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ABSTRACT

Seed development and vigor may be influenced by
environmental stresses such as water deficit. Thus, this
research was carried out to evaluate the effects of different
irrigation treatments and harvest times on seed vigor of four
spring safflower cultivars. Treatments were irrigations
(irrigations after 70, 100, 130 and 160 mm evaporation,
respectively) in main plots and safflower cultivars (Faraman,
Goldasht, Sina and Soffeh) in sub-plots. Seeds were harvested
in 5 days intervals at 7 stages during development and
maturity. The highest and the lowest seed and seedling masss
at all harvests and irrigation treatments were recorded for
Faraman and Sina cultivars, respectively. Seed vigor of
safflower cultivars as measured by electrical conductivity of
seed leachates and seedling dry mass decreased with
decreasing water availability. Maximum seed mass and
seedling dry mass and minimum electrical conductivity were
obtained at 40-45 days after flowering, depending on irrigation
interval and cultivar. Seed moisture content at these stages
was 15-20 %, which is suitable for direct and mechanical
harvesting and threshing.

Key words: Safflower, seedling and seed mass, seed vigor,
water supply

1ZVLECEK

SPREMEMBE V VITALNOSTI SEMEN RAZLICNIH
SORT ZAFRANIKE (Carthamus tinctorius L.) MED
DOZOREVANJEM KOT ODZIV NA POMANJKANJE
VODE

Razvoj semen in njihova vitalnost sta odvisna od okoljskih
stresov kot je tudi pomanjkanje vode. V tej raziskavi so bili
ovrednoteni uéinki razliénih namakanj in casa Zetve na
vitalnost semen Stirih jarih sort zafranike. Obravnavanja so
bila namakanje (namakanje po 70, 100, 130 in 160 mm
evaporacije) na glavnih ploskvah in §tiri sorte zafranike na
podploskvah (Faraman, Goldasht, Sina in Soffeh). Semena so
bila vzor¢ena v intervalu petih dni v sedmi stopnji razvojne
faze in zrelosti. Najvec¢ja in najmanjSa masa semena in kalic
sta bili pri vseh vzorcenjih in Casih namakanja zabelezeni pri
sortah Faraman in Sina. Vitalnost semen sort Zzafranike,
izmerjena kot elektri¢na prevodnost izluzkov vode, v kateri so
bila namakana semena in suha masa kalic sta se zmanjsevali z
upadanjem razpolozljivosti vode. Najvefja masa semen in
suha masa kalic ter najmansa elektriéna prevodnost izluzkov
so bile izmerjene 40-45 dni po cvetenju, odvisno od intervala
namakanja in sorte. Vsebnost vode v semenih je bila v tem
obdobju 15-20 %, kar je ugodno za neposredno mehansko
zetev, mlacvo in shranjevanje.

Klju¢ne besede: Zafranika, masa semen in kalic, vitalnost
semen, oskrba z vodo

1 INTRODUCTION

Environmental factors during seed-filling period
and even during flowering stage can widely affect
seed yield and quality of oilseed crops (Monotti,

2003). Among all these environmental factors,
drought stress is an important limiting factor for
plant growth and yield, and may influence the
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quality of safflower. Coincidence of water stress
with reproductive stages of different crops reduces
duration of flowering and seed filling and
consequently lowers the number of seeds per plant,
mean seed weight and seed yield per unit area
(Ghassemi-Golezani and  Mazloomi-Oskooyi,
2008; Ghassemi-Golezani et al, 2010). The
deleterious effects of water limitation on field
performance of crops may be reduced by
cultivation of high vigor seeds (Sun et al., 2007).

High and rapid field emergence are essential to
obtain an adequate plant stand in order to gain an
advantage of the growing season before the onset
of the severe drought stress late in the season
(TeKrony and Egli, 1991). Stage of maturity at
harvest is one of the most important factors that
can influence the vigor of seeds (Demir et al.,
2008). Maximum seed vigor on the mother plant
may be achieved at the end of seed filling phase
(mass maturity) which is also described as

physiological ~ maturity  (Harington,  1972;
Ghassemi Golezani et al., 2011b) or after mass
maturity (Ghassemi-Golezani and Mazloomi-
Oskooyi, 2008; Ghassemi-Golezani et al., 2011a),
depending on species and seed testing methods
(Tekrony and Egli, 1997; Ghassemi-Golezani and
Hosseinzade-Mahootchi, 2009).

Vieira et al., (1992) reported that drought stress
had no significant effect on soybean seed
germination and vigor. In contrast, Ghassemi-
Golezani et al. (2012b, 2015) showed that water
deficit led to significant reductions in seed vigor of
soybean and maize. However, the effects of water
limitation and harvest time on seed vigor of
safflower are poorly understood. Thus, this
research was carried out to evaluate changes in
seed vigor of safflower cultivars under well and
limited irrigation conditions in order to determine
the stage at which maximum seed vigor is attained.

2 MATERIALS AND METHODS

The field experiment was conducted at the
Research Farm of the University of Tabriz, Iran
(latitude 38.05°N, longitude 46.17°E, Altitude
1360 m above sea level) in 2013. The climate was
characterized by mean annual precipitation of
245.75 mm, mean annual temperature of 10 °C,
mean annual maximum temperature of 16.6 °C and
mean annual minimum temperature of 4.2 °C. The
experiment was arranged as split plot based on

replicates, with irrigation treatments (I;, I, I3, 14 for
irrigation after 70, 100, 130 and 160 mm
evaporation from class A pan, respectively) in
main plots and cultivars (C;; Faraman, Cy;
Goldasht; C;; Sina and C4; Soffeh) in sub plots.
Seeds were harvested in 5 days intervals at 7 stages
during their development and maturity. The field
plan and experimental arrangement are shown in
figure 1.

randomized complete block design in three

North

L | G | C |G |G L | C | C | C | G

L | G |G |C |G L |G |G | C | G

L | G | C |G |G L |G | C |G |G

West LG | GlGlG L|C |GG |c ™

L | G | C |G |G I | C | C | C| G

L | G |G |G| C L | G |C | C | G
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Figure 1: The field plan and experimental arrangement

I}, I, 15, Ly: irrigation after 70, 100, 130 and 160 mm evaporation, respectively.
Cy, Gy, G, C4: Faraman, Goldasht, Sina and Soffeh cultivars, respectively.
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Seeds of Safflower (Carthamus tinctorius L.) were
sown by hand on 23rd April 2013 in 4 cm depth of
a sandy loam soil. Each plot consisted of 10 rows
of 3 m length, spaced 25 cm apart. Seeding rate
was 100 seeds per m’. All plots were irrigated
immediately after sowing. Subsequent irrigations
were carried out on the bases of proposed
evaporation from class A pan. Hand weeding of
the experimental area was performed as required.

After seed formation, 5 plants from each plot were
harvested in 5 days intervals at seven stages. Then
seeds were detached from the capitol and seeds
were air dried at 18-20 °C and mean seed mass of
each sample was determined.

Four replicates of 50 seeds from each sample were
weighted (SW; — SW,) and then seeds of each
replicate immersed in 250 ml deionized water in a
container at 20 ‘C for 24 hours. The seed-steep
water was then gently decanted and electrical
conductivity (EC) of seed leachates was measured,
using an EC meter (EC; — EC,4). Following
equation was applied to calculate the conductivity
per gram of seed mass for each sample (Powell et
al., 1984).

EC (us/cm/g) = [(EC\/SWy) + -+ + (EC4/SWy)]/4

Seed samples within separate sealed bags were
then placed in a refrigerator at 3-5 °C. Seed vigor
tests were carried out at the seed Technology
Laboratory of the University of Tabriz.

Four replicates of 25 seeds from each sample were
treated with 2 gkg' Benomyl, before testing.
Seeds of each replicate were placed between two
30 x 30 cm wetted and rolled filter papers, which
were then placed in plastic bags to prevent water
loss. These bags were incubated at 20£1 °C and
germinated seeds (protrusion of seminal root by
2 mm) were counted every day up to 8 days. Seed
germination rate was calculated according to Ellis
and Roberts (1980):

R=Znj ZDn

Where n is number of seeds germinated on each
day, D is the number of days from the beginning of
the test and R is the mean germination rate. At the
end of test, normal seedlings were dried in an oven
at 75°C for 48 hours (Perry, 1977) and mean
seedling dry mass for each treatment at each
replicate was recorded.

Analyses of variance and comparison of means at
P<0.05 were performed, using SAS 9.1 software.
Excel software was used to draw figures.

3 RESULTS

Seed mass and electrical conductivity of seed
leachates were significantly affected by Irrigation,
cultivar, harvest time and interactions of these
factors (p < 0.01). Seed germination rate
significantly influenced by irrigation and harvest
time (p <0.01) and also by interaction of cultivar x
harvest time (p < 0.05). The effects of cultivar,
harvest time and interaction of these factors were
also significant for seedling dry mass (p < 0.01).
Thus, regression curves were fitted on mean data
of significant interactions in order to show the
changes in parameters of seed vigor at different
stages of seed development and maturity (Figs. 2-
5).

Seed weight of safflower cultivars under different
irrigation treatments increased with progressing

seed development up to a point where maximum
mass was obtained. In most cases, mass maturity
(end of seed filling phase) were achieved at about
40 days after flowering and thereafter, no
considerable changes were occurred. Seed
moisture content at these stages was 15-20 %,
depending on water supply. Seed mass at early
stages of development under I; and I, was higher,
but at later stages of development was lower than
that under well watering (I;). The highest and the
lowest seed mass at all stages of seed development
under different irrigation intervals were recorded
for Faraman and Sina cultivars, respectively.
Changes in seed mass of ‘Goldasht’ and ‘Soffeh’
under different treatments were almost similar

(Fig. 2).
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Figure 2: Changes in seed mass of spring safflower cultivars during seed development and maturity under different

irrigation intervals

I}, I, 15, I;: irrigation after 70, 100, 130 and 160 mm evaporation, respectively.

Electrical conductivity (EC) of seed leachates for
all safflower cultivars under different irrigation
intervals decreased with improving seed develop-
ment. In most cases, minimum electrical
conductivity of seeds produced for all cultivars

EC (us/emig)

Days after flowering
+I1=12413e14
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under all irrigations were obtained at 40-43 days
after flowering, with slight increase thereafter. The
highest electrical conductivity of seed leachates
was recorded for seeds produced under 1y, which
decreased with increasing water supply (Fig. 3).
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Figure 3: Electrical conductivity of seed leachates for spring safflower cultivars during seed development and

maturity under different irrigation intervals

I, I, L5, Iy: irrigation after 70, 100, 130 and 160 mm evaporation, respectively

Seed germination rate of all safflower cultivars
increased up to final harvest. Therefore, maximum
seed germination rate of safflower cultivars was
attained at 45 days after flowering. ‘Sina’ had the
highest seed germination rate at two earlier
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harvest, but the lowest germination rate at three
later harvests. Seed germination rate of other three
cultivars at later stages of development was almost
similar (Fig. 4).
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Figure 4: Changes in seed germination rate of safflower cultivars during seed development and maturity

‘Faraman’ had the highest, but ‘Sina’ had the
lowest seedling dry mass from seeds produced
under all irrigation intervals, with no considerable
difference between ‘Goldasht’” and ‘Soffeh’.
Seedling dry mass of seeds produced under severe
water deficit showed an increase for Faraman and a
decrease for Sina and Soffeh cultivars (Fig. 5a).
Seedling dry mass of safflower cultivars at the
early stages of seed development was low, but it

was  improved  progressively  with  seed
development up to 40 days after flowering, and
thereafter slightly decreased. Faraman and Sina
cultivars had the highest and the lowest seedling
dry mass at all stages of seed development,
respectively, while seedling dry mass of Goldasht
and Soffeh at different harvest times was similar
(Fig. 5b).
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Figure 5: Changes in seedling dry mass for seeds of safflower cultivars produced under different irrigation intervals

(a) and harvesting times (b)

I}, I, 15, I;: irrigation after 70, 100, 130 and 160 mm evaporation, respectively

Maximum seed mass and minimum electrical
conductivity of seed leachates were significantly
influenced by irrigation intervals (p < 0.05) and
cultivars (p < 0.01). Differences in maximum

seedling dry mass of safflower cultivars were also
significant (p < 0.01). Maximum seed mass

decreased, but minimum electrical conductivity
increased with increasing irrigation intervals. The
highest seed and seedling dry mass and the lowest
electrical conductivity were recorded for seeds of
‘Faraman’. In contrast, the smallest seeds and
seedlings were observed in Sina cultivar (Table 1).

Table 1: Means of minimum values of electrical conductivity and maximum values of the other seed vigor
parameters for different irrigation intervals and safflower cultivars

Electrical Germination Seedling
Seed mass . .
Treatments (mg) conductivity rate dry
(ns/cm/g) (per day) mass(mg)
Irrigations
I; 47.56 a 11.31b 0.256 a 262.57 a
I, 44 .96 ab 12.99 ab 0.249 a 266.87 a
I; 43.03 bc 1342 a 0.262 a 272.05a
14 41.89 ¢ 1439 a 0.251 a 259.65 a
Cultivars
C; 5427 a 10.82 b 0.256 a 307.88 a
C, 44.06 b 14.78 a 0.260 a 266.07 b
C; 33.79 ¢ 11.70 b 0.248 a 22478 ¢
C, 4533 b 14.82 a 0.254 a 262.40b

I, I, 15, Iy: irrigation after 70, 100, 130 and 160 mm evaporation, respectively.
C,, Gy, Cs, Cy4: Farman, Goldasht, Sina and Soffeh cultivars, respectively.
Different letters in each column indicate significant difference at p<0.05

4 DISSCUSION

Water stress decreases photosynthetic production
because of stomata closure and early senescence
which ultimately reduces maximum seed mass
(Fig. 1, Table 1). Reduction in seed mass due to
water limitation is also reported for maize (Ne
Smith and Ritchie, 1992), lentil (Erskine and
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Ashkar, 1993), chickpea (Silim and Saxena, 1993),
soybean (Desclaux and Roumet, 1996), wheat (Li
et al., 2000) and barley (Samarah, 2005). Variation
in seed mass among cultivars under different levels
of watering (Fig. 1) is the result of differences in
genetic constitution. Different sizes of seeds
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having different levels of food storage may be the
important factor which influences seed vigor
(Perry, 1980).

Maximum seed vigor as measured by electrical
conductivity of seed leachate was obtained at about
mass maturity or slightly after that stage,
depending on cultivar and water supply. Earlier
harvests due to immaturity, and later harvests
because of aging reduced seed vigor of safflower
cultivars under all treatments (Fig. 2). These
results were supported by the reports on common
bean (Ghassemi-Golezani and Mazloomi-Oskooyi,
2008) and faba bean (Ghassemi-Golezani and
Hosseinzadeh-Mahootchy,  2009).  Increasing
electrical conductivity of seeds with decreasing
water availability to the mother plants (Table 1),
clearly suggest that the most vigorous seeds of this
crop can be produced under well watering. In
contrast, Ghassemi-Golezani and Hosseinzadeh-
Mahootchy (2009) reported that drought stress had
no significant effect on electrical conductivity of
faba bean cultivars.

Maximum germination rate of all cultivars was
achieved 5 days after mass maturity. Higher
germination rate of Sina cultivar at early harvest
and the lower germination rate of this cultivar at
later harvests may be related with rapid seed
development and maturity of that cultivar,

compared with other cultivars (Fig. 3).
Nevertheless, maximum germination rate was
almost similar for all irrigation treatments and
cultivars (Table 1).

Water limitation had no significant effect on seed
vigor of safflower cultivars, as determined by
seedling dry mass (Table 1). The highest and the
lowest seedling dry mass of Faraman and Sina
under different irrigation treatments (Fig. 4a)
directly related with the seed size of these cultivars
(Fig. 1). Several reports suggest that large seeds
have greater and longer supply of stored reserves
to support early seedling growth, leading to the
production of larger seedlings (Ghassemi-
Golezani, 1992; Ghassemi-Golezani et al,,
2012a,b, 2015). Therefore, differences in seedling
dry mass among safflower cultivars at different
stages of seed development and maturity (Fig. 4b)
were associated with variation in seed mass and
genetic constitution, which can strongly influence
seed and seedling vigor (Perry, 1980). The highest
seedling dry weight of all cultivars was recorded at
the end of seed filling phase or mass maturity (40
days after flowering) (Fig. 4b). Therefore,
maximum seed vigor of safflower cultivars as
measured by seedling dry mass was obtained at
mass maturity under all irrigation treatments,
which can be named physiological maturity as
suggested by Harington (1972).

5 CONCLUSION

Seed size of safflower cultivars decreased, but
electrical conductivity of seed leachates slightly
increased as a result of water deficit. However,
maximum germination rate and seedling dry mass
were not significantly affected by water limitation.
Therefore, high vigor seeds of this crop could be
produced under different irrigation intervals, if
seeds were harvested at or slightly after the end of
seed filling phase (mass maturity) with a moisture
content of about 15-20 %. Early and delayed

harvests could lead to the production of low vigor
seeds. Faraman was a superior cultivar in
producing the highest vigor seeds under a wide
range of water availability. It seems that safflower
cultivars are adapted to semi-arid conditions and
water stress has little effect on their seed vigor,
provided the seeds are harvested at the right time.
Similar research on different crops and
environmental conditions may provide more
information about producing high vigor seeds.
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