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Figure 1 Statistics of forage varieties approved by the National Forage Variety Approval Committee over the past two decades. A: Annual number
and type distribution of nationally approved forage cultivars; B: taxonomic composition (family and genus) of nationally approved forage cultivars
(data were obtained from the official website of the Ministry of Agriculture and Rural Affairs of the People’s Republic of China https://www.moa.gov.
cn/nybgb/2025/202502/, data in 2010 are not available). In line with the official cultivar approval announcement in China, we counted Napier grass
and fountain grass as members of Pennisetum in our genus-level statistics. However, according to the APG IV classification system, Napier grass and
foxtail grass have been reclassified into the genus Cenchrus, and their internationally accepted scientific names have been updated from Pennisetum
purpureum and Pennisetum alopecuroides to Cenchrus purpureus and Cenchrus alopecuroides, respectively. These updated names are adopted
throughout this article
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Table 1 Nationally approved forage varieties in China over the past two decades and their suitability for marginal lands”
TEFpyE ik T % B} Y PR B A

ZRAL AR B EYia-F Medicago sativa TE HEISEWEHE H R 2024
ZRAL AR B lip Hordeum brevisubulatum RAF [RFNELPN S B A R KT 2018
AL ER B L[ ERTE 2 Puccinellia chinampoensis ~— AAF} AR 25T AR H 2015
ARACE T i Echinochloa crus-galli ARAE KA LHgESy Sy 2013
ZRAb ER I EXiR Apocynum venetum JeT R R A TR % A iR P A= R S A 2009
R ER B R BIE Vicia japonica g8 WL IR T B A R b 2009
TR R ARV I AR B HLETE Medicago sativa 2F FEISEIEETE B AR 2024
T AT I LR Y5 VA R B HETE Medicago sativa ZF FEI0SEETE E A 2021
BT MR LR Y R B HETE Medicago sativa Z2F FE SR E TS Ay 2019
H T DL R R el KA TE Medicago sativa ZF} HETSEIEETE H R 2018
BT MR LR s A B KA TE Medicago sativa TR FESSERILETE H R 2017
p ] kb DR e AR B fEF 5 Elytrigia repens RAF P VAS (S B R 2014
p ] MR DR e R B EVia-Fr Medicago sativa TR HESSERIEETE H RS 2014
F ] MERD DL R Ve R A KA TE Medicago sativa TE PSS RIS H 2011
BT MR LR Ve R B VPRI Cynodon dactylon ARAE THIS B 2 AR LHEASy Sa A 2009
FE R DL RV i AR B flE 3 Elytrigia repens AAF} SR Ay 2009
FE MR DL RV i AR A HILETE Medicago sativa 2H FE3 SR E B R 2009
P 5 ot F P S A X R R FH Leymus chinensis ARAR hEl6S B b 2024
PN 52 ol R T S B X R et I FHE Sorghum sudanense AARL  FREWISIFHE B 2021
PN 552 1y o P S X S et TRZR VK Agropyron michnoi ARAR  BEAIRZKE S A AR R 2018
P 5 ot F P S X R R F AR Leymus paboanus RAE Ly R A A RS i b 2018
PR 5 oty F U S X A A ES Leymus chinensis RAF iRl SR E B R 2014
5 1 HR L X R b LS| Krascheninnikovia arborescens R} GsAMAEICIESREE  BRAE KT SR 2013
PR 5 oty HR P S X A B Fr&4ag )L Caragana korshinskii RARE SIRZHikT 583G 7 AR ks SR 2009
H e R e P X LRESESS Festuca sinensis Keng RAE R CE S S A R A 2024
T e SR pe S X ok Secale cereale RAF H15BE H R 2024
T o i FE L X NEZE Triticale RAF k35w H 2021
H o R e P M X E3 Leymus chinensis RAE} R ERR=E B AU 2021
T e i FE b X ES Leymus chinensis ARAE R 7SR B s 2021
e i FE b X ZTE Elymus sibiricus ARAE TELZ T4 LHEaSy Sa 2020
T e i e FE R X T FF Festuca kryloviana RAFY EANEESE S 2 B s 2019
e i e FE R X aNEe S Triticale RAFY w25/ NRE B 2018
T e SR e X HE P B Elymus nutans RAE R b AR A R R 2017
e e FEH X i i Vicia sativa R A2 T W B A 2015
T e S e R X i Vicia sativa GRS ZEBSEN GG B A 2011
T e S e R X #eH Avena sativa ‘Aba’ RAF Rif 4J1ate A o7 2009
PE AL X Bk KA TE Medicago sativa 2R} HAR14 5L ETE H R 2024
PG IX Eh f CRCEE Lespedeza potaninii TR i A% B AR B M A R % b P 2023
PE G X B EYiA-F Medicago sativa TR HaR 125G H R 2022
Pa G X 3 B ik A Vicia sativa TE PR L 75 el 2022
Pa G X 3 Bl EYia-F Medicago sativa =28} HAROTEILE A B A 2017
Pa AL X 3 B T B Cleistogenes songorica RAEL BRI B A AR R 2016
PaAbHL X Eh b WAL TE Medicago sativa R HARSSEILEE B 2009
AL X SR A HLETE Medicago sativa 2F FE 65 RKALE E B R 2009
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PGS b R A KA TE Medicago sativa R RS RIEE T H R 2024
P - SR B4 T TE Medicago ruthenica SR T R i E A R A 2023
PEALHE 4 R B4 fyE Leymus secalinus RAF A M A R i P 2022
FEAL B s R B A Fith R EOR Poa pratensis RAF AT Bt FL R A AR R 2022
PEALEE b R A EViA-F Medicago sativa TR RS ETE H R 2021
PEbE b R AR EYia-F Medicago sativa TE PRSI ETE H 2018
[l g EYiA-F Medicago sativa TE HARTSEIETE H R 2013
[ = AR T Lespedeza bicolor 2F B AR 18 2 BLEH AL T LHgESy Sa 2013
FadbsE b g HILETE Medicago sativa 2F TR KILEE B R 2009
P Y155 8 3 X RE Cenchrus purpureus ARAR NE1SHRE B R 2024
PERE VO A X My Dactylis glomerata ARAFL RS [gasy=a ey Ui 2021
PERAPY )2 R X B Coix lacryma-jobi RAE HARILE W 2R s 5 o b 2019
PURG VO A X WAEF Raphanus sativus +FAeFR BT Hu 7 R 2019
PG DY 1R £ X HHE Cichorium intybus 4578} W3 1 5 i A 2009
BT RE T SR T Tp R AE Krascheninnikovia ceratoides v} L DREL 45 %2 B A R e 2006
SHTBE T AR A LS 4 Krascheninnikovia ceratoides i} AL TE gk 3 B A R R S 2006
WA 21 3 X AL Stylosanthes guianensis TR 225 E WAL B R 2020
W Ay 41 e kb X T HEALEE Stylosanthes guianensis TR 245 £ WAL H R 2019
W Ay 41 e kb X F W HEACEE Stylosanthes guianensis TR 255 E WAL B RO 2016
WA 41 3 X [ -y B Chamaecrista rotundifolia TR Iie) 5 25 [ - e B B s 2012
W AT 41 3 X [ -y B Chamaecrista rotundifolia TR i) & 15 [ - e B B 2011
SV A £ e X I Stylosanthes guianensis 2R MRS A B R 2011
E A 21 3R X WAL Stylosanthes guianensis 2R A0 5 AL B s 2009
3V A £ 3R X FE Cenchrus purpureus ARAE IS R B 2009
oot R PR X IR Sorghum sudanense RAR JN 9525 5 A B R 2023
= ot R B X PSR Sorghum sudanense RAR JIFR 15 TR 5 B i 2022
=5t JE R X Rt Bromus catharticus ARAF} IV A 2 B AR AR RS LA 2020
2o R e R X BFE Fagopyrum dibotrys R B i A R R 2019
2 5t e JE B X (LB 2 Dactylis glomerata RAFL G P AR s R 2017
= 5t e JE e X 2=t Trifolium pratense SR Ha1sa = B A 2017
2ot e JE P X = Festuca elata RAF} IR =2 T A R R 2009
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Table 2 Research progress on genome assemblies of forage species in China®
W W14 Za itk BRAKAD  REE®% BEFI%)  BHTHR
B A7 bR Apocynum venetum FATHE 2n=2x=22 228.80 Mb - 31.34 [27]
ACE Arachis hypogaea R 2n=4x=40 2.55Gb - 54.34 [28]
P Astragalus sinicus FE 2n=2x=16 595.52 Mb 1.21 59.84 [29]
ez () Avena chinensis RAFE 2n=6x=42 10.76 Gb 0.011 86.95 [22]
AR Boehmeria nivea TR 2n=4x=28 294.00 Mb - 54.85 [30]
FEAE Canna indica ENHEEFR 2n=2x=18 821.00 Mb 0.76 63.59 [31]
Fr o Caragana korshinskii SR 2n=2x=16 1.49 Gb 1.61 66.23 [32]
1.97 Gb 1.5 66.29 [33]
R Cenchrus purpureus RAF} 2n=4x=28 2.01 Gb 1.02 71.36 [34]
2.08 Gb 1.3 60.74 [24]
REE Cenchrus alopecuroides ARAE 2n=2x=14 845.71 Mb 0.43 60.66 [35]
HWE Cichorium intybus EEp 2n=2x=18 1.28 Gb - 79.2 [36]
T Cleistogenes songorica ARAF} 2n=4x=40 540.12 Mb 0.16 41.06 [37]
B Coix lacryma-jobi RAF} 21n=2x=20 1.62 Gb - 75.39 [38]
T R Cynodon dactylon ARAF 2n=2x=18 604.03 Mb 6.8 41.1 [39]
LB Dactylis glomerata RAF} 2n=2x=14 1.84 Gb - 68.56 [25]
g Echinochloa crus-galli PN 2n=6x=54 1.27 Gb - 40.7 [40]
FEFEP AR Elymus nutans RAF} 2n=6x=42 10.47 Gb - 83.02 [23]
P Elymus sibiricus PN 2n=4x=28  6.93 Gb/6.57 Gb - 82.49/86.9 [41]
EFHRE Fagopyrum dibotrys 2} 2n=2x=16 1.08 Gb 1.02 68.21 [42]
LN Glycine soja TR 2n=2x=40 1.01 Gb - - [43]
iy Hordeum brevisubulatum ARAE 2n=2x=14 3.47 Gb - 83.6 [44]
T Lespedeza potaninii FE 2n=4x=42 1.24 Gb - 59.02 [45]
ESN) Leymus chinensis RAF 2n=2x=48 7.85 Gb 1.37 87.76 [26]
ZEFMLE Limonium bicolor HAESHE 2n=2x=16 2.92 Gb 1.48 82.3 [46]
PN Manihot esculenta KEk A 2n=2x=36 664.50 Mb 0.7-0.9 69.86 [47]
B E Medicago polymorpha S8} 2n=2x=14 457.53 Mb 0.06 38.04 [48]
2n=4x=32 3.15Gb 0.02 55 [18]
. , , o 2n=4x=32 816 Mb*4 1.79 57 [20]
R Medicago sativa Tt 2n=4x=32 274 Gb - 56.8 [21]
2n=2x=16 793.2 Mb 1.9 55.55 [19]
FIFERLAHR Melilotus albus EX s 2n=2x=16 1.04 Gb - 71.42 [49]
FORHE Melilotus officinalis TR 2n=2x=16 1.07 Gb 1.76 71.5 [50]
LOYlINGA Mucuna pruriens X 2n=2x=22 500.49 Mb - 39.75 [51]
B Neotrinia splendens ARAE 2n=2x=48 1.17 Gb - 62.37 [52]
FANCEA Onobrychis viciifolia TR 2n=4x=28 1.95 Gb - 63.55 [53]
IR EM Paspalum vaginatum ARAFE} 2n=2x=20 646.90 Mb - - [54]
WG Pisum sativum 2R 2n=2x=14 3.80 Gb 0.08 85.59 [55]
o . _ o 1.11 Gb 1.56 62.44 [56]
e Puccinellia tenuiflora RAFR 2n=2x=14 . - 549 (57]
WT Raphanus sativus +1e Rt 2n=2x=18 476.32 Mb 0.14 52.31 [58]
B Secale cereale ARAFE} 2n=2x=14 7.86 Gb 0.26 90.31 [59]
[GE Sorghum bicolor RAFR} 2n=2x=20 724.85 Mb 0.1 70.41 [60]
PSRN Sorghum sudanense RAEL 2n=2x=20 715.95 Mb 0.225 71.25 [61]
2= Trifolium pratense TE 2n=2x=14 423.00 Mb 1.57 52.81 [62]
#w"E Vicia faba SF 2n=2x=12 11.8Gb 0.49 94.49 [63]
(e 5] Vicia sativa SR 2n=2x=12 1.93 Gb 0.09 83.9 [64]
GING Vigna unguiculata =ZE 2n=2x=22 (c}}3‘9§36539235;61\1/3[)]é 0.18/0.22 56.97/55.25 [65]
ERGES Zea mays ARAFE 2n=2x=20 2.18 Gb — 88.37 [66]

a) R ITFI N IE204F A A5 [ 5 1 5 BB it
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Table 3 Functional genes associated with abiotic stress tolerance in forage species
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Forage germplasm represents a foundational strategic resource critical to China’s agricultural development. It plays an indispensable
role in ensuring national food security, advancing agricultural supply-side structural reform, promoting ecological civilization, and
fostering high-quality agricultural development. With evolving dietary patterns and the rapid expansion of the livestock industry, the
demand for high-quality forage has surged in recent years. However, constrained by China’s fundamental reality of “limited arable
land supporting a large population”, forage production must adhere to the principle of “not competing with staple crops for arable
land”. In this context, marginal lands, key arenas for implementing the national strategy of “storing grain in land and technology”,
have assumed heightened strategic importance. The rational development and utilization of these lands not only help alleviate the
shortage of high-quality forage and reduce import dependence but also enhance their ecological functions, thereby achieving
synergistic ecological and economic benefits. This article provides a systematic review of China’s recent progress in stress-tolerant
forage germplasm innovation, breeding and dissemination of improved varieties, and development and ecological management of
marginal land resources. It also analyzes key technological bottlenecks and current challenges, and proposes strategic
recommendations to provide scientific and technological support for ensuring both national food security and ecological security.
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doi: 10.1360/SSV-2025-0146

18


https://doi.org/10.1360/SSV-2025-0146

	耐逆牧草育种与边际土地可持续利用研究进展
	1边际土地: 保障牧草安全与生态修复的�重要储备资源
	2耐逆牧草: 边际土地开发利用的关键支撑力量
	2.1选育耐逆牧草品种“藏粮于草”
	2.2我国牧草从基础研究到育种应用的创新进展
	2.2.1基因组学研究: 多维度解码牧草生命密码
	2.2.2耐逆机制研究: 探寻牧草逆境生存奥秘
	2.2.3基因编辑技术应用: 赋能牧草育种新变革
	2.2.4表型组学技术创新: 开启精准鉴定新征程
	2.2.5数据库平台建设: 搭建科研数据共享桥梁 


	3扩增边际土地产能, 实施“藏粮于地”战略
	4边际土地高效利用与耐逆牧草发展建议
	4.1系统评价与创新利用并举: 优化牧草种质资源布局
	4.2加速耐逆品种智能化选育: 聚焦边际土地的�复杂环境适应性
	4.3牧草种植技术与模式创新: 智能化管理提升�边际土地利用效率
	4.4构建长期生态监测与效益综合评价体系: 支撑生态修复决策
	4.5政策支持与科技推广共进: 助力边际土地耐逆牧草产业发展

	5结语

	Advances in stress-tolerant forage breeding and sustainable utilization of marginal lands

