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Background: Although nitrogen (N) is a critical nutrient for the growth of Panax ginseng, its
excessive application often induces physiological disorders. To establish an effective fertilization
strategy, in this study, we investigated how periodic N topdressing affects root hypertrophy and cell

Methods and Results: We performed a 26-week pot experiment on 2-year-old ginseng plants
treated with various urea concentrations (0, 2.5, 5.0, and 10.0 kg/10 a). In addition, we performed a
field trial on 3-year-old ginseng plants from July to October (12 weeks) to compare split applica-
tion frequencies. In the pot experiment, the 10.0 kg/10 a N treatment delayed leaf senescence and
increased root weight by 28.5% compared to the control. In the field, split application (i.e., six
times at 2-week intervals) was more efficient than less frequent application, increasing the yield
and root hardness by 23.7% and > 10%. Real-time qPCR analysis performed using samples from
the pot experiment revealed that N treatment rapidly upregulated EXPB3 and CESA6 within 24 h,
indicating activated cell wall loosening and secondary wall synthesis.

Conclusions: Periodic N topdressing promoted secondary growth and improved root quality in P

cited. ginseng by activating cell wall-related genes without causing salt injury. Split application of urea has
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been suggested as an optimal nutrient management strategy for maximizing ginseng yield and quality.
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AA 2R (Liang ef al., 2024), A= A4 Aujle] o] A

g o) Ak Pels A F0E A% 25 44 A
& % gk

Teit oleidk FaAelE Bt Qe A w7
Z ATE o8] NI Agolrh. A vy HEL FyO
2 A% 54 (NRT) fralAe] 9zt 24 olg 58 719)

FAAA s FHEI o Hu et al., 2015; Li er
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Table 1. Chemical properties of soil in greenhouse and open field before nitrogen treatment.

- Ex.cation (cmol*/kg) 2)
Sample  pH(1:5)  EC"(dS/m) ':Hg/ig“)‘ X;ﬁ . - Nag _ ((;/T{Ag)
Pot 5.73 0.08 0.29 5.94 0.04 3.34 0.09 3.60 585.68
Field 7.16 1.48 119.08 652.44 0.26 1.75 0.10 5.76 13.21
YEC: Electrical conductivity; ?OM: Organic matter.
Table 2. Conditions of nitrogen top dressing in the field experiment.
Trt. Total N (kg/10a) Interval (weeks) Fr(et(iqrtigrsw)cy ég;ﬁ%t(;%n per igr:;ti(:ri ?gr%?g;tnf)ﬁ
Mock 0 4 3 Water 0(0)
A 5 4 3 Solution | 5.87 (2.70)?
B 10 2 6 Solution | 5.87 (2.70)
C 10 4 3 Solution Il 11.74 (5.40)

DSolution I: 195.7 %
JEach plot (1.62 m

F 2RE Al 45 71408 F 63 AAEIIH Ay
e 942 100 £ T 3515 (NI), 70.30 (N2) 140.60
(N3) g 5944 XET 1 L4 EY FH| FE3] &5 (Soil

drenching)dte] < ol o]l A=A LEHEE st
¥ Aol AL Aele A Ase] sk AG7]

o|F 1457} A Al ANAlEATE FAE T (Mock)E
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10.0 kg/10a (B, C) A&+= T3t 24 o8 &S
AF3| sl A5 et 13] 84 FEE vEA 285
ok #F 289 T YA 8l T BE A &
A (Stock solutiony2- 100 £ =2 A|Fst] A3l H &

T 2 (Solution I} 100 £ =° 24~ (Urea) 1957 g
< g3llste] Az eH, EE £ (Solution Iy 100 £
o 84 3913 g& gallste] Azt BE AFHS
A4 (1.62 nHF 3 L 2 AT AT+ A (5.0 ky/
Ao = 33], A+ B (10.0 kg/

LMo e HN 4

3]
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(10.0 kg/10ay= Solution I 45 7HACo2 33 #AF=2 19

AP FEE =UTH & A MLEI ZF Al FA-91
T gdo] 4 2 AY 2L Table 29} 7).
3. M EM U 24 TAL

ikl S B AR B 1% o] TAA & AT

ZAREA 7% (NIAST, 2012) FHarste] S=aisieh. 21714
A5 sk sl B4 28l 2+ AT A4 A
A 15575 FA9= A (Random sampling)dte] ZAF A8

= 23t
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urea/100 L water; Solution Il: 391.3 g urea/100 L water.
) was irrigated with 3 L of the solution per application.
*Values in parentheses indicate the calculated amount of pure nitrogen.
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4. Total RNA 22| 2 H2E MARE PCR (QRT-PCR) 243

o14b ¥igl 24 (100 mg)C-EHE Total RNAE IQeasy™
plus Plant RNA Extraction Mini Kit (iNtRON Biotechnology,
Seongnam, Korea)2] Protocol Bell w2} FE3I%Th FE5%
RNAS| F%9 =%+ NanoDrop 2000 (Thermo Scientific,
Wilmington, DE, USA)S ©]-&3t> A260/A280 H|& (1.8-
2002 golallon ) 1.0% agarose gel 171952 53 18S
51 285 rRNA Wl=e] Aes gRlste] RNAS M-S
A8t

cDNA FA& 232 Total RNA 05 ;g & FHo=
iScript™ cDNA Synthesis Kit (Bio-Rad Laboratories, Inc.,
Hercules, CA, USA)S AR&3te] =8)algiet. whg-o8o Total
RNA 0.5 g, 5% iScript Reaction Mix 4 £, iScript Reverse
Transcriptase 1 /£, 2|31 Nuclease-free waterS Z 33}
FF F) 20 L 2 ZAEIATE GHAL ¥~ C1000 Touch™
Thermal Cycler (Bio-Rad)S ©]-83}] 25Co|A 55, 46TCql
Al 2087 WHAIZD F, 95CollA 17 XEsle] E4AE B
gAstsiaict.

A2 @d EA2 CFX96 Real-Time PCR Detection
System (Bio-Rad)} SsoAdvanced Universal SYBR Green
Supermix (Bio-Rad)g ©|-&3fo] F383l3itt. PCR WHg-H2
cDNA 1 /4, 10 pmol®] AW B AWF zZejo|vf 2t |,
I8]3 2x Supermix 10 M5 EFFsle] FHF Hu| 20 U2
2R 3% 20 95Tl 387 o) Wy F, 95T
10z, 60C 10%, 72C 15%9] 34L& 453] WHasiglon, vk

«é)__p

Wl
2

tEM

S F5 F 65ColA 95C7A] 0.5CH AA171H g3l =4
(Melt curveys A3t HIS0]3] 3% o5& RISt &
E AFe 3 fEoR FYslon, 7 k] Ao w
A Pgdcting WHF % 3 AKinternal contro)Z 17
3fo] 244t ¥l (Livak and Schmittgen, 2001)2-2 AH&3}
AT & Aol AR Zetoln H71ME-2 Table 300 A|A|
IR T (Hong et al., 2022; Geem et al, 2023; Geem et

4. EU 35bd M

EF s 24 Aol A o4 # 2, 6, 10, 14, 18,
22, 265 =N, X2 AMIF= 14, 18, 22, 265+ =ol| 72t
2154 F92] 2 EF (Rhizosphere soil)S x|F| 3] 24
SIth AFHE NS 250l dFUT T4 (Airdrying)dt
H 2 mm AE FHAA FHIBAL, o] F dFEE 7]
(SFM-555SP, SHINIL Electronics Co., Ltd., Cheonan, Korea)
£ ARgate] pAl i FEE A

ES olgiehd B4 B4 wEXeH EgsieHEA
(NIAST, 2000)¢l <=ste] AAlstATh A b
(NO;-NFS 2AKsH7] 9138l 2 M KCl 8402 &3},
A55417] (Skalar San++, Skalar Analytical, Breda, Netherlands)
£ 0|83} Hydrazine $HIH o2 HA3519 T EY A= (pH)
of A7HEE (EC)y= 37 EY T/HTE 15 (wh) HIE
2 Egtste] 3027 'S & 74zke] SR Sl
FH204F (Av.P,05)2 Lancasterid &2 &3l E3F A

=

Table 3. List of primers used for quantitative real-time PCR analysis.

GO term Cene ID Sequences
Pg S4706.5 FY GGG ATG TCCACT CTGTTT CCA
EXPAT R TGA GGG TTC TTCCGT CAC TGA
Plant-type cell wall Pg 52608.10 F CAG ATG GTG ACC TTG GAT CGA
organization EXPA8 R TAG CCGTTGAGA GTGTGG TCA A
Pg_S3554.24 F GAG ATG GTG ACC TTG GAT CGA
EXPB3 R TAG CGGTTGAGA GTGTGG TCA A
F GCT CGAGCATTIGGCATTIGA
Pg _52249.2
P|ant type Secondary Ce” Wa” R CCT GAC AGT TCG GCAAAT TTC
biogenesis F CGA TCA GTG GTCGAGG GAT GA
Pg S1746.15
R TTC AGA CAT GGA GGG CCT CTT
Pg_$1035.9 F CCC TCA GAG ATG GAT TCC GC
Carbohydrate biosynthetic CESA9 R ACG AGG TGG CAA ACA CGAC TG
process Pg_$2290.6 F TGT TGC TGCTGT TGTGCA TC
CESA6 R CTG GGG CAT GAG GGATCGT TT
. F TGG CAT CAC TTT CTA CAA CG
Internal control (Actin?) Pg S0354.5
R TITGTGTCATCT TCTCCCTGT T

YF: Forward primer; R: Reverse primer. ?Actin was used as an internal control.
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(720 )2 H] A sl or, X3 Fol-2 1 N NH,OAc
(pH 7.0) 8402 & & FEAFEI= L33 =A
(ICP-OES; Integra XMP, GBC Scientific Equipment, Braeside,
Australia)s ARS8t 435199 F71E (OM) &%+ Tyurin

We 2 83)e] 23390

5. SA x|

A Avte] BA BALS R &7 (Version 452, The R
Foundation for Statistical Computing, Vienna, Austriays ©]-&
afo] Fastith. ZE HolElE High (Meanyt ETHA
(Standard Deviation, SD)= YERHACH, A7+ 7He] Fo)/d
A& EAHEA (Analysis of Variance, ANOVA)S AASE &,
Duncan's Multiple Range Test (DMRT)E ©|-&3l4 5% <]
T (p < 0.05)0014 Ht 7ke] 2polE HlaL EA A

2t o oz
1. 24 Y TE THM Ao Xel Y A o =
olplo| Mz wpe| M Yigt

224 ZANA 24 (Urea) I+ Aol W& 3L:V‘§ Ql4te]

26567 A% WSS 2N AT, TR 185 2

3

2 7|do

2 EE Aggolr AR AR 24o] Hadhe AFS
Hou, da A w=el wiel 2 o] Fah Alele

tha zpol7 lgo] AZEHUT. FAEF (Co= He] I3}
9} £7] 915 5 =3} (Senescence) 57| HnZ wWL=A
ERdh WA, ﬁ%‘i AL AT (N3)y= S 717 oA
o2 453t A £ fAlshe S YERITH

Aol A E‘iﬂ% TAHOR AuEM, FA T
%7 (Plant heightye 185 =}l 28.50cm &2 ol =&3k
& AR AEe] 2657 Zolle 2590 cm S 7|=3 AT
oo vl A= (N9 S5 (N2) H2+5 FA2+ o
H] =3} 718 Sxrt AdEE S FFS el
53] N1k N2 Agl+t= 7] A4# g3 5 572 F4d

T

A FAETFETE 9k N3 x}ﬂ?—iﬂr— O e 2=
A5 7153, A4 FEEel 954 FA9% B a8

tlo OH

Hl# ARl FFE vIFS AF3ATh N3 A2l = 225 =2
29.37 ecmZ Hof] AFS Bon, o]F 265 Aell= 27.46 cm
£ fAsl FAET o] S 7|7ke] A= A F T
3 hatel AT HATH (Fig 1A). =712 Z4o] (Stem
length) B3+ FA2]7E 265 2ol 13.88 cm& 3243 9159
HE N3 2T 15.90 cn 522 FA15199 0 (Fig. 1B).

o,

E3] 27]9] £712 Je= 227 (Stem diameter)?] ¥

5L 1,

she A2 FEol 2499 T2H f0] FHH IFL v)
A 5 98 AT A% T/ A2 D w3 s 2]

7} 7heolAl e @Xde] A= A=, FAET7E 265 el
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vl N3 A2l 1.16 i & e}k
= FABINT (Fig. 1C). Yo &
el F (Leaf 1ength)JJr HE (Leaf width) GA] 265 =}
713 N3 Hg)77F 22 6.12 em€} 2.66 cnE 71 =31, FA]
2)79] 6.03 cm9} 258 cmET Tha ¥ $AE BT
(Fig. 1D, 1E).

olgfgt AP 7|AE2] FA FAE HA AL vol w2
o] Wzlzx: el A4 YA ZF (Shoot weight)s =
Ae A3, FAEFE 18F A 224 ¢ tl¥] 265 2l 1.66
gO & g FA g b, N1k N2 X275 o]
EstEe FFE Bk sAIRE N1 N2 A7 S &
7] vpo] Qi fA] WHollA N3 Az]tolle wA]A] Zaint.
N3 ATE 185 2} 2.12 g, 22F =} 210 g0 & & =
TS FAsIeH, HE 267 A= 1.81 g& 7153 1
AaA7F vl E3bE RS JeRlAY (Fig. 1F). ole
Ads A T;Lo] oﬂﬁ)\gq lfL-(‘st:'_ oazﬂg].l 51]—?;5:]—/\4 7];]-94
154 TS N EZN, A §7] Ao =55 ¢+
sleh= ©] 7143 Ao HET) (Sakuraba, 2022).

olglgh Ao A & FA= AlsHiel Hrele] Aol
T A IS nF Aog HolW, o]F 43 ¥
2702 o] vl A4St 24 Z27A el 4
o] A4 (Root lengthys AHHRW N3 A2FE 265 29
2224 cm & 71538te] FA TR 24.28 cm oF FARSEAY o
2 e ARS BHAT (Fig. 24). ¥Hd, a7t Al =%
ZAoNM= A A AT Byt 28.76 cn & 7| =35l F
27 Mock)e] 22.73 cm tiH] e A% 3= Jeh)
ATH (Fig. 2B). ol=gk At Axje 24 A AgH
XEO] E7A F7F Alofe] Hele] £7 AFE FRHSRE
AgHl7] wizo g ) Zlol7p SRy X AN E

Az gl mE el A AAYe] £x18 BRI

1.00 mm 7}A] 7443k 72 l
_gL

LH01 A]—];HZ%_E

¢

o

N

24X I AR Qlall do] o] dAlE Zo=
Wl
wale] 712 Yehlle 237 (Root diameter)A = F

7 RFollA A vt a3t SIS 24 2719
N3 A7 265 2} 2270] 928 mn 2 FX2]7-9] 7.75 mm
tiH] oF 19.7% =A S8ERNSH (Fig. 20), si7H A4
Z7A9 B A7 TS 1894 mn & 7|Fske] FA 2l
16.98 mm BT} F 11.5% #7A] WLt (Fig. 2D). ©l& &
e XEVL 7 EEA g7 Alofe] Y] S Al
Sl whah, A4 Tl o3k AS Ago] deo] AEth=
H) Ao HFHAS AR F5dnh T a7t Al
A B Aol vehd ¢tk AS ARES &% R
£ A5 Facke A A7t 29 Wl 24 s=E FgAHe
2 FAAA o] F7 288 o), A HY S
Ao FXleks aFAA Al % D AAFeH

=

T
O
T
=
1=
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defol @ 4
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Fig. 1. Time-course changes in shoot growth characteristics of 3-year-old ginseng in a greenhouse condition affected by nitrogen
concentrations. Craphs show the changes in plant height (A), stem length (B), stem diameter (C), leaf length (D), leaf width (E),
and shoot fresh weight (F) during the cultivation period. Measurements were taken at 4-week intervals from 6 to 26 weeks after
transplanting under different urea concentrations: CO (Control, 0 kg/10a), N1 (2.5 kg/10a), N2 (5.0 kg/10a), and N3 (10.0 kg/
10a). Data are presented as means + SD (n=15). Different lowercase letters indicate significant differences at p < 0.05

(Duncan’s multiple range test).

th (Seong et al., 2004). o]}t B WG HFH T
A3 &% (Root weight)?] S7F=2 ERI=CE &4 =
A 265 2} 712 FAYT (COE 424 g5 7|23 whd,
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Fig. 2. Effects of nitrogen treatments on the root growth characteristics of 3-year-old ginseng in greenhouse (A, C, E) and field (B,
D, F) conditions. Graphs show the changes in root length (A, B), root diameter (C, D), and root fresh weight (E, F) during the
cultivation ?eriod. For the greenhouse experiment (A, C, E), measurements were taken at 4-week intervals from 6 to 26 weeks
after transplanting under different urea concentrations (CO, N1, N2, and N3). For the field experiment (B, D, F), measurements
were taken at 4-week intervals from 18 to 26 weeks after leaf unfolding. Field treatments varied by total nitrogen amount and
splitting frequency: Treatment A (5 kg, 3 times / 4 weeks), Treatment B (10 kg, 6 times / 2 weeks), and Treatment C (10 kg, 3
times / 4 weeks). The Mock group served as an untreated control. Data are presented as means = SD (n=15). Different
lowercase letters indicate significant differences at p < 0.05 (Duncan’s multiple range test).
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Fig. 3. Changes in root physical properties (hardness) of Panax ginseng under different nitrogen fertilization methods in a field
condition. Measurements were taken at 4-week intervals from 18 to 26 weeks after leaf unfolding. (Mock) Control (0 kg/10a);
(A) Low nitrogen level (Total 5 kg10a); (B) High nitrogen level (Total 10 kg/10a) with 6-split applications at 2-week intervals; (C)
Hiﬁh nitrogen level (Total 10 kg/10a) with 3-split applications at 4-week intervals. Data represent the mean = SD (n=5).
Different lowercase letters indicate significant differences at p < 0.05 by Duncan's multiple range test.
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At Y A& A wEd, o)F A4 FEE NRTILL
Alxol oJalf IX]E 4 9lew, o] AE= SnRK2 AlY 7vt
oMA7E Ffehe 2 BES 33 FHEHY AgEHe AoE
HIHAT Mu et al, 2025). Aivt F53 59 49
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(Konishi and Yanagisawa, 2013; Marchive et al., 2013). 3
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AMe A47F NLP7ZH NAC FARIAE AX A oR s
£ Hdsl] HEHoR AxH S 2ddte dde] 3
Aol 4t Hele] v A A= FAksHA s A
olgl= 7HS At old E AFA e oleidt Als He
722 9] Tl fxeh AAAQl &7 HskE @idst

Ao Szl A olsh L P4 AR W s

g ZEsel, M Y P 229 WS TP
o= sMskA) shnt.

2 AdoA Az kst D E Expansing AR
(PgEXPAI, PgEXPAS, PgEXPB3)°] W& WAst A=, A
2 Age AE A S4H AsE ALsisith (Krouk
et al., 2010; Medici and Krouk, 2014). 3] 2] 3 244]
7kl N3 X2]+= PgEXPB3 +31AFS tiZ tiv] oF 34n),
PgEXPA8 77 oF 109 o =1 a7 B A2+
o} ik xpolE BTt (Fig. 4A). ol Fexe i #
o] ] AlxEe] B4 FHS Tzt F o= olgh
AIA, A 2 B win) S flsE ¥k 27140 g

S5 AJA}8I} (Cho and Cosgrove, 2000). 7] 24X]7F

iiﬁue



>

Ok
0

N
&

N
0
0

Il

(A)
50 10 pgexpar
B PGEXPAS
- o) a
R Rl -
2
S
& 30 4
2
o
o
£
o 20 4
o
z
=
2 10 -
04

1org22492
B Pg1746.15

N2 N3

24hr

20 1
O PgCESA6
B PGCESA9 .
9 - -
E 15 4 b
c
o
2
210 1
[- %
3
@ c ¢
= I
51
@ a
e b b
d c d
o L Imm | ||
o o N1 N2 N3
Ohr 24hr

Treatment

ol - Bl - NE - s
(B) , .
O PgEXPAT
B PGEXPAS
40 - 8 PgEXPB3 a
30 4
b .
20 2
a
b b b ¢
10 4
c
d ¢ d H d
0 4 [—|
[€4] 0 N1 N2 N3
Ohr 48hr
(D)
25 1
0Pg22492
W PgI74615
20 A
a
15
a
10 4
b
c b
5 4 b
d c I d c
041 mEm /
co co N1 N2 N3
Ohr 48hr
50 4
O PgCESA6 a
45 |mPgcEsa9 1
40 4
35 4
15 b
10 r
4
5 .
C a b b a 4 [4
0 f— | = = | __ s |
o [«1] N1 N2 N3
Ohr 48hr

Treatment

Fig. 4. Relative expression levels of cell wall-related genes in Panax ginseng roots under different nitrogen concentrations. (A, B)
Expression of Expansin genes (PgEXPA1, PgEXPAS, PgEXPB3) at 24 h (A) and 48 h (B) after treatment. (C, D) Expression of
secondary cell wall biogenesis-related genes (Pg1746.75, Pg2249.2) at 24 h (C) and 48 h (D) after treatment. (E, F) Expression of
cellulose synthase genes (PgCESA6, PgCESA9) at 24 h (E) and 48 h (F) after treatment. The expression levels were normalized to
Actin and are presented as fold changes relative to the control (0 h). Data represent the mean = SD (n = 3). Different letters
indicate significant differences at p < 0.05 by Duncan's multiple range test. CO, Control; N1, 2.5 kg/10a; N2, 5.0 kg/10a; N3,

10.0 keg/10a.
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Table 4. Effect of nitrogen concentration levels on chemical properties of ginseng rhizosphere soil in greenhouse cultivation.

H EC NO;-N AV.P,O Ex.cation(cmol*/kg) OM
WAT! Treatment” 0 4oy (mghe)  (mghe) K Mg Na Ca g/ke)
0 IS 573+002 008+000 029+004 594+029 004=+000 3.34+011 009000 3.60+0.10 58568+ 1.98
CO  635+002° 005+ 000° 0.89 + 004! 791 +041* 007 =0.00° 3.56 +0.04* 0.17 + 0.00* 3.65 + 0.03* 556.17 + 0.96°
18 NT 663 +0.02° 0.03+000% 230 £006° 530008 0.04 =000 3.68+0.04* 0.17 = 0.00* 3.57 = 0.05° 421.39 = 1.16¢
N2  6.35+0.01° 006+ 000" 6.85+0.38 7.25+0.17° 005+ 0.00° 3.62 +0.07* 0.16 = 0.00° 3.54 = 0.505" 477.73 = 0.76°
N3 641 +001° 008 +000* 572 =0.24° 714 +0.15" 0.03 +0.00° 3.27 =007 0.13 = 0.00° 3.53 = 0.05> 549.90 + 151
CO 644 +002" 006+ 0.00° 0.85+ 004! 7.69+0.04* 0.05=0.00" 449 +0.07* 023 + 0.00" 437 + 0.07° 567.52 = 13.73
- NT 645 +0.02* 0.08 +0.00° 11.58 + 0365 6.11 £ 035" 0.04 £ 0.00° 451 +0.10° 0.22 = 0.00* 460 = 0.09 562.23 = 5.51°
N2 605000 0.08+000° 21.15 + 0.33° 5.71 £ 041" 0.03 + 0.00* 3.50 = 0.06° 0.15 = 0.00° 4.12 = 0.04° 584.31 + 3.96"
N3  6.16+001° 0.11 + 0.00* 32.58 +3.25* 570 + 021 0.03 £ 0.00° 3.75 +0.11° 0.16 = 0.01° 439 = 0.02° 586.81 = 1.76°
CO  573+003 009+ 0007 242 +0.13° 993 =065 0.03 = 0.00" 4.13 + 0,08 0.18 + 0.00* 431 + 006" 585.51 + 2.08"
- N1 562 £ 0.01° 0.12 £ 0.00° 1.51 £0.08° 9.14 = 0.61 0.03 + 0.00? 3.83 £ 0.13° 0.17 = 0.00° 4.15 = 0.12® 583.30 = 1.71*
N2 557+0.00° 0.15+0.00° 035 £0.02° 860+ 042" 003+ 000" 3.62+0.11° 0.15 = 0.00° 409 = 0.13® 591.81 = 0.84°
N3 555+0.01° 023 +0.01* 2038 + 1.17* 8.64 + 035" 0.03 = 0.00° 3.60 + 0.06° 0.16 = 0.00° 4.05 = 0.05° 581.30 = 1.19°

PWAT: Weeks After Transplanting. ?C0: Control (No nitrogen fertilizer); N1: Low nitrogen concentration; N2: Medium nitrogen concentration;
N3: High nitrogen concentration. *IS: Initial Soil. Data represent the mean = SD (n=3), "Different letters within a column indicate significant

differences by Duncan’s multiple range test at p < 0.05.
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Table 5. Changes in chemical properties of ginseng rhizosphere soil according to nitrogen split application methods and growth stages in

field cultivation.

_ Ex.cation(cmol*/kg)
WAF" Treatment? (% (dl;:m) (E%k; /(\;22}% - - Nag - (g(?ﬁg)
14 IS 716+0.02 148+0.05 119.08=544 65244+3081 026+0.01 1.75+0.06 0.10+000 576+0.08 13.21+0.20
M 6.95+0.03% 1.3720.04° 133.78+10.57° 571.88+9.30° 0.29+0.03* 2.02+0.12* 0.14+0.01° 6.77+0.32* 13.09=0.80°
18 A 7.08+0.01° 0.712£0.01% 50.32+1.55¢  525.86+859° 0.20£0.01° 1.58=0.04° 0.05+0.00¢ 5.62+0.12°> 11.54x0.01°
B 7.00+0.02° 1.87+0.03* 16348+1052* 630.90=35.61° 0.26+0.01? 2.04+0.05° 0.10+0.00° 6.56+0.11* 13.49+0.08"
C 7.35+0.02° 0.98+0.01° 73.86+2.25°  741.88+16.49" 0.25+0.00° 1.66+0.06° 0.07+0.00° 597+0.13° 15.01+0.36*
M 7.21+0.01* 1.65+0.02° 140.57+6.57° 524.21=32.42" 0.24+0.01" 2.00+0.08® 0.09+0.00* 6.08+0.06® 12.01x0.19°
- A 7.19+0.03" 1.14£0.03% 9094538  490.94+18.72° 0.20=0.01° 1.87x0.06° 0.07+0.00° 5.88+0.20° 11.67x0.11°
B 6.82+0.02° 2.57+0.06° 246.90+13.80° 549.84+26.11° 0.26+0.01® 2.09£0.05° 0.10+£0.00° 6.06£0.18® 12.90+0.47"
C 7.07+0.03" 2.00+0.05° 19457=7.01° 629.33=15.22° 0.27+0.01* 2.14+0.12° 0.09+0.00" 6.51+036> 14.91+0.23
M 7.40+0.03* 0.95+0.02° 79.60=1.15  501.08=32.24° 0.21+0.01° 1.75%0.03" 0.09+0.00° 5.89+0.06° 11.98+0.31°
- A 7.1420.04° 1.19£0.04° 113.23+3.69° 484.91+19.01° 0.18=0.01¢ 1.740.05° 0.07+0.00° 5.97+0.17> 11.52£0.19°
B 6.95+0.03° 1.81+£0.03* 189.87+548" 538.10+6.86° 0.24x001" 2032005 0.10+0.00° 6.68+0.13* 13.15%0.15"
C 7.3720.01° 0.53x0.02¢ 2049+0.88!  659.39+34.63% 0.27+0.01° 1.48+0.01° 0.04+0.00% 6.00+0.04" 14.80+043"

DWAF: Weeks After Foliation.

?Mock: Control (No nitrogen fertilizer); A: Low nitrogen level; B: 6-split application (2-week interval); C: 3-split

application (4-week interval). Total nitrogen application rate for B and C was controlled at the same level. *IS: Initial Soil. Data represent the

mean = SD (n=3),
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"Different letters within a column indicate significant differences by Duncan’s multiple range test at p < 0.05.
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