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Abstract: To better understand the drought-tolerance of alfalfa seedling, we investigated the seeds germination capability
and the minimunm water requirment in alfalfa ( cultivars: Long-Dong and Algonquin) and sorghum ( cultivar; Kang-Si)
under water stress mimicked by PEG-6000 solution (¢, = = 0.1 — — 0.5 MPa). Simultaneously, the interspecific
difference was obtained. The results showed that the inhibition of seed germination capability was dependent on impairing
water efficient uptake under PEG stress, including declines of Germination Ratio, Water Content, Vigor Index and
Germination Stress Index and increase of Radicle/Embryo Ratio and so on. Especially, germination capability was more
weaked when water stress changed more severe. On the other hand, it must take more time to finish 50% seeds radical
emergence, plumule emergence and seedling establishment than that of controls under water stress. The critical water
potential at 50% alfalfa seedlings establishment stage was higher than those at 50% seeds radical emergence and plumule
emergence stage. It indicated that the stage of seedling establishment was most sensitive to external water potential.
Contrasting to alfalfa, the germination capability of sorghum was less affected under the same stress conditions above, and

critical water requirments at all stages of germination were lower than those of alfalfa. Therefore, the enduring capability to
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water stress of alfalfa was weaker than sorghum, and the water requirment at seedling establishment stage was also different

between two tested alfalfa cultivars.

Key Words: alfalfa; seeds germination; water stress; drought tolerance

Fh T8 & AL AR ORI L 7R S8 A% I R AN R SR B A L R 19t o SRS, K ARk
FEMRHER . ISR B FER , BT T 52 56E B R B e S ki Wi 4, Rk
WA FEREZ 2,

EAILETE (Medicago satva L, FHRETE ) , BABIFHAES SRt &ac:, 2R ETICE + 5 i X F
BRIV ERFZ — o BUKIEELMAELL B2 IRTERRVE % 2R Hr £ 0 R IE Wit 38 o TR AR B 7 , (B2 R BB A
B, 5 )%t MG, TR KA T SBUK A R BEBUR SF R TR R E R AL 0 FERES
RS PEEXT T EE AR R X B E TS B, R A 5 B T R U v PR, B R e R ZNH B
PG 7 6 SR AT M0 T, 38 BRI SRR AR, 2 P e B 7 Lh 1 B TR, K RN R R . A2 E
MERS R VAR R TS B T AR R AR R B D T S Bl
¥ R BT R) R 2 AR S 8 18, K J3 AR 30 AR 2852 A BE T R I I 5 AR X 820, 7 W R R I 85 A
K 7 T SR INEE A HRE .

FA, BAR BETAKH B AR BT R 887 (B8 15 M Sk 08 55 A AL T e B Bt EXS R34
VEMI BTS2 B, AP T BB &2 BB T DAFE — AR b R BRI 5 A B S SR8 il ) 2Lt R 1 o R,
JH PEG ¥ AP T8 &3R5 , RIS AR A0 Scottt ™) IR HL/A 2R, W B B 0 T 19 & B S D LR B ek 4
TR T LB BT, 375 5 A o R Rt S BB I AH L3, B ZE IR B 7 Y o TR i 1 A 3 AR 8L DA BB 78
R A 28538 o P AR T 5 3l A 20 T BB 7, DA D DR S b i R 7 A 7 v S R T R e LA R o
IR AT RS R R SR SRR
1 HREH=E
1.1 RA5bet Ak

BT /R X 4 B 2R B 7 o S2 B bkt . BRORP 4% 100 hz, I 75% Z BEVEWRIN EE 2 min 5B TERE A UZ
IEARHIBESRIL Y , LA 2 12 (PEG-6000 ) AU A K F (6 : —0.10 ~ -0.50 MPa) , 7£ 25°CH IR I IR
hEERE R, FREM TG, BB EEROL/ BT 12/12h R 22 23/18C K T 4k8iE 5, B WREE 3
WEE, UZEBAKEEFR A IR, B 2d BH—RKEEFRIELR, LA K EAR ), WFF IR WK a1t ET, 50% Ff
TEEHIE 0.5 em HH{Z);50% Fh 77 M RBME FEK 1.5 em HEH K ;50% #7712 2 RITF R E K
3em i H o BSOS IR B R IR BIARHE RPN IR (R FIRAR K B . I
TKIG 2.6.12.24 36 h F148 h BRI EFp &K &

ESR (BT R T ERIETE . R4 WK G5BT, 50% Ff 7 IEAR K 0.5 cm B B 3);
50% F IR 0.5 cm FHEK 1.5 em BEHET & ;50% FFIEZFK 1.5 em FHEHK 3 em B HI .

1.2 SEE 5 A8

i & #6541 ( Germination index) GI = 3. (Gt/Dt) , Gt SEHs RECN W KT 55, De HHERT B R KEL;

15 J146 % (Vigor index) VI = 3 (Gt/Dt) x Sx,Sx NFE VB, P KB = MR2F + JIEAR

B & % ( Germination percentage) GP% = Bf & KENF T BI85 X4

R ZE Y ( Radicle/plumule ratio) R/P = AR E/ IR ZEK B

B & 338 5 %% ( Germination stress index ) GSI = PIS/PIC ,PIS 7K W38 F #pF & £ 35 %8 ( plumule index of
stress) , PIC %t BB AP 1 & ZE 45 %81 ( plumule index of control) , HoHp , Ff 1 & ZEFE 8 (PI) = (1.00)nd2 + (0.75)
nd4 + (0.50)nd6 + (0.25)nd8,nd2 .nd4 .nd6 .nd8 435K 2 4 6.8 KRk F & ZERD],
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477K & (Water content) WC% = (Fp F#E - FFTF)/FHFTE x100%
2 ZR5HW
2.1 JKApIEE X8R K BB T B R
2.1.1  XEARIR B RIEEE R ME HE B

LIS IR R, PEG 38 (03X 8 18 A e e fh 8 R BAA — € MERAE R, BIK 438 mT 410 ) F - 85
& ; ELBEE 7K 73 e 5 BE 3 o , A8 AR 3R A F B R R (GP) BE IR, AL3E%E 8 K, -0.2 MPa JK#F,
BT JR K1 4 Bl 7R FRBT U ) GP 43 3| Euxt R R T 41% 45% F1 17% 5 - 0.5 MPa /K #F 4351 4 B R T
80% 80% F179% (K 1) . [RIET, B7EHIE AT GP 1T B ok T 85 K46 80 ( GI) Fi§ & e #8 50 ( GSI) HIRE
R(ER1F2) . H5XFREAHLL, ABEKFEM 0.1 MPa T [EZ] - 0.5 MPa, Bif/R [X] 4 B A< Fidt P4 GSI 5353 T B
T 48.38% ~93.78% .53.68% ~89.99% F119.42% ~92.72% . B LIPS, KA A S T EEME R F
B & BRI D R R A A DA B R RS D T B, ELREE SRR e RN, R R BB 1 2 B
Wi B T A

F1 KSHHEMNELEERSRMFHEMNHELZE(% ) MFEHEIERAZ T
Table 1 The effect of water stress on RGP and GSI in alfalfa and sorghum seeds (P <0.01)
457K #¢ External water potential (MPa)

fhFf Cultivars

CK -0.1 -0.2 -0.3 -0.4 -0.5
BHERER(%) BT /R X1 4 Algonquin 98 +1 74 £5 58 £2 33 x1 24 1 20+1
GP [ %< Long-Dong 97 1 64 1 53 £2 43 1 26 £2 19 £2
Hil Kang-Si 98 +1 831 813 54 1 322 21 +4
MIXB AR (%) FI/RX4 Algonquin 100 +0 a 75 +5b 59+2¢ 34 +4d 24 +1e 201 e
RGP B %< Long-Dong 100 +0 a 66 +3 b 55+2 ¢ 44 £4 d 27+le 202 f
Hil Kang-Si 100 +0 a 85+3b 83+3b 55+2¢ 33+3d 21 x4 e
KEIRE PI BT /R X1 4 Algonquin 151.42 +5.5a  78.17 +3.2b  52.75+4.9¢ 25.00+2.1d 11.50 +0.8e 9.42 +0.8e
[ %< Long-Dong 113.17 £3.1a  52.42+3.2b  37.33£0.9¢  28.33+2.9d 16.83 +0.4e 11.33 +0.6¢
Hil Kang-Si 82.42+1.8a 66.42+2.7b 60.75+1.2¢ 26.67 +0.8d 11.17 +0.5e 6.00 +0.7f
BiRMHETEE.  FIRX 4 Algonquin 1.00 £0.04a  0.52+0.02b  0.35+0.03¢ 0.17 +0.01d 0.08 +0.0le 0.06 +0.0le
GSI B %< Long-Dong 1.00 £0.03a  0.46 +0.03b  0.33 +0.0lc  0.25+0.03d 0.15+0.00e 0.10+0.0le
Hil Kang-Si 1.00 £0.02a  0.81 +0.03b  0.74 +0.0lc¢  0.32+0.01d 0.14+0.0le 0.07 +0.01f
®2 KROMWEMNELEERBRMTFHRIERMHM (P <0.01)
Table 2 The effect of water stress on GI in alfalfa and sorghum seeds (P <0.01)
IR K B /R X1 4 Algonquin [z % Long-Dong PP Kang-Si
}(3)1:;;1:;1 e et Genfnyfti:ﬁ;ndex - CK% Genfnﬁ?i%ndex - CK% Genfnyftiiﬁ;ndex - CK%
0 110.88 +2.91 a 0 86.10+0.85 a 0 50.18 £0.91 a 0
-0.1 57.82+2.45 b 47.85 33.86+1.89b 60.67 44.85+1.08 b 10.62
-0.2 36.38 £3.02 ¢ 67.19 25.08 +0.46 ¢ 70. 87 39.38+0.72 ¢ 21.52
-0.3 16.15+1.24 d 85.43 18.90 £1.15d 78.05 17.57 +0.57 d 64.99
-0.4 7.90 +0.74 € 92.88 10.94 +0.28 e 87.29 6.63+0.16 ¢ 86.79
-0.5 6.75+0.15 e 93.91 7.42 +0.50 f 91.38 3.89+0.14 f 92.25
- CK% = (X BB RAREL - AL BB R I8 %0 + 3 IR RIRE x 100% , B4~ Ab 05 & 48 B A o X BE R A 40 b - CK% = (GI of

control — GI of treatment) + GI of control x 100%

2.1.2 XARZF R A9 11 B

PEG e AL B85 , B 16l T IEARIC BEE I, TR 2R B2 AR 4, PR e, ARZF EL (R/P) B4R, H R/P B
6 Moy 5 JBE A3 P TS T R (3R 3) o {ELply T80 B R B Pt 1 95 JBE 38 KT 2 el , 196 48 8 (VI 3=
B Bl 5 B O ORI T R (18 1) o FRANIE 1 B, = 3 F 3 AR R 2R 9 A R M #RZ 2 T PEG
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R (ELVR 25 9 2 AR BE e, 9 PR L4 VI 7635 %00 —_
BoK#w T - 0. 3MPa [ 1E 5L T B = T4 HR, ZEFRBEK 0.1 MPa
HAETF - 0. 3MPa B 4 B B %, 600 |- == -03 MPa
AR, B 7K 4 3 E R T, R e R0
BRI , SR TR W 2k R TR T AU , A T R ) T
I R B, R TR I R T M
PEG i1 X85 5 T AR 2 B JUAR A 390 1 752 B 9 7R I
AR AT T R RS B PERT R/ P BRI ) HEs
5 TR T 0 55 F 784 ORI BREKIZK 4% o o
2.1.3 XK RE 1 e
FFHREKETLEMFHES AT EUAL, BT KA Iihae X 58 76 B 7 R s SR 1 48 B0 R )
ﬁﬂ‘ﬁ[ﬁf ;R m ﬁ*ﬂ[yﬁ;{ﬁﬁ“ % @ﬂ(%( WC) E‘J@ ﬂ: ( E‘ 2 ) , Fig. 1 The effect of water stress on VI in alfalfa and sorghum seeds
PEG it b3y , AR 7] 0B 7K i 1] 3 6 - B 5 7K 249
BATT X, BB R SRk SRR 7K B IR R U IR H (P <0.01) o X R SHL, FFAems &
S ERER K SR AR SRR I FE T T e o 25 R0IR, A PEG Ml AbTRJE , A -3 & B (s T 2
BT IE 7 RS BT 45 B b 7K 4 W RE T BS540, BAT/R X 4 N Bl 4R 76 % 31 PEG iy
G T A K A R R B B

400 |

& J148 %L Vigor index

200 +

ANNNNNNNNY

F3 KON EEEENERMERFLHHE
Table 3 The effect of water stress on radicle/embryo ratio in alfalfa and sorghum seedlings ( P <0.01)
35 7K #v External water potential ( MPa)

‘A Cultivars

0 -0.1 -0.2 -0.3 -0.4 -0.5

BT 7R X1 4 JAHR radicle (em) 3.51+0.11 3.69 +0.12 3.56 +0.28 3.69 +0.22 3.74 +0.27 4.01 £0.19

Algonquin JRZE plumule (cm) 2.82+0.14 2.53 £0.17 2.31 £0.07 2.08 £0.41 1.89 £0.15 1.76 £0.33
W R/P (%) 1.27+0.11d 1.46+£0.09 c¢d 1.54+0.18 ¢cd 1.77 £0.24 bec 1.98 £0.12b  2.28+0.09 a
+CK% 0 22.48 21.14 39.37 55.91 79.52

B4R AR radicle (cm) 3.84+0.17 4.02 £0.19 4.13 £0.25 4.30 £0.52 4.25£0.14 4.33 £0.36

Long-Dong JAZE plumule (cm) 2.51+0.14 2.42 £0.11 2.28 £0.13 2.01 £0.11 1.81 £0.03 1.62 £0.28
W R/P (%) 1.53+£0.11 ¢ 1.66+£0.07c 1.81+0.23b 2.14+0.13b 2.35+0.09a  2.67+0.32 a
+ CK% 0 8.44 18.30 39.80 53.59 74.51

] AR radicle (cm) 7.03 £0 6.85 +0.21 6.41 +£0.31 5.97 £0.42 6.16 £0.24 6.08 £0.19

Kang-Si JRZE plumule (cm) 5.46 £0 4.96 £0.16 3.93£0.13 3.09 £0.09 2.68 +£0.11 2.33£0.22
W R/P (%) 1.29+£0.06 d 1.38+0.11c¢ 1.63+0.17c¢ 1.93+0.17b 2.30 £0.18b 2.61 £0.05 a
+ CK% 0 6.98 26.35 49.61 78.29 102.33

+CK% = (AbIRARZE LOAH - X BRARZE LU fE) + X BEAR 28 LUME x 100% , BV 4% A4k BRAR 2ZF LG i 3 A4 o X3 BRME I B 40 e + CK% = (R/P
value of treatment — R/P value of control) + R/P of control x 100%

2.2 JKGT B RN T AR B Bl A A R H R A G B R K BUE TS

BT, Fh 7l 3h B R A B A SN R IR B K S B SR — B T A TR RIS 2
FARL B o SEEEAR RS tuds th , AR IR 20 R 78 30 L B R st 17 1 B30 1 426 (B BRI 36 ) S50 R ]
HIX BUEAFTELRIER R, B Pi = a loge +b (¢ g AIRFP BTN BN ZAE R ) BRI 18], Pi Dy WA 2 R 3 5 2
RIBER AL AR o LT AR AT LUS AP T8 3 (B A B b W P — 2 B[R] ¢, T ¢ SURT AR Al
FhFLE K AR R R TR . Scott “LEE AR AN AR BIK 3 (VI B ) MR F 9 3h 85 & B i — R K

T ¢ BT LA T BB = a, + b O ) @ B b SR R TATR 9 0 700, Jop, -2

a
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Fig. 2 The effect of water stress on seed water uptake in alfalfa

YU R 7 2% P B 3l 1 2 BGRB8 T i SRR B K B (K B o

x4 KSBEXRGTEERSRMFEERAKRE (L) 5SHH. FEMHETIE(%) HXER
Table 4 Relationship between water uptake time (h) and amount percentages of seed radical emergence rate, plumule emergence and seedling

establishment (% ) in alfalfa and sorghum under water stress

i R Exzriiqu%ter Tilfl(f):‘i)f zf)zwjagcal 50% BRI 50% ik F]
Cultivars potential emergence +CK% Time of 50% plumule + CK% Timfa of 50% +CK%
(MPa) (h) emergence( h) establishment (h)

BT IR X1 4 0 47.88 0 84.66 0 123.12 0
Algonquin -0.1 53.00 10.69 114.46 35.20 227.63 84.88
-0.2 69. 66 45.49 156.43 84.77 309.44 151.33
-0.3 122.91 156.70 271.69 220.92 405.12 229.05
-0.4 207.43 333.23 357.43 322.20 586.66 376.50
-0.5 372.55 678.10 445.08 425.72 624.15 406.95

B %< 0 36.61 0 77.08 0 134.09 0
Long-Dong -0.1 56.45 54.19 149.41 93.84 207.62 54.84
-0.2 64.48 76.12 183.70 138.33 237.71 77.28
-0.3 75.22 105. 46 206. 88 168.39 283.76 111.62
-0.4 86. 86 137.26 256.69 233.02 351.62 162.23
-0.5 139.29 280.48 333.97 333.28 714.12 432.57

YilY Kang-Si 0 81.57 0 94.03 0 175.28 0
-0.1 115.17 41.20 123.26 31.09 221.19 26.19
-0.2 127.44 56.24 141.72 50.72 280.56 60.07
-0.3 150. 81 84.88 190. 18 96.15 350. 87 100. 18
-0.4 197.27 141.84 228.27 142.76 492.51 180.98
-0.5 217.90 167.13 262.63 179.30 695.38 296.73

+CK% = (AEBLEAAB BTG I 6] — X SRR BUAHRL I BB I 8] ) -+ e B SR 7 B BT 7 B[R] > 100% , Bl Ak A A A B BT
s (BN BEAR LY, 3 BOE 5 X IR E 2tk + CK% = (time needed for treatment to reach 50% radical emergence, plumule emergence or

establishment stage — time needed for control to reach correspongding stage) + time needed for control to reach correspongding stage

XA [ P S AL R A A B A R B B AR MR AR R O G ) o B AT S, R B AR AE
BELMER R FI &R/ “IREHAT &G, RBVA BT 8 3h B R K #3k 50% R B 22t Ia] 5 4h
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FKBXRRBEFE IR, B8, B8 T SRR G T RS BERE R MR (£ 4)
3k 4 Pizn , AR PEG 8 bR 5 7 FE R A9 3 0 & e B T R I R e R B R R 3
W & 0 L B TR R F5 LA B LB 3R 1 T [, I ELBEE PR K 435 BRI IR T R B

IEFHIK ST, B /R X 4R F R 3 B & A H 3K 509% M3 B 75 6 8] 43 51 4 47. 88 .84. 66 h #l
123.12 h, 4 -0.1 ~ -0.5 MPaPEG i kb3 )5 , Fr % it 18] 43 51 EL X B #EH T 10.69% ~678.10% 35.20% ~
425.72% F1 84.88% ~406.95% (F 4) , [FET, BEARE 30 05 & A 1 35 2 50% 48 3 16 PR 5% i 577K 345 i 3
5,535k -0.73, -0.63 MPa fil -0.57 MPa, IE#HHBKFMAT , B ARFhFBEAREE 3 FEE K35 50% R P
BT IR] X958 TR /R X 4, B Y 3K 50% BES pir i 22 i [A] K F BT /R X1 42, 4351124 36.61.77.08 h Fi1134.09 h,
PEG 38 4b 3 J5 , Fir 25 B 8] 43 51 Eb X BE 3 fn T 54. 19% ~ 280. 48% . 93. 84% ~ 333. 28% Fi1 54.84% ~
432.57% ,FILAZR ), &30 a8 Ab 38 Be AR W 3l Al & 3K 50% BER Fir s i [ SR A2 B /N FRIR K 4 Xk
5 BN, B AR B B S AN RS Bl 50% MR ARG R K BER A Z R (4518 -0.74 MPa 1 -0.76
MPa) , HERMIK T H 353 50% BER M IABLIE R K ( -0.65 MPa) Z3K,

LIRR BT NROK 2 H SRR, XK A R SR B R, B X T2 M BUBEAE B i K, DA
BT BB SR i o AL, i iE] , BT /R IX] 46 0 Bl 2R B Sl X PRk S 2SR 38R B B 22 5, (ELR B R
G B PR 58K S BRI A 7E B35 ARl (P <0.01) < PR K] 401 85 2 i H 1 X 3R 88E 7K 43 2 14 O B R LL B
REERTHE

x5 HEERBRMTFEHES0%HZ HREHSEEESHREKEHXR
Table 5 Relationship between time of 50 % seed radical emergence, plumule emergence and seedling establishment (h) and external water
potential in alfalfa and sorghum

i Wi Bl I ALK $(MPa) Wi R I A K #( MPa) H I K #(MPa)
Cultivars Seed radical emergence Seed plumule emergence Seed seedling
TR Xl 4 Algonquin -0.73 -0.63 -0.57

[f % Long-Dong -0.74 -0.76 -0.65

HLPY Kang-Si -0.84 -0.78 -0.68

X} PEG i A B0 5 e Fb T BEA T S B SR AR, B8 — B4 . EWBUKRM T, HRF
FHAS B 0 B K 50% HESR T AR L ()43 51 81.57 .94.03 h 1 175.28 h, 76323 PEG /KAMHA )G , B
EERT AR LTRSS T 41.20% ~167.13% 31.09% ~179.30% F126.19% ~296.13% (FE 5) . AIHIEH
Y I A T AL 7 B, S B S BB IR BB /N TR /R KRB R . RIS , 2 RAERD 05 30 B & F
H RN KR ERME B ERBEES (P<0.01) BRI NER <BER < FI/R X 4 (5 3h 3 b 4 F
IRR & T BEER) . VIR RIS B & A B B K 4 1 SO BE 55 T 78, T B A i i 7K 435
BERTETE
3 itig

X 530 5 T AR T K T R A BRI A e T 7K 20 WO B % & o i S AL SR TS B Sl . BF
KBRS TFREEAEWTE , Fh 705 & AR A4 8 B BE FRBE e £ o U™
3.1 JKAMEXTETE T8 R RE T RO

BMEELIPIIIEH, 2Y PEG YREEIAF] 15% B (FFBKH4 -0.3MPa” ) B A FREL2F T 5%
S X GA LR EE A B TNk A 3 3 5 R R R T K T IR TR T B RIS M R
FIAE R B LR S (UNTER /KA A BT VA ) 46 QKT T T T B R A T RS, R A S B &
HRFBRI T, ALK RFERIEFEY,R/P 41T PEG LLHE i B E 118, X 55 E E % i E ™
RIAFHE 2 , AT RE & PEG AbBE XS 7 [5] A B0 B AR AR BE AR ] , B [ 5 o O T 52 B g o 7 2% B 7K 4 4%
TR %5 . PEG Ab TN B & F T HEAR K A AR 2 2 N AR 4 ¥ BRI 0 A2 K BB ) M 45, R X 1 B AR 25
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BRI —FETHLH, R T R — M@ R . ML Zeid 2 IR A 1d PEG kb3
J& B TS R FIRAR G AR K B2 TR R A HRE

FRRIAH L, B 7 S ReFP ¥ GI.GP \GSI\VI #l R/P (L& FFEE B 225 (P <0.01) , RILE: 5XF R
HHE, ETE B GI.GP #1 GSI 4y 3 FRET 47.85% ~93.91% 25% ~80% F148. 38% ~93.78% , &% GI.GP Fl
GSI W R R&&: /> 43514 10. 62% ~92.25% 15 ~79% H119. 42% ~92. 72% , Jr. F 243785 K #75 F - 0. 3MPa
B, FEARE BE B /N T E S s FIET, B VI FRET 41.51% ~92.78% , i R AESR K T FER] -0.3
MPa B , 4 Fr FRE(61.09% ~90.67% ) , E 45 R/P /N1 8.44% ~179.52% , Mm% R/P W%,
6.98% ~102.33% . PRI, 7K 5 WiE % & 7 Fh 105 & 68 7 1953 W K F 55 SR 7 19, 5508 U R S b i R AR
XF 7K 73 Jiy 8 A BUBRFR BE S5 T H 7S -

AR Z [RIAE B, BT R IX) 4 R B 2R 019 GI VI GSI #1 GP S fFE 22 R (P <0.01) . IEFHHKER T,
R /R X1 4 LA FE B0 9R B 85 & fE 1 (B & 19 GL VI 1 GSI) {HFE PEG JilA k3G, INE & KT FRIEE, B
WA KBRS, TR S, i RSB KE R - 0. 3MPa B, /R X &1 GI.VI F1 GSI 4y 5 FFET
85.43% .82.86% F182.89% , il Zs B &4/, 435147 78. 05% 74.82% F174.96% . H4M, FI/RIK4: GP b
B INEK R T B B b & REHI3E I, B/ TAER B R IR T BIBEAR GP(3K 1) ,R/P AR BE AR /N T AH B
B RE TR (3R 3) , B, T R8T PR X & 70185 & B8 1B 7R 1 32 3R K a2 i BE K
3.2 JKAEME T EREF ) R A R TR K S E

¥ T K BUEBRK , T e . FI/R K & FBEARFE & B B K BB M A e 2 R, A L& X T8
) 2Tt BB I R AE N [R] , (R X5 3R B0 HE 0 3-8 R B BE X 7K 43 3 SRy SEAIS , T H 7 e 2 X6 P 45 7K R 0 A A
& BB R AE K ST SRR S S KRR R R RE R 2RV E M R AR, E TR 4 i AR K IR B )
W55, AR B . R E S R IR S AR BRIV 55 2 AT A K R R A T T
RE I B AL K A R M o L2 AR ™ il b /NG T R R B ST 8
G K B B 7K A B A R . X AT BB SR L J HL X e A PRI Y AR BRI 2 —

FREIAH LG, PEG BB AR S , B 18 Fe A R B 3 0 R L PR i R R R AR BE A (HE 78
TF&AB B BT e Bsf [ () 38 K I BE R R i SR 7 195 0 A0, B AR S b AROK B 3 2 i i AR b, K I
{ELZWTHE K, BIX P58 7K S B SRR W 7™ I , 38 R H A 3-8 R B BX 7K 435 SR R FEAS , T L o e A % 2R
7K 43R0 e A BURR (BB B R SRR T /K BMECER AR T 5 18 AH BB B, BIVE 7 H i S AR X TR K 43
BRI o

ar R EAE EG , IR BEK /AT, Bl AR 1 AR /K B2 1 8 3l (1 & R0 S 1 2% B B BT e B [ A8 B 7% IX] 4 4 %o
B TEZBUK A B 5 , BE AR R 2 0 3h B R0 HE 1 & W B e B 7 B (B PR XD 4 o B /N T I AR
BEFIVE L, I & A AR TS /K B , BT AT DA 2L A A SEAR A A A A 5K e, B S 5R  T 52 hae 2 it
Ao
4 g
4.1 KA EES T B TE R T R BE

FERIE AFUREE PEG a3 5 , B8 S RA 119 GP . GI VI GSI FI& K& 5% A ¥ 8.3
AR, BLHEE PR K S0 TR 2 T FEaE R/P WEL S PEG A3 5 B 1R, B A FEE b 58 B 13
SR 2 P i % FpiEAH EL , PEG B b3 5 , B 78 FE e A &N R S B LB FE 2 7 Rl E) A
E, FIZR K] 4 FIBE 25 1) GI VI GSI F1 GP A7 HEB B AR (P <0.01)

4.2 EHEMRRMFHS SRR E ST BT KBREFEER

FERIAE : PEG P35 , B R FF AT 3 85 & S B T 55 B 8] A4 3 K i BE AR R T A1
FHN BT &AW BT K BEES S TR 511, BVE 7 B B X TR K 43 B SR A iR 3 7™ 5 5 e ]
AHEE , BTJR X 4 A B AR P85 B B B BREE /K S BRI R A 22 55, {HL BT /R IX) & b 85 & 0 8 1 I BO X 3
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Bk 53 A B R LB AR SE N4 o
4.3 Eﬁﬂ%%@%ﬂﬁiiﬁ%ﬁ%lﬁl
ERE, 2 F PEG PHEALEE , 1 M7 & BE I Z BN K T R 71 B, B A TR 28

i B’ﬁkﬂﬂjm%/\ﬁ"&ﬁ)f I 18] b e 3 T IE KB 2, XA SR PR K S BEOR B 1, BE 5 R BISRER2, H
U, B R T B R R 4l B G B PR A B R BB TR R

LR LRI, EE FTA ESR B IR KR, 2K S el sk PR A 7 b K g B IR AT 7 — R A

B M T A S, RO AR A BE O BT 5 S R BE A NI T A, b A AR BRI K P A D SRR, B

JE G BT R RE S k22 o TRIAE AT, B v A T SR 4 2 T BB S K 3, LA [R] S AR E AT B
AR PR PR BRI SR I BER AP E22 5e
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