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STUDIES ON THE PLANT GROWTH REGULATING
EFFECT OF PHTHALAMIC ACID AND ITS
DERIVATIVES
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I. INTRODUCTION

Yield increase of some plants by secondary effect of
Imidan (phthalimidomethyl-O, O-dimethylphosphorodit-
hioate), an insecticide, has been reported in several
countries such as Korea (13) Japan, China, Philippines
etc, (7) This effect has been suggested to be attributed
not to the phosphate moiety, but to the non-phosphate
moiety of Imidan.

Menn et al (9,10) reported that Imidan decomposed
to phthalamic acid and other metabolites in plants and
animals by ready decarboxylation and hydrolysis,

In our previous studies (8), phthalamic acid showed
the highest activity in the wheat straight growth test
among Imidan and its possible metabolites.

Meanwhile, Smith et al (6, 15, 16, 23) found that
N-aryl phthalamic acids and N-aryl phthalamides are
effective plant growth regulants and phytocides, and
their typical growth regulatory responses include the
prevention of fruit drop, rooting of cuttings, formation
of parthenogenic fruit, and altering leaf shape.

The purpose of this experiment is to improve degraded
(Akiochi) paddy field which is characterized by root-
decaying phenomena (21) by using phthalamic acid

and its derivatives.
II. MATERJIALS AND METHODS

1. Synthesis of phthalamic derivatives

A. Methods (2,3,4,14)

The N-aryl phthalamic acids were prepared by reac-
ting equal molar amounts of phthalic anhydride and the
selected primary monoaryl amine in chloroform at room
temperature for about 1 hour according to the following
reaction.

0 0
N\ N_¢oon
| J_¢>0O+HN—aryl -_)”\/J—C{'I—NH—aryI
I
0] 0

The products were recrystallized twice from 959%

ethanol and per cent nitrogen of them was analyzed by
using Microkjeldahl method. (1)

2. The wheat straight growth test

A. Buffer solution; Dissolve 2.6910g. of potassium
phosphate, dibasic and 1.5285 g. of citric acid monohy-
drate in 1.500ml of 2% sucrose solution. (pH 4.6)

Prepare solutions containing 10 ppm and 20 ppm of
following chemicals, respectively, with this buffer
solution,

B. Test chemicals

Table 1 : Chemicals tested

Chemlcal Name Name Graphlc Formula Source
7 \-COoOH Kishid
Phthalamic acid ~ PA [ |JTeoNH Chem Co
N/ e
N\ -
Phthalanilic acid PNA ;\ /[J_gggg_/_\ Synth-
Ci
N-(o-Chlorophenyl) -COOH
phthalamic acid ¢ o-CL-PA 1 ﬂ CONH- ‘> n
N-(p-Chlorophenyl) , / \—COOH —
phthalamic acid 2 -CI-PA J\ )—CONH—<_>—CI "

. cl
N-(3,4-dichlorophe- 3,4~ N —
nyl) phthalamic acid diCl-PAl\ i CONH-/ \—01 "

Sodium-N-(m-tolyl) #/\-COOH Ishihara
phthalamate Duraset J\ /”—CONH—/ \ Ltd.

Sodium-N-(1-naph- /> COOH .

thyl) phthalamate Alanap J\ /ﬂ—CONH-< > Séi;lky ¢
SN
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C. Methods;

According to coleoptile straight growth test (5,12),
place cylindrical pieces of wheat(Variety; Yungkwang)
coleoptile immersed in each prepared solution and me-
asure linear growth length by microcaliper after 20

hours.

3. The germination test of rice seeds

A. Test chemicals;



Control: Prepare 19 ethanol solution and dilute it
to the same concentrations as those of test chemicals

Alanap: Dilute 209
10,25,50 and 100 ppm solutions.

Other chemicals: Dissolve 20mg of each chemical in

Alanap aqueous solution to be

100 ml of 19 ethanol solution to be 200 ppm solution.
Dilute and make solutions containing 10, 25,50 and 100
ppm of each chemical, respectively.

B. Methods;

1) Soak rice seeds (Variety: Jinheung) in 1,000X
solution of Mercron(1.5% PMA) for 6 hours at room
temperature, wash three times and again soak them in
distilled water for 2 days.

2) Lay 20 seeds in parallel rows, the embryos poin-
ting down in the same direction on two layers of filter
papers in Petri dishes previously treated with 5ml of
each above sample solution.

3) Grow 20 seeds at 25°C in a incubator in the dark
for 8 days.

4) Measure the length of shoot and root, and root

number.

4. The rooting test of rice seedling treated
with chemicals after root-cutting.

A. Test chemicals;
The same chemicals used in the germination test.
Concentrations: 50, 100 and 200 ppm.
B. Semi-irrigated rice nursery method (7,11, 20)
C. Water culture
1) Container; (22)
400 m! brown glass bottle covered with black vinyl
paper.
2) Culture solution;
According to Tanaka et al (18) and Tasima et al

(19), culture solution was prepared.

Table 2 Composmon of culture solution

Element Compounds used Concentration (ppm)
N NHNO; 40
P,0s NaH.PO,H,0 10
K0 K2SO4 40
Ca0 CaCl, 40
MgO MgS0,-H,0 40
Fe203 FeCla . 6H20 2

MnO

MnCIz 0.5

3) pH

Adjust pH 5.5-6.0 by 0.1 N NaCH and 0.1N H;
SOy solutions.

D. Methods;

1) Wash and cut off all the visible roots of rice
seedlings in the 3 to 4 leaf stage.

2) Transplant in culture solution and support plants
with sponge through the center of perforated cork
plugs.

3) Spray each seedling with 3 ml of each alcoholic
solution containing 50, 100 and 200 ppm of a given
chemical.

4) Change the culture solutions after 7 days and
spray again.

5) Measure the root length and number after 14 days.
IiI. RESULTS AND DISCUSSION

1. Synthesis of phthalamic acid derivatives.

It has been well known as a good synthetic method
to prepare N-aryl phthalamic acids from phthalic anhy-
dride and aromatic amines in inert solvent because of
its easiness and high yield.

Various inert solvents were reported (3, 5). But
chloroform is considered the best one among them as
it can not only dissolve more phthalic anhydride than
other inert solvents, but also readily remove impure
phthalic acid by using its insoluble property in chlor-
oform. Impure phthalic acid combines with monoaryl
amine to form N,N-diaryl phthalamate as follows:
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Reaction temperature should not be raised above 80°
C. because the N-aryl phthalamic acids, at hig temper-
ature such as 80 to 180°C. lose water to form the N-
aryl phthalamides as follows.
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Table 3. The yield, decomposing point and nitrogen

content of the treated chemicals.

o T TRy Do
. Yield Moisture Y ;

Ij:a‘me %) (%) ;Ii‘élaelore Obtained g;;gt_ ~
PA — 0.36 8.48 8.08 146-147°C

(lit. 147-148°C)

5.57 169.5-170°C
(lit. 170°C)

PNA 91.55 0.10 5.81

o-CI-PA 87.78 0.11 5.08 4.96 145-146°C
(lit. 147-148°C)

#CI-PA 86.97 0.13 5.08 4.92  180-182°C
(lit. 180°C)

315Xdi01 89.73  0.09 4.52 4.42  195-198°C
Duraset — (.25 5.05 4.77 235-238°C

Table 3 indicates that yields of products range from
86.97 to 91.55%, analyzed nitrogen percent of each
ethanol-recrystallized chemical is near to theoretical
nitrogen percent and their decomoposing points almost

coincide with those in previous literature.(2, 3, 4, 14, ).
2. The wheat straight growth test

In order to detect and assess plant growth responses
induced by treatment with these chemicals the wheat
coleopile straight growth test was carried out on excised
wheat coleoptile. Linear growth test as laboratory test
was carried out on excised wheat coleoptile. Linear
growth measurements of cylinederical pieces of wheat

coleoptile are shown in Table 4 and Fig. 1.

Table 4. Plant growth regulating effect of phth-
alamic acid and its derivatives in the wheat

straight growth test.

Concentrations
Name mm 10 ppr‘r% of mm 20 pp‘f/g of
measure  control measured  control
I Control 8.01 100 8.01 100

II PA 8.64 107.9 8.33 104.0
IIT PNA 8.89 108.5 8.73 109.0
1V o-CI-PA 8.90 111.1 8.81 110.0
V p-ClI-PA 8.69 108.5 8.83 110.2
VI 3,4-diCI-PA9.47 118.2 9.22 115.1
VII Duraset 9.20 114.9 9.16 114.4
VIII Alanap 9.55 119.2 9.11 113.7

Fig. 1: Coparison of wheat coleoptile length
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All the chemicals treated show better coleoptile
growth response than control and it is interesting that
phthalamic acid derivatives are more effective in these
responses than phthalamic acid itself which showed the
highest growth effect among Imidan and its metabolites
in our ealier report(8).

The order of activity is as follows;

Alanap, 3, 4-diCI-PA>>Duraset>¢~CI-PA > $-CI-PA>
PNA>PA>Control.

3. Effect of phthalamic acid and its deriva-

tives on germination of rice seeds.

Table 5,6 and 7 show growth data of rice seeds ger-
minated on the respective media for 8 days.

On the growth of shoot length, chemicals are highly
significant whereas concentrations are not (Table 5).

3,4~diCI-PA and Alanap show the highest growth
responses, 0~-CI-PA and Duraset also have considerably
high responses, 0~-CI-PA and Duraset also have consid-
erably high responses and p-CI-PAndicates a little high

effect while PA shows minus significance.

Table 5. Effect of phthalmic acid and its derivatives

on shoot length in germination of rice seds.

Concentrations, B

Chemicals, A 15,0 25ppm  50ppm  100ppm Mean
Control 3.9 3.3 3.2 3.1 3.4
PA 3.0 3.0 2.9 2.7 2.9
PNA 3.1 3.2 3.3 3.6 3.3
o-CI-PA 4.3 4.6 4.2 4.7 4.4
p-Cl-PA 3.3 3.7 4.0 4.5 3.9
3, 4-diClI-PA 4.9 4.9 5.4 5.5 5.2
Duraset 4.7 4.7 4.7 4.5 4.7
Alanap 5.5 5.8 5.8 4.8 5.5



Mean 4.1 4.2 4.2 4.2

Figures represent mean values of 3 replication.
A: highly significant
L.S.D.0.05—0.34

On the root length, chemicala are as highly effective
as they are on the shoot length whereas cOncentrations
show no significance. (Table 6)

Among used chemicals, PA, PNA, p-CI-PA and 3, 4~
diCl-PA are more significant than control at 5% level.
On the other hand, Alanap shows remarkable minus
signifibance. ¢-CI-PA and Duraset hate as high effoct

as control.

Table § : Effect of phalamic acid and its derivatives

on root length in germination of rice seed.

Concentrations, B

Chemicals A 10ppm  25ppm 50ppm  100ppm Mean
Control 5.8 5.8 6.0 5.6 5.8
PA 7.2 6.2 6.3 6.3 6.5
PNA 6.2 7.3 6.4 6.2 6.5
o~CI-PA 6.3 6.3 6.1 6.0 6.2
p-Cl-PA 5.5 6.3 6.6 6.9 6.3
3.4~diCl-PA 7.0 6.5 6.2 6.4 9.5
Duraset 5.4 6.2 5.6 6.2 5.9
Alanap 4.4 4.5 4.3 4.1 4.3

Mean 6.0 6.1 5.9 5.9

Figures represent mean values of 3§ replication

-+ njury

A: highly significant

1..5.D.0.05+-0.49

Both chemicals and concentrations used are highly
significant on the root number.

It has been long known that roots are very sensitive
to auxins, but except at very low concentrations, the
reponse is one of growth inhibition. (12, 24)

Table 7 contributes to proving the above fact that
increased concentrations result in decreased root numbers
which mean growth inhibiton.

But root number shows a little deviation from inhibi-
ting effect. For instance. »-CI-PA is more significant
than control. PA and 3, 4 diCl-PA have as similar effect
as control. On the contrary, Alanap and Duraset cause
marked inhibiting effect and o~CI-PA and PNA also
show considerable inhibiting effect. Alanap and o-CI-PA

cause severe injury showing chlorosis at the end of

root at 100 ppm of each chemical.

Table 7. Effect of phthalamic acid and its derivatives

on root number in germination of rice seed.

Concentrations, B

Chemicals, A 10ppm 25ppm 50ppm  100ppm Mean
Control 4.8 4.4 4.5 4.1 4.4
PA 4.6 3.7 3.8 3.7 4.0
PNA 4.9 4.1 2.7 2.1 3.5
o-CI-PA 3.9 3.0 3.1 1.5 2.9
p~CI-PA 5.4 5.7 5.5 5.7 5.6
3, 4-diCl-PA 6.9 5.8 $.6 3.4 4.9
Duraset 2.6 2.2 1.0 1.0 1.7
Alanap 1.0 1.0 1.0 1.0 1.0

Mean 4.3 3.7 3.1 2.8

- I:‘Egures‘ represent mean values of 3 replication
+: injury

A, B: highly significant

L.S.D.0.05=0.05 -+ Chemicals(A)
L.8.D.0.05=0.04 .- Concentrations(B)

To know the effect of control, a medium only treated
with distilled water was prepared. In this test, control
showed a little better growth promoting effect than
distilled water below 25 ppm. But above 100 ppm, it
showed inhibiting effect.

In the germination test, p-Cl-PA and 3,4-diCl-PA

are the best growth regulants on rice seeds.

4. Effect of phthalamic acid and its deriva-
tives on rooting of rice seedlings

Newly developed root length and number were mea-
sured (Table 8, Fig. 2) after 14 days to investigate
the capacity of chemilcals to induce rooting responses
in cut rice seedings.

The root length of root-excised rice seedlings, in
general, has a tendency to be shorter as concentrations
increase and it varies considerably among chemicals.

#-CI-PA and 3,4-diC1-PA indicate remarkable growth
promoting effect in the root length below 200 ppm.
PA and Alanap also show promoting effect wiinth 50—
100 ppm. and their activity decrease above 100 ppm.
Duraset is similar to control in activity. But PNA and
o-CI-PA are less active than control.

Concentrations seem to have no close relations with



the root number but all chemicals used increase the
root number.

Alanap, 0-Cl-PA and Duraset caused injury in the
cutting test. This injury included wielding and chlorosis
of leaves, and deformation of roots.

Fig. 3 represents typical root injury of Alanap at

100 ppm concentrations.
Out of given chemicals, p-CI-PA and 3,4-diCl-PA
are selected as the best growth regulators on rice plant,
Further applicability will be studied to improve
degraded paddy field.

Table 8. Effect of phthalamic acid and its derivatives on root growth of root cut rice seedling.

Chemicals 50ppm R‘i%‘o;?;igth 200ppm 50ppm Roﬁtog;)ﬁber 200ppm
Control 7.8 7.4 7.1 9.3 10.3 9.7
PA 7.7 8.1 6.6 10.7 12.7 12.7
PNA 7.7 4.3 3.3 11.3 10.3 1.5
o-Cl-PA 8.2 6.0 5.6 13.7 10.0 10.7
»-CI-PA 8.4 8.2 8.4 1.3 10.0 12.3
3. 4-diCI-PA 8.2 8.1 7.6 12.3 11.0 14.3
Duraset 7.7 7.3 7.6 13.3 12.5 12.3
Alanap 8.3 7.6 6.8 11.0 10.7 8.7

Figures: Same as in Table 5.
+: injury

Fig. 2 Comparison of Root Growth 14 days after
Root-cutting (100ppm)

0: Control

1; Phthalamic acid

2; Phthalamilic acid

3; N-(o~Chlorophenyl) phthalamic acid

4; N-(p-Chlorophenyl) phthalamic acid

5; N-(3,4-Dichlorophenyl) phthalamic acid

6; Sodium-N-(m-tolyl) phthalamate (Duraset)
7; Sodium-N-(1-naphthy!) phthalamate (Alanap)

Fig. 3 Injury caused by Alanap on Root
0; Control

15 50 ppm

2; 100 ppm

35 200 ppm

SUMMARY

This experiment was conducted as a preliminary test
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to improve degraded (Akiochi) paddy field by applying
phthalamic acid and its derivatives as plant growth
regulators

The results are summarized as follows,

1) Following phthalamic acid and its derivatives
were synthesized or recrystallized. (Table 1)

A. Phthalamic acid
. Phthalanilic acid
. N-(o-Chlorophenyl)-phthalamic acid
. N-(p-Chlorophenyl)-phthalamic acid
. N-(3. 4-Dichlorophenyl)-phthalamic acid
. Sodium-N-(m-tolyl)-phthalamate (Duraset)
. Sodium-N-(1-naphthyl)-phthalamate (Alanap)
Yield of products ranged from 87 to 929%

om0 W

o

2) In the wheat straight growth test, all given che-
micals promoted remarkably the growth of wheat cole-
optile at concentaarions of 10 ppm. and 20ppm. Espe-
cially phthalamic acid derivatives showed better growth
effect than phthalamic acid which was the main factor
of yield increase among Imidan metabolites. (Table 4,
Fig. 1)

3) In the germination test of rice seeds, phthalamic
acid derivatives also indicated better growth of shoot
length than phthalamic acid itself. Among chemicals
used Alanap, N-(3.4-dichlorophenyl) phthalamic acid
and Duraset were the highest ones. Concentrations
within 10-100 ppm range didn’t affect the shoot length.
(Table 5)

In general, root growth varied among used chemicals
and was more sensitive than the shoot growth.

The root was a little more elongated in phthalamic
acid, phthalanilic acid, N-(p-chlorophenyl) phthalamic
acid and N-(3.4-dichlorophenyl) phthlamic acid than
in control while it was markedly short in Alanap.
(Table 6)

The root number increased only in N-(p-chloropheny)
phthalamic acid. The remaining chemicals had similar or
smaller number of roots than contrel. (Table 7) Inecr-
eased concentrations resulted in decreased root numbers.
Severe injury at the end of the root was observed in
Alanap and N-(o-chlorophenyl) phthalamic acid.

4) In the rooting test, all given chemicals increased
the root number while their concentrations had no close

relationship with it within 50-200 ppm range. (Table

8, Fig. 2)

The root length tended to be shorter as concentrations
increased and it varied considerably among chemicals.
Alanap, N-(o-chlorophenyl) phthalamic acid and Duraset
caused injury. (Fig. 3)

5) From the above results, N-(p-chlorophenyl) phth-
alamic acid and N-(8,4-dichlorophenyl) phthalamic
acid were selected as promising plant growth regulators
on rice plant.
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