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Figure 1 New forage grasses bermudagrass (A), grain amaranth (B), quinoa (C), sesban (D), forage rapeseed (E), and triticale
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Table 1 The summary of forage nutritional composition and yield of new forage grasses

e MEHR
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HELIR

Fa| SUAY =z 2 N
TR Ggeetm whee)  aRO)  AHOH  AARee  aRey 0 TR ZEAW
¥R 1675 (1#)  13.89 32.56 \ \ 3.54 2013 JTHE EINAA4E, 2017

(F2:1%)
ki 8667 16.00-23.00 \ \ \ 3.40 \ \ iR, 2011;
() FHE R, 2017,
Tt 2 8 TSR [ 4,
2019
NES  2271-371515.60-18.10 \ 53.50-57.10 31.50-34.3017.00-18.50 2019 Rt T R4, 2021
(h171828)
i i i 3% 3586 23.46 11.65 \ \ 4.03  2005-2006 °Hiff BEHAEZ 2007,
(Filih1's) WL, 2021
i 3200 15.60-16.80 \ 34.50-35.20 45.20-46.10 \ 2014-2017 HNEET XEHA 2, 2022
(h#15)
¥ KW 2700 (3%) 16.90-17.9027.20-29.30 \ \ \ 2013 R AR, 2014
M 2150-2400 12.20-16.70 \ \ \ \ \ \ ZSiEis, 1993
S 514 19 \ 35 45 28 2020 4H T, 2022
FH
PRk 1050 8 \ 32 54 26 2020 4E TjH, 2022
FH)

WP HEE2 HP B My ARkm SR, RA
R X — “RET7 R, A AR RDR
Zhar. B, AR PR B R A SR R R, 12
PO PERIE D, I 5y 7 Bt B AR A ] AR
SRR BEE, AITEE w5 mpis i
oA B e b A i R R T R A ) AR . AR
Tk S 2R A (1 T 2 v RO B B AR IR T R L R i
b A R A HE ST R ] B b P A R A AR 25 4

2 REEHREAEMROUENZLES
ki

ARk, TR B A A B B A TR R IR . fEWeb
of Science ¥ ¥ & #1, 43 %l ¥ A\ bermudagrass -

triticale. grain amaranth. Brassica napus. Sesbania
cannabina. Glycine sojaflquinoaiffT “ /8" f&
R, KRIUISHE K (2018-20224F), K % HIBRFRL
i LA AR B S R R 25 I AR 1 B3
fr, JUH R, BEMMEE, REMEEENL T
HuER(E2). EATENZ, HrAmHm=E. &
ZHIRARE « AR A ad s 2 AR B K L
P2 B e R E B2 50T (Chalhoub et al., 2014;
Cui et al., 2021; Zhang et al., 2022; Zhuang et al.,
2022).

DUAR SRR 5, FRATTER R 20 i 3 I AE A 2 AR R
WA AL D Se 4 1. FAE19434F, RE R K
Glenn W. Burtonf; & T CostaliA i F . 19924F
N —% A B F AR Tifton855% & M T (Burton,
2001). FRE XA F R0 AL D iEiE 5 TR E, H
S RER R ZFEREE 1, ER TR S E
R AR U AEAT « J2E DR B B A Ak R AT
LTS T — & MR (R 2) o TEH A HLB S FpBs &
JiTH, HramAM K F ST E WA AR E R O
17 BI5EhE, 55 HE P 8 LA PR A AR R T
K1 (LA T ER Bk 20t 58 B ST b 2ol ok
ARG E R E H— RAIMIRA R A R
ar PR, TR AR A AR AR G M F AR . 200120224 1
V], &8 [ GOpRR b A B Ji ot o B 2% DR A O R4
AR A L1554 . Jm 24, FEN TR (C.
transvaalensis)FHt i 4 7 2 & (8] 2H it B2 [ b
KEAH7 N K 2E P (Cui et al., 2021; Zhang et al.,
2022). {EM MG AR R D7,
R e dQ O P e« A6 m A K 22 R e ROk oK
ST T B A A0 1 MR B adi 4y 1 WL A dr, 4290
%% T CAdWRKY2, CAWRKY50. CdERFL1.
CdSMT1. CdtNF-YC1MICtHsSfA2b%5Z AN F fi 4t
WL, IRt 7 42N (Chen et al., 2015,
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Figure 2 Top three countries in the number of published papers, patents, and books about new forage grasses in the past five

years

2018; Wang et al., 2016; Hu et al., 2020; Huang et
al., 2021, 2022), "MW T8 B MR T
B, VL7528 b E R = BB T o R B i
DURE ) el 1 7R K 25 58 Jm ST 1R 35 5 3 1 ) 2 AR
R PT84 R (Zhang et al., 2016). KK EN T
%) F IR BIRAR #4044 £ (Huang et al., 2022) FIAR &
PN AT ) AR AE S Ak R (Xu et al., 2022),
R k) 4 R TR Ty e AR BT R A 25 R R AL T B AT ST Y
BORSCHE

3 MBREEMEAENEREREYF
()&

31 MBREERAEMRER

H RH B S E Mo b T S B M B, AR IR
T/K#&(Oryza sativa)s EZAEY B4 TREHETHE
Filto ST BY TR BEE AR R (s AT, s e R
AR E, LI SRR S R A R . SR, H T
EAF AR DB, AR, RE TS, I R
AR Ll NS A= G S R G p e Y =i e
IKFESAREAEY), BB B E . SR R Bk

TORMCEMEY), FAE20144F, i LI S 0 2 R 4k
WAl ¥ (Chalhoub et al., 2014). B, Song4s(2020)
AT HETINSHIERAME MR B A, &
TSR EEFAE S, 50N EZIF MR 5SS
HENRIOTTT, A SR FE D RGE . AR
K, B NBIEEARZ —MBE. WREUMT
R )2 BT ZH M P 4 ik 25 58 e (Jarvis et al., 2017; Cui
et al.,, 2021; Li et al.,, 2021; Zhang et al., 2022;
Zhuang et al., 2022). ¥HRii A T FE4 (Amar-
anthus hypochondriacus) fil-£ 1543 (A. cruentus)ft]
BE R 4H 56 BT S 44 28 0 ¥ 4H 2% (Lightfoot et al.,
2017; Ma et al., 2021), #&HRU(A. tuberculatus). %k
FEL(A. hybridus) fH i (A. palmeri){ 5E i T F K
#: % (Montgomery et al., 2020), i & 4 Wi (A.
caudatus) (1) R 20 7 TAE oK 52 . #k2 B AT, H
RS B v AR WARE .

3.2 BEHUERRMTERR

e R PR T8 P A A Rt B ) v 7 AR R o
Vg T H . REFEH AL R, VREERE. A
73 B (Trifolium repens) (184 A =) 2 EE B F
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Table 2 Core competing capability of bermudagrass research groups in China

B9 1] B B R
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B LT 3545 vh [E R B R 50 7 RRUMAAR. BRI AR, S 5 RS
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R PN 552 0 AR MR 80 TR
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0 2% AR 8
BRI . 2
LR . BEALIK SRl R
Ry
ROl R
b A k%
K

BARKE

L8 h E BB AT 5t T
Herpogall R

R AR R 2

D91l K=

x2S

241 % 5% 7 CAWRKY2. CAWRKY50H CAERF145 % A 4R
PUIE Ml ShEEH, FEMF AR A ST T RARRAT N S 00 ok &
(Hu et al., 2020; Huang et al., 2021, 2022); KUk 5<% 635
K% € T CASMTLAICAINF-YC125 2 M A AR P . it 2h3E
[Al(Chen et al., 2015, 2018); FZHUHHI<EFI 1

KR RE T CtHsTA2bZ i} #42E [Fl (Wang et al., 2016); AU
LR 135

SE AR AR F K 4 2H 2% (Cui et al., 2021)

SE A A O AR DR A 2H 3 K A KL S 4H 0 T (Zhang et al.,
2018a, 2022)

WAL T AR AR A A 5 B4 AR I8 A i A 4 R (Xu et al., 2022);
BRI F) 110

TEAD AR A @37 T 0% B 5 T 0 2 N DB 1 & (Zhang et al.,
2016); BRI L F] 1150

I 5E A FARAE SR AE M E T AL . B S AN R 28 9 gt
TS Hi(Ye et al., 2021; Fang et al., 2022; Liu et al., 2022)
R FR Sy RO AR AR R FEIZ AN 52 M (Chen et
al., 2019)

L% 5E T M A M EE R g /) (Cao et al., 2022), 404t T | AEM T
R 33 A% 2 B PE (R4, 2007)

s P B SRR A N B SRR [ O AR 5 B I (2001-20224F); SCEHE K IF T Web of Science T £u# i (. £ 20224); %

HECHE RV T B SRR BUR (B 202244 B A1) -

The variety data is from the official website of the Ministry of Agriculture and Rural Affairs of the People’s Republic of China
(2001-2022); article data comes from all databases of Web of Science (as of 2022); the patent data is from the State Intellec-

tual Property Office (effective patents as of 2022).

BRI AR FE A A R ARG B, R 2R ] R (1 TR A e Ak 4
R T B —P TR « XuZE(2022) A7 T = A8 AR I
RFF A TR F RIS R e, @l TS
AEFR, IR YR E1536.8%. 1% 7124 FH Wranglerf]
FIREFT %S @A LURATIR Y. SR, 1A
RKZAAE ALA MR G SER MMM R, EEIZE
B2, DA RSME RIS T @G A SR IR TR
AR ERE . LR, Huang%(2022) LA 22 BN A
R IDEESE T R AT B A S ) F R LA A &R, I
FIHZ R G485 T CAWRKY2-CdSPS1/CACBF A Bt
kG R IR i SR B o1 R AT | N S =i i
TE R 7 308 5 S DR B PR AR 7 A 2 6 DR ) F AR R 1)

Jii o SIS, KPR AR B A Ak Rt 5 L ARGE .
Castellanos-Arévalo % (2020) il i & M 4 FF i 3515
T TS AR B R BRI . Munusamy %
(013)FI AL P iR Y @ 3L T — B AW 4LR: 77
H A 0 (A, retroflexus) (1844 T 3% it (8 FE AL IR R,
{RHACRAUN1.8%, HIGEEAR WA g . Bl
HAT, 23, BT HEM/NBEZ ARG B
FERAAR Z2, RO HIFR 1] 1 22 2 56 3 1Y ] 20 1) L [R] 1)
(IR ARY WO e WrtaR e

3.3 EREMFHRES FRENNHAE
RGN B R 2 AW A M ROR S AL A 2 5
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W R B A A A VIR 2 LR B E TN TR

3.3.1 ImESFHLE
T E AT 191.2x20° h® Bk L AEBEA (s A 2 4,
TRVARPRR 22 42 ] AT AR 08 o $5£220.78x10° hm?iifr +
iy R R, R iR e A AR 2 4 ) AT R R
o EhHb e 3 Al bR R SR, ST B
EVIR Sp A B G A B2 . RETRET5
H AR & B AR DL, XA R A )
FREE T B AR X T R ) s B A7 B 5 0 5%
fF, H IR R IR . AR SR O B DS
B b Py e DRI, T A 2 O R M A R
H R JIREY), DR R R 5 AT ML o

T £+ 05 RN 2E S5 510 VIR 2 52 2 FE DRl %
IR EEVER, 2 2B R 520 . Zhang®(2018b)
DU 3 704 0l S 6 5 i 2205 0 £ 50UR 5 R 1423 9 55
KRR T Foaliff, fEAL04 (014 [f)15.70-15.82 Mb
X )58 £ B 1S ERLQTL, HIfEFE36.0%[1 K AR 57,
FHAEIZIX 8] Py i 16 21 1A 6 5% 126 2 K] Bra009510.
SR, B Y 0] R 3l A7 AE 2 A5 RIS A0k Bk
ERGEA YRR, NQTLEHMARIGIHI A R T — & M)
PRI, 4= 3[R 41 SCBE 73 #t (genome wide association
study, GWAS) A2 4t 2L 1] B0y 10 ik R SR R4 it 1
—AMRUFH S . Jin%:(2021) il 1T GWAS S & £ iA 7
#r, KPE K G ERD15B (Early Responsive to De-
hydration 15B ) /5 31 [X 38 1) 7 bpik 2 7] & E 42 K
T ERE o ph T A A ) R 2 AR e
AR, BRI T GWASTE & A4 ] B 41 100 5L R 4%
IR o

U Ah, I S e g B, R T WRKY
(GSWRKY20 . CdWRKY2 1 CAWRKY50) . ERF
(GSERF7. GSERF71#ICdERF1). MYB (GSMYB15)
MNAC (BNNAC5#1GSNACO019)4%i#% % #: 5k H 15
Sk BORGA FHRAm EE . B A FE
(Zhong et al., 2012; Cao et al., 2017; Ning et al.,
2017; Yu et al., 2017; Shen et al., 2018; Feng et al.,
2020; Hu et al., 2020; Huang et al., 2021, 2022). %A
T, HH T K 25 B0 2 ) 5 v R S ST ol ) 1 A e A 1k
&, SFHBZ SR B ERASEE R, G 7 Hid

S A B R O AR R SRR AR ) e 831

SEER RS OB AE, B R4 1 030 5 TR R R RS B
[ %

3.3.2 FZERIBIEHS

AR, BAE P B I E B SR, Bk = AR &
FNEENASMA R ILEER FEGIE . FPRDE, /N R
72 FNRE A S R B ) R AR K AR (B, 3 il I
B80T WAL R A o ARIER R 5 i 2 vy
FERR I EER G R R 2 —. Bk, GTfEsd s ey
FEE A b, ORI M BUER A )2 R B R
T THT I (%) R T () Ao o 7 ) B {3 AR O
BRI, 3 T ) e R 4 4 55 0 | b - B3 & = A
Tolt, T2 AR 2R e B A3 AR Il b A AR L AR AR ()
BT, XFHuER LR R IT T KA
MUNZZSERAR E LR EIEY) b . R BER S m %
PIFE, “atfariER” SDLMIHURREAEHLHH
RSB TR T IR = 5 28 PRI 22 Bl B
. DRI, ZEAFHURCR FE ORI B BB R B8
PR ER AR . KEA4EER . ARG
A2 s DR A A ST ek 52 ) 2R i R Sk T AR P Y Bt
FUREE T BT R B RS B R i . e 3%
Ak RN L BB AL AR A Ty i g, s i (IAR
TR AL 7040 5 T e R B A R LIS (2018) X
A7 24 H WA SR ZE AT B SR GERLT 1 B
7y R AER RO AT R EE R A KRBT, 455
WGCNATfi i F|ESK1 (ESKIMO1). CESA6 (CEL-
LULOSE SYNTHASE 6)fIFRA8 (FRAGILE FIBER
8)AF CH ik B HL K] . A H T, W2 AR RL D A
BB AR B K B BAR B SR AR b TR R T L W
MR EE R R

R

ENEE=

3.3.3 ENSFULH

BB N T s, Vi 2 RSP IR —
SE VB AEPE, B FYR R AR AE . YRR ANE ™ &
S B R R A P OR, T B RLM PR TS
HAEPI A . TERL OB B v R T N A
BRI R 72— SR, A 5% T 2L ) B R L il
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B B A 1 VA R TR O MASE S 7K R v 2 4 A o
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%, f1FEgSH1. OsShl. ObSH3. sh4/SHALl. SH5.
SHAT1. sh-hA1OsCPL1% % &4 K] (Konishi et al.,
2006; Li et al., 2006; Lin et al., 2007, 2012; Ji et al.,
2010; Zhou et al., 2012; Yoon et al., 2014; Lv et al.,
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2013; Cao et al., 2016; Sun et al., 2016; Jiang et al.,
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The Fundamental Biological Problems in the Development and
Utilization of New Forage Grass
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Abstract Forage grass is the cornerstone of animal husbandry. However, the shortage of forage grass caused by the
lack of elite varieties and simple planting structure has been a bottleneck for the forage grass industry. Therefore, the
productive yield potential of new forage grass species besides developing traditional forage grass should be mined. New
forage grasses developed in recent years have great advantages over the traditional forage grasses in their feeding value,
including yield, nutritional quality, adaptability, and stress resistance. In this review, we summarized the research pro-
gress, development trend, and core competitive value of several new forage grasses, including bermudagrass (Cynodon
dactylon), triticale (xTriticosecale Wittmack), quinoa (Chenopodium quinoa), forage rapeseed (Brassica napus), grain
amaranth, sesban (Sesbania cannabina), and wild soybean (Glycine soja). We also discussed the basic biological prob-
lems in new forage breeding. Finally, we provided suggestions and strategies for innovation of the new forage grass and
sustainable development of forage grass industry, ensuring food security.
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