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Abstract: As the native grass in loess Plateau, Leymus secalinus has the characteristics of salt—alkali tolerance. To reveal
the alkali resistance of native grass(Leymus secalinus) in the Loess Plateau, in this experiment, a pot—control test was used, the
seedlings were stressed by eight Na,CO; concentration gradients(0, 50, 75, 100, 150, 200, 300, and 400 mmol/L.) to investigate
the effect of Na,COj; stress on photosynthesis and chlorophyll fluorescence in Leymus secalinus seedlings, transmission electron
microscopy was also used to observe the ultrastructural changes in mesophyll cells. The results showed that, with the increasing
stress concentration of Na,CO4, the net photosynthetic rate(Pn), chlorophyll content, Fo and Fm showed a trend of first increase
and then decrease, Fv/Fm, and Fv/Fo were gradually decreased. The net photosynthetic rate, Fo and Fm reached the
maximum with high chlorophyll content at 150 mmol/L. of Na,COj stress. Leaf chlorophyll content, net photosynthetic rate, and
Fo decreased significantly at the Na,CO; concentrations greater than 200 mmol/L. Transmission electron microscopy results
revealed clear chloroplast outer membrane, basal lamellae distortion under 50 mmol/L stress, under 150 mmol/L stress, the
inner and outer membranes of the chloroplasts showed signs of disintegration, and the mitochondrial membrane tended to be
damaged, but the structure was intact, under 400 mmol/L stress, the chloroplast and mitochondria inner and outer membrane
were disintegrated, and the cell structure was severely damaged. It showed that Leymus secalinus had some adaptability to
Na,COj; stress below 150 mmol/L concentration without damaged leaf structure.
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2.1 Na,COBrEXRBEHEMNFEBES=0F
Hi 2% 1] A1, Na,C O, 38 XF it 2 3R 55 5L 19 52 1

BT, Bk a R & R RN 11.93 mg/L, F/h K

6.78 mg/L; 7EMM 8 V& FE >4 300 mmol/L B, 4% a,

M2 E b AL SRR R S N 22 R B (P<
0.05), M&tEK a/bMETE2.7~3.3, B LFEFE T K.
M Na,COy7£ 75 mmol/L ¥ B LU T B, 860 88 N2 &
EAHR T CKT R #2574 KT 100 mmol/L ¥k ¥
IF 2 1 T 46 3 R B (P<<0.05) .

£1 Na,COMETHEMFHBEESETH

Tab.1

The change of chlorophyll content in leaves of L. secalinus under stress of Na,CO;

Na,CO ¥ ¥ /(mmol/L) M43 a/(mg/L) 4¢3 b/(mg/L)

SekER/(mg/L) ek R a/MEkED KW MR/ (mg/L)

Na,CO, concentration

Chlorophyl a

Chlorophyl b

Total chlorophyll

Chlorophyl a/b

Carotenoid

CK 8.361£0.135ab 2.610+0.087b
50 6.67520.163cd 2.4950.072b
75 8.800£0.451a 3.125£0.093a
100 6.19440.155cd 2.030£0.009cde
150 6.89010.124¢ 2.320%0.045bcd
200 7.13520.600bc 2.483+£0.227bc
300 5.4250.522de 2.021+0.145de
400 5.2024-0.888e 1.57640.312¢

10.97140.212ab
9.170=0.224bc

11.92540.475a
8.224+0.146¢
9.210%0.130b
9.618£0.797b
7.446+£0.659cd
6.778+1.188d

3.210+0.071a
2.6770.048¢
2.819£0.151b
3.052£0.090ab
2.9720.080b
2.888+£0.168b
2.678+0.113¢c
3.336+0.221a

1.703£0.033a
1.8964-0.059a
1.734+0.097a
1.338£0.037b
1.4234-0.044b
1.45240.128b
1.21840.031b
1.2644-0.170b

T« R A AS [ /ING =7 B 2708 R 32 (] 28 53 35 (P<<0.05) o

F2—31H,

Note: Different lowercase letters in the same column represented significant difference(P<C0.05). The same as Tab.2-3.
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Fig.1 Effects of Na,CO; stress on Pn, Tr, Gs, and Ciin L. secalinus seedlings
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2.3 Na,CO BB BEHHEMEEZRE NS KL
A

W2 20 DL A 1, Fo ki Na,CO, ¥ J& i 7 & i
#4004 300 mmol/L #M38 T Fo 5 %) B8 2% 5 %
(P<C0.05) , 7£ 400 mmol/L Jipifl i 2% 5 2 K s Fm 78
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F2 Na,COMEBEXNHEMHZERNSHNF N
Tab.2 Effects of Na,CO; stress on chlorophyll fluorescence parameters in L. secalinus

Na,CO, ¥ & /(mmol/L)
Concentration

Fo

Fm

Fv/Fm

Fv/Fo

CK 0.303£0.262¢cd
50 0.248+0.206d
75 0.318£0.276¢d
100 0.337+0.298cd
150 0.368=+0.306¢
200 0.339+0.301cd
300 0.586+0.516b
400 0.734+0.663a

1.56541.352a
1.508+1.064a
1.55641.230a
1.577+1.335a
1.48941.231a
1.642+1.566a
1.56241.188a
1.475+1.103a

0.806£0.802a
0.821+0.752a
0.786£0.721ab
0.777+£0.701ab
0.741£0.615ab
0.79340.766ab
0.635£0.519bc
0.53340.336¢

4.164+4.043ab
5.2544-2.993a
3.99442.566b
3.77042.696b
3.20221.908b
3.88743.327b
1.030£0.609¢
0.482+0.003¢

2.4  Na,CO, BB 3¢ 8 55 4h & S M 5z fh 55X K B 8
H9 5 i

JT A Na,CO, B 38 v B T 19 Y (11) ¥ Bl S A
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= 03
0.2
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0 1 1 0 Lyl
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Fig.2 Response curves of Y (II), ETR, NPQ, and qP in L. secalinus seedlings under Na,COj stress to light intensity
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A5, IR R 4 1 22 4% 1 ol T B PR ) FARE
B #E A . Hk 4 300~400 mmol/L Na,CO, ik it
(9 NPQ it £ 76 £ T 1, NPQ #2812 , R FEHL 12
Z ) 7O, A ETRAZ 3B AT ., qP R &
PAR F 38 il i FE A, 24 PAR /N T 475 pmol/(m?s)
BF, BT A W T qP ¥ 28 G L SRl TR 22
FEAE 2 000 pmol/(m*+s) 22 47 iR B R o X IR Tk
JE/NF 100 mmol/L ) qP fh£8F F 8 3 55018, P il
K, PSILHY 1% 38 1% PRk g (1 2) .

2.5 Na,COBMEXNHEL EL A &UEGSH
) % i

] 45 &3 AE Na,CO, ¥ JE K F 100 mmol/L B}
o (% 3) , B IS BE v B2 385 hn i R AR & R
& 3 R ETR,. A BT ¥ 8 /N F CK,
200 mmol/L ¥ i iV R R . XT38 0% 1Y I 52 g ) L,
Wil vl o 1 i B A, T A W vk R LS CK ¥ 2
58 % (P<<0.05) .

#3 Na,CO. BB E 40 8 M AL fh & R KB A S BN

Tab.3 Effects of Na,CO; stress on fitted parameters of light response curves in L. secalinus seedlings

Na,CO, W B/ ETR. / LA FDEER (T,) / |[Na,CO, % B/ P A DGR (1T,) /
(mmol/L) (R GEEES ( mol/(:;é- ) (pmol/(m*+s)) || (mmol/L) (U R ETR,,../ (pmol/(m*+s))
Na,CO, con- Initial slope s ’ Half-saturation | Na,CO, con- Initial slope (pmol/(m®+s))  Half-saturation
centration light intensity centration light intensity
CK 0.21140.018bc 56.767+12.681a 275.930478.381a 150 0.18040.009cd 27.100+4.024bc 148.850+19.567b
50 0.25740.017a  39.400£5.386b  160.350426.638b 200 0.17140.013cd  20.06741.989¢  119.250+11.688b
75 0.2504+0.010a  38.317+1.743b  153.533+5.213b 300 0.1404+0.014d  16.850+1.389¢  123.2334+10.273b
100 0.2094-0.018¢c  29.617+4.594bc 146.4334-25.987b 400 0.16040.009d  17.91742.924¢  112.983+18.472b

2.6 Na,CO, M8 Xt 1 5 - P 48 B 8 1 45 4 B =2 i
i1 & 3-A AT AL, 7E 50 mmol/L e T, 5 i
PRI 200 ) YR T 5 A, I AR T A D BE TR R i A

AR T I, ok e 2 L (& 3-C) 5 4 JE Mk, gk
/N AR 30 (F 3-B) .

Bl

A—C 450 mmol/L Na,CO,:D—F 2y 150 mmol/L Na,COy;G—1 400 mmol/L. Na,COy; Chl. i £¢ & : G. b ¢ SR s S V8 B A« V. IR P 1E

AR s CW .41 R BE s ML 28 K 4R (B A Bar=5 pm; D G.Bar=2 pm; E.F.Bar=0.5 pm;B.C.H.1.Bar=0.2 pym)

A-C was 50 mmol/L of Na,COy; D-F was 150 mmol/L of Na,COy; G-I was 400 mmol/L of Na,COj; Chl. chloroplast; G granum;S. starch grain; V.

vacuole; P. Osmiophilic body; CW. cell wall; M. mitochondrion(Fig. A. Bar=>5 pm; D, G. Bar=2 ym; E, F. Bar=0.5pm; B, C, H, [. Bar=0.2 pm)
3 Na,CO,ffB THERMREBREN

Fig.3 Ultrastructure of chloroplast in L. secalinus under Na,CO; stress
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Z AN SRR A R 2 E DL X A3, R )2 ] B K 3
RHEZNR L , B AR 2538 22 15 K i SRR o AR
filE A A R v AR B AR S A D RETE R R, %
A I I S (R oA B 2 ) (BT 3-H) o 4 A 5 fie
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JEE T I R Y 32 D R NPQ RS I B e ek 2
i 2 FE HILAY Jin 5
ISR K= A W) 6 A M FH R 3 07, L4540 58 % 1k
RE % T 42 52 6 1 00 3R 55, A ) A2 B3 R
S AR 25 K AT, AT AR A ) 32 40 bR Y,
41 AE 400 mmol/L Na,CO, 38 T, i 4K -S4 1
P AN R kAR KD R R AR AR IR 4 A A
LRAKIX 5 5 AF M A VRO 38 R SRRy 2 A
4 TH 2R B AIF 98 45 RS — B0, DI s R B, B Y T
Bl RE S TE R . RE AR AR B SRR R A i 2R o R
AR LA, AT R 7R SR AR B Y e B M . ARl e
1, Na,CO, ¥ B 78 150 mmol /L B 1 #4384 i A B
i, Na,CO, ¥ £ 7E 400 mmol/L I} 14 B34 K, 5 &
RN o 355 KR A AT R R Y B OY — B, B 2 1
& % A i B o A0 M T R B U K A B R B
BrERBE 7, 0 R IR 4 A e v A ) 1 22 A2 R
BORARBUIRI A B 4R A R 2P . ARG
P FH B 7= ), 5 i 3 05 38 I i R N 24,
— &l TR BEMRRE RO 7 Wiz i 2 L, S 80L
BE s R R TR 22 8 R A TE R R, AN A Y
G Eh Rt Re i, M H AB 4R =8 B IR, RAIE T /K 43 1
.91.



W 7G4k B2 2024 AR5 52 445 11

W SC AR I Y, T AR 4 PR e 396 5 1 2 B 2 fi D
ki Z o WIS AEARUR B 1) Na,CO, B8 T, e X
S B B K B B L, T 4 ¥R B R F 150 mmol /L JL
-V VE B R, T BE H T R VR R O A 45 4 1
WAL A Z ML, e G =W AR D sk A, T g 2
W 2 P 25 K B IR, 66 7 A B /I T IS i
ORI
I B 2 vk E (50~150 mmol/L Na,CO,) Y
B ol 300 T, o0 T B e B — e M R
Na,CO, Jilh 31 5 SOMi 5 0 R b 280K Jr 2 25 4 B2 473
B R R i A K2 B . TE AR 2 FITE #
7 ) I, A S T B 36 1 3 N ) AR

2%k

[1] LIU Q, WANG Y Q,ZHANG 1J, et al. Filling gullies to create
farmland on the loess plateau[J]. Environmental Science &.
Technology,2013,47(14) :7589-7590.

[2] PENG S Z, DING Y X, WEN Z M, et al. Spatiotemporal
change and trend analysis of potential evapotranspiration over
the Loess Plateau of China during 2011-2100[J]. Agricultural
and Forest Meteorology,2017,233:183-194.

[3] iL i vg 4 EEmh s RS (D] KA PR L K, 2017,
FENG L. The control measures of alkali-saline land in Shanxi
Province[D]. Taigu:Shanxi Agricultural University, 2017.

[4] w8y . 20 V57 3 35 13 FF IR AHE 2l 2 T U Sl AR 24 O 4 D iy JoR

KR JE R 43 0F ke & O YFIE [EB/OL]. (2021-10-22) . https://

www.gov.cn/xinwen/2021-10/22/content_5644385.htm#1.

YANG H. Xi jinping presided over a symposium on promoting

ecological protection and high-quality development of the Yel-

low River Basin and delivered an important speech[EB/OL].

(2021-10-22). https://www. gov. cn/xinwen/2021-10/22/con-

tent_5644385.htm#1.

LI N,ZHANG Z H, GAO S, et al. Different responses of two

Chinese cabbage (Brassica rapa L. ssp. pekinensis) cultivars in

—
wl

photosynthetic characteristics and chloroplast ultrastructure to
salt and alkali stress[J]. Planta,2021,254(5):102.
OI T,ENOMOTO S,NAKAO T, et al. Three-dimensional ul-
trastructural change of chloroplasts in rice mesophyll cells re-
sponding to salt stress[J]. Annals of Botany, 2020, 125 (5) :
833-840.
[7] BAKER N R. Chlorophyll fluorescence: a probe of photosynthe-
sis in vivo[J]. Annual Review of Plant Biology,2008,59:89-113.
[8) WA, IMNES, £ &Y, 4% . NaCIPHA T B2 54 MDA &
R e s RO S M M e R ] RS,
2006,26(1):122-129.
WANG Y X, SUN G R, WANG J B, et al. Relationships

among MDA content, plasma membrane permeability and the

—
(=2)

chlorophyll fluorescence parameters of Puccinellia tenuiflora
seedlings under NaCl stress[J]. Acta Ecologica Sinica, 2006, 26
(1):122-129.

TR, E /KBRS B 22 Wk v R R B3 Y A= TR
Fe o o B[], MOl B2 F 5, 2023, 36(1) : 166-178,

[9

+02.

[10]

[11]

[12]

—
—
w

[}

[14

—

—
—
(o]

[t}

[17]

[20]

GAO X Q,WANG X Y,JIAO W, et al. Physiological and tran-
scriptomic analysis of Catalpa bungei seedlings in response to
saline-alkali stresses[J]. Forest Research,2023,36(1):166-178.
XUEE, SR, TUbEE AF L SR BN E X 3 AL B A AR
I PR R i 2 2R 9O e A o s i [0, R e VL E
2023(1):85-91.
LIUJ,QIBL,YU H Z, et al. Effects of saline alkali stress on
growth traits, leaf traits and chlorophyll fluorescence of three
switchgrass species[J]. Heilongjiang Animal Science and Vet~
erinary Medicine,2023(1) :85-91.
R ERDT, ENE UK WL, A BB 8 R R R A K o R
RS R A s [T, b K b R R RS (R 3 30) L, 2021, 19
(1):35-42.
ZHANG H F, YAN H B, FENG F, et al. Effects of alkali
stress on the growth and ultrastructure of Nitraria tangutorum
[J]. Science of Soil and Water Conservation, 2021, 19 (1) :
35-42.
CUN W. Epicuticular wax of leaf epidermis: a functional struc-
ture for salt excretion in a halophyte Puccinellia tenuifloralJ].
Acta Ecologica Sinica, 2004 ,24(11) : 2451-2456.
SR A BT i D e R A A W T 6 2E B AR A PL R B 5T
[D]. KA AL K 2, 2010.
GUO R. The study of saline and alkaline tolerant eco-
physiological metabolism in four Gramineae in the Songnen
grasslands[D]. Changchun : Northeast Normal University , 2010.
KRB #5808 TR i 2, 45 . NaCl b3 % 4 55 <)y 1 A= Ry o
SR [T]. %R REEF L2013, 33(1) 1 1-4, 10.
DU L X,DONG K H,QIAO Z H, et al. Effect of NaCl stress
on physiological characteristics of Leymus secalinus seedling[J].
Grassland and Turf,2013,33(1):1-4,10.
R R ALY A B S 8 4R R (ML B R A O R,
2006:15-17,74-77.
GAO J F. Experimental guidance for plant physiology[M]. Bei-
jing: Higher Education Press,2006:15-17,74-77.
EHE A R, A BT R S AR O G R R[]
P4 FE2¥,2020,48(6) : 879-883.
WANG Z,LI M, HAO R L, et al. Comparison of photosyn-
thetic characteristics of broomcorn millet spike mutants[J].
Journal of Shanxi Agricultural Sciences, 2020,48(6) : 879-883.
kR B 0 L RS 4 A R R e 1LsCDPK 2 [ i 5 e
SUIREI (D] RAF PR L K%, 2015,
DU L X. Physiological responses of Leymus secalinus seedling
under saline-alkali stress and the clone and function analysis of
LsCDPK gene[D]. Taigu:Shanxi Agricultural University, 2015.
WA, EA R, A5, R R & Rl S R PO S H0E
SrHrlT]. R X9, 2014, 31(3) : 550-555.
YANG J, WANG Y K, LI J, et al. Parameter difference of
chlorophyll fluorescence in leaves of different cultivars of Ly-
cium barbaruml[J]. Arid Zone Research,2014,31(3) :550-555.
B ROOR, A T R AR T A B4
PR s F B2 R [T, 22 B ARAT 9L, 2021, 39(3) £ 165-174.
LUO M R, LIANG W B, YANG Y, et al. Effect of drought
stress on photosynthesis and chloroplast ultrastructure of Gar-
denia jasminoides[J]. Non-Wood Forest Research, 2021, 39
(3):165-174.
INRUE  BREL , 229, 45 . B8 X0 R4 o6& AR Db a4



F L Na,CO MM X R RO a 2R 5000 VB IMES 1 Y52

[21

[22

[23

[24

]

]

]

]

—

T B S A R B il R e n 2 (D). Bl 20 5 R B L 2022, 42
(12):4-6.

SUN F L,CHEN K, JIANG T, et al. Effects of salt stress on
photosynthetic pigments, photosynthetic characteristics and an-
tioxidant protective enzyme system of watermelon seedlings[J].
Horticulture & Seed,2022,42(12) :4-6.

DEMMIG-ADAMS B, ADAMS W W III. Photoprotection
and other responses of plants to high light stress[J]. Annual Re-
view of Plant Physiology and Plant Molecular Biology, 1992,
43:599-626.

B N TP By I ) S ED O I 3 31T N e R
ROt 9ot S B s m 1. 94 JL AP 2 i, 2023, 43 (1)
127-135.

LIH Y,LIAO F Z,LIU J C, et al. Effect of salt stress on
physiological characteristics and photosynthetic fluorescence pa-
rameters of sweet cherry rootstock[J]. Acta Botanica Boreali-
Occidentalia Sinica,2023,43(1) :127-135.

KB By, V2% AR, A BRI X AL A E I AL S
PEACFLBR I PUAL AP =24, 2002, 22(6) : 75-79.

ZHENG G Q,XU X,XU Z Z, et al. The effect of salt stress on
the stomatal and non-stomatal limitation of photosynthesis of
Lycium barbarum[J]. Acta Botanica Boreali-Occidentalia Si-
nica, 2002,22(6) : 75-79.

SANTOS C V. Regulation of chlorophyll biosynthesis and
degradation by salt stress in sunflower leaves[J]. Scientia Horti-
culturae, 2004,103(1) :93-99.

ZEREHT RV SR LA NaClLIE T 88 & AR e G 4
T R R M 2 3R 9O T ) g i 2R i R AR L], B AR A
#,2013,24(9) : 2479-2484.

LI X X,LIU B X,GUO Z T, et al. Effects of NaCl stress on
photosynthesis characteristics and fast chlorophyll fluorescence

induction dynamics of Pistacia chinensis leaves[J]. Chinese Jour-

[26]

[27]

[28]

[29]

[30]

[31]

nal of Applied Ecology,2013,24(9):2479-2484.

WANG L Z,WANG L M, XIANG H T,et al. Relationship of
photosynthetic efficiency and seed-setting rate in two contrast-
ing rice cultivars under chilling stress[J]. Photosynthetica, 2016,
54(4):581-588.

TRIEHE AN B L AE L O T AR B A0 X DUROL A R Y
R [T VLR A 27 4, 2022, 34(8) £ 53-59, 64.

ZHANG X Y,SUN Y F,CAO K, et al. Effects of soda saline-
alkali stress on photosynthetic characteristics of hemp[J]. Acta
Agriculturae Jiangxi, 2022,34(8) :53-59, 64.

JE 2R, XU A, R 2 I S R PO W BOR S e i W Bt
FEPERFIHTLT]. A4 B B2 1, 2006, 42(5) : 945-950.
ZHOU Y W,LIU Y P,DAI S L. Identification of cold resis-
tant plants by chlorophyll fluorescence analysis technique[J].
Plant Physiology Communications, 2006 ,42(5) : 945-950.
TAERE IR 7R, LA TR A R R RUE IR AR E R N R A 1 45
PR LT]. A9 5 U5 PRI 24, 2006 (1) : 51-56.

WEI C X,ZHANG J, WANG J J, et al. Observation on struc-
tural characters of vegetative organs of Puccinellia tenuiflora
under salt stress[J]. Journal of Plant Resources and Environ-
ment, 2006(1) :51-56.

RSCHG , E B VL@ . LA AR AR A [R] £b 8% B A e
MIRFFELT]. T R, 1999, 18(5) :507-512.

ZHENG W J, WANG X L,SHEN Y Y. A study on the ultra-
structure of assimilative organs of some plants in saline habitate
[J]. Journal of Chinese Electron Microscopy Society, 1999, 18
(5):507-512.

X, TRAEARA S . NaCU A Bl o & 1 P 240 it 18 2%
K i 52 m (7). £ 25244, 2016,36(12) : 3556-3563.

LIU W G,DING J X,ZOU J, et al. Ultrastructural responses
of Syntrichia caninervis to a gradient of NaCl stress[J]. Acta
Ecologica Sinica, 2016,36(12) :3556-3563.

«+03.



