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Summary

The proper recipe of nutrient solution through the rapid and correct
diagnosis of nutrition in the hydroponic culture of tomato is essential
for better plant growth, fruit quality as well as productivity. Since the
chemical analysis of plant is time-consuming and may not represent the
present status of nutrition, this study was conducted to establish the
leaf and petiole sap test to diagnose real-time nutritional status of
tomato. The optimal sampling position for the leaf and petiole sap test
of hydroponic tomato plant(Lycopersicon esculentum Mill. var.
momotaro york) grown in the typical cultivation period in Korea "from
July to June of next year” was determined and the relations between
sap test and plant analysis were investigated for the adaptability of sap
test. The optimal range of concentrations of inorganic ions in the leaves
and petioles for sap test were also determined, as based on effects of
different concentrations of nutrient solution on the concentrations of
inorganic ions in the leaf and petiole sap, plant growth, fruit quality and
yvield, and physiological responses under the deficiency or excess of

inorganic nutrients.

1. The optimal leaf sampling position for sap test, and the
r&lat'irmﬂh'ip betwesn the 'imrgah'i:“: 1one 1n the leal and FIE-T.'iI.'HE- Bap

and thelr corresponding nutrient contents in the leaves,

Tomato hydroponic culture was made by supplying PTG nutrient



solution. The concentrations of NOs, PO, K', Ca®, Mg”, SO, BOs,
7Zn®', Mn?', Fe*', Cu® and MoO,° ions squeezed from the leaves and
petioles at the different positions in a plant were measured and
compared with their corresponding inorganic contents in the leaves
analyzed by the chemical method. The ion concentrations in the leaf
and petiole sap showed the different values depending on their positions
in a plant. The leaves and petioles at the lower positions of a plant had
higher concentrations of NOjs, Ca%, Mg2+ and SO ions. However,
there was less change of ion concentration in saps and no changes of
leaf length and width from the 9th compound leaf. On the other hand,
all the leaflets in a compound leaf had the same ion concentrations.
Therefore, the leaflets of the 9th compound leaf down from the
uppermost flower cluster can be taken as the optimal sampling position
of leaf and petiole for the sap test. A good correlation(r= more than
0.8) between the sap test and the chemical analysis of plant showed
that the ion concentrations in the leaf and petiole sap reflect the

nutritional condition of tomato.

A, The concentratioms of inorganic 1ons in the sap of leaves amd

peticles depending on the different levels of nutrient solution,

Tomato hydroponic culture was made under the four different
treatments of nutrition solution(0.5x, 1.0x, 1.5x of PTG and farmer’s
practice). The concentrations of inorganic ions in the sap of leaves and

petioles, quality and yield of tomato were compared between the



treatments. There were no differences in the concentrations of NOs,
PO, , K', Ca”, Mg”, SO, BOs”, Zn”, Mn*, Fe*', Cu” and MoO.*
ions in the sap of leaves and petioles and fruit yields between the
treatments.

Considering that the supply of 0.5x PTG nutrient solution brought
heavier fruit, less occurrence of radial cracking and blossom end rot the
supply of lower concentration than 1.0x PTG nutrient solution(EC 2.30

mS/cm) can be recommended for tomato hydroponic culture.

3. The concentratioms of incrganic ione in the sap of leaves and
petioles and physiological responses under the deficient or excess

condition of mutrition

Tomato hydroponic culture was made in the absence or in the
excess presence of NOs, POS, K', Ca®’, Mg”', SO, BOs, Zn®', Mn?',
Fe”, Cu®" or MoOs" ion, with reference to the PTG nutrient solution.
The purpose of this experiment is to learn concentrations in the sap of
leaves and petioles under the deficient or excess condition of nutrition
and also physiological responses.

The typical deficient and excess symptoms of NOs, PO437, K, Ca2+,
Mg”, SO, BOs, Zn®', Mn®, Fe*', Cu* or MoO, ion were observed
as reported by other investigators. The deficient concentration of NOs ,
K™ or Ca” ion in the sap of leaves and petioles was less than -30% of
normal one and the excess one of them was more than +30% of normal

one, which are closely related with leaf length/width, chlorophyll SPAD



value, plant height, stem diameter and fruit yield under the nutritional
stresses. The deficient and excess concentration of POs, SO, or Mg”
was less than -20% and more than +20% of normal one, respectively.
On the other hand the deficient concentration of BOs, Zn*, Mn”, Fe®,
Cu* or MoOs ion in the sap of leaves and petioles was less than
-30% of normal one and the excess one of them was 2 or 3 times
higher than normal one.

In conclusion, the recipe of nutrient solution should be corrected
before the sap concentrations become below -15% or above +15% of
normal sap concentrations of leaves and petioles for macro nutrients,
and below -20% or above +20% of normal sap concentrations for micro
nutrients, to prevent the physiological disorders caused by the

inappropriate management of nutrient solution.

_iv_
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flex(Nagarajah %5 1999), Hach meter <& ©]&3lo] A oA A3 A
A Ao A AAS(Atomic Absorption Spectrometry), UV-Vis spectro-
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Plasma) 5< ©]-&3}
AW E ol & e #g A= HAF, sl
| Utk o5 A7 T ERECdAE § fAC o
& uZFdae WstEs AR A9 (Yiging & 1998), Sap NO3;-N%
HOAc-NO3-N % Total N¥o #AE +8e A+ (Prasad$t Spiers,
1985)7F itk w3k EntE, Qo] Jhdlold, AMlet, v FolA 54 Hi
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B 2 Z 7] (Castellanos 5 1999), A Westcott, 1993), 7l (Hocking, 2001)
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AZA T T-No| A& #Ad gk A7 F3 Ak A FAEo A=
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Ao Alg3 EvlE EFLS Momotaro York(Takii Co., Japan)®
EnE(Lycopersicon esculentum Mill.) FAE 93] 2 ¢ (compound
leaf)o] 4~5v]7} QAL w 10x10 cm 2ol o]2stArh 71 F 1 3ol
ANE RS wl, Eefro] A5t 3259 Fot FAAuE HAASHA

3@y Ang ARl 48 AR AgIAc oW FHE FoAe

=

d &= PTG(Proefstation voor tuinbouw onder glas te Naaldwijk) o2}
EATAY EviE ¥F g ZA(Sonneveld®t Straver, 1994)¢] %] o™
(Table 1), ¥4 % 3+ % FEv ASOA L Ffo] wep 2Hs9 S
o olu] wjAE& 15 + 5% o], 13 FHFHS 100 mL oAt =4
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>
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A A o=  Innovative Sensors Inc. (Spain)el 374 Ao
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Table 1. Composition of nutrient solution supplied for the hydroponic

culture of tomato in rockwool. (Sonneveld and Straver, 1994)

Elements Nutrient solutions Unit
NO; 13.75
NH4 1.25
P 1.25
S 3.75 mM
K 8.75
Ca 4.25
Mg 2.0
Fe 15
Mn 10
Zn 5
B 30 M
Cu 0.75
Mo 0.5
EC 2.30 mS/cm(25C)

Figure 1. Sampling positions of leaves and petioles for their sap test in

tomato plant.



e Agold ARE AAS 54 1 em AR Fe} vis 237
(A 54H4l, 35+35x35 em, @3)e] 2o ¥, welA AQch ol ojx
Fo % 1 mLe Aske] FR4 49 mLol Pol, soMz sHF 7 A

2 &A oBstdh A#Hd Fol F NOs, PO, SO o2& ICon
Chromatography, DX 4500, Dionex, USA)Z Z=A393, K', Ca*, Mg”,
BOs®, Zn*, Mn*, Fe’, Cu”, MoOs ©o]&& ICP-AES(Inductively
Coupled Plasma - Absorption Emission Spectrometer, JY Panorama,

Jobin Yvon, France)® ¥4]3&}3it}.
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Figure 2. Sampling positions of leaflets in a compound leaf of tomato

plant.
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Table 2. Three different concentrations of nutrient solution supplied for

hydroponic culture of tomato plant.

Elements Treatments unit
0.5 x 1.0 x 15 x
NOs 6.88 13.7 20.63
NH, 0.63 1.25 1.88
0.63 1.25 1.88

S 1.88 3.75 5.63 mM
K 4.38 8.75 13.1
Ca 2.13 4.25 6.38
Mg 1.00 2.00 3.00
Fe 7.50 15.0 225
Mn 5.00 10.0 15.0
Zn 2.50 5.00 7.50

B 15.0 30.0 45.0 i
Cu 0.38 0.75 1.13
Mo 0.25 0.5 0.75
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Table 3. The contents of macronutrients in the different leaflet in a

compound leaf of tomato.

Leaflet  NO; PO/  SOf K Ca” Mg~
position mg L'
A 2,000 1,650 6,330 3,410 4,300 530
B 2,000 1,670 6,943 3,614 4,100 523
C 2,000 1,700 6,348 3,340 4,300 510
D 2,100 1,670 7,164 3,303 4,300 507
E 2,100 1,680 6,960 3,377 4,300 513
F 2,200 1,690 7,206 3,290 4,200 520
G 2,000 1,670 6,380 3,270 4,100 500
H 2,000 1,700 6,910 3,330 4,100 504
I 2,000 1,660 7,010 3,560 4,300 530
J 2,000 1,670 7,300 3,510 4,200 500
Mean 2,040 1,676 7,005 3,400 4,220 514
L.SD(0.01) ns' ns ns ns ns ns

¥ ot significant

Table 4. The contents of micro nutrients in the different leaflet in a

compound leaf of tomato.

Leaflet ~ BO;” Zn*' Mn*' Fe*' Cu”  MoO,”
position mg Lt
A 5.82 2.62 159 2.46 2.07 0.49
B 5.86 2.61 16.4 2.60 1.98 0.51
C 5.83 2.47 16.0 2.33 1.98 0.50
D 5.87 2.45 159 2.42 1.95 0.50
E 591 2.53 16.1 2.35 2.07 0.50
F 5.78 2.56 15.7 2.47 2.03 0.50
G 5.82 2.54 15.3 2.38 1.96 0.50
H 584 2.59 16.6 2.40 2.01 0.50
I 5.81 2.58 16.1 2.44 2.02 0.51
J 5.92 2.52 16.3 2.43 1.97 0.52
Mean 5.85 2.57 16.2 2.43 2.00 0.50
LSD(0.01) nst ns ns ns ns ns

¥ ot significant
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Figure 5. Positional changes of the length and width of a compound
leaf during growth.
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Table 5. Relationship between the concentrations of NOs, PO, K,
Ca’', Mg”, BOs, Zn”, Mn”, Fe', Cu® or MoO, ions in the leaf
sap and the contents of N, P, K, Ca, Mg, B, Zn, Mn, Fe, Cu or Mo

in the dry matter of leaf.

Dry matter Leaf sap Correlate coefficient

of leaf (r)
T-N NO;- 0.93"
P PO 0.95™
K K' 0.96"
Ca Ca” 0.95™
Mg Mg* 0.95™
B BO3" 0.94™
Zn Zn” 0.94™
Mn Mn*' 0.97**
Fe Fe*' 0.92"
Cu Cu® 0.94™
Mo MoO,* 0.93™

™ Significant at 1 % level
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Table 6. Relationship between the concentrations of NOs, PO, K,
Ca’', Mg”, BOs, Zn”', Mn®', Fe*', Cu”" or MoO,’ ions in the petiole
sap and the contents of N, P, K, Ca, Mg, B, Zn, Mn, Fe, Cu or Mo

in the dry matter of leaf.

Dry matter Petiole sap Correlate coefficient

of leaf (r)
T-N NO; 0.80™
P PO 0.89™
K K' 0.94"
Ca Ca” 091"
Mg Mg 0.92™
B BOs* 0.80"
Zn Zn*' 0.96™
Mn Mn®' 0.98™
Fe Fe”' 0.84™
Cu Cu®™ 0.96™
Mo MoO,* 0.96"

™ Significant at 1 % level
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PTG HAdzt=d+49 EvtE XF FA 054, 14, 1.54 #

A5 717F Feke EFdAd f Fd F=E EY, NO3 & 800~2,400

L'o]%la, PO & 1,000~2,000 mg L'
92 FIFS 1604 mg Lotk SO = 4000~7500 mg L' W92
T 6,174 mg L'o)9a, K'&= 4000~5300 mg L' HeZ i 4645 mg
L'e]dth Ca®& 1,400~3500 mg L' #W9= o 2280 mg 'olglon,
Mg® = 300~1,000 mg L' M2 F#E 620 mg L'oldch v &g Ao
d 9 ¥re A% BOSE 400~100 mg L' W92 HF 58 mg L'
o], Zn”' & 3.00~9.00 mg L' W= A 51 mg L'ojlen, Mn”
& 500~180 mg L' W= 7 131 mg Lot Fe*'E= 2.00~5.00
mg L' W92 F#e 28 mg L'o]a, Cu”'E 150 ~5.00 mg L' ¥
2 FFe 29 mg L'o)goen, MoOs & 030~050 mg L' ¥9l=e A7
0.4 mg L 'elath

= 6000~7500 mg L' W92 i 6936 mg L'elga, PO = 800~
2000 mg L' W92 HH#LS 1,331 mg L'olgoer, SO2 = 800~2,000
mg L W92 H7e 1453 mg L'ojgdth K= 4,000~6,000 mg L' ®
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9= WFS 5482 mg L'ol%lar, Ca¥: 300~800 mg L' W= A
529 mg L'e]glom, Mg & 200 ~500 mg L' 9= 3 363 mg L
olth EF, mFPre W FU FEES BW BOS & 150~3.00 mg
LY, W92 33 21 mg L', Zn™ € 3.00~9.00 mg L' W92
2 54 mg L'ojgen, Mn*'e 200~800 mg L' W= HFS 49 mg
lo]odt}h, Fe*'& 150~400 mg L' W92 H#e 21 mg L'o|dx
CuE 0.80~350 mg L, W92 FA#e 21 mg L'olglon, MoOs =
0.30~0.60 mg L' W92 HA#< 04 mg Lot

AE712F W 93 9% S99 57194 F5 zol= 1) duol fel v
dto] NOs &= 354, K'+&= 131, 2) glo] el nlste] SO & 4.0, Ca™
© 408, Mg*'& 179, Mn*'& 279, Fe'3 Cu®'& 1449, BOs & 2.74)
=okth 3) 2 9] PO,Y, Zn®, MoOs & 3 W7t v % 2ol7h flgith

ojel Ay vE A7 AeH(Smith, 1987), (Hochmuth, 1994),
(Bierman 5 1999), (Hartz, 1998) Hlals] £ @ NO;, PO/, Ko €129
Me e 495 YerUAT Ca®', Mg”, BOs, Zn®', Mn®, Fe*', Cu®
A e 272 BAth SO ¢ MoOs 9 94 EBAje] dixown
i, AE 7hes HRAE AT vEe TR A5t
F FEE AASA ekE=dl(Smith, 1987), B ATl olstd o
F AR U3 ¥FE FE AANE FE3 sbsetele Atrdn E£8 Ca”
Mg”, BOs, Zn*, Mn™, Fe”', Cu” 94259 ¥& #olZ B AL &

A} A ZN(7E I, dd 69 FE)7F EL
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Table 7. Concentrations of inorganic elements in the leaf sap of tomato
plant as supplied with the three different concentrations of nutrient

solution. (unit : mg L)

Sampl- | Treat
. NO; | PO, | SO4 K Ca |[Mg| B Zn | Mn | Fe | Cu | Mo
ing date | -ment
0.5 |512.07(1459.2| 727.0 |4192.0| 360.0 |568.4| 4.6 | 48 | 58 | 39 | 25 [ 0.3
2000. 1 512.0 |1459.2| 727.0 |4192.0| 360.0 [568.4| 46 | 48 | 58 | 3.9 | 25 | 0.3
8.10 15 | 512.0 |1459.2| 727.0 |4192.0| 360.0 |568.4| 46 | 48 | 5.8 | 3.9 | 25 | 0.3
CF' | 5120 [1459.2| 727.0 |4192.0| 360.0 |568.4| 4.6 | 48 | 5.8 | 39 | 25 | 0.3
0.5 | 806.0 |1436.0| 615.3 [4004.0| 400.0 {482.0| 48 | 51 | 57 | 40 | 23 | 0.3
1 814.0 [1459.0| 640.0 |4012.0| 410.0 {4582| 46 | 52 | 6.1 | 3.8 | 24 | 0.3
1.5 | 961.0 [1397.0| 698.8 |4520.0| 420.0 |543.4| 4.8 | 54 | 6.4 | 41 | 25 | 0.3
CF |1077.0|1445.0| 739.0 [4311.0| 410.0 |517.2| 44 | 51 | 63 | 42 | 25 | 0.3
0.5 |1277.0|1506.2| 752.0 |5115.0| 470.0 |758.6| 4.6 | 7.8 | 6.1 | 49 | 25 | 0.3
1 [1363.0|1633.0] 778.9 |5206.0| 480.0 |689.8| 4.7 | 7.7 | 65 | 4.7 | 25 | 0.3
1.5 [1395.0/1609.0| 749.9 |5246.0| 470.0 |739.0| 45 | 75 | 6.7 | 4.7 | 24 | 0.3
CF |1351.0|1565.0| 810.5 |5047.0| 470.0 |807.0| 4.1 | 7.3 | 6.2 | 46 | 22 | 0.3
0.5 [1305.0/1620.1| 823.8 [4910.0| 500.0 {734.0| 5.1 | 75 | 80 | 5.0 | 21 | 0.3
1 1408.0 | 1612.0| 863.0 |5067.0(.490.0 |718.3| 54 | 7.7 | 76 | 4.8 | 2.2 | 0.3
15 [1378.0|1673.01 830.2 |5138.0 510.0 {7555 53 | 7.8 | 83 | 5.1 | 2.2 | 0.3
CF |1409.0|1539.0| 797.5 [4962.0| 520.0 |823.0| 53 | 75 | 76 | 50 | 20 [ 0.3
0.5 [1602.7|1766.0| 835.6 |5067.0| 580.0 [426.2| 53 | 7.9 [115] 3.0 | 1.7 | 0.3
1 [1645.0|1732.0] 967.6 |5191.0| 590.0 [430.6| 53 | 7.7 |115] 3.0 | 1.7 | 0.3
1.5 [1619.0|1809.0| 979.4 |4962.0| 590.0 [4239| 52 | 75 |119| 3.1 | 1.7 | 0.3
CF |1621.0]1692.0| 916.2 |5047.0| 600.0 |428.0| 4.9 | 76 |123] 3.1 | 1.6 | 0.3
0.5 |1798.0|1885.0]1062.6(5295.0| 676.8 |463.0| 5.7 | 7.1 |135] 25 | 14 | 0.3
15 [1783.0/1914.0|1075.9|5345.0| 639.4 |4449| 58 | 7.3 |13.7| 25 | 15 | 0.3
15 [1831.0/1966.0| 976.4 |5261.0| 654.8 [429.3| 59 | 76 |141| 23 | 1.4 | 0.3
CF |1827.011943.0]1029.65293.0| 683.0 |509.0| 5.7 | 7.1 |13.7] 23 | 14 | 0.3
0.5 |2154.112050.0|1156.4|5024.0| 522.8 |384.0| 6.1 | 56 |149] 20 | 15 | 0.2
1 12112.0(2048.0|1254.7|5230.0| 494.5 [339.0| 6.2 | 59 |152| 2.0 | 1.6 | 0.2
1.5 [2273.0|2011.0|1182.1|5132.0| 497.0 |403.6| 6.1 | 58 |162| 2.1 | 1.4 | 0.3
CF |2123.0/1910.0|1182.2]5033.0| 539.2 |446.7| 6.1 | 6.0 | 158 | 2.1 | 1.5 | 0.2
0.5 ]2332.8|2065.4]1212.5(4964.0| 534.4 |423.2| 49 | 56 |172] 21 | 1.8 | 0.3
1 12235.0(1949.0|1279.2|4927.0| 463.1 [414.6| 50 | 58 |175]| 22 | 1.8 | 0.3
1.5 [2319.0/2102.0|1147.1|5075.0| 464.0 |4139| 4.7 | 52 |178| 2.0 | 1.9 | 0.3

CF ]2282.011985.0|1227.2|4900.0| 453.0 {520.7| 4.7 | 51 |174| 20 | 1.8 | 0.3

8.24

9.7

9.21

10.13

10.27

11.17

12.1

* LSDos = ns (not significant), CF' = conventional fertilization
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Table 8. Concentrations of inorganic elements in the leaf sap of tomato
plant as supplied with the three different concentrations of nutrient

solution. (unit : mg L)

Sampl- | Treat
. NOs POs | SO4 K Ca |Mg| B | Zn | Mn | Fe | Cu | Mo
ing date|-ment
05 |2219.0" |1901.2[1172.2|4951.0| 492.0 |539.0| 39 | 44 |153| 1.6 | 26| 0.3
1 2176.0 11953.0(1139.7|4883.0| 445.8 [508.0| 4.1 | 51 |[158| 1.7 | 25| 0.3
1.5 | 2376.0 11926.0|1103.9|5150.0| 486.0 [609.3| 4.2 | 4.8 [16.1| 1.6 | 26 | 0.3
2365.0 |1895.0|1151.0|4835.0| 405.8 [614.3| 39 | 5.0 [16.2| 1.6 | 25| 0.3
0.5 | 21319 |1744.8(1676.5|5126.0| 363.8 |884.5| 4.1 | 27 |11.7] 16 | 39|05
2001. 1 2240.0 |1790.0|1724.6|5257.0| 319.8 [919.0| 45 | 29 |11.0] 1.8 | 41|05
1.12 1.5 | 2280.0 [1760.0|1575.05385.0 | 324.4 |920.0| 44 | 3.0 |120| 1.7 | 41|05
CF | 2265.0 |1790.0]1496.0|5235.0| 370.8 [909.6| 42 | 34 |127] 19 | 39|05
0.5 | 2204.4 |1696.9|1891.7|4838.0| 404.9 |883.5| 4.6 | 3.1 |12.7] 1.8 | 45|05
1 2176.0 |1645.0]1924.4|4872.0| 389.8 [856.0| 5.0 | 3.0 |125] 1.8 | 46| 05

12.15

21 1.5 | 2164.0 |1653.0|1800.0|4980.0| 373.2 |985.5| 5.0 | 3.1 |126| 1.9 | 46 | 0.5
CF | 2210.0 |1666.0|1839.4|4876.0| 4045 |7975| 48 | 3.3 |13.7| 1.7 | 43 | 0.5
0.5 | 2090.5 |1516.0|1967.7|4592.0| 513.9 |617.4| 55 | 41 |13.0| 23 | 46 | 0.5
999 1 2138.0 |1547.011976.4|4517.0| 474.1 |692.0| 56 | 4.0 |12.7| 23 | 47|05
’ 1.5 | 2271.0 |1539.0|1887.0|4612.0 484.3 |678.5{ 58 | 43 |13.2| 24 | 46| 05
CF | 2250.0 |1552.0|1947.8|4629.0| 499.7 |6445| 55 | 43 |133| 2.2 | 46 | 0.5
0.5 | 2091.3 |1479.0|1785.8|4310.0| 638.5 [592.0| 6.5 | 3.5 | 148 | 2.0 | 40| 04
315 1 2172.0 |1433.0(1775.4|4383.0| 6282 |573.0| 6.7 | 34 |150| 2.1 | 41|04
1.5 | 2220.0 |1485.0]1895.9(4407.0| 695.0 |550.7| 6.6 | 3.8 | 153 | 1.8 | 43| 0.5
CF | 2280.0 [1456.0|1764.0|4552.0| 711.9 |5084| 64 | 3.8 |154| 1.8 | 43|04
0.5 | 2212.8 |1397.0]1862.4]4199.0| 771.0 |543.4| 80 | 47 |166| 3.1 | 35|04
399 1 2222.0 |1380.0|1827.8|4210.0| 780.0 [589.5| 80 | 41 |17.1] 29 | 34|04
1.5 | 2165.0 |1398.0|1866.4|4385.0| 804.0 |573.0| 7.8 | 43 |175| 28 | 34|04
CF | 2278.0 |1394.0|1819.0|4353.0| 830.0 |657.5| 7.5 | 4.7 |17.8| 28 | 3.6 | 0.4
0.5 | 21159 |1302.0|1795.0{4039.0| 848.0 |609.5| 80 | 48 |169| 3.4 | 3.3 |04
419 1 2188.0 |1312.0|1857.0{4130.0| 794.5 |602.0| 83 | 44 |169| 3.1 | 35|04
1 1.5 | 2175.0 |1297.0|1825.8|4216.0| 831.6 |562.3| 7.8 | 42 |17.2| 3.3 | 34|04
CF | 2169.0 |1287.0|1766.0|4173.0| 883.0 |597.0| 8.0 | 45 |171| 3.3 | 35|04
0.5 | 2189.3 |1282.0]1833.0|3712.0| 814.5 {800.0| 82 | 41 |169| 3.2 | 29|04
53 1 2123.0 [1256.0(1840.0(3714.0| 809.0 |769.0| 80 | 39 |17.3| 3.0 | 32|04

1.5 | 2171.0 |1199.0]1890.3 | 3825.0| 794.0 |697.0| 8.1 | 3.8 |17.8| 3.3 | 31|04
CF | 2061.0 [1213.0|1839.0|3911.0| 804.0 |730.5| 84 | 3.7 |176| 3.0 | 3.0 | 04
0.5 | 2042.6 |1213.0]1814.0]3663.0| 751.0 |754.0| 79 | 41 |169| 3.2 | 3.0 | 04
1 2003.0 |1215.0[1827.0|3603.0| 744.0 |766.0| 81 | 43 |17.1] 3.0 | 31|04
024 1.5 | 2097.0 |1175.0|1840.2|3654.0| 751.0 |696.5| 8.0 | 3.8 |17.3| 3.1 | 31|04
CF | 2069.0 |1195.0|1780.0|3665.0| 724.0 |716.0| 84 | 3.8 |174| 31 | 3.0 | 04

Mean 1864.0 |1604.4|1356.9|4645.5| 560.8 |619.8| 58 | 5.1 |13.1| 29 |29 |04

* LSDes = ns (not significant), CF" = conventional fertilization
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Table 9. Concentrations of inorganic elements in the petiole sap of

tomato plant as supplied with the three different concentrations of

nutrient solution. (unit : mg L)
Sampl- | Treat
NO; PO, | SOy K Ca |[Mg| B Zn | Mn | Fe | Cu | Mo
ing date| ~ment
05 [6910.0"| 871.6 | 850.0 |4788.0|252.4|210.0| 1.3 | 3.2 | 1.8 | 23 | 0.9 | 0.2
2000. 1 [ 6910.0| 871.6 | 850.0 [4788.0(252.4|210.0] 1.3 | 32 | 1.8 | 23 | 09 | 0.2
8.10 15 |6910.0 | 871.6 | 850.0 |4783.0|252.4|210.0| 1.3 | 32 | 1.8 | 23 | 09 |02
CF" | 6910.0 | 871.6 | 850.0 |4788.0|252.4 [210.0| 1.3 | 3.2 | 1.8 | 23 | 0.9 | 0.2
0.5 | 69158 | 784.6 | 878.0 [5286.1|289.3|230.0| 1.7 | 35 | 23 | 20 | 0.8 | 0.2
1 | 7161.0| 852.0 | 900.0 |5342.5|290.2220.0| 1.7 | 40 | 25 | 1.8 | 0.8 | 0.3
8.2 1.5 | 7033.3 | 731.1 | 874.0 |5544.4|300.0 [230.0| 1.8 | 3.7 | 24 | 1.9 | 09 | 0.3
CF | 7180.0 | 779.0 | 887.0 |5134.4|291.1 [220.0| 1.6 | 3.8 | 23 | 1.8 | 0.8 | 0.3
0.5 | 7285.3|1010.4|1206.0|5495.0|403.4|270.0| 23 | 51 | 29 | 1.8 | 09 | 0.3
1 7629.0 11105.3]1246.0|5493.0( 397.4 [290.0] 24 | 6.0 | 30 | 1.8 | 0.9 | 0.3
o7 1.5 | 7841.3 [1154.0|1198.0|5645.0| 430.1 {290.0| 24 | 6.0 | 3.1 | 1.8 | 1.0 | 0.3
CF | 75085 [1072.0|1187.0|5674.8|380.0 [280.0| 24 | 6.1 | 3.0 | 1.8 | 1.0 | 0.2
0.5 | 7295.3 |1169.01283.05565.0{-421.0{309.6|-2.6 | 6.7 | 43 | 20 | 1.3 | 0.3
1 | 7204.8 |1172.0|1255.0|5663.0| 432.71320.0| 2.7 | 65 | 43 | 2.2 | 1.3 | 0.3
221 15 | 7255.411263.0|1221.0|5618.0|459.3330.0| 2.7 | 7.4 | 46 | 23 | 1.3 | 0.3
CF | 6930.0 [1279.0|1278.0|5582.0| 402.8 |310.0| 25 | 69 | 42 | 22 | 1.3 | 0.3
0.5 |7037.0 |1712.0|1610.0|5770.9|544.4 |467.4| 16 | 83 | 6.8 | 2.1 | 1.2 | 0.3
1013 1 | 7184.0 |1832.0|1586.0|6046.0| 552.6 |479.9| 1.6 | 84 | 70 | 1.9 | 1.3 | 0.3
1.5 | 7525.8 |1817.0]1517.0|6068.5|542.2 [457.6| 1.5 | 89 | 72 | 20 | 1.2 | 0.3
CF | 74858 [1722.0|1580.0|5793.5|540.1 [5039| 1.5 | 88 | 68 | 20 | 1.1 | 0.3
0.5 | 6966.0 |2020.0|1571.0(6227.8|600.0 |507.7| 1.5 | 76 | 6.1 | 1.8 | 1.4 | 0.3
1027 1 7133.0 |1 2092.01553.016221.1{620.0 [496.9| 1.4 | 76 | 64 | 1.7 | 1.4 | 0.3
1.5 | 7156.0 |2136.0|1562.0 |6367.0| 608.5(490.0| 1.4 | 7.8 | 65 | 1.7 | 1.4 | 0.3
CF | 73387 [2065.0|1599.0|6277.8|590.0 (494.4| 1.4 | 76 | 65| 1.8 | 1.4 | 0.2
0.5 | 7215.0|2121.0|1571.0|5795.0| 650.0 {401.9| 1.7 | 6.1 | 59 | 1.6 | 1.3 | 0.3
1117 1 | 7279.0 |2157.0|1592.0|5840.0| 670.0 |4109| 1.7 | 62 | 59 | 1.6 | 1.4 | 0.3
15 | 7851.4 |2167.0|1665.0|6050.0 | 660.0 [420.0| 1.8 | 6.1 | 64 | 1.6 | 1.3 | 0.2
CF | 7801.3 |2147.0|1649.0|6113.0| 670.0 |422.1| 1.7 | 6.0 | 62 | 1.6 | 1.5 | 0.2
05 | 7044.4 |2075.0|1605.06095.0|510.0 |2775| 1.6 | 54 | 48 | 1.5 | 1.7 | 0.3
121 1 | 7218.7]2123.0|1598.05905.0| 560.0 |264.4| 1.6 | 54 | 48 | 1.4 | 1.7 | 0.3
1.5 | 7508.5 [2099.0|1595.0|6070.0|540.0 [255.1| 1.7 | 5.0 | 49 | 1.5 | 1.6 | 0.3
CF | 7667.7 |2110.0|1649.0|5826.0 | 540.0 [284.5| 1.7 | 5.0 | 47 | 1.6 | 1.6 | 0.3

* LSDgs - ns(not significant), CF' = conventional fertilization
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Table 10. Concentrations of inorganic elements in the petiole sap of

tomato plant as supplied with the three different concentrations of

nutrient solution. (unit : mg L)
Sampl- | Treat .

) NOs3 POs | SO, K Ca Mg | B | Zn | Mn | Fe | Cu | Mo

ing date|-ment

05 [6680.0"|1657.0|1446.06010.0| 460.0 2583 | 1.5 | 51 | 33 | 1.6 | 20 | 0.3

1215 1 |6701.2 |1801.0|1417.0|6090.0 | 440.0 |2415| 15 | 46 | 35| 1.6 | 1.9 | 0.3

15 | 7153.0|1701.0]1499.0|6205.0| 430.0 |250.0| 1.7 | 48 | 3.4 | 1.5 | 1.9 | 0.3

CF' | 7124.0 |1713.0|1534.0(5963.0| 440.0 [240.0| 1.6 | 44 | 35 | 1.7 | 1.9 | 0.3

0.5 |6731.0 | 994.0 |1309.0|5527.0| 420.0 [210.0| 1.8 | 3.2 | 27 | 16 | 23 | 05

2001. 1 6687.0 [1069.0|1361.0|5585.0| 410.0 |214.1| 19 | 3.0 | 28 | 1.7 | 23 | 05

1.12 1.5 |6994.3 [1073.0|1440.0|5705.0| 400.0 |220.0| 19 | 3.1 | 27 | 1.5 | 23 | 05

CF | 6434.1 | 966.0 {1436.0|5457.0| 410.0 {220.0| 1.8 | 29 | 27 | 1.6 | 23 | 05

05 |6943.8 |1215.0|1323.0|5401.0| 430.0 |2438| 1.7 | 3.2 | 35| 1.6 | 28 | 0.6

91 1 |7239.9 |1231.0|1378.0|5465.0| 430.0 |250.0| 1.7 | 3.1 | 34 | 1.6 | 3.0 | 0.6

15 |7009.1 |1259.0|1377.0|5454.0| 420.0 |260.0| 1.8 | 34 | 3.3 | 1.5 | 29 | 0.6

CF | 6921.0 [1242.0|1359.0|5513.0| 470.0 | 2400 | 16 | 34 | 34 | 1.5 | 3.1 | 0.6

0.5 |6870.0 [1070.0|1325.05341.0| 450.0 [279.2] 2.0 | 44 | 39 | 1.7 | 3.0 | 0.6

999 1 69320 |1115.0|1353.0|5434.0| 460.0 |280.0| 2.1 | 41 | 39 | 1.7 | 32 | 0.6

15 |7256.0 |1187.0{1364.0|5340.0|-440.0-| 280.0.{-2.2 | 43 | 41 | 1.7 | 3.0 | 0.6

CF |7222.0|1163.0|1333.0|{5515.0| 490.0 {2856 2.1 | 40 | 42 | 1.6 | 3.0 | 0.6

0.5 |6904.0 |1031.0|1477.0|5256.0| 530.0 [401.0| 21 | 53 | 53 | 1.8 | 3.2 | 0.6

315 1 6846.0 [1097.0|1503.0|5266.0| 536.6 |410.0| 2.2 | 54 | 54 | 1.8 | 34 | 0.6

1.5 | 7030.0 [1143.0|1517.0|5105.0| 550.0 | 420.0| 2.1 | 56 | 5.8 | 1.8 | 3.3 | 0.6

CF | 7062.0 {1049.0{1487.0|5234.0| 550.3 {433.2| 2.2 | 655 | 59 | 1.8 | 3.1 | 0.6

05 |6754.0 |1020.4|1599.0|5104.0| 738.0 [520.0| 29 | 55 | 69 | 26 | 3.2 | 0.5

399 1 |6696.0 |1098.0|1595.0|4944.5| 732.0 |525.7| 27 | 56 | 7.1 | 29 | 32 | 0.6

15 ]6829.0|1105.0/1613.0|5074.0| 750.0 |550.0| 29 | 57 | 7.0 | 29 | 3.0 | 0.6

CF | 6889.0 [1146.0|1569.0|4894.0| 726.3 | 5458 | 2.8 | 6.0 | 69 | 28 | 3.1 | 0.6

0.5 |6544.0 [1018.0|1739.05100.0| 730.0 [490.0| 3.1 | 59 | 7.7 | 3.0 | 3.3 | 05

419 1 |6427.0 |1017.0|1780.0|5327.0| 752.0 |519.0| 29 | 6.0 | 7.8 | 3.1 | 36 | 0.5

15 |6637.0| 972.0 |1740.0|5221.0| 770.0 |510.0| 29 | 58 | 7.9 | 29 | 34 | 0.6

CF |6758.0(1051.0{1695.0{5013.0| 740.0 {502.3| 3.1 | 62 | 75| 29 | 35 | 05

05 |6254.0 |1154.8|1875.0|5016.0| 719.0 [4853| 3.0 | 59 | 65 | 35| 29 | 05

53 1 6337.0 [1050.0|1855.04984.0| 775.1 |5136| 29 | 59 | 68 | 34 | 3.1 | 0.6

> 1.5 | 6356.0 [1102.0]1869.0|5084.0| 750.0 |520.0| 29 | 62 | 6.7 | 3.3 | 29 | 05

CF |6534.0 |1181.0{1834.0|4958.5| 730.0 {496.0| 2.9 | 59 | 65| 34 | 29 | 05

05 |6214.0 |1142.0|1885.0|4910.5| 748.0 |520.0| 28 | 58 | 6.7 | 36 | 3.0 | 0.5

_ 1 |6141.0 |1105.0|1871.0|4816.0| 780.2 |527.1| 29 | 58 | 6.9 | 36 | 3.1 | 05

5.24 15 |6271.0 |1167.0]1859.0|4865.5| 722.0 |520.0| 28 | 63 | 6.8 | 3.5 | 3.0 | 0.5

CF |6340.0 {1141.0{1847.0{4929.5| 715.0 |510.0| 2.7 | 6.0 | 65| 34 | 29 | 05

Mean 6506.8 [ 1208.81379.0(5139.6| 500.1 {339.0| 2.0 | 51 | 47 | 2.0 | 2.1 | 05

LSDos - ns(not significant), CF" = conventional fertilization
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Table 11. Monthly production of tomatoes as supplied with three

different concentrations of nutrient solution. (unit : kg/120plants)

Months Treatments i
0.5 x 1.0 x 1.5 x CF
2000. 10 118.6 106.1 112.8 98.4
11 144.7 117.6 121.7 131.0
12 140.3 117.0 114.4 106.9
2001. 1 874 7.1 67.3 69.7
2 65.5 62.6 59.0 58.4
3 97.1 83.3 72.1 68.5
4 156.9 136.5 124.5 128.8
5 239.4 2289 220.3 248.1
6 229.7 242.1 226.9 261.1
7 1119 1139 117.0 120.7
Total 1517° 1401° 1348* 1407*

*, To compare total production of tomato between the treatments,
LSDygs = 181 kg/120plants, CF' = conventional fertilization(0.7~1.3 x)

_32_



(2) EvtEe] Hit 35 v
EvtEe] P I35 ®HIE

BN

Ak A3t Table 120 YEWY E
vtE it 3Fe PTG Ye#tE A4 EvtE B35 $99] 059 5%

Gt 185 goldar, v vEE 184 g, 154 =& 175 goldlen, o
27 181 go & YEhgoy FARAS & 2 Ay 95 %] Fogal
A FoAzE gLtk olgd A 1] FFEolA BFe] AlY AL,
FE7F SbRe s FAE kel Avka @ Bai(e] 5 1994)9F & A9
Avkeb= ozt Adolst A et

Table 12. Average weight of tomato as supplied with three different

rlr

{0

[e]

concentrations of nutrient solution. (unit : g/fruit)

Treatments Treatments

Date = 1w 15« cF P 5% 1« 15x CF

1214 1584 1737 1537 1657 110 1892 1775 1769 1806
1216 1593 1749 1565 171.0 1112 1884 1838 183.0 180.0
1218 1681 1712 1706 1754 3.6  191.3 1881 181.7 1854
1220 1735 1784 1733 1708 312 1904 1876 1805 181.2
1222 1726 1796 1761 1703 316 191.3 1879 1818 183.0
1224 178 1731 1773 1752 321 1933 1834 1774 1812
1226 1722 1760 1773 1774 417 1911 1895 1835 186.7
1228 1833 1905 1835 1763 423 1999 1896 1794 196.3
1231 1798 1798 1762 1739 54 2021 201.8 180.6 204.8

12 1674 1755 1551 170.0 58 21177 2055 1868 1970

14 1683 1694 1703 1689 514 2193 1995 1879 2015

16 1624 161.8 150.8 1555 518 2147 2033 1902 2064

18 1765 1738 1709 1719 524 21177 2061 1938 2079
Ave. 1851" 184.3" 176.0" 1815°

%, To compare average weight of tomato between the treatments,
LSDogs =23.2 g/fruit, CF" = conventional fertilization(0.7~1.3 x)
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Table 13. Soluble solid content of tomato as supplied with three

different concentrations of nutrient solution. (unit @ Brix®)
Date Treatments ]
05 x 1 x 15 x CF
3.6 5.54 5.80 5.90 5.84
3.12 5.50 548 5.88 5.82
3.16 5.68 5.80 6.16 6.20
3.21 5.68 5.80 6.16 6.20
417 5.72 6.18 6.26 6.26
4.23 6.06 6.04 6.24 6.16
54 5.74 5.58 5.86 5.76
5.8 5.90 5.88 6.24 5.88
5.14 5.80 5.60 5.90 5.60
5.18 5.56 5.50 5.60 5.52
5.24 5.60 5.62 5.80 5.66
Ave. 571" 575" 6.00" 5.86"

*, To compare soluble solid content of tomato between the treatments,
LSDooi =0.30 Brix® CF' = conventional fertilization(0.7~1.3 x)
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Table 14. Occurrence rate of Blossom end rot of tomato fruit, as

supplied with the three different concentrations of nutrient

solution. (unit : %)
Date Treatments )
05 x 1 x 15 x CF
4.21 1.73 2.89 2.08 1.41
4.23 1.10 2.05 7.47 243
4.30 1.15 4.82 472 291
54 1.12 4.00 9.84 6.43
5.8 1.72 4.16 6.58 3.03
512 1.93 2.79 7.21 3.37
514 1.04 471 135 8.34
5.18 1.85 1.90 14.0 3.06
5.22 1.01 2.14 4.01 3.59
5.28 1.54 2.73 3.40 3.52
Ave. 1.42° 3.20° 7.29° 3.81"

*, To compare average occurrence rate of blossom end rot of tomato
between the treatments, LSDgg = 1.22 %

CF' = conventional fertilization(0.7~1.3 x)
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Table 15. Occurrence rate of radial cracking of tomato fruit, as supplied

with the three different concentrations of nutrient solution.

(unit : %)
Date Treatments i
.5/ Lix 15 % CF
4.30 3.85 5.00 6.25 4.26
5.4 3.85 4.84 6.15 4.29
5.8 1.16 2.41 4.17 4.03
5.12 1.64 2.86 1.69 5.56
5.14 3.23 3.70 3.64 3.45
5.18 2.33 2.38 857 5.56
5.22 1.92 3.92 4.26 3.77
5.28 2.67 4.82 6.25 3.57
Ave. 2.35° 3.44% 472" 4.31°

*, To compare average occurrence rate of radial cracking of tomato
between the treatments, LSDogs = 1.25 %

CF'" = conventional fertilization(0.7~1.3 x)
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Figure 11. N-deficient tomato leaves.

s

e Qo] WA FHE] AAse] 4Gl FFAL HEA F A AA
boasaae UeneichFie 11, £ Ao mrize Age] %
s, s 2 Hake] B @A A Yol AAHUE o T3
o BEAFHQODA AT A3 FAE Pl ek

N

(2) EvhES Ak #Y 34
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Figure 13. Change of NOs; concentrations in the leaf or petiole sap

when cultured under the N-deficient or excess condition.
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Figure 36. B-excess tomato leaves
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Figure 39. Zn-deficient tomato leaves
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Figure 43. Mn-deficient tomato leaves
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Table 16. Concentrations of inorganic elements in the leaf sap of

hydroponic tomato. (unit : mg L)

Months
Elements 8 9 10 11 12 1 2 3 4 5 6

Deficient | 350 | 700 | 1100 | 1500 | 1500 | 1500 | 1500 | 1450 | 1400 | 1400 | 1400

500~ | 1000~ | 1600~ | 2200~ | 2200~ | 2200~ | 2200~ | 2100~ | 2100~ | 2000 | 2000~
NOs | Adequate | "5 | 7400 | 1800 | 2400 | 2300 | 2300 | 2300 | 2200 | 2200 | 2100 | 2100

Excess | 1040 | 1800 | 2300 | 3100 | 3000 | 3000 | 3000 | 2900 | 2900 | 8900 | 2800
Deficient | 960 | 1200 | 1300 | 1500 | 1500 | 1300 | 1200 | 1100 | 1050 | 1000 | 800

1200~ | 14007 | 1600 | 1800~ | 1800 | 1600 | 1500~ | 1400~ | 1300 [ 1200~ | 1000
POu | Adequate | 100 | 1600 | 1800 | 2000 | 2000 | 1800 | 1600 | 1500 | 1400 | 1300 | 1200

Excess | 1700 | 1900 | 2100 | 2400 | 2400 | 2100 | 1900 | 1800 | 1700 | 1600 | 1500
Deficient | 2000 | 4000 | 4800 | 5200 | 5200 | 4800 | 4800 | 5200 | 5600 | 5600 | 5600

S0, | Adequate | 2290500016000~ 6500 | 6500~ | 6000~ | 6000 | 6500 | 7000~ | 7000~ | 7000~
! Auate ) 4500 | 6000 | 6500 | 7000 | 7000 | 6500 | 6500 | 7000 | 7500 | 7500 | 7500

Excess | 5400 | 7200 | 7800 | 8400 | 8400 | 7800 | 7800 | 8400 | 9000 | 9000 | 9000
Deficient | 2800 | 3100 | 3500 | 3500 | 3500 | 3500 | 3100 | 3000 | 2900 | 2800 | 2700

K | Adequate|4000™14500™ 15000~ | 5000~ | 50001 5000~ | 4500~ | 4300~ | 4200~ | 4000~ | 3300~
d 4500 | 5000 | 5200 | 5200 | 5200 | 5200 | 5000 | 4500 | 4300 | 4200 | 4200

Excess | 5800 | 6500 | 6700 | 6700 | 6700 | 6700 | 6500 | 5800 | 5600 | 5400 | 5400
Deficient | 400 | 960 | 1600 | 2000 | 1400 | 1400 | 1400 | 2000 | 2400 | 2600 | 2600

Ca | Adequate | 290~ [1200720007| 2500~ 1700~ | 1700~ | 1800~ | 2500 | 3000~ | 3300~ | 3300~
q 1200 | 2000 | 3000 | 3000 | 2000 | 1800 | 2100 | 3000 | 3300 | 3500 | 3500

Excess | 1800 | 3000 | 4500 | 4500 | 3000 | 2700 | 3000 | 4500 | 4800 | 5000 | 5000
Deficient | 240 | 320 | 400 | 480 | 320 [ 280 | 320 | 400 | 480 | 640 | 560
1300~ | 400~ [500~ | 600~ | 400~ [ 350~ | 400~ | 500~ | 600~ | 800~ | 700~
Mg |Adequate| 400 | 500 | 600 | 700 | 500 | 400 | 500 | 600 | 700 | 900 | 800
Excess | 600 | 750 | 900 | 1000 | 750 | 600 | 750 | 900 | 1000 | 1300 | 1200
Deficient| 25 | 28 | 30 [ 20 [ 14 [ 13 | 13 | 13 ] 20 ] 20 | 20

357 | 407 | 45° | 30~ | 207 | 18~ | 1.8~ | 1.8~ | 30~ | 30" | 3.0
Fe |Adequate| "'y | 50 | 50 | 40 | 30 | 20 | 20 | 20 | 35 | 35 | 35

Excess | 80 | 10.0 | 10.0 | 80 | 60 | 40 | 40 | 40 | 70 | 7.0 | 7.0
Deficient | 35 | 42 | 45 | 42 | 35 | 20 | 20 | 20 | 28 | 28 | 28

507 | 60~ | 75° | 60~ | 5.0~ | 30~ | 30~ | 30~ | 40~ | 40~ | 40
Zn |Adequate| G0 | 70 | 90 | 80 | 60 | 5.0 | 40 | 35 | 45 | 45 | 4.2
Excess | 120 | 140 | 180 | 160 | 120 | 100 | 80 | 70 | 90 | 90 | 80
Deficient | 20 | 42 | 7.0 | 90 | 90 | 80 | 80 | 90 | 100 | 100 | 100

130716071100 140] 140 120 | 120 ] 140 | 160 | 170 | 177
Mn |Adequate| "¢ | g0 | 140 | 160 | 160 | 140 | 140 | 160 | 180 | 180 | 180

Excess | 180 | 240 | 420 | 48.0 | 48.0 | 42.0 | 42.0 | 48.0 | 54.0 | 54.0 | 54.0
Deficient| 30 | 35 | 40 | 42 | 28 | 28 | 3.0 | 35 | 42 | 45 | 56

B |Adequate %30“ 5071557 | 607|407 | 407 | 457 | 507 | 60 | 6.57 | 807

55 | 60 | 65 | 60 | 45 | 50 | 60 | 65 | 80 | 82

Excess | 10.0 | 11.0 | 12.0 | 13.0 | 12.0 | 9.0 | 10.0 | 12.0 | 13.0 | 16.0 | 16.0
Deficient| 1.7 | 15 | 14 | 1.0 | 1.0 | 1.7 | 28 | 30 | 28 | 25 | 20
257 | 2271 207 1157 | 1.57 | 257 | 407 | 437 | 407 | 357 | 3.07

Cu |Adequate| 3% | 55 | 52 | 17 | 17 | 40 | 45 | 45 | 45 | 40 | 35
Excess | 60 | 50 | 45 | 35 | 35| 80 | 90 | 90 | 90 | 80 | 70
Deficient| 02 | 02 | 02 [ 02 [ 02 |02 |03 |03 ] 03] 03] 03
o3 o3 o3 o3 [o2]o2]o04a [oa |04 03 |03
Mo |Adequate| (35 | (33 | 032 | 030 | 028 | 045 | 050 | 050 | 045 | 0.40 | 0.40
Excess | 1.00 | 1.00 | 1.00 | 0.90 | 0.90 [ 1.30 | 150 | 150 | 1.30 | 1.20 | 1.20
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Table 17. Concentrations of inorganic elements in the petiole sap of

hydroponic tomato. (unit : mg L)

Months
Elements 8 9 10 11 12 1 2 3 4 5 6

Deficient | 2500 | 5000 | 5000 | 4900 | 4900 | 4800 | 4800 | 4600 | 4500 | 4300 | 4200

Adequate 3700™| 7200~ | 7200~ | 7100~ 7000™| 6800~ | 6300~ | 6500|6400~ | 6200~ | 6000~
7000 | 7500 | 7300 | 7200 | 7100 | 7000 | 7000 | 6800 | 6500 | 6400 | 6200

Excess | 9100 | 9700 | 9500 | 9400 | 9300 | 9100 | 9100 | 8800 | 8500 | 8300 | 8100
Deficient | 400 | 640 | 960 | 1400 | 1300 | 960 | 800 | 800 | 800 | 800 | 800

500~ | 800~ 1200|1700~ [1700~| 1200|1000~ 1000~ 1000~ [ 1000~ | 1000~
POs | Adequate | "5 | 1900 | 1700 | 2200 | 2000 | 1700 | 1200 | 1200 | 1200 | 1200 | 1200

Excess | 960 | 1400 | 2000 | 2600 | 2400 | 2000 | 1400 | 1400 | 1400 | 1400 | 1400
Deficient | 160 | 640 | 960 | 1300 | 1200 | 1100 | 1000 | 1100 | 1300 | 1400 | 1400

S0, | Adequate | 2007 | 800~ 1120071600~ 1500~ 11400~ | 1300~ | 1400~ 1600~ | 1700~ | 1700~
! q 800 | 1200 | 1600 | 1700 | 1600 | 1500 | 1400 | 1600 | 1800 | 1800 | 1800

Excess | 960 | 1400 | 1900 | 2000 | 1900 | 1800 | 1700 | 1900 | 2200 | 2200 | 2200
Deficient | 3000 | 3500 | 3800 | 4100 | 4100 | 3900 | 3700 | 3500 | 3400 | 3400 | 3400

K | Adequate [42007|5000™ 154005800~ 580015500~ 5200~ 5000|4800~ | 4800 | 4600~
a 4800 | 5400 | 5800 | 6000 | 6000 | 5800 | 5500 | 5200 | 5000 | 5000 | 4800

Excess | 6200 | 7000 | 7500 | 7800 | 7800 | 7500 | 7200 | 6300 | 6500 | 6500 | 6200
Deficient | 160 | 240 | 400 | 560 | 560 | 400 | 320 | 480 | 640 | 720 | 720
200~ | 300~ | 500~ | 700~ | 700~ | 500~ | 400~ | 600~ | 800~ | 900~ | 900~
Ca | Adequate | 30, | 500 | 700 | 900 | 800 | 600 | 500 | 800 | 1100 | 1100 | 1100
Excess | 360 | 600 | 840 | 1080 | 960 | 720 | 600 | 960 | 1300 | 1300 | 1300
Deficient | 160 | 200 | 240 | 400 | 320 | 240 | 240 | 280 | 320 | 400 | 400
12007 [ 2507|300~ | 500~ | 400~ | 300~ | 300~ | 350~ | 400~ | 500~ | 500~
Mg | Adequate | 55 | 300 | 500 | 600 | 500 | 400 | 350 | 400 | 500 | 600 | 600
Excess | 300 | 360 | 600 | 720 | 600 | 480 | 420 | 480 | 600 | 720 | 720
Deficient | 18 | 16 | 16 | 16 | 14 | 14 | 14 | 16 | 20 | 23 | 23
95 | 207 | 207 | 207 | 18~ | 1.8~ | 18 | 20~ | 30~ | 34~ | 34"

Fe |Adequate| ‘55 | 55 | 55 | 95 | 20 | 20 | 20 | 30 | 35 | 36 | 36
Excess | 70 | 50 | 50 | 50 | 40 | 40 | 40 | 60 | 70 | 70 | 70
Deficient | 2.0 | 28 | 40 | 50 | 40 | 35 | 20 | 28 | 35 | 35 | 35
307 | 407 | 607 | 707 | 607 | 5.0° | 30 | 40 | 5.0~ | 50" | 5.0~

Zn | Adequate | 55 | 60 | 70 [ 75 | 70 | 60 | 50 | 50 | 60 | 60 | 60
Excess | 7.0 | 120 | 140 | 150 | 140 | 120 | 100 | 100 | 120 | 120 | 120
Deficient | 15 | 17 | 25 | 42 | 20 | 20 | 28 | 42 | 50 | 50 | 50
1207257 |35 | 607 | 307 | 307 | 40~ | 60~ | 7.0° | 68~ | 68

Mn | Adequate | 55 | '35 | 60 | 7.0 | 50 | 40 | 60 | 70 | 75 | 7.0 | 70
Excess | 75 | 100 | 180 | 210 | 150 | 120 | 180 | 21.0 | 21.0 | 21.0 | 21.0
Deficient | 0.9 | 15 | 1.0 | 10 | 1.0 | 10 | 15 | 16 | 20 | 20 | 20

127 (207 |15 | 15" |15 |15 | 207 | 237 | 28 | 28 | 28"
B | Adequate| 5 | 55 | 50 | 17 | 17 | 20 | 23 | 30 | 30 | 30 | 30

Excess | 30 | 70 | 40 [ 35 | 35 ] 40 | 45 | 60 | 60 | 60 | 60
Deficient | 03 | 03 | 08 | 1.0 | 12 [ 14 [ 16 | 20] 20 ] 20| 20

055 o5 |12 |15 |18 |20 25 |30 30730 |28
Cu | Adequate| ' | 45 | {5 | 18 [ 50 | 23 [ 30 | 35 | 35 | 35 | 30
Excess | 20 | 25 | 30 | 40 | 40 | 50 [ 60 | 70 | 70 [ 70 | 60
Deficient | 0.14 | 0.14 | 0.16 | 0.16 | 0.20 | 028 | 0.35 | 0.40 | 0.37 | 0.35 | 0.35
_To207To.207]0.257 1025~ [0.30~ ] 0.40~ [ 050~ [ 0.55~ | 0.52~ [ 0.50~ | 0.50~
Mo | Adequate | ‘595 | 605 | 030 | 0.30 | 0.35 | 050 | 0.60 | 0.60 | 055 | 052 | 052
Excess | 075 | 075 ] 0.90 | 090 | 1.00 | 1.50 | 1.80 | 1.80 | 1.60 | 1.50 | 1.50

NO:
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