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Changes of Inorganic Nutrient Contents in Leaf of ‘Niitaka’ Pear
and Inorganic Nutrient Contents of Leaf Influenced by
Meteorological Elements
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ABSTRACT

This study was conducted to investigate inorganic nutrient contents in spur leaf and shoot leaf of
‘Niitaka’ pear during the growing season and leaf inorganic nutrient contents as influenced by
. meteorological elements. The contents of N, P, K, and Mg were decreased in spur leaf during their
vegetative growth, while Ca and Mn increased. The contents of N, P, K, Mg, and Fe showed no
differences between spur leaf and shoot leaf. However Ca, Mn, Zn, and Cu contents were higher in
spur leaf than those in shoot leaf, but B content was lower in spur leaf than those in shoot leaf. The
content of N in shoot leaf was positively correlated with mean temperature, whereas negatively
correlated with maximum temperature. The content of P in spur leaf was negatively correlated with
maximum temperature. The content of Ca in spur leaf was negatively correlated with mean
temperature, whereas positively correlated with maximum and minimum temperature. The contents
of Mg and B in shoot and spur leaf were positively correlated with mean temperature, whereas
negatively correlated with maximum and minimum temperature. The contents of Ca and Mn showed
significant differences between spur leaf and shoot leaf at mid-July to early August. These results
suggest that sampling is important to distinguish between spur leaf and shoot leaf for diagnosis of
nutrient conditions in pear trees.
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A Youno] =] Al XS o R o #4&
5 dY AEES AFSIATHLee e al, 1962;
Youn, 1967). ol&igt & BAL S F 4 W F
Vel A ke 5 ARE e J9E & A
719 Aegsh FAe] f27F U= el sl A
A A S AAE ¢ AT dukr oz JeF
TS 213t o AFH= 728 209%H Y 104 Aol
of ArlElar glot, of Avie s 2 Al F4
TS A3 QAS A1goz sl FEsE Jkdl
g3k EA1h0) AZEn JTHKim et af., 2002). o
2 & o] HEs Y A xS VI
Bke] 7F A Wslel oigk A7t Fesit ol
g o o RSl Rigle ¥ EF E Az
A 59 1A 824 ARPAH FIE w3
YHLlee er al, 1998), A5 712+ 59 7)1 W=
FA| gzt HAe] F w9 9ISl S vzl
ok HIA A F4 887 7R 58
X 715wl A3 Buskoo ef al., 1999;
Shim et al., 2002), A= I EA6) v]A|= g2l
#wst By Fo] AUriSeo and Park, 2003). T}
FA A Wl TR & ds] nixle 7 ax!
Sof T3 B uFs Agelr). wapd B AFe
7l 8Rle] Qo] F-r13E = Hall] mix|= 43
< 2B, & U WEgk A G Tz 2}
22 o)gslart B ATE F343t

IL X5 % i

E AL 1999, 2000, 2002 337+ A5
T HH%OH AA) ke YA 89 1294 Ala
Zo] A (5.5X 1.5mm, 1275/10ay8 EA4NA A
sgom, 7} del v 19990l 49 20,
20004 49 159, 2002390 49 79301tk A1E
717 E<ke] ¥ el dukzel #BE X4 we

7% F3led 3 7 102 oF HA 10.0kg, X+
5.0kg, 7} 8.0kg EH| 155 FEE 12970 A
f31910m, AAH 4 BEAL AokEg)

AlF717H1999, 2000, 20023) E<te] HiF, 1,
HA 7)1, e B AR 5o Pshe AFA
7IsAlE o] 7V Ao ZARIAAL, Y o
ANF AL 7IFeR ZF 71 ¥slE 21 HEe=
Tt

o ox

A & 1997,
% 404 v‘?'—Ei 3 (HHew 7b7)
AFsIF oA, ol At =44 719 s 9
I, AR o] A7 HA) ¢k HAF A T
sl = 7+ 30uf, F 5FE A AN
Tg]a H] o]&A] AR} 2F5E AAHSE o HEZL
AZ7)(70°CA AE3 vhg E4llgle] TR &
A8 AE2 ARSI

Zge] B9k EAS dolry) ¢l 19994, 2000
|, 2002 39zt 72 Sk i wiEke R s
AFHz T EC* 3}sF B (RDA, 1988y

0}0:] pHE %9 28 152 3)] ZH3I¥, 771

& 3sy, dae Kjeldahl‘?j_i B9} a8

QlAE  Lancaster] O 2, %o]&&  [N-ammonium
acetate® WE3¥ 31, v FPAe Fe, Mn, Cu ¥

Zn< diethylene triamine penta acetic acid(DTPA)
o o3t F3 e Hog FZ3YT} K= atomic
absorption spectrophotometer(Perkin Elmer 23802,
71 uke] kRl P, Ca, Mg VIEEA Fe, Mn,
Cu, ZnE& inductively coupled plasma(Perkin Elmer
Optima 3000 SC)Z ¥-A8)3ch.

A AR Rl F24 BelHoR sisT, Als
1 g= 500mL 238 Fepiao] YWar £8)9(H,0,
250 mL+H,SO, 100 mL+HCIO; 450 mL) 20 mLE&
Astm, ANE gt AE LB 2
180~200°Cell A 7Hed FeiAA 2L d& HF F
Whatman <J¥A(No. 6)2 J=sled 100 mL HAF
FiToA 54 ARSI NS Kjeldah,
APHO R EABIATL, TRE takdAd) mEelaE E
F B4 FYE 7PIR B

I 23 3 0#

3.1. EY 0|8taty

SA1E v B Bk olalsd B4S R, de
o @& FEig FF Aols vk AUIE T
(40.0-42.0 g - kg & P T2K704~751 mg - k™)
T} K E=K(1.38~1.57 cmol - kg™ Mg fﬂ%k(z 07~2.29

cmol - kg )e A4 715 PR £ FRS 1Y
ot 2 E9F pH(6.0~6.2)% Ca ?}%(4.91~5.76
cmol - kg Y& 2 W9} ol &319ATk(Table 1). 5

3] FA) 9] -4 P F(704~751 mg - kg )y A
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Table 1. The soil property of the experimental pear orchard on Kyeongju in the 3 years

Year

pH oM Av.P K Ca

Mg Mn Fe Zn Cu

(115  (g-kg') (mg-kg)

(cmol - kg™

(mg - kg™

1999 6.1 £03% 42.0 £ 52 751 = 132 1.57 £ 0.33 5.76 £ 2.0 2.07 £ 0.56 7.7 + 2.1 63.4 = 5.8 11.5 % 3.1 3.76 + 0.67
2000 6.0 £04 410+ 4.8 715+ 147 138+ 042 550 £ 23216 £ 067 6.8 = 1.1 71.5 £8.6 10.9 £ 2.9 462 + 0.73

12002

Normal  6.0-6.5 25-35 200-300

62103 400 £49 704 £ 130 140 £ 0.37 491 £ 1.8 229+ 048 4.7 £ 0867.5 £ 7.9 100 + 3.6 3.77 £ 049
0.3-0.6 3-6

[.2-2.0 - - - -

*Means standard errors for 5 replication in orchard.

4 H21(200-300 mg - kg HETH 28} ol EYAIT,
A= 9le] HaF P 802 mg - kg YHTRE st
tHLee er al, 1998). Ao FA| ¥Ao| tle

PAoeE AF HEARG vt 2 FEE B

(Table 1). Lee and Kim(2001)2 oJeigt #}9le] &
ol tiste pH7t =& HAYTE F71E §, K,
Ca R Mgd 32 =11, P 35 Az 3jo)7)
Al A Aol gtk Rusided B Alg
2ol ojglely EA ole} fARE S B

3.2, 714k Est

A1 712K1999, 2000, 20029y v ¥4S V)
FOE 37 HHeE FA X9 He, HA, Hu
71 R A dxs AR Az oleier &
CHTable 2).

19999] 71 718 5 B, Hi, 2 FHA e
2 Fd(1993~20029 )y} v)s=3lg o, W) 3187
A@~108y7HA19) 53 733 Fdnc} 43% J5
oottt E3) 9 ¥ 104Y~124Y7HR]E 202.5
mm, 1259~14597kA= 249.0 mm, 146Q~16627}
A& 255.5mm=E Z}ZF HdHEC oF 21%, 120%,
115% H= gBget vhd 2A#2) Yz yd)
vls) diE oz 9% AE e, 73] Batw
T 3 83 o] FRH thh AL AL B

200039} Hit, a1, 2 A r)lex Hdrct v
SR O A e HdE 6% A5 A
E3] bl 3 20U%E 829737AE Hdel wls)
40% A% 73Feo] Zo ghtto] ARl NG HYo
wh, Wl 3 1468~1662(99) 7ol Fdol nle)
17%3= Z39-30] goet, AA2e) dzgv Hidd)
vlgl 6% = AUoH, 297 23R il ¥ 104
LHE 166U0F7A= Hde) HIs) 9-18% H&E Ao,
] wid)7lel 38 do) Wk},

2002<19] B, i, @ HA 7122 Fdo] Bls)

i3
"
rlo
i -
5o
8
lo
¥
N
MY,
5
rlr
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&

739-2Re o) n|gl 35% A% wgked), 3] T
T 1049~1244(72) 7ol 408.0 mm, 125Y~145
ARY) Aole= 2275mmE FHdo) wlE zbzt
145%, 101% BE Bt g2z Juizes Fd
o vls) 7% A= Aol AXHog B9ake wy
e Mo S B AIF 77 Beke] HE,
Hxu, HA 71 5L s By 200080 SHE
Ehov dxE BERg Aol AAHA ettt
199937 2002139] ZF-¢-#2, FdEct 22}t 43%,
35% AE BWekou), 200098 xR} 6% Zx= 7
ok 1Ela AR Fadnch 2o, 199938 9%,
200032 6%, 200292 7% A% AAUC). o]} o)
HY AS71ZE Feke] 7)1e vlws] B 199933}
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gHE, 200092 9 x| He 33 do)
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33. 25 93 A Qlo| 274 wa

AE o) N FF sl 1Y, Wl & 19970
A 402787 = FAsHA ZAasgo, Wl &
1879714 ewkalA] Akt A& Qe vl &
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Table 2. Seasonal variations of air temperatures, rainfall, and duration of sunshine observed at the meteorological station in
Kyeongju

DAFB? 1999 2000 2002 An avg, year’
Mean temperature(°C)

I ~19 15.0(103) 14.0( 97) 13.3( 92) 14.5
20 ~ 40 17.2(101) 17.4(102) 16.2( 95) 17.0
41 ~ 61 20.6(104) 20.3(103) 21.7(110) 19.7
62 ~ 82 20.5( 92) 23.8(107) 20.5( 92) 222
83 ~ 103 23.8( 97) 26.4(107) 24.6(100) 24.6
104 ~ 124 24.7( 97) 25.3(100) 23.6( 93) 25.4
125 ~ 145 22.5( 97) 24.1(104) 23.3(101) 23.1
146 ~ 166 21.0(112) 18.2( 97) 17.7( 94) 18.8
167 ~ 187 14.0( 94) 14.3( 96) 14.7( 99) 14.9

Mean 19.92( 99) 20.42(102) 19.51( 97) 20.02

Max. temperature(°C)

1 ~19 23.5(108) 22.2(102) 19.4( 89) 21.8
20 ~ 40 24.6(102) 25.0(103) 23.0( 95) 242
41 ~ 61 27.9(106) 27.8(105) 30.5(115) 26.4
62 ~ &2 25.2( 92) 30.0(109) 25.5( 93) 27.5
83 ~ 103 28.4( 96) 32.4(109) 30.1(101) 29.7
104 ~ 124 29.5( 96) 30.8(101) 27.4( 90) 30.6
125 ~ 145 27.1( 94) 28.6( 99) 29.1(101) 28.9
146 ~ 166 26.5(105) 24.0( 96) 24.8( 99) 25.1
167 ~ 187 21.1( 94) 21.8( 97) 22.1( 99) 224

Mean 25.98( 99) 26.96(102) 25.77( 98) 26.29

Min. temperature(*C) i

1 ~19 7.5( 99) 6.8( 89) 7.2( 95) 7.6
20 ~ 40 10.5(102) 10.8(106) 10.1(100) 10.2
41 ~ 61 13.9(101) 13.9(101) 13.9(101) 13.7
62 ~ 82 16.6( 93) 19.1(107) 16.4( 92) 17.8
83 ~ 103 20.5(100) 21.6(106) 20.5(100) 20.4
104 ~ 124 21.6(100) 21.5(100) 20.4( 95) 21.5
125 ~ 145 19.2(103) 20.8(112) 19.1(103) 18.6
146 ~ 166 17.1(127) 13.6(101) 12.5( 93) 13.5
167 ~ 187 8.4( 98) 8.2( 95) 8.5( 99) 8.6

Mean 15.03(102) 15.14(103) 14.29( 97) 14.66

Rainfall(mm)

1 ~ 19 71.0(158) 45.0(100) 114.0(253) 450
20 ~ 40 62.5(111) 47.0( 83) 41.5( 73) 56.5
41 ~ 61 99.5(130) 7.0 9) 4.0( 95 76.7
62 ~ 82 137.0( 85) 77.0( 48) 161.5(100) 161.5
83 ~ 103 148.5(133) 160.5(144) 101.5( 91) 111.4
104 ~ 124 202.5(121) 128.0( 77) 408.0(245) 166.7
125 ~ 145 249.0(220) 103.0( 91) 227.5(201) 113.3
146 ~ 166 255.5(215) 258.5(217) 79.0( 66) 118.8
167 ~ 187 57.5(130) 15.5( 35) 73.5(167) 44.1

Mean 142.56(143) 93.50( 94) 134.50(135) 99.33

Al FAEACTHFig. 1). W 3 1039739 3, Al E Lee er al(1998)0] B8 TR 0.14%SF A
Z 9ol P FHE 27 022~029%, 0.23~028% B 0.11~0.17% B} 8RBT E=ghed), o= B
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Table 2. Continued

Duration of sunshine(hr/day)

1~19 9.18(118) 7.30( 94) 6.93( 89) 7.74
20 ~ 40 8.69(111) 6.93( 88) 7.29( 93) 7.83
41 ~ 61 8.13(108) 7.51( 99) 9.15(121) 7.54
62 ~ 82 4.59( 79) 6.05(104) 4.68( 80) 5.82
83 ~ 103 4.77( 77) 6.55(109) 6.03( 98) 6.18
104 ~ 124 5.23( 88) 5.45( 91) 4.02( 67) 597
125 ~ 145 4.06( 62) 5.84( 90) 5.39( 83) 6.51
146 ~ 166 531( 87) 5.01( 82) 5.93( 97) 6.11
167 ~ 187 5.25( 79) 6.21( 94) 6.37( 96) 6.61

Mean 6.13( 91) 6.32( 94) 6.20( 93) 6.70

“Days after full bloom
YAn average year:1993-2002
() Ratio of each year to average year

1
5 ~-8— Shoot ieat (1999) |
| ~0o— Spurieaf (1999) '
1 —~v— Sheot ieaf (2000)
| —&— Spur ieaf (2000)
| —— Shoot jeaf (2002)
| —o— Spurieat (2002)

N (%)

P (%)

K (%}

19 40 61 82 103 124 145 166 187

Days after full bloom

Fig. 1. Changes of nitrogen, phosphorus, and potassium
contents in shoot leaf and spur leaf of ‘Niitaka® pear.
Vertical bars indicate standard error.

AlF Ege] P ghdo] EY A E3X] 200ppmel]
Hs) s E3%7) WiEe = AztEn B Ate] 3
% 9o p T wWs AL ishihara(1982)3
Sanchez-Alonso and Lachica(1987)2] H 318} F-A}E}

o, o] Az, HF el w FF Aol
QA=A ookt dx | Qo] p kS vlws) w
A, 71 dxgkol 7 =9k 20000 7Y =

S92, F o AF A7} Qolol T Ao 4

#HF o] K FF WHelE B9, vl 3 1997
A 40d7AA FAEA sl o), 1879 AE
KA ZAE 22 Qo A= W F 40
73eM 187871A] tsHAl ZAaE e, oldd ¥
3h= N, P9 ¥ist B3 fARIICHFig. 1). ¥ Al
Ae) 4 W) AIZPE K W8 AT Ishihara(1982),
Roger and Batjer(1954), Sanchez-Alonso and Lachica
et al(1987)2] Ba1o} FAbetAtt. o] x| (alx, =
ZF el 4E K FF Aol XA 4tal, 71
I Azl T4 2000d0] T2 ol vlE] F&
B B e fode AR edslkth
o] Audol oJehd A%, IF Y2 N, P, K ¥4
= W T 40d olFRE= F3iE s Wt gl
g & 7 UM

AF Ao Ca S HW, W § 1997 0lA
187UA7MA] &2 02 F718k Bhd, Alx o T
2 40Y70lA 61987HA] 71 $ 103987
Aadt, 187987 A= A48 S7kske AEdE B
STKFig. 2). ¥ A7 Aol ofsid s gt 4l
9] Ca L W F 40¢0A 61971 Tha
vzt o, T 828 olfRElR= g3k Aozt
A=, Slo] Ao W & o HEFI A7) 9l
ool & Ao AZbEL). vl & 103¢74e] g,
2% o] Ca FFS B A 1.25-1.38%, 0.67~
0.86%Z Lee er al(1998)°] B3 FEA] 1.42%S}
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—e— Shoot leat {1999)
—0— Spur leat (1998)
—w— Shoot leaf {2000)
—&— Spur leaf (2000)
—a— Shaot leaf (2002)
—0— Spurieat (2002)
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Fig. 2. Changes of calcium, magnesium, manganese, and
iron contents in shoot leaf and spur leaf of ‘Niitaka’ pear.
Vertical bars indicate standard error.

A 1.18~1.67%1 T AL FIF =HYARE A
U g HHET Wit} ol o Huke

o,

P

353 o] Ca Fe) E=AUThE Yim (1992)2) B
a9} JX|sIA=H], olHg Slo] 9ol wE &= A}
o] Cao] U2 Yol BIg] o]FAo] "oix]7]| wi
o7 AZiEn) 53k AR 7Fesdo] gkl vl
F10393 12447 9] Alx 9] Ca FEko] 7
0.67~0.86%, 0.71~1.04%% 71 25ka, o2 & H
o ekl 2okd 199932 Az Qle] Ca gako)
7P B S Byt o) B o] e w)
Q9] Ca ol SUT= Goode and Ingram(1971)
o] Baol FARE e B, Al 9ol Ca 3t
B 7PaR] 5 AeEs 953 WAV s AL
2 A7

BF o] Ca Fe BKZIHE $UWA] A&
Ho=z F7FtdEd, ol 22 W3l Hge Roger
and Batjer(1954), Ishihara(1982), = Sanchez-Alonso
and Lachica er al.(1987)¢] X8} FA}8luct. o)¢h
2ol Yol Ca T Yo YA, AHF T A
Z200 wet 978k 2ol B wiie] B}k g
3t Jok TS e ¥ ANFHA & Q7 Alx
QS TRk, TVEERAE aEEdor & AHog Al
Z}EItHFig. 2).

Mg = WHelE B, Tl § 1997004 187
A7HA AgA oz FAHUI, A 4 Wi F
40970 187YA7A A3 thFig. 2). o1} 2
o] HF YT} 2k AL Y IR UE PTAS)

Table 3. The equations estimated from multiple regression among mineral contents of leaves and some meteorological

elements
Regression Equations R?
Shoot leaf
N Y=2.3961 + 0.3950*¥X,*— 0.2367*X, - 0.1728X5— 0.0006X ,+0.0431X; 0.4791*
Mg Y=-0.0350 + 0.1735%*X, — 0.0608* X, — 0.0996* X5 — 0.0003* X, — 0.0210X 0.6773%*
Mn Y=37.6218 + 76.2500* X, — 23.6401X,— 46.2828* X, — 0.1706X,_— 23.7963X 0.4211*
Fe Y=149.0655—23.5805X, + 15.2438X,+ 9.1260X;+ 0.0458X,.— 15.6126X; 0.5091*
B Y=62.4218 +39.6426* X, — 19.1334*X, - 17.6122*X; - 0.0210X. ~ 2.0044 X 0.7577**
Spur leaf
N Y=2.3187+0.2387X, — 0.2127X, - 0.0655X; + 0.0008X, + 0.1925X 5 0.4062*
P Y=0.4567 + 0.1283X, — 0.0789*X, - 0.0571 X5 - 0.0001X, + 0.0326X; 0.5337**
K Y=1.6658 + 0.3059X, — 0.1922X, - 0.1367X5 - 0.0002X, + 0.1249Xs 0.4580*
Ca Y=1.4371-0.5172*X, + 0.2471*X, + 0.2693*X; + 0.0002X 4~ 0.0572Xs 0.6398**
Mg Y=0.1264 + 0.1761*X, — 0.0714* X, — 0.0971*X;— 0.0002X, + 0.0131X; 0.5479**
Mn Y=60.6609 — 3.5019X, + 18.3509X,— 7.7183X5— 0.1621X, - 33.7602Xs 0.5766%*
B Y=66.4683 + 33.6517*X, - 17.7501*X, — 14.0330X; - 0.0285X, + 0.7362X; 0.5522%*

* and ** refer to significance at 1% and 5% level respectively.
“X; : Mean temperature, X>: Maximum temperature, X;: Minimum temperature, X : Rainfall, Xs: Duration of sunshine.
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= A%E R, Roger and Batjer(1954)%}F
Himelrik and Walker(1982)7} ®13F W83} A8
Q. zett w) colAlZ) AH sweet cherry 92
Mg $3& ¥712 255 FEAche ek B
5 cKIshihara, 1982; Sanchez-Alonso and Lachica,
1987). B0 82A%H 124A7HA= 4o} Mg gehol
F23] #adte A Bed), ol =R 2%
A A% A vdiE % Mg 87%0] &0}
271, 3 W 4] Mg 557t §43] wolig
AoR AzhgEct Qo] fxlel] w2 AF Y3} Az
Ao Mg TR T8 o7} flsion, 7y o
ZaFo] =9Hd 200099 9 W) Mg o) &9k,
53] 71 821 T 7122 o W Mg el e
A7} AATH Table 3).

FHE Aol Mn ke Tl F 199700 8297
74A) FEE) 278 3 vl B 1879 AR E =8
g HsPl gk Alx o) Mn R T &
40Y730M 8297EAR 543 SKE F, T &
187947 A&HHoZ hadle], WS F, T/
He 3% Holl w8l 833) w2 HES HAHFig.
2). o= Ca 948} Zo] F:A] W o]F/do] EidstA
53 Mno| V|2 A58 AR loRo] AE)7)
LA K3I7] diiEez At 9o 9
e} Mn9| §F Aot gelsie] F o] ZE3HA
A W Mne] e 2B ke 9] AxlE
PHEA S o] & ACE AgEd. 2 A
T #F Ao Mn &% WHIl= Sanchez-Alonso
and Lachica(1987)2] X319} fAIRE 7HekS Byon,
We 8 BF 9o Mn TS Blwsl] By, vlew)
Azgo] FUD 200040 71 T2 AHIS B}
Qo] Mn $HEFe B JI 2 FAVE S-S
& = AATH Table 3).

HE o] Fe FFS BA, W F 1997300
187U A7HA) AA3) Z7lEa, Ak AT AXs) &
7k A%S HtkFig 2). Az 497 35 Y9
g o Aole AEA FRe, A U=
248 Ui FriEe AEE Hied, ov
Sanchez-Alonso and Lachica(1987)0] B3t W&}
AxEET. 2Ea v) § 10397300 A AE
Az 9ol Fe gL 242t 113.4~134.6 mg - kg™,
97.2~148.3 mg - kg'Z Lee er al(1998)0] H 1%k A
A 72-121 mg - kg™ Bk v w8 H%%S B

20
—@— Shoot ieaf (1298)
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— —m— Shoatieal (2002)
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Fig. 3. Changes of copper, zinc, and boron contents in shoot
leaf and spur leaf of ‘Niitaka’ pear. Vertical bars indicate
standard error.

k.

IE 9 Az 9] cu FF HEE =Y,
3 19973904 1879A7NA MAE] Hshe AeS
HYtKFig. 3). 4o Xl WE Cu gk vlws)
B, 2z dRTh= 3% 9] Cu o) the w2
78S B, ofe S W ojFAdo] vy wiEol
A2 AFEE Az o9 o)Fe] d&dsiA] K3l
Az Q9] cu FFo] B Aog FHAD & o
I} 2x Aol zn FHFE B, W) & 19873REH
ol T 18747371 SEish Wl Agke glglont
(Fig. 3), Sanchez-Alonso and Lachica(1987)= 57|
2 A5E 7Zn Fipo] i st B Aqret A}
ol BET. 9 YRl o2 zZn TS vl B
H, B do] 7n TR Az Jur) ok ¥ A
TS B, v dAzA A ) olFAe] B
WEoz AztEn, BE A A% Qo] B e
HA gl £ 1997404 7l & 187U 7R AA
3 ZVRE & AS VR 25E sl A
B3, Az 49 B e HF dug ok =%
ThFig. 3).

Ao Yol we Z+ Yo FHF xlolE ulws|
HW, N, P, K, Mg, Fe AF2 &5 A} 4% ¢



Kim et al.: Changes of Inorganic Nutrient Contents in Leaf of ‘Niitaka’ Pear and Inorganic Nutrient ... 199

o

g=F Alol7t giglert, Ca, Mn, Cu, Zn AES
s Qo] Az JHT =& RS Byt 53]

glo} Cast Mn AJE-2 21z Yol vz S5l
ke, A W o]5/do] B 9AR ST F
ok Az ZE 2oz ojae] R R3] )
gog 24u} ols} 1o HBT I AT s
A 9 AR A7% Aol THE PEsie) $4E
oF & Aoz MziEr.

Hir omofﬁ

[«

3.4. 71480t ol L RI|dE23te] AR

7P wgke) o Ul Fo1 3R] S AEEAE
R, Az, 3 o] N ¥igke 4, Ha, A 7]
23} 739, A2 T 7V 8208 st 2%
AS 04791, 04062 A=9] 4F A=E HGTE 1
Il Al o] N WSt} et vlede o g
(5% F9)E, 1 71T Fef AB(G% oK)
o] JA=AK Table 3). T Yol P H3l= 0.5337
o AAATE B, Hi 71T 7o FH (5%
frold)ys Btk 75 9le] Ca M= 0.63982) 2
AAFE B, HAE 7IAge Ho] AH (5% 72
e FHx, A 7ledhe Ao (5% 8y
BHe, FF ol gt F o W&t a7t Ao
of & Row AztArt Ax, I Yo Mg W=
237} 0.6773, 0.5479¢] BAHASTE BY, Hd 7L
= Y AAG% o), Hx, HA rede
Fol A% FoAys Btk Az, 3 o
Mn #3h= 22} 04211, 057669 ARATE XA
i, e 71Tk Ao A% Fo)E BAh
283 Az, 4% 49 B HiE ZH2 0.7577,
0.55220] AAATE B, B Ve Ao 4
B(5% rodys Hil, HA 71de o] (5%
frolAd)ys Bt MAAR] Yo TR Wsle) 7]
7 8RI5S B 7lede A9 Ao, 1,
HA 7)13= Ho| o] JAEA=E], £(1993)%
ZE-0] WLl 25 ol ¢ A3 WAL US-S
Hught ok 2E]a B AIY oMe 99 p K,
Mg, Mn, ¥ B €4} Z9de tAdez Ho
e HYou, FEg folde AEA Fict
AF7HARE o W F718E g% sl njxle 2V
L8l A3 A7vt vwjete], FF 7P 22l g
o B A9t EE & o] Bl ARdEe] ¥
o} & Ho7 AMztdEr}),

32
=
4
)
-~

o} & ¢9] Ca, Mn, Cu, Zn AE- Az Yn

E=Qhol}, B AE-2 A% drr) Uit Alx 9o
N &S Hd 7|k Ao Awo), Ha 7|evk=
Fo] Ago] o4t HE ol p AR FHu
713k ol Adde] JAHUY HE ) Ca A
2 Wi 7= B Al Ha, HA 71w
= A9 ARE Bk Mx, 3 Ao Mg, B A
ot gt 71eds Aol Aol #Hi, HA 7R
= Ho] Aol QAL AvkAQl A AHH A)7)el
74 5489 A Alole] & A W Ca, Mn
L Ax YR 893 x5k ulid] REF g
S eirs Az A 3k A8 sl A3

£4%, 1993: AT 298t @ sAFE] et
FEFelrladrd. 715} ke )X gkl
B AZAY ArAeA, FEARE>, 129,

Goode, J. E. and J. Ingram, 1971: The effect of irrigation
on the growth, cropping, and nutrition of Cox's Orange
Pippin apple trees. Journal of Horticultural Science 46,
195-208.

Himelrick, D. G. and C. E. Walker, 1982: Seasonal trends
of calcium, magnesium, and potassium fractions in apple
leaf and fruit tissues. Journal of the American Society
Jor Horticultural Science 107, 1078-1080.

Ishihara, M., 1982: Nutrient physiology of fruit tree.
Agriculture village culture association, 20-24pp.

Joo, Y. T., S. K. Chon, and D. J. Chung, 1999: The effect
of some meteorological factors on the seed characteristics in
korean white pine (Pinus koraiensis S. et Z.). Korean
Journal of Agricultural and Forest Meteorology 1, 1-13.

Kim, J. K., H. C. Lee, and I. K. Yoon, 2002: Technology of
tree nutrition diagnosis for the improvement of fruit
quality. Korean Journal of Horticultural Science &
Technology 20, 259-263.

Lee, H. C., J. K. Kim, and M. S. Kim, 1998: Studies on the
nutritional diagnosis of oriental pear (Pyrus pyrifolia var.



200 Korean Journal of Agricultural and Forest Meteorology, Vol. 7, No. 3

culta NAKAI) cv. ‘Niitaka’ trees. Rural Development
Administration Journal of Agro-Environment Society 40,
94-99. .

Lee, K. Y., H. S. Park, J. H. Kim, and K. H. Youn, 1962:
Diagnosis of apple orchards by leaf analysis. Research
Report Rural Development Administration 5, 113-129.

Lee, S. H. and W. S. Kim, 2001: Influence of organic
matter content in orchard soils on leaf mineral content,
root growth, and fruit quality of pear (Pyrus pyrifolia).
Journal of the Korean Society for Horticultural Science
42, 444-448.

RDA, 1988: Analysis of Soil Chemistry, Rural Development
administration, 238-239pp.

Rogers, B. L. and L. P. Batjer, 1954: Seasonal trends of six
nutrient elements in the flesh of Winesap and Delicious
apple fruits. American Society for Horticultural Science
63, 67-73.

Sanchez-Alonso, F. and M. Lachica, 1987: Seasonal trends
in the elemental content of sweet cherry leaves.
Community in Soil Science Plant Analysis 18, 17-29.

Seo, H. H. and H. S. Park, 2003: Fruit quality of 'Tsugaru’

apple influenced by meteorological elements. Korean
Journal of Agricultural and Forest Meteorology 5, 218-
225.

Shim, K. K., Y. J. Yim, and K. R. Kim, 1973: Changes in
major nutrient elements of pear, peach, and grape leaf
tissues during autumnal senescence. Journal of the
Korean Society for Horticultural Science 14, 7-13.

Shim, K. M., S. H. Yun, Y. S. Jung, J. T. Lee, and K. H.
Hwang, 2002: Impact of recent weather variation on
yield components and growth stages of winter barley in
Korea. Korean Journal of Agricultural and Forest
Meteorology 4, 38-48.

Yim, Y. J., 1992: Effect of foliar sprays with some growth
regulators on 45Ca mobility and fractionated calcium
concentrations in apple seedling grown under different
nutrient-calcium conditions. Journal of the Korean Society
Jor Horticultural Science 33, 161-167.

Youn, K. H., 1967: Studies on nutritional diagnosis of
apple and pear leaf analysis. Research Report Rural
Developmen}‘ Administration 10, 1-36.



