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ABSTRACT

The occurrence of hardseedness and the low percentage of seed germination are major challenges when growing
okra. For this reason, this study was conducted to deter mine the effects of micro elements fertilizer in relation with
time of harvest and plant parts on germination behavior of cultivars of okra (Abelmoschus esculent L.). The study
was carried out at Agricultural farm of Thessaly University in 2011. The design was a randomized complete block
with a factorial arrangement with three replications. Four different cultivars of okra contain Boiatloy, Beloudo,
Clemsson and Pleas and three treatments of micro fertilizer were studied. Results showed micro fertilizer treatment
had positive effect on germination. Both level of micro fertilizer (F, and F5) raised noticeable seed germination than
control (F,). Increasing level of fertilizer from first level of fertilizer (F,) to third leve of fertilizer (F3) was more
effective in varieties with more seedhardness; In this case application of level three of fertilizer (F3) in Beloudo
variety was more positive than other varieties. By increasing time of harvest percentage of seed germination was
increased until third harvesting time (T5) and after that reduced. Level two (F,) and three (F3) of micro fertilizer had
a same effect on seeds that harvested in second harvesting time (T,). Application of level three of fertilizer (F3) was
mor e effective on seeds that harvested in three harvesting time (T5). Application level three of fertilizer (F3) on seeds
in middle part of the plant produced more seed germination.
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INTRODUCTION

Okra Abelmoschus esculentus (L.) Moench) crop exhibits seed hardness that dicatps its management. This seed
hardness interferes with seed germination, weett@omarvesting and other management factors (Mwohadi et
al., 2011). As a starting generation, seed is siraty and physiologically equipped as a dispensait and
providing food for growing seedlings until it estiahes itself as an autotrophic organism (Bewl&97). To do this
the mature seed should germinate first. This phggical reaction begins with water uptake by thg sieeds and
terminates with the initial elongation of the enmdmmic axis. Germination tests give some informatitnout seed
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constituents (Malo, 2000). Nevertheless, in margsesadesired germination rates could not be attadoedto the
dormancy requirement that is one of the major abssaespecially for most legume forage speciesfEZ&N et

al., 2009). The dormancy of dormant seed must bkeorto induce germination. Various methods arel fisethis,

depending on the plant species and type of dorm@tayuncu, 2005). It could be that the seeds exlsiine form
of dormancy, possibly associated with the seed. ddas is the first factor to be checked if seedsdt germinate
after a reasonable after-ripening period (Budylet1®86) because the capacity of many seeds tmigate is
determined by the seed coat. Tough seed coats egajate germination by establishing a permeakilésrier that
can interfere with the water uptake required fobilnition and subsequent radicle emergence; forgasexchange
particularly oxygen uptake required for respiratiamd/or for the outward diffusion of endogenousngeation

inhibitors (Mmolawa, 1987). Typical characteristafshard seeds are seed coats that are permealbtdo but not
to gases or vice versa (Budy et al., 1986; Mmol&\98y7).

The percentage of seed germination of okra isivelgtlow, due to occurrence of hardseedness m phant (Luis
Felipe et al., 2010). The percent of hardseednesskiia cultivar is different, in some cultivars yhdon't have
hardseedness or they have a little hardseednassaisn’t create any impedance for their germimatut in other
cultivars their hardseedness doesn't let them tmgmte, or low percent of them germinate. Ellislet (1985) and
Standifer et al., (1989) emphasized that hardseedsdin okra vary among cultivars. Also El Ballaakt(2011)
reported that percentage of hardseedness higldgtatf by the cultivars.

Time of harvest of pods, seed moisture contentijlifer, growth regulators, priming, scarificatiogrowth
regulators are some of the methods that proposadhive effect on okra seedhardness. It was repotte
percentage of hardseedness increased significaraly cultivars with the increase in the matuidtyseed. This may
be due to the deposition or development of harétleubr impermeable cell layer of the seed coatnduthe later
stages of seed development (El Balla et al., 20%iilarly, Egley (1987) noted that impermeability showy
crotalaria Crotalaria spectabilis) seed was acquired during the later stages ofrat&n on the parent plants. In
okra plant, Chauhan and Bhandri (1971) reported seads that harvested at 30 days from anthesisthead
maximum percentage of germination. Castro et @082 concluded that okra seeds that harvested iang441
DAA had a highest germination. While, Demir (199&ported that okra seeds failed to germinate GatiDAA, as
soon as seeds began to germinate at 36 DAA, thempige of hard seeds increased.

Seed moisture content is another factor that peghdsas effect on seedhardness. As the seed maincedby
decreasing its moisture content the percentageanfskedness increased. This affair was confirmednmgher
scientist (El Balla et al., 2011; Quinlivan (197E)jis et al., (1985); Standifer et al., (1989) &bedmir (2001). El
Balla (2011) in another experiment showed that wtienseed moisture content fifolium patense, Trifolium
repens andLupinus arborcus reach to 14% their seedhardness increased.

Pod position in the plant also proposed that céecebn hardseedness. In this case seeds thatskeshia pods in
middle and lower part of the plant than upper paglant produced more seed germination and less Bardness.
For example Felipe V Purquerio, (2010), Malik et €2000) has reported that seeds from pods lo¢atdte middle

of the plant had higher germination, but Yadav &idinkhar (2001); Naik et al., (2004); Prabhakaalet(1985)

and Malik et al., (2000) reported that harvesteztifeom the lower pods had more seed germination.

Fertilizer is another factor that can effect ondsaedness. It was revelled that okra gives goqabrs® to different
plant nutrients (Mishra and Singh, 2005). But ia ttase of the effect of fertilizer on hardseedni¢ésgas reported
that seed germination doesn't affect by the fesiliapplication (Anjum and Amjad, (1999), Amjadatt (2001).
Several attempts have been made to study the resmdrokra to various levels of nitrogen (Majanbale 1982;
Shrestha, 1983; Kabura et al., 2002). Amjad et(2D01) in their experiment on the cultivar of olca Pusa
Sawaniit reported that germination percentage,rgpeel length and yield were not influenced by ddfe levels of
fertilizers used.

The objective of this study was to determine tHeatfof micro fertilizer in relation of time of hasst of pods and
plant parts on seed germination and investigatxtfie level of micro fertilizer for overcoming akseedhardness.
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MATERIALSAND METHODS

The experiment was conducted in Agricultural Farf Thvessaly University in Greece in 2011. Climate
characteristics of experimental place were showrTable (1). Each experiment was laid out in Randeahi
Complete Block Design with factorial arrangementhwihree replications. 4 different cultivars of akecontain
Clemson, Boiatloy, Beloudo and Pleas and three amifertilizer treatments were studied. Two differenicro
fertilizer (called Proten and Basfolir 36 extrarfr&Compo and IKO-Hydro Company) treatment as faligave to
the plants:

F1= control (0 cc of micro fertilizer).
F,= 20 cc micro fertilizer (20 cc Proten and 20 csfdlr 36 extra) solved in 10 lit water.
Fs= 40 cc micro fertilizer (40 cc Proten and 40 ccfeér 36 extra) solved in 10 lit water.

Land preparation operations plowing, disk and tiawehe desired way, before transplanting was dartae first

half of May. After taking track, map test was immplented on the ground. Seeds first were plantedéngianting

shelf (foam) in the greenhouse and when the heijhte plants was 10 cm they transplanted in thenfa
Transplanting of the plants was done in the 21 afyMy hand. Each replicate contain 12 plots ant péat was 9

m? (3x3). Total area of the land for each experimeas 539.5 m. Between the two replicate two metitance

was considered. Crop irrigated regularly one timmeheweek. Broadleaves weeds were control througdingo
manually and narrow leaves by Fusilade herbicidant® 33 days after transplanting in the farm ethrto

flowering. Each flower tagged and put pocket. Podee collected at four harvesting time as fallow:

T,= Harvesting pods 30 days after flowering.
T,= Harvesting pods 35 days after flowering.
Ts= Harvesting pods 40 days after flowering.
T,= Harvesting pods 50 days after flowering.

Each individual crop of okra divided in 3 differgmairts and pods tagged as a pod of low-middle g@perupart of
the plant. Initial seed moisture contents were wated by using low constant temperature oven nte(h®TA,
2009). 5 g of seeds from each treatment were tak#tar grinding the seeds in grinding mill the weigground
material were poured in a small container with cawed kept in an oven maintained at a temperatut®@®C for a
period of 17 hours. The moisture content of seeats adetermined by the following formula (ISTA, 2009)

(M2-M3)
(M2-M1)

%MC = 100

M1=WHt. in grams of container and its cover.
M2= Wt. in grams of container, its cover + groundtetial before drying
M3= Wt. in grams of container, its cover + groundtetial after drying

To study of the seedhardness seed germination evatucted using 400 seeds (four replications of 4€¥1s) per
each treatment (ISTA, 2009). Seeds sterilized bykviaeb fungicide and were placed on double laygvathman
No.1 filter paper moistened with distilled watersterilized Petri dishes. At final, all Petri disheere placed in a
germinator at 2% for 21 days and every 2 days the number of gextethseeds was counted and removed; in the
case of moisture deficiency distilled water waseatldA seed was considered germinated when thd theaadical

had grown free of the seedcoat (Wiese and Binrii§7; Auld et al., 1988). Seeds that in the lagheftest did not
absorb water and last as a rigid were consideredshad. Germination percentage was calculated llywiog
formula (ISTA, 2009):

Numbebpf seedgerminateg10
Numbepf seedtestel

0

Germinatio(%)

For study seed and pod characteristics 5 plants t&gged in each plot randomly to record the datd@0 seed
weight, Average seed per pod, pod length, pod dienaad seed yield.
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Data were analyzed by using SAS statistical progssuth Duncan test was employed to classify meanesabd
different treatments when F-values were signifi¢®10.05). Graphs were generated by using EXCEL soéwa

RESULTSAND DISCUSSION

Micro fertilizer:

Micro fertilizer treatment had positive effect omrmination. Both level of micro fertilizer §Fand F) raised
noticeable seed germination than contrq) (Fig 1). The level three of micro fertilizer fFwith 75.8% produced
highest percentage of germination (Fig 1); thielef fertilizer increased 26.8% seed germinatimmtcontrol (k).

In the experiment to find out the effect of micrtnents on seed production in okra, the maximumdsee
germination, seed vigor and seed yield was reco@&83%, 6.78 and 4.53 q harespectively, followed by
commercial formulation (Multiplex) (Patil et al.0Q7).

Variety:

Different varieties showed different seed germratinder the effect of micro fertilizer. In Boiagland Beloudo
varieties in compare to other varieties produced keed germination under different fertilizer Is\(€ig 2). Level
three of micro fertilizer () more raised percentage of seed germination iouBkl and Pleas varieties than other
varieties (Fig 2). Increasing level of fertilizeoi first level of fertilizer (I to third level of fertilizer () was
more effective in varieties with more seedhardnisthis case application of level three of feztli (i) in Beloudo
variety was more effective than other varietiesthis variety using third level of fertilizer {Fgive 63.8% seed
germination that in compare to first level of fizgr (F) with 47.8% raised 16% more seed germination @ &b}
whereas increasing fertilizer level was less effecin Clemsson variety; in this variety differenibetween seed
germination of first () and third level of fertilizer (§ with 69.7 and 77.2% was only 7.5% (Table 3).

In okra, seed germination is influenced by theicalt Batt and Srinivasa Rao (1998) found consioleraeduction

in seed germination under field conditions compawétl the controlled conditions in different cultiis of okra. In
some cultivars, the occurrence of hard seeds bexonwee frequent the longer the pods remain in taatgV
Purquerio, 2010). Study of seed moisture contenvasfeties showed that in all varieties using thiegel of
fertilizer (F;) that produced higher percentage of germinaticth mare moisture content (Table 4). In this case
Boiatloy variety that in compare to other varietiesd less seed germination also had less moisturterat (Table
4).

El Ballaet al. (2011) reported that seedsHibiscus esculentus L. (Moench) at 13% moisture content tend to show
little or no hardseededness, but once the seedstiean dried and their moisture content was droppéddto 6%,
their seedhardness becomes prevalent.

Harvesting time;

Study of effect of micro fertilizer on percentagegermination of seeds from different harvestingds showed that
by increasing time of harvest percentage of seealigation was increased until third harvesting tifhg and after
that reduced (Fig 3). Level two fFand three (§ of micro fertilizer had a same effect on seeds trarvested in
second harvesting time )T(Fig 3). Application of level three of fertilizgi;) was more effective on seeds that
harvested in three harvesting time)(TFig 3). In Boiatloy variety seeds that harvesie four harvesting time (J
showed a less seed germination and more seed kartihan other varieties in this harvesting timeb({@®).

Several studies are available on development ofdeel within the capsule and the days to physicébgnaturity
and harvesting. The highest seed germination wasded when the pods were harvested 35 days (EW@88;
Kanwar and Saimbhi, 1987) and 40 days after argh@&upane et al., 1991). Delay in harvesting tieduced
seed weight and germination percentage.

Study of moisture content of seeds from differesuvisting times showed that the amount of moistorgent of
seeds from the first ¢J to four (T;) harvesting time hah reduced (Table 4). Seeds hhatested at different
harvesting times under the effect of third levelfettilizer (R;) produced more seed moisture content (Table 4).
Probably reduction of moisture content of seedshhavested in four harvesting time,);Tin Boiatloy and Beloudo
varieties can be associate with creating seedstvaitl coat, but this reduction in Pleas and Clemsswoietites is
vice versa and reduction of moisture content ddaeseate any seeds with hard coat. It is quite @lwithat plants
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that harvest earlier, did not complete their phiggjical maturity and have more moisture content, fdants that
reach to their physiological maturity their moigtwontent was decreased.

In the experiment that was done by Demir (1997)emnvithe moisture content of seeds that harvesteD/A8
dropped to 10%, 52% of them represent hardseedness.

Plant part:

Study of effect of micro fertilizer on seed gerntioa from different parts of plant showed that apgtion level
three of fertilizer (k) on seeds on middle of the plant produced moré geemination (Fig 4).

In upper and middle of part of plant seeds thavésted in Pleas and Boiatloy variety under thecefté first (R)
and third (k) level of fertilizer produced higher and lower sdfed germination, respectively (Table 6 and 5). In
lower part of plant seeds that harvested in Clemssuwl Boiatloy variety under the effect of third)(Bnd second
(F,) level of fertilizer had higher and lower percaggaf seed germination, respectively (Table 3 gnd 5

Fruit position on the plant or the fruit-bearingdeoposition has influence on seed quality. YadabBankhar
(2001) observed higher values of seed per frustt veeight, germination, vigor index, and seed yigldfruits
harvested from lower positions on the plant at Hisadia under semiarid conditions. The lowest eafar these

parameters was from seeds harvested from uppeofodng plant. Pod position in the plant also afeseed quality
(V Purquerio et al., 2010).

Study of seed moisture content in different paftplant showed that by increasing level of fergliZzrom control
(Fy) to third level of fertilizer (k) percentage of seed moisture content was incrgdsdalie 4). The highest (31.1%)
percentage of seed moisture content was achievixvier part of plant under the effect of third leeé fertilizer

(Fs) (Table 4). Mohammadih et al., (2011) in previexperiment showed that seeds from the middle dattieo
plant had more seed moisture content at the tinl@aofest.

Table 1 - Climate characteristics of experimental place

M Minimum temperature Maximum Temperature Average of humidity (%)  Precipitation
onth o, o
(C) () (mm)
April. 184 7.5 75.0 0.8
May. 24.5 11.9 69.0 0.9
Jun. 30.3 16.4 58.0 0.9
July. 34.5 18.9 46.4 0.8
Aug. 325 18.2 59.5 0.7
Sep. 30.1 15.6 64.0 0.7
Oct. 19.8 9.0 74.8 1.2
Average 27.1 13.9 63.8 0.8
. Organic
Soil Structure S Si c pH Matter
48% 29% 23% 7,7-8,1 1,3gr/100gr So

Table 2: Effect of microfertilizer on percentage of seed ger mination of Beloudo variety in relation to plant
part and time of harvest

Variety: Beloudo

Plant par Uppe! Middle Lower

Fertilizel F1 F2 F3 F1 F2 F3 F1 F2 F3

Time of harvest G (%) G (%) G(%) Mean G (%) G (%) G(%) Mean G (%) G (%) G (%) Mean
T1 39hc 37.3 41c 39.1 38b 40.6c 51.3c  43.3 403b 47.3b 46.3c 446
T2 49.6ab 49.3 50.6b 49.8 48b 57b 64.3b 56.4 453b 49.3b 50.3c 48.3
T3 62a 65.3 74.3a 67.2 65a 71.3a 753a 705 67.3a 686a 743a 70.0
T4 40.6c 413 49.6b 43.8 43b 41.6c 64.6b 49.7 403b 423b 65.3b 493

Mear 47.€ 48.2 53.¢ 48.2 52.€ 63.E 48.2 51.¢ 59.C
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Table 3: Effect of microfertilizer on percentage of seed germination of Clemsson variety in relation to plant
part and time of harvest

Variety: Clemson

Plant part Upper Middle Lower

Fertilizer F1 F2 F3 F1 F2 F3 F1 F2 F3

Time ofharvest G (%) G (%) G(%) Mean G (%) G(%) G (%) Mean G (%) G (%) G (%) Mean
T1 55b 54.6c  56c 55.2 53b 54b 52.3b 53.1 50.6b 513b 56.3b 52.7
T2 63.6t 61.3¢ 64t 62.¢ 61.6t 62kt 60.6f 614 573t 576t 63.6f 59.:
T3 80.3c 83.6al 87.6¢ 83. 82.3: 83.3¢ 84.3: 83.% 826: 86.3: 90.3: 86«
T4 85.6a 90.3a 92.3a 894 90.6a 88.6a 90.6a 89.9 88.3a 90.6a 98.6a 925

Mean 71.1 72.4 74.9 71.8 71.9 71.9 69.7 71.4 77.2

Table 4: Effect of micro fertilizer on seed moisture content of variety, harvesting time and plant part

Fertilizer Variety MC (%) Harvesting time M@o} Plant part MC (%)
Fy Boiatloy 28.6 T, 49.0 Upper 294
Beloudo 29.8 T, 42.6 Middle 29.6
Pleas 29.7 Ts 14.9 Lower 29.1
Clemson 29.6 T4 11.1
F> Boiatloy 28.5 T, 49.5 Upper 30.1
Beloudo 30.9 T, 43.6 Middle 30.1
Pleas 30.8 Ts 15.6 Lower 30.0
Clemson 30.1 T4 11.7
Fs Boiatloy 28.9 T, 49.5 Upper 30.4
Beloudo 30.2 T, 43.7 Middle 30.8
Pleas 32.0 Ts 17.0 Lower 31.1
Clemson 31.9 T4 12.7
Anova 66.9 Fertilizer (F) 66.9 Fertilizer (F) 66.6
Main effects 101.0 Harvesting time (T) 38980.5 Plant part (P) 1.2
Fertilizer (F) 155 Interactions (FxT) 5.8 Interactions (FxP) 3.5
Variety (V)

Interactions (FxV)

Table5: Effect of micro fertilizer on percentage of seed germination of Boiatloy variety in relation to plant
part and time of harvest

Variety: Boiatloy

Plant par Uppel Middle Lower

Fertilizer F1 F2 F3 F1 F2 F3 F1 F2 F3

Time of harvest G (%) G(%) G(%) Mean G (%) G(%) G(%) Mean G (%) G (%) G (%) Mean
T1 336 383b 353 357 35b 39b 39.6c 37.8 37 33c 38 36
T2 433  433a 48 438 42b  516a 53b 4838 42 45b 483 451
T3 53 6la 61 58.3 56.3a  63a 68a 62.4 57 57a 60.6 58.2
T4 25.¢ 37t 41.6€ 383 323K 343k 35¢C 33.¢ 34 32 36 34

Mear 38.¢ 44.¢ 45.7 41.£ 46.¢ 48.¢ 42t 41.7 45.7

Table 6: Effect of microfertilizer on percentage of seed germination of Pleasvariety in relation to plant part
and time of harvest

Variety: Pleas
Plant pat Uppel Middle Lower
Fertilizer F1 F2 F3 F1 F2 F3 F1 F2 F3
Time ofharvest G (%) G(%) G(%) Mean G (%) G(%) G(%) Mean G (%) G (%) G (%) Mean

T1 47b 50.6b 54.3b 50.6 49.3b 50.6c 54.3 51.4 48.6b 50.6b 50.6c 49.9

T2 56.3b 55.3b 60.6b 574 57.6b 58.3b 58.6 581 533b 543b 59.3b 556

T3 74a 77.3a  94a 81.7 84.3a 91.6a 923 89.4 70.3a 75a 95.3a 80.2

T4 753a 84.6a 96a 85.3 77a 85.3a 88.6 83.6 73.6a 80a 90.6a 814
Mean 63.1 66.9 76.2 67.0 714 734 61.4 64.9 73.9
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Figure 1. Effect of micro fertilizer on seed germination (%).
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Figure 3: Effect of micro fertilizer on percentage of seed ger mination of seedsin different harvesting times.
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Figured: Effect of microfertilizer on percentage of seed germination of different parsof plant.
CONCLUSION

Using level three of micro fertilizer gf-has a positive effect on seed germination. Ireirgplevel of fertilizer from
first level of fertilizer (k) to third level of fertilizer (k) was more effective in varieties with more seedhass. In
this case application of level three of fertilizgk) in Beloudo variety was more effective than otkarieties.
Application of level three of fertilizer gF was more effective on seeds that harvested aetharvesting time ¢J.
Application level three of fertilizer gF on seeds on middle of the plant produced moré geemination.
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