%34 % P2 oW % 2026 4 2 A
Vol.34 No. 2 ACTA AGRESTIA SINICA Feb. 2026

doi:10. 11733/j. issn. 1007-0435. 2026. 02. 001

Sl XIER, TR, (R0, % B (R0 IR P A 50 ot Jie i Rl R BT, mo a4, 2026, 34 (2) :377— 391
LIU Rui-chao, YU Lin-qing, REN Hui-min, et al. Research Advances and Breeding Prospects on Alfalfa Flowering
Time Regulation[J]. Acta Agrestia Sinica, 2026, 34 (2):377— 391

BEEwEAERRERREMEREE

X EA, THRE, ARBH, K%, ERE
(i 5 5 0 (6 M) 1 2 S O TR S 3 L NS 2k ARl S 2 B AR T IR AIIE A% 010000)

W E  H 45 (Medicago sativa L. ) & A PR T2 0 S RHPCR , PRI AE W, B SR M (8D 30 N 1R L 3 1 MR i g iz
FAR AR o TR A6 B IR0 1 7 A 3 300 A0 O B o B, L2 5 W A R B RS R IR R A R R
[F) 7 A6 30 B e R 0 25 5 1k s i HL A PR B AR O . AR SR R B S AR W 2 g O m U T
— MRS R B TOREN GRE R G R LS R Rk g JE AL . B IR B A AL B 5T 7 T 4T
AETEFERE T 9% W55 B R RSSO A A IR FE A I R AR LR T A A IR R O B AR R AR TR
T A6 00 00 AR 25 TR B Ik DR RS LA, D45 MR T 2R ok & Rl R o 85 8 10 0% 0 Ak SR W, LAY Ry i 7 s 7 0 5 7 R R AT
e IR Sl N S I D E (s

KW E A IR ] AT R B/ R

FESZES:S551+.7 SCHERFRIAED : A X EHE :1007-0435(2026)02-0377-15

Research Advances and Breeding Prospects on Alfalfa Flowering Time Regulation

LLIU Rui-chao, YU Lin-qing’, REN Hui-min, WU Xiao-feng, CUI Le-le
(Key Laboratory of Forage and Special Crop Biology, Ministry of Education, College of Life Sciences, Inner Mongolia University,

Hohhot, Inner Mongolia 010000, China)

Abstract: Alfalfa (Medicago sativa 1..) is a globally important leguminous forage crop, widely cultivated and uti-
lized due to its high biomass yield, nutritional value, strong adaptability, and excellent palatability. Flowering time
is a critical stage in alfalfa growth cycle, directly affecting forage yield and quality. However, variations in environ-
mental factors and genetic characteristics often lead to significant differences in flowering time, which in turn affect-
ing its production, cultivation, management, and harvesting efficiency. In recent years, significant progresses have
been made in the field of molecular biology, revealing the regulatory mechanisms of flowering gene expression was
influenced by photoperiod, temperature and hormones. However, in China, the research on alfalfa flowering time
regulation remains insufficient, with challenges including weak basic research, outdated breeding techniques, and
inconsistent flowering periods among cultivars. This review summarizes the recent advances in the regulation of
alfalfa flowering time, explores the ecological factors and genetic mechanisms influencing flowering, and proposes
future optimization strategies for breeding and cultivation management. The aim is to provide theoretical support
and practical guidance for high-yield, high-quality alfalfa breeding and sustainable utilization.

Key words: Alfalfa; Flowering time ; Growth cycle; Flowering genes; Breeding

B #& (Medicago sativa LOAVE N R ZFAE B2 A B0 M2 LR Fp 5 7 B e e 2 4, 2
) T B G RHACR I G R R SRE RBE D MW A R R ETORIERAR SR TR A R
2ok AR ORI SRS AT O B a0 SCRE B B, A L R W Rl TR T

Y58 B #3: 2025-03-13; & @ B #3 : 2025-05-23

BEEE 50 A IR KRR 500 B 7o) 2 X 15§05 T 5k A6 A 0 vk S I O T R AR B R F 5T 5 /R v 7 (2023 YFHHO0083) 5
NS IR X 4B BRI "I B 00T A T AR e E Rk B R 57 (2022BGS0020) 5 “BHE A #r 2030 — F KT H T a7
(20227D040110302) % Bl

TEH BN XN (1997-), &, PO , N 5 T2 iR A Bl 5 A, 32 30 A S0 05 & Ah 5%, E-mail : liuruichaonnd@163.com ; 3 {5 1E &

Author for correspondence, E-mail: linging_yul26@.com



378 B

S 34 4

Jot be AE B B4 14522 B 1, i 52 we G 3 N PR R A 25y
Aiv, PG, 5 4 T AE i 18] A7 Bl T 08 A A 4 A= 4 4
XN ) PR 2% A1 A3 O P o R 11 A A0 e i e
TR AR CEFRIRY R KRR
PR A SE B B, e D R B B ) A B B B ) A R
JedRH EE A BB AR AT 2 S B IR L 0
PC 25 A€ 2% K T3, AT D2 I R =25 9 2R 4 BRI AR
Wik Jez, 4B A i n] B SIE 1S IR AR IR, S i 4
FH AR . S AN R A BRI I 3E Cln T 5
3 R BE ) 23 B2 R A 1 A BURR AR B AR B Y R R
T A TR B B A A B e B Aot 7R AR AR
B35 P BB L RO B A A
SRR X Se AT T O 0 T A R B A B R e
PO AR A R G T R AY B RN S B AR A
A B TR B B R AR . HR I E AR
AN B S BOH A AN B S, e LT A
IR 0T T T 26 V8 5 70 5 BIL B A% G T B A vh A U
I IT RAE /N 22 SRR ) v, 6 22 4R AR R B T
AERTTEAR D, 2 B4 v A 15 48 IR A 558 [ 30
i LR KRR L E T F 5T & R CRISPR/
Cas9 £ A Gt ¥ B A B9 TT AL 0L 45 5 BORCRE T AE 1) 8]
JER W] AR AR e AL BT AR,
[ S A9F 5 B 3 L aE ok o 2R ) e T BURR A AR T
FE I [ f) 98 AL 6 JE 3 LI RE AN R S N R
X IF A R Rk p s m o AE AN — B S 8
Toft (4 J 380 B 2 22 8 5%, LA R M AL A Wi A G kR
AP 1~ 9 58 b A A 7 I e AT A 7 R R B
U, F L A A6 BT 5T DT T N 5 2 A AT O
{2 A1 e k22 56, U1 3k o AR R AR Y el
BE S BUH A AL WA )R R B R BT I, 4E
W —Fovk 2 AE T ORRR B v R O B 1] AL BT LA
A7 B PR AR WAL, BT AE 1096 245 /5 S X))
A1) o 2 T A8 B [ % 9 42 95 N 52 A% 1Y 3t A% T 4%
0B S5E 0e EAL A, B4 O TR R R AE S
oI B 3R N0 7 TR ) LA B 5 Bk IXL A B DA T o G 4
K, Bl 73 1 A2 W2 0 TR A R B R g
[l A A 2 3 AR B s AR 1 AL O T BURS T i E
P dE R T 2 A5 IF AR O B9 R I RO 45 0k
PRI SR, e K T SE R T AR B TR b S
B, BT G AR — S ELE A R A 25 R BT A A
Foft AT Y H I ST B R AME R . AR SCEER T A
A B WS AL BB ST DL , LA b T A 31 TR 4 Y

WS B R T HAE F A R i R T, DL
T A Tt A A R R 7 00 T AR T B Ak B AR K A0 A SR
W S HF

1 EAEEmMBNESHSEHS
15

1.1 ENEESRMNEESHHRER

e R E S M EZ — B EE R
R AE R T AAEENETNE. BT
T AL R R 2R AN ] DX A S B X
HAE B FAE RS BRI A B 7 28 T R E R AR
R, Bl AE 7 WOl 1Y &R, AE 0 R B AN WG A0, 4
far il b B AT B AR E A 09 AR E U Y Y
R TR) A T A R A0 ke T OH R A
A EAEEE . WEENMER, B E
I AR A K R B R IE SRR R 4
(R D BAWFERAE 2B R84 & IR,
B X 2 R R4y O GRS 55~65 d R AE .
120~125 d #f ¥ L0 2GR E J5 65~75 d I 16 |
125~130 d A7 20 e 2 GR 7 J5 75~85 d I
A6 .130~135 d FhF AL 2O (B 2GR 75 )5 85 d DL B FF
1. 135 d LA ERF RO . b E R AR A
RN A BT R 0 7 R A Y
e B A AR T R 0 X TR A 1 IR
A= 848 2O E 2 N [R] AR I A R O
SAE T 18 IR O R G A B R )
T, 8 A 0] b DX A 5 R ok R B A
HAFN AL = AR F 1, DL R = A N 2E R, X 58
EH 1 ST I AL, 25 R WoR R R 5 A F W
(28 BAE T v vk i aF 4 M 1 FLTR
MR =Bl B &, A, R ™ e
B VG A% v Ml DX, 6 G AE T BRIX 8 B R
A TE R AT WA PR RS IR R T T
REIB ., BRRY], AR5 W R E 90 91 H
A KL IR 43 RAR X ) P A (B B R, P TR TR AT 4
FIER PV U 21 4 0 1 e IR, R W L85 0 2 e A i X))
BRI . 2% BRI E T AR WA R4 e DO
A MARKRSERAK R REAEYRERRER, B
A A, LA BT 1 T g — ORI R L BRI
A7 LA, 3 N HIL AR VRl i BE SR, S AR A AR
H1F b A T Y LI



%2 N A R A R AL R AT 5 R R 379

x1 BHELEBFHHREST

Table 1 Phenotypic characteristics of alfalfa growth stages
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The growth period typically refers to the time from sowing to harvest or winter dormancy. The entire growth period can be divided into the following stages:

BB I A B T~ 208 J 5 o 55— ) O, 2 S 5 7 A 1 55— A EO A
Seedling stage From seed germination to the appearance of 1—2 pairs of true leaves. The cotyledons are the first visible physiological structures. The first
true leaf produced is a simple leaf
BRI B 0B B L0 AR ZRK /N T 15em; WA i WL 2F AR B0 3€ 5 4278 B/ B 2

Vegetative growth stage Stage 0: Early vegetative

HIRB TR
Stage 1: Mid vegetative

Hom B BEFRIEW

Stage 2: Late vegetative

Stem length is less than 15 cm; no visible buds, flowers, or pods; small axillary buds
are present

ZRK VG 15~30cm s B4 AT UL 2F AL R 3% 1T 20 B ] g mh 7E 2

H e

Stem length ranges from 15 to 30 ¢m; no visible buds, flowers, or pods; axillary
branching is concentrated in the middle of the stem

ZRKT 30cm; 75224 K U A AN AT 0L A4 28 76 sl 3 I IR AL v DL A A B 2%
Stem length is greater than 30 cm; there are invisible buds, flowers, or pods at the
top of the stem; elongated branches are visible in the leaf axils

B AR R I B x4 ER N D — BT R T IR ZE 5 N BRI ; 2200 1] R 55 9 A AR R R KO
Reproductive growth Flower bud Stage 3: Early bud otk
stage development One or two nodes have visible buds; no flowers or pods can be seen; the tightly spaced
nodes at the stem tip allow the flower buds to grow in clusters
S4BT B W oF A=A LU A2 R AR RIS
Stage 4: Late bud Three or more nodes have visible buds; no flowers or pods can be seen
iz 55 5B B JTAE B AW —FIPHAE . A BUL R IE  TFAETE 220 TSI IR, 01 2R 72 9)
Flowering Stage 5: Early flowering stage WAL LA MT T EE
period One node has an open flower; no pods ca nbe seen; flowering begins at the tip of the stem,
the buds develope above and below the initial flowering point
55 6 B Be JTAE MG I AW L BT ROE AR 55 B A ST L
Stage 6: Late flowering stage ~ There are more open two flower nodes, and no visible seed pods
I b B JIRER M5 I, T 46 A IR I B B, T iy B [ G2 9 3¢
Pod formation stage  After fertilization of the ovules, they begin to develop into seeds and elongate the ovary, which becomes the pod surrounding the seeds
P BB B TEAN 22 BV | B2 11 2 L Y L3, WAV 78 WA £

Seed maturation stage

The petals wither and fall off, revealing the green pods, which turn brown once fully mature
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Table 2 Growth period and distribution areas of somealfalfa germplasm resources in China

A& FK Variety %fﬁ] TWECHAMET FE X Suitable planting areas
JE #0801 Medicago sativa X M. ruthenica ‘ Longmu 801° 110 AL IX Northeast China
TR 1S 83 Kk (A s AN A3 B 1 S
Medicago sativa ‘ Zhongke No.1’ North China, Northeast, Northwest, and some southern areas
ARG5S 110 FRILHX (EEEE K
Medicago sativa * Gongnong No.5’ Northeast China, mainly in Jilin
ek 201 120~130 P& R0 AR b % 2 Ul o X
Medicago sativa ‘ Beilin No.201’ Northeast Inner Mongolia and regions with similar climates to the Northeast
i35 104 e TRERIK NS X
Medicago sativa ‘ Zhongcao No.3’ Northern arid and cold regions, Inner Mongolia
JE#k 202 Medicago sativa ‘ Beilin No.202” 125~135  #E4t#iX North China
B2 Medicago sativa ‘ Zhaodong’ 112~113  Zdt AEdb P6db .5l e IX Northeast, North China, Northwest, Inner Mongolia
X Medicago sativa * Aohan’ 100~105 A db AL . #idt44 Northeast, North China, Northwest provinces
1K 35 Medicago sativa ‘ Zhongtian No.3’ 110~120 8 @5 N Gt T va 3 B 78 3 B B b R B 0% DX SR A
Loess Plateau, central and western Inner Mongolia, Shaanxi, Shanxi, Ningxia, Xinjiang,
and northern areas with similar climates
H R 345 Medicago sativa * Caoyuan No.3’ 120 b+ 58 TR HIX Northern arid and semi-arid regions
HE 15 Medicago sativa * Caoyuan No.1’ 126 P 5 1l HH PR KB 43 b IX. Most areas of central and western Inner Mongolia
H R 25 Medicago sativa ‘ Caoyuan No.2” 126 A 52l PG AR 2 HIX. Most areas of central and western Inner Mongolia
H4 15 Medicago sativa ‘ Gannong No.1’ 115~125  H ol 8 4 g TG 3 G 30 0 55 i SR 4K 2700 m BAF
Northern Gansu Loess Plateau, western and Qinghai-Tibet Plateau regions below 2700 m altitude
4 25 Medicago sativa * Gannong No.2’ 100 R R R R G i V5V T A 9 DR 5 G TR AL i kb X
Gansu Loess Plateau, Hexidesert sandy soil areas, and northern edge of the Qinghai-Tibet Plateau
Je 4806 Medicago sativa X M. ruthenica ‘Longmu 806" 100~120  #Adb A4t Pt .9 5¢ i Northeast, North China, Northwest, Inner Mongolia
I 145 Medicago sativa * Zhongmu No.1’ 100~110 3 i V- J50 R 3 725 — 7 L) NaCl oA 2 19 32 7
Yellow-Huai-Hai Plain and coastal saline—alkali land around Bohai Bay
1 H 35 Medicago sativa ‘ Zhongmu No.3’ 105~115 IR RrE CHr A S8t 2RI 2 S B il 41 1
Shandong, Hebei, Gansu, Inner Mongolia, Northeast, etc., saline—alkali land and
medium-low yield fields
T 105 Medicago sativa * Zhongmu No.10’ 110~120 A&t YL X, & B+ S AR X
North China, Northwest, suitable for arid and semi—arid areas
K 2% Medicago sativa ‘ Zhongtian No.2’ 115~125 At PGt X, 38 1o+ A i X
North China, Northwest, suitable for arid and semi—arid areas
th22 25 Medicago sativa ‘ Zhonglan No.2’ 120~130 g 24 T 57 12 J e 4 X 00 00 S AR R B DX A R 8 4 g8 D28 U IX
Gansu semi-arid and semi-humid regions, grassland dry farming areas, and similar regions
on the Loess Plateau
H4k 35 Medicago sativa ‘ Gannong No.3’ 110~120 T 7 il 7 V8 JBE A ol X 1% 1 o i b X
Gansu Hexi irrigation agricultural area and Loess Plateau areas
[T4 5% Medicago sativa * Gannong No.5’ 115~125  H 7 7 358 B Bl i A, 36 ¥ 378 3o B LA 7l b X
Eastern Gansu and Longnan, Huai River Basin and southern regions
4 65 Medicago sativa * Gannong No.6’ 114~125 TG0 A Bl 4 X R85 1 5 JRX. Northwest inland oasis irrigation areas and Loess Plateau areas
H4¢ 7% Medicago sativa ‘ Gannong No.7’ 120—130  PHILRFA/rHBIX Most areas of Northwest China
H 4k 85 Medicago sativa ‘ Gannong No.8’ 125135 PYAL KA 41X Most areas of Northwest China
BIE R 7 Medicago sativa ‘ Xingjiang Large-leal”  100~103  #ri5 k ¥ /0Hu1X Most areas of Xinjiang
M ETE Medicago sativa ‘ Hetian” 101 B HbIX Some areas of Xinjiang
JL8E E 5 Medicago sativa ‘Beijiang’ 100~102 7 K4 i X Most areas of Xinjiang
MAUIETE Medicago sativa ‘ Langshan’ 92 FEAENF R INBIX Mainly in Langshan area, Inner Mongolia
A 15 Medicago sativa ‘ Gongnong No.1’ 92 A AU X/ A4E 75 b Northeast China/mainly in Jilin
A 25 Medicago sativa ‘ Gongnong No.2’ 92 HAuih X/ FEAE 5 M Northeast China /mainly in Jilin
KA IWE T Medicago sativa ‘ Dayoushan’ 92 K/ M X Most areas of Qinghai
AL fE Medicago sativa ‘ Chabei’ 92 FEAEALHLIX Mainly in Hebei
KK Medicago sativa * Tianshui’ 112 Ht KB 4 M X Most areas of Gansu
Fb& Medicago sativa ‘Milu’ 123 R 2 X Most areas of Gansu
AR /R Medicago sativa ‘ Neimeng Zhungeer’ 132 ST X/ E B AL MER /R Inner Mongolia /mainly in Zhunge'er
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Fig.1 Major signaling pathways regulating flowering in alfalfa
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Table 3 Key Signaling Pathways and Genes Regulating Flowering in Medicago
PR KA ek 2% 3k
Regulatory pathway Key genes Functional description References
SRR CRYI, CRY2a/b,  JEBDGAE S IR T LK 2 5 L Y AU JRME 5 a5 [65]
photoperiod PHYA, PHYB, ZTL,  Perceive light signals and regulate downstream genes involved in the integra- [66]
FKF1 tion of the circadian clock and photoperiod signaling
ELF3, TIC 50 BT, 005 B 5 T W [67]
Negative regulatory factors that inhibit light receptor-mediated signal percep-
tion and the regulation of downstream genes
ELF4, LHY, PRR5a/b,  "EWIBIAT OGN 57, 30 15 5 4 4 1t [68-70]
PRR7a/b, TOCla/b, GI Clock—related factors that regulate the circadian rhythm [71-72]
COPIL,SPA1/3/4  GOATER T, 0l eI #6551 B [73-74]
Negative regulatory factors that may inhibit the light signaling pathway
COLa/b/c/d, MtCO  fiEHEL H BRI B B 19 4235, AT ES: 15 F Tal 23k [75-76]
Promoting the expression of long day responsive activators may regulate the
expression of FTal
AL FCA, FLD, FLK, FPA, 11 F3& 3L, m] e il 4 4t il 10 % s il o [77-80]
Vernalisation FVE,FY, LD The autonomous pathway genes may inhibit the transcriptional repressors that
are suppressed by vernalization
ESD4, FRL1/2, PAF1  FLC¥i T, 7] eSO $4 AL) Ad e s il B [81-84]
C,SWRIC FLC activators may activate the transcriptional repressors that are suppressed
by vernalization
PRCZ. LHPL VELL %4 (15 4 (R S0 SR o A 50 e 11 90 Bt e 3 o 6 7 [85-87]
VRNI Polycomb complex-mediated transcriptional repression may inhibit the tran-
scriptional repressors that are suppressed by vernalization
PRI i SVPa/b AT fiE 2 15 PR B I I A 0 [88-91]
Ambient
temperature pathway
REEHGESEY  GALRGARGLLRGL2, #5554 g7 FTal [92-94]

GA pathway RGL3

The gibberellin signaling pathway may influence FTal
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Table 4 Molecular markers related to flowering time regulation in Alfalfa

G FhRic /B P kX

el
o Molecular marker/

Type of study Gene or region

e EEB TN
Function Reference

SAEH A P OCHEIT AL N, o SRR HE T AE , 52068 0 5 47 Al i 47 [62]
A key flowering gene in Medicago sativa, whose overexpression pro-

motes flowering and is regulated by photoperiod and vernalization.

DUAR A b A LS DT AR (] 38 5 A QT L M i gy [114]

QTLs significantly associated with flowering time were identified in

tetraploid alfalfa, some of which are conserved in related species.

Ao 106 K 2y fE 48k MitFTal
Candidate gene functional
validation
QTL ZE i 254 QTL
QTL mapping 25 QTLs
o IR A R S QTL 381 QTL

i 38 QTLs
High-density genetic map &.
QTL analysis
A HER 2 I HT (GWAS)

Genome-wide association

63 A~V 8, 95 A 1% 1 3L A
63 loci, 95 candidate genes

analysis
e K 515 D B 23 B MsCBF9% CBF/DREBI
Gene family function 5
analysis MsCBF9 and other CBF/

DREBI members

FIH RAD-seq £ R A I8 4 B35, 4D QTL 762 B8 h A e R ik [115]
A genetic map was constructed using RAD-seq technology, and four
QTLs exhibited stable expression across multiple environments.

5IF A ) 5 AR G, 95 R ke T B A0y A e 4 Ak R [116]
Highly correlated with flowering time, involving developmental and

pollen tube regulatory genes

KT E Dy AR IIE PR JE 2 5 R0 B AL W1 45 [117]
Expression analysis and functional verification showed that it is

involved in low temperature and flowering period regulation
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