arudutudangdludnndeafinfuienisuiisutumsinnisdeuuuaunu faiade 304 fadnfu dingd doflansu
dtusFoum 1 dedanisnssuds N-PK uay N-P-K-zn msdudinalinnudududingdludnndesfuduilowsouden
funsdanistenuuemuny faiade 24.8 Tadndu daned deflaniy deumndesnisusulsmananmugiugninma
Tnsumslasiamgarudutudsngdludnndosiusinuamunastnlilfgtumsdnnsdenssads N-P-K-zn msdu Tu
8131 100 — 100 — 100 — 50 Alansu N-P,0s-K,O-Zn Aoignas %’a3,3a%wé’ummmﬁwiﬂiﬁﬂumﬁmﬂﬁﬂaLﬁaLﬁmwamém
warUsinusdangdluinndesiiazaunsadulsslonidensinmunnmsvesfuilandn wazsidunumaunmsidenldde
nyaAsnslieognaumneausadnuarnsiugnssuvesindoly wiegdlsnuaniuduauiusiusazeinan
nsfnull wagAnwaisinendeinvesnalnlunsvinuiwiures]sdinsiuarlulnsnauTsgliannsofusunald
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