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Summary. The imazamox was applied at a dose of 120ml/da after the process of sunflower
seeding. During the vegetation period some visible signs of phytotoxicity in the crop were
observed – plant growth inhibition, deformation of leaves and vegetation tip, weak chlorosis, etc.
For the purpose of determining the herbicide influence on the sunflower leaf anatomy, several
fixed samples from the leaf middle sections were taken as well. The following indices were
measured: stomata number (mm2) and stomata size (μm) from the upper and lower epidermis,
size of assimilation parenchyma (mesophyll) in leaf. It was established that imazamox caused
considerable changes in the sunflower leaf anatomy, which found expression in a reduction of
stomata number (mm2) as well as an increase in the thickness of leaf lamina (blade) compared to
those in the non-treated control plants.
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INTRODUCTION
Phytotoxic influence of herbicides
is quite various. It is expressed in
morphological, anatomical, physiological
and biochemical modifications, which occur
in sensitive plants and cause deterioration
in plants to even lead to death.The
biochemical, physiological or anatomical
modifications preceed the morphological
ones. Herbicides reduce the chloroplast
content in assimilation parenchyma cells
of leaf (Jung et al., 2008), distrurb plant
biochemical and physiological processes

(Warabi et al., 2001; Ha et al., 2003; Jung
et al., 2004; Yang et al., 2006), causing
anatomicalandmorphologicalmodifications
(Guh and Kuk, 1997; Kamble, 2007a,
b), lead to growth inhibition and death of
plants (Martin and Fletcher, 1972; Gorske
and Hopen, 1978; Muniyappa et al., 1980;
Bakale, 1989; Ferrel et al., 1989; Tripathi
et al., 1992; Mukharji,1994). The objective
of the study was to determine imazamox
influence on some anatomical indices in
the leaves of sunflower plants.
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MATERIAL AND METHODS
During the period 2006-2007, on the
test-field of the Agricultural University,
Plovdiv, a field experiment was carried
out for the purpose of determining the
biological effectiveness and selectivity
of some soil herbicides. One of them was
the preparation Pulsar 40, with an active
substance of 40% imazamox. Imazamox
was applied at a dose of 120 ml/da after
the process of sunflower seeding. During
the vegetation period some visible signs
of crop phytotoxicity were observed: plant
growth inhibition, deformation of leaves
and vegetation tip, weak chlorosis, etc. For
the purpose of determining the herbicide
influence on sunflower leaf anatomy,
several samples from the middle sections
of damaged plant leaves as well as from
non-treated control plant were taken and
fixed in 70% ethanol. A light microscope
Amplival was used for the anatomical
indices study. The following indices were
measured: stomata number (mm2) and
stomata size (μm) from the upper (adaxial)
and lower (abaxial) epidermis, as well
as the size of assimilation parenchyma
(mesophyll) in leaves, upon total zoom of
400x (10x for the ocular and 40x for the
lens).
RESULTS AND DISCUSSION
The sunflower leaf (Helianthus
annuus L.) is dorsiventral. Stomata are
located along the both sides of the leaf,
which characterize it as amphystomatic.
The main epidermal cells are more or less
isodiametric with wavy folded and curved
anticlinal walls. The stomatal apparatus is
of anomocitic (non-row cellular) type, so
that the cells around stomata do not differ
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from the other basic epidermal cells and
the shape of the guard cells is fabaceous.
The mesophyll is diverse, represented
by palisade (column) and loosely packed
(spongy) parenchyma. The palisade
parenchyma is one-row and is located
directly under the upper epidermis of the
leaf. The spongy parenchyma consists of
isodiametric scattered parenchyma cells,
among which bigger or smaller intracellular
spaces are observed. They are often
connected to the stomata of the leaf lower
epidermis. The influence of imazamox on
some anatomical indices in the leaves of
sunflower plants is shown in Table 1. The
results obtained for the herbicide-treated
plants showed a significant increase of the
leaf assimilation parenchyma dimensions,
which was several times higher than
the dimensions reported for the control
plants.
The column parenchyma was thicker
than the loosely packed parenchyma. The
average values obtained for the palisade
parenchyma dimensions were 35.83
µm for the control plants and 114.6 µm
for the treated plants, while the spongy
parenchyma dimensions were 24.16 µm
for the non-treated plants and 93.8 µm for
the treated plants. The significant increase
of the assimilation parenchyma dimensions
of treated plants was due to the influence
of imazamox. Stomata number per mm2 of
the adaxial epidermis was greater than the
stomata number of the abaxial epidermis.
On the upper epidermis there were (266.6)
368.3 ± 7.12 (441.6) stomata/mm2 for
control plants and (100) 149.4 ± 5.11
(208.3) stomata/mm2 for treated plants,
while for lower epidermis stomata number
was (258.3)293.3±4.15(350) for nontreated plants and (50)90.27±3.61(133.3)
for treated plants, respectively. The
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Lower
epidermis
stomata

Upper
epidermis
stomata

(266.6) 368.3±7.12 (441.6)
(25) 29.75±0.55 (35)
(7.5) 20±0.33 (22.5)
(258.3) 293.3±4.15 (350)
(20) 22.7±0.49 (30)
(15) 17.4±0.36 (22.5)

Length [µm]

Width [µm]

Number/mm2

Length [µm]

Width [µm]

(20) 24.16±0.42 (27.5)

Leaf parenchyma
Spongy parenchyma
(mesophyll) [µm]

Number/mm2

(30) 35.83±0.68 (42.5)

Non-treated

(min) x ±S x (max)

Palisade parenchyma

Variants

Indexes

11.60

11.34

7.76

9.30

10.20

10.60

9.54

10.41

1.50

1.50

1.35

1.28

1.40

1.65

1.37

1.41

S [%] max:min

Table 1. Influence of imazamox on some anatomic indices in the leaves of sunflower plants.

(10) 24±0.92 (30)

(22.5) 31.5±0.87 (40)

(50) 90.27±3.61 (133.3)

(15) 18.33±0.36 (22.5)

(15) 24.41±1.07 (40)

(100) 149.4±5.11 (208.3)

(75) 93.8±1.32 (105)

(102.5) 114.6±1.62 (137.5)

Treated

(min) x ±S x (max)

21.11

15.25

21.96

10.94

24.15

18.74

7.71

7.75

3.00

1.80

2.70

1.50

2.66

2.08

1.40

1.34

S [%] max:min
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significant reduction of stomata number
per area unit in the treated plants led to
changes of their dimensions. The length
and width (µm) of the adaxial epidermis
stomata decreased while the dimensions of
abaxial epidermis stomata increased. The
changes of stomata dimensions under the
influence of imazamox led to atrophy of
their guard cells, causing their uneffective
functioning. The ineffective functioning of
stomata of imazamox-treated leaves along
with the significant increase of assimilation
parenchyma dimensions and the reduction
of stomata number per area unit led to
disturbance of the synthetic, transpiration
and gas-exchange processes expressed by
visible signs of crop phytotoxicity, such as
deformation of leaves and vegetation tip,
plant growth inhibition, weak chlorosis
and subsequent necrotic spots on the
leaves of sunflower plants.
CONCLUSIONS
The adverse influence of imazamox
on some anatomical indices in the leaves
of sunflower plants was expressed by
increased dimensions of the assimilation
parenchyma in leaves, a reduction of
stomata/mm2 of leaf upper and lower
epidermis and atrophy of stomata guard
cells.
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