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Effects of Trampling on Growth and Development in Zoysia japonica
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ABSTRACT. Trampling stress in turfgrass fields caused by traffics often occurs in zoysiagrass (Zoysia japonica) fields including
golf course. In order to know the influences of trampling stress on the growth and development of turfgrass, leaf and root growth,
chlorophyll fluorescence, chlorophyll content and 2-DE protein analysis were conducted in the turfgrass plants subjected to
various levels of trampling stress from 0 to 9,420 J day" day. Shoot growth was more highly inhibited by trampling stress than root
growth. Although root growth was affected by trampling with weak intensity, the highest root length was observed in the turfgrass
treated with weak trampling (1,570 J day™). Chlorophyll fluorescence (Fv Fm™) was drastically lowered by trampling stress with
moderate intensity. Leaf number showed similar tendency with leaf greenness. The number was decreased as the trampling
intensity was increased. Shoot dry weight was decreased showing a similar tendency with the result of shoot length. The specific
protein expressions under weak trampling were related to the functions of stress amelioration. Heat shock 70 kDa protein 10 and
oxygen-evolving enhancer protein 1 were the proteins increased positively under trampling stress.
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Table 1. Effects of trampling on the growth characteristics of Zoysia japonica.

Trampling Chlorophyll Chlorophyll Dry weight Length Number of
intensity” Fluorescence content () (cm) leaves
Fv Fm' SPAD value Shoot ~ Root  Shoot  Root
Control 0.752 " 19.73 a 450a 14.74a 1292a 11.93b 215a
Low 0.737b 19.12a 3.81b 1624 a 64b 14.12a 19.7 a
Medium 0.717 ¢ 15.87b 245c¢ 9.00b 625b 1243 ab 17.2b
High 0714 c 14.83b 2.38¢ 7.69b 6.2b 12.25ab 169b

*Trampling treatments were imposed for 6 weeks. Intensities of control, low, medium and high were 1579 ] day™, 4710 ] day™" and 9420 J day”,
respectively. The trampling pressure was conducted on the wooden board placed on turfgrass to reduced wearing damages on leaf surface.

"Same letters in a column are not significantly different by DMRT.
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Fig. 1. 2 DE- protein expressions of proteins in Zoysia japonica.
Each small letter indicates specific protein shown in Table 3.
Spots were visualized with silver staining and collected for
MALDI-TOF analysis and protein identification. Red and blue
arrows mean up-regulated in control and up-regulated in
trampling treatments, respectively. All spots except v spot
showed up-regulated expression in this figure.
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Table 2. Identification of expressed major proteins after treatment of trampling in Zoysia japonica.
Spot ID Protein name Function MW pl  Coverage
a  17.0 kDa class IT heat shock protein Protein involved in the response to stress 17047 7.8 32,5
b Elicitor peptide 5 Elicitor of plant defense 9944 10 453
¢ 30S ribosomal protein S14, chloroplastic = RNA-binding 11871 11.7 44
Heat Stress transcription factor A-7a Protein involved in the response to stress 31776 6 14.5
e g)zgirll;fg)olving enhancer protein 1 Photosynthesis 21789 5.2 31
f  Late embryogenesis abundant protein 1 Protein involved in the response to stress 36791 6.4 22.4
g  Malate dehydrogenase, cytoplasmic Synthesis of glucose 35590 5.8 14.5
h  Malate dehydrogenase, cytoplasmic Synthesis of glucose 35590 5.8 31.6
i Terpenoid synthase 28 Secondary metabolite biosynthesis; 69657 6.2 5.5
j Putative uncharacterized protein Photosynthesis 34892 6.1 219
k  Os01g0501800 protein Photosynthesis 34862 6.1 219
1 Eggizsfsgfg?f;:; hzt)ecflﬁ E’g;ﬁ:‘;i/ Activation of RuBisCO, ATP binding 51074 8 13.6
m  Histidinol dehydrogenase, chloroplastic Amino acid biosynthesis 50959 6.1 94
n  Predicted protein Photosynthesis 34471 5.7 24.1
o  Alanine aminotransferase 2 Biosynthetic process 52683 5.8 15.8
p  Enolase2 Glycolysis 48163 5.7 34.3
q ﬁgri};?;l;gie subunit gamma, ATP synthesis, Hydrogen ion transport, 39790 84 15
s an;: Cs}?;);lgrzgl kDa protein 10, E}r}?:;ie? ;EZOIVEd in the response to stress, 72991 56 141
t ;ﬁ&g;%’:g‘i;ﬁ?;gtleyﬁi‘z:ndependent Glycolysis 61184 54 116
u gﬁgﬁ?ﬁ;ﬁgﬂﬁng enhancer protein 1 Photosynthesis 21789 5.2 31
v Systemin Defense gene transcription 23000 4.6 20.5
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