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SUMMARY

The chemical fertilizer is an important factor as a non point pollution source which should be
taken in account to minimize its effect. Specially, where the water is insufficient, it is urgent
for a country to solve the problem. As we have more than 70% log, it could be a solution for
this subject matter. In order to raise the application of the log, until now technical
development is not used intensively. Specially, the log cannot be used directly in this account
but the essential woodchip can be made. So, the production of woodchip fertilizer from log is
one of the example of wood use.

The main material of the woodchip fertilizer is lumber and the chemicals. An enough
quantity of woodchip exists in the earth's raw materials. Especially not only from the timber,
woodchip fertilizer can be made from root or wood damage by forest fire in mountain, disease
and harmful insects or damage by flood. So, source of woodchip fertilizer is large enough.

It is investigated in our country woodchip production volume and a production possible
service at priority. Among broad—leafed trees, 60.5% are oak, then chestnut, Black locust,
Japanese Alder, Willow. In softwood, 57% are Japanese red pine then pitch pine, Japanese
larch, Korean pine and reminder are Needle fir with other species.

Western and eastern Japanese red pine tree's annual ring width, tracheid diameter and wall
thickness, length, heartwood ratio was compared. Eastern Japanese red pine tree's annual ring
width larger than that of western and tracheid wall thickness is larger in western Japanese
red pine. Therefore, manufacturing of woodchip has more advantage if we use eastern
Japanese red pine. Results showed that Japanese larch has disadvantages in woodchip
manufacture than Korean pine.

The FE—SEM observation result of pine tree showed that it might be the best for N, P and
K impregnation while manufacturing woodchip fertilizer. The capillary penetration of liquid is
high in alder, birch compared to oriental oak. But releasing pattern is better in oriental oak
than alder and birch in relation with slow releasing property. As safranine is colored solution,
it can be used for observing the movement of liquid and factors responsible for the difficulty
of impregnation in wood.

A pressure gradient can be applied if there is difficulty for the penetration of liquid by
vacuum or pressure followed by vacuum. Penetration is higher in sapwood than heartwood
and longitudinal penetration is higher than lateral penetration. Radial penetration is also higher
than tangential penetration. Permeability in wood has a striking difference in between sapwood
to heartwood, species and even in different part of same wood species. As a result, vacuum
pressure, impregnation time should be considered according to tree species. Camscope
observation of safranine in longitudinal direction, depth of impregnation sequence in descending
order was found in Korean pine> Japanese red pine> pitch pine> Japanese larch in sapwood

and Korean pine> pitch pine> Japanese red pine> Japanese larch in heartwood.



Before the woodchip permeating to the basic reagent — the liquid pH, EC and temperature
should be taken in account. Because pH decrease a little after impregnation and there was no
change of temperature and EC. In compound mixture, there was change of temperature, pH,
and the deposition occurred. N and P20s5 content were found high measured from the resulting
liquid which analyzes the T—N, T—P and T—K. In deposit, the K2O content appeared high. The
result which analyzes a temperature difference, N content of compound reagent 1 (32.42%) at
25°C was the highest. the P2Os content in compound reagent 2 (20.41%) at 40°C was highest.
The K»O content in compound reagent 2 (2.97%) at 30°C was found the highest.

From the compound reagent, N, P»Os and K»O content was highest at the 40°C and nutrient
content was highest in deposit at 30°C. In case of N content, it appeared high as 12.43% in
compound reagent 4 at 25°C. The P05 was high as 26.76% in compound reagent 3 at 40°C
and KO content was high in compound reagent 4 as 2.33%. P»,0s content (average 18.08%)
appeared high in liquid while K:O content (average 13.91%) appeared high in deposit. N
content (average 11.33%) appeared high in compound reagent 6 and P:0s content (average
23.01%) appeared high in compound reagent 3. In deposit, N content (average 11.40%), P»Os
(average 11.01%) and K20 (average 15.29%) appeared high in compound reagent 6. The N and
P»20s5, K2O content appeared high in deposit and liquid of compound reagent 6 and 3.

Nitrogen content in woodchip fertilizer was found higher in the order of poplar> Japanese
red pine> compound woodchip> oak, Ps0s in the order of poplar> Japanese red pine>
compound woodchip> oak and Ks0 in the order of poplar> oak> Japanese red pine>
compound woodchip. Comparison of nutrient content in woodchip fertilizer made from 9 wood
species was found that penetration in poplar was highest and black locust was the lowest.
Penetration difficulty was found in order oak, chestnut and Japanese larch. In hardwood, alder
a diffuse porous wood, liquid penetration is lower than poplar. Among the softwood, Japanese
larch is found hard to penetration. Reminder has similar permeability. But the difficulty in
order of Korean pine> pitch pine>Japanese red pine. According to the result of comparison, it
showed that N content in dried wood was 25% lower than that of green wood and there was
no significant difference for P2Os and K2O retention.

The result from 11 chemicals permeability, P»Os and K:O were found highest in chemical 2
and 3 respectively. N retention was found the highest in chemical 1. Penetration was found
highest in two step impregnation of compound chemical 6. The difference did not appear a lot
due to pressure and pressure retention time.

Result of nutrient releasing rate showed N release was the fastest when chemical 1 was
used. But P20s5 and K20 were slowest when chemical 11 was used. While experiment with 9
wood species, nutrient release was found the slowest in woodchip fertilizer made from oak. In
two step compound chemical impregnation, compound chemical 4 was found effective.

24 hours of soaking in water, 26—30% N, 22—26% P;0s5 and 25—29% K.O were released.

After measurement the nutrient in soil released from Quercus woodchip and chemical fertilizer,



the result showed that NH;,—N, NO3;—N and K were released faster from chemical fertilizer
than that of Quercus woodchip fertilizer but the P was found almost similar. During 105 days
of incubation period in soil column experiment at 15th days of interval, the NH4s—N and NO3—N
leached in higher rate from chemical fertilizer up to 45days of incubation while it increased in
Quercus woodchip fertilizer after 60days of incubation. Highest amount of P was leached from
chemical fertilizer up to 60days and from Quercus woodchip fertilizer it increased after 75
days. K was leached at a increasing rate from Quercus woodchip fertilizer.

The experiment which investigates about the woodchip fertilizer concluded that woodchip
made form oak had faster decomposition than Poplar and Japanese red pine. But this order

will follow in loam, clay and sandy soil.

This study was carried out to examine the utility of woodchip fertilizer on rice in paddy
fields during the period of 2004 to 2006. Four kinds of woodchip fertilizers made from
Quercus, P. tomentigiandulosa, P. densiflora. and mixed woodchip were used. At 1lst year, it
was determined the applying level (reduced rates of 0, 15, 30% compared to standard
fertilizing) of woodchip fertilizer. At 2nd and 3rd years, it was tested the productivity of
woodchip fertilizer at some areas of different climates.

When application level was reduced, the yield of rice was decreased. It was concluded that
the same amounts of fertilizer components as standard fertilizing had better to be applied to
utilize the woodchip fertilizer. Through the trials of 2nd to 3rd years, it was resulted that
when the mixed woodchip fertilizer was applied, the average yield was 521 kg/10a which was
nearly the same as that of standard fertilizing, but the average rates of head rice was 84.2%,
about 6% higher than that of standard fertilizing.

It is assumed that the yield and head rice rate were enhanced comparing to the case of other
woodchip fertilizers because the nutrient components of the mixed woodchip fertilizer eluted

longer than those of others on account of difference in elution speed of each species.

Questionnaire surveys were carried in 2004 and 2005 to investigate the adaptability of slow
releasing fertilizer to rice cultivating farmers. The survey of 2004 shows that composit
fertilizers(79%) were mostly used as basal dressing, nitrogenous manure(56%) as top dressing
at tillering stage, and composit fertilizers(33%) as fertilizer at panicle initiation stage. The
number of farmers who had used slow releasing fertilizer was low as 28% and the level of
satisfaction was also very low. Existing normal fertilizer had problems such as the low
duration of effectiveness, diminishing fertility, and soil and water pollution. Existing slow
releasing fertilizer had also problems such as the lack of effectiveness, high price, and
inconvenience. In response on whether to use slow releasing woodchip fertilizer, about 70%
of respondents expressed to use it.

In the year of 2005 the survey was carried only for the farmers who used slow releasing



fertilizers. 70% of the respondents was satisfied with the fertilizer, but above problems were
raised also. Therefore the results showed that the new fertilizer should consider durability of
effectiveness, low level of price, environmental friendly, and low labor input.

Meanwhile economic analysis was carried out on slow releasing woodchip fertilizer the
results below were obtained.

While the price of the existing normal fertilizer ranges from 300 won/kg to 450 won/kg and
the price of the slow releasing from 676 won/kg to 760 won/kg, the price of slow releasing
woodchip fertilizer was calculated as falling between 277 won/kg and 419 won/kg.

As a result, the slow releasing woodchip fertilizer is expected to be fairly competitive in
terms of profitability and price compared with the existing normal as well as existing slow

releasing fertilizer.
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D, G995 (Larix kaempferi Carr.), 71T AYUF(Pinus rigida Mill.), SAMAIYF(Populus
tomentiglandulosa T.Lee.), S UY(Betula davurica Pallas), E & YF(Alnus hirsuta
Turcz.), =3I Y(Quercus variabilis Bl.), WU5(Castanea crenata Sieb. et Zucc.),
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I'ressuj Gauge
Vacuum Pressure Gauge

il iml
Lid [ Digestion ChamberLid |
Digestion
Solution hambe, Electric supply

Container
Timer and auto switch

] | ——— =k

Suction Motor

=)

Compression Motor

Automaltjc Valve

Pump_

R
/ Temporary solution container

Fig. 1. Schematic diagram of a digester machine.

) A5 FH
Safranine2. & &3t & Z} HekdH ZE Zlo|E cam—scope AVAHORE 73] WHE(3607] AWM=

X 73] = 2,52038]) A3}t =49 25 = SPSS(version 11.5.0.) 0.2 EA 22 ).

4) F2AQ5 A9 Camscope—7 Solutiong ©]&3 EFolF EA

AFdels FEHE HEAEC] EAdt. olE AES A7 vE 559 5FS ztuglal
AEe] FH EG wfeAolsitt. vlE 22 TR AEE zZta o= o AXe] |, wid
ol olate] A olFe wtUFE th2oh oWy ojygt B A% FEHE £FH 52
AEER golatrt. wrebA] ol 7SI AdseEs £33 AXER detate A AaA
SRS ek o] "k AGTHA AE AR A olEd mAld At

ot 7HA]

|
AHEAEe EiA fEEH dnka oEAHom gdEA . 2 AFAE AT
E2How dHA A" AT g dg A T S camscope®t /—SolutionS ©]-&3}to]
A Fstaatgtty, Kim# Park(1991)& HGFAddA Fo Edols $2& 7Hedola o
o2 WAMFAE, AT, wEEda ok ¥uk ojdel AlAlel ®WAleA el zto]E
HAvkar vk Aol =29 olg Al F5el o A€t (ida et al. 2002).
=2 3 2 W\ Ariel ol o 24 frk(Meyer

=

Ashs dehbed 2ol Aow f¥Hol

R

= Ax
1970). T3H o]l EHo] FEAF

Zt}(Furuno et al. 2004).
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AV (Pinus  koraiensis  Sieb. et  Zucc.), 2YWF(Pinus densiflora Sieb. et Zucc.),
71 AYF(Pinus rigida Mill) 2 QRN AUTRE(Larix kaempferi Carr.)E o2 H A=A 2
AZ RGNS 4] olsHEE HuEAstuz B Ads AAAY. TARS A
TN AF sl Aoy vE a"2 3 2ol 6(L)x0.5(R)xlem(T)e] A7 HHS
A AFAE HFHS AdeA 71 Axedv. dxd A HHs AW o5k

©
T - T T
SES SAYPY. A FL NS 1% safranine &S ARSI

0.5 cm
€y

6 cm

Fig. 2. Samples made for camscope observation.

ZAA A 2% 24°C oAl BFEHL 0m/s.o]At}t. Camscope SAWIE2 408), 1009),
1,200M &2 =A 3}, Petridishol] A EHS 1A 7] safranine NS A A3 H3HA 71
camscope= ©]-&3le] 5% FoF TAINS FAJ T 3,000 framesoZ FAE Y = F94 video
fileg VitrualDub—MPEG2 software® 1, 2, 3, 4 ¥ 5&3A4 o2 Ausly =4 AxS @3}

q

AeiE Al o 2 HE [-Solution softwareE ©|-&3te] IAEZo)lE 5. 5AHFE A5+ SPSS

(George and Mallery 2001)2 2159t}

. et se 718 EAL
1) 71& A

NH,Cl, NH:NOs, NH4H:POs, (NHy)3POs, KsPOs, KNOs, NaNO;, NaH,POs#2H:0, KH;POs,
KoHPOs, KCl, K5SOs, (NH4):HPOs, (NHy)2SOs, HNO:9 HA1Z A4 -39 pH, EC ¥ &%
MBS 2Abete] E@AeF AlAl Farsigivh 2 Ads flstel F 72w S

2) TF A

HNO3:K2HPO4, HNO3:K3POs, KNO3:K:HPOs, KNO3:K3POs, KzPOs:KNOs, NHiH2PO4:K2HPO,,
NH,H:PO4:K3POy & Z AloF2 & W&ol wah 2%, pHo Wbyt dlen, HdEo]
S, HdEo] wol At A AE A FdE Fol ol BolAEE Az
7P Ak obd = EgmIECl wE e WIts SAT AoRA T AAdEel
Wol WAsh= 215 37 ff8) AsiAoh 2+ Ads 9kl T 708=

3% 24

At

3) 18] 7Y§ EFA%e) nABR Be TP
18] 4 ERAHe ShEde B EFeR AR Lk AAEE Bt %
AE el greew Fa u @ Fom Bk TBolth Tt R pH 58
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gt o~z ENA FAAHS ARSE F 40H (2070 29 S FA9H. 4 T 7Y
A2 ICP(Leman LAB PS series PS—950)& AF&3lo] & 408 (207 X 2¥FE) S &4t}

23] F9& =FAke A HWH AR HAgol ERtA kS FYstal, thAl A Z3FA ofol
FUE AejelA HdEo] AV =F g TFA] o]k Aoks FYshs Alofoltt. 919 AR #E
Aok =98 w 2%, pH & AXA Fastdlom, Aoks EFPS wl AAe HAd=o]
AREA Ak Ao AAES Lefste] YARY, AR, 2= 25T, 2% 30C, &&= 40T
o2 B F Ao T-N, T-P, T-K &FZFS #4300, IAdE =3 22 o=
A9, FE F A AGFENS AHAFHE=H(UV spectrophotometer, Shimadzu 1601)S
ARgstel F 80 (=407 X 2¥bE)S EAFow, 4 F A AREAES oz ERILE

i
rﬁ
L
c
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spectrophotometer, Shimadzu 1601)& AF&3le] & 80™ (=407 X 2WHE)S
o} &= 7hg] AZEEALS ICP(Leman LAB PS series PS—950)& AFg3te] & 80 (=407
ZF 24088 B9
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ol
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Z EAQZHE ) FRF
1) Nga%g EAPH R HE HE FFF

AR (NHANOs)  Esh89 214g/100ml(25C),  AAZF(KHPOy) X348
159g/100ml(20C) 3 AshZH(KCl) 23589 34g/100ml(25C)E 7FdH o2 AYUF-(Pius
densiflora S. et 7.), SAMXNYWE(Populus tomentigiandulosa T. Lee), FUFE(Quercus) =
ZHTFe BRI R FA A

A#E EAPu s BEAHE vE & &% 0.2g5  AF S9! Buchi  Digestion

=
System(K—437, Switzerland) 2.2  E&9tt.  EAEn 8o z Aix AHIFEHE
Kjeldahl® (Buchi Distillation Unit B—324, Switzerland)S AF&3o ZF QA AZEAS
Vanadate® (UV spectrophotometer, Shimadzu 1601)& A}-&3F3it}. EZH?'" Hlgeo = Z%

AgRA L [CPHE Algdgon, Bads =F42 3Ase ICP(Leman LAB PS series
PS—-950)71715 ol&3td AlE F9 F 78 s =(mg/hE FAHSUGY. 2 HAd& st F
324(=30]F X 45F X 3% X 9Nk HS A 9t}

Nl

2) 9/ %9 BAPHE W) FRF
maAe SEol wel Bhe) o5Awmsl Ty wolmsl AA by, AF7H AR 37

A w3 ollel 6708 Fe U Frkstel AR B S§E5EE SAStaA # AddE
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A At

Ammonium nitrate(NHsNOs3) @} potassium pyrophosphate (KiP207) E3+-8NE Pinus koraiensis
Sieb. et Zucc., Pinus densiflora Sieb. et Zucc., Pinus rigida Mill, Larix kaempferi Carr.,
Populus tomentiglandulosa T. Lee, Alnus hirsuta Turcz., Castanea crenata Sieb. et Zucc.,
Quercus X Robinia pseudoacacia L. o AF(—620mmHgel A 5&F5<H A & 7FFH(10E
Fk b7} 20, 40 and 60 kgf/em®) 22 FHE A EE Aok BT 494 FAAIL,
AEAQ Wt olgate] AolHe HES FF Al AEskaa LV-SEM(HITACHI
S—3500N)& AH&-3ste] AT 2 dAolA AFEA F 648(=20]F X 957F X 47 F4LH X
3% X 3dHE)AS A 9a, LV-SEM F 648(=2H]F X 99F X 47] F94¥EH X 34& X

3H) A B4 ),

3) ’@ZH9+ AA EARE =Y FHF
A0 s Wl st3t 2ds FYstd QA FEE dvk QA e SAHRNEE
s §eFe] Wstel] digk ATE st AAPvh. AV (Phus  densiflora),
T (Populus tomentiglandulosa) 2 FUES (Quercus) 2 A8 5o
H5(NH4NOs) 2231589 (214g/100ml), IAFZEH(KHPOs) X384 (159¢/100ml) 2
FE(KCD #3}8-9(34g/100mD & 7FEH el o8] & 274 (=39F X 3A19F X 3RbEF9]) &
T 27K =1 F, A AAR o] AT 20‘5101 Ue HAHHEE F
=34% X 3712 X 2% X 39HE39)S Buchi Digestion System(K—437, Switzerland) ©. &
. T=N, T-P, T-KE ¥ 1083 (=35FF X 3A]¢F X 3055 X 2231 X 29584 &
Foo R Ay AT HAENE dFxe Ax7]d Wi 105TeA 24413

2
O Az BAPNES G5t 2 PEow 4 B,

A LA Oy O )
w Bl xRNl
T 2 &
Ll g
fo

A
:Oé
2

L
&
offt
e

o H— oo

pul

AL
BN
ro
ot

4) @4 A FHdo g FAFYE U FRF

117019 @9 Ao ¥3}8dNS P densiflora, P. koraiensis, L. kaempteri, P.
tomentiglandulosa 2 Quercus®] o 7FdH o=z FA3 EARHHEE FT 165" (FZE X
LAk X 39hE) Az 9 1654S T2z wE 5 % 0.2¢8 FFse] Buchi
Digestion System(K—437, Switzerland) 2.2 #3313 & F 2108 (65F X 7TAF X 3HHEF9

X

)=

2WFE-E )8 Kjeldahl¥ (Buchi Distillation Unit B—324, Switzerland) 2.2 ZZAE B30,
=
X

o

A2kE Vanadate o2 F 2108 (55F X 7A19F X 3WHEFY X 29k EA) 24 g
25 ICP(Leman LAB PS series PS—950)2 % 1504 (54% X 5A/ ¢k NHE 9]
24 Eﬁ}ﬂ)% x%ak‘ﬂ S| §R‘:]'

CA

5) 23] F¢] A T EFAI%F EAFvE W FR/F
APz A4HE A AR Bl wet N, P.0s, KO 53 7122 4714
6
A=)

oF 22U (Pinus  densiflora), 3 ‘/}—r(Pmus koraiensis), A% (Larix kaempferi),

o
T=
SN G (Populus  tomentigiandulosa) 2 3+ Z(Quercus)°ll & 604 (=552 X 4A]¢k X

3WRFY)S AT Ak BAPUEY N, P05, K0 FHFE F 3604 (=55F X 441F X

Al
]
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3NHEFY X 394 X 2wk EA) A3

o
M

6) 6719 AloF A4 €L 71 24 WE EAP8E U FHF

219l Ad AHdsE TF TS 679 Aleks AAFoH, ol 6719 AlekS FE=R
TR A A FUUHEE —62emHgol A JFAZ] §. Skgf/fer, 10kgf/er 2 15kgf/cre] o+
atoll A 60%, 1208 2 18083 AL WA FFE AU (Pinus densiflora), FrU5-(Pinus

koraiensis), YAE(Larix  kaempferi), S AWA Y5 (Populus tomentiglandulosa) =t
S (Quercus) 2.2 A@YT. 7FtEdAE F XH%JHLEM N, P:0s, K:.0 THFFE
AT U2 Azhe] 3o A 3RtERom F9 A2l st F 81070 (=55F X 64¢F 3A7F X
398 X 3Rk EAFHIEE Az, FHE SAPHEE 81078(=8107H«] Hul8)&
g e AEE T-N& F 1,0808(=55F X 4419 X 3A7 X 3948 X 39HEF¢ X
29HEEA) A48, T-P9 %@.% % 1,080 (=55F X 4A12F X 3A17F X 3¢9 X 3nbEF9]
X 29HERS) B35 K& ICPR F 1,080 (=543 X 4419 X 3A17F X 3948 X 39kEF9 X
2WFEEE]) A g

ul. AlF R FFE o] §&
1) @4 AgA g &3 EAFu R A Y &F

AR S oA Aok B FFE &5 S5 &2 Aol getstaa 2L 53 (0.52)=
o-gste] AAHAT. & AFoM= 1170 Aok k& Ns AU (P densiflora), SHH-(P.
koraiensis), Y94 (L.  kaempteri), SANUWT-(P. tomentiglandulosa) 2 I F-<(Quercus)
Holl 7hhH oz FY3 ZAPYHEE F 1653 (65F X 114 9F X 3ukE) Zﬂﬁ"’:ﬂ‘:}. 7herete e
15kgf/em = 2] aL, 7FkAlg] ool —62cmHg= ﬁ A Pom, AArkS F 1800 ATk

1
SF 8T AWE $4 AFU T AL 8F SES el Aske] 05¢ ol e

12, 24, 48, 96, 19243k Ao 2 HAANZH. 4

1,2608(5657%F X 7A19F X 697 2 il qem, 2 F <l
AFEA L ofzmia2vlit SdUS AR F 4209 (5FF X 7TAISF X 697 X 3ukERA X

2HHE RS BEAQL, =3 F kg AFEAS ICP(Leman LAB PS series PS—950)
AREEe] = 90048 (5FF X ]
H3ke] & 3,420% 43

2) 97 ¥4 28 FAFPurY $343
Ammonium nitrate(NHsNOs3) @} potassium pyrophosphate (KiP207) E3+-8NE Pinus koraiensis
Sieb. et Zucc., Pinus densiflora Sieb. et Zucc., Pinus rigida Mill, Larix kaempferi Carr.,
Populus tomentiglandulosa T. Lee, Alnus hirsuta Turcz., Castanea crenata Sieb. et Zucc.,
Quercus 2 Robinia pseudoacacia L. 3l & (—620mmHgelA 5i-s<H g F 7k (20
kgf/em’) 02 F4& BAHY RS Az}

_38_



H] 7 o]

Ao op < 2~ A .1 . ,
T ER o Y$sg®pE myE”ELF S
an 07 pNK :@JM:A ﬁMxA_I.O#ﬂr. 1] ﬂWO‘.E
Mo X om S X S = < o= N oo o . o) B o
o B TEER gy g < B = © W<
R T __ODT(L%NA R T 9o = o g =
Mo oo ) T oW Hfﬁ/ we K HtXPwr_ I
-0l R ™ wxw W= F = 4 gy oo 2 5 o
s B ) B ik ZTeoc5P Toaom g
2 W o O O I S5 awxs  E TS T g o owoE M A
LA AN ~ ~ CORECY Hr ™ =T M o g 3 oA R s 8
Mﬁ B <R X —~ Mo < mr P MHT_ ® . < Qw
o W I o . ExwN FHeww $4 o B o SR
Ty = A T T oS X RN ¥ e R m o P Z e
:.L il ol m o o B f/.m _ = W . . T o 2 @ 2 oms No ;
i\l/S:VA ?ﬂqgﬂﬂdﬁz_ NS U_;.\IVA ‘Aﬂolﬁlﬂ_zo
o j2 .l X T S LA S Yo . R
Al e = o~ w S o= 9 < N o X © - & o

B S K Z2om R e o W A = W

o — - oo i a\ nan N X ~ N AN o
! e TR No & Ry hy of X am
n N Mo T © Nr s o e o I

) oM oA X 2 do  — a G ~
Nt X _fF T2 mme B T oo,
M%%ﬂ%% n ﬂﬁym mgxﬂﬂox Wéﬁ&_ru
2 o N— —_—

o 5 od Vo TEXTHT - S BT Py T S T X
SR T 8 EX T e NMNfx LW e
— —_— w ﬂl__/lﬂ ~ < N 5.%3 M

o &= o I I T . U T S o g om X
T g ko) ~ m =< )

NI ¥ .S g T Bl ® w < T o
o, < B i A R = C I R T oo T
RS B T e L4 EE R DU R o o T4 2
il oD N OB g <o MR Bog o AR By 7
%ém%@l %%amulaﬂa = T T O e .S Mmmaﬂo%%,mm
a4 =R do o A o= o o5 = T Mo = = o K
X = DO ot = & Mo = = < M .

E g o = BT < PN ANE oz F %A
Mo T A ZELE wERT SR om0 PR
mogmﬂmﬂg hlac} T ol 9 T 3 2(¢ufw\uﬂ» R B -
oowm T B A Zag g EL Py i S L A T
TR ET 0 o= - T I~ T - Tl R
Mru%mmm%w gr & mDvao mﬂ%mﬂomm T Mo T oo &L 4
Xhst g ° s £ 2 R T 3 oo o AT
<X ny w° ~ = < Up jo H.:vd! O N Sl
oy OF om L e 3o Ssuis®Meie s XX Zcwm
TEfizr YR lisiiEledrior FEaucd

~ n_m K ‘ —_ o) ! o
T a%emwm%wam%g&xﬂw oo T o e

. — - BH I o o on o ol __ © O Nr
SR R SRR A S R s g
G S EPg ittt Terao® PRy g 2 T
mm &M Axﬁ Em &m =) B E EW Y YT o W R T W @rﬁ T w N ™ - M“E. M#
NI K- —~ S o~ = il ! N - ) )

X X N o o S R I - L o "o AR Mu % 0 o I o~ do ‘7H

7204 (557E X 44

o

=

_39_

ok
=

7204 (5% X 44
718l AHFEA L ICP(Leman LAB PS series PS—950)2. %

o

=

o



v £3AXEE A9

F= 24X AA 5 &5E ZAHIEY  Pinus koraiensis Sieb. et Zucc., Pinus rigida
Mill., Metasequoia glyptostroboides Hu et Cheng, Populus tomentiglandulosa T. Lee, Alnus
hirsuta Turcz., Platanus occidentalis L., Robinia pseudoacacia L., Castanea crenata Sieb. et

Zucc. D Quercus dentata Thunb., & Ut o=z Ax &t zhzte] FEozHE 60 X 25 X

6mmo HHES wE F 0 AAL U FEES SAAY. ZAEF(NHNOs)
A8 (214g/100ml),  AAHZFE(KHPO,) 8489 (159g/100mD @ AsH4F(KCl)
F 384 (34¢/100mDE & (—620mmHgell A 102&SH A2 5 7R 10EEe 30
kgf/emH) o0& Fa AP RS Azt Ax® =AFHEES 710 x5S
FAYelke] A B ARl oste] AREgHFS FAMSHL, 24%]{? E¢F 100ml B]AANA FHS
AAANZA. vAY] &&= FAEAEd o8 EA F 648K (=9F7F X 349 X 43]
g X 23] HAFHHEEAX 39S AxESTh A EAEAL 0.2g9] %‘j F 1628 (=95%

X 3A1¢F X 23] £A X 34¥H2)S Buchi Digestion System(K—437, Switzerland) &2 F3) 3t}
T-N, T-P, T-K¢ &4 2 A3 sd3 W or A EA800 FHAEHS T 817 (=95F X

J . mm, ¥°] 500mme 7|2 E& WS ¢ A=F A7 A
ZEs ARG FE EG R 39S BHUE AR A" Ve BESY] fiEs
WA Ely] 9ate] WAME @A} FPERY Atole]l Wi, THELRIY(20mm), AE(250mm),
A-aL, wESE AR Afeld] BHlEE FAYR § T

).o_ =

= T

A2, st 5, FUrE&s o ® 3‘:&% *EW §R£‘11, EgAE
J 7_3'3

N
i
()]
1

72y £54 24 24ES ) )} 2
FHTE Foga, IEF, B4 Z449e 159 HFo® 73(F 105Y) E=HFE T3 &
TR $E5E ol B3

Hv 948N 46%), &3 (P20s; 20%), A37He (K205 60%) 5 AHESaL, A M 8+
o7 Azxste] AT N 979.91mg( 845 2.13mg), P20 985.09mg(-&3+%; 4.925g),
K20+ 2,094.95mg(dsk7he]; 3.492g) Fol=Edon, Fuis EAPHSE AEAEA T
oJste] BAE F NE 979.91mg(EZA ) 8; 8.80g), P0sE 985.09mg (=4 H 8; 8.20g), K.0&

570.92mg(EZHé]H]§_; 6.51g)7 1,524.03mgs QIAHE FuF& EAFBIEd Eolds K0
gato] F 2,094.95mg Tl AFel AREE HAFY Her A7]= 60 X 25 X 6mm ©] AL,
EZH%JHIEQ WA FAE 7.84goldth. NHUNO;o.= Agd ZAFuE U N9 T3S
11.13%°]J k. KoHPO, 02 23k HA4gu] Zol= P05 K07 &A= P.059 di3e
12.01%°1 3L, K,09] gH3S 18.58%°10th. KCIZ A3 Fui-Z Za3u 5ol 8.77%9)

Ko07F o]tk Ze& F 7l1870 (=327 X 3¥H5 X2WH) A |3},
AL EAQFINEE —62cmHgollA 1087 FIFAIZL 3. 30kgf/ene] ¢+ slold 108 A3+
ZAANEE  AREHAY. B FEFe HAYUFE(Quercus)oE ARHAUTE THATHAE
A

SAFRES N, P:05, K0 &3S 243 SA43S s4EdHe= Zald & & A4

-
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3. A75Y A
7t BAR 4= q@ 24

1) AA ZdA43 44
2003 FAOANA 2x3 A 2] A
2003; o sk 2000 A AAl AFRWAE 3.869WTha® A A AIAl EXWAS 29.6%F
st e Ao yehd vk Al AFER AL JPEEdere] 2,197 Rtha (56.8%), ~1¥iL
Azl=e]l 1,6719W%tha (43.2%)5  EArska gtk 20000 @A AlA AdEelA AxbEE
APFAES AT dilE AR 43979 hmolH, o]F Az et HEom o]f&H=
AabEo] 42%91 1,865WmolH, AFEANRZE 34% 1,490 tm 7t o] & itk 1 €
BOZ 430Wntmo] o] g¥1 vt AT A AmA B HPAYLE T DA 10%

Aoksto], oleh ARk

FAOOHHL e AA Akl Ao AFAEA R EAgLEC tid 8 H FEs dS56H]
13kl GFSM(Global Fibre Supply Model, 1998)%} GFPOS(Global Forest Products Outlook
Study, 1999) A& Fdste] 2010974 b= A B 4] Soll OiF d=5S A v
ATk FAOO ojstd, Fo] 2 Fo|frE Algo] At 24%° 7Hg wE A4S 1Y Aoz
o =stal o, whj® FolE vtE7] % HAZAYS A 1.1%% ofF g
740]3} i vk ol AR Thed #HAY ol&Eol F7HE Feo] vk

2) v AFALH &

S-guete] AH-m AL 64223ha(20009 % V)2 FEHA O 65%0] @t o] F IR
1,4337‘<d_ha(22%), SHHS 493%Fha(8%)olH, AHr®E 4,496%ha® A é}?ﬂu“ﬂ%ﬂo 70%=
A ek dvt. § (WH%U) AW AL Hd4do] 2,711-Hha2 AA ) 42%0] a1,
1,666Hha® 26%, £¢H L 1,885Hhaz 29%0]t},

718 SPFJEAE 160-ha®  3%°lvh. $EuEte] AEFHFS  494H8Wwm R A,
FH 71 1d] 1,7008m%0) ™, Aol £33 HEE YehlE had 557 20009
F 63.46mKETF 10%7F 5ol 69.94m ol A gk, AXO) 152w, 5L 277m', 2929 329m' o]
ol e Agom A FAEhd 20200 FE HojoF dAe YR FFE
A ng A&HHo7 Al g Fxpoh #Ert aqrdh s-vete] A&
WU7F ha@d 2.7m’ Z7bsla 9, YEAAES 1699m° o 24, ha¥ 0.26m°<
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10%%F EAH 3 ok 9= 98 HAFE g5 59, dE H$ FHFS71(4.77m"/ha) <]
35%¢1 1.67m"/haclm, 5d9] 49 F24Z71%(5.75m’/ha)e] 80%%] 4.6m°/ha WAHE L U},

UE Yod(gd3d) AEws BE¥xe 30dAA(MYF) ©l87F 4,193Hhaz A4 2w
65.4%°]1, 314 o]A& 2,068Hha® 32.3%°lv, YEZHHL 30494 olart HAA F
47.7%91 214,105Hmo] ™, 31~40 32 34.2%° 153,660Hm, 4134 o] 17.9%=
80,707 m'o] T},

2002 A fEiver AbgelA AAbE= libE AAMEES 1,605FmolH, olF RO
o] g5 = SAEo] 3.6%<] 58dm o, X AR 23.2%2 373" m o], 73.1%S A3t LukEo
L174"m'o] o] &5 5S¢ F Arh

AdFFAES SA 28,1655, AMFAHCE, diF, 3%, A, &3 F)> 136,130,217kge] AL
AutA (g, Ay, WE o, A% 5)2 3,156,622kg, A }E-2 27,715,115kg o] &5 11
Atk SEuE B4 7 E AYAES ghto] 13%9] 824,124m'0l ™, =R E=TF 0.9%2 6,262,
JESFHE7F 1% 728,139m, FEEAFHS 19%9] 1,229,475m', 3 A4 5%91 313,657m,
AANE FER2E 52%9 3,440 m'o]t},

AQelA EA g vpel o] @e AhEo] o] &HA Fata U= AARolH, IuAY o]&xEE
Fol7] A AF7I7EA A Nde] Festth GEUE 4] Bas FXskal gl 20409 =4k
A AHE 50% E8E SlsiAe dAES LRI Y] ThEE o R Abshs wEe] dasiH,
-kl oF 70%01% AAstE AFEAE ol&stE Wt AZE] Holop gtk A7 E9
g8s Fol7l #std Aw7ZAA AREHA Ea e Vsl Agdtth. 58], &AAES

TEEANZ A& FAREt R g o Abgate wWiete] AgrE oo & Zloltt. B

o] g1t T StEA EAE o] &3 A& HE B soFol 1 skt o7t | Flojt

olglgt HAXE Aty flete] =vhel mIzbGAe] A=AQl Fojel X o] o] Fojxofgirt,
AF7HA AEe AAsvhe 2¥HE&S Bxsted 2 a vk ey ko ReE AREERS
AAste] Fske vES Eeslorettt. 1wk ofyel turt SAbAlE ARE Sk At A
A o] & FElEs Aeehe Weks AFH o R FHE R
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Table 1. Production of hardwood—chip in Korea(%)

. Castanea Robinia
Quercus | Salicaceae Alnus . Other
crenata pseudoacacia
Mean 60.5 0.5 9.3 18.8 10.3 15.7
Gyongsang _ ¢
nam-Do 52.3 8.7 1.2 22.0 15.8
Gyongsang =
buk=Do 65.6 0.4 10.8 2.7 4.7 15.8
A 55.9 0.5 10.3 9.1 9.8 14.3
B 69.5 0.5 10.5 2.6 0.8 16.1
C 50 - 7 - 28 15
D 72 - 10 0.5 2.1 15.5
Jeonlabuk- Do 62.5 0.1 8.8 4.7 9.0 14.9
Chungchong-Do 59.4 0.7 8.2 6.7 11.0 14.0
A 52 1 8 9 15 16
B 61 1 9 6 9 14
C 53 1 7 9 15 15
Kangwon- Do 62.6 1.0 10.2 3.5 4.7 18.0
A 56.0 0.5 8.9 7.2 8.8 18.6
B 62.6 2.4 11.7 1.9 1.5 19.9
C 69.3 0.2 10.1 1.4 7 15.3
FdA e AA Sl 373Hm AN Folul, Fz AL Poz YAHL g, A
HAAE oz ol&Hi Jrt. FFHEE FUFHol 60.5%= M BRI, HUHT
OMZFA U, Qe ui-&, HEUR3 5o Foldth, Al A3 Aae st Lo
SAA Y= SAAFEA do g Fkek AiTbsAdo] v FFolth. wEkA & Aol =
AT & AN UTRE delste] A9 Pt
A7 TN £ BARE FHELS 4] dAstel, FHF AES 4 £F 9
e HHo® uvra, zF FJokolA 7R ATE AF T = 105TeA 24A1%F dxPe. 2
AHS flste] F 35719 MES ST AxS AES A FACA W = I &
Azde AR el WpEe FAAL. 1 A3 d9s, AUT, RUE, FuTE 32
SARAILHE o2 gl

Z|E}
14%

OFPRAILES

L%
HUSE
ur = 53%
16%
2a|Lt

Fig. 3. Mean production of different hardwood—chip in Korea
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Table 2. Moisture content of woodchip(%)

: o Pinus Larix . Populus
Pinus densiflora korarensis kaempfteri Quercus tomentiglandulosa
Moisture = e
content 6.9 6.0 7.2 5.7 5.2

4. $38 2doF A= 24 2 £33 A8F oo 9T 4 77
D 3959 IFE 49 79 A SA wxL 24

b &R HmEy
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Gh. GAAY 2u7e tw H7

dpgeo el sl A e $irt 2m, 4m, 6mE Fobdel wel ZrbEe] FEE AR
s A3 mel FU AN tEw 47e FARA b Hw

FA3 AAGIL 1598 olF A H AT ES
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Annual ring numbers fram bark to pith

Fig. 4. “ariation of radial diameter of earlywiood tracheids
in Sinus densifarg (sier Chunchon)
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Fig. 7. “ariation of tangential diameter of latewood trdcheids
in SRus densiffara (siter Chunchon)
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Fig. 17. Comparison between tracheid lenahts of earlwwood
and latewnood of Sinus cersifiara (sitel Kangnung).
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Fig. 23. Comparison of tangential tracheid diameter with radial
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Fig. 24. Comparison of tangential tracheid diameter with radial tracheid
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Fig. 25. Comparison of earlywood tangential diameter with late wood
tangential diameter in F. koraiensis.
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Table 3. Tracheid diameters in earlywood and latewood

) Earlywood (zm) Latewood (um)
Species T R T R
L. kaempferi 12730 15743 12728 13721
P. koraiensis 21735 22743 197 36 18729

T : Tangential direction, R : Radial direction

Table 4. P values of L. kaempferi and P. koraiensis

Earlywood Latewood
T R T R
L. leptolepis 0.143931 0.155071 0.004883 0.136047
P. koraiensis 0.030224 0.015844  0.273402 0.000594

Species

T : Tangential direction, R : Radial direction
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Fig. 28. Yariation of earlywood radial tracheid diameter in
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Fig. 31. Comparison of tracheid wall thickness of earlywood with
latewood (L. kaermpfen.
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Fig. 32. Comparison of tracheid wall thickness of earlywood with
latewood (F. koraiensis)
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Table 5. Tracheid wall thickness of earlywood and latewood

Species Earlywood (zm) Latewood (m)
L. kaempferi 1.6724 2.174.9
P. koraiensis 2.173.0 24742

Table 6. P values of L. kaempferi and P. koraiensis

Species Earlywood Latewood
L. kaempfteri 0.320719 1.79E-05
P. koraiensis 0.002622 0.02024
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at butt and top by rotary cut in L. kaempferi and P. koraiensis.

P : Percentage of heartwood, R : Remainder of sapwood
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Table 7. Duncan multiple analysis of all features

Features

Species

mean (um)

Torus diameter

Pinus densiflora
Pinus rigida

Pinus koraiensis
Larix keampterr

8.19 a
8.87 ¢
8.42 ab
8.76 bc

Margo width

Pinus densiflora
Pinus rigida

Pinus koraiensis
Larix keampterr

4.34 a
492 b
4.34 a
4.59 a

Margo lattice size

Pinus densiflora
Pinus rigida

Pinus koraiensis
Larix keampterr

342.89 a
521.79 b
351.81 a
379.99 a

Warty layer height

Pinus densiflora
Pinus rigida

Pinus koraiensis
Larix keampterr

261.15"
111.45

Warty layer horizontal diameter

Pinus densiflora
Pinus rigida

Pinus koraiensis
Larix keampterr

173.13"
151.26

Pit aperture diameter

Pinus densiflora
Pinus rigida

Pinus koraiensis
Larix keampterr

595b
579 b
4.88 a
5.85 b

Pit border width

Pinus densiflora
Pinus rigida

Pinus koraiensis
Larix keampterr

6.69 b
7.03 ¢
6.24 a
6.14 a

Cross field bordered pit aperture diameter in ray tracheid

Pinus densiflora
Pinus rigida

Pinus koraiensis
Larix keampterr

2.70 b
2.37 a
2.66 b
2.65 b

Cross field bordered pit border minimum width in ray tracheid

Pinus densiflora
Pinus rigida

Pinus koraiensis
Larix keampterr

3.24c
3.64 d
2.95 b
2.61 a

2 horizontal wall thickness of ray parenchyma cell

Pinus densiflora
Pinus rigida

Pinus koraiensis
Larix keampterr

2.07 b
1.20 a
3.27 d
2.95 c

Ray parenchyma end wall pit aperture

Pinus densiflora
Pinus rigida

Pinus koraiensis
Larix keampterr

212 a
241 b

2.60 c

Ray parenchyma cell lumen diameter

Pinus densiflora
Pinus rigida

Pinus koraiensis
Larix keampterr

8.72 b
11.41 d
8.09 a
9.26 ¢

cross field simple pit aperture

Pinus densiflora
Pinus rigida

Pinus koraiensis
Larix keampterr

23.93 d
8.51 b
17.49 ¢
4.61 a

significant level : 0.05
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Table 9. Vessel diameter in earlywood at different height (Unit: m)

Tree height Max(years) Min(years) Average
1.2m 272.2(98) 151.6(71) 210.83
3.2m 289.5(98) 186.5(74) 240.47
5.2m 315.0(98) 195.9(84) 262.92
7.2m 326.3(98) 233.2(90) 287.46

Table 10. Vessel diameter in latewood at different height (Unit:/m )

Tree height Max(years) Min(years) Average
1.2m 68.1(98) 37.9(71) 52.71
3.2m 73.4(98) 46.6(74) 60.16
5.2m 78.8(98) 49.0(84) 65.73
7.2m 80.4(98) 58.8(90) 71.79
(2) £2e) ¥3

AR BT QR 47b Sl W m@ wFe) At 234 FA99 % 5 ddt.
AL B B ow FAVE oF 4.63mAE QAL WA B of 5.32mA%E ot ZuhA
B s} olASE wole Aust o AAE A%E w3 WA} zARg BAHow
HE ATl A 4G B 4 At HE FAE 2wl BF 1098 44 23 Frhen)
S F A3 gadstel 1398 oF AASNE AR wvh LE AENE JRAE) nA
BRol ARHE wARel MEEol FAE Wk Brh(#£.1991). AHHe] AFH ol oleiu
AA5Ae e wpe WEE zARdAE o ghn wARelNE wzd FAEL Aol
WokTh(1h+%.1989)

b HE AdAsgE =@ 9SS Uud delw, =Wl F# AE 060m=
WAk A g e zale] fad HuAc @@ 2% 4FE 0w, gg meAb
ArAqRE = w0F BE FAdbd 0 mAd: @@ =@ 957 St
spobgol mel Z7hsA N 7.2moll Ak 72 gich

Table 11. Vessel wall thickness in earlywood and latewood (Unit:um)

Max(annual ring) Min(annual ring) Average
Earlywood 5.16(26) 4.03(1) 4.63
Latewood 6.09(28) 4.77(17) 5.32

Table 12. Vessel wall thickness in earlywood at different height (Unit: um)

Tree height Max(years) Min(years) Average
1.2m 5.12(99) 3.39(71) 4.29
3.2m 5.26(98) 3.77(74) 4.54
5.2m 5.95(99) 4.54(90) 5.06
7.2m 6.15(99) 4.32(90) 4.84
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Table 13. vessel wall thickness in latewood at different height (Unit: wm)

Tree height Max(years) Min(years) Average
1.2m 5.13(98) 4.30(71) 4.99
3.2m 5.49(99) 4.66(78) 5.19
5.2m 6.11(97) 4.92(90) 5.53
7.2m 7.18(99) 5.15(92) 6.11

(3) =47 A3

EubA B ok sobd s e A]l SARAAY AV AR ey ¢ BFeR
Aes B4R 2717 AR FolEs AEE B g Ak 12me] A g Fung A
Fof wols melar, Fa W97 ~99:d)el A F WelE ®olor, 1.2me] ¥el7h Zth

ZAe] A F 20.49m, Al B9 oF 16.35mAE ©JQ AL, FNHA] BFE13~169F Aloldl
hAst He AgS = A, wARG A EAS Aol AAHoR AA e
o FollMe 5.2me Hdl HAF AAel 7.2me Hd FAFAA By Zith oleldE
HAdl-Hadwd F4F A4S =

2A7F R R G Zld

Table 14. Fiber diameter in earlywood at different height (Unit: /m)

Tree height Max(years) Min(years) Average
1.2m 20.85(98) 16.18(71) 18.41
3.2m 22.79(98) 16.77(77) 20.54
5.2m 25.30(88) 17.36(77) 22.07
7.2m 25.15(92) 22.95(88) 23.93

Table 15. Fiber diameter in latewood at different height (Unit: wm)

Tree height Max(years) Min(years) Average
1.2m 16.99(98) 8.74(71) 13.73
3.2m 19.06(97) 12.32(75) 16.11
5.2m 19.03(93) 15.48(84) 17.64
7.2m 21.75(92) 19.17(96) 20.36

Table 16. Fiber diameter in earlywood and latewood (unit: fm)

Max(annual ring) Min(annual ring) Average
Earlywood 21.75(13) 18.52(1) 20.49
Latewood 17.89(15) 14.21(1) 16.35

(4) A/ 8F
A A BAR WS FA AV FIA ¢ WEgoR Ak fAAste AFS HYlL
Favb woldgE ¥E FAVE FAYAE BIFES T odslen, ZAdA 169%F
%! T 6
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3.2mET 1.2m7F o #How(te 19 Fx), 1 Yo BT Sl HoldsE A v
FellM = 5.2me] HA HAG W AlQjsta BE vt Fopdae s FAAY. e R
Ao BEAG 8Fe A 2= 0.69%7 FA BAF WIFIF AT FA L
Table 17. Fiber wall thickness in earlywood at different height (Unit: /m)
Tree height Max(years) Min(years) Average
1.2m 7.03(81) 4.41(71) 5.03
3.2m 6.65(83) 4.80(74) 6.25
5.2m 7.36(95) 6.28(84) 6.78
7.2m 7.88(90) 7.03(87) 7.41
Table 18. Fiber wall thickness in latewood at different height (Unit: (m)
Tree height Max(years) Min(years) Average
1.2m 5.75(81) 3.63(71) 5.03
3.2m 6.35(83) 4.74(73) 5.77
5.2m 7.08(95) 4.40(84) 6.10
7.2m 7.46(89) 5.75(86) 6.69
Table 19. Fiber wall thickness in earlywood and latewood (Unit:um)
Max(annual ring) Min(annual ring) Average
Earlywood 7.00(11) 5.63(1) 6.39
Latewood 6.30(14) 4.71(1) 5.70
(5) AAE
HAEE AR AA sbFelt Az, AR oA FYA GFE Fol HAT olgdt
F83 24 F shyolth. U AAES Ht 36~43% A= WA S FALL
HW o 5.6m HLolA A7 =Edue AS & 5 AdTh
44
B 4z m
5
25 gg i —
E z 35 ‘q\“‘i—f“'.
o =
EE 3d
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Fig. 38. Comparison of the proportion of an area of heartwood circle to an
area of log circle in Suercus varahils
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3) Safranine 5T 23 ¥ 0|32 € IFE:
7}) LI

A4 (Comstock 1968). HA o =gt 2 AASFo B4 Aol o]t (Wirspa
and Libby 1950). & Adelld= g FHom o3 TAS FHstua dggen, =34
S-S AY ol SAHYY. 1 A= Ht 6.4%00M 8.4% HYARA P koraiensis 7.24%,
P. densiflora 7.11%, P. rigida 7.74%, L. kaempferi 8.01%, P. tomentiglandulosa 6.23%, A.
hirsuta 6.60%, B davurica 6.48%, Quercus 6.43%, K. pseudoacacia 6.87%, C. crenata
8.21%°] Atk

W}) AFEH

HEE AlEe7] dell HA4 de A ZETE Hojoketal, dAlE FYdstd AV HFd

B JFE fFEsIMEAE o B2 4Es Zhskd vk AlEudel F717F Jdow oA

AEZ a3t (Maass 1953). 7] EAH A AASE Aol A AE &332 o]tk (Stamn

N

1953). 3177k ddoi'd w F kel %Zﬂé‘}% 27 =yl o8] ulE ¥ (Rydholm 1965). e
AL AFANE vhazbAelth ey AAHoz A4Hd FEES 2y dE BN
]

T
el A 5
719 AT AAE AR Byo] FEwE wEdoew 7|9 AA=

Ao A Abg3F tholAlAHE —620 mmHg 74 AEAZ oS 0, 58, 108 F¢F 1FA
_]

gk 1 Ades og a2¥ 9 meh gtk ols Ade A4 Az vk oAl
ol H ek, ik WA A ARG Ao R o] Edth

A3s st eAE kA F%E AF AJddE 10 FF T s, Ay
27|tk WAel A 247 Hdko g 2.12cm, 1.63cm, 1.02cm FFF L, FAE, SAAI U,

H
QU WA= 0.56cm, 0.3lcm, 0.99cme HFE Yepdon, A5 dFA)

z Sl
el g WAl A= Zb2E 0.01lem 2 OcmEA A9 AFEHA EAh o5 BT F
FEZ Bt A 29] Whdko] 1 olo] e Ao AZE FAE AARY IFE 2AR
Ay AU AU g 7ig Ay ddgsea] 2 HWeo 2 0.23cm, 0.18cm, 0.06cm, 0.02cm
AFaL, 85 ATAQD AW, B vy, Evhdubiol A= 0.03cm, 0.19c¢m, 0.12cm®]
AFE vepillon, &4 A0 S, obZpA v, BivEEe] RAlelA = 242 0.00cm,
0.00cm, 0.012A] A9 HFHA gdrh. o5 ¥4 3 T2 WA A} Zo] Efo]Z A 29
Wb 1 ojo] = Zow AdEn aEal AP AAdA HAFE7F WAl Blalske]
dolxlE= olfre HAF AA =] fAuFol wHEHo] Qlr] wielth. wWAbgE
AR AFE A A3 Ao shuE BAPEERel A Z42E 0.19em 2 0.13cmé] IFE
Aelstars FEEg BF A AFEHA @odth 58 F WA HWIer ¥ A A
SR, AU, 2 AU, SARAUE, Bo Uil Al A Adell 6em B
AFERAE, H9ES 4.5em FFIow, whpyel AyFE£eS 72172 0.20cm 2 0.06cm
AFHAT. 52 AFAY F AAY FwEg AT zolg FHAT Ay sy, A
712U, 4d$dE 0.61em, 0.47cm, 0.12cm, 0.02cm HFFHaL, SAAIUYY-, B9 @y
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Table 20. Safranine penetration depth in sapwood. Condition: After vacuum (—620 mmHg)

treatment wood blocks were soaked in safranine for 10 minutes.

Vacuum pressure

Tangential

R a dial

Longitudinal

Wood species treatment penetration depth|penetration|penetration
(-620 mmHg) |(cm) depth (cm) depth (cm)
0 min 0.06 ¢ 0.13b 2.12b
P. koraiensis 5 min 0.35 b 0.67 a 6.00 a
10 min 0.56 a 0.73 a 6.00 a
0 min 0.04 ¢ 0.19b 1.63 b
P. densiflora 5 min 0.76 b 0.80 a 6.00 a
10 min 0.80 a 0.80 a 6.00 a
0 min 0.05 ¢ 0.09 b 1.02b
P. rigida 5 min 0.12 b 0.80 a 6.00 a
10 min 0.26 a 0.80 a 6.00 a
0 min 0.01 ¢ 0.04 ¢ 0.56 ¢
L. kaempferi 5 min 0.24 b 0.31b 4.50b
10 min 0.51 a 0.52 a 6.00 a
0 min 0.04 0.11 1.33
5 min 0.37 0.65 5.63
Mean of softwood 10 min 0.53 0.71 6.00
Mean 0.31 0.49 4.32
0 min 0.02 ¢ 0.06 ¢ 0.31b
P. tomentiglandulosa 5 min 0.06 b 0.13 b 6.00 a
10 min 0.11 a 0.21 a 6.00 a
0 min 0.03 ¢ 0.05 b 0.99 b
A. hirsuta 5 min 0.22 b 0.57 a 6.00 a
10 min 0.32 a 0.65 a 6.00 a
0 min 0.03 0.06 0.65
Mean  of  diffuse 5 min 0.14 0.35 6.00
porous wood 10 min 0.22 0.43 6.00
Mean 0.13 0.28 4.22
0 min 0.00 b 0.00 b 0.01b
C. crenata 5 min 0.00 b 0.04 a 0.20 a
10 min 0.01 a 0.03 a 0.20 a
0 min 0.00 b 0.00 ¢ 0.00 b
Quercus 5 min 0.02 a 0.03 b 0.06 ab
10 min 0.00 b 0.07 a 0.09 b
0 min 0.00 0.00 0.01
Mean of ring porous 5 min 0.01 0.04 0.13
Mean 0.01 0.03 0.09
0 min 0.03 0.07 0.83
Mean 5 min 0.22 0.42 4.35
10 min 0.32 0.48 4.45
Mean 0.19 0.32 3.24

Mean with the same letter are not significantly different at p=0.01
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Table 21. Safranine penetration depth in heartwood. Condition: After vacuum (=620 mmHg)

treatment wood blocks were soaked in safranine for 10 minutes.

. Vacuum pressure Tangential penetration| Radial penetration Longi‘Fudinal
Wood species (=620 mmHg) . penetration depth
treatment depth (cm) depth (cm) (em)
0 min 0.00 b 0.01 ¢ 0.23
P. koraiensis 5 min 0.03 a 0.06 b 0.61
10 min 0.03 a 0.09 a 0.60
0 min 0.00 ¢ 0.06 b 0.18 b
P. densiflora 5 min 0.02 b 0.06 b 0.47 a
10 min 0.04 a 0.09 a 0.31 ab
0 min 0.00 0.00 b 0.06 b
P. rigida 5 min 0.00 0.02 b 0.12 a
10 min 0.00 0.08 a 0.14 a
0 min 0.00 b 0.00 b 0.02 b
L. kaempteri 5 min 0.01 a 0.02 a 0.52 a
10 min 0.02 a 0.02 a 0.40 a
0 min 0.00 0.02 0.12
5 min 0.02 0.04 0.43
Mean of softwood 10 min 0.02 0.07 0.36
Mean 0.01 0.04 0.30
0 min 0.00 b 0.00 b 0.03 b
P. tomentiglandulosa 5 min 0.02 a 0.02 a 0.14 a
10 min 0.00 b 0.02 a 0.07 ab
0 min 0.00 b 0.02 b 0.19b
A. hirsuta 5 min 0.15a 0.27 a 4.27 a
10 min 0.20 a 0.32 a 4.71 a
0 min 0.00 ¢ 0.02 ¢ 0.12 ¢
B. davurica 5 min 0.07 b 0.10 b 4.39 b
10 min 0.14 a 0.24 a 6.00 a
0 min 0.00 0.01 0.11
Mean of  diffuse 5 min 0.08 0.13 2.93
porous wood 10 min 0.11 0.19 3.59
Mean 0.06 0.11 2.21
0 min 0.00 0.00 b 0.00 b
Quercus 5 min 0.00 0.01 a 0.02 a
10 min 0.00 0.00 b 0.00 b
0 min 0.00 0.00 0.00
R. pseudoacacia 5 min 0.00 0.00 0.00
10 min 0.00 0.00 0.25
0 min 0.00 0.00 b 0.01 b
C. crenata 5 min 0.00 0.01 a 0.21 a
10 min 0.00 0.00 b 0.25 a
0 min 0.00 0.00 0.00
Mean of ring porous 5 min 0.00 0.01 0.08
wood 10 min 0.00 0.00 0.17
Mean 0.00 0.00 0.08
0 min 0.00 0.01 0.08
Mean 5 min 0.03 0.06 1.08
10 min 0.04 0.09 1.27
Mean 0.02 0.05 0.81
Mean with the same letter are not significantly different at p=0.01
2 AAddAe deAgd o3 HAFRe AolE Fstal, o AdE GEEdd AAsk
HA e Az Fuzg. daiAow AA= WAEY safranine®] FF7F ol H A} o]y
e Al 95 A = Wy, RS oAUl tylosisEhe B4 o] &4
Fiolss Walsty] witelth. mF, A AA = FaA¥Eels torusel 9@l
AHH TS ool FRolBe] Walrt Wk FU, AFTH FE LAALR, By,
o] Aol A safranine® FHFE7F ARG "Holx= olfw AAZE ZEa e



dEs U A7 AZFE JAFEARS 9E5 A0 (Stone and Frderreuther 1956). 435712
myE o g wAsE R wyAz o3k FHelFe] S IS5 Y =L ol
L9 (Stamm  1963). MFgHo] HAEFo] HEHW safranine®] TRO[A|AE o
25

.
2000). 2% Theel 37h4 relzAdo]l AR Qo) AFNA AFWoRE FTFA ojHThE
y ae

3|
AL om vk HA9 =Zepry Jd wiEd 4¥e ¥E BEA71715L, Fol FA
HyASs A7 s &¥7F Juh(Paranyi and Rabinovitch 1955). ¢F&o] koWl 7|5 E=
SHEA7IA, A FUIE EAIZIE mvE dow, aRdsA w2 HAF7E o]Foixl
AAel AA BEA 70 kef/em’e XA Ee JAFEE Uea, ols Air: Fo4e]
A E At 10 F=F AA vAES —620mmHgo1W 51 &<t WEAYS F 108 5 3 7HA
P=E271(30 kgf/cm 50kgf/cm®,70 kgf/cm®) 0.2 Fwak, wWabda, HAwdow A AxS
FEHE LAt B thE )

Aol WS 30 kgf/fem®, 50kgf/em®,70 kgf/fem®® A3 Az YR Ay

gr7|ttauF, G9E, AR, EyurE 6em IFE WEREAL, v, uRESs
50kgf/cm®,70 kegf/em’® A3 A} 6cme AFE e oM, 30 kgf/em’2 A 2|3 Ay} 247}
3.79cm, 4.21cm ©|gth. WA WAEES 30 kgf/cm® 50kgf/cm?® 70 kgf/cm®Z st Az
AR, AUE gritgauie JEE 0.8cm ol¥e® YEwa, 30 kegflem’® 99E
SAAI G, oy, whuE, AUEE A A9 217 0.39cm, 0.35cm, 0.71cm, 0.80cm,
0.14cm= Yelgton, 50kgf/em’2 Y45, AU, Boguy, ¥y, FIYFEs Ad
A3 Z}7F 0.42cm, 0.51cm, 0.80cm, 0.19cm, 0.15cmz YEESHW, 70kef/cm’® Y4,
SAAIYE Fo gy, v BURESE A A9 247 0.61em, 0.57cm, 0.80cm, 0.20cm,
0.24cm= VERSTE WA HMuakS 30 kgf/em®, 50kgf/cm®, 70 kgf/cm’= A28k Az} by
Z2UE, g7gay-e] JERE 0.8cm oo ® uEbga, 30 kegf/em’2 9%, SARAUE,
Eo gy, Wy, FUFEEE A A3 Z47F 0.25cm, 0.21cm, 0.48cm, 0.15cm, 0.04cmE
Uebter, 50kgf/em’® 9i4E, AU, Bo vy, vuy FUNEE A Ay 47
0.32cm, 0.21cm, 0.49cm, 0.17cm, 0.08cm® UYEWOH, 70kgfl/cm’Z Y94, SAMALE,
U, g FUREE AP A3 27F 0.43cm, 0.38cm, 0.56cm, 0.20cm, 0.1lcm&
b}E‘r”E}. A, A HFWEE 30 kef/em’2 A3 Ayt FASF AFTAA APV,
QT kg o T HAAA, b, A, grivkau, 9SS
7—}7—} 2.08cm, 2.48cm, 0.65cm, 3.21cmolglon, Z}F<& ol7tA vy, wi= ZHZF 0.56cem,
0.23cm, 0.51cmolAth. AlAe] WAPFES 30 kef/em’= A2d Az Fd5F AHEFAQ)
SAPA YR B gy Euld R 7h7) 0.30cm, 0.65cm, 0.18cm FF FQar, Fp, AU
Y71 tAuE, 494S Z+ZF 0.16cm, 0.16cm, 0.26cm, 0.24cmolY o, FFE o7 A

O
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= 7247} 0.02cm, 0.08cm, 0.14cmolith. AlAle] AX%3FS 30 kgf/em’= A& d A7}

i =

97 AFARJ] AU, Fe gy, EEEuURE ZH7F 0.16cm, 0.60cm, 0.13cm HF
HAaL, g, 2, grivau s, 94952 242 0.10em, 0.06cm, 0.08cm, 0.08cmo] M,
g oA UE wWhyE= 22 0.01cm, 0.04cm, 0.10cme]lith. AlAle] WS 50

kgf/em’2 A3 Ax} FH5 AFAA SAAYE, By, Bddyis 2% Gem o
AF O HA, b, AuE aﬂﬂr*b}% gd$e 727 2.67cm, 2.49cm, 0.94cm,
3.48cmol o, FFE ol AIUE, = Z+ZF 1.33cm, 0.39cm, 4.01lcmo]Ath. Al A9
WAbEEES 50 kgf/fem’® A @3 A ABEARD SARA U, Eo v, SRtEu =
Z+7F 0.36cm, 0.66cm, 0.27cm J5F HJQa, AV AU 7 s2uy, 994S 722 0.37cm,
0.17cm, 0.34cm, 0.19cmolAe™, FuiEE oA uUHF, dhui-= 242 0.03cm, 0.08cm,
0.16cmel ek, Aol HAWEFS 50 kef/fem = A3 Ay D5 AT SARX U,
Boguy, EuduRE Zb7b 0.20cm, 0.63cm, 0.25cm FEF O HAL, U AR
Y7o, dH9E2 247 0.10cm, 0.08cm, 0.12cm, 0.13cme]lom, & OPWP\]\/}%
Hh = 7247 0.01cm, 0.04cm, 0.10cmo] itk A Ao &3S 70 kgf/cm’2 A 88t A3} &8¢

AR SARAIUE, oy, SHtE U s B 6em o AT HAAL, FUE A

271, dHE2 247 3.35cm, 4.99cm, 3.00cm, 3.75cmello ), FEE oAU

Ay

v = ZbzF 1.56cm, 0.52cm, 4.07cmo] <l A Aol WrARFEES 70 kef/cm’Z A st A3
A5 AFAA AN, Eeguy, EutguR e 27 0.36cm, 0.71cm, 0.28cm HF
HQa, YR 2R gr1gayd, 395 42 0.39cm, 0.19cm, 0.47cm, 0.19cmo] o™,

FusE, oAU, W= ZE2E 0.10em, 0.10cm, 0.17cme]9ivh. AAje] HAW¥ &S 70

kgf/em’® Agd Ay S5 AFAJ] SAAGE, Eoguy, Bduuis 47 0.22cm,

0.65cm, 0.25cm AE HAPz, A}E, 2T 7oAy 4ad4se 722 0.15em, 0.08cm,
0.12cm, 0.13cmeo|q o, ZptE o}l 7b A U, vhvFE= 242 0.02cm, 0.05¢cm, 0.11cme] 4 T}.

2}
A7) ARE EA% A3 dAe 10 $F EE 30 kgf/em’oldold HIE&AS HFAZL F
U Aow dddny, a2y BAHS AT o et MAE et vE 5 fluk uhebA
Al g9 EA43 37](5cm X 2.5cm X 0.5cm)E 7 ,
&y OWWU#Q AAlE vEg&de] HAFEHEA s o= dddt. shye
2710 aUS-E 70 kgf/em®o]/de] hElE Abgdjof HlRE N HAFI} Jbs .
add 1xpdRe feiver ] AESE AR 23 JAdeAls A 5TeEA 7HE
Zetor, tgo g U uayi(16%), 35(15%), 2HF(8%) =oler, &4 FFEo|
60.5%%= 7F& WokaL, Wy, oAU, e EluRE HEWTI SO ol wEkA olE
FurE oAU Bl RS
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Table 22. Safranine penetration depth in sapwood. Condition: 5 minutes vacuum (=620

mmHg) treatment followed by pressure while soaking wood block in safranine for 10

minutes.
Tangential Radial penetration Longitudinal
Wood species Pressure penetration depth de pth (em) penetration depth

(cm) p (cm)

30 kgf/cm® 0.80 0.80 6.00

P. koraiensis 50 kgf/cm2 0.80 0.80 6.00

70 kgf/cm® 0.80 0.80 6.00

30 kgf/cm® 0.80 0.80 6.00

P. densiflora 50 kgf/cmz 0.80 0.80 6.00

70 kgf/cm® 0.80 0.80 6.00

30 kgf/cm® 0.80 0.80 6.00

P. rigida 50 kgf/cmz 0.80 0.80 6.00

70 kgf/cm® 0.80 0.80 6.00

30 kgf/cm® 0.25b 0.39 b 6.00

L. kaempferi 50 kgf/cm® 0.32 ab 0.42 ab 6.00

70 kgf/cm® 0.43 a 0.61 a 6.00

30 kgf/cm® 0.66 0.70 6.00

N f softwood 50 kgf/cm” 0.68 0.71 6.00
can o SOtwoo 70 kgf/em® 0.71 0.75 6.00
Mean 0.68 0.72 6.00

30 kgf/cm® 0.21b 0.35b 6.00

P. tomentiglandulosa 50 kgf/cm2 0.21b 0.51 a 6.00
70 kgf/cm® 0.38 a 0.57 a 6.00

30 kgf/cm” 0.48 0.71 b 6.00

A. hirsuta 50 kgf/cm® 0.49 0.80 a 6.00

70 kgf/cm® 0.56 0.80 a 6.00

30 kgf/cm’ 0.35 0.53 6.00

Mean  of  diffuse 50 kgf/cm? 0.35 0.66 6.00
porous wood 70 kgf/cm® 0.47 0.69 6.00
Mean 0.39 0.62 6.00
30 kgf/cm® 0.15 0.18 3.79 b
C. crenata 50 kgf/cmz 0.17 0.19 6.00 a
70 kgf/cm® 0.20 0.20 6.00 a
30 kgf/cm® 0.04 b 0.14 421b
Quercus 50 kgf/cm2 0.08 ab 0.15 6.00 a
70 kgf/cm® 0.11a 0.24 6.00 a

30 kgf/cm” 0.10 0.16 4.00

Mean of ring porous 50 kgf/cm® 0.13 0.17 6.00
wood 70 kgf/cm® 0.16 0.22 6.00
Mean 0.13 0.18 5.33

30 kgf/cm® 0.44 0.52 5.50

Mean 50 kgf/cm® 0.46 0.56 6.00

ed 70 kgf/cm® 0.51 0.60 6.00

Mean 0.47 0.56 5.83

Mean with the same letter are not significantly different at p=0.01
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Table 23. Safranine penetration depth in heartwood. Condition: 5 minutes vacuum (=620

mmHg) treatment followed by pressure while soaking wood block in safranine for 10

minutes.

~ . . . . Longitudinal
. Tangential penetration| Radial penetration .
Wood species Pressure depth (cm) depth (cm) Denetr?él]]:l)ﬂ depth

30 kgf/cm® 0.10 0.16 b 2.08

P. koralensis 50 kgf/cm® 0.10 0.37 a 2.67

70 kgf/cm” 0.15 0.39 a 3.35

30 kgf/cm® 0.06 0.16 2.48 b

P. densiflora 50 kgf/cm® 0.08 0.17 2.90 b

70 kgf/cm® 0.08 0.19 4.99 a

30 kgf/cm® 0.11 0.26 b 0.65 b

P. rigida 50 kgf/cm® 0.12 0.34 ab 0.94 b

70 kgf/cm® 0.12 0.47 a 3.00 a
30 kgf/cm® 0.08 0.24 3.21
L. kaempferi 50 kgf/cm® 0.13 0.19 3.48
70 kgf/cm® 0.13 0.19 3.75
30 kgf/cm® 0.09 0.21 2.11

50 kgf/cm® 0.11 0.27 2.50
Mean of softwood 70 kgf/cm’ 0.12 0.31 377
Mean 0.11 0.26 2.79

30 kgf/cm® 0.16 0.30 6.00

P. tomentiglandulosa 50 kgf/cm® 0.20 0.36 6.00
70 kgf/cm® 0.22 0.36 6.00

30 kgf/cm® 0.60 0.65 6.00

A. hirsuta 50 kgf/cm® 0.63 0.66 6.00

70 kgf/cm® 0.65 0.71 6.00
30 kgf/cm® 0.13b 0.18 b 6.00
B. davurica 50 kgf/cm® 0.25 a 0.27 a 6.00
70 kgf/cm® 0.25 a 0.28 a 6.00
30 kgf/cm® 0.30 0.38 6.00
Mean  of  diffuse 50 kgf/cm” 0.36 0.43 6.00
porous wood 70 kgf/cm® 0.37 0.45 6.00
Mean 0.34 0.42 6.00
30 kgf/cm® 0.01b 0.02 b 0.56
Quercus 50 kgf/cm® 0.01 ab 0.03 b 1.33
70 kgf/cm® 0.02 a 0.10 a 1.56
30 kgf/cm® 0.04 0.08 0.23
R. pseudoacacia 50 kgf/cm® 0.04 0.08 0.39
70 kgf/cm® 0.05 0.10 0.52
30 kgf/cm® 0.10 0.14 2.51
C. crenata 50 kgf/cm® 0.10 0.16 4.01
70 kgf/cm® 0.11 0.17 4.07
30 kgf/cm” 0.05 0.08 1.10
Mean of ring porous 50 kgf/cm® 0.05 0.09 1.91
wood 70 kgf/cm® 0.06 0.12 2.05
Mean 0.05 0.10 1.69
30 kgf/cm® 0.14 0.22 3.00
M 50 kgf/cm® 0.17 0.30 3.37
can 70 kgf/em? 0.18 0.30 3.92
Mean 0.16 0.26 3.42

Mean with the same letter are not significantly different at p=0.01
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Fig. 42. Comparison of safranine penetration depth
differences in sapwood between diffuse and ring
porous wood. Condition: After vacuum treatment,
(-620 mmHg) wood blocks
safranine for 10 minutes.
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Fig. 43. Comparison of safranine penetration depth in
heartwood between diffuse ring porous
Condition: 5 minutes vacuum (—620 mmlfg) treatment

and wood.
followed by pressure while soaking of wood block in
safranine for 10 minutes. A=30 kgf/cm{ B=50 kgz‘/cm2 and

C=70 ket/em. T— Tangentia, R— Radial and L—

T- Tangential, R- Radial and L- Longitudinal

directi Longitudinal direction.

irection.

2 Az

BoAge F 2Ae 2aR uel 9A IEAYY A% 44 242 RuA 3 240 AFH
329 gHEE 10 $3e) A% WA Hgsgt ¥ woRE AFRE B F
AL, A Fol 4ES Theiol rhsdn ®Ale ARG FRsA @2 AFEHJL
Zgo] FWW mrl @43 ¥e ATEE uulod, wAbgge] FAWY wo @
AFEHAL. FAEA HFAE BIA T AFAAL, £F L WA WAl Wk 2 ARE
Btk kA ol et 1, o 2 A A RS o2 A A&l oFght.

4) FLAQASFA 2 Camscope—SolutionS ©]-&3 Edo|F £4

2= A AYGFA HAF e AxUAdA EdolsS XAbstaal AAlTh A9t
HAel AFE=E AAe WA 2t (Minato 2004). HA9] 488 EZolFo| Fadh
qgedth L Aol AgH APA PrEe TeE 2ok ARLHAA ol doNE Fa
EAAEA ] o] HA AME HWAoRE # I (Browning 1963). A¥XS] SH{ o] oW
49 AF=rt "oAE FF%E AthComstock 1968). Eg, HEdHA FEFFo]l ko
EZ o] Fol W37} FlthH(Wirspa and Libby 1950).

Table 24. Average moisture content (mean=SE) in different wood species.

Wood species P. koraiensis P. densiflora P. rigida L. kaempferi
Moisture content (%) 6.9+£0.36 9.0+0.63 6.9+0.28 6.0+0.45
TAe EAddde] dojus FxE zZhal i, AEe AR WAE dAAA FE=

Az HEgol ok A7l wel vEd, #HIo] dyfden IFLE Fopth(Comstock
1967). Hx Edols ol A el oJate] o] Fo]xIth(Petty 1970; Behr et al. 1969

and Erickson and Balatinez 1964 ).
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Fig. 44.. Safranine penetration depth in radial direction of sapwood
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Fig. 45. Safranine penetration depth in radial direction of heartwood.
e ezl gol WA WAPEE AFES B o] WML, 1 F AUre] PREs}
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Table 25. Longitudinal penetration of safranine in sapwood of different wood species.

Unit: mm
Wood species 5seconds |10 seconds |20 seconds [40 seconds |80 seconds (160 seconds [300 seconds
P. koraiensis  |1.249b 1.740bc 1.828b 2.021b 2.089b 2.351b 2.598b
P. densiflora |1.181b 1.319¢ 1.424b 2.001b 2.387b 2.795b 3.254b
P. rigida 1.730a 1.850b 1.929b 2.137b 2.205b 2.487b 2.604b
L. kaempferi  |2.066a 2.329a 2.775a 3.185a 3.521a 3.984a 4.279a

Mean with the same letter are not significantly different at p=0.05

NS: Non significant at 5% level of probability
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Table 26. Longitudinal penetration of safranine in heartwood of different wood species(mm)

Wood species 5seconds |10 seconds (20 seconds |40 seconds (80 seconds (160 seconds (300 seconds
P. koraiensis |1.168a 1.233ab 1.279ab 1.350a 1.425a 1.514a 1.557b
P. densiflora  |0.354b 0.444c¢ 0.548¢ 0.675b 0.742b 0.758b 0.799¢
P. rigida 0.733b 0.957b 1.148b 1.314a 1.387a 1.433a 1.416b
L. kaempferi 1.139a 1.315a 1.514a 1.617a 1.702a 1.765a 1.898a

Mean with the same letter are not significantly different at p=0.05

NS: Non significant at 5% level of probability

W38 Q1 M| Alolo] E-olEo] F o3 JaS st=t], H %3 (Thomas and Nicholas
1966; Thomas and Kringstad 1971), 22 ¥ ¥ -(Stamm 1970; Petty and Peterson 1969) %
A7 449 v H2él= F 7 E (Panshin and DeZeeuw 1980)2 =& o] 5ol W37} H ).

283 g AR N E ATES} EAT, Age] AHe4E AEEE Poj Ay,

Fig. 46. Meniscus observed at 0, 1, 2, 3, 4 and 5 minute respectively in longitudinal tracheid of
P. densiflora heartwood. c¢— curved air—safranine meniscus, f— flat air—safranine meniscus,

s—safranine molecules, water— alcohol solution.
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Table 27. Properties of chemical solution after soaking of woodchip in water

Chemicals pH EC Temperature

Before After Before After Before After
NH.4Cl 4.1 3.0 ) 200 ) 200 29.2 28.4
NH4NO3 4.2 3.4 ) 200 ) 200 24.2 27.7
NH4H2PO4 3.6 3.6 62.8 66.7 29.6 28.3
(NH4)2S0,4 4.6 3.9 ) 200 ) 200 24.7 28.3
NaNO, 9.0 7.5 166.6 174.1 24.0 27.9
NaHPO4-2H20 3.3 3.3 48.1 52.3 23.5 28.8
KsPOy 13.6 13.0 157.0 161.1 29.6 28.8
KH3PO4 11.6 11.5 144.8 154.3 29.6 27.5
KoHPO4 10.4 10.2 65.2 67.9 24.2 26.9
KNO3 5.7 5.0 139.2 138.8 28.2 28.5
KCl 8.1 3.6 ) 200 ) 200 28.0 29.3
K»S0y 6.6 4.0 74.4 75.0 30.2 28.3

2)

S Aokl &5 vlEel b 2k, pHe| W dslen, JAEo] S AL A o
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Table 28. Solution properties at different mixture ratio of chemicals

5{}% KoHPO4/HNO3  K3PO4/HNO; KoHPO,/KNO3 K3PO4/KNO; KNO3/KsPO, KoHPO4/NH4H2POy K3POy / NHyH2PO,y
A/B
pH Re. Tem. pHRe. Tem. pH Re. Tem. pH Re. Tem. pH Re Tem. pH Re. Tem. pH Re.

1 26 1 - 45 1 Hot 26 8 P 258 11 NP 25 11 NI 255 6 NP 26 6 NP
2 26 1 PP 44 1 » 26 8 » 2568 11 » 25 11 , 255 7 n 265 6 ”
3 26 6 FP 43 7 » 26 8 » 26 11 » 255 11 , 255 7 n 265 7 ”
4 26 - IFP 43 7 » 26 8 RP 26 11 » 26 11 , 26 7 4 27 9 ”
5 26 - 7 40 7 » 26 8 » 26 11 » 26 11 , 26 8 ” 27 9 ”
6 26 - 739 10 » 26 9 » 26 11 » 25 11 , 26 8 4 26 9 ”
7 26 - 7 38 11 » 26 9 » 26 11 » 25 11 , 26 8 ” 26 10 ”
8 26 - » 34 11 » 26 9 » 26 11 » 25 11 , 26 8 4 26 10 ”
9 26 - » 32 11BP 26 9 NP 26 11 » 25 11 , 26 8 ” 26 11 ”
10 26 - » 30 11PP 26 9 » 26 11 » 25 11 , 26 8 4 26 11 ”

Note — Re.: Remark, Tem.: Temperature, P: Precipitate, PP: Partial precipitate, FP: Full precipitate,
IFP: Instantaneous full precipitate, BP: Beginning precipitate, RP: Reducing precipitate
NP: Non precipitate

3) 13 F4& EFA%Y Ea@dAH Y UE FF

13] 94 JAEI AA7F A HE EFAGFORA, Badgd e AA e} JHdE9 T-N,
T-P, T-K $F&S #A4¢ 23 qA g = dAH o2 NI P05 T3] =4 54
AAEAAE KO el FedAA =4 vetwth EAeF 19 HAldA = N(26.58%),
P205(17.31%) EHfrgo]l A SAHR T, IHEA A= N(17.04%), K:0(26.71%) FHrdel =4
ekt EAeF 29 AACdA = K.0(2.76%) %‘%%01 =4 Uetsen, JAAd=ddAM=
P205(10.23%) 3ol = SAHAJT. A A= ZFAIoF 19 N3} P,0s -2 (H 1 26.58%,
17.31%)°l =4 uyetsen, E3dAeF 28 K0 FHFZF(HAL 2.76%)°] =4 UEEH
AAZANME EFAF 19 NI K0 S (H3t 17.04%, 26.71%)°] =4 Yepgton], A <F

h=}
29] P05 - (HET 10.23%)°] A YelHt, 2822 A - JHAE E5F A F 104

F

0&5_1

oft
o

S~

N, P20s, Ko0 o] =2 YES
=5 Aolg Mg Ay, AAo MY N i A 19 2525T(32.42%)°14 7+

=
=otom Py0s SHF-EFS E3AIF 29] £540C(20.41%)0A4 71 =4 vebdth K0 i3S
FEA ek 29 £530C(2.97%)A 7+ =4 Ve
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AAENL N 3 EdAoF 19 WARB(20.60%)04 7+ =gkom P05 I3
2 307C (12.54%) 1A
(33.15%)° A 7V =A detwr. A= A=
Fol Al Ao ® FA ygton, AHEA = 30T, 40TColA

Table 29. Content compound chemicals at different storage condition(%)

Compounds Deposit condition N P20s5 K20
Cold storage 26.59 17.93 2.29
Room condition 25.46 16.89 2.67
. 25T 32.42 17.32 2.66
Compound 1 Liquid 30T 22.95 17.62 2.73
40T 25.47 16.79 2.83
Mean 26.58 17.31 2.64
Cold storage 17.19 12.99 2.33
Room condition 16.42 12.78 2.84
L 25T 16.74 14.76 2.96
Compound 2  Liquid 30C 16.16 18.12 297
40T 19.41 20.41 2.68
Mean 17.18 15.81 2.76
Mean 21.88 16.56 2.7
Cold storage 20.60 5.39 28.43
Room condition 15.63 4.58 22.45
Compound 1  Precipitate 25:C 15'9? 10.08 24.70
30T 17.15 8.09 24.82
40T 15.83 7.14 33.15
Mean 17.04 7.06 26.71
Cold storage 12.57 5.35 25.65
Room condition 14.41 10.24 22.32
.. 25T 13.11 11.41 26.13
Compound 2  Precipitate 30C 15.65 12.54 5813
40T 16.26 11.61 26.14
Mean 14.40 10.23 25.67
Mean 15.72 8.65 26.19

Compound 1: K3PO, :3(K:HPO,) :30(NH4NO3), Compound 2: 3(K:HPO,) :KsPOs :KNO3z :29(NH;NO3)

O Cold =torage

m Room condition

Liquid

Compound 1

Liquid

Compound 2

PO

Precipitate

Campound 1

OzeT
o300
AN

Precipitate

Compound 2

KZD:%:' —:Lll

Fig.

29] =%

47. Changes

7P =

e,

of elements in compound chemicals at different condition

K0 52 =3hA
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Table 30. Content of four compound chemicals at different storage condition

FUE ETHA G BABAY OE FFF

F914 EFA] BHAT} 18] 78

£l

=

e 2

rlo

S e

Compounds  State Condition Cold Room 25T 30C 40C Mean

N(%) 5.37 6.11 8.09 8.06 7.15 6.9

Compound 3 Liquid P205(%) 18.85 18.64 26.42 24.40 26.76 23.0

Ko0(%) 0.95 1.23 0.83 0.89 2.21 1.2

N(%) 8.59 11.85 12.43 10.90 11.57 11.1

Compound 4 Liquid P205(%) 14.48 18.59 19.46 20.02 21.44 18.8

K20(%) 0.68 2.33 1.42 0.91 1.01 1.3

N(%) 6.78 7.02 8.61 9.04 7.63 7.9

Compound 5 Liquid P205(%) 16.67 16.05 18.05 16.26 14.84 16.4

K20(%) 0.70 0.69 0.71 1.00 1.29 0.9

N(%) 11.89 9.84 10.71 11.30 12.91 11.3

Compound 6 Liquid P205(%) 14.57 11.27 11.86 17.12 15.85 14.1

Ko0(%) 1.10 0.50 1.11 1.07 1.29 1.0

N(%) 8.16 8.71 9.96 9.83 9.82 9.3

Mean Liquid P205(%) 16.14 16.14 18.95 19.45 19.72 18.1

Ko0(%) 0.86 1.19 1.02 0.97 1.45 1.1

N(%) 5.54 11.10 8.56 6.61 6.45 7.7

Compound 3 Precipitate P205(%) 13.86 12.08 9.33 8.29 11.51 11.0

K20(%) 10.67 11.07 14.68 12.97 14.34 12.8

N(%) 8.81 8.64 9.46 11.43 8.00 9.3

Compound 4 Precipitate P205(%) 11.10 11.71 8.08 6.01 6.03 8.6

K20(%) 8.20 11.23 14.02 17.78 14.53 13.2

N(%) 8.01 8.32 8.86 8.51 10.20 8.8

Compound 5 Precipitate P205(%) 7.18 7.86 6.29 4.76 4.91 6.2

K20(%) 13.75 12.87 15.75 13.14 16.75 14.4

N(%) 9.21 13.45 10.27 11.40 12.65 11.4

Compound 6 Precipitate P205(%) 6.71 10.93 4.84 4.83 5.79 6.6

K20(%) 13.41 12.65 18.04 16.42 15.92 15.2

N(%) 7.89 10.38 9.29 9.49 9.33 9.3

Mean Precipitate P205(%) 9.97 10.65 7.14 5.97 7.06 8.1

K20(%) 11.51 11.96 15.62 15.08 15.39 13.9

N(%) 16.05 19.09 19.25 19.32 19.15 18.6

Mean P205(%) 25.85 26.79 26.09 25.42 26.78 26.2

K20(%) 12.37 13.15 25.64 17.02 16.84 15.0
Compound 3 : {K3;POs + 3(K,HPOs) + (NH4)3PO4} + 10(NH4NO3)
Compound 4 : 10(NH,;NO3) + {K;POs + 3(K.HPO4) + (NH,)3POs}
Compound 5 : {K3POs + 3(K,HPOs) + (NH4)3PO4} + 17(NH,NO3)
Compound 6 : 17(NH,NO3) +{K3POs + 3(K,;HPOs) + (NH4)3PO4}
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Fig. 48. Content of four compound chemicals at different storage condition
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6ANA N S (H 11.33%)2 =A YEton, A ek 304 P05 - (H 1 23.01%)°]
A Vel JAdENAE EAF 6914 N S (Ht 11.40%)°] A YeEl%al, P.0s
S (HT 11.01%)°] =A Yetstorm, A 6olA KO0 - (H 15.29%)°] =4

z B F
oy
B
w
=2
X
Z
Z
£
>

e O
o
Ho

1 ol
29
H
N
i
Bu)
3L

FhEs A A7 qF A AAAow Nb P05 el w4 FAHEASH,
AAZANAME K0 FfrEe] =7 et 258 2ol 4% Ay, Ao N i3
A 19 2E25TC(32.42%)91A4  7HE w%ew, P05 TREFES EFAIF 29
S5240C(20.41%) 04 7Fd =4 Yebgth K0 gf3e EghA ek 29 %30T (2.97%)00 A
7V = vEbgth 3 A0k dAoAE &% 40T A N, P05, K.O 3ol a8 o=
=7 vston, B E 30C, 40CoA =A vstth A9 B9 N 43 E5A1oF 49
25ColA 12.43%2A 7} =A YelSth P05 a2 EAIF 3914 40TolA 26.76% =

7HE =A UEE T KO 3% E3AIeF 49 AURdelA 2.33%=2 7 A UERS
Ao M= P05 THH(FF 18.08%)°] HA YHElWorn, HdEME KO0 FFH(Ft
13.91%)°] = vetsth, HAlel A= E3AoF 664 N -2 (Ht 11.33%)2 =7 YEps o,
E3AIF 3o A Po0s FFEF(HA 23.01%)°] =A e HA
S (H A 11.40%)°] =A YEFRLaL, P:0s = (E 3t 11.01%)°]
6ol A KoO 3 (Ht 15.29%)°] = Yeteteh 44 - JdE 2
P20s, K20 3ol A vt

g
=
X
rlr
rlo
Lt
>,
2
(@]
=2
X
Z

g EAPH = O FRF
1) N&adg EAPH RS HE JE F/F

A g, sy AstEE EI&dES IR Yste] IFAA O FEEE
EAQAREHEE AFsY F=Fo UE EAAER 5 24 A4k 7tEY SRS ZAFSISIT
Aro) 3 AR IS Aynw SAAYTE 24.38%, AU 22.25%, EF5F 21.78,
U 17.29% wo 2 YESTE QI 3 RS SAMYT 24.53%, AU 22.32%,
E34E 2057, FUFE 15.32% A0k E=3, el ARTEES AU 14.49%,
2UF 11.46%, EF4F 12.22, FUFE 9.3%0)0d. o5 A¥E Wy Aio AFEH:=
SARAIYE> > E3EE> FHUgS solflar, QA AFFE SARAIU> A



ERE> AUTSE solgled, AP AFRE LAANYT> BFE> AUF> ERFE
Folglth. eAMAFRE Ak A, sbdA BE bg gel IRHUM, 2ubri s
QUL T WA Be @) ARl ATHASY et A WAz AFHAY. EFFEL
Aash AlAE A WAR we AgRel AFHUoL sd: F owAz AEHUG
&S A o] ARHAT. 7 Q1 AT L] HolmA s} Eaje] Hue AER
Wt Aow Almdnt
Table 31. Content of woodchip fertilizer at 4kg/cn’ for 3 hrs.
Nutrient composition of wood capsule
Specific name fertilizer
N(%) P205(%) KoO(%)
Pinus densiflora 22.25bc 22.32b 11.46b
Populus tomentiglandulosa 24.38c 24.53c 14.49¢
Quercus 17.29a 15.32a 9.31a
Mixed 21.78b 20.57b 12.22bc
Different lower case letters within in a column indicate significant difference (p—0.05)
obef Ev AAY AvFE, HEURS JUREY Aa 9, ZFEY AR §HE UEd
Zlolt}, ol ‘et vws|HW, HAFYH R FRHEFe] €53 Eoe A & F Ak
Table 32. Content of nutritional elements in natural species
Specific name Content (%)
P N P K
Pinus Taeda 0.8271.24 0.08870.118 0.2770.64
Pinus resinosa 1.16 71.51 0.1370.16 0.3970.54
Populus grandentata - 0.1270.18 -
Quercus sp. 1.907 3.00 0.1370.28 0.5070.80
Quercus palustris 1.97 0.26 0.97
2) 9 %9 #5489 EAPE U F5F
T vl IEH W 85 S0 o] tt2rg 9 £FS AFS A Auye
AEA FAWH Y oWl LV-SEM<S o] &3t wWHoz &ste] ols 27FA Wi

A5 v},

gt AT 5 20, 40, 60kgf/em® 2 10%3F A 2)ste] A3 A} 60kgf/em’olA 7HF B #E
ek AL, 20kgf/em®ell A 7 W gk vERA T

FEAEH NBITATAONE 5EFH 1A Al 2000-205(2001. 1. 4))°] HZs} vl

HESIH N2 SAHb 5ol Ht 23% frstn=, 7718 Aav5e] 84(45%), 35 24(35%),

o

A+ (28%), oFHIH+(28%) Bt SEkt

P05 EAHE el 3t 20% stz 7714 14k sl -4 3] (7 A Q1A ¢ 16,
FRAAM 1 13), THANA I (FFA A 1 30, FEAAA 1 28), FANH(FEAAA 1 17,
TEANE 12, 4R ¢ 40)RT W SRS vERT 2y Sa-I(GEAQAA



F714 7rgn| 59l gabvke] (=843 7] - 48),
|47k ¢ 60), AU RE(GEATEE ¢ 20,

SHrgS

gy B3R AllE SRR E (AR, 7HEAAA, 847 T 2 o A 20),
A2E B (dAade, 7FEAQA B &40 87 e 8V T 2F ol
FAE - 20), A3E HIHE(HAAFE, AR, 7HIAR F 28 o] dAF 12, fU1=
10), A ESFHE(ALAH, F840 B 84, #8471 F 2% o §AIE ¢ 15),
A Y AFCDUERNE (LA, 584 A == P&, 84718 F 2% o ¢AZ
D 15), B eAEg R (AAATE, 7PN B FEACMN, FeAE T AT F
2% ol FAZ 1 20), ool b F(IBD.UEFE(Had%, T840 = 8404
TEA7H T 2% o FAF  15), TELARFH R (AL, THAAA e 840
T&A7H e %L%*éﬂfﬂ T 2% ol FAF 15 ) ¥ V1A vsEtE AAHOR =&
S YR, ueiA dor ¢ B dFE S FAE 2 v 9aE ST
F71ES ke A3FE B R e Zow dddn

Table 33. Nutrient content in different woodchip fertilizer estimated by plant analysis method

. Pressure,
Wood species 5 N (%) P05 (%) K20 %
kgf/cm
20 22.42 18.63 13.22
P. korarensis 40 25.00 21.74 17.36
60 28.02 22.30 18.60
20 21.88 17.63 16.28
P. densiflora 40 26.98 20.32 17.94
60 30.10 22.62 21.15
20 20.45 19.27 16.45
P. rigida 40 25.07 22.35 18.35
60 29.62 23.12 19.57
20 18.46 16.70 12.65
L. kaempferi 40 20.01 17.09 13.01
60 22.35 19.41 16.15
20 23.07 19.32 18.15
P. tomentiglandulosa 40 27.29 23.06 19.08
60 32.10 24.23 24.27
20 22.38 18.71 15.73
A. hirsuta 40 24.53 21.63 18.61
60 29.35 22.73 21.93
20 18.14 16.80 13.69
C. crenata 40 19.25 16.39 14.74
60 25.02 19.15 17.67
20 15.74 10.46 8.85
K. pseudoacacia 40 16.72 11.07 10.06
60 19.98 16.33 13.75
20 17.15 11.84 11.49
Quercus 40 18.64 13.43 14.42
60 22.00 18.99 16.17
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Table 34. Nutrient content in different woodchip fertilizer estimated by LV—SEM.

Wood species Pressure, kgf/cm? N (%) P20s5 (%) K20 %
20 28.12 18.21 12.13
P. koraiensis 40 29.49 20.34 15.44
60 31.00 21.85 16.73
20 28.64 17.75 13.32
P. densiflora 40 30.41 21.02 13.86
60 32.22 22.14 15.56
20 28.83 18.28 14.17
P. rigida 40 30.36 21.75 14.37
60 31.25 23.07 16.55
20 25.38 13.01 10.86
L. kaempferi 40 26.08 15.83 11.08
60 27.10 18.21 15.56
20 31.34 19.30 16.67
P. tomentiglandulosa 40 32.19 20.52 18.40
60 35.33 25.01 20.74
20 27.72 16.91 12.15
A. hirsuta 40 29.02 19.53 15.85
60 29.87 20.46 18.64
20 25.84 14.53 10.58
C. crenata 40 27.44 15.41 11.41
60 28.44 18.98 11.69
20 18.35 12.81 8.81
R. pseudo-acacia 40 19.33 15.21 10.76
60 22.11 16.23 11.74
20 19.89 15.27 12.80
Quercus 40 22.46 16.37 14.34
60 25.55 16.79 14.39
40.00
35.00 1
30.00 =
2500 T
BN {%)
20.00 B P,0(%
OK,0 (%

15.00 |

10.00

% Nutrient content

5.00

0.00

20 |40 {60 |20 |40 |60 |20 (40 |60 (20 |40 (6D (20 |40 (60 |20 (40 |60 |20 |40 |60 (20 |40 (6D |20 |40 |60

P. P. P. rigida | L. P. W. kirsuta C. R. pseado-| Quercas
onod is densiflora kaempfer: icreneto

fame ntigl Tulosa

Fig. 50. Nutrient (N, P:0s and K20) content (estimated by LV=SEM) in 9 different woodchip
fertilizer at different pressure condition. Condition’ After 5 minutes vacuum treatment(—620

mmHg), woodchip was soaked in fertilizer solution at 20, 40 and 60 kgf/cm’ pressure.
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Table 35. Nutrient content in green woodchip and dry woodchip fertilizers

Specifi Content(%) Green Oven dry Proportion(%)
3 111C nam nten I rion
becttic name Ontentin wood(%) wood(%) OporHont
N 25.41 16.11 63.40
P. densifiora P20s5 11.77 11.86 100.70
K20 13.99 12.38 88.49
N 27.41 24.19 88.25
P.tomentiglandulosa P20s 24.39 20.31 83.27
K30 19.57 21.59 110.30
N 19.19 13.57 70.71
Quercus P20s 12.48 13.82 110.70
K20 10.95 11.06 101
N 24.0 17.96 74.83
Mean P05 16.21 15.33 94.57
K0 14.84 15.01 101.15

Az HARY NGRS AA dF3Fe 259457 SEE= 3oz Hol ARFE
oA Ee NA RO i@ﬂﬁﬁﬁ,%ﬂdl#m P05 &2 HAE2IANA Hi 5.43%
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Table 36. Content of nutrient in woodchip treated with different chemicals

Content ( % )

Chemicals Specific name

N P205 K20 Total
P. densiflora 13.38 13.38
P. koraiensis 13.84 13.84
L. kaempferi 16.79 16.79

Chemical 1
P. tomentiglandulosa 16.92 16.92
Quercus 9.24 9.24
Mean 14.03 14.03
P. densiflora 14.66 18.22 32.88
P. koraiensis 16.74 21.86 38.60
L. kaempferi 13.20 20.34 33.54

Chemical 2
P. tomentiglandulosa 14.23 18.15 32.38
Quercus 10.25 13.49 23.74
Mean 13.82 18.41 32.23
P. densiflora 16.33 18.67 35.00
P. koraiensis 9.34 9.87 19.21
L. kaempfteri 14.05 17.86 31.91

Chemical 3
P. tomentiglandulosa 17.87 20.68 38.55
Quercus 13.69 15.89 29.58
Mean 14.26 16.59 30.85
P. densiflora 9.67 9.67
P. koraiensis 9.33 9.33
L. kaempferi 8.60 8.60

Chemical 4
P. tomentiglandulosa 8.55 8.55
Quercus 6.78 6.78
Mean 8.59 8.59
P. densiflora 21.07 21.42 42.49
P. koraiensis 23.53 26.71 50.24
L. kaempferi 7.96 11.55 19.51

Chemical 5
P. tomentiglandulosa 22.32 25.75 48.07
Quercus 12.96 13.75 26.71
Mean 17.57 19.84 37.40
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P. densiflora 9.29 15.18 24.47

P. koraiensis 11.77 18.48 30.25
L. kaempferi 11.23 20.64 31.87

Chemical 6
P. tomentiglandulosa 10.82 12.88 23.70
Quercus 7.82 8.26 16.08
Mean 10.19 15.09 25.27
P. densiflora 4.98 18.32 23.30
P. koraiensis 3.55 11.50 15.05
L. kaempferi 5.50 17.67 23.17

Chemical 7
P. tomentiglandulosa 4.79 18.48 23.27
Quercus 4.08 13.70 17.78
Mean 4.58 15.93 20.51
P. densiflora 9.84 5.41 15.25
P. koraiensis 12.54 7.23 19.77
L. kaempferi 16.33 9.52 25.85

Chemical 11
P. tomentiglandulosa 12.67 7.66 20.33
Quercus 10.01 5.01 15.02
Mean 12.28 6.97 19.24
P. densiflora 8.37 15.73 15.78 22.50
P. koraiensis 8.24 15.32 16.83 23.22
L. kaempfteri 9.51 14.47 15.98 22.52

Mean

P. tomentiglandulosa 9.24 16.73 17.02 24.27
Quercus 6.69 11.99 11.28 17.01
Mean 8.59 14.86 15.38 21.91
P. densiflora 10.54 20.22 30.76
P. koraiensis 8.81 18.86 27.67
L. kaempferi 11.24 22.81 34.05

Chemical 8
P. tomentiglandulosa 9.27 20.23 29.50
Quercus 8.77 17.97 26.74
Mean 9.73 20.02 29.74
P. densiflora 3.41 9.65 13.06
P. koraiensis 5.90 14.71 20.61
L. kaempferi 3.84 9.29 13.13

Chemical 9
P. tomentiglandulosa 4.33 11.33 15.66
Quercus 2.33 5.66 7.66
Mean 3.96 10.13 14.02
P. densiflora 7.29 7.29
P. koraiensis 10.90 10.90
L. kaempferi 9.34 9.34

Chemical 10
P. tomentiglandulosa 10.01 10.01
Quercus 7.77 7.77
Mean 9.06 9.06

Chemical 1 — NH4NOs Chemical 2 — K3POs Chemical 3 — KyHPOs Chemical 4 — NHy)s [Mo702] ) - 4H,OChemical 5 — KyP»07;, Chemical 6 — KNOs
Chemical 7 — NH4H2PO,, Chemical 8 — (NH4)2HPO4,, Chemical 9 — (NH4)3POs - 3H50, Chemical 10 —Ca(NOs), - 4H,0, Chemical 11 —P20s5: 52% (P: 22.7%)
K20: 34% (K: 28%)
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Table 37. Nutrient content in woodchip fertilizers treated with compound chemicals

. Content(%)
Compounds Wood species N 5,05 K0 Total
P. densiflora 9.94 6.82 8.05 24.81
P. koraiensis 14.85 4.46 5.26 24.57
Compound 3 L. kaempferi 12.43 4.86 5.05 22.34
P. tomentiglandulosa 10.16 4.27 5.06 19.49
Quercus 8.84 5.05 4.37 18.26
Mean 11.24 5.09 5.56 21.89
P. densiflora 8.90 13.84 14.45 37.19
P. koraiensis 10.36 9.15 15.54 35.05
Compound 4 L. kaempf-erj 8.14 8.25 9.26 25.65
P. tomentiglandulosa  9.74 8.06 9.26 27.06
Quercus 5.96 8.26 5.95 20.17
Mean 8.62 9.51 10.89 29.02
P. densiflora 17.94 8.45 5.45 31.84
P. koraiensis 16.87 5.71 3.75 26.33
Compound 5 L. kaempferi 16.27 8.84 3.85 28.96
P. tomentiglandulosa 17.25 6.60 5.05 28.90
Quercus 10.67 4.06 2.64 17.37
Mean 15.8 6.73 4.15 26.68
P. densiflora 9.54 9.86 14.46 33.86
P. koraiensis 9.66 8.84 19.34 37.84
Compound 6 L. kaempferi 9.40 9.56 8.94 27.90
P. tomentiglandulosa  9.36 19.16 16.26 44.78
Quercus 6.36 6.25 9.05 21.66
Mean 8.86 10.73 13.61 33.21
P. densifiora 11.57 9.74 10.60 31.91
P. koraiensis 12.93 7.04 10.23 30.20
Mean L. kaempferi 11.56 7.88 6.77 26.21
P. tomentiglandulosa 11.63 9.52 8.91 30.06
Quercus 7.96 5.91 5.50 19.37
Mean 11.13 8.02 8.40 27.55
Compound 3 : {K3POs; + 3(K,HPO,) + (NH4)3POs} + 10(NH4NO3)
Compound 4 : 10(NH,;NO;) + {K;PO; + 3(K:HPO,) + (NH4):PO,}
Compound 5 : {KsPO, + 3(K;HPO,) + (NH,)3;PO.} + 17(NH,NO3)

5
Compound 6 : 17(NH4NO3) +{K3POs + 3(K:HPOs) + (NH4)3PO4}

I e K N o e e e B S P St P s e [ o B
ebdarn, o SeE, s, AU SR w2 e P0s RS Aol A
71 A vEbd e, Furgeld s welan, shu, g, 2ARIUE Eolflh Ke0
FHFE 2Tl A A debden, RS Jhg de A8 milow, 4es,
AR, SR o Al dERTh N SRR tuEeld 12.93%% 7P
et e, Po0s, KoO FHF&2 2ol A 242t 9.74%, 10.60%% 7Hd A Ueksit, 1ene
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Table 38. Nutrient content in woodchip fertilizers treated with six chemicals at different

pressure

o o N(%) P205(%) K20(%) Total(%)
Chemicals Species kg?cm kg/(()'m l(g\}/?'xtr Mean kg?cm 1(511/(()1[1 ké}/im Mean kg?cm’ 1(511/[;m' ké}/(zm' Mean ke;?cm’ ke;l/(;m' ke;l/zm Mean
P. koraiensis 13.45[16.06| 16.05| 15.18 13.45[16.06| 16.05|15.18
P. densiflora 15.59(13.14|12.85| 13.86 15.59(13.14] 12.85|13.86
NH.NO L. kaempferi 16.33|14.15|17.37| 15.95 16.33|14.15| 17.37| 15.95
SRR V] tomentiglandulosa|15.77|17.19|17.46| 16.85 15.77(17.19] 17.46| 16.85
Quercus 9.98] 8.99|11.94]10.31 9.98| 8.99(11.94]10.31
Mean 14.23[13.91]15.16| 14.43 14.23[13.91]15.16|14.43
P. korarensis 13.90(13.93]15.01| 14.28| 11.26| 9.67[10.55| 10.49| 25.16| 23.60| 25.56 | 24.77
P. densiflora 17.40[15.22]13.80{ 15.47[12.00| 10.29] 10.53| 11.27| 29.40| 25.51| 24.33| 26.74
K.PO L. kaempferr 16.15|15.34|14.66| 15.38| 12.80| 9.36| 9.48|10.55(28.95|24.70| 24.14| 25.93
s P. tomentiglandulosa 17.16|16.78|15.94| 16.65( 13.25|10.78| 11.32| 11.78| 30.41| 27.56| 27.26 | 28.43
Quercus 10.86| 9.90{10.59|10.45| 7.46| 6.83| 6.70| 7.00|18.32|16.73|17.29|17.45
Mean 15.09|14.25(14.00{ 14.45| 11.55| 9.39| 9.72|10.22|26.64|23.64|23.72|24.67
P. koraiensis 21.91]20.45(17.36/19.91]15.31]12.65| 13.82| 13.92| 37.22| 33.10| 31.18| 33.83
P. densiflora 24.86(22.47|21.62|22.98(17.93| 13.82| 13.51| 15.08| 42.79| 36.29| 35.13| 38.06
K.P.0 L. kaempferi 24.31]24.58|19.48|22.79(16.34| 12.70| 11.63| 13.56| 40.65| 37.28| 31.11| 36.35
R p tomentiglandulosa 23.85(24.43|22.59| 23.62| 15.58| 14.49| 15.47| 15.18| 39.43| 38.92| 38.06 | 38.80
Quercus 15.33]15.90|14.82{ 15.35| 9.30|10.03| 9.62| 9.65|24.63|25.93| 24.4425.00
Mean 22.05[21.57|19.17(20.93| 14.89(12.74| 12.81| 13.48| 36.94| 34.31| 31.98 | 34.41
P. koraiensis 2.44| 4.17| 5.69| 4.10 5.03| 8.71/10.25| 8.00| 7.47|12.88|15.94|12.10
P. densiflora 3.12| 3.88| 5.41| 4.14 5.98| 7.71| 9.32| 8.33| 9.10|11.59|14.73|12.47
KNO L. kaempfteri 3.71| 4.75| 5.23| 4.56 5.65| 7.91| 8.15| 7.24| 9.36]12.66|13.38|11.80
3 P. tomentiglandulosa| 3.87| 3.84| 5.10| 4.27 7.35| 7.93| 9.23| 8.17|11.22|11.77|14.33|12.44
Quercus 1.49| 2.42| 3.40| 2.44 4.25| 4.90| 4.62| 4.59| 5.74| 7.32| 8.02| 7.06
Mean 2.93| 3.81| 4.96| 3.90 5.65| 7.83| 8.31| 7.27| 8.58|11.64|13.27|11.17
P. koraiensis 6.32| 4.28| 9.30| 6.63]23.12|19.35(21.94|21.47 29.44(23.63| 31.2428.10
P. densiflora 7.45| 4.71| 9.49| 7.22|24.52|21.48|22.67|22.89 31.97]26.19| 32.16|30.11
(NH L. kaempferi 7.16| 4.95| 7.53| 6.55|25.05|22.50(22.74|23.43 32.21]27.45| 30.27 29.98
V2HPO: P. tomentiglandulosa| 9.47| 5.41|11.70| 8.86|26.61|23.71|23.76|24.70 36.08]29.12| 35.46 | 33.56
Quercus 4.12] 3.99| 7.41| 5.17| 5.08|15.43|12.59| 14.42 9.20]19.42| 20.00| 19.59
Mean 6.91] 4.67| 9.09| 6.89]22.91|20.49]20.74|21.38 29.82] 25.16| 29.83 28.27
P. koraiensis 6.61| 5.74| 7.55| 6.63[18.61|17.69|16.34|17.55[10.79| 9.85|11.22|10.62|36.01|33.28| 35.11|34.80
P. densiflora 7.29| 5.87| 7.71| 6.96[18.47|16.30|16.57|17.11| 8.88| 9.75|10.53| 9.72|34.64|31.92| 34.81|33.79
C L. kaempfteri 5.71| 6.34| 6.43| 6.16|17.83|18.71|15.72|17.42| 8.01| 9.10]10.14| 9.08[31.55|34.15| 32.29|32.66
ompound P. tomentiglandulosa| 5.08| 4.41| 6.99| 5.49|19.87]19.59/20.99|20.15|11.55|11.30| 11.81| 11.55| 36.50| 35.30| 39.79| 37.19
Quercus 3.93| 3.22| 6.21| 4.45/11.20|12.01|11.56|11.59| 6.00| 6.47| 7.49| 6.65[21.13|21.70| 25.26|22.69
Mean 5.73| 5.11| 6.98| 5.94|17.20|16.86|16.24|16.76| 9.04| 9.29]10.24| 9.53[31.97|31.26| 33.46|32.23
P. koraiensis 7.21| 7.56| 9.65| 8.14|19.39|17.86|17.66|18.30|10.60|10.22| 11.46{ 10.76|24.80| 23.76| 25.85| 24.80
P. densiflora 8.36| 6.90| 8.87| 8.05/21.31|18.87|18.67|19.61|11.20{10.39]10.97| 11.10|27.25|24.11| 25.67 | 25.84
M L. kaempferi 8.23| 7.55| 9.14| 8.31|20.84|20.28|18.15(19.76/10.70| 9.77| 9.85|10.11[26.51|25.07| 24.76|25.45
ean P. tomentiglandulosa| 8.55| 7.71/10.31| 8.87|21.87|21.13|20.82|21.28|11.93|11.13| 11.96| 11.67 | 28.24| 26.64 28.73| 27.88
Quercus 4.88] 4.66| 7.24| 5.60[10.62|13.31]12.39|12.95| 6.75| 7.06| 7.11| 6.97|14.83|16.68|17.83|17.02
Mean 7.45| 6.88| 9.05| 7.79]19.31|18.29|17.54|18.38|10.28| 9.81]10.27|10.13|24.70| 23.32| 24.57 | 24.20

Compound: 17(NH4NO3) + [K3PO4 + 3(K2HPO4) + (NH4)3P0O4]
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Table 39.

Nutrient content

retention time

in woodchip fertilizers treated

with six chemicals

at different

R . o N(%) P205(%) Ko0(%) Total(%)
chemieats Spectes M. | i | Méan | Mean | 0| VAR | Méan | Mean | 00 | Win | adosn | Mean | i | Wi | aign | Mean
P. koraiensis 12.61(16.29]16.65| 15.18 12.61|16.29] 16.65|15.18
P. densiflora 13.85(13.85| 13.89( 13.86 13.85[13.85( 13.89|13.86
NH.NO L. kaempferi 14.91(17.5815.36| 15.95 14.91|17.58|15.36| 15.95
SRR V] tomentiglandulosa|14.94]19.38|16.22| 16.85 14.94(19.38] 16.22| 16.85
Quercus 10.17[10.47]10.28| 10.31 10.17{10.47[10.28| 10.31
Mean 13.30(15.51|14.48| 14.43 13.30[15.51| 14.48|14.43
P. koraiensis 13.33]16.48|13.03| 14.28[10.98|11.82| 8.67|10.49|24.31|28.30| 21.70| 24.77
P. densiflora 16.87|14.10{15.45( 15.47| 12.44{10.25| 11.12| 11.27 | 29.31| 24.35| 26.57 | 26.74
KsPO, L. kaempferi 14.11|16.03(16.00{ 15.38| 11.10| 11.55| 9.00{ 10.55|25.21| 27.58] 25.00| 25.93
P. tomentiglandulosa 17.17|17.23|15.55( 16.65| 13.49[12.15| 9.70| 11.78|30.66| 29.38| 25.25| 28.43
Quercus 8.78|11.05]11.52]10.45| 6.25| 8.23| 6.51| 7.00|15.03|19.28|18.03|17.45
Mean 14.05|14.98(14.31{ 14.45/10.85[10.80| 9.00{10.22|24.90| 25.78| 23.31 | 24.67
P. koraiensis 22.06|17.81/19.85[19.91| 14.51{13.33| 13.93| 13.92| 37.19| 31.14| 33.78| 33.83
P. densiflora 21.68(22.39]23.54|22.98| 16.50| 15.14| 13.61| 15.08 | 38.18| 37.53| 37.15| 38.06
K.P.O L. kaempfteri 23.08]20.35|24.94(22.79| 15.51{ 12.51| 12.66| 13.56 | 38.59| 32.86| 37.60| 36.35
sl P. tomentiglandulosa 24.15|23.23(23.49|23.62| 16.42|15.84| 13.27| 15.18| 40.57| 39.07| 36.76 | 38.80
Quercus 17.32]15.24]13.49( 15.35[10.20| 10.34| 8.42| 9.65|27.52|25.58|21.91]25.00
Mean 21.92/19.81/21.06(20.93| 14.63|13.43| 12.38| 13.48| 36.55( 33.24 | 33.44 | 34.41
P. korarensis 5.60| 2.45| 4.25| 4.10 7.63| 7.04| 9.32] 8.00|13.23| 9.49(13.57|12.10
P. densiflora 4.99| 3.52| 3.90| 4.14 5.87(10.72| 8.42| 8.33|10.86|14.24|12.32|12.47
KNO L. kaempferi 5.00| 4.03| 4.66| 4.56 8.11| 6.76| 6.84| 7.24|13.11/10.79(11.50| 11.80
s P. tomentiglandulosa| 4.95| 3.38| 4.48| 4.27 8.59| 6.77| 9.14| 8.17|13.54|10.15[13.62|12.44
Quercus 2.80| 1.78| 1.06| 2.44 4.00| 4.54| 5.27| 4.59| 6.80| 6.32| 6.33| 7.03
Mean 4.67| 3.03| 4.00| 3.90 6.83| 7.17| 7.80| 7.27|11.50/10.20|11.80|11.17
P. koraiensis 8.86| 3.97| 7.08| 6.63|25.43| 16.4|22.58|21.47 34.29(20.37| 29.66 | 28.10
P. densiflora 8.64| 5.86| 7.16| 7.22|25.81|20.5222.33|22.89 34.45( 26.38]29.49(30.11
(NH.) L. kaempfteri 7.31| 5.99| 6.34| 6.55(25.20|22.62|22.46]23.43 32.51| 28.61]28.80(29.98
#2HPO P. tomentiglandulosa)|13.42] 5.94] 7.22| 8.86]26.18] 23.96]23.95] 24.70 39.60] 29.90/ 31.17 33.56
Quercus 6.24| 3.62| 5.66| 5.17|14.69|14.21|14.40|14.42 20.93| 17.83| 20.06|19.59
Mean 8.89| 5.08| 6.69| 6.89(23.46|19.54]21.13]21.38 32.35( 24.62| 27.82| 28.27
P. korarensis 7.01| 7.56| 5.33| 6.63|19.47|18.94|14.23|17.55|12.16]10.98| 8.72|10.6238.64|37.48| 28.28| 34.80
P. densiflora 6.71| 7.09| 7.07| 6.96|16.04|18.43|16.87|17.11| 8.64[10.51| 10.0| 9.72[31.39|36.03| 33.94|33.79
C L. kaempferi 6.06| 6.57| 5.85| 6.16]16.37|17.70{18.19|17.42| 7.91| 9.87| 9.48| 9.08[30.34|34.14| 33.52|32.66
ompound P. tomentiglandulosa| 6.04] 4.76] 5.68| 5.49(19.33|19.78|21.35|20.15|10.94|10.69| 13.02| 11.55| 36.31| 35.23| 40.05| 37.19
Quercus 3.32| 4.23| 5.81| 4.45|11.56/12.00{11.20|{11.59| 6.50| 6.86| 6.60| 6.65[21.38|23.09|23.61|22.69
Mean 5.83| 6.04| 5.95| 5.94|16.55|17.37|16.37|16.76| 9.23| 9.78| 9.56| 9.53[31.61|33.19|31.88|32.23
P. koraiensis 8.52| 7.57| 8.33| 8.14|20.07|17.41|17.42{18.30| 11.32[10.79]10.16{ 10.76 | 26.61| 23.85| 23.94 | 24.80
P. densiflora 8.55| 7.58| 8.01| 8.05[20.10|18.86|19.55|19.62|10.86|11.66|10.79|11.10{26.34|25.40| 25.56 | 25.84
M L. kaempfteri 8.32| 8.54|8.055| 8.31[19.69]19.18(20.40|19.76]10.66|10.17| 9.50|10.11|25.78 25.26| 25.30| 25.45
cean P. tomentiglandulosa| 9.84|8.365| 8.40| 8.87|21.71]21.05/21.09|21.28|12.36|11.36| 11.28| 11.67|29.27| 27.19| 27.18| 27.88
Quercus 5.63| 5.03| 5.70| 5.59|13.09|13.13|12.65(12.95| 6.74| 7.49| 6.70| 6.97(16.97|17.10|16.70|17.01
Mean 8.17| 7.41| 7.78| 7.79/18.99]17.92|18.22| 18.38]10.39[10.30| 9.69|10.13|25.04| 23.76| 23.79| 24.20

Compound: 17(NH4NO3) + [K3P0O4 + 3(K2HPO4) + (NH4)3P04]
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AAIF1L, ©AA 6, THUAAFS, A5 Fow wE FEHEE B

Table 40. Nutrient releasing rate from woodchip fertilizer treated with different single

chemicals
oo slrr;ék Releasing(%)
pecific . -
Dame . 1 2 3 4 5 6 7 8 9 10 11

(hrs) N P05 KO P05 K:O N P05 K:O N KO N P:Os N P05 N P,0s N P05 KO
6 91.7 69.2 75.1 70.7 75.8 84.8 90.6 91.0 87.8 88.1 83.7 74.6 90.9 84.5 68.1 60.7 89.8 66.5 75.1
12 6.4 20.718.0 21.4 19.710.2 54 6.2 7.3 95124195 7.410.8 19.8 225 8.3 22.3 21.0
24 1.2 7.1 52 47 36 27 21 10 25 16 26 46 1.2 31 77112 12 73 2.8
48 05 29 13 32 06 1.7 19 16 24 04 10 14 03 16 24 52 06 3.8 0.7
9% 01 0.1 02 00 01 03 00 01 0.0 02 0.2 00 01 00 0.8 0.2 00 01 0.2
192 0.1 00 02 00 01 03 0.0 01 0.0 02 0.2 00 01 00 1.2 0.2 00 00 0.2
6 86.9 77.0 82.1 62.9 70.9 66.8 75.3 69.3 89.3 85.6 83.4 73.8 87.3 81.5 83.3 77.0 86.2 53.9 66.0
12 9.8 15.313.517.215.1 164 16.3 21.8 6.6 11.3 9.4 16.0 9.5 12.1 12.5 15.8 11.2 23.4 22.9
P 24 16 48 31989 72 98 62 71 19 22 39 6.7 25471 26 48 21156 7.8
koraiensis 48 1.5 2.9 0.9 89 47 49 21 15 21 05 20 32 04 16 08 24 05 65 29
9% 01 0.1 02 07 11 1.1 01 0.2 0.0 02 06 02 0.2 00 04 0.0 00 05 0.2

192 01 00 02 04 10 1.0 0.0 01 0.0 02 07 01 02 00 03 0.0 00 01 0.2

6 90.9 76.2 80.5 68.4 75.1 66.0 72.8 73.3 85.3 82.6 83.1 67.9 81.4 70.1 78.5 65.1 79.7 71.8 82.9

12 7.4 15.215.1 21.1 18.6 16.0 16.2 19.0 9.4 12.3 12.0 22.2 13.2 21.8 15.8 22.7 14.6 18.9 13.0

L 24 1.2 51 30 7.2 51 97 51 48 32 35 34 72 45 59 39 82 48 6.0 29
kaempfer 48 0.4 3.4 1.0 3.2 07 56 57 22 20 1.1 1.2 28 06 2.1 0.9 3.9 09 32 1.0
96 0.1 0.0 02 01 02 15 01 03 0.0 03 0.2 00 0.2 00 04 0.0 00 00 0.1

192 01 00 02 00 02 1.2 0.1 04 0.0 03 0.2 00 0.2 00 04 0.0 00 00 0.2

6 91.8 77.8 83.5 83.0 89.6 75.1 86.7 88.4 88.4 88.5 84.3 77.4 79.4 69.6 74.7 65.2 86.5 72.9 82.2

12 6.7 16.6 12.910.3 7.8 13.3 8.4 10.0 6.8 8.5 10.3 14.2 13.9 20.2 16.1 20.8 11.2 18.3 14.6
tomen[;:g/and 24 1.1 33 23 36 15 66 28 09 25 18 36 56 51 74 63 96 18 57 2.2
ulosa 48 03 23 09 30 0.7 37 20 05 23 07 14 27 11 27 18 41 05 3.0 0.6
9% 01 0.0 02 0.1 02 07 00 01 0.0 03 0.2 00 03 0.1 06 0.2 00 01 0.1

192 0.1 00 02 00 02 05 0.0 01 0.0 03 0.2 00 0.2 00 05 0.1 00 01 0.2

6 82.5 79.3 86.5 67.6 76.4 68.5 85.6 83.2 82.6 69.8 85.2 77.9 88.2 82.0 73.2 64.8 85.9 59.4 65.7

12 13.6 12.3 9.6 22.5 17.3 15.7 7.910.7 9.716.7 9.0 14.3 8.7 13.2 15.5 21.2 10.7 19.2 17.9

24 29 45 19 56 44 81 40 28 44 96 36 58 1.7 32 62 79 2713211.1

48 0.7 39 13 42 12 49 25 23 33 26 14 19 05 1.6 25 59 07 73 44

9% 02 00 03 01 03 15 01 06 0.1 08 04 00 05 00 13 0.2 00 08 0.6

192 0.2 00 04 00 04 1.2 0.0 05 00 06 04 00 05 00 14 0.1 00 0.2 0.3

6 88.8 75.9 81.5 70.5 77.6 72.3 82.2 81.0 86.7 82.9 83.9 74.3 85.4 77.6 75.6 66.6 85.6 64.9 74.4

12 8.8 16.0 13.8 18.5 15.7 14.3 10.8 13.5 8.0 11.7 10.6 17.2 10.5 15.6 15.9 20.6 11.2 20.4 17.9

24 16 49 31 6.2 44 74 41 33 29 37 34 60 30 49 53 83 25 96 54

48 0.7 3.1 1.1 45 16 42 28 16 24 10 14 24 06 19 17 43 06 4.7 19

9% 01 0.1 02 02 04 10 01 03 0.0 04 03 01 0.2 00 07 0.1 00 03 0.2

192 0.1 0.0 0.2 0.1 04 09 0.0 0.2 0.0 03 03 00 0.2 0.0 0.8 0.1 00 0.1 0.2

P. densiflora

Quercus

Mean

Chemical 1—-NHyNOsz;, Chemical 2—K3PO,;, Chemical 3—K;HPO,, Chemical 4—(NH;)s [Mo0702] )-4H:0, Chemical
5—K,4P207, Chemical 6—KNOj3, Chemical 7—NH;H,PO,4, Chemical 8 —(NH,).HPO,, Chemical 9—(NH,)3P0,-3H20, Chemical
10—Ca(NO3)2-4H20, Chemical 11—P205:52%(P: 22.7%)+K:0:34%(K:28%)

= -
gddAel FAer 5Fe] Hds Plastd Neo A9 @Al I =g
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§EHYOR, Aok, Aok, WA o6, Tl ok, AN ok10, WA S o W
FEHU P0s o AT WAAHINA S e gho] hgor], WUy, TUAA,
SUAGT, BANokz, VAN, BANGS wo= Ee gol ugth K0S F%
SAAGIAA 4 = §ESES nglom, WU, BANE5, BAN ks, DA 2
O o $ELEE uAY 1YBE GAAG 14 Y = §EE0E AES 99

2) I &9 &8 EAJvRY &5
g7hel AE W FF T 57 M 122 £EL FURSE o oAU &%
£57t AR B =& o2 GgiEgiod A9 Ade 9wt 1 99 dow AL
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AF =7 "ol oy & dAye SRS RS ol JARR REEs SAE
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Table 41. Nutrient releasing rate from woodchip fertilizer to water at different soaking time

Wood species Soaking time, hours N (%) P205 (%) K:0 %
4 93.31 75.00 72.87
P. koraiensis 12 98.64 95.67 94.99
24 100.00 100.00 99.99
4 92.27 82.54 75.33
P. densiflora 12 98.70 97.99 93.05
24 100.00 100.03 100.00
4 91.62 77.22 75.30
P. rigida 12 98.70 93.27 95.04
24 100.00 100.00 100.03
4 91.56 80.02 79.00
L. kaempfteri 12 96.13 89.86 93.61
24 100.00 100.00 100.00
4 89.52 78.36 74.36
P. tomentiglandulasa 12 98.08 93.36 91.03
24 100.00 100.00 100.00
4 88.95 79.24 77.25
A. hirsuta 12 98.01 86.38 92.73
24 100.00 100.00 100.00
4 88.35 78.56 76.39
C. crenata 12 95.70 92.35 91.22
24 100.00 99.99 100.00
4 87.38 74.00 73.81
R. pseudoacacia 12 97.78 92.35 93.02
24 100.00 99.99 100.00
4 84.13 72.05 70.00
Quercus 12 91.09 90.03 95.36
24 100.00 100.00 100.00
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Fig. 54. Nutrient (N, P2O5 and K20) released (estimated by LV=SEM) from woodchip fertilizer

to water at different soaking time.
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Table 42. Amount of nutrient released in water from oven dry and green woodchip fertilizer

Amount of chemical released

Wood species State ii?é((i;fi)
N(%) P205(%) K20(%) Mean
24 97.05 49.60 96.34 81.00
Oven dry 48 2.18 48.81 2.72 17.90
wood 96 0.45 1.23 0.34 0.67
192 0.32 0.35 0.60 0.42
P. densifiora
24 97.95 57.84 69.93 75.24
Green 48 1.89 40.37 29.25 23.84
wood 96 0.12 1.43 0.37 0.64
192 0.04 0.36 0.45 0.28
24 98.22 73.60 98.69 90.17
Oven dry 48 1.40 25.90 0.92 9.41
wood 96 0.25 0.35 0.15 0.25
192 0.13 0.15 0.24 0.17
P. tomentiglandulosa
24 97.77 72.52 98.00 89.43
Green 48 2.08 25.89 1.63 9.87
wood 96 0.11 1.38 0.16 0.55
192 0.04 0.21 0.21 0.15
24 96.81 45.67 95.13 79.20
Oven dry 48 2.43 53.05 4.12 19.87
wood 96 0.46 0.98 0.28 0.57
192 0.30 0.30 0.47 0.36
Quercus
24 97.92 53.09 97.66 82.89
Green 48 1.87 46.16 1.56 16.53
wood 96 0.11 0.58 0.29 0.33
192 0.11 0.17 0.49 0.26
24 97.36 56.29 96.72 83.46
Oven dry 48 2.00 42.59 2.59 15.73
wood 96 0.39 0.85 0.26 0.50
192 0.25 0.27 0.44 0.32
Mean
24 97.88 61.15 88.53 82.52
Green 48 1.95 37.47 10.81 16.74
wood 96 0.11 1.13 0.27 0.50
192 0.06 0.25 0.38 0.23
4) 28 FY4 EFAY &3 EAJYvRY &5
23] F4 THAF ZAANRY $EEEE EFAPER wwely] s 28 F9
AR EERE 0.5g9 #e AHES AF sk AP A3 EFAE 34 No A
&S e AUTSA JHE UHA Uetgew, SARAIUYE, 9SS, vy, Shug S0
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Table 43. Amount of nutrient released from woodchip fertilizer treated by compound

chemicals
Nutrient released (%)
Soaking
Specific name times compound 3 compound 4  compound 5 compound 6 Mean
(hrs)

N P20s K0 N P05 K0 N P05 K0 N P05 K20 N P05 KoO Mean

6 91.6 88.1 86.8 93.5 92.2 93.0 94.4 82.4 89.9 90.7 86.0 87.9 92.6 87.2 89.4 89.7
12 71 89 81 44 7.1 50 43140 6.0 74115 98 58104 7.2 7.8
24 05 24 18 07 04 06 06 22 12 08 1.7 1.3 07 1.7 1.2 1.2
48 04 01 17 07 02 05 04 09 09 07 02 05 06 04 09 0.6
96 02 01 10 04 01 05 02 02 13 03 04 03 03 02 0.8 04
192 01 01 07 04 00 04 01 03 08 0.2 02 03 02 02 06 0.3
6 94.1 80.9 86.9 88.2 73.5 88.2 90.0 69.1 84.3 88.4 89.6 88.6 90.2 78.3 87.0 85.2
12 48 14.2 51 86 173 83 79205 93 81 7.7 86 74149 7.810.0
24 04 21 36 17 70 13 13 74 22 14 1.7 18 12 46 22 27
48 03 15 18 08 18 06 06 22 11 1.1 03 04 07 1.5 1.0 1.1
96 03 10 14 04 03 10 02 03 16 06 06 03 04 06 1.1 0.7
192 02 03 1.1 03 02 07 01 03 15 05 02 02 03 03 09 05
6 91.8 83.5 79.6 88.2 84.6 85.5 91.8 73.5 86.8 91.8 84.5 90.1 90.9 81.5 81.5 86.0
12 6.8 11.8 9.3 8.6 104 9.1 6.316.6 7.5 65109 6.3 7.1124 81 9.2
24 08 35 42 16 34 23 10 6.7 20 08 29 20 1.1 41 26 2.6
48 02 03 34 10 10 1.1 06 2.8 1.3 05 09 07 06 1.3 1.6 1.2
96 02 06 26 04 04 12 01 03 1.2 03 04 04 03 04 1.3 0.7
192 02 03 10 03 02 07 01 02 1.1 02 04 05 02 03 08 04
6 95.0 89.9 81.8 86.0 81.5 87.5 94.3 81.6 89.0 90.7 87.5 94.0 91.5 85.1 88.1 88.2
12 3.5 64 57 9.8 127 76 43113 6.7 6.7 88 35 6.1 9.8 59 7.3
24 05 1.7 46 23 30 19 07 44 15 1.1 29 13 12 3.0 23 23
48 04 06 37 10 15 1.1 05 21 1.1 08 04 07 07 12 1.7 1.2
96 03 1.2 27 05 09 1.2 01 03 09 04 03 03 03 0.7 1.3 0.8
192 02 02 15 04 04 07 01 03 08 03 0.1 03 03 03 0.8 0.5
6 87.2 68.5 75.1 81.3 66.0 82.9 93.3 75.2 84.6 85.5 83.8 87.1 86.8 73.4 82.4 80.9
12 9.4 19.5 14.3 11.8 20.3 9.7 46169 73104 11.8 87 9.1 17.110.0 12.1
24 20 89 40 37 107 33 1.0 51 20 20 29 27 22 69 3.0 4.0

P. densiflora

P. korarensis

L. kaempferr

P. tomentiglandulosa

Quercus
48 08 1.7 34 21 27 16 08 19 1.7 1.3 06 06 1.3 1.7 1.8 1.6
96 04 1.1 20 06 0.1 14 0.2 04 26 05 06 05 04 06 1.6 0.9
192 0.3 02 13 05 0.1 1.1 0.2 05 1.7 04 04 04 04 03 1.2 0.6
6 92.0 82.2 82.0 87.4 79.6 87.4 92.8 76.4 86.9 89.4 86.3 89.5 90.4 81.1 86.5 86.0
12 6.3 12.2 85 86 136 79 55159 74 7.810.2 74 7.113.0 7.8 9.3
24 0.8 37 36 20 49 19 09 52 18 12 24 18 12 41 23 25

Mean

48 04 09 28 11 14 10 06 20 1.2 09 05 06 08 1.2 14 1.1
96 03 09 19 05 04 10 02 03 15 04 04 04 04 05 1.2 07
192 02 02 11 04 02 07 01 03 1.2 03 02 03 03 03 08 0.5

Compound 3 @ {K3POs + 3(K:HPOs) + (NH4)3POs} + 10(NH4NO3)
Compound 4 : 10(NH4NO3) + {KsPOs + 3(K:HPOs) + (NH4)3PO4}
Compound 5 : {K3POs + 3(K:HPO,) + (NH4)3PO4} + 17(NH4NO3)
Compound 6 : 17(NH4NO3) +{KsPOs + 3(K.HPOs) + (NH)3PO4}

- 111 -



TAE HERAH

5% N &% Hde wustd EIACF 4oM 7Y =2 &EHNeH, A6,
EAIkS, EHA S o WEA SFEHAY. 575 P05 Y Fds Blaskd T of
SollM 7 v FAE dEdlen, EAeH, SR, TG £oR w2 FAE
ettt 54 K0 % Hde mlaskd EFAI 3eM M =¥ §E5EE
UER e, EghAIeks, TR, EFAGE cow WE §EHEE UEt N2 A=
EHASF 3ellA FEHETF 7Y whEA Ustor, P.0s, K09 4% A 6014 SE5HE=7)

5) A

Aopd % £F £5% B2 2 W A N 8% &£5sb b wEm, 113 Aok
P,0s9t Ko0 £E£E7F 7HF =2tk 9ol A3 g % F §E557 M B £Fe
AR ot 28] 9 EFAF F compound 49] §F HEmsb =k

Zo| A £2A1F Ay AAFoZ 22.21-30.60% =593, N 26.62—30.60%,

P05 22.21-26.88%, K.0& 25.37—-28.83%2] &&= YEWT 3719 A& F No| 71 w27
LA, P0s7F =Fo FEEEE "aUFoA NI P09 8% £X7F 7MY =%,
K,0=

= OPZMAIUOl A 7 =3n N2 2o EuielA Y wEA §E5%1a, P05
tael A e &5 AT K0 Fuol A was &E5 0.
= -

TETEE ANY 29 E 2T NNE5dHFE UG wEXZTH A A 2000-20%.(2001. 1.
4)) F714 Axngel ‘YEH g 14 (249 27858 25%0]5Y A) BubE 1.6-5.6%
Holal, E3nm|gel “‘HERIHE 724 2 ‘YEAEINE FHARL2Y Z7|EEE

= ol

- 112 -



Table 44. Nutrients retention and % released after 24 hours of soaking in water

% K.0
% N released % P20s5

. released at 24

Types of fertilizer % N at 24 hrs %P->0s5 |released at 24| % K20 )

) ) hrs soaking
soaking hrs soaking

P. koraiensis 19.60 |5.54 (28.26%)| 16.03 |4.24 (26.47%)| 14.52 |4.19 (28.83%)
P. rigida 19.40 |5.84 (30.10%)| 14.93 |4.01 (26.88%)| 14.64 |4.12 (28.13%)

M. glyptostroboides 20.45 [6.21 (30.38%)| 15.34 [3.98 (25.91%)| 14.93 |4.28 (28.66%)
P. tomentiginadulosa | 20.04 |5.70 (28.44%)| 15.80 |4.17 (26.37%)| 14.32 [4.10 (28.66%)

A. hirsuta 19.56 |5.99 (30.60%)| 16.45 |4.35 (26.44%)| 13.92 [4.01 (28.78%)
P. occidentalis 19.96 |5.88 (29.45%)| 16.32 |4.32 (26.46%)| 14.61 |4.31 (29.53%)
R pseudoacacia 13.63 |3.77 (27.69%)| 11.27 2.59 (22.95%)| 10.60 |2.69 (25.37%)
C. crenata 15.75 [4.51 (28.65%)| 12.17 |2.77 (22.79%)| 11.36 |2.92 (25.69%)
Q. dentata 15.82 |4.21 (26.62%)| 12.29 |2.73 (22.21%)| 11.76 |3.12 (26.49%)

T £F AE A F EAHbE Jo AR FHF 2 A AR FHEH oOey 14
Fag=

Table 45. Nutrients content and released before and after 24 hours of soaking in water(%)

% N content in %P205 % K20
Types of fertilizer Woodchip content in Woodchip | content in Woodchip

Before After Before After Before After
P. koraiensis 19.60 11.06 16.03 10.75 14.52 9.36
P. rigida 19.40 10.78 14.93 9.91 14.64 8.52
M. glyptostroboides 20.45 11.27 15.34 9.36 14.93 8.65
P. tomentiginadulosa | 20.04 10.38 15.80 9.63 14.32 8.21
A. hirsuta 19.56 10.56 16.45 10.08 13.92 8.22
P. occidentalis 19.96 12.08 16.32 11.07 14.61 9.03
K. pseudoacacia 13.63 7.67 11.27 6.38 10.60 5.89
C. crenata 15.75 10.73 12.17 8.77 11.36 7.38
Q. dentata 15.82 10.91 12.29 8.88 11.76 7.93

A EG F &5
219 st EY SEAPS AN T EG WY mlagdie dqF%sE 54 29 NH-N#}
NO;—N, K= st g A7 Fui-E S8 s A7 2 %o, P & AgT-olA
Hedloh dizTelA seuls Aot FurE SAPEE AT Abolol A%
UEts A2 285 v o] ZIEAMFEEY N2 of 274], P.0s=1524, K0

T
w
B~
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Table 46. N, P and K found in soil at 30cm depth at 21 days Unit: mg/kg

Fertilizer NH4—N NO3;—-N P K

Quercus spp. 356.41 57.91 123.50 401.00
Chemical 824.90 298.88 123.14 618.33
Control 42.93 10.13 100.77 211.17

105 woF B 7Y AFoA &EFE 159 Fow Frste] 43 A3 NH,—NI}
NO;—N%= 459 74A] shghu|m Aol 4 &FHA2Y, 609 o]FHE = s
AR s AeTredA A4 ve FurE AN E ATl F 1059 $F NH—N9
S£E5F Y €5 4SS F 100%2 BES u 159 ol 4.05%, 309 &9+ 17.15%, 45 5t
38.05%, 60Y B9t 56.59%, 75% Bk 74.81%, 90¥ B<F 88.13% SEHUAU. IFIH| R
Aol A F 1059 F<F NHi—Ne| &&F U9 &F 4S F 100%= HAS o 159 o
31.80%, 309 &<t 72.61%, 45% &<t 89.27%, 60 et 92.99%, 759 ot 95.99%, 90Y F<t
98.38% &=H AUt FuFE& EAPH R A FdAE 609 I F 56.59%7F &EE Ao
stehul s ATl As 92.99%7F & HAoH, 609 S 92.99%7F &EHUT. M EE

o

Adkiel] @ #Fo]l EHoY, IS EAFVEE ANt 304FH 759 Alolo] wol
=5 a, SRR fAste AES Hv sehhjaes AR 459 A B2 o]
EEZHAoY 60 ol 7Y w48 AT xTY H EEFS 0.45ppmo] AT
Table 47. NH,—N in leachate Unit: ppm
Types of
fertilizer/ 15 30 45 60 75 90 105
Days
Quercus spp. 80.34 259.25 413.80 367.02 360.75 264.67 234.19
Chemical 605.09 776.70  316.98 70.83 57.17 45.48 30.86
Control 0.99 0.12 0.15 0.24 0.51 0.49 0.65

-5 2P0 R Aol 1059 F<F NO;—-No &&5 U9 &% 45 % 100%=
S uf 159 el 6.04%, 30 5t 13.19%, 45Y <t 24.91%, 60 &9+ 49.60%, 754 &9t
75.12%, 904 F<F 90.16% &&=l gz ATl 1059 5 NOs—Ne| €& W9
L5 4S F 10092 BkS u 159 ol 8.78%, 30Y &< 38.45%, 459 5<t 77.03%, 60
91.53%, 75¢ B 96.43%, 90¥ B 98.35% EEHIAU FUFE HAFHE
A3 F 49.60%7F &=HAoY, FSHH|R AP FolM = 92.99%7F &=
91.53%7} &=HAet. steHsE ARbio] W& o] &EFHAOH,
F& ZAP RE A 60U HE 759 Apolo] Wo] &EH U, Fukio] 7
wolth geuas AW 20 30UFE 60Y 7HA Be do] §EFHAY Fubie] {43

AN
Fageh dETY Pt §EFS 0.93ppmol e,
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Table 48. NO3—N in leachate Unit: ppm

Types of

fertilizer/ 15 30 45 60 75 90 105

Days

Quercus spp. 109.67 12990 212.76 450.16 461.54 273.19 178.69

Chemical 227.50 769.23 1000.0 375.72 127.01 49.93 42.71
0

Control 0.12 0.25 0.18 1.57 1.63 1.52 1.25

Pel && S 60 7HA stEmlE A FelA =A JEtRey 75Y o] FREHE FUNSE

T AgTelA =A dEiwth Ke dAHo® s EZH%ME ATl A =
etk S SA4PE R Aol 1059 5o PY £&5F WY &F 48 F 100%=
Hoks uf 15¢ Wloll 4.83%, 30 &< 10.50%, 45 &<t 28.18%, 60 %O& 47.72%, 759 FoF
67.25%, 90 &<t 83.65% S=T At MR A FolA 105Y B¢t P &&F U9 &&
U F 100%= WS W 159 ol 8.60%, 30 St 25.09%, 4

=)
[e)
82.67%, 759 =<t 88.90%, 90 =<t 94.87% %H%E} g BB R A 2] Tl A
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48.54%7} SEH . e Es ﬁ‘:&l‘%ﬂl B ol %%H?iﬁb}, Fups SN

o=
4545 ®ol &AL, FHbFol ot radhs FES B genjaes duk § 309 H-E
60 744 B ol ESEHNoy FRbFel ot v dixgre] e §EES

Table 49. P in leachate Unit: ppm
Types of
o 15 30 45 60 75 90 105
fertilizer/ Days
Quercus spp. 80.38 94.23  294.23 325.00 324.92 272.85 272.00
Chemical 233.46 448.08 636.77 926.92 169.23 162.23 139.38
Control 0.07 0.08 0.08 0.09 0.08 0.09 0.07

g SAF R AelgelM 1059 Fet Ko &5 e §& 4& F 10022 B3ts o
15 Well 4.22%, 30 3t 12.62%, 459 F<F 37.81%, 60% 53t 58.85%, 756 &<t 74.80%,
A

2 Fot
90 &<t 91.60% &= At FEus A FolA 105Y¢ ¢ Ko &5 U9 §F & F
100% = Hoks w 154 o] 21.63%, 304 &< 58.84%, 45U &<t 87.77%, 60U &<t 97.52%,
75 E2F 98.89%, 90U EF 99.44% &=t FUFE BAHNE AgTedA = 609 FH
T 58.85%7F €& Ao, gt g APl s 97.52%7F €F Ao, 45U F9F 48.54%7}F
=5k sEHl s Ayl B o] §EEFAUoY, S BN RS 4595 EH o
|=E AL, Fube] ofzh FFAshE AEgS HAAYh sEHlse ARE § O 15Y9FH 459 7HA
% ]

AL, FRbRel] 54 A2 2o W EFS 9.09ppmel ATt
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Unit: ppm

K in leachate

Table 50.

Types of

105

30 45 60 75 90

15

fertilizer/

Days

1540.3  771.00

771.23 2310.3 1929.7 1463.4

386.62

Quercus spp.

4236.7 3294.0 1110.3 155.62 63.31 63.46

2463.4

Chemical

12.23 8.24 7.23 5.26 5.27

10.12

15.25

Control

A B = W] N, Py0s5, K209 232 717} 88.04mg, 123.03mg, 65.11mge] it}

L= Fo N, P05, Ko0= Z+2F 597mg, 216mg, 1,196mg
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Table 51. Decomposition rate of woodchip fertilizer in soil (%)

Soil texture Sandy loam Clay Sand Mean
P .
P . P . P .
. P . P . P .|tomen
Species densif] tomen|Quer Mean |densit] tomen|Quer Mean |densiftomen Quer Mean |densif|tiglan Querc Mean
lora [dll‘]g}(])ig cus lora [dll‘ﬁéig cus lora ZdIL‘]g[ézg cus lora |dulos|"®
a
Decompositio ._159.2152.3 . 55.8 . 50.4143.7|37.5(52.7|55.1|48.4
41.57]56.35 38.47153.82 49.38|32.75|47.93
n 5 9 5 3 0 9 0 8 9
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483 oFgtt}. Camscopedl]

HA = P
koraiensis> P. densiflora> P. rigida> L. kaempferi =M% FFZ7F =3, AAA=
koraiensis> P, rigida> P, densiflora> L. kaempteri X2 AF =7} =T},

713 Aloko] EAHE HEFES] A5 pH, EC ¥ &% WsE AN Ay pHE ot
HolA &= ZgFo] eI, ECS 2% Wk ik &3 Aol 23} HEol me &%,
pHel W37k glflom, JdEo] BT WasAod] we At JHEe] T-N, T-P, T-K

4

FrFe 24T A AAdM= dAHem N3 P0s drEel A SAENeH,
el M= K0 & = et 228 Aols AR Ay, AAleM e N e
s

ol =
AAICE 19 2%E25C(32.42%)04  7HE =%, P05 FHEFES ZFAYF 29
S5240C(20.41%) 04 7Hd =4 Yebgth K0 gf3e EghA ok 29 %30T (2.97%)00 A
7V =4 vEbgth 3 A0k Al A E &% 40T A N, P05, KoO 3ol a8 o=
= vskon, JHEAAE 30C, 40CTelA = vskoh A9 B9 N 3 EFAF 49
25CoNA 12.43%=24 71 =A YeElSTh P05 i3S EFAIF 30014 40TColA 26.76% =
Vg EA UERET K0 SRS A 49 AU 2.33%2 M A UER
A= P05 THFH (B 18.08%)0] A detwon, IdEoHe KO0 FFHF(FE
13.91%)°] A Ydebth A A= E3HA F 6914 N SH2F (3 11.33%)2 %574] eSO,
EAIF 39014 P05 TR (HA 23.01%)°] =A el JdEAAE EFAIF 6914 N
SHF(H A 11.40%)°] =4 YERtaL, P:0s =8t 11.01%)°] =
6ol KoO HF(Ht 15.29%)°] = Yetstth A4 - AdE 25 EFAoF 63 394 N,
P20s, K20 3ol A vkt
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A AlEs w2 F <, E715 AFske] 90T 2413, 60Tl 24417 o] T&3] A=
KX

F BEHE A EES AR N(HCIONHS04=10:1) 02 H24] Hafjste] AAE Kjeldhld, <14F
vanadate®, Z& 9AFFEIHoZ FAHNNY. AS, £, HITId P FHAFRAE
FTEXNEH AN AT 27 Ed =8kl AAISESIT
Table 52. Chemical analysis of soil before experiment
pH | EC | oM | pos | Ca [ K | Mg CFC Si0,
(1:5) | dS/m) | (g/kg) |(mg/Kg) (cmol(+)/kg) (cmol(+)/kg) | (mg/kg)
5.63 1.48 32.34 219 4.95 0.67 0.75 10.06 185
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©
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Figl. Porous ceramic cup for percolation water sampling

Fig. 55. Porous ceramic cup for percolation water sampling
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Table 53. Plant height and numbers of tiller after 60 days of transplanting

Quercus(%) P. tomentiglandulosa(%) P. densiflora(%)

. 15130 |- 15 [ 30 | .- 15 | 30
F(100 |y | ey | FE | 100 |y |y | EE 100 |y | oy

s
=

Plant
height | 89 | 838 | 83 | 86 | 80 | 90 | 87 | 89 | 87 | 86 | 82 | &0

Sandyloam (cm)

I\i?lie?f 92.8(21.1121.3121.5/20.7(22.9]23.5/21.2/18.9|23.2|19.4|17.6

Plant
height | 53 | 60 | 59 | 60 | 50 | 66 | 66 | 63 | 54 | 61 | 61 | 65

Clay (cm)
No. of
50 1106|198 | 8934 |84 |83 |801]39]|92]|83]| 9.0

tiller
Plant
Sand h(ecir%k)lt 59 | 64 | 66 | 66 | 59 | 62 | 66 | 66 | B3 | 63 | 68 | 64
I\tlv:?lie(r)f 45 (10.2/10.0/10.0| 4.1 |10.2|10.4|10.1| 3.6 | 9.4 |10.0| 8.7
2) $FTHEE R 53
Ay w B puvdase FRe ® osash gtk Qwk AWA EE AW o)
FPAFE 5 Y SRR B SANGRAA T gm AR sk A4
BT FFS AU BRo FPALE e AFL B on, AuEEE gol:
AFUTES AT 15% A¥TAA FF Aozt AA kot 30% Al AL EEAM
el 90% F=ol s B FUF-E dAM= ZEAM b AlbjgEE Aol glo] 10%
Hase A4S Bo] 55 oo Ud AR A7t 3 Hojof & Ao AR HAn
XE AN EFE FEFIFEAS ARV JERY ko FFol o7 Atol= A &t
ARl o] 2ho] A2 AR Afufell A of o] AJH|FFo] AHojHgE FFgrgko] vlop Hon,
53] AR FUFEH £FL2 15% B 30% #HlNA 100%AH] == M| 84% °] @2 TS
Btk oA 7] AFo] vha ARG Zo] AH F7] /M dFS 73 A2 AR
AEE AUFFE 30% AH AelA 83% o FRATE EHAS ¥ VIE Ag A= 95%
ol ottt
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Table 54. Comparison of yield and yield components of rice

Culm Panicle No. of | No. of Ripened Yiel Yiel
Treatment | length | length | G0t | DR @i | gy | index
control 79 20 18.2 99 74.1 584 100
Quercus 100% 80 20 18.4 82 83.5 531 91
15%%+1] 74 19 16.0 79 86.7 525 90
30%7 1] 72 19 17.6 85 83.6 518 89
control 85 20 20.1 89 68.3 562 100
Sandy loam P. tomen- 100% 85 20 19.9 96 72.4 543 97
tiglandulosa 15%% 1] 80 20 20.2 96 72.3 534 95
30%%44] 81 20 19.5 90 68.4 510 91
control 80 20 18.8 93 72.1 574 100
P densiflora 100% 87 20 18.0 93 82.6 550 96
’ 15%7 1] 80 20 16.9 92 72.7 543 95
30%%3 1] 75 19 15.6 86 76.0 507 38
no fertilizer 46 16 4.3 47 78.3 18.3 -
Quercus 100% 58 19 9.5 50 88.8 64.8 100
15%%+1] 51 18 8.6 54 86.7 54.7 84
30%% 1] 54 18 8.2 57 85.8 54.2 84
no fertilizer 46 17 4.3 36 85.2 17.8 -
Clay P. tomen- 100% 57 20 8.3 65 86.5 66.7 100
tiglandulosa 15%7+ 4] 56 19 7.8 70 89.1 68.4 103
30%%44] 52 17 8.3 58 81.5 57.3 36
no fertilizerl 40 14 5.1 34 74.1 23.1 -
P densiflora 100% 53 19 7.4 63. 86.3 56.1 100
’ 15%% 1] 52 18 7.9 62 87.9 56.4 101
30%73 1] 53 18 7.9 62 89.0 56.1 100
no fertilizer 50 19 6.0 65 88.1 23.1 -
Quercus 100% 56 19 8.4 71 86.5 70.5 100
15%%+1] 58 19 8.7 70 89.4 66.3 94
30%43 1] 55 19 7.6 69 89.6 64.9 92
no fertilizer 51 18 5.5 66 86.9 31.9 -
Sand P. tomen- 100% 57 18 9.1 73 86.2 75.9 100
h tiglandulosa 15%7+ 4] 60 19 9.2 69 87.1 73.5 97
30%%44] 55 18 9.2 67 84.8 73.7 97
no fertilizer 47 18 5.3 65 86.1 35.6 -
P densiflora 100% 54 18 7.8 77 87.7 73.3 100
’ 15%% 1] 60 19 7.8 76 87.5 73.3 100
30%% 1] 56 19 6.4 76 87.4 68.0 93
3 BaF A
%2 9 AueEE "galE 9y ALE ¥ 559 A EFEAH oib] ZAQHEE A FEA
H g A o ®eo] WA HYau e I A gt FFE oW wA AR
AT Qo] ta WA B 9 ov AusEd Aolde wEAM ¥l 100%
AT oA a9 Ay o] =oka 3] HEeF W 3A HLv) Yol A= AE

Bt
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Table 55. The degrees of disease and insect pests infection

Blast .
0~9) Shfeath Rice stem Lodging
Treatment : blight borer 0~ 9)
leaf blast spikelet 079 079
blast
control 0 0 1 0 0
100% 1 1 3 0 1
Quercus
15%7+4] 0 1 1 0 0
30%7+H] 0 0 1 0 0
control 0 0 1 0 0
P. 100% 1 1 3 0 1
tomentiglandu
losa 15%%+H] 1 1 1 0 1
30%7+H] 0 0 1 0 0
control 0 0 1 0 0
P 100% 0 1 3 0 1
densiflora 15%7H4) 0 1 3 0 1
30% 74| 0 0 1 0 0
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Table 56. Quality of milled rice according to the soil and cropping system

(%)
T 5 Treatment | Head rice | Milky white | Checked Opaque-
kernel
control 80.2 13.5 6.1 0.5
100% 90.2 5.8 3.7 0.2
Quercus
15%7H] 91.2 5.1 3.6 0.2
30% 74| 91.6 4.2 4.0 0.2
control 78.5 14.9 6.1 0.4
P. tomenti- 100% 79.9 13.7 6.0 0.5
Sandyloam
glandulosa 15%7F4] 81.8 11.9 6.2 0.2
30%7H] 80.0 13.1 6.5 0.4
control 79.5 13.2 7.2 0.2
] 100% 84.2 10.2 5.3 0.3
P. densiflora
15%7H] 85.8 9.6 4.4 0.4
30%7+H] 90.2 6.2 3.4 0.2
control 76.4 0.3 21.1 2.2
100% 76.0 0.3 22.7 0.6
Quercus
15%7H] 78.5 0.3 20.3 2.6
30%%+H] 68.5 0.4 28.7 2.6
control 75.0 0.2 22.3 2.6
P. tomenti- 100% 74.5 0.2 24.0 1.3
Clay glandulosa 15%7+4] 79.8 0.3 19.1 0.8
30% 74| 77.5 0.2 21.5 0.8
control 73.2 0.4 22.9 3.7
) 100% 74.1 0.4 23.8 1.6
P. densiflora
15%7 1] 75.5 0.4 22.3 1.7
30% 74| 75.5 0.2 23.0 1.4
control 80.4 0.3 17.9 1.4
100% 68.7 0.3 28.3 2.0
Quercus
15%7%H] 67.6 0.5 29.4 2.4
30% 74| 69.7 0.5 28.1 1.9
control 79.5 1.8 18.7 1.5
P. tomenti- 100% 65.8 0.4 30.8 3.1
Sand glandulosa 15%7F4] 67.7 0.7 28.3 3.4
30%7+H] 69.9 0.1 28.3 1.7
control 80.1 0.2 18.2 1.4
100% 67.9 0.8 27.9 3.7
P. densiflora
15%7H] 69.5 0.2 27.6 2.7
30% 74| 74.0 0.5 24.1 1.6
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Fig. 56.

B

W FEAN £33 F B4 FF AEFS ¥ 579 2o BEYE AEFS HERT AR A
Fob op $EMRE SAMAIRIE E 9 AEAA b A dehdoh AuSEd gelx
o Y 3o i glol 9 @ 5 Hopde AFL mRou 1 Aole A st
AEAA AEZF] AERT AW AL AS5x7]  wlFEZd ot BHAS Flo o3|
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Table 57. Dry weight of the plant after harvest (g/plant)
Clay Sandy
Treatment - -
P. tomentig— i P. tomentig— i
Quercus P. densiflora | Quercus P. densiflora
landulosa landulosa
without
fertilizer 4.9 5.8 5.2 7.1 5.1 6.1
100% 12.6 14.0 11.1 14.2 15.2 13.1
15%7+4] 11.6 13.2 11.6 12.6 15.0 15.5
30% 74| 11.6 10.5 13.6 12.6 14.0 10.5

- 127 -



without

fertilizer

Quercus

P. tomen-

tiglandulosa

P. densiflora -

Fig. 57. Comparison of growth and development of shoot and root

6) 4EAFT 71 4

M

AEAT F7IEE FEF2 ® 58% Zur T Aol o3 AAFS EE A A
FEARFEG soror, o)A RFAM(SIER|R)AM HaAduEe] LAl osto] =A|7EA
EF ol mEAdLe] dob AMd Aol o3 Aow ARdEv. Eg] wEbA AR A
Ardos AiAdwol W A2 MR AEo] FEEG &0 HAY AH F7] A=A =3
A7t e J¥LE F ddowm =5 vk, awtel QA hy B RS A

- 128 -



Apol4le] 27 ergke.

Table 58. The content of minerals in plants after harvest (%)

Clay Sand
Mineral T
Nutrient reatment P. tomenti-| F. densif- P. tomenti- | P. densif—
Quercus Quercus

glandulosa lora glandulosa lora
control 0.80 0.68 0.79 0.77 0.74 0.71
100% 0.64 0.67 0.59 0.56 0.51 0.55

T-N
15%7H] 0.65 0.58 0.57 0.54 0.47 0.53
30%7%4] 0.57 0.55 0.56 0.53 0.43 0.53
control 0.48 0.42 0.41 0.41 0.41 0.44
100% 0.36 0.35 0.34 0.34 0.33 0.36

PzOs
15%7%+H] 0.29 0.24 0.32 0.23 0.24 0.25
30%7 4] 0.27 0.21 0.34 0.22 0.23 0.25
control 1.59 1.37 1.37 1.44 1.42 1.38
100% 1.19 1.40 1.15 1.47 1.30 1.52

K20
15%7%+H] 1.34 1.32 1.37 1.34 1.26 1.35
30%7 4] 1.52 1.23 1.20 1.38 1.04 1.37
control 10.8 12.19 9.56 7.32 8.87 7.87
100% 7.26 7.30 8.00 7.40 7.01 7.87

Si04
15%7H] 7.60 7.13 7.73 5.67 6.70 6.47
30%7%H] 7.00 7.07 7.33 7.13 5.45 4.80
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Table 59. The chemicals composition of soil after harvest

Treatment p.H OM | P,0s | Ex-cation(cmol(+)/kg) Si0s EC
(1:5)| (g/kg) | (mg/kg) | Ca K Mg | (mg/kg) |(ds/m)
control | 5.7 | 33 178 5.4 0.34 | 0.82 89 0.20
Overcus 100% | 5.7 | 29 146 4.6 0.25 | 0.61 155 | 0.15
15%%¥H] | 5.9 | 36 168 4.5 0.35 | 0.60 148 | 0.10
30%7H] | 5.7 | 31 170 4.4 0.38 0.60 141 | 0.15
control | 5.8 | 31 167 4.8 0.27 | 0.75 127 | 0.15
P omenti-|  100% | 5.7 | 33 175 4.0 0.35 | 0.58 133 | 0.15
glandulosa | 159740] | 5.7 | 31 168 4.4 0.38 0.61 170 | 0.10
30%%4H] | 5.9 | 37 191 5.1 0.36 0.81 191 | 0.20
control | 5.8 | 34 162 5.1 0.26 0.73 101 | 0.10
P densif-| 100% | 55 | 31 127 5.1 0.38 0.68 125 | 0.20
lora 15%%H] | 5.6 | 28 146 4.1 0.28 0.51 100 | 0.15
30%%H) | 5.7 | 28 122 4.5 0.23 0.59 152 | 0.15
8) & ¢
2 ATE 2 EFEUYFE, SAMAUE, 2D EAR A& HEE olf FEF AE anE
AR Ay vgy g

~ 4 54L& FANEE EFAA
SARAIGTTE Aol G shalod, AT oA Aol ta B3 sk AlHeEe]
e AFE AW ] 232 Apolrh Aoy A il E o5 AoAs 4%
HSA
O FIFTEan B 739 Aol B R 75, A T fAfle] #H 2 5 5 5]
AoA= AFE deron, A g £ Aol FES oA ta w2 Fds
Hom AHEEE Aol =AM AW 15% Ml w7 Zelzh A4 estth
Bl Ul e TTAFEHE R EADHE] WEE Rel A vha s 43S Bilo
TEERS SARAWAA, AEleE dRe SAENE 100% ARleEel A B Aol

4 Fo BATARA FIYEE
FAsE AERD RN AW ABAA Fgom, T wel i, Ze D
43k Aol 7k A9k
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O Win] bdm & AYE 9 HEAA i1, AMEA A= Wokth AH2E Aol dRb Aue
EFEAMEEH )R EAF A g vRedA i FEEEE FUFS FFAA =9t
EEAIAl HES EF AH|OH] Zpol7l AR %k o} AMEC A= tA ztolE HITH
o|AL FEAMEIE I R)E B AuiAl S Al7]e BEA] 33] EAIgE Wb EAH A aAd
Mg 18] 76 ALgo SgE W gRe] 7o % Hi= 99 o2 Am w3t

O AE$ ES3dS pH, EC, Q1A 7He &2 Algd 1o 4 Hdoy frls g2
AvFE A stal S Hve AEE B HEA3H ﬂfél*é H 57 A% 7] 744 f71=
2al7k A8 Ha Qe Row AR Hh

. Al 2. £2F5S @83 EAFYE AY9E A&aT AA

D ANEH EEsEA
ANdd EGEAAa= 1 603 #Zo] pH B {f7|E8FS A3 SxfolE HolA| &gkor

QWS BT, AAAGNN Egov FoleABEFES FHol Egou} FREFL

Ao Ha tha e HAegS Bt

Table 60. Chemical composition of soil before culture
, pH OM | P:0s Ca | K | Mg CEC Si0
Region
(1:5) | (g/kg) |(mg/Kg) (cmol(+)/kg) (cmol(+)/kg) |(mg/kg)
Chunchon 5.7 33 178 5.4 0.34 | 0.82 10.29 168
Gangneung 5.6 31 318 4.2 0.36 | 0.84 8.54 328
Cheorwon 5.7 31 328 4.8 0.36 | 1.03 8.21 208

2) 2% % £IF
o]t 30¥%F Ao W AupEHd wE ASEAN 23} % 617 2 FAHPE AQs

Aol = =3 EEA el A TPEA I AT oA tha Fol o Aas FUA AN P EL

FANA At AYE AKF EGFEL BEAN gl Aozt 2 Aol glo] 27 % AFT)

H| =8 Al Yelgtoy dddAdes 24 9 A5t Wol 27|ASo] d3d As B & Y

7128} o gEs wWol B Ao =E AR H T

Table 61. Plant height and numbers of tiller after 30 days of transplanting
Chunchon Gangneung Cheorwon
sectoial fséigﬁigrl Mixed | without ?éiﬁﬁ;ﬁ Mixed | without fséigﬁzgi Mixed | without
application woodchip | fertilize application woodchip | fertilize application woodchip | fertilize
Plant height| 5 42 32 32 33 28 42 43 38
(cm)
No. of tiller 13 12 6 16 15 12 20 24 13
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.without
28.4
24.5

Mixed
woodchip | fertilizer

37.2
35.2

Cheorwon

standard
fertilizer
application
40.1
38.4

.without
24.5
23.6

Gangneung
Mixed
woodchip | fertilizer
36.2
34.5

standard
fertilizer
application
38.9
36.8

62).

without
24.6
23.0

Chunchon
Mixed
woodchip | fertilizer
36.4
35.7

Table 62. Leaf color at different growth stages (SPAD)

AO2 AtE H ATk

standard
fertilizer
application
39.8
37.3

Stage
Maximum
tillering stage
Heading
stage
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Table 63. Comparison of yield and yield components of rice

Culm | Panicle Ripened . .
- No. of | No. of . Yield Yield
Region | Treatment | lensth | lenath | “piiis™ | spikeler | &0 | (kg/10a) | index
S e zer 68 20 13 82 92.8 | 526a" | 100
Chunchon e 62 19 11 78 93.6 490a 92
ot 56 19 8 73 92.9 | 243b | 46
Standar eyt izer 60 20 15 73 93.2 | 480a | 100
Gangneung e 55 18 15 68 91.3 418b | 91
Jithout 52 13 11 51 94.1 | 320c | 66
ertilizer
standard Tertlizer 69 16 14 61 95.7 537a | 100
Cheorwon e 66 16 14 45 97.5 | 490b | 91
Jithout. 62 20 11 37 94.2 | 249c | 46
ilizer

5) &(Hu])ES

49h T & FE AAAE )

T, Az, A4, =4 2 FE 2R A3 % 6
SHvE2 £, e, A9 £z YERa iE AR EdaFe] &2 e E3AA
7P mskon, ASoM s 2de) fwo] i W guEe] v w3dtt 53] dolA
tha Stok=d] o] A2 e sh £2 ofe] Jhe] o] b sdvEo]l 2 Al o FH7t
Astd Aow ddEden. A9 8 A b Sdvgel] I SAAYZEAY A FAHE A

Table 64. Quality of milled rice according to the soil and cropping system

(%)
Region Treatment Head rice Milkgficxghite Checked rice kgrpnaeciufi;e
standarq fe.rtilizer 94'7af 1.9 2.9 0.5
application
Chunchon Mypoq woodchip 96.6a 0.7 2.6 0.1
without fertilizer 97.6b 1.2 1.0 0.2
standard fertilizer
application 86.6a 3.4 8.7 1.3
Gangneung“\pied woodchip 88.6a 5.8 45 1.1
without fertilizer 85.4a 3.7 6.7 4.2
standard fertilizer 80.8a 0.2 14.8 4.2
application
Cheorwon [Ty woodchip 78.5a 0.3 14.6 6.6
without .fertilizer 68.5b 9.1 14.2 8.2

6) 2(Yr)EZ

qulg F9ae dowt EBE A, /14, EG AWy Sl A 2F vgel
Aot WA o o] FAs: xrol Auel P2 vAY 53 AMPEF
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Table 65. Quality of milled rice according to the soil and cropping system

(%)
. . . . Toyo.
Region Treatment moisture protein amylose | whiteness taste
tandard fertili T n
S anasghcaffolnlzer 14.6 8.7a 15.6 46.4 78a
Chunchon [""\fixed woodchip 14.3 7.9a 15.8 44.1 80a
without .fertilizer 15.9 8.6b 15.0 39.6 78a
dard fertili
S cation " 14.2 6.6a 15.7 48.5 82a
Gangneung [ \Mixed woodchip 13.9 7.3a 16.1 46.6 84a
without. fertilizer 13.7 5.2b 21.3 43.7 84a
dard fertili
S cadion 13.4 7.6a 16.9 44.0 83ab
Cheorwon [ \ixed woodchip 13.7 7.3a 16.3 44.7 86a
without fertilizer 14.0 6.8a 18.0 43.4 80.b

7 HEA AEF

AE71E Ao we AEA AdEFS 1 663 #o dA dEFS FHol 7
Aol 7 skt Xl‘ﬁ“"‘ BE710 W Apol= E7] dle= ZAkelE Bl
w7k FEw EdeFAE 22U Aol WA YEhY &
3 A o T A A o]l WHd AT st ARE AT

ofy

o

4 s

ol %O

2 o

3 = o
oo
kR

rr

otk
mlo

Table 66. Dry weight of the plant after harvest (g/plant)
Chunchon Gangneung Cheorwon
sectoial ?;igﬂireﬂ Mixed | without. ?:;Eﬁire? Mixed | without. 2?2?122? Mixed | without.
.77 |woodchip| fertilizer .77 |woodchip| fertilizer .77 |woodchip| fertilizer
application application application
Maximum

4.32 3.49 | 2.36 | 4.49 3.39 | 2.32 4.47 4.29 | 2.44

tillering stage

Heading 82.93 | 77.89 | 70.55 | 75.10 | 72.43 | 67.80 | 87.13 | 79.53 | 72.50

stage

harvest

59.21 | 47.73 | 18.45 | 55.53 | 35.68 | 16.58 | 61.72 | 45.53 | 19.22

stage

ST ABAFT TAE G L 673 2ok A3 tha Aol o} AAHom AEA
Yol Zel7h 7 wetn vhovlgel Hv Zels Axs @ A Feel Y wa
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S5710 ol FHeE Zem HuHoY B AMiAl Hddolu dFY s "Hew
Mol AT A%l A o] Sm Y FAGFES A9 % A 1 7 ol B FHs T
T 5 oggon AU 9 FEAGAA EF EFFFL EE AU FHHES AT
T2 FeFo] wtom 53] A4t Tl o]l Atk A9 2 AP 3 Apol= AFEoll A
b Aol® wgom, FAe 1 dolrk A gk Aol weh thaxtel wol FIYE FiE
2o 74 @ Eokd wat thi xpolrl 9= Ao by Q).

Table 67. The minerals content of plants after harvest (%)
Chunchon Gangneung Cheorwon

Mineral
Nutrient ?tigﬂ?i Mixed without. ?tigﬂirf Mixed without. ?t?&d;rf Mixed without.
apeplicatieon woodchip | fertilizer api)licatieon woodchip | fertilizer api)licat(ison woodchip | fertilizer
T-N | 150 | 1.21 | 1.43 | 3.06 | 2.23 | 1.98 | 218 | 1.45 | 1.69
P20s 0.89 0.65 0.71 0.45 0.35 0.85 0.80 0.74 0.72
K20 1.40 1.28 1.41 2.61 2.06 2.43 2.74 2.53 2.35
Ca0 0.27 0.34 0.25 0.19 0.17 0.25 0.24 0.21 0.19
MgO 0.17 0.13 0.13 0.17 0.16 0.14 0.13 0.09 0.07
Si02 6.70 6.91 7.18 5.77 6.93 7.66 5.06 7.93 6.33

9) EY 3EAdwist

Alg F B 3oty EALS 1 687 Pt EY A §UE, At RS AldAEG
B 27 a9t S8 471289 B 33mg kel o2 WA kol o wF 27 W
AL HAY AEAY vE AT ZAE A F ook Rl AHI IS5 ¢ T U
T ES246mg kg-1 22 WAH 7]£X130mg kg-1 RHT} ko AJd Arts AA93
ztol= dov avE ARS B 53 FAYUE AYstar FolAgEFo] FTF Hof
dagnls AJEA] A B ol 22 AlF Fo T il Haw Ay 2 AFAdTE dA
stk

2T Age £ AR f7ESE 2 o)X e Fo]l FUEALL TS AYeta
A W AR FauE AT wrh
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Table 68. Chemicals composition of soil after harvest

. pH | OM | P.0s | Ca | K | Mg CEC Si0
Region | Treatment (1:5) | (g/ke) (ng/Kg) (cmol(+)/kg) (cmol(+)/kg) (rrlg/l<:2g)
standard
fertilizer 5.6 33 171 6.2 | 0.52 | 1.09 11.38 171
application
Chunchon | Mixed | 5 g | 54 134 | 56 | 050 1.04 | 12.11 150
woodchip
f“e'f.ll?“t 56 | 31 125 | 57 | 048|099 | 1071 154
11zer
standard
fertilizer 5.9 31 383 5.6 | 0.10 | 0.85 8.40 336
application
Gangneung| ~ Mixed | 5~ | g5 | 476 | 57 (011 | 0.89 8.30 425
woodchip
f“ef;g;; 5.6 29 126 | 4.8 | 0.10 | 0.76 7.87 243
standard
fertilizer 5.7 32 334 | 4.0 |0.38]1.02 7.30 213
application
Cheorwon| = Mixed | 5o | g4 123 | 3.4 | 044|081 8.01 180
woodchip
f“'“*.l?“t 5.6 31 104 | 4.1 | 0.48 | 1.07 9.01 195
ertilizer

AR EFFEEUTE, SR, 24)E ol&
A o
=1 =

Estaz &4, Y, FdelM A9

9 2 Aol vEbA kg
EoAeA ATEAY] 9 570 3 @] w9k om AElA

satorm FEANH] EEFolM s =7 A YER T

O % 9 #37482F 13 L #92 AANA vha Ax, FRAA FEom F
MAE el g 2 BHES Y, W, 4% # o2 Uddn AAFRe 4,
A9, 2% wom Urhdon EP5Ee nE Audul EANAY felye] ARHAS

O EA Y E oy

-
A2 %5 MM S Al A H AT v Aol= U
o
=
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53 f72RREE FRSAY ERTEAE ®mE Avde f2e9 o
FolexNFEFol FHYRM FFL Adsn A 9 GpAFBe Azt FFS
nir}

. A3 3. &35S 83 EARPN s XL ALEH HA
D ANEH EEsEA

Add EGEAA3E= 3 699 %ol pH R 75T FAH] div] A2zt & Afol+=
Ao, FpFEF F AT A thA Eow, QAFERS R TAIH|HTE Al UERS:
Gol =X & HFL EFFFTAA mohow, dFF HYol= 1 xfolE HolA gFskth

Table 69. Physico—chemical properties of soil before cultivation
pH o.M P,0s5 Ca K Mg C.E.C
Treatmet (1:5)  (g/kg) (mg/Kg) (cmol(+)/kg) (mg/kg)
Standard fertilizer 5.80 28.8 180 3.83  0.27 0.48 10.42
Mixed woodchip 5.70 29.3 170 3.48 0.36  0.42 11.22
Quercus 5.80 30.7 164 3.84 0.31 0.48 10.90
P.tomentiglandulosa 5.93 30.3 167 4.05 0.35 0.49 10.20
Pinus densifiora 5.67 28.4 172 3.61 0.38 0.44 10.20
without fertilizer 5.44 26.0 142 3.28 0.35 0.20 9.52

2 2% R $I%

ol 3023 609 AW AKEAAFE E 707 Ak FALE A FEE 2ge
AFZ7I(C1GF 30Del= Fuby, auF, ERSE, SAAIUE CoR A, AN
2% FEel wd Ao AL nyor, AKF/CIYT 60t AT BAHNE
AgTAA b B A% RPS B £ Aot A Byt FIAFE EFEE
Aol b weton, BaE 34u= AT 2o 79 Fuhss na

Table 70. Plant height and number of tillers after transplanting

Treatmet Plant height(cm) No. of tiller
30day 60day 30day 60day
Standard fertilizer 70.7¢c 97.6b 22.8b 16.0b
Mixed woodchip 79.0a 100.3ab 27.9a 18.1ab
Quercus 80.3a 99.9ab 24 .8ab 18.4a
P.tomentiglandulosa 76.5b 98.8ab 22.2b 16.5b
Pinus densifiora 79.7a 102a 23.5b 18.3a
without fertilizer 65.4d 85.3¢ 12.4c¢ 9.9¢
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Table 71. Growth stage and leaf color (SPAD)

Standard ~ Mixed P.tomentigla o . without

Growth stage fertilizer woodchip Quercus ndulosa Finus densitlora fertilizer
Maximum tillering  39.91d  43.27b 44.30a 41.27¢ 44.32a 39.26d
Heading 41.97a  39.10bc 41.13ab 36.73d 40.10bc 39.62¢

4 AFSF FARA
Eazi0] 60cme AEFE
AR A= EEA ]

L
2
FEAYUE ABES B2 4T

Table 72. Total nitrogen in leachate analysis(mg/L)

Date of sample collection

Treatment
6.15 6.29 7.14 8.01 8.18
Standard fertilizer 4.17 3.37 2.53 3.34 2.28
Mixed woodchip 1.24 2.64 1.71 4,51 5.83
Quercus 1.52 3.48 2.11 4.26 4.32
P.t omentiglandulosa 2.06 4.79 1.84 4.50 4.38
Pinus densiflora 1.39 3.43 1.72 4.30 5.53
Shinabro 0.99 2.37 3.21 5.92 6.63
Without fertilizer 0.81 2.29 2.99 1.16 1.88

7F 4.79m/1, EF71(8E19)E gAY E

=
2.64m/l, 4.51m/IZ2 FITE HAFIVET AST7|7HA

flo
2:
Y IO -

FAe A5V 6€915¢€d TFAHE HE AN E BT w27 =gow E57] <
8¥€1Y gdaA ANYHEEE 2 19m/I1Z, EFAH 1.64m/l, £-21.91m/1¢] BT} Zof {37
e}

A4ke] A& o m EEHA(E 73).
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Table 73. Total phosphorus in leachate analysis(mg/L)

Treatment Date of sample collection
eatme 6.15 6.29 7.14 8.01 8.18
Standard fertilizer 3.56 3.02 1.25 1.64 0.89
Mixed woodchip 2.03 2.33 1.56 1.91 0.98
Quercus 1.41 3.27 1.60 1.68 0.80
P.tomentiglandulosa 2.04 2.75 1.49 1.71 0.76
Pinus densiflora 2.39 2.66 1.24 1.56 0.90
shinabro 2.86 3.45 1.31 2.19 1.04
without fertilizer 1.78 1.68 1.17 1.70 1.15
T ZEle B 749 Fol EFFTAA AFEIIAA U7 AAFTIE 5L R}
Edon ZFAHE ASzIIOqAE SR ta Emkoy AT drolx] o] ot
fdo] T7ld YJo g ARHon &3y FAYMA ZEEET =2 A2 TFEY 54
= N3 FRAES Eolal AANS 7 sttt BHael 28 A3 UJeRRATH(FEE 1996)
Table 74. Total potassium in leachate analysis(mg/L)
Treat . Date of sample collection
reatmen 6.15 6.29 7.14 8.01 8.18
Standard fertilizer 3.87 1.97 2.93 2.73 2.44
Mixed woodchip 5.15 4.65 4.47 4.14 4.45
Quercus 2.86 3.22 2.75 3.34 3.73
P. tomentigiandulosa 3.27 4.32 4.60 3.41 4.42
Pinus densiflora 3.05 4.09 4.06 3.63 4.02
Shinabro 3.49 3.15 2.95 2.89 1.99
Without fertilizer 5.18 3.10 3.74 3.06 4.74

A, FHe AT 2l A ok ATk
EEAVCIA 0E Y wRka, BAFvE AsTIME FE 8TAR
EEANRG glom. Sl pXE GFol Y T HEES BAWME £3W Aot
Aglont EFFE oA 8T.6%E X £

521ke/10a% 7F9 %9Low, SAMALERE A§TolH 490kg/10a® 7HF skeh B Sl
EFFF ASTANE 521kg/l0az Y Eout B FEAAE EFEAMUH 4~6%9)
745 91w,
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Table 75. Yields and yield components of rice ('05~'067+9 =)

Culm  Panicle  No. of No. of Ripened Yield  Yield
Treatmet length  length . ) grain )
(cm) (cm) hills  spikelet () (kg/l0a) index
Standard fertilizer 80 21 16 94 86.0ab  519a 100
Mixedwoodchip 83 20 18 88 87.6a 521a 101
Quercus sSpp 84 21 18 86 85.1b 496b 96
P.tomentiglandulosa 79 21 17 87 82.8¢ 495b 95
Pinus densifiora 83 21 18 87 78.6b 490b 94
without fertilizer 70 20 10 78 94.7a 350c¢ 67

1 : means with the same letter are not significantly different

T AZ AA, 2 F 2 FYE AR A 2 763 2o 2 F9E AA3E 9
hm & E 19960 = 5, 1984) HAAHIE AHFelA i 83.4%E  FEHH|R
FFARN(T78.4%) KT} Egon, FFIE AU, EEF, SAMAUE, FUE fom
Yelth AR ez 7 A JElgen, 53 ZEAH A E 15.8%7F A o
v Fo] Asty= dle] U, 7[R Al o] e Fo] M e} Au|TE ol
A =] A e
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Table 76. Quality of milled rice (%)

Treatmet Head rice Mﬂkryicxévhne Checked rice kg?r?gluii;e
Standard fertilizer 78.4c 15.8a 4.9 0.9
Mixed woodchip 84.2b 9.2bc 5.6 1.0

Quercus 83.2b 8.2bc 6.4 1.8

P.tomentiglandilosa 82.9b 9.3bc 6.5 1.2
Pinus densiflora 83.6b 9.6bc 5.7 1.1
without fertilizer 86.9a 7.4c 4.3 1.4

7) &(Hu)EE

Aulg #9a adort EE, A4
]

Aoy @ Sof Aol fHyshs £3o] Aol JFS T (ExAY, 2004; , ¥ S
1990). 53] A E Aaves ol =y 2 dAZE o] wH] AuiAl e dud
FFE FTHAA AR AErCsA, 2004). A SR 9 AuAr Ade 773
Aok w2 BRI AgTelA " 6.6%% 6.3%% IERlE HEAIR| R
EShon, oflmAgYER RE AT HdE 17.9%2 #F2 FEe Bilen, FHUEE
et MEs FF 32 AP daols: Hol ETeFToA 4822 MY =T
ZaAuAs SRR Ao Fe 812 SetHls EEAM G 7oRT mkoy, EFEES
el Mg A dEiEoh webs SRR AgA 2E2AM] giE] jgte]l A A EHE
As = F A
Table 77. Quality of milled rice (%)
Treatment Moisture Protein Amylose Whiteness Toyo taste
Standard fertilizer 13.9 6.3a 18.1 46.5ab 75¢c
Mixed woodchip 14.0 6.0b 17.8 48.2a 82b
Quercus 13.9 6.2ab 18.4 46.6ab 80b
P. tomentiglandulosa 14.1 6.2ab 17.9 45.8b 80b
Pinus densiflora 13.7 6.3a 17.4 46.2ab 81b
Without fertilizer 14.5 6.1ab 18.2 43.4c 84a
8) HEA AEF
AE71E Agel we A=A AE8FS % 78% A HuEAY] dEFTS A5 % d¥A ol
2ord EZEFAAA 18.6g o2 4 Egen g EAQPHE AgTe s
FEARTE 2E FES BHAAY 97 AESTS HAuddride gd duAe] HAdd
AUFEARNE ATelA goken ZIEE SAER ATt ol 2L Ake]7F A4 @gkont
stehvl s EEAMEYE v =4 dEiEt A58 A, ddd, dETol =34
THFFAYde AV FEHTAALLd A= ol ;o Tl T HdT su=
Ab=E AT
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Table 78. Dry weight of plant at different growing stages (g/plant)

Maximum tillering stage Heading stage
Treatment No. of leaf area Dry No. of leaf area Dry
tiller (LAD) weight spike (LAD) weight
Standard fertilizer 20a 3.46b 16.5a 16ab 3.57ab 34.5ab
Mixed woodchip 26b 4.75a 18.6a 18b 4.58b 37.9ab
Quercus 22b 4.03ab 16.1a 19ab 5.21a 39.7ab
P. tomentiglandulosa 20b 3.70ab 16.1a 17ab 4.35ab 37.5ab
Pinus densiflora 24b 3.92ab 15.5a 20a 5.26a 41.5a
Without fertilizer 1lc 1.40c 7.4ed 11lc 1.89¢ 21.9¢
9) HEAF 77 AL
HuEA7] AeAT TR 2 ® 799 2 A" 2 AR R 330 v Alels
Noy FIAHET ARl B woka Ze], HA IAb so® yEwTt g
EFAN] OB 7 AT A e QA e 22 FES B, daet e vh B2
Foe BIou A4 FEL FAYE AQstal &2 FEolUn
384 F Hdie ERFTAAAM, Zde auF SRR ATl B Ekey gk
At fradol vey kv B AuiAl BHddtely sl HdS e T #e A
Aol A 71edsta e A R(E F,1997; HAtR, 1995)0] HAHR R A ToA F=A
Uetd 5% 2458 o]&3 Hula AR Wl 2SS ARAAA s 2 2 79

=
@ Aom ARHUL

Table 79. The contents of minerals in plants at maximum tillering stage

(%)
Treatmet T—N P10s5 K20 S105
Standard fertilizer 1.23ab 1.09ns 3.59ab 6.10ab
Mixed woodchip 1.74a 0.97ns 3.59ab 6.77ab
Quercus 1.66ab 1.09ns 3.91ab 6.63ab
P.tomentiglandulosa 1.62ab 1.08ns 3.92ab 7.23a
Pinus densiflora 1.72ab 1.11ns 4.23a 6.07ab
without fertilizer 1.22b 0.91ns 3.28b 5.6b

100 ES 339 ast

A 5 BEge B # 80 o EYe Mk, #rle R vt R ARG va
oA A¥e wilew, #rlEdHS HARvE AR v Aeles doev H
26.68g/kg®= 3}8tH|E EFAIH] 25.87g/kgH Tl EZhou SARAIUNE AlQstals SAA
oS AT FAFH R Ao AR 109~127.3mg/kg® AFHRT Ho
51mg/kg7t Wobrl oy FFARME 22 FFor dolx = S Ho] HAFME A
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8.49cmol(+)/kgell  Hl&| HAHWE AN HAE  6.62cmol(+)/kgZ  YER} 1.9 %
w$otom, E3rE AYTFAAA o Yol AdS HAT EdT Mg EAFYE
Aol A Wit 172mg/kgo® SFEHIE BFAIMET Fol EAFHIE AHEA] Al
S7hete Ao R AlRE AT

o] AatgrEFo]l Holx= Aom FAE A= BT Fol2ISEHFL sHE REAM T
H

Table 80. Physico—chemical properties of soil after cultivation

pH 0.M P05 Ca K~ Mg CE.C .
Treatmet 5102
(1:5) (g/kg) (mg/Kg) (cmol(+)/kg) (cmol(+)/kg)
Standard fertilizer  6.30 25.87ab 116  4.51 0.25 0.58 9.49 158¢
Mixed woodchip 6.24 26.70ab 116  3.81 0.39 0.45 10.17 176a
Quercus 6.13 29.18a 116  3.57 0.26 0.44 9.31 172a
P. tomentiglandulosa — 6.46 25.09bc 127 478 0.32 0.62 10.06 168b
Pinus densiflora 6.31 25.73ab 109 4.03 0.38 0.49 9.94 173a
without fertilizer 6.01 24.63c 98 3.06 0.20 0.32 8.98 142d

1D SARNRA§ 258
EEEIES: E SRR

A}

5 H(EETS ETAete]  dwkd A5S Hlwet A= % 819 10aw

e AT 9% A5AFIL 4%TTtE s ol HEAMIE AFAIZC A 3~43] B4

ofof sl BAFRIR(EFTE)S 13 VHA &R FEuA] AHEHA] gfolx =

Mol og Aoty 1y 2AEFFH 9 Al A= vEFle wE 7epE gn 7t
%!

Ade AESH] e s It AldEa = g8 H 5ok

(+21;10a)
SR agnw" x2eqg A9 =5
Treatment ke)  (rs) (@) @Y Fa@Ea)  Ar
Standard fertilizer 519 2.6 1,012 355 657 100
Mixed woodchip 521 0.5 1,016 336 680 104
12) & <F
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=
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Table 82. Age distribution

30739
13

HEH 40t)eF 50th7F 154 o= AAS 71%

oW

AF

Age(year)
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o2 et
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91 (44%) 0.2 71 Edom, FT=F 66 (32%), HZE 257 (12%), == 234 (11%)2] o=
e

Table 83. Academic career distribution

. . Primary | Middle High . .
Academic Career | llliteracy school school | school University| Sum
Respondents
(persons) 2 23 66 91 25 207
Ratio(%) 1 11 32 44 12 100
3) &%
TEARe GEAHE 20~299%F ARE 3laL kil SHEE Abgre] 749 (35%) 0% THE

2okar, 10~19W0] 469 (22%), 100 w %} 30~39do] 7}z 399 (18%)9] o2 UERS
40 ol A% 159 (7%)°) 3T}

Table 84. Farming years

. Below 10| 10719 | 20729 | 30739 | Over 40
Farming years years years years years years Sum
Respondents

(persons) 39 46 74 39 15 213
Ratio(%) 18 22 35 18 7 100

4) A BHFEF
) Az

wo WAAFS W, 40008 olF RAAT 111802 AA SHA 5505 Al g
wekom, 2,000~3,00030] 349 (17%), 3,000~4,000% 0] 3198 (15%)°] w0 & vhehyte},

Table 85. Ownership scale of rice field

Area(Pyeong) ]?eég‘g 1,000~ 2,000 {2,000 ~ 3,000 | 3,000 ~ 4,000 fggg Sum
Respondents
(oorsons) 8 19 34 31 111 203
Ratio(%) 4 9 17 15 55 100

o] weE3se 10008 Wyl HEA7E 50Woz AAY  33%E  AA|EY I
1,000~2,0005 ©] 377 (24%), 2,000~3,000% 26" (17%), 4,000 o]4to] 259 (16%)2] o=
etk whe] BfE 5w 2229 5 1539(69%)0] el

FiHe® gk ol

O

| AP E HESE o] H] &}
TE2AE R F7HE o R oo Y] wito® Atz Eh

({2
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Table 86. Ownership scale of farmland
Area(Pyeong) | DEIOW 11,00072,0002,00073,000(3,00074,000| P¥L | sum
Respondents
(persons) 50 37 26 15 25 153
Ratio(%) 33 24 17 10 16 100
1) dA-EA
dabsA T wel BAAE FSUA 2229 F 115W(52%)0] Sweted, oF Aw Hrs)
s Aew yebdth 9 =9 Bt 40009 ool 7rHoR dA $HAtel 67%F
ZFA] A 3L, 1,000~2,0008 0] 13%(11%), 3,000~4,00080°] 119 (10%),
109 (9%)°] =02 vehd

2,000~3,000% ©]

Table 87. Scale of leased rice fields
Area(Pyeong) El&% 1,000 ~ 2,000|2.000 ~ 3,000 3,000 ~ 4,000 gggg Sum
Respondents
(persons) 4 13 10 11 77 115
Ratio(%) 3 11 9 10 67 100
AxpsA F o] Bt 2wHAF 2229 F 489 (22%)°] Y], = HUF gS AU
SRR S 2e oz yelwth & 2S dAstn Y SHA 48 T 149 (29%)
1,000 vk o]l em™, 4,000 o] 127
8 (17%) .2 eI}

(25%), 1,000~2,000 2 10%8(21%), 2,000~3,000% =

Table 88. Scale of leased farmlands

Area(Pyeong) | DI {1,000 2,000]2,000 7 3,000/3,000 74,000 O¥EL | Sum
Respondents
(persons) 14 10 8 4 12 48
Ratio(%) 29 21 17 8 25 100
5) A5FF
AFH A5FFS BE AR digte] AA $HA 154% T 120 (78%)°] 2,000%H¢
ol goleti atel HlmA e 25E FASE Ao vk
Table 89. Income level
Income level ~ ~ ~
(Million won) Below 5 5710 10715 15720 | Over 20 Sum
Respondents
(persons) 4 7 11 12 120 154
Ratio(%) 3 5 7 8 78 100
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U A2 ¥ BF 33 A

1) W 37 FF

AEta Qi wWeol FFS Fxol 459 (21%) R JPY Bka, FH 409 (19%), 9
338 (15%), 4F3 dv7t A7 188 (8%)% 178 (8%)e] +o A HlAH Rkt o
LFERRE T

Table 90. Species of cultivated rice

Species |Nampeong| Dongjin [Imi Ilpum |Chucheong| Others | Sum

Respondents
(persons) 33 45 17 18 40 61 214
Ratio(%) 15 21 8 8 19 29 100

2) ¥ BFEF
Szt B AAHA L 90009 (3ha) o]Ae] 939 (45%) 2 714 Bke, 3,000 ~6,000% o]
46¥(22%), 3,000 o]s}7} 429 (20%), 6,000~9,0008 ] 25 (12%)+2o. 2 e

Table 91. Cultivating scale of rice field

Area(Pyeong)|  DEOW 13000~ 6.000 | 6.000~ 9,000 | Over 9.000|  Sum
3,000

Respondents
(persons) 42 46 25 93 206
Ratio(%) 20 22 12 45 100
3) ¥ +&F

FEFe AA SHA 154 T 73%H(47%)°] 300%W ol FI¥eE o=

H
et e ™, 10032 w]vke] 307 (19%), 200~299% )7} 2778 (18%), 100~1993 )7} 2478 (16%) <]
<
RUS

Table 92. Rice yield (1bag= 40kg)

Yield(bags) Below 100 | 1007199 | 2007299 | Over 300 Sum
Respondents
(persons) 30 24 27 73 154
Ratio(%) 19 16 18 47 100
4) ¥ A 4%

Blo] AHddE v Awel diste] FEeh REolThal §@i SHAE A7 937 (45%) ¥
878 (42%) 0.2 TR

filo
N
24
R
off
ol
32
O

- 149 -



Table 93. Growing status of rice

Status Excellent Good Normal Poor Very poor Sum
Respondents

(persons) 13 93 87 8 5 206

Ratio(%) 6 45 42 4 2 100

5) EEYY EA
EEY EAS B AR tdte] 1078 (54%)°] AHRUED T gd3lom AE 588 (29%),
AR 219H(11%) o2 YERST]

Table 94. Soil texture of rice field

Soil texture Sandy Sandy Loam Clay Others Sum
Respondents
(persons) 21 107 58 13 199
Ratio(%) 11 54 29 7 100

6) ¥ WHIAFT TR EF
7 ¥ 2 ¥y

W A2 wAE wel od 4B g

PR AL ST 2227
SUA 1008 F 687 (68%)0] mAWow sbg wol wAstglom, Fuw(QATIrE )3

Qg (A eAvkE)e] 247 218 (21%

Table 95. Types of rice diseases

Disease type | Sheath blight | Rice blast 1eB:fCtbelliﬂ;$t Others Sum
Respondents
(persons) 21 68 9 2 100
Ratio(%) 21 68 9 2 100
W) ¥ 2A FF3
W A ZA] A S Foll tigh A o= FSHA 2221 T 138W(62%)°] SHIIA, W
ARG g F2 dFome SHA 138% T 8378 (60%)°] Fupdoldta SHste] ZH
wetom, olgwFo] 25W(18%), MEAT7F 2198 (15%)°] £ 2 YEFYT,

Table 96. Types of rice insect pest

Vermin Lissorhoptrus Cnaphalocroci Chilo Nilaparvata Others Sum
type oryzophilus medinalis suppressalis|lugens
Respondents
(persons) 5 83 25 21 4 138
Ratio(%) 4 60 18 15 3 100
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) ¥ #HFe dRAE

WS HAAEE 52 2y AA SHA 1939 T 949 (49%)0] HEFolga Halgloen,
A Aoz Waafo dAFE f-2atal de= AoZ Ve

=, Astrb ek wig- Asieba @k SEAE 469 (24%)% 16 (8%) o2 HAS 32%F
2k 8k e b, AT el u)g- Ao i gGetk SRR E 29 (15%) 3 8 (4%) 02 WA 9
19%°] =23kt

Table 97. Occurrence of disease, insect and pest in rice field

. Very
Occurrence | Very open| Open Normal |Occasional occasional Sum
Respondents
(persons) 16 46 94 29 8 193
Ratio(%) 8 24 49 15 4 100

7) ¥ %Y AEAE
ok = A xAe AlgLe =2

b= Z 7798 (35%)°] SHIReH, o F d13
Abg-BhthE 2 ho] 78% S A EFgIth. whA,
£

ZA ¢} &A= 2+7F 6798 (30%) 60 (27%) ©)
G2 A2 6%t 72% S AA ko], A=A 9t

FU?.? of.

ok
O
rlr
oo

AzAZE vpAE, =<, vt=g] 58 F2 ARt dslon, AFA=Ee sd, Febd,
JAE, Fehd 5, ARARE W, B, FAL 52 A,
Table 98. Type and use of rice agricultural chemicals
Type / Herbicide Insecticide Fungicide

. M M M
Use(times) | 1 2 tha%re?s Sum/| 1 2 tha(;lre?s Sum| 1 2 thaonreIS Sum

Respondents
(persons) 60 | 15 2 77 | 16 | 34 17 67 | 17 | 30 13 60

Ratio(%) 78 | 19 3 100 24 | 51| 256 |100| 28 | 50 | 22 |100

8) ¥ Hl&9 AL ¥
7h) ® 7]¥]9] AL

o Z(EAF)S] ARl dstels oA 182% & HRHIETE 79%RA IS
AA QAL 718t AAaTF 7%, A4ke] 2% so® YERETh

Table 99. Type of rice basal dressing

Type N P K composit | Others Sum
Respondents

(persons) 12 4 0 143 28 182

Ratio(%) 7 2 0 79 15 100
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W) B EgH9) ALg
W Ru (7 AR Agel detelt $9A 1459 F A4 56%=A T BRI,

oloj Al EEH)Z I} 26%, 71 7F 5% So= ey

Table 100. Type of rice top dressing at tillering stage

Type N P K Composit | Others Sum
Respondents

(persons) 81 2 7 37 18 145

Ratio(%) 56 1 5 26 12 100

o) B FH[ Y ALE
H FH] (0] 2 A E) 9 AFgo st At 1609 5 E3H| 87} 33%, AAT) 23%, 7tel7f

L
8%, A4ke] 5% 5o o= e HR7F HlA B o R ARGE QT

Table 101. Type of rice fertilization at panicle initiation stage

Type N P K composit | Others Sum
Respondents

(persons) 37 8 13 52 50 160

Ratio(%) 23 5 8 33 31 100

9) & HRY A UER

AA AREsta = W HlEe g U UEFEE B2 Z¥ 1774 F 1063 (60%)°]
Holgta @etglon, dAAoR wEsithe SEAE EuSsitte SEAET Be Ao
UEbsth S, g v B wSolgtal g Ao R ek Ao vl &S 33%<1 whi, ERP
T g SRbelgtal FAAow ©@gk SHAE TR UERSH

Table 102. Satisfaction level on rice fertilizer

Satilsefvaecfion Very high| high | Middle | Low | Very low | Sum
Respondents
esponder 9 50 106 12 0 177
Ratio(%) 5 28 60 7 0 100

10) 71€ 33 H8e] £A4

71E9 sshhlaE oW EAHE AE loﬂ aw dEo e SHA 3628 (FHAgeR
sz F7F ZHEAS) F HlEade] Hjx SHAY] 40%(145%)E AFA|ste] 7H
wotorn], AHe] A7t 23%(847), ‘A 3—1 Egesol 20%(7218), Th4el WAL
17%(617%) ] o2 vepsth weba vls g7 44717 §¢ AHHon {§48 F e

MRS AR R wFel BT & F 9

=211 =
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Table 103.

Problems of chemical fertilizers

Inconsecutiv| Dropping Polluting . .
Problems e effect fertility water/soil High price Sum
Respondents
(persons) 145 84 72 61 362
Ratio(%) 40 23 20 17 100

* Able to make multiple choices

11) AEA v 24 BF A
7} A &A v 89 AIgUER

A @ vzl ARgo oigh ”&é—EE B2 Ay 629 (28%)%re] HEATE SHA FAA=
‘B0l 60%¥ o, ‘W= = ‘w§ TEFo] 35%¢ "k, ERS 590 E3sle] H]w X
WEE e oz vehdth den AgE ARY wEd FRZE vt E9v), BB
EH], 2Avs, 53H]E SOl
Table 104. Satisfaction level of slow releasing fertilizer

Satisfaction | yery high | High | Middle | Low |Very low| Sum
Respondents

(persons) 18 37 3 0 62

Ratio(%) 6 29 60 5 0 100

W) X &4 b5 B9 o]f
g vgd g3 Eve 28 A3} 654 (29%)°] SHEIL, o] F 60%7t ‘a7t E=A
orrp ety g@atglon, spAe] wMchel ‘Agsly] BRI 7247t 28%9 8% = UbERTH
oA 7]E] AaAd vEe ade] st AThA] BEESHA] Xste sloE E 4 9l
Table 105. Problems of slow releasing fertilizer
Problems Low effect | High price inconvenient Others Sum
to use
Respondents
(persons) 39 18 8 65
Ratio(%) 60 28 12 100
* Able to make multiple choices
12) A &4 vs5e AL g ALY
= dAF"HdA = 7E AE&aAY HEY SAHES adete A H(F2Y7)E o] &g AR
HE AagA vaEs Qs o B Hgs g7 A5 ASHERE ZU7E 3 =720
Aho @ 18 AxsE oz ue AMEY ARAF Ans wwy 9@ gow
HEEH A w2 57 A AlEEo THA o] EAF AlET e S AR oFE 2
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aig

Response on whether to use wood chip slow releasing fertilizer developed by the

Table 106.
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Aotk B FFo] AlgALE FSEA F AxA ARRo] 35%, A=A AF&o] 30%, Al
AREol 27%Jth. A XA = 13 AFEo] 78%, AFAlet Al 23] o) Abgo] 242t 76%9)
72%FEA dF-Eo] ATk

tggog A ¥ HEe ALEe hﬂH B HIHE(79%)7F ool i, BEn=
A2(56%)°0 ool HERF(26%)7F AHEHASH, FHl= HFHE(33%) el o]0 A2 (23%)7F
T2 AREEAT. @A AFE T BB g MESEE BEo] 60%%E 7HY WokAEE, o]olA
Wtk Aol 33%EA WA FAAN oz yEbwth ey 71E ghEtE|ae] A A
A= mHe HAEHAFol 4092 JHF Woka, olojA AH AF(23%), FH Y

EFH(20%), & 7HA(17%) sol AANEHJT. o= dA F= AL = HE dE
duba Aol Atz v A HE Aoz, ure] Azsd 53 A& v i eyt
A AR 71 v g o]l AlEstae Tad HAYdS & vk A aAd HEe
LS ARolM s 28%Re] SREte], oA A& HIRol tiF A= wEe Aoem & 5
USATE ARRAS] WA= HFol 60%® 7HE Wekal, olojA wkEeiti= ¥o] 35%,
Rtttk ol 5%= yEhy A ARSHE A = A& AR el Rlad vk ZA |

nol Atk ey old s SHe %A AT Ak sehue] Abgol e Bk A Aol 7}

glal, T3k BFolghs SHol e e add o, A4 AMEHA 3= A8 HEs A
avA gAA BrEE Pa A R Zow B o5 duh 3 VIE AR HEdd g =
olfr=x &IIF FA FHH60%)7F thF-Eelar, ojolM ZhAol HATH(28%), AFE5H7]
U (12%)7F AAEJT. o] AL 7]E] AFA BlE7E &3 Wl A = o= =
T en, stoew Arie] WS nbg A w4 MRl Wi B2 Aok el aqrdvar
st el 2 Agrdol Ui FRl =] H™el & 13 AREsks A aEA HRe A

Q.
of f-of thatel= thito]l AbEE] HATHT79I%)AL SEste], we S xEHEdt o1 F

ozt WU AgFmz  wEHe
A% 50l 4 (27%), §171 FAFA kol 2 WAl 71 e & golA (23%) Feol k.

pow fmEa wE Aw dme U@ aPAged ANE WL TP ww, olRiol
el mash A%EE AHde] AYd wwm, HFAHH f471A R, wELL APY 5
gl WE AW Foz aokHor

2. 7E2E A8 H8Y AgETh d® dEE A}

B oA 1AdEsE ge AYNES Agste] £EA2 Adst N dyoR
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AEEAE stk Awulee suAe 9eRdE, v Hidd, A5eE ¢ A A
A, WMo wF, BANA, B 5 gl g AR, cEa Aadvls AR & R
AL, BEe A% R ok AR sk ol wE Aol 2005W 29 A=
A F7HE ddeRm AAste] sgd AR SR 33viel oY HERAMS Foto] dotd
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7. Qe AL

AR SHA] AEe $A7 30%(91%), A7 3B(9%) R WA tFEE AA s
Ed SHA] ¥ R e, A, FARG I 2L A5FE Tl B AL B
2,

1) 9438 &%

Sdate] Ay By S AuEd 40t 507 298 02 AA Y 8% S xFA|SkAT. =, 40th7}
158 (45%) 0.2 7} =9rom 507} 148 (43%), 307} 48 (12%) o2 et

Table 107. Age distribution

Age(year) under 30| 30~40 40~50 50~60 over 60 Sum
Respondents
(persons) 0 4 15 14 0 33
Ratio(%) 0 12 45 43 0 100
2) EEX

SEAte e FEI aEeo] 2290w HA 66%E AU FAHoRE &3

aZFo] Z+7h 11%(33%) o2 71 Bokom, thE 79(24%), =% 39 (10%)9] £o=2 et}

Table 108. Academic career distribution

Academic . Primary Middle High . .
Career llliteracy school school school University Sum
Respondents
(persons) 0 3 11 11 7 32
Ratio(%) 0 10 33 33 24 100
3) 45739

SHAe GEFUe 30~309%F FAES An Joha Y Abge] 113(34%)0E g

wokar, 10~19393 20~29d0] Z+7F 89 (24%), 103 nwka} 4003 o] Ato] 217 3W(9%) 9] o=
L EFRETY,

Table109. Farming years

Farming | Below 10| 10719 20729 30739 Over 40 Sum
years years years years years years
Respondent
S 3 8 8 11 3 33
(persons)
Ratio(%) 9 24 24 34 9 100
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4) FARFEF
7H =9 B{A%

=9 REATS B 40008 ol BT 21Mom AA 29t 6295 A st M
Fkom, 1,000~2,000% 2 3,000~4,00088°] 27} 5% (16%) 2=, Lgil 1,000~2,000%
2,000~3,000 0] z}7} 198(3%) o2 el

Table 110. Ownership scale of rice field

Area Below |1,000~2,00|2,000~3,00/3,000 4,00 Over Sum
(Pyeong) 1,000 0 0 0 4,000
Respondents
(persons) 1 5 1 5 21 33
Ratio(%) 3 16 3 16 62 100

W) w29 BRas
kol WAL 40009 o]o] 11H(33%)0= 714 weki 1,000~2,00080] 998 (27%),
3,000~4,0008 0] 69 (18%), 2,000~3,0003% 1% (3%)9 o2 e}

Table 111. Ownership scale of farmland

Area Below [1,0007~2,00/2,000~ 3,00{3,000~ 4,00 Over Sum
(Pyeong) 1,000 0 0 0 4,000
Respondent
S 6 9 1 6 11 33
(persons)
Ratio(%) 19 27 3 18 33 100

AFGH 2552 v ZAwd dsted dA $9A 339" T 28W(78%)°] 2,000%HY

Rius

Table 112. Income level

Income level ~ ~ ~
(Million won) Below 5 5710 10715 15720 Over 20 Sum
Respondents
(persons) 0 1 1 2 28 32
Ratio(%) 0 7 8 78 100
6) E%

EEY BEAS E= AR tdte] 229 (68%)°] AHEULED I widlow, HE 694(19%),
ALE 3% (10%) o2 e
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Table 113. Soil texture of rice field
Soil texture Sandy Sandy Loam Clay Others Sum
Respondents

(persons) 3 22 6 1 32
Ratio(%) 10 68 19 3 100
7 EF
AAsta Qi v FEe 2ol 6W(19%) 0 /g Baky, Wus FHlo] 27k 29 (6%) %
ebte).
Table 114. Species of cultivated rice
Species |Nampeong| Dongjin [Imi Ilpum |Chucheong| Others Sum
Respondent
s 2 1 0 2 6 19 30
(persons)
Ratio(%) 6 3 0 6 19 66 100

U A &AGHE ARl O’ AR

1) A% 4%
ARl vistel A Foly'H Fob'3

o] AHE F WO ASE3R
3e UmHtE SgaE 10%0] B389t

A &A "B
2ol FAAA SHAY} 69%F AAFgom, 9
Table 115. Growing status of rice
Much Much
Status Better Normal Worse Sum
better worse
Respondent
s 3 19 7 3 0 32
(persons)
Ratio(%) 10 59 21 10 0 100

ol on, 99 (28%)°]
3t 300~399E T 7F 242
| il 2379

A5

100~199 f{rﬂ , 691
38 (10%) o2 Ve, o] F X aAdus A}ﬁ T Yo
SEA T 198 (83%)°] 5t g3k}

- 158 -



Table 116. Rice yield (1bag= 40kg)

Yield(bags*) Bfé)%w 100~199 | 200~299 | 300~399 | Over 400 | Sum

°11(9) 3 9 6 3 10 28
H] £ (%) 10 28 18 10 34 100

* (1bag = 40kg)

3) BFATBY w3

AUE AS F ddlFe SAHEE Be A3 AA $uR 329 F

ol 488 St Aow wund

Table 117. Occurrence variation of disease, insect and pest after the use of slow releasing

fertilizer
o Very No Very
Variation decreased Decreased changed Increased increased Sum
Respondents
(persons) 2 21 7 2 0 32
Ratio(%) 6 67 21 6 0 100

1) A olgFe| Wzt

AFAE g F A
HgAe] Ahgol WS 3 3
edlel BTG W euAE 19e e @@, wge

8% (25%) 0.2 EFT]

Table 118. Variation of insecticide quantity consumed after the use of slow releasing fertilizer

L Very No Very
Variation decreased Decreased changed Increased increased Sum
Respondents
(persons) 1 22 8 1 0 32
Ratio(%) 3 69 25 3 0 100

5) &FA o8] W3t
ARANE A T AFA
3]

S, AHEAEE B2 2™ dAA SHA 329 F 24(75%)78 2
Aol Abge] mig- ETF e Eu g A EWS o vk, HAFAle Ao
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o8l BT we $Habe 2wl walak

678 (19%) o= e

Table 119. Variation of fungicide quantity consumed after the use of slow releasing fertilizer

. Very No Very
Variation decreased Decreased changed Increased increased Sum
Respondent
S 2 22 6 2 0 32
(persons)
Ratio(%) 6 69 19 6 0 100

O

6) AzxA o] &% W3}
Aggv s A F AxAC AMAEE B2 23 HA SHA 328 F 9(28%)WS

A zA L] Apgo] whg- 2l =3 2ls

ode AT F@ $HAE 29el Basglth @@, AnE Ml dda F@ SHAE

2198 (66%) o= 7V =1 velston, ol dFAly Aol aatol wls) AlxAlzel ks

ksl Ao 2 Aok}

Table 120. Variation of herbicide quantity consumed after the use of slow releasing fertilizer

. Very No Very
Variation decreased Decreased changed Increased increased Sum
Respondent
S 1 8 21 2 0 32
(persons)
Ratio(%) 3 25 66 6 0 100
7 HEE
AAl ARGt e B AaAduse] g g NSEE B2 A7 329 T 229 (70%) 0]
W wnh EE wohn geglon, Wb Ex e don ge geas 23 19(3%)
Eatste] A HoR REettE $HAt BuSste SRt A4 we 2o vehht

Table 121. Satisfaction level of slow releasing fertilizer on rice

Satilsef?ecltion Very high high Middle Low Very low Sum
Respondents
(persons) 2 20 9 1 0 32
Ratio(%) 6 64 27 3 0 100

A vEel gg W] olfE =
AUAAF7] wErelehar gadnt. ‘adst F
SHE 27 26%9 23%= ER

rlo
N
=

= i)
N

o

e

rlo

w

w

<

Lo,

oo

ol

N

N

i

offl
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Table 122. Reasons of satisfaction with slow releasing fertilizer*

Good sustained labor Pollution
Reason effect effect reduction | protect Others Sum
Respondents
(persons) 16 2 21 14 9 62
Ratio(%) 26 4 33 23 14 100

* Able to make multiple choices

A, Aad vsd W =
THety] wEoletal #eke

‘mA7E SobM7F 15% 2 e

Wl olRE B A% 4 BE FHAY 35%E AHEE]
1

[e)
15 T
HIAEA 7L 19%, ‘S AS TAAAATE 16%,

Table 123. Reasons of dissatisfaction with slow releasing fertilizer

Reason | 0 | pEn | Tone |Oefiihe | Oers | Sum

Respondents] 4 6 11 5 4 30

Ratio(%) 15 19 35 16 15 100
o dEE A TF HE

TEAE A& vEe] WE AR AEw AR delR A" dwe] s 337 sUhE
Ades AizAts Fetel At ARWEe s wrkel dubE ARga S
Bl mE AEA RS BdE FHOR syt $A A Ager SuAe] Y FE:
40tek 50ti7F AAS 88%E AASIR o, e FE3 aFol HA 66%F AT
SRAe GEAHE 30~3997F FARE AaL Alvkar SHE Abghe] 34% %= VP WAk, =9
HAEGE 4,000 o] HAATE QA SHAL] 62%5 AAEtglon, we] AR 4,000
ool 1114(33%) o= 7H¢ wolth. B3, AR L55ES v dwd sk dA S84
339 % 287 (78%)°] 2,0008 o] Folehal kel Ml 2 £5S frAlshs Ao R e
AR g AR mEgE EAS AEYGETL 68%F AAsglon, AHsta gl
A

HEe) Abe & we

olo
ofl
_ﬁ
o
o
w
R
r

Fokd Fobd .
ABAHE AHS § & ARl Frbsklttal geklth. A adn 59 }%% Eael Al =
AR FFe vAE AR dEut Aadns AR 5 BElEe] YRS = A
SHA 73%= ARG Edua weidlen, ‘Ednek i Edua w@eh SHEAeE
28 (6%)3 0om HAY 6% EIadrt. AZAdH = A § AFAY] AHEAREE B2
A AA SHA 2% ASA L) AREo] i AW Ee Edu T SAHd #@Hs
stlon, Al ANEAEE B HBAE AA SHAY 75%7F AFAe] Aol -
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RS SHgleh wbHel AlzAle] AFEAYLEE B A A
eHAbe 28%ntel AlzA] ARgo] i EAT Hu EATERaL wete] AEAY A<
aapol mle] Az:AEZe] Ty vt Zom yeiky. Ao AaHlsE ARshe
F7HES dAM oz W A wHm=rh 47d B2 oz dewnh & dA AgEa
ShE WE Aaduae] gl Wd wH=E =2 A3 70%7F vi§ EW EE v
wetlon, uith e oW Soa g9 oEAe @b 18 G%) 6l Evhetel diA Ao
et S RAE EnkSeive SEAtET A4 wekth @9, A&A vEe] wE Evkel
olfrE BE A3 M W SRRl 35%% AHgsly] Bdaly] wiEeleta wekglen, 7429
HIAA7E 19%, 842 dS LANAATE 16%, wH7E tobr7h 15% = dERETE o=

AFAN FTHE ABAUNRL LA fE F AFORA Az aTo) Pt

3. 7EZ& ANEA v¥89 BAY A}
7} vl 58] AAds

H 5ZH(2000~2004) fEjvhete] HlFE HRe] FAMNY H wHE HE WS
B o3 2 20049 @A v RS FAANES 3,615HESRA ]
2,570 E(76%) 0% i AFAetal low, ojoja kgt fFo] 561%E, &
Fabrrel ol Qlake] Zbzh 82HEN S1HES AXstar Juk wge FAMNE T dE>
1.851HE 24 51%E Ax|atal glom, o] & Biu|Ert 1 477HE(80%) 0 2A 1 P
A4 skaL Ak H2 5d7H(2000~2004%) HlFE O] FABAMES 20006 3,730 EollA 2004
3,616dE=o® 115xE ZAggiony, who] H98& HEs T2 7IF 1,842FEA

1,851 == 9xlEo] F7akqlt.

Table 124. Production of fertilizer by type(for recent 5 years) (Unit: 1,000ton)
r 2000 2001 2002 2003 2004
PD+ TP+ |FA**x| TP FA TP FA TP FA TP FA
Type
Ammonium | soq | oo | 516 | 90 | 537 | 18 | 521 | 18 | 561 | 37
sulfate

Urea 687 | 374 | 603 | 333 | 360 | 259 | 234 | 253 | 321 | 298
Composit | 2,365 1,407 | 2251 | 1334 | 2265 | 1318 | 2433 | 1437 | 2,570 1,477
Phosphate | 58 25 58 25 65 20 56 27 81 27

Sulfate 97 14 97 14 74 15 70 9 82 12

Sum 3,73011,842]3,525]1,726 | 3,301 | 1,630 3,314 | 1,744 | 3,615| 1,851

Note: PD Production, TP Total production, FA For agriculture

Source: TA yearbook of fertilizer; , Korea Fertilizer Industry Association, 2005

U AEY vEe 5 R 7148%

H =X
e A dRitel FEL Fate] o] FoiAw 9

o 2yele] v a ok 20059 % A FH
HIEAE SAFE(ER7E)S 92924 HlgEzs 3HRe] F5 3] SiHe=
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Swokal QAL Fr1AR g FAEHE (4T SdHE 2= 5ol 91%EA A s
A BFIL Qlow, o g B EE 48%RA o HAukS FEFetal vk
ofe] wet A& Hlme] THE A9 o] @S Fote] o]FojAa quvka & Utk
2005@% AA, T AGE AFaA vz FFIAFS U 2 vES T FEE
AFEA HERE BEFYE @3 UFEY 5 2% 839 F3ddS BHH F 10252800t

7,440E2
A 55k

Table 125. Supply for agricultural cooperatives on releasing fertilizer by region in the year

2005 (Unit : ton)

Namhe Dongbu| Kyeongi Pungnong Jobi |Biwang

Region | Sum Sinabro2 | Sinabro3 Lé(sg;g Hanaro TZB};H Tg;}(l)in Dsggin Bglljbi
Kyeongi | 1,336 30 23 8 5 16 55 891 307
Kangwon | 625 0 0 31 10 4 2 428 150
Chungbuk | 313 4 0 1 13 0 2 156 137
Chungnam | 308 0 0 1 0 11 0 91 205
Cheonbuk | 934 19 0 29 12 5 30 706 132
Cheonnam | 3,457 | 122 3 174 6 2 (3) | 2,925 | 228
Kyeongbuk | 1,129 20 0 61 10 1 39 748 248
Kyeongnam| 2,151 154 0 192 79 0 13 1,494 220
Total |10,252| 350 26 497 135 38 138 | 7,440 | 1,628

Source : Agricultural Cooperatives, 2005.

200661 % AA, Sl A A AlFE A QlE R A Aad vse] vEd JHAdEEe o
Aok AEA BlRY FHE AGEFHS vEste] UFEH], AlUYHE=R HI9l, stv=E & KEF
9Folth. olE AJA "= 7ML 1¥XTF(20kg) ALY Huib= Ao AE HA
13,5179 (1kgd ¢F 676 olAT. HIFHE 2= AUHE30] 156509 0% 7 #%kaL, stu=7F
11,1509 082 7P ko w3k v duj 7= Wit 15,2049 (1kgd oF 760€) 0L,
HZE 2 A AJLpHEE30] 17,4909 02 71 =gton, Uz 7t 12,5409 02 713 vk,
olelgh A&/ Hlm o] M4 S dnk Hls el 7HA °F 6,000~9,0009 (1kgd 300~450) 7} v 3}

wobE, of 2ul4E ¥rhn @ 4

r?
‘O,
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Table 126. Price of releasing fertilizer by type in the year 2006 (Unit: won/lbag(20kg))
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Source: Agricultural Cooperatives, 2005.
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Hodgglo]l sfut Fol =7Zo] AHAo] w13 AbgeE A JEA H|EQ AR ofid] gk
2 PAS ®WEgith 1 ol Ee A
o8 A&HYH(27%), A AL

AN

% & ATl AY 39U A BAYNRY AAY 24
1) A3 4

W oATge] A B AR HRE Axg SAPG 47kl vEsg B
o]

2006 11¢€ @A, =rulell A Babsl= Hxg Ho) M (38 EA7H) & B (e s,
A asbd B, 2006), oo 2o

— 2y F(=F4H) "2 8 F 188,0009/BDT (188 /kg)

- AYEF(F) A28 3 161,5009/BDT (162Y/kg)

T SR AEde] AR (A € 321, 2003)9] ostd, AA FuelA 27
2 HEAE o) gete] HEZE HAPE AT 4T,

— 275 A (A /(959 /kg)
20069 @A, AHOZ L] W B od wASE A% 4uA4 L AdE 52
g3 WALE BANS At I AAET 2AE A3, BAPY WAL v

)

Skt
— AYA eEEZE 54 3 50,0009/ (509 /kg)
— B, CAA: vjAX & Ex 3 20,0009/Z(209/kg)

= A4, $evete B3 ARaAe nuEd, dAEAAN, 2006),
241,800BDTeltt. o] HAFE Aikste QA 5 Aol 5 9/fRA of7|e FAbst= i‘?it

2) AFAL 29 AEY SARNEY Y g

ATAL F BAFHE PES AEA7] s, WA BARAE gadue 19
AgH S A nod BAPWEY AxE A dega Fdu 5o, Poaa
selglo] 2t Ao S, WEARE 204, 19 JFEARRS 8A7h A% EASE
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Table 127. Cost per day on using production facility of the woodchip fertilizer

Classification Unit Cost
Purchasing Cost of Won 500,000,000
Pressure Tank
Cost for Subsidiary Won 500,000,000
facilities
Durable years Year 20
Operation hours Hour 3
per day
Related Operation days
Calculation p Y day 200
per year
Consumption of diesel 0/hour 5
Coefficient of 0.9
oil and diesel ’
Coefficient of repair and 0.2
maintenance )
Unit price of diesel Won/? 1,200
Interest rate Won(5.5%/year) 150,685
Lo Won
c Depreciation (residual value 0%) 136,986
ozta;)er Fuel cost including oil Won 48,960
Cost fgr repair Won 97 397
and maintenance
Cost for using facilities Won 364,028

) HEe ww vhga goh BAPEEe] 19 AN
50ECR MR A%, 99 BAH 40%, 5 N, P, K 1080 28¥: Aoz s
&% N, P, K7t BAA F39) 20%8 A3

oA FAHWE AAFS AxE 2 A
AoZ YRyl wFolt.  wEkA  AAE[ge]  AE 1o =24 HAFHe 7}
50,0009/ (509 /kg) & & 3L, =5 NPKe 714& 800,0009/= (8009 /kg) & & 3+ T},
AAME SWAAY 1913} HEAR 420

o=
56,8008 A&39tk ol wWE 19 F

)
to |r

t
e

ate], S5HN-= 149 73,0009 REAH
A& BFE 10,664,228¢0|, = A
213,28590] A ¥k 1Ea AlA 2 17n] Fo] AR 9 AHol&S e, 1L
g oolFoR AL 30%E A&se A aolth. webA F A8
277,2709 (2778 /kg)°] 28 FHE oz FAH.
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Table 128. Production cost of woodchip fertilizer(case 1)

Classification Unit Cost Note
. wood chip 80%
Production Ton/day 50 net N.P.K 20%
. Won
Wood chip (40 ton/day) 2,000,000 50,000 won/ton
Won
Net N,P,K (10 ton/day) 8,000,000 800,000 won/ton
Input Won(bpersons normal labor cost
cost Labor /day) 300,200 56,800 won/1 person/lday
Cost for
using Won/day 364,028
facilities
Sub-total Won/day 10,664,228
Production cost Won/ton 213,285
Fixed cost and profit Won/ton 63,985 30% of total production cost
Total production cost Won/ton 277,270 277won/1lkg

St Aakn] g9 2k 29k EAI 9l 714 S 100,0009/E(10099/kg) 22 3hal, =4 N,P,K9]
7FAE 1,000,0009/52(1,0009/kg) o= sFiet. Egk Qv = SR 2917 BFQIH 821, A
102107 &gt} olo] wWE 1Y FUH|RS W 14,964,428 0], BF AAH] &8 299,289 9]
etk % nguE 9 olfe AWNEY 40%E gt gom gtk we
FAM LS B 4190049 (419U /kg) o] AL EE Aow BAEdT)

Table 129. Production cost of woodchip fertilizer(case 2)
Classification Unit Cost Note
. wood chip 80%
Production Ton/day 50 net N.P.K 20%
Wood chi Won 4,000,000 100,000 won/ton
P40 ton/day) U '
Net N,P,K Won 10,000,000 1,000,000 won/ton
o (10 ton/day) ’ ’ ’ ’
Input Labor | von(dpersons| g4, 4q,
cost /day) ’
Cost for
using Won/day 364,028
facilities
Sub-total Won/day 14,964,428
Production cost Won/ton 299,289
Fixed cost and profit Won/ton 119,715 40% of total production cost
Total production cost Won/ton 419,004 419won/1kg
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3) ATNE T A& EARN RS BAYE FE

Mg vksp o], 71E HgSE A T2 AR SAPH RS AE7HAS Bl AES
ok 76]

H ovgh g 7]Ee] dutHEe AAEThAe] ofF 300~4509/kgollat, A agwne] -
Bt 676~760/kgoldth. oldl HlE AFNE FRl AEA HAHA RS FE7HAL 1%

2779 /kge1 AL, 29k 4199 /kgol At webA] A TRl AEA HAN R AETHAS 1,
29b R VIES] AWl 7}7—%%0@1 Z1Ee] dnbvls Bt Aagul gk dinlste] &

Table 130. Price comparison of existing and woodchip fertilizers (Unit: won/kg)

Classification Calculated price Note
Existing normal fertilizer 300 7 450
Existing releasing fertilizer 6767 760

Wood chip releasing fertilizer
(first draft)
Wood chip releasing fertilizer
(second draft)

277

419

FEZE AFY H5Y H3E F AAAY A 89

FEAE AEAd vse] oigh dubA 2 9 Abd HewE Goluy] 9ty =z F7t
o g 2004W¥ 20054 2xfe HA MAEXANE T, 1 AdeE v #Zrh 1
Aol dA FEAE HEE AMEEE AL 789 FS EFHE(79%)7F di ol
= A2(56%), FHE HFWRE33%)7F 7 Bt AuAd v=Y d9 AR
kA (28%), AFETSHE A BE o]3H(65%)7F Wokth 7]E HlEe EAHO
vae] A9 amadel nAEHA, A¥e Ast, 4 9 EYed T, A& A
g B v 7H4, ARl EAE Foldvh gk B Ade] A F
13] ApgstE Aad vlEed dside gt ARgs BATHTI%) L Tk
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1. Fertilizer situation in United States

INTRODUCTION

The U.S.'s demand for commercial fertilizers far exceeds its production capabilities. Therefore, the U.S. relies
on imported fertilizers to supplement its production and meet domestic-consumption demands. U.S. agriculture
is the major consumer of fertilizers, accounting for more than 85 percent of U.S. fertilizer consumption. Golf
courses, grounds care and nurseries account for about 10 percent of domestic use, and the home lawn and garden
market accounts for the remaining 5 percent of domestic fertilizer consumption.
Fertilizer production is a strong industry in the U.S. In fact, annual U.S. production from 1992 to 1996 averaged
about $8.8 million, while employing more than 37,000 people. Total fertilizer consumption rose from $7.5
million in 1992 to $9 billion in 1996. Meanwhile, fertilizer imports also increased from 19.6 percent to 27.6
percent of U.S fertilizer consumption. Weather conditions, trade disputes, political unrest, general economic
agricultural conditions, crop prices and product supply each can have an influence on the demand for fertilizer.
Although no substitute exists for fertilizers in plant growth, "within each necessary nutrient group, each nutrient
may be supplied through a variety of products," says USITC. The industry categorizes fertilizers into three
primary nutrient groups: fixed nitrogen, water-soluble phosphorus and water-soluble potassium. According to
USITC's summary, "On a nutrient basis, a significant portion of domestic demand for nitrogenous and potassic
fertilizers is satisfied by imports. However, U.S. production of phosphatic fertilizers is both sufficient to satisfy

domestic demand and to account for the majority of U.S. fertilizer exports."

DISCUSSION
1. Production
United States fertilizer production includes nitrogen, phosphate and potash production, in which nitrogen

fertilizer production proportion represented 52%(Fig.1) in total fertilizer production 18.1 million tons.

ONitrogenous Fertilizers BPhosphate Fertilizers
OPotash Fertilizers

4%

44% 52%

Fig. 1. Percentage of total fertilizer production in United States in 2002
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From 1961-1980, total fertilizer production in United States increased rapidly around three times, and to a peak
at 23.4 million tons in 1980, in the following several years there were 2 rock bottoms respectively 18.0 million
tons in 1982 and 18.2 million tons in 1985. During 1986-1996 period, total fertilizer production increased 26%
to another peak at 27.0 million tons in 1996, from then on fertilizer production decreased 29%. Nitrogen
fertilizer and phosphate fertilizers production situation were almost similar to total fertilizer production in United

States, while potash fertilizer production decreased gradually in these years(Fig. 2).

—e— Phosphate Fertilizers —=— Nitrogenous Fertilizers
Potash Fertilizers Total Fertilizers

30
20 %
10
0

Million ton

1961 1966 1971 1976 1981 1986 1991 1996 2001
Year

Fig. 2. Fertilizer production in United States
Nearly 60 percent of all sulfur consumption is in the production of phosphate fertilizers. Nearly 10 percent of
additional consumption is used in other agricultural applications, including the production of nitrogenous

fertilizers and plant nutrient sulfur.

1.1 Nitrogen

United States is one of the world major nitrogen producer with 17% of world production. Production of urea,
the primary nitrogen product, was increased steadily from 1961-1996, except 1984-1985, however, after 1996,
urea production was down 85% to 1.7 million tons in 2000, and only rose 21% in the following two years.
According to the graph below, ammonium nitrate production made a wave line during 1961-2002 period, with
three peaks respectively at 1.3 million tons in 1972, 1.1 million tons in 1980 and 1.3 million tons in 1998.
Ammonium phosphate production started from 1972, and was up and down in undulation in the next decade,

while exceeded urea production from 1988. Compared with other nitrogenous fertilizer, ammonium sulphate

production was correspondingly steady(Fig. 3).
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—— Urea —=— Ammonium Nitrate
Ammonium Phosphate (N) Ammonium Sulphate
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Fig. 3. Nitrogen fertilizer production in United States
An average of 85 percent of the ammonia produced in the United States is used in fertilizers. About 11.5
million metric tons per year (Mt/yr) of nitrogen in all forms is used in fertilizers in the United States. Ammonia
represents about 32 percent of the total fertilizer nitrogen used; urea and urea-ammonium nitrate solutions
together represent 37 percent; ammonium nitrate, 5 percent; and ammonium sulfate, 2 percent. The remainder is

supplied by multiple-nutrient fertilizers that contain varying quantities of nitrogen, phosphorus, and potassium.

1.2 Phosphates

The U.S. is the world largest producer of phosphate fertilizers, accounting for about one-third of world
production. Ammonium phosphates (P205) production increased five times from 1961 to 1973, and
continuously increased over 2 times during 1974-1998 period, excluding three rock bottoms respectively at 4.0
million tons in 1981, 4.5 million tons in 1985 and 6.8 million tons in 1993. From 1999-2002, though ammonium
phosphates (P205) production was much higher than the other phosphate fertilizer, was lower than the peak at
8.5 million tons in 1998. Consent super-phosphate production had increased 85% to 1.7 million tons from
1961-1978, while decreased 71% from 1979-2002. Single super-phosphate production decreased gradually in
this period(Fig. 4).

—e— Ammonium Phosphate (P205)
—=— Concent Superphosphate
Single Superphosphate

10

88 e,
s e
= 6

=

4

2,

O \\\v\\\\\\\\\\\\\w\\‘L‘__‘_‘_‘L_‘_‘_“_L_‘i\\\\\\\\l
1961 1966 1971 1976 1981 1986 1991 1996 2001

Year

Fig. 4. Phosphate fertilizer production in United States
The United States supplies most of the phosphate fertilizers in the world. Overall, more than 50 percent of the

phosphoric acid produced in the United States is exported as finished fertilizers or commercial acid. The United
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States accounts for more than 50 percent of global inter regional trade in phosphates; 90 percent in MAP; and 75

percent in DAP. The United States also imports some phosphate rock for processing about 1.8Mt/YT.

1.3 Potash

U.S. potash mines are relatively small and old when compared to Canadian mines. Ore quality is declining and
output as declined steadily over the years. Most of the production is centred in Carlesbad, New Mexico, and U.S.
potash producers compete with Canadian potash from Saskatchewan and New Brunswick for the major market
which is in the U.S. mid-west. The main potash fertilizer production in United States, muriate of potash
production decreased in undulation, while potassium sulphate production was stable in 1961-1997. In the
1998-2002 period, production of muriate of potash is the only potash fertilizer production in United States(Fig.
5).

—e— Potassium Sulphate —=— Muriate Over 45% K20
Potash Fertilizers

Yryy -

05 MW

1961 1966 1971 1976 1981 1986 1991 1996 2001
Year

Fig. 5. Potash fertilizer production in United States
The United States produces about 3Mt/yr of potash, mostly in New Mexico. About 1 Mt of that production is
exported. About 8 Mt is imported by the United States every year, primarily from Canada, the largest potash
producer in the world. The United States consumes about 11Mt/yr tons of potash of all types and grades. About

95 percent of this is used for agricultural purposes.

2. Consumption

Total fertilizer consumption increased over 2 times from 1961 to 1973, and was up and down during 1974-1985
period, from 1986 to 2002 was largely unchanged. Nitrogen fertilizer consumption increased steadily from 3.1
million tons in 1961 to million 10.9 tons in 2002. Phosphate and potash fertilizer consumption were in similar

situation, doubling during 1961-1973 period, then were largely unchanged from 1974-2002(Fig. 6).
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—e— Nitrogenous Fertilizers —#— Phosphate Fertilizers
Potash Fertilizers Total Fertilizers
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Fig. 6. Fertilizer consumption in United States
2.1 Nitrogen
Urea consumption increased rapidly from 0.1 million tons in 1961 to 2.2 million tons in2002. Ammonium
nitrate consumption doubled from 1961 to 1972, however, decreased 51% to 0.5 million in 1971-2002 period.
Ammonium phosphate consumption had two stages from 1961-2002, around 0.1 million tons from 1961-1985in
the first stage, and increased to over 0.5 million tons in the second stage during 1986-2002 period. Compared
with other nitrogenous fertilizer consumption, ammonium sulphate fertilizer consumption increased steadily

from 0.1 million tons in 1961 to 0.2 million tons in 2002(Fig. 7).

—e— Urea —a— Ammonium Nitrate
Ammonium Phosphate (N) Ammonium Sulphate

Million ton

.Aﬁ“ﬂ‘ﬂ’fs'

TATATATATATATATA A A A TRTATATATA A A4 A (T e

1961 1966 1971 1976 1981 1986 1991 1996 2001
Year

Fig. 7. Nitrogen fertilizer consumption in United States
Calcium cyanamide fertilizer only consumed from 1961 to 1965(Table 1). Calcium nitrate fertilizer

consumption decreased 40% from 1961 to 1965, stopped during 1966-1986 period, restarted from 1987 and over
doubled in 2002(Table 2).

Table 1. Calcium cyanamide fertilizer consumption in United States (thousand ton)
Fertilizer year 1961 1962 1963 1964 1965
Calcium Cyanamide 6.073 5.046 4.456 3.354 2.844
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Table 2. Calcium Nitrate fertilizer consumption in Untied States (metric ton)

Fertilizer year 1961 [1962 1963 1964 1965 1987 1988
Calcium Nitrate 6622 |5524 5534 4829 3963 11470 10431
Fertilizer year 1989 1990 1991 1992 1993 1994 1995
Calcium Nitrate 15495 |11534 10662 12069 12253 12481 27351
Fertilizer year 1996 1997 1998 1999 2000 2001 2002
Calcium Nitrate 21744 {21100 25020 23677 29389 26428 26388

1 million ton =1000 thousand ton= 1,000,000 metric ton

2.2 Phosphates
Ammonium Phosphate had two stages from 1961-2002, around 0.1 million tons from 1961-1985 in the first

stage, and increased to over 1 million tons in the second stage during 1986-2002 period. Single super-phosphate
decreased 19% to 71.3 thousand tons from 1961 to 1967, decreased 79% to 13.8 thousand tons from 1977 to
1984 and was largely unchanged during 1986-2002 period. Consent super-phosphate fertilizer consumption
increased over 2 times from 196.7 thousand tons in 1961 to 530.3 thousand tons in 1968, while decreased

gradually to 126.6 thousand tons during 1969-2002 period(Fig. 8).

—e— Ammonium Phosphat (P205) —s— Single Superphosphate
Concent Superphosphate

3

c 2.5

S A SN
2

5 r
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0.5 JEPPUCTCRTERRSRen
0
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Year

Fig. 8. Phosphate fertilizer consumption in United States

2.3 Potash

Muriate of potash fertilizer consumption increased rapidly from 0.2 million tons in 1961 to 2.3 million tons in
1977. About 50% of the potash consumed in the U.S. is in the muriate form since 1977. During 1977- 2002
period, muriate of potash fertilizer consumption was no largely changed. Potassium sulphate fertilizer

consumption was less than 0.01 million tons from 1961-2002(Fig. 9).
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—e— Potassium Sulphate —m— Muriate Over 45% K20
Potash Fertilizers

Million ton
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Fig. 9. Potash fertilizer consumption in United States

3. Fertilizer Trade
3.1 Exports

Ammonium phosphate (P»Os) fertilizer export increased from 24 thousand tons in 1961 to 2445 thousand tons
in 1980, though dropped to rock bottom below 2000 thousand tons in 1985 and 1992, was trend to increased
during 1981-1998 period, and decreased 24% to 3919 thousand tons from 1999-2002. Urea exports made a wave
line from 1961 to 2002, to a peak at 836 thousand tons in 1980. Ammonium phosphate (N) fertilizer exports
started from 1972, increased steadily from 1971 to 1980, made two undulations in 1981-1994 period, was steady
correspondingly in 1994-1998, and decreased 28% to 1307 thousand tons from 1999-2002. Muriate of potash
fertilizer exports was largely unchanged. (Table 10). Other fertilizer exports in United states were up and down

irregularly. (Table 11)

—— Urea —— Ammonium Phosphat (P205)
Ammonium Phosphate (N) Muriate Over 45% K20

6000
§5000
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£ 4000
23000 A
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Fig. 10. Primary fertilizer exports in United States.
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—e— Ammonium Nitrate —=— Ammonium Sulphate
Fertilizers Organic Single Superphosphate
—— Potassium Sulphate
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Fig. 11. Other fertilizer exports in United States

3.2 Imports

Urea and muriate potassium fertilizer were the primary imports fertilizer in United States. Muriate potassium
fertilizer imports increased rapidly during 1961- 1980 period, made several undulation from 1981-1997,
increased to a peak at 5569 thousand tons in 2000, while dropped in the following two year. Urea fertilizer
imports increased over 4 times from 1961 to 1975, was steady in 1976-1981 period, increased continuously from

1981 to 1986 at a peak at 1260 thousand tons, and made a wave line from 1987-2002(Fig. 12).

—e— Urea —=— Muriate Over 45% K20 ‘
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©
g 3000 T
3 b
< 2000 1%

1000 -

O v““““““?‘“\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
1961 1966 1971 1976 1981 1986 1991 1996 2001
Year

Fig. 12. Primary fertilizer imports in United States

Calcium nitrate fertilizer imports was steady during 1961-1971 period, increased over 4 times to 26 thousand
tons from 1971 to 1973, and was be in undulation from 1974 to 2002. Calcium cyanamide imports decreased
from 8 thousand tons in 1961 to 1 thousand ton in 1972, roseto 11 and 7 thousand tons in the following two
years, and stopped from 1976 to 2002. Organic fertilizer imports had two stage, the first stage in 1964-1965, and
the second stage in 1988-1991 period which had a peak at 48 thousand tons in 1989(Fig. 13).
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Fig. 13. Calcium cynamide, calcium nitrate and organic fertilizer imports in United States

Ammonium nitrate fertilizer imports increased rapidly from 58 thousand tons in 1961 to 338 thousand tons in
2002. Ammonium phosphate (P205) fertilizer imports made a wave line with two peaks at 191 thousand tons in
1971 and 215 thousand tons in 2002. Potassium sulphate fertilizer imports was correspondingly stable excluding
a peak at 98 thousand tons in 1988. Single super-phosphate fertilizer imports was steady around 1 thousand

tons(Fig. 14).
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Fig. 14. Other fertilizer imported in United States.

Ammonia was produced by 19 companies at 37 plants in the United States during 2002. Fifty-three percent of
total U.S. ammonia production capacity was centered in Louisiana, Oklahoma, and Texas because of their large
reserves of natural gas, the dominant domestic feed stock. In 2002, U.S. producers operated at about 57% of their

rated capacity (Deborah 2003).

CONCLUSION
The United States remained the world's second largest ammonia producer and consumer following China. Urea,
ammonium nitrate, ammonium phosphates, nitric acid, and ammonium sulfate were the major derivatives of

ammonia in the United States, in descending order of importance. Fertilizer production in United States was
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decreased in these recent years, while fertilizer consumption was correspondingly steady. Fertilizer import had
small undulation in nitrogen and potash, only phosphates import was stable. Fertilizer export was largely

unchanged.
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2. The Production and Consumption of Fertilizer in China

Introduction

China has a population of 1.3 billion and 132 million ha of arable lands. It is a big agricultural country with
large population, but lacks arable land. In order to develop national economy and solve basic problems of
increasing population, agricultural industry has been considered as the base for the national economy by Chinese

government. As a leading industry of agriculture, the fertilizer industry is high priority in the national economy.

Discussion

1. Evolution of Fertilizer Production in China

1.1 Stage I (Pre-1985): Central planning

Production and distribution of fertilizers were under strict central planning until the mid-1980s in China.
Fertilizer production facilities were owned by the state. Government subsidized production and distribution to
keep fertilizer prices low. Since 1985, a dual system for fertilizer distribution similar to grains Large and
medium-sized fertilizer manufacturers are allowed to sell a certain percentage of their production at market

prices after fulfilling the targeted quantity.

1.2 Stage II (1986-1997): Transition from central planning to market economy

Double-track fertilizer pricing: In 1985, government allowed the fertilizer plants to sell surplus fertilizer
products at market prices after fulfilling the mandatory production quantity quotas. Dual fertilizer distribution
channels:

Before 1988, only AMPC held the monopoly power to distribute fertilizers in China.

In 1989, the state introduced the extension services at county levels into the domestic fertilizer
distribution business. However, AMPC still maintained the primary distributor status and the extension service
stations were allowed to conduct only fertilizer retailing business in connection to their extension activities.

In 1994, government further relaxed control over fertilizer pricing, allowing fertilizer price to be determined by
market. Government still sets and allocates import quotas and provides price guidance. Sinochem had the

monopoly power to import fertilizers.

1.3 Stage III (1998-2001): Furthering opening of fertilizer marketing

Mandatory fertilizer production and procurement quotas were phased out and fertilizer plants could make their
own decisions to produce and distribute the fertilizer products based on market situation. AMPC and extension
service stations were allowed to do both wholesaling and retailing of fertilizers. Government set guided
ex-factory prices for fertilizers produced by the state-owned large fertilizer plants, but allowing competition at
retail level. Both Sinochem and AMPC could import fertilizers under the import quotas issued by the state
government. Preferential policies were implemented to lower or eliminate some fertilizer taxes and lower the

railroad freight costs.

- 187 -



1.4 Stage IV (2002-Present): China fertilizer market within WTO framework

The quota quantities will grow substantially beyond 2006. No quotas are required for potash. Import volumes
above the specified quantity will not be limited, but will face a duty of 50%.A significant portion of imports of
fertilizers will remain subject to state trading. Trading rights for importing fertilizers under the portion of the
TRQ that is reserved for private trade will be phased in over three years. China does not generally permit foreign
companies to distribute products through wholesale and retail systems in China or to provide related distribution

services. These prohibitions will be eliminated five years after accession for fertilizers

2. The Fertilizer Production in China
2.1 Total Fertilizer Production in China
2.1.1 Total Production of Fertilizer in China before 1985

Before 1955, the amount of fertilizer production in China is few. In 1965, except for 30 medium-size ammonia
plants with 60kt per year capacity, others were all small-size with the capacity of 10kt per year. By the end of
1970's, especially with the government's adoption of reform and opening to the outside world policy, Chinese

fertilizer production capacity and technology level improved greatly( Fig. 1).
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Fig. 1. Fertilizer Production in China before 1985
The plant nutrient resources applied in China contains mainly nitrogenous fertilizer, phosphate fertilizer and

potash fertilizer.

2.1.2 Total Production of Fertilizer in China from 1985-2000

From 1985 to 1998, China’s fertilizer production has been increased from 13.22 million tons
to 28.72 million tons(Fig. 2), with an annual increasing rate of 4.8%. China was one of the
most rapid development countries. Presently the total fertilizer output of China ranks 1st in

the world.

- 188 -



35
80 /,___o/*/‘
25

20 === ‘v/

15 /[

4
10 :

Production in million ton

&

') ~N o Qa4 H»
&8 &S TS
NONN NN NN

© A o D
S &5
N N N N

Year

Fig. 2. Fertilizer Production in China from 1985 to 1999
2.2 The Chemical Fertilizer Production Situation of China
The plant nutrient resources applied in China contains mainly nitrogenous fertilizer, phosphate fertilizer and

potash fertilizer.

2.2.1 Nitrogenous Fertilizer production in China
The nitrogenous fertilizer industry includes the production of synthetic ammonia, nitric acid, ammonium
nitrate, and urea. Synthetic ammonia and nitric acid, however, are used primarily as intermediates in the

production of ammonium nitrate and urea fertilizer.
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Fig. 3. Nitrogenous Fertilizer production in China from 1985 to 1999
In 1999, to compare with the preceding year, the rate of increase is 2.33%, in which the increase of nitrogenous

fertilizer was strong with a growth of 10.67 %(Fig. 3).

2.2.2 Phosphate Fertilizer production in China
The phosphate fertilizer industry can be divided in to three major segments: phosphoric acid, granular
ammonium phosphate, and normal and triple super-phosphate. Total inorganic fertilizer production ranked first

in the world and P production was the second largest in the world.
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Fig. 4. Phosphate Fertilizer production in China from 1985 to 1999
2.2.3 Potash Fertilizer production in China

The amount of potash fertilizer production is the least.
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Fig. 5. Potash Fertilizer production in China from 1985 to 1999

2.2.4 Compound Fertilizer production in China
High analysis P fertilizers accounted for about 35 % of total P production. About one-third P fertilizers were

used to produce compound fertilizers. MCF made up approximately 16 % of the total inorganic fertilizer.

Table 1. Compound fertilizer production in China from 1995 to 2000 (104 materials)
Year 1995 1996 1997 1998 1999 2000
Total 292.6 336.4 470.7 533.4 623.6 763.3
MAP(11-42) 69.7 93.8 120.6 158.6 186.7 179.8
DAP(18-46) 50.3 61.9 78.4 94.9 100.5 150.9
NPK(15-15-15) 74.2 99.4 142.2 186.6 246.8 352.9
NP(13-27) 55.7 64.8 71.9 77.0 89.6 79.7

3. The Fertilizer Consumption in China

China has a large amount of consumption of fertilizer.
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Table 2. China's consumption of Chemical Fertilizers from 1991t01999 (10,000t nutrients)

) Nitrogen Phosphate Potash Compound
Year Consumption
F F F F
1991 2805 1726 500 174 405
1992 2932 1756 516 196 462
1993 3156 1835 575 212 529
1994 3315 1881 601 235 601
1995 3595 2022 633 265 671
1996 3828 2145 658 290 735
1997 3980 2172 689 322 798
1998 4085 2234 684 346 822
1999 4124 2180 697 366 880
o =
100
'\QQQ '\qg% '\ng\ '\QQQ) '\QQ%
— O N S U FTION o= wmesPRODUCTION |

Fig. 6. Comparison between Consumption and Production of China's Chemical Fertilizers(10,000t)

At present, the total output of China's grain is stable at around 500Mt. Total fertilizer consumption has reached
41.24 Mt. In the nine years form 1991to 1999, the yearly increase rate of fertilizer consumption was 5.8% from
1991 to 1995; the increase rate was 6.77% from 1996 to 1999; and increase rate is now 4.35%.

The consumption is quite different according to areas. In the southeast of China the fertilizer are used much
than other place because the amount of crop production is higher. The soil in the north and west China are not
suitable for planting. In the northeast of China although fertilizer are not consumed to much but the planting is

advanced, especially in Heilongjiang Province, that is because the soil there are fertile and productive(Map 1).

- 191 -



[ SSe.

Heilongjiang f

S —
Jiin
| S
Meimenggu ( 3
Finjian; iaoning ¢
| Y |
Qinghai Boe, Nindda :ham!%ﬁf'
[ SE— 5
Gensi. Snahm'?
: Shaanxi, % ngsu
Yizen e ; 2 . e 9
Henan ' |
Sichuan ' T . Spanghei
Bl s .
Changqing o g
i Hunen . Jiang . ».Zhejang
| =10 I:il
! [ B &, Guizhou, o
] Yunnan
LEGNED ¢ F Ih IHUangdong Taivan
s 3 7 Guangxi Hongkona
= Maca

- Chemical Fertilizer
Nitrogenous Fertilizer ’;l.,@
- Phosphate Fertilizer

- Potash Fertilizer
J: Compound Fertilizer
H_966. 7
1.2 kg/ha

Map 1. Consumption of Fertilizer in China
4. The Import and Export Situation of China's Chemical Fertilizers
Nowadays, the chemical fertilizers imported by China are mainly ammonium phosphate, NPK compound
fertilizers and potash fertilizer, of which DAP is of the major imported fertilizers, mainly from USA. The import
of NPK compound fertilizers is mainly from Russia and European countries. The import of potassium chloride is

mainly from the FSU and Canada.

Table 3. DAP and NPK compound fertilizer imported by in China (10,000t)
Year DAP NPK Compound fertilizers
1994 397.4 101.3
1995 543.2 133.1
1996 447.5 212.8
1997 464.2 259.2
1998 549.5 233.1
1999 528.2 236.0

China import fertilizer from the entire world in a large amount. Compared with importation, the export of
fertilizer is less. At present, China has exported a small quantity of phosphate product, mainly TSP and DAP,

half of its TSP output is expected to be exported each year, mainly to countries of South-East Asia.
4.1. The Import of Nitrogen fertilizer in China

In 1997, China started to prohibit the import of urea so as to protect local production. Upon China's accession

to the WTO (December 2001), China committed to an import quota on urea of 1.3 million tons in the first year,
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with an annual incremental rate of 0.5 million tons over the following 5 years and a final target of 3.3 million
tons in the sixth year. Imports of high concentration nitrogenous fertilizer are especially encouraged. In the first
half of 2002, urea imports accumulated to 676,000 tons, 8.3 times over the same period of last year. Despite the
relative small quantity, imported urea increasingly shows influence on the local market as the quotations of some

importers lowered with the lowest port trade price falling to RMB1,200 (US$144) per ton.

4.2. The Import of Phosphate fertilizer in China

Currently, China's production capacity of phosphate fertilizer reaches about 10 million tons and ranks No.2 in
the world, right after the U.S. In 2001, China consumed 10.17 million tons, of which 31%, or 3.12 million tons
was imported. Local phosphate fertilizer satisfies less than 70% of the market demand, while low concentration
phosphate fertilizer accounts for 60% of total local production. Although the local production is increasing year
over year, imports will remain an important source of supply for reasons related to both quantity and product
quality. According to Ms. Liu Yihua, an expert at the China Petroleum and Chemical Industry Planning Institute,
domestic demand for phosphate fertilizer will soar to 10.72 million tons by 2005, and 11.75 million tons by 2015

in China.

4.3. The Import of Potash fertilizer in China

Due to constraints in local production resources and considerable domestic consumption, most potash fertilizer
has to be imported to satisfy domestic demand. At present, there are only 50 Chinese plants producing potash
fertilizer with production capacity of 1,200,000 tons per year. Statistics show that China consumed 4.18 million
tons of potash fertilizer in 2001, among which imports cover 3.32 million tons, equal to 85% of the total
consumption. It is estimated by experts that China will demand approximately 42 million tons of fertilizer in
2005. Over the next several years, approximately 7 million tons of potash fertilizer is expected to be needed each
year. China plans to further increase its production, but so far the degree of self-sufficiency of potash fertilizer

reaches just 17% of demand. China will have to rely heavily on imports over the next few years.

5. Future development of the fertilizer industry of China

The fertilizer industry of China, constructed, producing and selling under nearly 50 years' planned economy, is
facing domestic and foreign challenges from the transition to market economy and entry of WTO. In order to
swiftly adjust itself to accommodate the new circumstances, and in line with the 10th five year plan and the
guideline of the draft of 2015 long-term planning, the future development of the China fertilizer industry will
focus on: adjusting raw material structure, product structure, plant structure and capital structure; gradually
establishing an integrated system of production, sales and service; shutting down those plants that cannot survive
in the market competition; improving the overall technology, service, economic gains and competitiveness of the
fertilizer industry.
Following China's accession into the WTO, the fertilizer industry, like all other industries, would be increasingly
integrated into the world. In the near future, a number of large competitive conglomerates are projected to

emerge in the Chinese fertilizer industry. Fertilizer marketing and distribution channels would become more
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integrated and centralized.

Conclusion

With the development of domestic high-efficiency agriculture, fertilizers of high-concentration,
high-compound, highly specialized and controlled release will become important players in the market. China
has to rely on imports to satisfy this kind of demand. China is hungry for potash resources and China has to
employ imported products to supplement domestic requirements. Overseas fertilizer producers attract domestic
customers with high quality and low priced products. After China's accession to the WTO, gradual cancellation

of tariff barriers will help promote the import of fertilizers.
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