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Figure 1. The natural zones of Mongolia.
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Figure 2. The location map of afforestation area in the Lun soum.
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Figure 4. Soil profile in the study site.
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2) EF =94 A4
ZAA 9] EAL RE(G~10cm)9 4§ P 85%, HIARE 11%,
HES G 4% dAALE (Loamy Sand)o| L, A E(50~55cm)+= R g
60%, VIAFEF 29%, HEETF 10%<%0 AFE Y E(Sandy Loam)= YEFSETH
EGES BESO AEZEY RYdEo] mol 14 Hl&o] 56%E
A YEsE AL, 71 37%%1 Wkl A4e T%E F=EI el o
G Aol EElido] dokst Edkelth ZE/\}X]Q] 7}8] % (Bulk density) X E
| 1.49g/cn’ 2 127g/cr@® REZFO| HES
U REZY BEEEE OOO42cm/Seci FgAe] dush A E
2

I

J

=
< ©

=5
HU
¥

1~11-F

[" o

r\:l
S
)

o,

Hﬂ

Table 1. Soil physical properties of the study sites

Mechanical analysis Three phase Bulk Water Water
g | density permeabilitypermeability
aMPI€  Sand Silt Clay  Soil Liquid Solid Air “€1S! time speed

(%) (%) (%) texture (%) (%) (%) FM) (3 (on/see)

5~10cm 846 110 44 LS 70 560 370 149 250 0.0042

50~55cm 605 293 102 SL 137 48.0 383 127 80.7 0.0013

AT F o, 2007,
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445 pH7F 9 =olsith olef 22 A= HEZF ZEdhade] =2 4
(CaSO»ZFol Yet gl7] w#gl AR Bt {73 TES
1.7~24%°]13 30~35cm H9+ 1.1%= YERST o] %] 3k8
(CEC)o] w2 wtdel Zrg, UYEF % Zadd & XS &l kol
Fol A7123s =7 wi¢ =vh B3 A7IAERE=EC)S 97 NaCl) 3=
=A et AP A EFY] stetd S 5o Assted v dokgt

21 72t3 Jdv o2 ey

¢

=

rlo

=2
o
H

Table 2. Soil chemical properties of the study sites

Avail. CEC Cation exch.angeable
P05 capacity EC NaCl
Sample ol OM T.N (mg (cmolc (cmole kg™ (dS/m) (%)

(@) (%) 1) kD gt Nt et Mg

5~10cm 71 17 016 19 900 031 011 773 134 078 001

Furrow 30~35cm 83 11 011 5 6.02 010 013 226 187 045 001

115~
120cm

91 01 0.03 67 372 008 044 840 231 061 0.01

5~10cm 84 29 025 23 1463 043 014 319 158 0.68 0.01

Hole 30~35cm 88 1.1 0.10 4 740 012 169 252 485 317 0.08

115~
120cm

91 03 0.04 55 311 017 163 226 420 471 0.07

% g Abe 7rerel, 2007,
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A2A ZAMHY
1. ZANY 2

A d FEE SEELEA] <
A AR Populus sibirica L., W&WS ZuRaSuy S3d9x, =%
S R R = =R e =

1) Populus sibirica L. © L E 0 2A i1+ 12~20me]al, F i 30m(F

1247 30~40cm, FHi 100cm7bA] AT, & HHFA S sk,

WA WS- WA s Adel dse A5, 24828 AH&st

31 ¢l th(Enkhsaihan.D.,2010).

2) Ulmus pumila L.(Fl&U%) @ wEo 7 i 15m7FA A&}, 23

59 2 an Ao FExge - WS- lAR & A g o),

Sa7F A H(Woo et al, 2001).

[
ot
|z
o
I
>
N
2
2
%0
e
o2
e
o
2

3) Hippophae rhamnoides L.(Z"W B8 +TUH): dE~LnEH o072 431 ]
~4mel i, HiL 10m7hA] Ago) = AEFAY F3x - A
ukAd ol th(Woo et al, 2001).

4) Caragana microphylla Lam(F=9 %) #&5~05 02 431 1~6m7}
A Zpgho}, ofAlo} YAk FH(FHER E29x H(H) 42 4 54k
#HEE)ola, F2 kA Fo] AT T HHAA A Fxsta, Wiz

& WA U gk Ul A A o] tH(Woo et al, 2001)
5) Caragana arborescens Linn(=3o}7bAlo}): &0 2 1 ~5m, TH55
19 Fx3oh s s dabgdoly, FRAE2 d4a 1A

T % ] tH(Enkhsaihan.D.,2010).

N

_17_



Az
(o]

ZAA = Al EC] 719 gle AN R s SE FH Y
W3 (Figure 5oz 2AsAT £ FAA oAM= FHdl(main forest
belt)} Tl Alele] A7lE 500m= sttt gl FHU et 2 s A
A st FHd(secondary forest belt)= 1,000m= A X3 th(=F @AM 7}
sk, 2007, Korea-Mongolia Greenbelt project, 2009).

Tt (main forest belt)2} ¥ t(secondary forest belt)oll = Z+7+ 3 Y
Al B Z ¥ (auxiliary main forest belt)7} Az ¥ o] it 214 & =+
A 60m, REHW 30m, ¥ Ho) 30m, HZHHd)(auxialiary secondary

forest belt) 15m= A x| o] )t}

=

P — Fom B s
8 o e

Figure 5. Structure plan of the shelter belt.
% Korea-Mongolia Greenbelt project, 2009.
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4
W, AEHEA % 40cm, Ho

=
40cm Z719] A FPolE st 4 A5l thFigure 8 2 9).

100cm

60cm

Figure 7. Planted by the furrow method area.
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40cm

40ecm

40ecm

Figure 8. Mimetic diagram of hole method.

Figure 9. Planted by the hole method area.
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=

3. 29+%9) BHE 2 A4F 2R

b

20089 6¥€ 1WA(-0)5Foz At & 107 & ToAA FFH A
Aol Q= ¥EYWY-(Ulmus pumila Lins.), Populus sibirica L., S39%

(Caragana microphylla Lam), 2|2 2l5US(Hippophae rhamnoides L.),
Gl N AWV (Caragana arborescens Linw) S Ao s 253 A2S
AR T A A 294 2 o S 33](2008d 9€, 2009

4, 2010 8¥) =AU FFE ARG AzdWHY dukx
W 27 Aol A 5 FEE ddeR 7 FEFEE 5024 F 5004

Abak sk,

EN

FaE EAZ AFESY cmd9l 2 A5G o, 9Ae gAE A
¥ 2 (mitutoyo) & ©]€3to] 424 =42 mmH7FA] SA s T
Az} ddbzddy 7 H A FAFol E v uls)]

93] SPSS 180 ZR 1L o] &3lo] t-testS A S}
@71F P o= 0.05).
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Al 29539 848 2 4% 54
1. 8%&

T3 2FES ANzYUNHAME FE3Ex(Caragana microphylla
Lam) 85%, Yl &WU(Ulmus pumila 1.) 80.7%, Populus sibirica L. 80.4%,
W =V E2(Salix spp.) 70.2%, x=BolFVA oW Caragana arborescens Liny)
70%, 2wl B UT-(Hippophae rhamnoides 1..) 64.4%, 91743 ( Tamarix
rassosima) 64%, AMANUWF-(Populus tremula) 386% o= UETH
(Table 3). YutxgdiHolA o] +3H 252 v 7t 868%= 7HE
Ztow  HIUX 81.8%, S#olrtAlo} 79.1%, Populus sibirica L.
54.6%, ZviH gl 60.2%, AFUR 8 S (Elaegnus moorcroftii Lina)
42.3%, AU (Armeniaca sibirica,) 39.6%2] o]tk A A 2R

waEgwgel glol #AEel M B FEe FEPzd weUyE
1
¥

S

e

o] 80%7F do] A & ASste FEoR Bl &3 Fo
PN

FEe ANEGIHIAE drlneFuTolga durey
L

AL
rlo B

r

= Populus sibirica L. ©1)Y. 53] Populus sibirica 4
ol7} 7+ ®ol] Ued FFoE AAxHWHol dutzg ko] wvld] F

ol 258% =Skth. @ BleuFel wmdoprbalope] Ag- dubx
%

d

ok
T
o

oo o
ok
e
)

ol

o

-

fo Y

>
=
) HEL o o
f
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i
:lU
3
g
=
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)
8
.-
of
o
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B
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lo
o,
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2

jult)
i)
2
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o
w
o))
X
HE
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Table 3. Survival rate of the species.

Furrow Hole
Scientific name Planting  Growth  Survival | Planting Growth  Survival
quantity  quantity rate quantity  quantity rate
(%) (%)
Populus sibirica 7,526 6,055 80.4 10,270 5,614 54.6
Ulmus pumila 8,270 6,675 80.7 8,117 7,048 86.8
Caragana 1,504 1,278 85.0 1,875 1535 81.8
microphylla
Caragana 6,869 4,805 70.0 121 96 793
arborescens
Hippophac 1,163 749 64.4 161 97 60.2
rhamnoides
Salix spp. 567 398 70.2
Populus tremula 145 56 38.6
Armeniaca 3,288 1,290 36.6
sibirica
FElacgnus 1,774 703 396
moorcroftii
Tamarix 89 57 64.0
rassosima
Total 26,133 20,073 76.8 25,606 16,383 64.0

% Korea-Mongolia Greenbelt project, 2009.

A 107 FES] BHAFE ANZAWY 768%, AWETEY 64.0%

2 Ut AAzdAe] B2E0] 128% ETH(Table 3). Webx] A4 2

o] FEel B3 Fel YPL F & AdE AL B 5 I

| AgelE B4, AT Sol Bol Qo HEL o} Ho] WP Fi
E

F7HE-E 23
A

o,
o

oz
o
fr
BN
faic)

EREAD 2 o9 24523 AAF 5 FEEO JF BE
ol MIAE 2 + A Aow AmHh EF AN 2P Yol Uk

_28_



L
.

3)

#el 9]

o] u}

s

REoofyzt A&d A

HH
R

S
e,

Ul

_24_



Table 45} 5% A4 z=@wgst Az 5 $50 d@ 3 4
JES ZAT 295 e Aotk ANzdARe Fiu AFEL 194

r e
rlo

(2008.06 ~2009.09)2] A% WU (Ulmus pumila 1.) 120.4% > =30} 7}A|
oW Caragana arborescens Liny) 62.6% > 5 &Y % (Caragana microphylla
Lam) 35.4% > Populus sibirica L. 30.1% > 720} X 8]5=U5-(Hippophae
rhamnoides L.) 24.2% o2 H&EUF7F 7H =2 AAES HAY. A
AzEuy 2dxE vlsyUs 205.8% > w=wolgbAloF  103.3% > Populus
sibirica L. 96.2% > &&= % 52.8% > AWl F+uUF 51.7% o2 1\d ko
AMep o] HlsurE M =& AFES BHdow, Avjresu o A

FEo] 7V Ekty. Populus sibirica L= 13 30.1%% Hxdxxc}

ARFEo] deroy 2dA o= 96.2% = AAEC] 38 AR AA }
o EE FFY AFo]l AA 2dAEE s 1 ASE B 5 iy
(Table 4).
Table 4. Growth rate of height (furrow).
Tree height Height growth Height growth
C (cm) (cm) ratio (%)
Scientific
2009.09 2010.09
name 2008.06 2009.09 2010.09 | 2009.09 2010.09 B coa
(A) (B) (®) (B-A)  (C-A) (Txmo)(Txloo)
Populus 1102 1434 2162 | 332 1060 30.1 96.2
sibirica

Ulmus pumila| 65.8 145.0 201.2 79.2 1354 1204 205.8

Caragana

793 1289 1612 | 496 81.9 626 1033
arborescens
Hippophae 57.4 713 871 139 297 242 517
rhamnoides
Caragana 65.0 83.0 99.3 23.0 343 354 52.8
microphylia

algbzelie] 1dH2008. 06~2000. 09) 431 AAES HZUT 70,
5% >F=HZ 476% > 2 v 42.0% > Populus  sibirica L. 21.
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19> =got7brlol 199% oz AAzgddyd w7z veut e

FaAgEel Mg wgvh AnzERHelAE AE] N de FEL
P 2]

=

ZEWHe 2dx FRAAES HsUS 129.3% > Ao HEl ey

[e) =
i
80.6% > ExHx 73.8%> Populus sibirica 1. 58.1% > =&o}7tA o} 39.1% <

o 1dAksh ol MEUTT MY we AFES wgom, waolsialel

Table 5. Growth rate of height (hole).

Tree height Height growth Height growth
Scientific (cm) (cm) ratio (%)
name 2008.06  2009.09 2010.09 | 2009.09 2010.09 | 2009.09 2010.09
A) (B) ©) (B-A) (C-A) (%mo)(%mo)
Populus 1301 1575 2057 | 274 756 21.1 58.1
sibirica
Ulmus 675 1151 1548 | 476 873 705 1293
pumila
Caragana 476 57.1 66.2 95 186 19.9 39.1
arborescens
Hippophae 376 53.4 67.9 158 303 42.0 80.6
rhamnoides
Caragana 50.0 738 86.9 238 369 476 738
microphylia

o] 1293%% F& 765% =AolE HTH Folitrlol A A 2
103.3%°l H]3te] dutzHulH e 391% %2 64.2% AAE 2olE H o
Populus sibirica L= AXZEW A3 dubzd iy Tho] 38.1%<9 A&

Aol & H AT

_26_



Table 6. Height growth between planted by the furrow method and
planted by hole method.

Scientific Afforestation N df Mean SD t—value
name methods

Furrow 50 104.0 40.9

FPopulus 98 3.986%x
sibirica Hole 50 73.7 34.8
Furrow 50 135.4 45.9

Ulmus pumila 98 5.964 %%
Hole 50 87.2 33.9
Furrow 50 89.9 32.3

Caragana 98 15.128%%
arborescens Hole 50 18.5 8.0
: Furrow 30 37.5 11.0

Hippophae 58 —1.9425%x
rhamnoides Hole 30 55.1 48.4
Furrow 50 34.3 7.2

Caragana 98 —1.670%x
mycrophylla Hole 50 38.9 18.4

*: significant at 5% level, **: significant at 1% level

o FAFES ANzPPWel AvEPPHnc o B4 dedop
=

Yol A4 gn

[
=
I
i)
i
i)
Iz
o
P
i
o
N
il
ot
B
rir
4
&9

jult)
ok

U Populus sibirica L. 2 =3ol7}A]o}7} A 2 & H
O 2 AES B2Ad AL AA F 27 A vbg
[e3]
1

.
EgsRe 2uwe dANA 5% A 9L v
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3. 2974 A%

Table 73 82 A=Wy dtzdWi 57 =39 <94 A%

S A% 295 YERd Fojth, Az He 294 AFLES 1dA
(2008. 06~2009. 09)e] A% v =YW (Ulmus pumila L.) 128.5% > +-o}7}

A oW Caragana arborescens Liny) 71.4% > &3S % (Caragana microphylla
Lam) 66.6% > Populus sibirica L. 54.5% > 70} X 8]5=U5-(Hippophae

rhamnoides 1.) 40.0% o2 iGN} vpA7HA 2 vleu 7 A E 0

7V w=oka, AujRE eyt R sikth A 2" W 2W ks vl sy
T 328.6% > Populus sibirica L. 209.1% > =#o}7}A]o} 1143% > £ 9%
(Caragana microphylla Lam) 83.3% > ZvjH 2]y H 80.0% o= 13k
oo} o] HlEUFrt w2 AFAES B9u. 3 Populus sibirica L.2]
AAEL 1dA 545%09) Hs] 2 d 3ol A= 2091% =2 2F 48] A= AA =
ofrom BHlEUFE Idxte] 1285%0] Bl&] 232} 3286%= oF 254 =
oA .
Table 7. Growth rate of root collar diameter(RCD)(furrow).
. Root collar Root collar
Tree root collar diameter . .
o (cm) diameter growth diamete growth
Scientific (cm) ratio (%)
fame 2008.06  2009.09 2010.09 | 2009.09 2010.09 | 2009.09  2010.09
(A) (B) (© | (B=A) (CoA) [(Ehp) (Sh00)
Populus 11 1.7 3.4 06 23 545 209.1
sibirica
Ulmus 0.7 16 3.0 09 23 1285 3286
pumila
Caragana 0.7 1.2 2.0 05 1.3 714 1143
arborescens
Hippophae 05 0.7 09 0.2 04 40.0 80.0
rhamnoides
Caragana 0.6 1.0 1.1 04 05 66.6 833
microphylla
AubzZHE o] 113 2 (2008.06~2009.09) ¥ 7 AAELS A2 z=Hud )

L= |=
npR Al 2 vlmUEoE T70% % 7P w=okal S ERe 333%0A v A
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BeFU5-9 Populus sibirica L. B =@ ol7kAoF & 35ES Fo] 25%
= etk
Aubtzd 2dAe] U AFES HEUS 200% > Populus sibirica
Zuj R ey 9 EE3EE 100.0% > =w ol oF 25.0%
=t} Populus sibirica L. 9 % ‘Uﬁiﬂ—rur
) 25% AFstF oy 2dak= ZH2E 1125%, 100%= oF 4n) 2]
AEES Bt 2y ="oprbrfols 2ol A ApekA] eFob 1dAlot

(0]
it
=
Ny
-
1
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oz

_|>_1,

n
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ol
Hir

—d
rr
—
a¥
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Table 8. Growth rate of root collar diameter(RCD)(hole).

. Root collar Root collar
Tree root collar diameter . .
diameter growth diamete growth
(c¢cm) .
Scientific (cm) ratio (%)
flame 2008.06  2009.09 2010.09 | 2009.09 2010.09 | 200909 201009
(A) (B) (©) | (B=A)  (C-A) |(BA by
A A
Populus 16 20 34 0.4 18 250 1125
sibirica
Ulmus 09 16 2.7 0.7 1.8 778 2000
pumila
Caragana 04 05 05 0.1 0.1 25.0 925.0
arborescens
Hippophae 0.4 05 0.8 0.1 0.4 25.0 100.0
rhamnoides
Caragana 0.3 04 07 0.1 0.3 333 100.0
microphylia

200% = e 1286% zolE RSt
Az 209.1%°] Hlske] dukz
kS

FolrhAlobs A4 =YYt A

t}S-& Populus sibirica L.& A
HEH 1125%9] =fo]l = 2}.9.‘:‘% i
R

rell 89.3%°] BHE AolE H
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Table 9= =AM 571 59 <9738 A EFS vugh Ayjejty, 4474
AR HlsU, wdobgiaol, Fadx 9 Populus sibirica L. & 471

=
Panch BAMCE PPl e Ao

Sgol AAzYRHol Az o
= UERTHp<00D). weA 43 A% spdsiAw AAzdwel

A7 A Sl B3 Aow A gy ARy 2

4 BIFe BAG AL Ak,

Table 9. Root collar diameter(RCD) growth between planted by the
furrow methods and planted by the hole method.

Scientific Afforestation N df Mean D {—value
name methods
Furrow 50 2.32 0.761
FPopulus 98 3,294
sibirica Hole 50 1.85 0.654
Furrow 50 2.34 0.864
Ulmus pumila 98 3.760%:
Hole 50 1.80 0.529
Furrow 50 1.33 0.358
Caragana 98 93.508%x
arborescens Hole 50 0.09 0.097
: Furrow 30 0.43 0.342
Hippophae 58 ~0.165
rhamnoides Hole 30 0.44 0.393
Furrow 50 0.51 0.367
Caragana 98 1 30455
mycrophylla Hole 50 0.43 0.221

x significant at 5% level, **: significant at 1% level
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B oATE AnEhyA Bhoz 2RI JE @-F I9UE A =
YAE dgoz 2YwPel WE £EE e BAENR AFEALS vu
BAE A3 e 2 ARe 49 4 dn

1. A AAe] 25 A=W HA A 76.8%, YRz ol A
z=

64.0% % JENLF A A zdurHo] Qul

2. 1 AFELS ¥EsUFH(Ulmus pumila L.) 205.8% > s@ol7}A| o}

(Caragana arborescens Lin~) 103.3% > Populus sibirica L. 96.2% > &3

S %(Caragana microphylla Lam) 52.8% > Zv R 24U (Hippophae

rhamnoides L.) 51.7% <=0l 570 F FolA AAZzwUHa dutx

oA FadgEe] 7P & FF2 vy otk 18l v

W Populus sibirica L., =%ol7tAo}e] a8 wke A xegio] o
=

P ET FAASRE A YEETH(p<0.01).

o

3. 2974 AAHAEL vEYWT(Ulmus pumila L.) 328.6% > Populus sibirica L.
209.1% > =" ol 7V A oW Caragana arborescens L) 114.3%> F39x%
(Caragana microphylla Lam) 83.3% > v ¥ &4~ Y5-(Hippophae rhamnoides
L) 80.0% <ol 57 5 < AAZdW |} dntzgdiyds A5
ol 7V w& FF2 HlEuFoldd Hsuy, wdoliirel, FaEdEx
Populus sibirica L. & 47) 7 oA Az TAF AT Zo]
dutzPurHE T FAX R 28 Fow YeEPGtHp<0.01). 28} Zoj

Byl 4 298 ARFS AR Aolrt gl

b ’

o

4. ANz PEe] AEP PR BHE| ¥u Fust 297 Aol
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Survival Rate and Growth Characteristics of
Plantation Species by Planting Methods of

Desertified—-area in Mongolia*®

Ulziijargal Davaasuren

Department of Forestry
Graduate School, Kyungpook National University
Taegu, Korea

(Supervised by Professor Sung Hyun Joo)

(Abstract)

This study was conducted on the survival rate and growth characteristics of plantation
species by planting methods - planting in a hole and planting in a furrow - on the territory
afforested within the framework of the Korea-Mongolia Greenbelt project in 2008 located in

Lun soum, Mongolia.

Survival rate and growth characteristics of Ulmus pumila L., Populus sibirica L.,
Caragana microphylla Lam., Hippophae rhamnoides L., Caragana arborescens Linxy were

measured 3 times during the period of June 2008 through September 2010.

Survival rate of all species planted using the furrow method was 76.8% and that of
the species planted using the hole method was 64.0%. The survival rate of the species
planted using the furrow method was 12.8% higher compared to that of the species
planted using the hole method.

The height growths of Ulmus pumila L., Populus sibirica L., Caragana arborescens L
planted using the furrow method was statistically significantly higher than that of the
species planted by the hole method(p<0.01). However, the height growth of Hippophae
rhamnoides L. and Caragana microphylla Lam. planted by the hole method were higher
than that of the species planted by the furrow method.

The root collar diameter growths of Ulmus pumila L., Caragana arborescens Lin,
Caragana microphylla Lam, Populus sibirica L. planted by the furrow method was

statistically significantly higher than that of the species planted by the hole method(p
<0.01).

* A thesis submitted to the Council of the Graduate School of Kyungpook National University

in partial fulfillment of the requirements for the degree of Master of Agriculture in June
2011
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The survival rate of the species planted by the furrow method is statistically significantly
higher than that of the species planted by the hole method. In conclusion, the use of the
furrow method in afforestation shall help reduce the maintenance costs and is a more
effective method of combating desertification.

Therefore, there is a need to explore effective methods of planting and continue

in—depth studies of the effectiveness of different planting methods.
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