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Studies on Improvement of Soil and Fertilizer Application Management to Improve
Utilization Efficiency of Nitrogen and to Reduce Nitrate Leaching in Citrus Orchards

Kei Ishikawa
Summary

The purpose of this research is to reduce the nitrate leaching by improving the utilization efficiency of
the applied nitrogen in Citrus orchards, and to save heavy labor of the fertilizer application. For these
purpose it is necessary to improve the soil and fertilizer application management which has been so far
conducted up to now.

A “N-tracer method was used for analyzing N behavior in citrus trees and orchards. The dynamics of
applied nitrogen were investigated in the sod culture covered with Rat tail fescue, Vulpia myuros, as soil
management. The absorption of applied nitrogen in the foliar application and overhead-spraying of urea
was monitored. In addition, an efficient application time of nitrogen in spring was determined, and the

labor-saving method for fertilizer application was developed by using coated fertilizers.

1. Dynamics of applied nitrogen in satsuma mandarin orchard covered with Rat tail fescue as cover
crop

A “N-tracer method was used to study the absorption of nitrogen applied in the spring and fall to
satsuma mandarin trees (Citrus unshiu Marc. ‘Nankan No0.20°) and in an orchard covered with Rat tail
fescue. The amount of nitrogen absorbed by the trees from a spring-applied plot covered with Rat tail
fescue was markedly small, about 47% of that in a clean cultivated plot. The difference was particularly
large in new leaves. The amount of nitrogen absorbed by Rat tail fescue in the sod culture plot was about
twice as large as that absorbed by the trees in the plot. Trees in the clean cultivated plot showed higher “N
atom% in all organs than trees in the sod culture plot did. The difference was particularly large in newly
developed organs. However, Rat tail fescue in the sod culture plot showed a markedly higher *N atom%
than the trees. The utilization efficiency of nitrogen applied in the spring was 16.7% in the sod culture plot
and 35.3% in the clean cultivated plot. However, the utilization efficiency of nitrogen in the sod culture
plot including an absorbed amount by Rat tail fescue was 51.6%, which was about 1.5 times as high as that
in the clean cultivated plot.

The absorption of fall-applied nitrogen showed a similar tendency to that of the spring-applied nitrogen.
Nitrogen absorption by the trees in a plot covered with Rat tail fescue was about 41% of that in the plot
without cover crop. The difference was particularly large in new leaves and fine roots. The amount of
nitrogen absorbed by the grass in the sod culture plot was about twice that absorbed by the trees in the
same plot, and the cover crop contained most of the nitrogen in the above-ground parts. The trees utilized
19.5% and 48.1% of the nitrogen in the sod culture plot and in the clean plot, respectively. However, total

nitrogen utilization (trees + grass) in the sod culture plot was 60.9%, which was about 1.3 times the
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amount in the clean plot.

The nitrogen dynamics in a sod culture of the satsuma mandarin orchard were determined by using
®N-labeled Rat tail fescue. Dead plants of “N-labeled Rat tail fescue were applied to the soil surface in an
orchard and pot experiments. The satsuma mandarin trees began to absorb the nitrogen decomposed from
the dead Rat tail fescue 80 days after application. The absorbed nitrogen was translocated to various
current organs of the satsuma mandarin trees and even to newly developed organs the following spring.
Similarly, newly geminated seedlings of Rat tail fescue also absorbed the nitrogen. The satsuma mandarin
trees and the Rat tail fescue seedlings absorbed nearly the same amount of nitrogen derived from the dead
Rat tail fescue. The ®N atom% was high in newly developed organs, one-year-old leaves and fine roots of
the satsuma mandarin trees but low in harvested fruit. The "N atom% was much greater in the Rat tail
fescue than the satsuma mandarin trees. The under-ground parts of Rat tail fescue showed the greater level
than the above-ground parts. The utilization efficiency of nitrogen decomposed from the dead Rat tail
fescue was 5.5% and 5.4% in satsuma mandarin trees and reseeded Rat tail fescue, respectively. It was
estimated that about 11% nitrogen was utilized from May to the following spring.

Effects of the sod culture covered with Rat tail fescue on nitrogen content in the soil and yield, fruit
quality of mature satsuma mandarin trees (Citrus unshiu Marc. ‘Miyagawa-wase’) were determined in the
field experiments for seven years. The mineral nitrogen content in the soil of the clean cultivated plot
increased rapidly after nitrogen application. However, the sod culture plot did not increase so rapidly
compared with the clean cultivated plot. The nitrate concentration in the soil water in the deeper layer was
also maintained at low levels compared with that in the clean cultivated plot. The mineral nitrogen content
in the soil of the sod culture plot from summer to fall was consistently a little lower than the clean
cultivated plot during the second year. However, the sod culture plot showed a little higher level than the
clean cultivated plot during the fourth year. The total yield of trees in the sod culture plot was slightly
greater than that of the clean cultivated plot for seven years, and the fruit quality was similar in the both
plots.

These results suggested that the sod culture with the Rat tail fescue in the satsuma mandarin orchard
contributed to the reduction of nitrate leaching. However, as the grass absorbed large amount of nitrogen
applied in the spring and fall, it seemed necessary to replenish nitrogen when trees are young, since they

reserve small amount of nitrogen.

2. Nitrogen absorption from foliar applied urea during sprouting stage and efficient application
timing of nitrogen for spring fertilizing

The absorption and translocation of nitrogen from foliar applied urea in satsuma mandarin (Citrus
unshiu Marc. ‘Nankan No.20” and ‘Ehimenakate’) at the sprouting stage was monitored using the *N-tracer
method in potted and field-planted trees. Nitrogen from urea applied to foliage even in late March was
absorbed into old leaves, regardless of combination with or without petroleum oil emulsion. Of nitrogen
absorbed by one-year-old leaves, 65-70% moved to other organs. Especially large amounts translocated to
newly developed organs until mid-June but little moved to the roots. The amount of nitrogen absorbed

increased with the number of applications up to at least three times and with increasing concentrations
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within 0.33% to 1.00%. The utilization efficiency of applied urea was about 40%, regardless of number of
applications or spray solution concentrations. These findings suggest that urea applied in the spring
effectively may increase nitrogen level of trees with nitrogen deficiency, such as young trees grown with
the Rat tail fescue as the cover crop.

Effects of application time in spring on nitrogen absorption by satsuma mandarin (Citrus unshiu Marc.
‘Nankan No.20’) trees were investigated. Field and pot tests were conducted by using a *N-tracer method
in which the nitrogen was applied on March 1, April 1, and May 1. In field experiments, the absorption
rate by trees was greater in April- and May-plots than in March-plots. The *N content of one-year-old
leaves showed similar fluctuations in the March- and April-plots, which was consistently higher than that in
May-plots. The N content in newly developed organs, such as new leaves, flowers and young fruit, was
apparently greater in March- and April-plots than in May-plots from early May to early June. After late
June, however, the N content was greatest in May-plots. In pot experiments, the utilization efficiency of
nitrogen by trees was 31.5%, 34.6% and 37.1% in March-, April-, May-plots, respectively. Thus, the
efficient application timing of nitrogen for spring fertilizing seems to be just before the bud burst in early
April.

3. The efficient fertilizer application by using coated fertilizer and overhead-spraying of liquid
fertilizer

‘Miyauchi lyo” (Citrus iyo hort. ex Tanaka) is grown mostly in unfertile granite soil regions and needs
frequent, heavy applications of fertilizer. In an attempt to decrease the required number of applications and
to reduce nitrate leaching, coated fertilizers were used. Nitrogen released from coated fertilizer of a
linear-type (-40 type) was steady and unaffected by the different methods of application. In contrast,
nitrogen released from sigmoid-type coated fertilizers (various types) differed among application methods.
The cumulative nitrogen release from sigmoid-type coated fertilizers was highest when they were
incorporated into the soil, followed by application to the soil surface with grass mulch, and to the surface
of clean cultivated ground. The nitrate leaching from each fertilizer, as measured by a lysimeter test, was
high in chemical fertilizer > organic mixed fertilizer > coated fertilizer. A field test was conducted by using
coated fertilizer, in which the nitrogen content of the fertilizer was reduced by 20%. The test revealed no
adverse effects on the trees from applying fertilizer 2 times per year at the decreased levels. The nitrate
content in the soil was maintained low in the area where the coated fertilizer was used. The nitrate
concentration in the soil water in the deeper layer was also significantly decreased compared with that in
the control area. These results suggested that the application of the coated fertilizer was effective for the
labor-saving of the fertilizer application work in 'Miyauchi lyo', and contributed to reduce the nitrate
leaching.

In addition, the overhead-spraying of liquid fertilizer on trees by using a sprinkler system was
conducted. A “N-labeled urea was applied to examine the absorption of the nitrogen used by the
overhead-spraying in satsuma mandarin trees (Citrus unshiu Marc. ‘Nankan No.20”) in the middle of April.
The amount of the nitrogen deposition to the leaves from the urea applied by the overhead-spraying plot
was apparently slight compared with that of the hand spraying plot. The amount by overhead-spraying was
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58% of hand spraying plot. However, the urea applied by overhead-spraying dropped to the soil, and the
amount of the nitrogen absorbed by the roots was large. Total nitrogen utilization (leaves + roots) in the
overhead-spraying plot was 59%, which was about 1.3 times that in the hand spraying plot.

_83_



TR EER ARt L & — DRI 2 5

51 A 3k

RERES - RFNAE - My LA, 1970, &M 2
AR T DTy VA EIZET 5
WF7E CB1HE) IR, RFEOMER L OHE
R ICB KT T v Vil H RO
H 73 S HEA5F © 48-49.

AR —RB « ALREIR - AREE A 1978.
I 2 1 B OFRFH LS BT ICE
T D BHARNRTEE R, FRICHKIE=E R OF
FIZONWT (201) . FE5HE 47 @ 31-38.

RN —ER « IR ALE - AHFEZ - NEFthE.
1981. IBM I OEZRBLOH L X 9
DFEFEN KAFTUE D FH A e D%
#7500 1-9.

Anderson, O. E. and E. R. Purvis. 1955. Effects
of low temperatures on nitrification of
ammonia in soils. Soil Science 80: 313-318.

g R EEE - R R - BB R
1986. KM LR CoOffb b Do R &=
FOzEH). TEFE. 57 359-364.

e RLEE. 1951, SRBHERET UL TR R .
pp. 161-192. #HE &, HAL.

Boynton, D., D. Margolis and C. R. Gross. 1953.
Exploratory studies on nitrogen metabolism
by Mclintosh apple leaves sprayed with urea.
Proc. Amer. Soc. Hort. Sci. 62: 135-146.

T fb. 1982, B (Mikm) EHL pp. 47
-80. T MfmE. FEO gL
MBS, KL O

Cook, J. A. and D. Boynton. 1952. Some factors
affecting the absorption of urea by Mclntosh
apple leaves. Proc. Amer. Soc. Hort. Sci. 59:
82-90.

TH - O3E(E - BRI, 1959, JEIN
FRIN A DRI BT 20198 (1)

ELAEREY) D ARTE M QRN A3 AV Sh R D A=
BIZOWT. B RERRE S, 2:
1-16.

T hE RBRBEEORARMN. 2008, VA1 94 R A%
WERBT A&, pp. 81-94.

g R R IR B AR, 2004, BAREFICX D
71 % R O A PR TR PR DO ffe L.
pp. 3-12.

5o WL B PE ] 25 M. 2006, =R O 5. pp.
12-32.

e VLB PE R 5. 2007, SRR E B &
ORI R FE R A, p. 13
FREEDEA] - /NBR BT - PERIR. 1998, #R7E
FELIE 0D 3 R P R E 3 8K 5 DR 4.

TAEGE. 69. 582-589.

PRI NAS. 1986, HHEW Ol H 515, pp.
163-164. JEHEEAMTRR (HEIEEHR 55
1) LR, H

8 R - TR E L. 1989, BB HC
BT D RBEHRBEOREFMEICET DA
WF9E. R dimtE. 142: 75-82.

MBS « KR - WARE « 3EAR<FIE 7
- BHL HE 1963, RMI B DT AT
A= —RERIZHOWT GELH) fERkE s
OYEH. TAEEE. 34: 125-130.

R . 1995, ERhEREI AN X 2 i
Bl o e BA4 A oo 1 8 N R e 42
fhr. TAEEE. 66: 574-580.

Furuya, S. and Y. Umemiya. 2002. The influence
of chemical forms on foliar-applied nitrogen
absorption for Peach trees. Acta Hort. 594:
97-103.

PIAAR. 2001, PEEBAEEL pp. 135-14415.
RN R R (HEIEER B7-158) .

_84_



£ T YIS 5 135 - R E R OUGEE T X 2 AR L & BREE Aniesl C B 200158

B U

fEEr e - A0 BE - HEE B 1996, fEA
FTATVA—F ="Moo I DU BLUOR
oo B3R & R ORE. HE
S8, 67: 194-197.

B OREATE. 1970, BN I B iTxt
T DRI EE SR (BB THERK
BLOE W A~DOFE. 153 [ = A .
9: 47-49.

B P e RAARBRTE. 1973, BN S B iTxt
I D ARAEE G AR (BE2) BE Rk,
NEBIOWEIZB I TEE EE
AFER. 120 39-46.

HHEN « REMT - BKER - % BREEE.
1994. IAR~EHREBEDOENGH A O A&
A, k. JURRHF. 56: 67.

WEEZ - B —iR - JKEE RS, 2002. A D
B T FOAT SR A 703 PR 3R DRI M 1 E 3
. JURME. 64 : 25,

Ao B - REFREE - RATRAL 1974, Fst
DIERAERICET 2078 (GE2#) Jtd
BOR BE DR L. R HE. 430 209-
214.

JRWEA. 1973a. BFEEMEROGHEESR
O IRARRE L HE I B 1) B Tk bz DV T
TAERE. 44:157-163.

JRWRARBA. 1973b. Fao b3 K OFE L HHEAE D
SRET UE=TRREROAELIBRE.
+AEEE. 44:211-216.

REHRHE - FVEETR - AEE=. 1978. '°N
PRIGVATIC K DB OBEmRIBIL. AR
i, 54: 33-36.

HR/ANKRES - 1R - o B - REE.
1981. #/AEI B UEICEBT Dtz #E D
WINFIR B I 1Bl X2 E=
RO & AN 4. JubE. 431 76.

FEH B - HR/ANKER - LTI - AREEA
- REFMH. 1980, INI I ioxt+ 5
TR, FoHE, U oM ERER (553

W) FoHELU UBOICEMOILE. L
SR, 42 @ 75.

HH B REME - AREEA. 1981, FA
A EICIT D % R OWIFI R (5
2%R) BRI D OBENY & bR Kk OEIZ
K ORKIEE R OV, JUEHF. 430 T7.

FHE OB REMS - MREE AN 1982, B/AE
2 h RIS B R E SR OWIFIH (5
) I UM & B X DRI E T ORI,
JUEEHF. 44 : 88.

wumRal - hE B 1994, WEIRFE AR A
LicA F2 7 oesmiEEmiE. Bk
HEAIFER. 26 1 281-286.

Impey, R. L. and W. W. Jones. 1960. Rate of
absorption of urea by inatct leaves of
Washington navel orange. Proc. Amer. Soc.
Hort. Sci. 76: 181-185.

JEGE - PSR - SHEE. 20000 2
FLNE - HEfkEAR - AR ICRT 5T
v A= OFSWIN &I EME. AR,
71: 674-681.

FE B 2% 19730 RN I D RBAFIZE
T HH5E (GE5H) WHHCRK T 5F v FED
% s LG I ] & S OB R 72 5 NS
REON&E - WH. BEBLUOREZE. 48:
479-480.

ARIER - RAEFE - @8 =18 - BE A -
VegA—. 1967. RN I B hADAE
< BHARDHT « RED VI KIF TR ARG
Ao, RRME. A6: 29-47.

FFHFERE. 2000, FAERRYE & HEMAYE.
pp. 3-6. FEFEHAMTHR CREMR H84) .
. HO.

A B 2007, FEEFROMEHARN Y
Ta I AUITEBITHRIN - BATICRIE
TR R 6(slD): 51,

B T KA. 2003, XS X A YL
BRSBTS D38 T T2 Y i
e F ORI, RFME. 72 (H2)

_85_



TR ATERF AT AR o & — BRI 2

311.

A BE - KA F . 2006, FXFF H Y
I CEIZEBT D FIEEFEOWIURFE.
E ¢4, 5: 255-259.

F - RE - KA. 2008, S XS F H Y E
A X0 CEIC T D RKAE EE 3R O WRINURFME.
FEVESERFZE. 431 53-58.

AN T R T - ENAE . 2008,
o v I U ORFHRIZICI T D EE R
WA IRFE ORI « BT, BAMEER L ~ >
VMR OB, ESEE. T 39-46.

F) - B R 20050 X VEICE
T 2IRNE O JE AR B R SRR - R
BT 5228, B AR, 19: 7-15.

AN R - B fe - EEFESE—. 2002. R
FEAEEHZ LD “ENA 37 OREER)
L EIZBT A%, R RAR. 15:
21-34.

AN N EEA . 2008, v a2
T DAZRT I T D B AT R 38 O W
- BAT. REEAE 7(B112) 0 6665.

) & HINE A, 2004, T2y Ih
T IT D 5 AW D bR S T oA O W
B ORAT (BE2#R) Bcfi i K OVBCA i i i
DA R T3(BI2) 1 308.

KRB « @i 1992, B %Y Do
- AL, pp. 103-106. JR/KE FAa iR
% 1 2 35 .

Sy 1992, LT a I HLDEED
AEZh & Bt AR AR - REMLEIZET DA%,
Ve Rt . 120 17-27.

=M. PREREE - WESE - N R
- AREIE R - ERRE. 1977, BREADE
HorvyayIhrEEEOEMMRIZ
W HERE. 48: 329-331.

EARKLN. 1982, H Y [EO AP L
fEE . pp. 219-256. T34 iRz, *
BB oo TR R & SRR IR, A, R
i

AAEN. 1987, +HEFS O MEE B oD 1E
BIZK DD v 2y I DEERZEIC
B4~ H 078, REACRMBIEARERIE. 11 78-
98.

HIREERN. 1974, H 2 %V 3EHE. pp. 350
391. HIEENE. B

SRR - JOMTEEG - JEE SO 1954a. MG
(2 2 RO BE AT I B D BT SR (5
L) BASE R ONRIN 2 7 > OZEIZ RIE T
ERBATOLE. pp. 61-65. T O ER
*. EmEAmICET oM BRE. K
.

IR EERD - KFnE JE. 1960. B XY DORF
FEAE RGBT 2198 (FE3%R) BRAk D
Jit AR 23 AR D F 7R B NS D F AL
FF 358, R 290 101-106.

AR D) - WAL 32 - RFNM JE. 1954b. #if
W& ek~ 2 I RF D BETH AR IS B D AT 28
(5F2) JRFEDOIEH BAG. pp. 66-80.
B O R . RS Cm B S RS,
FEE, A

G #EsE - KOG - WAE . 1999. #7&
RFEEFH LT v OE S - KRBT
AEVE. RAEGE. 700 567-570.

FPEFIRZE « KILESE - RRIREAME. 1974, 3§
WG HAWIEIZ LD EEROERIZON
T. TAEEE. 45: 549-559.

REREUOR - I E . 1982, WP EHIZEIT D
EEFEOFEARE AT o098 (GE2H)
THEOBFEMEICRFETEE. FriBER
AfFER. 11 @ 15-29.

Mg, 1982, {EMDAER & EFE O
(10) I AvEFLE LERBOER L
EROERNE.  REB X OEZE. 57 1473
-1478.

Kato, T., S. Kubota and S. Bambang. 1982.
Uptake of '°N-nitrate by Citrus trees in
winter and repartitioning in spring. J. Japan.
Soc. Hort. Sci. 50: 421-426.

_86_



£ T YIS 5 135 - R E R OUGEE T X 2 AR L & BREE Aniesl C B 200158

INEERTE] « APRHIE - BT HEME. 1981,
EFRFHICELD, WINI D DOEFROR
W& ZDENBATICET 28898 (G6H)
BHIERERICHONT. NEERR. 36:
1-6.

AKETE= - FEF|IE. 1965, BEHIZHBIT DA
BT T4 77 ADZNFKEEICET 5
MEFE (1) SR & A EL D (2ol P
AR, 120 1-29.

A E. 2000, U2 I —RAEREE. pp. 39-
43. BEEINRE CREHR $£8%&) . &
. R

ARFHM - ERS &7 - [N Fa 2001, H
FERMEAEREN T LXOTEL L RIE
(ZMAET 8 LAEES. 720 403-408.

AREFHEST. 2003, AH{LPEM. pp. 94-98. JRE
Bk (HEIEEHR $£158) . B,
H.

A &K ABREK. 1985, A—F v — K
T AT K DM E BRI DI .
HEAF . 300 34-42.

brnER7 - FMMUES. 1989. F U EA~DE
AFEF OB AICBIT P58 (F2#) kil
JR+F T E O HHEEASICRIETEAED

TR MR, 300 9-20.

EEFRAZ - L FER - NREFD - (Ul & -
FRASOT « [UA ST =, 1978, RN I B
(2t B A O IR Rh R & A B
DGR, Rl R ERAAR R, 5 8-22.

OIPRHIEDE - R - ARG, 1964,
ALV T T4 T ADREIEIZET 5
WFge (1) HFROMAER L DiaEA.
DU E . 10 39-55.

SRR, 1982, SRFEAZFL L 2Mr. pp. 123
-142. T3 fhiFE. FEEO LEE R
& AR, A AR

DARHEIE - INEEGE] - AREBR L - 3BT
. 1976a. HEFFMIZELD, EHINID
Y DOEFZLOWIL & Z DRNBITICET S

=7
.

e (BF3@) FRPEERICOWVWT. UE
A, 29: 49-53.

IR BEIE - EEEE] - RER S - XURT
. 1976b. BHEFRFIMIZL D, WMNIA
Y DEFZOWIL EFDERNBITICET D
e (BAd) PIEIEZERIZOWT. UE
. 29: 55-66.

fii ==Fn - ESERERE. 1999, v a vl
NZBIT D BEH B A VS L T2 gh R 7
RMEEIC R 24158 (GE1e) EHOIRFE
BEM RN DU & BAT. H54E 68(5112)
: 215.

REVBEAME. 1999, M F/KDOmYEEREE
OBPL. HAEFE. 700 207-213.

FELFERA. 1988, v a2 I REDN
BUEICBT AR5, @ i BRI .
21 44-59.

SLPE] - FRB=FE - FH ST - 2k B
1966. B ¥ VEOHHEEHEICET S
e (FF2iR) HHEE PRVE D ZE RN IR 72
LN EEKR B XTI EEIZ O T.
e ] R B . 50 1-9.

2SN BTH . 1976, BRI OIERNKS
ANRIZET D098 (B5) Vv av
T DIEDKRT % L OHER KK
SILBERFL ORI BIHERE I DTl J{7
ME. 45 261-266.

FALTESR. 1997, WUENEERRIIC X 2 M >
O DONERrE R B, HIEEE. 680 430
-434,

AR ECE] - 5 Mt 1986, U v Tk
% BAAE T D PR 3R BEH AT -+ i O WALEE S
FhEELE - RIEME N LI RIF TR
Ve A . 90 61-71.

Al F - ARV - AR - FAE AL
2003. fu AR HkE R OFERIZ DT
% KRB~ O W & M2 58 o Hils. 1
G, 74: 533-537.

—ORMRE]. 2004, FERRRORZE L HEENEL

ESLES

_87_



AR K PERT ST BRI e o &7 — SRR 2

+AEEk. 750 529-530.

Z EEE - NEEY. 1985, N A RIS
BUIHEREKOTELRE Fo@m) 47
7 AN SRR OER &R,
v DEF - INE - B RIE TR
RopHaafe. 3: 21-48.

EA M. 1965. W KT DR DN F
X ok BEB L OREE. 400 1375
-1378.

EAR . 1968. I UREICE T B IREO kG
MENR &R REB IVRZE. 43:
1259-1262.

BEHAE - BEFE. 20000 R EEZZ T
Ted R VITKT HDWIE, BhEEM, &
TEINHNLEE K OV A E 7 IE S R o [3118
(CRAFT R LD R, 510 39-47.

BBOE - A& F¥A(5. 1966, HHPICBIT D

BEMREIEEIO D ABRBENZ ST, 2

¥EBLOREIE. 41 503-504.

B - EREB). 1955, W A ZEOEA

HEFICBT 2B GB1R) #iikL 7 n—

N—HAEDOEFRKGOFE. FALER

WFER. 4 : 106-124.

BRI - NEPHiwE - R 2 - BEH R
1979. = U MAKD T XV I KT

I OWT (IR LEREE, EN
~DIFBER L OER OFERMEYE (FEH)
DAk, FHFEE. Wb4%F: 42-43.

FHKIE. 1989. HAA REHHEMXFE. pp.
136-141. F-JLAE B

AT « PR, 1962, S o 4
BELOEMZ X D HIEOELIZ DN T
E2HE. 310 13-16.

RIREE T - B0 M BEEBOR - LR
- PEdE Y. 1985. 7 A Y h—7""*NFIH
LDy av I B VEABOT v E
i FESGE BT 2 0P 5E. (B SR
¥ 3: 15-130.

R - W BE. 1998, JRMEEICR T D

3t

KIFE 2 LXFEA~DOEIREHZDOER L +
BEHREFROWIN. ARG 69: 604-611.

BrE M- TR K. 20000 HHEICTEAE
NIVEMFRE D & O WL ZE F I & 1%
WS A v AR OB RERDOHE.
TAEEE. 710 321-329.

VG ER I - AR - HSRTHRR - AR A .
1970. EIN 2 A ATk B e AR o %)
. ZEEWOE. 5 54-65.

BrEfEgE. 1994, THEESIE L AREMAEY. pp.
73-78. REHAM AR (HEEERE 1
&) RS B

B O R RACK. 1954, ERIBAICE D
PR3 O [FLAERE I B3 2898, pp. 1
-12. BOARE RS, SEmEcm 2B o 0F
gt WEE. HA

JEKAE REE Rt atbm. 2008, & H BIREE
ek, pp. 221-231.

JEKE R S . 1987, 1 F VD
A AL pp. 1-12.

INEJRERE « REF L - PR HEE - KA
. 1977, A7V 7 7 —D%H KR
(BT 258 (L) A7) 7 T —IC
£V ETOERO A& & A E
FEORMR. JRERHAMH]. 3:15-20.

RIFVES « P2 - EEE— - REREA
1999. A7V 7 I—fHIZL DI B
NE = DOPEIEICET 20898 (1) Bk
BEI D UNT=OBRMEORKR. =
IR R, 131 37-45.

RIS - BLORES - hH 2 - AREHE=.
1954. VA ZITxEd 5 IRFHEmAT D%
HAZOWT. pp. 53-60. B [ & R E.
TEERAA BT D028, BEE. HAL

B e - ARG E] - BIREGE - i BAnE
1962. HHAGOREEIZEE T D098 (B 1H)
RN X 0 o DARER A, B0 BAs A .
20 11-24.

INBFHESE. 1985, T2 S B U DNERK

_88_



£ T YIS 5 135 - R E R OUGEE T X 2 AR L & BREE Aniesl C B 200158

B K OVEFEMEE )N & F T2 IEAE BB RN
oI RRAT S E PN = S VA

Ky - AH B - AT - IR = -
Wy BRI = - [MHEA. 1972, 27
77— X e HIZ BT 23R (361
W) AR I AT T D HE - RE IR
RSy, RFELEB LOUEICE JF T
Tt F D Zh R, W A RAAE L. 10 61—
75.

Poerwanto, R., H. Inoue and I. Kataoka. 1989.
Effects of Temperature on the Morphology
and Physiology of the Roots of Trifoliate
Orange Budded with Satsuma Mandarin. J.
Japan. Soc. Hort. Sci. 58: 267-274.

BT - SRR, 1980. IRM I BTk
5~ v IMAAINBE AN T T A
LAPEEIZOWT. EERAN. 70 49
-54.

WARES. 1963, IRM I D 132 5 TN
ZOEICET MR, B R, 3
1 24-36.

AR - B #. 1965, EINI DT
AT A= —RBRIZ O T () IR
SHEKT DT VT RNV ARERONR
%h. HAERE. 36: 163-168.

RORRRE - B . 1968, 1IN I I Ot
DAER, REOLE, ETOERGEIC
B ERMAGRH O 8. M. 37:
30-36.

WARRKG - BH #1970, RN I 7 R E
DEEOWER (B, WL <, ) (I
FAETERFEO HIRGR O E. FH YA
39: 107-114.

ARG - B o - FIREE - fih B
1965. &M I U RIS 31T D& FE LA
YLD 10 o thlg. F5ME. 340 277
—-285.

PORIRES - Bt o - EIREOL - AN SEIE E.
1962. iR O E L <Iict

ORISR LY VEEIZ OV T OB,
F R R, 20 35-44.

IRARRES - B o - LRTEA - 3EARSFE 7).
1961. J8M 2 A 24 5 kAR E o
(1) NER DLV OEFICB X
TR RSEHE 300 215-221.

VEREIETS « 2 KA ME. 1982, U v @D
MBS 2B (B2 U v ARo
FERWIIZ T2 FAR L O O,
i ks Feak . 100 23-33.

SR fE—ER. 2005, FECEFICIHIT DI N—
7y ZOMM. BIEZENTE. 400 43-48.

BIEFSE — « M AR - mdb s . 1998, 4
VRV EREICR T A REANEEE - N
BEWALBATRE A DRRFERR. BERE
ZE. 36: 89-94.

R =. 1982. RMtE TIEORE & A pES].
pp. 21-46. THE iR, SO 15
EEL L BEACEAN. KL U

B — -« gRE ¥ 1952, D AR S
JRFEDBEMEATICOWT. FESHE. 21:
149-154.

B, 1988, KHTHERICBIT A &EA
W oo R, R¥ER LOREZ. 63:
479-488.

WEKER - BB, 1972, EMNI A ED
ruan7 4 VEEICET AR, R
41: 29-36.

EARAERE. 1996. BHFR. pp. 186-203. JTJFAH
= - ERMEMR. X =5 SEEA
HEW=. H.

MIHEE « MIRIESE. 2004, FFEHEKIRDOZE
O HE LY v IRBIN Y2y
I OFEEREE )T 5 HERIREL O
WA [FME. T30 72-T8.

ERARFHRZ. 1989, MG IS 1T D HEEE B
pp. 335-354. [LIFFIZ - fEETEL - [
o - B SR, R oA F IR
A R

_89_



AR K PERT ST BRI e o &7 — SRR 2

EARIEZ. 1994, BEHLOMEEE PR, pp. 320
-340. FHEF— « dTNFOR - 2 LFFRER
. MEEEEANC KT o r. HAES.
B

ARERSE - & fi - WP ZE 1967. W
X VB OAEE LAEFIC I JIE TR
TR AL D . [RFHE. 361 389
-398.

ERRERT - A SR - ILEEHESL 1975, TEIN
I COFEEAE RESEICKITTRE,
FyvRRELLOLEKGORE Y
ME. 44: 241-247.

EARMER - VERFISE - REFMZ. 1963, REAf
BRICTDEM B RO LEOME L
TDAEFET L OB, LIRS, 34: 215
-221.

mEmAERE. 1988, BT MO ~T. pp. 119
-132. BRFREEHFRMEGESS. &
%,

EAEHE - e B FKEFFE. 1985 F
ER T X VB OEFRDOENKITTE
o [HSME 54: 307-314.

BAGHE - Ry B - AN - RFHE.
1987. BWNA 2 OEESm BT
LHHFgE. EIRF AN, 91 3-43.

EAEARER. 1958, AHAE. pp. 281-343. BEE
HO.

EiEAE - SRR - BHE B - KA.
1978. W I UEIZBIT LT r~ L
B B D AR ] oD B2 BT B D PO (55
28) MBS L ORI RIE T
M MEWLRFZE. 23 28-32.

EfEIERR. 1998, JEZhFREIRAEENT & 2 i
Bttt o B b B D REAEE T (£ 1)
+AEEE. 69: 201-205.

T 1987, SEAROFEAS & FEAREREE. pp.
£145-154. RESM AR CREHRE 551
&) RS B

mEAEE T - REMS - R HREME. 1987, i

- 90

REEEENEAEI D > OB LI
BRI JUEAMF. 49 @ 109.
PHE—& - B %, 1963, I HUEEO
WBHEE & AFEMEIC DWW T RS,

34: 327-330.

EHS— T OHER 1969, v a2 U Ih
YOEBFIZRIET ARG OFRE. ik
HCR R, 20 33-59.

THEE - AN - S ES. 2003, JEX)

PHEREEHC L 2B v a I h v

OFEESEAEE. HAREE. 74 519-524.

M7z, 2002, FXF ¥ HYEAREE T T

DOHIE & Ky OHER. B &R K.

50: 13-16.

EE o EME. 1976, FERWKIN. pp. 180-182. &
FERERE - FEERD - RRIRE AR, AEY
SRAE TIEIEEER S, BB HUR.

EEFIER - SERBC - BB - | HP(ESE
1991. HHEZEFHR &R NLEL A
LU 7o AL E . HIERS. 62: 647
-653.

L2 R W miE R BIECR -
e —. 2004, HEERIERIEICLDH
SAHEIRR KON T 7 XA FEHEAE O KA
Zxtd  ERUIEAEOTM. LAERE. 75:
313-319.

WENEE - RS, 1982, WPEHIZBIT S
EEEOFEARELIZET 5098 (GFE1H)
TEMOAR, INE, REMEICKEITT
W BRI, 110 1-13.

DK Z. 1968, WA NI %Y RO 15
EHICET o078 (1) AR g s
ED TEOB LML O %Y D3
A, INEICk XIF w8 REEARE.
28: 1-15.

Woaojcik , P. 2004. Uptake of mineral nutrients
from foliar fertilization (Review). J. Fruit
Ornam. Plant Res. Specialed. 12: 201-218.

A . 1973, BUURZEEMNNE I 0.

f:(—l



£ T YIS 5 135 - R E R OUGEE T X 2 AR L & BREE Aniesl C B 200158

N

pp. 135-149. FDOYWHE. HAL.

(A . 1991, B oY EARBLIOZEIE
DIIR O AERE & BHERICEAT D AF%E. FnEk
LR RIER. 10 23-41.

igFFe 4=, 1981, X0 v B O F I KT
B3 208 CGELH) HER, MRk
O 88 BRE 3 R 3 K & M OB BH 5 D
RHEICKIETRE. LB RERR. 7
D 9-17.

igFFe 4=, 1987, 0 U E B OFE I
B3 2098 (GH2w) HER, Mfes&
OB BLE O W 2N R O I E K O
B RIET R, LSRRI, 12:
39-46.

LR « AR RE—BE. 1977, A7V 7 F—
D% HIFAIZBET 2098 (GE3#H) RIE
B NEMN S B DT - RS - B
DOULE: « E B X OB F oLy I
BT 528, IRE R, 30 33-44.

(R, 1970, 27 > r T —REKKERR D
% BRI % 3R 3 2 £ H O 2 s A FK

Bk, BB IO, 450 1063-1068.
BEHE 6. 2000. MEFLA D U 7o BAFRES.
pp. T-11. JFREFEEMR CREHRE H85&).
. AR
FINAK - @B d. 2005, FAREFICL D
XV EOLERL L OMEEE RO T
P zh S, E Rk ERA . 340 7-13.
FINAK - e g - FRRE - R % -
DTS —. 1999a. ¥V ICBIT HIER
WA 22 R O BATIRFHILEM I K DWW &
BATO@E . LR EdE. 450 126.
FIAHL - M BE - PRIEEE - NigEsH— -
WE SR, 1998, T v a v I b UER
B2 R OWI & BATIC RIE T E R HE
OFfE. TRFREEE. 44 98.
EAHL - Mg B - FMRE - NS — -
RO 1999, vt a2 U I BT
V2 BE T HOA 2 58 O WIS K UE 3 oA [
BEREROEE. LRI
W] Fg e, 26-27.

_91_





