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Abstract: This research explored the optimal sowing rate and row spacing configuration for high-quality and high-
efficiency production of alfalfa (Medicago sativa) in the Ningxia Yellow River irrigation area. In a three-year
experiment, a two-factor randomized block design was used to study the effects on the yield and quality of alfalfa, of
different sowing rates (S,: 13.5kg+ha ', S,: 18.0 kg-ha™', S,: 22. 5 kg+ha ') and row spacing configurations (R;:
15 cm equal row spacing, R,: 20 cm equal row spacing, R;: rows spaced two narrow and one wide 15 cm—=+15 cm+
20 cm, R,: rows spaced one narrow and one wide 15 cm—+20 cm). It was found that the number of branches, leal:

stem ratio, hay yield, crude protein, neutral detergent fiber content and relative feeding value of alfalfa were
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significantly affected by both sowing rate and row spacing (P<Z0.05). The results of three-year experiment showed
that the sowing rate and row spacing had significant effects on the branch number, leaf stem ratio, hay yield, crude
protein, neutral detergent fiber content and relative feeding value of Alfalfa (P<C0.05). The hay yield (18.41 t-
ha ') and crude protein content (21.00% ) were the highest when sowing rate was S, and row spacing was R,. The
contents of neutral detergent fiber (36.50% ) and acid detergent fiber (26.59% ) were the lowest when the row
spacing was R,. Relative feeding value (171.98) was the highest when sowing rate was S, and row spacing was R,.
These findings are based on averaged data from the three years. A principal component analysis (PCA) showed that
the drymatter yield, leaf: stem ratio, branch number and neutral detergent fiber level of herbage were more
responsive to the alfalfa sowing rate and row spacing treatments contribution rate of alfalfa were larger, and the plant
height and acid detergent fiber responses were smaller. The treatment combination S,R, (sowing rate of 18.0 kg-
ha™" and row spacing of 15 cm+15 ecm—+20 cm) was the optimal sowing rate and row spacing combination for alfalfa
forage production in this region for maximization of hay yield and forage nutritional quality.
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RN T A R g SRR HaAr, S ETEHIKMA 3370 hm’, 2K E G & - b #H - Xz —. ik
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DL B A S EAE S A B AR 77 il ue AR B A 2E AR AE 9020 DL L, B RL TR AE 87 06 DA B o 1R
FHRCN R BEHLIX 433, B8 3 b (S,:13. 5 kg-hm %, S,:18.0 kg+hm *,S,:22.5 kg+hm ) , 4 7 ic &
(R,: 15 ecm ZE47HE ,R,: 20 em £ 4706 , Ry : A& — %% 15 em+ 15 em+20 em, R, : — % — 9% 15 cm+20 ecm) . L 124
PhEE (R D) B 3ANE A, Bt 36 /MK NK AL 60 m*(10 mX 6 m) . 2016 4F 4 F 28 H DL 446 I X
AT N IR BTl 6B 2~3 om, #EFHET I 2 BLAE . SR B 5 XK 478, & 46405 700 T 20184E T 6 H 2 H .7
H4H 8H14H . 9H23H,20194F5H27H .6H28H .8A3H .9H 15H,20204£F5H29H .6 H30H .8H
5H.9H 20 HMRE .
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Table 1 Combination of sowing rate and row spacing configuration

& iE Sowing rate (S) 1715 Row spacing (R) 204 Combination (SR)
S, (13.5kg-hm %) R, (15 cm %47, 15 cm equal row spacing) SR,
R, (20 cm &E47# , 20 cm equal row spacing) SIR,
R, (PiZE—%5& 15 cm+ 15 em+ 20 cm, two narrow and one wide 15 cm-+15 cm~+20 cm) SR,
R, (—%—7%& 15 cm+ 20 cm, one narrow and one wide 15 cm~+20 cm) S|R,
S, (18.0 kg-hm ) R, (15 cm 478,15 cm equal row spacing) S,R,
R, (20 cm %547 , 20 cm equal row spacing) S,R,
R, (BHi%—%¢ 15 cm+ 15 em+ 20 cm, two narrow and one wide 15 cm+15 ecm+20 cm) S,R,
R, (—% —%i 15 cm=+20 c¢m, one narrow and one wide 15 cm-+20 cm) S,R,
S, (22.5kg-hm™?) R, (15 cm %47, 15 cm equal row spacing) S.R,
R, (20 cm %47 , 20 cm equal row spacing) S.R,
R, (Pi%E— & 15 cm+15 cm+ 20 cm, two narrow and one wide 15 cm+15 cm~+20 cm) S.R,
R, (—7%—5i 15 cm~+20 cm, one narrow and one wide 15 cm—+20 cm) SiR,

e AP A HE K O OB E (M R HE ) o T D B 60 em, 3% 3k 8] B 30 em, T EHE I B MBI 20 em ., AARE
K6V, A 2R T K 1k, K& 1200 m*-hm 7, AR 4K 2 N K 4 Wk (CBEFE JE K SO 16 B 48 0 b)) L Bk
FEJK 900 m®-hm 2, FE B A K 1Y, HEK B 1500 m’-hm 2 A2 7 3 9 AR 4 Wk (55 1 260 JR 25 75 kg-hm 2, B2 —
£ 100 kg-hm *, Hi fR 8 150 kg-hm *; 55 2 7 R & 60 kg-hm *, B2 — 4% 75 kg-hm °, B FR# 120 kg-hm ;%% 3
FEfi PR 2% 45 kg-hm *, B R — 4 50 kg-hm *, HRBR 4 90 kg-hm ;58 4 FEjifi JR % 30 kg-hm *, B R 4% 25 kg-hm *,
B B2 B 60 kg-hm "), 5 HE K [A] i HEAT 6 N0 L 58 4 0 A S0 A v, ) FH om0 S e 3 2o /N 35 38 50 ol A H K
o BRI AERE R E (N=46%) 8 R 4 (P,0.=46 %) , fi R4 (K,O=52%) .

1.3 W EIAFRAT &

PLR 25 A 20 MR 48 B 349 7 28 26 1 7 400 A6 390 OR) B0 B 00 2

R 2 B /DN X AL BE B 30 Bk 48 48 B 78 I I B R O (E

OIAE AR RS /NI I BEALIR 6 S 1 mAE B, AR 25 A B50H: — % o0 8, O 2491

22 B /N X BRI R B 30 Bk 5546 E A R ZE i 4y B, T 105 °C_R 75 1 h, 65 CHET- 48 h 5 12 40, Fr i T3,
MRS =it T E /AR E

fief B i AR R /NXBENLI 2 m® (1 m X 2 m)FETy, B E R B 4~5 cm, X H 5 Rt O ff 55 ) it B A4S /D IX
S6 W, B g A L B

T O TR AR MR AL B e T, B E S T A

AR T E < AE A /N DK N BEALE 500 g I fif B RE 5L BTl A~5 em K /B, FHEAE T 105 CF R 0.5h
AEAT,65 CHET 48 h B AH T . Kk T A9 2 10 B F R AR 38 0. 45 mm 0 o AR Rk 43 BT B ) e} o 2 A6 00 4
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AR 2 ML 11 (crude protein, CP) | H Pk U & £F 4k (neutral detergent fiber, NDF) | iR ¥ Pk ¥4 £F 4k (acid detergent
fiber, ADF) &rdg o 118 Bk AE % 15 B2 {5 (relative feed value, REV)™,
RFV =(88.9— 0.779 X ADF )X (120/NDF)/1.29

1.4 A5

K H Excel 2013 P E 47 B4l 3 28 (T 50 5 A 78 R0, ORI AR 4 0 4 36735 FI I SPSS Statistics 25. 0
WA AT G0 7 2400 2 E L, H Origin 2018 VE & . I H SAS 9. 4 Bk Xt #k 81 (X)) B AU(X,) (25 1
(X)) TR 8 (X)) AR E (X)) PV R 4E (X)) R M R £ 4 (X,) AR 4] AN (B (X ) 3 4F P S B 47 L
41453 #1 (principal component analysis, PCA) .
2 BRESW
2.1 WA EAATIEAFRLE ER LMK T A E R0 LA AT

B3R 207 2250 B ml 0, fE Rl a0 0 BB 2R T TR R OB H MR PR IR A 4 S A B R (P
0. 05) , % B & | o Bk U 2 4 F0AR X ) WA (B0 TC W 3 B2 R (P=>0. 05) s A7 BE XS it 25 10 T A= i LA 11 (IR M
R 2T 2 F1AR XS ] DR (B AT A fi 25 52 ) (P<<0. 01) , X 43 A5 BR R v 1 0 4% 21 4 AT 12 2 52 i) (P<<0. 05) , % bk v G 1
R (P>>0.05) s 4F 0 X K 5 20 AR 25 H OHLER 10 AR ] AP (B v R P V0 AR 1 4 5 A B B S )
(P<<0.01) ,Xf T B 7= 8 g . 25 52 ) (P=>0. 05) 5 3 B i FAT B B AR 00 X R = L 43 550, it 25 BU IR 14 Ok 4% 2F 4
R R (P<<0. 01) , % 5= 1 A & 52 0 (P<<0. 05) , X 8 A PR 6 4 21 4 R0 AR X6 1] 0 A BTG il 35 52
Wiy (P=>0. 05) 4 Atk FVAF 053 T A R0 X 50 A B804 1 S 25 52 00 (<0, O1) 5 47 IR AF {7 1A 28007 368 4% 4 B JC . %
SW (P>0.05) ; 3 Pt AT B AR 0 TR 2800 Xt 70 BRSO 2 38 i (P<<0. 05) ¢

R2 EUEBRZHER FENERIERHFTESN

Table 2 Analysis of variance of alfalfa agronomic traits, yield and nutritional indicators

EES Pews rBce MR PRV OMER TR RRMETERIIYE X RRAN
Factor Plant Branch  Leaf/ Hay Crude  Neutral deter-  Acid detergent  Relative feed

height number  stem yield protein gent fiber fiber value

Al i Sowing rate NS * * * * NS * NS

f1HE Row spacing NS * *k ] *3k * sk *k

AEAy Year ok *ok ok NS *k ok *k ok

&4 X 47 1E Sowing rate X row spacing Hox Hox o * NS NS ok NS

%l it X 445y Sowing rate X year NS ok NS NS NS NS NS NS

FFHE X 4E {5 Row spacing X year NS NS NS NS NS NS NS NS

FEF I X AT X AE /)y Sowing rate X row spacing X year NS * NS NS NS NS NS NS

e R 0. 05 K 35 5+ R 0. 01 K- i 35 s NS R G i 5 1.

Note: * means significant at the 0. 05 level; ** means significant at the 0. 01 level; NS means not significant.

2.2 BHAEZFAAEALELETELEREERGY R

H1 22 3 W], 6 Al B X 2018 — 2020 4F bk i T 1 355 WA, % — 0o BB 10 355 R (P<<0. 05) o A7 I X bk &5 Al
— R BB B R (P<0.05) o BERE I i (935 0, — G o3 R RO e B G s B . bk v R — G o R 3
EPEAEREFP AL S, AT R T ¥ s 8l e K ME .

i 2% 4 TTL, AE 12 % bR AT I A B 4L A b, 2018 — 2020 4 B w5 A8 Ak 8 4 B A 75.17~80. 93 em
76.37~83.52 cm . 72. 21~78. 59 cm; 2018 — 2020 4F — 2 73 B H 1 722 AL 5 B 43 53] 2 93~120 1> 1 96~129 4> 94~
114> AR R4 Fh B FATRE TR L 2020 4R Bk & . — P70 BOBCRE AR T 2018 F1 2019 4F . Horh 34E MR iR \— o B (E
TE SR AL R Y3k B d5 oK o
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R3 BHEMTENELEERSNORBMEE

Table 3 Interaction of sowing rate and row spacing on alfalfa plant height and branch number

LD ¥ 5 Plant height (cm) — 443 B8 Branch number (plant-m ™ ")

Index 2018 2019 2020 F¥J Average 2018 2019 2020 ¥ Average

Pl i Sowing rate

S, 77.41b 78.45a 76.37a 77.40a 103b 107b 99b 103b
S, 78.71a 78.91a 75.62a 77.41a 106a 114a 104a 108a
S, 77.57ab 78.82a 75. 14a 77.17a 99¢ 101c 99b 99¢

1T Row spacing

R, 76.95b 78.17b 75. 65a 76.92b 101c 107b 99b 102b
R, 77.92ab 77.98b 75.67a 76. 74b 103ab 105b 98b 102b
R, 78.91a 80. 39a 76.13a 78.48a 105a 113a 105a 108a
R, 77.79ab 78. 36b 75.39a 77.18b 102be 105b 99b 102b

1 WFUARNG FRERIRTE0. 05 K B2 & . T,

Note: Different lowercase letters in the same column indicate significant differences at the 0. 05 level. The same below.

R4 BHEMTENELZEERS O REH 10

Table 4 The effect of sowing rate and row spacing on alfalfa plant height and branch number

78.30-£4.65b 80.31+£1.27b 77.43£5.19bc  78.68+£3.71b  103£5c  1054+7de  99+4cd 103 2be

76.84+3.26cd  78.32£3.41bc  72.21£3.84d  75.79+£3.50d 96+4fg  96EA4f 98+ 3d 97=x1le

A iz ¥k Plant height (cm) — 4443 K8 Branch number (plant-m ")
Sowing rate  Row spacing 2018 2019 2020 ¥ Average 2018 2019 2020 FH Average
S, 1 76.00+1.99cd  78.00+1.13bc  75.20+2.1lbc  76.40+1.74c  1004+3d 107+2d 98+5d 102+ 3¢
R, 76.2941.62cd  77.2540.78cd  76.37+£2.00bc  76.6441.47¢c 108+E4b 106+t3de 96+-4ef 104+ 4be
R, 78.96+0.93ab  79.32+2.17bc  77.59+£2.31b 78.62+1.77b 98+4ef 11245bc 102+ 3be 104=44bc
R, 78.38+1.65b 79.21+0.89bc  76.32+2.40bc  77.9741.65bc 10745b  102+4e 99+4cd 103+ 2be
S, R, 76.81+£3.52cd  77.3141.23cd  75.37+3.11bc  76.5042. 64c 99+3e 108+5c  9744e 102+ 3c
R, 75.17+2.86d 76.37+2.86d 73.21+3.86bc  74.92+3.19¢ 97+2f 104+4de 98+5de 100+ 2d
R, 80.93£2.77a 83.52+1.62a 78.5942.73a  81.01%2.37a 120+4a 129+3a 1l4=+5a 1214-4a
R, 77.92+2.48c 78.43+3.67bc  75.32+4.21bc  77.224+3.45bc 10745b 114+4b  10543b 109+ 3b
S, R 78.0542.83bc  79.204+1.91bc  76.37+4.45bc  77.87+3.06bc 102+6cd 104+5de 101+4c 103+ 1be
R,
R.
R

77.08+3.6lcd  77.44+3.15¢ 74.53+4.47c  76.35+3. 74c 93+5g 96 3f 944 5f 95+ 1e

re

2.3 BHAEAAEASELTETERFTEZZTHH

A % 5 B, K Fp o AT B X 2018 — 2020 4F P25 1 4‘@?;%%@ S (P<20.05) , Fifi & Fh & 19 55 o,
25 PR T e Y R K S N B B, P 3 AR 2R HR T R S E AR R A S, ATHE RO T IR R, 4
4 0.83.16.55 t-hm “#10.81.17.00 t-hm

26 6 AT 1, 76 12 % Fh i AAT HE I B 404, 2018 — 2020 4F By 25 L A8 4k 15 Bl 43 531 o4 0. 72~0. 87,0. 74~
0.91,0.71~0. 89, 34 M ZE L MM 7E S,R AL R 3K B 5 K, 2 0. 89, 1™ B AE 2018— 2020 4F 119 25 Ak 3 [ 43 1]
gy 14.85~18.37 t-hm *.15.12~18.98 t*hm *.14.27~17.89 t-hm *, 34 T # /= B S (H7E S,RACFE T ik & &,
18.41 t-hm *, B & T H AL A (P<<0.05) . MIFEEFEMITH T, zozoﬁﬂlﬁfﬁ%%wﬁ?zmsﬁu 2019 4F .
2.4 BAPZAATEAELE B P HERELS L (NDF) BRME R G T %(ADF) 228 Hm

FH 7 1AL, #& A AAT EEXT 2018 — 2020 4F NDF & it ¥ {E A 2 & %2 0 (P<<0. 05) , %} ADF & i ¥ {8 o g %
M . NDF & i i 45 b i 10 39 0 52 26 B AR 38 m 0y e 35, 1 ADF & & B R A & (3 2 B 7+ # ., 348 NDF
GRIYEAERERE S, 71 R T &A% 34 ADF S EAERFME S, F7HE R, &0 F &A%,
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RS5 BHEMTENELEEHZRNTFESENEE

Table 5 Interaction of sowing rate and row spacing on the leaf—to—stem ratio and hay yield of alfalfa

B 25 [ Leal/stem + % 774 Hay yield (t+hm™?)
Index 2018 2019 2020 -4 Average 2018 2019 2020 -5 Average
& Fh i Sowing rate
S, 0. 74c 0.77c 0.75¢ 0. 75c 15. 76b 15.62b 15. 30ab 15. 56b
S, 0. 82a 0. 85a 0. 83a 0. 83a 16. 56a 17.07a 16.02a 16. 55a
S, 0.77b 0.79b 0.78b 0.78b 16. 04b 16.02b 15.17b 15. 74b

1THE Row spacing

R, 0.76b 0. 80ab 0.78b 0. 78bc 16. 10b 16. 52ab 15. 36b 15. 99b
R, 0.79a 0. 79ab 0.79b 0. 79ab 15. 81bc 15.48¢c 15.17b 15.49¢
R, 0.80a 0.81a 0.82a 0.81a 17. 24a 17.21a 16. 55a 17.00a
R 0.75b 0.79b 0.75¢ 0. 76¢ 15. 33¢ 15. 73bc 14.90b 15. 32¢

4

K6 BHEMTHENELEEMEL . FEFEMM

Table 6 The effect of different sowing rate and row spacing on the leaf-stem ratio and hay yield of alfalfa

i (aicl 25 [ Leal/stem + %774 Hay yield (t-hm %)

Sowing rate Row spacing 2018 2019 2020 ¥ Average 2018 2019 2020 P-4 Average
S, R, 0.7240.02g 0.74+£0.0le 0.7240.09f 0.73£0.05¢ 14.85+0.32f 15.1240.21c 14.62+0.19de 14.86+0. 15cd
R, 0.7440.02f 0.7640.03de 0.74%+0.03e 0.75+0.03d 15.0740.42¢ 15.1740.23c 14.9840.13d 15.07=40. 05cd

R, 0.7540.02e¢f 0.7940.02c 0.77+0.06d 0.77%+0.04c  18.09+0.12ab 16.334+0.22b 16.3740.16b 16.9340.58b
R, 0.7340.04fg 0.7740.01d 0.76+0.03de 0.75+0.03d 15.02+0.14e 15.8540.51bc 15.2140.43cd 15.3640. 25cd

S, R, 0.81£0.03¢c  0.85+0.06b 0.82+0.0lbc 0.8340.01b 17.244+0.43b 18.21+£0.26a 16.5940.21ab 17.3540.47b
R, 0.83£0.05b  0.794+0.0lc 0.83£0.03b 0.824+0.03b 15.67+0.15de 15.89=+0.21bc 15.32+0.23¢ 15.6340. 17cd

R, 0.8740.0la 0.9140.02a 0.89+0.02a 0.89+0.02a 18.37+0.21a 18.984+0.22a 17.8940.12a 18.4140.32a

R, 0.7540.03ef 0.8340.02b 0.78+0.03cd 0.79+0.03bc 14.96+0.13ef 15.2140.32c 14.2740.23¢ 14.8140.28d

S, R, 0.76+0.03¢ 0.824+0.02bc 0.80+0.08c 0.7940.03bc 16.2040.13cd 16.24+0.42b 14.8840.28d 15.7740.45¢c
R, 0.79£0.03d 0.834+0.03b 0.79£0.0lcd 0.8040.01bc 16.684+0.13c 15.37+0.33c 15.2240. 11cd 15.76=40.46¢
R, 0.7740.01de 0.7340.0le 0.81%+0.0lbc 0.77%0.0lc 15.26+0.21de 16.3340.21b 15.3840.21c 15.66=+0. 34cd

R, 0.764+0.05¢ 0.7740.01d 0.71+0.02g 0.75+0.02d 16.0140.25d 16.1240.31b 15.2140.12cd 15.78=40. 29¢

M 2 8 AT, fE 12 3% BB AT IR BB 41 A, 2018—2020 4E NDF 5 42 48 4k i Bl 43 51 4 35. 82 % ~
38.77% .35.35%~39.20% .36.52% ~41.22% , 34F NDF & ft #) {8 £ AR 19 2 S,R AL #, 4 36.50% . ADF & it
£ 2018 — 2020 4 B A8 Ak 5 [ 43 3 Ry 26. 15%~31. 34 % . 24. 39 % ~27.59% .28. 05%~31.36% , 34> ADF % ¥
e I A b F L SR, 4 26.59% .

2.5 HAEAATEAMFLE BEAEEG S Z(CP) AAAFRMEL(REV) 89 % A

HH & 9 AN, 36 Fh & FIATEE X CP & & M RFV A B % 5% M (P<<0. 05) ,CP & & Fl REV B 45 Fh & 09 35 fin 15 2
JeINJE T A R, ok CP & B REV B EE Rl S, 56 N i K 7EATHE Ry A& MFF CP & ¥ I i L 76
A R F REV ¥ {E e i -

i 2% 10 m] 0, 7 12 A4S 36 Ff B AT HE G & 20 A b, CP & B AE 2018 — 2020 4E 1% 78 4k 3 BBl 43 ) hy 18. 82 % ~
20.47% .19.31%6~22.33% .17.92%~20. 21% , Horpr 34E CP & &t {H7E S,R A0 # N 35 e &, 2 21, 00% , AH R
FFp i FMATHE T, 2019 4F CP & &8 K 55 T 2018 M1 2020 4F . 2018— 2020 4F i RFV 25 4L 75 il 43 9] 4 159. 41~
175.42.160. 73~183.79.149. 77~168. 50, K- 34FE RFV ¥ {H 5 K1Y & S,R AL FE, iA 5] 171. 98,
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RT7 BMEMTHEXNELETE NDFHADF S EME(E
Table 7 Interaction of sowing rate and row spacing on NDF and ADF content of alfalfa
D rp P VE T 4T 4k Neutral detergent fiber (NDF, %) 1% 1 Pk % £F 4i Acid detergent fiber (ADF, %)
Index 2018 2019 2020 ¥ Average 2018 2019 2020 F-¥) Average
ik Sowing rate
S, 38.12a 38.75b 37.79% 38. 22a 27.61b 26.07a 28.56b 27.41a
S, 37.39b 38.17b 36.63b 37.39b 27.63b 24.89b 29. 86a 27.46a
S, 37.55ab 39. 76a 38.10a 38.47a 28.63a 26.57a 29.91a 28.37a
1T Row spacing
R, 38.51a 39.49a 37.36b 38. 46a 27.12bc 25. 80ab 28.95b 27. 29
R, 37.04b 38. 59ab 36.55b 37.39b 26. 89¢ 25.49b 29. 69ab 27. 36a
R, 37. 24ab 37.75b 37.53b 37.51b 29.78a 25.36b 29.02b 28.05a
R, 37.94ab 39. 74a 38. 5% 38. 76a 28.03b 26.71a 30. 11a 28. 28a
R8 BMEMITHEXNELETRE NDF.ADF BN
Table 8 Effects of sowing rate and row spacing on NDF and ADF content of alfalfa
i 17hE PR A AT 4E Neutral detergent fiber (%) PR 1 Uk ¥ £F 4t Acid detergent fiber (%)
Sowing rate Row spacing 2018 2019 2020 F-#) Average 2018 2019 2020 -4 Average
S, R, 38.48+0.95a 37.2540.5bc 39.76+0.8ab 38.50£0.72ab 26.15+£1.95e 26.58+0.9b 28.05+£0.9c  26.93+0. 58ab
R, 38.77+£0.84a 37.77+0.6bc 38.22+0. 7bc 38.25+0.29b 26.67+0.84de 24.724+0.8cd 28.3741.1c  26.59+1.05b
R, 37.09+0.61bc 38.02+£0.7b 37.49+0.6¢ 37.53£0.27b 28.44+1.61bc 25.3740.7c 28.3240.5¢  27.38=+1.00ab
R, 38.14+0.46ab 38.1340.5b 39.53+0.5ab 38.60+0.47ab 29.18+1.46b 27.59+1.2a 29.51+0.7b  28.76=+0.59ab
S, R, 38.69+0.46a 36.5240.7c 37.50+0.6c 37.57£0.63b 26.77+1.46d 25.33£0.7c 29.67+0.70b 27.26=+1.28ab
R, 35.82£0.61c  35.3540.7d 38.34%0.7bc 36.50£0.93c 27.45+1.61c 24.52=+0.7cd 31.10£0.80ab 27.69=+1. 90ab
R, 36.9040.66bc 36.2040.9cd 36.52+0.5d 36.5440.20c 29.5541.66ab 24.3940.9d 29.21+0.8%bc 27.72+1.67ab
R, 38.15+0.58ab 38.4540.8ab 40.31+0.7ab 38.97+0.68ab 26.74+1.58d 25.32+0.8c 29.47+0.80bc 27.18=+1.22ab
S, R, 38.37+0.55ab 38.3240.6ab 41.22+0.7a 39.30+0.96a 28.44+0.55bc 25.49+0.6¢c 29.14+0.7bc 27.69+1. 12ab
R, 36.53%0.52bc 36.5240.4c  39.22+0.5b 37.42+£0.90b 26.56+0.52de 27.25+0.7ab 29.59+0.5b  27.80=+0. 92ab
R, 37.74+0.40b 38.37+0.6ab 39.24+0.4b 38.45+0.43ab 31.34+1.40a 26.314+0.9bc 29.5340.9b  29.06+1.47a
R, 37.54+0.49b  39.20+0.6a 39.37+0.5b 38.70=+0.58ab 28.17+1.49bc 27.2240.6ab 31.364-0.5a  28.92+1.25a
x9 BWHEMTHENELBEECPEEMRFVINEE
Table 9 Interaction of sowing rate and row spacing on CP content and RFV of alfalfa
it M Crude protein (CP, %) AT A A Relative feed value (REV)
Index 2018 2019 2020 -4 Average 2018 2019 2020 34 Average
% Fh i Sowing rate
S, 18.78b 20. 04c 18.07b 19.10b 164. 57¢ 168. 95b 160. 36a 164. 48ab
S, 19.73a 21. 26a 18.67a 19. 89a 167. 80a 176.79a 160. 23a 168. 22a
S, 19. 53ab 20.53b 18. 04b 19. 36b 165. 39b 166. 71b 153. 89b 161. 75b
17 #E Row spacing
R, 19. 06b 20.01b 18.08b 19. 05¢ 163. 90b 171. 46a 156. 83b 163. 85bc
R, 19.12b 20.18b 17.95b 19. 08¢ 170.95a 175. 94a 158. 68ab 168.42a
R, 20.13a 21.31a 18. 81a 20. 08a 164. 30b 171.63a 163. 85a 166. 40ab
R, 19. 61ab 20.91a 18. 20b 19. 58b 164.52b 164. 22b 153.27b 160. 59¢
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Table 10 Effects of sowing rate and row spacing on CP and RFV of alfalfa
A ATER HEA X ] WA
Sowing  Row Crude protein ( %) Relative feed value
rate  spacing 2018 2019 2020 V-1 verage 2018 2019 2020 SF-44 Average
S, R, 18.8240.66¢ 19.3140.21d 18.0240.41b 18.72+0.38d 165.88+10.12b170.474+4.00b 157.41+4.64b 164. 28+ 3. 94ab
R, 19.08%+0.41bc20.2140.32¢c 17.9340.64c 19.07+0.66¢c 163.597+6.28bc 171.57+7.00b 162.75+5. 12ab 165. 85+ 2. 85ab
R, 19.69+0.42b 20.39+0. 21bc 18.014-0. 52bc 19. 36 £0. 71bc 167.42+5.95b 169. 3146. 23bc 166. 1745. 32ab 167. 47+0. 96ab
R, 19.13£0.31bc20.23+0.15¢c 18.3240.61b 19.23=+0.55bc 161.37+4.39¢c 164.44+6.12¢ 155.1145.46¢ 160.3142.75b
S, R, 19.10=£0. 51be 20. 1540. 30c 18.2240.51b 19.16+£0. 56¢ 163.73+7.43bc 176. 21£5. 23ab 163. 314 5. 44ab 167. 66 4. 26ab
R, 19.36+0.53bc21.0240.37b 17.9240.97c 19.4340.90bc 175.4244.51a 183.79+6.43a 156.91+5.61b 171.98+7.91a
R, 20.4740.43a 22.33%0.21a 20.21£0.36a 21.00£0.67a 166.07==5.16b 179.64=+5.62ab 168. 5045. 54a 171.3944.17a
R, 19.9940.52b 21.5240.23ab 18.33+0.26b 19.95+0.92b 165.97+7.22b 167.4944.51bc 152. 214+6.12d 161.844-4.85b
S, R, 19.2540.61bc 20. 5840. 24bc 18. 01£0. 34bc 19. 28+0. 74bc 162. 09+6. 81c 167. 7145. 33bc 149. 7746.23d 159.6145.37b
R, 18.93%+0.41bc19.3140.14d 17.9940.28c 18.74+0.39d 173.85+7.12ab 172.46+3.91b 156.38+6.74b 167.42+5.63ab
R, 20.214+0.51ab21.2240.41ab 18. 204-0.41b 19.88+0.89b 159.41+5.18c 165.95+7.12¢ 156.89+6.42b 160.33+2.86b
R, 19.714+0.42b 20.9940.32b 17.9640.19¢c 19.5540.88bc 166.22+6.72b 160.73+6.23d 152.50+7. 11cd 159. 63+ 3. 95b
2.6 ZAIEM

353 BT RE 8 B AR KON 4 B LU BR TS R SRR R o D4Rk PCA SR8 I M 7 i 7 AR W R 1 X e

e 75 0 A

Fh o L19]

TON SN

o XA [ 426 o £ FA T B G AL B A T VAN B, AN BE R B IR — AN UL R AR B8 45 | IR i

Blog ZEA IR HT A 8 b5 . MRPEERAE (R T 1, T 4R H 34 = 4, B 22 sk Rk 51 87. 553 % AR 3
T RS N 87.553% (% 11).

F®11 ERHSHFEE

Table 11 Eigen values of principal components

F S WA HE{H Variance of initial eigen values F sy WA FFEAA Variance of initial eigen values
Principal = (i 77 % TR BT Principal g (i 77 % TR BT
component Eigenvalue Variance contribution ~Accumulative contribution component Eigenvalue Variance contribution  Accumulative contribution
(%) (%) (%) (%)

1 4.297 53.713 53.713 5 0.279 3.487 97.428

2 1.584 19. 803 73.516 6 0.181 2.268 99. 696

3 1.123 14.037 87.553 7 0.024 0.297 99.993

4 0.511 6.388 93.941 8 0.001 0. 007 100. 000

2 A X I B R AE 1] B AR AR PR AN 12 TR B 1 A EEGA T (X)) T E R (X)) R
(X,), HaR fr & K AU 25053 50 0. 900.0. 845 .0. 825, AT BRI . & 2 F A FE44 TRk AT
2 (X,) X AN AR (X)) A (X)), H g 8 K AE R0 0. 714, —0. 621.0. 574, AT FR A E SR A T

553 E A

2
e

T PEVE TR ZE (X)), Heal AT (B9 0. 531,

G FE Y 1.2 3R REAE 1) R A5 A% FE B SR AR AR T R DA T A3 X i Y O 2 ARG B KR A R
PUEL ST 25 A A A
Y,=0.331X,+0.398X,+0.434X,+0.408X,+0.315X,—0.370X,—0.101X,+0.361X,
Y,=0.291X,+0.110X,+0.095X,+0.123X,+0.456X,+0.335X,10.56 7X,— 0.493X,
Y, =0.413X,+0.473X,—0.154X,—0.195X,— 0.070X,+0.407X,—0.584X,—0.178X,
Y=(53.713Y,+19.803Y,+ 14.037Y,)/87.553
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R 12 ERS X R R HRAE [E) E A0 2 T AR B

Table 12 The eigenvectors and load matrix corresponding to the principal components

Wi H F %43 1 Principal component 1 (Y,)  F &4} 2 Principal component 2 (Y,)  F {43 3 Principal component 3 (Y,)

Item HHAE [ i Feature vector 3 faf Load HRAE ] 4 Feature vector — Z8Af Load 4% /iF ] ik Feature vector 38 faf Load
¥k 5 Plant height (X)) 0.331 0.686 0.291 0. 366 0.413 0.438
43 4% % Branch number (X,) 0.398 0.825 0.110 0.139 0.473 0.501
25 H Leaf/stem (X,) 0.434 0.900 0. 059 0.074 —0.154 —0.163
T /17 Hay yield (X,) 0.408 0.845 0.123 0.155 —0.195 —0.207
ML CP (X,) 0.315 0. 652 0.456 0.574 —0.070 —0.074
R VR AT 4E NDF (X,) —0.370 —0.768 0.335 0.421 0.407 0.531
FRYEVE 4T 4k ADF (X,) —0.101 —0.209 0.567 0.714 —0.584 —0.619
HAXHE AR REV (X,) 0.361 0.749 —0.493 —0.621 —0.178 —0.189

Tt AR A L A AR R 1D BMETERARERBS

HEZ . 16 B4 1 HE4 S 2 S,R..S,R,. SR, ; Table 13 Comprehensive rankings and scores of sowing rate
. e and row spacing
EIJJX%ZEP,?[F%%HU E/‘JiEIL: SBR-i’SSRS’SlR'«l’SZRS;E N N N
o e AP ERSFL O EMSF2 EWRG3 LA He#
F s 3 HEA FEETAY 2 S.R,, SR, SR, L SRy i Treatment Y, Y, Y, v Ranking
S.R,, SR, S:R,, S;R,, SR, SR, SR, SRy, SR, SR, SR, —0.890 —1.410 1. 095 —0.689 9
(%13). SR, 0.945 —0.474 0.211 0.506 2
i SR, —1.298 1.289 0.056 —0.496 8
3 iFig S,R, 0.977 —1.011  —0.651 0.267 3
3.1 BAZAATES LGS A TR Yk S.R, 0.663 —1.890 —1.847  —0.317 7
S U R AT B LR AT A 5K A B 7 SR, 568 L3030 87
TN w NI I S,R, —0.420 0. 590 1.474 0.112 4
PRV RE I R o AR AR S AT SR AR AE ’
B T b 6 T A 5 7 S.R, —0.941 0.948 0.927  —0.214 6
R o Bl AR A B A S,R, 0.416 —0.764  —0.075 0.071 5
R, B ACE A — G BOE b R b i 00 1 0 S S G S,R,  —1.957  1.348 —1.075  —1.068 11

Ja i b e, HAEATE R 15 em =+ 15 em+20 cm B} 43 Y: %5484 Composite scores.
K%, 5 F RS Wur g B . 556, 2020
AR TR — o BB AR AR T 2018 1 2019 4F, B4 B B th A7 1 7 A5 K AT R A5 W), 500 £ B A K AT BR A 38 i R B
ATk, [ P9 A 2 38 i 9 5 AN (R % R G A T R R B 248 82 AT . Suttie A FE R R
22.5~30.0 kg-hm i} , LAEE T8 77 B4 o Jefferson %5 R G828 48 11 15 4% Al L 7E 6. 0~18. 0 kg-hm ", T %
7 ik A A A 0 S R R — PR R T T R A TR . BRI AT LK
B 15 3% Fh it Ry 18 kg-hm “F T 2P~ 1 3k B 8% &5 . Lichner 255 WF58 & B0, 30 4% Fl i B8 42 & S b B A5 7
i Hoveland 25" JIE B 48 48 & & Ah B TR = A B % . FENNHRERZ UG LS, EBET
AR XK R S S AR AP 25 5 o AR ST A 46 Al Xt T R 7= i A 0 S R ), 7 o B A R A 38
SN R AR B S, HLAERE Al 18 kg-hm “IFE 5 PR = A 2w . ST ABEIE4s LA, 2R
S« BTN b A 4 o B AR MR BSOS L T AR AN SR AR B AE SR 23 1) 2 R Rt — s B, AL T R
PR BSCER 1 K, B A R e 22, S i AR A IR W O A VR M B R e AR A R A R T R
VP22 2 F A0 AT I C BN AR A 7 R A S R 5 AT T O RS L (R4 SRR R R o X AR A g A
L FEATEE S 20.30.40.50 cm 4 AN Ab L 2 48 AE R A DL 20 em AT IR fR R, TR B AT BE BN 2 R R
P IMEANZE ST ARIE TR S R AEATEE R 36 om B B o @ PL SR SE & B, AT IE A 15 1 30 om Bk )
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B, EAIKE P, M gE 3AEE A8 T 25 G 7EATHE 9 15 em =+ 15 em~+20 om N &5 , 51 WS 45 42508 , 560
T A8 — 3 Pl AT I T R 7 L | T X SR A e R R Dy 5 T LR AR R e R B T AR PO B
K B A FRBE BT, I AR 7 ARSI R B, B AR T TR R 2 AR AR BRI R, 5 A A5 4
R,
3.2 BHERTENELETETRABRGOY A

SAE TG BRLEE 11 b PR DR T A IR M R VAR 2T 4 SRR A PR (R 0 R SR A R AR AR, H
AL T E— Bk RS E 4 CP>19% ,NDF<<40% ,ADF<C31% ,RFV>155"", AR5 LK, % H 3FEH
P 3EFP A 13,5 kg-hm 4718 15 cm B A i 22, 5 kg hm 1715 20 em 404 19 CP & K T 199, HoAts 3% A ik
FIAT HE 41 A b B CP & & 8 1 1996, U6 W 38 1 A9 49 R o AA7 BRI & RS 4R i CP & . ARG v, 3 4F
NDF Fl ADF &t Y {f #0512 0 00 157 8 b o, 3% W AS [] 66 i 47 B 0 8 R 00 5% 46 I 4 38 11 M R 38 35 O Ji
o [, AHESE b 45 AL B REV 25 T 155, ik SRR B 18 5 94

O T 5 ol AT G 58 6 A o ST R O B 9 R R . B K NG SR OE & R, 4B RPN 16 kg-hm T+ AT
B 20 cm B, 5646 5 15 CP & it fic i , NDF (ADF & it e fi o Lloveras 81 IA k5 B ik 5846 1 7 78 95 0 o G & 3%
M, AR AL S CP & AR AP & 18 kg-hm “FIATHE A 15 em+ 15 em—+ 20 em B & i , 5 17 AW 5%
S5 0 T 25 5, F B PR SR A B T R I 2K L S R T AL AL B I 56 A R R 7090 B CPORIE T L B
MR CP & i 25 2R W MR, 846 B 48 10 CP & i il 3y o %846 B 48 NDF & i 76 4% Fb i 18 kg-
hm *+ 47 20 em B fflK , ADF & S E 7§ Fl i 13, 5 kg-hm “+ 4715 20 cm BRI, 5 00 A0 98 45 40 5, D R ]
AE AT B 55 1 55 F ik (04 52 W 5500

&

>

=
%

P T B G| BEHE X A T A b A AR A R T I G E AR B SR A R R R, 1
AR 2R L T T R R AR S da RRE X i MR A5 A ) 4 R0 A T 0 A A 5 S RN S A R
LR SARSE R 3 AP o 18 kg-hm PHIFTHE A 15 em+ 15 em+20 cm AbBE A 577 5 (18. 41 t-hm ?) AUHLEE
FI 2 i (21, 00 %6 ) Fe e 5 P MR R 27 20 (36. 50 %0 ) AR 1 e W £F 4k (26. 59 %0 ) &t AEAT #2420 eom B 35 1K 5 AH X 47
BN E (171, 98) FEFE Fh & 4 18 kg hm “FIATHE K 20 em W B i o 8 PCA X 75 72 8 ML R E AT Z8 5 VR 15 1
RPN 18 kg-hm * 4TH 4 15 em—+ 15 em—+20 em A F T3 5 77 5 5] 3 HE X208 1 f6 7= 5 AL .
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