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Summary

This study was conducted to investigate the effects of the long-term
treatments of N, P, K fertilizers on fruits quality and yield, tree nutrition
and soil properties by cultivating 20-year-old satsuma mandarin (Citrus
unshiu Marc. cv. Okitsu wase) from 1994 to 2004, and to reestablish the
proper application rates of fertilizers for fruit quality improvement in the
area of Jeju volcanic ash soil.

The experiment plots were arranged by the randomized block design
with 3 replications. Seven application rates of N, P, K fertilizers were
used for the treatments of no-fertilizer (nF, 0-0-Okg10a’), no-nitrogen (nN,
0-40-28kg 10a '), no-phosphorus (NP, 28-0-28kg 10a '), no-potassium (K, 28-40-0
kgl0a'), normal-fertilization (NPK, ~28-40-28kg10a'), three times of
normal-fertilization QNPK,  &-120-84kg10a’), and  half-phosphorus (hP,
28-20-28kg 10a '), respectively.

Soil physicochemical characteristics and chemical contents of leaves as
well as fruit quality, yield and alternate year bearing were investigated
every year, and mycorrhizal density in the root was also surveyed. The
proper application rates of N, P, and K fertilizers were determined; N rate
from nitrogen utilization and absorption efficiency by tree, P rate from
changes of available phosphorus contents in the soil, and K rate from
decreasing amount of soil potassium contents, respectively. The deficiency
symptoms of micro nutrients caused by no fertilization for a long time on
citrus orchard were observed, and the methods for recovery from
deficiency were discussed. The results obtained are summarized as

follows;
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1. Soil pH was decreased by urea application as N source and lowest in
the 3NPK treatment, but increased by application of fused phosphate as
P source. The contents of exchangeable cations such as K, Ca, Mg
were increased by application of potassium chloride and fused phosphate.
But Ca, Mg contents were not increased in 3NPK treatment compared

with those in NPK treatment.

2. The contents of N, K in leaves were increased by long-term application
of N and K fertilizers, but the content of P in leaves was not increased
by application of P fertilizer. In the 3NPK treatment, the contents of P
and K were not changed compared with the NPK treatment, except

nitrogen.

3. The fruit quality determined by sugar and acid contents was better in
nF and nK treatments than other treatments. In nF and nK plots, the
ranges of exchangeable K, Ca, Mg content were 0.56~0.60, 7.46~7.73, 2.2
2~327cmolc kg ' in soil, and 95~111, 25.3~265, 35~42gkg ' in leaves
during 5 years (1996 to 2001). So the ratios of K : Ca : Mg were 1:13.
4~14.0:39~64 in soil and 1:25~28:0.3~04 in leaves, respectively.

4. Fruit yields in nF, nP, nN treatments were lower than those in NPK,
nK and 3NPK treatment. And alternate year bearings were lowest in

nK treatment, and highest in nF and 3NPK treatments.

5. Significant difference in fruit sugar contents among the treatments
started to appear 5 years after fertilizer treatments. Average sugar

contents measured during 6 years after b-year fertilizer treatment were



10.4 °Bx in nK treatment, and 9.7~9.8 °Bx in nN, NP, NPK and 3NPK
treatments. And significant difference in fruit acid contents started to
appear 3 years after fertilizer treatments, and average acid contents
measured during 9 years after 3-years fertilizer treatment were 1.16%6 in
nK treatment, and 1.30~1.35% in nN, nP, NPK and 3NPK treatments.
This fact indicated that K content was important to increase sugar

content and to decrease acid content in fruit.

6. Since the different amount of N absorption by fruits and trees between
NPK and nN treatments was 2.34 kg 10a' and the nitrogen absorption
efficiency of fertilizer was 1095, the proper amount of nitrogen fertilizer
application rate could be 23 kg N 10a".

N deficiency symptom was determined by leaf color chart. On the
deficiency symptom, chlorophyll contents and SPAD-502 values were 21~24
pg e and 66~70.

7. The treatments of NPK and 3NPK increased soil phosphate contents
annually but did not affect tree nutrition and fruit yield, while the hP
treatment kept soil phosphate content constantly without yield decrease.
That means 20 kg P20s 10a’ of the hP treatment could be reasonable
application rate of P fertilizer.

In nP treatments, Mg deficiency symptom characterized by triangularly
yvellow spots near leaf petiole appeared and was recovered by application
of 20kg 10a! magnesium sulfate or spray of 50~10.0 gLf1 magnesium
sulfate solution. When the symptom appeared, the contents of Mg in soil

and leaves were 0.7~0.8 cmol. kgfland 25~27¢g kgfl.
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8. The average amount of decreasing soil K per year could be 0.158 cmol.
kgf1 or 15.7kg 10a' since the absorption amount of K by fruits and
trees was estimated to be 12.9 kg 10a! and the K loss from the soil 2.8
kg 10a". Therefore, 15.7 kg 10a 'of K, 19kg 10a ' as K0, was suggested

to be the proper application rate of K fertilizer.

9. At the time when fruit acid became lower and sugar content higher in

nK treatment, the exchangeable soil K was 0.7~0.8 cmol. kgfl.

10. When the K content became 0.4~0.45 cmolc kgf1 in soil and 6.0~65¢g
kg1 in leaves, K deficiency started to appear. K deficiency symptoms
characterized by yellow spots at the leaf end, defective coloring on fruit
peel, small size of fruits, and dehiscent fruits appeared and recovered by

application of 33 kg 10a! potassium chloride.
11. Although the densities of mycorrhizal spore in nP and 3NPK

treatments were lower than those in other treatments, infection rate was

highest in nP treatment.
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Aol A Hls2d AyE Holal gl

Zgol FFl PA= G dFd A= FE oW BEES YR F
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o FFS FA= FAT ZF FFol AUAA =ow 2358 ko] Wo
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ol9} mTtA R ZE AA Al Ad
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Berger &, 1996) #5o] AHoXw HEMIC
(Smith, 1966). 53| Berger(1996)%= Ze] H]E ™ (KNOs, KCl, KoSO4) A&l

A AstE A A BEgel B % Zoberol Melvha 3l

rlr

&
[
ot

6. AlH) 9} #Z 7 (Vesicular-Arbuscular Mycorrhizal Fungi)

(Carling ¢} Brown, 1982).

VAMS 2= A%, 5T 2 oo B 98-S F7(Smith® Read,
1997), &4 e FFstyl 98 ddte] FAF sEWolA  phosphate
enzyme= AAFsCH(Gianinazzi®F Gianinazzi, 1978). &gk Tl d 9 g3l &
S HEgeEN BEY dusiel AdAdo 9SS Fi(Hooker 5, 1994) 7
ol A o] G Frke 4 kel A B A S st
A 7171 = kb (Shrestha 5, 1996).

Tl M= 90d ) o] 5 ttatel tigk wAlo] Frhskel Al A u Ao
ate] AL E(H T, 1999a; & 5, 2003), S14F AlE O] wE it
A 20 T, 1999; A 5, 2004), T HEol wE AEY AS(E

5, 1994 & 5, 1992; & 5, 2004)°] #ske] FARE BF vk Brundrett &

J

_14_



i

1991) a3
25709 16712

B
)

E 1g3 2.2~31.27I(

Fol Al =l A= 2}

=

z}t

Al A 1.070, Qo] 2.170, Syt

B}

11770, 123 10.170(&E 5,

, 19992), <F=} Al 12.170, vt

=%
¢}

o0 (u}

1)
AN

)

23]

2003)% A7)} 4 A Ez o

Bl

+o]
uf

S

&0l 7}

S

3

3

3

“lo)
=

A g <12k ¥ %7} 100 mg kg

25}

At

=

el

o
=

A

3

O

)
rJ

ol

b o,

S

b =gk

=

T HEoR

, 2000).

p=1
[}

, 1998; Ishii

4 Aotdshii 5

o)
=

=

_15_



Az 2 EH

cmolc kg '(7F 5, 1999) R} =t} o) AYYX AL 2AEHEA 10a¥ LE

23] 400 kgS AFEF F¥Fo] =7] wEolt},

AN&8F2E EAZA(Citrus unshiu Marc.) 20388 Abg8tga, 749
483 m= 900l 18075 2 A5t

Al A Ttzte] Bl g9 olES atdstr] flste]l Al A Aol FAHE
ol-&stel EA 60 cmZ7HA ads wA F7 2mmel A 255 v
kol AAIE AL, AxH fede A A /AT 555 %7 S8

10cm =90l AAXS A3t (Photo 1).

Table 1. Chemical properties of the soil before experiment

Ex. cation (cmolc kg )

pH T-N Av. P:Os CEC
(1:5) (gkg) (mgkg" K Ca Mg  (cmolckg )
5.7 6.5 141 1.36 9.62 2.32 21.2
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oA S B¢y FRER FEste] whEoj

kel
AN

AlH]
AE, 1993)l wheh FgaA shats] =] 2044 7
F 4SS Agstart. = 38427 (N-P1-K), 28-40-28 kg
10ahe 71Eoz 39 FHET(Ne-Pr-Ko, 0-0-0kgllal), FAZT
(No-P1-Ki, 0-40-28kg 10a '), F<AH7(N1-Pp-Ki, 28-0-28kg 10a '), 2]
F(N;-P1-Ko, 28-40-0kg 10a 1), 384 39)7(Ns-Ps-Ks, 84-120-84 kg 10a )
= FReH, A3 8FF AAste] olF FAVE A3 3FE A
MR o2 9 iy 3utE oz X 3tE wixstgrh Qake Alu 4
FAWEY] it Wt Bl o R E FolAe] IHstE AdaetA =
A¥at7] 918 914k 1/27(Ny-Pro-Ky, 28-20-28kg 10a )E FAtH(Table 2).
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Ard vEE 845 AHESSlem 34, 64, 114 Z+7F 50, 20, 30% ¥
fex]

2 o] Algsgon, QA Wat §AANE 386 A Mz B
aw A
=]

Table 2. Application level of N, P and K fertilizers

Fertilizer level (kg 10a™)

Treatment”
N - P:0Os - K20

Ni-P1-K; 28 - 40 - 28
No—Po~Ko 0- 0-0
No-P1-Ki 0 - 40 - 28
N1-Po-K;y 28 - 0 - 28
N1-P1-Ko 28 -40 - 0
Ni-P12-Ki 28 =20 - 28
N3-P3-Ks 84 -120 - &4

“No, no nitrogen application; Ps, no phosphorus application; Ko, no potassium application;
Nj, recommended application rate; P;, recommended application rate;
Kj, recommended application rate;

N3, three times of Nj; Ps, three times of Pi; Ks, three times of K.

3. B3 ABA ARAA L BHYH
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o
4 Ao S olnet FAR 45 B AvFon A5
L

10a9] B9 FA(kg 10a H=1000 m’/10ax0.30 mx0.85 ton m' ' x1,000kg/ton
=255,000 kg 10a*

A ZF 2R (kg 10a Vyr)=EF FA1(255,000 kg 10a H)x 37+ H it 7 A
(R emole kg 1/yr)xZ% 1 cmol.(0.3909 g cmol 1)

=R 99679.5 g 10a /yr =R 99.6795 kg 10a /yr

1) EAEAH 2 IAELE XA

1994~20057k4] Az Al s g s e AlF EAolA 20043
20051 7€l R 8 (No-Po-Ko), #2227 No-P1-Ky), F4H(Ni-Po-Ky),
FZE T (N1-P1-Ko), 3847 (Ni-P1-Ky), 384 37" (N3-P3-Ky)oll Al 242 &
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—=—N;P;K; ——NoPK,
6.5 | 1 6.5
55 | M 1{ 55
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="
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94 "96 98 00 02 04 ‘94 96 98 00 "02 "04
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Fig. 1. Changes of pH in the very dark brown volcanic ash soil of
satsuma mandarin orchard, as applied with the different combinations of
N, P and K fertilizers for 11 years from 1994 to 2004.

Vertical bars indicate standard deviation (n=3).

No, no nitrogen application; Py, no phosphorus application; Ky, no potassium application;

N;, recommended application rate; Pj, recommended application rate;

Ki, recommended application rate;

N3, three times of Nj; Ps, three times of Pi; Ks, three times of K.
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Table 32 2] Zholl IHdel 42 o7k yebr] A2k 3dAH(1996'd)

Y ZE, vtavlse 29547 EAsr] Az 8dAH(2001d) kA o &
& T 2w, A, vtadwe B g ves yERd Aotk

Table 3. Effect of the different combinations of N, P and K fertilizers on
the average of exchangeable cations of satsuma mandarin orchard soil

sampled from 1996 to 2001.

Exchangeable cation (cmole kg ™)

Treatment” Ca/K Mg/K
K Ca Mg
Ni-Pi-K; 142 b’ 9.37 ab 3.36 abhc 6.5 b 24 be
No—Po-Ko 060 c 773 ab 2.22 be 134 a 39 b
No-P1-K; 180 a 1093 a 542 a 6.0 b 32b
Ni1-Po-K; 132 b 611 b 124 b 43 b 09 c
N;-P1-Ky 056 ¢ 746 b 3.27 ab 140 a 6.4 a
N3-P3-Ks 184 a 759 ab 4.27 ab 43 b 2.4 be

“No, no nitrogen application; Po, no phosphorus application; Ko, no potassium application;
Ni, recommended application rate; P;, recommended application rate;

Kj, recommended application rate;

N3, three times of Nj; Ps, three times of Pj; Ks, three times of K.

YMean separation within columns by Duncan's multiple range test at P = 0.05.

3247 (N-Pi-K)9 B3 84 28 F%S 142cmolkg "2 Hg] A
1.36 cmol. kg '(Table 1)@ w]SzabAl fA18 Wb, F2 A7 (No-Pr-K)oh 32
2 3UF(N3-Ps-Ks)o] 2% 3+ 7hzF 1.80, 1.84cmolckg '2 A g AR}
Eolxal, FHEF(No-Po-Ko) ot 722 7+(Ni-P1-Ko)&= 2+t 0.60, 0.56 cmole
kg '= "ol th
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AlulA el Zhell b A Aol 7k whEbLby] AR AP 3 AH(1996'd) H-E
, vl Z2RSAZE dErgr] AlARE 8920017 AE 2 E,

25
Ze, vbdlge] Gt G vEs UEkd Zo] Table 40]

Table 4. Effect of the different combinations of N, P and K fertilizers on
the average mineral compositions of satsuma mandarin leaves sampled

from 1996 to 2001.

Treatment” Ca/K  Mg/K

Ni-P1-Ky 272 ab” 15ab 121 b 245ab 39b 203c¢ 032b
No—Po—Ko 250b 16a 111b 253a 35b 234b 032D
No-P1-Ky 245b 16a 134a 218c 38b 166d 029D
N1-Po-Ky 2i6ab 14b 140a 231bc 29c 167d 021 c
Ni-P1-Ko 216 ab 15ab 95c¢ 265a 42a 282a 045a

N3-P3-Kz  285a 15ab 133 a 213c¢c 38b 162d 029b

"No, no nitrogen application; Po, no phosphorus application; Ko, no potassium application;
Nj, recommended application rate; Pj, recommended application rate;

Kj, recommended application rate;

N3, three times of Nj; Ps, three times of P;; Ks, three times of K.

YMean separation within columns by Duncan's multiple range test at P = 0.05.
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2 AlH o] e 324 39 (N3-P3-Ks)oll A/l 285¢
kg '2 g Egen, bdgow FAAT(N-P-Ky), 22 F(Ni-Pi-Ko), 3
QAFT(N-P-KDoll A 272~276gkg '2 =%, FHET(Np-Pp-Ko) ot #
AT NoPrKool A 245~250gkg '2 714 Stol A A gafo] BEFE

e A golgin.
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AT A FFS A FFel Aolrk A YA FRAAT(NI-Po-Kpeoll A 1.4
gkg'Z 7P¢ @k, BALNeP-K)T9 FHETFNe-Pe-Kool Al 16¢
kg ' 7P ol Qabw} AashE AEAE(3, 1935)0] U= Aoz eyt

g5 ZF T IA 324T(N-P-Ky) 121gkg el Hl&) 384 3w
(N3-Py-Ks)oll A 133 gkg '2 AlH| o] BL&5:2 Folxi= 7 dFolr}, F1at
T(N-Po-Kpoll A 140gkg !, ¥22TFNo-Pi-K))7} 134gkg '& 3847
(N;-P-KDET 24 A =7 dehgid, ols dae #E, ditn 2
F1hl= A8AA7E thE Embleton $(1952)¢] B9} AXstE Aol
o 53] FAMTN-PoK)oA % #E FEko) He AL FlAT
(Ni-Po-KDE A& gt vyu=] Ao 2
TR EY F Zud vtadd Tl oA AI3HE(EHE S

1980)°] dolwk7] miEQl Aoz AlRHH

Pt vk el g §An v

ESH np7A 2 el ® 2, vtadls RS 2 E o] =2 7
AFH(N1-Po-Ky), 384 3 7-(N3-P3-Ka), F2 A7 (No-Pi-KpellA v, ZHg
shafo]l v B (N1-P1-Ko) 9t FH] &7+ (No-Po-Ko) ol A o} ZFo] Z
#, sy AR AEg8S dokbe Ba(EiE 5, 198009 I skt

AG7HA Zduie] s T2 vFRds dder T FUlE

o,

[e}
stgFS BAstd 1 7S AAS i (Wakayama Ken, 1966, 7
Ly

1969; ¥ 5, 1980). ¥ Aol A o] vy Frr)l RS R
(Table 4)ollA tr& Azt 2 Aol7F A7]7] A2 199658 A
gAarol U] AlFFSF 2001744 39 & 94F i 4 F FHL 95gkg !

2 Al 519653 Bt f1(1972)0] A 89 & A% A4 2w T
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kg, 798kgeZ 3847 (N;-P1-Kjp) 90.9kgell 13}
vro Aekoly oL gt 384 3 (N3-P3-Kz)+= 885kgoZ 384
T(Ni-Pi-Kp)9} #Fol]7} glo] 38427 (Ni-Pi-Ky) AlH| &Rt B o] v R

(Ni-Pi-Kpst ztel7h it 2o & BaelAs g2 AAHA FRA T
U

Table 5. Effect of the different combinations of N-P-K fertilizers on fruit

vields of satsuma mandarin harvested for 8 years of fertilization.

Yield (kg tree ')

Average

Treatment” 97— 04)
1997 1998 1999 2000 2001 2002 2003 2004 ¥

N;-P;-K; 79.3 a’ 102.0 ab 71.8 ab 926 a 875 a 1215 a 530 a 1197 a 909 a
No-Po-Kp 726 a 556 c 753 ab 330b 930a 358c 85a 433 b 615b
No-P1-K; 869 a 844b 8l6a 409b 1100 a 650b 8.0a 53835b 766 ab
Ni-Pp-K; 706 a 90b 587b 764 a 787 a 1139 a 469 a 986 a 798 ab
Ni-Pi-Kop 94 a 943 b 717 ab 84 a 873 a 1025 a 584 a 979 a 871 a

N3-P3-K3; 809 a 1224 a 547b 920a 851 a 1159 a 505 a 1067 a 885 a

“No, no nitrogen application; Py, no phosphorus application; Ko, no potassium application;
N;, recommended application rate; P;, recommended application rate;

Kj, recommended application rate;

N3, three times of Nj; Ps, three times of Pi; Ks, three times of K.

YMean separation within columns by Duncan's multiple range test at P = 0.05.
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Table 6. Effects of the different combinations of N-P-K fertilizers on fruit

yield fluctuation of satsuma mandarin measured for 8 years.

Fluctuation of fruit yield (%)" Average
'97~'98 '98~'99 'P~'00 '00~'01 ‘01~'02 ‘2~'03 ‘03~'04 (‘97~'04)

Treatment”

Ni-Pi-Ki 286 29.6 29.0 5.5 38.9 56.4 1257 44.8
No-Po-Ko 234 354 562 181.8 51.5 1332 48.1 77.0

No-P1-K; 3.0 3.3 53.7  190.9 40.9 37 34.3 51.8
Ni-Po-K: 346 38.3 30.2 3.0 44.8 58.8  110.1 45.7
Ni-P1-Ko 5.2 23.9 19.1 2.2 17.3 43.1 67.9 25.5

N3-P3-Ks  51.2 55.3 67.1 6.8 36.1 564 111.1 54.8

“No, no nitrogen application; Po, no phosphorus application; Ko, no potassium application;
N;, recommended application rate; Pj, recommended application rate;

Kj, recommended application rate;

N3, three times of Ny; Ps, three times of Pi; Kj, three times of K.

YThe fluctuation of yield%9=( | Yield of this year-Yield of last year | /vield of last year)x100.

3. Aol M FAFHE

NE =
H 8d7he] A @ Table 7014 H= wpef 2rh 1997 7 2001
dol dAlgor =7t e aidlar, 1999del 71 vA vetgesdl, ole

2AE AZI1E 49)7F e G 9ol 71 &S T AR Alsd
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Table 7. Effects of the different combinations of N-P-K fertilizers on the
content of soluble solids in the fruit of satsuma mandarin measured for

8 years.

Soluble solids (°Bx)

Treatment”
1997 1998 1999 2000 2001 2002 2003 2004

Ni-Pi-K; 113a” 96a 83b 97b 108 ab 99 bc 96 b 96 be
No-Po-Ko 11.0a 96a 85ab 98b 112 ab 106 ab 104 a 104 a
No-Pi-K; 111a 97a 86ab 99b 103b 99bc 96b 94c
Ni-Po-K: 109 a 95a 85ab 98b 109ab 98c 97b 96¢
Ni-Pi-Ko 11.0a 96a &87a 105a 11.7a 107a 102 a 105 a

N3-P3-K3 112 a 98a 83b 98b 1llab 99bc 98b 99b

“No, no nitrogen application; Po, no phosphorus application; Ko, no potassium application;
N;, recommended application rate; Pj, recommended application rate;

Kj, recommended application rate;

N3, three times of Ni; Ps, three times of Pi; Ks, three times of K.

YMean separation within columns by Duncan's multiple range test at P = 0.05.

=7} ol ttE= Ha(Jones 5, 1970)¢F D=7 HAad
o= A2 AkEl d 3 (Calvert, 1970; Smith %5, 1963)9}+= =E3how,
Lee(2003), {1l 5(1965), Cary(1972), Reese®} Koo(1975), Koo%}t
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Fig. 2. Average content of soluble solids in the fruit of satsuma mandarin
measured from 1999 to 2004, as applied with the different combinations
of N-P-K fertilizers for 6 years.

No, no nitrogen application; Po, no phosphorus application; Ko, no potassium application;
Nj, recommended application rate; Pj, recommended application rate;

Ki, recommended application rate;

N3, three times of Ni; Ps, three times of Pi1; Ks, three times of K.

“Mean separation within columns by Duncan's multiple range test at P = 0.05.
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Fdo Mg F AFE nAE g FES 24 AdE Table 8% Zoh =
AL A 712k BE AT A e BE 11~14% B oy, A A7
(11€ 47k wE 31998, 1999)¢F 2HafeFe] A 20039 =ol = Ak o=
b FheFo]l =okar, 20049 =9 o] o FH AN UheE dxU Fa04
Zlell wl7F Ulg] Ab gaFe] v el BE A el A Ab gake] vhekt)

Al AF gHe B FREFE(Ne-PeKo)ol A mid 74 v gk s
B, e FZ8 7N -P-Ko)2 1997393 200335 Al9e 7d3ke 3
QTR FoA A ekt

Table 8. Effects of the different combinations of N-P-K fertilizers on the

content of acid in the fruit of satsuma mandarin measured for 9 years.

Acidity (%)

Treatment”

1996 1997 1998 1999 2000 2001 2002 2003 2004

Ni-P-K; 127 a¥ 146 a 120 a 1.55 ab 1.17 a 1.23 ab 1.20 abc 1.66 a 1.10 ab
No-Po-Ko 113 b 120 b 106 b128c 128a10ld 109 bc 116 b 091 c
No-Pi-K; 1.16 b 1.39 ab 1.21 a 1.38 bc 1.26 a 1.21 abc 1.31 ab 1.68 a 1.15 a
Ni-Po-K; 123 a 148 a 120 al153 ab 121 a130 a 120 abc 1.64 a 1.06 ab
Ni-Pi-Ko 1.14 b 138 ab 1.02 b 1.37 bc 1.03 b 1.12 ¢ 106 ¢ 1.37 ab 0.98 bc

N3-P3-Ks 124 a 158 a 119al160a 124 all9bc 134 a 169 a 107 ab

“No, no nitrogen application; Po, no phosphorus application; Ko, no potassium application;
N;, recommended application rate; P;, recommended application rate;

Kj, recommended application rate;

N3, three times of Nj; Ps, three times of Pi; Ks, three times of K.

YMean separation within columns by Duncan's multiple range test at P = 0.05.
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Fig. 3. Average content of acid in the fruit of satsuma mandarin measured
from 1996 to 2004, as applied with the different combinations of N-P-K
fertilizers for 9 years.

No, no nitrogen application; Py, no phosphorus application; Ko, no potassium application;
Nj, recommended application rate; Pj, recommended application rate;

K, recommended application rate;

N3, three times of Ni; Ps, three times of Pi; Ks, three times of K.

Mean separation within columns by Duncan's multiple range test at P = 0.05.
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Table 9. Effects of the different combinations of N-P-K fertilizers on the
ratio of soluble solids to acid in the fruit of satsuma mandarin measured

for 8 years.

Ratio of soluble solids to acid

Treatment”
1997 1998 1999 2000 2001 2002 2003 2004

Ni-Pi-K; 781 b" 799 ¢ 543 c 833b 883 c 818 bc 58l c 875 b
No-Po-Ko 916 a 908 ab 6.65a 785 b 11.01 a 976 ab 896 a 11.40 a
No-P1-Ki 795 b 796 c 632ab 793 b 848 c 757c 6.09c 842 b
Ni-Po-Ki1 739 b 793 c 565 bc 813b 839 c 813bc 609c 914 b
Ni-Pi-Ko 795 b 943 a 6.38 ab 10.25 a 10.52 ab 1020 a 7.52 b 10.81 a

N3-P3-Kz 7.08 b 823 bc 532 c 791 b 948 bc 732 c 589 c 934 b

“No, no nitrogen application; Py, no phosphorus application; Ko, no potassium application;
N;, recommended application rate; P;, recommended application rate;

Kj, recommended application rate;

N3, three times of Nj; Ps, three times of Pi; Kj, three times of Ki.

YMean separation within columns by Duncan's multiple range test at P = 0.05.

1997~2004A7bA) 8dzke] F 4t A E A (Fig. 4) 7157 (No-Po-Ko)
ob RZhe] (N -P-Ko)7b 2H2F 934, 9.228 Uv =] 2] 7.76~7.84¢] 1]
°F 157} 2 Ao eyt o]¢k ol A wid FZeFH(N;-Pi-Ko) ot
FH ST (No-Po-Ko)oll Al Batu7F =4 Yebd 212 on] oA dFgi%el

2o 3 2% do] 2uA B4 4 Fo] @48 "WolAm @ FFo] =
AR QA7) wEoletn Azkee)
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Fig. 4. Average content of soluble solids to acid in the fruit of satsuma
mandarin measured from 1997 to 2004, as applied with the different
combinations of N-P-K fertilizers for 8 years.

No, no nitrogen application; Po, no phosphorus application; Ko, no potassium application;
N;, recommended application rate; P;, recommended application rate;

Kj, recommended application rate;

Ns, three times of Nj; Ps, three times of Pi; Ks, three times of Ki.

“Mean separation within columns by Duncan's multiple range test at P = 0.05.

4) #4327
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(N1-P1-Kp) 9] 33.9%¢l wlal oF 13%7} skokh, =gk 384 38 1(N3-P3-Ks)
T 268%F 384T (Ni-Pi-Kpell Hla) i3t wjge] vhe whd AT
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(No-P1-Kp+ 337%= 3847 Zol7F glslar, FAA(N1-Po-Ky)+ 37.4%
2 384T (N;-Pi-K) Rt} %& 73Fo] 3t}

Table 10. Effect of the different combinations of N-P-K fertilizers on the
average fruit size distribution of satsuma mandarin measured from 2000

to 2002.

Distribution of fruits size (%)

Treatments” 51~55 mm 56~61 mm 62~69 mm >70 mm
Ni-Pi-Ky 12.5 24.0 29.7 33.9
No—Po—-Ko 10.9 32.2 36.2 20.7
No-P1-K; 11.3 27.1 279 33.7
Ni-Po-K; 11.0 21.9 29.8 374
Ni-Pi-Ko 18.1 31.3 30.6 20.0
N3-P3-K3 19.9 271.8 BBI5 26.8

“No, no nitrogen application; Ps, no phosphorus application; Ko, no potassium application;
N;, recommended application rate; P;, recommended application rate;
Kj, recommended application rate;

N3, three times of Nj; Ps, three times of Pi; Ks, three times of K.

51~55mme] 43 H|&2> FZAY TN -Pi-Ko)oF 384 397 (N3-P3-Ka)ell
A 181, 199%= 38 A4AF(Ni-Pi-Kpel 125%¢°] Hls] =komn, FAik+
(Ni-Po-Kp¢t F22FNo-Pi-K)E 7z 113, 11.0% 2 3247 (N;-P1-K))
oF HlZzstdnth W Rl EF(Nog-Po-Ko)&= 109% =2 27 v&% WA YE

AN
E2 24, dtas 2 o arld S FRen o= ZY A
HlgFo] BSE o] AXth= Hil(Reitzet Koo &, 1959; Smith, 1966;
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Reese®} Koo, 1975; Berger &, 1996; filil &, 1965, En3 flt, 1972)¢
A st tr. FH EF(No-Po-Ko)ell Al t#Fu] &o] 38 47 (N-Pi-Kpell 1] 3|
e YQle Ty g3E AlRHW, FJAAF(N-Pe-Kp)dl A iz v]&

o] 2 ol Table 4014 & uks} o] 5 ZH FFFol BopldHA

g ZF Agite] #ae] Fulet FdEt A, o] A wAE JFE
ZAFst v (Table 11). 343 F71= e A2 7-o] H]&) 384 397" (N3-P3-Ks)
7b F94 A FARE. B Y FAs 349 e =4S 2Ase
g Frell EAA fFede gl

A 3 (N3-P3-Ka)7F 7Hd 7+ 11 #4475 No-Pi-K)7F 7Hd gF2
Aot AMEE YEHE L, a, bt FollA A3 mA9 Ax7F HE
awkel FA 7 #AZE 22, FHE T (No-Po-Ko) ol a gkol 7 =ot
Aol k58t ar, 384 3] (N3-P3-Ki)o] adto]l 7Hg vrol ztale] 74
EFT Ae® yeuth ol A4 Alge] SMEFE 97 FA YA LA
7} 71, 1986; Smith, 1966) 2t o] EFdoh= R il(Reitzet Koo, 1959; Reese
o} Koo, 1975, 43 71, 1986)¢} +AFsH Z2 3ot}

ol¢} o] W]E Al &Fo] e 384 JujgolA HAo] = Iy FA7}
FAL AL ¥R F57F A2 A577HA oo XA wpu] ] Aol AL
AP RA7] WEd Ao Az
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Table 11. Effects of the different combinations of N-P-K fertilizers on the

peel and endocarp thickness, and color of satsuma mandarin peel.

Peel thickness Endocarp thickness Peel color®
Treatments”  ('97~"00) ("98~"99) ('97~"99)
(mm) (mm) L a b

Ni-P1-Ky 2.63 b’ 0.25 a 554 a 94 ab 308 a
No—Po-Ko 256 b 0.25 a 56.1a 111 a 316 a
No-P1-Ky 251 b 0.24 a 565 a 10.0 ab 318 a
N1-Po-Ky 2.68 b 0.26 a 563 a 104 ab 315 a
Ni-P1-Ko 256 b 0.25 a 56.0a 99 ab 314 a
N3-P3-K3 2.89 a 0.27 a 536 b 62b 296 a

“No, no nitrogen application; Po, no phosphorus application; Ko, no potassium application;
Ni, recommended application rate; P;, recommended application rate;

Kj, recommended application rate;

N3, three times of Nj; Ps, three times of Pi; Ks, three times of Kj.

YMean separation within columns by Duncan's multiple range test at P = 0.05.
*L, lightness; a, green -60~red +60; b, blue -60~yellow +60.

WE ABe 47 Fags G Gl A9 Aol glol 18 3
A4S Fa Bk A 2 A9 ¢ Aot ek

Go wan A48 e ol FHere

k)
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ofth. W wu, W, AFS Fe HARe] 247 19, 73, 8% LA

o] glov, Ax A o5 A2 FF 747} 90, 06, 20gke ' I 4,000

Table 12. Annual amount of nitrogen uptake by fruits, pruned branches and

leaves from 10a of soils in N;-P;-K; treatment.

Fresh wtY Dry wt.¥ N Content Uptake of N

Plant part (kg 10a) (kg 10ah) (g kg'h) (kg 10a)
Peel 760 212.8 9.0 1.91
Fruit’ Pulp 320 96 2.0 0.19
(4000 kg 102 Juice 2,920 0.6 175
Subtotal 3.86
Pruned branch and leaves® 540 216 22.0 4.75
Total 8.61

4,000 kg 10a " average fruit yield from 1994 to 2001.

YComposition of fruit part needed to calculate fresh weight: peel 199 juice 73%, pulp 8%
“Fresh weight of pruned branch and leaf per 10a: 9kg tree 'x 60 trees 10a '=540kg 10a
“Dry weight %: peel 28%, pulp 30%, pruned branch+leaf 40%.

9kg(BAZF)OZ 10aTd 60F7F A A E o o] A
H AxTE AT 40%9] 216kge] Hh

Mgt §% Wit da B AxF J)Fo® 2gkg o] Hol 10ad A
AaFe 475kge] Bk wEkA #4000 kg
Aaksl7] 91l = WA 861kgel Havl EFFHw oz ALkEY o]
(2002)7F N A8 3 Al madd g} ul$ A8

Y
r_N_ >
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rlr



kgolB 2 10aTd +%F2 3,600 kgol Atk ojwf A= 291 kge] AA7}F
HAth T AAFFS 38 2F(N-P-K)RTE 7FA 9] Aol Aol Fi 7.
kgol A om, 7t 1A Hit Ax FFES 186gke '2 10aT T4
H= dAae 335kge] ®nh webA 10aT 3600 kgs AAFs7] f1siA =
% 6.26kge AA7F F5EAh

S 2~
=T
5

Table 13. Annual amount of nitrogen uptake by fruits, pruned branches and

leaves from 10a of soils in No-P1—-K; treatment.

Fresh wt5 Dry wt." N Content Uptake of N

Plant part (kg 10a) (kg10a') (g kg") (kg 10a ")
Peel 684 191.5 7.5 1.44
Fruit? Pulp 288 86.4 05 0.16
(3600 kg 102D Jyjce 2,628 19 131
Subtotal 291
Pruned branch and leaves® 450 180 186 3.35
Total 6.26

3600 kg 10a " average fruit yield from 1994 to 2001.

YComposition of fruit part needed to calculate fresh weight: peel 199 juice 73%, pulp 8%
“Fresh weight of pruned branch and leaf per 10a: 7.5 kg tree 'x 60 trees 10a '=450 kg 10a "
“Dry weight %: peel 28%, pulp 30%, pruned branch+leaf 40%.

2) A AL A F73

kg, Table 12)2 E%%F Aie HEz F3d AAZHE £ Aoz, AL
TNo-P1-Kpel 44 W A4 F536.26kg, Table 13)2 EdT A4
Hub g% Zol7] uio] AlgH HRe HARFH F5d ALAHS

861-6.26=2.34kg 10a '& Axts]e] A 4 9t}
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Photo 2. Symptoms of N deficiency on the leaves of satsuma mandarin

induced by no supply of nitrogen in the No-P:1—-K; plot.

A; normal leaves B; deficient leaves.

N,N-DMF& FZ3to £33 EAZ SAHS S22 FFS 49 ol
20 ~2dpuger'2 A o 28433 pgantel WS wgka, FRaW =47

>

SPAD-502& ol&3ato] HigtIHer 43 F¢e 29 942 66~70, B4

e 72~78% Folo] TEHUT

[e:

Table 14. Range of leaf color and chlorophyll contents of the normal and

nitrogen deficient satsuma mandarin trees, measured from 1997 to 1999.

Leaf color” Chlorophyll ~ SPAD-502"
Trees 1
L a b (ugem™) value
Normal 2(~30 -15~-19 8&8~11 28~33" 2~78"
N-deficient 31~H -12~-16 12~147 21~24 66~70

“L, lightness; a, green —-60~red +60; b, blue -60~yellow +60.
*Chlorophyll contents and SPAD-502 values were measured on Feb. 20 every year.
YMeans significant at 5% level by ¢—test.
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w3 ol A9 ZA7 JEUdelE BEY F & Aa o gaxe P
g} foA A= ZAolrt o, dF Ah dFHe A YR 26~28g
kg 'oll HlE) A@H U= 2B5gkg ! Mvro® A vEbgtH(Table 15).

olFd A= EY T Aa FEo] AF FEd Bl da Ao

Table 15. Range of nitrogen content in the soil and leaves from the
experimental plots of the normal and nitrogen deficient satsuma

mandarin trees from 1997 to 1999.

N content in soil N content in leaves
Trees 4 .
(gkg ") (gkg )
Normal 49~6.0 26~ 28"
N-deficient 4.8~49 below 25

*Means significant at 5% level by t-test.

U2 ez A8 6dakel 19999 71l 3.0, 50, 10g
o] a4gHS 33 JWAH] & A} Table 16014 HE e} o] RE A
groA B357h ZAEo] Ax ARFAE IEHUT. 2y AFEEE} =
Aol e o £ol B v T wAsin
S FEAF7] YT e WM FEE 30gL’

ke 5.03 10.OgL7
Z(Photo 3) &4 A

usk HAF Ao AnHd

E&:
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Table 16. Effect of urea application on the leaves for the recovery of

nitrogen deficiency of satsuma mandarin.

N content in soil” N content in leaves™

Deficient Degree of

Treatments” . .

(gkg ) (gkg™) symptom damage"
00gL! 4.8+0.4 24.8 remained -
30gL"! 4.840.2 26.0 cured -
50gL! 5.0+0.5 26.7 cured +
100gL! 5.0+0.4 27.1 cured ++

“Ten liters of urea solution were sprayed on leaves three times in Nov. of 199.

"Investigated in Mar. of 2000.
*Investigated in Nov. of 2000.

W

-, no damage; +, medium; ++, severe.

Photo 3. Leaf-burn damages of satsuma mandarin, as foliar-sprayed with

50g L YA) and 10 g L '(B) of urea solution three times at intervals of 7

days in Nov. of 1999.
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Fig. 5. Changes of available P in the very dark brown volcanic ash soil of

satsuma mandarin orchard, as applied with the different combinations of

N, P and K fertilizers for 11 years from 1994 to 2004.

Vertical bars indicate standard deviation (n=3).
No, no nitrogen application; Py, no phosphorus application; Ky, no potassium application;
Ni, recommended application rate; P;, recommended application rate;

K, recommended application rate;

N3, three times of Nj; Ps, three times of Pj; Ks, three times of Kj.
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vpFol @ 7HAClA we] EAsiTt

Photo 4. Symptoms of Mg deficiency on the leaves of satsuma mandarin
induced by no supply of fused phosphate in the N;—Po—K; plot in Nov.
of 2001.

AW Qb FFel oW d vhadlwd Fas ghEvhs
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Photo 5. Development of magnesium deficiency in the leaves of satsuma
mandarin induced by no supply of fused phosphate in the N1-Po—-Kj plot. The
symptoms appeared yellow around both sides of midrib.

TINH o2 A 27 Tl 24T ANHe EYy 4F vade dES
%Atk A3 (Table 17) EF FolE, 0.7~08cmolkg !, §& 25~27gkg”
o2 eyt v AT EYd fF rradls @72 1.0~6.0 cmole
kg ', 30~45gkg 2 A FHo] YEhd Egd 45
o 4

Table 17. Range of exchangeable magnesium content in the soil and
magnesium in the leaves from the experimental plots of the normal and

magnesium deficient satsuma mandarin trees sampled from 2001 to 2002.

Mg content in soil Mg content in leaves
Trees o o
(cmol. kg ) (gkg )
Normal 1.0~6.0" 3.0~45"
Mg—deficient 0.7~0.8 25~2.7

"Means significant at 5% level by t-test.
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Table 18. Effect of magnesium sulfate application in the soil and on the

leaves for the recovery of magnesium deficiency of satsuma mandarin.

Mg content in soil Mg content in leaves Deficient

Treatments 4 a <
(cmol. kg ) (gkg ) symptom
No application 0.75 2.6 remained
Soil treatment” 0.87" 3.0° disappeared
50gL! 0.80 3.1° disappeared
Foliar spray” 10g L™ 0.89" 3.2 disappeared
20g L™ 1.03° 34" disappeared

20 kg 10a! of magnesium sulfate were applied in the soil on Mar. 18 in 2003.

YSolutions of magnesium sulfate were applied on Mg-deficient trees four
times on Mar. 18, Mar. 25, Apr. 1, and Apr. 8 in 2003.

*Spring shoot observation five months after magnesium sulfate treatment.

“Means significant at 5% level by t—test.
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Fig. 6. Changes of exchangeable K in the very dark brown volcanic ash

soil

of satsuma mandarin orchard,

as

applied with the different

combinations of N, P and K fertilizers for 11 years from 1994 to 2004.

Vertical bars indicate standard deviation (n=3).

No, no nitrogen application; Py, no phosphorus application; Ky, no potassium application;

Nj, recommended application rate; P;, recommended application rate;

Kj, recommended application rate;
N3, three times of Nj; Ps, three times of P;; Ks, three times of K.
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Table 19. Annual amount of potassium uptake by fruits, pruned branches and

leaves from 10a of soils in Ni-P;-K; treatment.

Fresh wtY Dry wt." K Content Uptake of K

Hlant part (kgl0ah) (@) (g kg)  (kg10a)
Peel 760 212.8 95 2.02
Fruit’ Pulp 320 96 4.0 0.38
(4000kg 10a)  Jyjce 2,920 3.0 8.76
Subtotal 11.16
Pruned branch and leaves® 540 216 8.0 1.73
Total 12.89

4,000 kg 10a: average fruit yield from 1994 to 2001.

YComposition of fruit part needed to calculate fresh weight: peel 199 juice 73%, pulp 8%
“Fresh weight of pruned branch and leaf per 10a: 9kg tree 'x 60 trees 10a '=540 kg 10a .
“Dry weight %: peel 28%, pulp 30%, pruned branch+leaf 40%.

FEor AAEden I 42 10aT 1.7kge] o] ¥4 4000kge AAket
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Fig. 7. Yearly reduction of exchangeable K in the volcanic ash soil
where satsuma mandarin trees were grown without K application for 11
years.

Ny, no nitrogen application; Po, no phosphorus application; Ko, no potassium application;

Nj, recommended application rate; P;, recommended application rate;

Kj, recommended application rate;

N3, three times of Nj; Ps, three times of P;; Ks, three times of Kj.
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Photo 6. Symptoms of potassium deficiency on the leaves of satsuma

mandarin grown with no application of potassium for 8 years.

A; fruit enlargement stage = B; harvesting stage.

ZF A PR R EY F dFF] B, Ad o] mEn
2 Ayt A= FAE Ay SAo] BASHA FAT E APddAE o
A 2 E AlEsHA ool 29 SAIZF e, FE 79 d s
(et 27dd= 9 Fol =FA HWA HAHow 3 WA o] iyt
(Photo 7A).

ZYn s 5 AlEg3A &2 9d(2002)AF o] FelE Ay A4S ¢S A
A 9 Fol B EE Fd(eaf scorch)o] WERSow IR AL FpA K
Fo] w @Al HWA A d4fo] AL o] FHE AR dit T
o] YebTHPhoto 7TB). A F7kA] 3} Fadol thate] FAE] +
UA T &3] Hho A FEAE Fo EFOR WA= S A9 THAA
o® A Tl flo] Hyo] dEdol WA HU|AT ZF AP oF I
R B B B o I s B e I S B e R



oomEA A ZEAdRC] A S8 2 E3 Ao o' S vA=

Aol daid &+ d A= = AEZF Zasiva Yzei

Photo 7. Development of potassium deficiency on the leaves (A) and
necrosis on fruit apex (B) of satsuma mandarin grown with no

application of potassium for 10 years.

23 T4l AT HFdAME el w7 ol A7V A zekl=d,
T = o8] FENE WA th(Photo 8, left). & H o] Hls) A
T

7F wtan b ShgFo] Eokth(Table 20).

Photo 8. Abnormally ripened fruits (left) of satsuma mandarin caused by

potassium deficiency and normal fruit (right).
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Table 20. Average fruit weight, soluble solids and acidity of juice, and
fruit peel color of the nomal and potassium deficient satsuma mandarin

trees examined from 2002 to 2003.

Fruit wt. Soluble solids Acidity Fruit peel color’
Trees
(g) (°Bx) (%) L a b
Normal 109” 10.6" 1.22° 58.1° 298" 325
K-deficient 84 9.7 1.69 56.5 5.4 30.6

"L, lightness, a; green -60~red +60, b; blue —60~yellow +60.

“Means significant at 5% level by ¢-test.

25 AN H4 5o #e B A Ae ZF g EAgd
A A7 7F ZolA W (Reitz2} Koo, 1959; Smith, 1966, f1)5i &, 1965, K& {1
i, 1972; Reese®} Koo, 1975; Berger 5, 1996) ¢ £9| &3ty 2o 34
ol A S i A4e] veidte BRa(Esd A, 1972)¢ A
o B Akt(1972)0] ot o9k e ZE AY S #E FAE 34
Aol LAE AT Aoy AFME v A Sl BAEI =,

799 HEE YgoR Ay TN A

ni
_O|_‘
R
N
2
Sl
o,
I
K
o
i
(it
v

g AW el e AFe AR EdE X3 Z4F el o
B Zol B S It B A @M 04~045cmol kg 2 oA
S W 271 AF A7 deEd] ARtk (Table 21). &3 BEAY )5
A% ZF FFol 50gkeg ' 13}, Chapman(1968)E 6.0gkg ' ©l 3}
= Ze Adolzt g vk Atk 2 MY 2RANAE d5 ZE Tl 6.0~
65gke '2 "olH e W x7] ZF AP T4 vE} &4 g a7 A
o} FAFSES tH(Table 21). $#H Chapman(1968)2 23 3tk
kg & H=, 12~17gke & HA3L 39

o
=2
|
{
—
o
e}
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Table 21. Range of exchangeable potassium content in the soil and
potassium in the leaves from the experimental plots of the normal and

potassium deficient satsuma mandarin trees sampled from 2001 to 2002.

K content in soil K content in leaves
Trees B B
(cmol. kg ) (gkg™)
Normal 0.60~1.3" 8.0~14.0"
K-deficient 0.40~0.45 6.0~6.5

*Means significant at 5% level by ¢—test.

ZEol 499 UFE 3 EA73, EY T AA AF dHS FAA7]7
93] 2d7F AL F 20kg 10a (A EFHS B oJE s 27 30, 40,

30%E Edol FAIg A3 (Table 22) EFe x84 ZE TS A A

0.38 cmolc kg 'l A A8 F 062cmolckg 2, e 54gkg 'AA Tlgke 2

wofrler FpAjHor Ay S0l HAd 42 BT IEHUN.

Table 22. Effect of potassium chloride application in the soil on the

recovery of potassium deficiency of satsuma mandarin.

K contentin soil K contentinleaves  Deficient symptom®

Treatments B B
(cmolc kg ) (gkg ) fruits leaves
No application 0.38" 54" remained  remained
Soil treatment” 0.62 7.1 disappeared disappeared

“33 kg 10a! of potassium chloride applied in Mar. of 2002.

*Investigated in Mar. of 2004.

YMeans significant at 5% level by (-test.
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2] 25702 Ba HojA Qv 5, 1999a). EAW A E AMYE, &
ol Ha] AtEES] ¥AUEI} rokt)

At o g kel AH mAE fdoRE EY 2= (Haymand
Tavares, 1985; Khaliel, 1989; Anderson %5, 1984), % &3 F7]A4E
(Hayman, 1982), #7]% 3t#(Hepperet Warner, 1983) 5] <& Ut}

o] Al A FJAATF(NI-Po-Kp9F 384 38l (N3-Ps-Ks)e] ¥ =7}

o Aol FERAAT(NI-Py-Kpel B pHE 50, 384 387+ (N3-P3-Ks) &=

552 Yz Ao vls] wro} EF pH7F EAE =] 3 (Anderson 5,
1984; Khaliel, 1989)<= "% o= Adet,

gy st ¥R RV B pHel o& dFE wA detes B
(Bohrer ‘&, 2001; Habte, 1995)%= @ol U= FHo® wFo] Ho} oo tfsf
Me & 9 AE7F Zestta Alsdnh

A F2S T A 7] 2 (Shrestha &, 1995, Ishii &, 2000) B¢ A
(Ishii T, 2000; Shrestha &, 1996)¢} W ¢/ (Matsubara &, 1996; Krikun}
Levy, 1980)s St 7]7] %= gt
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Fig. 8. Effect of the different combinations of N-P-K fertilizer application
on the number of spores in the volcanic ash soil.
Vertical bars indicate standard deviation (n=4).

No, no nitrogen application; Py, no phosphorus application; Ko, no potassium application;
Ni, recommended application rate; P;, recommended application rate;
Kj, recommended application rate;

N3, three times of Nj; Ps, three times of Pj; Ks, three times of K;.
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Fig. 9. Effect of the different combinations of N-P-K fertilizer application
on the infection rates of vesicular-arbuscular mycorrhyzal (VAM) in the
roots of satsuma mandarin. The rate of VAM infection (%)=(ength of
infected root/root length observed)x100.

Vertical bars indicate standard deviation (n=3).

No, no nitrogen application; Py, no phosphorus application; Ko, no potassium application;
Ni, recommended application rate; P;, recommended application rate;
Ki, recommended application rate;

N3, three times of Nj; Ps, three times of Pi; Kj, three times of K.
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