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Abstract: The favorable climatic resources in Yunnan Province have nurtured the rich and diverse plant resources, pro-
viding various sources of forage for the development of local herbivorous animal husbandry. Yet, the vast majority of
the plant resources has not been well excavated and utilized, which not only severely restricts the development of her-
bivorous animal husbandry, but also leads to high consumption of feed grains. Consequently, exploring protein-rich
plants with high feeding value is of great significance for the green and healthy development of herbivorous animal
husbandry in Yunnan Province. This study measured 16 nutritional indicators, including crude protein, crude fiber, neu-
tral detergent fiber, calcium and phosphorus of 25 common protein forages collected from the subtropical areas of Yun-
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nan Province. The nutritional values of the plants were comprehensively evaluated using grey correlation analysis. The
crude protein content of the tested plants varied from 11.03% to 21.73%, among which the crude protein content of 6
plants, including Trifolium repens L. cv. Haifa, Lablab purpureus, Medicago sativa, Sophora davidii, Amorpha fruticosa
and Robinia pseudoacacia was above 20%, suggesting good protein for rotein feed. The crude protein content of the
remaining 19 plants, such as Broussonetia papyrifera and Leucaena leucocephala, ranged from 11.03% to 18.69%,
meeting the basic requirements for the protein feed. According to the comprehensive evaluation, there were 15 plants
with excellent nutritional value, among which the top 4 were L. purpureus, T. repens L. cv. Haifa, B. papyrifera and
Stylosanthes guianensis, which have significant development and utilization value. Among the 10 plants evaluated as
moderate, the crude protein content of S. davidii and R. pseudoacacia exceeded 20%, while the trace element content of
Fe, Cu, Zn, and Se in Cajanus scarabaeoides, C. cajan, R. pseudoacacia, S. davidii, Haymondia wallichii and Lespedeza
cuneata demonstrated significantly higher levels than that of corn. In the future development and application, the nutri-
tional characteristics of protein-rich forages should be fully utilized, and it should be used in combination with the other
feeds to meet the balanced nutritional needs of livestock, achieve cost saving and efficiency improvement by reducing
soybean meal reduction and promoting healthy breeding of herbivorous livestock.
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Tt (dry matter, DM ) % &k L%
g ; M A (crude protein, CP) % & H A
CP=6.25xN (%) 315, =, N & &R HILIE
AL E ;s HAEW (crude fat ether extract, EE)
SR ANKOMXTI10i A S i/ Hr X g 4%

PEHE I E 5 P YEVE R LR 4E ( neutral detergent
fibre, NDF ) FIfiR P 78 4 £F 4 ( acid detergent fiber,
ADF ) & R HVE I (van soest) PEIAELF4E4rHr
;s MK (crude ash, Ash) &R H 600 CE
RPIBEEIE ;s 85 (Ca), # (Na), 8 (K), &
(Fe), #1 (Cu), #F (Zn), B (Mg). i (Se)
R H IR TR ORI s # (P) & aRH
BRI A e o BARS BT ik L iRk o
Kt B A AR ) P

MXHE M E (RFV) iR AKX N RFV=
(DMIxXDDM)/1.29, zUH, DMI Ak 1) k14
FREE R &5, DDM N AEAL T E 53t .
DMI #I DDM Tl £ & 3y . DMI=120/NDF ;
DDM=88.9-0.779ADF,
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Tab. 1 Overview of sampling site
KA i F AR R 3k & 7k v
Sampling site Geographical coordinates Altitude/m Amount of precipitation/mm Climatic zone
3 77 2 g 25°18'46"N, 103°21'13"E 1984.30 927.1 A6 A M X b 2%
BT /g 25°1027"N, 102°58'53"E 1991.00 1000.0 AU B Hi X
FE e M T B 25°512.8"N, 101°4924"E 1115.86 637.5 T IS 1l X
il M 23 VT B 24°44'32"N, 97°56'51"E 825.10 1552.0 T IS 1l X
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M ok Fm (=1, 2, 3--16), “BF " h%
IE M dE bR T 2 R s A 7 PR R A B
) 5%; Wil $8Fr (NDF, ADF ) KT S35 Fh
A PR AR AR AR Y 5%
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TN B, AT 0~1 ZI[H] IEFERR x=Xk)/Xo(k) ,
Wi 4EHR (NDF. ADF ) A x=Xo(k)/Xi(k), S5
il A xo=Xo(k)/Xo(k) (BN H 1),
143 A RB A WIEAEL Ak)=xo(k)—xi(k)|
B S A5 LB X 2 (H . AR
KRBT R A
min min|Ai(k)| + pmax max|Ai(k)| (1)
|Ai(k)|+ pmax max|Ai(k)|
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ek (EE PR SR RME, max max|A(k)|BI i 75 k
R AR R % s p o BERE, AT 0~1,
X H R p=0.5,
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Tab.2 Name and sampling part of test feed plants
LB A HRAE - N [N - \
: o CUETAEE e e REERE RN
B J& i TR Morphological G . . .
. . AN rowth  Sampling Sampling Sampling
Family Genus Species No. characteristics . .
of stems period part source time
X 2@ Sophora  FARIAE S. davidii X, N B MR s Dng It 2021-08-23
OB ke HL S A. bhotanensis X Ak FEEM Ak RUIMEEI 2021-08-12
Astragalus
HIRT )R W L. cuneata Xs AR A koM i S ey 2021-08-24
Lespedeza
EY I gy X4 AR JEAERT ke s Tyt 2021-08-23
Amorpha A. fruticosa
JIMJE Robinia KM R. pseudoacacia Xs AR R ok o Thmg i 2021-08-23
DR )& it Xs A HRE et s Sng gt 2021-08-23
Haymondia H. wallichii
KR Indigofera ZAEAYE I amblyantha X; HEAR FEAEW  foker BWI/3EHs  2021-08-12
1Ly st o P18 D, Sequax Xs A sy WoR B S ng 3ty 2021-08-23
Desmodium GBI D, intortum Xo N A 0 ELHI/NIg e 2021-08-10
B R Medicago (A6 ETE M. sativa Xio PN B ot i T g, 2021-08-25
e R =0 T repens X B FEAE 4k i Th g g, 2021-08-25
Trifotim LL=0F T pratense Xi2 HA THAEW Ak TIGEEM  2021-08-25
k=0t X3 AR A Atk s g e 2021-09-02
T repens L.cv.Haifa
AL A AL S. gracilis X4 TARLEREAR RS Ak oot 2021-08-26
Stylosanthes 4 gy i Xis B TAEW Ak HEMEIL 2021-09-02
S. guianensis
KGJE Glycine  JNHEKE G wightii Xi6 LW VIR WO ABMETEOCIREL  2021-08-26
AR AW X7 AR HRE ek Rt 2021-03-12
Leucaena L. leucocephala
ENGNH SRA Xis A 53El) s Moo 2021-08-26
Cajanus C. scarabaeoides
K C. cajan Xio HEAR HRE Ak oo 2021-03-12
KREG g KREG X20 FAR WIAEW B RETiociE R 2021-08-26
Macroptilium M. lathyroides
EAC IR/ Arachis TEAEE A. hypogaea Xa1 A BRE &% TR H 2021-08-31
Jit )& Lablab Ji 5. L. purpureus X2 A BRE 2% PR MBI R 2021-09-02
P FJE Morus M M. alba X T AREAR HRE A oot 2021-08-26
Moraceae ¥4 )& Broussonetia 3K B. papyrifera Xa4 TrAR HIRW koM s gty 2021-08-23
BB BRE R Xas FrAR HRE Ak M S 2021-07-12
Morin- Moringa M. oleifera
gaceae
2 BRESW 3), CP &N 11.03% (FEAE® ) ~21.73% (¥k

21 EFHSEEREXERNE

=0, &0 20% L0 ERYIRA 6 F, 235l e

25 FpEE 11 AR ) B 37 4 & RFV 1, DM
TN 64.34%~97.63%, FRIEIEA: (86.88% ) FlI
KT (64.34% ) 4, Hoax 23 FiE A FHAE D B
DM F&¥7E 91%LL b, SRRl (£

WA E = R, SAEETE . S Afilie
FHIME . Ash &84 4.36% ( FHHIE )~13.71%( %
), TR 10%L EYFA 6 Fi. EE &
WENRERET (7.48%), KAy EWIHAE
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¥ (0.74% ), NDF & & fx & 00 & &0 1 g g
(70.11% ), FAKAYEJm & (45.98% ), ADF &&=
BE RS (584% ), HAKM & W

(36.86% ) RFV 1, {UmE . kA=, H
I\ BRA RIS IETE 100%0A I, e g
i 5. 121.76% ), FeAK A& 2 1L B #E ( 59.63% ).
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Tab. 3 Nutritional components and relative feeding value of 25 protein feed plants

%5 No. fill Species DM/% CP/% Ash/% EE/% NDF/% ADF/% RFV
X, 1 AE 97.27 20.56 436 3.25 61.38 51.31 74.16
X, 1\ ff 95.63 15.32 7.05 2.47 48.40 37.35 114.94
X; RS 97.60 11.39 4.89 3.22 54.58 52.20 82.22
X4 ST 97.50 20.69 6.45 3.60 60.92 47.89 78.79
Xs TR 97.34 20.48 5.88 3.41 56.71 50.19 81.69
Xs R B 93.50 17.68 6.92 2.78 60.52 55.80 69.84
X, EZ I NI 97.63 13.14 6.53 4.15 61.00 57.50 67.27
Xs I 1Ly 8 97.50 18.04 6.76 3.51 63.65 50.42 72.52
X, S L) i et 96.50 17.01 6.74 3.16 70.11 56.43 59.63
Xio SIH TS 97.00 21.02 8.60 2.84 58.60 55.05 73.06
X F =0t 96.50 17.89 10.43 4.43 60.34 55.06 70.92
X gr =nt 96.50 14.33 8.18 5.83 59.45 51.97 75.76
Xi3 ik A = 95.00 21.73 8.33 4.99 47.92 37.68 115.59
X4 AL 96.40 11.03 7.47 3.07 66.23 58.40 60.97
Xis FWARHE AL 91.62 13.91 8.30 0.74 69.65 53.88 62.68
Xis JNHE R T 97.50 16.54 10.30 3.89 51.85 50.88 88.38
X AR 92.94 18.69 9.50 5.18 46.84 43.02 110.01
Xig LR G 95.40 12.36 6.78 2.89 56.15 46.34 87.47
X p NI 95.69 16.75 6.73 2.97 58.31 57.90 69.87
X0 KED 64.34 14.38 11.24 7.48 55.28 51.75 81.77
X AL 86.88 12.11 13.71 2.33 63.53 52.34 70.47
X2 i 52 93.31 21.31 10.29 3.04 45.98 36.86 121.76
Xas BV 95.00 18.34 12.84 6.76 48.59 42.97 106.11
X4 AR 97.60 16.03 8.64 4.78 53.84 44.04 94.33
Xas AR 93.98 13.34 8.86 4.52 53.32 48.80 88.77

22 HHREE

25 FhR AV A 0 P & e, Na 3 i 7E
0.1% M UL L WA 3 7, fem AR (0.26% ),
AR N ff . R . ZRE . gRrb s
= REER R, HAAEEN 0.02% (£ 4), Mg
FERE NIRRT (0.5%), SHAE 0.1%M&% L
TR =M (0.01% ). P &EAE 0.1%M L)
LA S, R E (0.18% ), HURHD
SN N A TR CT I IR E S L IE S A
FrEAE 1.00% LA AL H = (0.11% ), H4x 24
FiEY, SERE R (4.6%). Ca Fit

TE 1%LL ERA 10 7, AR (2.36% ),
N E R RE (0.11% ). Fe &m0 £ AR
FEAC BRI I I s AR 0.06%, Hik
P03 NIE A1 o NN M L N 2 = e ) 1 -7
AL, RN 0.05%, Cu S EAE 10 mgkg KU EK
A 4 Fh, SRS ZAEARTE (12.06 mgkg ),
HFEE Imgkg ITFTWALH =, &8
0.32 mg/kg; Zn % it e A &5 HE L T(39.87 mg/kg ),
K =1 6.46 mg/kg; Se &= 1E 1 mg/kg LA
ERACE AL R (1.39 mg/kg ), & RARAY
Sy AU 0.02 mg/kg.
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Tab. 4 Mineral content of 25 protein feed plants
45 No. Fh Species Na/%  Mg/% P/% K/% Ca/%  Fe/%  Cu/(mgkg') Zn/(mgkg') Se/(mgkgh)
X, I RI2E 0.04 0.18 0.02 1.32 0.19 0.04 6.19 26.05 0.06
X, i\ f 0.02 0.22 0.01 1.70 0.17 0.03 4.20 11.18 0.10
X3 R e 0.06 0.39 0.10 1.97 0.45 0.04 6.57 21.87 0.06
X4 SR 0.05 0.19 0.02 1.92 0.20 0.05 7.10 30.85 0.04
Xs R 0.02 0.15 0.02 1.45 0.72 0.02 6.29 30.41 0.13
X DR 0.02 0.12 0.03 1.94 0.87 0.04 8.48 23.11 0.17
X, EVI¥ N 0.06 0.31 0.09 2.03 0.60 0.05 12.06 35.27 0.08
Xs I I L et 0.04 0.23 0.11 1.50 1.27 0.06 8.37 27.17 0.07
Xo S Ly et 0.02 0.16 0.02 1.29 1.38 0.04 7.71 16.62 0.13
Xio SIH TS 0.07 0.25 0.03 2.81 1.18 0.02 8.38 23.80 0.10
X =0 0.02 0.01 0.01 0.11 0.13 0.01 0.32 6.46 0.03
X g1 =nt 0.03 0.30 0.02 2.31 1.38 0.05 11.08 24.48 0.15
Xi3 kL E = 0.05 0.33 0.11 2.24 0.40 0.05 5.76 34.59 0.03
Xiq FEAERE 0.26 0.16 0.10 1.39 0.15 0.01 3.43 8.69 0.03
Xis FEARHE AL 0.08 0.47 0.06 2.92 2.23 0.06 5.68 15.49 1.39
X6 JREEK T 0.02 0.29 0.09 2.93 0.32 0.02 8.88 28.96 0.04
Xy AW 0.03 0.40 0.07 2.15 0.13 0.02 5.71 19.29 0.04
Xis LR 0.04 0.23 0.05 1.43 0.11 0.04 5.07 39.87 0.02
X9 NG 0.03 0.31 0.07 1.60 0.36 0.04 8.98 29.84 0.03
Xao KT 0.06 0.48 0.06 1.87 1.47 0.04 8.90 26.08 0.12
Xy HARA: 0.05 0.29 0.02 2.52 1.90 0.05 7.03 20.94 0.58
X2 J 0.10 0.27 0.18 4.60 2.36 0.04 11.05 37.86 0.08
Xas S 0.03 0.11 0.01 1.40 0.18 0.01 1.54 8.02 0.04
Xas HSe ) ) 0.07 0.50 0.08 1.85 1.17 0.04 10.28 38.24 0.08
Xas AR 0.25 0.36 0.03 2.86 1.07 0.03 7.83 21.13 0.10

23 REBXBEESH

23.1 HMAEAFHI] WS RIS B
WHEZSHLI]: {(Xo(k)}=(102.51, 22.82, 14.40,
7.85, 43.68, 35.02, 0.27, 0.53, 0.19, 4.83, 2.48,
0.06, 12.66, 41.86, 1.46, 127.85),

232 REXKEAERIMELEZSFH RIEL
X (1) A (2), 15 25 Rk A bE FEAE Y ) B
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(4 G I B i BIMIRAR K« e > TRk 1 = >
ZAC B> B IR AT A B> K3 > UR=4R 5 00>
ZAEAR W =41 = =3 o 1 0 e > 4 A = T
O>FR =S > 2 R T =i\ =
TR A 7 = AR S > = A8 > 20 R g > 1L

W W = AR R > 1 = X 25 AR e AR A DTk
JEATRI Gy, FAEFREVEN LA 1 Al (i
5); EIRMEN N RAA 14 B (ki =0t
AR WAL R, KRBT AR, WAE
WA s EIREPEN AR A 10 F (B 5 HRE
oS O ERE . ORE HARESE ).

3 iTig

WCRUE RN (A R M e B B L S R
R EEEFR, B3 CP. EE. Ash 253
M4y, Na, P ARG, DL REV S48
WEFE AR . CP REN K & SAR Y B S A= P P Ak fi
ML EIER, MEEEKEGREEHY, &
25 PR AR A, A A S WL 5
WETE . S . FRAE. FIFER CP S EKR
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Tab. 5 Grey correlation and comprehensive evaluation of nutritional value of 25 protein feed plants

HET " %*Déﬁ%rﬁ EHEH HMEE%W %%m@m SRR K
Rankin Species Equal_ weight Groyvth Sampling Nutrmonalh Distribution area in Yunnan province
g p correlation degree period part value evaluation p
1 @ 5 0.81 BT ERVS e Z I B IS M X
2 kA= 0.69 A VS R o E AT 2P AT . K 1400~3000 m,
=10 CHIAETHIE 3500~5500 C, 4EFEKE
650~1500 mm (1)) K HL X
3 s op 0.68 IR jiigsdus B = B BRI AR A EcH XA oA
4 WA A B 0.66 FEAE EVS R I 1700 m LLF B9 AT $HT Al X
5 KRE 0.64 WAE  dik B LR BT A X
6 A 0.63 i3] EV S R ZME . I, FREKE 1000~2000 mm
B b X
7 AW 0.63 =3 1] EV S R 7 B AT HiL X
8 EAI ¥ N 0.63 FFAEH R R SEEE L R AR R R, RS
B, FUEEH X
9 0 =t 0.62 JEAE EV S =S BT . AAHT Hi X
10 Pl g 0.62 2536401 3] iigsaus R BRI, TR, sME MR
11 HALA: 0.61 =314 £ 3 K R 1800 m IR, AEREKE KT
1500 mm [ 7 | E AT HiL X
12 KT 0.61 WAL R R ZHERK B 750~1500 mm FY HEIX
13 B 0.60 BRI R R =T RHIX
14 2 0.60 FEAE igsdus R 2 B E P X
15 EHETE 0.60 HIEW VS R AEET . EPEAL . EARILHIX
16 ZEMNTG 0.59 R G0N h =R 150~1500 m B9 87 . B2 E0l
A
17 HiAS 0.58 FF £ EV S i 2 T B L B Y b X
18 HMgkE 0.58 AL iigsau i 7 BB AR A KR A X
19 A= 0.58 EHRM £ 3 th R KE P IR AR 1600 m LR Y
Hb X
20 IR 0.57 =314 igsaus th ZHEETHAE 8~14 °C . 4ERR/KE 500~
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