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Controlled Release of 2, 4-D (2,4-Dichlorophenoxy Acetic
Acid) from the Complex of Rice Husk Lignin and 2,4-D

IV. Variation of Herbicidal Activity by Soil
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ABSTRACT

Inactivation in soil absorption, translocation of 2,4-D by plants vary depending upon soil environments
and herbicide formulations. Experiment was conducted in a glasshouse using rectangular pots(1350cm?) to
evaluate the growth responses of barnyardgrass (Echinochloa crus-galli) and indian jointvetch
(Aeschynomene indica) to two formulations of 2,4-D. The formulations used were 40% 2,4-D amin salt
2,4-D/AS) and 19.7% complex of rice husk lignin and 2,4-D (2,4-D/LG) which were applied at 200g
ai/ha. Soil environments included fertilizer levels, soil pH. organic matter contents, and soil textures,
Each treatment was replicated three times, The herbicidal activity of 2,4-D increased and lasted with
increased levels of fertilizer, The activity also increased and lasted with low soil pH and decreased
content of organic matter. Generally 2,4-D/LG showed higher and longer herbicidal activity than 2,4-D/
AS for both test plants under all conditions applied, However, the herbicidal activity was influenced by
the formulations more than by soil textures. It was thought that 2,4-D/AS was released in a short time
and inactivated readily while 2,4-D/LG was slowly released and gave an opportunity of absorption by

plants for a long period.

4-D action is obviously different among plant

INTRODUCTION

species in that 2,4-D shows its phytotoxicity by

producing ethylene within plants(10). Therefore,

2,4-D is absorbed by leaves or roots according
to the forms of formulations, Also, it show
strong herbicidal activities at appropriate rates,
but at low rates it inhibits rooting and flowering
of plants and regulates ripening of plants as a
plant growth regulator. The herbicidal activity of
2,4-D can be reduced by change of translocation

at high rates(12). In addition, the intensity of 2,

to rationally use 2,4-D by inducing high selectiv-
ity between crop and weed the properties of the
formulations and a standard form utilization of 2,
4-D  should be investigated to improve the
activity. Especially controlled release formulation
of 2,4-D should be investigated on effects of soil
location, soil water status, soil microorganisms

(6}, and of temperature(4) and light intensity(9)
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at time of application.

The authors investigated the release rate(3) in a
laboratory and growth responses of plants(g) of
2,4-D lignin complex under the conditions of
water itself and flooded soil. Also, they reported
herbicidal activity and selectivity of 2,4-D lignin
complex beween rice and weeds under paddy rice
conditions(5), The release of 2,4-D lignin com-
plex is physicochemically high within 20 hours
after application but thereafter its release is
constant and lasted(3). This fact was recognized
by biological tests with test plants(6). However,
there were injuries to rice by excess release right
after application although weeds emerged in mid
to late-season were susceptible under paddy rice
conditions

The objectives of this research were to evaluate
the responses of weeds to the release rate of 2,
4-D formulations as affected by organic matter
rate of

content, soil pH, soil texture, and

fertilizer, and to provide basic information for
searching the feasibility to wuse in transplanted

rice.

MATERIALS AND METHODS

This experiment was conducted in a glasshouse
using pots(30x45x13cm) in 1989. Paddy soil was
air dried and seived to divide into clay and fine
sand. The ratio of clay and fine was 75 . 25% for
contro} treatments, Table 1 shows the environmen-

tal factors of the soil used in the experiment, The

factors included the amount of fertilizer applica-
tion, soil pH, organic matter content and soil
texture, Each factor contained two variables and
each formulation of 2, 4-D was biologically tested
for properties of controlled release. To adjust soil
pH, 2000 and 5.000 ppm of 95% H,SO, was
incorporated into the soil, respectively, and the
soil was stored for 2 weeks in a cold room and
then was air dried for 1 day.

The test plants were barnyardgrass ( Echinochloa
curs-galli Beauv.) that was sensitive to 2,4-D by
the responses of bending growth(5), and indian
jointvetch { Aeschynomene indica L) that germinat-
ed well in water and showed the responses of
bending growth by 2,4-D in the preliminary
study. Their seeds were incorporated into top soil
(0.5cm deep) at 1 day before herbicide applica-
tion. The pots were subirrigated and water was
kept lcm in depth. 2,4-D/LG (complex of rice
husk lignin and 2,4-D, 19.7%)and 2, 4-D/AS (2,
4-D amine salt, 40%) were applied to soil surface
at 200 g/ha in active ingredients, respectively,
Each treatment was replicated three times,

To evaluate growth rosponses of weeds the
visual ratings for barnyardgrass were taken at 10,
20, 30,

separates persons.

and 45 days after application by four
The evaluation was scaled
from ( to 9, where 0 represents no inhibition and
9 represents complete death, At 45 days after
application, fresh weights were measured for

barnyardgrass and indian jointvetch,

Table 1. Comparison of soil condition applied in the experiment

Soil Fertilizer Organic Soil Soil (ratio)
Conditions (N-P,05-KO, matter pH Clay Fine Code
Kg/Ha) (Kg/Ha) sand
Check 0-0-0 0 5.4 75 25 0/5.4/C
Fertilizer (1) 140-100-100 0 5.4 75 25 /x1
Fertilizer (I1) 280-200-200 0 5.4 75 25 /X2
Soil pH(T) 0-0-0 0 3.6 75 25 /3.6
Soil pH(II) 0-0-0 0 4.1 75 25 /4.1
Organic matter(]) 0-0-0 10, 000 5.4 75 25 /10
Organic matter (II) 0-0-0 20, 000 5.4 75 25 /20
Soil type(1) 0-0-0 0 5.4 50 50 /L
Soil type(1I) 0-0-0 0 5.4 25 75 /S

- 115~



RESULTS AND DISCUSSION

1. Influence of fertilizers.

The responses of barnyardgrass to two formula-
tions of 2, 4-D as influenced b_y levels of fertilizer
application are shown in Figure 1. Under no
fertilization, barnyardgrass was recovered from 2,
4-D damage with time. However, control of
barnyardgrass was increased until 20 days after

application and after that it tended to be lasted or
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Fig. 1. Change in visual rate of growth inhibition
(rate of control) of Echinochloa crus-galli
as affected by different 2,4-D formula-
tions under different fertilization levels,

decreased. Of the formulations,
herbicidal longer in
durability of the activity than 2, 4-D/AS under
any level of fertilization.

this effect of

2, 4-D/LG was

higher in activity and

In addition, 2, D-4/LG was
reconfirmed by fresh weight determination of
barnyardgrass and indian jointvetch at 45 days
after application(Table 2). Barnyardgrass growth
was increased with fertilizer application but fresh
weight of indian jointvetch was decreased with
increased levels of fertilizers, when herbicide was
not applied. Under all levels of fertilizer applica-
tion, effect of 2, 4-D/LG was higher than 2, 4-D/
AS, especially to indian jointvetch. Also the
effects were increased with increased levels of
fertilizer. This response is related with vegetative
growth of plant kingdoms. Ashton and Crafts(2)
states that when young plants grow actively under
enough nutrient conditions, ethylene production
and inhibition of plant metabolism are increased
by 2, 4-D. The difference in response between
barnyardgrass and indian jointvetch was probably
due to differences of tolerance between them and
the difference in response to fertilizer levels was
probably due to the rate of metabolism, Growth
inhibition by 2, 4-D/L.G was greater than that by
2, 4~-D/AS because the durability of 2, 4-D/LG
release  was

long by controlled release and

because absorption, translocation and accumula-
tion of 2, 4-D within the plants were lasted for a

long time(1) .

Table 2. Fresh matter weight of test plants at 45 days after treatment under different fertilization levels®,

Fertilization Check® 2,.4-D/AS 2,4-D/LG
.......................................... (Z/POL)  ++rsvrenearrrtieeeiiete e aeees

Echinocliloa crus-galli

Fertilizer-free 10.2(0) 9.6( 5.9b) 5.1(50.0b)

Conventional rate 48.010) 26.1(45.6a) 19.0(60.4b)

Double rate 34.0(0) 17.7(47 .9a) 3.5(89.7a)
Aeschynomene indica

Fertilizer-free 2.3(0) 1.3(43.8b) 0.6(73.9b)

Conventional rate 1.2(0) 1.1( 8.3¢) 0.2(83.3b)

Double rate 1.000) 0(100.0a) 0{100.0a)

® Means within a column followed by the same letter are not different at the 5% level of significance by

DMRT,

® Numbers in the parenthesis indicate the percentage of growth inhibition as compared with the untreated

check.,
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2. Influence of soil pH

The overall soil pH in the experiment ranged
from 3.6 to 5.5. The herbicidal activity of 2,
4-D to barnyardgrass was relatively high under
low soil pH(3.6 to 4.1), but when soil pH was
increased to 4.1 to 5.4, the activity was
dropped 2, 4-D/LG lasted it
herbicidal activity longer than 2, 4-D/AS in all

soil pH ranges(Fig. 2). This

rapidly. However,

was recognized
from fresh weight of barnyardgrass at 45 days
after application(Table 3). In pots without

herbicide application, fresh weight of barnyard-

LG/3.6

Inhibition rate(rate of control)

3
AS/4.1
LG/5.4
AS/5.4
1 ] 1
0t 10 20 30 45

Days after chemical application
Fig. 2. Change in visual rate of growth inhibition
{rate of control) of Echinochloa crus-galli
as affected by different 2,4-D formula-

tions under different soil pHs.

Table 3. Fresh matter weight of test plants at 45 days

grass was increased as soil pH was decreased.
Effect of 2,4-D treatment was decreased Wwith
high soil pH and was increaed with low soil
pH. Also, overall herbicidal
higher with treatments of 2,4-D/LG

those of 2,4-D/AS. On the other hand, indian

activity was
than with
jointvetch has shown low adaptibility to low

pH in that growth of indian jointvetch was

decreased with decreased soil pH even in pots

of no herbicide treatment, and was impossible

by 2,4-D treatment. Indian jointvetch growth
was deadly ingibited more by 2,4-D/LG than
by 2,4-D/AS.

2,4-D is an acid and has a negative charge
(-CO0) in solution so that 2,4-D is not readily
adsorbed to soil even at high soil pH(14). As sail
pH is decreased, ionization of 2,4-D is stimulat-
ed at and its herbicidal is probably high by
stimulated absorption by plants, Also, under
extremely low soil pH, microorganisms that
degrade 2,4-D may be low in populations or its
succession may be occurred, so that its degreda-
tion is delayed(13) and its absorption by antsmay
2,4-D/LG
showed higher activity and was more stable by
vatiations of soil pH than 2, 4-D/AS,

be increased, In this experiment,

3. Influence of organic matter content
The adsorption of herbicides varies with organic
matter content, there by the activity of herbicides

varies by the degree of herbicide inactivation,

after chemical treatment under different soil pHs®.

Soil pH Check® 2,4-D/AS 2,4-D/LG
................................................ (g/’pot)

Echinochloa crus-galli

5.4 10.2(0) 9.6( 5.9¢) 5.1( 50.0b)

4.1 10.8(0) 5.6(48.2b) 0.4( 96.3a)

3.6 17.7(0) 0.5(97.2a) 0(100.0a)
Aeschynoment indica

5.4 2.3(0) 1.3(43.5b) 0.6(73.9b)

4.1 1.8(0) 0.8(55.6b) 0(100.0a)

3.6 0.6(0) 0(100.0a) (100.0a)

¢ Means within a column followed by the same letter are not different at the 5% level of significance by

DMRT.

® Numbers in the parenthesis indicate the percentage of growth inhibition as compared with the untreated

check.
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Fig. 3. Change in visual rate of growth inhibition
(rate of control) of Echinochloa crus-galli
as affected by different 2 4-D formula-
tions under different
content,

organic matter

Figure 3 shows the response of growth inhibition
of barnyardgrass by two formulations of 2,4-D.
The herbicidal activity of 2,4-D in a short period
of application was high when no or a little
organic matter was added, regardless of the
formulation, but activity was decreased with
time. When the double rate of organic matter was
added, any herbicidal activity was not expected

regardless of the formulations.

However, 2,4-D/LG showed relatively high
activity as compared with 2,4-D/AS even by
adding 10 tons/ha of organic matters, The
increase of organic matter stimulates inactivation
and degradation of 2,4-D(7,14) which has high
water solubility(12), by increasing adsorption
materials(11) and by giving favorable conditions
for habitation of microorganisms(8). Therefore,
despite addition of organic matters, that 2,4-D/
LG showed the herbicidal activity longer than 2,
4-D/AS was probably due to a slow release of 2,
4-D and to increased absorption by plants,
According to fresh weights at 45 days after 2,
4-D application{Table 4), indian jointvetch was
more susceptible to 2,4-D than barnyardgrass.
When added, the
herbicidal activity was higher by 2,4-D/LG than
by 2,4-D/AS, while the

between two formulations was remarkably reduced

organic matter was not

activity  difference

by addition of organic matters, especially on

indian jointvetch,

4. Influence of soil texture
As shown in Figure 4, the activity difference
between two soil textures was remarkable at 10
to 20 days after 2,4-D application, but was
reduced with time., Also the overall activity was
decreased with time, Generally the herbicidal
activity of 2,4-D/LG was higher and lasted longer

than that of 2,4-D/AS under all soil texture

Table 4. Fresh matter weight of test plants at 45 days after chemical treatment under different organic

matter contents®,

Compost application

Check® 2,4-D/AS 2,4-D/LG
.......................................... (g/pot)
Echinochloa crus-galli
Compost-free 10.2(0) 9.6( 5.9a) 5.1(50.0a)
Conventional rate 9.7(0) 8.7( 10.3a) 6.9(28.9b)
Double rate 6.8(0) 7.5(-10.3b) 6.7( 1.5¢)
Aeschynomene indica
Compost-free 2.3(0) 1.3(43.5a) 0.6(73.9a)
Conventional rate 2.1(0) 1.1(47 .6a) 0.9(57.1a)
Double rate 1.7(0) 1.4(17.7b) 1.4(17.7b)

* Means within a column followed by the same letter are not different at the 5% level of significance by

DMRT,

® Numbers in the parenthesis indicate the percentage of growth inhibition as compared with the untreated

check.
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Fig. 4. Change in visual rate of growth inhibition
(rate of control} of Echinochloa crus
-galll as affected by different 2,4-D
formulations under different soil types.
£S.25:75, L,50:50 and C,75: 25 in clay
and sand ratio, respectively ]

conditions.

Fresh weights of barnyardgrass and indian
jointvetch at 45 days after 2,4-D application are
given in Table 5. In the pots without 2,4-D
application, barnyardgrass growth was extremely
inhibited with increased sand content in soils but
indian jointvetch was not affected much, sug-

gesting that indian jointvetch adapted well to

sandy soils, Also, the herbicidal activity was
significantly higher by 2,4-D/LG than by 2,4-D.
AS, regardless of plants tested. The variation of
herbicidal activity for barnyardgrass was higher
by 2,4-D/AS than by 2,4/LG, but for indian
jointvetch was similar by both formulations and
the activity was decreased with increased sand
content, Barnyardgrass growth was not influenced
by soil textures while indian jointvetch in the
ratio of 25 to 75 for clay to sand, respectively,
was inhibited, Generally clay minerals in soils
stimulate inactivation of herbicides by adsorption
i14). On the other hand, sandy soil stimulates
leaching of herbicides that has high water
solubility (12,13} . Yang(l5) reported that the rate
of 509% growth inhibition(GRs) for 2,4-D was
tremendously changed (]l times) from soil texture
to soil texture and that the increase of crop injury
and decrease of herbicidal activity by herbicides
were readily possible in sandy soils. Thus, that
2,4-D/LG showed higher activity than 2, 4-D/AS
for a long period is probably due to continuous
absorption by plants through controlled release of
2,4-D/LG although there were soil adsorption and
leaching during the period. However, the difference
in herbicidal activity by 2,4-D between barnyvard-
grass and indian jointvetch may be due to a

difference of tolerance.

Table 5. Fresh matter weight of test plants at 45 days after chemical treatment under different soil

types?.
Soil type
{clay : sand) Check® 2,4-D/AS 2,4-D/LG
............................................. (g,«”pot)
Echinocliloa crus-galli
7525 10.2(0) 9.6( 5.9b) 5.1¢50.0a)
50 1 50 5.6(0) 4.0¢28.6a) 3.0(46.4a)
2575 1.640: 1.0(37.5a) 0.7(56.3a)
Aeschynomene indica
7525 2.310) 1.3(43.5a) 0.6(73.9a)
50 : 50 3.0(0) 2.2(26.7ab) 0.8(73.7a)
25.75 1.810 1.5(16.7b) 1.1(38.9b)

2 Means within a column followed by the same letter are not different at the 5% level of significance by

DMRT.

® Numbers in the parenthesis indicate the percentage of growth inhibition as compared with the untreated

check.
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GENERAL DISCUSSION

The herbicidal activity of 2,4-D/LG and 2,
4-D/AS was evaluated as influenced by soil
factors such as fertilizer levels, organic matter
contents, soil pHs, and soil textures. As the
results, the activity was proportional to fertilizer
levels, and was inversely proportional to organic
matter contents and clay contents. Also, it was
increased in acidic soils. However, one important
thing was that 2,4-D/LG showed higher activity
than 2,4-D/AS even at 45 days after application.
2,4-D is readily soluble in water and readily
leached into the layer of subsoil because it is an
acidic compound with negative charges(12,13).
Also, 2,4-D is so decomposed that DTs, (50%
disappearance time) is 17 days and DT is 26
daysil4). 2,4-D/LG lasted its
activity for more than 100 days(3,6), so that this

Nevertheless,

controlled release of 2,4-D/LG not only reduced

the opportunity of inactivation but also enhanced
the opportunity of absorption and translocation for

plants, In these experimental conditions it was
confirmed that the herbicidal activity of 2,4-D
lasted untill 45 days after application. 2,4-D/LG
at the same rate of 2,4-D/AS injured rice slightly
in the previous report(5). The result from these
experiment was similar to that of barnyard rass.
Therefore, the rate of 2, 64-D/LG application
should be reconfirmed to give better selectivity

between crop and weeds.
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