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1.1 e e

KB T 2017 4E 5 ~ 10 J] 76 % Ak 4 5 ki
K B 2 I e A R A B S A A A K R P A
Hi (43.73°N, 125.94°FE) #17, % X 5 & il
Kbt RS E X, FEHRIR49C, HRUBE
2794°C, A4FE H MEE 2 500 ~ 2 800 h, 4EXE
KA 650 ~ 750 mmo AR A R Sy H A 2R -,
H LA AL PER 40 R . pH A 5.54, B f# & (N)
105.7 mg * kg™, AW (P) 23.7 mg * kg, AKX
B (K) 2748 mg * kg™, AHUFL 299 ¢ - kg™', A%k
¥ (HCl-Zn) 0.83mg * kg,
1.2 Ak

PR R M E 1S HARK-9, HRK
809, VR 8 5. TOBESIS. FAE302, HE 6T,
KM 717 FIREGAET 2 %5, 20 Y 1w FK R
HERAE R R 15-15-15 IR S8, JRE (46% N) |
S (60% K,0) . E/KBRIREE (23% Zn ).
1.3 it

B A EASHEEAEXT BB (Zn 0 kg « hm™, FP) |
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+ 3 4E (Zn30 kg - hm™, S) . T4 %% (Zn 30
kg + hm™) + ZERRIIE it 0.5% ZnS0O, + TH,0 (Zn 0.92
kg - hm™, SB). 8% (Zn 30 kg - hm™) + 4k
HAmE 0.5% ZnS0, + TH,0 (Zn0.92kg + hm™, SF) .
T1EiiEE (Zn30kg « hm™ ) + Z2f8II R4z L1145 it
0.5% ZnSO, * TH,0 (Zn 092 kg + hm™>, SBF), k5
ARLER, FARER 3 REE, NXHFN 35 m®, #E
18 JiUX - hm™, FAALEEAY N, P05, K0 Jifi Fi
SR 165, 75, 100 kg + hm™, % FH 24 4 ) 15 k4 7
IR Ko A B, A A A B 43 ) E 7K e G 2
(7 H 14 H) FoHEN (8 6 H) i1y, &
YRIE ok 800 L - hm ™, WS ] Ay A BT T XL 5
M, MRSt S ol BT A P e 2N T (EAN TR KT A
ANTEAT I T G A AR FE (FP TS ) 4 45 i
HIZRIEK . [A4FE 9 H 28 HIllgK.
L4 w5k
141 - 5EHE R AR KSR

FERENEHT (4 A7 H) Fidk)s (10 20 H )
KA 0 ~ 20 em FYRZ LIRS, HLI T+
HEpH A, A, AR, HSU . AU, B
AR (HCLIE, IO O EEIE ).
142 AEPRFE iR AE KSR

IKFERAAE , FERA/INXORAE B A SR
37X, WEAEARAHE EES o MRS AT . BSCRIREK 3 5
Ire FEMBEEG T 105°C K47 30 min, 75°CHLZEH
T, RHREKPL (JLG-45) Hikk, NEEMEELN
EHL (DFT-50) M REFE il AR RRAS [R]3B AL ) 4=
PSR HNO,-HCIO, (4:1) IRARIHM, 7
TS EE T (TAS-990, T, ) wE
SE L RRMERE ALK F HR R R 4R L TS
it ( GB/T 602-2002 ),

1.4.3 KA 11 KA s 2= e

FEI 7= XA B AR PR 3 m” Y], FFXF
IKAEHEATIORL, D He B K&, oK™
i, [FIRT A A AR, BRI, ToRiE . 4590%
Frrmi R R,
1.4.4  BARLEIES by

K JH SPSS 25.0 F1 Excel 2016 % iz 46 58 HE 17
Bt

2 HBRE5HH

2.1 EERE it A 5 O AN [ KR ot ol ) 57 i 7™
4 R PR 26 (1) 5 ]

H 28 1 AT L, S [R] KR A i) 7 a2 S5 4
F, A BRI, TREMZ SRR
W2 s AR RO 15 O 302 A AL
F 2SR RAR, BRI SRS, 5
G E, AR R] Ay A EAS ] A ] 3
BB ARTR . 75 PF 1 AE SB A SF b F o 7= B 4y 1) Ky
9212 fi19 137 kg * hm™, W& T FPALRE, 14y~
RO R 9.6% F1 8.7%, SF AbFH b A5 450 ke 5 4
W2, S HISBF AbFRTC 1 AR s M 302 7
SF AL H Y= 9 897 kg + hm™, W FHE T FP.
S4bFE, SB FI SBF 4b¥ i & T FPAMEE, 5 S4b
PTG 25 5, 3/ Wit Ak P rp BRI R R,
ER B L RE4ET 2 5 7E SF M SBF AbHf A
(7= 4 o 8 228 F1 8 119 kg * hm™, W& T
FP, 37258 8.7% 1 7.3%, i S Fl SB &b 3
W E R T, 3 AWt Ak B v RO BT R
SF 4b P rp R B 5 = T PP, A 4 A AR Y
Ab PR EE SRR Y 2P R s HR SRS IRt Ty X
HrEE TR E 2R

® 1 HEEAXNARSEMKBH~ER = EMME RN

b poee] P (kg - hm™)  AREEL ( x 10° - hm™)  BRREL  TRE (g) 4590 (%) BEE (%)
HELE FP 8 406h 301.3b 100.6a 24.7a 94.7a —
S 8 962ah 316.7ab 112.6a 25.6a 94.8a 6.6
SB 9212a 322.1ab 118.3a 25.9a 94.3a 96
SF 9137a 340.1a 115.9a 25.9a 95.5a 8.7
SBF 8 745ah 328.6ab 104.9a 26.4a 96.8a 4.0
TFEE 8 893B 321.8D 110.5BCD 25.7A 95.2A 72
AR 899 FP 9 196a 346.6h 106.4ab 18.9a 87.5b —
S 9336a 358.2ab 115.0a 19.7a 91.9a 15
SB 9 480a 388.7ab 120.0a 20.4a 93.3a 3.1
SF 9 600a 408.1a 115.4a 19.8a 92.7a 44
SBF 9224a 364.4ab 121.9a 20.8a 93.4a 0.3
TR 9367A 373.2B 115.7D 19.9D 91.8B 23
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vl b3 FeiE (kg - hm™)  ARCEEL (x10° - hm”) RS TRE (g)  SYOR (%) BEER (%)
w809 FP 8 868a 342.0b 111.7ab 20.7a 88.6h —
S 9200a 358.2h 118.3a 21.4a 94.3a 3.8
SB 9331a 371.4a 122.4a 22.0a 93.9a 52
SF 9 425a 388.5a 126.3a 21.7a 95.4a 6.3
SBF 9 080a 382.9a 125.5a 21.3a 96.4a 24
A 9 181AB 368.7B 120.8ABC  21.4C 93.7AB 44
SR8 FP 8 032a 336.3b 135.26ab 20.9a 84.5ab —
S 8 460a 341.2ab 140.25ab 21.8a 85.8ab 53
SB 8311a 346.7ab 153.36a 21.0a 91.1a 35
SF 8 666a 354.3a 142.44ab 21.8a 89.2a 7.9
SBF 8 141a 342.7ab 139.62ab 22.1a 86.5ab 1.4
A 8322C 344.2C 142.2A 21.5C 87.4C 4.5
i 515 FP 9059 348.8h 118.9b 21.9a 95.7a —
S 9359 368.2a 125.5ab 22.6a 90.2ab 33
SB 9 576a 380.1a 137.1a 22.5a 94.5a 5.7
SF 9750a 382.6a 141.4a 22.5a 94.2a 7.6
SBF 9434a 378.3a 130.6ab 23.0a 88.9ab 4.1
A 9 436A 371.7B 130.7ABC  22.5B 92.7AB 52
EHE 302 FP 8 927¢ 313.7a 125.5ab 20.5a 91.8b —
S 9325he 321.1a 136.3a 21.4a 92.5h 45
SB 9 543ab 322.0a 115.1b 21.6a 95.6a 6.9
SF 9897a 314.9a 119.5h 22.0a 96.6a 10.9
SBF 9 493ah 332.5a 116.4b 22.3a 95.8a 39
SR 9437A 320.8D 122.5ABC  21.6C 94.5AB 6.5
W6 FP 8 195a 382.4ab 97.6b 21.5a 94.9a —
S 8 295a 396.1ab 108.7ab 21.1a 95.4a 12
SB 8 462a 384.6ab 115.7a 21.7a 95.3a 33
SF 8 540a 396.2ab 109.7ab 21.9a 95.4a 42
SBF 8 493a 412.5a 117.1a 20.8a 88.6h 3.6
I 8397C 394.4A 109.8BCD  21.4C 93.9AB 3.1
KHE 717 FP 8 763a 302.8b 118.4¢ 19.4a 93.5a —
S 9 050a 322.3ab 132.3b 19.1a 92.3a 33
SB 9 187a 330.8a 141.2ab 19.6a 94.0a 48
SF 9501a 320.7ab 148.8a 20.6a 94.6a 8.4
SBF 9231a 332.8a 143.4ab 20.1a 93.1a 53
P 9 147AB 322.0D 136.8AB 19.8D 93.5AB 5.5
R 25 FP 7 568h 374.1b 108.5ab 25.1a 82.2h —
S 7 872ab 401.3ab 117.4a 26.0a 86.1a 4.0
SB 8 014ab 399.0ab 99.5h 26.7a 85.8a 5.9
SF 8228a 419.6a 88.6h 26.4a 86.7a 8.7
SBF 8 119a 404.5ab 101.9b 25.3a 86.0a 73
FHIE 7 960D 399.8A 103.2CD 25.9A 85.3C 6.5
JRAT 72 NS NS ’
FA x AR T NS NS NS NS NS

T B R ARRNG FRER R ARG 7 3 5% KV L2 RE, RFRKEFEEFRRAFESFAE 5% KT 2R EE, NS: TREER
(P>0.05), * 22703 P<0.05, ** 254 0% P<0.01, *++ Z534% i 3% P<0.001,

— 175 —



rhiE RS TR 2020 (2)

2.2 BEREE O AS ) SRR R A B A 1 52

i 4 GB/T 5009.14 F1 NY 861-2004 #r #E,
A SRR EE B AT S0 me - ke, JBTIEH
TR, AR 2 AT UL, KR e R K B 2
S A KR SR RROR B AR S AE 18.1 ~ 29.3
mg - kg Z W HEELS . HFA K09, FHHE
302, HE6S. KETI7TMBEEF2 SRS
BES R AE 274 ~ 293 mg - ke Z ], KBRS
s 74 K 899 Bt B AE & Bt M 267 mg - ke, K
HORE SRR TR 8 S5 RN RE 515 di iR BE B A il
4 23.6 F122.7 mg - kg™, RAREEShFP . FEAS it BE
T, EHARK 899, VM 85I KE 515 MEES
MK, 250187, 18.1 M119.0 mg « kg™'; 75
P66 S, o N 254 mg - kg BEAR I
% it E G P K T B S R, BRI LSS A
ZE R R4 A6 RE A BT AT R I REOK B it a5 )
B Fe T AR K809, V- HE 8 5 RN M 515 7E 3
Mt it 4b B (SB., SF. SBF ) H it f K 4% & & JC ]

255, R 302 MARSAL T 2 T AE AL W iE 17 B
JE o o S it (SF ) YRR K BE S B W R T AR
WImEhE (SB), P B A S5 M it X ifF — 20 4 o O
PR EICEEEN, HEE LSRR 717 £ 221
WA A6 E AT BE IR o TS i (SBF) AR 1=
NEE S, FERTA A, 1 SRS B
B, 293 mg - kg s AN ] Bl R K BE A R TE
Jiti FH B 5 S 27 34 08 4 18.0%; S, SB. SF ll SBF
4 FhEERE i FH 7 =X A R A A 1 AN I B A B 4331
P T 83%. 17.4%. 19.5% M1 27.0%; H,
F6 SRR N 5.3%, BETEMREEA M T (4
B REMOCRE T, T TR AR S A R 515
HOEE 302, KB 717 MIREAETE 259 0 10% ~ 15%,
PromALRE S — M, EHVE 1S, EHAKR 899, FHAK
809 FIF-4H 8 M 21.1% ~ 29.3%, TEAIEE AT
T, RS RRR, M AMNEREE RS, B
TG HSE AR, RO ERIE RS,
BERURR ST

®2 #HEEAAXMARRMERFSENZT

B (mg - kg)

BESREINR (%)

.

A FP S SB SF SBF EHI S SB SF SBF A
HHE1E  20.8cC 25.4aB  259bcB  26.8aAB  29.3aA  25.4a 22.1 24.9 24.0 40.9 28.0
HRK 899  187dC  22.7beB 24.0cdeB  23.6bcB 26.7bA  23.labc 211 28.1 25.9 422 293
WA 809  21.7¢cB 23.8abB 26.5abA  262abA  28.6abA  25.4a 9.6 224 20.8 31.9 212
AT 8 5 18.1dC  209c¢dB  223eAB  23.6bcA  23.5¢cA  21.7hc 154 229 30.1 293 24.4
TR 515 19.0dB 20.1dAB  22.7deA  22.1cA 219¢A  2l.lec 5.6 19.4 162 153 14.1
K 302 23.7abC  233abC  25.0bcdB  27.8aA 28.0abA  25.6a -15 5.7 17.6 18.4 10.1
FH 65  254aB 24.5abB 28.5aA 26.0abB  282abA  26.5a -37 12.0 2.0 11.0 53
KA 717 222beC 223beC 25.6beB 25.6abB 28.3abA  24.8ab 0.8 15.4 15.6 276 14.9
R 29 217cB 22.8bcB  22.9deB  26.8aA 27.4abA  24.3abc 4.9 5.6 232 26.2 15.0
FE 21.3C 229BC  24.8AB  253A 26.9A 24.24 8.3 17.4 19.5 27.0 18.0

T ARVNG PRFOR AR T E SRR 225 35 A RIS P R0R [ — i AR AR ]t sy i 22 5 2.3

3 e

AR LR K], 5ATEFEAE X IRAR L,
BERE At X K R AR T BOR WE AR,
TE 15, T RE 302 FIREAE A 7R REAL il 7 22 Y]
s 7 AR T I e BT R, EERIUNA
RN 25 S A B M b, T 7 B A it 5 A2 B9
BEn b, W PEAL X ERE 302 LLAI R Y 7 e

B SARTHEN, EIILEE  Naik 5
Phattarakul 25 14 g g & 1 2 am el

IUES T Pandey %' FEBES Y B
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EIL, ARG HBEERAR R 12 ~ 15 mg, 456G
Hh B SRR R H JOKREEAE (300 ~ 500 ¢) 7T
IR S BN 24 ~ 50 mg - kg™, JrREW 2
IR B Y AR AT, R %
6 T REIE B HARAE, i HA S A BB A ok ST
PRAEK B A LIk B SR ARSI . AN 025 R
R, [F—KRE S MEARRMEELEH X, &
FRRCRANE], FES AR AR L, FRIE it 2h
A A RE l A0 B TR RE 2 AR SRR R
o, PIRES B e, M H AT R
A FRRK BB B A B R R S . REESE
IR TR W R AT TR R 5 S AT ICR = T
BEAR bt 7, s A S A AR DL
TEAEYI T E R 1A G FEM T EERIRPK iz
B NEARNKIE TR, ZnS0, - TH,0 A
T HEE S A Y, IR TIERL, Zn” B
RRFRW M, Pl AR TR AR 2 iR, SR
Jem e B R R AREAY , Zn’ B RS R S
PO pH B B BT AR T
T R DU sk /D T AR T R R ORI B R R, B
N B Rk . Z5FF, R R AREHIT RS,
SR R R b v T A it P F A A e T 1
L NGy L RE Iy SR TR N N Ak - W NG it
AR ALt FH 5 B B (A 38 iR B A7 7 3 25 57,
X 55 AN ] St RO B B W WSCRE O DL i R iz e 1A
5 R0 AR B i A W K BURE K 1 A R AL A
FESROREE SRR, fEANEEI T eSS
G R BN R AR, BRI A
BEE SRR R bR RN 2 —, S5ET A
LR

4 iR

TEATKIR AT T, AFIE At X K BOK A il il
AR P SORAN I ., BEAE 2 5 i T W R 2
PR RR R BB S, AN [R) IS B W S8R LA
it P 7 B RERED RL AT S5 o R 1950 3 RE 302
FRAAET 2 53 B AR sl RE A7 AR ] kA i
TR, 75 7% 6 Sl ELAE AR sl A R A AE
PEAT T , AR Rl e A R — Mt 7 =R
o T SRR R, AR 809 HYBRIR
W Ao L2 LRTIR, PR B m e ah i, AL
S oA P e S et L Ty N i e e R 2 e
e, SEBURRE = P R AR

Sk :

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

W, EAR, @A, 5 BE TR RS
BEmsEm [J ], B3k, 2010, 24 (4): 821-828.
Kok, EAR, MM, % EEUKE—SGE AERE
FRipE S (1], R4, 2005, 21 (4): 120-123.
ML, E3R, YD, S SPOKREUITEER (], Bk
i, 2016, 30 (8): 1515-1523.

Fitzgerald M A, Mccouch S R, Hall R D . Not just a grain of
rice: the quest for quality [J]. Trends in Plant Science, 2009,
14 (3): 133-139.

Depar N, Rajpar I, Memon M Y, et al. Mineral nutrient
densities in some domestic and exotic rice genotypes [1].
Pakistan Journal of Agriculture Agricultural Engineering Veterinary
Sciences, 2011, 27: 134-142.

W% R, B, R R R R R
BEERYBE L], WA, 1999, (6): 31-34.
Cakmak I . Enrichment of cereal grains with zinc: Agronomic or
genetic biofortification?[ J |. Plant and Soil, 2008, 302( 1-2):
1-17.

I, FEbR, BIPRAR, 5. ZUBF AR KR ™ o B oK
A, BRI [)]. EYEFR SR, 2012, 18
(6): 1336-1342.

Jaksomsak P, Tuiwong P, Rerkasem B, et al. The impact of foliar
applied zinc fertilizer on zinc and phytate accumulation in dorsal and
ventral grain sections of four Thai rice varieties with different grain zinc
[J ] Journal of Cereal Science, 2018, 79: 6-12.

BERE, TR, SEEW, % ONFEIEHEXKREA R
TR ZRAR RN (1], M, 2016, (1) 84-85.
EANR, Bk A RVBEE 715 BT KRS 57 3 WS 5 K
FRENRZES: [1]. fEWA, 2001, 27 (5): 566-574.
WILME, BSCHR, BT, & AURERCR N e i R
AN ()], sl R i, 2013, 36 (2) 0 77-82.
Naik S K, Das D K. Relative performance of chelated zinc and
zine sulphate for lowland rice ( Oryza sativa L. )[J]. Nutrient
Cycling in Agroecosystems, 2008, 81 (3): 219-227.
Phattarakul N, Rerkasem B, Li L J, et al. Biofortification of
rice grain with zine through zinc fertilization in different countries
[J]. Plant & Soil, 2012, 361 (1-2): 131-141.

HRAL, WRsEse. FEACACROS KR AR g [T ], Btk
AR, 2015, (4): 23-26.

EFE, BB, AREE. BEEARNE A 2 SO R R
TEAR AR RO (1], WE IR SRR,
2014, (4): 998-1004.

SIUE, BESCHR, IhED, 45 BEICHE 7 Bl kR i K
FER A S A [T ], PEDKRERY:, 2014, 28 (2):
185-192.

Pandey N, Gupta B, Pathak G C. Foliar application of Zn at
flowering stage improves plant’s performance, yield and yield

attributes of black gram [ J ]. Indian Journal of Experimental

— 177 —



rhiE RS TR 2020 (2)

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Biology, 2013, 51 (7): 548-555. [27]  Pottier M, Masclaux—Daubresse C, Yoshimoto K, et al. Autophagy
MR, ENE, MROOFE, E R HE X 20 X W R as a possible mechanism for micronutrient remobilization from leaves to
FAEFRHA L TR [T]. IE S AR, 2016, seeds [ J]. Frontiers in Plant Science, 2014, 5 (1): 11.

(6): 121-128. [28] ImpaSM, Johnson-Beebout S E. Mitigating zinc deficiency and
XUE JRE IR R A ()] RERIRE, achieving high grain Zn in rice through integration of soil chemistry
1994, 27 (1): 30-37. and plant physiology research [ J ]. Plant and Soil, 2012, 361
At S NERF LY [J]. AR FER R, (1-2): 3-41.

1956, (1): 16-24. [29] Sperotto R A. Zn/Fe remobilization from vegetative tissues to
Randhawa N S, Fao R E, Meelu O P. Balanced fertilisation rice seeds: should I stay or should T go? Ask Zn/Fe supply! [ J ].
in relation to soil productivity and crop quality [ C ] //FAI- Frontiers in Plant Science, 2013, 4: 464.

FAO seminar on optimistic agricultural production under limited [30] Mabesa R L, Impa S M, Grewal D, et al. Contrasting grain—
availability of fertilizers Proc. New Delhi: Fertiliser Association Zn response of biofortification rice ( Oryza sativa L. ) breeding
of India, 1975. 415-419. lines to foliar Zn application [ J |. Field Crops Research, 2013,
Sinha M K, Dhillon S K, Dhillon K S. Zinc chelate reactions in 149. 223-233.

alkaline soils [ J]. Soil Research, 1977, 15: 103-113. [31] Hegelund J N, Pedas P, Seren Husted, et al. Zinc fluxes into
Takkar P N, Walker C D. The distribution and correction of zinc developing barley grains: use of stable Zn isotopes to separate
deficiency [ M ] //Zinc in soils and plants. Dordrecht: Springer, root uptake from remobilization in plants with contrasting Zn
1993. 151-165. status [ J ]. Plant and Soil, 2012, 361 (1-2): 241-250.
Farooq M, Ullah A, Rehman A, et al. Application of zinc [32] Saha S, Mandal B, Hazra G C, et al. Can agronomic
improves the productivity and biofortification of fine grain aromatic biofortification of zinc be benign for iron in cereals? [ J |. Journal
rice grown in dry seeded and puddled transplanted production of Cereal Science, 2015, 65: 186-191.

systems [ J ]. TField Crops Research, 2018, 216: 53-62. [33] Saha B, Saha S, Hazra G C, et al. Impact of zinc application

ESR, X, Db, S MG LR R S N KA
PR R (1], hE SR, 2017, (4):
118-123.

methods on zinc concentration and zinc—use efficiency of popularly
grown rice ( Oryza sativa ) cultivars [ J . Indian Journal of

Agronomy, 2015, 60 (3): 34-45.

Study on the method of zinc augmentation in different cultivars of japonica rice

FAN Xiao-qin, DONG Si-qi, SHAO Yu-hui, YAN Li, FENG Guo-zhong, WANG Yin, GAO Qiang* ( College of
Resource and Environmental Sciences, Jilin Agricultural University/Key Laboratory of Sustainable Utilization of Soil
Resources in The Commodity Grain Bases of Jilin Province, Changchun Jilin 130118 )

Abstract: In this experiment, the effects of different zinc fertilizer application methods on the yield of different japonica
rice cultivars and zinc content in rice were compared to select high-efficiency zine rice cultivars and optimal zinc application
methods. Under the field experiment condition, the response of rice yield and grain zinc content of 9 japonica rice cultivars
were analyzed for S ( zinc fertilizer soil application ) , SB ( zinc fertilizer soil application combined with foliar spraying at
booting stage ) , SF ( zinc fertilizer soil application combined with foliar spraying at flowering stage ) and SBF ( zinc fertilizer
soil application combined with foliar spraying at both booting stage and flowering stage ). The zinc content of grain in each
rice cultivar ranged from 18.1 to 29.3 mg * kg™'. Jiyang No.l, Ji Nongda 809, Jijing 302, Jihong No.6, Changjing 717
and Daohuaxiang No.2 were high-zinc cultivars. Ji Nongda 899 was a medium-zinc cultivar, Pingjing 8 and Jijing 515 were
low-zine cultivars. Zinc fertilizer application had no significant effect on increasing yield of most rice cultivars. The zinc
content of different cultivars of rice increased averagely by 18.0% after application of zinc fertilizer; the zinc contents of rice
for S, SB, SF and SBF increased by 8.3%, 17.4%, 19.5 % and 27.0% respectively. However, there was no significant
difference in the average zinc content among the three spraying treatments. The application of zinc fertilizer soil application
combined with foliar application could significantly increase the zinc content in rice, and the zinc application effect and
the choice of application method vary from cultivars to cultivars . The high-yield and zinc augmentation can be achieved by
selecting zine-rich and high-yield cultivars to apply zinc fertilizer at the appropriate growth stages.
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