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In vitro study on the effect of supplementing an alfalfa diet with straw or shells of

fennel, sunflower., and cotton, and their associative effects

YUAN Jiu'* ., WAN Xin-jie’

1. College of Animal Science and Technology s Gansu Agricultural University , Lanzhou 730070, China; 2. Lanzhou Federal Feed
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Abstract: We investigated the effects of supplementing an alfalfa diet with fennel straw, fennel shells, sunflow-
er straw, sunflower plates, cotton straw, and cotton shells, and their associative effects (AE), in an in vitro
experiment. The concentrate : straw/shell : alfalfa ratios were 30 : 70 : 0, 30 : 63 : 7, 30 : 56 : 14, 30 ¢ 49 :
21, 30:42: 28, 30:35:35,30:28:42, 3021 :49, 30 14:56, 30:7:63,30:0:70in diets with a
concentrate * roughage ratio of 30 ¢ 70. Gas production (GP) was recorded at 0, 2, 4, 6, 9, 12, 24, 36, 48,
72, and 96 h. The AE was defined as the difference between the observed in vitro GP and the predicted value
from the individual feed fermented alone. In total, there were 74 groups that included straws or shells: (11X

6)+8=74. The AEs of the groups with 14%, 7%, and 0% fennel straw were 58. 74% ., 54. 18%, and

R H 31 :2017-03-20; 2 1] H 4§ . 2017-05-05

BB TH H R AL K2 S R BOR A B A BN A 4 05 3 (201700 B B) o

PE# R = IA1980-) , %, B il S B AR5 A YRl A+ . E-mail: yuanj@gsau. edu. cn
* i [E/E# Corresponding author.



164 ACTA PRATACULTURAE SINICA(2018) Vol. 27,No. 2

77.91%, respectively, significantly higher than the AEs of the groups with 70%, 63%, and 56% fennel straw
(P<C0.01). The AEs of all groups with fennel shell were positive. The AEs were also high for the groups con-
taining 7%, 14% ., 21%, and 28% sunflower straw, with the highest AE (124. 84 %) for the group containing
7% sunflower straw. The AE of all groups containing sunflower plates were positive, and the highest AE was
in the group with 7% sunflower plates (143.84%). The AE of the groups containing 0%, 70% ., and 7% cot-
ton straw were 77.91%, 57.76%, and 54. 56% , respectively. The highest AE among the groups containing
cotton shells was 139. 05% in the group containing 7% cotton shell. The AE of the groups containing 14 %,
21%, and 0% cotton shells were 100.09%, 86.22%, and 77.91% ., respectively. We conclude that addition of
straw or shells at 7%, 14%, or 21% is an effective strategy to extend alfalfa.

Key words: AE (associative effective); alfalfa; fennel straw; fennel shell; sunflower straw; sunflower plate;

cotton straw; cotton shell
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I S0 AE” 5 45 ] AR A B (R BR AR T 25 A TR EURHECEL A I AR, S i AE” s 5 M145 . % AE”, R4
SRR R AE FERG DR FURL A R 2 18 R AR W B . TERS L LS 2 — B ETER R L AE A AR KIS
WE5E AE 09073550 R RS SE A p  A6 ARHCI0 A0 sh 58 3 R, 3 Menke 455 & 30 fy 00K 7 ik W) A5 4L
P A 1 BE AR G IO S AR A1 7 SR R 2227 8 W T AN [R) b 26 A 1R R B) 2H 5 AE WF 5T . 4R HORS A LE 02 TR 5 98
HOABERHER) FERRZ — . A4S EEHE ) AE 728 R AL DR 2 [ R B B B . 4547 KB R )
2y 4y ) W M )RR, 2 R B 32 3 [ B PR AR PR T A R LD TR S 0 o R G RE e I A T RE R
ARG AE ., FIIE S R BUR R RURUE G 0 AE SO RRLEL R F 7000, o PO RS R SRS RHI E Bk
2020 ~60 Y0 Wk Xf H AR 9 0T (19 0 Ak 00 B35 . (R L 58 2 —BUW R T AE A IR KA TR .

I Sl MR ) % PR G 2 L A Pl ) P AP A AT e L S ST SEAR R 7 S B AR PR R IR 7.6
¢ ¢ R REFE 5 At RS AT B B0 2026 ~30 26 L RAEMIRE FEARAFAE G & A EHIK R B0 Ak vk 22 Lol A
JFH BEAR S5 ol b B ] RSO T A 4B A7 F BE B TR ™ E R 29 1 B & sh W A 7 K G 3 L BRI AE RS R0 T 2
NEHT o ORI IR SE N B4R 25 R A )RS AT R ) U0 BT B0 A DA S R TR ) H 28 (Helianthus annuus) A
HE(Gossypium spp. ) i Fr (Foeniculum vul gare) 753 [ P4 At 3t IX Ff A 17 ARAR )™ . SR o 0] H 2% AL 187 7 e 3k
JG B AR R b AR BT o R SR . A IS R AEAEHLLE 30 ¢ 70 R i RSP P SR A AR TR KK B 4 TE LG 1T
TR A A ALSE 10 H SRS AR 1) B 2R A AR RS FE LR JE X R AE Y52
1 #Rt5HE%
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1.2 Xkt

K #HLHE (concentrate * roughage, C @ R) K 30 : 70 A5 RHAN T8 R &5 30 %0 . 1] & B AT S5 A &I 7= 5 L & 48 (Medlica-
go sativa) T EH 70% ., BAKN KB #0788 (concentrate) * F5 FF 8L 72 (straw or shell) : T 45 Calfalfa) 43 %I 24
30:70:0,30:63:7,30:56¢:14,30:49:21,30: 42 : 28,30 35: 35,30 28¢:42,30¢+21:49,30: 14:
56,30 : 763,300 70 M 11 R G, HAFE AT A REST w) HZEREFE 10 H 288 AR ATF AR Bk 6 RS FF
Mt C S ETE KB TR G L R S (11X6) +8 A JE0RE, it 74 TR AR
1.3 RXEFH &

L3.1 {ROMEFRIER N TME 4% Menke %7 J5 2 il s i 05 24 : 400 mL Z8 4K +0. 1 mL ff i 7 H W
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(A)+200 mL ZE ik (B) +200 mL ##ICEHFW (O +1.0 mL T RFEW (D) CO, SARM A I FHIRE 39
CJgm 40 mL & JFR (E) 4kl A CO, , H B IR BRI % 2 Ko, N TR AB.C.D.E % %\ i
FUTF A TCEE R 13.2 g CaCl, » 2 H,0+10.0 g MnCl, « 4 H,O +1.0 g CoCl, » 6 H,O +8 g FeCl, -
6 H,O, MZEM /KR 2% 1000 mL; BB 4. 0 g NH, HCO, +35 g NaHCO, , I ZE KB /K &
1000 mL;C. B ICEH W :5. 7 g Na, HPO, (J67/K) +6. 2 ¢ KH,PO, (JE7K) +0. 6 g MgSO, « 7 H,O, i 718k
WA 22 2 1000 mL; DR /R FIHE 0. 1% (W/ V) J) R FFH W BI 100 mg J] K EH#ET 100 mL Zi8 /K E 8
JFEFRE R CRECFLAD :4. 0 mL NaOHA4-625 mg Na,S« 9 H,O +95 mL ZE18 K.

RO & T B 5 VB ) R0 B S N TRV A 1 2 2 R LLIR G RS A1 R AT,
1.3.2 EHWRMARS Y LI mSE KRshh 3 R A K AR B EENEFE/NEEE MKEGBOLS) ke,
T R AR ML EE O 30 ¢ 70, B/NZZ (Triticum aestivum) F5FF 700 g « d " HURRFAN SR 300 g« d ' B R MREPY
P (8:00 F1 16:30) . H lTR/K . FEFRFETIR 3 BB B IR G IS4 4 E20 10 i 18 2 FiHab 213 iy i £
s T 39 CHEIR KA h R A7 gl A CO, L T
1.3.3 [RHMEEFRT Y R B MU DR 5 29 200 mg (4 BT 6 Al & TR A= 1 In A G & CO,
SR TN AR D R SR W 30 mL, HE LT IR P AR P A R e - 3 A 3 S A R L 10 SR R AU T ZE WD A
ZV B g (mL) . 78 39 "CHEJE /KIS i b 8 72 LA HL3E 58 S 4L R v I Sk T 4 A SRR L R 3R OK iR
e 7K THT ey EE A 200 S A VR0 T S A PN R R OB o B 0 o) B AR A5 RDRHAH S A 8 R EDEL R 2,4,6,9, 12,24, 36,
48,72,96 h, BB A 3 A EE . EHUEE S G FRETA 3 A FRE 10 SR T O R E ZE AL B A (m L) L Rl
FE AR 10 AW E & R 77 S & (gas production, GP) . 1E 8 RS WU - Y955 W T 2 A0 X
e g as BB A M VE I DA RUE B g g BB A GP(mL) = % Beif [AIAE i GP — X 5z i i) B =3
M4 GP,
1.4 MERBFF ik
141 FREIEIRKE R (AOAC) I i & F5 AR mi & ALTE 1) H SE RS FF ) H 25 88 MR JE RS FF
MPETE B 5 T2 KRR 78889 T 9 Bt (dry matter, DM) J#H2E [ i (crude protein, CP) (#IE Iff (ether extract,
EE) .HLZF 4k (crude fiber, CF) FUHL K 43 (Ash) Fr 8 . 3 Van Soest 2507 77 3 48 Hr o Uk 1 4F 4k (neutral detergent
fiber, NDF) & & .
1.4.2 (K4 GP W5 2,4,6,9,12,24,36,48,72,96 h ) GP, GP,=200X (V,—V ) /W, KXth.t J kK BEF I
Ja B —BfE] (h) s GP, SRR SR AE ¢ B 2059 7= (mL) 5V, N FE S R B8 ¢ /NG B 3R 45 20 B 380GV, AR S AR T
IR 2 PG IR 2 B BGW R T R (me) .
1.4.3 =ESHTE FI A “fit curve’ ¥k 4 (MLP; Lawes Agricultural Trust) , #R#E ®drskov ZEU ) = K #
RIS FOK & AR TE 2,4,6,9,12,24,36,48,72,96 h I ] gl 19 GP AR A LIRS 1 S48 A AX R .GP=
atb(l—exp ), e HEBEI GG HF—BFE (h) sa P50 GG 7= KA 5T ¢ h o 1=Kl
JEH B s at0 MIEE A,
14,4 HER AL E AN = CSEMME — AU SR X100/ AU B AE . X - SEE A 52 Bl 2 A
B = A (mL) AU, (8 = JE— HEL A0 Ak Ay S A < — ALk A TE B €00 R b 7 A6k S I <R B b 72
BHAC B 0 + B & SEIE X B B L (V) o
1.5 %ita#r

s % ] SPSS 16. 0 34 >R T ANOVA X 54 #4750 K 1 J7 2240 5 22 55 W B R Tukey T 2 H
e, P<<0.05 F 25 3%, P<<0.01 HERKBE . P>0.05 hERANEE,

2 ZREHH

2.1 HAHBRKTFRFALK
BRI B IR ACOE P B RO 1. SR ECRE A HLER (B S B 1) H 2R (11, 84 %0) K F 1) H 25 FE FF
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(5.72%) BT (10. 53 %) K FHIAEFE AT (6. 50 %) 2 1w T AL 7S (7. 61 %0) K F i & ASFF (4. 33%) . 8 FhJFUR} G Pt
A ERr a B NGUE L B 8 F AL I AN [a] B2 B b A7 78 7= S 5 ROV, o 6 T AL 2T 2 b P R R £ 4 ) H 2%
FEAF(30. 15 %A1 53. 09 %) A Eb 1) H 2545 (12, 48 %0 Al 23. 51 %) E G £ .

1 ARERKTRESSY

Table 1 Nutrient levels and in vitro gas parameters of experimental diets

J& %3 Ingredients

i H ] 7 FF WAESE [ HZER W HESE AR gk AR ER ERE
Items Fennel Fennel  Sunflower Sunflower  Cotton Cotton Concentrate Alfalfa
straw shell straw plate straw shell

FHE DM (%) 92.17 91.17 90. 73 89.63 93.27 91.57 91.53 92.75
HHLY OM (%) 90. 08 85. 80 88. 39 85.96 91.53 83. 10 94. 25 88.42
HEAR CP (%) 4.33 7.61 5.72 11. 84 6. 50 10. 53 20. 05 11.55
HUIE N EE (%) 1. 00 2.92 0.89 2.13 — 2.04 3.86 1. 20
HLET4E CF (%) 36.41 23.31 30. 15 12.48 49, 87 53.52 — —
TARE Y NFE (%) 40. 51 43.13 42. 36 49. 14 — 16. 83 — -
M VR T £F 4 NDF (%) - — 53.09 23.51 70. 11 45,77 46. 15 53.21
e ;=S # 4r Rapid GP, a (mL) —3.57 —2.04 —9.22 —7.55 —6.18 —7.94 —2.53 —5.40
2548 7= 34y Slow GP, b (mL) 35.39 14. 50 48. 24 51.38 40. 50 49,77 22.15 30.01
775 3 B H 4 Rate constant of slow GP.c (% « h™!')  0.095 0. 054 0. 164 0.131 0.012 0. 140 0.061 0.091
W FE =< 4 GP potential. (a+b) (mL) 31.82 12. 46 39.02 43. 84 34.32 41. 83 19. 62 24. 60
24 h =5 GPyy , (mL) 27.83 13.00 37. 83 39. 67 31. 00 39. 33 14.25 19. 67

DM: Dry matter; OM: Organic matter; CP; Crude protein; EE: Ether extract; CF; Crude fiber; NFE: Nitrogen free extract; NDF; Neutral de-

tergent fiber; GP: Gas production. &4k} A9 8 #£ /K 49 8 {4 The nutrient levels of ingredients were measured actually.

2.2 BMMEFASREAEHE

H % 2 AT L. 63 UM B RE AT GPoy BEAML T 14X 2H (P<<0. 05) , M BEML T 0 41 (P<<0.01), 14% .7%4H
(a+b) BFEKRKTF 63%41 (P<C0.05),0 Ak &3 & F 635041 (P<C0. 01), Fifi % i & F5 FF BT o B 9] 1) s 20 45 4
GPyy o FlCatb) M@, 14%.7% .0 HZE 18 =S5 b B FE T 63U 4 (P<0.01),28%.35%.49% 4 b
BERT 634041 (P<C0.05), Z18 /" B H8 c AP ™ 5> a AR E 27 (P>0.05), 14%.7%
104 AE{ERIK K 58. 74 % .54. 18 % F1 77.91% ,0 4 AE W B FE KT 70% .63 % F1 56 % 24H (P<<0. 01),14 %,
7741 AE B3 KT 63 %641 (P<C0.01) . HAth 5 400 AE fH /i 7 12. 63 % ~29. 75 Yo yu B P9 . ¥ R 1IE{A .

f 25 3 0 UL F RIS 4L ab.c.(atb) GPyy AE ¥R EZ T (P>0.05), &40 AE ¥R EM, /7
TE 45.03% ~129.91% , HH1,70%.63%.49% .42% .21 Ui F AL 7241 AE {3 KT 100,

B 754 AT 0L.28% 21 % F 7% 1a] H S F5FF 4L GP,y, B E K F 42% 41 (P<<0.05), 7T%4 b BE KT 42% 4]
(P<<0.05), a fll c FAEIZFAEFH(P>0.05), 7% .28% F1 21 %4 (a+b) W & K F 49% Fl 42 %640 (P<<
0.0D);14% 4 (atb) BEKRKT 70%.63% 1 35%2H (P<<0.05), 42%2H AE 2y —4.61% . HAth 10 41 AE ¥ K 1F
. T%4H AE H124. 84 % B E KT 70%.63% .56 % .49 % .42 % .35 % 2H (P<<0.01) ;7% .14 % .21% .28 % .0
HOAE R BERT 70%.63%.56%.49% .42 % 2H (P<C0.01) 335 % 41 AE 5 H A 10 41 B & 2 5 (P>>0.05),

225 AT L, 70% 1) H ZE 84110 b, (a+b) Al GPo, B Z K F 0 41(P<<0.05), a.c F4lHEF7A B E P>
0.05), &4 AE ¥R IEAE, 4> Ai 76 40. 88% ~143. 84% . 7% [n] H 2 #40 AE 2 2 KT 63% .56 % 41 (P<<
0.01);7% 4 AE I KT 70%.49% .42% . 35% 40 (P<C0. 05), 7% #1 AE # KN 143. 84%, 14% H Ky
102.75%,



5 27 B4 2 HOAL A AR 2018 45 167
K2 HERFMIBGENMERENSSER 4 hW“SELHNAGHE
Table 2 Gas production characteristics and associative effect at 24 h when alfalfa was incubated with fennel straw
KERLAN FE R ¢ T RS AT ¢ FERBH % 24 h P25 a8 EM4 A %00 Gas production characteristics and AE
7 Concentrate : PO FERERES  BMUSEERE BEEAR 24 h P i 4 4 R B
fennel straw : Rapid GP, a Slow GP, b Constant of b, GP potential, GP at 24 h, Associative effect,
alfalfa (mL) (mL) c (%« h™bH (a+b) (mL) GPyy, (mL) AE (%)

30700 —4.60+0. 85 29.3042.12AB 0.11440.001 24.7543. 04AB 22.75+3.18AB —4.21+13.39B
30637 —3.55+3.75 20.00+8. 06Bc 0.09540.037 16.40+4. 38Bb 14.75+6.01Bb  —36.37+25. 93Chc
30 :56: 14 —3.73+2.18 30.30+1.93AB 0.09540.023 26.57+2.24AB 23.17+2.08AB 2.447+9.20B
3049 : 21 —5.43+2.43 32.574+2.54ABab 0.12140.014 27.10+3. 10AB 24.83+2.57AB 12.63+11. 63ABb
3042 : 28 —2.77+0. 21 29.7742.08 ABabc 0.13340.004 27.0342.00AB 25.50+2. 18AB 18.71+£10. 14ABb
30+ 35: 35 —6.50+6.22 33.45+6.58ABa 0.15440. 050 26.95+0.35AB 25.50+1.41AB 21.92+6.76AB
30 ¢ 2842 —8.07+5.48 32.6742.68ABa 0.25440.185 24.604+7.77AB 23.50+7.37AB 15.49+36. 20ABb
30 ¢ 2149 —3.23+3.60 31.67+1.53AB 0.10540.019 28.40+2.48AB 25.67+1.89AB 29.754+9.57ABab
30 14 : 56 —6.10£0.28 38.00+0.71A 0.14040. 004 31.90£0.42ABa  30.50+0.71ABa 58.74+3.68AB
30+ 763 —5.65+2.05 36.5044. 95A 0.12640.018 30.8042.97ABa 28.75+4.60AB 54.18+24. 65AB
30070 —5.30+4.02 40,60+ 3. 16Aa 0.11440.039 35.3743.64A 32.17+4.19A 77.91423.20Aa
P {& P value 0.788 0.001 0. 334 0. 007 0.016 0. 000
SE AR R SEM x 0.5952 1.0719 0.1337 1.0119 0.9837 6. 3065

TE < [7] 81 98 7 BF s [ 5 51 3275 22 5 A ik 35 (P>0.

05) , ANI/NE T B 7R 22 5t 135 (P<C0. 05) W AR KRB 5 B3R 22 i i 3% (P<<0. 0D, Rl

Note:In the same line, values with no letter or the same letter mean no significant difference (P>>0. 05), while with different small letters mean

significant difference (P<C0.05), with different capital letters mean significant difference (P<C0.01). The same below.

ror of mean,SEM. The same below.

K3 HEMEHAEBEMEFRNTSSHR 24 WFRELNEAYN

Table 3 Gas production characteristics and associative effect at 24 h when alfalfa was incubated with fennel shell

x SR ifE R Standard er-

WO AR« ARG -

FERBH % 24 h P25 &5 EAY4 A% Gas production characteristics and AE

B Concentrates Wl es  BMSNURS ERSGREREC WESE 2h PR ALAMONE
fennel shell : Rapid GP, a Slow GP, b Constant of b, GP potential, GP at 24 h, Associative effect,
alfalfa (mL) (mL) c (%« h™H (a+b) (mL) GP3y (mL) AE (%)
30700 —6.73+1.22 40.80+4.76 0.08340.024 34.13+5.89 27.50+1.32 105.3849. 88
30:63:7 —8.73+1.89 42.3047.90 0.10140. 002 33.57+6.13 30.6745.53 121.28439. 90
30 :56: 14 —7.97+1.31 34, 8041.08 0.10140.013 26.7742.30 24,1742.08 68.67414,53
30 ¢ 49 21 —9.80+0.79 42.574+1.90 0.11040. 008 32.80=%1.23 30.50=£1. 00 106.12+6.76
3042 : 28 —8.204+0. 80 41.30+1.04 0.10840. 005 33.13+0.47 31.00%1.00 103.074+6.55
30 ¢35+ 35 —9.40+0. 69 39.9343.78 0.10940. 009 30.5043. 30 28.3343.01 80.07419. 15
30 : 28+ 42 —14.53+11.63 39.2042. 04 0.37040.425 24.674+11.95 23.50410. 97 45,03467.68
30+ 2149 —3.60+3.40 43.17+5.91 0.12340.023 39.534+2.48 38.3342.89 129.91+17.31
3014 : 56 —8.10+2.69 40,5347, 44 0.12140.017 32.4749.25 30.3349.88 76.95457. 63
30+ 763 —6.93+3.07 38.5749.89 0.13340.018 31.6347.05 29.3346.33 66.56435.95
30:0:70 —5.30+4.02 40.60+3.16 0.11440.039 35.37+3.64 32.174+4.19 77.91423.20
P {4 P value 0. 260 0. 819 0. 387 0. 260 0.174 0.125
S kR e SEM 0.7597 0. 8566 0.0230 1. 0903 1. 0406 6.5131
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x4 RMBERBRMIMAEBREIINERRHTSSHR 24 WFSELNEGHN

Table 4 GP characteristics and associative effect at 24 h when alfalfa was incubated with sunflower straw

KRN TR R ¢ 1) H ZE RS AT ¢ PR BE M 24 hym S e BRI A %0 Gas production characteristics and AE
5 Concentrate * BRI EEERES  BEPUEERR SR 24 b P RE Y140 (1
sunflower straw : Rapid GP, a Slow GP, b Constant of b, GP potential, GP at 24 h, Associative effect,
alfalfa (mL) (mL) c (% hH (a+b) (mL) GP3, (mL) AE (%)

30:70:0 —6.9340.55 39.83%1.99ab 0.128£0. 006 32.90+£1.44ABb  31.00£1.00ab 0.8143.26C
30:63:7 —8.33+0.38 41.9342. 82ab 0.14240.008 33.63+2.49ABb 32.17+2. 36ab 9.10+8. 01BCb
30 :56: 14 —2.77+9.19 38.40+9. 73ab 0.10640.073 35.6740.67AB 29.0049. 54ab 2.78+33.81C
3049 : 21 —10.10%2.11 41. 834 4. 54ab 0.15840. 006 31.7343.06Bb 30. 50%3. 00ab 13.18+11. 14BCb
30 :42: 28 —5.70+4. 38 31.20+2.69b 0.17340.062 25.45+1.63Bb 24.5040.71b —4.61+2,75C
30+ 35+ 35 —7.17£5.75 41.57+15. 89ab 0.13840.009 34.40+10. 76 ABb  32.83+10.28ab  34.48+42.09BC
30 ¢ 2842 —4.93+4,47 49, 8346. 45ab 0.13140.024 44.834+2.10Aa 42.3343.51a 82.88415.17ABa
30+ 2149 —8.13+1.86 51.37+3. 86ab 0.13840.014 43.23+2.01A 41.33+1.61a 88.90+7.35AB
30 ¢ 14 : 56 —8.03+2.68 49,5345, 38ab 0.15840.011 41.474+3. 32ABa 40.1743. 55ab 94.85+17. 21AB
30+ 763 —9.97+1.86 56.83+4.01a 0.11040. 010 46.87+3.30Aa 43,5043, 50a 124.84+18.09A
300+ 70 —5.30+4.01 40.60+3. 16ab 0.11440.039 35.37+3.64AB 32.1744.19ab 77.91+23.20ABa
P {f P value 0. 596 0.017 0. 305 0. 000 0.003 0. 000
S ¥ b 5 SEM 0.7175 1.5525 0. 0056 1. 2200 1.2765 8.5071

®S5 MBEEMIEBEEIERENTSSHR 24 W FSELNHESHE

Table 5 Gas production characteristics and associative effect at 24 h when alfalfa was incubated with sunflower plate

KRN ZE R s ) H A FARB R 24 h AR B A AU Gas production characteristics and AE

1% Concentrate * PR S A 53 FAG =R SRR R e A 24 h =S EERE R A E]

sunflower plate * Rapid GP, a Slow GP, b Constant of b, GP potential, GP at 24 h, Associative effect,

alfalfa (mL) (mL) c (% h™H (a+b) (mL) GP2y 1, (mL) AE (%)

30:70:0 —8.53+4.32 62.83+7. 16a 0.11940.013 54.33+5. 25a 51.50+4.82a  60.54+15.03ABb
30:63:7 —8.434+1.85 58.40411,0lab  0.12240.013 49.97+9. 23ab 46.33+7.64ab 51.02+24.89B
3056+ 14 —12.65+1.48 55.8546. 72ab 0. 14440. 023 43.15+8. 13ab 41.25+7.42ab  40.88+25. 368
30:49: 21 —5.0342.48 52.90=+6. 65ab 0.11940. 014 47.904+6. 29ab 44,8344, 25ab  60.81415. 26 ABb
3042+ 28 —6.80+7.02 54.50+13.60ab  0.12240.019 47.734+6.61ab 42.67+11.85ab 61.13+44, 74ABb
3035+ 35 —7.8744,22 52.30=+5. 25ab 0.1334+0. 045 44,4743, 77ab 42,0042, 60ab  67.46410. 36 ABb
30: 283 42 —0.95+0. 21 46.35+2.05ab 0.07940. 002 45.45+1.77ab 42.00+1.41ab  77.37+5.98AB
302149 —8.17+1.37 53.77=+2.81ab 0.124+0. 028 45,6344, 23ab 42,5044, 09ab  90.75+18. 37AB
30 14 : 56 —7.87+4.25 53.9047.55ab 0.14440.034 45.97+3.68ab 42,.33+6.03ab 102, 75+28. 87AB
30:7:63 —7.80240.85 58. 5744, 32ab 0.105%+0. 002 50. 73+3. 59ab 47.5043.90ab 143.84420.05Aa
30:0¢: 70 —5.30+4.01 40.60=+3. 16b 0.114=+0. 039 35.37+3. 64b 32.17+4.19b  77.91+23.20AB
P {fi P value 0.273 0.110 0.372 0.054 0.108 0.003
V¥ bR ik SEM 0. 6922 1.5113 0. 0048 1.1829 1.2297 6.0905

FH 2 6 ] 0L, 70 Yo MR AERSE AT AL GPoy W B R T 42040 (P<<0.01)370% 63 Y0 4 & /= T 49%6.35%.21% .
4% 4 (P<<0.05), 7T0% 4 btk B & T 49%.42% .35% .21 % F1 14% 44 (P<<0. 01), B & & T 7% 41 (P<
0.05),5 56% .28%F1 0 2H B2 (P>0.05), 70% 4 (a+ b BE ST 42%.35% 4 (P<<0.01), B & &
F49%.28%.21% 14 % 4H (P<<0. 05), 5 63% .56 % .28 % .0 ZH LB % 2 % (P=>>0.05), a fl ¢ &40 2% %A B
FE(P>0.05), 42241 AE fe/h, iy —15. 3020, Hfth 10 ¥ IEMH. 0.70% ML FF 41 AE f K, 439k
T7.91% F157. 76 % , “4IMk B3 & F 42 % 4 (P<<0.01) ;0.7 % 41 AE {1 5% & F 42% .49 % F1 35 % 41 (P<<0. 05) ,
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Table 6 Gas production characteristics and associative effect at 24 h when alfalfa was incubated with cotton straw
KRN TR R IERE AT - FER S 24 h P2 FE R S %0 Gas production characteristics and AE
% Concentrate : PodE SRS EMEAHS BRI AR 24 h PR 94 MO I
cotton straw * Rapid GP, a Slow GP, b Constant of b, GP potential, GP at 24 h, Associative effect,
alfalfa (mL) (mL) c (% hhD (a+b) (mL) GPyy ,(mL) AE (%)

30:70:0 —8.50£4.18 52.67+12.33Aa 0.11540.028 44.13+£8.22Aa 41.00£8.89Aa  57.76E£34.20A
30:63:7 —8.63+6.74 43.97+6. 36 AB 0.15340. 049 35.3340.38ABab 33.33+1.53ABab 32.28+6.06AB
30 :56: 14 —5.33+2.81 39.83+3.28ABab 0.120+0.017 34.50+1.65AB 31.67+1.15AB 29.74+4.73AB
30 : 49 21 —0.33+£2.02 29.60+5.99B 0.11540. 042 29.274+8.06ABb 26.6746.81ABb 12.91+28.82ABb
3042 : 28 0.80+3.63 20.43+5.56BCc 0.13840.047 21.2742.58Bc 19.33+2.89Bc —15.30412. 64Bbc
30 ¢35+ 35 —3.13+1.76 30.00£8.01B 0.13540.019 26.83+6.23B 25.67+5.86ABb 16.48426.59ABb
30 ¢ 28+ 42 —8.40+0. 44 38.57+3.87ABab 0.186+0.023 30.1743.64ABb 29.00+3.46AB 36.51+16.30AB
302149 —2.57+1.80 30.70£5.27B 0.12840.011 28.1345.05ABb 25.8344.25ABb 26.30+20.79AB
30 ¢ 14 : 56 —2.43+2.67 31.03+2.97B 0.10140.022 28.57+2.34ABb 25.83+2.08ABb 31.39+10.59AB
30+ 763 —2.73+1.42 34,07+3.18ABb 0.12140.021 31.3041.84AB 29.1743.18AB 54,564 16, 82ABa
300+ 70 —5.30+4.02 40.60+3. 16ABab  0.11440.039 35.37+3.64ABab 32.17+4.19AB 77.91423. 20Aa
P {& P value 0.016 0. 000 0.153 0.001 0.002 0.002
FH bR R SEM 0.7293 1.7091 0. 0060 1. 2065 1.1503 5.1159

e 7 ] WL Mk e 4L 1 aboe, (a+b) (GPyy T F 22 7 (P>0.05) ., %41 AE ¥ iE{d ., /0 fi 76
39.39%~139.05%. 7Y% MMk 4] AE K. 0 139. 05% . 55 5 F 63%.56%.49% F1 28 % 41 (P <0. 05) .
14% .21 % F1 0 41 AE 435k 100. 09% .86. 22 % F1 77.91% .

x7

BREMIEEEMEREN=SSHK 24 h

S e =

FR=E

THAEHM

Table 7 Gas production characteristics and associative effect at 24 h when alfalfa was incubated with cotton shell

KB TERL + AiAkoE -

FER BB 24 h PR F R SR Gas production characteristics and AE

E fi Concentrate : PR ER A ESY AR R WA A 24 h =S 5 A BN A
cotton shell * Rapid GP, a Slow GP, b Constant of b, GP potential, GP at 24 h, Associative effect,
alfalfa (mL) (mL) c (%« h™H (a+b) (mL) GPyy y (mL) AE (%)

30:70:0 —7.50+3.63 62.50+6.56 0.11140. 007 54.97+4.79 51.33+4.93 61.43+15.52ab
30:63:7 —8.67+1.19 58.63+9.51 0.115+0.014 49.97+8.50 46.17+6.93 51.73+22.79b
30:56: 14 —11.70+0. 99 54.80+6.65 0.140+0.023 43.10+7. 64 40.50+6. 36 39.39+21.90b
3049 : 21 —5.80+1.11 52.93+5. 30 0.12240.027 47.13+5.95 44,0043, 61 58.94+13.02b
3042+ 28 —8.13%6.21 56.30+12. 58 0.12240.014 48.17+6. 38 42.83+11.12  62.79+42. 25ab
30:35: 35 —7.83+6.28 52.50+6. 34 0.130+0. 046 44.67+3.81 42.17+1.89 69.07+7.59ab
30t 28 42 —1.47+0.91 39.20+12.76 0.11140. 056 37.73+13.63 35.00+12.17  48.50+51.62b
30: 2149 —5.90+2.56 51.27+5.01 0.11140. 020 45.37+4.19 41.33+3.21 86.22+14. 48ab
30: 14 : 56 —8.60+6.26 55.03+7.22 0.142+0. 046 46.43+3.23 41.67+6.51  100.09=+31. 24ab
30:7:63 —9.00£1.77 55.20+9.95 0.12340.032 46.20+10.15 46.50+3.91 139.05420. 07a
30:0:70 —5.30%4.02 40.60+3.16 0.114+0. 039 35.37+3. 64 32.17+4.19 77.91423. 20ab
P {f P value 0.331 0.072 0.971 0.156 0.109 0.015
TR R SEM 0.7149 1.7187 0.0294 1. 4038 1.3331 6.2105
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3 iFig

AR AT I, 1) 639070 0 B REFFAL AE g (i, oAy 9 41 (2. 4400 ~T77. 9100 ¥R IEAE . LA 0,14 %6 .7 Vo i
FERAA AE Bk, HEMTE4 AE YR IFEH (45.03% ~129.91%),70% .63 % .49 % .42 % .21 % [ F fit 7 41
AE A RTF 100% . 16 & AR5 2 BT LA HC ] 7 A AT 28 B0 15 445 500 (8L /4 3 L8 56, 2 RO 1 A& AL 52 R 2R 19 o
(7. 61 %0) 8 T om F A AT (4. 33%0) i HLET 4 & 5 mi A RL5E (23, 31 YO MK T F RS AT (36.41%0) . UL , [ & F FF
e BETC B 22 LU B A R AN AR AR AR AR . 2) T0.1400.21%6.2804 .0 [l H EREFFALA AE 5K
(82.88%~124.84%),7% 4 (124. 84 V) Fx K. 42% 4 (—4. 61 %) fe /N, Hifth 5 41 AE £E 0. 81% ~34. 48% . [f]
HE 842 AE Y8 1IF A (40. 88 % ~143. 84 %), 7% 2H (143. 84 %) Fll 14 % 2H (102. 75 %) Fx K. [ H 25 8 #b i 1
T Lo 1) 28 A FF 0045 5 3k B 0 A A Aoy . R R ) H 2R (11 84 00) LR I R & R T H SR AT
(5.72%0) HHEF YL ) H 228 (12, 48 V) IR F 1) H ZEEFF (30, 1520, 3) 429 M AEREFF4L AE S —15.30% , 1
fit 10 20 AE 75 12.91% ~77.91%, L 0.70% . 7% 40 AE k., 7Y%k 2H AE xRk, 139.05%,14% .21 %
F1 O 24858 100.09% .86. 22 % F1 77.91% , ARBkFER9 11 41149 AE B (39. 39 % ~139. 05 %) B & &5 Tk A6 75 FF
1(—15.302%~77.91%)  JE U2 AR Bk 52 (10. 53 26) AR EE 11 0T & fk = TARAEREFF (6. 500 » vh PRV VR £F 2 & A
M7 (45, 77 V) /INFRRAEREFF (70 11200 . B2 5 E & RS BHAb 780 BE EC SR R IS+ 6 Rk 5% 70 RS FF 4 ) 25 522 B
TIE AEA{E, H &8 ARA 4E 0 mi Fr Rt 7 . ) H 258 ARk 52 20 0 LU = 2F 48 IR 2 (A9 1 A RS T L 1a) H 2585 FF A A
F&FF AE B, POt Az 7 vooa] DU B RS A RE 52 SRS 5 00 BT A5 T2, DU 20 8 18 1T 4 .

T MR A SR R AR 7 SO PR /N 2 RS AT S KRB 100 ¢ 0,75 £ 25,50 ¢ 50,25 ¢ 75,0 ¢ 100 A EL 141 &
RIS T YRR R AE B RIBAG R 75 25 NF Y4 mE AE B . RILA G2 2575, K85
S5 FARAN PR S E TR I ST Ok ORI AL A RN R B, SR AT ¢+ Bk M 55 ¢ 30 ¢ 15 LR E K
PR s R de i 0E AE (IR N R4 G . PVE SR S R AR R BTk R B, bk EORE I « B4 &R 70+ 30
IYLE MR ERTI « B4 2 RN 56 2 24 ¢ 20 WAL A HARKABHN ., FHELL S AR AR
BEEMEE R 2k ERE R« SR EEME — ERFEFIRAGH R 2054 40 : 60 : 0,40 ¢ 45 ¢ 15,
40+ 30t 30,40 : 15+ 45, ZERKH] 4 4 A & M A VNG DT R VR B2 S #5 WM i 6 A5 . BVEE H S 0 B 3% 25 5%
A EREME — ERFEFFR A F IR BE R 75 %0 M &tk ERF IR, SR A & )5 E T IE AE fH. Sampth
SEUOR AR SR S AR I GE T SR R 5 R TR S R AR A5 SRR I A ) S T RS ) L b T R B 12 a0
FEL DR B 77 2R IE B AE, DL B BIFSE S8 U B R ) R B OO R R AN TR A R B AL ) AE. AR
ARSI, Age .6 Fh g BTRS AT st 7e A A RT 25 0BT E A b R AN B SO R b TR R
Fo A RER B AE, A5 b KM EE iy 30 + 70 RBLH IE AE fH, 5 & M IR &Y B R BERT ¢ /N RS AT
25+ 7577, AE B iy 45— 5.

B 20T SR HR SR PR S TR T M2 (Avena fatua) T T B4y I 5 5 5 2 (Kobresia willd) .4 F& A (Po-
tentilla fruticosa) + ¥k (Puccinia vivipari) &M & (Kobresia willd) 3 F R IR 4% 0+ 100,25 ¢ 75,
50 ¢ 50,75 ¢ 25,100 : 0 PIRAL G515 AR B4 G AE KB 12~24 h 1IE AE 08, B & & IR ] 09 8K, 45 41
B SO0 Y WU 5 5 LA e W T R ) R R B R R AR MR R DL 50+ 50 BTG R A . X
AR K v 6 FpRSFF S RESE AR 2 B0L 700 14 VO RS FFERETE ALY AE B A5 R AR — 20 R R 6 RS AT SRt
70 5 F7 (8 328 36 A0 T80 o L A R BR 2B R L kB R RS SR TR B A DR Lo
20+ 80,40 60,60 : 40 F1 80 : 20 {EHL T AL G RO M E K E 4.8.12.24.48.72 h () BB . 15 1 45 A )
WELIT TR A A N R R R oy 60 ¢ 40, IRV RN T E RRek A BT 4 ML RHE A H
AR A1 2 B DL BT 5T & B 4% I 1] 5 2R SR 8511 BAE >RINF N > 2K F 1 >8511 ERFSFF: i vk i 4
MU T H A : OF L+ F5 0« 10);QF N+ EH1E (85 15); QF N+ FH +HAE (70 5: 25); DF N+
PR EAE A ERREFF 80 25 10 5), {RIMERE 48 h BEFREN B TFO>0>0>0., #55m%E " &
WLEWERFEH S HEEE THLL 25 75, FWE KT H5MEF THLL 50 : 50, HfEH TR 5#EH TR



5527 B 2 W) By 24 2018 4F 171

25+ 753K 50+ 50 AT AE K, ALK 720 14N FREFF Rt e 4l AE B m 45 R 5 R — 80, R 22
AR 6 FPFSAFELAL T E SRR T E A I R TR I D

R T A ORI AL A RO 25 A R BU(MEFAED B, SR FH R SN I 1 4 7 0 B i L BORFE 5 /N E RS AR TR 4L
AEBRETE T 2 EOKAE 30 10 60 HTE + ERFE 0: 50 8% + /AR + /NER 302 20 50,5 * /)
2 60 ¢ 40 B Z I 4 A RN AE S MRl 0.80,0..85,0. 82 F1 0. 78, HkHi % HiiE G HAE T8 CHF I
K FE 2B 45 4% 100 ¢ 0,80 2 20,60 ¢ 40,40 ¢ 60,20 = 80,0 : 100 Wi FHZH 4, 45 LB FH BT AE 8 500F 4 AE
(R AR 58 4 — 80, R MFAEL JEAT 45 4 VRO it 35 00 oK RS — B 48 VI Bk RS — R85 VT f — B8 3 kIR
% 60 : 40,40 ¢ 60,80 * 20 WAEF £ it KIE AEKIKH 0.12,0. 83,0. 09, 5K 7 B 22 4 % w5 55 1 7 9E A7 14
KR, AU AE Z2I48 R 5 G 8 EU(IMFAED X A5 2 437 B b 0,20 26,40 %0,60 %6 ,80 %0, 100 26 9 & 15 7E
12,24,48 h B IMFAETL [ & SRR K R 75 K F 60(1. 2711) ,40(1. 2603),20(0. 8265),80(0. 6333), ) #k
IR T AR E SR T N AR CE T — RS AR EH I — REAT R B — I RS AT R L — RS AF R L
W —E A — R AT AL 6 4LiRRR B AR AN R ) AE 25 5 R BE S BUR AL B R W] i — 2R SE T R 4 2 A A v )
BEEFM A YE . DL BRI UL T/ANERS  EORRE R CE I RS S S A TR LR 4L A RN R AR
AR 25 5 5 e — 30, R AERC b e ) AT e 2 Lk R R TR O AR IR b i R A SORE ST B SR AN (LA RS B

4 Hig

T 10 H 28 AR AE R 7 5 5 B A RRRN SERHRC FE S L Rt 5e 2R GRIAF AL S L 10) H 28 3 Bk 50 iU AE & T
FEFFIS GHE ARG AT (0] B SRS AT RAEREFF) . LA 7001400 21 o RS AT sl Rt e 20 1 7 <0 AE B . IRLtG, 2B 77 o]
AR LG 495 A st 7 e LE v Le ) 1 A MR RE 3 R Tl KR AE (L SCRE Y 48 DL B A T A T 4
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