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WOE: HSE T AN T A RESROK B NE (R FRAAT) XN A K s, LABE 2 22 54, SRAAFGAES, i g
KL AR, T KIAERC(FRARTTIA) . A B K IR AR (T RRIAL)A A0 E], BFFE T FRUUIMA 3d 15, AR /NEA K Fidfk
BRI . FR RIS . SRR SHKACBIAA L, ARAEARBRGE /N P A, ORI, TR IS 24.22% . 8.85%.
9.95% F1 6.07%; FHFF. MEAS-HINTIN 16.58% H1 11.84%; M4t ZE & iiEm 2.41% ~ 8.92%; FPhisl & it 6.28%; THUHA
WFESE 1 R(G A 7 B)FTR A LR (SOD) . i S L YIRE(POD) . i i &l (CAT) i M4 14 55 6.14% . 105.32%.
45.91%, TN _E(MDA) S FIE 6.76%. T4 . L. AEAHBEAE, AR5, MR, TR EMRESE R, AR
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Effect of Water-Soluble Fertilizer Containing Wood Vinegar on Wheat Growth Under Dry-hot

Wind Stress

ZHANG Yufeng, LIU Zhaohui”, TIAN Shenzhong, BIAN Wenfan, DONG Liang, TAN Deshui, LI Ruigin

(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 250100, China)

Abstract: A pot experiment was conducted with wheat variety Jimai-22 to understand the effect of water-soluble fertilizer
containing wood vinegar (wood-fertilizer) on the growth, antioxidant enzyme activity and nutrient absorption of wheat under the
less stress of dry and hot. Four treatments were designed including 1) clean water (CK), 2) wood-fertilizer, 3) conventional water-
soluble fertilizer from market (market-fertilizer), and 4) water-soluble fertilizer containing alginate (alginate-fertilizer). The
results showed that, compared with CK, wood-fertilizer treatment increased the yield, spike number, grains number per spike and
1000-kernel weight of wheat by 24.22%, 8.85%, 9.95% and 6.07%, respectively, increased straw and root weights, chlorophyll
content in leaves, and nitrogen content in grains by 16.58%, 11.84%, 2.41%-8.92% and 6.28%, respectively. Meanwhile,
wood-fertilizer treatment increased the activities of superoxide dismutase (SOD), peroxidase (POD) and catalase (CAT) by 6.14%,
105.32% and 45.91%, respectively, but decreased malondialdehyde (MDA) content by 6.76% in wheat leaves sampled on the ist
day after dry-hot wind stress (May 7). Alginate-fertilizer treatment had the highest of yield, grain number per spike, 1000-kernel
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weight and root weight, while, wood-fertilizer treatment got the highest of spike number and straws weight. Chlorophyll contents
in leaves under alginate-fertilizer and wood-fertilizer treatments were significantly higher than that of market-fertilizer, chlorophyll
content in leaves sampled on the 9th day after dry-hot wind stress (May 15) was significantly higher under alginate-fertilizer
treatment than that of the wood-fertilizer treatment. Potassium content in straws, nitrogen, phosphorus and potassium contents in
grains, SOD, POD, CAT activities and MDA content in leaves sampled on May 7 under alginate-fertilizer and wood-fertilizer
treatments were higher than those of market-fertilizer treatment. Potassium content in roots under alginate-fertilizer treatment was
higher than that of market-fertilizer treatment. In conclusion, wood-fertilizer can improve significantly the yield and grain number
per spike of wheat under the less stress of dry-hot wind within 3 days, which is attributed to the increase in chlorophyll synthesis,
antioxidant enzyme activity and decrease membrane lipid peroxidation of wheat leaves owing to the promotion in nitrogen

absorption and dry matter accumulation in grains.

Key words: Wheat; Dry-hot wind; Wood vinegar; Antioxidant enzyme; Water-soluble fertilizer
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FHRHEEE <25%., 14:00 XE=3m/s il 1 AHET
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o4 306 g/L, pH 5.4, WA, FF6 SRR L
PRAERS @ REEBUKIEIE . AFTHRR, AR A
o4 550 g/lL, N+K,O &l 204 g/L, JEHEFR & &
32 g/lL, pH 5.1, fFEEEHEROEICR)KIFIEHR
HEMT OTTIAKIEIE : ML R, S IEmkEe,
I & MR =100 g/L, filimInZE (B+2Zn)=20 g/L, pH
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DK BN EHGRRNRARKE, KB AE, B4
B 10 ki/NEFF, RIGHELERTES 2R
05cm T+, HEEMRHERFKTX, HHEWE
25k A KB 70% ~ 80%, 454 BHE it 7K 775 A
FE KBS R A/ N2 R 1T (2019 4F 4 H 22 H'F
F+ 4:00—5:30) F# FE—ESE AT (G5 H 3 H T/ 4:00—
5:30). RF AL FRMTE—IR 2975 1 000 ml, Wity i%h
FHWE 25 25835 5) BTt /N A2 vp 2Rt I s, DA
I T A YR T 7 Uk

INETF RS 5 A 3 H AR/ 10
FHYEA A AL R, SR E il A ATADL T IR X /N2 i
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T4 XU S 2 XU o A AU T AU R
F P XUHL I [ 4B B 100 em A %23 A AT L
IS PR XTI BE 248 28% , R 25 LA
PO E S| B HE 9 AN R T /N AR R R
BHEULHREER 2 m, —imARERARSE, 5
—WEIE), W KZ) 3.5 mis, HEER N 34 C,
HERF R
1.4 BUEEFNZE 777k

Mg RE: 2+ 4H30H.5H7H.5
H 15 H R JH SPAD-502 M4k AL E A Rl Ab B /N A
JEE -4 A & B (SPAD ). FEREAN b BRAY 4 7
RO RIS 7 MR/ NAE , I T R 8, I

FHSESE R Z T B e R S, 7 AT
(RN Az B A 4 R 5 i

AFREARIE: T 4H30H,. 5 A7THT
T~ 3:00—4:00, £ A5 b B A A AL P R HUR B 5711
58/NE, BRI TE, WHEMFEEREYHr, A S
e, SRIGTRA R ATER VR, T A Ak s Ak
i SOD (R pume i %Y | st 4 Ak ¥ POD (A 1) A 1
HEI AL ERE CAT(S MM kR
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Fe MR E - TR R N AR, SR Y
AR, HAEFE AR R B, XUT, R
HREFE L RKTE; BEEREET, TR R, B
HRLAE . TRE, fa, KR R, R,
FREE, Byee, DE R (H e /A0 B (U
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1.5 HELBESHH

K Excel 2010 A1 DPS 18.1 &4t Bl i A7
AEFR 5 53, SRR 2R J5 22538 Duncan B &2 i 2=
L T2 E L,

2 HBREHSH
2.1 EREBERKBFEXNNEZEFEREEBREEREN
=210

1 4URRY], HEKGIAELL, T, EIE .
ANEAL = TR, HSiR 15.65% ~ 25.57%,
2253k P<0.05 WE KV WML . ARNEAL IR &34
T AL B, 43BN 8.58% Al 7.41%, {HJE#
SRR B 2 KF-(P>0.05) . Xt FREEL, T FIA R Ak
P T KA, 3#80E 53524 0.88% Fil 8.85%, fH
SEACPRA 22 ORI, X RRIAL, IR ARAE AL
R T KA, GRS R 16.47% Fi1 9.95%;
VAR . AR A P A 2 T T WA AR B, S o
23.76% F116.83%. XI T TRid, i, L. AL
AR T K AR, 38R 43500k 6.33% ., 11.33%.,
6.07%, gl R, H S50k R 22 50k

F 1 BAREBERKERY N ETEREMEERZRNZMN

Table 1 Effects of water-soluble fertilizer containing wood vinegar
on wheat yield and yield components

e E(gAL) REEE BRI TRE()
Tk 18.36 b 18.83a 42.93b 33.44 D
i 21.23a 19.00a 40.40b  3555ah
AL 23.05a 18.67 a 50.00 a 37.22a
AHE 22.8la 2050 a 47.20a  35.46ab

T [FISEHE G AR NG B on A BRI 22 55 . 35 (P<0.05) 5
Tl
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IRZE RN, W T K AT | R K
NE . & ARBEBOK B NE RE S /N A2 Pt 2 T SRR K TS
BN AR BRI R AR 2, PO RO & T il
TN o 5 AR B HAHA MESE 7™= ) J2 2R R A,
R, TORLESASE s T WA K v A 7 Y 2R
TR AN 5 5 TR R K I G 5 1Y) 32 BRI
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2.2 ESAREERABEX/INEE Y E TN

MR 2 AT LVE Y, SIS ERAH L, 0 AT
ARNE AL B /N FERE . REI T m, 30853518
8.81% ~ 16.58% ., 5.79% ~ 24.05%, H:rpAAEALHE Y
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T /K A E) 25 57 4 2 (P<0.05) . T, VAEAE . AR
Ak 3 e DA AT A 38 %) 75 At A ey, IS Ak 3 ) AR
o

T2 ESAREERKBRINEEVENE N

Table 2  Effects of water-soluble fertilizer containing wood
vinegar on wheat biomass

IUBRE J5 A Ab BRI INZZ I it 3R B i T R o AN ]
AhEREAH LG, 4 A 30 H (TH#URUBaktEERT), 5 H 7
H(F# XA S 1K), 5 A 15 H (FHXU
BALFRE A 9 R I 4 R 5 ik 3 2 9
AE . ARHE AL B 2 T K AL R, HEdE SN 4.39% ~
11.74%, THWg4bFE 5 A 15 H M4 E S8R & T
IRARFR 5 AR | A HE AL B ) I 2 25 e 24 vy T T A Ak
i, 4 H 30 H. 5H 15 HMllER I F PR &5y
SRR AL = T AL, Hrh 5 A 15 HilgE 5K
JIE &b 3R] 2 3k i 2 7K ~F- (P<0.05) .
#®3 BAREERKBRSNMNEHETRESE
(SPAD {B)EI SN

Table 3 Effects of water-soluble fertilizer containing wood vinegar
on chlorophyll content (SPAD) of wheat leaves

Ab T 47 30H 5H7H 57 15H
K 52.27b 54.69 b 50.41 ¢
i 51.28 b 52.66 ¢ 51.47 be
A 57.79 a 57.09 a 56.33 a
AR 56.93 a 58.72 a 52.71b

yiszi! F&FFEE & (g/4%) MR (g/4%)
K 10.75a 5.53b
iy 11.84 a 5.85 ab
A 11.70 a 6.86 a
AR 12.53 a 6.19 ab

IR, W T A KR IE | 5 e PR K IE |
FARBROKEILREG fe /N AR, fw/ A EY)
IR LS AR BRI IERCR AN,
BRORE i T KA o & AR RS BOK I AE XS RS AT AE
KA e P OL T R HR S , i35 Vg e IR /K i AL 32 22
fERERIRAE K
23 BAEBKBEMNEHRFHEEREN

A

*3HREN], BEE TR, WK Tl
A HE AR PR 2 385 i BT — R e M AR
R BB T et s, FURREIRFAR, B 14,

IRZERAIAL R, WS AR BE . TSR K
B ELAG s NAEmE b s R S R RE ST UKL
SEFREE RIS A5 9 K (5 H 15 H )& i i 8 K % I8 14 3k
RS
2.4 EAREERKBIEIN/NEFSESERRN

FAEREY], HiEKAEAELL, 1. EIE .
AHEACER /NZRERF L. B 8o, RAE . REEY
SR P REAIR , X AT BEE TR RERLON 20 i
131 [ N W LB R i Ecl R a e b1 = 2B i )
4.43%, 11.36% . 0.86%, fgAlEAbH 5 K Ak B[] 24
S8R K (P<0.05); Tilg . MEAL . AAEALBER KT
A B TR, BRSO 2.86% . 8.23% ., 6.28%,
TR . KRR Ab B 5 W K AL B TE] 2% S0k 2 OK P
(P<0.05); MEAEALPRAGAFRIBE 5 2 1.48%, ANE
A IR PR AR A TR 2.59%, HAEAY R, 2
EERARE. T, WL, ARIELHEEIAL, A
TRE A AL 3B AR R i I e T T b 3 5.22%, H
AFERR, T, AR . KAEALBRE] 225 AN B

T4 SARBRKERMNEFSSENFME (g/kg)

Table 4 Effects of water-soluble fertilizer containing wood vinegar on nutrient contents in wheat organs

ib F&FT Ui FPRL

N P K N P K N P K
THK 71a 0.6a 16.4a 6.8a 0.8a 6.4b 28.1c 5.2a 48a
4] 7.0a 05a 146b 6.2a 0.8a 6.7 ab 28.9 bc 49a 46a
A 6.5a 0.6a 15.8 ab 6.3a 0.8a 72a 30.5a 53a 48a
NI 6.6a 05a 15.8 ab 6.4a 0.8a 6.5b 29.9 ab 5.0a 5.0a
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AL UL 5 T SRR A I B L AT i 13 /N 22 AR TR
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8.90%; il . WAL, AHEALFER) POD i&MEY) B 2%
T IE K AL, 315N 30.93% ~ 128.59%; T | i
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HH AL B MDA & &35 FRE, FEIE 518
31.98%. 6.76%, H T 4b 3 5 7 7K &b B A] 25 5 3k
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x5 BARBERKBENEHH SOD. POD. CAT ;EF4F MDA 2 E/IE M
Table 5 Effects of water-soluble fertilizer containing wood vinegar on SOD, POD CAT activities and MDA content of wheat leaves

e SOD(U/g) POD( A A470/(min g)) CAT( A A240/(min g)) MDA(nmol/g)
4H30H 5H7H 4530 H 5H7H 47 30H 5H7H 4H30H 5H7H
K 937.27 a 827.08 b 37.67¢ 44.2 ¢ 22.35a 25.01 b 14.92 a 19.70 ab
i 841.28 ¢ 859.97 ab 63.70 b 57.87b 24.72 a 2753 b 1487 a 13.40 ¢
TRAE 881.73 bc 900.73 a 79.44 a 68.12b 25.80 a 36.11a 14.85a 20.53a
ARHE 887.54 b 877.85a 86.11 a 90.75a 25.26 a 36.50 a 15.58 a 18.37b
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e/ s = g e S T R, A v T
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KEIE . & KBS WROKEE R 2E ) SOD, POD., CAT
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T /INZE T 2 AU A I, KRR . K
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TRz i, SRR R, SR R
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IR R 4.14% ., 15.82%%%, k351, TF4E
HmE TR AE WA AL AR | AR BRI Tk EE
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