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Abstract

l.) ‘ This study was carried out to investigate the characteristics of 242 zoysiagrasses collected in
Korean peninsula and their hybrids for zoysiagrass breeding. Based on characteristics of leaf
?Jr;)?aktécs)r texture, growth rate, shoot density and emergence of inflorescence, thirty-six selections were
S initially determined from those collections over two years. A total of 101 cross combinations
ﬂ OPEN ACCESS using three zoysiagrasses of Korean lawngrass (Z. japonica), manilagrass (Z. matrella), seashore
*Corresponding Author: zoysiagrass (Z. sinica) were constructed, and finally 32 F1 hybrids out of 522 progenies were
Tel) +82-42-821-5734 . . . .
Fax) +82-42-821-8888 selected based on growth rate and shoot density for this study. Progenies derived from
E-mail) gjlee@cnu.ackr manilagrass as a female parent tended to be relatively shorter height and higher shoot density,

while height to 1% leaf explained as close-mowing tolerance, which is positively correlated with
plant height and leaf length, appeared to be higher in those progenies from crosses among

Received: September 14, 2020 Korean lawngrasses or seashore zoysiagrass. Except for leaf width, shoot density was found to

Revised: September 23, 2020 be negatively correlated with plant height, leaf length, and height to 1% leaf significantly. As an

Accepted: September 24, 2020 indirect indicator of lipid peroxidation, leaf malondialdehyde (MDA) content was quantified in
. those 32 hybrids subjected to drought and salt treatments, and two candidates from the MDA
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Science and The Turfgrass Society of analysis were compared with reference cultivars. Contrary to expectation, it was found to be

Korea non-significantly correlated between MDA contents from drought or salt stress, indicating that

This is an Open Access artide other phenotypic features rather than MDA parameter solely are needed to be explored for

) dsm'fme_d u”demem_of zoysiagrass screening in the cultivar development of drought or salt tolerance.
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Eo] A= o] GEAU n|EZ T glote] Mg Aafistal, Q54 ghgat o] vigtet Gt 7)ol &4o 2
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of2{ghAtetd] &40 2 HE| Zht] = JhitelEe] 4 e kel g 4o
B AR QIFH A Ho= Alla2Rt 5-0] ms =R of2]71A] 2] A tiAt g5
] Z5& 7t o] 7} ehAGH = Z1o] &2d % Th(Jiang and Huang, 2001). 43 5
+ A 2= At o] w2 E/datagol 717 =8k, o] gk At
o] Arslrt e &) A el Q)okal B 15k QIehDu et al, 2009). £
ot P& o] =2 EY = o o5t HE AER| AR R HogHS
2] rgo) 7hA, W2 AlEA U 42 2RlA 2| z]5t} Tedo] lth(Carrow, 1996; Lee
etal, 2004). EbA] W14 E= Wil do] § &ofl A2 A tiARA-E-S fAlstAL, §3]
AtehEol| ot Az Q1A uto] &40 g HE] 11 7]5o] FHiA 02 = YERAL Ql5o] EAlE| 1 ]t (Jiang and
Huang, 2001).
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Table 1. Morphological and growth measurements of selected 32 breeding lines out of initial 522 zoysiagrass hybrids over two
years. (continued )

Parents Morphological and growth measurements
No.  F1 hybrids Plant height Leaflength  Leafwidth Height to 1stleaf Number of shoots
Female Male )
(cm) (cm) (mm) (cm) (ea-25 cm?)
1 JJ095 76015 ZN6019 6.710.4* 4.7+0.4 2.84+0.2 1.9+0.2 234+1.4
(japonica)  (Zjaponica)
2 JJ112 JO 71060 8.1+0.5 6.11t0.4 2.710.1 2.0+0.2 19.6+2.8
(Z.matrella) ~ (Zjaponica)
3 JJ118 JO 71060 5.0t0.5 39104 2.710.1 1.2+0.1 19.61+4.5
(Z.matrella)  (Zjaponica)
4 JJ119 JO 71060 7.2+0.5 57104 2.510.2 1.5+0.2 28.8+2.3
(Z.matrella) ~ (Zjaponica)
5 JJ134 S38 Zenith 6.51+0.5 51404 3.0%0.1 1.4+0.1 31.0t4.1
(Z.matrella) ~ (Zjaponica)
6 JJ149 76015 74099 9.0£0.3 6.310.2 2.710.1 2.7+0.2 232438
(japonica) ~ (Zjaponica)
7 JJ153 76015 74099 6.610.4 54104 24+10.1 1.1+0.1 38.2+1.2
(Zjaponica)  (Zjaponica)
8 JJ182 CJ4017 ZN4152 8.0£0.3 5.710.3 3.1+0.2 2.310.3 20.8+2.6
(.japonica)  (Z.matrella)
9 JJ193 76107 CJ4016 9.4+0.8 7.9+0.7 3.0+0.1 1.7+0.1 20.4+1.9
(.japonica)  (Zjaponica)
10 JJ196 76107 CJ4016 9.31£0.3 6.710.3 3.5+0.2 24+0.2 12.8+1.8
(japonica)  (Zjaponica)
11 JJ197 ZN4177 CJ6003 6.010.3 4.0%0.3 2.710.2 2.0+0.1 20.4+1.8
(Z.matrella)  (Zjaponica)
12 JJ198 ZN6019 Zenith 11.1+0.6 7.810.5 3.610.2 34104 8.2t15
(.japonica) ~ (Zjaponica)
13 JJ200 76087 Zenith 7.31£0.2 5.210.2 3.7£0.2 2.310.1 18.24+2.0
(japonica)  (Zjaponica)
14 JJ202 76087 Zenith 10.5+0.6 8.4+0.6 4.2+0.2 2.1+0.2 14.4+1.0
(Zjaponica) ~ (Zjaponica)
15 JJ203 76087 Zenith 8.210.4 5.510.3 3.610.2 2.510.2 18.0+1.0
(Zjaponica)  (Zjaponica)
16 JJ207 72043 74099 9.9+0.5 6.610.3 2.9+0.2 2.9+0.2 30.0+4.1
(Z.sinica) (Z.japonica)
17 JJ220 74099 72043 8.910.4 6.410.4 3.3£0.2 2.710.2 23.8+3.1
(Z.japonica) (Z.sinica)
18 JJ310 ZN4177 71060 4.7%0.3 4.0+0.1 2.440.2 1.0+0.2 36.81t4.1
(Z.matrella) ~ (Zjaponica)
19 JJ311 ZN4177 71060 6.710.6 5.610.5 2.610.1 1.5+0.2 26.61+2.0
(Z.matrella)  (Zjaponica)
20 JJ312 ZN4177 71060 5.610.3 45104 3.1+0.1 1.1+0.1 314+1.3
(Z.matrella) ~ (Zjaponica)
21 JJ313 ZNA177 71060 6.610.4 5.210.3 2.810.3 1.3+0.1 324427
(Z.matrella) ~ (Zjaponica)
22 JJ315 ZN4177 71060 6.710.2 5.440.2 3.1%0.1 1.5+0.1 30.4+3.1
(Z.matrella) ~ (Zjaponica)
23 JJ316 ZN4177 71060 10.0£0.4 7.510.4 3.910.3 2.7+0.2 29.6+2.7
(Z.matrella)  (Zjaponica)
24 JJ317 ZN4152 ZN6210 5.9+0.3 4.1+0.3 3.2+0.2 1.610.2 22.0+29
(Z.matrella) ~ (Zjaponica)
25 JJ320 ZN4025 Zenith 6.510.3 49+0.4 3.0£0.2 1.5+0.1 35.0%3.2
(Z.matrella)  (Zjaponica)
26 JJ321 ZN4025 Zenith 54+0.2 3.810.3 2.610.2 1.140.1 322423
(Z.matrella) ~ (Zjaponica)
27 JJ322 ZN4025 Zenith 9.31+0.4 74104 3.1x%0.1 2.1+0.2 25.2+39
(Z.matrella) (Z.japonica)
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Table 1. Morphological and growth measurements of selected 32 breeding lines out of initial 522 zoysiagrass hybrids over two

years.
Fl Parents Morphological and growth measurements
No. : ' - : B
o s Female Male Plant height Leaflength  Leafwidth  Heightto 1*leaf Number of s};oots
(cm) (cm) (mm) (cm) (ea-25 cm?)
28 JJ351 CJ4016 CJ6003 9.710.8 6.910.6 1.84+0.2 3.0£0.3 20.4+1.6
(Z.japonica)  (Zjaponica)
29 JJ385 74099 71060 6.710.3 5.610.2 1.940.2 1.24+0.1 12.4+1.8
(Z.japonica)  (Zjaponica)
30 JJ413 71075 ZN4172 9.0+0.8 7.5+0.8 4.4+0.3 1.3+0.2 21.6+2.7
(Zjaponica)  (Z.matrella)
31 JJ415 74099 76004 9.24+0.5 6.91+0.4 3.4+0.2 2.2+0.4 234425
(Z.japonica)  (Zjaponica)
32 JJ441 CJ4016 76061 9.81t0.4 7.910.3 2.510.1 1.910.2 23.61+29

(Zjaponica)  (Zjaponica)
* Mean = standard deviation.

2017\ 9 A8 &l WIS THE-2 A4 (plant growth room) 2 7 7129 A E | 20] theh A& 1A
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Table 2. Pearson correlation coefficients (r) among growth parameters of 32 selected progenies.

Morphological and growth measurements Leaf length Leaf width Height to 1st leaf Shoot no.
Plant height 0.947%* 0.40* 0.78%* -0.48"*
Leaf length 0.38* 0.55** -0.41*
Leaf width 0.26NS -0.23NS
Height to 1st leaf -0.50%*

NS: Not significant.
* ok weksignificant at 0.05, 0.01, and 0.001 probability level, respectively.

HAxet o 52 FHAER A0 F Q3 %0 39 EME Mz el fofieh /g itag-2 Aokl AStAERAE
OF7|ZFH(Lee etal., 2008; Miller etal., 2010). 3HH U744 o= Ul /d 2h 552 AtelEo] o Al zate] &fo gl
E] B35k 7)%50] 945t 7oz 0*347‘413}(J1ang and Huang, 2001). 323 7] ZE)7] 5512 A% = A9 73
Q- Atoh] AEY AR Gatst G40] ErEfo] ZhAstHA AlEEf QIX| A ThAtSE} HHAEEH A FAlo] MDA &gl &

7¥oh= 21 0 = LA th(Jiang and Huang, 2001).

wfebr] 2o} & AE|Aof tig A& 7HAIE 23 2]d51H] Y5te] MDA &2 24151 th(Table 3 and Table 4).
Nz AEH A 2] & wHi ST 24415 7He] MDA g EA15H A3} 17149, 1198, 12| 31 111347} 2H240.04,0.05, 12

31.0.06 nmol-g FW' 2 FA|2| 0 2 -0 2|Ql 2fo] & Ho|H 717 2 AnkS H it
A AEA A2 & wHj$H 32715 7He] MDA ¥ 24

A3} EAH 0 Z 15198, 11095, 11316, L&) 11 J1207°]

o
7}710.06, 006, 0.07, 0.08 nmol-g FW £MDA 32ko] 904 QA| e Hakg Kol ofof) A|3HAdo] =2 7|50 2 Mt
Atk et ol gt g 2 AER A0 AERA X2 & MDA I 2] AHAISmE 0112 AR fojdo=
EZake) ]

o) gl 7o g2 BARQIThALE n]A|F). et 2 dtsoM 5 AlE 2 7iA2t 712 6719 A=
1 AFof|A] 12k AP A AT LG Ad o] Q1S 7102 AREE 1714929} 11198 AlE-2] MDA SHFe 22k A%

A2 Al

4501242700, 212 31 & 2] A] 0,56} 2,16 X0 2 Ko MDA ol 2 Aho]7} 98-8 2| sIgiThTable 5). ol
AP E 3 W2 B U 7 A MDA RIRHo. e i AE 2] Aol §hA7L QITkaL of A B2 7% b

o AERA A A 7123 B ThE e E B A E FolN EHFT ATl 52 42

o

Sh= Zlo] uFtz] & 7] o 2 Ik thFig, 1),

&

Table 3. Leaf malondialdehyde (MDA) content of 24 F; zoysiagrass hybrids affected by drought stress.

A A

No.  Flhybrids (nmlc\)/{-];%‘W’l) No.  Flhybrids (nmlc\)/{-];é‘W’l) No.  Flhybrids (nmﬂ%w—l)
1 17149 0.04mr 9 Iz 0.09gh v T3l 0.13de
2 17198 0.05Im 10 17119 0.10gh 18 1312 0.13de
3 7134 0.06km 1 7322 0.10gh 19 7313 0.13de
4 1413 007} 12 1415 0.10fg 20 17220 0.15¢d
5 77207 0.07ik 13 77202 0.10fg 21 11317 0.16bc
6 7112 0.08h- 14 77118 0.12¢f 2 77200 0.18b
7 11316 0.08h 15 17315 0.12¢f 23 17385 0.18b
8 17351 0.09g-i 16 17095 0.13¢ 24 17320 021a
*kk

F-testy

Drought stress was kept to soil moisture at 0.0 pF. But JJ153, JJ182, JJ193, JJ196, JJ197, JJ203, JJ310, JJ311 out of 32 total selections

were excluded in this study due to soil moisture above 0.1 pF.
¥ Mean difference among 24 selections, ***, significant at 0.001 probability level.

* Mean separation within columns by Duncan’s multiple range test, P<0.05.
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Table 4. Malondialdehyde (MDA) content of 32 F1 zoysiagrass hybrids affected by salt stress.

No.  Flhybrids (mnl(‘)’f;éw_l) No.  F1hybrids (mnlg’f;%w_l) No.  Flhybrids (mg’fg%w_l)
1 77198 0.06u 1 77182 0.151n 23 77202 0.47gh
2 JJ095 0.06tu 13 JJ196 0.151n 24 JJ200 0.48g
3 JJ316 0.07su 14 JJ320 0.161n 25 JJ385 0.51f
4 JJ207 0.08r-u 15 JJ118 0.17Im 26 JJ112 0.52f
5 JJ149 0.08r-t 16 JJ193 0.171 27 JJ351 0.60e
6 JJ197 0.10g-s 17 JJ315 0.20k 28 JJ313 0.70d
7 JJ203 0.11p-s 18 JJ317 0.22k 29 JJ322 0.70d
8 1L 0.120g 19 17153 0.38; 30 17413 0.77¢
9 77119 0.12np 20 7134 0.42i 31 77310 0.83b

10 JJ312 0.13m-o 21 J]441 0.45 32 JJ321 1.02a
11 JJ415 0.14mn 22 JJ220 0.47gh F-test ook

¥ Mean difference among 32 selections, ***, significant at 0.001 probability level.
? Mean separation within columns by Duncan’s multiple range test, P<X0.05.

Table 5. Leaf malondialdehyde (MDA) content of two selections JJ149 and JJ198 compared to 6 new varieties and
4 commercial cultivars.

No. Line and cultivar Drought resistance Salt resistance
MDA (nmol-g-FW™) MDA (nmol-g-FW?)
1 JJ149 0.181d* 0.763;
2 J7198 0.136b 0.126a
3 Namboo 1* 0.121a 0.501g
4 Neulpureun* 0.129ab 0.268d
5 Sechan* 0.184d 0.295e
6 Seah~ 0.220f 0.250c
7 Taeji* 0.230g 0.6661
8 Seyeong* 0.23%h 0.609h
9 Millock 0.290i 1.3121
10 Senock 0.550j 0.182b
11 Zenith 0.19%4e 0.953k
12 Anyangjunggi 0.154c 0.335f
F-test! ek sk

* New varieties released from Forest Biomaterials Research Center, National Institute of Forest Science.

vy *** significant at 0.001 probability level.

* Mean separation within columns by Duncan’s multiple range test, P<0.05.
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Fig. 1. Growth of the selected zoysiagrass hybrids subjected to drought (A) and salt (B) stress.
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U7 AR Q] Rk 7t (Zoysia spp) @] %F-2 fI5H] Uloll A 3 A ST 2470H1 S ez &
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= AlYA E53 101712 wel 2ok 2/dste], 252 0 2 whe o B2t A/ gR U= 7IE 22 3271 FI
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