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B i R AR K B BRR R 38 SRmfEr
R 8 AR A REFT 78 5 R M R T A AT
R, KPS AR AR PR ) =5 200 H AT
HASRBIE TE5E 2 12 AT R A= 2 4w, a4
B BRI IR T AR AT, SR AR B
BIS e B 2 B R, G AR R P T B
MOt & A FTT TR AR - 22 R ok, ATk 45 R
IR PERIT R, AL R 5 R
U, i3t X BRI T b S b3 7 of S B E 25 11 T A AE
HESHMRGINE, HIZ T HACRIERE .

AR EH: 2016-11-03 21T HHA: 2017-03-21

BEWH: HE “+h7 RS- EE (2014BAD12B05); HEZK
BHGE A B AL 45 2 5 H  (ID0145B602017); [ 5% 1 4R Bl 2 3 4 1 H
(51309250)

g FRERE, Zo, WAHALSNA, L, SR TR, FENFEREK
TER S AR K A FE RIS 5T . Email: zhangyq@iwhr.com
MIBEER: FHAK, 5, WEREA, ML, SERFEmH TR, E2M
HKER R S AT . Email: wangjd@iwhr.com

162 — 169. (in Chinese with English abstract) doi :
http://www.tcsae.org

& A FR T A &/ N R I A I A R
i, HET, WA/ G AE R T TR 2 5 PR T4
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BOE AR HAEI, s A i R AR 1 P DR AR A
A, HAERMERTA R R BHRE S AME, e
N ESHZ BRI FMHL, ARFE X (EY
A AR ERL K 2 fa AT bR g 2B R, LT R
P AR E, S 1S R E S T AR B T
HHfE AN RGBS G S ZE TR, WA HIKPERE
i T ) B R i AL R 5| R P R K oy R AR 2 I
U NP G R, A R B LR,
SRR, R (06 A 7= o E 2R R 4 1) 2
FORYFEN, B o KA T B S R e A A
S EEERNZEN, e EESEOU S M AR
A%, HARSELEENEH AT -, "E
MG R N EBEHBR T, RN EIEH T
e, BRGNS, HE
FU/INFZ TR B R 1 % 5 M DR o) 78 56 0 E A BT
Wl B, XA A AR e, RRE B m T R KA
IR R B AR AR

AR IR I AN A AN R, WE T A
[ VEE A 78 s AL T, 2013- 2016 FEIELE 4 ME KL N
FE PRI 5 2 AT T PR U G A B AT CO, MR B
Mzl e, K19 T RUEE TFAEBME. Lhe. &
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RIEMER . K TALBERE RS, R T A
RIS T OB SH S, FEFNIE i R
PR K o A s A B S D & S 8o R, A
AT R B A AR IR, O DN AR MR
SHERMSE

1 #MR57HE

1.1 RIS HEBER

RIS FAL T RN IX (39°39'N, 116°15'E) )
Hp [ 7K R K R 22 B 7T e AR MY S K R 3G v 3 AT . R
96 3k S B ALK R R AR, 24P
F & 540 mm, PNEAKTE (10 —RE3 H) MENE
WAL 100 mm. REEH 0~100 cm 121 B i I i 4
ML, 0~100 cm FJZ [ P2 R KR . d- 3525 F AN
AN B 5305 758 30.58%- 1.58 g/em’ Al 3.25 g/kg.
FH AR 56 T 2012—2013. 2013 —2014. 2014—2015 F1
2015—2016 ik 4 MEKFIFE. FFRRAKHT (2012
10 A RS EUR 2508 5.43 mg/kg.
1.2 Rt

ARG S AAE 5 2 FhACEE N B8 E 3 Fhif
VERIRE, Jte MbEE, AW 4ANES, 3L 24 4
X, /ANXTHA 8x10 m*, FENLHES]. &/NETRE10 A
HAJREFR, 478E 25 om, FERTHRE 138851, K 50~75 mm,
AN E G CH R A5 N-P,Os-K,0, Ll
15%-15%-15%) 556 kg/hm® {fNRAE, &4 N, P. K
B39 83.4. 36.4 A1 69.2 kg/hm?. #EFH244FE 11 H )
K, KWERFHTHRE, WEAKEN 50 mm. KA 4 AV
RT, FHAREKAER, WEKDT O RTERE, —i 41T,
k1A EEA 30 cm, Sk RSN 1.35 L.

VW B S T @ R EPIEZHREE, N OIEE
WIEH AR, B A IR T A S — I HE K 38 HE & FE
(30.58%), )52 e IRT, ARAE T RIVEIEE N L3S
K LT R S At e E K S ATE K TR], IR R & 3
Tob VRS 1) FEE 0 51 DL R R 1) 55%~T75% 65%~85%FH 78~
98%E NE K b FIRIEHIF 2R, AR REK . 5B
KL ZERRAERE KRS, BR8N 6 000 kg/hm’,
k& 2012-2013 £EiREZET 2013 4 5 7 4 HIFGhE 540,
HARRIG T R 5 AT E . R 5
55— KHE KN, SR FH SC B Bt IR 2% e AR, AEOA
110 kg/hm?®, JEFPERENRER . S %S . A E K
W WEKBEMFNENRE 1, 4FE 1-6 (TI~T6) 44|
Ko loKE S RAKARERS. FKES. FRAER.
TR 7K 78 o AR K AN 5 AbFE
1.3 EMAESHEATENE

KNFEHE JETT G, PR MY K Li-cor 6400 {8
LB DGEAT I Aok Bl 28 F 5 & —CO, M
NI ZR I e, JER e i A S 28, 2013-2016
AT 2 RNE . N5 8 S T A [ e H R
FIELEE, BT D e H A bR v A0 BE R 75 1 2T VR K 1)
KE (Dafi), brdEfb)E, 2013 450 5E N 7] A Dafil9-20
A Dafid0-41. 2014 =0 3E I [8] &y Dafi29-30 Al Dafi47-

48, 2015 “F P2 B 6] 4 Dafi35-36 1 Dafi54-55. 2016
SR E I ) 2A) Dafi32-35 F1 DafiS7-58. 6 B fh £
SE I ISR B B E N 26~28 °C, 5 CO, BE /R0 His
4 400 umol/mol, JGHRIE A 2200, 2000, 1600 1300+
1000, 750 500. 200. 100, 50. 20 Al 0 umol/(m*s),
MR B GG HEAT I 5E - CO, Mo 87 i 2 ] 2 ) - 2 30 P % 9
26~28 C, M= H5RBEE N 2000 gmol/(m*s), CO, WK E
P 5E 9 400, 300, 200, 120, 80+ 50, 0. 400, 400. 600+
800. 1200. 1600. 2000 gmol/mol, IZVJFMIE .

*1 ZFRUTVERS. BEZBEREENKRE.
BKEREMERITER
Table 1 Lists of treatment coding, irrigation times, irrigation
amounts and precipitation during the reviving and harvest stages
for all experiment seasons
BT WG RE K U HE K S B /mm
Irrigation times/irrigation amounts (mm) during
reviving and harvest stages

KZE e e
Growing AhER T AREE2  AbEE3 AbFER4 KBRS AbEE6 Precipita-

seasons, (T (T2) (T3 (T4 (TS (T6) tion/mm
ik &K Ak AR mK KR
BEw OAEE B OEE: EE ER
LI&SM LI&NM MI&SM MI&NM MI&SM MI&NM

2012-2013 2/64.4 2/582 3/84 3/93.1 3/100.6 3/1043  66.5

2013-2014 3/75.2 3/90.1
2014-2015 4/99.4 4/117.8 4/109.6 4/134.6 5/150.7 5/177.9 64.5
2015-2016 3/81.3 3/95.2 4/89.8  4/98.2

4/104.8 4/1254 4/1355 4/1553 85.1

5/133.3 5/146.2 102.6

A —Jt e B h 260 e 25 S FH R A St 2207

(R D PHAIRAFHESHL, AT A ER ] LA i .
i, J6ER 0~150 pmol/(m’s) A R A B2k L&, B2k
FIRIZFNRINE TR (0, TEN), HLSPALR
IAZ FOIEIRGE . (Ry, umol/(m*s)), [H] 7 L £k 5 kA4
FRIIAZ BB AME 5 (PAR,, umol/(m*s)). HiE FikZ
Ba, KHEZHE (0=0.9) HHEE AN HZITIE,
BEIE A ER, WHERES] (A umol/(m*s)).
B AR AR R IL O

A=A, +Ry=

a-PAR+ 4, —\/(a~PAR+Amx)2—40-a-PAR-Amax

260
A 4 N EEEER (umol/(m*s)), A, NI
HOEAHEZE (umol/(ms)), PAR NGEHREES (umol/
(ms)), 0 NHERZEMIEIER (LEAD, Ak, hekr
VT PN
fotr—CO, MIZEIIELEFRA Sharkey %5583 T 1

Farquhar 1 von Caemmerer #& H [ 76 A AL A1), %458
BUFEH A, A FIFY B 53052 2 AN I A2 BR ] : Rubisco B
AL E (W, umol(m*s) ) FlHL T 1L 36 # K
(W3, umol/ (m*s)) o FAFERIFEA N (2) ~3 (6):

Q)]

An:I/;—O.SVO—Rd:VC{I—%J—Rd )]
V, = min(¥,.,7,) (3
e

— cmax i (4)
T C+K,(1+0/K,)
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G .
AC +20™)
J:LROS 6)
2 2 .
a“PAR
1+ 3
( ‘]max ]

A VAV, 43 BN Rubisco BERIFRILFIINGAIE SR, AL
BN pmol/(m*s); IR T 5 MWL I ) CO, b £ A5

(umol/moD); Ry AWFIEAE (umol/(m*s))s Vemax A1 Jmax
I3 A A B R R A A K T AR R, A
pumol/(m*s); C; NAHMLIE] CO, BE/R 734 (umol/mol); K,

(Pa) fl K, (kPa) 433l CO, M O, KK IRHH: O N
AARNE (kPa); J B TFAEHHER (umol/(m™s)), 5 a.
PAR & Jox A% BIEIUE, LA RITEE SEL Ve 1
Jinax o

YA E SE U R R, BRI, 105 TR

H, 65 CTIHTRER, W, i 100 HiE, RAGR-
KR T -9 e BAGER & A B E DL (Npass»
%o WSCHRET 5 /INX BLSCERFT 172, /N X /N2 72 it PASIZUR
FERAT S, FFRIA - 22 5 A L

1.4 BIEDH

B — IR B 1 26 A B —CO, M . il 28 LA 1)

KM SPSS18.0 A1) H i AR S 3T, SHhE
J& B SR FH SPSS18.0 BAF XU 31 77 22 40 #v ff 8 78 5 A
TR HE e A2 HAE X & S BRI, TR € A AE
E B HAERMETR T, RABE R Z5H X dacan
% H LU 7 VAT A AL BRI 22 S S 2 M 3 A % b B ]
PIBMERFE R L. Tt ESHET A SRR
K=& 5 ES KRN, BYRA SPSS18.0 #AF11)
77 22 53 A 8 08 AN [F) A A7y 2 1] (8] VA 0 R 2 R P 2 15
FIEREES, MAIEREERMENT, FXH Sigma-
Plot12.0 344 P E 4 42— =l A 40 AT, B el 9 5 R
Gt SH U A TEEIYR A SigmaPlot]2.0 BT .

2 HBRE5H

2.1 HE—RMBREMESHES

AN [ 3 B K RN 7 S A R AN R FE RS T R R
FRE a BN Apax (R 2)0 R 2 FHTELEG T,
PRI e H BEIR T 5 1 UK R (Dafi) 51, Ik
S R P T 22 B (8] AN [F) A B B BB S 50 Ab B
[ Z SOl (R 3 KA FEFERIHESIRT ). Hod, 2013 4
A ER I Hl e T —%%, ToiEEAT BME L,
2014-2016 SE[ RN E Y 2 /0 2 P 266 26, AT DL
AT YA L K T 2 T

THEKEXT o {H 053 52 R IUAE Hh R H 5 1
FIPRURIIE (Dafi47-48 F154-55, % 2) o, A KIN
BTN o EREERW, HARKIEEKEMER
AFREIAE AR . 6 NMARERIA] g b gk R EoR, (R
WX G WRE —KINEN o HAHEEEREE (P-
0.038), RIHHE — VI 5E ) o fH ALFE ) 2 S 2l S 2 (P=
0.078)

R2 HEKENMBELERESTEERAMNKRULERE
FHE a FIXEEN dna MR EEKTF
Table 2 Results of two-way analysis of variance of
irrigation amount, mulching and interaction effects of
above two treatments on apparent quantum efficiency ()
and photosynthetic capacity (A yay)
et— - KEM  FALE
EEH;ZQ mEH i E% @Jin'%u’fi Iy

o KE
M -
Parameters easure- rrigation Mulch EJ’EFH ANOVA
from A4,- ment dates Interaction  among
amounts  or not
PAR curves effects  treatments
) Dafi29-30 2014 0.197  0.991 0.769  0.543
M
BT Dafi32-35 2016 0.923  0.186 0315 0472
Apparent Dafi35-36 2015 0.146  0.143 0.401  0.200
quantum
efficiency Dafi47-48 2014 0.031** 0.642 0.119  0.078*
a
Dafi54-55 2015 0.008** 0.524 0.690  0.038%*
Dafi29-30 2014 0.007** 0.218 0.119  0.022%*
Mo A Bl
L . Dafi32-35 2016 0.077* 0.001** 0.515  0.008**
Photosynthetic
capacity Dafi35-36 2015 0.019%* 0.094*  0.606  0.049%*
Amax
" 5 .y Dafid7-48 2014 0.001** 0.032** 0332 0.005%*
(umol m™-s™)
Dafi54-55 2015 0.017** 0.002%* 0408  0.009**

e ¥R PAE/ANT 0.05, *FoRm PEATT 0.05~0.1 Z (&), R

Notes: ** stands for differences among treatments are significant at P = 0.05, *
stands for differences among treatments are significant at 0.05<P< 0.1. The same
below.

Bl 1 RART o (ARARERRZ EREG R . 2014 4,
Dafi47-48 M5EH, T1 M o HE T5 ZRELEZE, TS K
o fHE S, T T2 T6 M a (AT R AbEEZ 7], H
52 BN EER. 2015 4, Dafi54-55 e, iHEEK
HZH o HEREE, KKK T T2« HEEFE KT
KAEEE TS5, T6, HEZEMLTH/KELLLEE T3, T4 1 o
fEAFAEFE 1. 2 F1 T3, T5. T6 2], HE5Z¥KEE
Z 5t T1~T6 [ a{f 4 MK ZE V153 7128: 0.043.,0.041
0.048. 0.048. 0.050 F10.047. FHIAISAIT 520 745 H!
KHAE T NEN o {H—REAE 0.05~0.07 Z [P, AHf
FAH 2015-2016 45 = /KA1 78 5 BT o {ATE 0.06 72
i, THRER, THRMKAERGETY o R,
I AR SR K B AR TR a.

TE K B0 2016 4F Dafi32-35 JE B Ay HIFEHH
R RE (P=0.077) 4k, HARNEHF, FHEKEX A
P i (P<0.05, £ 0.001-0.019 2 [8], F£2). &
AEFEERXT 2014 4E Dafi29-30 Y Apa, 1H AN 535 FIXF
2015 % Dafi35-36 1] Aoy B E2IT 23 (P=0.094) 4F,
HARWEH T, BEX A B EZE (P<0.05, £
0.001~0.032 Z [8]) . AT, HF 78 H A K BUAS [F) ¥ fE /K & A
B A HAEH . 6 MG FI s RN, BT E
5 H Y Ay (E AR E] 2 5335 5.2 (P<0.05, 1E 0.005~
0.049 217D,

Bl 2 BIR T A [E A E] 2 5 IS5 R . 2014 4,
Dafi29-30 MEH, T2 [ A (A ZFILT T5 A T6, TI
T T2 FI TS5, T6 28], S52¥EEZE; Dafid7-48
WEr, T, T2 M Ap EER AR, ZHHEZELT
TS5 T6, T5 (1) Apax 1A X3 KT T6. 2015 4, Dafi35-36
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TWEAF, Ape HZFAGHILE TS, T6 1 T2, T4 Z[H];
Dafi54-55 WIGEH, T2 ) A (2 ZACT AR,
T1 Al T4 WEZFET T3, TS, 1M T6 H) Ape HAT Lid
WA ER:, 52 EREZEN. 2016 4, Dafi32-35
TEF, T2y T4 1 Ape (AR F T HARLHE, 10 T1.
T3+ T5 ) Ao HEFRAEE, T6 1) Ay AT T1. T2
TS 20, NEEET TS, 5T1. T3 ZERAEE.
T1~T6 1] Amax (H 4 MEKZ I 51A: 29.59. 26.45,
31.44, 28.68. 32.42 Fl130.90 umol/(m*s)e M Apex [HZ5E
KE, BEAEFEM, SUKMERGE (S Kl
B, MrhKBEEATE (PR 3) 1) A (85 KB S 40
HERYARE, P BUKEBRIE An, B4 F R
e, ARTRRRS, REfEreE, X5 AT
gh R —g >,

e o
o o
G X

# .8 005 =13 =16 ns ABD
;Sﬁ 0.04 *f% 0.04 A
i 2 0.03 Tn? 0.03
X 8 0.02 £ 5 0.02
B =
RE 001 & & 001
0 0

Dafil9-20 Dafi40-41

%€ i} 8] Measurement time
a. 2013

Dafi29-30 Dafi47-48
P 5E i} 18] Measurement time
b. 2014

ns

o
o
X

FIDLR TR

Apparent quantum efficiency & Apparent quantum efficien

FIDERTFHE

Apparent quantum efficiency a Apparent quantum efficiency o

0.01

0 Dafi35-36 Dafi54-55 0 Dafi32-35
i E i} 6] Measurement time il 2 A} [B] Measurement time
c. 2015 d. 2016

E: TI~T6 AR RKE i KA E . PKERG. TRNER. =
KB AR ANE R A B BN RIR B FIVING 52 8] 43 T 2R A BRI 4E 0.1
H10.05 KF EZEFEZE, TR,

Notes: T1 to T6 stands for treatments of lower irrigation amount with straw
mulch, lower irrigation amount without straw mulch, moderate irrigation amount
with straw mulch, moderate irrigation amount without straw mulch, higher
irrigation amount with straw mulch, and higher irrigation amount without straw
mulch, respectively. The uppercase and lowercase letters indicate the
significance testing for P =0.05 and 0.1. The same below.

A1 20132016 SRR AL NZEINALETFKXE o iR
Fig.1 Comparison of apparent quantum efficiency (a) measured
in 2013-2016 for winter wheat with different (irrigation amount
and mulching) treatments

2.2 XE—COMNHMLSHES

AN (R HE /K AN T A AR RIFR FE ) T B K
PRI Vmax PR TAEIB R T (R 3D HA,
2013-2015 455 — 0 5E B~ b BE 1) COL Wi 37 il 2 I g
T %, TCIEEHTSME R, AR B D E
Sz, AT IME H A K T = T

THRE TR BN Voo (ELIF 5525 520 5 BLRILAE AR RE S
B I =SE (Dafi3s RULRT) o, 7836 Ab 3T
Vemax 15 1195235 5200 ) 32 ZL R OL/E I AEE 2 b L 5 0
(Dafi32 KULJE ), WFFC I A R DU #E 7K 2 A0 78 o6 A0 PR 1)
TEHAEH (£ 3). 6 NMEHERIM LR ER, 5 0
W 4 IRAL 3R] 2 ok B Bl B3 (P<0.1, 7F 0.020~
0.085 Z[f]), 1% 2015 4F Dafi35-36 M 5E 1 ALFRIA] V oy 1H

TRERFE . FEFTHE S ARRE S X AN e A R AN R B R R 165
ZERARZE (P=0.202).
Z_40f ==y a3 2 40} . b
8% | =mT3 =76 g7
84 30 g 230 2 aa fi2
Ro & RS%
5 =20 #E Iy
&S g dod §
R %% 10 RES10
- =}
£~ 0 E “E 0
A~ Dafi19-20 Dafi40-41 A Dafi29-30 Dafi47-48
i E B ] Measurement time l R} [E] Measurement time
S a. 2013 b.2014
3 ’7“40 abab bb g ~H07 pebe &
g0t Wl befuie & 2300 [all?
Reo E allb R3L
8BE o mg 3
Gigw &
RES B E
g0 R 5 S0
a% ~ o £
Dafi35-36 Dafi54-55 A Dafi32-35
il %€ it [] Measurement time Ul € s} B8] Measurement time
c. 2015 d. 2016

F2 2013-2016 4R Bl A3 &) Kot i KB B3R B Ay BAR
Fig.2 Comparison of photosynthetic capacity (4,.x) measured in
2013-2016 for winter wheat with different (irrigation amount and
mulching) treatments

R3 WBEKEMBRLEREREMEAMRRBRLER Vo
B KB FRBIE o # 0 HY B Z KT
Table 3 Results of two-way analysis of variance of irrigation
amount, mulching and interaction effects of above two treatments
on maximum carboxylation rate (V;.x) and the maximum electron
transportation rate (J.x)

i —CO,
i) 15 23 5 e H
Parameters Measurem-

— T KEM  FabE
w ki He il grea
Years Irrigation Mulch SCHAEH - ANOVA

from 4,-CO, ent dates Interaction  among
curves amount or not effects  treatments

Bk Dafil9-20 2013 0.005** 0.298 0.627  0.020%*

g Dafi29-30 2014 0.025** 0.321 0472  0.085*

Maxi

SMUM  Dafi32-35 2016 0.013*% 0.031%* 0782 0.035%*

carboxylation

rate Vemax Dafi35-36 2015 0.342  0.073* 0.485  0.202

PO |
(umol'm™'s™) pafis7-58 2016 0.148  0.041**  0.960  0.074*

kT Dafil9-20 2013 0.046** 0.600 0747  0.057*
B3 Dafi2g-30 2014 0249 0398 0510 0453
Maximum

electron Dafi32-35 2016 0.025%* 0.497 0875  0.093*

transportation  Dafi35-36 2015 0.731 0.876 0.229 0.537
rate Jiax

(umol m?*s™) Dafi57-58 2016 0.147  0.026**  0.970 0.062*

B3 RIR T Vemax TELIF RO B H] 22 52 LU 45 R 2013 4,
Dafi19-20 FIE FF, AR/KALEE T1. T2 B Ve 55K
TE/KALEE TS, T6. 2014 4F, Dafi29-30 FIMEH, T2
B Vemax TELE 0.1 TZEKF FALT TS5, T6, T1 B Veax 1B
T T2 TS, T6 2 [d], HEMWAHMEMEZERARE.
2016 4, Dafi33-35 [IMEH, T2 [ Vopax (B2 E KT T3S
T4. T5. T6, 1M1 T1 ) Vemax [T T2 F1 T3, T4, T5.
T6 zf), HEMWHMIEZERARE, T4 1 Vi BT
LT T5; Dafi57-58 HIMEH, JREALFLIA] Ve SHME
ZMBR, EAENAMEAZER BRifEZE) BER, A
[ ZERANAE 0.1 AP BB, Hrr, HAE T2 1 Ve [H 525
KT T5, HRIEE] Ve [ENT T2 F1 TS5 200, H5=
BEEFRAEE TL~T6 M) Ve [H 4 MK 73508 :
121.42.107.68.133.42.113.55. 141.83 1 129.95 mol/(m*s).
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g V=t - bb
g ~160 | b, ==T3 ==T6 = 1607 ab
2 o
¥E 10t 2a H¥3E 120
s B
%n S 80 S5 580
288 B5S
£ 40+ K2 =40
®id . BEE
%" O Dafi19-20 Dafi40-41 E Dafi29-30 Dafi47-48
= | 5E B} JH] Measurement time S |2 i E] Measurement time
2 2 .
g oo a.2013 2 500 b. 2014
g~ g
2 hie0f . 2 2 160 abSbChe @b
BE S a b
§g 120 W% B2 ab
£ 2835
&% g 80t &y g 80 a
< S Ko<
B3 407 B E §40
RN Ex
5 0 2 0
S Dafi35-36 Dafi54-55 g Dafi33-35 Dafi57-58

%2} 18] Measurement time

| 7E B &) Measurement time
c. 2015 d. 2016

B3 2013-2016 4 &4 2 L Aot KK HAIER F Vo oK
Fig.3 Comparison of maximum carboxylation rate (Vmpax)
measured in 2013-2016 for winter wheat with different (irrigation
amount and mulching) treatments

THE KBRS e (25 S TESMARE R AT . A
PR (Dafi19-20 Al Dafi32-35) W E, 1178 55 AL FEXT Ja
ERiORTE R ARV = N
(Dafi57-58) ML E], [FIFERT, HF 78 H AR KB HEK &
FE S5 A FEXT e M HAEF (3R 3D 6 AU&&I‘EHE’JH:
BEEREIR, 5 IRMERA 3 RGP R 2 AL B
(0.05<P<0.1),

Bl 4 BIR T Joa (BRI [A] 2 8 LEELLE R . 2013 4F,
Dafi19-20 FJIEH, R/KAREE T1. T2 f Jopay BAE 0.1
FIKAR T KA T5. T6. 2016 4, Dafi32-35 Kl
EH, Tl T2 W Jpe IE7E 0.1 BZ/KPALT TS5, T6, T3,
T4 [F) Jmax [T T1. T2 A TS5, T6 2 J8], H 54T
HEFAEZE; Dafis7-58 FIE T, 5 Ve 5100, ALFE
WAR SRR, ATREME R AL A 5, A T2 T4 1 Jax
HE 0.1 BEACTHRT TS, HAMFS RSz
AR E T1I~T6 ] Jpae 18 4 MEK T3 58: 246,21
219.24. 265.20. 248.20. 287.04 F1271.63 umol/(m*s).
M BRARE K B ) F FE SRR, T3 (R VEBR 1) 2 ] DAAE RS T
7 i A /N2 TR RE T BE, B 65%~85% 1 H W] ¢k & AF
R BN R, 1%L A R RS A
mEf i, A ARER &N IEM R R A e

AT T E FIA ISR Ve (HZE 5T Waullschleger
LR AT N Vnax FIGEHHE (83 umol/(m*s)) 91, {H 5
T A Miiller 253G /NFE Vg TSN 21T, I 514K
NP R . ARSI R Vomax MIALHR ] 2 57
— S HEH RS EADE, AW TOBAE T SR TE Ve
CLATIIE I, Y6 B 8 S 5080 5 B 5 R T 5 Vemax
B AL RAN B T B, BT AT FE IR INN Jnax 55 Vemax 1
FELAE BN SE, BUE A (24£0.6) P8, ASHE 7T 4% Ab B i)
nax! Vemax FLIELTE 1.35~2.68 2 [A1484L, ¥IME N 2.0, &0
FElf% T Evans F1 Farquhar %f/NE256-E 098 R ARIE (11X
OB 1.63~2.06"", HIME5S Leuning HEFEM C3 MY
W (2.020.6) —FY, ETABRLGER, EHEELE
Bl ORI 78 FR A4 /N2 A B AT R LA 2 SKRHES Jaxo

g
g
é —~ mmT] ==T4
%5% ==T2 =T5 ~
& bp mm T3 —T6 # S s
& & 5300 = & 300
ﬁ E = aa ;ﬂ g
8 Ba00 &5 5200
2ES Y ES
L 100 w \5100
S g e KES
EE o0 ®Z 2 o
5 Dafil9-20 Dafi40-41 H Dafi29-30 Dafi47-48
s I & B+ ] Measurements time %2 Bt ] Measurement0 time

Maximum electron transportation Maximum electron transportation

a. 2013 b. 2014
=
$
g~ ns o
o | ‘M‘ i
%* g4 300 I
RE E RE E
& g S 200 e g
e S TS
2.8 100 2o
2® 4 BN
BEg e g
E & 7 Dafi35-36 Dafis4-55 Dafi32-35 Dafis7-58
3 %€ s} 6] Measurements time 52 i} Ji] Measurements time
= c. 2015 d. 2016

B4 2013-2016 7R 7] 432 &y R Kol A 3 2R o HBAR
Fig4 Comparison of maximum electron transportation rate (Jiyay)
measured in 2013-2016 for winter wheat with different (irrigation
amount and mulching) treatments

2.3 RESBEMHHENEENXER
B RAEYI 2k 3 KO AAH S I i) B A5 4y

GRS N S2EEME, Ao T8
BRI N Z R E S A FGE—CO, Wi 3L
HZE KN E S Vemax T N FE (Npas) FIKFR
B E0 B B Apa M Venax 295 Nipass 221
MR, HAFED 2 A 58 R IR A 2 5
AR, Fi, R ITAEMEIES—RH, ik
B ZEIKF (P<0.0001)5 Nyass 73501 T PASERE Ay A1
Vomax AE A AE S 11 71.89%F11 88.76% (& 5).

40r
Aumax=6.055 Nimass+7.387
2 361 R*=0.718 9, P<0.000 1 Ov
37 | N=36
(=
S 32r
Py g g
S 281
&sg 4E45} Year
RES
§ % 241 ® 2013
IR 02014
A 201 v 2015
A 2016
16 !
2.0 3 5 4 0 4. 5 5.0
”1‘ R ﬁﬁ’a\ & Leaf N content Nyas/%
a. JtRRES
a. Photosynthetic capacity (Amax)
180

[ Vin=31.013 Npuss+15.425
160 | R>=0.887 6, P<0.000 1

2

e

£~ | N2
5 g 140
BEE0f
&5 E 100}
K§§
o I

gé 80

] L

g eof

40

1.0 1.5 20 25 3.0 35 40 45 50
B E 434X Leaf N content Nyasy/%

b. B KA
b. Maximum carboxylation rate (¥cmax)

B5 2013-2016 FRE &AMt REFEN (A ) KR
KBMEFE (Ve ) 57T H R EDE (Npags ) Z 1087 £
Fig.5 Relationship between photosynthetic capacity (4n.y) and
maximum carboxylation rate (¥ y.y) and leaf N content (N ss) of

winter wheat flag leaves under different irrigation amount and
mulching treatments in 2013-2016



12

FRERESE: AT A e AR RE L B0 & /N2 & R AN R A R 167

AR K K78 5 AP AR AR B R IR BE
PRIFELR Amax T Vemar S ZBRHIM N S8 & A
WEMIEZA K, SR A N &=
I, ZHEMEERAKEMN A N & ERRE A, T
BN EERm, HAGTERE) I A e B8 K 20 5K
2o /B, AWFRr i N SEREEN, BE35
52 RAZNPNENE, KRDIMEEMN A N S8/, %
ASHIMKBZNILER . & HRK S A7E RN T
ZONEM RN &8, @A N SEMUSELEBER-
WHERER A EAR DS, 1 H RT3 R AR OO A ik R AL
HKim T, HER R A R A,

2.4 FFESAESHMXAR

K EEH R RV IERE, AR T RS
HESHZ MK KR, TPES Apax K Vemax Z AR
P BB AR R (6, FTH M2 E A
HVemax ZRMEM R, HAREG Z MM KK RRR
MM ERARE, Wik, A0 EO SRS —
[EH, $ikFRREEKFE (P<0.000 1)) Apa M Venax 7
T RE R P B AR S 83.15%411 90.99% . %% 2R E MK
B TS EON = B SEE R, Apa B Vemax BT
AEFE, BRI R Y B R S, AHE AT 2013
SRR TR E IR K, A/ N2 IR W] REAEAE
T, JCHRMRK S A S A B s =T
HAREL, XMERRKMEZ R MG S Hx
WLk, FHERAE 2013 FEFEEE Apn N Vemax LR FR
A3 5 BT A AR 1 B A L 28

7000 -
¥=226.53 Anax—2 405.5
R>=0.831 5, P<0.000 1
o~ 6000 - y—22
)
é" 5000
=
=
.9 -
55 4000
)
3000 |- e ® v 2015
A 2016
2 000 1 1 1 1 1 1 1 ]
22 24 26 28 30 32 34 36 38
byl
Photosynthetic capacity 4ma/(umol-m2.s™)
a. JtRRES
a. Photosynthetic capacity (Amax)
7000 —
Y=65.324 Veax—4 317.5
R*>=0.909 9, P<0.000 1
~ 6000 - A0o
£
=
o0
£ 5000 -
=
=
.2 4000 |-
>
i
%3000 |-
2
000l

00 1|10 150 1|30 1:‘0 1|50 16|0
BRRA R
Maximum carboxylation rate Vp/(umol-m2.s™)
b, BRRIHR
b. Maximum carboxylation rate (Vcmax)

B 6 20132016 FRRALE LN EFF (V) HifirtmAAE
BE (Apy) BIRRBMIEF (Ve ) ZIHI X R
Fig.6 Relationship between yield (Y) and photosynthetic capacity
(Amax) and maximum carboxylation rate (V,y.x) of winter wheat
flag leaves under different irrigation amount and mulching

treatments in 2013-2016

3 & it

AT T IE R £ R E SRS 2 T AR S AL AR
[ RE I N R B S, i T &St
IB) 22 SRR S I SEY = Rk R 4 MEKZFERRIR
B, FEFT A o AL ERANAS [R)R E  BE S A RIRE B e 1
M A S HME, T E AR BEAERX S S5
5 DU 240 A R B o

TREKEX R E R TR o 0EF 03RRI
SRS G, MESEXN o MWAEE, 7w
IKER G BETT Amax PRI R E HARRIH B BT %
S5 VK EXTHR KIR R R Vo AR K L AR R ROR
Jinax I35 M0 BRI AE S ARE SR A . AR, T 78 o X
Vemax FH Jinax 15035 52000 ) 5 B R IUAE AR RE SR . SR,

i O S K B AR TR o A Vemax
A T JUT BT I 2 25 DA 56 R /K03 (TS) b E S
B K, B 2016 R —IRIMESS, mKAEE (T6) Al
KBS (T3) FIMRAERKES TS ZRAEE, MK
IKATE R (T2) KR NG ) BT T5. MBRREEK
B RRYE, T3 B SIEE o] DUE AR A 55 4 /N2
P )37 JEE #6121 65% ~ 85% ) FH a1 /K e Ay 4K 43
) E R BRAE I, B R A R RS AT 7 S s i, T
DMRFE&/ N M s e S R TT .

SRR ] S 22 5 0T DU I N B B Nias KA
B TS FraME BN A A Vinax 395 Nonass
YA ZE . MG SHOLE T =R 2 5,
A ER RIS Ape T Ve 75 WM (R >
0.8). FHt, JETMEARF I Npass 7T LA L
HOCEYE A S8, i Se I E Al 5.

(& £ X WK

(17 XEH, FKE, Kb, 5 DRKDAERE A

A FT[T]. HERHFAT, 2005, 24(1): 1—10.
Liu Changming, Zhou Zhangqing, Zhang Shifeng, et al.
Study on water production function and efficiency of wheat[J].
Geographical Research, 2005, 24(1): 1—10. (in Chinese with
English abstract)

[2] e, @Mk, s B4 5N E-TORM R 1K
W S SR ], Ak T2, 2011, 27(7): 37—44.
Fang Quanxiao, Wang Jianlin, Yu Shunzhang. Water-saving
potential and irrigation strategies for wheat-maize double
cropping system in the North China Plain[J]. Transactions of
the Chinese Society of Agricultural Engineering (Transactions of
the CSAE), 2011, 27(7): 37—44. (in Chinese with English
abstract)

[3] Camp CR. Subsurface drip irrigation: A review[J]. Transactions
of the ASABE, 1998, 41(5): 1353 —1367.

[4] RUSZEd, i, B0 ToK-NE—EP R R
& ZARIEHF7E[T]. AR TAEZ4R, 2004, 20(3): 70—73.
Liu Lijing, Gao Huanwen, Li Hongwen. Conservation tillage
for corn-wheat two crops a year region[J]. Transactions of the
Chinese Society of Agricultural Engineering (Transactions of
the CSAE), 2004, 20(3): 70—73. (in Chinese with English
abstract)



168

Fl TREZAR Chttp://www.tcsae.org)

2017 4¢

(5]

[11]

[14]

Wik, kA, skES, & BHES RIS XD ZA
[FIAEB Br BOK 2 FI R = BRI T]. HRdbAe 24k, 2016,
31(3): 184—190.

Yang Yonghui, Wu Jicheng, Zhang Yuting, et al. Effects of
tillage, moisture conservation on water use and yield in wheat
at different growth stage[J]. Acta agriculturae boreali-sinica
2016, 31(3): 184—190. (in Chinese with English abstract)
W, REZ, ERE, F AREBHET 2 RAEX A/
FAFERFE R, R TR, 2009, 25(1): 50—
54.

Huang Ming, Wu Jinzhi, Li Youjun, et al. Effects of different
tillage management on production and yield of winter wheat
in dryland[J]. Transactions of the Chinese Society of
Agricultural Engineering (Transactions of the CSAE), 2009,
25(1): 50—54. (in Chinese with English abstract)

XIEM, sKEM, T8, % RS AR et RN
ZEREAKIARE, PR EAK MBI D], Bl 24,
2012, 21(5): 169.

Liu Qinglin, Zhang Enhe, Wang Qi, et al. Effect of irrigation
and nitrogen supply levels on water consumption, grain yield
and water use efficiency of spring wheat on no-tillage with
stubble standing farmland[J]. Acta prataculturae sinica, 2012,
21(5): 169. (in Chinese with English abstract)

Braune Henning, Miiller Johannes, Diepenbrock Wulf.
Integrating effects of leaf nitrogen, age, rank, and growth
temperature into the photosynthesis-stomatal conductance
model LEAFC3-N parameterised for barley (Hordeum
vulgare L.)[J]. Ecological Modelling, 2009, 220(13/14): 1599—
1612.

Yin X, Struik PC. C3 and C4 photosynthesis models: An
overview from the perspective of crop modelling[J]. NJAS
Wageningen Journal of Life Sciences, 2009, 57(1): 27—38.
Miiller Johannes, Wernecke Peter, Diepenbrock Wulf.
LEAFC3-N: a nitrogen-sensitive extension of the CO, and
H,0 gas exchange model LEAFC3 parameterised and tested
for winter wheat (Triticum aestivum L.)[J]. Ecological
Modelling, 2005, 183: 183—210.

IR, £, ik, & Dot sNE2EE 5
HOC AR, Aok TSR, 2006, 22(5): 66—
69.

Jiang Xiaodong, Wang Yun, Hou Liantao, et al. Effects of
minimum tillage and no-tillage systems on photosynthetic
characteristics at late growth stages of winter wheat[J].
Transactions of the Chinese Society of Agricultural Engineering
(Transactions of the CSAE), 2006, 22(5): 66 — 69. (in
Chinese with English abstract)

Pal M, Rao LS, Jain V, et al. Effects of elevated CO, and
nitrogen on wheat growth and photosynthesis[J]. Biologia
Plantarum, 2005, 49(3): 467—470.

Foulkes MJ, Hawkesford MJ, Barraclough PB, et al.
Identifying traits to improve the nitrogen economy of wheat:
Recent advances and future prospects[J]. Field Crops Research,
2009, 114(3): 329—342.

SKRERE, THEAR, FERE, S5 WX N ANEEY
PR A AR RT]. AR TREZAR, 2015, 31(6): 170—
177.

Zhang Yanqun, Wang Jiandong, Gong Shihong, et al.
Photosynthetic response of yield enhancement by nitrogen
fertilization in winter wheat fields with drip irrigation[J].

Transactions of the Chinese Society of Agricultural

[15]

[17]

[22]

[23]

[24]

[25]

[26]

Engineering (Transactions of the CSAE), 2015, 31(6): 170—
177. (in Chinese with English abstract)

Shangguan Zhouping, Shao Mingan, Dyckmans Jens. Effects
of nitrogen nutrition and water deficit on net photosynthetic
rate and chlorophyll fluorescence in winter wheat[J]. Journal
of Plant Physiology, 2000, 156(1): 46—51.

FKIEAT, KB, Bt AFRGATE SR N Ak
MR, SeB B E R ZER[T). ZREYFR, 2016, 36(1):
120—127.

Zhang Xiangqian, Zhang Hefei, Qian Yiliang. Differences in
plant traits, photosynthesis and yield of wheat under different
straw mulching modes[J]. Journal of triticeae crops. 2016,
36(1): 120—127. (in Chinese with English abstract)

Y&z, FRM, ERM, 55 MEEN & NLERIDL
BIRR, FIE R BRI T EY A, 2008,
34(6): 1027—1033.

Ma Dongyun, Guo Tiancai, Wang Chenyang, et al. Effects of
nitrogen application rates on accumulation, translocation, and
partitioning of photosynthate in winter wheat at grain filling
stage[J]. Acta agronomica sinica. 2008, 34(6): 1027 —
1033.(in Chinese with English abstract)

Evans John R. Photosynthesis and nitrogen relationships in
leaves of C3 plants[J]. Oecologia, 1989, 78(1): 9—19.

Evans John R. Nitrogen and photosynthesis in the flag leaf of
wheat (Triticum aestivum L.)[J].
72(2): 297—302.

Li Dandan, Tian Mengyu, Cai Jian, et al. Effects of low
nitrogen supply on relationships between photosynthesis and
nitrogen status at different leaf position in wheat seedlings[J].
Plant Growth Regulation, 2013, 70(3): 257—263.

ERHAR, BN, S SR RO AR KR
N3G S &N P B A D], AL TARE AR, 2009,
25(11): 68—73.

Wang Jiandong, Gong Shihong, Gao Zhanyi, et al. Effects of
drip irrigation mode on spatial distribution of soil water and
nitrogen and winter wheat yield[J].
Chinese Society of Agricultural Engineering (Transactions of
the CSAE), 2009, 25(11): 68 —73. (in Chinese with English
abstract)

Thornley John HM. Mathematical models in plant
physiology[M]. Academic Press (Inc.) London, Ltd., 1976.
Sharkey Thomas D. Photosynthesis in intact leaves of C3

Plant physiology, 1983,

Transactions of the

plants: Physics, Physiology and rate limitations[J]. Botanical
Review, 1985, 51(1): 53—105.

RO FS, Tk, &/NZ6EE a5 h 4 i &[],
RERES S, 2001, 22(2): 12—14.

Lu Peiling, Yu Qiang. Fitting light response curves of
photosynthesis of winter wheat[J]. Chinese Journal of
Agrometeorology, 2001, 22(2): 12—14. (in Chinese with
English abstract)

LK, BKE, TAM, % EERENEE RS KE
XN G AR A BRI T]. AR, 2008,
28(10): 4896—4901.

Ma Donghui, Zhao Zhangxing, Wang Yuefu, et al. Effects of
nitrogen fertilizer rate and post-anthesis soil water content on
photosynthetic characteristics in flag leaves and yield of
wheat[J]. Acta Ecologica Sinica, 2008, 28(10): 4896—4901.
(in Chinese with English abstract)
Waullschleger SD. Biochemical
assimilation in C3 plants-a retrospective analysis of the A/Ci

limitations to carbon



512 W

FRERESE: AT A e AR RE L B0 & /N2 & R AN R A R

169

curves from 109 species[J]. Journal of Experimental Botany,
1992, 44(2): 907—920.

Biochemistry to Canopy. CSSA special publication no. 19.
Madison, WI: American Society of Agronomy, Inc., 1991,

[27] Miiller Johannes, Eschenroder André, Christen Olaf. LEAFC3-N 1-15.
photosynthesis, stomatal conductance, transpiration and [30] Bindraban PS. Impact of canopy nitrogen profile in wheat on
energy balance model: Finite mesophyll conductance, drought growth[J]. Field Crops Research, 1999, 63(1): 63—77.
stress, stomata ratio, optimized solution algorithms, and [31] Serrago Roman A, Alzueta Ignacio, Savin Roxana, et al.
code[J]. Ecological Modelling, 2014, 290(4): 134—145. Understanding grain yield responses to source—sink ratios
[28] Leuning R. Temperature dependence of two parameters in a during grain filling in wheat and barley under contrasting
photosynthesis model[J]. Plant Cell & Environment, 2002, environments[J]. Field Crops Research, 2013, 150: 42—51.
25(9): 1205—1210. [32] Zhang Yanqun, Wang Jiandong, Gong Shihong, et al
[29] Evans J, Farquhar GD. Modeling canopy photosynthesis Nitrogen fertigation effect on photosynthesis, grain yield and

from the biochemistry of C3 chloroplast{M]. In: Boote KIJ,
Loomis RS, eds. Modelling Crop Photosynthesis-from

water use efficiency of winter wheat[J]. Agricultural Water
Management, 2017, 179: 277—287.

Effects of straw mulching and drip irrigation scheduling on
photosynthetic characteristic and yield of winter wheat

Zhang Yanqun!, Wang Jiandong**, Gong Shihong!, Xu Di*, Sun Jiwen'?
(1. Irrigation and Drainage Department, China Institute of Water Resources and Hydropower Research, Beijing 100048, China,
2. College of Resources and Environmental Engineering, Shandong University of Technology, Zibo 255049, China)

Abstract: Determining the photosynthetic parameters is the basis for understanding the physiological causes of water saving
and yield increasing under drip irrigation modes. In this study, intrinsic photosynthetic parameters were determined during four
years experiments in winter wheat field treated with six drip irrigation modes (T1 to T6, stands for treatments of lower
irrigation amount with straw mulch, lower irrigation amount without straw mulch, moderate irrigation amount with straw
mulch, moderate irrigation amount without straw mulch, higher irrigation amount with straw mulch, and higher irrigation
amount without straw mulch, respectively). The differences in photosynthetic parameters among treatments were statistically
analyzed, and the correlations between photosynthetic parameters and crop yield were analyzed. The results showed that
increasing irrigation amount and straw mulch enhanced the apparent photon quantum efficiency (a), photosynthetic capacity
(Amax), maximum carboxylation rate (Vemax) and maximum electron transfer rate (Jn.x), respectively. However, the interaction
effects of irrigation amount and mulching on photosynthetic parameters were not significant (p > 0.1). The effect of drip
irrigation on apparent quantum efficiency (a) was significant (P < 0.05) during the late periods of the heading and grain filling
stages, while the effect of straw mulch on a was not significant (P > 0.1). The effect of straw mulch and drip irrigation on A,
show significant (P < 0.05) seasonal differences. The effects of drip irrigation on V. and Jy.x were significant (P < 0.05)
during the mid-season periods of the heading and grain filling stages, while the effects of straw mulch were significant (P <
0.05) during the later periods of the heading and grain filling stages. The results of multiple comparisons showed that the
photosynthetic parameters of TS were the highest (P < 0.05). Except for the measurements in 2016, the corresponding values
of T6 and T3 were slightly lower but with no significant difference from those of TS (P > 0.1). However, the corresponding
values of T2 were significantly lower (P < 0.05) than those of T5. These results suggested that, under higher irrigation amount,
photosynthetic parameters were not affected significantly (P > 0.05) by mulching, but under lower irrigation amount, the
parameters significantly (P < 0.05) decreased if treated with no mulching. The average values of A, during the four years
from T1 to T6 were 29.59, 26.45, 31.44, 28.68, 32.42 and 30.90 umol/ (m2~s), respectively. The average values of Vi, during
the four years from T1 to T6 were 121.42, 107.68, 133.42, 113.55, 141.83 and 129.95 umol/ (mz-s), respectively. From the
point of view of reducing the amount of irrigation, T3 irrigation scheduling can be used as an optimal strategy for winter wheat
under drip irrigation with straw mulch, indicating that 65% to 85% of the field capacity was used as the lower and upper limits
of soil moisture control. The management practices of drip irrigation with straw mulch can keep the higher photosynthetic
capacity of flag leaf for winter wheat. The differences in A, and Vi, among treatments could be explained by the leaf
nitrogen content (Ny,s). Grain yield for all years were also linearly related to A,.x and V., respectively. Therefore, by
measuring Np.s, one can estimate Ay, and Ve, thus achieving the yield estimates of winter wheat field in this area. In
addition, the photosynthetic characteristic parameters can also be applied to the crop model to improve the accuracy of model
prediction under different water and mulch regimes.

Keywords: crops; irrigation; photosynthesis; winter wheat; straw mulching; leaf nitrogen content



