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Leaf Photosynthesis and Light Response Curve Simulation of
Winter Wheat under Brackish Water Irrigation
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Abstract; In order to reveal the photosynthetic physiological response mechanism for winter wheat under
brackish water irrigation, a two-year field test was conducted in Yellow River Delta (2015—2016 and
2016—2017) , Shandong Province, North China. Two irrigation treatments (irrigating 80 mm with fresh
water each at jointing, heading and milking stages, and irrigating 80 mm with fresh (0 g/L) -saline
(3 g/L) -saline(3 g/L) water each at jointing, heading and milking stages) were designed. Test items
included transpiration rate, net photosynthetic rate and stomatal conductance at the heading and flowering
stages of winter wheat. Stomatal limitation and non-stomatal limitation values of leaf photosynthesis were
calculated, meanwhile, changes of winter wheat leaf photosynthetic parameters of light response curve
were observed. The results showed that in comparison with fresh water irrigation ( CK), brackish water
irrigation resulted in a significant increase of 37. 8% and 64. 3% of salt content in shallow soil layer (0 ~
40 ¢cm) in 2016 and 2017, respectively, inhibited the transpiration at heading and flowering stages of
winter wheat. Transpiration rate was decreased by 19. 1% and 31. 4% at heading stage, and by 11. 6%
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and 11. 0% at flowering stage in 2016 and 2017, respectively, the net photosynthetic rate was decreased
before noon in the day, in which stomatal factors and non-stomatal factors inhibited leaf photosynthesis of
winter wheat, but it can increase net photosynthetic rate in the afternoon, with a higher stomatal
limitation value indicated that the non-stomatal factors were improved. The modified rectangular
hyperbolic model of light response were introduced to obtain the photosynthesis parameters, the maximum
) of winter wheat under brackish water irrigation in 2015—2016 were
-s) and 1.58 pmol/(m’
respectively, light saturation point (LSP) were increased by 29.27 wmol/ (m*+s) and 70. 11 pmol/(m*-s) ,
light compensation point (LCP) was decreased by 19.38 wmol/(m*+s) and 4. 63 pmol/(m’-s) , dark
respiration rate (R,) was decreased by 0. 96 pmol/(m’-s) and 1. 53 wmol/(m*+s) compared with fresh

net photosynthetic rate (P

nmax

increased by 2.27 pmol/( m’ +s) at the heading and flowering stages,

water irrigation, while in 2016—2017, the maximum net photosynthetic rate (P, ) under brackish

water irrigation were increased by 1.12 pmol/(m”-s) and 1.83 pmol/(m’-s) at the heading and
flowering stages respectively, light saturation point ( LSP) were increased by 15.07 pmol/(m®-s) and
s) and

18.8 wmol/(m’+s), dark respiration rate (R,) was decreased by 3.33 pumol/(m’+s) and 5. 17 pmol/ (m’+s)

19.9 pmol/(m” + s), light compensation point ( LCP) was decreased by 7.87 wmol/( m” -

compared with fresh water irrigation, it was showed that the saline water treatment enhanced the
adaptability against strong light and high temperature conditions at the heading and flowering stages,
promoted the ability using weak light of winter wheat. Therefore, brackish water irrigation did not

negatively affect leaf photosynthesis in heading and flowering stage of winter wheat, but promoted the

2021 4

potential of utilizing light energy of winter wheat to some extent.

Key words: winter wheat; brackish water irrigation; photosynthesis; light response model

0 3|5

TF % ) FE AR K B, T 2 i vk K U ke
P RAM KU TR A B LR . %
K FH TR, 7 4 BV 0 2 K T R K 2 B TR
o M A KRR HATIOBEST 3
Ji 7K T R 7 1 B HL K - PR A A 0 5 R 4 T
AAEME AR R T K R+
Mk HE AT A T b R K R
B MK AR R S BT RZW
SR TR K P T T A [ A4 0 A K S ) ) D9 A L
AR ) 2 A S0 R LR AT 7 E— 25
FE o HURK S TR T B R R, b S
TR 5 B, T 2 s K S i A RO
AT HE 2| R A T T 5[] i - ) MR R~ W
Bk S b B A8 4k, 2537 S0 4 I I TR f il s,
BOAL T ZE M AR PR O A A 4 2R B R ) 9
G I R, TR A 7 M B B H A R 25 A
R ] 114 23 B0 7 A 0 IR MR K HE T
R By A B 5 L B O B A — 2 R
AR5

B A F A W 2B K 7 0 Rl 0 7 ) e
SEVEDIE  RAEY S R AR5 L AR B R % R 85 3
SRS BB AR . R T R A R
X TR B 35 6 ) 7 A T R PN A2 2 5 o S D
AT {51 0 R XL T2 A TRl L A XL A
5 BORE T | AR UL I R 16 1E R A AR R A5

RWAEY) 6 A A AR A G R 0 S S, A AT
XPAN[R) 7K B 9 4 306 358 10 38 R 1 22 b 4 W a0k A7 't i
7 Y28 B (1 LB IE Y AEL B X & /N 22 A sk
EWE 2% A4 T B 't M 7 AR AIE A DG BIF 5 i 8 AE X A
ATE 9 BF 58 2 B, 16 1F 10 7 £ W0 it 4R 65 750 i R 17 O
Al LR G 1 1T 32 3R A5 AL 19 05 R v i 4 ol R A
R A R 3 5 5 B 1) B I, T DA R A R R v
TeA 3R G R R A BE B R S5 S8, i HLH:
SRE RO B o A SCRL BT = AR e X
FEVEMAREEY A NEAE RN S, 8 H M
Rl £ 468 TE A TF 5 (R /K 9 IR 4% T b R A
T AE 39 4 /N 22 1060 1) ' 45V i % e i 17 45 40F , 48
TN UK E R T 4% /N A2 06 A B oy R A 5
BL , A 32 28 1l DX i) 2 A A 6 38 %) A 7K T SR 3R s
PR 22 AR

1 HR5H®

L1 IR #EER

IS XA F I AR A EM T X R sk £
K 1a) , Hi b sk 5] 8 X A R4 B, b4k 37°347,
R 117°45" J@ T W2 il A7 2= KU DX, R Bl <A
FRAE B G, DO R 22 B W L AR 3 B BRI R
2690.3 h, 4F 3 # K 129C, 4FE F ¥y R oK &
575.5 mm  4F YRR K 245 43 G R 4 50, AR ) ZE R
Feoky 3.22, 53 il R oK B TE, 8RR T al 4 4
AL, R X N KA R AE 2 ~3 m, R E T
KA ALREE R 5 ~10 g/L, iKFR X 0 ~40 cm + V-5



511 3] PEAENR 45« WURUK M T 4/ 22 56 & 1 5 0l My 17 i 2k A 41 335

Frdhim ol 2. 11 g/ke, #2 B L 0 Hh WAL A A S Y
J& T e B ARl . AR PR L R AR 41T ,0 ~20 em Ry
4,20 ~40 cm AP T 1,40 ~ 60 cm Ry b i 1
1,60 ~80 cm A HEFT A 1,80 ~ 100 cm M4+t
AP ILER 1, 2015—2016 45 /N2 AR F W N R
W A 139, 1 mm,2016—2017 4F /N A= 35 30 P9 [

[= =138

—_ N

= i N
*x X RN 117.5 mm, 4018 2 fi7 .
N

. T 1.2 K&t
T 2 M Ak B (BOR K RN R K A B (X R

(a) WH XA E

E H)), 5 PR 3 7 , 36 AN X, N
e e V) RS R P
= \ DR 18 m* (6 mx3m) (P 1h) o ki il i5 T
Mo H/REIE . NI e
B EHH ‘—-—“—E%— B NK 2 IR 0.5 m WEESAE A 1.5 m VMR
x[O0] 5 ikt o & — < 7P
”4wmam§\ P Mo B AEY R & /N HE 20152016 4F A K Fx 4 Fh
K | 2% 2015 4510 4 8 1 WC4F 6 A 13 H sk, 7k
, G L _ B 249 d,2016—2017 4F 4 K =4 A H WA
vy 8 B 2016 410 f 8 H K46 1 12 HIHE L5 10
o 248 d, L AH I 15 K MUK F AP AT O H F A7
BT o AT 50/ B A b5
Fig.1 Location of experimental site and layout TR K T T8 BT R K 5k a6 XV 22 b R UK
for experimental plots 25 WK IR AL %% IR AL AL B S B9 8 4k BE IR 0. 20 ~
1 KABERXRTHEELER
Tab.1 Soil physical and chemical properties of experimental area
co%- HCO; cl- S02- Ca?* Mg** K* Na*
HIR G/ I/ Lt AR/
P W Rk BRI R N/ RER O RERREIE T
cm ccm +kg
i (gkg™) (g-kg™") (g'ke™') (gkg™) (ske™) (ske™) (g'kg™') (gkg™) ’
0~20 7.30 1.39 0.01 0.01 0.51 0. 46 0.1 0.03 0.1 0.14 1.36
20 ~ 40 7.13 1.33 0.01 0. 02 1.95 0. 42 0.12 0. 02 0.08 0.24 2.86
40 ~ 60 7.07 1.32 0.01 0.02 0.76 0.36 0.07 0.02 0.08 0.23 1.56
60 ~ 80 7.03 1.36 0.01 0.01 0.25 0.18 0.1 0.03 0.07 0.12 0.78
80 ~ 100 7.03 1.46 0 0.01 0.27 0.22 0.14 0. 02 0.06 0.14 0. 85
25 15
: £ 10f
& 8 51
I ||| L 0 I |l||l [ \I

1 1 b 1 o |
vy [aa T < o B T o I ) - N Al — D = D e
|S||;|E|S|||E|%|TE| TITSTIITSTOITSISITLT
. [sa Rk saRisa) SO = = A = = =l cqh Nt W
~~~~~ dzzsz=88883FLe8 FEemm—mO0000C00S383S3
H #1 H

(a) 201520164 (b) 2016 20174F
K2 2015—2016 4EF1 2016—2017 4=/~ 4 F IR W =
Fig.2 Precipitation in winter wheat growing seasons of 2015—2016 and 2016—2017

0.23 g/L, HAEAE IR AK KWL Ak RS (3% 7K FI
IO MR K A AF AR B K R AT FE IR T
PRRE I 22 3 o/ L A S RURK HE R K U . AR 4 L AE
FER I, KN W I 43 B R TR L e
JRE R0 e T I 3R 75 — 4% I TR A IR OK o A 3
SR T 38N — A R R A e A A0 T TR Rl K £ 2

HH%E2016 F4r 5 F3 A 11 H 421 HFIS A
15 HEATHEWE 2017 4E 3 5 F3 115 H 4 23 H
5 H 12 H#EATHEME . HARMER T RILEK 2,
1.3 MMANBFEHE

TS R AL (= R0E) R, TEIR
5 A4 F IR I S R F A B R 4 0 ~



336 P SN 1R = R4 20214
2 EBNEWURBKERTR
Tab.2 Brackish water irrigation scheme of winter wheat mm
L ” N R T P i A R K )
THE R Ak P K E A
(3H5H—4 HI15H) (4 H16 H—5 H4 H) (5 A5—24 H)
TR 240 80 (¥R K) 80(3 g/L fusik ) 80(3 g/L fusik)
WK 240 80 (%K) 80 (%K) 80 (%K)

20 cm 20 ~40 c¢m 40 ~60 cm .60 ~ 80 c¢cm 80 ~ 100 cm
24, 2% (R AL A k) R TK &
Jiht by 5 1R 4 MR S VT 1 E A5 R0 B T
i IR AN e

JeE R R T [E ADC 2 W] A4 7 /Y LCpro —
SD AMEHEAD G A, Ik 2 /N2 ol A R
(P, ,pmol/(m’ +s)) Z& Jt§ W 5 (T, mmol/ (m’ +s)) |
SALFE (G, mol/(m® - s)) JfL ] CO, ¥ J¥ (C,,
pwmol/mol) , KK COZWE (C,, pmol/mol) b g
B o FEAC/NZZHIAERI TF AL 01 0 L 2 ok
LAY G R W /N KO R 3 R, T
08:00—16:00 %7 2 h FEATIE o

DG 57 R A 1 £« 7 957 300 B K 9 TBR J H il
REI AT 28 39, e Mt R B 4 O R, AR UL H Y
10:00—12:00 [l , 5k i LCpro — SD i #5 XL & 1F
FHASC, W 5 26 /) 22 TE - 1 D' Wi o R AE o 3000 1 ) )
NGRS 56 A A 2800 8 B8, 23 ik
ZEH 2 000.1800.1 600,1 4001 200.1 000,800,
600,400,200, 100,50 .0 pmol/(m*-s) (3 13 4> #f
JE) AR OE IR HE B BT I SE I ] Dy 120 s, Sl
JO7 A 2 AT AU R T A U 2 A (E AR Y B R 3R

1 -B81
P =al PR, (1)
1 -yl

X P —8E0 AR R AL
a B oy—FRE
I— A H RS, pmol/ (m” +5)
R, —— 4y 14 15 W 1 3 %, umol/ (m? +s)
BLRUAEAE 2 500115 7 1 2 BB Sk 24 ],
SALBREIE (L, %) AR N
L =(C,-C,)/C, x100% (2)
1.4 HESW
Ge it 53 A R I 35 VRS 3R A IBM SPSS Statistics
22.0 ¢, Il 42 B R B 0L 2 HOR A OR A Lstopt
1.5 Bl s i, B 2R 2 1 2% F Microsoft Excel 2013
SEIN

2 HREHH

2.1 K EBEMNTESESNZE
IR T 3 G S A B R IR K I, + eI Ay 2K

DAl o 1 S A s ol N 2 T 7 e - T
F SRR RN RN R IS
RAKAE I+ HE o 3 i F — 25 F B, SUsUK AL B iy T
ik A3, HERZ S E N, hE 3 e,
TE 2016 ,2017 4 0 ~ 20 em 4 38 & &8 & 53 5 3%
0.8.0.49 ¢/kg;20 ~ 40 cm + HE & £ & 4 5 #
0.92.0.05 g/kg, T A /IN2 VE I A HE W WD, SR T
i, K A FE R AR, A5 Ak B H B [ AR B ) R
Eh o VESRIVERE S | AR IR K b B 4 18V 2 (0 ~
40 cm) - HEA S 00 N R E 2,25 2. 28 g/kg,
UK HE R A P A IR JZ (0 ~ 40 em) 4238 5 & 41
B ETHT 1.68.2.67 g/kg, WEANAEFTWRE, S
RK Ak HAR L, 2016 2017 4F 3k /K HE 8 3 B0k )2
(0 ~40 cm) LA R F WM T 37.8%
64.3% , TMRJZ (40 ~60 em) 3¢ 5 £ & 73 5 38 fn 1
9.1% Fyg /b 17 8.3% , b A2 (p >0.05), I
Hh,ZIXIRA 4 H TR IR 4G, BN 2 G 2, w6
ER Iy AT IRV A R R o Y R R K T X
VE) A K B 5 T DL KT 7 58 1 R A9 5
2.2 WRIKEBRMNZSNEZEBEZENZIG

e Bk 5 01 S LR H 08 :00—16:00 1] [A]
5 AN 2000 2 1 A /N 22 It 7 I S 43 T AR K
VEWE XS 4 /N iy 78 B OR H AR g (1 4)

MR 4 T LLE & /NZE 75 G R H AR fb
S AL (2017 455 O 12 H ) A1 B AL
(2016 45 A 1 H.2016 4£ 5 A 10 H 2017 4£ 5 H
1H) B AR AR, « B A7 7E 1200 A2 47 3k B 16
B, T YK AZ B KA, ALZEB L A8
PREFFFERE B KT o B RL” 7E 10:00 A 473K 545 1
ANUEEAH ,7E 12:00 247 H BT TR, 3] 14:00 42 4735 5|
55 2 AU, O B TR BRE R RR B F R VR
R TSR B KK 2 K TR, BRI
R TR

AN [R) TR Ab B ) 25 S BH A AR K I R Ak B A
ANZE I B 2K R H A YK T IR K b #E, 2016 4R
H1 2017 A Hl B 1A 43 B BEAIG T 19. 1% i1 31.4% , Ab
FRH) 22 5 2 (p <0.05) 1 2016 4FF1 2017 4 FF 4
B4 BIREAR T 11. 6% F1 11. 0% , kb3 i) 2% 5 9F R
o oM 2.1 W RTE, R B RS OK b S 0 ~
40 em FRZE L HEE L E R E M AT N T 73.3%



%118 PEAENR 25 . MUK IR T 48 /N2 6 A AR T 45 0 e g iy 2 A4 337
e/ At iEasERE/ i E AR tiEEshE/ e/ tiEaEhE/ IR/
(g-kg™) (g-kg™) (g-kg™) (g-kg™) (g-kg™) (g-kg™) (g-kg™)
0 1 2 0o 1 2 0 1 2 3 0 2 3 0 1234 0o 1 2
' :
201 20t 201 201 20+ | 208
g § 4ol € 40 € 10 € 40 § 4ol "" € 40 \
= w40 BTN a T BT i B
M 6ot 601 / 60} 60| K 60 60
4 = - 5 - = = H"
80 sof \/ 8ol 8ok 80 80
000 wmokarm 1Ok 1% pmokam gk 1% ks % gm0 skt
-a-JRKAbE -a-JRIKAbTH -a-JRIKALTR -a-PRAKAbER -a-JRIKALHE - a-JRIKAL I -a- R
3A10H 3A14H 4200 4220 SA14H e 6H15H
(a) 20164
T/ AR TEEETh e/ i EER R AR
(g-kg™) (g-kg™) (g-kg™) (g-kg™) (g-kg™)
o 1 2 0 1 2 0o 1 2 0 0 1234 0o 1 2
[}
¢ ' *
20} 200 | 20 200 | 200 4
=] =] é o é = ;
3 S 40t E 4o} i < 10 E o | S a0
B i - I = g 1 Y
o % i K 2 |¢ K 4
i 1K 60r Ik 60} I 60 i 60f | W or
+ + 4 + Rl + ,q
80 p 80t 80 80 | sof |\
s A Iy
L 100t L L L L
10 s kA 100 s 100 sk 199" kb 190 s m
-a-JRKAbIH -a-JRIKAbIE -a-RIKAb —a-JRIKAbE -a-JRIKAbIE -a-JRIKAb 3
3411H 45220 45130H SHILH 5H19H 65i5H
(b) 20174F
[ 3 2016 4EF1 2017 4F 4% 4b P34 & b 28 4k i 28
Fig.3 Change curves of soil salinity in different treatments
20 20
T —B— R A —=A== R K Ab T —B— UK ~=A==RK AL
16 B, P
& - g e E
2 K A g
g Vg E
# i
i K
4 | | | | 4
08:00 10:00 12:00 14:00 16:00 08:00 10:00 12:00 14:00 16:00
e 2
(a) 2016455 1H (b) 2016455 10H
~ 16
T A T
i S g T Bl k — B R —-A-- Yok B
] J/ ‘é" Seae g
oL / 3 &
g g
E E
¥ . &%
) — B UKL ==A== R K bR )
# #
#é 0 I | | | #% 4 | | | |
08:00 10:00 12:00 14:00 16:00 08:00 10:00 12:00 14:00 16:00
it %I itz
(¢) 20174E5 A 1H (d) 20174E5H 12H

4 Z/NZEM T AR R H AR AL th £k
Fig.4 Leaf transpiration rate diurnal change curves of winter wheat
(P 3) , ook wE BE 45 30 & dh i b, 3R
HB BHRE 2 I, AR 1 K 7 B A R, 1 8-

KaTFERRA K,
2.3 MEUKERNENEENEEGERK R

ARZ I 7 B9 7K A B2 sl /), TS 3 AL S M
KN R 2 R T B, (H R BE & ) 4
¥, TR THE 0 X 1 ) 26 s 3k SR Y 0 T 5 T 7
X, X5 A B Xt EE 7 938 17 98 9 AL S £

OMHT AN FE I e R AR A B
(K S) R LR th, B ARG A AR R, A 2 3L 5
e TR T 2 A8 A, A B S BT X B i £ AR A i A
(S B R R 2 AR A B, 3R TR RS2 AR



338 &l #Hl

3

s

i 2021 4

FI B Kk DL e B 58 45 TR 3R 19 £ 5 5 T o
B HEMLIEH, — K ot & R ) i s E 0

60
T 50
i
< 40
£
=
5 30
)
<o
R 20 )
& —B— GEUK A —=am= kb
10 | | I |
08:00 10:00 12:00 14:00 16:00
Hi %)
(a) 20164E5)1 1H
i
2
5
i
30
ﬁ —— UAUK AL ==A== Rk b
o | I | |
08:00 10:00 12:00 14:00 16:00
it %1
(c) 20174E5 1H

AL T, 100 A B 7 18] 32 310 g0 R 30 ik B T
AR MBS X SRR AR

60
—‘<_n 50
£
T 40
a
B 30
|
<o
R 20 . ,
i —— RN —=A-= Rk A
10 | | | |
08:00 10:00 12:00 14:00 16:00
it %1
(b) 20164E5 4 10H
60
TE 50
240
fﬂ%
QEJ 30
?wﬁ — B SR —-A-- Rk AR
e 20 | | | |
08:00 10:00 12:00 14:00 16:00
fist %1
(d) 20174E5 7 12H

K5 &/N e Roe iR H AR i 2k

Fig.5 Leaf net photosynthetic rate diurnal change curves of winter wheat
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Tab.3 Winter wheat leaf photosynthetic light response characteristics parameters at heading and flowering stages

under different irrigation treatments
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Fig.7 Winter wheat leaf photosynthetic light response curves under different irrigation treatments
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