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1 R5EREE

1.1 HRXER

RET 2018 4 11 H—2019 4 6 H 7EI K241
TR X K [ X1 H AR 37 AT o R XA T kL
3186', AR% 11860, J@ WIS M%, FFEIJHEE

15.7 °C, fE¥ZKE 900 mm, TLFEM 237 d, 4
HREE ] 2 212.8 h, F¥FEKE 1021.3 mm, FPHE
A, G5 Rt S e e s
BTN, ZBAEAFN 5.0m? (25m=.0m) , &
BB IS R R IR RE T, H T R B R
Ok HEOA R L, AR LR 1.

k1 B R RH R

Table 1 Basic properties of experimental soil

UKL AL %

prgen e TN mmkame o fRA wames G
0~20 41.04 36.36 22.60 1.32 27.32 143.2 48.97 10.07
20~40 34.18 38.47 27.35 1.36 28.78 102.9 47.43 9.98
40~60 28.28 41.83 29.89 1.41 29.38 86.7 46.62 9.86

1.2 ¥t

R R BN e X, RGN R

IKEERE (BO)  fURU/KBEBE AN RN N 15 thm?

(B15) - MUK AN A ) 55 0 30 thm? (B30) <
TURK BEL AN AE M) 3R N 45 t/hm? (B45) LAk
FERRIRTIRAE (CKD , AN ESE 3 Ik, 3L 15 4
RN o PR R R I BIFERT %, /N REFT
HETCA LA T ) 550~600 CHiE 4~6 h il 1M . 4
Y AR RR 9 0.19 glem®,  HLEEIFN 9 mg,
BALBRE N 67.03%, JESFLIRE N 12.87%, FEKSL
FRFF N 61.10%, pH &} 10.24, EC {&N 4.68 dS/m,
PR 132 il 60.8 cmol/kg, 75 [ E B 650 grkg-
A 10.2 g/kg IERLE 55.65 glkg.

G T 2018 47 11 H 2 HiEF, L4/ z i Fh
AR 863, A 300 Hi/mP, 4TER M 15 cm,
2019 4F 6 A 2 HUEk. HRHE R 1158, 3%
R 1R FH B 3£43 59 A 300, 150 A1 150 kg/hm? it
FABRER 4 JREFIEAPISEAL . FEFPRT, K b3
o N (R AE R 35 ) PR AE 3R T, @ N TR B
A 0~20 cm HHEE AR, KKy K EE X EH
K, UK NaCl B # i, WEH LE 5 g/ll.
ROV 80 mm JIRI/K. &/ AEKS P RIS
FEWE K X -k By v %7K 2, 24 60 cm
R T 11 38 B 7K SR 2T HH R R /K R 1K) 70% 0 15 AT 1
K, BEKHE/K 70 mm. BUBK AR EE 24 K F 45 B i Bk
VR, SR SURME AV R 2 AT M T EEE o s ik B
R &AL BRI, AN B N AR R, W
RFM. RIGAE 2019 4F (2 26 H. 4 H7H. 21
H. 30 Hf15 A 12 H) #4717 5 UGB
1.3 MEMBSHZE
1.31 :EH4R

1) RRUR R, FLBEE KA MR &

KONEWGRIE, ] (L 100 cm®) Fi-t4l
(HfA2cm) f£FRZE (0~20cm) BUFEARLRE, A
/NMX FEMLEL 3 Y TH 5T .

W] EREAERAE 105 C Mt T EERE, 5
FrmE, BRRETEAN:

IR =T A TR (D

W LB TR F/KRIE 24 h 5, SH
A, FLBREE TN

TIEFLBR R =1-T LR AR L& (2

KBRS R S A VR E I LR & .

2) SR (ECps) MANWFEE (SARD

ZNFEWGR A, FHL457E 0~20 cm F1 20~40 cm
BUSREFE, ANXBEHLE 3 T E-FE . T8
B TREARATE, BHRSHED 1 mm FrifET,
MK 105 B EHERER, RAEHEHE
ONLEAT o B8, eI L2, H
DS-307A B i FEA N E 3T T, A ICP-MS H
JEHE A5 S B TR R E AT Nat, Ca?*s
Mg? B T, TSN PR 5 R

2+ 2+
SAR =[Na*]/1fw . 3)

1.3.2 Ydhet b £ K AR A R IR

KNEFFACSG, BERE 7 d W 1 RN A
KFEPF

D MR (LAD AR (LAD)

AN BENLRE 10 RN, KH
L1-3000A YT RS 72 B AR A /N2 T AR o P TH]
FUHEH (LAD HERAN:

LAI= PRI T AR X BT AR BN X AR . (4)
ARSI (LAD) 5N

LAl + LA,
2T

LAD , (5)
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e LAIL AT LAL 2359 R 2 AN B T
PUIREG TR 2 MERFrBCZ I RE (D) .

2) HEHEE (P MAILRE (G

FEANTRI AL F ) /N X P BE AL EL 3 i, 72 5E
H ¥ 09:00—11:00, Fi LI-6800 {5 #5041 Al e
REGAECHRBRAE 1 000 pmol/(m? ) F1 — AL BE /R 43
#7400 pmol/mol T llsE &/ NE &SRS He S
i, ARG EE (P MAILSE (G , =
3UGHH R JaEIE N BOF SR . MR
FHE W 2.

k2 oMzt AR T
Table 2 Meteorological factor data of photosynthetic

determination period

165 E)/d

SEHF
0 7 14 21 28
BT 19.5 19.2 22.3 24.9 25.7
AHXHELE % 78.3 66.7 61.5 83.3 56.0
RS (m ™) 5.8 2.3 2.7 46 3.7

1.3.3 2D EHKT R AT 4 R B A4

FE % AL FR /N X B LG IR AR 30 #RIT £ BR
MR TERABEAR RN VB TR 48 T A RLAN
BB M, 105 CRERE (R mARE)
80 CHtZIEmEIME, MM 7 d Wl 1 JOFFRIE
D% =2 AN w5V EP L Ay S W E

T i B =10 RS TR 9 B T I & -
B ERSETHRE:; TYREEE (%) =T
s B RRE TR B T E>100; /51
AR R E = SRR TR - TR i s e
Ja TR TTHRE (%) =185 T A 5 2/ A
PRAFRLT BT & >100; TRt (%) =14

Jo e 38 B P A B R AT RL T 5T E<100
1.34 A ERALFZHT

KONFEUERIE, WA b 1 m? X s
S1EY, HXRTEERE, FEHM AV E, SR
BHUAAEREAT kL, & B A7 T AR AR 5, I
THEBGRIEEL .
1.4 BIES

RIGHHE K Excel #H7i0 3. BH5ER, It
iz | SPSS 20 % ge £ s 1247 75 % 7341, K A Duncan
LT 2 B (P=0.05)

2 ERE0H

2.1 WRZKER TEYR RIS HIRFHE 20

* 3 AAFMI T HIBARR R, SfLRE. A
WU (SOM)  HLF 3 AN R EE o Bl A= 4 4
B, THARUR R ERGES, SFLBRER N,
HHLFEIEE. 5 B0 A#AEL, B15. B30, B45
Kb B (P ARFR T B il BRI T 2.27%. 4.55%7F1 8.33%,
SFLBRE 2> BN T 4.52%. 9.19%7F1 13.47%, SOM
BN T 30.02%. 65.06%F1 111.12% . HAh iR K
VEBLACFE N HIERZM FEMIX A ECys A1 SAR {HHZ
CK 735l H 237.12%..225.42%F1 285.83%.277.87%.
15 t/hm* 5 30 thm?® [2ER RN EA et 1 26
Mk, B15 A1 B30 AbHE ) H 3R E A EMRIX ECys 8K
BO AbFE 43 A FRMK T 9.89%. 3.82%711 8.33%. 3.39%,
M7 45 thm® [ EYIR IR, 3 SR ) g
BT 5.39%F1 3.65%. A=Wk B3 AR T IR
fEb. 5 BO AbFEAHLL, B15. B30. B45 4bFH ) 135
FIZMEMIX SAR 737 % 23.88%.28.78%.33.27%
1 22.34%. 27.11%. 30.80%.

£ 3 WK BB e M R )G 09 LR 4

Table 3  Soil properties under brackish water irrigation and biochar application
Ak W%ﬁ?/ BILEE/%  SOM/(g kg™ FCus s o) RO
(gem?) HJE(0~200m)  FHK (0~40cm) £ (0-20em) K (0-40cm)

CK 1310022  4856#1.75c  10.5840.51d 13247.94d 118410.54d 1.2740.62¢ 1.2230.47¢
BO  1.324003a  48.19#221c  10.1640.34d 445+10.39b 384417.58ab 4.9020.49 4.6140.75a
B15  1.2040.03ab  50.37+1.43bc  13.21+.03c 40149.54¢ 352:411.36¢ 3.7340.35b 3.5840.22b
B30  1.2640.02b  52.6242.37ab  16.7720.78b 428+14.11b 37148.72hc 3.49+40.28b 3.360.36b
B45  12140.04c  54.68+2.10a  21.45#1.27a 469+13.08a 398+14.73a 3.2740.42b 3.1940.19b

T BRI E AR . PR AN RS TR ZE R B3 (P<0.05) , R,

2.2 WEKER NEMRAMENZNERET R
£ KFAEEERNZMN

B 1 AR R A/ IN 2 I TR 48 400 T R
Froel. mE 1 TREE 7d N, &/ LALE RS
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A LAD 4yttt BO AbFEE H 22.88%~49.31% Al
24.78%~46.50% . A=Wk IS INC 3G 1 TUBOK EBE
KNI ARG, AE)S 28 d PRI RA TR 2L
S TR R EL SIS = T B S UROK RE R AR B . B15,

7 ~
4b¥1. 0CK mBO OBI15 @B30 @B45
a
6 abab
5 L[ |clEre
— 4 B
S
3 L
2 L
1 L
0 Ll
0 7 14 21 28
1eJE i El/d
(a) LA

B30. B45 AP LAI {H 7 Atk BO Ab2E & H
16.99%~34.27%. 13.73%~28.25%#/1 5.31%~14.61%,
B15. B30. B45 4bHif() LAD {E4) 7tk BO Ab#
19.73%~33.97%. 14.80%~25.14%#/1 5.94%~13.24%.

09 rgy
0.8 -i ab 3

07 | |c
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05 |
04 |
03
02
01 |
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OCK mB0 0B15 @B30 OoB45

LAD/d!

T e Y
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14~21
165 18] /d

(b) LAD
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Fig.1 Leaf growth of winter wheat after anthesis under brackish water irrigation and biochar application

2 AARFALIEE T &Nt a & LRI
FEo B 2 050, HORA RIS 7 d kBT,
B AR R HEE AT FRAIC, SAL S BHE S B4
SRR RS o RO R T S 2 B0 A N I 1)k
A1VER, BO AHEK P, Al Gs 8 CK 43l ik b

20.51%~56.38%F1 20.57%~49.36% . UR/KIER T,

30
Ab¥: OCK mB0O O0B15 8B30 @B45

25 ra g

20 kric be

P./(umol m2 s1)

Eb
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

A5 I 1A /d
(@) Pn

IS TINAED IR 1 24 /N2 R B 5 v B e B il R NS
LSE. 5 BO 4bHAILL, B15. B30. B45 AbFHY
Pn Al G 73 A1) 1t 18.29%~100.00%- 12.37%~75.61%-
2.69%~31.71%#1 20.32%~68.35%. 14.34%~44.30%.
7.17%~15.20%.
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Fig.2 Photosynthesis of winter wheat after anthesis under brackish water irrigation and biochar application

2.3 WK TEYR RN EXTZ NZFFRI K
TR EHIRN

Bl 3 AAFEME T RN EFRIEE TYR
JR R R B Ak, HHEE 3 FT A, A&/ N E IRA
Y5 R B A AL S B e s S BRI, fE)S 14d
Wi Z/NERRYIM, BRBEETYREERT
TR A i, e BRIk . BEEREkELL,
HER S5 TR A P E R N T a5, TUEIEE
Wb S, BEREE TYRERIN: CK>B15
AbTE>B30 A FE>BA5 ZbFE>BO AbFE, SR K EE

BORKHEBE 2 AL T ERBEN TR E, M
HEVIRA RIRT T ERBE TR E. LS,
FERL S A W3, 78 2R B 5 KM, UK
VER NFPRL R R IERU N . 5 CK AL, 18)5 7~28 d
P, BO AbFEFFFRLT & 25D 1 12.17%~22.58%.
HEWD RN NG A /N KR LT KRR 38 T
BMURKEERE AL EE, TE)5 28 d Bf B15. B30. B45
Qb B PURFRLIT FE 3 ik B CK 1) 96.75%- 94.16%711
89.61%.
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Fig.3 Changes of winter wheat grain weight under brackish water irrigation and biochar application

R 4 ARRIE BN A /N 2T iR 2R I s 1
SO o FABRGHUROK HERE I T AR, BO Ak
TRT TR R B E 7288 B T4 0 1 = AR
b B CK FRK T 11.84%. 15.85%. 15.66%. “-
Bk T TR AER, JEHAE 15 thm® AT 30 thm?
WINE . 5 CK A, B15. B30. B45 AbFE 7L T
T 5 AR /> 3.95%. 4.82%. 8.33%, JNFHE
FEETYF R ERD 7.65%. 9.29%. 12.57%, #f
b iR/ 3.01%. 6.02%. 11.45%. fHURKEERAR
T YR #is, BO. B15. B30. B45 ALHMIAERT
Biree B TR EFRE CK BT 18.48%.
15.74%. 19.03%. 18.75%, BigkFIE T 23.41%.
14.24%. 20.25%. 22.53%. ¥ mitem 7 T Ym K

W EIEE T 6.38%. 8.51%. 4.26%. M T¥)JH i &
MBikE, SLOEEETYRBRERE SR
66.43%~72.80%, seFFhiT-YB M E ERIE. S5iRK
FEWEAR L, BOMGURUK I T LS TY AR 3 S
b DT IR N %, BO AbFREE CK &K T 23.14%F1
8.75%. MRS INIR S 176G TSR, B15.
B30. B45 AbFEMIL)S TH AR 2R & R oTERE . BO
A EHT 5.38%~19.35%F1 0.36%~3.76%. H] I,

WK R TR AEHT T 0 I F PRI, (H B
FATRUBOK BRI 7 B AR TP A 7 e 7, AEHT T4 5%
BRI E TN BB EAR, SECFRLT & RIR
N R, AR A4 NE R S AT %
isEMFEIRN, GRERT TG TR R E, Niifd

¥eizfE, B15. B30. B45 MBIz AL BO AbE PRI U
A BB BB AEDRE TURBRR AL E
Table 4 Dry matter accumulation and transport amount under brackish water irrigation and biochar application
B IR THENTE F7468 B T i EJE TR R
e FETTTH)5 : - -
kg4 FOREETR . ORRRE e SEgENe TS BRI HY) T
J (g #457) (9 #7) (g #7)
cK 2.2840.09a 1.8340.09a 1.660.11a 0.4510.01c 19.750.60b 27.2042.21¢ 1.2140.12a 72.8042.21a
BO 2.01+40.08b 1.540.08b 1.400.06¢ 0.47+0.03bc 23.40+1.43a 33.57+1.07a 0.930.04¢ 66.43+1.07c
B15 2.1940.11ab 1.69+40.11ab 1.61+40.08ab 0.500.02ab 22.86+1.07a 31.0840.79 1.1140.07ab 68.9240.79h
B30 2.1740.10ab 1.6640.08b 1.560.08ab 0.5140.02a 23514058  32.7140.92ab  1.05#0.06bc  67.2940.92bc
B45 2.0940.08b 1.6040.07b 1.4740.04bc 0.4940.02ab 23.4530.72a 33.3340.60ab 0.9840.03c 66.67+40.60bc
16 r a b ab ab b 8 06
14 |8 7 L
& 12 05 |
g 1 (:,E\ 6 k
< 10 5}l = 04 r
B 8 =40 = i
i&; = 4 Z 03
6 O3t =
] =02
H 4 E 2+
= 5 -
=2 B 01
o LEE L EE RS S BE 0 0
CK BO B15 B30 B45 CK BO B15 B30 B45 CK B0 B15 B30 B45
sl s st

(a) Ho EAME

(OREE e

(ORVER 5-(d

B 4 R BB A M F e Kk A B AOGR IS

Fig.4 The final yield and harvest index of winter wheat under brackish water irrigation and biochar application
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24 WMBRACGERTEMRAMENZENERETE
EppA

Kl 4 A RIAEER AN WG I AR R R
FEEAISCGRIR . B 4 AT AR E I S 3 4 T
KNEAFE, 5 CK ML, BO AHEf M EAY &,
FR =B N4 T 8.48%. 12.04%. TEATA A-Wym ibFi
T, K/NEEFERLE R OMOROK BE AR EL I A —
TR . B15. B30. B45 AbH [l A=W JoFf
Rir= g BO ALEESr AN 4.94%. 4.18%. 2.13%F!
9.18%. 7.73%. 2.74%. ¥FHI7E 15 thm® 5 30 t/hm? [{]
IINET, Z/NErEf BEMIE, X55YRAAH
NENEBGRFR SR = A D% . B15. B30 ALEEfIER
B BO ALFEAT AIFE R T 4.09%. 3.46%. B45 4bHE
NENEFEIER N, 5 B0 AR E £,
33 it

R B 2 LRI R, A
AR I I N AR, YR B H AR AU 2 BRI
B, Rurd, IR s SRR
IR E PG, HSFLBRAENG N, vl ReR R e K
F AR R U B4, NN AT DAk 1358
SCRE, RIS RRHE T HIEER R, BAT2
LB T B R v AR R L B 85 KL
B, X 5H RSN R g R HE AR
EVIRA S G A F B e FA N, HIE0R 0
Re IR W T3R5, b FRmmkk. Wi
AR AT — 2 B Ca®* A1 Mg™, IR AT B %
B T IR PR L . A, AW mT LASE iy - 438 BH
TR, ek Na" NS He S, FHedid ks
B Na' ™, WUSKRERE . B15 KPR 43 e
TR BO AR E K, XA AR R G
TR, R T K NIBTERE, (2HE T NaTHIitk
Ve, [, PR A A R A PR S AR £
SYBEKSY I LiERE, UL T R B, R
M, MEEMRBINENESZ, LESHE T, X
ST YR PSR R .

H e B R DA KR B ISR, (EYAEDET
90% LA b3k B, AREG B NOR K
WL &/NE R AR REE, AR REZI. vEE
FUATBUK R FEDR R L JE 0 R, 1380
R REDMBEE TR, SILSE T,
R AR SZ IR, KA 2 e B P iR A 4
H5Thie, FmeaimtElel, AR AL B A N AE
ERFIE T 4ERE TR T AR e A T AR R
SALGE et Jin SWRRE T AR AT

BRARER S i, ZRRAEK oy 8, ISR B AR
%, e g, RIEEEEM. A t, E@E
(AR R LA IR Eh M, $Em B KT, FRAKER
BULFERE, NRUSKEERE N (19 4/ N 22001 A R 2k
KRGS, RApiEhvERe.

INFEFERL P R A R S T R R L IS R 1)
o B YIAECPO, AT, S R E e (R
A RACE R RS S, b Sk P, Ak iy
JROKHERE T &/ N AR T R e R g m, ST A
SR (H Ak OROK R R B T AE R A
AR, Bz, BRI INE &N R
S R R A R T s, H R
RIL LA AR KOG A e B /N 5k
BRI 8. ARFTEH, SRR HERE i
RPERTEEE, JeARIE R KIEEIE, 1A R kb2
NHEE AR, R AR, &N EET
VIR R S iR E R, Rk TRPRII AR KR
B o P A PR R K EE T /N PR 7 B
TR R ORI B R IEASS . AR, ER
AEER IR A /N2 M b AR R AISCER B Hs A s, i
e TR B, AL, AR BE 8 B sl K EE
TANETYR Rk, AR T4/ MLk
TE U2 (GG R, 78508 R RLE K I 75 L,
DRI T 2R AR T 3k 70 W 3 %o S5 288 7= B 1) 7 T R o

g b, AR R A3 R R RS (R R R TE
KON FERR A P ST o UBKIEBE T, 15 thm?
130 thm? AW 25038 7 1EY- TR AE KRS, AR T
Wk, B Ia A, e T TR EE
B IR TV AR B S PR kR, R n
TWOGRIEEL, B HURK RE RS = 9.18% 11 7.73%.
1M 45 thm® &, FATREREE IRINEI 2, Tt
oz, FEMIEAHE . R SE— R
Feailh b, BT R AT RIS BT R A FUAIER BT

4 45 ip

D AR MGEE T MR, IR AR R %
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Amending Soil with Biochar to Improve Accumulation and Translocation of
Dry Matter after Anthesis in Winter Wheat

ZHAO Hongyu*, ZHU Chengli'", HUANG Mingyi', ZE Yuwen', ZHAI Yaming®, ZHENG Junyu®
(1. Hohai University, Nanjing 210098, China;
2. Jiangsu Water Conservancy Survey and Design Institute Co., Ltd., Yangzhou 225127, China)

Abstract: [Background] Winter wheat is a staple crop in China, but in many parts of the country rainfall during its
growth season cannot meet its demand for water. Irrigation is, therefore, essential to safeguarding winter wheat
production. The increasing disparity between water supply and demand has become a challenge in food production,
and using saline water and brackish water as a supplementary irrigation water source has thus attracted increasing
interest despite their risk of soil salinization. [Objective] The purpose of this paper is to experimentally investigate
the feasibility of amending soil with biochar to ameliorate the risk of soil salinization induced by irrigation with
saline water. [ Method] The experiments were conducted in a rain-shelter and compared different combinations of
biochar amendment and saline water with salt content 5 g/L: Freshwater irrigation (CK), saline water irrigation
without biochar amendment (B0), saline water irrigation with 15t/hm?® biochar amendment (B15), saline water
irrigation with 30 t/hm? biochar amendment (B30), saline water irrigation with 45 t/hm? biochar amendment (B45).
In each treatment, we measured the change in soil properties and dry matter accumulation and translocation after the
anthesis stage. [ Result] Biochar amendment significantly improved soil properties, with bulk density of the top 0~20
cm soil decreasing by 2.27%~8.33%, and the associated porosity, organic matter increasing by 4.52%~13.47% and
30.02%~111.12%, respectively. In the meantime, it also reduced the sodium adsorption ratio in the top 0~20 cm and
the root zone (0~40 cm) soils by 23.88%~33.27% and 22.34%~30.80% respectively. Amending soil with biochar at
15 t/hm? facilitated salt leaching and reduced salt accumulation in the topsoil induced by saline water irrigation, but
when the applied biochar exceeded a threshold, a further increase in biochar application could increase salt content
and salt accumulation in the topsoil. It was also found that amendment with biochar under salt stress could alleviate
premature senescence, promote photosynthesis, in addition to maintaining high leaf area index, leaf area duration
and stomatal conductance. Biochar was able to improve dry matter accumulation and translocation in the vegetative
organs before the anthesis stage, and maintain a good dry matter production capacity after the anthesis stage, thereby
improving grain weight and harvest index. Compared with BO without biochar amendment, B15, B30 and B45
increased grain yield by 9.18%, 7.73% and 2.74%, respectively. [ Conclusion]Biochar amendment can improve soil
properties and increase the yield of winter wheat when irrigated with saline water, but it needs to be used with care
as over-application biochar could lead to salt accumulation and inhibit plant growth. In our study, applying biochar at
15 t/hm? is optimal to reduce salt accumulation and improve crop yield.
Key words: winter wheat; brackish water irrigation; biochar amendment; photosynthesis; dry matter accumulation
and translocation
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