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Comparison of productivity and feed value of different forage plants in the
semi-arid regions of the Loess Plateau, China
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(State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateau,

Northwest A &F University, Yangling 712100, Shaanxi, China)
Abstract: In order to select suitable forage plants for semi-arid regions, three typical forage crops, including forage corn
(Zea mays), forage sorghum (Sorghum bicolor) and sudangrass (Sorghum sudanense), and two forage grasses alfalfa
(Medicago sativa) and siberian wildrye (Elymus sibiricus), were selected to compare and analyze their dry matter yield,
nutritional quality and forage value. The results showed that the plant height of sorghum (from Japan) was the highest
(289.25 cm), which was approximately 10% higher than that of sweet sorghum and maize. The plant height of sudangrass
SP20 (from America) was the lowest (172.80 cm). The dry matter yield of sweet sorghum was the highest (17.38 kg'mfz),
followed by sorghum (12.35 kg-mﬁz), both of which were higher than that of maize (P < 0.05). The content of neutral
detergent fiber (NDF) and acid detergent fiber (ADF) in sudangrass was relatively low, and the difference between sweet

sorghum and forage maize was not significant (P > 0.05). The relative feed values (RFV) of sudangrass and alfalfa were
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highest (135~ 143), followed by forage maize and sweet sorghum (107~ 109), and sorghum and siberian wildrye were the

lowest (95~ 102). It was concluded that sweet sorghum had similar forage value to forage maize, but had a higher yield,

which has greater development potential in semi-arid areas.

Keywords: semi-arid areas; hay yield; sweet sorghum; nutritional quality
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iR SRS R S o 5 O A B RAST - S G R i
O, T H AT A bR 25 A, KR e R
EVIMMEm A EE K THESERE, HZHEKE
K (Zea mays) B KB FhAE , (613 £ K77 &k 5,
o R, BT, ERHET TR SR B
K, BIEIET VR E R SR, B gk AR OK Fl
T, BN R OK AR AL H S (Medicago sativa) 5
PRI ARAR, DAL B R gy, HES) R R A AR
MR, AR R

TEE A Y A, R ORAE Rk i 3 ok
W, RN A R E AL, T AR K TR
PR X 35, 4] F & 5 (Sorghum bicolor) 1E $i& f 1Al & p=
B rRAEAEOENY. EEE D MHOWRITET
% T m R B ARF L E RO A, BRI,
AH BT AR = G, FRORE R X A 3K A AR A 1
TR, MH, A R A R E HIK 4y
FIH R . PUFEME . T #itk DL RS 55 0 48 F0 A= 77
A, R AR R — 7 AR K PR
SAF FEHPBAAE CEM P EEY., 5HPE
KAHEE, 75 el 52 1 MR 9 A= 45 7~ 9 & H 3G 850~
1850 g™, [RMG, A TR R A R B K
SR R R R, MR
A, LA EEAE NN 2 F A TR R, £
HAEE N ZFE, HETH KR, X
X35 3K BT 7 AR AN R B, 4K 43 1 B AIG
o sy P B TR, Eik, e
BRA AN, G BE I R A, R X e A 45 A
e rm i B B

KHEFRELTFEX s E 4w g
52.5%, FF R F R R R, (H R R s E RN,
R EREM AN EE LT, EEIEE
X E X R T EA R R A EE R .
Tk, AW ST IR L 3 M B AR P AN 2 s L D i O
X5, R o R B X AT R A
ORI = ol & D & 1 o o Wl A T

LAIYI Oy 326 45 3 (L 12 XA T e 1) ) A 0 B it
WHEA

1 MRS 5%

L1 WRXEEHR

I A Tl P BB SCK B (37°277 N,
112°03' E), J@& TR L3 X . FE¥REKE
N 450~550 mm, HEKLHEH N 110~170d, F
BRIRN 89 °C, FEYHMMH 25520, FEKE
1659 mm; %3 X a7 KRR A%, 748
BRLI N 2. SOKELM DIMHE £ KR E, Fidim
M) 267 km’.
1.2 RIEHR

A 5T e B A e R ) B HE 1 KK (Zea
mays)~ T &3 (Sorghum bicolor)~ 737+ (Sorghum
sudanense)~ ‘% 1t H & (Medicago sativa) & & 15 %%
(Elymus sibiricus). HHEH EKRAF 15, HH
RN E R R A R R (5 B H A, TP N TR
HL SP20 M1 GW400 (51 H K ), KAEH 7 dh Al oy Bk
LR ETE
1.3 Rt

B HE Y B E 34 6.0m x 8.0 m {17104 /)
DX, ik 214y, 78 #6 MRS A B . T 2017 4
5H BT HE R, SR AEY R HAN T A%
A, WBFRATEE R E N 50 cm, FREFE N 25 cm,
B R 2~3 Ry BB E R 2 TR R N DI 5%
R T AT IR, AR BRI E N 1.5 gm 7,
ETFEMERE N TS gm T N RE R FIR K
%, R ER— XK, ZREAMEAREK, A&
E M E R AR .
1.4 NEER

RS, B9 H i f), B/ XRE AL ik A
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Imx 1m BFETT, KRS WIORELARAR T, #E 105 °C
MIBEA 2R3 30 min 5, £ 75 °C THTEIEE,
MEFIHE TR 2. WEKREY VB,
F T 00 5E FE PR B S IR BT 0 K R PR I ZE i 4y
B, oyl AT R R, T O R R 2 AR A
IR . E IR R bR B M 2 (crude protein,
CP). M Pk ¥ 4T 4E (neutral detergent fiber, NDF).
TR 14 1 3% 41 2 (acid detergent fiber, ADF) A& 4h 4
J5JH 4L # (in vitro dry matter digestibility, IVDMD).
H " NDF # ADF K F§ ANKOM 2000i 4= H 3} £F 4
I ACEATINGE . CP 2k A4 B 38l IKE &X (FOSS
Kjeltec 8100) Ml 52 . #I| F Daisy PII A& 4 5 48] 55 5% 1
WM 5E TVDMD. Ib4h, &a[yH A6 FE 4 (total digestible
nutrients, TDN). T %) i K & & (dry matter intakes,
DMI). %) /i 7§ tb % (digestible dry matter, DDM).
AH X} 1 B A 4 (relative feed value, RFV) Fl1AH X 4% B
i Ji (relative feed quality, RFQ) i# it i+ H 44 HH . 1
(= /W1

TDN =82.38—-(0.751 5XADF);

DMI = 120/NDF;

DDM = 88.9-(0.779 x ADF);

RFV =DMIxDDM/1.29;

RFQ=TDNxDMI/1.23,

1.5 HFELLIE

2 36 £ HE K H Microsoft Excel 2016 ic, 3% Ff 5% 2
JR A5, s ) SPSS 19.0 7 Hrik 36 K ¥ . I %k
P K FH 52 [R & J5 Z 47 BT (One-way ANOVA), iz
Duncan i£ AT Z HFEARN Z R B ZE 4, P<
0.05 Wl £ 7 B3 .

2 HR50M

2.1 AEAREE =4 e

TEWCEIY, RAEYZ N, R R Kk &
SEETHRIIE GE 1, P<0.05). Hid, mR0OHK
R (289.25 cm), B R BN B K BBk m m A
10%, 11 75 7} & SP20 A4k i i ik (172.80 cm).

ETMEHES S, MER TR ER S
(17.38 kg'm ), 2% T HAEY (P<0.05); Hik
MR (12.35 kgm 0), W b Fh 5 PF 5 6] 4 5
EZRAEEP>005, HEESTEKSEEE
T, ETEETYR”ERK 058 kgm ), &K
FHAMAEY (& 1),
22 ARIAAEYERRRMAECELER

Bk 75 FFEork B NDF B & T 22840, K
fih 7] FH RS 4 M- A 7 NDF Fll ADF & & 2% T 2557,
R d CPIEE S T2 (R2). K, #mE
Al 3 9 NDF & &6 % % £ 7% (P> 0.05), 15
T IS5 SP20 Fl GW400 (P < 0.05). 2k
o NDF & & i, W35 m T HAR A A AEY (P <
0.05); F KFNEH = R X4 4 NDF & & % 7 A B %
(P >0.05), 7%t % SP20 fl GW400 2% FF F NDF &
B MR FZE T ADF S E&mE, BFE
& T BRI E (P <0.05), H 95 Sp20
A FIZEFF R ADF & & k. 75 FH 5 b CP & &
B, HRONER R, R K (12.10%) F s G
(12.53%) i Jr o CP & Ak . ORI & G225 4F
HCPEMR A, HIRAER, HWEEFSTIHITE
(P<0.05). 7MatkmEHEDF, &% NDF M

x1 TEEREORSHTYIR~E
Table 1 Plant height and dry matter yield of different forages

v F %) Forage Pk Plant height/cm FHJ5 7 & Dry matter yield/(kg'm )
A F I 2K Forage maize 263.40 + 12.56b 3.17 +0.63d
=% Sweet sorghum 264.20 £ 16.45b 17.38 £ 0.44a
% Sorghum 289.25 + 30.48a 12.35+ 1.87b
757+ HSP20 Sudangrass SP20 172.80 + 7.89¢ 8.26 + 1.06¢
HFHEGW400 Sudangrass GW400 254.00 + 18.11b 6.90 + 0.94¢
HILE TS Alfalfa 35.40 + 4.34¢ 3.67 +0.39d
#1127 Siberian wildrye 99.40 + 10.64d 0.58 + 0.05¢

RIZIA NG R R R AN EE A 22 57 535 (P < 0.05); TR

Different lowercase letters indicate significant differences between different forage plants at the 0.05 level; similarly for the following tables.
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Table 2 Neutral detergent fibre (NDF), acid detergent fibre (ADF) and crude protein (CP) content in the leaf and
stem of different forages planted in the semi-arid regions of the Loess Plateau, China
" F Leaf ZEFT Stem
BIPMEY) Forage ke T4 RRMEDRVRLT HEN PEDEAL A MRS HEE
NDF/% ADF/% CP/% NDF/% ADF/% CP/%

E/S
Forage maize 54.02 £0.79a 27.35+0.17b 12.10 £ 0.48d 56.37 +0.76b 34.43 £ 0.66b 7.18 £0.55a
i
Sweet sorghum 54.13 £0.53a 27.46 £ 0.36b 14.21£0.12¢ 57.44 £1.33b 33.58 £ 0.61c 6.38 £ 0.14ab
Sorghum 54.69 £+ 0.49a 28.15+0.72a 12.53 £0.19d 59.19 £ 0.40a 36.50 £ 0.14a 6.29 £ 0.74b
J5FHESP20
Sudangrass SP20 47.06 + 1.08c 23.12+0.43d 16.89 + 0.09a 44.97 + 0.24c 24.63 +0.38e 5.15+0.13¢
J5FHEGW400
Sudangrass GW400 50.72 £ 0.23b 24.87+0.07¢c 16.11+£0.21b 44.83 £ 1.03¢ 25.85+0.30d 5.07+0.31c

ADF & &, HIREmE;: ADF & E&IKK N
2% [ 75 I # SP20, X {E ¥ 45 NDF & = & ik, 1M
ADF & #AK T 2T FMEE (R 3).
MR S (F 3), Eok 5% NDF 1
ADF & &2 B REF (P>005), HEZ=STHT
H, KT ERP<0.05. LHEFED CPEER
B, TR Y 55%; TR FFE SP20. i iR A

EKRKCPEHERERFARE, HEEFSTERP<
0.05). 75 HEHAIZE IVDMD 3 T HoAfh i 5, 3
Wi TVDMD B 3 G R K 43 i v 4 3%,
10% 1 20%; fEEPRMEY +, 7515 SP20 IVDMD
A (59.78%), H AN TR GW400(57.23%), %
53 1) IVDMD 1% 1 (29.85%), 1fi £E 14 F /E %+ ,
T K TVDMD H 1K (50.78%).

%3 £#FAEYH NDF. ADF, CP &K IVDMD
Table 3 Neutral detergent fibre (NDF), acid detergent fibre (ADF), crude protein (CP) content and in vitro dry matter
digestibility (IVDMD) of the whole forages planted in the semi-arid regions of the Loess Plateau, China

%

TiF#%) Forage YA NDF IRVEVEE A4 ADF - fi5EH CP RSP 5 4% TVDMD
FK Forage maize 5528 £ 0.21c 31.14 £ 0.40d 9.47+0.51cd 50.78
42 Sweet sorghum 55.96 + 0.86¢ 30.85+0.39d 9.88 £0.09¢ 53.43
4 Sorghum 57.49 + 0.36b 33.35+0.33b 8.65 £ 0.40f 52.73
J5FF#ESP20 Sudangrass SP20 45.82+0.57¢ 24.01 +0.32f 9.94 + 0.08¢ 59.79
J5 7+ H.GW400 Sudangrass GW400 46.96 +0.57d 25.49 +0.22¢ 9.07 + 0.18df 57.23
KILE TS Alfalfa 43.44 + 0.96f 32.63 £ 0.40c 17.55+0.10a 54.12
Z1"7% Siberian wildrye 60.41 +0.37a 34.19 + 0.05a 11.33+£0.19b 29.85

23 AREAEYEBNELSR

757} 5 SP20 ) TDN #1 DDM % 5y, Lk 75 7}
T GW400, Z75% TDN fl DDM & ik (& 4). B &
K 5 it = % TDN 1 DDM % 5% A & 3% (P> 0.05)
Ab, HAbE FE YA 2 R B2 (P <0.05). %5 H
T Y0 1) DMITE 1.99%~ 2.76%, o 818 & 7% &%
H, ETERMK, BRERSHEREFALE
Ab, FoAh A RE A R 2 R B3 (P < 0.05); 1T AEJL

PR AR, 75 FF 5 SP20 DMI # i (2.62%)s 11
PR (2.09%). 75 FF 5 SP20 [ RFV (142.52%)
RFQ (137.00%) % =1, K AR A6 H 15 A1 95 FF 5
GW400, & 753 fm %K RFV & RFQ & 1.
3 e

AR AEARENEANEMPLRE ), CAE
FRW, T KRS SRR A A A AR W) & 1R
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* 4 A[EEIAEY TDN. DDM. DMI. RFV # RFQ
Table 4 The total digestible nutrients (TDN), digestible dry matter (DDM), dry matter intakes (DMI), relative feed value (RFV)
and relative feed quality (RFQ) of different forages planted in the semi-arid regions of the Loess Plateau, China

%

T ) MAVEIRS ATEATR THFREE  AENERNE AR
Forage TDN DDM DMI RFV RFQ

FK Forage maize 58.98 £ 0.30c 64.64 £ 0.31c 2.17+0.01d 108.78£0.93c  104.09 +0.92¢
fif =5 Sweet sorghum 59.20 + 0.29¢ 64.87 £ 0.30c 2.14 £0.03d 107.85+2.13¢c  103.22+2.07¢c
# % Sorghum 57.32 +0.25¢ 62.92 + 0.26¢ 2.09+0.0le 101.81 + 0.87d 97.27 +0.85d
757} HSP20 Sudangrass SP20 64.33 + 0.24a 70.19 + 0.25a 2.62 +0.03b 142.52+226a  137.00+2.20a
5P GW400 Sudangrass GW400 63.22 +0.16b 69.04 +0.17b 2.56 = 0.03¢ 136.77+2.00b  131.36+ 1.94b
BIETE Alfalfa 57.86 = 0.30d 63.48 +0.31d 2.76 + 0.06a 13599 £3.67b  129.99 +3.55b
145 Siberian wildrye 56.69 + 0.04f 62.27 + 0.04f 1.99 £ 0.01f 95.88 + 0.64¢ 91.55 + 0.62¢

B, HEKERSRAMEY. B, RESK
S5 R B R OK AT AR AERE DR T A AR b
IR ERIW A, AH T IR E & Bk kR,
A e B RUE I% R VR A T B A AR 8 MIE
AR, Bk, B g R R 4 B R i

FEAN AR T A BRI AR A F*ﬁﬁ
HEEE Y

Mmﬁ%ﬁ%ﬁ%ﬁ%ﬁmﬁ%,%m%%
ff) R fr %, ADF 52047 F R 0 i 16 21, NDF.
ADF % IVDMD # | 15 8 5 & xH ek th g 1™,
AW 5T o 4 R 4 (9 IVDMD 9 29%~ 60%, H:
JrFHE [ IVDMD M m, RETEEM—f,
STV 1RG40 10%, K4k, NDF Al
ADF &R B EMTFHMEAHEY . KILERES
ZTEHEMCP SRR E S T M HEY, Wi H
Tk, BRE5BERNCPEEERARE, I
bh, 51 oK NDF fl ADF & & Z 5 A 8%,
SRS M0 F s B . RorE
ﬁm%%#? of v S AN 5 P A R AT A

, RULERMCP HREA THAFHE, XulfgHHk

HHEE A G,

HE— 35 2 M J U ) AR 4 ) A PR AN ELAS H
ﬂi%Tmmmmeﬁ&@,A&EE#ﬁﬁ
W, T T ) TDN Il DDM #¢ % . DMI # &
MR EIEE 1S, HUCNTPE, ERAE & R 2%
BAREE, ZTEEN DML R, Wik FiR 4 b AT
L, BFPEME OHERL, REREE, MHXE
X VAR BE 18 . REV R K, 158 B ) F A 4

frE B o AW I, DR P BRI B A
RFV {5 5 (135~143), & 1A H 5K F i e 32
(107~109), = @ME T2 wAK (95~102), 73 A1k
BT 4w PR R S AR AE R 1. 2 A
3%, R EREEMAE KD RFV FH %, LK
TOHFHEREALE S . BEBW T, EKMK RFV
TR, H R OK B E IR O E 3 AR A R R
b, ETFRREFMET, RE T ERAAE,
K40 R R A R R

DAL T 76 A it B TG HE R 254 T, BR3P R AL R
b, A EKS &R &IPS 3R R E
RARE, Fi, AREER R, NE S E
ﬁ%ﬁ%%i#ﬁ FEA R AED S, FY5R

BRI NE MR > I5 P > R E 1S > WA
£*>%t§’ﬂ¢ﬁmmm$%ﬁﬁgﬁm
Mmeps e THER. ERMBSE>E,
ROH SR E e T BRI 5, 5=

BB+ oWE. X5HEDE KGN ZEEA €
MIoC &R . BETCRWT, T F i G 0 PR e A e

HRRE T R K, F5 P M ARG, 7 2R
i, M EER, HkEEXK, BAAEER
an™™ . M R O R P v R O R
T A bk R ML, T R T A
Fok A T H AR 2 BERE 1. kT s, A
ER, R TR R Ll A LR R R B A
B dxt .

EAEERE R — AR, FERRE T R
TERFRER, REEEAE R EEL 2t
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£ K B A B AR e , e o . . s .
Efﬁifgi“%ﬁiiizgﬁﬁmzxi BB S P R ALt B (R . R
A T A SR - SLTN np g ADF g B G, B H B I3 1
FIVELRL A 5 5 J AT HLRR KB RAT iy g ) M 90495 9 P20, B

e R RN K PR R AR e, e

LI, TR0y 9 BOR BT, SREVEMCHCR, W g g g op & RMIRH R (IR JURD G RO
ABHLE T WL, ERAKD . LR SR s REV B, KRR S R
B ROTRETRE, BEATEMAME  RevZRARE. GOMN A M, &R
SEACER T P R AR Dy ) SEEO R ARSR DL B A L A LR PR E R b B — s AR
TREFRXMAEP Sy, ST REREEE %, Hohata R AL TR RS, R
i ARG KA T 72 R X O 00 R KL
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