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FARAMBRE T TALLE RIFATHBATE 38 A R R R A AWRAGEHMAE LW R oR BF
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| BRSO
1.1 i3 it

2017—2018 4FEAE 7 A48 I TH 45 7748 (45°33'N, 123°22'E) 25 37 5% BE A% 37330 AT K AR EG , 1% B [X & IR A
KBt P 2 XA, AP 35 B Y & 399.9 mm, AP35 28 K & 1 840 mm, F 35Kl 5.2 °'C, =10 “Cigsh iR~
929962 C, AR N 144 do A 135 0~20 cm + 2 -4 pHE A 10.1, T2 (EC) 5 24.08 dS/m, Tl fbfE
(ESP) 77.11%, & 28N 1.98%, TIRAERFRE N 1.61 glem®, &R BN 0.27 g/kg, R BN 16.30 mg/kg,
AR BN 9.13 mg/kg, AU N 107.25 mg/kg, B ML E N 0.64% , B E T2 N 6.27 gkeg, B E T E N
1.40 g/kg, BFRAR 25 T2 0 0.22 g/kg, BIR SR B T2 4 1.65 g/kg, LIERAU N E IR FT 2R L.
1.2 4R

AR I T AR AT KA PR A T E P23t . AR IR e A 52, 75 450~550 “C T %1
AR BRI 1 he B B A R WE B 2 mm 07, £ HAS A — 8. AR SRR BRI R WL 1.

k1 RAEREGERER
Ry pH i C N S Mg K ?a%ﬁ %fiﬁ/(mijl : Mn Ni Cu Zn B

e JR AR 5.56 429.19 10.85 2.58 1.46 5.51 6.32 2.77 0.14 0.09 0.00 0.01 0.02 0.02
A7 )
e R 7.94 440.64 1593 6.85 0.25 12.53 2.01 2.07 13.41 0.06 0.00 0.01 0.15 0.01

1.3 I

R FHBENLIX %3t , B4 AN EP R K, Bl :0.33.75.67.5.101.25 t/hm?, 53 5lic 8 CO.C1.C2.C3, /)
XA 30 m* (K6 mx%E 5Sm),3KEE
1.4 HEEE

KGR K 9, B2 9 30 emx16.5 cm. 2017 FE 12018 E 12 4 F 13 H &R, 2017 4E 5 H
22 HA#R,9 H 30 Hk3k,20184F 5 A 20 HAdiRk,9 A 27 Hksk. B35 ili)a , a4 61K 2 2 ecm 47, i
W, N AT 7800 FE 3 0~20 cm T2 AW R 5)— 50 BARE DU TR S d, UK EE B 3 ¥, ¥
FH i i NS0 o LAt B ) 2 b A 7=

K HiEZ & A 250 kg/hm?, 3% 0 (FEAED T o (BERE) * o (BRAE =631 1 {1 EL 51 23 HL e AR , e, JEAEAE R AR AT
3ditiN, 7 BENRAER ARG 15 d N, BRACLEAR] 3 i it N ; 4lif8% (P,Os) it FH &5 50 kg/hm?, 7 A BE AL —
Jiti N 5 480 (K00 it FF A 75 kg/hm?, 43 3 JEFIREIE 2 VN, 0 (FEAE) o (REAED=6:4. T By 1EiR56 /N X
T2 KB R, /N DX Ta) ) S RE T, FH I 55 50 cm, 5530 eme SRS/ XA B30 HIHRE 255 .
1.5 HmRESNE

B, 2 B8 S U R R B b 0~20 em = FF , Sk SRAEARE Sl 8 5 7K 3R, BIGHR 20 5 5 0 7 B A5 0
AR5 R 5 T AR B AR AT, B 8 3o 0 i FH 1 3 L0 A 0 e 2 3 Rl % Tk R 1l o o
LA B BAREASEK A 1 mol/L KCUR HEZ:, it AA3 LN B A 21, L3584 HLF K B AR FR A1
AR 5 s 39 A SR F DL T - Z8 PR s P 5 b S el A B R B B e Y A IR
SR 3R AR5 R FH SCHR[221 5 9200 5 3 350K 0.5 mol/L B FR S ANIR 42 , AN BA DT IRAF B t, RAh AT o6t
JE 1T 700 nm Ak H N 5E S ACEE R LR ER AR , KB VR E

R, BN XL 2 m*FE 75 F T 77, B2 3 Wk AR RIS T I FH AL R , 3 25 SR i Bk &, FF 0 e
FrKE AN 14% S KRN 7 & BNV RE 0 10 78 T 5 - H A - &, ridt—5
b, D e AR AR R TR R AR
1.6 BHBS

RIS K F DPS 9.05 BAFR ML IX 21 5K 25 79 A » 48 Duncan $ & 8l 227250 B AS [ AL B[] 7E P<0.05
(2= 5 B EME . R Microsoft Excel 2016 #0Exf Bdl #EAT #3221 B 26
2 RGN
2.1 YR AITEBFEHETIEF SRR
2.1.1 AR HATEBAEB LERE N0

RIS AT SRR IR R R B R A B EMGRE2) . AR EENNHIRERE, FHEEEY
R it FE 2 P B T B 0 o it FH AR R S 2 B AR T 95T SR BRRE F SRR AR e S ) =, R IR CO b B>
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C1AbFE>C2 AL FE>C3 AL B, (HAEM R AL B (0] 22 R AN 25 . TRT Hi H R S R B E R AAE —EE R
2017 FAH A BB AP (018 iy S5t 255 PARAIR L 2018 4R 24 0Bt A A= 0 7 488 i S 25 484 0

(2 TRAXAETLEREZ=E g/kg
e 20174 20184
£ [ s AR E A& LRE T AR A
Co 0.23£0.016 d 26.32+1.54a  13.96:0.62a  2.41£0.29a 0.21£0.016¢c  30.92+2.67 a 6.09£0.24 a 1.37£0.09 ¢
c1 0.30+0.032 ¢ 242142.67b 8.60+0.32 b 1.42+0.67 b 0.27£0.032bc  24.50+1.75b 5.524+0.05 b 1.58+0.07 b
2 0.39£0.019 b 22.11£0.58 b 7.28+0.98 b 1.34£0.27 b 0.33+0.058b  23.33+3.64b 4.89+0.06 ¢ 1.80+0.05 a
C3 0.44+0.016 a 21.06+1.01 b 5.57+0.75 ¢ 0.98+0.25 ¢ 0.49£0.065a  21.58+1.01b 4.75+0.20 d 1.83+0.03 a

W FIFVEEE CP3E £ ARHEZED G ARG F R RN 22 Rk B 5% 10 2 E K. T,

2.1.2 A3t A7 2SS W R R OB R AT 0 R

P 3 AN i AR DR S R T T R R Y S AR KB R P R e e ) 3G T
B, HA W AL PR CO M P 2 483K I 25 K -5 2017 4, C3..C2. C 1 AbFH 3 % fils B ¢ CO AL P 4y ) 48 i 1
192.44%-85.24%-34.82%, 2018 £E 53 I N 1 268.99%191.77%-95.24% . = 3833 25040 5 i 5 26 0 o e ) o
(3G b3 0, HAYD AR 2R (BR 2017 45 C1 AL B AR ) B CO b BE 22 St 35k Wl 25 /K1, A4 o Ak P41 1) A9, 24 55 )
BEIKT. 20174E,C3.C2.C1 AL FEHE 54 &5 CO AL PS> HIH8 N T 236.98% - 145.64%.37.42% ,2018 ££ 53 5l
BN T 195.39%-127.75%+62.00%

%3 R AT T 1R B AR AT g/kg
e 20174 2018 4F
Tk TR TR b= TR
Co 7.29+0.31d 123.68+14.39 ¢ 5.20+0.72 d 105.2749.06 d
C1 9.84+0.40 ¢ 169.96+5.44 ¢ 10.16£1.37 ¢ 170.54+14.93 ¢
2 13.51£1.00 b 303.82+30.40 b 15.1840.99 b 239.76+18.13 b
C3 21.33+1.79a 416.79+31.16 a 19.20+3.66 a 310.96+24.70 a

2.1.3 A x5 47 E AL W 1 E A HUR A= C/N 89356
ISINAEY R IR S T JR3T ShodRs i 3 WL R A 3 CO/N (R 4) . 347 ML B BE 5 AE P % i B4 I ng
S IGAN , HLAY) R A R )t 3538 B2 2 Ko Hod DL C3 b3 s vy, 30 CO b FR AR 157 1 279.07% (2017 ) A
220.91% (2018 ) . =338 C/N Fifi A5 A= 4 o it FH &2 ) 388 D 384 0n, ELAR 0 A 2 (B 2018 4F- C1 /M) 3 CO 3414
BEKF. 20174 C3.C2.C1ALFE 43 C/N i CO AL HE 4 42 51 T 101.20%-36.81%+26.52%,2018 555 il 32
7 39.30%-38.63%+1.24%.
k4 REAT A AR EF C/N

e 20174E 2018 4F
HHFR /% C/N HHUFRE/% C/N
Co 0.71+£0.03 d 17.63%1.17 ¢ 0.86+0.02 d 24.53£0.20 b
C1 1.14+0.11 ¢ 22.30+2.27b 1.14+0.06 ¢ 24.83+1.07 b
2 1.63+0.10 b 24.12+1.72 b 1.94+0.07 b 34.00£0.44 a
C3 2.68+0.21 a 3547+1.34a 2.7740.14 a 34.17£0.47 a

2.2 EYRIAITEREIEE =2 SR E T2
2.2.1 AR AT & AL B KA £ T 2 8RR

1R 5 R it P AR 0 6 93 3T R RS B /KRR AR ) P B B W S . KRR B AR P R A AR ) R it
FH 2 A 18 0 i 24 00, (B AR AL R 1A TE B 2 2 . C3AER AR e, 2017 SRR CO A HE 4R 5 83.38%,
2018 4F 3L COALFRFE =1 T 31.56% 5 C1.C2 C3 b BR/KFEAE M) 7= 5 2 A4 FE (A 35 CO b~ 3513 111 48.35%
52.09%-57.47%. K& ISR AE Z 8 A P ok 1 HG IR IR C2 Ab BE>C1 AL FE>C3 b 3>COo 4b B, H AW IR 4k
5 CO Kb 22 5 0 25 (H AR W R AR R IR G 16 38 22 7 o WAOIRFR BiUdRe i v C2 Ab 3, 2017 4R 5% CO kb B 1y
43.13%,2018 £F4% CO A FHR 1R 1 20.49%.

£ 5 TRl A I T ARG 09 A 4 5 Al A 3

e 20174 20184F
WA R/ (- hm™) kTR EU % WA R/ (- hm?) Wk TR EU%
Co 7.40+1.11 b 36.19+1.59 b 11.28+1.76 b 40.66+4.22 b
C1 13.06+2.46 a 50.06+5.16 a 13.56+2.08 a 47.41+4.45a
c2 13.01+1.40 a 51.80+1.34 a 14.48£1.09 a 48.99+1.72 a
c3 13.57+1.54 a 48424411 a 14.84+0.62 a 46.73+5.32 a
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2.2.2 &M AT A AS W ORAS 2 A 2 M R B T 09 %k

i A R B v T IR AT SRR FH /KR P B AR R (R 6) o KA SIZ Bk 7 8 il 55 it 7 12 P 389 i g 344
I, HAEY R AR5 CO AbFE 72 S5 118 8 3 KV (B AR W Ab B R 7E 2018 4F C1 AL HEL 5 C2 A1 C3 Ab 3 2 ] A7
EREER,CL.C2.C3 AL COALFE 2017 F 40 MBI T 144.15%153.21%145.66% , 2018 E43- 54 0 1
30.91%+37.23%+61.59%. ININAEWD IR B35 5 vy 1 /KRR . TR0 i & L 45 SR, (HAE W) A 23 ] U 7E 2018
FEAAEENER, HPBBAECQAH S CILMCI B A AETEER, SR RAECI AT C2 40 H 2
B) A B B 2 25 KT o AR X 53T Eh sl K R AR B K B M SR PR ) A7 AE — S E 25 5. el W, AR
S RIN T JRFT LR FH KRS S B, HLrR KRR AR TR R S SR A N & B R K.

%6 &4 FFHAET
20174 2018 4F

FEHU(10°-hm?) Rk FHRF g IR PR hm?) BEY(10°-hm?) BRI TRLT /g EYER % SEBRFE /(- hm?)
CO 286.67+£16.33 b 64.33+1.09b 23.49+0.97 b 67.61+0.02 b 2.65+0.19b 300.00+21.91 ¢ 73.44+3.02a 24.78+0.35b 83.55+0.02 ¢ 4.40+0.16 ¢
Cl 450.00+22.80a 66.15+3.20 a 25.91+0.58 a 89.32+0.05 a 6.47+0.68 a 386.67+20.66 b 64.94+2.11b 25.99+0.46a 92.61+0.02b 5.76+0.25b

C2  430.00+43.82a 69.92+3.39 a 26.44+0.17 a 89.48+0.03 a 6.71£0.48 a 430.00£32.86 a 68.18+6.00 b 25.91+0.26a 95.51+0.01 a 7.01+0.68 a
C3  433.33+£27.33a 68.22+3.09a 25.51+0.30a 90.17+0.02 a 6.51£0.40 a 396.67£23.38b 76.10+1.73 a 26.43+0.54a 94.15+0.02 ab 7.11+0.28 a

33 i
3.1 IR AT R L = S AU R0

ATABER R, S A A BRKERE A E, HEAESEEIE. b s i
SRR R A ARG S, T2 | R 7R i ED . St B AR & pHIE, FECRER
N NH A NO 5 R R i e, i il 3 S A BRI, EMRASEAG RENERITRGEED,
IF) B LA 250 K 40 2 T AR RS 5 4 R B 6 77, 8958 1 56 338 rp SR A OB RE 0, /D T 3% 4 B3 R0, ki
TR AR Re B SR S R R I AR R . AR LR, i AR B B T T SR H
T+ AR E B R IR FT SRS A R (R 2) . AT REZ KA AE W R B T AR AR BR IR B
fRIE T AR Z I A KRN 338 TR 23 B RS, 3T B ARG T B B R Y . A A RIS B, AR R
FRK T AT AR H IR S AN E, M S A B EPR A —EZ 7. BEEREE : Ot N xR
BT EIERCE YR E B RS MR, 38 N T 43 O/N AR A SR MR ISR S Y TEMLAS S DRI i R 45 A HE
TR T o e 245 S RN A 245 S O W AR 5 3 170 BRI T 358 b R 5 Ot FH A 40 0 WIS 9 75 1 R sk 61 36k 7K e
KRB RN, B EKRE Y R B GRS, AT S IR I IR T KRR AR 3 S E A A
SRS , 70 AR 5 AR O 25 1 ARt % Ak P - 398 b TE LA R B R v K e e b B - S
FBVFEHESRRMR T RER G ERZ —. 2 FEMESRI 5, TR & T AR — M EKE)E, @
Tk TSR AE T S AN AR IR AR B (137 0 R T A S AR R o 5% a3 (P BRE FE G 0 T 3 A A A, R
AR L R A5 B — 5 PR R 50 T R B R KRB TE LA AR R M 3 8 DA 2 AR 0, S AR T 4
BB A BN ABAFAE— B 2 57 AR RN T3 B A VR o 1 408 FNAE 4 7= 2 R (e a3 A A i s T 1) 2 K T
KU — 58 1 B INRSEYs [RIE , A=Wk %) 4T AR H 38 S A I S R K AR A Fr gt — P ¢

THFT ER A A O R A LR B . R O B S 4 pH AT HLT S DA SR
SR B A R I pH AR, 7™ B FRAR T B bl 1 A RAOPEY [ B R 5 1 A3 BT BN T R LR
P, BR A ECIT AR B, it A R B T ORI P B X I WL Ak R R . AR
RO, AW BB W0 T J5FT EhURE A 138 0 T ol L O A LR . XS AR AR N S A
it FH AP R BE N Y g O S A LT R R — 8. AR R B vy R A AR L O
HURE IR : O G BERKEEFR IR GR D, NN B 3ok 358 5 BN 17 R0 @4 R 3 m
T3 C/N, G T A A AE IS 8N T AR AR SE B AN A, AR T R AL 2 T, AT B
T R O S B @R B T E AL ORISR T AR R I W B R T 5 RE6E PRI L1
T AR A HURR IRk DT B 8 398 e A ol R A LB P e
3.2 YRS AIT R AR 20

ERTR G B T /K TG RO IR TR T, AT AR 7 /KRB = 0 ShBit S B ik AR 2
TREMINa™, FTH T AR YR Y Na /K72, [8] 56 20 i R0 40 it o vh (R AR 1 v 3h B 477 4R & 1 8 A

49

puseil




U ST 34T 5 B ) pHEL = pHE B IR RALU B30 007, S EAR R UMM R 5 1 I A2 )
AU, EREI B 1R | pHAR B ™ BN KRR AR NI FERKRE = B IRRE IR
B, ER M0 RE 52 P K Rt LA BRI R o AW TER I it AR W0 E 6 2 4R D 4T SR B8 7K A
I A= 7 B ARG 20, (R IR ] 7K 7 B A B PR 3R (R, TR B L S5 S 3O N 825, AT R 35 3 v 1 /KR
PR SR 6) o R GEETRT SR A A I AT FU S R AW 2 I K R AR ROk B TR L S SR,
[ I 2 G0 1 KA R T AW R 7R R AT TR 2 (Ca KNP Zn S &%) , &%
TR B S Na LU B, AR & 25 B P Na 2 N B R 1 Na a3 4, [ e o 1 AR bR
PRI, et T AR AR B AR 8 R SR o MR, AR TR AR S AT B i 1 R B,

4 2

DAY 5 RN T J54T ERBIAE FH 358 4 50 s At A A LB, Herb DL C3 A FEE IS K
(7 B A 4 7 A0 S 2 PRI 1 R T R RGBS B S R B, HUHAE B T R R R b B K. 204
Wk 5 25 R R 1 5T SRS FH KRS AR B AN R F6 580, B KRS 2R W7 B DA C3 A B K, O3k 2K
PAC2 A Bl f iy o 3)AEM R 2 2 SN 1 I3 4T S AR FH /KRS AR L TR B L 45 S, T B35 3 1 KA

PR
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Amending Soda Saline-alkali Paddy Soil with Biochar Improves
Soil Nutrients and Rice Yield

RAN Cheng, SHAO Xiwen, ZHU Jing, ZHANG Siqi, WANG Xiaowei, WANG Wenlong,
LI Jianbo, HAN Dong, LIU Xu, GENG Yangiu, GUO Liying, LIU Lixin, JIN Feng
(College of Agriculture, Jilin Agricultural University, Changchun 130118, China)

Abstract: [Objective] One challenge facing rice growers in soda saline-alkali soil is poor soil nutrients and low
yield. This paper presents the results of an experimental study on effectiveness of using biochar to ameliorate
these constraints.[Method] A two-year experiment (2017—2018) was conducted at Sheli Town in Baicheng City,
Jilin Province; we used the variety of Changbai 9 as the model plant. The soil was amended with biochar at four
levels: 0 t/hm’ (CK), 33.75 t/hm’ (C1), 67.5 t/hm* (C2) and 101.25 t/hm’ (C3). For each treatment, we measured
nutrients in 0~20 cm soil, as well as rice yield.[Result] Amending the soda saline-alkaline soil with biochar sig-
nificantly increased total nitrogen, available phosphorus, available potassium and organic matter (P<0.05), yet sig-
nificantly reduced soil alkaline nitrogen and ammonium nitrogen contents in the top 0~20 c¢cm soil. Compared to
CK, C1, C2 and C3 also significantly increased rice yield and the harvest indices by 48.35%, 52.09% and 57.47%
respectively; they also improved the panicle number, 1000-grain weight and seed establishing rate. [Conclusion]
Amendment of the soda saline-alkali soil with biochar can improve soil nutrients, thereby increasing yield.

Key words: biochar; saline-sodic stress; available nutrients; yield composition
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