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Effect of foliar zinc application on zinc nutrient levels of different rice cultivars

ZHANG Xin', HU Shao—wu', ZHANG Yan-liu', NIU Xi-chao’, SHAO Zai—sheng', YANG Yang’>, TONG Kai—cheng’, WANG Yun—xia’,
YANG Lian—xin""

(1.Yangzhou University/Jiangsu Key Laboratory of Crop Genetics and Physiology/Co—Innovation Center for Modern Production Technology
of Grain Crops, Yangzhou 225009, China; 2.College of Environmental Science and Engineering, Yangzhou University, Yangzhou 225009,
China)

Abstract: The effects of foliar Zn application during the early grain—filling stage on Zn concentration and Zn bioavailability in rice and its
relationship with leaf stomata characteristics were studied to provide a scientific basis for effective Zn biofortification in rice production. Six
rice cultivars with different seed Zn contents were grown under soil culture conditions from 2016—2017. Foliar Zn spray (0.2% ZnS0O,)
was applied at heading, 6 d after heading(DAH ), and 12 DAH, and the same amount of water was sprayed as the control. The stomatal con-
ductance and stomatal structure of flag leaves were measured at the heading and early grain—filling stages. The yield traits, Zn concentra-
tion, phytic acid concentration, and molar ratio of phytic acid to Zn in brown rice were determined at plant maturity. Although foliar Zn ap-
plication had no significant effect on the grain yield of rice, it significantly changed the Zn nutrition level of brown rice. Averaged over 2 a,
Zn application increased the Zn concentration in brown rice by 27.9%(P<0.01). Zn application did not affect the phytic acid concentration
of brown rice, but molar ratio of phytic acid to Zn decreased by 23.4% (P<0.01) on average. The effects of foliar Zn application during the

early grain—filling stage on the Zn concentration, phytic acid concentration, and molar ratio of phytic acid to Zn in brown rice varied with
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cultivars, as shown by the significant Zn treatment by cultivar interactions. The responses of the three cultivars with low seed Zn content

were significantly greater than those of the three cultivars with high seed Zn content. The correlation analysis showed that the increment of

Zn concentration in the brown rice due to foliar Zn application was significantly positively correlated with the stomatal conductance at the

early grain—filling stage, but not related to the stomatal length or density. In conclusion, foliar Zn application during the early grain—filling

stage can significantly increase the Zn concentration and bioavailability in brown rice, and the increment varied with cultivars.The low level

of seed Zn and the large stomatal conductance of leaves may be beneficial for the absorption of Zn fertilizer into rice leaves.

Keywords :rice; zinc; bioavailability; biofortification; stomatal conductance; leaf structural characteristics
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Table 1 Effects of zinc treatment, cultivar, year and their interactions on rice yield traits and the concentrations of

mineral nutrients of brown rice (P value)

B4 Parameters FEALFR(Zn) ShAP Cultivar(C) 454 Year(Y)  ZnxC ZnxY CxY ZnxCxXY
iR FFRL™ 8 Yield 0.578 <0.001 <0.001 0.344  0.015  <0.001 0.517
Yield traits g (3 [ BUBOSK Panicle number per m® 0,127 <0.001 <0.001 0100 0.001 <0.001 0222

BRREFAE R Spikelet number per panicle  0.817 <0.001 0.003 0962 0503  <0.001 0.908

HLkE 2 Full—filled grain rate 0.570 <0.001 0.339 1.000  0.694 <0.001  0.957

ki Fi e Full—filled grain weight 0.508 <0.001 <0.001 0.953  0.585  <0.001 0.206

JLRWE N 0.217 <0.001 0.430 0.668 0367  0.173 0.533
Element conc. p 0.362 0.085 <0.001 0791 0236 0033 0742
K 0.710 <0.001 0.023 0.903 0496 0913 0.835

Ca 0.320 0.001 <0.001 0341 0849  0.279 0.789

Mg 0.656 0.429 <0.001 0.892 0416  0.065 0.763

S 0.008 <0.001 0.612 0.887 0170  0.223 0.892

Fe 0.052 0.105 <0.001 0.028 0.136  0.135 0.464

Mn 0.704 <0.001 <0.001 0230 0242  0.654 0.082

Cu 0.754 <0.001 <0.001 0.960  0.679  0.920 0.940

T BB Fon 1k BB K. T

Note : Significant at P<0.05 or P<0.01 are shown in bold. The same below.

80

w 80T Zn:P<0.001 20164 O F Zn:P<0.001 20174
< [ Cultivar: P<0.001 < [ Cultivar: P<0.001
g"  ZnXCultivar: P=0.515 - I ZnxCultivar: P=0.084
£ 60 < 601
E] 3 ns ns ns ] -
i§ 40 r * k% ** § 40 N ns * ®% .
= <
[=] [ [=]
1) L o L
S 20f S oof
NJ9108 WYJ23 YYI2 WYJ27 YD6  YLY1998 NJ9108 WYJ23 YYI12 WYJ27 YD6  YLY1998
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Ock O ZnSo.
CK=%F B ZnS O~ I 9itE 0.2% B AR BF 3 Zn—IH- 1T B A0 3 s NJ9108 . WYJ23 . YY12 \WYJ27.YD6 . YLY 1998 435I {C % B ki 9108  iliz 4 23 |
P 12 RS K 27 6 65 Y B 1998 s ns : A3 5 #: P<0.05;%%: P<0.01, Al
CK, Control;ZnS0y, Foliar applications of 0.2% ZnS0O.;Zn, Foliar Zn application; NJ9108,WYJ23,YY12,WYJ27,YD6 and YLY 1998 represent
Nanjing 9108, Wuyunjing 23, Yongyou 12, Wuyunjing 27, Yangdao 6 and Y I you 1998, respectively. ns,no significant;*, P<0.05;**, P<0.01.
The same below

B 1 3% B HA M TR BT HE 0.29% W ER S¥ X A [B) 7K 78 M RS K S K B B S2 M

Figure 1 Effect of foliar applications of 0.2% ZnSO, at early grain filling stage on zinc concentration in brown rice of different rice cultivars

Fz2 HAE S EMEEEMEMNRRERE SRREUEERSHFERILNEZERE(PE)
Table 2 Effects of zinc treatment, cultivar, year and their interactions on zinc concentration , phytic acid concentration and the mole ratio of

phytic acid to zinc in brown rice (P value)

S Parameters Zn Cultivar(C) Year(Y) ZnXxC ZnxY CxY ZnxCxY
BEVE S Zn concentration <0.001 <0.001 <0.001 0.022 0.160 0.016 0.939
HEBRHEJE PA concentration 0.570 <0.001 0.004 0.924 0.628 0.002 0.186
FE R 5528 K . PA/Zn molar ratio <0.001 <0.001 <0.001 0.001 0.007 0.064 0.488

S o 10.1~12.1 mg- g, bl Al A 22 S ik 5K R TRARGY AR P 35—, J5 22 0 W W1, AL
S TR TS0 I TR A A A R kR G R AR (3 X RE AR IR Y L 1) LA ISR B 7KK (3R 2)
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24 AEABRHMTFSAEREESHERESER

N T REA SRR & 22 2 50 B PRk
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Mt 5% 2 B, Il T it A X 3K RS SO B R T
(Pn, P=0.104;Gs, P=0.849) ; I~ [fii 543 #7 X} BZK 5 Pn
H1Gs i Fp 22 5, DLk — 25 T K R AS S i
PR & BERSCR R . 2 3 T, A 20 d i A
Pn . Gs B/NFHIAE] . 0F B Pn ok Gs 19 5 22 F 155
W 2 A s A4 F I Gs B9 72 1% R 0.35~0.79
mol+m~2-s, il WYJ27.YD6 . YLY 1998 I i Gs ¥k
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Figure 2 Effect of foliar applications of 0.2% ZnS0; at early grain filling stage on phytic acid concentration in
brown rice of different rice cultivars
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Figure 3 Effect of three foliar applications of 0.2% ZnSO, at early grain filling stage on the molar ratio of PA to Zn
of brown rice of different rice cultivars
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TN FRATTR I T A5 P AT B A AR
W5 I SALAC BN B S5 R 2k 4. TR LA
AL B RN 1) 22 S 8k B K . Horp RAL
K S AR IR AE 21.6~24.2 wm Z 8], LA YLY 1998 fiz &,
YD6 /N, HoAx 44 SR T E Z 0] S T
BT o XL 5, SR SRR AR IR 7E 595.7~
820.2 mm 2], i YY12.YD6. YLY 1998 i/ FL 2%
FEH B KT NJ9108 \WYJ23 FI WYJ27,

X I T Tl e i R K A VA T 114 28 s ke BE AR
S B AL RS TAH O BT, 5 ROR TR 5. i
Jit A i RS A Ve 1 1 et 5 e A S LA R RAL
BEAH AR D) A RS 20 At Gs 2
i S 5 R S R T A G . ik il B ARG Rk v e <
AL B B, I Tl B 1 SR R A, (R AR AL S R R AE

=3 REHFTAREKERMERAN F &R ZEFR
SILSE(20175)
Table 3 Net assimilation rate and stomatal conductance of
different rice cultivars at early grain filling stage
under controlled condition(2017)

o 5 (%7‘6%1%1 ] ’—:m?LTE'FLE }
Cultivar Pn/pmol -m™-s Gs/mol-m™+s
Heading DAH20 Heading DAH20
NJ9108 22.1+0.7 18.7+0.6 0.67+£0.02  0.39+0.03
WYJ23 20.1+0.8 16.8+0.3 0.65+0.03  0.39+0.03
YYI12 14.3+1.1 16.9+0.1 0.35£0.01  0.35+0.02
WYJ27 22.4+1.0 21.3+1.2 0.68+0.02  0.47+0.02
YD6 22.5+0.3 22.0+0.8 0.79+0.06  0.44+0.02
YLY 1998 21.0+0.9 20.3+0.7 0.75£0.05  0.59+0.09
ANOVA results
Stage 0.028 <0.001
Cultivar <0.001 <0.001
Cultivar X Stage 0.008 0.004

TE : Po—Hol i iR s Gs—"fL S B2 s DAH20- AR 20 d.
Note: Pn, Net assimilation rate; Gs, stomatal conductance ; DAH20,
20 days after heading.

SRR IO B OCIR .  5SIER, AN EF B
Fr Gs 5L BB AL B EE R 0 A C

3 itig

ASGEG BT FH AR A A Bz R R K R A
B ANAIFTE I, ESR 7 J0) e o it P R X K A = e 22
JC M2 B ) AT A R B R GE! T AR
BIF5E S B, K R REREIE T 9 I T8 53 it 0.2.9% B IR £
XRFAL B K A R -4 TG 8 5 P, AN ] it ol
S, R AR B A T < i A T 1 Ak B8 ¢ it e A2
Ty Tl I AN (6 1), 1% Al g S A IR £
AR A K LA STk AT A, L A R
AIZRAER  BESR LA e A N AR B e /K e I S 25 4
YEH.

LR PR AR, T 8 LS00 o T i ) i R BAR
B Z SN A G R RG34k 2
AT MR AR 7 B SRR BRI S5 T B0 SR, TR
Tt PV RE , (AR R A B 5 RIS i . AW 52T
R AR R O RO AR L, 98 5 300 1 2 Wi 3 1k
0.2% Bt B B Xt R K 14 8 B ORI - PHAF FIT A i ol

F4 WREGTAEKERMHERM FSFLKER
SALEE(20175F)
Table 4 Stomatal length and stomatal density of different rice
cultivars at heading stage under controlled conditions(2017)

s LR L
Cultivar Stomatal length/pm Stomatal density/mm™
NJ9108 23.1+0.4 595.7+18.3
wWYJ23 23.0+0.7 646.9+27.6

YY12 23.3+0.3 801.6+8.9
wWYJ27 23.5+0.2 628.8+15.1

YD6 21.6+0.1 820.2+18.7

YLY1998 24.2+0.5 709.8+5.7
ANOVA results 0.006 <0.001

RS MHEEFEERFRENEESKEIMNSIASE SIKEMZEENHEXMES(2=18,2017 F)

Table 5 The correlation between increment of Zn concentration in brown rice by foliar Zn application and stomatal conductance , stomatal

length and stomatal density of flag leaves in rice(n=18,2017)

S BK e B

Correlation analysis

Percentage increase in Zn

MR 20d Gs AR RALIRTE AR AL L

Gs at 20 days after Stomatal length at Stomatal density at

MW Gs

Gs at heading

concentration in brown rice heading heading heading
il K EEHR FE B4 IF Percentage increase in zine |
concentration in brown rice
I Gs Gs at heading 0.646™ 1
5 20 d Gs Gs at 20 DAH 0.544° 0.377 1
A S FLIK B Stomatal length at heading -0.132 -0.215 0.360 1
g g
FHEEI S FLE S Stomatal density at heading 0.123 -0.152 -0.062 -0.452 1
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S ORE K BE U FE N 29.0 mg - ke B B & 37.1 mg -
kg™, WA IR 35 27.9% W 1T it B R0 1 R KR 3
NP H AT AR AL E IE A . Jiang S57F) H £ [H]
IR BB ST K B0 AR T 52 300 87 o 1) 208 o A
JO R 1 A KEARE ) 2ok R 3 2ok i R R T i
FEL T Wu SEE 58 R K R AR TR B R BB BR T
T2 o AT A KR R DA ik i R
TGI8 ANKFRL . ASF Y SR - T it 2 179 245 2 [
FEUE B ) B S 5 i e kR AR Rl SR A

AW RS B AR R AR (] 25 57 B 2, 3X
P25 rT e R S WA KRN RAAMFERFIRK
A, WA SR, 2017 4 7—9 AWK K&
2016 422 14 23 d, WO ARk 41 % st fRl AR ]
{H 2016 4 fiF AR 2L B 47 F 2017 4F . A BFSE
W GE PR A Bh KRR AR R Ay, ki
FITF oK FEXT HHEEER I . 2017 45 A 418 SR BH i
AU 2016 4E , 3% A RE 2 2017 AR R K B & B AR i 8
SR . HAM, 2017 45488 2016 AR K%, H IR
BRI IR B SR/ X 2 SRR VR ZE G T R 3l
W7 R T R, DRI T AR K B B T

JUAE 2017 AF R K BEVR BE 1 34 i B AR KT 2016
AR (HBEAE PR 5 AR B BAE R IR B KO (£2) Ut
BH il o S0P R KB U B 1 I A e — B, T
Jiti 2 S A8 AR 1) 7 A AR (VR B I S R I B 7
ARG 8203 BN GE USSR ARSI K
B, et Tt B S B A U R ) 44 s Rt T S, SR
FEREAL 385 TR0 B A A S 2 1 BRSO 5 e iz R
27 65 A1 Y WAL 1998 Y 34 & ( >40% ) J2- B Al
9108 . ZIz K 23 L H L 12(<20%) 9 245 2 (K 1) , 4538,
05 XLZ 28] 79 it 0[] i 137 25 57K Weid U8V K PG A
Y ARE (3 AL Rl ) o

NARXTBE R A AL G AR B A G 1
IERSREREEE Y/ R SR gtk vI B SN (B e A R O E =
FHTF AR 5 548 & T E GBS £
B ] A AR i3 4 7 2% 11 R MAC R ) 5 308 FH R IR 5
PR BE IR LR R B 1 A A s vk, iAo 3%
B, 8 2 RS0 o T i A o AR K A R VR 2 T I
W20~ AE A AN ] A iS22 ARG B, T
B A F R L R AR I A X R KR R VA Y G
BRI 15 B I TR i R AN 2 i RS AT R VR A AR
b, AR TR SR ARy a3 — S (B 2 1k 2) .

JRUAE I T it 3 o A A AT i e B8 TG {8 52 i, {HL PR
TR 5 B RN, SOR R 5 R R R H R = T R B

(A= 08 PR R B3 (&1 3) o 3 -5 A3 7 K g2
FINZZR3 | (R HGE — B, ABIFTE I A I 2 s
Ao 3 X6 KA PR 5 R B R b1 g B R S (T
3), Hp Rz fi 27 5 6 5 A1 Y B 1998 1 4 i B
B RF T3 A 3 A B IR s O 22 BT Rk i
BERL I BRI S BOR T  E  EARRON (K 2) .
WhZIFE SR, S I TR B IS 6 1 b FORE K i R R
SRR R LI 0 2 R I (HT B S 04 4 B 3 VK 7E
20~35 2 (A, WF5E R IA MR 55 EE A EE IR L T 20 i
7 B AU B IR SR R T R B e i — 2
RS K A PR S5 8 EE R LE o

KRB T 5 L U I T A X A A AR 1) R IR AT
TE i o 22 5708200 R sk e 2 S 114 I R 4 1
o ARHIEGE I R AL AR S5 X i T i S R
Fs R Z A TR, 2R 2B, SALEIAT
E 58 25 R I TR R AR A R TR AL IR
PRI 708 bR A LR I T AR R A7 ML
ATEHE . A AVEFE KRG i o <AL %
I 00 5 B S 53 28 40 AR L9 i P T A I S
PR IE B S0FL B 2 72 48 v 95 a8 e,
AHIFGE S B, It TR ot A e s A A v 1 8 W - /K R
KRRG-S L T AR G B 2 1 5 ALK A
JEHTCAR (K S) . UM R LS E SRS
LR VI I, AL IF 5K KA ) o 1w AR A R
HT T E BT AT Hh & B T it A o G AL T
A W F N (Gs: P=0.849) , K LA 5% 8045 X it
Je G AL B A TR A

R AR AR By v JE 119 2 55 1T BB S i At K vk
BEEATR B NER B 2 — . A5k, sk 27,
e 6 5 FY PO 1998 i K v (1400 i e vk 3 B J A1
F 5550 3A R, T 7 1 A X T B 6 i 17 B
KFRFEHE D, X—KI5 Jaksomsak ZF* 1) 87
38— B, I R W, A B = e E R R R
S {1 A4 7K ot ol X I e %) 0L B S R R
GAIK P ARl o R KR S R X 25 S
A ELA 3 P T L 2 S A6 0 25 SRR B I, (RIS
I T it 3 50K -5 R AR B A R AR By B /K- 22 ] 1) 56 2R
w7 U — 2 IR SR

0 o e AV P KRR it o 2 i A 38R B R AR
TR AR BV B = KR L R, TR e K R A Wi ik
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K, 5 < I THT G B X A ] KRS ot o R R B 8 9 1 2 iy S AL B 1457

YER FE B H A S DL TR IR 25 S5 o il
w3t T, 509% DL EAREEERTR T ROK 18
o A W A HORS R B A TP SRR B A 1S R AT X
fE BRI 7™ A5 B2 TE 0N 5 RIDRS KA 2 & M H R34
13 mg- kg ' B HN 2 24 mg- kg™, 55 [A] FHE K34 0 2] 30

mg- kg 1[49
4 #ig

(D) PAAE R ZE i i — SR B, T8 5% 3 - 1
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