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AHLE: 1075¢- L"), SFEHEEMT (HLH 2017
AR H A I B Il F iR M A2 A B, ol H R
MR Rt AR A ). iR . RS, 1
WA T R K220, artati,
1.2 Rt

K 2 R ERILBET, HIRKE: % 0%
(KSR ) . 10%. 25%. 50%. 75% 5 DK, 3=
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KEFH(GE) =55 4 d Fh A28/ (AP 74k x 100%
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A GRS v d MR AZEEL, Dt o G AR
MR ZEREL; GL AR ZEFEEL, S PR .
L4 4 K IshRIE

Rigfsfi 7 dJe, MAENLFEHLZEEL 10 #RZhHET, &
23, BRI, HZE R HAR
W R A2 —BF R AMR B
1.5 Wragm Sl

KPR - ZBERFEE M E 7, B 10 d
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Chlb FralE, B MEIER 3 IR,
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W U SR Y AR AR A B E
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1.7 T3 NG PR

KA Lz Y, W05 o WIERESIE
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B4, FHBTJI8T R AR 100 4%, HEATHE £ 0% 1
FEo BRALBRE 3K,
1.9 FdsabH

FI H Excel 2007 i 17 i 45 < 2, origin 9.1 4k

{518, 7 SPSS Statistics 22 48143 B 814 % 4
FEHRIFEAT Duncan & M 2275 W F MRS E (P<0.05)
LG58

2 HBRE5HH

2.1 BRI R B R e R

H 1 AT, S e )ph g R R, HoB
KRR, BEIRE 4 d TR RE R, 47
TKIZ TP 5 2F 3T 3K 96.67% , AS[a) V8 T v 5 b 3
XF 45 AL BB PP T & 2E A T0 B, (HXTRp T A& 2
PR KA B (P<0.05), Ho Ll 25% A
WAL BRI & 2R BORITE I Pe B =, 3 s T
i 4 A~ 78 W B AL B (P<0.05), H 10%. 50%.
75% TR WAL B 1 2 T KRR (P<0.05). 2
Ffr it [ X6 il 2 2EATC B R, (R H & 2R AR
BORNIE 138806 B8R, 2R S h FpT & ZE R R
G NI B ST 4 . 6 hAbEE (P<0.05), 7
Fofrvfe B2 FIRH[A] B A, X645 &b B E) b & 2R 3T i
ERm (R 1), XHE BN a5 B3
s, HEZERREILIEK . 10%. 25% HWEFh
5 hEh, WS T HAMR R R AL E (P<0.05) ;
50% . 75% IR IZFP 4 h £y 4 2 5 T H AR A A ]
PR (P<0.05 ), TEJJHRELLAE KR AN 6 h 34y, &
FE T HAB R At AL B (P<0.05) 5 10% ., 25% .
75% 18 W = F 5 h {3 & (P<0.05) 5 50% V8
B LU 4 h % 7 48 BUEF (P<0.05), 3 B
TH R A Bl T 88 B Rh 7 2 0 B AR 1% ) 0 4
w, HoP DL 25% R R S h R R K EETS
B W AR E R R, BB E A T H AL 14 ASAbEE
( P<0.05 ),

x1

TEAEEERFMFHRERGEEMESELRER (n=3)

THBHE (%)  RFFIE (h)  RZFH (%) LR AE 7 R (em) Hirg (om) i (g)

0 4 96.67 + 1.102b 176.35 + 1.437i 325.04 + 1.7591 1.84 £0.012h 2.58 +0.003g 0.071 6 +£0.000 6 h
5 96.67 £ 0.417b 183.01 £ 1.164g  328.80 + 1.459i 1.80 + 0.007i 2.35 + 0.006i 0.078 5 +0.000 2fg
6 97.92 +1.502ab  180.83 £0.402h  362.86+0.799h  2.01 + 0.009f 2.60+0.015fg  0.074 6 £ 0.001 3gh

10 4 08.33+0.833ab  186.75+0.511f  365.39 +2.906h 1.96 + 0.020g 2.81 +0.003b 0.086 2 +0.001 8e
5 98.33+0.833ab  195.75+0.446c  433.90+2.348c  2.22+0.017¢ 2.61 +0.006ef  0.093 0+0.001 7d
6 08.75+0.000ab  192.67 £0.726e ~ 403.30+2.199¢  2.09 +0.017e 2.62+0.003de  0.093 3 +0.001 4d

25 4 97.92 +1.102ab  191.44 +0.850e  408.39 £ 0.379¢  2.13 +0.009d 2.86 +£0.007a 0.103 7+ 0.003 3¢
5 99.58 £ 0.417a 201.56 £0.319a  463.60 £0.734a  2.35+0.003a 2.59 +0.003g 0.140 2 + 0.000 4a
6 99.17£0.417ab  198.03 +0.455b  452.17+0.592b  2.28 +0.003b 2.85+0.013a 0.111 8 +0.000 3b

50 4 98.33£0.417ab  199.42+0.170b  448.01 £3.667b  2.25 +0.020bc 2.63£0.003d  0.085 0+ 0.002 Oe
5 97.17+0.417ab  195.09 £0.177cd  396.03 + 2.625f 2.03 +0.015f 2.63+0.003d  0.0865+0.002 le
6 97.92£0.417ab  192.61 +0.364e  432.07 +3.409c  2.24 +0.021bc 2.83+£0.003b  0.0651+0.001 01

75 4 98.75 +£0.000ab  193.19 £0.229de 415.35+1.904d  2.15+0.015d 2.55+0.003h 0.079 5 = 0.000 9f
5 97.50 £ 1.250ab  191.80 +0.322¢  434.10+0.326c  2.26 +0.012b 2.55+£0.007h  0.084 1 +0.000 Oe
6 97.50 £ 0.722ab  187.61 £0.934f  380.84 + 0.870g  2.03 + 0.006f 2.75+0.010¢ 0.064 3 + 0.000 3i

E: FFIAR/NG FRZFRIRTE P<0.05 KF ERFE. T,

— 156 —



rhE SR 2019 (5)

2.2 VR L A KA AR s
TR, ANFEVERHE A, X&KL
R Wim. WMEEEEEZm, HRKARE
Yy 5 2% 5 T KGR (P<0.05), H 25% 0=
b AR R R B 3% 0 2 e T A 4 S VE ROk B Ak
L (P<0.05); 50% TR PR 1 = 2 S T D
ANTB AR FEAL TR (P<0.05 ), 5P i 6] X 35 FE 4h
WK Wim. WRERDEERZm, B2 S h iR
K. REHEEST 4. 6 hbH (P<0.05); BFp
4, 6 h W m ¥R E S T 5hib# (P<0.05), J7
AT FEIH, VH RO B ORNR A A A B .
i, 10%. 25% . 50% A W= i AN [6) s a] f2 75%
BHWIRF 4, 5 h R K 52 & T3 K | Ab
L (P<0.05); 10%. 25% ¥ W &2 Fh AR 6] B 6]
J 50% BT 4, 5 h YR Y S TS K
X BEAb PR (P<0.05) ;5 15 75% V8 W= AP 6 h ) R
Ko RIS R ER T AT BAAH (P<0.05), H
DL 25% TR IR FR 5 h AR K R AR 1 A
5 2 T HAl 14 A~ AbEE (P<0.05 ), X T
T, WKL 50%. 75% =R LL6 h B AF; 10%.
25% ¥R LL 4 h Bk Hir, DL 25% T8 R F
4. 6 h g i K dy, WS T AL 14 A b B

(P<0.05 ), Z5 Ll Hn, o FH I o 8 V8 WO 2 F i+
AT —E WA AR Fh AL B, A B T RLAR £ B B )
.
2.3 VRIR AN EEAI 1 AR R S R A

Mok R A W AT AR T Y 322 o Al
Horf Chla Fl Chlb /5 M 2% 2 B0 R 1 75%. B3R
2] %1, Chla, Chlb. Chla+Chlb ¥ & Fifi V2 W& Wk
(R38N ¥ S e e R ke s, HL B 3 T s KR
M8 (P<0.05), H:, 25% {A#IZ Fl 4 Chla, Chlb,
Chla+Chlb 7% 5 3 & 25 55 T FoAth 4 A TH Wk B Ak 28
(P<0.05 ), =270 (] o) IS5 25 5 o HL b B PRS2
Horr, 32 A5 h¥) Chla, Chlb, Chla+Chlb 7 &
BEEBT 4, 6 h AP (P<0.05), T8 HE E FIm ]
HAERZE (£2), 10% ~ 75% 18 AL BAS [a] i fa]
( B%75% B W = FP 6 h) #) Chla, Chlb, Chla+Chlb
T R S T AR AR EE (P<0.05 ), HiHr, L
25% T8 W ¥ F 5 h 4 Chla. Chlb. Chla+Chlb 7
i, YR E ST HA 14 MEBE (P<0.05), [RIAT
M FE 2 A A1, Chla. Chlb. Chla+Chlb 7 & W % 18
VMR FE (R BE TN, R B [ 114 S0 K 357 2 B S 18 M s
RAEa s, mubnl W, & BRI IR Fh— e it
] ] d 3% 4R 5 B R A Chla, Chlb, Chla+Chlb ()

ok

®2 FEMBEERYHERBENERSELRER (0=3)

TR AN ) MR a 4= b B MDA iEESTY|
(%) (h) (mg-g™") (mg-g™") (mg-g™") (pmol * g") AR F' - h")
0 4 0.384 7 + 0.000 4ij 0.107 4 £ 0.000 2h 0.492 1 +0.000 3h 0.011 4 +0.000 5he 32.87 £ 0.176h
5 0.406 8 + 0.004 6h 0.121 7 £0.002 4¢g 0.528 6 = 0.006 5g 0.011 2 +0.000 2bed 34.60 £ 0.115¢g
6 0.399 2 + 0.004 8hi 0.114 0 £ 0.003 5h 0.5132 +0.008 1g 0.012 5 +0.000 1a 25.33 + 0.406k
10 4 0.461 3 +0.006 7de 0.131 0 +0.001 2ef 0.592 3 +0.007 1de 0.010 9 +£0.000 1d 35.13+0.291¢g
5 0.5123 +0.002 8b 0.146 9 + 0.001 5hc 0.659 1 +0.003 8b 0.010 1 = 0.000 Of 36.73 £ 0.291f
6 0.452 7 +0.012 Oef 0.134 9 £ 0.003 3de 0.587 7 £ 0.015 4de 0.011 1 +£0.000 led 36.53 + 0.176f
25 4 0.472 5 +0.002 Ocd 0.131 4 £ 0.001 Oef 0.606 6 = 0.003 0d 0.009 5 = 0.000 Og 39.20 £ 0.231d
5 0.530 7 £ 0.003 6a 0.157 0 £ 0.002 9a 0.687 7 £ 0.006 2a 0.009 2 +0.000 1h 45.13 £ 0.067a
6 0.444 9 +0.001 6f 0.130 2 £ 0.001 Oef 0.575 1 £ 0.002 2ef 0.010 5 = 0.000 2e 30.80 + 0.503i
50 4 0.508 2 + 0.001 5h 0.148 5 + 0.000 9b 0.656 8 + 0.002 Oh 0.010 3 £ 0.000 lef 41.60 + 0.306b
5 0.458 9 £ 0.001 9ef 0.134 6 + 0.000 9de 0.593 5 +0.001 9de 0.011 1 +£0.000 led 37.87 £ 0.176e
6 0.4275 +0.006 1g 0.128 7 £ 0.002 7ef 0.556 1 +0.008 6f 0.011 4 +0.000 Ob 27.27 +0.291j
75 4 0.487 6 +0.004 1c 0.140 8 £ 0.002 5cd 0.628 0 + 0.005 4¢ 0.010 6 = 0.000 1e 40.00 £ 0.115¢
5 0.448 3 + 0.000 7ef 0.125 1 = 0.000 6fg 0.573 4 £ 0.001 2ef 0.011 4 +0.000 Ob 35.40 £ 0.231¢g
6 0.379 6 +0.008 4j 0.112 0 + 0.004 Oh 0.491 6 £ 0.012 5h 0.012 4 = 0.000 2a 24.93 + 0.240k
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2.4 TBWRIRF B MDA & w5200

MDA & i A AL e &7, SR E
AT B S e 24 R AT 47 )RR B . MDA Y
I, I o i A A KT B e 7 R, 3 T A PR
A TR PR RGP L ik 2 AT, AT
TH VR B AL B XS B R4l i MDA 5 i HL i & 52 ),
Hr, DL 25% R R E9 MDA & 2 K T 1
AL HAh VA RO AL R (P<0.05 ), = A ] Xt
MDA & H B, LOEM 5 h MDA & 2 &
FART 4. 6 h L (P<0.05), J7 &40 01 s,
BRFWERMEEAERE (K2), HK. 10%,
25% VR LLEFN 5 h MDA & Bk, %5 E
T H Al = Rt ] AL B ( P<0.05) 5 50% . 75% TH
WYL Tl 4 h ) MDA & 28K, BEMTS.
6 h 32 At A (P<0.05), Hidr, DL25% i\ =
5 h MDA & & &A%, WEFIRTHR 14 a0
( P<0.05 ),
2.5 VHIRR T A AR AR TG TR

WRARERK L BRI Z), R
FIE 18 55 R AR W S A R T . IR
TR AL AR R G S R E50m (£ 2). 25%
TR IR T AR R 0GR, W T A 4 4>
AT AL H (P<0.05), H 10%. 50%. 75% i
AL AR 295 7 14 2R s KO IR (P<0.05 ),
VR RS IRD AR 2R 90 Oy B R, LR RN S h AR
RGN BERT 4, 6 hALFE (P<0.05), RFFHRE
FUE A A, AT 5 i v 4 AR R IG 7. I
K. 10% ., 25% 18 WY LR Rl S h R & 36
R, T AR AP AR (P<0.05) 5 50% .
75% R LR AN 4 h IOR R 36 R, BE S
F5. 6 hig Flv it a] (P<0.05), 1H LA 25% 8 W 12
Fis h AR R WG e, BE &S THR 144
( P<0.05 ),
2.6 VRN L PR A B T PR A 52

HESMER CEL, 2, 3), KNHEEREK
JE AL E, X EE R 4l T 3 Rl b A Ak i PR L
5 1 (P<0.05), POD T 4. SOD i 4% 34 LI 25%
VWAL 3 v, W TUE KL H At A R
i B (P<0.05) ; CAT i 1 DL 10% 38 W 4b 3 %
S T A 4 SV O AR EE (P<0.05) 5
12 B (R ¥R 4l 3 FP BT AL TS L
5 M, POD, SOD % PE ¥ L Fi5h i & & T
4, 6hih B CATHE M LA Fhoh il & & T4,
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Shab B, 1, 2, 3RTH, 12 Fhik A B (A
HAERE, H3 A A G AR A ]
TE 0% ~ 25% I8 WAk B 75 Bl A, POD 33 P B 3= Fb
BFE AR, BRI EREMES, A¥RES T
TH 7K X B AL B (P<0.05) 5 H 50% . 75% i W Ab
PR, B A () B A K 38 2 A A, 45 Ah P[]
HEFEWZER (P<0.05), SOD i& Ak (Fk
10% R FH S h b ) 5 POD % — 2. CAT i
PETE 0% ~ 10% {8 W FEYE RIS, Bl 32 Bsf (] 4E
KRS 5 R, I W 3 T KO BE Ak B
(P<0.05); 25% (R ALBE, B 3= A Bst a] ) 2E K
IG5 R G Ry, JF AR T KON R
b FE (P<0.05), 1M 50% . 75% ¥ & b BEAS [H] i
], SICHERERESE, SRR 2 R

1 REBRREZMAERER
TRUSEE (CAT) FEiE
T ARVNG FRFORIEBRIZE R B (P<0.05). FIH.

2 AEBHERERMHAERER
TEAYEE (POD ) &M



rhE SR 2019 (5)

B3 ARBRRERMAE R E
BEMAYIEALEE (SOD ) &

(P<0.05), o, DL25% @ W25 h iy POD,
SOD & PR ok, 75% W FT 4 h CAT i P fe vk,
B T HAY 14 Db R (P<0.05), FW, EH
PR VAR RN P (IR BE, T A 0O o o EE 40y i
R BTEABERG T, DT SR AR PP
2.7 RPN E TN

HRAE b3 8 AP 25 Fe bR oA, YDA 25% IR
WA 5 h AR TR A R AR . AR
WEFT R TR, AERG P 12 e B i Ast ) 55 £
M, DA, WG 8 R R
i, Chla, Chlb, Chla+Chlb % &, POD. CAT. SOD
M, MDA & KR R IG 7 12 4845 0 4G 248 i
AT EWST3HT . FERGT BRFIE LR DT RR R AT AT
PEERS A EZARIE, AR 3 AT, | 3 A F R
1) 23 BTl ER R 91.991 0%, Al W, % 34
53 AT DA S e v A e gl AR KR 919% L)
E B BRI TR 3 A4S 3RS R BRI 4 D
LEARSr, ERTPEUVE IR AR B R ) B AL
(F£4), MF4TH, 1 EWREEDT N 25%
BT S5 hy 55 2 000 B s A5 40 o 25% TH )R
B 6 hy 553 R 19 25% THIRE T 5
ho A IEACHIWT, 25% B S h 1 5 R T
RIAEHERWER G RIS . TEIHEAA F U
SR b, RN ER ARy, R AR SR
15/ Ab 3, DL 25% BRI TR S h 1340 fer, R
128322 9, X 5&FEIR M4 REEA —3, Bl
HH 2R FH 32 1803 A AT R PPN T TR P 5 TR ] ) e
LA =ATATI

R3 FAERBMEMBITHERTEKE

P iy DIl & E )l e
(%) (%)
1 8.0320 66.932 0 66.932 0
2 1.8510 15.4290 82.361 0
3 1.156 0 9.630 0 91.991 0
4 03730 3.106 0 95.097 0
5 0.2100 1746 0 96.843 0
6 0.1510 12570 98.100 0
7 0.1100 0.9140 99.104 0
8 0.070 0 0.5850 99.598 0
9 0.041 0 03410 99.939 0
10 0.007 0 0.060 0 99.999 ()
11 9.25x 107 0.001 100.000 0
12 433 %107 3.61x107° 100.000 0
3 it

WM AR RAR, EANEESE, Y TR
PRl AAFEE R R 0, ST D B B A B R
SEORMRAFHESD, AT HiE ™ E 2, Bk AR EAR
JESRBERIFE 2, RRAM T ARk EWAKAE S,
WA AT . WFFE R TRIBCS Z Ml N Ny 1)
Jit, ARORh T E M, R B Rl Rk 2F R4
EAE R EIRLR, HRKERT SR RY
J R S IR R KR T R IR T, R
FH S, EEMELE . I IER . E AT
SR, HIREMIG, BT SIERMLIL, $
—, TRFEHLR, H, W REREEERM TR
S CITIPAE (F G SR L) ool S L gk
MIFIEIE S, HORMESE T ATk, KAk
JRIFIR AL TS, XA RESE TR MW & i)
L1 1 1 o R O < L R (S PR T
=L DON WSV L IS R a2 i S A IR TE s L S E £
2 s i, KBTS O H T O AR R R
M, RZERARL R B, HAER IR LA A Fh
TR KR, CIkB] 1 Fh 787 & B K
Oy, SCIRRAL BRI, e S RN TR X b A R
AR
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Effects of biogas slurry soaking seeds on seed germination and physiological characteristics of Astragalus
membranaceus var. mongholicus seedling

LU Guo-di', YANG Fu-de'", WANG Hui-zhen', DU Tao', ZHENG Jian’, XING Hao' (1. Gansu University of Chinese
Medicine, Lanzhou 730000; 2. Lanzhou University of Technology, Lanzhou 730050 )

Abstract: The influences of different biogas slurry concentrations and soaking time on the seed germination and physiological
characteristics of Astragalus membranaceus var. mongholicus seedling were studied by the culture dish germination
experiment. And germination power, germination index, vigor index, root and seedling length, root height, content of
chlorophyll and MDA, antioxidant enzyme activities and root activity in various biogas slurry concentrations (0%, 10%,
25%, 50%, 75% ) and soaking time (4, 5, 6 h) were recorded and analyzed with PCA analysis, and the best biogas slurry
soaking concentration and time were explored to improve the yield and quality of Astragalus membranaceus var. mongholicus. The
results showed that, the germination power of seeds was the highest in 25% biogas slurry soaking for 5 h, which was significantly
higher than that in water soaking for 4 and 5 h ( P<0.05 ) .The germination index, vigor index, root length, root weight, Chla
content, Chlb content, Chla+Chlb content, root activity, POD and SOD activity of seeds under 25% biogas slurry soaked for
5 h were significantly higher than the other 14 soaking treatments ( P<0.05 ). The seedling height of seeds under 25% biogas
slurry soaked for 4 and 6 h was the highest ( P<0.05). MDA content and CAT activity of seeds under 25% biogas slurry soaked
for 5 h were the lowest ( P<0.05). It can be concluded that appropriate biogas slurry soaking can improve the germination and
growth of Astragalus membranaceus var. mongholicus. As a whole, soaking for 5 h in 25% biogas slurry had the best effect on
seed germination and growth of Astragalus membranaceus var. mongholicus seedling.

Key words: biogas slurry concentration; seed soaking time; Astragalus membranaceus var.mongholicus; seed germination;

physiological characteristics of seedlings
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