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Table 1 Sampling period of four forage species in the experiment
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25 2022.09.01
WA 2022.07.18
e ZA T 2022.07.24
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Table 2 Sources of domestic and international guidelines for forage quality grading and evaluation

MR (RHR/ )

PRIHERIR

AT Mk

b E & A0l 2 (caaa.cn)

KE bR
i FrL SR RAR g N RSLANE RV AR AT (moa.gov.cn)
KACETE 3 [E AR (usda.gov)
M A IF Balco A & (balco.au)
[515b b5t S % [ 4] 25 A B M b £ (afigc.org) 55 2 76 76 ElH 32K 2 (msstate.edu) 35 [ 5045 K2
- (uvm.edu)
ARAFR} FE A B (usda.gov) F2 El 5 7 78 LL AN 37K < (msstate.edu) 52 [E 3 5 4% K2~ (uvm.edu)
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Figure 1 Changes of yield and key nutrients in the four forages during critical growth stages. A, C, E, and G: changes of the measured values in
yield and key nutritional components of the four forage species—alfalfa, oat, sweet sorghum, and sheep grass during different growth stages. B, D, F,
and H: the corresponding quadratic fitting curves for these four forages; all relevant variables were standardized prior to fitting. For each indicator,
solid and dashed lines denote the presence or absence of significant differences among different growth stages, respectively. The x-axis represents the
growth stages of the forage grasses. XLC: early bud stage; XLM: end of bud stage; CHQ: early flowering stage; SHQ: full flowering stage; JJQ: seed
bearing stage; BJQ: Jointing stage; BJC: early jointing stage; BJM: end of jointing stage; YSQ: booting stage; CSQ: heading stage; GJQ: grain filling
stage; RSQ: milk stage; LSQ: waxy stage
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Table 3 Analysis of the gap between forage quality in the demonstration zone and optimal domestic and international standards®

MO PRt

=22

HRIEWIFR 5 R AR AEIR] 1 22 8

(AHMEEFR AR Z)
HEE A (CP) —1.70+3.45
TRV VLI £T 4E(ADF) 9.60+7.30
seqp e 2 [E 4V #B(USDA) HpE PRI 4T 4E(NDF) 9.53+8.05
B A 2 ARG A (RFV) —43.00+35.85
K53 (ash) —1.70+3.45
SA[THALTR S (TDN) 9.60+7.30
FLE A(CP) —6.57+0.18"""
N FRUEVE 4T 4 (ADF) —6.63£0.26"
LS eI 4T 4E(NDF) —2.27+0.41"
M K4 (ash) —10.91+0.26™"
HEH(CP) —3.57+0.18"
HKF) T Balco s 7] R e el 4T 4 (ADF) —1.63+0.26"
P e S 4E(NDF) 3.73+0.41
F ] R L AR A L F(CP) 0.4+0.36
LR F(USDA) FEE(CP) —1.6£0.36"
. o ML A (CP) —0.6£0.36
ity 2 P PP A SATTI LI 5-(TDN) 733£029"
FLE A(CP) —6.6+£0.36"
el P NS FRVE VLI 4T 4E(ADF) —0.120.4
R B 47 4E(NDF) 3.17+0.5"
HEH(CP) 0.03+0.59
r R RO AR A B e Ve % 4T 4 (ADF) 13.540.23"""
P e S 4E(NDF) 18.63£1.07"
FE A (USDA) HLE F(CP) —3.97+0.59"
S . o HE HA(CP) —0.6+0.36
I PSP EOA A MATTHALIE S (TDN) —3.93+0.13"
FLE A(CP) —8.97+0.59"
[ b SRR 2 FRUEIL I T 4 (ADF) 13.5+0.23"""
P P 47 4E (NDF) 23.63+1.07"

a) *, P<0.05; **, P<0.01; ***, P<0.001. FH1CP, TDN, RFV N IE [f)fiar, R AR R 221y 10 0 22 B M i fia b o bR, 22 (e v U A3 R
s R SEAL; ADF, NDF5ashyfiimdats, BI-5HRHER 2 (4 500 3% B 48 bRl B AR HE. RFV=DMI(%BW)xDDM(%DM)/1.29. TDN=
DCP(%)+DEE(%)x2.25+DCF(%)+DNFE(%), ., DCPyr] 4 & (1, DEENAVE LRI, DCF R AH T 4E, DNFEJ AV L EIR
H

O RE, AL R A v e T I B R B
AT BRI B, WA RENEFY, N
IR E, MRS Rt N, e e
TSR B ARSI E. B AR R
BT, EROGERIR dh R, BRI
BUR, (B FRHabn A TRAEKT, BAE UL BEAT
ek, AT B AR AR, (B BRI Ry
i, (HEFYE S BB, PIERRA4ES ERT55%, A
T THHIE, 23658 BAEPIEATIGER. KT %
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Table 4 Principal component analysis (PCA) results for nutritional components of the four forages
) 2 EShiES Tk Ab &Pk ERIES TCHER
7 ZE iR 56.4% 50.1% 92.8% 57.6%
CP(25.91%) ADF(17.98%) TFA(26.54%) Ca(24.98%)
RDP(24.52%) NDF(17.6%) EE(26.24%) P(20.96%)
e — NDICP(20.1%) starch(16.32%) UFA(24.42%) K(17.45%)
ATk NH3CPE(13.4%) NFC(15.49%) SFA(23.48%) ash(16.24%)
SP(11.43%) NSC(14.69%) - C(11.62%)
ADICP(5.16%) lignin(11.28%) - Mg(8.75%)
- ESC(3.47%) - -
7 72 il R 89.6% 76.3% 71% 87.3%
NDICP(18.36%) NFC(17.87%) TFA(34.72%) C(18.16%)
RDP(18.08%) NSC(17.67%) EE(33.19%) ash(18.07%)
_— CP(18.02%) lignin(15.9%) SFA(23.17%) Mg(16.64%)
AR TRk SP(16.45%) starch(15.72%) UFA(8.03%) Ca(16.09%)
ADICP(15.07%) NDF(15.25%) - K(15.78%)
NH;CPE(14.09%) ADF(14.22%) - P(15.25%)
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Figure 2 Quadratic fitting curves of the ratios of key nutrients in the four forages across the entire growth period. A-D: The variation trend of the
key nutrient ratio of the four forage species—alfalfa, oat, sweet sorghum, and sheep grass during different growth stages. All ratios were standardized
prior to fitting, for each ratio, solid and dashed lines denote the presence or absence of significant differences among different growth stages,
respectively. The x-axis represents the developmental stages of the forage grasses. XLC: early bud stage; XLM: end of bud stage; CHQ: early
flowering stage; SHQ: full flowering stage; JJQ: seed bearing stage; BJQ: Jointing stage; BJC: early Jointing stage; BJIM: end of Jointing stage; YSQ:
booting stage; CSQ: heading stage; GJQ: grain filling stage; RSQ: milk stage; LSQ: waxy stage
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Leymus chinensis (sheep grass), Medicago sativa (alfalfa), Avena sativa (oats), and Sorghum bicolor (sweet sorghum) are four
dominant forage species in northern China. This study reviewed forage quality standards from seven domestic and international
institutions. Through field experiments conducted at the Xiertala Farm in Inner Mongolia, the dynamics of nutrient content
throughout the entire growth period of these four forages were analyzed, and their harvest-stage quality was compared with national
and international standards. The key findings are as follows: (i) the optimal harvesting periods for hay production were determined as
follows: alfalfa at full bloom, oats at the waxy stage, sweet sorghum at the end of jointing, and sheep grass at the heading stage.
Comparing the nutrient contents of the four forages with domestic and international premium quality standards revealed that only
alfalfa approached supreme-grade standards (China/U.S.). (ii) Comprehensive analysis identified crude protein (CP), rumen
degradable protein (RDP), non-fiber carbohydrate (NFC), and non-structural carbohydrate (NSC), etc., as key indicators influencing
forage quality. (iii) Changes in ratios such as RDP:NFC, NFC:NDF, and SFA:UFA during the growth period were also examined,
aiming to extend the evaluation perspective to the level of nutrient absorption and utilization by livestock. The exploration of these
forage quality indicators lays a scientific foundation for establishing a standardized evaluation system for high-quality forage in
northern China and facilitates the transition of the “Standard Forage” initiative from concept to practice.

ecological grass-based livestock husbandry, dominant forage species, nutrient metrics, stoichiometry, standard forage
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