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Abstract: Poa pratensis is a typical rhizome grass, of which rhizome is an important organ for nutrient storage and vegetative
reproduction that plays an important role in improving plant surface invasion and underground soil consolidation. The
occurrence and development of rhizomes are closely related to endogenous hormones. This study investigated the hormone
regulation mechanism of rhizome expansion by examining the correlation between the rhizome expansion ability and
endogenous hormones contents in nine ecotypes of wild P. pratensis from different areas of Gansu Province and ‘Midnight 1I”’
P. pratensis (the control). The purpose of this study was to provide a theoretical and practical basis for new variety breeding
and lawn maintenance and management of P. pratensis. The results indicated that: 1) there were differences in the rhizome
expansion ability among the wild P. pratensis ecotypes. P. pratensis from Yuzhong had the largest tiller number, rhizome
number, aboveground biomass, and stem node length, whereas P. pratensis from Xihe had the largest coverage area, longest
rhizome, and highest rhizome biomass. The rhizome expansion ability of P. pratensis from strong to weak was P. pratensis
from Yuzhong > from Xihe > from ‘Midnight II’ > from Weiyuan > from Lingtai > from Qingshui > from Sunan > from
Qinzhou > from Xiahe > from Anding. 2) The distribution of endogenous hormones in the rhizome and stem base of P.
pratensis was significantly different; the gibberellic acid (GAj3), indole-3-acetic acid (IAA), and abscisic acid (ABA) contents
were rthizome > stem base; the zeatin (ZT) content was stem base > rhizome; and the GAj; content in the two parts was
significantly higher than that of the other hormones. 3) Correlation analysis showed that the rhizome expansion ability of P.
pratensis was positively correlated with the ZT content, stem base ZT/ABA, and IAA/ABA (P<0.05) but negatively correlated
with rhizome GA;/IAA (P<0.05). However, there were no correlations between the IAA, GAs, and ABA contents. In summary,
P. pratensis from Yuzhong, which has better rhizome expansion ability than ‘Midnight 1I’°, is good for variety breeding; the
higher ZT content and ratio of IAA/ABA to ZT/ABA and the lower GA3/IAA ratio are beneficial to the rhizome expansion.

Keywords: Poa pratensis; Ecological type; Rhizome; Expansion ability; Endogenous hormones

(Poa pratensis) (salicylic acid, SA) 9 Yin ¥ ,
[ Yoshiaki " , (Oryza
, , sativa) ,
(2]
Ferguson 'Y ,
[3-4] [12].
[13-15]
[51
, s , (Triticum aestivum) (Zea
,  mays)
[6-7] [16-17]
[18-20]
[8]
(auxin, IAA) (cytokinin, CTK; ,
, zeatin, ZT) (ent-gibberellane, GAs) ,
(abscisic acid, ABA) (ethylene, ETH) ,
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— / _ _
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(36°5'N, 103°34'E) 4 , 4 , 80
10.3 350 mm, 1664 mm , 2019 11
1.2.1 ( 1 cm )
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Table 1 Information of 10 tested materials of Poa pratensis
Collection site
Material name Code . § Average annual
Location Altitude Longitude  Latitude Average annual temperature Habitat
(m) precipitation (mm) ()
PLLT . . 1227 107°62'E 35°07'N 586.3 9.4 .
Lingtai, Gansu Canal side
Wild Poa TSQS Qingshui 1501 106°12'E  34°73N 564.5 9.3
pratensis ’ Valley
Gansu
TSQZ . 1723 104°35'E 34°05'N 531 10.72
Qinzhou, Gansu Valley
LNXH . 1250 105°30'E 34°02'N 533 8.4 o
Xihe, Gansu Hill side
DXAD . 2035 104°62'E 35°58'N 377 7.2 o
Anding, Gansu Hill side
DXWY Weiyuan 2401 104°05'E 35°02'N 500 6.8 .
’ Roadside
Gansu
LzZYZ Yuzhong 1965 104°04'E 35°48'N 400 6.6 .
’ Ditch
Gansu
GNXH 3140 102°60'E 34°80'N 516 2.6 i
Xiahe, Gansu Alpine
meadow
ZYSN 2950 99°52'E 38°48'N 257.21 42 Alpine
Sunan, Gansu
grasslands
Marketed WY(CK)
‘Midnight 11’
1.2.2 2) ,
1) : 1 1mxlm !
PVC , , 3) ,
-1
R 4) 10 ,
b b
s cm® ! ) cm: !
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5) s 254 nm; : 1.0 mL-min_l;
) cm A: ; B: 0.1%
6) , 14 min; 2
R , 105 30 min, 70 . o . )
] *2 #HEHPLC SR sEHAEHER
> > g Table 2 Analysis of gradient composition of mobile phase by
1.2.3 hormone HPLC
[21] [22] A B
Time (min) Flow phase A (%) Flow phase B (%)
(23] 2
> g 0.00 10.0 90.0
, 20 mL 80% ( 1.00 45.0 55.0
4 ), 4 (DW-86L388]J, 3.00 55.0 45.0
) 16 h; (4 ) 10000 rmin”" 15 min, 5.00 65.0 35.0
10 mL 80% , 8.00 75.0 25.0
30 min 5 min 3 12.00 10.0 90.0
40 (RVC 2-25 CDplus, 14.00 100 900
) (25~30 mL) 1/3, 125
. 60-90 ’ , ZT 0.0013 g
10 min ’ C GA;0.0207 ¢ TAA0.0012¢g ABA 0.0010 g,
40 ,
5 mL,
260 pgmL™" 4140 pgmL™' 240 pgmL
3, ’ 200 pgrmL™" ,
, , ( GA; 254 nm
, 80% 2 mL,
4 0.22 pm R 20 )
(ACQURITY Arec, ) , X) , ()
ZT GA; 1AA ABA ( 3)

(high performance lig-

>

uid chromatography, HPLC)

1.3
Microsoft Excel 2019

1.2.4 , SPSS 26.0 (IBM, Armonk, NY, USA)
: Waters Symmetry® C-18(4.6x250 mm, (ANOVA) (Pearson),
5 um); 30 : 5 uL; +
F3 AMBEMLIER B REESTE
Table 3 Peak times and linear equations of four hormones
R
Hormone Peak time (min) Regression equation
ZT 4.280 Y=1.66x10°X—1.98x10° 0.999 943
GA; 6.030 Y=4.36x10X+1.34x10° 0.999 464
IAA 7.987 Y=4.58x10°X-2.94x10° 0.999 965
ABA 8.794 ¥=2.60x10*X-2.70x10° 0.999 934
1.4 J > Kjmin J
s Ximax J i
[24]’ ,j
e (1)
jmax Jjmin )
2 Uy i J , Xij i ,
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2 HERE5HH

1.42 1.27
LNXH

2.1 (P<0.05); LNXH (662.89 cm*
2.1.1 (17.17 cm) 170g N3
4 , , CK 1.98 1.21 1.18
(P<0.05),
,LZYZ LZYZ (P<0.05)
, (325 h 2.1.2
(11.73 g h (76 D) (1)
278 cm: ) CK 1.54 1.57 ( 5
*4 BHRAEHEARMBURET RIEERILR
Table 4 Comparison of different indexes of rhizome expansion of different materials of Poa pratensis
Material ((:g;lej;lg:n?r?)a Tillers number Abl())i‘:)%;;(s);nd I\iﬁ;lzlgre;ezf Sten}elrrll;et;lmde Longe(sctr;l)lizome Rhiz((;r;zrﬂi?;n ass
(gplant ) (cm)
PLLT 467.48+2.10c 157.50+3.50d 8.08+0.91b 18.50+0.50d 1.4240.25¢cd 9.20+0.30def 0.40+0.04d
TSQS 444.85+4.73d 116.50+5.50e 7.22+1.45bc 19.00£1.00d 1.69+0.34c¢ 8.70+0.68ef 0.49+0.03d
TSQZ 306.50+5.85¢ 80.00+9.00f 4.91+1.36¢d 12.00£2.65¢ 1.65+0.12¢ 13.07+1.46bc 0.26+0.03¢
LNXH 662.89+4.44a 173.334+5.03¢ 11.36+0.73a 60.50+0.50b 2.43+0.19ab 17.17£1.19a 1.70+0.11a
DXAD 281.90+3.77h 92.50+4.50f 4.54+2.44de 12.5043.50e 1.03+0.39d 9.47+0.65def 0.20+0.03¢
DXWY 323.61+5.51f 213.67+6.81b 6.97+1.52bcd 71.50£6.50a 1.66+0.25¢ 11.034+0.92cde 0.69+0.03¢
LZYZ 547.05+4.39b 325.00+15.00a  11.73+1.79a 76.00+£3.61a 2.78+0.35a 16.53+1.55a 1.66+0.02a
GNXH 123.17+5.64j 82.50+2.50f 2.18+0.06e 16.00£1.00de 1.37+0.08cd 8.33+1.04f 0.25+0.05¢
ZYSN 265.26+5.531 164.50+8.50cd 4.34+1.83de 17.00+1.00de 1.57+0.44c 11.20+2.08cd 0.16+0.04¢
CK 334.55+3.62¢ 211.00+4.00b 7.46+0.90bc 53.50+2.50¢ 2.19+0.07b 14.17+1.59b 1.44+0.16b

1

(P<0.05) The names of material are shown in the table 1. Different

lowercase letters in the same column indicate that there are significant differences at P<0.05 level in the same index among different materials.

=5

i E i R AR AR RIS STMN

Table 5 Comprehensive evaluation of expansion ability of different materials of Poa pratensis

Value of subordinate function (SF)

Material Coverage Tiller Aboveground Number of Stem inter- Longest Rhizomes Average SF Order
area number biomass rhizomes node length rhizome biomass

PLLT 0.6379 0.3163 0.6171 0.1016 0.2237 0.0981 0.4456 0.3607 5
TSQS 0.5960 0.1490 0.5271 0.1094 0.3748 0.0453 0.4203 0.3303 6
TSQZ 0.3397 0.0000 0.2852 0.0000 0.3537 0.5359 0.0294 0.1967 8
LNXH 1.0000 0.3809 0.9609 0.7578 0.8030 1.0000 0.5434 0.7487 2
DXAD 0.0000 0.0102 0.0000 0.0625 0.1931 0.0000 0.0000 0.0332 10
DXWY 0.3714 0.5456 0.5012 0.9297 0.3576 0.3057 0.2788 0.4461 4
LZYZ 0.7854 1.0000 1.0000 1.0000 1.0000 0.9283 1.0000 0.9642 1
GNXH 0.2941 0.0510 0.2471 0.0078 0.0000 0.1283 0.0272 0.0978 9
ZYSN 0.2633 0.3449 0.2262 0.0781 0.3078 0.3245 0.0236 0.1990 7
CK 0.3916 0.5347 0.5529 0.6484 0.6635 0.6604 0.2821 0.5020 3

1

The names of material are shown in the table 1.
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5 , 10
. LZYZ>LNXH>CK>
DXWY>PLLT>TSQS>ZYSN>TSQZ>GNXH>DXAD
LZYZ  LNXH 0.9642
0.7487, , CK; TSQZ
GNXH DXAD 3 0.3,
2.2
2.2.1 (ZT)
1A , ZT
LZYZ ZT ,
221.50 ug'g'  258.50 pgg'; DXAD ,
66.40 ng-g'  73.53 pgg s CK
1.63 1.46 48.83% 41.38%
ZT ,
ZT
2.2.2 (GA3)
GA; 4 ,  TSQz
LZYZ ( 1B)
, GNXH GA;
(P<0.05), 87.97 mg-g'; DXWY ,
18.89 mg-g; CK 2.82 60.62%
, GNXH  GA; (P<0.05),
48.90 mgg'; TSQS GA;
DXWY (P<0.05), 10.49 mgg';
CK  2.97 63.61%
2.2.3 (TAA)
IAA
( 10) , GNXH IAA
,  1834.03 pugg'; ZYSN 1AA
TSQS (P<0.05), 453.30
ng g CK 1.57 38.69% ,
LZYZ IAA GNXH PLLT
,  486.63 ug'g; ZYSN  IAA
TSQZ (P<0.05), 187.43
ugg ', CK 155 60%
2.2.4 (ABA)
ABA
( 1D) ,GNXH ABA
, 26353 pgg’', CK 211 ;DXAD
, 63.00 pgg’, DXWY LZYZ
ZYSN (P>0.05), CK 50.51%
ABA , TSQz

( ) 2021 29
CK,DXAD DXWY LZYZ ZYSN
, (P<0.05) ,
GNXH TSQZ LNXH
(P<0.05), 112.80 pgrg!, CK 198 ;
DXWY , 56.11 pgg, TSQS
DXAD LZYZ ZYSN CK
2.3
10
, 6
IAA
, ,ZT
(P<0.01),
(P<0.05); IAA GA; ABA
ZT/ABA
(P<0.01), 0.891  0.799;
IAA/ABA
(P<0.05), 0.760  0.617;
GA/IAA (P<0.05),
-0.672 -0.635 ,
7T (P<0.01),
IAA/ABA ZT/ABA
(P<0.05), GA5/IAA (P<0.05)
3 itig
[25]
[26-27]
123.17~662.89 cm?> !, 80~325
-, 2.18~11.73 g ',
12~76 - 4

0.16~1.70 g- ',

[28]
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g
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d
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#4 %} Material

E1 #XEFEARMBERREL A). FEER(GA;, B). £EKEJAA, OFREEK(ABA, D)2 E
Fig. 1 Zeatin (ZT, A), gibberellin (GA3;, B), auxin (IAA, C) and abscisic acid (ABA, D) contents of different materials of Poa
pratensis
1 P<0.05 The names of the material are shown in the table 1. Different

ABA 1 ABA content (ug-g™')

lowercase letters indicate significant differences at P<0.05 level among different materials.
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Table 6 Correlation between endogenous hormones contents in rthizome and stem base and expansion indexes of Poa pratensis

Expansion indexes

Hormone Ability of
Organ name rhlzorpe Coverage Tillers Arbo‘;e(i Nl;r:}t)sr Internode Longest Rhizomes
¢xpansion area number grou ° length rhizome biomass
biomass zomes
ZT 0.787"" 0.368 0.925" 0.628" 0.858" 0.728" 0.529 0.668"
Rhizome GA; ~0.229 ~0.041 ~0.352 ~0.193 ~0.343 ~0.247 ~0.161 ~0.150
IAA -0.042 -0.175 —0.118 ~0.116 -0.101 —0.145 -0.147 ~0.284
—0.084 0.053 —0.411 —0.082 -0.251 —0.046 —0.147 0.006
ABA
ZT/ABA 0.595 0.209 0.828" 0.455 0.729" 0.507 0.404 0.442
GA3/ABA ~0.354 -0.215 -0.123 -0.279 -0.303 -0.400 -0.168 -0.323
IAA/ABA 0.207 —0.074 0.398 0.119 0.395 0.190 0.296 0.310
GA/IAA ~0.606" ~0.425 ~0.635" —0.490 —0.672" ~0.566" —0.512 ~0.491
ZT 0.851" 0.438 0.940" 0.698" 0.881"" 0.800" 0.608 0.760"
Stem base GA; ~0.022 -0.303 ~0.031 ~0.225 ~0.093 0.057 0.018 ~0.017
IAA 0.474 0.299 0.338 0.383 0.298 0.397 0.188 0.446
-0.092 0.039 —0.440 ~0.098 ~0.264 ~0.036 0.076 ~0.064
ABA
ZT/ABA 0.677 0.264 0.891" 0.536 0.799" 0.629 0.433 0.605
GA3j/ABA 0.182 -0.175 0.376 ~0.003 0.154 0.218 0.157 0.154
IAA/ABA 0.617 0.307 0.760" 0.525 0.577 0.524 0.251 0.567
GA3/IAA ~0.461 -0.577 ~0.374 -0.592 ~0.468 -0.286 -0.066 —0.448
ook P<0.05 P<0.01 * and ** show significant correlations at P<0.05 and P<0.01 levels.
(IAA) , (ABA)
) AIRI12 14A19
(321 , , IAA
39
1) (GA)
(331 IAA
9 b
[40] [41]
B 2 B
2 2
B4 Thimann B (Vicia faba) ,
IAA IAA ABA GA;
[42] [43]
b b
IAA , (ZT) ) ,
9 B b
B 9 b
s TAA
[36] [44] [33] ABA
ZT , ZT IAA s
, ZT IAA
[45]
b b
, ZT s GA; IAA ZT s
s ) IAA ABA
(371, IAA GA; ,
[38]
, IAA
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GA/IAA
, GA; IAA
IAA ,
461 TAA/ABA ZT/ABA
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,  ABA/IAA
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