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Effect of Reduced Nitrogen Fertigation Rates on Growth and Yield of Tomato
In Bog Lee, Jae Hyun Lim, and Jin Myeon Park (Dept. of Horticultural Environment, National Horticultural
Research Institute, RDA, 540 Top-Dong, Suwon 441-440, Korea)

ABSTRACT: To investigate the effect of N fertigation on the gmwth yield, and water and nitrogen use
efficiencies during tomato cultivation, seedlmgs were transplanted in a sandy loam soil under plastic film
house condition. 0, 88, 132, 176, 220 kg ha' N rates, which correspond to 0 (NF0), 40 (NF40), 60 (NF60),
80 (NF80), 100% (NF100) N level of soil test-based N fertilization, were injected weekly through drip
imgation system for 15 weeks in N fertigation system, and the control (conventional N treatment) was
installed for comparison. Herein, nitrogen was applied by top-dressing with 60% as a basal and 40% as
additional fertilizer. There was little different in stem diameter growth among N felﬁgaﬁon treatments, but
plant height and dry matter increased with 1ncmasmg N fertigation rates as well as in N conventional
treatment. Tomato yield was increased with 1ncreasmg the number of marketable fruits in N femgatlon
treatments, and the fruit yield was maximized in NF 80 treatment (176 kg ha' N supply or 96.6 mg L'

N injection). Dry matter productivity and nitrogen uptake amount were significantly increased with increasing
N fertigation rates. The ratio of fruits to the dry weight of whole plant was decreased with increasing N
fertigation rates, but this ratio was 2.6~5.3% higher in N fertigation treatments than in the control. In
addition, the ratios of nitrogen distributed toward fruits in N fertigation treatments were 3.7~21.7% higher
than that of control. The apparent N recovery percentages showed significantly higher values as 71.8~
102.3% in N fertigation treatments, compared to 45% in N conventional treatment. Water use efﬁclency
was significantly increased by femgatmn system with the maximum 361 kg/ha cm’ in NF 80, which is
comparable to 324 kg/ha cm’ of the conventional treatment. Conclusively, N fertigation system was effective
on increasing tomato productivity and nutrient efficiency as well as 20% reduction of N fertilization level.

Key Words: Nitrogen fertigation, N recovery, Water use efficiency, Drip irrigation
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Table 1. Soil chemical properties before this experiment

pH EC oM Av. P,Os Ex. cation (cmol® kg’l)
(H:0, 1:5) (dS m™) (g kg") (mg kg™) K Ca Mg
72 1.6 18.9 548 0.57 6.06 2.07
Table 2. Fertilization method, fertilizer application amount, and irrigation conditions used in this study
Treatment Fertilization N supply Total irrigation Irrigation frequency Irrigation interval N conc.
method (kg ha’ ) amount (mm) (times) (day) (mg LY
NF 0 No nitrogen 0 303.5 29 35 -
NF 40 40% N fertigation 88 345.6 32 33 51.0
NF 60 60% N fertigation 132 332.5 35 3.0 79.4
NF 80 80% N fertigation 176 364.8 34 3.1 96.6
NF 100 100% N fertigation 220 387.5 35 3.0 113.6
Conventional® basal 60%:side40% 220 325.5 31 32 -

a: nitrogen fertigation, b: nitrogen fertilizer was top-dressed.
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Table 3. Tomato plant growth characteristics at the different rate of N fertitigation system and conventional fertilization system

T Plant height Stem diameter = Dry matter Dry matter increase rate (%)
reatment
(cm) (mm) (g plant’)  0~30D" 31~60D  61~90D  91~120D

NF 0 231 14.7 4114 2.8 23.3 57.1 13.8
NF 40 238 17.0 601.6 2.7 22.0 62.9 12.4
NF 60 242 17.4 646.9 25 15.6 55.5 26.4
NF 80 244 17.1 693.0 1.9 19.0 49.0 39.1
NF 100 251 17.0 700.3 2.0 16.2 52.9 28.9
Conventional 244 15.9 590.6 44 22.3 55.0 18.3

a: Days after transplanting.

Table 4. Tomato yield characteristics at the different rate of N fertitigation system and conventional fertilization system

Treatment No. of marketablle fruit Ave. fruit welght Ratio of marketable fruit Marketable 1frui’c Yield

(No plant™) (g fruit D) (%) (Mg ha™) index

NF 0 14.6 127.9 76.0 55.7 d 65
NF 40 194 157.7 83.2 904 ¢ 105
NF 60 19.9 155.3 82.7 934 ¢ 109
NF 80 23.8 163.0 86.9 1144 a 133
NF 100 221 156.8 85.1 103.1 b 120
Conventional 18.5 159.8 80.3 85.8 ¢ 100

*DMRT 0.05.
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Table 5. Dry weight and N uptake of vegetative parts(stems and leaves) and fruits at the different rate of N fertitigation
system and conventional fertilization system

DW (Mg ha’l) N uptake (Mg ha’l)
Treatment
Stems-+leaves Fruits Fruits/total Stems-+leaves Fruits Fruits/total
NF 0 6.52 5.65 0.464 128.8 914 0.415
NF 40 6.51 11.29 0.634 127.7 182.1 0.588
NF 60 7.14 12.01 0.627 136.3 208.0 0.604
NF 80 7.71 12.80 0.624 152.4 217.2 0.661
NF 100 7.83 12.68 0.618 164.3 211.7 0.563

Conventional 6.97 10.53 0.602 145.9 173.4 0.543
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Table 6. Nitrogen and water utilization characteristics at the different rate of N fertitigation system and conventional

fertilization system

Nitrogen utilization characteristics

Water use efficiency

Treatment o -
N input (kg ha’) N uptake (kg ha') N recovery (%) (fruit yield dw kg/ha cm” water used)
NF 0 0 220 - 186
NF 40 88 310 102.3 327
NF 60 132 344 93.9 361
NF 80 176 370 85.2 351
NF 100 220 378 71.8 327
Conventional 220 319 45.0 324
Table 7. Soil chemical properties after the harvest of tomato
Treatment pH EC OM Av. P,Os Ex. cations(cmol” kg™)
reatmen - - ,
(H:O, 1:5)  (@dSm’)  (gkg)  (mgkg’) K Ca Mg
NF 0 6.8 0.69 16.0 525 0.22 6.26 245
NF 40 6.9 0.86 18.1 537 0.29 6.12 224
NF 60 6.8 1.30 16.5 540 0.33 6.46 244
NF 80 6.9 1.39 17.5 564 0.45 6.70 2.56
NF 100 6.7 143 17.0 546 0.36 6.52 2.50
Conventional 6.8 1.55 15.2 552 0.30 6.39 2.62
e AE e A7 B Aoleld JQlshs Askw w cEewe Fekgth AAARE o] B EP9 vl
ek %, Singandhupe 599 AAA 4572 0~120kg < wee] wlaf AavmA g5l 2.6~5.3% S716R AL,
ha'! WSIZA] & Age] At $Fo|ng gk vt & AT AT 3.7~21.7% 71 S7k6ke] A A
e o] glo] melth, g AavhilFe] e FolgaE  elol sl Ak vlATeN R Axi 2 55
e v B3 AsdAE e Ao A =, Ahe Aot avpA o A= Jlow At o
AnghF The A% ErbEe] A% F7ME FNR W R AL MY IR A8 AsErue Felol, A
QTS F7H AT, T F BT Fe YY) F BSES pashe Pelglnh IYelE Brehn Ak
7FR oloiA7] wWiEelrt. 1y werd VIR AETs T BT AAETES 71.8~102.3% HARA iy
Vhe BRIy = 307x - 4448, x = B y = AT 45%9) Mlad W) AASHA ik we] A
AEZ, 1 = 0.740), #rdo] F7H2 BolgagAo] Fot A 2] 7-e] Eo| g a8 327~361 kg/ha cm™ 24 3l

AAKy = -6604 + 38.8x - 0.054x°, x = T5, y = 50
S5, 1° = 0.888), A2AH|Eo] FI3ITH L Blo] Bolg
gl ST gt Zo® etk

o OF
R

EulES] AF, £, B A4 o]4F Sof nX= A
] Agads AR gste] B PAMIES] 0%,
ATEE 153]0 AA

40%, 60%, 80%, 100%°] aldsh= 2
EnpEo] HAF] alom, Ak HAv] g Aa
SAJHTH(7]0) 9} FH]E 60:409] W] EE ESAIN) G} B|ws)
Atk Axvmg 2 Brlel 239 AEFS S8t
ot AL AAE Afol7t USieh Aadn]F St wh
T AT R ErlEsEe S6IT. AAavA
2o Il iRl wet 9~33% 7FE &
7Fetolom, EoAgAINZS] 80%(NF80AH 2ol 3t
176 kg ha'e] 24 #H]4(96.6 mg L) #1& 4
e Bk AavnE Sk Erke R gt A

Az A2t 324 kg/ha em™EU} %901, NF80 2]
o] 739361 kg/ha em’ 0.2 7Pg FgAH o2 B8 o]&

ISR, AEE,

3

& #4955 1 u, EFREAAMIES] 80%¢l @
Dol AAEs BuA] EnfES] A8 U gk Zoto)| 714
q 7

AEH

1. Clark, G.A,, Stanley, C.D., Maynard, D.N., Hochmuth,
G.J, Hanlon, E.A. and Hman, D.Z. (1991) Water
and fertilizer management of micro-irrigated fresh
market tomatoes, Trans. Amer. Soc. Agr. Eng. 34:
429-435.

2. Hochmuth, GJ. (1994) Current status of drip irrigation
for vegetables in the southeastern and midAtlantic
United States, HortTechnol. 4:390-393.

3. Locascio, S. ]J. (1989) Water quantity and time of




Az pulg Ayl ErkE 4% 2

T wA= a3 311

10.

11.

12.

13.

14.

15.

N and K application for trickle-irrigated tomatoes,
J. Amer. Soc. Hort. Sci. 114:265-268

. Persaud, N., Locascio, S.J. and Geraldson, C.M.

(1976) Influence of fertilizer rate and placement
and irrigation method on plant nutrition status,
soil soluble salt and root distribution of mulched
tomatoes, Soil crop Sci. Soc. Fla. Proc. 36:121-125.

. Bhella, H.S. (1988) Tomato response to trickle irri-

gation and black polyethylene mulch, J. Amer.
Soc. Hort. Sci. 113:543-546.

. Giardini, L., Giovanardi, R. and Borin, M. (1988)

Soil moisture influence on the productivity of
industry tomato grown in lysimeters, Acta Hortic.
228:147-154.

. Rubino, P and Tarantino, E. (1988) Influence of

irrigation techniques on the behaviour of some pro-
cessing tomato cultivars, Acta Hortic. 228:109-118.

. Sanders, D.C., Howell, T.A., Hile, M.M.S., Hodges,

L., Meek, D. and Phene, CJ. (1989) Yield and quality
of processing tomatoes in response to irrigation
rate and schedule, J. Amer. Soc. Hort. Sci. 114:
904-908.

. Tan, C.S. and Dhanvantari, B.N. (1985) Effects on

irrigation and plant population on yield, fruit speck
and blossom-end rot of processing tomatoes, Can.
J. Plant Sci. 65:1011-1018.

Williams, J.W. and Sistrunk, W.A. (1979) Effects of
cultivar, irrigation, ethephon, and harvest date on
the yield of processing tomatoes, J. Amer. Soc. Hort.
Sci. 104:435-439.

Hartz K. and Hochmuth, G.J. (1996) Fertility manage-
ment of drip irrigated vegetables, HortTechnol.
6:168-172

Raun, W.R. and Johnson, G.V. (1999) Review and
interpretation: improving nitrogen use efficiency
for cereal production, Agron. J. 91:357-362.
Miller, R.J., Rolstan, D.E., Rauschkolb, R.S. and
Walfe, D.W. (1976) Drip irrigation of nitrogen is
efficient, Calif. Agric. 30:16-18.

Locascio, SJ. and Smajstrala, A.G. (1995) Fertilizer
timing and pan evaporation scheduling for drip
irrigation method, In: Proceeding of the Fifth Inter-
national Micro Irrigation Congress on Micro Irri-
gation for a Changing World. Conserving Resources/
Preserving the Environment held at Hyatt Regency
Orlando, Orlando, Florida, April 2-6, pp.175-180.
Cook, W.P. and Sanders, D.C. (1991) Nitrogen appli-

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

cation frequency for drip-irrigated tomatoes, HortSci.
26:250-252.

FENZA wAHIEY, (1999) D= AMIAE 7]
=, &5 pas2.

Crasswell, E.T. and Godwin, D.C. (1984) The effi-
ciency of nitrogen fertilizers applied to cereals in
different climate, Adv. Plant Nutr. 1:1-55.
Singandhupe, R.B., Rao, G.G.S.N,, Patil, N.G. and
Brahmanand, P.S. (2003) Fertigation studies and
irrigation scheduling in drip irrigation system in
tomato crop, Europ. J Agron. 19:327.340.

Peech, M. (1965) Hydrogen ion activity, p. 914-926.
In: C. A. Black, D. D. Evans, L. E. Ensminger, J.
L. White, F. E. Clark and R. C. Dinauer(eds.) Me-
thods of soil analysis: Parts 2. Chemical and micro-
biological properties, No. 9 in the series of Agro-
nomy, Am. Soc. of Agron, Inc. Publisher.

Bower, C. A. and Wilcox, L. V. (1965) Soluble
salts, p. 933-951. In: C. A. Black, D. D. Evans, L.
E. Ensminger, J. L. White, F. E. Clark and R. C.
Dinauer(eds.) Methods of soil analysis: Parts 2.
Chemical and microbiological properties, No. 9 in
the series of Agronomy, Am. Soc. of Agron, Inc.
Publisher.

Nelson, D. W. and Sommers, L. E. (1982) Total car-
bon, organic carbon, and organic matter, p. 539-579.
In: A. L. Page, R. H. Miller, and D. R. Keeney(eds.)
Methods of soil analysis: Parts 2. Chemical and
microbiological properties, 2nd, No. 9 in the series
of Agronomy, Am. Soc. of Agron, Inc., Soil Sci.
Soc. of America, Inc. Publisher.

Day, P. R. (1965) Particle fractionation and particle
size analysis, p. 547-567. In: C. A. Black, D. D.
Evans, L. E. Ensminger, J. L. White, F. E. Clark
and R. C. Dinauer(eds.) Methods of soil analysis:
Parts 1. Physical properties, No. 9 in the series of
Agronomy, Am. Soc. of Agron, Inc. Publisher.
Bray, R. H and Kurtz, L. T. (1945) Determination
of total, organic and available forms of phosphorus
in soils, Soil Sci. 59:39-45.

Thomas, G. W. (1982) Exchangeable cations, p. 159-
165. In: A. L. Page, R. H. Miller, and D. R. Keeney
(eds.) Methods of soil analysis: Parts 2. Chemical
and microbiological properties, 2nd, No. 9 in the
series of Agronomy, Am. Soc. of Agron, Inc., Soil
Sci. Soc. of America, Inc. Publisher.

Bremner, J. M. (1965) Total nitrogen, p. 1149-1178.




312

ole1 % -

A -

uhle

26.

27.

28.

29.

In: C. A. Black, D. D. Evans, L. E. Ensminger, J.
L. White, F. E. Clark and R. C. Dinauer(eds.)
Methods of soil analysis: Parts 2. Chemical and
microbiological properties, No. 9 in the series of
Agronomy, Am. Soc. of Agron, Inc. Publisher.
Masson, ]., Tremblay, N. and Gosselin, A. (1991)
Nitrogen fertilization and HPS supplemental lighting
influence vegetable transplant production. I. Trans-
plant growth, J. Amer. Soc. Hort. Sci. 116:594-598.
Melton, RR. and Dufault, RJ. (1991) Nitrogen,
phosphorus, and potassium fertility regimes affect
tomato transplant growth, HortSci. 26:141-142.
Widders, LE. (1989) Pretransplant treatments of N
and P influence growth and elemental accumula-
tion in tomato seedlings, J. Amer. Soc. Hort. Sci.
114:416-420.

Marry C., Halbrooks, A. and Wilcox, G.E. (1980)
Tomato plant development and elemental accumula-
tion, J. Amer, Soc. Hort. Sci. 105:826-828

30.

31.

32.

33.

34.

Tei, F., Benincasa, P. and Guiducci, M. (2002) Critical
nitrogen concentration in processing tomato, Europ.
J. Agron. 18:45-55.

Vavrina, C.S.,, Hochmuth, G.J., Cornell, J.A. and
Olson, S.M. (1998) Nitrogen fertilization of Florida-
grown tomato transplants: Seasonal variation in green-
house and field performance, HortSci. 33:251-254.
Weston, L.A. and Zandstra, B.H. (1989)Transplant
age and N and P nutrition effects on growth and
yield of tomatoes, HortSci. 24:88-90.

Garton, RW. and Widders, LE. (1990) Nitrogen and
phosphorus preconditioning of small-plug seedlings
influence processing tomato productivity, HortSci.
25:655-657.

Liptay, A. and Nicholls, S. (1993) Nitrogen supply
during greenhouse transplant production affects sub-
sequent tomato root growth in the field, J. Amer.
Soc. Hort. Sci. 118:339-342.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /20faces
    /3Of9Barcode
    /AllegroBT-Regular
    /Apple-Chancery
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /Batang
    /BatangChe
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /CandyBitsBT-Regular
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGOmega
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGTimes
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /Clarendon-Bold
    /Clarendon-Book
    /Clarendon-Condensed-Bold
    /ClarendonExtended-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /CopperplateGothicBT-Bold
    /Coronet
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /Debussy
    /Digiface
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /EstrangeloEdessa
    /FencesPlain
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FuturaBT-Light
    /FZSY--SURROGATE-0
    /Gaeul
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GillSans
    /GillSans-BoldCondensed
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GoodDogCool
    /Goudy
    /Goudy-Bold
    /Goudy-BoldItalic
    /Goudy-ExtraBold
    /Goudy-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Regular
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /H2gprM
    /H2gsrB
    /H2gtrB
    /H2gtrE
    /H2gtrM
    /H2hdrM
    /H2mjrB
    /H2mjrE
    /H2mjsM
    /H2porL
    /H2sa1M
    /H2wulB
    /H2wulE
    /H2wulL
    /H2wulM
    /HaansoftBatang
    /HaansoftDotum
    /Haettenschweiler
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Oblique
    /HelveticaLight
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HiTelWulTitle
    /HoeflerText-Black
    /HoeflerText-BlackItalic
    /HoeflerText-Italic
    /HoeflerText-Ornaments
    /HoeflerText-Regular
    /HYbsrB
    /HYBuDle-Medium
    /HYcysM
    /HYgprM
    /HYGraPhic-Bold
    /HYgsrB
    /HYgtrE
    /HYhaeseo
    /HyhwpEQ
    /HYKHeadLine-Medium
    /HYmjrE
    /HYMokGak-Bold
    /HYMokPan-Bold
    /HYmprL
    /HYMyeongJo-Medium
    /HYMyeongJo-Ultra
    /HYporM
    /HYSinMun-MyeongJo
    /HYsnrL
    /HYTaJaFull-Bold
    /HYTeBack-Bold
    /HYYeatGul-Medium
    /Impact
    /JoannaMT
    /JoannaMT-Bold
    /JoannaMT-BoldItalic
    /JoannaMT-Italic
    /KangSan
    /Kartika
    /KorinnaITCbyBT-Regular
    /Latha
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-BoldSlanted
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /Love
    /LubalinGraph-Book
    /LubalinGraph-BookOblique
    /LubalinGraph-Demi
    /LubalinGraph-DemiOblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /MagicR-HM
    /Mangal-Regular
    /Map-Symbols
    /Marigold
    /MDAlong
    /MDArt
    /MDEasop
    /MDGaesung
    /MDSol
    /MicrosoftSansSerif
    /MingLiU
    /Monaco
    /MonaLisa-Recut
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MVBoli
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewGulim
    /NewYork
    /NSimSun
    /Nuggim
    /Optima
    /Optima-Bold
    /Optima-BoldItalic
    /Optima-Italic
    /Oxford
    /Pado
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PMingLiU
    /PrinceM
    /Raavi
    /SaenaegiR-HM
    /SanHgM
    /SanKsM
    /SanPkL
    /SeUtum
    /SHeadG
    /SHeadR
    /Shruti
    /SimHei
    /SimSun
    /StempelGaramond-Bold
    /StempelGaramond-BoldItalic
    /StempelGaramond-Italic
    /StempelGaramond-Roman
    /Sylfaen
    /Symbol
    /SymbolMT
    /TaeUtum
    /Taffy
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TeXplusEF
    /TeXplusEF-Bold
    /TeXplusEM
    /TeXplusEM-BoldItalic
    /TeXplusEM-Italic
    /TeXplusEX
    /TeXplusMI
    /TeXplusMI-Bold
    /TeXplusRM
    /TeXplusRM-Bold
    /TeXplusRM-BoldItalic
    /TeXplusRM-Italic
    /TeXplusSA
    /TeXplusSB
    /TeXplusSY
    /TeXplusSY-Bold
    /TeXplusTE
    /Times-Bold
    /Times-BoldItalic
    /TimeScrD-Bold
    /TimeScrD-Ligh
    /TimeScrD-Medi
    /Times-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TypoEnterForever10
    /Univers
    /Univers-Bold
    /Univers-BoldExt
    /Univers-BoldExtObl
    /Univers-BoldItalic
    /Univers-BoldOblique
    /Univers-Condensed
    /Univers-CondensedBold
    /Univers-Condensed-Bold
    /Univers-Condensed-BoldItalic
    /Univers-CondensedBoldOblique
    /Univers-Condensed-Medium
    /Univers-Condensed-MediumItalic
    /Univers-CondensedOblique
    /Univers-Extended
    /Univers-ExtendedObl
    /Univers-Light
    /Univers-LightOblique
    /Univers-Medium
    /Univers-MediumItalic
    /Univers-Oblique
    /Utum
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /YDIBirdM
    /YDIBlueEB
    /YDIGasiIIB-KSCpc-EUC-H
    /YDIGasiIIL-KSCpc-EUC-H
    /YDIGasiIIM-KSCpc-EUC-H
    /YDIHSalM
    /YDIIrisM-KSCpc-EUC-H
    /YDISapphIIB-KSCpc-EUC-H
    /YDISapphIIL-KSCpc-EUC-H
    /YDISapphIIM-KSCpc-EUC-H
    /YetR-HM
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
    /KOR ()
  >>
>> setdistillerparams
<<
  /HWResolution [1700 1700]
  /PageSize [612.000 792.000]
>> setpagedevice


