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1 #RE5FE
1.1 X4

IR 4 3 B8 75 R REBERE 25 2K B 721237 (5B R 20807 ) AR C C2917 g AE L P006 7, B VIR
A ERL 27 e AR P W 5 T B A0 B R R A A S O R R . A ARSI A VLA E R AR
B 5 B Bl b R B b (b 4 327027, 848 118°28")
1.2 RBFix

AR B 75 R B 2 2% Qian B Ful ™ (9 7 S5 RIS MUE B, 2006 45 8 H T A M0 B K B 51— B
ELAE 10 em MR EZ e, F B R K oh e T4 5 B T 264 T 0 19 38R h (42 10 em, 3K 40 em) 0T 34 5%
W E NS TSR . R 4 d R 1 OK BRI 1 RIEST Hdh 2123 B 57 i B 2 em, HABEE 3 em, 3 S
TG R b B, 4 P NaCl ¥ By 0 HR) ,5.10,20,30,40 F1 50 g/L, 3L 7 AKFEHAKTE 3 ANFEE. RAL
K HE R ) 77 7 L 8 NaCl e b iR e BE i 3 /K 5 8 e R A . il D8R BRIk 2 d
e 1 GBI 200 mL, K Be A G 2R MR K A IR At HEH o TF 46 R 40 B A S 3l 2D 26 b s 800 - R vk
JELLEE 2 d 5 g/L I Hk B A .

ORI 6 JE G AT 1 WAE B BB NI A . HE i FARORBEAC, IR AR AR A H T
TR B DRI S 0 R R0 i B R A RSP ROV S8 i . B R K SO BRI AR IS BRI 2
A3 7 e ) AR 1] T IR SR E R R K R BE RN AL . 6 ) s ) g e (2 9 A B ER I aa ) il sk gk AR CH A
fli 1S i 7 25 1B TR A R RN R 43 B S SRS X A TS R A 0 BB B AR R B L B AL 10 A A T 45
B 3 Ot B0 ShRE ) I 5E M F5 T 8, JEBEFLIR 10 SR 4000 KR DA Kb b 3820 B 4% LR 2RI 2R 19
TE.

BRI E N HEAT, AR A TR . IR BR AR50 55 8 d il 1 IRE G I (LR 48 3 N i AR
EREA BR AR .9 N-9 P,O;-7 K, O) . 8 J] A4tk 267 kg/hm*,
1.3 3B fo it AT

FH SPSS 13. 0 %44 4E #E47 Duncan £ 5 3 A1 Pearson #H 3 M 43047 .
2 RS54
2.1 KM mhia st L3R5 A K0 Yk
2.1.1 b Z5RE/RGR D KBRS T AR FPE R A ekt 35 B A WE R k. CZ12374E 20 g/L R
JU L PN R 2 56 B 100 Y0 R4S L FE 50 g/ L B BET S, Hobtdh M fe st s P006 " YRI5 21237 F L brdh pE AR i . (A
1 30 g/ L WAy &k 5 B2 bE © 21237 B 72 40 g/ L B BAETS s #1IK “C2917 W78 10 g/ L $h B2 Bl N 4 i o )2
ANAZ L HE 30 g/ LB HEAR FFETS ;2080 Hidh Vi 25 . 76 5 o/ L W EP 32 B4 % 4 35 B2 T 3 90240, 7 20 g/L B}
T
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x1 HBET4MEFENEHSEMHE
Table 1 Green leaf coverage and dry leaf weight of four turfgrasses under salt stress
R AN [ B B B g S i 55 NGRS AN G A oy
Salinity Green leaf coverage of different turfgrasses (%) Dry leaf weight of different turfgrasses (mg)
(g/L) 7123 P006 €291 7080 7123 P006 €291 7080
0 100£0. 00 a 100%+0. 00 a 100%+0. 00 a 100%+0. 00 a 2.54+0.26 a 7.940.45 a 2.940.23 a 8.6+0.97 a
5 1004+0. 00 a 1004+0. 00 a 10040. 00 a 90+4.58 b 1.84+0.15 b 8.5+0.99 a 3.14+0.17 a 5.7+0.21 b
10 100+0. 00 a 100£0. 00 a 10040. 00 a 33+9.45 ¢ 1.6£0.25 be 8.5+1.48 a 3.340.21 a 4,94+0.38 b
20 10040.00a  100£0.00 a 57+£6.03 b 0-£0.00 d 1.34+0.12¢  7.8%£1.36a 2.2+0.06 b —
30 8342.65b 284+11.55 b 3+2.65¢ 0+0.00d 0.84+0.06 d 5.340.90 b 1.2+0.35 ¢ -
40 13+3.22 ¢ 3+1.00 ¢ 0+0.00 ¢ 0+0.00d 0.840.06 d — — —
50 0+0.00 d 0+0.00 ¢ 040.00 ¢ 040.00 d — — — —
F {§ Value 2413.29*~ 370.85* % 1191. 15+~ 383.38" " 43.55" 4.45" 40,95 * 31.37**

W B F A T BER R AE 0. 05 K P TFZRARBE; « Fl« » 43 RN E 7 BEMER 0.05 KFH 0,01 KF. T,
Note: Means followed by the same letter in the same column are not significantly different (P<Z0.05); %, % x Significant at the 0. 05 and 0. 01

probability levels, respectively. The same below.

®2 BEMEBTIMNEFENRFER

Table 2 Shoot growth of four turfgrasses under salt stress

E AP Turfgrass

847 Indicator h B Salinity (g/L)

7123 P006 C291 7080
0 12.63+2.19 a 18.03+0.55 a 14.374+0.37 a 9.76+0.56 a
5 9.81+£0.56 b 17.20+£1.17 a 14.30+0.28 a 4.12£0.74 b
K4 T & 10 9.36+0.41 b 13.38+0.21 b 12.28+0.76 b 2.537+0.20 ¢
Dry shoot weight 20 6.51+0.28 ¢ 6.84+0.43 ¢ 5.16+1.46 ¢ —
(e) 30 4.0140.39 d 2.4241.19d 0.1040.10d —
40 0.5040.19 e 0.097+0.03 e - -
F {8 Value 62.59" " 318.08" % 206. 45" " 143.83" *
0 18.96+0.35 a 33.9944.09 a 22.8140.61 a 23.17%2.72 a
5 15.05+1.36 b 32.80+3.84 a 20.32+1.54 a 17.13+£1.03 b
K K 10 12.54+0.43 ¢ 30.81%1.09 a 22.47+1.28 a 12.53+0.24 ¢
Shoot length 20 6.88+0.27 d 22.21+1.65b 15.28+0.43 b —
(em) 30 4.2840.51 e 9.14+1.74 ¢ 4.34+3.95 ¢ —
40 2.95£0.11 3.75+0.28 d - -
F {& Value 294. 86" " 78.17** 44,20 " 29.99"*
0 915.3+68.34 a 183.3+30.09 a 148.7+7.10 a 246.7428.11 a
5 978.7+83.35 a 149.7+6.51 ab 142.04+9.50 a 86.3+23.59 b
K S B 10 989.3+130.40 a 137.0+£14.42 b 133.7+26.58 a 64.7+14.22 b
Shoot number 20 837.34110.56 a 141.7£24.71 b 53.7+£12.66 b -
(4~ No.) 30 566.7+77.05 b 59.0£22.54 ¢ 3.74+3.51 ¢ -
40 89.7+39.32 ¢ 4,.3+1.53d — —
F {& Value 45.56" " 35,44 61.10" " 57.42**
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2.2 KH s TR, LE KGR RI AMEREREFTESHMM LS
RIS ARAE AR 8 T MR 252k K AR 2 2k K S LTS
RE(FE4), SiH T2, C291  ZE£h F 3k 10 g/L Table 3 Correlations between dry shoot weight
Hﬁﬁ%l‘%ﬂi . “P006’ E%{:Eﬁ 20 g/L Hﬁﬁﬂﬁﬁ%? and other above-ground growth indicators
in f turf;
M Z123 ZE4RBE Dl 30 @/L I A TF i T W T © 2080 o e
TE0~10 g/L $hIE W% SR B H. BRLRM . WHRH GREEBURKE HREE
“P00G” Fil $C291° H/\J*E/% :FE:Z’;E 5 g/L E‘Jfﬁﬂ( i% W Ttem Turfgrass Green leaf Shoot Shoot Dry leaf
coverage length number weight

FOXS BEms AT T i » JLJE 20 B AE 20 A1 10 g/ L if A B0

7123 0.809** 0.940" 0.885** 0.902* *

A 35 T W 5 T 21237 1 ° Z080 B W E K 1Y % JiE w0 ) ; "
006  0.852**  0.960°*  0.877**  0.636"

ﬁﬂ»*ﬁx%:lii*ﬁ%?ﬁ%ﬁ%»%ﬁ%ﬁ 20 ﬂsﬂ 5 g/L Dry shoot

Hﬁiﬁsz‘ﬁﬁﬁE%‘Fﬁ%o 5Poo6  fH L% . € Z1237 #E 40 weight

g/L WA B R IR AT,

C291  0.973* " 0.919" 0.987"* 0.905" *

7080  0.756* 0.894 "~ 0.977*~ 0.953"*

R4 HPBETIMEFERBTHIEK

Table 4 Below-ground growth of four turfgrasses under salt stress

. R M F 2 T R R R AR TR
Salinity Dry rhizome weight of different turfgrasses (g) Dry root weight of different turfgrasses (g)
(g/1) 7123 P006 €291 7080 7123 P006 C291 7080
0 8.18+2.58 a 6.56+0.77a 12.07+2.64a 8.66+0.97 a 1.204+0.84a 3.124+0.14a 1.71+£0.19a 0.6240.26 a
5 7.89+2.24 ab 5.83+£1.78 ab 10.76+£0.79a 7.694+0.79 a 0.83740.27 abc 3.194+0.90 a 1.74+0.33 a 0.2940. 20 ab
10 7.75+0.87 ab 5.81%£1.65ab 8.21£0.19b 6.81+1.13 a 0.95+0.08 ab 2.784+0.33a 1.16+0.30b 0.15£0.01 b
20 5.35+1.52 ab 4,22+1.17 be 4.73+0.83 ¢ - 0.29740.02 be 1.2840.21b 0.4240.15 ¢ -
30 4,944+1.14b 2.18%+0.42 cd 0.534+0.77 d - 0.2440.06 ¢ 0.5640.14 bec 0.12+0.12 ¢ -
40 1.2840.32 ¢ 1.114+0.80d — — 0.16+0.03 ¢ 0.1140.06 ¢ -
F {& Value 7.77 10.13** 37.04" % 2.70 4.32" 33.37** 31.04%~ 4.61

2.3 KM pria s AR A K YR
2.3.1 AHBRECTE BRI )RR R AR BT E A S R R R o f Z080 T FEER B O 5 g/ L B AE B
S H O B S R AR, P06 R C291 7€ 10 g/ L B 3 T I, *Z1237 78 20 g/ L WA B TR (R 5).

MRS T E MG TE M P ETHERAMRR TE 3 M. X 3 AN A0 48 5 H B0 W 1 IEAH G A E R
BHRAE 0.8 LA b, 1 HAEMR M T 55 m A 45 THH 3 MR B &K A 480 Ak 510Dt 52 W i 35 A8 1E 41
S L Ut I I B HE AR E RE R [R] R M S AR B T (GR 6) . S ANER I R SRR B T R B M IE A G L
Wi TE R W08 5 A8 A6 i — B0 - F L LA 2 A FE bR xF 4 B B AT U ER P PR A A R R — B Bk
B 21237 HoA S BTk HCh “PO06” F1C2917 T 2080 Hi Fh M fe 2% .

2.3.2 MR MM B TELL SR ER GRS BARERAE —E BT LIDH] 4 Fh R PR R B R4 T
Gy LTS LT ZE AR 20 M A (H R 3850 Rt b 358 40 T 5 b 20 B R FE 3G 34 22 B s Of BBOR STk v ss iy
vt 1 o A ) 50 T R (R0 o B bR . PR B RE PR Z1237 1 CPO06 7 7R 40 g/ L 1y ER FE N bR &R 4> A | ER
Gy T A W ARG 0 BT R 55 0 B PR B Z080 FE 5 g/ L AR BE WA T A W ARG .

3 giv5itie

MR A A ER 38 T 4 i R 5 55 0 2 i 55 B AR AR B T FE AR AL 90 20 DO P ER AR K O € 21237 > P006 " >
*C2917>°7080", TEA AL, Z1237 F1°PO06 " BEAZIE N 20 g/ L MR /AK K IWERE, “C2917 BRA%IE N 10 g/L 1Y
AR KA AR 1 Z080 7 ANREAE N 5 g/ L DA By ER K KA ME . B4R ©Z1237 L “P0O06 " Fil * C291 7 7 4k F¢ 2t - 35 i
100 Y0 AN AR (45 B R b b 35 326 B i AT BT R B AR 254K B8 50 20 100 okl B AU T B 5 B3 L S T U D 1 RE R A 4 B
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x5 HBETIMHERENERETERM TS MM LS TEL

Table S Total dry plant weight and the ratios of belowground aboveground weight of four turfgrasses under salt stress

o R [R5 b b 4 T R [ 5 55 4 1R 98 50 FUi |- 754 T 7 B The ratios
Salinity Total dry plant weight of different turfgrasses (g) of belowground aboveground weight of different turfgrasses
(g/L) 7123 P006 C291 2080 7123 P006 €291 2080
0 22.00+5.36 a 27.71+0.91 a 28.14+2.61a 19.04+1.74a 0.731F£0.16 a 0.53840.06 a 0.9594+0.19 a 0.948+0.07 a
5 18.53+1.86 a 26.21%+3.58 a 26.794+0.68a 12.11+£0.64 b 0.899+0.29 a 0.520%£0.12a 0.87440.04 a 1.98740.46 b
10 18.05+1.23 a 21.97%+1.80b 21.65+1.21 b 9.49+1.32b 0.927+0.05a 0.642+0.14 a 0.764+0.03 a 2.74640.27 c
20 12.14+1.34 b 12.344+1.69 ¢ 10.30+2.22 ¢ — 0.8724+0.26 a 0.800+0.17 a 1.02140.20 a -
30 9.19+1.36 b 5.15+1.73d 0.7540.97 d - 1.293+0.25a 1.27940.46 a 5.9814+3.05 b -
40 1.934+0.30 ¢ 1.314+0.88 ¢ — - 3.186+1.61 b14.1714+8.81 b - —
F {& Value 26,21~ 95.63" " 141.03* * 42,06~ 5.54"* 6.95"* 10.53* 25.03*

x6 AMEFEERKSTESEMEZEKERZENEXE

Table 6 Correlations between total dry plant weight and other mainly growth indicators in four turfgrasses

U i AP it g KT @ WTFZETE AT HE B A R BRI -
Item Turfgrass  Green leaf Dry shoot Dry rhizome Dry root Shoot Shoot Dry leaf
coverage weight weight weight number length weight
\ 7123 0.815" * 0.815" " 0.946" * 0.859" " 0.894 "~ 0.900" * 0.853"*
bR ST
P006 0.866" * 0.993" " 0.933" " 0.983" " 0.892" 0.960" * 0.642"
Total dry plant
C291 0.959" * 0.992"* 0.982" " 0.946" * 0.976" * 0.913" " 0.888" *
weight
7080 0.768* 0.980" " 0.806" * 0.851" " 0.937" " 0.846" * 0.955" *

B RAR T AE AR . Z1237 JEGERF SR 55 100 20 AR B ER BE R TS BE DR SRR AR B B A AR L DR G RT LA
— B YRR R R R

I 2= T 5 b B RS R RR A AR 0 b bR A W MR 2R AR R RO AR AR A Y R R e T A
FEARAE W BT R IX 3 AR iAW) it P RERY 255 R0 . IR I aa ] 13X 4 Fob b2 2= A 55 B 551 M B R 40 F0
TEMAER A KRS S HAE R MR B4 . 75— 288038 2~3 AT DU Y A SE 56 v % — 5 ik B2
(R il 38 2 15 RENS A T i 380 A K 9 451845 7 & - Dudeck 28571 [ F 78 25 S 6 01 L 3h R BB 5 S 00 2F AR Al 48
BRE 3R A K 3G, 5 A 56 45 52— 3%, {H Ramakrishnan Fl Nagpal'™? | Pessarakli Fl Touchane"* DL } [ #
W SFEH BT R BUARER B AR e oA . Qian S 45 2 R PN 1 — 28 AR N 2 s IR AR B AT R LR
() (A kY B AN — B, S 01 3k 4 PR R A 2 E M B R O3 AR I IR R A WA IR BB A . A b KO R
30 A ) R B R 1 4 B R R R AR A S5 g/ L R IE T P IR R AR R AR, 280
JL 01 e 3 1K 0 4 3R B L LG R B 0 B 38 RE G 0 OF AR LT A B 4 2 R RO I 4 4 AR R ARG, HLIY i R AR
R BRI A AR R B 5 g/ L A0 A AR AR B 3 AR 3 T C291 7 2080 AR R A K L iR < 21237
(52 W AN 2, 3% 5 AR A5 RN — B, DR 00 0 0 AR R R M 38 15 AR AR A A T R S X LA W) X A S 3
S5 18— P R S0 P 7 052 I o T X Aol S IO AN REAE A S SR K E R T ZEFR . g A Rl B 0 4R £ I 1) B T B 45 A [
PR AR LI A OC . 4528 ROR A A E A v b R RS sk 43 S L AR EEHTER AL T X — o R B AE R
AR XK B B R A AR OB B ) b B R 30 5 AR R AR K A T A 43 T RE
(18 ¥ 2 LR 43 D0 BE T B AR5 1 4 2P AR RT AR 2 i e TE BIAR R L F P AR AR G R G A R 2 AR R
AERIEAR EBRA W .

RSN S 15573 9 I 1 . L 157 o 1 i - 1 173 S 7 i e < 1 2
TE— SR T XA HU I 1 RIS R A8 20 59 A i B A 1 3 B AR ) o DR AR O R B 3t T R A R A
Fe e 7 IX SEAE Y ) — R HTER DL o JE A g AR AR AR K iR B AT L i R BR R DR AR A ) 0 SR BCRIK S Y
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W AR ol T AR AR SR A R R AN AR BT R TR — SE T Y d AR W I 2 R R Y 3 R 25 a] DA AR
FIK Gy AEILHUIENE PSP vh B B2 FD 2 o AU i 45 R U0 W b R 25 W B 7E D% 2 70 0 3 RS0 Bt R M v
Wk AR

MR ORAEYDOEEAE R EE AT . B N R Y RUA B0 i AR AT RE BE s D 19085 0 HO S R TR
W, ARARBH/INE (Triticum aestivum) £ K (Zea mays) | 5 5 (Sorghum bicolor ) %5 AF T A= ¥ ¥y i) nF A 76 £h 1y
AR — BRI R R B A b R R 8 R 4 2 R (Y © 20807 A1 21237 (Y I E I 3 R R
117 ¢ C2917 F1°P006” 73 3 78 10 A1 20 g/ L [ ER BE VI il PN W B AN 52 52 ) B0 R WA 19 T s 3. AR LK P& i
AR /NS v T A L 43 SR A A B K 32 0 {8 2 R R R RV AR AR AN B LR Y . A B A AR
TR SR h 2 F A /N Al i RE AR T VK Ca Mg 559 9% B8 e 2 0 A PR g R rY o 7 R I 3E 0 b R R
FR 2 rh L A rp C C2917 1 PO06 " Y 45 3R 5 HAWAR ) i 45 R A 22 5 2 il T 22 5 5 | S 19 0 2 Hy T A ) %o
o 1 30 AN Ti] R 18] B 7 A f i T  F I BSRE 7  B I 18 2 e 5 S ) 3 i S O — A DA SRR T R R A B S A R Y
BRI AE . S AR C2917 g A L POO6 " fE B AR 3R B A I U W38 1 BB A% 24 41 i T B A A L BB A% 0l /D EE I da
1 B T BT R AT D800 0 A A TR T I 32 TR 2 O 300 3 Y — ol 3 RO AR I RO

MNEE T AR BT AN ] B o 14 ] — g B0 SR8 A SRR — 3, 5~10 g/ L A2y ARER LR S 0 2 AR C2917 11
MR PO06” AR 2% T 3 BCAR L I AR AR T R A AN 52 2k B8 1 52 ) L A i A AR A G, DS B R 4
T DR T 45 2K REJE 21237 F1 2080 Y AR AR W TE i AT #h BT 2 BT R RIAEAE 5 o/ L 25 A AR
HRET ARKCEU R ZRMG] . 452650 2080 1E T A $h T A K iR B ot , 2 30 i e iy e b v i v
BEOEE 71237 4 KRR B LB E L U R TR B A BT A K i R R B A S R C291 7 i A
‘PO06” K, LI ALoR B BT PE . PR OG5 i 2k B T 4 350 AR O e 1 AR KR R TR PR R A — R AR AR . KT ER
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Growth responses of four warm season turfgrasses to long-term salt stress
CHEN Jing-bo', YAN Jun'?, ZHANG Ting-ting"*, LIU Jian-xiu', GUO Hai-lin'
(1. Institute of Botany, Jiangsu Province & Chinese Academy of Sciences, Nanjing 210014, China;

2. College of Horticulture, Nanjing Agricultural University, Nanjing 210095, China)
Abstract: The need for saline-tolerant turfgrasses is increasing because of the turfgrass establishment on highly
saline soil in arid and seashore regions or the increased utilization of saline water for greenland irrigation. The
salinity tolerance and the growth responses of four new selections of warm season turfgrasses (Zoysia matrel-
la) ‘71237, Z. japonica ‘72080’ , Cynodon dactylon *C291’, and Paspalum vaginatum ‘P006’) to long-term
salt stress were evaluated. Based on green leaf coverage and total dry weight the salinity tolerance of these turf-
grasses decreased in the order: ‘Z123”>‘P006”>°C291">°Z080". Leaf weight, dry shoot weight and shoot
length of ‘Z123” and “Z080” were significantly decreased after long-term salt stress, while those of ‘P006” and
‘C291’ were not affected until salinities were higher than 10—20 g/L. ¢Z123’, ‘C291’ and ‘P006’ maintained
stable shoot numbers under 20, 10 and 5 g/L stress respectively. There was a significant decrease in *Z080” at
5 g/L stress. Dry rhizome weights and dry root weights of the four turfgrasses were not significantly affected at
low salinities (about 5—10 g/L), however, dry root weight was more stable in ‘C291” and ‘P006” at 5 g/L.
The ratios of underground biomass to aboveground biomass of the four turfgrasses all increased with increased
salinities, a trend that was quicker in lower salinity tolerance turfgrass. The same organs of the four turfgrass-
es had different responses to salt stress and different mechanisms for salinity tolerance.

Key words: long-term salt stress; warm season turfgrass; growth response; adaptation



