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Abstract: There are several technical bottlenecks in Zoysia japonica tissue culture, including the low induction rate
of embryogenic callus and severe browning during subculture. This study aimed to address these problems to
establish an efficient and stable plant regeneration system for Z. japonica. Mature seeds of the seed-propagated
cultivar ‘Zenith” were used as explants. These explants were cultured on basal induction medium (IM) consisting of

Murashige &. Skoog medium supplemented with 2 mg-1."" 2, 4-dichlorophenoxyacetic acid and 0.2 mg-L ' 6-
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benzylaminopurine. Key regulatory factors were screened through three successive rounds of single-factor
experiments. The first round of screening revealed a promoting effect of 5 mg+L." ' vitamin B1 and 25 mg-
I. "' a-ketoglutaric acid on embryogenic callus induction, although the maximum embryogenic callus induction rate
was only 6.74% . The second round of screening identified dicamba (2 mg-L. ') as a core hormonal regulator that
significantly increased the embryogenic callus induction rate to 19. 65%. In the third round of screening, the addition
of 25 mg-L ' «-ketoglutaric acid to IM+2 mg-L "' dicamba further increased the embryogenic callus induction
efficiency by 62.38%. The addition of 0.05 mg-L.~" abscisic acid to the medium effectively inhibited premature
differentiation of callus during subculturing. Browning was significantly suppressed by the addition of 4 g-1.7"
polyvinylpyrrolidone (PVP), 0.5—1.0 g-L " activated carbon, or 0.001—0. 005 g-L ' silver nitrate, with PVP
demonstrating the strongest inhibitory effect. In summary, a complete, efficient regeneration system was established
for Z. japonica. This system provides a reliable source of recipient materials for molecular breeding applications such
as gene editing and genetic transformation. The findings of this study provide a valuable theoretical and technical
reference for developing regeneration systems for other warm-season turf grasses.
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SO UM IR, A R (QT 8390 YT 8124 BT 7900 ) MF ML T 2892 (e 6300 ) MRAR (d #2300 ) s i — 2P a3
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T B AR FAAIL L 6 A BB o BRI 5, ST H A S5 28 R PR AR R R PR AFAE 3 KAZ 0 Jay B« — 2 B8 R R A0 b 2%
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1.5.25 mg-L ", T,~T,) 4/ € B2(VB2:0.1,1.0,10.0 mg-L ', T,~T,) . FL K Hi FZ 4 (CuSO,-5H-0:5.,10,20
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4. 0mg-L ™", Ty~Ts) o
1.3.2 ME@OIESRFRENMA  RIERTHES R 2 R AR SR M @08 BT RO ol 3 . i
BARFHE R ROR, LLIM A2 mg- L' 22 R RO R ARl 5 52 56 7E b 22 b 43 0 it T IR AN [R] vk BE A BE CuS O,
5H.0(5,10.20.40 mg-L ', L,~L,) . e-Bil & —# (25.50,100,200 mg-L ', L,~Ly) 1 VB(1,5.25.50 mg-L ',
Lo~L.) (B PR AR AN, 15 7000 2 SC B RO N 1) S AR VR B o A b PR 5 L H &2, g LB b 58 kL b 1
T A 5 B IR AE (252 2) CRY BRGS0 #EAT 8 LSO IE A A A5 S R FE S
1.4 AHMBuRE RBILITR

B T IR T A 4 A P B R AR B R 2k (MS+30 g+ L ERE +0.5 ¢ L' CH+1.15 gL' Pro+2 mg-
L '2,4-D+0.2mg-L ' 6-BA, pH 5.8) I, 5 20~25 d 4kt — Wk oy fift e g AR 3k A vl i1y 51 0 2 ) R0, 7 4 AR B
FEIEFERIN T AR (0.,0.01.0.05,0.10,0. 20 mg- L") f B % B2 (ABA) SEAT IR .k 300 A 45 2 208 1k, 7
AR % kv 23 590 5 0 AN ) e 52 B8 B2 1Y 6 b Bt 4 1k 700 g R SR R AT O 2R 60 455 A AR R (citric acid , CA:0,0. 1,
0.5.1.0.2.0 g-L ") . HL I 1L B2 (vitamin C, VC:0,0.01,0.10,0.20,0.40 g-L°") . fi§ iR 2 (AgNO,:0,0.001,
0.005.,0.010.,0.020 gL ") i #E % (AC:0.0.5.1.0.2.0.4.0 g L") . 3B Z 4 & K il (PVP:0,0.5.1.0.2.0,
4.0 g L ) MACH R &M M e Bl (PVPP:0.2.4.8.16 g-L ') o A/ AbH% & 5 L& &, AF L3 A 12 9 @t
HA,
1.5 Hitkotbl AT R

B RS R 54 350 ) R M A 4 8L B T 4 A 15 5% 2 (callus differentiation medium, FH, Bt 77 WL 3
1), A P E 5L E &, A L4 Al 25~30 e @ i o 40 Ak 15 35 58 UG L 8 8000 58 3 &) v e A A AR B R A
(rooting medium, SG, FL 77 W3 1) A7l f AR AR o 40 A S AR AR B B iy 8% 3% 2% 10 R - G IR/ P G R 1 16 h/8 h, o
HESE R 7000 1x(100~140 pmol-m 2-s™ 1), IR (25+£2) C,

R1 BARZEZEE Zenith’ AN EEREFERS

Table 1 Formulations of callus differentiation and rooting medium for Z. japonica cv. ‘ Zenith’

Wi H  Murashige & e =N 2,4-ZHAEA LR 6-7 S LIS a-ZE LR ey pH
Item Skoog Sucrose Proline 2,4-dichlorophenoxyacetic ~ 6-benzylaminopurine  a-naphthalene acetic acid Agar

(MS, g:L7H  (g'L7H (g-1L.7H acid (2, 4-D, mg-1L.™ ") (6-BA, mg-L ") (NAA, mg-L™ ") (g-17H
FH 4.43 30 1.15 0 2 0.1 7 5.8
SG 4.43 30 1.15 0 0 1.0 7 5.8

T FH: @3 37 585 SG oAl MR AE B 57 2k

Note: FH: Callus differentiation medium; SG: Rooting medium.

1.6 4G HG5HH

FREAA KT MR R KGR bR K & 3~4 em B TEES F2 N 647 9300 5 d A9 JF o6 0 i, 0T IR DR 45 IR & 28 RO B TE
70%~85% o R A5 E , B A AR, U K R e AR R R BRI 8 R R L RO B R AR VORI I A B (RE R
+ A B RS =2:1:1,volume/volume/volume , A& TR /AT /KA v/v/v) o B R0 01 E A7 25 22 308 1 I DR 45 A&
B , 7 d J5 B R B,
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1.7 HEH%ITE5»H x2 HAZZERAEWRNMFEFERAGESEILER
% Fl Excel 2019 3 47 % 32 % 3 . #| JT] SPSS Table 2 Comparison of germination rate and callus induction

e rate among different Z. japonica germplasms
26. 0 ¥ A 47 J5 22 43 Hr (ANOV A ) Fll Duncan £
i 7 MR T KRR MREEGR kIR BhiESR

HE, P<0. 05y 22 53 WK F- FUE X Number #Germi- FiF#(Seeds Germina-  Callus
: anasn TR
2.1 BREAMFFOLTEEHF TR FL YN-022 300 0 0 0 0
XF 6 1 H 7S 45 28 BFh 5T AT 00 20 1PAN 25 R R YN-040 300 3 1 1.00 0.33
WlL,AFF BRI R F RS BHIESELERIR YN-037 300 0 0 0 0
(#2), P, YN-022 YN-037 YN-010 = Fhjy YN0 800 ! ’ ! ’
B YN-OA0 B AL N 1%, YN-082 Al YN-082 300 72 51 24.00  17.00
Zenith 300 256 239 85.33  79.60

‘Zenith’ it Fi SR BLELAF , B 2R 50 24.00%
85.33% , I 5 i T % 4y Bl Ry 17.0% F1 79.6% .
‘Zenith” [ B 7E B ITTRE bR b 4 2 B S 4 X pE £ BRI Bk i Sk I 3 56 0 (IR R
2.2 ARRIRBEAGAR G I N LT

Shy HE 0 BLARL 1 A 5 A R 2 R i e ek AR P A A 4 R R 5 2 (I D AT A A e . A5 R R
FRBON BN ZRE R E IR0 2ERE 6, CHWSET:, /0N 0% 555 2 28 @ i 2 1 K B0k, sk
B 355, or Ak AR 13. 33 %0 558 325 @45 13 40 o3 Ak, -4 2R L 3 94. 67 %0, (AL I AR AR M A 405 & & Ok, A
A PRI 56 52 1 5 55 4 JE M0 R o A5 R B0 L ORDIR 1 R A 407 L o R 3k 82, 67 U6, R EA T AR AR PR A
) R AERE R

A
195/ 05 #5516 Callus type I: Browning

<

1001 94.67

82.67
80f
60F
40r
20¢ 13.33
o . M -

SBIRE 2kl H3EEN HaKEl
Callus type Callus type Callus type  Callus type
I I 111 1\Y%
A5 254 Callus type

55225 @ 15: /K Fi4k Callus type II: Hydrosis

395/ f5: 41 1k Callus type III: Differentiation
)
- Ao a & s

i
A5 o 2
Callus differentiation rate (%)

435 @ i IEHE Callus type IV: Embryogenic

Bl HALHE Zenith dMEIRGHRAN UL EER
Fig. 1 Comparison of callus differentiation rates in four types of Z. japonica cv. ‘Zenith’
A4 BEER R @IS B 452 IR PE A5 R4 . AL Four types of Z. japonica callus; B: Partial details of embryogenic callus in Z. japonica.

2.3 ERSHARFE TG HLES KK

2.3.1 FFRFREBIMP WIS RO e 2R G A A I, 7E LR R R 2L (IMD) R AT
THRARNZIRG . £ 1RGN THRIMA R E TDZ(T,~T,) .VB,(T,~T,) .VB,(T,~T,) .CuSO,*5H,0
(T ~T.) oM 8 2 (T, ~T,,) R (T, ~T )X @A LUE TR, Z5 53R, Z R0 ) ¥ 6e 12
PP 7 % 2F A5 T B (A AR SR TR A SRR i 0 R D T AR A B . o, T AR BRSNS mg- L' VBY)
A AR OIS RE M, K5 6.74% , M HxF B4L(CK) R 5 T 3. 2% (1 S KA A%, 7 oF — 2 1k
fL(E 2).
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S5 2 % 5 W K AN W)Y REE S K g AR A L ] (T o~Ts) \NAA (To,~T,,) (KT (Ty~T,,) | #i % H
(Tos~T0) HEE (T y~Ty) B2 B (T ~To) M @A LUE S R0, B ERRE SRy . 455 £W IR
Az R A A SRR B0 B S R R R o R LAE T A B (2 mg- L' R R R LS 4 IR A
5 FRIEF] T 19.65% o BEAM, Ty(1 mg-L ' F )M T, (4 mg- L' 22 5002 ) 4b B34 IR 405 5 S 2 b 43 ) 3k
F 7 18.22% A1 15.59% , b Mk T H AT AT AL B . 3X R0, 2 B L 5 H AR 2 28 R R M o 405 1 DG B v 80
(K 3).

» ” i LIS 046i) B 22280
O¥i5K Day5 m3E10% Day 10 @320% Day 20 1@ Callus type I B 82570475 Callus type IT

100 4 a a , go O ERES o] Callus type I1I O #4387 Callus type IV
I a
90 | - 70 cde

80 I cday

cdef
¥

g ipriAs
Callus induction rate (%)
B

&

K %% Germination rate (%)

E ®
& £ 0.025
2 2
i I3 0.020
I o W 2
o £ 2 0.015
B8 B5
K E L2 0.010
&g &7
2 £ 0.005
g 2
z < 0

QP Treatment
B2 F1R5RFRRE :FAEFMNINAREZEE Zenith MFELFRAGFESMEKBT N
Fig. 2 Single-factor experiment 1: Effects of different additives on germination rate, callus induction and growth of Z. japonica
cv. ‘Zenith’ seeds
AN /ING g R A (7] b B ] 245 2 R0 77 2 % 2 AR (A) B 4 @G T SR (B) (BT HAR (C) LR @ 5 - 3 o (D) 78 i % P 25 %
(P<<0.05) , F [d . Different lowercase letters indicate significant differences (P<C0.05) among different treatments in the mean Z. japonica seed

germination rate (A), mean type IV callus induction rate of type I\ (B), mean callus diameter (C), and mean callus weight (D). The same below.

2.3.2 MMEOGHESERENERARA ETEZEEMERERN, D IMA2 mg-L 22 5870357 0 S il By
IR KR 0 v 2 UL 9 CuSOu 5HO ol 1 R A VB E A1 4% BE A Ak, DL — 25 48 veg R A 493 19 15 S5 3K
R ERBRYIEA), 55X LA L, VR 3 Fhyy ot 14 e 76 A R B2 B L AR R PE @ s B e, b %55 4 26 i
i &, - I R 0 38 R die ol 98 L FE AR AN R 25 mg- LN (L) B, R A 0 1 B S B T 62, 38 %6 1 I
HORE VB RN E A 5 mg- L (L) B3 MR R 39.81% . CuSO.+5HO WIME M X #55 . L & H#, L,
(IM+2mg-L "ZRE+25mg-L " o-Ai R R ) 21755 H A 45 26 IRV 3 05 i) L 00 15 SR 26 L U7
2.4 A RGBS P F L 0 B At ek

TEARAR 5 35 1 A8 rp , A 405 20 203 38 A7 7 R K (37, 33 %) B A (30. 00 %) Y5 4 (10. 00 % ) % 7] 181, S 5 a]
FH R A 3 L A Ry 22. 67 26 (1 5)
2.4.1 RBSAIE IR BGME I T OR DR EE A ABA HEATIR B . 455 (& 6) WL BN 0. 05
mg-L 'Y ABA fE 1 35 PR AR 2 S A % [ IR DR 5 R v MR 0 i e B3R T 25 4000 LA |
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