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Abstract: A field experimentiwas performadi, during the summer seasem ot 2007 to study the effect of four-ifrgation
imervals, i.e. 4, § 12 and 16diys on rootramd! leaf structures of sunflower (Belianthus annuus L.). Sunflowerrauitivens
viz., Sakha 53 and Giza 102 were growan to maturity in a sandy soill. Estending the irrigation interval! (dhougplit)
increased xylemnm arm lengtthamd average mumber of xylem vessels bundle" im the root. However, an oppoesiietnend! was
observed true with epidermiss thickness, eortex thickness, and average wow mumber of cortex and thicknass: off iggest
Xylem vessel. In the cross;sections of roet the effect on Sakha 53 cultiwar was more significant than that wittk Giza 102
cultivar in alk studied chanacters. Extendimg the irrigation interval (dnought) increased some anatomical;chanacters of
leaf such as the thickness of upper epidermist+ palisade tssue, lower epidermis+ spongy tissue, average mumber of
xylem arms bundle ' and number of xylem vessels bundle . Concerning the cultivar effect, Sakha 53 significantly
excelled Giza 102 for the thickness of each of mesophyll, upper epidermis + palisade tissue and collenchymatous tissue
lower vascular bundle. But the reverse was correct with the thickness of collenchymatous tigsue upper vasealar bundle
and number of xylem arms bundle in leaves.
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INTRODUCTION

Sunflower (Hedianthus annuus L)), is an impomant
member of the family Asteraceae and is one of the
major oilseed crops grown for edible oil in the world.
Sunflower seeds contain 40- 50% oil and 23% protein
and constitute excellent source of unsaturated fats, crude
protein and fiber and important nutrients like vitamin E,
selenium, copper, zinc and B-complex vitamin (Afzal
etal, 2010).

Plants have different life strategies to cope drought
stress, like drought avoidance and drought tolerance.
The ability of plants to delay harmtul decrease in the
water potential of the protoplasm is considered as
avoidance of desiccation. Desiccation tolerance means
that plants have ability to maintain their normal
functions even at low tissue water potentials. A wide
diversity of drought tolerance mechanisms, both
morphological and physiological have been developed
in plants (Blum, 1996).

Loreto et al. {1992) reported that in avocado,
palisade and total thickness of water- stressed leaves
were lower than in controls. Furthermore, an increased
density of spongy celis and a 35-45% decrease of
intercellular spaces were also evident. The dense
arrangement of spongy cells may resuit in reduction of
diffusion conductance in water stressed avocado leaves.
These results supported the idea that a direct
relationship between leaf porosity and mesophyll
conductance exists. '

Also, Syvertsen et al (1995) showed that the
mesophyll density was inversely correlated with the
conductance through the liguid phase only.

Furthermore, Chartzoulakis ef al. (2002) found that
cross sections of avocado leaves show that the palisade
parenchyma is composed of two successive and
distinctive layers, the first one being in contact with
upper epidermis and the other with the spongy
parenrchyma. There were significant changes in leaf

anatomical characteristics induced by water stress. In
particular, water stress resulted in a sigpificant decrease
of the thickness of almast all histological components of
the: mesophyll, as well, as, of the entire lamina thickness.
Iy stressed plants of avocado the chlorenchyma cells
were denser than those in well irdigated ones.

The aim of thig work is to smdy the effect of
drought (irrigation imtervals) on rooet and leaf structures
of sunflower.

MATERIALS AND METHODS

A field experiment was performed, during 2007
season at the Experimental Farm of the Faculty of
Agriculture, Suez Canal Unmiversity, Ismailia, The
objective of the study was to detect the effect four
irrigation intervals (drought}i.e 4, 8, 12 and 16 days on
root and leaf structures of sunflower. Sunflower
cultivars Sakha 53 and Giza 102 were obtained from Oil
Crop Research Institute, Agricultural Center Research,
Ministry of Agriculture, Giza Egypt.

The experimental design was a split with three
replicates. The seeds were sown in plots each consisted
of 4 ridges, 5 meter in length and 60 cm in width, after
farm yard manure (FYM) had been applied at a rate of
20 m® fed! . Sunflower seeds were sown on 15 ™ of
April (2007) at a rate of 5 seeds hill”’, N- fertilizer was
applied to all plots at a rat of 300 kg fed™ as ammonium
nitrate (33.5%) in two equal split dressings after 15 and
45 days from sowing. P- fertilizer was applied before
sowing to all plots at a rate of 150 kg fed’' as
superphosphate (15.5 % P ;05 ). K- fertilizer was
applied to all plots at a rate of 50 kg fed” as potassium
sulfate (48% K ,0) in two equal split dressings after
sowing and after 20 days from sowing,

In 2007 season, the plant samples were collected
after 55 days from sowing (before flowring). Killing
and fixation in 70% F. A. A. solution, dehydration and
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clearing with ethyl-alcohol and xylene, infiltration and
embedding in pure parafine wax (M. P. 36-58 °C) were
carried out as described by (Willey 1971).

Using a rotary microtome, sections (15p) were
obtained and stained with safranin (1% solution in 50%
ethanol) and light green before being mounted in
Canada balsam. Sections, in such cases were
microscopically examined by light microscope.

Data were statistically analyzed according to
procedures outlined by Snedecor and Cochran (1982).
Means followed by the same alphabetical letters are not
statistically different according to Duncarm s Multiple
Range Test at 5% level of significance { Duncan, 1955).

RESULTES AND DISCUSSION

Root Structure: Data in Table 1 and plate 1 pointed out

the effect of four irrigation intervals on root structure.
The root cross sections were taken at 55 days from
sowing for the two cultivars of sunflower.

It is clear that the thickness of epidermis, cortex,
biggest xylem vessel and row number of cortex were
significantly decreased as a result of increasing the
irrigation intervals as compared with the controls.
Increasing irrigation intervals caused lower in the
thickness of the root anatomy characters. On the other
hand, an opposite trend was shown with xylem arm
length and number of xylem vessels bundle. All of the
studied anatomical characters pertaining the cultivar
Sakha 53 proved to exceed significantly those obtained
with the cultivar Giza 102. These results are in harmony
with those reported by Rogers ef al. (1984), Freundl er
al. (1998) and Robettson et aof (2005).

Table (1): Impact of irrigation intervals (drought) on some anatomical characters of two cultivars (Sakha33 ,Giza 102)
of sunflower roots at 55" days from planting during 2007 season (field experiment)

ot anatomy  Epidermis Cortex Row sumiber  Xylsina Number of  Thickness of
Thickness Thickness o bt length (mp) xylem (vessels biggest xylem
Treatment (mp) (mp) B bundie") vessel (mp)
Sakha 53 6.00° 43.0° TEE" 134° 16.1" 625"
Giza 102 429° 36.1° 7.63" 104" 148" 575"
Drought (Control) 65" 475* 9.00* 9.50 11.8¢ 8.75°
8 days 5.50°" 433° 8.00°" 1258 155°¢ 6.75"°
12 days 4.59°¢ 388° 7.50° 10.8 ™ 16.5" 4.50 ¢
16 days F75 28.8¢ 6.50 ¢ 14.8" 18.0" 4.00°
Means followed by the same letter in each columa are not significantly different at p= 0,03,
* Before flowering,
Epidermi Std

Cortex

Gtl Gi2

X}f]er}%*’\.,nf

vessel
Gi3 Gid

Plate (1): Transverse section showing the impact of irrigation intervals (drought) on some root anatomical characters of
two sunflower cultivars (Sakha33, Giza 102) at 55 days from sowing. X= 160

- 5 refers to Sakha 53 and G refers to Giza 102

=11, t2, t3 and t4 refer to irrigation intervals 4, 8, 12 and 16 days, respectively,
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Leaf Structure: Data in Table 2a , 2b and plate 2
pointed out the effect of four irrigation intervals (4, 8,
12, 16 days) on leaf structure of two cultivars ( Sakha
53, Gizal02). Leaf samples were taken after 55 days
form sowing,

It is clearly shown from these Tables that the
thickness of upper epidermis + palisade tissue , lower
epidermist spongy tissue , number of xylem arms
bundle”! and number of xylem vessels bundle” were
increased by increasing the irrigation interval and this
was particularly clear at 16 days irrigation interval as
compared with the controls. On the other hand, an
opposite trend is  shown with thickness of mesophyll,
midrib, collenchymatous tissue upper vascular bundle,
collenchymatous tissue lower vascular bundle, vascular
bundle and biggest xylem vessel in comparison with the
controls.

Concerning  the cultivar effect, Sakha 33
significantly excelled Giza 102 for the thickness of
mesophyll, upper epidermis + palisade tissue thickness
and thickness of collenchymatous tissue lower vascular
bundle. But the reverse was correct with thickness of
collenchymatous tissue upper vascular bundle and
number of xylem arms bundle. Otherwise, no significant
differences were obtained between the two cultivars in
this concern. These results are in harmony with those
reported by Syvertsen ef al. (1993) and Chartzoulakis et
al. (2002). However, Stoyvanova er af, (2002) showed
that the gradual depletion of soil moisture does not
provoke substantial histological changes., They found
that analysis of the leaf ultrastucture reveals that the
water deficit (at 40% of soil moisture content) caused a
typical destruction of thylakeids in the mesophyll
chloroplasts. Chloroplasts in the bundle sheath showed
greater structural plasticity and stability in maize,

Table {2a): Impact of irrigation intervals (drought) on some leaf anatomical characters of two cultivars (Sakha33 | Giza
102) of sunflower at 55 days from planting during 2007 season (field experiment)

Leaf anatomy Upper "y "]rlhir.;l:lr:lnﬂ:):“s
Thickness of epidermis+ epidermis+ Thickness of ° t'::uell; %
mysophyll (mp)  palisade tissue  spongy tissue midrib (mp) ; pp
: : vascular bundle
thickness (mp)  thickness (mpu)
Treatment {mpu)
Sakha 53 §.55° 3.45° 430° 59.6° 19.5°
Giza 102 i . s 4.4° 5738 23.0°
Drought (Control) 9.30°" 270° 3.30° 74.5°% FiT iy
8 days 8.40° 290°¢ 430" 69.4 25
12 days 6.81° 3.60°" #4151 42.8° 18.5°
16 days 7.00° 4.00° 5.30° 46.9° 14.0 ¢
Means followed by the same letter in cach column are not significantly different at p= 0.05.
* Before flowering. Collenchyma
upper vascular

Eylem vessel

Upper epidgrmis

hundle Std

Collenchyma lower
vascular bundle

Plate (3): Transverse section showing the impact of irrigation intervals (drought) on some leaf anatomical characters of
two sunflower cultivars (Sakha53 , Giza 102) at 55 days from sowing. (X= 160).

= 3 refers to Sakha 53and G refers to Giza 102,

-t1, 12, t3 and t4 refer to irrigation infervals 4, 8, 12 and 16 days, respectively,
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Table (2B): Impact of irrigation intervals (drought) on some leaf anatomical characters of two cultivars (Sakha33 , Giza
102) of sunflower at 55 days from planting during 2007 season (field experiment)

Leaf anatomy  Thickness of

collenchymatous  Thickness of Number of xylem Numiber of xylem Thickness of
tissue lower vascular bundle arms bundle”!  vessels  bundle biggest xylem
vascular bundle (mp) bl vessel (mp)
Treatment (mp)
Sakha 53 20.6° 18.9° 5.50° 19:5°2 1907
Giza 12 17.6 " 17.9* 625° 20.8° 1.77*
Drought (Centrol) 25.5° 23.5° 451 17.0'° 2.20*
8 days 22.0° 19.8° 5.00° 18.0° 1.80 %
12:days 14.5¢ 14.6° 550° 19.0° 1.84 %
16 dinys 14.4° 15.8° 8.50° 26.5° 1.50°

Meansifollawed by the same letter in each column are not significantly different at p= 0.035.

* Before flowering.
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