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An experiment entitled "Effect of integrated nuuicnt management in 

senna (Cassia angustifolia)-isabgo/ (Plantago ovata) cropping scquence on growth, 

yield and quality of constituent crops" was conducted at the Post Graduate Institute, 

Insu'uctional Farm, M.P.K.Y., Rahuri for two consecutive years during 2002-03 and 

2003-04 on a soil clayey in tcxture, low in available nitrogen (209.14 kghRI), 

medium in available phosphorus (24.94 kgha~l) and high in available potassium 

(478.12 kgha~I). An experiment was conducted to find out U1e appropriate level of 

recommended dose of fertilizers viz., 50%, 75%, 100% (75:50:0 NPK kgha~l) and 

125% and source of nitrogen application to senna (sonamukfu) during kharif through 

a combination of urea and FYM. The experiment was laid out in z'andomised block 

design duz-ing kharif. With a view to find out the residual effect of the treatments 

given to senna (sonamukfu) dUl'ing kharif, isabgo/ was grown in the rabi season. 

An experiment was laid out in split plot design dlll'ing rabi season, the kharif 

treatments wel'e considered as main plot treatments and two levels of recommended 

dose of fel·tilizers viz., 75°;() and 100% RDF (50:25:0 NPK kgha~l) through inorganic 

fertilizers was applied as sub plot treatments to isabgol in rabi season. 

In kharif season, for senna (sonamukhl) an application of 100% RDF 
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significantly superior to 100% RDF applied through inorganic fertilizer and the lower 

levels of fertilizers and at par to the higher levels of fertilizers in respect of plant 

height, plant spread, number of branches, leaf area, total fresh matter, total dry 

matter, number of filled pods, weight of filled pods, number of seeds plant~', weight 

of seeds plant~', thousand seed weight, total fresh and dry leaves yield ha ' and seed 

yield ha~'. The percent increase over the application of 100'X, RDF applied through 

inorganic fertilizer was 0.31 and 1.37, 1.38 and 1.06, 2.94 and 2.11, 3.10 and 1.32, 

2.13 and 2.11, 2.46 and 3.42,3.90 and 3.80, 2.61 and 1.39,3.56 and 2.75,5.10 

and 5.26, 1.63 and 2.66, 2.57 and 2.49, 3.02 and 1.94, 2.44 and 3.40 during 2002-

03 and 2003-2004, respectively. The N, P, K contcnt in the plant parts was found to 

be at par. For uptake of N, P, K the percent increase over 100% RDF applied 

through inorganic fertilizer was 3.20 and 3.30, 2.99 and 2.86, 5.86 and 3.60 dul"ing 

2002-03 and 2003-04, respectively. On pooled mean basis the percent increase for 

fresh and dry leaves yield and seed yield ha" was 2.53,2.49 and 2.75 rcspectively. 

The senlloside content in the leaves and pods was found to be at par. 

The highest net monetary returns (Rs. 65,711/- ha ') and Benefit:Cost Ratio (2.20) 

on pooled mean basis was obtained due to tile application of l25u/o RDF 

(93.75:62.50:0 NPK kgha") applied through inorganic fertili7A!r. A positive and 

significant correlation and regression association existed betwcen plant height, plant 

spread, number of branches, total dry matter, number of filled pods, weight of filled 

pods, number of seeds pod", weight of seeds pod~', number of seeds plant·" 

thousand seed weight and dry leaves weight ",,;th weight of seeds plant~ '. 

In rabi season, for isabgol, the main plot treatments were found to be at par. 

In case of sub plot treatments, the application of 100% RDF (50:25:0 NPl( kgha- 1) 

Ulrough inorganic fertilizer was found to be significantly superior to the application 

of 75% RDF (37.50: 18.75:0 NPl( kgha") applied through inorganic fertilizer in respect 

of plant height, number of leaves, number of productive tillers, total dry matter, 

number of pt'oductive spikes, number of seeds spike", number of seeds plant~', 

weight of seeds plant·], thousand seed weight, secd yield and total straw yield ha '. 

The percent decrease by the application of 75% RDF (37.50: 18.75:0 NPK kgha 1) 

applied through inorganic fertilizer was 3.58 and 3.50, 5.34 and 5.59, 1.99 and 3.06, 

3.98 and 4.21, 15.41 and 15.57, 0.67 and l.08, 16.33 and 16.68,7.45 and 5.88, 

5.39 and 7.78, 5.04 and 5.75, 4.74 and 5.54 during 2002-03 and 2003-04, respectively. 

On pooled mean basis the percent decrease for seed yield and total stt'aw yield was 

5.39 and 5.14, respectively. Thc N, P, K content in the plant parts was found to be 

at par. For N, P, K uptake the percent decrease was 10.53 and 9.27, 6.43 and 7.48, 

10.51 and 12.33 during 2002-03 and 2003-04, respectively. The protein content, 

husk percentage and the swelling factor was found to be at par. The highest net 

monetary retums (Rs. 11,247/- hal) and Benefit:Cost Ratio (1.62) on pooled mean 
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applied through inorganic fertilizer to isabgol. A positive and significant correlation 

and regression association existed between plant height, number of productive 

tillers, total dry matter, number of productive spikes, length of spike, girU, of spike, 

number of seeds spike I, weight of seeds spike", number' of seeds plant· 1 and 

thousand seed weight with weight of seeds plant! 

After two years of senna (sonamukhl) - isabgol (Topping sequence the 

pH of soil was decreased from 8.12 to 8.09 due to the application of 75"/0, RDF 

(37.50: 18.75:0 NPK kgha") through inorganic fertjlizer to isabgol crop preceded by the use 

of 50'Yo RDF (37.50:25:0 NPK kgha") through inorganic fertili7-cr to senna (sonamukhl). 

Application of 100"_,;, RDF (50:25:0 NPK kgha") and 75'Yo RDF (37.50: 18.75:0 NPK 

kgha") through inorganic fertilizer to isabgo/ preceded by the use of 125'% RDF 

(93.75:62.50:0 NPK kgha" in which 50':;', N through urea and 50% N through FYM) to 

senna (sonwnukh,) increased the Ol'gank GU'bon of soil from 0.512 to 0.518':;', and total 

nitrogen from 0.0458 to 0.0467% on I)' in application of 100% RDF. The maximum 

gain ofrutrogen (29.33 kgha '), phosphorus (5.82 kgha· 1) and potassium (10.76 kgha I) 

was obtained with application of 125% RDF (93.75:62.50:0 NPK kgha 1 in which 

50% N through urea and 50% N through FYM) to senna (sonamukhl) during kharif 

and 100% RDF (50:25:0 NPK kgha ') through inorganic feruli7.cr to isaiJgo/ during rabi 

season. Application of 125% RDF (93.75:62.50:0 NPK kgha l) thmugh inorg,mie ferulizer 

to senna (sonamukhl) and 100% RDF (50:25:0 NPK kgha l) through inorganic fertili7.cr 

to isabgol in a sequence registered significantly higher net monetary retums (Rs. 

76,901/-ha'!) and Benefit:Cost ratio (2.04) at the end of two years of experimentc"l.tion. 

The corrclation and regression association between thc different plant characters 

with weight of sceds plant· l for senna (sonamukhl) and isahgo/ was positive and 

significant. 

It could be concluded from the results obtained fron, the experiment 

conducted that, an appropriatc level ancI combination of treatmcnt is to apply 125% 

RDF (93.75:62.50:0 NPK kgha') through inorganic ferilizer to senna (sonamulch,) 

during kharif scason followed by application of 100% RDF (50:25:0 NPK kgha I) 

through inorganic fertilizer to isahgol crop during raiJi season for' achieving maximum 

monctary r'ctums and improving soil health. 

Pages 1 to 213. 
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1. INTRODUCTION 

Cultivation of Hledicinal and aromatic plants has emerged as a new 

perspective in modem day agriculture due to an increased global interest in 

medicinal plants especially in the westem countries. About 80% of the population of 

many developing countries still uses traditional medicines for their health care. 

Except for the use of these plants for local health care needs, not much information has 

been available on their industrial utilization, market potential and trading possibilities. 

Yet local consumers, industries and exporters are demanding more herbal ingredients 

and as such demand is likely to increase while supplies of raw materials from wild 

sources of medicinal plants are rapidly shri.nking (Lambert et al., 1997). It IS 

therefore, necessary that systematic cultivation of medicinal plants be introduced 111. 

order to conserve biodiversity and protect threatened species. 

The intemational medicinal plant market is worth US $ 60 billion year ) 

and growmg at the rate of 7'\-'0 annum') (Bhojvaid, 2003). The world trade figures 

suggest that India is next to China by exporting 32,600 tonnes of medicinal raw 

material worth US $ 46 million armually (Lange, 1997; Dhar et al., 2000 and 

Manjkhola and Dhar, 2002). The planni.ng commission of the Govemment of India 

has planned to increase the trade in medicinal plant extracts to Rs. 10,000 crores by 

the year 2010. Domestic demand of medicinal plants is expected to rise to Rs. 2,000 

=ores by the year 2004-2005 as per CERPA estin1.ates (Bhattacharya and Mittra, 2002). 

With increasing demand, the market for medicinal plants has expanded. 

Tills has created the challenge for more sustainable, efficient and equitable 

management of these valuable products, as unsustainable harvesting, inequitable 

benefits distribution and overall economic inefficiencies charactero..e the current 

trend in marketing of medicinal plants (Kala, 2003). Farming these species would help 

even the supply to regularize the trade, provide certifiable products of uniform quality 

and make avai.lable to rural areas new source of income (Lan1.bert et al., 1997). 

Systematic cultivation of many medicinal plants needs specific cultural practices and 

agronomical requirements. Hence, research and development work has to be done to 

formulate good agricultural practices (De Silva, 1995). Cultivation of medicinal plants 

has now become an economically viable proposition owing to their increasing 

demand in food, pharmaceutical and cosmetic industries all over the world. 

Development and transfer of farm worthy technologies can I1nprove the overall 

contribution of medicinal plants in each producing country's economy in the 

21 st century (Singh and Kumar, 1998). 

From technical, econonlical and environmental =nsiderations the best 

course is to adopt an integrated nutrient management under intensive agriculture system. 
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This will integrate the use of organic manures and inorganic fertilizers (Motsara, 1999). 

An application of nub;ents from an integl'ated source i.e. inorganic alongwith 

organic, proved to be superior to an application of inorganic fcrtilizer or organic 

fertilizer alone (Jagtap, 1993, Bansode, 1995 and Bacchav and Sa bale, 1996). 

Senna (sonamukhi) is a small undershrub with spreading branches. 

It's leaves and pods al'c the econon1ic parts and arc uscd as a medicine for 

treatment of abdominal disordcrs, jaundicc, anaemia, bl'onchitis and splenomcgaly. 

It contains the glycoside sennoside (Anon., 1994). In India, senna (sonamukJll) is 

cultivated over an area of 25,000 ha. mainly in thc states of Tamilnadu, 

Maharashtra, Gujarat, Rajasthan and Delhi with a production of 22,500 tonnes of 

Icaves and 7,500 tonnes of pods (Anon., 2005 a). The export of senna (sonamukhr) 

leaves and pods was valued at Rs. 36.84 crores during 2002-03 and Rs. 36.19 
crores during 2003-04 (Anon., 2005 b). 

lsabgol is a small armual plant, g1'Owing 7 to 30 cm tall and tillers ar;sc from 

the base of the plant. The secd and husk al'e mild laxativc, emollient and demulcent. 

In addition to medicinal uscs it has a place in drying calico printing and in the 

ice-cream induslIy as a stabili7..er. The sced without husk are used as a cattle feed 

(Kalyansundaram et al., 1984). In India, it is cultivated over an area of 50,000 ha. 

mainly in thc states of Gujarat, Haryana and Punjab with a production of 48,000 

tonnes of seed (Anon., 2005 a). The export of isabgol busk was valued at Rs.171.32 

crores during 2002-03 and Rs. 58.60 crores during 2003-04, wbile that of isabgol 

seed was valued at Rs. 5.93 crores during 2002-03 and Rs. 24.61 crores during 
2003-04 (Anon., 2005 b). 

For most of the crops nitrogen is provided through chcmical ferti1i7.crs, 

the cost of which is increasing day by day and they are going out of reach of the 

small and marginal farmers. Moreovcr, the constant use of chemical fcrtilizers bas 

deteriorated the soil health. Hence, it will be of interest to see if a reduction in an 

application of nitrogen could be done without compromising on the yields by 

utilizing organic manures to supply nitrogen to the crops and simultaneously 

improve the soil health. An application of organic manures considerably increased 

the available nitrogcn and phosphorus in soil and also the soil organic matter 
(Patil et a[_, 1993). 

In view of this, the present study was undertakcn in sermG-i..<;abgo[ 

cropping sequence with combination of organic n1anurc as a sourcc of nib'ogen 

alongwith chemical fcrtilizer and only chemical fertilizer in graded lcvels to senna 

(sonamukJu) in kharif as main plot treatments cmd testing the residual effects of the 

same for increasing the production of isabgol in rabi alongwith nitrogen and 
phosphorus management. 
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The experiment was conducted with the following objectives: 

1. To study the effect of an integrated nutrient management on growth and 

yield of senna (sonamuklu). 

2. To asses the residual effect of an integrated nutrient management of senna 

(sonamuklu) on growth and yield of subsequent isabgol crop. 

3. To study the nutrient balance in senna (sonamukJu) -isabgol croppmg 
sequence. 

4. To study the nutrient management effect on quality of senna (sonamuklu) 

and isabgol. 
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LITERATURE 



2. REVIEW OF LITERATURE 

The cropp=g systcm research is required in view of increasing the 

production and productivity unit area 1 unit time 1 besides, retaining and improving 

the soil fertility. Research on an integrated usc of N through a combination of 

organic ITIanUre (farmyard manure) and chemical fertilizers for senna and their 

residual effect on isabgol arc meager. Indian and foreign literatures have been 

reviewed in this chapter. In case of eel'tain aspects such as effect of FYM and 

chemical fertilizers alone or in-combination on the particular crop were not available 

therefore, references on other crops are presented in view of supporting the work. 

2.1 Senna.. 

2.1.1 Effect of nitrogen through fertilizer. 

2.1.1.1 Effect on growth characters. 

Choudhary et al. (1979) conducted a field experiment from June to 

December 1978 at Chatha, on Solanum khasianum with N levels (0,40,80 and 120 

kg ha- I) and found that an increaSing level of application of N produced a significant 

increase in plant height and nl.lITIber of branches plant- l . However, an application of 

120 kg N ha- I was found to be at par with 80 kg N ha- I . Hcgde (1988) conducted a 

field experiment during 1980-81 and 1981-82 at Hessaraghatta, on periwinkle 

(Catharanthus roseus L.) \Nith N levels (0, 60 and 120 kg ha I) and reported that N 

application had a significant increase in plant height, number of branches plant-' 

and stem diameter upto 120 kg 11."1 1 

Pareek et al. (1988) conducted a field experiment during 1981-82 to 

1983-84 at New Delhi, on three species of henbane Hvoseyamus (H. niger, 

H_mutieus and H.albus) with N levels (0, 40, 80 and 120 kg ha I) and found that an 

application of 80 kg N ha 1 was found to increase significantly plant height and 

number of branches plant-I. Sharma and Gupta (1988) at ,Jammu, applied 4 levels 

of N (0, ] 00, 150 and 200 kg ha- ' ) to Tvlophora indica and reported that there was a 

linear increase in hel'\) yield with increase in N level. However, the higher dose of 

200 kg ha- I N did not increase the yield. 

Ilangovan et al. (1990) conducted a field experiment during Oct. 1983 

and May 1984 at Madurai, on senna cv. Tinnevelly with N levels (0, .sO andl00 kg 

ha- 1) and found that N levels had a significant effect on growth characters which 

increased witJ-l increasing N levels. Mali (1994) at RahUIi, found that increasing doses 

of N increased the plant height, number of branches and leaf area plant· 1 of senna. 

Muniramappa et al. (1997) conducted a field experiment during 1993-94 at 

Bangalore, on kalmegh (Andrographis paniculata Nees_) with N levels (0, 50, 75 and 
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100 kg ha- I ) and revealed that an application of increasing levels of N significantly 

influenced plant height, plant spread, number of leaves, leaf area, fresh and dry 

weight of plant. Arumugarn et aL (2001) at Killikularn, applied 4 levels of N (0, 25, 50 

and 75 kg ha- I ) to senna and revealed that overall dry matter production increased 

",':ith increasing levels of N application. Krishnamoorthy and Madalageri (2002) conducted 

a field experiment during kharif season of 1997 at Dharwad, on Trachysperrnum 

arruni (J\iowan) ",':ith N levels (25, 50 and 100 kg ha I) and found that N application 

promoted all the grov.>th characters viz., plant height, plant spread, number of 

branches, number of leaves and toLa] dry matter production plant- ' in a linear manner. 

2.1.1.2 Effect on yield contributing characters. 

Choudhary et al. (1979) found that an mcrease m an application of 

N produced a significant increase in the number of berries plant-! and diameter of 

berries, however an application of 120 kg N ha-l was found to be at par ",':itl1 80 kg N ha-l 

ill. Solanum khasianum. Ilangovan et al. (1989) at Madurai, applied N levels (0, 50 

and 100 kg ha- I ) and found that the dry leaf and dlY pod yield plant- 1 of senna 

increased 'lA':ith increasing N levels. Pareek et aL (1989) at New Delhi, found that 

increasing doses of N increased the yield contributing characters of senna_ 

Mali (1994) found that increasing N levels increased the green leaves weight and dry 

matter plant-I of senna. 

2.1.1.3 Effect on yield. 

Choudhary et al_ (1979) found that an application of N produced a 

significant increase in the fresh and dry yield of berries ha- I, however an application 

of 120 kg N ha-1 was found to be at par 'lA':ith 80 kg N ha- I in Solanum khasianum. 

Kalyansundararn et aL (1981 a) conducted a field experiment during kharif seaSOn of 

1979-80 at Anand, ",':ith N levels (0, 25, 50 and 75 kg ha- I ) and found that the yield of 

green and dry leaflets of senna increased with increasing N levels. Sarma et al. (1982) 

conducted a field experiment during 1978-80 at Jorhat, on Digitalis lanata 'lA':ith 

N levels (40, 80, 120, 160 and 200 kg ha- I ) and reported that the yield of herbs 

increased significantly linear upto 160 kg N ha- I . Hegde (1988) reported that there was 

an increase in the yield of roots, leaves and stems of periwinkle (Catharanthus roseus L.) 

during both the years due to an application of N fertilizer. Pareek et al. (1988) found 

that an application of N levels (0, 40, 80 and 120 kg ha- 1), showed a linear increase 

in the dry herbage yield of three species of henbane Hvoscyan1us (tl. niger, H. 

muticus and H. albus). 

Singh and Kewalanand (1989) conducted a field experiment during 

kharif season of 1983-84 and 1984-85 at Pantnagar, on sarpagandha (Rauvolfia 

serpentina) 'lA':ith N levels (0, 50, and 100 kg ha- I) and found that the yield of dry 
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roots increased significantly v.'ith an increase in N levels during both the years. 

Mali (1994) found that green leaf yield of senna increased with increasing levels of N fertili=r. 

Muniramappa et aL (1997) at Bangalore, revealed that an application of the different 

levels of N significantly influenced fresh and d,y herbage yield ha· l of kalmegh 

(Andrographis paniculata Nees.). Arumugam et al. (2001) revealed that dry leaf yield, 

pod yield and overall dry matter production of senna increascd with increasing 

levels of N application. 

2.1.1.4 Effect on concentration and uptake. 

Bachhav (1994) and Shand (1994) at Punc, found that tl,e 

concentration and uptake of N in soybean incrcased v.·ith increasing N levels. 

Pattar et a1. (1999) found that the concentration and uptake of N in groundnut 

increased with increasing levels of N. 

2.1.1.5 Effect on alkaloid content. 

Gupta et aZ. (1977) at Anand, grew Ca_<;sia anguslifoZia with N levels 

(0, 50 and 100 kg ha- ' ) cmd revealed that the sennoside content of mature leaves 

and pods was unaffected by N levels. Choudhary el al. (1979) found that an 

application of N did not significantly affcct thc solasodine content in Solanum 

khasianum. Kalyansundaram et al. (1981 a) reported that eU, application of N levels 

(0, 25, 50 and 75 kg ha· l ) had no significant effcct on the sennoside content of the 

leanets of senna. Sarma et 01. (1982) reported that an application of various N levels 

did not significantly affect ilie total glycosidcs and digoxin content of Digitalis lanata. 

Pareek el al. (1988) found iliat an application of N levels (0, 40, 80 and 120 kg ha']) 

did not significantly affect the total alkaloid content as hyoscyamine in tl1ree specics 

of Hvoscyamus (H. niger, H. muticus and H. albus). Maheshwari et oL (2000 a) at Indore, 

reported iliat the perccntage of total alkaloids present in the dry root of ashwagandha 

(Wiiliania somnifera) was not affected by ilic different N treatments applied. 

2.1.1.6 Effect on soil properties. 

Jadhav et al. (1996) at Pune, observed iliat an application of N 

fertilizers increased the availability of N with increasing N doses to pearl millet. 

Patil et al. (1996 b) at Solapur, observed that ilie avcrage available N and organic 

carbon increased wiili an increase in the application of urea to sorghum. 

Singh and Mandal (1997) at Mohanpur, reported that an application of urea to rice 

increased the buildup of N status of ilie soil. Singh el aZ. (1997) at Bilaspur, found 

iliat iliere was an increase in ilie organic carbon and available N status due to an 

application of N fertilizers to sesame. Mandai et al. (2001) at Murshidabad, observed 

iliat a continuous application of N resulted in a higher total N status of soil. 



2.1.2 Effect of phosphorus through fertilizer. 

2.1.2.1 Effect on growth characters. 
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Nandi and Chattcrjee (1981) at Burdwan, found that in low P 

treatn1ents, growth of senna was poor and plants responded litUe to K fertilizers. 

Hegde (1988) reportcd that an application of P levels (0, 40 and 80 kg ha' I) had a 

significant increasc in plant height, number of branches and stem diameter plant· I 

of periv."nkle (Catharanthus roseus L.). Ilangovan et al. (1990) found that an 

application of P levels (0, 50 and 100 kg ha· l ) had a significant effect on gr'owth 

characters of senna ""th increasing P levels. Muniramappa et al. (1997) revealed that 

an application of different levels of P levels (0, 25, 50 and 75 kg ha· l ) significantly 

influenced plant height, plant spread, number of leaves, leaf area, fresh and dry 

weight of plant of kalntegh (Andrographis paniculata Nees.). Bhaskar et al. (2002) 

conducted a field experiment during 1995·96 and 1996-97 at Bangalore, on Solanum 

viarum ""th P levels (0,30,60,90 and 120 kg ha· l ) and found that plcU1t height, number 

of branches and leaf area index plant I showed a linear rcsponse to P application. 

Krishnamoorthy and Madalageri (2002) at Dharwad, found that P application (25 and 

50 kg ha· l ) promoted all the growth characters viz., plant height, plant spread, 

number of branches, n1.1n1ber of leaves and total dry matter production plant· I of 

Trachyspermum ammi (Ajowan), The increase was in a linear manner. 

2.1.2.2 Effect on yield contributing characters. 

Ilangovan et al. (1989) applicd P levels (0, 50 and 100 kg ha I) and found 

that the dry leaf and dry pod yield plant· 1 of senna increased with increasing P levels, 

Bhaskar et uf. (2002) reported that an application of P did not affect thc number of fruiting 

points, number of fruits and density of fruits plant·, in Solanum viarum. 

2.1.2.3 Effect on yield. 

Kalyansundaram el aL (1981 a) found that yield of green and dry leaflets 

of senna progrcssivcly increased with increasing P levels (0,50, 100 and 150 kg ha·,). 

Sarma et a1. (1982) reported that the effect of P levels (50 and 100 kg ha· 1) on the yield 

of herbs of Digitalis lanata was significant and linear. Sharl1.1a and Gupta (1988) at 

Jammu rcported that there was a linear increase in herb yield of Tylophora indica 

""th increasing P levels from 0 to 100 kg ha' I. Singh and Kcwalanand (1989) found 

that the yield of dry roots of sClipagundha (Rauvolfia serpentina) increased significantly 

""th an increase in P levcls (0, 45, 90, cu1d 135 kg ha I). Muniramappa et al. (1997) 

revealed that an application of the different levels of P (0, 25, 50 and 75 kg ha j) 

significantly influcnced fresh and dry herbage yield ha I of kal17legh (Andrographis 

paniculata Nees.). Bhaskar el al. (2002) reported that an application of P did not 

affect the fresh fruit and dry berry )"eld plant 1 of Solanum viarum. 
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2.1.2.4 Effect on concentration and uptake. 

Maliwal (1990) at Junagadh, found that an increase in levels of P 

fertilizer increased P uptake in groundnut. Sahu et al. (1993) reported that P uptake 

was increased with P application. Prasad and Kumar (1999) reported that there was 

an increased concentration and uptake in soybean with increased level of P fertilizer. 

Varavipour et al. (1999) at New Delhi, reported that uptake of P by soybean was 

enhanced with increased level of P fertilizer. 

2.1.2.5 Effect on alkaloid content. 

Gupta et al. (1977) revealed that the sennoside content of mature 

leaves and pods of senna was unaffected by P20" levels (0, 50 and 100 kg ha '). 

Kalyansundaran, et a1. (1981 a) reported that an application of P levels (0, 50, 100 and 

150 kg ha") had no significant effect on the sennoside content of the leaflets of senna. 

Sarma et al. (1982) reported that an application of various P levels did not 

significantly affect the total glycosides and digoxin content of Digitalis lanata. 

2.1.2.6 Effect on soil properties. 

K~ble and Mohite (1996) at Rahuri, found that there was an increase 

m the soil available NPK due to an increase in P application to groundnut. 

Kasturikrishna and Ahlawat (1999) at New Delhi, observed that an increase in the 

organic carbon, available N and available P status of the soil due to an increase in 

the application of phosphatic fertilizer to pea. Bhakare and Sonar (2000) at Rahuri, 

observed that the soil available P status was increased with an increase in the 

application of P to soybean. Patel and Shelke (2000) at Parbhani, observed an 

increase in the residual balance of P due to an application of P to mustard. 

2.1.3 Effect of nitrogen alongwith phosphorus through fertilizer. 

2.1.3.1 Effect on growth characters. 

Hegde (1988) reported that N+P application had a significant increase 

m growth characters of periwinkle (Catharanthus roseus L.). Sharma and Gupta 

(1988) reported that a combination of Nand P application showed beneficial effect 

on 1'ylophora indica. Muniramappa et al. (1997) revealed that due to an application 

of different levels of Nand P the interaction effects were found to be non-significant on 

kaZmegh (Andrographis paniculata Nees.). Krishnamoorthy and Madalageri (2002) 

found that Nand P combined application promoted all the growth characters of 

1'rachvspermum ammi (Ajowan). 
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2.1.3.2 Effect on yield contributing characters. 

Duraisingh and Gopalaswamy (1991) observed that an application of 

40 kg N + J 20 kg P20S hal produced higher yield attributes viz., pods plant' and 1000 

seed weight of soybean as compared to other combinations of N levels (20. 40 kg ha~l) and 

P levels (80, 120 kg ha I)~ Patel el al. (1992) at Raipur, observed that the yield 

contributing characters of soybean were increased with increasing levels of N and P 

upto 40 kg N + 90 kg P20S hal. Shelke (1994) observed that the yield contributing 

characters of soybean were maximum with an application of 40 kg N + 80 kg P20S ha I. 

2.1.3.3 Effect on yield. 

Gupta (1967 b) reported that an application of 20 kg Nand 40 kg P ha I at 

planting supplemented \vith 40 to 60 kg N ha I produced I to 1.4 tormes of dry leaves ha I. 

Kalyansundararn el al. (1981 a) found that _yield of green and dry leaflet.s of senna 

progressively increased IIvith increasing Nand P level",. Ho\vever, the interaction effect", 

of Nand P were non-significant. Muniramappa el at. (1997) revealed that the combined 

application of different levels of N and P significantly influenced fresh and dry herbage 

yield ha I of kalmegh (Andrographis paniculata Nees.). Singh and KewalcU"land (1989) 

found that the yield of dry roots of sarpogandha (Rauvolfia serpentina) increased 

significantly \\ith an increase in Nand P levels. The interaction effects were also found 

to be significant. 

2.1.3.4 Effect on concentration and uptake. 

Sharma and Dixit (1987) found that the uptake of N and P by soybean 

was increased due to an application of increased levels of Nand P. Reddy elol. (1990) 

at Baptala, reported that Nand P uptake by soybean increased significantly with an 

increase in levels of N and P application. 

2.1.3.5 Effect on alkaloid content. 

Gupta el al. (1977) revealed that the sennoside content of mature 

leaves and pods of senna was unaffected by' Nand P levels. Ilangovan el aL (1991) at 

Madurai, revealed that N increased pod sennoside content but had no appreciable 

effect on leaves of senna. Leaf sennoside content increased with rising P application 

rates. The effects due to interactions of N X P on sennoside content and yield were 

found to be non-significant. 

2.1.3.6 Effect on soil properties. 

Chawla and Chabra (1991) at KalCmll, found that an application of P 

alongwith N increased the infiltration rate of the soil and there was no change in the 

organic carbon status of the soil. Balasubramaniyan (1997) at VrindhachalmTI, 



10 
observed an increase in the soil available Nand P status due to an increase in the 

NP fertilization to groundnut. Navalc et al. (2000) at Rahuri, reported that an 

application of 60 kg N + 120 kg P20S ha' 1 to soybean resulted in higher soil available 

N and P than 40 kg N + 80 kg P20S ha- I and 20 kg N + 40 kg P 20s ha'. There was 

also a marginal incr-ease in soil available K by the fertilizer applied. Raju and Reddy 

(2000) at Maruteru, observed that higher electrical conductivity values were 

observed in plots receiving NP fcr-tili7..ation to rice. Sengar el at. (2000) at Jagdalpur, 

observed that an application of NP fer1:.ilizers to rice increased the soil pH and no 

significant influence on organic carbon. 

2.1.4 Effect of nitrogen through farmyard manure alongwith or without 

phosphorus fertilizer. 

2.1.4.1 Effect on growth characters. 

Rayer (1984) found that an application of 10 to 12 t FYM ha 1 increascd 

the root dry matter plant- I of groundnut. Muthuvel et al. (1985) observed that an 

application of }<Y'M (tI' 10 t ha-' to redgram resulted in significantly highcr numbcr of 

branches plant·, ovcr control. Nimje and Seth (1987) at Ncw Delhi, reported that an 

application of FYM ({i; 15 t ha- I to soybean increased the numbcr of branches and 

dry matter accumulation plant 'over thc unmanurcd crop. Ninljc and Scth (1988) at 

Ncw Delhi, found that increasing rate of P"Oc (0,40 and 80 kg ha-!) and FYM (0 and 

15 t ha-') increased thc drv mattcr production of plants. Gaidhane (1994) at Pune, 

observed that an application of 5 t ha- 1 of farmyard manure to groundnut increased 

the plant sprcad plant-lover control. Singh et al. (1995 a) revealed that the plant 

hcight plant·, of soybean was significantly higher due an application of 15 t ha- I of 

FYM + full dose of NPK than with the control. 

2.1.4.2 Effect on yield contributing characters. 

Muthuvel et al. (1985) found that an application of FYM gave a 

significantly higher number of pods plant- 1 and thousand grain weight of redgram. 

Nimje and Scth (1987) reported tJ,at an application of FYM (tI: I Ci t ha 1 to soybcan 

significantly incrcased the pod and grain numbcr plant- I and thousand grain weight 

over thc unmanured crop. Sagare et al. (1992) at Akola, found that a fcrtilization of 

25 kg N + 50 kg P20S ha 1 applied half through FYM and half through chemical 

fertilizer significantly increased the pod yield of peanut. Patel (1994) at Punc, found 

that an application of FYM @ 5 t ha- 1 to pigeonpea for supply of 25 kg ha" increased 

the number of seeds plant-l. Singh et al. (1995 a) revealed that the number of pods 

plant- ' of soybean was significantly higher due an application of 15 t ha- I of 

FYM + full dose of NPK than with the control. 
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2.1.4.3 Effect on yield. 

Pareek et al. (1989) reported that FYM application at lOt ha I, improved 

the total leaf and pod yield of senna by 38.7 and 45.5 'Yo respectively over the control. 

Supplementing this \vith 30 kg N ha- I further increased the yield to that follovving 

treatment with 60 kg N ha- I by a further 24.3% (leaf and pod). Sharma et al. (1999 a) 

conducted a field experiment during 1995-97 at Barmer and reported that all. application 

of 5 t ha· 1 of FYM to senna gave a seed yield of 150 kg ha· l . Maheshwari et aL (2000 a) 

reported that an application of 2.5 t ha- I FYM along with 12.5 kg N + 25 kg P 2 0 S ha·1 

resulted in maximum root yield (465 kg ha- 1 ) of ashwagandha (Withania somnifera) 

over the control (425 kg ha- I ). Ramamoorthy et aL (2003) conducted a field experiment 

during rabi seasons of 1997 and 1998 at Killikulam, and reported that an application 

of 12.5 t ha- 1 of FYM in combination v,,-ith a fertilizer level of 60:25:40 kg NPK ha· 1 be 

recommended for enhanced herbage, pod )-ield and seed yield of senna. 

2.1.4.4 Effect on concentration and uptake. 

Banait (1991) reported that an application of FYM was more effective 

for total nutrient uptake of groundnut plant. Bachhav (1994) at Pune, observed that 

there was more uptake of plant nutrient in soybean crop to which 25 kg ha- I of N 

was supplied through 5 t ha- 1 of FYM. 

2.1.4.5 Effect on alkaloid content. 

Parcek et al. (1989) reported that v\-ith the application of vanous 

treatments of FYM and fertilizers, the total scnnosides concentration in the leaves 

and pods of senna remained unchanged. Maheshwari et al. (2000 a) reported that, 

percentage of total alkaloids present 11'1 the dry root of ashwagandha 

(Withania somnifera) was not affected by the different N trcatments applied. 

2.1.4.6 Effect on soil properties. 

Mahimaraja et al. (1986) observed that the combined application of 

inorganic fertilizer alongwith FYM improved the physical condition of soil by 

increasing the hydraulic conductivity, porosity and aggregation and reducing the bulk 

density of soils. Kwakye (1988) observed that the fertility status of the soil was 

maintained chiefly by manuring which significantly increased the levels of organic 

carbon, total N and available P and K while the soil pH was reduced. Badanur et aL (1990) 

found that all. application of farmyard manure increased the organic carbon, 

available N and P over control. Bellaki and Badanur (1997) at Dharwad, reported that 

the bulk density of soil decrcased due to an appli~ation of farmyard manure either 

or in combination with fertilizers. Purakayastha et al. (1997) at New Delhi, observed 

that an application of farrnyard manure along\vith urea had no effect on pH changes 
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as compared to urea alone. Pattar et al. (1999) found that higher organic carbon, 

available NPK were recorded in treatment receiving FYM @ 10 t ha- 1 to groundnut. 

Singh et al. (2000) at Pusa, found that the bulk density of surface soil was reduced 

due to an application of FYM (1.32 Mg m 3 ) as compared to control (1.45 Mg m·3). 

2.2 Effect of preceding crops on following crops. 

Sharma et al. (1999 b) at Morena, during 1993-94 and 1994-95 

in soybean-mustard sequence applied NPK (40:40:20, 40:60:20 and 40:80:20 kg ha-1) 

alone or alongwith substitution of 1/2 through farmyard manure to soybean. 

This application did not significantly influence the yield of mustard, which received 

an application of 80:40:20 kg NPK ha I of inorganic fertilizer. Singh (1999 a) at 

Mainpuri, during 1996-97 and 1997-98 in groundnut-wheat sequence observed that 

the yield contributing traits and yield of wheat receiving 80 kg N ha· j and 40 kg P ha- j 

gro'wn on different residue treatments of groundnuts receiving inorganic and FYM 

fertilizer combinations did not show significant variation. Singh et al. (1999 b) at 

Hissar, during 1984-85 to 1996-97 ill pearl millet-wheat sequence, revealed that an 

application of 50% recommended dose through chemical fcrtili7..ers with 50% N 

through FYM in pearlmillet and 100% recommended dose of NPK in wheat produced 

grain yield of both pearimillet and wheat at par with that of recommended dose 

of fertilizers in both the crops of the sequence. Verma and Rajput (1999) at Agra, 

during 1990-91 and 1992-93 in pearlmillet -wheat sequence, applied N levels 

(40,80 and 120 kg ha- I), P levels (40, 80 and 120 kg ha· l ) and K levels (0 and 40 kg ha-I) 

to both the crops and revealed that the continuous cropping of pearlmillet sequence 

over a fixed site reduced the available soil NPK year after year at lower levels of 

fertilizers, but the same was sustained at higher levels. 

Singh et aI. (2000) at Pusa, during 1994-95 to 1996-97 in rice-wheat 

sequence observed that an application of FYM significantly brought down the 

bulk density of surface and sub-surface soils in comparison with that of control. 

Application of different levels of fertili7..ers did not affect the bulk density. 

Sharma et al. (2003 a) at Pura, during 1981-82 to 1995-96 in rice-wheat sequence, 

applied N levels (40, 80, and 120 kg ha I), P levels (0, 40 and 80 kg ha- 1) and 

K levels (0 and 40 kg ha· l ) to both the crops and found that the grain yield of both 

the crops increased significantly with an increase in N levels u pto 120 kg ha- 1, P levels 

upto 80 kg ha· 1 and K levels upto 40 kg ha 1 fertilizer during all the years of 

experimentation. The organic carbon content, available N and P levels increased while 

the available K decreased. 
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Mann and Vyas (1999) conducted a field experiment on isabgol cV. GI-2 

'Nith four N levels (0, 15, 30 and 45 kg ha I) during rabi season of 1995-96 at Udaipur, 

and reported that plant height, number of leaves and dry matter accumulation 

plant· I were significantly increased up to 45 kg N ha· l . Solanki ru1d Shaktawat (1999) 

conducted a field experiment during 1992-95 at Bikaner, on isabgol with N levels 

(0, 30, 45 and 60 kg ha- I) and found that all the growth characters were promoted with 

increasing doses of N. Bist et aL (2000) conducted a field experiment during 1998-99 at 

Pantnagru-, with N doses (0, 20, 40, 60, 80, 100, 120 and 140 kg ha· l ) and reported that 

the increasing rates of N application had significant influence on growth of Plantago ovata. 

Maheshwari et aL (2000 b) conducted a field experiment during winter 

season of 1996 and 1997 at Indore, and reported that the maximum plant height of 

isabgol was recorded at 25 kg N ha- I. Bist et al. (2001) conducted a field experiment 

during 1997-98 and 1998-99 at Pantnagar, on psyllium cv. Gl-l and GI-2 with N levels 

(0, 10, 20, 40 ru1d 50 kg ha I) and found that with increasing N rates the growth 

characters were significantly increased. Singh et aL (2003 a) at Bikaner, reported 

that an application of 30 kg N ha- I increased the plant height, number of leaves and 

dry matter accumulation plant I of isabgol over the control by 75.39, 27.48 and 

74.74°/t, respectively. Utgikru- et al. (2003) conducted a field experiment during rabi 

season of 2000-01 at Akola, on isabgol with treatments 0, 25, 50 and 75 kg N ha· 1 

N application at 50 kg ha· 1 gave the highest number of leaves (90.57) and number of 

tillers plant-I (8.12), whereas N at 75 kg ha· 1 gave llie highest plant height (41.1 cm). 

2.3.1.2 Effect on yield contributing characters. 

Intodia and Tomru- (1998) conducted a field experiment during 1994-96 

at Chittorgru-h, on psyllium genotypes (GI-2, HI-5 and Rl-89) with N levels (0, 15 and 30 

kg ha· l ) and observed a positive response to N application \vith respect to yield attributes. 

Solanki and Shaktawat (1999) conducted a field experiment during 1992-95 at 

Bikaner, on isabgol willi N levels (0, 30, 45 and 60 kg ha I) and found that all the 

yield characters were promoted witl1 increasing doses of N. Maheshwari et aL (2000 b) 

conducted a field experiment during winter season of 1996 and 1997 at Indore, and 

reported that the maximum number of spike bearing tillers and length of spikes of 

isabgol were recorded at 25 kg N ha I. 

Mann and Vyas (2001) at Udaipur, reported that the increasing N rate 

(0-40 kg ha· l ) resulted in the increase in yield components of psyllium, the highest 

number of spikes (36.43), spike lengtl. (3.9 cm), number of spikelets spike" (65.5) were 

recorded with an application of 45 kg N ha '. Deore et al. (2002) conducted a field 
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experiment during rabi 1997 at Rahuri, on isabgol cv. 01-1. The results revealed that 

N application with 75 kg ha· 1 recorded the higher number of productive spikes plant·l. 

Sharma et al. (2003 b) conducted a field experiment in 'winter season of 1996-97 

and 1997-98 at Jaipur, with N levels (0, 15, 30, 45 and 60 kg ha") and reported 

that the number of spikes and seed weight plant· I of psyllium increased with 

increasing rates of N upto 45 kg ha· l . 

Singh et al. (2003 a) reported that an application of 30 kg N ha I 

to isabgol increased the spikes m I row length by 53.86%, spike length by 50.66%, 

spikelets spike' I by 15.42% and seed weight spike· J by 12.360/0 over the control. 

Utgikar et al. (2003) conducted a field experiment during rabi season of 2000-01 at 

Akola, on isabgol with treatments 0, 25, 50, and 75 kg N ha J and found that N 

application at 50 kg ha· J gave the highest number of spikes plant· I (39.66), number 

of seeds spikc· 1 (87.30), seed yield plot· ' (0.362 kg), whercas N at 75 kg ha· 1 gave the 

highest spike length (3.60 cm). 

2.3.1.3 Effect on yield. 

Kalyansundaram et al. (1982) at Anand, reported that highest seed 

yield of Plantago ovata was obtained with an application of 50 kg N ha· l . Singh and 

Kewalanand (1988) conducted a field eXpelTInent during the rabi seasons of 1983-84 

and 1984-85 at Pantnagar, on isabgol with four levels of N (0, 40, 80 and 120 kg ha· l) 

and found an almost linear increase in seed yield of isabgol with N fertilization upto 

80 kg ha· 1 and then declined with further increase in the levels of N. Ramesh et al. (1989) 

conducted a field experiment dUl'ing July to October at Bangalore, with N levels 

(50, 75 and 100 kg ha· J ) on isabgol and reported that an application of 75 kg N ha· J 

rcsulted in higher seed yield plant I. 

Intodia and Tomar (1998) observed the positive response of seed yield ha' J 

of psyllium to N application. Solanki and Shaktawat (1999) conducted a field experiment 

during 1992-95 at Bikaner, on isabgol with N levels (0, 30, 45 and 60 kg ha· 1) and found 

that the seed yield was promoted 'with increasing doses of N. Bist et al. (2000) 

conducted a field experiment during 1998-99 at Pantnagar, \vith N doses (0, 20, 40, 

60,80, 100, 120 and 140 kg ha· J ) and reported that the increasing rates ofN application 

had significant influence on yield of Plantago ovata. Maheshwari et al. (2000 b) at 

Indore, reported that higher seed yield of isabgol by 30% was obtained at 25 kg N ha' J 

compared with control. Bist et a/. (2001) conductcd a field expcriment during 1997-98 

and 1998-99 at Pantnagar, on psyllium cv. 01-1 and 01-2 v.>ith N levels (0, 10,20, 

40 and 50 kg ha· 1) and found that increasing N rates of application significantly 

increased the seed yield. Deore et al. (2002) conducted a field experiment during rabi 

1997 at Rahuri, with isabgol cv.OI-l and revealed that N application with 75 kg ha· J 

recorded the highest seed yield ha· l . 
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Kumawat et al. (2002) conducted a field expel-iment during 1998-99 

and 1999-2000 at Udaipur, application of N levels (20, 40 and 60 kg ha") found that 

with increasing N levels the seed yield and biological yield of psyllium was increased. 

Rathore and Chandawat (2003) conducted field experiments dUling rabi season of 

1991-92, 1992-93, 2000-01 and 2001-02 at Jodhpur on i.sabgol cv. GI-2 with three 

N levels (0, 30 and 60 kg ha") and revealed that there was a significant increase in 

the seed and straw yield. Sharma et al. (2003 b) conducted a field experiment during 

the ",inter season of 1996-97 and 1997-98 at ,]aipur, with N levels (0, 15, 30, 45 

and 60 kg ha") and reported that the seed yield and straw yield of isabgol increased 

with increasing rates of N upto 45 kg ha·'. Application of 45 kg N ha" resulted in 

significantly higher seed yield (19.35 q ha') \vhich was 32,21 and 12% higher than 

with the application of 0, 15 and 30 kg N ha', rcspectively. Singh et al. (2003 a) 

l'Cported that an application of 30 kg N ha" incrcased the seed and straw yield of 

isabgol by 23.3'Yo and 55.4% respectively ovcr the controL 

2.3.1.4 Effect on concentration and uptake. 

Shclkhe1a et aL (1984) reported lhat the N concentration in seed, husk and 

straw were increased 'with increasing N application to isabgol. Mann and Vyas (1999) 

reported that NPK uptake of i.sabgol was enhanced by the highest levels of N but it 

was found to be non-significant. Burman et al. (2002) reportcd that an application of 

30 kg N ha I, led to an increase in the concentration of NPK over control (0 kg Nha") 

in isabgol. Kumawat et al. (2002) reported that increasing N levels increased the 

NPK uptake (kg ha !) of psyllium. Singh et al. (2003 b) reported that the N uptake by 

isabgol was higher "vith the application of 45 kg N ha' cOIn pared to other rates 

(0, 15,30 and 45 kg ha") of N application. 

2.3.1.5 Effect on qUality. 

Maheshwari et aL (2000 b) at Indore. reported that the different N 

treatments applied did not show beneficial effect on the swelling factor of isabgol seed. 

I~athore and Chandawat (2003) revealed that there was a increase in the husk yield 

of psyllium with increasing doses of N however, the increase at 60 kg N ha" 

application was not significantly higher to 30 kg N ha·'. Utgikar et al. (2003) reported 

that from the treatments 0,25,50, and 75 kg N ha" to isabgol, an application of 75 

kg N ha 1 gave the higher husk percentage (23.28%). 

2.3.2 Effect of phosphorus through fertilizer. 

2.3.2.1 Effect on growth characters. 

wheat was 

Hooda and Agarwal (1987) observed that the dry matter 

increased with an increase In the P level upto 

production of 

60 kg ha 1. 
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Singh et a1. (1996) at Udaipur, observed tilat an application of 40 and 60 kg P20S ha 1 

significantly increased the plant height, total number of tillers and number of 

effective tillers plant 1 of wheat than 20 kg PoOs ha~ I. Flavido and Grant (1998) 

reported that tiller product.ion and number of leaves plant 1 of wheat was increased 

due to an application of P fertilizers. Rai el al. (2002) conducted a field experiment 

during 1998-99 at Lucknow on Foeniculum uulgare with P levels (0, 25, and 50 kg ha· l ) 

and found that increasing P application showed a significant increase in the plant 

height, plant spread, stem diameter, number of branches, number of leaves, length of 

intemodc and numbers of tillers plant I. Utgikar el aJ. (2003) founel that increasing 

levels of P application (0, 15 and 30 kg P ha· 1) to isabgol increased the growth characters. 

2.3.2.2 Effect on yield contributing characters. 

Ramesh et a1. (1989) at Bangalore, reported that an application of P levcls 

(0, 25 and 50 kg ha I) resulted in an increase in the yield contributing characters 

of isabgol. Singh el al. (1995 b) at Udaipur, observed that the number of gI'ains 

panicle-I. thousand grain weight of i$abgol were increased duc to an application of 

60 kg P20S ha~ 1. Intodia and Tomar (1998) found that a positive response to P application 

(0 and 6.55 kg ha ') was obseIved with respect to yield attributes of psyllium. 

Solanki and Shaktawat (1999) applied P levels (0, 30, 45 and 60 kg ha 1) to i..,,>abgol 

and found that all the yield characters were promoted with increasing doses of N. 

Utgikar et al. (2003) found that an application of P levels (0, 15 and 30 kg ha 1), P a( 

30 kg ha 1 gave the higher yield components of isabgol. 

2.3.2.3 Effect on yield. 

Rarnesh et al. (1989) reported that an application of P levels (0, 25 and 

50 kg ha· 1), P at 25 kg ha 1 resulted in the higher seed yield plant· 1 of isabgol. 

Parihar and Singh (1995) conducted a field experiment dUIing 1990-92 at Mandor, 

the results revealed that mean seed yield of psyUium increased with increasing levels 

of P. Singh et al. (1995 d) observed that the grain yield of ,,,heat was increased due to 

an application of 60 kg P 20s ha~ 1. Patel et 01. (1996) at ,Junagadh, found that an application 

of 0, 10 and 20 kg ha 1 P 205, an application of 20 kg ha· 1 of P"Os gave the higher seed 

yield of psyllium. ,Jadhav et al. (2000) at Junagadh, observed that a 20 kg ha· 1 P20S 

application gave the higher seed and straw yields of isobgol. Utgikar el al. (2003) 

reported that P application at 30 kg ha· 1 gave the higher yield of isabgol. 

2.3.2.4 Effect on concentration and uptake, 

Auti (1996) at RahuIi, reported thaL (he concentration of P in grain and 

straw of wheat increased due to an increase in levels of P application. Varavipour et aL 
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(1999) at New Delhi, reported that the uptake of P by wheat was enhanced due to an 

application of P. 

2.3.2.5 Effect on quality. 

Patel and Upadhyay (1993) at Anand, reported that the protein content of 

wheat grain increased "vith an increase of P level upto 75 kg ha I. Utgikar e( aL (2003) 

found that increasing P application with 0, 15 and 30 kg ha" increased the husk 

percentage of isabgol. 

2.3.3 Effect of nitrogen alongwith phosphorus through fertilizer. 

2.3.3.1 Effect on growth characters. 

Hooda and Agarwal (1987) observed Ul.at an application of 120 kg N + 

60 kg P20S ha" produced highcr plant height and dry matter plant-I of wheat as 

compared to other combinations of N and P levels. Singh and Chouhan (1994) 

conducted a field experiment during winter season of 1990-91 and 199 1-92 on a 

sandy loam soil at Sumerpur. N and P was applied at 20+ 1 0, 40+20, 60+30 and 

80+40 kg (N+P20S) ha I. Thc results revealed that plant height of psyllium increased 

with increased fertilization upto 80+40 kg (N+P20S) ha I. Rai et aL (2002) reported 

that N and P application showed a significant increase in the plant height, plant 

spread, stem diameter, number of branches, number of leaves, length of intemode 

and numbers of tillers planP of Foeniculum vulgare. 

2.3.3.2 Effect on yield contributing characters. 

Ramesh et aL (1989) reported that an application of 75 kg N + 25 kg P ha 1 

resulted in the highest number of spikes plant· ' of isabgol_ Singh and Chouhan (1994) 

found that the number of spikes plant· 1 , 1000 seed weight of psyllium were 

increased with increasing N and P upto 60+30 kg ha", while spike length and grains 

spike-' increased with increased fertilization upto 80+40 kg ha·'. 

2.3.3.3 Effect on yield. 

Gupta (1967 a) reported that an application of 25 kg N with 25 kg P ha-' 

at planting supplemented with 25 kg N ha" as top dressing produced one tonne ha 1 

seed yield of isabgol. Ramesh et al. (1989) reported that an application of 75 kg N + 

25 kg P ha- I resulted in the higher seed yield plant· ' of isabgol. Singh and Chouhan 

(1994) revealed that seed yield of psyllium increased with increasing Nand P doses. 

Parihar and Singh (1995) conducted a field experiment during 1990-92 at Mandor, 

the results revealed that mean seed yield of psyllium increased with increasing 

levels of N and P. Singh et al. (2001 a) at Agra, found that an application of 50 kg N 

+ 25 kg P20S ha- 1 resulted in an increase in seed yield of psyllium. Singh and Pal 
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(2003) at Bichpuri, found that an application of 50 kg N + 25 kg P20S ha' proved to 

be significanLly superior for enhancing the seed yield of psyllium. 

2.3.3.4 Effect on concentration and uptake. 

Mann and Vyas (1999) found that NPK uptake by ;_,,>abgol was 

enhanced by the higher levels of Nand P application. Singh eI al. (2001 b) at Agra, 

found that 81"1 application of 50 kg N + 25 kg P.'O~ h,," resulted in a increase in Nand 

P uptake in both seed and straw of psyllium. 

2.3.3.5 Effect on quality. 

Maheshwari et al. (2000 b) reported that the different NP treatn1ents applied 

did not show beneficial effect on the swelling factor of isobgol seed. Utgikar et 01. (2003) 

found that Nand P application increased the husk percentage of isobgol. 

2.4 Correlation and regression studies. 

2.4.1 Senna. 

La! et oJ. (1992) studied 49 gerrnplasms of senna and found that dry leaf yield, 

dry pod yield and seed yield "'ere favourably correlated. Sanknranarayanan et 01. (1992) 

evaluated 23 selections 8nd 6 hybrids of Cassia angustifolia during 1981-82 and 

reported that leaf yield was strongly and positively eOlTelatee! with number of branches, 

length of leaves, number of leaves plant 1. Path coefficient analysis revealed that plant 

height h8d the greatest direct effect on pod yield. Sank8ranarayanan (1995) evaluated 

23 selections and 6 hybI-ids of Cassia angustifolia during 1981-82 and foune! that pod 

yield was significantly correlated with plant height, number of branches, length of 

racemes, number of pods set, length of pods. 

2.4.2 Isabgol. 

Kalyansundaram and Dalal (1981 b) at Anand, found that the correlation 

of seed yield of isobgol to the total spikes, number of effective spikes and tillers plant·, 

was very high a.nd significant. Singh et of. (1995 c) conducted a field experiment during 

rabi 1992-93 at Udaipur, under 12 fertilizer regimes and reported that yield of isabgol 

was positively correlated 'With number of ears metre'! row (0.8), number of spikelets 

carl (0.83), ear length (0.69), grain length ear' (0.51) and test ""eight (0.36 g). 

The regression co-efficient was also observed to be significa.nt. Kumar et aL (2000) at 

Anand, found that in isabgol the number of effective spikes and number of total spikes 

pla.nt·' were positively correlated 'vith seed yield plant '. Shm-ma and Garg (2002) at 

,Jodhpur, observed a significant and positive correlation for seed yield pla.nt' with plant 

height, number of tillers, number of spikes plant·, and 1000 seed weight. A significant 

and positive correlation was also observed for plant height with number of tillers plant·" 

spike length and 1000 seed weight. 
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3. MATERIALS AND METHODS 

The present investigation was earned out to study the effect of an 

integrated nutrient management on growth, yield and quality of senna 

(Cassia angustifolia) during kharif and to study the residual cffects on isabgol 

(Plantago ovata) during rabi a10ngwith nitrogen and phosphorus management. 

The relevant details of the materials used and the methods followed for conducting 

this investigation are presented in this chapter. 

3.1 Materials. 

3.1.1 Experimental site. 

An experiment was carried out at Post Graduate Institute, 

Instructional Farm, in 'E' block of Central Campus, Group No.6, Survey No. 70, 

Mahatma Phule Krishi Vidyapeeth, Rahuri, District-Ahmednagar (M.S.) during 

kharif and rabi seasons in a sequence during the years 2002-03 and 2003-04. 

3. 1.1.1 Soil. 

The topography of experimental field was uniform and fairly leveled. 

The soil was medium black in colour, elayey in texture and well drained. Soil sanlplcs 

from 0-30 cm depth were taken from ten randomly selected spots in the experinlental 

field by using a screw auger. These samples were mixed together and a composite soil 

sample was prepared for determining the physical and chemical properties. The 

results of analysis, presented in Table 1 indicated that the soil was clayey in texture, 

low in available nitrogen (209.14 kg ha 1), medium in available phosphorus 

(24.94 kg ha· 1) and high in available potassium (478.12 kg ha") (Muhr etal., 1965). 

3.1.2 Climatic conditions. 

3.1.2.1 General. 

Geographically, the Central Campus of Mahatma Phule Krishi 

Vidyapeeth, is situated in the subtropical reglOn of India and comes under the 

scarcity zone of Maharashtra state. It is situated between North latitude 19048'N 

and 190 57'N and East longitude 740 19'E and 74()57'E, 35 KIn. from Ahmednagar on 

Ahmednagar-Manmacl State Highway NO.14. It has an altitude of 495 to 569 m. 

The annual rainfall varies from 307 to 619 mm, with average 520 mm. The 

distribution of rains is erratic with 15 to 45 number of rainy days year". Out of the 

total rainfall, about 800A) is received during June to September from South-West 

monsoon, while the rest 20% is received during October and November from the 

North-East monsoon. The annual mean maximum temperature is 37.90C with a range 
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Table 1. Mechanical and chemical analysis of the soil of the experimental 

plot (0-30 cm depth). 
----~----- -----, 

Sr. Characteristics 
No. 

---, 
A. Mechanical analysis. 

I. Coarse sand ('Vo) 

2. Fine sand ('%) 

3. Silt (,,",-,) 

4. Clay (%) 

5. Textural class 

B. Chemical composition. 

1. Available nitrogen (kg ha· l ) 

2. Available phosphorus (kg hal) 

3. Available potassium (kg ha- I ) 

4. Orgcmic carbon ('Yo) 

5. Organic matter 

6. Total nitrogen (0/0) 

7. Carbon. : nitrogen. ratio 

8. pH (soil: water, 1:2.5) 

9. Elcctrical conductivity (dS m I) 

C. Single value physical 
constants. 

1. 

2. 

3. 

4. 

, 5. 
L__ 

Ficld capacity (%) 

Wilting point (%) 

Maximum \vatcr holding 

capacity (%) 

Porosity (%) 

Bulk density (g cc I) _ _j 

Compo 

sition 

8.04 

12.82 

19.21 

59.05 

Clay 

209.14 

24.94 

478.12 

0.512 

0.88 

0.0458 

11. 18 

8.12 

0.12 

36.17 

16.48 

58.36 

50.19 

, 

Reference --l 
---- ---~ 

Gce and Boudar (1986) 

" ------ ------

" ------ ------

" ------ ------

" ------ ------

Alkaline permanganate method 

(Subbiah and Asija, 1956) 

(Olsen and Sommers, 1982) 

Flame photometer method 

(Knudsen and Peterson, 1982) 

Walkely and Black rapid 

Ii tration method 

(Nelson ,md Sommers, 1982) 

0/0 organic carbon. x 1.724 

Modified Kjeldhal's method 

(A.O.A.C.,1975) 

Potentiometric method 

(Piper, 1966) 

Conduclometry (Piper, 1966) 

Pressure membrane apparatus 

(Richards, 1948) 

" ------ ------

_ ___2_::32 ___j_Clod method(Brasher etal,1966) I 
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of 33 to 430 C. The annual mean minimum telnperature is 17.2uC with a range from 

3 to 18°C. The mean morning relative humidity is 590/" ~md thc evening is 35%. 

3.1.2.2 Climatic conditions during the experimental period. 

Meteorological data on important parameters during the experimental 

pel;od for both the trials recorded at the meteOl-ologieal observatory of the Central 

Campus Fann, Mahatma Phule Krishi Vidyapeeth, Rahuri arc presented in Table 2 

and 3, and graphically depicted in Fig. 1 and 2. 

During senna (khariD cropping period of 2002-03, rill n fall ranged 

between 1.0 and 98.3 mm and the rainy days ranged between 1 to 3 while, during 

2003-04 t.he rainfall ranged between 2.7 and 59.8 mm and the rainy days betwecn 

I to 4. The nlean maXilnUI11 tcmperatulT I-anged bctween 27.8 to 345"C while, the 

mean minimum temperature I-anged bet,''('en 8.7 to 22.lnc during 2002-03 while, 

during 2003·04 the mean maximum tcmperature ranged between 28.4 to 33.3uC 

while, the mean minimum temperature ranged between 8.2 to 23.1"C. The mcan 

morning relative humidity ranged betwcen 59.6 to 94_1 'v" while, the evening 

relative humidity ranged bet""een 23.7 to 70.9% during 2002-03 while, during 

2003·04 the meWl morning relative humidity ranged betwcen 64.7 to 91.4% while, 

the evening relative humidity ranged between 27.3 to 71. I %. The mean wind 

speed ranged between 1.5 to 10.5 km hI' I, the bright sunshine ranged between 2.1 

to 10.1 hrs dol and the evapol'ation ranged between 3.3 to 5.6 mm d- I during 2002. 

03 while, during 2003·04 the mean wind speed ranged between 2.3 to 17.1 km hr I, 

the bright sunshine ranged bctween 1.1 to 10.1 hI'S d I and the evaporation runged 

bctween 2.7 to 7.6 mm d '. 

In thc isabgol (rabi) cropping period of 2002-03 and 2003·04 there was 

no rillnfall during both the years. The mean maximum temperature ranged between 

31.6 to 38.2°C while the mean minimum temperature ranged between 10.8 to 

19.0oC during 2002·03 while, during 2003·04 the mean maximum temperaturc 

ranged bet-ween 29.2 to 39. IOC while, the mean minimum temperature ranged 

between 7.5 to 18.0oC. The mcan morning relative humidity ranged between 62.6 to 

86.1°1<, while, the evening relativc humidity ranged between 19.4 to 51.3% during 

2002·03 while, during 2003·04 the mean morning relative humidity ranged between 

82.3 to 86.5'1'0 while, the evening relativc humidity ranged between 17.3 to 35.0'1'0. 

The mean ",;nd speed ranged between 2.2 to 6.1 km hr I, the bright sunshine 

ranged between 8.8 to 10.5 hI'S do: and the evaporation ranged between 4.8 to 10.6 

mm dol during 2002·03 while, during 2003·04 the mctll'l "ind speed ranged 

between 3.0 to 8. I IGYl hr- I , the bright sunshine I'anged bctween 8.6 to 11.2 hrs cl I 

and the eva para tion I'anged bet ween 4.6 to I 3.2 m m d· 1. 
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Table 2. Meteorological data for kharif and rabi seasons of cropping period 

2002-03 at Rahuri. 

~ --:l .. 1 Mean r,-Met Mean Mean Mean Total Num Pan 
Week temperature relative wind Brig Rain her of evapo 

(oC) humidity speed ht fall rainy ration r.=. I 'nn. l Mo,<j"'""e-
(km sun (mm) day/s (mm) 

, 

hr- l ) shine 

\ ' nm~~_n~ng j _____ ' 
(hrs 

-g-l d· l ) .- ------r9 --38.3 --
14.5 I 80.1 43.9 3.5 -----g:-9-- 0.0- 1l.7 

20 38.1 2l.9 77.9 52.9, 6.3 10.4 0.0 11.5 
21 37.3 18.0 85.3 . 47.9 3.8 10.0 0.0 0 11.0 
22 37.5 20.8 88.9 56.4 2.2 8.5 0.0 0 9.6 
23 36.7 15.1 90.0 55.9 2.7 7.2 0.0 0 9.3 
24 33.3 12.3 83.9 51.7 3.2 2.7 86.8 3 5.4 
25 32.7 12.4 80.3 56.3 7.9 2.1 6.2 1 6.1 
26 27.7 11.6 84.6 72.6 7.3 0.9 65.5 3 3.6 
27 31.6 16.8 78.7 55.6 8.1 4.3 0.0 0 7.0 
28 32.4 22.0 81.9 47.7 5.1 7.6 0.0 0 8.2 
29 30.0 21.6 85.3 62.3 4.2 3.6 0.0 0 5.4 
30 30.5 22.1 82.6 58.9 5.5 4.4 0.0 0 5.6 
31 30.5 21.9 91.3 64.4 2.2 5.5 98.3 3 4.0 
32 27.8 21.5 89.4 70.9 4.2 5.4 1.5 0 3.3 
33 29.2 22.0 88.3 63.7 5.4 2.4 0.9 0 4.4 
34 29.1 2l.1 89.9 62.3 10.5 2.1 37.7 1 4.6 
35 29.2 20.4 90.7 64.4 7.1 4.9 6.2 1 4.1 
36 29.4 21.0 91.4 65.1 7.2 3.4 33.7 2 3.8 
37 31.8 19.4 87.6 48.6 5.5 8.1 1.8 0 5.4 
38 31.6 19.5 90.6 50.4 4.5 7.3 5.2 1 4.8 
39 32.1 20.2 94.1 51.9 3.4 6.7 37.8 2 3.7 
40 34.5 18.4 91.4 38.7 2.2 9.4 0.0 0 5.0 
41 33.2 20.7 83.3 47.1 3.4 6.5 0.0 0 4.8 
42 32.0 19.3 90.1 45.9 3.0 7.1 1.2 0 4.2 
43 32.5 14.1 84.9 27.6 2.5 9.1 0.0 0 4.9 
44 31.7 11.7 82.1 23.7 3.0 10.2 0.0 0 4.7 
45 31.3 10.8 82.9 31.0 4.8 9.2 0.0 0 4.6 
46 30.1 13.3 85.6 36.1 2.3 8.3 1.0 0 4.6 
47 30.1 9.0 59.6 25.0 2.5 10.1 0.0 0 5.0 
48 31.9 10.6 66.7 30.9 1.6 10.1 0.0 0 4.8 
49 31.2 28.4 75.4 37.9 2.8 9.1 0.0 0 4.6 
50 30.3 9.7 79.1 31.4 2.0 9.2 0.0 0 4.5 
51 31.4 8.7 84.4 30.1 1.5 9.5 0.0 0 4.0 
52 29.5 9.5 84.0 32.0 2.7 9.7 0.0 0 4.3 

1 27.9 1 1.6 87.0 35.6 2.4 8.4 0.0 0 4.0 
2 29.8 12.7 91. 1 38.1 2.5 6.1 0.0 0 4.3 
3 27.9 7.3 72.7 28.4 2.0 8.9 0.0 0 4.0 
4 31.8 10.8 73.4 27.6 2.6 9.0 0.0 0 4.8 
5 31.6 11.4 73.9 28.0 2.2 9.1 0.0 0 5.0 
6 32.1 12.1 81.4 29.1 3.3 9.3 0.0 0 5.2 
7 33.3 11.6 82.7 26.7 4.4 8.8 0.0 0 5.9 
8 32.4 12.2 82.7 26.9 I 6.0 10.5 0.0 0 7.1 
9 35.0 14.1 78.3 23.7 4.6 10.2 0.0 0 7.4 
10 33.6 1 1.2 83.4 21.3 4.4 9.1 0.0 0 7.3 
1 1 35.2 12.8 86.1 19.4 4.8 9.6 00 0 8.6 
12 36.4 16.7 62.6 21.0 4.6 9.7 0.0 0 9.0 
13 38.0 15.4 45.6 24.7 5.5 9.7 1.5 0 10.3 
14 37.9 17.2 69.1 49.9 6.1 

I 

9.0 

I 

2.4 0 10.6 
15 38.2 19.0 68.7 51.3 5.7 9.5 0.0 0 9.2 
16 39.4 18.8 72.7 50.6 3.5 11.0 0.0 0 10.9 
17 40.5 21.4 I 79.7 47.3 5.8 I 10.1 ]__f.0 0 11.3 
18 40.2 _i_______l';lc L _ 60.9 24·fLJ 6.9 11.3 0.0 0 I 1. 1 ------ -
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Table 3. Meteorological data for kharif and rabi seasons of cropping period 

2003·04 at Rahuri. 
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r Met. 
Week 

Mean Mean Mean Mean 
temperature relative wind Brig 

(aC) humidity speed ht 

Total 
Rain 
fall 

(mm) 

Num~n 
ber of I evapo 
rainy I ration 
day/s I (mm) ! (%~(km sun I 

Max. Min. I ~o_r T_ ~e hr· I
) shine 

nlng nlng (~~i __ I _ _ I ___ _ 
19 40.0 19.6 I 68.4, 16.9-1 11:8-;- 9.4--j 0.0 I 0

0 
I 13.2 

20 40.6 22.4 68.1 16.3 12.9 10.1' 0.0 14.1 
21 39.4 21.8 76.3 18.9· 10.3 10.8 1.3 0 12.2 
22 39.4 21.6 74.6 20.3 10.2 10.2 0.0 0 14.2 
23 39.2 23.0 I 77.4 24.9 13.4 10.8 0.0 0 15.7 
24 35.5 23.4· 89.0 51.3 10.6 4.5 8.9 2 6.9 
25 33.1 23.1 85.3 49.7 17.5 1.4 30.1 1 7.8 
26 32.2 23.4 87.7 49.4 15.8 2.5 0.0 0 6.6 
27 32.1 22.5 88.4 I 58.7 10.7 3.5 27.4 3 4.5 
28 32.3 22.7 88.6 55.3 13.3 5.3 29.5 1 5.9 
29 32.0 23.1 86.6 52.0 15.4 2.5 0.0 0 7.6 
30 29.9 22.7 86.0 67.0 17.1 1.1 22.3 I 6.4 
31 31.2 21.5 86.3 56.0 13.1 4.2 10.6 1 4.8 
32 30.7 21.7 89.6 58.7 10.6 3.2 6.0 I 4.8 
33 32.0 21.0 87.7 50.3 11.8 6.6 4.9 1 6.7 
34 29.9 21.2 90.3 I 6l.7 11.5 3.0 58.3 2 4.8 
35 30.3 21.0 85.7 59.1 11.8 5.5 0.0 0 7.0 
36 31.0 20.0 86.6 52.4 10.5 3.8 2.8 0 4.8 
37 31.6 18.7 87.0 53.0 8.2 6.8 4.6 1 5.5 
38 32.9 19.4 86.3 55.7 6.3 5.9 2.7 1 5.8 
39 28.8 21.1 91.4 71.1 4.5 2.2 59.8 4 2.7 
40 31.818.987.153.4 2.8 7.5 21.0 2 3.2 
41 33.3 19.8 88.4 43.3 3.9 8.4 0.0 0 5.2 
42 33.2 I 15.3 82.1 35.9 2.3 9.9 0.0 0 4.5 
43 32.5 12.1 85.1 29.4 3.2 10.0 0.0 0 4.7 
44 32.1 19.5 87.1 51.3 3.2 8.2 3.0 1 4.1 
45 32.1 12.8 72.4 30.3 3.8 10.1 0.0 0 3.9 
46 31.0 13.8 69.6 37.9 3.2 9.4 0.0 0 3.7 
47 32.0 13.5 64.7 33.1 4.4 9.8 0.0 0 4.1 
48 32.0 13.4 79.3 33.6 4.3 9.2 0.0 0 4.6 
49 30.8 10.0 84.1 28.7 2.8 9.5 0.0 0 4.7 
50 31.0 9.0 76.7 27.3 4.1 9.5 0.0 0 4.8 
51 29.1 8.2 75.6 27.3 2.4 9.6 0.0 0 4.4 
52 28.5 9.6 83.1 41.0 3.5 8.8 0.0 0 4.5 
1 29.9 10.5 73.6 3l.3 4.0 8.9 0.0 0 4.8 
2 28.4 8.4 83.4 32. I 3.7 9.3 0.0 0 4.0 
3 31.6 10.1 75.9' 27.7 3.5 9.6 0.0 0 4.5 
4 28.0 10.2 84.9 36.1 i 4.5 9.5 0.0 0 4.7 
5 29.2 11.0 85.1 35.0 4.6 9.3 0.0 a 4.6 
6 30.6 7.5 84.3 26.3 3.5 10.4 0.0 0 4.9 
7 32.8 12.9 84.1 27.1 3.9 10.0 0.0 0 5.6 
8 34.1 11.5 185.9 25.6 3.1 10.4 0.0 0 6.2 
9 35.4 13.3 86.5 22.5 3.0 9.2 0.0 0 8.0 
10 36.0 12.8 85.3 20.9 4.1 8.6 0.0 0 7.4 
11 37.2 14.7 85.0 17.3 3.0 9.8 0.0 0 7.9 
12 39.1 14.7 82.9 16.0 4.1 9.9 0.0 0 8.7 
13 37.1 16.9 82.3 21.6 4.8 9.2 0.0 0 9.4 I 
14 37.8 17.9 84.3 19.9 6.6 9.4 0.0 0 10.7 
15 1 38 .9 17.2 81.0 17.6 5.8 -110.5 0.0 0 12.3 

~_~~ __ l i~:~ _L_ig:? Jf:i _ i6:~ ~:~ i-"6,-,:0--.2____L_-,,g-,-,:g_-,---~g __ J ~~:~ 



j 
I 

IJ 
~ 

I ~!)o .~ » f( 
I)' 

:-... 
i)' I 

J-..- • <: 
~ ' t' 

)10 

~ tAr-I 
I ~ • 

II " 
~ 

~ ~ I< 1'< ! I I 
00000000000 
~gg:?gg~~~go 

Sl!un 

• 

• 
• -
-
-

• , 
• 
• • • 
• • • • • • • • 

~~ ~k 
i> I'- ~ I ~ 
I> Ii . 
t 

'" t 

• 

= 

-
• 

• 
it 

I • 

~ 
i> 
~ 

~II~ 
c 

I 110- J-~ 

; 

; 

" 
) 
yk: i ~ 

I < ~:. = 

~[). 1"lll lc .. ~ v I .~ I'> ._ 

• 

~~~~~~~$~~ - ,..... .- .- ,..... 



24 
3.1.3 Cropping history of the experimental plot. 

Cropping histOIY of the experimental plot for the previous three years 

is presented in Table 4. 

Table 4. Cropping history of the experimental plot. 

Year Kharif Rabi -- -------. I -<::r~'p_ Fertilizer _(kg ha-1J 
.. - . .9_rop FertilizerJkg h.a:1l. 

N p K N P K - - ----

1999-00 Fallow -- -- -- Gram 25 50 0 
2000-01 Fallow - - -- -- Gram 25 50 0 
2001-02 Fallow -- -- -- Gram 25 50 0 .---.-
2002-03 Senna (Present investigation) Isabgol (Present investigation) 
2003-04 Senna (Present investigation) Isabgol _J!'resent investigation) 

3.1.4 Seed material. 

For senna crop Tinncvelly and for isabgol crop HI-2 variety were 

selected. Thc required seed material was obtained from" Dhanvantri " a medicinal 

plant garden of M.P.K.V., Rah1.1ri. 

3.1.5 Manure and fertilizers. 

Recommended dose of N:P:K (75:50:0 kg ha· 1) for senna was applied 

@ 50%, 75%, 100% and 125% through different sources viz., FYM, urea and single 

super phosphate as per treatments. The recommended dose of N:P:K (50:25:0 kg ha· l ) 

for isabgol was applied @ 75% and 100% through urea and single super phosphate as 

per treatments. The nutrient contents of the various sources of nutrients utilized during 

kharif and rabi seasons of both the trials are presented in Table 5. 

Table 5. Nutrient percent of different sources of fertilizers and farmyard 

manure utilized. 
.. -_.----

Sr. -- _ .. Nutrient conte1!t:_~.L ___ .. ___ 
Source 2002-03 2003-04 

No. - - ... -'- .. _. 
N P K N P K 

1. Urea 46.00 - - -- 46.00 -- --
2. Single super 16.00 16.00 

phosphate 
-- -- -- - -

3. Farmyard 0.55 0.20 0.50 0.50 0.18 0.45 
manure -- -_. -- ------- - . ---

3.1.6 Fungicides and insecticides. 
. 

To control the sclerotium wilt of senna and damping off disease of 

isabgol, seed treatment of thirum @_l! 3 g kg- 1 of seed was performed and to control 

hairy caterpillar (Heli=verpa armigera) on senna, Endosulfan 35 E.C. was applied @ 



25 
3.2 Methods. 

3.2.1 Experimental details. 

In kharif season, an experiment was laid out in a randomized block design 

\,vith eight treatments and three replications. The eight main plots were given 

recommended dose of fertili2.er at 50%, 75%, 100% (75:50:0 NPK kgha' l ) and 125% to 

senna through two different sources in combination. In rabi season, an experunent was 

laid out in split plot design On isabgoL The eight treatments laid out for kharif senna 

were considered as main plot. For testing their residual effect the main plots were 

further divided into two sub plots and recommended dose of fertili2..er at 75% and 100(X, 

(50:25:0 NPK kgha· l ) to isabgol was applied as sub plot treatments. The treatment 

details and their symbols used are given in Table 6. 

3.2.2 Cultural operations. 

Details of the various cultural operations carried out in experimental 

plot during kharif and rabi seasons of both the trials are presented in Table 7. 

3.2.2.1 Manure and fertilizer application. 

In kharif season, the dose of farmyard manure and fert.ili=rs viz., urea and 

single super phosphate to senna was worked out on the basis of their nutrient 

content. The manure alongwith the basal dose of fertilizer (50% N + 100% P) as per 

the treatments was evenly spread by broadcasting and then thoroughly mixed 

into the soil. Top dressing of fertilizer (50% N) as per treatments was performed 30 

days after sowing of the crop. In rabi season, the dose of fertilizer was worked out on 

the basis of their nutrient content and applied to isabgol crop through different 

sources viz., urea and single super phosphate as per treatments, basal dose 

(50(Vo N + 100% P) . Top dressing of fertilizer (50% N) as per treatments was 

performed 30 days after sowing of the crop. 

3.2.2.2 EklvvUng. 

The sowing details for the senna and isabgol crop are presented in 

Table 8. The plan of layout of the experiment for both the crops along vvith the 

Season 
Crop. 
Variety. 
Design. 
Replications. 
Treatments. 

Plot size: Gross. 
Net. 

Spacing. 
Seed rate. 
Sowin!?: method. 

Kharif 
Senna 

Tinnevelly 
Randomised block design 

Three. 
Eight. 

9.00 x 3.60 m 2 

8.40 x 2.70 m 2 

45 x 30 cm2 

15 kg ha· l . 

Dibbline-. 

30 em between rows. 
10 kg ha I. 

T ,;nf'" ~nu.rln(T 
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PP 1. Experimental p lot of senna during 2002-03 (I "' year). 

~~-
f-~ _."" , 

PP 2. Experimental plot of senna during 2003-04 (2nd year). 



PP 3. Experim.ental plot of iso.bgol during 2002· 03 (1 '" year). 

PP 4. Experim.ental plot of isabgol during 2003·04 (2"" year). 



Table 7. Schedule of cultural operations carried out in the experimental 

plot during 2002-03 and 2003-04. 

I--::~.'· Operation 
--,---------, Frequency and Date 

-I 1 __ . ________ _ 

I. Senna (Kharif). 

2002-03 

A) 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Preparatory tillage: 

Ploughing. 

Harrowing. 

I 

Stubble collection. 

Planking. 

1 

Layout of expetiment. 

Preparation of beds. 

Preparation of water channels. 

B) Fertilizer and fannyard 
manure application. 

1. 

2. 

Application of farmyard 

manure as per trcarn1.cnts. 

Application of basal dose 

of fertilizers as per treatments. 

C) Seeds and sowing: 

1. 

2. 

Seed treatment with Thirnm_ 

Sowing by dibbling. 

D) Post-sowing operations. 

1. 

2. 

3. 

4. 

5. 

Gap filling. 

Thinning. 

Weeding. 

Top dressing with urea. 

Irrigation. 

1 1 115/05/2002 

I 
2 I 06/06/2002 2 

13/06/2002 

I 1 
1 

1 

1 

1 

1 

I 

14/06/2002 

17/06/2002 

18/06/2002 

19/06/2002 

21/06/2002 

05/07/2002 

15/07/2002 

1 15/07/2002 

1 I 15/07/2002 

1 

1 

3 

1 

5 

19/07/2002 

05/08/2002 

24/07/2002 

10/08/2002 

12/09/2002 

13/08/2002 

15/07/2002 

13/08/2002 

18/09/2002 

22/10/2002 

19/11/2002 

1 

1 

1 

1 

1 

1 

1 

1 

1 

3 

1 

5 

1 I 

E) 

1. 

Plant protection measures. - 'Q '0n'-'0 I 

2003-04 

13/05/2003 

09/06/2003 

18/06/2003 

19/06/2003 

23/06/2003 

24/06/2003 

25/06/2003 

30/06/2003 

07/07/2003 

17/07/2003 

17/07/2003 

17/07/2003 

21/07/2003 

06/08/2003 

29/07/2003 

10/08/2003 

15/09/2003 

15/08/2003 

17/07/2003 

15/08/2003 

15/09/2003 

21/10/2003 

20/11/2003 

27 

Soil drenching with Th!rn_n:__j_j~3/= ='1 
(cont'd ... ) 



2. 

F) 

l. 

2. 

G) 

Spray'ing of cndosulfclll 35 E. CO 

Harvesting. 

Harvesting of fresh leaves. 

Harvesting of pods. 

Threshing of pods. 

ll. Isabgol (Rabi). 

A) 

1. 

2. 

3. 

4. 

5. 

I Preparatory tillage. 

I Harrowing. 
, 

I Stubble collection. 

I Layout of experirnent. 

\ Preparation of beds. 

Preparation. of ""ater channels. 

B) Fertilizer application. 

1. Application of basal dose 

of fertilizers as per treatments. 

C) Seeds and so..nng. 

l. 

2. 

D) 

l. 

2. 

3. 

4. 

Seed treatment with Thirum. 

Sovvirrg by dibbling. 

Post-so..nng operations. 

I Gap filling. 

I Weeding. 

Top-dressing \.vith urea. 

Irrigation. 

I E) I Harvesting. 

L" F) I Threshing of spikes. 
----- ~ ---- - -- - -

r ~ 
I 

I 

1 

2 

1 

1 

1 

1 

I 

1 

I 

3 

1 

4 

1 

" I 1_ 

U6 / 0;'12U021 

12( 10(2002 I 3 

01/11/2002 

09/01/2003 

-,- .-

06/01/2003 

23/01/2003 

1 

1 

13/01/2003 2 

14/01/2003 I 

14/01/20031 

15/01/2003 1 

15/0 1 /2003 I 

18/01/2003 1 

20/01/2003 

20/01/2003 

20/01/2003 

1 

1 

1 

31/01/2003 

14/02/2003 

12/03/2003 

31/03/2003 

18/02/2003 1 

3 

1 

20/01/2003 4 

18/02/2003 

04/03/2003 

21/03/2003 

14/10/2003 

03/ 11/2003 

13/01/2003 

10/01/2004 

29/01/2004 

17/01/2004 

19/01/2004 

20/01/2003 

21/01/2004 

21/01/2004 

24/01/2004 

26/01/2004 

26/01/2004 

26/01/2004 

06/02/2004 

19/02/2004 

03/03/2004 

20/03/2004 

24/02/2004 

26/01/2004 

24/02/2004 

09/03/2004 

25/03/2004 

19/04/2003 I 26/04/2004 

_L21/04/:2003 __ 1 __ " 28/04/2004 

28 
I 

I 

\ 



3.2.3 Sampling techniques. 29 

Various biometric observations were recorded on five randomly 

selected plants of senna and isabgol during both the trials 111 each net plot. 

Bamboo pegs were fixed at the north side of each plant for easy location. The growth 

observations were recorded on these plants from 30 days after sowing at an interval 

of 15 days upto harvest of the crop. These selected plants were further used for 

recording thc yield contributing characters. The details of thc various observations 

recorded during the period of investigation for senna and i$abgol are presented in 

Table 9 and Table 10, respectively. Observations common to both the crops are 
presented in Table 11. 

3.3 Statistical analysis and interpretation of data. 

Data recorded was statistically analyzed by the technique of 

'analysis of variance' (Fisher, 1970). 'F' test of significance was carried out as given 

by Cochran and Cox (1967) and Panse and SUkhatme (1978). In the tabular data, 

critical difference (C.D.) values have been given for comparison only in case where 

'F' test was significant, figures of C.D. are not reported where 'F' test was not 

significant, only standard error (S.E.) values arc presented. Pooled analysis of data 

was performed for the character of yield and economics. Significance of correlation 

co-efficient was tested against 't' values given by Fisher and Yates (1963) at fivc and 

one percent levels of significance. The regression co-efficient was tested by 'F' test at 

five and one percent levels of significance. Graphical representation of the data has 
been given at appropriate places. 
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4. EXPERIMENTAL RESULTS 

The data on vanous grO\vth and yield contributing characters, yield, 

quality, economics of cropping system, chemical studies regarding nitrogen, 

phosphate anc! potassium content of senna and their removal from soil, along with 

residual effects on succeeding crops as influenced by vruious treatments in respect 

of khruif senna and succeeding crop rabi isabyol arc presented in this chapter. 

4.1 Senna. 

4.1.1 Pre-harvest studies. 

4.1.1.1 Plant count. 

4.1.1.1.1 Initial plant count. 

The initial plant count net plot·! was recorded 20 days after sowing for 

vanous treatments dUling 2002-03 and 2003-04 and presented in Table 12. 

The mean initial plant population net plot·! was 165 during both the years. 

The mean initial plant count percentage to the expected plant population net plot·! 

was 98.21 and 98.14 during 2002-03 and 2003-04. ,'espectively. The treatments under 

study did not influence the plant count at the initial stage. 

Table 12. Mean plant count of senna net plot·, at 20 days after sowing and at 
harvest as influenced by different treatments during 2002-03 and 2003-04. 

Plant count 
---- r 2Q02.03 2003-04 

.. __ . 
Treattnent Initial AthaIvest Initial j AthaIvest 

I Net 1-0/0 to-tilej Net O;otothe I Net f % to the-, Net [0/0 toth 
_____lllot-· . . expected . plot-. expected ,_plot-. expected _plot-. expecte 

W~. RDF (llXYX, lJ·) 165 98.21 1'12 K4.,--,2 IfYl 97.62 140 83.33 

w;;" RDF (50:Ci(lX, N U':FYlvl) 165 98.21 1·11 &:'.93 lhS 98.21 141 ,,3.93 

7"JX, I<[)F (100):, If') 165 98.21 142 &1.52 Ib6 98.81 142 <':34.52 

75% R[)F (50:WY" N IF:FYM) 164 97.62 140 &1.:1.1 165 98.21 141 83.93 

ICXJX, RDF (J(X1X, 11-1 166 YB.Hl 143 XS.12 )65 98.21 141 83.9., 

ICXJX, RDF (.'iO:SOX, N LF:FYtvn 165 98.21 142 K4.~2 164 97.62 141 &1.9J 

12S% R[)F (100;1" U') 164 97.62 14{) 83.3J )f)S (J8.21 142 M52 

12,.SY" RDF(50:5(j~, N IF:I'YM) 166 9HBI 1'1:1 S.S,12 16;") 98.21 142 84.52 

S.E. ± 0.78 1.04 0.69 ().s7 

CD. at 5% N.S. N.S. N.S. N.S. 

I 
, 

Mean 165 I 'lR.21 142I-,c\4~'ll)-r- if>5 98.14 141 R4.OF 
---_ .. 
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4.1. 1.1.2 Final plant count. 

The final plant count net plot' ,vas recorded at harvest and presented 

in Table 12. The mean final plant population net plot·, was 142 and 141 d\.uing 

2002-03 and 2003-04, l·espectivc1y. The mean final plant count percentage to the 

expected plant population net plot·' was 84.30 and 84.08 during 2002-03 <md 2003-04, 

respectively. The treatments under study did not influence the plant count at the 

harvest stage. 

4.1.1.2 Growth studies. 

4.1.1.2.1 Plant height plant· I. 

The data on plant height as inf1uenced periodically by different 

u'eatments arc presented in Table 13. The mean plant height of senna on the 

30,45,60,75,90, 105, 120, 135, 150, 165 days after sowing and at harvest was 

8.10, 18.71, 36.53, 60.77, 75.48, 82.53, 89.24, 93.67, 96.35, 98.45 and 98.84 cm, 

respectively during 2002-03. The corresponding values during 2003-04 were 8.00, 

18.37,36.34,60.02,74.91,82.10,89.21,93.73,96.79, 98.74 and 99.59 cm, respectively. 

At 30 days, the trcatment differences were found to be non-significant 

in respect of plant height dUling both the years. 

At 45 days, an application of 125'X, RDF (50°/" N through urea and 

50% N through FYM) recorded the maximum plant height (20.57 and 20.72 cm 

during 2002-03 and during 2003-04, respectively). It was found to be at par with an 

application of 125% RDF (100% inorganic fertilizer), 100'X) RDF (50% N through 

urea and 50% N through FYM) and significantly superior to rest of the treatments 

during both the years. 

A similat' trend was also observed at remaining days of observation 

during both the yeal·s. 

4.1.1.2.2 Plant spread plant·,. 

The data on spread of plant as influenced periodically by different 

u'eatments arc presented in Table 14. The mean plant spread of senna on 30, 45, 

60,75,90, 105, 120, 135, 150, 165 days after so",i,ng and at harvest was 12.10,25.30, 

45.31,66.50,78.86, 84.13, 88.94, 92.41, 94.77, 96.88 and 97.13 cm, respectively 

dUI'ing 2002-03. The corresponding values dUl'ing 2003-04 were 12.00, 25.12, 

44.90,65.55,77.40,83.08,88.45,92.31,94.78,96.85 and 97.82 cm, respectively. 

At 30 days, the treatment differences were found to be non-significant 

in respect of plant spread during both the years. 

At 45 days, an application of 1205% RDF (50'X, N through urea and 

50'Y<, N through FYM) recorded the maximum plant spread (28.19 and 29.12 ern 

during 2002-03 and 2003-04, respectively). It was found to be at par with an 

application of 125% RDF (100% inorganic fertilizer), 100% RDF (50% N through 
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PP 15: Senna plant at harvest. 



42 
urea and .50'% N through FYM) and significantly superior to rest of the treatments 

during both the years. 

A similar trend was also observed at remaining days of observation 

during botl, the years. 

4.1.1.2.3 Number of branches plant·'. 

The data on number of branches plant' as influenced periodically by 

different treatments arc presented in Table 1.5. The mean number of branches plcUlt' 

of senna on the 45, 60, 75, 90, 105, 120, 135, 150, 165 days after sowing and at 

harvest was 3.08, 6.08, 8.13, 8.69, 8.83, 8.88, 8.93, 8.95, 8.97 and 8.97, 

respectively during 2002-03. The corresponding values during 2003-04 were 3.02, 

6.03,8.00,8.60,8.75,8.89,8.97,9.01.9.02 and 9.02, respectively. 

At 4.5 days, the tJ'eatment diffet"Cnces \\"Cl'e found to be non-significant 

in respect of number of branches plant' during both the years. 

At 60 days, an application of 125')';, RDF (50% N tl"lrough urea and 

50% N through FYM) recorded the maximum number of branches plant' (6.67 and 

6.80 during 2002-03 and 2003-04, respectively). It was found to be at par with an 

application of 125%, RDF (100% inorganic fertilizer), 100'X, RDF (50% N through 

urea and 50'Yo N through FYM) and loon;" RDF (100% inorganic fertilizer) during 

2002-03 while, during 2003-04 it was found to be at par with an application of 

125% RDF (1 OO'X, inorganic fertilizer), 100% RDF (50% N through urea and 50'),;, N 

through FYM) and significantly superior to rest of thc treatments during both the years. 

At 75 days, an application of 125'X, RDF (50% N through urea and 

50'Yo N through FYM) recorded the maximum number of branches plant·, (8.87 and 

8.82 during 2002-03 and 2003-04, respectively). It was found to be at par with an 

application of 125% RDF (100% inorgcmie fertilizer), 100')';, RDF (50% N through 

urea and 50'% N thnJugh FYM) and significantly superior to rest of the treatments 

during both the years. 

A similar trend was observed at 90, 105, 120, 135 and 150 days aftcr 

sowmg during both the years of study. Number of branches plant·, remained 

constant aftcr 150 days after sowing till harvest. 

4.1.1.2-4 Leaf area plant·,. 

The data on leaf area plant·, as influenced periodically by differcnt 

treatments are presented in Table 16. The mean leaf area plant·, of senna on the 

30, 45, 60, 75, 90, 105, 120, 135, 150, 165 days after sowing and at harvest was 

0.61,2.19,4.50,8.5[7, 24.2/]" ,~O.05, 9.44, JO.95, ]3.17, J4.97.and J5 .. 77dn):.!,. 

respectively during 2002-03. The corresponding values dUl-ing 2003-04 were 0.65, 

2.15,4.45,8.49, 14.00,9.92,9.52, 10.90, 13.33, 14.77 and 15.16 dm2, respectively. 
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At 30 days, the treatment differences were found to be non-significant 

in respect of leaf area plant' during both the years. 

At 45 days, an application of 125% RDF (50'% N through urea and 

50% N through FYM) recorded the maximum leaf al'ca plant' (2.48 and 2.53 dm" 

during 2002-03 and 2003-04, respectively). It was found to be at par with an 

application of 125'X, RDF (100% inorganic fertilizer), 100% RDF (50'Yo N through 

urea and 50% N through FYM) and significantly supcrior to rest of the treatments 

during both the years. 

A similar trend was observed at 60, 75, 90 and 105 days after sowing 

during both the years. 

At 120 days, an application of 125% RDF (50'X, N through urea and 

50% N through FYM) rccorded the maximum leaf area plant·, (l 0.81 and 1l.37 dm·' 

during 2002-03 and 2003-04, respectively). It was found to be at par with an 

application of 125% RDF (100% inorganic fcrtilizer) and 100% RDF (50'% N through 

urea and 50% N through FYM) during 2002-03 while, during 2003-04 it was found 

to be at par with an application of 12"'%, RDF (100% inorganic fertili"..er) and 

significantly superior to rest of the treatments dur'ing both the years. 

At 135 days, an application of 125'Yc, RDF (50'!;;, N through urea and 

50°,{, N through FYM) recorded the maximum leaf arca plant·, (12.18 and 12.38 dm2 

during 2002-03 and 2003-04, respectively). It was found to be at par with all. 

application of 125% RDF (100% inorganic fertilizer), 100% RDF (50% N through 

urea and 50% N through FYM) and significantly superior to rcst of the treatments 

during both the years. 

A similm' trend was observed at ISO, 165 days after sowing and at 

harvest during both lhe years. 

4.1.1.2.5 Total fresh matter plant-'. 

The data rcgarding total fresh matter plant·, as influenced periodically 

by different treatments arc presented in Table 17. The mean total fresh matter plant' 

of senna on the 30, 45, 60, 75, 90, 105, 120, 135, 150, 165 days after sowing and 

at harvest was 12.77, 22.S1, 48.53, 89.61,121.75,147.40,168.12,186.56,198.12, 

186.54 and 175.76 g, respectively during 2002-03. The corresponding values during 

2003-04 were 12.91,22.67,47.66,87.64, 120.85, 147.48, 167.50, 186.09, 197.25, 

186.13 and 175.55 g, respectively. 

At 30 days, thc treatment differences were found to be non-significant 

in respect of lotal fresh matter plant·, dur;ng both the years. 

At 45 days, an application of 125'Y<, RDF (50% N through urea and 

50')\, N through FYM) recorded the highcst fresh malter plant' (26.40 and 26.56 g 

during 2002-03 and 2003-04, respectively). It was found to be at par with an 
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application of 125'Yo RDF (100°/', inorganic fertilizer) and significantly superior to rest 

of the treatments during both the years. 

At 60 days, an application of 125'Yr, RDF (50% N through urea and 

50% N through FYM) recorded the highest fresh matter plant! (55.14 and 56.20 g 

during 2002-03 and 2003-04, respectively). It was found to be at par 'Aith an 

application of 125% RDF (100% inorganic fertilizer), 100'Y., RDF (50% N through 

urea and 50% N through FYM) and significantly superior to rest of the treatments 
during both the years. 

A similar trend was observed at 75, 90, 105, 120, 135, 150, 165 days 

after SO'Aing and at harvest during both the years. 

4.1.1.2.6 Total dry matter plant- 1 • 

The data regarding total dry matter plant! as influenced peliodically 

by different treatments are presented in Table 18 and graphically depicted in Fig. 4 

and 5. The mean total dry matter plant·! of senna on the 30, 45, 60, 75, 90, 105, 

120, 135, 150, 165 days after so'Aing and at harvest was 2.76, 5.19, 1l.24, 20.66, 

28.94, 38.50, 48.22, 55.59, 60.23, 63.95 and 66.30 g, respectively during 2002-03. 

The corresponding values during 2003-04 were 2.76, 5.17, 11.23, 20.60, 28.85, 

38.42,48.52,55.83,60.53,64.30 and 66.71 g, respectively. 

At 30 days, the treatment differences were found to be non-significant 

in respect of total dry matter plant·! during both the years. 

At 45 days, an application of 125% RDF (50% N through urea and 

(5.94 and 6.04 g 50% N through 

during 2002-03 

FYM) recorded the highest 

and 2003-04, respectively). 

dry matter plant·! 

It was found to be at par \\ith an 

application of 125% RDF (100% inorganic fertilizer) and significantly superior to rest 

of the treatments applied during both the ycars. 

At 60 days, a trend similar to that at 45 days after sowing was observed. 

At 75 days, an. application of 125% RDF (50');', N through urea and 

50% N through FYM) recorded the highest dry matter plant! (22.43 and 22.85 g 

during 2002-03 and 2003-04, respectively). It was found to be at par 'Aith an 

application of 125% RDF (100% inorganic fertilizer), 100% RDF (50% N through 

urea and 50% N through FYM) and significantly superior to rest of the treatments 

during both the years. 

A similar trend was observed at 90, 105, 120, 135, 150, 165 days 

after sO'Aing and at harvest during both the years. 



:3 

I ..... o 

~ 

t 
~ 

~ 

j 8 

'Ii! 9 

~ 8 

!!l 9 

~ 8 
§l 

9 

~ 8 
!§ 

9 

~ 
8 

a 9 

~ 
8 

!§ 
eJ 

~ 
8 

S eJ 

~ 
8 

!!1 
9 

~ 
8 

til eJ 

~ 
8 

I;Il 
eJ 

~ 
8 

~ 9 

J 

5 

8 

5 

8 

5 

8 

5 

8 

5 

8 

5 

8 

5 

8 

5 

8 

5 

8 

g 

8 

g 

8 

;:::; fi; ~ SOl 
~ 18 $ 

('!2 f! l'i ifl I?; [3 :B 

~ ~ § ;;5 
frl 2! 

~ S 

'" '" G ~ 

~ [i\ 
i? 

,q 
I?; 

f! 
fA 

f2 i'i ~ ~ ~ if> 

8 ttl 2R '" ;J '4 f?l '" f2 
'4 ~ ~ fJ'l 

~ ~ ~ ~ 
!0 ~ ~ ~ 
~ :;; \i' 

Ifl ('!2 8 ~ &> M ~ 

5Cl P- ~ :n 
M Pl to; 

:B SOl ~ ~ R ?: 

~ ('!2 ~ f::! 

'" t.:i 

~ ~ ~ 1'2 g: 

~ ~ ~ ~ 

~ Or; 
'" ~ ~ 

~ 1; ~ ~ 

i?; f! '" ~ 'T 

"'" '" 
Ifl ~ ~ ~ 'T 

1'2 
N 

P-
M [:l f! 

'" 
f! f! f::' f2 
N N '" '" 

g g 
go z go z 

X ""-
"" Gi ""- ~ § :a 8 ta 

~ ~ ~ ~ 
""- "" "" "" Gi Gi [!? [!? 

q :il ~ 1'ii %i ~ ~ ;:: f2 ~ ~ 

48 

,_ 
~ (!: ~ $ r:: f:! (!: ~ ~ 

~ ~ ~ 
f:> 

N 

15 !§ ~ R 
;;5 

p. ~ 2'3 ~ ~ ~ ~ fD ;:: r- N 

I::: 
$ 

fp 
:8 i8 § f§ ;;5 

N 
fA 
8 

;J 
8 ~ ~ S 

8 ~ ~ ~ 
3 17; 13 f2 ?-? t:1 ~ 8 ~ [3 [3 0 

~ ~ l'1 f:' i? ~ ~ '" '" 0 

1'2 &i ;:: R ~ '"' ~ LIS fil 1B lB N 

$ 3< 
,_ 

~ § i'i ~ i? ;;0 ~ lB co 

R 2; q '" § '-" N 

'" -::; ;+ ," M ?Ii <or 

~ !0 8 R 8 ~ ~ '" -::; ;J 0 'T 

~ ~ !0 :2 fD 8 ~ R ~ 0 N 

'" :B ~ l'l fA i€ ~ Ri COl 81 0 ~ 

&3 ~ Ql ~ § P- ~ 1'1 Sl 0 

\;' t:l ~ ~ § [; ~ 1'1 1'1 

§ !§ B ~ ~ f9 Sl 0 -
~ 8 ~ ~ '" ;§ ~ - 3 -

'" ~ t;'j ~ ;:::; § ~ 

"' 0 ,,., 

8 E'l fa § :2 § g: ,,., 
'" 0 ,,., 

"" 1'2 \!l !'ii 8 ~ "" I- I-
N '" 0 N 

1'2 r::: ~ ~ :g ~ '" N '" 0 '" 

g l 
r.; 

z z go ""- go ""-""- ~ § Gi § ta :a 
~ ~ 

~ 
~ "" ~ il) 

j ""- ""- ""- ""- +1 til 
§ § ~ [9 ~ S 



70 

§ 60 
~ 

~ so 
E '0 
z.. 
" 30 

~ 20 

_50-.ItOF(~H'" 
6O'IlN N~ 

U .. ItOft(lOC1"1' If". 

~ )'S,," ~Oft (5O'M. N " • 
~NNMI 

~1~RM(l~,F) 

_ ,000.. Ref" (~N If • 
6O'IlN'VMt 

_1'S'lI."Of'(l~") 

': L.J!::::~:::::_ __________________________________________ ___ --I2WRor(~ Nl' • 
~HNUI 

90 

60 

c;; 
70 

'::" 60 .. 
" .. 
E 

50 

z.. 40 .., 
!! 30 
0 .... 20 

10 

0 

30 •• 60 90 10. 120 13' 150 16. AH 

Oays after sowing 

Fig. 4 . Mean lOla) dry matter (g plant· ,) of senna during 2002· 03. 

30 •• 60 

Oays aftor sowing 

___ ~ ROF ($O'A H 1f' • 

~N'V"'J 

_ 7M' A:OF ('~ ". 

~7~ .. JW)I'I~N" • .... . ...,.. 
~'OC)I'II;RtlFCI~ __ J 

_,~ ROf' (so.. H 'I" • _ ...... 
_I'~"'or(,~.'l 

Fig. 5 . Mea n lOtal dry maller (g plant· ,) of senna during 2003.04. 



49 
4.1.1.2.7 Growth functions. 

4.1.1.2.7.1 Absolute growth rate (AGR). 

Data pertaining to AGR of dry matter plant·, as inf1uenced periodically 

by difTerent trcatnlents are presented in Table 19. The data "'as not statistically 

cmalyzed and the infcrenc...""Cs arc based on mean values only. The meeul. AGR of senna during 

30-45.45-60,60-75,75-90,90-105,105-120, 120-135, 135-150, 150-165 and 

16S-At harvest was 1.22,3.03,4.72,4.13,4.78,4.87,3.67,2.32,1.86 and 1.18 g 

p12111P weeki, respectively dluing 2002-03. The corresponding values during 2003-04 were 

1.21 .. 3.04, 4.68, 4.12,4.79, 5.05, 3.66, 2.35, 1.88 and 1.21 g plant' week', respectively. 

The mean maxinlum AGR of dry nlatter was 4.87 and 5,05 g plant· 1 \"eek' 

during the period between 105-120 days during 2002-03 and 2003-04, respectively. 

During 30-45 DAS, an application of 125%, RDF (500/0 N through urea 

and 5UlIo N through FYM) recorded the highest AGR of dry matter (1.56 and 1.62 g 

plant,l weeki dlll-ing 2002-03 and 2003-04, respectively), During 45-60 DAS, an 

application of 125°;;, RDF (50'}";, N through urea and 50% N through FYM) recorded 

the highest AGR of dlY matter (3.69 g plant" week!) during 2002-03 while, during 

2003-04 an application of 125% RDF (50'\/" N thl'Ough urea and 50% N through FYM) 

and 125°;;, RDF (100%, inorganic fertilizer) recorded tl,e highest AGR of dry matter (3.77 g 

plant· 1 week 1). 

During 60-75 DAS, an application of 100% RDF (50% N through Ul'ea 

and 50'% N through FYM) recorded the highest AGR of dry matter (5.11 and 5.19 g 

plant· 1 week' during 2002-03 and 2003-04, I'espectively). DUI-ing 75-90 DAS, an 

applicalion of 125°;;, RDF (50'\/" N through urea and 50')/0 N through FYM) recOJ'ded 

tll.e highest AGR of dry matter (5.46 and 5.62 g plant·, week' during 2002-03 and 

2003-04, respectively). During 90-105 DAS, a similar trend to that at 75-90 DAS 

was observed. DUI-ing 105-120 DAS, an application of 125'\/" RDF (100'\/" inorganic 

fertilizer) recorded the highest AGR of dry matter (5.56 and 5.85 g plant"' week! 

during 2002-03 and 2003-04, respectively). During 120-135 DAS, an application of 

100%, RDF (I OO'X, inOJ'ganic fct-tilizer) recorded the highest AGR of dry matter (4.47 

and 4.45 g plant' week' duting 2002-03 and 2003-04, respectively). 

During 135-150 DAS, an application of 125'X, RDF (50% N through 

urea and 50'% N through FYM) t'ecorded the highest AGR of dly mattet- (2.68 and 

2.75 g plant· ' weeki dUling 2002-03 and 2003-04, respectively). During 150-165 

DAS, an application of 125% RDF (100% inorganic fertilizer) recorded the highest 

AGR of dry matter (2.26 g plant I week ' ) during 2002-03 while, during 2003-04 an 

application of 125'% RDF (100% inorganic fertilizer) and 1000A, RDF (50% N through urea 

and 50% N through FYM) recot-ded the highest AGR of dry matter (2.16 g plant" weeki). 

Duting 165 DAS - At harvest, an application of 50'\/', RDF (50'Y., N through urea and 

50% N Ulrough FYM) recorded tll.e highest AG R of dry matter (1.85 g plant' I week') 
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during 2002-03 while, during 2003-04 an application of 125'1<, RDF (50% N tluuugh urea 

and 500,;;, N through FYM) recordcd the highest AGR of dry matter (1.78 g plant·! week!). 

4_1.1.2.7.2 Relative grovvth rate (RGR). 

Data pertaining to RGR of dlY matter plant-! as influenced periodically 

by different treatments are prcscnted in Table 20. Thc data was not statistically 

analyzed and the infcI'ences are based on mcan valucs only. The nlean RGR of senna 

during 30-45, 45-60, 60-75, 7S-90, 90- 105, 10S-120, 120, 13S, 135- 150, IS0-165 

and 165-At harvest was 0.31, 0.39, 0.31, 0.17, 0.14, 0.11, 0.07, 0.04, 0.03 and 0.04, 

respectively during 2002-03, The corresponding values during 2003-04 were 0.31. 

0.39, 0.31, 0.17, 0.14. 0.12, 0.07, 0.04, 0.03 and 0.04, respectively. 

The mean maxilnum RGR of dry matter was 0.39 clild 0.39 during thc 

pez-iod bet\veen 45-60 days in 2002-03 and 2003-04, respectively. 

During 30-4S DAS, an application of 125% RDF (SO% N through urea 

and 50% N through FYM) recorded the highest RGR of dry matter plant-! (0.37 and 

0.38 during 2002-03 and 2003-04, respectively). During 4S-60 DAS, an application 

of 125°/" RDF (1 OO'X, inorganic fertilizer) recorded the highest RGR of dlY matter 

plant·; (0.42) during both the years. During 60-75 DAS, 8Tl application of 50'Vo RDF 

(So% N through urea and 50'/<, N through FYM) and 50% RDF (100'"" inorganic 

fertilizer) recordcd the highest RGR of dlY matter plant! (0.33) during both the years. 

DUling 7S-90 DAS, an application of 12S% I~DF (SO'X, N through urea and 50'/<, N 

thmugh FYM) recorded the highest RGR of dry matter plant- 1 (0.20) duzing both the yeal'S. 

During 90-10S DAS, all application of 100'1<, RDF (100'"" inorganic 

fertilizer) and 75% RDF (SOo/" N through UI'ea and SO% N through FYM) recorded the 

highest RGR of dry matter plant 1 (0.15) during 2002-03 while, during 2003-04 an 

application of 100% RDF (100% inorganic fertilizer), 75'"" RDF (50'"" N through 

urea and 50'/<, N through FYM) and 7So/0 RDF (100'1<) inorganic fertilizer) recorded 

the highest RGR of dry matter plant! (0. IS). During 105-120 DAS, an application of 

75%, RDF (100'1<, inorganic fertilizer) recorded the highest RGR of dry matter plant· 1 

(0.13) during 2002-03 while, during 2003-04 an application of 75% RDF (50% N 

through urea and SO% N through FYM) and 75% RDF (100% inorgcUlic fertilv.er) recorded 

the highest RGR of cizy matter plant! (0.13). 

Not much variation in respect of RGR plant·! was noticed in rem81nlng 

days of observation. 

4,1.1.2.8 Days to flower initiation. 

The data regarding days to flower initiation plant" as influenced 

by different treatments are presented in Table 21. The mean days to flower intiation 

planP of senna was S5 during both the years. This indicated that there was 
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no change in days flower initiation plant·; during both the years. The treatJnent 

differences were found to be non-significant during both the years. 

4.1.1.2.9 Days to 50% flowering. 

The data pertaining days to 50'}'"0 floweling plant· t as influenced by 

different tn.:aunents are presented in Tnble 21. The mean days to 50%, floweling 

plant' of senna was 58 and 59, respectively dUling 2002-03 and 2003-04. This indicated 

that there \vas no change in days to 50!X} flo\vcring plant-! during both the years. 

The lreatlnent diffel'enees wen' found to be non-significant during both the years. 

Table 21. Mean number of days to flower initiation, days to 50% flowering and 
days to maturity of senna as influenced by different treatments 
during 2002-03 and 2003-04, 

T DaYs -t~-fl;'",er-i - - Days to -- -i - D,,:% to - -
Treatment I initiation I 50% flowering I maturity I 

I 02-03 i 03-04 -1--02-03T 03=04 I 02-031- 03~04 - 1 
_J. ____ • _________ ; ____ ._~ ___ : ______ _ ! ____ _ ~ 

53 '54 56' 57 17 1 . 172 
54 S() 

54 54 
54 5'1 
54 56 
5S 5S 
55 56 
57 56 

1.48 , 1.18 

4.1.1.2,10 Days to maturity. 

58 173 59 172 
57 
58 

59 

58 

57 
60 
60 

172 
174 
172 
174 

172 
173 
175 

The data on davs to matul'it)' plant·, as influenced by different 

u'eatments are presented in Table 21. The rnean days to nlaturity plant·, of senna 

was 173 during both the years. This indicated that there was no change in days to 

matu.-ity plant·, dUl'ing botl) the years. The trealment differences were found to bt· 

non-significant cluring both the y·em's. 

4,1.2 Post harvest studies, 

4,1.2.1 Number of HUed pods plant· I , 

The data regarding number of filled pods plant·, as influenced b 

diffel'ent treatments alT presented in Table 22. The mean number of filled pod 

plant·, of sennCl was 65.67 and 65.36 eluling 2002-03 cUld 2003-04, respectivel: 

The number of filled pods plant- t was significantly alTeeted due to the ditTercr 

treatments dUling both the years. 



PP 16: Flowering in senna. 



I I I I I I I 
i 234- 5 b 7 £3 91011 12131415\bYl\8\<j 

PP 17: Sequence of pod development of senna. 



54 
An application of 125% RDF (5UlIo N through urea and 50% N through FYM) 

recorded the highest number of filled pods plant 1 (73.57 and 75.53 during 2002-03 

and 2003-04, respectively). It was found to be at par with an. application of 125% RDF 

(100'Y<) inorganic fertilizer), 100% RDF (50°Ic, N through urea and 50% N through FYM) 

and significantly superior to rest of the treatments during botl"l the years. 

4.1.2.2 Number of unfilled pods plant· I . 

The data pertaining to number of unfilled pods plant! as influenced 

by different treatments are presented in Table 22. The mean number of unfilled 

pods plant·, of senna was 9.16 and 9.21 during 2002-03 and 2003-04, respectively. 

The number of unfilled pods plant·! was at par due to the different treatments 

during both the years. 

4.1.2.3 Total number of pods plant· I . 

The data on total number of pods plant·, as influenced by different 

treatments are presented in Table 22. The mean total number of pods plant·, of senna 

was 74.83 and 74.57 during 2002-03 and 2003-04, respectively. The total number of 

pods plant·, was significantly affected due to the different treatments during both the years. 

An application of 125% RDF (50'1'0 N through urea and 50% N through FYM) 

recorded the highest total number of pods plant·! (82.42 and 84.73 during 2002-03, 

and 2003-04, respectively). It was found to be at par vvith an application of 125'% 

RDF (100o,!,) inorganic fertilizcr), 100% I~DF (50% N tl"lrough urea and 50%, N 

tl"lmugh FYM) and significantly superior to rest of the trcatments dwing both the years. 

4.1.2.4 Weight of f'illed pods plant· I . 

The data regarding weight of filled pods plant' as influenced by 

different treatments are presented in Table 22. The weight of filled pods plant·! of senna 

was 26.83 and 26.77 g dU1ing 2002-03 and 2003-04, respectively. The weight of pods 

plant·! was significantly affected due to the different treatments during botl"l ilie years. 

An application of 125% RDF (50% N through urea and 50% N through FYM) 

recorded the highest weight of filled pods plant' (30.82 and 31.37 g during 2002-03 

and 2003-04, respectively). It was found to be at par with an application of 125% 

RDF (100% inorganic fertilizer), 100% RDF (50':;') N through urea and 50°/() N 

through FYM) during 2002-03 and at par \vith an application of 125% RDF (100% 

inorganic fertilizer) during 2003-04 and significantly superior to rest of the treatments 

during both the years. 
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4.1.2.5 Weight of unfilled pods plant-1. 

Thc data regarding wcight of unfillcd pods plant- l of senna as 

influcnccd by diffcr-cnt trcatmcnts arc prTsented in Tablc 22, The data rcvcalcd that 

the mcan wcight of unfillcd pods plant! of senna was 2.30 and 2.33 g during 2002-03 

emd 2003-04, respectively. Thc wcight of unfillcd pods plant· I r'cmaincd unaffected 

by thc differcnt trcatmcnts during both thc ycars. 

4.1.2.6 Total weight of pods plant-1. 

Thc data pcrtaining to total weight of pods plant·! as influenccd 

by diffcrent treatments are presentcd in Table 22. The mean total weight of pods 

plant·' of senna was 29.12 and 29.10 g dur-ing 2002-03 and 2003-04, respectively. 

The total wcight of pods plant! was significantly affected duc to the different 

treat111ents during both the years, 

An application of I 25'Y.) RDF (50% N through urea emd 50''/0 N through FYM) 

recorded U"le highest total weight of filled pods plant I (33. 17 and 33.78 g dUting 

2002-03 and 2003-04, r'cspeetivcly). It was found to be at par with an application of 

12S'Yo RDF (100%) inor'ganie fertilizer') and 100'X) RDF (50% N thmugh urea emd 500A, N 

Ulrough FYM) dllling 2002-03 and at par' with an application of 125% RDF (100%, 

inOl-ganic fertilizcr) during 2003-04 and significantly superior to rest of the treatments 

dllling both the years. 

4.1,2.7 Length of pod, 

The data regar'ding length of pod as influenced by different treatments arc 

prcscntcc1 in Table 23. The mean length of pod of senna was 4.51 C'111 during txltl1 tl"le years, 

The length of pod was significantly affected due to the different treatments during 

both the year·s. 

An application of 125% RDF (50'Yn N ilirough urea and 50%, N ilirough FYM) 

recor-ded tl1c maximum length of pod (5.16 and 5.21 cm during 2002-03 and 2003-04, 

respectively). It was found to bc at par with an application of 125%, RDF (100%, 

inorganic fcr'Lili7..cr) and significantly superiOJ' to rest of the treatments during both 

the years. 

4.1.2.8 Breadth of pod, 

The data pel'taining to br'eadth of pod as influenced by different 

treatments ar-e presented in Table 23. Thc mcan breadth of pod of sennCl was 1.95 

and 1.93 cm during 2002-03 and 2003-04. r·espcctively. The treatmcnt differcnccs 

were found to bc non-significant during both the Y9ar·s . 
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Table 23. Mean length and breadth of pod (cm), number and weight (g) ofseeds(pod-') 

of senna as influenced by different treatments during 2002-03 and 2003-04. 

~ Length Breadth Number of I Weight 
of pod . of pod seeds of seeds Treatment 

1
_- JC!1'L ;-- (Cr)--~ .... (po_d.::L __ I _(g.pod-')_ 

-- _ . 02,0.'3 . 0~,04. Q:;l-03 I Q3-q_4 : ~_:_O;LI_O_~oq1:_: _Q2-.9.;3_! ()3-04 
4.06 ~.04 I 1.~6 1.7::>! I (,3 7.5~ 1 0.14 . 0.15 50\~) }-(f)F {I OOIX, IF} 

I 50'Yo RDP (50:50°", N IF:FYM) 4.14 4.10 1.81 1.80 7.G7 7.():") 0.14 0.]5 
75%, RDF (lOOo~_> IF) 4.27 4.38 1.92 1.86 7.68 7.44 0.15 0.15 
7S'Yo ROt" (50:50'1;, N IF:FY;Vl) 

100% RDP (IOO'Yo IF) 

100% I~DF (50:50% N IF:FYM) 

I 25% I~DF (100% W) 

125'1\, RDF (50:50'% N IF:FYM) 

S.E. ± 

C.D. at 5% 

I-Mean T--

4.38 

4.61 

4.57 

4.90 

5. Ie> 

0.15 

0,46 

4.51 

4.1.2.9 Number of seeds pod-'. 

4.41 1.90 

4.50 

4.62 

4.85 

5.21 

0.15 

0.16 

4.51 -'_. 

1.95 

2.01 

2.09 

2.12 

0.15 

'\.S. 

1.<)5 

1.92 

1.91 

1.96 

2.04 

2. J6 

0.14 

N.S. 
- ---

1.93 

7.69 7.40 0.15 O. 1(, 

7.7J 7.81 016 O. J6 
7.69 7.74 O. J6 0.16 
7.72 7.80 0.16 0.16 
7.73 7.83 0.16 0_17 

0.08 O. J2 O.OJ (J.O J 

N.S. N_S. N.S_ N.S. 
7.()() 7.65 0.15 0.16 --_._-_ 

The data reganling number of seeds pod' as influenced by' different 

treatrnents are presented in Table 23. The mean number of seeds pod! of senrlCl 

was 7.69 and 7.65 during 2002-03 and 2003-04, respectively_ The treatment. 

differences were found to be non-significant during both the years_ 

4.1.2.10 Weight of seeds pod". 

The data r-egarcling weight of seeds pod'! as influenced by different 

treatments are presentee! in Table 23. The mean weight of seeds pod I of senna was 

0_15 and 0_16 g during 2002·03 and 2003-04, r-espcctively. The u-eatment 

differences were found to be non-significant dw-ing both the years. 

4.1.2.11 Number of seeds plant-'. 

The data regarding number- of seeds plant! as influenced by different 

tTeatrnents arc presentee! in Table 24. The mean number of seeds plant- 1 of senna was 

505.46 and 501.00 dwing 2002·03 and 2003-04, respeetivdy. The number of seeds 

plant- i was significantly affected due to the different treatments dUling both the years. 

An application of 1 25'X, RDF (50% N through urea and 50% N through FYM) 

recorded the highest number- of seeds plant: (568_78 and 59 L51 dur-ing 2002-03 

and 2003-04, r-espectively)_ It \\'as found to be at par with an application of 125'Y<, 

RDF () 00% inorganic fertilizer), 100'/:, RDF (50% N thr-ough urea and 50% N 

through FYM), 100% RDF (1000
;;, inorganic fer-tilizer) and significantly supelior to 

rest of thc treatments dur-ing both the years. 



· . , . 
at: -;Ua -.... ~~,....~, 

PP 18: Seeds of senna. 
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Table 24. Mean nwnber and weight (g) of seeds (plant-I) and thousand seed weight (g) 

of senna as influenced by different treatments during 2002-03 and 2003-04. 

Treatment 
Number Weight I Thousand 
of seeds of seeds J seed weight 

t----~~(p~la~n~t_:')~~__+___=_:::lg plant-1L ---:c=-::-::-(g)----
___ 02-03 I 03-04 02-03 I 03-04 I 02-03 I 03-04 

429,13 j 405,53 -7_94' 7,77 I 18_17 I 18.03 I i 50% RDF (1'00% IF) 

50''10 RDF (50:50% N IF:FYM) 

75% RDF (100"A, IF) 

75'% RDF (50:50% N IF:FYM) 

100'Yo RDF (100% IF) 

100% RDF (50:50% N IF:FYM) 

125% RDF (100% IF) 

125% RDF (50:50% N IF:FYM) 

S.E. ± 

C.D. at 5% 

Mean 

444.88 

475,39 

489,10 

527,65 

546.45 

562,33 

568,78 

15,63 

47.41 
-

416.53 

441.64 

455.58 

549.31 

564.39 

583.54 

591.51 

16,55 

50.20 

8,31 

9.16 

9.64 

10.98 

11.54 

11.93 

12,10 

0.32 

0,97 

505,46 501.00 10.20 L_ _________ ~ ______ ~_ 

4.1.2.12 Weight of seeds plant-'. 

8.13 

8.87 

9.41 

I 1.21 

11.80 

12,18 

12,36 

0,3'+ 

1.03 

18.63 I 18,41 
19.33 19,65 

19,83 

20.83 

21.17 

21.80 

22,00 

0.32 

0,97 
--.--

10.22 20.22 

19,81 

2105 

21.61 

21.98 

22,25 

0,33 

1.00 I 
20 35-=:J 

The data pertaining to v.'eight of seeds plant j as influenced by different 

treatments are presented in Table 24. The mean weight of secds plant 1 of senna was 

10.20 and 10,22 g during 2002-03 and 2003-04, respectively. The weight of seeds 

plant-} was significantly affected due to the different treatments during both the years. 

An application of 125% RDF (50% N through urea and 50% N through FYM) 

recorded the highest weight of seeds plant! (12.10 and 12.36 g during 2002-03 and 

2003-04, respectively). It was found to be at par with an application of 125% RDF 

(100% inorganic fertilizcr), 100% RDF (50')'(, N through urea and 50% N through FYM) 

and significantly superior to rest of the treatments during both the years. 

4.1.2.13 Thousand seed weight. 

The data on thousand seed weight as influenced by different 

treatments are presented in Table 24, The mean thousand seed wcight of senna was 

20.22 and 20.35 g during 2002-03 and 2003-04, respectively. The thousand seed 

weight was significantly affected due to the different treatments during both the years. 

An application of 125% RDF (50% N through mea and 50% N through FYM) 

recorded the highest thousand seed weight (22.00 and 22,25 g during 2002-03 and 

2003-04, respectively). It was found to bc at par with an application of 125% RDF 

(1000A, inorganic fertilizer), 100'X, RDF (50% N through urea and 50% N through FYM) 

and significantly superior to rest of the treatments during both the years. 
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4.1.2.14 Per plant basis. 

4.1.2.14.1 Fresh root weight plant·,. 

The data regarding fresh root weight plant-] as influenced by different 

trcatments are presented in Table 25. The mean fresh root weight of senna was 

10.54 and 11.26 g during 2002-03 and 2003-04, respectively. The fresh root weight 

plant] was significantly affected due to the different treatments during both the years. 

An application of 125% RDF (50'YcJ N through w-ea and 50"/0 N through FYM) 

recorded the highest fresh root weight plant] (1l.62 and 12.73 g during 2002-03 

and 2003-04, respectively). It was found to be significantly superior to rest of the 

treatments during 2002-03 while, during 2003-04 it was at par with an application 

of 125% RDF (100% inorganic fertilizer) and significantly superior to rest of the 

treatments during both the years. 

4.1.2.14.2 Dry root weight plant-'. 

The data on dlY root weight plant·] as influenced by different 

treatments are presented in Table 25. The mean dry root weight of senna was 3.45 

and 3.57 g during 2002-03 and 2003-04. respectively. The dry root weight plant·] 

was significantly affected due to the different treatments during both the years. 

An application of 125% RDF (50% N through w-ea and 50% N through FYM) 

recorded the highest dry root weight plant"' (3.78 and 4.11 g during 2002-03 and 

2003-04, respectively). It \vas found to be at par with an application of 125% RDF 

(100'lIo inorganic fertilizer), 100';.\, RDF (50% N through urea and 50% N through FYM), 

100% RDF (100'1<, inorganic fertili=r) and significantly superior to rest of the 

treatments during both the years. 

4.1.2.14.3 Fresh stalk weight plant· l . 

The data pertaining to fresh stalk weight plant·] of senna as influenced 

by different trealn1ents are presented in Table 25. The mean fresh stalk weight plant· I 

of senna was 108.95 and 108.00 g dUl-ing 2002-03 and 2003-04, respectively. 

The fresh stalk weight plant·] was significantly affected due to the different 

treatments during bot.h the years. 

An application of 125% RDF (500
;;, N through urea and 50';.\, N through 

FYM) recorded tl"le highest fresh stalk weight plant·] (119.70 and 120.10 g during 

2002-03 and 2003-04, respectively). It was found to be at par with an application of 

125% RDF (100% inorganic fertilizer), 100% RDF (50% N through urea and 50% N 

through FYM) and significantly superior to rest of the treatments during both the years. 
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4.1.2.14.4 Dry stalk weight plant·I. 

The data regarding stalk ",'eight plant~ 1 of senna as influenced by 

different treatments are presented in Table 25. The mean dry stalk weight plant~l of 

senna was 25.54 and 25.86 g during 2002-03 and 2003-04, respectively. The dry 

stalk weight plant· l was significantly affected due to the different treatments during 

both the years. 

An application of 125% RDF (S(y% N through urea and SO°/" N through FYM) 

recorded the highest dry stalk weight plcmt 1 (28.27 and 30.02 g during 2002-03 

and 2003-04, respectively). It was found to be at par with an application of 125% 

RDF (100'X, inorganic fertilizer), 100% RDF (50% N through urea and 50% N 

through FYM) and significantly superior to rest of the treatments during both the years. 

4.1.2.14.5 Pod shell weight plant·I. 

The data on pod shell weight plant~l as influenced by different 

treatments are presented in Table 25. The mean pod shell weight plant·! of senna was 

18.92 and 18.88 g dU!;ng 2002-03 and 2003-04, respectively~ The pod shell weight 

plant~' was significantly affected due to the different treatments during both the years. 

An application of 12S% RDF (SaX, N through urea and 50"/0 N through FYM) 

recorded the highest pod shell weight plant 1 (21.06 >md 21.42 g during 2002-03 

and 2003-04, respectively). It was found to be at par with an application of 125% 

RDF (100% inorganic fertilizer) during 2002-03 only and significantly superior to 

rest of the treatments dUI;ng both the years. 

4.1.2.14.6 Fresh leaves weight plant-I. 

The data regarding leaves weight plant"' as influenced by different 

treatments are presented in Table 26. The mean fresh leaves weight plant~ 1 of senna 

was 21.54, 14.86,27.15 and 63.55 g at first, second, third picking and total fresh leaves 

weight, respectively during 2002-03 and 21.59, 15.01,27.19 and 63.78 g at first, 

second, third picking and total fresh leaves weight plant~!, respectively during 2003-04. 

The fresh leaves weight plant~! was significantly affected due to the cliJferent treatments 

during both the years. 

4.1.2.14.6.1 First picking. 

An application of 125% RDF (50"/0 N through urea and 50"/0 N through FYM) 

recorded the highest fresh leaves weight plant! (23.48 and 24.66 g during 2002-03 

and 2003-04, respectively). It was found to be at- par with an application of 125% 

RDF (100% inorganic fertilizer), 100% RDF (50% N through urea and 50% N 

through FYM) and significantly superior to rest of the treatments during both the years. 
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Table 26. Mean picking wise and total fresh leaves weight (g plant-l) of senna as 

influenced by different treatments during 2002-03 and 2003-04. 

Treatment 

1-

First picking 

02-03 03-04 

50'/0 RDF (I QCYY" IF) 19.53 17.83 

50% RDF (50:50";<, N IF:FYM) 19.70 1861 

75'Yo RDF (100"/0 IF) 20.71 19.83 

75% RDF (50:50% N IF:FYM) 21.03 20.63 
1 QCYy<, RD F (1 CX)"A, IF) 21.96 22.93 

1 00"/0 RDF (50:5()"/o N IF:FYM) 22.68 23.84 

I 
I 

I 
I 

I 

Fresh leaves weight (g) 

Second picking =~j::1 02-03 

13.86 

13.95 

14.18 

14.46 

15.18 

15.54 

03-04 

13.53 

13.65 

13.87 

14.20 

15.86 

=:-=-~+---C25.11 I 24.02 I 
25.46 I 24.71 

26.31 : 25.77 

26.77 I 26.36 
27.68 28.21 

16.10 28.34 29.02 

Total 

02-03 I 03-04 

58.50 \ 55.38-
59.11 56.97 

61.20 59.47 

62.26 I 61.19 
64.82 67.00 

66.56 68.96 I 
125% RDF (I00"A, IF) 23.20 24.36 15.81 16.35 28.51 29.58 67.52 70.29 I 
125% RDF (50:50"/C. N IF:FYM) 23.48 24.66 15.92 16.51 29.03 29.81 68.43 70.98 

S.E.± -to.28 I 0.31 0.14 0.17 0.25 0.29 0.63±id.68 

C.D. at 5% 0.85 0.94 I 0.43 I 0.52 0.76 0.88 1.91 2.06 

Mean ___ ~ :il~~ 2159-1-14.s6~'-15_.0_1 _ _l__27 1"'. f-, ~2~7~.:.::~I_:_9~_j-~-_:6=3~.5=:O 6-_1.78 

4.1.2.14.6.2 Second picking. 

A similar trend to that at first picking was observed. 

4.1.2.14.6.3 Third picking. 

A similar trend to that at first picking was observed. 

4.1.2.14.6.4 Total fresh leaves weight. 

A similar trend to that at first picking was observed. 

4.1.2.14.7 Dry leaves weight plant-l. 

The data pertaining to dry leaves weight plant·, as influenced by different 

treatments arc presented in Table 27. The mean dry leaves weight plant·, of senna was 

6.46, 4.54, 8.19 and 19.19 g at first, second, third picking and total dry leaves weight, 

respectively during 2002-03 and 6.51,4.59,8.18 and 19.28 g at first, second, third 

picking and total dry leaves weight plant', respectively during 2003-04. The dry leaves 

weight plant·' was significantly affected due to the different treatments during both the years. 

4.1.2.14.7.1 First picking. 

An application of 125% RDF (50'% N through urea and 50'% N through FYM) 

recorded the highest dry leaves weight plant·, (7.25 and 7.68 g during 2002-03 and 

2003-04, respectively). It was found to be at par with an application of 125% RDF 

(100% inorganic fertilizer), 100% RDF (50% N through urea and 50'10 N through FYM) 

and significantly superior to rest of the treatments during both the years. 

4.1.2.14.7.2 Second picking. 

A similar trend to that at first picking was observed. 
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Table 27. Mean picking wise and total dry leaves weight (g plant· , ) of senna as 

influenced by different treatments during 2002-03 and 2003-04. 

A similar trend to that at first picking was observed. 

4.1.2.14.7.4 Total dry leaves weight. 

A similar trend to that at first picking was observed. 

4.1.2.15 Per hectare basis. 

4.1.2.15.1 Fresh root yield ha· ' . 

The data regarding fresh root yield ha I as influenced by different 

treatments are presented in Table 28. The mean fresh root yield of senna was 

10.95, 11.07 and 11.01 q ha" during 2002-03, 2003-04 and on pooled mean basis, 

respectively. The fresh root yield ha" was significantly affected due to the different 

treatments during both the years. 

An application of 125'% RDF (5CYYn N through urea ~md 5CY'/o N through FYM) 

recorded the highest fr'esh root yield (12.51, 12.60 and 12.56 q ha' during 2002-03, 

2003-04 and on pooled mean basis, respectively). It was found to be significantly 

supenor to rest of the treatments during 2002-03 while, during 2003-04 it was 

found to be at par \\'ith an application of 125'", RDF (100% inorga.nic fertilizer) a.nd 

on pooled mean basis it was significantly superior to rest of thc treatments. 

4.1.2.15.2 Dry root yield ha· 1 . 

The data regarding dry root yield ha" as influenced by different treatments 

arc presented in Table 28. The mean dry root yield of senna was 3.58,3.59 and 3.59 q ha· l 

during 2002-03, 2003-04 and on pooled mean basis, rcspecUvciy. Thc dry root yield 

ha I was significantly affected due to the different treatments during both the years. 
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An application of 12S'X, RDF (SO'};, N through urea and 50"/', N through FYM) 

recorded the highest dry root yield (3.91,4.00 and 3.96 q ha 1 during 2002-03.2003-04 

and on pooled mean basis, respectively). It was found to be at par with an 

application of 125°/', RDF (100% inorganic fertilizer), 100'Yo RDF (50% N thl-ough urea 

and 50% N through FYM), 100'X, RDF (100% inorganic fertilizer-) a.nd significantly 

superior to rest of the treatments during both the years and on pooled mean basis. 

4.1.2.15.3 Fresh stalk yield ha- 1 • 

The data pertaining to fresh stalk yicld ha- 1 as influenced by different 

treatments HIT presented in Table 28. The mean fresh stalk yield of senna was 

71.05, 71. 10 and 71.08 q ha" clul-ing 2002-03, 2003-04 and on pooled mean basis, 

respectively. The fresh stalk yield ha- 1 was significantly affected due to the different 

treatments during both the yeal-s. 

An application of 12S% RDF (50% N through urea and 50'Yu N through FYM) 

recorded the highest fresh stalk yield (79.09. 80.70 and 79.90 q ha· J dUling 2002-03, 

2003-04 and on pooled mean basis, respectively). It was found to be at pHI' with an 

application of 125% RDF (100% inorganic fertilizer), 100% RDF (50% N through 

urea and SO'Yo N through FYM) and significantly supelior to rest of the treatments 

during both the years and on pooled mean basis. 

4.1.2.15.4 Dry stalk yield ha- 1 • 

The data on dry stalk yield ha' i as influenced by different treatments 

are presented in Table 28. The mean dry stalk yield of senna was 26. 14, 26.19 and 26. 17 

q ha] during 2002-03, 2003-04 and on pooled mean basis, respectively. The dry stalk 

yield ha" was signifieanUy aireeted due to the diirerent treatments during both the yecu·s. 

An application of 125% RDF (SO% N through urea and SO% N through FYM) 

recorded the highest dlY stalk yield (29.1 1, 29.64 and 29.38 q ha 1 dUI;ng 2002-03, 

2003-04 and on pooled mean basis, respectively). It was found to be at par \\ith an 

application of 12S% RDF (100% inorganic fertilizcr), 100'l{, RDF (SO% N through 

urca and 50'1'0 N through FYM) and significantly superior to rcst of tl1e tI-eatments 

during both the years and on pooled mean basis. 

4.1.2.15.5 Fresh leaves yield ha- 1 • 

The data regarding fresh leaves yield ha I as influenced by different 

treatments are presented in Table 29. The mean fresh leaves yield of senna was 

27.00, 9.42, 33.43 and 69.8S q ha" at fil'st, second, third picking and total fresh 

leaves yield, respectively during 2002-03 and 27:09, 9.47, 33.S3 and 70.08 q ha I at 

first, second, third picking and total fresh leaves yield, respectively during 2003-04. 

The pooled mean fresh leaves yield was 69.97 q ha·'. The fresh leaves yield ha-] 
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was significantly affected due to the different trcatments during both the years and 

on pooled mcan basis. 

4.1.2.15.5.1 First picking. 

An application of 125% RDP (50"/', N through w-ea and 50"/', N thmugh FYM) 

recorded the highest fr-esh leaves yield (30.24 and 30.95 q ha 1 during 2002-03 and 

2003-04, respectively). It was found to be at par with an application of 125% RDP 

(100')/0 inorganic fertilizer). 100')10 RDP (50'X, N through urea and 50')/" N through FYM) 

and significantly superior to rcst of the treatments during bOtll the years. 

4.1.2.15.5.2 Second picking. 

A similar Lrend to that at first picking was observed. 

4.1.2.15.5.3 Third picking. 

A similar trend to tllat at first picking was observed. 

4.1.2.15.5.4 Total fresh leaves yield ha- 1 • 

A similar trend to that at first picking was observed. 

4.1.2.15.6 Dry leaves yield ha- 1 • 

The data pertaining to dry leaves yield ha" as influenced by differ-cnt 

treatments are presented in Table 30 and gr-aphieally depicted in Pig. 6. The mean 

dry leaves yield of senna was 8.36, 2.83, 10.22 and 21.41 q ha'] at first, second, 

third picking and total dry leaves yield, r-espeetively during 2002-03 and 8.38, 2.84, 

10.28 and 21.50 q ha'\ at fir'st, second, thir-d and total dry, leaves yield, respectively 

during 2003-04. The pooled mean dry leaves yield was 21.45 q ha·'. The dry, leaves 

yield ha'\ was significantly affected due to the different treallnents during both the 

years and on pooled mean basis. 

4.1.2.15.6.1 First picking. 

An application of 125% RDP (50% N through urea and 50"/0 N through FYM) 

recorded the highest dry, leaves yield (9.39 and 9.69 q ha'\ during 2002-03 and 2003-04, 

respcctively). It was found to be at par with an application of 125% RDP (100% 

inorganic fertilizer). 100% RDF (50% N through urea and 50% N through FYM) and 

significantly superior to rest of the treallncnts during both tlle years. 

4.1.2.15.6.2 Second picking. 

An application of 125% RDP (saYo N through ur-ea and sax, N through FYJ\1) 

recorded the highest dry' leaves yield (3.23 and 3.31 q ha'\ dwing 2002-03 and 
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2003-04, respectively). It was found to be at par with an application of 125% RDF 

(lOO'X, inorganic fertilizer) and 100% RDF (50'Vo N through urea and 50% N through FYM) 

dUling 2002-03 while, duting 2003-04 it was found to be at par' with an application 

of 125% RDF (100% inorganic fertilizer), 100% RDF (50% N through urea and 500.;" 

N through FYM), 100% RDF (1000.;" inorganic fertilizer) and significantly superior to 

rest of the treat.ments during both the years. 

4.1.2.15.6.3 Third picking. 

A similar trend to that at first picking was observed. 

4.1.2.15.6.4 Total dry leaves yield ha·'. 

A similar trcnd to that at first picking was obscrved. 

4.1.2.15.7 Seed yield ha·'. 

The data on seed yield ha" as influenced by different treatments arc 

presented in Table 31 and graphically depicted in Fig. 7. The mecU1 seed yield of senna 

was 2.79, 2.81 and 2.80 q ha" during 2002-03, 200:1-04 and on pooled mean basis, 

respcc6vely. The seed yield ha" was significantly affected due to the different 

treatments during both the years. 

Table 31. Mean seed yield, pod shell yield (q ha· l ), harvest index (%) and pooled mean 
of.senna as influenced by different treatments during 2002-03 and 2003-04. 

----

Seed yield Pod shell yield HaIvest index 
----- ----- 1 

5CP/o 

;::.cpA) 

7S"11) 

7SJ{) 

Treatment 

RDF (100'/0 If·) 

RDF (S(}50% N IPl'YM) 

RDF(ICXJYon~ 

RDFRJ;WY" N lP.FYMj 

oRJ)F(I00%~ 

"RDF (5O:5(WoN IF:liYM) 

" RDF (1 OOYo n·) 

oRDFRJ;50YoN II~"YM) 

l00Y< 

l00X 

12.~A 

l2.~X 

± 

at SOlo 

% 

S.E. 

CD. 

C.V. 

Mean 
- ------

(qha·l ) 

02- 03-
03 04 
2.52 2.45 

2.56 2.51 

2.67 2.64 

2.72 2.70 

2.87 2.94 

2.94 3.04 

2.98 3.10 

3.02 3.12 

0.04 0.05 

0.12 0.15 

6.76 9.19 
.. -

2./9 2.81 
.- ... _-- --- - __ .• _L___ ___ 

Pooled 02-
mean 03 
2.48 3.88 

2.54 3.91 

2H.:. 4.0.'> 

2.71 4.1() 

2.91 4.22 

2.99 4.28 

3.0'\ 4.31 

3.(17 4.34 

0.0'\ 0.0" 

0.12 O.W 

( -'! ha·l
) -_.-

;__I: 
l--

3.80 3.M 

3.119 3.90 

4.0) 

4.12 

4.2.'; 

4.30 

4.07 

4.14 

4.24 

4.29 

4.33 
4.35 

o.m 
O.W 

02-
03 

41.03 

41.04 

42.00 

41.88 

41.S2 

41.il3 

4].84 

41.77 

0.34 

N.S. 

7.91 5.24 -r--r 2.00 4.15 
--._-- ._-- .. --

4.34 

4.36 

0.0., 

o.en 
5.82 

4.14 1 ::~ t 41.65 

("!oj 

-~~~J 
41.0., 4 1.03 

40.&,> 40.96 

41.<) 1 ·11.96 

41.84 41.il(, 

42.04 41.<)3 

41.94 41.119 

42.11 41.<)8 

41.% 41.86 

O.3(j 0.3..') 

1.(1) N.S. 

An application of 125% RDF (SaX, N through urea ann 50% N through i<YM) 

recorded the highest seed yield (3.02, 3. J 2 and 3.07 q ha'\ during 2002-03, 2003-04 

and on pooled mean basis, t·espectively). It was fOllrLd "'" be a\. p"'. wi.th :ctn 

application of 125% RDF (100% inorganic fer6Ib.cr), 100% RDF (500;<, N through 

urea and 50% N through FYM) and significantly superior to rest of the treatments 
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4.1.2.15.8 Pod shell yield ha·'. 

The data regarding pod shell yield ha· l as influenced by different 

lrcatn1ents are presentcd in Table 31. The mean pod shell yield of senna was 4.15, 

4.14 and 4.15 q ha" during 2002-03, 2003-04 and on pooled mcan basis, respectively. 

Thc pod shell yield ha 1 was significantly affected due to the different treatments 

during both the years. 

An application of 125')"0 RDF (50'X" N through urea '-Dld 50')"0 N through FYM) 

recol'ded the highest pod shell yield (4.34, 4.36 and 4.35 q ha" during 2002-03, 

2003-04 and on pooled mean basis, respect.ively). It was found to be at par with an 

application of 125% RDF (100'X, inorganic fertilizer), 100';;', RDF (50°/., N through 

urea and 50')"0 N thl'ough FYM) and significantly superior to rest of the treatments 

during both the years and on pooled mean basis. 

4.1.3 Harvest index. 

The data pertaining to harvest indcx of senna as influenced by 

different treatments are presented in Table 31. The mean harvest index of senna was 

41.65, 41.71 and 41.68% during 2002-03, 2003-04 and on pooled mean basis, respectively. 

The han'est index was significantly affected due to the different treatments during 

2003-04 only. During 2003-04, an application of 125% I~DF (100% inorganic 

fertilizer) recorded the highest harvest index (42.1 1 'X,). It was found to be at par \\oith 

rest of the treatments except, with an application of 50% RDF (50% N through Ul'ea 

and 50%, N through FYM), which recorded the lowest, harvest index (40.88%). 

4.1.4 Chemical studies. 

4.1.4.1 Concentration of nitrogen in plant at harvest. 

The data regarding concentration of N in plant at harvest as influenced 

by different treatments arc presented in Table 32. The mean percentage of N 

concentration in l'OOt, stalk, leaves (first, second and third picking), seed and pod 

shell was 0.92, 1.19, 1.32, 1.29, 1.31, 1.60 and 1.26 during 2002-03 and 0.91, 1.19, 

1.33. 1.30, 1.32, 1.61 and 1.26 cluling 2003-04, respectively. The N concentration 

in plant parts at harvest and N concentration in leaves at diffcrent pickings was not 

significantly influenccd by the treatments during both the years. 

4.1.4.2 Concentration of phosphorus in plant at harvest. 

The data on concentration of P in plant at harvest as influenced by 

different treatments are presented 111 Table 33. The mean percentage of P 

concentration in root, stalk, leaves (first, seco,ncl and third pick.ing), secd and pod 

shell was 0.60, 0.74, 1.01, 1.01, 1.01, 1.22 and 0.89 during 2002-03 and 0.60, 0.75, 

1.00, 1.01, 1.01, 1.22 and 0.89 clul'ing 2003-04, respectively. The P concentration in 



'"" '" '" en 

· v lN 

8 0 1_' __ ~ _______ _ '" 

N(")~ 
00_ 

,I") 
o 
o 

if) 

z 

if) 

z 
------1---1--------------------------------+----1 

... 
o 
~ 

00 
00 
o 

o 
~ 
o 

----1-----------------

*' o 
o -

00 
00 
o 

u.. 

Z 

*' o 
'I") 
o 
~ 

~ 
o 
o 

c.:... C=.. ~ #. 
000 II) 

~ n::: 0::: ~ 

~_8 ___ ",,_~ ___ ~_c ___ +_~_': __ ~_:_I! I 

7 



72 

M <I" '" 7 ~ U"") 0 N U"") ~ U"") u) "" :::I eo eo eo eo 0' 0' a- "" 0 eo CI> 0 0 0 c:i 0 c:i c:i 0 0 c:i 0 z: 0 -= '" "'CI <") lJ') U"") 7 ~ N """ """ """ u) "" 0 N C') eo eo eo eo 0'> 0'> 0'> 0'> 0 eo ".. 0 0 c:i c:i z: 0 0 0 0 0 0 0 :::> 

M <I" ~ ~ 0 N <") U"") ._,_ eo lJ') w N 
~ ~ N N N N N '" 0 N 

0 0 
~ ~ ~ - - ~ ~ ~ 0 Z -"'CI 

CI> ., 
en 

N t- eo 0 ~ '" 
._,_ U"") t- .q- N C') - - N N N '" N N 0 W N 

0 0 - ~ ~ - - - - - 0 Z -
M <I" t- eo - N '" <") 7 """ <") 

W -
"'CI~ 

0'> 0'> 0 0 0 :::> 0 0 0 0 
0 0 

0 0 - - - - - - 0 Z -.... ~ 
.~ ."I -= <> E-<·a N t- eo - - <") (Y) "'" "'" <") u) -C') "" "" 0 0 0 0 0 0 0 0 

1--0 0 0 0 0 - - - - - - 0 z: -I~ 
U"") t- o "" - <") ~ ~ U") -0 

1ll'f ~ 
<I" 0'> 0'> 0 "" 0 0 0 0 0 W 0 ::s 0 

0 0 ~ 0 ~ - ~ ~ 0 Z -.. ... 
0 '" 0:; 
~ ~ 

<> <> 
J.:·a , ~ eo 0 - (Y) <") lJ') lO "'" u) -N C') "" 0'> 0 0 0 0 0 0 0 0 0 0 0 

0 0 - - - - ~ 0 Z -0 -
..cl 
p.. , lJ') lJ') eo 0 ~ (Y) "'" t- lJ') 0 

.... ~ C') <I" '" 0'> 0'> 0 0 0 0 0 0 W 0 
0 0 c:i 0 c:i - - ~ - - 0 Z -'" .~ .l:: ."I 

~ ·S N ~ t- o - N .q- 7 ~ 7 W -C') '" 0'> 0 0 0 0 0 0 0 0 
0 0 

0 0 - - - - - - 0 Z -
M <I" 0'> <") '" N ~ U"") N - ~ 

W 
U"") 

~ ,.... ,.... ,.... t- t- eo eo 0 t-
."I 0 0 0 0 0 c:i 0 0 0 0 0 Z c:i 
'3 en N C? 

0 N 0 '" lJ') 7 - - 7 W 7 
,~ t- ['- t- ,.... t- eo eo 0 t-o 0 
0 0 0 0 c:i c:i 0 0 0 Z 0 

, 
<I" 

lI) t- CJ\ ~ 0 N "'" eo lJ') 
(f) 0 

C') lO U"") 1O 1O ~ ~ ~ ~ 0 ~ 
0 0 

0 0 0 0 0 c:i 0 0 0 Z 0 .... 
0 
0 
~ 

N ~ eo eo t- o - 1O t- .q-
W 0 C? lJ') lJ') U"") 1O "" ~ ~ ~ 0 ~ 

0 0 
0 c:i 0 0 c:i 0 0 c:i c:i z 0 

::E ::E ::E ::E 
>- >-

~ >- ""- ""-""- eX.: eX.: eX.: eX.: ..... - Z Z s:I z z iZ ::: <I) iZ iZ :oR :oR 
:oR :oR 0 0 e c c :oR 0 :oR 0 

:oR 0 :oR 0 0 lO 0 lJ') ..... 0 1O 0 lO 0 0 
<U 0 0 0 0 0 0 
<I) 0 0 0 0 ~ ~ ~ ~ ~ ~ - ~ - -.. - - "-- "-- "-- ""- ;F. E-o "-- "-- "-- "-- Ci Ci Ci Ci II) 

Ci Ci Ci Ci 0,: 0,: 0,: 0,: .... 0,: 0,: 0,: 0,: 
:oR :oR :oR :oR +1 '" c:I :oR "" "" "" 
0 0 0 0 

~ c:i '" 0 c 0 0 0 0 U"") U"") 
CI> 0 0 1O U"") 0 0 '" N 00 to) ::.! lJ') lJ') t- t- - - ~ ~ 

. 



,--.---__ ----'---_.--\r~------c------oo------o-------------.------~------~------u>----U)----­

_ MO~ M M ~ ¢ ~ ¢ ~ 0 
~ 0 0 0 0 0 0 0 0 0 0 Z 
~ .., 
~ 

.-
u> 
o 

u> 
o 
o 

"" a 
a 

U) 
Z 

U) 
Z 

o 
"": 
o 

00 
-q-

o 
------------- --- ----- - --------1----1 

NC"l~ 
0°0 

o 
u> 
c) 

M 
C> 
c) 

U) 
Z 

-n 
'" c) 

~"--+_-4_----------------------_4----­

co 

"" o 

u> 
C> 
C> 

,I) 
o 
o 

U) 
Z 

U) 
Z 

C> 

'" C> 

r--- ----e-------------------~---I 
k. M ~ ~ 

~aooc> 

'I) 
C> 
c) 

U) 
Z = .~ o ~~--~-------------------------------------------------~--~ 

" " ~·aN(I?~ 
00 0 

w M 
.. =0 

~ ,I) 

0"" o en .~ .=: .!14 ----1------------- --

~';'NM~ 
0°0 

J'-
o 
o --
~ o 
o 
l() 

o .-
"" M 
o 0 

o .-
l() <f) 

o 0 

--"" o 

o 
'I) 

C> 

-q­
o 
o 

<f) 
o 
o 

l() 
o 
o 

M 
o 
o 

M o 
o 

M 
o 
c) 

M 
o 
c) 

+1 

r.:i 
en 

U) 
Z 

u:i 
Z 

u:i 
Z 

U) 
Z 

U) 
Z 

U) 
Z 

u:i 
z 

o 
": 
o 

o 
": 
o 

co 
-q-

o 

= os ., 
== 

73 



74 
the plant parts at harvest and P concentration in leaves at different pickings was not 

significantly influenced by the treatments during both the years. 

4.1.4.3 Concentration o:f potassium in plant at harvest. 

The data pertaining to concentration of K In plant at harvest as 

influenced by different treatments are presented in Table 34. The mean percentage of 

K concentration in root, stalk, leaves (first, second and third picking), seed and pod 

shell was 0.48, 0.29, 0.40, 0.40, 0.42, 0.46 and 0.39 during 2002-03 and 0.48, 0.29, 

0.41, 0.40, 0.40, 0.48 and 0.40 during 2003-04, respectivcly. The K concentration 

in the plant parts at harvest and K concentration in leaves at different pickings was 

not significantly influenced by the treatlTICnts during both the years. 

4.1.5 Uptake o:f nitrogen in plant at harvest. 

The data pertaining to uptake of N In plant at harvest as influenced by 

different treatments are presented in Table 35. The mean uptake of N in root, stalk, 

leaves (first, second and third picking), seed, pod shell and total uptake was 3.29, 

31.25, 1l.10, 3.67, 13.44,4.46 and 5.21 and 72.42 kg ha 1 during 2002-03 and 3.27, 

3l.19, 11.19, 3.69, 13.56, 4.53, 5.22 and 72.63 kg ha 1 during 2003-04, respectively. 

4.1.5.1 Root. 

An application of 125%, RDF (50''';, N through urea and 50'% N through FYM) 

recorded the highest N uptake (3.75 ann 3.88 kg ha'! during 2002-03 and 2003-04, 

respectively). It was found to be at par with an application of 125'Yo RDF 

(100% inorganic ferWizer), 100'% RDF (50'% N through urea and 50°.1., N through FYM), 

100°.1.) RDF (1000
/0 inorganic fertilizer) and significantly superior to rest of the 

treatments during bot.h the years. 

4.1.5.2 Stalk. 

An application of 125'X) RDF (50'% N through urea and 50% N through FYM) 

recorded the highest N uptake (36.39 and 37.05 kg ha- l during 2002-03 a.nd 2003-04, 

respectively). It "vas found to be at par with an application of 125'Yo RDF 

(100% inorganic fertilizer), 100% RDF (50%) N through urea and 50% N through FYM) 

and 100'% RDF (100 0.1., inorganic fertilizer) during 2002-03 while, it \vas found to be 

at par with an application of 125'% RDF (100% inorganic fertilizer), 100% RDF (50'Yo 

N through Urea and 50% N through FYM) during 2003-04 and significantly superior 

to rest of the treatnlents during both the years. 

4.1.5.3 Leaves. 

4.1.5.3.1 First picking. 

An. application of 125% RDF (50% N through urea and 50% N through FYM) 

recorded the highest N uptake (12.96 and 13.47 kg ha· 1 during 2002-03 and 2003-04, 
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respectively). It was found to be at par "'lith an application of 125% RDF 

(100'% inorganic fertilizcr), 100'X, RDF (50% N through urea and 50% N through FYM) 

and 100% RDF (100% inorganic fertilizer) during 2002-03 while, during 2003-04 it 

was found to be at par with an application of 125% RDF (100% inorganic fertilizer), 

100'Yo RDF (50% N through urea and 50% N through FYM) and significantly 

supcrior to rcst of the trcatments during both the years. 

4.1.5.3.2 Second picking. 

An application of 125% RDF (50'X, N through urea and 50"/0 N through FYM) 

recorded thc highest N uptake (4.30 and 4.44 kg ha 1 during 2002-03 and 2003-04, 

respectively). It was found to bc at par with an application of 125°;;' RDF 

(100% inorganic fertili7-er), 100%, RDF (50% N through urea and 50% N through FYM). 

100% RDF (lOO'Yo inorganic fertilizer) and significantly superior to rest of the 

treatments during both the years. 

4.1.5.3.3 Third picking. 

An application of 125% RDF (50% N through urea and 50"/0 N through FYM) 

recorded tl"le highest N uptake (14.95 and 15.31 kg ha 1 during 2002-03 and 2003-04, 

respectively). [t was found to be at par with an application of 125% RDF 

(100% inorganic fertilizer) and 100% RDF (50°;<, N through urea and 50"/0 N through FYM) 

during 2002-03 "'hile, during 2003-04 it was found to be at par with an application 

of 125% RDF (100% inorganic fcrtilizer), 100'Yo RDF (50% N through Urea and 50% 

N ilimugh FYM) and 100'Yo RDF (100'% inorganic fertilizer) and significantly supcrior 

to rest of ilic treatments during both llic years. 

4.1.5.4 Seed. 

An application of 125% RDF (50% N tlu'ough urea and 50% N through FYM) 

recorded ilie highest N uptake (4.98 and 5.18 kg ha· 1 during 2002-03 and 2003-04, 

respcctively). It was found to be at par wiili an application of 125% RDF 

(100% inorganic fertili7..er), 100% RDF (50% N ilirough urea and 50%, N ilirough FYM), 

100% RDF (1 OO'X, inorganic fertilizer) and significantly superior to rest of llie 

treatments during both ilie years. 

4.1.5.5 Pod shell. 

An application of 125% RDF (50% N through urea and 50"/0 N through FYM) 

recorded the highest N uptake (5.64 and 5.71 kg ha" during 2002-03 and 2003-04, 

respectively) N uptake. It was found to be at par 'willi an application of 125% RDF 

(100% inorganic fertilizcr), 100% RDF (50°;<, N ilirough urea and 50% N ilimugh FYM), 

100% RDF (100% inorganic fertilizer) and 75% RDF (50% N ilirough urea and 50% 
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N through FYM) during 2002-03 while, during 2003-04 it was found to be at par 

with an application of 12S% RDF (100'X, inorganic fertilizer), 100% RDF (SO°/.) N 

through urca and SO% N through FYM), 100% RDF (100% inorganic fertilizer) and 

significantly superior to rest of the treatments during both the years. 

4.1.5.6 Total uptake. 

An application of 125% RDF (50% N through urea and 50% N through FYM) 

recorded the highest N uptake (82.97 and 85.04 kg ha" during 2002-03 and 2003-04, 

respectively). It was found to be at par \vith an application of l2S% RDF 

(100% inorganic fertili?",r), 100% RDF (50% N through UI'ea and SO'YO N through FYM) 

and significantly supcrior to rest of the treatments during both the years. 

4.1.6 Uptake of phosphorus in plant at harvest. 

The data regarding uptakc of P i.n plant at harvest as influenced by 

different treatments are presented in Table 36. The mean uptake of P in root, stalk, 

leaves (first, second and third picking), seed, pod shell and total uptake was 2.16, 

19.53, 8.49, 2.88, 10.38, 3.40, 3.68 and 50.S1 kg ha' during 2002-03 and 2.17, 

19.76,8.46,2.88, 10.44,3.43,3.69 and SO.82 kg ha' during 2003-04, respectively. 

4.1.6.1 Root. 

An application of 125% RDF (50% N through urea and 500/0 N through FYM) 

recorded the highest P uptake (2.62 and 2.72 kg ha' during 2002-03 and 2003-04, 

rcspectively). It was found to be at par with an application of 125% RDF 

(100% inorganic fertilizer) during 2002-03 while, during 2003-04 it was found to be 

at par with an application of 125% RDF (100% inorganic fertilizer), 100% RDF (50% 

N through urca and 50°/C, N through FYM) and significantly superior to rest of the 

treatments during both the years. 

4.1.6.2 Stalk. 

An application of 125% RDF (SOYa N through urea and 500/) N through FYM) 

recorded thc highest P uptake (23.58 and 24.09 kg ha" during 2002-03 and 2003-04, 

rcspectively). It was found to be at par with an application of 125% RDF 

(100% inorganic fertilizer) during 2002-03 while, during 2003-04 it was found to be 

at par \vith an application of 125% RDF (1 OO'Yo inorganic fertilizer), 100% RDF (50% 

N through urea and 50% N through FYM), 100% RDF (100% inorganic fertilizer) and 

significantly superior to rcst of the treat.ments during both the years. 

4.1.6.3 Leaves. 

4.1.6.3.1 First picking. 

An application of 12S%, RDF (50% N through urea and 500/0 N through FYM) 

recorded the highest P uptake (9.95 and 10.37 kg ha" during 2002-03 and 2003-04, 
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respectively). It was found to be at par ,vith an application of 125'% RDF 

(100
0
;;, inorganic fertilizer), 100'% RDF (50% N through urea and 50% N through FYM) 

and significantly superior to rcst of the trcatments during both the ycars. 

4.1.6.3.2 Second picking. 

An application of 125% RDF (50'Yo N through urea and 50''/0 N through FYM) 

recorded thc highest P uptake (3.39 and 3.51 kg ha 1 during 2002-03 and 2003-04, 

respectively). It was found to be at par with an application of 125%, RDF 

(100'X, inorganic fertilizer), 100% RDF (50% N through urea and 50% N through FYM) 

and 100% RDF (100% inorganic fcrtilizer) during 2002-03 while, during 2003-04 it 

was found to be at par \vith an application of 125% RDF (100% inorganic fertilizer), 

100% RDF (50% N through urea and 50% N through FYM) and significantly 

superior to rest of thc trcatments during both thc years. 

4.1.6.3.3 Third picking. 

An application of 125% RDF (50% N through urea and 50% N through FYM) 

recorded thc highest P uptake (11.61 and 11.79 kg ha 1 during 2002-03 and 2003-04, 

respectively). It was found to be at par \vith an application of 125% RDF 

(100% inorganic fertilizer) and 100% RDF (50'Yo N through urea and 50% N through FYM) 

during 2002-03 while, during 2003-04 it was found to be at par with an application 

of 125% RDF (100% inorganic fertilizcr), 100% RDF (50% N through urea and 50% 

N through FYM), 100% RDF (100% inorganic fertili7£r) and significantly superior to 

rest of the treatmcnts during both the years. 

4.1.6.4 Seed. 

An application of 125% RDF (50% N through w-ea and 50% N through FYM) 

recorded the highest P uptakc (3.84 and 3.99 kg ha· 1 during 2002-03 and 2003-04, 

respectively). It was found to be at par with the treatment of an application of 125% 

RDF (IOO% i.norganic fertilizer), 100% RDF (50'% N through urea and 50% N through FYM) 

and significantly superior to rest of the treatments during both the years. 

4.1.6.5 Pod shell. 

An application of 125% RDF (50% N through urea and 50% N through FYM) 

recorded the highest P uptake (4.08 and 4.19 kg ha- 1 during 2002-03 and 2003-04, 

respectively). It was found to be at par with an application of 125% RDF 

(100% inorganic fertilizer). 100% RDF (50% N through urea and 50% N through FYM), 

100% RDF (100% inorganic fertilizer) and sighificantly superior to rest of the 

treatments during both the ycars. 
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4.1.6.6 Total uptake. 

An application of 12S%, RDF (SO'1<, N through = and SO% N through FYM) 

recorded the highest P uptake (S9.07 and 60.66 kg ha" during 2002-03 and 2003-04, 

respectively). It was found to be at par "vith an application of 12S% RDF 

(100'Yo inorganic fertilizer) and significantly superior to rest of the treatments during 

both the years. 

4.1. 7 Uptake of potassium in plant at harvest. 

The data on uptake of K in plant at harvest as influenced by different 

treatments are presented in Table 37. The mean uptake of K in root, stalk, leaves 

(first, second and third picking), seed, pod shell and total uptake was 1.71, 7.50, 

3.43, l.IS, 4.29,1.29, 1.63 and 21.00 kg ha· 1 during 2002-03 and 1.74,7.57,3.44, 

1.16,4.18, 1.37, 1.64 and 21.09 kg ha 1 during 2003-04, respectively. 

4.1. 7.1 Root. 

An application of 12S°/., RDF (SO% N through urea and SO% N through FYM) 

recorded the highest K uptake (1.96 and 2.08 kg ha· 1 during 2002-03 and 2003-04, 

respectively). It was found to be at par v,.jth an application of 125% RDF 

(100% inorganic fertili7..cr), 100% RDF (SO'X, N through = and 50% N through FYM), 

100% RDF (100% inorganic fertilizer) and significantly superior to rest of the 

treatments during both the years. 

4.1.7.2 Stalk. 

An application of 125% RDF (50% N through = and 50% N through FYM) 

recorded the highest K uptake (9.02 and 9.48 kg ha· 1 during 2002-03 and 2003-04, 

respectively). It was found to be at par ffith an application of 12S% RDF 

(100% inorganic fertili7..cr) and 100% RDF (50'Yo N through = and SO% N through FYM) 

during 2002-03 while, during 2003-04 it was found to be at par ffith an application 

of 125% RDF (100% inorganic fertilizer) and significantly superior to rest of the 

treatments during both the years. 

4.1.7.3 Leaves. 

4.1. 7 .3.1 First picking. 

An application of 12S% RDF (50% N through urea and 50% N through FYM) 

recorded the highest K uptake (4.26 and 4.36 kg ha· l during 2002-03 and 2003-04, 

respectively). It was found to be at paT with an application of 125% RDF 

(100% inorganic fertilizer), 100% RDF (50% N through urea and 50% N through FYM), 

100% RDF (100% inorganic fertilizer) and 75% RDF (50% N through urea and 50% 

N through FYM) during 2002-03 while, during 2003-04 it was found at par with an 
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application of 125% RDF (100% inorganic fertilizer), 100'Y" RDF (50'Yo N through 

urea and 50% N through FYM), 100% RDF (100% inorganic fertilizer) and 

significantly superior to rest of the treatments during both the years. 

4.1.7.3.2 Second picking. 

An application of 125% RDF (50% N through urea and 50% N through FYM) 

recorded the highest K uptake (1.39 and 1.46 kg ha- 1 during 2002-03 and 2003-04, 

respectively)_ It was found to be at par with an application of 125'Yo RDF 

(100% inorganic fertilizer), 100% RDF (50% N through urea and 50% N through FYM), 

100% RDF (100% inorganic fertilizer), 75% RDF (50% N through urea and 50% N 

through FYM) and signjficantly superior to rest of the treatments during both the years_ 

4.1. 7.3.3 Third picking. 

An application of 125% RDF (500/r, N through l..rrea and 50% N through FYM) 

recorded the highest K uptake (5.02 and 4.99 kg ha- 1 during 2002-03 and 2003-04, 

respectively). It was found to be at par with an application of 125% RDF 

(100% inorganic fertilizer), 100% RDF (50% N through urea and 50% N through FYM), 

100% RDF (100% inorganic fertilizer) and 75% RDF (50% N through urea and 50% 

N through FYM) during 2002-03 while, during 2003-04 it was at par with an 

application of 125% RDF (100% inorganic fertilizer), 100% RDF (50% N through 

urea and 50% N through FYM), 100% RDF (100% inorganic fertilizer) and 

significantly superior to rest of the treatments during both the years. 

4.1. 7.4 Seed. 

An application of 125% RDF (50% N through urea and 50% N through FYM) 

recorded tl'le highest K uptake (1.51 and 1.60 kg ha- 1 during 2002-03 and 2003-04, 

respectively). It was found to be at par with an application of 125% RDF (100% 

inorganic fertilizer), 100% RDF (50% N through urea and 50% N through FYM) 

during 2002-03 while, during 2003-04 it was at par 'Nith an application of 125% 

RDF (100'% inorganic fertilizer), 100% RDF (50'Yo N through urea and 50% N 

through FYM), 100% RDF (100% inorganic fertilizer) and significantly superior to 

rest of the treatments during both the years. 

4.1. 7.5 Pod shell. 

An application of 125% RDF (50% N through urea and 50% N through FYM) 

recorded the highest K uptake (1.82 and 1.83 kg ha- 1 during 2002-03 and 2003-04, 

respectively). It was found to be at par with an application of 125% RDF 

(100% inorganic fertili7..er), 100% RDF (50% N through urea and 50% N through FYM), 

100% RDF (100% inorganic fertilizer) and 75% RDF (50% N through urea and 50% 
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N through FYM) during 2002-03 while, during 2003-04 it was found to be at par 

with an application of 125% RDF (100% inorganic fertilizer), 100% RDF (50% N 

through urea and 50% N through FYM), 100% RDF (1000/0 inorganic fertilizcr), 750/" 

RDF (50% N through urea and 50% N through FYM), 75% RDF (100% inorganic 

fcrtilizer) and significantly superior to rest of the treatments during both the years. 

4.1.7.6 Total uptake. 

An application of 125'Y., RDF (50'Yo N through l.rrea and 50% N through FYM) 

recorded the highest K uptake (24.98 and 25.80 kg ha 1 during 2002-03 and 2003-04, 

respectively). It was found to be at par v->ith an application of 125% RDF 

(100% inorganic fcrtili=r), 100% RDF (50% N through urea and 50% N through FYM), 

100% RDF (100'% inorganic fertili=r) and significantly superior to rest of the treatments 

during both the years. 

4.1.8 Sennoside content in leaves and pod. 

The data regarding sennoside content in leaves and pod as influcnced 

periodically by differcnt treatmcnts are presented in Tablc 38. The mean sennoside 

percentage of leaves (first, second and third picking) was 2.31, 2.28, 2.30 during 

2002-03 and 2.30, 2.26, 2.28 during 2003-04, respectively. The mean sennoside 

percentage of pod (first, second and third picking) was 3.35, 3.31, 3.32 during 2002-03 

and 3.33, 3.32, 3.33 during 2003-04, respectively. The sennoside content of the 

leaves and pod was not significantly influenced by the treatments at different 

pickings during both the years. 

4.1.9 Soil status after harvest. 

Data regarding physical and chemical properties of the soil after the 

harvest of senna are presented. 

4.1.9.1 Physical properties of soil. 

The data on pH, electrical conductivity and bulk density of soil as 

influenced by different treatments are presented in Table 39. 

4.1.9.1.1 pH. 

The mean pH of soil after harvest of senna was 8.11 and 8.10 during 

2002-03 and 2003-04, respectively. The data was not statistically analyzed and the 

inferences are based on mean values only. 

An application of 125% RDF (100°/9 inorganic fertilizer) recorded the 

highest pH (8.13) during 2002-03 while, during 2003-04 an application of 
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125'Yo RDF (1000,.;, inorganic fertilizer) and 100'% RDF (100% inorganic fertilizer) 

recorded the highest pH (8.11). 

4.1.9.1.2 Electrical conductivity. 

The mean E.C. of soil after harvest of senna was 0.13 dS mol during 

both the years. The data was not. statistically analyzed and the inferences arc based 

on mean values only. 

During 2002-03 there was no change in E.C. due to the different 

treatments while, dur-ing 2003-04 an application of 125%, RDF (50% N through urea 

and 50% N through FYM) and 125°"" RDF (100% inorganic fertilizer) recorded a 

slight improvement in E.C. (0.14 dS m· l ). 

4.1.9.1.3 Bulk density. 

The mea.n bulk density of soil after harvest of senna was 1.32 g CCl 

during both the years. The data was not statistically analyzed and the inferences are 

based on mean values only. 

An application of 125% RDF (50"/0 N through mea and 50"/0 N through FYM) 

and 100'X, RDF (50% N through urea and 50% N through FYM) recorded a slight 

decrease in the bulk density (1.31 g CCl) during both the years. 

4.1.9.2 Chemical properties of soil. 

The data regarding organic carbon, total nit.rogen and Carbon:Nitrogen 

Ratio of soil after harvest of senna as influenced by different treatments are 

presented in Table 40. The data regarding available nitrogen, available phosphorus 

and available potassium are presented in Table 41, 42 and 43, respectively. 

4.1.9.2.1 Organic carbon. 

The mean organic carbon content (0/0) of soil after harvest of senna was 

0.512% during both the years. There was no change in the organic carbon content 

from the initial value for the respective year during both the years_ The data was not 

statistically analyzed and inferences are based on mean values only. 

An application of 125% RDF (50% N through 1.ITCa and 50% N through FYM) 

recorded the highest organic carbon (0.515%) during 2002-03 while, during 2003-04 

an applicatjon of J 25% RDF (50% N t.hrough urea and 50% N t.hrough FYM), 

125% RDF (100% inor-ganic fertilizer) and 100% RDF (50% N through urea and 50% 

N through FYM) recorded the highest organic carbon (0.515%) organic carbon. 

4.1.9.2.2 Total nitrogen. 

The mean total nitrogen content (%) of soil after harvest of senna was 

0.0459 and 0.0460'Yc, during 2002-03 and 2003-04, respectively. The data was not 

statistically analyzed and the inferences are based on mean values only. 
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An application of 125°;;, RDF (50% N through urea and 50% N through FYM) 

recorded the highest total nitrogen (0.0462 and 0.0465'Yo during 2002-03 and 

2003-04, respectively). 

4.1.9.2.3 C:N ~tio. 

The mean C: N Ratio of soil after harvest of senna was 1 1. 16 and 1 1. 13 

during 2002-03 and 2003-04, respectively. The data was not analyzed statistically 

and inferences are based on mean values only. 

An application of 75'% RDF (50% N through urea and 50'Yo N through FYM), 

75% RDF (100%, inorganic fertilizer), 500/0 RDF (50°;;, N through urea and 50% N 

through FYM) recorded the highest CoN ratio (11.18) during 2002-03 while, during 

2003-04 an application of 50%, RDF (50% N through urea and 50%, N through FYM) 

recorded the highest CoN ratio (1 1. 17). 

4.1.9.2.4 Available nitrogen. 

The mean available nitrogen of soil after harvest of senna was 205.27 

and 201.01 kg ha 1 during 2002-03 and 2003-04, respectively. The mean balance in 

the available nitrogen from the initial value was -3.87 kg ha- 1 and -5.31 kg ha·1 

during 2002-03 and 2003-04, respectively. The available nitrogen was significantly 

affected during both the years. 

Table 41. Balance sheet of mean available nitrogen (kg ha· l ) of soil after harvest of 
senna. as influenced by different treatments during 2002-03 and 2003-04. 

! 
--- - --- - ----

Initial soil i N'Itrogen Total soil Nitrogen 
Balance of 

Treatment nitrogen nitrogen in soil 
nitrogen in soil L_ added after harvest 

02- 03- 02- ' 03- 02- 03- 02- 03- 02- 03-
03 04 03 04 03 04 03 04 03 04 

5OYo RDF (I 00'/,,fF) 

1= 
188.32 37.50 37.CiJ 246.64 22:".82 188.94 168.28 <2020 -20.04 

50'/" RDF (5ll:50Yo N IPFY~·~ 191.72 37.CiJ 37.CiJ 246.64 229.22 191.<xJ 171.15 -1724 -20.57 
75'Yo RDF (100!/') IF) 199.21 56.25 

C£.
25

1 
265.39 255.46 199.87 188.54 -0027 -10.67 

7BYo RDF(5050YoN IF:FYlvn 209.14 202.81 E6.:2~ En,2"j 26.').39 259.C6 20124 192.81 - 07.W -1029 
1 OOYo RDF (lCXJX, IF) 2rE.14 211.04 75.00 75.00 I 284.14 286.0'1 210.45 2rE.6.1 +01.31 -01.41 
100:'-;, RDF(505O'/"N IPFYM) 2(1).14 215.78 75.00 75.00 284.14 290.78 212.54 217.15 +03.40 +01.37 
123YoRDF(lUJYoJF) 2rE.14 219.05 C).'l75 93.75 302.8') 312.00 I 217.12 228.15 +07.98 +m.1O 
125Y., RDF (505O'/', N IF:FYM) 

, 

-:~u= 
93.75 302.89 316.37 2...JO.ll 232.6.'> + 10.97 +10.03 

8.F.± - i - - I - 1.14 :2.% - -

CD. at 5% , - I - I - : - 346 8.98 - -
Mean 

+ --6..S.6..1 I 65.(-)','1 r 774.77 r----=:71.94 I 20527 201.01 -3.87 - 5.31 
--~ 

An application of 125'X, RDF (50'% N through urea and 50% N through FYM) 

recorded the highest available nitrogen (220.11 and 232.65 kg ha 1 during 2002-03 

and 2003-04, respectively). It was found to be at par with an application of 125% 

RDF (100°;;, inorganic fertilizer) and significantly supeJior to rest of the treatments 

during both the years. 
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An application of 125%, RDF (50% N through ill-ee, and 50"/., N through FYM) 

rccorded the highest positive balance in availablc nitrogcn (+ 10.97 and + 10.03 kg ha·' 

during 2002-03 and 2003-04, respectively). An application of 100% RDF 

(l000/0 inorganic fertilizer) recorded the lowest positive change In the available 

nitrogen (+1.31 kg ha·') during 2002-03 whilc, during 2003-04 an application of 

100% RDF (50'X, N through urea and 50'% N through FYM) recorded the lowest 

positive change in thc available nill-ogen (+ 1.37 kg ha·'). 

An application of 50°/.) RDF (100% inorganic fcrtilizer) r·ecorded the 

highest negative change in available nitrogen (-20.20 kg ha·') during 2002-03 while, 

during 2003-04 an application of 50'1'0 RDF (50')/0 N U"lrough urca and 50'}", N 

t1u·ough FYM) r-ecorded the highest negative change in available nitrogen (-20.57 kg ha·'). 

An application of 75'X, RDF (50'% N U"lrough urea and 50'?'i, N tJ"lrough FYM) recorded 

the lowest negative change in availablc nitrogen (-7.90 kg ha ') dur·ing 2002-03 

while, during 2003 .. 04 an application of 100% RDF (100% inor·ganic fertilizcr) 

recorded the lowest negative change in available ni (rogen (- 1 .41 kg ha·'). 

4.1.9.2.5 Available phosphorus. 

The mean available phosphorus of soil after harvest of senna was 25.14 

and 25.57 kg ha·' during 2002-03 and 2003-04, respectively. The mean change in the 

available phosphorus from the initial value was +0.20 and +0.15 kg ha·' during 2002-03 

and 2003-04, respectively. The available phosphorus was significantly affccted during 

both the years. 

Table 42. Balance sheet of mean available phosphorus (kg ha· ' ) of soil after harvest of 
senna as influenced by different treatments during 2002-03 and 2003-04, 

I ~tment -l-"p=:=C: ~~::'~T~=~ i ~~ p::;~fin 
I r- ~ 1- ~ ---:~ -1 ~--. (b.fl-~ T ~ !""_'~~"--I-=~~""l-~"-
~~::~~~!:lr"I;,,~I-;::: . ~~~: ~~~~ 1~~7~ -~~~;[ :~= [ ~:~ ~~ :~~ 1-:-2~~ 
7:-:oRDF(lOOX',lr1, I ~4~ ~~) 3~~137~ ~~~ 61~., ~=c.o ~12 -0.88 I' -0.74 
7:>V"RDF'(50:COY.,"HPFYl<;n _4.,)4 _.-)/0 4/.13 I 47.73 1_.61 73.43 _.-:>.II 2.'>.04 '0.17, -0.66 

I OJX, RDF (I (XJ}';, IF) 

JOOV"I~DF(5(},-,()Y"N IF:FYMj 

I 12,~-X,RDF(I<XJXlli') 

I
I 125Y., RDF (5(}5(}y" N lPFy:vn 

SE.± 

I CD.a1S% 
L____ ... ___ .. 

24.94 

24,'>4 

2(,.43 

27.4.~ 

soa) , SO.CO I 
6,,-~_().1 ,I 63.(~"3 

24.9'l 2f).B6 ()2.'::O 62.~ ! 
79 . .5..'5 [24.<)01 71.70 79S'i; 

I 

74.94-

$.57 

B7.44 

IlY~491 

76.43 

0L II 

S:J.2b I 

10725 

L_Mean_ 
I I I i --1 24.~_;- ~~4::_ 4(j.72-'-40.7!-_~(;S-· -is l~ ! 

I 

25.7S 71I1 

2S.sS 

25.82 27.&1 

21':>.12 29.00 

O.2.!:) 0.42 

0.76 127 

2,").14 25.51 

+0.81 

+ 1.02 

+0.&3 

+ 1.18 

+0.20 

'-0.84-

+- 1.10 

+0.97 

+ 1.2D 

+0.15 

An application of 125%, RDF (50%, N through urea and 50% N ilirough FYM) 

recorded the highest available phosphorus (26.12 and 29.00 kg ha·' during 2002-03 
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and 2003-04, respectively). It was found to be at par \vith an application of 125% 

RDF (100'% inorganic fertilizer), 100% RDF (50'X, N through urea and 50% N 

through FYM), 100'Yo RDF (1000,{, inorganic fertilizer) during 2002-03 while, during 

2003-04 it was at par with an application of 125% RDF (100% inorganic fertilize,'), 

100% RDF (5 O°/(, N through urea and 50%, N through FYM) and significantly 

superior to rest of the treatments during both the years. 

An application of 125% RDF (50% N through urea and 50% N through FYM) 

recorded the highest positive change in available phosphorus (+ 1.18 and + 1.30 kg ha I 

during 2002-03 and 2003-04, respectivcly). An application of 75% RDF (50% N 

through urea and 50°/(, N through FYM) recorded the lowest positive change in 

available phosphorus (+0.17 kg ha- I ) during 2002-03 while, during 2003-04 an 

application of 100'% RDF (I OO'X, inorganic fertilizer) recorded the lowest positive 

change in available phosphorus (+0.84 kg ha- I ). 

An application of 50'% RDF (100'Yo inorganic fertilizer) recorded the 

highest negative change in available phosphorus (- 1 . 1 1 and - 1. 13 kg ha- I during 

2002-03 and 2003-04, respectively). An application of 50% RDF (50% N through 

urea and 50'Yo N through FYM) recorded the lowest negative change in available 

phosphorus (-0.44 and -0.47 kg ha I during 2002-03 and 2003-04, respectively). 

4.1.9.2.6 Available potassium. 

The mean available potassium of soil after harvest of senna was 474.97 

and 464.42 kg ha- I during 2002-03 and 2003-04, respectively. The mean change in 

available potassium from the initial value was -3.16 and -4.62 kg ha- I during 2002-03 

and 2003-04, respectively. The available potassium was significantly affected during 

both the years. 

An application of 125% RDF (50% N through urea and 50% N through FYM) 

recorded the highest available potassium (496.05 and 498.63 kg ha 1 during 2002-

03 and 2003-04, respectively). [t was found to be significantly superior to rest of the 

treatments during 2002-03 while, during 2003-04 it was at par with an application 

of 100% RDF (50% N through urea and 50% N through FYM) and significantly 

superior to rest of the treatments. 

An application of 125% RDF (50% N through urea and 50% N through FYM) 

recorded the highest positive change in available potassium (+17.93 and +14.58 kg hal 

during 2002-03 and 2003-04, respectively). An application of 50% RDF (50% N 

through urea and 50% N through FYM) recorded the lowest positive ehange in 

available potassium (+5.58 and +2.55 kg ha· 1 during 2002-03 and 2003-04, respectively) 
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Table 43. Balance sheet of mean available potassium (kg ha· l ) of soil after harvest of 

senna. as influenced by different treatments during 2002-03 and 2003-04. 

II Trea~ent ~s: I ~ [I' =. 1;::2 ;aa:;?C-! 
-W;-I~ 02- i Q3. -02-- 03- ' 02- )-03- ~I ~_. 

1:);3.. 04 ~l_O4 f 03 04 03___ Q'!:__+_~~-+--'~~I 
5IJX) RDF (l(X}'Ii, lfo) 

;-ox, RDF(SOWA, N IPFYMj 

7310 RDF{l CXY/.. IF) 

75", ROF ISOWA, N lPFYl'vn 

1()]'/o RDF(IOOX, I~l 

!(XP/.,ROF(50:WX,NIF:['YM) I 

12S% RDF(ICXJX,IF) 

123Yo RDF(.3_):;;(J}{, N U;":f<'YM) 

478.12 459.61 - I _ 1478.12 459.61 I' 464.52 445:23 -J3.60 I -14.38 

478.12 4&).12 17.05 17.0:3 495.17 497.17 483.70 482-67 I +Q_S.S3 +02.2S 

478.12 49037 - I 478.12 4:'7').37 4&,24 442.81 ·14.88 ·16.56 

478.12 :14k"2.12 25.57. 25.57 ~1'(-f-) '!:m.m 4B...'i28 , 49:),04 +07.16 +07.92 

47H.12 4542,.::; 47R.12 4S4.2S 459.65 

478.12 4&3.81 34.10 i :14.10 05]2.22 517.91 4(X).:Y") 
I I 

478.12 ' 448.72 478.12 448.72, 4~").92 

434.3<l ·IR.47 ·19.87 

4CXill -+ 12.24 + 12.30 

42...=).52 ·21.20 - 21.20 

478.12 4&+.(6 42.62 42.6'2 5..JO.74 526.67 4%.(6 498.63 + 17.93 + 14.58 
SEd _ _ _ 1.61 2.51 

l_:"'_.al:_5'lVO _______ 147~12; ~_:_.o_I __ 2'-_;_.m_I_2q_~~ J~~~01 t4~~2 I 4.88 7.61~",-=-+_~ 
474.97 1 4(A.~~ _L _ ~1.16 - 4.62 J 

An application of 125% RDF (100% inorganic fertilizer) rccorded the 

highest negative change in available potassium (-21.20 and -23.20 kg ha" during 

2002-03 and 2003-04, respectively). An application of 50'},;, RDF (lOooA, inorganic 

fertili7.er) recorded the lowest negative change in available potassium (-13.60 and 

-14.38 kg ha' during 2002-03 and 2003-04, respectively). 

4.1.10 Economics. 

The gross monetmy retums, cost of cultivation, net monetary retums 

(Rs. ha· 1) and Benefit:Cost Ratio of senna as influenced by different treatments are 

presented in Table 44. 

4.1.10.1 Gross monetary returns. 

The mean gross monetary returns were Rs.l,09,187, 1,09,979 and 

1,09,583 ha" during 2002-03, 2003-04 and on pooled mcan basis, respectively. 

The treatments significantly affected the gross monetary retums ha" during both 

the years and on pooled mean basis. 

An application of 125% RDF (50"A, N through urea and 50"/0 N through FYM) 

recorded the highest gross monetary returns (Rs.l,19,867, 1,23,250 and 1,21,559 

ha" during 2002-03, 2003-04 and on pooled mean basis, respectively). It was found 

to be at par with an application of 125% RDF (100% inorganic fertilizer) and 

significantly superior to rest of the treatments during 2002-03, 2003-04 and on 

pooled mean basis. 

4.1.10.2 Cost of cultivation. 

The mean cost of cultivation were Rs. 52,981, 53,308 and 53,145 ha" 

during 2002-03, 2003-04 and on pooled mean basis, respectively. The treatments 
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significantly affected the cost of cultivation ha- I during both the years and on pooled 

mean basis_ 

An application of 125'Yo RDF (50%, N through urea and 50% N through FYM) 

r",,'COrded the highest cost of cultivation (Rs. 58,992, 60,055 and 59,524 ha- I dwing 2002-03, 

2003-04 and on pooled mean basis, respectively)_ It was found to be significantly superior to 

rest of the treatments duting both the yeat·s cU1d on pooled mean basis. 

4.1.10.3 Net returns. 

The mei'm net monetary r'etums were Rs. 56,206, 56,671 and 56,439 hal 

during 2002-03, 2003-04 and on pooled mean basis, respectively. The treatments 

significantly affected tl1e net monetary returns ha· 1 during both the years and on 

pooled mean basis. 

An application of 125'% RDF (100%, inorganic fertilizer) recorded the 

maximum net monetary retur-ns (Rs. 64,189, 67,233 and 65,711 ha- 1 duting 2002-03, 

2003-04 and on pooled mean basis, respectively). It was found to be significantly 

supetior to rest of the tl-catments duting both the years and on pooled mean basis. 

4.1.10.4 Benefit:Cost Ratio. 

The mean Bcnefit:Cost Ratio were 2.06. 2.06 and 2_06 during 2002-03, 

2003-04 and on pooled mean basis, respectively. The tt'eatments signifieanLly 

affected the Benefit:Cost Ratio duting both the years and on pooled mean basis. 

An application of 125% RDF (100°,!" inorganic fertilizer) recorded the 

highest Benefit:Cost Ratio (2.18, 2.22 and 2.20 during 2002-03, 2003-04 and on 

pooled mean basis, respectively). It was at found to be at par with an application of 

100% RDF (100% inorganic fertilizer) and significantly superior to rest of the 

treatments during both the years and on pooled mean basis. 

4.1.11 Correlation. 

CotTelat.ion study was carried out on some of the characters observed. 

The data regarding the eon'elation study of senna are presented in Table 45 and 46. 

4.1.11.1 Plant height plant· l • 

Highly significant and positive relation between plant spread plant-I, 

number of branches plm1t· 1, total dry matter plant· ' , number of filled pods plant·', 

weight of filled pods plm1t I, number' of sceds pod I, weight of seeds pod-I, number of 

seeds plant· 1 , thousand seed ",,'eight, dry leaves weight plant 1 and weight of seeds plant-I. 



Table 45: Correlation study of senna during 2002-2003 \1'" Year). 
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Table 46: Correlation study of senna during 2003-2004 (2nd Year). 
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4.1.11.2 Plant spread plant-'. 

Highly significant and positive relation between number of branches plant-' 

total dry matter plant', number of filled pods plant-I, weight of filled pods plant-' 

number of seeds plant', thousand seed plant, dry leaves weight plant-', weight 0 

seeds plant-' during both the years, with number of seeds pod-' and weight of seed, 

pOd-I during 2002-03_ Significant and positive relation between weight of seeds pod-' 

Non-significant positive relation between number of seeds pod-' during 2003-04_ 

4.1.11.3 Number of branches plant-'. 

Highly significant and positive relation between total dry matter plant-' 

number of filled pods plant', weight of filled pods plant', number of seeds pod-I 

weight of seeds pod-', number of seeds plant-I, thousand seed weight, dry leaveE 

weight plant-' and weight of seeds plant' during both the years, except number oj 

seeds pod I during 2003-04, which had significant and positive relation_ 

4.1.11.4 Total dry matter plant-'. 

Highly significant and positive relation between number of filled pods 

plant-I, weight of filled pods plant-I, number of seeds pod-I, weight of seeds pod-I, 

number of seeds plant I, thousand seed weight, dry leaves weight plant' and weight 

of seeds plant-I during both the years except, number of seeds pod-I during 2003-04 

which had significant and positive relation_ 

4.1.11.5 Number offUled pods plant-'. 

Highly significant and positive relation between weight of filled pods 

plant-', number of seeds pod-I, weight of seeds pod-I, number of seeds plant-I, 

thousand seed weight, dry leaves weight plant' and weight of seeds plant-I during 

both the years except, number of seeds pod-I during 2003-04 which had significant 

and positive relation. 

4.1.11.6 Weight offUled pods plant-'. 

Highly significant and positive relation between number of seeds pod-I, 

weight of seeds pod-I, number of seeds plant-I, thousand seed weight, dry leaves 

weight plant-I and weight of seeds plant-I during both the years except, number of 

seeds pod-' during 2003-04 which had significant and positive relation_ 

4.1.11.7 Number of seeds pod-'. 

Highly significant and positive relation between weight of seeds pod-', 

number of seeds plant-I, thousand seed weight, dry leaves weight plant- 1 and weight 

of seeds plant-I during both the years except, weight of seeds pod' during 2003-04 

which had non-significant and positive relation. 
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4.1.11.8 Weight of seeds pod-t. 

Highly significant and posit.ive relation between number of seeds plant· I , 

thousand seed weight, dry leaves weight plant- ' and weight of seeds plcmt- ' during 

both the ycars_ 

4.1.11.9 Number of seeds plant-t. 

Highly significant and positive relation between thousand seed weight, 

dry leaves weight plant· ' and weight of seeds plant- I during both the years. 

4.1.11.10 Thousand seed weight. 

Highly significant and positive relation between dry leaves weight 

plant- I and ,-,'eight of seeds plant· I during both the years_ 

4.1.11.11 Dry leaves weight plant-l. 

Highly significant and positive relation bet\veen weight of seeds plant- ' 
during both the years. 

4.1.12 Regression. 

Regression study was carried out on some of the characters observed_ 

The data regarding the regression study of senna arc presented in Table 47, 48, 

49, 50, 51 and 52_ 

4.1.12.1 Plant height plant-t. 

Highly significant association with plant spread plant-I, number of 

branches plant I, total dry matter plant I, number of filled pods plant I, \veight of 

filled pods plant-I, number of seeds pod I, weight of seeds pod· I , number of seeds 

plant-I, thousand seed weight, dry leaves weight plant· ' and weight of seeds plant 1. 

4.1.12.2 Plant spread plant-t. 

Highly significant association with number of branches plant-I, total 

dry matter plant I, number of filled pods plant· l , weight of filled pods plant-I, 

number of seeds pod I, weight of seeds pOd-I, number of seeds plant-I, thousand 

seed weight, d,y leaves weight plant- I and weight of seeds plant· 1 during both the 

years, except with weight of seeds pod-I which had significant association and 

number of seeds pod I which had non-significant association during 2003-04. 

4.1.12.3 Number of branches plant-l. 

Highly significant association with total dry matter plant-I, number of 

filled pods plant-l, weight of filled pods plant-',-number of seeds pod-I, weight of 

seeds pod-I, number of seeds plant " thousand seed weight, dry leaves weight plant· I 

and weight of seeds plant- ' during both the years, except with number of seeds pod· 1 

duri.ng 2003-04 which had siecnifiC'Rnt "'''''''''r';~';~~ 
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Table 47: Regression study (b co-efficient) of senna during 2002-2003 (1st Year). 
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Table 48: Regression study (b co-efficient) of senna during 2003-2004 (2nd Year). 
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Note: *, **. Significant at 5 % and 1 % level respectively. 
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Table 49: Regression study (a co-efficient) of senna during 2002-2003 (1st Year). 
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Table 50: Regression study (a co-efficient) of senna during 2003-2004 (2nd Year). 
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Table 51: Regression study (r2) of senna during 2002-2003 (1st Year). 
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Table 52: Regression study (r2) of senna during 2003-2004 (2nd Year). 
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4.1.12.4 Total dry matter plant- l . 

Highly significant association with ncunber of filled pods plant-l, weight of filled 

pods plant-I, number of seeds pod-I, weight of seeds pOd-I, number of seeds plant-I, 

thousand seed weight, dry leaves weight plant-I and weight of seeds plant-) during both thc 

years =cept "vith number of secds pod 1 dwing 2003-04 which had significant association. 

4.1.12.5 Number of filled pods plant-I. 

Highly significant association with weight of fillcd pods plant I, numbcr 

of seeds pod-', weight of secds pOd-I. number of seeds plant-I, thousand seed weight, 

dry leaves weight plant I and \\·eight of seeds plant i during both the years except 

with number of seeds pOd-I dLlling 2003-04 which had significant association. 

4.1.12.6 Weight of filled pods plant· I. 

Highly significant association with number of seeds pod-', weight of 

secds pod', numbcr of seeds plant', thousand seed weight, dty leaves weight plant-I 

and weight of seeds plant-I during both the ycars except with number of seeds pod I 

during 2003-04 which had significant association. 

4.1.12.7 Number of seeds pod-I. 

Highly significant association with weight of seeds pOd-I, number of 

seeds plant I, thousand seed \\-eight, dry leaves weight plant: and weight of seeds 

plant) dUling 2002-03 while, duting 2003-04 highly significant association with 

weight of seeds plant-' and significant association with number of seeds plant-I, 

thousand seed weight, dry leaves weight plant-I and non-significant association with 

weight of seeds pod'_ 

4.1.12.8 Weight of seeds pod- l . 

Highly significant association with number of seeds plant-', thousand 

seed weight, dry leaves weight plant-' and weight of seeds plant-' during both the years_ 

4.1.12.9 Number of seeds plant-I. 

Highly sib'Dificant association with thousand sced weight, dry leaves 

weight plant-' and weight of seeds plant' during both thc years. 

4.1.12.10 Thousand seed weight. 

Highly significant association with dry leaves w-eight plant-' 

of seeds plant-I during both the years. 

4.1.12.11 Dry leaves weight plant-I. 

Highly significant association with weight of seeds plant-I 

the years. 
-1-
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4.2 Rabi season (Isabgol). 

The second expcrimcnt was carned out on isabgol crop cv. HI-2 in the 

same field and in the same plots where experiment in kharif season was carned out. 

The plots treated and used in kharif season were considered as main plots for rabi 

seasons. The plots were split into l-wo sub plots and two levels of fertilizer as sub 

plots "'ere applied to test the residual effect of main plot treatments and also to find 

out the reduction in fertilizer requirement of isabgol. 

4.2.1 Pre-harvest studies. 

4.2.1.1 Plant count. 

4.2.1.1.1 Initial plant count. 

The data pertaining to initial plant count metre 1 rOW length and net 

plot-' were recorded after sowing for various treatments during 2002-03 and 2003-04 and 

are presented in Table 53. The data indicated that the mean initial plant population metre-' 

row length was 40.90 during both the years. The mean initial plant population net plot-' 

was 1472 and 1471 during 2002-03 and 2003-04, respectively. The treatments under 

study did not influence the plant count at the initial stage. 

Table 53. Mean plant count of isabgol metre-' row length and net plot-' at 20 days 
after sowing as influenced by different treatments during 2002-03 
and 2003-04. 

. -_ .. _.- -- --.-.-~::--: 

I Plan t count 

Treatment h 2002~03 ~--- -2"00"3--=04 
Plantsl Plants Plants 1 Plants 

f---------------. metre-'! net_'p!ot-, _ metr~ net plot-' 

I 40.20 1447! 40.00 I 1440 

MAIN PLOT 

I 41.20 1483 41.20 1483 

40.60 1462 40.40 1454 

40.60 1462 40.40 1454 

41.40 

41.00 

40.80 

4 1040 

0.57 

N.S. 

1490 

1476 

1469 

1490 

20.53 

N.S. 

41.60 

41.00 

40.60 

41.60 

0.61 

N.S. 

40.60 

40.60 

1498 

1476 

1462 

149" 

21.23 

N.S. 

1462 



4.2.1.2 Growth studies. 

4.2.1.2.1 Plant height plant·I. 
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The plant height of isabgol as influenced periodically by different 

treattnents are presented in Table 54. The mean plant height of isabgol on the 

30.45, 60, 75 days after sov.'ing and at harvest was 3.95, 7.00, 11.25, 13.01 and 

13.17 em, respectively during 2002-03. The corresponding values during 2003-04 

WC"e 3.94,7.00, 11.27, 13.09 and 13.20 cm, respectively. 

Table 54. Mean plant height (cm plant·I) of isabgol as influenced periodically by 

different treatments during 2002-03 and 2003-04. 

- 1= 30:AS L :D~~ ~et\C111!ro D:-
II 02- 1 03- 1 02- I 03- . 02- 03- [ 02- I 03-

. ---1 
At h.a%vest: " Treatment 

50Yo RDF (100% If') 

50Yo RDF (50:5O"/', N IF:l'YM) 

75% RDF (1()(J'/o IF) 

75% RDF (50:5(J~> N IF:FYlVl) 

100% RDF (I OOYO 1f'1 

_I 03: 041~! 04 , _ 03 04 1~ I 04 

3.73 3.62 I 6.7316.60 110.77 10.56 12.59112.47 

, I I 3.83 3.78 6.85 6.73 10.90 10.71 12.64 12.49 , 

3.67 I 3.71 6.90 16.82 I 11.16 11.06 I 12.&'> 12.72: 

4.00 3.86 6.96 6.&,>. 11.26 11.18 12.96 13.17 
, 

4.07 4.13 11.32 

-~ -j--~ 

12.75112.61 

12.79112.67 

13.01 ' 12.82 
I 

13.06 12.91 

looyo RDF (50:50% N IF:l'YM) I 4.03 . 4.08 

125% RDF (1()(J'/0 *1 4.13 4.16 

7.03 7.11 

713 7.21 . • I 

7.15 

7.25 

0.36 

11.45 

11.51 

11.62 

0.30 

11.43113.05 13.19 13.25 13.39 

11.58113.13 13.25 13.30. 13.46 

11.74 13.30 I 13.55 13.47 13.77 

I 1.86 13.55 13.84 13.69 13.95 

0.44 0.35 0.47 0.36 0.47 

125% RDF(50:50Yo N W:FYM) 4.10 4.18 

I SE. ± 0.31 0.29 

1 c.D.at5% 

I SUBPLOT 

N.S. N.S. I N.S. 1 N.S. N.S. N.S. N.S. I N.S. N.S. N.S. 

3.93 3.90 6.87 6.82 11.06' 11.09 12.78 12.89 12.92 12.96 

3.96 3.98 I 7.14 7.16 11.44 11.43 13.25 13.28 13.40, 13.43 

75% RDF (100)/0 IF) 

1 ()(J'/oRDF (1()(J'/0 IF) 

SE.± 0.05 0.05 0.03 0.04 I 0.04 0.06 I 0.07 0.11 0.08 0.09' 

CD. at 5% I N.S. N.S. 0.09 0.11 I 0.12 0.19; 0.22 0.33 0.23 0.27 

.. __ L_f\lS + N.S. i ~'S'i- N.S. , N::j_N.S. I ~'i=-_, _N:,_~:~_:__;__,_~ 
____ . __ L 3.95 j 3.94 i_700;_7:CXJ_[_1 l.25_L_I_l.2J 130~~09 ..L:: 17[ 13.2~J 

Effect of kharif treatments. 

The kharif treatments did not significantly affect the plant height plant- 1 

at different dates of observation during both the years. 

Effect of rabi treatments. 

The rabi treatments significantly affected tJ-le plant height plant·, at 

different dates of observation during both the years. 
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PP 23: Isabgol plant at harvest. 
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At 30 days, the treatlnent differences were found to be non-significant 

in respect of plant height during both the years. 

At 45 days, an application of 1000
;;, RDF (100% inorganic fertilizer) 

recorded the highest plant height plant·! (7.14 and 7.16 cm during 2002-03 and 

2003-04, respectively). It was found to be significantly supcrior to an application of 

75% RDF (100% inorganic fertilizer) during both the years. 

A similar trend was observed at 60,75 days after so\ving and at harvest. 

Interaction. 

The interaction effects betv.'een kharif and rabi treatlnents were found 

to be non-significant at different dates of obsclvation during both the years. 

4.2.1.2.2 Number of leaves plant· I • 

Thc number of leaves plant·! of isabgol as influcnced pcriodically by 

different treatlnents are presented in Table 55. The mean number of lcaves plant-) of 

isabgolon the 30, 45, 60, 75 days aftcr sowing and at harvest was 13.12, 21.11, 

29.70, 18.94 and 7.84, respectively during 2002-03. The corresponding values during 

2003-04 were 12.28,21.10,29.80, 18.93 and 7.30, respcctively. 

Effect of kharif treatments. 

The kharif treatlnents did not significantly affect the number of leaves 

plant·! at different dates of obselvation during both the years. 

Effect of rabi treatments. 

Thc rabi treatlnents significantly affccted the number of lcaves plant-! 

at different dates of observation during both the years. 

At 30 days, the treatlnent diffcrenccs were found to be non-significant 

in respect of number of leaves plant·! during botl, the years. 

At 45 days, an application of 100% RDF (100'% inorganic fertili7..er) 

recorded the highest number of leaves plant-! (21.64 and 21.73 during 2002-03 and 

2003-04, respectively). It was found to be significantly superior to an application of 

75'}"o RDF (100'% inorganic fertilizer) during both the years. 

A similar trend was observed at 60, 75 days after sowing and at harvest. 

Interaction. 

The interaction effects betwecn kharif and rabi treatlnents were found 

to bc non-significant at different dates of observation during both the years. 
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Table 55. Mean number of leaves (plant-1) of isabgol as influenced periodically by 
different treatments during 2002-03 and 2003-04. 

i--
Treabllen:--- - ~ 30 DAB·I .;; :=To£=~-;;-~ I ".:_­

I 
I 

MAINPLOT 

50"/0 RDF (100% !FJ 

u I +~P·;I~I~I~+'i.;I~,~'~ 
1 1 1.92: 11.80 119.67 19.58128.90 128.57117.881 17.70 6_90 6.51 

12.17112.20, 20.47, 20.13 29.01 I 28.64' 18.30 18.05 7.26 6.38 

12.87 , 11.43 I 20.80 I 20.6.., 1 29.32 , 29.01 I 18.51 18.22 7.42 6.75 

12_95 1 11.57 21.07 I 20.84 29.66129.43 I 18.77 18.54 7.95 7.30 

13.43

1

' 12.10 121.24121.40 129.81 30.13 18.97 19.10 8.21 7.:'£ 

13.77 12.60 21.61 21.76 30.10130.52 19.50 19.65 8.23 7.80 I 

13.90' 12_87 21.')81 22.13 I 30.30 ' 30.881 19.67 20.01 8.26 7.86 I 

13.98 1 13.63 22.C),2 22.28, 30.48 I 31.22 19.91 20.20 8.48 8.27 

50"/0 RDF (50:50"/0 N IF:I'YM) 

75'Yo RDF (100% If<l 

75% RDF (50:50'/0 N IF:I'YM) 

10Cf'/o RDF (100"/0 IF) 

100% RDF (50:50% N IF:I'YM) 

125% RDF (I OOX, IFl 

125% RDF(50:50% N W:I'YM) 

S.E. ± 

c.n.at5% 

SUBPLOT 

75% RDF (100"/', IF) 

lOCf'/oRDF (lOCWo If<l 

S.E. ± 

c.n.at5% 

0.71 '0.75 O.s..=; 0.92 0.54 I 0.90 0.70 lOs..=; 0.54 0.63 

N.S. I N.S. N.S. N.S. N.S. I N.S. I N_S. , N.S. 1 N.S. N.S. 

"'" I '2", "''' I '" 6' , 09m 1 n '6 j '8"! 'R" II 7.62 7.00 

13.19 13.17 2[.()"I121.73 3O.31130·33! 19.:'£ 1 19.50 8.05 7.51 

0_13 0.18 0.17

1

' 0_21 0.18 0.20 I 0.10 0.19 0.08 0.11 

, Mean 

___ ~:: ~:: ~:lL~~ I ~: I_~:I j ~: 1 ~~ ~:4 _~:. 
_ J 13.1~_1228_2._J_ Il_;_2110 ~ 297TJ8(J_! 18.94 : ~9~~t730 L _____ _ 

4.2.1.2.3 Number of productive tillers plant-1. 

The number of productivc Li1lers plant- ' of isabgol as influenced 

periodically by different treatments are presented in Table 56. The mean number of 

productive tillers plant- ' of isabgol on the 45, 60, 75 days after sO'\.ving and at harvest 

was 2_ 18, 3_65, 4_51 and 4.51, respectively during 2002-03. The corresponding 

values during 2003-04 were 2_20, 3_66, 4.50 and 4.50, respectively. 

Effect of kharif treatments. 

The kharif treatments did not significantly affect the number of 

productive tillers plant- l at different dates of observation during both the years. 

Effect of rabi treatments. 

The rabi treatments significantly_ affected thc number of productive 

tillers plant l at different dates of observation during both the years_ 
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Table 56. Mean mnnber of productive tillers (plant-I) of isabgoZ as influenced 
periodically by different treabnents during 2002-03 and 2003-04. 

Treatment 
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'---
1

,- MAIN PLCYI' 
___ ~~~l"3~sr:~i~:~~, 

. 2.07 I 2.07 i 3.~ T 3.~7 i 4.30 ~30 T 427 ! 50"/0 RDF (100% If<) 

50"/0 ROF (50:50% N IF:FYM) 

75% ROF (100% If<) 

75% ROF (50:50"1., N IF:FYM) 

100% RDF (100% If') 

100'/0 ROF (50:50% N IF:FYM) 

125% ROF (100'/0 If<) 

125% I~DF (50:50"/0 N IF:FYM) 

S.E. ± 

C.D. at 5% 

SUBPLCYI' 

75% HOI' (100'1., IF) 

I lOO'/oROF (100'/0 If<) 

S.E. ± 

C.D.at5% 

Mean 

2.10 I 2.07 3."" i 3.50 4.33 4.27 I 1.33 4.27 

2.13 

2.17 

2.20 

2.23 

2.27 

2.27 

O.oS 

N.S. 

2.10 

2.26 

0.02 

0.06 

N.S. 

2.18 I 

2.10 

2.17 

2.27 

2.27 

2.30 

2.33 

0.10 

N.S. 

2.11 

2.28 

O.()'f 

0.12 

N.S. 

2.20 

3.57 

3.6" 

3.70 

3.73 

3.77 

3.80 

0.11 

N.S. 

3.60 

3.7\ 

0.03 

0.09 

N.S. 

3.65 

I 
3.50 

3.57 

3.77 

3.80 

3.83 

3.87 

0.16 

N.S. 

3.58 

3.74 

4.47 

4.50 

4.53 

4.57 

4.67 

4.70 

0.14 

N.S. 

4.44 

4.58 

4.40 

4.43 

4.60 

4.60 

4.70 

4.73 

0.17 

N.S. 

4.41 

4.57 

4.47 

4.50 

'1.53 

4.57 

4.67 

4.70 

0.14 

N.S. 

4.43 

4.52 

4.40 

4.43 

4.60 

4.60 

4.70 

4.73 

0.17 

N.S. 

4.43 

4.57 

I O.<Y~ ,0.02 0.0'1 0.02 0.04 

, 012 : 0.06 I 0.12 ~~ 0.12 
S. I N.S. N.S. N.S. 

_ 66 ~._4._50_j__ __ 1·j_4_.50_-_ 

At 45 days, an application of 100°", RDF (100'1'0 inorganic fcrtilizer) 

recorded thc highest number of productive tillers plant·] (2.26 and 2.28 during 

2002-03 and 2003-04, respectively). It was found to be significantly superior to an 

application of 75% RDF (100% inorganic fertilizer) during both the years. 

A similar trend was observed at 60, 75 days after sowing and at 

harvest during both the ycars. 

Interaction. 

The interaction effects between kharif and rabi treatments were found 

to be non-significant at different dates of obscrvation during both the years. 

4.2.1.2.4 Number of unproductive tillers plant-I. 

Thc number of unproductive tillers plant] of isabgol as influenced 

periodically by different treatments are presented in- Table 57. The mean number of 

unproductive tillers plant·] of i.,<;abgol on the 45, 60, 75 days after sO\ving and at 



harvest was 1.32, 1.01, 0.75 and 0.78, 

The corresponding values during 2003-04 were 1.31, 
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respectively during 2002-03. 

1.00,0.74 and 0.74, respectively. 

Treatment 
---_. 

r-=-~-- --
02-03 ()3.{)4 02-03 

MAINPLOr 

I SCI?'o RDF (I OO"/" 11<1 1.27 1.23 0.93 

50% RDF (50:5Cf'/0 N IF:FYM) 1.27 1.20 0.97 

75% RDF (100"/0 IF) 1.30 1.27 1.03 

75% RDF (50:5Cf'/0 N IF:l'YM) 1.33 1.33 I 1.07 

0.77 I 0.73 0.73 0.80 

1.00 0.73 0.73 0.77 0.73 
100"/0 RDF (1 OO"/c, IF) 1.33 1.33 1.00 1.03 0.77 0.73 0.80 0.73 
100"/0 RDF (50:5Cf'/0 N W:FYM) 1.33 1.33 1.00 

125% RDF (100"/0 IF) 1.37 1.40 1.03 

125% RDF (50:5Cf'/0 N IF: 1'YM) ],37 1.40 1.03 

8.E. ± 0.0<1 0.07 0.0<1 

C.D.at5% N.S. N.S. 

I 
N.S. 

SUBPLOr 

1.00 

I 
0.73 0.77 0.80 0.77 

1.D.'3 0.77 0.80 0.80 0.80 

1.07 I 0.80 0.80 0.80 0.80 

I 
0.07 

I 
0.0<1 0.06 0.0<1 0.05 

N.S. N.S. N.S. N.S. N.S. 

75% RDF (100% IF) 1.29 1.27 1.00 

1 OO"/oRDF (100"/0 11<1 1.35 1.36 1.02 

0.95 0.72 0.71 0.77 0.73 
I : 
; 1.0<1 i 0.78 0.80 0.80 0.80 , 

S.E.± 0.02 0.03 0.0"2 0.03 0.02 0.03 00"2 0.03 
C.D.at5% N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. 
Interaction N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. 
Mean 

I 1.32 1.31 1.01 1.00 I 0.75 0.74 0.78 0.74 

Effect of kharif treatments. 

The kharif treatments did not significantly affect the number of 

unproductive tillers plant·) at different dates of obscrvation during both the years. 

Effect of rabi treatments. 

The rabi treatments did not significantly affect the number of 

unproductive tillers plant·) at different dates of observation during both the years. 

Interaction. 

The interaction effects between kharif and rabi treatments were found 

to bc non-significant at different dates of observation during both the years. 



4.2.1.2.5 Total number of tillers plant·1. 107 

The total number of tillers plant·} of isabgol as influenced periodically 

by different treatments arc presented in Table 58. The mean total number of tillers 

plant·} of isabgol on the 45, 60, 75 days after sowing and at harvest was 3.50, 4.66, 

5.26 and 5.29, respectively during 2002-03. The corresponding values during 2003-04 

were 3.51, 4.66, 5.24 and 5.24, respectively. 

Table 58. Mean total number oftiUers (plant· , ) of isabgol as influenced periodically 
by different treatments during 2002-03 and 2003-04. 

1---·----
I Treatment 

--1---- ---TotiJ.n~ro~eijlPJWit=lC-----.-

-1~r.".t~~I-~}o"M41'::"j=-
1-== (XYYo Ir·) - ---

3.34 '3.30 4.43 I 4.37 I 5.00 I 4.94 I 5.03 4.94 

50% RDF (50:5CYX, N iF:I'YM) 

75% RDF (100% U-l 

175% RDF (50:50'/0 N IF:I'YM) 

I 100'/0 RDF (100'/0 If·) 

'I loo'l'o RDF(50:5CY'/o N W:FYM) 

125% RDF(loo'l'o II') 

I 

125''/0 RDF (50:5CJ"/0 N fF:I'YM) 

S.E. ± 

c.D.at5% 

SUBFLOI' 

75% RDF (1 (XWo fI') 

looYoRDF (100'/0 [I<) 

S.E. ± 

3.37 

3.43 

3.50 

3.53 

3.56 

3.64 

3.6··') 

0.13 

N.S. 

3.27 

3.37 

3.50 

3.60 

3.60 

3.70 

3.73 

0.16 

N.S. 

3.39 3.38 

4.50 

4.60 

4.70 

4.70 

4.73 

4.80 

4.83 

0.16 

N.S. 

4.60 

3.61 3.64 1 4.73 

0.04 0.05 0.03 

4.43 

4.50 

4.57 

4.80 

4.80 

4.86 

4.94 

0.20 

N.S. 

4.53 

4.78 

0.04 

, 
5.06 4.97 

5.24 I 5.13 

:: I :~~ 
5.30 I 5.37 

5.44 5.SO 

5.50 

0.18 

N.S. 

5.16 

5.36 

0.03 

5.53 

0.21 

N.S. 

5.12 

5.37 

0.05 

5.10 

5.27 

5.27 

5.33 

5.37 

5.47 

5.50 

0.14 

N.S. 

5.20 

5.32 

0.03 

_I ~ ~~ J ~.~ I~: ~~2 L~: ~ ~ I ~~ 
_J~ l__351 1 4f£:> i=- 4Jj6-:-L 5.-26-I5.24TS29 

I Interaction 
r Mean 
L ____ ._ 

Effect of kharif treatments. 

4.97 

5.13 

5.16 

5.33 

5.37 

5.50 

5.53 

0.20 

N.S. 

5.16 

5.37 

0.05 

0.15 

N.S. 

5.24 

The kharif treatments did not significantly affect the total number of 

tillers plant·} at different dates of observation during both the years. 

Effect of rabi treatments. 

The rabi treatments significantly affected the total number of tillers 

plant} at different dates of observation during both the years. 

At 45 days, an application of 100')10 RDF (100% inorganic fertilizer) 

recorded the highest total number of tillers plant} (3.61 and 3.64 during 2002-03 

and 2003-04, respectively). It was found to be significantly superior to an 
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application of 75% RDF (100% inorganic fertilizer) during both the years. A similar 

trend was observed at 60, 75 days after sowing and at harvest during both the years. 

Interaction. 

The interaction cffects betwecn kharif and rabi treatments werc found 

to be non-significant at different datcs of observation during both the years. 

4.2.1.2.6 Total dry matter plant·,. 

Thc total dry matter plant· ' of isabgol as influcnced periodically by 

different treatments m'e presented in Tablc 59 anel graphically depictcd in Fig. 8 and 9. 

The mean total dry matter plant 1 of isahgol on the 30, 45, 60, 75 days aftcr sowing and 

at harvest was 0.34, 1.69, 3.43, 5.90 and 7.45 g. rcsp< .. -"Ctively during 2002-03. 

The corresponding values elwing 2003·04 were 0.34, 1.70, 3.43, 5.87 ,mel 7.44 g, respectively. 

Table 59. Mean total dry matter (g plant-') of isabgoZ as influenced periodically by 

different treatments during 2002-03 and 2003-04. 

~~~l-ent-" (:---1-= i .;or i~f1:£sr:> -~I 
r-MAINPLOT .---_L_03 04; ~-; 04_ i 03-

1

: <?4 -!-~l-~- 03 __<>-t:__ 

50% RDF (100'/0 Ir1 0.31 0.25 1.58 1.56 3.25 3.22 I 561 5.56 726 720 

50'10 lillF (50:50% N IF:FYM) 0.31 0.27 1.60 1 58 3.28 ,I 3.24 ! 5.66 5.65 7 28 7.22 

75% RDF (100'/0 u~ 0.32 0.27 1.63 1.62 3.32 3.30 1 5.75 I 5.69 7.34 7.27 

75'Yo RDF (50:50'/0 N 1F:I'-YM) 0.3-5 0.38 1.68 1.68 3.37 3.35' 5.85 5.80 7.42 7.35 

lOO'/oRDF(IOO'/ol~ 0.34 0.40 1.66 1.70 3.52 3.53 5.&> 5.59 7.51 7.56 

100'/0 RDF (50:50'/0 N IF:FYM) 0.35 0.34 1.76 1.76 3.53 3.56 6.08 6.13 7.52 7.59 

125% RDF (1 00'/0 l~ 0.34 0.36 1. 78 1.83 3.59 3.62 6. 17 6.23 7.61 766 

125%RDF(50:5O'1.,NlF:FYM) 0.38 0.41 1.81 I.&> 3.61 3.656.206.30 7.67 7.68 

8.E.± 0.03 0.06 0.09 0.11 i 0.13 0.15 0.22 0.27 0.16' 0.19 
CD. at 5% 

SUBPLOT 

75% RDF (100'/0 n~ 

lOO'/oRD!" (1OO'/u l~ 

8.E. ± 

NR NR N.& ~& N.& N.S. 

0.33 0.30 1.6-'1 1.63 3.32 3.29 

0.34 0.36 I 1.73 L 76 3.5-'1 3.61 

0.01 0.02 i 0.02 om O.oq 0.04 

CD. at 5% N.S. 1 N.S. I 0.06 i 0.04 I 0.12 1 0.12 

I Interaction . __ _ . j\/~I~~· 1_ N S·_.I N;~ j. N S I' __"IB 

I' Mean. . ___ 1 0.34_1 0:34 L_I_:C>9_ ... .2._r_Cl_;_243 3.43 ----

N.S. N.S. N.S. N.S. 

5.63 

6.16 

0.07 

5.50 7.30 

6.24 7.60 

0.06 0.05 

.1 

0.21 0.18 0.15 

N .S. -j' --=N--:,S:c:':-t---=-N .S. 

I 5.90 5.87 7.45 
-'--_L_----' 

7.28 

7.60 

0.05 

0.15 

. N.S. I 
7.44 I 
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Fig. 8. Mean total dry matter (g plant· ,) of isabgol during 2002-03. 
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Fig. 9. Mean total dry matter (g plant· ,) of isabgol during 2003-04. 
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Effect of kharif treatments. 

The kharif treatments did not significantly affect the total dry matter 

plant-I at different datcs of observation during both the years. 

Effect of rabi treatments. 

The rabi treatments significantly affected the total dry matter plant-I at 

different dates of observation during both the years. 

At 30 days, the treatment differences were found to be non-significant 

in respect of total dlY matter plant-I during both the years_ 

At 45 days, an application of 100%, RDF (lOO'Yo Inorganic fertilizer) 

recorded the highest total dry matter plant-I (L73 and 1.76 g dUl-ing 2002-03 and 

2003-04, respectively). It was found to be significantly superior to an application of 

75% RDF (100% inorganic fertilizer) during both the years. 

A similar trend was observed at 60, 75 days after sowing and at 

harvest during both the years. 

Interaction. 

The interaction effccts betwcen kharif and rabi treatments were found 

to be non-significant at differcnt dates of observation during both the years. 

4.2.1.2.7 Growth functions. 

4.2.1.2.7.1 Absolute growth rate (AGR). 

Data pertaining to the AGR of dry matter plant-I as influenced 

periodically by different treatments recorded at 15 days interval are presented in Table 60. 

The mean AGR of i._<;abgol during 30-45,45-60,60-75, and 75-At harvest was 0.68, 

0.87, 1.23 and 0.78 g plant-I weekI, respcctively during 2002-03. The corresponding 

values during 2003-04 were 0.68, 0.87, L22 and 0.81 g plant-I weekI, respectively. 

The mean maximum AGR of dry matter was 1.23 and 1.22 g plant-I during the 

period between 60-75 days in 2002-03 and 2003-04, respectively. The data was not 

statistically analyzed and the inferences arc based on mean values only. 

Effect of kharif treatments. 

DUring 30-45 DAS, an application of 125'1<, RDF (50% N through urea 

and 50°/,) N thmugh FYM) recorded the highest AGR of dry matter (0.73 g plant-I weekI) 

during 2002-03 while, during 2003-04 an application of 125% RDF (100% inorganic 

fertilizer) recorded the highest AGR of dry matter (0.78 g plant-I week-I). During 45-60 

DAS, an application of 100% RDF (100% inorganic fertilizer) recorded the highest AGR 

of dry matter (0.93 and 0.91 g plant-I weck- I during 2002-03 and 2003-04, respectively). 

During 60-75 DAS, an application of 125% RDF (50% N through urea and 50% N 

through FYM) recorded the highest AGR of dry matter (1.30 and 1.32 g plant- ' week-I 

during 2002-03 and 2003-04, respectively). During 75 DAS-AH, an application of 50% 

RDF (100% inorganic ferti1i=r) recorded the hiehest AnR of rlrv m<'lttp,' In R, n ~1~~.-1 .. ,~~1~_\\ 
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during 2002-03 while, duting 2003-04 an application of 100°/', RDF (100%, inorganic 

fertilizcr) recorded the highcst AGR of dry matter (0.99 g plant·! week!). 

Table 60. Mean absolute growth rate (g week 1 plant· 1 ) of isabgol as influenced 
periodically by different treatments during 2002-03 and 2003-04. 

Effect of rabi treatments. 

During 30-45 DAS, an application of 100% RDF (100% inorganic 

fertilizer) recorded the highest AGR of dry matter (0.70 and 0.71 g plant·! wcek! 

during 2002-03 and 2003-04, respectively). 

Similar trend was observed during 45-60 DAS, 60-75 DAS and 

75 DAS- AH duting both the years. 

4.2.1.2.7.2 Relative growth rate (RGR). 

Data pertaining to the RGR of dry matter plant· l as influenced periodically 

by different treatments recordcd at 15 days interval are presented in Table 61. 

The mean RGR of isabgol during 30-45 DAS, 45-60 DAS, 60-75 DAS, and 75 DAS­

At harvest was 0.82, 0.36, 0.27 and 0.12, respectively during 2002-03. The corresponding 

values during 2003-04 were 0.85, 0.35, 0.27 and 0.12, respectively. The mean 

maximum RGR of dry matter was 0.82 and 0.85 during the period bet"Ween 30-45 

days in 2002-03 and 2003-04, respectively. The data was not statistically analyzed 

and the inferences arc based on mean values only. 

Effect of kharif treatments. 

During 30-45 DAS, an application of 125% RDF (50% N through urea 

and SOD';', N through FYM) and 125% RDF (100'% in'organic fertilizer) recorded the 

highest RGR (0.83) during 2002-03 while, during 2003-04 a.n application of 125% 

RDF (100% inorganic fertilizer) recordcd the highcst RGR (0.99). During 45-60 DAS, 
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an application of 100%, RDF (lOU}';, inorganic fertili=r) recorded the highest RGR (0.38) 

during 2002-03 while, during 2003-04 an application of 100% RDF (1 OOG;(, inorganic 

fertilizer), 7S'Yo RDF (SO% N through urea and SO% N through FYM), 7S% RDF 

(lOO'}';, inorganic fertilizer), SO% RDF (SO% N through urea and SO% N through FYM) 

and SO% RDF (100').-;, inorganic fertilizer) recorded the highest RGR (0.36). 

Table 61. Mean relative growth rate (plant-I) of isabgol as influenced periodically by 
different treattnents during 2002-03 and 2003-04. 

1- -Treattnent -- ~I 30-45~~ --::~~ ~~~- ==:.::~ 
!MAINIWr ~. ___ ~~.0~-041 ~3'1-~3-04·t~3 03-{)41 ~3I03-{)4 
I 50% RDF (100% lJO) 0.82 I 0,95 I 0.36 0.36 0.27 I 0.27 0.13 0.13 

I 

50% RDF (50:5Cf'/o N W:~"YM) 0.82 089 0.36 I 036 I 027 0.28 013 013 

I 

75'YoRDF(WO%U,) 0.81 0:90 0
0

.'33'55 00.'3636 I 00.:228~ I 0.27 0:1; 0:1; 
75% RDF (50:5Cf'/" N IF:FYM) 0.78 0.74 0.27 0.12 0.12 

I 

::;::~ ~~~;;~~~ IF FYM) ~:~ ~:~ ~:~ ~:~ I ~:~~ ~:~ ~:: ~ ~: : ~ 
125%RDF(lroY<']I') 0.83 0.99 0,35 0.34 0.27 0.27 0.10 0.10 

,125%r~DF(50:5Cf'/oNIF:FYM) 0.&1 0.72 0.35 I 0.33 0.27 0.27 0.11 0.12 

I ;:,=:~:,;;, ~: : ~: i ~.;; ; ~.:: I ~.;:; , ~;~ •. ~ :; J ~ :; I 
Mean -=-__ -=~82, .. 0.85 -1-0:36-; 0.35 I 0.27 ~2.2'_i 0.12 i 0.12 

During 60-7S DAS, an application of7S% RDF (SO% N through urea and 

SO% N through FYM) recorded the highest RGR (0.28) during 2002·03 while, during 

2003-04 an application of SO% RDF (SO°/" N through urea and SO% N through FYM) 

recorded the highest RGR (0.28). During 7S DAS-AH, an application of SO% RDF 

(SO% N through urea and SO% N through FYM) and SO% RDF (100% inorganic 

fertilizer) recorded the highest RGR (0.13) during 2002-03 while, during 2003·04 an 

application of 100% RDF (100'% inorganic fertilizer) recorded the highest RGR (0. IS). 

Effect of rabi treatments. 

During 30-4S DAS, an application of 100% RDF (100% inorganic fertilizer) 

recorded the highest RGR (0.82 and 0.86 dUl;ng 2002-03 and 2003-04, respectively). 

Similar trend was observed during 4S-60 DAS, 60-7S DAS and 75 

DAS- AH during both the years except during 2003-04 in the period 7S DAS- AH 

where an application of 100% RDF (100% inorganic fertilizer) and 7S% RDF (100% 

inorganic fertilizer) recorded the same RGR (0.12). 



112 
4.2.1.2.8 Days to flower initiation. 

The number of days flower initiation plant- 1 of isabgol as influenced by 

different treatments arc presented in Table 62. The mean number of days to flower 

initiation plant- 1 of isabgol was 56 days after sowing during both the years. 

Table 62. Mean nunJber of days to flower initiation, days to 50% flowering and days 
to maturity of isabgol as influenced by different treatments during 2002-03 
and 2003-04. 

Treatment --I Days to flower mays to 50% ,- - DayS to 
I initiation I flowe . maturity 
I ()2..()31-03-04:-02-03 I ~- -()2..()3 03-04 

~~00'/0[F) ----l--~--~- -:- ---59 --85 --86 

50"/0 RDF (50:50"/0 N rF:FYM) 56 55 58 60 87 86 

75% r~DF (1 ()(f'1" IF) 56 55 59 60 86 87 

75% RDF (50:5(J'/o N W:f<l'M) 57 56 61 60 87 88 
1()(f'/0 RDF (100';', [F) 

100% RDF (50:50"/0 N WI'YM) 

125% RDF (!(X)"/o IF) 

125% RDF (50:50"/0 N W:FYM) 

8.E. ± 
c.D. at 5% 

SUBPLOT 
75% RDF (100'/0 IF) 

1()(f'/oRDF (100'/0 [f<l 

S.E. ± 

56 

57 

57 

57 

L17 

N_S. 

56 

59 

56 

56 

58 

58 

1.26 
N.S. 

55 

59 

61 

61 

61 

61 

1.28 

N.S. 

59 

60 

1.19 1.23 1.18 =: I ~56·~-' ~:~: I ~:~ 
f-cM--_-n------~ ·-----sr;-iw-
~.----------

Effect of kharif treatments. 

62 

61 

62 

62 

1.36 

N.S. 

86. 

87 

88 

88 

1.12 

N.S. 

88 

88 

89 

89 

1.17 

ns. 

59 86 87 

62 88 89 

1.23 OBI 0.93 

NB. N.S. N.S. 

N$ N.S. N.S. 

61 _~_8~7_~ __ 88 __ J 

The kharif treatments did not significantly affect the days to flower 

initiation plant-' during both the years_ 

Effect of rabi treatments. 

The rabi treatments did not significantly affect the days to flower 

initiation plant-' during both the years. 

Interaction. 

The interaction effects between kharif and rabi treatments were found 

to be non-significant during both the years_ 

4.2.1.2.9 Days to 50% flowering. 

The number of days to 50% flowering plant' ,?f isabgol as influenced by different 

treatments are presented in Table 62. The mean number of days to 50'Yc) flowering plant- 1 

of isabgolwas 60 and 61 days after sowing during 2002-03 and 2003-04, respectively. 
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Effect of kharif treatments. 

The kharif trcatments did not significantly affect the days to 500/" 

flowcr-ing plant~' during both the years~ 

Effect of rabi treatments. 

The rabi treatments did not significantly affcct the days to 50'Vo 

flowcr-ing plant~' dur-ing both the ycars. 

Interaction. 

Thc interaction effects between kharif and rabi tr·catments werc found 

to be non-significant during both the years. 

4.2.1.2.10 Days to maturity. 

The data rcgarding numbcr of days to maturity plant·' of isabgol as 

influcnccd by different treatn1ents are presented in Table 62. The mean nurnber of 

days to maturity plant·' of isabgol wer·c 87 and 88 days after sowing dur-ing 2002-03 

and 2003-04, rcspectively. 

Effect of kharif treatments. 

The kharif treatments did not significantly affect the number of days to 

maturity plant·' during botl1 tl1c years. 

Effect of rabi treatments. 

The rabi treatments did not significantly affect the days to matur-ity 

plant·' during both the years. 

Interaction. 

The interaction effects bctwcen kharif and rabi treatments \Verc found 

to be non-significant dur-ing both the ycars. 

4.2.2 Yield contributing characters. 

4.2.2.1 Number of productive spikes plant-I. 

Thc data regarding the number of productive spikes plant·' of isabgol 

as influenced by differcnt treatmcnts are prcsented in Table 63. The mean number 

of productive spikes plant·' of isabgol was 16.71 at harvest during both the years. 

Effect of kharif treatments. 

The kharif trcatments did not significantly affect the number of 

productive spikcs plant·' during both thc years. 

Effect of rabi treatments. 

The rabi treatments significantly affceted the number of productive 

spikes plant·' during botl1 the years. 

An application of 100°;;, RDF (100'% lnorganic fertilizer) recorded the 

maXlmum number of productive spikes plant~' (18.11 during both the years). It was 

found to be significa.ntly supe!ior- to a.n application of 75% RDF (100%, inorganic 

fertilizer) during both the years. 
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Table 63. Mean nuntber of productive spikes, nuntber of unproductive spikes and 

total nuntber of spikes (plant-I) of isabgol as influenced by different 
treatments during 2002-03 and 2003-04. 

I --. ~bllent . Nwnberof - Tw'-NUmberof _.- TOtalnwnber-1 
productive spikes unproductive spikes of spikes 

I 
(plant-I) ,(plant-I) (plant-I) 

, - - - - - ---, 02-03 I o~-I 02-03-1 03-{)4t- 02-03_j 03-04 

I =~OO%11') I 16.37 I 16.33 I 3.27 ,3.20 1964 19.53 
.5CY'/oRDF(50·5Q'YoNIF.FYM) 1640 I 16.36 3.30 I 327 I 19.70 19.63 

I 
75<YuRDF(HXJ'Yo11') 16.53 16.43 3.30 3.27 19.8.1 19.70 

75% RDF (50:50"1., N IF:FYM) 16.57 16.40 3.27 I 3.23 19.84 19.63 

100%RDF(lOCY'-'~,r1') I ().m 16.73 3.23 3.30 19.90 20.03 

1CJa'/u RDF (50:50"/0 N IF:FYM) 16.73 16.83 3.20 I' 3.23 19.93 20.06 
125%RDF(](XY'/.,11') 17.17 17.27 3.37 3.33 20.54 20.60 

125% RDF (50:,)()% N fF:FYM) 17.27 17.33 3.27 3.30 20.54 20.63 

s.E. ± 0.34 0.34 0.07 0.10 0.34 0,45 

C.D. at 5% N.S. N.S. N.S. N.S. N.S. N.S. 
SUBPLOT 

75% RDF (1 CJa'/o II') 

1 CJa'/oRDF (1 CJa'/., II') 

S.E. ± 
C.D.at5% 

I Interaction 
I Mean 

Interaction. 

16.32 16.29 3.38 3.36 
18.11 18.11 3.15 3.18 

0.16 0.17 0.08 0.08 

0,48 0.5 I 0.24 0.24 

I 
N.S. , N.S. I N.S. N.S. 

-:-_ 1671 b6'"7~ - 328_- J~~_-3 .. 2_~-

19.70 

21.26 

19.65 

21.29 

0.16 0.19 

0.48 0.57 

N.S. f N.S 
I 19.99 19.98 

The interaction effccts betwccn kharif and rabi treatments were found 

to be non-significant during both thc years. 

4.2.2.2 Number of unproductive spikes plant-I. 

Thc data pertaining to numbcr of unproductive spikes plant! of isabgol 

as influenccd by diffcl-ent treatments are prescnted in Table 63. The mean number of 

unproductivc spikes plant-! of isabgol was 3.28 and 3.27 at halvest during 2002-03 

and 2003-04, respectivcly. 

Effect of kharif treatments. 

The kharif treatments did not significantly affcct the number of 

unproductivc spikes plant·) during both the years. 

Effect of rabi treatments. 

The rabi treatments significantly affected the number of unproductive 

spikes plant·! during both the years. 

An application of 75°;;, RDF (100%- inorganic fertilizer) rccorded the 

maximum number of unproductive spikcs plant-! (3.38 and 3.36 during 2002-03 

and 2003-04, respectively). It was found to be significantly superior to an 
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Interaction. 

The interaction effects between kharif and rabi treatments were found 

to be non-significant during both the years. 

4.2.2.3 Total number of spikes plant-l. 

The data regarding total number of spikes plant-I of isabgol as 

influenced by different trealrnents are presented in Table 63. The mean total 

number of spikes plant I of isabgol was 19.99 and 19.98 at harvcst during 2002-03 

and 2003-04, respectively. 

Effect of kharif treatments. 

The kharif treatments did not significantly affect the total number of 

spikes plant-I dUIing both the years. 

Effect of rabi treatments. 

The rabi treatments significantly affected the total number of spikes 

plant-I during both the years. 

An application of 100% RDF (100% inorganic fertilizer) recorded the 

maximum total number of spikes plant-I (21.26 and 21.29 during 2002-03 and 2003-04, 

I-espectively). It was found to be significantly superior to an application of 75% RDF 

(100% inorganic fertilizer) during both the years. 

Interaction. 

The interaction effects between kharif and rabi treatments were found 

to be non-significant during both the years. 

4.2.2.4 Length of spike. 

The data r-egarding the len6rth of spike of isabgol as influenced by 

different treatments are presented in Table 64. The mean length of spike was 3.58 

and 3.60 cm during 2002-03 and 2003-04, respectively. 

Effect of kharif treatments. 

The khanf treatments did not significantly affect the length of spike 

during both the years. 

Effect of rabi treatments. 

The rabi treatments significantly affected the length of spike during 

both the years. 

An application of 1000
;', RDF (100% inorganic fertilizer) recorded the 

maximum length of spike (3.85 and 3.86 em during 2002-03 and 2003-04, respectively). 

It was found to be significantly superior to an application of75% RDF (100% 

inorganic fertilizer) during both the years. 

Interaction. 

The interaction effects between khanf and rabi trealrnents were found 

to be non-significant during both the ve8rs 
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Table 64. Mean length of spike (em), girth of spike (em), nuntber of seeds and weight 

(g) of seeds (spike- l ) of isabgol as influenced by different treatments during 
2002-03 and 2003-04 . 

. - -

I 
Treatment 

MAINPLOT 

5U% RDF (IOOYo IT') 

50% RDF (50:5UYo N IF:~-YM) 

75%, RDF (100"'\, IF) 

75% RDF (50:5UYo N IF:I'YM) 
10(}'/0 RDF (100"'\, IF) 

100"/0 RDF (50:50% N IF:I'YM) 
125% RDF (1 00y., IF) 

125% RDF (50:5U% N IF:~-YM) 

S.E.± 

3.46 

3.47 

3.53 

2.6..'3 

2.67 

2.61 

2.65 

2.79 

2.82 

69.23 

69.54 

68.08 0.10 0.10 

68.59 0.10 0.10 

I C 0 
I .D. at 5Yo 

3.57 

3.58 

3.62 

3.68 

3.71 

0.09 I 

N.S. 

3.50 

3.54 

3.61 

3.68 

3.75 

3.78 

0.12 

N.S. 

2.73 

2.75 

2.79 

2.83 

2.84 

2.85 

0.09 

N.S. 

2.81 

2.83 

2.86 

2.87 

0.11 

N.S. 

68.47 

70.50 

69.94 

71.6..'3 

71.26 

71.98 

2.82 

N.S. 

68.27 

69.49 

70.36 

72.19 

70.81 

71.49 

3.25 

N.S. 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

om 
N.S. 

0.10 

0.11 

0.11 

0.11 

0.11 

0.11 

0.01 

N.S. 
, SUBPLOT 

75% RDF (100"'\, IF) 

lOO"/oRDF (100% IF) 

i S.E. ± 

3.52 

3.85 

0.0-1 

0.12 

N.S. 

3.58 

3.53 

3.86 

0.0-1 

0.12 

N.S. 

2.67 

2.78 

0.05 

N.S. 

N.S. 

2.65 

2.81 

0.07 

N.S. 

N.S. 

70.08 

70.55 

0.86 

N.S. 

N.S. 

69.53 

70.29 

0.98 

N.S. 

N.S. 

69.91 

0.10 0.10 

0.1 1 0.1 1 

om om 
I C.D.at5% 

! Intemction 
i Mean 

N.S. N.S. 

I 

N.S. N.S. 
~----i-~ 

0.11 0.11 3.60 2.76 2.78 I 70.32 
__ .L__ 

4.2.2.5 Girth of spike. 

The data on girth of spike of isabgol as influenced by different 

treatments are presented in Table 64. The mean girth of spike was 2.76 and 2.78 cm 

during 2002-03 and 2003-04, r·espective1y. 

Effect of kharif treatments. 

The kharif treatments did not significantly affect the girth of spike 

during both the year-so 

Effect of rabi treatments. 

The rabi treatments did not significantly affect the girth of spike during 

both the years. 

Interaction. 

The interaction effects between kharif and rabi treatments were found 

to be non-significant dur-ing both the years. 

4.2.2.6 Number of seeds spike-'. 

The data pertaining to number of seeds spike'! of isabgol as influenced 

by different treatments are presented in Table 64. The mean number of seeds spike-! 

was 70.32 and 69.91 during 2002-03 and 2003-04, respectively. 

Effect of kharif treatments. 

The kharif treatments did not significantly affect the number of seeds 
~_:1 __ I _l~ •.• : _ 1 __ ,,-1 .1 
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PP 24: Sequence of spike development of isabgol. 
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Effect of rabi treatments. 

The rabi treatments did not significantly affect the number of seeds 

spike'! during both the years. 

Interaction. 

The interaction effects benveen kharif and rabi treatments were found 

to be non-significant during both the years. 

4.2.2.7 Weight of seeds spike: 1 • 

The data on weight of seeds spike" of isabgol as influenced by different 

treatments are presented in Table 64. The mean weight of seeds spike'! was 0.1 I g 

during both the years. 

Effect of kharif treatments. 

The kharif treatments did not significantly affect the weight of seeds 

spike! during both the years. 

Effect of rabi treatments. 

The rabi treatments did not significantly affect the weight of seeds 

spike- l during both the years. 

Interaction. 

The interaction effects between kharif and rabi treatments were found 

to be non-significant during both the years. 

4.2.2.8 Number of seeds plant- 1 • 

The data regarding number of seeds plant-! of isabgol as influenced by 

different treatments are presented in Table 65. The mean number of seeds plant-! 

was 1160.83 and 1166.03 during 2002-03 and 2003-04, respectively. 

Effect of kharif treatments. 

The kharif treatments did not significantly affect the number of seeds 

plant-! during both the years. 

Effect of rabi treatments. 

The rabi treatments significantly affectcd the number of seeds plant·! 

during both the years. 

An application of 100% RDF (l00°';;, inorganic fertilizer) recorded the 

maximum number of seeds plant·! (1277.66 and 1272.13 during 2002-03 and 2003-04, 

respectively). It was found to be significantly superior to an application of 75% RDF 

(100% inorganic fertilizer) during both the years. 

Interaction. 

The interaction effects between khanf and rabi treatments were found 

to be non-significant during both the years. 
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Table 65. Mean munber of seeds (plant-I), weight of seeds (g plant-I) and thousand seed 

weight (g) of isabgol as influenced by different treatInents during 2002-03 

and 2003-04. 

[---
, TreatInent 

~ Nwnber of --I --Weightof I -ThouSand --

~ds;ph~ ---=,"1-.J:i.1 =7""'~-
MAINPLOT 

-I - -- --0--- - • -- - --I - - ------ -----

5CYYo RDF (1 CXY% Irl 1133.87 1106.93 1.67 1.6(, 1.52 1.48 

5CY'I., RDF (50:5CY'I., N IF:FYM) 

75% RDF (100''10 IF) 

1140.27 1114.70 1.70 1.68 1.55 1.53 

75'';, RDF (50:5CY'/0 N IF:FI'M) 

100% RDF (100% IFI 
100"/0 RDF (50:5CY'/0 N IF: FYM) 

125% RDF (100% 1]-<1 

125% RDF (50:5CYYo N IF:FYM) 

S.E.± 
c..D. at 5 0

/0 

SUBPLOT 

1130.78 

1161.17 

1168.47 

1189.33 

1122.40 

1240.33 
38_96 

N.S. 

1123.77 

1134.00 
1179.93 

1204.10 

1221.87 

1242_97 

46.31 

N.S. 

1.72 

1.75 

1.77 

1.80 
1.83 

1.84 

0.07 

N.S. 

75% RDF (100";(, 11<1 ICX-)8.98 1059.93 1.74 

lOO"/oRDF(IOO"/oll'1 1277_66 1272_13 1.88 

S.E. ± 9.81 9.29 0.0 I 

C.D. at 5% 29.41 27_85 0.03 

Intemction N.S. N.S. N.S. 

Mean _____ -====_-_-_-_--:___L_1_16O_._83 ___ -_1166.03 -=r- 1.76 

4.2.2.9 Weight of seeds plant-I. 

1.71 

1.75 

1.78 

1.82 

1.86 

1.88 

0.08 

N.S. 

1.57 

1.60 

1.61 

1.63 

1.65 

1.70 

0.07 

N.S. 

1.76 1.58 

1.87 1.67 

0.02 0.02 

0.06 0.06 

1.57 

1.60 

1.64 

1.65 

1.68 

1.72 

0.09 

N.S. 

1.54 

1.67 

0.03 

0.09 

N.S. N.S. N.S. 
---.-- - ---, ---

i 1.77 __ I __ 1.6O __ _L_ __ 1_.6_1 _ __j 

The data on weight of seeds plant-' of isabgol as influenced by different 

treattnents arc presented in Table 65. The mean weight of seeds plant-' was 1.76 

and 1.77 g during 2002-03 and 2003-04, respectively. 

Effect of kharif treatments. 

The kharif treattnents did not significantly affect the weight of seeds 

plant· j during both the years. 

Effect of rabi treatments. 

The rabi treattnents significantly affected the weight of seeds plant-' 

during both the years. 

An application of 100% RDF (100% inorganic fertilizer) recorded the 

maximum weight of seeds plant-' (1.88 and 1.87 g during 2002-03 and 2003-04, 

respectively). It was found to be significantly superior to an application of 75% RDF 

(100% inorganic fertilizer) during both the years. 

Interaction. 

The interaction effects between kharif and rabi treattnents were found 

to be non-significant during both tll.e years. 
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4.2.2.10 Thousand seed weight. 

The data on thousand seed weight of isabgoi as influenced by different 

treatments arc presented in Table 65. The mean thousand seed weight was 1.60 

and 1.61 g during 2002-03 and 2003-04, respectively. 

Effect of kharif treatments. 

The kharif treaUncnts did not significantly affect the thousand seed 

,veight during both the years. 

Effect of rabi treatments. 

The rabi U"eatn1ents significantly affected the thousand seed weight 

during both the years. 

An application of 100'% RDF (1000
"-:, inol"ganic fcrtilizer) recorded the 

maXJmum thousand seed weight (1.67 g during both tJ1e years). It was found to be 

significantly superior to an application of 75'Yn RDF (100'% inorganic fertilizer) during 

both the years. 

Interaction. 

The interaction effects between kharif and rabi tr-catrnents welT found 

to be non-significant dlll"ing both the yeal"s. 

4.2.2.11 Per plant basis. 

4.2.2.11.1 Root weight plant· 1 • 

The data regarding root weight plant·, of isaiJgoi as influenced by 

different treatrnents aloe presented in Table 66. Thc mean root weight plant·! was 

0.38 g during both the years. 

Effect of kharif treatments. 

The kharif tr"eatments did not significantly affect the root weight plant·! 

during both the years. 

Effect of rabi treatments. 

The rabi treatrnents did not significantly affect the root weight plant·! 

during both the years. 

Interaction. 

The interaction effects between kharif and rabi treatrnents were found 

to be non-significant during both the years. 

4.2.2.11.2 Stalk weight plant· 1 • 

The data pertaining to stalk weight plant·! of isabgoi as influenced by 

different t.reatments are presented in Table 66. The mean stalk weight plant·, was 

4.43 and 4.31 g during 2002-03 and 2003-04, respectively. 

Effect of kharif treatments. 

The kharif treatments did not significantly affect the stalk weight plant·! 

duting both the years. 
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Table 66. Mean root weight, stalk weight and leaves weight (g plant-I) of isabgoZ as 

influenced by different treattnents during 2002-03 and 2003-04. 

_ ---- - - ---;-Root Weight ,-Stalk weight, Leaves weight 1 

Treattnent . __ _jg~_tIL _l _ __lg~t:1_ ._.L __ _lg~t:l)_ J 
:. 02-03 t ~ __ I 02-03 r Q3.()4 -[- 02-03 L ()3.04 ~ 

0.37 I 0.37 4.35 4.31 0.87 1 0.86 

0.37 0.37 4.35 4.32 

I 
75% ROF (1 ()(f>/\, lI') . 

75% I~DF (50:50% N W:FYM) I 
I 1 ()(f>/o RDF ()()(),Yo fl.) I 

0.37 0.37 4.37 4.33 

0.37 0.37 4.4 1 4.35 

i
l ()(f>/O 1~l)F (50:5O'X. N W:f'YM) 1 

125% !~[)F (l ()(f>/o fl·) 

0.38 0.39 4.47 4.48 

0.38 0.3') i 4.46 4.47 

0.38 0.3') I 4.51 4.SO 
125%, WW (50:5O'X, N W:FYM) 1 0.38 

S.E. ± I 0.02 

I
' CD. at 5% 

SUBPLOT 
N.S. 

I 
75% ROr (100'/" !I') I 0.37 

1 CXl'Yol~[)F (1 oax, lI') I 0.38 

I 8.E. ± 1 0.01 

0.38 

0.02 

N.S. 

0.37 

038 

0.01 

N.S. 

451 

0.08 

N.S. 

4.41 

4.48 

0.02 

I 
CD. at 5% 1 N.S. 

Intern.ction I N.S. N.S., N.S. 
-Mean--_·· __ ·- .. -- -. -038-; -0.38 '~43 
L_.. _. _ _ _ _ _ I _ _. _. _ _ _ __ ..• 

Effect of rabi treatments. 

4.52 

0.08 

N.S. 

4.38 

4.51 

0.03 

0.09 

N.S. 

4.41 

O.S6 0.85 

O.SS 0.86 

0.89 0.88 

D.SS 0')1 

D.88 D.') 1 

0.89 0.91 

0.91 0.90 

0.02 o.m 
N.S. N.S. 

0.88 0.87 

0.90 0.92 

0.02 0.02 

N.S. I N.S. 
N.S. N.S. 

-_OSS ;- 0fl?_i 

The rabi trealrnents significantly affected the stalk weight plant·, 
during both the ycars. 

An application of 100% RDF (1 OO'Yo inorganic fertilizer) recorded tl1e 

highest stalk weight plant I (4.48 and 4.51 g during 2002·03 and 2003.04, 

respectively). It was found to be significantly superior to an application of 75% RDF 

(100% inorganic fertilizcr) during both the years. 

Interaction. 

The intcr-action effects between kharif and rabi treatrnents were found 

to be non· significant during both the years. 

4.2.2.11.3 Leaves weight plant-I. 

The data regarding leaves weight plant I of isubgol as influenced by 

different trealrnents ar'e presented in Table 66. The n1ean leaves weight plant·, was 

0.88 and 0.89 g during 2002·03 and 2003·04, respectively. 

Effect of kharif treatments. 

The kharif trealrnents did not significantly affect the leaves weight 
plant·, during both the years. 

Effect of rabi treatments. 

The rabi trealrnents did not significantly affcct the leaves weight plant·, 
during both the year·s. 
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Interaction. 

The interaction effects between kharif and rabi treatments were found 

to be non-significant during both the years. 

4.2.3 Per hectare basis. 

4.2.3.1 Root yield ha- l . 

The data regarding root yield ha'] of isahgol as inf1uenced by different 

treatments are presented in Table 67. The mean root yield ha] was 1.40 q ha'! 

during both tJlC years and on pooled mean basis. 

Table 67. Mean root yield, stalk yield, leaves yield (q ha-l) and pooled mean of 
isabgol as influenced by different treatments during 2002-03 and 2003-04 . 

Treatm ent 

.. __ 
-

MAINPLOT 

IF) 

Yo N IF:I'YM) 

5(J~) RDF (1 OOYU 

5(1'/0 RDP (50:5CIl 

75% RDF (lOa% 

75% RDF (50:5CIl 

100'/0 RDF (100' 

100'/0 RDF (50:5CIl 

125%RDF(IOO' 

125% RDP (50:5CIl 

IF) 

Vo N IF:I'YM) 

Yo IJ·) 

YoN 

Yo IF) 

YoN 

8.E. ± 

n·) 

CD. at s% 

SUBPLOT 

75%RDF(IOO'/0 

lOO'/oRDF (100''''; o IF) 

S.E. ± 

CD. at 5% 

Intemction 
C.V.% 

Mean 

02-
03 

1.34 

1.36 

1.38 

1.39 

1.40 

1.43 

1.45 

1.46 

a.a5 
N.S. 

1.37 

1.44 

a.a 1 

0.03 

N.S. 

6.48 

1.40 

Effect of kharif treatments. 

. -. 
Root yield Sta1k yield 

I 

~ll= ~ ~I L 

--

-1 
. __ . 

PooIoed 
mean 

T 
133 

1.34 

1.36 

1.38 

1.42 

1.45 

1.47 

1.48 

0.06 

N.S. 

1.36 

1.46 

a.a 1 
0.03 

ns. 

1.31 

1.35 

1.37 

1.39 

1.41 

1.44 

1.46 

1.47 

0.05 

N.S. 

1.37 

1.45 

0.01 

0.03 

N.S. 

15.&1 

16.00 

16.27 

16.45 

16.62 

16.91 

17.22 

]7.30 

0.52 

N.S. 

15. 67 

87 

I I 

31 

79 

10 

39 

51 

S. 

15. 

16. 

16. 

16. 

17. 

17. 

17. 

0.63 

N. 

16.17 16. 12 

16.97 17. 07 

0.14 O. 12 

0.42 0.36 

N.S. N. S. 
7.75 7.00 6.51 7.64 

1·-.40-:-;:-+--;-~:_-:-4_a~ _ .. _~_6._57-=L]() .59 
~-

1~.74 

15.94 

16.19 

16.38 

16.71 

17.01 

17.31 

17.41 

0.57 

N.S. 

16.15 

17.02 

a.12 
a.36 
N.S. 

6.97 

16.59 
._. 

--

Leaves yield 

02-
03 

3.10 

3.]4 

3.21 

3.24 

3.26 

3.32 

3.37 

3.39 

0.10 

N.S. 

3.17 

3.33 

0.0.., 

O.eB 

N.S. 

6.47 

3.25 

'"!? mean 

3.07 :~. ()<J 

3 
9 

2 

8 

3.1 I 

3.16 

3.20 

3.29 

3.35 

3.41 

3.43 

0.13 

N.S. 

3.16 

3.36 

0.02 

0.06 

N.S. 

7.63 

3.25 

3. ] 

3.1 

3.2 

3.2 

3" 34 

9 

1 

2 

S. 

3.3 

3.4 

0.1 

N. 

3.1 7 

35 

02 

06 

S. 

3. 

a. 

O. 
N. 
6.< 

3. 26 
~_.-.----~ 

The kharif treatments did not significantly affect the root yield ha'] 

during both the years and on pooled mean basis. 

Effect of rabi treatments. 

The rabi treatments significantly affected thc root yield ha-! during 

both the years and on pooled mean basis. 

An application of 100% RDF (100% inorganic fertilizer) recorded the 

highest root yield (1.44, 1.46 and 1.45 q ha'! during 2002-03, 2003-04 and on pooled 



122 
Interaction. 

The interaction effects between kharif and rabi treatments were found 

to be non-significant during both the years and on pooled mean basis. 

4.2.3.2 Stalk yield ha· 1 • 

The data pertaining to stalk yield ha 1 of isabgol as influenced by 

different trcatmcnts are presented in Table 67. The mean stalk yield ha- r was 16.57, 

16.59 and 16.59 q ha- r during 2002-03,2003-04 and on pooled mean basis, respectively. 

Effect of kharif treatments. 

The kharif treatments did not significantly affect the stalk yield ha-] 

during both the years and on pooled mean basis. 

Effect of rabi treatments. 

The rabi treatments significantly affected the stalk yield ha-' during 

both the years and on pooled mean basis. An application of 100')10 RDF (100% 

inorganic fertilizer) recorded the highest stalk yield (16.97, 17.07 and 17.02 q ha] 

during 2002-03, 2003-04 and on pooled mean basis, respectively). It was found to 

be significantly superior to an application of 75% RDF (100% inorganic fertilizer) 

during both the years and on pooled mean basis. 

Interaction. 

The interaction effects between kharif and rabi treatments were found 

to be non-significant during both the years and on pooled mean basis. 

4.2.3.3 Leaves yield ha- 1 • 

The data regarding leaves yield ha 1 of isa.bgol as influenced by 

different treatments are presented in Table 67. The mcan lcaves yield ha-] was 3.25 

q ha-] during both the years and 3.26 q ha- r on pooled mean basis. 

Effect of kharif treatments. 

The kharif treatments did not significantly affcct thc leaves yield ha-] 

during both the years and on pooled mcan basis. 

Effect of rabi treatments. 

The rabi treatments significantly affccted the Icaves yield ha] during 

both the years and on pooled mean basis. 

An application of 100% RDF (1 OO'X, inorganic fertilizer) recorded the 

highest leaves yield (3.33, 3.36 and 3.35 q ha r during 2002-03, 2003-04 and on 

pooled mean basis, respectively). It was found to bc significantly superior to an 

application of 75'X, RDF (100°1<, inorgamc fertilizer) during both the years and on 

pooled mean basis. 

Interaction. 

The interaction effects between kharif and rabi treatments were found 

to be non-significar1t during both the years and on pooled mean basis_ 
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4.2.3.4 Seed yield ha- l • 

The data on seed yield ha'] of isabgol as influenced by different 

treatments arc presented in Table 68 and graphically depicted in Fig. 10. The mean 

seed yield ha] was 7.93, 7.94 and 7_94 q ha] during 2002-03, 2003-04 and on 

pooled mean basis, respectively. 

Table 68. Mean seed yield, total straw yield (q ha-l), harvest index (%) and pooled 
mean of isabgol as influenced by different treatments during 2002-03 
and 2003-04. 

-_. ---- . .. 
Seed yield Total straw yield Harvest index 

Treatment la ha-ll 
02- 03- Pooled 02-
03 04 mean 03 

.-

MAINPLOT 

5ClYo RDF (100"10 If') 7.66 7.60 7.63 20.24 
50"10 RDF (50:50'/0 N W:FYM) 7.71 7.65 7.68 20.50 
75% RDF (100"/0 IF) 7.81 7.75 7.78 20.86 
75% RDF (50:50'/0 N IF:FYM) 7.8f:J 7.83 7.86 21.08 
100"10 RDF (100"10 IF) 8.05 8.11 8.08 21.28 
I 00""" r~DF (5O:5ClYo N W:FYM) 8.08 8.15 8.12 21.66 
125% RDF (100"/0 IF) 8.12 8.21 8.17 22.04 I 
125% RDF (5O:5ClYo N W:FYM) 8.15 8.25 8.20 22.15 
S.E. ± 0.17 0.22 0.20 0.67 
CD_at5% N.S. N.S. N.S. N.S. 
SUBPLOT 

75% RDF (100"/0 IF) 7.73 7.71 7.72 20.70 
lOO"/oRDF (100"/0 rr'l 8.14 8.18 8.16 21.73 
S.E. ± O.<X> O.<X> 0.05 0.18 
CD_at 5% 0.18 0.18 0.15 0.54 
Interaction N.S. N.S. N.S. N.S. 
C.V. % 5.04 6.44 5.56 6.51 

---
Mean 7.93 7.94 7.94 21.23 

- --- ._. 

Effect of kharif treatments. 

jqha-l 
._--

03- Pooled 02-
04 mean 03 _._- ------

20.07 20.16 27.52 

20.32 20.41 27.43 
20.63 20.75 27.27 

20.89 20.99 27.24 
21.50 21.39 27.45 
21.'X) 21.7H '27.17 

22.27 22.16 26.94 
22.42 22.29 26.92 
0.80 0.73 0.78 

N.S. N.S. N.S. 

20.64 20.67 27.22 
21.85 21.79 27.27 

0.16 0.16 0.20 
0.48 0.48 N.S. 

N.S. N.S. N.S. 
7.64 6.97 -

21.25 21.24 
----"-:-
27.24 

l!~l 
03-
04 

27.55 

27.45 

27.34 

27.26 

27.40 

27.12 

27.00 

26.98 

1.03 

N.S. 

27.24 

27.28 

0.15 

N.S. 

N.S. 

-

-2726 -I 

m 

27. 

27. 

27. 

27. 

27. 

27. 

54 

44 

31 

25 

43 

15 

26. 97 

95 

90 
s. 

26. 

O. 

N. 

27. 

27. 

0.1 

23 

28 

4 

S. 

S. 

N. 

N. 

27. 26 

The kharif treatments did not significantly affect the seed yield ha" 

during both the years and on pooled mean basis. 

Effect of rabi treatments. 

The rabi trcatments significantly affected the seed yield ha" during 

both the years and on pooled mean basis. 

An application of 100% RDF (100% inorganic fertilizer) recorded the 

highest seed yield (8.14, 8.18 and 8.16 q ha' during 2002-03, 2003-04 and on 

pooled mean basis, respectively). It was found to be significantly superior to an 

application of 75% RDF (100%, inorganic fertilizer) during both the years and on 

pooled mean basis. 

Interaction. 

The interaction effccts between kharif and rabi treatments were found 
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4.2.3.5 Total straw yield ha- 1 • 

The data on total straw yield ha' of isabgol as influenced by different 

treatn1ents are presented in Table 68. The mean total straw yield ha- 1 was 21.23, 21.25 

and 2l.24 q ha 1 during 2002-03, 2003-04 and on pooled mean basis, respectively. 

Effect of kharif treatments. 

The khm;f lrealn1ents did not significantly affect the total straw yield 

ha· 1 during both the years and on pooled mean basis. 

Effect of rabi treatments. 

The rabi treatments significantly affected the total straw yield ha·1 

during both the years and on pooled mean basis. 

An application of 100'% RDF (IOO'X, inorganic fertilizer) recorded the 

highest tot.al straw yield (21.73, 2l.85 and 2l.79 q ha 1 dw;ng 2002-03, 2003-04 

and on pooled mean basis, respectively). It. was found to be significantly superior to 

an application of 75'}'o RDF (100% inorganic fertilizer) during both the years and on 

pooled mean basis. 

Interaction. 

The interaction effects between kharif and rabi treatments were found 

to be non-significant during both the years. 

4.2.4 Harvest index. 

The data on harvest index of i..sabgol as influenced by different 

treatments are presented in Table 68. The mean harvest index was 27.24% during 

2002-03 and 27.26'"" during 2003-04 and on pooled mean basis, respectively. 

Effect of kharif treatments. 

The kharif treatments did not significantly affect the harvest index 

during both the years and on pooled mean basis. 

Effect of rabi treatments, 

The rabi treatments did not significantly affect the harvest index 

during both the years and on pooled mean basis. 

Interaction. 

The interaction effects between kharif and rabi treatments were found 

to be non-significant during both the years and on pooled mean basis. 

4.2.5 Chemical studies. 

4.2.5.1 Concentration of nitrogen in plant at harvest. 

The data regarding concent.ration of N in plant at harvest of isabgol as 

influenced by diffcrent treatments are presented in Table 69. The mean percentage 

of N concentration in root, stalk, leaves and seed was 1. 1 1, l.16, 1.46 and 2.47, 

respectively during 2002-03 and 1.11, 1.17, 1.46 and 2.46, respectively during 2003-04. 
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Table 69. Mean concentration of nitrogen (%) in isabgol root, stalk, leaves and seed 

as influenced by different treatJnents during 2002-03 and 2003-04. 

TreatJnent 
-1-------____ N_l_·tx_ogen (o/OCJ_)____ --- --. 

r Q2.03 Roo~ -I Q2.03 f .. ro-o4 -Ii ~a~ _Q2.03 __ Se~le-"~:-
MAINPLOT 

saYo RDF I1CXY'.!" IF) 

S(J'/i, RDF 150:50% N IF:I'YM) 

75% RDFllooyo IF) 

75% RDF 150:S(J'/o N IF:f<YM) 

100'/0 RDF 1100% IF) 

100'/0 RDF 150:sa% N IF:I'YM) 

125% RLW 11 CXf% fF) 

125% RDF (50:5CY'l'o N IF:FYM) 

S.E. ± 

c..D.at5% 

SUBPLOT 

75% RDF l1ooyo IF) 

lOO'/oRDF (100,", If<l 

S.E.± 
c..D. at 5% 

Jnteraction 

Mean 
~=----.-- --

4.2.5.1.1 Root. 

L__ _ _I -=-=-=_ I 

1.10 I 1m 
1.12 11 

1.11 1.10 

1.11 1.10 

1.11 111 

1.10 

1. 1 1 

1.10 

0.0.4 

N.S. 

I. 1 1 

1.11 

111 

0.01 

N.S. 

1.09 1.09 

1.11 1.11 

I 
0.02 0.02 

N.S. N.S. 

l_~r~~; -: _~_ .. ~_;---'-

1.15 
116 

115 

1.17 

1.15 

1.15 

1.17 
1.18 
0.06 

N.S. 

1.18 
1.21 
0.03 

N.S. 
N.S. 
1.16 

Effect of kharif treatments. 

1.15 

1.1 () 

1 . 16 

116 

116 

1. 1 () 

1.18 

1 . 1 <) 

0.06 

N.S. 

1.45 

1.45 

1.45 

1.45 

1.47 

1.44 

1.4() 

1.47 

0.03 

N.S. 

1.17 1.44 

1.22 1.49 

0.03 0.0.4 

N.S. N.S. 

_NS_._~S 
1.17 1.46 

1.45 

1.45 

1.43 

1.45 

I.4S 

1.45 

1.47 
1.49 
0.03 

N.S. 

1.43 

151 

0.04 

N.S. 

L N.S. 

I 1.46 i 

2.17 2.46 

2.47 2.46 

2.46 2.45 

2.46 2.47 

2.49 2.48 

2.45 

2.46 

2.48 

0.05 

N.S. 

2.45 

2.46 

2.48 

0.05 

N.S. 

2.47 2.43 

2.50 2.49 

0.05 0.03 

N.S. N.S. 

N.S. N.S. 
·2~-.4~7-i--2A6 I 

The khatif treatments did not significantly affect the concentration of N 

in root during both the years. 

Effect of rabi treatments. 

The rabi treatments did not significantly affect the concentration of N 

in root during both the years. 

Interaction. 

The interaction effects between kharif and rabi treatments were found 

to be non-significant during both the years. 

4.2.5.1.2 Stalk. 

Effect of kharif treatments. 

The kharif treatments did not significantly affect the concentration of N 

in stalk duJing both the years. 

Effect of rabi treatments. 

The rabi treatments did not significantly affect the concentration of N 

in stalk during both the years. 

Interaction. 

The interaction effects between kharif and rabi treatments were found 

to be non-significant during both the years. 
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4.2.5.1.3 Leaves. 

Effect of kharif treatments. 

The kharif treatInents did not significantly affect thc concentration of N 

in leaves during both the years. 

Effect of rabi treatments. 

The rabi treatInents did not significantly affect the concentration of N 

in leaves during both the years. 

Interaction. 

The interaction effects between kharif and rabi treatInents were found 

to be non-significant during both the years. 

4.2.5.1.4 Seed. 

Effect of kharif treatments. 

The kharif treatInents did not significantly affect the concentration of N 

in seed during both the years. 

Effect of rabi treatments. 

The rabi treatInents did not significantly affect the concentration of N 

in seed during both the years. 

Interaction. 

The interaction effects between kharif and rabi treatInents were found 

to be non-significant during both the years. 

4.2.5.2 Concentration of phosphorus in plant at harvest. 

The data pertaining to concentration of P in plant at harvest of isabgol as 

influenced by different treatInents are presented in Table 70. The mean percentage of 

P concentration in root, stalk, leaves and seed was 0.37, 0.62, 0.72 and 1.08, 

respectively during 2002-03 and 0.36, 0.62, 0.73 and 1.08, respectively during 2003-04. 

4.2.5.2. I Root. 

Effect of kharif treatments. 

The kharif treatInents did not significanLly affect the concentration of P 

in root during both the years. 

Effect of rabi treatments. 
The rabi treatInents did not significantly affect the concentration of P 

in root during both the years. 

Interaction. 

The interaction effects between kharjf and rabi treatInents were found 

to be non-significant during both the years. 
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Table 70. Mean concentration of phosphorus (%) in isabgol root, stalk, leaves and 

seed as influenced by different treabnents during 2002-03 and 2003-04. 

Treabnent 

MAlNPLOT 

5(J'/" RDF (IOCJ'/o lrl 
5(J'/o RDF (50:5(J'/o N IF:FYi'vI) 

75% RDF (IOCJ'/o IF) 

75% RDF (50:5(J'/o N IF:FYM) 

IOCJ'/o RDF (100.% IF) 

IOCJ'/o RDF (50:5(J'/o N 1F:1'YM) 

125% RDF(ICXY% IF) 

125% RDF(50:5Cf/o N IF:FYM) 

8.E.± 
c.D. at 5% 

SUBPLOT 

75% RDF(IOO% IFl 

lOO'/oRDF (I OCJ'/o If<1 
I 8.E. ± 
I C.D.atS% 

I Intera.ct:ion 

! Mean 

4.2.5.2.2 Stalk. 

Phospho rus (%) 
Root 

r----,----r----,---r---
02-03 03-04 I ~_-+-03-04_ 

Leaves 

0.34 

0.35 

0.34 

0..36 

0.36 

0.37 I 
0.39 

0.40 

0.0'2 I 

I 

0.60. 

0.61 

0.61 

0..6 .. > 
0..62 

0.63 

0.62 

0.63 

0.02 

0..35 

0..36 

0.35 

0.37 

0.37 

0.38 

0.38 

0.38 

0..0'2 

N.S. N.S. ' N.S. 

0..61 

0.62 

0..61 

0.63 

0.62 

0.63 

0.63 

0.64 

0.0'2 

N.S. 

0.36 0.35 

0.37 0.37 

O.O! 0.01 

N.S. N.S. 

,N'.S. _I N.S. 

0.37 J____<l:-_>6_1 I 

0.61 0.62 

0.62 0.63 

0.01 001 

N.S. N.S. 

N.S. N.S. 

0.62 0.62 

, 

I 
I 

I 

-

02.()3 03-04 
-

0.70 0.71 
0.71 0.72 
0.72 0.74 
0.73 0.74 
0..72 0..72 
0.72 0..73 
0.74 0..75 
0.75 0..76 
0.03 0..0.3 
N.S. N.S. 

0..71 0..72 
0.73 0..74 

0..01 0..02 
N.S. N.S. 

N.S. N.S. 
~,.- -

0.72 0.73 

Effect of kharif treatments. 

, --

Seed 

02.()3 I 03-04 

I 
'---,--- -

I 

1.06 1.05 
1.07 1.06 
1.06 1.06 
1.07 1.0.7 
1.08 1.07 
1.09 I 1.08 

I 1.10 1.10 
I 

l. 1 I 1. 1 I 
I 
I 0..03 

! 0..0.3 
N.S. 

I 
N.S. 

1.0.7 1.06 

1.09 1.09 
o.m 0.03 
N.S. N.S. 

N.S. 
I 

N.S. 

1.08 I 1.08 

The kharif treatments did not significantly affect thc concentration of P 

in stalk during both the years. 

Effect of rabi treatments. 

The rabi treatments did not significantly affect the concentration of P 
in stalk during both tl'le years. 

Interaction. 

The interaction effects between kharif and rabi treatments were found 

to be non-significant during both the years. 

4.2.5.2.3 Leaves. 

Effect of kharif treatments. 

The kharif treatments did not significantly affect the concentration of P 

in leaves during both the years. 

Effect of rabi treatments. 

The rabi treatments did not significantly affect the concentration of P 

in leaves during both the years. 

Interaction. 

The interaction effects between kharif and rabi treatments were found 

to be non-significant during both the years. 

I 
I 



128 
4.2.5.2.4 Seed. 

Effect of kharif treatments. 

The kharif treatments did not significantly affect the concentration of P 
in seed during both the years. 

Effect of rabi treatments. 

The rabi treatments did not significantly affect the concentration of P 
in seed during both the years. 

Interaction. 

The interaction effects between kharif and rabi treatments were found 

to be non-significant during both the years. 

4.2.5.3 Concentration of potassium in plant at harvest. 

The data on concentration of K in plant at harvest of isabgol as 

influenced by different treatments are prescnted in Table 7l. The mean percentage of 

K concentration in root, stalk, leaves and seed was 0.85, 0.25, 0.76 and 0.55, 

respectively during 2002-03 and 0.85, 0.25, 0.75 and 0.55, respectively during 2003-04. 

4.2.5.3.1 Root. 

Effect of kharif treatments. 

The kharif treatments did not significantly affect the concentration of K 
in root during both the years. 

Effect of rabi treatments. 

The rabi treatments did not significantly affect the concentration of K 
in root during both the years. 

Interaction. 

The interaction effects between kharif and rabi treatmcnts were found 

to be non-significant during both the years. 

4.2.5.3.2 Stalk. 

Effect of kharif treatments. 

The kharif treatments did not significantly affect the concentration of K 
in stalk during both the years. 

Effect of rabi treatments. 

The rabi treatments did not significantly affect the concentration of K 

in stalk during both the years. 

Interaction. 

The interaction effects between kharif and rabi treatments were found 

to be non-significant during both the years. 
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Table 71. Mean concentration of potassium (%) in isabgol root, stalk, leaves and 

seed as influenced by different treattnents during 2002-03 and 2003-04. 

Potassium (%) 
Treattnent Root .~I_- Stalk I Leaves 

MAINPLOT 

50')10 RDF (100% IF) 

50')10 RDF (50:50')10 N IF:FYM) 

75% RDF (100% IF) 

75% RDF (50:50'/0 N IF:FYM) 

100% RDF (I oa'/o IF) 

I lOO"/', RDF (50:50% N IF:FYM) 

125% RDF (100% lJ<l 
125% RDF (50:50% N IF: J'YM) 

S.E. ± 
C.D.at5% 

SUBPLOT 

75% RDF (lOO"/',1F) 

lOO"/oRDF (100% I}l 

S.E. ± 
C.D.at5% 

-

02-03 03-04 02-03 
- """1---

0.82 

0.83 

0.82 

0.85 
0.86 

0.87 

0.88 

0.90 

0.0"1 

N.S. 

0.84 
0.86 

0.01 

0.81 

0.82 

0.82 

0.84 
0.86 

0.88 

0.88 

0.89 

0.0"1 

N.S. 

0.83 
0.86 

0.01 

0.23 

0.24 

0.25 

0.24 

0.25 

0.23 

0.28 

0.28 

0.02 

N.S 

0.23 

0.27 

0.02 

I 

N.S. 'I ~S. ' N.S 
Interaction N.S. N.S.. N.S 

L.::::M::.::ean= _____ -=--~--~-~-_JT_Jo~~85~-+1 ~O.85 __ -0.25 

4.2.5.3.3 Leaves. 

Effect of kharif treatments. 

I 

I 
I 

03-04 02-03 03-04 

0.22 0.73 0.72 

0.22 0.74 0.73 

0.23 I 0.75 0.74 

0.24 0.74 0.75 

0.25 0.75 0.76 

0.24 0.76 
! 

0.76 

0.28 0.78 0.78 

0.29 0.79 0.79 

0.03 0.03 0.0"1 

N.S. N.S. N.S. 

0.22 0.75 0.75 

0.27 0.76 0.76 

0.03 0.01 0.01 

N.S. 

I 

N.S. N.S. 

N.S. N.S. N.S. 

0.25 I 0.76 0.75 

I 
I Seed. 

.~ I 03-04 

0.52 

0.54 0.53 

0.53 0.53 

0.55 0.54 

0.55 0.55 

0.56 0.56 

0.56 0.57 

0.57 0.58 

0.02 0.02 

N.S. N.S. 

0.54 0.54 

0.55 0.56 

0.02 0.0"2 

N.S. N.S. 

N.S. N.S. 

0.55 0.55 I 

The kharif treatments did not significantly affect the concentration of K 

in leaves during both the years. 

Effect of rabi treatments. 

The rabi treatments did not significantly affect the concentration of K 

in leaves during both the years. 

Interaction. 

The interaction effects between kharif and rabi treatments were found 

to be non-significant during both the years. 

4.2.5.3.4 Seed. 
Effect of kharif treatments. 

The kharif treatInents did not significantly affect the concentration of K 

in seed during both the years. 

Effect of rabi treatments. 

The rabi treatments did not significantly affect the concentration of K 

in seed during both the years. 

Interaction. 

The interaction effects between kharif and rabi treatments were found 

to be non-significant during both the years. 
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4.2.6 Uptake of nitrogen in plant at harvest. 

The data regarding uptake of N m plant at harvest of i._c;abgol as 

influenced by different treatJ:ncnts are presented in Table 72. The mear> uptake of N in 

root, stalk, leaves, seed and total uptake was 1.55, 19.23,4.74, 19.58 and 45.09 kg ha 1, 

respectively during 2002-03 and l.55, 19.34,4.77, 19.57 and 45.23 kg ha· 1, respectively 

during 2003-04. 

Table 72. Mean uptake of nitrogen (kg ha· l ) in isabgol root, stalk, leaves, seed 
and total uptake as influenced by different treatments during 
2002-03 and 2003-04. 

- -------
I Nitro gen (kg ha· l ) 

Treatment :t:--02- 03- a;i:" TOO- -~~ 1-02-Seed03-
-~-

03 04 03 04 
MAINPLOT 
50% RDF (100% 1}<1 1.47 1.45 18.17 18. 02 

50% RDF (50:50"/0 N IF:FYM] 1.52 1.49 18.56 

75% RDF (100)'0 IF) l.53 l.50 18.71 

75% RDF (50:50"/0 N IF:FYM) l.54 1.52 19.25 

100"/0 RDF (1 OOYo IF) l.55 1.58 19.11 

100"/0 RDF (50:50"/0 N IF:FYM] 1.57 1.61 19.45 

125% RDF (100"10 IF) 1.61 1.63 20.15 

125% RDF (50:50"/0 N IF:FYM) 1.61 1.64 20.41 

S.E.± 0.06 0.07 1.20 

c.D.at5% N.S. N.S. N.S. 

SUBPLOT 

75% RDF (100"/o]}<l 1.40 1.45 18.66 

1 OO"/oRDF (I OC)"/o IF) 1.64 1.60 20.44 

S.E. ± 0.02 0.03 0.51 

C.D.at5% 0.06 . 0.09 1.53 

Interaction 

-----r ~:51-7.:5 rl~.~3 Mean 

4.2.6.1 Root. 
Effect of kharif treatments. 

18.41 

18.6 9 
2' 

48 

84 

2 

18.9 

19. 

19. 

20.5 

20. 84 

1.19 

N.S. 

18.7 5 

7 20.7 

0.48 

1.44 

N.S. 
----

19. 
-

03 04 03 04 

4.50 4.60 18.92 18.70 

4.55 4.51 19.04 18.82 

4.66 4.52 19.21 18.99 

4.70 4.64 19.41 19.34 

4.79 4.87 20.05 20.11 

4.78 4.86 19.80 19.97 

4.92 5.01 19.98 20.20 

4.98 5.11 20.21 20.46 

0.14 0.17 0.65 0.72 

N.S. N.S. N.S. N.S. 

4.52 4.53 
I 

18.59 18.74 

5.15 5.13 20.61 20.40 

0.09 0.09 0.28 0.29 

0.27 0.27 0.84 . 0.87 . 

N.S. I ___ I N.S. N.S. I N.S. 

4.74 I 4.77 i 19.58 19.57 

Total 
02- 03-
03 04 

43.06 42.77 

43.67 43.23 

44.11 43.70 

44.90 44.42 

45.50 46.04 

45.60 46.28 

46.66 47.36 

47.21 48.05 

1.41 1.77 

N.S. N.S. 

43.16 43.46 

48.24 47.90 

0.52 0.81 

1.56 2.43 

N.S. N.S. 

45.09 45.23 I 

Thc kharif treatJ:nents did not significantly affect the uptake of N m 

root during both the years. 

Effect of rabi treatments. 

The rabi treatJ:nents significantly affected thc uptake of N m root 

during both the years. 

An application of 100% RDF (100'% inorganic fertilizer) recorded the 

highest N uptake (l.64 and 1.60 kg ha 1 during 2002-03 and 2003-04, respectively). 

It was found to bc significantly supclior to·an application of 75% RDF (1 Ooo/b 

inorganic fertilizer) during both the years. 
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The interaction effects between kharif and rabi treatments were found 
to be non-significant during both the years. 

4.2.6.2 Stalk. 

Effect of kharif treatments. 

The kharif treatments did not significantly affect the uptake of N in 
stalk during both the years. 

Effect of rabi treatments. 

The rabi treatments significantly affected the uptake of N m stalk 
during both the years. 

An application of 100';1" RDF (100% inorganic fertili7.er) recorded the 

highest N uptake (20.44 and 20.77 kg ha 1 during 2002-03 and 2003-04, 

respectively). It was found to be significanLly superior to all. application of 750,{, RDF 

(100% inorganic fertilizer) during both the years. 

Interaction. 

The interaction effects between kharif and rabi treatments were found 
to be non-significant during both the years. 

4.2.6.3 Leaves. 

Effect of kharif treatments. 

The kharif treatments did not significantly affect the uptake of N m 
leaves during both the years. 

Effect of rabi treatments. 

The rabi treatments significantly affected the uptake of N m leaves 
during both the years. 

An application of 100')10 RDF (100% inorganic fertilizer) recorded the 

highest N uptake (.5.15 and 5.13 kg ha 1 during 2002-03 and 2003-04, respectively). 

It was found to be significantly superior to an application of 75% RDF (100'% 

inorganic fertilizer) during both the years. 

Interaction. 

The interaction effects between kharif and rabi trcatments were found 
to be non-significant during both the years. 

4.2.6.4 Seed. 

Effect of kharif treatments. 

The kharif treatments did not significantly affect the uptake of N m 
seed during both the years. 
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Effect of rabi treatments. 

The rabi treatments significantly affected the uptake of N in secd 

during both the years. 

An application of 100% RDF (1 OooA, inorganic fertilizer) rccorded the 

highest N uptake (20.6 land 20.40 kg ha- 1 during 2002-03 and 2003-04, respectively). 

It was found to be significantly superior to an application of 75% RDF (100'>'0 

inorganic fertilizer) during both thc ycars. 

Interaction. 

The interaction effects betwccn kharif and rabi treatments werc found 

to be non-significant during both the years. 

4.2.6.5 Total N uptake. 

Effect of kharif treatments. 

Thc kharif treatments did not significantly affect the total uptake of N 

during both the years. 

Effect of rabi treatments. 

The rabi treatments significantly affectcd thc total uptake of N during 

both thc years. 

An application of 100% RDF (100'% inorganic fcrtili=r) recorded the 

highest total uptake of N (48.24 and 47.90 kg ha I during 2002-03 and 2003-04, 

respectively). It was found to bc significantly superior to an application of 75'Yo RDF 

(100% inorganic fertilizer) during both thc years. 

Interaction. 

The interaction effects between kharif and rabi treatments were found 

to be non-significant during botl, the years. 

4.2.7 Uptake of phosphorus in plant at harvest. 

The data regarding uptake of P in plant at harvest of isabgol as influenced 

by different treatments are presented in Table 73. The mean uptake of P in root, stalk, 

leaves, seed and total uptake was 0.52, 10.26,2.36,8.57 and 21.70 kg hal, respectively 

during 2002-03 and 0.51, 10.36, 2.39, 8.55 and 21.80 kg ha", respectively during 2003-04. 

4.2.7.1 Root. 

Effect of kharif treatments. 

The kharif treatments did not significantly affect the uptake of P in 

root during both the years. 

Effect of rabi treatments. 

The rabi treatmcnts significantly affected the uptake of P in root during 

both the years. 

An application of 100% RDF (100% inorganic fertili=r) recorded the 

highest P uptake (0.53 and 0.54 kg ha- l during 2002-03 and 2003-04, respectively). 
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It was found to be significantly super-ior to an application of 75'% RDF (100°;<, 

inorganic fertilizer) during both the years. 

Interaction_ 

The interaction effects between kharif and rabi trealInents were found 

to be non-significant during both thc years. 

Table 73_ Mean uptake of phosphorus (kg ha·l ) in. isabgolroot, stalk, leaves, seed and 
total uptake as influenced by different treatments during 2002-03 and 2003-04. 

Treatment 
Phosphorus (kg ha-l) -I 

1~=,Rooc=;-=t-l- ~ -=-r leaves 'j .. -'Seed-;- =To-tal--C-

, '! i ~ ~ '!--.--~ ! '! [~ '!-i-~ l-'! I ~ MAlNPLOT 

50')10 RDF (100% 11') 0,47 0,45 9.48 9.56 2.17 2.18 
5C1'/o RDF (50:50';;, N !F:FYM) 

75% RDF (100% n~ 

75% RDF (50:50)10 N IF:FYM) 

lOCfYo RDF (100% 11') 

100'10 RDF (50:50Yo N IF: f'YM) 

125% RDF (100'/0 IF·) 

125% RDF (50:50'10 N IF:f'YM) 

s.E. ± 
c.n. at 5% 

SUBPLOT 

75% I~DF (I OOYo 11') 

lOOYoRDF (100)/0 IF) 

!.:tS% 

I 

0,49 0,47 

0.48 0,46 

0.51 0.50 

0.52 0.51 

0.54 0.54 

0.55 0.57
1 

0.56 0.59. 

0.04 0.05 

N.S. N.S. 

0.49 , 0.48 

0.53 0.54 

0.01 

0.03 

0.01 

0.03 

9.76 9.84 

9.92 I 9.83 

10.361 10.28 

10.31 I 10,41 

10.65 10.77 

10.68 10.96 I 
10.90 11.21 

0.48 0.56 

N.S. N.S. 

9.88 I 9.92 

10.58 10.68 

0.16 

2.23 : 

2.31 

2.37 

2.35 

2.39 

2.50 

2.54 

0.13 

N.S. 

2.26 

2.44 

0.CY2 0.16 

0.48 0.48 0.06 
Interaction 

ean 
N.S. N.S. N.S. N.S. I N.S. , 

lo:36j 23()_[ ----JY52fO-:srr1cl.26 T 

4.2.7.2 Stalk. 

Effect of kharif treatments. 

2.24 

2.34 

8.12 7.98 20.24 

8.25 8.1 1 20 73 

8.28 8.22 20.99 
2.37 8,44 8.38 

2.37 8.69 8.68 
2,45 8.81 8.80 

2.56 8.93 9.03 

2.61 I 9.05 9.16 

0.15 0.32 0.40 

N.S. N.S. N.S. 

2.29 8.22 I 8.20 

2.4B 8.83 8.89 

0.0:3 0.16 0.15 

0.09 0.48 0.45 

N.S. N.S., N.S. 

2.39'1 -~~7 -I 8.55 

21.68 

21.87 

22.39 

22.66 

23.05 

0.98 

N.S. 

20.94 
, 

22.38 

0.14 

0.42 

N.S. 

[ 21.70 I 

20.17 

2066 

20.8S 

21.53 

21.97 

22.56 

23.12 

23.57 

L19 

N.S. 

20.89 

22.58 

0.14 

0.42 

N.S. 

21.80 

The khruif trealInents did not significantly affcct the uptake of P in 

stalk during both the years. 

Effect of rabi treatments. 

The rabi trealInents significantly affected the uptake of P m stalk 

during both the years. 

An application of 100'1<, RDF (lOO'Yo inorganic fertilizer) recorded the 

highest P uptake (10.58 and 10.68 kg ha I during 2002-03 and 2003-04, 

respectively). It was found to be significantly superior to an application of 75% RDF 

(lOO'Yo inorganic fertilizer) during both the years. 

Interaction. 

The interaction effccts betwcen kharif and rabi treatrnents were found 

to be non-significant during both the vears. 
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Effect of kharif treatments. 

The kharif treatments did not significantly affect tl,e uptake of P in 
leaves during boili ilie years_ 

Effect of rabi treatments. 

The rabi treatments significantly affected ilie uptake of P m leaves 
during boili tl,e years_ 

An application of 100'X, RD F (100% inorganic fertili=r) recorded the 

highest P uptake (2.44 and 2.48 kg ha- 1 during 2002-03 and 2003-04, respectively). 

It was found to bc significantly superior to an application of 750/0 RDF (100% 

inorganic fertilizer) during boili ilie years. 

Interaction. 

The intel-action effects between kharif cu.d rabi treatments were found 

to be non-significant during boili tl,e years. 

4.2.7.4 Seed. 

Effect of kharif treatments. 

The kharif treatments did not significantly affect ilie uptake of P In 

seed during boili ilie years. 

Effect of rabi treatments. 

The rabi treatments significantly affected ilie uptake of P m seed 

during both the years. 

An application of 100% RDF (100% inorganic fertilizer) recorded ilic 

highest P uptake (8.83 and 8.89 kg ha- 1 during 2002-03 and 2003-04, respectively). 

It was found to be significantly superior to an application of 75% RDF (100% 

inorganic fertilizer) during boili ilie years. 

Interaction. 

The interaction effects betvlfeen kharif and rabi treatments were found 

to be non-significant during boili ilie years. 

4.2.7.5 Total P uptake. 

Effect of kharif treatments. 

The kharif treatments did not significantly affect ilie total uptake of P 

during boili ilie years. 

Effect of rabi treatments. 

The rabi treatments significantly affected ilie total uptake of P during 
boili ilie years. 

An application of 100% RDF (100% inorganic fertilizer) recorded ilie 

highest total uptake of P (22.38 and 22.58 kg ha 1 during 2002-03 and 2003-04, 
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respectively). It was found to bc significantly superior to an application of 75% RDF 

(100'% inorganic fertilizer) during both the years. 

Interaction. 

The interaction effects benveen kharif and rabi treatments were found 

to be non-significant during both the years. 

4.2.8 Uptake of potassium in plant at harvest. 

The data regarding uptake of K in plant at harvest of isabgol as 

influenced by different treaunents are p"esented in Table 74. The mean uptake of K 

in root, stalk, leaves, seed and total uptake was 1.20,4.15, 2.46,4.36 and 12.16 kg ha I, 

respectively during 2002-03 and l.20, 4.10, 2.46, 4.36 and 12.11 kg ha I, respectively 

during 2003-04. 

Table74. Mean uptake of potassium (kg ha") in isabgol root, stalk, leaves, seed and total 
uptake as influenced by different treatments during 2002-03 and 2003-04. 

Potassium (kg ha") 
Treatment I~T~ \ Stalk \ Leaves , Seed I Total 

~T::l 02-1 
03- I 02- I ~'[ 02- 03-

03 ! 04 03 04 03. 04 03 03 04 
MAINPLOT i 

lOS \ 3.(~~' 3.45 I 2 26 : 
i 

50'10 RDF (I OCP/o Il'l 1.10 
I 

2.21 4.0:, 395 11.05 10.69 
, 

50"/0 RDF (50:50'/0 N IF: FYMj 1.13 1.10 3.84 3.49 i 2.32 2.27 4.16 4.06 11.45 10.92 

75'Yo RDF (1 OCP/o IF) 1.13 1.12 4.07 3.71 2.41 2.34 4.14 4.11 11.75 11.28 

75% RDF (SO:5CYX, N IF:FYMj 1.18 . 1.16 3.95 3.92 2.40, 2.40 4.34- 4.23 11.87 11.71 

IOCP/o RDF (IOCPi<, IF) 1.20 122 4.16 4.20 2.'15 2.50 4/13 '1.46 12.24 12.38 

IOCP/o RDF (50:50"/0 N IF:I·YMj 1.24 1.28 3.89 4.10 2.52 2.55 4.52 4.56 12.17 12.49 

125% RDF (IOCP/o IF) 1.28 1.29 4.82 4.87 2.63 2.66 4.55 4.68 I 13.28 13.50 

125% RDF (50:50"/0 N iF:FYM) 1.31 1.32 4.84 5.08 2.68 2.71 4.65 4.79 13.48 13.90 

S.E.± 0.08 0.09 0.41 0.55 0.15 0.17 0.21 0.28 0.85 1.09 

C.D.at5% N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. 

SUBPLOT 

1.1
6

1 

I 
75% RDF (I OCP/o I~l 1.14 : 3.78 3.65 2.38 2.33 4.16 4.12 11.49 11.31 

IOCPloRDF (1 OCP/o frl 1.26 . 4.55 4.76 2.53 2.58 4.52 4.56 12.84 12.90 1.24 

0.02 1 S.E. ± 0.0'2 0.1(, 0.18 O.O~ 0.04 0.07 0.07 0.11 0.23 : , c.n. at 5% 0.06 006

1 

0.48 i 0.54 . 0.12 

I 
0.12 0.21 0.21 0.33 0.70 

Interaction I N.S. N.S. N.S. N.S. 1 N.S. N.S. , N.S. N.S. N.S. N.S. 

. I 1.20 I - --- . 
2-:-46\ 4.36 \12.16 

- --- ---

L lVIean 1.20 \ 4.15 4.10 I 2.'l6 I 4.36 12.11 

4.2.8.1 Root. 

Effect of kharif treatments. 

The kharif treat.ments did not significantly affect the uptake of K In 

root during both the years. 

Effect of rabi treatments. 

The rabi treatments significantly affected tl,e uptake of K m root 

during both the years. 
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An application of 100% RDF (1 OO'Yo inorganic fertili7.,er) recorded the 

highest K uptake (1.24 and 1.26 kg ha' during 2002-03 and 2003-04, respectively). 

It Was found to be significantly superior to an application of 75% RDF (100':;0 

inorganic fertilizer) during both the years. 

Interaction. 

The interaction effects between kharif and rabi treatments wcre found 
to be non-significant during both the years. 

4.2.8.2 Stalk. 

Effect of kharif treatments. 

The kharif treatments did not significantly affcct the uptake of K in 
stalk during botl) the years. 

Effect of rabi treatments. 

The rabi treatments significantly affccted the uptake of K m stalk 
during both the year·s. 

An application of 100% RDF (100%, inorganic fertilizer) recorded the 

highcst K uptake (4.55 a.nd 4.76 kg ha" during 2002-03 and 2003-04, respectively). 

It was found to be significantly superior to an application of 75% RDF (100% 

inorganic fertilizer) during both the years. 

Interaction. 

The interaction effects between kharif and rabi treatments were found 
to be non-significant during both the years. 

4.2.8.3 Leaves. 

Effect of kharif treatments. 

The kharif treatments did not significantly affect the uptake of K in 
leaves during both the years. 

Effect of rabi treatments. 

The rabi treatments significantly affected the uptake of K in leaves 
during both the years. 

An application of J 00%, RDF (10001<., inorganic fertilizer) recorded the 

highest K uptake (2.53 and 2.58 kg ha" during 2002-03 and 2003-04, respectively). 

It was found to be significantly superior to an application of 75% RDF (100% 

inorganic fertilizer) during both the years. 

Interaction. 

The interaction effects between kharif and rabi treatments were found 
to be non-significant during both the years. 
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4.2.8.4 Seed. 

Effect of kharif treatments. 

The kharif treatments did not significantly affect thc uptake of K 111 

seed during both the years. 

Effect of rabi treatments. 

The rabi treatments significantly affected the uptake of K 111 seed 

during both the years. 

An application of 100°/., RDF (100% inorganic fertilizer) rccorded the 

highest K uptake (4.52 and 4.56 kg ha" during 2002-03 and 2003-04, respectively). 

It was foune! to bc significantly superior to an application of 75')"0 RDF (100% 

inorganic fertilizer) during both the years. 

Interaction. 

Thc intel·action effects bctwecn khal;f and rabi treatments were found 

to be non-significant during both the years. 

4.2.8.5 Total K uptake. 

Effect of kharif treatments. 

The kharif treatments did not significantly affcct thc total uptakc of K 

during both the years. 

Effect of rabi treatments. 

The rabi treatments significantly affected the total uptake of K during 

both the years. 

An application of 100% RDF (100% inorganic fcrtilizer) rccorded thc 

highest total uptake of K (12.84 and 12.90 kg ha I during 2002-03 and 2003-04, 

respectively). It was found to bc significantly superior to an application of 75% RDF 

(100"1<, inorganic fertilizcr) during both the years. 

Interaction. 

The interaction effccts between kharif and rabi treatments were found 

to be non-significant during both the years. 

4.2.9 Quality studies. 

4.2.9.1 Protein studies. 

The data regarding protein content in seed at harvest of isabgol as 

influenced by different treatments are prcsented in Table 75. The mean protein 

contcnt in sced was 15.42 and 15.40 % during 2002-03 and 2003-04, respectively. 

Effect of kharif treatments. 

The khal-if treatments did not significantly affect the protein content of 

seed during both the years. 
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Effect of rabi treatments. 

The rabi treatments did not significantly affect the protein content of 

seed during both thc years. 

Interaction. 

The interaction effects between kharif and rabi treatments were found 

to bc non-significant during both thc ycars. 

Table 75. Mean protein content (%). husk percentage and swelling fu.ctor (ccg1) of isabgol 
seed as influenced by different treatments during 2002-03 and 2003-04. 

c----Trea--b-U-e-n-t---T- -::::: 1 Husk --~ -Swelling ~ctor I 
. __ (%) percentage I (CC;~l)_ 

()2.03 I 03-04 _~ 03-04 _()2.03_! _Q3-04 ! 

, 

MAlNPLOr 
50% RDF (10Cl"/., 11'1 

50% ROF (50:S0% N W:fYM) 

75% I~DF (loay., II') 

75% f<DF (50:5CP/o N IF:Fl?vl) 

100000/u RDF (10Cl";<, 1I') 

10Cl";<, RDF (50:50% N W:fYM) 

125% RDF (lClCl'/o IF) 

125% RDF (50:5(j% N IF:FYM) 

S.E.± 

I
· c.D.at5% 

, SUBPLOr 

IS.44 

15.44 

IS.38 

15.38 

15.56 

15.31 

15.38 

15.50 

0.33 

N.S. 

75';'0 RDF (100% 11<) 15.20 

lClC)%RDF(loaV,'[I'l 15.65 

15.3S 

15.38 

IS.31 

15.44 

15.50 

15.31 

15.38 

15.50 

0.32 

N.S. 

IS.19 

15.58 

, 

24.33 

24.83 

25.33 

24.76 

25.17 

25.33 

25.67 

26.17 

DOl 

N.S. 

24.96 

2S.46 

0.38 

25.50 

24.33 

26.17 

24.67 

25.3.:, 

25.83 

24.50 

26.67 

0.64 

N.S. 

25.01 

25.71 

0.39 

12.17 

12.68 

13.25 

12.83 

13.40 

13.47 

13.27 

13.35 

0.47 

N.S. 

12.83 

13.27 

0.23 S.E.± 0.16 I 0.17 

c.D. at 5% N SIN S N.S. I N.S. N.S. 

Interactio~ __ '_n~ ___ N'~: 1 N:S: NS~ _i-_N_~ __ J N.S. 

I Mean _______ "~1_5_.4_0_L__2_5_.2()_j_ 2S.3S . i __ 13.05_ 

4.2.9.2 Husk percentage. 

12.07 

12.82 

12.75 , 

13.55 

12.98 

13.12 

13.75 , 

13.13 

0.60 

N.S. 

12.82 

13.22 

0.15 

N.S. i 
N.S. I 

13.02 l 

The data on husk percentage of seed at harvest of i._.,abgol as 

influenced by different treatments are presentcd in Table 75. The mean husk 

percentage of seed was 25.20 and 25.38 during 2002-03 and 2003-04, t·cspectively. 
Effect of kharif treatments. 

The kharif treatments did not significantly affect the husk percentage 
of seed during both the years. 

Effect of rabi treatments. 

The rabi treatments did not significantly affect the husk percentage of 
seed during both the years. 

Interaction. 

The interaction effccts betwccn khat'if and rabi treatments were found 

to be non-significant dut'ing both thc ycars. 



4.2.9.3 Swelling factor. 
139 

The data pertaining to swelling factor of seed at harvest of isabgol as 

influenced by different treatments are presented in Table 75. The mean swelling 

factor of seed was 13.05 and 13.02 cc g I during 2002-03 and 2003-04, respectively. 

Effect of kharif treatments. 

The kharif treatments did not significantly affect the swelling factor of 
seed during both the years. 

Effect of rabi treatments. 

The rabi treatments did not si6'TlificantJy affect thc swelling factor of 
seed during both the years. 

Interaction. 

The intcraction cffects bet"veen kharif and rabi treatments were found 

to be non-significant during both the years. 

4.2.10 Soil status after harvest. 

Data pertaining to physical and chemical properties of soil aftcr 

harvest of isabgol crop are presented. 

4.2.10.1 Physical properties of soil. 

The data regarding pH, elect.rical conductivity Clnd bulk density of soil 

after harvest of isabgol as influenced by different treatments are presented in Table 76. 

4.2.10.1.1 pH. 

The mean pH of soil after harvest of isabgol was 8. 11 during both the 

years. The data was not statistically analyzed and the inferences are based on mean 

values only. 

Effect of kharif treatments. 

An application of 125'>-<) RDF (100% inorganic fertilizer) and 100°;;) RDF 

(100'Yo inorganic fertili7~r) recorded the highest pH (8.12) during both the years. 

Effect of rabi treatments. 

An application of 100')-;) RDF (100% inorganic fcrtilizer) recorded the 

highest pH (8.12) of soil during 2002-03 while, during 2003-04 both the treatments 

had a similar pH (8.11). 

4.2.10.1.2 Electrical conductivity. 

The meCln electrical conductivity of soil after harvest of isabgol was 0.13 dS 

m· 1 during both the years. The data was not statistically analY7..cd and the inferences arc 

based on mean values only. 
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Effect of kharli treatments. 

During 2002-03 there was no change in the E.C. due to the different 

treatments while, during 2003-04 an application of 125% RDF (500/" N through urea and 

50% N through FYM) and 125% RDF (100% inorganic fertilizer) recorded the highest 

E.C. (0.14 dS m· l ) while, rest of thc treatments recorded a similar E.C. of 0.13 dS m·l. 

Effect of rabi treatments. 

There "'as no change in the E.C. due to the sub plots dLUing both the years. 

4.2.10.1.3 Bulk density. 

The mean bulk density of soil after harvest of senna was 1.32 gcc·l 

during both the years. The data was not statistically analyzed and the inferences are 

based on mean values only. 

Effect of kharli treatments. 

There was not much variation In bulk density due to the various 

treatments tried. 

Effect of rabi treatments. 

There was not much variation In bulk density due to the various 

treatments tried. 

4.2.10.2 Chemical properties of soil. 

The data regarding organic carbon, tot.al nitrogen and C:N ratio of soil 

after harvest of isabgol as influenced by differ'ent treatments are presented in Table 77. 

The data regarding available nitrogen, available phosphorus and available potassium 

are presented in Table 78, 79 and 80, respectively. 

4.2.10.2.1 Organic carbon. 

The mean organic carbon of soil after harvest of isabgol was 0.512°/') 

during both the years. There was no change from the initial value of organic carbon 

of the respcctive years during both the years. 

The data was not statistically analyzed and the inferences are based 

on mean values only. 

Effect of kharli treatments. 

An application of 125'Vo RDF (50% N through urea and 50"/0 N through FYM) 

recorded the highest organic carbon (0.515 and 0.518%») during both the years. 

Effect of rabi treatments. 

An application of 100% RDF (100% inorganic fertilizer) and 75% RDF 

(100% inorganic fertilizer) recorded a similar value (0.512'Vo) of organic carbon 

during 2002-03 while, during 2003-04 an application of 100'X) RDF (100% inorganic 

fertilizer) recorded the highest organic carbon (0.512%). 
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4.2.10.2.2 Total nitrogen. 

The mean total nitrogen of soil after harvest of isabgol was 0.0459 and 

0.0460% during 2002-03 and 2003-04, respectively. There was no change from the 

initial value of total nitrogen of the respective years during both the years. 

The data was not statistically analyzed and the inferences are based 

on mean values only. 

Effect of kharif treatments. 

An application of 125% RDF (50% N through urea and 50% N through 

FYM) recorded the highest total nitrogen (0.0463 and 0.0466% during 2002-03 and 

2003-04, respectively). 

Effect of rabi treatments. 

An application of 100% RDF (100% inorganic fertilizer) recorded the 

highest (0.0460 and 0.0462%, during 2002-03 and 2003-04, respectively). 

4.2.10.2.3 C:N Ratio. 

The mean CoN Ratio of soil after harvest of Lsabgol was 11.16 and 11.12 

during 2002-03 and 2003-04, respectively. 

The data was not statistically analyzed and the inferences are based 

on mean values only. 

Effect of kharif treatments. 

An application of 75% RDF (100% inorganic fertilizer) recorded the highest 

CoN Ratio (11.21) during 2002-03 while, during 2003-04 an application of 50% RDF 

(50% N through urea and 50% N through FYM) recorded the highest CoN Ratio (11.17). 

Effect of rabi treatments. 

An application of 75% RDF (100% inorganic fertilizer) recorded the 

highest CoN Ratio (11.16) during both the years. 

4.2.10.2.4 Available nitrogen. 

The mean available nitrogen of soil after harvest of isabgol was 205. 13 

and 200.88 kg ha- I during 2002-03 and 2003-04, respectively. The mean change in 

the available nitrogen from the initial value was -0.15 and -0.13 kg hal during 

2002-03 and 2003-04, respectively. 

Effect of kharif treatments. 

The kharif treatments significantly affccted the available nitrogen of 

soil during both the years. 

An application of 125°,1(, RDF (50'% N tl:!rough urea and 50% N through FYM) 

recorded the highest available nitrogen (221.85 and 234.77 kg ha- I during 2002-03 

and 2003-04, respectively). It was found to be at par with an application of 125(Yo 

RDF (100% inorganic fertilizer) and significantly superior to rest of the treatments 



144 

An application of 125'Vo RDF (50% N through urea and SOU';', N through FYM) 

recorded the highest positive change in available nitrogen (+ 1.74 and +2.12 kg ha- 1 

during 2002-03 and 2003-04, respectively). An application of 75'){, RDF 

(100% inorganic fertilizer) recorded the highest negative change in available nitrogen 

(-l.80 kg ha ') during 2002-03 while, dUling 2003-04 an application of 50% RDF 

(100% inorgcmic fertilizer) ['ecorded U1C highest negative change in available 
nitrogen (-l.79 kg ha '). 

Table 78. Balance sheet of mean available nitrogen (kg ha") of soil after harvest of 
isabgol as in.fIuenced by different treatments during 2002-03 and 2003-04. 

Treatment 

MAlNPLOT 

~/" RDF (I OOX, II~ 

!"(IX, RDF'(50:50X, N If':FYM) 

7SX, RDF(lOOx, JF) 

7SX, RDF' (SO:5(J:.{, N IF:FYM) 

lOOYoRDF{lCXJ% IF) 

IOOYo RDF (50:50X, N rF'FYM) 

125% RDF' (I OOYo Irl 
125% RDF (5U50Yo N rF'FYM) 

8.E.± 

CD. at 5% 

SUBPLOT 

7SYo RDF(IOOX,IF) 

lOOXRDF(IOOX,IF) 

8.E.± 

CD.atS% 

Initial soil 
nitrogen 

NItrogen 
added 

~ ~'--I--'02-;;;03~'I-;~= 
~~-_-'I_-~-~-;;_ "':C-_tr~-=--::·C-~-es-·-'I-· ~~~~'~I:I~:u;--;,""en -=---;03--

04

"'0:,0=----' 

188.94 16828 

IYI.Y() 1711S 

199.87 18854 

43.7S 

43.7'" 

43.7S 

4J,75 

4:1.7S 

43.75 

20124 192.52 43.75 43.75 

210.45 2CfJ.63 43.75 43.75 

212.54 217.15 43.75 43.75 

217.12 228.15 43.75 43.75 

220.11 232.65 43.75 4:1.75 

232.69 212.cn 11l7.26 166491 

23.S.(-),h) 214.cX) 1 LX ),t,JH 170_-1H, 

243.62 232.29 J 9?J.07 IPb.98 

244.99 

254.20 

25629 

260.87 

263.1'6 

2.Y).27 

253.38 

2<)0.90 

271.9J 

276.40 

201.12 

20).3'2 

214.12 

218.29 

221.85 

1.25 

3.79 

191.78 

208.34 

218.48 

229.81 

234.77 

3.12 

9.46 

205:.Z7 201.01 

20527 20 1.0 1 

37.50 37.50 242.77 

50.00 5O,(XJ 255':"'7 

2..18.51 

251.01 

2<02.5.'; 197.51 

206.78 204.25 

0,51 1.02 

1.53 3.C6 

- 1.68 . 1.79 

. O.(Y2 - 0.77 

- 180 - 156 

·0.12 

. 1.1:1 

+ 1.58 

<- 1.17 

+ 1.74 

·2.72 

+ 1.51 

·0.74 

·1.29 

+ 1.:13 

+ 1.66 

+2.12 

·3.50 

+3.24 

Jnternction _ _ N.S. N.S. 

_M£an ____ ~ ~_--_-__ --_-- _20 __ 5_:.Z7_f__L__20_1._0_1 43.75J 4,O;3-,~7C'5+:C;24-;;;<jC;-.0"2C;-+--;2"44=.7i"'6+-;C;205~. ""1""3+200"" =.88=+---C.UCC.C"15,,--t--.-;0.,-.;-:13'O"--1 

Effect of rabi treatments. 

The rabi treatments significantly affected the available nitrogen of soil 
during both the years. 

An application of 100% RDF (100(% inorganic fertilizer) recorded the 

highest available nitrogen (206.78 cmd 204.25 kg ha· 1 during 2002-03 and 2003-04, 

respectively). It was found to be significantly superior to an application of 75'X, RDF 

( 1 00% inorganic fertilizer). 

An application of 100% RDF (100% inorganic fertilizer) recorded a 

positive change in avajlable nitrogen (+ 1.51 and +3.24 kg hal during 2002-03 and 
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2003-04, respectively). An application of 75% RDF (100% inorganic fertilizer) 

recorded a negative change in available nilrDgcn (-2.72 and -3.50 kg ha· l during 2002-03 

and 2003-04, respectively). 

Interaction. 

The interaction effects between kharif and rabi treatments were found 

to be non-significant during both the years. 

4.2.10.2.5 Available phosphorus. 

The mean available phosphorus of soil after harvest of isabgol was 

25.19 and 25.67 kg ha 1 during 2002-03 and 2003-04, respcctively. The mean 

change in the available phosphorus from the initial value was +0.05 and +0.11 kg ha 1 

during 2002-03 and 2003-04, respectively. 

Table 79. Balance sheet of mean available phosphorus (kg ha-l) of soil after harvest of 
isabgol as influenced by different treatments during ~ and 2003-04. 

~blLent phosphorus, added phosphorus : after 

-----_.-
horus 

in soil 
hruvest --- --_. 

02- 03- 02- 03- 02- 03- 02- T03-

Initial""; l~horus I Total soil I Phosp 

I~~_=~ _____ I'-_~ __ Q4 ___ .Il3 _04 03 04 _03 
MAIN PLOT 

_l 04 

saXlRDF(lOO%IF) 

50% RDF 150:50}" N IFFYM) 

7BYu RDFIIOO'lu IF1 

75% RDF 150:50'/0 N !F:fYlVij 

lCXJ'/" RDF (I00X, IF) 

100Yo RDV 150:5(J',{, N IF:FYM) 

125% RDF II CXJYo IF) 

12.9V" ROF (SO:SOx, N IF:FYM) 

s.E.± 

CD.atS% 

SUBPLOT 

7~;', RDF (I ooy.) IF) 

IOO'/oRDF(ICXJ'/o 1T'1 

8.E.± 

c.o.at5% 

InteIaction 
f-=~------.---.--

Mean 

23.83 20.82 

24.50 22.87 

24.06 23.12 

2-'>. 11 25.04 

25.75 27.27 

25.96 28.58 

2'i.82 27.1':3 

26.12 29.00 

2..':).27 25.57 

25.27 25.57 

2'5.14 25.57 

Effect of kharif treatments. 

21.88 21.88 45.71 

21.88 21.88 4(.).38 

21.88 21.88 45.94 

21.88 21.88 46.9') 

21.88 21.88 47.63 

21.88 21.88 47.84 

21.88 21.88 47.70 

21.88 21.M ~'l.oo 

18.75 lEGS 44.02 

25.00 2'i.<Xl 50.27 

-

4-~ - 2]""81; 

42.70 

44.75 

45.00 

46.<J2 

49.15 

50.46 

49.71 

50.88 

1.66 2 

2 3.07 

3.60 

-.62 

.39 26 

27 

Y, 

27 

o 

.en 

.74 

,.44 

.60 

.82 

44.02 2 4.6,-~ 

~.57 2.. 5.8<) 

.08 o 
o 
N 

.24 

. s. 
47.45 :2.' 5.19 

----

19.65 

21.84 

2227 

25.24 

27.75 

29.00 

29.04 

30.61 

O.m 

2.55 

2544 

2591 

0.08 

0.24 

N.S . 

25.67 
-

Balance of 
phosphorus 

in soil 
02- 03-
03 04 

-2.17 -1.17 

- 1.43 - 1.03 

-0.46 -0.85 

+0.51 +0.20 

+0.64 +0.48 

+ ].07 +0.42 

+0.9'2 + 1.21 

+ 1.32 + 1.61 

- --
- -

-0.62 -0.13 

+0.62 +0.34 

- -

- -

- -
--

O.Q~ 0.11 
---

The khalif trcatmcnts significantly affected the available phosphorus 

of soil during both the years. 

An application of 125'Yo RDF (50% N through W'Ca and 50% N through FYM) 

recorded the highest available phosphorus (27.44 and 30.61 kg ha 1 during 2002-03 

and 2003-04, respectively). It was found to be at par with an application of 125% 

RDF 11 ()()% innrp'",nir fprtilizprl. 100% RDF (50% N throu[!h urea and 50% N 

I 
I 
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through FYM), 100% RDF (100% inorganic fcrtilizer) and 75% RDF (50% N through 

urea and 50% N through FYM) during 2002-03 while, during 2003-04 it was at par 

with an application of 125% RDF (100% inorganic fertilizer) and 100% RDF (50% N 

through urea and 50'% N through FYM) and significantly superior to rest of the 

treatnlents during both the years. 

An application of 125% RDF (50''10 N through urea and 5(/'10 N through FYM) 

recorded thc highest positive change in available phosphorus (+ 1.32 and + 1.61 kg 

ha- 1 during 2002-03 and 2003-04, respectively). 

An application of 50% RDF (100% inorganic fertili7..er) recorded the 

highest negative change in available phosphorus (-2.17 and -1.17 kg ha- 1 during 2002-03 

and 2003-04, respectively). 

Effect of rabi treatments. 

The rabi treatments significantly affccted thc available phosphorus of 

soil during both the years. 

An application of 100'Y<, RDF (100u;;, inorganic fertilizer) recorded thc 

highest available phosphorus (25.89 and 25.91 kg ha J during 2002-03 cUld 

2003-04, respectively). It was found to be significantly superior to an application of 

75% RDF (100% inorganic fertilizer). 

An application of 100'1u RDF (100% inorganic fertili7..er) recorded a 

positive change in available phosphorus (+0.62 and +0.34 kg ha- 1 during 2002-03 

and 2003-04, respectively). An application of 75'% RDF (100% inorganic fertilizer) 

recorded a negative change in available phosphorus (-0.62 and -0.13 kg ha 1 during 

2002-03 and 2003-04, respectively) during both the years. 

Interaction. 

The interaction effects between kharif and rabi treatnlents were found 

to be non-significant during both the years. 

4.2.10.2.6 Available potassium. 

The mean available potassium of soil after harvest of isabgol was 

466.21 and 456.82 kg ha- 1 during 2002-03 and 2003-04, respectively. The mean 

change in the available potassium from the initial value was -8.75 and -7.60 kg ha-I 

during 2002-03 and 2003-04, respectively. 

Effect of kharif treatments. 

The kharif treatments significantly affected the available potassium of 

soil during both the years. 

An application of 125% RDF (5(/'10 N through urea and 50% N through FYM) 

recorded the highest available potassium (482.80 and 488.33 kg ha- 1 during 2002-03 

and 2003-04, respectively). It was found to be at par with an application of 100% 

RDF (50% N through urea and 50% N through FYM), 75% RDF (50% N through 
, ,....,,-..n/ ...... 1 , ......... ,...,. ... , r-rv->/ ....... T:' rr- ...... "; 11.1 .. 1. ____ , _______ ___ ...I ~Il.()/ 1\T "-, ______ 1_ ~TlI.""-\ 



147 

during 2002-03 while, during 2003-04 it was at par with an application of 100% 

RDF (50% N through urea and 50% N through FYM), 75% RDF (50% N through 

urea and 50% N through FYM) and significantly superior to rest of the treatments 

during both the years. 

An application of 125%, RDF (WX, N through urea and 50% N through FYM) 

recorded thc highest negative change in available potassium (-13.25 and -10.30 

kg ha- I during 2002-03 and 2003-04, respectively). 

Table SO. Balance sheet of mean available potassium (kg ha-l , of soil after harvest of 
isabgol as influenced by different treatments during 2002-03 and 2003-04. 

Initial soil Potassiwn Total soil 
Potassium Balance of 

in soil potassb1W in 
Treatment potassiwn added potassilJm 

after harvest soil 
02- Q3.- 02- Q3.- 02- Q3.- 02- Q3.- 02- m::-
03 04 03 04 03 04 03 04 03 04 

MAlNPLOT 

5(J'/o RDF (I OOYo IF] 4&4.52 445_23 - - 4{A.52 445?3 457_3.'5 437.6.1 -7.17 -7.(:1.) 

5(J'/" RDF (50:5(J'/', N IF'FYM) 4&'3.70 482.67 - - 4&'3.70 482.67 477.64 477.ffi -6.m -5.01 

7!'>% RDF (](n", II') 4().124 442.81 - - 4{>324 442.01 4~.51 436.48 -6.73 -6.3.1 

7S% RDF (50:5(J'/" N W:FYM) 4&'>28 4<JO.04 - - 4&'5.28 490.04 47'-).3S 4&'>.39 - 5.93 -4.6..S 

1(.:0% RDF (](XJ% IF) 459.65 434.38 - - 459.65 434.38 4S1.18 426.56 -8.47 -7.82 

1 roYo RDF (50:5(% N IF'FYM) 4<JO.36 496.11 - - 490.36 496.11 479.66 486.43 -10.70 -9.68 

12SVo RDF(I00Yo IF] 456.92 425.52 - - 456.92 425.52 445.20 416.10 - 11.72 -9.42 

12SVo RDF (50:50Yo N lFFYM) 496.05 498.63 - - 496.05 498.6.., 482.00 488.33 - 13.25 - 10.30 

s.E.± - - - - - - 1.71 2.15 - -

CD. at 5% - - - - - - 5.22 6.52 - -

SUBPLOT 

7SYo RDF (1 OOVo IF] 474.97 4&4.49 - - 474.97 464.49 46.';.76 45520 -9.21 -9.29 

1 OOYoRDF (1 (0% IF] 474.97 464.49 - - 474.97 464.49 465.78 4S8.45 -9.19 -6.04 

s.E.± - - - - - - 0.03 0.07 - -

CD.atS"/o - - - - - - N.S. 0.21 - -- - - - - - - N.S. N.S. - -

Mean 474.97 464.42 - - 474.97 464.42 46621 456.82 -8.75 -7.60 

Effect of rabi treatments. 

The rabi treatments significantly affected the available potassium of 

soil during both the years. 

An application of 100% RDF (100% inorganic fertilizer) recorded the 

highest available potassium (465.78 and 458.45 kg ha- I during 2002-03 and 2003-04, 

respectively). It was found to be at par with an application of 75% RDF (100% 

inorganic fertilizer) during 2002-03 while, during 2003-04 it was found to be 

significantly superior to an application of 75% RDF (100% inorganic fertilizer). 

An application of 75% RDF (100% inorganic fertilizer) recorded highest 

negative change in available potassium (-9.21 and -9.29 kg ha- I during 2002-03 and 

2003-04, respectively). 
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Interaction. 

The interaction effects between kharif and rabi treatments were found 

to be non-significant during both the years. 

4.2.11 Economics. 

The data regarding gross monetary retunls, cost of cultivation, net 

monetary ,-etums ha· 1 and Benefit:Cost Ratio of isabgol as influenced by different 

treatments are presented in Table 8l. 

4.2.11.1 Gross monetary returns. 

The mean gross monetary retums were Rs. 28,822, 28,866 and 28,845 

ha· 1 during 2002-03, 2003-04 and on pooled mean basis, respectively. 

Effect of kharif treatments. 

The kharif treatments significantly affected the gross monetary relunls ha·1 

during both the years and on pooled mean basis. 

An application of 125')/0 RDF (50'", N through urea and 50'", N through FYM) 

recorded the highest gross monetary returns (Rs. 29,615, 29,978 and 29,797 hal 

during 2002-03, 2003-04 and on pooled mean basis, respectively). It was found to be at 

par with rest of the treatments, except to an application of 50',,) RDF (100% inorganic 

fertilizer) during both the years and on pooled mean basis. 

Effect of rabi treatments. 

The rabi treatments significantly affected the gross monetary rerums 

ha'] during both the years and on pooled mean basis. 

An application of 1000;,) RDF (100% inorganic fertili7.er) recorded the 

highest gross monetary retums (Rs. 29,559, 29,727 and 29,643 ha'[ during 2002-03, 

2003-04 and on pooled mean basis, respectively). It was found to be significantly 

superior to an application of 75°/') RDF (IOO'/(' inorganic fertilizer) duting both the 

years and on pooled mean basis. 

Interaction. 

The interaction effects between kharif and rabi treatments were found 

to be non-significant during both the years and on pooled mean basis. 

4.2.11.2 Cost of cultivation. 

The mean cost of cultivation was Rs. 17,732, 18,353 and 18,043 ha-] 

during 2002-03, 2003-04 and on pooled mean basis, respectively. 

Effect of kharif treatments. 

The kharif treatments significantly affected the cost of cultivation ha] 

during both the years and on pooled mean basis. 
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An application of 125% RDF (50'X, N through urea and 50"';;, N thmugh FYM) 

recorded the highest cost of cultivation (Rs. 18,552, 19,232 and 18,892 ha' during 

2002-03, 2003-04 and on pooled mean basis, respectively). It was found to be at par 

with an application of 125% RDF (100'% inorga.nic fertilizer) and significantly 

superior to rest of the treatments during both the years and on pooled mean basis. 

Effect of rabi treatments. 

The rabi treatments significantly affected the cost of cultivation ha-' 

during both the years and on pooled mean basis. 

An application of 100'Yc, RDF (100% inorganic fertilizer) recorded the highest 

cost of cultivation (Rs. 18,071, 18,722 a.nd 18,397 ha" during 2002-03, 2003-04 

and on pooled mean basis, respectively). It was found to be significantly superior to 

an application of 75% RDF (100% inorganic fertilizer) during both the years. 

Interaction. 

The interaction effects between kharif and rabi treatments were found 

to be non-significant during both the years and on pooled mean basis. 

4.2.11.3 Net monetary returns. 

The mean net monetary returns were Rs. 11,090, 10,513 and 10,802 ha" 

during 2002-03, 2003-04 and on pooled mean basis, respectively. 

Effect of kharif treatments. 

The kharif treatmcnts did not significantly influcnce the net monetary 

returns ha-' during both the years and on pooled mean basis. 

Effect of rabi treatments. 

The rabi treatments significantly affected the net monetary returns ha" 

during both the years and on pooled mean basis. 

An application of 100% RDF (100% inorganic fertilizer) recorded the 

highest net monetary returns (Rs. 11,488, 11,005 and 11,247 ha" during 2002-03 

and 2003-04 and on pooled mean basis, respectively). It was found to be 

significantly superior to an application of 75'1"0 RDF (100% inorganic fcrtilizer) during 

both the years and on pooled mean basis. 

Interaction. 

The interaction cffccts between kharif and rabi treatments were found 

to be non· significant during both the years and on pooled mea.n basis. 

4.2.11.4 Benefit:Cost Ratio. 

The mean Benefit:Cost Ratio was 1 .. 63, 1.57 and 1.60 during 2002-03, 

2003-04 and on pooled mean basis, respectively. 
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Effect of kharif treatments. 

The kharif treatJnents did not significantly influence the Benefit:Cost 

Ratio during both the years and on pooled mean basis. 

Effect of rabi treatments. 

The rabi treatJnents significantly affected the Benefit:Cost Ratio during 

2002-03 and on pooled mean basis. 

An application of 100';10 RDF (100% inorganic fertilizer) recorded the 

highest Bcnefit:Cost Ratio (1.64, 1.59 and 1.62 during 2002-03, 2003-04 and on 

pooled mean basis, respectively). It was found to be at par ",>ith an application of 

75% RDF (100% inorganic fertilizer) during 2002-03 while, during 2003-04 and on 

pooled mean basis it was found to be significantly superior to an application of 75'Yc, 

RDF (100% inorganic fertilizer). 

Interaction. 

The interaction effects betwecn kharif and rabi treatments were found 

to be non-significant during both the years and on pooled mean basis. 

4.2.12 Correlation. 

Correlation study was carried out on some of the characters observed. 

The data regarding the correlation study of isabgol are presented in Table 82 and 83. 

4.2.12.1 Plant height plant· ' . 

Highly significant relation between number of productive tillers plant·" 

total dry matter plant·', number of productive spikes plant·', length of spike, girth of 

spike, thousand seed weight and weight of seed plant·, during both the years, ",>ith 

number of seeds spike·' and number of seeds plant·, during 2003-04 only. 

Significant relation between number of seeds spike", weight of spike·] during 2002-03 

while, during 2003-04 with weight of seeds spike'] only. Non-significant relation 

between number of seeds plant' during 2002-03. 

4.2.12.2 Number of productive tillers plant· , . 

Highly significant relation between total dry matter plant·" number of 

productive spikes plant·', length of spike, girth of spike, thousand seed weight, 

weight of seeds plant·] during both the years while, during 2003-04 between 

number of seeds spike", weight of seeds spike·] and number of seeds plant·]. 

Significant relation between number of seeds spike·], weight of seeds spike· l during 

2002-03 only. Non-significant relation between number of seeds plant·] during 

2002-03 only. 
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Table 82: Correlation study of isabgol during 2002-2003 (1 st Year). 

I ~ ~ No. of I Length 1 Gnth No. of wt. of No. of 1{)()(). wt. of 
~ matter ~ of I of seeds seeds seeds seed seeds 

f-------- t' pIanr' ,imt' spIla: spIla: -,"P'=-=-' +--="P'","'-=c.'_ 1_~pIanr==-'-+-...,;gI--· _'_l -j-___'pIanr==-' -I 

~t I 0.980_ 0" 0.9')1···· 0.958" 0.984:* 0.943'" T 0.820' 

! 

0.651 0.985** Q,f.)C_fl kk 

No .ofproductive'--·--+--·--+---I 1 

0.976 *"k 0.93 .. "3 .. ,,, 0.977~"', C.W 1'-'- ". 0.787 -~ 0.834 .. 0.544 0-970 - 0.980 _. 

r--_;:ru._·tiIle<s_of~~=7~~_~t_~ __ -tI_-____ r-~ --, 0951 *' 0.987 •• 1

1

_°.955 *' I-O-,OC-)(J-·-··-i-I.
I

- O-,--f 3(-' '--+1-0-,(-120-+-0-'980-' -"'--+-0-.988--" 

I spm;;_~'''- ____ + ___ j' 0.975- O.861'~·· 0.797* 0.60'l. 0.521 0.939""'" O.936 H 

I
' = ----..,-- : 0')39" i 0875" I 0703 1 0."98 0.983** 0.987"' 

--~o~~·=~--i----- - ---i---- - --1-1 07'Y9'I, 0.&>4"-+_0_.5_1_1-t_O_.93(:_'_*'-1-_0_.97_8_**--4 

No.ofseeds 
~l - I 

0 .. 165 0.681 0.&52*" O.872H 

wt.ofseeds 1 I 
spike' _11 _____ 1---+-- __ I' 1------+-(-,:-l7"-' _+_0_.7_3_7_'_' +-_Obl'_ 

No.ofseeds 
0.701 0.579 

, :~===~:= ~:~:'~:,-:=_==_~ -:-_-=-_-=~_--i_~ I~=~_~~_:I~_" __ ~~~:I~~-_--i'---!--T J:=I-----t-o-m-fs-**_, 

Table 83: Correlation study of isabgol during 2003-2004 (2nd Year). 

~~_ Total No. of 1 Length I' Gnth 
,..~.- rna"'J.,.. ~ of of 

I-------t---= pIanr=-"_t--pIan= .. tt_' -f---= ~=-"--I spIla: spIla: 

f-__ == __ -t __ o._'l85_-_·_··.-tf-0_.985_-_**-t_O_.983 __ -_I. 0.991 ** I 0.8:_2_1 -"-j----i----i----I---+---i 

0.988 "'" 0.952 *k 0.951 H O.&Ii9"'''' 

No'~~ No. of 1{)()(). 

I 
wt.of 

seeds seeds seeds seed seeds 
spikc-l spike-l plant' ~ plant' 

0.883"* 0.802* 0.995- 0.961 *k 0.984"'" 

0.879""" 0,846""'" 0,974*" 0.974- 0.981-

Plant hcight 

plant' 

No .ofproductive 
tiIle<s plant' 

Tobll ~~tter 0.94-0- 0.975 - 0.837 ""k 0925** 08("" ** 0.984 ...... ' 0.957 - O.W6*''' 

0.810 • a7(fJ * 0.976'" 0.9"29" 0.%4-

"' 
-------

O,H97'~" OF'() I' I 0.994" 0.951 *1< 0.991 *" 

O.75.S A 1-08'28' ! 0.802* 0.')'2')*" ! 
0.88'2""'" 

- O.8...S7- 0.916 ... ·k 0.877- 0.'Xl5-

.. 0.79()'· 0.853 *A 0.851 *" 
, 

I - O.952*'" 0.9&> = 

0.980""'-'-

-

No. ofproductive 
_-". "'" ~, 

Length 

ofsplla: 

Gnth 

ofspike 
No.ofseeds _, 
wt.ofseeds 

spike' 

No.ofseeds 
1 plant. 

1{)()().seed 

weio<ht 
wt.ofseeds 

pIanr' 

f-____'_'!'!'!"~'!!!'.--l-----.:---t--~_-I 0.<)8.,001 073(, • 

____ [ _ I OS!7' 1 

1-----""=---+-----+---]1 1 

~_j_f---+-±"f----\--------j-I-I-------I 
r-----=~--t------t----I______f- +-1 

I I 

Note: *, **. Significant at 5% and 1% level respectively. 
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4.2.12.3 Total dry matter plant-I. 

Highly significant relation between number of productive spikes plant-I, 

length of spike, girth of spike, number of seeds spike-', thousand seed weight, 

weight of seeds plant-I during both the years, with weight of seeds spike-I, number of 

seeds plant I during 2003-04 only_ Significant relation bet-ween weight of seeds 

spike-' and non-significant l-clation betwccn number of seeds plant-I during 2002-03. 

4.2.12.4 Number of productive spikes plant-I. 

Highly significant relation between lcngtll. of spike, thousand seed 

weight, weight of secds plant.; during both the years, with girth of spike during 

2002-03 while, during 2003-04 \vith number of seeds plant I. Significant relation 

between numbcr of seeds spike-I during both thc years while, during 2003-04 with 

girth of spike, weight of seeds spike '. Non-significant relation betwecn weight of 

sceds spikc I, number of seeds plant-I during 2002-03 only_ 

4.2.12.5 Length of spike. 

Highly signilicant relation betwccn number of secds spike-I, thousand secd, 

weight of seeds plant 1 during both thc years, bctween girth of spike during 2002-03 

while, during 2003-04 between number of seeds plant ,_ Significant relation between 

girth of spike, weight of seeds spike-I during 2003-04_ Non-significant relation 

between weight of seeds spike' and number of seeds plant' during 2002-03. 

4.2.12.6 Girth of spike. 

Highly significant relation betwcen thousand seed weight, weight of 

seeds plant-I during both the years, bet-wcen wcight of sceds spike 1 2002-03 only_ 

Signilicant relation between number of seeds spike-', weight of seeds spike-' dUling 

both the years, between number of seeds plant I during 2003-04_ Non-significant 

relation beDNeen number of sceds plant- I during 2002-03_ 

4.2.12.7 Number of seeds spike-I. 

Highly significant relation between thousand seed weight and weight of 

seed plant-I during both the ycars, beDveen weight of seeds spike-I, number of sceds 

plant- ' during 2003-04. Significant relation betwccn weight of seeds spike-I, number 

of seeds plant I during 2003-04 only_ Non-significant relation between weight of 

seeds spike- I and number of seeds plant I during 2002-03 only. 

4.2.12.8 Weight of seeds spike-I. 

Highly significant between thousand seed weight during both the 

years, between weight of seeds plant-I during 2003-04_ Significant relation between 
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weight of seeds spike- l during 2002-03, lNith number of seeds plant- l during 2003-04_ 

Non-significant relation betwecn number of seeds pl£U1t- 1 during 2002-03_ 

4.2.12.9 Number of seeds plant-I. 

Highly significant relation between thousand seed weight and weight of 

seeds plant- l during 2003-04_ Non-significant relation between the two characters 

during 2002-03_ 

4.2.12.10 Thousand seed weight. 

Highly significant relation between weight of seeds plant- l during both 
the years_ 

4.2.13 Regression. 

Regression study was carried out on some of thc characters obseI>'ed. 

The data regarding the regression study of isabgol arc presented in Table 84, 85, 86, 

87,88 and 89. 

4.2.13.1 Plant height plant-I. 

Highly significant association \\ith number of productive tillers plant-I, 

total dry matter plant " number of productive spikcs plant', lenbrth of spike, 

number of seeds spike-', thousand seed weight, weight of secd plant-' during both 

the years, with girth of spike during 2002-03 only_ Significant association ",~th weight of 

seeds spike' during 2002-03 ~th girth of spike, weight of setus spike-' during 2003-04_ Non­

significant association ~th number of seeds plant- l during 2002-03. 

4.2.13.2 Number of productive tillers plant-I. 

Highly sigrIificant association with total dry matter plant I , number of 

productive spikes plant I , length of spike, girth of spike, thousand seed weight, weight of 

seeds plant-' during both the years, with number of seeds spike-I, weight of seeds 

spike-', number of seeds plant I dwing 2003-04 only. Significant association ",~th number 

of seeds spike- l and weight of seeds spike- l during 2002-03 only_ Non-sigrIificant 

association ~th number of seeds plant 1 during 2002-03 only. 

4.2.13.3 Total dry matter plant-I. 

Highly significant association \~th number of productive spikes plant-I, 

length of spike, girth of spike, number of seeds spike, thousand seed weight and weight 

of seed plant- l during both the years, with weight of seeds spike-' and number of seeds 

plant- l during 2003-04 only_ Significant association-~th weight of seeds spike- l during 

2002-03 only. Non-significant association \~th number of seeds plant- l during 

2002-03 only. 
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Table 84: Regression study (b co-efficient) of isabgol during 2002-2003 (1st Year). 

I

, :!:'~ I ~ I ~~ [I ~-rGirthOf No. of Wt.of 
, tlIIer.; plant matller splices seeds seeds , _ -- I --' -~, plant' spike - spike . spike' "P'='ke=-'_I_~=-:_I _ _:__I--==--i 

_ P!ant;t '_ 04"2" 0.10>9-1 O'J89- 1 0249- \ 0236" ~1- r~~II_'_I _____ I ____ I ___ _ 

~ lu27- I 2.198'" I 0.560'" O~SI J..-A : 67('1)* 1 OC{)"?" 
I ~, I ,I I ~-L "- _ -.-.. ---i----__+_ I ma~:';'t' fl _I-=--- 1_.:11

;" 1 os0l 0314- I 7(h~"I_OO.W 
, No. of I I 
l_~l __ I. ___ .1 __ .____ I OZN': .1. 0.2(1)-"" 2<1'..8-' I 000':) I 

I Length. I ! I - I 0.9).8" I 13.17','- I 0010 -1
1

- 2<';12'>, -1-O-(~-S8-.-.-l-(-)--I:1('-,-.. -I 
·~~I--- '---,-----. -1- 1 I I 0:" I I __ L __ 1 __ - .. __ !_'W,;2·_1..."':'''''''J __ 0001 .. nv-" l.2%-

I No. of~ I, I I , I 0002 I 21.51<) I OO'lO'* oou" 1 

I m::£:. r-- -r-- 1 ---j -- i
l 

L - . ~ -II 31~'7667 i 'J.167 , . 11),(=' 

I__:;;;,,"7" r t -f . __ --j __ != :-_ -_i __ ~l_· _I aDO 1 o.oo~-
~~ -~ -_.--+' .. -1·--1----\-· --~- --_'~ 

L..____. ...... tc:_, ______ L __ J ._1 ___ . _. _, _ _l__ __ _ . __ . .l__ ___ _ 

No. of 1000- Wt.of 
seeds seed seeds 
pIam' we;ght pIam' 

1 

78.213 O.174~-" O.IS.J.""* 
-

148588 0.389 ... ·- 0.420 •. ~ 

\ 

-- -.-.-

160.797 O.374~* OA02** 
.-

60.7(1) a.lel] ~-. 0.171 ." 

Table 85: Regression study (b co-efficient) of isabgol during 2003-2004 (2nd Year). 

Note: *, **: Significant at 5% and 1 % level respectively. 
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Table 86: Regression study (a co-efficient) of isabgol during 2002-2003 (1st Year). 

-I ~ I ~ I ~ 1 ~ 1 0:: T:: 1 _of t- :: . = 1-:':-
;:;, I-=- :; 1 spike • spike , _spike' I :;:, I pIant'_ wcight 1 plant' ttf-

, I , [ ·0.0 .. '17 '[ _14m _ 3(f).'1 1_ 03Cl~1 __ 034S I _::~92:30 . 1~1.15..'1 -o.(.,.'3() _l -0.662 

Plant . 
Tia~ -1.178 

No~1 - 2820 6803 1058 027(> 3')("'1 I -OOH 490.881 -O.ISO 1 ·0.133 

.~ - , O'H) I 0/12, I -l~-I 17.675 f -o.OC>3 - -37.311 ==~:~:I;;-:;; 
-I - 1- L-O~I_ [)~_:'I'2I:l o (y"" . 146.152 ~~ 

ToWmy=tt= C planN 

No.ofpmduct:i\lc 
SJl"lres plantl 

I -05(yl • 23.102 I -_o_.Q"_5_.I_l"l_I_988 __ '. __ .O.861 I -()_877 

-~. -I~ 1 I' I 1----.----1 70.175 . -"l().K)() 1160.1-5'2.:"') -·2.CY~6 
- -- I --I _ _j_-00.131 -352362 ·1.209 i----t------ ----,- --1- 1 I 820:)(" -0-.6-1-8-"--0-

1

-(-:--:-

--1---1 -1- 1 - 0442 I--;;-,,'n 

Length j_ ofspolre 
--

Gfith 
of_ 

- ----

No.ofseeds _, 
\VI:. of seeds 

spike' 

No.ofseeds 

plant' 

- 1.815 

-- i I--i----I - 1 ·~-----I-- -, lj O~ l--c_-' ___ I _ _j--___l__-,- - '_u,_. _J lan~t' _"",t ---
_ofseeds 

plant l 
--

Table 87: Regression study (a co-efficient) of isabgol during 2003-2004 (2ndYear). 

~IJ'"~ , Total I 

pmduct:i\Ic , my 

=1 matt= 
plant, 

~~ : __ -o~~!_ 2.33.1 

~ I Length 1 Gfith No. of I Wt. of No. of ~~. of 

sp!kes ~ _ 1 of seeds seeds - seeds 
__ plantl '"".......- spike spilrel spike! :Pantl pbntl 

. 5.211 O,,1'JI i 0.74~~Yl.<r23 I 0.0:)1 -I -186')17 _. _ ·0.301 

No.Of~ 
1 tilIem ' -\-

ToW.:;=tt= 
t' 

No~ 

Length 
ofsuikc 

Gfith 
ofsuikc ---

No.ofseeds _, 
wt.ofseeds 

_~I 

No::W~ 
()()(ffleed 

wcight __ 

, 
-

I 2.522 
-----,-

_j-~ 
I , 

-- ---

, 

~ ()D.">~ I_LO)," -'_ 0'('(" _1_:J()S02 I_- oem i -I()cl.o():l -0.n1 -0.212 

--=--[_0"% 1 O<J32 !_ 0 l~j_17.345 1_-O.o5~_~ -751.629 ~.196 I . 1.17~) - I "~ I co"' n~o! C= I .,,,~ I :: i ,'~ 
___ _ ___ I~27 3()420! ()()~2_1-335.'.80 ~_O_5'_l(_'_ 

---+1-- I - ~m I :~= '::: I :: :: 

___ 1 ___ 1 I ____ 1 __ - 300.651 I 0.213 0.336 

1 . 1 _~I.' ____ + ._I._~I·._ 0442 1~-05M 

-, 
1_ +~- ~_ _ _ 1_ ~_ ___ _I---=- -1 014') 

,-___ I ___ , __ __j ___ l I 1 L __ l_ 



Table 88: Regression study (r2) of isabgol during 2002-2003 (1st Year). 

Table 89: Regression study (r2) of isabgol during 2003-2004 (2nd Year). 

No. of 
productioe 

tillers -, 
Plant hcigItt 1 

c __ pant_'_ . 
- _, - .. 
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No .ofproductioe 
__ tillers~t' ___ _. 

---
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0.632 0.726 

No.ofseeds 

pant1 
- 0.'»1 
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158 
4.2.13.4 Number of productive spikes plant-1. 

Highly significant association with length of spike, girth of spike, 

thousand seed weight and weight of seed plant-] during both the years, with 

number of seeds plant-] during 2003-04. Significant association with number of seeds 

spike- l during 2002-03 with girth of spike and weight of seeds spike-! during 2003-04. 

Non-significant association with weight of seeds spike! and number of seeds plant-] 

during 2002-03. 

4.2.13.5 Length of spike. 

Highly significant association with girth of spike, number of seeds 

spike-I, thousand seed weight cu1d weight of seeds plant- ' during both the years, 

with number of seeds plant-! during 2003-04. Significant association with girth of 

spike and weight of seeds spike-! during 2003-04. Non-significant association with 

weight of seeds spike 1 and number of seeds plant-! dUI-ing 2002-03. 

4.2.13.6 Girth of spike. 

Highly significant association with thousand seed weight and weight of 

seeds plant 1 during both the years, with weight of seeds spike-! during 2002-03. 

Significant association "vith number of seeds spike-! during both the years, with 

weight of seeds plant 1 and number of seeds plant- l during 2003-04_ Non-significant 

association with number of seeds plant-! during 2002-03. 

4.2.13.7 Number of seeds spike-1. 

Highly significant association with thousand seed weight and weight of 

seeds plant- l during both the years, with weight of seeds spike-! and number of 

seeds plant-! during 2003-04. Non-significant association between weight of seeds 

spike-! and number of seeds plant- l during 2002-03. 

4.2.13.8 Weight of seeds spike-1. 

Highl.y signifi=t association with thousand seed weight and weight of seeds 

plant- 1 during 2003-04. Significant association with thousand seed weight and 

weight of seeds plant- l during 2002-03, with number of seeds plant! dUl"ing 2003-04. 

4.2.13.9 Number of seeds plant-1. 

Highly significant association with thousand seed weight during 2003-04 only. 

Non-significcu1.t association \vith thousand seed weight and weight of seeds plant· 1 

during 2002-03, with weight of seeds plant- l during 2003-04. 

4.2.13.10 Thousand seed weight. 

Non-significant association with weight of seeds plant-' during both the years. 



159 

4.3 Soil properties after two years of cropping. 

The physical and chemical properties of soil after two years of senna­

isabgol cropping sequcnce are presented. 

4.3.1 Physical properties of soil. 

The physical properties of soil aftcr two years of senna.-isabgol 

cropping sequence arc presented in Table 90. 

4.3.1.1 pH. 

Effect of kharif treatments. 

The pH showed a ncgative change for an application of 125°;', RDF (50% 

N through urea and 50% N through FYM), 100% RDF (50% N through urca and 50%, 

N through FYM), 75% RDF (50% N through urea and 50% N through FYM), 75% RDF 

(100% inorganic fertilizcr), 50% RDF (50'1'0 N through urca and 50% N through FYM) 

and 50% RDF (1000/0 inorganic fertilizer). While, no change was observed for an 

application of 125'V" I~DF (100'V" inorganic fertilizer) and 100% RDF (100% inorganic 

fertilizer). The maxiInum (-0.02) negative changc was observed in case of an application 

of 50% RDF (500;', N through urea and 50% N through FYM), and 50% RDF (100',", 

inorganic fertilizer). 

Effect of rabi treatments. 

The pH showed negative change (-0.01) for an application of 100% 

RDF (1000;:, inorganic fertilizcr) and 75% RDF (100'Y<, inorganic fcrtili7..er). 

4.3.1.2 Electrical conductivity. 

Effect of kharif treatments. 

The E.C. showed 

The maxiInum positive change 

of 125% RDF (50'Vo N through 

a positive change for 

(+0.02 dS m 1) was 

all the treatmcnts applicd. 

obselved in an 

urea and 50'X, N through FYM) and 

application 

125% RDF 

(1000/0 inorganic fertilizer) while, rest of the treallnents recorded a similar positive 

change of+0.01 dS m-'. 

Effect of rabi treatments. 

The E.C. showed positive change (+0.01) for an application of 100% 

RDF (100% inorganic fertilizer) ,md 75% RDF (100% inorganic fertilizer). 

4.3.1.3 Bulk density. 

Effect of kharif treatments. 

The bulk density showed negative change for an application of 125% 

RDF (50% N through urea and 50% N through FYM) and 1000;;, RDF (50% N 

through urea and 50% N through FYM). While, no change was observed for an 
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fertilizer), 75% RDF (50% N through urea and 50% N through FYM), 75% RDF 

(100% inorganic fertilizer), 50'% RDF (50'% N through urea and 50°1<, N through FYM) 

and 50% RDF (100% inorganic fertilizer). The maximum (-0.01) negative change was 

observed in an application of 125% RDF (50% N through urea and 50% N through FYM) 

and 100%, RDF (50% N through urea and 50% N tl,rough FYM) 

Effect of rabi treatments. 

The bulk density showed no change for an application of 100'O, RDF 
(100')10 inorganic fertilizer) and 75"/., RDF (J 00')10 inorganic fertilizer). 

4.3.2 Chemical properties of soil. 

The data regarding the organic carbon, total nitrogen and 

Carbon:Nitrogen Ratio of soil after two years of senna-isabgol cropping sequence are 

presented in Table 91. The data regarding the available nitrogen, available 

phosphorus and available potassiUm of soil after two years of senna-isabgol 

cropping sequence are presented in Table 92. 

4.3.2.1 Organic carbon. 

Effect of kharif treatments. 

The organic carbon showed positive change for an application of 125')lu 

RDF (50% N through urea and 50% N through FYM), 125'% RDF (100'Yc, inorganic 

fertilizer), 100% RDF (50% N through urea and 50% N through FYM), 100% RDF 

(100% inorganic fertili7..er) and 75% RDF (50% N through urea and 50% N through FYM). 

While, a negative change was observed for an application of 75% RDF (100')10 

inorganic fertilizer), 50% RDF (50% N through urea and 50% N through FYM) 

and 50%, RDF (100% inorganic fertilizcr). The maximum positive change 

(+0.006) was observed in case of 125% RDF (50% N through urea and 50% N 

through FYM) while, a negative change (- 0.007) was observed in case of 50% RDF 

(100% inorganic fertilizer). 

Effect of rabi treatments. 

The organic carbon showed no change for an application of 100% RDF 

(100% inorganic fertili7..er) while, for an application of 75% RDF (100% inorganic 

fertilizer) there was a negative change (-0.001). 

4.3.2.2 Total nitrogen. 

Effect of kharif treatments. 

The total nitrogen showed positive change for an application of 125% 

RDF (50% N through urea and 50% N through FYM), 125')10 RDF (100% inorganic 

fertilizer), 100% RDF (50% N through urea and 50% N through FYM), 100% RDF 

(100% inorganic fertilizer) and 75% RDF (50% N through urea and 50% N through FYM). 
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inorganic fertilizer), 50'Yo RDF (50% N through urea and 50'% N through FYM) and 

50% RDF (100% inorganic fertilizer). The maximum positive change (+O.OOOS) was 

observed in case of an application of 125°,1" RDF (50'X, N through urea and SO% N 

through FYM) while, a negative change (-0.0004) was observed in case of an 

application of 50% RDF (50% N through urea and SO% N through FYM) and 50% 

RDF (100% inorganic fertilizer). 

Effect of rabi treatments. 

The total nitrogen showed a positive change (+ 0.0004) for 100% RDF 

(100% inorganic fertilizer) while, for an application of 75% RDF (100% inorganic 

fertilizer) thcre was no changc. 

4.3.2.3 C:N Ratio. 

Effect of kharif treatments. 

There was a reduction In the CoN Ratio of the soil in all thc treatments 

applied. The maximum change (-0.10) was observed in an application of 125% RDF 

(100% inorganic fertilizer) and 1 00% r~DF (100% inorganic fcrtili.7.cr·) while, the 

lowest change (-0.01) was observed in an application of 50'i{, RDF (50% N through 

urea and 50% N through FYM). 

Effect of rabi treatments. 

The CoN Ratio showed a negative change (-0.04) for 100% RDF 

(100% inorganic fertilizer) while, for an application of 7S% RDF (100% inorganic 

fcrtilizer) there was a negative change (-O.OS). 

4.3.2.4 Available nitrogen. 

Effect of kharif treatments. 

The available nitrogen showed a positive balance for an application of 

125% RDF (50% N through urea and 50% N through FYM), 125% RDF (100% 

inorganic fertilizer), 100% RDF (SO% N thmugh urea and 50% N through FYM). 

While, a negative balance was observed for an application of 100% RDF (100% 

inorganic fertilizer), 75% RDF (50% N through urea and 50% N through FYM), 75% 

RDF (100% inorganic fertilizer), 50% RDF (50% N through = and 50% N through FYM) 

and 50% RDF (100% inorganic fertilizer). The maximum positive balance (+2S.63 kg ha·l) 

was observed in casc of 125% RDF (50'Yo N through urea and 50% N through FYM) 

while, a maxiITIUm negative balance (-42.65 kg ha I) was obscried in casc of SO% RDF 

(100% inorganic fertilizer). 

Effect of rabi treatments. 

The available nitrogen showed a negative balance (-4.S9 kg ha· I ) for an 

r , AAM rn .... '" 11 (l(lO/o i,,<">ra:'lnir fertilizer) while, for an application of 7SO/0 
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4.3.2.5 Available phosphorus. 

Effect of kharif treatments. 
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The available phosphorus showed a positive balanec for an application of 

12S% RDF (50% N through urea and SO%, N tlu-ough FYM), 12S'}'(, RDF (100% inorganic 

fertilizer), 100% RDF (SO% N through urea and SO% N through FYM), 100% RDF 

(100% inOl-garlic fcrti1i7£r), 7S% RDF (50% N through urea and SO'1u N through FYM). 

While, a negative balance was obsel-vcd for an application of 7 SO;" RDF (100% 

inorganic fertilizer), 50% RDF (SO% N through 1.l!'C<' and SO% N through FYM] and 50'X, 

RDF (100% inorganic fertilizer). The maximum positive balanec (+S.67 kg ha-I) was 

observed in case of an application of 12S% RDF (SO% N through urea and SO% N 

through FYM) while, a maximum negative balance (-5.29 kg ha· l ) was observed in 

ease of SO% RDF (100% inorganic fertilizer). 

Effect of rabi treatments. 

The available phosphorus showed a positive balanec (+0.97 kg ha I) for 

an application of 100% RDF (100'10 inOl-ganic fertilizer) while, for an application of 

75% RDF (100% inOl-ganie fcrtili7A:r) there Was a positive balance (+0.50 kg ha I). 

4.3.2.6 Available potassium. 

Effect of kharif treatments. 

The available potassium showed a posllIve balance for an application 

of 12S% RDF (SO% N through urea and 50% N through FYMJ, 100% RDF (SO% N 

through urea and SO% N through FYM), 7S% RDF (50% N through urea and 50% N 

through FYM). While, a negative balance was observed for an application of 12S% 

RDF (100% inorganic fertili7£rJ, 100% RDF (100% inorganic fertilizer), 7S% RDF 

(100% inorganic fertilizer), 50% RDF (50% N through urea and 50% N through FYM) 

and 50% RDF (100% inorganic fertilizer). The maximum positive balance (+ 10.21 kg ha") 

was observed in case of an application of 125% RDF (50'X, N through urea and SO% N 

through FYM) while, a maximum negative balance (-62.03 kg ha") was observed in case of 

12S% RDF (100% inorganic fertili7..er). 

Effect of rabi treatments. 

The available potassium showed negative balance (- 19.68 kg ha") for 

an application of 100% RDF (100% inorganic fertilizer) while, for an application of 75% 

RDF (100'% inorganic fertilv£r) there was a negative balance (-22.93 kg ha·'). 

4.4 Total ecomomics of cropping sequence, 

The data regarding the total gross monetary retun1s, cost of 

cultivation, net monetary retums, Benefit:Cost Ratio and pooled mean of senna­
:~"h~Al ~rm ... n;na <:f'f11lP.nce are presented in Table 93. 
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4.4.1 Gross monetary returns. 

The mean gross monetary retums were Rs. 1,38,008, 1,38,846 and 

1,38,427 ha- I during 2002-03,2003-04 and on pooled mean basis, respectively. 

Effect of kharif treatments. 

The kharif treatments significantly affected the gross monetary retums 

ha I during both the years and on pooled mean basis. An application of 1250/0 RDF 

(50% N through urca and 50'X, N through FYM) recorded the highest gross monctary 

retunlS (Rs 1,49,482,1,53,228 and 1,51,355 ha- I during 2002-03,2003-04 and on 

pooled mean basis, respcctively). It was found to bc at par with an application of 

125% RDF (100%, inorganic fertilizer) and significantly superior to rest of the 

treatnlents during botll. ilie years and on pooled mcan basis. 

Effect of rabi treatments. 

The rabi treatments significantly affccted thc gross monetary rctums 

ha- I during boili the years and on pooled mean basis. 

An application of 1000/0 RDF (1000/0 inorganic fertilizer) recorded the highest 

gross monetary retunls (Rs.l,38,746, 1,39,706 and 1,39,226 ha I during 2002--03, 

2003-04 and on pooled mean basis, respectively). It was found to be significantly 

superior to an application of 75% RDF (1 OO'Yo inorganic fertilizer) during both the 

years and on pooled mean basis. 

Interaction. 

The intcraction effects between kharif and rabi treatments were found 

to be non-significant during both the years and on pooled mean basis. 

4.4.2 Cost of cultivation. 

The mean cost of cultivation was Rs. 70,716, 71,658 and 71,187 ha-I 

during 2002-03,2003-04 and on pooled mean basis, respectively. 

Effect of kharif treatments. 

The kharif treatments significantly affected the cost of cultivation ha-I 

during both ilie years and on pooled mean basis. An application of 125% RDF (50% 

N tllrough urea and 50% N tlu'ough FYM) recorded ilie highest cost of cultivation 

(Rs.77,544, 79,287 and 78,416 ha- I during 2002-03, 2003-04 and on pooled mean 

basis, respectively). It was found to be significantly superior to rest of ilie treatments 

during both the ycars and on pooled mean basis. 

Effect of rabi treatments. 

The rabi treatments significantly affected thc cost of cultivation ha I 

during both ilie years and on pooled mean basis. An application of 1000/0 RDF (1 Ooo;b 

inorganic fertilizer) recorded the highest cost of cultivation (Rs. 71,054, 72,027 and 71,541 

ha- I during 2002-03, 2003-04 and on pooled mean basis, respectively). It was found to 
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be significantly superior to an application of 75% RDF (100% inorganic fertilizer) 

during both the years and on pooled mean basis. 

Interaction. 

The interaction effects between kharif and rabi treatments '..-ere found 

to be non-significant during both the years and on pooled mean basis_ 

4_4.3 Net monetary returns. 

The mean net monetary retun1S were Rs.67,292, 67,187 and 67,240 ha'] 

during 2002-03, 2003-04 and on pooled mean basis, respectively. 

Effect of kharlf" treatments. 

The kharif treatments significantly affectcd the net monetary retums ha-] 

during both the yeru's and on pooled mean basis. 

An application of 125% RDF (100'% inorganic fcrtilizer) recorded llie 

highest net monetary retun1S (Rs.75,163, 77,864 and 76,514 ha' during 2002-03, 

2003-04 and on pooled mean basis, respectively). It was found to be at par willi an 

application of 100°1<, RDF (l00% inorganic fertiIi7..er) during 2002-03 while, during 

2003-04 and on pooled meru1 basis it was significantly superior to rest of the 

treatments applied. 

Effect of rabi treatments. 

The rabi treatments signific<U1tly affected the net monetary retums ha-] 

during both the years and on pooled mean basis. 

An application of 100% RDF (100% inorganic fertilizer) recorded ilie highest 

net monetary retums (Rs. 67,691, 67,679 and 67,685 ha-] during 2002-03, 2003-04 and 

on pooled mean basis, respectively). It was found to be significantly superior to 

an application of 75% RDF (100% inorgru1ic fertilizer) during bofu fue years and on 

pooled mean basis. 

Interaction. 

The interaction effects between kharif and rabi treatments were found 

to be non-significant during both fue years and on pooled mean basis. 

4.4_4 Benefit:Cost Ratio. 

The mean Benefit:Cost Ratio was 1.95, 1.94 and 1.95 during 2002-03, 

2003-04 and on pooled mean basis, respectively. 

Effect of kharlf" treatments. 

The kharif treatments significantly affected the Benefit: Cost Ratio 

during bofu the years and on pooled mean basis. 

An application of 100% RDF (100% inorgru1ic fertilizer) recorded ilie 

highest Benefit:Cost Ratio (2.04 and 2.05 during 2002-03 and on pooled mCat1 basis, 

---___ .; •• ~I,,\ ",h;]p rlnrinp- ?003-04 an application of 125% RDF (100% inoz'gru1ic 
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fertilizer) and 100% RDF (100'/0 inorganic fertili7..er) recorded the highest BenefitCost Ratio 

(2.05). An application of 100% RDF (100% inorganic fertilizer) was found to be at par 

with an application of 125% RDF (100% inorganic fertilizer) during both the years 

and on pooled mean basis. 

Effect of rabi treatments. 

The clifferences between Benefitili<;t Ratio due to sub plot treatments given to rabi 

iso.bgol were found to be non-significant during both the years and on pooled mean basis. 

Interaction. 

The interaction effects between kharif and rabi treatments were found 

to be non-significant during both the years and on pooled mean basis 
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5. DISCUSSION 

A research experiment entitled "Effect of integrated nutrient 

management In Senna (Cassia angustifoJia) - Isabgol (Plantago ovala) cropping 

sequence on growth, yield and quality of constituent crops." was conducted at 

Post Graduate Institute Instructional Farm, in 'B' block of Central Campus, Group 

No.6, Survey No.70, Mahatma Phule Krishi Vidyapeeth, Rahuri, Dist. Ahmednagar 

(M.S.) during the years 2002-03 and 2003-04. The findings dctailed in previous 
chapter have been discussed her'e in this chapter. 

5.1 Soil. 

An analysis of soil (Table 1) of the experimental plot befor'e 

commencement of present investigation revealed that the soil was clayey in texturc, 

low in available nitrogen (209.14 kg ha"), medium in available phosphorus 

(24.94 kg ha') and high in available potassium (478.12 kg ha'). The soil was 

slightly alkaline in reaction (pH= 8.12). Thus, the soil was suitable for grO\ving senna 
during kharif and isabgol in rabi season. 

5.2 Weather. 

5.2.1 Senna (kharif season). 

The mean maximum temperature recorded was 30.8 and 31.1 0C 

while, the mean minimum temperature was 16.2 and 16.4oC dUling 2002-03 and 

2003-04, respectively. The mean monling humidity was 86.7 and 82.9% while, 

the mean evening humidity was 45.4 "md 45.2% during 2002-03 "md 2003-04, 

respectively. The wind speed, bright sunshine and ITIean pan evaporation was 

4.1 and 6.6 km hr' day', 7.2 and 7.1 hI'S day-', 4.5 and 4.8 mm day-' during 2002-03 

and 2003-04, respectively. Total rainfall of 225.3 and 191.1 mm in 8 and 14 rainy 

days was recorded during 2002-03 and 2003-04, respectively (Table 2 and 3). 

5.2.2 Isabgol (rabi season). 

The mean maxilnunl temperatur'e recorded was 34.4 and 35.50 C 

while, the mean minimum temperature was 13.7 cmd 13.0 0C during 2002-03 and 

2003-04, respectively. The mean morning relative humidity was 74.5 and 83.8'% 

while, the mean evening relative humidity was 29.6 and 22.7'Yo during 2002-03 and 

2003-04, respectively. The wind speed, bright sunshine and mean pan evaporation 

was 4.5 and 4.7 km hr· 1 day-I, 9.4 and 9.8 hrs day", 7.6 and 8.3 mm day-' during 

2002-03 and 2003-04, respectively. There was no rainfall during the cropping period 

of isabgol during 2002-03 and 2003-04 (Table 2 and 3). 
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During both the years, crops were irrigated as and when required. 

The crops were sown with favourable moisture conditions necessary for better 

germination of the crops and desired plant population was maintained by gap filling 

and thinning. Thus, it can be seen that weather conditions prevalent during 

cropping period of both the crops were similar during 2002-03 and 2003-04. 

5.3. Senna. 

An experiment on senna during kharif season was laid out in 

randomised block design in three replications v\lith eight treatments comprising of a 

combination of chemical fertilizer viz., urea and single super phosphate and with or 

without farmyard manure. The results of present investigation arc discussed here. 

5.3.1 Growth characters of senna. 

The important growth attributes viz., height, spread, number of 

branches, leaf area, total fresh rnatter and total dry matter accumulation plant·' as 

observed periodically were increased due to an increase in the level of the fertilizer. 

The differences in these growth characters were observed to be more pronounced 

from 30 days onwards after sowing. 

The plant height (Table 13) increased with an advancement in age of 

crop and the maximum was recorded at harvest. There was a rapid growth in terms 

of height during 30 and 120 days after sowing. 

An application of higher doses of fertilizer and N substitution through 

FYM VIZ., 125% RDF (50% N through urea and 50';10 N through FYM), 125% RDF 

(1000.;" inorganic fcrtilizer) and 100% RDF (50% N through urea and 50% N through 

FYM) increased the plant height by 1.30, 1.13 and 0.31 percent during 2002-03 

while, during 2003-04 the increase was 3.25, 2.59 and l.37 percent, respectively. 

An application of lower doses of fertilizer and N substitution through FYM viz., 

75% RDF (50% N through urea and 50% N through FYM), 75% RDF 

(100% inorganic fertilizer), 50% RDF (50% N through urea and 50% N through FYM) 

and 50% RDF (100°"';, inorganic fertilizer) decreased the plant hcight by 6.56, 7.56, 

13.10 and 13.20 percent during 2002-03 while, during 2003-04 the decrease was 

8.65, 9.79, 15.34 and 15.93 percent, respectively compared to an application of 

recommended dose of fertilizer i.e. 100% RDF (100% inorganic fertilizcr). 

The pla.nt spread (Table 14) increased ,,,,ith an advancement in age of 

crop and the maximum was recorded at harvest. There was a rapid growth in terms 

of plant spread during 30 and 105 days after sowing. 

An applica.tion of higher doses of fertilizer and N substitution through 

FYM viz., 125% RDF (50% N through urea and 50% N through FYM), 125% RDF 

(100% inorganic fertili7..er) and 100% RDF (50% N through urea and 50'X, N through 
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FYM) increased the plant spread by 2.97, 2.26 and 1.38 percent during 2002-03 

while, during 2003-04 the increase was 2.14, 1.80 and 1.06 percent, respectively. 

An application of lower doses of fertilizer and N substitution through FYM viz., 

75% RDF (50% N through Urea and 50°/.. N through FYMJ, 75% RDF 

(100% inorganic fertilizer), 50% RDF (50% N through urea and 50% N through FYM) 

and 50%. RDF (100'Yo inorganic fertilizer) decreased the plant spread by 4.29, 4.72, 

13.73 and 14.82 percent during 2002-03 while, dUling 2003-04 the decrease was 

6.89, 7.69, 16.66 and 17.70 percent, respectively compared to an application of 

recommended dose of fertilizer i.e. 100'Yo RDF (100% inorganic fertili=r). 

This increase might be attributed to the improvement In the 

nutritional status of plants, which (night have ('esulted in greater synthesis of 

growth promoting substances. ""hich enhanced meristematie activity and increased 

cell numbers and their growth. These ultimately increased the plant height and 

plant spread (Kumavat and Bansal, 1996). Similar results were obtained by 

Choudhary et al. (1979) on Solanum Ichusionum, Pareek et ol. (1988) on henbane 

and ilangovan el 01. (1990) and Mali (1994) on senna. 

The number of branches (Table 15) increased with an advancement in 

age of crop and the maxitnum was recorded at harvest. There was a rapid growth in 

terms of number of branches during 45 and 75 days after sowing. 

An application of higher doses of fertilizer and N substitution through 

FYM VIZ., 125% RDF (50% N through urea and 50'l'b N through FYM), 125% RDF 

(100% inorganic fertili7.er) and 100%. RDF (50% N through urea and 50% N through FYM) 

increased the number of branches by 6.52, S.11 and 2.94 percent during 2002-03 

while, during 2003-04 the increase was 3.49, 3.49 and 2.11 percent, respectively. 

An application of lower doses of fertilizer and N substitution through FYM viz., 7So/0 

RDF (SO'X. N through urea and 50% N through FYM), 7S% RDF (100% inorga.nic 

fertilizer), SO% RDF (50% N through urea and 50% N through FYM) and 50% RDF 

(100% inorganic fertilizer) decreased the number of branches by 3.59, 6.S2, 11.63 

and 13.04 percent during 2002-03 while, during 2003-04 the decrease was 7.81, 

9.93, 14.1S and 15.52 percent, respectively compared to an application of recommended 

dose of fertilizer i.e. 100% RDF (100% inorganic fertilizer). 

An integrated use of nitrogen was found to be beneficial to senna m 

increasing the number of branches. This may be because of an application of 

nitrogen partly through farmyard manure and urea, might have helped the growth 

and development of the crop. Similar results were obtained by Hegde (1998) on 

periwinkle, Pareek el ol. (1988) on henbane, Mali (1994) on senna, Bhaskar el al. 

(2002) on Solanum viarum and Klishnamoorthy: and Maclalagiri (2002) on Ajowan. 

Leaf area has been considered as a relative index of crop growth to 

nutrient application. The leaf area (Table 16) increased with an advancement in age 
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of crop and the maximum was recorded at 90 days after sO\\'1ng. Thc leaf area 

declined at 90 and 120 days after sowing due to picking of the fresh leaves at 90 

and 110 days after sowing. Then the leaf area again increased up to harvest. 

An application of higher doses of fertili7..er and N substitution through 

FYM VlZ., 125'% RDF (50% N through urea and 50'% N through FYM), 125% RDF 

(100% inorganic fertili7er) and 100%, RDF (50'Yo N through urea and 50% N through FYM) 

increased the leaf area by 4.40, 3.97 and 3.10 percent during 2002-03 while, during 

2003-04 the increase was 4.27, 3.64 and 1.32 pcrccnt, respectively. An application 

of lower doses of fertili7..er and N substitution through FYM viz., 75%, RDF (50%, N 

through Urca and 50% N t}u'ough FYMJ, 75'% RDF (100% inorganic fcrtilizer), 500/0 

RDF (50'% N through urea and 50'''', N through FYM) and 50'X, RDF (100'% inorganic 

fertilizer) decr'eased the leaf area by 4.09, 5.39, 9.36 and 1 1.03 percent during 2002-03 

while, dUr-ing 2003-04 the decrease was 7.65, 10.16, 13.80 and 16.56 percent, 

respectively comparcd to an application of recommended dose of fertilizer i.e. 100'X, 
RDF (100°/(, inorganic fertilizer). 

An integrated use of nitrogen was found to be positive in increasing the 

leaf area. The increased leaf area under the farmyard treatments could be attributcd 

to the increased availability of potassium that could have caused celJ expansion by 

regulating solute potential, which may have increased the rate of leaf expansion and 

the leaf area (Rao and Rao, 1983). Similar results were obtained by Duraisingh and 

Gopalaswamy (1991) on soybean, Mali (1994) on senna and Bhaskar el al. (2002) on 
Solanum viarum. 

The fresh and dry matter is influenced by the plant height, plant 

spread, number of branches and leaf area plant· I. The dry matter production is 

considered as an indicator of the ability of plant to take up nutrients and metabolise 
them into plant constituents. 

The total fresh matter (Table 17) incrcased with an advancement in 

age of crop and the maximum was recorded at harvest. There was rapid growth in 

terms of total fresh matter during 30 and 150 days after sowing. Thereafter, the 

total fresh matter declined duc to drying of plants. 

An application of higher doses of fertilizer and N substitution through 

FYM viz., 125% RDF (50% N through urea and 50'Yo N through FYM), 125% RDF 

(100% inorganic fertili7..er) and 100% RDF (50'% N through urea and 50% N through FYM) 

increased the total fresh mattcr by 4.62, 3.26 and 2.13 percent during 2002-03 

while, during 2003-04 the increase was 4.65, 3.57 and 2.11 percent, respectively. 

An application of lower doses of fertilizer' and N substitution through FYM 

viz., 75% RDF (50% N through urea and 50'1'0 N through FYM), 75% RDF (100'% 

inorganic fertilizer), 50%, RDF (50% N through urea and 50'X, N through FYM) and 

50% RDF (100% inorganic fertilizer) decreased the total fresh matter by 6.53, 7.98, 
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16.53 and 18.77 percent during 2002-03 while, during 2003-04 the decrease was 

9.10, 11.52, 19.71 and 21.78 percent, respectively compared to an application of 

recommended dose of fertilizer i.e. 100%, RDF (100'% inorganic fertilizer). 

The total dry matter (Table 18) increased with advancement in age of 

crop and the maximum was recorded at harvest. There was a rapid growth in terms 

of dry matter during 30 and 150 days after sowing. 

An application of higher doses of fertilizer and N substitution through 

FYM VIZ., 125'% RDF (50'% N through urea anel 50%) N through FYM), 1250/.) RDF 

(100% inorganic ferti1;>"..er) and 100% RDF (50% N through urea and 50% N through FYM) 

increased the total dty matter by 6.68, 4.71 and 2.46 percent eluting 2002-03 while, 

during 2003-04 the increase was 8.22, 6.21 and 3.42 percent, respectively. An 

application of lower doses of fertilizer and N substitution through FYM 

viz., 75°/" RDF (50% N through urea and 500/0 N through FYM), 75%) RDF (100'X, 

inorganic fertilizer), 50% RDF (50% N through Urea and 50% N through FYM) and 

50')10 RDF (1000
/0 inorganic fertilizer) decreased the total dry matter by 6.08, 8.25, 

16.83 and 19.23 percent during 2002-03 while, dUting 2003-04 the decrease was 

9.86, 12.46, 21.31 and 23.93 percent, respectively compared to an application of 

recommended dose of fertilizer i.e. 100% RDF (100')10 inorganic fertilizer). 

An overall better growth under farmyard manure treatments could be 

atttibuted to the higher microbial popUlation and dehydrogenase activity, which 

may have influenced higher nutrient uptake, chlorophyll synthesis and plant growth. 

FUrther, these microbes could have promoted soil aggregation and thus indirectly 

influenced the root environment anel plant growth (Maheshwarappa et al., 2000). 

An increase in the leaf surface with each additional dose of fertilizer might have 

helped in utili"ing the radiant energy more effectively thereby resulting in an 

increased synthesis of carbohydrates. Hence, vigour of the plant was better due to 

an increase in the level of fertilizer. Similar "esults were obtained by Mali (1994) on 

senna, Muniramappa et af. (1997) on Imlmegh, Arumugam el al. (2001) on senna 

and Krishnamoorthy and Madalageri (2002) on AjOLuan. 

The periodical AGR values of dry matter showed increasing trend due 

to an increase in the application of fertilizer (Table 19). The periodical RGR values of 

dry matter showed increasing trend due to an increase in t]-lC application of fertilizer 

(Table 20). In general, it is observed that almost all morphological characters studied 

exhibited an increasing trend corresponding to an increase in the levels of fertilizer. 

Hence, it can be stated that the senna crop whcn fertili7..ed with higher 

doses of N and P combinations helped to produce superior growth over the 

recommended dose of fertilizcr. 

There was a delay m number of days to flower initiation, days to 

50% flowering and days to maturity (Table 21) with an increase in the level of fertili7..er. 
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This might be due to an increased availability of nitrogen, which prolonged growth 

and delayed senescence (Rqjput et al., 1983). Similar results were obtained by 

Ilangovan et al. (1989) on senna. 

5.3.2 Yield contributing characters of senna. 

The grmvth attJibutcs were fav01.lI-ably influcnced by higher doses of fertili7..er. 

Thcse favourable effects on growth were also reflected on yield conllibuting characters. 

The cffect of trcatments on crop development for yield contributing 

characters was measured in terms of number of filled pods, numbcr of unfilled 

pods, total number of pods, weight of filled pods, weight of unfilled pods, total weight 

of pods plant·!, length of pod, breadth of pod, number of seeds pod!, weight of seeds 

pod!, thousand secd weight, number of seeds plant·! and weight of sceds plant-I. 

From thesc some of the important charactcrs arc discussed bclow, 

An improvement in yield contributing charactcrs studied as observed 

was evident due to an increase in the levels of fertili7£r. 

An application of higher doscs of fertilizer and N substitution through 

FYM VIZ., 125% RDF (50'X, N through ur'ca and 50% N through FYM), 125% RDF 

(100% inorganic fertili7..er) and 100% RDF (50'Yr, N through urea and 50% N through FYM) 

increased thc number of filled pods (Tablc 22) by 7.56, 6.43 and 3.90 percent during 

2002-03 while, during 2003-04 the increase was 7.39, 6.36 and 3.80 percent, 

rcspectively. An application of lower doses of fer-tili7£r and N substitution through 

FYM viz., 75% RDF (50% N through urca and 50'YQ N through FYM), 75% RDF 

(100% inorganic fertilizer), 50°.1" RDF (50% N through urea and 50% N through FYM) 

and 50% RDF (100% inorganic fertili7.er) decreased the number of fr.lled pods by 

7.02, 9.61, 15.25 and 17.94 percent during 2002-03 while, during 2003-04 thc 

decrease was 12.60, 15.64, 22.51 and 23.32 percent, respectively compared to an 

application of recommended dosc of fertili7..er i.e. 100% RDF (100% inorganic ferti1i7..er). 

An application of higher doscs of fertilizer and N substitution through 

FYM VlZ., 125% RDF (50% N through urea and 50% N through FYM), 125% RDF 

(100% inorganic fertili7..er) and 100% RDF (50% N through urea and 50% N through FYM) 

increased the weight of filled pods (Table 22) by 8.79,6.14 and 2.61 pcrcent during 

2002-03 while, during 2003-04 the increase was 8.77, 5.69 and 1.39 percent, 

respectively. An application of lower doscs of fertilizer and N substitution through 

FYM viz., 75% RDF (50% N through ur'ea and 50% N through FYM), 75% RDF 

(100% inorganic fertilizer), 50% RDF (50%, N through urca and 50% N through FYM) 

and 50% RDF (100%, inorganic fer-tilizer) decreased the weight of filled pods by 7.94, 

10.94, 18.96 and 22.20 percent during 2002-03 whilc, during 2003-04 the decrease 

was 11.44, 14.43,22.09 and 25.42 percent, respectively compared to an application of 

recommended dose offertilizcr i.c. 100% RDF (100% inorganic fertili7.cr). 
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An incr'ease in number and weight of pods plant· I could be due to 

higher photosynthetic surface as a result of an increased leaf area coupled with an 

increase in phosphorus availability in soil during vegetative and generative stages of 

the crop in an increased fertilizer levels might have resulted in enhanced 

photosynthetic activity and thus more metabolites were directed for the deVelopment 

of more pods plant· I (Singh et al., 1980). 

Similar results were obtained by Choudhary et al. (1979) on Solanum 

khasianum Nimje and Seth (1987) and Duraisingh and Gopalaswamy (1991) on 

soybean, Bhaskar et al. (2002) on Solanum viarum. 

An application of higher doses of fertilizer and N substitution through 

FYM viz., 125% RDF (50% N through urea and 50'Yo N through FYM), 125% RDF 

(100% inorganic fertilb.cr) and 100'Yo RDF (50'X, N through urea and 50% N through FYM) 

increased the number of seeds (Table 24) by 7.80, 6.57 and 3.56 perccnt during 

2002-03 while, during 2003-04 the increase was 7.68, 6.23 and 2.75 percent, 

respectively. An application of lower doses of fertilizer and N substitution through 

FYM viz., 75% RDF (50% N through w'ea and 50% N through FYM), 75% RDF 

(100% inorganic fertilizer), 50% RDF (50% N through urea and 50% N through FYM) 

and 50% RDF (100% inorganic fertilizer) decreased the number of sceds by 

7.31, 9.90, 15.69 and 18.67 percent during 2002-03 while, during 2003-04 the 

decrease was 17.06, 19.60, 24.17 and 26.18 percent, respectively compared to an 

application of recommended dose of fertilizer i.e. 100% RDF (100% inorganic fertili7.cr'). 

The efficient transfer of metabolites and subsequent accumulation of these 

metabolites in the pods would have resulted in an increase in the number of cells. 

An application of higher doses of fertilizer and N substitution through 

FYM viz., 125°;() RDF (50% N through urea and 50% N through FYM), 125% RDF 

(100% inorganic fertilizer) and 100%, RDF (50'Yo N through urea and 50% N through FYM) 

increased the weight of seeds (Table 24) by 10.20, 8.65 and 5. 10 percent during 

2002-03 while, during 2003-04 the increase was 10.26, 8.65 and 5.26 percent, 

respectively. An application of lower doses of fertili7.cr and N substitution through 

FYM viz., 75% RDF (50% N through urea and 50% N through FYM), 75% RDF 

(100% inorganic fertilizer), 50'Y"RDF (50% N through urea and 50% N through FYM) 

and 50% RDF (100% inorganic ferti1i7..er) decreased the weight of seeds by 12.20, 16.58, 

24.32 and 27.69 percent during 2002-03 while, during 2003-04 thc decrease was 

16.06, 20.87, 27.48 and 30.69 perccnt, rcspectively compared to an application of 

recommended dose of fertilizer i.e. 100% RDF (100% inorganic fertilizer). 

An application of higher' doses of fertilizer and N substitution through 

FYM VlZ., 125% RDF (50% N through urea and 50% N through FYM), 125% RDF 

(100% inorganic fertili7-cr) and 100% RDF (50% N through urea and 50% N through FYM) 

increased the thousand seed weight (Table 24) by 5.62, 4.66 and 1.63 percent 
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during 2002-03 while, during 2003-04 the increase was 5.70,4.42 and 2.66 percent, 

respectively. An application of lower doses of fertilizer and N substitution through 

FYM viz., 75%, RDF (50% N through urea and 50';';, N through FYM), 75% RDF 

(100% inorganic fertili.7.-er), 50°/(, RDF (50% N through urea and 50% N through FYM) 

and 50% RDF (100% inorganic fertilizer) decreased the thousand seed weight by 4.80, 

7.20, 10.56 and 12.77 percent during 2002-03 while, during 2003-04 the dccrease was 

5.89, 6.65, 12.54 and 14.35 percent, r'espectively compared to an application of 

recommended dose of fertilizer i.e. 100% RDF (100°;;, inorganic fertilizer). 

An increase in the number and weight of seeds plant·, and thousand 

seed weight could be due to the favourablc effect of nitrogcn application which was 

directly attributed to higher dry matter accumulation and indirectly through the 

build-up of si.7.-eablc protein pools at vegetativc phase and increased supply of 

assimilates to flowers led to the formation of bold seed. 

Similar results were obtained by Muthuvel et al. (1985) on red gram, 

Nimje and Seth (1987) and Duraisingh and Gopalaswamy (1991) on soybean. 

5.3.3 Yield of senna. 

An application of higher doses of fertilizer and N substitution through 

FYM viz., 125% RDF (50% N through urea and 50'Vo N through FYM), 125% RDF 

(100% inorganic fertili7..cr) and 100% RDF (50% N through urea and 50% N through FYM) 

increased the total fresh leaves yield (Table 29) by 4.96, 4.23 and 2.57 percent 

during 2002-03 while, during 2003-04 the increase was 5.22, 4.59 and 2.49 perccnt 

while, on pooled mean basis the increase was 5.09, 4.41 and 2.53 percent, 

respectively. An application of lower doses of fertilizer and N substitution through 

FYM viz., 75% RDF (50% N through urea and 50% N through FYM), 75% RDF 

(100% inorganic fertilizer), 50% RDF (50% N through urea and 50% N through FYM) 

and 50% RDF (100% inorganic fertilizer) decreascd the total fresh leaves yield by 

6.42, 8.41, 18.97 and 20.88 percent during 2002-03, during 2003-04 the decrease 

was 10.38, 12.31, 22.21 and 24.35 percent while, on pooled mcan basis the decrcase 

was 8.42, 10.39,20.61 and 22.63 percent, respectively compared to an application of 

recommended dose of fertilizer i.c. 100% RDF (100% inorganic fertilizer). 

An application of higher doses of fertilizer and N substitution through 

FYM VIZ., 125% RDF (50% N through urea and 50% N through FYM), 125% RDF 

(100% inorganic fertilizer) and 100% RDF (50% N through urea <mel 50% N t1u'ough FYM) 

increased the total dry leaves yield (Table 30) by 5.69, 4.84 and 3.02 percent during 

2002-03 while, during 2003-04 the increase was 4.73,3.74 and 1.94 percent while, 

on pooled mean basis the increase was 5.20,'4.29 and 2.49 percent, respectively. 

An application of lower doses of fertili.7.-er and N substitution through FYM 

viz., 75% RDF (50% N through urea and 50% N through FYM), 75% RDF (100% 
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inorganic fertilizer), 50% RDF (50% N through urea and 50% N through FYM) and 

50% RDF (100% inorganic fertilizer) decreased the total dry leaves yield by 6.62, 

8.40, 17.69 and 19.73 percent during 2002-03 while, during 2003-04 the decrease 

was 11.62, 13.34,21.86 and 23.62 percent while, on pooled mean basis the decrease 

was 9.14, 10.89, 19.81 and 21.69 percent, respectively compared to an application of 

recommended dose of fertilizer i.e. 100% RDF (100% inorganic fertilizer). 

An increase in the fresh and dry leaves yield could be due to the 

favourable synthesis of growth promoting constituents in plant system as result of 

better supply of nitrogen, which led to an enlargement in the leaf area due to, increased 

cell sb..e and cell division in the leaves of the plant (Nandan and Prasad, 1998) 

Similar results were obtained by Kalyansundaram et aL ( 1981 a) and 

TIangovan et al. (1989), Mali (1994) and Arumugam et al. (2001) on senna . 

An application of higher doses of fertilizer and N substitution through 

FYM VIZ., 125% RDF (50% N through urea and 50% N through FYM), 125'1'0 RDF 

(100% inorganic fertilizer) and 100'X, RDF (50';;', N through urea and 50% N through FYM) 

incrcased the seed yield (Table 31) by 5.23,3.83 and 2.44 percent during 2002-03 

while, during 2003-04 the increase was 6.12, 5.44 and 3.40 percent while, on 

pooled mean basis the increase was 5.50, 4.47 and 2.75 percent, respectively. An 

application of lower doses of fertilizer and N substitution through FYMviz., 75% RDF 

(50% N through urea and 50°;<, N through FYM), 75'% RDF(100% inorganic fertilizer), 

50% RDF (50% N through urea and 50% N through FYM) and 50°,,{, RDF (100% 

inorganic fertilizer) decreased the seed yield by 5.23, 6.97, 10.80 and 12.20 percent 

during 2002-03 while, during 2003-04 the decrease was 8.16, 10.20, 14.63 and 

16.67 percent while, on pooled mean basis the decrease was 6.87, 8.59, 12.72 and 

14.78 percent, respectively compared to all. application of recommended dose of 

fertilizer i.e. 100% RDF (100% inorganic fertilizer). 

An incorporation of farmyard manure might have helped in improving 

nutrient availability from soil for a prolonged period on one hand and mitigating the 

deficiency of different nutrients as well as improving the soil physical conditions on 

the other leading to better aeration, root activity and nutrient absorption which had 

a positive effect on increasing the leaf area and the photosynthetic activity which 

ultimately increased the crop yield (Naphade et al., 1993). 

Similar results \vere obtained by Sharma et al. (1999 a) and Rama1I1oorthy 

et al. (2003) on senna. 

The harvest index (Table 31) during 2002-03 was increased due to an 

application of 125'X, RDF (100% inorganic fertilizer), 100% RDF (50% N through urea 

and 50% N through FYM), 75% RDF (50%, N through urea and 50% N through FYM) 

and 75% RDF (100% inorganic fertilizer) by 0.05, 0.02, 0.14 and 0.43 percent, 

respectively while, an application of 125% RDF (50% N through urea and 50% N 
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through FYM), 50% RDF (50% N through urea and 50% N through FYM) and 

50'% RDF (100% inorganic fertilizer) decreased the harvest index by 0.12, 1.87 and 

1.89 percent. During 2003-04, the harvest index was increased due to an 

application of 125%, RDF (100% inorganic fertilizer) by 0.17 percent while, an 

application of 125% RDF (50% N through urea and 50% N through FYM), 100% 

RDF (50% N through urea and 50% N through FYM), 75'Y<, RDF (50':;;, N through 

urea and 50% N through FYM), 75% RDF (100% inorganic fert.ili.zer), 50% RDF (50% N 

through urea and 50% N through FYM) and 50% RDF (100% morganlc fertilizer) 

decreased the harvest index by 0.21, 0.24, 0.48, 0.31, 2.76 and 2.40 percent, 

respcctively as compared to an application of recommended dose of fertilizer 

i.e. 100% RDF (100°/<' inorganic fertilizer). 

On pooled mean basis, the harvest index was increased by an 

application of 125°.1" RDF (100';10 inorganic fertilizer) and 75'X, RDF (1000/" inorganic 

fertilizer) by 0.12 and 0.07 percent while, an application of 125% RDF (50% N 

through urea and 50% N through FYM), 100% RDF (50% N through urea and 

50% N through FYM), 75% RDF (50% N through urea and 50% N through FYM), 

50% RDF (50% N through urea and 50% N through FYM) and 50% RDF 

(100% inorganic fertilizer) decreased the harvest index by 0.17,0.10,0.17,2.31 an 

2.15 percent, respectively as compared to an application of recommended dose of 

fertilizer i.e. 100% RDF (100% inorganic fertilizer). 

5.3.4 Concentration and uptake of nutrients in senna. 

The biological yield and concentration of nitrogen, phosphorus and 

potassium in the vaIious plant parts had a direct bearing on uptake of these 

elements in the crop. 

The concentration of nitrogen (Table 32), phosphorus (Table 33) and 

potassium (Table 34) in the vaIious plant parts analyzed increased with an increase 

in an application of higher doses of fertilizer. Similar results were obtained by Shand 

(1994) and Prasad and Kumar (1999) on soybean. 

An application of higher doses of fertilizer and N substitution through 

FYM VIZ., 125% RDF (50% N through urea and 50% N through FYM), 125% RDF 

(100% inorganic fertilizer) and 100% RDF (50% N through urea and 50% N through FYM) 

increased the total uptake of nitrogen (Table 35) by 7.98, 6.09 and 3.20 percent 

duIing 2002-03 while, duIing 2003-04 the increase was 8.71, 5.70 and 3.30 

percent, respectively. An application of lower doses of fertilizer and N substitution 

through FYM viz., 75% RDF (50% N through urea and 50% N through FYM), 

75% RDF (100% inorganic fertilizer), 50% RDF (50% N through urea and 50% N 

through FYM) and 50% RDF (100% inorganic fertilizer) decreased the total uptake of 

nitrogen by 9.55, 12.01, 19.51 and 22.18 percent duIing 2002-03 while, duIing 2003-04 
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the decrease was 12.81, 15.54,21.68 and 24.99 percent, respectively compared to an 

application of recommended dose of fertilizer i.e. 100%) RDF (100% inorganic fertilizer). 

An increased uptake of nitrogen under the farmyard manure 

treabnents could be due to the activity of ammonifiers and nitrifiers which helped in 

increasing the element in the soil solutions and thus enhanced the activity and 

uptake of the element (Sharma et al., 2002). 

An application of higher doses of fertilizer and N substitution through 

FYM VIZ., 125°1<) RDF (50% N through urca and 50'% N through FYM), 125% RDF 

(100% inorganic fertilizer) and 100'X, RDF (50% N through urea and 50% N through FYM) 

increased the total uptake of phosphorus (Table 36) by 11.05, 9.33 and 2.99 percent 

during 2002-03 while, during 2003-04 the increase was 11.02, 8.90 and 2.86 percent, 

respectively. An application of lower doses of fertili7-cr and N substitution through FYM 

viz., 75% RDF (50% N through urea and 50% N through FYM), 75% RDF (100% 

inorganic fertilizer), 50'Yo RDF (50% N through urea and 50% N through FYM) and 50% 

RDF (100% inorganic fertilizer) dccreased the total uptake of phosphorus by 9.36, 

12.35, 19.25 and 22.66 percent dUting 2002-03 while, during 2003-04 the deereasc 

was 13.51, 15.58,22.77 and 26.85 percent, respectively compared to an application of 

recommended dose of fertilizer i.e. 100% RDF (100% inorganic fertilizer). 

An uptake of phosphorus is synergistic to the uptake of nitrogen and 

higher uptake of phosphorus could be due to solubili7~tion effect of organic acids 

produced during decomposition of farmyard manure, improved aeration and better 

root proliferation (Murugappan et oi., 1998). 

An application of higher doses of fertilizer and N substitution through 

FYM VIZ., 125'1'0 RDF (50% N through urea and 50% N through FYM), 125% RDF 

(100% inorganic fertilizer) and 100% RDF (50% N through urea and 50% N tlu'ough FYM) 

increased the total uptake of potassium (Table 37) by 12.57, 10.10 and 5.86 percent 

during 2002-03 while, during 2003-04 the increase was 11.79,7.50 and 3.60 percent, 

respectively. An application of lower doses of fertili7-cr and N substitution through FYM 

viz., 75% RDF (50% N through urca and 50% N through FYM), 75% RDF 

(100% inorganic fertili7-cr), 50% RDF (50% N through urea and 50% N through FYM) 

and 50% RDF (100% inorganic fertilizer) decreased the t01:.o'1.l uptake of potassium by 

8.47, 13.25, 23.52 and 26.27 percent during 2002-03 while, during 2003-04 the 

decrease was 12.61, 20.02, 27.56 and 31.85 percent, respectively compared to an 

application of recommended dose of fertilizcr i.e. 100% RDF ([00% inorganic fertilizer). 

An application of fannyard manure improved the physical condition of 

soil resulting in more root growth enabling the plant to explore wider areas and higher 

depth for absorption of potassium, leading to its higher uptake. (Biswas et ai., 1995). 

Similar results were obtained by Shanna and Dixit (1987), Reddy et of. 

(1990) and Bachhav (1994) on soybean. 
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5.3.5 Quality characters of senna. 

The sennoside percentage in leaf remained unaffected due to varying levels 

of fertili7.er and no specific trcnd could be observed. Similar observations were recorded in 

case of scnnoside percentage in pod. (Table 38) The results are in confomuty with 

Gupta et al. (1977), Pareek et al. (1989) and Ilangovan et al. (1991) on senna. 

5.3.6 Soil characters. 

5.3.6.1 Physical properties of soil. 

There was a slight decrease in the pH of the soil (Table 39). This lowering 

of the pH values may be due to an addition of several plant acids in soil by the root 

during its grmvth <md the decomposition of farm yard manure (Newaj and Yadav, 1994). 

Similar results were obtained by Kwakyc, 1988. Thcrc was a slight increase in the 

electrical conductivity of thc soil (Table 39). An increase might be due to an 

application of fertili7.cr particularly nitrogen due to its high solubility (Prasad et aI., 1997). 

Similar results were obtained by Dahiya (1990). 

There was no change in the bulk density of the soil (Table 39) except in 

case of treatments receiving higher doses of farmyard mcmure viz., 100% RDF 

(50% N through urea and 50'YoN through farmyard manure) and 125% RDF (50%, N 

through urea and 50%N through farmyard manure). This might be due to the pmcess 

of decomposition wherein, polysaccharides, polynoidcs, ccllulose and humus are 

produced which are responsible for firm binding between soil particles resulting in 

more stable aggregates causing a reduction in bulk density (Beresteskii et aI., 1986). 

Similar results were obtaincd by Bellakki and Badanur, 1997. 

5.3.6.2 Chemical properties of soil. 

The organic carbon content of the soil (Table 40) was more after the 

harvest of senna crop. An increased organic carbon content might be due to an 

enhanced root growth, which leads to an accumulation of organic residues and 

direct incorporation of organic mattcr in the soil (Nambiar et aI., 1992). The total 

nitrogen content of soil (Table 40) was impmvcd after the harvest of senna. 

This build up in total nitrogen could be attributed to an increase in the nitrogen 

fixing bacteria under' FYM trcatn1cnts and also due to an application of fertilizer N 

thereby, rcsulting in higher' accumulation of nitrogen in soil (Miller et aI., 1987). 

The decrease in C:N Ratio of the soil (Table 40) might be due to an increase in the 

total nitrogen content of the soil. Similar results were obtained by Badanur et al. 

(1990) and Patil et al. (1996 b) 

There was a slight lI1crease in' available nitrogen (Table 41), available 

phosphorus (Table 42) and available potassium (Table 43) status of soil. This buildu]: 

may be attributed to the minerali7.ation of organic manures and solubili7.ation of nutrient~ 
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from the native sources during the process of decomposition (Bhandari et aI., 1992). 

The continuous decrease in available potassium status in non-farmyard manure 

treatments may be due to its higher uptake by the =op compared to no direct application. 

Similar results were obtained by Balasu bramaniyan (1997) on groundnut and 

Navale et al. (2000) on soybean. 

5.3.7 Economics of senna. 

An application of 125% RDF (100% inorganic fertilizer) increased the 

net monetary retums (Table 44) by 5.40 percent dUling 2002-03 while, during 

2003-04 the increase was 5.72 percent while, on pooled mean basis the increase 

was 5.57 percent, respectively. An application of 125% RDF (50% N through urea 

and 50% N through FYM), 100% RDF (50% N through urea and 50% N through FYM), 

75°/c, RDF (50'X, N through urea and 50'X·, N through FYM), 75% RDF (100% 

inorganic fertilizer), 50'\,,0 RDF (50% N through urea <md 50% N through FYM) and 

50% RDF (100% inorganic fertilizer) decreased the net monetary returns by 

0.04, 1.58, 11.91, 10.06, 21.92 and 21.57 percent during 2002-03 while, during 

2003-04 the decrease was 0.63,2.30, 18.01, 16.27,27.88 and 27.65 percent while, 

on pooled mean basis the decrease was 0.34, 1.95, 15.03, 13.23,24.96 and 24.68 

percent, respectively compared to an application of recommended dose of fertilizer 

l.e. 100% RDF (100% inorganic fertilizer). 

An application of 125% RDF (100% inorganic fertilizer) increased the 

Benefit:Cost Ratio (Table 44) by 0.93 percent during 2002-03, during 2003-04 the 

increase was 1.37 percent while, on pooled mean basis the increase was 

1.38 percent, respectively. An application of 125% RDF (50% N through urea and 

50% N through FYM), 100% RDF (50% N through urea and 50% N through FYM), 

75% RDF (50% N through urea and 50% N through FYM), 75% RDF (100% 

inorganic fertilizer), 50% RDF (50% N through urea and 50% N through FYM) and 

50% RDF (100% inorganic fertilizer) decreased the Benefit:Cost Ratio by 6.02, 4.63, 

6.95, 3.24, 9.72 and 7.41 percent during 2002-03, during 2003-04 the decrease was 

6.39, 5.48, 9.59, 5.48, 12.33 and 10.05 pcrcent while, on pooled mean basis the 

decrease was 5.99, 5.07, 8.30, 4.15, 10.60 and 8.30 pcrcent, respectively compared to 

an application of recommended dose offertili=r i.e. 100% RDF (100% inorganic fertilizer). 

The decrease in net monetary retums and Benefit:Cost Ratio could be 

due to an increase in cost of cultivation as a result of higher cost of farmyard 

manure per unit of nitrogen and also due to less yield obtained in lower doses of 

application of nutrients. 

The correlation (Table 45 and 46) .and regresslOn (Table 47 and 48) 

coefficients showed a positive and significant association amongst most of the 
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characters studied. Si.rnilar results were obtained by La! et al. 1992, Sankaranarayanan 

et a/_ (1992) and Sankaranarayanan (1995) on senna. 

In general, an application of higher levels of fertilizer showed an 

increase in the values of vegetative and yield contributing characters as well as yield 

of senna. This indicates the responsiveness of senna to fertilization. 

5.4 Isabgol (Rabi). 

An experiment on isabgol during the rabi season was laid out in split 

plot design in three replications with eight main plot treatments comprising of a 

combination of chemical fertilizer viz., urea and single super phosphate and with or 

without farmyard manure given to kharif senna and two sub plot treatments of 

fertilizer levels viz., 75% RDF and 100% RDF to isabgol. The results of the present 

investigation are discussed here. 

5.4.1 Growth characters of isabgol. 

The plant height (Table 54) increased "vith an advancement in the age 

of crop and maximum was recorded at harvest. There was rapid growth in terms of 

height during 30 and 60 days after sowing. 

In main plots, the differences in plant height due to the different 

treatments were found to be non-significant. However, an application of higher doses 

of fertilizer and N substitution through FYM viz., 125'% RDF (50'% N through urea 

and 50% N through FYM), 125'Yo RDF (100% inorganic fertilizer) and 100% RDF 

(50% N through urea and 50'Yo N through FYM) increased the plant height by 3.32, 

1.66 and 0.38 percent during 2002-03 while, during 2003-04 the increase was 4.18, 

2.84 and 0.52 percent, respectively comparcd to an application of recommended dose 

of fertilizer i.e. 100% RDF (100% inorganic fertilizer). In sub plots, an application of 

75% RDF (100% inorganic fertilizer) decreased the plant height by 3.58 and 3.50 

percent during 2002-03 and 2003-04, respectively compared to an application of 

100'V., RDF (100% inorganic fertilizer). 

An increase in the plant height due to an application of nitrogen and 

phosphorus fertilization may be due to an increase in cell division (Rajput et aI., 1983). 

Si.rnilar results were obtained by Singh and Chouhan (1994), Mann and Vyas (1999), 

and Maheshwari et al. (2000 b) on isabgol. 

The number of leaves (Table 55) increased ,vith an advancement in the 

age of the crop and maximum was recorded at harvest. There was a rapid growth in 

terms of number of leaves during 30 and 60 days after sO\lving. 

In main plots, the differences in nUn}ber of leaves due to the different 

treatments were found to be non-significant. However, an application of higher 

doses of fertilizer and N substitution through FYM viz., 125% RDF (50% N through 
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urea and 50%, N through FYM), 125% RDF (1 OO'Yo inorganic fcrtilizer) and 100% RDF 

(50% N through urea and 50%, N through FYM) increased the number of leaves by 

3.29,0.61 and 0.24 percent during 2002-03 while, during 2003-04 the increase was 

9.39, 3.97 and 3.18 percent, respectively compared to an application of 

recommended dose of fertilizer i.e. 100% RDF (1000/" inorganic fertilizer). In sub plots, 

an application of 7S'X, RDF (100'Yo inorganic fertilizer) decreased the number of 

leaves by S.34 and 5.59 percent during 2002-03 and 2003-04, respectively compared 

to an application of 100% RDF (100% inorganic fertilizer). 

An increase in the number of leaves nlight be due to an application of 

nitrogen and phosphorus fertili7..ation. Similar results \vere obtained by Mann and 

Vyas (1999), Singh et al. (2003 a) and Utgikar et al. (2003) on isabgol. 

The number of productive tillers (Table 56) increased with an 

advancement in the age of crop and maximum was recorded at harvest. There was a 

rapid growth in terms of number of productive tillers during 30 and 60 days after 

sowing. Productive tillcr number is one of the dominant factors responsible for the 

yield as it has a direct bearing on the number of productive spikes plant·l. 

In main plots, the differences in number of productive tillers due to the 

different treatn1ents were found to be non-significant. However, an application of 

highcr doscs of fertilizer and N substitution through FYM viz., 12S% RDF (SOD';', N 

through urea and SO'X, N through FYM), 125'Yo RDF (100% inorganic fertilizer) and 

100'Yo RDF (SO');', N through urea and 50% N through FYM) increased the number of 

productive tillers by 3.7S, 3.09 and 0.88 pcrccnt during 2002-03 while, during 

2003-04 the increase was 2.83, 2.17 percent and no change, respectively comparcd 

to an application of recommended dose of fertilizer i.e. 100% RDF (100% inorganic 

fertilizer) in case of main plots. In sub plots, an application of 75%, RDF 

(100% inorganic fertilizer) decreased the number of productive tillers by 1.99 and 

3.06 percent during 2002-03 and 2003-04, rcspectively compared to an application 

of 100% RDF (100% inorganic fertilizer). 

An increase in the number of productive tillers may be due to an 

improvement of plant hydrature due to all. application of nitrogen (Singh, 1974). 

Similar results were obtained by Singh el al. (1996) on wheat, Rai et al. (2002) on 

Foenicum vulgare and Utgikar et al. (2003) on isabgol. 

The tota] dry matter (Table 59) increased with an advancement in the 

age of the CI'OP and maximum \vas recorded at harvest. There \vas a rapid growth in 

terms of dry matter during 30 and 60 days after sowing. 

In case of main plots, the differcnces In dry Inatter due to the 

treatments were found to be non-significant. However, an application of higher 

doses of fertilizer and N substitution through FYM viz., 125'Yo RDF (SO% N through 

urea and 50'Ya N through FYM), 125°';', RDF (100%, inorganic fertili7x:r) and 
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looe)!o RDF (50'}';, N through urea and 50% N through FYM) increased the total dry 

matter by 2.27, 1.47 and 0.27 percent during 2002-03 v.rhile, during 2003-04 the 

increase was 1.59, 1.32 and 0040 percent, respectively compared to an application 

of recommended dose of ferlili7..er I.e. 1000/0 RDF (100";;, inorganic fertilizer). 

In sub plots, an application of 75% RDF (100"/0 inorganic fertilizer) decreased the 

total dry mattcr by 3.9S and 4.21 percent during 2002-03 and 2003-04, rcspectively 

compared to an application of 100'0, RDF (100";;) inorganic fertili7..er). 

This may be due to the presence of large number of functional leaves 

which v.rere instrumental in utilizing the radiant cncrgy more effectively thereby 

increasing the synthesis of carbohydrates and in tum increasing the vigour of the plant 

resulting in more plant height, number of leaves and total number of tillers plant-I. 

Similar results were obtained by Mann and Vyas (1999), Singh et al. 

(2003 a) and Utgikar et al. (2003) on isabgol. 

The periodical AGR values (Table 60) of dry matter showed increasing 

trend due to an application of fertilizer. Thc periodical RGR values (Table 61) of dry 

matter did not show a specific trcnd due to an application of fertili=r. In general, 

it is obselved that almost all the morphological characters studied were increased 

due to an increase in an application of nutrient levels. 

There was a delay in the number of days to flower initiation, days to 50% 

flowering and days to maturity with an increase in the level of fertili7.er (Table 62). 

5.4.2 Yield contributing characters of isabgoL 

The growth attributes were favourably influenccd by higher doses of 

nutrients. These favourable effects on growth attributes were also reflected on yield 

contributing characters. 

The effect of treatments on the crop development for yield contributing 

characters was Ineasured in terms of number of productive spikes, number of 

unproductive spikes, total number of spikes, length of spike, girth of spike, number of 

seeds spike-I, number of seeds plant-I, weight of seeds plant-I and thousand seed weight. 

The nUlnber of productive tillcrs produced by the plant indicates thc 

potentiality of the plant for growth, but from production point of view number of 

productive spikes are very important. 

In main plots, the differences in number of productive spikes (Table 63) 

due to thc different treatments were found to be non-significant. However, an 

application of higher doses of fertili7.er and N substitution through FYM viz., 125% RDF 

(50% N through urea and 50% N through FYM), 125'% RDF (100'Y<) inorganic fertilizer) 

and 100% RDF (50% N through urea and 50%. N through FYM) increased the 

number of productive spikes by 3.60, 3.00 and 0.36 percent during 2002-03 while, 

during 2003-04 the increase was 3.59, 3.23 and 0.60 percent, respectively compared to 
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an application of recommended dose of fertili7..er i. e. 100')'"0 RD F (100% inorganic fertili7..er). 

In sub plots, an application of 7S% RDF (100% inorganic fertilizer) decreased the 

number of productive spikes by ]S.41 and ]S.57 percent duting 2002-03 and 2003-04, 

respectively compared to a.n application of 100% RDF (100°/" inorganic fertilizer). 

This might be due to close association between the photosynthetic 

rate, which must have increased due to an increasc in nitrogcn and phosphorus 

fcrtilization and the potential sink strength (Basuchaudhati and Dasgupta, 1987). 

Similar rcsults were obtained by Singh and Chouhan (1994), Mann and Vyas 

(2001), Deorc et al. (2002), Sharma et al. (2003 b) and Utgikar el al. (2003) on isabgol. 

In main plots, the differences in nun1ber of seeds spike" (Table 64) due 

to the different treatments were found to be non-significant. However, an application 

of higher doses of fertilizer and N substitution through FYM viz., 12S°/" RDF (50% N 

through urea and SO°/" N through FYM), 12S'X, RDF (100°/" inorganic fertilizer) and 

1 00% RDF (SO')/o N through urea and SO°/" N through FYM) increased the number of 

seeds spike" by 2.92, 1.89 and 2.42 percent duting 2002-03 while, during 2003-04 

the increase was 1.61, 0.64 and 2.60 percent, respectively compared to an application 

of recommendcd dose of fertilizer 1.e. 100% RDF (100% inorganic fertilizer). 

In sub plots, an application of 75% RDF (100% inorganic fertili7.er) decreased the 

number of seeds spike" by 0.67 and l.08 percent duting 2002-03 and 2003-04, 

respectively compared to an application of 1 o 0°/'J RDF (100% inorganic fertilizer). 

An increase might be due to an abundance of phosphorus in the soil, 

which stimulated the formation of fIlled seeds and an increase in seed number 

spike". (Mishra et aI., 1995) 

In main plots, the differences in number of seeds plant·} (Table 6S) due 

to thc different treatments were found to be non-significant. However, an application 

of higher doses of fertilizer and N substitution through FYM viz., 125% RDF (SO% N 

through urea and 50%, N through FYM) and 100'X, RDF (50'1'0 N through urea and 

SO% N through FYM) increased the number of seeds plant·, by 6.1S and l.79 

percent, respectively during 2002-03 while, during 2003-04 an application of higher 

doses of fertili7£r and N substitution through FYM viz., 125%, RDF (SO% N through 

urea and SO'% N through FYM), 125%) RDF (100')'"0 inorganic fertilizer) and 

100°/" RDF (SO% N through urea and 50% N through FYM) increased the number of 

seeds plant·, by 5.34, 3.SS and 2.05 percent, respectively compared to an application of 

recommended dose of fertilizer i.e. 100% RDF (100% inorganic fertilizer). In sub plots, 

an application of 75% RDF (100% inorganic fertilizer) decreased the number of 

seeds plant·} by 16.33 and 16.68 percent duting 2002-03 and 2003-04, respectively 

compared to an application of 100% RDF (100% inorganic fertilizer). 

In main plots, the differences in weight of seeds plant·, (Table 65) due 

to the different treatments were found to be non-significant. However, an application 
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of higher doses of fertilizer and N substitution through FYM viz., 125% RDF (50% N 

through urea and 500A, N through FYM), 125% RDF (100%, inorganic fertilizer) 

and 100% RDF (50'Yo N through urea and 50'X, N through FYM) increased the weight 

of seeds plant! by 3.96,3.39 and 1.70 percent during 2002-03 while, during 2003-04 

the increase was 5.62, 4.49 and 2.25 percent, respectively compared to an application 

of recommended dose of fertilizer l.e. 100% RDF (1000/0 inorganic fertilizer). 

In sub plots, an application of 75% RDF (100% inorganic fertilizer) decreased the 

wcight of seeds plant·! by 7.45 and 5.88 percent during 2002-03 and 2003-04, 

respectively compared to an application of 100'X, RDF (1000/0 inorganic fertilizer). 

In mffin plots, the differences in thousand seed weight (Table 65) due 

to the different treatments were found to be non-significcu"lt. However, an application 

of rugher doses of fertilizer and N substitution through FYM viz., 125% RDF (50% N 

through urea and 50% N through FYM), 125% RDF (100% inorganic fertilizer) and 

100'Yo RDF (50% N through urea and 50% N through FYM) increased the thousand 

seed weight by 5.59, 2.49 and 1.24 percent during 2002-03 while, during 2003-04 

the increase was 4.88, 2.44 and 0.61 percent, respectively compared to an application 

of recommended dose of fertilizer i.e. 100% RDF (100% inorganic fertilizer). 

In sub plots, an application of 75% RDF (1000;(, inorganic fertili7..er) decreased the 

thousand seed weight by 5.39 and 7.78 percent during 2002-03 and 2003-04, 

respectively compared to an application of 100% RDF (100'Yo inorganic fertilizer). 

This might be due to cu, increase in the photosynthetic activity due to 

nitrogen and phosphorus fertilization which had a positive effect in maintaining 

plant-water balance in the leaves, resulting in increased production of photosynthates 

and their proper partitioning to the developing seeds (Lal and Sharma, 1976) and 

(Basuchaudhari and Dasgupta, 1987). Similar results were obtained by Singh and 

Chouhan (1994), lntorua and Tomar (1998), Sharma et aL (2003 b), Singh et aL (2003 a) 

and Utgikar et aL (2003) on isabgoL 

5.4.3 Yield of isabgol. 

In main plots, the differences in seed yield (Table 68) due to the 

different treatments were found to be non-significant. However, an application of 

higher doses of fertilizer and N substitution through FYM viz., 125% RDF (50% N 

through urea and 50% N through FYM), 125% RDF (100% inorganic fertilizer) and 

100% RDF (50% N through urea and 50% N through FYM) increased the seed yield 

by 1.24, 0.87 and 0.37 percent during 2002-03 while, during 2003-04 the increase 

was 1.73, 1.23 and 0.49 percent while, on pooled mean basis the increase was 

1.49, 1.11 and 0.50 percent, respectively compared to an application of 

recommended dose of fertilizer i.e. 100% RDF (1000;(, inorganic fertili7..er). In sub plots, 

an application of 75'% RDF (1000
/0 inorganic fertilizer) decreased the seed yield by 
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5.04, 5.75 and 5.39 percent during 2002-03, 2003-04 and on pooled mean basis, 

respectively comparcd to an application of 100% RDF (100% inorganic fertilizer). 

In main plots, the differences in straw yield (Table 68) due to the 

different treatments were found to be non-significant. However, all. application of 

higher doses of fertilizer and N substitution through FYM viz., 125'Yo RDF (50%, N 

through urea and 50% N through FYM), 125% RDF (I OO'X, inorganic fertiIi7.er) and 

1000A. RDF (50% N through urea and 50% N through FYM) increased the straw yield 

by 4.09, 3.57 and 1.79 percent during 2002-03 while, during 2003-04 the increase 

was 4.28, 3.58 and 1.86 percent while, on pooled mean basis the increase was 4.21, 

3.60 and 1.82 percent, respectively compared to an application of recommended 

dose of fertilizer i.e. 100% RDF (100% inorganic fertilizer). In sub plots, an 

application of 75% RDF (100% inorganic fertilizer) decreased the straw yield by 4.74, 

5.54 and 5.14 percent during 2002-03, 2003-04 and on pooled mean basis, 

respectively compared to an application of 100% RDF (100% inorganic fertilizer). 

The positive impact on seed and straw yield might be due to an 

improvement in the growth and yield attributes due to nitrogen and phosphorus 

application which promoted synthesis of protcins for the dcvelopment of tissues and 

consequently increased the rate of photosynthesis by rapid rale of carbon-dioxide 

utilization by leaves and increased absorption of mineral nutrient with lesser plant 

energy fmally led to an increase in seed and grain yield. (Tomar et al., 1996). 

Similar results were obtained by Parihar and Singh (1995), Jadhav et al. (2000), 

Singh et al. (2001 a) and Singh and Pal (2003) on psyllium. 

In main plots, all. application of higher doses of fertilizer and N 

substitution through FYM viz., 50% RDF (100% inorganic fertilizer) increased the 

harvest index (Table 68) by 0.26 percent during 2002-03 while, during 2003-04 the 

increase was 0.55 percent while, on pooled mean basis the increase was 0.40 percent. 

The treatment of an application of 125% RDF (50% N through urea and 50% N 

through FYM), 125% RDF (100% inorganic fertilizer), 100% RDF (50% N through 

urea and 50% N through FYM). 75% RDF (50% N through urea and 50% N through 

FYM), 75% RDF (100'X, inorganic fertilizer), 50% RDF (50% N through urea and 50% 

N through FYM) and decreased the harvest index by 1.93, 1.86, 1.02, 0.77, 0.66 

and 0.07 percent during 2002-03 while, during 2003-04 the decrease was 1.53, 

1.46, 1.02, 0.51, 0.22 and O. IS percent while, on pooled mean basis the decrease 

was 1.75, 1.6S, 1.02, 0.66, 0.44 and 0.04 percent, respectively compared to an 

application of recommended dose offertilizcr i.e. 100% RDF (100% inorganic fertilizer) 

in case of main plots. In sub plots, an application of 75% RDF (100% inorganic 

fertilizer) decreased the harvest indcx by O.IS, 0.15 and O.lS percent during 2002-03, 

2003-04 and on pooled mean basis, respectively compared to an application of 

100% RDF (100% inorganic fertilizer). 
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5.4.4 Concentration and uptake of nutrients in isabgol. 

The concentration of nitrogcn (Table 69), phosphorus (Table 70) and 

potassium (Table 71) in the various plant parts analyzed increased with an increase 

in an application of higher fertilizer doses. The total biological yield of the crop and 

the concentration of the nitrogen, phosphorus and potassium in the various plant 

parts have a direct bearing on the uptake of these elements in the plant. 

In main plots, the differences in total uptake of nitrogen (Table 72) due 

to the different treatments werc found to bc non-significant. However, an application 

of higher doses of fertili7.er and N substitution through FYM viz., 125% RDF (50% N 

through urea and 50%, N through FYM), 125% RDF (100% inorganic fertilizer) and 

100% RDF (50% N through urea and 50% N through FYM) increased the total 

uptake of nitrogen by 3.76, 2.55 and 0.22 percent during 2002-03 while, during 

2003-04 the increase was 4.37, 2.87 and 0.52 percent, respectively. In sub plots, an 

application of 75% RDF (100% inorganic fertilizer) decreased the total uptake of 

nitrogen by 10.53 and 9.27 percent during 2002-03 and 2003-04, respectively 

compared to an application of 100% RDF (100'% inorganic fertilizer). 

In main plots, the differences in total uptake of phosphorus (Table 73) 

due to the different treatments were found to be non-significant. However, an 

application of higher doses of fertilizer and N substitution through FYM 

viz., 125% RDF (50% N through urea and 50° A, N through FYM), 125% RDF (100% 

inorganic fertilizer) and 100% RDF (50'% N through urea and 50% N through FYM) 

increased the total uptake of phosphorus by 5.40, 3.61 and 2.38 percent during 

2002-03 while, during 2003-04 the increase was 7.28,5.24 and 2.69 percent, respectively. 

In sub plots, an application of 75'Vo RDF (100% inorganic fertilizer) decreased the 

total phosphorus uptal<:e by 6.43 and 7.48 percent during 2002-03 and 2003-04, 

respectively compared to an application of 100% RDF (100% inorganic fertili7..er). 

In main plots, the differences in total uptake of potassium (Table 74) 

due to the different treatments were found to bc non-significant. However, an 

application of higher doses of fertilizer and N substitution through FYM 

viz., 125%, RDF (50'Vc, N through urea and 50% N through FYM) and 125% RDF 

(100% inorganic fertilizer) increased the total uptake of potassium by 10.13 and 

8.50 percent and an application of 100% RDF (50% N through urea and 50% N 

through FYM) decreased the potassium uptake by 0.57 percent during 2002-03 

while, during 2003-04 an application of 125% RDF (50% N through urea and 50% N 

through FYM), 125% RDF (100% inorganic fertilizer) and 125% RDF (50'% N 

through urea and 50'% N through FYM) increased potassium uptake by 12.28,9.05 

and 0.89 percent, respectively. In sub plots, an application of 75% RDF 

(100% inorganic fertilizer) decreased the total uptake of potassium by 10.51 and 
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12.33 percent during 2002-03 and 2003-04. respectively compared to an application 

of 100% RDF (100% inorganic fertilizer). 

An increase in the uptake of nitrogen, phosphorus and potassium in the 

plant may be attributed to the fact that the pool of available nutrient increased in the 

soil (Patel and Chandravanshi, 1996), coupled with an increase in root hairs, root volume 

and surface area resulting in more uptake (Mehrotra and Saxena, 1970). Similar results 

were obtained by Mann and Vyas (1999) and Singh et al. (2001 b) on isabgol. 

5.4.5 Quality characters of isabgol. 

The protein content of isabgo/ seed (Table 75) was not significantly 

affected due to the main plot or sub plot treatments. Similar results were obtained by 

Matai et al. (1980) on pearl millet. The husk percentage and swelling factor (Table 75) 

remained unaffected due to the varying levels of fertilizer and it did not show any 

specific trend. Similar results were obtained by Maheshwari et al. (2000 b) and 

Rathore and Chandawat (2003) on isabgol. 

5.4.6 Soil characters. 

5.4.6.1 Physical properties of soil. 

There was a slight increase In pH (Table 76). This might be due to the 

presence of calcium in the single super phosphate fertilizer which increased the pH 

(Vig et aL, 1999). Sim.ilar results were obtained by Badanur et aL (1990). There was also 

an increase in the electrical conductivity of the soil (Table 76). There was no change in the 

bulk density of soil (Table 76). Similar results were obtc"l.ined by Badanur et aL (1990). 

5.4.6.2 Chemical characters of soil. 

There was a slight decrease m the organic carbon content (Table 77). 

The different applications of N and P did not affect the organic carbon content of the soil 

(Sharma and Sharma, 2002). However, there was a slight increase in the total 

nitrogen (Table 77). The continuous application of nitrogen resulted in a higher total 

N status of the soil (Mandai et al., 2001). There ·was a slight decrease in the CoN Ratio 

of the soil (Table 77). This might be due to an increase in the total nitrogen status of 

the soil. There was an inercase in the available nitrogen (Table 78), available 

phosphorus (Table 79) and available potassium (Table 80) status of the soil. 

5.4.7 Economics of isabgol. 

An application of higher doses of fertilizer and N substitution through 

FYM VIZ., 125%, RDF (50'Yo N through urea and 50% N through FYM), 125°,.{, RDF 

(100% inorganic fertilizer) 100% RDF (50% N through urea and 50% N through FYM), 

75% RDF (50% N through urea and 50% N through FYM), 75% RDF 
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(100% inorganic fertilizer), 50'X) RDF (50°;') N through urea and 50% N through FYM) 

and 50% RDF (100% inorganic fertilizer) decreased the net moneta,y retums 

(Table 81) by 5.68,6.44,3.34,3.96,5.94,8.52 and 9.74 percent during 2002-03 while, 

during 2003-04 the decrease was 4.98,6.01,3.29,7.31,9.46, 12.00 and 13.35 percent 

and on pooled mean basis the decrease was 5.34, 6.23, 3.32, 5.60, 7.67, 10.23 and 

11.51 percent, respectively compared to an application of recommended dose of 

fertilizer i.e. 100% RDF (100% inorganic fertilizcr) in case of main plots. In sub plots, an 

application of 75% RDF (100% inorganic fertilizer) decreased the net monetary retums ha I 

by 6.95, 10.90 and 7.92 percent during 2002-03,2003-04 and on pooled mean basis, 

respectively compared to an application of 100% RDF (100% inorganic fertilb..er). 

An application of higher doses of fertilizer and N substitution through 

FYM VIZ., 125'% RDF (50'% N through urea and 50% N through FYM), 125% RDF 

(100% inorganic fertili7..er) 100% RDF (50% N through urea and 50% N through FYM), 

75% RDF (50% N through urea and 50% N through FYM), 75% RDF (100% 

inorganic fertilizer), 50% RDF (50% N through urea and 50% N through FYM) and 

50'Yo RDF (100% inorganic fertilizer) decreased the Benefit:Cost Ratio (Table 81) by 

4.19, 4.79, 2.40, 1.20, 1.80, 2.99 and 3.59 percent during 2002-03, during 2003-04 

the decrease was 3.70,4.32, 1.85,2.47,3.09,3.70 and 4.32 percent and on pooled 

mean basis the decrease was 4.24, 4.85, 2.42, 1.82, 2.42, 3.64 and 4.24 percent, 

respectively compared to an application of recommended dose of fertilizer i.e. 100% 

RDF (100% inorganic fertilizer) in case of main plots. In sub plots an application of 

75% RDF (100% inorganic fertilizer) decreased the Benefit:Cost Ratio by 1.83, 1.89 

and 1.85 percent during 2002-03, 2003-04 and on pooled mean basis, respectively 

compared to an application of 100% RDF (100% inorganic fertilizer). 

This decrease may be due to the fact that there was reduction in net 

monetary retums due to lesser yield in lower nutrient levels. 

The correlation (Table 82 and 83) and regression (Table 85 and 86) 

coefficients showed a positive and significant association amongst most of the 

characters studied. Similar results were obtained by Singh et al. (1995 c) on isabgol. 
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6. SUMMARY AND CONCLUSION 

A field experiment to study the effect of graded levels of nitrogen and 

phosphorus fertili7.ation alongwith and without farmyard manure on growth, yield 

and quality of Senna (SonamukJu) (Cassia angustifolia) - Isabgol (Plantago ovata) 

sequence cl'opping ,vns conducted at the Post C~rad1..,ate Institute Instructional 
Farrll, Rahttri dUI'it"J:g kJuuif .;:uuf I~lbi ~c,:~u;ons ()f ~()02-03 ::u'l(l 2003-04 Ot'} tl"lt.:_" satJl< .. ~ 
site. The experimental soil was clayey in texture, low in available nitrogen (209.14 kg 

ha") medium in available phosphorus (24.94 kg ha") an.d high in available potash 

(478.12 kg ha- I
) with 8.12 pH. It was fairly medium in fertility and well drained, 

hence suitable for growing the senna (sonamukhl) and isabgol crops. 

In kharif season, the experiment was laid out in randomised block 

design with eight t.reatments i.e_ 50% RDF, 75% RDF, 100% RDF (75:50:0 NPK 

kgha· 1
) and 125'% RDF with and without farmyard manUl-C combination. In rabi 

season, an expcrimcnt was laid out in split plot design with 75% RDF and 1000/0 

RDF (50:25:0 NPK kgha- 1) for isabgol. The treatmcnts werc I-andomly allocated to 

each plot and replicated thrice. Thc important findings cmerged from this 

investigation are summarized below. 

6.1 Senna (sonamukhtl. 

The senna (sonamukJu) (kharif) showed linear and significant response to the 

levels of fertilizer. Beneficial effects were reali=d on all the growth and yield 

contributing charactcrs. The favourable effects of increascd levels of fertilizer wcre 

more pronounced from 30 days onwards after sowing. The application of 100% RDF 

(75:50:0 NPK kgha- 1)(50% N through urca and 50% N through FYM) was at found to 

be significantly superior to 100'X, RDF (75:50:0 NPK kgha· 1) (IOO'Yo inorganic 

fertili7..er) and the lower levels of fertilizers and at par to the higher levels of fertili7-crs. 

I) The growtll attributes VlZ., plant height, plant spread, number of branches, lcaf 

area, total fresh matter, total dry matter were increased by the application of 

100% RDF (75:50:0 NPK kgha- 1) (50% N through urea and 50% N thmugh FYM) 

over 100% RDF (75:50:0 NPI( kgha· 1) (100% inorganic fertilizer) by 0.31 and 

1.37, 1.38 and 1.06,2_94and2_11,3.10and 1.32,2.13and2.11,2.46and3.42 

percent during 2002-03 and 2003-04, respectively. 

2) The yield contributing characters viz., number of filled pods, weight of filled pods, 

number of seeds plant-l, weight of seeds plant-l, thousand seed weight, total 

frp",h <>nrl rlrv lPRves vield ha- 1 and seed yield ha" were increased by the 
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application of 100% RDF (75:50:0 NPK kgha I) (50% N through urea and SOD/., N 

through FYM) over 100% RDF (75:50:0 NPK kgha-l) (100% inorganic fertilizer) by 

3.90 and 3.80, 2.61 and 1.39, 3.56 and 2.75, 5.10 and 5.26, 1.63 and 2.66 

percent dudng 2002-03 and 2003-2004, respectively. 

3) The total fresh leaves yield, total dry leaves yield and seed yield ha I were 

increased by the application of 100% RDF (75:50:0 NPK kgha I) (50% N through 

urea and 50";(, N through FYM) over 100':;', RDF (75:50:0 NPK kgha- I) (100% 

inorganic fertilizer) by 2.57 and 2.49, 3.02 and 1.94, 2.44 and 3.40 percent 

during 2002-03 and 2003-04, respcctively_ 

4) The N, P, K, conccntration in the vadous plant parts was increased due to 

increase in the level of fertilizer but the increase in concentration was not 

significant. 

5) The uptake of N, P and K in the various plant parts was increased due to increase 

in the level of fertilizer. The application of 100% RDF (75:50:0 NPK kgha- I) (50'% N 

through urea and 50% N through FYM) incrcased the total uptake on N, P, K 

over 100'% RDF (75:50:0 NPK kgha- I) (100'!!u inorganic fertilizer) by 3.20 and 3.30, 

2.99 and 2.86, 5.86 and 3.60 percent dudng 2002-03 and 2003-04, respectively. 

6) The sennoside content in the leaves and pods was not altered due to the levels of 

fertilizers applied. 

7) There was a slight decrease in pH (0.01), incrcase in electrical conductivity 

(0.01 dSm- I) and no appreciable changc in bulk density of the soil. 

8) The organic carbon and t()tal nitrogen increased (0.001 and 0.0002%, respectively) 

and the CoN ratio decreased (0.05) in trcatments having higher levels of fertilizer. 

9) The available N, P and K was significantly influenced and the application of 100% 

RDF (75:50:0 NPK kgha 1) (50% N through urea and 50% N through FYM) 

resulted in higher (212.54 ,md 217.15,25.96 and 28.58, 490.36 and 496.11 

NPK kgha- I dudng 2002-03 and 2003-04, respectively) over 100% RDF (75:50:0 

NPK kgha I) (100% inorganic fertilizer) (210.45 and 209.63, 25.75 and 27.27, 

459.65 and 434.88 NPK kgha- I during 2002-03 and 2003-04, respectively). 

10) Therc was an increase in net monetary returns (Rs. 65,711/- ha- 1) ,md S:C ratio 

(2.20) on pooled mean basis due to the application of 125% RDF (93.75:62.50:0 

NPK kgha- l ) (100% inorganic fertilizer). 

II) The plant attdbutes viz., plant height, plant spread, number of branches, total 

dry matter, number of filled pods, weight of filled pods, number of seeds pOd-I, 

weight of seeds pOd-I, number of seeds plant-I, thousand seed weight and dry 

leaves weight were positively and significantly correlated, the regression also 

showed a positive and significant association with weight of seeds plant-l. 
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6.2 Isabgol. 

Effect of main plot treatments. 

The growth, yield contributing characters, yield, concentration and 

nutrient uptake, quality characters and economical aspects were found to be 

non-significant due to treatments for the kharif crop of senna (sonamukhl). 

There was slight increase in pH (0.01), no change in electrical conductivity, bulk 

density and organic carbon, increase in the total nitrogen content (0.0001 0/0), 

decrease in CoN ratio (0.02). There was improvement in the available nitrogen (+2.12 

kgha- 1
) and phosphorus (+1.61 kgha· 1) status. A decrease in the available potassium 

(-10.30 kgha- I) status. The net monetary retums (Rs.11,520/-) and B:C ratio (1.65) 

was found to be non- significant. 

Effect of sub plot treatments. 

The application of 100% RDF (50:25:0 NPK kgha ') (100% inorganic 

fertilizer) to isabgol was found t.o be significantly superior to the application of 

75% RDF (37.50: 18.75:0 NPK kgha") (100'% inorganic fertilizer). 

1) The grovvth attributes viz., plant height, number of leaves, number of productive 

tillers and total dry matter were decreased due to the application of 75% RDF 

(37.50:18.75:0 NPK kgha- I) (100%, inorganic fertilizer) compared to 100% RDF 

(50:25:0 NPK kgha- I) (100'% inorganic fertilizer) by 3.58 and 3.50, 5.34 and 5.59, 

1.99 and 3.06, 3.98 and 4.21 percent during 2002-03 and 2003-04, respectively. 

2) The yield contributing characters viz., number of productive spikes, number of 

seeds spike' I, number of seeds plant-I, weight of seeds plant· ' , thousand seed 

weight were decreased due to the application of 75% RDF (37.50: 18.75:0 NPK 

kgha' l ) (100% inorganic fertili7..er) compared to 100% RDF (50:25:0 NPK kghal) 

(100% inorganic fertilizer) by 15.41 and 15.57,0.67 and 1.08, 16.33 and 16.68, 

7.45 and 5.88,5.39 and 7.78 percent during 2002-03 and 2003-04, respectively. 

3) The seed and total straw yield was decreased due to the application of 75%, RDF 

(37.50:18.75:0 NPK kgha") (100% inorganic fertilizer) compared to 100% RDF 

(50:25:0 NPK kgha") (100% inorganic fertilizer) by 5.04 and 5.75, 4.74 and 5.54 

percent during 2002-03 and 2003-04, respectively. 

4) The N, P and K content in the various plant parts was increased due to increase 

in the level of fertilizer, but the increase in conccntration was not significant. 

5) The uptake of N, P and K in the various plant parts vvas decreased due to decrease 

in the level of fertilizer. The decrease due to the application of 75% RDF 

(37.50:18.75:0 NPK kgha- I) (100% inorganic fertilizer) compared to 100% RDF 

(50:25:0 NPK kgha") (100% inorganic fertilizer) was by 10.53 and 9.27, 6.43 and 

7.48, 10.51 and 12.33 during 2002-03 and 2003-04, respectively. 
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6) The protein content, husk percentage and swelling factor was not altered duc to 

the levels of fertilizers applied. 

7) There was no changc in the pH, electrical conductivit:y and bulk density of the soil. 

8) The organic carbon was not changcd, tl1e total nitrogen content of the soil was 

increased (0.0003%) and the C:N ratio decreased (0.01) due to the application of 

100'% RDF (50:25:0 NPK kgha") (1 00';;, inorg~U1ic fertilizer). 

9) The available N, P, and K of soil were significantly influenced and the application 

of 1000,1" RDF (50:25:0 NPK kgha") (100% inorganic fertilizer) resulted in higher i.e. 

(206.78 and 204.25, 25.89 and 25.91, 465.78 and 458.45 N, P, K kgha' during 

2002-03 and 2003-04, respectively) over the application of 75'1", RDF (37.50: 18.75:0 

NPK kgha ') (100'% inorganic fertilizer) (202.55 and 197.51, 24.65 and 25.44, 

465.76 and 455.20 N, P, K kgha' during 2002-03 and 2003-04, respectivcly). 

10) There was a increase in net monctary retun1S (Rs. 11,247/- ha") and 

Benefit:Cost Ratio (1.62) on pooled mean basis due to the application of 100% 

RDF (50:25:0 NPK kgha ') (100'i'0 inorganic fertilizer). 

11) The plant attributcs viz., plant height, number' of productivc tillers, total dry 

matter, number of productive spikes. length of spike, girth of spike, number of 

seeds spike", weight of seeds spike', number of sceds plant' and thousand sced 

weight were positively and significantly correlatcd, the regression also showed a 

positive and significant association with wcight of seeds plant·,. 

Interaction effects. 

There was no significant interaction cffect of mam and sub plot 

treatments for the characters of growth, yield contributing characters, yield, uptake 

and economics. 

6.3 Conclusions. 

From the present investigation the following conclusions are drawn. 

1) Application of 100°/" RDF (75:50:0 NPK kgha ' in which 50°/" N through urea and 

50% N through }<~M) to senna (sonamu/chl) during kharif season was found 

superior in respect of growth, yield contributing characters, dr:y leaves (23.44 qha-') 

and seed yield (2.99 qha") over 100% RDF applied through inorganic fertilizer. 

2) Similarly, the application of 100% RDF (75:50:0 NPK kgha' in which 50% N 

through urea and 50% N through FYM) registered higher uptake of nitrogen 

(79.30 and 80.81 kgha"), phosphorus (54.78 and 56.20 kgha 1) and potassium 

(23.49 and 23.91 kgha") by senna (sonamukhz) dUling 2002-03 and 2003-04, 

respectively over 100% RDF applied through inorganic fertilizer. 

3) Regarding i.<,abgol (rabi season crop), application of 100% RDF (50:25:0 NPK kgha") 

applied furough inorganic fertilizer registered maximum growth, yield contributing 
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characters and seed yield (8.16 qha· 1) over 75% RDF (37.50:18.75:0 NPK kgha' l ) 

applied through inorganic fertilizer. 

4) Similady, application of 100'Vo RDF (50:25:0 NPK kgha- 1) applied through 

inorganic fertili7.er recorded higher uptake of nitrogen (48.24 and 47.90 kgha"), 

phosphorus (22.38 and 22.58 kgha") and potassium (12.84 and 12.90 kgha I) 

by isabgol during 2002-03 and 2003-04, respectively. 

5) The sennoside content in leaves and pods of senna (sonamukhl), protein content, 

husk percentage and swelling factor of isabgol seed remained unaffected by the 

application of different fertilizer levels. 

6) Application of 75% RDF (37.50:18.75:0 NPK kgha I) through inorganic fertilize,' 

to isabgol crop preceded by the use of 50% RDF (37.50:25:0 NPK kgha- I ) through 

inorganic fertilizer to senna (sonamukhl) dUl;ng kharif season decreased the 

pH of soil from 8.12 to 8.09 at the end of two years of cropping. 

7) Application of 100% RDF (50:25:0 NPK kgha I) and 75°A' RDF (37.50:18.75:0 NPK 

kgha- I ) through inorganic fertili7_,er to i.c;abgol preceded by the use of 125% RDF 

(93.75:62.50:0 NPK kgha 1 in which 50% N through urea and 50% N through FYM) 

to senna (sonamukhl) increased the organic carbon of soil from 0.512 to 0.518% and 

total nitrogen from 0.0458 to 0.0467')'<) only in application of 100% RDF to isabgol. 

8) Senna (sonamuklu) - isabgol cropping sequcnce recorded maximum gain in 

nitrogen (29.33 kgha 1), phosphorus (5.82 kgha I) and potassium (10.76 kgha-I) 

with the application of 125% RDF (93.75:62.50:0 NPK kgha- ' in which 50% N 

through urea and 50% N through FYM) to senna (sonamukhl) and 100% RDF 

(50:25:0 NPK kgha- I ) through inorganic fertilizer to isabgoL 

9) Application of 125% RDF (93.75:62.50:0 NPK kgha· l ) through inorganic fertili7..er 

to senna (sonamukhl) and 100°1c) RDF (50:25:0 NPK kgha-,) through inorganic 

fertilizer to isabgol registered higher net monetary retums (Rs. 76,901/ - ha I) 

and Bcnefit:Cost ratio (2.04) at the cnd of two years of experimentation. 

10) The correlatjon and regression association betwcen the different plant 

characters with weight of seeds plant- I for senna (sonamukhl) and isabgol was 

positive and significant. 

Thus, after two years of experimentation it could be concluded that 

application of 125% RDF (93.75:62.50:0 NPK kgha'') through inorganic fcrilizer to 

senna (sonamukhl) dUl;ng kharif season followcd by application of 100'Yo RDF 

(50:25:0 NPK kgha· l ) through inorganic fertilizer to isabgol during rabi season was 

found to be the most remunerative propositiqn for acmev.ing maximum monetary 

retums and improving soil health. 
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APPENDIX A: PROCEDURES. 

1) Sennoside estimation. 

The procedure adopted for estimation of scnnoside is presented here. 

1) 250 mg of senna leaves powder was weighed for cstimation of sennoside from leaf 

and 300 mg of senna pod powder was weighed for estimation of sennoside from pod 

2) The appropIiate powder was added into a 100 ml volumetIic flask. 30 ml of distilled 

water was added to the flask. Five drops of NaOH (10%) were added and volume 

adjusted upto the mark with distilled water. After mixing it was kept aside until 

undissolved material had settled. 

3) The supernatant liquid (5 ml) was transferred to a conical flask and heated ovcr· 

boiling water bath for 15 min ",';th 32 ml of HCL (d= 1. 19). Thc resultant suspension 

was kept on icc-bath and dissolved in minimum quantity of 40% NaOH solution. 

The colour change from yellow to brown was noticed. 

4) The ice-cold solution was extracted with 70 ml of purc cthcr containing 2 ml of 2(Yy., 

H2S04, followed by vigorous shaking in a 300 ml separating funnel for 0.5 hrs. 

The acidified aqueous layer was separated from ether layer and extracted again "ith 

50 ml portions of acidified cther. The combincd ether extracts were cxtracted with 

3 X 10 ml portions of liN NaHC03 solution. 

5) The bicarbonate extracts were re-extracted with 50 ml ether acidified with 4 ml of 50'1., 

H2S04, with shaking to remove carbon-dioxide and the ether layer was transferred 

to a volumetric flask. 

6) The aqueous phase was extracted with 30 ml and 20 ml of acidified ether after 

rendeIing aqueous phase alkaline "ith 3 ml 40% NaOH in each step. The ether 

layer was transferred to the same volumctIic flask. 

7) The ether aglycone solution (5 ml) was mixed with 10 ml of 1 N NaOH \vith vigorous 

shaking and whcn the alkaline aqueous layer (reddish yellow coloured) had 

separated, 0.2 ml of hydrogen peroxide solution (3%) was added and heated for 4 min 

on boiling water bath. The solution was cooled immediately, which became wine reeL 

8) From the extract 0.2, 004, 0.6 ml aJiquots were taken in 10 ml volumetIic flasks. 

The volumes were made upto the mark ",ith distilled water. The absorbance was 

measured within 1 0 min at 520 nnl on spectrophotometer· using water as a blank. 

9) Calibration curve was prepared by subjecting 100 mg ml i solution of pure 

sennoside to extraction procedure as described above. Frorn the extracted solution 

lI.U:5; lI. f, lI.:£, lI.3, lI.4·, lI.o and·lI.8"mfaliquots were taken Ul n5m(volumelnc tfasks. 

The colour was developed as mentioned previously and anaJysis was done spectrophotometrically. 
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2) Husk percentage estimation. 

1) 1 g of isabgol seed was weighed and add to 50 ml beaker. 

2) 10 ml of O. 1 N HCL was added to the beaker and the mixture heated at 700C for 

10 minutes. Subsequently the mixture was filtered through a previously 

weighed sintered gooch crucible, grade l. 

3) The dehusked seed was washed 3 times with excess of hot (700C) distilled 

water. The crucible was dried at 11 OOC for 3 hrs. and weighed. Percentage husk 

was calculated by using the formula. 

% husk = (1 ~ weight of dehusked seed) / 100 

3) Swelling factor estimation. 

1 g of isabgol seed was placed in a 25 ml graduated cylinder and 

distilled water was added upto 20 ml, then agitated for through wetting of the seed. 

The cylinder was allowed to stand for 20 min, then agitated for uniform distribution 

of swollen seeds and allowed to stand for 6 hrs. After which the volume of swollen 

seeds was recorded. 
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APPENDIX B: MEAN MAXIMUM VALUE. 

Table 1. Influence of various treatments on the performance of characters of 

senna (kh~ during 2002-03 and 2003-04. 
Sr. Character Mean max varne 
No. (2) 
( 1) 20~~1 2003-

03 3 O~_L~L 
A. Growth characters. 
1. Plant height at harvest (cm plant-I). 105_07 108.60 
2. Plant spread at harvest (cm plant-I). 104.04 105.71 
3. Number of branches at harvest (plant-I). 9.80 9.80 
4. Leaf area at harvest (dm2 plant 1). 16.65 16.62 
5. Total fresh matter at harvest (g plant·!). 193.51 196.42 
6. Total dry matter at harvest (g plant· 1 ). 74.11 76.98 
7. Absolute growth rate (g plant 1). 5.56 5.85 
8. Relative growth rate (plant· 1 ). 0.42 0.42 
9. Days to flower initiation. 56.67 56.67 
10. Days to 50% flowering. 60.00 60.67 
11. Days to maturity. 174.67 175.33 
B. Yield contributing characters. 
12. Number of filled pods (plant·!). 73.57 75.53 
13. Number of unfilled pods (plant· I). 9.53 9.53 
14. Total number of pods (plant· I). 82.42 84.73 
15. Weight of filled pods (g plant 1). 30.82 31.37 
16. Weight of unfilled pods (g plant-I). 2.35 2.41 
17. Total weight of pods (g plant-I). 33.17 33.78 
18. Length of pod (cm). 5.16 5.21 
19. Breadth of pod (cm). 2.12 2.16 
20. Number of seeds (pod-I). 7.73 7.83 
21. Weight of seeds (g pod· I). 0.16 0.17 
22. Number of seeds (plant 1). 568.78 591.51 
23. Weight of seeds (g plant I). 12.10 12.36 
24. Thousand seed weight (g). 22.00 22.25 
25. Root weight (g plant-I). a) Fresh root weight. 11.62 12.73 

b) Dry root weight. 3.78 4.11 
26. Stalk weight (g plant-I). a) Fresh stalk weight. 119.70 120.10 

b) Dry stalk weight. 28.27 30.02 
27. Fresh leaves weight (g plant-I). a) First picking (90 DAS)_ 23.48 24.66 

b) Second picking (110 DAS). 15.92 16.51 
c) Third picking (at harvest). 29.03 29.81 
d) Total. 68.43 70.98 

28. Dry leaves weight (g plant-I). a) First picking (90 DAS). 7.25 7.68 

b,\ &~S~~ .p\~)[)1.~. \I} )..9 Dh§/ 4.9} 5.25 
c) Third picking (at harvest). 8.90 9.07 
d) Total. 21.06 22.00 

29. Pod shell weight (g plant-!). 21.06 21.42 
{cont'd ... 1 



(1) (2) 
_:_'----------

C. Yield. 

30. Root yield (q ha· ' ). a) Fresh root yield. 

b) Dry root yield. 
31. Stalk yield (q ha I). a) Fresh stalk yield. 

b) Dry stalk yield. 
32. Fresh leaves yield (q ha I). a) First picking (90 DAS). 

b) Second picking (110 DAS). 

c) Third picking (at harvest). 
d) Total. 

33. Dry leaves yield (q ha '). a) First picking (90 DAS). 

b) Second picking (110 DAS). 

c) Third picking (at harvest). 
d) Total. 

34. Seed yield (q ha 1). 

35. Pod shell yield (q ha· ' ). 

36. Harvest index ('Yo). 

D. Chemical analysis studies. 
I. Plant studies. 

37. Concentration of nutricnts (%). 

I) Nitrogen. a. Root. 

b. Stalk. 

c. Leaves. i. First picking (90 DAS). 

ii. Second picking (110 DAS). 

iii. Third picking (at harvest). 
d. Seed. 

e. Pod shell. 
II) Phosphorus. a. Root. 

b. Stalk. 

c. Leaves. i. First picking (90 DAS). 

ii. Second picking (1 10 DAS). 

iii. Third picking (at harvest). 
d. Seed. 

e. Pod shell. 
III) Potassium. a. Root. 

b. Stalk. 

c. Leaves. i. First picking (90 DAS). 

ii. Second picking (1 10 DAS). 

iii. Third picking (at harvest). 
d. Seed. 

e. Pod shell. 
38. Uptake of nutrients (kg ha 1). 

I) Nitrogen. a. Root. 

b. Stalk. 
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(3) I~ 

12.51 12.60 I 
3.91 4.00 

, 
I 

79.09 80.70 
29. II 29.64 
30.24 30.95 
10.75 11.03 
36.48 37.41 
77.47 79.39 
9.39 9.69 
3.23 3.31 
11.16 11.34 
23.78 24.34 
3.02 3.12 
4.34 4.36 

42.00 42.11 

0.96 0.97 
1.25 1.25 
1.38 1.39 
1.33 1.34 
1.34 1.35 
1.65 1.66 
1.30 1.31 
0.67 0.68 
0.81 0.82 
1.06 1.07 
1.05 1.06 
1.04 1.04 
1.27 1.28 
0.94 0.96 
0.50 0.52 
0.31 0.32 

0.44 0.45 

0.43 0.44 
0.45 0.44 
0.50 0.51 

0.42 0.42 

3.75 3.88 

36.39 37.05 

(cont'd··i_1 



( 1) (2) 
----

picking (90 DAS). c. Leaves. i. First 

ii. Second pick 

iii. Third picki 

ing (110 DAS). 

ng (at harvest). 

d. Seed. 

e. Pod shell. 

f. Total uptal~e. 

II) Phosphorus. a. Root. 

b. Stalk. 

c. Leaves. i. First 

ii. Second 

iii. Third p 

picking (90 DAS). 

d. Seed. 

e. Pod shell. 

f. Total uptake. 

III) Potassium. a. Root. 

b. Stalk. 

picking (110 DAS). 

icking (at harvest). 

picking (90 DAS). 

icking (110 DAS). 

c. Leavcs. i. First 

ri. Second p 

iii. Third pi cking (at harvest). 

d. Seed. 

e. Pod shell. 

f. Total uptake. 

II. Quality studies. 

39. Sennoside content (%). 

). I) Leaves. i. First picking (90 DAS 

ii. Second picking (110 

iii. Third picking (at harv 

DAS). 

est). 

II) Pod. i. First picking (90 DAS ) . 
DAS). ii. Second picking (110 

iii. Third picking (120 D AS). 

III. Soil studies. 

40. Available nitrogen (kg ha 1). 

41. Available phosphorus (kg ha- 1). 

42. Available potassium (kg ha· 1). 

E. Economics. a. Net monetary relu rns (Rs. ha- 1). 

b. Bcnefit:Cost Ratio 
'-_ _L __________________ . 

I 

, 
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(3) (4) 

12.96 13.47 

4.30 4.44 

14.95 15.31 

4.98 5.18 

5.64 5.71 

82.97 85.04 

2.62 2.72 

23.58 24.09 

9.95 10.37 

3.39 3.51 

11.61 11.79 

3.84 3.99 

4.08 4.19 

59.07 60.66 

1.96 2.08 

9.02 9.48 

4.26 4.36 

l.39 1.46 

5.02 4.99 

1.51 1.60 

l.82 1.83 

24.98 25.80 

2.34 2.32 

2.35 2.31 

2.32 2.30 

3.38 3.35 

3.33 3.33 

3.34 3.34 

220.11 232.65 

26.12 29.00 

496.05 498.63 

64188 67232 

2.18 2.22 



212 
Table 2. In1luence of various treatments on the performance of characters of 

isabgol (rabi) during 2002-03 and 2003-04. 

Sr. Character 
~-

Mean max. value 
No. (2) 2002- 2003-
(1) 03 04 

A. Growth characters. 
13 1 141 

I. Plant height at harvest (cm plant-I). 13.69 13.95 
2. Number of leaves at harvest (plant-l). 30.48 31.22 
3. Number of productive tillers at harvest (plant-I). 4.70 4.73 
4. Number of unproductive tillers at harvest (plant-I). 1.37 1.40 
5. Total number of tillers at harvest (plant-I) ~ 5.50 5.53 
6. Total dry matter at harvest (g plant~ I). 7.67 7.68 
7. Absolute growth rate (g plant-J). 1.30 1.32 
8. Relative growth rate (plant-l). 0.83 0.99 
9. Days to flower initiation. 58.61 58.74 
10. Days to 50% flowering. 61.17 62~ 17 
II. Days to maturity. 87.83 89.17 
B. Yield contributing characters. 
12. Number of productive spikes (plant-I). 18.11 18.11 
13. Number of unproductive spikes (plant-I). 3.38 3.36 
14. Total number of spikes (plant-l). 21.26 21.29 
15. Length of spike (cm). 3.85 3.86 
16. Girth of spike (cm). 2.85 2.87 
17. Number of seeds (spike-I)~ 71.98 72.19 
18. Weight of seeds (g spike-I). 0.11 0.11 
19. Number of seeds (plant-I). 1277.66 1272.13 
20. Weight of seeds (g plant-l). 1.88 1.88 
21. Thousand seed weight (g). 1.70 1.72 
22. Root weight (g plant-I). 0.38 0.39 
23. Stalk weight (g plant-I). 4.54 4.52 
24. Leaf weight (g plant-I). 0.91 0.92 
C. Yield. 

25. Root yield (q ha- I). 1.46 1.48 
26. Stalk yield (q ha- 1). 17.30 17.51 
27. Leaves yield (q ha~l). 3.39 3.43 
28. Seed yield (q ha I). 8.15 8.25 
29. Total straw yield (q ha 1). 22.15 22.42 
30. Harvest index (%). 27.52 27.55 
D. Chemical analysis studies. 

I. Plant studies. 
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( 1) (2) (3) I (4) 
31. Concentration of nutrients (%). 

I) Nitrogen. a. Root. 1.12 1. 11 

b. Stalk. 1.21 1.22 

c. Leaves. 1.49 1.51 

d. Seed. 2.50 2.49 

II) Phosphorus. a. Root. 0.38 0.40 

b. Stalk. 0.63 0.64 

c. Leaves. 0.75 0.76 

d. Seed 1. 11 1. 11 

III) Potassium. a. Root. 0.90 0.89 

b. Stalk. 0.28 0.29 

c. Leaves. 0.79 0.79 

d. Seed 0.57 0.58 

32. Uptake of nutrients (kg ha- 1). 

I) Nitrogen. a. Root. 1.64 1.64 

b. Stalk. 20.44 20.84 

c. Leaves. 5.15 5.13 

d. Seed 20.61 20.46 

e. Total. 47.21 48.05 

II) Phosphorus. a. Root. 0.56 0.59 

b. Stalk. 10.90 11.21 

c. Leavcs. 2.54 2.61 

d. Seed. 9.05 9.16 

e. Total. 23.05 23.57 

III) Potassium. a. Root. 1.31 1.32 

b. Stalk. 4.84 5.08 

c. Leaves. 2.68 2.71 

d_ Seed. 4.65 4.79 

e. Total. 13.48 13.90 

II. Quality studies. 

33. Protein content of seed ('Yo). 15.65 15.58 

34. Husk percentage of seed (%). 26.17 26.67 

35. Swelling factor (cc g-!). 13.47 13.75 

III. Soil studies. 

36. Available nitrogen (kg ha-!). 221.85 234.77 

37. Available phosphorus (kg ha-!). 27.44 30.61 

38. Available potassium (kg ha-!). 482.80 488.33 

E. Economics: a. Net monetruy retums (Rs. ha- 1). 11729 11310 

b. Benefit:Cost Ratio 1.67 1.62 




