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Abstract: To investigate the effects of Carboxymethyl cellulose (CMC) on the physiological characteristics of
Cynodon dactylon under Salt Stress in vegetation concrete, a controlled simulation experiment was conducted.
The experiment utilized Cynodon dactylon as the test material, with four salinity gradients [ normal salt level (0
g+-kg "), mild Salt Stress (3 g-kg '), moderate Salt Stress (6 g-kg '), and severe Salt Stress (9 g-kg ') ]
and four CMC concentration treatments (0%, 0.1%, 0.2%, 0.4%) , The study examined the impacts of
CMC on the physiological characteristics of Cynodon dactylon under varying Salt Stress intensities. The results
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showed that with the intensification of Salt Stress and the extension of stress duration, the physiological perfor-
mance of Cynodon dactylon decreased. Carboxymethyl cellulose (CMC) treatment effectively enhanced the
plant height, biomass, net photosynthetic rate, transpiration rate, stomatal conductance, and proline content of
Cynodon dactylon, reduced the intercellular CO, concentration and malondialdehyde content , and enhanced its

ability of salt stress. Specifically, under normal salt conditions, mild salt stress, and moderate salt stress, the
application of 0. 4% CMC yielded the best promoting effect on the growth of Cynodon dactylon; whereas under
severe Salt Stress, 0.2% CMC showed the optimal growth-promoting efficacy.
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Table 1 Three-factor analysis of variance on the effects of different factors on the physiological characteristics of Cynodon dactylon

A ¥ £ KAEFRAY F (H F value of each physiological index
Factor H Agb Ugb P, Gs C, T, Pro MDA
A 211.22™ 457.97" 130.12"™" 68.24™" 38.42™" 110.08™ 275.26™" 258.21"" 108.01™"
B 76.57"" 36.847" 28.91" 42.38"™ 44.04™ 23.44™ 14.13™ 34.04™ 28.31"
C 1047.27° 651.19™" 506.25"" 119.27" 97.03™" 316.13™ 489.49™" 600.91"" 189.22""
AXB 5.09™ 0.91 2.73" 4.95™ 0.30 1.27 1.11 1.85 0.81
AXC 52.38"™" 55.58"" 31.8™ 7.227 1.69 3.25 1.61 12.57" 4.16™
BXC 14.79™ 2.43 3.42" 1.08 0.34 0.21 2.09 3.54" 1.52
AXBXC 5.43™ 2.32" 0.95 0.71 0.54 0.45 0.14 1.15 0.61
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W, Ugh iR 5 Pro, 2R, MDA I 1 s, ok ook G330 A 0. 05,0. 01 10, 001 K- HAT GE i 2738 XL
Note: A denotes salt concentration; B denotes CMC concentration; C denotes time; P, ,net photosynthetic rate; T, transpiration rate; G,

stomatal conductance; C;, intercellular CO: concentration; H, plant height; Agb, aboveground biomass; Ugb, underground biomass; Pro, pro-

line; MDA, malondialdehyde; *, **, and *** denote statistical significance at the 0. 05, 0. 01, and 0. 001 levels, respectively
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Fig.1 Effects of different treatments on the plant height of Cynodon dactylon
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Note:NO, Normal salinity; N1, Mild Salt Stress; N2, Moderate Salt Stress; N3, Severe Salt Stress. CK, Carboxymethyl cellulose (CMC) con-
centration at 0% ; T1, CMC concentration at 0. 1% ; T2, CMC concentration at 0. 2% ; T3, CMC concentration at 0. 4% . Different lowercase
letters indicate significant differences among different degrees of salt stress under the treatment with the same Carboxymethyl cellulose concentra-
tion (P<C0.05), while different uppercase letters indicate significant differences among treatments with different Carboxymethyl cellulose concen-

trations under the same degree of Salt Stress (P<C0.05). The same as below
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Fig. 2 Effects of different treatments on the aboveground biomass of Cynodon dactylon
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Fig. 3 Effects of different treatments on the underground biomass of Cynodon dactylon
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Fig. 8 Effects of different treatments on proline in Cynodon dactylon
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Fig.9 Effects of different treatments on Malondialdehyde in Cynodon dactylon
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FIEAHSC(P<C0. 01D s M A AR 1Y P, 2 i e OG54
AE 0 B AR A, Hm g T ALY B R R A

R A KR E R RE B A LR P R E LY
ME KR T CMCANFLG P,k 5 AH ) G A 308 g8
0 AR MR AR R G AR K E R AR S5 K R T IRk
FEYE . P, 5 C, .Pro MDA 5% i 3 A 3¢ (P<<
0.0D,b% P, 04 m M A 64 fE 1 4R A5 00 L 7
FETE Z2 00 1) AR RR , MDA Fl Pro & H B W FE A,
R ZR ISR 3 22 16 & 55 43 R RE R 5k
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Table 2 Correlation analysis of each index of

30d Cynodon dactylon under different treatments

55 Index H Abg Ubg P, G, C, T, Pro MDA
H 1

Abg 0.839” 1

Ubg 0.741" 0.796" 1

P, 0.663" 0.696" 0.617" 1

G, 0.634" 0.674" 0.655" 0.563" 1

e} —0.748" —0.824" —0.660" —0.603" —0.737" 1

T, 0.783" 0.904™ 0.699" 0.706" 0.552" —0.7417 1

Pro —0.550" —0.737" —0.474" —0.392" —0.372" 0.612" —0.805" 1

MDA —0.725" —0.788" —0.700" —0.489" —0.612" 0.681" —0.731" 0.626" 1

T+ R M e 3 (P<C0. 05) 3+ R M 56 B 3% (P<C0. 01
s Agb, dh E AR Ugh, T A9 5 Pro, Il &R s MDA, TN % .

Note: * indicates significant correlation(P<C0. 05) ; ** indicates extremely significant correlation(P<C0.01). P,,Net photosynthetic rate;

o P EOGHER T, B HE AR G, AL CL M1 COL M s H Bk
TIA
T,

r

Transpiration rate; G,, Stomatal conductance; C,, Intercellular CO, concentration; H, Plant height; Agb, Aboveground biomass; Ugb, Under-
ground biomass; Pro, Proline; MDA, Malondialdehyde. The same as below

2.7.2  ERS 4N KR A IS AR A R AT
o Ak A B T B Ak XA TR 51 R 0 S RS e .
KMO £ 5 % 5 Barlett Bk JE & 50 1% 247 7 3 Hr 19
TG M A B, R I 4 S SR 4 TR, KMO fH 55 F
0.727, K F 0.700; Bartlett 3k & & & 45 £ N
230. 270, & F N 0. 000, 2 B 35 Fr 8] 77 76 AH 1. 56
F % AN AE B ST RO SR Ay o . LR

ISIA
W

B BT 22 5kR KT 85 %0, FREUH AN A
5 22 TR N 90. 942 % , B BRI Tk
AT DR e Js A8 1 90. 942 % )7 2%, 3 5 s .
XFAS ) 77 5 Ak 3R A 2 AR A= 3548 AR E AT 32 AR
Gy BT PR BRI 5 22 STk R R T 8500 A — 5
TR B — B E A TR B
81.729% M19.213% , 3K 6 Irn o PLE S — E
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Table 3 Correlation analysis of each index of 60 d Cynodon dactylon under different treatments

H 4% Index H Abg Ubg P, G, C, T, Pro MDA

H 1

Abg 0.895" 1

Ubg 0.838" 0.883" 1
P, 0.712" 0.694" 0.544" 1
G, 0.792" 0.718" 0.623" 0.730" 1
C, —0.841" —0.773" —0.736" —0.538™ —0.717" 1
T, 0.886" 0.953" 0.826" 0.773" 0.799™ —0.762" 1

Pro —0.509" —0.718" —0.633" —0.412" —0.269 0.472" —0.670" 1

MDA —0.886" —0.899™ —0.852" —0.722" —0.795" 0.792" —0.880"" 0.533" 1

&4 KMO #5650 Bartlett 1 I8
Table 4 KMO Test and Bartlett Test

KMO HUBEE U] 7% 7 % KMO Measure of sampling adequacy 0.727
LR J7 Approximate chi-square 230.270
Bartlett BRJE & K2 56 Bartlett's test of sphericity H 1 Degree of freedom 36
i % % Significance 0.000

x5 BRERHEBFE

Table5 Total variance explained

B 25 f# %% Total variance explained

o W1 A FEAEAH Initial eigenvalues extraction P2 I A F- )57 F Sums of squared loadings
Component BRIt IEHT I it BT T it
Total  Proportion of variance/%  Cumulative variance/%  Total Proportion of variance/ %  Cumulative variance/ %
1 7.356 81.729 81.729 7.356 81.729 81.729
2 0.829 9.213 90.942 0.829 9.213 90.942
3 0.464 5.151 96,093
4 0.159 1.766 97.859
5 0.103 1.140 98.999
6 0.051 0.572 99.571
7 0.027 0.303 99.874
8 0.01 0.106 99.980
9 0.002 0.020 100
R6 ERMATH y (PCO RS bR £ 2 H . Agh . Ugb.P,.G,.C,. T,.
Table 6 Principal component analysis MDA , e 45 — F 4 (PC2) Y T B35 47 2 Pro.,
g5 Ind Eir 1 PCL £ 2 PC2 — v RY =X
A Index S S Sl 5t 725 kb AL AL B 0 B A7 7 1 ik 40 2%
P, 0.815 0.286 .
- S, AR
T, 0.985 —0.059 )
. T
G, 0.875 0.418 g =T (1)
C, —0.899 —0.088 S
H 0.960 0.112 2y N A FEARTES A E bR HEAAE o,
Agb 0975 —o1s N DRSS A UG AR A, o N 5 A IR
e e AR5, o 50 AR A B B 2
A2 H Y 12 Y i j VIS 2 Y { 2
Pro ~0.679 0.690 R Sy A PR A S S AR °
MDA —0.975 —0.088 RGN /N W
SFAE AR Eigenvalues 7.356 0.829 F,=auzqn+ ayze+ ...+ auzy (2)
S, o e Fu NS i MRS A £ R0 a4 j
Proportion of variance/ %
o - vk 9 N
Sy 2% TR 81.729 90.942 A bR EAGAS AR e A LR B AT R AR 9zf/j‘7

Cumulative variance/ % o 14\ﬁ$%]4\/}‘:§ Bk ARG .
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F1=0.815X1+ 0.985X2 + 0.875X3 —
0.899X4 + 0.960X5 + 0.975X6 +

0.929X7 — 0.679X8 — 0.975X9 (3)
F2=0.286X1— 0.059X2 + 0.418X3 —
0.088X4 + 0.112X5 — 0.184X6 —
0.179X7 + 0.690X8 — 0.088X9 (4)
F=F1Xx81.972% + F2 X 9.213% (5)

R, X1,X2, X9 W E R E 6 Ay 9

A543 0K = M) 2 AR T M B R . H  T AT A AN TR
Ab 3T A 2F MU ER PR 25 G A5 2 B BRI Oy - Ad
>A3>B4>A2>B3>A1>B2>B1>C4>(C3>

C2>D3>C1>D4>D2>Dl1., fE£HMOERET,
CMC Ak 3 20 1 i 28 AR T 46 1 34 08 T X B 41, 15 B
CMC Ab 3 e A R0 A TR BE 1 rh 0 28 AR T 6 4k
W AME IE B S 0F VR AR W an A b B M R
0. 4% CMC &b 2 20 fy 28 # T $h MO0 T H e ab 8 4,

E=R IS 5 2 A Al Y 2 A T R SR A T 0. 200 CMC b B 41
it ERA R ARG E NG E R0 GE PR R .
RT FARLBARXTATIRMEMEEEIRHSE
Table 7 Comprehensive scores and rankings of salt tolerance of Cynodon Dactylon under different treatments
i ia b 3 P F 1434343 Principal component score AR (F) Ny
Salt stress  Treatment Number PC1(F1) PC2(F2) Comprehensive score  Comprehensive score ranking
NO CK Al 1.646 63 —1.646 77 1.312 99 6
T1 A2 2.591 10 —1.376 49 2.189 15 4
T2 A3 4.337 26 —0.241 04 3.873 45 2
T3 A4 4.289 77 0.479 40 3.903 76 1
N1 CK Bl —0.314 15 —0.729 42 —0.356 22 8
T1 B2 0.868 01 —0.162 04 0.763 36 7
T2 B3 2.068 48 0.639 70 1.923 74 5
T3 B4 2.655 67 1.504 33 2.539 03 3
N2 CK Cl —2.578 78 —0.789 87 —2.397 56 13
T1 C2 —1.727'13 —0.078 01 —1.560 06 11
T2 C3 —0.833 95 0.555 02 —0.693 23 10
T3 C4 —0.643 03 0.652 33 —0.511 81 9
N3 CK D1 —4.422 21 —0.886 46 —4.064 00 16
T1 D2 —2.791 77 0.000 57 —2.508 89 15
T2 D3 —2.26843 1.041 37 —1.93312 12
T3 D4 —2.877 53 1.037 37 —2.480 93 14
3 i T AR 409 7 4 M U AR 3 ) RO 2 K

Y TE 32 B AR 0 ) PR A BEAG 2
St S 3 2 S BORL Y W K 4 R 43
R WA AR R R IS kA AR AL A DR S B, S B
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AE o CMC FIH HGT 35 55 F1 K 43 85 7 W MEAE L 45
) X6 - HE K 43 55 37 43 0 R 80R S 3 1ot 42 T
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