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index ( 21.83%). 

• 

n e periment was carried out to investigate the effect of nitrogen and boron on the 

growth and yield of sesame cv. T-6 at the field laboratory of Sher-e-Bangla 

Agricultural University Dhaka-1207. The experiment comprised four level of .. 

Nitrogen viz, 0 30 .. 60 and 90 Kg N ha-1 and four levels of Boron viz. 0 0.80, 1.60 

and 2.40 Kg B ha". The experiment was laid out in a Randomized Complete Block 

Design with three replications. Results revealed that nitrogen and boron had 

significant effect on growth yield and yield parameters of sesame. Among the four 

levels of nitrogen 60 Kg N ha-1 performed the best in obtaining the highe t values in 

almost all parameters such as plant height ( 110.04 cm) at 60 DA .. number of capsules 

plant" (32.59) .. number of seeds capsule" (69.65), 1000 seed weight (2.7lg)'t seed 

yield ha-1 (1346.74 kg), stover yield ha" (5509.80 kg). Boron also showed 

significant effect on growth and yield of sesame. Boron at 1.60 Kg ha" produced the 

highest value in all parameters except number of leaves plant' 1• The lowest value in 

the studied parameters was obtained from the control treatment. In re pect of the 

interaction 60 Kg N ha-1 along with 1.60 Kg B ha" gave the talle t plant (117.08 cm) 

at 60 DAS and produced the highest number of capsules plant" (36.05) capsule 

length (2.42 cm) 1000 seed weight (2.87 g), seed yield ha·1 (1628.91 kg) and harvest 

ABSTRACT 

- 





I 

t . iciry M llr y. 1967 . hese esame ii ake i a ry go d cattl ' 

lin, a c mpon nt of th oi I ha ynergi tic err, t ' ith pyr thrum and incr a the 

paint. p ·rfun1erJ indu try and in pharmac utical as an ingr ·di .nt oil drugs ..... same 

manufactur . us a lubricant for v hicl , disposing agent \ •i th in ectici J a 

• • 
111 111a1·g,a1·111 such a purpo tl1 a 11ai1· oil i11 Ba11gladesi1. It also meet 

including large amount of olic and linoleic acid (BI 

hich i u e fu! for l1t1111ar1 b d "' co11ta111 more than 80o/o t111 aturated fatty acid al 

0.9-% K and 40.4 to 52.7% protein on oil fr e ba i (Dhindsa and Gupta, 197" . Lt 

reducing ubru· 5.62 to 7.25% total sugar 0.82 to 1.4 % a 0.41 to 0.71% P. 0.4 to 

and 2 o/o protein (B RI 2001 ). It also contains 0.1 r 6 to 0.288% • . 1.12 to l. l 51 % 

to ariets I difference it contains 37 to 63o/o oil (BI A. 2004). 14 to 20% carbohydrat 

e ame i a ver atil crop \ ith high quality edible oil having div r ified usag . Due 

entral America are the major production area of it. 

b n gTov,rn aJI o r the V\1 rid. The tropic and ubtropics of Asia frica ... ast and 

ultivated herb vhich can b easily grown under rain fed upland condition. It has 

a111e i 2.9 million int (FAO, 2003). esame i a drought r si rant annually 

B R1, 200 I). lt rank 4th among the oil crop in the world, The \ /orld production of 

occupi s econd position a oil crop in Bangladesh followed by rape and mustard 

Pedaliacea family. It is locally known as 'Til '. In cultivabl area and production it 

rune ( e .. amum indicum is one of the most important oil crop under th 

INTRODUCTION 

CHAPTER 1 

• • 
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The practice of intensive cropping with modern varieties causes a marked depl tion f 

inherent nutrient reserves in oil of Bangladesh. Deficiency of primary nutri nt 

./J In view of population growth, the requirement of edible oil that the production of 

edible oil should be increased considerably to fulfill the increasing demand .. Th 

production may be increased either by increasing cropping area under oil crop or 

increasing yield per unit area. But in the present condition scope of e pan. ion of oil 

crop area is narrow. So there is a general consensus that increasing yield per unit area 

is most rea onable way to increase total production. ~ 
• 

~angladesh face an acute shortage of edible oil. The total production of edible oil in 

th country is not sufficient to meet its requirement. The area and production of oil 

eed crops in Bangladesh during 2002-03 were 46 000 acre and 24, 000 metric tons 

respectively (BB , 2004). This production only ensures 4g per capita. People can 

consume only I 0 g of oil day" summing local production and foreign import. But the 

e pert says, an adult should consume 22g oil day" for better health. o at present the 

country is experiencing 70% oil deficit (Wahhab 2002)~# 

contain high amount of good quality protein. esame seed meal is rich in minerals 

and contains availabl fatty acids and amino acids which may be a good feed of fish 

and animal (Nwokolo. 1987). Sesame oilcake contains 6.2 to 6.3o/o 2.0 to 2.1 % 

P20s and I. I to 1.3% K20 (Chakraborty el al., 1984).The cake is al o used as manure 

(Cooley, 1967). Fried seed of sesame mixed with sugar or in the form of sweetmeat 

'tiller khaja' is a tasty food. The use of the seed for decoration on the surface of 

breads. 'nimkies', biscuits and cookies is most popular to the Americans. 
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esame can pla.. an important role to fulfill the local demand of edible oil, because 

the climate of our country is suitable for sesame production. Bangladesh produced 22 

thousand metric tons of sesame from 36.84 thousand hectare of land every year. 

(BB . 2004). As sesame is short duration and photo insensitive crop with wider 

adaptability. it can be cultivated in both Rabi and kharif-I seasons but l\ o third area 

is produced in kharif-1 season of the year. Yield of sesame per unit area in our 

country is very low compared to other sesame producing countrie . The a erage 

production of sesame in farmers level is only 0.55 ton/ha (BARI. 1998). The main 

reasons for poor yield are Jack of modern varieties production input , improper 

management practices and cultural operations. 

itrog n is one of the accelerating factor of crop production. s an e ential of 

protein it is needed for growth and dev Iopment of all living tissue . It i an important 

constituent of chlorophyll the green pigment of healthy tissues. 1 itrogen is one of th 

dominant factors for yield of sesame (Ti ari el al., 1994). 

e pecially nitrogen has been reported since a long time. Every year a large amount of 

nitrogen is lost by different processes such as leaching volatilization de-nitrification 

etc. o as an accelerating factor for production nitrogen should be added for better 

production. Beside primary nutrient some micronutrient deficiency viz B Zn and Mo 

ha e also appeared in some soils and crops (Khanarn et al., 200 l ;. I lain et al. 1999 

and Jahiruddin et al .. 1995 . Ahmed and Hossain (1999) stated that Bangladesh had 

one million hectare of land which had been boron deficient. Thi element defici ncy 

i u ually ob erved in light textured and high P11 soils. 



component of sesame. 

111. To determine the interaction effect of nitrogen and boron on yield and yield ••• 

To determine the effect of boron on yield and yield components of sesame and • • ]]. 

se ame 

i. To determine the effect of rate of nitrogen on yield and yield parameters of 

e arne using the cultivar "T-6 with the follo ing objectives: 

the present , perirnent was undertaken to study the effect of nitrogen and boron on 

may have a great importance. But tudies on thi discipline are very limit d. J Ience 

( ri asta a et al. 1996). Beside this different combinations of nitrogen and boron 

Bor n deficiency may also be one of the factors responsible for uch lo -ield 

4 
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and 160 kg ha-1 • Application of nitrogen at 1 "0 kg ha-' iguificantly incr a ed th 

r spon e of se: ame (, -18 and -20 to different rate f nitrogen 0. 40. 70 l 00, l .. 0 

Chang et al. (2005 carried out a field xperiment during 2004 in Paki tan to study the 

produc d high total n1arketable yield. 

rain) eason and apply 30 kg /ha in a ingle dose 2 ' eeks aft r sowing. lt al so 

radiah1n1). They sugg st d that the Lann rs hould grow egetable se c me during 

ame (_ nitr gen level (0. 30. 60 kg ha-1) on th productivity of vegetable 

uwalu et al. 2007 conducted a field experiment and observed that the eff ct f 

2.1 Effect of nitrogen on growth and yield of se ame 

ffect of nitr gen and boron D rtilizer 011 grov th and yield of se ame. 

of s . ame along with e sential elements. In this chapter it was tried to revie the 

directly ontrol yield. itrogen and boron are tv o vital elements for growth and yield 

rea ons. Among the reasons, fertilizer management is one of the key factors which 

i till I0\\1 compared to other esame producing countries of th orld due to various 

i111portant role to mitigate edible oil demand of peopl . But th production or th crop 

a111 i~ 011e of the 1110 t important oil yielding crops i11 Bangladesh. It 111ay play a11 

REVIEW OF LITERATURE 

CHAPTER2 
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I ngth of the fruiting zone wa high st at 60 kg feddan' [1 f ddan = 0.42 ha . 

esam cv. iga 32. The height of the first branch and first capsule a .. veil a th 

plant population 70.000, 35000 and 235000 plants feddan-1 on the performance of 

date (10 and 25 May and JO June) N fertilizer rate (60. 80 and 100 kg f ddan-1 and 

Rahman et al. (200"' conducted an xperirnent to in .estigat the effect of owing 

recommended rate. 

and 1000- e d weight were obtained with the application of 100% of th 

nitrog n as green manure (50% + YM (50o/o) but highe ·t number of seed cap ule-1 

wa highe t in ca e of 60 kg ha-1 (100% of recommended dose) and application of 

ha-1 . Th found that. the number of capsules plant. seed and tover yield of se am 

100°/o . and in ca of groundnut at 0 50. or l 00% of recommended do e (30 kg 1 

(25% + FYM 25% + urea (50%). green manure (50%) ·- YM (50% or urea 

through green manure (25% + urea (75o/o), FYM (25%) + urea 75%). green manure 

100% of the recommended rates of 60 kg ha-• but in rice nitrogen was supplied 

itrogen wa supplied to se a111e at 0 .. 50 or l -1 1a . seed ield was highest ith 60 kg 

of r rtilizer on sesame in rice-groundnut- sesame cropping sy tern and found that 

ujathamma et al. (2003) conducted an experiment on the dir ct and residual effect 

attri but wi th hi gh al ties und r 60 kg ha-1• 

reported that th rol of nitrogen resulted significant increa e in gro th and yield 

augrai a and Jhapat ingh (2004) conducted a field xperim nt in hhattisgarh and 
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El-serogy (1998) evaluated the effect of nitrogen application such a 1-3 of rate 

during sowing and 2/3 during thinning. 1-3 of the rate during SO\ ing, 1-3 during 

thinning and 1-3 at the set of flowering full rate during thinning. on the yield and 

yield components of sesame cv. Giga-32. Taller plant lov er stein height to the fir t 

capsul and higher fruiting zone number of capsule plant' 
1 

seed weight plant 
1• 

1000- 

eed weight and eed yield feddan" (1 feddan = 0.42 ha) \ ere obtained with 

application of 1-3 N at sowing 1-3 at thinning at 1 /3 at the onset of flowering. 

11 Wang et al. (2001) observed dynamics of the flowering rate of autumn season from 

early-blooming stage to final-flowering stage. itrogenous fertilizers applied in the 

flower-bud period made the autumn sesame enter flowering t\~10 days earlier and one 

day earlier into full bloom-stage compared with control. Its yield increased by 5.1 %. 

Pathak et al. (2002) evaluated the effect of nitrogen levels (0, 15, 30 and 45 kg ha-1) 

on the growth and yield of sesame. N at 45 kg ha-1 recorded the highest mean values 

for plant height (74.3 cm) number of branches plant 1 
( 4.50) number of capsules 

plant-I (39.0) and 1 000 grain weight (2.91 g). at 45 kg ha-1 also recorded the 

highest value for seed yield, net return and benefit cost ratio. 

Malik et al. (2003) in a study observed the effects of different nitrogen le els (0 40 

and 80 kg ha-1)on the productivity of sesame cv, T -3 in Faisalabad. Paki tan under 

different plant geometries and shown that 80 kg N ha produced the highest eed yield. 

1000- eed weight, oil content and protein content. 
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zorpirillutn and 30 kg ha-1 + Azo17Jiri/111111. 

obtained -..; ith application of 60 kg ha-1 " hich was a· par ith 45 kg ha-1 + 

' as as p r with 45 kg ha-1 -Asonnrttno» ueatment. h highe l 

wing . at 60 kg ha-1 recorded more number of cap. ul s and seed cap ul -t whi h 

as applied at split doses (basal and top dre ing 30 days c fl r A ~01~pi1-illu111 

ha-1 + Azorptrillum: 60 kg 1 1a-1+ 

treatrn nts such as no (control) Azorpiril/11111 (3 kg ha") soil application· 60 kg 

arala et al. 2002 in an experiment of sesame which was given 6 fertilizer 

both Rabi and kharif seasons. 

ignificantly recorded the maximum seed, net income, and benefit co t ratio in b th 

than the recommended in combination ' ith seed inoculation with A:::o ipirillum 

Jina a aramban et al. (2002) reported that application of an e tra 25o/o of nitrogen 

75 kg feddan": 

branche and cap ules plant" 1• eed index and capsule length were highest with 60 and 

ther aft ·r increa ing rate increased plant height length of fruiting zone, number of 

iza- "2 as tudied. a an1111011ium nitrate wa applied after thinning and .., weeks 

Bain (2002 evaluated the effect of at 45, 60 and 75 kg f ddan-1 on s same c . 

which er given 0 to 90 kg ha-1. seed yield increased ' ith up to GO kg (388 kg 

h -l a . 

, umathi and Jaganadhain (1999 conducted an experiment with 4 same cultivar 



Singarax el and 1ovindasan1y (1998 conducted an e periment ith se ame cv. lV- 

4 hich wa given 35 kg N ha·1 and/or Azo. ipirilliun togeth r with 0 l 0. 20 r 30 kg 

humic acid/ha. eed yield and dr_ matt r production w r gr atest ith 

f rtilizer+20 kg humic acid. 

Patra 2001 found out effects N on yield and yield attributes of same cv. Kalika. 

wa applied at 0 30. 60 and 90 kg ha·', plant height, branches plant" 
1, 

capsule plant 1. 

seeds cap ule. capsule l ngth, 1000 seed weight and eed yield significantly increa d 

with increa ing rat· sup to 60 kg 1 ha-1. 

nlrilkumar et al. (2000) evaluated the effect of intra rO\V spacing and nitrogen level 

with and without Azospirillum inoculation on gro\ th and yield of se an1e. Yi Id \ -as 

hihest with 43. 75 kg ha"1 plus seed inoculation with Azo. pirillurn, 

hfaq et al. 2001 studied the response of 2 sesame g notypes (9200 land T 3) to 

different rate of and p (0. 40, 80 and 120 kg ha·1 grain yield. ield component 

and harvest index increased with increa ing rates. 1 he high st yield er obtained 

with 12-0 kg and 40 kg l1a-1 phosphorus re .pectively. 

111 el al. 2001) gave 0 30, 60 and 90 kg ha"1 and th y obtained highest number f 

cap ul plant' 1• i.:::i.:::d cap uli::-1 1000 seed \ eight seed yield straw yield and harve t 

inde from 90 kg ha". 
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Mondal et al. (1997) in a trial with sesame applied 0 30 60 90 and 120 kg 
1 

ha": 

Plant height, dry matter accumulation number of cap ules plant 
1 

number of s ed 

capsules", 1000 seed weight. seed yield were a11 increa ed as nitrogen fertilizer rate 

was increased. However, harvest index was not ignificantly affe ted b 

application. 

Dixit et al. (1997) asse sed productivity of sesame cv. T -25 and Rasua-17 with th 

application of 0 to 90 kg ha-1. Application of up to 60 kg ha-1 increa e the eed 

yield significantly and gave the highest net profit. 

Patil et al. (1996a) reported that sesame cv. Padrna which was gi en 0-50 kg ha-1 

produced mean seed yield was 0.58 t ha-1 and a return was highest at 50 kg ha-1• 

hewal et al. ( 1995) observed that sesame cv. Tapi and Hawari gave highest seed 

yield of 541 kg ha-1 when 50 kg N ha·' was applied. 

Tiwari et al. (1999) reported sesame cv. Co-1. Tka-9 ar1d Tka-21 producing mean 

seed yields of 3.71, 3.17 and 2.57 t ha-1 respectively while rates of 0 30 45 60 

and 75 kg ha-1 and produced mean yields of 1.66. 2.27, 3.17 4.19 and 4.41 t ha-1. 

Mitra and Pal ( 1999) r ported that the dry matter number of capsules plant" 
1 

seed 

capsule" and seed yield of esame increased significantly up to l 00 kg ha". Further 

increase i11 nitrogen depressed the seed yield and yield attributes. 
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Puste and Mai ti (1990) obtained 632. 772 885 and 919 kg ha" . i Id when it wa 

treated with 0 40. 80 and 120 kg N ha-1 re p cti ely. 

amui el al. 1990 found that dry matter production and . P and K uptake in J 

esame cul ti ars increa ed when "0 or 60 kg ha·1 as applied. 

inharoy et al. l 1990 reported that application of 30 and 60 kg ha·1 increa d plant 

height and number of primary branches plant' 1 and seeds cap ule-1 and gave a erage 

seed yield of 651 and 801 kg ha· 1. 

Majurndar et al. (I 987) reported nitrogen application (60 kg ha" to Iateritic acidic 

soil increa ed the cap ·ule number plant' 1, seed number capsule" I 000 eed weight, 

plant height and seed yield. 

Bala ubramaniya 1996a) in a fi ld experiment with se ame cv. TMV-4 and TM -6 

during 1992-93 which were given 0, 25 and 50 kg ha·1• Highest seed yield was 644 

and 758 kg ha-1 when it was gi en 50 kg ha·'. 

Patil et al. (1996b) worked with t\VO vari tie of' sesame treated with 0 25 and 50 kg 

ha" and obtained highe t yield 732 kg ha" when it was treated with 50 kg ha-1• 

A hok et al. (1996 obtained highest sesame se d yieldv hen it v as treated ith 90 kg 

l1a·1 in 1990 and 60 kg · ha·1 i11 1991. 



12 

, atyanarayn (1978) applied 25 to 50 kg ha to se. ame and obtain d high t yield 

when it · a treated with 25 kg N under irrigated c 11~ ideration. 

hakraborty et of. ( 1984) reported that increasing nitrogen rat s from 0 to 120 kg ha-1 

in esame increased seed yields from 238 to 990 kg ha". 

Kamel et al. (1983 applied 0. 36 and 72 kg ha-1 and reported that .ed yield wa 

highest with 72 kg l1a-1 application. 

Vijan et al. (1987) applied 40 kg ha-1 to se ame cv, C-6 and found increased seed 

yields from 0.73 to 0.98 t ha-1• seed oil content of 48.1 to 56.3o/o and protein content 

from 19.4 to 20.9%. 

seo et al. 1986) conducted an experiment with 0-180 kg ha" and obtained highe t 

yield 1.01 kg ha-1 when it was treated with 80 kg ha-1• 

Kandam (1989) observed 0.60. 0.69 and 0.61 (t ha-1) seed when it was treated \ ith 0. 

25 and 50 kg l1a-1. eed yield increased with increasing N rate . 

Pi11 da and Velasqu z ilva (1987) conducted an experiment with 0 50 and 100 lb 

/manzaha a urea of' which 50% was appl ied at sowing and 50°/o at 45 day later. 

Po oltega application of l 00 lb N increased seed yield from 1.19 to 1. 72 t manzana". 

[ 1 rnanzana=O. 7 l1a]. 



handrakar et al. (1994 reported that seed yi Id increa ed with in rea ing nitrog n 

rates O~ 50 l 00 or 150 kg ha"). 

Rao et al. 1993 ob erved that seed yield incr a ed \i ith in rea ing 1 itrog n 

application from 0, 40 and 80 kg ha-•. 

positi ely correlated with number of branches. number of cap ules plant" numb r of 

seeds capsule" and l 000 seed weight. umber of seed cap ule-1 had the highe t 

positive ffect on seed yield followed by number of cap ules plant. 1. 

plant increa es with upto 36 kg 

Ramakrishnan et al. (1994) used 5 sesame cultivars with 0-90 kg 1 ha-1• eed yield 

Velazquez el al. 1983) at Tapanatepae sesame cv. ardo a gi en 0 to 150 kg I 
1 

ha-1• The highe t yield v as obtained with 100 kg ha-1 and the optimum economic 

treatment wa 45 .5 kg ha". 

Mehrotra et al. ( 1978) reported that average seed ~ ield of e ~a111e was increased from 

400 to 760 kg ha-1 with increased rates of N from 0 to 30 kg ha-1. Further increa es in 

yield with 45 kg l1a-1 were not significant. 

numb r of effective capsules plant". 

feddan" N application also increa ed plant height and when it was gi en 45 

Abdel-Ralunan et al. (1980 grew esarne cv. iiza-Zf with 0 30 and 45 f~ddan-1• 

l .. he highe t s ed yield (4.25 ardeb feddan") and yield component were obtained 
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Fl- ue ni et al. ( 1994) conducted an e periment with 15 30 and 45 kg 
1 fl ddan" 

and obtain great st crop plant height and seed . i Id of 134 cm and 11.58 g plant" 

re pectively wh n it" as treated with 45 kg feddan·1 [I f ddan = 0.42 ha]. 

+ 50% at 40 significantly up to 40 kg N ha·1 and was highest with 50% at 15 D 

DA . 

50% at given 0-60 kg ha·1 applied 50% basal 1- 50o/o at 40 day after sowing (0 

harrna and Kewat (1994) carried out a field trial with esame cv. -32 ' hich wa 

Pa' ar ,t al. ( J 993 u ed 0 40. 80 or 120 kg ha·1 in se am . ed yield increa ed up 

to 120 kg l1a-1. 

l hwar et al. (1994 report d that sesame given 0, 30 and 60 kg ha·1 gave mean seed 

yieldof470 531 and590kgha·1• 

Tiwari t al. ( 1994) conducted a field experiment wi th no f erti I izer 60 kg ha' 1 60 

kg + 30 kg P + 0 or 20 kg or 60 kg N + 30 kg P + 20 kg + 25 kg Zn. ean seed 

application of· 60 kg N + 30 kg P + 20 kg K. 

Rao et al. ( l 994 applied 0. 40 and 80 kg N ha·1 and reported that se d yi Id plant' 1 

was po itively correlated within th order eeds plant 1 > capsule plant' 1 > I 000 s ed 

weight> leaf area plant" 1 > branch s plant' 1 > capsul length> plant height. 



15 

haubery et at. 2003) conducted a field trial in Uttar Pradesh India during Kharif 

season of 1997-98 to study response of nitrogen on ield and ) ield attribut of 

sesame ( esamum indicum c . T-4). The yield and yield attribut of ame ' r 

significantly increased with the application of different level nitrogen (0. 15, 30, 45 

and 60 Kg ha-1 • 

Tiwari et al. (2002) in a field experiment nitrogen (15, 30 or 60 Kg ha-1) and ulphur 

(0. 15 or 30 Kg ha-1) to sesame varieties (TKG21. TKO 22 and Rs226) in Madhaj a 

Pradesh. India to investigate optimum dose of nitrogen and sulphur. They found that 

significant improvement in growth and yield (plant height, number of seeds capsule". 

1000 seed weight and straw yield) was observed for nitrog n at 60 kg ha·1 compar d 

with 15 kg ha-t. 

Sharma et al. (1996) applied 0-90 kg nitrogen to sesame c . T -25 and TKG-9. M a11 

seed yield increased with upto 60 kg ha·1 (343 kg ha-1). 

Bala ubramaniyan (1996b) grew sesame at 0 30, 60 and 90 kg N ha-1. Yield was 

significantly affected by increasing nitrogen rate . 

Dutta et al. (1996) observed that sesarne cv. Rama was given 0 60 or 120 kg ha". 

The application of 120 kg l1a-1 gave highest seed yield and was the highest gro s 

return. 

atyanarayana et al. (1996) found that Sesame cv. Rajeshwari was grown in 0 50 or 

100 kg ha-1• eed yield wa highest 923 kg ha·• (1992) and 884 kg ha·• (1993) and 

mean seed yield was highest with I 00 kg N ha-1 (870 kg . 



Rahman et al. ( 1998) conducted an e perirn nt on ground nut and observed that 

application of 1.6 kg B/ha increa seed yield by 2"% over control. The re ult wa in 

agrec1nent with that of De hrnukh (1985 who r ported l 5-19% in croqu .t in yield of 

ground nut, 

indoni et al. (1994) grew esamum indicum in Hoagland o. 2 with nutrient solution 

supplemented with 0.05 mg B/liter or throughout the growth or unfil 20-30 or 40-day 

old when B was either reduced to 0.05 mg/Lor eliminated completely. Elimination of 

B at all age reduced root and shoot dry weight but reduction of B supple111entation 

igni ficantly reduced dry weight only at 30 day. Reduction of B concentration 

ignificantiy decreased seed production and concentration f B in leave tern and 

pods. , eed weight was linearly and significantly correlated ' ith concentration of B in 

pods. 

B nnneti (1993 reported that se: ame mineral composition and seed yield ' as 

affected by boron fertilizer application. 

arkar and aha 2()05 i11 an experiment i11 West Bengal India found that sesarn 

1-B-67 pr duced l 0.4o/o higher seed yield at the rate of 1 kg B ha- I compared to the 

ntrol. 

2.2 Effect of boron on growth and yield of different crop 

Li et al. (1992 carried out the field e rperiment here bora · elution t 0.2% wa 

sprayed at seedling and flov ering growth stag s. In the pot experirn nt · bori acid at 

0.7 pprn v as gi en and in hydroponic exp riment 0.01 0.02 0.2 and 2.0 ppm boric 

16 
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leaf ti sue as belo 21 µg g-1• 

matter production of lea e terns and roots ere sev r ly d er a ed when B in th 

Ramirez and Linares 1995 reported exposed sesame to 6.25 to 750 ug B litre". Dry 

characters. 

that most of the varietie responded well to B for yield and important yield con11Jo11 111 

th respons o1~ B ( and 12 kg sodium borate/ha) i11 west Bengal India and reported 

Mondol 2000) conducted an experiment with 19 bread wheat varieti ... to detennin 

111a11y heat growing areas of Asia. 

and induced terility to the others and pollen \ as a cau e of yield lo s i11 wheat i11 

R rkasem and Jamjod (200 l) reported that grain, set failure due to boron deficiency 

gr atly d creased 0)1bea11 growth and yield. 

eed yield, he)' also r ported that combined application of Fe + B 01· Zn + l~e + B 

Wankhade et al. 1998 ob erved that application of B alone gav the highest soybean 

Parra 19 8) ob r ed significant yield increas of soybean b the application of B (2 

kg l1a·1 • 

' ,.. d trimental, depre ing growth 01· e e11 causing death to th plant. 

respectiv l . pplication rat .. higher than 0.20 pp111 i11 the hydroponic e perim 111 

acid w 1· appli d. v rag yield increa e of 4.6-21.2o/o, 3.3-19.9o/o and 2.1-17.lo/o 

olden Turkey and were btain d ' ith B application for Zl1011gzl1i 8 .. 



Dea arker et al. (2001) conducted a11 experiment with soybean which was gi,1·11 2 .. 4 

and 6 kg B ha". 2 kg B ha·1 v as the best among the boron treatment for increa ing 

row seed yield. 

akal et al. (1994) evaluated the direct and residual effect of· varying level of B (0 8~ 

16 32 and 64 kg Borax ha-1) and FYM (0.25 and 5.0 t l1a-1) alon and in combinations 

on crops in maize and lentil cropping system. Increasing levels of B up to 16 kg borax 

ha·• significantly increased and higher levels decreased the yield of first crop. 

Application of 16 kg Borax ha' in conjunction with St · YM ha"1 was an ideal 

combination which appreciabl enhanced the cumulative grain yield response .. and 

sustained the productivity of· four crops i11 the cropping S)'Ste111. 

Hemantaranjan et al. (2000) stated that oybean (Glycine max C\1• PK-27) v as sown 

in sandy loam soil and gave boron as boric acid at 50 and 100 ppm as foliar 

application and soil application individual and combined, plant height root length 

chlorophyll B content total dry matter production and seed yield of' soybean were 

higher at 50 than 100 ppm B. However chlorophyll a content was higher at I 00 ppn1. 

Liu el al. (2003) studied the effects of Mo and B alone or i11 combination 011 seed 

quality of pot growth soybean cultivars Zl1ec}1u111 3 Zhechun 2.. and 3 811. 

pplication of Mo and/or B increased the content of protein .. in dispen able at11i110 

acid ~ total amino-acids (e ccluding praline), P .. K and decrease tl1e content of· a 

and oil. 
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Rerkasem el al. (1989) reported that wheat gr0\~111 i11 the lO'A' boron soil e: .hibit d 

yrnptorns of· male .terility .. which included poorly developed anther and non -iable 

pollen grain . J1·ai11 set failure lower eed yield and ma! terilit S)'J11pto111s v er 

a sociated with low boron concentration in the flag l eaf Fai lure i11 grain ... t up to 

1 OOo/oo/o of floret wa frequently obser ed. The also report d that poor grain s t 111 

wheat depres ed eed yield by 40-50% on Tropaqual f soils having lo'~' b r n c 11te11t 

(0.08-0. 12 mg kg" . 

The effect of boron on the development of the pollen grain of· wheat was studied by Li 

et al. (1978 and Rerkasem el al. (J 989). The process of fertilization involves the 

germination of the pollen grain and the growth of the pollen tube dov n the style into 

the ovary, 111 general .. boron deficiency produces pollen grain that are mall and that 

do not accumulat starch. Pollens that develop normally ma)' still be affected by 

boron deficiency (Vaughan, 1977: Cheng and Rerkasern .. 1993). 

Bo1·011 play a vital role i11 the physiological processes of plant such as cell 

maturation eel] elongation and cell division, carbohydrate, protein and nucleic acid 

rneraboli 111 C)1toki11i11 synthesi acid a11d phenol metabolisms. The functions of B are 

primarily e tra cellular and related to I ignifications and xylem differentiation (Lewis 

1980 membrane stabilization (Pi I beam and Kirkby, 1983) and alteration of 

enz matic reactions (Dugger 1983 . 

Millerand Donahue ( 1997) stat d that Boron wa essential for growth of 11e\\' cell . 

Without adequate supply ot boron, the number and retention of flov er reduce and 

pollen tub grov th i M Ie s co11 equently less fruit is developed. 
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Po ypanov er al. 1994) observed that applying 1 kg B ha·' to p as an l yb an and 

treating eed with the equivalent of 50 g ammonium mol /bodat ha" in r a d 

nodule weight at1110 ph ric 2 f cation and eed yield, 

I Iua and Ya11 1998) observecl that the addition of B prornot d elongation of picotyle 

and h) JO otyle of mungbean and in rea ed eedling height and dry v.• ight in th Al 

treated plant, 

rivasta a et al. (1999) observed that the average grain yi ld of chickpea and other 

legum crops as 0.1 t th-1 where B was not applied ' hile the yield wa 1.4 t ha-' 

\ /here 0.5 kg ha .. 1 B wa applied. 

ri asta a et al. (1999 i11 a field study with B deficient soil gro\1\111 chickpea cv. 

Kaliaka applying 110 fertilizer complete fertilizer (P K B, Zn. o Cu" Mn and F 

01· the complete fertilizer minus acl1 of the trace ~1e111e11ts ob erved that flower 

abortion wa highest and 110 seed was produced i11 the treatment given 110 B. 

"ala hikar and l1a,1a11 ( 1996) obscrv d that J)Od production of g1·ot:111d11L1t was 

enhanc ed significantly \ ith the addition of B 44 percent. 1 .. he 111axi111u111 pod and 

haulm yields "'' re recorded i11 the treatment receiving B through boronated sup r 

phosphate along with application of TY 1 and J>. 

u ingh and Singh ( 1994) noted that gr e11 I)Od . ield of French b ans increa ed with 

incre a~e i11 J) application a11d with B application up to 1 kg B J1a-1. Application of 

111 re than I kg B J1a-1 caused a to: ic effect. 
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Buzetti el al. (J 990 Ob rv d that 0)1b all C\1• Porana h 11 tr at .d with 0 .. Q._., Q. 

0.6 or 0.8 ppm B p f 1 DM and seed yield pof 1 increas d up to appro: ·. 0. J I m 

and decrea d at further high 1· B rat . 

alrao 1989 reported that yield of soybean \ as 2.38 t ha-' for u ing B wh rea 

yield was 2~24 t ha-1 with ut B. 

Dwi vedi et ell. (1990) reported that B uptake plant" had highly significant po iti e 

correlation with yield of lentil soyb a11 and p a \ a a reliable inde for predicting 

crop respon to B. 

inha el al. 1991 tudied the response of five kharif crops viz. 011io11. groundnut 

maize. v-.1 t potato and ard Jo11g bean as well as five rabi crop .. viz mustard onion, 

1 ntil maize and unflo er to boron application on boron deficient calcareous oils 

under field condition. Boron was applied as borax @ 0. 1.5 and 2.5 kg B ha-1 • All the 

crop re }J011d d to boron. but the magnitude of yield response differed from crop to 

crop. The optimum level of B for kharif as well as rabi crop wa 1.5 kg ha·'. 

Ro) et al. 199-) observ d that soil application of 20 kg borax l1a-1 increa ed d 

yield of lentil \ bile oil application of J kg odium molybadate ha" gave 011ly mall 

about 14°/o increa se. 

Mandal I al. 1991) 11 red that mo t of allu ial acidic oils r JJ011ded to the 

appli ati 11 f B and Mo f rtilizer and ther by increased th y1i Id ofpulse in tl1e area. 
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?? ....,_ 

arriv at ad finite conclu ion. 

parts of the globe. It is therefore more researches 011 thi aspect ar neces a1·)1 to 

differential b 11a ior due to different. le el of applied nitrogen and boron i11 <lift ... r 11l 

differ 11t leve Is of nitrogen and boron application, eed ield of se ame shov ed 

plant number of cap ules plant seed yield and to er yield were influenc d by 

From the re iew of literature it was evident that plant height .. number of branches 

optimum and n soil containing> 0.35 ppm B. 2 kg B ha-1 was optimum, 

lo B soil . It wa concluded that on oils containing < 0.35 pp111 B 3 kg B ha-1 \ as 

110 B to 1.49 t ha with "' kg B l1a·1. The yield response of B application wa greater 011 

aka} et al. (1990 observed that seed yield of chickpea increased from 1.4 t ha" with 

aka] 7/ al. (I 988 reported 011 a oarse textured calcareou soil that wa applied with 

2.0 and 2.5 kg B ha" which then increased grain yield of black gram and chickpea by 

capacity of anther r as well a the viability of the JJOlle11 grains is aff ct db)' B. 

applicati n of 1 kg B ha·1• Agarwala et al. (1981 reported that pollen producing 

')t c1l. (1978) also observ d that yield of bean was nearly doubled with the 
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Dev lopment Institute ROI) Dhaka. The ph si ochemical prop rti s f the ii ar · 

fr m experimental field for soil analysi with the co p rati 11 of l oil I ,~ 

during the rp rim - ntal period. oil samples from 0-15 cm d pth " ere co lie t d 

1 jgaon , ri s. Th land was above sea level and suffici nt unshine as available 

Th fa1·111 b longs to the gen ral soil t)'IJe'I hallow R d J3row11 Terrace· oil und r 

tudy period of the experimental sit is shown i11 ppendi: ~ II). 

temperatur during th Rabi season (October March). 'I he weather date during th 

season (April- epternber) and les rainfall associated with moderately low 

temp rature, high humiditj and heavy rainfall with occasional gusty wind in kharif 

3.2 limate and ' eather 

during rhe Kari f-1 ea 011 of 2007. 

The J p ri111e11t was conducted in the here- ~-Bangla Agricultural ni -ersity farm .. 

3.1 ite description 

t11 ir anal v i . 
,J 

e: perimental dt: ign, planting materials intercultural operation data recording and 

ith a brief d cription 011 cperimental ite climate soil .. land preparation layout 

niv er ity Dhaka during the period from March to June .. 2007. This chapter deals 

11e experiment wa conducted at th Agronomy fi Id at her- .. -Bangla gricultural 

MATERIALS AND METHOD 

CHAPTER3 

Dhaka .. t111de1· the gro-ecological zone of Modhupur Tract A EZ-28 (Appendi: I 



4. I.Ji£ C)'Cl is 85-95 days. 

5. ap ules p r plant ar 50-60 

6. eds per capsule are 50-55 

7. eed are black itJ color. 

8. rag yi eld is 1200-1400 kg ha' 1. 
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alient feature : The salient features of the varier are [Mandal and Wahhab .. 2001]: 

1. Plant height is 100-120 cm. 

2. tern leaf ... branches and capsules are hairy 

3. lowers are white i11 color 

3.5 Plant Material 

The variety 1----6 wa ll ed a the t st crop. The eeds were coll cted f1·01n the Oil ~ eed 

Division of Banglade h Agricultural Research Institute, Joydebpur, Gazipur, T-6 is a 

1·eco111n1e11d d ariety of sesame, which was developed by the Oil eed Re earch 

enter of Bangladesh Agricultural Re earch Institute. It grows i11 both Rabi and kharif 

season but it i especial ly suitable for kharif eason. It contains 42-45% oil and 20% 

protei 11 (BARJ.. 1998 . It produce er)' good dible oil with respect to value. The 

av rage yield of· thi variet .. of· sesame in Bangladesh at the farmer's le el is about 

10.55 Kg ha-1) 

3.4 E. perimental de ign and la out 

Tl1 e cp riment \ a laid out i11 a Randomized omplete Block Design (R BD with 

thr e 1· plications .' I'he ize of each unit plot area wa 3111 x 2n1. The adjacent block 

and adja 11t J lot ""' re separated from 011e <:111otl1e1· by I 111 and 0.5 rn re pectively. 
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urea for all tr atments was top dressed at 30 days after SO\\ri11g. 

were applied during final land preparation, 1 Iall of ur a and whol of boric acid (a 

hole amount of triple super pho phate muriate of pota J1 gyp t1111 and zinc ulphate 

zinc sulphate at the rat of J 40 45 I 00 and 5 kg l1a-1 r spectively (B RJ. J 998 . 1.,11 

The plots w 1· fertilized with triple super phosphate muriat of pota 11 gypsum c111d 

3.8 Fertilization 

Finally .. indi idual plot was prepared by using spade before 0\\1i11g f seeds. 

field. The layout of the experiment as done in accordance v ith the de ign adopted. 

large clods were broken into small pieces. Weed and stubble were re1110 eel from th 

ploughing followed by laddering. The corners of the land were paded ancl 1i ible 

per experimental treatments) \ er applied at final land pi· paration. Tl1 1· st half 

plough on 2 April 2007. The land was finally prepared b)1 four ploughing and c1·0 s- 

ubsequently it was ploughed t\AJO time . Final land preparation was done by country 

The land wa fir t opened on 28 March 2007 with a tractor d1:a\\111 di c harrov and 

3. 7 Land Preparation 

Boron level: 4 

) 0 kg B ha-1 

vi) 0.8 kg B ha-1 

ii) 1.6 kg B ha" 

viii) 2.4 kg B ha-1 

3.6 E perimental treatment: Tr atments were as follow : 

itrogen le el: 4 

i) 0 kg l1a-1 

ii) 30 kg ha" 

iii) 60 kg h -1 a 
• 90 kg J1a-1 1 



3.12 General oh ervatinn 

he e: perim ntal field was frequently vi it d to see any change in plant chara t r . 

pest and disease attack on crop. Th g neral condition of the crop wa good fr m 

beginning to th nd. here was no infe tation by an seriou pc st and dis as . 

3.11 lntercultural operation 

The ·perimental fi Id wa weeded on 15 and 30 day after SO\ ing. Drainage 

operation for draining out of rain ' ater as done as and when required for proper 

growth and d elopment of crop. Thinning was done once 15 days after ,O\ -ing to 

maintain optimum plant population. Pesticide was prayed before flov ering to eep 

the field ins ct free. 

3.10 eed rate and sowing 

he eed was o 1 at the rate of 8 kg }1a·1 by hand on 3 April 2007. 011 final! 

prepared land small furrows of appro imately 5 c111 depth were made b hand rake 

(Iron tin along the de ired row just before sov ing. The rows were separated from 

each other by a distance of 30 cn1. In each unit plot there were 8 rov s. The di tance 

between lev es and first row v as 15 c111. eeds were placed approximate] .. ' 5 cm apart 

i11 furrow and ' er covered \ i th soil. 

3.9 Germination Test 

Before O\ ing germinati 11 te t ,f" seed was done 111 Petridi 11 in lab ratory condition 

c.111d th JJ rcentage of e d germination ' a found to be 95%. 
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1. Plai1t height ( c111) 

2. umber of leaves plant" 

3. umber of branches plant" 

4. umber of capsule plant" 

5. umber of· eeds capsule" 

6. Length of the capsule (cm) 

7. 1000-seed weight (g) 

8. eed ield (kg ha') 

9. L.. to er yield (kg l1a-1) 

10. I-ia14\,est inde ~ (%) 

the following yield and yield attributes: 

Data ' ere collected from 10 (Te11) randomly selected plant from each unit plot 011 

3.15 Collection of data 

the seeds to a co11 tant level. The dried seeds and straw were cleaned and weighed. 

shelling. The seeds thus collected were dried in the sun for reducing the moisture in 

consecutiv three days. Threshing was done by beating with sticks and also hand 

After thre hing th plant were brought to the threshing floor and sundried for 

3.14 Threshing, drying, cleaning and weighing 

the sun tor 3 to 4 consecutive days for achieving safe moisture of eed. 

un hine for 3 days. The seeds and stover were then separated cleaned and dried in 

tagged properly and brought to the threshing £1001·. The bundles were dri )d in open 

randomly from each plot and tagged. After harvesting, the plants ' ere bundled .. 

about 80% of the capsule became mature, Before harvesting ten plant v er selected 

.. I'he crop was harvested on 28 June 2007. The crop was harvested plot-wise \ -hen 

3.13 Harve ting and sampling 

27 
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1000-seed weigh t (g) 

11e thousand u11 dried seeds v er counted and then data \ ere r cord d by 1J1 ans of 

a11 lecrrical balance. 

umber of eeds capsule" 

From each ample plant of ten sampled plants, 5 capsules w re randomly selected and 

all the e ds of them were counted the number of seeds capsule" was determined by 

averaging the date. 

umber of caps ule plant" 

All the capsules borne on all ten sampled plants of each unit plot were counted to 

determine the a erage number of' capsule pant". 

umber of branche plant" 

1~11 number of' braches plant" was counted from total branch of ten arnpled plant 

and then averaged. 

Plant height (cm) 

1~111e 11- ight of each sample plant ' as measured unit plot wise from the base of the 

plant to the tip at harve t and mean plant height was determined i11 cm. 

3.16 Outline of the data recording 

A brief outlin f the data recording is given below: 

Length of the capsule {cm) 

Ten capsules were randomly sel cted from each sampl plant of each unit plot. he 

I ngth f each capsul was measured using a measuring t< p and finallj plot 

a ' rage cap ule length was deterrnin d. 
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compared at So/o level of significance. 

(L D) using a computer operated program namely M l"AT. The means v ere 

technique and the mean differences were compared by Least l ignificant Difference 

All the collected data were analyzed following the analysis of variance (A OVA) 

3.17 Statistical analysis 

Harvest index (0/o) - Harvest index was determined by the following formula: 

and the stover yield was recorded in terms of kg ha". 

After separating the seeds from the crop the stover was sun dried to constant weight 

Stover yield (kg ha") 

after the weight of the seed was taken averaged and converted to yield kg ha". 

cleaned and dried in the sun to bring them safety moisture content of' seed and there 

The crop was harvested at full maturity seeds were separated out from the capsule 

eed ield (kg ha") 

100 _ Grain _}'.ield X 
- Biological yield Harvest Index (%) 
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4.1.l Plant height 

Plant 11 ight is 011 of the most important grow 11 characteristics of s a111 . Tl1 prim 

nutri 11t element 111t1·oge11 bad a significant ·ffect 011 plant height of sesame. 11 

r sult sho d that the plant height wa significant at 20, 40 and 60 D . 0 kg ha 

1 gav the talle t plant height at 20. 40 and 60 DA that \ er 45.64 cm, 88.03 cru and 

110.04 cm hich were tati ticall , imilar ith tho e of 30 kg ha·1• Th lowe t 

plant height was r corded fr 1n control. (Table l imilar effect of nitrog non plant 

11 ight was also observed by inharoy .I al, ( 1990) and Patara (2001 ). 

4.1 - Effect of nitrogen on the growth and yield of se ame 

The e. J riment \ -as conducted t evaluate the effect of nitrogen <ind boron 

f rtilization on grow th and yield of sesame and the results obtained are di cussed in 

this chapter. Tl1 characters .. tudied \V r plant height, 11l1111ber of branches plant" 

11t1n1b r of capsule: plant" number of main stern capsules plant" .. number of· branch 

cap u1e plant" days after first flowering seed yield plant", 1000-seed weight, seed 

yield l1a-1.. to er ield ha 1 and harve t i ndcx. Res Lilts of' the experiment have been 

pr ented i11 Tables 1-9. 1"11e 111eat1 square valu s in respect of the above characters 

together ' ith source of variation and their corresponding degrees of freedom ha e 

been presented in Appendices IV and V. The results have been pr s nted and 

di cu sed character wise below. 

CHAPTER4 

RESULTS ANO DI CU SION 
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v ith the increase of' nitrog ·11 yield attribut of' esame increased. 

application incr a d branch s plant" 1 (fable 2 ). Parra et al. (200 I) also obs r cl that 

b contr l tr atment. 1 t appeared from the result that incrca ing rat s of nitrogen 

to that of 30 kg ha·1 while the minimum number of branches plant" 
1 

v a produc ·d 

l1a-1 · hich was stati ti allv imilar 
p "".17 obtained highest from the treatm ·11t 60 kg 

which was significantly different from other treatments. The econd branches plant' 1 

number of branches plant" 1 (3 .58) wa recorded from the treatment at 90 kg T ha" 

itrogen fertilizer had significant eff ct on number of branches plant 
1• 

The highe t 

1i 4.1.3 umber of branches plant" 

S - 11 t-siznificant ..., 

itrogen level 
Plant height (cm) at different umber of leave plant- at 

da s after sowin different da after 'J owin 
(Kg ha-1) 

20DA 40DA 60DA 20DA 40DA 
0 41.8~ 83.12 103.90 10.37 14."'6 
30 44.18 86.60 I 08.25 ) 0.68 14.79 
60 45.64 88.03 110.04 11.32 15.51 
90 44.37 84.07 105.08 10.85 15 .19 

1.998 3.757 4.671 N 
5.44 5.27 5.24 9.70 1? - _,) 

Table I. Growth of sesame C\'. T-6 as affected by different nitrogen level 

11L1J11b r of 1 av l 0.37 and 14.36 fr: 111 control at 20 and 40 DA (Table 1 . 

11L1111be1· of' I av ~ per plant that was 11.32 and 15 .51 at 20 and 40 DA . The lowe t 

plant" wa not significant at 20 and 40 DA ... 60 kg N l1a-1 produced the highe t 

IJea\1 • plant" are 011 of th most important character of sesame. umber of· leave 

J?'4. l .2 umber of" leave plant" 
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1990 . 

i milar findings ' ere reported by Parra 2001 , arala et al 2002 and Sinhar y el al 

nitrog n at 0 kg ha-1 ras stati tically imilar ith that of 30 kg 1 ha_, 6 .22) and 90 

kg ba-1 (68.37 . The l vest number of se .ds apsul -I was found from the c ntrol. 

2). be bight: ·t num ber of seeds capsu I -• ( 69 .65 found from the application of 

umber of s eels capsul -I was ignificantly influenced by the level of nitrogen ( abl · 

4. l .5 umber of seeds capsule" 

instead of cap ule formation (Allam, 2002 and Patra, 200 l) reported imilar result .. 

certain le el but exce .. s application of nitrog 11 enhanced the vegetative growth 

cap ule plant' 1 incr a ed due to 1he increased rate of nitrogen application up lo 

28.02 \ 1a produced from control treatment. From the result it appeared tl1at 

cap ules plant' 1 obtained from the treatment of 90 kg ha-1 while the lo est number 

l1a-1 \ hich wa statistically similar with that of the second highest (32.30) number of 

( able 2 . The highest number of capsules plant" (32.59) v as produced by 60 kg 

Lev I of nitrog n fertilizer significantly influenced on the numb r of capsules plant" 

4.53 
0.09865 

2.61 
2. 71 

4.1.4 umber of capsules plant" 

- not-significant 
] 2.10 8.34 8.33 4.80 

L 0.3153 4.703 2.154 
68.37 2.32 32.30 3.58 

3 .17 60 69.65 2.36 32.59 
2.62 69.22 2.35 30.97 2.92 30 

1000 ~ eed 
weight (g) 

0 2.8 63.54 2.29 28.02 2.33 

l itrogen level 
(Kg ha") 

umber of 
branche 

1~1 n r' 

Number of Cap ule 
seed. length 

ca sule" cm 

umber of 
capsule 

lant-1 

Table 2. Yield attribute of csam cv. ,.I"'-6 as affected by different nitrogen levels 
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S - not- igni ficant 

l 95.0 65.14 
7.72 

19.37 5264.04 1264.69 90 
19.64 5509.80 1346.74 60 
19.42 5251.42 1265.42 30 

959.9 l 0 

6.47 

Table 3. Yield and harvest inde ~ of se ame cv. T-6 a affected b .. ' different 
nitrogen level 

inhar )' et al. (1990) reported similar 1·e ults. 

1"'11e lowe t e d yield (959.91 kg ha-1) as obtained from control. Parra (200 I) and 

eed yield was significantly influenced by different levels of nitrogen ( able 3). The 

highest seed _, ield (I 346.74 kg ha") was recorded from the treatment of 60 kg ha·1• 

4.1.8 eed yield (kg ha-1) 

1000 eed v eight at 60 kg l1a-1 i11 sesame. 

control. Patra 2001 . Tiaearietat and Majumdar et al ( 1987) also obtained the highe t 

obtained from "'0 kg ha-1. The lowest I 000 seed weight (2.33 g) was obtained from 

nitrogen at 60 kg l1a-1 which was statistically similar to the 1000 eed weight (2.62 g 

Weight f 1000 ed differ d ignificantly due to application of different le els of' 

4.1.7 1000 eed v eight (g) 

found fr 111 c 1111·0]. imilar findings wer rej orted by Parra 2001 ). 

cap ule (2. 6 111) \ a produc d by 60 kg N ha". The shortest length (2.29 c111) as 

itrogen had 110 significant ffect 011 the length of capsul (Table 2 . h longest 

4. 1 .6 Length of cap ule (cm) 



4.2.1 Plant height (cm) 

The plant height was . ignificantly influenced by boron fertilizer Table 4) at 20 40 

and 60 DA .. The application of 1.6 kg B l1a·1 ga e the highest plant height at 20 40 

and 60 DA and that was 45."9cn1 89.55 cm and 111.94 C111 .. resp ctiv Iy. The 

shortest pla 1t ' as recorded from control. e i ( 1980) tated that B play an 

important role in the phy iological proces uch a cell elongation. c 11 divi ion etc 

hich ultimately helped to make the plant taller. 

4.2 Effect of boron on the growth and yield of sesame 

#4.1.10 Harvest inde · (0/o) 

1 itrogen fertilizer had 110 significant effect 011 harvest inde (Table 3 ... I'he high st 

harvest index 20.28o/o) as found in control and lowest (19.37%) at 90 kg ha-1• 

Monda] et al. (1997) observed the similar result . 

4.1.9 rover yield (Kg ha .. 1) 

itrog 11 had a ignificant e D ct on rover yield. The highe ·t stover yield (.-509.80 Kg 

l1a-1 a r c rded !r(1111 the treatment of 60 kg N l1a-1• The lowe t tover yield 

(3774.'"'0 Kg l1a-1) was obtain cl from control Table 3). These result were onsist 11t 

I\ ith th · r sult obtained by 1 iwari et al. (2000). 
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11·1. The lo · st 11u111b rs of cap ule plant" v re obtained from co11t1·0I. 

statistically similar to the number of cap ul plant' 1 <32.95) obtained from 2.40 Kg B 

obtained from application of 1.6 kg B l1a-1 as reveal ed from tabl 5 which wa 
• 

statisticalf diff rent from ach other. Th high st number of capsule plant" ( .... 64 

Level of boron had significant effect on numb r of cap ul plant 1 
which wa 

4.2.4 umber of cap ule plant" 

of· branch plant" (2.92) wa obtained i11 control (Table S). 

11t1n1 ber of branches plant" (3 .50) was observed in ( 1.6) kg B l1a-1 and lo est number 

Le I of boron had significant effect on the number of branche plant' 
1• 

The highest 

4.2.3 umber of branches plant" 

from control at 20 and 40 DA , respectively (Table 4). 

D .. respectively. The lowest number of leaves plant" which were I 0.62 and 14.45 

produc ed the highest number of leaves plant" that wa 11.21 and 15.61 at 20 and 40 

se C) f I . 6 kg B 11 a· 1 umber 0J .. leave plant" Wets not significant at 20 and 40 D 

4.2.2 umber of leave plant" 

- 11ot- ignificant 
12.5 9.70 5.24 5.27 

4.671 .757 1.998 
10.68 14.80 105.33 84.27 45.82 -·4 
11.21 15.61 111 . 94 89.55 45.39 1.6 
10.71 14.99 I 07 .29 85.83 43.77 0.8 
] 0.62 14.45 82.17 

20 DA 

Boron level 
(Kg ha-1 

20 DAS 40 DA 40 DA~ 

5.44 

umber of leave plant' at 
different da after sov in 

l 02. 71 0.0 

Plant height (cm) at different day" 
after owin 

'fable 4. Gro,vth of sesame C\'. T-6 a aff cted l>y different Boron level . ~ 



36 

statisticall) similar \ ith 0.8 and 2.4 kg B ha·'. 

2.68. The c ntrol of cour e gave the lowe t 1000 eel' ight (2.51g) \ hich 'a· 

However, application if 1.6 kg B ha·' gave significantly th high st ' d wei ht 

Thou and eed \ eight of ame wa significantly increa ed b differ nt boron I \ I. 

4.2. 7 1000 .eed weight (g) 

b< ron less fruits were d eloped. 

B ha·' ( able 5). Miller and Donahue ( 1997) observed that v ithout adequate supply of 

highest number of seeds cap u1e·1 (73.53) was recorded from the treatment of 1.6 kg 
• 

( 6_.21 ). Boron fertilizer had a significant effect on number of se d capsule". The 

Plant grov n ithout boron fertilizer gav the lowe t number of eeds cap u1e·1 

4.2.6 umber of eed capsule" 

Boron level 
Number of umber of umber of Capsule 1000 seed 
branches capsules eeds length 

(Kg ha-1) weight (g) 
plant" plant" capsule" ' 

1 crrn 
" 

0.0 2.92 
I 

26.94 62.21 2.20 2.51 

0.8 3.08 30.35 67.95 2.36 2.57 
1.6 3.50 33.64 73.53 2.38 2.68 
__ 4 . 3.00 32.95 67.10 2.37 2.52 

L D<o.os) 0.3153 2.154 4.703 0.0154 0.09865 
-.-- % 12.l 0 8.34 8.33 4.80 4.53 

Table 5. Yield attributes of sesame cv. T-6 a affected by different Boron levels 

..... 20 c111 wa obtained from control. 

1 ngth of cap u]e -· 7c111 obtained from 2.4 kg 13 l1a-1. T .. he hortest length of cap ule 

Boron had significant effect 11 the length of cap tile (Table 5 ). lie longest cap ule 

-·..., 8 c111 \ as produced at 1.6 kg 13 ha" which was statistically imilar with the 

4.2.5 Length of cap ule (cm) 



37 

was obtained from 0 kg B treatment. 

(20.99o/o) was obtained from 1.6 kg B treatment, The lo" et harvest index (18.31%) 

Boron level showed significant difference in harve t index. The highe t bar est ind , 

4.2.10 Harve t index (0/o) 

Boron level (Kg ha-•·· Yield (K~ ha_,, 1 \ tover yield (Kg ha") HI (0/o) 

0.0 939.37 4191.56 18.31 

0.8 1170.34 4847.31 19.45 

1.6 1446.21 5442.29 20.99 

2.4 1235.48 5322.40 18.84 

L Dco.os) 65.14 I 95.0 1 .0.)8 

Vo/o 6.47 7.72 6.35 
I 

Table 6. Yield and harvest index of sesame cv. T-6 a affected by different Boron 
levels 

stover yield of sesame. 

increased up to 1.6 kg B ha-• but further increase of B 2.4 kg B ha-•l decrea ed the 

Kg ha-1) from control treatment. From table 6 it was observed that sto er yield 

second highest stover (5322.40 Kg ha") was obtained from 2.4 kg B ha-1 \ hich ' as 

statistically similar to that of 1.6 kg B l1a·1• The lowest yield wa obtained ( 4191.56 

highe t sto er yield (5442.29 Kg ha") was obtained from 1.6 kg B ha-• treatment. The 

It was observed that level of B had significant effect 011 stover yield of sesarne. The 

4.2.9 tover yield (Kg ha") 

deficiency gave the lowest soybean seed yield. 

el al. (1998) reported the similar result. Wankhade et al. ( 1998) reported that B 

eed yield was ignificantly affected at different level of boron. The highest eed 

yield (1446.21 Kg ha-1) was recorded from 1.6 kg B ha-1 which was significantly 

different from the second highest ( 1235.48 Kg l1a-1) obtained from 2.4 kg B l1a-1. The 

lowe t eed yield (939.37 Kg l1a-1) was obtained from the control (Table 6). Rahman 

4.2.8 eed ield (Kg ha-1) 



38 

- not- ignificant 

Interaction Plant height (cm) at different Number of leave .. plant-~1 at 

( itrogen Boron) days after sowing different days after owing 
(l(g ha-1) 20 DA 40DA 60DA 20 DA 40DA 

0 xo.o 40.01 78.67 98.33 10.40 13.92 

0 , 0.8 39.17 83.27 l 04.08 ] 0.37 l 4.51 

0 x 1.6 42.87 85.60 l 07.00 10.23 14.67 

0 x 2.4 45.26 84.93 106.17 l 0.47 14.3~ 

30 x 0.0 40.67 84.40 105 .50 I 0.13 13.85 

30 0.8 43.62 87.60 109 .50 10.20 14.28 

~ox 1.6 45.45 90.27 112.83 12.00 16.12 

30 2.4 46.98 84.13 105 .17 10.40 14.89 

60 0.0 41.80 85.20 106.50 11.3,, 1 5 .19 

60 x 0.8 46.60 84.87 l 06.08 11.'"'3 15.87 

60 x 1.6 47.70 93.67 117 .08 1] .40 15.96 

60 2.4 46.46 88.40 110.50 11.20 1 s.os 
90 x 0.0 41.69 80.40 100.50 10.60 14.84 

90 x 0.8 45.68 87.60 I 09.50 1 0. 9"' 1-. ~ l 

90 r 1.6 45.53 88.67 110.83 11.20 l 5.68 

90 x 2.4 44.57 79.60 99.50 10.67 14.93 

r, I '(OT05) L 
L 

'V0/o 5.44 5.27 5.24 9.70 12.5 

Table 7. Growth of esame cv. T-6 as affected bv different' and B le els .., 

lowest number of 1 aves was obtained from control. 

12.00 and 16.12 at 20 and 40 DA from the interaction of 30 kg and 1.6 kg B. Th 

significant (Table 7 . But the highe t number of lea es was produced plant" that wa 

"h eff t of interaction of nitrogen and boron on 11u111ber of leaves pla111-1 wa not 

4.3.2 umber of leaves plant" 

1.6 kg B l1a-1 at 20 40 and 60 DA respecti ely. 

47 .70 c111 93 .67 111, 117 .08 c111) wa obtain d i11 the interaction of 60 kg ha-1 and 

tati tically ignificant at 20. 40 and 60 DA, (Table 7). Th highest plant height 

The effect f interacti )11 of nitrogen and boron on the height of plant wa not 

4.3.1 Plant height 

4.3 ffect of interaction of · and B on the growth and yield of se ame 



- 11ot-siQ.nifica11t ....... 

Interaction Number of umber of Number of Capsule 1000 eed 
itrogenXBoron) branches capsules seed length ( weight (g) 

{Kg ha-1·) plant" plant" I -1 I ' cansu e i cm t 

0 xo.o 2.67 24.32 54.61 2.15 2.30 

0 x 0.8 2.67 27.55 60.78 2.32 2.30 

0 x 1.6 3.00 30.33 73.95 2.33 2.38 

0 x 2.4 3.00 29.87 64.81 2.35 2.34 

"'OX 0.0 2.33 26.81 63.75 ? ?" ? 5- ...... ...,J -· ) 

30 x 0.8 3.00 29.35 70.13 ? ~g 2.68 ... .) 

30 r 1.6 J.33 33.28 72.89 2.40 2.80 

30 2.4 3.00 34.44 70.13 2.38 ? 4"' -· .) 

60 x 0.0 3.00 28.43 66.51 2.23 2.60 

60 x 0.8 2.67 31.20 71.40 J .... 9 2.69 -·j 

60 x l .6 4.00 36.05 73.53 2.42 2.87 

60 x 2.4 3.00 34.67 67.15 2.39 2.69 

90 x 0.0 3.67 28.20 63.96 2.20 2.-9 

910 x 0.8 4.00 33.28 69.49 2 .... ~ 2.60 • .J .J 

90 x 1.6 3.67 34.90 73.74 ? ~g 2.65 -·-' 
90 .. 2.4 3.00 32.82 66.30 ') .... 7 2.61 c.» 

I_J Dro.osi 0.6306 
Vo/o 12. l 0 8.34 8.33 4.80 4.5~ 

Table 8. Yield attributes of se ame cv. T-6 a affected by interaction of different 
and B level 

produced the lowest number of .. branches plant" (2.33 ). 

plant' 1 a that of the highest number. The control B with the of 30 Kg ha-1 

ha-1 v ith 0 and 1.6 Kg B ha" recorded statistically the sinrilar 11u111ber of branch s 

1. Kg B l1a·1 and 90 Kg l1a-1 with 0.8 Kg B ha": The int raction effect of 90 Kg 

stati tically ignificant 011 number of bran l1e plant" (Table 8 . The highe t numb r 

of branch .... plant" ( 4.00) \ as recorded from the interaction of both 60 Kg ha·1 with 

"[11e eff ct of interaction of le el of· nitrogen and boron fertilizer was al o found 

4.3.3 umber of hranchc plant" 
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4.3. 7 1000 seed weight (g) 

l 000 eed -eight was not tati tically different due t vari u combination of 

nitrogen and boron fertilization. But the high st l 000 seed \ eight (2.87 g) \ a· 

btain d from th interaction of 60 kg ha·1 and 1.6 kg B ha·1• Th l west 1000 .d 

V..' ight was brained To111 the ontrol. 

4.3.6 umber of eed capsule" 

Interaction effect could not e ert an. significant effect on number of seeds cap ule-1. 

The highest number of seed capsule" (73.95) was obtained from the int raction of 0 

Kg and 1.6 kg B (Table 8). The lowe t number of eed cap ule-1 (54.61) wa 

obtained from control .. 

4.3.5 Length of capsule (cm) 

lnteraction ffect of different levels of' nitrog 11 and boron under study showed 110 

significant ffect on length of cap ule. It was observed from Table 8 tl1at interaction 

of treatm 11t of" 60 kg l1a·1 and 1 .6 kg B ha-' gave the longest cap tile (2.42 c111). The 

hortest length of capsul (2.15 cm) was obtained f1·01n control. 

4.3.4 umber of capsule plant" 

The 11u111be1· f cap ules pla11t-1 \ a 1101 significantly affected by different 

ombination of nitrogen and boron levels ( able 8 . But a111011g the different 

C<: 111bi11atio11 the interaction of 60 kg 1 ]1a·1 and 1.6 kg B 11a-1 gave the high t 

numb 1· of caps tiles JJla11t-1 (36.05). The low st number of cap ules plant" wa 

obtain d from the control treatment, 
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Interaction ( :itro~enXBoron) Yield (Kg ha-1) 
Stover yield III (o/o) 

(K~ ha' l (Kg ha- 1 
0 X0.0 663.50 2961.01 18.31 

0 x 0.8 845.22 ~764.39 18.~4 

0 x i .6 1187.20 4267.73 21.76 

0 2.4 ] 131. 73 4104.05 21.6- 

30 x 0.10 952.99 4498.69 17.48 

30 x 0.8 1205.81 4661.20 20. - 5 

30 x 1.6 1492. 76 5991.78 19.94 

30 2.4 1410.11 5854.00 ] 9.41 

60 x 0.0 1075.91 500'"" .60 17.69 

60 x 0.8 1312.26 5461.43 19.~7 

60 1.6 1628.91 5833.29 21. 3 

60 2.4 1367 .88 57 8.87 ] 9.2- 

90 0.0 1025.07 4300.93 19.25 

90 7 0.8 1318.08 5502.21 I 9. 3 

90 x 1.6 14 75.97 5676.34 20.64 

90 x 2.4 1239.63 5592.67 18. 14 

L Dro.o» 1 0.30 300.10 2.075 

V% 6.47 7.72 6.35 

Table 9. Yield and harve t inde of e ame C'' · T-6 as affected by interaction of 
different and B level 

treatm e11 t. 

yield (2961.01 Kg ha-1) wa obtained from the no nitrogen and no boron interaction 

a foL111d i11 the interaction of 30 kg N ha-1 and 1.6 kg B ha-1 and the lowe t stover 

same, From Table 9. it was found that the highest stover yield (5991.78 Kg ha") 

to er yield did not \1a1·)' with different combinations of· nitrogen and boron in 

4.3.9 to er yield (Kg ha-1) 

ntrol tr at111e11t. 

able; . Th int racti 11 of 60 kg 11a·1 and 1.6 kg 13 l1a·1 gave the highest s ed 

yi Id ha" (1628.91 Kg and the lowest yield (663.50 Kg) was recorded f1·0111 the 

It' as found that eed yield wa not significant due to nitrogen and boron int raction 

4.3.8 eed yield (Kg ha· 1) 



42 

From the re tilt of the experiment it can be concluded that appropriate dose of 

nitrog n and boron fertilizer are required for better yield and yield attributes of 

e ame. 011 the oth 1~ hand, both exc ss and low do es are respon ible for yield 

depre sion. The results revealed that fertilization with the interaction of 60 kg ' ha-1 

and 1.6 kg B ha-1 gave the highest yi ld of sesame. However, the present research 

work ne ds to be repeated in the forthcoming years on other agro-ecological zones of 

th country to confirm it fitness. 

4.3.10 Harve 't index (•Yo) 

1.,11 effect f int raction of ni trogen and boron fertiliz r on harvest index wa 

stati ti all)' ignificant (ref able 9). The highest har est index (21.83°/o) wa obs rved 

tr 111 th interacti 11 of' 60 kg ha-1 and 1.6 kg B ha-l and the lowest harve t index 

17 .48°/o \ as obtained from the interaction of' 30 kg l1a-1 and O kg B l1a-1 

combination of· fertilizer. 
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itrog n bad a significant effect on plant height, branch s plant' 
1• 

apsule pant" 

numb r f s ds cap ul _, 1000 s ed \ eight. yi Id (Kg ha-1) st ver vi Id. umber of 

I a e plant 1, cap. ule length and har est ind · wer n t igni f antly affected by 

different levels f nitrogen. The nitrogen fertiliz r at th rate of 60 kg ha·' gav th 

high t plant height 110.04cn1) at 60 D and number of I av s plant" (15.51) ~ t 0 

J)A .. the highest number of caj sule plant" (32.59) I ngth ) ap u] 111) 

h data collected ere plant height. numb r of branche plant' 
1• number of capsule 

plant", length of cap ule, number of seed capsul ·1• seed yield plant", l 000 eed 

' ight, e d yield (Kg ha-1 ), tover yi Id Kg ha· 1) and harve t index. II data v. ere 

stati tically analyz d and 111 an differences were adjudg d by 1-' I). 

1 l~ 'P 1·i111e11t wa carried out at the Agro1101J1y field Laboratory L }1e1·-I::-Br111gla 

gri ultural 11i\1 r it)' Dhaka during rhe period from March to Jt111e 2007. esarne 

c . -6 was used as th test crop i11 the tudy. TJ1e experi ment consi ted of four lev ls 

f nitrogen viz .. 0 .. 30 60 and 90 Kg lia-1 and four le els of boron iz. 0: 0 .8 1.6 a11d 

2.4· kg l1a-1• 1"'}1e e periment was laid out in a randomized complete block de ign, ' ith 

three replications. The unit plot size was (3111 X 2n1). '"[11 re ' ere 16 treatment 

combinations in th xp riment, _. ach plot was fertilized with 140~ 45. 100 and 5 kg 

ha' 1 of ~ 1) MP, gypsum and Zn 04 .. res pee ti ve l )'. i trogen and boron wer appli ed 

in tl1 form 01- urea and boric acid as per experimental treatments. P MP gyp um, 

Z11 4 boron and half' of urea ' a applied as basal dos . The re t of urea wa .. top 

dres ... ed ,... 0 day s after O\: ing. 

CHAPTERS 

UMMARY AND CONCLU _,ION 
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definite conclusion for recommendation. 

furth r tudy is n ce ary to c nfirm th re ults of th pre nt tud and dr \V a 

for improving yield compon nts and increa ing yi Id of se same cv. T-6 11 w v r. 

rat of 60 kg ha·1 and boron at th rate of 1.6 kg ha·1 had ignificant favors bl eff ct 

.. 1·or11 th 1<0 su Its of 1}1c; present study, J t 111ay b concl ud cl that both nit rogen at the 

obtained i11 the interaction of 60 kg }1a·1 and 1.6 kg B ba-1 1 I1e c rre: ponding 

eight (2.87g), s ed yield h-1 (1628.91 Kg) and bar est inde · (21.8 %) were 

highest number of capsul s planf 1 (36.05) capsule length (2.42 cn1 . I 000 · d 

ignifi ant influence with the interaction. The effect of nitrogen and boron le el . the 

]I the parameters studi d except branches plant 1 and harve t inde did not show 

obtained fr 111 1 .6 kg B ha-1. 

seed eight (2.51 g . to er yield (5442.29 Kg ha-1) and harvest inde: (20.99o/o) were 

plant" (3.50) number of cap ule plant" (33.64) seed yield (1446.21 Kg ha-1). l 000 

leaves plant". The highe t plant height ( 111.94 c111) at 60 D ~ nt1111be1· of branch 

yi ld l1a-1• t er yield J1a·1 and harvest inde cBut no significant effect 011 11u111ber of 

cap ules planf 1• l 000 seed weight, length of cap ule, numb r of seed cap ule". seed 

Bo1·011 had a ignificant ffect 011 plant height .. number of branche plant" numb r of 

ha 1 • from control treatment. 

2._9 0111 .. 1000 .. eed eight (_.33g yield (959.91 Kg ha") stov r )1i ld (3774.~0 Kg 

iz. t11 plant height .. (103.90cn1) at 60 DA~ number of· leave (14.36 at 40 DA: . 
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l -l d . I I ra a11 tov 1· y1 d (5509.80 Kg ha' ). 1 he low st v~11L1e or· the ab ,, paramet r · 
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I ource: oil 11 s , urce De elopment Institut , ( f{1)1) Dhaka - 1207 
Availabl 11 (u gm/grn) 

0.94 

4.48 

229 

0.3- 

vailabl (µgin/gm) 

vailabl Fe(µ gm/gin) 
• Availabl Zn(µ gm/gm) 

A vaila ble g (µgm/gm) 

A ailable a (~1 gm/gm) 

20.82 
E changeable K. (meq) 

0.07 
vailable P (µgm/gm) 

0.07 

1.4 
Organic Matter (0/o) 

5.6 p 

Loamy 

20 

40 0/o Silt 

40 o/o Sand 

Value Characteri tics 

18.49 

ppendix Ill. Physical and chemical characteristics of initial oil 

ource: Banglad sh Met orological Department ( limate Divi ion), gargaon 
Dhaka- 1212. 

Air temperature (0 ) Total rainfall 
onth Jl_Ji(0/o) 

Maxim m Minimum Mean (mm) 

.Ianuary 24.60 12.50 ] 8.70 66.00 0 

Februar 27.10 16.80 21. 95 64.00 0 
• 

'larch 31.50 16.90 25.55 47.00 160 

pril 33.74 23.87 28.81 69.41 185 

3)' 34.70 25.90 30.30 70.00 185 

.. lune 32.40 25.50 28.95 81.00 628 

ppendix 11. Monthly record of air temperature, relati e humidity and total 
rainfall of the experiment site during the period from January 2007 to .Iune 2007 



• V\ 



.c 
..... ·- 0 =-= :..:: .D 

·- ca ..0 ...0 
cO 0 

.0 '"" 0 0.. 
'"" c..- 
0.. 0 

~ 
0 

c - 

lf) './'J * * 0\ ...-.. (".t z .... 
~ * 01 ~ 

(1'J 00 0\ M 00 V) 

~ 
0 • N \0 0 '-"' 

• - 
' N r-.... • ~ 

~ ~ • • 

~ ~ - \0 

c: ~ - 
t: ·- 

I 
('... * * * V) 

"O 
....- * * * N 

....... ,...-..._ 00 r- 00 (') ) 
CJ • t- (") • - ,,_ r- ...... I - 0-. 00 
~ ~ o- M 

• • • ...- 
a.. -= ('l (') N V) r-, 
CJ en 0 ('1 ....- ~ '¢ 
;> 0-l \0 ~ ('"'\] V) e 0 0 r- \D ... V) \0 ~ 

00 V) 00 C') 
r- rn 

\0 * * * o- 
-e \0 * * ,.- ('"'(') 

,,,-... 
~ \0 ~ 00 ~ -- - ~ 

+ \.0 (') V) • 
I 00 v .... ~ \0 • 

~ N 
,,__ 

~ 0 ,.e: • • 

"'O 
V) \~ N C"'t .......... 

bl) 00 - 00 00 \C) 
~ 

~ 
N \0 V) 

~ 
7J') "-' V') 00 - lr) '-0 

~ V) 

""' '"bi, C°'l * * I:/) -i:::t 
~ ("'\I * * tz -. ,_ <J ..._.., 0 V) 0 00 0 

<.i 
~ 

• r- r-, • 
ti} .... 0 - 0 = ..c: ('"') 0 0 

O'" 0 OJ) • • • 

c 0 0 0 
VJ ·- Q Q..) 

c ...... $ 
~ 
aJ 

~ 
r.... ("f') './'.) * N 
0 ~ ~ - * ~ 

.c -- 0 N V) -q- 0 = 0 ~ 00 ~ 
• .... C) 

Cl) ~ 0 0 0 0 
Q.. c 0 • • 0 
~ 0 0 

~ 
• 0 

CJ 0 • -..... 0 

.. ("'°) * * ~ 

V) 

0 - 0 r- * ~ 
I 

a.. VJ o- fr') °' ('"'\} 00 
~ • l/'") 0 o- • 

QJ '"O N - • 0 0 - 
,,Q c:.;, = .- lr1 rt') • • e CJ (I)- 0\ 00 ~ 

r.l",, c, V'") \\l = ci: 01 
z; (,.; 

~ 0 * * t9- ('"") 

0 o-: * * r- 
i.. 

4J - tr) 0 C\ \0 \D - I O'\ 
Ci) = .... • \/') V) • 

c ('1 \0 .c crJ ~ e- '""'""' • s c, ei: • • 
N 0 (""') 

~ 

,.... 
Q.. V') = CJ 

.......... 

z; ....- 

~ 00 * * * (f') 

0 00 * * * ~ 

s... ...c - - - so ~ - c:;J ' CJ ..... • \D 0 l/') • 

,,Q c: = 0 ("") co ~ 
0 

s ""' ~ 
• • • 

~ - - 0 0 

= .CJ c. 
z .... a 0 

QJ 0 
~ -g ('.I r~ (""") 0\ 0 r- ,_ ("") "¢ 
oJ) ~ 
4' Ji. 

~ ~ 

..-. ,.-.. 
~ = c 

~ 
co ,,-....., 

0 Q -._... 
~ 

0 ·- < co " ·- ..... 
CJ ...... Cl: 

....._,, ,_ "" (J 
,_ .... 

~ .... .. = '- ·- 0 0 ..- ..... ..... ..... 0 ~ 

Q c: Q. u (J x ,_ ..... 
00 ,,, Q.> ~ ~ 

a;. 0 
~ r.. ~ z ~ f-t 

• ;>- 

,...,_ 
VJ 
Q.) 

' ~ ,.c 
'"'O 
c 
C'lS 

~ ....... 
CJ ·- ;>-. 
c 
0 
c 
0 
2.... 
0 

~ 

'"O c 
~ 

c 
~ 
bl) 
Q .... .... ·- c 

~ 
0 

...... 
(J .~ 

c! : 
~ 

c: 
0 
CJ 
(j = ~ .... ,_ 
~ 
;> 

c.. 
0 




