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ABSTRACT

Reclaimed lands, including reclaimed tidelands, usually have poor soil conditions, such as low nutrient and
organic matter contents and poor soil structures, which hamper adaptation and survival of newly transplanted
tree seedlings. Nutrient loading technique is the concept of accumulating more nutrient in plant parts while
maintaining biomass, which can increase growth and survival rates after transplanting in nutrient poor soils.
However, possibility of nutrient loading on domestic tree species has not been evaluated in Korea. This study
was conducted to test and select the optimum nutrient loading models for domestic tree species. Three nutrient
loading models, including conventional (constant fertilizer dose), exponential (increasing fertilizer dose as
exponential curve), and modified exponential (exponential increase but compensate initial fertilization), were
tested for three tree species; Pinus thunbergii, Quercus acutissima, and Zelkova serrata. Seedlings were
grown in a greenhouse from June to September in 2020, and selected amount of fertilizer was applied weekly.
Three seedlings were collected randomly every 4 weeks in each tree species and nutrient loading model, and
dry matter and nitrogen (N) concentration in each part, including root, stem, and leaf, were analyzed, and see-
ding height was measured. Seedling height was not different with nutrient loading models for all tree species.
For P. thunbergii, dry matter and N content were the highest with the conventional and modified exponential
models, and for Q. acutissima and Z. serrata, the modified exponential model was the best. The modified
exponential model resulted in the highest nutrient loading efficiency due to the compensation of N supply at
the beginning of growing stage and the higher N supply rates at the late growing stage compared to the con-
ventional model. However, survival rate of seedlings for exponential model decreased after middle growing
stage because of toxicity of excessive N fertilization due to rapid supply of N. Therefore, diverse rate of N
fertilization needs to be tested to select the optimum nutrient loading models for each species. Furthermore,
field study is needed to test if nutrient loaded seedings grow better than conventional seedlings at poor soil
condition lands.
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Introduction

THA 2= Lol 2k Q1o WS mi oA T 222 Zark-F-goll ool B Al E ok 2 2= Al = Hetks)
At A1, T, A2 A Alglo] M7= 1 20t} (Jeong et al., 2020; SDIA, 2023). ]2} BE0] A A} 5212
Folx=APH - ks 7hdskar, BlAbHR] 247 9 Fof o2 flol ARta 7H 2] o) 2026'3712] 228 ha o] Lt
7S S Aldolw, o= 5AE-84] BEZ (55 ha), & -7 WAl 2APA (73 ha), 5AE 84 YR =2
(100 ha)E ZERRRIT}H (KFS, 2021). ZF 2] EF Fshrt =01, A|olp97t oM, EY 13 o] & F]7] oot
Hl7F Eob ot ool Wot ' 2kgo|ur Uirt ARl ol A@kekA] 2tk (Jeong et al., 2020; Seo et al,
2023). wHbA] 2] Efol Y- Al | flsliie i s AR EAl B4 =2 A AlAE et Az
Al A FE)E u] & F0] 7} Hlgo] Hasit

S84 71 (nutrient loading technique)-> B3 S 2 TAOA] A7 AlH|e 1} 22 AlH] 2712 De]sto] 4]
A A FARIARE AU G2 e =01 = 2 (deficiency) AHI ] B2 = o] (luxury consump-
tion) 0O & S H o= 7|0t} (Imo and Timmer, 2002). T332 0 7 AujE HE3} H|wshH, FEHA 7|=2
e B2 e 2o JE-e BES | Hhs Felld A4S ol S Alolsshe 582 Heltk
(Malik and Timmer, 1995, 1998). 3 H4ol|x] Z}gt B2.2 Hig] A A=) L] 2| 7} 40 2 ols)] EoF o o]
o[- gt Fp7t AlRtE]7] wiiel] 27 o] 4] A% JF ABS YEH= 7397 Hrt (Burdett et al., 1984; Burdett,
1990; Van den Driessche, 1991). SEA|9E, FZo] 2 H BE-2 2uet Eofof Hej7t 4-36h= 539 Y2 Aol
& 5ol HAH R ol 8o zH oA & AEgo|L o] THRY S HE o] v 9<p5itt (Malik and
Timmer, 1995, 1998).

FEHA 7]ES B2 S H A AHES A A5k

R

[¢]
r

r

g

i
:s
o2
o
&

21 AL T Al A 1 A4S A
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AlB[ERE 2|42 ZT A7 = Aol A AL HE2-8 13lel AR AJA o
7V S 25IARE AHE7] £l GaEolth FEHA 71ES ol 83 w2 A AMEE HE A, s, i
T 9 Be] S £ 4= Qltt (Van den Driessche, 1988). 2l=ollA= FEHA 7S E8oto] S Y
29 R (Chinese-fir, Cunninghamia lanceolata) (Xu and Timmer, 1999), A-27FEH[UE (black spruce, Picea
mariana) (Malik and Timmer, 1998; Imo and Timmer, 2001; Salifu and Timmer, 2003), Lutz 7F=H]U-F (Lutz
spruce, Picea glauca x lutzii) (Jonsdottir et al., 2013), WA (jack pine, Pinus banksiana) (Pokharel et al.,

2017) %5 There 450l Tk g o]4] A% 2] Aol T ﬂgﬂﬂ olofzir}. SHAIE, -2 tetel i el
o] 51512 gl HA 5 e o) LAl e A ek
QA S T ol et 6 O 7Y 5 P 47}504 E 71 1 9IS 2
‘l._

O

QA AlsR= Ty mlo]] Hls] 51 A A]7]o]
e

KR u]
= =
% mello] FRAA]| o] B8AY A0R IS Ao A7E ﬂéﬂ%}‘ﬁ

Materials and Methods

2= MH 9 25 Y i SFo oist oFRER A 7154 Jlﬂ7]~— HJ5ted sl (Pinus thunbergii), 442
(Quercus acutissima), =EIUF (Zelkova serrata)ys /;j ottt HE-2 S Hof A7 sl 3E (43.2 x
26.7 %10 cm, —TLEHEU] 3 %3 x 10 cm) BE U5t 0™, 1e7] o] 4] *] 71 AlEste] s 1948, <] ot =
APPSR A T 2 ok el 42 3 IR £5 7200008

S5O H, H] Sk Wl 25, Fhe, QA 5 Bt ER 202 AlEote] a2 35w0le] E 19] SR A=
W5l A 24 9 B2 ANE 2= 7} 917] (3 uEE) ol FS5H @agaw—,}_ QL AErehy 24 vl
Yah92014 2020 6LE] 10U/ Ao, Mo} 20] HA)E An S ele) 2918 o} galo] 7122

A2stdod (F32)), 7- 84 (1€ 12)), 9- 109 (F 2 - 39)), 1149 o5 (& 12))2F o] th=A] P51t

(9]

FEEA DY BE FEHA 7S ISk ] f16l Al ZEA] AM] RS ARESEGIT s 1 717 5 AR
LRro] A|H|5H= TaHFA] (conventional fertilization, CF), B2 A% /\]7]01] k=] AH]ERS A)Sok i g 2147
+ A4 (exponential fertilization, EF), A|<=H8 2] Z7] AJH|&F F=of gt A4 A& Heket =4 =|=1
(modified exponential fertilization, MEF)-2 AF-8-5}21c}, 21504 © 2 1 A] EojE]= 4|7 9F (300 mg seedling™,
SR Pll)S A efste] At AlH|Ee thEat ol Altsieinth

Z|4=59d (Timmer, 1997; Salifu and Timmer, 2003):
Ny= Ngle" —1) (Eq. 1)

N : desired amount to be added in a number (t) of fertilizer applications

N : N content in seed or the initial N content, mg plant season™
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r : relative addition rate required to increase N to a final N content (Nt + Ni)

t : number of fertilization

B Atof| A= 3 Z AJH]EF 300 mg seedling !, Ns+=5 mg plant™' season™-2 7|50 &2 519 0™ r-20.34 2 A&t

N, = Ng(e" =1)= N, 4 (Eq.2)
N, _1: cumulative amount of N added up to the previous application

TR (Timmer et al., 1991; Imo and Timmer, 1992; Jacobs and Timmer, 2005): A4 237} Fdsht =
7| 717 37}, HAF7 1 AAL

N.=N,(e"""—1) (Eq. 3)

N, :amount of N called N compensation, initially subtracted from the last two applications calculated from Eq. 2
NV, : final amount of nutrient added in the compensation period

r : relative addition rate required to increase Ny to N,

t : compensation period

AlH]= S Ao A Wo| ALgSl= T AEE 171 (N18 + P18+ K18 + 1|34, www.yara kr) S AR50,

200
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ﬁ ’I
) . . /
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uo ’,
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Fig. 1. Weekly fertilization rates of three (conventional, exponential, and modified exponential models) nutrient loading
models for tree seedlings.



Evaluation of nutrient loading technique potential of domestic tree species to promote forestation * 7

A 23 8 Sl 9] I (Fig. 1) ZR] 5141 5 U2 S ol §5t] s mLA 69 5 F7e) o Alulst
k. B S8 70HE BE 5 AR PRI, A%, 5 A% Rl 212} 300, 605, 467 me sceding 1]

o} (Fig. 1).

22 3 Y 2N AR A8 Ao TR DB S WP $islel 2 HECIA 1 127 RES P
[e]

A ATE (7, A2 30715t BE a8 6H 2, 68 29, 893, 98 21U EEAE ©85t] 1 mm &

A7 B U] R S S5 ] Sl AelTte] 5 E= 2 57 BES il Sl AfFstalen, A
ST AEAIE S EE BN SRR AlASto] MR SES AlASISI AEAE e, £71, 4 Al FEo s Fefet
T B4 60 °C= FA7F DA wi71A] A=k A Almo] e 5744 5 HA719H24171 (MM400,
Retsch, Germany)S ©]-8-5to] Eaffotiet. ZF AlE4 H-91E ghA 9 A4 55 QAE47] (Flash EA 1112, Ther-

=
mo Fisher Scientific Inc., Netherlands) 2 241515 0 ™, t4 W 24 1k HOlH AES x B g AXSHTh

SARM FEHA o thg 2R T E SR I 2] $AA frol e A4 (ANOVA) o = 4
Zorh. BAEA-2 IBM SPSS Statistics 27 L2 121 o] 85}o] 50815 95% S04 AESIITH

Results and Discussion

AlH| M2fof mE B g Het AR wet 25 als S7H(P <0.001)SHAH (Fig. 2). Are]eh =
EjuRo] A3 STt oSl vl 585 Urehet, ol ofld-2 18 A% 253 Vo= Fedd SHE
SR A9t LBl ot 25 H {15 ARESto] sisoll Hsl w45 Aol Skt Ao & k)

SEH el A Bl g B 0l A7} gL o v e U= AR AJH] A 2] tollA] pHegat
A 2|5 m o] vls] 1253 =017 290tk (Fig. 2). A4 o] 739 AJu] A2} 8321 E] Alu|ego] FAsH 718t
A AA) AR el ARl 28] (8554}, 25 vs 45 (Y vs A15%) mg seedling'; 95741, 25 vs 65 mg seedling™)
ATk (Fig. 1). SH FHF o] H= g7 STeof| thg da Q7S Ad3loto] AlH|EEE S5 57771 Wizl
B U ATl ofel -2 S 2 2 BE IARE QI5] (Albornoz, 2016) 97 2 0% X A E] o] 4] 2]
BT A37e] Asiie 2o g et REUT= Sl (WA ZH =] (E7d )l Hsh Y de] 2]
T (Ahn et al., 2008) 0= THETh whebA, 45 8 YA/ Hhdsto] AH|ZE 24 Bart Sl 2 o= Tk
ok

i

A2 FE T2 L ol BRI (Fig. 2). B al= AJH] A 2of w2 ot 2t )7 gl W, 4
=3 STl ol 7 wt A o] Hego] Al AJH| AH2jStE e fofShA| kT Al 2}
ol fIARt 2T B F oz W 7 A= AlH] A 2]of] ol Ao A Hrk= v e ] o] o
Lolgta= oottt LEuRe] ¢ 78215 o AEFo] wallyh Al e AR A2t o Zled), 214
REHO] B FH 9 7 o] Aol Asie Autm wtEnt, Rl AR RS v WSt o, 7 X oA 4

S 79
19 Aol GeAR, S|4 el oM 71BF o] folehl Z7stelin), ol Bl ulal 43214 Bl
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o] vla) 2EFo] gkt ol 47 2] ofito] HEsle] o] SR Ioton] % Fut ol% 3T

°]
AR 71l mhE =g ol Aol Asli= 7] whe o2 T (Hu, 2012).

100 25
(a) P. thunbergii OCF O EF IMEF (b) P. thunbergii EROOt
80 ANOVA (P value 20 ANOVA (P value) stem
NL:0.121 NL:0.004 @Leaf
S:<0.001 5:<0.001
60 | Nixs:0.983 15 NLXS:<0.001 A
A
40 10 ]
100 o5 LR (o B b
c) Q. Acutissima O Acut/SS/ma
80 | anova (pvalue) 20 | anova(pvalue)
NL:0.500 < NL: 0.004
a 5:<0.001 c B = 5:<0.001
S 60 | Nuxs:0395 a 815 NLxS:<0.001 B
£ B 2
> 40 a a =10
T - T
20 E 5
[MH 3 ﬁﬁﬁ.
100 : : Oqo el e b
(e) Z. serrata D f) Z serrata
80 ANOVA (P value = ANDVA(PvaIue[ C
NL:<0.001 NL:0.779 b
5:<0.001 5:<0.001
60 NLxS:<0.001 C NLxS:0.047
b 5
40 B
a
20 A H H
o Helall ; 0 e
1 9 12
Measurement day (week)

Treatment and sampling week

Fig. 2. Height (a, ¢, and e) and dry matter (b, d, and f) of tree seedlings grown by different nutrient loading models; CF,
conventional fertilization model; EF, exponential fertilization model; MEF, modified exponential model. Same lower-
case letters are not significantly different at a = 0.05 among the nutrient loading models. Same uppercase letters are
not significantly different at o = 0.05 among the measurement (sampling) days. ANOVA legends; NL, nutrient loading;
S, sampling period.

Ald] & 2o [[fE H2= LH YRS Hat 558 AM] Aol w2 g4 (mg C part!)2}F A4 (mg N part™)

| A4 e F9 E 2fol= AR,

YU B0 A AlH ] 143101] o2 2fol= myﬂ' [q“j/]'/ﬂ F-91 ' A o2 A=l oJoll 2783k Salifu and

| B (deficiency) - S (luxury consump-

tion) - =g (toxicity) TAI= HﬂsﬂrOPitﬂ &5 dEol 2 ol A o] H okl IRt o B AdH|e)

WYEdH] Aol AEA ST HISSOHAT 7 5 T o] 1) S Al o A vehdth o

2hA] 2 Aol A ARERE AR Ti= g Z]geE o] Ofof HE U A4 stefo] TR Elof] sl STkt A2 A
Fr o} xR dlof| Ofsf] Qo] HAE Y2 onleltt.

rlo
g



Evaluation of nutrient loading technique potential of domestic tree species to promote forestation * 9
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Fig. 3. Carbon content (a, ¢, and e) and nitrogen content (b, d, and f) of each part of tree seedlings grown by different
nutrient loading models; CF, conventional fertilization model; EF, exponential fertilization model; MEF, modified
exponential model. Same lowercase letters are not significantly different at o = 0.05 among the nutrient loading
models.

& A5- (Hu, 2012; Pokharel et al., 2017) 0] W2 B A4 (jack pine, Pinus banksiana), 22F$7 17 FeH]
L (white spruce, Picea glauca), AU (trembling aspen, Populus tremuloides) 5750 thsl] FE-4 §82
IR Ayt 2|4 o] QFRAof| 71 @-gAo]gl o, FREAE HEo| el S o] vl EF &F
= glego] Wt Zx.0ko] oFRIgA o] Algh dekst 2ol M I A7 =gt o] S<rolttal HrhE| Qo 2 A
oM I el e dlof] Hsl] = 2| 4=idlo] QFRAIA | ] §-82]91 1.0 2 THAE|QIT}, ShA|qt x|a=r dlof| o]s] AY

% 4k o) 3] Al ofsl BEo] TASR: @Afo] Lebtor, o} S k] SIaE S8 7K 5 & Al

EN

(Imo and Timmer, 2002). AH2A|] QR2ato] .00 THaA|L} 4t A2 2 9 x|of} o] EoF Bejslaty
z700] A12o] 2feh] BAget 2ANE HE o] 4] $ EoF 94o] 955} 2
w2l (Pokharel et al., 2017) H-5 o] Alo] Bk wof 7], v, A|2A) Ei 2ulE So] ulg 2zio] fu
o 702wk,
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Conclusions

S T 501 Sk, eI, Aol tfslo] §0] o 1 7 o e eislel GLE asteint.
A mdlut Aglo] BE 4=11= ztol7} gl ot HES-2 Y AlHjo| vl =7 A= goflA] of =94tk 125
& 0= 5908 A GleF Eeh 4y Aol thE Bee] s fgobd 4 A4 B o] PR wgol 4y
o @k o= Ag B2 S 27| SRS BT S 97 = gl Walof Hlsl =7]
R0 prkerh. 2|4 2e0] Ao FATH Al B71o] nfe A} vlo] BOH=H], 4 Aol A K Al
o] thsl /1S S}, 7 x)0h 2 B S Bl O WA B2 0| e 234 W Aol theh Brb e
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