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RESPONSE OF SOWING TIME AND HORMONES ON 
GROWTH AND YIELD OF OKRA 

By 
SHAHANA DILRUBA 

ABSTRACT 

A field experiment was conducted to evaluate the response of sowing time and 

hormones on growt.h and yield of okra at the Ilorticultural Farm of Sher-e-Bangla 

Agricultural University, Dhaka during the period from March to August, 2007. The 

experiment consisted oI' two factors viz. Factor-A: Three sowing time i.e. March 22, 

April 06 and April 21 and Factor-B: Hormones (4 treatments) i.e. Control, Alga Gold, 

Crop care and Ripen- 15. The experiment was laid out with Randomized Complete 

Block Design (ROil)) with three replications. In case of sowing times, 06 April 

produced the height yield (13.88 t hi') and 22 March produced the lowest yield 

(10.22 t hi'). In case of hormone, Ripen-IS produced the highest yield of okra (14.06 

t hi) and control produced the lowest (10.06 t hi'). Combined effect of 06 April 

sowing with Ripen-15 produced the highest yield (15.98 t hi') while 22 March 

sowing with no hormone gave the lowest yield (9.10 t hi'). Therelbre, 06 April 

sowing with Ripen-IS is best fhr better growth and yield of okra. 
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AEZ Agro Ecological Zone 
BAR! Bangladesh Agricultural Research Institute 
BBS Bangladesh Bureau of Statistics 
I3INA Bangladesh Institute of Nuclear Agriculture 
C.V. Coefficient of Variation 
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DM Dry matter 
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c/ at c/ cxlii (and others) 
etc. c/ ce/rn (and so on) 
FAO Food and Agricultural Organization 
Fig. Figure 
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fAA Indole acetic acid 
i.e. Id est (that is) 
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LSI) Least significant difference 
N North, Nitrogen 
No. Number 
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RI-i Relative humidity 
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% Percentage 

Degree Celsius 
cm Centimeter 
g Gram 
ha Ilectare 
kg Kilogram 
m Meter 
ppm Pads per million 
q Quintal 
I Ton 



CONTENTS 

Chapter No. Tide Page 

ABSTRACT vi 

LIST OF TABLES xi 

LIST OF FIGURES iiil 

LIST OF APPENDICES xiv 

I INTRODUCTION I 

H REVIEW OF LITERATURE 4 

2.1 Effect of sowing time 4 

2.2 Effect of hormones 18 

III MATERIALS AND METHODS 39 

3.1 Experimental site 39 

3.2 Climate 	 /'.4!& 39 

33 Soil 	 ree 40 

3.4 Experimental materials 40 

3.5 Experimental treatments 40 

3.6 Experimental layout and design 42 

3.7 Cultivation method 42 

3.7.1 Land preparation 42 

3.7.2 Fertilization 42 

3.7.3 Sowing of seeds 43 

3.7.4 Weeding and thinning 43 



Chapter No. Title Page 

3.7.5 Irrigation 43 

3.7.6 Pest and disease management 43 

3.7.7 Harvesting and processing 43 

3.8 Data collection 44 

3,8.1 Plant height 44 

3.8.2 Branches per plant 44 

3.8.3 Leaves per plant 45 

3.8.4 Leaf length 45 

3.8.5 Leaf breadth 45 

3.8.6 Stem diameter 45 

3.8.7 Fresh weight of fruit 45 

3.8.8 Thy weight of fruit 45 

3.8.9 No. of fruits per plant 46 

3.8.10 Fruit yield per plant 46 

3.8.11 Fruit yield per hectare 46 

3.9 Statistical analysis 46 

IV RESULTS AND DISCUSSION 47 

4.1 Plant height 47 

4.2 Number of branches per plant 50 

4.3 Number of leaves per plant 53 

4.4 Leaf length 56 

tx 



Chapter No. Title Page 

4.5 Leaf breadth 59 

4.6 Stem diameter 62 

4.7 Weight of fruit 65 

4.8 Fruits per plant 68 

4.9 Fruit yield per plant 70 

4.10 Fruit yield per hectare 72 

4.11 Correlation and regression analysis 74 

V SUMMARY AND CONCLUSION 79 

REFERENCES 84 

APPENDICES 94 

x 



LIST OF TABLES 

Table No. 	 Title 

Plant height of okra as affected by different sowing 	48 
time and hormones at different growth stages 

2 	Plant height of okra as affected by the combined 	50 
effect of sowing time and hormones at different 
growth stages 

3 	No. of branches per plant of okra as affected by 	51 
different sowing time and hormones at different 
growth stages 

4 	No. of branches per plant of okra as affected by the 	53 
combined effect of sowing time and hormones at 
different growth stages 

5 	No. of leaves per plant of okra as affected by 	54 
different sowing time and hormones at different 
growth stages 

6 	No. of leaves per plant of okra as affected by the 	56 
combined effect of sowing time and hormones at 
different growth stages 

7 	Leaf length of okra as aflècted by different sowing 	57 
time at different growth stages 

8 	Leaf length of okra as affected by the combined 	59 
effect of sowing time and hormones at different 
growth stages 

9 	Leaf breadth of okra as affected by dillerent sowing 	60 
time and hormones at different growth stages 

tO 	Leaf breadth of okra as affected by the combined 	62 
effect of sowing time and hormones at different 
growth stages 

Stem diameter of okra as affected by difibrent sowing 	63 
time and hormones at different growth stages 

12 	Stein diameter of okra as alketed by the combined 	65 
effect of sowing time and hormones atdiffërent 

xl 



Table No. Title 	 Page 

growTh stages 

13 Weight of mature 	fruit of okra as affected by 67 
different sowing time and hormones 

14 Weight of mature fruit of okra as affected by the 68 
combined effect of sowing time and hormones 

15 No. of fruits and yield of okra as affected by the 70 
different sowing times and hormones 

16 No. of fruits and yield of okra as affected by the 72 
interaction effect of sowing times and hormones 

17 	Correlation between fruit yield and yield attributes of 	75 
okra as affected by the combination effect of sowing 
times and hormones 

xl' 

If 



LIST OF FIGURES 

Figure No. 	 Title 	 Page 

1 Field layout of two factors experiment in randomized 41 
complete block design (RCBD) 

2 Relationship between no. of branches plani' and fruit 76 
yield of okra 

3 Relationship between no. of leaves plani' and fruit 76 
yield of okra 

4 Relationship between fresh weight of fruit and fruit 77 
yield of okra 

5 Relationship between dry weight of fruit and fruit 77 
yield of okra 

6 Relationship between no. of fruits planf' and fruit 78 
yield of okra 



LIST OF APPENDICES 
Appendix 	 Title 	 Page 

No. 

	

I 	Monthly average temperature of the experimental site 	98 

during the study period 

	

II 	Monthly total rainfall, average relative humidity and 	98 
total sunshine of the experimental site during the study 
period 

	

III 	Nutrient value per 100 g of okra 	 99 

	

IV 	Taxonomy of okra plant 	 100 

xiv 



Chapter I 

Introduction 



CHAPTER 1 

INTRODUCTION 

Okra (Abe/rnoschus esculentus L. Moench) is an important summer 

vegetable in Bangladesh (Rashid, 1999). It is a semi woody, fibrous herbaceous 

annual with an indeterminate growth habit. The plants form a deeply 

penetrating taproot with dense shallow feeder roots reaching out in all direction 

in the upper 45cm of the soil. The seeds of okra are dicotyledonous and kidney 

shaped with epigeal germination (Nonneeke, 1989). Okra is mainly a self 

pollinated crop however, insects such as honey bees and bumblebees do cross-

pollination occasionally. Okra is one of the world's oldest cultivated crops. 

Okra originated in Asia and Africa (Thomson and Kelly, 1979). The Egyptians 

made the first recorded reference to okra in 1216 A.D. It is now grown in all 

parts of the tropics and during the summer in the warmer parts of the temperate 

region (Baloch, 1994). In Bangladesh, it is known as 'Dherosh', which is also 

called 'Rhindi' in India and Pakistan Rashid, 1999). Its tender pods are used as 

vegetables. It is cultivated throughout Bangladesh but its average national yield 

is poor, only 3.07 t ha (Mon., 2000). The yield is very low as compared to 

the yield 9.7-10 t haS ' of other developed countries of the world (Thomson and 

Kelly, 1979). The yield could reach as high as 30 t ha4  (Koay and Chua, 1978). 

Okra is a nutritious vegetable which plays an important role to meet the 

demand of vegetables of the country when vegetables are scanty in the market 

(Ahnied. 1995). These green fruits are rich sources of vitamins, calcium. 

potassium, and other minerals. Okra is specially valued in different parts of the 



country for its tender and delicious fruits. It has been reported to have an 

avenge nutritive value, which is higher than that of tomato, eggplant and most 

cucurbits except bitter gourd (Grubben, 1977). Studies have confirmed the 

potential of okra seed (dried seed) as a good source of oil and protein for both 

the temperate regions and the tropics (Oyenuga, 1968; Karakoltsidis and 

Constantinides, 1975; Martin and Ruberte, 1979). Woodruff (1927) reported 

that a high protein meal remains after oil extraction of okra seed similar to that 

of cottonseed meal. The protein content of okra seed is as high as 45% after 

extraction of oil (Oyenuga, 1968). The plant fibre can be used by the paper 

industiy (Nadkarni, 1927). 

It is good for people suffering from renal colic, lcueorrhoca and general 

weakness. Due to its high iodine content, the fruit is considered usethi for the 

control of goitre. Leaves of okra are used in Turkey for the preparation of 

medicine to reduce inflammation (Mchta, 1959). Bland mucilage is also used 

for the control of dysentery and as a c1ariing agent in the preparation of gut. 

Sowing time has a great impact on seed production and quality of okra 

(Singh ci at, 1986; ILossain ci at, 1999; Yadav and Dhankhar, 2001). Different 

cultivars require different climatic condition as well as different sowing time 

and a good cultivars sown at improper time give poor yield (Tindall, 1983 and 

Nonnecke 1989). Therefore proper and suitable date of sowing is critical to 

increase the production of crop. 

Plant growth regulators (PORs) affect the physiology of plant growth 

and influence the natural rhythm of a plant. Indole acetic acid (IAA) and 
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gibberellic acid (GA3) can manipulate a variety of growth and developmental 

phenomena in various crops. IAA has been found to increase the plant height, 

number of leaves per plant, fruit size with consequent enhancement in seed 

yield in groundnut (Lee, 1990), cotton (Kapgate et at, 1989), cowpea (Chalil 

and Mandurah, 1989) and rice (Kaur and Singh, 1987). it also increases the 

flowering, fruit set, the total dry matter of crops (Gurdev and Saxena, 1991). 

Likewise, GA3  stimulated stern elongation (Harrington et at, 1996), increase 

dry matter accumulation (1-lore ci at, 1988) and enhance total yield of okra 

(Deotale ci at, 1998; Maske ci al., 1998). Very limited works have been 

carried out regarding the use of growth regulators on okra in Bangladesh. Ilias 

ci c-il. (2007) reported that Stein and leaf dry masses and stem length were 

siificantly enhanced by the application of exogenous GA3  

Therefore, the present investigation was carried out to fulfil the 

following objectives: 

I. 	to observe the effect of sowing time on the growth and yield of 

okra 

to observe the effect of hormones on the growth and yield of 

okra 

to find out the optimum sowing time and proper hormone 

combination for production of okra. 

3 
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CHAPTER II 

REVIEW OF LITERATURE 

Okra is one of the important vegetable crops in Bangladesh. It carries a 

&eat impact to mitigate the vegetable crisis especially in summer season. But 

the yield of okra is not up to the mark comparing the world average. This is due 

to lack of management practices. Different sowing time as well as application 

of growlh regulator can enhance the production of okra. Some research works 

have been done in different parts of the world on these two factors to find out 

the production of okra. Some of these are cited here. 

2.1 Effect of sowing time 

Different eultivars require different climatic condition as well as 

different sowing time and a good eultivars SOWn at improper time give poor 

yield. Therefore proper and suitable date of sowing is critical to increase the 

production of crop. 

Hussain et al. (2006) conducted an experiment in order to study the 

response of okra eultivars to different sowing times, during summer 2005. The 

iii 
crop was sown in three different sowing dates with 10 days interval i.e. 18 

May, 28 
tb 	 th 

May and 8 June, 2005. Maximum number of picking (27.80), 

number of pods per plant (26.22), fruit diameter (1.46cm), plant height 

lb 

(1.48m), yield per hectare (14.57 tons) was recorded when sown on 28 May, 
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2005. Minimum days to emergence (10.93) and days to first picking (75.60) 

iii 
was observed when different okra cultivars sown on 08 June, 2005. They 

III 
concluded that okra cultivar should be sown on 28 May, for high yield at the 

agro climatic condition of Skardu. 

Sharif 1-lossain ci til. (2003) conducted an experiment with okra to 

evaluate the effect of sowing dates on its performance. In both the year of 1999 

and 2000 the yield attributed and yield was found to be greatly affected by 

sowing dates. In both of the cases sowing of okra in mid April gave the better 

results. 

Sajian ci ci. (2002) concluded that okra sown on 15 July performed the 

highest yield attributes of branches per plant, fruits per plant, 100-seed weight, 

length and girth of fruits, processed seed recovezy and processed yield (1139.7 

kg hi') in the kharif season. 1-lowever, for the 15 November sowing, the 

highest seed yield of 745.3 kg ha4  was recorded. 

Yadav et ci. (2002) evaluated the effects of sowing date (5 and 15 

March; 14 April; 14 and 24 May; 13 June; 3 and 23 July; and 12 August) on 

the seed yield and quality of okra (cv. Varsha Iiphar) were studied in Hisar, 

Ilaryana, India. during 1997-98. Crops sown on 13 June gave the highest 

number of seeds per fruit (48.30), seed yield (17.18 q ha'), test weight (64.86 

g), standard germination (90.33%), seedling length (27.6 cm), vigour index 

(2516), gennination percentage after AA test (80.61%), and electrical 

conductivity of seed lcaehates (8.50 phos cm seed") 
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AlegbejO (2001) investigated the effect of sowing date (30 June, 15 July 

and 30 July) on the incidence of okra mosaic virus (OkMV) during 1997 and 

1998 at Samaru, Nigeria. Two okra cultivars were used in the study, the 

resistant ABK 102 and the highly susceptible JOKOSO. The average number 

of virus vectors caught per plot decreased with delay in sowing. These vectors 

were identified as Podagrica spp., Syagrus ca/earn tits 
and Nisotra dilecta. The 

perc
entage of okMvincected plants increased with delay in sowing, while 

fruit yield decreased. 

Amjad c/ al. 
(2001) reported that maximum germination percentage was 

observed when crop was sown on either 25 April or 5 May. plant height, 

number of days to flower and length of green pod were not affected by the 

sowing dates. Number of leaves per plant, number of pods per plant and green 

pod yield were higher when crop was sown on 15 April or 5 May. Germination 

percentage, number of days to flower and length of green pods were not 

influenced by the interaction between sowing time and fertilizer rate. 

MaxitntIfl plant height, number of leaves per plant, number of pods per plant 

and green pod yield were recorded when the crop was sown on S May and 

given the  highest rate of fertilizer5 050 kgN + 80 Kg P205 ha4). 

Gulshafl ci al. 
(2001) studies the performance of three okra cultivars, 

viz. Parbhafli Karanti, Pusa Sawni and punjab-7, under three sowing dates (16 

June, 29 June 29 and 12 July) were conducted in nimaehat pradcsh, India 

during the kharif season of 996-97. Prabbani Kranti obtained the highest green 

pod yield (85.9 q ha4), followed by Pusa Sawni (80.4 q ha
d ) and Punjab-1 
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(72.5 q hi'). Punjah-7 exhibited the lowest yellow vein mosaic virus infection 

(0.3%), while Pusa Sawni showed the highest (41.4%). Sowing of okra on 16 

June produced the highest pod yield (92.1 q h1); the green pod yield 

decreased by 9.95 and 33.3 7% for 29 June and 12 July sowing dates, 

respectively. The first sowing date (16 June) was the most favourable in 

promoting plant growth and green pod yield, while sowing on 12 July was the 

least. Prabhani Kranti sown on 16 June produced the highest green pod yield 

(101.8 q hi'). 

Incalcaterra ci al. (2000) evaluated the effect of 2 sowing dates (1 and 

15 April 1996) on okra cultivated with or without transparent polyethylene film 

mulch (1.2 in wide and 0.05 mm thick) in a field trial in Sicily, Italy. Air and 

soil temperature (5 cm depth) were recorded during the growing season. Data 

on plant height and number of pods per plant at different dates were also 

collected. Fruiting pattern was recorded by twice weekly harvest. Mulching had 

a significant positive effect on soil temperature, seed germination, fruit 

production (total fruit weight and number of pods per plant) and plant growth 

patterns, mainly during the first two months of growth. Average soil 

temperatures under the plastic mulch measured at 08.00 and 12.00h were 1.7 

and 2.7°C higher than temperatures without mulching. In mulched plots, plant 

emergence after 10 days from sowing (100%), pod production (35 t ha4) and 

the number of pods per plant (220) were higher compared with those observed 

in unmulched plots (25%, 24 t hi' and 178 pods per plant, respectively). 

Differences in plant emergence were more pronounced for the first sowing date 
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than for the second. Sowing on 1 April resulted in higher plant height, yields 

and number of pods per plant. 

Dubey and Jha (1999) assessed the effects of planting date (1 Jan.-17 

Dec.) and environmental factors (maximum and minimum temperatures, 

relative humidity and rainfall) on seed germination, pm- and post-germination 

mortality and development of collar rot disease (Macrophomina phascolina) in 

okra cv. Prabhani Kranti. L,atcr planting was associated with the lowest 

incidence of collar rot and highest crop yields. 

lIossain et al. (1999) reported that plant height, leaf area, leaf number 

and fruit yield of okra was influenced significantly by different sowing time 

planted at any row spacing. 

Rai and Satpathy (1999) reported the reduction of yield due to variation 

of sowing time was due to infestation of insect pest and vectors. They found 

that varied period of occurrence of pests in okra is mainly regulated by 

prevailing climatic condition. The effect of sowing date and insecticides in 

controlling the insect pests of okra, studied in a field experiment conducted in 

Varanasi, Uttar Pradesh, India during 1996 and 1997, showed that there is 

gradual increase in jassid population with advancement of sowing date up to 

mid-June. Thereafter it declined substantially. However, late-sown crops suffer 

more from horers. Crops sown in the second week of July (S(,)  recorded 

maximum fruit damage which was lowest on 25 May (S2)-sown crops. 

Yadav and Dhankhar (1999) evaluated okra cv. Varsha Uphar in 

flarvana, India during 1997-98 using 9 sowing dates (from 5 March to 12 
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August at 20-day intervals) and 2 sowing distances (45 x  30 and 67.5 x  20 cm). 

The highest germination (97.21%) was recorded for seeds sown on 3 July, 

while highest values for plant height (103.83 cm), number of branches per plant 

(4.44) and pollen viability (95.85%) were obtained by sowing on 13 June. Days 

to 50% flowering were significantly affected by sowing date and spacing but 

their mutual interactions were non-significant for this trait. The number of days 

requircd to produce 50% flowering increased with the delay in sowing time, 

with the lowest number of days (45.33) attained by sowing on 25 March. A 

spacing of 67.5 x  20 cm resulted in earlier flowering (50.95 days) than 45 x  30 

cm (51.96 days). Sowing on 13 June resulted in the highest values for fruit set 

(90.86%), number of fruits per plant (24.13), and fruit length (19.11 cm) and 

girth (1.64 cm). 

Passam ci al. (1998) reported that flowering and pod production 

occurred in vaves, with optimum quality, combined with satisfactoxy yield, 

being obtained from sowing in March. Although the number and weight of 

seeds per pod was significantly higher in later sowings, this was not sufficient 

to outweigh the seed quality advantage from sowing early. The germination 

rate of Veloudo was high (80-100%) irrespective of harvest date. 1-lowever, the 

germination of Boyiatiou was variable due to the formation of a large number 

of hard seeds, particularly when pods ripened during periods of high 

temperature. 1Jardseededness was overcome by acid treatment, which has a 

seari'ing effect. Pods from late harvests required dtying prior to seed 

extraction: even then, seeds from these pods were somewhat immature and 
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needed a period of after-ripening (60 days at 25°C) to acquire a germination 

rate of over 90%. 

Satpathy and Rai (1998) reported that bOth sowing time and crop growth 

stage influenced the insect population significantly in okra crop sown from 15 

May to 15 July during the 1996 and 1997 cropping season in Varanasi, Uttar 

Pradesh, India. The crop was found to he most susceptible to the jassids 

(Arnra,s'ca bigutlula) at 50 DAS, where as peak population of jassids were 

observed in the first sown crop. With the advancement of sowing time jassid 

infestation decreased and borer (Earias viliella) damage increased. Ilowever, 

maximum yield was obtained from the crop sown in the first week of June. 

Although a considerable number of jassids were present during this period, 

suitable growing conditions resulted in maximum yield. 

Muoneke et al. (1997) found that okra was either sown the same day as, 

or 2 weeks before or after maize or Vigna unguiculata. Intcrcropping reduced 

the growth and yield of okra, maize and V. unguiculata relative to their sole 

crops. However, okra yield was depressed more by maize than by V. 

unguiculala, especially when okra was sown two weeks after maize. 

Comparative assessment of okra/maize and okra/V. unguiculata mixtures 

suggested that it is better to grow okra and V. unguiculata together than 

intercropping okra and maize because yield advantages were always higher in 

okra/V unguiculata (67% and 59% in 1990 and 1991 respectively) than in 

okra/maize (15% and 29%). The results are discussed in the light of 

competitive abilities of the various components in thc' mixtures. 
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Cerri and Vilella (1996) reported photopeniod and interception of 

photosynthetically-active radiation at floral inception and the progress of 

temperatures throughout development differed between the 2 sowing dates. 

Leaf area index at floral initiation and dry matter accumulation differed 

between the sowing dates and although node appearance rate was highest 

following late sowing, fruit growth rate was highest following early sowing. 

Following a total growth cycle of 93 days, cv. Clemson Spineless sown in 

December gave a total economic yield of 1171 g n12  whereas sown in January 

the growing cycle was only 49 days and the total economic yield only 15 g m 2. 

Colhe Bern sown in December gave a total economic yield of 855.3 g m 2  (for a 

77-day growing cycle), compared with only 12.7 g m 2  when sown in January 

(a 38 day growing cycle). With the second sowing date, harvesting had to cease 

around the middle of April 1992 due to frosts. It was concluded that under the 

conditions of this trial, sowing at the end of January was not practical. 

R.aghav (1996) observed the effects of four sowing dates (21 February 

or 1, Il or 21 March) on growth and yield of okra cv. Pusa Sawani. Results 

from the 1992 and 1993 seasons were pooled. Plant height was greatest with 

sowing on 1 March. Green pod yield was highest with sowing on I March 

(57.32 q haS '). 

Nath and Saikia (1995) reported that he incidence of BYVMV on okra 

cv. Pusa sawani varied from 75 to 91% in plots sown between early Apr. and 

the end of Jun. Infection in plots sown during February to the end of March 

was progressively less. The lowest yield of okra was obtained from the plots 
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sown in May and June. A strong positive correlation was obtained between % 

of disease incidence and whitefly (Betnisia sabaci) population (r=0.085) 

whereas a strong negative correlation was obtained from disease incidence and 

fruit yield (r-0.84). 

Nath and Saikia (1995) Study the influence of 15 different sowing dates 

from Feb. To Mar. on bhendi yellow vein mosaic bigemini virus (BYVMV) 

disease of okra was studied during 1989-90. The incidence of I3YVMV on okra 

CV. Pusa sawani vaired from 75 to 91% in plots sown between early Apr. and 

the end of Jun. Infection in plots sown durthg Feb. to the end of Mar. was 

progressively less. The lowest yield of okra was obtained from the plots sown 

in May and Jun. A strong positive correlation was obtained between % of 

disease incidence and whitefly (Bemisia tabacO population (r0.085) whereas a 

strong negative correlation was obtained from disease incidence and fruit yield 

(r0.84). 

Brar et al. (1994) reported that the percentage of fruit infestation in 

okras caused by Earias spp. was lowest in cv. EMS 8 in crops sown on 15 May 

in Ludhiana, Punjab, India. The greatest fruit yield was obtained in cv. EMS 8 

from a crop sown on June 15, whereas crops sown on July 30 had the lowest 

yield. The losses in fruit yield were lowest on crops sown on July 30 (22.79%) 

and greatest on crops sown on May 30 (50.58%). 

Singh ci al. (1994) found that, in general, plants from seeds sown later 

in the year exhibited a higher percentage of yellow vein mosaic virus infection 
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and a lower yield of seeds compared with plants from seeds sown earlier in the 

year. 

Nath et al. (1992) worked in field experiments over 3 yr the incidence of 

disease caused by okra (bhendO yellow vein mosaic bigemini virus was mosaic 

lowest in crops sown during the period 10 February -10 March when 

populations of the vector, Bemisia zabaci, were low. Significant positive 

associations were recorded between disease incidence and whitefly population, 

temperature, RI-I and rainfall. Fruit yield of okra was negatively correlated with 

disease incidence. 

Ohanti et aL (1991) observed that the fruit yield was maximum with 

optimum sowing time. They observed that in case of 7 Ih  April sowing gave the 

fruit yield of 1620 g plani' while IS March and 21 April gave 1530 g and 1342 

g fruit per plant. 

Gadakh ci al. (1990) conducted an experiment, seeds of the okra cultivar 

pusa sawani and sel-2-2 which were sown in early June, October and January 

to produce autumn, inter and summer crops respectively. The seeds were sown 

at 30x  5, 30x 10, 30x 15 and 30x 30 cm apart. The highest yield (tip to 18.51 q 

hi') were obtained with the closest spacing and in the summer season. The 

treatment had no appreciable effect on pod quality. 

Lee ci al. (1990) reported that okra cv. Dwarf prolific sown on April 15 

or May 15 or June IS grown at spacings of 45 x  60 or 90x 30 cm and give 40, 

80 or 100 kg nitrogen per ha green pod yield of 11.36 t hi' with 40kg N ha 

13.2 tons with 80 kg N hi' and 12.64 tons. The highest yield was obtained at 
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the most dense spacing and the lowest at the least dense. Green pod yield was 

7.2 tons in the earliest sowing and 12.7 tons on May I sowing and then 

decreased (4.0 tons) with further of sowing delaying of sowing extending 

to June 15. 

Adetunji and Chhcda (1989) evaluated ten newly dcveloped lines and 5 

established varieties of Abelmosc/:us esczelenius were evaluated in 8 different 

environments (plantings at different times for 3 consecutive years). There were 

siificant variations for seed yield between environments, even though the 

trials were all at the same site. A regression method of stability analysis 

indicated that the mean differences between environments, the varieties and 

their interactions were highly sigjiifieant. The results suggested that, where 

limited resources prevent the use of several localities, different planting dates 

for 2 or more years could be used to evaluate varieties 11w seed yield without 

losing much information on theft relative ranking. 

lThuihhar et al. (1989) conducted an experiment with Seeds of the 

cultivar Pusa Saoni were sown, during the kharif season, on 4 July, 19 July or 3 

Aug. The plants were grown for both vegetable and seed production, with 5 

harvesting treatments: (I) no pods harvested green but left until dry, for seeds 

only; (2) one green pod harvest, (3) 2 harvests, (4) 3 harvests, or (5) 4 harvests. 

Plants from the earliest sowing produced the highest yields and quality of green 

pods and seeds. The greatest seed yield (and highest quality) was obtained with 

treatment (1), treatment (5) gave the highest yield of green pods. The highest 

economic return was obtained with treatment (4). 
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Mondal et al. (1989) investigated the effects of combinations of five 

sowing dates (20 Apr., 5 May, 20 May, 5 June and 20 June) and 3 intra-row 

spacings (30, 45 and 60 cm) on growth and yield of okra were investigated. 

Rows were sown 45 cm apart. The highest plant height (84.5 cm), number of 

fruits plant-' (10.9) and fruit yield (186.9 g plant", 93.5 q hi') were obtained 

with sowing on the 20 Apr. The 30-cm spacing resulted in the lowest number 

of fruits plant-' (8.1) and fruit yield/plant (107.2 g), but die highest fruit yield 

hi' (79.2 q). 

Singh el al. (1989) compared four sowing dates (20 June-4 Aug.) and 4 

plant spacings were compared. Maximum seed yield (1844.12 kg hi') was 

obtained when the crop was grown at 45 x  30 cm from a sowing on 20 June. 

Sayeed (1988) performed a research to observe the effect of sowing time 

on okra in Mymensingh, Bangladesh. He found the significant effect of sowing 

time on plant height of okra combined with any treatment. 

Singh et at (1988) investigated the effect of sowing dates and spacings 

on the yield and quality of okra seed. Four sowing dates (20 June to 4 August) 

and four plant spacings were compared. Maximum seed yield (1844.12 kg hi') 

was obtained when the crop was grown at 45 x  30 cm and sown on June 20. 

Ariyo (1987) evaluated six hibiscus esculentus genotypes from a 

pedigree breeding programme and 9 established varieties for agronoinie 

characters over 5 environments in 2 sites with 2 or 3 planting dates. There was 

a significant genotype x environment interaction for number of days to 

flowering and number of branches per plant. Additive environment effects 
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were significant for all characters. The genotype U 1313 was stable for fruit 

yield per plant and edible fruit weight. A breeding line U1313 had a below 

average coefficient of variation for fruit per plant and above average for yield. 

Iremiren and Okiy (1986) reported that Ishan Local I and Ishan Local 2 

were sown at approximately 14 days intervals from 1st April to 1st June in 

1983 and 1984 during the main rainy season to evaluate their performance. 

Low soil temperature and moisture high solar radiation, high atmospheric 

temperature and low rainfall led to poor seedling emergence at the early sowing 

dates. However the growth of the plants of early sowing was more vigorous 

than that of the plants of late sowing. In addition they flowered earlier and had 

longer harvest duration. This resulted the increased number of pods per plant. 

The increased pod length including its diameter, volume, weight and yield, 

indicated the compensatozy growth the fewer plants emerged from the early 

sowing. The relatively lower values of some parameters were obtained with the 

late sowing dates and were also attributed to possible poor soil aeration 

resulting from increased rainfall during their growth period. Sowing dates did 

not generally affect the moisture percentage, oil and protein content in the 

pods. The differences between cultivars were more uniform than those between 

sowing dates and were mostly not significant. 

Palanisamy ci aL (1986) studied the influence of date sowing and 

spacing on seed quality in okra. In trials with the okra cv. Pusa sawani the crop 

was sown at 60 x  30 cm 60 x  20 cm at monthly intervals between March and 
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November. The sowing at 60 x 30 cm done in March, April or May produced 

the best quality seed. 

Singh et al. (1986) stated the effect of planning dates and spacing on 

seed production of okra. They conducted a two year trials with the cv. Pusa 

sawani sown on 15 or 30 June or 15 or 30 July with a plant to plant spacing of 

GOx 45x 30, or 30 x  30 cm. The seed yield in both the years was highest 

(1.94.1 t haj in plots sown on 15 June with a plant to plant spacing of 60 x  30 

ii' 

Gupta a at (1981) reported that the earliest sowing (in between 25 may 

to 5 November) generally gave the highest average yield which decreased with 

each delaying sowing date. The closest spacing and the earliest sowing gave 

the overall highest yield of 11.08 t ha'. 
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2.2 Effect of hormones 

The improvement of production teehnolo' is of almost necessity for 

regular and reasonable supply through enhanced yield. The application of 

phytohorinones can he promising for this purpose. (uibberellic acid or different 

hormones have marked effects on okra production. After the first isolation of 

plant hormone by F.W. Went in 1962, the research using growth-regulating 

chemicals has swelled at an amazing rapidity. The vast majority of the works 

using phytohormones however has been carried on vegetable crops, cereals and 

legumes, fruit trees and other garden crops. Investigations regarding this line 

have been carried out at different places of the world, and some of the literature 

relevant to the present study has been reviewed here. 

Sacker et al. (2002) studied on the induction of flowering and sex 

expression on pointed gourd by growth regulators. They observed that 

maximum number of branches per plant obtained by treatment with 100 ppm 

IAA followed by 100 ppm GA3  while the minimum number of branches were 

found in 500 ppm CCC.Maximum no of female plauus were obtained by 

treatment with 50 ppm and 100 ppm ethrel follower by 25 ppm IAA. Amongst 

the ethrel treatment, the concentration of 25 ppm produced the maximum 

female flowers. The maximum yield per plant was obtained in treatment with 

25 ppm IAA followed by ethrel 50 pm. 

Al-Masouin and Al-Masri (1999) reported that Cucumber cv. Beit Alpha 

was grown in a greenhouse in 1996-97 and ethephon applied at ethephon 

applied at 250 ppm 350 ppm or 450 ppm at the seedling stage (2-4 true leaves). 
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Date were collected on the total yield early yield number of female flower 

number of nodes to the first female flower number of nodes to the first male 

flower and plant height. All the eases positive result was found from ethephon 

treated plants. Ethephon induced femaleness (,istillatc flowers) on the main 

stem that led to greater fruit production. 

Das and Rabhal (1999) conducted an experiment in a greenhouse on 

cucumber cultivars Chinese green, Pusa Sanyog and Poinsett, NAA was 

applied at 30 ppm or 100 ppm kinetin at 10 ppm or 50 ppm and Ethrel at 250 

ppm or 500 ppm at the 4-to 5-1eaf stage and at flower bud appearance. NAA 

application produced the largest fruit with the highest flesh, placenta ratios.TSS 

and ascorbic acid content were highest when Ethrel was applied. 

Singh et al. (1999) conducted an experiment with combinations of 

NAA, gibberellie acid and urea were applied to okra, cv. Pusa Sawani, as Ibliar 

and seed soaking applications in a field trial in Uttar Pradesh, Tndia, in 1995. 

Seed germination was greatest (71.6%) with the 20 ppm NAA + 150 ppm GA3  

treatment and significantly greater than the control (55.5%). NAA at 20 ppm, 

20 ppm NAA + 20 000 ppm urea, 20 000 ppm urea and 40 000 ppm urea as 

foliar sprays caused significantly earlier flowering, with days taken to 50% 

flowering being approximately 40.8, compared to 42.0 days in the control. The 

greatest seed weight per pod (3.2 g) and seed yield per heetare (19.4 q ha) was 

achieved with 150 ppm GA3  and was significantly greater than the control (1.8 

g and 11.8 q h1). Treatments of 150 ppm GA3  and 20 ppm NAA applied by 
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seed soaking and foliar application of 20 000 ppm urea increased seed yield by 

64.4, 55.9 and 42.8%, respectively. 

Bhai and Singh (1998) conducted an experiment in India with different 

levels of phosphorus, GA1  and pickings on seed production of okra in 1992 and 

1993. Phosphorus was applied at 50, 70 and 90 kg hi'. Seeds are soaked with 

gibberellie acid at the concentration of 0, 200 and 300 ppm, and investigated 

the number of harvests (1, 2 and 3) on plant height, number of nodes per plant 

and the seed yield of okra. However, plant height, number of nodes per plant 

and seed yield increased significantly with GA3  treatment up to a concentration 

of 300 ppm. Two harvests gave the highest values for seed yield and yield 

components, but plant height and number of nodes per plant showed 

inconsistent trends. 

Deotale el ci. (1998) found a significant relationship between 

application of hormones and yield of orra. They found that application of 

Ethral produced maximum fruit yield of okra compared to control. 

(icdam ci at (1998) reported that bitter gourd [Momordica charantiaj 

plants treated whit 15 ppm, 25 ppm or 35 ppm GA3  50 ppm 100 ppm or 150 

ppm NAA, 50 ppm 100 ppm or 150 ppm ethephon 100 ppm, 200 ppm or 300 

ppm maleic hydrazide, 2 ppm, 4 ppm or 6 ppm boron or with water (control). 

GA3at 35 ppm produced the earliest female and NAA at 50 ppm produced the 

earliest male flower. Fruit maturity was earliest in plants treated with 50 ppm 

NAA or 4 ppm boron. Fruit and seed yields were also highest in these 

treatments. 
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Rai et al. (1998) studied with hormones on yield and quality of okra 

fibre. Seeds were treated, and foliar application with 100 ppm 0.25 potassium 

dihydrogen orthophosphate and 10 ppm NAA was done at Mohanpur, West 

Bengal, in the rainy season, of 1994. Fibre quality was generally improved by 

foliar application of 10 ppm NAA. Path analysis for fibre fineness revealed that 

cell length/width ratio had a high direct effect. Cell breadth and fibre length 

showed very high direct effects on tenacity, while fibre fineness and tenacity 

were negatively correlated. 

S'ingh et aL (1998) svorked with gibberellie acid as a pre-sowing seed 

treatment and different levels of nitrogen on germination, growth, flowering 

and yield of okra. In a trial at Meerut in 1992 and 1993, okra cv. Pusa Sawani 

seeds were treated with 0, 15, 30 and 45 ppm GA3. Nitrogen fertilizer was 

applied at 40, 60 and 90 kg ha, half before sowing, a quarter 30 days after 

sowing and a quarter at flowering. GA3 at 15 ppm increased seed germination 

by 23.61 and 19.45% at day 9 and 15 after sowing, respectively. Treating seed 

with 45 ppm GA3  increased plant height by 8.97%, advanced flowering by 3.33 

days and increased pod yield by 30%. The application of 90 kg N ha' increase 

plant height by 14.03%, advanced flowering by 4.08 days and increased pod 

yield by 67.20% compared with control. 

Bhat and Singh (1997) analyzed the effect of different levels of,  

phosphorus, gibberellie acid and picking on seed production of okra. They 

applied P at the rate of 50, 70 or 90 kg ha4  and seed treatment with 200 and 
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resulted in significantly increased plant height, chlorophyll contents and yield 

of Abel,noschus esculensus, Hibiscus sabdarjffa and So/anum gilo while only 

combined treatments of 100 mg F' JAA 10 % Coconut milk and 100 mg F' 

GA3  + 15% coconut milk had such an effect on A. esculenius and S. gilo but 

not on H. sabdarjffii. Moreover, single treatments of 100 mg F' GA3  and 15% 

coconut milk caused significantly higher vitamins A, B6  and C contents of 

treated plants whereas the combined treatments produced such an effect on 

only vitamin C contents of treated plants. Growth regulator treatments of 100 

mg F' GA3  and 15% coconut milk were consistently the best out of the entire 

growth regulator treatments tried with the aled plants having the greatest plant 

height, yield, chlorophyll and vitamin C contents. 

Sayed ci al. (1997) conducted an experiment with exogenous growth 

regulators on growth, flowering and yield of okra. They studied the growth 

response of okra cv. T13  to exogenous growth regulators; gibberellie acid (GA3, 

Planofix (NAA) and Cultar (paclobutrazol). Each growth regulator was applied 

to the foliage at the rate of 50, 100, 150 and 200 ppm. Planofix at 150 ppm 

reduced the number of days (75) to first picking, whereas Cultar at 200 pm 

delayed it (96.75 days). Cultar at 150 and 200 ppm restricted plant height and 

produced the minimum of 136.22 cm and produced the greatest number of 

branches (3.65) compared to the tallest plants (253.75 cm). The least number of 

branches (2.20) was produced by 200 and 150 ppm GA3, respectively. Planofix 

(200 ppm) increased internodal length (11.95 cm) whereas Culiar reduced it 

(7.40 cm). Plants treated with Cultar (150 ppm) had the greatest number of 
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300 ppm GA3  for 12 h which had no significant effect on seed yield. However, 

two harvests had no detrimental effect on seed yield. 

(lulshan and La! (1997) carried out an experiment with flowering, 

fruiting and seed production of okra as influenced by growth regulators and 

urea. They applied various combinations of gibberellic acid, NAA and urea 

treatments to okra cv. Pusa Sawani in summer 1988 and 1989 at Pantnagar, 

India. The greatest number of pods plani' was obtained after seed treatment 

with NAA at 20 ppm + foliar spray of 2% urea at 30 days after sowing 

followed by seed treatment with 150 ppm GA3  and 20 ppm NAA + foliar spray 

of 4% urea at 30 Jays after sowing. Soaking of seeds in 150 ppm GA1  and 20 

ppm NAA gave the highest seed yields (20.4 and 19.4 t hi', respectively), 

which were 7.9 and 6.9 ha higher than the control, respectively. All treatment 

combinations reduced the number of days to 50% flowering and the number of 

days to first fruit set than control. 

Kadiri ci at. (1997) stated the effects of single and combined growth regulator 

treatments of indole - 3 - acetic acid (IAA), gibberellic acid (GA3) and coconut 

milk on plant height, yield, chlorophyll and vitamin contents of Abelmoschus 

esculenius L. and Solanum gilo L. The growth regulator treatments consisted of 

50 mg 1, 100 mg r 1  of IAA and GA3  and 10 %, 15% of coconut milk. In case 

of combined growth regulator treatments, the Ireamcnts were 100 mg t' IAA+ 

100 mg t' GA3, 100 mg t'. IAA + 15% coconut milk and 100 mgt' GA3  + 15 

% coconut milk. Control vegetable plants were sprayed with water. Single 

treatments of 100 mg 1' IAA, 100 rng 11  GA1, 10% and 15 % coconut milk 
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pods plant" (69.47) and seeds/pod (85.5), whereas these were lowest (44.82 

pods) in control plants and those treated with 50 ppm GA3 (46.60 seeds pod'). 

GA3  increased pod length (10. 10 cm) and diameter (1.82 cm) significantly. 

Cultar 100 ppm) gave the highest yield (14.32 t ha') as compared to 11.87 t ha 

'with Cultar at 200 ppm and 11.97 t hi' in the control. 

Mmed and Tahir (1996) studied the effect of gibberellic acid as foliar 

on some characters of okra plant. Okra cv. Pusa Kranti grown in pots, was 

sprayed with 100 ppm GA1  once at 3 weeks after germination, twice (3 and 4 

weeks after planting), 3 times (3, 4 and 5 weeks alter planting) and 4 times (3, 

4, and 6 weeks after planting). Plant height, number of leaves, fresh shoot 

weight, fresh root weight, number of fruits, and fresh fruit weight were 

recorded at wekly intervals. The only treatment significantly increased the fruit 

number weight was 2 applications of GA3. On the other hand, the shoot growth 

was greatest with 4 applications of GA3. 

Barrington et al. (1996)   reported leaf area and stein elongation was 20-

30% more with the application of growth hormones applied in okra plant. 

Koshioka ci al. (1996) conducted an experiment with endogenous 

gibberellins on the immature seeds of okra. Immature seeds of okra were 

collected from developing fruits two weeks after pollination and the identities 

and levels of endogenous gibberellins (GA3) in the seeds were determined. 

After puril'ing the acidic, ethyl acetate-soluble fraction by several 

chromatographic procedures, GA1, GA3,  iso- GA3, GA1, GA8, GA17, GA70, 

GA29, GA, GA44  and GA70  were identified by combined gas-chromatography 
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and mass spectrometry. The major GA was GA20. Based on these results it is 

suggested that the early C-i 3-hydroxylation biosynthetic pathway predominate 

in immature seeds of okra with the early C-I 3-non-hydroxylation pathway 

being present as a minor pathway. 

Kumar ci al. (1996) conducted an, experiment to observe the beneficial 

effect of some plant growth regulators on aged seeds of okra under field 

conditions. Seeds of okra cultivars Pusa Sawani and Parbhani Kxanti were 

allowed to age naturally for 16 months. Soaking them after storage in aqueous 

C- 

2- 	solutions of 50 and 100 ppm GA3, ifiA and thiourea for 24 h at 250C 
a- 

-í 	sufficiently increased the percentage of germination, plant height, number of 

leaves per plant, number of fruits, number of seeds per fruit and seed yield per 

plant compared with control. Seed yield increased from 8.23 to 18%. GA3  had 

the greatest effect while ifiA the least. 

Chatterice and Sukul (1995) conducted a trial with plant growth 

regulators for controlling the root-knot incidence in okra plants. Three plant 

growth regulators viz. gibberilic acid, a-napthakne aectic acid and boric acid 
it- 

were used as foliar sprays on okra plants against Meloidogync incognita 

infestations in okra plants, in a pot cu!ture experiment. The growth regulators 

in general, particularly the NAA, were effective in reducing the disease 

intensity and inducing higher growth rates in the plants. 

Kim et all (1994) reported that thickness or weight of rind: flesh ratio 

were recoded maximum with MIT 50 mg t1 , while maximum thickness or 

weight of flesh, dry matter vitamin C and T.S.S. contents were observed with 
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cycocel 250 mg t' GA3  25 mg t' resulted in maximum seeds in fruits, while 

MH 25 mg t' and ethrel 100 mg 1' caused maximum weight loss of fruits 2 

DAS or 4 DAS, respectively. N 50 kg hi' + ethrel 100 mg t' or GA3  25 mg 

improved the shape index and seed content of fruit, respeetivcly.Application of 

auxin transport inhibitors, naptalam (N-i- naphthylphthalamie acid) and TWA 

to the ovary or peduncle of cucumber flowers (cultivars khira and pandex and 

their F, hydrid significantly increased the IAA content of the ovary.The rho of 

IAA: ABA in pollinated or naptalam or TWA -treated ovaries was also higher 

than that in unpollinated controls. The unpollinated ovaries of genetically 

parthenocarpic cv.pandex showed 92% fruit set. Application of auxins, NAA 

and 4- CPA, GA3  cytokinins, BA and CPPU [forchlorfenuron] to the ovary at 

anthesis, however, induced over 60% parthenocarpic fruit set in khira and the 

F, hybrid. 

Dhumal ci at (1993) stated the effect of seed treatment with gibberellic 

acid on growth and yield of okra. They treated seeds with GA3  (0, 25, 50 and 

75 then grown with. N:P fertilizer rates of 20:20, 24:24, 28:28 and 40:40 kg hi 

'to give 50, 60, 70 and 100% of the fill recommended rate, respectively. Sced 

treatment with 25 ppm GA3  plus application of fertilizer at 70% of the 

recommended rate, gave a significant increase in fruit yield (203.77 g/plant and 

164.82 q hi') compared with the full recommended rate of fertilizer alone 

(151.3 g/plant and 96.42 q hi'). 

Takeno ci at (1992) found that female flowers of cucumber cultivars 

Choj itsu- Ochiai No.2 (parthenocrpic) and Mogami (non-parthenocarpic) were 
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bagged the day before and than artificially pollinated or left unpollinated. BA 

or NAA at 0.lmug or 10 mug' fruit was applied to the pedunele of the fruit at 

anthesi. The growth promoting effects of both BA and NAA were greatest on 

unpollinated ovaries of Mogami. BA treatment increased cell well thickness in 

unpollinated fruits. This was due to increased cell number and size which were 

19% and 6% greatest than the control. BA treatment had no effect on 

cndogcnous levels of IAA in pollinatcd or unpollianted fruit. 

Pandita ci al. (1991) conducted an experiment with 4 varieties of okra 

and found that thy matter of okra fruit was different due to different sowing 

time. Among the honnones, Ethephon showed the best result. 

Islam ci all (1990) reported that the bottle gourd plants treated with 

NAA 200 ppm produced fruits of maximum length and girth in control. 

Numbers of fruits per plant were also found maximum in plants where NAA 

200 ppm was applied. Florinone application at the rate the rate of 200 ppm 

NAA produced maximum yield (48.15 t hi'). 

Kapgate ci all (1989) found that application of NAA produced 34% 

more branches production in cotton plant compared to control. 

Vadigeri and Madalageri (1989) reported that seedling of poinsette and 

Belgum Local at the 4-6 leaf stage were sprayed with Ethrel [cthephon] at 200 

ppm or 400 ppm and GA3  [gibberellie acid] 5 ppm or 10 ppm and subsequently 

evaluated for sex ratio ( male: female flower) and yield. Ethrel at 400 ppm had 

the greatest effect on both genotypes, significantly increasing controls. 
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Deore et al. (1987) performed a trial with growth substances on yield 

and yield contributing characters of okra. Okra seeds were soaked with 2% 

NPK starter solution, water alone or were not soaked (control). The plants were 

sprayed with Ethrel (etheplion) at 500 and 1000 ppm, CCC (chlonnequat) at 

500 and 1000 ppm and GA3  at 50 and 100 ppm at 25 days after sowing. The 

highest yield 96.84 q hi') was obtained after soaking the seeds in the starter 

solution, and spraying the plants with 100 ppm GA3. 

Maurya et al. (1987) stated the use of gibberellie acid (GA3) and urea 

sprays in increasing the yield of okra. They applied P:K at 70:60 kg ha1  as a 

basal dose plus combined sprays of 0-3% urea and 0-100 ppm GA3. The sprays 

were applied twice at 20 and 50 days after sowing. The highest yield of 87.39 q 

hi' was obtained with 50 ppm GA3  ± 2% urea. 

Rattan ci at. (1987) analysed the effect of different levels of plant 

growth regulators on some agronomic traits in okra. Different combinations of 

GA3  and IAA concentrations were compared as seed treatment and/or whole 

plant spray on the cv. Pusa Sawani. Significant effects were obtained on 

number of days to flower, number of pods/plant, pod length and green pod 

yield/plant. Seed treatment with 10 ppm GA3  + 300 ppm GA3  as a plant spray 

advanced flowering by 6.33 days, compared with control. Longest pods were 

obtained with 50 ppm IAA seed treatment E tOO ppm IAA as a plant spray. 

Greatest number of pods and maximum green pod yield were obtained by 

treating the seeds with 30 ppm GA3  3 100 ppm GA3  as a spray. 
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Seeramulu (1987) found that ethrel 100 g 1' increased the number of 

flowers and also hastened the appearance of the female flower compared to the 

control in sponge. It also delayed the appearance of the first staminate flower 

and also decreased the total number of male flower. 

Vashisht etal. (1987) studied with germination of okra by applying k 

acid and 2.4-dichlorophenoxv acetic acid. Seeds - of okra cv. Pusa Sawani 

were treated with 1-1000 ppm GA3  and 0.5-20 ppm 2, 4-1) for 24 h at 290C. 

GA; decreased germination at all concentrations, where 17% germination at 

lppm, 1% germination at 300 ppm, and nil at 500 and 1000 ppm were noticed. 

The control treatment showed 41% germination. However, 2,4-D increased 

germination to 75% at 0.5 ppm but decreased it to 10% at 15 ppm, and tonilat 

20 ppm. 

Shabab liddin c/ al. (1 986) treated local and exotic varieties of snake 

gourd with 1% and 2% of potassium naphthcnatc (KNap). The number of fruits 

per plant and average weight of fresh fruit increased significantly following 

treatment with 1% Knap in both varieties. 

Abdul etal. (1985) studied the influence of some growth regulators on 

the growth and yield of okra. In 2-year trials with cv. Batraa. IAA. NAA and 

GA3  each at 0, 50 and 100 ppm and CCC (chiormequat) and 139  (daminozide, 

each at 250. 500. 750 and 1000 ppm were applied on foliage at the 3-4 leaf 

stage. GA3 increased plant height, leaf number and shoot dry weight, whereas 

both ehiormequat and daminozidc appreciably reduced plant height and shoot 
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dry weight. No significant effect of JAA and NAA was observed. Also, no 

significant effect of treatment on yield was noted. 

Gosh and Basu (1983) reported that with NAA at 17.5 or 35% mg P' 

increased the number of female flowers. Ethel at 25 mg F' increased female 

flowers but 100 mg /L decreased it. GA application at 60 mg p1  increased the 

number of female flowers. All GA applications reduced the ratio of male to 

male flowers. 

Choudliury and Phatak (1981) reported the effect of concentration of 

MA, NAA and 2, 4-D on the sex expression and sex ratio of cucumber. MI-f 

200 ppm and NAA 100 ppm increased the number of female flower 

significantly over the control. Mi! 600 ppm and 800 ppm NAAIOO and IAA 

200 ppm and IAA 100 ppm suppressed the number of male flowers over the 

control. fAA 100 ppm and 200 ppm and NAA 200 ppm stimulated the growth. 

Irshad Ahmad and Gupta (1981) found that the minimum ratio of male 

to female flower was reached at 1000 ppm of cycocel in case of smooth gourd 

and snake gourd. Nodes per female flower as well as clays to flower were 

minimum at 1000 ppm in sake gourd was observed at 1000 ppm in smooth 

gourd and bottle gourd. Earliest node first female flower was observed at 1000 

ppm in smooth gourd and snake gourd but at 1500 ppm in bottle gourd. 

Mangal a al. (1981) investigated the influence of various chemicals 

(Ethrel NAA, Cycocel. MFI, ['CPA, Ascorbic acid and Boron) on the growth 

flowering and yield of bitter gourd was conducted. PCPA at 100 ppm improved 

plant growth significantly. The treatment of CCC at 250 and 500 ppm produced 
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female flowers about 12 days earlier in comparison to control plant. Maximum 

fruit yield per plant (3123.00) was produced under Cycocel 250 ppm follower 

by Ascorbic acid 25 ppm and Cycocel 500 ppm. 

Sahai ci al. (1980) performed a study to observe the action of growth 

regulators on seed germination, early seedling growth and cotyledon expansion 

of Hibiscus esculcntztc. Okra seeds were soaked for 12 h in solutions of GA1 . 

B-Nine (daminozide), Phosfon (chiorphonium) or coumarin at various 

concentrations (10, 100, 500 and 1000 mg t'), either separately or (for the last 

3 compounds) in - combination with GA3  at 10 mg t'. The germination 

percentage with GA3  alone was less than for water-soaked control but 

increased with increasing concentration. With the application of coumarin and 

phosfon alone or with GA3, the percentage of germination declined with 500 

mg 1-1  and above, it increased with increased concentrations of B-Nine alone or 

with GA3. GA3  counteracted the retarding effect of coumarin, phosfon and B-

Nine on radiele and hypocotyl elongation and on cotyledon expansion. 

Vijay and Jalikop (1980) carried out an experiment to study the effect of 

growth substances on sex expression of kakrol. Application of 2,4-fl and 2,4,5-

T at 25 ppm and 100 ppm was cifective in producing parthenocarpic fruit. The 

maximum fruit set of 88.88 percent was obtained at 100 ppm 2,4-D and 2,4, 5-

T. The average length per fruit and average weigh per fruit were maximum at 

50 ppm 2, 4, 5-T while the average girth! fruit was more in hand pollinated. 

Bhattaeharya et al. (1978) studied the synergistic effect of gibberellic 

acid 1 and indolc-3- acetic acid on rooting in stein cutting of okra. They found 
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root formation stimulated by separate treatment with IAA at 10 and 25 mg 1' 

and GA.3  at 5 and 10 mg T', which was further enhanced considerably when 

IAA and GA3  were applied logether to okra stem cuttings. Controls placed in 

water did no root. 

Gopalkrishnan and Choudhmy (1978) reported that in contrast with 

TIBA GA in general produced the larger number of male flower; GA at the 

lower concentration of 10 ppm produced more number of female flowers in 

first year. In the first year MI-I tOO ppm to 600 ppm as well as NAA and IAA 

50 ppm to ISO ppm induced a reduction in the mean number of female flowers. 

Treatment with TIBA at 50 ppm 100 prnm and 200 ppm excelled all the other 

treatment in producing a favorable female to male flowers ratio. TIBA from 50 

ppm to 200 ppm gave a significant increased in the number of fruit and weight 

of fruit. 

Das and Swain (1977) reported that Mar 200 ppm produced the 

maximum number of fruits followed by its lower concentration and ethrel as 

compared to the control.Mar 200 ppm with 40 kg hi' nitrogen significantly 

produced heaviest fruit follower by ethrel 100 ppm with 40 kg ha 1  of nitrogen 

ethrel 200 ppm with 20 kg hi' of nitrogen. 

Pawar es' al. (1977) studied the performance of plant growth regulators 

on germination. growth and yield of okra by treating seeds. Seeds of okra cv. 

['usa Sawani were soaked in GA and IAA solutions each at 25-100 ppm. Both 

growth I substances (more by GA) increased seed germination, plant growth 

and yield, especially at 25-30 ppm. 
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Singh and Singh (1977) studied the effect of seed treatment with plant 

growth substances on germination, vegetative growth and yield of okra. Seeds 

of okra, cvs Pusa Sawani and Uaishali Vadhu were soaked in 10-30 ppm GA3  

and 25-100 ppm NAA for 24 h before sowIng. Germination percentage, plant 

height, number of branches and spread, number of leaves, leaf area and yield 

were enhanced by all treatments where, 30 ppm GA3, gave the best results. 

Singh ci at (1976) analysed the effect of seed treatment with plant 

growth regulators on yield and economic of okra. Okra seeds cvs. Pusa Sawani 

and Uaishali Vadhu were treated with 10-30 ppm GA and 25-100 ppm NAA. 

All treatments improved yield and returns, the best result being obtained with 

30 ppm GA. 

Beyer and Quebedeaux (1974) conducted an experiment on fruit 

development and set by application N-l-naphthylphthalamic Acid cucumber. 

They found that a single application of Naptalam at concentration ranging from 

500 to 5000 ppm increased number of pistillate flowers to develop into fruits, 

while number of fruit were minimum on the conrols. Fruit shape was normal 

but the growth was slightly retarded at 500 ppm. 

Bisaria (1974) found that foliar of NAA ppm increased the number of 

female flowers per plant and the sex ratio is reduced in cucurbits. 

Patnaik ci aL (1974) reported that application 	of pistillate flowers 

while 500 of eycocel in 100 ppm concentration produced maximum number of 

staminate flowers. Fruit yield was observed to he highest in the treatment of 

IOU ppm Cycocel followed by 2000 pm and 500 ppm of the said chemical. 
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Ethrel was found to be toxic the plants and yield was markedly reduced with its 

application. 

Augustine ci al. (1973) found that MCEB (5-melhyl-7 chloro-4 

ethoxycarbonylmethoxy-2,1,3-henzothjadia7ole) had no effect on the 

androeeious phenotype of cucumber while ethephon 500 ppm induced 

pistillate flowers, the effect of MCEB and ethephon treatment was a marked 

reduction in the number of ethylene induced pistillate flowers except when 

there was a 48-hour period between application of ethephon had on effect, and 

the effect of MCEB and ethephon treatment was to induce staminate flowers at 

relatively high concentrations of MCEB 150 ppm. 

Elassar ci al. (1973) studied on the normal and parthenocarpic fruit 

development. The)' found that B-NOA (napthoxyacetic acid) at rates lower 100 

ppm and fAA 10 ppm to 100 ppm were effect normal fruit development and 

were less effective producing parthenocarpie fruit. GA3  (100-1000 ppm) and 

GA4+7 (50ppm) slowed down the early rate of fruit development during later 

stages. 

Cantliffe et aL (1972) Observed the response of cucumber to soil 

application of (2-chioroethyl) phsponicacid (ethephon). At maturity the 

transplants at 250 and 500 ppm were stuntcd but still capable of supporting a 

normal fruit load. Almost all of their flowers opening within 60 days of 

planting were pistillate. The period in which only pistillate flowers were 

produced, of critical importance in the production of hybrid seed was longer for 

the soil treatment than for foliar treatments with 125 and 250 ppm. 
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Ravindran (1971) reported that bitter gourd seedlings were sprayed with 

ethrel at concentrations ranging from 200 to 600 ppm. Stunting growth 

retardation and pollen sterility were induced in proportion to the dose applied 

and the production of male flowers was significantly reduced. 

Srivastava and Sachan (1971) conducted an experiment with indole 

acetic acid and gibberellic acid on growth and yield of okra. They treated IAA 

and GA3  at 25, 50, 75 -and 100 ppm for 24 h before planting. Most treatments 

resulted in improved germination, growth and yield; GA3  was more effective 

than !AA. 

Freytag el al. (1970) conducted an experiment on cucumber sex-

expression modified by growth regulators.They found that TWA 10 ppm and 

100 ppm treated plant produced less number of female flowers.ln addition the 

number of staminate flowers increased by 16% while the number of pistillate 

flowers decreased. Treatment with ethrel at 100 ppm increased femaleness. 

Lower et at (1970) reported that treatment of plants of the cultivar of 

cucumber Galaxy with ethephon at a concentration of 120 ppm at the one- leaf 

stage or at subsequent leaf stages increased pistillate flower formation. 

McMurray and Miller (1969) found that cucumber seedlings treated 

with ethephon at concentrations of 120 ppm 180 ppm or 240 ppm increased the 

number of pistillate flowers. The staminate to pistillate flower ratio was 

approximately 10:1. But in case ethephon treated planLs, the staminate to 

pistillate flower ratio ranged from 1:6 to 1:14, depending on the concentration 

of ethephon used. 
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Nandpuri et at (1969) conducted an experiment with plant growth 

regulators on germination. Growth, flower formation, fruit set and yield of 

okra. The effects of GA, PAA and 2,4-D on okra were compared. Soaking for 8 

hours in I ppm of any of the chemicals increased germination: GA treatment 

was significantly superior to the others. GA at 100 and 200 ppm was superior 

in increasing the height of plants compared with other treatment,;, followed by 

IAA at 10 ppm and PAA at 50 ppm. Application of GA3  at 100 and 200 ppm, 

IAA at 10 and 20 ppm and PAA at 50 and 100 ppm also increased the total 

growth of plants, whereas, 2.4-D at 5 and 10 ppm declined it. GA at 100 ppm 

was the only treatment that produced a significant increase in flower formation. 

GA at 200 pm and PA at 50 ppm proved significantly superior in increasing the 

length of units and GA at 10 ppm in increasing the yields at Punjab Agric. 

Univ1  Ludhiana. 

Sims and Gledhill (1969) reported that application of ethephon at 

concentrations of 50-250 ppm at the fully expanded tnie leaf stage induced 

femaleness in the hybrid Piccadilly and reduced the size of the plants by 

shortening the internodes. 

Srivastava and Singh (1968) studied the effect of pre-sowing treatments 

with growth substances on okra. The effects of soaking okra seeds for6 hours 

in 3 concentrations of 3 different growth-pronrnting substances were studied. 

All 3 substances improved germination and increased the number weight, 

length, diameter and yield of pods. The best germination and pod yield were 

obtained at 10 ppm GA, treatment with 10 ppm IPA produced the maximum 
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number of pods per plant. It is concluded that yield can be considerably 

increased by a pre-sowing treatment with 10 ppm GA3  or WA, or with 50 ppm 

B-NOA. GA3  positively effects on different growth components viz, 

germination, seedling emergence, vigour, plant height etc. and yield of okra. 

Many authors applied gibberellic acid in okra plants at pre-sowing and foliar 

stage with different concentrations. But the time of application and 

concentration of GA3, which they applied, differ from many researchers. 

Moreover, results at oflen inconclusive in regards of concentrations and 

application times, and totally absent in the climatic conditions of Bangladesh. 

So it is needed to find a standard concentration and suitable time for GA3  

application. 

Irving c al. (1968) found that TIIIA at 25 ppm was particularly 

effective in promoting the femaleness in cucumber. The increased lISA 

stimulation of female flowers ranged from 100 to 200 percent. TIMA also 

increased the number of male flowers but lowered the male and female raito. 

Choudhury el al. (1967) reported that NAAIOO ppm and 200 ppm and 

MI150 ppm and 200 ppm were equally effective in suppressing the male 

flowers and increasing the number of female flowers in cucumber. These 

effects subsequently increased the percentage of fruit set and ultimately the 

yield. 

Bukovac and Wittwer (1961)   reported that cucumber plants with 

gibberellirn at a concentration of 100 ppm to young pickling type cucumber 
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seedling hastened pistillate flowers formation earlier when cucumber plants 

were grown under rather than long photoperiod. 

Choudhury and Pahatak (1 959a) found that cucumber plants treated with 

ML! 200 ppm and NAA 100 ppm increased the number of female flowers. 

NAA 100 ppm, JAA 200 ppm and 1/tA 100 ppm suppressed the number of male 

flowers significantly over control. 

Choudhury and Phatak (1959h) reported the effects of growth regulators 

on sex expression of cucumber. They observed that Ml! 200 ppm and NAA 

100 ppm significantly increased the number of female flowers and MI-I 600 and 

800 ppm, NAA 100 ppm and !AA 200 ppm greatly suppressed the number of 

male flower over control. All treatments increased the female to male flower 

ratio when compared with the control. 
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CHAPTER III 

MATERIALS AND METHODS 

A field experiment on okra with different date of sowing and hormones 

was conducted during March to August, 2007 to evaluate the performance of 

okra crop in respect of growth and yield performances. 

3.1 Experimental site 

The research was conducted at the Horticultural Fann of Sher-e-Bangla 

Agricultural University, Dhaka-1 207, The experimental field is located at 

90033' E longitude and 23077' N latitude at a height of 9.2 meter above the sea 

level (RCA, 2004), The land was medium high and well drained. 

3.2 Climate 

The annual precipitation and potential evapotranspiration of the site 

were 2152 mm and 1297 mm, respectively. The average maximum and 

minimum temperature was 30.340C and 21.210C, respectively with mean 

temperature of 25.170C. 

Temperature during the cropping period ranged between 22.20C to 

37.20C. The humidity varied from 83.52% to 9 1.2%. The day length ranged 

between 10.5-11.0 hours only and there was heavy rainfall during the 

experimentation. The weekly avenge rainfall, air temperature and relative 

humidity of the site during the experimental work have been shown in 

Appendices I and If. 
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3.3 Soil 

The soil of the experimental site belongs to the ago-ecological region of 

'Madhupur Tract" (AEZ No. 28) classified by UNDP/FAO (1988). It was Deep 

Red Brown Terrace soil and belonged to "Nodda" cultivated series. The top 

soil is silty clay loam in texture. Organic matter content was very low (0.82%) 

and soil pH varied from 5.47- 5.63, 

3.4 Experimental materials 

The experiment was done with BARI dherosh 1. This variety is released 

by Bangladesh Agricultural Research Institute, Gazipur, Bangladesh. 

3.5 Experimental treatments 

There were two factors in this experiment, viz, date of sowing and 

hormones. 

The treatments were as follows: 

Sowing time: 
S1 = 22 March 

S2= 06 April 

83 	21 April 

Hormones: 
110= No hormone 

III= Application of Algagold (Micronutrients concentrations) 

112=  Application of Crops care (Napthalenc Acetic Acid, NAA 4.5%) 

H3= 	Application of Ripen-IS (15% Ethcphon) 

The detail layout of the experiment are shown in Fig. I 
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3.6 Experimental layout and design 

The experiment was laid out in randomized completely block design 

(RCBD) with three replications. Thus the total plot number was 36. The size of 

each plot was 1.6 m x 1.5 in (2.4 m2). The distance between two adjacent unit 

plots was 0.5 m and distance between two replication and between two main 

plot was I M. 

3.7 Cultivation method 

3.7.1 Land Preparation 

The experimental field was ploughed with power tiller drawn rotovator. 

Subsequent cross ploughing was done followed by laddering to make the land 

level. All weeds, stubles and residues were removed from the field. 

3.7.2 Fertilization 

The experimental plots were fertilized with the following recommended 

dose (BARC, 2005): 

Name of fertilizers 	 Doses (kg 

Urea 	 250 

Tripe superphosphate 	 80 

Muriate of potash 	 130 

Gypsum 	 100 

Zinc Oxide 	 5 

Boric acid 	 10 
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During final land preparation one half of the urea and total amount of 

other fertilizers were applied and incorporated into soil. Rest of the urea was 

top dressed at flower initiation stage. 

3.7.3 Sowing of seeds 

Seeds of BARI derosh I were sown based on different treatment 

variables. The row to row distance was 50 cm while the plant to plant distance 

was 40 cm. Seed sowing was done manually. 

3.7.4 Weeding and thinning 

The experimental plots were found to be infested with different kinds of 

weeds. Weeding was done two times manually with 'nimni'. Thinning was 

done in all the unit plots with care to maintaining a one plant in a hill. 

3.7.5 Irrigation 

Irrigation was done whenever necessaxy by water cane at afternoon. 

3.7.6 Pest and disease management 

The crop was sprayed with Ripeord, Bavistin, Admire and Malathion 60 

EC to prevent infestation of insects and vectors of virus. 

3.7.7 Harvesting and Processing 

At maturity the crop was harvested at different intervals. 
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3.8 Data Collection 

Ten plants were selected out randomly from each plot leaving the border 

plants. The following data were recorded. 

I) 	Plant height 

Branches per plant 

Leaf per plant 

Leaf length 

Leaf breadth 

Stem diameter 

Fresh weight of fruit 

Dry weight of fruit 

Fruits per plant 

Fruit yield per plant 

Fruit yield per hectare 

3.3.1 Plant height 

The height of ten plants was measured from ground level (stem base) to 

the tip of the plant. Mean plant height was calculated and expressed in cm. 

3.8.2 Branches per plant 

The number of branches of ten randomly sampled plants at IS days 

interval were counted and recorded. Average value of ten plants was recorded 

as number of branches per plant. 

44 



3.8.3 Leaves per plant 

The number of leaves in all sizes of ten randomly sampled plants at 15 

days interval were counted and recorded. Avenge value of ten plants was 

recorded as number of branches per plant. 

3.8.4 Leaf length 

The length of 10 randomly selected leaves was measured careflully from 

the base to the tip. The mean value was determined for each 15 days interval up 

to harvest. 

3.8.5 Leaf breadth 

The length of 10 randomly selected leaves was measured carefully from 

the base to the tip. The mean value was determined. It was done at 15 days 

interval starting from 20 DAS. 

3.8.6 Stem diameter 

Ten plants were randomly selected and diameter of each pants were 

measured by a Slide calipers at different growth stages. Average value of ten 

plants was recorded as stein diameter. 

3.8.7 Fresh weight of fruit 

During harvesting, ten fruits were randomly collected and weighted in a 

balance properly. The average weight of a single fruit was then calculated. 

3.8.8 Dry weight of fruit 

After recording the fresh weight of fruit, the separated fruits of the 

plants were dried in an eleciric oven at 700  C for 48 hours and the dry weight 
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was measured with a digital balance. Weight of ten fruits was then calculated 

for the weight of single fruit and shown as gram. 

3.8.9 Fruits per plant 

At every harvest, S plants were selected and total number of fruit was 

counted. Then the mean values were recorded and expressed as the number of 

fruit per plant. 

3.8.10 Fruit yield per plant 

The cumulative average yield of a single plant was recorded at each 

harvest and expressed as fruit yield per plant. 

3.8.11 Fruit yield per hectare 

Total fruit yield from the harvested area (1 m) was recorded and was 

converted tot hi'. 

3.9 Statistical analysis 

The data were analyzed following Analysis of Variance (ANOVA) 

technique and mean differences were adjusted by the 1-test (Gomez and 

Gomcz, 1984). Means were compared by using Duncan's New Multiple Test 

(DMRT) at 5% level of significance. 
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Chapter IV 

RESULTS AND DISCUSSION 

The experiment was conducted to study the performance of okra as 

influenced by different sowing time and growth hormones. The results of the 

present investigation have been presented, discussed and compared as far as 

possible with the results of other researchers. 

4.1 Plant height 

In the initial stage up to 20 DAS the growth of the line was very slow 

and then the crop remained in rosette form. Stein elongation started with the 

initiation of reproductive phase of development. The rapid increase of plant 

height was observed from 20 DAS to 65 DAS. After 65 DAS the growth of 

plant height became very slow. In the initial stage the plant canopy was very 

small and competition was mainly negligible. 

Different sowing times affected the plant height of okra plant in this 

experiment. But significant variation of plant height due to sowing time was 

observed from 50 DAS (Table I). At every stage the tallest plant was recorded 

at April 06 sowing which was followed by April 21 sowing. The lowest plant 

height was observed with 22 March sowing (Table I). At maturity the 

maximum plant height was 136.7 em which was observed when the crop was 

SOWn on April 06. These results revealed that too early as well as too late 

planting of okra crop is not suitable lbr better plant height of okra for summer 
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season. Sharif Hossain c/ at (2003) observed similar results when worked with 

Okra. 

Table 1 Plant height of okra as affected by different sowing time and 
hormones at different growth stages 

Treatment 

Days alter sowing 

- 20 35 50 65 -- 	80 95 

Sowing time 

March 22(S) 	- 8.7 	
f 

35.3 	-7Tf b 	- 9Ie 	II&Ib 	1203b 

ApriI06(S2) 11.6 36.7 76.5a 103.2a 130.4a 136.7a 

April 21(S3) 10.2 35.5 74.9 ab 98.7 b 120.5 b 124.5 b 

LSD0.05 	NS 	NS 	2.05 	3.90 	4.65 	5.08 

}lonnoncs 

Control (ho) 8.5 28.2 65.9 d 89.6 e 109.5 d 114.3 d 

Alga Gold (H1 ) 10.6 34.5 70.2 c 100.5 h 123.5 c 129.6 c 

CropCare(fl2) 11.7 35 75.4b 103.6b 130.2b 136.4b 

Ripen-15(Fb) 12 37.8 80.2 a 110.8 a 141.3 a 148.9 a 

5.66 LSD0.05 NS NS 2.6 3.9 4.05 

CV (%) 7.88 6.88 9.76 10.43 6.89 8.98 

Means separation in columns followed by the samc letter(s) are not significantly difibrent at P0.05 

Results also revealed that different plant hormones also affected the 

plant height (Table I). In this experiment the plant height was significantly 

afkcted by plant hormones at different growth stages except 20 and 35 DAS. 

But numerically the maximum plant height was observed with Ripen-IS at all 

the growth stages (Table I). At different growth stages up to 41% increase of 



plant height was noticed with the application of hormones over control 

treatment. Sarkar et al. (2002) obtained similar results. 

Different interaction of sowing times and hormone also significantly 

affected the plant height. The significant interaction of these factors was 

observed in plant height at different growth stages (Table 2). At all the growth 

stages the treatment combination of April 06 and Ripen-15 (S2113) produced the 

tallest plant while the 22 March sowing with no hormone (S14) produced the 

shortest plant. However the trend of increase was found to be more prominent 

from 35 DAS which stopped at 95 DAS onward. Sayeed (1988) observed this 

dates with any combination as the optimum sowing time for okra in relation to 

plant height. 
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Table 2 Plant height of okra as affected by the combined effect of sowing 
time and hormones at different growth stages 

Days aftcr sowing (DAS) 

Treatments 20 35 50 65 80 95 

S,H0  7.8b 27.2d 63.1 e 86.4h - 103.2de 105.2d 

81 H1  8.4 b 28.5 cd 65.7 de 90.1 gh 112.5 d 115.4 d 

S1112 9.8 ab 30.2 bed 73.9 a-d 102.6 ef 123.8 e 127.8 c 

10.9 ab 31.0 bed 75.7 abc 110.3 b-c 125.6 c 132.4 c 

S2H0  10.0th 29.7bcd 67.8cde 92.3gb 

105.2 c-f 

I05.4de 113.4d 

S2111  10.5 ab 32.6 bed 71.3 b-c 124.5 c 134.8 e 

S21`12  10.6ab 34.9th 75.8abc 112.6bed 133.6c 150.5 b 

S2H3  12.9 a 39.3 a 82.5 a 123.5 a 155.8 a 164.7 a 

S3!-!0 8.9 b 29.6 bed 66.1 de 96.2 fg 100.8 e 110.4 d 

S3H1  9.2 ab 30.3 bed 72.6 bed 104.2 def 128.5 e 136.4 c 

83112 10.5 ab 33.8 be 75.4 abc 114.2 be 146.2 b 157.3 ab 

S31-13  11.4 ab 34.2 abc 79.2 ab 116.7 ab 150.5 ab 163.5 a 

ILSDO.05 3.3 5.0 7.9 8.7 9.1 9.9 

CV (%) 5.66 8.99 5.88 7.34 8.24 5.67 

Means separation in co!unms t011owed by the sante letter(s) are not sEgnhticanuy ditibrent at FS0.05 

4.2 Branches per plant 

The number of branches was started to increase significantly from 

35 DAS and thus the increase of the number of branches due to different 

sowing times was significant from 50 DAS up to maturity (95 DAS). In every 

case, 06 April sowing produced the maximum branches in this experiment 

(Table 3). From 80 DAS onward the increase of branches in the plant was 

negligible whereas the effect was siiificantly affected by sowing times. The 
50 



result is in close conformity with that of Hossain et aL (1999), Palanisamy c/ 

at (1986) and Sthgh esaL (1986). 

Table 3 No. of branches per plant of okra as affected by different sowing 
time and hormones at different growth stages 

Treatment 

Days after sowing 

20 

 j 	
35 	50 	]65 	80 	95 

Sowing time 

March22 (Si) 1.0 1.0 1.1 c I.6c 2.1 a 2.3 c 

ApriIO6(S2) 1.8 2.0 2.5a 3.4a 3.7a 3.7a 

April 21(S3) 1.6 2.3 2.2 b 3.0 h 3.2 b 3.2 b 

LSDo.os NS NS 0.12 0.14 0.13 0.33 

Hormones 

control (11) 1.0 LId 1.4 d 2.0 d 2.2 c 2.2 c 

Alga Gold (l-1) 1.5 1.7 c 2.0 c 2.4 c 2.6 c 2.7 c 

Crop Care (112) 2.1 2.4 b 2.5 b 3.0 b 3.2 b 3.3 b 

Ripcn-15(H3) 2.5 3Ma 3.4a 4.Oa 	-- 4.Sa 4.7a 

LSD0.05  NS 0.12 0.13 0.43 0.45 1.02 

CV (0/0) 6.44 5.77 8.66 8 -55 12.23 6.77 

means separation in columns toilowea Dy ftC same ieners are not significantly ditterent at I'SO.OS 

Likewise sowing times, application of different plant hormones also 

significantly affected the number of branches where the effect observed 

significant starting from 35 DAS (Table 3). Among the treatments Ripen-I 5 

showed the best results to produce the branches. Different hormones had a 

distinct differences compared to control treatments at all the growth stages 

except during and after maturity. At maturity the application of Alga Gold 
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showed similar performance like control in response to branches production. 

Increase of branch production in plant with the application of NAA was 

reported by Deotale ci al. (1998) in soybean, Kapgate ci al. (1989) in cotton 

and Kumar et al. (1996) in okra. 

From this experiment, it was shown that different combination of 

sowing times and hormones had a significant effect on the number of branches 

per plant. From the initial stages the number of branches regularly increased up 

to a certain extent and the increases almost steady at 95 DAS (Table 4.). From 

the experiment it was observed in most of the cases 06 April sowing combined 

with the application of Ripen- 15 (S2H3). However the 22 March sowing 

without hormone (SIIo) produced the shortest plant. Palanisamy ci al. (1986) 

supported the findings. 
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Table 4 No. of branches per plant of okra as affected by the combined 
effect of sowing time and hormones at different growth stages 

Days aftcr sowing (DAS) 

Treatments 20 35 50 65 80 95 

SI FT0  l.Oc I.2b [Sb 2.2b 2.6b 2.6b 

S1141  lMc 1.6ab 1.9 ab 2.5b 3.0 ab 3.2ab 

51112 1.8abc 2.1 ab 2.4ab 3.0 ab 3.2ab 3.4ab 

SIn3 2.7 ab 3.0 ab 3.3 ab 3.6 ab 4.0 ab 4.2 ab 

S2H0  1.2 be 1:5 b 1.9 ab 2.3 b 2.8ab 3.0 ab 

52111 1.4 abc 1.9ab 2.Oah - 2.4b 2.8ah 3.0 ab 

S71-12  2.3 abc 2.7 ab 3.5 ab 4.1 a 4.5 ab 4.6 ab 

S2113 3.0 a 3.8a 4.1 a 4.3 a 4.6 ab 4.7 ab 

S3110 1.4 abc 2.0 ab 2.3 ab 2.5 b 3.0 ab 3.1 ab 

S3H, 1.8abe 2.4ab 2.6ab 3.0 ab 3.4ah 3.7th 

S3112 2.3 abc 3.0 ab 3.5 ab 4.1 a 4.5 ab 4.6 ab 

S3U3  2.8 ab 3.4 ab 3.8 ab 4.3 a 4.8 a 5.0 a 

1.4 1.9 2.12 1.4 1.7 1.9 

CV (%) 6.77 8.65 5.88 10.44 9.43 	- 7.86 

Means separation in columns Ibliowed by the same letter(s) are not signiliuflly different at P0.05 

4.3 Leaves per plant 

Sowing of okra seed in diflérent dates also affected the number of leaves 

per plant in this study (Table 5). From the comparison it was observed that in 

most of the cases 21 April sowing produced the maximum number of leaves in 

okra plant whereas the 22 March sowing resulted the lowest number of leaves. 

Nonetheless, the effect was significant at 35, 50, 65 and 80 DAS. At initial 
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stage as well as at maturity the number of leaves was identical in relation to 

sowing times. Maximum increase of leaves was observed from 20 DAS to 35 

DAS respected to treatment variables (Table 5). This result is corroborated with 

the findings of Jncaleaterra el at (2000) and Gupta et al. (1981). 

Table 5 No. of leaves per plant of okra as affected by different sowing 
time and hormones at different growth stages 

Treatment 

Days after sowing 

20 35 50 
{ 	

65 80 95 

Sowing time 

j
S.6 J10.35 13.4b 17.9b 18Mb 19.8 

AprilO6(S2) 7.1 13.2 a 16.3 a 21.5 a 22.1 a 24.0 

April 21(S3) 6.8 14.1 a 16.0 a 20.5 a 24.9 a 27.0 

LSU0.05  NS 1.20 1.45 2.13 3.04 	
j 

NS  

Hormones 

Control (H0) 5.50 9.67 c 13.22 c 16.00 b 17.50 b 19.05 b 

Alga Gold (111) 6.90 10.55 e 16.88 b 17.55 b 19.00b 25.04 a 

Crop Care (112) 740 12.78 b 19.04 a 23.67 a 26.04 a 29M6a 

Ripen-IS (113) 8.10 14.06a 21.00 a 26.54 a 28.34a 32.09 a 

LSD0.05  NS 1.30 2.01 3.60 3.72 4.51 

CV (%) 5.54 7.88 7.90 7.90 9.09 7.56 

Means separation in columns ioiioea Dy me same ICtla(S) are not signiticantJy ditlereni at PS0.05 

The response of different hormone treatments was also significant on the 

number of leaves per plant at different plant ages except 20 DAS. In all cases 

maximum leaf number was noticed with Ripen-IS treatment. However, it was 

statistically at per with Crop Care at all the growth stages except 35 DAS 
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(Table 5). The plant having no hormone produced the least number of branches 

in this experiment. Numbers of leaves due to application of hormones were 

also reported by Deotale et at (1998); Abdul et at (1985); Sarkar eta! (2002) 

and Kapgatc et al. (1989). 

The interaction effect of sowing times and hormones had a great effect 

on the number of leaves per plant or okra (Table 6). Except initial stages of 

plant growth the effect was significant. At all the growth stages the interaction 

of 06 April sowing combined with the application of Ripen-15 (S2H3). 

However, the 22 March sowing without hormone (S!i) produced the lower 

number of leaves. It was followed by S21-12, S2141  and S31I3. The increase of leaf 

number due to the interaction effect followed a regular trend from 20 DAS to 

50 DAS. From 80 DAS the rate of increase declined irrespective to treatment 

variables (Table 6). This finding was supported by Yadav et al. (2002). 
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Table 6 No. of leaves per plant of okra as affected by the combined effect 
of sowing time and hormones at different growth stages 

Treatments 

Days after sowing (DAS) 

- 	20 35 50 65 80 95 

S1110  5.40b 8.66 d 10.54 f 16.56 e 17.44 g 19.23 f 

S,111  6.10 ab 10.44 d 15.43 de 18.09 de 20.04 I 25.04 de 

S1 H2  7.80 ab 11.56 cd 17.00 cd 20.54 d 24.05 cde 26.00 cde 

S1113  7.90 ab 14.56 h 23.21 h 24.32 c 27.00 cd 29.87 be 

S2110  7.10ab 10.06d 13.32e1 17.00de I9.06fg 22.03ef 

S21-11  7.50 ab 11.00 d 16.43 de 19.05 de 22.45 ef 24.06 de 

S2H2  8.30 ab 13.98 be 17.45 cd 25.45 c 26.88 cd 28.05 bed 

52113 8.50 a 18.00 a 26.95 a 35.56 a 37.94 a 40.06 a 

S;Ilo 7.10 ab 10.05 d 18.03 cd 16.87 de 19.45 fg 22.05 ef 

7.50 ab 14.00 be 15.02 de 20.12 de 23.04 clef 25.06 de 

53112 7.70 ab 14.67 h 20.05 c 24.54 e 27.44 c 31.55 b 

S3H3  8.00 ab 15.89 ab 26.43 a 30.56 b 34.02 I, 37.06 a 

LSDo.os 2.59 2.75 3.04 3.39 3.66 4.27 

CV (0/0) 8.54 8.90 9.03 6.45 7.86 6.45 

Means separation in columns followed by the same letter(s) are not significantly different at PsO.O5 

4.4 Leaf length 

Leaf length or okra was significantly affected by sowing starling from 

35 DAS up to 80 DAS (Table 7). At 35 DAS the highest leaf length (18.55 cm) 

was observed with April 21 sowing whereas the lowest leaf length (14.77) was 

observed with 22 March sowing. It was next to 21 April sowing. At later stages 

the maximum leaf length was observed with 06 April sowing which was 
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statistically identical with 21 April sowing. Although the effect was not 

statistically significant at 20 and 95 DAS however, numerically the trend was 

similar to other ages. Bhuibhar et al. (1989) also observed similar findings in 

Table 7 Leaf length of okra as affected by different sowing time at 
different growth stages 

Treatment 

Days after sowing 

20 35 50 65 80 95 

Sowing time 

March 22 (Si) 8.30 14.77 h 18.77 b 20.43 b 21.90 b 22.40 

April 06 (52) 11.40 15.00 b 22.00 a 23.56 a 25.09 a 26.77 

April 21(S3) 10.88 18.55 a 20.95 a 22.99 a 24.50 a 25.20 

LSD0•05  NS 1.80 1.55 2.41 2.51 NS 

Hormones 

Control (ho) 8.20 d 15.00 h 18.00 b 19.98 C 21.34 c 22.30 c 

Alga C3oW (H i ) 12.56 c 13.67 b 18.90 b 21.33 c 23.00 c 24.55 c 

Crop Care (H2) 14.33 b 19.07 a 26.76 a 27.89 b 29.09 b 30.50 b 

Ripen-15 (F!3) 16.78 a 20.33 a 29.0() a 32.00 a 34.00 a 36.10 a 

LSD0.05  1.35 2.66 2.70 3.01 3.22 4.07 

CV (%) 4.67 6.76 6.54 7.08 6.89 6.94 

Means separation in columns followed by the same letter(s) arc not significantly diFferent at P9.05 

Application of hormone had increased the leaf length of okra plant in 

this cxperimcnt (Table 7). The effect was statistically significant at all the 

growth stages. At 20. 35, 50, 65, 80 and 95 DAS the maximum Icaf length 

(16.78 cm, 20.33 cm, 29.00 cm, 32.00 cm, 34.00 cm and 36.10 cm) with the 
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application of Ripen-15 which was followed by Crop care. The lowest leaf 

length was observed with control treatments (Table 7). Deotalc et al, (1998) 

also observed similar result. 

Likewise the single factor effect the interaction of sowing times and 

hormones also significantly influenced the length of leaves in this experiment 

(Table 8). The increment of leaf length was prominent at earlier stages while at 

maturity the rate of increase was steady. Irrespective to growing stages, the 

combination of 06 April sowing and application of Ripen- 15 (82H3) gave the 

highest leaf length. However, the 22 March sowing without hormone (S1 F!0) 

produced the shortest plant. This result is partially supported by Iremiren and 

Okiy (1986). 

0-1 



Table 8 Leaf length of okra as affected by the combined effect of sowing 
time and hormones at different growth stages 

Days after sowing (DAS) 

Treatments 20 35 50 65 80 95 

SI T-JO  8.00e 13.78f 17.65d I8.90g 20.00f 21.60c 

S1 H1  9.33 e 16.77 def 23.44c 27.89b-e 28.66de 29.50abc 

S1 H2  10.66 de 17.89 de 25.54 be 30.00 bcd 31.45 cd 33.45 abc 

S1113 14.55 be 18.06 de 27.55 be 31.23 be 34.56 be 36.70 abc 

52110 9.02 e 14.56 ef 18.03 d 22.34 fg 24.34 ef 25.80 be 

S21-11  10.55 de 18.90 ed 23.43 C 26.43 def 27.00 de 29.30 abc 

S21-12  13.44ed 19.67cd 27.86bc 28.00b-e 29.33de 31.40abc 

52143 19.43 a 28.90 a 36.78 a 

19.09d 

38.96 a 

24.32ef 

40.00 a 

26.I2de 

41.30 ab 

27.80abc S3110 12.56cd 17.98de 

s3111  16.88 ab 22.56 be 26.85 be 27.00 cde 28.50 de 30.09 abc 

S3H2  17.00 ab 26.00 ab 29.06 b 32.00 h 34.88 be 36.10 abc 

S3113 18.323 26.98 a 34.56 a 37.89 a 39.50 a!, 42.40 a 

LSDo.os 2.97 3.79 4.10 4.27 4.87 13.76 	- 
CV (%) 9.56 6.77 6.54 7.03 7.59 	A  8.77 

Means separation in columns ioitoweii Dy Inc same lettefls) are not sigrnlicantly ditterent at 1S105 

4.5 Leaf breadth 

Leaf breadth of okra was significantly affected by different sowing 

times in this experiment (Table 9). The effect was significant at all the growth 

stages except initial stages (20 DAS). Maximum leaf breadth was observed 

with 21 April sowing at 35 and 50 DAS. But at 65, 80 and 95 DAS the 

maximum leaf breadth was Ol).SerVed with 06 April sowing. Nevertheless the 
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effect of 06 April and 21 April sowing was statistically similar at all the growth 

stages in the present study. In evety growth stages, the lowest leaf breadth was 

observed with 22 March sowing. The similar trends were observed in okra 

plants by Hussain et al. (2006). 

Table 9 Leaf breadth of okra as affected by different sowing time and 
hormones at different growth stages 

Treatment 

Days after sowing 

20 35 50 65 

Sowing time  

March 22 (S,) 7.47 13.29h 16.89h 18.39b 19.71 h 20.16b 

April 06(S2) 10.26 13.50 b 18.41 a 21.20 it 22.58 a 24.09 a 

April 21(S3) 9.79 16.70 a 19.80 a 2(}.69 a 22.05 a 22.68 a 

LSD0.0s 	NS 	1.08 	1.55 	1.89 	2.06 	2.12 

Hormones  

Control (Ho) 7.38 d 13.50 h 16.20 b 17.98 c 19.21 c 20.07 c 

AlgaOold(Hi) 11.30c 12.30b 17.01 b 1920e 20.70c 22.10c 

Crop Qtre (1-12) 12.90 b 17.168 24.08 a 25.10 h 26.18 b 27.45 b 

Ripen-IS (113) 15.10 a 18.30 a 26.10 a 28.80 a 30.60 a 32.49 a 

LSD0.65  1.54 1.80 2.26 2.35 3.01 3.21 

CV (%) 7.34 4.67 5.54 6.43 4.67 6.54 

Means separation in columns toltowed by the same Ictt(s) are not signilicantly different at P_-4105 

Different hormone had also it significant effect on the leaf breadth in this 

experiment (Table 9). The maximum leaf breadth at different growth stages 

(15.10 cm, 18.30 cm. 26.10 cm, 28.80 cm, 30.60 cm and 32.49 cm) was 

observed by the application of Ripen- 15. It was followed by Crop Care 
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application. At all the growth stages the lowest leaf breadth was found in the 

plant without treating with hormones. Barrington El al. (1996) also observed 

similar changes with the application of hormones. 

The increase of leaf may help to increase the total leaf area rendering the 

photosynthetic capacity. The leaf breadth of okra was significantly influenced 

by different combination of sowing times and hormones application in this 

experiment (Table 10). The response was significant at all the growth stages 

except 20 DAS. At other stages, the significantly highest leaf breadth was 

observed with 06 April sowing combined with the application of Ripen-iS 

(S2113). Irrespective to plant ages, the 22 March sowing without hormone 

(S1110) produced the shortest plant. These results are corroborated with Mondal 

ci' ci. (1989) 
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Table 10 Leaf breadth of okra as affected by the combined effect of sowing 
time and hormones at different growth stages 

Days after sowing (DAS) 

Treatments 20 35 50 65 80 95 

-  Sillo 7.20 g 12.40 f 15.89 d 17.01 d 18.00 e 19.44 g 

SJ11 8.401' 15.09 de 21.10 e 25.10 b-e 25.79 ed 26.55 ef 

S1 !-!2  9.59e 16.IOd 22.99 be 27.00 bed 23.31 be 30.11 cde 

S1 H 13.I0e 16.25d 24.80b 28.11 be 31.10th 33.03 abc 

S2110 8.12 fg 13.10ef 16.23 d 20.11 fg 21.91 de 23.22 fg 

52H1  9.50e 17.01 d 21.09c 23.79de 24.30cd 26.37ef 

S2H2  12.1Ocd 17.70 d 25.07 I, 25.20 b-c 26.40 bed 28.26 c-f 

S2113 17.49a 26.01 a 33.I0a 35.06a 36.00a 37.17ab 

- S110 lI.30d 16.I8d 17.18d 	-- 2I.89ef 23.5lcd 25.02e1 

- S3111 - 15.19 b 20.30 c 24.17 be 24.30 cdc 25.65 cd 27.08 del 

SH2  15.30b 23.40b 26.I5h 28.80b 31.39ab 32.49bcd 

53113 16.49 a 24.28 ab 31.10 a 34.10 a 35.55 a 38.16 a 

LSD0.05  1.09 2.40 2.96 3.50 4.89 5.07 

CV (%) 6.87 7.65 7.45 5.78 9.45 6.98 

iv.L,iIs cpututioii in coiumns IOlI()WCU Dy me same icwxsare not signilmantly ditterent at PS0.05 

4.6 Stem diameter 

With the increase of plant age the thickness of xylem and phloem 

increase and thus the stem diameter increased in plant. In the present study the 

stern diameter of the plant was significantly differed due to variable sowing 

times (Table 11). The variation of stern diameter was significant due to sowing 

times tip to 65 DAS. After this period the response was negligible. However, at 
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all the growth stages, the maximum diameter of stem was observed in 06 April 

sowing which was followed by 21 April sowing. In every case the lowest stem 

diameter was found in 22 March sowing. The highest stem diameter at maturity 

with 06 April sowing was 2.39 cm while the lowest was as 1.69 cm. This result 

is confirmed by Lee et at (1990) and Mondale: at (1989). 

Table 11 Stem diameter of okra as affected by different sowing time and 
hormones at different growth stages 

Treatment 

Days after sowing 

20 	-- 35 50 65 80 95 

Sowing time 

March22 (Si) 0.17 b 1.33 h 1.46 h 1.60 h 1.68 1.69 

April 06 (52) 0.50 a 1.88 a 2.07 a 2.26 a 2.37 2.39 

April 21(S3) 0.44 a 1.56 a 1.72 a 1.87 b 1.97 1.99 

LSD0.95  0.19 0.32 0.29 0.34 NS NS 

Hormones 

Control (Ho) 0.16b 1.28e 1.41 c 1.54b 1.61 b 1.63 

Alga Gold (Fl,) 0.24h 1.59 be 1.75 abc 1.91 ab 2.00ab 2.02 

Crop Care (112) 0.40 h 1.90 ab 2.09 ab 2.28 ab 2.39 ab 2.42 

Ripen-IS (113) 0.65 a 2.13 a 2.34 a 2.56 a 2.68 a 2.71 

LSD0.05  0.24 0.51 0.65 

2.33 

0.89 0.90 

4.67 

NS 

6.43 CV (%) 6.44 6.78 4.34 

Means separation in columns lhItowed by the same letter(s) are not sigutticantly dittèrcnt at FS0.05 

Plant hormones also had a peat role to initiate the stem expansion. In 

the present experiment the stern diameter was significantly affected with 

ditlèrent hormones except at maturity (Table II). At every stages of growth the 
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maximum stem diameter was observed with the application of Ripen- 15 while 

the lowest stem diameter was found in control plots. At later stages the effect 

of different hormones variation showed the identical results. But the effect was 

clearly distinguishable from the control plots. Ravindran (1971) and Lower ci 

al. (1970). 

The combined effect of sowing times and hormones showed a 

significant effect on the stem diameter increment of okra plant in this 

experiment (Table 12). The result was statistically significant at all the growth 

stages of crop. Irrespective to plant ages, the highest stem diameter was 

observed from 06 April sowing combined with the application of Ripen-15 

(S2113). 1-lowcver the 22 March sowing without hormone (S1 H0) produced the 

shortest plant. The increase of stem diameter was more prominent from 20 

DAS to 35 DAS which was very negligible between 80 Das to 95 DAS. 

Mondal c/al. (1989) and Fiussain c/al. (2006) found similar observations. 
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Table 12 Stem diameter of okra as affected by the combined effect of 
sowing time and hormones at different growth stages 

Days after sowing (DAS) 

1'reatmcnts 20 35 50 65 	- 89 	
[ 

95  

SI HO 0.15 d 1.29 c 1.42 b 1.55 b 1.63 U I.Mc 

S1111  0.34cd 1.69 abc 1.86 ab 2.03 ab 2.13 ab 2.15 abe 

S1112  0.56 abc 1.90 abe 2.09 ab 2.28 ab 2.39 ab 2.42 abc 

S,H3 0.60 ab 2.00 abc 2.20 ab 	- 2.40 ab 2.52 ab 2.55 abc 

52110 O.18d I.40bc 1.54b I.óSab 1.76h 1.78bc 

S2H1  0.22d I.SOabc - I.98ab 2.16ah 2.27ah 2.29abc 

S2112 0.45 be 1.98 abc 2.18 ab 2.38 ab 2.49 ab 2.52 abc 

S2H3  0.70 a 2.30 a 2.53 a - 2.76 a 2.90 a 2.93 a 

S3Il 0.20d 1.50 be 1.65ab 1.80ab 1.89ab 1.91 be 

S3H1  0.33ed 1.67 abc 1.84ab 2.00ab 2.10ab 2.13 abc 

83112 0.45 be 1.87 abc 2.06 ab 2.24 ab 2.36 ab 2.38 abc 

0.54 abc 2.lOab 2.31 ab 2.52 ab 2.65ah 2.67ab 

LSD0.05 0.20 0.65 0.77 9.97 0.97 0.82 

CV(%) 7.45 4.89 9.22 6.78 7.00 5.71 

Means separation in columns f011owed by 11w same letter(s)arc not signiiicanuy utrierent at fl:UJfl 

4.7 Weight of fruit 

Sowing times and well as hormones significantly affected the weight of 

fruit of okra. The fresh weight of okra fruit was greatly affected by sowing 

times in this experiment (Table 13). Significantly highest fresh weight (28.60 

g) was observed with 06 April sowing whereas the Jowest weight was observed 

with 22 March sowing. Dry matter production in fruit also got the similar 
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effect. In case of dry matter in fruit the maximum weight was observed with 06 

April sowing (2.29 g) while the lowest dry weight was found from 22 March 

sowing. Yadav and Dhankhar (1999) also obtained similar results. 

Hormones also affected the fruit weight of okra. In case of fresh weight 

the application of Ripen-IS gave the highest value (32.11 g). It was followed 

by the results found from the application of Crop Care (28.66 g). The control 

plot gave the lowest fresh weight of okra in this experiment (Table 13). 

Application of hormones also significantly increased the dry weight of fruit 

which differed among the hormones. The maximum dry weight of fruit was 

observed due to application of Ripen-IS (2.57 g) it was next to Crop Care (2.29 

g) and Alga Gold (2.05). The lowest value was observed in control plots (1.73 

g). Pandita a al. (1991) supported these findings. 
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Table 13 Weight of mature fruit of okra as affected by different sowing 
time and hormones 

Treatment Fresh weight 	thy weight 
of single 	it (g) 	of single fruit (g) 

Sowing time 

S1 - 22.I0 b 	-- I.77b 

28.60 a 2.29 a 

S3  23.44 b 1.88 a 

3.07 0.56 

Hormones 

110  21.67c - 	1.73b 

- l-I 25.66 be 2.05 a 

112 28.66 ab 	- 2.29 a 

113  32.11 a 2.57 a 

LSD0.05  4.39 0.89 	- 
-- CV (%) 5.66 7.89 

Means separation in columns followed by the same letter(s) arc not signifintIy different at P---0.05 

The combined effect of sowing times and hormones had the remarkable 

effect on the fruit weight of okra (Table 14). The fresh weight was significantly 

affected by different combination of these flictors. Significantly highest fresh 

weight (33.45 g) and dry weight (2.68 g) was observed from the combination 

of 06 April sowing and application of Ripen-IS (S31713) while the 22 March 

sowing without hormone (S3 110) produced the lowest fresh weight (21.08 g) 

and dry weight (1.69 g) of okra fruit. It revealed that to ensure the maximum 

accumulation of photosynthate in okra fruit the proper sowing times as well as 

application of potential hormones should he maintained. This result was 
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supported by Saipathy and Rai (1998); Alegbejo (2001) and Passam et al. 

(1998). 

Table 14 Weight of mature fruit of okra as affected by the combined effect 
of sowing time and hormones 

Treatments Fresh weight 
of single fruit (g) 

Dry weight 
of single fruit (g) 

S11-10 21.08 C 1.69(1 

S,FT, 23.33 be 1.87 bed 

81 H2 25.66 be 2.05 bed 

2.20 be 51113 27.54 abc 

821-lu 22.01 be 1.76 ed 

S2111 26.77 abc 2.14 bed 

S2H2 28.94 abc 2.32 ab 

$2113 33.45 a 2.68 a 

Sub 21.00c 1.68 d 

5;111 22.35 be 1.79 ccl 

831-12 27.87 abe 2.23 be 

s3113 29.08 ab 2.33 ab 

LSD0.05 6.85 0.41 

-- 	 45 CV(%) 8.45 

Means separation in columns followed by the same letter(s) are not significantly different ax P:-~0.05 

4.8 Fruit per plant 

The number of fruit is an important factor to increase the yield of okra. 

In this experiment the sowing times had a significant effect on the number of 

fruit per plant (Table 15). Significantly highest number of fruit per plant (46.6) 

was found with 06 April sowing which was followed by 21 April sowing. The 
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number of fruit was lowest when the okra plant was sown on 22 March. This 

result was supported by Palanisamy ci al. (1986) who observed the variation of 

increased fruit number in okra with optimum planting. 

Different hormones treatments were also significantly affected the 

number of fruit (Table 15). Among the treatments application of Ripen-I 5 gave 

the highest number of fruit (44.1) in this study while control plots produced the 

lowest number of fruits (37.8). The effect of different compound of hormones 

on the fruit bearing was statistically at per regarding this study. Choudhury and 

Pahatak (1959a) and Singh et al. (1999) also observed the increase in fruit 

number with these hormones. 

The significant interaction was noticed between the sowing times and 

hormones to produce the fruit in a plant (Table 16). The study showed that the 

combination of 06 April sowing and application of Ripen-iS (S3H3) produced 

the highest number of fruit (48.4) while the 22 March sowing without hormone 

(S,l-10) produced the lowest number of fruit (37.4). Muoneke ci at (1997); Nath 

and Saikia (1995) and Brar etal. (1994) partially supported the results. 

69 



Table 15 No. of fruits and yield of okra as affected by the different sowing 
times and hormones 

Treatment No. of Fruit 
plant-' 

Fruit yield plant-' 
(g) 

Fruityield 
ft hi') 

Sowing times 

March 22 (S,) 38.6b 853.06 c 10.22 b 

April 06 (S2) 46.6 a 1332.76 a 13.88 a 

April21 (S3) 44.2 a 1036.05 b 13.46 a 

1.31 LSD0.05  3.51 105.66 

Hormones 

Control (1i) 37.8 b 819.13 d 10.06d 

Alga Gold (111 ) 42.8 a 1098.25 c 11.25 c 

Crop Care (1-12) 44.1 a 1264.48h 12.56b 

Ripen-IS (113) 45.03 1444.95 a 14.06 a 

[SD0.05  2.51 96.54 1.08 

CV (%) 	- 9.32 8.76 	- 10.32 

Means separation in columns Ibliowed by the same letter(s) are not significantly different at P50.05 

4.9 Fruit yield per plant 

In this experiment, fruit yield per plant was significantly varied due to 

different sowing times (Table 15). The plants gave the maximum fruit yield 

(1332.76 g) when it was sown on 06 April. It was followed by 21 April sowing 

(1036.05 g). The lowest fruit yield per plant was observed in 22 March sowing. 

The results revealed the appropriate sowing times can increase the fruit yield 

up to 182.99 g per plant which is 21.45% higher. The result is in close 

conformity with that of Hossain c/aL (1999). Ghanti c/al. (199land Iremiren 

c/aL (1986) also supported the results. 
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Fruit yield per plant was also significantly affected by application of 

plant hormones (Table 15). Among the hormones treatments, Ripen- 15 

produced the highest fruit yield of okra (1444.95 g plant") which was followed 

by Crop Care (1264.48 g) and Alga Gold (1098.25 g). However, the control 

plots resulted with lowest fruit yield per plant (819.13 g). It was calculated that 

the application of Ripen-IS, Crop care and Alga Gold gave 76.40%, 54.36%, 

and 34.07% higher fruit yield, respectively over control in this experiment. 

Pawar ci al. (1977) found similar result. Fruit yield was found to he maximum 

with the application of NAA was reported by Singh and Singh (1977) and 

Gulshan and Lal (1997). 

Like the single factors, the intcraction effect of sowing times and 

hormones had also a significant contribution towards the seed yield in an okra 

plant (Table 16). In this study the interaction of 06 April sowing coupled with 

application of Ripen-IS (S2H3) produced the highest fruit yield (1618.98 g) 

while the combined effect of 22 March sowing and no hormones application 

(S,H) gave the lowest yield (788.39 g) which was statistically at per with S3140  

(802.10 g) and S2110  (818.77 g). This result was in acement with Iremiren and 

Okiy (1986) and Gadakh ci at (1990). 

- 
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Table 16 No. of fruits and yield of okra as affected by the interaction effect 
of sowing times and hormones 

Treatment No. of Fruit 
plant4 

Fruit yield planf' 
(g) 

Fruit yield 
(t ha) 

S1110  37.2 g 788.391 9.10 h 

S1 H1  39.0 efg 909.87 e 10.23 fg 

S1 H2  41Mdc 1052.06d 1I.24f 

S,1-l3 42.7cd I175.41c 14.05 bed 

S2110  37.4fg 818.771 10.11 gh 

S211 3  39.4 ef 1054.74d 1234e 

S2112  42.4 cd 1227.06c 13.56 ed 

S21-13 48.4 a 1618.98 a 15.98 a 

S31-l0  38.2fg 802.201 10.01 gh 

S3111 41.0de 916.35e 12.43e 

S312 	-  43.2 c 1203.98 c 14.54 be 

S3113 45.8h 1331.86h 14.87 b 

2.14 85.76 1.05 

CV (%) 9.32 8.76 10.32 

Means separation in columns tOltowed by the same tettas) are not signilicantly dilterent at l'W.U5 

4.10 Fruit yield per hectare 

Fruit yield is the ultimate product of different yield contributing 

characters. As the different plant characters of okra was greatly affected by 

sowing times as well as honnones, the fruit yield per hectare was also affected. 

Different sowing times had a significant effect on the fruit yield per hectare and 

in this study the highest fruit yield per hectare (13.88 ton) was obtained from 
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06 April sowing which was statistically similar with 21 April sowing (Table 

15). However the lowest fruit yield per hectare (10.22 ton) was observed from 

22 March sowing which was 30.07% and 31.70% lower than April 06 and 

April 21 sowing. This finding was in agreement with Palanisarny €1 al. (1986); 

Singh etal. (1986); Yadav etal. (2002) and Kamalanthan etal. (1970). 

Plant hormones also significantly affected the yield of okra per unit area. 

In this experiment significantly highest fruit yield was observed from the 

application of Ripen-15 (14.06 t hi5. The next higher fruit yield was observed 

from Crop Care (12.56 t hi') followed by Alga Cold (11.25 t haj. The lowest 

fruit yield per hectare was observed from control treatment (10.06 t hi') which 

was 39.76%, 24.85% and 6.46% lower than Ripen-15, Crop Care and Alga 

Gold application (Table 15). Culshan and La) (1997) also reported similar 

result in okra. 

A significant variation of fruit yield of okra per hectare was also 

observed due to the combined effect of sowing times and hormones (Table 16). 

In the present study the combined effect of 06 April sowing coupled with 

application of Ripen-15 (S2113) produced the highest fruit yield (15.98 t hi') 

while the combined effect of 22 March sowing and no hormones application 

(S1110) gave the lowest yield (37.2 t ha') which was statistically at per with 

S2H0  (37.4 t hi') and S3H0  (38.2 t hi) and S,H, (39.0 I hi'). Saijan  et at 

(2002) confirmed this result. 
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4.11 Correlation and regression analysis 

'fable 17 revealed that number of branches plant1, number of leaves 

plant', fresh weight of single fruit, dry weight of single fruit, number of fruit 

per plant and fruit yield of okra were positively correlated with each other. The 

intercorrelations were also highly significant. Number of branches plant- 

number 

lant

number of leaves plant-', fresh weight of single fruit, dry weight of single fruit 

and number of fruit per plant had a significant correlation with fruit yield with 

the r values of 0.925. 0.923, 0.915, 0.914 and 0.941. The coefficients of 

determination also showed a positive linear and significant relation of number 

of branches plant', number of leaves plant', fresh weight of single fruit, dry 

weight of single fruit, number of fruit per plant with fruit yield with R2 0.85**, 

R2 0.85**, R2 0.83**, R2 0.83**, R2 0.88**, respectively (Fig. 2, 3, 4, 5 and 

6). The slope for number of branches plant', number of leaves plant', fresh 

weight of single fruit, dry weight of single fruit and number of fruit per plant 

over the fruit yield indicated that an increment of I branches plant', 1 leaves 

plant', I g fresh weight of single fruit, 1 g dry weight of single fruit and I fruit 

per plant increases 2.53 ton, 0.33 ton, 0.53 ton, 6.62 ton and 0.61 ton fruit yield 

ha (Fig. 2, 3, 4, 5 and 6). 

The fruit yield variations of okra could be attributed to the number of 

branches plant', number of leaves plant1, fresh weight of single fruit, dry 

weight of single fruit and number of fruit per plant following different sowing 
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times and hormone treatments in okra plant. The above relations suggested 

ensuring the maximum yield it should be improved the yield attributes. 

Table 17 Correlation between fruit yield and yield attributes of okra as 
affected by the combination effect orsowing times and hormones 

Parameters No. of Fresh Dry No. of Fruit 
leaves weight of weight of fruit per yield 

per plant single fruit single fruit plant 

No. of 0.901" 0.824" 0.820 
0907*t  

0.925" 
branches per 
plant 

No. of leaves 0.902 - 0.902" 0.980°  
per plant 

Fresh weight 1.000" 0.912" 0.915" 
of fruit per 
plant 

Dry weight of 0.913" 0.914" 
fruit per 
plant 

No. of fruit 0.941" 
per plant 

** Correlation is significant at the 0.01 level. 
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CHAPTER V 

SUMMARY AND CONCLUSION 

The study was carried out at the Horticultural Farm of Sher-e-Bangla 

Agricultural University, Dhaka, Bangladesh to find out the suitable sowing 

times and hormones for optimum yield of the okra. The results are summarized 

below. 

Different sowing times affected the plant height of okra plant in this 

experiment. But significant variation of plant height due to sowing time was 

observed from 50 DAS. At every stage, the tallest plant was recorded at April 

06 sowing which was followed by April 21 sowing. The maximum plant height 

was observed with Ripen-IS at all the growth stages. At different growth stages 

up to 41% increase of plant height was noticed with the application of 

hormones over control treatment At all the growth stages the treatment 

combination of April 06 and Ripen-iS (S21-13) produced the tallest plant while 

the 22 March sowing with no hormone (S1110) produced the shortest plant. 

In every ease. 06 April sowing produced the maximum plant height in 

this experiment. From 80 DAS onward the increase of branches in the plant 

was negligible whereas the effect was significantly affected by sowing times. 

Among the hormones Ripen- I 5 showed the best results to produce the 

branches. Different hormones had a distinct dilferences compared to control 

treatments at all the growth stages except during anti after maturity. From the 
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experiment it was observed in most of the cases 06 April sowing combined 

with the application of Ripen-IS (S21-13). However the 22 March sowing 

without hormone (S1-I) produced the shortest plant. 

From the comparison it was observed that in most of the cases 21 April 

sowing produced the maximum number of leaves in okra plant whereas the 22 

March sowing resulted the lowest number of leaves. In all cases maximum leaf 

number was noticed with Ripen-iS treatment. However, it was statistically at 

per with Crop Care at all the growth stages except 35 DAS. At all the growth 

stages the interaction of 06 April sowing combined with the application of 

Ripen-) 5 (821-13). However, the 22 March sowing without hormone (S1 H0) 

produced the shortest plant. 

The maximum leaf length was observed with 06 April sowing which 

was statistically identical with 21 April sowing. At 20, 35, 50, 651 80 and 95 

DAS the maximum leaf length (16.78 cm, 20.33 cm, 29.00 cm, 32.00 cm, 

34.00 cm and 36.10 cm) with the application of Ripen-IS which was followed 

by Crop care. Irrespective to growing stages, the combination of 06 April 

sowing and application of Ripen-15 (521-13) gave the highest leaf length. 

However, the 22 March sowing without hormone (S1 H0) produced the shortest 

plant. 

Maximum leaf brcadth was observed with 21 April sowing 35 and 50 

DAS. But at 65, 80 and 95 DAS the maximum leaf breadth was observed with 

06 April sowing. The maximum leaf breadth at different growth stages (15.10 
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cm, 18.30 cm, 26.10 cm, 28.80 cm, 30.60 cm and 32.49 cm) was observed by 

the application of Ripen-IS. It was followed by Crop Care application. The leaf 

breadth of okra was significantly influenced by different combination of 

sowing times and hormones application in this experiment. The significantly 

highest leaf breadth was observed with 06 April sowing combined with the 

application of Ripen-15 (S21-13). Irrespective to plant ages, the 22 March sowing 

without hormone (S1140) produced the shortest plant. 

At all the growth stages, the maximum diameter of stein was observed 

in 06 April sowing which was followed by 21 April sowing. In every case the 

lowest stein diameter was found in 22 March sowing. At every stages of 

growth the maximum stem diameter was observed with the application of 

Ripen-i 5 while the lowest stem diameter was found in control plots. 

irrespective to plant ages, the highest stem diameter was observed from 06 

April sowing combined with the application of Ripen-15 (S2113).  However the 

22 March sowing without hormone (S1  U()) produced the shortest plant. 

Significantly highest fresh weight (28.60 g) was observed with 06 April 

sowing whereas the lowest weight was observed with 22 March sowing. Dry 

matter production in fruit also got the similar efThct. In case of dry matter in 

fruit the maximum weight was observed with 06 April sowing (2.29 g) while 

the lowest dry weight was found from 22 March sowing. Hormones also 

affected the fruit weight of okra. In case of fresh weight the application of 

Ripen-IS gave the highest value (32.11 g). Application of hormones also 
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significantly increased the dry weight of fruit which differed among the 

hormones. The maximum dry weight of fruit was observed due to application 

of Ripen-15 (2.57 g) it was next to Crop Care (2.29 g) and Alga Gold (2.05). 

The lowest value was observed in control plots (1.73 g). The fresh weight was 

significantly affected by different combination of these factors. Significantly 

highest fresh weight (33.45 g) and dry weight (2.68 g) was observed from the 

combination of 06 April sowing and application of Ripen- IS (S3H3) while the 

22 March sowing without hormone (Sl-l) produced the lowest fresh weight 

(21.08 g) and dry weight (1.69 g) of okra fruit. 

Significantly highest number of fruit per plant (46.6) was found with 06 

April sowing which was followed by 21 April sowing. Among the treatments 

application of Ripen-iS gave the highest number of fruit (44.1) in this study 

while control plots produced the lowest number of fruits (37.8). The study 

showed that the combination of 06 April sowing and application of Ripen-iS 

(83113) produced the highest number of fruit (48.4) while the 22 March sowing 

without hormone (S11T0) produced the lowest number of fruit (37.4). 

The results revealed the appropriate sowing times can increase the fruit 

yield up to 182.99 g per plant which is 21.45% higher. Among the hormones 

treatments. Ripen-IS produced the highest fruit yield of okra (1444.95 g plant' 

5 which was followed by Crop Care (1264.48 g) and Alga Gold (1098.25 g). 

The interaction of 06 April sowing coupled with application of Ripen-iS 

(S2113) produced the highest fruit yield (1618.98 g). 
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Different sowing times had a significant effect on the fruit yield per 

heetare and in this study the highest fruit yield per hectare (13.88 ton) was 

obtained from 06 April sowing which was statistically similar with 21 April 

sowing. In this experiment significantly highest fruit yield was observed from 

the application of Ripen-IS (14.06 t h1). The combined effect of 06 April 

sowing coupled with application of Ripen-IS (S2H3) produced the highest fruit 

yield (15.98 t hi') while the combined effect of 22 March sowing and no 

hormones application (S,H0) gave the lowest yield (37.2 t hi'). 

Correlation and regression study revealed that the number of branches 

plant', number of leaves plani', fresh weight of single fruit, dry weight of 

single fruit and number of fruit per plant had a significant correlation with fruit 

yield with the r values of 0.925, 0.923, 0.915, 0.914 and 0.941. The coefficients 

of determination also showed a positive linear and significant relation of 

number of branches plant4, number of leaves plant, fresh weight of single 

fruit, dry weight of single fruit, number of fruit per plant with fruit yield with 

R2=0.85**, R?=0.85**, R2=0.83**, R2n0.83**, R2=0.88**. respectively 

The study will now provide guidelines about sowing times and 

hormones for the okra production. I lowever, further field trial may be taken in 

different agroecological zones in relation to the physiological and biological 

aspects of this crop with more extended sowing times and different rates of 

these hormones to reestablish the findings obtained in this study. 
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APPENDICES 

Appendix I Monthly average temperature of the experimental site during 
the study period 

Month, 2007 Average aiW temperature (C) 
Maximum Minimum Mean 

March 31.50 	- 19.60 25.55 

April 33.74 23.87 28.81 

May 34.70 25.90 30.30 

June 32.40 25.50 28.95 

July 31.40 25.80 28.60 

Appendix H Monthly total rainfalj, average relative humidity and total 
sunshine of the experimental site during the study period 

Month, 2007 Total rainfall 
(mm) 

Avenge RH (%) Total sunshine 
hour 

- March 160 47.00 255.01 

- April 185 69.41 	- 234.06 	- 

May 185 70.00 241.08 

June 628 81.00 96.00 

- July - 542 80.00 97.00 



Appendix Jil Nutrient value per 100 g of okra 

:— 
--a 

Components Amount* 

Carbohydrates 7.6 g 

Dietary fibers 3.2 g 

Fat Olg 

Protein 2.Og 

Folate (Vitamin B9) 87.8 gg (22%) 

Vitamin C 21 mg (35%) 

Calcium 75 mg (8%) 

Magnesium 57 mg (15%) 

Vitamin A 660 LU 

Pcrccuagc arc relative to rccommcndatious for athilts 

Source: Wikipedia (2008) 
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Appendix IV Taxonomy of okra plant 

Kingdom: Plantae 

Division: Magnoliophyta 

Class: Magnoliopsida 

Order: Malvales 

Family: Malvaceae 

Genus: Abelmosehus 

Species: esculen/wi 

Binomial name: Abelmoschus esculenlus (L.) Moench 
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