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Characteristics of Rooting and Community Maintenance of
Some Gramineae planted on Urban Stream Bank Slope

Yang, Hong-Mo

Dept. of Landscape Architecture, Chonnam National University

ABSTRACT

To investigate rooting and community forming ability, sod strips of Gramineae such as Miscanthus sacchariflorus
(Maxim.) Benth., Miscanthus sinensis var. purpurascens(Andersson) Rendle, Imperata cylindrica var. koenigiiRetz.) Pilg.,
and Arundinella hirta(Thunb.) Tanaka were planted horizontally at a width of 10~ 15cm in October 2010 on the bank
slope of Kwangju Stream in Korea. Seeds of each species were sown in April 2010 in plastic seedbeds(60cm length X
30cm width x Scm depth) filled with 4cm of garden soil and grew until October 2010 to form rectangular sod, which then
was cut into multiple strips(20cm length x 6cm width x 4cm root depth). Weeds growing on the experiment sites were
removed twice a year until those four species had formed a community by 2013. Weeds were not eradicated during 2014
and 2015 to observe whether the community formation can be maintained without weed removal. #tests on stem numbers
and heights in May, July, and September were conducted between 2013 and 2014, and between 2014 and 2015. Stem
numbers and heights of the four species in 2014 were significantly decreased(p<0.001) compared with those in 2013 due
to weed damage to their growth in 2014. Stem numbers and heights of Miscanthus sacchariflorusMaxim.) Benth., Miscanthus
sinensis var. purpurascens(Andersson) Rendle, Imperata cylindrica var. koenigii(Retz.) Pilg. in 2015 were similar to those
in 2014(p>0.05). Stem numbers and heights of Arundinella hirta(Thunb.) Tanaka in 2015, however, were significantly reduced
compared with those in 2014(p<0.001) due to weed impact on its growth. After three years of weed removal, a community
of each species was formed. Miscanthus sacchariflorusMaxim.) Benth., Miscanthus sinensis var. purpurascens(Andersson)
Rendle, Imperata cylindrica var. koenigiiRetz.) Pilg. were able to establish communities without any further weed removal.
Arundinella hirta(Thunb.) Tanaka, however, was not able to maintain its community due to considerable damage to its
growth caused by weeds even after three years of weed removal. Miscanthus sacchariflorusMaxim.) Benth., Miscanthus
sinensis var. purpurascens(Andersson) Rendle, Imperata cylindrica var. koenigiiRetz.) Pilg. are more suitable to sod strip
plantings on stream bank slopes in terms of the maintenance of community formation without weed eradication. #tests
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on stem numbers and heights each September during the five year experiment period between sod strip planting and potted
plants of the four species were conducted. Stem numbers of strip sod plantings were significantly higher(p<0.001) than
those of potted one. Heights of strip sod plantings, however, were significantly lower(p<0.05) than those of the potted
samples. Therefore, strip sod planting is more advantageous regarding bank slope erosion protection due to the higher number
of stems.
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Figure 2. Average stem numbers of Miscanthus sinensis var. pur-
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Figure 4. Average stem numbers of Awundnella hirta (Thunb.)
Tanaka per 0.25 square meter
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Table 3. Summary of #test statistics for stem numbers per 0.25 square meter under weed removal and non-removal conditions. Normality
test of the sample data sets showed that their distributions were approximately normal.

Species Month Year Con. N Mean+S.D. £ value D
May 2013 R % 33.48242,417
5588 <0.0001
May 2014 NR % 29.52342,347
Jul 2013 R % 49.385+3.015
941 <0.0001
Jul 2014 NR % 4211542510
Sep 2013 R % 58.643+4.491
, 1748 <0.0001
Miscanthus Sep 2014 NR % 49.401+4.967
sacchariflorus
(Maxim,) Benth, May 2014 NR % 29.523+2.347
-183 0.0739
May 2015 NR % 30.923+2.598
Jul 2014 NR % 4211542510
191 0.0632
Jul 2015 NR % 40.692+2.403
Sep 2014 NR % 49.401+4.967
-199 0.0529
Sep 2015 NR % 5112145109
May 2013 R % 4115443524
472 <0.0001
May 2014 NR % 3673143237
Jul 2013 R % 53.192:4.072
469 <0.0001
Jul 2014 NR % 4807743311
Sep 2013 R % 60.962+5.919
. . 79 <0.0001
Miscanthus sinensis Sep 2014 NR % 52.602+4.865
var., purpurascens
(Andersson) Rendle May 2014 NR % 3673143237
197 0.0549
May 2015 NR % 3851443229
Jul 2014 NR % 4807743311
~148 0.1454
Jul 2015 NR % 49.385+2,986
Sep 2014 NR % 52.602+4.865
-19% 0.0582
Sep 2015 NR % 5444144976
May 2013 R % 55.038+2.455
26.89 <0.0001
May 2014 NR % 36.53842.393
Jul 2013 R % 66.260+2.398
29.63 <0,0001
Jul 2014 NR % 146.269+2.327
Sep 2013 R % 78.362+4.923
.y 1956 <0.0001
Imperata cylindrica Sep 2014 NR % 61.684+4.161
var. koenigii (Retz.)
Pilg May 2014 NR % 36.538+2.393
' -19 0.0563
May 2015 NR % 38.192:42.925
Jul 2014 NR % 46.269+2.327
-172 0.0929
Jul 2015 NR % 47.654+2.911
Sep 2014 NR % 61.684+4.161
—-184 0.0717
Sep 2015 NR % 62.881+4.885

st2x7Asks|K| N 453 55 (20174 10%) 49
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(Table 3. Continued)
Species Month Year Con. N Mean+S.D.  value D
May 2013 R 26 48.038+3.727
11.80 <0.0001
May 2014 NR 26 36.269+3.407
Jul 2013 R 26 66.346+3.295
18.76 <0.0001
Jul 2014 NR 26 47.962+3 588
Sep 2013 R 26 79.722+4.402
19.01 <0.0001
Armdinella birta Sep 2014 NR 26 69.761+4.558
(Thunb.) Tanaka May 2014 NR % 3626043407
470 <0.0001
May 2015 NR 26 31.731+3 449
Jul 2014 NR 26 47.962+3.583
6.21 <0.0001
Jul 2015 NR 26 41,615%3.579
Sep 2014 NR 26 69.761+£4.558
6.52 <0.0001
Sep 2015 NR 26 52.481+4.389
Con.: Conditions, R: Weed removal, NR: Weed non-removal, N: Sample numbers, S.D.: Standard deviation, p: p-values obtained by #tests assuming
equal variance,
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Table 4. Summary of #test statistics for stem height under weed removal and non-removal conditions. Normality test of the sample data
sets showed that their distributions were approximately normal.

Species Month Year Con. N Mean+S.D.  value D
May 2013 R % 869245411
745 <0.0001
May 2014 NR % 75.452+5 483
Jul 2013 R % 15792145621
1431 <0.0001
Jul 2014 NR % 1352815566
Sep 2013 R % 186.224+7 274
. 8.07 <0.0001
Miscanthus Sep 2014 NR % 170.84126,591
sacchariflorus
(Maxim,) Benth. May 2014 NR % 7545245 483
-18 0.0706
May 2015 NR % 77.8815,008
Jul 2014 NR % 1352815566
-191 0.0622
Jul 2015 NR % 1380815315
Sep 2014 NR % 170.841+6.591
~154 0.1299
Sep 2015 NR % 173 644+6.431
May 2013 R % 87558+5.331
468 <0.0001
May 2014 NR % 80.168+5,674
Jul 2013 R % 131.91248.263
391 0.0003
Jul 2014 NR % 123.956+5.956
Sep 2013 R % 158.192+7 547
. o 629 <0.0001
Miscanthus sinensis Sep 2014 NR % 145584+6,149
var. purpurascens
(Andersson) Rendle May 2014 NR % 80.168+5.674
1.84 0.0719
May 2015 NR % 77.027+6.204
Jul 2014 NR % 123.9565.956
~165 0.1053
Jul 2015 NR % 126.644:5,634
Sep 2014 NR % 145584+6.149
-163 0.1091
Sep 2015 NR % 148538+6.506
May 2013 R % 48851+4.076
497 <0.0001
May 2014 NR % 42.752+4.501
Jul 2013 R % 97.184+4.284
747 <0.0001
Jul 2014 NR % 87 556+4.809
Sep 2013 R % 118552+5.019
o 721 <0,0001
Imperata cylindrica Sep 2014 NR % 111.552+4.922
var. koenigii (Retz.)
Pilg. May 2014 NR % 42752+4.501
-178 0.0809
May 2015 NR % 45112+4.847
Jul 2014 NR % 87 556+4.809
~181 0.0821
Jul 2015 NR % 89.936:+4.664
Sep 2014 NR % 111552+4.922
-173 0.0906
Sep 2015 NR % 114.252+4.503

52 325X H| 453 55 (2017 10%Y)
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(Table 4. Continued)

Species Month Year Con. N Mean+S.D.  value D
May 2013 R 26 46.536%5.617
11.26 <0.0001
May 2014 NR 26 32.062+3.083
Jul 2013 R 26 90.676+5.784
13.25 <0,0001
Jul 2014 NR 26 69.208+5.675
Sep 2013 R 26 108.024+6.638
1364 <0.0001
Arundinella hirta Sep 2014 NR 26 83.064+5.459
(Thunb.) Tanaka May 2014 NR % 32.062+3083
6.39 <0.0001
May 2015 NR 26 2593243251
Jul 2014 NR 26 69.208+5.675
393 <0.0003
Jul 2015 NR 26 63.324+4.870
Sep 2014 NR 26 83.064%5.459
518 <0,0001
Sep 2015 NR 26 74.968+5.041

Con.: Conditions, R: Weed removal, NR: Weed non-removal, N: Sample numbers, S.D.: Standard deviation, p: p-values obtained by #tests assuming

equal variance,
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Figure 9. Average stem numbers of Miscanthus saccharifiorus
(Maxim.) Benth per 0.25 square meter
Sd: Sod planting, Pt: Pot planting.
1st, 2nd, 3rd, 4th, 5th: Average stem numbers of each year in September
after planting.

Figure 11. Average stem numbers of /moerata cyiinarica var. koenigii
(Retz.) Pilg. per 0.25 square meter
Sd: Sod planting, Pt: Pot planting.
1st, 2nd, 3rd, 4th, 5th: Average stem numbers of each year in September
after planting.
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Figure 10. Average stem numbers of Miscanthus sinensis var. our-
ourascens (Andersson) Rendle per 0.25 souare meter
Sd: Sod planting, Pt: Pot planting.
1st, 2nd, 3rd, 4th, 5th: Average stem numbers of each year in September
after planting,
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Figure 12. Average stem numbers of Arundinelia hirta (Thunb.)
Tanaka per 0.25 square meter
Sd: Sod planting, Pt: Pot planting.
1st, 2nd, 3rd, 4th, 5th: Average stem numbers of each year in September
after planting.
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Table 5. Summary of #test statistics for stem numbers per 0.25 square meter each year in September under weed removal and non-
removal conditions. Normality test of the sample data sets showed that their distributions were approximately normal.

Species PM GY Con N Mean£S.D. ¢ value D
sd Lst R 2 438124021
29970 <0,0001
Pt Ist R % 15521420468
sd 2nd R % 48410+3738
23930 <0.0001
Pt 2nd R 2% 24.322+2.795
Miscanthus sd 3rd R 26 58.643+4.491
sacchariflorus 19.650 <0.0001
(Maxim.) Benth. Pt 3rd R 26 35.564+3.787
sd 4th NR 2% 49.401+4.967
12.960 <0.0001
Pt 4th NR 2 32.402+4.282
sd 5th NR 2% 51.12145.109
13199 <0,0001
Pt 5th NR 2% 33.880+4.106
sd Ist R 2% 478436271
20550 <0.0001
Pt Ist R 2% 17.841£3.730
sd 2nd R 2% 58.801+4.528
24720 <0.0001
Miscanthus Pt 2nd R 2% 30.803+3.403
sinensis var. sd 3rd R 2 60.962+5.919
PUIDUIASCENS 14.371 <0,0001
( Andersson) Pt 3rd R 2% 400413738
Rendle sd 4th NR % 52.602::4.865
13310 <0.0001
Pt 1th NR 2% 36.8043.403
sd 5th NR 2% 54 441+4.976
14520 <0.0001
Pt 5th NR 2% 37.6842.9%6
sd Ist R 2% 56.406+4.133
33210 <0.0001
Pt Ist R 2% 246072415
sd 2nd R 2% 60.043+4 481
37.260 <0,0001
Pt 2nd R 2% 29.641+2.794
Imperata sd 3 R 2% 78.362+4.923
cylindiica var. 36,610 <0.0001
/faemg’P{l (Retz.) Pt 3rd R % 36.162:2.995
1g.
sd 4th NR 2% 61.684+4.161
28560 <0.0001
Pt 4th NR 2% 32.202+3,055
sd 5th NR 2% 62.881+4.885
25790 <0,0001
Pt 5th NR 2% 33.761+2.833
sd 1st R 2% 460413781
37.200 <0.0001
Pt Ist R % 12,642+2.432
drundi - sd 2nd R 2% 72.616+4.418
s ‘f)”f”i ﬁf 41170 <0.0001
unb.) "lanaka Pt 2nd R 2% 29.424+2.828
sd 3rd R 2% 79.722+4 402
36220 <0.0001
Pt 3rd R 2% 393613414

st2x7Asks|K| N 453 55 (20174 10%) 5b
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(Table 5. Continued)

Species PM GY Con N Mean=S.D. ¢ value D
Sd 4th NR 26 69.761+4.558
35.750 <0.0001
(Thunb.) Tanaka sd 5th NR % 50.4814.389
26.920 <0.0001
Pt 5th NR 26 25.610+2.380

PM: Planting method, GY: Growth year, Sd: Sod planting, Pt: Pot planting,

1st, 2nd, 3rd, 4th, 5th: Each year after planting.

Con.: Conditions, R: Weed removal, NR: Weed non-removal, N: Sample numbers, SD.: Standard deviation, p: p-values obtained by #tests assuming

equal variance,

2) 2%

Figure 13~16 ZWAA1 9 L EAA] ] %
o] 245 Yehln, Table 6 Zw| 279} 3
Azl 99 zz} 7+ 2‘7424 Az}o|th

Table 614 £, A, W, Aje] Zu 2]

AxPE 9] AL Fol45 006014 2olE YERITE Figure
13~160A A, oA, o, Ajo] Akl 9Y 2742 Zu4
A7 TEAAED A ettt 2FE Su A9t TEA
el 999 57t HaxgS vusi B, =9 EuA
o} FEAA 7} 242 155.1em, 167.6cm, GAE 2H 129.4cm,
143.74cm, W= 242+ 97 7em, 105.2cm, M= 2H} 87 4em, 100.4
cm=E ZEAR 7} S AR 2o Ak 53PdE 99

g A9 E9A, GA, o], A 22 27 1736em, 1485cm
114.3cm, 74.9cmely, EEAAE 194.8cm, 162.1cm, 119.4cm,
8l4cmE YERIt TEXA} FUAAET 23] =4
it AL dHAT TEAA S 757 SHAAI R A

F

200
180
160
140 p———gaz(liine
120 prepiadliiline
g100 ]
80
60
40
20

Sd 8d 8d Sd Sd Pt Pt Pt Pt Pt
1st 2nd 3d 4th Sh st 2nd 3d 4th 5th

Figure 14. Average stem height of Miscanthus sinensis var. pur-
purascens (Andersson) Rendle.
Sd: Sod planting, Pt: Pot planting.
1st, 2nd, 3rd, 4th, 5th: Average stem height of each year in September
after planting.
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Figure 13. Average stem height of Miscanthus saccharifiorus (Ma-
xim.) Benth.
Sd: Sod planting, Pt: Pot planting.
1st, 2nd, 3rd, 4th, 5th: Average stem height of each year in September
after planting.
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Figure 15. Average stem height of /mperata cyiindrica var. koenigii
(Retz.) Pilg.
Sd: Sod planting, Pt: Pot planting.
1st, 2nd, 3rd, 4th, 5th: Average stem height of each year in September
after planting.
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Figure 16. Average stem height of Arundinella hirta (Thunb.) Ta-
naka.
Sd: Sod planting, Pt: Pot planting.
1st, 2nd, 3rd, 4th, 5th: Average stem height of each year in September
after planting.
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Table 6. Summary of Atest statistics for stem height per 0.25m® each year in September under weed removal and non-removal conditions.
Normality test of the sample data sets showed that their distributions were approximately normal.

Species PM GY Con N Mean=S.D. t value D
Sd 1st R 26 91.024+6.801
) -331 0.0018
Miscantthus Pt Ist R 26 97528+7.082
sacchariflorus
(Maxirm,) Benth, Sd 2nd R 2% 1540426617
—2.33 0.0243
Pt 2nd R 26 158.436+6.743
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Journal of the Korean Institute of Landscape Architecture 183 Placiny
(Table 6. Continued)
Species PM GY Con N Mean+S.D. ¢ value D
sd 3rd R % 186.224+7.274
—439 <0,0001
Pt 3rd R 2% 19543247571
Miscanthus sd 4th NR % 170.84146.591
sacchariflorus —1047 <0,0001
(Maxim,) Benth. Pt 4th NR 2% 192.422+7 925
sd 5th NR 2% 17364446431
~1044 <0,0001
Pt 5th NR 2% 19478147817
sd 1st R % 780817579
—480 <0,0001
Pt 1st R 2% 88.704+8.076
sd 2nd R % 11638426014
~759 <0,0001
Miscanthus Pt 2nd R 2% 129.783+6.465
Sinensis var. sd 3rd R 2% 158.192+7 547
PUIpUrascens —6.77 <0.0001
( Andersson) Pt 3rd R 2% 173.108+8,036
Rendle sd 4th NR 2% 145584+6,149
—11.07 <0,0001
Pt dth NR % 165.084+6,307
sd 5th NR % 14853846506
—707 <0,0001
Pt 5th NR 2% 162.028+6,981
sd lst R 2% 51.468+4.648
-379 0.0004
Pt 1st R 2% 56.568+4.853
sd 2nd R 2% 9.72144522
1425 <0,0001
Pt 2nd R % 1115614819
Iyt sd 3rd R % 1185525019
o T 3r .00210,01¢
cylindlica va. 217 00355
koemglpfl (Retz.) Pt 3rd R % 12174845412
ilg.
sd 4th NR 2% 111.552+4.922
-379 0.0004
Pt dth NR 2% 116.852+4.971
sd 5th NR 2% 114.252+4.503
-385 0.0004
Pt 5th NR 2% 119.364+4.874
sd 1st R 2% 72.502:+5,301
-930 <0,0001
Pt 1st R % 87.668+3439
sd 2nd R % 98 84446541
-829 <0,0001
Pt 2nd R 2% 114.568+6.872
» » sd 3rd R 2% 108.024+6.638
Arundinell hirta ~861 <0001
(Thunb.) Tanaka Pt 3rd R 2% 124.616+6.997
sd 4th NR 2% 83,064+5.459
-512 <0,0001
Pt dth NR 2% 91.268+5.846
sd 5th NR % 7496845041
15.09 <0,0001
Pt 5th NR 2% 8412845573

PM: planting method GY: growth year Sd: sod planting Pt: pot planting

1st, 2nd, 3rd, 4th, 5th: each year after planting

Con.: Conditions, R: Weed removal, NR: Weed non-removal, N: Sample numbers, S.D.: Standard deviation, p: p-values obtained by #tests assuming
equal variance,
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