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Abstract: To optimize the artificial cultivation model of Astragalus dahuricus (Pall. ) DC. , this study used a
wild domesticated variety from the Hunshandak Sandy L.and in Inner Mongolia as material, and employed a
three-factor four-level orthogonal experimental design to investigate the effects of row spacing (40, 50, 60, 70 cm),
seeding rate (10, 15, 20, 25 kg-hm ™%, and the application amount of nitrogen-phosphorus-potassium com-
pound fertilizer (105, 210, 315, 420 kg-hm~?) on yield and quality. Results showed that row spacing had the
greatest effect on forage yield, with the order of influence being row spacing>seeding rate > fertilizer applica-
tion rate. The orthogonal experiment range analysis identified the optimal cultivation combination for forage
yield as 40 cm row spacing, 25 kg-hm™* seeding rate, and 315 kg-hm ™ fertilizer application rate, under which
the fresh and dry forage yields were the highest. Different cultivation measures had no significant effects on the
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contents of Neutral detergent fiber, Acid detergent fiber, Crude protein, Coarse ash, Stem-lLeafl Ratio and
Ether extract content. However, given the critical role of forage quality in production systems, a comprehen-
sive evaluation integrating quality indices and yield was performed using the entropy weight method. The opti-

mal cultivation regime balancing yield-quality synergy was ultimately established as: 50 cm row spacing, 25 kg

hm % seeding rate, and 420 kg+hm ~? fertilization rate. This study provides a scientific basis for the large-scale
cultivation of A. dahuricus, and is of significant importance for improving forage production efficiency in the

sandy lands of northern China.
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Table 1 Information of orthogonal test
K [H % Factor
Level 1T Row spacing/cm A it Seeding rate/(kg-hm %) Jiti 4 Fertilizer amount/(kg-hm ™ )
K, 40 10 105
K, 50 15 210
K, 60 20 315
K, 70 25 420
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Table 2 L,;(4*)Design table of orthogonal test
% Factor
KI5 AT Ei b Jiti AT
Testnumber Row spacing/  Seeding rate/  Fertilizer amount/
cm (kg-hm %) (kg-hm %)

T, 40 10 105
T, 40 15 210
T, 40 20 315
T, 40 25 420
Ts 50 10 210
T, 50 15 105
T, 50 20 420
Ty 50 25 315
T, 60 10 315
To 60 15 420
T, 60 20 105
T, 60 25 210
Ty 70 10 420
Ty 70 15 315
T 70 20 210
T, 70 25 105
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Fig. 1 Plant height of Astragalus dauricus at bud stage and early flowering stage under different cultivation treatments
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Note: Different letters indicate significant differences between treatments (P<20. 05)
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Fig.3 Range analysis and multiple comparisons of the plant heights of Astragalus dahuricus at the bud stage and early flowering
stage
A PR BIAEI R
BIX Factor K Level Plant height at budding stage/cm Plant height at early flowering stage/cm
1TiE K, 42.94+0.50" 70.13+2.03*°
Row spacing K, 32.0040.90" 65.74+4.57 ¢
K, 32.824+1.80" 57.31+4.03"
K, 29.564+2.16 51.3744.98 ¢
R 13.37 18.75
Bl K, 31.65+3.48°¢ 52.04+5.53"
Seeding rate K, 33.5843.22" 61.0146.50 "
K, 34.9743.34® 65.3944.05°
K, 37.124+2.21° 66.10+2.38*°
R 5.47 14.06
it NE K, 36.364+1.99° 66.324+1.97°
Fertilizer amount K, 34.46+3.10® 60.50+4.61"
K, 33.99 £3.47 %" 62.0946.31"
K, 32.514+3.96" 55.63+7.23°¢
R 3.85 10.69

- RO D T A AR HE2E AN Al TR IR ] PR R AN TR K P 22 18] 22 7t 8 2 (P<20. 05) o R WK i die (B4 die /ML 22 {8
Note: Data in the table are presented as mean=standard deviation. Different lowercase letters indicate significant differences among different
levels of the same factor (P <Z 0.05). R represents the difference between the maximum and minimum values among the levels

AN TRV R S5 15 it X ik 2 B0 58 A 01 S5 0 A8 AR i (P<<0. 05) , i AR Ha %h B35 B MR 55 37 T0 I 35 52
B R AR TE 22 5 . 32 4 v 00 47 I 0 302 A bk v A7 I RI% i X0 46 AR v A S 2B 52 i (P<<0. 01D,
I F R (P<<0. 01, f& R BAE Wbk e A i AE X I AE I A B R (P<<0. 05),
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Table 4 Variance analysis table of Astragalus dauricus height at bud stage and early flowering stage
/3= B e ok IR A i Anova - J5 fl ¥y F i P
Forage yield Variation source Degree of freedom Anova sum of squares Mean square
LG Wk = f1HE Row spacing/cm 3 417.967 139.322 59.010 <20.0001
Plant height at FEAh i Seeding rate/(kg+hm %) 3 63.675 21.225 8.990  0.0122
budding stage A it 3 30.316 10105 4280  0.0616
Fertilizer amount/(kg-hm %)
%22 Error 6 14.166 2.361
1% 1E 411 Total correction 15 526.123
)ALk = 17 Row spacing/cm 3 847.669 282.556 29.710  0.0005
Plant height at it Seeding rate/(kg-hm 2) 3 501.884 167.295 17.590  0.0022
carly flowering it L A 3 233.823 77.941 8.200  0.0152
stage Fertilizer amount/(kg-hm %)
%2 Error 6 57.064 9.511
#IE A1 Total correction 15 1640.440
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TP AR, O R e R 18, 54 %65 T A B R 5
PR, 5997, 93 kgrhm 2, T AR BEYK 2, 77 6>
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ik B R TR AR ON [ R B IR
KOV b BER AEAE 25 o B3R 5 RN, AT B Y
g B SR R FE 40 em AT R AL HE R
fief 7 R R, W e T AT BE AL B (P<<
0.05) ; bifi 4 Fh & 09 38 , F T 707 & & A8
25 kg hm P B Fh LR F TR o, B
B F 10 kg-hm * £§ F it (P<<0.05) ; Jifi AT & 7F
315 kg+hm * B (Y ff T 077 i A, W T A
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Fig. 2 Fresh and hay yield of Astragalus dahuricus under different cultivation treatments

TE : AN R B R Ak B2 ] 22 57 1 3 (P<<0. 05)

Note: Different lowercase letters indicate significant differences between

fi 4b B 105 kg - hm *jifi A & (P<<0.05) . i@ i
%Rﬁﬂﬂ%%ﬁiﬁ%%ﬁ%ﬁ?ﬁfﬂﬁ%
x5

Table 5 Range analysis and multlple comparisons of the fresh

treatments (P<<0.05)
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and hay yields of Astragalus dahuricus under different cultivation

factors
K # Factor KA Level fif 55 77 4 Fresh grass yield/ (kg-hm %) T/ 4 Hay yield/ (kg+hm %)
i K, 30 091.28+2376.77 * 5270.954445.73 ¢
Row spacing K, 19 604.814£3231.40°" 3717.48+£719.37"
K, 13458.864-1615.54 ¢ 2429.654-244.68 ¢
K, 9090.37+£1504.25 ¢ 1639.36+155.58 ¢
R 21 000.90 3631.60
HEAh K, 14 446.55+3593.34 2604.734580.14 "
Seeding rate K, 15867.17+4723.39 " 2798.82+763.21"
K, 18 637.98+4647.50 " 3512.74+860.34 ¢
K, 23 293.6343644.46 4141.144-893.92 ¢
R 8847.08 1536.41
Jit A K, 16 508.8442436.17 " 2849.594450.05"
Fertilizer amount K, 17 544.1+4448.38" 3007.78£739.49"°
K, 21125.51+4483.54 3936.23+1086.35
K, 17 066.86£5964.34 3263.84+1078.88 ™
R 4616.67 1086.64

T P RO B bR 22 L AN [ TR 3R ] — DR 3R AN [ R 22 ) 22 5t 35 (P<20..05) o R 7K B AL e /ML B9 22

Note: Data in the table are presented as mean=standard deviation.

Different lowercase letters indicate significant differences among different

levels of the same factor (P << 0.05). R represents the difference between the maximum and minimum values among the levels

N TR) S B 1 it o 1k 1 B B e R T R
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B/
5

MExt ik 5 B EEE I a0
I8 5 HLBE B IR AR R S ATAE 22

2.3 FEHERE
16 />4 HRIH] 3

o M 3T, A S B ETE T A BT CP
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501 I S N i N o 1 ISP S e
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Table 6 Analysis of variance table for the fresh hay yield and dry-to-fresh ratio of Astragalus dahuricus
P 75 S SR U F Anova ¥ 75 Fl ¥y P p
Forage yield Variation source Degree of freedom  Anova sum of squares ~ Mean square
fif ¥ ) 111 Row spacing/cm 3 995 050 960.70 331683 653.60 117.21 <<0.000 1
Fresh grass yield # b Seeding rate/(kg+hm %) 3 182 361 752.60 60 787 250.90  21.48 0.001 3
Jii I Fertilizer amount/(kg-hm ™ %) 3 52 223 738.60 17407 912.90  6.15  0.029 2
1% 2% Error 6 16 978 756.00 2829 793.00
1% 1IE 431 Total correction 15 1246 615 207.00
TR 7 Row spacing/cm 3 30 276 449.52 10092 149.84  66.06 <<0.000 1
Hay yield 6l i Seeding rate/(kg-hm™%) 3 5929 103.01 1976 367.67  12.94  0.005
Jifi A 4 Fertilizer amount/(kg+hm™ %) 3 2757 118.14 919 039.38 6.02 0.030 6
% 2% Error 6 916 650.76 152 775.13
1% 1IE 431 Total correction 15 39879 321.42

RAA AT, 25 A XA B B E CP T M EE & ik YOy 38 P i =47 B = it AT &b, % CA 55 45 580 1y 5% 559
P9 S0 5 5 K B /N U 8y A B > AR B AT AR BNV A it I 8> A7 B8 > R X SLR B9
B, % ADF A NDF 85 5 A 2007 58 55 A AR B/ 00 s 55 4R O O A 0 = i A ek = 4 b At

F7 TRAHBEEFHIEERERERRORES NS ELE

Table. 7 Range analysis and multiple comparisons of the effects of different cultivation factors on the

forage quality of Astragalus dahuricus

2% KT ‘*EEEI ] *J%HE‘EE Ll—"fi‘ift‘ié%ﬁéfﬁ @x’?ﬁ(%(%ééﬂfr Wi "
Factor Level (,ru-de pro Ether Neutral detergent fiber  Acid detergent fiber Coarse ash/%  Stem-leaf ratio
tein/ % extract/ %0 /% /%

ATHE K, 21.6534+0.850" 2.54040.068" 41.675+0.897" 37.266+1.162° 11.43340.336*  1.478+0.045"
Row spacing K, 22.35440.381* 2.578+0.097* 40.967+1.032" 35.477+1.742¢ 12.260420.185"  1.23520.044"
K, 22.237+0.358" 2.480+0.004* 39.932+1.455° 35.549+1.086" 12.05540.444* 1.1544+0.011"
K, 22.715£0.323" 2.523+0.095 39.785+0.483° 36.346+0.955° 12.1404-0.394*  1.270+0.107®

R 1.062 0.098 1.891 1.789 0.827 0.324
FAh K, 22.682%+0.270" 2.43040.038" 40.167+0.867" 35.838+1.298" 11.9054+0.363*  1.328+0.064"
Seeding rate K, 22.7044+0.236* 2.488+0.035" 40.772+1.030" 34.538+1.181° 11.888+0.156*  1.270+0.107*
K,  22.139£0.364" 2.565+0.096" 39.648+1.116° 35.912+1.093" 12.4154+0.371*  1.2344+0.117*
K, 21.434+0.823" 2.638+0.068" 41.772+1.063" 38.351+0.607° 11.68040.495"  1.305£0.059*

R 1.270 0.208 2.124 3.814 0.735 0.058
it JE £ K, 22.871+0.415* 2.5254+0.08" 40.920+1.171° 35.612+1.545° 12.4554+0.371*  1.246+0.073"
Fertilizer K, 22.465+0.328" 2.470+0.014° 40.712+1.281" 36.582+1.170° 12.21340.31"  1.25040.125"
amount K, 21.99540.278"  2.53040.026" 40.21141.078" 36.434+1.182"  11.92040.135" 1.30640.076"
K, 21.62840.802* 2.595+0.122° 40.516+0.869" 36.010+1.353¢ 11.30040.368"  1.33440.077"

R 1.243 0.125 0.709 0.970 1.155 0.087

T 2P RO - B AR 22 L AN ) 7R 3R TR — DR 3R AN [ R 22 ) 22 57t 35 (P<20..05) o R 7K H i KA i /ML Y 22

Note: Data in the table are presented as mean— standard deviation. Different letters indicate significant differences among different levels of

the same factor (P << 0.05). R represents the difference between the maximum and minimum values among the levels
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Table 8  Astragalus dahuricus quality index variance analysis table
BT 5 5 5 A Anova-FJ5 ¥y B
Quality index Variation source Degree of Anova sum of Mean P P
freedom squares square
H#E H Crude protein 1T Row spacing/cm 3 2.333 0.778  0.860  0.509
% F it Seeding rate/ (kg-hm ™ %) 3 4.280 1.426  1.590 0.288
Jiti I 4t Fertilizer amount/(kg-hm %) 3 3.532 1.177 1.310  0.355
1% 2% Error 6 5.395 0.899
IE A Total correction 15 15.539
MG Ether extract 17H#E Row spacing/cm 3 0.020 0.007  0.270 0.846
& Fh it Seeding rate/(kg+hm ™ %) 3 0.098 0.033 1.340  0.346
Jiti I 4 Fertilizer amount/(kg-hm ™ %) 3 0.031 0.010  0.430 0.740
%2 Error 6 0.147 0.024
1% 1E 411 Total correction 15 0.296
PRV A AT 4 171 Row spacing/cm 3 9.605 3.202  0.490 0.705
Neutral detergent fiber & fh it Seeding rate/(kg-hm 2) 3 9.985 3.328  0.500  0.693
Jii A 4 Fertilizer amount/(kg+hm ™ %) 3 1.092 0.364  0.060 0.981
%22 Error 6 39.561 6.594
1% 1E 4 11 Total correction 15 60.244
R 14 Y U4 2T 2 17 Row spacing/cm 3 8.392 2.797  0.370  0.776
Acid detergent fiber %At Seeding rate/ (kg-hm 2 3 30.397 10132 1.350 0.344
Jiti JE 4 Fertilizer amount/(kg-hm ™ %) 3 2.306 0.769  0.100 0.956
%22 Error 6 45.019 7.503
#1E A1 Total correction 15 86.113
MK 4y Coarse ash 1THi Row spacing/cm 3 1.636 0.545  1.770  0.252
#& F it Seeding rate/(kg-hm ™ %) 3 1.173 0.391  1.270 0.366
Jifii I B Fertilizer amount/(kg+hm ™ %) 3 2.982 0.994 3.230  0.103
% 2% Error 6 1.844 0.307
e IE 43 Total correction 15 7.635
ZEM It Stem-leaf ratio AT 3 0.228 0.076 3.210  0.104
Row spacing/cm
% F it Seeding rate/ (kg-hm ™ %) 3 0.020 0.007  0.290 0.834
Jiti JE 4t Fertilizer amount/(kg-hm ™ %) 3 0.022 0.007  0.310 0.816
1% 2% Error 6 0.142 0.024
1 IEA 1 Total correction 15 0.413
x99 ETHBIENGAHEZERRESR
Table 9 Table of integrated comprehensive ranking factors based on entropy weight method
17HE LA 4 Ei b et He4 it A Tt LA 4
Row spacing Scores Ranking Seeding rate Scores Ranking Fertilizer amount Scores Ranking
k 0.6854 2 k, 0.4123 4 k 0.5123 3
k, 0.7921 1 k, 0.5347 3 k, 0.5872 2
k, 0.3218 4 k, 0.6892 2 k, 0.4568 4
k, 0.5532 3 k, 0.7215 1 k, 0.6234 1
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Fig. 3 Influence of different cultivation factors quality indicators of Astragalus dahuricus
TE ALK FUE BB RIS & 8 C, PR LT 4R & i s D FRIEVR R ET 4R 5 5 B RUK O &5 55 F , 28I LR [R) P R R b B 2 1] 22 7 W 25 (P<<0. 05)
Note: A, Crude protein content; B, Ether extract content; C, Neutral detergent fiber content; D, Acid detergent fiber content; E, Crude ash con-

tent; F, Stem-leaf ratio. Different letters indicate significant differences between treatments (P<C0. 05)
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