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S PEATRE AT 6 AR R K B N XGRS, ARE AT 35 (SM) FIASTE 35 (NSM) o E X ; =AM 7KF 0( PO) kg/hm?* [ 75( P75)
kg/hm® Fl 120( P120) kg/hm* Ry 241X 437 /N 22 L S 1ol 2 | b PR3 B2 0 CO, [R] Ak X JEE Il 38 K SF- g 17, 25 53R 5
NSM #H L, SM T HER et (LMA) S RN & 5 (PA) VB BT BE0E & & (PM) FIEG G R (P,) 4148 & 4.1% ,16.9% |
12.2%F0 6.9% , H.BEE MW 938 n , (9 LMA PA PM I P, S 38 fika s R AT 8 35 5l W 0 e e R & i R
(Poe) PR F R (AQY) B IIEM G G 15 RE . i B 12 M EM B RS 1 SERR Y b 2280 (DPSID) |, e KRkl &
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P75 Fl P120 JC W35 25 5 AEAFEE o5 SRR I i SCFL IR (L, ) At PO BRI (L, ), 2B ARBR I (L, ) 266 ey F BB
P, 2 B FEFFRE 56 IO 75ke/hm® B AL AT £ 5 PH G A/ N2 BT8R 3R it DR GE 1 3Bl fh 2z iR R A €O, W)
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Effects of straw mulching and phosphorus fertilization on mesophyll conductance
and CQO, assimilation efficiency of winter wheat in southwest hilly regions

of China

HE Peng’, XIE Wei®, MA Hongliang”, HUANG Xiulan®, ZHU Tingting” , FAN Gaoqiong'”*, YANG Hongkun'* *

1 State Key Laboratory for Exploitation and Utilization of Crop Genetic Resources in Southwest China, Chengdu 611130, China
2 Southwest Key Laboratory of Crop Physiology, Ecology and Cultivation, Ministry of Agriculture and Rural Affairs, Chengdu 611130, China

Abstract: To explore the response of mesophyll conductance (g, ) and CO, assimilation of wheat flag leaves to soil
available phosphorus (P) deficiency in the southwest wheat production region. During the years of 2020 to 2022, the
experiment was conducted in the Renshou experiment station. Straw mulching (SM) and no mulch (NSM) were the main
plots. Three P levels of 0 (PO) kg/hm*, 75 (P75) kg/hm® and 120 (P120) kg/hm® were set as the split plots. The
responses of light response curve, mesophyll conductance and CO, assimilation efficiency to P levels of flag leaves of wheat

were analyzed. The results show that the leaf mass per area (LMA) , P content per unit area (PA) , P content per unit mass
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(PM) and net photosynthetic rate (P,) of flag leaf under SM were 4.1%, 16.9%, 12.2% and 6.9% respectively, greater
than that in NSM, and the LMA, PA, PM and P, of flag leaf increased with the increase of phosphorus fertilization rate.

) and apparent quantum efficiency

Straw mulching with phosphorus increased the maximum net photosynthetic rate (P
(AQY) of flag leaves and increased the photosynthetic potential of flag leaves. Phosphorus fertilization significantly
improves the actual photochemical efficiency of photosystem II ( ®PSIT) , the maximum carboxylation efficiency (V, ),
ribulose 1, 5-diphosphate carboxylase ( Rubisco), intercellular CO, concentration ( C,), chloroplast CO, concentration
(C,), stomatal conductance (g,) and g, of flag leaf. These value under P75 and P120 were 16.8%—23.8%, 27.9%—
35.3%, 30.9%—61.7% , 1.4%—3.6% , 4.8%—13.1%, 9.0%—10.2% and 16.0%—16.9% higher than that under PO,
respectively. There was no significant difference between P75 and P120. Straw mulching and phosphorus fertilization
decreased stomatal limitation (L,) and mesophyll limitation (L, ), and biochemical limitation (L,) was the main limiting
factor of photosynthetic rate in flag leaves. In conclusion, straw mulching combined with 75 kg/hm’ can improve the
phosphorus content, resulting in the enhancement of the actual photochemical efficiency of photosystem II, mesophyll
conductance and CO, assimilation efficiency of flag leaves of southwest winter wheat, reduce stomatal restriction and

mesophyll restriction, and thus increase the net photosynthetic rate of flag leaves.

Key Words: winter wheat; straw mulching; phosphorus application; mesophyll conductance; CO, assimilation efficiency

BERAERE R E ZOCEZMMER , 20 R NS - 1,5- 852 (RuBP ) FRA: i R B R 1k 1) 22
JEWT DU A KRR A = RN TR IX, T0% /INFE Ay A g R, A TR R, R A
IR, Beml ™ R IRHIVEYOCA R, Ay R A= 2D B R0 h R shvk 22 HICHUBE 75 5 Bl
B 5, S ECBRAE AR SRAR Y e oh B G B R o i R A B B A S S R R AL iR 5|
KEEFRAD  FEETRIERG D R A FRFE AR 2538 H, AT A5 250 2% e 300t P A A 5t g 1 1 4
B M+ SR S A A R i i i A i 1O RE MO TR S | SE LB - R A, SE KOG A
], AR

65 HE A TEVEY P B B P 25 SR A Y O A RCR 0 i AR B T A AR 38 4, CO, 17 HEORITBRR &
S, XL R R A2 IBE R A AR R AR R A R B R K S R R /INEE B BRI A R T
SERRE T RS ST R W R E R B (P,0, 0—225 kg/hm?) (RN, /N B RARAD D64 e R
YIRS, Zhang' " SRR AN RS AR S5 3G AL S5 ot G iR AL S e ORIk R A KOe &
HLF AR i AIFSE C WA B 2% 18 T A VR AR DA TS AL S s 3 B AR AT L i aa
T, R CO, SRR I 3 B2 2 IR AV FFR R S 2R Y B i R B R BRI R Ee S
VEF A EEHLRI AR CO, 9 8L, MM 4R Jelb2A R RCRAYFRAL SR, FE AT 35 SR /N2 iEnt
A SR CO, RAERICR R B8 & B B O RAR AT

TSI % 2 W < A0 T 7 o Tt 7 S AN TT LA 25 K A0 2 i 43 B 1 5 30 M o - 98 o el -
VOGA AR FERTIRIE ST SR AR5 SR B A o5 A 22 KT U R X S, BN i
e R 2R B L CO, R AR R RIS B BRI PR 28 X6 I 7 Bl 5 P i) 17, ) AR P 7 25 5 it ol o) 7 e &
INGE A BRI R 3R B SEMRIBIL R , AU Ry V8 R A/ N2 0 7 e e R BRI AR R S, AR SR IR A AT 7
T S L /N e L R R i, B i PR R CO, RIS B I (R e A R

1 BT

1.1 50 A
AR T 2020—2022 4EZE DU B LT F BBk 5 B K R (30°04'N, 104°13'E) #5471z X &
Py 2 R S0 Bl S MR 482m, BT FEAEY) M B oK, YRR 17.9°C , 434 H 1R 986.6h, JC 75 1
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312d, 2021—2020 F1 2021—2022 4F/NAZ A= K 28 R B &0 4373124 195.5mm A1 228 . 4mm , B~ A K Z= 347 HE 8
EAHETE, LR A R 6 1 K 11 (0—20em ) 73 &L Bl Al a2 2 % X e il = 2
FRE(E 1),

F1 AUl T EEEMEAER
Table 1 The physical and chemical properties of the tested soils

i AL E T B 4 AR B
Y pH Organic matter/ Total N/ Total P/ Available N/ Available P/ Available K/
ear
(g/ke) (g/ke) (g/ke) (mg/ke) (mg/kg) (mg/ke)
2020—2021 7.75 15.36 0.95 0.73 56.29 6.18 139
2021—2022 7.88 16.11 1.08 0.84 56.56 6.67 138

1.2 Eit

AR R R R I, X FRFE A #EA 56 (SM) 5 A 5 (NSM) |, R4 X =AM R K F,
A ERERG T, EEK S A AR, 8 J IR 5 K 5 K R #1808 8 55 78 &5 100 /N X, 3 35 1R
8000kg/hm*, X = ZEKFE H:0(P0O) kg/hm* 75 (P75) kg/hm? F1 120 ( P120) kg/hm’ B AL, F£it 6 4~ 4k
RO ERYE 3 R ER , H SR 22 104, U RV RHEBERAL . /N2 F434F 10 A 30 HRTFF
WG T AP, 2021 455 H 9 BRI 2022 4E 5 A 6 HIEk, 171 20em, 7CHE 10em, B AR X (N
46.2%) , WAL A R ES (P, 0, 12.5% ) , A AR S A4 (K, 0 60.0% ) , IR FER AL F 243 51 8 150 kg/hm® Al
75 kg/hm* ,60% ZAEFN2F08E BRVE A FEAE , A0 o3 FOIEAES T WIVE 3B I, i e Jr =Xk AUt . /N2 W sk
JE R K SRR IELL 6 5 I IX U SRR FRAAE R G, S R A 5 AR KA R /N A K
GraaeR . HoE AR B I S 2 b AR PR R — B R BRI R BRI S B JE R —
H AT, Ll fo = a3t ok
1.3 WMEwmH 5%
1.3.1 et b A R AL R

ICSERAC T NE TR, TRIK F2FEY 8:00 2 1100 PEFEAE K A2 06— H o2 4 B IF /N A2 =25 ik
TR A TR JEm N h 2R | CO,ma R i 26 RN 2 5t 2 B0 5 , I 5 s BEAIL 8 BCRE gk i 1 A v [0 955 4, 45 Ak B o
SEINGE 5, SR LI-6800 456 A1E & %8 (2618 LI-COR AR, AR RGN, 22 [) , 76 1200pmol m™
s YEHRBRIE  65%+5% AHXHRIE AT 400pwmol m™ s~ KA COMKEE (C,) il t a3 (P,) JiffE Co,
W (C) MRS () o

SERL R ARSI i) RS A BRICAE 10 Rt B I B L (LMA) FIEE (P) i, MR
JEER BN i R AL Sem 1 M 8RS AU A AR, HERHFE 105°C R 30min, 70°C T T /0 48h, 48
JEFRE T A LMA , fiff PR AR B b ek ) UEA T A0 Hr e s A T P i

JAERT B L EE LMA (g/m”) Sy Sy i i AL 4 o, R A o

LMA = DW/LA

Hdr, 1A AEM R (em®) ,DW N T E(g) .

BT T FREE S R PA(g/m?) , HAH AR R

PA = PM x LMA/100

Hor PM(mg/g) B i 85 3 i, LMA LI EE (g/m?) .
1.3.2 e h £k

KB A 1R £ 48 (LI- 6800 ) 0 Jift - Y6 mi 1 fh 28 . 7E 2000, 1800, 1600, 1400 , 1200, 1000, 800
600,400,200 100,50 .Owmol m™ s™' A it 38 5t % £ ( PPFD) Fl C & FE A 400£5wmol/mol T il 7 L i (1) 5
M SO 28, A P AR 2 Ul A A >4 0L Sl 1 2, R TR
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al +P, . —J/(al +P

nmax

o) O + P —4al P,
26 R,
Hr o RBMEF7H(AQY) I Rt Tl m B R, P, FRmRKECEH A R, FR W5 IF I HR
fdi 1] SPSS 19.0 AT [ H 4347, PPFD 24 0 Z 2000mmol m™ s™' i%ZZk 5 x #l OG- 1E A SUE ST, PAR)
(28 SR EAME R (LCP umol CO, m™ s7") o i y 4138 Ui B9 AH I x il A D66 A s (LSP, pumol CO, m™
s
1.3.3 JEMIOESE

SR RV 48 290 £l - 2 2258 A (PAM-2500 , 75 [ Walz 23 ), ELARAFIE M, 7 ) I M4 B 5O6iE S50 1
2SR SRR E B e [ g A I IR BT AR 30°C A2 A, IR IE 509%—60% , 7543 5 3 ) 20min , #&
JEr 52 B 3E R SR R DOES B (M R IR TG (F,) JeKPEET ®= (F,,) AT ARG (F, ) MISLhr ik
MR (OPSIN) ),
1.3.4  JErEt SR S SRR CO, e

KOG A1 R S8 (LI-6800XT) I & it - CO, i i 2k, Hh7E 1200pmmol m™ ™' (54 € PPFD
T, €, M 500mmol/mol #& R F#AK 2 400,300,200, 150,100 F1 50mwmol/mol , 7 Ak 50mol/mol /il 2 400,600
80010001500 F1 2000wmol/mol , 4F~AbFRE 10 - HEN | FH 45 96 4% 4 32 it | 313 FH W 208 R Smin, —80°C
UKAF f#80H T° Rubisco BEYE I AE . Rubisco 1 >R F AR 1 JS0RG: 0 # il HDK B 922 W B 36 ( ELISA)) 357 & (KPL,
Gaithersburg, USA ) M

K FH Harley ™ 251 05 IR LS (g, ) RS0 COLMREE(C,) o

P.(I) =

Pn
g'":c I" x(J+8x%x (P, +R,))
' J-4x (P, +R))
c=c -

&
Hop PRIR AR 1 FoR BRI B B CO, A M5 AR Bernacchi® 4531444 44.04 mol/mol ;
C RN CO, M BE s R, Fm e AR JEIF I, T A WS PR E R (R, B—2f7
1.3.5 JHEHEARREIEZE

P, IR BRI, S SIL SR (L) RSB (L) FIAEAR (L) BRI, TR AR+,

& 0A y

g. 9C;

s = T,
B T ac,
B _ Ay

g, 9C;

" 9A,,
Sy

I, = &

dA

8 T 5,

Hor, g, 78 CO,MIREE s TR SRR B 8 (1/g,, = Vg, +g,) g, B TILXT CO, ML TR (g, =g/
1.6) . 94,/ C, T5HR € L 50—100 mol/mol B P,—C, i th 2k k>
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1.4 HdRabH
RIS Excel 2016 SEATHEHE, FH SPSS 19.0 4T84t S AR E S HT, e/ Dy i 3 7k 25 S vt
ANTA] b A] 25 57 . 3 MEEA T 2 5 LA ( P<0.05) , 2R Origin 2019 1EIA

2 ERE5H5H

2.1 FEFFEE R SRR L B R RAOL G R R

Rl AT 55 Tt Sl 25 B8 e R LU B (LMA) (Wl 55 i (B T AR A B 35 £ PA RNBA7 T3 i O 6 5 52 PM)
FEOCEHER(P,) , “H A EAE AN HE A 5.3 (P>0.05, 36 2) . SAE S (NSM) M EL , 5 AT 36 (SM)
S /N T LMA PA PM F1 P, 23 5415 4.1% 16.9% 12.2% 1 6.9% , 5 ANk (PO) #H EL , i i 75kg/
hm*( P75) /NAZ T LMA PA PM F1 P, 43 #2155 3.9% .23.3% . 18.5% 11 4.9% , Jiti 8§ 120kg/hm® 43 5428 T
4.0% 24.5% 19.7%H1 9.8% , Uit BAFEFT 7 55 Bt A 45t v /N 22 TRl 35, DI (2 R T == 40 o 1) R B2 e
AR,

K2 BHEZSHEBMEMILME BSEMELSERNFM

Table 2 Effects of straw mulching and phosphorus fertilization on leaf mass per area, phosphorus content and net photosynthetic rate of

flag leaves
GE0) b33 LMA/ PA/ PM/ P/
Year Treatments (g/m?) (g/m?) (mg/g) (pmol CO, m™2s71))

2020—2021 SM PO 236+5b 1.30£0.04¢ 5.5£0.1¢ 25.0+0.2bc
P75 246+5a 1.66+0.05a 6.7+0.1a 25.5+0.4b
P120 245+3ab 1.66+0.02a 6.8+0.1a 26.6+0.5a
NSM PO 226+6¢ 1.19£0.04¢ 5.3+0c 22.9+0.1d
P75 237+3b 1.46+0.07b 6.2+0.2b 24.7£0.4¢
P120 236+9hc 1.42+0.10b 6.0+0.2b 26.1+0.3a

F 18 M 14.3** 56.1%" 41.27" 455

P 6.4" 100" 50.8"" 73.4*"

MxP Ons 5.1 2.0ns 9.6
2021—2022 SM PO 235+3cd 1.12+0.05b 4.8+0.2b 25.0+£0.3¢
P75 245+4a 1.36£0.04a 5.6£0.1a 25.9+0.4b
P120 244+8ab 1.43£0.01a 5.9£0.1a 27.2£0.6a
NSM PO 226+5d 0.94+0.01c 4.2+0.1c 22.5£0.9¢
P75 232+4cd 1.12+0.03b 4.8+0.2b 24.0+0.3d
P120 236+2bc 1.16+£0.02b 4.9+0.1b 24.8+0.5¢

F1{H M 17.4** 179 ** 297" 83.0""

P 6.3" 101" 151" 28.0""

MxP 0.5ns 2.6ns 3.7ns 0.4ns

SM . F5FF 2 55 straw mulching; NSM: F5FF AR 36 no straw muleh; P, /N ZEii# 7K Phosphorus application level of and wheat season; LMA; Lt
M Leaf mass per area; PA; A T R i Phosphorus content per unit area; PM ; A SRR I Phosphorus content per unit mass; P, : ot
# Net photosynthetic rate; * I #* FIRALBLRITE 5% 1 1% FAFTE #2557 sns ALPRR) T b 5 22 57 s AN R)/N G F B ROR AL L2 (8] 1 3 2% 57 (P<
0.05)

2.2 FEFFHLRE S GRS 7 il £ (4 5

R AT 5 5 Mt 2 2 e S DGR R RO SR (B 1) . A A RUR ST (PAR) <300pumol m™
s I, P R PAR RSN N, FEE PAR AUE— D HG I et i e Kot & i (P, ) i, 78
P75 Fl P120 F,P, 7€ PAR & 1400pwmol m™> s~ NG E £ KAH , SR )5 D18 T B IR FFFE 8 K, 7E PO, 24
PAR>1200pmol m™ s™'i, P BifiF PAR MFFEEINMIAKAS . t3R 3 a0, M0 4F B, SM 48 NSM [/
JEEH e KOG AR (P, ) R AR (AQY) JEHME S (LCP) FOGHFLL (LSP) 43742 = T 10.0%
27.0% .18.8% 1 18.2%, P75 5 P120 # PO ) P, . AQY .LCP F1 LSP 43542 & T 5.3%—10.1% ,16.6%—
22.5% 20.7%—27.6% 1 13.9%—19.5% ., ULWIFEFHE 55 5wk 3252 = PAR X/ NG ER0% .
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Fig.1 Effect of straw mulching and phosphorus fertilization on light response curve of flag leaf
PO ANii no phosphorus application; P75 Jiti # 75kg/hm2 phosphorus application 75kg/hm?; P120: Jifi #f 120kg/hm2 phosphorus application
120kg/hm? ; s il % % Rt 75kg/hm? MG Z BI7E 5% 1% 174 & 2ER
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Table 3 Effects of straw mulching and phosphorus application on light response parameters of flag leaves

AEM b3 P AQY/ LCP/ LSP/
Year Treatments (mwmol CO, m™2s71) (‘mol/mol) (pmol CO, m™2s71) (pmol CO, m™2s71)

2020—2021 SM PO 25.7+0.4bc 0.050+0.004b 40.3x1.2¢ 1412+71bc
P75 26.7+0.7b 0.055+0.001a 46.4+1.8a 1750+76a
P120 28.8+0.6a 0.056+0.003a 47.7+0.5a 1750+45a
NSM PO 23.8+0.4e 0.034+0.001c 32.4+0.7d 1317£75¢
P75 24.3+0.7de 0.049+0.002b 42.5+0.4b 1408 +65bc
P120 25.2+0.7cd 0.049+0.001b 39.2+0.7¢ 1485+101b

F1E M 87.7%* 69.4 " 196 ** 449"

P 22.0"" 36.5"" 113" 20.3"

MxP 3.5ns 6.7" 9.1" 43"
2021—2022 SM PO 25.6+0.3b 0.046+0c 32.8+0.7d 1332+36b
P75 27.1£0.8a 0.050+0.001b 42.1+1.9b 1564+51a
P120 28.0+0.2a 0.056+0.001a 45.6+1.3a 1636+28a
NSM PO 22.9+0.7¢ 0.036+0.002e 29.3+0.5¢ 1169+55¢
P75 25.0+0.8b 0.039+0.001de 31.6+1.0d 1233+ 16¢
P120 25.9+0.6b 0.041£0.001d 39.5+1.8¢ 1379+58h

FH M 60.6** 587 120** 151+

P 29.4* 75.8%" 127" 53.5""

MxP 0.5ns 8.7 10.9" 57"

SM. F5FF2 35 straw mulching; NSM : F5FF RN 3% no straw mulch; P . /N2 ZEifa# 7K Phosphorus application level of and wheat season; P, : K
YA % Maximum net photosynthetic rate; AQY ; FEWLEEF =¥ Apparent quantum yield; LCP ; J&#MzA5, Light compensation point ; LSP ; YGHLFI Light
saturation point; # Fl % * FIRACILEFE 5% F 1%AE7E B 255 ns AFRRITC B 25 57, RRVING FREFOR AR P2 A1 47 25 25 5 (P<0.05)
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2.3 FHATE S B T SR SO SR

H & 2 AT A FF R 25 5 0 B R R O R G T R KO 2R AR (F/F, ) FSE bRk 25 3R
(®PSIN) , H = F WA HAEFIA OPSIT 520 i 2, BE i i i3, AR EERY F/F, F OPSIT 2 3 1
e B LIRS s BO A 120ke/hm® f iy o PH/NMRIGAR R, SM 48 NSM /9 F /F, il ®PSIT 4338 5 T
8.6% 1 17.6% ,P75 % PO By F /F, Fl ®PSII 435145 T 6.9%F1 16.8% ,P120 & PO [ F /F, Fl @ 5052
T 8.3%H23.8%, WEE MRS F /F Al OPSIT 2 FTHE% ULARSFFE 55 SHs Ayt R4 1S
PG RS T RO F R R SE BR800

Mg EE [ Po W P75 EEEPI120

1.0
= — 08
g = &
2 £ N
2 2 06 &
. _ % d
& %. g 2 04 S
£ %5 S & °
%2 %S 02
¥ ¥
e iR
¥4 =2
ﬁ = 1’)_'@2. S 1.0 .
.2 iR S
%5 HE o8| P @
83 g M X P S
W& S W 2 =
<= 2 5
R e R = |
g 5 —
£ E g
s <
s 03 F
0
FEFF R G A REFTE A
Straw mulching No mulch Straw mulching No mulch

B2 HHEZSHEBENRESHNIE
Fig.2 Effects of straw mulching and phosphorus application on flag leaf fluorescence parameters
M. EHKFEFFE 2% Com straw mulching; P; /N Bk 7/KF- Phosphorus application level of and wheat season; # Fll # x /R AL BRIAILE 5% H1 1%
AFAE B 25 5 s ns ALBRIE] T 228 S N A/INE FRERRAE B (8] 2525 5 (P <0.05)

2.4 FEFFHE IR S HEREXTEE ML A SE

AT 5 T 0 S IR I Fe JORMEER (V.. ) HTERIRALRCR (CE) FUZERE- 1, 5- — W R AL Al
(Rubisco) {1 , (BASSE I ML 153888035 (J,) (81 3) . SM % NSM 1 V.. .CE F1 Rubisco 43 JI#& 85 T 17.3%
6.8%132.0%, 5 PO #LL,P75 1V, .CE Fl Rubisco 7352 T 27.9% .6.5%F1 30.9% , P120 4354w T
35.3% .9.1%F1 61.7% ., il &4 & T HEM CO, ML R (RS FH 35 S S s i 28 BAE X M) Co, vk B
(C,) JMERIR COMREE(C,) FIM R EE (g,) WA M, 5 NSM AL, SM AL (g,) 28 T 5.3%,
5 PO HMILL,P75 5 P120 /) C, g, .C Hl g, B4WE /55355 1.4%—3.6% 4.8%—13.1% .9.0%—10.2%F116.0%—
16.9% .,
2.5 FEFFHE TR SRR G A BRI R 2R A5

H13 4 W0 A AT R A 0 s e AL PR (L, ) P BR R (L, ) FAEABRR S (L, ) o KT, — 3%
M2 HAE IR P, By BR 1 R 28 W 5, RS AP 55 T oG R n 52 EZEZ A IR (0.46—
0.55) SR, B RAAR LR L, 35 REAIG T L, 0 2380, 78 NSM &4, LRI L SR N 410 T P, 32T+
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Fig.3 Effects of straw mulching and phosphorus application on photosynthetic physiological parameters of flag leaf
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Table 4 Effects of straw mulching and phosphorus fertilization on relative limitation of net photosynthetic rate of flag leaf

AbFE Treatment L L, L,

SM PO 0.31+0.02¢ 0.23+0.02¢ 0.46+0.03b
P75 0.26+0.01d 0.19+0.02d 0.55+£0.01a
P120 0.26+0.02d 0.21+0.01cd 0.54+0.04a

NSM PO 0.39+£0.01a 0.34+0a 0.28+0.01d
P75 0.36+0.02ab 0.27+0.02b 0.36+0.02¢
P120 0.35+0.01b 0.27+0.02be 0.39+0.01¢

F-value M 145" 81.1"" 267"
P 12.7*" 14.1*" 32.3*"
MxP 0.7ns 2.0ns 1.4ns

L,: SALBRHil Stomatal limitation ; L

: IR Mesophyll limitation; L, : 2EALFR i Biochemical limitation

R5 HEHBEEMLLMESELSEESHNHEXXER

Table 5 Correlation between phosphorus levels and the leaf mass area of flag leaves and photosynthetic parameters of flag leaves
Parameters P, LMA PA PM PPSII CE Vax Jo Rubisco C, re C, .
P, 1.00
LMA 0.66"* 1.00
PA 0.71** 0.90** 1.00
PM 0.71** 0.82** 0.99"* 1.00
®PSII 0.89"* 0.69"" 0.68"" 0.64"" 1.00
CE 0.82** 075" 091" 093" 0.76"" 1.00
Vemas 0.89** 0.67"* 0.72"* 0.72"" 0.85*" 0.85"* 1.00
I 0.65** 0.31ns 0.39ns 0.42° 045" 061" 0.73*" 1.00
Rubisco 0.94** 0.73** 0.81"* 0.81"" 0.89"" 090" 0.87*" 0.61"" 1.00
¢ 0.79"* 0.44* 0.55*" 0.56"* 0.73"" 0.64*" 0.64*" 0.35ns 0.76"" 1.00
g 0.68** 049" 0.65"" 0.67°" 059" 072" 0.59"" 0.53"* 0.81"" 0.55*" 1.00
C, 0.60** 0.74** 0.79"* 0.77°" 057" 0.63"* 046" -0.02ns 0.64"" 0.65*" 0.50"* 1.00
8m 0.57** 0.81** 0.77** 0.72** 0.58"* 0.58"" 0.48" -0.0lns 0.60"* 042" 042" 0.92"" 1.00

% FRAE P=0.01 BFEMKFE E(PIR) BB EMNE; » FRFE P=0.05 BEVKF L (HE) BFHMHE, OPSIT, JRL 1T SLhrtibsgR
Actual photochemical efficiency of photosystem 11; CE: ¥ #i #RAL AR Initial carboxylation efficiency; V., : it KR LA H Maximum carboxylation
s R HL AL AR Maximum electron transfer efficiency ; Rubisco , 2 Biff- 1,5- B2 R L Ribulose 1,5-diphosphate carboxylase; C; ;
Jila] CO, HJE Intercellular CO, concentration;g, : “XFL G Stomatal conductance; C, ; H4#{A& CO, ¥ & Chloroplast CO, concentration; g, : M-S

efficiency ; J

Mesophyll conductance
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Fig.4 Relationship between phosphorus content and P, , g, and g, under straw mulching and phosphorus application
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