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INFI4UENCE OF FERTILIZER AND WATER STRESS ON LEAF AREA OF
SUNFLOWER (HELIANTHUS ANNUUS L.)

Akbar Ali Meo
Department of Botany, Govt. Islamia College, Narowal

The influence of nitrogen fertilizer and water stress on leaf area of sunflower (Helianthus annuus L.) was
studied in pots. Urea as a nitrogen fertilizer was applied at the time of sowing and sporadic stress was
induced by a cycle of ten-day watering and ten-day stress period after 20, 30, 40 and 50 days of sowing. Data
revealed that the sporadic stress and urea fertilizer had highly significant response. When either the stress
period was increased or urea fertilizer decreased, the leaf area signIficantly decreased. The highest leaf area
values were recorded with full dose of urea, intermediate with 1/3rd dose and the lowest with 1/8th dose of
urea at all sporadic stress levels.
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INTRODUCTION
Water stress is one of the severe conditions that
affect crop productivity. Water stress probably
limits the plant production more than any other
environmental parameter. Water being an integral
part of plant, plays a vital role in the maintenance
of plant life. The deficiency of water modifies soil-
plant-water relationship by lowering tissue water
potential and impairing metabolic processes (Akhtar
et al., 1993). The effects of water stress on water
status and growth of different plant species have
been shown to depend on the stage of growth when
stress occurs. Several researches have indicated
that moisture stress at any growth stage reduces
crops yield (Monayeri et al., 1984; Sarwar et al.,
1991). Similarly, Jamro and Larik (1991) pointed
out that water stress during vegetative growth
reduces leaf area and dry matter due to decrease in
leaf water potential from less water uptake or more
atmospheric demand which in turn decreases leaf
expansion. Palmer et al. (1996) studied the impact of
nitrogen on leaf expansion of sunflower and
reported that the availability of nitrate had a strong
effect on leaf area expansion. A general response to
drought is accelerated senescence of leaves in lower
parts of the shoot. Water stress also causes
metabolic and compositional changes such as
decline in photosynthetic rate, increase in abscisic
acid and ethylene concentrations, decrease in
cytokinin levels and reduced protein synthesis
:Wolfe et al., 1988). The present investigation was
undertaken to determine the influence of nitrogen
fertilizer and sporadic water stress on leaf area of
sunflower (Helianthus annuus L.).
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MATERIALS AND METHODS
The experiment was carried out in the net house of
botanical garden, University of Agriculture,
Faisalabad. Sunflower variety Shams was used and
the seeds were obtained from the Ayub Agricultural
Research Institute, Faisalabad. The seeds were
sown in 120 pots and urea as nitrogen fertilizer was
added to each pot having 23 cm diameter and 9.5 kg
soil in it . The soil analysis before experiment
showed that it was deficient in nitrogen (0.036%)
and organic matter (0.73%) with pH 8.0 and
saturation percentage of 36%. One plant per pot was
maintained. Urea as a nitrogen fertilizer was
applied in solution form in three doses. No
phosphatic or potash fertilizer was added to the
pots.
1. Full dose(normal) 75 kg/acre
2. 1/3rd dose (normal) 25 kg/acre
3. 1/8th dose (normal) 9.37 kg/acre
Four water stress levels and three urea treatments
(as above) were used. The experiment was laid out
in completely randomized design with eight
replications. The number of pots per stress
treatment was 24 whereas the number of pots per
urea treatment was 8. Before application of urea to
all the 120 pots, these were divided into five groups
of 24 pots each. Group 1 pots having all three
nitrogen levels were kept as control to which water
was applied continuously. In rest of the four groups
each having respective nitrogen level, sporadic
drought was induced using a cycle of ten-day
watering and a ten-day stress period at the
following stages:

ControL (SO)
Drought started 20 days after sowing (Si)
Drought started 30 days after sowing (S2)



Drought started 40 days after sowing (S3)
Drought started 50 days after sowingid«)

Leaf area was measured just before flower initiation
and mean of three plants was calculated for
statistical analysis. The leaf area was measured as
reported by Carleton and Foote (1965).
Leaf area = Length x breadth x 0.75 (a constant).
The data were analyzed and significance was
determined by Duncan's multiple range test (Steel
and Torrie,1980).

RESULTS AND DISCUSSIONS
Table I showed a highly significant difference
among fertilizer means with regard to leaf area just
before flower initiation. Among the urea levels
applied the maximum significant leaf area (36.50
cm-) was observed in full urea concentration, while
the minimum (24.38 cm'') in 1/8th concentration,
indicating a highly significant (p<O.Ol) decrease in
leaf area with decrease in urea concentration.
The difference in leaf area was highly significant
among all the stress treatments. Maximum
significant value (47.27cm2)for leaf area was
observed in So- (zero stress) and maximum
significant decrease (18.68cm2) was observed in SI
(stress 20 days after sowing). Intermediate values
were observed with other stress treatments
(stressed after 30,40 and 50 days of sowing). These
results indicate that with each successive increase
in sporadic stress, the leaf area decreases
significantly. The interaction between water stress
and fertilizer levels, varied significantly. With full
dose, 1/3"'!and 1/8th urea levels, leaf area decreased
gradually with the increase of sporadic stress
period. When full dose of urea was applied, the
maximum leaf area (51.15 cm-) was observed in So,
while the minimum (21.43cm2) in SI (stress 20 days
after sowing). Similarly, with 1/8th urea dose, the
highest value (41.00 cm-) of leaf area was noted in
So and lowest (16.59 ems) in Si. These results
indicated that at all the sporadic stress levels
including control (zero stress), the highest values for
leaf area were obtained when full dose of urea was
applied.
It is, therefore, evident that both the sporadic water
stress and varying urea doses have highly
significant effect on leaf area. When either the
sporadic stress period is increased or urea dose is
decreased, the leaf area will significantly decrease.
The adverse effect of water stress on leaf area in
different crop plants has also been reported by
different workers. Karamanos et al. (1982) recorded
reduction in leaf size by reducing both the area at
unfolding and the mean growth rate under water
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stress conditions in field bean (Vicia faba L.).
Menzel et al. (1986) had record reduction in leaf
area of passion fruit hybrids by soil moisture stress
along with variation in other morphological
characteristics.

Conclusions: Leaf area decreased significantly
with increase in sporadic stress period and
progressive decrease in urea doses.

Table 1. Leaf area ( cm2) just before flower
initiation

Dose of urea fertilizer used
Stress Full 1/3rd 1/8th Stress
level means
So 51.15 49.65 41.00 47.27a
SI 21.43 18.01 16.59 18.68e
S2 25.61 20.15 17.48 21.08d
S3 38.77 22.81 17.87 26.48c
S4 45.55 34.17 28.95 36.22b
Fertilizer 36.50A 34.99B 24.38C
means

REFERENCES
Akhtar, M., M. Zubair, M. Saeed and R. Ahmad .

1993. Effect of planting geometry and water
stress on seed yield and quality of spring
planted sunflower tHelianthus annuus L.). Pak.
J. Agri. ScL 30:73-76.

Carleton, AE. and W. H. Foote. 1965. A comparsion
of methods for estimating total leaf area of
barley plants. Crop. ScL 75:602-603.

Jamro, G.H. and A S. Larik. 1991. Influence of
water stress on photosynthesis, N-fixation and
development in Glycine max L. Pakphyton, 3:
19-26.

Karamanos, AJ.,J. Elston and R.M. Woodsworth.
1982. Water stress and leaf growth of field
beans (Vicia faba L.).Ann. Bot.49: 815-826.

Menzel, C.M., D.R. Simpson and AJ. Dowling. 1986
Water relation to passion fruit : Effect of
moisture stress on growth, flowering nutrient
uptake. Scientia Hortic. 29:239-249.

Monayeri, M.O., A.M. Hegazi, N.H. Ezzat, H.M.
Saleem and S.M. Thoun. 1984. Growth and yield
of some wheat and barley varieties grown under
different moisture levels Ann. Agri. ScL
Mustohor, 20: 807.

Palmer, S.J., D.M. Berridge, AJ.S. McDonald and
W.J. Devies. 1996. Control of leaf expansion of
sunflower (Helianthus annuus L.J by nitrogen
nutrition. J. Exper. Bot. 47: 359-368.



Leaf area of sunflower (Helianthus annuus L.)

Sarwar, M., N. Ahmad, G. Nabi and M. Yasin. 1991.
Effect of soil moisture stress on different wheat
varieties. Pak. J. Agri. Res. 12: 275-280.

Steel, R.G.D. and J.H. Torrie. 1980. Principles and
Procedures of Statistics. McGraw Hill Book Co.,
New York.

62

Wolfe, D.W., W.D. Henderson, T.C. Hsiao and A.
Alvino. 1988. Interactive water and nitrogen
effects on senesence of maize. 11. Photosynthetic
decline and logevity of individual leaves. Argon.
J. 80: 865-870.


