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Abstract : Growth and yield of Helianthus annuus cv. Hysun 33 was studied under withholding of water
at various stages of plant development and irrigation frequencies (every 1, 2, 3 and 4 weeks) at the Faculty of
Agriculture, Chiang Mai University during January - April 1987 on paddy soil (clay loam - sady clay loam).

Total dry matter LAI and seed yields were not affected by withholding water treatments when compared
with weekly irrigation, but affected by irrigation frequencies. The mean value of seed yield from over all
withholding water treatments was 3.37 tha. Seed yields and also total dry matter and LAl
significantly decreased when irrigation interval increased. The most infrequent irrigation treatment reduced
yield by 52 %. The reduction in seed yield was due to decreasing in number of seed per capitulum and seed
size. Seed oil content was significantly decreased when irigation interval increased. The oil content of
42.1 % was observed from the every 4 weeks irrigation treatment compared with 51.4 % observed from
the weekly irrigation one. Leaf water potential at predawn, late morning and midday throughout crop cycle are
described.
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Introduction

Sunflower is a crop of increasing impor-
tance in northern Thailand, as it can be grown in
upland arcas as a postrainy season crop or on
low-lying areas as an immigated cool dry
season crop. Under such growing conditions,
therefore,
water can occur during any stage of
development, The effect of water stress on
growth and yield depend on time, severity and
duration of stress (Kramer 1983). It has been
revealed elsewhere (Connor et al . 1985 ;
Stegman and Lemert 1981 ; Robinson 1987) that
the greatest reduction in yield of sunflower
was found when water stress occured in the
budding through to anthesis stage. A positive
relation between  irrigation intervals and yields
has also been reported (Kandil 1984).

water stress due to shortage of
plant

The objective of this investigation was to
determine the critical growth
affected by water stress and to evaluate the

stage when
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effect of imigation frequencies on growth and
yields.

Materials and Methods

Two field experiments were conducted on
paddy soil at the Faculty of Agriculture, Chiang
Mai University during January - April, 1987. The
soil is clay loam - sandy clay loam. The data
for evaporation pan (E - pan) and rainfall
during the experiment period arc shown in

Appendix 1.

Experiment 1: Effect of withholding water
at various stages of plant development on growth
and yields. Five water stress treatments werc
imposed by witholding water 2 weeks during
the following stages of plant development :

: Beginning at ten leaves stage.
R : As the inflorescence becomes visible

1
(surrounded by immature bracts)
R : Beginning at the inflorescence head

above the surrounding leaves.
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R5 : Beginning at anthesis

R7 : Beginning at seed filling
Control (weekly irrigation) and check (non-
irrigation) plots were also incorporated in the
experiment (see Appendix 2.). The experi-
mental design was a RCB with four replications.
Plot size was 3 x 8 m. Sceds were sown in four
rows per plot with spacing 75 cm between rows
and 50 cm between plants. Mecasurements
were taken from the two central rows of each
plot. Samples to estimatc DM and LAI were
taken at full bloom stage. Leaf resistance (leaf
waler potential) and stomatal resistance were

measured throughout the crop cycle.

Experiment 2 : Effect of irrigation fre-
quencies on growth and yields. The treat-
ments consisted of four irrigation frequencies
(every 1,2, 3,and 4 weeks) and a check plot
(non-irrigation). A randomized complete block
design with four replications was used in
this investigation. A plot size is the same as
experiment 1. Total DM and LAI were mea-
sured at full bloom stage. Leaf and stomata

resistance were recorded.

Leaf resistance was measured at pre-dawn,
late moming (10.00 h) and midday (12.00 h) on
the day before watering. Stomatal resistance was
measured  at midday only on the days before
watering. Leaf and stomatal resistance were
measured with pressure chamber and a auto-
(model MK 3 Delta-T

Device) respectively. Both measurements were

matic poromelter
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made on the uppermost fully expanded leaves.
A hybrid cultivar (Hysun 33) was used in both
experiments. All experimental plots received
350 kg/ha of 15-15-15 and 10 kg/ha of borax
before sowing. Irrigation was by flooding and

then draining after the soil was saturated.

Resulits

Leaf water potential and stomata resis-
tance

There was a large difference between
predawn and midday leaf water potential
from all treatments of both experiments. Leaf
water potential gradually declined after

Both predawn and midday leaf
potential during the 2 weeks of with-

sunrise.
water

holding waler at any growth stage were found
to be lower than that of the control plant (weekly
irrigated) (Table 1). The later the withholding
of water was imposed, the lower the leaf water
potential observed. The observed pre-dawn
and midday leaf water potential from the
withholding water treatments ranged from
-1.0 to -5.6 bars and -9.5 to -16.4 bars respec-
tively. This contrast with -1.0 to 3.6 bars and
-7.7 1o -10.3 bars respectively observed from
the control.  The more frequently irrigated the
plants, the higher leaf water potential (Table
2). Pre-dawn leaf water potential of the weekly
and non-irrigated plants gradually declined as the
plant age advanced (Figure 1). The non-irri-
gated plants gave lower values for leaf water

..‘l‘-'



Responses to Water Strees of Sunflower (Helianthus anouus L.)

Table 1 Mean values of leaf water potential of sunflower cv.Hysun 38 after the withholding

: of water beginning at various stages of plant growth for two weeks.
' Treatments Leafl water potential (» bars)
predawn late morning midday
Weekly irrigated 2.1 (1.0-8.8) 7.4 (8.6-8.7) 9.8 (7.7-10.8)
v, 1.2 (1.0-1.6) 8.8 (8.4-9.4) 10.0 (9.5-10:5)
R, 2.5 (2.0-3.0) 9.7 (9.2-11.0) 13.0 (10.6-15.8)
R, 4.0 (3.0-5.8) 10.8 (7.0-11.8) 18.4 (10.2-16.4)
R, 4.6 (3.6-5.6) 10.4 (9.6-12.0) 18.5 (13.0-14.8)
R ; . - -
Non-irrigated 4.6 (1.6-7.0) 10.4 (7.6-12.0) 18.2 (10.1-14.9)

Values in brackets were observed throughout the crop cycle.

= Table 2 Mean values of leaf water potential of sunflower (measured before rewatering)
under different irrigation frequencies.

"

Irrigation frequencies Leaf water potential (- bars)
(week) predawn late morning midday
1 2.1 (0.8-3.2) 6.6 (2.4-9.4) 9.5 (3.5-12.4)
2 4.6 (3.2-5.5) 11.7 (10.0-18.0) 14.4 (13.4-15.8)
3 6.6 (5.4-7.9) 14.8 (12.9-15.7) 16.4 (16.8-16.9)
4 6.6 (3.7-9.7) 14.2 (10.2-17.8) 16.6 (18.7-19.6)
Non-irrigated 5.6 (1.7-81) 12.9 (5.2-16.4) 14.9 (7.2-18.0)

Values in brackets were observed throughout the crop cycle.
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Predawn Late morning - Midday

Figure 1 Leaf water potential of sunflower. under weekly irrigation ( #) and
non-irrigation (o)
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Figure 2 Stomata resistance of sunflower under weekly irrigation (0)
non-irrigation (e ).
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Figure 8 Moisture contents of sunflower grown soil under weekly irrigation (¢) and

non-irrigation (0)

potential than the weekly irrigated ones.The leaf
water potential after weekly irrigated plants also
decreased gradually with plant age. However,
The leaf water potential of more grown plants
were found lower than that of the plants
during the young stage. This was due mainly to
the higher atmospheric demand (Appendix 1) and
larger leaf area at the time of measurement..

difference and

There was a small

inconsistentcy in stomata resistance among
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the treatments. However, a larger difference was
observed between the weekly and non-irrigated
treatments (Figure 2). The plants of the latter
showed a higher stomatal resistance indicating
that the stomatal opening on the leaf surface
became narrower. It is likely that there is a
negative relationship between stomata resistance
and leaf water potential. The stomatal resis-
tance increased when leaf water potential
decreased.
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The trend of change in leaf water potential
during the crop cycle was similar to that of
soil moisture content. The lower the soil
moisture content observed, the lower the leaf
water potial recorded. Soil
from the non-irrigated treatment was much lower
than from the weekly irrigated one, and
declined more rapidly during the crop cycle (Fig-
Moisture content of the soil at 30-60
cm depth was higher than that at 0-30 cm.

moisture content

ure 3).

Agronomic responses

Experiment 1 There was no significance
in growth (Table 3) and sced yield (Table 4)
among the treatment means except for the
non-irrigated treatment which gave lower results.
The observed total DM and LAl of the non-
irrigated treatments were 3.46 t/ha and
1.8 t/ha respectively, whereas the other treatments
gave values of 5.27 - 5.80 t/ha and 2.7-3.3
respectively. Both withholding water and con-
trol treatments yielded ranging values from 3.22
t/ha to 3.54 t/ha, compared with 1.48 t/ha
obtained from the non-irrigated one.

Experiment 2 Both growth and yields
were significantly affected by the irrigation
frequencies (Table S and Table 6). Total DM,
LAI and yields markedly decreased with the
increasing irrigation intervals. The weekly irri-
gated plants gave the highest yield of 2.69 tha
and this decreased by 12 %, 33 % and 51 %
as the irrigation was applied every 2, 3 and 4
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weeks respectively. Non-irrigated plants gave
the lowest yield of 0.66 vha. The most re-
sponsive yield component to water stress was
the number of seeds per head and the weight
of 100 seeds (Table 6).

Seed oil contents significantly decreased as
irrigation intervals increased (Table 7). The
observed values varied from 42.1 % -514 %
depending on irrigation frequencies. On the
other hand, less frequent irrigation tended to
increase seed protein content but the differences
were  not significant.
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Table 3 Total dry matter, leaf area index and plant height of sunflower (cv. Hysun 88)

after withholding water for two weeks at various stages of plant growth.

Treatments DM LAI Plant ht.
(U/ha) (cm)
Weekly irrigated 5.39 2.7 188
5.27 3.0 180
R, 5.43 3.1 178
R, 5.80 3.3 187
R, 5.62 3.1 182
R, 5.51 2.8 185
Non-irrigated 3.48 1.8 142
LSD (5%) 0.838 0.7 14.6

Table

4  Seed yields and yield components of sunflower (cv.Hysun 33) as affected
by withholding water for two weeks at various stages of plant growth.

Treatments Dry seed wt. Capitulum Noseed per 100 seeds wt.
(Uha) size (cm) capitulum ®
Weekly irrigated 3.56 214 1476 8.0
v, 3.22 194 1801 5.8
R, 3.48 20.8 1517 5.8
R - 3.4 209 15286 656
R E 3.568 209 1463 6.0
R, 3.22 20.6 1420 5.6
Non-irrigated 1.48 14.0 864 81
LSD (5%) 0.56 2.4 202 0.6
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Table 5 Total dry matter, leaf area index and plant height of sunflower (cv. Hysun 38)
under different irrigation frequencies.

Irrig. frequency DM LAI Plant ht.
(week) (UVha) (cmy)
1 497 256 171
2 359 21 160
3 2.84 15 146
4 2.73 13 133
Non-irrigated 1.88 04 90
LSD (5 %) 0.58 03 19.8

Table 6 Seed yield and yield components of sunflower (cv.Hysun 33) under different

irrigation frequencies.
Irrig. frequeacy Dry seed wt. Head diameter No.seed per 100 seeds wt.
(week) (tha) (cm) head ®
1 2.69 19.1 1808 51
2 2.38 171 1209 45
3 179 14.8 067 4.8
4 1.81 12.7 836 3.8
Non-irrigated 0.86 0.6 462 85
LSD (6 %) 0.183 0.9 143 0.3
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Table 7 Seed oil and protein contents of
sunflower (CV. Hysun 33) as
affected by irrigation frequencies.

Irrig. frequency % DW
Oil Protein
1 514 15.8
2 463 186.0
] 46.7 16.1
4 421 16.9
Non-irrigated 416 16.9
LSD (5 %) 1.8 NS
Discussion

Plant and water relationships

Leaf water potential was affected by the
soil water regime. The more severe the
stress, the lower the leaf water potential ob-
served. The leaf water potential of all treatments
gradually declined from predawn to midday.
The idea of using pre-dawn and midday leaf water
potential as an indicator of stress was sug-
gested by Slatyer (1969). It is clear from Table
2 that the less frequently imrigated plants were
much more affected by water stress. The pre-
dawn leaf water potential data for control plants

(weekly irrigation) in this investigation indi-
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cates that the plants would be more affected
by water stress as crop growth advances
(Figure 1). This is probably due to a higher
atmospheric demand and greater plant growth.
Although not much difference was observed
between the stomata resistance of the control
plants and that of either the plants under the
withholding water treatments or that of the less
frequent irrigation treatments, greater differ-
ence was recorded between the control and
the check treatments. It was seen that plants
under weekly irrigated treatment were least

affected by water stress.

The soil moisture content of the non-irmi-
gated plot was rapidly depleted as time went
by (Figure 3), and weckly irrigation was not
enough to maintain the soil moisture level
throughout the crop cycle at the same level as
in early growth phase. A marked increase in
soil moisture towards the end of the experiment
was duc to rain during that time (Appendix 1)

Growth and yields

Withholding water for two weeks at the
beginning of any stages of plant growth of
sunflower in this investigation was not detri-
mental to growth and yields. although those
plants were under more stress than the control
plants as indicated by a lower leaf water poten-
tial. This was probably because the stress was
not severe and its duration short. A good

recover of sunflower after water stress relief
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has been reported. Sobrado and Rawson (1984)
found that the rate of leaf expansion of mildly
stressed sunflower was up to three times greater
than the normal plant after water stress relief,
This could explain why dry matter accmulation
and LAI were not affected by the 2 weeks water
withholding. However, there was a positive
relationship between growth and yield and
irrigation frequencies. The less frequently the
plants were irrigated, the more severe the
stress. An average minimum and maximum
midday leaf water potential of -13.4 bars and
-19.6 bars respectively, were observed in all
irrigation  frequency treatments except for the
weekly irrigation treatment which gave respec-
tive values of -3.5 bars and -12.4 bars (Table 2).
These leaf water potential values were below
level of -12 to -15 bars, and this affected
growth and yields (Stegman 1983). Decreasing
yield was mainly due to decreases in the yield
components: the number of seeds per head and
seed weight. The plants from the irrigation
frequency experiment should be wunder a
longer and more severe stress than those plants

from the withholding water experiment.

The results from experiment 2 showed a
good linear relationship between seed yields
and between LAI or DM (Figure 4) but seed
yield tended to decline with higher DM although
the linear trend explained a high variation in yield.
It is possible that seed yields can be increased
if such linear relationship with LAl upto 5 is
reported (Cox and Joliff, 1986). In the case of
the DM aspect, Donald (1962) stated that an
economic yield (seed yields) depends on
biological yield if increasing such a biological
yield does not decrease the harvest index.
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Figure 4 Relationships between secd yields, dry matter and LAI of sunflower cv.Hysun 33,
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