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2.3 NaCl et 4 MBI RS E KM SR E R
Wifi 5 6 W B B 38 0m . 4 S 3 BE R & R Y B R R

MR R T B, 768 300 mmol/L £ ik BF A ik %)
B, 0 mmol/L Rk BE A, 4 A~ 55 B8 5 AP K =2 1)
x1

NaCl ffri8 T 4 46 8 5 IR 51 &

M2 5 B (P>>0. 05), i & $h Wk B 19 T+ 7, NaCl
XF A A SR A P 8 Y 25 S PRIk B 2 (P<T0. 05),
4 A58 B 5 A pg e B B AR AE 0~ 120 mmol/L
BWEE R AR E(P>0.05), & thw e, 1
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0.05)(F% 3),
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Table 1 Effects of NaCl stress on germination rate and germination potential of 4 creeping bentgrass cultivars

(mmol « L™ 1)

NaCl % J&/

e fi 0 20 60 120 180 240 300

KRR Y e 0.894+0.03*  0.8840.04* 0.80+0.04*  0.76+£0.05*  0.5140.03*  0.24+0.02*  0.03=+0.01°
SRS 0.7140.03>  0.7240.01>  0.7240.03>  0.7140.03® 0.5240.03*  0.3140.01*  0.0940. 03"

il A 0.86+0.04*  0.87%+0.01* 0.80+0.04% 0.63+0.02> 0.43+0.05* 0.1140.04> 0.02+0.01"
A-1 0.8340.02¢  0.8840.02* 0.87+0.03* 0.65+0.03" 0.4640.07*  0.144+0.04>  0.05+0.02%

KR Y foE S 0.8740.03*  0.8040.05* 0.75+0.03*  0.6040.04*  0.2540.02® 0.0340.01?® 0.00+0.00
TS 0.6840.04¢  0.6940.01* 0.64+0.03*  0.5740.04*  0.2740.05*  0.04%0.01*  0.00+0.00

ife 2 0.824+0.04% 0.8040.01*  0.74+0.04* 0.45+0.03"  0.2040.04*> 0.0240.01>  0.00%0.00

A-1 0.7140.03" 0.7340.04*  0.6440.04° 0.3240.03°  0.14%+0.04> 0.0140.01">  0.00+0.00

T R BAS A 5 i 2R 22 53 3% (P<<0. 05), T Al

F2 NaClBpiE T4 N EAEHRH T

R R FIEHNENER

Table 2 Effects of NaCl stress on germination index and vigor index of 4 creeping bentgrass cultivars

NaCl ¥ &/ (mmol « )
Eisan wn A
0 20 60 120 180 240 300

R %®F 9.96+0. 13% 8.9040. 53 8.21+0.27* 6.38+0. 42° 3.38+0.13% 1.1840. 15 0.09-+0. 04*
WKk 8.1740.41° 8.5040. 17 7.7140.27% 6.760. 33" 3.5540.38*  1.3740.09*  0.27=+0. 10"

ik A 9.6540.51¢ 9. 4440, 29¢ 8.2840.52¢ 5.1540. 17" 2.8140.42*  0.5240.16>  0.06240.03"

A-1 7.9340.27" 8.1140. 34° 7.28-+0. 44% 4.2940. 20" 2.50+0. 42° 0.5740.17>  0.1340. 06

AR R 44 A 256.55+20.98* 222.864+21.17*  213.09+8.55%  137.3248.17* 69.73+3.33* 17.18+2.14*  1.08=40.56°

TWH K 207.70413.96% 221.46+16.58°

i B 248.38419.68* 220.60%16. 25¢

A-1 178.794+17. 95> 170.67420. 89*

182.08+11.

197.68+17.

155. 20+ 14.

25%  149.7449.91* 71.66+9.00° 21.05+1.94° 2.20+1.17¢
87 104.7343.32> 52.7749.34% 7.72£2.17° 0.7940. 32¢

25> 83.01%+6.80> 38.61+6.71>  4,54+1,43" 1.0140.61

2.4 NaClfpiExt 4 M ERARMERKMRSKH
E}un
A AT JBER et b ) AR R AR B B R VR E 1Y

Th o 7 22 T e e Ak (LI 45 A i B 22 ) ) 25 A AS A T
£ 0 mmol/L #h i BT, 50 Tk EARK AR B K &8
F(P<0. 05) @ T HAh 3 A5 Fh . AT RE & th T i Fh 2
TE1) 14 25 S 350, B o AR R 00 T i R 1) 2 AR K FAR
BAAE 20 mmol/L Fhyk BT 35 BNEAA 2 2F 0 R K

FIR B K 7E 60 mmol/L #h & J& T~ ik 8 WA, 76 120,
180 F1 240 mmol/L £k B2 i e 2 19 32 M FIAR Bk
iﬁff%,iﬁtfﬁf%iizﬁi%ﬁxﬁﬁéE@*Eteﬁﬂ%wﬁﬁﬁ—'ﬁ/ﬁ\m 3
A A EL ARG . S ORI EAR KRR S T B iR
E%jﬁ,ﬁﬁ A-1 TR R BE e /N (R 4D
2.5 NaClBpiEX 4 M EIRRA MMM REARER. M
REIRFEHERHZ N
4 AT BB T R AR S R T AR E] 25 A B (P
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Table 3 Effects of NaCl stress on seedling length and total leaf surface area of 4 creeping bentgrass cultivars

NaCl # & /(mmol « L

i fa 0 20 60 120 180 240 300
Hi & /mm B 25.7341.93* 24.98+1.68" 26.00£0.99* 21.5840.55* 20.634+0.29* 14.55+0.41* 10.50+E1.19*
PR S 25.504+1.57* 26.00%1.55¢ 23.58£1.07*" 22.1040.57¢ 20.08%+0.42% 15.2540.56*  5.9942.14¢
i 2 25.68+1.05 23.30+1.12*> 23.80+1.17> 20.35+0.30% 18.6540.88" 15.97+1.36° 9.75+3. 33
A-1 22.45+1.82*° 20.85+1.64" 21.2541.05> 19.28+0.87> 15.38740.49¢ 7.36+1,79b 4.7542. 81
HREEA/ mm? BE 13.0140.70* 12.6441.29* 12.53%+0.39* 10.15£0.59* 10.0140.62* 6.66=+0.53* 5.3440. 74
K 11.4640.67¢ 12.8640.47* 11.1340.15* 10.3240.72*  8.68%0.46% 6.60+0.48  2.72+0.96°
ik B 12.18+0.51* 11.9840.53* 11.6340.69° 9.77+0.66*  8.24+0.55® 7.30£1.21*  4.5641.54°
A-1 11.754+£0.80* 11.9540.94* 11.0940.66% 10.2340.20° 7.8040.63"  3.9640.90" 3.66+2.67°
F4 NaCIBpET 4N FEEBRARAMPERKANREZK
Table 4 Effects of NaCl stress on main root length and total root length of 4 creeping bentgrass cultivars
sk o NaCl ¥ £/ (mmol « L '
0 20 60 120 180 240 300
FARK /mm ®F 8.20+0. 61" 7.58+0. 742 9.40+2. 46% 5.05+0.09° 4.30+0. 26% 2.88+0. 60° 1.3840. 24
LIPS 12.80+1. 10° 9.05+0. 90% 7.05+0.57% 5.70+0.52° 4. 43+0. 29* 2.75+0. 36° 1.6140. 28
it 5 8.38+0.31" 11.30+3. 34% 8.1040. 61 6.0340. 23% 5.2340. 84% 2.69+0.56° 0.75+0. 25°
A-1 7.1840. 58" 6.58+0. 38° 5.70+0.11° 5.23+0. 38" 4. 0540, 99* 2.0040. 19* 0.754-0. 48*
MR EK /mm e 19.10£2. 65> 18.74+3.57* 22,01+4.73* 13.6040.99* 10.66+1.08* 6.56+0.61> 5, 84+0.70"
K 28.6343.35% 27.52+2.89* 20.8742.02* 15.44+1.90* 11.71+1.18* 6.4240.75®  3.76+0.65*
i B 21.68+1.50" 26.3144,17> 19.42+1.72% 14.32+1.12* 12.7142.53° 8.2740. 81 3.094+1. 20
A-1 18.05+0.40> 16.224+1.13> 17.81+1.04* 13.78+1.12* 10.16+1.89* 5.49-+0. 26" 3.67+2. 26
=0.05) AR EAE 20 mmol/L I 60 mmol/L 4t F T 25 CHHRT 25 48 B AR R R R AR AR X TR

25 5 (P<C0. 05) .4 A5 JBER &
AR 50 Bt 7 3 W B8 % T T R B {HL2 AE 20 mmol/L
160 mmol/ L L& JE IR, &> i B i AR 3 1w AR
WBCA P ETE . a5 o3 B, £ 5 A AL 2 Ta AU ) AR
BT B B /0 o 5 B OK B AR R 2 T AR R AR BT
ot e 85 i A ke B2 %) 398 DR X 8 S AR 5 T /DN L X
TR A S5 Ko 4 A>T TRl i) AR X AR B
R R BE RMT I OR, 22 7 B 3 (P<C0. 05) , R A
A-1 BYHRF- 2 B AR B T v B K ORI B A AR SE 1 B

RBAR.

2.6 41 mTHERBPIEGRHRE
Xt 4 A il LR AS TR RE R A AR e 28 SR R R

A ) R L 2 T AR A

o HUE 5 A

Eizg DU WS TR AN E DU S S NN DU 1 9 S )

LR X 0 AR 8 R S AR 2 AR A

TR AR 2 4 A b B SR pR

{UEZE

3

3.1

itip

NaCl B8 Xt 4 4~ 55 B 51 &
A-1 1y % 2 FF 20 mmol/L

%Fﬁﬂ%%@é&uﬂ%

BB HE 4D
ﬁﬁi%ﬁ‘@ﬂ%%%ﬂlﬂﬂﬁﬁi>¥’%i>ﬁ§>K>A—
1(%£5,6).

B i FE R B R 0

b T 5 % BEAH

PO i BTt s sa B KR A-1 B & 28 48 B84 20 mmol/L
FhUBE T AN RO B BT L T Bl e B A T R A
A9 F AR ARG KR AE 20 mmol/L 3 W B F ik B0 fF
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Table 5 Effects of NaCl stress on total root area,lateral root number and average root diameter

of 4 creeping bentgrass cultivars

NaCl ¥ /(mmol « L= 1)

fibn it Fif

0 20 60

120 180 240 300

i S 1 L/ mm?

GEZPN 5.1040.51¢ 5.5940. 82¢ 4.53%0.

feE S 3.8040. 58¢ 4.31%0.77¢ 3.95%1.

57¢ 3.1840. 38¢ 3.0540. 30° 1.8240. 21* 1.2840. 29¢

48 3.3340. 46¢ 2.7240. 30* 1.6340. 22¢ 0.8240.13¢

Jife 2 4.3040.52¢ 5.0640. 75% 4,1940. 41 3.43+0.29* 3.0640. 49 2.0640. 16 0.8540. 32*
A-1 3.83+0. 16% 3.53+0. 36° 4,3040. 20° 3.43+0. 27 2.70£0. 63" 1.53+0. 15 0.9540. 58
R % BE 4.3040.58"  4.050.50"  4.65-0.28"  3.78-+0.28"  3.45+0.16*  2.20+0.52%  2.3840. 38
A K 5.2340.53% 5.28+0. 27" 4.3540.22®  4,03+0.43° 3.55+0. 25 2.2340. 30" 1.424+0. 25¢
Jife £t 4.6340.35°  4.20£0.12%  3.90-£0.00®  3.85+0.16*  3.30+0.33*  3.1640.28*  1.6340.55°
A-1 4,3340. 142 3.98+0.18" 4.454+0.22%  3,9040.15° 3.0840. 15% 2.2540. 28 1.6340.99¢
P2 H A% /mm EoES 0.3240.01®  0.38£0.01¢  0.38£0.01*  0.38£0.03® 0.460.01*  0.4520.02¢  0.36240. 04
K 0.29+0.01" 0.3340.02® 0.35+0.02¢ 0.35+0.01" 0.38+0.02" 0.4040.01* 0.36740. 04
i 0.3240.02% 0.31£0.01b 0.3540.01* 0.3940.00°" 0.40+0.03% 0.4140.02° 0.3540.12¢
A-1 0.35+0.01° 0.35%+0.02% 0.39+0.01° 0.4040. 01 0.42+0.03% 0.4640. 05 0.224-0.13%
F6 4N HERFSMHWEERREERWRELE S TN
Table 6 Subordinate values of salt tolerance index and comprehensive evaluation on salt
tolerance of 4 bentgrass cultivars
AR % AR % FAXS K 2 ' . ' . RO R
i e g . AH X Ak = X AR o
ZER ZEH iR ECE

FLES 0.456 4 0.425 9 0.497 8 0.466 0 0.492 4 0.456 4

WP K 0.417 9 0.372 4 0.410 7 0.520 9 0.504 4 0.423 8

it B 0.493 3 0.413 8 0.481 5 0.467 1 0.504 5 0.493 4

A-1 0.454 0 0.324 2 0.527 7 0.499 3 0.3859 0.539 2

AR 5 AR AR AR AR S " A AR P34
5 i o fhllonis A DA i Gl HE
'Aﬁﬁ 2 AE'\‘[K 'Aﬁﬁ N E:’TI

ELES 0.511 8 0.452 0 0.424 5 0.460 7 0.499 3 0.467 6 2
B K 0.388 4 0.448 8 0.423 3 0.542 9 0.523 1 0.452 4 3
ik A 0.477 0 0.466 6 0.505 8 0.617 6 0.493 0 0.492 1 1
A-1 0.377 7 0.431 6 0.400 2 0.469 6 0.443 9 0.441 2 4

B EARK AR K AE 60 mmol/L #h e T ik 5
WEAH s 7E 20,60 mmol/L $h¥fk BE IS, £~ il Fft (1 AR B 3%
T B AR KA BT b T 5 BA AR e 2 1) R bl 28 A e it
Pl W 2 7 ik 5 TR R DT O A AR G 4
BRI AN [R] dh R Y 51 W BE R AR AR O A
HHTA] 3 T BESE 52 il Bl 22 18] 119 2 5 B Ao 6 ok J3E e 38 3¢
SERIbE AT

AT EE Wl T 2OE A B T B E
A0S A J 3 X A A 7 A A S 20 ol 30 FE 48 4 S AR
W8 37 ) A a0 AR R AR R B B9 A Kk
=S N D (51 L S - 7/ M e Ol T AP
N SR BB SR R TR 0 R IR T4 43 SRR 40 i S i
F1 3o 248 s /D T 0 i S A R A K e
— WL 5. BEAH TR A TR 4 A
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I AE R WL 4 4> 1 ) 9 B ah B L A [ 3 v
JEN R BALA B 22 57 R 3 IR A AE — JBCER We T i
R AE T el s UL WA AE — AR MR R L e A A 2 LA 4
SR P R BE o 1 T P OR AN AL R AR BE ) . X
S 4y 2 T e B e AN [ Ao s it o 14 ol 5 £ ) — £ D 3 K
VT2 R B BT AR R BT R R A 22
SREI T R A ) 2 AR B R Y R R R
A T 49y s [ o AL A T st ol A ) A 30 6 T £ 4 96
AT AT i AT ] 83— 45 AR 30 A BE B A7 200 3 4
Rk . P, oR F 22 46 A R 2800 4 900 i R 0 A7
ZEAVTA LR 5 1S L SR R O R B o
(1 — P PR J7 3% - B i B 25 A DR 45 B 0 SR (i 2k
11 FM B SR FF HE 47 b R E] O R T O A —
VAT AR GE R R T RS HER 1 L PE A A 45 RO B
APEES TR R R IR T A A SR 11 AR AR R
JH SR T R R SR M T 3 PR 20 5 AN R 0 4 A TR 3
B oty b A T P I L 4 A o) R R e o T £
P Hy i 3 55 R BN IR B >R > B R > AL

4 Zig

20~60 mmol/L £ B X ) &) 53 808 Fl 7 8 & 52
M) AN K s 5 280 Al B R A — 2 A AR VR L o
Bl I b 25 6 vk 18 19 7 5 NaCl 3 % #1759 i & M
AR A TR AR T A A A KR A BE B R vk
R4 R LR R B, AE 240,300 mmol /L 3 ¥k 5 i, F
T T AS TR RN A R A ) — R K L 2
] 2 A i AN [\] He b R 2R R A R AR O S K
AT RN LRGP 45 b Rl s &5 1 by 2 30 55 ok
KRESHESTY K >A1,
B2k
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of alfalfa to thrips. The egg laying amount of adults,growth and development of nymphs under different phos-
phorus levels were observed. The soluble sugar content, nitrogen content and phosphorus content were deter-
mined as well. The result showed that the egg laying amount of thrips on the leal of same alfalfa variety in-
creased significantly with the increase of phosphorus level. The survival ratio of 1-2 instar nymph increased sig-
nificantly after phosphorus application,but the developmental period did not change significantly. There was no
significant changes in 3-4 instar nymph survival ratio and developmental period. The soluble sugar content,
phosphorus content and sugar to nitrogen ratio of alfalfa were significantly increased after phosphorus applica-
tion and there was no significant correlation with egg laying amount, there was a significant positive correlation
between phosphorus content and 1-2 instar nymphs survival rate of Gannong No. 9. Two alfalfa varieties did not
show significant antixenosis and antibiosis to thrips after phosphorus application.

Key words: phosphorus element;alfalfa; Odontothrips loti ;growth and development;oviposition selection
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Salt tolerance evaluation of four creeping bentgrass
varieties at seed germination stage

WANG Hui-hui, LIU Qi-hua, WANG Jing,LIU Lu,CHAI Qi

(National Experimental Teaching Demonstration Center of Grassland Science/College of Grassland

Agricultural Science and Technology , Lanzhou University , Lanzhou 730020,China)

Abstract: Four creeping bentgrass cultivars (Impala, Kromi BT, Travel Star, Pen-1) were used to evaluate
their salt tolerance at germination stage under NaCl stress (0,20,60,120,180,240 and 300 mmol/L). 11 growth
indices,including germination rate, germination potential, germination index and vigor index, the germination
process and morphological changes of seeds, were measured. The salt tolerance of 4 cultivars was evaluated com-
prehensively by membership function method. The results showed that the low concentration of NaCl solution
promoted the germination. When the NaCl concentration exceeded a certain range, NaCl stress significantly in-
hibited the germination and growth. With the increase of salt concentration,each growth index showed a decrea-
sing trend. When the salt concentration was 240 to 300 mmol/L,the seeds hardly germinated. The response de-
gree of creeping bentgrass seed germination to salt stress was different among tested cultivars. In which,Impala
and Travel Star performed best, while Kromi BT and Pen-1 worst. The order of salt tolerance was Travel Star>
Impala>>Kromi BT>>Pen-1.

Key words: creeping bentgrass; salt tolerance; seed germination; comprehensive evaluation of membership

function



