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Photosynthetic physiological response mechanism of Cyperus esculentus L. seedlings under saline alkali stress
TANG Rong, GUO Chen-li, LIANG Pei—xin, GUO Rui, WANG Teng—fei, HE Huang—cheng, LIU Jian—guo”
(Key Laboratory of Oasis Ecology Agriculture of Xinjiang Bingtuan, Shihezi University, Shihezi 832003, China )

Abstract: The objective of this study was to explore the photosynthetic physiological responses of Cyperus escu-
lentus seedlings under different concentrations of saline—alkali stress, and to reveal the salt tolerance mechanism
and salt—alkali resistance ability, it was expected to provide a theoretical basis for large—scale cultivation and rea-
sonable planting areas division of C. esculentus in Xinjiang. Two kinds of neutral salts (NaCl and Na,S0,) and two al-
kaline salts (NaHCO, and Na,CO,) were used to prepare the corresponding solution at the ratio of 2:1 for stress treat-
ment. The low, medium and high concentrations were 80, 160, 320 mmol L™ and 40, 80, 120 mmol L™, respective-
ly for salt and alkaline stress treatments. The chlorophyll content, photosynthetic parameters and fluorescence pa-
rameters were measured after 15 days of seedling emergence. The results showed that the contents of chlorophyll a
(Chl a), chlorophyll b (Chl b), total chlorophyll (Chl T), carotenoid content (Car), net photosynthesis (P,), stomatal
conductance (G,) and transpiration rate (T,) were decreased, while the maximum fluorescence (F, ), actual photo-
chemical efficiency (PPS 1) , maximal photochemical efficiency (F/F,) and photochemical quenching coefficient
(qP) were inhibited, and non regulatory energy dissipation (Y(NO)) was increased with the stress degree increasing.
We observed that P, positively correlated with G, T,, Chl a (P<0.01), and with Car, Chl T, F,, ®PSI , qP at 0.05 level,
but negatively correlated with Y(NO). These results suggested that the main reason of the decrease of photosynthetic
rate under saline—alkali stress is related to the decrease of G_, T, and Chl a. Moreover, the dynamic balance of water

supply and photosynthetic system could be maintained by reducing G, T,, leaf water content (WC), increasing water
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use efficiency (WUE) and initiating heat. There was higher inhibition degree of alkaline stress than that of salt stress

at the same concentration.

Key words: Cyperus esculentus 1..; saline—alkali stress; photosynthetic pigment; photosynthetic parameters

chlorophyll fluorescence parameters
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Table 1 Salt composition, molar ratio and pH of solutions for mixed salt treatments

s o AR T ER I EE Saline al-
Salt composition and molar ratio kali concentration pH
Treatment
NaCl Na,S0, NaHCO, Na,CO, /(mmol - L")
CK 0 0 0 0 0 6.87
1% Low 2 1 0 0 80 7.06
EN ISzl
 Medium 2 1 0 0 160 8.21
Salt stress

155 High 2 1 0 0 320 9.44
1% Low 0 0 2 1 40 10.12
Bl Alkali stress 1 Medium 0 0 2 1 80 10.26
=5 High 0 0 2 1 120 10.36

o AR AR R TS W S B IR AT B A
FEFRIN 0. 2 g, 53 L3 0%, 43 B oA, b
HABERP AR BR S & 10 mL 95% L BEHIF IR 25 4 21
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IR AN
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Fig. 1 Effects of different saline—alkali stresses on photosynthetic pigment contents of Cyperus esculentus leaves
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Table 2 Effects of different saline—alkali stress on photosynthetic parameters of C. esculentus leaves
LG R AL Jitifa] CO, M3 — TP K53 R
AT IR > =] H
Kb PR B Net Stomatal Intercellular CO, ’ Water use
Qb Transpiration Leaf water
Concentration / photosynthetic conductance concentration efficiency
Treatment (T, / content .
(mmol - L") rate (P)) / (G, 1/ (c)/ ( Lom o) (WC) /ot (WUE) /
mmol-m™-s
( pmol-m2+s7")  (mol-m2-s7") (pmol +mol™") ‘ (pmol - mmol™")
0 11.10£0.75a 0.1130+0.0182a 265+15.87ab 4.03+0.43a 85.21+0.34a 2.75+0.18b
EaN Bl 80 7.18+0.16b 0.0468+0.0012h 222+21.08b 1.83+0.01b 83.48+0.20b 3.93+0.07a
Salt stress 160 2.75+0.74¢ 0.0238+0.0039¢ 259+13.65ab 0.99+0.16¢ 84.61+0.58a 2.78+0.32b
320 0.95+0.12d 0.0161+0.0016¢ 307+55.68a 0.67+0.06¢ 82.39+0.40¢ 1.50+0.21b
- 40 6.25+1.15h 0.0466+0.0053h 251+81.08a 1.88+0.18h 83.82+0.61h 3.27+0.49h
Alkn T 80 3.70+0.88¢ 0.0276+0.0077¢ 220+23.86ab 1.15+0.32¢ 83.76+0.44h 3.22+0.14b
ali stress
120 3.81+0.47¢c 0.0234+0.0035¢ 147+10.26b 0.98+0.12¢ 83.29+0.66h 3.91+0.23a

TE - Al — 2 8l , R /NG FREATR] , 7R b BRE) 75 0.05 /K122 57 B35

Note: The data in the same column, followed by different lowercase letters, are significant different at 0.05 level
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Table 3 The correlation analysis of C. esculentus indexes under saline—alkali stress
P, C. C, T, we WUE Chla Chlb Car  ChIT
P, 1
C. 0.946* * 1
G, -0.05 0.169 1
T, 0.957** 0.999* * 0.155 1
WwC 0.667 0.708 0.44 0.713 1
WUE 0.363 0.7 -0.86" 0.099 0.17 1
Chl a 0.890* * 0.75 -0.4 0.770" 0.483 0.471 1
Chl b 0.559 0.557 0.538 0.567 0.595 -0.075 0.654 1
Car 0.793" 0.601 -0.404 0.617 0.357 0.706 0.907** 0.35 1
ChlT 0.868" 0.753 0.103 0.772" 0.544 0.365 0.982** 0.787 0.829" 1
P, F, F, F /¥, @pSTl Y(NPQ) Y(NO) qP qN
P, 1
X 0413 1
F, 0.807" 0.821" 1
F /¥, 0.728 0.015 0.561 1
oPS 1l 0.800" 0.027 0.580 0.917** 1
Y(NPQ) 0.223 0.709 0.466 -0.220 -0.117 1
Y(NO) -0.860" -0.332 -0.762’ -0.807" -0.9%* -0.312 1
qP 0.872" 0.045 0.576 0.889** 0.949** -0.007 -0.893** 1
qN 0.581 0.743 0.731 0.197 0.263 0.903** -0.651 0.365 1

2 E 0.05 /K- 2 AH DG > 7E 0.01 KT I i 3 AH G

Note: “: significant correlation at 0.05 level; * * : significant correlation at 0.01 level

R4 ERSSIHIR S BT ERE

Table 4 Rotated component matrix of principal component analysis

Hi—FE W B =R Hi—FE WS S B
The first The second The third The first The second The third
principal principal principal principal principal principal
component component component component component component
P, 0.968 0.017 -0.18 F /K, 0.796 -0.578 0.038
G, 0911 -0.272 -0.204 OPS Il 0.842 -0.464 0.039
C 0.101 -0.812 0.524 Y(NPQ) 0.278 0.754 0.545
T, 0.927 -0.237 -0.178 Y(NO) -0.931 0.129 -0.279
wcC 0.673 -0.057 -0.287 qP 0.872 -0.415 0.028
WUE 0.295 0.886 -0.292 qN 0.644 0.561 0.462
FHIE(E
Car 0.775 0.41 -0.288 9.169 4.055 1.244
Eigen values
IR
Chl'T 0.946 0.09 0.082 57.305 25.346 7.778
Proportion of variance /%
ESes
F, 0.495 0.756 0.113 57.305 82.651 90.429
Cumulative variance /%
F 0.889 0.331 0.051

M BT BEMYRN Na BRI GE REAE RS b1 s A ak a0 b BRI
IR R R MRS M RS E M SRR R e — 8 WPl i ar K BT R b a2 2, B
R E AT, e 208 B 4k 3 R SRR D B R AR BE BBV T Al 2R R AT H T CK AR
R (A e AL BN e pH O, Bk . R TREERY. TR B PR PR AR R E T
BEAE A U SR R T AT B U R AR DUHE , A IR BROR, RBUA R AERICR , 1X 52 5 8 56 \PIE5E



AR TS24Iy v X R B8 A6 A B AL 639

x5 MBEREEELBHEAEIREHS

Table 5 The comprehensive score and ranking of C. esculentus under different saline—alkali stress

GRS, \ LRa A
Qb T i ) 2R 54950 (F)
Comprehensive score ranking Comprehensive
Treatment Comprehensive score
PC1 ( F1) PC2 ( F2) PC3 ( F3) score ranking
CK 4,908 41 -2.22198 -0.548 15 2.206 946 1
% low 2.214 05 1.138 31 0.258 19 1.577 357 2
EyiSte|
' medium -1.727 11 -0.590 30 -0.350 45 -1.166 594 5
Salt stress L
= high -3.568 48 -3.140 16 0.057 32 -2.836 365 7
o % low 1.582 81 1.47225 2.259 08 1.455 895 3
Wbhn ,
*F medium -0.712 18 1.428 68 0.092 87 -0.038 781 4
Alkali stress L
= high -2.697 49 1.913 20 -1.768 85 -1.198 459 6

G5 — B, 5250 3 W AEAR R B A 3R 3 2 6V
SR AN B Rk (i SN EN ) S SR O BT PSR A NS
A1 B, AT ) 2 U B Y SR i SR A A
{H o] e AE T PSR M8 A BT, 0 TR R A
Ko, PEOT SRR , 7= A W AE RO S T4
BN T HRAR SR I 36 JIT 7 St 110 A= B3 T 2 20 )
— I o A B SR

JEEVER R A K L B SR ALY IRl Y AE
Vil 2Z BT, L e A R (P,) AL T
(G.) iR CO MR (G,) ZEBHOR(T,) MR &&=
S 2557 B — e REE R, FLE i AR R R A
P2 b ol Folp e 2 IR 30 45 R 2R B AN [ T A i 22
S S ET A NS R B, e AR A
TP,.G.T R TS, Kb P 477 100,50
mmol - L_l?ﬂ:ﬁﬁ\ﬁgﬁﬁﬂi,ITHG,I)_\"J%:Z}D—[L?‘]%‘FF%E
TRy #, 43 BIFE 150,100 mmol - L7 F FF 4 I 3%
BTt ARG b B R R 28 Ak B B
MBS P, G T, WC I TR, HY
FERHR T S A, U0 BH VR T A RO AR
RAZGE TR B QIR R YNy #t R = F 2N
T AR S 38 1 B AR G K A3 B R | 35
TRFEAR A IVER o T, 0938 A B T 4E 558 K 53 1 °F-
i, D AE AR ZR X R A . H R R R A
K CO, B RE JT BRAR, 3t 2 Eh b BE T G FEAR Y 3=
BRI, B RBOEA W FECVEHREIL, EARSLE
R R B A B B VR B 3G 0 G R IR ST R R
Je TRV EE R RS B, L B R A
REE YN, A A CO, TG R B AT ORI A R
FEMIIA], B0 G, 02 b2 a0 W 2R 3R T R
A, FR BT X v R R B Y 38 R A — 1
Ae . ZAERALHE R mE . e w25 H W,
FE R B AR A0 RO G R R R R R
LR Z G E) CO, LR AR i Bl e 72 BE A Wi

L R R R R AR S AL R S 300 CO, A FH %
FEAG o AR S0 v B 2 R PR 2B 1, WC i T %
WUE HIA BT 5 , 13X 2 B ZE e A4 vl B i o
FEAR WC, $i s WUE, SR Rl b iy bk, A
17T S 3t ey B ) E s ) 4 L 5 B B A AR NPT 5
SR ILAR —B ., WUE B nl G2 AH Y41 R WC
REARR 118 — i IO P S5 IO, X A A et e v A KA
B XY AR AE AR 5T v e B AR AR B R B WC
A, WUE 535 FRAIK , T BB 2 AE 9 32 2 AS v 3 11 7™
FE, CREATRIATRE ) (P, B AT,
& 28 96 S B0 BB I A A 38 X A )
A VEF N TERZ A Y B ZE 5 b . By PSTT R Hp
O 58T B/ N o= i F, S PS TR H s
564 K P ) e Ko i AR KRR B B 5 PS I
B B R a S EmA K, F/F, N PSTT By K
ST, BT R B T S RO A RE 1
W Ry F/F, A A AT e PS TR o 1 28 4k
ORI AT B AGORAF LI, AEASTF 5 T B ER By
RGN F, OPS T \F/F, ¥ RBERIN T %
kA, R BAER R8T T B0 Y AR I R H AE
S, LT 1 SRR, OPS 1T Y R e BsUR [
KBV, FEY 7R AZ 2R P8 I, ik A RE AL L
FNHH], NREH T A BT Y, 75 2 o HURE
BCHE T R e RE , B ds B A2 2. Y (NPQ).
qN ZEM S R UGS BT I WA Y HE 3 DR RE 1Y
AE 15T Y (NO)E: /s A P 610473 1 B 2246 15
LA e v W U A ) B A B 2 I . A
g% I BEER R E N EE, Y (NPQ)  qN 4R B H STt
Ji P 1 e A, LY 7 I R R Ak BT R e, Y
(NO) U it £5 Bl 3t (4 in E R B0 1 Tk 3, B 7E
rhove B AL PR R TR . BRI YR O — e R R
BRUMRE T, AR sh AR BB AR AR SR A T 7 >R 1
&3 R T L 227 FRE 5, ik & A R AR aE
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J1, IR Z 8 E B

ER B AR AT XA W6 A 1 T 0 5 e IR 5
R, B EEZAHEMSE, B HEmREREA—,
PR e % L 22 S S A A RS b 14T AH S RN 3 i Ay
AT ML EE AR P 5 G\ T,.Chl a
e S 2 IE AR G, T BH A i R A AR AE (.38 1T
BHHGR WA EALRRET EESR
LS B FIZE B M R4 ¢, 5 Car .ChI T F, (®PS I |
qP BB IEA S, 5 YINO)R B M B 3 M =6,
BE LB AH SEFE bR nT VRN V5 G 0 T AR B RE T, B
W 95 S 7E Eh B 38 R BR Y(NO)AR, G, T, Chl a,
Car.Chl T .F, . ®PS Il F1 qP A4 I 24 25 A [a] 42 5 b
SHEOCAHEER TR, 75 B0 0 b8 — F sy
Zi5 TP, G T,,WC.,Car,Chl T.F,/F, ®PST Y
(NO).qP FlgN BFE AR 1E B B FWALEE T C.
WUE .F,.Y (NPQ)48HR {5 B o Hrh,P, Car .Chl T,
F,/F, ®PSIL.Y (NO).qP J& X W57 10 F B 11 o 2 4
Br, G T, WC Z 76 A VE I 2R 45, 1X 101
TMYP 5 3 Al G R G, T, WC K R 15 A e
5 U WUE Sh 15 KF8 45, Y (NPQ) A FAFE HK
TR FERR , 3K U8 B I 95 SR AT DA 3o 2 5 7K 43
FIFHF I PFEHOHA T HLRR IR ER B30 o tAh,
EER AT LUE A rf e R A ko B 430 K
T80 F140 mmol- L f& , £5 G A543 HF 4R T B b 2, 0T
H7E 160 #1180 mmol- L™ B 5 515 /3 Bl e K o Bhi
TP AT — 7 R AR B L LRV BT B 38 X
HpEEK,

AT A S 3 s il 9 2 RN RE 2 B DA e SR VD
=, SRR A R Y BT A 2 O BT A B A 4 b
X 5 R DUA , FLE b DX 3 B [R) R B 1)
I Ao i 7 = N 1 ST N 1S I =173
A4y A K 4,14, 8.29.16.58 g-kg ! Fl 2.2,
4.39.6.59 g-ke ' By HIERER AL ARIETT AR
K BLR 2 i DX 4 32 R 307 Ak 43 A7 e A A A 5T
K, oA R R R X 35 AT o B J X
e A = A Y DX P 2R S8 Y 300 351X 118 571 86 i
YIREN15 g-kg ' DA b o BAlZR 42 LI L -F i X RS &
LU Ll AP S X2 SR A R 7. 13.6.35 g+
kg, HL A HEEh o ol 32 B ABR R £h - AW ol E
ot A5 TR 6 248 SR A 00 3 P 2 AT A 3 LK 43 X v
B 7R 4 1Ly Ll D X R B L iy o i XA A
A, A DX R V5 bR A ™ i T S E A R 4]
PPl A SRIREE R R B E 2 LUR A ek 3, H
YR G AETR A Eh 08T 16 A AR Bm N i AS B, 34

Tt
4 Hib

AR ik 3 A8 2 2 R R Y B AR H
R BN TOLA AR N EZE S G.T,..Chlaly
REARA G HIMys 2 AE SR i an T vl 3@ i BE IS G,
T, WC FI4 =5 WUE DL K5 8l $AE SO i >f 4 47 7K
STHHES RN R AT . EA R ER 4
Ak 3 v e R MR B 160 mmol - L B 1 £5 1R 80
mmol - L™ B} Y 4% 57 4J) 15 25 5 15 40 B8R W e oK, 7 [ v
RN S R R0 by N Y STE A
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