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Table 3 Differences of the physiological and biochemical indexes among red clover materials and drought stress days
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Fig.1 Physiological and biochemical indexes in red clover under the interaction between materials and drought stress days

T < [ —$8 4 B0 A [ AR T P DA [] 7 B 0% 22 5 (B 3%



112 GRASSLAND AND TURF(2020)

Vol. 40 No. 5

2)CHL % 0 d IR E T 5 (7 DR Ay CHL
TR EEINT CK2, & T CKL; T2 21 D,
Ry CHL & & 2% & T CKIL, g & T CK2; HE T 5
(55 28 I, R By CHL & & & 2% & T WX IR &
1B),

3)SS Eim LI IEH KR & TR LR M
SS & B 2L F CK2, & F CKL(E 10),

HMDA FH IEE KGR0 DRI T 57
DL R MDA & i 3 5 25 8 1 95 4 6 b ) s op i
TRCE 21 DBFL.R B MDA & # 8 3% 5 T CK2 A%
F CKI;H T 528 DI, R 19 MDA & & B &5 T
WA (E 1D)

5)SOD iEPE  IEH KA &M T R By SOD i
T CKL B F CK2; T2 a4 2 F R 9 SOD
WP B2 T CK2, g5 T CKI(E 1E) .

6)POD W&tE  TEH K R T R hE (55 7 D
TR POD ¥ 8 3% 5 T CK1, g/ T CK2; HrfE
(21 OFEET 238 (28 DB R 4 POD IF M B 3%
TP B 1),

DCAT M IEW K %M. R CAT 3§ 4
BT 2 %A R TR AT B L = b
BHY CAT WM 22 R RET R GE 7 DI R
) CAT 3% ¥ 2 &L T CK2, 1% & 7 CK1; h JE T 5
(55 21 DB R [ CAT i ¥ 2 % & F CKL. B F
CK2;H T 5 (55 28 W, R ) CAT G w5 T
CK2, it F CK1(& 16),

2.3 AEAL=M#EnEEEETEN

L (0 B M 2 el 22 TR 2R A A R T A 1 —
NN R LA TR R 5 B R A O B R
EMREGEAERMZE 0. B, G i 5 — A4 B3 A
Fir S = bR BT T BE T 45 B PS5 AR
— L HERIEZ MR GES RAA R EE
NPT AF 55 % G2 B SR RE 0 o 1T SH i R B 43 AT I g
JE IR — R AR IR I SR RO SR oA A0 X SR
¢ = 1R LWC, CHL, SS, MDA % & & SOD,
POD I CAT & 1 7 W48 b 247 P15 5 )& o8 B fE 3
B R AT SRRV A 8 o SRR P B AT R R 5
HE# (O, 25,3 Btk ar = w4 kL Bt 2 4
PRI R R>CK2>CKL, Y4 =t i 2 R &

A —EMILRET .

x4 TEL=ZMHHREORERERHBE
Table 4 Subordinate function value for drought

resistance of red clover

HEIR 2T = 41 R

I 5E 5 45

R CK1 CK2
LWC 1.00 0. 00 0.59
CHL & & 1. 00 0. 00 0.85
SS & & 0. 89 0. 00 1. 00
MDA & & 1.00 0. 00 0. 20
SOD & 1 1. 00 0. 85 0. 00
POD 7 1 1.00 0. 00 0.61
CAT 3§k 0.66 1.00 0. 00
sk JE A 0.94 0.26 0.47
Hew 1 3 2
3 itig

3.1 a=MuREEBEUERNER

TE T 540 25 A58 o A T A6 9 7 A= 1 D0 38005 s A
T 07 5 AN [ R I 5 B T R Y B
H CHL &&= f SS & & m T 50 5 155 i H, MDA
EEALT IR MR MY 2 TR
HEEF,SODPOD FI CAT 33X 3 Ff 4 47 il ) 7 1 184 58
AT LA A0 B e T b R R AR R
B, 2L =M R R CHL & i f SS & i i TP A
X IR AR Z 6] MDA 4 K it - SOD A POD i3 M B
w4, CK2 1 CHL & & SS & &2 i = - Ui B 76 T 5
2R AS TR LT = R A 45 100 A B AR AR R AR A — FE
(& 3D, (UK B — 48 b xfE LA HL b PR 55
3.2 TRpEME(TREEE)AL=HHHEEE
KiEmER

Y 5 K R AR A — E R F R R
FARK R ISR 55 . Z RS T R a s m . 5 fh R
AFHBCR I R S OK B R R R HRSY AR,
B 5 T S 030 B IR L 2R AT =k RS- LWC
BEFMEESGX S AT R R -, HgRNE
S5 R A 52 SN IR B8 45 A 5 i, X4 A ) 32 B 1 5 s
B A R T B SR A B REART . B a0 R R
TR K 40 1 =0k SRR CHL & | 2 F R, 2
oA R IS T RS R B RS e G
23 2R 0 T 5 A R ) o R [ A K T R
FAAE ARRESE F B, B TR A K 2R
ZL=m bR CHL & 2 52 F R R 3, ud W] T 5 40
IR 18y Pt o A 55 Ay R 5 3R 5 I B BBOOR L  BOH 40 i



HFA0% 5

O 5 EOBE 2020 4R 113

BRI BT . MDA & B 1R A i B
P& A M AR e i BB AR AR AR 2 —T . SS Al
PR EE B B, A R 2 Bk
PN A7 30 0 T 5 3 s BESY . R T 5 an R E
(IR s 2107 RE R AE S /NS AR Y SS i MDA 5 i
Je SOD il CAT 3%t & - FH#a$5, Aoy %
W, 24T = ik b MDA £ &R SS 5 5 Bl 1 38 B
[E) (4 4 K35 2 B T R H, BT MDA & & 5 ) I R
Geny ok AL R B A R R R W A2 BT R a
I o A ) 4 0 3k 3 0 SS 7 BB 35 IR T W) JBOK B AR 40
0 35 37 e o AT (AR 0 A5 LA T AR R

SOD,POD #l CAT 7 i Bk 4= ¥ 3% 1 A B i 5 B
W EEIRESS . AT IR, WE T 50 e
FEK L3 et =R iy SODLPOD Al CAT i
PV e T R G R R AR Ak R AR b 3AOR 58 4 — B
i B 7E 1P 38 00 450 4 38 o 3G 5 SOD L POD #il CAT (1
P A A R R 3 A B 7 A T I ok 3 B 2SO A
{EL i 25 Fp 300 2 B A 0 240 B A R ) 78 3 8
i M 8 AT A S IO 0 6 T R L BE T B R
W SRR IE B AR UL Ul WY AR B A2 T 30 R B A AE 1
(B 8 3o 3 40 1 DR S MR S T R At 2 a2 3
HFE
3.3 A=M#HHXFEPENEZEERABEEE
iR ER

AT R FE T &S =t b ey LWC
AR AR . Hop e =g R R LWC 25 1k iR
JE S5/ BRI R T R K BE T Bt . T SR a8 A% 1
T PR R R R L AP CHL & i 7, AR
WEoE R e P R B T R0, 3 Sl =ik k)
) CHL & it B8 R @ H Ry CHL & & U i &
THAX L BT R A BT 20 Bk X 5 i A BF ST 4G
R—FTI SS I A M AEAE (1998 35 Y X
AR 1 FOR R 97 75 BT, MDA B A 1R 58 79 20 i 7%
PR R 1O A 4 MDA £ B EDY . AR e
o TR R K AR & T R LR 1SS &AL T
PIAS A B Z ], CK2 By SS & & fx i » CK1 Je 1K 1M
MDA & & [ B T 2 a8 T CK2 4b, Hifth & 4b 3
R[] v 2 J 2 8 T S X B T SS R MDA & &
T e 3 MR PR RS 55 . POD fl CAT B
BrBh SOD ¥ B 16 1 420 3 Fh 3% L 5 3 i 35 ) 241 £
fiff 32 G5 % 2 A 40 MRS 1 A% e N o M B —

PERNOT L ARG R B A A W b 3 v, 2 =
il & R Y SOD Hl POD 36 PE ¥ & T 7> X #i . Ui ]
AL N RS SR R AT MR AW
Qb T — 7 KF- L BB AR T 5 e A ke i A

TR

A 50 38 1 5T 3 O 21 = i ARHFE S [A] T 5 e
FRBE R B B A B T A 2R B AR AR AR A O R SR
J& BRBOE N SR = A BT R AT 25 G TE I 4
R L= R R PUFE R, Kk a1 5
gLk R 2L = P R i 25 . BRI AL =
FRABAENTRE S TR = H i E
A W0 21 = PR X B 1 kil
Bk
[V RRPRAE Ak A0 . BE 350, 55, T T3 Aol /i 3 i B o8 B

W FE A LT % 8RR 2, 2009, 37 (32): 16177 —

16179.

[2] 3K, XA 98 75 HE L 45, R [ 2E 7 B 309 7K 43 W 36 %ot A6 A2 2F
KR &A= m L], o E 5@ 4R . 2015,31(24) .93
—98.

[3] FJk.ZErhm & Fok FEAFELES B HALT] BAL
MR .2014,9(11) ;27— 28,

(4] BSLER. T 530 3 R 540 528 BAR bn K7 & R
D], B /R AR LAk K24, 2014,

[6] EMK.KWE AEYH LI R F AT R kR E
PR ,2014(2) 26— 30.

(6] fa[#h, MU Im A<, 45 20 = i 1 B B0 52 1k 48 4 0 1 Ik 25
BTN LT, M4 845 B2 IR 25 42, 2009, 10(4) ;572 —577.

[7] Sifele. ao =51 Al g6 O s 004 L], H0k 5 % 4, 2006
(6):10—11.

[8] ZEFH. B/ ES L. HHRA =AM 5] 5T
LV e m Al R 2E 224, 2004, (2) : 52— 54,

(9] i pl. =mhm g Fok H e [T ], &R 5 &0l , 2000(2)
58—59.

[10] . AL 3CKe, ik | A, 45 W /K R IE 33 0 Ll 20 = kA
PRI S M [ ], B 5 REEE,2007(2) :53—55.

(110 S8 W7 e . FH B4 46 AN [ 40 = m AR 7 P e
S B A LR B BT, 2012,32(5) 47 —
52.

[12] skITHRh SR 1 540 =R AE R PE IR 5 [ DL 07 0 3 ¢
P52 Al R A%, 2014,

[13] LA E R H:Zr. 20 = b ik B 45 4 55 55 7= B 0 A8 6 M iF
FE[J]. R 5H,2013.33(3) : 11—15.



114 GRASSLLAND AND TURF(2020) Vol. 40 No. 5

[14]  FE e, REM 2 E B, 55, 15 H ) S5 K & D E X L 531.

W AT ). BRPE KR, 2011(3) 26 —28. [27] 7 HL5& . Z=mAR, £7 7k 20, %5, PEG il F 4 S B

[15]  Sk2EAL. BIPRBL, W57, 35 oKk B 52 J7 1 0 55 E B Tl A B4 A6 98 b e B LGB W SE LT Bl A% 4l L 2010,
[J]. - 3E3m 42 . 2005,36(1) : 118 — 123, 19(1):83—88.

[16]  FHNIL X . A K3 T 4 Bl v 242 0 R 1 6 & e i [28] #MKZ .75 H &I, D7 B, 45, 10 Fh R BT 1 0 5 4 1
BERE (D] A2 2824 . 2010, 30(15) : 4019 — 4026, B WFgE L) ], Bl 241, 2008, 17(4) ;42— 49,

(171 skA-F0 4 & 2%, B E M, 45, T S B 3 £k m etk [29] X4k, E%.5 2= % TR2BHA T 5 R A BB R
e R R G 4 BE i [T, AR 25 2 4. 2011, 31(5) . L HIY AR 2 R M (T, REAL B 2%, 2018, 35(5) . 172 —
1303—1311. 181.

(18]  BRWAES . FBT & . 4t 304, H AR 15 /N 2 1 H Ja) T 52 1 [30] dhide. = Boxd T 538 09 52N K 5& B vk @ 5T (D], ia
BFFEL)]. B4 4], 2017,25(5) : 1080 — 1087, IR AR LA K2 . 2012,

[19] AR, i ¥ A B L3 48 5 LML db ot s o Bl i [31]  XUWelfr ok dl, RATYF, 55, 14 A~ 1 = i 55 g Fh 40 5 1
#2003, P g [T ). YEVE R0l % 4] 2014, 26 (4) : 14— 18,

[20]  Fv R A4 AR B2 S0 43 B s B R (ML b st vh [32] DX, 2= W 3, Rt I8 . 45, & SE e 22 T W p0 R 0k o
PNV B M4 , 2002. [J]. PU R R 23R ,2018,31(9) :53—58.

[21] Zoes, #hoeow, ZH T, % 5 FHE R EUEEM 7 4 [33] Sk AHE. B, BOGZ 5. 9 B R BEXF T 7 Bhan i 24 2R
i £ 7 2 R B LT . BN AR A2 ,2018,46(6) RELT ] 5l gl K2 241 . 2000, 21(4) : 14 —19.
38—44, [34] ZERU, F2k, K %5, 6 Fh s S84 K R A B B 2

[22] 258, BOHH . TR . 55, TSR Jm o6 8008 13 % 10 A 70 i PERFSE S5 I LT, B2, 2018, 26(3) : 659 —665.
AT R R SR A TR LT DL I AR MOl B £, 2007 (1) £ 59 [36]  UFEW, 5 10 50, £ SCHE 55, R X T 5 W30 Y A8 B A
—60. 20 B S FLWE A e [ ). A A 22 B, 2009, 27(2) 145

(23] B IRBOER . ARWAM S5, FTRA B B9/ 3 =035+ —50.

S0 38 04 A B0 R B B S M HE B LT HOM AR O R 2 [37] i, ARis i, sRub AN 55, 14 RS A0 B 5 0 R TP R
%,2020,55(2) :133—137. PR R[], S V& R S . 2017(15) 6 —11.

[24] oA HE Xz ASE GRS 4t A4 R 5 50 [39] ATMFLL, X2 S, 242 303 45, R G [R) I 0 i 5 4 5 WF
BT )] T 5 X Ak BF 58, 2008, 26 (5): 153 — et LT R FHEE R, 2016(8) : 111 — 114,

155. (4070 BT HE. PO b I 1% 48 22 %0 54 4k 59 5% Wp 38 114y mig iz [ D . 0 1

[25] 5k TLET, 0 ROk, 77 22 45 45 VG0 3 ol B A= A0 o T 300 %6F R S Ol K%, 2009,

T 5 aE e BT DL AR AR 2R, 2017, (21) 1264 — 272, [41] Sk P, k. o 6T 5252 A W30 X+ 45 40 v B 4010 g

[26] E£8, FEE. Gelet%, 5. A [ B30 T Al 5 X T PTG P AR Y [T ). A= 2524 4R, 2016, 36 (2)

filp 38 1 A= 35y [T ], Bk Bl 25 5 5%, 2006, 19 (4) . 527 —

403—410.

Study on the drought resistance of new red clover line

YANG Dan,TIAN Xin-hui,.DU Wen-hua

(College of Pratacultural Science .Gansu Agricultural University /Key Laboratory of Grassland

Ecosystem ,Ministry of Education/Pratacultural Engineering Laboratory of Gansu Province/

Sino-U. S. Centers for Grazingland Ecosystem Sustainability ,Lanzhou 730070,China)

Abstract; The drought resistance of new red clover line (R) was studied by using Trifolium pretense cv.

Minshan (CK1) and Ganhong No.1 (CK,) as controls,and the leaf water content (LWC), chlorophyll content

(CHL) , soluble sugar content (SS),malondialdehyde content (MDA), and activities of superoxide dismutase



FH4a0E FHo5M O 5 PR 2020 4 115

(SOD) , peroxidase (POD) and catalase (CAT) in red clover were measured under different degree of drought
stress. Results showed that among 3 materials, the MDA content,activities of SOD and POD in R was the high-
est. The contents of LWC and CHL of 3 materials decreased gradually with the time of drought stress,contents
of MDA and SS increased gradually,and activities of POD,SOD and CAT increased first and then decreased.
From the interaction of red clover materials and drought stress days,the LWC and CHL of R varied slightly,
while the contents of SS and MDA varied greatly, the activity of SOD and POD in leaves was the highest. Com-
prehensive evaluation based on the membership function method showed that R had the strongest drought re-
sistance,followed by CK2 and CKI1.

Key words: red clover;drought resistance;membership function;comprehensive evaluation
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Optimization of soybean meal fermentation conditions
by using response surface methodology

YANG Xiao-ting, XU Li, TIAN Yong-qgiang

(Academy of Lanzhou Jiaotong University ,Lanzhou 730070,China)

Abstract: Soybean meal,bran and molasses were used as raw materials to ferment protein feed with Asper-
gillus niger and Saccharomyces cerevisiae. The effects of inoculation amount, temperature, fermentation time,
ratio of raw material to water,amount of bran and molasses on crude protein content were studied through sin-
gle factor experiment. The response surface method based optimal fermentation conditions were as follows: 25g
(90% soybean meal,7% bran,3% molasses) loaded raw material,0. 375g MgSO, ,0. 25 g (NH,),S0O, ,0. 25 g u-
rea and 0. 25 g K, HPO, ; The ratio of raw material to water was 1:1,and the microbial inoculation amount was
16 % ; The fermentation temperature and time were 33. 2°C and 86. 6 hours. Under the optimal fermentation con-
ditions, the crude protein and true protein content reached 57. 59% and 53. 65% respectively, which was 17. 42%
and 24.59% higher than the control. The number of viable microbe reached 3. 62X10° cfu/g. Urcase activity de-
creased by 92.41%. The optimized combined fermentation could effectively increase the protein content,degrade
the macromolecular protein and antigen protein,and improve digestibility of soybean meal, which was suitable
for the industrial production of soybean meal fermentation.

Key words: soybean meal; Aspergillus niger ; Saccharomyces cerevisiae ; solid state fermentation; response

surface



