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Abstract 

In the present study, the effect of foliar application of micronutrient fertilizers on okra plants was examined. Four okra 
cultivars (‘Boyiatiou’, ‘Veloudo’, ‘Clemson’ and ‘Pylaias’) were sprayed weekly throughout the duration of the cultivation with 
two commercial micronutrient fertilizers (F1 and F2) [e.g. M1= control (0 ml); M2= 40 ml (20 ml of each fertilizer); M3 = 80 
ml (40 ml of each fertilizer). From the results of the present study, it was observed that plant height of ‘Boyiatiou’ and ‘Pylaias’ 
was increased by application of M2 whereas plant height of ‘Clemson’ and ‘Veloudo’ was either unaffected or reduced. Flower 
induction increased at both micronutrient levels (M2 and M3) only in ‘Pylaias’. Pod set was higher in treatment M3 in 
‘Veloudo’ and ‘Pylaias’ and resulted in higher seed yield.  Pod length and diameter were not affected by micronutrient 
application, as well as 100-seed mean weight and moisture content; however the number of seeds per pod in ‘Pylaias’ was 
significantly lower in M2 and M3 than in M1, whereas the percent seed germination of all cultivars was higher following 
micronutrient application. Germination differed between the control and the micronutrient treatments at all times of harvest 
and plant parts. In conclusion, the main value of foliar application of micronutrients was to increase germination percentage 
and reduce hardseedness, especially for cv. ‘Veloudo’, since the occurrence of hard seeds in susceptible cultivars reduces 
germination, and therefore seed quality. In some cultivars (‘Pylaias’ and ‘Veloudo’ here) micronutrients may also increase seed 
yield by increasing pod set.  
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Husain et al. (1989) reported that foliar application of iron in 
the form of ferrous ammonium citrate (0.1%) along with Zn and 
B (0.1%) increased the height of chilli plants, while Hooda and 
Pandita (1982) found that the foliar application of Agromin 
product (ZnSO4, MnSO4, FeSO4 and CuSO4) at 1 kg per ha to 
potato also increased plant height. Tamilselvi et al. (2002) 
studied the effect of foliar application of micronutrients on the 
growth and yield of tomato. They reported a significant increase 
in plant height due to the application of Cu (100 ppm). 
Similarly, Palaniappan et al. (1999) reported that three sprays of 
Polyfeed product (19:19:19, Fe 1000 ppm, Mn 500, B-200, Zn-
150, Cu-110 and Mo 70 ppm) increased the number of fruits 
per plant in chilli, while Tamilselvi et al. (2002) reported that 
foliar application of iron combined with other micronutrients 
(Zn, Cu, Mn, B and Mo) in Multiplex product (100 ppm) 
significantly increased the number of fruits per plant of tomato. 

Introduction 

Foliar fertilization with multi-nutrients to achieve balanced 
plant nutrition is considered to play a significant role in modern 
sustainable vegetable production. This mode of applying 
fertilizers to the crops provides a valuable supplement to the 
application of nutrients via the soil (Fageria et al., 2009) and a 
number of studies have highlighted the benefits of foliar 
fertilization in improving plant growth, crop yield, nutrient 
uptake and product quality (El-Aal et al., 2010; Zodape et al., 
2011). The particular value of this technique is that it ensures 
immediate uptake and translocation of nutrients to various plant 
organs via the leaf tissues and thus enables rapid correction of 
nutrient deficiencies (Fageria et al., 2009). Moreover, foliar 
fertilization has been recommended for integrated plant production 
since it not only increases crop yield and quality but is also 
environmentally safe (Fageria et al., 2009; El-Aal et al., 2010; 
Zodape et al., 2011).  
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Abbasi et al. (2010) evaluated the growth and yield response of 
okra to three newly introduced foliar fertilizer products and their 
results endorsed the benefits of foliar fertilization by improving 
growth traits of the plants, viz. plant height, number of fruits plant
per plant and fruit length. Similarly, Suryanarayana and Rao (1981) 
studied the effect of foliar application of iron on the growth of okra 
and found that the application of iron together with Zn, Cu, Mn, 
Mg, B and Mo in a chelated form (Agromin) resulted in increased 
plant height.  

Knowledge of the right amounts of micronutrients required by 
the crop for optimum growth is not only important for the fresh 
produce but also for seed production. It is also useful to understand 
the fruiting behaviour of okra crop in relation to nutrient supply, 
since the concentration of mineral in the plant tissues affects growth 
and reproductive potential to a large extent (Majanbu et al., 1986). 
Therefore, in this study the effect of micronutrient application to the 
foliage on okra plants was examined with respect to the yield and 
quality of the pods and seeds in relation to harvest time and the 
position of the pods on the plant. 

 

Materials and Methods  

Plant material and experimental conditions  
The experiment was carried out at the experimental farm of 

the University of Thessaly, Greece throughout the growing 
season of 2011. The soil texture was SCL (48% sand, 29% silt 
and 23% clay). The pH of soil was between 7.7- 8.1 and the 
organic matter was 1.44%, EC=2.47 dS/m, CaCO3=2.80% 
(total) and P Olsen=122 mg Kg-1. Seeds of four okra cultivars 
were sown in seeding trays on 20 May and retained in the 
nursery under controlled temperature (about 20 °C) until field 
transplantation. Plants were transplanted at the stage of 3-4 true 
leaves on 10 June. The climatic conditions throughout the 
experiment are presented in Fig. 1. Pods were harvested from 
mid-August to late October. 

The experimental treatments were as follows: a) Four 
different cultivars of okra, cv. ‘Clemson’, ‘Boyatiou’, ‘Veloudo’ 
and ‘Pylaias’, b) Three micronutrient levels: M1= control (0 ml 
micro nutrient); M2= 40 ml micro nutrient (20 ml of each 
fertilizer); M3 = 80 ml micro nutrient (40 ml of each fertilizer). 
The micronutrients were dissolved in 10 l water and sprayed to 
run-off on the plant on a weekly basis, as far as possible taking 
care to avoid drift. Micronutrients were provided by IKO-
HYDRO and COMPO Companies under the commercial 
names of ‘Proten’ (Fertilizer 1; F1) and ‘Basfoliar 36 Extra’ 
(Fertilizer 2; F2). Although these products are marketed as 
sources of micronutrients, ‘Proten’ also contains P and K and 
‘Basfoliar’ contains N. More specifically: ‘Proten’ fertilizer 
contained: N: 3.1; Amino acid: 20.5%; Phosphate (P2O5): 3.8%; 
Potassium (K2O): 2.4%; Calcium (CaO): 0.095%; Magnesium 
(MgO): 0.48%; Sulphate (SO4): 1.43%; other miconutrients (B-
Fe-Mn-Zn): 0.24%. ‘Basfoliar 36 Extra’ fertilizer contained: N: 
27.0%; MgO: 3.0%; Mn: 1.0%; Cu: 0.27%; Fe: 0.027%; B: 
0.027%; Zn: 0.013%; Mo: 0.005%).  

A base dressing was not applied and the only fertilizers 
applied during growth were the micro nutrients. The crop was 
irrigated regularly on a weekly basis with a drip irrigation system, 
whereas for weed control Fusilade herbicide (fluazifop-P-butil, 
800 ml/1000 m2 ) was implemented when needed. 

Anthesis was first recorded 33 days after transplantation 
(DAT). Each flower was tagged on the day of anthesis and 
recorded in relation to its position on the plant etc.  

Harvesting was carried out at the following harvest times: 
T1= 30 DAA (days after anthesis), T2= 35 DAA, T3= 40 DAA, 
T4= 50 DAA. The same plants were randomly used for the 
different harvest times and were not placed in individual sub-
plots. 

 
Measurements 
Throughout the experiment the following data were 

recorded: seed germination, total flower induction per plant, 
number of pod set per plant, pod length, pod diameter, average 
number of seeds per pod, 100 seed weight, plant height, 100 seed 
weight (determined after air-drying of seeds). 

Seed germination was measured using 400 seeds per 
treatment, with four replications of 100 seeds each (ISTA, 
2009). Seeds were surface sterilized with mancozeb fungicide 
prior 

to the test, then placed on a double layer of Whatman No.1 
filter paper moistened with distilled water in sterilized Petri 
dishes. The Petri dishes were placed in an incubator at 25 °C for 
21 days and every 2 days germinated seeds were counted and 
removed; in case of moisture deficiency distilled water was added. 
The criterion for germination was the emergence of the radicle 
outside seed coat (Wiese and Binning, 1987; Auld et al., 1988). 
Hard seeds were considered to be those that had not germinated 
and remained rigid and free of visible contamination at the end 
of 21 days, according to the ISTA description of hard seed 
characteristics. The test was carried out immediately after 
extraction of seeds from the pods. Hard seeds were considered to 
be those that had not germinated at the end of the germination 
test, but that were not mucilaginous or exhibiting signs of fungal 
infection at the end of the test. 

 
Statistical analysis 
Experiments were laid out in a Randomized Complete Block 

design with a factorial arrangement using three replications 
(n=3), with each block being consisting of 12 plots of 9 m2 (3×3 
m) in a total of 36 plots (10 plants per plot).  

Statistical analysis was carried out with the aid of the S.A.S. 
statistical package (SAS Institute Inc., USA) and means were 
compared by the Least Significant Difference (LSD) test at 
p<0.05. 
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Fig. 1. Climatic conditions during the experiment 
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Results  

Effect of micronutrients on plant growth  
Micronutrient application had a variable effect on plant height 

depending on the cultivar (Table 1). In ‘Boyiatiou’ and ‘Pylaias’ 
micronutrient application increased plant height, whereas in 
‘Clemson’ and ‘Veloudo’ had either no effect or reduced plant 
height. 

The total number of flowers formed on each plant was not 
affected by micronutrient application, except in cv. ‘Pylaias’, 
where flower induction was higher at both micronutrient levels 
(M2 and M3) compared with the control (M1) (Table 1). Pod set 
was not affected by micronutrients in ‘Boyiatiou’ and ‘Clemson’, 
but was increased in ‘Veloudo’ and ‘Pylaias’ (Table 1). 

Mean pod length differed between the cultivars, whereas 
there was no effect of micronutrient levels on the pod length and 
diameter of any cultivar, irrespective of the position of the pod on 
the plant at harvest (Table 2). There were also virtually no 

differences in pod length and diameter between pods harvested 
from different positions on the plant. 

In all treatments, pod diameter decreased with increasing 
DAA. Pod length also decreased in pods harvested between 30 
and 50 DAA, but not always to a statistically significant level 
(Table 3). There was also no consistent effect of micronutrients 
on pod length and diameter in relation to harvesting time (Table 
3). Thus, pod length tended to be higher at 30 DAA in 
‘Boyiatiou’, ‘Veloudo’ and ‘Pylaias’ following micronutrient 
application, but to a lesser extent on subsequent days. On the 
other hand pod diameter of these three cultivars was lower at 30 
DAA following micronutrient application, but tended not to 
differ at subsequent harvest dates (Table 3). 

 
Effect of micronutrients on seed characteristics  
Micronutrients had a variable effect on seed yield depending 

on the cultivar and micronutrient application treatment, as 
shown in Table 1. Moreover, it was observed that flower 
initiation in all cultivars was highest at temperatures of about 36 
°C, whereas at higher or lower temperatures flower initiation 
decreased (data not shown). 

The study of the effect of micronutrient levels on the 
number of seeds per pod showed that in all cultivars except 
‘Boyiatiou’ there was a significant difference in the number of 
seeds per pod and the micronutrient level (Table 4). These 
differences, however, were not consistent.  

Similarly, when seed number was measured in relation to 
harvesting time, it was found that the number of seeds per pod 
varied considerably both with the level of micronutrient 
application and the number of days after anthesis that pods were 
harvested (Table 5). In all cases, the number of seeds per pod was 
lower for treatment M3 at 50 DAA than in M1 (control). This 
was also the case for pods harvested at 40 DAA (except 
‘Boyiatiou’).  

When seed number was recorded in relation to the position 
of the pods on the plant, it was found that for the early-formed 
pods (those at the lower position on the plant) there was no 
effect of micronutrients on seed number (Table 4), whereas for 
pods formed in the middle and higher parts of the plant there 
were differences between the treatments. 

Table 1. The effect of micronutrients on final plant height, seed yield, 

total flower induction and pod set 

Cultivar 
(C)¥ 

Micronutrie
nt level (M) 

Plant 
height (cm) 

Seed yield 
(kg/ha) 

Total flower 
induction 

(flowers/plant) 

Pod set 
(pods/plant) 

B 
M1 98.0b 1506.8a 20.8a 18.8a 
M2 113.0a 1327.0b 19.3a 17.0a 
M3 106.0ab 1312.0b 17.9a 15.8a 

V 
M1 133.0a 1526.8b 18.5a 16.5b 
M2 103.0b 1451.8b 20.6a 19.0ab 
M3 140.0a 1903.0a 22.0a 20.5a 

P 
M1 103.0b 1611.7b 15.1b 14.2b 
M2 114.0a 1701.6b 18.9a 17.5ab 
M3 110.0ab 1868.1a 20.9a 19.2a 

Cl 
M1 79.0a 2727.2a 25.2a 23.7a 
M2 72.0ab 2745.5a 24.4a 23.0a 
M3 64.0b 2206.1b 22.8a 21.4a 

C x M     

(C×M1)   * * * * 
(C×M2)  * * * * 
(C×M3) * * * * 

Mean separation by LSD test. Mean values for each cultivar individually in the 
same column followed by different letters without parenthesis differ 
significantly at P = 0.05; letters in parenthesis refer to horizontal analysis of the 
means; ¥ B: ‘Boyatiou’, V: ‘Veloudo’, P: ‘Pylaias’, Cl: ‘Clemson’; M1= control (0 
ml of micro fertilizer); M2= 40 ml micro fertilizer (20 ml of fertilizers F1 and F2); 
M3 = 80 ml micro fertilizer (40 ml of fertilizers F1 and F2); *: statistically 
significant (p<0.05) 

Table 2. The effect of micronutrients on the dimensions of pods harvested at seed maturity from different positions on the plant (upper, middle, 

lower part) 

Cultivar (C)¥ 
Micronutrients 

level (M) 
Pod length (cm) Pod diameter (cm) 

U M L U M L 

B 
M1 15.6a(c) 17.0a(a) 16.3ab(b) 2.2a(b) 2.2ab(b) 2.5a(a) 
M2 15.2a(b) 16.9a(a) 15.7b(b) 2.3a(b) 2.4a(ab) 2.5a(a) 
M3 15.4a(b) 17.6a(a) 17.1a(a) 2.1a(b) 2.1b(b) 2.4a(a) 

V 
M1 22.0a(a) 19.8a(b) 21.1a(ab) 2.2a(a) 2.1a(a) 2.2a(a) 
M2 22.0a(a) 20.7a(b) 22.1a(a) 2.1a(a) 2.1a(a) 2.2a(a) 
M3 20.7b(b) 21.2a(ab) 22.7a(a) 2.1a(a) 2.1a(a) 2.2a(a) 

P 
M1 22.4a(a) 21.0a(ab) 19.4b(b) 2.3a(a) 2.2a(a) 2.2ab(a) 
M2 22.2a(a) 20.4a(b) 21.6a(ab) 2.3a(a) 2.1a(a) 2.4a(a) 
M3 22.2a(a) 20.6a(a) 21.2ab(a) 2.2a(a) 2.2a(a) 2.0b(a) 

Cl 
M1 19.4a(a) 19.4ab(a) 18.5a(a) 1.5a(a) 1.4a(a) 1.5a(a) 
M2 19.6a(a) 19.9a(a) 17.9a(b) 1.5a(a) 1.4a(a) 1.5a(a) 
M3 19.3a(a) 18.7b(a) 18.2a(a) 1.4a(a) 1.5a(a) 1.6a(a) 

C x M  

(C x M1) * * * * * * 
(C x M2) * * * * * * 
(C x M3) * * * * * * 

Mean separation by LSD test. Mean values for each cultivar individually in the same column followed by different letters without parenthesis differ significantly at P = 
0.05; letters in parenthesis refer to horizontal analysis of the means; ¥ B: ‘Boyatiou’, V: ‘Veloudo’, P: ‘Pylaias’, Cl: ‘Clemson’; U: upper part, M: middle part, L: lower 
part; M1= control (0 ml of micro fertilizer); M2= 40 ml micro fertilizer (20 ml of fertilizers F1 and F2); M3 = 80 ml micro fertilizer (40 ml of fertilizers F1 and F2); *: 
statistically significant (p<0.05). 
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Seed size (i.e. 100 seed weight) was higher in ‘Veloudo’ and 
‘Pylaias’ than in ‘Boyiatiou’ and ‘Clemson’, but was not affected 
by the micronutrient level in any of the cultivars (data not 
shown). The mean 100 seed weight decreased significantly at 50 
DAA in all cultivars and treatments (Table 5) but was not 
affected by the position of the pod on the plant, irrespective of 
cultivar and micronutrient level (data not shown). 

The moisture content of seeds at harvest (pooled data for the 
whole plant) ranged from 33-37% and was not affected by
micronutrient level in any of the four cultivars (data not shown). 
Seeds harvested at 40-50 DAA had significantly lower moisture 
content than those harvested at 30-35 DAA. Moreover, at the 
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later harvest dates, the moisture content of seeds from the higher 
micronutrient level (M3) was higher than control (M1) (data not 
sown), whereas there was no apparent effect of micronutrients 
on the moisture content of seeds from fruits from different plant 
parts (data not shown). 

Seed hardness was highest in ‘Boyiatiou’ and lowest in 
‘Clemson’ (data not shown). The application of micronutrients
appeared to reduce the percentage of hard seeds in Boyiatiou, but 
had less or no effect on seeds of the other cultivars. As shown in 
Table 6, seed hardness did not occur in any cultivar when pods were 
harvested at 30-35 DAA, while at later stages tended to increase, 
especially at 50 DAA. 

Seed germination of all cultivars was positively affected by the 
application of micronutrient, with germination being 
significantly lower when no micronutrients were applied 
(control; M1) and highest at M3 level for cv. ‘Boyiatiou’ and 
‘Veloudo’ or at both levels (M2 and M3) for ‘Pylaias’ and 
‘Clemson’ (data not shown). 

When germination was recorded at different dates of harvest, 
it was found that in fruits harvested at 40-50 DAA germination 
was highest at the higher micronutrient level (M3), although not 
always to a statistically significant level (Table 6). A similar trend 
was also observed for fruits harvested at 30-35 DAA, but to a 
statistically significant level only in cv. ‘Veloudo’. 

When comparing pods harvested from different parts of the 
plant, it was found that in all cultivars seed germination was 
increased by micronutrient application irrespective of the 
position of the pod on the plant at harvest (Table 6). When 
comparing cultivars, ‘Clemson’ had the highest percent 
germination irrespective of the position of the pod on the plant 
and the time of harvest, whereas ‘Boyiatiou had the lowest 
germination in relation to time of harvest and ‘Veloudo’ with 
respect to pod position, but without statistically significant 
differences between the two (Table 6). 

 

Discussion 

Effect of micronutrients 
Foliar application of micronutrients increased plant growth 

(plant height) only of cv. ‘Boyiatiou’ and ‘Pylaias’ (Table 1).  In 

Table 3. The effect of micronutrients on the dimensions of pods harvested on different days after anthesis (DAA) 

Cultivar  
(C)¥ 

Micronutrients 
level (M) 

Pod length (cm) Pod diameter (cm) 

30 
DAA 

35 
DAA 

40 
DAA 

50 
DAA 

30 
DAA 

35  
DAA 

40 
DAA 

50 
DAA 

B 
M1 16.7b(ab) 16.8a(a) 16.0ab(bc) 15.8ab(c) 2.6a(a) 2.6a(a) 2.3a(b) 1.9b(c) 
M2 16.3b(ab) 16.5a(a) 15.9b(ab) 15.2b(b) 2.6a(a) 2.6a(a) 2.2ab(b) 2.1a(b) 
M3 18.0a(a) 16.4a(b) 16.3a(b) 16.1a(b) 2.3b(ab) 2.5a(a) 2.1b(bc) 1.9b(c) 

V 
M1 20.7b(ab) 21.5a(ab) 21.8b(a) 19.9ab(b) 2.4a(a) 2.1a(b) 2.4a(a) 1.8b(c) 
M2 23.0a(a) 20.2a(b) 22.4a(a) 20.7a(b) 2.4a(a) 2.0a(c) 2.2b(b) 1.9a(c) 
M3 22.1a(a) 21.4a(a) 22.9a(a) 19.8b(b) 2.3b(a) 2.2a(a) 2.3b(a) 1.7c(b) 

P 
M1 20.7b(a) 20.1a(a) 22.2a(a) 20.6ab(a) 2.6a(a) 2.6b(a) 2.1a(b) 1.7a(c) 
M2 22.4ab(a) 20.8a(a) 21.5a(a) 20.8b(a) 2.5a(a) 2.5a(a) 2.2a(a) 1.8a(b) 
M3 22.8a(a) 22.1a(a) 21.7a(ab) 18.8a(b) 2.2b(a) 2.3c(a) 2.2a(a) 1.9a(b) 

Cl 
M1 19.8a(a) 19.5a(ab) 19.0a(ab) 18.2a(b) 1.7a(a) 1.6b(a) 1.4b(b) 1.2a(c) 
M2 18.5ab(a) 19.8a(a) 20.2a(a) 18.2a(a) 1.7a(a) 1.7a(a) 1.4b(b) 1.1b(c) 
M3 17.6b(b) 19.0a(ab) 20.9a(a) 17.4a(b) 1.7a(a) 1.6b(ab) 1.5a(ab) 1.1b(c) 

C x M         
(C x M1) * * * * * * * * 
(C x M2) * * * * * * * * 
(C x M3) * * * * * * * * 

Mean separation by LSD test. Mean values for each cultivar individually in the same column followed by different letters without parenthesis differ significantly at P = 
0.05; letters in parenthesis refer to horizontal analysis of the means; ¥ B: ‘Boyatiou’, V: ‘Veloudo’, P: ‘Pylaias’, Cl: ‘Clemson’; M1= control (0 ml of micro fertilizer); M2= 
40 ml micro fertilizer (20 ml of fertilizers F1 and F2); M3 = 80 ml micro fertilizer (40 ml of fertilizers F1 and F2); *: statistically significant (p<0.05). 

 

Table 4. The effect of micronutrients on seed characteristics at seed 

maturity and the number of seed per pod in relation to plant part 

(upper, middle, lower) 

Cultivar 
(C)¥ 

Micronutrients 
level (M) 

Number of seeds 
per pod 

100 seed 
weight (g) 

Number                                                           
of seeds per pod 

U M L 

B 
M1 66.0a 7.3a 69.2a(a) 70.7a(a) 58.6a(b) 
M2 63.4a 7.4a 66.6a(a) 67.0b(a) 56.6a(b) 
M3 66.5a 7.5a 67.7a(a) 70.6a(a) 61.1a(b) 

V 
M1 63.2a 8.8a 71.2a(a) 55.5a(b) 62.0a(ab) 
M2 53.4b 8.6a 56.7b(a) 52.5a(a) 51.1a(a) 
M3 66.4a 8.4a 73.7a(a) 62.5a(b) 63.1a(b) 

P 
M1 79.3a 8.6a 84.5a(a) 78.4ab(a) 75.2a(a) 
M2 64.9c 9.0a 67.5b(a) 68.1b(a) 59.3a(a) 
M3 68.8b 8.5a 60.0b(b) 84.3a(a) 62.2a(b) 

Cl 
M1 86.4ab 8.0a 101.2a(a) 87.0b(ab) 71.0a(b) 
M2 90.8a 7.9a 90.0b(a) 97.7a(a) 84.6a(a) 
M3 78.4b 7.9a 86.2b(a) 73.0c(a) 76.0a(a) 

C x M      
(C×M1)   * * * * ns 
(C×M2)  * * * * * 
(C×M3) * ns * * ns 

Mean separation by LSD test. Mean values for each cultivar individually in the 
same column followed by different letters without parenthesis differ significantly 
at P = 0.05; letters in parenthesis refer to horizontal analysis of the means; ¥ B: 
‘Boyatiou’, V: ‘Veloudo’, P: ‘Pylaias’, Cl: ‘Clemson’; U: upper part, M: middle 
part, L: lower part; M1= control (0 ml of micro fertilizer); M2= 40 ml micro 
fertilizer (20 ml of fertilizers F1 and F2); M3 = 80 ml micro fertilizer (40 ml of 
fertilizers F1 and F2); *: statistically significant (p<0.05); ns: not significant. 
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From the foregoing, it is clear that micronutrient application 
was beneficial for seed germination, irrespective of cultivar. It was 
also beneficial for seed yield, but only in ‘Pylaias’ and ‘Veloudo’, due 
primarily to the increase in pod set. 

The present results are consistent with those reported in the 
literature for okra and other crops. For example, Hazra et al. (1987) 
recorded an increase in plant height of okra cv. ‘Pusa Sawani’ 
following foliar application of Fe (0.2%). Tamilselvi et al. (2002) 
reported that foliar application of Fe in combination with other 
micronutrients (Zn, Cu, Mn, B and Mo) in a commercial product 
(Multiplex at 100 ppm) significantly increased the number of 
flowers per cluster and the number of fruiting clusters in tomato. 
Similarly, Suryanarayana and Rao (1981) reported that foliar 
application of Fe along with Zn, Cu, Mn, Mg, B and Mo in a 
chelated form (Agromin) caused a significant increase in the number 
of fruits per plant in okra cv. ‘Pusa Sawani’. Hazra et al. (1987) 
reported that foliar application of Cu at 0.2% increased the number 

‘Pylaias’ too, micronutrient application increased flower induction 
and pod set, as well as pod set in ‘Veloudo’ (Table 1). Overall, 
there was no effect of micronutrient levels on the pod length and 
diameter of any cultivar, irrespective of cultivar and the position 
of the pod on the plant at harvest (Table 2), or on seed size (i.e. 
100 seed weight) (data not shown). However, micronutrients 
did affect the number of seeds per pod, causing a reduction in 
seed number in ‘Veloudo’, ‘Pylaias’ and ‘Clemson’ (Table 4). 
This effect was observed mainly in pods harvested from the 
middle and higher parts of the plant, but not in the lower pods 
(Table 4); it also varied with the time (DAA) of harvest (Table 
5). 

In all cultivars, micronutrient application had a positive effect 
on seed germination. This increase in germination coincided 
with a decrease in the incidence of seed hardness and was 
apparently independent of the seed moisture content (data not 
shown). 

Table 5.  The effect of micronutrients on seed characteristics of pods harvested at different days after anthesis (DAA) 

Cultivar 
(C)¥ 

Micronutrients 
level (M) 

Number of seeds per pod 100 seed weight (g) 

30 
DAA 

35  
DAA 

40  
DAA 

50  
DAA 

30 
DAA 

35  
DAA 

40  
DAA 

50  
DAA 

B 
M1 67.5b(a) 68.3a(a) 66.1a(a) 69.6a(a) 6.5a(b) 8.7a(a) 9.4b(a) 4.8b(c) 
M2 71.6a(a) 68.6a(a) 67.2a(a) 70.3a(a) 6.4a(b) 8.8a(a) 9.0b(a) 4.8ab(b) 
M3 64.2b(a) 65.0a(a) 58.8a(a) 47.1b(b) 6.4a(b) 9.2a(a) 10.0a(a) 5.0a(c) 

V 
M1 58.2c(a) 65.3a(a) 73.6a(a) 71.3a(a) 8.0a(b) 10.7a(a) 11.3a(a) 5.6a(c) 
M2 71.6a(a) 70.3a(a) 48.7b(b) 36.6b(c) 7.6a(b) 9.7b(a) 11.2a(a) 5.8a(c) 
M3 66.9b(a) 71.0a(a) 50.3b(b) 46.7b(b) 7.0a(b) 10.3ab(a) 10.8b(a) 5.7a(c) 

P 
M1 66.6c(b) 71.0b(a) 67.3a(b) 77.6a(a) 8.0a(b) 10.1a(a) 10.5b(a) 5.9a(c) 
M2 74.3b(b) 93.3a(a) 61.5a(b) 78.6a(b) 8.1a(b) 10.6a(a) 11.4a(a) 5.9a(c) 
M3 90.0a(a) 75.4b(ab) 54.5b(bc) 42.4b(abc) 6.7a(b) 10.7a(a) 11.1a(a) 5.7a(b) 

Cl 
M1 92.0b(ab) 105.3a(a) 76.0a(b) 96.6a(a) 6.8a(b) 9.9a(a) 10.2a(a) 5.1a(c) 
M2 94.2b(a) 83.6b(ab) 76.6a(b) 89.3a(ab) 6.9a(b) 9.7a(a) 10.1a(a) 5.0a(c) 
M3 100.3a(a) 91.7b(a) 51.8b(b) 65.0b(c) 7.0a(b) 9.7a(a) 9.8a(a) 5.3a(c) 

(C x M1) * * * * ns * * * 
(C x M2) * * * * ns * * * 
(C x M3) * * ns ns ns * * * 

Mean separation by LSD test. Mean values for each cultivar individually in the same column followed by different letters without parenthesis differ significantly at P = 
0.05; letters in parenthesis refer to horizontal analysis of the means; ¥ B: ‘Boyatiou’, V: ‘Veloudo’, P: ‘Pylaias’, Cl: ‘Clemson’; M1= control (0 ml of micro fertilizer); M2= 
40 ml micro fertilizer (20 ml of fertilizers F1 and F2); M3 = 80 ml micro fertilizer (40 ml of fertilizers F1 and F2); *: statistically significant (p<0.05); ns: not significant. 

Table 6. The effect of micronutrients on seed germination percentage (G) and seed hardness (S) in relation to the days after anthesis (DAA) and the 

plant part (upper, middle, lower) 

Cultivar 
(C)¥ 

Micronutrients  
level (M) 

                   Germination percentage (G)  (%) and Seed hardness (S) (%) Germination percentage (G) (%) 

G             S 
(30 DAA) 

G             S 
(35 DAA) 

G             S 
(40 DAA) 

G               S 
(50 DAA) 

U M L 

B 
M1 35.2a - 42.4b - 57.2b 5.0 30.6b 22.0 48.0b(a) 51.8b(a) 50.2b(a) 
M2 36.7a - 51.2a - 60.3ab 3.0 32.4b 16.0 51.3ab(a) 61.5a(ab) 69.5b(a) 
M3 37.6a - 48.7ab - 63.2a 2.0 37.5a 22.0 71.9a(ab) 64.3a(b) 83.2a(a) 

V 
M1 39.1b - 47.6b - 64.7b 1.0 41.3b 24.0 35.0b(b) 40.3b(ab) 50.3b(a) 
M2 41.7b - 51.8ab - 68.4ab 4.0 41.7b 17.0 55.4a(a) 61.3a(a) 59.2b(a) 
M3 46.2a - 55.1a - 74.6a 3.0 59.8a 15.0 60.7a(a) 64.7a(a) 71.4a(a) 

P 
M1 48.3a - 55.7a - 76.2b 1.0 75.3c 16.0 48.3b(a) 50.5b(a) 57.7b(a) 
M2 50.6a - 56.0a - 81.3b - 83.3b 11.0 64.0a(a) 80.2a(a) 75.6a(a) 
M3 53.1a - 59.5a - 93.8a - 91.7a 12.0 65.0a(a) 81.5a(a) 76.9a(a) 

Cl 
M1 52.8a - 60.1b - 81.7a 1.0 88.2b 5.0 45.9b(a) 51.7b(a) 58.7b(a) 
M2 53.3a - 70.8a - 84.4a - 89.8ab 4.0 84.5a(a) 90.1a(a) 88.7a(a) 
M3 54.8a - 62.7ab - 87.4a - 93.8a 3.0 83.8a(a) 93.7a(a) 91.8a(a) 

C x M            

(C×M1) *  *  *  *  * * * 

(C×M2) *  *  *  *  * * * 

(C×M3) *  *  *  *  * * * 

Mean separation by LSD test. Mean values for each cultivar separately in the same column followed by different letters differ significantly at P = 0.05. Mean values for 
each pod character separately within the rows followed by a different letter in parenthesis differ significantly at P=0.05; ¥ B: ‘Boyatiou’, V: ‘Veloudo’, P: ‘Pylaias’, Cl: 
‘Clemson’; (p<0.05); U: upper part, M: middle part, L: lower part; M1= control (0 ml of micro fertilizer); M2= 40 ml micro fertilizer (20 ml of fertilizers F1 and F2); M3 
= 80 ml micro fertilizer (40 ml of fertilizers F1 and F2); *: statistically significant. 
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the position of the pod on the plant at harvest. This result 
contrasts with the results of Prabhakar et al. (1985) and Yadav 
and Dhankhar (2001), who reported that seeds harvested from 
the lower pods germinated better than those from the higher 
pods, and Malik et al. (2000) who found maximum germination 
in seeds from pods located in the middle part of the plant. 
Moisture content affects the incidence of hard seeds and 
therefore germination (Demir, 2001), accounting for the 
reduction in germination in seeds of susceptible cultivars at 40-
50 DAA. In early sowings in Greece, it is likely that pods in the 
lower region of the plant will mature under somewhat lower 
temperatures (e.g. June) than those of the middle and higher 
parts of the plant, and improved germination might be expected 
comparing to later sowings, where the first-formed pods would 
be subjected to high temperatures, and the later–formed pods 
would mature during the cooler period of September-October 
and therefore have better seed quality (Passam et al., 1998). In 
conclusion, the effect of pod position is likely to relate to the 
climatic conditions during the period of pod set and maturation. 

 
Conclusion 

The main value of foliar application of micronutrients is to 
increase seed quality, i.e. germination. In some cultivars (‘Pylaias’ 
and ‘Veloudo’ here) micronutrients may also increase seed yield 
by improving pod set. Irrespective of micronutrient application, 
the occurrence of hard seeds in susceptible cultivars (e.g. 
‘Boyiatiou’ and ‘Veloudo’) reduces germination, and therefore 
seed quality. 
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