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1. INTRODUCTION

Vegetables are so com m on in human diet that a meal without 

vegetable is supposed to be incom plete in any part o f  the world. Vegetables 

play an important role in human nutrition by providing carbohydrates, 

proteins, minerals and vitamins. India is the second largest producer o f  

vegetables in world next to China with the production o f  96.54 m illion  tonnes 

from an area o f  6.89 m illion hectare (Gopalakrishnan, 2004), India is the 

largest producer o f  bhindi contributing a production o f  35.5 lakh tonnes. The 

total area under vegetables in Kerala is 1.81 lakh ha and bhindi occupies an 

area o f  871 ha (FIB, 2005).

The availability o f  superior quality seeds o f  improved varieties / 

hybrids at optimum cropping season is single most important input for 

increasing productivity o f  vegetable crops. Presently, total seed requirement 

o f  vegetables is 70 ,000 tonnes (Rai, 2003) and it is estimated that 500 tonnes 

o f  hybrid seeds o f  bhindi are sold annually. But the quality o f  this seeds 

should be assured since quality seeds offer enormous scope to realize 

production targets as well as increase export earnings significantly. Crops 

raised from poor quality seeds are not healthy and thus rendered 

uneconomical. The non-availability o f  quality seeds is the major constraint in 

vegetable cultivation in India.

Recent findings in seed technology research have indicated that 

mother plant nutrition is one o f  the most important factors in the production 

o f  quality seeds. The importance o f  organic manure as the source o f  nutrition 

came under shadow during the last few  decades on account o f  the rapid 

increase in the use o f  chem ical fertilizers. But now, due to the high cost o f  

fertilizers and the need to maintain soil productivity and ecological stability, 

have led to fresh appraisal o f  their role and scope in vegetable production. 

Vermicompost is one such potential organic manure which contains



significant quantities o f  available nutrients, a large beneficial microbial 

population and biologically active metabolites particularly giberellins, 

cytokinins, auxins and group B vitamins, which can be applied alone or in 

combination with organic and inorganic fertilizers so for as to get better yield  

and quality o f  diverse crops (Gavrilov, 1962; Tomati et al., 1983 and 

Bano et al., 1987). Normally verm icom post contain a high percentage o f  

humus. Humus helps soil particles form into clusters, w hich creates channels 

for passage o f  air and improves the capacity to hold water. Thus it adds 

structure to the soil and helps to retain water in the soil. The vermicompost 

made from different sources have different nutrient contents and the quality 

can be further improved by using biowastes rich in nutrients. The nutrients 

which have locked up in this biowastes were m obilized in to plant available 

forms in the casts during the passage o f  plant material through the gut o f  the 

worms.

Vermiwash, a liquid organic manure is an aqueous extract o f  a column 

o f freshly formed vermicompost and surface washings o f  earthworms. 

Vermiwash contains macronutrients like nitrogen, phosphorus and potassium  

and other nutrients like calcium, magnesium, iron, m anganese, zinc and 

copper, most o f  them being in plant available form. Venkateswara et al. 

(2005) reported that vermiwash contain growth promoting substances like 

indole acetic acid and indole butyric acid, thus improving the growth, yield, 

quality and resistance to pest and diseases in bhindi. They also reported that 

it improved the soil health by conserving natural flora and fauna o f soil.

Biofertilizers are likely to assume greater significance as a supplement 

to inorganic fertilizers, because o f  high nutrient turn over, exorbitant cost o f  

fertilizers and soil and environmental protection. AM F is one such 

biofertilizer which have proved to be a promising bio inoculant responsive in 

vegetable crops. AMF have been known to increase plant growth through 

m obilization o f  phosphorus, zinc, copper, sulphur and water through soil 

exploration o f  the hyphae. Thus it gives resistance to water stress and plant

3



pathogens especially root diseases, enhanced tolerance to heavy metal 

pollution, soil salinity and increased soil aggregation by external hyphal 

network.

In the present decade o f  sustainable agriculture, the integrated plant 

nutrient system, in which organic manures are coupled with chemical 

fertilizers is o f  prime importance to achieve best results at low  cost. This is 

highly relevant in seed production also.

Hence the present investigation was proposed,

i) To study the effect o f  different sources o f  organic manure 

and vermiwash, with and without AMF on quality seed 

production in bhindi

ii) To work out the econom ics o f  seed production.
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2. REVIEW  OF LITERATURE

V egetables are essential for a balanced diet and m aintenance o f  good  

health. But in India, vegetable husbandry is not yet properly developed  

and we must increase the vegetable production to meet the growing  

demand. For this, good quality seeds o f  vegetables are essential. The 

present study is aimed at estim ating the potential o f  using different 

sources o f  organic manure, verm iwash and AM F on quality seed  

production o f  bhindi. The efficacy o f  organic sources o f  nutrients and 

AMF on vegetable crops has been studied by several workers but the work 

regarding their in fluence on bhindi is meagre. So the available literature 

on this aspect pertaining to crops other than bhindi is also review ed  

hereunder.

2.1 EFFECT OF DIFFERENT SOURCES OF ORGANIC M ANURE ON

GROWTH CHARACTERS OF CROPS

2.1.1 Effect o f  Verm icom post on Growth Characters o f  Bhindi

V erm icom post is a potential organic manure containing nitrogen  

fixing, phosphorus solubilising and cellu lose decom posing organisms 

(Bhawalker, 1992). In an experiment conducted at the Regional 

Agricultural R esearch Station, P ilicode, Govindan et al. (1995) reported 

that in okra verm icom post application, as a substitute for FYM along with 

fertilizer application as per POP recommendation o f  Kerala, enhanced the 

growth characters like height o f  plant, number o f  leaves and number o f  

branches. Full substitution o f  FYM with verm icom post resulted in highest 

vegative growth which was on par with 75 per cent vermicompost + 25 per cent 

FYM.

From an experim ent conducted at C ollege o f  Agriculture, V ellayani 

on the effic iency  o f  vermicompost on growth and yield o f  okra, Ushakumari 

et al. (1999) observed that verm icom post application as an organic source
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along with full recommended dose o f  N P K  increased the plant  height and 

number o f  leaves plant"1.

Study carried out by M anonmani  and A n an d  (2002) at 

Thiruchirapal l i  found that root length,  number o f  root hairs,  length and 

breadth o f  the leaf  and dry weight  o f  okra were m a x im um  when 

supplemen ted  with vermicompost ,  Shanthi and Vijayakumari  (2002) 

observed that root length and shoot  length o f  bhindi were  increased bv 

N PK + vermicompost  at 60 DAS whereas at 30 DAS, it was  increased by 

NPK + FYM.

2,1.2 E ffect o f V erm icom post on G row th C haracters o f  C rops

Reddy et at. (1998) observed that in pea, height  o f  the plant at 

harvest,  days to initial f lowering,  number  o f  branches p l a n t ' 1 and number 

o f  fruits plant"1 were maxim um with 10 t vermicompost  + 100 per cent 

recommended NPK.

Samawat  et al. (2001) observed that in tom ato  effect of  

vermicompost  was higher in root growth than shoot  growth.  Hashemtmajd  

et at (2004) found that shoot  and root dry matter  o f  tomato was greatest

when vermicompost  was used as pott ing media.

Araneon et al. (2003) reported that there was s ignif icant  increase 

in shoot  weight and leaf  area in pepper plants  when treated with 

vermicompost  compared to inorganic ferti lizers only.

Experiment conducted by Sailajakumari  (1999) at College of  

Agriculture.  Vellayani  reported that applicat ion o f  enr iched  vermicompos t  

increased nodule number p l a n t ' 1, weight  o f  nodules plant  'and root-shoot 

ratio o f  cowpea.  Accord ing to Ra jkhowa et at. (2000)  applicat ion of 

vermicompost  showed posi tive effect on dry matter  product ion,  nodule 

number and root weight o f  green gram.

In a s tudy conducted on effect o f  ve rmicompost  on growth and

y ield o f  soybean.  Thanunathan et al. (2002) found that vermicompost
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applicat ion increased  the growth at tr ibutes such as plant  height and leaf  

area index.  A ccord ing  to Asewar  et al. (2003) vermicompos t  appl ica t ion 

@ 2 t ha*1 increased the plant  height  and number  o f  branches p l a n t ' 1 in 

chickpea.  A ccord ing  to Jat and Ahlawat  (2004) the vermicompost  

appl icat ion @ 3 t ha*! increased the growth  parameters  such as dry matter  

accumula t ion plant"1. LAI and root weight  in chick pea over  no 

vermicompost .

Hiranmani  et al. (2003) in a s tudy on the effect o f  vermicompos t  

with organic and inorganic manures found that vermicompost  alone and 

admixed with FYM, green manure,  neem cake and NPK ferti lizers were 

effect ive in im proving  various biometric  parameters  like leaf  area and dry 

matter produc tion in chilli.

Reddy and Rao (2004) reported that app licat ion o f  13.8 t h a ' 1 o f  

ve rmicompost  was  found to increase the vine length and number  of  

branches o f  bi t tergourd.

2.1.3 E ffect o f  FYM  on G row th C haracters o f  Bhindi

M ontasser  (1991)  found that the average length and fresh weight of  

shoot and root o f  okra increased considerably in cattle, pigeon,  rabbit and 

sheep manure amended  plots. In an exper iment conducted by Naidu et al. 

(1999) found that plant height,  number  o f  leaves plant"1, number of  nodes 

plant"1, internodal  length o f  okra were m ax im um  under NPK (80 : 60 : 50)

- 20 t FYM ha"1. In a study conducted by Raj (1999) at College of  

Agriculture.  Vellayani  on organic nutr i tion in okra revealed that plant 

height and LAI were highest  for FYM + green leaf  which also took 

minimum num ber  o f  days for 50 per  cent  f lowering.

Subbiah  and Sunderarajan (1993)  found that combined  applicat ion 

o f  12.5 t ha ‘l FYM + recommended dose o f  macronutrien ts  + 25 kg ZnSO j  

ha"1 in bhindi  was bet ter  than FYM alone or combinat ions  o f  25 t ha"1
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FYM  with the recommended dose o f  ferti lizers with  or without 

micronutrients .

A study conducted by Issac (1996) at College  o f  Agriculture.  

Vellayani  on yield, quality and vigour o f  bhindi seed as inf luenced by 

number o f  harvest  and nutrient  sources reported that app l ica t ion  o f  6 t h a ' 1 

o f  FYM + chemica l  ferti lizers resulted in increased b iometr ic  parameters  

such as plant  height at 60 and 90 DAS. LAI at 30 DAS and 60 DAS and 

root spread at final harvest.

2.1 .4  E ffect o f FYM on G row th C haracters o f C rops

Applicat ion o f  FYM resulted in higher vegetat ive mass,  dry weight,  

plant  weight and rate o f  dry matter increment per  unit  le a f  area of  

capsicum (Cerna.  1980; Vals ikova and Ivanic. 1982). They also reported 

that app licat ion o f  chemical  ferti lizers in the absence o f  FYM retarded the 

format ion o f  vegetat ive organs and resulted in lower f lower production.  

Reddy and Swamy (2000) reported that FYM application (w, 10 t ha '1 

increased dry matter  accumula t ion plant’1 in blackgram.

Accord ing to Renuka and Sankar (200 1) vigorous growth  o f  tomato 

with early f lowering can be observed by the applicat ion o f  FYM + biogas 

slurry . Study conducted by Rafi et al (2002) on effect o f  organic and 

inorganic ferti lizers on growth and yield of  tomato revealed  that the plant 

height recorded at 90 DAS and number o f  primary branches were 

maxim um in 50 per cent recommended dose o f  ferti lizers -  50 per cent 

FYM, Accord ing to Reddy et al. (2002) applicat ion of  50 per  cent  nitrogen 

through FYM and 50 per  cent N through urea recorded highest  plant 

height and number o f  branches p la n t '1 in tomato.  K umar  and Sharma 

(2004) in a study on the integrated nutr ient management for sustainable 

cabbage  - tomato cropping sequence reported that in cabbage,  applicat ion 

o f  FYM a 10 t h a ' 1 150 per cent NPK resulted m ax im um  plant height 

and in tomato,  plant height and number o f  primary branches p lan t ’1 were 

m a x i m u m  w i th  25 t h a ' 1 o f  FYM  + 150 per  cen t  N P K  t r ea tm e n t .



Pati l  et al. (2004) had obtained greatest plant  height,  number  o f  primary 

branches plant"1 and highest  number o f  leaves plant"1 in tomato with the 

applicat ion o f  50 per  cent recommended fert i lizer  rate + 50 per  cent FYM. 

Sharma and Sharma (2004) found that applicat ion o f  FYM (10 and 20 t ha"1) in 

tomato signif icantly increased the plant height and num ber  o f  branches  

plant"1 over no applicat ion.

Naidu el al. (2002) found that NPK (<£, 1 00 : 60 : 50 kg h a ' 1 + FYM 

(a) 25 t h a ' 1 recorded highest value for plant  height,  number  o f  leaves 

p la n t '1, number of  branches p lan t '1 in brinjal.

2.2 EFFECT OF DIFFERENT SOURCES OF O R GA N IC M A N U R E  ON

YIELD C H A R A C T E R S  OF CROPS

2.2.1 E ffect o f  V erm icom post on Y ield C haracters o f  B hindi

From an experiment conducted by Ushakumar i  el al. (1999) 

at College o f  Agriculture,  Vellayani  observed that vermicompos t  

applicat ion as an organic source (12 t h a ' 1) along with full recommended  

dose o f  NPK increased number o f  fruits p l a n t ' 1 and yield (kg h a ' 1) of  

bhindi. Manonmani and Anand (2002) reported that vield o f  bhindi was 

maximum in plots supplemented with vermicompost .

2.2.2 Effect o f  V erm icom post on Y ield C haracters o f C rops

In a s tudy conducted by Pushpa  (1996) on effect o f  vermicompos t  

on yield and quali ty o f  tomato found increased yield at tr ibutes like mean 

fruit weight , gir th o f  fruits and fruit yield with 25 t vermicompost  along 

with full dose o f  inorganic fertilizers.  Arancon (2003) reported that the 

tomato yield in all ve rmicompos t  treated plots were consisten tly  greater  

than yields from inorganic ferti lizer  treated plots.  In a s tudy conduc ted by 

Patil et al. (2004) at Karnataka reported that the highest  yield in tomato 

was observed with the recommended rate o f  inorganic ferti l izer  (NPK 

• it- 100: 75: 100 kg ha"1) + vermicompos t  a 2 t ha"1.
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Dharmal ingam et al. (1995)  got 16 per  cent increase in yield of  

soybean due to vermicompost  pel let ing  over non pelleted seeds.  Reddy 

and Mahesh  (1995) observed s ignif icant  increase in pod yield o f  green 

gram due to applicat ion o f  vermicompost  and FYM over  inorganic

ferti lizers,  Reddy et al. (1998) revealed that number o f  pods plant"1 and 

yield in pea were highest with  10 t vermicompost  + 100 per cent 

recom mended  N PK .A  study conducted  by Asewar et al. (2003) at Parbhani 

reported that applicat ion o f  vermicompost  @ 2 t ha"1 increased pods plant’1, 

grain yield and straw yield in ch ickpea  compared to no vermicompost  

applicat ion,  Jat and Ahlawat  (2004) observed that vermicompost  

app licat ion @ 3 t ha"1 incurred yield at tr ibutes such as num ber  o f  pods 

plant"1 and straw yields o f  ch ickpea  over  no vermicompost .

In a s tudy on brinjal,  Rao and Sankar (2001) reported highest  fruit 

yield with FYM + vermicompost  followed by FYM + neem cake.

Hiranmani  et al. (2003) reported bet ter  yield in chilli in vermicompost  

t reated plots.  In a s tudy conducted  by Reddy and Rao (2004) on growth 

and yield o f  bi t tergourd as inf luenced by vermicompost  and nitrogen 

management pract ices revealed that applicat ion o f  13.8 t ha"1 

vermicompost  was found to be beneficial  in improving num ber  o f  fruits 

vine"1 and fruit yield h a ' 1. In a s tudy conducted by Reddy and Rao (2004)

on growth and yield of  bi t tergourd as influenced by ve rmicompost  and

nitrogen management pract ices revealed that applicat ion o f  13.8 t h a ' 1 

ve rmicompost  was found to be beneficial  in improving num ber  o f  fruits 

v in e '1 and fruit yield h a '1.

2.2.3 E ffect o f  FYM  on Y ield C haracters o f Bhindi

Issac (1996)  reported that increased green fruit yield h a ' 1 in bhindi 

was observed for 12 t FYM + chemica l  fertilizers while m ax im um  mature 

fruit yield h a ' 1 was  noticed both for 12 t FYM + chemical  ferti lizers and 

6 t FYM t chemica l  fertilizers.  Naidu et al. (1999) found that applicat ion
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o f  N PK @ 80: 60: 50 kg h a '1 + 20 t FYM ha’1 in bhindi resulted increased 

number  o f  fruits p l a n t ' 1, weight o f  fruits p lant ’1 and maximum fruit yield,

2.2 .4  E ffect o f  FYM  on Y ield A ttributes o f  C rops

Subbiah et al. (1983) reported that yield o f  brinjal fruits was 

significantly in fluenced by the level o f  FYM, but not by the levels o f  

ferti l izer  or by the interact ion between FYM and inorganic fertilizers. 

Nair and Peter  (1990) reported highest  yield in chilli with 15 t F YM + 

75:40:25 kg NPK h a ' 1 in the three seasons tried when compared to 

inorganic ferti l izers  alone.  In a study conducted by Naidu et al. (2002) at 

Jabalpur reported that NPK at 75: 35: 0 kg h a '1 and FYM @ 25 t ha’! in brinjal 

recorded highest fruit girth and earliest 50 per cent flowering but highest mean 

fruit yield was ob ta ined  with NPK (d; 100 : 60 : 50 kg h a ' 1 and FYM 'a. 

25 t h a ' 1.

The results  o f  a long term ferti l izer exper iment  conducted at Tamil 

Nadu Agricultural  University,  Coimbatore in a mixed red medium black 

soil for a period o f  16 years revealed that there was significant  difference 

in the yield o f  f inger millet,  maize and cowpea due to FYM applicat ion 

(M uthuswamy et al., 1990).

Ahmed (1993)  reported that yield o f  tomato was greatest with 

FYM ’Tv. 19.01 t h a ' 1 fo l lowed by coirpith compared to control  plot without 

these two manures.  In an experiment conducted by Renuka and Sankar

(2001) at Bapatla  on effect o f  organic manures on growth and yield of  

tomato revealed that the applicat ion o f  FYM + biogas slurry, recorded an 

increased yield o f  two and half  times over the control.  Rafi et al. (2002) 

reported that in tomato the least number o f  days for 50 per cent flowering,  

max im um  fruit set .  fruit weight ,  number o f  fruits plant’1 and the highest 

yield p lant ’1 and h a ' 1 were observed when applied with 50 per cent 

recommended dose o f  ferti lizers + 50 per  cent FYM. Reddy et al. (2002) 

reported that appl icat ion o f  50 per cent N through FYM + 50 per cent N 

through urea recorded  the highest number o f  fruits p la n t '1, fruit weight and
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yield in tomato  compared  to all other t reatments.  Patil et al. (2004) 

reported that appl icat ion o f  50 per  cent recommended ferti lizer  rate + 50 

per  cent FYM resulted in highest  number o f  fruits p l a n t ' 1, average fruit 

weight  and yield p l a n t ' 1 in tomato.  Sharma and Sharma (2004) revealed 

that applicat ion o f  FYM (10 and 20 t h a ' 1) in tomato  significantly 

increased number  o f  fruits plant"1, average fruit weight  and fruit yield over 

no applicat ion.

In a s tudy conduc ted by Joseph (1998) at College  o f  Agriculture.  

Vellayani  on evaluation o f  organic and inorganic sources o f  nutr ients  on 

yield and quality o f  snakegourd revealed that yield at tr ibuting characters  

like length o f  fruit,  weight  o f  fruit and number o f  fruits p la n t '1 were 

highest  in plots  appl ied  with FYM + FYM to subst i tute NPK..

In an exper im en t  carr ied out by Arunkumar  (2000) at College of  

Agriculture,  Vellayani  on organic nutri t ion in Amaran thus  revealed that 

FYM applicat ion w'as found to be superior  to vermicompos t  in inducing 

better yield.

Apart  from being the source o f  nutrients,  FYM can increase the 

availabil ity o f  insoluble phosphate and phenolic com pounds  (eg. Salicy lic 

acid and vanillic acid)  formed from organic matter.  It also has favourable 

effect on plant growth  and yield (Tirkey et a l ., 2002).

2.2 .5  E ffect o f  Sou rces o f  C om post on Growth and Y ield  o f  Crops

Water hyacinth compost  caused yield increase in different crops 

such as rice (Dhar,  1977; Kondap et al., 1981; Kumaresan .  1984). wheal 

and po ta to  (D ha r .  1977).  g ro u n d n u t  (K ondap  et a l . .  1981;  K u m aresan  

et al.. 1984) and chilli (Maurya and Dhar. 1990).

Kamath et al. (1991) revealed that applying 9 t water hyacinth 

compost  ha’1 with 67.5 per cent recommended NPK would give the same 

yield in sorghum as the recommended NPK rate without  water hyacinth 

compost .



Rabie  et al. (1995) reported that appl icat ions  o f  w a te r  hyacinth 

compost  at 2.5 and 5t h a ' 1 enhanced dry matte r  yield in g roundnut,  maize 

and barley. According  to Khandal  and Bharadwaj  (2002) plant  height ,  dry 

matter  product ion and grain yield o f  wheat  cult ivars  were m a x im um  at 

higher doses o f  water  hyacinth vermicompos t .

In a study to compare the different  sources o f  organic manure  viz.. 

aquatic weed compost  and cow manure,  Hossain and Maj id  (1997) 

observed that gourd yields were highest  with 180 kg water  hyacinth 

compost  added  per plant ling hole and tomato yields were h igher  with I: I 

mixture o f  aquatic weed com pos t1, cow manure  than with cow manure 

alone, Thanunathan et al. (2002)  reported that m ax im um  grain yield

in soybean w'as recorded with coirpi th ve rmicompost  and the yield was 

similar  to enriched coirpith vermicompost  and sugarcane  trash 

vermicompos t .  M axim um values for plant  height  and le a f  area  index was 

recorded with coirpi th vermicompost  applicat ion @ 12.5 t h a ' 1.

2.3 EFFECT OF DIFFERENT SO U RCE S OF ORGANIC M A N U R E S  ON 

SEED CH ARA CTERS OF CROPS

2.3.1 E ffect o f  V erm icom post on Seed C haracters o f  C rops

According  to Pushpa (1996) a seed yield o f  105 per cent  with 

maximum germinat ion count and viabili ty o f  tomato seeds were  obtained 

in plots, which received full inorganic ferti l izer  (as per  POP 

recommendat ion o f  Kerala) and 25 t vermicompost .  in a study conducted 

by Rotondo et al. (2003) on the effect o f  vermicompos t  and the organic 

ferti lization in tomato seedlings revealed that ve rmicompost  alone or in 

mixtures with chemical fertilizers recorded better seed germination  and 

quality than other  treatments.

Khandal  and Bharadwaj (2002)  reported that grain yield o f  wheat 

was maximum with the applicat ion o f  higher dose o f  water  hyacinth 

vermicompost  (20 per  cent o f  the s o i l ).



Meera (1998) reported that coat ing  o f  seeds with vermicompos t  

s ignif icantly inf luenced the grain yield o f  cowpea.  Coat ing seeds with 

vermicompost  com bined  with the applicat ion o f  full inorganic ferti lizers 

and FYM as organic source recorded  the highest grain yield. Reddy at at.

(1998) revealed that number o f  seeds pod"1 in pea was m a x im um  with 10 t 

vermicompos t  + 100 per cent recom mended  NPK. A m endm en t  o f  compost  

prepared from on farm wastes improved seed yield o f  legumes  (Lodha and 

Burmam 2000). Jat and Ahlawat  (2004) reported that vermicompos t  

applicat ion @ 3 t ha"1 increased seed yield o f  ch ickpea  over no 

applicat ion.

A study conducted  by Karmegam et at. (1999) on effect of  

vermicompost  on the growth and yield o f  green gram reported that the 

germination eff iciency o f  green gram was 93.33 per cent  in the 

vermicompost  appl ied  plots compared  to 84.17 7per cent  in the control 

i.e.. biodigested slurry. Rajkhowa et at. (2000) reported that highest  seed 

yield plant"1 in green gram were obta ined  with the appl icat ion o f  75 per 

cent N as urea along with 5 t ha"1 ve rmicompost  and it was  on par with 

applicat ion o f  N as vermicompos t .  In an exper imen t carr ied out by Siag 

and Yadav (2004) at N ew  Delhi on effect o f  vermicompost  and fertilizers 

on productivity o f  gram and soil fertility revealed that applicat ion of  

vermicompost  a 3 t h a ' 1 resulted in maximum seed yield which was

statistically on par with that recorded ftl 2 t h a ' 1.

2.3.2 E ffect o f  FYM on Seed C haracters o f  C rops

R auanka r  et a! (1984) revealed that applicat ion o f  FYM produced 

significantly higher seed cotton yield by 41.1 per cent  over its no 

applicat ion.

A combined  applicat ion o f  FYM and fert i l izer  n i t rogen was found 

to increase the protein content  o f  grains in red gram (Muthuvel  at at..

1985). ragi (Chel lamuthu  et at., 1987) and wheat  (Pati l et at.. 1993) than

when ei ther applied alone.

IS'



Naidu (1987) concluded that  in cowpea cv. Co-4,  app licat ion of  

FYM + NPK at 25 : 50 : 0 kg h a ' 1 recorded the highest  fresh and dry 

weight  o f  seed, seed volume, germination,  vigour and dry weight o f  

seedling. Bacchav and Sabale (1996) reported that seed yield and seed 

protein and oil contents  were highest  in soybean with 50 per  cent each o f  

urea and FYM. Sharma and Mishra (1997) reported an increase in seed 

yield due to applicat ion o f  FYM in soybean.

Issac (1996) reported that maximum weight  o f  seeds f ru i t '1 and 

maximum seed yield h a ' 1 in bhindi were observed for 12 t FYM + 

inorganic fertilizers. According to Raj (1999) FYM +■ neem cake recorded 

maximum germinat ion percentage in okra.

FYM /ii' 1 0 t h a ' 1 increased seed yield o f  black gram by 6.5 per cent 

over  no FYM applicat ion (Reddy and Swamy. 2000). In sweet basil, 

applicat ion o f  FYM (12.5 t h a ' 1) resulted in highest  seed yield h a ' 1 

(Sundaraiya et a l .7 2003).

2.4 V ER M IC O M P O ST  Vs. FYM

Reddy and Mahesh (1995) observed signif icant  increase in number 

as well as weight o f  functional nodules in green gram due  to applicat ion of  

vermicompost  as compared  to FYM and chemical  fert i lizers  and also 

observed signif icant increase in dry matter  production and grain yield due 

to vermicompost  applicat ion.  Karmegam et al. (1999)  found that shoot 

length,  root length, number o f  root nodules,  fresh weight  and dry weight 

o f  green gram were significantly higher in vermicompost  treated pl ot s  

compared  to biodigested slurry. Accord ing to Satish et al. (2003) 

vermicompost  applicat ion 'a 2.5 and 5 t ha"1 resulted in higher yield in 

mungbean compared to FYM.

Govindan et id. (1995) reported that vermicompost  applicat ion as a 

subst i tute for FYM along with fert i lizer  applicat ion and cultural  operations 

as per POP o f  Kerala in bhindi increased number o f  fruits plant"1, length of

t £
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fruit (cm) and fresh weight o f  fruit (g plant"1), o f  which 100 per  cent 

ve rm icom pos t  without  FYM  resulted in highest  value o f  these parameters .  

Issac (1996)  reported that highest  num ber  o f  vigorous seeds in bhindi  was 

obta ined with  appl ica t ion o f  12 t FYM  + 1 1 t vermicompost .

In a s tudy conducted by Pushpa  (1996) on effect o f  vermicompost  

on yield and quality o f  tomato found that vermicompost  applicat ion 

compared  to FYM greatly in f luenced biometric observat ions  such as 

height o f  plant ,  number o f  leaves etc.

Joseph (1998)  observed that  in snakegourd,  growth charac ters  viz.. 

weight o f  the root p la n t '1 and dry matte r  production h a ' 1 were highest  in 

FYM treated plots as compared  to poultry manure or ve rmicompost  treated 

plants.

N iran jana  (1998) . reported that vermicompost  produced significant!)  

higher dry weight  for amaranthus  compared  to FYM and POP o f  Kerala at 

30 and 60 DAT. In a s tudy conducted  by Arunkumar (2000) on organic 

nutr i t ion in am aranthus  found that FYM applicat ion was found to be 

superior  to vermicompost  in inducing better  plant height,  root biomass 

production and leaf  area index.

2.5 EFFECT OF ORGANIC LIQUID SPRAYS ON CROP GROW TH  

AND  YIELD

Varshney  and Gaur (1974) in a microplot  experiment on the sand) 

loam al luvial  parts o f  Delhi inoculated  soybean and subsequen t  tomato 

crop were sprayed four times with 125 ml plot"1 o f  solut ion o f  sodium 

humate ex tracted  from FYM. Sodium humate at 10 and 50 ppm increased 

the seed yield o f  soybean by 24 and 14.5 per cent respectively and also 

increased ni t rogen uptake. Corresponding  increase in tomato yield were 

1 09 and 1 04 per  cent.

Kadhum el al. (1980) reported that o f  the seven fert i lizer  t reatments 

evaluated, yield were highest  and the root and shoot growth were best in



tomatoes  receiving 6 1 m '2 o f  a liquid organic ferti l izer  contain ing  60 g 

NPK (18: 18: 5).

Sarr and Ganry (1985) used rice husk compost  at 7.5 t ha"1 + 

ef f luent  ( l iquid p roduced  during compost ing)  gave tomato  yields of  

71 .96 t ha’1 compared  with 59.2 t h a ' 1 for control.  He reported that any 

com post  * eff luent  gave bet ter yield than compost  wi thout  eff luent .

Liquid fract ion o f  lignite used as an organic fert i lizer  increased 

fruit yield and reduced early fruit ing in tomato (Salas et al.. 1986). 

Watery extracts from composted  organic material great ly reduced disease 

development under lab condi t ion in tomato leaves.

David et al. (1994) reported that addition o f  1280 mg humic acid 

li t re’1 produced significant  increase in accumula t ion o f  N. Cu. Fe and Zn 

in tomato seedlings. Fresh and dry weights  were also increased. Humus 

preparat ion applied to soil increased and advanced fruit r ipening in tomato 

by 4 to 5 days (Gonet and Cerny,  1996).

In a s tudy conducted by Mashewari  et al. (2003) at Annamalai  on 

effect o f  foliar applicat ion o f  organic nutrients on some quality indices 

and economics  o f  chilli reported that capsaicin content and seed number 

were highest (10.49) with 0.75 per  cent amino acid + complete  fertilizer 

dose.

A lka f f  and Hassan (2003) on effect o f  biofert il izer,  organic 

ferti l izer  and foliar applicat ion o f  Power 4 (trace element ferti lizer) on 

okra plants  revealed that foliar applicat ion o f  4 g power l i tre’1 had higher 

value for fresh dry matter , number  o f  pods plant’1, average yield, average 

fruit weight,  early yield and total green fruits, while foliar  applicat ion at 

2 g l i tre’1 gave the highest  plant  dry weight.

2.5.1 E ffect o f V erm iw ash on G row th and Y ield o f  C rops

Weekly applicat ion o f  di luted vermil iquid improved growth  o f  radish 

and increased yield to around 20 per  cent (Buckerfield et a l .. 1999).

Iff



Jasm in  (1999)  reported that app l icat ion o f  vermiwash  along with 

inorganic ferti l izers  produced marked increase in fruit yield o f  tomato .  At 

higher concentrat ions  (50 and 25 per  cent)  o f  vermiwash ,  ferti l izers  could 

be reduced to ha l f  o f  the recommended dose wi thout  any yield reduction.

Thangavel  et al. (2003) in a s tudy conducted on the effect of  

vermiwash and vermtcas t  extracts  on growth and yield o f  paddy observed  

that both vermiwash  and vermicast  ext rac ts  increased grow'th and yield of  

paddy.

Vermiw'ash spray enhanced the growth  parameters  viz. plant  height, 

number o f  laterals,  number o f  leaves and leaf  area and yield parameters  

viz. number o f  days to flowering,  num ber  o f  f lowers plant"1 in marigold.  

(Sivasubramanian and Ganeshkumar ,  2004).

Study conduc ted by Venkata swara  et al. (2005) on the effect of  

organic ferti l izers  on the yield o f  bhindi  observed that vermiwash  

increased the growth  by supplementing  growth  promoting  substances  like 

IAA and IBA, It also improved the yield, qual i ty and res istance to pest 

and diseases and improved the soil heal th by conserving natural flora and 

fauna o f  soil.

2.5.2 E ffect o f V erm iw ash on Seed C haracters o f  C rops

Jasmin (1999)  reported that fol iar*spraying o f  vermiwash  produced 

significant  effect on number o f  seeds f ru i t '1 compared to soil applicat ion 

and also produced seeds with more germinat ion  capacity .

2.6 EFFECT OF ORGANIC M A N U R E S  ON N UTRIEN T UPTAKE AND 

A VAILABILITY

In w hea t -m a ize  rotation, avai lable  N and P content  o f  the soil 

increased with continuous  use o f  FYM (Prasad and Singh.  1980). 

Srivastava (1985) observed that increased use o f  n i t rogenous  ferti lizers 

decreased organic carbon content  and total N, while FYM increased the 

above parameters .  More (1994) reported that addi t ion o f  farm vvaste and

\9
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organic  manure  increased the status o f  organic carbon,  available N and 

avai lable  potass ium o f  the soil. Isaac (1996) reported that  applicat ion of  

12 tonnes o f  FYM + II  tonnes o f  ve rmicompost  showed higher available 

N status and available *K’ status significantly superior  to other  sources of  

N. Addit ion  o f  FYM or decom posed  rice straw improved the N, P and K 

status o f  soil (Bandyopadhyay and Puste, 2002). A ccord ing  to Patidur et 

al. (2002) applicat ion o f  FYM  on the sorghum field increased the 

av ai lable N and P content  o f  soil.

Dhargawe et al. (1991) observed a significant  increase in P 

availabil ity in soil fo l lowing the applicat ion o f  FYM. Gaur  {1994) 

reported that humus by virtue o f  its chelat ing proper t ies  increased the 

availability o f  N, P, S and other  nutr ients  to plants  growing in humus rich 

soils.  The  humus increases ‘P '  availabil ity as they have very high 

exchange  capacity.  Reddy and Mahesh  (1995) observed that available P 

o f  soil was  increased by the appl icat ion o f  vermicompost  compared to 

FYM. Apart  from being the source o f  nutrients . FYM can increase the 

availability o f  insoluble phospha te  (Tirkey et al., 2002).

Available K increased sl ightly with the addition o f  FYM for a long 

t ime (Sharma et al.. 1984). Sharma and Sharma (1988) compared the 

effect o f  FYM and green manure and inferred that there was a build up of  

available K. which was maximum with the use o f  FYM than green manure. 

Dhanorkar et al. (1994) opined that continuous use o f  FYM increased 

available K by 1.3 to 5.4 folds over  control,

Ganguly (1988) reported the beneficial effect o f  FYM on the 

uptake o f  nutr ients  on maize.  Raju et al. (1991) observed FYM to be more 

effect ive in increasing N uptake in chickpea.  Singh and Tomar  (1991) 

found that applicat ion o f  FYM and K had a posit ive effect on the uptake 

o f  N by wheat  crop. Minhas  and Sood (1994) reported that FYM 

applicat ion was beneficial in enhanc ing  the uptake o f  N. P and K by 

potato and maize.  In bhindi .  N and P uptake were highest  for FYM -r- neein



cake where as ‘K ’ uptake was maxim um for FYM  + poultry manure  with 

150 kg ha"1 o f  N and with azospir i l lum inoculation.  The avai lable N, P 

and K status o f  soil were highest  in FYM + neem cake, FYM + enriched

compost  and FYM alone treated plots respectively with 150 kg ha ' o f  N

and azospir i l lum inoculat ion (Raj, 1999), Sharma et al. (2001)  reported

that conjoint  use o f  N along with FYM markedly influence N, P and K.

uptake,  which might  be due to the supply o f  this nutr ients  and 

im provement o f  soil physical properties for bet ter  plant growth.  FYM 

along with different  levels o f  S. Mo. Fe. Zn and Co increased the uptake 

o f  major and micro nutrients by cowpea at harves t  (Sharma et al., 2002),

Khan et al. (1981) reported that city compost  raised the Zn and iron 

content  o f  the p lants  from deficiency to sufficiency level. Pandiyan (1990) 

proved the impact  o f  composted coir  pith on the retention o f  water  soluble 

phosphate.  Connel  et al. (1993) observed an increase in the avai lable  \  

content  o f  the soil by the applicat ion o f  municipal  solid waste.  Ammal  and 

Muthiah (1994) reported that applicat ion o f  composted coir pith plus 'K '  

recorded the highest  uptake o f  K by rice plants  compared with raw coir 

pith plus K or K alone. According to Bansal et al. (1999),  maxim um \  

and P uptake in mung bean were given by compost  prepared from a 2:7 

mixture o f  cat t le  manure and rice straw inoculated with earth worms. 

Cuevas et al. (2000) reported that applicat ion of  dried composted  

municipal  solid waste to a degraded semi arid shrub land s ign lf ican th  

increased the availabil ity of  P. K. nitrate N and EC. It also increased the 

concentrat ion o f  total soluble heavy metals like Zn. Pb. C’d. Ni. Cr and 

Cu. Appl icat ion o f  household compost  and solid pig manure showed an 

increased accumula t ion o f  N and P and also resulted in st imula t ion of  

some biological  aetiv ity (Peterser  et al.. 2003).

Balaji (1994)  recorded higher levels o f  total N. available P and K 

in trea tments which received ei ther  ve rmicompost  alone or in combination 

with FYM or chemica l  fertilizers than control .  Chaudhuri  et al. (2001)



reported that higher concentrat ion o f  total N, avai lable  P, K and Ca were 

present  in aquatic weed vermicompost  when aquatic w eed  get composted 

by Perionyx excavatus. Talukdar et al. (2001) reported that K content  was 

highest  in water  hyacinth vermicompos t .  According to Kanwrar and Paliyat

(2002). applicat ion o f  FYM and vermicompos t  were equal ly  effect ive in 

increasing the available P status o f  soil. Water  hyacinth com pos t  enhanced 

the 'P '  availabil ity due to the presence of  organic acids (Mani and 

Perumal.  2002). Thanunathan et al. (2002) reported increase in N 

availabil ity and uptake due to ve rmicompost  applicat ion in soybean.

An exper iment  conduc ted by Shuxin  et al. (1991) repor ted that 30 

to 50 percent increase in N uptake in vermicompost  app l ied  sugar cane. 

Pushpa (1996) reported an increased uptake o f  plant nutr ients  when 

vermicompost  was used as a source o f  organic manure  than FYM. 

Accord ing to Meera (1998), use o f  vermicompost  coated seeds produced 

the maxim um uptake o f  N, P and K at peak f lowering s tage and harvest.  

Soil analysis for available nutr ients  revealed that the d ifferent  t rea tments 

had significant  influence on Ca. Mg, Zn. Cu and Mn content  in soil. 

Mart inez et al. (1999) reported that P content  o f  fo l iage in chilli was 

increased when mvcorrhizal fungi and ve rmicompost  were applied.  

Rajkhowa et al. (2000) reported that N applied through vermicompos t  

increased the plant P and K content  by 13.5 and 32.5 percent  respective!} 

over  control in green gram Vermicompost  contained different  growth 

promot ing substances which induced high dry matter \ield in rice leading to 

higher uptake of  nutrients (Banik and Ranj ita. 2004).

Padmaja et al. (1998) reported that vermiwash con ta ins  an average 

200 ppm N. 70 ppm P and 1 000 ppm K and other nutrients.  Jasmin  (1 999) 

reported that plant uptake o f  major and micronulrients  were maximum for 

the highest  concentrat ion o f  vermiwash  applied through fol iage along with 

full inorganic fertilizers. Karima et at (1999) reported that there will be 

continuous  supply o f  P in avai lable  form from vermiwash  along with P
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supplied  th rough inorganic ferti l izers.  According to Hangarge et al 

(2004X application of  vermicompost @ 5t ha '1 + organic booster (a), 1 litre in'2 

enhanced  the availabil ity o f  N, P, K and organic C content in soil.

2.7 C R O P  RESPO NSE TO A M F

A M F play an important  role in water economy o f  plants. It 

improves conduct ivi ty  o f  roots, which contribute to bet ter  uptake o f  water 

(Levy and Krikun,  1980). Mycorrh iza l  fungi are the key com ponents  of  

soil micro biota. They are obl igate symbionts  and are root host specific 

(B onfan te -Faso io ,  1987).

A M F impart  enormous  benef i t s  to the plant communi ty  both in the 

natural ecosys tem and in the d ifferent  agricultural s ituations.  It has been 

widely used as a bio inoculant  for sustaining the growth and health of  

cu lt ivated crops (Rosendahl  el a !., 1992), The VAM associat ion increases 

the growth,  nutr ient  uptake and res istance to root diseases in crop  plants 

(Sivaprasad et a /., 1990).

2.7.1 E ffect o f  A M F on G row th and Y ield o f Crops

The posit ive response to growth  o f  plants in associat ion to VAM 

has been widely reported (Mosse .  1973: Tinker. 1975). Hayman.  1983: 

and Jeffries .  1987 have reported that mycorrhizal  associat ion improved 

the growth in a wide range o f  plants.  AMF inoculat ion increased growth 

and yield o f  rice (Hernandez and Cuevas ,  1999).

In a s tudy conducted by Senapathi  et al. (1987) found that A M F  

inoculated bhindi plants  produced taller  plants with more number  o f  seeds 

pod"1. Pre- inoculat ion o f  okra seeds with AMF resulted an enhanced 

growth and yield o f  crop (Jothi el a!.. 2000). In a s tudy conducted by- 

Bahadur  and M anohar  (2001) on response o f  okra to biofert il izers  

revealed that applicat ion o f  V A M  + recom mended  dose o f  NK produced 

comparat ively  higher pod length and pod diameter  over other  treatments.
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Accord ing  to Lu and K oide  (1994)  mycorrhizal  plants  had much 

greater le a f  area, le a f  weight  and  more  number o f  leaves. Solaiman and 

Hirata (1997) reported that r ice plants  inoculated with A M F  produced 

higher b iomass at maturity,  and grain yield was 14 to 21 percent  higher 

than that o f  uninoculated plants .  Purakayastha and C'hhonkar (2001) 

reported that AMF inoculation in rice enhanced the root length, root 

volume and total uptake o f  Zn and increased grain and dry matte r  yields. 

In an exper iment conducted at Central  Rainfed Upland Rice Research 

Stat ion, Hazaribag,  mycorrhizal  colonizat ion enhanced the yield 

at tr ibuting characters  like le a f  area  index,  tiller number  and panicle 

number  in rice (Rana et al., 2002). A study conducted by Jayakiran (2004) 

at College o f  Agriculture found that A M F inoculated rice plants  showed 

superior  t rend in plant height,  l e a f  area index,  dry matter  produc tion,  grain 

yield and straw yield.

Mycorrhized saplings show  signif icant  increase in root length, 

lateral roots and plant dry b iomass  over  non mycorrh ized  saplings in 

mulberry (Setua et al., 1999), S inha et al. (2000) noticed that the dry 

weight and root colonizat ion were h igher in AMF treated transp lanted  rice 

cult ivars  than those without the treatment,  the uptake o f  P were 

signif icantly higher with the A M F and the plant  growth was also better. 

Devi and Sita ramaiah (2001) observed  that black gram inoculated  with 

mycorrhizal  fungi showed more  shoot  and root dry weight  and ch loroph\ l l  

content .

Niagara)u et al. (2000) revealed the VAM inoculated onion plants 

receiving 50 per  cent P2O 5 showed signif icant  increase in plant  height, 

number o f  leaves,  number o f  t il lers,  bulb diameter  and weight o f  bulbs 

when compared  to plants  that were supplemented with 100 per cent P and 

with no VAM inoculat ion.

Inocula t ion o f  cowpea with mycorrhizae alone or in combination  

with azo tobac te r  increased the plant  height  as compared  to control and
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also recorded maximum number o f  nodules  as well nodule dry weight 

(Kumar et aI., 2001). Dual inoculat ion o f  A M F and PSM  at 30 kg P 2 O 5 ha"1 

gave the m ax im um  number o f  pods  p l a n t ' 1 and haulm yield in vegetable  

cowpea  (M athew  and Hameed,  2003).

A M F increased the plant growth in terms o f  shoot  length,  root 

length, shoot  weight  and root weight  in cotton (Sreenivasan et a l  . 2004).

2.7.2 E ffect o f  AM F on Seed C haracters

Cowpea plant  inoculated with  mycorrhizae provided  highest  seed 

germinat ion (Kumar  et al.. 2001). In a s tudy conducted by Prabhu et al.

(2003) on effect o f  integrated nutr ient  management on growth  and yield of  

okra revealed that germination o f  okra  seeds increased when inoculated 

with bio fertilizers.

2.7.3 N utrien t U ptake and T ran sfer  through M ycorrhiza

The symbiotic  associat ion be tween  Mycorrhiza l  fungi and plants  is 

beneficial  to the plant in terms o f  bel ter  nutr ient uptake (Mosse,  1973). 

high water potential  (Sanchez -  Dias and Honrubia.  1994) and lesser 

chances o f  root diseases (Newsham et a l .. 1995) which led the plants  more 

healthy and productive in compar ison  to non Mycorrhizal  plants.

Tinker (1975) reported the role of  AMF in plant g rowth  and 

nutr ient uptake.  Inoculation o f  A M F beneficial to crops by way of  

mobi l is ing nutrients  especially P (Hay man.  1983; Bolan.  1991; Verm a and 

Schuepp.  1995; Sekhar et a l . . 1997).

VAM can solubil ize non avai lable  form o f  phosphate;  also can 

make shorten the diffused path o f  avai lable  form o f  phosphate (kjbal  and 

Qureshi .  1977; Sulochana and Manoharachary .  1989; Bagyaraj and 

Manjumnath.  1980). It has been well documented that A M F associa t ion 

can act as a channel  for direct interplant  nutr ient transfer o f  P (Heap and 

Newman. 1980). t ransfer  o f  N (Kessef  et al.. 1985) and carbon com pounds  

(Greeves et al.. 1997) by arbuscular  mycorrhizal  hyphae.
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Gangopadhyay and Das (1982)  observed an increased uptake o f  N. 

P and K in AM F inoculated rice plants .  Hayman (1983) observed  that AM 

hyphae in organic connection with the root extend beyond the zone of  

phospha te  deplet ion,  which develops in phosphate deficient soils  because 

the root absorbs phosphate ions faster than they can diffuse through soil to 

replenish the supply at the root surface.  Bolan et al. (1984) observed  that 

when the initial soil P concentrat ion was  very low, even a small  addit ion 

o f  P tremendously  increased colonizat ion.

Experimental  results o f  Young et al. (1986) have indicated that 

A M F in associa t ion with plant roots increased P uptake. Plants colon ized 

by mycorrhizal  fungi are more eff ic ient  in taking up soil P than non 

mycorrhizal  plant  (Smith, 1988). A M F colonizat ion signif icantly 

increased nutrient uptake,  particularly immobile or sparingly soluble 

forms o f  P by the host plant (Manjunath  et a l ., 1989).

Increase in 'K '  uptake in trea tments  which received VAM was 

because o f  increase in uptake o f  several  nutr ients  like Zn, S etc. (Paul  and 

Clerk.  1989).Barea (1991) observed that VAM fungi enhanced  plant 

growth as a result o f  improved mineral  nutri t ion of  the host especial ly 

immobile nutr ients  in the soil.

In spite o f  this, when heavy doses  o f  P were applied it reduced root 

volume and in consequence it decreased the surface area colonized b\ 

AMF (Smith.  1982; Thompson et al.. 1991). Champawat  (1992) reported 

enhanced shoot  and root dry weight in chick pea due to mycorrhizal  

inoculat ions and P content in shoot and root were signif icantly more  in 

inoculated plants  than non inoculated plants,  P availability is increased b> 

applicat ion of  VAM in lentil (Singh and Singh. 1993).

Rathore and Singh (1993) reported that VAM inoculat ion 

increased dry matter  accumulat ion and NPK uptake by maize besides 

increasing the available soil P. The enhanced uptake o f  P and other  

nutrients  has been well documented in crops like cassava,  cardamom.



27

ginger,  turmeric,  cashew and legumes grown in ‘P'  f ixing soils o f  Kerala 

(Sivaprasad et al., 1990; Geethakumari  et al.. 1994). Garc ia -  Gil et al. 

(1999) reported that mycorrhizal  inoculat ion decreased the phosphatase 

act ivi ty by 43 per  cent  compared  with non mycorrhizal  plants.  In maize,  

Banerjee et al. (1999) reported that AMF general ly enhances  uptake and 

translocation o f  P and encourages  plant growth and deve lopment in 

nutrient deficient soils.

Availabil i ty o f  nutrients like P, N. Zn, Cu, K, Ca and Mg are 

enhanced in acidic soils (Clark and Zeto,  2000). Gill et al. (2000) 

observed that AM F have an important  effect on plant  P uptake and 

availabil ity o f  other  elements like Zn. Cu. manganese,  K. sodium. Mg. 

iron etc. Mycorrh izae inhabit  roots  o f  several crops and solubi l ize soil 

phosphates.

AMF signif icantly s t imulated  grow'th, dry matter ,  nodulat ion,  shoot 

and root length,  shoot  and root dry weight  and higher uptake o f  nutrients 

in green gram (Hazar ika ei al., 2000).  Pare et al. (2000) reported that N 

recovery and minera l izat ion from crop residues by maize was enhanced by 

inoculat ion with A M F fungi.

According to Devi and Sitaramaiah,  2001 the chemica l  composit ion 

o f  N. P. K. Ca and Mg in black gram increased with increasing inoculum 

densi ty o f  A MF.The beneficial  effect o f  AMF associa t ion  in the host 

nu t r i t ion  in the u p ta ke  o f  P is well  d o c u m e n te d  in p e p p e r  mint  (Khal iq  

et al.. 2001). He also reported that uptake o f  other  nutr ients  viz. Cu.  Zn.  

K. Fe. Mn were also well documented .

Rea and Tullio (2001) reported that A M F can be considered as 

biological  fertilizers. They improve the host p lan t ' s  water  and nutritional 

condit ions and are a valid help to chemical  ferti l izers  in achieving yield 

and at the same t ime preserving the envi ronment.



Hildebrand t  et al. (2002) A M F  colonizat ion pos i t ively affects 

ni trate uptake from the soil and nitrate al locat ion to plant  parts in tomato.  

Jayakiran (2004)  reported that N, P and K uptake by rice signif icantly 

increased when  appl ied  with AMF. Singh et al. (2004) reported that N as 

well as P uptake by okra was highes t  and increased signif icantly in 

treatment which received VAM with inorganic fertilizer.

2.8 E F F EC T OF DIFFERENT SO U R C E S  OF ORGANIC M AN U RES.

V E R M IW A S H  AND AMF ON PEST AND DISEASE INCIDENCE

Applica t ion  o f  vermicompos t  in groundnut  decreased the damage 

caused by j a s s id  and thrips com pared  to ferti lizer  applied plots  and the 

decreased dam age  was due to the presence  o f  higher levels o f  KiO in the 

vermicompost  (Bhatnagar  and Palta,  1996).

A study conducted by Jothi et al. (2000) observed that pro 

inoculat ion o f  okra seeds with A M F reduced M eloidogyne incognita  

populat ion.  A mong the organic manures ,  FYM and vermicompost  resulted 

the lowest  percentage o f  shoot and fruit borer  infestation in bhindi plants 

(Prakash et al.. 2002). A study conducted  by Venkataswara et al. COO5) 

on the effect o f  organic ferti lizers on the yield o f  bhindi observed that 

vermicompos t  applicat ion increased res istance to pest and diseases.

Sabarad  et al. (2004) reported the lowest nematode popula t ion of  

70 and 148 per 200cm J o f  soil with the applicat ion o f  vermicompost  - 

75 per cent recom mended  dose o f  ferti l izers  with and without  VAM 

respectively .

2.9 EFFECT OF ORGANIC M A N U RE ON ECONOMICS OF

CUI.TI VATION

M ax im u m  net profit  h a '1 in hybrid sorghum was obtained under the 

treatment com bina t ion  o f  9 tonnes o f  water  hyacinth ha"1 and 

recom mended  ferti l izer  dose o f  100:75:3 7.5 NPK ha"1 (Kamath et al.. 

1991).



Patil et al. (1998) reported that highest  net returns and BC ratio in 

tomato were  ob ta ined  with v e rm ic o m p o s t  @ 2t h a ' 1 + N P K  (a). 

100 :75:100  kg ha’1 and vermicompos t  @ 4t ha ’1 +recommended  dose of  

inorganic ferti lizers.  Ushakumari  et al. (1999) reported that app licat ion o f  

vermicompos t  as an organic source,  or  in situ applicat ion o f  worms, 

s ignificantly reduced the cost o f  okra production,

2.10 EFFECT OF COMBINED APPLICATION OF VERM ICOM POST OR

FYM WITH BIOFERTILISERS ON GROWTH AND YIELD OF 

CROPS

Kale et al. (1992) observed  that vermicompos t  applicat ion 

enhanced the act ivi ty o f  beneficial  m icrobes  like N fixers and mycorrhizal  

fungi. It played a signif icant  role in N fixat ion and phosphate 

mobil isat ion,  leading to higher nutr ient  uptake by plants.  Naidu et a!

(1999) reported that applicat ion o f  vermicompos t  with biofert il izers  

harboured signif icant ly  more microbes  in soil than the control .

A study conducted by Mar t inez ei al. (1999) on effect o f  

vermicompost  and mycorrhizal fungi on growth  and photosynthetic  rate of  

chilli revealed that the foliar area, dry shoot  weight , radical volume and P 

content o f  fol iage were increased when mycorrhizal fungi and 

vermicompost  were applied.

An exper iment conducted by Patil ei al. (2000) on effect o f  organic 

manures and biofert il izers  on yield and quali ty o f  okra revealed that 

applicat ion o f  biofert il izers  (1 litre s lur rv)+FYM +50 kgN ha"1 was 

beneficial for ob ta ining higher yields o f  export quality pods when 

compared to their  individual applicat ion.

A study conducted by N uruzzam an  ei al. (2003) on effect o f  bio 

fertilizers on vegetat ive growth o f  okra  revealed that plant height,  number  

o f  leaves plant"1, s tem base d iameter ,  root length,  root dry weight and leaf
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area index were highest with applicat ion o f  azotobacter  + 5 t cowdung h a '1, 

azospirillum + 5 1 cowdung ha'1 and azotobacter + azospirillum + 5 1 cowdung ha'1.

Prabhu  et al. (2003) revealed  tha t  applicat ion o f  FYM and 

biofert i l izers  along with reduced dose o f  inorganic ferti l izers  (2/3 

recom mended  dose o f  ferti lizers) + FYM  + azospir i l lum + VAM in okra 

found to increase the growth at tr ibutes like the number  o f  leaves,  leaf  area 

and fresh and dry weight  o f  plants  and yield at tributes like days to 50 per 

cent f lowering, number  o f  fruits plant’1, fruit weight  and marketable yield 

h a ' 1. Applicat ion o f  FYM based inoculums o f  mycorrhizal  fungi helped 

banana crop by increasing their yield by 20 -30 per  cent (Geeta, 2004).

Saji tha and Haripriya (2004) reported that incorporat ion o f  press 

mud based vermicompost  (d, 5t h a ' 1 along with Rhizob ium, G lom us  

fasclcula tum  and spraying vermiwash  (4 t imes) registered highest  green 

pod yield p l a n t ' 1 and yield p lo t '1 in garden  bean.

2.10.1 E ffect o f C om bined A pp lication  o f FYM  or V erm icom post w ith

B io fertilizers on Seed C haracters

According to Chinnamuthu and Venkatakrishnan (2001).  

applicat ion o f  N P K  at 50 per  cent +vermicompos t  + VAM produced 

higher seed yield in sun f lower than NPK at 50 per cent + FYM +VAM.

An exper iment carried out by Panwar  et al. (2002) on yield and 

quality o f  ground  nut seed as inf luenced by P. bio ferti lizers and organic 

manures revealed  that highest seed yield and values o f  seed quali t)  

parameters  being recorded with the appl ica t ion o f  FYM a 5l h a ' 1 in the 

presence of  Rh izobium and P solubil is ing micro organisms.



Materials and Methods



J32.

3. MATERIALS AND METHODS

An exper iment  was conducted at College o f  Agriculture,  Vellayani 

to study the effect o f  vermicompost,  vermiwash and AMF on quality seed 

production o f  bhindi from June 2004 to September  2004. The details o f  the 

materials used and methods adopted are presented in this chapter.

j .  . EX PERIM ENTAL SITE

The experiment was carried out at the Instructional Farm at tached to 

the College o f  Agriculture,  Vellayani situated at 8.5°N latitude and 76-9°E 

longitude and at an altitude o f  29 m above mean  sea level.

3.1.1 Soil

The soil o f  the experimental site was lateritic red loam belonging to 

the order oxisol o f  Vellayani series. The important  physicochemical  

properties o f  the soil and the methods adopted for the analysis are 

presented in Table 1

fable 1. ioil characterist ics  o f  the experimental field

A. Physical com position

SI. No. Parameter Content  in soil Methods used

(per cent)

1 I Coarse sand 3 1.60

Fine sand 19.20

Silt 21.40

Bouyoucos

hydrometer  method. 

(Bouyoucos.  1962)

4 27,80
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B. C hem ical com position

]
SI.

No.
Parameter Content Rating Methods used

1 pH 4.8 Acidic pH meter  with glass electrode 

(Jackson.  1973)

2 Available N 

(kg h a ' 1)

242.65 Low Alkaline potassium 

permanganate method 

(Subbiah and Asija.  1956) ;

' Available P 1O5 

(kg h a ' 1)

39,7 Medium Bray colorimetric method
i

(Jackson,  1973) !

4 Available fC20 

(kg h a ' 1)

97.28 Low Neutral norma! ammonium 

acetate method 

(Jackson,  1973)

3.1.2 C ropping H istory o f the Field

The experimental area was kept fallow for two months before the 

experiment.  Before that it was under cucumber cultivation.

3. 1.3 Season

The exper iment  was conducted during June to September o f  2004.

3.1.4 W eather C onditions

The weekly averages o f  the weather parameters viz. maximum and 

minimum temperature,  relative humidity and rainfall received during the 

cropping period collected from the meteorological  observatory o f  the 

College of  Agriculture.  Vellayani are given in the Appendix 1 and 

illustrated in Fig. 1.
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Relative humidity (%) Evaporation (mm/day)

Fig. I . W eather parameters during the cropping period (2nd June — 2nd September 2004)



3.2 MATERIALS

3.2.1 C ultivar Used

The cult ivar  o f  bhindi used for the study was Varsha Uphar which 

was released by CCS Haryana Agricultural University. Hissar  by inter

varietal hybridizat ion between 'Lam se lec t ion-1' and 'Parbhani  Kranti ’ 

fol lowing pedigree selection in 1996. It is an early, high yielding variety, 

resistant to yellow vein mosaic disease.

3.2.2 Seeds

Seeds o f  variety 'Varsha Uphar'  were obtained from the Instructional 

farm, College o f  Agriculture,  Vellayani.

3.2.3 M ycorrhizal Inoculum

Mycorrhizal inoculum was obtained from Department of  Plant Pathology. 

College of  Agriculture, Vellayani.

3.2.4 M anures and Fertilizers

Farmyard manure (0.9 per cent N). Aquatic weed vermicompost  

(Spirogyra sp) (1.9 per  cent N) and Banana pseudostem vermicompost  

(0.6 per cent N) along with vermiwash were used as organic sources of  

nitrogen and urea (46 per cent N), mussoriephos (20 per cent P ; 0 0  and 

muriate o f  potasli (60 per cent KoO) as the inorganic sources o f  nitrogen, 

phosphorus  and potassium respectively.

3.3 METHODS

3.3.1 D esign and L ayout (Fig.2)

34 .

General v iew o f  the experimental field iis given in Plate 1.

Design t Split plot design

Number  o f  main plot treatments : 12

N umber  o f  sub plot treatments ; 2

Number o f  replicat ions '■

Gross plot size : 4.20 x 3.60 m 2

Net plot s ize : 3.00 x 2.70 n r



Plate I. General view of the experimental field
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V|W,A| V ,W ;A(I V,W,A, V.W.An V,W,Ao V] WiA, V.WjA,, V .W j A,

Vj - Aquatic weed vermicompost (N equivalent to 12 tonnes o f F Y M  ha'1)
V 2 - Banana pseudostem vermicompost (N equivalent to 12 tonnes of F Y M  ha'! )

- FY M  - 12 tonnes ha 1 
W, - Soil application (50ml vermiwash at equal splits)
W ; - Foliar application (50 ml vermiwash at equal splits as sprays)
W-, - Soil application + foliar application (50ml vermiwash each as soil application and foliar application) 
W, - Water spray (control)
A r - with A M F  application 
A„ - without A M F  application

Fig. 2. Layout plan of the experiment



Spacing : 60 x 45 cm2

Total number o f  plots 48

3.3.2 Treatm ents

Main plot treatm ents (com bination of verm icom post and vermiwash)

A) Organic manure

V| -  Aquatic weed vermicompost (N equivalent to 12 tonnes o f  FYM ha'1) 

V2 -  Banana pseudostem  vermicompost (N equivalent to 12 tonnes o f  

FYM h a 1)

V3 -  FYM -  12 tonnes ha' 1

B) Vermiwash

W| -  Soil application (50 ml vermiwash at equal splits)

W2 -  Foliar application (50 ml vermiwash at equal splits as sprays)

W3 -  Soil application + foliar application (50 ml vermiwash as soil 

application + 50 ml vermiwash as foliar application)

3 5

w 4 -- Water spray (control)

Sub plot treatm ent : AMF application

A ,- with AM F application

A q- without AM F application

Treatment com binations

V , W, A 0 V2W , A 0 V 3WIA0

ViWiAi v 2w , a , v 3w , a 1

V,W2A0 V2W2A0 V3W2Ao

V tW2A, V2W2A! V3W2Aj

V, W3A0 V 2W3A0 V 3W3A 0

V,W3A| v 2w 3a . V3W3A,

VIW4A0 V2W4A0 V4W4A0

V|W4A, V3W4A| V4W4Ai



3.4 CROP HUSBANDRY

3.4.1 Land Preparation

The experim ental area was first cleared o f  w eeds and stubbles. The 

field was laid out as per the design and individual plots were dug well and 

levelled. In the plots o f  size 3.00 x 2.70 m2, pits were taken at 60 x 45 cm2 

spacing.

3.4.2 Application o f M anures and Fertilizers

Banana pseudostem vermicompost (N equivalent to 12 t o f  FYM ha'1), 

aquatic weed verm icom post (N equivalent to 12 t o f  FYM ha'1) and FYM 

(12  t ha'1) were applied to the plots as specified in the technical programme 

as basal dose. A long with that, vermiwash was applied at 15 days interval 

from 15 days after sowing (D A S) onwards according to treatment 

specification. The inorganic fertilizers such as urea, mussoriephos and 

muriate o f  potash were applied uniformly to all plots as per POP 

recommendations o f  the Kerala Agricultural University. H alf N, full P and 

full K were applied as basal and the remaining half dose o f  N was applied 

as top dressing at 30 DAS.

3.4.3 Application o f AMF

AMF inoculum was applied @ five g pit’1. It was placed as a layer 

on the soil surface and seeds are sown on this layer.

3.4.5 Harvest

Harvesting for seeds com m enced from 65 D A S and was repeated on 

alternate days. Maturity o f  fruits for seed harvest was decided by visual 

observation (i.e., drying and cracking o f  fruits along the ridges).

3.5 OBSERVATIONS

Biometric observations

Ten plants were selected as observational plants after eliminating 

the border rows from each plot. O f this ten plants biometric observations 

and fruit characters were recorded from five plants and from the remaining 

five plants seed characters like number o f  seeds fruit weight o f  seeds 

fruit ‘‘ and seed yield  ( kg ha'1) and quality aspects like seed viability,
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vigour index and germination percentage were worked out. Random 

samples were selected  for destructive sam pling for dry weight 

observations.

3.5.1 Growth Characters

3.5.1.1 Height o f  the Plant

From the observational plants, the height was measured from the 

base to the terminal bud and the average was worked out and expressed in 

cm.

3.5.1.2 Number o f  Leaves

From the observational plants, the number o f  leaves was noted and 

average was worked out.

3.5.1.3 Leaf Area Index (LAI)

LAI was worked out using the formula suggested by Watson (1952)  

at 30 days interval.

Leaf area
LAI = -----------------

Land area

3.5.1.4 Number o f  Branches P lan f1

The number o f  branches plant'1 was recorded from the observation  

plants at 30, 60 and 90 DAS and average was worked out.

3.5.1.5 Dry Matter Production

Dry matter production was recorded at 30, 60 and 90 DAS. Sample 

plants were randomly selected. Plants were cut close to the ground and 

oven dried at 60 °C to a constant weight and expressed in kg ha'1.

3.5.2 Root C haracteristics

3.5.2.1 Length o f  Taproot

Length o f  taproot was recorded at final harvest from observational 

plants after uprooting them.



3.5 .2 .2  R oot S pread

The observational  plants were uprooted at final harvest and the 

lateral roots were spread over a plain paper. The length o f  the longest 

lateral root on both sides o f  the taproot was measured using a scale, the 

mean worked out and expressed in cm.

3 .5 .2 .3  Root S h oot R atio

Both fresh and dry weights o f  the root and shoot were taken and 

root-shoot ratio was calculated.

3 .5 .2 .4  R oot C olon iza tion  p e r  cen t o f  A M F

Plants were selected at random from respective plots and the roots 

were washed well in tap water  to remove the dirt and clay particles.  The 

mycorrhizal  co lonizat ion  in root was est imated fol lowing the procedure of  

Phill ips and Hayman (1970), The well cleaned root samples  were cut into 

one cm size bits and fixed in FAA (Form aldehyde-A ce t ic  ac id -A lcoho l)  

in 5: 5: 90 proport ions.  The roots  were hydrolysed  in 10 per  cent 

potassium hydroxide at 100 °C for 10-15 min. The alkanity o f  the samples 

was then neut ral ised by washing in one per cent hydrochloric  acid and the 

root bits were stained with 0,05 per  cent trypan blue in lactophenol  (lactic 

acid 20 ml, phenol 20 ml. glycerol 40 ml and disti lled water 20 ml). The 

stained roots were arranged on a clean slide,  pressed with another  clear 

s lide and observed under mediurn power o f  the microscope  for the 

presence of  mycelium, vesicles and arbuscules.  A min im um o f  25 runt 

bits from each sample were observed and percentage infection was 

recorded in different treatment combinations.

AMF colonizat ion  (per  cent)

Number of  root bits positive for AMF colonization
=  _    „   _ .  __ ., x 1 0 0

Total number of root bits observed
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3.5.3 Yield Attributes

3.5.3. /  Days fo r  50 per  cent Flowering

Total number  o f  plants flowered were counted dai ly in each plot

and the date on which  50 per cent o f  plants  f lowered was taken as the

days for 50 per  cent flowering.

3.5.3.2 Number o f  Flowers P la n f!

Total number o f  flowers from the five selected plants  was counted

and the average w'as worked out to get the number o f  f lowers formed plant"1.

3.5.3.3 Num ber o f  Fruits Plant1

Total number of  fruits obtained from five observational plants was 

counted and average was worked out.

3.5.3.4 Setting Percentage

From the observational plants total number o f  flowers bloomed and the 

number of fruits formed were found out and setting percentage was calculated

3.5.3.5 Height o f  the F irst Bearing Node

The height o f  the node at which the first fruit was formed was measured 

from the ground level in all observation plants and their mean was worked out 

and expressed in cm.

3.5.3.6 Length o f  the Fruit

The length o f  the 20 fruits harvested from the observational  plants 

in each harvest was measured,  the mean worked out and expressed  in cm

3.5.3. 7 Girth o f  the Fruit

The same fruits used for measuring the length were used for 

f inding the girth. Measurement  was effected by winding a thread around 

individual fruits. The mean values were worked out and expressed in cm.

3.S.3.8 Fruit Yield P la n f1 (gplan t !)

The weight o f  fruit obtained from the observational plants was 

recorded at each harvest. The total weight o f  the fruits plant"1 from different 

harvests was calculated and expressed as the fruit yield plant"1.



3.5.3.9 Total F ruit Yield (q ha ')

Weight o f  fruits from each harvest  was summed up  at the end of  

the cropping season and the yield in quintal  p lo t ’ 1 was calculated and 

converted  into ha ' 1 yield.

3, 5 .3 .1 0  N um ber o f  Seeds F r u if1

Twenty fruits were taken from the observational  plants  at random, 

the number  o f  seeds was counted and the average worked out.

3 .5 .3 .1 1 W eight o f  S eeds F ru it'1

The fruits used to record the number o f  seeds fru i t ' 1 were used for 

noting  the weight  of  seeds f ru i t '1.

3 .5 .3 .1 2  S eed  Y ield (kg h a '1)

The total weight  o f  seeds from the net plot area was calculated 

at the end o f  the cropping  season and the yield in kg ha ' 1 was computed.

3 .5 .4  Q uality  A sp ects o f  Seed

3 .5 .4 .1 S eed  V iability

Seed viability test was done using topographical letrazolium chloride 

method. Ten seeds o f  each treatment were preconditioned by soaking in water 

for 1 2  hours, dissected longitudinally through the embryo and then kept in O.I 

per cent colourless tetrazolium chloride solution. Living tissues attained a red 

stain in tetrazolium solution indicating viability of  seeds.

3 .5 .4 .2  Vigour Index

Seedling vigour index (VI) was calculated by adopting the formula 

suggested by Baki and Anderson (1 973) and expressed as a number.

VI = Germinat ion  per cent x (root length + shoot length)

3 .5 .4 .3  G erm ination  P ercen tage

Pure seed fract ion o f  the different  t reatments was tested for 

germination.  Twenty  seeds per  t rea tment were sown on Whatman No, 1 

filter paper in Petri d ishes  of  nine cm size. The paper was kept moist

4 o



until the final count  was taken on the 2 1 st day. The number o f  seeds 

germinated  was counted  on the last day and the percentage worked out.

3.5 .5  Plant A nalysis

Sample plants  collected from each plot at harvest were chopped,  sun 

dried and oven dried to a constant weight. Samples were ground to pass 

through 0.5 mm mesh in a Willey Mill and the required quantity o f  samples 

were digested and used for nutrient content  analysis.

3.5.5.1 Uptake o f  Nitrogen

The nitrogen content in plant sample was estimated separately by the 

modified microkjeldhal method (Jackson, 1973) and the uptake o f  nitrogen was 

calculated by multiplying the nitrogen content of  plant with the total dry weight 

of  plants. The uptake values were expressed in kg ha"1.

3.5.5.2 Uptake o f  Phosphorus

The phosphorus content in the plant sample was colorimetrically 

determined separately by wet digestion of  the sample and developing colour by 

Vanado-molybdo phosphoric yellow colour method and read in a Baush and 

Lomb Spectronic 2000 Spectrophotometer (Jackson. 1973). The uptake of 

phosphorus was calculated by multiplying the phosphorus content and dry weight 

of  plants as the case may be. The uptake values were expressed in kg ha"1.

3.5.5.3 Uptake o f  Potassium

The potassium content in plant sample was estimated separately by the 

Flame photometric method (Jackson. 1973) after wet digestion of  the sample 

using di-acid mixture. Based on the potassium content in the plant and the dn  

matter produced at harvest, the uptake was worked out and expressed in kg ha"1.

3.5.6 Soil Analysis

Soil samples were taken from the experiential area before and after the 

experiment. The air dried samples were analysed for available nitrogen by the 

alkaline potassium permanganate method (Subbiah and Asija. 1956) available 

P;Oi by Bray's eolorimetric method and available KaO by the ammonium acetate 

method (Jackson. 1973).
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3 .5 .7  Incidence o f  Pests and D iseases

The incidence o f  leaf roller and cercospora leaf spot did not reached the 

threshold level and hence uniform score was given to all plots.

In the case o f  fruit and shoot borer, percentage o f  damaged fruits 

harvest "1 was calculated following the method o f  Gupta and Yadav (1978) as 

detailed below.

Percentage of  damaged Weight o f  damaged fruits plot ’’
fruits harvest ' 1  x | 0 0

Total weight of  fruits plot ’’

3.5.8 Economics o f Seed Production

The economics of  seed production of  the experiment was worked 

out as per the formulae given below.

Gross income
BC ratio = -------------------------------

Cost o f  cultivation

3.5.9 Statistical Analysis

The data relating to each character in the experiment was 

analysed using the analysis of  variance (Pause and Sukhatme. 1967). Whenever 

the results were significant, the critical difference was worked out at five or one 

per cent probability.
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4. R ESULTS

Field exper iment  to s tudy the effect o f  vermicompost .  vermiwash 

and A M F on quality seed product ion o f  bhindi was conducted  at the

Instruct ional  Farm at tached to College o f  Agriculture.  Vellayani  during

the period from June to Sep tember  2004. The exper imenta l  data collected 

were stat ist ical ly analyzed and results obtained are presented  below.

4.1 G R O W T H  CH A RA CTE RS

4.1.1 H eight o f the Plant

The average height o f  plant  recorded at 30. 60 and 90 days after 

sowing (DAS) is presented in Tables 2 and 3.

Different sources o f  organic manure caused signif icant  variation in 

plant height  at all growth stages.  At 30 and 60 DAS, m ax im um  plant 

height  was recorded by banana  pseudostem vermicompost  treated plots 

(V 2) and it was on par with aquatic weed vermicompost  t reated plots (V|)

and significantly superior  to farmyard manure (V;,). At 90 DAS.

signif icantly superior  plant height  was recorded by V: ( ] 00.25 cm) and V ; 

reported signif icantly inferior  plant height (93.54 cm) than other  organic 

man ures

Vermiwash applicat ion significantly influenced plant  height at all 

growth stages. At 30 and 90 DAS. soil t- foliar applicat ion o f  vermiwash 

(W'D produced significantly superior  plant height than other  modes of  

applicat ion,  followed by foliar applicat ion alone (W 2). Foliar  applicat ion 

and soil applicat ion (Wj)  were on par at early stages o f  plant  growth (30 

and 60 DAS). At later stages o f  plant growth (90 DAS) foliar applicat ion 

resulted in significantly higher plant height than soil applicat ion.  Control 

plots i.e.. water  spray (W4) produced signif icantly lower plant height at 

all growth  stages.



Table 2. Effect o f  different sources o f organic manure, vermiwash and AMF on height o f the plant (cm)

Treatments
30 DAS 60 DAS 90 DAS

Ao A, Mean Ao Ai Mean Ao A, Mean

Vi 22.61 22.19 22.40 71.69 73.06 72.38 92.87 99.52 96.2

v 2 23.16 22.38 22.77 72.37 73.83 73.1 97.95 102.55 100.25

v 3 20.35 20.61 20.48 67.72 69.77 68.75 91.11 95.96 93.54

W! 22.14 21.37 21.76 70.48 70.89 70.69 91.33 95.05 95.96

w 2 22.36 21.4 21.88 71.18 72.73 71.95 96.67 99.25 97.96

w 3 23.07 24.19 23.63 72.77 76.23 74.5 95.29 103.78 99.53

w 4 20.6 19.93 20.27 67.95 69.03 68.49 92.62 99.3 93.17

Mean 22.04 21.72 70.59 72.22 93.98 99.34

V W A VA WA V W A VA WA V W A VA WA

F 2 4 .99“ 23,53 “ 0.57 0.51 1.33 31.50** 27 ..3 I* * 9.90** 0.17 1.60 14 .14“ 69.5** 18.69** 2.68 11 .85“

SE 0.246 0 .284 0.297 0.515 0 .594 0.416 0 .480 0.365 0.633 0.731 0 .284 0..328 0.277 0.480 0..555

CD 0.765 0.883 N S N S N S 1.294 1.494 1.069 N S N S 0.885 1.022 0.812 N S 1.623

“  -Significant at 1 % level
N S -  N ot Significant



Table 3. Interaction effect o f V, W and A on height o f  the plant (cm)

■
Treatments 30 DAS 60 DAS 90 DAS

A0 A, Mean Ao A, Mean Ao A, Mean
V, Wi 22.55 22.99 22.78 71.80 71.21 71.5 89.86 90.39 90.13
V] W2 23.15 19.85 21.48 71.74 71.96 71.85 95.02 100.02 97.52
V, w 3 23.7 26.35 25.03 72.18 78.66 75.42 94.07 106.06 100.12
V| w 4 21.05 19.6 20.33 71.07 70.41 70.74 92.55 101.52 97.03

V2 W] 22.13 I”  19.83 20.98 71.01 72.21 71.61 93.57 101.84 97.7
v 2 w 2 23.25 23.3 23.28 73.60 73.56 73.58 101.29 102.23 101.76
v 2 w 3 25.25 25.5 25.38 74.68 77.52 76.1 99.23 105.6 102.46
v 2 w 4 22 20.9 21.45 70.2 72.14 71.12 97.61 100.53 99.07
v 3 w, 21.75 21.3 21.53 68.64 69.26 68.95 n 90.57 92.94 91.75
v 3 w 2 20.68 21.1 20.89 68.2 72.68 70.44 93.71 95.5 94.60
v 3 w 3 20.25 20.73 20.49 71.45 72.51 71.98 92.48 99.57 96.03
v 3w 4 18.75 19.3 19.03 62.59 64.65 63.62 87.7 95.84 91.77

VW VWA VW VWA VW VWA

F 7.28 ** 1.27 2.74 1.73 8.24** 6.61**

SE 0.491 1.030 0.831 1.266 0.568 0.961

CD 1.529 NS NS NS 1.769 2.811

** - Significant at 1 % level 
NS - not significant



A M F applicat ion signif icant ly  inf luenced plant height  at 60 and 90 

DAS. M ax im um  plant  height was  recorded  in treated plo ts  (A])  compared 

to A q.

The interact ion effect o f  different  sources o f  organic manure and 

vermiwash  on plant height p roduced  significant  effect at 30 and 90 DAS. 

Banana  pseudos tem vermicompos t  along with soil + foliar  applicat ion of  

vermiwash  (V 2 W 3 ) recorded m ax im um  plant height at all growth  stages 

and it was comparable with aquatic  weed vermicompost  a long with soil 1- 

foliar  appl ica t ion o f  vermiwash  (V[W'3) at 30 DAS and with  YAW: at 90 

DAS.

VA interact ion did not  show  any signif icant  variat ion  at any of  the 

growth stages, WA interact ion was  signif icant  at 90 DAS with maximum 

value recorded by soil + foliar application of  vermiwash with AMF 

application i.e., W'3A[ (103.78 cm).

VW'A interact ion was significant at 90 DAS with maximum plant 

height for banana pseudostem vermicompost  along with soil + foliar 

appl icat ion o f  vermiwash and AMF i.e., V|WjAj (106.16 cm) which was 

comparable with aquatic weed vermicompos t  along with soil + foliar 

appl ica t ion of  vermiwash  and AMF i.e., VtWAAi (105.6 cm).

4.1.2 N um ber o f  Leaves Plant"1

T he data on number o f  leaves plant ’ 1 is given in Fable 4.

Different sources o f  organic manure and vermiwash  caused 

significant  influence on number  o f  leaves p lant ’ 1 at all growth  stages, 

while AMF applicat ion produced significant  effect only at later growth 

stage (90 DAS).

Signif icantly higher num ber  o f  leaves plant ’ 1 was recorded by Vf, 

while V3 recorded lowest number o f  leaves al all growth stages.

W; produced maxim um num ber  o f  leaves at 30 and 60 DAS. while 

\V: produced maxim um number o f  leaves at later growth stage (90 DAS).



Table 4. Effect o f  different sources o f  organic manure, vermiwash and AMF on number o f leaves plant"1

Treatments
30 DAS 60 DAS 90 DAS

Ao A, Mean Ao Ai Mean Ap A, Mean

v, 6.77 6.78 6.77 12.35 12.74 12.55 7.30 6.73 7.48

V2 6.42 6.51 6.47 12.07 12.27 12.17 6.86 7.66 7.04

v 3 6.09 6.31 6.20 11.35 11.76 11.55 6.35 7.21 6.54

w, 6.53 6.48 6.51 11.72 11.88 11.80 6.68 7.13 6.91

w 2 6.82 6.76 6.79 11.98 12.51 12.24 7.39 7.66 7.53

w 3 6.62 7.06 6.84 12.98 13.17 13.08 7.20 7.73 7.46

w„ 5.74 5.83 5.78 11.03 11.48 11.26 6.08 6.28 6.18

Mean 6.44 6.53 11.93 12.26 6.84 7.20
-

V W A VA WA V W A VA WA V W A VA W A

F 6.51’ 14.22” 0.63 0.21 0.78 12.88” 2 2 .7 0 ” 4 .04 0.17 0.31 9 .3 4 ” 12.46” 4 .9 3 ’ 0.005 0.21

SE 0.112 0 .129 0 .094 0.162 0.187 0.140 0.161 0 .117 0.203 0 .234 0 .154 0.177 0 .307 0.116 0 .200

CD 0.347 0.401 N S N S N S 0.435 0.502 N S N S N S 0.478 0.552 0 .339 N S N S

* - Significant at 5 % level ”  - Significant at 1 % level 
N S -  not significant

S
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AM F applicat ion produced s ignif icant  variation only  at 90 DAS 

with maxim um number o f  leaves in A|.

Interaction effect o f  V, W and A was not s ignif icant.

4.1 .3  L ea f Area Index (LA I)

The effect on LAI and its interact ion is given in Tables 5 and 6 .

Different  sources o f  organic manure  showed s ignif icant  influence 

on LAI o f  plant. V[ produced maxim um leaf  area index at ail growth 

stages,  which was on par  wdth V2 , while V3 recorded signif icantly  lower 

le a f  area index.

Vermiwash applicat ion caused significant  effect on le a f  area index 

with m ax im um  leaf  area index shown by Wj while control t rea tment (W.t ) 

produced significantly lower le a f  area index.

AM F applicat ion signif icantly inf luenced leaf  area index only at 60 

DAS with maxim um leaf  area index in A| .

The interact ion effect o f  VW had signif icant  inf luence  on leaf  area

index only at 30 DAS. V|W.i produced the maximum value o f  leaf  area

index (0.752).  while lowest leaf  area index was shown by V_AV4 (0.397).

UVjAi recorded significantly higher leaf  area index than other  

t reatments at 60 and 90 DAS.

Interact ion effect o f  VA and VWA was not s ignif icant  at all 

growth stages.

4.1.4 N um ber o f Branches P la n t'1

The data on number o f  branches p lant ’ 1 is p resen ted in Table 7.

' fhere was no significant difference on number o f  branches p la n t ' 1 with

different  sources o f  organic manure,  vermiwash  and AMF.

4.1.5 Dry M atter Production

The dry matter production recorded at 30. 60 and 90 DAS is 

presented in Tables 8 and 9.



Table 5. Effect o f different sources o f  organic manure, vermiwash and AMF on leaf area index

Treatments
30 DAS 60 DAS 90 DAS

Ao A, Mean Ao Ai Mean Ao A, Mean

V, 0.576 0.658 0.617 1.059 1.091 1.075 0.729 0.748 0.739

v 2 0.600 0.631 0.615 1.037 0.991 1.014 0.699 0.703 0.701

V3 0.528 0.538 0.533 0.949 1.123 0.970 0.610 0.606 0.608

w, 0.540 0.624 0.582 0.972 1.002 0.987 0.684 0.722 0.703

w 2 0.581 0.577 0.579 0.999 1.073 1.036 0.707 0.651 0.679

w 3 0.620 0.727 0.674 1.088 1.243 1.166 0.722 0.788 0.755

w 4 0.530 0.511 0.521 1.002 0.955 0.979 0.605 0.582 0.593

Mean 0.568 0.609 1.015 1.068 0.679 0.686

V W A VA WA V W A VA W A V W A VA WA

F 7.61** 9.73** 4.18 1.10 2 .39 11.1** 16.11** 6.33* 0.60 4.02* 23.07** 17.35** 0.25 0 .29 4 .68*

SE 0.018 0,020 0 .014 0.025 0 .029 0 .019 0.022 0.015 0.026 0.03 0.014 0.016 0 .009 0 .016 0 .018

CD 0.055 0.063 N S N S NS 0.058 0.067 0 .044 N S 0.087 0.044 0,050 N S N S 0.053

** - Significant at 1 % level
N S - not significant

* - Significant at 5 % level



Tabic 6. Interaction effect o f  V. W and A on leaf'area index

Treatments 30 DAS 60 DAS 90 DAS
A[> A, Mean Ao A, Mean A,, A, Mean

V, Wi 0.480 0.614 0,547 1.032 0.953 0.992 0.729 0.732 0.730
V, W2 0.567 0.623 0.599 1.071 1.072 1.071 0.728 0.720 0.725
Vi W3 0.650 0.855 0.752 1.131 1.388 1.260 0.781 0.901 0.841
V, W4 0.609 ro 1 

^

1__
_ 0.571 1.003 0.954 0.978 0.677 0,640 0.659

v 2 w. 0.616 0.652 0.634 0.967 1.098 1.030 0.674 0.720 0.697
V2 W2 0.636 0.559 0.547 1 . 0 1 1 1 . 1 1 1 1.060 0.692 0.682 0.687
V2 Wj 0.634 0.746 0.690 1.105 1.267 1.186 0.760 0.809 0.785
v 2 w* 0.61 3 0.578 0.595 1.067 1.015 1.040 0.670 0.603 0.636
V., w , 0.523 0.606 0.564 0.917 0.954 0.935 0.648 0.714 0.681
v 3 w 2 0.641 0.541 0.591 0.916 1.037 0.976 0.700 0.552 0.626
V;, 0.579 0.581 0.580 1.029 1.075 1.051 0.624 0.655 0.640
V, w 4 0.371 1 0.423 0.395 0.937 0.898 0.917 0.469 0.503 0.481

VW VWA VW VWA VW VWA

F 3.47* 1.27 1.10 1.46 1.98 1.97

SL: 0.035 0.050 0.037 0.052 0.028 0,032

CD 0.109 NS NS NS NS NS

* - SDnilieant tit 5 % le\el NS- not Sienilicant



Table 7. Effect o f  different sources o f  organic manure, vermiwash and AMF on
number o f  branches plant"1

Treatments Ao A! Mean

V, 1.78 1.70 1.74

V2 1.50 1.57 1.54

v 3 1.40 1.60 1.50

w, 1.51 1.37 1.44

w2 1.64 1.93 1.78

w3 1.57 1.88 1.73

w4 1.53 1.31 1.42

Mean 1.56 1.62

V W A V A W A

F 1.67 2.69 0 .37 0.66 1.96

SE 0,100 0.115 0 .070 0.121 0 .140

CD N S N S N S N S N S

N S -  N ot significant



Table 8. Effect o f  different sources o f  organic manure, vermi wash and AM F on dry matter production (kg ha"1)

Treatments
30 DAS 60 D A S 90 D A S

An A| Mean A„ A, Mean A<> A, Mean

V, 208.86 218.48 213.67 885.71 960.71 923.22 1526.56 1616.99 1571.78

Vj 205.50 211.97 208.78 861.85 928.79 895.32 1502.17 1569.23 1535.70

V.1 186.82 192.31 189.57 835.49 901.45 868.47 1475.94 1542.96 1509.45

w , 195.05 ^  201.41 198.23 814.62 876.90 845.76 1454.10 1517.40 1486.20

W2 198.76 208.69 203.72 938.12 1020.91 979,51 1578.84 1659.12 1618.98

W.i 204.66 213.86 209.26 961.15 1045.13 1003.14 1601.57 1708.71 1655.14

w 4 203.21 206,39 204.80 730.21 778.32 754.27 1370.83 1420.34 1395,59

Mean
.. ...

200.42 207.59 861.02 ■ 930.32 1501.56 1576.39

V W A VA WA V W A VA WA V W A VA WA

!■' 11.01** 1.05 4.07 0.1.3 0.19 149.90** 205.33** 443,50** 075 6.91** 96.15** 106,17** 359.19** 3.89* 9.93**

SI: 3.839 4.433 3.512 4,35 1 5.024 2.236 2.582 2.327 4.030 4.653 3.191 .3.685 2.792 4,836 5.585

CD 11.950 NS NS NS NS 6.960 8.037 6.808 NS 13.615 9.932 I 1.469 8.170 14.152 16.341

** Significant at ! % level * Significant at 5 11 o level
NS - Not significant



Tabic 9. Interaction d'l'ect of  V, W and A on dry matter production (kg ha"1)

Treatments
30 DAS

..

60 D A S 90 DAS
An A, _ ! Mean Ao A, Mean A 0 A, Mean

V) W, 206.53 215.54 1 211.03 823.65 897.24 860.44 1464.31 1537.62 1500,96
V, W2 2] 1.56 224.79 217.50 977.74 1041.30 1009.52 1618.47 1675.11 1646.79
V, Wj 209.22 223.44 217.01 997.37 1110.21 1053.79 1637.90 1820.19 1729.05
V, W4 208.12 210.17 209.14 744.17 794.11 769.14 1385.57 1435.05 1410.31

V 2 W, 196.56 201.11 198.83 813.55 885.04 849.30 1453.53 1525.49 1489.51
V 2 W 2 206.07 214.56 210.32 939.05 1021.43 980.24 1579.88 1661.82 1620.85
V 2 W2 210.16 216.82 213.49 968,46 1027.59 998.02 1608.69 1667.89 1638.29
V 2 W, 209.57 215.40 212.48 726.36 781.12 753.74 1366.60 1421,72 1394.16
V 2 Wi 182.08 187.59 184.83 806.65 848.43 827,54 1447.16 1489.10 1468.13
V., w 2 178.64 188.08 183,36 897.57 1000.02 948.79 1538.17 1640.44 1589.31
V,  w , 194.61 199.98 197.29 917.63 997.61 957.62 1558.13 1638.06 1598.09
w  w 4 191.96 1

OvO(“"p 192.78 720.12 759.73 739,93 1360.33 1404.26 1382.29

VW VWA VW VWA VW VWA

F 0.385 0.057 12.492** 3.566** 15.469** 7.987**

Sh 7.679 8.702 4.472 8.060 6.382 9.673

CD NS NS 13.920 23.582 19.865 28.303

* *  S i y n i f i c a i i l  a l  I %  l e v e l  

N S -  N u t  S i g n i f i c a n t



Differen t  sources o f  organic manure  showed significant  variation 

in dry m atter  product ion at all growth  stages.  V| recorded higher  dry 

matter  p roduc t ion  while V3 recorded low er  dry matter product ion at all 

growth  stages.  Vermiwash applicat ion also significantly influenced dry 

matter  p roduc t ion  at 60 and 90 DAS. Wj recorded maximum dry matter  

product ion than other  methods o f  applicat ion,  which was 011 par  with \V\ 

and W't both at 60 and 90 DAS. The lowest dry matter production was 

recorded by W4.

A M F applicat ion significantly influenced dry matter production at 

60 and 90 DAS with the highest  value for A]

The interact ion  effect o f  VW had signif icam influence on dry 

matter  p roduc t ion  at 60 and 90 DAS. V[Wj recorded higher dry matter 

production o f  1053.79 kg ha "1 at 60 DAS and 1729.05 kg ha " 1 at 90 DAS.

VTA] recorded  higher dry matter  production at 60 and 90 DAS. 

W 3A 1 recorded  signif icantly highe r dry matter product ion than other  

t rea tments at 60  and 90 DAS.

The interact ion  effect o f  VW'A was significant both at 6 0  and 90 

DAS with V |W ; A |  recording signif icantly higher dry matter  production 

than other  t rea tment combinations,  while VjWjAh recording lower dr\ 

matte r  production .

4.2 RO O T CHARACTHR1STICS

4.2.1 R oot Spread

The data on root spread is presented  in Table 10. Different  sources 

o f  organic manures  and AMF and their  interact ions did not s ignif icant I> 

influenced root spread.

Vermiw ash  showed significant  variation in root spread. Root 

spread was highe r for Wj (28.51 cm) which was on par  with Wy. Control  

t rea tment ( W 4 ) showed least value (25.68 cm).

Interact ion effect o f  V. W and A was not significant.



Fable 10. [iffeel o f  different sources o f  organic manure, vermiwash and AMF on root characleristics o f  bhindi

1

Treatments
Root spread (cm) l ap root length (cm) Root shoot ratio

An A, Mean Ac A, Mean At, A| Mean

v . 27.26 27.80 27.53 17.01 17.91 17.46 0 . 2 2 0.23 0.23

V2 26.84 27.11 26.98 17.49 17.96 17.73 0 . 2 1 0 . 2 1 0 . 2 1

V.! 25.98 26.19 26.08 15.09 16.35 15.72 0.18 0.23 0 . 2 1

W| 27.71 26.28 27.00 16.53 17.80 17.17 0 . 2 0 0.23 0 . 2 1

W; 26.01 26.50 26.26 16.02 16.48 16.25 0 . 2 1 0.23 0 . 2 2

| W.! 27,77 29.25 28.51 17.67 18.77 18.22 0 . 2 1 0.24 0 . 2 2

w 4 25.26 26.10 25.68 15.90 16.58 16.24 0 . 2 0 0 . 2 0 0 . 2 0

Mean 26.69

11l r̂jpCM 16.52 17.41 0 . 2 0 0.23

V W A VA WA V W A VA WA V W A VA WA

I- 2.78 5.8! * 0.32 0.03 1.08 20.18** 1 1.21** 11.47** 0.77 0.50 0.98 0.92 4.74 1.27 0.44

SE 0 439 0.507 0.427 0.740 0.855 0.243 0.280 0.184 0.318 0.367 0.010 0.01 1 0,008 0.013 0.015

CD NS 1 578 NS NS NS 0.756 0.873 0.537 NS NS NS NS 0.023 NS NS

** Significant at I level * Significant at 5 % level
NS - Not significant

y
s
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4.2.2 Length o f  Taproot

The data on taproot length is given in Table 10. Taproot length 

varied sign ificantly  among different sources o f  organic manure, mode o f  

vermiwash application and AMF application. Superior taproot length was 

noticed for V 2 and more or less same taproot length w as observed for V[. 

The low est taproot length was produced by plants applied with V 3.

W3 show ed sign ificantly higher taproot length (18 .22  cm) than 

other m odes o f  application which were on par.

A[ show ed higher taproot length (17.41 cm) than Ao.

Interaction betw een sources o f  organic manure, verm iwash and 

AMF was not sign ificant.

4.2.3 Root Shoot Ratio

The root shoot ratio is presented in table 10.

Verm icom post, farmyard manure, verm iw ash and their interactions 

could not sign ifican tly  influence the root shoot ratio o f  bhindi.

The plots treated with AMF sign ificantly  influenced root shoot 

ratio o f  plant w ith a root shoot ratio o f  0 .23  in A] compared to Ao with 

0 .20 .

Interaction effect o f  V W and A was not significant.

4.2.4 Root Colonization percent of AMF

The average root colonization percentage o f  AM F at 30 ,45 ,60 ,75  

and 90 DAS are presented in Table 11.

O f the different sources o f  organic manures and modes o f  

application o f  verm iwash, V ]W 3 recorded higher colon ization  o f AM F, at 

all growth stages. V tW3 recorded higher colonization  percentage o f  86.28  

at 30 D A S, 88 .98  at 45 DAS, 90.25 at 60D A S , 90 .66  at 75 DAS and 92 at 

90 DAS.



Table 11 Root colonization percentage ot'AMF

Treatment combinations
30 DAS 45 DAS 60 DAS 75 DAS 90 DAS

Ao A, Ao A, Ao A,
]

Ao A, Ao A)

Vi W, 50.24 80.42 52.28 84.00 53.32 85.00 53.00 86.62 54.44 87.00

V, W2 60.54 82.00 64.46 85.62 64.48 88.65 65.22 88.75 6 6 . 0 0 89.85

Vi W3 60.86 86.28 64.22 88.98 65.62 90.25 65.85 90.66 65.98 92.00

Vi W4 48.00 80.34 52.00 81.28 55.00 83.36 56.62 84.00 57.00 85.54

V2 W, j 62.00 85.65 6 6 . 0 0 85.62 67.61 8 6 . 0 0 6 8 . 0 0 87.74 67.00 8 8 . 0 0

V2 W2 60.24 84.24 63.36 8 6 . 0 0 64.00 87.59 65.44 88.65 66.32 89.04

v 2 w, 64.33 85.04 6 8 . 8 6 87.65 69.92 1 88.89 70.02 89.00 72.00 90.21

V: W4 65.44 82.00 67.00 84.23 68.85 85.78 69.00 8 6 . 0 0 70.22 87.02

V., w. 48.62 80.68 52.26 84.63 53.00 87.65 54.47 8 8 . 0 0 55.98 89.00

V:, W 2 49.49 82.49 56.64 85.00 58.86 87.00 59.00 8 8 . 8 8 60.00 89.05

V.i W, 52.62 84.64 52.00 84.24 54.46 87.90 55.00 89.12 56.68 90.55

V.; W4 45.64 78.64 50.33 82.26 52.29 83.94 53.07 84.00 54.00 85.04

Data statistically not analyzed

S
ts



4.3 Y IE L D  A T T R I B U T E S

4.3.1 Days for  50 per cent F low ering

The mean number  o f  days taken for 50 per  cent f lowering is given 

in Table 12.

The influence o f  different  sources o f  organic manure on number  of  

days taken for 50 per  cent f lowering was found to be signif icant .  Number

o f  days taken for 50 per cent f lowering was significantly delayed with

YYand YN (40 days) while those supplied with V| took only 38 days.

Vermiwash,  AMF and their interact ions did not produce any

signif icant  influence on the days for 50 per cent f lowering.

4.3.2 N um ber o f F low ers Plant 1

The average number o f  f lowers plant ' 1 produced is given in Tables 

13 and 14.

Different  sources o f  organic manure inf luenced number o f  f lowers 

p l a n t ' 1, V|  produced  maximum number o f  flowers (15.43) compared  to V:

( 1 2 .8 8 ) and V 3 (12.80) which were on par.

Vermiwash.  AMF and their interact ions did not .significantly

influence the num ber  o f  f lowers produced plant"1. .

4.3.3 N um ber o f  Fruits P lant' 1

The average number o f  fruits produced p l a n t 1 is given in Table 15 

and 14.

Different sources o f  organic manure recorded signif icant  influence 

on number o f  fruits p l a n t 1. Vi registered highest number o f  fruits p la n t '1 

(13.87). while YN (11.36) and Vj (11.16) recorded more or less same 

number o f  fruits p la n t '1.

No signif icant  difference was observed with respect to vermiwash 

applicat ion and AMF.



Table 12. Effect o f  different sources o f  organic manure, vermiwash and AMF on 
days for 50 per cent flowering

Treatments Ao Ai Mean

V, 38.25 38.50 38.38

v2 39.75 39.25 39,50

V3 39.88 40.63 40.25

w, 38.50 39.50 39.00

w2 39.50 39.67 39.58
w3 39.50 39.00 39.25
w4 39.67 39.67 39.67

Mean 39.29 39.45 39.38

V W A VA W A

F 5.67* 0.45 0.11 0.52 0.39

SE 0 .3 9 6 0 .458 0.355 0.615 0.711

CD 1.234 N S N S N S N S

* Significant at 5 % level, N S -  N ot significant



Table 13. Hffect of  different sources of  organic manure, vermiwash and AMI1' on number of  flowers p lan t_l. number of  fruits plant 
and setting percentage of bhindi

Treatments
Number of flowers plant"1 Number o f  fruits plant"1 Setting percentage

Ao A, Mean A,, A, Mean Ao A, Mean

v . 15.30 15.56 15.43 13.65 14.09 13.87 89.52 90.22 89.87

V2 12,48 13.28 12.88 11.16 11.55 11.36 89.52 86.82 88.17

Vj 12.91 12.69 12.80 10.93 11.40 11.16 84.74 89.59 87.17

Wi 12.80 13.03 12.92 1 1 . 0 0 11.68 11.38 86.16 89.66 87.91

W 2 13.57 14.48 14.03 11.98 12.88 12.43 88.35 88.69 88.52

w 3 14.87 14.80 14.83 13.32 13,42 13.37 89.28 90.41 89.85

w 3 13.02 13.05 13.03 11.35 11.40 1 1.34 87.90 86.75 87.33

Mean 13.56 13.84 11.91 12.35 87.88 88.92

V w A VA WA V w A VA WA V w A VA WA

1 4.91* 1.34 0.18 0,20 0.1 1 5.20* 1.60 0.50 0.002 0.12 1.41 0.66 0.56 2.96 0.59

sr: 0.676 0.781 0.0467 0.809 0.934 0.662 0,765 0,435 0.753 0.870 1.151 1.329 0.897 1,554 1,794

CD 2.105 NS NS NS NS 2.062 NS NS NS NS NS NS NS NS NS

* S i u n i f l c u i i t  a t  5  %  l e v e l ,  N S  - N u t  s i a i u t i e a n l



Table 14. Interaction effect of  V. W and A on number o f  flowers p lan t_i, number of  fruits plant "'and setting percentage o f  bhindi

Treatments
Number of llowers plant_i Number of  fruits plant Setting percentage

Ao A] | Mean Ao A, Mean An Ai Mean
V, W, 15.60 15.00 15.30 13.05 13.55 13.30 83.99 90.57 87.28
V, W2 14.60 15. SO 15.20 13.35 14.25 13.80 91.44 89.97 90.71
V, W3 16.60 16.45 16.53 15.35 15.10 15.23 92.26 91.67 91.96
V, w 4 14.40 15.00 14.70 12.85 13.45 13.15 90.39 88.69 89.54

V; W, 1 1 . 1 0 1 2 . 2 0 11.65 9.75 10.95 10.35 89.57 89.95 88.76
v : w 2 13.20 14,15 13.68 11.95 12.35 12.15 91.11 87.15 89.13
v 2 w 3 13.45 14.20 13.83 1 2 . 2 0 12.65 12.43 90.58 88.87 89.72
V: W4 12.15 12.55 12.35 10.75 10.25 10.50 88.81 81.33 85.07
V3 Wi 11.70 1 1.90 11.80 1 0 . 2 0 10.55 10.38 86,93 88.48 87.70
V., W2 12.90 13.50 13.20 10.65 12.05 11.35 82.51 88.95 85.73
V; W.i 14.55 13.75 14.15 12.40 12.50 12.45 85.01 90.71 87.86
V i w , 12.50 11.60 12.05 10.45 10.50 10.48 84.51 90.24 87.37

VW VWA VW VWA VW VWA

F 0 . 1 2 0.07 0.05 0,06 0.55 0 . 6 8

SH 1.353 1.617 1.325 1.506 2.301 3.107

CD NS NS NS NS NS NS

NS - Noi Significant



V 1W 3 recorded maximum number o f  fruits and V 3W 1 recorded 

low est number o f  fruits plant'1. VjAo and V]A[ recorded maximum  

number o f  fruits plant'1. WA interaction was not sign ificant. V (W 3A | 

recorded higher number o f fruits plant'1 compared to other com binations.

4.3.4 Setting Percentage

The data on percentage o f  fruit set are presented in Table 13 and 

14. D ifferent sources o f  verm icom post, vermiwash and AM F could not 

sign ificantly  in fluence the percentage o f  fruit set.

4.3.5 Height o f  the First Bearing Node

The data on height o f  the first bearing node is presented in Table 15. 

Either different sources o f  organic manure or vermiwash or AM F showed  

any sign ificant influence on height o f  first bearing node.

4.3.6 Length and Girth of the Fruit

The data on mean length and girth o f  fruits are presented in Table 

16 and 17. There was no significant difference observed on length and 

girth o f  fruits when different sources o f  verm icom post, verm iwash and 

AMF were applied. The length o f  fruit varied from 16.88 cm in V ]W 3Ai 

to 16.02 cm in V 3W 4A 0 and the girth varied from 5.63 cm in V ]W 3A] to

5.11 cm in V 3W 1A 0.

4.3.7 Fruit Yield P l a n t 1

The data on fruit yield produced plant'1 (g plant'1) is presented in 

Table 18 and 19.

D ifferent sources o f  organic manure could sign ificantly influence 

the fruit y ield  plant'1. An increased fruit yield  o f  287 .76  g plant'1 was 

recorded w ith Vj follow ed by V 2 (186 .79  g plant'1) w hich was comparable 

with V 3 (1 8 1 .6 7  g plant'1).

V erm iw ash and AMF and their interactions did not produce any 

significant in fluence on fruit yield  plant'1.

(S3
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Table 15. Effect o f  different sources o f  organic manure, vermiwash and AMF on 
height (cm) o f  first bearing node

Treatments Ao A, Mean

V, 20.12 20.29 20.20

v 2 20.48 19.87 20.17

v 3 19.34 19.42 19.38

Wi 19.95 19.98 19.97

w 2 20.39 20.13 20.26

w 3 20.27 20.31 20.29

w 4 19.31 18.99 19.15

Mean 19.98 19.86

V W A VA W A

F 3.41 3.29 0.14 0.54 0.07

SE 0.253 0.293 0 .238 0.411 0.475

CD N S N S N S N S NS

NS -  N ot significant



<£ S '

Table 16. Effect o f  different sources o f  organic manure ,vermiwash and AMF on 
length and girth o f  the fruit o f  bhindi

Treatments
Length o f  the fruit (cm) Girth o f  the fruit (cm)

Ao Ai Mean Ao Ai Mean

V, 16.56 16.39 16.48 5.62 5.44 5.53

v2 16.52 16.31 16.41 5.52 5.26 5.39

v3 16.42 16.51 16.46 5.50 5.54 5.52

W! 16.32 16.49 16.41 5.57 5.43 5.50

w2 16.60 16.30 16.45 5.65 5.28 5.47

, w3 16.66 16.39 16.53 5.51 5.42 5.47

w4 16.41 16.42 16.42 5.45 5.55 5.50

Mean 16.50 16.40 5.54 5.42

V W A VA WA V W A VA WA

F 0.04 0 .09 0.37 0.34 0.49 0.49 0.02 0.55 0.36 0.32

SE 0.161 0.186 0 .114 0.197 0 .228 0.118 0,137 0 .118 0.205 0.236
CD N S N S N S N S N S NS N S N S N S N S



Table 17. Interaction effect o f V, W and A on length and girth o f  the fruit of 
bhindi

Treatments
Length o f  the fruit (cm) Girth o f  the fruit (cm)

Ao A, Mean Ao A, Mean
V, W, 16.33 16.30 16.32 5.32 5.39 5.36
V, W2 16.10 16.60 16.35 5.40 5.34 5.37
V, w 3 16.55 16.88 16.72 5.48 5.63 5.56
V l W4 16.35 16.30 16.33 5.29 5.40 5.35

V2 w, 16.19 16.31 16.25 5.15 5.34 5,25
v 2 w 2 16.18 16.30 16.24 5.32 5.47 5.37
v 2 w 3 16.28 16.42 16.35 5.40 5.53 5.40
v 2 w 4 16.17 16.32 16.25 5.13 5.36 5.25
V3 Wi 16.15 16.26 16.21 5.11 5.32 5.22
v 3 w 2 16.51 16.63 16.57 5.33 5.20 5.27
v 3 w 3 16.24 16.32 16.28 5.38 5.44 5.41
v 3 w 4 16.02 16.25 16.14 5.13 5.28 5.21

V W V W A V W VW A

F 0.34 0.08 0.32 0.29
SE 0 .3 2 2 0.394 0.237 0.410
CD N S N S N S N S

N S * N ot significant



Table 18. Effect o f  different sources o f  organic manure, vermiwash and AMF on 
fruit yield plant ''and total fruit yield o f bhindi

Treatments
Fruit yield plant'' (g plant'1) Total fruit yield (q ha*1)

Ao Ai Mean Ao A, Mean

v , 285.34 219.17 287.75 106.31 108.11 107.21

v 2 185.09 188.48 186.79 69.17 70.43 69.80

v 3 179.29 184.05 181.67 67.02 68.82 67.92

Wi 194.13 198.17 196.15 72.53 74.02 73.27

w 2 225.27 238.38 231.82 84.04 88.98 86.51

w 3 253.61 254.95 254.28 94.55 95.05 94.80

w 4 193.29 192.10 192.69 72.22 71.77 71.99

Mean 216.57 220.90 60.55 59.51

V W A VA W A V W A VA WA

F 19.28** 3.53 0.11 0.001 0.06 19.25** 3.53 0.11 0.001 0.06

SE 13.625 15.733 9 .308 16,121 18.615 5.051 5.832 3 .449 5.979 6.898

CD 42.410 N S N S N S N S 15.714 N S N S N S N S



Table 19. Interaction effect o f V, W and A on fruit yield plant*1 and total fruit 
yield o f  bhindi

Treatments
Fruit yield plant*1 (g plant*1) Total fruit yield (q ha*1)

Ao A, Mean Ao A, Mean
Vl Wi 
Vi W2 
Vi W3 
Vi w 4

268.99
285.03
336.07
251.28

268.64
296.95
329.07
266.00

268.82
290.99
332.57
258.64

100.25
106.20
125.10
93.70

100.12
110.70
122.50
99.13

100.19
108.45
123.80
96.41

V2 Wt 
v 2 w 2 
v 2 w 3 
v 2 w 4

151.61
209.66
216.68
162.43

166.88
207.98
226.64
152.43

259.24
208.82
221.66
157.43

56.78 
78.22 
80.88
60.79

62.43
77.66
84.57
57.08

59.60
77.94
82.72
58.93

v 3 w ,
v 3 w 2 
v 3 w 3 
v 3 w 4

161.80
181.12
208.08
166.16

158.98
210.21
209.14
157.87

160.39
195.66
208.61
162.02

60.55
67.69
77.69 
62.17

59.51
78.59
78.08
59.10

60.03
73.14
77.89
60.63

v w  VWA VW VWA

F 0 .0 9 9  0 .095 0 .098  0.095

SE 2 7 ,2 5 0  32.243 10.102 11.949
CD  N S  N S N S  N S

* Significant at 5 % level, ** Significant at 1% level N S not significant
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4 .3 .8  T otal Fruit Y ield

The data on total fruit yield (q h a ' 1) is given in Tab le 18 and 19.

Different sources o f  organic manure recorded s ignif icant  influence 

on total fruit yield. V|  produced  m ax im um  signif icantly highe r fruit yield 

o f  107.21 q ha ' 1 while Vj p roduced  lowest fruit yield o f  67 .92 q h a ' 1.

Vermiwash and AMF and their  interact ions did not produce  any 

signif icant  influence on total fruit yield.

4.3.9 N um ber o f  Seeds Fruit"1

The data on mean number  o f  seeds fruit ' 1 shown is given in Table 

2 0  and 2 1 .

Different sources o f  organic manure signif icantly inf luenced the 

number o f  seeds produced frui t ' 1 Vi registered m ax im um  number  o f  seeds 

frui t " 1 (54.18) followed by V? (50.44) and it w'as on par  with  Vj (49.81 ).

Vermiwash produced signif icant  influence on num ber  o f  seeds per 

fruit. W.i produced higher num ber  o f  seeds f ru i t ' lwhich was  on par  with 

W;. W| produced least number  o f  seeds fruit ' 1

VW interact ion signif icantly influenced number o f  seeds produced 

f ru i t '1. V| \V; recorded m ax im um  number of  seeds per  fruit (61.85) which 

was on par with V[Wi (61.33),

WA and VA did not produce  significant effect on num ber  o f  seeds 

per fruit.

VWA interaction was significant  with number o f  seeds produced 

fruit ' 1 V]W^A| (65.10) produced the maximum value and was on par with 

V i W : A i (61.18) and V |W :,A„ (60.60).

4.3 .10  W eight o f Seeds F ru it'1

Mean weight o f  seeds per  fruit is presented in fab le s  20 and 21.

Different sources o f  organic manure could not significantly 

influence weight o f  seeds f ru i t '1.
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Table 20. Effect o f  different sources o f  organic manure ,vermiwash and AMF on 
number o f seeds plant'1 and weight o f  seeds plant'1 o f  bhindi

Treatments
Number o f seeds fruit"1 Weight o f  seeds fruit' (g)

Ao A, Mean Ao A[ Mean

V l 53.54 54.81 54.18 2.75 3.15 2.95

v 2 50.75 50.13 50.44 2.63 2.91 2.77

V 3 49.69 49.94 49.81 2.49 2.92 2.70

W| 45.82 47.08 46.45 2.24 2.74 2.49

w 2 55.62 56.22 55.92 3.12 3.59 3.36

w 3 55.92 56.90 56.41 3.27 3.66 3.47

w 4 47.95 46.30 47.13 1.86 1.97 1.91

Mean 51.33 51.63 2.62 2.99

V W A VA WA V W A VA WA

F 7.04* 27.89** 0.10 0.31 0.45 2.19 55.03** 7.80* 0.11 0.46

SE 0.889 1.027 0.697 1.208 1.395 0.086 0 .100 0 ,093 0.161 0.186

CD 2.768 3 .197 N S NS N S N S 0 .310 0 .273 N S N S
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Table 21. Interaction effect o f  V, W and A on number o f  seeds plant'1 and weight 
o f  seeds plant'1 o f  bhindi

Treatments
Number o f  seeds fruit'1 Weight o f  seeds fruit'1 (g)

Ao Ai Mean Ao A, Mean
V, W, 47.55 46.40 46.98 2.30 2.79 2.54
V, W2 57.55 61.18 59.37 3.37 3.75 3.56
V, W3 60.60 65.10 62.85 3.43 3.93 3.68
Vt W4 46.45 46.65 46.55 1.91 2.13 2.02

V2 W[ 43.35 47.10 45.23 2.24 2.76 2.50
V2 w 2 60.80 52.85 56.83 3.15 3.55 3.35
v 2 w 3 49.30 55.50 52.40 3.28 3.53 3.40
v 2 w4 49.55 45.05 47.30 1.86 1.82 1.84
v 3 w, 46.55 47.75 47.15 2.17 2.68 2.42
v 3 w 2 48.50 50.70 49.60 2.86 3.49 3.17
v 3 w 3 55.85 54.10 54.98 3.11 3.53 3.32
v 3 w 4 47.85 47.20 47.53 1.81 1.96 1.88

V W  VW A VW  VW A

F 4 .001*  2.602* 0.21 0.05

SE 1.779 2 .415 0 .173  0,323
C D  5 .5 3 7  7 .067  N S  N S

* Significant at 5 % per cent ** Significant atl % level, N S  - N ot significant
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V erm iw ash application sign ificantly  influenced w eight o f  seeds 

fruit' 1 with maximum w eight o f  seeds fruit'1 in W3 (3 .47  g) fo llow ed  by 

W2 (3 .36  g).

AM F application sign ificantly  influenced weight o f  seeds per fruit 

with 2 .99 g fruit"1 in Aj.

Interaction effect o f  V, W and A was not significant.

4.3.11 Seed Yield

The data on seed yield (kg ha'1) is presented in Tables 22 and 23.

D ifferent sources o f  organic manure, verm iwash and AMF 

produced sign ificant influence on seed yield ha'1.

V] produced sign ificantly  higher seed yield (459 .36  kg ha'1) 

fo llow ed  by V 2 (385 .79  kg ha'1) and V 3 (369 .40  kg ha'1).

W3 produced sign ificantly superior seed yield  (49 3 .7 0  kg ha1) 

which w as on par with W2 (463 .86  kg ha'1). W4 recorded the low est seed 

yield  o f  2 8 8 .4 4  kg ha"1.

AM F application produced significant effect on seed yield  with 

maximum seed yield  o f  415.21 kg ha'1 in A s.

Interaction effect o f  V, W and A was not significant.

4.4 Q UALITY ASPECTS OF SEED

4.4.1 Seed Viability

The data on seed viability is given in Table 24.

Either different sources o f  organic manure, verm iwash or AMF 

caused no sign ificant influence on seed viability.

4.4.2 Vigour Index

The data on vigour index is presented in Table 24.

D ifferent sources o f  organic manure and verm iwash produced no 

significant in fluence in seed ling  vigour.
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Table 22. Effect o f  different sources o f  organic manure, vermiwash and AMF on 
seed yield {kg ha'1) o f  bhindi

Treatments Ao A, Mean

V, 448.32 470.40 459.36

v 2 378.65 392.92 385.79

V3 346.51 392.30 369.40

Wj 345.13 353.67 349.40

. W2 435.93 491.79 463.86

w 3 469.43 570.97 493.70

w 4 279.50 297.39 288.44

Mean 382.49 415.21

V W A VA W A

F 35.31** 89.53** 11.42** 0.52 1,42

SE 8 .820 10.184 6.845 11.856 13.690

CD 27 .452 31 ,699 20 .028 N S N S



Table 23. Interaction effect o f  V, W and A on seed yield (kg ha'1) o f  bhindi

Treatments Ao Ai Mean
V, W, 398.48 404.68 401.58
V t W2 496.98 545.09 521.03
Vi w 3 578.32 585.79 582.05

V! W4 319.49 346.07 332.78

v : w , 308.85 320.96 314.91
v 2 w 2 406.93 452.78 429.85

v 2 w 3 429.39 494.88 462.13
v 2 w 4 265.45 263.05 264.25
V3 Wj 328.07 335.37 331.72
v 3 w : 403.87 477.51 440.69
v 3 w 3 400.57 473.25 436.91
v 3 w 4 253.55 283.06 268.30

VW V W A

F 1,777 0,373

SE 17.639 23.711

CD N S N S

* *  Significant at 1 per cent level N S -  N ot significant



Tabic 24, HI feel o f  different sources o f  organic manure . vermiwash and AMH on quality aspects o f  seed

Treatments
Seed viability Vigour index Germination percentage

A(1 A, Mean A„ At Mean Ao A, Mean

V, 91.88 90.63 91,25 1803.13 1820.19 1811.66 88.18 89.68 88.95

V2 88,13 88.13 88.13 1761.94 1810.50 1786.22 88.13 89.38 88.75

V., 87.50 84.38 85.94 1603.06 1647.69 1625.38 85.00 85.63 85.31

W] 90,00 87.50 88.75 1 714.58 1663.67 1689.13 85.83 8 6 . 6 6 86.25

w 2 89.17 87.50 88.33 1758.33 1784.75 1771.54 89.16 89.16 89.16

w . 90.83 92.50 91.67 1794.25 2014.33 1904.29 88.33 93.33 90.83

w 4 86.67 83.33 85.00 1623.67 1575.08 1599.38 85.00 83.33 84.16

Mean 89.17 87.71 1722.71 1759.46 87.08 88.13

V W A VA W A V W A VA WA V W A VA WA

f 2.21 1.73 0.50 0.19 0.28 6.20* 7.65** 0.89 0.06 2.66 2.37 3.98* 0.45 0.02 0.84

SK 1.797 2.075 1.459 2.526 2.917 40.575 46.852 27.632 47.859 55.263 1.291 1.490 1.095 1,897 2.190

Cl) NS NS NS NS NS 126,298 145.837 NS NS NS NS 4.639 NS NS NS

* Significant al 5 % level, ** Significant I per cent level, NS - Not significant

I
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Vi and V 2 showed more  or  less same seedling vigour. However  

higher seedling vigour was observed  in plots treated with V, while  lowest 

seedling v igour  was  observed in V 3

W 3 caused signif icantly super io r  seedling vigour which was on par 

with WS while  W 4 showed least seed l ing  vigour.

A M F applicat ion did not produce any signif icant  influence on 

vigour index.

Interact ion effect o f  V, W and A was not significant.

4 .4 .3  G erm in ation  Percentage

The da ta  on  germination is presented in Table 24.

Ei ther  different  sources o f  organic manure or A M F produced

signif icant  influence on germination percentage o f  seeds.

Vermiw ash  applicat ion caused significant effect on germination 

percentage.  Wj recorded m ax im um  germinat ion percentage (90.83) which 

was on par  with W 2 (89.16) and W t (86.25),  while W 4 recorded least 

germinat ion  percentage o f  84.1 6 .

Interact ion effect o f  V. W and A was not significant.

4.5 PL A N T  ANALYSIS

4.5.1 N itrogen  Uptake by P lants

The average N uptake by plants  is given in Table 25.

Dif feren t  sources of  organic manure produced significant influence 

on N uptake by plants,  o f  which V| caused signif icantly highe r nitrogen

uptake (31.3 kg ha’1) while V? produced significantly lower nitrogen

uptake by plan ts  (24.86 kg h a ' 1).

Vermiw ash  applicat ion also recorded significant effect on ni trogen 

uptake by plants.  Here W? produced significantly higher nitrogen uptake 

(36,29 kg h a ' 1!. W 4 caused least ni trogen uptake (20.10 kg h a ' 1).



Table 25. Effect o f  different sources o f  organic manure, vermiwash and AM F on nutrient uptake at harvest

Treatments
Nitrogen uptake (kg ha’1) Phosphorus uptake (kg h a 1) Potassium uptake (kg ha'1)

An A, Mean A,, Ai Mean Ao A, Mean

V, 31.06 31.54 31.30 5.35 6.89 6 . 1 2 26.05 32.94 29.49

V2 26.97 27.29 27.13 4.82 6.09 5.45 24.35 28.21 26.28

V3 24.03 25.68 24,86 4.52 5.36 4.94 22.45 26.68 24.57

W, 22.91 22.93 22.92 4.29 5,17 4.73 2 E 8 8 ~ 23.78 22.83

w 2 30.78 32.69 31.74 5.79 6.99 6.40 27.95 34.93 31.44

Wj 35.79 36.78 36.29 6 . 1 0 8.31 7.20 28,71 37.61 33.16

w< 19.93 20.28 2 0 . 1 0 3.40 3.98 3.69 18,60 20.79 19.69

Mean
1

27.35 28.17 4.90 6 . 1 2 24.28 29.28

V W A VA WA V W A VA WA V W A VA W A

F 7.39** 29.50** 0.57 0.152 0.149 5.87* 31.79** 21,20** 0.60** 1.82** 9.38** 48.11** 38.56** 1.41 4.73*

St- 1.202 1 388 0.765 1.324 1.529 0.244 0.282 0.187 0.324 0.375 0.816 0.943 1.633 0.985 1.137

H ) 3.742 4.321 NS NS NS 0.760 0.877 0.548 NS NS 5.593 6 458 4.268 NS 8.536

* Significiini ill 5 l,u level, ** S ign i lk am  I per eem level, MS - Nol significant



Interact ion effect o f  V, W and A was  not s ignificant  (Table 31),

4.5.2 Phosphorus Uptake by Plants

The average P uptake by plants  is given in Table 25.

Different  sources o f  organic manure,  vermiwash  and AMF 

recorded signif icant  influence on P uptake by plants.  V] produced 

maximum P uptake (6.12 kg h a ' 1) which was on par  with V 2 {5.45 kg h a ' 1} 

while V? recorded least P uptake (4.94 kg h a ' 1).

W;, registered maximum P uptake (7.20 kg ha"1) which was on par 

with WA (6.40 kg h a ' 1) while W4 produced least P uptake (3.69 kg ha"1).

AM F applicat ion caused s ignif icant  effect on P uptake with 

maximum P uptake in Ai.

Interact ion effect o f  V, W and A was not significant.

4.5.3 Potassium Uptake by Plants

The average K uptake by plants  is given in Table 25.

Different  sources o f  organic manure  caused signif icant  variat ion in 

k  uptake by plants.  Signif icantly higher K. uptake (29.49  kg h a ' 1) was 

noticed for V | while V2 produced least K uptake by plants  (24,57 kg ha"1).

Vermiwash  applicat ion registered signif icant  influence on k 

uptake,  o f  which Wj caused maximum K uptake (33.16 kg h a '1) which in 

turn was on par with W3 (31.44 kg h a ' 1), W4 produced least K uptake 

(19,69 kg ha"1).

A M F applicat ion also signif icant])  influenced on k  uptake with 

maximum K uptake in A[ (29,28 kg h a ' 1).

WA interact ion was significant.  W ;A |  recorded maximum k  uptake 

(37.61 kg h a ' 1) which was on par with W 2A[ (34.93 kg ha"1).

VW, VA and VWA interact ion was not significant.



4.6 SOIL ANALYSIS

4.6.1 A va ilab le  N itrogen Status

Available nitrogen status in soil af ter  exper iment is presen ted in 

Tables 26 and 27.

The organic manure addit ion could maintain the avai lable  ni trogen 

status well above the original s tatus before the experiment.  Vj recorded 

signif icantly higher available ni trogen (293.41 kg h a ' 1) af ter  the 

experiment,  which was signif icantly superior  to Vi (284.67 kg ha"' ) and 

Vj (244.45 kg ha"1).

WL recorded maximum avai lable  ni trogen status (279.22 kg h a ' 1) 

than other  modes o f  vermiwash appl icat ion which were on par.

AMF applicat ion significantly inf luenced available ni trogen status 

with higher available nitrogen content  (277 .60 kg ha"1) in A u.

VA interact ion was signif icant  with higher available ni trogen status 

in VjAi (293.55 kg ha"1) which was on par with V3A 0 (293.26 kg h a ' 1). 

V 1Au and V]Aj recorded least avai lable  ni trogen status, VWA interact ion 

was signif icant  with higher available ni trogen status observed inV;,W|Ar 

(300.33 kg ha"1) lowest with ViWjAh (226.58 kg ha"1).

4.6.2 A va ilab le  Phosphorus Status

The average soil phosphorus  status is presented in Table 26 and 27.

I)i fie rent sources o f  organic manure,  vermiwash and AMI 

registered signif icant  variation in avai lable  phosphorus status o f  soil after 

the experiment.

V, recorded  signif icantly h igher avai lable  phosphorus  status 

(42.42 kg h a ' 1) while V 2 and Vj produced  signif icantly lower avai lable 

phosphorus  status o f  soil (39.68 and 37.60 kg ha ' 1 respectively).

Vermiwash registered significantly superior  avai lable  phosphorus  

status with W; recorded maxim um value (52.77 kg ha"1), which in turn

19



Table 26. T fleet o f  different sources o f  organic manure, vermiwash and AM F on available nitrogen, phosphorus and potassium after
the experiment

Treatments
Available nitrogen (kg ha’1) Available phosphorus (kg ha '1) Available potassium (kg ha '1)

An At Mean A() A t Mean Ao A, Mean

v , 247.36 241.50 244.45 37.56 47.28 42,42 105.32 118.75 112.04

V2 292.16 277,19 284.67 36.43 42.93 39.68 11 1.14 124.25 117.70

v.! 293.26 293.55 293.41 34.80 40.41 37.60 1 0 2 . 2 1 115.64 108.92

Wi 274.79 272.68 273.74 29.93 41.33 35.63 100.40 105.45 102.95

w 2 282.22 272.69 277.45 48.01 54.04 51.03 114.76 137.32 126.04

W} 273.14 259,44 266.29 48.95 56.60 52.77 121.16 142.31 131.75

w 4 280.26 278.18 279.22 18.16 22.19 20.17 88.52 93.11 90.81

Mean 277.60 270.75 36.26 43.54 106.23 119,55

V W A VA WA

)' 137.95** 4.98* 9 08** 3.79* 1.60

$11 2 .2 2 3  2.567 t.609 2.787 3.218

CD 6.921 7.991 4.709 8.156 NS

V W A  VA WA

9.44** 281.99** 101.80** 2.99 4,69*

0.786 0 908 0.510 0.883 1.020

2.447 2.825 1.492 N S 4.687

V W A VA WA

109.21** 153.80** 62.99** 0.04 86.38**

0,426 0.491 0.575 0.650 0.751

1.325 1.530 1098  NS 2.196

* Significant al 5 %  level, ** Significant at 1 per cent level. NS - Not significant

O
S



Table 27. Interaction effect of  V, W and A on available nitrogen, phosphorus and potassium alter the experiment

TrcaUTicnts
Available nitrogen (kg ha'1) Available phosphorus (kg ha"1) Available potassium (kg ha"1)

v T w j
A 0 i Ai 1 Mean Au A, Mean Ao A, Mean

239.60 239.91 239.75 33.97 46.82 40.39 99.92 103.06 101.49
V| w 2 265.42 240.26 252.84 49.69 56.42 53.05 112.59 139.08 125.83
V, w 3 226.58 235.61 23 1.09 51.05 61.62 56.34 119.84 140.70 10.27
V, w , 257.98 250.24 254.11 15.53 24.26 19.90 88.95 92.18 90.56

V2 W| 284.46 279.66 282.06 29,52 41.08 35.30 1 0 2 . 8 6 U 9 2 5 106.05
Vi w 2 294.64 278.67 286.65 47.93 54.59 51.26 122.08 141.00 131.54
V3 Wj 298.35 257.59 277.97 48.48 54.62 51.55 129.60 151.17 140.38
V2 w 4 291.18 292.84 292,01 19.8] 21.43 20.62 90.03 95.60 92.81
V3 W| 300.33 298.47 299.40 26.31 36.11 31.21 98.59 104.04 101.32
v 3 w 2 286.59 299.13 292.86 46.43 51.12 48.77 109.62 131.88 120.75
Vv W-, 294.50 285.14 289.82 47.32 53.55 50.43 114.06 135.07 124,56
Vj w 4 291.63 291,47 291.55 19.14 2 0 . 8 8 2 0 . 0 1 86.58 91.56 89.07

VW VWA VW VWA VW VWA

T 1.94 4,38** 1 . 6 8 0.43 11.50** 1.84

si-; 4.447 5.575 1.572 1.767 0.851 1.300

CD NS 16.311 NS NS 2.649 NS

* *  S ig n i f i c a n t  at ! “ t  le ve l  M S  - N o t  S ig n i f i c a n t



was on par with  W 2 . W 4 recorded least available phosphorus  status of  

soil (20.17 kg h a ' 1).

AMF appl icat ion also produced significant  influence on available 

phosphorus  status with maximum value for A|  (43.54 kg h a ' 1}.

WA interact ion was signif icant  with maximum value for available 

phosphorus status for W 3A 1 (56.6 kg ha"1) which was closely followed by 

W; A 1 (54.04 kg ha"1) while W jA 0 produced the least value (18.16 kg h a ' 1).

Interaction effect o f  VA, V. W and VWA was not significant.

4.6.3 A va ilab le  Potassium  Status

Available potassium status in soil af ter experiment is given  in 

Table 26 and 27.

Different  sources o f  organic manure caused significant variat ion in 

available potass ium status o f  soil af ter the experiment.  V> registered 

m ax im um  value for available po tass ium status (117.7 kg ha"1’) while V? 

recorded least  value for available potassium status (108.92 kgha"1).

Vermiwash  applicat ion caused significant  difference in available 

potassium status. \ \d  produced the maximum value (131.74 kg ha"1} while 

W 4 reco rded  least  value for available K status (90.81 kg ha"1),

AMF applicat ion registered significant variation in available 

potassium status with maximum K status for A| (11 9.55 kg ha"1).

V\V interact ion was significant  with maximum value for \ U  ; 

(140.38 kg ha"1) while V 2W4 (89.07 kg ha"1) recorded the least value for 

available po ta ss ium status of  soil.

WA interact ion  was also signif icant with \V;,A| produced 

signif icantly higher value for available potassium status (142.31 kg ha"1) 

while W 4A i( recorded the least value (88.52 kg ha"1).

VA and V W A  interact ion was not significant.

g £



4.7 SCO RING  OF PEST AND D ISEASES

4.7.1 S coring  o f  F ru it and Shoot B orer Incidence

Percentage o f  fruits infested by the at tack o f  fruit and shoot borer  

is given in Table 28.

Different  sources o f  organic manures  and vermiwash  recorded 

signif icant  variat ion  in percentage o f  fruits infested.

Infestat ion percentage o f  fruits was maxim um in V? (27,46) while 

Vj recorded least infestat ion o f  fruits (14.66). Vermiwash  applicat ion also 

significantly in f luenced percentage o f  fruits infested by fruit and shoot  

borer. M ax im um  infestat ion o f  fruits in W4 (26.54) which was on par 

with W|,  while W 3 registered least infestat ion o f  fruits (16.79),

Appl icat ion o f  AMF and interact ion effect o f  V. W and A was not 

significant,

4.8 E C O N O M IC S OF SEED PRO D U C T IO N

4.8.1 BC R atio

The B: C ratio is presented in Table 29 and 30. Different  sources 

o f  organic manure,  vermiwash and AMF produced signif icant  difference 

in B: C ratio,

V| recorded maximum BC ratio o f  2.27 while V3 produced least BC 

ratio ( 1 .8 6 ) which was on par with V3 ( 1 .8 8 ).

Vermiwash applicat ion also caused signif icant  variation in BC 

ratio with \V3 recorded maximum value for BC ratio (2.43) which was on 

par with W : (2.32) while W 4 recorded the least value for BC ratio ( 1.47 1. 

AMF  appl ica t ion also registered signif icant  variation in BC ratio with 

maximum value for  A|  (2 . 1  1 ).

Interact ion effect o f  V, W and A was not s ignif icant.

BT3



Table 28. Effect o f  different sources o f  organic manure, vermiwash and AMF on
percentage fruits infested by fruit and shoot borer

Treatments A0 A, Mean

V l 13.92 15.41 14.66
V2 21.86 23.95 22.90

v 3 26.60 28.32 27.46

w . 23.60 27.06 25.33

w 2 17.53 18.57 18.05
w 3 16.61 16.96 16.79

w 4 25.43 27.65 26.54
Mean 20.79 22.56

V W A VA W A

F 14.65** 6.45** 0 .92 0 .009 0 .14

SE 1.694 1.957 1.306 2 .262 2 .612

CD 5.274 6 .090 N S N S N S

** Significant at 1 per cent level N S -  N ot significant



Table 29. Effect o f  different sources o f  organic manure, vermiwash and AMF on 
BC ratio

Treatments A0 Ai Mean

V, 2.20 2.35 2.27

v 2 1.86 1.97 1.91

V3 1.74 2.02 1.88

w , 1.75 1.86 1.80

w 2 2.15 2.48 2.32
w 3 2.28 2.58 2.43
w 4 1.42 1.53 1.47

Mean 1.90 2.11

v  w A V A W A

F 32.38**  89.19** 21.19** 0 .76 1.73

SE 0.041 0 ,047 0 .032 0 .056 0 .064

CD 0.127  0 .147 0 .094 N S N S



Table 30. Interaction effect o f V, W and A  on BC ratio

Treatments Ao A, Mean
V| Wi 2.04 2.12 2.08
Vi W2 2.44 2.74 2.59
V, w 3 2.75 2.84 2.79
V, w 4 1.60 1.70 1.65
V2 W| 1.56 1.75 1.66
v 2 w 2 2.01 2.27 2.14
v 2 w 3 2.10 2.48 2.29
v 2 w 4 1.36 1.37 1.36
V3 W1 1.65 1.72 1.68
v 3 w 2 2.01 2.44 2.22
v 3 w 3 2.00 2.42 2.21
v 3 w 4 1.32 1.51 1.42

VW V W A

F 0.86 0 .46

SE 0.082 0 .112

C D N S N S

** Significant at 1 per cent level N S -  N ot significant
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5. DISCUSSION

An experiment was conducted to find out the effect o f  vermicompost, 

vermiwash and AMF on quality seed production of  bhindi. The results obtained 

are discussed below,

5 1 EFFECT OF SOURCES OF ORGANIC MANURE. VERMIWASH AND 

THEIR INTERACTIONS ON GROWTH AND YIELD ATTRIBUTING 

CHARACTERS

5.1.1 Growth Characters

The crop growth parameters viz. height of  the plant, leaf area index and 

dry matter production at various growth stages were found to be very much 

responsive to different sources o f  organic manure. ,

Taller plants were observed in plots applied with banana pseudostem 

vermicompost and it was on par with aquatic weed vermicompost at 30 and 60 

DAS (Fig,3.). At maturity stage, banana pseudostem vermicompost applied plots 

had maximum plant height (100.25cm) than FYM (93.54cm). Increased plant 

height in vermicompost treated plots may be due to more proliferation of roots 

(Table 10} which increased more uptake of  nutrients especially N. P and K.. The 

increased uptake of  nitrogen might have contributed to rapid meristamatie activiw 

(Crowther, 1935). higher rate o f  metabolic activity coupled with rapid cell 

division brought about by phosphorus (Bear. 1965) and bv increased growth of  

meristamatie tissue (Tisdale and Nelson. 1985). These might have led to increased 

plant height. Similar increase in plant height due to vermicompost application was 

reported in bhindi by Govindan el a!. (1995), Ushakumari cl ul  (1999) and 

Shanthi and Vijayakumari (2002). Vermiwash application significant!} influenced 

plant height at all growth stages with soil + foliar application producing maximum 

plant height and water spray producing least plant height (Fig. 3), The increase in 

plant height observed in soil + foliar application at all stages o f  growth could be 

due to increased availability o f  growth promoting substances from vermiwash
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through soil and foliage than other modes o f  application. Different sources of 

organic manure along with vermiwash application produced significant influence 

on plant height at early and later stages o f  growth (Table 3). Soil + foliar 

application of vermiwash with banana pseudostem vermicompost (VSW;,) 

recorded maximum plant height at all growth stages. Increase in plant height 

when banana pseudostem vermicompost applied with soil + foliar application 

might be due to the synergistic effect produced by banana pseudostem 

vermicompost along with higher quantity of vermiwash. Similar findings of  

combined effect o f  vermicompost + organic booster were reported by 

Hangarge et al. (2004).

Number o f  leaves was significantly higher for aquatic weed vermicompost 

followed by banana pseudostem vermicompost. Similar finding o f  higher number 

o f  leaves due to vermicompost  applicat ion was earl ier  reported by 

Ushakumari  et al  (1999). Vermiwash significantly produced higher number of 

leaves with maximum value for soil + foliar application of  vermiwash at 30 and 

60 DAS while foliar application alone produced maximum value at 90 DAS 

(Fig.4). Sivasubramanian and Ganeshkumar (2004) also reported higher number 

of  leaves due to vermiwash application.

The leaf area index was higher in aquatic weed vermicompost applied 

plots and it was on par with banana pseudostem vermicompost at all growth 

stages. This might be due to the quickness in the availability o f  nutrients in 

vermicompost  treated plots. As nitrogen and potassium uptake increases 

(Table 25). the extra protein produced allowed the plant leaves to grow larger and 

hence have more surface area available for photosynthesis. Similar findings of 

increased leaf area index in vermicompost treated plots were earlier reported by 

Manonmani and Anand (2002) in bhindi, Jat and Ahlawat (2004) in chickpea and 

Hiranmani et al. (2003) in chilli. Soil + foliar application o f  vermiwash resulted in 

maximum leaf area index at all growth stages than other methods o f  application. 

Vermiwash has high content o f  readily available forms of  major and 

micronutrients (Jasmin. 1999) and the soil + foliar application might have resulted

« 9
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in a comparatively higher uptake o f  these of nutrients directly through foliage as 

well as through soil and has resulted in better growth giving larger leaf area. 

Similar finding of increased leaf area due to vermiwash application was reported 

by Jasmin (1999). The interaction effect of different sources o f  organic manure 

along with vermiwash application caused significant influence on leaf area index 

at 30 DAS. Aquatic weed vermicompost along with soil + foliar application of 

vermiwash produced the maximum leaf area index. This might be due to 

increased availability of nutrients especially, phosphorus by the action o f  both 

aquatic weed vermicompost and soil+foflar application of vermiwash leading to 

more leaf area (Tisdale et al., 1995). Increased availability o f  phosphorus due to 

aquatic weed vermicompost application was earlier reported by Chaudhuri et al. 

(2001) and in vermiwash by Jasmin (1999).

Dry matter production w:as higher for aquatic weed vermicompost 

application at later stages of plant growth (60 DAS and 90DAS), while during 

early growth stage (30 DAS), it was on par with banana pseudostem 

vermicompost (Fig.5). The greater accumulation of dry matter production for 

aquatic weed vermicompost treated plots could be due to higher uptake of 

nitrogen, phosphorus and potassium (Table 25) which resulted in higher growth 

components such as increased number of leaves (Table 4) and leaf area index 

(Table 5). Similar increase in dry matter production in aquatic weed 

vermicompost treated plots was reported by Khandal and Bharaduaj (2002). 

Vermiwash application significant!) increased dry matter production at 60 and 90 

DAS (Fig.5). Soil ■+■ foliar application could produce more dry matter production 

than foliar application. The higher dry matter production in soil t- foliar 

application o f  vermiwash might be due to the favourable influence of higher 

quantity of vermiwash given through soil and foliage. The data on height of plant 

(Table 2) and leaf area index (Table 5) substantiate this result. The higher drv 

matter production for soil + foliar application might be due to increased 

availability of readily available nutrients and growth promoting substances like 

IAA and IBA through this mode of application resulting in better growth of 

plants (Venkateswara. 2005). Similar findings of increased growth in vermiwash
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treated plants were reported by Venkateswara (2005) in bhindi and Thangavel 

(2003) in paddy.

Aquatic weed vermicompost along with soil + foliar application of 

vermiwash produced significantly higher dry matter production at 60 DAS 

(1053.79 kg ha '1) and at 90 DAS (1729.05 kg ha'1) compared to other treatments. 

This might be due to increase in plant height (Table 3) and leaf area index (Table 

6) for these treatments,

5.1.2 Root Characteristics

Plants applied with banana pseudostem vermicompost had longer taproot 

which is comparable with aquatic weed vermicompost, while aquatic weed 

vermicompost applied plants had more root spread and was comparable with 

banana pseudostem vermicompost (Fig .6). Similar findings o f  increased root 

length due to vermicompost application was earlier recorded in bhindi by Shanthi 

and Vijayakumari (2002), in tomato by Samawat et al. (2001) and in green gram 

by Karmegam et al. (1999).

Vermiwash application showed significant influence in root spread and 

tap root length at the time of final harvest. Root spread and tap root length was 

higher for soiDfoliar application while control treatment (water spray) showed 

ieast root spread (Fig.6). This might be due to the increased root proliferation of 

plants by the application of more quantity o f  vermiwash through soil and foliage, 

which might have led to the increased uptake of nutrients by plants, especially 

phosphorus (Table 25). since phosphorus is an essential element for root growth 

(Tisdale et al.. 1995).

5.1.3 Yield and Yield Attributing Characters

Aquatic weed vermicompost applied plants took minimum number of days 

for 50 per cent flowering (38days) while farmyard manure applied plants took 

maximum number o f  days (40 days). This might be due to easy availability of 

nutrients at early stages of growth, especially phosphorus. Earliness in flowering 

due to phosphatic fertilizers was reported by Thompson and Kelly (1957) and
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Kamalanathan et al. (1978) in bhindi. Different sources of organic manure, 

significantly influenced number o f  flowers plant'1, number o f  fruits plant'1, fruit 

yield plant'1 and total fruit yield ha'J (Fig. 7). The higher availability and uptake 

o f  nutrients might have enabled the plant to produce more number o f  flower buds 

which in turn increased the number o f  fruits. The increased fruit yield plant'‘and 

total fruit yield in aquatic weed verm icom post applied plants was due to the 

increased yield attributes like num ber o f  flowers plant"1 and fruits p lan t '1 

( fab le  13). The attack by fruit and shoot borer was also found to be less for 

aquatic weed vermicompost applied plants (Table 28), Similar findings of 

increased fruit yield in gourds and tomato when treated with water hyacinth 

vermicompost was reported by Hossain and Majid (1997).

Eventhough not significant, soil + foliar application of vermiwash 

produced more number of flowers, number o f  fruits, fruit yield p lanf 'and total 

fruit yield h a '1 compared to other treatments (Fig.7). It is possible that in addition 

to the high nutrient status in vermiwash its alkaline nature (pH 8.7) might have 

ameliorated the soil reaction of the experimental field which had a pH o f  4.8 

resulted in better uptake o f  plant nutrients. In soil +foliar application of 

vermiwash. quantity of vermiwash obtained by plant was more. Moreover 

vermiwash contain growth promoting substances, group B vitamins, mucus 

deposit of epidermal cells and coelomic fluid produced by worms which contain 

plant hormones and chemical exudates as reported by Grapelli et al. (1987) and 

Tomati et al. (1983), These organic substances present in vermiwash might have 

produced a positive effect on fruit set which in turn had reflected in higher fruit 

yield. This was in line with the findings of Jasmin (1999) and Venkatesuara 

(2005).

The number o f  seeds fruit'1 was higher for aquatic weed vermicompost 

treated plants ( fable 20) and it was 9 per cent and 7 per cent more than that of 

farmyard manure and banana pseudostem vermicompost application respectiv civ. 

Seed yield plant'1 (Table 22) was also higher for aquatic weed vermicompost 

which was 24 per cent and 19 per cent more than that of farmyard manure and
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banana pseudostem vermicompost application respectively (Fig.8). Increased seed 

yield due to aquatic weed vermicompost application was due to increased fruit 

yield, total fruit yield and number o f  seeds fruit'1. The higher availability of 

nutrients viz. phosphorus and potassium might be one of the reasons for increased 

production o f  seeds in these treatments. Similar findings of increased seed yield 

with more potassium uptake was reported by Tisdale et al. (1995) and phosphorus 

uptake by Bhat and Singh (1996).

Vermiwash application significantly influenced number o f  seeds fruif'and 

seed yield (kg ha‘!) o f  which soil + foliar application showed maximum value 

which was comparable with foliar application of vermiwash (Fig.8). Foliar 

application was found to be better for seed production producing significant 

influence on number of seeds fru if 'and seed yield h a '1 compared to soil 

application (Jasmin, 1995). But through soil + foliar application, quantity of 

vermiwash obtained was more. Hence the uptake of nutrients was more, 

especially phosphorus and potassium (Table 25). Similar findings o f  increased 

seed yield with more potassium uptake was reported by Tisdale et al. (1995) and 

phosphorus uptake by Bhat and Singh (1996). VW interaction significantly 

influenced number of seeds produced fruit '1. Aquatic weed vermicompost along 

with soil t  foliar application o f  vermiwash recorded maximum number of seeds 

fruit'1 which was on par with aquatic weed vermicompost with foliar application 

of vermiwash.

5.2 EFFECT OF AMF AND ITS INTERACTION WITH SOURCES OF 

ORGANIC MANURE AND VERMIWASH ON GROWTH AND Y1EI.D 

ATTRIBUTING CHARACTERS

5.2,1 G row th  C haracters

Application o f  AMF favoured the growth o f  plants at later stages of 

growth. This can be possibly explained through the relative values o f  various 

growth components like plant height, number o f  leaves, leaf area index. dr\ 

matter production and root characters viz. root length and root -  shoot ratio. The 

higher trend in these characters was due to the enhanced root conductivity which
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led to better uptake of water and nutrients. This was in conformity with the 

findings of Levy and Krikun (1980) and Sivaprasad et al. (1990). Increase in plant 

height in AMF inoculated plants was earlier reported by Senapathi et al. (1986) 

and Kumar et al. (2001). Increased growth in okra due to AMF inoculation was 

reported earlier by Jothi et al. (2000) and Prabhu et al. (2003). VWA interaction 

was also significant at 90DAS. of which banana pseudostem vermicompost along 

with soil + foliar application of vermiwash and AMF recorded maximum plant 

height (Table 3). Here vermiwash application along with AMF might have paved 

way for easy availability of nutrients from vermicompost and hence increased 

plant height.

More number of leaves ( fable 4) and high leaf area index (Table 5) was 

noticed in AMF inoculated plants. Effective utilization of resources led to more 

plant growth producing larger and more number of leaves resulting in high I.A 1. 

These results were in conformity with the findings of Nagaraju et al. (2000) and 

Rana et al. (2002). The interaction effect of vermiw'ash application along with 

AMF had significant influence on leaf area index at 60 and 90 DAS. Soil + foliar 

application of vermiwash along with AMF recorded significantly higher leaf area 

index. The synergistic effect produced by higher quantity o f  vermiwash along 

with AMF might have increased the leal'area index.

AMF inoculated plants produced high dry matter production at all growth 

stages than non inoculated plants (Fig.5). Effective AMF colonization ( fable 11) 

and higher uptake of nutrients (Table 25) resulted in higher dry matter production. 

Similar tin dings of increased dry matter production due to AMF application was 

reported earlier by Rathore et al (1995). Hazarika et a l (2000) and Devi and 

Sitaramaiah (2001). Soil + foliar application of vermiwash with AMF recorded 

significantly higher dry matter production of 1045.13 kg ha’1 at 60 DAS and

1708.7 kg h a '1 at 90 DAS compared to other treatments. The combined effect of 

vermiwash along with AMF application has resulted in better plant growth and 

hence higher dry matter production. Aquatic weed vermicompost with AMF 

application recorded higher dry matter production of 960.71 kg ha’1 at 60 DAS
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and 1616.99 kg ha"1 at 90 DAS. The vermicompost application might have 

enhanced the activity o f  beneficial microbes like mycorrhizal fungi, resulting in 

higher dry matter production. This is in line with the findings o f  Kale et al. 

(1992). Increase in dry shoot weight with the application o f vermicompost and 

AMF was earlier reported by Martinez et al. (1999). Different sources o f  organic 

manure along with vermiwash and AMF application was significant both at 60 

and 90 DAS with aquatic weed vermicompost along with soil + foliar application 

o f vermiwash and AMF recording significantly superior dry matter production o f  

1110.21 kg ha"' at 60 DAS and 1820.19 kg h a 1 at 90 DAS(Table 9).This might be 

due to the fact that vermiwash application might have increased the beneficial 

effect o f  both aquatic weed vermicompost and AMF and hence paved way for 

easy availability o f  nutrients for the plant and hence better plant growth resulting 

in higher dry matter production.

5.2.2 Root Characteristics

AMF inoculated plants resulted in increased root growth and root -  shoot 

ratio compared to non inoculated plants (Fig. 6). The increase in root growth might 

be due to the increased uptake o f  phosphorus along with increased water 

availability. Similar findings o f increased root growth due to AMF inoculation has 

been reported by Purakayastha and Choonkar (2000),Setua et a/. (1999) ,Hazarika 

et a/.(2000) and Jayakiran (2004).

Interaction effect of vermiwash and AMF was significant at 90 DAS with 

maximum value shown by soil + foliar application o f  vermiwash along with AMF 

application. Combined action o f  higher quantity o f  vermiwash along with AMF 

might have increased root proliferation (Table 10).

5.2.3 Yield and Yield Attributing Characters

Even though not significant AMF inoculated plants produced higher 

number o f  flowers plant"1, setting percentage, fruit yield plant"‘and total fruit yield 

compared to non inoculated plants. Increased uptake o f  water and nutrients 

enhanced translocation o f  metabolites which might have contributed to increased
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yield attributes. Higher yield due to AMF inoculation was earlier reported by 

Sivaprasad (1998), and Mathew et al. (2003). Even though not significant, 

aquatic weed vermicompost along with soil + foliar application o f  vermiwash and 

AMF recorded maximum number o f  fruits (Table 14) compared to other treatment 

com binations and hence recording m axim um  fruit yield plant" 'and total fruit 

yield h a '1 {(Table 20). This might be due to the synergistic effect produced by the 

effect o f  these three components and also due to low attack by fruit and shoot 

borer on these plots.

AMF inoculation produced maximum seeds fruit'’and seed yield (kg ha '1 > 

(Fig.8). This increased seed yield might be due to increased uptake o f  phosphorus 

and potassium (Table 25) in AMF inoculated plants. Similar Endings o f  increased 

rice grain yield due to AMF inoculation was earlier reported by Soloiman and 

Hirata (1997) and Purakavastha and Choonkar (2001) and in bhindi by Senapathi 

(1986).

VWA interaction was significant with maximum number o f  seeds per 

fruit reported by aquatic weed vermicompost with soil + foliar application of 

vermiwash and AMF (Tabic 21) and hence produced maximum seed yield 

compared to other treatment combinations. The combined application of these 

treatments might have increased nitrogen, phosphorus and potassium uptake and 

hence increased seed yie!d(Table 23) .Similar findings of increased seed yield 

with the application of NPK.+VAM was earlier reported by Chinnamuthu and 

Venkatakrishnan (2001).

5.3 EFFECT OF SOURCES OF ORGANIC MANURE. VERMIWASH AND 

THEIR INTERACTIONS ON QUALITY ASPECTS OF SEED

Different sources of organic manure produced significant influence on 

seedling vigour. Aquatic weed vermicompost and banana pseudostem 

\ermieompost showed more or less same seedling vigour (Fable 24). Flow ever 

higher seedling vigour was observed in plots treated with aquatic weed 

vermicompost while lowest seedling vigour was observed in farmyard manure. 

This was in conformity w ith the findings of Isaac (1996) in bhindi.
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Even though not significant, higher seed viability and germination 

percentage were reported by aquatic weed vermicompost and banana pseudostem 

vermicompost compared to farmyard manure. Similar findings o f  increased seed 

viability' and germination percentage in vermicompost treated plots were repotted 

earl ier by Pushpa (1996) in tomato,

Vermiwash application caused significant influence on germination 

percentage, o f  which soil + foliar application produced maximum germination 

percentage (90.83) while control plot (water spray) produced the least (84.16). 

However foliar application produced superior germination capacity of seeds 

compared to soil application. Similar finding o f  increased germination capacity of 

seeds by foliar application of vermiwash over soil application had been reported 

by Jasmin (1999) in tomato.

Vermiwash application also produced significant effect on seedling 

vigour. Soil + foliar application resulted in superior seedling vigour which was on 

comparison with foliar application alone while control treatment showed least 

seedling vigour (Table 24). Increase in seedling vigour in vermiwash application 

might be due to increased germination percentage, along with increased seedling 

shoot length and seedling root length.

5.4 EFFECT OF AMF ON QUALITY ASPECTS OF SEED

Even though not significant. AMF inoculation produced seeds with more 

germination capacity, vigour index and seed viability (Table 24). Similar findings 

of increased germination percentage due to AMF inoculation w as reported by 

Kumar et al. (2001) in eowpea and Prabhu et al. (2003) in bhindi.

5.5 EFFECT OF SOURCES OF ORGANIC MANURE, VERMIWASH A M )

THEIR INTERACTIONS ON NUTRIENT UPTAKE

Nutrient uptake was significantly influenced by different sources of 

organic manure with maximum uptake for aquatic weed vermicompost (Fig.9). 

The enhanced root production, more vegetative growth along with higher dry 

matter production might have resulted in increased uptake of these nutrients. An
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increased uptake of around 25 per cent o f  nitrogen compared to farmyard manure 

and 15 per cent compared to banana pseudostem vermicompost was recorded by 

aquatic weed vermicompost. With regard to the uptake of phosphorus there was 

an increase o f  about 24 percent over farm yard manure and 11 per cent over 

banana pseudostem vermicompost by aquatic weed vermicompost ('fable 25). 

Same trend was noticed in the case o f  potassium also. Here the percent of the 

uptake was 20 per cent over farmyard manure and 12 per cent over banana 

pseudostem vermicompost.

Increased availability of total nitrogen, phosphorus and potassium in 

aquatic weed vermicompost, due to the passage o f  the plant materials through the 

gut of the worms were earlier reported by Chaudhuri et al. (2001). Mani and 

Perumal (2002) also reported that water hyacinth increases the phosphorus 

availability due to the presence of organic acids, so that insoluble phosphate is 

made available by the action of these organic acids. Talukdar et al. (2001) also 

reported highest potassium content in water hyacinth vermicompost.

Vermiwash application produced significant effect on nutrient uptake by 

plants viz. nitrogen, phosphorus and potassium (Fig,9). Increased nutrient uptake 

was recorded by soil + foliar application of vermiwash. Here quantity of 

vermiwash av ailable for plants was more, so its beneficial effect was also more.

Increase in nitrogen uptake due to vermiwash application might be due to 

the alkaline nature and nutrient content of vermiwash. Vermiwash also contain 

nitrogen fixing organisms (Bhawalker. 1992) which can supplement soil available 

nitrogen by their metabolic reactions. The vermiwash application also caused 

significant increase in phosphorus uptake. The higher content o f  phosphorus in 

vermiwash as well as increased mineralization of soil phosphorus as a result of 

the production o f  organic acids during decomposition of vermicompost may be 

the reason for increased phosphorus uptake by the plants. The solubilization of 

phosphorus by the micro organisms present in vermiwash may be attributed to 

excretion of organic acids like citric acid, glutamic acid, succinic acid, lactic acid, 

oxalic acid etc. as proposed by Subbarao (1988). Similar findings of increased ’P
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uptake due to vermiwash application was reported earlier by Maheswari et 

al.{2003) and Karima et al. (1999).Increased LK' uptake due to vermiwash 

application might be due to the fact that vermiwash contain ‘K' in a highly 

soluble form. Jasmin (1999) reported that plant uptake of major nutrients like 

nitrogen, phosphorus, and potassium was maximum for highest concentration of 

vermiwash applied through foliage along with full inorganic fertilizers.

5.6 EFFECT OF AMF AND ITS INTERACTION WITH SOURCES OF 

ORGANIC MANURE AND VERMIWASH ON NUTRIENT UPTAKE

AMF inoculated plants caused significant effect on phosphorus and 

potassium uptake (Fig. 9). Root conductivity and root activity were more in AMF 

inoculated plants. The enhanced root proliferation and better nutrient assimilation 

along with total dry matter production might have resulted in increased uptake of 

nutrients especially phosphorus and potassium. Similar findings of increased 

uptake of nitrogen, phosphorus and potassium uptake due to AMF application w as 

earlier reported by Jayakiran (2004), potassium uptake by Paul and Clerk (1989) 

and phosphorus uptake by Sinha et al. (2004). WA interaction was significant 

with maximum value of potassium uptake for soil + foliar application of 

vermiwash along with AMF. The increased quantity of vermiwash enhanced the 

availability of potassium and hence increased potassium uptake by plants.

5.7 EFFECT OF SOURCES OF ORGANIC MANURE AND TIIEIR 

INTERACTIONS ON AVAILABLE SOIL NUTRIENT STATl.’S AFTER 

THE EXPERIMENT

Organic manure addition had significant influence on residual nutrient 

status of the soil (Fig. 10). The maximum value for available nitrogen was given 

by farmyard manure and least value for aquatic weed vermicompost (Table 26). 

Hie lower value of available nitrogen for aquatic weed vermicompost might be 

due to the increased uptake of nutrient by the plant. The phosphorus availability 

was higher for aquatic weed vermicompost. since phosphorus solubilising 

capacity o f  vermicompost is more which might have resulted in the increased 

availability of phosphorus. Reddy and Mahcsh (1995) also reported higher
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phosphorus availability in soil due to the application of vermicompost compared 

to farmyard manure. Organic manure application could record higher potassium 

availability in soil. Vermicompost can favourably influence soil properties and 

can ensure steady supply of nutrients including potassium throughout the growth 

period, Vermicompost is a very rich source o f  potassium compared to farmyard 

manure and this might have resulted in high potassium status in treatments with 

vermicompost. Bhawalker (1992) could obtain 10 per cent more of KAO in soils 

with vermicompost application.

The control treatment (water spray) recorded maximum available nitrogen 

status after the experiment compared to vermiwash application (Table 26). T his 

might be due to increased uptake of nitrogen in vermiw'ash treated plots compared 

to water spray. Vermiwash application caused significant influence on available 

phosphorus and potassium after the experiment. The alkaline nature of vermiwash 

might have ameliorated the acidity o f  the soil of the experimental field and 

thereby increased the content o f  available phosphorus in the soil. Vermiwash 

contain potassium in soluble form and hence increased available potassium status. 

Similar findings o f  increased availability of phosphorus and potassium were 

earlier reported by Jasmin (1999).

Interaction effect of different sources of organic manure along with 

vermiwash application was significant with maximum value of KA availabilitv for 

banana pseudostem vermicompost with soil+foliar application o f  vermiwash. 

Similar findings of increased availability of nitrogen, phosphorus and potassium 

in soil due to combined effect of organic -  organic sources were earlier reported 

by Hangarge et a!. (2004),

5.8 ! I ! K  1 OF AMF AND ITS INTERACTION WITH SOURCES 01 

ORGANIC MANURE AND VERMIWASH ON AVAILABLE SOU. 

NUTRIENT STATUS A1TER THE EXPERIMENT

AMF produced significant influence on available phosphorus and 

potassium at harvest of crop while available nitrogen was significantly lower than 

non inoculated plants ( l able 26). The lowest value of available nitrogen might be



due to increased uptake o f  nitrogen by AMF. in addition to phosphorus 

solubilization, this micro organism could mineralize organic phosphorus into 

soluble form. Thus microbes rendered more phosphorus into soil solution than 

that is required for their own growth and metabolism. This might be the reason for 

increased soil *P' in AMF received plots. Similar resuit o f  mineralization of 

phosphorus through the production of organic acids was reported by Levy and 

Krikun (1980). Singh and Singh (1993) also reported enhanced availability of 

diffusion dependent nutrient like phosphorus by AMF.AMF inoculated plants also 

recorded significant effect on potassium availability. AMF benefits plants through 

the expansion o f  soil volume by which nutrients like potassium are made more 

available. This is in accordance with the findings of Clark and Zeto (2000) and 

Gill et al, (2000).

VA interaction w:as significant with higher available nitrogen status in 

farmyard manure with AMF and farmyard manure without AMF, This might be 

due to less uptake o f  nitrogen by plants in these plots. WA interaction produced 

significant effect on 'P ' availability in soil, o f  which soil + foliar application of 

vermiwash along with AMF recorded maximum 'P ' availability. This might he 

due to the combined effect of both these increased quantity of vermiwash and 

AMF on phosphorus solubilisation.

WA interaction was significant with soil + foliar application of vermiwash 

along with AMF produced significantly higher value for available potassium 

status. Similar findings o f  increased availability of nitrogen, phosphorus and 

potassium in soil due to combined effect of organic + organic sources were earlier 

reported by Hangarge et al. (2004).

5.9 Fl IT t  ! OF SOURCES OF ORGANIC MANURE. VERMIWASH A M ) 

AMF AND THEIR INTERACTIONS ON PERCENTAGE OF FRUITS 

INFESTED BY FRUIT AND SHOOT BORER

Different sources o f  organic manures and vermiwash produced significant 

difference in percentage of fruits infested by fruit and shoot borer (fab le  28). 

Percentage infestation was maximum in farmyard manure treated plots, while
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aquatic weed vermicompost recorded least infestation of fruits. This might be due 

to increased uptake o f  potassium in aquatic weed vermicompost treated plants 

compared to farmyard treated ones, since potassium gives resistance to pest and 

diseases incidence. Soil + foliar application o f  vermiwash caused least infestation 

of fruits, while water spray produced maximum infestation of fruits. Similar 

findings o f  increased resistance to pest and diseases by vermicompost application 

was earlier reported by Bhatnagar and Palta (1996) and vermiwash application h_\ 

Venkataswara et al. (2005) in bhindi. AMF inoculation could not produce any 

significant influence in percentage o f  fruits infested by fruit and shoot borer

5.10 EFFECT OF SOURCES OF ORGA N IC MANURE. VERMIWASH, 

AME AND THEIR INTERACTIONS ON ECONOMICS OF SEED 

PRO DUCTION

Different sources o f  organic manure, vermiwash and AME hud significant 

influence on BC ratio (Fig. 11). Aquatic weed vermicompost treated plots 

recorded maximum BC ratio of 2.27 compared to farmyard manure (Table 29). 

since the returns produced is more in these plots. Percentage increase in BC ratio 

due to aquatic weed vermicompost is about 17 per cent over farmyard manure. 

Similar findings of reduced cost of cultivation in bhindi by the application o f  

vermicompost were earlier reported by Ushakumari et al. (1999) and in tomato by 

Patil et al. (1998), Vermiwash application also significantly influenced BC ratio 

with soil + foliar application of vermiwash recorded the maximum value (2.45). 

Increased seed yield might be the reason for this high BC ratio. AMF also 

produced maximum BC compared to non inoculated plants. Even though not 

significant. VWA interaction had influenced the BC ratio with aquatic weed 

vermicompost along with soil + foliar application o f  vermiwash and AME giving 

maximum value of 2.79 and least by FYM along with water spray and without 

AMF (1.32).

Based on the results of the experiment, it is concluded that for getting 

maximum profit through the production o f  quality seeds in hhindi. application of
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aquatic weed vermicompost along with soil + foliar application of vermiwash and 

held application o f  AMF is ideal.
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A field investigation was conducted during June to September 2004 at 

College of Agriculture. Vellayani to evaluate the efficiency of different sources o f  

organic manure, vermiwash and AMF application on quality seed production o f  

bhindi. The findings of the investigation are summarized below.

Maximum plant height was noticed in banana pseudostem vermicompost 

followed by aquatic weed vermicompost at all growth stages. Of different modes 

of vermiwash application, soil + foliar application produced significantly higher 

plants follow'ed by foliar application alone. AMF inoculated plants recorded 

maximum plant height only at later stages than non inoculated ones. Banana 

pseudostem vermicompost along with soil +- foliar application of vermiwash 

recorded maximum plant height at all growth stages.

Interaction effect was significant at later stages with maximum plant 

height for aquatic weed vermicompost with soil + foliar application o f  vermiwash 

and AMF which was comparable with banana pseudostem vermicompost with soil 

+ foliar application o f  vermiwash and AMF.

Aquatic weed vermicompost recorded higher number of leaves with 

maximum leaf area index at all growth stages compared to other sources of 

organic manure. Soil + foliar application of vermiwash produced maximum 

number of leaves at early stage of growth while foiiar application of vermiwash 

registered maximum number of leaves at later growth stage. AMF application 

produced maximum number of leaves only at later growth stage. Soil -  foliar 

application o f  v ermiwash recorded maximum leaf area index at all growth stages 

while AMF application influenced leaf area index only at 60 DAS.

Aquatic weed vermicompost recorded higher drv matter production while 

farmvard manure recorded lower dry matter production at all growth stages. Soil 

- foliar application o f  v ermiwash along with AMF recorded maximum dry matter 

production at later growth stage. The interaction effect was significant with

6. SUMMARY
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aquatic weed vermicompost along with soil + foliar application of vermiwash and 

AMF registered maximum dry matter production at later growth stage.

Different sources of organic manure, AMF and their interactions did not 

show any significant influence on root spread. Vermiwash application showed 

significant variation in root spread with maximum value shown by soil + foliar 

application. Superior tap root length was noticed for banana pseudostem 

vermicompost and more or less same tap root length was observed for aquatic 

weed vermicompost. Soil + foliar application of vermiwash showed higher tap 

root length than other modes of application. AMF inoculated plants showed 

higher tap root length than non inoculated ones.

Vermicompost, farmyard manure, vermiwash and their interactions could 

not significantly influence root shoot ratio. But AMF significantly influenced root 

shoot ratio with higher root shoot ratio in treated plants.

Number of days taken for 50 per cent flowering was significantly delayed 

with farmyard manure and banana pseudostem vermicompost while those 

supplied with aquatic weed vermicompost took only 38 days. Vermiwash. AMI 

and their interactions did not produce any significant influence on days for 50 per 

cent flowering.

Aquatic weed vermicompost applied plots recorded maximum number of 

flowers plant"1, fruits plant"1, setting percentage and length and girth of fruits 

compared to banana pseudostem vermicompost and farim ard manure. 

Vermiwash. AMF and their interaction did not produce any significant influence 

on number of flowers plant '. fruits plant'1 and setting percentage.

Increased fruit yield, total fruit yield, maximum number o f  seeds fruit'1 

and weight of seeds fruit"1 was recorded by aquatic weed vermicompost followed 

by banana pseudostem vermicompost.

Aquatic weed vermicompost produced significantly higher seed yield ha '1. 

Soil + foliar application of vermiwash also produced significantly higher seed
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yield ha‘l. AMF application produced significant effect on seed yield with 

maximum seed yield in AMF treated plots.

About the quality aspects o f  seed, aquatic weed vermicompost and banana 

pseudostem vermicompost showed more or less same seedling vigour. Soil 

foliar application o f  vermiwash and foliar application alone caused significantly 

higher seedling vigour.

Aquatic weed vermicompost caused significantly higher nitrogen, 

phosphorus and potassium uptake. Soil + foliar application o f  vermiwash recorded 

maximum nitrogen, phosphorus and potassium uptake while AMF application 

caused maximum phosphorus and potassium uptake while no significant effect on 

nitrogen uptake was shown by AMF application.

Farmyard manure recorded significantly higher available nitrogen status 

in soil after the experiment. Water spray recorded maximum available nitrogen 

status after the experiment. Non AMF treated plots recorded maximum available 

nitrogen status. Aquatic weed vermicompost recorded significantly higher 

available phosphorus status while available potassium status was maximum for 

banana pseudoslem vermicompost. Soil + foliar application o f  vermiwash 

recorded maximum available phosphorus and potassium status. AMF application 

also produced significant influence on available phosphorus and potassium status.

Percentage of infestation of fruit and shoot borer was maximum in 

farmyard manure and in water spray. While AMF and their interaction was not 

significant

Aquatic weed vermicompost treated plots with soil + foliar application 

vermiwash and AMF recorded maximum BC ratio.

F u t u r e  l i n e  o f  w o r k

Potential of AMF in improv ing the growth and yield parameters in bhindi 

should be studied in detail. Effect of different sources of vermicompost 011 

growth, yield and production of quality seeds of various crops should be 

attempted.
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ABSTRACT

An exp er im en t was conducted  at C ollege o f  A gricu ltu re .  V ellayani 

du ring  June to Septem ber of 2004 to evaluate  the e ff icacy  of 

verm icom post,  verm iw ash  and A M F on quality  seed p ro d u c tio n  in 

bhindi. The experim en t was la id  out in split plot design  w ith  two 

rep lications . The main trea tm en ts  w ere aquatic w eed verm icom post.  

banana pseudostem  verm icom post and farmyard m anure  a long  with 

verm iw ash  th rough  soil app lica tion , foliar app lica tion , soil -- foliar 

app lica tion  and control trea tm ent as w ater spray. The subp lo t trea tm en ts  

consis ted  o f  A M F application and w ithou t AMF application .

T aller  p lan ts  were observed  in banana pseudostem  verm icom post  

and aquatic  w eed verm icom post trea ted  plots. S ign if ican tly  h igher 

num ber o f  leaves with high le a f  a rea  index and dry m atter  p roduc tion  

was noticed  in aquatic  weed verm icom post com pared  to o ther  organic 

m anures. Days for 50 per cent f low ering  was found m ax im um  for 

larm vard m anure . A quatic weed \ en n ico m p o s t  also show ed be tte r  root 

charac te r is t ics  a long with yield a ttr ibu tes  such as num ber o f  flow ers 

plant"1, num ber o f  fruits p la n t '1, fruit yield plant"1, total fruit y ield  h a '1, 

num ber o f  seeds f ru i t '1 & seed yield h a"1 with better seed quality 

param eters  like seed viability, seeding  vigour and germ ina tion  

percentage.

A m ong the modes of verm iw ash  app lica tion , soil + foliar 

app lication  o f  verm iw ash  was found belter in show ing superio r  trends in 

plant height, num ber o f  leaves, le a f  area index, dry m atter p roduction , 

num ber o f  flow ers and fruits p lan t"1, fruit yield p la n t '1, total fruit yield 

and seed yield ha -1 with better seed quality  i.e.. seedling  v igour and 

germ ination  percentage.



AMF ap p lica t io n  also showed m axim um  plant height, le a f  area 

index, dry m a tte r  production , root length , root - shoot ra tio , fruit yield 

p la n t '1, to tal fru it yield, weight o f  seeds f r u i t '1 and seed yield  h a 1.

H igher BC ratio  was found in aquatic  weed ve rm icom post,  soil + 

foliar app lica tion  o f  verm iw ash and in AMF. So aquatic  weed 

verm icom post a long  with soil + fo liar app lication  o f  verm iw ash  and 

AMF is ideal for quality  seed p roduction  in bhindi.



Appendix



APPENDIX - I

W eather data for the cropp ing period  
(2 nd Ju n e -  2 nd Septem ber 2004) -  w eek ly  averages

Standard T em perature  (°C) Rainfall R elative
hum idity

(%)

Evaporation
week

M inim um M axim um
(mm) (mm day '*)

21 23.83 30.96 78.20 80.90 2.47

22 24.02 30.69 18.00 82.50 2.92

23 22.84 29.84 86.40 84.64 2.73

24 23.07 30.00 67.20 87.35 2.54

25 23.67 30.32 59.00 82.28 3.69

26 23.60 30.51 18.00 81.86 3.66

27 23.64 30.77 17.40 83.36 3.74

28 22.79 29.61 87.40 84.64 3.40

29 22.93 29.47 153.90 83.50 3.19

30
i

23.69 29.61 31.00 85.79 3.17

 ̂ ij  1 i 24.40 29.99 7.80 83.50 4.03 :

32
i

22.51 30.07 68.50 82.50 3.97

33 22.68 29.40 15.80 82.36 3.17 1

3 4  ; 23.50 30.96
i

0 78.42 4.82

35 1

[
23.50 1. 30.74 | 0 76.92 4.97 !

1


