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& OE: LIRS AN KWS 1176 ik 56 A1 kL, 76 S8 6 V14 48 43 T 1t 5 480 A 1) A S il i (Na® % & R 203.33
mg + kg, pH{H 8.92) #FAT/NXIKE . RKIBE 4 DAL, ARHAREEE (CK) . ARSI 300 kg « hm™ (BW1) |
600 kg + hm™ (BW2) F1900 kg - hm™ (BW3), £ MAbHl A 5 ( FRFEFF) . HIHA 600 kg - hm™, WF5T
Fe W], ARBERICMEAE Y5 BB IR LR T (3T 1.39% ~ 4.86% ) FI& /KA, FRARLHE pH AL 3%, B
ERRE A PURSR S (B AR ) &, W85 58 d R LTS RO B, TP i A
b AR R I MU A A R 14.24% ~ 26.87%. 21.17% ~ 32.09% F12.51% ~ 41.19%, BW2 4b3fi 1
ik Ca™, Mg™, SO, I CI &k F e, Al Na® fll HCO, &t B A% 0 8 1 i WS B = L L o
FEARHUR bk & i . MR R o- EESA SR, [ CK AHHAR = T 5.329% ~ 15.29%, HUMR &RiE

TF0.31% ~ 0.84% . LEG 7T, BW2 ket 25 2 2 i b SRR A Re Ik e RIS HRAR ™ B A BN R B
KGR B R KBS EWIR; HHERACMERT; B

it ( Beta vulgaris L.) J& 3% 8 5 20 REE
Yy, PURPRE O 2 e FRE P AL . Aede A AR AL
SR R E R H AR X EE Y R B R AR
Wit sy, A ERY KR AR = S B A o
XA E TR EDRERME D o3 A A s b o= A
FEE N, WS EA BRI ERARE, 5 H
X4k, XTEGATAEY SR EEY S 7 )G
1R R R B W (e 2 BRAREHSEXTER
A HAG B ()3 M, R T I R A s
PGS T, iR A K MG TR R, %
(N1 7 R 19 v 0 P 1 =15 7 D E EAN T 3
st ORI, B ACER B aE X B SR AE K A S
TR B H ST E SR

A=W 12 AR BRI 3500 55 A= 1 o R OB SR AR
ST I R B A ML R L w AR
B, AW RAEMGE AL BIEY e
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AR K TKFEBOEARB, & 17 KA
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BRERIBETE R, B ERRR TR & A
MAEr B, BRIk Y R R, ek
38T BTN 3% (14 2 0 J% i BRAR ™ B e de v
Rk, AP YRR LIy R, 455t A
[l AR, R A ROt A 49 5t 4 R ik
TR RIS R RO, e
A R BB SR S5 v 7 AR i 4R A P B R R
2%,

1 #MR5FE

L1 5k

HEIR T 2 5 A Ol R KWS 2 7 155 & 19 KWS
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JUAMD R G TR S IR 2 e A AR 2 43
1.2 X5
IRIG T 2021 478 B0 V148 26 75 11 i 47 48 1]

i (46°26' N, 125° 99 E ) shisHbibfr. 56 1
HESLREFRAL IR LR 1, RHEEA KA SO sh AR
1R 2686.9 °C, EFKE N 559.2 mm,

F 1 R T EEMIBMER

=l S = S8 Tt H 2
FIEEARE (% ) 29.86 i (mg - kg') 160.84 K" (mg - kg™) 12.59
AT (g em™) 1.4 R (mg - kg'') 11.01 Ca®™ (mg - kg™) 17.40
pH 8.92 B (mg - kg') 105.70 Mg™ (mg - kg') 66.46
SR (dS-m™) 0.37 HHUR (g-keg") 29.79 Cl (mg - kg") 86.14
AL (% ) 21.69 Na" (mg * kg'") 203.33 €O, (mg - kg") 7.66
HCO; (mg - kg™) 191.64 SO, (mg - kg™) 244.36 2R (g kg") 1.65
2 (g kg'!) 0.67 M (g kg") 14.90

RIS R e ML 4153, 34 M0H. A
JEIAEER (CK), AEEH 300 kg - hm™ (BW1) |
600 kg + hm™ (BW2) F1900 kg - hm™ (BW3), Jf
A R FRH G 600 kg - hm™ A . B Ab BRI 3
WHER, X 6%, ZKS5m, &% 0.65m, i
0.2 m, HNHiE4E N 180 kg, P,0s590 kg, K,0 90
kg, i, BT 2/3 19 IS AE — R A,
1/3 1) Z AT B A o 4% Ab A T ¥ A 26 1 o TR
SITREFRIAIEA . T 5 H 12 HiEr#kF,
FoAbBR B, Bl A B 5 AR = W R 2R 1T, 9 H 26
FOSCER,  WACHRRHI y™= Ak

TSR TN SEECRE Sk, TR AN S 4R 38,
58. 78, 100 1120 d >R £ 4 e A &, R 4R B
HALH R R YT BT, RS AL PR
(0 ~20cem) 3, R/NXDL3 SoRERS IR
AT, K USRI G IR A DGR AR A .
1.3 e sEhrS ik

3 pH B RA (CEERlbAbomroris) H
k. BT, AR LR oK
1S EE, mPEEEENE R 5% (EC) i,
- 48 H e TR (RDSOR OR AR RS, R
CH;COOK Mg Rk 1) BEATINAE . 355 Kk 3
Tk UOE . BRI T R e
CRIELRAL ST ) h YT EEIE o

FSRHAR P R (kg - hm™) W& /N X ]
PWZEFELE 5 m AR EAR, VR RR 5 P B A 1™
o ASRHUR ST [ PUREHER . AFE K (8P
FEAER ) F o- ZOEEA S | e BRI
=231 B Y i 4 = i a1 W RTINS
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HORP MR (kg « hm™) = BURM™ R < SRR
L4 HdEatr

JH Excel 2019 #F 47 £ 4 4b 35, 5 ] SPSS 23.0
PEFT R 5620 A0 5% JK - 1 22 57 8 3 e b
Origin 2021 P74 BRI

2 ER5HMH

2.1 ARBSFECEA: 9 ekt 1 SRR o 18 5 )
211 X A R RUR 5 KR 5

W2 iR, AREERECHE A D5, 47 Eh
T AR TE 1.39% ~ 4.86%, M CK 245
3, H BW2 4P 2 5 T BW1 A BW3, 66
i BW2 AbBEERE T 4 48 L R RO 2 . Ah,
25 4 B A S 7K A IORE B[] v 35 222 S B ARG S TH
LR A S, AT CK, KRB B A
Yyog o 4T Ak 4, H BW2 kb3 8 oK
KA FWIE, PRIERES 120 d 5 BWI1 A H2E
AR ESN, HABRERT [ 535 & T BW1 fl BW3
AL B
2.1.2 XF 45 pH (A HL SR W =2

FHEL T R, ARES R O A= P < B AT T 3+
¢ pH AE, LB A 5 vt 5, 6 1 1 pH
AR . 5 CK AL, 76 AR A HURE R ],
BW1 4bFH pH [4% 0.01 ~ 0.04; BW2 &b B pH FEAK
0.04 ~ 0.09; BW3 4b 3 pH F# 1% 0.02 ~ 0.09, BW2
5 BW3 AbFE] 22 A 2

W 1 FoR, BB AR, 38 EC EHEM
IR REE S, AR BB EC A P o YRR -
HEECH, T CK, BWI ZLFE I EC (5% S
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58 F1 120 d BYHRFERTE] T2 540, HARIURE R[] 1)
HBEACT CK; BW2 23 EC {H7EHE S 38 H158 d 1
BEART BW1 ARFE, 7F H A ORE s [R] 35 JE A i 22
5o TEIRIG 58 M1 78 d B, BW2 iy +1E EC [EfAK.

WAk, FERISEAF I, BW3 AbEEAY 3 EC
PR EALT CK. B, AHE R it A 4 e 6] AR
LR 13 EC (HHA BN, H B A it FH
A HE TN AR R S

(T

F2 ARERRECHEE W R HEE T &K E L RERA R0

FHEEAER (% )

e (m* - g")

QbR
#%&)5 38 d #&)5 58 d #&J5 78 d &5 100 d &5 1204 5 135d
CK 25.34 +0.32¢ 12.12 £ 0.32d 16.78 = 0.54d 33.00 £ 0.33d 22.87 + 0.40b 0.288 + 0.004c
BW1 26.01 +0.15b 13.10 = 0.14¢ 20.00 = 0.74¢ 34.70 + 0.44c 24.48 +0.33a 0.292 + 0.003bc
BW2 26.84 + 0.41a 14.95 + 0.54a 23.70 +0.31a 37.46 +0.35a 24.48 + 0.45a 0.302 + 0.004a
BW3 25.44 £ 0.28¢ 14.32 £ 0.22b 21.74 £ 0.25b 35.70 £ 0.13b 23.49 + 0.22b 0.295 + 0.001b
e RSN FRFRR 2R3 B3 (P<0.05), T,
3.801
700.00F a CICK COBW! EEBW2 EEBW3 [ CK 3 BWI1 [ BW2 ElBW3
'I' a ab
b - be c
~ 600.00- . 8.60F &b -
T c 2 ab h
~ 50000 d b 0 by 2 ab
n U c o a ab Fzbb
& T +abb
B 400.00 a B 8.40
il fb b +
=) b
§§ 300.00 |-
abwb 2q 8.20}
200.00 |- a
100.00 |- A
=l H BN NN BB
0.20
0.00 0.00
#E38d  HEEssd  #f578d  #EJE100d  #EE120d ®E38d  #EESsd  #®E78d  #EE100d FEIE120d
Jirgzdinyia| B
B 1 KRESRECHEE Y xd i T 158 pH EF0 EC BRI

1 NG PR R AR R 25 5 5.3 (P<0.05), T,

2.1.3 RS . AR O R AR

MY % 3 A AT, K VG bE A= 4 ke x4 e £
AT EREA R EEM. SCKHLLL, 7
TSR 2 A F A b A A R i BWIL AR B
6.29% ~ 14.24%, BW2 ZbFEIAAI 10.00% ~ 22.10%,
BW3 kb BRI I 427% ~ 21.61%., [5#5 )5 38, 78 d
Ah, BW2 ZbHIY B 355 T BW1 M BW3 4B, 454k
P - A RO e A T R 2 e T S AR
Ak, 5 CK M E, AT R i A= 1 o b 3R A
RO A R, #5588 d BW2 b HE I T
BW1 Al BW3 Kb B, 4% Ab B 4 18 i 5 4 45 0 16 HURE
H IR0 LI R Tk ks
38 d, BWI 4P T CK; #%)5 58, 78 d, BW1
1 BW2 43 5 CK 8] 22 A 3, 1 BW3 A3

L iy

HEHI
><1

FE T CK; #5100 d, BW1 kb B ik
T 3 AR
2,14 RS W TE it 2 ) e R = AT AL B =
E;um

MR 2 Fias, TSR B G 9 ¢ 25 4 v 1= 4
PN A0 EE A LT & e URE B
th BT m R R B AT CK, BWI1 b3
FERE T 58 F1 100 d i BHEA P & 5 0 E 5 S, 7E
/5 120 d Jo2E 5 ; BW2 Al BW3 ZbH7E fir A i
i‘%‘&em, 5 BWI AbHAH L, 7E#E)S 78 F1120 d

EPEE . BW2 AHAERR IS 58 F1 78 d A LT &
i, HARHYS BW3 A #TCH 2= 5.
B, TS O it A= 40 e DL BW2 Ab BE 5 42 5
BEAMUR S BB R B
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R3 AEHEREEMRNEETIEEER. AL BRSENIZM

HURER ]
Bzt sl
%5 38 d )5 58 d %5 78 d 5 100d 5 1204
Tk CK 165.27 + 9.60c 15338 +9.61c 184.33 + 13.18h 184.87 +8.13¢ 166.66 +9.07b
(mg - kg'') BW1 177.18 £ 11.47he 166.65 = 8.59h 203.68 + 12.38b 207.22 + 11.09ab 177.15 + 10.36ab
BW2 181.81 + 12.11b 187.28 + 10.08a 22525 +8.6% 219.03 £ 10.15a 194.83 + 10.38a
BW3 195.61 + 10.88a 176.89 + 10.90b 192.20 + 7.80b 224.82 +8.92bc 183.25 + 15.22ab
AR CK 9.37 + 15.09b 15.49 + 8.12¢ 18.53 + 5.44¢ 20.82 +9.54h 16.67 + 10.49h
(mg - kg BW1 10.85 + 9.64ab 18.77 +10.13b 21.14 + 11.76ab 21.78 + 8.26ab 18.58 £6.52a
BW2 12.08 + 10.49a 20.46 + 11.69a 2257 +9.41a 22.06 + 6.78ab 17.64 + 11.06ab
BW3 11.13 £9.41ab 19.62 +9.85h 19.97 £ 11.77bc 2275+ 12.09% 19.15 £8.37a
B CK 55.96 + 7.04b 89.85 + 5.24h 67.02 +7.18b 72.99 +5.77h 88.35 +7.39a
(mg - kg BW1 75.25+9.58a 101.70 = 7.11ab 71.60 + 4.39ab 86.42 +5.55a 81.12+5.01ab
BW2 63.61 +7.56ab 95.05 +9.89ab 77.27 + 6.31ab 71.74 £7.41b 75.04 + 8.52b
BW3 63.88 + 6.39ab 106.84 + 9.29a 81.15+8.13a 72.07 £3.67h 80.90 + 4.81ab
O0Or L vl EE W e EWS 215 ORBRREHEE Yrwns 0k 220 BT
R . RS AT
R P - R, 125 4 T DU L, AT MG A W 5 1 T
b 30.00_115“’ HY Wl S5 E 0P HCO, L Na® R M 19 95 ik, 0 T
= 8 CI". SO, K'. Ca® ({4 k. BWI HI BW2 4b 3011
& 2000f HCO;™ % # [ CK 2 3 B AR T 14.54% F1 12.01%;
B AT WO B AR R, R Gl R Ca
10.00F W, H BW2 Al BW3 AL BRI 5 T CK A
BW1; BW1, BW2 Fl BW3 4B K & B & T

00 L
#/538d /558 d #5578 d #5100 d #5120 d
HUkER ]

B2 AERREEEMRMNERTEENRSENZN

CK, 437l 43.34% . 45.61% F1 47.73%; Mg™ &
AT B T = S 5B TR R A2 A%, BW3
AbFRIY SO,> 2 T H A AL FE

R4 ABREREEMRKNERTEETER. FEFRIENZD

HEF (pg-g')

PHES T (pg-gh)

AbFR
HCO, cr S0, K* Na* Ca™ Mg™*

CK 187.08 +9.89a 3552+4.18b  188.04+5.28b 7.06+0.11b  166.61 +10.07ab 2837+ 1.61b  101.31 + 10.88ab
BW1 159.86 +12.13b  43.11+4.18b 19401 +504ab  10.12+0.13a  153.91+12.84b 3078 +1.41b  116.00 = 11.40a
BW2 16460+ 11.59h  5255+£4.09a 19242+ 647b 1028 £0.12a 15719+ 1021ab  34.84+233a  108.62 + 4.86a
BW3 17461 +7.15ab  57.77+5.87a  204.997.01a 1043+0.39a  177.25+9.74a 3631+2.80a  88.98+10.11b

2.2 XTSRRI T S

M2 5 T, REEVRECHEA: 9 e o4 v T RS
PR = SRS, BW A B4R 2 F 5 R
B CK 20 3R 5.60% F10.31%, BW2 AbFH 3 548
— 116 —

& 15.30% F10.84%, BW3 &b FH43 42 25 9.84% F
0.49% . A Tifs Y e il 2 490 Joe ot % figt R U 31 15 56
PR AR P A S R A B AER, B
BW2 AbP %) SRR i o B X
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RS OREERECHEAE YR R R B SRR &

REEMTEENZN
e ﬁ%’fﬁlfc% iR F*%%z
(kg * hm™) (%) (kg * hm™)
CK  52081.36 + 1255.32d 1444 +0.20c  7517.58 + 162.41d
BW1 55009.57 + 1414.48¢ 14.75 £0.18b  8110.80 + 175.66¢
BW2 60043.99 + 1000.75a 1528 £0.16a  9175.79 + 236.80a
BW3 57212.30 + 858.27b 1493 +0.13b  8543.49 +201.89b

HH 2 6 P, A VRt A 0 e Xt B i b S
BRA E IRy (AP FIgAER ) Al a- LB RS
PRI . BW2 AbBREHSEEAR AN FnaEh 14
BEMT CK, AREARERRER R, #EEIUR N
R AR TE; BW3 AR IR Y a- ZIEAA
SERMBEST CKFBW2 43, H BW2 435
CK FI BW1 Ab# e 22 55 R 3 o 2R A 45 A BEXH RIS
AR TR R A A3 HT, FE SR it LA BW2 &b
X ESRHAR i TR

F 6 RBETREHE AP A3 iR B AR IS
a- BESEASENZIN (mmol - 100g™)

b ¥ Atk Bk a- FHER
CK 2.66 +0.16h 2.70 + 0.15ab 1.84 £0.14b
BW1 243 +0.21be 2.49 +0.20b 2.01 +0.07ab
BW2 227+0.2lc 2.62+0.13b 1.92 £ 0.07b
BW3 3.11£0.14a 2.95+0.07a 2.15+0.11a

3 i
3.0 RT3 504 08+ O A AR 1
GGl

A=W e BAT O R R A 7, (B AR TS
R, WA S B —E M, PR A L
FEARG pH AR A 35 1™ T A VR — IR
PR LI R, 7R LIRSS, L
pH BT, LS . A S E AR
SRR E AR 0, XA
A —E R R AER . Zhang %5 0 WFF 2B, AR
T A= ) o R AR ER T 130 pHL, X4 v i AR AR P
FIEBRA L AT AR S A B3
BOR, SARKEHTTER— 2 X TR A
IR TERSE, (A5 3 S R (E A pH (EAERHSRAE
IR TR, SRR AREERA B8 T
YIRS Z M T SEERBT - AR Y, A

R, IRmPER IR pH AR 5%,
TEARBEB A YR ILRMEF T, TGS Y34k
Bl HEIAEE, PR R, ORI R R
B IE R A KB G IR e

e 32 R B 0 S R R R A AR B i
PRI LB O E AR L ARG R K
B, AT VR AR % i i S R A pHL, X
ORI SR BRI A 56 2 AR TR A TR 2 0 e
R R HE KB KT Ca® RIS AR B F &
Wawn, KA Ca® XF - SRR 4 W B BE 158 T Na®,
SR AR L Na® BB B, MR £
$Erf Na® &5 F S gL R T 0, X e R
Mo AN (A B B By, skakar s Y Ry R
B, Ca™ AT LLE e 5P ) Me™ FI K, [HYEAR
WFFEH, Na® il AR IR 8 3 32 8 1 Mg™ ATKY, 31X
& WA A T 9080 i A= 0 0 e R R B 0 B A
HFEH, Ca™ S Jesc i Na', X 5 FEgrig s >
FRRIF 58 5 SR — 5, AR 3 060t o A R 9 T 482 5 - 4
HClL SO, KRR HCO, M F Rk, 5F
JUPO BFSEGE SRR — 2, H, AREEREC A 4
BT ER I PR B AR, R
Oy, b B IR, (RS A K
R
3.2 KT TC it A 40 o ol 8 B b T =5 7= a8 A
Y 5]

CIPN Y. & R I SER A N B e ]
. PCEER AT B R T R B, JEE
o T S AR 1) 7 i A RO T e 0
ERhw N 3% AW s, R 10% 1) A NS
P ELG T S AR 2 B R e SR T LA A
SR PN P R, R 1% W
JIE A TR TRONT v A A BVl B o ST 7 A5 R A $
E AREEE RS H AL, X UL R A g
it I AS T8 Y T i A 4 A B AR T 4 pHL, RHEHLR
TOAREG N, 48 7 RIESR IR E KR, YT
BT, OGE T RHERN, B TR
SEHOR = BRI T, X 24 ZER AR R IR 4 FK 40
W AR 2R AR R R B T2V E R .

4 Z5ig

AT BE AR BRI A= ) e B AR i 1 RSB LE
R, T R HEE KR A pH, fEHR)E 38 ~ 78
d HENT SR A AR A A, S
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Effects of wood vinegar combined with biochar application on physicochemical properties of saline alkali soil of
sugar beet in season

YANG Xiao-fei, LI Wang-shu, WANG Shu-feng, WANG Chao, ZHAO Ling-hua, YU Xin-rui, ZHUANG Yan-long,
WANG Yu-bo, ZHANG Peng-fei, LI Cai-feng’ ( College of Northeast Agricultural University, Harbin Heilongjiang
153030 )

Abstract: The sugar beet variety KWS 1176 was used as the experimental material and a plot experiment was conducted
on the saline alkali soil ( Na'content 203.33 mg * kg, pH 8.92) in Wujian Village, Shangjia Town, Zhaodong City,
Heilongjiang Province. Four treatments were set up in the experiment, including without the addition of wood vinegar
(CK), 300 kg * hm™” of wood vinegar (BW1), 600 kg + hm™ of wood vinegar ( BW2) and 900 kg *+ hm™ of wood vinegar
(BW3), each treatment was treated with biochar at a dosage of 600 kg - hm™>. Results showed that the combination of wood
vinegar and biochar significantly increased soil specific surface area ( 1.39%-4.86% ) and water content, while reduced soil
pH and electrical conductivity, significantly increased the content of soil nutrients ( alkali hydrolyzed nitrogen, available
phosphorus, and organic matter ) in the current season. The effect of soil nutrient improvement was significant at 58 days
after sowing, with alkali hydrolyzed nitrogen, available phosphorus, and organic matter increasing by 14.24%-26.87%,
21.17%-32.09% and 2.51%-41.19%, respectively. The content of Ca®, Mg™", SO,” and CI in the soil treated with BW2
were significantly increased, while the content of soluble Na® and HCO5 were significantly decreased; BW2 significantly
improved the yield and quality of sugar beet root tubers, reduced the sodium, potassium and a-amino nitrogen content in the
root tubers. Compared with CK, the content of amino nitrogen in root tubers was increased by 5.32%-15.29%, and the sugar
content in root tubers was increased by 0.31%-0.84%. Overall analysis showed that BW2 had the best effect on improving the
physicochemical properties of saline alkali soil during the season, as well as the yield and quality of sugar beet root tubers.
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