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Abstract: This research investigated the effects of different NaCl concentrations on the growth and physiology of
Cyperus esculentus at different growth stages, and comprised a pot experiment with a gradient of five different NaCl
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kg ' (saline soil) of added NaCl. The biomass accumulation, levels of osmotic adjustment substances and
antioxidant enzyme activities of C. esculentus were then analyzed at the seedling stage and different tuber
development stages, and salt tolerance in the different stages evaluated. It was found that mild salt stress seriously
inhibited the aboveground and underground growth of C. esculentus at the seedling stage, and the biomass did not
change significantly after salt stress. From the early stage to the late stage of tuber maturity, the aboveground and
underground biomass was significantly lower with increase in salt stress, and growth ceased during the middle stage
of tuber development in the severe and saline treatments. The contents of Na' and Cl increased significantly with
increase in salt stress, while the K™ : Na' ratio decreased. C. esculentus adapted to salt stress mainly through the
accumulation of soluble protein, soluble sugar and betaine, and the increase of catalase (CAT) and superoxide
dismutase (SOD) activity during the seedling stage and early tuber development. In the middle of the tuber
development stage, a significant increase in SOD activity was the primary mechanism for alleviation of salt stress. In
the late tuber stage, the acclimation to salt stress was through the accumulation of soluble protein and betaine and
increased SOD activity. The salt tolerance of C. esculentus at the different growth stages ranked seedling stagelate
tuber stage=>middle tuber stage™>early tuber stage. From a perspective of a multivariate analysis of plant traits, soil
NaCl concentrations<1.0 g-kg ' is recommended. The results of this study provide scientific data to aid
development of practical guidelines for the large-scale planting of C. esculentus in sandy salinized land in Xinjiang
Province.
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Fig.2 Comparison of antioxidant enzyme activity and malondialdehyde content of C. esculentus under different salt treatments
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Fig. 3 Comparison of the content of osmotic regulating substance of C. esculentus under different salt treatments
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Fig. 4 Comparison of ion content of C. esculentus under different salt treatments
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R2 FAEHBLEFMHTHTENMHELESITN

Table 2 Subjection values and salt to tolerance evaluation of C. esculentus under different salt conditions

W A b M R R B I TIE W ESE O Na© KT K'Y/ s PR A i £2 A

Stage Treat- A:#) /W) A W HBdL B MEE MW o ® Na"  Membership Order of salt
ment i e i it it MDA H SS BT Pro function tolerance
AB UB CAT POD SOD SP

T, CK 0.8 0.95 0.76 0.70 0.91 0.89 0.82 0.90 0.81 0.57 0.94 0.85 0.75 0.84 0.83Aa 0.568 1

S, 0.42 0.43 0.64 0.53 0.50 0.40 0.55 0.58 0.68 0.58 0.21 0.73 0.32 0.05 0.47Ab 4
S, 0.26 0.17 0.26 0.79 0.75 0.36 0.57 0.63 0.33 0.61 0.85 0.59 0.69 0.46 0.52Ab 3 1
S, 0.32 0.24 0.58 0.8 0.69 0.45 0.63 0.51 0.62 0.84 0.82 0.45 0.67 0.35 0.57Ab 2
S, 0.36 0.17 0.52 0.77 0.55 0.34 0.19 0.16 0.25 0.74 0.85 0.21 0.79 0.38 0.45Ab 5

T, CK 0.90 0.48 0.82 0.61 0.78 0.73 0.81 0.66 0.64 0.21 0.82 0.39 0.87 0.63 0.67Ba  0.492 1

S, 0.73 0.57 0.64 0.29 0.73 0.47 0.41 0.52 0.33 0.36 0.60 0.61 0.75 0.58 0.54Aab 2
S, 0.52 0.58 0.78 0.37 0.45 0.31 0.42 0.38 0.27 0.60 0.64 0.49 0.81 0.53 0.51Abc 3 4
S, 0.19 0.32 0.51 0.31 0.53 0.17 0.32 0.53 0.53 0.47 0.52 0.12 0.60 0.17 0.38Bcd 4
S, 0.25 0.39 0.69 0.37 0.44 0.29 0.50 0.20 0.37 0.81 0.23 0.23 0.22 0.07 0.36Ad 5

T, CK 0.8 0.49 0.44 0.31 0.72 0.74 0.53 0.37 0.61 0.54 0.62 0.46 0.56 0.50 0.55Ba  0.494 1

S, 0.56 0.47 0.61 0.41 0.36 0.38 0.34 0.20 0.53 0.35 0.73 0.30 0.71 0.61 0.47Aa 4
S, 0.32 0.38 0.26 0.25 0.50 0.36 0.46 0.54 0.80 0.73 0.63 0.54 0.79 0.55 0.51Aa 2 3
S, 0.24 0.59 0.63 0.64 0.49 0.40 0.66 0.21 0.90 0.73 0.37 0.34 0.60 0.20 0.50ABa 3
S, 0.06 0.45 0.58 0.38 0.63 0.62 0.58 0.62 0.76 0.62 0.16 0.44 0.15 0.09 0.44Aa 5

T, CK 0.93 0.37 0.8 0.17 0.73 0.45 0.78 0.19 0.88 0.60 0.57 0.43 0.67 0.32 0.57Ba  0.504 1

S, 0.49 0.5 0.75 0.19 0.57 0.20 0.59 0.27 0.87 0.78 0.72 0.64 0.58 0.56 0.55Aa 2
S, 0.41 0.49 0.70 0.37 0.91 0.75 0.67 0.40 0.27 0.75 0.55 0.42 0.64 0.32 0.55Aa 3 2
S, 0.17 0.67 0.69 0.28 0.48 0.27 0.31 0.50 0.21 0.68 0.23 0.76 0.25 0.20 0.41Ba 5
S, 0.06 0.47 0.3¢ 0.52 0.51 0.38 0.65 0.69 0.47 0.88 0.17 0.63 0.31 0.15 0.44Aa 4

s AFV/NG FRER R OR R R4 b 3 2 18] 2 5 8 25 (P<<0. 05) , AR S BE R R AN R W) 2 () 22 5 25 (P<<0.05) . AB:Hb A9 UB T 2R
Y s CAT ik AL & s POD i B AL W ; SOD SR B ALY AL B s MDA . TH 8 SPL ATV PR SR 14 5SS AT A YEME s BT« B8 06 ; Pro: I &R -

Note: Different lowercase letters indicate significant difference among different salt treatments (P<Z0.05). Different capital letters indicate significant
difference among different stages (P<<0.05). AB: Above-ground biomass; UB: Under-ground biomass; CAT: Catalase; POD: Peroxidase; SOD:
Superoxide dismutase; MDA : Malondialdehyde; SP: Soluble protein; SS: Soluble sugar; BT : Betaine; Pro: Proline.
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7 R R 0 o 2 R I, TR 2T I, M b R R A X I e A R 6 i S ] R R T e A (H R R R B
5 AR BE ) 25 S R B 0 AT LUA A A )RR AN ] £ 20 B T B 2 S R S v R M A 0 A

— Lo BT i R B, BB A T A A, ) R A B A R R A e Kb B R 30 Ak B A b 1 R A R B R 2
‘@iﬁﬂﬂ:éi%“,%E%ﬁﬁ&iiﬂﬂ@i&i%ﬁi%if’ﬁ%%@ibﬂ,ﬁﬁ%%rh/ﬁéﬁ}ﬁ%ﬁ%mﬂﬁﬁ%o EENE 9B TR N R i
Mo b A i B SE B AR D AE R R, e B =R v S AR AR /N 3R A e W B ZE I S LR R . £
B R R 0 A AR B R T R A AR KR, AR ZE R T A 8RR B 3 ST RE S
Mo T AR A AR A2 B A5G o AB W 32 B0 S o0 I A A 2 o A Y R b T R 4 AR ) O iR 0
7 A5 AR AL L BB SE B g F T il 5 AR S L 7 A AL B 15 o s R Mk R T R K T 2R
SR TE R W A% R o3 Ak Y AR R LA R DA 30 d WA BN, AEAE R B30 50 d I S BUR IR B EE R R . AR
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FEAR MY, VS GRS AR A A B 25 T 1 4 I Pl e AR o) o A, R AR FE R BN CK AR, EE
AR W 368 0 R A 30 il 0 AR S L TE B 2K 0 R PO SR B A I e X i — P B L SR AR T
MPEREAKKE .
3.2 ARAXSEHTHT IHRAMLEN ZF

AR AR Y £ e A o B R 4R 3 (reactive oxygen species, ROS) . i P4t 22 1 i Hi A 1k
Fit 14 45 1 B 35, S SSORE 0 40 55 4 S BRI BR . MDA S A 0 A0 G R i S A 0 e P ), R I R W A 0 4
i P i 0 R B AP PR R AR R W]l YD AN I MDA 5 iR A R A A LR By T R B
JEER 43 Ak 35 X5 BEOC Wk 35 25 7, 4% 3h 4 Ak BRAE B 2K v RN S 88 5 0 BEAL BTG W 2 2 e o BRI ER A A BRAE 4 1
5 B0 Y5 ik R A R R A L B AR S ) E K A7 A M AR BB R A — e R A B 2R
SOD POD CAT 2 A5 Y 1A P i R 16 1 4 0 o 2SO 4 il , = 5 DR R AG 0 1 ROS T BR R GE , Ihy AHL W) 5 2 3R 38
IR E™ . 785 £ (Festuca arundinacea)™ B (Phleum pratense) ™ 55 B 58 v 35 & B, Bt S8 1 1l 776 1
B R 00 30 R S 0T B R . AR R WY AL I Y5 S CAT F SOD i M 7E A [R]85 b 3R ¥
Fuf R A B ok 2 W VR 7 I 3R B e 4R R CAT R SOD I 1 3k v bk 41 i o ok 2 19 RO, Uk % 158 37 495 i
. FEBZEH it CAT . POD M SOD I £ 34 & CK b 3, 38 B AE1Z Wy Be il v5 3@ 22 CAT .POD Al SOD =
U M 0 B R B AR A A 1R] ROS (9 & it (R4 40 B 25 48 o A8 B =5 v 093l v o 5 K TH AR 35 585 19 SOD & o | Tl
TEYZE IR I, CATT i P B 6 130 A% B R ini dd =5 Ty, SR W B 25 v 1) SOD J2& il ¥ 2 5t A A0 I 22 48 10 32 %8 D ik
PR S AR EE CATT I M 0 4 1w ke DU 20 IR RS 405 o B AR A BT AE G, 4% R 40 A By it CAT R POD 17 4
PR TR B SOD PR AR 2 Bt ¥, vl LUE I AR TR AE K i B3 95 & 2 1A B i dr A Ak g
B AR B BT E AL B A [R] | 3E— 25 U8 D 95 S AE R W30 N B9 SO s ) — o 04 B B PR AR A, S s H il 0 E AE
PRI 38 O T FLAT — S B SR A SR e
3.3 RRESFMHTHT I 0EERY AL

FE W) AEER 53 W38 T 30 5 23 SR S ORI AR 205 325 ) o 1) SR W R R A7 08 35 TR VR, LA X 356 138 5 1S Y 7K 73 2%
My g 1 & ED . SR Y A HLIB A VR Y T R X W 36 e R A 5T Rk RS R S . BIF 5T K B 5E UK 3
(Grubovia dasyphylla) JN VY% (Salsola tragus) F H 2254 B (Halogeton arachnoideus) 3 F 22 #4818 o B R A]
VAR R0 R R Ol R 3 1 30 O S R B R /N BB (Triticosecale) 16 3R 30 R BITER M Al A PEE B & 1Y
BN IR R R AT A I 5T R AR A R T AR K R W B % A A 3 85 a6 ) SO AR TR T g A K
W, 25 (Leymus chinensis) #KP0ER 53 W30 55 14 32 B 0935 38 V8 95 ) 02 0 il 220 L i A 8 I 300 o 1T S 8 20 4 400 i 179
BB ARG, G RN B 25 ) A% 40 b BRI S S R R R R  E ER RE SR e S R T
Xif R 3 U I 9 T AR T A S A X 3R s I A A K SRR A I AR i . K e R [ R 4 Ak B
N R T W i 5 e REORH LU O OC W 25 L X AT BB R AR AR R B YR LA T R R AR A i
B, KR 9B 3 R W T R AR TR AN, X R A O A T — E RIS N AR . BRESJE A, A R ihan Ak
B I V5 G0 e R R R SR AR S R T R AN B, R B BRI R, R EE e
IR A BRI A0 b R B YR A R S nD A B R DL R R RS B E ) S LA R
AN BT e L HEAAE RAE IR RO R S5 A G

o300 v R ) B R IR 2 22 B T Y Na it B 451 kB E i, CU BB B S R A i AR KR
P KT S 540 R O A A AR AR R R A KR E I T R KT R AR &Y
Jo A FE A A R R AR Na i K 25595 38 989 00 2 ZEALH) | T 4k Bl ) 50 i A 4 118 AR DR B B
9K /Na ™ ARHFSE 78 48 0 B a0 A B Na 1 CL 3 i3 8 %/ TR, K /Na' ) g 25K F X 1R
Ut B I V5 T B T OB AT, R Na i W R T KA I A, R e 8RR B IR, Na L CL MK S R
FHFFEL K /Na WA TR 2 X AT B8 & 3R 30 R b 95 5L Jr v m] v AR LR PR S S B A A PL
BEE YA R B R T B B R ), R RIS T Na R CL AR O LS R WA, 2 T R R R . TE
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B2 300 RS 9T, i R Na Fi CL 2 o 2 b6 A6 e 3e A% B2 ) 52 b Tk b 3, H 4 Ab A T A 15 2 1 7E 3/
BRI R 3, HLY W 3 I T LA i 0 & i o X SR TR & Tl 95 AR I E R W 3 BRI T Na R CL 7ERE R A
19 2R XA BE 5 IS TR R A K Z BN A M I E A G . e R R P E e KT S E S K/
Na 5 Xf BOAL #EAR [ 4 T0 35 22 5, 5 B2 i 38 Ak 1 40 ¥ K /Na ™ i 25 I8 7 x5 BEOAb 31, B B e K 3 I 7%
HEAh PR, 7 P 25 vp 01 300 2% 4 R A K45 B BRI W T R, ELAR PR 22 SR R B L AR B KT/ Na 7k
25 v YR S A AR D) 2 T R, EL B R e AR R R R . BT DL S R A T Na i BRI E
S 2R T K (D I B 9 SR R A B IR AR EE KM Na 8] (9 PR AT S T
3.4 AR AKNHE T 20 sk

TEVEE R W) T ER VR, 0T LAZR G 2% I 2 A8 b, JF R BRI E0: o (1 SR & R B AT 255 PR A, 7T B 42 T
J A ) o Pl 30 0 3 RN A o T b R R AN [R) s 0 T R B O Fh s B U 2R B A T 2E A R
6] H %% (Helianthus annuus) AN R RS AEAS [7] A= & 01 2 90 AS [T b R TS 3R PEZR 5 PP A 45 SR R W] T I T 6 %)
RO IB R R € P < 2 8 L i S R 2R [ = i B BT (A RO 15 B i 1 =i o = S 5 5 18 1 A
I % R 38 1 SRR B AR DR FR RS g o BREEAD BTN 4% 8 6 3 4 3 55 0 B A B 2 8] TG 2 25 S L {H R B AR T)
S LR A T R 8 70 0 25 R K, U8 D 450 2 I Mk B 3k 0 kb 3 0 ) B K I B X R A g aE e o SRR B
2R 5 BB B, A () 3 43 4 3T b 9 5L 255 Tt B BE 00 5 0 BR AL FRURE [ XY 6 W 3 2 S (H R R 0 B AE RN R b b 2R
G VFOEAL TARAE , 2 — 20 U W] 2B K i ) G, g 3 3 i A R VE T8 28 o o, SR 25300 I RIS 00 il 90 52 25
BV S HAE K R — 2, T 7E 4 v R HR 25 rp I TE S A B, 3 R WA — > I 30T 1) A A B S O AN B
B4 F T ERE T .

4 &R

PG 3 B 25 F5 1), 453k 43 A B 6H I Y S R R A i SRR A B S R A R B R e R
7 g AU T R Y S S AR I KR N [ B S T R R R B E IR L . SR AR E 2 R A
P45 19 75 AN [, 76 4 B 3 R E 2R 1, i 9 5 32 5 Aok T A R AR RIS M DL SR A A ML R R O
P15 CAT A SOD 6 4 3 He 25 rp 1] 2 ZEAK SR SOD I 1 19 32 w8 5 B 25 I 100 0] 3 22 5 5o mT 9 1 2 P 0 S i 7y K
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