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FEIMPEZ 5 mS/em IR [AI4E%E T 41~100 d. A0
FEREY, WA R T s I kK RE DY, B
FIR Y AR S KR, BB A R kR,
208 A B g S S, AR T KT
TN HEINAE Y R AT R i R R AR R R A, 1
INY 398 i LI R I H ) A R o A POV 5 o B
Fhi bt hnE Yo% 30 thm? IR 355 7K ZE 3 0 9%,

SRANB RN 45.5%. Bk 245P 8 i B 40k FHAR
6 R UM I 2E P v $ v IR KRR BE T, RIS
IKFRPER 7.1%~14.5%, Bl HGREREK, HAHR
RS 25 BRTIR, AR R A AT AR -3 A
B, INERER e, TR T DUA R i R K AR
K HEABREST. [UINA]Y B SR X e+
Bk hiE B A (AT 9 32 B TR AR R B 7 50 T
IKHEBRSE 7T, %o EE AN [FEE L 7 20K ELs B R 1)
TR, AN )R 2 A T Bt A= e 5 1
K 3hIE A IE R AE YK > FI R SR K 2 A
SRS AN A . CHOAR PR G HE ) ] AT B AE
WA FERE 7 20R, REFFAE DR s st 3K hiz
BN K AR I KR, B AR i ) R S48
SR T 2 X K 9 YR v ORI R B AR B A A b A s v
PRAL IR AR A AR ST HE

1 MR5REE

1.1 RIE X

R T 2016—2018 SEAF4FE 5—10 A 7E NS i
B XU AT XX R B RO R L A 1 A
(107°18'E, 40°41'N, ¥k 1042 m) #47. %MHE
T T R RS, s%5/0. HRRE. %
KD RRAMGETE: . ZEFEYEKE 140 mm A
i, SRR 6.8 C, P HBRAETE 3229.9h, B
W 130 d KA. LitsEPA, SORAEEMEEEN
891.3 mm, JEA4:H MZEHE 457.8 mm. 4 H WIFERN
i 126.6 mm, AEAH IR R 23.4 mm. EH ML T
ACPIIIRRA 3.04 mo RIS HEHL A AR S PEAR, HbTii3
F 1/6 000. HtiX-Lig b+ (0~60 cm), FEAM
HAPER I 1.
1.2 iRBe

VIR FIET L T SRR LT R A RA T, K
F KSR A JERE, 78 450 C I A MBebilim sl Ok
£ 1.5~2.0 mm), HIEAIRLL MR IE 1.
1.3 NI

DAFEE 7 2 FORFEFT AR R FH o — R AT
SEAREAL X AN X ARIE Wi, Forb Ry 2O Rk
THE. MR OKEERE. SORKERE, EYRAEN 0.
30 thm?®, FL¥E 6 ANbF: Hi F/KHELTE (D).

TR KA TR (HD . MU R/KEEREALFE (). HiR7K
TE+ED R AL (DB B8 VA] 7K ek Y+ A 4 i b 3
(HB). R /KIERE+AEIR AL (IB) . BN b
B IANEL, 318 MR/NX, FANXER 90 m?
(15 m>6 m). 2016 4 4 J K A=W 25 SI 4ot T 1358
RIE, M FREHLR £ R 5 HE 20 em 188155
WRA, 2017 41 2018 EA P E A i A= Pk

k1 23, ARG ERZMR

Table 1  Principal physical and chemical

properties of soil and biochar

T H Project fb3E+ Sandy loam ZE4#1% Biochar

RBURE Bulk Density /(g-cm™) 1.39 0.59
pH & 8.5 9.1
1L 53 EC/(uS-cm™) 318.5 /

A LB Organic matter/(mg-kg™) 14.47 9.26
B Alkeline-N/(mg-kg™) 14.47 159.15
X Olsen-P /(mg-kg™) 53 394.18
A Olsen-K/(mg-kg™) 184 783.98
TG 4 1 C mass fraction/(g-kg™) / 47.17
RT3 % N mass fraction /(g-kg™) / 0.71
ST 43 % H mass fraction /(g-kg™) / 3.83
AL CINI% / 67.03

F 2 BBKA KRR

Table 2 Irrigation water quality
TiH 1R 7K Groundwater HE 7K Yellow river water

CaZ/(mg-L™Y) 70.1 70.1

Mg /(mg-L™?) 729 79
Na*+K*/(mg-LY) 150.3 375
Cl/(mg-L™ 159.5 106.4
S04 /(mg-LY) 216.1 264.2

COs%/(mg-L™Y) 0 0
HCO%/(mg-L™) 396.6 183.1
pH {4 8 8.76
LEhEI(gLT) 1.07 0.74

P TR PN TE SR 6 5, FIE IR EE Y 30 cm,
ATEEN 60 cm, BEEN 56 667 Hk/hm?. FEMHT I
1 (N T % 18%, P JF 43 %5 46% )450 kg/hm?,
R E AN (N FTES % 15%, P &4 15%,
K &% 15%) 337.5 kg/hm?. $&5HART. 1. )5
WHEAE 3 ¥k, HhEEIT 1 R, BERWI 1R, BUGBIRE
(N J5 B 43 $ 46% ) 75 kg/hm?, 238 i R 25 375 kg/hm?.
T TR R K VA BETRT K, SREE AT A P S
A% 16 mm, ki E 1.38 L/h, dREskIAIRE 0.3 m. W
FET BT MU ], RS ) 2 4T ROk 8
T T R Sk IE R 75 20 om A EI5K S5 i EE,
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WEZK T BR-25 kPa, EESE #1270 m*/hm?. 43 3F 2018
£5H30H (150d). 6 H27 H (178d). 8 H 6 H

(218 d) BEATHEBEELTRIZKIRE . SEIKI I, L
B3Ik, HEBL RIS S RO SE PR, TR
BAYREE/K 22.5 mm, BEEBLYEE /K 100 mm.
14 HRRESHEST

2018 F F KK FEAERE 10~15d, 45571

FENE GRSk IE T 5 A 8D R (PRI Sk 17.5 cm 4b).
JIEEA] (P Sk 35 cm 4b) . JEA (BETESL 60 cm 4b) 4
AN E AT IR (B D), Hid 0~40 cm - EE
10 cm K4 1 %, 40~100 cm + JZ4F 20 cm K4 11Kk,
TACEIE S 3k, RRHRIEECL 512 AR (6 Mk
H>3 ANEE >4 ANIUEE ST J2) . R IR S 2
B4y, —ER s AN e R AR, H—
e BT R EE LI (2 mm), {EA{E#E4EH
HH SRS RS (DS-307, LiFRIEFMERHEA R
AFED WE TR B SRR LIRS e S
SR ZK A S=0.349EC, 5, fHH T4 h
B2, IR R0 FE P I 5 20 Hr A PR KBRS ARR
B, THEER R AEY K A R, eI
AR

\ Iyt \ \

;

] ™~ 70cm e (‘5
" 1791175 J
5 738 . N
§ Outside film m.ﬁjzscm 9 cm iﬁ?ﬂ%.
Middle film pp - Plastic film
JiEeh Inside film
50cm Meargin film A FEERRES

Sampling point of soil

Bl 2K EBFEE T
Fig.1 Soil water-salt sampling points
D Ehor-Fgortr
X1 m L REBETE A bR R R
TR TR, MRS A R URE BT I 2 1 5
B4, AT

$=)0 > (S,-L,-h,-1.2")-10000-7,> (D

A S N EE (kg/hm®); Sy, A HIRBURE 55
& (g/kg)s Ly AEURERSI LR (m); h NEURE S
TREE (M) p SR S AR B (glem®), i
IR AR ZEG n AR SR 1.2 m.
2) b=
RSDR=(S,-$,)/S;, (2)
A . RSDR Afliiih®E (%), RSDR NIEfiI #xrt
JZER a8, Wi RN FUE I Fon LR, S
N 2016 SEFEFH AT L2 2R W16 {E (kg/hm?), S, 2018
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SN BRI B B (kglhm®),
3) I kE
H=3"(A6-C-Z): (3)
X HON R OKE; A AEZ i HFES
KE (%); CATE I MEEEBFE (glem®; Z
RNEZETEE (mm),
O {EWAE IR E
ET.=P+I+K+RO-D+AH, (4)
Kb P AEMEAEEHNENE (mm); | AEY
A E BAREE A CmmD s K LR KM & (mmD);
RO AHLRAEF (mm), FARL PR, A%
RN D AR EB IR (mm), Hh R,
TR B D, AE R ZBRR: HERZES
EZ18E ) 11.23 mm, AH 24y 0~100 cm 3% i
oK ERLE (mm).
5) T KoK FI I RCR JEE /K 43 2R
WUE=Y/ET,, (5)
A WUE k3 FIF R (kgim®); Y R T KAR
778 (kglhm?); ET, NEK44EEF WKL KE
(m*hm?),
IWUE=Y/I, (6)
A IWUE AHEBKK S FIRZCE (kg/m); Y A
KPR (kglhm?)s | A K4 & W /K
& (m¥hm®).
6) Wiiktain
HI=Y/DB, (7
A, HERUBGERIE S Y R KRR & (kg/hm?);
DB A E K44 E MK TR 2HE (kg/hm).
1.5 MRS E
K% H Microsoft Excel 2016 %A xt J5 i S i %5 4
HEAT R 504, {3 Origin 9.1 Al Sufer 12.0 ¥4t
221, FIFH SPSS 20.0 X} B H 4T R %
M (P<0.05),

2 ZEREDH

2.1 HEKSBIEENSTHE
ASEIALI H# 0~100 cm 42 B S K R o &4
{2 FE 3 (V. fEZEIh A F B RN

AR BN EIMED Fros. WE 2 aTLE H, A
IR 2N HIEE KR AR, FEAHE I ZE
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T AEWR AR BRI 3SR R B AR TR 2R
RIS F RN . RS AL (B 3), AFRE
BT, YR ACEEER] S 0~20. 60~80 cm It
S5 K R 2 Vi B WS e T R N A R AL EE
20~60 cm - JRANA AR AL BE ) IR E KR AR
5 ATt 0 A= 4 A B AR 1M 80~100 em +
J2 & AR TR 8 S K AP S B .

1y B

@ DO DB A ] TB‘+II

K
T T

WEE % BT B /mm
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Fig.2 Dynamic of soil moisture content of

0~100 cm under different treatment
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Fig.3 Results of 0~100 cm soil water content in the whole
growth period under different treatment

2.2 BIRE T TRHENE

FRWCIIIAS [FFE M 26 A T LR A 1 Ol
mE 4 fros. B 4 AL FEARRER TR, b
Az Al B /N DX T N 22 P 1) /0N [XC B g /b
0~100 cm &L 7> R AR, HUTF7Ki#ET U, DB AbHE
SR EFAEPTERAME, D A3 3o 3 B 7R
[ REYE Sk 60 cm AR AN IRAN R 2 8 o 1R K RE AL P
JB AL F A H AR AU, I AL ER 73 T AR v i A

frE 50 cm &b BERKEEREALEE, HB b3 5 3h 5
/NT90.7 glkg, H ALK ER 73 7ER Sk IE T 77 60 cm 4k
BB dp N (= =R <3 S N w7207 3 7 . 5/ b kX P 1]
Hi R K EAL R h 5 AR T T RSN SR B, X
T BRI g T /KR HE AL B SRR K RN, BRRHE
IKNBIXIAE 0~30 cm )2, TEEI S0 kit =
RZE T,

% 6 /mm  Distance from emitter

Soil depth

£ ERE/cm

Soil depth

L 2R/ cm

B4 TR AETF AR KM 0~100 cm 13 4 2 A& /(g/kg)
Fig.4 Total salt content in 0~100 cm soil at the end of growing
stage under different treatment
SRR 2 EEAE R ) 0~40 cm +JZ & 0~100 cm £

YL 2016 F R EFATHF— R Gt i (R 3, K
A F AL EE 0~40 cm 2 3 B E A ZROK

(31.5~345.2 kg/hm®), Bih R EHE R EEF

(3.1%~33.6%). AFENEB T, MAnEY) wAbE
0~40 cm 1 0~100 cm ¥ ffit #h #< BY /N T ARt N AE )
WAL TR, o T 7 W+ A A e Ak R R A R A
FLUC R /K I E+ AR R AL 3, BT 7K e HE + AR ok
AL P (R Bt BRSO e 22 o i — 2D AT R, TR KR HE
SAE T 3 AE R BRI B 2 (0~100 cm) B
HiR K E L B TR K e E T e P AE R Ab B e Y 1.24
f%F1 3.30 5 o

5 A 0~40 cm /% 0~100 cm &AL FRAE Py | e

JEETE] . AR SR 2016 FFE & . 0~40 cm LEA
[F) B W 7 2T A AL AN [F B A B g £ 4y
IS RUEREAAAE 22 5, D BN by ey ]
JE AT B (AR B B 433l LE DB 4b /1 158.3.1 263.4.
776.2. -499.7 kg/hm?, JB AbFRAEfE b JEirh, fE)a]
JE AT B AR B By i EE J Ab /D 481.9.523.9.719.6.
-692.1 kg/hm?, FHrp7EfE b b A fr B 22 5
F. HB CHEAEN B B, JEE) ., M B R
B HIE H kb3 1 036.7.709.9.-87.3.-903.9 kg/hm?,
FopERE b i, BEAMY B H B EREE . A
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[FIRERRAL B, g WE AL 3R & 7 AN B PR AM
o FR o> MBS e _E AT BB D o 3T KR REAL

BEL T BRI, ARG T, T HR K
VERCPREE A b Sl RS

% 3 RRAZT 0~40 4= 0~100 cm + & 3 5 69 5 K & ABLE F 9T 5
Table 3 Calculation of salinity change and desalination rate in 0~40 and 0~100 cm soil layers under different treatment

+ B £ 8/(kg-hm?) Salinity

Jit 25 21%

= X B kH S} b b 522 /0,
DB 1028.43 1293.42 264.99 25.77b -7.80
D 1028.43 1373.67 345.24 3357a
JB 1028.43 1292.01 263.58 25.63 b 22.56
040 J 1028.43 1059.97 31.54 3.07d
HB 1028.43 1227.73 199.30 19.38¢ 0.53
H 1028.43 1222.28 193.85 18.85¢
DB 1094.52 1268.98 174.46 15.94b -11.43
D 1094.52 1394.12 299.60 2737a
JB 1094.52 1080.42 -14.10 -1.29d -7.91
0~100
J 1094.52 1167.03 7251 6.62 c
HB 1094.52 987.09 -107.43 -9.82e 1.55
H 1094.52 970.12 -124.40 -11.37f

H RPN FREAFZORFE L F AR AR 225355 P<0.05 R2EKT (NRED: L2 & HEBYIGE 2016 SFARH. S mp b B,

JETE] REAR Y s BT B

Note: Different letters in the table indicated that the difference between different treatments in the same growth period reached the significant level of P<0.05 (the

same below).The initial value of soil salt content is the background value of 2016.The total salt content was weighted by the four points: above, in, between and

outside the membrane.

[ Jo4oem  JEE B BRI a B
2 Tnside filn| 2 Middle filn| 2 Margin filn| 2| | ab outside film
1 1| 2 T 1 b
a2 8 a T a b e ﬂ b
Ommzzog/;ﬂ‘ B N e 4 I N O 2
o g T g 7
-1 ¢ i ¢ |-l € ¢l &

DBD JB J HBH
[ 0100 cm

DBD JB J HBH DBD JB ] HBH
4 4 4

a a

I
o

<

Salt change quantity of soil

+E #4 B & /(1000 kg-hm'?)
IR SIS

c

DBDJB JHBH DBDJB JHBH
Kb Treatmeats

B 5 RR & T 0~40 cm A= 0~100 cm £ & Ji 3k &
Fig.5 Desalination of 0~40 cm and 0~100 cm soil

DBD JB J HBH

profiles under different treatments

2.3 EXRFEMREKIFIRER

HVE/K B Z8HCE . 778 ™ A U R A SRK
Iy A FHRRE . RERLK 73 R R SR TR En =& 4 B
o ANFREE 77 20N BN AE AR 5 AR N A= P Ak B
WIEVZS BRI B 25 MR /KR HE . BT /K
VRE 25 AP T it I A2 0 3k 5 ARt N 2 0 o Ak B K 73 A
R REMK PR R B3 . R BAE A
W 5 AN A ) o A SRR T 22 5 A 355, B b R UK
THRE AT TP B B2 TR AR AL B . 17
K ey KL B S AR B[R] R, AN [R) AR B IR PR
o 2 S AN S 2 TR R Ak B RROR R v TR AL
o TPy BRI K RERE S AT T I AE R AL B
RHEINAEVIR AL PTG B2 22 740, /K HE . R
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39 TR Ak LA W b L T 9 2 R ) [ N R 7 K 4
R e REWR K R R, I /K B RERIR B o (7
I F T R A B B A IR 7 X, AR
TR
3 ¥ i
3.1 AREER AR THEMERITIEMK 73 FI A
ZRYF N

Tl P A A T O e AR KR, R
gk . A FIE P KA R R E e K
BEAT AT, RIUMEIN L5 A R b 7K e 4 1
TR, X R N A R N T 33 LR
JEE , A5 38K 2) 5 2 i A R W B B AR LA
MRS T AT RE R, e 7 R hkE,
WA EYFI R A oK I 0, 3% 5807k 75 PV 9 45
—E, BERES PR OREK R, MK, K2
IS K R AR BN, (AR E AT R M N A4 R Ak
B 5 RN AR 5 MO T L A O 2 R U . R
77 R BAN ), 7 B M VR R A R R
T VEE DB RN T AR R, X R TR S
IR, /DB A A 5 T LA - S X
SERIEKER, 78T K T5 K BB KA SR T s
TR RN, ATE— R EY) T AR, R
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IAEH B A8 I TE 22 B 2% 3 B0 T TR Fe R Kb
FRERIA R 2o b /KR RE SR R T B N A A R T
R0 R, IR R, B Rk oy
R0 S RE MK M 0%
32 FEPEMA AT AL MR L1
K HARZ AR

WEFERM], 7 2 M 1 A K 22
H 32—, ARy 2 LR A L BRI UL
TG AR 75 HC LA I R i i 0200 i (e gk - ey
WISV IR AR i B SR AR, AR 24
Jaxt H 3R AR R R IR 2 MR OFEIR
AR SA KB ATEE 7, KRR K ca®'s Mg™*
SRS TACH T LRI A Na“B T, [
I K ) AT P B S AR N R 0 R — ¥ 3
HAEARASOR AR @ AEIR B A KR
Jit, BN IRJEAT RS T YA A, S
AU, HEMEES S LR, SR IR
Rt AR, (Rt BRI Y, B A AR
B, SR IERKE, YR B T IR AR R
N ALBREER, et oK riash, Fril#h s ER S

ZHHY

Bk LT 2 ARIGHTFURIL, R KRS
PERN I AR AL PE 3 a Jm 38R /) B 2 IR TR N
PEMIR AR, AL BB K T SUE AR
BiRERD, 1RSSR A TE, SRR
RBEFE e Eh 0 R BERIR R 3, 1S RESRAT T
#hor F PRI E 40~80 em L2, TWTERINAEY) R
AL AP R AR R B 2 FLE ) ROROCR TR 4%

FURRE, (15 LR EE RN, B 2 T iR e R
LRV YOSV SY VIS NN V)Y€ NI Y7/ N L1
FEAE IR I EAT h 7 Bt B IR = T IRARAR
BRI FLBREEFRAR. @ A . B K
B Eh R R R KR, IR R K s B
G SR A RERTE R BIR R L3[Rl IR 2R A
TN A ) A BRABSOR T N A= 0 R AR BT 3 2
HO TN KR REALBR o, i A= P R Ak PRI I M M ER Ak
Ry AR RINED R NIRBO A EERCR s 3K
W VEE Ak 3 v e o A ) i e B 5 At AE A Ak 3 8
RO EERCR , (EAR SN LY AL B £ 8 25
TN AR AL

k4 TRIAET 2R 2 H R EE FaK G5 F) B
Table4 Yield components and water use efficiency of maize under different treatments

o gpwemn ki (B ppmmeny TR pmmcr sk SR
Treatments  Evapotranspiration ~ 100-grain weight grain Dry biomass Yield WUE/ (kg:m™)  IWUE/ (kg:m™) index
DB 452.04b 38.40a 714.67 a 39.21a 1475a 30la 576 a 0.40c
D 499.29 ab 36.52 a 684.89 a 24.67c 14.23a 2.84b 5.25ab 0.57 a
JB 520.76 a 36.80a 628.27 b 2756¢ 13.09b 262c 4.33¢c 0.48 b
J 51354 a 37.29a 619.73 b 32430D 13.10b 267c 437c 0.40c
HB 518.96 a 38.36a 676.00 a 33.92Db 13.71b 2.63Db 490b 043c
H 515.50 a 36.47 a 600.82 b 29.64 bc 1241c 241c 414c 042c
4 % # S5

1) YR 77 3 e AR 0 K3 7 Ak R i
S, HLZRBICE 3 0l EU E A TR RE A B FEAIG 47,3
41.5 mm, K4 FI RS B S 0.2 F10.3 kg/m?,
VEE B /KR FH 2% 23 391355 0.5 A1 1.1 kg/m?®,

2) HUF 7K AR e Ak 3 ) I R AR B A
(11.43%), T] 7 BEE B+ A 40 e A B2 1 ot 3k 205 2R e 2
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The Effects of Soil Amendment with Straw Biochar on Water and Salt
Dynamics as Well as Water Use Efficiency of Corn under Different Irrigations

JIA Yonglin', QU Zhongyi", DING Yanhong?®, YANG Wei', MA Guiren', LI Zhengzheng*
(1. Water Conservancy and Civil Engineering College, Inner Mongolia Agricultural University, Hohhot 010018, China;
2. College of Water Resources and Architectural Engineering, Northwest A& F University, Yangling 712100, China)

Abstract: [Background] Hetao Irrigation District is characterized by high soil salinization and low water use
efficiency. Improving water use efficiency and alleviating soil salinity is essential to its sustainable development.
[ Objective] The objective of this paper is to investigate the efficacy of amending soil with corn-straw biochar on
water and salt movement under different irrigations, as well as its consequence for crop growth and water use
efficiency. [ Method] The experiment was conducted in a corn field. The irrigations and biochar application were
designed in the two-factor random block plots. There were three irrigations: drip irrigation with groundwater and
furrow irrigation with groundwater and Yellow River water respectively, and two biochar application: 0 and 30 tthm?.
The biochar was applied to the soil surface in 2016 prior to planting followed by a mixture with the plough layer
using a tiller. During the 2018 growth season, we measured soil moisture, soil salt content, corn yield,
evapotranspiration and water use efficiency in all treatments. [Result] Drip irrigation with biochar amendment
increased desalination by 13.3%, evapotranspiration by 10.5%, water use efficiency by 6.0%, and yield by 3.5%,
compared with the same irrigation but without biochar. Furrow irrigation with the biochar amendment increased soil
desalination by 5.0%, the evapotranspiration byl.3%, corn yield by 4.8%, and water use efficiency by 3.1%,
compared with those without amended by the biochar. [ Conclusion] Three years after its amendment with soil, the
biochar was still effective in alleviating salt accumulation in the 0-100 cm soil and improving water use efficiency
and yield of the corn, irrespective of the irrigation method. Comparison showed that amending soil with 30 thm? of
biochar coupled with film mulched drip irrigation was most effective in saving water, alleviating soil salinity and
ultimately increasing yield.
Key words: irrigation methods; biochar; medium and long-term effects; desalination; soil moisture; corn yield
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