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sibiricus, Agropyron cristatum, Elymus nutans, and Medicago sativa were sown at four seeding rates (0, 3.4, 4.6,
and 5.7 kg+ha ') and grown with four different fertilization treatments (0, 3.6, 7.2, and 10.8 t-ha '). The dry
matter yields and nutrient contents of four different grassland seed mixtures (EEM: E. sibiricus+E. nutans+M.
sativa; EAM: E. sibiricust+A. cristatum—+M. sativa; AEM: A. cristatum—+E. nutans+M. sativa; EAEM: E.
sibiricust+A. cristatum~+E. nutans+M. sativa) were measured and their rumen fermentation parameters were
studied by in vitro fermentation. The main results were as follows: Compared with no fertilization, fertilization had
significant effects on dry matter yield (DMY ), neutral detergent fiber (NDF), acid detergent fiber (ADF ) content,
and the relative feed value (RFV) of each mixed sowing treatment (P<Z0.05). Under the 4. 6 kg-ha ' seeding rate,
the DMY, NDF, and ADF contents and RFV value of EEM were significantly different from their corresponding
values in the other seeding rate treatments (P<C0.05). The contents of ammonia nitrogen and propionate in rumen
fluid of EEM, EAM, and AEM sown with a seeding rate of 4.6 kg-ha ' were significantly different from their
corresponding values in the other seeding rate treatments (P<Z0.05). In a principal component analysis, EEM with
a fertilization rate of 10. 8 t-ha 'and a seeding rate of 5. 7 kg+ha ' had the highest comprehensive score. A response
surface analysis showed that AEM had the highest predicted yield, followed by EEM, and EEM had the highest
comprehensive score. Based on yield and the comprehensive score, E. sibiricus+E. nutans+ M. sativa with a

" was identified in this study as the best option for

fertilization rate of 10. 8 t-ha 'and a seeding rate of 5.7 kg-ha~
replanting degraded mountain meadows.
Key words: fertilizer application amount; sowing amount; forage quality; rumen fermentation parameters; principal

component analysis (PCA) ; response surface analysis (RSM)
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1.1 AFR RS

I 37 T AT G A R P T R T IR XORMEAR R [ A (116°027 E, 417537 N IE4K 2206 m) , J& T+ 5 Kkl
F R, AR E 0.5 °C, 1 AEYAIR —19.4°C,7 HARIRIIME 17, 4 “CAE /K & 430 mm ., 552K A
Jag Ll Ml A DL 2 AR AR R AR RO 32 RARAE W 8 AT 2 15 & (Elymus sibiricus) i B 0K 5 (A gropyron
cristatum) MIEFEHE R FL (Elymus nutans) 55, T3 @ 345 + XD+ JCHE MR 4518 .
1.2 Xt

KA AXAXA = H PRI, 3 64 AL HE N AR 15 m X 20 mo = B 743 51 R VR 4% 41 A #hBE St it A
i, Ho RIEHE R L FEBPE -5 (E. sibiricust+E. nutans+Medicago sativa, 1:1:1, EEM) ;
EEE A+ MUK 1S (E. sibiricus+A. cristatum-+M. sativa, 1:1:1, EAM) ; J F 7K 5 -+ T2 FE 5% 0% 5+ 5 15
(A. cristatum+E. nutans+M. sativa, 1:1:1, AEM) ;&5 + i B VK E + FE P00 S + 5 45 (E. sibiricus+A.
cristatum-+E. nutans+M. sativa, 1:1:1:1, EAEM) , #M &8~ :0.3.4.4.6.5.7 kg-hm ?, i LR F T 4 35 [ A
(N):0.30%~0.45% , % (P.,O;) : 0. 15%~0. 25% , #f (K,0) : 0. 10%6~0.15% | , i lL & 4 :0.3.6.7.2.10. 8 t-
hm %,
1.3 HEHZBKE

T 20214 8 H 4, 2022 4F 8 A MU L R I AT OB , B4 A0 B/ X BEALIBCRE , B0 # 0. 5 m X 0. 5 m fRETT
BEAES e, XFEIFREE , /N DN 3 A BORE 3k BRI RE b 0 i B 300 g 8 T REAR b, 65 "CHE T 48 h, fH H J5 AR i, il i
RS T 7 o, TS AN R AL R 8 A h’ T8 B i TS PRk SR LR L 3 0. 425 mm R i, Wi B ¢
T BT T TE R A 0D Rk SR B R
1.4 IRINAEBE
1.4.1 HHWERE 6 JUAR IS S 1.5 JH 2 A B0 A I 04 4 B VY 1T 95 OR A D R AR . 7R ORI 1 TR AR
B 12 h, TR R A E A R AR B W K R AR A R B WO 4 2 A i IR R L R AF RS & CO HE
TR PRl A T, SR G S BV o I S5 S KR B RO A AE CO, N AE 39 "CRZK IR i TR Ah K 1%
1.4.2 KA KB N LI B 9 vh i i) TE 1) 2 B Mlenke 551 Y J7 1 o A 38098 T3 S 45 400 DR 4 b 4 TG & T
B 35 36 445 20 mL g B AP A A1 40 mL 8 ph W1 100 mg TR A L 18 34 A IE TR K A FE R A &
39 °C, % BY B VE S AR CE T KIS FE R b R 39 CL 4E 45 4 d, id s 45 A0 B & 18 96 h 7= < & (gas production, GP) .
L 192 A7 S 8% (4 TR A0 21 <4 A it JE 8 X A DM X 3R ) A AT — 2R LY 3 MU K e 57
L BRI AS A 2S U6 R DA TE SR B SRR T R I AR R L e TR R T A R R R U 1 B
TEGT AR TE 39 CRYR G K I P IBE T JFZERE A 19 3.6.9.12.24 .36 .48 .72 F1 96 hill 5% )" Uk .
1.5 F|AFmZ
1.5.1  Ab2s o e it 78 105 CRHET 8 hok r M4 FE ke i 9 T4 B i o RHIE Jr e ik K h 2
(Association of Official Analytical Chemists, AOAC) "y J7 i , Ml 22 T 4 5 7= & (dry matter yield, DMY) 1
(crude protein, CP) FIHLAG Wi (ether extract, EE) & & . 2R JH Van Soest 25" 1 Jy ¥4 {f J1] & 48 A F1 ANKOM £
443 HT AL (A 20001, 28 7 ) I 2 P Uk % 4F 4E (neutral detergent fiber, NDF) Fl R 4 Uk %% £F 4 (acid detergent fiber,
ADF) &4, A RHE A (E (relative feed value, REV) 2 AR 4% ) 4 (4 75 75 9 i+ B 75 Ayt

DDM (% )=288.9 — 0. 779ADF
DMI(% )= 120/NDF
REV =(DDM X DMI )/1. 29

AP . DDM A AT # AL+ 4 i (digestible dry matter) ; DMI 14 i 8% A (dry matter intake) .
1.5.2 RSVEBESHINE W8 10 mL AR S A e 35 57 2, SR FAE 5 5 pH 3 (PHS-25, i [/ I 5 B4~ A e 41
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By pH, 2 A A (NH,-N) 9 ¥ B2 R B — OB A L vk AT I8 o DAL SR AR, R JH A0 683 )
(CP-3800, 22 [# )il i & BEW P R N TR . T BRI MR BE™ . B 9% & 1 I5 W5 2 (total volatile fatty acids, TVFA)¥K
FER R NBR T RRUE Z Ml XTI i85 96 h =S 8 (GP) 5, il i = 18 Jie 28 DK A B M % 2 3 28
AR B 4%, LRV Dy R OR35S v B 6 (CHL) F AU ARBIR (C O, ) 1Y FE IR 7358
1.6 %5

XF B BEAT R RS L R A R VR T 45 2R . BT SPSS A #E 4T 5 A3 43 BT (principal component
analysis, PCA) , & J 1053 40 Mt B & b B 255 13 53 . ] Design-expert #4710 41 4 53 (central composite
design, CCD) , Bt 5 32 47 Wi b7 {17 25 (response surface methodology, RSM) {4k , DA it AE 1 A1 A & & hy 48 1,
PLEEGAG 3 Y I a5 Shy Wi 17 (R A B o > YR A9 245 1000 i A 0 D 495 1) e BB

2 ER5HMW

2.1 FR&ERAIFEEZSTHRZERRETIDREZTNH A

Jiti A RS % B 6 EEM  EAM #l AEM IR & 204 59 DMY A 28 B AE (K 1, P<<0.05) , %F AEM iR #% 41 & EE
TEA L EAEM(P<<0.05) , % EAEM R4k 41 & 1 CP Al EE & &4 28 B /E H (P<<0.05) ; EEM .EAM ,AEM .
EAEM IR #% 41 & 76 4 #ME A2 T 19 NDF ADF & b it JE &b #1234 8 8 T A IR AL 3, RFV (H # DMY & % =
T At AR AL B (P<<0. 05) .

FEATE L AL 2, EEM \EAM \AEM . EAEM & # 41 & (9 CP M1 EE &% & & DMY I 25 1% T At it A 4k 2
(P<<0.05) ,EEMIEBHEH G1E7.2.10. 8 t-hm *HYHENE S AL B R ,5. 7 kg-hm *AL B DMY 1 REV i & T HAb AR
FEAL I 4.6 kg-hm “4bHF) CP NDF (ADF & & 5 T H Al 45 4b 21, B A it AE 2 BEAL , 7E 4. 6 kg-hm b FEF &
IR AL ¥R CP NDF \ADF & & & REV (i 5 H A 40 % 4b #3545 i 3% 25 55 (P<<0. 05) .

2.2 ARG E A ELEE B RINL B0

Jiti HE F1R 45 i % EEM AT AEM R #% 20 & 19 CHL W AT 2 HAE (I 2~5,P<<0. 05) , % EAM IR # 4 & N
M2 F N (A/P) A 2 BAEH (P<<0.05) , % EAEM IR #E 4 & 1 £ T A 28 EAEHI(P<<0.05) o 7EA it JIE Ak 2
T,EEM.EAM . AEM .EAEM W& B O R IR . TR VTVEFA & & 5 HoAth it I &b #LA 1 3% 22 5% (P<<0.05),
EEMIR# A E7E7.2.10. 8 t-hm * Ay JIE & 2L B R, HoR 18 W NHL-N AL GP 5 H: i A b B3A7 1 35 22 5 (P<<
0.05) ,EAMIRFEAATET7. 2 t-hm “b3H T, K CH, .CO, M B W 358 T H A it AL A 3, X F AEM IR 3% 414k
Vb, 7E A AL PR 08 B W P NH-N & 5 2 GP 5 HAW M S AL PR 3% 22 55 . EAEM A G 7EATE AT I8
H KSR CH, .CO K EEAE 4. 6 kg-hm “#ME AL HLT |, 24 3 (% T HoA #b 45 2L ¥ (P<<0. 05) . EEM .EAM AEM 7£
4.6 kg-hm “ZLHLT , HUE B CH NH-N R & 5 5 H A% 0 3R B35 22 5 (P<<0.05) .

2.3 RRAGEFRIGEE T RIGKELSNELSFY

EEM I8 & 41 & 255 1543 fi e B9t JE FAR % 5 4 10. 8 t-hm *.5. 7 kg-hm (£ 1), EAMBEHA G LG50
e B AR FANE R 7.2 t-hm 7 4.6 kg-hm *. AEM IR 8 4 45 25 4 15 3 e o BO AR A ANG R 7.2 t+hm 2
4.6 kg-hm *c EAEMIRHE & L5 G4 /0 fe i M IE A% &= 4 7. 2 t-hm * 4.6 kg-hm .

2.4 FRREEFANME & RELFELENHw

FVRTE AL G I L5 A A5 J3 Bt R 2 100 385 o 1 386 o, B it A 2 A 38 A T = (81 6) . EEMUEAM \EAEM 414
hANE R R LA M R E BN E K AR . EEM EAM EAEM 44 50 jiti JE F1ENE 78 25 & VE A J7
A A2 HAE ] . X EEM K 35, i AT F0 &b #% 5 76 7. 54 t-hm 21 5.7 kg-hm B, 28 515 0 W e, 5 7.2
hm *f1 5. 7 kg-hm “Ab B A 4200 . XF EAM SR UL, Jiti BB A0 ANME 2 7F 8. 63 t-hm “ 1 4. 79 kg-hm *Hf , 28 & ¥4 i
ME R, 57 2t-hm “Fl4.6 kg-hm “Ab B M0 . X AEM O Ut , it AR AN &M% B 76 8. 11 t-hm “F1 5. 04 kg-
hm B, ZE A VE TN e, 5 7.2 t-hm “Hi14. 6 kg-hm kb P& #2300 . X EAEM 3k 6t , Jit AR A1 &b 4% & 7F
10. 44 t-hm *F14. 9 kg-hm *B}, £ G PO BU (B e =i, 55 10. 8 t-hm Al 4. 6 kg-hm “Ab B 4200 .
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Fig. 1 Effect of different fertilizer application and reseeding rate on dry matter yield and forage nutrient content

A: EEM; B: EAM; C: AEM; D: EAEM; Pp: Piitiil Fertilizer; Py: P %M Reseeding; Py, : PifiIE Fertilizer X #Mf Reseeding. [ 47K [/ /NG 4
FonE 5 W (P<<0.05) , [ A A K E F 4+ R 22 7 1 3% (P<<0.05) Different lowercase letters in the same line indicate significant differences (P<<

0.05) ; Different capital letters in the same column indicate significant differences (P<C0.05); T [i] The same below.
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Fig. 2 Effect of different fertilizer application and reseeding rate on rumen fermentation parameters of EEM mixed forage
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Fig. 3 Effect of different fertilizer application and reseeding rate on rumen fermentation parameters of EAM mixed forage
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Fig. 4 Effect of different fertilizer application and reseeding rate on rumen fermentation parameters of AEM mixed forage
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Fig. 5 Effect of different fertilizer application and reseeding rate on rumen fermentation parameters of forage mixed with EAEM
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x1 TRLEHNEAES

Table 1 Composite scores for different treatments

RAEAH G it A A i RAEA G it A A
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