RV R v R ¥ 2 & 623

AR SR E AR ST
BRI RN ERER"

AR oA EHB S
HART REW MARS

e R K% B LARFEF R, R X 430070
ZMAE B R LHEFER, =M 730020
FHRELKAE T ¥, HF5 266109
ERAFRREFFEIEFER, HWE 264025
AR AFE EA 5 EFEF R, LT 100083
@R KRFE MRESKNEEAKRFER, M 510642
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MTERRAREEERFRTEAANFRRKEER PR E RN TN RETARETFEMSF
PEA, EEXREEFEFHIHEES R HUAEFEMH 0N Ku#ER, MAEKEZFREX
B EMFXEEAREL ALY . FENMBREFEMRARARUKE KEFN S S AM ET
ABEFREFEXRRREIURALEALEE S RENHN B AR LT ETFERF MR 3 2
HAEHRARLA EF LA A 0ORRETEMN, FIHEEREFZ XD MFFRAELq LA
REFLERRE KGN ZE2AAREESATHR . AH . FRATHEFRARF K HK
ENPECE i L A &

[%@A] EFEHFER T LEGH, EAAM AP

FHRE S PRLXFHBE FLAES KEM fHRLERXFREHFIAES

IR, NP EAFRCT AT R7.2020 F
ERERPEZWHINFE”, TENF
EHGRE LS FREREFL. L
AFREXL1I0 24, 25 4F K Y
HHEREFRARER, 2H . 5580
XAOAMAFALABEFE 10 2R A
R,

BI{E AEALXFHEKL . BLAEF
UL PR T AT R B E R F A A,
FEERSFREBEAF®REL, THEPEE
FLHAZFK BESEFHAFNARR.
KERAER T L _F 213, L ehH
BB 6T, KEFREL 3004 H, B
FEAHAM 20 4%, THEREF L H
ZBRA 20 KA,

W, RETEEFLEHHELER
SAUNEEEAEFRS. EENFEFYE
FAERERE AR EHYEFLEH
BRERFRERERESAR, AEF
REL 1004 %, TH LAE5BREFA4
HARE 10 AR, LG KE REA B KR
REBHT R,

BER FHARLAXFHE HILAS
W oNEFEHRHFRTANFRT., 4B
FHRLFBERBDESHFT L LER &
AEE ABEMATRER ML
k. EESAFERABAGE, TERFYE
HERRESTFTAARRL.ZTERFTE
FaRAINAEAFRAALIME.2HE
FHAHHREAR 10 47,
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PPl S AR (1 — &R 43 . BlE 207 K RN
N BRI KP4 1 B AE Bl AR Ak L iz Bl 37
BEEREE MAESBE hRE BB EZEMIEM, &
BEAL ) 5 AT s 35 PR AT BRI DL £ T
Jite B AR} | B 24 50 DA R R i T AR Rl A K
JE . IR FLIEAL 2 AE 55 [ & kS R 1y 7l AF 7 RE
Rl 60 Jmli, 2 AL 20 000 245 /R KR BRI . 2020 4F
FAHE M 600 /23T, 5 FF B AL MK ST
RPN A T R IA=. BE A 3R 3k Ak R Tl
A E AR A A A 3 ] R Bl 2 B e e A e e
PP AR YK, I S A R R [ RE B AR 7
100 1276, EMNF R Ak 5000 £ 5, FHE
Rl AL B Ak 3k 300 Ax 5%, B2 77 A 200 242
JEH LT B — 0 AR B AR L 58 A A B
EVNE R SN S S /AN N A S
AT 20 e 80 4FAR, 90 ARG W & e L H
I & B BEAT — 8 B 77l , 2020 4F 42 [ BB
AP AR E A 2000 4276 SR BCHE o, 3% 1 a0
FEPERIRR 90 90 LA b MBS E F1 L 5], 2021 4F [
BRPE K 9. 96 JTNG, [ 45 RN 26 %6, TR [E
PP AR b L SR SE A R R D R
B 7 B 7 AR BE A SR AP A BT A e A ]
il 29 4 3 [ m B ) R

1 EFEMRERERREEMER

FLPP L — M AR R 8 JE 1w e Bl R R I RE it 52
SE VB BT W A8 T B — 26 R A A ) b B A
AR S 5 #3870 A B B 51 53 Sy 16 2 A T B B
Y BRI RLE R T AL 0 OF AR A 2 R R A
AME, R E R R AR RE R R LR
IR

FOPP 1Y & J G R PP R A UIA G, 56 B2
TS b R R R AR R BRD A R A A
B 70% . P L At B E 95 TR B R i O
KE P2 PR S F) A B 77 i G RO R Y
83% ., TEBEFFB b, KIKEHKC &L 5 A 58
RIS A E RS A DL S R AR Y
o PR PUBR R SR T . BUE 2020 4F, £ H
SEF BB PR B SRR 1 000 24T, EEE 4 1990
AEFAUT R [ 5K a5t 1% % IR 3T %) (National Genetic
Resources Program, NGRP) , FH-7E b 3L ml F 3~ T
Mogt %R fE B W 4 (Germplasm  Resources
Information Network, GRIN), H fij Wt ££ & 77 /9 R
AP ERMHCRE S B PR R R B B B A 3 T . W

KA B PG =2 K [ B 58 8 A 50 0T Wi 48 A A7 1) 9% 9
A 3 T Lh 1S,

R SRACE LN i i R S N g S R (B
B R AR R B A ) IR AT 246 BE 1545 & 6 704
F, E R MO AR R 2021 AE AN T ChEAR
e F B ERp H SR (2021 4F) ), 3 12 AR, 120 4
i, HPARARE 59 AFh, 28T LIAE s PR,
I BT B R O T BA R E AR e Bt
28 o S 7 A7 S 11 | o 7B L
S5 By R B EE T A R BT R R AL T F R R
e H R TAE 2T ARG T 20 thal 80 AEAR, Y
£ 2022 4, R ILA 674 A HORT R E A E
o & AR Bl 257 A, BOPRRE B RRLA 65 A
“o T RIOK AR R I BT e 0 ST TR (Bl
SV N O S O N B LTINS A
PE 1A BRI 17 AU, 2 AT K R R
BEIRLRAF R IR 2
1.1 EHREMEAR

R ERERIFREF LM Al RRET.
FAZH ML F R AT B, “Tiftonl0” My 7F AR
(Cynodon dactylon) i RGEERT K. BEAIRTH .
BLEFAR RO S R v . X T AR R g ik F AR
o USRS At R R 2T A T 4 % L R
PR LT €5 565 LS T T IR ik L R BRI M
PR AR R A A S A R R B L
e H TS S R L T IR BT L A A 5R  Be FE AT 3R B BE )
oy T 1R B S R R A AR R A 1
SRR 2 5 AR,

e B AR AR R E A R AR ) i
it 2 S A F MR ¥ Russell” i Fh . 7] “ Coastal” iy
N N e o N g S T SN S O L VA
PUAEMEE SR, e RGEMHREHAREET T &K
1 SIS (Zoysia matrella) \“ &% 2 57 7%
AR s 3 ST I IE 4 B (Paspalum
vaginatum) AP 1% F A A R PR, R R
JIuik B  BE IR B AL i ER B8 ) 5R . JE [A) 2%
AP RO PP R AR B A AT, R e SN Z AR
¥ (Lolium multiflorum) FlZE IR F F (Festuca
arundinacea) AT J& 8] 2% 32 . 5K B 42 46 XF B ] £ 4F
BB (L, perenne) ME EF AT R B 258, &
S AR AT I [ 2 o,

BEFMEE IR SE T M EE R
—, BT AR . A 58 H 2F A\ B 2 5L 1 U 48
gl 0 B (Stenotaphrum secondatum ) B & B
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(Erenochloa ophiuroides) . 254K 235 (%57 & Fp ik
AR . . i A T AL 3R Tifgreen
I AE AR BA I g ORI | WAL A B LR 7 R
Rl RE ISR E A BB T T AR
AT R AL

FFHRKOK AN ZR AT G4 0 A A% 1) A5 M 3 i do
MAE TARABF IR A E Mrb, WSE [ 508 1 X 2
ZFMAF)E FLAAM R T R ey . CFM T
[F) I8 DU 35 AR b L
1.2 SFEREHTEHEHAREEE

T [ AP R A 3 S AR Y
1.0 WU AR 22 3 B 1 2. 0 BHC K #1448 & Fl
LR HCRIR. W RIKERFEIFEFRE A
FTEMM 3.0 A 4 T BRI/ E T EM
R, i 4.0 WART T E A AT LUK 2k R R R
A A 3 o P R B O 5

FEREPPRCAE W) E b 5 T B ST e A e ik P
PRSP IR AR R R FEE SRS
LR AR T R R RS (FL rubra)
AR (Poa) BF0 Y55 F o I H) 5 JE D B TE 500
P HE A S I 45 5 TS TR A R R AT A
I PR TR Z A R A B 22 AL R )R O Ik
i (Agrostis stolonifera) 4155 85 B (A. tenuis) .
W8 ¥ (Dactylis glomerata) &5 28 % f) 4R L k15
R R B A 0] A B S
PR ™ Y AR AR R R, AH G e ik DY e B
PRIV P e S AT 2 A VR TEAG

B I B A 1 BT 5 AR BOR B 22 Y e B R
BEDRVZH N 7 45 R A AR T A S R R IR B A A
e T e DR ) R R R AL R R L T RR e R
RUOCHE Aric i Bk B N H B F S5 1T F
MR, HEC 2HGEME T —FEBRLR & T
2 G5 2 A RRT ( e  RE A IR TR R A
TR 7R R A 5 RO AT oY . B —UEE
FF- 6 o B2 H AR PR K R A Ok B i 4 3
ER.

UEAE AR | 18 JEREOR Y A R S i T Btk i AR B IR
PR B R ) 2 R0 43 A O i T RT UL O AR L O R
LLAMARUG R B AR BN PO AT BAT A W 3R
T 3k —4fE 0 P R P A R S A Bl R
oG B M & N TR RE & Fh 7 n) &

2 ERENIMEENVFITHR

2.1 EIFEGKSHE

SR AR ST K B T T BT R R A

FPAT oK AR A, A oF AR 45 2 R A ) R 25 R M R 25
FE MR B R BTRE, R R, R
S I TS W A A AR (R MR B OR PpCER]
BD TG SRR (ZAEERE R LpLEA3 M
LpFeSOD 3£ Ji ¥4 2 ( Abscisic Acids ABA) (%
5 ABA Z KN FePYRI M 5 HR B 7k & 3N
CdDHN4) FldE ABA K i i& 12 (M) F . CdNF-
YCI PR S A G HE P 223k (B 1), DA K R W3k 1%
AR, 3 O T R 22 1

K JBip 38 X R P R AR KB 5 5 KO R
Ko TEWRZIKME AT, FEPP RO AT 5 o PRl AR 4G, 4
HOKTET . T AR R JZ K T . BT D SE A R AR
AR R AR AR 3 A AR BIR T =X i A A P 4G 3
Yok BE O AR 35 N K WK e, B ) SK
(SNORKEL) #il SUBI (SUBMER GENCE-1) /2
P i ¥ 1 1 PR -, R R R v R Dl (A
D,
2.2 EWESEERE

o AT MR R L LR A X B K R R
R EEAFEAAE PO B PR BB (AR . R
FR T OCE AR PR OB R AR A R A
K FRIE(Z4EE LR LpNYCI . LpNOL . LpSGR
MLpPPH %), [AJWf, BEEFREAE & I 21 T BOE T
R T % 5 A F (Heat Shock Transcription
Factor, HSE) i 18 (ZAFE A B W L p HSFCls JH) &
YR HSPs 48) MU HSF ik 18 (2 4E A4 R 4
B LpHOX s JF M CAABF 45) 1 w5 i i 38 v 2%
(B 1, AMERR R R FH R R -2 5 T R 55 1
SHR AL B R 2R S T I R TR AR R A

TR A5 FF 1 B P B0 A 203 L R 5 T W e
W2 HE R SR B K R DL ABA By S RN, i
ok 2 5T 2H AN S5 2H A T i, P R v R B A7 IR
ERMEAHAEREN & miRNA # % 5E Bk, &
PP RO CBF i 48 (4526 % ZjDREBI (R
K PpCBF3 RN ZjICE] %) FIAH#i CBF 1%
1 O F AR 2 M & A2 A 52 1) CdSAMDCT #1206 i
& CAERF ) BOGRR N A5 5 (K 1), ACC.—%
LA (NO) fE & F1 ABA 55 /N 43 49 ot FAH 9 0 R
Qb B AT D)3 i B R FE M
2.3 ENESETFE

R EA 17 A2 Eh o b, 07 2% I 55 F i £ Ak 5 B
T RS OGE T ER A I AR A L, R 2 R
(AT R M L ve 23 R R B R G, (F A7 A i 8] B R [E] Y
Ptk 2R, WA R AREE T
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Submergence

P

SK1/2 SUBTA

Signaling transduction

PP2C . Growth Growth
1 improvement  inhibition
SnRK2
v Escape Quiescence
ABFs strategy strategy
FRINERE KRB R B

S

ATG = ADP+Pi

[ RERNERAS |

DREBI1/CBF
— =l

_'Jm-i ¢ r
R B R

H1 agspsmseeesee®

SEERTE A MRAEER A A T RGA RN, MY
U (Salt Overly Sensitive, SOS) 5 5 5 T & 72 75 4%
SR A A v S e R () NS I DI T ¥ 3 AL LB}
Fik ZmVP #2757 NHX1 . P5CS 25 3L iy ik, 1
SRAERBE 1YY, M F A CAWRKYS0 & DREB2A I
TR T AR B o R ik f iR 2

2o A A RO R Bl L AR L SR P R (CdD
i 57 Mk 5, RO RO OR R ok R (R R E A
Elytrigia elongata) X8y (Pb) T 3Z 308 . AR
B AR B (Zn) FI P AR BRI U 28 BT Cd A
R Z R F XS Cu,Pb.Zn # A 84710 & 4
PERT. Cd Ml 250, B 3 50 A N K o 2 PR 4 6
Tk W2 A RFEELE W HER 2 E A
( Multidrug
Transporter, MATE) &2 8K H LA M MYB .AP2/
ERF .WRKY .TIFY .bHLH .NAC .MADS .OMT
M HD -ZIP %552 W7 0 AME/NY 905 dnk
Wi e — LA R RS R R RS

and Toxic Compound Extrusion

T LA S0k 2 T < i 7 10 IR 45
3 ENERERASEERERUARIARK

3.1 EREERA

R ZE R BB B 22 AR A BR R H A A A AR
SARIEEGI . FANEHIRBR (P, pratensis) 5
—AEAERBR (P, annua) YO R G IE N 4 7E 2023
FESEM Y BER R R, 2016 4R 0 AR AE
FRE T HARGEZRE (Z. japonica) V54526 B 40
W25 5 (Z. pacifica) W R, o8 ) F AR
(C. dactylon) FIAEM M TR (C. transvalensis) F F
HAERERAR IS 0 BIAE 2022 F1 2021 4F 4%
DUSRATS T g T R RN A 42 B (P notatum) 1Y
FE A 2022 4R & RUS Y IBR FOR S o g fE
(Eragrostis curvula ) 3= 40 W AE 2021 A1 2019 4 58
B GR =W (Tri folium - pratense) i = i
(T. subterraneum) A =M (T. repens) FHHEE
AR (R D,

O A F“HEMIERNZ 5] [ :Ohama N, Sato H, Shinozaki K, et al. Transcriptional regulatory network of plant heat stress response.
Trends In Plant Science, 2017, 22(1):53-65; 4 L“3h Ml % 75 H : Yang Y, Guo Y. Unraveling salt stress signaling in plants. Journal Of

Integrative Plant Biology, 2018, 60(9) :796-804.
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*1 ERFEEFANFER
TP B PP B2 4 F R A KN B R ot iNsAEP

il LA B (Lolium perenne)™™ 1128 Mb 28 455 T} A

N LA BAE R (L, perenne) 2.3Gb 38868 i i
AR B AET (L. perenne)™ 2.55Gb 54 629 3
R R (Poa pratensis)™ 6.09 Gb 256 281 EE|
— AR BBR (P, annua)™ 1.78 Gb 76 420 |

% 2 7l H A 45 2k 2 (Zoysia ja ponica)™ 334 Mb 59271 [EfZN

N WIS (Z, matrella)™ 563 Mb 95079 SN
L5 TE(Z. pacifica)™ 397 Mb 65252 H 7
58 M) F A (Cynodon dactylon)™ 1.01 Gb 76 879 ]
WA F AR (C. transvalensis)™ 423.4 Mb 28 444 i E
W4 B (Pas palum Vaginatum)™ 593 Mb 45 843 EgE|
MR (P. notatum)™ 541 Mb 36511 i [
{5 46 2 ( Eremochloa ophiuroides)™" 867. 4 Mb 36572 g
250 i J§ 2L (Eragrostis curvula )™ 602 Mb 56 469 F A 4

E[S7 N L =W (Trifolium pratense)™ 309 Mb 40 868 B [

B W= (T. subterraneum)™" 471.8 Mb 42706 H A
H=M(T. repens)™V 1096 Mb 90128 [

3.2 ERERAERAUER

g oF MR B 2 R )R B RET IR A L 2 AR R
R SRR R MR OR [ A R R B
ARG AR RIE R L . LSRR AR T
25 AR MAAE 7 AR IR Hl T i S 1R S S AR B
BT T A7, 38 1 A Bl AT TR AR G T kL AR AR B
AR M MR . R B 22 A A TR R BRI RPN
CRISPR/Cas9 & [H 4t 4 & R L C D g,

4 EFEERFPEERRIAR

WREMHR

FLPP BT A S T PR R 25 A N A i
it MTPE RS 1 5 B i 4F IR 14 56 3R 3 B PF R 1Y
KRR B MR FEIER . 38 3h 3 B £ g v Ak
FEOR R [R VD e Lo X 32 3 3 BF IR+ 38 K 43 55 2 A
PP T i A B, 3 [ R R BKPp 25 (United
States Golf Association, USGA) #E 77 14 5 18 £ R 2%
E B RO AR R R LY 2 Bk AR A
k& G5, REABZEFIKMNEER, JBER
300 mm, B i VAR W IR A, A R R
H 50~100 mm, FE H AL 1~4 mm B 5 7D 5L

4.1

MikA A, BRARMTSERZRT . @ ER
100~150 mm, R A2 6~9 mm MR A 4L, £k
Feqh -, E PR 2 BREE & 4 (Fédération Internationale
de Football Association, FIFA) #2 tH T %l /2 ¥k %
FSPHEAE PR R G50, F 2 eV i R 2 I
2 BRA R . AR B TS B R A R
GAERT R, R AR A P R RSB T
12 BN RIS 322 p £ 2 n v AR B AT BT AR TR
BRI 22 RS R =R, SR H T X IR
B FUEE A IE I A T AR B 0 B B, AN ) A A A
PRI RO + BAEPLH LA K 1 K T 38 5% Rk 55
YEFIPLBIR WA GE . 4 Ak B 0P 07 K 22y 1 e JE T
TEA Ja MR AR 5T T, B IR T 0F kAR AR =
RO EF IR 38 0 R B R $2 T e Al B PR i AR
PRSP NAS
4.2 EHKBRGHR

A1 15 56 B HEHE K R G A = T i R R
CIRHE . B LA WERE R G A DURD . MR [ 3 g
Hh e U AR e (BAR BT R 50 |
Mo b e R G - A E A R G,
TR 34 5 B VR TR AT 2% S5 R 45 5 i) 1) R 1) B b L €876
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DL RESPROAR R A ARG . A (R8RS R AN ) 2 b
BT AR R E S, e ok S
FPP IR ) PERE L 3 IR R i i R A ) R B BR
S R R IRUNER: Y (D

HEK R Gt J2 iz 2l I 7L 87 B B0 SR AL R it 2
— . Bl BRI IR HEOK R G0 R Lol A PR
P AR B0 R BE S X A5 T e b A B AT B2
WIE R . HEZK A 8 R G800 W58 38 1 78 4 B iR
PP AE BT 45 261 T A B 1 O A B $E T K 4% A
AU N7 55 JUAS J7 T i — 2 i
4.3 EMIEEFMHIEFIAR

TR RIS RN EELS R —, &
BB R AR B T BB BP0 0 A 46 R PR ],
Tl By 326 B 7 2% BB LA R - 38 A% R S R, R ) A
WS BT L o B2 LB 3 — k) AR S i (B 5
PE G BT R R ] 2l RE PP B v L R L
BE G R R B EE AR PR BE L B W EE SRR R L B RN Y
LU PE (RERP A% SR A A A SF IR, TR
G A OR BB A O AR b 2w 0 — b A O
Beo B PREA N S — P IR S LAV E R
50 KRR B IY . WSR2 2 RO LR
ETA
4.4 HEIFKBEEEMR

FRAP A R BB AT A 2 R Y A R BT B
JRRE T AR, 1990 AL WaE £ Lok, TR
PP R JRAGH 77 B BB R AN W v (R SR R A 5
= Bk b5 NSE A Gk B K 22 BRI, P B
MELAA N . BARRE P53 4 48 B o i A0 R 19
0 5 B R 5 R VR F AL, IE S B AR G
5 PRI SR A TR AE S e, AR BT AR IS R R AR A
JE X FLPRIEA TR A A B SR P B, AT SR R B
SOICIERES & 11

A H i A 2 4 v R O R AR R R SO A
ARG . TR R IR g2 R PR R AIE G
A R AN 37 3 R TS B L 7 e B[] P AR S R
FERYAEAR . SR T R AN T L IR R L U K AR i
P FH 2 A B AT 40% ., /BRI H T
HFR I BETOR A BE 0% 5 1V W 37 43 W W 75 oK AR X [
AL AT Rhu /b RE kit FH 5 DA R it A Uk, B2 v A L )
R, AT A T4 BT 2942 S At R A i 4
B, TS A Ay B R IERL BB A AR A BT AR R R
FE 5 PR AT

FPPAR R T 5 A O ) AR AR
FKHE A 1960 FER P4 T FHIFRZERU S U5 ¢

A MWTSE . IF T 1990 AFAHI FEA S8 R 23 M DX Al
REFEEFZEBCRME , BFERRIFRAE RN
B RFEHCER N 3. 0~9. 0 mm, i ¥4 2= B o1 B 55
(92 3. 6~12. 6 mm"™ , & DK 28 HOR B 5T AR B
TP ARFEK BRI 18, FEPP 5 B A 25 5
KSR AE BAE T . Fe E E 2 2000 4E LLE A TR
PP R ZE BOR T 5T AR BF SR L, Bz RGBT
FEAERAR D T 52 b4 3w FERE T
4.5 ENFRHEERAHAR

F PP L A AR A RO TR R B 14 ] 2 e AN
WMEANE. EECBCRFEIFE R EA 52 M, 3
EAMRE 20 25, TEZABERE . AHFENH
W BEI T B A R B R B EE R E R
Rl L I G 2T OB A AR A LR R Y e A
3 [ R PP B4 25 7K O3 L 57 41 O BRI ) 52 e 7L B
B ARG AT B IR AR, ™ R B e PR Y S UL AN e
e, ZmM B2, Hoh DURACHRL 2 7R 75 B R
FeRLfE I N, ARG R PR A A AR
500 Lh b H fe FH B AT Ik 1026 ~40% £ &
. P 2% 57 BR R BOPE SR P A — I
TAE.

A2 7 6 2 e T B Bl 36 i R R A L
Dy 3 WU P2 PR B S e MBT 2PE.  AER AT
PLERR B 2 (A 25 T B 32 B E AL, 76 ) g 1L 5 2
R IA R E ST LAl L SE T 20 HiE4S 80 AEAR
B UR S SRR E A Y %E 5 8 B (Integrated Pest
Management, IPM) i+ %1, 2000 4F J5 ¥ — 2 T+ 4%
NREFER AR SRR E L RN EE R
GERR IR B A B G K A R OCTE UR R R S
Bijif s J5 O T R PP R AR L 255 18 4% B B PR SR A B
Jit o 46 A5 £ BRE AT R B BB [ IE AN 0k N 2R At i R B
Bk e .

5 EFFERRIBEMERES

PP PR B 0 2 D RE AR A I 3 A 2 VAR
ZERaE . T T E R B S BEAECT EEBR T K
W& LR (2016—2050) ), $2 2030 4E 45 A
A 1P Rk, R A TRABLZ N 200 14~
500 127 » B PP B4R SR 4 2 T 29 50 12~ 100 {2 5T,
(4 A 2% A BRI 29 2 (20222030 4F) ) At B
B4 H L U T AR R bR T R X 2k
b8 55 RIR B 43 %0, B sk A B 6 Rk B 3206, ML
Xl 56 WL AR A RS [ - g4k 5 A0 . BB E
M AR B TA0o0 ., SR IE ™ CRioR L2
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Bk I Ak ERAEE ) PR E AT 3K 2000 /27T BT
DA SN A R (A e o B €
AL
5.1 BEIREMREZERTNHARXERES KR

(1) B3 B 5T 3% IR 00 &R 1 M« Ofy B 3K [ T
SO N 7 S VA < o SN A R 2 O 1 L
PR S A 2 I O (O = vl s EE o L i
JEFURH R O AZ O Bl B R R . ST AN [R] & 4 R bR R
Fofr 14 000 S5 P RV A1 BT 4 2R T X S T e R 57
IBESAM T B S A BB RORP S N M AL T R R AR
Ly 32 RUR B DR R RO L Ok — it A S R M
4 B B R BRI, Ay R B R s AR A R AL G Ak R
Ff F J 00 S 0 R A 4 T AR

) EREEFRBHEEEMS FiRiZF L XS
LB R T Y R IO UM T R 2 AR 2 R
FE . HETRPROL A (E BT RSN A ENT T
R S 22 1l 4 3k PR A A S5 Rl i e s o B R A i
JoT 3 DR 4 A S K Ak g s, v A TR g R I TR RS AR
VB TE RSy FhRid, FF R S D Ay RURG I . A At R B
B R AL B R RS PR U B PR

F N TR 3 TN T N N TR A A G RN

ST 1 HE R ) 4 bR i s ST O o8 3 PR R A
WicH B EME AT 5.

(3) EIPEEEThEEMR AT AN F R A« 12 9 5
) PP R R R A 2 A PR 48 R AT
TP, RGBS 18 5 S R
PEAH B 2R s AL AL R v B AR
b Tk AR DL KO 550 A5 B 1R S 18 M O 4 R BT
[V = A AN (1R AN T D WO ) SRR L
TR ZHE R G /T3t & Fh, G 1S B 2 Fh P i
B2 A I I R N = BN R BT
5.2 BEIREMRBREEIEEMIMREES

(1) ERERFEBTEIFERFEMER: N 20
40 50 AR LK TR EAE AP RL G | Rk & L PR T —
ROV TAE A E B R D, E B AR K RA
530  ANRRIE L = F . SRR E R S
TR AEGIR R G H M2 H Ay Al L)
CIFRIEZE M A KE M, 25N EWH AR, F
FH A3 F AR e B8 1 R L2 B DR R R IR 4 B R
PEAT BRI BB R

) BHAEEREFRAREEFEEMRNE
FA + 58 3% FOPE R AL AL DR G A R 2 A 10 A B
BHRHE ARG 2 — ik CRISPR/Cas9 $7 A 7 5
PP A SY ST RO b R T R R Y B TR g

R AR, T R 2 A AR SR DR R I JBE O AR A
BRI BT, i o fe 3 B 22 ik DY 8 A% e 1k 1 R
Ko TV 22 5L IR 3R A TR R B BT BT A A
o (A R B A GE AR TR &
5.3 ENEE FPEEREMERIRAELES

(1) EREEKRSFEFTRME ok o7 b 5
(it AR BB K o 5 AR T AR S O R
HEP K o3 5518 B PR REAR G IE A 9 SE AR B 5T . i Ty
IKEEFRIPAE BRI BT S B AR R AR 25 RO
PR R NE K Gl 2 W RE LT . B 6T AN [ ol L A [
JHa B B R A IR I BREOR T R . RS
Hh KOG BB R A A 0k R (R K A B 5
VT H AR o E B K B AT AT

(2) T EREFRARGERMEFRZBERPX
BRART R 57 B A B PP AR BT X R
Bl 5% AR R sk ) AR O K O b R B AR R ROR
TG B R T AR IR AP ACSR  a al A 2 4 EE
T RGNSl 5L AT A [R] B RE 7 2 A
BTG B AR B R IR R S R, TR T
PCSE AT B 7 BOR BT ST N T B o 4 )
PP AR K IR L BIFSY T R BT K A3 VB SR O IR
PR3 A 2800 e B A R R W A A R R AR
INPNNIEZS: & S S W A e Y =y e
FERCR N B e e, S aE T R R A A 2R
AN TRRS YR 4 B0 58 A i L3 3l 37 B B A A B4
AR TR . H ST AL R 0 B T B2 B 20 O
FAR S IE N T A ] 26001 2 B 3 e ET A A R
R R FMAE .

) ERZRABR REGEMNMHEALRETE
PR R H AT BEA R T T R R R R AL .
Foft - A 7 DA Aol L T ) A B 0 R L a L n TEas
BB L R 22 ph A HIUAR A0 L LB AL RIS A 7 JEE 1K
JEARRUIE T, S R A AR O R B U
GERE U BRAT 3 B A AT R ARG B L BB
MALBR B 5 . I 5T 32 2 5 b1 A 25 10 il FH ok 52 it
7 2t SR B R B R B 358 1) B2 e L O i
N S RS F PN i e ST

(4) AKEERAREATIERE AN A TF
K BfE KRB 5G LA KN TR REHOAR A R A
N T RE B PP 7 37 BRI 7 (O AR 2 I AL
BT HL &8 NS5 B TT R AT R R 7 5 90 A8 BB R
SR TR A T 1) . AR JE N AR 24 I AL | A2 5 AL
e N AR N T RE W I SR 0 A BB o S 3
P IR BLEOR R GE, ] gt — 20 M gl 3R



630 wooE R % & 2023 4F
ﬂkﬁgﬂg&}ﬁ{ﬁo [15] Tanaka H, Hirakawa H, Kosugi S, et al. Sequencing and
comparative analyses of the genomes of zoysiagrasses. DNA
5 F X W Research, 2016, 23(2); 171—180.
[16] Zhang B, Chen S, Liu JX, et al. A high-quality haplotype-
(1] B4&de, WISk, XA, EASCH AR & T IR EETL .
resolved genome of common bermudagrass ( Cynodon
KRS E. BB, 2021, 38(10) . 2077—2086. . o , .
dactylon 1..) provides insights into polyploid genome

(2]

(3]

[4]

L6l

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

SR, La, BIER, % REREFMER SRS, b
B BE e T, 2021, 36(6): 660
deHT A, Shulk, SR, . ESNRAR R E R R,
L5 EH M, 2015, 218(1): 1—7.

Ha SB.

665.

Wu FS, Thorne TK. Transgenic turf-type tall
fescue ( Festuca amndinacea Schreb.) plants regenerated
from protoplasts. Plant Cell Reports, 1992, 11 (12).
601—604.

Xu X, Liu WW, Liu XY, et al. Genetic manipulation of
biosynthesis using

bermudagrass photosynthetic

Agrobacterium-mediated transformation. Physiologia
Plantarum, 2022, 174(3): e13710.

Vines PL, Zhang J. High-throughput plant phenotyping for
improved turfgrass breeding applications. Grass Research,
2022, 2(1): 1—13.

Chen Y, Zong JQ, Tan ZQ, et al. Systematic mining of salt-
tolerant genes in halophyte-Zoysia matrella through cDNA
expression library screening.  Plant Physiology and
Biochemistry, 2015, 89: 44—52.

Huang XB, Amee M, Chen L. Bermudagrass Cd{WRKY50
gene negatively regulates plants’ response to salt stress.
Environmental  and Experimental Botany., 2021,
188.: 104513.

Lai JX, Han LB. Progress and challenges in China turfgrass
abiotic stress resistance research. Frontiers in Plant Science,
2022, 13: 922175,

Byrne SL, Nagy I, Pfeifer M, et al. A synteny-based draft
genome sequence of the forage grass Lolium perenne. The
Plant Journal, 2015, 84(4): 816—826.
Frei D, Veekman E, Grogg D, et al. Ultralong Oxford
nanopore reads enable the development of a reference-grade
perennial ryegrass genome assembly. Genome Biology and
Evolution, 2021, 13(8): evabl59.

Istvan N, Elisabeth V, Chang L, et al. Chromosome-scale
assembly and annotation of the perennial ryegrass genome.
BMC Genomics, 2022, 23(1): 505.

Phillips AR, Seetharam AS, Albert PS, et al. A happy
accident: a novel turfgrass reference genome. G3-Genes
Genomes Genetics, 2023, 13(6): jkad073.

Robbins MD, Bushman BS, Huff DR, et al. Chromosome-
scale genome assembly and annotation of allotetraploid
Genome Biology and

annual bluegrass ( Poa annua L.).

Evolution, 2023, 15(1): evacl80.

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

stability and prostrate growth. Frontiers in Plant Science,
2022, 13: 890980.
Cui FC, Taier GL, Li ML, et al. The genome of the warm-

season  turfgrass  African  bermudagrass ( Cynodon

transvaalensis). Horticulture Research, 2021, 8. 93.

Sun GC, Wase N, Shu SQ, et al. Genome of Paspalum
vaginatum and the role of trehalose mediated autophagy in
increasing maize biomass. Nature Communications, 2022,
13(1): 1—20.

Yan Z, Liu H, Chen Y. et al. High-quality chromosome-
scale de novo assembly of the Paspalum notatum ‘Flugge’
genome. BMC Genomics. 2022, 23: 293.

Wang JJ, Zi HL,

Wang R, et al. A high-quality

chromosome-scale  assembly of the  centipedegrass
Eremochloa ophiuroides (Munro) Hack. I genome provides
insights into chromosomal structural evolution and prostrate
growth habit. Horticulture Research, 2021, 8(1). 1-—13.
Carballo J, Santos BACM, Zappacosta D, et al. A high-
quality genome of Eragrostis curvula grass provides insights
into Poaceae evolution and supports new strategies to
enhance forage quality. Scientific Reports, 2019, 9 (1):
1—15.

De Vega JJ, Ayling S, Hegarty M, et al. Red clover
(Trifolium pratense 1..) draft genome provides a platform
for trait improvement. Scientific Reports, 2015, 5 (1):
1—10.

Hirakawa H, Kaur P, Shirasawa K, et al. Draft genome
sequence of subterranean clover, a reference for genus
Trifolium. Scientific Reports, 2016, 6(1).: 1—9.

Wang H, Wu Y, He Y, et al. High-quality chromosome-
level de novo assembly of the Trifolium repens. BMC

Genomics, 2023, https://doi. org/10. 21203/rs. 3. rs-
2631739/v1.

WRAEW, R, TKAEL, F. (RNA-sgRNA/Casd & FE N F
B PR R DR A MR O B IR g . RO AR, 2023, 32
(4): 129—141.

Zhang YW, Ran YD, Nagy I, et al. Targeted mutagenesis
in ryegrass (Lolium spp.) using the CRISPR/Cas9 system.
Plant Biotechnology Journal, 2020, 18(9). 1854—1856.
Zhang L., Wang T, Wang GY, et al.

Simultaneous gene

editing of three homoeoalleles in  self-incompatible

allohexaploid grasses. Journal of Integrative Plant Biology,

2021, 63(8): 1410—1415.



EHEYE I R ] VA P R 0NN N S 0 Yy =F 631

(28] BAJHHE. PRfCAE. WK, %, R ER. AR ER. Turfgrass Management, 2016, 2(1): 1-—9.
2003, 23(1);: 148—157. [30] Trenholm LE, Sartain JB. Turf nutrient leaching and best
[29] Aryal SK. Crow WT, McSorley R, et al. Integrated pest management practices in Florida. HortTechnology, 2010,
management of nematodes on bermudagrass turf. Crop, Forage & 20(1): 107—110.

Research Progress, Future Challenge and Development Trend of Turf Science

Zhulong Chan' Tao Hu® Zengyu Wang® An Shao'

Liebao Han’" Juming Zhang®” Jinmin Fu*”
. College of Horticulture & Forest Sciences . Huazhong Agricultural University , Wuhan 430070
. College of Pastoral Agriculture Science and Technology, Lanzhou University s Lanzhou 730020
. College of Grassland Science s Qingdao Agricultural University , Qingdao 266109

= W Do

. School of Resources and Environmental Engineering s Ludong University , Yantai 264025

o

. School of Grassland Science s Beijing Forestry University , Beijing 100083

6. College of Forestry and Landscape Architecture s South China Agricultural University , Guangzhou 510642

Abstract Turfgrass plays an important role in human life and ecological environment. China has abundant
turfgrass germplasm resources. In China, preliminary management system for turfgrass germplasm
resources has been established. Genome sequencing and evaluation of agronomic traits and stress tolerance
have been carried out. Techniques of lawn construction and maintenance have been explored and improved.
However, the breeding history of turfgrass in China is short, with 90% of turfgrass seeds relying on
imports. With the rapid development of China’s economy, the overall demand for turfgrass seeds is on the
rise. In the future, the systematic collection, precise evaluation, and comprehensive utilization of turfgrass
germplasm resources will be the first priority. Identification and functional characterization of candidate
genes regulating key agronomic traits through mining of big data need to be performed. Systematical
selection of superior turfgrass germplasm and application of gene editing technology should be carried out to
gradually implement molecular design breeding in the Breeding Era 4. 0. Moreover, through elucidating the
water and nutrient demand patterns of turfgrass species, we will develop lawn specific fertilizers,
pesticides, and machinery, comprehensively utilize modern information technology and artificial
intelligence to innovate, integrate and extend key technologies for lawn construction and maintenance, and

jointly promote the development of the lawn industry.

Keywords turfgrass; germplasm resources; breeding; gene editing; lawn construction and maintenance
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