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0.5~1 mg/kg 2 0] & TV AE MR EREE Wo BREEA I /N2 P R MRS /N 22 bR B i, T AR LR
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T R B P 2= fige X, 4F H RIS 8] /9 2 181.7 h, AF~ 13 iR N 14.4 °C, - V[ /K B8 632.3 mm, Hh /N4
K AR A B Y B 179 mm, (5 A PR 1 28.3% . ATRIG P I E AR WK 1. W5 E3oN g+, H
T R AR A R I R 14924 .186.0.62 mg/kg .

A1 RBEAFECNEAKRE)ETRS

H3 F R /mm H % Y /mm Hin ¥ Y H/mm
10H19H 2.9 1A25H 3.8 4H1H 39.5
10J20H 10.4 1H27H 0.2 4H2H 18.2
10H30H 0.1 1728H 4.1 4H4H 4.8
1HATH 0.1 1H29H 0.7 455H 0.2
1MHI15H 0.9 2/23H 1.1 4H18H 5.7
11A22H 0.8 3A17H 6.6 4H19H 10.7
11H23H 8.1 3A18H 12 SH1H 42
11 H27H 5.4 3A19H 4.8 5H2H 52.6
11 H28H 0.1 3H23H 1.4 sH7H 17.1
11H29H 22 3H25H 0.9 5H8H 6.2
127 10H 0.1 3H26H 0.9 SH10H 1.1
1H24H 43 3A31H 0.2 5A1H 1.1

PN PR AT 211, T-2014 4F 10 H 18 HEF, 5 H 30 Hiliegk. #EFh &N 150 kg/hm?, i & A A
BN CA SR A RO RN A S R B EE R 20:20:5)90 kg/hm?e SR BEALIX 4R 46 ¥t , T AabF 24
KGR BIIE R (W, BERSTIED V5 (D), 1R 7K 7 b B e B vy 7= SR L , 1 2 b 3 4 28 F W JC HEE L iR
2R BT I R SR E SRR B K AR IR H K AL BE TR 23 00N 76.8%81.4% 1 82.1% , AL BE R 4331
963.6%+59.9%F174.2%. FIACFRL 2 ANMEEREALEE , RIAS it £ AR AN 30 kg/hm* EEAE(Zn) , 7 @& AE4R 1T 1A
F ZnSO. - TH.0 T Ji% 0.4% 5 , 1 I A X 1) 4575 6 F- TIP3t B 2 d Wit 1 2, 4L 2 ¢ E R S A ZnS O, - TH,O
et 7% 0.2 % 35 V8 » 126 75 B T JXU PR 455 e THE TR 5 e 2 9, 3 2 AN S ERORE A ZE B RE AR I 7 d SR Bk AT . JL 44N AbBE, &
ST3 R[] o B AR O A it e v = FH A B SRR AT

FEIR T T PR30 AR HE S L Y, PRk 10 MR K 38 ) BT AR M AL IR L T SPADS02 7R -4
BN B A b I P 2 s (R ST b B A O R R R G B UK R TR /N ZE T AR IR I T AR /S
FHAT HREARC , B 5 d WHERE/N 22 v BB 30R R 100 4, 552 3 0k, ME TR, T S0 I 0 R ) v v
SRR (P [R5 SR P LR A 45 B A R TS B R (TCP ) I s F s 25 ™5 76 il A A3 /N X 3 0.667 m?
HEAT I =, Y 2T AR, (R B LE /N XA A ALY 20 AR A AR 1 10 22 R A ROR 2, JBEAE f 2 T b o = 5 oK
F Excel fill {E 3% , i ] SPSS18.0 #EAT Gt 1+ 70T, FH LSD A58 /3 #r %5 Ab B 2 1] (1) 22 53¢ ¥ 35 P (<0.05)

2 HBERE D

2.1 SEREXAREIK D EHTZENZEZ SPAD ERIF T

/N R IR A T 3 0 0 ST 2 b P P A P A 1, T S 3 0 Dl 5 1 I i b A ] 2D B 5, 1
S FAE (SPADED REAR U Hh S Bt S Gtk . FRR 2 140, A0 B SPAD (E{E BN E BRI — 80, 2
i FHY 28 , W . W+Zn Ab BEAE E H2 30038 B A , D D+Zn Ab FEAE A B WA AR , 4% Ab T A2 TR0 L R 0« Rl
W22 S IA B W MK R 2 S DR T 5 7 SR R 3 2 TG R B o BT A 2 AT, A% A 3R] SPAD
TREZE . WATHE T W, BIEHEKSPAD KT T3 B REZR RN E . HfE
B b3 R) 22 S T U6 3, 1 K A3 SPAD {35 KT 1 540 38, A R 7K 73 26 AF 1, it AE AL 3 SPAD 18 %
ERT AL A, % 22 AR R W — D9 K, IE 5 HEWE AL B2 (1) 4 /N3 SPAD B 15 2 A 4k 8248
T 508 B 4 /NFE SPAD G TR 4 BB o B SCI, IS 28 B, I A 3, SPAD R IRVGE T B4, (Bt £
Wb FE SPAD A 535 KT 5] — 7K 53 2 At R At FIE P A 2, 58 ) S i % 42 A P 43 2 P AR 1R, 4435 T o R S

I, NI 4ERE G A AR A T 5 /N2 T4 0 138 3 FOFFRLEEN
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k2 TR K Fassd 0T L&t B SPADIAH ST

Ab BEMGHGED HWIWGHISHD B4 H 19 HD HERWIGS A 10 HD RS H 25 HD
w 47.78+1.09a 48.26+0.87a 57.94+0.40b 58.86+0.22b 8.64+0.10b
W+Zn 47.07+1.65a 50.69+1.65a 59.75+0.82a 61.29+0.68a 11.71£0.29a
D 46.72+0.19a 49.43+1.55a 54.70+0.43¢ 53.95+0.40d 5.78+0.31d
D+Zn 47.650.60a 49.89+1.27a 55.83+0.42¢ 55.78+0.72¢ 7.24+0.03¢

R R RGO L 2R R E M (p<0.05), T .
22 FBRMAREKSFHTZNERRE2KERN2KENF
IR 5 R A A 2R TR 1 65 %6~90% o I AH XS B /K R LLSRAE RE )75 8 527K 43 e 5 i A K
T HRRGL, ST AR B A B R K AR FERAS . BHER 3 WA, BE AR B IR HESE , AN R AR RN I AR
TR A — B, BRI 2, IR T A T R IEAT K o FUEE AR AL R, 25 AbEE TR i ARG K E T
WA 22 5, ST AT IR AT 7K o E R A NS it , 52 o W B2, & AR R A) Iy AEOGE 7K 3R 00 2 35 22 e 4RCTT
A5 Bl FE T, T 28 P A AN B K , 5 AL SR [A) 4G O 2 2 e, B HA OE O E R R A N
FHRT S KB E & T T R AL EE, B R —7K 70 254 T, BEAEAL B S (/N2 i A 37K 22 B3 v
TARBEE AL AL EE o FEIR A, T2 5 FEAR AL B N (/N 22 A 7K el R T R A N, [/ — 7K 5
S5 AT it B A ) Ah BRI R AE X B K e A T RS R (H AR B ) 22 S AN R . U BT R A A R K
I3 PRI UAC , M58 Tt 3 S 1 0% 8 e 5 P PR 1) S8
K3 REK DAt F 0T 20 Kot K Anst ok k

b3 BREMGH6H) WG A 15 HD 419D HERIG A 10D
w 90.83%0.0088a 91.35%+0.0050a 90.82%+0.0076b 84.07%=0.0030a

W+Zn 91.27%+0.0048a 92.29%+0.0050a 92.66%+0.0026a 84.30%+0.0067a
D 89.60%=0.0043a 91.44%+0.0022a 87.48%+0.0019d 83.19%20.0105a

D+Zn 90.07%+0.0032a 91.67%+0.0047a 89.33%:+0.0030c 83.57%+0.0073a

2.3 SRS ARIK S E G &N Ei EET RN ZNEN

TRTER TP AR B P B R 2 at . PR 4 mT 0, S b BN 3T A R E A — 8
W HAHT AL T S KB B R T B S AR R T o s G K, A R B A R D, A K
W1\ ) A B R S5 R LR 2 2 . S ARSI, KT WA Zn D 5 W kb3 2 [R] 72 0 B 2
KF,D+Zn 5 WA HE 2 (8] Z 7 A B3 B 5 D ACEE 2 8] 2 3 B3, 5 A0 2R R T AR R B RGR T 40 00
4N 76.29%+81.23%+60.37%-72.33%. B AL & BAMHELE , % A0 21 (A H B350 T4 A R 23R I A W+Zn
AbEE>W b EE >D+Zn AR >D 4B, PEIFF FE 2 RARA /N o BT AR R B AR AR R AR
T 5 ol A0 R R A K R (R AR T AR R

(4 TRAD At BT AR ERTHRREHETL

b g S AT izl HESR ] JR A
w 0.523+0.002a 0.922:0.001b 1.753+0.039b 3.009+0.003b 3.814+0.009b
W+Zn 0.530£0.004a 0.960+0.003a 1.929+0.019a 3.211+0.028a 4.065+0.032a
D 0.540£0.006a 0.866+0.003¢ 1.524+0.018d 2.742+0.038d 3.269+0.151d
D+Zn 0.5340.007a 0.920£0.002b 1.666+0.006¢ 2.832:£0.002¢ 3.4830.008¢

2.4 SERMARIKS ZHTENFZERIRENZ N

B RN A R AL ER RN RESE R . LTS, AR ZK 2 AV I 2 11 35V Sl R — 85, E T U
b B ) FE SR A 2R )T [ B R SR S, A ) A P 2 T 2 5 O L Sl 4 0 -G A 38 - R B EA, D
Qb P HE SRR AT 5~10 d 2 IRGEIE a4, 10~20 d ] DA IR FER I, 20 d JE R GE % T % 5 D b B
AR F s W W+Zn D+Zn 2T [ E 22 0 3R AE 5~15 B TE BN, 15~20 d #E3 IR AR, 20 d Jo 2 ik
RN [, 4 A RO EE S SRR 5 20 RIS B, B KB Z 7 B35 . 10~20 d 5408 5 W AR AR L,
W-Zn A0 BFF R J 8% T 25 KT IEH , D D+Zn A B /N2 FF R S H R 0 25 /N T WAL B, D+Zn Ab BRI
FEREERZERT DA NT WALEE, U B T 2 B35 PR T & /N HESR O 2, Wit e IE ANV Re 8 2 il T
L6 3 R R, 1T ELRE S B 25 B R b S R
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FFAE Bt Al /d FreJE R E /d
CRENCP TS S E Y FOUNT T EE L LT B2 RRAS R T CNERESBENE

2.5 SERESIAREIR O FE 4 T LN EFFR SRR R RS H RN

B2 KR TR RBhES . B2 A0, BEVE K HEE AN R AL B R & /N 2R RLEE AR BB A AR 34—
B, 5~15 dFFRL S f BRaE R[4, 15~25 difag T, 25~30 d 2218 N %,30~35d - Jt. 15 dJ5 W+Zn.D+Zn kb
HEROFFRL A K T AN B AR PR A3, H 35 d it A I Ak B 55 A il Ack L ) 2 Sk ) O 3 1 K
HH AMJR T it £ I R 0 AR v /N AT RS o o, o e /N AR o L R
2.6 FRMAREKSEHTZNEEREKERHENT

B S AT, T 5B R, To vl 2 75 Wit EE A /N 32 B RN T 0ot & RS P2 38 /N T W AR B, Hop
T B A A& /N TR B REE L ) S N HE 2 R R BRI 9 30l R 3.35%03.78%45.22%7.98% ; D+Zn
AEPE WAL P R AR TR B 2 e AN R B R 2 e W EIR 3 N 0.81%.0.80% 12.31%
3.56%, SAEARBETEI /N TR0 WHZn BN /N e R BRI 1 T W AR B, BRARRL AL AL, R
BAB IR 2= T IR B B KT, 20 BB IN 4.57%3.14%8.35%7.17%; [FIFE D+Zn AL FE R & /N 77 B B KA
FeE T D AL BRI, HL R AR AL A 5 T b 25 22 Sk B S KSR 3G 2 N 2.62% 4 3.10% . 3.43%
4.80%. -5 IEFIEE AEACEE B AR REAE — B R b U A /N RO, (H 22 S AN B i B RO 00 e
s E A K.

R 5 REIKpAatgiest &k =3 A MR R & 0 %0

iseil A/ (10°- hm?) TR /g R By Chr R 7 /(kg-hm?)
A 808+8.17b 41.24+0.36b 36.79+1.83a 8 648.1+30.54b
W+Zn 875.5+3.53a 42.54+0.89a 38.47+1.34a 9321.5+15.31a
D 685+2.85¢ 39.68+0.37¢ 35.56+1.21a 8 004.0+13.25d
D+Zn 708.5+2.33¢ 40.91+0.32¢ 36.49+1.11a 8 388.1+20.11¢

3 pSe
THFAR R TR T ONURF AL TR A SR AL 2R R IR K A m] B R B0 A AE R R
B A, JE T BE W06 & P IR T B, 3 SRR S/, TYI B BRI B PR AR TR AR 4K A oE
FEARG , ok AR S DR, S 2 A S A IR 22 5 FBC A I B2, S P AR 3R Bl R b A T 2D D il fie e
o BRI T MG A2 — o 2 1) 06 & P, T B AEC COL7E M PRIAH M v (04 88U 70, R AN S L3R Bk 7= ,
FE T PR I il 6 AN T /D BT R SR o AR P T 2 AT AT B2 0 £ 3R ) Bl T il RE 8 3 i i
AR B RTOCERES o KGRI ML, P A5 7K SR S e 1 R 32 0K 3 38 )i R A 7K 93 5 e
Ulo FEREMIIR A R BB Seva T oK AR, 7K O3 78 e I mT DUINAR A R B3 20 » AT 38 AR AR 4 R 2R BA
LR SRR o DI R W], TR I8 FRAR T8 SRR PR AR SR K S BRAR I R A 25 7K 3, AT P AR
o BT YIBUR R 1K B AR A e SR BIE FTA R E MaRE AR AN RE S AT A T aa g ok
(RIS, T L RE NS 2 25 38 R R P9 (R 2 I 2R R S RO KR, AT B v B B TR R
WERAE /N ZERE T R ke i A MY, B 2R A 3R 5 R RRE J O 4 B 2 I AR K, AR R Al
S B, SRR A KR BB, R AL KRR E T e AT FUR T 5 0 35 PRI PR RE SR T
KATRES T3 260 T ALK B G A A7 5, W58 it B AN O R 232 88 1 57 Il et 0 38 S 3 43 Al 1) FAEAIR
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PR BLIR 7K 90 71 Wi £ L S 22 i v PR SR R, S e/ N2 I TR

/NN R B B R AT B /N AR B AR, PRI A R R i A S R R R IR R R A s ARk
Pz il AR AR SR AL RS2 PR OR IARGE , T SRR & B AR R IX AT RE 5 T 5l 1 FELAS R AR 77
3 BOURMST LA K A0 5 PR32 AT AR DR SR 2R (] N 484 Tt e A Sl 325 2 v L e A B0 R T g 2K L 35 B i, LR
PRIFT REAE T 88 R & B R IR BRI AR BT 5 S KA A 5% BN KR R 1 TR

ZR P  AE T FA T, JE S A B, mT AR/ 22 5 i g g BN Py AR S KR SRR SR
BN SR b A Y BAR R R (e R R, T SR AR ARSI I R AEANRIR 2R SR A R
JIE 59T DASE AT R B AR BRI, e B RPRL 5 BF B, SR AP RLE FR AR BT . T S B R A I T S e ke )
RGP, 8407 &, (RN 2 S L & S R A RdE 2 — .

SE K :

[1] W3, B o) A5 AT IR S AR Ut A& /N 22 7 B K 4 R AR IR il [T, RE R HE /K 2% 4R,2016,35(2):81-85.

[2] REEH Y A T BEER Y b (A8 AR B F AL SU kR [0). ) AR Bl e 2 RH,1999, 6(11): 1-6.

[3] PMERE AETE LI i & i S R A [I]. T RHF, 1985(2): 96-105.

[4] XG5k 8, T3 /b4 3 b m R 2 3 e S LM R 2 [T]. A B R 244, 2008, 27(3): 898-902.

[51 BREHZL TS . Bher ol (e 5 IR T B kb e o R o 2y e i) im0 T ARG T 2 B2, 2001, 8(12): 8-11.

[6] Zdifl, Famhe, £ a2 AR er 2 it 7 UG /N2 7= i RVEE R ) sl [0, AR 75 5 IR 224, 2013, 19(6): 1 346-1 355.

[7] FAdpe ARBL TR, S AR S 4 0 R R AR SR I R[], b 358 5 R, 2010(2): 45-48.

[8] Howdi . £t T RMpie & /N AL BRI B B (IR [D. 8 T R AR LK 2, 2016.

[9] SEME B KSR R S TY R SRAFEIE TE[]. 35 Mok 224K, 2008, 30(4): 382-385.

[10] EREHEIKITEE,52 58,5 BN /K 008N K™ & B S [J]. ) B AR 2441, 2014, 48(6): 674-679.

[11] S, o, sk FA 45 A NF2 e ThREXT $RIBh I iy )82, FE A8 77 5 R4, 2002, 8(2): 177-180.

[12] OHKI K. Effect of zinc nutrition on photosynthesis and carbonic anhydrase activity in cotton [J]. Physiologia Plantarum, 1976, 38(4): 300-304.

[13] JACOBSON B S, FONG F, HEAT H R L. Carbonic anhydrase of spinach. Studies on its location, inhibition and physiological function [J].
Plant Physiology, 1975, 55: 468-474.

[14] B2 2 PP 501,56 T S a2 AR R A KA e A E IS [T]. 2 A2 45 254, 2012, 23(3): 724-730.

[15] Eh4:¥e bG, o B e 55 . B b it P B RO X 4 /N2 W AR SR A = O sE A D). 22 R EYD 41, 2010, 30(2): 358-361.

[16] BB b SOk, AR R 3,55 /NN LR B I Hh e i R R B BB A L C R [T]. Z2 B 2441, 2007, 27(2): 327-330.

[17] FK5 5,0 38 I s £ (1 K S T /N2 o B2 05 I8 A% 2 B vl 1) 2 R [0, R Gk 22, 1995, 28(4):5-32.

[18] Zifte, )it SR g, 55 . 5 B 380 AN 7] 3[R B /N 2 K S T AR (R 2 e [ ). D5 B RE 2741, 2015, 24(5): 41-47.

The Impact of Zinc Fertilizer on Yield and Accumulation of Zinc
in Grain of Winter Wheat under Drought Stress

WANG Zhigiang, LIU Kang, PENG Lingxin, LI Zongzhen, GONG Pu,
ZHANG Liting, DONG Zhongdong, REN Yongzhe, XIN Zeyu, LIN Tongbao
(College of Agronomy, Henan Agricultural University/Collaborative Innovation Center of Henan Grain
Crops/State Key Laboratory of Wheat and Maize Crop Science, Zhengzhou 450002, China)

Abstract: Drought is one of main abiotic stresses limiting wheat production. In this paper, we investigated the
feasibility of using zinc fertilizer to alleviate the impact of drought on growth and yield of the wheat. The cultivar
Yunong?211 was used as the model plant, and the effect of zinc fertilizer on SPAD value, leaf water content, dry
matter accumulation, filling rate, accumulation of zinc in grain, as well as the yield was examined under different
drought stresses. The results showed that drought significantly reduced the chlorophyll content in leaves, leaf wa-
ter content, dry matter accumulation, filling rate, accumulation of zinc in grain and the yield. Applying adequate
zinc fertilizer improved the chlorophyll content in the leaves, total plant dry matter, grain filling rate, zinc accu-
mulation in grain, and yield. In our experiments, applying zinc fertilizer increased yield and zinc content in the
grain by 4.80% and 36.86%, respectively, when the plant was subjected to drought stress.

Key words: zinc; drought stress; winter wheat; grain zinc accumulation; yield
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