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Analysis of Sluiry Composting and Biofiltration Liquid Fertilization
on the Initial Growth of Chamaecyparis obtusa
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(control), &}&+8] &2 2] (chemical fertilizer : CF), E|8]A 2|7 (compost : CP), A&LoNu|xg] L(low liquid fertilizer :
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Abstract: The study aim was to analyze the effects of slurry composting and biofiltration (SCB) liquid fertilization
on the early growth of Chamaecyparis obtusa. Control, chemical fertilizer (CF), low liquid fertilizer (LLF), and high
liquid fertilizer (HLF) sites with five trees per site were established, and each treatment was repeated three times.
The growth analysis showed that HLF-200 (treated with HLF 200%) had the highest growth. To assess the fertilization
effect, root-collar diameter and height growth models were developed for the HLF-200 and control groups. We found
that the Schumacher anamorphic and Schumacher polymorphic equations were best suited for the root-collar diameter
growth models in the control and HLF-200 groups, respectively. For the height growth models, the Gompertz polymorphic
equation was the most appropriate. From the growth curve generated by the chosen model, the effect of fertilization
on the amount and rate of the root-collar diameter and height growth were higher in the HLF-200 group than in
the control group. Treatment with SCB liquid fertilization was judged to be suitable for the early growth stage of
Chamaecyparis obtusa.

Key words: fertilization methods, early growth model, slurry composting and biofiltration liquid fertilizer, Chamaecyparis
obtusa
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24 Qo] =, 2 Y i T HIR Aees 2d8Y
T Utk 53] 7 R 5y 9 Aol 234 sk
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2P Qlo] F83F 8 2lo]tHAuchmoody, 1985).
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P SAERHAFF 72) Ha
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™ ofof ZFAA, 2E A Feho] Frlskal Stk of2f3t &4
Ae Adekn Asies B8 A7 Sl
SCB(Slurry Composting and Biofiltration) 2} 8|7} 7lj2t=] 1
CHPark et al,, 2008). SCBHH|Z = Hir 7} EH|¢hS E3
Sl 5ok MBS olmlel wa BAHE ARoA WA
7} 913 FAA= v & 2120 Z(Lee et al, 2012) SCBH
HE Eol 35otH Hash o E A8 §A2 #7]
0] $3he Y] & 4 glov] Azo) SF U FAL
sjshul AL Ao} BUsl §A8 4 gleks Bzt 9l
CHDauen and Qulez, 2004; Lim et al., 2008; Misselbrook
et al.., 2004; Paschold et al., 2008). ©|&|gF SCBH ]| ik
A7 A4S 2 Eeko) Siabyl viste} peie A9t
AgE|glon, B2 50 Aol nA= JF HHE
A7} njulste] F7kITAL Wast AHol
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g Lol A= & AL, Rt Aol ofsit ti7)
egole va AEe 7L Sl Aer dHA Uk
(Korea Forest Service, 1992; Lee et al., 2009; Niinemets
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2. Ml AlH] Hef 2 ai

A Fe A3l )& (control), 3}8HR]E ] 7L
(chemical fertilizer: CF), E]JH]*]2](compost: CP), A-sx
Hu] & 2] 5H(low liquid fertilizer: LLF) 2! 11T oiH]| %] 2]
“+(high liquid fertilizer: HLF)2 ZAJ3} T} #]5TEoH]
= SCBYR|EETFo|H, A== ATt EETgS
7oz AAstA o, Y| - A =] - Alg o]
Aelgte AT 7IEFH Kim et al,, 2011)0f it 1
Hll, 1.5}, 282 FHEsko] A 2lstith 18] Aefe: 5
159 202]¥] 9] 7|Eor siglon, sl dHY
Table 19] F=2 22|53t} EH|9} =t = 22
B, A% Eolu| 202] B Table 29] S A 2]5t%]
o, o] wj EH|, FE=Hn], AF=HB| N, P, K H&
£ Table 33} Zt}

AR Z71ZEE: 201393 2014 of) 458 10714 R
o, AHRS st R ASAE], EEjs 2EAM],

Table 1. Amount of the applied chemical fertilizer by N, P,

and K. (unit : g)
Basal Additional fertilization
fertilization Ist 2nd
N 10.83 5.42 5.42
P 50.00
K 16.60 8.30 8.30

Table 2. Amount of the applied compost, low liquid fertilizer,
and high liquid fertilizer.

Amount of applied fertilizer

100% 150% 200%
CP* 67g 100.59 134¢
LLF® 380mi 570ml 760ml
HLF¢ 130mi 200ml 260ml

4 : Compost, ° : Low Liquid Fertilizer, and © : High Liquid
Fertilizer.
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Table 3. Chemical characteristics of CP, LLF, and HLF.

(unit: %)

N P K

CpP 0.90 1.49 0.19

LLF 0.12 0.09 0.15

HLF 0.31 0.24 0.33
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AN11E A435 (2022)

5. MXtOS x|

H o] AR E A 7)== Schumacher(Schumacher,
1939; Woollons, 1988; Clutter and Jones, 1980), Chapman-
Richards(Pienaar, 1973; Goulding, 1979), Gompertz(Whyte
and Woollons, 1990) 2! Hossfeld(Woollons et al., 1990) 5
©] &% (anamorphic)¥} t}&(polymorphic) 2] TheFRl Sig-
moid FEf thpAHE WA AS o]kl tH(Table 4).

o=

6. SHEN
AlalER o] w2 HE o] RS E415H7] Sl SAS
ver. 9.3(Statistic Analysis System)2 o|-83d}o] X1
not 2AAH0) & Al vt QYR one-
way ANOVA)S AAlstgom, 279 md sjuks 95

PROC NLIN Z2A|A 9] u|A3y ZAZ< 3] F(non-linear

least squares regression)E ©]-8-3}1c}.

Az, Aol oie &
o] o]z} LekhA] grskoul(P>0.05), £
A3 Ao} QO R HLEN0N T

7 Urebee(Table 5, 6). ol 29124444
o) 29 AIHRITo) dol Bls) Ao ok, A
o] w2 AJA}o] vl A3 A L(Park et al., 2019)
B 2YEO EorEAHT) AR 97| EA] o5k
| r=tt= A2} Yang et al.(2014)Q} F-AFSH

jul
12)_O

Table 4. General forms of anamorphic and polymorphic projection equations.

Model types Model names

Equation forms

Schumacher Y, = Yiexp(—6(1/T)-1/T7))
Hossfeld Y,=1/(/Y,)-8(/13-1/17))
Anamorphic
Chapman-Richards Y, =Y, (1—exp(=67,))/ (1 —exp(—813)))"
Gompertz Y, = Yiexp(—B(exp(vZ;) —exp(y7;)))
Schumacher Y, =exp(In(¥,)(7}/T,)° +a(1—(T;,/ T;)"))
Hossfeld Y, =1/(1-Y )T —1,) +1/a)1—(7;/ 1))
Polymorphic Chapman-Richards Y, = (/W= (1= (1= (y—a) Yflf“i)))(ﬂ - 7])[77(17“?)])(1/(17"”
G " Y, =exp(In(¥;)exp(—=B(T, — T,) + (T3 — T}))
omperts +all—exp(—B(T; — 1) ++(Z2— 1)

¥, = dimeter and height of trees at age 7]
Y, = dimeter and height of trees at age 7,
exp = exponential function

In = natural logarithm, and

o, 3, are coefficients to be estimated.
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Table 5. Total growth of the diameter at root collar and height of Chamaecyparis obtusa by the fertilization methods.
(unit : cm)
Diameter at root collar Height
Beginning of End of Amount of Beginning of End of Amount of
growth growth Growth growth growth Growth
Control 1.08+0.14 2.84+0.24 1.75£0.13* 123.4422.9 220.7+26.8 97.4+8.4*
CF 1.30+0.24 3.25+0.35 1.95+0.23% 106.0+18.1 215.0+24.7 109.0+8.1°
CP-100 1.50+0.18 3.43+0.34 1.93+0.17° 134.0+16.3 256.7+17.8 122.7+5.8°
CP-150 1.43+£0.29 3.10+0.41 1.67+0.16" 126.0+£9.6 249.0+19.4 123.0+10.2°
CP-200 1.10£0.27 2.93+0.33 1.83+0.10° 102.3+16.3 211.7+24.3 109.3+8.8"
HLF-100 1.00+0.18 2.92+0.23 1.92+0.08" 111.3£14.8 225.0+24.5 113.7426.9*
HLF-150 1.01£0.20 2.79+0.26 1.79+0.08" 110.7£16.8 228.2423.6 117.5+£7.4*
HLF-200 0.97+0.20 3.11+0.27 2.14+0.11° 123.9+17.1 241.7+21.7 117.9+5.3"
LLF-100 1.15+£0.21 2.99+0.26 1.84+0.06° 117.9+14.7 233.6+21.7 115.7+7.8°
LLF-150 0.98+0.25 2.74+0.31 1.76+0.07* 108.5+16.1 211.7+21.8 103.2+6.1°
LLF-200 0.98+0.18 3.00+0.26 2.02+0.08* 110.6+16.1 230.3+19.5 119.7+45.1*

* Different letters in each column indicate significant differences according to Duncan’s multiple range test (p<0.05), same letters
are not significant.

Table 6. The ANOVA procedure for the diameter at root collar and height of Chamaecyparis obtusa.

Sum of squares Mean square F value Pr>F
Source DF 5

D.? H. D. H. D. H. D. H.
Model 10 1.9138 6076.6 0.1914 607.66 1.07 1.86 0.3948 0.0603
Error 94 16.8475 30669.9 0.1792 326.28
Total 104 18.7613 36746.5

. the diameter at root collar, ° : height.
Distribution of DRC Distribution of height
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Figure 1. Distribution charts of the diameter at root collar(left) and height(right)
of Chamaecyparis obtusa by the fertilization methods.
AEFS Bolch Wb o] 27] AR A9 Su F AYWS BAS Ak 29274 AR vt
Ao whE A Sioll oAl Y= vIAA S Az A Efof] w2 A {24l AREEe] 2ol 7t
o veht Aulet g AA2Y, 2Pl YA AE Ui Rt m(P0.05), FUARYIE SARE A
B 24 5 dAEEAT AAQEE T 2-7]=0 gt = UEFATKTable 5, 6). 53] A8 {2 A3 =31
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A8 RS AR At ol RE AAs= A oA A o] BAAGOA7 7 WA Jelhgton,

(o)
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Table 7. Statistics of residuals with the anamorphic and polymorphic equations fitted to the diameter at root collar of control plot.

Estimated coefficients - i
Vedd Mo Bl eSS g S
Schumacher - 4.0607 1.0434 0.0454 0.2125 0.3331 0.2698  0.977099
Ana- Chap-Rich - 0.2334 -1.4282 0.0456 0.2128 0.3459 0.2675 0.97702
morphic Gompertz 0.0577 -0.9939 - 0.0522 0.2272 0.4885 0.3670 0.97645
Hossfeld - -4.0995 1.8641 0.0621 0.2364 0.1087 1.0250 0.9789
Schumacher 5.4089 0.1268 - 0.0459 0.2139 0.4734 0.4507 0977179
Poly- Chap-Rich -2.2174 1.0136 -2.4770 0.0621 0.2365 0.1918 0.2654  0.986884
morphic Gompertz 6.5409 0.0402 0.00181 0.0459 0.2133 0.4186 0.3720  0.979206
Hossfeld 14.0856 - 0.7003 0.0462 0.2145 0.4483 0.3865  0.977896
SCHUMACHER ANAMORPHIC(DIAMETER) SCHUMACHER POLY2(DIAMETER)

RESID RESID
0.6' 08
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+7 e T 06

+++++

N
02 % b 04
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Figure 2. Plot of residual Vs predicted for control plot Schumacher anamorphic equation(left) and
HLF-200 plot Schumacher polymorphic equation(right).
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Table 8. Statistics of residuals with the anamorphic and polymorphic equations fitted to the diameter at root collar of HLF-200 plot.

Estimated coefficients

Schumacher - 3.4820 0.5081 0.0491 0.2175 0.1838 -0.0056 0.993307

Ana- Chap-Rich - 0.1139 -1.0160 0.0492 0.2178 0.1730 -0.0012 0.993532

morphic Gompertz 0.0634 -0.9944 - 0.0552 0.2291 -0.1225 0.2776 0.994724

Hossfeld - -3.0544 1.5999 0.0927 0.2714 0.2310 0.1788 0.993304

Schumacher 2.1367 0.5231 - 0.0343 0.1848 0.6760 0.9993 0.974322

Poly- Chap-Rich 1.2392 0.7813 0.7566 0.0552 0.2174 0.1402 0.0172 0.991415

morphic Gompertz 2.0668 0.1166 0.00255 0.0343 0.1846 0.6739 1.1466 0.975412

Hossfeld 5.0639 - 1.3008 0.0349 0.1863 0.6491 0.9242 0.975312
o] AgstA] g2 Ao = U THTable 8). wheba] A% A, E% =& 7} o}g WA 4] 9] Shapiro-Wilk EA|&F0|
2l A SR e “J%—o + Schumacher T+ 0.95 ©]4 HLEPUr BEEE T2 AR e
A4S 7 AR = AdAstelon, s&4t ok EUrEV\i ols ®y F HutAlw LAt 7P WAL, H=
d& yeEhaL ‘il‘RiEP(Figure 2) 7} 7V A UEhd Gompertz tF A AS 7P A9t
WA o2 Ao (Table 9), W= SE2AHdS U

2) o AR EhiaL A Sich(Figure 3).

2o =3l HlolH S 33 o WA Ao At HLF-200 #2]79] 4231 dlo|8 & s thg "4

Table 9. Statistics of residuals with the anamorphic and polymorphic equations fitted to the height of control plot.

Estimated coefficients

Schumacher - 3.6280 1.2558 144 11.9737 -0.0293 0.5734 0.989821

Ana- Chap-Rich - 0.2866 -1.2912 144.6 11.9827 -0.0224 0.5697 0.98993
morphic Gompertz 0.0451 -0.9967 - 177 13.2232 0.2632 0.4237 0.988114
Hossfeld - -0.0161 1.1623 2154 14.2569 0.1274 0.1759 0.986823
Schumacher 6.4608 0.3404 - 134.8 11.5825 0.3075 0.7972 0.989285

Poly- Chap-Rich 7.8296 0.2922 0.0248 203.4 13.4746 -0.1575 0.2172 0.986129
morphic Gompertz 6.4933 0.1544 0.00758 129.7 11.3367 0.2898 0.9107 0.99045
Hossfeld 412.7 - 0.7777 136 11.6328 0.2929 0.7288 0.989924

RESID
50

10

0.0
90

GOMPERTZ POLY2(HEIGHT)

+

130

170
PRED

210

RESID
30

110

GOMPERTZ POLY2(HEIGHT)

270

Figure 3. Plot of residual Vs predicted for control(left) and HLF-200(right) plot Gompertz polymorphic equation.
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Table 10. Statistics of residuals with the anamorphic and polymorphic equations fitted to the height of HLF-200 plot.

Estimated coefficients

Model Model MSE Std. Skew- Kurtosis Shapiro
types names a B y Dev ness -wilk
Schumacher - 3.7322 0.2126 50.3019 7.0628 0.4544 -0.0721 0.9812
Ana- Chap-Rich - 0.0613 -0.6569  50.2669 7.0603 0.4538 -0.0705 0.9813
morphic Gompertz 0.0534 -0.9968 - 72.0346 8.4127 0.2537 -0.2965 0.9892
Hossfeld - -0.0134 0.5755 137.5 11.0948 0.1152 0.5217 0.9910
Schumacher 7.4944 0.2345 - 41.8548 6.4579 0.1630 0.3040 0.9915
Poly- Chap-Rich -6.44 3.1652 -0.2766 129.6 9.8437 -0.1973 -0.4906 0.9905
morphic Gompertz 7.5092 0.0708 0.00262  41.7845 6.4409 0.1725 0.3210 0.9921
Hossfeld 603.3 - 0.7761 41.8446 6.4571 0.1724 0.2476 0.9910
2.7 - 220 -
LY 210+
= s ] __200 A
o = E
e £ 190 -
021 - s
- .E‘ 180 ~
2 19 —control 170 4 = Control
Eq7 ——HLF-200 160 - = HLF-200
2
1.5 T T T | 150 T T T |
5 6 7 8 9 5 6 7 8 a
Meonth Meonth
Figure 4. Growth curve of the diameter at root collar(left) and height(right).
of Mot Auh, Be T3 vhE {241 9] Shapiro-Wilk 2= AEA oz fastel o, HLF-200% 2 4= 2
SAF0] 0.95 o] Fo = YER A % = Wit o] & Ak Aol A9 ol a1 A o%’ﬂ(GompertZ ot
g5 % Schumacher, Gompertz “12] 31 Hossfeld T}& %4 HYAA) B o= ZA 270l 2HRA A} vzt
29| FatAlEeA7E Wekor, #FHAKStandard Devia- A= 7 A2 gte] Zpol 7t Il oL, 7*“>J—rEi el At
tion) @} 2 5=(Skewness) 50| H]S2SHA| LRI whebA] o7} WAYSHH A 9Yofli= HLF-2004] 2|17} o 2+ o}

F=7F 7P =4 vebd Gompertz tF 7 410] 71 A
ebetrtar el gl O w(Table 10), X3tz SEAMIS
el 2 Q)9 ch(Figure 3).

& 7}7} Schumacher =38, t}3 HOHJ,/A}EE
SCB |7} YA H o] =7 A 3o o

w7) 98] ARE =Ll it %%ﬂ AREL B
23, 24} 27)0)= = A2le] Zol7h ehix eiske
L, 6972 E AAFEre] Zpol7F WA s A 9= HLF-
2004 2] 27} f2LETF OF 026 em(15.5%) = ACE L}
Efytch(Figure 4). =31 AAFES UEtl= 71279 45

oF 125 em(74%) & Ao Uepth fjzTel 71871
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