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Photosynthetic Characteristics of Calligonum arborescens in Salt Stress
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Abstract: One year seedlings of Calligonum arborescens from Mingin in Gansu province were treated with
different concentrations of NaCl (0,50,100,200,300 mmol « L™'). We analyzed the photosynthetic charac-
teristics and made the gray correlation analysis between physiological indexes and aboveground biomass, to
explore the salt tolerance mechanism of desert plants, provide a theoretical basis for C. arborescens to bet-
ter adapt to the virtual environment and to protect and restore the stability and sustainability of desert eco-
systems. The results showed that, with the increasing of NaCl concentration, proline content gradually in-
creased, in opposition to the change in soluble sugar. the photosynthetic parameters increased obviously
under 50 mmol « L' NaCl, and the net photosynthetic rate, stomatal conductance and transpiration rate
reached the maximum, and significantly increased by 33.3%,68. 0% and 60. 8% compared with the con-
trol, the net photosynthetic rate, stomatal conductance and transpiration rate decreased when the concen-

tration was more than 50 mmol « L.™! compared with 50 mmol « L' NaCl. The content of chlorophyll b de-
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creased with the increasing of NaCl concentration while chlorophyll a and chlorophyll increased first and

then decreased. Gray correlation analysis showed that transpiration rate, stomatal conductance, intercellu-

lar CO; concentration and chlorophyll b were significantly correlated with aboveground biomass. The re-

search showed, low NaCl concentrations improving the growth of plants by activating certain mechanisms

of plants. Through the adjustment of proline and soluble sugar contents, reducing chlorophyll content, net

photosynthetic rate and transpiration rate, plants could maintain growth under high salt concentration.
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Fe i P i AE  — MR S AR SRS, E
RS T T B R W Bk AR R R Y .
o i A2 i AL ™ A T A 5K, b S A AN (H
T — A E Ry AR AR P R A T HL 2 v [ A I I Y
— AR IR A 23 28 % AT 4R S R ) A T 1
MBS R EEN R - W
A LA o F 5 AR MR 38 X A ) 1 52 o T A A R
BALRY R, DR S B 9 T LUK 32 FR 20 BE =2 | G
5 s B BRBE A5 F Gl R IED T 5 e 2
Fift 52 G PRI 52 0 DX 1 10 3, X AR S AR S R S8
AR RS E T o P A A PRI A R A E B A A L (B[ i
EN B ERIP S AUTBIRL K7/ RA o N |V = N e o P A
X SR ol T AR AR TR AR R PR R AR R Y
Lo AR N A S PR A R RRAE TR, R BEAE
Yo TR E AR RN - EE S A SRR
T 4L R Gk DR 3 R W A it 32 AR i . U0
H (Calligonum arborescens ) {E Jy 2L R vb 1 2 )& 1)
—RHEA, F2E 3 A e v VG b T M L s S B
VD RE ) 22— o TE T 5 Ak s DX RT3 3 o A v 455 4Ok 13
W75 5 A T A B Wy 1L T T R TR TR R e 5 Ak LA
B 58 T AR + b (9 A= 7 g

TR AR TR E 73 BT s — A R G e s S At
T — R A Y 3 L 38 X il £ LA R AT L AR
KA W7 S I JE 5 O K JRE R S R 3K vl 4 U0 AR R R/
0 B, DGR B 130 B 4% 52 il PR 3R 22 ) A9 R B OG &%
) B2z W3 B 45 52 i DR 3R 22 T) A A L OG R B
N TSR AR R T BTV A A B E
LR R A8 TR B Ay AT VA IO T /N e i A R
RHG s N1 B8 SRR G T /N
KW Fo Fo ) Fo 5 F., Mt 42 8] 6 1m AU 7 5 1)
SRR, AT A O e £ BT R O RN Y AT A
TR 5 B AR IR (5 G B6 B 43 A 125 ) 68 31 2
I K A R IS 6B R B H B P R A 8 A S A
HEAT T HESE e Tt 7K A R 0 45 3 28 3R b iR
RAENG 7 12 T, B AR 0 de Ko 3 1 38 % A
Wy i) 5 e AR BLTE AR W B DR A e R R
AR A IR 2 25 0. BT X U 4 A B A 5 A

S ETEW KA BRAR AR OGS FEERR AR K 4R AR
FES Je P - & 0 A5 Oy T, SR AR AR S8 A T
£ W38 V0 35 A B AR S b A A ) SQ IR 1 F
FrE UL IE . Ol b, A 56 AE I R P R R TR
NaCl £ ¥ & (0,50,100, 200,300 mmol « L") 4b
P38 2o 3 B VD B R R A A O dE A S AR B AR B
B AR DL K 10 ASAHSCH8 bR 5 b A W 6 09 SCHR 2
BB G A R e R b A B A6 48 FR o6 V0 35 4t |
Py 52 B SR RO R T R 8 DG 1K BE A3 B AE R
TV 5 A B R 1 — 25 B R AR ) i T ER AL
B, AT S U0 45 2 () P 5 PRI 58 42 BERL 2 AR 4

O i S R W RES

1.1 #EaE

ZAA MR SR @ H R A R R B (104°4]
E.37°52'N) — 4R A 5L A Y P R 4h il i T 2016
AF 3~8 A 7E MK F M i X (103°4"E38°37'N)
T KM GEE R D B #E17. 2016 4F 3 J v Ay ik ¢
KH/FREAR - B ZE 180 mm X270 mm A
MBHE A A AR 1 .3 A 19 HIF R
WK HGE AR IE T ARG T 6 4 2 HIF
i NaCl b F, 4 7 d 4 HE 1 k. 2% Kawasaki
SEURT Askim B8N R SCAIF 9 B MR EE 4 IR O
(XTHR) .50,100,200 F1 300 mmol » L' NaCl £b3,
BAAPBE 4 REKE, 8 H 3 0S54 P4
S o 2R BORE AR A A B[R] ARASE s 37 BV K 8 [l 5
RS T —80 CrkFMRAF T /e 2Ldatr il & .
1.2 3EfRE
1.2.1 XEREXTHEBE HFOLEHEE (P E
Ji T, ) i ) — A Ak B ok B2 (Co B AL = B
(GOTEWE A TEIRK A 9:00~11:30 Z[a], A4 1L
FME A R4k B A AT 45 2Ok & & g8l X (Li-
6400, Li-COR, USA) #EA7 36 PR 5 . I 22 iR
B ZL DGR fE E SR 1200 pmol + m?
s dE AR AN SO R AR Al R S 06 S A5 R 0 TR T
PR E 50 B R 6 R XA AL
17 H RIS DU g i i O [ Ak 28 58 2 T A T A 4R



9 ] T SCHR LA R 0 X Y B A A 2R PR A 5 1807

RSB AR AE T EAT I 5 o 0 205 o U SR 4R 0 i
A B B TR A AL A oot T AR 4SO S ) A 1
T AR T R AR o A R
1.2.2 MEREZFE(Chl) REGEHKID LW F 1L
KL ) S0 6 58 B e L B o 3t b AR WL 2 R R
AT AL, T ERARNNE. S%5K%E
O S D O R AT RS 2 A aE , R ERBY A
RATH AL 0.5 g 2247, Jin/b ik 1) A B0 Bk T 45
K 2 mL oK ZEEH 80 Y6 N B IR 4 W, T WF Bk o
TF B 50 25 o 4R B o 8 & 25 mL 8 5
YRR IR G WOE AR 25 mL., DLJC/K OB
180 %6 T i TR 45 W AF Ay 4 1 % B, 00 s it BRI T
663 .645 il 652 nm b (14 W 6 B A, #e BEAH OC 24 =
PR 4K a(Chl a) (4% 2 b(Chl b) J @it
SEChD & &,
1.2.3 FIAMMHE(TSS)MMSEER(Pro)&g ik
Al F AT R I SR TR L vk e H e
i 2 o R FH R B — R e G e
1.3 XBEWITE

R A R G S B 1 AR W i S 3 (B
JPHD e X, R R A s A 10 AN 2 4
PRI R A . a4 aie h X Xo Xs. ..
X0 5 AR NaCl ik B2 A 3570 475 28 1) 1 b A= ) i
510 A MR — A8 BV K68 R 5

T, M TABIRNENAG—, I 25T R
B AT AR MEAL AL B . X = [ X (B) — X, ]i/S:» X,
k) R AR KU . X R — 3R bR 348 . S o TR —
FEBRAE bR 2% .

W R BE S s b b B S T B AR S
Ho b AR OREE R & (k) =
rr;inniin‘Xo(/e)—X,v(/e)‘ermaxm;ax‘xo(/e)—x,(/e)‘

I \Xo</e>—X,-</e>\+pn1?xr£3x\Xo</z>—X,</e>\

5T, minmin | X0 (B)— X (k) | N S de /N5
miaxmfx‘Xo(k)—Xi(/e) | h K 2% p MO B
FEGEUER 0~1, ILANHUE 0.5,

e MR SR I R IR R T B ARy =

’

LS ok 80 5 e B

JE o IR ORI R/NERE
1.4 HiEshE

K1 SPSS 22. 0 B I P 3R 5 22 23 M i 05 i
X B HEAT 23 B b B O T s T 2 [ B PE AGL B L X
VP R AR b i 2k 3K a 1 o SO Roak B R

Origin 9. 0 K M-EA .
2 #5500

2.1 HpEXPHEFEM EAEMERRAEFHEE
BAAAMEESENZI

oA - Ay o B R e R (3 0 2 SR 0 s
AR R 34, S vk B o 100 mmol » LB, Hohh |- A=
Wy BN B 5 K 56 BRAH B T 44 2005 4 &b
BRI B oA 200,300 mmol « L™, 5 Xt B8 AH EE 2 51
BEAR T 16.7%.25. 9%, [ 100 mmol « L' 43 51| [
T 42. 2% M 48. 6% . B 1 Won , B2 £6 a8 Ik
(380 V0 45 AL R Ak B P i 2 R (Pro) F AT %5 74 B
(TSSO EHF R A B G, Hh, Pro &
St i A AR T R 0BG OI Z EHE N, 24 NaCl ik B2 oy
50 mmol « L™ A & b 4 B8 58 3 84 i T 419. 0% 24
b BV BE Ry 100 mmol « L1 A, H 5 6 B4k 238
A5 50 mmol « L "AbBEJC B S PE 22 5 MWk E N
300 mmol « L™ "}, H Pro f# (843 pg » g " 5XT
WA H A e b B A 22 3 (P<<0. 01D . B3I 17 9
. [IEF, B NaCl v B R 8m , Rk N TSS &
TSR BE N RIS 2218 1S 0, {H 7 45 Ab Bk B R 1y
AR T X B 2 Ab BRI B Ol 100 mmol « LA,
TSS & & 35 2 i I {8, 0k o X B8 3 FE K
48. 2% ;s 4 AbF ¥ 5 2 200 F1 300 mmol « LA,
o EALREFLE 100 mmol « L' BE AR FRIKOF . 3X
2 WV P A AT DL b 48 0 Al 20 R B ik 0 AR AT A
BT A R HRAE R 8 i 4
2.2 HPpEXNPHEERALEALESEIBRSEN
=AU

HY &1 2 W] R B 2 R B A S T, b 5 A R AR
GG AL SEORAL T B (GO M ) = Uk i vk
JECCO LA K 25 3 R (T,) (AR (b AR — 5, 1
SR HE N R AT P A e T P iR R A )
“M”RL . Hob, 24 NaCl 3% & 5 50 mmol « LAY,
P, G..C Al T, 4y 5 Xt B8 5 3% 84 33, 3%,
68.0% .78. 2% f1 60. 8%, H. P, .G, fl T, ¥J7¢ BL it
IR B e KAE , VR WGV B2 3R b BRAE 1 T D PO &
YERIRCR, A R T U0 5 2 4 K i 24 NaCl ok 2R
100 mmol « L™'H, P, FbXf B8 & AL T 25. 4%,
G..Co AT, 4 5 b o B 35 348 Jm T 41, 3%,
195. 9% 11 30. 2% » ML C 3k 8 KAE (219 pmol -
mol 1) ;24 NaCl ¥ & 200 mmol « L B, P, & 0%
A BEIEAS B ERT X R LG GO K T, ¥ KR 5
& TR H G T, FEARE H/IMA 124 NaCl ik iz



1808

[ |- W7

ne
¥

i

3T E

- Jifi %% Proline

=)
)

M E W)
Above biomass/g

|

100 200
NaCly &
NaCl concentration/(mmol * L")

300

-=- Al PERE Soluble

900+ a a 424
800t b <
on \ e 122 S
= 700F “\ g IH 2
iz ;0 600 \\ 12.0 4 =
LI \be o 8
gEsoof 0 g {185
W E 400} i/ 1182
= 3 /T 0= 7
=g 300r \ 11432
Z20F /) C A=
2 d// - § A

&~ 100+ ‘/ */‘/ ‘1.2

0 0 50 100 200 300 1.0

NaCli [

NaCl concentration/(mmol * L")

AR /NG B 43 50 R AN R Ak B 7E 0. 05 7K 28 57t 12 3% (P<C0. 05) 5 T [

Bl 1

[ e BE NaCl Ak 31 0 £5 240 (7] P A H il 22 R A1 T 9 A B 5

Different normal letters indicate significant differences between treatments at 0. 05 level(P<C0. 05).

The contents of proline and soluble sugar in assimilation shoots of C.

AR AL
The same as follow

arborescens with

different concentrations of NaCl

AL

GJ/(mmol *m > +s7")

Fig. 1
407
a
~ 35r F
7 // \\
®e30r /0N
1 b/
& E ‘ \
D 25F \
e \ c
piig g 20 \.v‘d . //,/.i\\
Al i i// \'\\\ d
£
15 1 1 1 1 L
0 50 100 200 300
260 [ .
2201 %\
;-Jti( = // \
¥ EFi1s0f \ b
ol .
O /
= § 140 2 y
22 / /
S 1001 0/ &
60l ¥
0 50 100 200 300
NaCli J&

NaCl concentration/(mmol * L™")

& 2

0.014
0.013 |
0.012
ooy /o
0.010F /
0.009F /

0.008 |
0.007 |
0.006 |

R

o

[ ey

50 100

i
7/

0.45
7040

T

MT035T
® &

#0030 F
® g

o

T/(m o
[+

0.20 L

L 1 1

50 100 200
NaClik J%
NaCl concentration/(mmol * L")

0 300

AR NaCl Ak B3 v 35 2 [/ A6 A hoe & 280 52

Fig. 2 Effect of different concentrations of NaCl on photosynthesis parameters in assimilation shoots

of C. arborescens
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Soste ko mamdEn Berb Chla M Chl 5 it 2453 8 8 K A JE B Chil a,
— \ A ||
N N b 18 Chl #1 Chl a/b 735 Fo X BTk 14, 020.5. 706 Al
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ms b///i\ | e 39. 4% (P<C0.05); £ 300 mmol « L ' £k 4b 71 F .
f*;“ 03t * c ¢ &| ®g Chl a, Chl b I Chl & 4t 4% 3] Lt %F B8 5 2 % fi%
§§m - o, 14§§ 8.1%.51. 3% M 16. 3% . Chl a/b 5 %F W& AH 1 i 2%
<= r A—" @)
s b — _ WO T 88.4% . 3] NaCl Ml &3] i i 4 2 4
2 *-‘/E\‘I\\ 2
5 o1t &y : i S 7 v 3 Ak B o 9 453 S [ AR 4 22 1
0 50 100 200 300 " SR BRI 2 b B4 e A L
NaCl¥ & ) ViR
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Fig. 3 The content of chlorophyll in assimilation shoots ik

of C. arborescens with different 0.002 9]*ﬂ:ﬂ%j{%[maxm&x‘ X, (k) — X, (k) ‘ =
concentrations of NaCl 2. 3401}: AN ktﬂﬁ%éﬁlﬁﬂ X, 5y X, %

x1 DHRERABEAXGSEZTHRSHEHEXYE

Table 1 The correlation between photosynthetic parameters in assimilation shoots of C. arborescens

Z 4 Parameter AR Py SILFEE G, Mafa] CO, W JE G IR T,
WA HER Py 1
SILRE G, 0.310* 1
i fE] CO» W G —0.420** 0.588** 1
HIEHE T, 0.348" " 0.997 " * 0.550" * 1

W ox Fl % » 43 3808 B A G (P<C0. 05) FBL B 3 40 )G (P<<0. 01)

Note: ¥ and * % indicate that correlation is significant at the 0. 05 and 0. 01, respectively

T2 AENaCILAETH FEYEEEAGEERRNXBERY XBKEREHF
Table 2 The correlation coefficient, correlation degree and ordination of aboveground biomass and each

index with different NaCl treatments

ke 15k S Bk 2% Correlation coefficient F BB STk B
COZ—E I:d?x Correlation Ordination of
CK S50 S100 S200 S300 degree correlation degree
3 WOt & HE P, 0.727 9 0.526 7 0.3611 0.708 4 0.927 9 0.650 4 6
£2 SILRE G 0.827 6 0.670 5 0.5535 0.972 7 0.669 8 0.7388 2
€3 Ml CO, W G 0.597 6 0.702 7 0.945 3 0.871 2 0.433 0 0.710 0 3
g4 KW T, 0.888 5 0.647 9 0.534 5 0.997 4 0.685 8 0.750 8 1
&5 Il 4% Pro 0.453 6 0.596 4 0.426 5 0.430 0 0.344 5 0.450 2 10
6 WA TSS 0.820 1 0.694 3 0.441 0 0.637 3 0.423 7 0.603 3 8
&7 H4£ 25 a Chla 0.680 1 0.552 1 0.334 2 0.950 3 0.567 9 0.616 9 7
&8 n+4:2 b Chlb 0.408 8 0.832 4 0.436 0 0.907 4 0.800 4 0.677 0 4
29 M4 Chl 0.602 4 0.668 2 0.3916 1.000 0 0.719 5 0.676 3 5
£10 n4¢% a/b Chl a/b 0.504 1 0.635 8 0.376 0 0.434 8 0.342 6 0.458 7 9

7 :CK,S50,S100,S200,S300 4354t 0.50,100,200,300 mmol « L' NaCl fip3f1 4b 1
Note: CK, S50, S100, S200, S300 represent the treatments with 0,50,100,200 and 300 mmol « L.~ ! NaCl treatment
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