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Abstract: This report describes the effects of seed sowing rate and row spacing on yield, stem : leaf ratio and
nutrient composition of Medicago sativa cv. Gannong No. 3 grown in the arid desert region of Gansu. Total
yield was the highest when row spacing was 20 cm, which was significantly higher than other spacing of 15, 10
cm, and two kinds of wide and narrow row spacing of planting rows. Total yield was also significantly higher at
a seeding rate of 16 kg * ha ! compared to other seeding rates of 20, 24 and 12 kg *« ha'. Crude protein, crude
fat, neutral detergent fibre, acid detergent fibre, calcium, and phosphorus contents were 21.89%, 3.59%,
33.69%, 30.98% ., 1.34%, and 0.11% at early flowering stage, respectively. Total yield was 3.28 t » ha ' and
the total crude protein content was 21.89% , and both these were significantly higher at 16 kg « ha ' seeding
rate and 20 cm row spacing compared to all other treatments. Therefore, this may be the optimal combination,
as it scored the highest in grey relational analysis on the comprehensive evaluation of major nutrients. These re-

sults offer valuable guidance for cultivation and management of alfalfa.
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1.1 WFoE XL

TR I EH Al A 27 g R 0l R AT b 3 A
FRoR 37°55" NL,102°40" EL 4K 1 530.88 m, X568 X K i
T RREHAE L AE R 7.2 CL KR 150 mm, K&
2 019.9 mm, TR 154 d, HHERER HYE L, 0—
20 cm 1) pH 8.70, A LT & & 10.60 g+ kg '« A
T T7.07 g kg WA E 3.32 g - kg 1 HUAAHE
R, B S & 2y i O 88,2, 13,24 1 119. 95
mg * kg ',

1.2 A&

TG BUH R ERCE AL A SRR 3 45 (ML
sativa cv. Gannong No.3), % 4 N K EEF a0, B 12
kg e+ hm ?(D;).,16 kg * hm™*(D,),20 kg « hm™*
(D) .24 kg « hm *(D,) ;5 FIATHEACE . 3 Fh 4TI %
Bl BI 10 em(S)) .15 em(S,) .20 em(S;) .2 Fh 5 A 47
M, TR E N 10 cm, 5 6 FTCE 14 40 em
FEATHE (S B 30 em FEATHE(S;) . RAMX I (R
D B AL, O T A, AT 3 W, A
AbEE 20 m* L, F 2014 4F 7 A 15 H AN T P8 554K 46 I8
2 em,8 1 HHH . H Mo s ™= Wk A7 I ] 45 21, 0 2
JE 7K A R

F1 RKwigit
Table 1 Planting density and row spacing experimental design
b3 o i 1THE fib 38 EE fTHE
Treatment  Seeding rate/kg « hm * Row spacing Treatment Seeding rate/kg « hm * Row spacing
DS 12 10 cm D, S, 16 10 cm
DS, 12 15 cm D, S, 16 15 cm
DS, 12 20 cm D, S; 16 20 cm
DS, 12 6X10 cm=+40 cm D.S, 16 6X10 cm+40 cm
DS 12 6X10 cm+30 cm D,S; 16 610 em+30 cm
D; S 20 10 ecm D; S, 24 10 em
D; S, 20 15 em D;S, 24 15 ecm
Dy S, 20 20 cm D, S, 24 20 cm
D;S, 20 6X10 cm+40 cm DS, 24 6X10 cm+40 cm
D;S; 20 6X10 cm=+30 cm D;S; 24 6X10 cm+30 cm
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HCGE 1A .7 A 31 HOGE 2 4.9 A 12 H (58 3 )
WIAEI ONX A 20 Y0 FH R I 48D 76 B/ IX 38 B 4 4
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g BEELTF 105 C AT 15 min. J5 5T 65 °C.24 h it &
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M fEE T 0.5 kg, 43 B85 22 AL, 3 3 00 it e 5 R
ZRFE L GHEM XL EE 4 ), B/NXBEPLE 10
BRI 7 LA X R B IO A4

T = R TR LR

L 3R = i R X /AR 10006,
1.3.2 EFRBME  fER/NXE 17 )R
LR H RN 1 ke, BixtFER TR G B
P, 3 0.425 mm G, SRAF T AF i 42 v DU E IR 8 4
HL2E H 5 (crude protein, CP) & i 5k HI 2 fl i Bl K8
R E, M Pk 4 4k (neutral detergent fiber,
NDF) . 8 M Pk %4 £F 4k Cacid detergent fiber, ADF) & &
K I Uk 4 2F 4 43 A 35 U 2, L IR 5 Cerude ex-
tract, EE) & & R H & [C IR 5 = 442 74 0 %€ . 85 Ccalci-
um,Ca) R EDTA %4 1% %€ ¥ I 5€ . #% (phosphor-
us,» P) SR A AH BT L i e
1.4 Silabr

H Excel 2007 #4730 50 %046 Ak B L R ] SPSS
16.0 S8 it 8 A4F #E 47 J5 22 43 At M1 Duncan # & i 22 K
B o W HTBR 8 DG B JBE X3 37 1 A AT 2R 5 o0, RER R
(g (ko) ORBKBE (rp) AL HL R W) A A OG Bk JiE
G'OFFREAXT T
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e | Xoe)— X, (k) | WA 248, 181E A, (R)
0=0.5, n AFEARKL,

5 S FH A A B A i A 6 6 B (R AT L g, HfE
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R fe B AR A B A A R ) AR AR, 5
I OE A DG OC R AE ARG E A T A A X R
JIPT L B AE Rk R R RS R R S, A
L R ORI ) B R ORI S0 1 B[] R A2 R
Je AL E K SE R R AR S e A A, S E
HMEAREER.F 2 RN S ER SR TH 1A
FIER 3 FERL(P<C0.05) (3% 2) , Fe WS 2 78 5 74 i
BT 1 FEROMES 3 AR, R [EALHEE LD, S, Mtk
e B e s S i T B AR FE (P <C0.05)

B A O AR PR RR I R B AR bR . T2
BT 2R WY, A T 27 A P AR 9 R () RO %% B S5 AT
HE G B R ) 3 i 2 25 5 (P >0.05) , AU FEAT BE BC
B AETE R % 25 5 (P <T0.05) , Ud B A7 FE /e 8 % 8 7%
TR R R W K, BN AF TR B R B AR RN (R
3. HAEETH™EERINE 2 > 1 H >4 3 3
fED BET,S AMEEm THELM, FE7EN
30 974.69 kg« hm *, DL J5 K K B S, (27 566. 60
kg« hm ?)>>S, (27 129.77 kg « hm *)>>S, (25 617. 47
kg « hm ?)>S, (24 932.97 kg « hm ?);{E D, .D; Al D,
WET AR RYEIRN S, >S, >8>S, >S,, H& 4
P 2Z S BE.
2.2 IR P RIA T B G B 1 A 2R LR G5

B A R DOk 25 Ry 32 i R, T R R R
i MO R T 25 LG8 TR A R 25 bR A e
T b R T ELAR AR L G X R [R) R 4 B 2 AT R
B T EAE 22 gt (8 1), D, S, Dy Sy 12X
P, 40 5 51.21% F1 50.19%, ko~ D,S,. N
49.33% ,D,S;s /N ALK 33.64% , A FA T EA
20, MM R, 25 S E S e I
A (P<C0.05) , HAH G R E R 0.956,
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®2 MEZEMTEREXNEERS (on) N0
Table 2 Effect of planting density and row spacing on plant height(cm) of alfalfa

9w R TR % 1 # 1st cutting % 2 % 2nd cutting % 3 #£ 3rd cutting
Density Row spacing/cm (2015-06-12) (2015-07-31) (2015-09-12)
S, 89.7+1.6deB 112.6+1.5eA 87.8+1.0bC
S, 87.941.2¢fB 118.1+£1.3cA 86.7+1.4bcC
D, S; 86.74+1.31B 116.8+1.1cdA 85.9+1.2cC
S, 88.6+2.0eB 120.1£1.7bA 85.24+1.45¢C
S; 89.2+1.4deB 112.6 £1.9eA 84.3+1.4dC
S, 92.9£1.0dB 116.8+1.3cdA 82.441.0eC
S, 89.742.0deB 120.441.3bA 86.8+1.4bcC
D, S, 97.5+1.2aB 124.64+1.0aA 90.4+1.3aC
S, 91.6+1.7dB 114.6+1.8dA 87.1+1.1bC
S; 92.54+1.7dB 111.941.4eA 84.5+1.4dC
N 95.8+1.5bB 109.64+1.7eA 88.4+1.4bC
S, 90.9+1.9dB 115.5+1.1dA 87.5+1.2bC
D, S; 89.9+1.8deB 109.4+1.5eA 85.741.0cC
S, 93.9+1.1cB 111.8F1.6eA 87.94+1.3bC
S; 94.1+1.6cB 110.3+1.0eA 84.1+1.3dC
S, 88.51+2.0eB 112.3+1.7eA 83.5+1.3eC
S, 95.14+1.2bB 104.8+1.9gA 87.24+1.6bC
D, S; 92.141.3dB 112.3£2.0dA 89.3+1.1abC
S, 94.1£1.7¢B 108.541.4fA 90.2+1.3aC
S; 95.9+1.3bB 109.6 =1.6eA 87.9£1.4bC

T« [ G 7] /NG 5 B 7R AN ) b B ) 2 55 48 25 (P <<0.05) » AT AR R R G 5 B s AN ) 2 Wk ) 22 53 i 35 (P <C0.05) . Dy Dy F1Si S5 [l 1, T 1A,
Note: Different small letters indicate significant differences between different treatments at 0.05 probability level; uppercase letters denote significant

differences among different mow times at the 0.05 probability level.

x3 MEZENMTEREMEETESE (kg hm™ ) FIT

Table 3 Effect of planting density and row spacing on dry yield (kg *+ hm™2) of alfalfa

ol Frig % 1 #£ 1st cutting % 2 #£ 2nd cutting % 3 #£ 3rd cutting AETEH
Density Row spacing/cm (2015-06-12) (2015-07-31) (2015-09-12) Total yield
N 7 824.41£31.77cB 10 916.67£60.82bA 6 876.39£27.70eC 25 617.47h
S, 8 217.00£13.12bB 11 366.55+E52.76bA 7 983.05+£3.89bC 27 566.60c
D, S; 8 908.00+£82.29aB 13 268.61+£39.16aA 8 798.08+38.80aC 30 974.69b
S, 8 801.25+72.59bB 8 767.50+£87.77dA 7 364.22424.13cC 24 932.971
S; 9 694.96+66.80aB 10 463.75+52.29cA 6 971.06+53.48dC 27 129.77d
S, 7 638.79+72.61dB 10 384.73+54.73cA 6 446.67+3.03{C 24 470.20j
S, 7 911.86+£62.72cB 10 338.63+=61.67cA 7 764.51+4.70bC 26 015.00g
D, S; 10 306.48+71.73aB 13 819.92+65.85aA 8 715.31+£4.65aC 32 841.71a
S, 6 840.65+76.78eC 7 535.51£31.07eA 7 099.08+12.83cB 21 475.24p
S; 8 230.82484.25bB 8 460.24+30.02dA 6 746.17+61.40eC 23 437.23k
S, 7 690.38+14.66cB 8 831.81£69.02dA 6 061.69+23.28gC 22 583.88m
S, 8 350.42+88.61bB 10 778.54=+61.84bA 7 468.16+6.19bC 26 597.12f
D; S; 8 471.73+89.66bB 10 342.89+47.51cA 8 079.81+9.21aC 26 894.42e
S, 7 016.53+44.84eB 7 242.137+35.84eA 6 908.08+29.87dC 21 166.74q
S; 7 576.56+26.19dB 7 993.65£50.50eA 6 750.31£15.35eC 22 320.52n
N 7 678.84+54.19dB 9 440.55+46.17dA 5 703.43+£7.57hC 22 822.821
S, 8 604.63439.18bB 10 053.03£30.76cA 6 837.09+5.54eC 25 494.75h
D, S; 8 703.24+56.64bB 10 587.80+£97.59bA 7 208.46+5.43¢cC 26 499.50f
S, 7 735.15+50.35dB 8 083.54F77.18eA 6 354.89+2.54fC 22 173.580
S; 7 843.47+68.12cB 8 409.90+81.59dA 6 267.36+8.48{C 22 520.72m
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Fig. 1 Effects of planting density and row spacing on leaf to stem ratio of alfalfa
x4 MEZTEMTERENEERRNZ N
Table 4 Effect of planting density and row spacing on quality of alfalfa plant material
i 1THE HLIE H HLAR 17 FRPEVE AT 4 PRV AT 4 5 w
& X Row Crude Crude fat/ % Acid detergent Neutral detergent  Calcium/ % Phosphorus/ %
Density spacing protein/ % fiber/ % fiber/ %

S 15.9840.20f 3.264-0.34a 31.68+0.41b 35.5020.69bc 1.03+0.02a 0.11%0.01a
S, 19.334-0.40c 2.6140.32ab 31.14+0.34b 34.21+0.13¢ 1.1140.03a 0.114+0.01a

D, S; 20.49+0.35b 3.0040.36a 29.81+0.65¢ 39.75+0.71a 1.34+0.01a 0.124+0.02a
S, 18.0940.01d 3.334-0.32a 31.11+£0.24b 34.644-0.80c¢ 1.0740.02a 0.11%0.01a
Ss 16.584+0.20ef 3.364+0.19a 33.27+0.21a 36.80+0.18b 1.164+0.04a 0.10+0.02a
S 17.4340.60e 2.74+0.38ab 30.98+0.66b 32.244+0.59d 1.11#£0.03a 0.114+0.02a
S, 20.024+0.01b 3.0340.58a 31.29+0.69b 32.9340.79d 1.1640.02a 0.124+0.01a

D, S; 21.89+0.40a 3.5940.16a 29.34+0.16¢ 33.694+0.55¢cd 1.3440.01a 0.114+0.03a
S, 18.604-0.20d 3.2840.32a 32.03+0.51ab  36.694-0.50b 1.2440.02a 0.06+0.01c
Ss 18.014-0.20d 3.5840.51a 30.56+0.32b 32.65+0.48d 1.0840.02a 0.104+0.00a
S 16.4540.35ef 2.73+0.62ab 27.76+0.04d 32.7940.35d 1.1140.01a 0.1140.01a
S, 17.554-0.40e 2.96+0.21a 28.7740.28cd  31.74740.47e 1.1640.02a 0.1140.00a

D, S; 19.3740.40c 1.88+0.23c 25.914+0.49e 32.90+0.55d 1.44+0.02a 0.124+0.02a
S, 16.86 +0.40ef 3.0740.10a 28.94+0.56cd  33.2640.49cd 1.24+0.03a 0.1140.03a
Ss 17.31+0.20¢ 3.21+0.24a 28.56+0.41cd 35.55+0.33bc 1.06+0.04a 0.10+0.02a
S 14.8440.04g 2.9740.27a 29.43+0.21c 33.29+0.24cd 0.924+0.02b 0.10%+0.02a
S, 16.184-0.33f 2.7940.30ab 26.52+0.60e 32.01+0.30d 1.03£0.01a 0.114+0.01a

D, S; 18.0540.43d 2.354+0.25b 28.00+0.25cd  37.6640.45b 1.26+0.04a 0.114+0.03a
S, 15.664-0.041 2.9940.27a 29.97+0.58¢ 33.72+0.35cd 0.94+0.02b 0.10+0.02a
Ss 15.364-0.40f 2.4340.70b 29.43+0.37c 32.04+0.12d 0.8340.03c 0.09+0.00b

F8 18 o S22 S B0 S W/ R L FEATHE S, B 3R B ek
. RFEFHE % RATIERE F. U DS, HEHA®H
W, A 21.89% ., ik DS, R DS, 435l
20.49 % f120.02 %  HA AL BRI /NTF 20 %6 5 BR PR TR A £F
e & iAE DD, R B DS D, Sy /T 30%, H
AL FRIE KT 30 %0, 100 Dy Dy 25 BE B 4547 HE L E /N

T 30% ;s VRIS AR 4 & L BN 40 %, 97 DL D, S,
/N A 317400 s HLBE W & & DS, B E /N T HE
AP D, S, DS DS, D, S, DS, Fil D, S, HH ]
BEXES D, S, B L2 Bk B KB, M 3.59%
AR DS, DS, Al DS, B EF/NTFH e A B,
HA AL PRI TC 3 25 5 8 R BR DS, M D,S; B
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Table 5 Comprehensive analysis of grey correlation degree on alfalfa nutrition components

Bk R 3L Correlation coefficient

ENUERS .

Different 'EH HES MU PHEBASAE miEgASe " for AR

treatment Leaf stem Crude Crude Neutral detergent Acid detergent Caleium  Phosphorus Score Order

ratio protein fat fiber fiber
D, S, 0.617 2 0.468 9 0.719 4 0.614 0 0.955 8 0.454 1 0.839 8 0.689 0 7
DS, 0.710 8 0.670 5 0.465 4 0.568 9 0.895 6 0.510 5 0.908 6 0.695 6 6
D S; 0.923 2 0.787 9 0.590 7 1.000 0 0.774 4 0.771 9 1.000 0 0.839 6 2
DS, 0.4351 0.578 5 0.762 1 0.583 2 0.892 0 0.479 2 0.790 6 0.663 4 9
DiSs 0.504 8 0.495 6 0.784 9 0.670 4 1.193 7 0.548 5 0.583 3 0.701 3 5
D,S 0.616 4 0.539 0 0.500 8 0.511 3 0.739 2 0.512 2 0.789 7 0.615 8 14
D, S, 0.866 8 0.736 0 0.601 1 0.529 9 0.911 3 0.548 5 1.000 0 0.762 2 4
D, S, 1.000 0 1.000 0 1.000 0 0.552 3 0.878 4 0.771 9 0.815 5 0.860 9 1
D, S, 0.673 6 0.612 9 0.731 6 0.662 7 1.000 0 0.628 8 0.351 4 0.667 1 8
D, S; 0.427 1 0.573 4 0.977 6 0.522 2 0.630 3 0.486 4 0.682 6 0.620 0 12
D; S 0.641 6 0.489 4 0.498 4 0.526 2 0.641 3 0.508 8 0.801 8 0.599 2 16
DS, 0.477 3 0.545 5 0.574 4 0.498 5 0.700 4 0.552 6 0.862 3 0.616 9 13
D;S; 0.774 2 0.673 9 0.333 3 0.529 2 0.554 7 1.000 0 1.000 0 0.771 9 3
D; S, 0.602 5 0.509 2 0.621 5 0.539 6 0.711 3 0.628 8 0.884 2 0.656 1 10
D;S; 0.530 3 0.532 6 0.687 8 0.616 1 0.687 1 0.476 4 0.698 0 0.612 8 15
D, S, 0.440 8 0.425 2 0.578 0 0.540 5 0.745 7 0.398 3 0.689 6 0.561 2 18
D, S, 0.572 6 0.477 5 0.514 0 0.505 3 0.580 5 0.455 3 0.729 5 0.558 0 19
D,S; 0.636 0 0.575 7 0.407 7 0.708 7 0.654 1 0.658 8 0.798 2 0.640 8 11
D, S, 0.546 1 0.455 4 0.5851 0.553 4 0.795 3 0.409 2 0.630 8 0.581 8 17
D,Ss 0.409 8 0.444 1 0.422 6 0.506 0 0.745 8 0.361 2 0.528 1 0.501 1 20
jfiifation 0.620 3 0.579 6 0.617 8 0.586 9 0.784 3 0.558 1 0.790 2
L FE Weight 0.136 7 0.127 7 0.136 2 0.129 4 0.172 9 0.123 0 0.174 2
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B LAY 24 776.66 F1 4 924.5 kg + hm P Bl 5 3%
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PR AT FE XTI 7 77 B a9 5% e 7 s S5 R A [R] —
WA B AT RE A3 O, BT RS R, AT
PRI R B — e RIS, B A I TR, S RGN
FH 3 AF B[] K P& SR A DA [ 5 A B A Y
T o e R R AT TN E L 25 SR R G A ATHE 60 em
FEATHE 30 em B9 TR &, SMEANSE BF 58 R B,
16 4 MR 20.28.36.,40 cm HY, AFTHE 36 cm B9
i, ARFFREMNE D BET,S, BT R &
BERmTHELAM, KNS, .S &/ % D, D, fl
D, BET, THAEEHRRANR S,>S,>S, >8>
Sy B A b T 57 B 2R RS e PRLHLE B AT IR
5546 % A EAE I, Y ATEE Y 20 em R RN 16
kg « hm “Hf, A B AOL A H B & LA WA
RGN, HUE TE A S ARG B E R R R L 0 T R R
AR R, AN AR R B E TR R
R 2R 1 3L 2 ERARKIG A 12
7 H 31 H) L HRmva s X T L 5 Ot &
BORBEK, TR R4 L, I 1 3E 'K IE, (15 &
fa TR DS T8 1 HRAE 3 R,

) I 8 G BR BE 43 A I 255 VRN ORE S IR T AR EE
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