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Effects of Water Deficit on Photosynthetic Characteristics of Spring Wheat
under Plastic Mulching and Comparison of Light Response Curve Models

DUAN Meng YANG Weicai MAO Xiaomin
(College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, China)

Abstract; In order to investigate the response of photosynthetic characteristics of spring wheat under
water deficit and plastic mulching conditions in Northwest China, field experiment was conducted with
four treatments, including full irrigation without mulching ( W1MO ), full irrigation with mulching
(WIM1), deficit irrigation without mulching ( W2MO) and deficit irrigation with mulching ( W2M1).
The light response curves were monitored with five different light response curve models which were
compared. The influences of field mulching and water deficit on photosynthesis of spring wheat were
discussed and the applicability of the light response models were evaluated. The results showed that water
deficit can reduce the main characteristic parameters, including maximum net photosynthesis rate
(P,.), apparent quantum efficiency ( AQY ), dark respiration rate (R,), while light compensation
point ( LCP) was increased. However, treatments of mulching can slow down the decrease of spring
wheat photosynthetic rate effectively. There were obvious differences for treatment W2MO in the
simulation results of the five models, where only Ye Zi — Piao model could well fit the actual values, and
especially for the high photosynthetic active radiation section, with the coefficient of determination ( R*)
greater than 0.9, while the fitting effects of the rectangular hyperbolae model, the non-rectangular
hyperbolae model, the exponential model and the kinetics model were poor, which were only about 0. 7.
Their determination coefficients were in the descending order as Ye Zi — Piao model, non-rectangular
hyperbolae model, exponential model, rectangular hyperbolae model and kinetics model.

Key words: spring wheat; plastic mulching; water deficit; photosynthetic characteristics; light response

curve; light response models

Wk H . 2017 -05-19 (& H#. 2017 — 06 —27

E&TH: BEMEAGI L RIT(863 3H41) 5T H (2013AA102904 ) F1[FH K A S8 FLF 5 4 50 H (91425302)

EER N B (1986—) % 44, E8MAF K IOKFEIFEBST, E-mail: dm2015cau@ 163. com

BEMEE: BRE(1971—) 20, 80, LA 0, E2 SR SOK RS540 K - TREPIS , E-mail: maoxiaomin@ cau. edu. ¢cn



220 & A Bl B ¥ i

2018 4

0 3

0 B Y i 7 g 2 S I v o £ T R B 2 ' T
5 A8 Ak ) AR ARl 2, 3 b ol e i DU X T T M AR
Pt a R hE A EEE . FRe Rl
A R AR Ak B ) R AL FE 3 AN R BB 4 1 H
L5 — AN AESS G TT L 6 A AR B G 3 A 4 v T
SURITHE, R R RV A AR
— BRI 5 A TP AR R O UK Bl
TR P38 T L AR S T I R R R R X
B, GG VR I SZ St Re Ak v (9 BR 1 i L 52 — 2k
A E B, W Rubisco 1% M F G A v 18] 7 ) s
PR PR A S A B 1 5 2 =3 o, FE RO R A
2 B ' 5 P 1 1 T AR % % T o S B A
SRR X, S A 1 R U i AR L3
Y, XA RO A RIS R, T
A EF By e b i 26 B A — A B Wi A 4
S VR i AR X O At B, BB T — KB
JH . A 1905 4, BLACKMAN " 32 1 T 465 — 4%
GYERYEm N BT 2 J5 8 T8 B OE A R A
AR 4k 32 M T R [ O we N A R g R B0 A
BALY"™ $ 4 f B #f XU H 28 #5575 . THORNLEY ™ f§
P 1A U R B R BASSMAN 45170 i i 550 pR i 5
H BROADLEY %" 1 iy gy Jy 2 B 00 iF A5 3% [
ST Y B A R R G s TE R Y, SURR
AR TR A

TET A0 R X, KA 400 S 5 WA A
YA VER B — A BRI &R 2R, Ko ad £ A F
AHTHYOCEER IR . HK T 2 S0
PIRR X GE A R, #E— 2D g R 1 W A 3 3, (A
e e A V8 A TR R K LRk AE R b e A
AL FARB RS, & S EOE A B R 7 50E
TR MU T A IR B IR R R T
MIVE e 3 4 S AE W 7 i MoK e FI I 0%, =
b FEE AT 55 2 I b 2R Y B ) [R) B A 1S - 8K A 1
TCRFE K o 3 B A o5 A X R 6% 3 o BEL A5 1 18 ok
R BRI A, 90 13K o ) TE R R & L 3
s g kR RSB R A0 b IR AT L
{2 R ) AR AR il B 2B, A R T K 3 TR G R IR
I HAREEY P aE o E R 25 0 1 R
0 250 R T B LE A 0 B T AR R KR
IR A R K ORI L R IR LS A
SCHRIC BRI — L% o 7 R 1% He AR it 2 e b
AR X F 2B TR I U AR B B e, DA R
JEER 35 00 I 9 S G 1 PR 3 801 T R AR ) A B
B A 3R 5 AL AIE 9 OC TS A2, A SCHLE 2 Ok

il

B 75 1, W 5T A B A 1 5K 23 38 XUEE R 3R /D
R IDOE S HLEL, AN T I8 B B D i
S5 EE R 9T B NS TR UK 43 38 X AR /N D A A
FHSE M IO 9 22 A 388 2k X6F 5 FH ERS bl ol o iz £ A5
TYPEAT FEBCHIETE , BRSOG4 2 RO AR AL ML
LA 8 75 3 /N 22 B0 A AR B AL

1 #REFE

L1 R XHEER

AR F 2016 4 3—8 H 78 H Rl K24 41 3
T A 5 A 2 AR 58 3 R AT 1R R s A T
Hob A g T BN X AR & T 5 E A, bbb 2
37°52" A% 102°527 iR 1581 m, MY
B PR L T R AU LR IR R, 2
Atk 8°C, AR BUR 3 550C ( >0C) . FHH
HRE % 3 000 h Z2 45, R 150 d LU |, 48 - 1 %
KN 164, 4 mm, Z4E K3 % B 2 000 mm, T 5
FEHL 15 ~25, 1T /KL 40 ~50 m'™ B X +
8 I b oA D 39 -4 )RR OK B 27 % R K
35% JHZE S 12% I LHEZE 1.38 o/em’ 247
L2 REHRSET

BN AR R 4 %5, F 2016 423 J1 30 H
b, 4% 5 XN SRR, 4 Bl B 390 kg/hm, 47
15 em, 7CHE 12 em, L% N 46% B9 R 2 A&, LA &
16% P, 0, () i i Ak 45 o % IR, 3% 77 % 55 75 kg/hm’
JRZ A 120 kg/hm® {1 13 8 1L 45 0 JE B, 2016 4F
7 H 15 HYHR,

TG E 2 AN Ko AL HRRT 2 b )4 By 5K
53510 100% (W1) (6 /> — R BE IR W HE 7K (W2) DU
TR R T B, 43 ) Sl WM (78 439 B S 7
JBE) (WML (7843 HEWE 7 B ) W2MO (75 il 9 TG S 7
J) A1 W2M1 (5 Bl A ) it 4 M AbE (R 1)
BEASAEHL 3 R E A, R ML X B HES 31

£1 EBHELE

Tab.1 Irrigation treatments design

. THE 7K E #l/ mm HEWE B/
JuSE] AN G5
04-29 05-28 06-19 mm
W1MO 5.8.1 105 105 105 315
WIMI 2.6.11 105 105 105 315
W2MO 10,37 105 105 0 210
W2M1 4.9 .12 105 105 0 210

1.3 WEmMBS5HE

DG AR FH G e B i 0 S A /)N 22 S e
B A R A S AT I 7, B /N X3 BRAE K
fH: ) BT R, T LL - 6400 R {g 4 X% & 7E
M % & 4t (LI — COR Inc., Lincoln, NE, USA) 7&



513

Be 2 BEAK 2 5 SR XN oA b PR R e A R EE B 221

09:00—11:00 Z [a] JF 179 % o & UM %E A % )
M F7E 1200 wmol/ (m?+s) %G58 T 755 10 min, il
EBTR IR CO MR FEHI#E (390 £2) wmol/mol , I
PElAE (31 £ 0.8)°C, W5 A A 9 B2y (46.3 =
4.4)%

W5 A /) b 38 7K 23 T 19 06 A AR T8 6 i B 3ot
T o IR A B Ak BT () — SR R AT Ol g 7 il 26 )
I , 4> K 3 Ab BHOKSF R E 1do ] LT - 6400
TYLT R O IR K 06 & A RO I 86 B D 2 000,
1800.1500,1 200,1 000,800, 600,400,200, 150,
100,50 .20,0 wmol/ (m”+s) 3& 14 B BZ , 5 A [7]
DGR i X N O A R DR i E BRI E A BT
Ul AR A AL I R RO A 35 5 o - A B TR] L A
Bl BT 4 000 I ) Sy 180 s AN AR A Bl sl
4 % (Net photosynthetic rate, P, ; pmol/(m”+s)) |
72 ¥ W % ( Transpiration rate, T,; mmol/(m” +s)) |
S 4LS ¥ (Stomatal conductance, G, ;mol/(m®+s)) |
fifa] CO, ¥k [ ( Intercellular CO, concentration, C,;
pmol/mol ) &5 T MK 52 # 2 Ht K Ot & A AR 4
(Photosynthetic active radiation, PAR; pmol/(m® +s)) |
KR CO, ¥ JF ( Atmosphere CO, concentration, C,;
pwmol/mol) | KSR JE (Air temperature, T, ;°C ) -3
(Leaf temperature, T,;°C) | #f Fl /K 5 J& 25 ( Vapor
pressure deficit, VPD; hPa ) il 25 5 #H X 18 &
(Atmosphere relative humility, RH ; % ) 53545 K

WO AR AL N 4 (P, - PAR #i£%) ,
%f PAR /NT 200 pmol/(m*-s) &4 F i P, — PAR
BE FEAT R AE T, SRAGO6 G M R R WL 7308
(Apparent quantum yield, AQY ; mol/mol) | & £ f 5,
(Light compensation points, LCP; wmol/(m?*+s) ) I
I )% 34 % ( Dark respiration rate,R,; umol/(m’+s) ) ,

8ok 73 K A 3K g3 i 2 A ( Diviner 2000
B, Sentek Pty Ltd, Australia ) F1 B + T4 B 4H 45 & oF
#7000 5E . TRIME — PICO 4% 3% TDR R el & 1 4 ik
TSR BT ~ 10 d J5E — K, 7K B 9 7 i JS 0
Mo BN X IR I AEST 1] 2% B — AR trime 87, LR
Dy 1.8 m, A Y i B g A ] ] B R 20 em, 43 G
)& #uE LA 10.30.,50,70 .90 ,110,130 ,150 cm 3t
8 MNUREE, B3 2 ML LA R 0 ~20 em 20 ~40 cm
40 ~60 cm .60 ~ 80 cm .80 ~ 100 ¢cm 100 ~ 120 c¢m .
120 ~ 140 em 140 ~ 160 em ¥ + J2 B F 2 + 1k
PSR . THRE A LB AT I, )2 R 4300
R L 0 ~20 em .20 ~40 cm 40 ~60 cm 60 ~
80 ¢cm 80 ~ 100 cm, | I T 4 v M - 3 {& BLE K
X TDR R GEM &E #Y 4 38 4R B K R AT IE .
b it P N0 e I R AR R R AT b I B A

ASAR A SR, 43 0] 0 B b AT LA 10,20 ,40 .80 ,120
160 em L3t 6 A~ VR, R H R & 30 min [ 3))
SR A
1.4 FE1ERNXNmEZEER
1.4.1 A WU S A 7Y
AR WU 22 B e A 5o
aIPmdx
ol +P
X I—AE RS, wmol/ (m®+s)
P, .. — IR RS ES A, wmol/ (m” +s)
a— G R £ AE 1 =0 I A A5 B G i
;2R 0 0 AL SRR S RO T
BRI BT ROR
AR A B W DE RS A (LCP) M )y
L - R,P,.. (2)
* a(P,, -R,)

HZ y =P, 556N LME T REMAE, 38T
XFIE Xl B Bt A AT LSP, (1) B —1 ik
A ARAE B R A, TZ R AR B TR AU 22—k
ANER SR bR B ek g (1) Bk
i LSP,

1.4.2  EH A U S AR
B Ui 22 B B 28 5K

al+P,, - /(ad+P, ) -46alP,
P.(I) = 20 -R,

pP.(I) = -R, (1)

(3)
K o——tmnidh gl M ,0 <o<1
RS RID A AT MSE A 5 (LCP) oy
_ R, - 0R, ()
7 (P, -R,)
HE y =P, 586 T LM BRI, 58 ST
Xt I X B A KB RO AR A LSP
1.4.3  FEHA
1991 4 BASSMAN Fl ZWIER 15 ¥& £ 1 48 50 o
ks Bl b6 J5 PRADO fil MORAES 7 1997 4F,
WATLING Z£7E 2000 4F L4 A G FR i AL, B4R
FEECR B AL RN 2 (A BT A B —HE Y, &P
e A A I B . A SCIEI BASSMAN F1 ZWIER
P A4 R R e o R B A oy T

L

P.(I) =P, (1 -e ) R, (5)
ARG BT DG AME S (LCP) 2y
_Pmax
L, =—Rd (6)
aln ( 1 - P )
1.4.4 7 PUBR

I B A B3 N o e



222 & A Bl B ¥ i

2018 4

P.(I) :aﬂl—Rd (7)
1+'y[
KXrp p—BIERE
y — 5B A

R p=0,Hy=a/P, (7)) WTLRRH

aIPn]dX
al+p,, M (8)

R T O

max

p.(I) =

L ek - J (YR, - a)’ —4aBR,
o 208
F I RS R AT LR E B R e A R (P,
Mmol/(mz-s) ) G AMEE S (LCP, wmol/ ( m'-s)) &
S N B H
1.4.5  ZfjJj2e gl
L7/ b e (LB A TIVACACINIE R (Y B l) s
VI AR RN, £ G ) 1 % 8 R Y Michaelis —
Menten J7 . % i BROADLEY %" ) 77 pk #4741
& HBh 2R B N N
P (I-1)
P = v (o
s K,——P K P, 0 1/2 B 1{E
1 ——Y% P HEOErMES) B ER
1.5 #EYRKkSFIARE
K3 R %R (Water use efficiency, WUE ) A] L)
L AOE A R PRI B R TR Ht
/N

(10)

W,.=P,/T, (12)
1.6 HIEHWMAE

K Excel 2010 JEATRHE A B HAI 2 18 AHY)
SR ARSI R A O ZR B, 1T 2k SR SR T SPSS £t
B A4 (SPSS 19. 0, SPSS Ltd. , USA) gE47, b F ¥ %1
TR ¥ (Sequential quadratic programming ) Y,
Levenberg — Marquardt 3% {0 v £ 31 JR 3 5K i 45 B 2
B, BRI S H0) 68 L) R BRI L BE T

BN LA, o =0.05 mol/mol, P, =
30 pmol/(m’*+s) ,R, =2 pmol/(m’+s) ;<1 mol/mol,
P, <50 wmol/(m’+s),

EH M LB 9 = 0.5 B, P, =
30 wmol/ (m’+s) ,a =0. 05 mol/mol ,R, =2 wmol/ (m’+s);
<1,P,, <50 pmol/(m’-s),a<0.125 mol/mol,

M FEREA .o =0. 01 mol/mol,3=0.000 1,y =
0.001,R, =0.3 pmol/(m’+s) ;a<1 mol/mol ,<1,
y<1,R,<1.5 pmol/(m’-s)

BRI, P = 30 pmol/( m’
0.05 mol/mol, R, = 2 upmol/(m’ - s); P, <

cs), a=

50 wmol/(m*+s) ,a<0. 125 mol/mol,

IR, P =30 pmol/(m’ +s), L, =
40 wmol/ (m’ +s), K, =400 umol/(m’+s); P, <
50 wmol/(m*+s) ,

2 HRESMN

2.1 TEEBEEM1Im tEMKEHNTWL

Kl la HE/NEZEBTHIN 4 L0 ~40 cm +
JRiRERE, S5 REW, 2L FWN S AEE MO
INDKRE B A, 7 RS A /0N IX. - M L T S s i
A B /N DX R K G5 Bl W2 /N XS 5 3 HE I WL b
B /N DK A R B 6B B R R B R TE K Ay T
B R AR LR B B SR A RO . A
TR S S A A HORE | B A F
R SE 7 HE SR K AR B S 8 Ik - MR 1Y 3
TR N K B NI F Sy W2ML, WIML, W2MO
WIMO, i B 7€ =5 /K 4 8 T B LA 5T 47 1) 1 3 3%
Fo DX BT by B BE A8 3 o AR 8 i KR
525 S 58 e, v > - HEOK 40 19 JE sk 7% K TR
BA—EmRBEMN .

Bl 1b R E/NEEFN 4 DB 1 m L2
KEHASED ., N0 ~100 em + 2 & KERE,
A ZINZ2 T B0 B A R0, 5540 T R 1) A B VE K TR
LR A T /0N XA B T /N IX A O K R ) AR Ak R
B0 M HE K G BB B /N IX 1 m £ R K B
B T A AL /NX o X BB TEY A K
W, 562 7 56 B AIG, P R 28 kDA b TG 78 % Ok I
FRTE o EL A ) 0 ORI AR, BB 5 Ak ikl
R o A /INZEVE IR 3 A X — AR B
T8I PR ORI 55 L X AT B B FAE A K E 0,

30
-==-WIMO —--WIMl —=W2MQ - W2M1 |
25 f
g " .c._,.g;/“kw
B 20 ST L b
| NG ST
w15 a ,r'f/;v}fl’\ \\'/%'/’7

10 Af‘?\v

5 . . . . . .
03-26  04-15 05-05  05-25  06-14 07-04  07-24

H
(&)
3s0p ~ -
R T IN
.......... — .
OE 2507 Tt V2R AN ;\\.
Soop _ _—=~ AR
= — N N
i 150 e WIMO  —-— WIM1 N\ “:’
£ 100 — —W2MO  ereeens W2M1 N
50
03-26 04-15  05-05 05-25 06-14 07-04 07-24
H
(b)

E 1 HANEEFTNLEEREM 1 m 2R
Fig. 1  Variations of soil water storage of 1 m depth and

soil temperature in growth periods of spring wheat
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Fig.2 Comparison of photosynthetic physiological characteristics of spring wheat under different conditons
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Fig.3 Light response curves of net photosynthetic rate to spring wheat by five models
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Tab.2 Comparison of measured data of spring wheat with results fitted by five models
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