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1 #RERZ®

1.1 Ak

INFZ R TEEZ 220 RESW: ARJE. MAEFS
FI 45 e Y FA S T A5 1 — B AR 7=, R B R
7 e ) 2R BE 14.90% . i 12 9.40% . PN TR 6.08%
T 6.02% %5, A S A HLKE IR AL
TR SE IR K A . 1 5 T A TR 7K Vs A T g - T
B, FZW R (1) SERAKENL.: R
6% . N+K,0 20.7%. T & T & 2.5%, pH {H 54,
Wk, P AR EIARE Y (2) S
iR 7K %5 1B : N+K,0 204 o/L, J& # R 32 ¢/L, pH {H
50, AT (KEILE) KEERE";
(3) mimgrtmie. e MR, &amRKEIE,
UiF B & FE R = 100 g/L, i L& (B+Zn) =20
o/L, TR R IR AR TR Y 0T . A ) A
FaAsHl.
1.2 it

I S bR, REAAEEE 7T IRER, WA
TG it — YR 2975 2000 mL VW, 439 R (1) T
K (CK): WA (2) Momhe . mEE i wa m- im
B, B 600 155 (3) AREGIR: Wi A B R W,
Tl 200 155 (4) KRBT + S s AE AL (fRiFR
AR+ )« WEHE A B RN 5V BRI, R EE
WRRRE 200 %, 3 BRI /K I R FR B 500 1% HL 4
mL PR, IIAEIZ) 100 mL K, SRS
B 10 mL ARESEINA, 1RE, Im7KE] 2000 mL; (5)
REER + SRR AAE (FRIFRA + JEAR )« miit
AREEHOR FERIRAKEIE, AKBETRRR R 200 %, &
Ji8 L R K ML B 500 5o B 4 miL 73 6 A R /K
JE, A FNZ 100 mL K H, SR JEHL 10 mL AHS
A, IRA, hi/KE] 2000 mL., BRWEA RS,
R B LI g Y iy e W o = = I = B 1
J7 XA
1.3 Wik

KA AR ik, F20174F 10 H ~ 2018
A6 A ILARA LB F Bl B A 717, 5
+ 35 B AR P R O A HL TR 23.23 o/kg. B AL 94.68
mg/kg. AR 75.89 me/kg. AL 210.35 mg/kg.
pH A 7.82, KA M LIKE, & 23 em, HE
30 cm, BEAEE 16 kg i 2 mm G R Lo KA
AT, BENGBERIEE (JRE. EBRE.

TR 4> Wl 6.4, 3.9, 2.5 o/%h ) 5 16 kg T3
RIS, SRIGHA, VoK, REMRKE, Koy
BN, WANER, HE 20k, RIG7E LR
B2 T+ (405em), HEEHERMERR
KO, R H R K =R 70% ~ 80%.
BT R E 15 BR. KV AT S it B ) AR 75 4 - 3k
W (20184E4 A 16 H F4-4: 00 ~ 5: 30) Fl
ZpRE - VESATI (5 H 4 HTF%F4: 00 ~ 5: 30), Wi
ViR eyl LUAE 53 e EAES G ALY VAN, ke el i == S

INEF RIS, 5 H 9 HE/NE
b o JE B AL L, SR A BT X B
SN TS 6d (S H10H ~5 A 15H) B9+
PR IE DB, 3225 R FH R UL T 1 b T
100 em AbAYZS KA THUIMAR,  IEVE B XX
JELI R 28%, FRAE AR 22 S AR 455 | 31 5 HE
O AN HH XU 531 [ /N s o s XU (ol VA T
K2m, —uEHRNRTE, 5 —umEit ), Kk
K2y 2.5mls, MR 34°C, MEETHR T,
14 ORERII A J7 vk

MagRWE T Rl T4 200, 4 727
H.5H7H%S5H11H L4 K HSPAD-502 i
23 22 S0 7 AN [ Ak BHE it 2 2K AR X % 7 (SPAD
18 )o

A= BRAE bR 00 BORE RN 2 T ke oyl T4 A
20H., 4H27H.5H7H MS5SH 11 H T
3: 00 ~ 4: 00 BUER, GABRERER YR, HTE
ALY ALEE (SOD ) 1P ——%U pumeyk
ALY (POD) HPE—— A ARE LY,
EALERE (CAT) JEHE——24M ot
N (MDA ) Frid—RiR I 2wk s

SN AR B URE NI 5 7 s U A/ A
B, SRS ROk, BJa RS AT AR AR
WRVEE, KT, EFRF. MREAKNTE, A5
BERPRIEE T ok, FREAFRIE, TR &, SO0k
B, PR TRE, BB FeR. AR BIE
T, BRE, MR, MR R REFFRRORL R
B (A—HAshE R us" . —ie
W A — U ),
1.5 BdEgeit 550

% JH Excel 2010 F1 DPS 18.1 %% {2 XF ¥ 95 #k 47
Ab BN Ay BT, R B R J5 2 4B (P<0.05)
Duncan ;§i E =T E LK,
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2 HBRESH

2.1 ARES S5 HLKIE AR XN 7= K HE i A
EQINA
Uyl B, o AR, KB W, K+ AR,
A+ ENEALFRAY /N 7= s 2o v TG K AL, S8R
1.15% ~ 26.57%, 3R E AEA + EICARE, T
BARBER . A + AR K + JEIE 5 3 7K A # A] 22 57
KB EKT- . EEAE R, AT AL B AR
AT KA, g Ab 3 5 g K A B ] 22 N
W, MmEAL., KBS . K+, K+ JEAE A
PRAVEERIEL . TR S TR KRB, BE0E S5
5.36% ~ 23.0%. 0.88% ~ 7.99%, Rk Bus g
BRIEAR + JEIE, TR ERANEA + B, X
R, ML . ORESE . KRB S A PRI R
REE /N P, 7 B R P R T /N
AR TR . P OREE + 3 A R /K 5 HE i ]
AEPRA /N P i REA. RERLECA IR
*1 AEERSEIKEENEFE
RERKEZHM

2.3 KEEHSAPUKEIEXT N 4 R 5 w52

MK 3 FEW, AR HEDE, A0 IR Rt ak
RRAYEI LT - TR - TGS, BEARRL
AT, 5 A/ N a e i E TR, A
[ b BETETAH B, AN [m] s [ 37 42 A 34 ) 2 S A A 31|
WEIKFE, 4 H20H ., 5 H 11 HIFEAL, ARESHE .
A+ VAR K + 8 AR Kb H Y - R T K Ak
L OBEIE 8 0.08% ~ 2.12% . 2.76% ~ 3.94%),
4727 HEAR+ BRI 1.27%, 537 HAK +
TEAE . K + JERE AR A3 0.85% 1 0.87%. HILE
h, THRURA S, AR AIGIER R, R
ARBE . WAL . ARESE + A PKEIEEA $E R/
FERKGEIAMS R S Er R

=3 AKREHRSEVKBEEINEH
HEESE (SPAD 18 ) B8

YhBL 4H20H 4H27H 5H7H 5H11H
1EK 64.77a 66.19a 63.37a 60.84a
AL 65.11a 65.53a 62.83a 62.94a
PN 64.82a 65.35a 62.81a 62.84a
K+ AL 64.89a 65.58a 6391a 62.52a
A+ JEERE 66.14a 67.03a 63.92a 63.24a

e s AL Rk TR
(/) (AN1#) (D (g)
K 30.45h 28.70ab 33.56b 46.46h
RT] i 30.80b 23.80c 35.36h 47.32ab
N 35.87a 27.60b 38.68a 46.87b
A+ R 36.74a 26.40bc 38.56a 50.17a
A+ e 38.54a 29.80a 41.28a 49.35ab

T FFARNG FRE IR AL BN 22 5 3 (P<0.05), IRl

2.2 KRB SAPUKE AT /INAE A 4y 52 i)
K2R, KRESW. A+ G5 NE 4 FFF
AR E 3 i T Ig K, AR 3 3G 0 53 0 R 7.43%
14.76%, AR 134G 08 2 59k 27.26% . 13.89%, H:
RACPEPURTIE KR, PI2EU00, KBS . RS
W+ A RRK S RE EA S /N A K E A

®2 AERESEVKBEI/NEEYERIRN

AbFR FAFE (o #5) WE (o #2)
K 21.54be 7.63¢
I AL 20.52¢ 6.17d
ENE=R 23.14ab 9.71a
A+ AR 20.81c¢ 7.11c
R+ AL 24.72a 8.69h
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2.4 AREEWSAHWUKEAEXT NEFERF . AR FURRL
A, B B AR

T4 PREFF IR & R, KBS AL B R
PR B T KRB, R 535108 9.20% .
11.11%, K + JEREALFR AR & & 0 2T KA B,
AR S5 Kb A 25 AN 35 P miIE . AR
W, A+ MR, K + BB B RS FHE S B T
TH/KALEE, HEIER 1.21% ~ 7.88%, JLHURESR . A
+ W NE 5 T K A B ] 22 Sk B i 25 KO, R R
GHEEW, KR+EIE. K+ IR EA S S
THEKALHE, BEUEAHR 2.27% . 7.95%, A + JEAE
5 KAL) 22 58 5 KOs KBS . A + g
BB K + JEAEALEE AR B & B e A K AL BE, 34
539 14.29% . 42.86% . 57.14%, Ho oA + i HE
A+ JE 0 55 3 7K A B ) 2 S0k 3 R 2K P i IET
JE . OREEB . A + AR . K + JEAEALFE A4 AR A 75
PR T KRR, FPRigRsr& i, Hmit. K
BER . A+ AR A + S AE A B AR . i A
S TG KRR, BEIRT AN 2.19% ~ 6.57% .
13.04% ~ 23.91% F1 9.68% ~ 12.90%, HHFPRiA,
HUE AR + AR5 K AL BE ) 22 S0k 51 5 K, 7
W . A AR KA PR 25 SRR R B KT



rhE SRR 2021 (4)
R4 AEBERSEVIGRIEINERF. 8. FhhHE. B SSENEN (%)
TR il ek
AbE
N P K N P K N P K
K 0.87b 0.09ab 1.65b 0.88bc 0.07¢ 0.76a 2.74b 0.46¢ 0.31b
IH-THTAE 0.87b 0.08b 1.70b 0.76d 0.06¢ 0.72a 2.80b 0.57a 0.34a
PN 0.95a 0.10a 1.78a 0.84¢ 0.08¢ 0.62b 2.82b 0.52b 0.34a
A+ IR 0.88b 0.09ab 1.77a 0.90ab 0.10b 0.60b 2.92a 0.56a 0.35a
K+ AR 0.86b 0.07¢ 1.67b 0.95a 0.11a 0.50c 2.81b 0.52b 0.34a

MREAE . RES . A + AR . K + 5 AR AL 2]
FHEE, FEFFA. B, BR S B s R AR BRI AL B
WA, SRR + JEICA R, R
A PR T E, FPRiA . B E s AR +
TEAEALEE, A PRI R g 1) 2 TS AL 3L

W1, RIS IR ELAT B = R A FORERL AL
B, BRI IIRE ;. ARESR + SRR KT
B EFFRIA. B BRI DI6E; ARESTR
+ T AT R K v A HAT P R AR s B S BB o
TEARHEAFRIOCRL . W B0, ARESW + &5
PR K NERCR F A
2.5 OREEW-S5H LK REXT/NZE iE | 3T A A S
PRI MDA 75 5 [ 520

Hi % 5t SOD £ 4l A& i, Bl & I [R) (Y 4fE £2,

SOD iHPE R T RE - BIF - FREMEHES RESE.
A+ JE HE AL BEAE AS [0 5 I3 Y SOD 35 M4 v 1
AKAbHEL; S H7H. SH 11 HmAe, KESR . A+
IR . AR + AL BRI SOD 1% M1 & i /K AL B,
S5H7H.5H 11 HEE 2510 847% ~ 29.03%.
9.09% ~ 18.15%, H:rf5 A 7 H b KA AR
WAL, 5 7 11 HIIEERIZEA + JEICAEE,

POD %4 W, Bl BRI A HERS, POD i P
B ET- BT - FREWEE, 4 H27 B,
JE. REEW . AR+, K+ BB K POD 1%
PEXE T KALEE; 5 H 11 H 388 Tk ab#E,
B A 1.08% ~ 15.30%, o388 i 5 g 10 2 K +
JEE AR AL B

6 CAT B, BfE IR AHER, AR

x5 AKREHRSHEYKBEINEIF SOD, POD iE R 20T
SOD M (Urg) POD % [ AA470/ (min - g)]
il
4H20H 4H27H 5H7H 5A1H 4H20H 4H27H 5A7H 5HI11HA
K 674.42bc 458.46¢ 662.84d 527.43¢ 24.23a 30.49a 33.42h 26.02b
i 612.88d 506.22b 755.60bc 614.47a 23.06a 27.48a 34.07b 27.46ab
PN 721.16ab 482.92bc 855.29a 599.12ab 23.00a 26.46a 37.80a 29.13a
A+ AR 665.66¢ 377.75d 719.00¢ 575.38b 24.22a 28.11a 32.42h 26.30b
K+ A 764.77a 701.67a 775.14b 623.16a 25.76a 30.10a 32.82h 30.00a
*k 6 AEBRSHEVKBIEINENF CAT &%, MDA 22
CAT i1 [ A A240/ (min - g)] MDA % (nmol/g)
il
472 H 4727 H 5H7H SH1LH 4H20H 4H27H 5H7H 5H11H
K 23.73h 20.72a 22.69a 10.46h 4.37b 4.55he 6.08h 7.44a
AL 25.23h 18.86a 14.07¢ 10.36b 4.72a 4.38¢ 5.72¢ 7.33a
PN 23.08b 20.46a 18.21b 12.54a 4.24h 4.46hc 6.61a 7.37a
K+ AR 31.94a 20.90a 22.71a 10.72b 4.13b 4.82ab 6.49a 7.20a
A+ JEE 29.63a 20.24a 12.44¢ 9.82bh 4.76a 5.10a 6.78a 6.57b
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M—E RS, (FREKAR + IGIELRE 5 H
7 HERSN; S5 KB, A2 B B AL AR
A

MDA 88 2 B, Br T 4 H 27 H &9 o i e,
S5H 11 H A + J AR AL 2R Ah, H: A3 hb 23 2y 5L 3R B
B[R] R HE FE, MDA 7 3% 8 T R S
H11 B onf g B, KBS . K+, K+ 8
JIE Ak B f) MDA 7 5 % T35 K 4b B, R iR R
0.94% ~ 11.69%, FEMRERIEA + AL,

RS LW, TS, N
SOD. POD. CAT &S TFE, MDA &, 4
RS PR . RGN L . KBSV . ARSI + &
MEEE IR KA . ARSI + 5 85 R R /K v B A 4R
/N R SOD. POD ik, FE{I MDA & &y Y]
A8, HARBER + SRR KN SR i o
3 itig

HRAR/INZZ T BRI A R it 2 — AN AR
s S A 28R A . Wi i v A sk A AR 2 7 A
Wy, EXEEE RS, N N
R, IS A R K A N RE A8 B R /N A HE
PSR i, BN A E I R g D
KICHEEREG R, RECAEEN, FERESEY
P e b A — R IR B, ks g 2 p
TR, i 1A T8 TR 0 S M A A W I R T —
PSR HE /N I () A2 K N3 =5 SPAD B, 5Kk 22/E
2 VRS R, R I T A AT R /N A
o e Y M RN AT IR R R i /N 2 R
AR, 77 15.33%, A, BEFIAR SRR 4
N 15.63% . 12.54% 1 8.13%., TE/NAZHRTHI K
FEIZ IS IR R T AT 450 ~ 1350 mI/hm®, BE
BN TRE SRR AR, AR B
AW LI, WUEARER . A + IR K + IR
REfE /N R E , RIER . TRIE; KBS, A+
JERE AL PRI RERG INFEFT . MRE; THaE, ot
LRE MBI A WA B R SR AT A B
iy ARERE . K+ IR K + EAEA B RESR S kF
REL B HEE

WA N AR R S A K TR TR A
5, UGS A A, SR AR R S A AR
15 207, YRR N B AE AR — R AR AR
AR PT EALFR T bR TS P48 A L, PR R 4N i
Bz AE, R R SR E M, DS sR AR
— 238 —

PosipE 2 MR R, POD M CAT B
5 SOD PR S BE, IR AR A E, SRR
ARG 05 R 0 it P2 MDA (LR, R fiis 2
AR, ML R R AR R A 0 X s
W9 &I, FERE m iR E T, SOD g Mo,
(BAEE RS EMNA R, SOD FiE PE R AT M T
s, LML D IR R IR S S iR
iR 3E K T O AR IR Y SOD . POD I PE T [, Stk
AR P BRI AR SR v L 30 e R A A A
TR /MR T R JE B S N, IR H MDA &
T BAROR R E S B S5 R EAS
], (FUEMEMA LM, mipken 238 MDA &at
Fhe, Wb E AT e BT ke, If HAAT
] e R e X 2 BB POD ., SOD. CAT it R, A%
WEFE B A e f5, /NP SOD, POD
CAT {f PR T B, MDA & Tk, 40 M i P 1
5o MO TAL . KBSV . ARBEW + S s Rk
BB TS+ 5 A3 AT IR K 5 A B 2% i 1 FRUXUXE /N
FI0iE, SWEEKGEMEL, fEiE/NEm R
SOD. POD ¥itk, FEMK MDA &, HboK + EERY
BT, HEE S TN e AR R B
BRI R RS . PR BRI IR AT R —
J5 TR T 57 1 3 2 m R 4 P e A R
RMZFEGREIN, WL RR . PR R AR
TR A AR, AR SERERR X E T R IR 55
— IR AREER . Frf e K Ie . & AR K
BT EHNE. 8. M T aIRRRE NE HHEE)
W, ZEnbrgRsrar N, SEmE s N A
VERT, SRR LTI/ NE I EdR Y g2
AN JE AR, AR TRPRL TR AR R AV INAE
PR, IR R, AR, K
MV S LK R E R BRI 4R s /N2 BT IR R
H1, AHSEHAEHPIEA FEE— L RAE
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Effects of spraying wood vinegar and organic water-soluble fertilizer on wheat resistance to dry hot wind

ZHANG Yu-feng, LIU Zhao-hui", TIAN Shen-zhong, BIAN Wen-fan, DONG Liang, LI Rui-qin ( Institute of Agricultural
Resources and Environment, Shandong Academy of Agricultural Science/Key Laboratory of Wastes Matrix Utilization,
Ministry of Agriculture and Rural Affairs/Shandong Provincial Key Laboratory of Plant Nutrition and Fertilizer/Shandong
Provincial Engineering Research Center of Environmental Protection Fertilizers, Jinan Shandong 250100 )

Abstract: In order to test whether the synergistic effect of wood vinegar and organic water-soluble fertilizer can improve the
ability of wheat to resist dry hot wind, the effects of foliar fertilizer, wood vinegar, wood vinegar + alginate water-soluble
fertilizer ( wood + alginate fertilizer ) , wood vinegar + humic acid water-soluble fertilizer ( wood + humic acid fertilizer )

on wheat yield, chlorophyll, nutrients, antioxidant enzymes and other indicators were studied by pot experiment under
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simulated dry hot wind stress. The results showed that compared with the treatment of water, wood vinegar, wood + alginate
fertilizer, wood + humic acid fertilizer treatments increased the yield, grain number per spike and the weight of 1000 grains
of foliar fertilizer by 1.15% ~ 26.57%, 5.36% ~ 23.00%, 0.88% ~ 7.99%, respectively. Straw weight of wood vinegar,
wood + humic acid treatments increased by 7.43% and 14.76%, respectively. Root weight of wood vinegar, wood + humic
acid treatment increased by 27.26% and 13.89%, respectively. The chlorophyll of wood + humic acid treatment was the
highest, increased by 0.88% ~ 3.94%. The N and P content in straw of wood vinegar treatment increased by 9.20% and
11.11%, respectively, and the N, P and K content in grain of foliar fertilizer, wood vinegar, wood + alginate fertilizer,
wood + humic acid fertilizer treatments increased by 2.19% ~ 6.57%, 13.04% ~ 23.91%, 9.68% ~ 12.90% respectively;
On May 11, SOD activity increased by 9.09% ~ 18.15% , POD activity increased by 1.08% ~ 15.30%, malondialdehyde
(MDA ) content decreased by 0.94% ~ 11.69%. The results showed that the combination of wood vinegar and organic water-
soluble fertilizer could improve the ability of wheat to resist dry hot wind, mainly in improving wheat yield, biomass and the
transfer of N, P, K to grain, increasing SOD and POD activity, and reducing MDA content. Wood vinegar + water-soluble
fertilizer with humic acid was the best in yield, biomass and chlorophyll, SOD, POD., MDA of wheat. Wood vinegar +
water-soluble fertilizer with alginate was the best in promoting nutrient transfer to seeds.

Key words: wood vinegar; water-soluble fertilizers containing alginate; water-soluble fertilizers containing humic-acids;

wheat; dry hot wind
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