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Current situation and prospects for drought-resistance breeding in Medicago sativa
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Abstract: Alfalfa (Medicago sativa) , a tetraploid perennial herb of the legume family, is widely cultivated around
the world and protein forage resource for herbivores of the highest quality. The development of the alfalfa industry is
of major importance for agricultural industries and animal husbandry worldwide. However, with the frequent
occurrence globally, of extreme climate events such as drought and water shortage, drought has emerged as a key
factor limiting alfalfa performance in many regions. Development of varieties with strong drought resistance can not
only maintain high and stable yield, but also help to conserve water resources. Therefore, this research focused on
reviewing the collection and preservation of alfalfa germplasm resources and evaluation of drought resistance both in
China and abroad. The current evaluation and registration status of drought-resistant varieties, as well as the
problems and challenges of breeding for drought-resistance, are reviewed in order to promote breeding of drought-
resistant alfalfa varieties in China. Our study aims to provide technical support and reference information for the
development of drought-resistance in alfalfa breeding in China.
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LI E T (Medicago sativa) J&: 5.8 8 16 J& (Medicago) Z 4 F AR Y, N HA Y & & CEFRMEFEE BN
PR IS P GE R AR BR A e SR SE ok B e X)) OR R K T AR R SRR R
EHTH B A Ml 5 R T R RN B O P R R 5 AR R O O 5 A A R K I Y v AR
T ROk —  HETE At S N Tz HE T o AR . R, H 2000 4F DK, 4 Bk T 5 DT AR B 10 4F 1
1.1%, At a] ARS8 29 % X 4 B AT — @ M R AL B A M AE K ZE Bk TR Bk . 7545
BE AT 28 T A — R it A RS A B AR TR R A A5 SR SR R X R A R SR T T R B A
Xt R ZERAR FREEALT AL TR MR CO, M BT RE™, a6 1F FH A28 6 3 S R AIC 1 25T i 2B Kk
P e AR K SRR AR R ARG R MR RS Ll B 8 8 T 4 B A il 202 (proline, Pro) (A
P % H (soluble protein, SP)Fl A % 4 ## (soluble sugar, SS) & & 38 Jin , #1¢ AL B W15 480 1k S (catalase, CAT) |
i E AL W B (peroxidase, POD) #8481k 4 1 1k 1 (superoxide dismutase, SOD) FHT ¥R Ifi % 11 48 1k %) B (ascorbate
peroxidase, APX) G P AR K & H IR R ulH 5 1h I I 2 S B AR T & 25 B R B
A KRN A K R B B R 2T AR R RN A AT BTLL, TR AL ETE
T S AL, O JR % A RN K 7 A A T T SRR A R B B PR R B o e B A R R R A
SRR Hb DX S5 TR A PO rh H R A ) Y A R AR R DR AR i D T R R e 55 AR 1 A M R R R R Y
Dy 22—, [a) Bt 2 4 g 2R 6 1 A 7 M B AR 0 Rl T R M R R AT RO R AR IO R R G
T A BB B 2 A8 A R BT 5 R O R DR A PR BT R BRI AR FLE G PEAN IR O T R R A AR W R ST
AR PSRN E B IC IR, DL BT T E b AR A A R) A Bk R TR B2 G Ol B e R SR A AR ROl
B, e B 7 AR TR S0 A8 B E TS F Rl b 09 R SRR AR B R N IR E A A DR R R AR
2%,
1 ZEHEEMRRTBFURERERISEEETM
L1 RGEH 78 FF R TR 69 KR AR A IR

B TAE A BT B U5 fe B R ) B SR A R AR BT B AR AR SR i DR A ) 2 R MR N AT RS K R A R A
TEfRE R E R B %4 WELEMAERZL TN EEEEEZNEMNS ., Bar, BN EHEEYA 100 £
P, v 2/3 J& —AFAE Y, 1/3 02 ZARAE R0 FRIEDE A8 I8 W IR 20 A0 o B A Hh X 2 —  FLR Rl N R ] (Y 2% 52
SR TR A R 2 DR IR AR 2 S b O L SR A R S iR B TR (P E RS ) il
12 Fh (3 ZEFh L6 28 PES ([ B 1 A 4 B 1R 81 ) (1982 4R & 1T W) ic 284 16 A5, (O B Vb BE AR 9 5 ) id 8047 10
P O E R B IC A 13 R IR B R R BB R E R AL B 18 (Medicago rivularis)
AL H 15 (Medicago falcata) . K ¥ 8 18 (Medicago lupulina) . /NE 18 (Medicago minima) .5 8 & (Medicago
polymorpha) % o Horb 5846 H 45 e B2 05 U (8L, AL B oy thE 550 T P 3 28 1 0 J5 Rk 5 A e 22— s 1 1 8
BRI 22 (AR SR A T T O R A A BRI N A A T R R R B RAE Y B £ R AE R TR 31 [ SR
I [ WIS AR 2, v S R A LA R O ] AN BT TR R G, A A T B R 5 | 5 I I S A, R R
KA 585 & SR AE 5 i, WK R I 30 3 5k TR 3 A AR 20 07 10 26 8 Tl v - BL 4R I8 RAE ) Tl A8 TR A7 T
A7 A 5596 DL 1 i 3k 21000 4y 1 48 46 8 & Fh T 95 R, LR A AN B R AR A 1 5816 1 78 P S R B0 DL IR 1
T = T 5L B S T Rk A i R g, R T R IR 0 AR TAE VR TR TSN BRI SE R X, BRI R E AL B2
B B DT A 1997 4F 2 B PR A7 55 46 1 8 RS 98 IR 700 240, {1 A 201128 90 AR LAJS L B 5 A 8 B 5 A R
TR Ml 8 AR o BT 5 PR A S5 3 E A i B0 N b S, TR R T T R AR e B U R DR SO P A e A
J53 9 R I G PR 1 (s P 45 00 P LT 2 O U T ) 4 G R A AR 3R, HG b 58 DR 2 v DR A D 5T 3440 13y, i 5t [ DR A7 1%
PRB T 1557 43 . H 1 20 A R AR R 1 A TR R AT 355 0%, L SR AR RS WU 321 1 [ B Sk IR
] 7 4 i B U5LAE B (www. egris. net, PF IS [E] : 2024 4F 1T H 28 H ) o AJELRAF IR A6 & 75 Fh B 9 IR 220 %5 2
PEAY CECH g H RN R T, DL SO R A S R DN A S T R R N R AT O R B T SR B
Z WA 2 T Ak o R A O i e B TR 9%, 50 48 B A AR S — b i FL 2 5% (8 A0 D0 B 0, LR R g e B DR A
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Fig. 1 Countries and quantities of preserved germplasm resources of M. sativa in the world

1.2 CRICH I8 A R 8 4 F R A Ao A 2 AR
xS B A 5 A8 B A Bl B IR AT R AR A E W R TR A A B SRR Y . TR T

AL 76 4R 1
JOE PRI, 2 AR BURRAE | 1 B N AR EE A Az AR5 05 0 A A — R AR AR AR o BRI, HC S WM 9 A A4 T 5

R AR AR AR RS . BRSO M AR YT O T T R0 R R AR TE 0 R AVREE A5 R T R
TSR AE G 2R R e b AR Y 3 B T N B0 L A I RS 2 2 ) A % R A ] B AR Y S A R
Ul /0 R A 1 2 0 20 L HE ) AR SR . ARSI A X 59 03 56 Ak B E A B BT IR R AR ZFE R R R AR R AR
P EAT PR 25 A VAN U6 38 Hh g A S A SR B M A 55 BT A BT A 6 0 o (R EEX 57 4 58 46 1 TE 1 I A T
R R X 5 K R e A 8 AN R AU AR BIAR AR R AT VPO, 0 8 TR DT iR R A 55 T M AR BT 0 )2 17 RS
By o BeJE &5 A 1 & A B I P00 e a5 R A5 2 [ R A R A R AT 24 . Zhang X 198 4y
SEAE T AE R BT IR 1Y 18 A H T R E AR SCIAR 20 AR B BT MR AT TR E L AR TS T IR B Y SR A
T 5t %2 9. Maghsoodi 2% 10 > 46 B 75 9 CAT . APX . POD i 1 . N ¥ (malondialdehyde, MDA ) & 4
FOPE R N T UREE B (stress susceptibility index, SST) | ifif 548 %0 (drought tolerance index, DTT) #4757 54 %
PR, Ot 28 ) 7 R T 5 A 56 AR A o R, A R i (CAT (APX AT AE S 5646 H 4 2 B i 52 b Fh i 48 45 o AR
RWFFE R, AP A BT BRI A R A A BT R E A B Y R AR R AR R A R R R e
A TS A B U BT DA SRR A A v A A R R A A R S A X
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B PR o R A AR A R B R R AR A R R AR KR A P e AR R SR AR B A A s B e L PR A —
SE LSRR T WA SR A KRR IR R B, X T R A SR, BT R 3 AR e S i B B i AR
KB E AR R ERKEE AR AR Km0 W, S0 T W PR % A B R
T AT L3 T R AR S WA, B — R 7R S RS R R AR ST R R VR A vk v, B sl
WG IS bR AT PP B — 8 B BB L PR S5 SRR BT S Rt , K2 RS G PF 7 ik - A7 3R o 3 Y
CEAVEN TR B LR LR AR SRR R B0 B A R A 1 R IR R R A T ik
(analytic hierarchy process, AHP)"" 4§ . ¥E LA L £5 A VR0 Oy vk b, R FP O ik 25 HL A0 A, R BR UEPEAN 25 R i ]
SEME UERAPE T 2R ORI ST .

1.3 ¥REBERIROSTAENFHR

1.3.1 ##ase siR 20128 Q0 AE AR LK | Bl 5 43 25 W27 19 2 i S 7 F R i it 20 | S8 48 8 1 T 54 ia
149 ) 15 A9 5% 2 A0 AT 2 AR 20 MR R A BHURR PR o 3 ) T TR E R 43 KO PR R SR A A R B2 2 AR
T2 2 S5 0 0 15 B 5 T8 A S 6 R s AR I T R B S R T R E R A AL, e
s HKF B, FEEEEM B T ELERE AN S S T R e B EE L LR S SR R
W, Wan 557 A5 20 500 TE AR R R TR DGR B R X S BRI R B S SR AR A B R
{55 T 22 24 JRUE A0 3R (e AN R N 2R AR W A & 48 o Chen 85738 2 X 7 78 I80C2F FAR 58 14 47 5 S 41 43 AT, 1
FE AT B 5846 A8 AE 6K BN H Ry e 1 BE DAL, WA T sk S B DR A K S AR T 2 5 T SRR E I i IR AR
BB PRSI . MafE VS T MR AR R XK 4T B R SR AR BT R R 22 R RN S
S KA S WA AT R A R A e AR S UK B Bl S CAT .SOD . POD  APX “# 4t
S Ak T SH 2k 45 A ) A0 TR A O DJBE K v 2 L DA R T R A T K S 5 ) R B4R . U Zhang G5V % A4
FH 2T 24 f R 22 5 A 2 8 A (differentially accumulated proteins, DAPs) ,iX #8 DAPs K £ % 5 #%
FIRT AR B AR 2 RS A S T LA B N IR RE 2 L 2R AR . Ma S R ] 200 mmol- L' NaCl Al
180 g+ L 'R & i (polyethylene glycol, PEG) &3 Ay 35 8 K WA+ 138 70 8 1 £ 2 2 5B RN L fig
AR R BT ORI R AR AR B K AR A AR . Aranjuelo 25738 1 AF 5T [ AU (nitrogenase, N, )i P
R AR 2 5 58 A6 1 A AR DG Y 28 1 BT 2 2 2, BT 52 0 58 46 1 A 7 1k R 1Y) 5 ey 3 8 3R AR S e DG B VR TR N
Wk . Rahman 28758 T PEAG 48 & 18 XF 7K 40 5 Bkt (water deficit, WD) 361 (4 0 )57, 5% FH 2 1153 412 05 36 W 95
T WD 5T (9 546 A8 R e A Bk, 488 15 3 49 WD i i &R 1, o i3 L R 2 5 855 5 B Y5 R (abscisic
acid, ABA) =91 & A 36 M 4 (reactive oxygen species, ROS)JE T 5 3¢ /817  BU & AL /i 55 /N B85 4 L B 1t
G S e SR AE . EAREKOE b R E TR B N R /Y A B A B AR SRR S S T N
TS W0 gm0 U Yang ZF VSR FH 5% PEG X WL-712 5846 1 18 & Bl 4l B 00 47 B30T 52 40 B8, 5 158 e 1k
BE A 0.1 pmol- L™ A —Fh A & B9 270 B 45 9 G 2R ) rac-GR24, Ab BE 3 d JF AR T 24 h WA AR 4 i o Il T+
BT R WY rac-GR24 W 4E A7 W) . 45 R K] rac-GR24 b BT L2 i T 50 1 45 L A& 7Y 57T 52
M, B8 1 95 37 VT ) B AN L TR R AT AL S A o rac-GR24 AT LLGE i = R IR (tricarboxylic acid, TCA)
PEIN MR I i 22 I A R I e i A ) A 22 A T 52 0 1 A8 AR RS e

1.3.2 HiFERIRC W T I FH 2H 27 A1, Bk PR JE ]38 (quantitative trait locus, QTL) % 5 14 5E K 41 56 Bk
43 Mr (genome-wide association analysis, GWAS ) % J5 3%t 1] X 58 46 & 78 A S 52 PR SE A7 07 A5 A5 18, 1 22 Y 5
S G Y B MR A S SR A T Tiang SRR R R 12 A4S R AVEUE A 150 4 F AR HEAT R S AR OC
F14) 5 DL A7 0t 68 2 VAR, B 2 45 310 314 i e JE R RN 22 S D REME AR E AR 1 . Ray 553 F 253 MR AL B 15 Ml &2 —
AR AT T 538 2508 5 48 B 5 A OC A9 QT L A DU AR 48 2 A, 4300 %5 5 5 31 10 A1 154> QTL 78 -1 5 191 [a] fig
v SRR AN AL B . Santantonio 55 R FI S AE B A8 F AR IR SE BEAR AN 334 4> 43 b 10 14 35 4% PR35 6 D0 T 5B a8 R
5 253 4 W) & (shoot biomass, SB) Bk (C) VA (N) & & A CH QTL, 45 REW 7L QTL MM fi A 5K
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B AR A A R B AR AR AR W 3 e A OG22 A R TR . Y u R ICER 1 200 17 58 46 A D BT
LR 4y BUR GWAS 23 A, 4 SRR WY, K 23 75 SRR AR 3o 28 M Anic 5 7 B O, ) I o i i 74 3 5 50 5V
A OGBS SR T 2 AR R (B3 DNA 254 SR 11 BHIR R IR 7 IF2 RS AR B AE 25 11 . Zhang 55X 198
13 A& & o R L T % U L R 1 b T B AR HE AT GWAS 20 BT, %5 8 15 31 5 Bt B2 48 2 (drought resistance index, DRI) |
iR AR A £ 7K S (relative leaf water content, RWC) A 3¢ 19 5 4% 1 W2 £ 75 1% (single nucleotide polymorphism,
SNP )AL 733 2 19 F 15 A, 33 B A3y g a] B8 78 A W 1 52 R 3E AR 9 e 30 1 32 Dy T B e 9 /R o

1.3.3 JiRIEEHIIREVIH Bl 3 1AW 0 K R EOX SR AR B AE TP AR AT R OCHERR AT T SeRE AN T
RESSIIE , %125 I B T 4646 & 15 (90 540 IR ALH T BB ARk T Pt e R b B, A SR B
WEZ 5N T RME (R 1) H2, x5 P H 2 o 4% A iF AR W) 0/ I (Arabidopsis thaliana) |
(Nicotiana tabacum) 5% % $E 3 E 16 (Medicago truncatula) 1 #EF7T UIREHIIE , % A SR AE B 18 AR hpg b . %

FEE G BP0 T 70 T OB 0 AN R AR I, 75 A7 i — P IR AR R .

®1 ZREENRERREDR

Table 1 Drought resistance genes and their functions in M. sativa

SEH LA IR BRI Wy I Iy HE Functions Z:7% 3CHk
Genes Gene origins Genetically modified Referenc-
species es

MsMYB58 46T M. sativa AR N. tabacum POD .CAT .SOD 1k, Pro & &t R RFOESHPS I AJNRCR A PS ot [87]
Pz i A, MDA & 4 A2 KRR . POD, CAT, and SOD ac-
tivities , Pro content, chlorophyll fluorescence parameters PS Il utilisation efficiency
and PS I maximum photochemical quantum yield increased , and MDA content and
non-photochemical burst decreased.

MsPPR1 HACE 1S M. sativa  MAB N. tabacum Pro & & i , MDA & 5 (% . The MDA content decreased while the Pro content [ 88]
increased.

MsASG166 RIEE T M. sativa IFGIF A. thaliana K AEK . Promoted root growth. [89]

MsSAP22  SRAEEHE M. sativa  UHSIT A. thaliana W0 K 2F5 I AR X AR SR EOE . Germination rate in the sprouting  [90]
period, relative root length and number of lateral roots increased in the seedling stage.

MSLEAIO  S84EHTE M. sativa  WHITA. thaliana  RBEARICER, SSHIPro &I, MDA & it Fl 7 itk 8K T R&f . Promoted  [91]
root length growth, SS and Pro content were increased , and MDA content and ion
leakage levels were decreased.

MSERF003 (468 5 M. sativa MR N. tabacum PRIKPEF Pro 7 7t #5. Water retention and Pro content were increased. [92]

MsTHII 6 HTE M. sativa  FEN. tabacum e 3 B LR a 2R b SP G POD IR YETH i, Rt S R IEREAR . [93]
Vitamin B1, chlorophyll a, chlorophyllb, SP content and POD activity were in-
creased, and membrane lipid peroxidation was decreased.

MsHSP70 48 H 15 M. sativa UFIF A. thaliana  Pro f i SOD I EM RWC TH# , MDA 5 # [#%. Pro content, SOD activity and [ 94]
RWC were increased, and MDA content was decreased.

M;sSPL9 HKACETE M. sativa RAEETE M. sativa  RWCHAET Z & THE R 2R EFIC. RWC, anthocyanin content were in- [ 95]
creased, and leaf senescence were reduced.

MsVDAC! 3657 M. sativa WY N. tabacum MDA At ik . SS . SP fil Pro & # 75 . MDA, glutathione, SS, SP and Pro [96]
content were increased.

MsLEA4-4  SR3EEAE M. sativa  WURIIT A, thaliana — PIAREE 2, SS & i A& FhHU A LR PEAN AR IE R TR, Pro FI MDA & i BRAIG [97]
The number of lateral roots, SS content, activities of various antioxidant enzymes,
and survival rate were increased, and Pro and MDA content were decreased.

MsCML46  SEAEWTE M. sativa  #HN. tabacum BB A BRI AEES YT E ROS IR BLFFAIE. The osmotic regu= (98]

lator content and antioxidant enzyme activities were increased , and the accumulation

of ROS was reduced.




534 B 3 W Fll2F 3 2025 4 209

2 ZUREEMEmMEERIZINK

SEACTHAE 09 A4 77 52 B 1 AR O R R PR R Y ™ TS e DR TG O R A PR B 0 PR i SR AR AE AR 4
BROEE AT RS A 7 R AR L S N SRR S R R DA A RO AE 1903 — 1915 4F L FEML IR G H T
“Grimm”“Baltic”“ Cossack” F1 “Ladak” 4§ i Bl , o iy B Ladak ™ J2& D\ BB BE 6B A9 $ir 38 v 48 5| i 3 35 [ 95 32 1
S X, 20 4D 50 AR AR, “Ladak” i B 7E 92 [ b 38 BN 342 52 4 IXOR A8 J2 78 0K T 50 100 B R e vh
I 2 U ZR G TP BT 7 A e A A ) B SR RIS B A R A S 2 T SR DR Y R SRR TR R
(i STHR o RIE DU & R O S A b B R T A A — g R A R, 40 Travios” ! “Roamer” V4§
1970 4E LLJ5 , 35 VRN 22 KIT 4 TF i s e 5Pk 4 ot b, (ELHG i 0BG 7 09 2 B0 46 1 O, T AN 2 S5 48 B 7
Fpt e AR A LU AR T L AR E BT R, R A SRR ARAR 2 FRE R AE 1987 #12019
AF 43 500 FR T G Al AR A R SRR AN R J R E 2K

ST T R 7 2, B 90 5 g 1 W

= H fE 8 M
= KL EE M. sativa

AR ERR AR RIS HOIE U L A R A or .,

He B AR R 2023 4F Tk

BRI E R AW R R 120 el | B

A SRS B SR 7 SRR A 5 =

i Pl SLPK L 75 8 B BCRE RS AR TR SR B L 0| 2 s

[ 2 HCh 2021 4 2 7 10 BB U8 T 5% SCR[107), I—I X
2022— 2023 4F 1 B4R 3 8 T http: //www. nahs. org. L 0 s
cn Al https: //www. forestry. gov. cn, i [a] B [i] : 2024 Domgitji:cel:fi‘g;ered %ﬁéﬁ%ﬁ ijjgi%f:] %l%ffgggﬁ
FE6AILH ). FELL ESEAEEAG a7 np 2 i Ff Varieties

e .. , Lo B2 HEFEECHEREERMMEEEERM
B E AR T P 2% 25 A R B 1 o - "
Fig. 2 Medicago spp. and M. sativa varieties validated and

(3R 2~4) , X 28 i Fh 7 Fe [ 00 J7 B 48 A2 7 IXCOR 35 TR registered in China
K& PE AL SR . SRk El, FREEEH
fEAMTAEEE 19804F Z 5 A4 2 IFBRR A, (A8 K
B TARKM D . ik A0 L8 36 [ 45 b [ 5K, FR I B 0AY 28 46 B A ot R B e LD o J 56 Ve 5 b1k
UEHLF P35 2> (Association of Official Seed Certifying Agencues, AOSCA) 4 1508 45 3 %, 2013 — 2022 4F 26 [ ¥
TE R IC Y S AL AR Sl R R ik 1136 A, T I A8 X — B 01 o 2 B0 0 S8 A8 VA R AR OO A1 AUFE 2023 4F, €
B B R B0 B SR AR TE S R R 2 40 A4S (BUE IR YR T http . //www. naaic. org/resource/cultivar. php , 15 [A] B 7] .
2024 4F 1 H 29 H) 4838 T IR E 3 25 10 4F 7 )00 A4 28 48 & A b b Bl , i 6 o 22 1) 55 46 48 o LA 24> (R als
HIETF hitp://www. nahs. org. cn, Ui Bf[8] : 2024 56 A 11 H) . [FIEF, IR E H /1 & LAY L1468 H 15 5 A0 K4 #8
3 R AR SR AR 7 XA AT T R A RO B AN RE N R E L S PR kR SR o R, I R
SRS ER AL A o TR Y R A U R ) —

EEMIT S LI FSEE B R G R ATk FEE D TREEM BLEFM ST AT RE
ol 85 R v T % R DXL B R DA 6 5 ORI 43 Al Bh ST R R R AR SR 4 2R W B R R N e H AR

BB RS, H AT R A 3 [E R B 5 A R O7 SUIE T DT BR R R H B RO B R R I A
Rl SR HEAT T A RN 00 G Al R R A B DR SR A AR A A R T AR 2 SR AR R

ol By 412 38
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Table 2 Bred M. sativa varieties with drought-resistant characteristics in China
il Ao RS Y SRR A RS piASR Y SR
Varieties Drought resistance and suitable cultivation areas Breeding institutes References
P15 M. sa- HUREMEA A S EMRAE B L s R K A 350 mm f T RAERE T E AR R B 2 E S 2 ST T Lan- [108]
tiva cv. Zhong-  HYFAERGHEMEHLIX . Medium drought resistance. It is suitable for zhou Institute of Husbandry and Pharmaceutical
lan No. 1 planting in dry or irrigated areas of the Loess Plateau where the precipita- Sciences, Chinese Academy of Agricultural Scienc-
tion is 350 mm semi-arid and semi-humid. es
P25 M. sa- PURPEMR I FLAE A BT b R T R A BRI . Strong RO AR e 22N B S B 2GBITSE AT Lan- [109]
tiva cv. Zhong-  drought resistance. It is suitable for planting in semi-arid and semi-humid  zhou Institute of Husbandry and Pharmaceutical
lan No. 2 dry farming areas on the Loess Plateau. Sciences, Chinese Academy of Agricultural Scienc-
es; HR 4l K2 Gansu Agricultural University
FOOUETE M. sa- USRS ;38 BAR B FAR MK iR 260~460 mm (93 B AL ARdU RN P9 52l R 4024 B Inner Mongolia College of Agri- [110—
tiva cv. Aohan PEdL4545 X . Strong drought resistance ; Suitable for cultivation in the  culture and Animal Husbandry ; PN 5 1l 7 1§ 17 B 111]
annual precipitation of 260—460 mm in China’s northeastern, northern ~ Ji 3} Chifeng Grassland Station of Inner Mongolia;
and northwestern provinces and regions. PR 5 7l 28R U T DU ML 280 3k Aohangi Grassland
Station of Chifeng City of Inner Mongolia
B2 M. sa-  HUFPESR ;38 BU7E N 52 7 2R B i DX R0 3 bR RO VTS R . Strong N 5 i R80T BB AF 5T T Inner Mongolia Tumu- [111]
tiva cv. Tumu drought resistance; It is suitable for cultivation in the eastern part of In-  ji Grassland Research Institute
No. 2 ner Mongolia and Jilin and Heilongjiang Provinces.
W25 M. sa- BATHUS R GRS E AR X m BRI ORI T E IR OB RS & B0 B Animal Husbandry [111]
tivacv. Xinmu X H R T P4 E B AF bRl AT . Tt has drought resistance characteris=  Branch, Xinjiang Agricultural University
No. 2 tics. It is suitable for planting in the agricultural areas of Yanying Basin,
Tarim Basin in southern Xinjiang, Yellow River Diversion irrigation ar-
ea of Ningxia, Hexi Corridor of Gansu Province, etc.
P 1S M. sa- WA 35 BB IR VS — Y B SR R , T R T AL A R RO B O BE AT T Institute of Ani- - [111]
tiva cv. Zhong-  FURY PG Eh B8 . Good drought tolerance. It is suitable for saline mal Science, Chinese Academy of Agricultural Sci-
mu No. 1 soils along the Huanghuaihai Plain and Bohai Bay, and can also be ences
grown in other similar inland saline soils.
HAC3 TS M. sa-  HUFRPEPAF IS E L A XORPE AL YRR X . Medium  H 4k K2 Gansu Agricultural University ; ot [111]
tiva cv. Gan- drought resistance. Suitable for the Loess Plateau region and the inland ~ B£¢ ¥l B} £ A B2 7] Gansu Chuanglv Grass
nong No. 3 irrigated agricultural areas of Northwest China. Science & Technology Co.
Je 806 PR 1 FAME AR AR AL TER M D PG AR T R X R R B, SRR TLA OB B B HUF ST AT Institute of Ani- - [112—
M. sativaxX M. AT IR REZE TR PG IL Aedb e N 52 45 . Strong drought resis-  mal Husbandry, Heilongjiang Academy of Agricul- 113]
ruthenica cv. tance; It is suitable for planting in the cold climate zone in the northeast,  tural Sciences
Longmu 806 semi-arid areas in the west, and saline and alkaline land, and can also be
planted in the northwest, North China and Inner Mongolia of China.
AT M. sa- M5 & FARAL PEAE ARIEALES 46" LIRS ARREK IS 350~550 mm M ROl RR 2 B 7 003 B R HAIFIE T Grass- [112]
tiva cv. Gong- B X . Drought-resistant. It is suitable for areas south of 46° N lati- land Research Institute, Animal Husbandry
nong No. 3 tude in Northeast and Northwest China with annual precipitation of Branch, Jilin Academy of Agricultural Sciences
350—550 mm.
R 45 M. sa- U AP AR R EURIRE T8 9 I 3 X PR B U . Medium A AR OE B e L a0 E P R BT ST T Institute of - [114]
tiva cv. Zhong-  drought resistance. Suitable for planting in the Huanghuaihai area and its ~ Animal Science, Chinese Academy of Agricultural
mu No. 4 similar regions. Sciences
HRTS M. sa- BB 38 BRI T30 8 B T 5 200 1 DORIIE T 28t HR B 2 Bl B AT B B Gansu Chuangly [114]

tiva cv. Gan-

nong No. 7

X . Good drought tolerance. It is suitable for planting in semi-arid and

semi-humid areas of the Loess Plateau and similar areas in the north.

Grass Science &. Technology Co. ; Hiff 4l k2
E) 2% B College of Pratacultural Science, Gansu

Agricultural University
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Table 3 Introduced M. sativa varieties with drought resistance characteristics in China
i A EIEN Y STNER LIRS FVREZK Sk
Varieties Drought resistance and suitable cultivation areas Country  Refer-
of origin  ences
FE B LM, sativa  HUFPESR ;35 TR TR TR L g 2k TSR 0 R SR ORI & T R IX . Strong drought resistance. It B3| [115]
cv. Alfaking is suitable for planting in semi-arid and semi-humid rain-fed areas and arid irrigated areas in western China. America
K 401+7Z M. sativa  PUEPE & B R TE AR DL KRR s X, DL AR AL (AL S AE s i IX . Strong drought resistance. It is suit- ESE) [112]
cv. AmeriGraze 401+7 able for planting in most parts of north China, as well as northeast, northwest and central China. America
LG M. sativa cv. YU 18 TR Ay A R AR T 5 2R T EHIX . Good drought tolerance. Tt is suitable for arid ) [112]
Golden Empress and semi-arid areas with irrigation conditions in northern China. America
B8 M. sativa cv. YU MR 8 B AL VL AR AU X B, e R B b X3k, Good drought tolerance. It is suitable for — Jil&E Ak [112]
Phabulous north China, northwest China, south northeast China, central China and north Jiangsu Province and other re- Canada
gions.
AT % M. sativa cv. YU 8 B I FEAEILAEFHBIX . Good drought tolerance. It is suitable for north and central China. JmgxR [112]
Vector Canada
WL232HQ M. sativa — HrFMR & HIRE I T 22 T R M X FfE . Strong drought resistance. It is suitable for cultivation in ar- B [112]
cv. WL232HQ id and semi-arid areas in the north of China. America
x4 REFENEAREHENELEEELS A
Table 4 Local varieties of M. sativa with drought-resistant characteristics approved in China
i B B A X HH AL ik
Varieties Drought resistance and suitable cultivation areas Breeding institutes References
db st A PrRERE  E IR E LS4 XM . Strong drought resis- B AR L K 2 5 #4043 B Animal Husbandry Branch, Xin- [111]
M. sativa cv. tance. Suitable for planting in northern provinces and districts of ~ jiang Agricultural University
Beijiang China.
K H A PO A A EE K R R AL R IR R 5076 R e e EHE AR K2 Northwest Agricultural University [111]
M. sativa cv. LA 5 X FPAE . Medium drought resistance. It is suitable for
Guanzhong planting in Weihe River basin, Weibei dry tableland and similar
climatic areas with Shanxi, Jinnan and Guanzhong.
OISR T S AR 5 TR B v SR X R P A A A I GRS TR R AR K% Gansu Agricultural University ; H i & & [111]
M. sativa cv. WA X 38, Strong drought resistance. It is suitable T Gansu Provincial Animal Husbandry Department; H
Hexi for irrigation in desert, semi-desert and arid areas of Loess Pla- 7 2 1 B4 LB A4 834 Gansu Forage Feed Tech-
teau and northwest provinces. nology Extension Station
EICEEEG PP 45 5 30 AR AR T SORAE 9~14 °CL AR R K B AE 300~ Ll P45 R0k B 25 B 75 HICH BE RS2 I Institute of Animal [111]
M. sativa cv. 550 mm Y L X A4 . Medium drought resistance. It is suitable  Husbandry and Veterinary Medicine, Shanxi Academy of
Jinnan for planting in areas where the annual average temperature is 9—  Agricultural Sciences ; L1 VG 2 12 3 th [X 4 A=) O 3 Bu-
14 °C, and the annual precipitation is 300— 550 mm. reau Forage Station of Shanxi Yuncheng District Agricul-
ture and Animal Husbandry
B A< BT A5 i P 5 5 ol F P b R R X AR 8 . Strong drought resis-  HUR R R AR ST T Gansu Grassland Ecology Research [111]
M. sativa cv. tance. It is most suitable for cultivation in Loess Plateau area. Institute ; 1 7 4l K 2% Gansu Agricultural University ; T
Longdong A8 B HUT Gansu Provincial Animal Husbandry Depart-
ment; H 4 i B GRDEHE R ETT S Gansu Forage
Feed Technology Extension Station
ANER PO 5 B BB R U DRI, AT AR RO T R T A e R AR AR ) Bl Gansu Forage Feed [111]

M. sativa cv.

Longzhong

VX FkH5 . Strong drought resistance. It is most suitable for
planting in Loess Plateau area, and can also be cultivated in arid

and sandy areas along the Great Wall.

Technology Extension Station; H il 4 & #T Gansu Pro-
vincial Animal Husbandry Department; H i 4 Mk K 2%

Gansu Agricultural University
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23 Continued Table

i A B/ PSS TR R L A A 3Lk
Varieties Drought resistance and suitable cultivation areas Breeding institutes References

NSEMERS R ETE DU MRS 318 N AE N 52 T PRI LA SARAR ARkl (7 B384y IS AR 2% Bt Inner Mongolia College of Agriculture [111]
M. sativa cv. Hb X, Strong drought resistance. It is suitable for planting in and Animal Husbandry ; P 5¢ 7 % 5 T AE 3 Grassland
Neimeng Zhung- central and western Inner Mongolia as well as parts of neighbor- ~ Workstation of Inner Mongolia
eer ing northern Shaanxi and Ningxia.
Bedb 4% B PEROR 5 310 TR B b AL IR R P IX PG b4k K= Northwest Agricultural University [111]
M. sativa cv. More drought resistant. It is suitable for cultivation in the north-
Shanbei ern part of Loess Plateau and the wind-blown sand area along the

Great Wall.
T ETE PR PESR 5 38 A P AL TSy LR UM IX . Strong o [ Ak Bl B B 4AOBE ST T Institute of Animal Science, [111]
M. sativa cv. drought resistance. It is suitable for Bohai Bay area in northwest ~ Chinese Academy of Agricultural Sciences; 11 %5 45 Jo At £
Wudi Shandong Province and similar areas. # R Wudi County Animal Husbandry Bureau, Shan-

dong Province

R PR PESR 53 FORMAR T AL IEER PEAR, (v LA AN S R4S 5K 5K 10T RESUE MOUF ST Hebed Zhangjiakou [111]
M. sativa cv. W HIG X R PEE X . Strong drought resistance. It is suitable  Grassland Animal Husbandry Institute ; ] b 25 5 2 7 44
Yuxian for planting in northern and western Hebei Province, northern J& Yu County Animal of Husbandry Bureau of Hebei Prov-

Shanxi Province and central and western Inner Mongolia Autono-  ince; /4t 44 FH J5 5L % #4055 Animal Husbandry Bureau of

mous Region. Yangyuan County of Hebei Province
HERETE U R 8 B AL FE A TR B T R X Al . Strong BIRTTAE RO R BE F BOUF 5 T Institute of Animal [111]
M. sativa cv. drought resistance. It is suitable for planting in cold, humid and ~ Husbandry, Heilongjiang Academy of Agricultural Scienc-
Zhaodong semi-arid areas in the north. es
TRE H 1 i SRR 5 35 B st RHE R AR s HOR TR RO RS B & W 58T Institute of Animal Science, [112]

M. sativa cv.

Baoding

MR8 LT AR R A L IX . More drought resistant.
Suitable for Beijing, Tianjin, Hebei, Shandong, Shanxi, Gan-
su, Ningxia, eastern Qinghai, Liaoning, South-central Jilin and

other regions.

Chinese Academy of Agricultural Sciences

3 RUEENREMEENRERK

3.1 HRAFTRAELEZRE ZFNAR

BORE R 3R A R BRI T R A AR OC TAEFIE — AR WA TE EWCR BRI M4 . # % 2018
A A ] R A Sl IS 11 5. 58 T 5y A0 R R T B IR e S M BT 9 R R AR 8758 (i [l AE Bt
DA v PP AR AR AE R S8 M, T o Pl o L2 ik 3R Y A= BRAR AR A7 A6 S0 AN BT M AR AR (] b
A K VP 45 5 5 P S 25 5 o, DT 5 BOSE A8 7 7 R B 9 DR A A2 A VP (B S R g
3.2 B2 Hhi—w R FHETFNIKE

SAAEEVC RS R F R AR SR HHATEZ 58— ArUE b RS ER R o L, Ko i oY
HILRG 12 35 AT BE SR FH RS [6] B0 F6 B5 A1 DT AN A o, 33k 5 0P 7 M 68 5 SR 0 T be P 0 m) S M 22 38— R A S
Bb X i B AR R SN Sk SR AR A B I R VA (4R AR TR AR RS Bk RCBORTAR T L
TR ZE LA A S R E I T RE I A B TE B bR T T 4 TR AR R AR T T PR T A 09 R AR
B MG SR W A B 04 A T R SR AR TS B AR ) 55 A e B R R AR 1A R B A LB
JEE H T A a0 R T T 0 A AR AR T B 30 RO S e bR AT R A R AR R AR R S R
AR, FLRE X oy CE I M R AL B T P R LR B T e bR o B AR % T RS A N B IR E L AR AR
56 LU I 36 4 B AR B 30 B b T A R 0 AR A R AR R IR R BT S HE AR R S B AE B R . DL b
F14 191 TIF 158 BH 5 00 0 B R M S PP R AR R S R S R WA TE R KR R AN B 5 M %
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EEAE 2T RN TR EN e bR . I, 87 58— bR ME R TS 5 8 PR R |, 02 2 I iR A i e 11 1) R
Z—5
3.3 RFMXARILE R R FRES T AH R A

BEE 7 A= W2 0 R TR I A SR X586 A Bt SR O DR B F S8 AN W R A, 25 908 B AH DG BT - 2y R e DA RN Y
P R T T R R A T R aa B A TR o (EAR X T A A W s R A S E R PR
AHOCHE DR A A2 B TS AR R I L X A0 T S8 AL B A5 I B R Rs A R o RIS, i T 58 48 8 45 = 248 AR R R A%
K (2n=4x=32) S ALY AFAE A ASA R GE A IR i B G SRR 2454 (S50 52 7% S i e K 45
P DRI AN A A TR 28 A A o 4 i R AR — B X R I 0, DA T 5 BT S DG PR A B B R ) g
TIE S0 PRLHE S PR, s B SR AH DG KR PR H2 4 RN T BE I E , $ 5 B B BRI R AR R E R LR AR
HEITI

YEREE MR RN Z — BB TE P00 FOUH sk 2 1 A E 8 MRS R 2 — o B  FE S A
B AE Corgm Rt P 15 ) JE 40 A A UG 45 G e s 410 RN 4 36 R Al G BR PR e i 10, PRI A
PUR I FHLE B SR AT IR AT — 20, [ i L S 1 1 1 22 Bt 57 38 28 0 A JAH DG IR 19 fige e kTR, 5 %o L D g
PEAT THRUE . (ER, SR H A AP0 2 Z2 R IR i oIk e — DN E s A Y et i W e 2 A R AR
A AR B B )4 T DA BRI 5 A% G T R A B, DR, R A B A A R R B T R R AR R —
FAFEE S FR SR ST T UL R ORI E A AR IR AT R . R R 5
EE G B FALERE MR A 48 m bt e ny E2 7, XX TH R a M B A EZEME L
3.4 R FHRIEAE AR

R EEPLRF Ml R F I F MGG T ML ST M T BRI R RS AR
Ffeh, 9k 0y (g BB, LR RORE R AR AR B 4, DL R B TR X S (5 75 45 SR A7 AR A 0 1 L X TEAR KRR
BRI TSR AR A PR R R AL o R AR T e i S B AN S R AR S A BRI E A
BLA b Of 23k, e BIMR B0 R A9 BT 8RB R BB IR (3R 5) o TR, A R OR B R i T B B RS O T
FHURDEACHETE A SRR, LR BR MEE ORI B B R B AR R H i [ IR E AR,
e R DRLRI B K] o 8 25 00 1 AR e T EOBOR UG e B R AT LA 4 i AR T RE AR IR B M HAR AT A MR o 2
TR A )27 05 vk AT B Fh RIS AL ok R FE b, 3845 % A 2 4R AUEE AL . X AT AT — AW o 150, B TT e e B A
S i E R, m AL e AR R R AT R, BET,RERRTEEEEEERS A S
(Trifolium repens) . 2 4 4= J& % B (Lolium perenne) . H WK MR (Lotus corniculatus) . #5 F G 15 . — B 50 AR
(Brachypodium distachyon) 55 #5 P BB EE ST T 50 RGA B 388 AR 36 A A 3R R 50 16 1 1 19 38 4% e AR AR AT
BARTE B S 2 BV HR UM B AR D A BRI . DR, A0 o] B2 o 50 4K B A AL Ak R R Y AT R R A
HAE S B R im Pk —
3.5 REFEEFHAHK

TR SR B E 05 R 52 2 L R R A S e IR, i DUAR IS 0 52 & R H AR o WO R B 9 52 14 78 S b R
7 3t B O R TR PE B b R B DR B U X OR FE AR ) R R W AT 2N IR R R, A e A R A B
P RBTSAOR BT BRI LU, SR AE DU A R R BN AR AT A S T IA [ P L R R
— AR AE K AR B AR A 8T K gy - SF 22 A T T ERE R AT 22 4 EE R 43 T LB X — i PR TR B AR 2 K
5 1 I [R]  [R) Ao A 0 250 5 2 B0 Ak 3 RN 43 B 09 B8 77, DA O B DR 45 SR Y oA 1 RN AT SRk L R SRR H S 2 4F
A BN BB R, O R > AR T v AT RO 0 G B AR DR L AR R T A5 RN
SN e ) 5 U SO 1 8 = O B I S N A R T e e A S el S DR o o = R el Y e
Ko
3.6 BRI SHMET R

1815 Z2 AR PR S ) P AL RN I RS AR A 1 BR Al . AR HAR AL P 2 W ARG AR ERVR B X R B AR 68
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Table 5 Exogenous genes transferred to M. sativa and functions

SR A SR 4y e 3 R Wy Fh e 2% 3k
Exogenous Exogenous Genetically Functions References
genes species modified species
CsALDH, BT R Cleisto- RV HE M. sa- RWCFIHL b AP R Th i, A % A8 % Wi K OFRE K. RWC and aboveground [138]
BAR genes songorica tiva biomass were elevated , and levels of membrane injury and osmotic stress were re-
duced.
AIEDTI PR IT A, thaliana  SEAEEHE M. sa- AFIG 3 AW AL RN R RN B R R EAR 4R R\ SS  Pro & 4kl [139]
tiva SOD WPEFH &, k% SALEHE B BE A MDA & R {IK. Survival rate, bio-

mass, stomatal size, root size, root length, root weight, root diameter, chlorophyll
content, SS content, Pro content and SOD activity were elevated, while water loss

rate, stomatal density, plasma membrane permeability and MDA content were re-

duced.
AtABF3 R IF A, thaliana  RAETHTE M. sa- MR RS2SR 28 15 %M ROS & hEF# (%, Leaf wilting rate, transpiration rate and [140]
tiva ROS content were reduced.
AINDPK? WRIT A, thaliana  #EAEE R M. sa- RWC Pro & Thig , Al 22U K3 H MDA & it k. RWC, Pro con- [141]
tiva tent were increased , leaf wilting rate, water loss rate and MDA content were de-
creased.
MtWXP1 PEHEREM. run- BEAEETE M. sa- HOLEHR ZZBHCR SILSE DR LIECR DL RS TR TR Db [142]
catula liva WK FH B AL TAL 38 3 2R RWC A 7K #4 T8 . Net photosynthetic rate, tran-

spiration rate and stomatal conductance, photosystem II efficiency, quantum efficiency
of photosystem II, photochemical burst coefficient, apparent electron transfer rate,

RWC and leaf water potential were increased.

AgcodA BRIGHERT TR Arthro- 2246 TE M. sa- RWC, HIZEBH Pro & 15 . RWC, betaine and Pro content were increased. [143]
bacter globiformis  tiva

GsWRKY20 WK Glycine soja #8461 TE M. sa- Pro 1SS & ik b , Bz A MDA % 4 BE{K . Pro and SS content were increased , [144]

tiva and membrane permeability and MDA content were decreased.
ZxABCGI1 WL Zygophyllum — RIEEHE M. sa- PRz M AR BRI K R ) A A RE D T s A T2 00 B PR [145]
xanthoxylum tiva Plant height, aboveground biomass, cuticle wax, water retention capacity and photo-

synthetic capacity were increased, while cuticle permeability were decreased.

CsP5CDHI TR 5 C. LI ETE M. sa- Pro & THE M K RFEMK . Pro content were elevated, while leaf water loss [146]
songorica tiva rate were reduced.

FEA [R] B R I5E T A A7 FIBEATT , SR, A 3 [ B 9 355 48 B A Bl B 22 i DL 7= o O 2 88 H AR 9 2 4F N Tk 2 A R 2 9
P, T AR A B gt A R il ke A A 35t A% 22 A M R IR, 30k 8 R 36 8 O B8 05 R 50 3900 P 14 B 0 A B, e LA R S A BT %
PR RS A o AL, B3t A5 Z AR PR B R AR i B TS BB B A Ak R . 7EST R AL E A B AL
v, T A A [R) 5 DA L 22 18] 9 22 S o R AT B £ A 2 52, DL AR AT AT 00 R MR B B0 52 Bl o L DR 5 46 8 4 i
PRI 35 A Z2 REPERE AR, T (3t 28 96 A BE DA BR, XL R0 A5 90 3 b E AR A8 48, o BRI 1 5648 5 A il R ), (i
HE LG AN WG A TR o LI, i 56k 4= Bk FBLIA A 56 46 s A D BT IR A0 Wi B R AT ANPE A A R AT BE 2 R
FEAS [A] AR AR 28 BRI T AR B R B 9E UL, & BT B9 e 52 b B S U, 2 R R R SO R AR
4 REZAEENREMRE

W Al 7= ol 45 4 3 R Atk SR A 4L O IR A B, R 3R [ B 55 AL A AR RS DAL LA JF
THEATIRA o —J2 TN 4 25 D2 e 4% B2 S5 D BTN 4 B8 0 T ARGl B e 1 LN TR RE S AR W AR R T
Bt R o b E 1) oA RS AR R R BT R PE R L 4R A R ROR I A SO S R TR RO SR A A R R 2K
PSRN, B AR FE A ) DR A T RE TG YA IR BIPLR T AR A H A, nDE o T AR m RO A S W L E s
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E A EENNITE SR SEICE SR (NI P 7 S S AE K NS Sl R VR RS YN % T By PSS IS 73
0B RN 45 G AT AR i S T k8 AR S5 ) AT R S B B, DUE Y H g IR Y BREE 26 . DY
JEAEHE AL VAR BT A Bh B T R 0892 RUR T B A R SO SRR R i 2 BT AR OCHE R . ein e
EE A EE CRIEEE SR E R RGO R B, BN & A FR AP RIERE " 2 R E A R AL
SRR, BE D 55 AE A (0 B0 5 7 R 088 100 IR B B I8 AL R o TR R DR 5 AR 8 i A 5% A T A R BT IR A AL £
A7, VA T JREA70 5 2 TR0 M DR 8 F00 5 o 2 DA, JREL 3 R0 A 7, R o o 4 1 5RO I, B
EL BT 1 FE 3R B A RSl R B AR R St S BT 5 AL A R R A SR AR 2 i SR 5

LE LR EAEE A U B AT SO0 T T A M RO A R PR BRI SRR A R A
A A A B MR S R SR BT F R S PR, R AR T R AT R S A 7 T W R A AR BT R
TE VR BRI AN E RO SE, A 2 H A R DT R R RE Y 55 AL A AR, MRS b A He ol ol K e R A
TR 77 S ) A, #f s 22 Tt 2 A i o
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