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SUMMARY

This study was carried out to optimize nitrogen fertilizer application
rate of Satsuma madarin trees (Citrus unshiu Marc.) using N -labelled
urea in Jeju island for the period of 1996 to 1998. One of the citrus
orchards used was in Namwon area with 26year-old trees, treated with
15 to 90kg N/10a, and another one in Jeju-si area with 18 year—old,
treated with 10 to 80kg N/10a annularly. The %Ndff, nitrogen content,
and the weight of fruits and trees were measured, from which the

optimum amount for nitrogen fertilizer application was calculated.

1. Change of soil properties by nitrogen fertilizer application.

By increasing the nitrogen fertilizer application rates, soil pH of
Namwon and Jeju-si area orchards was decreased from 52 to 4.9 and
from 4.7 to 4.5, respectively. Nitrate contents in both orchards were

increased from 15 to 53 mg/kg and from 6 to 30 mg/kg, respectively.

2. Change of tree weight and characteristics of fruits by nitrogen
fertilizer application.

High level of nitrogen fertilizer application increased the nitrogen
contents in all the parts of citrus trees. There was significant increase of
nitrogen contents in green wood, 2-4 year old green wood, secondary
scaffold branch, primary scaffold branch, trunk, fine root, medium root,
large root, very large root in Namwon area and in new flush leaves, old
leaves, 2-4 vyear old green wood, lateral branch, secondary scaffold

branch, primary scaffold branch in Jeju-si area. In 26 year-old citrus



trees of Namwon area, the dry weight distribution was 8.1% in new
flush leaves, 2.1%6 in old leaves, 5.0% in green wood, 7.8% in 2-4 year
old green wood, 88% in lateral branch, 14.4% in secondary scaffold
branch, 10.7% in primary scaffold branch, 7.4% in trunk, 2.8% in fine
root, 49% in small root, 4.19 in medium root, 55% in large root, and
185% 1n very large root. In 18 year-old citrus trees in Jeju-si area, the
dry weight distribution was 8.4% in new flush leaves, 2.2% in old leaves,
45% in green wood, 6.4% in 2-4 year old green wood, 6.4% in lateral
branch, 14.8% in secondary scaffold branch, 13.3% in primary scaffold
branch, 5.8% in trunk, 2.8% in fine root, 2.8% in small root, 4.9% iIn
medium root, 55% in large root, and 22.3% in very large root.

High level of nitrogen application rates in Jeju—si area increased peel
thickness of fruits significantly from 2.36 to 2.63 mm. But there was no
change in sugar and acid content by increasing nitrogen fertilizer

application in both area.

3. Change of %Ndff in citrus leaves and fruits by *N-urea application time.

In two areas, summer application of “N-labelled urea increased %
nitrogen derived from fertilizer (%6Ndff) of new flush leaves linearly and
quickly but increased that of old leaves slowly. Application of spring and
autumn fertilizer increased %Ndff of new flush and old leaves slightly. In
Jeju-si area, %Ndff of new flush and old leaves was increased very
slowly by autumn fertilization but accelerated in March. When "N-urea
was applied as summer fertilizer in 1996, %Ndff of the fruits harvested
in autumn was 3.0~6.1% in Namwon area and 0.4~2.9% in Jeju-si area.
In the followed year of 1997, %Ndff of fruits decreased to 1.4~4.3% in

Namwon area but increased to 1.1~4.2% in Jeju-si area.
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4. Nitrogen content distribution of citrus tree by °N-urea
application time.

The nitrogen was more translocated to the upper parts of the trees
than the lower parts, more to the long branches than to the short ones,
and more to the vertical branches than the horizontal ones.

In two areas, %Ndff distribution of each part above the ground was in
order of fruits) leaves) green wood) 2-4 year old green wood) lateral
branch) secondary scaffold branch) primary scaffold branch) trunk, and
that under the ground was in order of fine root) small root) medium
rooty large rooty very large root.

It was noticeable that %6Ndff distribution level of fine root was quite
higher among the parts under the ground, similar to those of lateral

branch, 2-4 year old green wood and fruits.

5. Nitrogen fertilizer recovery by fruits and trees by BN-urea
application time.

Nitrogen recoveries of the fruits harvested in 1997 in Namwon area
were 0.51~2.2% by autumn fertilization, 1.3~2.9% by summer fertilization
and 1.2~3.2% by spring fertilization. Nitrogen recoveries of the fruits
harvested in 1998 were 0.9~15% by spring fertilization, 1.5~4.8% by
autumn fertilization, and 0.5~6.2% by summer fertilization.

Nitrogen recoveries of the fruits harvested in 1997 in Jeju-si area were
1.3~3.196 by spring fertilization, 2.0~3.5% by autumn fertilization and
3.7~52% by summer fertilization. Nitrogen recoveries of the fruits
harvested in 1998 were 1.5~2.7% by spring fertilization, 3.1~7.2% by

summer fertilization and 1.3~8.3% by autumn fertilization.



Nitrogen recoveries of the trees collected in March, 1998 in Namwon
area were 14~3.1% by spring fertilization, 2.1~6.7% by summer
fertilization and 4.1~11.7% by autumn fertilization. However nitrogen
recoveries of the trees collected in December, 1998 were 1.7~55% by
spring fertilization, 3.8~9.0% by summer fertilization and 3.4~12.7% by
autumn fertilization.

Nitrogen recoveries of the trees collected in March, 1998 in Jeju-si area
were 2.0~4.0% by spring fertilization, 2.5~4.8% by autumn fertilization
and 55~10.2% by summer fertilization. However, nitrogen recoveries of
the trees collected in December, 1998 were 3.5~4.7% by spring fertilization,
3.9~4.8% by autumn fertilization and 3.0~9.6% by summer fertilization.

6. Residual rate of nitrogen fertilizer in soils.

Nitrogen residual rates in soils collected in March, 1998 in Namwon
area were 3.7~6.7% from spring fertilization, 56~99% from autumn
fertilization and 6.7~19.3% from summer fertilization. And nitrogen
residual rates in soils collected in December, 1998 in Namwon area were
5/7~9.8% from spring fertilization, 6.3~18.7% from autumn, and 8.1~
20.6% from summer fertilization. Nitrogen residual rates in soils collected
in March, 1998 in Jeju-si area were 89~32.2% from spring fertilization,
13.0~579% from autumn fertilization and 34.3~53.7% from summer
fertilization. And nitrogen residual rates in soils collected in December,
1998 in Jeju-si area were 10.6~33.4% from summer fertilization, 8.0~
60.196 from spring fertilization, and 19.0~76.2% from autumn. Applied
nitrogen fertilizer was lost much more in Namwon area with volcanic ash
soil and higher rain fall than in Jeju-si area with non-volcanic soil and

lower rain fall.
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7. Determination of optimum application rate of nitrogen fertilizer
for citrus trees.
Optimum application rate of nitrogen fertilizer in Namwon area was

calculated as 36.5kg N/10a, and in Jeju-si area as 13.7kg N/10a.
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1. A& Al F

AF=d seuls FaEe 1961ddd = 8921 E A 1970l = 3u) 7}
S7Fg 272220131 200d o] A gk 19994 el = 108i7F F7FgE 92563 E 0
ol2glon I T AR How AALAWEE 427% BIATHAFE
1965 ; 1975; 2000).
A AnpTlEES A B o sdad s E oA 259 e
AbF 4000 kg/10as HxZ & w HH] 28 Al8A] AAAMEE 10a3 30kgo|H,
A vshitsE 7 delA] 204 7 ALEE 3000kg/10as HEE 3
) 28 A4 HAAMES 10a9 4 kgl 2 3l QtHAIFEFH7]1+9, 1993).

AFA ol Ao a AR Alb] kel gk A 51972)9] Aol oJstH
1034 >F27e] Aadlg AH S 10a9 13kg(FF 125g) AERE 3 ¢
+ FEo] T wE Ao m FUMA 7= Fle] Aot st
1 B 5(1969)0] 1967 1 1968l &7} AM|HE]E ZAFSE A o
W W 56.7kge] HFAWEE ARSI, 4 5(1972)0] 1972 #E
FEE T ARFE AR A E TdAC 722¢g, 1WA 1,108 g,
1594 1,071 g8 HAAE Austdar diEo] A5, e FHdA Az
310 g, 400 g, 500 gol Avh. T3 (1985)2] 1982\ 3} 1983 ol Aln] & A g
ZAPol Al HAa AW 10ad 9~106kg7HAl A4 3t Hat 37.7kg<l
Ao 2 YETE & 5(1993)% 1992 ¥ 1993wl 7hgel gk Alnjs A
ZAbl A A AW =S 10a9 40kgelst7F 17.3%, 40~80 kg7t 48.8%,
80~120 kg7t 33%, 120kgeld 145%et Barskgith o] 5(2000)2 20001 ol
ARl AEj At A bk sk E kel oM 10ad 48 3kgol A AL
SHAA slAslEge faEdoAE 672kge 2 UEY 8 A EE



ZIZ A A el 28] Flerh ok AR Eo] = Aom AZEAT. o9k #o]
dEdold HIEARE ] Tk 19960 AR HIEAE ol B2 E7lell A
e B AEuTe A o el ddle] HYIE Stk ARl =
Aol A 1960 4ol 10ad 100 kgol 7H7be AA&H|E7F AR & o] FH&
Lol A o)l o] A dle]l | oHk AT, 1982).
AFEde A genl s & 19956 7H Wol FgE v dow, {714
=

el AgFe 1990dERY AAHor gasa g go

_1

(A%, 2000). Tachibana®} Yahata(1996)ol <3}, FH7ke] A A AH] F
7185 10a% 2,000kg A-&A etulze] Al 1029 10 kgol LA W,

7128 A8 A && 4Fode 20kgel 3Fshu|g7F Al & ¥ ojoF dhr}al
st
A3 Sold gEe] AAFRTE nEAI AE] Al tF 2140

A EA AR st A= AAERHEE AHEHA B2 FHdA ZES
Aujsts & AFE=lA Fetnlg A8 FS 1995dS Ao w dtof A
Faetar vk eyt Iwakiri®t Nakahara(1981)el &JshH AAAM S 10a9

2 e A e FE2 AAEHAE, Addn EA4= Le6d
S7FetAvkal skdvh okl Iwakiri 5(1981)2 el di FHA M=
=24 =S 10aT 18~25kg, HAFE 10ad 22~30kge]l A dsiohar
skl Hl, ol A& 1970dw AN FEY 10% W2 e ol

st 9

FEUTE F 2adon BUF Adudac) drycidas) B
Bajo] FrEy, Adit U] guUol B the ofuAtell} thE
AxsgEn AdEo] 7] ALAANE AR 2Holu HUe Gy
NEA ol gHE Aoz delA AN 1982). die FF olFe
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m. #k 2 5

1. 194 ¥4 A4 2 2A42(N-urea) A
7hoAE 2R
1996 H-E 1998 7bA] 37/dEst B AFS 3 dAFE @

gFge] aAse eFULA AGEFE Fd s Egeln] i

,d
(o
o

f
(o,
of

=
=

(Namwon series, ashy, thermic family of Typic Melanudands)©] a1, A=A

Qo] = 7Y AFFEFL oA niEals|EYo 2 835 (Yongdang series,

xo

fine loamy, mixed, thermic family of Aquic Eutrudepts)e|$ith. F9 59

flo

232 7HNamwon area)” “12]al A|FA] dH 5o A|d¥xH

O
=
LF A7 A(Jeju-si area)"olgtar EAI T AFHA Ee 3}sHF

A S 9

1

v

" A 5= A]

EA L2 Table 13 #t}.

Table 1. Chemical properties of soil before experiment

Field pH OM NOsN Av. P,Os Ex.cations(cmol” kg')  EC
1€ _ _ _ -
(15 H20) (g ke ) (mg kg'") (mg ke~ g Ca Mg @SmbH
Namwon 48 102 21.7 248 048 413 082 028
Jeju-si 4.1 26 15.8 375 012 041 027 022

ster G 2FEAAe 26dA FHEAE A AYE 3.9%x39m
o]9Qal 10a F 65F7F AAHE Yt g AF 2F4gYe 1894
FREROZ AAAGYE 25x25molY i, 10a & 165 F7F A A= 9t}

29 o5 YA fIstel 07m Fole| Bepry wwe

BHem ZolE #i HW 9% 10ecm7t YL =5 At



Y. N-urea A

B Ao A3 PN-urea: atom excess percentage’} 5.0~5.6%¢] %] 0.1
(Isotec Inc. USA), A H A & dvt Hg= 4, AN, A3z &
Agatth PN-urea®t £ Table 29} 7ol 55F0 2 ato] Faaty
2F5FE 2AEEE U Ad7)3E B9 PN-ureaZ A7]EE 3
& 3tk 1 9] A7l dik e aH|EE AlEST AavEe] 54T
g 2FdaddAAE 10ad Okg(FA 2T, 15kg(7l+ AH 9] 1/2 ),
g(71 AME), 60 kg(7]1= Albl kel 2vla)), 90 kg(7] AlH| &<l 3l
AT FAAAAE 1029 0kg(F2A2T), 10kg(7]5= A 8] H2]
1/2 %), 20kg(715E AR, 40kg(7]F AlR1=Fe] 2 wli), 80 kg(7]E AlH] =9

4ufh) = skt QA ZEHlae 7E ARlgS A &ste] Jd 254

w
(@)
=

Aol A+= 22 10a9 40kg, 30 keE, A4 =FL 3o+ 10ad 2 18 ke,
15keE A€ sl ol 3849 BAFL PN-urea ¥ 8402 Bua
50%, A1EHI & 20%, 7HeHI R 30%E, A Hles JF wHlsg, Z2ed
MEE B 30%, 1F 409 7He 309%% ste] EZAlbIsHel L,
Table 2. The application rates of PN-urea in citrus orchards
N application The split rate of “N-urea fertilizer(kg 10a ™)
Field rates
(kg 10ah) Spring fertilizer =~ Summer fertilizer Autumn fertilizer
0 0 0 0
15 75 3.0 45
Namwon 30 15.0 6.0 9.0
60 30.0 12.0 18.0
90 45.0 18.0 27.0
0 0 0 0
10 5.0 2.0 3.0
Jeju-si 20 10.0 4.0 6.0
40 20.0 8.0 12.0
80 40.0 16.0 24.0

_10_



t}. BN-urea A& T #]X
ANdTs 3 2F5 3 e AgFRE o A= 5579 ALANE
Gy 12¥kE o7 wixEl o 17 AP EZCNA 60 F= FAlEte] F3

skttt

Table 3. The application time of PN-urea and harvest time in the citrus

orchards
Namwon jeju—si
Treat—
ment” Application Harvest(collect) time  Application ~Harvest(collect)time
time Fruit Tree time Fruit Tree
Nov. 1996 Nov. 1996

A June 14 19% Nov. 1997 Mar 198 Jure 15 19% Nov. 1997 Mar. 1998
B Nov. 101996  Nov. 1997 M. 198  Nov. 131996  Nov. 1997 Mar. 1993
C Mar. 17197  Nov. 1997 Mar 198 Mar. 181997 Nov. 1997 Mar. 1993
D June 21 1997 Nov. 1997  Mer 198 June 21 1997  Nov. 1997 Mar. 1998
E Dec. 21997  Nov. 1998  Dec. 198  Dec. 2 1997 Nov. 1998 Dec. 1998
F Mar. 131998  Nov. 1998 Dec. 1998 Mar. 131998  Nov. 1998  Dec. 1998
G June 5 1998  Nov. 1998 Dec. 198  June 5 1998 Nov. 1998 Dec. 1998

? A, B, C, D, E, F, and G were all treated with five levels of "N-urea,

as shown in Table 2 and Fig. 1.

Atk HE Al§ A7vkg A Au#ER PNoureal: THYEA EE &
Table 33} Zo] 7TA7]dl A A5 Fig. 13 ol wjx] ¢
ol "N-urea 2] 139} Ait a2 A2 632 FHHEE d3ic)

ol
&
]
>
)
of
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N-1 N-4 N-5 N-3 N-2
N-A4 N-A2 N-A3 PN-A5 N-A1
N-2 N-3 N-B1 N-B4 N-5
N-B5 "N-D1 >N-B3 °N-B2 PN-C4
N-C3 PN-C2 N-C1 N-4 PN-C5
N-2 N-D1 N-D4 PN-D5 N-3
PN-D2 N-E5 PN-E1 N-D3 "N-E4
N-4 PN-E2 “N-F5 N-E1 N-3

N-5 N-2 "N-E3 N-F1 N-F4
PN-G4 PN-F5 PN-F2 N-F3 PN-1

N-4 N-5 N-G3 N-G1 PN-G2

N-2 N-3 N-4 N-1 N-5

Fig. 1. Experimental design of PN-urea and non-labelled urea treatment.
N : Non-labelled urea, N : PN-labelled urea.
ALBI,Ci,Di,Ei,Fi,Gi i Treatment of fertilizer application. Tree and fruit were

harvested as shown in Table 3.

2. AlEAH 9 FAYH

7HES AR
Ede] 2MAEE augerg °l 838t Al A EFE 20 HolR ARE
AAFRo™ AE F EFS 0~20cm 21~40cm, 41~60cm, 61~80cm o]

2 ARE A8t ojsd AA ®H 45 2mAE FHANAT EY

of

PN-urea® 5B fFelE 2AEs =2A357] Yste] EGS Fste] 1mA| o

S9N AAbel A A EAee] QA 2717} 200 molsrt HEE %
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HERQS A2UTY TG A wol2 st TAEE 48PN A
EAC = de 79 25-30vWE AFsA e, A SEARAE AERE
Table 39| F&tA7]e - F -8 8 §-M - Fo2 stof 247 20 3

Lateral branch
Secondary
scaffold branch
Primary
scaffold branch

New flush leaves \'
Old leaves

Green wood

2- 4 Year green
wood

Big large root 4\;—‘

-__--| o
S
A
|
|

b

Fine root

Fig. 2. Partial names of Satsuma mandarin tree.

AAENE ANEs TAAAE AHEst Al st

k]
ol\
=il
N
t
o
M
oo

o]
oA Azse] Bsta FALMPN) B4 A 2= 200 m

2

FEUF= 742 98 Fig. 29 #Zo] 7iEstar Table 39 =A|A] 7]

=8ty FoER AgE PR A
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ZFEUFY AAEE AY(new flush leaves), 7% (old leaves), 4]
(green wood), 2-4d *3A](2-4 year old green wood), =A|(lateral branch)
o}A] (secondary scaffold branch), 5 #|(primary scaffold branch) %
ZHtrunk) o2 Yrolom A9 AME(fine root, @ 0.2cmolst ), &t

(small root, @ 0.2~05cm), T (medium root, & 05~1.0cm), ©l<-(large

root, 1.0~2.0cm) ¥ Et)Z(very large root, @ 2.0 cmo] )2 3t}

Bkl pHE ZH59 F4E v &S 1:52 39 pH-meter(Horiba 1024,

Japan)® =33t o f-7]%E EFS Tyurin®, F&2A4F 38 Lancaster,

2) A E A
e, A 9 dEUFe Fod Ads dFe RS & Kjedahl

THYoR A48T (Ex A, 2000).

#. F44 °N) £4

- 1'_
EY 2 HEA F A 92 FYE(PN-atom excess%)

flo
0,
DX
Mo
1%
N,

(Fisons Instruments, model EA1108, Italy)$} UL AFEA7](VG
Isotech, SIRA 1, England)E& AF&3te] FAst o, 24 dxto] ot
PN zte] A v 2RE PN HAEZANS 0367%2 wWaE Fow

AAsEA T - A +A 2712 Table 49 2t

|
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Table 4. Optimal conditions of ion source tuning for N mass spectrometer

Continuous flower mode

Parameter

Source current(mA) 0.8

Trap current 0.2

Ton repeller -5~ -1

Electron volts(V) 100 ~ 110

High voltage(kV) 4176 ~ 4,180

Hilf plates(%) 25

6Half plates(%) -1 ~0
u 3Ad FF R 54 24

& aFA s Hde] F dol FF FEFoE H Pt

T FEFe 10aT FHeE e Bdel g ke 9 20 3=
AT H FAEY AAES B dF5S GHAA A AES ATE 74
&2 (Horiba 2000, Japan)®= 73ttt 874, £74, @3 T4+ A

3. 25743 A& o] &E

7 FEEENFYE G o8 A4 08 E
D) &M g9 o] &E
(1) ®N-urea® #E f#& 243 F(%NL)
PN-urea® HE S 02 = Ndff (nitrogen derived from fertilizer):=

PN-ureaZ H@g the AZ(EY, 2EA4)9 N atom excess%ES =43}l

O

oly

Q
= = - =

25 Agd A5 PN AAZAH(0.367)F W FH Az F9
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PN atom excess%(FA 242 #9&)7F HH, A2 PN atom excess%=

H

H 29 PN atom excess%® Uil 100 watdl HRERH FF da

FF = %NdffE AdEE d o g A 18 4 29k g

N atom excess % of sample = °N atom abundance % of sample -

natural abundance % of °N atom% (2] 1)

N atom excess of sample(plant or soil)
% Ndff = e — x 100 (2] 2)
N atom excess of fertilizer

(2) A48 oL E

e AefRE 2070 Ndff(g)

Taguel F Ndff(g)

x 100 (A 3)



B

x 100

9] Ndff(g) +33] ] Ndff(g)

AlgRe] Hd7lE =

o
4

o

el

3
oF

o
o

N
Nlo

Hl ol =4 7]l &

x 100

2] Ndff(g)

Aslat 85
o %

H 8 o] 852 UirolA

KeN
=

1)+ 29 &

KN
T

A ]

o & A

H

3L L
[}
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V. R % Z%

1. A4 Av|$Ed e 347049 549 384 H3

EFe pHi 52014 497 vrobxl= dl, TH(1982)L A ]
529 AL EGS AT St drldEEE 013914 0.23
dS/m=z S7hstg on, Al A 15004 53 mg/kg o2 Z 718k

Table 5. Effects of N application rates on chemical properties of the

citrus orchard oil in Namwon

N application
rates
(kg 10a™")

B OM NOsN Av. P,0; Ex. cations(cmol kg ')
: 1 1 ! =
(1:5) (S m ) (g kg ) mg ke ) (g ke ) Mo Na

0 5.2ab”  0.13b 88a 15b 147a  0.62bc 291a 1.0la 0.16a
15 5.3a 0.18ab 80a 27ab 171a 0.88a 4.62a 0.8lab 0.14a
30 49ab  0.17ab 93a 22ab 155a  0.69abc 2.07a 0.53ab 0.13a
60 4.6b 0.20a 92a 43ab 147a  0.52c 1.03a 0.33b 0.12a

90 49ab  0.23a 90a 53a 144a  0.84ab 3.71a 0.48ab 0.11a

C.V.(%) 10 34 17 91 58 30 132 77 38

2 Means in each column followed by the same letter are not significantly

different at the 5% level by DMRT.
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AFA ST B Table 63 L W eFugAe SarsEd
7k 2 AnAE e FrkshA Eee] pHiE Stel Hoit ECE 0,094
016dS/mz F7bstglon] Astedie FE 6014 30me/kg o F7HEH:

Aee welvh

Table 6. Effects of N application rates on chemical properties of the

citrus orchard soil in Jeju—si

N alsii;ation pH EC OM NO+N Av.P,0s Ex. cations(cmol kg ')
(kg 10a)) (1:5) (dS m™") (g kg'") mg k) (mg kg ") K Ca Mg Na
0 4.7a 0.09¢” 177a 6b 260a  0.22a 0.81a 0.49a 0.04b

10 46a  0.10bc 89b h 185a 0.26a 0.57a 0.36a 0.07ab

20 46a  0.10bc 97b 10b 299a  0.25a 0.64a 0.40a 0.07ab

40 45a  0.12b 65b 15b 284a  0.26a 0.66a 0.39a 0.07a

80 45a  0.16a 33b 30a 222a  0.21a 0.65a 0.37a 0.06ab
CV.(%) 5 23 73 65 83 23 68 63 36

? Means in each column followed by the same letter are not significantly

different at the 5% level by DMRT.



Namwon % Distribution
of dry weight
[018.46 (M) 813 (A
: 17.78 O
4.1 K
8.77 €
4.87 ()
2.8 () 14.38 (P
741 () 10.71 ©
E New flush leaves (A) Old leaves (B) [M Green wood (C)
[ 2-4year green wood (D) B Lateral branch (E) £ 2nd scaffold branch (F)
B Primary scaffold branch (G) B Trunk (H) Fine root (I)
& Snrall root (J) E Mediumroot (K) Bl Larce root (L)

Fig. 3. Distribution percentage of average dry weight for applied 26— year old

satsuma mandarin tree collected in Apr. 1998 and Nov. 1998 in Namwon.

exagure A dx Audel Freh @A FAeAw BEw
Aa A Fo M= AT Bastd=ul (i, 1982), Table 7014 K=

a
b ol A4 AMIFS 60kg7bA SUFgHAl whel A= Srbe =
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Table 10. Dry matter(DM) weight and, nitrogen content, and nitrogen amount of fruits

In satsuma mandarin trees at various N application rates in Namwon

. Dry weight N content N amount
N application ] o il
rates (g DM tree ") (% DM) (g DM tree ')

(kg 10a')  Fruit juice Fruit peel Fruit juice Fruit peel Fruit juice Fruit peel

0 4942¢” 4926¢ 0.94a 0.88ab 46.42b 43.61b
15 '1848ab "7279ab 0.82cb 0.87ab 65.71ab 63.30ab
30 87ola 8197a 0.87abc 0.89ab 76.67a 74.11a
60 6307ch 5850ch 0.83c 0.75b 53.72b 44.47b
90 6740abc o832ch 0.91ab 0.95a 53.72b 55.78ab
C.V(%) 31 30 7 16 30 36

2 Means in each column followed by the same letter are not significantly

different at the 5% level by DMRT.

AFA =FEAAA 1898 =FEAUTE ZAfste] Fods 23
o AEFTS 543 2= Table 113 Zokon AEFS] BXHES
Fig. 49} 23ttt 252844579 o dess s oA o8
AT BlEte] Frbskl=d ol A SRR Bl Y, 79, 24



"LINA Aq [949] %G 9Y} 1B JUSISJIP A[JUBDIJIUSIS 10U 918 I9)9] SWES oY) A PIMO[[0] UWN[OD YOBS Ul SUBS ,

€¢ 0¢ 017 S6 L0T ¥S Ge €t 49 66 ce ev 4% 9¥ (BIAD
BL0S'7C ©B86E'S EBLIT'T EEI6 B606  BL8Y BZEO'T BEOE'E  dB98Z'E BIOTEZ 9BOLI'T BLLT'T BYG9 EBLET'D 08
qeLy.'0Z ©OE8'V ®©LZZ'T ®B89L BITS  BFP9 BIPP'T dBGLS'Z . 9BE60'C dB¥60'T de9ve’l BLS6  dBSLY dB6LL'T 0¥
qeg00'1g ®BLS9'V BLLT'T ©¥96 BOES  BY09 BOEF'T de0¥9'z  dee60’c deyIT'T 9ey9e’l B6Z8  deEg8¥y BEZI'C 02
qeg6S'1g BEL9'P BQEZ'T BEF9'T B80S  B8L9 BRET'T BOZI'C . BEIG'E dBEET'T 4d8TIZ'T BFP6  dL¥E 9BI.LE'T 0T
qe8¥9’T  dSe6'z BY96  BOIT'T  BYOF  BPL9 BOOZ'T 4LL9'T  d81g'Cc d86L  BR98'T BLE6  qBEZY AFIT'T 0

990 1901 1001 1001 1001 1001 youedq youeq youe.aq pooM POOM  SOAEI] SOABOL (;_BOT 5Y)
510 o8.1e] 5810 WNpS o - MunJa], P[OJJedS  P[OJJeOS - U99.1r) woIy PO ysnpj sojed

1oUM ATOA 1 PO TIPS S| ArewrnlJ  AIEpuOdag Jeok g MaN  uoneordde N
?-ima g ¢ mun)

IS—nfor ur sajes uonedijdde N SNOLIBA Je S99.J) ULIBpUBW BWNS)ES JO

Jed yoes Ul jysrem AI( "I1 °[del



"ININA Aq [9A9] %G oYUl Ik JUSJOlIp A[JUBDIJIUSIS J0U aJe 193139 aWesS a9yl AQ POMO[[0] UWN[OD Yoed Ul SUBIJN AN

L 8 Ol Gl el 9 It 1T SI Ol Gl 8 S 9 (%IAD
e60°T 090 eI6°0 BIT'L BOC'T BEOZ 49¥'0  BY90 L99°0  BY9'0 BCO'T  BRY'T  BIBC  B88C 08
qeso’l  B9G0  99°6L°0 4qRBOO'T 9e8g'1 ®BIO¢ 48%'0 qe090 - ®B99'0 BEYO BPE'0 dBO9'T dBEL'c dBI8C oV
qeso'T  BLS0  996L4°0 98660 9egg’'l ®BOOC 46v'0  4d¥S0 L99°0 Bg9'0 ®B86'0 deS'T qRBOLCc 4qB¥8¢ 02
4860  ®9S'0 4RGSR0 49BYO'T 4de66'1 ®BOO'¢ 4050  4vS0 Le9’0  BY90  BY6'0  dIST  B8LG  4RE8C 0T
qeeo’'r B850 2020 960 4€T'T  496L°T  BLSO 4SS0 gL’ 0 BS90 ®B680 49BY9'l 48S9C  ,4969°¢ 0

99.0) 1901 1001 1001 J00u1 1001 youeaq - youeq youe.aq poom poom  S9AB9| SOAEI (;-BOT 5%)
S[0UM 93.1e] oBIeT WNIPSW [[PWS oL Juni], Puodas  PJOJIeIS [BI07e] uo9.Js ue9n PIO ysnyj Sajel
14 AIOA ) ) Arewrl] AJpuooss T2k §—g MON  uonedrdde N

(% * un)

IS-N[o[ Ul S9JBJ JOZI[I}I9J] N SNOLIBA }B S99J} ULIBpPUBW ewnsies Jo 1Jed UYOBS UI JULIUOD USS0JIU [BIO], "ZT °lqel



"ININA Aq [9A9] %G 9yl Ik JUSJOlIp A[JUBDIJIUSIS J0U aJe J93139] aWesS a9yl AQ POMO[[0] UWN[OD Yoed Ul SUBIJN AN

9¢ 0€ LE 901 L6 LS ce 0€ 9¢ 601 144 144 A 8% (B)ND
B9'€Ge  BOGE 9BGOT ®BY9'6  BQOL BOOI ®BES EB6OC EL'1¢ B6'GT BR°LT  B661 EBI'BI BE'19 08
qey's0g  ®9'9¢ de9'6  BY'L  BG9  EBGEL BIL  qyVI E0'1¢ qe6°9 BO'€T  BLPI dqEZ'Cl 24Bg'0S ov
qeg'11¢c  ®evy'9¢ deg6  Bg6  B99  BLIT EBI'L  4dP7¥I B0'T¢ qer L Byl B9l de0'€l  qeS'6S 0¢
qey'661 B2'9¢  BLOI  BOLT BE9 EBGEL BLG (BY9I e0'¢ce qer'v BO'TT  BREl 4dv'6 qo8'8¢ 0T
46291 94891 999 Bg'0L BLV BG'IL BOL 9¢6 BG'GT q1°g BELT  BE9T 4601  ,°6°0€ 0
SEil mem_ 1001 J00J 1001 1001 Squnag Mwwmwo@m %_MNMMUM youe.iq WMMM pOOM SOABI[  SOABRJ] ?-Mwwﬁmé

S[0YM 98Je] WNIPO]N [[BWS QUL [e1o1e] uoaIn)  pI0O  USN[} MON

AIDA AJewtiJ AJepuodag Jeak -7 uoneordde N

?-ima 3 ¢ un)

Is—nfof ur sajes uonedrdde N SnoLIeA jB S99J) ULIRpUBW BWNS)eS JO jJed yoes Ul ULS0JIU JO Sjunowe [B10], "€ 9[del



2] 45%, 2~4d HA] 64%, A 6.4%, oF7A 14.8%, T* 13.3%, T3t
5.8%, A+ 2.8%, A+t 2.8%, s+ 4.99%, < 55%, S 22.3% oA
s, B9y ARFe] BEuge Bua ) ofFA ) 4 ) A9 > 34 )

&
T FA ) o) AlE ) T eolddth

to =L

A eFuel 2694 Wbre AREF RETusd WS FAR 2
o £Pe AN FAL Qe AN A9FoR ¥

E_
Aot welskly] mWito® AR E AT

‘H u-s % Distribution
of dry weight

022.26 (M) E843(A) @m223(B)

e 14450

8554 ) _ .37 (D

4.88 (K) B86.44 (B
B28(0) 14.78 (F)
8275 () B581H g 13.25 (G)
New flush leaves (A) N Old leaves (B) [M Green wood (C)
24 year geenwood (D) E Lateral branch (E) [ 2nd scaffold branch (F)
g Prinary scaffold branch (G) Trurk (H) Fine root (1)
 Snall root (J) & Medumroot (K) E Large root (L)

O Ve large root (M)

Fig. 4. Distribution percentage of average dry weight for N-applied 18 year—old
satsuma mandarin tree collected in Mar. and Nov. 1998 in Jeju—si.
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Table 142}

Table 14. Dry matter (DM) weight and total nitrogen content, and amount of

satsuma mandarin fruits at various N application rates in jeju-si
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Fruit juice Fruit peel

Fruit juice Fruit peel

Fruit juice Fruit peel

(kg 10a )

25.6ab
23.4b

31.9ab
33.4ab

26.8ab
25.1b

0.89ab
0.86b
0.94a

3001a” 2833a 0.89a

2877a

0
10
20
40

0.90a

2747a

32.9ab
34.0ab

3404a 0.94a
38.6a

3537a
3669a

0.92a 0.92ab

3527a

37.1a

4134a 3925a 0.94a 0.96a

30

36

34

35 34

C.V(%)

Means in each column followed by the same letter are not significantly
different at the 5% level by DMRT.
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Table 15. Effects of N application rates on fruit quality of satsuma mandarin

tree in Namwon (mean values of three years from 1996 to 199%)

Trans

N application ~ Shape”  Peel Fruit  Juice Acid Brix/ .

versal . ) . ) . Yield

rates diameter index thickness pulp ratio Brix content Acid (ke tree )
(kg/102) (1) (%) (mm) (%) (°Bxyy (%)  ratio

0 61.82" 124a 2.3ba 786a 10.15a 1.1la 9.17a 46.5b

15 64.5a 127a 2.29a 80.4a 10.10a 1.05a 9.71a 55.5b

30 61.0a 126a 2.29a 784a 1024a 1.12a 9.27a 51.2b

60 59.9a 126a 2.38a 787a 1046a 1.13a 9.28a 65.1a

90 61.0a 127a 2.36a 785a 10.30a 1.10a 9.39a 53.4b
C.V.(%) 5 2 5 2 2 5 6 9

2 Shape index was calculated as transversal diameter/longitudinal diameter x 100.

Y Means in each column followed by the same letter are not significantly

different at the 5% level by DMRT.

A AHFo] F7hshe] whel B o] tE= Eolx|al #pae] Aol FA 9
AW\ FAR = Yol vt 1 = (Jones® Embleton, 1967 ; i A <}
B, 1969; A3 2, 1986), ¥ Al A= HZEA FAUh HFFEAA =
15kg Ha& Aol
FoAde delA gt FHAL 60kg ool FodAHdS BYor) g

el

[e]
&
T AHEESol i B e O] A7 e e TR



Auls Aot 1 AMEFe] 1/4%E AHYE st AES
o= A FeFAdo] Aol7F LJER R koktia st

.

2) AFA 25474
el

AFA L7

]
H3FAZE 236 mmolA 263mmE TR FoA S Holow, AR
1.21%°1 A4 1.31%= %—ﬂﬂ%ﬁ%rﬂ 3 5(1997)9] A

3t Aol o) AL o AEA &gk}

Table 16. Effects of N application rates on fruit quality of satsuma mandarin
tree in Jeju—si (mean values of three years from 1996 to 1998)

N application Trans~ »  Peel Fruit =~ Juice ~Acid Brix/ }
versal Shape ; 3 ; . Yield
rates ) ; thickness pulp ratio Brix content Acid 1
1y diameter index e T 0l 6By (%) ratio 8 T
(kg 10a ) (1’1’11’1’1) (o} X) (0)
0 62.1a” 123a 2.36¢ 77.9a 114a 121a 9.07a 26.5a
10 62.0a 125a 2.43c 77.3a 11.6a 1.22a 9.58a 26.3a
20 61.5a 123a 2.52b 77.3a 11.9a 1.30a 9.0la 32.0a
40 61.3a 124a 2.56ab  76.6a 116a 1.28a 9.08a 32.7a
30 60.9a 124a 2.63a 75.9a 11.7a 1.3la 890a 30.2a
C.V.(%) 3 1 2 1 2 3 3 16

2 Shape index was calculated as transversal diameter/longitudinal diameter x 100.

y) Means in each column followed by the same letter are not significantly

different at the 5% level by DMRT.
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96 97
Month after 15N-urea application

Fig. 5. Changes of %Ndff in spring flush leaves and old leaves of
satsuma mandarin trees applied with PN-urea as summer fertilizer

in Namwon.
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a4r ---X-- old e A TR
2
0
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96 97 Month after 15N-urea application

Fig. 6. Changes of %Ndff in spring flush leaves and old leaves of
satsuma mandarin trees applied with BN-urea as autumn fertilizer

in Namwon.
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oNdIff —0— fresh(253.8g/plot) \Bmwon

12 r ---4-- od
—n— fiesh(507.7g/plot)
10r ---A-- old

—0— fiesh(1015.4g/plot) AN

Mar Apr May Jun Aug Sep Oct Nov Dec

Month after 15N-urea application

Fig. 7. Changes of %Ndff in spring flush leaves and old leaves of
satsuma mandarin trees applied with PN-urea as spring fertilizer

fertilizer in Namwon.
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Month after 15N-urea application

Fig. 8. Changes of %Ndff in spring flush leaves and old leaves of satsuma

mandarin trees applied with "N-urea as summer fertilizer in jeju—si.
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4 —x—fresh(317.07/plot) Mo
2 —= IUUTTTE SEPRPEREE e
o L gl g
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96 97
Month after 15N-urea application

Fig. 9. Changes of %Ndff in new flush leaves and old leaves of satsuma

mandarin trees applied with "N-urea as autumn fertilizer in Jeju—si.
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Fig. 10. Changes of %Ndff in new flush leaves and old leaves of satsuma

mandarin trees applied with “N-urea as spring fertilizer in Jeju-si.
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Namwon
10+ 1996 1997
8,
S 6r
£
pd 4r
27 '
O L L L L I}
100 200 400 100 200 400
Treatment (9/ploy

Fig. 11. The yearly change of %Ndff in the fruits of satsuma mandarin trees
applied with PN-urea in June 1996 at various rates in Namwon.

(Fruits were harvested in Dec. 1996 and 1997, respectively)

Fig. 129} #Zo] 1996 % oJEH|5E=E A&3 AAu| g Fad=e] i

3.5: 1996 1997
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N uptake rate
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100 200 400 100 200 400
(g/plot)

Treatment

Fig. 12. The yearly change of nitrogen uptake rates by fruits of satsurma mandarin
trees applied with "N-urea in June 199 at various rates in Namwon.

(Fruits were harvested in Dec. 1996 and 1997, respectively).
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Fig. 13. The yearly change of %Ndff by fruits of satsuma mandarin trees
applied with "N-urea in June 1996 at various rates in Jeju-si.

(Fruits were harvested in Dec. 1996 and 1997, respectively).
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2.5F

26.53 53.05 106.1 212.2 26.53 53.05 106.1 212.2
(g/ plot)

N uptake ratf

Treatment

Fig. 14. The yearly change of nitrogen uptake rate by fruits of satsuma
mandarin trees applied with “N-urea in June 1996 at various rates in

Jeju—si (Fruits were harvested in Dec. 1996 and 1997, respectively).
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Fig. 15. PN atom % in various parts of satsuma mandarin trees in relation
to sink strength of nitrogen in Namwon (PN-urea was applied on
Nov. 10, 1997 and tree was collected in Mar. 1998).
(1) ; Green wood, (2) ; Lateral branch, (3) ; Lateral branch, (4) ; Green wood,
(5) ; Green wood, (6) ; Green wood, (7) ; Secondary scaffold branch,
(8) ; Lateral branch, (9) ; Secondary scaffold wood.

(2) BHE

Brlgo] wel 2FUAUYREIEA e 928 PN atom% & Fig. 1601 e
ot AAUFIEA o 9IA7F w=E FE, FHARTE ThA A, B 11 A A
= PN atom%7} =7 HEHAG. A0 51972 HE2 FHES of

W AFEA AN = o] Aol 7k Bl A Emukal skl

_43_



(cm)

W [ A
(1) 0.829 e RN 250
T y :
(2) 0.519 ./ T ) 0.903

. pl L iy s
| 30915 b Nl §~|
:::j X I]}M ) s .- 200

100

Fig. 16. BN atom % in various parts of satsuma mandarin trees in relation
to sink strength of nitrogen in Namwon area (®N-urea was
applied on Apr. 17, 1997 and tree was collected in Mar. 1998).
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Fig. 17. N atom % in various parts of satsuma mandarin trees in relation
to sink strength of nitrogen in Namwon (°N-urea was applied June 21,
1997 and tree was collected in Mar. 1998)
(@ 5 Geen on wood ) 5 Green wood, 3) 5 Green wood, (@) 5 24 year dd green wood
® 5 Green wood, 6) ;5 Secondary scaffdd branch, (7) 5 Green wood, (8) 5 Lateral branch
O ; Geen woad, (10) ; 24 year dd green wood (11 5 Green woad, (12) 5 Lateral hranch
(13) ; Green wood, (14) 5 Green wood, (15) ;5 Lateral branch, (16) ; Green wood,
(17) ; Secondary scaffold hranch, (18) ; Secondary scaffold branch
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Fig. 18. N atom % in various parts of satsuma mandarin trees in

relation to sink strength of nitrogen in Jeju-si ("N-urea was applied on
Nov. 13, 1996 and tree was collected in Mar. 1993)

(1) ; Green wood, (2) 5 Green wood , (3) ; lateral branch, (4) ; lateral branch,
(5) ; Second scaffold branch, (6) ; Green wood, (7) ; Green wood,

(®) ; lateral branch,(9) ; Green wood, (10) ; Second scaffold branch
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Fig. 19. BN atom % in various parts of satsuma mandarin trees in
relation to sink strength of nitrogen in Jeju-si.
(“N-urea was applied on Mar. 18, 1997 and tree was collected on Mer. 1998)
(D ; Green wood, (2) 5 Green wood, (3) ; Lateral branch, (4) ; Lateral branch,
(5) ; Second scaffold branch, (6) ; Green wood, (7) ; Green wood,
@®) ;5 Lateral branch, (9) ; Green wood, (10) ; Second scaffold branch.
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Fig. 20. N atom% in various parts of satsuma mandarin trees in relation
to sink strength of nitrogen in Jeju—sL
(“N-urea as applied on Jun. 21, 1997 and tree was collected in Mar. 1998).
(1) ; Green wood, (2) ; Green wood, (3) ; Green wood, (4) ; Lateral branch,
(5) ; Lateral branch, (6) ; Green wood, (7) ; Laterdl branch ® ; Geen wood
(9) ; Lateral branch, (10) ; Second scaffold branch
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Table 17. Influence of autumn application of "N-urea on the nitrogen

partitioning in each part of satsuma mandarin trees in Namwon

Distribution of Distribution
T"Eal) N total- N (B) I\(Idif of N (A) A/B
Plant part & (%) & (%)
967 197" 96 97 96 97 '96 97 96 97
Fruit juice 60.39 5694 7.7 8.1) 290 3.89 1o.6>2 12.0 1437 1.36
48 15.7 3.3 241
Fruit peel 5529 5279 7.1 76 320 370 127 12.1 1.817 1.40
Neizvavflfh 120.93 223.41 15.4)1 27.8> 751 11.41 27.8) 34.7 1.807 1.27
86 /331 33.0 42,9
Old leaves 2506 4319 32 53 143 262 52 75 163 129
Green wood 37.62 40.01 4.9> 5.4> 1.99 230 7.4) 6.6 1.52) 1.22
. 82 115 11.1 125
274 year old o000 yagg 33 6.1 099 212 37 59 1137 096
green wood
Lateral branch  17.06 60.84 2.2 79 059 165 21 44 094\ 055
Secondary
o) 9524 3659 12.0 P41 49 p06 214 096 7.6 [153 26 109 063 | 053
Primary
et 7552 5574 9.9 78 157 142 56 39 057" 048
Trunk 2445 3176 3.1> 3.1 4.1> 41 047 067 18) 18 18 18 O.60> 0.41
Fine root 5485 1891 69 26 150 069 5.3 18 076\ 0.70
Small root 2190 4664 2.8 6.6 058 135 39 39 075 061
Medium 1ot 20.60 1317 27 BL5 1.7 147 050 044 18 175 1.2 87 069 | 068
Large root 261 252 03 0.4 007 009 0.2 0.3 073 | 0.74
Ve“rfoirge 14878 26.00 188 35 150 056 6.3 15 036" 0.44
Sum 78594 75228 1000 1000 2693 3385 10178 1000 1.00 1.00

2 BN-urea was applied on Nov. 10, 1996, Trees were collected in Mar. 1998,

were harvested in Nov. 1997.

v PN-urea was applied on Dec. 2, 1997, Trees were collected in Dec. 1998,

were harvested in Nov. 1998.
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Table 18. Influence of spring application of "N-urea on the nitrogen

partitioning in each part of satsuma mandarin trees in Namwon

Distribution of Distribution
To(tal) N total N (B) I\(Idff of N (A) A/B
Plant part & (%) & (%)
977 198" 9 '98 97 98 '97 98 97 98
Fruit juice 8353 39.21 11.7) 7.4) 829 357 27.5) 11.7) 239 152
233 14.2 52.8 21
Fruit peel 83.07 3656 11.6 6.6 822 381 253 12.4 218 164
New flush 70 55 11108 103 21.4> 455 856 14.8) 27.19 1453 1.27
leaves 132 27.0 189 34.4
Old leaves 2042 2869 29 56 132 233 41 70 143 1.29
Green wood 32.86 39.07 4.6> 7.7) 199 312 31 10.1) 141 135
B 82 135 5.4 16.3
24 year old oo o) ogg5 56 57 070 202 2.3 6.2 066 1.05
green wood
Lateral branch 11.62 57.74 16 10. 031 219 10 6.3 062 059
Secondary
o 82.84 2423 114|81.8 47(239'136 065 411112 21122 036 045
Primary
wftid 12831 4292 187 8.30 168 125 6.1 38 032 045
Trunk 2228 19.23 3.1> 31 3.8> 38 025 047 O.8>O.80 1.5> 15 026 042
Fine root 3548 20.75 45 41 087 117 28 32 060 0.82
Small root 1970 3565 2.8 63 046 135 15 38 052 054
Medium ot 2159 1570 3.1 (200 31178 046 068 14 140 2.3]11.2 051 065
Large root 205 155 03 03 007 007 0.1 0.2 047 068
Verfogirge 7108 17.92 94 35 061 057 83 18 077 053
Sum 71303 521.05 9945 1000 31.14 31.82 1065  99.62 1.00 1.00

2 BN-urea was applied on Mar. 17, 1997, Trees were collected in Mar. 1998, Fruits

were harvested in Nov. 1997.

Y N-urea was applied on Mar. 13, 1998, Trees were collected in Dec. 1998, Fruits

were harvested in Nov. 1998,
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Table 19. Influence of summer application of “N-urea on the nitrogen

partitioning in each part of satsuma mandarin trees in Namwon

Distribution of Distribution
To(tal) N total-N (B) l\gd? of PN(A) A/B
Plant part £ (%) g (%)
977 198" '97 98 97 98 97 98 97 98

Fruit juice 78.62 64.34 10.5) 8.9) 3.81 301 245 149 2.33 1.68
182 18.2 43.5 33.0
7.7

Fruit peel 60.80 67.84 9.3 3.06 368 19.0 18.1 2.57 197

Nelw flush 2o 79 161,84 6.7) 23.4) 197 639 12.4) 26.2> 185 1.13

caves 9.0 29.7 16.2 325

Old leaves 17.26 4344 2.3 63 060 159 3.8 6.3 168 1.01
Green wood 3681 37.78 4.8> 5.5> 139 139 9.3) 6.0) 190 1.11
B 8.1 11.2 13.2 12.0
Zedyrold o 0 909 33 57 058 1.38 39 6.0 114 1.07
green wood

Lateral branch 10.32 6726 1.4 10. 017 152 1.1 6.0 0.76 0.59
Secondary

it 8644 2818 11.2[302 40212 069 046 42117 18] 11.0 037 047
Primary

et 129.38 4818 17.6 73 099 089 65 3.2) 0.37 0.40
Trunk 2290 41.09 3.o> 3.0 5.9> 59 014 1.17 0.9) 09 427 42 030 073
Fine root 3543 764 47 1.2 086 0.18 52 0.8 110 0.78
Small root 19.69 3553 2.6 50 024 063 15 35 057 0.68

Medium rot 24.26 1763 3.1|316 25][138 025 033 16(144 13| 73 051 061

Large root 278 285 04 0.4 005 004 03 0.2 0.83 0.33
V@“;’Oirge 155.96 3172 20.7 47 093 040 58 15 028 0.32

Sum 757.71 692.75  100.0 100.0 1571 23.08 100.0 100.0 1.00 1.00

2 N-urea was applied on June 21, 1997, Trees were collected in Mar. 1998, Fruits
were harvested on Nov. 1997.
Y N-urea was applied on June 5, 1998, Trees were collected in Dec. 1998, Fruits

were harvested on Nov. 1998.
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Table 20. Influence of autumn application of N-urea on the nitrogen

partitioning in each part of satsuma mandarin trees in Jeju—si

Distribution of Distribution
Tofdl) N total- N (B) l\gdgf of PN(A) A/B
Plant parts & (%) & (%)
967" 97" '96 '97 9% '97 96 97 9% '97

Fruit juice 26.73 2545 12.1 11.3 227 227 27. 0) 19.1> 2.26 1.80
234 229 49.2 40.9

Fruit peel 2492 2645 114 116 193 263 222 219 215 1.94
N‘Diw flush 054 4316 182 189 153 215 o) 299 1.005 1.16
caves 21 5 256 21.4 30.7
Old leaves 697 1456 023 111 86 1.04 1.26
Green wood 1375 831 ) 36) 058 0.36 7} 3.8) 1.28 1.05
o4 vear old 11.2 76 11.9 72
year o€ 1145 892 034 0.36 35 0.84 0.83
green wood
Lateral branch 458 7.9 015 0.32 35 0.74 0.89
Secondary
ity 1460 1405 63]134 62163 011 059 16|74 50|105 026 081
Primary
et g, 1188 1511 65 035 045 ) 43 0.83 0.67
Trunk 482 7.80 2.2> 22 3.6> 36 006 0.8 2.0) 20 034 054
Fine root 1134 1020 5.0 496 040 076 53 6.6 1.08 1.37
Small root 652 766 28 356 021 034 25 33 0.89 0.90

Medium mot 6.04 1046 2.6(28.2 441240 017 030 1.1]165 3.0[195 066 0.71

Large root 672 1154 3.0 5.0 008 031 11 31 040 061
Ve"-ryoirge 3387 14.15 148 63 061 043 65 35 044 055

Sum 226.72 225719 99.90 1000 9.02 1256 1071 110.8  1.00 1.00

z)

PN-urea was applied on Nov. 13, 1996, Trees were collected in Mar. 1998, Fruits
were harvested in Nov. 1997.
Y N-urea was applied on Dec. 2, 1997, Trees were collected in Dec. 1998, Fruits

were harvested in Nov. 1998.
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Table 21. Influence of spring application of N-urea on the nitrogen

partitioning in each part of satsuma mandarin trees in Jeju-si

Distribution of Distribution
To(t‘ﬂ) N total N(B) l\gdgf of N(A) A/B
Plant part & (%) & (%)
7972) /98&’) ’97 r 797 ’98 r r 797 ’98
Fruit juice 39.48 29.94 133) 109) 213 244 > 2oo> 1.99 2.14
2.8 215 52.8 402
Fruit peel 37.12 2960 125 107 211 255 2626 20.2 210 220
Nelw flush oe a0 5013 179 187 200 324 21.86 256 128 141
caves 20.8 95.7 95.7 34.8
Old leaves 894 1889 3.0 7.0 035 121 126 1.37
Green Wood 2050 10.70 6.83> 41 0.68 0.720 5) 57) 1.00 1.37
o4 e old 113 9.7 108 10.9
PO 1338 1428 450 56 031 058 0.87 093
green wood
Lateral branch  5.76 11.67 2.03 417 0.13 0.39 0.86 0.74
Secondary
it 2735 1595 9.03[179 68181 061 052 6.05|11.6 46 [124 065 0.71
Primary
et 1964 1676 688 6.7 038 053 ) 059 0.66
Trunk 411 10.16 1.5(9 15 4.2)42 005 0.24 56 213" 21 033 052
Fine root 1009 426 32 20 044 023 560 33 169 145
Small root 463 517 148 2.1 012 020 145 22 098 0.97
MedumRoot 619 1009 2.05(22.8 4.0(208 014 034 1.60 (149 31 |168 0.78 0.76
Large root 863 1270 3.00 59 016 044 188 431 065 0.73
Ve?oiirge 3728 1683 129 6.8 031 047 435 391 038 058
Sum 3014 25718 1001 999 991 1410 11615 11733 1.00 1.00
2 N-urea was applied on Mar. 18 1997, Trees were collected in Mar. 1998, Fruits

were harvested in Nov. 1997.

v PN-urea was applied on Mar. 13, 1998, Trees were collected in Dec. 1998, Fruits

were harvested in Nov. 1998
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Table 22. Influence of summer application of N-urea on the nitrogen

partitioning in each part of satsuma mandarin trees in Jeju-si

Distribution of Distribution
To(tal) N total- N(B) I\(Idﬁf of PN((A) A/B
Plant part & (%) & (%)
977 198" 97 '98 97 98 9 '98 97 98
Fruit juice 40.16 41.16 13.4> 13. 5> 1.94 267 22. 1> 23. 9) 167 1.83
25 7 26.8 449 479
Fruit peel 37.23 4028 124 2.02 244 24.0 185 184

—_

Nelw flush 4995 5604 165 18. 199 264 266 24.2 161 135
eaves 20.3 236 335

Old leaves 11.65 1818 3.9 053 1.00 69 7.3 175 1.28

141 1.20

Green wood 1865 1555 6. 4.8 0.72 0.74 88
10.7 ) 9.4 14.0

Zedyrold e 1655 45 047 071 120 0.86

green wood

Lateral branch  5.16 2169 1.7 015 134 20 79 113 139
Secerd scaffeld 94 |191 40 |91

e 20.80 2346 6.9 |147 0.33 0.35 50 |151 0.60 0.50
Primery scaffdd

1854 11.81 6.1) 0.33 0.23 2.2 050 0.55

Trunk 297 915 1.0° 1.0 003 013 0505 13713 045 043

Fine root 2265 1034 75 41 1.05 048 119 7.1 155 156

Small root 692 1390 2.3 3.6 011 040 14 25 0.59 0.63

Medum ot 7.99 928 27 (376 29 |79 015 0217 1.9 (242 29 155 059 0.63

Large root 3831 1162 127 36 037 015 45 2.0 071 072
Ve?oiatrge 3831 11.62 127 36 037 015 45 12 036 0.32

Sum 300.95 310.83  100.0 100.0 1033 13.85 1235 1215 1614 1517

2 BN-urea was applied on June 21, 1997, Trees were collected in Mar. 1998, Fruits

were harvested in Nov. 1997.
Y BN-urea was applied on June 5, 1998, Trees were collected in Dec. 1998, Fruits

were harvested in Nov. 1998.
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Table 23. Effects of N-urea application time and rates on nitrogen

recovery by satsuma mandarin fruits in Namwon

rate Fruit dry

Application kilOafl wt T-N T-N PNAom Ndff  Ndff R
: 7) . o 1 o o 3 o
time (g tree ) (g tree)) (%) (g tree’) %excess (%) (gtree) (%)

45
(153.8) 17,043 0.766 13043 0.1183 2553 3.306 2.150
20 15328 0837 12829 02245 4846 6204 2.020
B (307.7)
18.0
(615.4) 16553 0.829 137.15 0.3104 6.699 9180 1.492
27.0
(923.1) 7,047 0945 66.82 03287 7.09 4719 0511
7.5
(953.8) 12,308 0.989 121.67 03230 6417 7878 3.104
(51057'07) 20,939 0948 19838 04076 8099 16.056 3.162
C .
30.0
(1015.4) 17,446 0960 167.11 06029 11978 20.025 1.972
45.0
(1523.1) 17,3231 1.037 179.25 - 05508 10526 18.876 1.239
3.0
(100.0) 14,006 0.860 120.18 0.2106 4546 5468 2.734
60 00685 0954 19734 01344 2901 5698 2.849
D (200.0)
12.0
(400.0) 15809 0517 8425 03024 6528 5320 1.330
Y 0.3258 7.033 10979 1.830

(600.0) 17,040 0.918 155.88

g Application time were respectively, B ; Nov.
D ; June 21, 1997.
Fruits were harvested in Nov. 1997.

Y' R : N utilization ratio(%).
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Table 24. Effects of N-urea application time and rates on nitrogen

recovery by satsuma mandarin fruits in Namwon

Application rates ruit

. - - b V)
2 kg 10a’ dry wt. T-N T-N “N-Atom Ndff  Ndff R

i [0} -1 o) 1) -1 o
time (g tree ) (g tree ) (%) (g tree ') %excess (%) (gtree’) (%)
4.5
(153.8) 18593 0.819 15217 0.1380 2979 4513 1.467
(38?7) 16,245 0.894 144.72 04729 10.207 14.789 4.806
E :
18.0 .
(615.4) 648  0.797 516 01634 3527 0182 0.030
(9227391) 15809 0.863 136.85 04523 9.762 13409 1.453
7.5
(953.8) 14102 0.842 11876 02976 6424 7539 1.495
150 9990 0822 6794 03061 6608 4485 0.883
F (507.7)
30.0 “
(1015.4) 61 0744 046 04981 10.750 0.0494 0.005
45.0
(1523.1) 12,990+ 0.893 ~ 11591 0.6565 @ 14.169 16408 1.077
3.0
(100.0) 16,562 0907 14991  0.1926 4157 6232 6.232
6.0 20,238 0880 17769 0.0793 1.712 3.064 1532
G (200.0)
12.0
(400.0) 19,731 0.850 167.09 0.3720 8.029 13418 3.3¥4
18.0

(600.0) 3,676 0925 3397 04405 9508 3226 0.538

z) Application time were respectively, E ; Dec. 2, 1997, F ; Apr. 3, 1998,
G ; June. 21, 1998.
Fruits were harvested on Nov. 1998.

y) R : N utilization ratio(%), v, w) poor bearing tree.
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Table 25. Effects of “N-urea application time and rates on nitrogen

recovery by Satsuma mandarin fruits in Jeju-si

N rates Fruit

Application | 0" g TN TN NAom  Ndff  NdffY R
time” -1 (%) (gtree!) %excess (%) (gtree’) (%)
(g tree ) (g tree ")
(3:)39'%) 3,498 0944 33.03 0.1533  3.046 0.997 2.516
(769'03) 6,604 0999 6591 0.2155  4.198 2.766 3.490
B .
12.0
(158.5) 6,100 0925 56.45 0.2548  5.499 3.157 1.991
24.0
(317.1) 4958 '1.032° 51.20 0.8995 19416  9.898 3.122
(6%92) 6,523 0906 59.12 0.1806  3.452 2.038 3.080
100 9375 0919 8619 02003 3827 3295 2490
C (132.3)
20.0
(264.6) 10,007 0.893  89.32 0.2700  5.365 4.791 1.810
40.0
(529.3) 77723 0929 7175 04992  9.539 6.840 1.292
2.0
(96.53) 7530 0954 72.00 0.0888 1.917 1.378 5195
40 7677 0992 76.18 0.1206  2.604 1.970 3.713
D (53.05)
8.0
(106.1) 7,87 0960 75.49 0.2780  6.001 4.532 4.271
16.0
(912.2) 8890 0963 8557 0.4303  9.289 7.948 3.746

g Application time were respectively, B ; Nov. 13, ‘96, C ; Apr. 18, '97, D ; June 21, '97.
Trees were collected in Mar. 1998
Y R : N utilization ratio(%).

_70_



8% A=l °ol&E= M

Ao A4 o] 8 ES
At o2 RY 9=
Qstue wid X AT

Table 26. Effects of N-urea application time and rates on nitrogen

recovery by satsuma mandarin fruits in Jeju-si

Application kl\;rlaot:i dfm;;t T-N T-N "NAtom Ndff Ndat®  RY
time” -1 Y S0(9%) (g tree!) %excess (%) (gtree’) (%)
(g tree ") (g tree )
B0 0900 0800 800 01888 4074 3278 8272
S0 5630 0880 4961 02154 4649 2308 2911
. .
G20 2260 0782 1775 05317 11476 2043 1289
A0 6239 0984 6123 09045 19522 11974 3777
(6%02) 1676 0908 1523 03023 6525 0996 1505
o0 5173 0935 4835 03077 6642 3211 2427
" .
(OO 9161 1047 9582 03477 7505 7202 2721
A0 8473 0929 7869 05042 10882 8559 1617
(22'23) 4080 0843 3447 01497 3211 1112 4193
(53'85) 0102 0924 8405 02114 4563 3835 7.229
G 8.0
Qoep 0%l 0930 9252 02786 6013 5361 5242
(21162.02) 5876 0834 5191 04003 8639 4490 2116

2 Application time were respectively, E ; Dec. 2, 1997, F ; Apr. 3, 1998,

G ; June 21, 1998. Trees were collected in Dec. 1998.
Y) R : N utilization ratio(%).
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Table 27. Effects of “N-urea application time and rates on nitrogen

recovery by satsuma mandarin trees in Namwon

rates

Tree

Application N Y T-N T-N 5N-Atom Ndff  Ndff R
: z) kgloa dry wt. 1 4
time -1 1y (%) (gtree’) %exess (%) (gtree’) (%)
(g tree ) (g tree )
45
(Ao 52337 L1115 59302 0135 19384 14695 956
9.0
) 00 49998 1220 62025 01467 19374 15091 490
180
ORY, 63366 1173 73878 01460 20596 20990 341
(9227391) 60978 1172 72898 02034 32981 32539 353
75
(hogy 3231 1244 4BLI8 00174 12434 775 3.06
150
5% 43345 1174 51852 01505 18015 13599 268
30.0
qo09, ) 568521 0960 55162 01260 17182 15054 1.8
450 59974 1039 63442 01744 25624 22337 144
(1523.1) O : ~ . . . .
30
Qo) 42606 1073 46333 00934 10970 6067 6.7
6.0
ooy 71321 L0I8 75615 00717 07126 7322 366
12,0
(B0 49737 1073 54162 01064 12996 9419 236
180
O8O 63630 1106 71202 00976 13594 12575 210
2 Application time were respectively, B ; Nov. 10, 1996, C ; Apr. 17, 1997,

D ; June 21, 1997. Trees were collected in Apr. 1998.

Y' R : N utilization ratio(%).
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Table 28. Effects of "N-urea application time and rates on nitrogen

recovery by satsuma mandarin trees in Namwon

T-N T-N "NAtom Ndff  Ndff RY
(%) (g tree!) %excess (%) (gtree’) (%)

. N rates Tree
Application ke 102! dry wt
time” y WL

(g tree ) (g tree )

(1?31??8) 70,820 1.161 831.15 0.1180 1.7015 19.583 12.73
- (38$7) 46,019 0934 44164 0.1518 22113 13812 449
(6118594) 78,771 0998 803.05 0.2388 4.0108 40.444  6.57
(92273'91 ) 54981 0.888 49388 0.2771 52391 31.171  3.38
(2%5.8) 45528 0962 44444 01550 22383 13910 548
(51(?7'97) 41,439 0926 403.16 0.2686 3.4263 19317  3.81
(lg(l)é). 4) 51,293 0970 50524 0.3349 6.0196 38578  3.80
(1451%)_ D 37,899 1116 42813 0.2663 4.8980 25958  1.70
(18&? 0) 52,735 0968 52453 0.0823 04744 37755  3.76

(28'(90) 58,647 1.025 61070 0.1486 25903 17933 897

( 4102000) 62,383 0930 59693 0.1579 24485 18.748  4.69

18.0

(600.0) 50,547 0998 51016 02232 38126 25108 419

2 Application time were respectively, E ; Dec. 2, 1997, F ; Apr. 3, 1998,
G ; June 21, 1998. Trees were collected on Dec. 1998.

Y' R : N utilization ratio(%).

- 74 -



2) AFA &FE%

AFA eFARYN A PN-ureas 19964 7}@15(%4?43) 1997 1)
S(HEC) 2 19973 o EH|E(HE D)E AlMlgh £ 19931d 3ol =g 7+
FUFe] A4 o]8E A= Table 299 YeERWTh @l 25H1 7493 wpxof
A2 gREE A AHFo] ZrtetA PN atom% excess$t Ndff(g)E Z 718
WA, A AH R o] o] 8382 Ade AR XAEAT
Ze MM o] whel A Bl A Ndff(g)e 9 1.88golA 11.18ge s F
A AAo|EELS 475% A 252%% 72l o, A ColA Ndff(g)
& 73 161 golA 1043go 2 Z7hetdal AAa o] &8-S 3.06%00 4 1.44%
2 A sATh AED A7l A Ndff(g)2 59 271 golA 11.62g= S7kgt
o Aol 852 10.22%0 A 548% = A sth AlH[Al7]o] wE ZA
2ol & &S ADAAA 7HE =ow Ndff(g)ol doldE AeBe A2D

ﬂa} a7k A 2 PN-urea® 199749 78U (A FE), 19984

FHIE(HEF) 2 1998 oS0l 5 (A8 G) A= £ 1998 39 =3k 7+
U9 A4 o] &S Table 300 YeRl=d tF-& A4 An|&Fe] FrlkshdA
Al PN Atom excess%9} Ndffzhs Z71sk vhH vl 8 o] 852 A 2

2 ARl wEl A EolA Ndff(g)e 59 4.05go1A4 1245g202 F7}
33 AAolEELS 475% A 3.93%= roldom, A7 FelA Ndff(g)
= F9 253golA 1832g= FUIsl o, AAh o] &EL 468%°0M 346% =

7Faastgtr. AE Goll A Ndff(g)ys 9 2.557goll Al 6.31 gl & F7hst 1
Aol 5L 96404 2974% = F71stA Tt o] AlFoA A o] EES

£53
AgESE e GolAs H=sa AT A FelAs wdrh 2 F53<
Ndff(g)ol M= A FolA7h B2 o=z eyt
o] ANFAINE B 2FEAUFY g o]&ES 2~20%°]Wel

23 g ol wEAN e Bao] 4 2 A Aow BT
Wl Wmel o §8S o7l S E 2UAA YR Solstn A%
dA A7) AAE FRFFol olFold F Ak BFWF 2e An]

% =] vhdAsirhn AR ek



Table 29. Effects of "N-urea application time and rates on nitrogen

recovery by satsuma mandarin trees in Jeju-si

Application E;?E?I Tree dy wt. T-N T-N “NAom Ndff Ndff  R”
time” L (gtree) (%) (gtree) %excess (%) (gtreel) (%)
(g tree ')
(339%) 17709 098 17801 0080 0787 1882 475
6.0 16,301 084 14259 0121 1080 2214 279
(79.3)
12.0
(Bl 13810 099 13076 0146 2198 3996 252

G0, 21478 109 23094 0217 3796 1LIS3 353

(65602) 20528 075 15689 0.088 0.811 1.606 2.43

100
(9% 27109 108 30379 0123 138 5250 397
¢ 20.0
GOl 2518 083 22646 0145 1635 5377 203
40.0 22877 089 21206 0224 3371 10433 197
(529.3) ’ : : : : : :
20 20385 098 20373 0112 0976 2712 1022
(26.53) ’ ' : ' : ' :
40 21492 099 21657 0120 1301 4264 804
(53.05) ’ : : : : ' :
b 8.0
Gogny 28017 094 23099 0130 1738 6900 650
16.0 26,168 090 24292 0205 3345 11620 5483
(212.2) ’ ' ‘ ’ ’ ' '

2 Application time were respectively, B ; Nov. 13, 1996, C; Apr. 18 1997, D ; June 21, 1997.
Trees were collected in Mar. 1998,

Y' R : N utilization ratio(%).
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Table 30. Effects of "N-urea application time and rates on nitrogen

recovery by satsuma mandarin trees in Jeju—si

N rates

Application kg 105 Treedrywt. T-N  T-N  “N-Atom Ndff  Ndff RY
time” (g tree ) (@tree) (%) (gtree’) %excess (%) (gtree’) (%)
(339%) 27898 084 23823 0102 1421 4302 1086
6.0 15173 092 14075 0128 2299 4049 511
(79.3)
12.0
(Bl 18549 098 18544 0222 4385 9841 621
24.0 12446 103 13108 0420 8383 12454 393
(317.1) ’ : : : : : :
(6%02) 16726 083 14240 0085 1306 2529 382
10.0 18622 098 18540 0157 2697 6198 468
(132.3) ’ : : : : : :
F 20.0
Goily 18723 1099 18761 0208 4007 9362 354
40.0 98508 096 28071 0271 5026 18321 346
(529.3) ’ : : : : : :
20 17522 091 16177 0077 1132 2557 964
(2653) ’ : : : : : '
40 19454 086 17281 0113 1673 3683 695
(53.05) ’ : : : : : :
G 8.0
Gonp) 16214 103 17343 0180 285 6221 586
16.0 14317 104 15265 0224 4133 6309 297
(212.2) ’ ‘ ’ ’ ’ ' ’
2 Application time were respectively, E ; Dec. 2, 1997, F ; Apr. 13, 1997,

G 5 Jun. 5, 1997.

Trees were collected on Dec. 1998.

Y' R : N utilization ratio(%).
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15.20~51.89 gel gl o Eu & (A O 7oA e] B FELE 372~6.73%,
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-

o
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¥ 0

A Au o] whel AgBe A o] EY IFEES 6.34% ~18.42%, Ndff(g)
T 9 2834g~-5857geldon Al CollAe EY FEES 565%~9.79%,
Ndff(g)= 9 2485g~107.49 gol At} AgDell A 2FL o] A4 o]§
2 810%~20.64%°] o™ Ndff= F9 2050 g~4858 g0l ATt AlH| A7)
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Table 31. Effects of N-urea application time and rates on the residual

nitrogen in soil in Namwon

Application N rates Sol dry wt  T-N TN "N-aom Ndff A" R
time” (kg N10a) (gplot!) (mg kg (gplot!) % excess (%) (gplot!) (%)
45 6,834,516 0335 22,896 0.0031 0.0664 1520 9.85
(153.8g)
90 6,834,516 0328 22417 0.0063 0.1349 3024 9.83
(307.7g)
B 18.0
' 6,834,516  0.323 22075 0.0075 0.1613 3661 59
(615.4g)
270 6,834,516  0.322 22,007 0.0109 0.2358 51.89 562
(923.1g0 77 ’ ’ ’ ’ ' ’
75
(253.8¢) 6,834,516 0338 23,101 0.0040 0.0739 17.07 6.73
15.0 6,834,516 0395 2699 0.0036 0.0720 1944 3.83
(507.7¢g)
¢ 30.0
(1015.4g) 6,834,516 - 0.307 . — 20,982  -0.0137. . 01798 37.73 372
450 6,834,516 0315 21529 0.0142 02704 5821  3.82
(1523.1g) 77 ‘ ’ ’ ’ ' ’
3.0 6,834,516 0366 25014 0.0036 0.0772 19.31 19.31
(100.0g)
6.0 6,834,516 0345 23579 0.0042 0.0895 21.10 10.55
(200.0g)
12.0 6,834,516  0.431 29,457 0.0050 0.0969 2854 7.14
(400.0g) ' ’ ' ' ' '
180 6,834,516  0.392 26,791 0.0070 0.1506 40.35 6.73
(600.0g)
2 Application time were respectively, B ; Nov. 10, 1996, C ; Apr. 17, 1997,

D ; June 21, 1997. Trees were collected on Apr. 1998.

YA : the amount of N labelled fertilizer in soil,

YR : the recovery of fertilizer nitrogen by soil.
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Table 32. Effects of N-urea application time and rates on the residual

nitrogen in soil in Namwon

Application N rates

Soill drywt  T-N

T-N  "N-atom Ndff

Ay) R X)

time” (kegN10a) (gplot) (mgke’) (gplot!) % excess (%) (gplot!) (%)
(5h%g 0834516 0378 25834 00051 01097 2834 1842
0y OSM5I6 0435 20911 00067 0.1453 4337 1500

' (G1o9y 6834516 0450 31370 00076 01650 5176 841
h Dy BSM5I6 0410 28022 00097 0209 5857 634
(b 0834516 0411 2809 00041 00885 2485 979
(U7oy 6834516 0513 35061 00033 00818 2868 565

F
10y 68345167 (0409 1 27953 0009 02104 5882 579
(o) 0834516 0420 29320 00170 03666 10749 7.6
1000y OSM5I6 0400 27333 00035 00755 2064 2064
oooby) 6834516 0337 23082 00034 00890 2050 1025
Dy OSM5I6 0465 31780 00062 0.1330 4227 1057
Gor0y 0834516 0409 27953 00081 01738 4858 810

g Application time were respectively, E ; Dec. 2, 1997, F; Apr. 3, 1998,

G ; June 21, 1998. Trees were collected in Dec. 1998.

VA the amount of °N labelled fertilizer in soil.

x)
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agal A GelA Ndff(g)e +9 886gelAl 2246 g= F7kgh Wb &4
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Table 33. Effects of "N-urea application time and rates on the residual

nitrogen in soil in Jeju-si

Application N rates Soll dry wt T-N T-Ntotal "N-atom Ndff A" RY
time”  (gN10a) (gplot!) (mgke!) (gplot!) %excess (%) (gplot) (%)
(350g) 4112500 0134 5511 00210 04160 2292 5738
(1995 4112500 0151 6210 00252 04914 3052 3848
1B50,) 4112500 0141 5799 00273 05882 3411 2152
(G570 4112500 0148 6087 00314 06783 4129 1302
(6ng) A112500 0138 5675 00197 0375 2132 3219
¢ (3rhg 412500 0127 5223 00851 06974 4073 2753
(o) 4112500 01841 55110 0,0863110.7032 3875 1464
(5705 4112500 0155 6374 00344 07420 4730 894
(hshy) 4112500 0133 5470 00107 02319 1268 4781
(5305g) A112500 0142 5758 00450 04951 2851 5374
D
Q0 4112500 0143 5881 00365 07884 4642 4370
(21955 4112500 0149 6128 00551 11882 7281 3431
* Application time were respectively, B ; Nov. 13, 1996, C ; Apr. 18, 1997,

D ; June 21, 1997. Trees were collected in Apr. 1998.

Y A : the amount of N labeled fertilizer in soil.

YR the recovery of fertilizer nitrogen by soil.
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Table 34. Effects of "N-urea fertilizer application time and rates on the

residual nitrogen in soil in Jeju-si

Application N rate Sall dry wt - T-N T-N “N-atom Ndff AY RY
time” (kg N10a) (gplot!) (mg ke™) (g plot’) %excess (%) (g plot!) (%)

3.0

(308 A112500 0142 5810 00240 05169 3019 7617
(%%g 4112500 0143 5881 00430 09287 5462 6888
" .
12.0
1550y 4112500 0133 5470 00301 06436 3548 2238
24.0
(3171 4112500 0140 5758 00483 10431 6016 1897
5
(66 A112500 0131 5387 00100 02168 1168 6007
10 4112500 0135 5552 00238 05143 2855 2158
" (132.3¢)
20
(6ibg A112500 0142 5810 00297 06417 3748 1416
40
(5205g) L112500 0145 5963 00320 07098 4233 800
2.0
(26abgy 4112500 0122 | 5017 00827 01765 886 3338
40 4912500 0128 5264 00134 02800 1521 2868
G (53.05¢)
8.0
1000g 4112500 0132 5420 00168 03636 1974 1860

16.0
(212.2¢) 4,112,500  0.138 5675  0.0183 0.3957 2246 10.58

? Application time were respectively, E ; Dec. 2, 1997, F ; Apr. 13, 1997,
G ; June 5, 1998. Trees were collected in Dec. 1998.
Y A ¢ the amount of N labeled fertilizer in soil.

YR the recovery of fertilizer nitrogen by soil.

o 99 2FU0Y ES 49 &A4AF
PN-urea® Agsh & F9 £3U70Y Ego &S Table 359 7o
ZAENY EY T Aa EATS AH[A] 7] #AIGle] HA AW F

Zhebi A golxlern EHEE A YEET HEAE AVER E482
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Table 35. Effects of “N-urea application time and rates on loss ratio

of fertilizer N in soil in Namwon

Application N rate Uptake Residue Loss Loss ratio

time” (g N plot) (g tree'plot?) (g ploth) (g plot ! (%)
153.8 18.0 15.2 120.6 78.4

B 307.7 21.3 30.2 256.2 83.3
615.4 30.2 36.6 548.6 89.2

923.3 38.3 51.9 833.1 90.2

253.8 15.6 17.1 218.7 86.2

C 507.7 28.7 194 459.6 90.5
10154 35.1 37.7 942.6 92.8

1523.1 44.4 58.2 1420.5 93.3

100.0 11.5 19.3 69.2 69.2

D 200.0 13.0 21.1 165.9 82.9
400.0 14.7 28.5 356.7 89.2

600.0 23.6 40.4 536.1 89.4

153.8 24.1 28.3 101.4 65.9

E 307.7 26.0 434 234.4 76.2
615.4 40.8 51.8 522.9 85.0

923.3 44.6 58.6 820.2 38.8

253.8 215 24.9 2075 81.7

P 507.7 24.8 28.7 454.0 89.4
10154 38.6 58.8 918.0 904

1523.1 424 1075 1373.2 90.2

100.0 9.1 20.6 70.3 70.3

G 200.0 22.7 20.5 156.8 78.4
400.0 32.2 42.3 325.6 814

600.0 28.3 48.6 523.1 7.2

2 Application time were respectively, B ; Nov. 10, 1996, C ; Apr. 17, 1997,
D ; June. 21, 1997, and trees were collected in Apr. 1998 and E ; Dec. 2, 1997, F ;
Apr. 3, 1998, G ; June 21, 1998, and trees were collected in Dec. 1998.
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2t AFA 2FEEY ES 24 E4F

AFA FA3Y £G4 PN-ureaZ H2d F Ai £2%2 Table 36

Table 36. Effects of “N-urea application time and rates on loss ratio of fertilizer

N in soil in Jeju-si

Application N rate Uptake Residue Loss Loss rate

time? (g Nploth (g tree 'plot ) (g plot)) (g plot!) (%)
39.6 2.9 229 13.8 349

B 79.3 4.3 30.5 445 56.1
158.5 6.4 34.1 118.0 74.3

317.1 19.7 41.3 256.1 80.8

66.2 3.1 21.3 41.8 63.1

C 132.3 7.9 40.7 83.7 63.3
264.6 85 38.8 2174 82.1

529.3 145 47.3 467.5 83.3

26.5 o i 52/ 104 39.1

D 53.1 5.0 28.5 19.6 36.9
106.1 8.8 464 50.9 479

212.2 16.4 72.8 123.0 58.0

39.6 6.8 30.2 2.6 6.6

E 79.3 53 54.6 194 245
158.5 10.3 355 112.7 71.1

317.1 229 60.2 234.1 73.8

66.2 2.8 11.7 51.7 78.1

P 132.3 8.3 28.6 95.4 72.1
264.6 14.6 375 2125 80.3

529.3 22.8 42.3 464.2 871.7

26.5 3.0 8.9 14.7 554

G 53.1 6.5 15.2 31.3 59.1
106.1 10.0 19.7 72.8 68.6

212.2 109 22.6 1789 84.3

2 Application time were respectively, B ; Nov. 13, 1996, C ; Apr. 18, 1997
D ; June 21, 1997, and trees were collected in Apr. 1998 and E ; Dec. 2, 1997,
F; Apr. 13, 1997, G ; June 5, 1998, and trees were collected in Dec. 1998.
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Table 37. Determination of optimal N fetilization in Namwon

N content of tree
0 Increased amount ) Adequate amount
(%) Target yield .
of DM. O of N fertilizer
(kg 10a ' yr. ) (ke 10 .
Fruit Tree T (kg 10a ")
0.160 1.125 184 4,000 36.5
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Table 38. Determination of optimal N fetilization in Jeju-si

N content of tree

Adequate amount of

Increased amount

Target yield
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