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1.1 X BE R

WA T 2021 4F 4—8 HIEFEE H & 6 &£ K
IO 3E4T (89°13'—91°22" E, 42°45'—45°29'N, i§
K 1760 m). ZHhJE A KR RS R #EX 2P
F/K B8N 265.6 mm, 2021 4F 3—8 HE/KE LK 1,
PRI 5.5 °Cs 7 APPSR 23.7 °C, i
iR 39 °Cs 1 HAFIARIR-18.9 °C, Ak AR AR
-37.3 °C, EFEI 153 do WRIGHBRTZEEYIN AN,
+3EhvbEL, pH {E 8.25. iRt e%E 2.24
g/kg, &M 1.28 g/kg, 4HE 18.08 gkg, HHL
i 42.88 g/kg, TAE A R 128.70 mg/kg, H A& 11.40
mg/kg, HEAETE 147.00 mg/kg.

N0 r
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Fig.1 Precipitation distribution at the

test site from March to August 2021
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A B K E AR & 2 MARE R, H
FEKEWE 3 MACE, 0 EEK (wo). K
IR 10% (wl) FEEKERD 20% (w2) AR
FH 150 B AN A0 (b0 HEIN A% 10 t/hm2(b1)
MY R 20 t/hm? (b2) 3 DMKF. KRR
e RN T, it 9 M3, B Abp) B Ak
Wt AR 1M E A 3 0K, St 27 AN VN X,
ANXTEFR N 3 mx3 m=9 m2. RI6HTHORRAT 3% 3L
SARAN B A A PR A B AE 7=, BAGiRfE 450 C,
WAL 18] 4 h, pH{EM 9.37, &% & 21.76 gk, Wf#E
% 5.38 mg/kg, AR 200.94 mg/kg. FWR HIE
JE— AN R — N, i A TR 30
em &b, fEAYIR . JRIES HIER MR G, EH At
e AR 46 SONRIGARL,  JERR T SO KSR,
1THE 0.2 m, FEZEEE AN 450x10% M/hm?; e 56 Ak
P B T 2 18 2 T e T ) AR QAT
1.3 MEmB RF5E
1.3.1 SPAD il &

ff i SPAD-502 ZY I 4 25 A% I i %5 /N 22 i
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Table 1 Experimental design

AbE HEK F/m? A=W F B/ (thm'?)
bOw0 300 0
blw0 300 10
b2w0 300 20
bOw1 270 0
blwl 270 10
b2wl 270 20
bOw2 240 0
blw2 240 10
b2w2 240 20

1.3.2 »H @AM 2
W (5 H 19 HD. 21 (5 H 30 HD. FF
el (6 H 14 HD. XKW (6 H 26 H) 1E%58 /)
X N EFK A —EEF N 5 B, e a3t ik
FEME R TE R, KT REOERA R T, K5
TRy, S5EPEEEE, THER e /N X ) AE
. (LAD.
T A=K > B % 0.83, (D
LAEM AR B 77 K 2240010 000, (2)
1.3.3 &5 <
{4 9% E PPSystems 23 &) 2= 7= (1) TPS-2 Y&l &
PO /N il 2 . B, SIS
J& T fa 8] COo JBEIR 34 B /N X BEALIZEHL 3 AR IE 2R
K—HHZHTT W —8 A —EE N, R
E 3 RECPEIME. Wl BB/ N ARG 24 10,
18d, TERGEHEMH ¥ 11:00—13:00 #li5E .
134 THREMNZ
TE 525 S 5 e T AR () 25 EORE I 5 42
o B/NXEEHUE 10 £k, M IEREAD)EH B3
o, B ZMARFCE, 2 J51E 105 °C R AT 30 min,
80 C Rt &1HR Bk & .
1.3.5 = A ALA A EF M2
FANXKIEFREMER 1 m? X3, FERGRATIE A
SAREEL I 5 WS = o KL 5 1 AR KT R &=
IR HAFRLE 7K E 13% bR e T E TR 2 57 & .
1.4 RGBT
K FH Excel 2016 /£, DPS 7.05 #E47 WUK & 5 2
3T, LSD VLT A (B 25 BEE 2 L,
Design expert 11 AT A

2 HBRE7H

2.1 AEFEKESTIRAENEFINZE SPAD ERIZ M
* 2 RBF/NEICHT G — B A AR R EEK &
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7 SPAD AR 2P MR . 5 bowo KbEEAHLL,
TEHT 5 d B b2wl. b2w2 kb3 SPAD {H¥ A H#ETHH 2%
RARE. EYRHESEKENZTAERX SPAD
2 73 TEFAEI 165 9 d AITESS 20 d B2 2
KV (p<0.01). HAFEMSTEE 9d F/INFE SPAD
A LA, blwl. b2wl AFETE)S 9 d ) SPAD i

BIFIEIA SPAD a7, b bawl AFEMEHNE
SPAD HIRTFHR K, N 6.4%; blw2. b2w2 AHAE )5
9 d SPAD 1T 1E# SPAD {EF#%; e 9 d 51¢
Ji 20 d JFACHEEFER/ANE SPAD fH AR, S ALERAE SR
20 d i) SPAD A% 5 9 d BIBEA%, (B1E)5 20 d &4k
P SPAD fH =T bOw0 4bFH

£2 FRMAE L LM% NS R % SPAD {5

Table 2 SPAD values of spring wheat with different irrigation amount and biochar use

szl 1enrsd FAEHA 1 4d /5 9d 16f5 14d 165 20d
bOw0 54.22+1.20ab 57.48+0.60a 54.9+1.64bc 53.88+0.51d 51.71%£1.95d 47.05+0.07¢
bowl 54.52:0.60ab 56.02+0.29bc 56.13+0.97ab 55.72+0.70bc 54.43+0.44bc 50.85:£0.32cd
bow2 54.02+0.21ab 54.20£0.07¢ 55.13+0.90bc 53.70£0.29d 54.5+0.56bc 52.68+0.69ab
biw0 55.90+0.16a 56.88+0.33ab 54.98+1.18bc 59.17+0.94a 57+0.79a 50.45+0.55d
biwl 53.13+1.55b 55.13+0.70cd 52.75+0.83¢c 56.93+1.77b 54.25+0.27bc 49.90+0.24d
biw2 54.7242.06ab 54.38+0.63de 56.21+1.00ab 53.42+0.27d 53.2+0.50cd 47.85+0.45¢
b2w0 53.62+0.90ab 54.38+0.13de 56.91+0.27ab 56.33+0.44bc 55.91+1.26ab 52.95+0.16a
b2wl 54.60+0.69ab 55.42+0.16¢ 57.78+1.61a 58.97+0.52a 54.730.16bc 52.10+0.67ab
b2w2 55.78+0.99a 55.67+0.41c 54.93+1.49bc 54.9240.33cd 54.18+0.91bc 51.7240.62bc
b 03148 1.066 2 0.972 3.0875 0.546 5 0.102 1
F w 0.098 1 02718 0.008 5 1.787 0.194 13047
bxw 21324 16.558 6** 4365 3% 10.051 1%* 7.301 7* 41356 3%+

T RPEGIARNG FRE R M ZERR3E (p<0.05) FFE.
22 FENEKESEMRAENE/NEHEREYK
HISZ MR

® 3 RARLEFUARREKESEYRHEA
A FHENZ AT (LAD. YR & LK E
XN M TR SR B AR, AR T iR
] (LAD BRI m R R REES . YR RN IT
FEIIIE N Ze - AR o B (p<<0.05), H.
5 bowO0 JLEEAALL, AR S K R AL BB/
% LAI AT LA 9.1%~25.41%. 52 RAHEL, FFAE
SR A AR LAL YR B, AR oK HLs /K B
b BT R BE 5 T AN AE R B REK AL B . 5
bOw0 ALFRECES, WERMIF AR MRS AR EKE
WeBRF/INAE LAT BT 3.98%~35.65%, - AbFH IR 2%
SN TE

A3 RREXREEEMERAEL DK LA
Table 3  Different amounts of irrigation amount and

biochar used for spring wheat LA/

AbER P ZA R THE] S
bOw0 3.74+1.20b 8.59+2.06a 4.08+0.20b 3.84+0.63a
bowl 4.93+0.47ab 7.97+1.33a 4.86+0.52b 4.64+0.42a
bow2 4.59+1.07ab 7.65+1.01a 4.30+0.39b 3.99+0.51a
blw0 5.07+0.28ab 6.62+0.58a 5.59+0.98ab 5.20£1.56a
blwl 5.64+0.66ab 6.05+0.86a 5.18+0.77ab 4.54+0.53a
blw2 6.01+0.68a 7.18+2.87a 4.49+0.53b 4.18+1.31a
b2w0 5.69+1.62a 8.62+2.63a 6.77+1.82a 4.82+1.35a
b2wl 5.02+0.44ab 6.66+1.16a 5.46+0.25ab 4.26+0.39a
b2w2 5.06+0.45ab 8.68+1.29a 5.47+1.11ab 4.69+0.20a
23 FEIEKESEMRAEMNENEAEGHMEN
SN

Kl 2 RE/NEH)E 2. 8. 18 d BIAFFEKESE

VIR EHEG T IENOCERE. BEKESEDY
IR FR N AR A S, HEZK SRR R &)
Fe AR ISR A8 )G 18 d I, 5 bOow0 AbFEAA LL,
BREEKE Y w2 eI e G R RS, HR
A BRI i AR R PR T, Hod blwl AbERR i
Jea R R, Hblwl. b2wl AF 5 w0 5403 A
Z AR E T blw2 . b2w2 BNt E %
AR, SILTE. MR COs BE/R B %, H
W b2w2 A FR I, TEAES 18 d K EXT RN M
R IA R B E KT (p<<0.05), VR HE S
KIS EAE A B KF (p<0.05), #EKEN
wl GGt AR BRAR T 2R . AR H
B HEKENENESILFERNRLEEREE 2 d
LG 10 d R F|REKF (p<0.05), {E/518 d &
BEZER UG 18d 5185 2 d F A4 HE R CO,
JEE IR Ay HAT 0, B b1w2 ALERA X A6 )G 2 d FRAKAT,
HARMIEH R FIHEaS, AR RS FEKERE
TERANGE 2, VR, FEKE SRR AEmE
BEKF (p<0.05).
24 FRIBEBKESEMRAENENEZTYRER
=M

Bl 3 2 & AL BRAN [F) I B /N 22 1 25 R T4 i
FRE YR E K EN R NET YR R E
Y sm, AREEKESEYIRHEGE NENET
Y RAR R RN A E B R R & g, et
TV BRI E SR KB/
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WX SHTYRBRER REEW (p<0.05, 5
bOwO0 KCERAHEL, it A= Hosk > HE /K B AL B /N
F ATV ZAREE R & AEYR & K
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(p<0.05), 5 bOow0 AbFEELE:, JitiFEP R Hidb

HEARKBELEY TR AREYTNE, WERN
Bhow0 b2 Ehow14b 3 & bow24b H
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Fig.2 Photosynthetic parameters of spring wheat with different irrigation amount and biochar use
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Fig.3 Accumulation of dry matter in stems, leaves and ears of spring wheat with different irrigation amount and biochar use
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2.5 FEIEKESEYRAEXNFNZITFRERR
Ead:0p=A)

x4 BAFEVEKESEAEMRAS NENE
FRIER S5 5 bow0 KR, YR S5HEKA
BHENZ TR R R 3 BB, A
MEEA 0.87%~23.72%, T H R &L HEF/NETHR

KRB R Y E T bow0 A FE, M 0E N
1.15%~20.2%. Hr blw0 ACFT9)5 e KA B
LR I s b2wl ARFRFR/NERPRIRE S K it
o (Vs 10 AD TERGRKE; b2w2 B /NE
TR R R, KR .

EPR IR ES TEFFLE = UR T P

Table 4 Different irrigation water and biochar uses for spring wheat grain filling rates

Qb Logistic /7% V/(g-stem™-d"!) 10/d t1/d 2/d At R?

bOwO0 1=2.043 3/(1+¢ (3:3399-0.1520441)) 0.0777 23.28 14.62 31.94 17.32 0.998 5
bOwl 1=2.093 8/(1+¢*1572:0.166 836 1) 0.087 3 2491 17.02 32.81 15.79 0.990 8
bOw2 1=1.794 7/(1+*039-0.1871171)) 0.084 0 21.59 14.55 28.62 14.08 0.997 9
blw0 y=2.318 7/(1+e 3:2126-0.153 4421)) 0.088 9 25.50 16.92 34.08 17.17 0.999 2
blwl y=1.682 3/(1+¢ *172-0.188 891 1) 0.079 4 22.09 15.11 29.06 13.94 0.998 8
blw2 ¥=2.031 2/(1+e (393880169984 1)) 0.086 3 23.17 15.42 30.92 15.50 0.996 8
b2w0 ¥=1.930 9/(1+e (3:7499-0.1628391)) 0.078 6 23.03 14.94 31.12 16.17 0.9953
b2wl y=1.958 1/(1+e ¢2559-0.1791851)) 0.087 7 23.75 16.40 31.10 14.70 0.998 2
b2w2 y=1.873 4/(1+¢#3447-0.199 433 1)) 0.093 4 21.79 15.18 28.39 13.21 0.999 1

E y ATYRBERE; Vo A TYRBRRBCRIGRESR, O FEMEREG O TR SRR R MBI 1, 2 735109 Logistic 77 FEAE K BRI %

B2 MG At AT PR PGERR REFSEREG R AR

2.6 ARIEKESEYIRKAENENEZFEMFN
x5 RAFABEKESEMRABNS TENE

FEEM . HEKBENFENEFERAREE (p<

0.01) 5 ¥ 1N AE 45 W] 388 AL 338 N A /N 22 R Rtk 2

TR &, HE T m e . 5 bOwO A FRAREL , blwl .

b2wl AFE ARSI, 1M blw2. b2w2 AbFEFE /N Pe

EHE . EYRHESEKENAZ TR RE
(p<0.05), fEAEYIRHESHEKELFEEHAT, ¥
KEAN wo. wl BTN R vl 3+ /N2 r i
EHEZK &y w2 N B A P il A 42 2 AT 32 e 2 0k
FNFE P E R 16.68%~20.1%.

5 FRHEAESLEMER RS BHR

Table 5 Factors constituting spring wheat yield with different irrigation amount and biochar use

Ab3R FEHY (<104 F-hm ?) ROk /KL TR /g 7= 5/(kg-hm?)
bOw0 524.66+86.24ab 30.79+3.82ab 42.53+0.56bc 640 0.3+16.72¢
bowl 508.33+34.45ab 32.92+3.95a 44.3740.97ab 683 7.19+6.46bc
bOow2 473+53.03ab 23.33+£3.25¢ 42.50+1.79bc 5329.88+21.24d
blw0 538.33+69.59ab 27.17+0.33bc 43.35+0.11ab 743 7.60+22.88a
blwl 517+14.76ab 26.79+2.20bc 44.25+0.88ab 688 4.8+7.49b
blw2 505+40.90ab 28.75+0.61ab 41.09+0.47¢ 5332.72+31.51d
b2w0 590.33+88.64a 32.92+2.71a 42.31£1.96bc 735 3.88+26.45a
b2wl 464.33+37.72b 33.42+1.59a 44.934+0.39a 661 5.54+10.62bc
b2w2 479+46.05ab 29.13+1.59ab 43.61+0.31ab 511 4.85+51.95d
b 02411 1.51 0.505 3 0.732
F w 3.6144 1.440 1 4.6235 20.949 4**
bxw 0.646 4 29105 1.708 2 6.256 6*

VE ORI IR 0.05 F10.01 KR E .

27 HINEFENE

PLEIRRI R A RV FHED . S2mR 2 B K
) NALE, B (Yeld) NHEAR, #4777k
Z G, 1F2IEET

Yield=-48 919.844 64-199.035 464+390.923 46B+
0.973 84 xB-2.764 3842- 0.686 263B2.

Hor, BRAIBME 5 STIE W) & B A Bk 2
K (p<0.01, RIUT p>>0.05), HiAHM HARK
mTT AN . B E R R>=0.906 1, FKitfJEN

16.746, 16 BB b i AR . R HE A L i 7 T AT &
bWEE K ERD SEYIRHERIS 2, HNEE
e m R S, 1 2D KR SN A
Wik, a0 T . AR R 7 R S e 8
TH] 3¢ e P B, ZEE N AR B S KBS B
Wi R BN e, BRI 16.185 t/hm?,
WE/K BN 296.322 m3 19 3| . K7™ & 7 385.824 kg/hm?,
BEAEE RS LT A .
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Fig.4 Spring wheat yield planes and response surfaces with different irrigation amount and biochar use

391
3.1 TRIBKESEMKBEXNEFENEZM FTFHIR
ERFZNT

FNFE b BB A K2R K B S AR B R
W, BEELEE MR, AEYRAEAS A HE R K
SER AN R RN, 7 R R T A MR B AR K
152 2422230, AR AT ER m R TR 2R 2425,
XS ARAIS A R IEARREF—5. 5 bow0 ALFRAHLL,
ARG A FERE K A TN R G B (B blw2
REE) b YRR B R AR, H b2wl AR
THm B R . X AT RE R EY RS T
Bty HA SRR R IE IR K EE I e,
GRARIK oy I AR A K 4], (R ERE A kb b AR
K, WK BT R 2T, BN KA 44
H &R 8m, VRSN F AR RIE TR, BE -
IR IR AR, ARV R IGVE A LAARBILRS, IR B
HTER /N AN B WA s b B4 R A
[, i B A= R G AR AR K RS2 AT e 5 33K
AR, 5 I E SRR RN R A F I R SR,
32 FRIBKESEMRAENENEXEFHFHEN
A

AWK, HEKE Y 270 m3 NI B A
R blwl ARFRAE I Fr 1§ 6 & M 215 B4R T, MK &
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Change in Photosynthesis of Spring Wheat with
Irrigation Amount and Biochar Amendment

GUO Song, YANG Weijun’, SONG Shilong, CHEN Yuxin, YANG Mei, HUI Chao, ZHANG Jinshan
(College of Agronomy, Xinjiang Engineering Technology Research Center for High-quality Specialty Wheat Crops,
Xinjiang Agricultural University, Urumgi 830052, China)

Abstract: [Objective] Amending soil with biochar can improve soil structure and fertility, but it could make soil
slightly hydrophobic. Its combined effect with irrigation on crop growth is not well understood. This paper aims to
fill this knowledge gap by using spring wheat as the exemplary plant. [ Method] The experiment was conducted in a
spring wheat field in northern Xinjiang and comprised three irrigation amounts: irrigation amount used by local
farmers (w0), reducing w0 by 10% (w1), and reducing w0 by 20% (w2). For each irrigation amount, there were three
biochar amendments: no biochar (b0), adding 10 thm® (b1) and 20 t/hm? (b2) of biochar. For each treatment, we
measured photosynthesis and yield of the spring wheat; its relationship with biochar amendment rate and irrigation
amount was fitted to pre-defined functions. [Result] Biochar application amount affected leaf area index at the
flowering stage significantly. Compared to bOwO, reducing irrigation amount combined with a biochar amendment
increased LAl by 9.1%~25.41%, and SPAD by 1.7%~10.73% 20 days after the flowering. Irrigation amount had a
significant impact on photosynthesis, dry matter accumulation and yield formation. Reducing irrigation amount by
10% coupled with an appropriate biochar amendment promoted material accumulation in the plant during the
flowering stage, thereby improving photosynthesis and the ultimate yield. However, when the irrigation amount was
reduced by 20%, biochar amendment reduced photosynthesis, with the net photosynthetic rate, transpiration rate,
stomatal conductivity and intercellular CO, concentration decreasing by 11.58%~18.15%, 55.85%~66.3%,
67.42%~75.94% and 16.2%~27.19%, respectively, from the control. Irrigation amount affected the yield more
significantly than biochar, but an appropriate biochar amendment can compensate for the yield loss due to irrigation
water reduction. In all treatments we compared, blwl was most effective, increasing the grain yield by 7.57%
compared bOwO0. b2w1 was most effective in increasing 1 000-grain weight, and compared to bOwO, it increased the
grain yield by 3.36%. [ Conclusion] The compressive experiment showed that reducing irrigation amount currently
used by local farmers by 10% combined with a 20 t/hm? application of biochar is most effective for saving water and
improving spring wheat yield in northern Xinjiang.

Key words: spring wheat; biochar; water control; photosynthetic characteristics; production
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