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Table 1. Leaf area, leaf angle and stomata densityA.

Plant Species Leaf angle Leaf area Stomata densityB

(0) (cm2) (No. mm-2)

Propanil susceptible:

Ageratum conyzoides 55.5 26.3 6

Propanil tolerant:

Echinochloa colona 27.75 7 3
Oryza sativa 16.25 6 3
Cyperus rotundus 16 1.2 2

LSD (P=0.05) 13.18 8.15 1.5

A Measurements were made at the 3–4 leaf stage of each plant species.
B Only stomates of the upper leaf surface were examined.

Summary
The morphological and physiological
bases of the response of Ageratum
conyzoides L., Oryza sativa L., Echino-
chloa colona (L.) Link and Cyperus
rotundus L. to a post-emergence applica-
tion of propanil (N-(3,4-dichlorophenyl)
propanamide) were studied. Propanil
retention, absorption and translocation
to the roots of these species were meas-
ured using a UV/VIS spectrophoto-
meter. The leaf area, leaf angle and sto-
mata density were determined quantita-
tively. Stomata distribution and thick-
ness of epicuticular wax were observed
from photo-micrographs of transverse
sections of the leaves.

Results showed that A. conyzoides
retained more propanil on the leaf sur-
face; absorbed and translocated more
propanil into the plant tissues; had the
thinnest epicuticular wax, highest sto-
mata density, greatest leaf area and leaf
angle as well as a wider distribution of
stomates than the other species. These
factors may be responsible for the sus-
ceptibility of A. conyzoides to propanil
toxicity in the field. O. sativa, E. colona
and C. rotundus retained little propanil
on the leaf surface, absorbed less and
had limited or no translocation of
propanil to the stems and roots. It was
inferred that these factors may be re-
sponsible for their tolerance to propanil.

Introduction
Few herbicides are available that selec-
tively control emerged annual grass and
broadleaf weeds in rice (Oryza sativa L).
With the introduction of propanil (N-(3,4-
dichlorophenyl) selective post-emergence
control of many weeds in rice became
possible (DeDatta 1981). However, weeds
such a Echinochloa cruss-galli L., Echino-
chloa oryzacola L. Echinochloa colona,
Cyperus irria L. and Cyperus rotundus L.
have not been effectively controlled by
propanil (Mallan et al. 1982, Giannopolitis
and Vassiliou 1989).

Morphological, physiological and bio-
chemical characteristics of plant species
have been major determinants of the sus-
ceptibility of weeds to applied herbicides
(Hatzios and Penner 1982, Boldt and
Putnam 1980, Todd and Stobbe 1977a,b).
In the case of propanil, the basis of its se-
lectivity on E. colona and C. rotundus has
not been sufficiently investigated
(Giannopolitis and Vassiliou 1989).

This study was carried out to document

the physiological and morphological ba-
sis of the differential response of E. colona,
C. rotundus (propanil tolerant weeds),
O. sativa (propanil tolerant crop) and
A. conyzoides (propanil susceptible weed)
to propanil.

Materials and methods

Morphological study
Gross morphology of the leaves of
E. colona, C. rotundus, A. conyzoides and
O. sativa were studied at the Obafemi
Awolowo University, Ile-Ife between and
1990 and 1991. The seedlings of each spe-
cies were raised in seed trays in the
screenhouse. At the 3–4 leaf stage each of
the following parameters were measured:
leaf shape, leaf area, leaf angle, thickness
of cuticular and epicuticular wax, the
presence of trichomes on the leaf surface,
as well as stomatal numbers and distribu-
tion in the upper leaf surface.

The thickness of epicuticular wax and
cuticular wax as well as the presence of
trichomes on the leaf surface were inves-
tigated by examining 20 µm transverse
sections of the leaves of each species at
400 magnifications using a compound
microscope. Each section was stained
with phloroglucinol and Acian blue for 10
minutes (Lund-Hoie 1964). To examine
the stomata distribution and abundance
in the upper epidermal layer, a fully ex-
panded leaf from the crown region of
each species was peeled, the number of
stomata in six randomly chosen fields,
each 1 mm2, on each leaf was counted.

Physiological study
Seedling production and herbicide resi-
due extraction. Seeds of E. colona,

O. sativa, A. conyzoides and C. rotundus
were obtained from a local field. The pro-
cedure used for raising seedlings, apply-
ing the herbicide and extracting propanil
was based on that of Hess and Falk (1990).
Twelve seedlings of each species were
raised in seed trays measuring 24 × 13 ×
17 cm filled with sterilized field soil.
At the 3–4 leaf stage for each species,
the trays were sprayed with Sucopur®

(360 g L-1 of propanil, Bayer trade name)
at 2.9 kg a.i. ha-1 using a small plot sprayer
calibrated to deliver 200 L of spray solu-
tion per hectare. Six vigorous plants of
similar size from each tray were selected
and one plant was harvested at 0, 1, 2, 3, 7
and 14 days after herbicide application
(DAA) by uprooting with a hand trowel.
The soil attached to the roots was re-
moved by washing in water. The plants
were divided into leaves, stems and roots
which were put into sample bottles and
kept in an ice bath to prevent herbicide
degradation. Similar samples were taken
from untreated plants to serve as controls.

Two grams of each sample were
washed in toluene (methybenzene) to re-
move propanil from the leaf surface. The
samples were then macerated and subject
to reflux extraction using 15 mL of tolu-
ene for 3–4 hours. After extraction the
residue was filtered through Whatman
No. 1 paper to remove solid particles and
the filtrate made up to 5 mL for analysis.
Another two gram sample was extracted
without surface washing.

Residue analysis. The plant tissue ex-
tract was analysed for propanil using
a UV/VIS spectrophotometer at 248 nm.
A calibration curve was prepared using
concentrations of analytical grade pro-
panil (Unichem 1987) over the range 0–14
ppm.

The experimental design was a split
plot with the plant parts (leaf, stem and
root) as main plot and time after applica-
tion as the subplot. The data collected for
propanil residues were subjected to
analysis of variance and the means were
compared using the least significant dif-
ference (LSD) at the 5% level of probabil-
ity.
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Results

Morphological study
The leaf angle, leaf area and stomata
density of propanil susceptible plant spe-
cies (A. conyzoides) as well as propanil tol-
erant species (E. colona, C. rotundus and
O. sativa) is presented in Table 1.
A. conyzoides had a significantly larger
leaf angle (55.5°) than the other species.
A. conyzoides also had a leaf area which
was significantly larger then that of the
other species. Stomate density was sig-
nificantly greater on the upper leaf sur-
face of A. conyzoides than on the leaves of
E. colona, C. rotundus and O. sativa.
Stomates were widely distributed in the
costal and intercostal regions of the leaves
of A. conyzoides whereas the stomates in
the leaves of the three tolerant species
were confined to the costal regions.

Also, the leaf topography, pubescence,
thickness of cuticular and epicuticular
wax varied among the four plant species.
A. conyzoides had a corrugated leaf sur-
face, thin wax deposits, as well as small
trichomes on the leaf surface whereas
E. colona, C. rotundus and O. sativa had flat
and glossy leaf surfaces, thick wax depos-
its and no trichomes on the leaf surface.
Additionally, the leaves of A. conyzoides
were ovate in shape while the leaves of
the tolerant plant species were awl-
shaped.

Physiological study
The treatments were replicated three
times and the experiment was repeated
four times. The data obtained from the
four trials were statistically similar, hence
they were pooled together to obtain treat-
ment means. No propanil or propanil-like
compound was detected in the untreated
plants, hence no data on untreated plants,
is presented.

Propanil residue was detected in both
the plant tissue and on the plant surface
of A. conyzoides, E. colona, O. sativa and
C. rotundus (Table 2). More propanil was
intercepted by the leaves of A. conyzoides
than the other plants. Samples taken im-
mediately after propanil application
yielded leaf surface residues of 5.78 ppm
on A. conyzoides, 3.92 ppm on O. sativa,
3.51 ppm, E. colona and 2.84 ppm
C. rotundus. No propanil residue was de-
tected in the tissue of all the plant species
at this time indicating that propanil had
not been translocated.

At one day after application (DAA),
significantly more propanil residue was
absorbed by A. conyzoides than that of the
other species. From 2–3 DAA, propanil
residues decreased in the leaves of all the
plant species, however, while this de-
crease was accompanied by a concomi-
tant increase in propanil residue in the
stems of A. conyzoides and E. colona, there
was no residue in the stems of O. sativa

and C. rotundus. About 70% of the initial
amount of propanil absorbed into the
leaves of A. conyzoides was translocated to
the stem at 3 DAA, whereas only about
30% of propanil residue was translocated
to the stem of E. colona.

Propanil was only found in the roots of
A. conyzoides, and was not detected in the
roots of the other three plant species. At
7 DAA, propanil residue was only de-
tected in the tissue of A. conyzoides indi-
cating that it may have been detoxified in
E. colona, O. sativa and C. rotundus by this
time. At 14 DAA however, propanil resi-
due was only detected in the roots of
A. conyzoides. At this time all A. conyzoides
seedlings were dead while the three re-
maining species had completely recov-
ered from their initial injury.

Discussion
The great diversity of the leaf morphol-
ogy and physiology of the plant species
studied may account for the differential
retention, uptake and translocation of
propanil to the various plant parts. The
corrugated leaf surface of A. conyzoides
(Hess and Falk 1990) may have aided
retention of propanil. Additionally, the
small trichomes on the leaf, large leaf
area and angle may also have aided reten-
tion.

The glossy or smooth leaf surfaces,
small leaf angles and leaf areas of

Table 2. Propanil content of leaves, stems and roots of Ageratum conyzoides, Echinochloa colona, Oryza sativa and
Cyperus rotundus at different times after post-emergence application of propanil at 2.9 kg a.i. h-1.

Propanil residue (PPMW)

Ageratum conyzoides Echinochloa colona Oryza sativa Cyperus rotundus

TissueA + Plant Tissue + Plant Tissue + Plant Tissue + Plant
(days) Surface tissue Surface tissue Surface tissue Surface tissue

Leaf 0 5.78 0 3.51 0 3.92 0 2.84 0
1 4.61 2.85 2.81 1.62 2.54 1.64 2.4 1.19
2 3.51 2.74 2.28 1.07 1.82 1.17 1.82 1.02
3 2.69 1.85 1.86 0.86 0.72 0.5 1.15 0.99
7 1.29 0.74 0 0 0 0 0 0
14 0.72 0 0 0 0 0 0 0

LSD (P=0.05) 1.85 0.62 0.94 0.86 0.98 0.28 0.85 0.16

Stem 0 1.62 0 1.55 0 1.24 0 1.2 0
1 2.61 1.65 2.41 0.91 1.8 0 1.13 0
2 3.51 2.32 2.82 1.17 0.96 0 1.01 0
3 2.42 2.97 2.85 1.2 0.68 0 0.84 0
7 1.08 0.99 0 0 0 0 0 0
14 0.68 0 0 0 0 0 0 0

LSD (P=0.05) 2 0.84 1.01 0.92 1.02 NS 0.98 NS

Root 0 1.81 0 1.32 0 1.45 0 1.52 0
1 1.72 1.33 1.27 0 1.28 0 1.13 0
2 3.01 2.36 1.08 0 1.08 0 1.04 0
3 3.26 2.54 0.95 0 0.83 0 0.9 0
7 1.62 1.54 0 0 0 0 0 0
14 1.02 0.94 0 0 0 0 0 0

LSD (P=0.05) 2.21 1.02 1.32 NS 1.38 NS 1.02 NS

A The plants sampled for propanil residue in the tissue was washed with toluene before subjected to extraction process, whereas the
plants sampled for propanil in tissue and surface were subjected to extraction process without being washed with toluene.
0 = No detectable residue.
NS = Not significant.

Time after
herbicide
application

Plant
part
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E. colona, C. rotundus and O. sativa may
have been responsible for the small
amount of herbicide intercepted and
retained on their surfaces. Glossy or
smooth leaf surfaces have been reported
to aid herbicide spray run-off from leaf
surfaces (Hess and Falk 1990).

The higher concentration of propanil
residue absorbed by the leaf tissues of
A. conyzoides compared to the other plant
species may have been due to the thin
epicuticular wax and higher stomatal
density which have been reported to fa-
cilitate herbicide uptake in weeds. Simi-
larly, thick epicuticular wax has also been
reported to be one of the important barri-
ers to herbicide uptake especially if the
herbicide is hydrophylic (Hess and Falk
1990, Akobundu 1987).

Herbicide uptake or absorption
through stomata is reported to be negligi-
ble when compared to the total absorp-
tion of herbicide through the leaf surface
by active transport or diffusion, however,
where stomates occur in large number
they constitute important uptake mecha-
nism for some herbicides (Akobundu
1987). The number of stomates observed
in the leaves of A. conyzoides was quite
large relative to the other plant species,
hence, stomates could play a significant
role in the absorption of propanil. The
higher propanil residue translocated from
the leaf to stem and stem to the root of
A. conyzoides compared to E. colona,
C. rotundus and O. sativa may be due to
the better organized vascular bundles in
A. conyzoides compared to the tolerant
species which had scattered vascular bun-
dles. Broadleaf weeds have been reported
to be more efficient in the translocation of
xenobiotics than grasses and sedges
(Akobundu 1987).

Moreover, propanil may have been
firmly adsorbed to the symplastic and
apoplastic lignin of the three plant species
which may have reduced or prevented
the downward movement to the roots or
vegetative propagules of the plant spe-
cies.

The non-detection of propanil in the tis-
sues of the tolerant plant species (E. colona,
C. rotundus and O. sativa) at 7 DAA may
be due to detoxification of propanil by
conjugation or formation of complexes
with the plant constituents. These detoxi-
fication mechanisms may be lacking in
A. conyzoides and hence propanil was still
present in its tissues at 7 and 14 DAA.
Hatzios and Penner (1982) reported that
O. sativa possesses an enzyme (arylacyl-
amidase) which detoxifies propanil in the
leaves and thus ensures its selective pro-
tection against propanil. Hatzios and
Penner (1982), also reported that Zea mays
L., Senecio vulgaris L., E. cruss-galli achieve
tolerance to some herbicides because of
rapid conjugation of the herbicide with
plant constituents.

Werner and Putnam (1980) also re-
ported that for a herbicide to be effective
in the control of weeds with subterranean
vegetative propagules, the herbicides
must be translocated to the underground
parts in order to avoid regrowth.
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