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Summary

Growth inhibiting substances of unknown origin found in the nutrient solution nourishing growing
cucumber plants were isolated and identified. The growth inhibitors were absorbed on activated
charcoal and extracted therefrom by an organic solvent. These extracts were partitioned into four
fractions with different solvents.

1. The inhibiting activity for cucumber plants was detected in the acidic diethyl ether soluble
fraction, but not in others.

2. The active substances in the above fraction analyzed by GC/MS method were identified
as:benzoic acid, p - hydroxybenzoic acid, 2, 4- dichlorobenzoic acid and phthalic acid.

3. The above substances were assayed for their activity on cucumber seedlings by adding various
concentrations to the nutrient solution. 2, 4-dichlorobenzoic acid exhibited the strongest inhibitory
activity;others were very weak.

4. 2, 4-dichlorobenzoic acid at 2 gmol - liter ! in nutrient solution had no effect on plant growth
but it lowered fruit yield and shortened fruit harvesting period, compared with the control. Any
inhibition was eliminated by adding activated charcoal to the nutrient solution.

5. Thus, 2, 4- dichlorobenzoic acid, the most effective inhibitor in the nutrient solution nourishing
growing cucumber plants can be eliminated by adding activated charcoal.

Key Words: activated charcoal, autotoxicity, cucumber, fruit yield, hydroponics, 2,4-
dichlorobenzoic acid.
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Activated charcoal from nutrient solution
grown cucumber plant

Extracted with 0.4 mol - liter” ! NaOH
solution and Methanol mixture (1 : 1v/v)
for 48hrs at room temperature

Concentrated solution

Adjusted to pH 8 with 1N aqueous NaOH

Extracted three times each with 35 mi
diethyl ethyl ether

Diethyl ether layer (DE8)

Aqueous layer

Extracted three times each with 35 ml
ethyl acetate

Ethyl acetate layer (EAS8)
Aqueous layer

Adjusted to pH 2 with 4N aqueous HC!

Extracted three times each with 35 ml
diethyl ethyl ether

Diethyl ether layer (DE2)

Aqueous layer

Extracted three times each with 35 ml
ethyl acetate

Ethyl acetate layer (EA2)

Aqueous layer

Fig. 1. The flow sheet of extraction and fractionation of ad-
sorbed substances from activated charcoal added to the
nutrient solution nourishing cucumber seedlings.
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Fig. 2. Gas chromatographic tracing of the acidic diethyl ether
soluble fraction.
Analytical condition: Column. GL Sci. TC-5 (60m), Initial
temp. 100°C for 2 min., Prog. rate 5°C « min” ", Final temp.
260 °C for 10 min., Injector and detector temp. 300 °C each,
Helium gas pressure 0.8 kg * cm 2.
Peak no. 1. Benzoic acid, 2. p - Hydroxybenzoic acid,
3. 2, 4- Dichlorobenzoic acid, 4. Phthalic acid and 5. 2,6

—-Di-¢-butyl-p-cresol.

0.2 umol - Iiter'1

2 wmol - liter™!
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FMN b HBR EORICEEERED SNED -7 (B 1 Weeks after the beginning of harvest

*& ) 2:47 dicthIObenZOiC acld MK T, mARER, Fig.3. Weekly yield of cucumber ‘Shogoin—aonaga- fushi-
AREREL LU EOEKRER, BENSLBEIID nari’ through the harvest period;non— charcoal (blank bar),
NTHEEIZREY Lz, 20 gmol-liter ! IFIMX Tz 2 h charcoal added (solid bar). The plants in 10 and 20 £ mol

+ liter ' 2, 4-dichlorobenzoic acid decayed before the
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beginning of the harvest.
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Table 1.

Effects of phenolic compounds on the growth of cucumber seedlings.

. Concentrations
Phenolic compounds \

Maximum leaf length

Maximum leaf width Fresh wt of shoot

( £ mol « liter” ") (mm) (mm) (g)
None (control) 0 83 107 2.8
Benzoic acid 2 86 107 3.2
10 86 106 32
20 87 105 2.9
Significance
Linear NSY NS NS
Quadratic NS NS NS
p - Hydroxybenzoic acid 2 83 104 2.9
10 80 101 2.5
20 80 108 3.0
Significance
Linear NS NS NS
Quadratic NS NS NS
2,4 Dichlorobenzoic acid 2 88 105 3.1
10 58 75 1.7
20 34 39 0.7
Significance
Linear * % * % * %
Quadratic NS NS NS
Phthalic acid 2 81 104 3.1
10 84 105 3.1
20 79 100 2.5
Significance
Linear NS NS *
Quadratic NS NS *x

# Control of 4 phenolic compounds

¥ Significant at 5% level (*), 1 % level (**) and non - significant (NS) by regression analysis in each phenolic compound.
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Table 2. Effects of 2, 4 - dichlorobenzoic acid on the growth of cucumber ‘Shogoin - aonaga - fushinari’.

Concentrati?rll Charcoal Plant length Lelr:\%;}r)a?{)f;::}?ry D i (g.)
( zmol « liter 1) (cm) (cm) Main stem L.eaf weight of Primary lateralz Root
main stem per leaf branch per plant
0 Control 210.1 41.0 18.7 8.9 72.2 136.3
Added 196.9 41.1 17.8 8.1 80.3 136.1
NSY NS NS NS NS NS
0.2 Control 197.5 44.0 15.3 7.0 63.8 116.2
Added 205.3 39.5 17.5 8.1 64.7 122.0
NS NS * NS NS NS
2 Control 183.9 34.0 14.7 6.9 65.2 102.1
Added 1943 385 17.6 7.9 64.7 125.6
NS NS NS NS NS NS
10 Control —* — — — — —
Added 197.4 40.5 18.9 8.0 80.8 126.4
20 Control — — — —
Added 198.3 441 18.0 8.9 81.4 121.6
Significance
Non - charcoal
Linear AW ** NS NS NS NS
Quadratic NS NS NS * NS NS
Charcoal
Linear NS NS NS NS NS NS
Quadratic NS NS NS NS NS NS

* Stem and leaf.

¥ Significant at 5% level (*) and non - significant (NS) between absence and presence of activated charcoal by T- test.

* Not - investigated because the plants decayed.

V¥ Significant at 5% level (*), 1% level (**) and non - significant (NS) by regression analysis in the concentrations.
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LT B L3R DT, HEEETORD SO 2, 4-dichlo-
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HEBEILRIZEERVWbDEELISNS. F, §i
HRD & 5 1 EEE 2, 4-dichlorobenzoic acid D M X T
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Table 3. Effects of 2, 4 - dichlorobenzoic acid on the flowering and yield of cucumber ‘Shogoin - aonaga - fushinari’.

Date of antheis

. No. of flowerin Beginning dates . Total yield
Concentr.atl(jr? Charcoal (month/day) female flowerg gof har\g'est Har;ested fr;nt per pilant
(pmol-liter ) male flower  female flower per plant (month/day) number per plant ®
0 Control 4/6 4/6 29.7 4/23 18.9 2812
Added 4/5 4/6 294 4/23 18.6 2591
NS? NS NS NS NS NS
02 Control 4/5 4/7 31.8 4/24 18.4 2459
Added 4/5 4/6 31.9 4/23 19.4 2795
NS NS NS NS NS NS
2 Control 4/5 4/7 44.1 4/29 10.3 1298
Added 4/6 4/5 38.1 4/24 19.1 2934
NS NS NS * ¥ * % * ¥
10 Control —Y — — — — —
Added 4/5 4/6 38.8 4/28 14.7 2214
20 Control — - — — — —
Added 4/5 4/6 18.3 4/23 17.6 2453
Significance
Non - charcoal
Linear NS* NS NS b ** **
Quadratic NS NS NS NS NS NS
Charcoal
Linear NS NS NS NS NS NS
Quadratic NS NS * ** NS NS

% Significant at 5% level (*) and non - significant (NS) between absence and presence of activated charcoal by T- test.

¥ Not- investigated because the plants decayed.

* Significant at 5% level (*), 1% level (**) and non - significant (NS) by regression analysis in the concentrations.
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