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Abstract: This study was investigated to select superior population and clones of Salix gracilistyla for promoting
woody biomass resources through creating of short rotation coppices (SRC). Plant materials were collected from seven
different population groups of S. gracilistyla and planted at two different nursery sites in Chuncheon and Yongin.
Height and root collar diameter showed statistically significant differeces among population, nursery, and annual
growth for three years (p<0.01). Aboveground biomass was harvested to investigate dry weight after 3 years from
planting, the Youngwol population showed the highest yield as 4.8 kg DW plant'1 in Chuncheon nursery which was
more than double yield compared to the other nursery planted plants. However, Hongcheon and Wonju populations
as 3.3 kg plant’, showed the best yield in Yongin nursery. In addition, there was a significant difference between
collected populations and nurseries. But there was statistically significant different interaction between population
(Pop) and nursery (Nur) (F value = 3.51, p<0.01). Therefore, the superior populations selected by this experiment
could be cultivated as an excellent variety for woody biomass resources through the clonal test.
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Table 1. List and description of collected sampling sites.
Collected regions Longitude Altitude(m)

1 GN N 37° 42" 51.43" E 128° 49" 43.83" 57

2 TB N 37° 07" 16.32" E 128° 55" 32.48" 823

3 YW N 37° 11”7 32.06" E 128° 22" 54.01" 239

4 YG N 38° 08" 05.72" E 127° 59" 01.66" 171

5 HC N 37° 46" 31.3" E 127° 50" 00.2" 114

6 WJ N 37° 20" 01.05" E 127° 51" 57.73" 95

7 YP N 37° 30" 50.61" E 127° 36" 37.90" 96

GN: Gangneung; YW: Yeongwol; WJ: Wonju; YG: Yanggu; TB: Taebaek; HC: Hongcheon; YP: Yangpyeong
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Figure 1. Collected branches of S. gracilistyla for provenance
tests from several areas in Gangwon and Gyeonggi provinces.
(GN: Gangneung; YW: Yeongwol; WI: Wonju; YG: Yanggu;
TB: Taeback; HC: Hongcheon; YP: Yangpyeong).
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Figure 2. Monthly rainfall and mean air temperature at the two
nursery sites during the experimental period 2012 to 2014.
(CC : Chuncheon; YI : Yongin).
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Table 2. Characteristics of soil chemical properties of two nursery sites.

Content Ca™ Mg K Na™* CEC T-N P,0;
pH EC ! % kel
Nursery (cmol kg') ( 0) (mg g )
cc 5.7 0.15 6.6 1.65 5.19 0.23 29.34 0.93 33.93
+ 0.51 + 0.02 + 1.23 + 0.46 + 0.28 + 0.04 + 3.56 + 0.10 + 2.96
v 5.1 0.13 3.61 0.73 2.99 0.31 13.66 0.33 26.19
+ 0.67 + 0.02 + 0.68 + 0.29 + 042 + 0.04 + 144 + 0.09 + 3.61

CC: Chuncheon, YI: Yongin
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Figure 3. Annual height growth of S. gracilistyla by the difference of collected sampling regions at two nursery sites (CC, YI).

(CC : Chuncheon, YI : Yongin, GN: Gangneung; YW: Yeongwol; WJ: Wonju; YG: Yanggu; TB: Taebaek; HC: Hongcheon;
YP: Yangpyeong, Means within same year and nursery followed by the same letter are not significantly different based on
the Duncan’s multiple range test (p<0.05)).

Table 3. Results of two-way ANOVA for interaction effects of nursery, year and population on height growth.

Source of variation df Mean square F value P
Population (Pop) 6 15216.61 3.34 < 0.01
Nursery (Nur) 1 58226.84 76.75 < 0.01
Year (Yr) 2 6150915.07 4053.85 < 0.01
Pop x Nur 6 16762.01 3.68 < 0.01
Pop x Yr 12 24875.59 2.73 < 0.01
Nur x Yr 2 176495.91 116.32 < 0.01
Pop x Nur x Yr 12 36540.78 4.01 < 0.01

df=degree of freedom, P=p-value
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Table 4. Results of two-way ANOVA for interaction effects of nursery, year and population on number of lateral branch.

Source of variation df Mean square F value P
Population (Pop) 6 20.00 6.88 < 0.01
Nursery (Nur) 1 1279.63 440.06 < 0.01
Year (Yr) 1 709.92 244.14 < 0.01
Pop x Nur 6 7.04 242 0.03
Pop x Yr 6 10.51 3.61 < 0.01
Nur x Yr 1 52.45 18.04 < 0.01
Pop x Nur x Yr 6 6.41 2.20 0.04
df=degree of freedom, P=p-value

10

I 1y
£ 84 a . . 2y
= T
o T ab
2 ab ab ab T
g 6 T T T
§] c
= a T a
s b
E 4 a abd ] .
0]
£ oef| w e P g
= a : ab
Z 2 wll g ab be
d
U . || Ll | | L] || L

GN TB YW YG
cC

HC WJ

YP GN TB

YW YG
Yl

HC WJ YP

Collected area - Nursery

Figure 4. Number of lateral branches of S. gracilistyla depending on the collected sampling regions at two nursery sites.

(GN: Gangneung; YW: Yeongwol; WJ: Wonju; YG: Yanggu; TB: Taeback; HC: Hongcheon; YP: Yangpyeong, Means within
same year and nursery followed by the same letter are not significantly different based on the Duncan’s multiple range test
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Table 5. Result of two-way ANOVA for interaction effects of nursery, year and population on root collar.

Source of variation df Mean square F value P
Population (Pop) 6 505.30 5.08 < 0.01
Nursery (Nur) 1 2579.03 25.93 < 0.01
Year (¥7) 1 100286.98 1008.17 < 0.01
Pop x Nur 6 59.71 0.60 0.73
Pop x Yr 6 393.85 3.96 < 0.01
Nur x Yr 1 2109.52 21.21 < 0.01
Pop x Nur x Yr 6 143.24 1.44 0.20

df=degree of freedom, P=p-value
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Figure 5. Root collar diameter of S. gracilistyla depending on the collected sampling regions at the two nursery sites.

(CC : Chuncheon, YI : Yongin, GN: Gangneung; YW: Yeongwol; WJ: Wonju; YG: Yanggu; TB: Taebaek; HC: Hongcheon;
YP: Yangpyeong, Means within same year and nursery followed by the same letter are not significantly different based on
the Duncan’s multiple range test (p<0.05)).
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Table 6. Result of two-way ANOVA for interaction effects of population and nursery on yield.

Source of variation df Mean square F value P
Population (Pop) 6 3.95 1.26 0.27
Nursery (Nur) 1 47.25 15.11 < 0.01
Pop x Nur 6 10.98 3.51 < 0.01

df=degree of freedom, P=p-value
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Figure 6. Biomass yield of S. gracilistyla depending on the collected sampling regions at the two nursery sites.
(CC : Chuncheon, YI : Yongin, GN: Gangneung; YW: Yeongwol; WJ: Wonju; YG: Yanggu; TB: Taebaek; HC: Hongcheon;
YP: Yangpyeong, Means within a column followed by the same letter are not significantly different based on the Duncan’s
multiple range test (p<0.05)).
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Figure 7. Biomass yield distribution of S. gracilistyla depending on the collected sampling regions at the two nursery sites.
(GN: Gangneung; YW: Yeongwol; WJ: Wonju; YG: Yanggu; TB: Taebaek; HC: Hongcheon; YP: Yangpyeong).

T A AEA ARl Rl Aozt b 9l gQlom Agsht f314 4l HRdTe v
ERgTHp<0.01). AT A A 694 FEAGE A AAEEE W F 8clo] B g vA= AeR
gHor JFE A= AR YEETHp<0.01). ol &= 5 Sl

:IJ

3}]\
Hho]eulj i A 4kof Qlo] &2 84l AlFAITE 724 SRR Folido] AAHE AFA ] AAE et



A ol ems ik 17t AMES] AEEA 23

oo wlmstE, 2AAPANA 35 ko2 §214 G FEo| 3do] AWAL ) S4e Ao MuH
o 2.8 keoll Hlsto] A vebith F ABACIH  Yeo et al2009)9] 7] E AT ALY} 2L Btk 22
Wl Ukt Age Qs gpekok 4 MR A7 A% SAo] thed] ek 4 gloms ]

A x % Aol olelst @e melstelok & Aolth

>

z}

= Volk et al.(2011)9] A 1ZA}o] wl2d, ¥}

= 4 g 1A e 23; 3 g 23.0% S7HsHL

Rt e 1ol uA JoEe A4 47F 425t Aol= 7] R 30.8%7F S7HE it

of I HAske: o]2fdt HEWTRo B 48 & 1

B A of WAo] Fid Zlor et wuha & oA

LHERy T ZAHE A ES 12} pgo]7] wjZo] A & wole]
U

Bl 22 deke] oJsto] AJH 23} =87)oll= Kt =2 8wk

2 EXAAFA AT g, gu] 9 G A] =235 S 7IdE = 9 Aorh URkH o g BEURRO] 4=

ZNAo A A E It (Figure 7). o] & EtE Hio] 2mjL 718 3o B Ak 1dar HA & Wolg&

AAEE A A 39S 72 4=86te] vfo] Q| Eote] Ay S S W E e s)

25FS SATORA A Slro]| wE fgFo] F3at £ 5 US gloltk £ AFelA AHE] 48R AA

Z2 7o) HAE A& oz ZAEoF 3 Flo|t) 245 1Estae b AT wep EHAF A oA

L 32~48 fwt ha' HJoA H 35 fwt ha', L21A|F

o &t Z| 0| A= 24~33 fwt ha' H 2ol A B 28 fwt ha' 2 3

AbEITE AW EC] 2R S 24517 fig £ o

A7 d f8Ero] Sk Atk T JRAIQ] A 2Hy oA AxFHFE BT thH] 50.5% EO0R FALE

oAl A} o g2 Bty o= 2Rgate] 7t ArkEloletul A A]). o235t ATS B, 17.5 odt ha'

AR 2 Aolgt AatE yERd 4= QthAllard and T} 14 odt ha'! 7}Eo 2 T 4 Qlrh PN B=

Bradshaw 1964; Barnes et al., 1984). ZAHE 2] H}o| 2 uj He 231 Z28 24510 49740 AA5H9S
=]

AT 2 A o], 423}k 1.97~13.34 odt ha yr' 2 = 71| z}o]
b 71 shAIRE & Ae] A A} v gt 2l
[e]

s ABE 9I 94 W W B A%

[e]
=
TollA = A AlREA B/ AR 89 F F 7T

N

A 29e BANAE ), shhe] 291 SmAAe] 1 AL & 4 UrkAylot et al, 2008). ©] ATFIAE Liet

ol PR TAL RAE AT 4 S Aolth SA UpEe] 2 Zhol At 68H) HeF xjolE Holm 94

U E oA R0l 7he] AEAgo] EAISHE AoR  BRS Aol %2 AASHATh Eoh 14 WA F ol

Uhebey] oo, Alelat ARAe] ANSES W H AWNEARA ] ofs) BEE 2 A4S ghe] ATAE

AW SRS SIAAT AR £97 e = ot Sol4e] 23 WAl FolE 912l Ffel7} 9)

e oluatth ot 4 WHT AWA B AW SA 2ARE Bask 9 Rolch 7120 ATeld B
)

X
>,

Qt
N
52

Aol Qlof FojAdo] Qg E e, 3 At 27 Ho] o] &= & HEUTRF SE5
Aozrgol lojA®E fo/dol A=A AR 2 AAeke w, AR 49 & Ul 259 S22 5
e Alof] whE AAEFol TRl APAGLE Serapiglia et S AAY b W& pE0F2 e THLabrecque
al.2013)= A= thE AN LT SES A st and Teodorescu, 2005). YAz 7A¢| wje} e RLFZ9} 2
of S HwskS o Aol et 220l A =29 ALEAE Este] AT 2A vfolemX 4=

WAAmteh chEA Lrebikow, Az sare 2 A4 5 e Aoz Azt

| to] AkgE & IS 5 3 °
Zol7k e Aeg Huskgr & dAtolAe pehuk £ A= vho| ufA AJaksko] gk ) A7k A
o] %k Hho] EH T EAAAA AN AASHA] ¢k T3t Aol aE 27] dAtoln SAE AHEY
tf 2HARAA A= Gl A" Aol AT TEFE A @z SAE 7] dmell AHES] et
HE 35 keOR M B FUBS UEPAAT, X 9 WY STLE B A AL ok Rk AL A
FANHE BHT AR 2UR Asol AAY FF O Btk gt A4 SAAE ARG S
2.5 kg© 2 $3eFo] 2431 Ao Z YEehtth E3 27 2 AR ZE 3lo] Bk} AJH|(Mortensen et al., 1998) 1]
A S71 % o] St Rdo] AR|SHA] gkt o] a1 AR 23t )P (Conroy and Svejear, 1991) 52 L
© HEWT S25 AAsHS ol 7] Aol 4 & sto] thekel®= ol Stof| Ao =N BAES A=



24 AL LR

stofof & Zlojrt. Hpo| el A AdEke] QlojA]

T HS SelME E Ve sS40 1Y

g ol ZAlRE AlLEE HHR AR Bojint s}
At et e =2

H EAE ol 88 7ol &

7 SEARE TRAe7E wow 270

e Ad 52 28 AUsteior & Aeolrk

gleFo] & = Sl
= ?011*1 T2l %‘%é H 2= 8Qle = AHA|
7 gmHgoR Ueton,

2 mejste] guAoR thoket Wehe SugtoRn
94 2RO AW W 85 7)ol 5 UL Aol

References

Allard, R.W. and Bradshaw, A.D.
genotype-environment interactions in applied plant breeding.
Crop Science 4: 503-508.

Aylott, M.J., Casella, E., Tubby, L., Street, N.R., Smith, P.
and Taylor, G. 2008. Yield and spatial supply of bioenergy

1964. Implications of

poplar and willow short-rotation coppice in the UK. New
Phytologist 178: 358-370.

Barnes, R., Burley, J. and Gibson, G., 1984. Genotype-
environment interactions in tropical pines and their
structure of breeding population. Oxford England p.22.

Cameron, K.D., Phillips, LS., Kopp, RF., Volk, T.A., Maynard,
C.A., Abrahamson, L.P. and Smart, L.B. 2008. Quantitative
genetics of traits indicative of biomass production and
heterosis in 34 full-sib Fy salix eriocephala families.
Bioenergy Research 1: 80-90.

Chun, S.H., Hyun, J.Y. and Choi, J.K. 1999. A study on the
distribution patterns of Salix gracilistyla and Phragmites
Japonica communities according to micro-landforms and
substractes of the stream corridor. Journal of the Korean
Institute of Landscape Architecture 27(2): 58-68.

Conroy, S.D. and Svejcar, T.J. 1991. Willow planting success
as influenced by site factors and cattle grazing in
Northeastern California. Journal of Range Management
44(1): 59-63.

GARES. 2008. Methods of soil and compost analysis.
Gyeonggido Agricultural Research and Extension Services,
Hwaseong, Korea.

IPCC. 2014. Synthesis report of the fifth assessment report
of the intergovermental panel on climate change(IPCC).
WMO and UNEP. Cambridge university press. Cambridge.
New York. U.S.A.

Labrecque M., and Teodorescu TI. 2005. Field performance
and biomass production of 12 willow and poplar clones

A107H A1 (2018)

in short-rotation coppice in southern Quebec (Canada).
Biomass and Bioenergy 29: 1-9.

McKendry, P. 2002. Energy production from biomass (part
1): overview of biomass. Bioresource Technology 83:
37-46.

Karp, A., Hanley, S.J., Trybush, S.O., Macalpine, W., Pei,
M. and Shield, 1. 2011. Genetic improvement of willow
for bioenergy and biofuels. Journal of Integrative Plant
Biology 53(2): 151-165.

Mortensen, J., Nielsen, K.H. and JOrgensen, U. 1998. Nitrate
leaching during establishment of willow (Salix viminalis)
on two soil types and at two fertilization levels. Biomass
and Bioenergy 15(6): 457-466.

Serapiglia, M.J., Cameron, K.D., Stipanovic, A.J., Abrahamson,
L.P., Volk, T.A. and Smart, L.B. 2013. Yield and woody
biomass traits of novel shrub willow hybrids at two
comtrasting sites. Bioenergy Research 6: 533-546.

Serapiglia, M.J., Gouker, F.G. and Smart, L.B. 2014. Early
selection of novel triploid hybrids of shrub willow with
improved biomass yield relative to diploids. BMC Plant
Biology 14: 74.

Serapiglia, M.J., Gouker, F.G., Hart, J.F., Unda, F., Mansfield,
S.D., Stipanovic, A.J., and Smart, L.B. 2015. Ploidy level
affects important biomass traits of novel shrub
willow(Salix) hybrids. BioEnergy Research 8: 259-269.

Volk, T.A., Abrahamson, L.P., Cameron, K.D., Castellano, P.,
Corbin, T., Fabio, E., Johnson, G., Kuzovkina-Eischen, Y.,
Labrecque, M., Miller, R., Sidders, D., Smart, L.B., Staver,
K., Stanosz, G.R. and Rees, K.V. 2011. Yields of willow
biomass crops across a range of sites in North America.
Aspects of Applied Biology 112: 67-74.

Walle, IV., Camp, N.V., Casteele, L.V., Verheyen, K., Lemeur,
R. 2007. Short-rotation forestry of birch, maple, poplar
and willow in Flanders (Belgium) [ —Biomass production
after 4 years of tree growth. Biomass & bioenergy 31(5):
267-275.

Weih, M., Ronnberg-Wistljung, A.C. and Glynn, C. 2006.
Genetic basis of phenotypic correlations among growth
traits in hybird willow(Salix dasyclados * S. viminalis)
grown under two water regimes. New Phytologist 170:
467-4717.

Yeo, JK., Woo, K.S., Koo, Y.B. and Kim, Y.S. 2007. Growth
performance and adaptability of three-year-old poplar and
willow clones in a riparian area. Journal of the Korea
Society of Environmental Restoration Technology 10(5):
40-50.

(Received: October 25, 2017; Accepted: February 27, 2018)



