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Analysis of yield from a 3 m high tomato community where the leaf

area was controlled by using daily quantitative regulation of

nitrogen at 4 different levels for a whole year

Norio Hosor

Synopsis

The leaf area index (LAI) of 2 m and 3 m high communities was controlled by using daily quantitative

regulation of nitrogen in 4 steps of 5 from 2 for a whole year.

The high yielding ability 3 m tomato

communities had been analyzed by comparing the form for light intercepting system and the yield

components from 3 m and 2 m communities.

Key Word : LAI control, tall tomato community, quantitative reguration of nitorogen, analysis of yield.
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Table 1 Effects of daily control of nitrogen fertilizer on the leaf area index of tomatoes
at a height of 2m* and 3m™ " at the first ten days of every month.

LAI LAI Month Mean
Target” 7 8 9 10 11 12 1 2 3 4 5 6 7 8 LAI
20 05 18 22 22 21 21 20 19 19 20 21 20 2.05”
3+ 05 23 33 33 32 32 31 30 29 28 28 29 3.06”
4o 1.4 26 37 42 42 40 38 38 38 40 42 41 3.96"
5%t 08 28 41 49 51 48 48 50 52 52 51 5.0 5.017
22 0.7 22 21 21 20 20 19 20 21 22 21 21 2.077
4 06 29 42 42 41 40 39 38 39 39 40 40 4.00?

* The leaf area of the tomato plants that has been training at 2m at the tip of stem
* *The leaf area of the tomato plants that has been training at 3m at the tip of stem

D The aim of LAI control of the tomato plants

2) Sowing date : 1997 May. 15. Planting date : 1997 Jul. 15.
3) Sowing date : 1997 Jun. 15. Planting date : 1997. Aug. 15.

49 Sowing date : 1997 Jun. 15. Planting date : 1997. Sep. 3.

5 Mean of the leaf area index of tomatoes from Oct. in 1997 to Jul. 1998.
6) Mean of the leaf area index of tomatoes from Nov. in 1997 to Aug. 1998.
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Table 2 Effects of daily control of nitrogen fertilizer on the number of green leaves on the main

stem of tomato plants at a height of 2m” and 3m

* ok

at the first ten days of every month.

LAI Month Mean
Target"” 7 8 9 10 11 12 1 2 3 4 b 6 7 8
2 13.7 22.7 29.4 293 29.0 288 28.6 289 28.2 281 28.0 279 284 28.6
3P 174 26.7 29.0 28.8 28.6 285 28.4 282 28.0 289 27.8 27.8 28.2 28.4
4o+ 16.5 25.6 27.5 285 28.4 282 28.0 28.0 27.7 275 27.6 275 27.6 27.8
57 ** 16.5 254 27.6 278 27.3 271 27.2 275 276 274 279 277 27.7 27.3
20 13.8 206 26.2 26.0 25.7 252 26.1 258 254 259 253 254 255 25.7
4v 154 21.7 25.0 229 16.7 18.0 21.2 229 22.7 238 23.6 232 22.8 22.0

* The leaf area of the tomato plants that has been training at 2m at the tip of stem
* *The leaf area of the tomato plants that has been training at 3m at the tip of stem
1D The aim of LAI control of the tomato plants
2) Sowing date : 1997 May. 15. Planting date : 1997 Jul. 15.

3) Sowing date : 1997 Jun. 15. Planting date : 1997. Aug. 15.
4 Sowing date : 1997 Jun. 15. Planting date : 1997. Sep. 3.
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Table 3 Effects of daily control of nitrogen fertilizer on the amount of transpiration per plant
per day each month.
LATY Amount of water transpiration (liter/plant/day)
Target Month Total """
8 9 10 11 12 1 2 3 4 b) 6 7 8
29 0.18 0.42 078 0.79 037 034 031 040 042 047 0.52 0.61 629.9
3 0.18 0.58 087 0.81 048 046 0.37 049 0.51 0.52 0.68 0.70 751.8
4o =+ 0.14 035 0.69 0.67 055 042 053 061 0.69 0.77 091 0.93 806.8
57 ¢ 0.15 0.39 063 0.58 047 0.36 0.53 060 0.72 0.88 0.94 0.99 824.2
2 0.20 0.46 066 0.76 042 035 0.34 042 0.44 049 0.53 0.65 646.4
4v+ 0.20 0.46 0.67 0.55 047 035 0.48 054 0.58 0.65 0.77 0.79 737.9
* The amount of transpiration of the tomato plants that has been training at 2m at the tip of stem
* *The amount of transpiration of the tomato plants that has been training at 3m at the tip of stem
* * x The total amount of transpiration of tomato plants ( t/10a/year)
D The aim of LAI control of the tomato plants
2) Sowing date : 1997 May. 15. Planting date : 1997 Jul. 15.
3) Sowing date : 1997 Jun. 15. Planting date : 1997. Aug.15.
49 Sowing date : 1997 Jun. 15. Planting date : 1997. Sep. 3.
Table 4 Effects of the different levels of leaf area index on the yield (kg/124 plants) and
Brix of tomatoes at a height of 2m™ and 3m™".

LAI Yield (kg/124plants) Yield () /
Target"” Month 10a/Year
9 10 11 12 1 2 3 4 ) 6 7 8
29 137 122 109 98 83 37 43 59 56 63 66 26.2

(Brix) 4.9 6.3 G6) (9 6.2 6.6) 65 (6.2 (6.1 (6.1 6.0

3 135 155 143 109 86 58 52 5 82 100 95 33.1
(Brix) @9 G.2) G6) G (9 6.1 (6.2 (6.1 6.0 (6.0 6.0

4o 132 150 145 93 78 T 88 114 130 134 132 38.3
(Brix) G.0 (B3 GhH (G6) (B8 6.0 6.0 6.0 B8 ((B.6) (5.6)

5V 109 154 136 85 67 79 91 119 146 145 142 38.2
(Brix) (5.0) 5.2 Bbh G5 B8 B9 B9 6.0 B8 BT (55

29 138 127 107 92 87 39 47 50 63 67 66 26.5
(Brix) 4.9 (3 G6) (8 (6.1 6.3 6.3 6.1 6D 61D 6.1

4o+ 81 131 116 94 53 48 67 87 83 87 80 27.3
(Brix) 49 (.2 (.3 G5 G8 (B9 G G6) B4 (B4 (G5

* The leaf area of the tomato plants that has been training at 2m at the tip of stem
* *The leaf area of the tomato plants that has been training at 3m at the tip of stem

D The aim of LAI control of the tomato plants

2) Sowing date : 1997 May. 15. Planting date : 1997. Jul. 15.
3) Sowing date : 1997 Jun. 15. Planting date : 1997. Aug. 15.
49 Sowing date : 1997 Jun. 15. Planting date : 1997. Sep. 3.
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Fig. 1 Relationships of the yield and the leaf area
index (LAD of tomato communities in green-
houses

O : Yield of 124 plants (Average of Jan. Feb. Mar. in 1998)
and leaf area index (LAI ; Average of the 3 month, 3.7
plants/m?)

@ : Yield of 124 plants (Average of May, Jun. Jul. in 1998)
and leaf area index (LAI ; Average of the 3 month, 3.7
plants/m”)

@ : Yield of 124 plants (Average of the 12 month from
planting)

Sowing date : 1997 May. 15.~Jun. 15. Planting date :
1997 Jul. 15.~ Aug. 15.
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Fig. 2 Productive structure diagram of tomato communities at a height of 3m

at the tip of stem with different LAI in greenhouses

Upper right community with LAI © 3.2

Sowing date : 1997 May. 15. Planting date : 1997 Jul. 15. Investigate date : 1998 Jan. 25~31.

Under right community with LAI : 4.8

Sowing date : 1997 Jun. 15. Planting date : 1997 Aug.15. Investigate date : 1998 Feb. 20~25.
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Fig. 3 Productive structure diagram of tomato communities at a height of 3m

at the tip of stem with different LAI in greenhouses
Upper left communitiy with LAI : 2.0

> TLAI 28 2.1 05 4. 8 NI TE MR I o YU FE
AL D ERRI3HL F 1. 65~1. 50m A 5 1. 35~1. 20m ~#Y

30cm FREL /2.

Fig. 1 OB (5, 6, 7H) 1Txd 2 Fbsk 7k

Upper right community with LAI : 2.9
Sowing date : 1997 May. 15. Planting date : 1997 Jul. 15. Investigate date : 1998 Jul.25~31.

Under left communitiy with LAT : 4.1

Under right community with LAI : 5.0
Sowing date : 1997 Jun. 15. Planting date : 1997 Aug.15. Investigate date : 1998 Aug.25~31.
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RKEORIFZEFHOERMRD L, #E 0. 60m LITF
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FECHHREE BRI K i, MR D IEFIC  B IR HE O &
R I 3K 63klux @ & EHb k1. 05~1. 20m & &
IMTREP IS TR0 IR - 0%), ML 6klux
$TH o7z, LAL: 2.9 OEARETIR, #HZRDIEFICE
o BARATED I R AT 62klux @ & & I 1. 05~
1. 20m JE A& b BEMN T2 D, B 5, Sklux
TH o7z, LAL: 4.1 OfARRETE, #2EDIETICEY
% AR R BED i BRI A3y 62klux @ & EHb | 1. 35~
1. 50m J&Z& FuniTix S IEN TR0, I Sklux i#
TdH -7, IFEERREATEOICHY 92 LALI 5.0 D
AAREETIR, M2 IEFICE T 2 AIEREO &K LI E
9 62klux @ & Z#b k1. 50~1. 65m J& % Hl ik &1
FEDSF D, BT 4dklux 5ETdH - 72,

AN EOXEL, Mk 2 85~3.00mELD
1.80~1.95m JEE TR ESZHL, ZOFEMS 0. 75~
0.90m J& £ TOEALIZENTH B0, ZhL FOETIE
OB I LTI EESREICHm L, £z,
TEARED LAL 23 2 05 5 ~NBETITAEOEXT O LD 0 3%
FOMAMCHEM U7, LAL: 2.0 AR O REE R

A AT 1%, Mk 1.65~1.80m @k bEL,
0.90~1.05m JE & TITB L7z, LAIL: 2.9 OfEfARED $
J2diE, bl 1.65~1.80m AR bEL, 0.90~1.05
m JHE TITH U, LAL: 4.1 OEARE O Bo2H1Z, H
F1.35~1.50m @i b EL, 0.60~0.75m Jg % Tic
U7, LAL:5.0 OEARFORIZE CRA+ BHRTD)
1%, HbF1.20~1.35m @2 bEL, 0.60~0. 75m &
FTICHA L., T70Db D5, & 3m IZHEFId 5 LR
DOUHERLE O EFRIZ 1. 8m & < IUHEIZ 1340 B 25 B %
BWET D, Fi, LAIN2.0M,56 5.0 T ITPEOBE
G35 D WURE AL i 0 bR i34k 1. 65~1. 80m JEAH 5 1. 20
~1. 35m JE§~FJ 45cm FREL 7.

3. NEBNRERAZER

i 3m, HEELAIA 2, 3, 4, 5 OREIARER X O
= 2m, HAELAL 252 & 4 OE AR O I A2 5

A% Table 5 1IT/R L7z,

Figl, 2 &EMISd 2 &M S 200 Hk@ L1 AT
fId LAL : 2 O EBEICS VT, S 3m X EMN
4.34m, 5 2m O% K13 4.35m &, O LAIK#ET
FEREIE -7, LAL: 2 OEBRICB LTI, i
3m & 2m OEAREH TR & MMk aEmds, R, fE
B, WHERFBE, ICR, B, REYMC0 BB XU

Table 5 Effects of the daily control of nitrogen fertilizer on the growth of tomatoes plants

at a height of 2m" and 3m™~

Stem Num. of Num. of”  Yield Number ~ Number Weight of
LAT Days of Num. of . . . . .

Target’  cultivation length leaves flowering  fruit (kg)/  of fruits of fruits/ each fruit

(m) clusters  clusters plant /plant  clusters (g)
22 200 4.54 57.1 17.1 10.6 4.42 26.7 2.5 165.2
37 200 4.48 59.8 17.6 10.7 5.06 31.3 2.9 161.4
47 196 4.54 61.9 17.6 10.8 4.82 31.4 2.9 153.1
59 196 4.49 61.7 17.5 10.5 4.44 29.5 2.8 150.5
29 200 4.35 57.3 174 10.4 4.44 27.2 2.6 162.8
47 178 4.43 58.0 17.2 10.1 3.83 27.3 2.7 140.3
22 380 8.28 994 32.6 26.8 7.00 45.5 1.7 153.9
32 380 8.51 115.2 33.3 27.5 8.86 h8.8 2.1 150.7
4o+ 380 8.65 118.9 33.5 21.7 10.29 72.1 2.6 142.9
57+ 380 8.59 118.4 33.4 27.2 10.26 71.9 2.6 142.7
20 380 8.17 96.1 29.9 25.2 7.08 47.3 1.9 149.6
4v 362 8.21 97.3 30.1 24.9 7.30 54.1 2.2 135.7

* The leaf area of the tomato plants that has been training at 2m at the tip of stem
* *The leaf area of the tomato plants that has been training at 3m at the tip of stem

1D The aim of LAI control of the tomato plants

2 Sowing date : 1997 May. 15. Planting date : 1997 Jul. 15. Investigate date : 1998 Jan. 26~31 and Jul. 25~31
3) Sowing date : 1997 Jun. 15. Planting date : 1997. Aug. 15. Investigate date : 1998 Feb. 20~25 and Aug. 25~31
49 Sowing date : 1997 Jun. 15. Planting date : 1997. Sep. 3. Investigate date : 1998 Feb. 20~25 and Aug. 25~31
5 Number of fruit clusters after harvesting Electric conductance of nutrient solution (EC) : 1.7 (dS*m ")
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TEHEM S 196 A, #7%F 3m, LAIL : 4 OfEKRE & Mg
U, LAL:5 ofE&BEOXE, M, fEmn%, IERE
B, AN DI, B, REA00RBB IO
WEEEbITMITEH -2,

TABORE L OFEE % 3m, LAI %2, 3, 4, 5 &%
AT, MM S 440 H, @i S 380 HIEFH: U Fig.
1, 3iTxsd 2 HEEkBHC>WT, EEORIELKTH
£ EEMOMEBNEAL X, LAI:4>5>3>2 2R L7k,
N S S D R B P D B AR T IAA 1, LAT - 4>3
>5>2 &/ Ui, £, PUEM LA 4>5>3>2 Ofi

RBEALL 2R 3 R, 1 R E O EAREEA A LAL @ 2
>3>4>5Th->Th, fEAKN720LBICBIF % LAL:
4>5>3>2 OMARBEHIOER MK E NI ST 3.

380 Hikky L7 LAL : 2 ofABEIC B LT, M5 2m
AR O R EE L TIREORE, R, BEAERE
IHERFEH O VT &1HE 3m [EREHZS -7z, Ll
ARG 72 0 B8, BN 72 0 BB 2m MRRRE, 1
R Sm HARENE > TH Y, HEE U THERR
DR 3m & 2m B O IR I 225 TN - 7o,

—77, 362 HAkK: U7z LAL : 4 offkBHIc BT, H
& 2m AR O R ARTIREORE, R, bt
L, WHEREBHO WIS 380 HEHE L7 & 3m
AR LE LS H -, 7, B 2m EAEEO
ARG 72 0 5%, BEM72 0 B, 1 RER, BHE 3m
AL LT N EH > TH D, & 3m KR
IR (A 2m (AR IC B U 309018 - 72

4 LZYDOEELHSEDORAE
Bt 3m, HAELLAI A2, 3, 4, 5 OfEEREE X OHt
i 2m, HEELAI 2 &4 ofkEHIC >0 T, Fig. 1,
2, 3 EHIET BEME 196~200 H B & ALEHH T e D i4
DR, XEB LOYREL Table 6 IR LK.
FERID 1 HRB L2 HROHFAMARETIE, FEEH

Table 6 Fresh weight of leaf, stem and immature fruit of tomato plants at a height of
2m” and 3m" " with different LAI in greenhouses.

; Daxs of Leaf Stem Imma?ure Standing Fruit/ Fruit/ o Yie%d/ DW
LAT culltlva— (/) (g/m) Fruit Leaf Leaf  (Yield”) Yi. /102
tion (g/m)  (g/m") +Stem +St.Cr.”
27 200 949.6” 1218.7  5207.1  7375.4 5.48 240  (16.57)  0.691 1.19
37 200 1269.8  1306.3  5839.7  8415.8 4.59 2.57  (18.8) 0.690 1.36
49+ 196 1732.0  1389.2  6958.4 10079.6 4.01 2.25 7.9 0.639 1.39
57 196 1954.2  1396.0  6629.8  9980.0 3.39 1.97  (16.5 0.623 1.32
29 200 850.6” 1275.0  5315.8  7439.4 6.24 2.50  (16.5) 0.689 1.19
47 178 1727.8  1374.8  5726.5  8829.1 3.31 1.84  (14.3 0.618 1.15
20 380 861.37 2325.1  5057.2  8270.1 5.90 1.59  (26.2) 0.760 1.72
37 380 1189.0  2481.5  5573.6  9244.1 4.68 151 (33.D 0.783 2.11
49 380 1723.7  2647.4  6635.4 11006.5 3.85 151 (38.3) 0.792 2.46
5Y** 380 1995.2  2670.8  6587.1 11253.1 3.30 141 (38.2) 0.792 2.47
207 380 904.1” 2391.8  5114.7  8410.6 0.65 1.55  (26.5) 0.759 1.74
40 362 1720.5  2598.6  5584.9  9904.0 3.24 1.29 (21.3) 0.734 1.86

* The leaf area of the tomato plants that has been training at 2m at the tip of stem
* *The leaf area of the tomato plants that has been training at 3m at the tip of stem

1D The aim of LAI control of the tomato plants

2) Sowing date : 1997 May. 15. Planting date : 1997 Jul. 15. Investigate date : 1998 Jan. 256~31 and Jul. 25~31
3) Sowing date : 1997 Jun. 15. Planting date : 1997. Aug.15. Investigate date : 1998 Feb. 20~25 and Aug. 25~31
49 Sowing date : 1997 Jun. 15. Planting date : 1997. Sep. 3. Investigate date : 1998 Feb. 20~25 and Aug. 25~31

5 (g/m?) 6) Yield/ (Yield+Standing Crop)

7 Yield (kg/m®)
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WA RS RHEE R L ORHEE S GEREXHE) (1,
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Table 7 Content of inorganic elements in used solution on hydroponic culture in greenhouses.

Days of Content of elememts in nutrient solutions (ppm)
cultivation NH-N NO:-N P.O; KO CaO MgOMnO B:0; Fe Cu Zn Mo Na Cl SO
2 200 ND? ND 142 365 234 141 13 1.5 28 .09 0.1 .07 23 116 340
3 200 ND ND 138 376 202 140 1.3 14 26 .08 01 .07 21 185 356
4 168 Tr”  Tr 182 367 190 117 1.3 15 25 0.1 01 01 20 193 371
5 168 Tr 115 138 361 199 110 14 14 238 0.1 0.2 01 24 208 397
2 200 ND ND 131 382 155 133 1.3 19 28 0.1 01 .08 23 169 334
1" 149 Tr Tr 137 408 178 126 1.3 1.6 27 01 0.1 01 19 179 352
20 380 ND Tr 152 150 495 125 1.0 1.7 31 03 0.2 01 114 585 853
3P 380 Tr Tr 138 144 558 131 1.2 1.2 31 0.2 02 0.1 123 619 882
49 349 Tr Tr 123 142 561 117 1.2 14 23 0.2 0.2 0.1 136 645 917
5Y 349 08 Tr 124 128 58 99 1.2 15 23 02 02 0.1 146 681 993

LATY

20 380 ND Tr 237 275 481 8 1.0 13 31 01 0.2 01 94 58 846
4v 332 Tr 1.8 148 199 527 94 11 156 35 02 0.2 01 131 613 978
Sta” Tr” Tr 120 400 (100)” 66 15 15 25 .03 .09 .03 Tr 126 311

* The leaf area of the tomato plants that has been training at 2m at the tip of stem
* *The leaf area of the tomato plants that has been training at 3m at the tip of stem
D The aim of LAI control of the tomato plants
2) Sowing date : 1997 May. 15. Planting date : 1997 Jul. 15. Investigate date : 1998 Jan. 31 and Jul.31
3) Sowing date : 1997 Jun. 15. Planting date : 1997. Aug.15. Investigate date : 1998 Jan. 31 and Jul.31
4 Sowing date : 1997 Jun. 15. Planting date : 1997. Sep. 3. Investigate date : 1998 Jan. 31 and Jul.31
5 (100) : Content of CaO at the beginning of the culture (ppm) 6) Standerd solution : EC2.2, pH5.8
7 Tr : Trace 8 ND : Not Detect

Table 8 Content of inorganic elements in tomato fruits on hydroponic culture in greenhouses

LAI  Brix H.0” N P K Ca Na Mg Mn B Fe Cu Zn Mo
% % % % % % 9% ppm ppm ppm ppm ppm ppm

20 6.3 93.4 4.3 0.32 4.0 0.10 0.06 0.13 04 61 124 79 31 10.9
32 5.1 94.9 4.4 0.33 4.2 0.12 0.06 0.15 59 66 127 8.1 31 10.3
4o+ 4.5 95.0 4.6 0.34 4.0 0.11 0.06 0.14 51 58 115 7.8 28 9.5
57+ 4.3 95.1 4.6 0.35 3.9 0.11  0.04 0.15 52 99 123 7.9 30 10.8
20 5.9 94.5 4.5 0.33 4.0 0.11  0.06 0.14 58 65 118 8.5 30 9.7
4v 4.1 95.3 4.6 0.36 3.8 0.10 0.04 0.16 53 o7 122 8.3 30 6.8
* The leaf area of the tomato plants that has been training at 2m at the tip of stem

* *The leaf area of the tomato plants that has been training at 3m at the tip of stem

D The aim of LAI control of the tomato plants

2) Sowing date : 1997 May. 15. Planting date : 1997 Jul. 15. Investigate date : 1998 Jul.31

3) Sowing date : 1997 Jun. 15. Planting date : 1997. Aug.15. Investigate date : 1998 Jul.31

49 Sowing date : 1997 Jun. 15. Planting date : 1997. Sep. 3. Investigate date : 1998 Jul.31

5 Content of water in fresh fruits

o b MEARFEOIEMEE Fio 7 I & MRatd 5. TFENEE R U &, RS HEHT Y7 5 Bl
1) EBOHH ZH b EEEEOROHENE LTS, AllRL D,
¥ 14RO, LAL: 4 Z#ERf U7 ktm 3m AR, it Sm (AREED L 13 2m EIRTE & Bl U ALz &

B 2m, LAIL: 4 OEAEFEE L (Tabled), ¥% 0, AESOSKRIE 2m MEFEX D FERG R T 5.

ENEL, BXEENE L, AR SR ERDS S 512 3m AR O @Y/ ERER I 2m AERBEE MK LS

Z, Thbb, FEOLEEEORMMNEN &GRS WIESEROHEWGER EHEZE SN D (Table 5, 6).

N, ZHIHEOCEEBRHIEEE LR b MT 2 b0 &t —F, FEE /EXERRCEXR MEEHO LI,

XN 5B, Atherton et al. (1986) i, A 71 ¥ — LAI : 4 Offf& 3m & 2m EABERNIC R & 75 255 1341 <,

HATHEEEN . b~ P OLEESEE 2m fEROEN T iR EREIEOEHEIN S, £/, LAL 4 O
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i 3m & 2m EREE O EE ORI, Bk CGHJE,
2001a) OHfE 2m, LAI: 4 OB & HEIZB LT
FIRE IS ks ROsHER S fe.

B 3m, LAT : 4 fEIKEEO RIFRAIE, BE 2m
REEE i LR s h, INHERERSZ VRHEMNH 5
(Table5). Z @K, &A% 3m O KT D B
BEZh 2 RIFEXD BALITH 2IEE CEmBR) 25, LAI
AL WS 2m OEAREE GRIJE, 2001a) & MG UM
SRS (BD1n ), RIITHESED Y 2B
{, BEHPEENZ NI &, &51T, &YERERD 2m @
REEEHIELZ N 2B L &5 (Table6).

2) ZREBLEHEOEHH

LW LAL %2 & O 2m EARE GHiF, 2001a) &
3m fEIARRED B FERE R O Ll A &, BRI K O 9050
& SIS 3m AR OOGIHIERIE, B 2m (8 AR
L/ E W, UL LAL 2 & 2fE 2m G,
2001a) & 3m EMAKFED m*Y7c O AETEHR T IFIFFEL <
(Table 6), #f& 2m BAREDO A ZEZE S 2m D 2L fH,
15cm DRI 5 & 13~14 Jg Giigt, 2001a), #if
e 3m EAKEE X 3m D ZER, 15cm DO EHIZ /) 5 &
18~19/8 (Fig.1, 2) XT3, Lich-T, fitE
2m ERBED K JE B O A ZE T 1 3m AR L 0 1.5 558
B, & 2m & 3m EAEFEOHBMEIZIZIZELL
(Table 5), #JEIZET 2 EHIFITIFELL., T4b
B, 5 3m EEKEEEEKT 5 L% LWL LA Of#fE 2m
AR i L, 1 3EY 2 0 o ERENEL, R
INUIEREE 73 5. b b, B 3m EAEETE LWL
LAT O#E 2m AR & iR L, /NEMLWZER (3m)
BT 5 2 Lic X b EEE, BELE S b ICEERh O
BMBRENEFITYEEIN S Z EaUna i Gy, 2001
a, Fig.2, 3). L7ed->7T, %L LAI ZFF2 ) 2m
& 3m EEEEE KT 5 &, Hoco s IEE TS Lo
CEREEDS RO IR, 2001a). Zh o, HLOR
WEARED FRLZEE, S2RICERITH D, BALAHE S
N, [ABHEPT L, FEETRERIZFSLEL
CEERT. INEOBBHMNA A AR TH B &
1%, M 2m, U@ LAT : 4 OfEARE (Table3) & Mg
U, LAI:4, & 3m AERBOEBENZ I EnS
bR T& k5. Watanave et al. (2001) %, A%
B2 A 71 O E 1. 8m OEZER O 3OEREER &
HHIL, FRZEORARRIIZERE LD S STl Ml
LERRML T a, #E 3m @ b= MAKEEO ESHE
DM B AR, BEOEBAMER LT D, EHDE
MR SN B & 2m AR O FRLETRD Sh B 23ED

bieeds 4 OURNANDE AR {2 - 0y

it 3m (EARED H BN EIC I @7 LAT 1, HEM
EX, BHEMEOEE 6, 6, TH) 280 THU L
HEME S, HEB50EEN (1, 2, 3H) Ti4T
H O, e 2m EEFEO G GEJE, 2001a) 124F
W75 LAT (BEMEMIE LAT -5, MR LATI (459 &b
e USRI, BRI & & ISR BED IR 758 LAT
KHEIL 0.5 FLER &2 -7z (Fig. 1, Tabled). %7z,
it Sm AARED IR IThFw 78 LAT o /k#E 6, 5 2m
fAfARE GHiJE, 2001a) MIEE, H4tOMmS & H4HE (F
i) IC&->TEDbBZ xR LK (Tabled, Fig. D).
3m EARTED IR IF# 72 LATL 2% 2m A{ARE & Mg L
0.5 22 &iF, Il LAT 21K U 72 i 3m ek
(&, BE 2m EARE & R LA R & AT S B2 E A
10% (0.55=0.1), 5000cm*’/ m’'ZWZ &Z/RT. #f
& 3m AR, S 2m O UfE LAT EKRE G
2001a) & Mg L#HE (7 A5ZH) &4k (Tabled) KUt
ZHE&M (Table 2, Fig.2, 3) Mk <, SeankEshy
RKIBIERIEDHIHETES. T4bL, < MAK
HotmEzm< T 5L, NESHKML, JEHRL &2
JeRHI A YGEE SN, ERFEO I E LAT 8B L, 7 AKX
Wkt (R bUEESh, RAREMHKRTE L
DREN, ZOMREE, A5 TROONEEHLOE
W b MAKBOTEKIZ, 2R om ik BE R
DGR ZEWMRE UTHETEREL EOIEZENME (MacCanna,
1979) wHEPEic Lok &t s n 3.

3) IREEHRERDOHH

W EERROANREREE 2D, HEELA K - S
T« ERBEHEAQ, BEK - FRBPBREEEQ SUE
U, #7522 LATEHITHES B& 2m (E&RE G,
2001a) DOUNEMHRERELELS &, b= FoEESR
@M HEL, @bk bilEN -7, [bHEE, B{EIEREE
FAEEEREEHHIL, @B, @kbdbE -7, —7,
INHERBEHIZONZ L, @NDEh-te, NHERERS
K MR Y 72 0 DRFRI@NE K, O b D inin -
fo. Fo, 1 REEONEL, O0RBOERETH -
fo. —77, M 3m (EIARE OB & HRE O A LB
O, hFEEIEARK - SEHRE - EREREOQ, MWK -
FEHRBFBRBEO@IZONT, KX EIRREKEE DM
R, B 2m AT & AE AT K, 2~3m HiPH O
T & 2 IR BT3RO 28 R 3 28 FL A U & BT
L.

LATL : 2, i@ 3m EA#ED 1 RE, R H1HE, )
HERER RADOKILE I, LAIL: 2 OffE 2m fEkEE
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LIFFHE L o7, —F7, LAL 234, K Sm EKEEO
LRE, BB Rm, R Ek 0K TEE I,
LAIL: 4, Hf& 2m OEEEEE K LT X TOEEDE -
7z (Table5). T7bH, LAL: 4 ZHEFF U 2cKE 3m
EAREE, 8 LAT - 4 OffE 2m EAREE Mk L, &
NTOWREEICBL, U EENHEERTEDTH S,

bbb, 5 2m ONBEITHFELERETH - e
LAI : 4 OfEfA#EE i U, LAI : 4 ZH#ERF U 78S Sm
fAfAREE (Table5), FXDEEEEDRERMEL, £
MITPEOIEB BB M 2. S S 1ckE
3m M RTE D FE M A BE R AN 2m fARTE & Hik L2 b
CEREREo#RS E 1 BEOHMICES TS (Table 5,
6). 7z, HE 3m EAREORIZRAT 2m EARE & L
LIS h, PHERFEH S Z ORFENDH 5.

U boZ &<, LAL: 4 Z#ERF U2 fhE 3m EIKEED
PR, K 2m, LAL: 4 ofEfkBeE i L, B
m(EXE, X, EER, IWHEERRD 2],
PR RCE R D 1 e < R R < WAL 5 M i

XABREL 10a X AREF OB AFICBI L, THIBEOUGE
IZh B LS iz (Table ).

4) EZMEEE L HEL DY

e om AR O R A e & ERE M RO BRI,
RO LAI O K& S ZEEICHP s h, OERD
LAL 8 X e A pE &8, Ml S h7c SRR ITHpT
B 1 BeRE, QMEARE LAT 3% 30 8 il s 2 2,
A PE R OB MARDEIR L, PO TILE 55 2 Bh
@ ZE F Mt = DB AE 5 ERTE LAT O 3N A3 3% Jak
L, SYEEEMEYT 28 3BEBIIKaSIh T3
GREJE, 2001a). A Sm MR BED sz P & 2 3
ROMRIE, 52 BHEQO LAI 2 2m MAREX 0
0.5 KREWRFHAERC &, BE 2m KO ZHh S5 DM
% EFERIGITEE U > 72 (Tabled, Fig. 1, #iFE, 2001
a).

LAI : 4, Mim 3m fEEFEO 1 EREEOBUFRIL,
1.1t /10a, #& 2m, LATI : 4 fE{K#ED 0.99,10a &£ 0,
HRIZUT10%% 0. £7, LAL: 4 O#E 3m AR
ORWHEFERL, 2m EAREE IR L, 30% 5 - 7c.
TbBL, I LAT ICHIE S 72485 3m R,
INEZTRBA L, BB &  SPRRB R 2 (%
o) HFogREh, BE 2m OIfE LA MERX D
W A 20~30% K3 B T L sl hE &Il & w7z
(Table 6).

KA ETE Y v 7 BB LY — RBE ORI
WHRAERTRHIE ERERLORHE GEE+XE) O

It (Table6) 1%, 14Ef&E L7z LAL: 2 O#ifE 3m & 2m
DOEAKEETIZZEBOUNETH 555, LAL: 4 TREE
3m EERED & > 7 SR E DO ELR IS 2m 8 KHE &

DESMNIZEWL, b5, IFE LAT ICHH S 7o
& 3m EAREEE, IFa LAT O & 2m R b U
VU ERENDUSIR b B LT 5.

RIS BARITET 208, (R +BlfiR)
O, 1HERE U HE 2m & 3m @ LAT @ 2 AR
TIEERIIZ VA, LAL: 4 TIEHE 3m AR K &
W, T L, i LALICHIE S ot Sm R R EE
13, M 2m EARBHC IR L > o 7 B E A~ OE LR
BeEHEIN B LI, EWAEERN 30%2 <, RIFEE
EERE, B om EAREL D 40% UETRE &, WA
PE & SO SHEE S iz,

5) IN8 & RE DM

FEHRSEMAEEHCT, #E3m o b= MAKEO
LAT % A BT If 8 75 K #8 1 i AH U Tl 2m o {8 i
BEE W U7c & 2 A, il 3m MAREHI AR S SE
SHAERDM#EC, IR ERO 1 7H, 5535,
WHERH D gEE S h, RIEN DY ERD 5
U, D ouzErE RN 30%2 <, IS5 2m
REEE ML 40%dEESI N, T748bb, 5 3m M
RO ZINIER, e OLREER « A3E8) LA
(7 AZH) BEEN & <, IRITHFE 7S LAL 29815 2m
fEARTEE R U 0.5 BRIER & L, s EpE & 0. 6t
10a4E, 30%HaML, ¥ 7 o8Ths 1 BE, B
SR B X OCIEREE AR ED, RE~DEH
Bl E O C SIS 5 (Table 5, 6).

M 3m AR OB R, A, HCRER, 60 g
UTo/NEHEOAREE, BE 2m HEHE L ik 5 &
REFEOHMIZPEN PR LA, RIEORMBTIIAER
ML -7z, Fiz, BE & LRI RIC—E O BIRITH
WoNEM -7z (Tabled), b= MR, EHD
BOEMHEEROS &, BRSO ZEREL O
KE=MWE CxBARICHIHTRET, BRI EC @2, %
I EC : 1.7 Z#EFF L, LAI % 3 ZHI60 U7 #fE2m
RO BRIz E 1.0 U Lckicikd 2 & 23
Wiz G, 2000). 7, EELBSEMKMEEICLS
B0 E CHfi (HAZ LAL : 2~2.5, EC : 2.5~4)
O TR IORE LG R2 Bk U o E b uliETH D
CHHE, 20000, #EEE 8 LI Lok %2 Hi & U 7o dkks
(EC :3=) IHRBRKICEMERMEN TR H 20D
St (N 4ppm), IEIEFFH L KT L b 8~10,
6~8 b AR,
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6) IEERLEEREAEDHH

WA DILOEMET b~ MK E BRI 5 &,
FHRS> 2 35 v 2B LU 7o B X Ds i KINUE %15
B, AAFWCRREE O NEHRME B, EREDE A SR AR
K& 5 LAl # B ICHSi s T0 5. fEIKEFO LAI
DSEEE R I R S IR o B IR, SRRt % 2
BRI b L — ZIRRBE TN S 1, = D% 20 KRR
VLEARRICERIBEC, WRRKRERL S, TH8DD,
TEDHER O RABE I, H IO E R EITHRD
CENHMTH Y, HHOERMHREZIYD 5 HHEH
A T GER) b SH . (TEY) ~BAiT L
& A ITRBRBEE DR H 5.

FEHRPNEHE L% OB SNBSS 2m © b=
MEARREZ, EC 2 LIF, 4@ LAI TEH I S &
MERO AR EZRBER PP SBILL, HEHRBS ORI
W, T, EC 2 LUF TR ICE R ik
THEBRIREI AT 5 &, MATHIA%ESICES &
e s e iR 2001a). ZH S ORI, BiE 3m
OFEEEHICB T H L L (Fig. 1, Table?). 972
B, K 3m EEREEO BRI & E LAT B & IR
ORI, ¥E 2m & FEBC, OmERO LAl B LU
WA, Hif S hicZERRITHHIT 258 1 BRES, Otk
B LAT 3SR =12l 5 2 A%, IR O B8 33
WU, P TILE 25 2 Bl @XM &M
5 EARE LAT O B2 0@ i L, INESED T 55 3
BPEMNIEAE L7z (Table4, Fig. 1. £/, KHpZX L
A DFFOFERR LG O M S 3m fERHE IS, @D HEFEL
thosikfid 5 EWERITR D, FR T IcERZ NIRRT
5 EfERMTE LS GRS 198D).

BHAEH B 2 BREH, BRUSEE AR L
TEERHE R O R B TR RO E L
WBRENS U 2 AT 5 2 EABIEEOREAL S
5 Cako, 1997, EHRVESEMAEZ, b= M
BHOERMAREICERMAREZRE L, EFROER
EHIEARR UL AR H 5. Kk, E%
D IERIEREDEE ST v R I PER DRI ETL & s
505, BRBEICHE UEROMEA NP E <, ek
BHROWBENT v 2 (EC) X 23K EHILEE V74
KOBHIIL EONHERZF T 2 IEETH 5.

R TR O G A BRI, Al O IR IR & 10
LU, @RS EMTH D, BRITELEES
TPRKICHRAETH 5. ZOBRBEHER, OfF
YD H: 1 BB 1 D T BEEEFR R R O MR R IR U
TR O B L OB O KRR N T v XD

HeRe A weTH 0, @V RSIEMALEEISHT 5 LEH
Wk P & K ORI & RS~ O P A 70 b < b
BB 2B TH 5. RMITHEAREI s 5. %
7o, MERHESR O R ML AR LA IOC T 2 & F
PR R O HIEA DKM, b PREOME &
INFIZDNT S BRER A/ GHliH, 20010).

=75, M= b ORMEEHER O WIREE (HE) AU
WRIFIE—ETH B EITEHL (Gerald, 1993),
BRI AR« KIF 15812 P, K, Mg 32 oW
RIZELETHA L., Zhitk-T, P, K, Mg
DARKEHIGIE D IEAFIRIE L # TR QIR IRIE MR & (&
H5F (Table D), AKYS720 80 DRI TR ALK
9 5 2 & T AERARETTRE & 78 - 7o, AEHRIINEIX
HE R & B AER R ORI M E R IL 5728 (Gerald,
1993), AE WP SRR T, K&K 1 580
TEC%0.775 1.5 EBR LIF THIMEEROBEE R E
NG U REMERS B T2 ot Ui Gindt, 2001a).

7) b FEEICSTIEBNE

AR 40t 10a o YUHE & A 75 5 72 121 40, 000,70, 15
kg (1 5#E) =266, 666 MO RIEHELEET B, 1R
Bri72 0 3 L CER O RBRERE 26 (i, 2000)
EE T NUZ 266, 666,726 X 3=3, 419 ifAH TR %15 5
TCHDITLETH D, SOICAREI0%BERET S &
3,419,70.9=3, 198 fElA &£ 72 5. Z DIEMKELLL b HiAl
BEPENEEE, AEHE O AR OB AR T &
BODOTIRFEYTZ)ODREE S SICEL THLENDH
5. 22T, BREHYIC O REERT EARESEM
U, 1 RENEDT2HRICHD, RHEY4HOREH
ZHU, 1 REOBS %2105 E3RETH 2. il
FEAS ST E, I LAl 3Eb S0 T, i
27 0 OEERBAIR D, RFEM72 D OREE 1 REDN
BT 2BRICH D, DOXOBEERMHIC 720 IR
HEXZONE,

v 3m ERREIE, 2m M AARTE I g UAER] 2~3 1
B KL (Table5), 1HREHENMEARMD D, I
# LAT 8RB DAY 72 b O YUHERH (3, & 2m @
RBEE I U kg L OIS ETH 5. —F, 4
] 40t 10a O UHER %15 5 7291213 FFZH 40, 000kg ¥
0.05 (H#R) =2,000kg D Y92 DM EFEN N T
by, FXK, EBIOMRER, RFEEGEEXHERIL=
3.6 5 =11, 000kg L#fEE =t (Table6), 11,000kg
x0.05 (HH%R) =550kg O EEMICHIGT 2 WH %
B 5, bbb, I 40t FIARED YRR,
2.5t,/10a Ll LA L9 5. HiE 2m FARETIE 2.5t
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/10a OEz A& ERE UicFplig 72 < GiidE, 2000, 2001
a), WMHAFEROARNHARD b= bRE ORI D
THNEERHEN LS. LAL, HiE3m AR 0%
K& CEmR) ZiFasE (LAI: 4 &R L, 3H
ERET 1T 2. 55t DI TR SR TE B,
TRbb, YT O8THBREFRE Y — XD E
D WGt 72 38 3m MAEFHIEE AR TH > Th
40t 10a DHEFENRIRETR & L 2RET 5.

HA®D b= MEEHCE O 2 EH BRI, BHERET
20t,10a, & D & ORBORES 3 30t/ 10a FREETH 5.
FREREE OAATET 2,000 & 102 8Z L. Licdi- T,
2,000 A& x26 HE X3 M X150 g =23.4t TH b,
20t 10a RO F/KHEITE £ 5. —F, Rk 0K
FEEE 2, 300 A&7 10a FREET, 2, 300 il {4 < 28 J57 < 3
fil X 150 g =28.9t,710a T&H b, 30t 10a 55 & HEE &
h3. 37bb, HEAD b= MR Y v 7 D80 R
B CRAEEED) MMt AE LT % SRR E R
DFFrdofEfFTE LS. LhLEns, bk
TBICERBRENS {, TN ERORIEEMSITH
N % B T RBMEE A R 5 LB RIZ MR T
»H B CHiFH, 2001a; HFX S, 1981). LHFB X UEHIK
B & SRR AERD S EREEEIEL T2 HED
b MERE T, BREABER ST LN TETRIEH
(v 7o) #HERTEEOL, BREAREO LAT %8
IERIBID T RE S EHR D RS EMAERIC X - T, ERMH
BOERFEZFEAITY, HAHKEME -7+ 77—
AN & 3,720 &, 10a, 3 HIZEM L TY v 7 O %THE
fRL, HE3.5m, EC:1.7~2.2, LAI: 4~4.51cHE
Fr Utk B a6z v — 244723 &, 43t10a/
A, JEITREIE 5 OIUR AT (RFER).

BT 2 v a—RE, Oy 77— VR, N
TAY—=iFDl, V- IVERMEER Y R T LEHAGDE
PR OFF B (2. T~4. 8 ik m*) ZHEFs (v 7
O OER) LoD, b MOAEENEES 2.5~3.5
m OFATICR S, [HEEMIOEEYTEETEERILL
(Atherton et al., 1986), Ko EC iz (EC:
3~4) ITEH L TEATED LAT ZHHI L, HEOEL
HEPUNIHERET 535645 7 HRT, ks (V—
ZODMER) OB E»SFHNYTH D EMIE I
50t 10a 1T L T 5. 48, HADBEE R ILH
O4f - @ETH D, HEERO EC ZREDIERT 5 &K
GARVRIZKOUBN RS ZEICRAEL, ®ilick b
BIEAD T LAE L.

HARDEL D& b~ MEEFIZ, vy 7o — Ui

X BRSSO, AR LR b by
7% — VAR HORRE 1T R I R A R ER w SIS H
5 &, {HIKEE LAL 0@ ERIEEA AT, BIFDIR -
s B MR Lo, iR R S G SR A
Bia 10 » Hilkke T & 70 CRRER). —7, BHRMEHH
Hx h< boB/E BN T 5 & GliFE, 2001 b),
55 2m, 3. 4 & m’ AR T, LA O EHlEH
WARET, THICERNG O MBS ML, AR
b RIFRINE « SV 2R T & 7. B 3. Sm I LB
b= ME, LAI OB RETdH - 728, Miaks
Bip 25 Bh & Hh FE o FRAKIC & 2 RO 2 £ ki
.3 5 KSR DT, kR b L 202
BEALD T D HUB MR ER B ORI Z <, T
DOEEERBEETER LB E O 0 v 7 o — )VEREE:
MRk, WFLIZEORENGONE D - 7e CRIER).

ChoDRREESZICTNIE, LAl #HIEIC LS
FMEO O (ERORMFEIED ZHWcELDE
W b b o JAERRER R, BRI amRsER S, ik
o 2RI WA S Ko A WL T BE 73 i A 75 AR & K4 &
MU ZEHEME (EC:2) MITICHER L, SOLRSAZ I
IERLTHEET 5 & &, Mk~ oERKPEH 78 (B
BicgELL, REMoHS - RERREEAGRNERL,
BROBSTRES L TH 5. 8, IEICIFE
b MEGRBEOE S, R, Sl RE I o ks
IZDWTIEHRIEFTH 5.

vV @ E

D EHESMEMHEA T, &3m0 b< Mk
BOEmBEEY (LAD % 2~5 O 4 BB 4RI L,
NS OEEROEERE, LA, AR, it
PER & I DY BB K O IR & 8 5
2m OEKEE GiIFE, 2001a) EH#EL, FLOEW b
< MEKREED IR 2 T U 7z,

2) B om EMARER, HHM5L, HEHERDTO
TR TIE LAL : 5 ZHEFFARETH - 728 G, 2001
a), M Sm EAREHIAE LAL : 5 ZHFE L7c (Table
D.

3) M 3m MERREE, LAIL: 5 &kic TRBEMICE
WT B OER I - 7208, B 2m OIEAREZ,
HE 25 <, HHERNDE BT LAL: 4 %&4kT
HEIEHORD %3872 (Table 2).

4) B 3m R IR RE D AR &R (3, B 2m (BHARE
LW U LAL : 2 JERBETIHIZIZZE L L, LAT : 4 Ak
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T3 70t,710a, 10% 1% - 7o (Tabled). #i & 3m,

LAL : 2~5 O EAFEDF M ARG 3, EA&RED LALIC
ERFI LIz, UL, LAL: S RAEREOFREPIZEB T 5
HplZsiscaig, LAT 4 AR & i L - 72,

5) #iw 3m, LAI: 2~4 QKR OERINE R,
KEED LATICZHHI L, LAI : 5 OEAKEEDF RN &2
LAL 1 4 133 %H L7, Lo L, LAL:5 OffKRE
O HRRE, LAL: 4 OEAR & g LB TS
D, BREITIIE - 72 (Table4).

5 3m EABE OAERICEI, B 2m B AR & Mg
U LAL: 2 OffABECTIdHE L <, LAL: 4 DA TIE
10t,/10a, 40%% -7z (Table4).

6) fife 3m MEAEE O S FKhi R & LAL 8 X IR D
BRI, O o bR AR O BEmiRE AL
KU, KBERENEOHMSMFES 25 1 B, @
ZE % O Jti RIS AE O E R O SERIRT I LK B AU
ROHMESIEIR T 5 55 2 BWy, Q% F o =i
£k 5 IR ESE RS O IR S HH B 2 R S 8, BBk
B EENIRD T 558 3 BBEMSAAEL, B 2m OEH
OB EFM L (Fig. 1, Table4).

D HEMREL, HHmoReEs 6, 6, TH) 1
B 2R 3m A AR O IR E S LATE, 5 ML,
HEME S, HEMB5OERN (1, 2, 3H) oifl
LAT 34 ToH b, HE 3m EEFOIEICIFE S LAI
A 2m & BRiE U AR 0.5 BRI K & dp - 72 (Table 4,
Fig. 1, #iJF, 2001a).

8) HitE 3m & 2m AR O A ERE I I hiE, LAI
D% LU OKEE 2m GREJE, 2001a) {8 (AR & ol U 2k 4
¥z, INIOTEE 3m O ERITEEH S % 8 S Sm A
AREEOHWHERII/NE O, b5, 5 3m EEREE
RS 5 L, BEDEE b ITREREN O & # R
FlgES A, FEE cHEEARCEELL (Fig.
2, 3).

9) M 3m, LAI:2, 3, 4, 5 Th B EKREDRHE
AT BAEO LRI, FEHICE LT 165, 165,
135, 135cm, % 7<BEMEMI < 180, 180, 150, 135cm
THo-1c (Fig. 2, 3). & 3m AR O R IIHE D
A D FFR T 180cm, #it S 2m AL D FI2ILHE D A &
L U 40~50em 5 < CHiJF, 2001a), # & 3m fHE ik
o RIUFE T HiBhEs BA LT & Ui,

10) £ 3m, LAT : 2 OREKEE DK 72 b ILE
AR M 7o 0 IVHESR IR, B M7 0 RIEEUZ, HHE 2m
EfATE & IFIZSE Udn 5 7248, LAL A8 4, e Sm (& RE
DXL, FXIEH, LR, DERBHEKLD 1 REE,

it 2m O xtind % LAT % B DK RE & i U B 1<
-7, (Table5).

1D IR FZE oA I L NE, #E 3m, LAL:
4 ZHERF U7 RATED Z UL, T 2m, LAI:4 0
AR SR L, AR (EXE, FEEHR LR I
HERGFRD M <, WRHERER O 1 RE X R
X UURE L T B AR X ABAR B 10a X 35 1%L 12 BY
L, FHRoER%ES I (Tableb).

12) HWEpE R & REANOGYHR ORI L S &,
B 3m EATED Z IR, bk E OtiEH « A3
B AW (7 A5H) BB KL, IR 7% LAI
D3Rt 2m MEMREE & IR L 0.5 13 &R &K, AR
20,6t 10a 4, 30%HML, v 7o Ths 1R
H, REAEE B L NRER R ER B, B
DRI E L (Table 1, 5).

13) LAI ZHI% U724 3m MARREE, INEDRK
L7555 2 Bl o S H MK HE & TR R I SRR
FAR0, WELOREBIZS D KON EN DT 55
3 BRI KIEICE S &, HERTICEROKRY
mEH oM, FTRDLL, HBRICEREENTOME
3m AR D LA O A &M, & 2m G,
2001a) EHEE UL 0.51FEKE - 72 (Fig. 1,
Table 7).

14) YU LokER» o LN ofsimER 72, BlE 3m @ik
BERAERDE C, RS RO 1 R E, R R,
WHERERL A, & 510k NYEESHh, v o0
B OMRMNEL T, WERER & RENOGY SR
B, R G 2m 8 RTEIC Hig U 40958 L 72,
ZE 0 MO 7R & O FESL O i OB AARE o SE T % f
WS 2R EEE, K (k) R B LU AD/PNE 0
WFEEE ZE T I3 2m OARERERIC R L, ZUAA]RE
T O EHR AP L wikEikTh 5.

15) @@ 7 v u — R I8l o @ O E R 2 TR
T547 7 HAD b MBI, REEHEIRNETH
308, TEFARMICAB L OEEAN L L, FELLZ
HARBEFEL, wEERNZ , RIENOEYFEHR
brl, AFEVEL, HERL7 D ORFELKZ L, vy
O OMERMNKE LT, ICEEH G 2m OFKEFE LD
I~4EFHNEHEER SN B,
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Analysis of yield from a 3 m high tomato community where the leaf
area was controlled by using daily quantitative regulation of
nitrogen at 4 different levels for a whole year

Norio Hosor
Summary

1) The leaf area index (LAI) of height of 3m community that has been training at a height of 3m
at the tip of stem was controlled by using daily quantitative regulation of nitrogen in 4 steps of 5
from 2 for a whole year. The speed of growth, amount of transpiration, yield compoment, dry matter
production and translocation rate of dry matter in the fruit of the 3m community at 4 different levels
of LAI, were compared with that of the 2m community in 2 different levels of LAI. The high yielding
ability of the tall tomato community had been analyzed by comparing the yield charactistics of each
3m and 2m community (Hosoi, 2001a).

2) The 3m community had maintained LAI : 5 for a whole year, but the 2m community could not
maintain LAT : 5 in the cool season (Table 1).

3) The 2m community with LAI : 4 showed a decrease of the number of live leaves on the main
stem in the cool season with less solar radiation and short sunshine. But, there was no decrease in
the number of live leaves on the main stem in the 3m community with LAI : 5 in the cool season
(Table 2).

4) The amount of annual transpiration of the 3m community with LAI : 2 was about the same as
the 2m community with the same LAI. The amount of annual transpiration of the 3m community
with LAI : 4 exceeded 70t/10a and 10% more than the 2m community with the same LAI. The
amount of annual transpiration of the 3m community was in proportion to the LAI of the
communities on the LAI : 2~5 conditions. But, the amount of monthly transpiration of the
community with LAI © 5 was inferior in comparison with the community with LAI : 4 in the cool
season (Table 3).

5) The annual yield of the 3m community was in proportion to the LAI of the community on the
LAI : 2~4 conditions. The annual yield of the 3m community with LAI : 5 was about the same as the
community with LAI : 4. The monthly yield of the 3m community with LAI ! 5 was below the
community with LAI : 4 in the cool season and exceeded the community with LAI : 4 in the warm
season. The annual yield of the 3m community with LAI : 2 was about the same as the 2m
community with the same LAI (Table 4). But the annual yield of the 3m community with LAI : 4
exceeded 10 tons/10a and 40% more than the 2m community with the same LAI (Table 4).

6) The relationship of the amount of nitrogen fertilizer and the leaf area of the tomato
community and or the yield of the tomato community were almost equal between the 3m and 2m

communities and was rearenging the 3 types. Categoly 1 was that the leaf area of the community
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and or the yield of the community had been propotional to the amount of nitrogen supply. Category
2 was that the leaf area of the community had been propotional to the amount of nitrogen supply,
and the yield of the community increased a little with the increase of nitrogen supply. The category
3 was that the leaf area of the community a little incerased with the increase of nitrogen supply and
the yield of the community had decreased with the increase of nitrogen supply (Table 4. Fig.1).

7) The best LAI of the 3m community with maximum yield had exchanged with the seasonal
changes of weather the best LAI of the 3m community with maximum yield in the warm season with
high solar radiation and long sunshine was 5 and up, and the best LAI in the cool season with less
solar radiation and short sunshine was 4.

The best LAI with maximum yield of the 3m community was bigger by about 0.5 than the best
LAI with maximum yield of the 2m community (Hoso0i,2001a) in the warm and the cool seasons
(Table 4. Fig.1).

8) It was compared with the production structure between the communities of 3m and 2m (Hosoi,
2001a), and it produced the following result : The optical decline rate inside the 3m community, of
which the miniature leaf had been scattered in the space of 3m, was small in comparison with the
inside the 2m community with the same LAI (Fig. 2,3).

When the 3m community with LAI : 4 that had been training at a height of 3m at the tip of the
stem was controlled by using daily regulation of nitrogen for a whole year, the permeation rate of
direct light and scattered light inside the community was improved more remarkably than in the 2m
community with the same LAI (Fig. 2,3).

9) The upper limit of the height that the fruit of the 3m communities with LAI : 2,3,4,5 colored
was 165,165,135,135 cm in the cool season and 180,180,150,135 cm in the warm season respectively
(Fig. 2,3).

Therefore, if there is no assistant utensil, the fruit of the 3m community with the suitable LAI can
not be harvested.

10) Main stem length, number of leaves on the main stem, number of flower clusters, number of
fruit clusters and weight of fruit of the 3m community with LAI : 4 exceeded that of the 2m
community with the same LAI. Main stem length, number of leaves on the main stem, flower
clusters, number of fruit clusters and weight of fruit of the 3m community with LAI : 2 were about
the same as that of the 2m community with the same LAI (Table 5).

11) The following conclusion was obtained from the investigation of yield components of the 2m
and 3m tomato comunities : The reason that the yield of the 3m community of which the suitable
LAI was maintained for a whole year and exceeded the maximum yield of the 2m community was
originated from the number of fruits and fruit clusters, the weight of fruit and the number of
harvested fruit clusters of the 3m community with suitable LAI exceeded that of the 2m community
with suitable LAI (Table 5).

12) The following conclusion was obtained from the investigation of the dry matter production
and the dry matter distribution in the fruit between communities of 3m and 2m : High yielding
ability of the 3m community with suitable LAI depended on the form of light intercepting system
and the dry matter production (sources) that had exceeded the 2m community, and depended on the
dry matter distribution rate to the fruit and the location of sink that was larger than the 2m
community (Table 1,5).

13) If the leaf area of the 3m community had been controlled suitably for a whole year by
regulating the daily amount of nitrogen fertilizer everyday in hydroponic culture, where suction of
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water stress is small, cultivation of the 3m tomato would makes high yields more possible than in the
2m tomato cultivation , and would not let nitrogen escape to the outside of the facilities, and if it
reaches the third-step level for nitrogen supply where the leaf of the 3m community is in the
condition of over-growing and the yield of the the community decreases, the nitrogen remained in
the culture fluid. The LAI which is suitable for photosynthesis and no nitrogenous remaining in the
culture solution of the 3m community is larger than the 2m community by as much as 0.5 (Fig.1,
Table 7).

14) The following conclusion came from the above results : The growth of the 3m community was
faster than the 2m community. The weight of the fruit, the number of fluits and clusters and the
number of harvested fruit clusters of the 3m community with suitable LAI exceeded that of the 2m
community with suitable LAI. Form for light intercepting system of the 3m community with
LAI : 4 was improved more than the 2m community with the same LAI, and the dry matter
production of the 3m community reached 1.3 times more than the 2m community. The maximum
yield of the 3m community was more than 30-40% the maximum yield of the 2m community under
hydroponic cultivation condition whose suction of water stress was small.

15) The management of Dutch tomato cultivation of which tall tomato communities were cultured
in high eaves greenhouse was not easy, but the Dutch tomato cultivation had good form for the light
intercepting system, and had high dry matter production and the dry matter distribution function
in the fruit. The growth was fast in the Dutch tomato cultivation in which the number of tomato
fluits was high, and securing of the location of sink was easy in the tall tomato cultivation.

It was sujested that the yield of the Dutch tomato cultivation are more than 30-40% the maximum
yield of the 2m community in Japan.



