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Abstract: In view of the current situation of low zinc content in rice, Nanjing 9108 was used as the material in this

study. The effects of nano-zinc suspension on rice yield, quality and grain zinc content were analyzed by foliar spraying exper-

iments at jointing stage with different dosages (0 kg/hm’,

i B #:2023-07-15 0.2 ke/hm?, 0.4 kg/hm®, 0.6 kg/hm’, 0.8 keg/hm?, 1.0

EEWA /L4 & ST TR0 H (BE2022338) 5 VLI BAUK
PR H AR R LRI H (JATS2023485) 5 M i« 444 4
AT 3 H ( YZLYJFJTH2021YXBS155) 5 {1904 K244

kg/hm*). The results showed that spraying high dosages

(0.8-1.0 kg/hm®) of nano-zinc suspension at jointing

BRI ZR155 B (202211117128Y) stage could significantly increase the number of grains per
TEHE BT FRIRIS (2002-) , & LM, ABHE , FEINF K panicle, seed setting rate and 1 000- grain weight of rice.
ML RO ARBETE . (E-mail) 1437590108@ qq.com When the application amount of nano-zinc was 1. 0 kg/hm’

BIRAESE SIS , (E-mail) hpzhang@ yau.edu.cn the yield of rice increased by 3.9% compared with no nano-
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zinc treatment (CK) , and the effect was significant. Compared with CK, spraying 0.8—1. 0 kg/hm’ nano-zinc at jointing stage

could significantly increase brown rice rate, milled rice rate and head rice rate, and could reduce chalky grain rate and chalk-

iness degree of rice. The application of nano-zinc had positive effects on the taste value, disintegration value and recovery val-

ue of rice, but had no significant effect on protein content or amylose content. Spraying nano-zinc can significantly increase

the grain zinc content, promote the enrichment of zinc in edible parts, and improve the bioavailability of zinc. Therefore,

spraying 0.8—1. 0 kg/hm” nano zinc suspension at jointing stage is beneficial for improving the zinc content in rice grains to a-

chieve high quality and high yield of rice.
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B, SR [E] /N, 7 KRS B 1 08 308 e AN [) ) o
(1A 2P KA I T M e 3 6, R 1 A KB it F 2 X 7K
ey St R O SRR B B 1 5 40 A1 (52 ), LA oy
IKFE =0 (BB ) AR BT PR AL

1 MRSk

1.1 iRIEwr#

AR by 3R 2 oRE KR 5 B RS RE 9108,
55 BT FH A KA (BRIR GO AL BE , B AR 24 50 nm,
4l =99. 99% ) W 3K F 1 ¥ i gk 4 KBl 4 A BR A
A,

PRI 1.6 g.3.2 g.4.8 g.6.4 g H18.0 g 9HK%5E
BIAR BT 10.0 L &4 1.2% il 80 (Tween
80) YR EF /K AR 0.5 h J5 153 BT e Wk FE
9 0.16 g/1..0.32 g/1..0.48 g/L.0.64 g/L.0.80
o/ LI YR KB MO
1.2 RImigit

IR 2022 A 7E N 2 SO I 52 56 4% 3 F
£7(32.39°N, 119.42°E) . ZAR AL LT HHF R
TAMEIX, R AV E 1 pH 6. 92, TIES RS
7 0.13%, A HLIE & & 24.4 g/kg, B A & =
103. 7 mg/kg , SR 5 8 36. 1 mg/kg, B &5
73.3 mg/kg, ARUEE & 18 2. 14 mg/kg, A5k H
YA FE R, 5 H 19 HHER, &858/ 120
g, 75 25 d PR K H B KREM A 2 18 4>
INIK . BARBRATEE N 12,5 emx25. 0 cm, 57CEM 4
BRE . /NXTE AR 80 m?, BEALHES . A4/ X B
M EFEK TS HEK T, 78 /N X DY JE 30 28 51 Y8 )
AL

FOKFEHATIA(8 H 3 H ) FFEA[RIH B2 40 K o
AL B, RIS BT 1. 2% Tween 80 Y%
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B 77K (CK) 0.2 kg/hm* (T1) 0.4 kg/hm*(T2) .
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PRV A R AR S5 505 DL TR, KRR S B
SN E LN B AT, B/ N A3 AR 3 m? oK
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i, LIS KN 14, 5% B 2R A S0 bry= 2
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TOR A w7 i) Mg, KRBASMUL, FE R & R
il STA/ A KAREWRTT ( H A AT 77 i) 647
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U ORI AT I AE AR TE ML R R AR AR 28
FE AL F 4 (AACC) FLFE (1995-61-02) J7 i
AT E .
1.3.4 HaEaald Fob R Rk WmZEYS
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BT RIRE
1.3.5 Z%¥E 5 {3 Microsoft Excel 2010 ¥ {2}
ARG R A OCE A, i3 SPSS B F 421t
SRR

2 HERE

2.1 BEHEANKEEXT KB 2RI

TR 010 A it e X AR 7 e B 7 A A
SN 1 iR, WFRAT LA I B 4R 90
R it £ 3, B SR RO A A AR Ak, (H g A
AL G553 TR A Y i a s Horp 14 [ T5 &b
PR AR S5 S0% TR E S B S T CK, K
e E SRR 1 98 K o W it 1 184 o v 3,
TS ACBER PR CK 3. 9%, 3 2,
F1 BEHEAKEIDKEE RN R R EE R0

Table 1 Effects of spraying nano-zinc at jointing stage on rice yield

and yield components

o BE EEEEC 490K TRE SR
(i 1md) ) (%) () (kg/hod)
CK 352.1a 107.82b 79.95b 25.48b 9 473.5b
T1 352.8a 115.63ab  82.09ab ~ 26.62ab 9 666.6b
T2 356.2a 115.69ab  82.25ab 26.86ab 9 718.5b
T3 356.4a 115.74ab  82.47a 27.20a 9 781.4ab
T4 352.2a 117.04a 82.49a 27.24a 9 804.5ab
TS 350.7a 117.70a 83.04a 27.32a 9 842.7a

CK R85 Wit 25 8 /K 6 B8 T1 T2 T3 T4 T5 43 51 Jhy 34 35 01t
Jifi 0. 2 kg/hm? 0. 4 kg/hm?* 0. 6 kg/hm? 0. 8 kg/hm?> 1. 0 kg/hm?* 4}
(i)I.ﬁ(%)a;éﬂ)leuﬁn T §0 K die 5 S TR /NS o 3 AL B ) 22 5 3 (P
2.2 WEHEANKEEXT K FE A0 TR 5030 & BT i 2 i

BT ARBES  FOK AREOK 32 RK R
TORK AL CK A A R AR 3R T, o, T4 T5
AEFRAREAR A PR K R B 05 T CK, X
R T S S 1 AR R 1 4 KA R 0 B KR T
AT R S N R B e R OR K W HL AR CK
A TR EE I 100 P A 5 R AR S O
Dt o T4 AR FE L L CK 390 1. 8%,
A ORI [ B 430 T B 22. 8% 1 27. 9% , 22 5+
B (3R 2) o UGBTI WA v A 44 oK B g it £ ]
REZs BRI AP UL BT A R
2.3 BIMEHKSEXKIBE RS REMRAZM

B AT S 9 K B I it £ ) 3 I, RO R AR
JoT % 5 R B TE A S A S s A R TS A
TR HEEVE R & BT CK Ah, HAth b B
CK ¥R #EZER (K 3) , W BHIBITEA KIS,
KRAETWRARL AW ot 8 P-4 B 247 S R R ) 4
Tt A, T2~ T5 AR K B IRME IE CK & 82
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7.2% ~10. 4% , T3 ~T5 A FE AP OLAE L CK i 35 4%
F110.4% ~12. 6% , T1 ~T5 ZE TR ZE BE P-4 3 43 )
i CK B 112.0% ~ 22. 3% #19.5% ~ 15. 0%, 5 CK

R 2 WEELAKSERT KT A0 T RIS R R 3 0

Table 2 Effects of spraying nano-zinc at jointing stage on rice processing and appearance quality

ARG, Wit 20 DK B Ak 3 Xk A O B 52 2% I {8 25 R
X AR K R DR (ELAS T4 A 70 Mt K B, A K 28 38 A1 - A
JEE 4R T T B R B 5 19 2R

b3 FEK (%) HERA (%) HREAKE (%) Kt LR (% ) LB (%)
CK 85.23b 75.55b 59.27b 1.679b 56.81a 20.42a
T1 85.48ab 75.76ab 60.57ab 1.695ab 53.27ab 18.73ab
T2 85.56ab 75.92ab 60.83ab 1.705a 49.47abc 16.01cd
T3 85.64ab 76.12ab 61.15ab 1.709a 47.88bc 17.97abc
T4 86.19a 76.32a 61.28a 1.710a 43.88¢ 14.73d
T5 86.03a 76.40a 61.38a 1.707a 49.53abc 16.97bed
CK.T1.T2,T3 T4.T5 W2 1 %, FIFIERIG A F/NG 5B om Ak B 22 53 1.3 (P<0. 05) .
F3 BUEMREXNKBEFRMERRARNZMN
Table 3 Effects of spraying nano-zinc at jointing stage on rice nutrition and eating quality
sy BRI ARERER gk s i i SFAiE
CK 7.27a 12.43a 73.97h 7.40b 6.27ab 7.50¢ 7.33b
Tl 7.30a 11.98ab 79.00ab 7.93ab 6.03b 8.40b 8.03a
T2 7.17a 12.19ab 79.33a 8.00ab 6.07b 8.47ab 8.10a
T3 7.10a 12.38a 80.67a 8.17a 6.00b 8.63ab 8.30a
T4 7.07a 11.66ab 81.67a 8.33a 5.90b 8.70ab 8.43a
TS 7.07a 11.21b 81.33a 8.23a 6.80a 9.17a 8.30a

CK.T1.T2.T3.T4.T5 W4 1 ., FFNEHR G AR/NG FrE LR B 25 5 8.2 (P<0.05) .

2.4 [EHEAKEEXTKTE RVA IEHEERN D

PR AT 40 KB, R OK 9 L L CK B
Jn26.8% ~ 32. 1%, #4I F5 B Lt CK FEAR 11.5% ~
20.3% , 225 B3 T1 T3 T4 Ab HIE(EZEE 5 CK
25 TR B35 B T2 15 Ab B A 0 25 55 43 51 1

R4 BIEMKENKBEERRBROIZM

Table 4 Effects of spraying nano-zinc at jointing stage on cooking quality of rice

CK TFE3.9%F15.5%, 255 W3, 5 CK Lk, 3K
7 I K B S R K 1Y e ek B A DR A
R Ml 2 A1 18.0% ~ 18. 3% , Horp T2 T3
TS AbHRR IR E ST CK(%K4),

fb3m W {E PR J i AE AR THIAE 15 {8
(Pa-s) (Pa-s) (Pa-s) (Pa-s) (Pa-s) (Pa-s)

CK 2 708.00ab 1937.33a 770.67h 2 430.67a -277.33a 493.33b
Tl 2 683.33ab 1 706.33h 977.00a 2239.33h -444.00b 533.00ab
T2 2 602.67¢ 1 604.33be 998.33a 2 168.00bc -434.67h 563.67a
T3 2 661.33h 1 652.00bc 1 009.33a 2 235.67hc -425.67h 583.67a
T4 2732.67a 1 714.33b 1 018.33a 2259.33h -473.33D 545.00ab
TS 2559.67¢ 1 544.00¢ 1015.67a 2 118.67¢ -441.00b 574.67a

CK.T1.T2.T3.T4.T5 W3 1 ., FFNEHRIGEAR/NG FHE LR A B 25 5 8. 3% (P<0.05) ,
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2.5 BIEMKFENBAESENSHHTM
TR I e 209 K e A SR e K R R R B R 2R
i FPRLRORE LA B A I B S BE (3R 5) o TEK
F WA 49 K 5% (T1~ T5) AL BE R, kPR 5% & 2 1
CK H4/M31.6% ~ 62. 7% , ¥ kL B L R i 8¢ CK 27+
39.9% ~75. 9%, TEFFRL 4L R o 5 & AR b Ty
T, 59T MG AN K AL B R R e A S i b CK 3R

sk

x5 BEAKREXNKEFUNPHETESE

F3.8% ~37. 3% ,Hod T2~ T5 A PR R se ke & 1Y
WE T CK; KK 4 & & b CK 3% n45.2% ~
80. 8% , KBEAE & b CK H162.2% ~ 108. 4% , ¥
KAEA L CK HM47.9~82. 9%, Ak, Kk K
SR K B B i B 4 R I i P e 2 o 2 2
SRS U A T4 RE IR

Table 5 Effects of spraying nano-zinc at jointing stage on zinc content in rice grains

ey At (me/ke) FERB R R
¥k Foe TP fie R (g/hm?)
CK 11.06d 32.56d 14.19d 36.82¢ 17.54e 168.07¢
T1 16.36¢ 52.80¢ 20.60c¢ 38.21¢ 23.09d 235.10d
T2 17.09¢ 59.30c 21.73¢ 46.73ab 25.37¢ 259.51¢
T3 18.71b 61.34b 23.64b 44.69b 26.69bc 274.57bc
T4 20.23a 67.87a 25.66a 44.77b 27.94ab 288.12ab
T5 19.34ab 62.20ab 24.16ab 50.56a 28.54a 295.57a

CK.T1,T2.T3.T4.T5 W% 1 i, FIEHREAF/NG FREFRnm A HE 2 7 B3 (P<0.05)

MAFRLA AL AR S H T LUE B, 5 CK M kL, 3k
T BT A K B RE B R R R B SRR R
S ], RRACRE e R A R PR R R
FIELEI (B 1), T4 Ab B A RS 70 B A R & 5 Rk B
SRR R CK B3 T % 26. 0%, Rk (K
BRSO ) B A R (5 R B R B Y L )
LT 10. 2%, Fifi A Wi 4 K B FH S B B, RS KB
TR 5P A R R ) EL A9 5 AN R R 1 4
F£,T1.T3 F1 T4 AEIRAPRE KA R b kR B AR
F Y 43 CK i E Tt 8.4% . 7. 8% FI
11. 5% , AR FORS OR B AR R i APk i A R
I EL IR CK AT, (R TR A B K,
GORER AR B R i bR A SR RE L
AR N TE .
2.6 BIMEMKSFITKBREXNERSEMTME

it 5 4 T U0 90 R i e P S, R KA PR B
HE T BT, T2~ T5 A B AR K AR IR & & 1
CK $2F42.1% ~ 3. 8% ; i KA SHGE K MR & 72 5
CK JCi 3525 5 1M B A 4510 0 490 oK A W it 1) 344
T R TR K AR 1R 5 R R L 552 B0 0 I el o 2>
JE Mg T4 ANFER RS KRR K A IR 5
LS N 5 3 (P A e L T B S 2N i N
FER 5B EE IR A CK I 3 PR AIK30.8% ~ 42. 7% , K

120,
100

80
60H:
40
20
0

RBURE (%)

E-SIDRTIAE Siidup s TR

CK T1 T2 T3 T4 T5
Ab 3
O ff7e; DR B
CK,T1.T2,T3 T4, T5 W4 | &, ARVNG TR R B 25
B3 (P<0.05),
Bl 1 WK Xk FE AR R A B S R IR
Fig.1 Effects of spraying nano-zinc at jointing stage on zinc

distribution in rice grains

KM R 5 BF EE /R e CK 3 T F32.1% ~
44.0% (% 6) .

3 4 i
3. BEMXEREXNKBFENBXARRY
A

PR S A R SR BT A R A P 0 S B
B U AR SR < IR KR AR R A RS
S0, o T i A T LA B e kR I ) FE SR
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Table 6 Effects of spraying nano-zinc on phytic acid content and molar ratio of phytic acid to zinc in rice

b MR 7 B (mg/kg) TR 5 FERE IR L
CK 10 239.91¢ 79 741.02a 1 341.17a 71.48a 12.01a
Tl 10 282.14c 79 966.18a 1 347.38a 49.44b 8.16b
T2 10 454.79h 82 104.83a 1 356.44a 47.66b 7.86bc
T3 10 519.77ab 83 826.28a 1 361.57a 44.08¢ 7.21bed
T4 10 616.42ab 82 513.71a 1371.92a 40.98¢ 6.72d
T5 10 630.79a 82 892.34a 1391.37a 43.59¢ 7.13cd
CK.T1.T2.T3.T4.T5 W3 1 #, FFNEHRIGAR/NG FhE £ n b B 25 5 8. 3% (P<0.05)

JEE | MATO e 5 i 2 7 A L ) TR R 1 25 5 R fe 1
FESET S AEARRIFTE Y BT Wt 40 K B A 4 R K
e TREH AN ZE SR A R A L Xk 7K R R R o A7
AEIE [ S0, AR A2 s A K B e FH 0 Ak BT 45
REEORKRE ™ 5t (48 T35 8 25 KOF TR 22450 B
SR, BBORI R, B 7 i /KR 7 ) SR R
ASHIT SIS A0 KB, I A5 Wi B A i A
A 6 B TR OB RO T 3 R, (HLRIT A
WFE A B, BER B R R R PR M. H =R A
PR A4 A8 HETR 1Y) 5 W, X R R T ABAE 2B K A 7 i
AR AL R A /N AE AL, S
TRRERLEC ) AR A A P R i o A
Hh AEE—E RS N < JEF A A BEfE
DRyt 2R 1 E ST 23 A T RERS Y
Wi KA A T PR A I R O A 2 R A R
W RS B A TR AU R R R R
BRI T RS | R mORPRL R R B

3t 1t A A ) T o R K Y
FEABITFE R, WL 44 K A A6 R T Al B 45 s (B
KR ROARREATR ) #AGE T, HEHE
i PR 58 it 2 K B RE R OK R i b i S K A S
B, A RO RE T S HE KA RS DG Y
R, TE 58 92k R B9[] I 42 v R oK B9 i T
JETEL S ASHIFSE o 24 K B A R v A OK K
56 LG AR I S ORI B, T
HTHEAE BT, WOt BN T 428 o G i 2%
B RO AR IR M A e A R
) FFRL R e Az | R R AL ) FE SR B sy, DR T A oK
SR TR 2B

PATE BRI ST 45 R B, it B AE RE A8 A 4R

AR A 5 ORI B BE U 5 8, T A W v it 44
ORABEAE AR rp A £ 15T 35 s PR S s e i
] RE S RE K AR PP AR 5 A SG LA AT ER 5
B2 K RE S TR K RO A AR R 5 1, e 283 A
REOKEE 11T & 5 10 R B, 2R W A5 RN 25 46
AR UURIFTE A B, BB RE S A oo R A X R T
WAk AR TR A 20 3R AR SR A A 84 0 U RE R s i A
SARIBISREE R A QAT , BELAT BBV 45 1
TEAMFTE R, TG 29 K B b P RE 2 vo A5 K b B2 F1-F-
pRE R 25 R MR R R, R LR BE b 5 i
AR AR 1 5 7 2 (0 R OK 3 B 3, i PP, ¢
BN AR S A R 2 B0 8 A BT R S A A
[FIREREAY R A A TR AR IZAK , 32 oK gk
PRI B TR K g
3.2 BIEAKFAENKENFHNERIE. S AR
ES: A

220 AF DY B A B T i I A B A
SR Rk PR 5 i (H AR K RS R KL Y 23 A O
AN FPR AR R A B B R TR SRR
Rl PRI RS 2= A s, iR L T IR
ABIFFEIN Ny, B8 A HTT 30 98 K B W it A ) 4, e
7 ARG K SF PRI A B & A B B H
KB B G ARSI, S B o A TR
KAPRE S LA BTN, X — 7 TR ARG K P Y
PSR TR RE B TR T, I3 — 7 T U o T g
TEZH R B E RS {25 B TR K AR K 3 T =2 2
FERLHRRSE A LT R

Pt R iz 2IRFLRY I R b B wolR 2 Hh B
BRES T N ME LA R BEER , DR, 7R AT Al B RY
AR 38 W 2of RS B EE R HAE O — A
ZTEN AR AE Y £ A R R, R
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ERAFAETORMEZ b, B35 R0 W Bt RS )2 1) g
KA ARRS . AT AE SRR T, S5 W 2 K 4
T 2 AR K RRDRE K FIDRS K P B AR 5 R AR L
WERTHER IR AR DI AE Tt ah K 4
Jev R A RHE R H AR IR 1149 8 o s 32 G R T 5 4 110
SEINRE | B 175 OB K IR K AR R 55 B JEE /K L
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