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EFFECT OF HARVESTING DATES AND STORAGE PERIODS
ON SUNFLOWER (Helianthus annuus L.,) SEED VIABILITY
AND SEEDLING VIGOUR

Mersal, I. F. :
Seed Tech. Res. Dept., Field Crops Res. Institute, ARC, Egypt.

ABSTRACT

Harvesting date and storage period have considerable influence on sunflower
seed quality as measured by seed germination, germination rate, plumule and radicale
length, seedlings dry weight, dehydrogenase activity, 1000-seed fresh weight and
electrical conductivity and field emergence. Two field experiments were conducted at
Tag El-Eiz Experiment Station, Agriculture Research Center during 2002 and 2003
summer seasons. The aim of this study was to investigate the effect of six harvesting
dates i.e. 14, 21, 28, 35, 42 and 49 days after flowering (DAF) and six storage pericds
e.g. 0, 3, 6,9, 12 and 15 months after harvest on sunflower (Helianthus annuus L. c.v.
Miak) seed viability, seedlings vigour and field emergence. The results indicated that:
harvesting early (from 14 to 28 DAF), at the first storage period led to a reduction in
seed germination, germination rate, plumule and radicale length, seedlings dry weight,
dehydrogenase activity, 1000-seed fresh weight, field emergence and an increase in
electrical conductivity. Harvesting from 28 to 42 DAF and storage sunflower seed crop
for 6 and 9 months resulted in maximum seed viabihy and seedling vigour,
dehydrogenase activity and 1000-seed fresh weight, field emergence and minimum
electrical conductivity. On the other hand, harvesting lately (after 42 days) caused the
decrease in seed viability and seedling vigour. Also results revealed that, sunflower
seed viabilily and seedlings vigour decreased directly after harvest and increased
gradually with the increase in storage period up to 9 months after that seed viability
and seedlings vigour were decreased. Meanwhile, eleclrical conductivity was
increased. Results clear that significantly positive cometalion between harvesting
dates; storage periods and field emergence with the most studied traits except
electrical conductivity of seeds while it was significantly and negatively cofrelated. In
conclusion, sunflower seeds {c.v. Miak) can be harvested after 28 to 42 days after
flowering and stored for 9 months with having seed viability above the standard (70%)
and high seedling vigour.

INTRODUCTION

Increasing oil seed crops productivity during the last decade and in
the future is one of the most important strategic targets in Egypt. The over
expanding population needs to increase the productivity of il seed crops to fill
the gap between praduction and consumption from these crops. Sunflower is
an important source of these edible oils. Cultivated area with sunflower in
summer season of 2003 was about 5000 feddan with a national average of
0.953 kg /feddan,

Raising the productivity of sunflower through optimizing the culture
practices especially, harvesting the seed crop at the proper time. Seed quality
may be affected with many factors. While, Christian (1872) found that
sunflower seed viability was influenced by temperature, moisture, heating and
fungal invasion. Meanwhile, Bemett-Lartey (1991) reported that sunflower
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seed viabllity decreased as store temperature and seed moisture content
increased. Also, harvesting time and storage periods had similar effects on
seed viability. The level of harvest obtained at the end of the season depends
on the quality of the seed planted by the farmers. The quality of viability and
germination, termed physiclogical quality is the most important (Locuwaars
and Van Marrewijk, 1996). Sunflower has a relatively long harvest period with
a high quality seed can be harvested, depending on the prevailing weather
conditions during maturity and harvest during this period seed viability may
be affected by many factors (Adetunji, 1991). Crnobarac and Marinkovi
(1994) studied some factors affecting germination of sunflower, they
zoncluded that all the studied factors had a significant effect on germination,
whiie harvest date contributed 74.85% to the total variation in the trait,
storage period 14.55%, environment 0.2% and genotype 0.02%. They also
added seed harvested from the 22™ to 40" day after flowering had a higher
germination percentage.

Harvesting usually done when the seed moisture content is too high
for safe storage or delayed until complete field dryness of the crop with
attendant losses due fo shattering. Alse, sunflower seeds showed dormancy
up to 50 davs (Udayakumar and Krishna Sastry, 1875) which affects the
uniformity of germination. Germination vigor index and seedling dry matter
were less in early harvested seeds (15 to 25 DAF) than the seeds harvested
at later dates (30 to 40 DAF) throughout the 6 months storage pericd.
Sunflower seeds harvested at (30-40 DAF) maintained viability above the
seed certification standards (70%) (Mahesha et al., 2001). During storage the
loss of seed viability can not be stopped. Seed storage, however should
minimize the loss of seed viability and vigor. Bhaskar et al. (1994) and
Shende et al. {1999) found that seed maintained viability above certification
standard (70%) without much loss in seed viabifity for 11 months in lab. and
7-8 months under field conditions. Meanwhile, White and Jayas (1993)
concluded that seed germination remained > 80% for 12 months at 10 and 20
C° and 35, 45 and 55% Rh., it declined to 70% at 30 C* and 45% RH, but at
55% Rh. it fell to 30% at 6 months and 0% at 12 months. Seed germination
decreased rapidly at 40 degree. Also Singh et al. (2001) demonstrated that
sunflower seed had high viability after 9 months of storage. Cn the other
hand, Efcheverry et al. (1989) reported that water activity increased during
storage, germinability decreased and the content of free fatty acid was
increased. Zarbakhsh et al. (1899) declared that the decline in germination
percentage was related to decrease protein and fatty acid content. The loss
of seed viability associated with a large increase in leakage of K™ and total
electrolytes (Corbineau et al., 2002). The aim of this investigation was to
investigate the effect of different harvesting dates i.e., 14, 21, 28, 35, 42 and
48 days after flowering and six storage periods, e.g. directly after harvest, 3,
6, 9 12 and 15 months on sunflower seed germination percentage,
germination rate, plumule and radicale fength, seediings dry weight,
dehydrogenase activity, 1000-seed fresh weight and eiectrical ccnductivity
and field emergence.
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MATERIALS AND METHODS

Two field experiments were performed at Tag El-Eiz Research
Station, ARC, during two successive seasons of 2001 and 2002. Sunflower
(c.v. Miak) seeds were obtained from Agriculture Research Center (ARC) and
planted in 17" May in the two seasons. The agriculture practices were
applied as recommended in the region. The experimental design was
Factoriai Complete Block Design with four replicates. The soil of the
experiment was well prepared, calcium super phosphate (15.5 P205%) at
rate of 100 kg/fed was added before sowing. Nitrogen fertilizer was applied in
the experiment as ammonium nitrate (33.5 N%} at a rate of 100 kg/fed. There
were six harvesting times at 14, 21, 28, 35, 42 and 49 days after fiowering at
(R-5 Stage) te. beginning of anthesis (Schneiter and Miller, 1981). Heads
were harvested and immediately thrashed by hand to avoid seed injury and
cleaned from dust. The seed and seediing traits were determinated
immediately after harvest (1AH). In the same time seeds were air dried before
storage in cloth bags to 0, 3, 8, 8, 12 and 15 months after harvesting under
taboratory conditions.

After each storage period, the studied traits were estimated while the
germination percentage were performed according to International Seed
Testing Association (ISTA, 1985). Sunfiower seeds v'are sown at 25C°+2 on
stap filter paper in sterilized petri dishes and defined as the total number of
normal seedlings after 10 days while, germination rate defined according to
Bartelts, (1937). During the final count, ten normal seedlings from each
replicate were taken randomly to measure the plumule and radicale length in
{mm), after that, the seedlings were dried in hot-air oven at 85 C° for 12 hours
{Krishnasamy and Seshu, 1990). Four samples of 1000-fresh harvested seed
were taken from the seed stock of each harvesting time to determine 1000-
seed fresh weight (ISTA, 1985). Dehydrogenase activity was measured
according to Krishnasamy and Seshu {1990) with minor modificatior while
three sets of 1 gm seed {dehulled) were soaked in solution of 2, 3, 5
Triphenyl Tetrazolium Chioride (1%) and placed in dark at 30 C° for 24 h. for
staining. After the seeds were washed with distilled water, 10 mi of acetone
was added to extract the formazan for 1h. Optical density (OD) readings were
taken at 480 nm on a spectrophotometer (Milton Roy spectronic 1201). Four
replicates of 50 seed were used to measure the electrical conductivity
according to (Matthews and Alison, (1987). 400 random countad seeds from
each treatment were sown in randomized block design in four replicates in
the field and the normal seedliings were counted after 10 days from sowing.
Data collected from these experiments were subjected to analysis of variance
as Randomize Caomplete Block Design as mentioned by Gomez and Gomez
(1984), and the treated averages were compared by using the least
significant differences (LSD) method. Simple correlation’s coefficient between
harvesting date, storage period and the studied traits were computed
according to Svap (1973).
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RESULTS AND DISCUSSION

Recorded data in Table (1) show the effect of harvesting dates and
storage periods on the studied traits in 2002 and 2003 seasons. Harvesting
dates had significant effects on all the studied traits. The lowest means of the
studied traits were recorded at 14 days after flowering, whereas the highest
means of these traits were recorded at the harvest dates from 28 to 42 days
after flowering except electrical conductivity, while the lowest means (0.63
and 0.55 umohs/g seed) were obtained in 2602 and 2003 seasons,
respectively. From the same Table means of germination percentage,
germination rate, plumule and radical length, seedlings dry weight,
dehydrogenase activity, 1000-seed fresh weight and field emergence were
increased with the increase in storage periods. The highest means in the two
seasons were oblained at the storage periods (6 and 9 months). On contrast,
electrical conductivity and 1000- seed fresh weight were decreased with the
increase in storage periods.

Data in Table (2} show sunflower seed from earlier harvesting dates
(14 DAF) generally had the lowest germination percentage in the two
seasons 2002 and 2003, especially directly after harvest than sunflower seed
harvested lately. This was mainly due to the high proportion of impty +
immature seeds {Adetunji, 1991). While, the highest values of germination
percentage 94.5% and 96% were obtained from seeds harvested 28 days
after flowering and stored for 9 months in 2002 and 2003 seasons,
respectively. Also, the same trend was obtained for the germination rates,
while minimum value were obtained at the first harvest time, directly after
harvest in the two seasons. On the other hand, means of germination rates
reached its maximum values with the increase in days after flowering to
harvest and storage periods.

Fresh harvested seed 14 days after fiowering had the shortest
plumule length (12.3 and 12mm) in the two seasons 2002 and 2003 (Table
3). Meanwhile plumule length reached its highest length 98 and100 mm in
2002 and 2003 seasons, respectively, at 28 DAF after 9 months from
storage. The same trend was obtained for the radicale length while the lowest
length (12.8 and 13.0mm) were recorded immediately after harvest at 14
DAF, in the two seasons. On contrast, radicale length was increased with the
increase in days from flowering to harvest up to 35 days and storage periods
up to & months in the two seasons. From these results, there was a positive
relationship between seed viability, seedling length and seedlings dry weight,
while seedlings dry weight was increased with the increase in seed viability
and seedling length as presented in Tabte (5). Johnson and Jelium (1972)
found that Maximum thousand seed weights, DM content, and seed
germination were reached their highest vaiues at 35 DAF, thus the cessation
of assimilate transiation 1o the seeds and the commencement of capitula
senescence appears at this time. An approximate visible indication of this
point in the field was appearance of the first yellowish brown capitula.
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Table (3): Effect of interaction between harvesting dates and storage
eriods on plumule and radical length of sunflower seed in
2002 and 2003 seasons.

-Harvestin Plumule length (mm) L Radical length (mimt}
e 9 Storage periods/ months Storage periodsi{ months |
0 3 6 9 [12 15 |0 k] 3 9 |12 [ 15
2002 2002

14 DAF 12.3 13.5121.3 B‘r’o Lze.o 283 | 128 ]_15.0 243 | 245 ] 285 | 283

L21 DAF 203 | 595 | 540 | 673 | 848 | 633 26.57 638 | 6843 | 710 l 68.0 | 67.0

28 DAF 17.0 | 618 | 965 | 8.0 | 868 | 76.0 | 185 Lss,a 100.8 | 101.5 ] 89.3 | 823

35 DAF 178578 | 918 | 883 | 88681 79.0 | 250 | 568 | 93.0 | 1020 | 950 | 83.5

1
L42 DAF 178 | 535 [ 738 (770 | 778 728 | 1205 | 1605 875 [ 905 | 900 | 7115
|49 DAF 13.0 (480 [ 720 [ 733 [ 773 678 | 205 | 595 | 845 | 853 | 81.0 | 740
LSD 5% 3.9 33

2003 2003 i

14 DAF I 12.0 14.31 210 ]_26.0 ] 280 ] 280 | 13.0 | 16.0 ]_25.0 260 | 300 ] 270

21 DAF 210 [ 600 | 540 | 670 ‘] 850 | 670 | 250 | 620 Ls4.o 710 | 688.0 | 680

28 DAF 176 | 58.0 | 935 | 100 | 85.0 | 77.0 [ 196 [ &80 11 02.0 | 103.0 | 890

35 DAF 17.0 |_sa.o 940 [ 91.0 | B8O | 77.0 [ 250 | 56.0 Lmo.o st 0570 ] 830

42 OAF 180 [ 53.0 [ 780 | 79.0 | 78.0 | r2.0 | 21.0 | 630 | BBD | 820 | 890 | 720
t4Q [ 50.0 | 720 | 760 [ 780 | 700 | 208 m

4

(__LSD 5% 37 1

From Table (4}, electrical conductivity significantly was affected by the
interaction between harvesting dates and storage periods. Electrical
conductivity was decreased from 3.57 and 3.97 umohs/gm seed in 2002 and
2003 seasons, respectively. For sunflower seed harvested after flowering with
14 day, directly after harvest to 0.26 and 0.22 umohs/gm seed in 2002 and
2003 seasons, respectively, for seed harvested after flowering with 35 days
after 12 months from storage. Dehydrogenase activity was significantly
increased with the increase in days from flowering to harvest from 14 to 42
DAF and storage periods to 9 months after that it reduced in seed harvested
later and stored more than 9 months.

The fresh weight of 1000-seed increased with delayed harvest up to
28 DAF and declined after that (Table 5}. Meanwhile, with the increase in
storage periods, sunflower seed harvested after 35 DAF gave the heaviest
weight 69.3 and 68.0 gm in 2002 and 2003 seasons, respectively after storage
with 3 months, after that thousand-seed weights was decreased with the
increase in storage periods.
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Table (4): Effect of interaction between harvesting dates and storage

petiods on Dehydrogenase activity and eiectrical
conductivity of sunflower seed in 2002 and 2003 seasons.
Dehydrogenase activity {O0) Electrical conductivity umohs/g
. seed
Ha;vaetzgng Storage periods/ months Storage periods/ months
o | 3 6§ | 8] 127 15 o] 3] 6] ® 12 15
2002 2002 B
1“14 DAF 0.595 | 0615 ] D612 [ 0606 | 0602 | 0.598 | 357 | 3.64] 317 | 276 265 Far
71 DAF 0.672 | 0.699 | 0.699 | 0.694 | 0.650 | 0.663 | 2.15 | 1.38 048 0411 044 J 0.44
28 DAF 0.750 | D.763 | 0.768 | 0.760 | 0.755 | 0.780 | 142 | 0.95| 042 | 0.35( 0.31 0,324\
35 DAF 0837 | 0.858 | 0850 | 0.642 | 0837 | 0.833 | 142 | 083 | 044 108 | 026 [ @27
} 42 DAF 0.536 | 0.865 [ 0.872[ 0.876 | 0860 [ 056 | 182[ 102| 0.48[ 0.37
49 DAF 0.780 | 0.795 | 0.791 | 0.782 | 0780 | 0.761 0.45
NS
2003
14 DAF 0.610] 0.609] 0603 060D 0593 387 362| 3.20) 268
21DAF | C666| 0.696( 0693| 0692] 0681 0672] 214 133} 037| 0.
28 DAF 0.753| 0.762| 0.765| 0764 | 0753| 0774 140| 091l 033] 033
- |
35 DAF 0.842| 0.863] 0.854 0.549[ 0846 08321 141 Fo.at] 0.36] 029
42DAF | 0.838| 0.85¢] 0.873 o.sso‘[ 0867 0854 180| 101] 045| 0.33
49 DAF 9777| 0.797] 0.785] 0.783| 0774 0752 2.91 152} 0.45] 0.4
LSD 5% 0.008 1.15

il

Table (5): Effect of interaction between harvesting dates and storage
periods on seediings dry weight and 1000-seed fresh
weight of sunflower seed in 2002 and 2003 seasons.

’ Harvesti Seedlings dry weight (gm) \ 1000-seed fresh weight {gm)
a d :; esl ng L Storage periods! months Storage periods/ months
0 [ 3] 6 [ 9 [ 121 15 o [ 3] & 9] 12] 15
2002 2002
14 DAF 0109 0156 0.192] 0.214 | 0.201 | 0204 | 600 | 410 | 391 | 385 | 360 | 350
24 DAF 0244 0269 | 0270 | 0274 | 800 | 52.0 | 51.5 | 51.0 { 483 | 45.0
28 DAF 0130) 0220 0.285 1 0285 | 0292 [ 0.296 | 1160 | 682 l 680 S?.Sj_ﬁﬁ 3 J ssi‘
35 DAF 0136 0238| 0288| 0298 | 0206 | 0.298 [ 110.0 | 693 | 686 | 68.3 | 681 | 67.4
| 073 23| Dast] D28k L l
42 DAF G175] D225 0247 0268 ] 0264 | 0.267 [ 1060 | 689 [ 685 | BB 4 67 3
49 DAF 008 0.212] 0231] 0241 | 0240 | 0264 [ 1030 | 680 | 67.5 | 67 2
| pae] o] ot [ | fos0 [ 680675 672 |
LSD 5% 0.014 | 25
[ 2003 | 2003
[ 0,108 0.159J 0 190J 0.194 [ 0200 l D204 626 (4027287 380 370 ] 35.8 i
01227 0.215] 0.243| Q267 | 0.270 | 0274 | 81.3 so.ej 502 | 50.0 | 482 l 47ﬂ
l l 0216 0.280| 0.278 o.2saJ 0.204 [ 1120 | &7 ai G751 670 | 6.8 l 66.5
35 DAF I 0137 0238 0.283| 0.295 0.291 0297 [ 1070 | 88 el 68O | 678 J 87.3 ] 580
42 DAF [ 0116 | 0225| 0247 | 0.268 | 0.263 | D.265 | 1050 | 678 | 678 | 6/5 | 67.1 | 66.5 |
49 DAF T 0104 0211] 0229|0243 [ 0242 0247 [ 1023 [ 674 [ efo | 668 | 660 | 654

0.015

-
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From Table (6), field emergence significantly affected by the
interaction between harvesting dates and storage period. While the field
emergence was increased from 9.6% and 9.4% for seeds harvested after 14
days from flowering, directly after harvest to 83.4% and 81.8% for seeds
harvested after 35 days from flowering after storage with 9 months, at 2002
and 2003, respectively.

Table (6): Effect of interaction betwe2n harvesting dates and storage
periods on field emergence of sunflower seed in 2002 and
2003 seasons.

. Seedlings dry weight (gm) )
Harvesting Storage periods/ months
dates o [ 3 | &6 s [ 12 ] 15
2002
14 DAF 96 148 | 286 381 37.0 31.0
21 DAF 19.5 35.9 68.3 - 69.0 64.7 63.2 ]
28 DAF 315 55.6 78.0 79.7 76.4 68.9
AF 31.2 60.5 828 834 82.8 703
42 DAF 22.8 62.8 792 78.2 746 683
49 DAF 19.8 56.3 73.8 76.7 72.9 57.6
LSD 5% 1.8 |
2003 ]
14 DAF 9.4 14.3 278 38.3 371 311
21 DAF 20.1 3.1 685 69.5 66.2 642 |
28 DAF 315 56.7 78.4 80.3 7786 69.5
35 DAF 301 58.4 81.2 81.8 810 68 6
42 DAF 22.5 61.4 776 776 73.8 67.7
4G DAF 20.0 56.3 72.9 75.6 72.7 60.8
LSD 5% 23

Coefficient of the simple correlation’s between harvesting date,
storage periods and the studied traits are presented in Table (7). Highly
significant positive correlation was found between harvesting dates and
Germination percentage (r=0.305), germination rate (r=0.624), plumule length
(r=0.370), radical length (r=0.430), dehydrogenase activity (r=0.805),
seedlings dry weight (r=0.166), 1000-seed fresh weights (r=0.0 090) and field
emergence (r=0.430) while highly significant negative correlation between
harvesting dates and Electrical conductwvity (r=-0.445) were noticed.
Correlation between storage period and the studied traits were positively and
significantly except dehydrogenase activity and electrical conductivity were
negatively. The correlation’s coefficient between field emergence anc the
other traits are found in Table (8) all the tested characters were positively
correlated with field emergence whereas electrical conductivity were
negatively correlated with field emergence Ray and Gupta (1980) reported
negative correlation of electrical conductivity with field parameters in rice. The
results of this study suggested harvesting sunflower crop after 28 days from
beginning of flowering in order to obtain high quality seed for 9 months in
storage.

5406



J. Agric. Sci. Mansoura Univ., 29 (9), September, 2004

Table (7): Simple correlation of harvesting dates and storage period with
the studied traits.

| Treatments Harvesting dates Storage periods
Germination percentage 0.305* 0.580*
Germination .rate 0.624** 0.327*
Piumule length 0.370* 0.553*
Radical length 0.430** 0.503**
Dehydrogenase activity (.805™ -0.015™
Electrical conductivity -0.445* -0.441**
Seedlings dry wt 0.166** 0.716**
1000- Seed fresh weight 0.080* 0.222*
Field emergence 0.430* 0.547

Table (8). Simple correlation coefficient of field emergence with the
studied traits
Treatments 8 7 6 5 4 3 2 1 y

y-Field Emergence 0.217*" | ¢.898"*|-0.889"*| 0.580™" (0.956** |0.847"* (0.790** |0.987* |1.000

1-Germination percentage | 0.206™ | 0.919*" -0.&,8""| 0.474** |0 936~ (0.835"* [0.749*~ [1.000

2-Germination rate 0 146" 0.680""|-0.848*"( 0.732"" |0 810 [0.791"" (1.000
3-Plumule length 0.207* | 0.899**|.0.852*"| 0.528**(0.983" |1 000
4-Radical length 0.199*" | 0.876*" |-0.855*"| £.557"|1.000

5-Dehydrogenase activity | 0.116* 0.357*"|-0 638" | 1.000

8-Electnical conductivity -0.179"" | -0.782*71.000

7-Seedlings dry weight 0.991* | 1.000

8-1000- seed fresh weight | 1.000
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