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INTRODUCTION

A n c ie n t  In d ia n  k n o w le d g e  on m e d icin a l plants w a s w id e  and  

com preh ensive. A  good num ber o f  m e d icin a l plants are fou nd  m entioned in the 

ancient c la s s ic a l A y u rv e d ic  texts. T h e  destruction and degradation o f  natural 

habitats o f  m e d icin a l plants h ave led to d im in ish ed  su p p ly  o f  these va lu a b le  

ra w  m aterials. T h e  p o o r a v a ila b ility  has also  resulted in  adulteration o f  ra w  

drug. O n e o f  the e ffe ctiv e  w a y s to c h e ck  the use o f  adulterants is  to cultivate  

the m uch  needed d ru g  plants.

Hemidesmus indicus [L in n .] R . B r. b elong in g to the fam ily  

A s c le p ia d a c e a  is  ren o w n ed  fo r its p h a rm a co lo g ica l prop erties K n o w n  as 

S a riv a  in San skrit, the plant is p o p u la r as N aru n in ti o r N a n n a ri in  our 

v e rn a cu la r language. T h e  plant is a slender, la ticifero u s, tw in in g  sliru b  

o c cu rrin g  o v e r the greater part o f  In d ia. T h e  tuberous root is  dark bro w n,  

s ilv e ry  w hite, tortuous w ith  tra n sv e rse ly  c ra c k e d  and lo n g itu d in a lly  fissu re d  

bark.

T h e  root fo rm s the o ffic ia l part w h ic h  is  reported to p o sse ss co o lin g  and  

b loo d  p u rify in g  actio n and is  h en ce u sed  to m ake re fre sh in g  d rin ks. T h e  root 

preparations are used  fo r  r e lie f  in  s k in  d iseases, fever, thirst, ch ro n ic

1



rheum atism , anaem ia etc. (W a rrie r  ei al, 1995). A v e ra g e  annual requirem ent 

o f  ffesh  roots o f  Hemidesmus indicus fo r the a y u rv e d ic  d ru g  m anufacturers is 

about 5 2 ,0 0 0  k g  and the w h o le  dem and is  met b y co lle ctio n  from  natural 

forests. T h e  m arket p ric e  o f  fresh root is  R s. 45 p e r kg.

R o o ts contain 0 .2 2 5  p e r cent essential o il contain ing 2  h y d ro x y  - 4  - 

m ethoxy benzald eh yd e as the m a jo r com ponent (C S IR .,  1 9 59 ). T h e  drug  

form s the m a in  com ponent in  co m m ercia l a y u rv e d ic  preparatio ns lik e  

sarib ad yasavam , pindathailam , v id a ryad ileh am , jatyad ig h rtam  etc. T h e  

enorm ous use s and the h igh  dem and h ave created enthusiasm  am ong the 

farm ers fo r taking up the cultivation o f  this plant. D o m e stica tio n  and  

standardisation o f  agrotechniques d eserves utm ost im portance at this ju n ctu re. 

T h e  present state o f  o u r k n o w le d g e  is scanty e s p e cia lly  on optim um  spacing, 

standard stage o f  harvest and nutrition o f  Hemidesmus indicus so as to 

in cre a se  the y ie ld  and q u ality  o f  prod u ce. In  v ie w  o f  this the present study w a s  

taken up w ith  the fo llo w in g  ob jectives:

1. T o  standardise the planting m aterial.

2. T o  a rriv e  at optim um  sp a cin g  fo r getting m axim um  yield .

3. T o  w o rk  out optim um  stage o f  harvest o f  Hemidesmus indicus so as to get 

highest y ie ld  o f  go od  quality.

2
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REVIEW  OF LITERATURE

Hemidesmus indicus co m m o n ly k n o w n  as ‘N a ru n in ti’ is a w e ll k n o w n  

a y u rv e d ic  d rug sin ce  ancient tim es. A v e ra g e  annual requirem ent o f  dry roots o f  

Hemidesmus indicus fo r  the a y u rv e d ic  drug m anufacturers is  about 26, 5 0 0  kg  

and the w h o le  dem and is  met b y co lle ctio n  from  natural forests. T h e  plant is  

not reported to be cultivated  any w here. S in ce  literature a v a ila b le  on  

cu ltiva tio n  aspects o f  this cro p  is  scanty, in form ation a v a ila b le  o n  all the 

m e d icin a l plants are re v ie w e d  in  this chapter.

2.1 Methods of Propagation

2.M  Seed

Seed germ ination is  the ca p a city  o f  seeds to g ive  rise  to norm al sprouts  

w ith in  a d efinite period , fix e d  fo r each  cro p  u n d e r optim um  conditions. T h e  

percentage o f  germ ination is  the n u m e rica l ratio o f  n o rm a lly  germ inated seeds  

to the total num b er taken fo r germ ination.

B a d h w a r et al. (1 9 5 7  and 1 9 6 3 ) recom m ended propagation o f  

sarpagandhi (Rauvolfia serpentina) b y  seeds fo r better e co n o m ic y ie ld  and  

o b se rv ed  2 5  -  5 0  p e r cent germ ination. T h e  seed rate recom m en d ed  is @  5.5  

k g  h a '1. O n an average irrigated tw o y e a r o ld  plantation y ie ld e d  2 2 0 0  k g  and a



three y e a r o ld  plantation 3 3 0 0  k g  a ir  d rie d  roots p e r hectare. Sahu (1 9 7 9 )  

fo u n d  that y ie ld  contrib uting characters lik e  length, diam eter and w eig h t Of 

-fre sh  and a ir  d ried  roots w e re  h ig h er fro m  seed propagated plants.

In  Potentilla erecta K o z lo w s k i (1 9 8 1 ) reported that seed  germ ination  

w a s found to b e  9 5 p e r cent. T h e  plants g re w  w e ll but s lo w ly  and d ise a se  free  

and obtained a m axim um  rh izo m e  y ie ld  in  the fourth y e a r o f  p la nting  

(2 5 0 0  k g  h a '1). D e v i et al. (1 9 8 2 ) reported that fresh  seeds are use d  fo r  v ia b le  

p rop agation o f  Rauvolfia serpentina co m p a red  to stem o r root cuttings,

H eg d e  (1 9 8 8 ) reported that in  p e riw in k le  {Catharanthus roseus), plants  

propagated through cuttings flo w e re d  3 - 4  m onths e a rlie r than that ra ise d  fro m  

seeds. F o r d iy  m atter pro d u ctio n  plants sh o u ld  be propagated through seeds  

and fo r seed  p ro d u ctio n  through cuttings. P lants propagated through cuttings  

sh o w e d  slig htly  in cre a se d  plant height, b ran ch es p e r plant and stem  diam eter. 

W h e re  as the p ro d u ctiv ity  in term s o f  root, le a f  and stem w a s not affected  by  

the m ethod o f  propagation. H e  also  fo u n d  that the m ethod o f  propagation did  

not sh ow  any in flu e n ce  on harvest index. R o o t shoot ratio w a s co n sid e ra b ly  

lo w e r in  plants propagated through cuttings than those ra ise d  fro m  seeds.

M itra  and K u s h a ri (1 9 8 9 ) co m p a red  the germ ination and seed ling
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s u rv iv a l o f  tw o cu ltiv a rs o f  Solamim khasiamim. T h e y  found that 

sc a rific a tio n  o f  seed s w ith  1 0  p e r cent n itric  a c id  im p ro v e d  germ ination and  

seed lin g  s u rv iv a l in G a n d i w h ic h  had h e a v ie r seed s w ith  higher g ly co sid e  

content than S - S type cu ltiv a r o f  Solatium khasianum.

2 .1 .1 .1  S e e d lin g

M e e ra  (1 9 9 4 ) rated seed lin g s as the best planting m aterial in 

adapathiyan {Holostemma annulare) fo r re a lis in g  m axim um  y ie ld  o f  fresh as 

w e ll as d ry  roots. A m o n g  the fiv e  propagules, seed lin g s sh ow ed  the highest  

fie ld  establishm ent o f  9 1 .7  p e r cent fo llo w e d  b y root stum ps (8 7 .5  pe r cent), 

root cuttings (8 4 .7  p e r cen t) and v in e  cuttings (8 3 .3  pe r cent). S eedlings  

re co rd e d  highest v a lu e  in  term s o f  length o f  vin e, diam eter o f  vin e, inter nodal 

length and nu m b er o f  branches. She also fo u nd  that the seed ling s re co rd e d  

h ig h er root y ie ld  and y ie ld  contributing facto rs lik e  root length and root 

volu m e, w h ere  as root diam eter rem ained un affected b y  the type o f  planting  

m aterial used. T h e  fresh  and d ry  root y ie ld  o f  seed lin g s w e re  3 .4 9  and  

1 . 1 9 1 ha re sp ectively.

2.1.1 V e g e ta tiv e  m e a n s

V egetative  o r a sexu al propagation is  adopted to p ro d u ce  plants identical 

in  genotype w ith  the so u rce  plant. N e w  plants are regenerated fro m  stem, le a f



or root.

Sahu (1 9 6 9 ) reported that in Rauvolfia serpentina, 5 cm  o f  the root w ith  

a p o rtion o f  the stem  above the c o lla r  planted in  M a y  - June in  irrigated fie ld s  

gave 90 - 9 2  p e r cent su ccess. Pepperm int, propagated b y rooted sprouts  

p ic k e d  from  after cro p  pepperm int fie ld s, has been found to im p ro ve  large  

sca le  g row ing , instead o f  propagation b y  t ille rs -(F o ld e s i and H a v a s., 1 9 79 ). 

K h a sk h a s ( Vetiveria zizanioides)  propagated through slip s w ith  roots w a s  

fo u n d  to be s u c c e ssfu l in  the b la c k  so il o f  Pune, fo r in cre a sin g  root y ie ld  

(K a m ic k ,  1 9 79 ). San d al w o o d  (Santalum album) propagated through root 

su ck e rs  and sid e grafting techn iq ues w e re  found to be p ro m isin g  (H u s a in  

etai,  1982).

In  Hemidesmus indicus, P h ilip  et al. (1 9 9 1 ) reported that the root 

cuttings o f  10 cm  length h a vin g  a girth o f  1.3 to 1 .8 cm  at the centre can be  

u sed  fo r vegetative propagation. T h e  stem cuttings fa ile d  to root even w ith the 

a p p lica tio n s o f  10, 2 0  and 3 0  ppm  o f  IA A ,  IB  A  and N A A ,  resp ectively.

L e g h a  and Sharm a (1 9 9 3 ) reported that in liq u o ric e  ( Glycyrrhiza 

glabra)  cuttings o f  un der ground stem o r root o f  15 -  2 5  cm , p o sse ssin g  2 - 3  

eye b ud s are fo u n d  better fo r  getting h igh er yield.

6



S u d had evi (1 9 9 2 ) o b se rv ed  that the root cuttings o f  tree turm eric  

(iCoscinium fenestratum) re co rd e d  sprouting o f  7 0  p e r cent, but no ro oting w as  

observed.

h i Dioscorea floribm da  c ro w n  portions o f  the tubers as planting  

m aterial p ro d u ce d  highest dry m atter com pared  to m ed ium  and tip portions  

under B a n g a lo re  cond ition (H e g d e  and R a n d h a w a , 1982). T h e y  a lso  reported  

that the percentage o f  d ry matter distrib utio n into different parts w a s not 

affected b y  planting m aterial. R a ja g o p a la n  (1 9 8 3 ) reported that in kach olam  

(.Kaempferia galanga) planting o f  m other rh izo m es w e re  found to be sup erior  

to that b y  fin ger rh izo m es fo r p ro d u cin g  m axim um  fresh and d ry  rh izo m e  

yie ld s. O le o re sin  y ie ld  w a s also  high w h en m other rh izo m es w e re  planted. 

P h ilip  (1 9 8 4 ) reported that in turm eric ( Curcuma longa)  h a lves o f  m other 

rhizom ^p o f  3 5  - 4 4  g w eight is  the best planting m aterial fo r getting high er 

y ie ld  o f  c u re d  p ro d u ce  as w e ll as fo r the h igh er y ie ld  o f  curcum in . K rish n a n  

(1 9 9 5 ) ob se rv ed  that in Dioscorea floribunda optim um  cro p  grow th is  

obtained w h en  tuber p ie c e s  o f  5 0  - 7 0  g w e re  used.

In  Inula japonica  the sim p lest m ethod o f  p ro p agation is  b y  planting  

orth otro pic shoots in  the M o s c o w  reg io n  and S o v iet F a r  E a st (N o v o s e lc e v a  

ei al, 1 9 7 0 ). N a m b ia r et al. (1 9 7 7 )  ob se rv ed  that tw o no d ed  cuttings o f



P a n n iy u r - 1 v a rie ty  o f  p e p p e r w a s  the best pro p agatin g m aterial resu ltin g  in  

m axim um  ro o tin g  and fie ld  establishm ent. In  Mentha Citrata, stem  cuttings  

c o u ld  b e use d  fo r la rg e  sca le  cu ltiva tio n  (A ru m u g a n  and K u m a r, 19 8 0). T h e y  

also  co n clu d e d  that at least one le a f  is  req u ired  on the stem cutting fo r  

su c c e ssfu l ro o tin g  in  Mentha citrata.

V a d iv e l et al. (1 9 8 1 ) recom m en d ed  hard w o o d  cuttings fo r su cce ssfu l  

vegetative prop agation in  cinnam on. Z e le n in a  (1 9 8 1 ) reported that rh izo m e  

cuttings are su p e rio r to root cuttings fo r the propagation o f  Podophyllum 

pelatum. H eg d e  (1 9 8 3 ) ob se rv ed  that in  B la c k  P ep p er {Piper nigrum), the 

three no d ed cuttings, ro oted better than one or tw o noded cuttings in  

P a n n iy u r -1 variety.

G a u n iy a l et al. (1 9 8 8 ) suggested that stem cuttings o f  6  -  7 cm  w ith  tw o  

buds is  the best suited pro p ag u le  o f  Rauvolfia serpentina and that hard w o o d  

cuttings p erfo rm ed  better than soft w o o d  cuttings. Seong et al. (1 9 8 9 ) obtained  

9 0 -  100 pe r cent ro o ting b y u sin g  cuttings in Gymnoslemma pentaphyllum.

In ch e th ik o d u ve li {Plumbago rosea), Subha (1 9 9 0 ) didnot o b serve any  

sig n ifican t d iffe re n ce  betw een two no d ed  and three noded cuttings in  term s o f  

root y ie ld  as w e ll as root characters.
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S h i et al. (1 9 9 0 ) co m p a red  the s u rv iv a l rate o f  Artemisia rutifolia and  

A. transiliansis b y  u s in g  cuttings and fo u n d  that A. rutifolia and A. 

transiliansis h ad  a m ean su rv iv a l rate o f  69.4 p e r cent and 60 p e r cent, 

re sp e ctiv e ly .

In  Rosa damascena F a ro o q i et al. (1 9 9 4 ) reported that the b asal w o o d y  

cuttings treated w ith  I B A  at 3 0 0  ppm  re co rd e d  the highest ro oting p e r cent 

(46.2),^ m ore n u m b e r o f  roots (5 7 ,3 ),  h ig h er fre sh  (0 .5 3  m g) and d ry w eight 

(0 .0 7  m g). T h is  treatment also  had better shoot grow th and su rv iv a l o f  

cuttings. S h in ji et al. (1 9 9 4 ) reported that in  Polygonum multiflorum, rate o f  

rooting w a s highest w h en  planted w ith  cuttings. B a lu  and A lg e sa b o o p a th i 

(1 9 9 5 ) o b se rv e d  that in Andrographis lineata, the percentage o f  establishm ent 

w a s highest (6 7 .0 )  w ith  stem  cuttings.

S in gh  and S ingh  (1 9 8 0 ) found that Dioscorea Jloribunda can  be 

e ffe c tiv e ly  propagated b y  a ir and grou nd  layering. R e m a  and K rish n a m o o rth y

(1 9 9 4 ) obtained 87 p e r cent s u c c e ss  in  c lo v e  w h en  it w a s vegetatively  

propagated b y  grafting.

2 .2  S p a c in g

In  any cro p , there sh o uld  be optim um  plant p o pu lation in  the fie ld  fo r
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re a lis in g  m axim um  e co n o m ic y ie ld s. I f  the plant population is v e ry  lo w  or very  

high it w ill h a ve  an ad verse effect on the y ie ld  o f  the crop.

2.2.1 Biometric characters

G o re n  et al. (1 9 8 1 ) reported that in h o ps (Humulus lupulus) a sp a cin g  

o f  125 x 1 50  cm  w a s fou nd  to be optim um  fo r p ro d u cin g  h igh er shoot and bud  

developm ent. In  A ra b ia n  ja sm in e  (Jasminum samhac) L e k s k u l (1 9 8 2 )  

reco m m en d ed  0 .7 5  x 1 m sp a cin g  fo r in d u cin g  free flo w e rin g  habit and  

p ro d u cin g  h igh er f lo w e r yie ld . L a s z lo  and G y o n g y i (1 9 8 2 ) found that fo r best 

grow th o f  Carum carvi the optim um  stand density sh o uld  be 11 0 .7  plants /  m 2. 

Jo sep h  (1 9 8 3 ) fo u n d  that in ch a n n a k o o va  (Costus speciosus)  w h en planted at 

a sp a cin g  o f  7 5  x 7 5  cm  enhanced the vegetative grow th o f  the plants as 

in d ica te d  b y  the m axim um  num b er o f  tillers, num b er o f  le a v e s and le a f  area  

p e r plant.

S in gh  and D a d la n i (1 9 8 8 ) m ade an elaborate study on the grow th and  

flo w e rin g  in Rosa damascena and reported that the plant height, plant spread, 

num ber o f  shoots p e r plant, num b er o f  flo w e rs p e r plant and w eig h t o f  flo w e rs  

p e r plant w a s fou nd  to be optim um  at a sp a cin g  o f  7 5  x 7 5  cm . In  Plumbago 

rosea, S u b h a (1 9 9 0 ) ob se rv ed  that the height o f  plant in crea se d  w ith  decrease  

in  sp a cin g ., w h ereas the spread  o f  plant in crea se d  w ith  in crea se  in spacing.
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In  p a lm a ro sa  the tille r and le a f  num ber in crea se d  to a size a b le  extent by  

planting at a sp a cin g  o f  30  x 15 cm  (M a h e s h w a ri et al., 19 91). In  tube rose  

(Polianthes tuberosaj B hattacharjee et al. (1 9 9 4 ) reported that planting o f  

b ulb s at a  sp a cin g  o f  2 5  x 2 0  cm  is  best fo r in cre a sin g  vegetative growth, 

flo w e rin g  and b ulb  form ation.

2 .2 .2  Yield attributes

A c c o rd in g  to Sharm a and S in gh  (1 9 7 9 ) the herb and o il y ie ld  o f  

pepperm int w a s found to be h ig h er at a ro w  sp a cin g  o f  60 cm . C la r k  and  

M e n a ry  (1 9 7 9 ) co m p a red  the o il y ie ld  obtained fro m  pepperm int b y  lo w e r and  

h ig h er d ensity o f  planting. T h e  o il y ie ld  obtained fro m  h igh er density o f  

planting (3 0  and 4 0  plants m "2 )  continued to in cre a se  even at a m enthol 

content o f  5 0  p e r cent.

H erb a g e  and o il y ie ld  o f  ja'va citro n ella  sh o w e d  a lin ea r in crea se  due to 

in cre a se  in  the le v e ls  o f  plant po pulation (B o m m e g o w d a  et al., 19 80). In  

Dioscorea floribunda, R a o  et al. (1 9 8 1 ) recom m ended a sp a cin g  o f  45 x 3 0  

cm  fo r a one y e a r cro p  and 60 x 45 cm  fo r tw o y e a r c ro p  fo r getting highest 

tuber y ie ld  and d io sg en in  content.

Maximum height o f 76.5 cm was obtained at a spacing o f 50 x 15 cm.
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N a n d i and C h a tte ije e  (1 9 8 1 ) rep orted  that the total herbage y ie ld  o f  

senna w a s  fo u n d  to b e optim um  at a sp a cin g  o f  3 0  x 3 0  cm . H a z a rik a  el al. 

(1 9 8 1 ) co m p a red  the h erb  and o il y ie ld s  o f  p a lm a ro sa  w ith  re sp ect to different  

sp a cin g  co m b in a tio n s and fou nd that m axim um  herb (1 2 ,8 5 2  k g  h a '1)  and o il  

(7 0 .6 9  k g  h a '1)  y ie ld  w a s obtained at a sp a cin g  o f  4 0  x  4 0  cm . In  ch ico ry ,  

P appiah and M u th u sw a m i (1 9 8 1 ) reported that clo se st sp a cin g  is  better fo r  

p ro d u cin g  h ig h e r tuber yield.

In  turm eric, P o n n u sw am y and M u th u sw a m y  (1 9 8 1 ) reco m m en d ed  a 

sp a cin g  o f  4 5  x  2 0  c m  fo r  getting h igh er y ie ld . G h o s h  et al. (1 9 8 1 ) o b served  

that in b la c k  cu m in  a sp a cin g  o f  2 0  cm  betw een ro w s p ro d u ce d  m axim um  

y ie ld  o f  6 9 7 .7 7  k g  h a '1. In  ca ra w a y , L a s z lo  and G y o n g i (1 9 8 2 ) obtained  

highest y ie ld  at a  p la n tin g  d ensity o f  10 5  -  1 2 0  plants m '2.

In  senna an optim um  sp a cin g  o f  4 5  x  3 0  cm  w a s fou nd  to be better fo r  

p ro d u cin g  highest y ie ld  (P a re e k  et al., 1 9 8 3). Jo sep h  (1 9 8 3 ) reported that in  

Costus speciosus h ig h er rh izo m e  and d io sg en in  y ie ld  w a s obtained w hen  

planted at a sp a cin g  o f  5 0  x  50  cm . Singh et al. (1 9 8 3 ) o b se rv ed  that in  

lem ongrass, the h erb  and o il y ie ld  w a s  m axim um  at a pla nt p o pu lation o f  

1 ,1 1 , 0 0 0  p lants p e r hectare.
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S in gh  et al. (1 9 8 3 ) found that an optim um  ro w  sp a cin g  o f  2 0  cm  

p ro d u ce d  m axim um  seed and o il y ie ld  in co ria n d e r ( Coriandrum sativum). In  

Valeriana wallichii a  sp a cin g  o f  5 0  x 4 5  cm  w a s found to be optim um  fo r  

p ro d u cin g  highest d ry root y ie ld  and m axim um  essential oil. T h e  d ry  root y ie ld  

and essential o il content obtained in  this case  w a s 3 0 .9  g p e r plant and 1.183  

p e r cent, re sp e c tiv e ly  at'three y e a rs o f  plant age (S h ah  and G upta, 1983).

R a o  et al. (1 9 8 4 ) obtained highest b io m a ss and essential o il y ie ld s in  

bergam ont m int b y  planting at 4 5  cm  ro w  spacin g. In  pa lm arosa, R a o  et al. 

(1 9 8 5 ) reco m m en d e d  a sp a cin g  o f  3 0  x  3 0  cm  and 4 5  x  3 0  cm  and a p plication  

o f  2 4 0  k g  N  pe r hectare p e r y e a r fo r getting h igh er essential o il y ie ld . M irc e a  

(1 9 8 7 ) rep o rted  a ro w  sp a cin g  o f  6 2 .5  cm  fo r getting highest y ie ld  o f  Tagetes 

patulp. T h e  seed rate reco m m en d ed  w a s @  4 k g  h a '1.

In  sage (Salvia officinalis) T a b a ra  et a l  (1 9 8 7 ) fo u n d  that an in crea se  o f  

ro w  sp a cin g  fro m  6 2 .4  to 7 5  cm  resulted in an average y ie ld  d ecrease b y  13 

p e r cent. G a u r and Sharm a (1 9 8 7 ) reported that inter and intra ro w  sp a cin g s  

had no effect on in cre a sin g  seed and latex y ie ld  in Opium poppy. A h m e d  and  

R a h m a n  (1 9 8 7 ) com pared  seed size  and sp a cin g  on the y ie ld  o f  turm eric and  

found that m edium  size d  (11 - 2 0  g ) seed at a c lo s e r sp a cin g  o f  15 cm  apart is  

the best fo r p ro d u cin g  m axim um  yie ld . In  Ocimum gratissimum var.



clocimum, fre sh  and d iy  w eig ht o f  plant in cre a se d  w ith d ecrea se in plant 

po pu lation density (B a ly a n  et al, 1988).

A h m e d  et at. (1 9 8 8 ) o b se rv ed  that in  g ing er (Zingiber officinale) 

m axim um  y ie ld  o f  13.4  t h a"1 w a s  obtained w ith  a n a rro w  sp a cin g  o f  15 cm . 

R a o  et a l  (1 9 8 8 ) recom m en d ed  a sp a cin g  o f  60 x  4 5  cm  fo r getting highest 

h erb and o il y ie ld  o f  1 1 .2  k g  ha"1 at a ro w  sp a cin g  o f  3 0  cm .

A c c o rd in g  to K a m w a r and S a im b h i (1 9 8 9 ) the highest seed  y ie ld  in  

fen ug reek w a s obtained w ith  a ro w  s p a cin g  o f  2 0  cm  and seed rate used  in  this 

ca se  w a s  3 7 .5  k g  h a '1. B o rd ia  et al. (1 9 9 5 ) recom m en d ed  ro w  distance o f  

3 0  x  15 c m  fo r ob tain ing co m m e rcia l y ie ld  in  Chlorophytum sp. S ubha (1 9 9 0 )  

reported that in  Plumbago rosea the highest root y ie ld  w a s  obtained w ith  the 

clo se st sp a cin g  o f  5 0  x  15 cm , w h ere a s the p e r plant root y ie ld  w a s highest 

under w id e r s p a cin g  o f  5 0  x 4 5  cm . In  palm arosa, M a h e sh w a ri et a l (1 9 9 1 )  

obtained h ighest herbage and o il y ie ld  w h en  planted at a sp a cin g  o f  

3 0 x 1 5  cm .

B a d iy a la  and P a n w a r (1 9 9 2 ) suggested that the highest grain y ie ld  o f  

k a la z ira  w a s obtained at a  ro w  sp a cin g  o f  3 5  cm' o v e r n a rro w  sp a cin g s o f  2 5  

and 15 cm . In  Mentha viridis a sp a cin g  o f  3 0  cm  betw een ro w s is found
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e ffe ctiv e  fo r p ro d u cin g  highest herbage and o il y ie ld s  (C h in n a b h a i et at., 

19 92). B hati (1 9 9 2 ) reported that m axim um  seed  y ie ld  and harvest in d ex o f  

cu m in  is asso icated  w ith  a ro w  sp a cin g  o f  2 2 .5  cm .

C h a tte ije e  et al. (1 9 9 5 ) o b se rv ed  a sp a cin g  o f  10 x 10 cm  fo r in cre a sin g  

the y ie ld  in  Cepaelis ipecacuanha. In  lo n g  p e p p e r {Piper longum),  

V isw a n a th a n  (1 9 9 5 ) fo u n d  that s p a cin g  o f  6 0  x 6 0 cm  p ro d u ce d  h igh er y ie ld .  

S h eela  (1 9 9 6 ) reco m m en d ed  5 0  x  5 0  cm  sp a cin g  in  Piper longum fo r getting  

better grow th  and y ie ld  d u rin g  the first y e a r o f  grow th w h ereas A y is h a  (1 9 9 7 )  

obtained the highest cum u la tive  y ie ld  and y ie ld  attributing characters at a 

w id e r sp a cin g  o f  60 x  60 cm  in the se co n d  and third y e a r o f  growth.

2.2.3 Secondary metabolites

Plant se co n d a ry  m etabolites are co m po und s present in  plants w h ic h  are 

b e lie v e d  to h ave no ro le  in  the b a s ic  life  p ro cesse s, but h ave seco nd ary non  

essential ro le  (M iz ra h i,  1988).

R a o  et al. (1 9 8 1 ) rep orted that fo r getting highest d io sg e n in  content o f  

m e d icin a l yam  a s p a cin g  o f  4 5  x 3 0  cm  is  to be adopted fo r a one y e a r crop. In  

senna, the total senn osid e content o f  the plant w a s m axim um  w h en  planted at a 

sp a cin g  o f  6 0  x  6 0  cm  and m in im um  in 3 0  x 3 0  cm . T h e  senn osid e content
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p e r pla nt w a s  sh o w n  to be m ost p ro n o u n ce d  w h en  planted at 90 x  60 cm  

sp a cin g  (N a n d i and Chatterjee, 19 8 1 ). H atak eyam a (1 9 8 1 ) fou nd  that in  opium  

p o p p y  ( Papaver somniferum) better m orph ine y ie ld  pe r unit area w a s obtained  

w h en  the plants w e re  m ore d e n se ly  planted.

In  Solanum viarum sp a cin g  o f  90 x 1 5 0  cm  gave optim um  y ie ld  

(8 4  k g  h a '1) o f  so la so d in e  (P a til and L a lo ra y a , 1981). H a z a rik a  et a l (1 9 8 1 )  

obtained m axim um  geranio l content in p a lm a rosa at 4 0  x  60 cm  spacin g. 

L a s z lo  and G y o n g y i (1 9 8 2 ) obtained lo w e r content o f  vo la tile  o il fro m  crop s  

h arvested fro m  dense stand o f  caraw a y.

Singh et a l  (1 9 8 3 ) obtained highest citra l content o f  lem on grass under 

a m axim um  po pulation o f  1 ,1 1 ,0 0 0  plants p e r hectare. In  palm arosa planting  

d ensities o f  14.81 and 2 2 ,2 2  plants m '2 p ro d u ce d  essential o il o f  good quality  

w ith lo w  am ount o f  terpenes and geranyl acetate but h ig h er am ount o f  free  

g eran io l (P a re e k  et al, 19 83).

In  flo s  ad on is {Adonis automnalis) E l  -  G e n g a ih i et al. (1 9 8 1 ) o b served  

that sp a cin g  h ad  no effect on c a rd ia c  g ly co sid e  percentage. In  Coriandrum 

satmm  sp a cin g  didnot affect quality o f  o il (S in g h  et al, 1983).

Jo se p h  (1 9 8 3 ) obtained highest d io sgenin  y ie ld  in  Cost us speciosus at a



h igh er d ensity planting (5 0  x  50  cm ) as co m p a red  to p la n tin g  it either at 

60 x 60 cm  o r 7 5  x  7 5  cm . Shah and G u p ta  (1 9 8 3 ) reported that a sp a cin g  o f  

5 0  x  45 cm  gave m axim um  essential o il content (1 .1 8 p e r cent) in  Valeriana 

wallichii.

S in gh  et a l  (1 9 8 9 ) reported that in  ja p a n e se  m int the essential o il y ie ld  

w a s highest at the clo se st sp a cin g  o f  3 0  x 10 cm , w h ereas sp a cin g  had no  

ap p re cia b le  effect on m enthone and m enthol content.

S u b h a (1 9 9 0 ) obtained h ighest p lu m b a g in  y ie ld  o f  4 .2 9  k g  ha ' 1 at a 

sp a cin g  o f  5 0  x  15 c m  in  Plumbago rosea w h ereas the highest p e r plant y ie ld  

o f  p lu m b ag in  (0 .1 1  g) w a s obtained from  a w id e  sp a cin g  o f  5 0  x  4 5  cm . In  

cham om ile, G o w d a  et a l  (1 9 9 1 ) obtained highest essential o il y ie ld  at a 

sp a cin g  o f  3 0  x  2 0  cm .

R a o  et al. (1 9 8 4 ) o b se rv ed  that essential o il concentration w a s not 

affected  b y  sp a cin g  in  bergam ont mint.

2.3 Stage of harvest

O p tim u m  stage o f  h arvest fo r a c ro p  is an im portant m anagem ent 

p ra ctice  to be adopted fo r getting highest y ie ld  and good q u ality  o f  prod u ce.
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N y b e  (1 9 7 8 ) obtained the m axim um  y ie ld  o f  green ginger w h en  

h arvested at 180 days after planting. H e  also  o b se rv ed  that the d ry in g  

percentage continued to in cre a se  w ith the m aturity o f  the cro p  and m axim um  

d ry in g  percentage w a s obtained d u rin g  the last stage o f  h arvest i.e. at 2 7 0  days  

after planting.

Patil and B o rs e  (1 9 7 9 ) reported that h a rve stin g  o f  tu rm e ric  at the stage 

o f  eight and a h a lf  m onths after planting gave the highest y ie ld  o f  turm eric. 

T h e y  also fo u n d  that in cre a se  in  the cu rin g  percentage w a s o b served  as the 

p e rio d  o f  h arvesting w a s enhanced. In  ja v a  citron ella, fiv e  herbage cuts w e re  

p o ssib le  in 2 6  m onths and an o il y ie ld  o f  6 5 5  k g  w a s obtained from  a hectare  

(B o m m e g o w d a  and K rish n am o o rth y, 1 9 79 ). P ra sa d  and S axena (1 9 8 0 )  

reported that tire accu m ulation o f  d ry m atter w a s m axim um  at the tim e o f  

harvest o f  first  and se co n d  cuttings in  pepperm int {Mentha piperita).

P a re e k  et al. (1 9 8 1 ) obtained m axim um  o il y ie ld  in p a lm a ro sa  

{Cymbopogon martinii v a r motia) at the com m encem ent o f  flo w e rin g . T h e y  

also ob se rv ed  that the total herbage y ie ld  w a s h ig h e r w h en  h arvested at the 

early  seed form ation stage. In  Eucalyptus citriodora N a ir  et al. (1 9 8 3 )  

reported that the optim um  tim e fo r getting m axim um  y ie ld  o f  o il w a s m id d le  o f

2.3.1 Yield attributes
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M a y  fo r  the p re  -  m on so on harvest o f  le a v e s and m id d le  o f  N o v e m b e r fo r the 

P ost m o n soo n harvest.

C h a n d ra  and Singh (1 9 8 3 ) found that in  fie ld  m int (Mentha arvensis), 

the highest o il y ie ld  and best quality o f  o il w e re  obtained b y harvesting the 

cro p  at 1 3 5  days after sow ing . In  Kaempferia galanga, R a ja g o p a la n  (1 9 8 3 )  

reported that s ix  m onth o ld  cro p  gave m axim um  y ie ld  o f  fresh  rh izo m e. B u t the 

d ry rh izo m e  y ie ld  w a s m axim um  in  seven m onth old  crop . H e  also  reported  

that fresh  and d ry  rh izo m e  y ie ld  p e r hectare and d ryin g  percentage w ere  

sig n ifica n tly  in flu e n ce d  b y  planting time, h arvestin g  tim e and propagation  

method.

Jo sep h  (1 9 8 3 ) obtained m axim um  d ry  rh izo m e y ie ld  and dio sgenin  

content in Costus speciosus at nine m onths after planting. B y  d e la y in g  the 

harvest to 1 2  m onths after planting, the d ry  m atter percentage d ecrea sed  

together w ith  lo w  rh izo m e y ie ld  and d io sgenin  content. In  cinnam on  

(iCinnamomum zeylanicum)  T h o m a s et al. (1 9 8 7 ) obtained m axim um  le a f  oil 

w ith su p e rio r q u ality  w h en  tw o h arvests w e re  taken p e r year, one in M a y  and  

another in N o vem b er.
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W h ite  et al. (1 9 8 7 ) reported that in pep per the best y ie ld  o f  high quality  

o il w a s obtained in late Ja n u a ry  - early  F e b ru a ry  w hen the in flo re sce n ce  on the 

m ain stem w a s in 10 - 2 0  p e r cent bloom . H eg d e  (1 9 8 8 ) found that in  

Catharanthus roseus the highest rate o f  drym atter pro d u ctio n  w a s obtained  

betw een 1 5 0  and 2 1 0  days after transplanting.

C h in n a m m a  (1 9 8 5 ) found that in p a lm a ro sa herbage y ie ld  in the first  

year, se co n d  y e a r and total y ie ld  fo r the tw o y e a rs w e re  s ig n ific a n ly  in flu e n ced  

b y different in te rv a ls o f  h arvest and the m in im um  valu e w a s re co rd e d  b y 65  

d ays cutting in terval in both the years. G eeth a and T h o m a s (1 9 8 8 ) reported  

that the optim um  stage o f  harvest o f  ja m ro sa  com es out to be 60 days. 

K u ria k o s e  (1 9 8 9 ) o b se rv ed  that in p a lm a rosa m axim um  grass and o il y ie ld  w a s  

obtained w h en  harvested at 90 d ays interval.

B a k s h i et al. (1 9 9 1 ) fo u n d  that in  hops after the co n e form ation, third  

and fourth w e e k s are the optim um  p e rio d  fo r h arvesting o f  h o p flo w e rs  in  

v a rie tie s late cluster, com et, G o ld e n  cluster, H y b rid  - 2  and T a lism a n  fo r  the 

p ro d u ctio n  o f  d ry  matter, o ils  and alpha acid s. Late clu ster is  m ore stable  

am ongst a ll the varieties. G il l  and R a n d h a w a  (1 9 9 2 ) recom m en d ed that to get 

m axim um  herb and o il y ie ld s  o f  F re n c h  b a sil, the c ro p  m a y  be transplanted  

from  M a rc h  2 5  to M a y  10 under N orth  In d ia n  co n d itio n  and sh ould  be
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harvested at complete flowering stage.

M e e ra  (1 9 9 4 ) ob se rv ed  that y ie ld  as w e ll as so lu b le  carbobhydrate  

content o f  adapathiyan (Holostemma annulare) in cre a se d  w ith  a d v a n cin g  

stage o f  m aturity and it w a s m axim um  at 18 m onths stage. T h e  v in e  length  

sh o w e d  a p ro g re ssiv e  in cre a se  w ith  in crea se  in the duration o f  crop. T h e  

num ber o f  leaves, total le a f  area pe r plant, fre sh  and d ry  w eig ht o f  stem and  

le a f  first sh o w ed  an in cre a sin g  trend upto 1 2  m onths and there after decreased. 

M a x im u m  fresh  (4 .1 4  t h a '1) and d ry  root y ie ld  (1 .5 6  t h a '1)  w a s obtained w h en  

the cro p  w a s  harvested  at 18 m onths stage. M a x im u m  driage and harvest index  

also  w a s  n o ticed  w h en  harvested  at this stage.

N ig a m  and K a n d a lk a r (1 9 9 5 ) recom m ended the h arvesting o f  Withania 

somnifera 1 5 0  to 1 7 0  d ays after so w in g  fo r getting m axim um  root yield . L e g h a  

el al. (1 9 9 5 ) reported that the cro p  sh o uld  be h arvested at 2 ^  - 3 y e a rs for  

getting h igh er y ie ld  in Glycyrrhiza glabra. In  p e riw in k le , the cro p  should be  

harvested s ix  m onths after planting fo r getting m axim um  root y ie ld  and  

optim um  a lk a lo id  content (K rish n a n , 1995). In  piper longum V isw an ath an

(1 9 9 5 ) ob se rv ed  that the m axim um  y ie ld  o f  10 0 0  k g  ha ' 1 w a s  obtained in  third  

y e a r o f  planting. In  Rauvolfia serpentina, T riv e d i (1 9 9 5 ) reported that 18 

m onth o ld  cro p  gave m axim um  root yield . A y is h a  (1 9 9 7 ) fo u n d  that the peak
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b e a rin g  stage in  Piper longum w a s  at 17 m onths stage after w h ic h  there w a s a  

d ra stic  re d u ctio n  in  yie ld .

2 .3 .2  S e c o n d a ry  m e ta b o lite s

N y b e  (1 9 7 8 ) ob se rv ed  that o le o re sin  and o il content w a s m axim um  at 

165 d ays after p la nting and m in im um  at 2 7 0  days in fo u r types o f  g in g er viz, 

R io  - de - ja n e iro , M a ra n , K u ru p p a m p a d y  and W a y a n a d  L o ca l. G ig lia n o  

(1 9 8 0 ) reported that in  ca p su le s o f  Papaver bracteatum, the a lk a lo id  thebaine  

content re a ch e d  its m axim um  v a lu e  5 - 1 0  days after anthesis and after w a rd s  

it d e cre a se d  v e ry  q u ic k ly  re a ch in g  the lo w est va lu e  at 2 5  - 3 0  d ays after 

anthesis. K a ith  (1 9 8 1 ) o b se rv e d  that in  Carum bulbocastanum plant, the 

fla v o u r sco re  and the essential o il content w a s 14 .16  and 8 .7 5  d u rin g  

90 p e r cent seed  setting stage and d e crea sed  to 6 .4 2  and 6 .2 5  re sp e ctiv e ly  on  

5 0  p e r cent m aturity and 6 .0 0  in  both ca ses on com plete m aturity. T h u s fo r  

c u lin a ry  and m e d icin a l p u rp o ses, the c ro p  sh o u ld  be harvested  at 90 pe r cent  

seed  setting. A c c o rd in g  to N a ir  et al. (1 9 8 3 ) d ifferent tim es o f  h arvest had no  

effect on the p h y s ic o  -  ch e m ica l pro p erties o f  o il o f  Eucalyptus citriodora.

Jo se p h  (1 9 8 3 ) o b se rv ed  a steady d e crea se  in  the percentage o f  

d io sg e n in  w ith  d e la y  in  harvest, the m axim um  b e in g  d u rin g  the sixth m onth  

(N o v e m b e r) and m in im um  d u rin g the tw elth m onth (M a y ). L a m m e rin k  et al.
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(1 9 8 9 ) reco m m en d ed  the optim um  h arvest p e rio d  in  L a v a n d in  fro m  m id  to late 

flo w e rin g  fo r  obtaining h ig h e r percentage o f  1 ,8  - c in eo le, lin a lo o l and  

ca m p h o r o r b o m e o l. In  H u n g a ria n  pep perm in t an e a rly  cut in m id  - A u g u st and  

a fin a l cut in  O c to b e r ga ve high y ie ld s  o f  h igh  qu ality essen tial o il co ntain ing 2 

p e r cent pu leg o n e (B o u v e ra t -  B e rn ie r, 1989).

C h a n d ra  et a l  ,(1 9 9 2 ) o b se rv e d  no m a rk ed  d iffe re n ce s in the total 

g eran io l content o f  ja m ro s a  g rass w ith  re sp ect to v a rio u s dates o f  harvest.

L e e la  and A n g a d i (1 9 9 4 ) co m p a red  the laevom enthol, m enthone and  

neom enthol content o f  pepperm int obtained d u rin g  d ifferent tim es o f  harvest, 

v iz , A p r il,  Ju ly  and O ctober. T h e ir  study re v e a le d  that essential o il content and  

m enthol w e re  highest and m enthone content o f  o il w a s m inim um  w h en  

harvested in  Ju ly. M e e ra  (1 9 9 4 ) re v e a le d  that in  adapathiyan the fre e  am ino  

a cid s w e re  not affected b y  stages o /  harvest w h ere  as so lu b le  carbohydrate  

content w a s  highest w h en  harvested at 18 m onths stage.

2.4 Organic manuring

A p p lic a tio n  o f  o rg a n ic  m anures is  one o f  the im portant m anagem ent 

p ra ctice s fo r in cre a sin g  y ie ld  and quality.

K u ltu n o v  (1 9 8 4 ) reported that in  g a rlic, ap p lica tio n  o f  farm  y a rd  m anure
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( F Y M )  @  4 0  t ha ' 1 resulted in  the highest y ie ld  o f  b u lb s suitab le fo r lo n g  term  

storage. In  pep per, cattle m anure @i<rfha"* w a s found to be the m ost v ia b le  

treatment co m p a red  to goat o r c h ic k e n  m anure (A d iy o g a , 1 9 8 7). C h a ira m  

(1 9 8 7 ) rep orted  that in  Costus speciosus the best gro w th  w a s obtained b y  

so a k in g  2  -  node stem  cuttings in  15 p e r cent solution o f  c o w  urine.

A c c o rd in g  to B alash anm ug ham  et al. (1 9 8 9 ) the optim um  d ose o f  F Y M  

fo r p ro d u cin g  highest y ie ld  in tu rm eric w a s found to be 2 5 .0  t h a '1. T h e  fresh  

rh izo m e  y ie ld  obtained in  this ca se  w a s 3 2 ,3 7 0  k g  ha"1. M a h e sh w a ri et al. 

(1 9 9 1 ) ob se rv ed  that in p a lm a ro sa F Y M  @  15 t ha"1 gave h ig h er b io m ass and  

o il y ie ld . B ut the ap p lica tio n  o f  F Y M  d id  not affected the geraniol content. In  

rainfed  n ig e r R a m  et a l (1 9 9 2 ) found that ap plicatio n  o f  F Y M  resulted in 

65 p e r cent in crea se  in  seed y ie ld  as com pared  to that in the control.

V isw a n a th a n  (1 9 9 5 ) reported that F Y M  @  2 0  t ha ' 1 is  req u ired  for  

sa tisfa cto iy  grow th o f  Piper longum. L e g h a  et al. (1 9 9 5 ) ob se rv ed  that F Y M  

@  15 t ha ' 1 fo r  getting m axim um  root and le a f  y ie ld  in  Catharanthus roseus. 

H e  also  suggested green m anuring as an alternative fo r F Y M  ap p lica tio n  and is  

found to b e b e n e fic ia l in  Catharanthus roseus. B o rd ia  et al. (1 9 9 5 ) fo u n d  that 

in  Chlorophyium sp., F Y M  @  10 - 1 5  t ha ' 1 p ro v id e  go od  nutrient status to the. 

substfatum  fo r sup po rting healthy grow th o f  plant. T riv e d i (1 9 9 5 ) reported that
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F Y M  @  2 0  -  2 5  t h a _1 w o u ld  g ive  go od  re sp o n se  in Rauvolfia serpentina. In  

Cephaelis ipecacuanha, so il su ita b ly  e n rich e d  w ith  le a f  m ould  and co w d u n g  

p ro d u ce s fle sh y  roots and im p ro v e s y ie ld  (C h a tte rje e  et al, 1995).

In  Piper longum S heela (1 9 9 6 ) and A y is h a  (1 9 9 7 ) recom m ended the 

ap p lica tio n  o f  F Y M  @  2 0  t ha ' 1 fo r the best grow th in  term s o f  fresh  and d ry  

sp ik e  yield.
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MA TERIALS AND METHODS



M ATERIALS AND M ETHODS

T h e  present study w a s undertaken at the C o lle g e  o f  H o rticulture,  

V e lla n ik k a ra , T rich u r, K e ra la  d u rin g M a rc h  1996 to M a rc h  1997. T h e  

experim ental site is located at 10° 3 T  N  latitude and 7 6 ° 1 3 ' E  longitude at an 

elevation o f  about 4 0 .3  m  above m ean sea level.

T h e  m aterials used  and the m eth od olo gy adopted are d iscu sse d  in  this 

chapter. T h e  site is ch aracterised  b y  h ea vy  ra in s d u rin g  June - Septem ber 

(S outh - E a st M o n s o o n ) and O cto b e r - N o v e m b e r (N o rth  - E ast M o n so o n )  

m onths fo llo w e d  b y  a sum m er season from  M a rc h  to M a y .T h e  m eteo rolog ical 

data fo r the experim ental p e rio d  are presented in  A p p e n d ix  I  and Fig . I.

W e a th e r d u rin g  the c ro p  grow th p e rio d  w a s fa vo u ra b le  fo r the 

satisfacto ry p e rfo rm a n ce  o f  the crop. D u rin g  the p e rio d  o f  in vestigation a total 

ra in fa ll o f  2 2 3 9 .8  m m  w a s re c e iv e d  in  105 ra in y  days. T h e  m ean m axim um  

and m ean m in im um  tem perature d u rin g  the p e rio d  ranged fro m  2 8 .8 ° C  to 

3 6 .4 ° C  and 2 1 ,8 ° C  to 2 5 .2 ° C ,  re sp ectively. T h e  m ean sunshine h ours d u rin g  

the p e rio d  o f  experim entation ranged fro m  2 .7  to 9.6 w ith  a m ean re lative  

h um id ity  o f  7 3 .5  p e r cent.
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T h e  s o il o f  the experim ental site w a s a deep w e ll d rained  sandy c la y  

loam . T h e  data on the p h y s ic a l and ch e m ica l prop erties o f  the so il are g iven  in  

T a b le  1.

T a b le  I . P h y sico -c h e m ic a l properties o f  the so il o f  the experim ental site.

SI.
No.

Particulars Value Method employed

A. Mechanical Composition
Coarse sand
Fine sand
Silt
Clay
Texture: Sandy clay loam

(per cent) 
26.0
23.1
2 1 . 2  
29.7

Robinson’s international 
pipette method (Piper, 1942)

B. Chemical composition (kg ha'1)

Total Nitrogen 0.072 per cent Microkjeldhal method 
(Jackson, 1958)

Available Nitrogen 250.88 Alkaline permanganate 
method (Jackson, 1958)

Available P2O5 15.86
Bray - 1 extract- Ascorbic 
acid blue colour method. 

(Watanabe and Olsen, 1965)

Available K20 177.32
Neutral normal ammonium 

acetate extract. Flame 
photometry. (Jackson, 1958)

Organic Carbon 0.83 per cent Walkley - Black method. 
(Jackson, 1958)

Soil pH 4.9 1:2.5 soil water ratio. pH 
meter (Jackson, 1958)
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F o u r types o f  planting m aterials w e re  adapted fo r the n u rse ry  screening.

i)  T h re e  no d ed  v in e  cuttings planted ve rtica lly .

i i )  F iv e  centim etre lo n g  m ain root cuttings and planted v e rtic a lly  w ith

1 cm  p o rtio n  re m a in in g  above grou nd  level.

i i i)  F iv e  centim etre lo n g  m ain root cuttings and planted h o rizo n ta lly  at

2  cm  b e lo w  the soil surface

iv )  F iv e  centim etre lon g root stum ps co n sistin g  o f  2 .5  cm  shoot and  

2 .5  cm  root portion.

T h e  planting m aterials fo r the n u rse ry  studies w e re  co lle cte d  lo c a lly  

fro m  V e lla n ik k a ra  d u rin g  M a rc h  1996. F o r p re p a rin g  v in e  cuttings a ctiv e ly  

g rd w in g  plants w e re  co lle cted  and three noded cuttings w e re  prepared. R o o t  

stum ps o f  5 cm  w e re  p rep ared  by retain ing 2 .5  cm  ro o t and 2 .5  cm  shoot 

portion a b o v e the c o lla r  region. M a in  root cuttings o f  5 cm  w e re  planted in  

tw o w a y s - h orizontally, 2  cm  b e lo w  the so il su rfa ce  form ing one treatment 

and the other v e rt ic a lly  so  that 1 cm  o f  it rem ain above the so il level.

T h e se  m aterias w e re  planted in pots o f  s ize  1.2 'x  1 .2 ' x 2 ', f ille d  w ith  

potting m ixture (sand, so il and farm  y a rd  m anure in  1 : 1:1  ratio ) and kept under

3.1 Preparation of planting materials and nursery
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partial shade and irrigated frequently at least tw ice  d a ily  to a v o id  desiccation . 

T h e  n u rse ry  studies lasted fo r tw o months.

T h e  p ro p a g u le s raised  w e re  screen ed  based on the in itial establishm ent 

and grow th o b servatio n s and the best planting m aterial w a s found out and used  

fo r fie ld  experim entation.

3 .2  F ie ld  e x p e rim e n t

3.2.1 E x p e r im e n t a l d e ta ils

T h e  fie ld  trial w a s la id  out in split plot design w ith three rep licatio ns. 

M a in  plot treatments in clu d ed  com binations o f  3 le v e ls  o f  m anuring and 3 

plant densities and the subplot treatments consisted  o f  4 stages o f  harvest. T h e  

details o f  the treatment com b ina tio n are g iven  b elow .

A . M a in  p lo t  tre a tm e n ts : N in e

Treatment FYM (t ha'1) Spacing (cm)

T i  0  1 0 x 1 0

T2 0 15x15

T3 0 20 X 20

Tj 5 1 0 x 1 0

Ts 5 15x15
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T7 10

T8 10

T9 10

B . S u b  p lo t  tre a tm e n ts : F o u r  tim e s o f  h a rv e s t in g

K i  -  H a rv e stin g  at fiv e  m onths after planting (M A P ).

K 2 -  H a rv e stin g  at s ix  m onths after planting  

K 3 -  H a rv e stin g  at seven m onths after planting  

K 4  - H a rve stin g  at eight m onths after planting

T h e la y  out o f  the experim ent is  presented in  F ig .2 .

3 .2 .2  L a n d  p r e p a r a t io n  a n d  p la n tin g

T h e  area w a s c lea red  o f f  w e e d s and p lo u g h e d  w e ll to b rin g  the s o il to a  

fin e tilth and then levelled . R a is e d  b e d s o f  1.8 m  x  1.2 m  size  and w ith a 

height o f  . 15 cm  w e re  form ed w ith  an inter channel o f  15 cm  betw een the 

beds. F a rm  y a rd  m anure w a s a p p lied  at the re q u ired  rate fo r each  plot and  

in co rp o rated  into the so il p rio r to planting. T h e  root cuttings w e re  planted as 

p e r the treatm ents d u rin g  Ju ly  1996.

T6 5 2 0 x 2 0  

10  x 10 

15 x 15 

2 0 x 2 0
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T h e  plo ts w e re  c lea red  o f f  w e e d s tw ic e  in the season and earthing up  

w a s also  c a rrie d  out. F e rtiliz e rs  w e re  not a p p lie d  in  the experim ental fie ld . T h e  

details o f  m anual operations taken up in the experim ental fie ld  h ave been  

presented in  T a b le  2.

T a b le  2. D e ta ils  o f  cultural operations

3.2.3 Crop management

Date Operation

2 -7 -9 6 L a n d  preparation - w e e d in g  &  p lo ug h in g

4 -7 -9 6 L a y o u t &  prepara tio n o f  beds

5 -7 -9 6 A p p lic a tio n  o f  F Y M

7 -7 -9 6  to 9 -7 -9 6 P lanting

2 4 -7 -9 6 G a p fillin g

2 8 -8 -9 6  to 2 -9 -9 6 F irs t  w e e d in g

10-9 -9 6 E a rth in g  up

4 -1 1 -9 6  to 7 -1 1 -9 6 S e co n d  w e e d in g

2 4 -1 2 -9 6 H a rv e stin g  at 5 M A P

2 4 -1 -9 7 H a rv e stin g  at 6  M A P

2 4 -2 -9 7 H a rv e stin g  at 7 M A P

2 4 -3 -9 7 H a rv e stin g  at 8  M A P
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a. N u r s e r y  s tu d ie s

1. D a y s  to sprout and sp rou tin g percentage

2. L e n g th  an d  girth o f  shoot (c m )

3. Length and girth o f  root (c m )

4. N u m b e r o f  leaves

b. F ie ld  e x p e rim e n t

3.3.1  P e rc e n t a g e  o f  f ie ld  e s ta b lis h m e n t

T h e  num b er o f  plants established in the fie ld  w a s counted separately fo r  

each  treatment and the percentage establishm ent w a s w o rk e d  out as fo llo w s,

No.of cuttings germinated ^

No. of cuttings planted

3 .3 .2  P r e  -  h a rv e s t  o b s e rv a tio n s

T e n  plants in  each  o f  the experim ental plo ts w e re  selected  at random  fo r  

re c o rd in g  the ob servatio ns on v a rio u s b io m e tric  ch aracters at m onthly  

intervals.

3.3.2 .1  P la n t  h e ig h t

H eig ht o f  the plant w a s m easured fro m  the grou nd  le v e l to the tip o f  the 

term inal bud. T h e  m ean va lu e  w a s w o rk e d 'o u t and exp re ssed  as plant height in  

centim etres.

3.3 Observations
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3 .3 .2 .2  N u m b e r  o f  b ra n c h e s  p e r  p la n t

T h e  total nu m b er o f  b ra n ch e s in  each  o f  the plants w e re  co.unted, the 

average w o rk e d  out and exp re ssed  as the num b er o f  b ran ch es p e r plant.

3 .3 .2 .3  N u m b e r  o f  le a v e s  p e r  p la n t

T h e  nu m b er o f  le a ve s present in each o f  the plants w e re  re co rd e d  at 

m onthly in tervals and the m ean p e r plant w a s w o rk e d  out and exp re ssed  as the 

num b er o f  le a ve s p e r plant.

3 .3 .2 .4  L e a f  a r e a  p e r  p la n t

T o  estim ate le a f  area, 2 0 0  le a v e s o f  Hemidesmus indicus w e re  co lle cte d  

and the actual le a f  area o f  e a ch  o f  the le a ve s w a s  found out g ra p h ica lly . T h e  

length and breadth o f  in d iv id u a l le a ve s w e re  also  reco rd ed . R e g re ssio n  

equations w e re  d e riv e d  fro m  the data based on the le a f  length, le a f  breadth and  

length x  breadth rela tio n sh ip  w ith  the actual le a f  area. T h e  best fitting  

re g re ssio n  equation w a s obtained u sin g  length and length x  breadth w ith  the 

actual le a f  area. i.e.

Y =  -0 .3 5 2 3  +  0. 2 0 0 2 1  L  +  0 .4 9 0 5 4  L B  ( R 2 =  0 .7 9 8 3 ). W h e re  Y  is  the le a f  

area (c m 2) L  =  le a f  length (cm ), L B  =  length x  breadth (c m 2) o f  the in d iv id u a l 

leaf.
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D a y s  to first flo w e r appearance, the num b er o f  in flo re sce n ce  p e r plant 

and the num b er o f  flo w e rs  pe r in flo re sce n ce  on w h ich  flo w e rin g  o c cu rre d  w ere  

counted.

3.3.3 Post harvest Observations

A s  p e r the treatments, h arvestin g  w a s ca rrie d  out at fo u r stages, fiv e  

m onths, s ix  m onths, se v e n  m onths and eight m onths after planting, T h e  ten 

ob se rv a tio n a l plants w e re  dug out separately takin g ca re  to c o lle ct  the entire  

roots and cle a n e d  in  w a te r to re m o ve  the ad h erin g  so il p a rticles.

3.3.3.1 Length of root

T h e  total length o f  the root w a s m easured  from  the base to the tip o f  the 

root in  centim etres separately fo r each  ob servatio nal plant and the m ean w a s  

w o rk e d  out and exp re ssed  as the length o f  the r o o t .

3.3.3.2 Diameter of the main root

D ia m e te r o f  the m ain root o f  each o b servatio nal plant w a s m easured  

u sin g  a non -  e la stic  tw ine, the length o f  w h ic h  w a s m easured  in centim etres  

and the m ean w o rk e d  out and exp re ssed  as the diam eter o f  the root.

3.3.2.5 Observations on flowering
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3.3.3.3 Number of roots per plant

T h e  total n u m b er o f  roots fo r  each  o b se rv a tio n a l plant w a s also  

re co rd e d  and the m ean o f  w h ic h  w a s  exp re ssed  as n u m b e r o f  roots p e r plant.

3.3.3.4 Fresh weight of aerial parts (stem and leaf)

F re sh  w eig h t o f  stem  and le a f  w e re  re co rd e d  separately fo r  each  

o b servatio n al plant and the averag e w o rk e d  out and e x p re sse d  as fresh  

h erbage y ie ld  in  gram s p e r plant.

3.3.3.5 Fresh weight of roots

A fte r c le a n in g  the roots, fresh  root w eight o f  the. ob servatio nal plants  

w e re  re co rd e d  and the m ean valu e w a s w o rk e d  out and e x p re sse d  as the fresh  

w eig h t o f  ro o t in  gram s p e r p la n t .

3.3.3.6 Dry weight of aerial parts (stem and leaf)

T h e  stem  and le a f  sam p les after re c o rd in g  the fre sh  w eig h t w e re  d rie d  in  

the oven kep t at 7 0 ° C  fo r 2 4  - 48 h o u rs until constant w e ig h t and the m ean  

w o rk e d  out and e x p re ssed  as d ry  w e ig h t o f  h erbage in  gram s p e r plant.
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T h e  root sam ples w e re  o ve n  d ried  at 7 0 ° C  fo r 2 4  - 4 8  h ours until a

constant w eight is  obtained. T h e  m ean p e r plant w a s  w o rk e d  out and

e xp re ssed  as d ry  w eig ht o f  roots in  gram s pe r plant.

3.3.3.8 Dry matter yield

T h e  d ry  w eig h t o f  aerial and root p o rtion in each o f  the treatments w ere  

added separately and exp re ssed  as total d ry  m atter y ie ld  in  k g  ha ' 1

3.3.3.9 Harvest index

H arve st in d ex w a s w o rk e d  out u sing the form ula, H a rv e st in d ex -

Economic yield _  Oven dry root yield

Biological yield Oven dry weight of herbage+ Oven dry weight of root

3.3.4 Net plot yield

F ro m  the net plot area all the plants w e re  h arvested  and the aerial and  

root p o rtion w e re  w eig h ed  separately and exp ressed  as herbage y ie ld  (k g  h a '1) 

and root y ie ld  (k g  ha"1).

33 .3 .1  Dry weight of roots



3.5 Quality attributes /  parameters

3.5.1 Essential oil content

E sse n tia l o il content in  Hemidesmus indicus w a s estim ated b y  steam  

d istilla tio n  o f  fresh  roots u sin g  c le v e n g e r apparatus. F o r  this 40 g o f  fre sh  root 

sam ple w a s first m ashed and taken in  a 500 m l ro un d  bottom ed d istillatio n  

f la s k  to w h ic h  100 m l o f  d istille d  w ater w a s added. T h e  contents w e re  

d istille d  fo r 3 ^ - 4  h ours until the o il le v e l rem ain ed  constant and the vo lu m e  

o f  o il co lle cte d  w a s noted and exp re ssed  as p e r cent on v o lu m e  b y  w eig ht  

b asis.

3.5.2 Essential oil yield

F ro m  the o il content and the fre sh  root y ie ld , the o il y ie ld  w a s w o rk e d  

out an d  e xp re ssed  in  litres p e r hectare.

3.5.3 Alcohol soluble extract

S o xh let extraction m ethod w a s  adopted fo r  the determ ination o f  the 

a lco h o l so lu b le  extract o f  a ir  d rie d  roots o f  Hemidesmus indicus (L e e s, 19 75 ). 

F o r  this lO.Og o f  fin e ly  p o w d e re d  a ir  d ried  ro ots o f  Hemidesmus indicus w a s  

a ccu ra te ly  tran sfered  to a filte r pa p e r to h o ld  the sam ple and the w eig h t o f  the 

sam ple  together w ith  filte r p a p e r w a s re co rd e d . T h e  sam ple p a ck et w a s  then  

kept in  the extraction tube o f  Soxhlet apparatus, w h ic h  in  turn o f  is connected
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to a  condenser. T h e  extraction tube is  connected to a  ro un d  bottom ed fla s k  o f  

1 2 5  m l. M e th a n o l w a s  use d  as the solvent, o f  w h ic h  w a s p o u red  through the 

sam ple in  the tube in  to the fla sk . E x tra ctio n  o f  the sam ple w a s ca rrie d  out for  

eight h ours w ith out interruption in  a w a te r bath m aintained at 8 0 °c. T he  

tem perature o f  w a te r bath w a s regulated in su ch  a w a y  that the so lven t w h ich  

v o la tiliz e s  co n d en sed  and drops co n tin u o u sly  up o n  the sam ple w ithout any  

a p p re cia b le  loss. A t  the end o f  the extraction period , the sam ple in  the 

extraction tube turned co lo u rle ss, and the sam ple p a ck et w a s re m o ve d  from  

the extractor. T h e  S oxhlet f la s k  w a s dism antled and a llo w e d  to cool. T h e  

solvent w a s evapo rated  on a w a te r bath kept at 9 0 ° C , T h e  Soxhlet fla sk  along  

w ith  the re sid u e  w a s w eig hed . T h e  re sid u e  left in  the Soxhlet f la s k  after the 

com plete evapo ration o f  the solvent w a s w e ig h e d  to get the a lco h o l so lu b le  

extract w h ic h  w a s exp re ssed  as a percentage on d ry  w eig h t basis.

T otal a lco h o l so lu b le  extract in g =  w t o f  Soxhlet fla sk  along w ith  

resid u e (g ) - wt. o f  em pty Soxhlet fla s k  (g )

wt.of residue (g)
T o ta l a lco h o l so lu b le  extract (p e r cen t) =  wt.of dried sample x  100

used for extraction (g)
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F re s h  root sam ples o f  Hemidesmus indicus w e re  used  fo r the estim ation  

o f  w ater so lu b le  extract u sin g  s p e c ific  gravity m ethod (R an gan na, 19 77 ). F o r  

this 1 0 .Og o f  fresh  root sam ple w a s m ade into a paste u sin g  a m ortar and 

pestle. 5 0 m l o f  d istille d  w ater w a s added to this and centrifuged fo r 2 0  

m inutes. T h e  supernatant liq u id  w h ich  contained the w ater so lu b le  m aterial, 

w a s decanted and the s p e c ific  gra vity  o f  w h ic h  w a s determ ined u sing a 

s p e c ific  gra vity  bottle.

0  Weight of extract
S p e c ific  gra vity   -----------------  — -------------------------

Weight of an equal volume of water

T h e  s p e c ific  gra vity  va lu e s thus obtained w e re  then co nverted  into the 

co rre sp o n d in g  total so lu b le  salt v a lu e s fro m  the T a b le s w h ic h  sh o w s the 

relatio n b etw een s p e c ific  gra vity  and gram s o f  sug ar p e r litre  (R an gan na, 

19 77 ).

3.5.4 W ater soluble extract
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3 .6.1 Plant analysis

The oven dried plant samples were powdered and stored p P  

carrying on, chemical analysis. T h e  nitrogen. Phosphorus and potass.um

contents of these samples were estimated.

3 .6 .2 Total Nitrogen

Total nitrogen content of the plant sample was determined by 

microkjeldhal digestion and distillation method (Jackson, 1958).

3.6.3 Total Phosphorus

The plant samples were digested using diacid mixture (HNO3 HGO4 ill 

the ratio of 2 :1) and the contents were made upto 50 ml. The P content was

estimated in the diadd digest by vanado moiybdo phosphoric yellow colour

method in HNO 3 system (Jackson, 1958)

3 .6 .4  T o t a l P o ta s s iu m

The potassium content o f plan, sample was determined in the diacid

d.gest usmg Emission Spectroscopy using EEL Flame photometer (Jackson

1958).

3.6 Chemical analyst

40



N itrog en , p h o sp h o ru s and p o tassium  uptake b y  the cro p  at different  

stages o f  h arvest w e re  com puted fro m  their re sp e ctiv e  ch e m ica l concentration  

and d ry  m atter p ro d u ctio n  and e x p re sse d  in  k g  h a ' 1

3.6 .5.1 Nitrogen uptake

T h e  N  uptake b y  the ab o ve g ro u n d -p o rtio n  ( le a f  +  stem ) and root  

po rtion w e re  fo u n d  out separately b y  the fo llo w in g  equation.

R o o t o r shoot N  uptake (k g  h a '1)

_  N  content x Dry matter yield of root or shoot (k g h a )
100 ’

T o ta l pla nt N  uptake (k g  ha"1)  =  N  uptake b y root +  N  uptake b y  shoot

( le a f  +  stem)

3.6 .5.2 Phosphorus uptake

T h e  P  uptake b y the a b o ve g rou nd  p o rtion ( le a f  +  stem ) and root portion  

w e re  estim ated in d iv id u a lly  fro m  the re sp e ctiv e  P  concentration as fo llo w s.

R o o t or Shoot P  uptake (k g  h a '1)

„  P content (per cent) x Dry matter yield (kg h a '1)

100

3.6.5 Total plant uptake
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T o ta l plant P  uptake (k g  h a '1)

=  P  up take b y  root (k g  h a '1)  +  P  uptake b y  shoot (k g  h a '1).

3.6 .5.3 Potassium uptake

T h e  K  uptake b y  the shoot in above ground po rtion (le a f  +  stem ) and  

root po rtion w e re  estim ated separately from  the K  concentration and the 

re s p e c tiv e  d ry  m atter yield .

R o o t o r Shoot K  uptake (k g  h a '1)

_  K  content (per cent) x Dry matter yield (kg ha' x)

100

T o ta l plant K  uptake (k g  h a '1) =  K  uptake b y  root (k g  h a '1)

+  K  uptake b y  shoot (k g  h a '1)

3.6.6 Soil

T h e  s o il sam ples co lle cte d  after the experim ent, w e re  a ir d ried  and  

sie v e d  through a 2  m m  screen.

3.6.6.1 Available Nitrogen

A v a ila b le  nitrogen in  so il w a s determ ined b y  a lk a lin e  perm anganate  

m ethod (S u b b a ia h  and A s ija ,  1956). F o r  this lO g  o f  a ir  d rie d  p o w d e re d  so il 

sam ple w a s m ix ed  w ith  1 0 0  m l each  o f  0 .3 2  p e r cent K M n 0 4 and 2 .5  p e r cent
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N a O H . 2 0  m l o f  d istille d  w ater w a s  also  added. A  sm all am ount o f  w a x  w a s  

added to the content to prevent frothing d u rin g  d istillation. N itrog en evo lve d  

w as co lle cte d  in  10 m l o f  4 p e r cent b o ric  a cid  co n tain in g  m ix ed  in d ica to r and  

the am m onia e v o lv e d  w a s  n e u tralized  b y  titrating against 0.01 N  H 2 S O 4. Fro m  

the titre value, the a v a ila b le  N  in  the so il w a s estim ated and exp re ssed  in  

k g  h a '1.

3.6 .6 .2 Available Phosphorus

A v a ila b le  P  in the s o il w a s extracted b y  u sin g  B ra y  - 1 extractant and the 

P  content w a s  determ ined b y  a s c o rb ic  a c id  b lu e  c o lo u r m ethod (W atan ab e and  

O lsen , 1 9 6 5 ) u sin g  sp e ctro n ic  - 2 0  spectrophotom eter. F o r  this fiv e  gram  air  

d ried 2 m m  sie v e d  so il sam ple w a s m ix ed  w ith  50  m l o f  B ra y  I  (0 .0 3  N  NH 4F 

+  0 .0 2 5  N  H C 1  solution). T h e  contents w e re  sh aken fo r fiv e  m inutes and  

filtered  u sin g  W h atm an N o . 4 2  filte r paper. T o  5m l o f  aliquot, 4m l o f  the 

reagent (1 2 g  am m onium  m olybdate +  0 .2 9  l g  antim ony p o tassium  tartarate +  

5 N  H2SO4 +  1.0 56  g a s c o rb ic  a c id ) w a s  added and m ade upto 2 5  m l. T h e  

c o lo u r intensity w a s read  in  S p ectro n ic  2 0  and the P  content in  so il w a s  

estim ated and e xp ressed  as k g  P2O 5 h a '1.

43



3.6 .6 .3 Available Potassium

A v a ila b le  K  in the so il w a s extracted b y neutral norm al am m onium  

acetate and w a s estim ated u sin g  E E L  flam e photom eter (Ja ck so n , 19 58 ). F o r  

this lO g  so il w a s m ix ed  w ith  5 0 m l neutral am m onium  acetate. T h e  contents  

w e re  sh aken fo r 5 m inutes and then filtere d  u sin g  w hatm an N o. 4 2  filter paper. 

A  5m l o f  the aliq uot w a s diluted to 2 5 m l w ith  d istille d  w ater and the K  content 

in  so il w a s determ ined u sin g  flam e photom eter and exp re ssed  as k g  K 2O  ha ' 1 .

3.6 .6 .4 Organic carbon

O rg a n ic  carb o n  content in  the s o il w a s determ ined u sin g  W a lk le y  and  

B la c k  titration m ethod (Ja ck so n , 19 58 ). F o r  this one gram  o f  fin e ly  ground so il 

w a s m ix ed  w ith  10 m l o f  1 N  K 2Q 2 0 7 and 2 0  m l conc. H 2 S 04 and shaken fo r  

a m inute. A fte r k e e p in g  the contents fo r  h a lf  an hour, the reactio n  w a s arrested  

b y adding 2 0 0  m l o f  d istille d  w ater. T h e  contents w e re  then titrated against 0 .5  

N  fe rro u s sulphate u sin g  1 m l fe rro in  as in d icato r. F ro m  the titre va lu e, the 

org a n ic carb o n  content o f  the so il w a s determ ined and exp re ssed  in  p e r cent.

3.7 Economics of cultivation

T h e  e co n o m ics o f  cultivatio n  o f  Hemidesmus indicus w a s  estim ated and  

exp re ssed  on p e r h ectare basis.
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T h e  data w e re  statistically  an alysed  fo r a n a ly sis  o f  v a ria n ce  as pe r the 

p ro ce d u re  outlined  b y  P anse and Sukhatm e (1 9 7 8 ).

3.8 Statistical analysis
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RESULTS

T h e  results o f  the in vestigations on A g ro te ch n iq u e s in  Ind ian  

sa rsa p a rilla  {Hemidesmus indicus [L in n .] R . B r)  are presented in this chapter.

4.1 Nursery studies

S cre e n in g  o f  plant parts to be used as planting m aterial w a s ca rried  out 

to select the best m aterial as a p ro p agu le  fo r co n d u ctin g  the fie ld  trial. T h e  

resu lts o f  the n u rse ry  studies are presented in  the T a b le  3.

4.1.1 Days to sprout and sprouting percentage

T h e  in flu e n ce  o f  planting m aterial on germ ination and establishm ent o f  

Hemidesmus indicus is g iven  in T a b le  3. E x ce p tin g  v in e  cuttings, a ll the 

planting m aterials sprouted w ith in  one w e e k  o f  planting. T h e  v in e  cuttings 

fa ile d  to sprout even after three w e e k s o f  planting.

M a x im u m  establishm ent w a s no ticed  in  m ain root cuttings planted  

v e rtic a lly  (6 0  p e r cent). T h e  treatments m a in  root cuttings planted h o rizo n ta lly  

and the root stum ps w e re  s im ila r in  term s o f  fie ld  establishm ent.

4.1.2 Length and girth of shoot

T h e  length o f  shoot form ed v a rie d  betw een the planting m aterials used  

(T a b le  3 ). A t seven w e e k  stage, shoot length ranged fro m  5 .4  to 10.8 cm  and
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the m ain root cuttings planted v e rtic a lly  re co rd e d  the m axim um  length.

A t seven w e e k  stage shoot girth v a rie d  betw een 0 .2  and 0.4  cm . T h e  

treatments m ain root cutting planted v e rt ic a lly  had th ick e r shoots. T h e  m ain  

root cuttings planted h o rizo n ta lly  re co rd e d  lo w e r va lu e s in  term s o f  shoot girth  

and shoot length.

4.1.3 Number of leaves

A t  seven w e e k  stage, the num b er o f  le a ve s p ro d u ce d  on a plant ranged  

fro m  4.8 to 6.5 and as in the ca se  o f  shoot length and shoot girth, the treatment 

m ain root cuttings planted v e rtic a lly  re co rd e d  the m axim um  v a lu e  fo llo w e d  by  

the treatment root stump.

4.1.4 Length and girth of root

A t  seven w e e k  stage, the treatment m ain root cutting planted v e rtic a lly  

had the longest roots (1 4  cm ). T h e  m ain root cuttings planted h o rizo n tally  

ran ked  seco n d  in this character.

T h e  root girth w a s sim ila r (0 .2  cm ) in these treatments w h ereas root 

stum ps p ro d u ce d  thinner roots.
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Table 3. Effect of various plant parts as propagule in Hemidesmus indicus on

the biometric characters of the plant

Treatm ents
Days Sprouting Shoot Shoot No. o f leaves R o o t Root

to P er cent length (cm ) g irth  (cm) per plant length girth

sprout (cm ) (cm)

M a in  root

cuttings (5  cm )
planted

v e rtically

6 60 10.8 0.4 6.5 14 0.2

M a in  root

cuttings (5  cm )
planted
horizo n tally

6 40 5.4 0.2 4.8 12 0.2

R o o t stum ps 
(5  cm )

5 40 6.4 0.3 5 .3 10.5 0.1

V in e  cuttings 

planted 

vertically  
(5  cm )

. . . --- --- --- ---
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T h e  resu lts o f  the n u rse ry  studies re v e a le d  that v e rtic a lly  planted m ain  

root cuttings o f  5 cm  length is  the ideal planting m aterial in  Hemidesmus 

indicus and the fie ld  experim ent w a s co nd u cted w ith this.

4.2 Field experiment

O b se rv a tio n s on fie ld  establishm ent (T a b le  not presen ted ) re ve a le d  that 

84 - 8 8  p e r cent o f  the 5 cm  lo n g  m a in  root cuttings planted v e rtica lly  

established w ith in  the first w e e k  o f  planting. O b se rva tio n s o f  b io m etric and  

y ie ld  ch aracters w e re  record ed , the resu lts o f  w h ic h  are presented here.

4.2.1 Biometric Characters

4.2.1.1 Height of plant

T h e  in flu e n ce  o f  sp a cin g  x F Y M  and stages o f  harvests on plant height  

in  Hemidesmus indicus are presented in  T a b le  4.

T h e  treatment sp a cin g  x F Y M  sig n ifica n tly  in flu e n ce d  the height o f  

plants. T h e data re v e a le d  that in  a ll the three sp a cin g s v iz ., 10 x 10 cm, 

1 5 x 1 5  cm  and 2 0  x  2 0  cm , ap p lica tio n  o f  F Y M  resulted in  a sig n ifica n t  

in crea se  in plant height and the plant height in crea se d  w ith  in cre a sin g  le v e l o f  

F Y M .  T h e  p lo ts re c e iv in g  F Y M  @  10 t h a h a d  the tallest plants.
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Table 4. Effect of spacing x FYM and stage of harvest on plant height (cm) in
Hemidesmus indicus

T re a tm e n ts

S tag e  o f  th e  p la n t  (m o n th s  a fte r  p la n t in g )

2 3 4 5 6 7 8*

A . S p a c in g  x  F Y M

T , 12.9 16.0 16.9 17.9 18.4 2 1 .9 22 .5

t 2 16.9 19.1 20.1 2 1.4 2 2 .3 24.6 25.1

t 3 14.9 17.5 18.6 19.8 20 .9 26 .3 26.6

T 4 19.4 2 5.1 26,0 27.1 29.9 34 .6 38 .2

Ts 2 5 .6 28.0 28.6 2 9 .7 32 .9 3 7 .2 3 9 .7

t 6 18.3 2 1 .4 21.2 22.6 24 .4 2 7.1 29 .2

t 7 29 .4 36 .8 3 2 .5 34 .3 36.1 36 .0 4 1.2

t 8 29.1 32 .0 3 1 .6 3 2 .9 3 3 .6 38 .4 4 1 .3

t 9 2 1.9 2 5.5 25.1 25.6 2 7 .6 32.1 3 5 .0

S E m  ± 2 .7 3.1 - 2. 9 2. 9 3, 3 4. 9 4 .7

C D  (0 ,0 5 ) 8. 2 9. 2 8. 6 8. 6 10.0 14.6 14.0

B . S tag e  o f  h a rv e s t

K , 2 1 .3 2 4 .2 24.1 2 5.5

k 2 20.5 2 4 .7 24.5 25 .4 26.9 — —

k 3 20.8 24 .5 24.6 26.1 2 7 .4 2 9 .2 —

K 4 21.1 25 .0 24,9 25.9 2 7 .7 3 2 .6 —

S E m  ± 1. 2 1.1 1.1 1.1 1.2 0. 8 —

C D  (0 .0 5 ) N S N S N S N S N S 2 . 2 —

C .  In t e r a c t io n N S N S N S N S N S N S —

* Analysed in R B D
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E x ce p tin g  seven m onth stage, stage o f  the plant d id  not in flu e n ce  the 

plant height in  Hemidesmus indicus. A ls o  the treatment com b ina tio ns did not 

affect the height o f  plants in Hemidesmus indicus.

4.2.1.2 Number of leaves per plant

T h e  treatment sp a cin g  x F Y M  in flu e n ced  sig n ifica n tly  the num b er o f  

leaves p ro d u ce d  on a plant (T a b le s  5 a  to 5 c). Irre sp e ctiv e  o f  the v a ry in g  plant  

densities, a p p lica tio n  o f  F Y M  @  10 t ha _1 re co rd e d  the m axim um  num ber o f  

leaves p e r plant fo llo w e d  b y  the treatment F Y M  @  5 t h a '1.

T h e  different stages o f  harvest d id  not affect the rate o f  le a f  prod u ction  

in  Hemidesmus indicus.

T h e  interaction effect o f  treatments w a s sig n ifica n t at f iv e  and seven  

m onth stages. A t  fo u r m onth stage, the le a f  num b er p e r plant v a rie d  from  15.6  

to 4 5 .0  and the treatment re c e iv in g  F Y M  @  10 t ha 1 p lanted at 10 x  10 cm  

sp a cin g  and harvested at six  month stage re co rd e d  the m axim um  value. A t  fiv e  

m onth stage, also  the sam e treatment re co rd e d  the m axim um  num b er o f  leaves  

p e r plant (4 5 .8 ). A t  seven month stage, the treatment re c e iv in g  F Y M  @

1 0  t ha ' 1 and planted at 1 0  x  1 0  cm  sp a cin g  re co rd e d  the highest v a lu e  o f

4 4 .4  (T a b le s  5b  and 5 c).
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Table 5a. Effect of spacing x FYM and stage of harvest on leaf number per

plant in  Hemidesmus indicus

T re a tm e n ts
S ta g e  o f  th e  p la n t  (m o n th s  a fte r  p la n t in g )

2 3 4 5 6 7 8 '

A . S p a c in g  x  F Y M

T , 12.3 15.2 1 7 .7 18.9 21.1 24.4 2 5.3

t 2 14.8 17.6 19 .7 21.1 2 3 .6 2 5 .5 2 2 .7

T j 14.1 16.8 19.1 2 1 .3 22.3 2 5 .0 20.9

t 4 18.6 22.2 24.9 26.1 2 7 .7 29.3 26 .6

t 5 2 3 .0 28.9 30 .8 3 1 .7 34 .1 38.1 3 7 .6

t 6 19.9 22.1 2 4 .8 26.9 2 9 .2 29 .9 2 5 .2

t 7 26.0 3 7 .4 39 .1 40.1 42.6 4 1.9 3 5 .0

Tg 2 7 .9 3 3 .4 3 5 .8 3 6 .7 39.1 38 .3 3 3 .6

t 9 2 1.8 2 7 .0 3 3 .9 3 5 .4 36 .5 3 3 .8 32 .6

S E m  ± 1 .7 1. 9 1. 3 1. 2 1.4 1 . 6 1.7

C D  (0 .0 5 ) 5. 2 5. 6 4. 0 3 .7 4. 2 4 .7 5. 2

B . S tag e  o f  h a rv e s t

K , 2 0 .7 2 3.8 26.4 2 8 .3 — — —

k 2 19.4 25.1 28.5 3 0 .0 30 .9 — —

k 3 19.4 2 4 .4 26 .8 2 8 .3 3 0 .0 3 1 .2 —

K , 19.8 24.8 2 7 .5 2 8 .7 3 1 .1 3 2 .4 —

S E m  ± 0 .8 7 0 .9 7 0.69 0 .66 0 .5 7 0.60 —

C D  (0 .0 5 ) N S N S N S N S N S N S —

C. In t e r a c t io n N S N S sig sig N S sig —

* Analysed in R B D



Table S&t, Interaction effect of treatments on the leaf number per plant in
Hemidesmus indicus at five month stage

T re a tm e n ts k 2 k 3 K ,

T , 17.9 16.4 16 .7 2 4 .7

t 3 2 1 .4 2 1 .0 2 1 .4 20.5

T , 2 2 .7 19.2 24.4 18 .7

t 4 24,9 26.1 25.8 2 7 .7

T j 28 .4 2 7 .5 . 3 3 .6 3 7 .3

t 6 2 9 .7 2 8 .0 2 5 .3 24.6

t 7 36 .2 45.8 4 0 .9 3 7 .6

t 8 3 4 .7 4 1 ,4 36 .1 34 .8

t 9 38 .4 40 .5 3 0 .7 32.1

S E m  ± 1.9

C D  (0 .0 5 ) 5.6



Table 5c. Interaction effect of treatments on the leaf number per plant in

H e m id e s m u s  in d ic u s  a t  s e v e n  m o n t h  s t a g e

T re a tm e n ts K j k 4

T , 19.9 28 .8

t 2 2 4 .4 26 .6

t 3 2 7 .2 2 2 .9

t 4 2 8 .3 3 0 .3

t 5 3 5 .5 40.6

t 6 3 1 .7 28.1

t 7 44.4 3 9 .4

T g 39 .2 3 7 .5

t 9 30 .2 3 7 .4

S E m  ± 1.79

C D  (0 .0 5 ) 5.08



4.2.1.3 Number of branches per plant

T h e  in flu e n ce  o f  v a rio u s treatments on the n u m b er o f  b ran ches p e r plant  

in  Hemidesmus indicus are presented in  T a b le  6a. T h e  data sh o w e d  that the 

treatment sp a cin g  x  F Y M  sig n ifica n tly  in flu e n ce d  the num ber o f  branches. 

Irre sp e ctiv e  o f  the p la n tin g  density, and the grow th stages, the treatments 

re c e iv in g  F Y M  @  10 t ha"1 re co rd e d  the m axim um  v a lu e  w h ic h  w a s  

sig n ifica n tly  su p e rio r to that in  a ll the other treatments.

T h e  in flu e n ce  o f  stages o f  harvests on the num ber o f  bran ches w a s  

sig n ifican t on ly  at fo u r and seven m onth stages and the va lu e s ranged fro m  0.8  

to 1.0 at fo u r m onths stage and from  2 .4  to 2 .7  at seven m onth stage.

T h e  interaction effect o f  the treatments on the character w a s  fou nd  to be  

sig n ifica n t at sixth and seventh month stages (T a b le s  6b and 6 c). Irre sp e ctiv e  

o f  sp a cin g s the treatments re c e iv in g  F Y M  @  10 t ha"1 and plants at the eight 

m onth stage re co rd e d  the highest valu e o f  2.9.

4.2.1.4 Leaf area per plant

T h e  in flu e n ce  o f  v a rio u s treatments on the le a f  area o f  Hemidesmus 
indicus are presented in T a b le  7a.



Table 6a. Effect of spacing x FYM & stage of harvest on the number of
branches per plant in Hemidesmus indicus

T re a tm e n ts
S ta g e  o f  the p la n t  (m o n th s  a fte r  p la n t in g )

2 3 4 5 6 7 8 "

A . S p a c in g  x F Y M

T, 0.5 0 .7 0.8 1.1 1.2 2.4 2.6

t 2 0.4 0.6 0 .7 1.1 1.2 2.4 2.5

T? 0.6 0 .7 0.8 1.1 1.3 2.2 2.4

t 4 0.6 0 .7 0.9 1.1 1.2 2.5 2 .7

t 5 0.6 0 .7 0.8 1.1 1.2 2.6 2 .7

t 6 0 .7 0.8 1.0 1.2 1.4 2.4 2.6

t 7 0 .7 0.9 1.0 1.2 1.3 2 .7 2.9

T g 0.8 0.9 1.0 1.2 1.5 2.8 2.8

t 9 0.8 0.9 1.0 1.2 1.4 2.8 2.9

S E m  ± 0.06 0 .06 0.04 0.04 0.04 0.06 0 .0 7

C D  (0 .0 5 ) 0 .1 9 0 .16 0 .13 0 .13 0 .11 0 .19 0.21

B . S tag e  o f  h a rv e s t

K , 0.6 0.8 0.9 1.1 — — —

k2 0.6 0.8 0.8 1.1 1.3 — —

k3 0 .6 0 .8 0.9 1.1 1.3 2.4 —

K , 0.6 0.8 . T O 1.2 1.3 2 .7 —

S E m  ± 0 .0 3 0 .0 2 0.03 0 .0 3 0 .1 7 0.01 —

C D  (0 .0 5 ) N S N S 0 .08 N S N S 0 .0 3 —

C . In t e r a c t io n N S N S N S N S sig sig —

♦ Analysed in RBD



Table 6b. Interaction effect of treatments on the number of branches per plant

in Hemidesmus indicus at six month stage

T re a tm e n ts k 2 k 3 K ,

T , 1.2 1.2 1.2

t 2 1.3 1.2 1.2

t 3 1.2 1.2 1.3

t 4 1.2 1.3 1.2

t 5 1.4 1.1 1.2

t 6 1.5 1.4 1.4

t 7 1.4 1.2 1.4

t 8 1.4 1.5 1.5

t 9 1.4 1.4 1.5

S E m  ± 0.(15

C D  (0 .0 5 ) 0. J5



Table 6c. Interaction effect of treatments on.the number of branches per plant

in Hemidesmus indicus at seven month stage

T re a tm e n ts k 3 K ,

T i 2 .2 2 .5

t 2 2.3 2.4

t 3 2.0 2.4

T4 2.3 2 ,7

t 3 2.4 2.8

T fi ■2.2 2 .7

T , 2.4 2.9

T s 2.6 2 .9

t 9 2 .7 2 .9

S E m  + 0 .04

C D  (0 .0 5 ) 0 .1 2



Table 7a. Effect of spacing x FYM and stages of harvest on the leaf area per
plant in Hemidesmus indicus

T re a tm e n ts
S ta g e  o f  th e  p la n t  (m o n th s  a ft e r  p la n t in g )

2 3 4 5 6 7 8*

A . S p a c in g  x  F Y M

T , 17.6 21.8 3 3 .2 52.3 58 .5 14 4 .2 1 4 7 .5

t 2 21.2 2 5 .2 3 7 .0 58 .2 6 5 .3 155 .4 14 3 .0

t 3 20.2 2 4 .0 3 5 .8 5 8 .7 6 1.8 1 5 2 .7 1 2 7 .7

t 4 26.6 3 1 .3 4 6 .7 7 2 .2 7 8 .6 190.5 186.0

Ts 32 .6 4 1 .4 5 7 .7 8 7.5 9 7 .4 2 3 6 .6 2 1 6 .3

t 6 29 .2 3 1 .7 4 6 .6 7 4 .2 86.4 1 7 7 .8 148.1

t 7 3 6 .9 5 3 .0 7 3 .4 110 .9 118 .5 2 6 0 .0 2 3 8 .7

t 8 3 9 .7 4 6 .4 6 7.0 1 0 1 .4 10 5 .2 2 4 0 .8 2 2 5 .7

t 9 3 1 .2 3 8 .6 6 3 .7 9 7 ,7 10 3.3 2 3 9 .1 2 1 1 .7

S E m  ± 2 .4 2 2 .7 1 2 .5 3.4 1 3 .5 6 4 .3 7 3 .8 6

C D  (0 .0 5 ) 7 .2 5 8.11 7 .5 1 10.21 10.68 13.11 8 .18

B . S ta g e  o f  h a rv e s t

K , 2 9 .6 3 3 .2 4 9 .5 7 8 .1 — — —

k 2 2 7 .8 3 5 .7 53.4 8 1,6 8 5 .7 — —

k 3 2 7 .8 3 4 .9 50 .3 7 8 .2 8 1.8 188.5 —

K 4 2 8 .3 3 5 .5 5 1 .7 79 .1 90.9 2 1 0 .9 —

S E m  ± 1.28 1.42 1.29 1.82 1.41 2 .1 8 —

C D  (0 .0 5 ) N S N S N S N S 4 .0 6 .18 —

C .  In t e r a c t io n N S N S N S sig sig sig —

*  Analysed in R BD



T h e  data sh o w e d  that the treatment sp a cin g  x F Y M  sig n ifica n tly  

in flu e n ce d  the le a f  area p e r plant. Irre sp e ctiv e  o f  the planting density, the plots  

re c e iv in g  h ig h e r rate o f  F Y M  ( 1 0 1 h a '1) re co rd e d  the m axim um  le a f  area.

T h e  stage o f  the cro p  s ig n ifica n tly  affected the le a f  area at sixth and  

seventh m onth stages. A t  six  m onth stage the v a lu e s ran ged  from  8 1.8  to

9 0.9  cm 2 and at seven m onth stage v a lu e s ran ged  fro m  18 8.5 to 2 1 0 .9  cm 2.

T h e  interaction effect o f  the v a rio u s treatm ents on the le a f  area p e r plant  

w a s sig n ifica n t at fiv e , s ix  and seven m onth stages (T a b le s  7 b  to 7 d ). A t  fiv e  

m onth stage, the treatment re c e iv in g  F Y M  @  10 t ha w ith  10 x  10 cm  

sp a cin g  ( T 7 K 2)  re co rd e d  the m axim um  v a lu e  w h ic h  w a s sig n ifica n tly  su p e rio r  

to that in the other treatments, and the le a f  area p e r plant ranged fro m  4 5 .4  to

126.3 cm 2. A t  s ix  m onth stage also  the treatment T 7 K 2 re co rd e d  the highest  

va lu e  and the va lu e s ranged fro m  4 8 .8  to 129.5. A t  se ven  m onth stage the 

treatment T 5 K 4 re co rd e d  the highest v a lu e  w h ere  the le a f  area p e r plant, 

ranged fro m  116.8 to 2 6 4 .9  cm 2.

4 .2 .1 .5  L e a f  a re a  in d e x  ( L A I )

T h e  in flu e n ce  o f  v a rio u s  treatm ents on the le a f  area in d ex o f  

Hemidesmus indicus are presented in  the T a b le  8 a. T h e  data sh o w e d  that the



*
Table 7b. Interaction effect of treatments on the leaf area per plant (cm ) at

five month stage in Hemidesmus indicus

T re a tm e n ts K , k 2 K j K ,

T i ' 49 .5 4 5 .4 4 6 .2 6 8.3

t 2 59.1 58.1 59 .2 56 .7

t 3 6 2 .7 53.1 6 7.5 5 1.5

t 4 68.8 7 1 .9 7 1 .3 76 .5

t 5 78 .5 75 .9 9 2 .7 10 3.0

t 6 8 1 .9 7 7 .4 6 9 .7 6 7.9

t 7 100.8 126.3 112 .9 10 3.4

t « 9 5.8 114 .2 9 9.6 9 5.9

•f
T 9 105.9 1 1 1 .9 84.6 88.5

S E m  ± 5.4 6

C D  (0 .0 5 ) 15.48
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Table 7c. Interaction effect o f treatments on the leaf area per plant (cm2) at six
month stage in Hemidesmus indicus

T re a tm e n ts k 2 K 3 K 4

T , 4 8 .8 4 9 .0 7 7 ,5

t 2 62.3 6 3 .5 7 0 .0

t 3 5 6 .4 7 0 .1 58 .9

t 4 7 4 .7 7 5 .1 86.0

t 5 7 9 .5 9 4 .7 118 .0

t 6 8 3 .5 8 4.5 9 1.4

t 7 12 9 .5 1 1 7 ,5 10 8.5

t 8 120.0 9 2 .9 102.8
0
t 9 116 .1 8 8 .5 1 0 5 .4

S E M ± 4 .2 3

C D  (0 .0 5 ) 1 1.9 9



2
Table 7d. Interaction effect of treatments on the leaf area per plant (cm ) at

seven month stage in Hemidesmus indicus

T re a tm e n ts k 3 K ,

T , 116.8 1 7 1 .7

t 2 142.8 168.1

t 3 15 9 .2 146 .2

t 4 16 5.6 2 1 5 .3

Ts 2 0 8 .2 26 4.9

t 6 18 9 .8 16 5.9

t 7 2 6 0 .2 2 5 9 .7

t 8 2 3 0 .2 2 5 1 .3

t 9 2 2 3 .2 2 5 5 .0

S E m  ± 6 .53

C D  (0 .0 5 ) 18 .53

6 3



Table 8a. Effect of spacing x FYM and stages of harvest on LAI in
Hemidesmus indicus

T re a tm e n ts
S tag e  o f  the p la n t  (m o n th  a fte r  p la n t in g )

2 3 4 5 6 7 8 ‘

A . S p a c in g  x  F Y M

7{ 0.2 0,21 0 .3 3 0 .5 2 0 .58 1.44 1.4 7

t 2 0 .09 0 .11 0 .1 6 0.26 0 ,29 0 .69 0.63

t 3 0 .05 0.06 0.09 0 .1 5 0 .19 0 .38 0 .32

T j 0.26 0 .31 0 .4 7 0 .7 2 0 .78 1.9 1.85

t 5 0 .15 0 .18 0.26 0 .3 9 0.43 1.05 0.96

Tc 0 .0 7 0 .0 7 0.11 0 .18 0.21 0 .4 4 0 .3 7

t 7 0 .3 7 0 .53 0 .73 1.10 1.18 2 .5 9 2 .3 9

t 8 0 .18 0.21 0 .30 0 .45 0 .4 7 1 .0 7 1.00

t 9 0 .0 7 0.09 0 .1 6 0 .24 0,25 0.60 0 .5 3

S E m  ± 0.02 0 .0 2 0.01 0.02 0.03 0.02 0.02

C D  (0 .0 5 ) 0.06 0.06 0.06 0 .0 7 0.08 0 .0 7 0.08

B . S ta g e  o f  h a r v e s t

K , 0 .1 6 0 .19 0.28 0.43 — — —

k 2 0 .1 5 0.20 0 .3 0 0.46 0.48 — —

k 3 0 J 6 0.20 0.28 0 ,44 0,46 1.05 —

K , 0 .16 0.20 0 .3 0 0.46 0 .5 3 1.21 —

S E m  ± 0 .008 0 .00 8 0 .00 8 0 .0 1 2 0.008 0 .0 2 —

C D  (0 ,0 5 ) N S N S N S N S 0,02 0 .0 4 —

C . In t e r a c t io n N S N S sig sig ~ sig sig —

* Analysed in R B D



treatment s p a cin g  x F Y M  sig n ifica n tly  in flu e n ce d  the L A I .  T h e  cro p s planted  

at 10 x 10 cm  sp a cin g , w h ere  F Y M  @  10 t ha ' 1 w a s  ap plied , re co rd e d  the 

m axim um  L A I  and those planted at 2 0  x 2 0  cm  sp a cin g  w ithout any F Y M  

addition, the m inim um  L A I.

T h e  stages o f  h arvest s ig n ifica n tly  in flu e n ce d  the L A I  at sixth and  

seventh m onth stages.

T h e  interaction effect o f  the treatments w a s sig n ifica n t at four, five , six  

and seven M A P  (T a b le s  8 b to 8 e). A t four, fiv e  and s ix  m onths stages, the 

treatment T 7 K 2 re co rd e d  the m axim um  L A I  w h ic h  w a s s ig n ifica n tly  su p e rio r  

to that o f  the other treatment com binations. A t  seven M A P , the L A I  valu es  

ranged fro m  0 .4 0  to 2 .6 0  and the treatment T? K 3 re co rd e d  the m axim um  

value. T h e  treatment T 7K 4 w a s fo u n d  to be on p a r w ith  this.

4.2.1.6 Flowering characters

F lo w e rin g  ch a ra cte ristics  in Hemidesmus indicus w e re  also  re co rd e d  

and the resu lts are presented in the T a b le  9. Irre sp e ctiv e  o f  the treatments, 

Hemidesmus indicus started flo w e rin g  in Feb ru ary. T h e  nu m b er o f  

in flo re sce n ce  p e r plant ranged fro m  3 - 4. O n  an average, there w e re  5 . 5



Table 8b. Interaction effect o f treatments on LAI at five month stage in

Hemidesmus indicus

T re a tm e n t s K j k 2 K 3 K ,

T j 0.49 0 .45 0 .46 0.68

t 2 0 .2 7 0.26 0 .26 0 .25

t 3- 0 .16 0 .1 3 0 .1 7 0 .1 3

t 4 0.69 0 .7 2 0 .71 0 .76

t 3 0 .3 5 0 .3 4 0.41 0 .46  .

t 6 0.20 0 .1 9 0 .1 7 0 .1 7

t 7 1.00 1.2 6 1.12 1.03

t 8 0 .4 3 0 .50 0 .4 4 0 .42

t 9 0.26 0.28 0.21 0.22

S E m  ±

C D  (0 .0 5 )

0 .0 3 5

0 .09 8



Table Stf. Interaction effect of treatments on LAI at six month stage in

Hemidesmus indicus

T re a tm e n ts k 2 k 3 K 4

T i 0 .49 0 .4 9 0 .7 7

t 2 0 .2 8 0.28 0 .31

t 3 0 .14 0 .1 7 0.26

t 4= 0 .7 4 0 .7 5 0.8 5

t 3 0 .3 5 0 .4 2 0 .5 2

t 6 0.20 0.21 0.22

T 7 1.29 1 .1 7 1.08

T s 0 .5 3 0.41 0 .45

t 9 0 .2 9 0.22 0 .26

S E m  ±

C D  (0 .0 5 )

0 .026

0 .0 7 4



Table 8d Interaction effect of treatments on LAI at seven month stage in
Hemidesmus indicus

T re a tm e n ts k 3 K ,

T , 1 .1 6 1.71

t 2 0.63 0 .7 4

t 3 0 .4 0 0 .3 7

t 4 1.65 2 .1 5

t 5 0 .92 1 .1 7

t 6 0 .4 7 0 .4 1

t 7 2 .6 0 2 .5 7

t 8 1.02 1 .1 1

t 9 0 .5 5 0.64

S E m  ±

C D  (0 .0 5 )

0 .04 6

0 .1 3 2

Table 9. Observations on flowering characteristics in Hemidesmus indicus

S I. N o . C h a r a c t e r s R a n g e M e a n

1. D a y s  to first flo w e rin g 2 1 0  - 225 2 1 7 .5

2. D a y s to 5 0 %  flo w e rin g 2 5 0  - 260 255

3. N o . o f  in flo re sce n ce  p er plant 3 - 4 3 .5

4. N o . o f  flo w e rs  p er in flo resce n ce 5 - 6 5.5

5. D a y s  fro m  flo w e r bud em ergence to flo w e r opening 6 - 7 6.5

6. N o . o f  days the flo w e rs  rem ained open 4 - 5 4.5

7. F ru it  /  seed set N il N il



flo w e rs  in an in flo re n ce . A b o u t s ix  to seven days are re q u ire d  fro m  flo w e r bud  

em ergence to flo w e r opening. N o  seedset and fru it form atio n w a s n o ticed  in  

the plant.

4.2.3 Yield characters

T h e  effect o f  v a rio u s  treatments on the y ie ld  characters in  Hemidesmus 

indicus are presen ted  in  T a b le  10a.

4.2.3 .1 Number of roots per plant

T h e  treatm ents sp a cin g  x F Y M  and stages o f  h arvests h ad  a sig n ifica n t  

in flu e n ce  on the n u m b er o f  roots p e r plant (T a b le  10a). In  general, the 

ap p lica tio n  o f  10  t h a F Y M  had a s ig n ifica n t in flu e n ce  on the rate o f  root  

p ro d u ctio n  in  Hemidesmus indicus. Irre sp e ctiv e  o f  the v a ry in g  planting  

densities, a p p lica tio n  o f  F Y M  @  10 t h a ' 1 re co rd e d  m axim um  nu m b er o f  roots  

p e r plant (3 .0 ). S p a cin g  d id  not affect the ch a ra cte r v e ry  m uch. T h e  treatment 

2 0  x  2 0  c m  s p a cin g  w ithout any F Y M  a p p lica tio n  re co rd e d  the lo w e st n u m b er  

o f  ro ots p e r plant (2 .5 ).

T h e  nu m b e r o f  roots w a s fo u n d  to in cre a se  w ith  the a d v a n cin g  age o f  

plant. T h e  plant h arvested  at 8  M A P  re co rd e d  the highest nu m b er o f  roots p e r  

plant (3 .2 )  fo llo w e d  b y  those h arve sted  after 7  M A P  (2 .8 ). F iv e  m onths o ld  

cro p .re co rd e d  the m in im u m  nu m b er o f  roots (2 .3 ).



T h e  in tera ction effect o f  the treatm ents o n  the nu m b e r o f  roots p e r plant  

w a s found to be sig n ifica n t (T a b le  1 0 c ) and the va lu e s ranged fro m  2 .2  to 3.6. 

T h e  treatm ents Tg K 4 and T 9 K 4 w a s  fo u n d  to be s ig n ifica n tly  su p e rio r to all 

the other co m binations. T h is  w a s fo llo w e d  b y  the treatment T 7 K 4 (3 .4 )  w h ich  

w a s  sig n ifica n tly  lo w e r than the a b o v e treatments.

4.2.3.2 Length of root

T h e  in flu e n ce  o f  sp a cin g  x F Y M  and stages o f  h arvest s ig n ifica n tly  

in flu e n ce d  the length o f  root (T a b le  10 a ) in  Hemidesmus indicus. T h e  

treatm ents re c e iv in g  F Y M  @  10 t ha ' 1 and planted at a s p a cin g  o f  2 0  x  2 0  cm  

re co rd e d  the lon gest ro ot (1 6 .6  cm ) and those at 1 0  x  1 0  cm  sp a cin g  w ithout  

any F Y M  a p p lica tio n , the shortest roots (1 1 .1  cm ).

T h e  d ifferent in te rv a ls o f  h arvest exh ib ited  sig n ifica n t in flu e n ce  on root  

length. T h e  plants harvested  after eight m onths, had the longest ro ot (1 8 .3  cm )  

fo llo w e d  b y  that in  seven m onth o ld  plants (1 4 .3  cm ). F iv e  m onth o ld  plants  

h ad  the shortest ro ots ( 1 0 . 8  cm ).

T h e  in tera ction effect o f  treatments w a s fou nd  to be s ig n ifica n t (T a b le  

lO d). T h e  treatm ent re c e iv in g  F Y M  @ 5 t ha ' 1 p lanted  at a sp a cin g  o f  15 x 15  

cm  and harvested  at eight m onth stage w a s fo u n d  to be su p e rio r ( 2 0 . 4  cm ) to



a ll the other treatm ents excep tin g T 3 K*, Te K 4 , T 9 K 4  and T 8 K 4 . T h e  treatment 

com b ina tio n T i  K i  re co rd e d  the shortest root (8 .4  cm ).

4.2.3.3 Girth of the main root

T h e  treatment sp a cin g  x  F Y M  and stages o f  h arvest sig n ifica n tly  

in flu e n ce d  the girth o f  m ain root in  Hemidesmus indicus (T a b le  10a). P lan tin g  

at 2 0  x  2 0  cm  sp a cin g  and a p p ly in g  F Y M  @  10 t ha ' 1 ( T 9)  resu lted  in  the 

thickest roots (0 .8 0  cm ). T h e  treatments 10 x  10 cm  sp a cin g  w ithout any F Y M  

a p p lica tio n  re c o rd e d  the thinnest roots (0 .4  cm ). Treatm ent T 9 w a s  f o l lo w e d . 

b y  T 5, Tg and Tg w h ic h  s ig n ifica n tly  lo w e r than T 9.

T h e  girth o f  the m ain root w a s fo u n d  to b e in cre a sin g  w ith  in crea se  in  

age o f  the plant. T h e  plants harvested  after eight m onths h ad  th ic k e r roots  

(0 .8  cm ) and f iv e  m onth o ld  plants h ad  thinner roots (0 .4  cm ).

T h e  in tera ction effect o f  v a rio u s  treatments w a s not fo u n d  to be  

significant.

4.2.3.4 Root dry matter content

T h e  in flu e n ce  o f  sp a cin g  x  F Y M  and stages o f  h arvest on root d ry  

m atter content in  Hemidesmus indicus are presented in  the T a b le  10a. T h e  

treatments in flu e n ce d  the ch aracter sig n ifica n tly . P lan tin g at 2 0  x  2 0  cm  and

7 /



a p p ly in g  F Y M  @  5 t ha ' 1 (T e ) resulted in  the m axim um  root d ry  m atter content 

(3 6 .0  p e r cent) and planting at 2 0  x  2 0  c m  sp a cin g  w ithout any F Y M  

ap p lica tio n  re co rd e d  the lo w est d ry m atter content (3 1 .8  p e r cent) in  roots. 

Treatm ents T i,  T 2, T 4, T 7 and T 8 w a s  fo u n d  to b e on p a r w ith  this.

H ig h e r root d ry m atter content w a s obtained w h en  the plants w e re  

h arvested  at s ix  m onth stage (3 3 .9  p e r cent) fo llo w e d  b y  that at eight m onth  

(3 3 .4  p e r cen t) stage.

T h e  interaction effect o f  the v a rio u s treatments w a s also  found to 

sig n ifica n tly  (T a b le  1 0 b ) affect the character. T h e  va lu e s ran ged  fro m  29.1 p e r  

cent to 39 .9  p e r cent an d  tire treatments planted at 2 0  x 2 0  cm  sp a cin g  w ith  the 

a p p lica tio n  o f  F Y M  @  5 t ha ' 1 and h arvested at eight m onth stage ( T 6 K 4)  

re co rd e d  highest v a lu e  (3 9 .9  p e r cent) and those planted at 2 0  x 2 0  cm  

sp a cin g  w ithout any F Y M  ap p lica tio n  and h arvested  at f iv e  m onth after 

p la n tin g ( T 3 K j )  re co rd e d  the lo w est root d ry  m atter content (29 .1 p e r cent). 

Treatm ents T ,  K lt T 2 K Is T 7 K j ,  T 7 K 2, T , K 3, T 3 K 3, T 2 K 4 and T 3 K 4 w a s  

fo u n d  to b e on p a r w ith  T 3 K i .



4.2.3.5 Fresh root yield per plant

T h e  in flu e n ce  o f  sp a cin g  x  F Y M  and stages o f  h arvest on fresh  w eig ht  

o f  root w a s fo u n d  to be sig n ifica n t (T a b le  10a). Plants re c e iv in g  F Y M  @  

10 t h a '1 and planted at a sp a cin g  o f  2 0  x  2 0  cm  resulted in  the highest fresh  

root y ie ld  o f  2 .9  g p e r plant w h ic h  w a s su p e rio r to that in  the other treatments. 

P lan ting at a  sp a cin g  o f  15 x  15 cm  alon g w ith  the a p p lica tio n  o f  F Y M  @  

10 t h a '1 w a s fo u n d  to be on p a r w ith  this treatment. P lan ting at a sp a cin g  o f  

10 x  10 cm  w ithout any F Y M  a p p lica tio n  ( T i )  re co rd e d  the lo w est fre sh  root 

y ie ld  (1 .7  g). T 4 w a s fo u n d  to be on p a r w ith  this treatment.

T h e  fre sh  w eig h t o f  root w a s fo u n d  to in cre a se  w ith  the age o f  plant. 

H a rv e stin g  the plants at eight m onths after planting resu lted  in  m axim um  fresh  

root y ie ld  (2 .8  g ) and the lo w est w h en  h arvested  at fiv e  m onth stage (2 .1  g).

T h e  in teractio n b etw een sp a cin g  x F Y M  and stages o f  h arvest w a s not 

fo u n d  to be significant.

4.2.3.6 Dry root yield per plant

T h e  in flu e n ce  o f  sp a cin g  x  F Y M  and stages o f  harvest on d ry  w eig h t o f  

root w a s fo u n d  to be significan t. (T a b le  10a); the trend b e in g  sim ila r to those  

o f  fresh  w eig h t o f  roots. T h e  m axim um  d ry w eight o f  0 .9 7  g  w a s re co rd e d  b y



Table 10a. Effect of spacing x FYM and stages of harvest on root characters at
harvest in Hemidesmus indicus

Treatm ents
Ro ot D M  

content 

p er cent

N o. of roots 

p er plant

Length of 

root (cm )

G irth  of 

root 

(cm )

F re sh  w t. of 

root p er plant 

(gn»)

D ry  wt. of 

root p er 

plant (gm)

A . S p a c in g  x  F Y M

T i 3 2 .9 2.6 11.1 0.4 1 .7 0 .5 5

t 2 3 2 .4 2.6 13.8 0.6 2.4 0 .79

t 3 3 1 .8 2.5 13.3 0.6 2.5 0 .7 9

t 4 32 .5 2 .7 11.9 0.4 1.8 0 .58

T s 3 3 .9 2 .7 14.9 0 .7 2 .7 0.91

t 6 36 .0 2 .7 14.8 0 .7 2 .7 0 .9 4

t 7 3 2 .4 2.9 13.2 0.4 2.3 0 .7 5

t 8 3 3 .4 3 16.0 0 .7 2.8 0.95

t 9 3 3 .9 3 16.6 0.8 2.9 0 .9 7

S E m  ± 0 .6 7 0 .0 3 0 .2 4 0.02 0 .04 0.02

C D  (0 .0 5 ) 2.00 0 .11 0 .73 0.06 0 .11 0 .04

B . S tag e  o f  h a rv e s t

K j 3 2 .8 2.3 10.8 0.4 2.1 0.68

k 2 3 3 .9 2.6 12.4 0.6 2.3 0 .7 7

k 3 3 2 .8 2.8 14.3 0.6 2.5 0 .8 2

K 4 3 3 .4 3 .2 18.3 0.8 2.8 0 .9 4

S E m  ± 0 .45 0.02 0 .1 4 0.01 0.02 0.01

C D  (0 .0 5 ) N S 0.05 0 .3 9 0.12 0 .0 7 0 .03

C .  In t e r a c t io n sig sig sig N S N S sig



Table 10c. Interaction effect of treatments on the number of roots per plant at

h a r v e s t

T re a tm e n ts K i k 2 k 3 k 4

T , 2.2 2 .5 2 .7 3.0

t 2 2 .2 2 .4 2 .7 3.1

t 3 2 .2 2 .4 2 .6 2.9

t 4 2 .4 2.6 2.8 3.1

T s 2.3 2 .7 2 .7 3 .3

t 6° 2.4 2.6 2.8 3.1

t 7 2 .5 2 .9 2 .9 3 .4

t 8 2.5 2.8 3.1 3.6

t 9 2.5 2 .7 3 .0 3 .6

S E m  ± 0.06

C D  (0 .0 5 ) 0 ,1 6

7ST



Table lOd. Interaction effect of treatments on the length of root per plant (cm)

T re a tm e n ts K , k 2 k 3 K ,

T , 8.4 1 0 .7 10.9 14.2

t 2 10.3 12.6 13.1 19.1

t 3 9.8 10.4 13.4 1 9 .7

t 4 9.3 11.6 12.0 14 .7

t 5 12.1 1 2 .7 14.2 2 0 .4

t 6 12.4 12.4 14.9 19 .7

t 7 9.5 12.4 1 3 .7 17.0

T g 1 2 .7 14.1 1 7.0 20.1

T 9 1 2 .7 14.5 19.4 19.9

S E m  ± 0.41

C D  (0 .0 5 ) 1 .1 7



Table 10b. Interaction effect of treatments on root dry matter content in

Hemidesmus indicus

T re a tm e n ts K ! K : k 3 K 4

T , 3 1 .3 3 3 .4 3 2 .7 3 4 .0

t 2 3 1 .0 35 .1 3 3 .6 30 .1

t 3 29.1 36 .9 3 1 .9 29 .3

t 4 3 3 .6 3 3 .9 2 9 .7 3 3 .0

t 5 3 5 .6 3 3 .4 3 3 .0 3 3 .8

t 6 3 5 .9 3 4 .0 34.1 39 .9

t 7 30 .2 32 .1 3 3 .1 3 4 ,2

Tg 34 .1 3 3 .4 3 2 .9 3 3 .2

t 9 3 4 .7 3 3 .1 3 3 4 .4 3 3 .5

S E m  ±  

C D  (0 .0 5 )

1.3 3 4

3 .7 8 5



treatm ents re c e iv in g  F Y M  @  10 t h a  "l- planted at 2 0  x  2 0  cm  sp a cin g  and the 

lo w est v a lu e  (0 .5 5  g ) in  the plo ts w ith  highest plant density w ith out any F Y M  

ap plication.

T h e  d ry  w e ig h t o f  root w a s also  fo u n d  to in cre a se  w ith  the age o f  plant. 

M a x im u m  d ry  w eig ht o f  root p e r plant w a s re co rd e d  in  plants harvested  after 

eight m onths (0 .9 4  g ) and m in im u m  in fiv e  m onth o ld  plants (0 .6 8  g).

T h e  in tera ction betw een s p a cin g  x  F Y M  and stages o f  harvest w a s  

fo u n d  to be s ig n ifica n t (T a b le  lO e). T h e  treatment com b ina tio ns re c e iv in g  

F Y M  @  5 t ha ' 1 p lanted at 2 0  x  2 0  cm  sp a cin g  and harvested  at eight m onth  

stage ( T 6 K 4)  sh o w e d  v a lu e s s ig n ifica n tly  su p e rio r to that o f  the other treatment 

com b inatio ns.

4 .2 .3 .7  F r e s h  ro o t y ie ld  p e r  h e c ta re

T h e  in flu e n ce  o f  sp a cin g  x  F Y M  and stages o f  h arvest on the per 

hectare y ie ld  o f  fre sh  roots w a s fo u n d  to be sig n ifica n t (T a b le  1 1 a  and F ig . 3 ) .  

P lots re c e iv in g  F Y M  @  10 t ha ' 1 at a s p a cin g  o f  10 x  10 cm  ( T 7) re co rd e d  

y ie ld s w h ic h  w a s su p e rio r to that w ith all the other treatments. T h is  treatment 

re co rd e d  the h ighest fre sh  ro o t y ie ld  o f  2 2 5 5 .9  k g  h a '1. T h e  treatment re c e iv in g  

F Y M  @  5 t h a ' 1 and planted at 10 x  10 cm  sp a cin g  re co rd e d  se co n d  in this
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Table lOe. Interaction effect of treatments on the dry weight of root per plant

T re a tm e n ts K t k 2 k 3 k 4

Ti 0 .44 0 .5 2 0 .53 0.69

t 2 0.64 0 .83 0 .8 3 0 .84

t 3 0 .5 7 0.86 0.85 0.86

T 4 0 .4 9 0 .5 5 0 .5 5 0 .7 4

t 5 0.84 0.8 6 0.91 1.04

t 6 0.81 0.86 0 .93 1 .1 7

t 7 0 .59 0 .71 0 .8 2 0 .88

Tg 0 .86 0 .88 0.96 1.08

t 9 0 .8 7 0.88 1.01 1.13

S E m  +

C D  (0 .0 5 )

0 .0 2 7

0 .0 7 7



Table 11a. Effect of spacing x FYM and stage of harvest on yield characters in
Hemidesmus indicus

T re a tm e n ts
F r e s h  ro o t 

y ie ld  (k g  h a '1)

D r y  ro o t  y ie ld  

(k g  h a '1)

D r y  sh o o t 

y ie ld  (k g  h a '1)

D r y  m a tte r  

y ie ld  (k g  h a '1)

H a r v e s t

in d e x

A . S p a c in g  x  F Y M

T , 1660.2 5 4 6 .7 1 5 39 .3 2 0 8 6 .0 0.26

t 2 1 0 78 .4 34 8 .9 9 02.6 1 2 5 1 .5 0.29

T , 6 5 1 .2 210.1 54 2.9 7 5 3 .0 0 .2 7

t 4 179 2 .2 5 8 1 .7 1608.3 2 19 0 .0 0 .2 7

t 5 11 9 6 .7 4 0 5 .2 1098.1 15 0 3 .3 0 .2 7

t 6 70 0 .2 2 5 1 ,1 649.4 9 00.5 0.28

t 7 2 2 5 5 .9 7 3 3 .3 2 0 2 5 .0 2 7 5 8 .3 0 .2 7

T s 1224.1 4 0 7.8 1 1 7 1 .5 1 5 7 9 .2 0 .26

t 9 6 9 5.4 2 3 5 .2 70 6 .9 942.1 0,25

S E m  ± 3 7 .6 6 12.01 3 1 .2 4 40 .51 0 .004

C D  (0 .0 5 ) 1 12 .8 9 35 .9 9 9 3 .6 3  ’ 1 2 1 .4 2 N S

B . S ta g e  o f  h a rv e s t

K , 1059 .4 34 6 .8 849.3 119 6 .1 0 .29

k 2 11 8 3 .0 39 6 .8 1 0 9 5 .7 1492.6 0 .2 7

k 3 1 3 3 6 .8 4 3 5 .4 119 6 .1 1 6 3 1 .5 0 .2 7

K 4 1 4 2 2 .7 4 7 4 .2 1 4 1 1 .7 1886.0 0 .25

S E m  ± 2 3 .3 8 7 .7 1 1 7.5 6 2 2 .6 4 0 .004

C D  (0 .0 5 ) 6 6 .32 21.86 4 9 .8 2 64.24 0 .0 11

C .  In t e r a c t io n sig sig sig sig sig



character (1 7 9 2 .2  k g  ha"1)  and this w a s on p a r w ith  T 7. P lan ting at 2 0  x 2 0  cm  

sp a cin g  w ithout any F Y M  a p p lica tio n  resulted in the lo w est fre sh  root y ie ld  o f  

6 51 . 2 k g  h a '1 ( T 3). T h e  treatments Te and T 9 w e re  fo u n d  to s im ila r that o f  the 

treatment T 3.

T h e  fre sh  root y ie ld  pe r hectare sh o w e d  an in cre a sin g  trend w ith  the 

a d v a n cin g  age o f  the plant and it ran ged  fo rm  1 0 5 9 .4  k g  ha"1 at 5 M A P  to

1 4 2 2 .7  k g  ha"1 at 8 M A P .

T h e  in teraction betw een sp a cin g  x  F Y M  and stages o f  h arvest w a s also  

sig n ifica n t (T a b le  l i b  and Fig. 4). Treatm ents re c e iv in g  F Y M  @  10 t ha at 

a sp a cin g  o f  10 x  10 cm  and h arvested  at eight m onths after p la n tin g re co rd e d  

the highest fre sh  ro ot y ie ld  o f  2 3 8 9 .8  k g  ha"1. P lan ting at a w id e r sp a cin g  o f  

2 0  x  2 0  cm  w ithout any F Y M  ap p lica tio n  resu lted  in  the lo w e st fre sh  root  

y ie ld  at f iv e  m onth stage (4 4 5 .8  k g  ha"1).

4.2.3.8 Dry root yield per hectare

T h e  in flu e n ce  o f  sp a cin g  x  F Y M  and stages o f  h arvest on the d iy  root  

y ie ld  p e r hectare w a s found to be s ig n ifica n t (T a b le  11a). T h e treatments 

re c e iv in g  F Y M  @  10 t ha"1 a lo n g  w ith  a c lo s e r sp a cin g  o f  10 x  10 cm  resulted  

in  the highest d ry  root y ie ld  o f  7 3 3 .3  k g  h a '1, fo llo w e d  b y  the treatment

£ /



Table l ib .  Interaction effect of treatments on fresh root yield (kg ha'1) in
Hemidesmus indicus

T r e a t m e n t K2 k 3 K 4

T i 1 4 0 0 . 1 1 5 6 6 . 5 1 6 3 3 . 4 2 0 4 0 . 9

t 2 9 1 8 . 6 1 0 5 2 . 4 1 0 9 7 . 2 1 2 4 5 . 5

t 3 4 4 5 . 8 5 8 3 . 3 8 4 1 . 7 7 3 4 . 1

t 4 1 4 3 3 . 4 1 6 3 3 . 2 1 8 6 6 . 8 2 2 3 5 . 4

T s 1 0 5 2 . 1 1 1 4 0 . 8 1 2 2 9 . 6 1 3 6 4 . 4

t 6 5 6 6 . 8 6 3 3 . 4 8 5 8 . 4 7 4 2 . 4

t 7 1 9 6 6 . 8 2200.1 2 3 6 6 . 7 2 3 8 9 . 8

T g 1 1 2 6 . 1 1 1 7 0 . 5 1 3 0 4 . 3 1 2 9 5 . 6

t 9 6 2 5 . 0 6 6 6 . 7 7 3 3 . 4 7 5 6 . 6

S E m  +

C D  ( 0 . 0 5 )

7 0 . 1 4

1 9 8 , 9 8
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re c e iv in g  F Y M  @  5 t ha"1 and planted at a c lo se r s p a cin g  o f  10 x 10 cm  

ran ked  se co n d  in  this ch a ra cte r (5 8 1 .7  k g  h a '1). T h o se  planted at a sp a cin g  o f  

2 0  x 2 0  c m  w ith out any F Y M  a p p lica tio n  resu lted  in  the lo w e st y ie ld  o f  2 1 0 .1  

k g  h a ' 1 ( T 3). Treatm ents planted at 2 0  x 2 0  cm  and F Y M  @  10 t h a "1 ( T 9) w a s  

found to b e on p a r w ith  this treatment.

T h e  d ry  root y ie ld  p e r h ectare sh o w e d  an in cre a sin g  trend w ith  the 

a d v a n cin g  age o f  the plant. H ig h est d ry root y ie ld  (4 7 4 .2  k g  ha"1)  w a s obtained  

in  eight m onth o ld  cro p  fo llo w e d  b y  that se ven  m onth stage plants  

(4 3 5 .4  k g  ha"1). T h e  lo w est y ie ld  w a s obtained in  f iv e  m onth o ld  plants  

(3 4 6 .8  k g  h a 1).

T h e interaction betw een sp a cin g  x  F Y M  and stages o f  harvest w a s also  

sig n ifica n t (T a b le  1 1 c  and Fig. 5). T h e  highest y ie ld  (8 1 6 .7  k g  h a '1) w a s  

obtained in seventh and eighth m onth old  plants in treatments re c e iv in g  F Y M  

@  1 0  t ha"1 p lanted at a sp a cin g  o f  1 0  x  1 0  cm  and the lo w e st y ie ld  ( 1 4 3 .3  

k g  h a '1) w a s  obtained in  f iv e  m onth o ld  c ro p  planted at a sp a cin g  o f  2 0  x  2 0  

cm  w ith out any F Y M  application.



Table 11c. Interaction effect of treatments on dry root yield (kg ha'1)
Hemidesmus indicus

T re a tm e n ts K i K , k 3 K 4

T i 4 3 6 .7 5 2 3 .3 5 3 3 .3 6 9 3 .3

t 2 284.5 3 6 8 .9 36 8 .9 3 7 3 .3

t 3 143.3 2 1 5 .0 2 6 6 .9 2 1 5 .0

t 4 4 8 6 .7 5 5 0 .0 5 5 3 .3 7 3 6 .7

t 5 3 7 3 .3 3 8 0 .7 4 0 5 .9 4 6 0 .7

T6 2 0 3 .3 2 1 5 .0 2 9 3.6 29 2,5

t 7 5 9 3 .3 7 0 6 .7 8 1 6 .7 8 1 6 .7

T 8 3 8 3 .7 3 9 1 .1 428.1 428.1

t 9 2 1 6 .7 2 20.8 2 5 1 .7 2 5 1 .7

S E m  ±  

C D  (0 .0 5 )

2 3 .1 2

6 5 .5 9
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T h e  in flu e n ce  o f  sp a cin g  x  F Y M  and stages o f  h arvest on the per 

hectare y ie ld  o f  d ry  shoots w a s fo u n d  to be sig n ifica n t (T a b le  11a). Plants  

re c e iv in g  F Y M  @  10 t ha"1 and planted at a sp a cin g  o f  10 x 10 cm  re co rd e d  

the highest d ry  shoot y ie ld  (2 0 2 5  k g  h a '1) fo llo w e d  b y those re c e iv in g  5 t ha  

F Y M  and planted at 10 x  10 cm  sp a cin g  (1 6 0 8 .3  k g  h a '1) w h ic h  w a s  

sig n ifica n tly  lo w e r than above treatment.- T j w a s fo u n d  to be on p a r w ith  this. 

A s  in the ca se  o f  other y ie ld  characters, planting at 2 0  x  2 0  cm  sp a cin g  

w ithout any F Y M  a p p lica tio n  resulted in the lo w est d iy  shoot y ie ld  

(5 4 2 ,9  k g  h a '1). Treatm ents planted at 2 0  x  2 0  cm  s p a cin g  and re c e iv in g  F Y M  

@  5 t h a "1 ( T 6) w a s  fo u n d  to be p a r w ith  this.

T h e  d ry  shoot y ie ld  p e r hectare sh o w e d  an in cre a sin g  trend w ith  the 

ad va n cin g  age o f  the crop. H ig h est d ry  shoot y ie ld  (1 4 1 1 .7  k g  ha"1)  w a s  

obtained fro m  eight m onth old  plants and lo w e st y ie ld  (8 4 9 .3  k g  h a '1) w a s  

obtained from  fiv e  month o ld  plants.

T h e  interaction betw een sp a cin g  x F Y M  and stages o f  h arvest w a s also  

sig n ifica n t (T a b le  l i d ) .  T h e  treatments re c e iv in g  F Y M  @  10 t h a p l a n t e d  at

4.2.3.9 Dry shoot yield per hectare



Table l id .  Interaction effect of treatments on dry shoot yield (kg ha'1) m
Hemidesmus indicus

T re a tm e n ts K i k 3 K ,

T i 12 0 3.3 1 3 9 6 .7 1 5 4 3 .3 2 0 1 4 .0

t 2 6 0 1 .5 9 74 .8 10 0 3 .0 10 31.1

t 3 3 2 0 .0 6 0 3 .3 6 0 3 .3 6 4 5 .0

t 4 1 2 6 6 .7 1 4 1 6 .7 1 5 4 6 .7 2 2 0 3 .3

t 5 9 4 3 .7 1 0 5 3 .3 1069.6 1 3 2 5 .9

t 6 56 0.8 6 18 .3 6 1 6 .7 8 0 1 .7

t 7 118 0 .0 2 0 7 6 .7 2 4 1 0 .0 2 4 3 3 .3

t 8 9 58 .5 1084.4 12 1 9 .3 1 4 2 3 .7

t 9 6 09 .2 6 3 7 .5 7 3 0 .0 8 50 .8

S E m  ±  

C D  (0 .0 5 )

5 2 .6 9

149 .48



1 0  x  10  cm  and harvested at eight m onth stage re co rd e d  highest d ry  shoot 

y ie ld  (2 4 3 3 .3  k g  h a '1)  and lo w est y ie ld  (3 2 0 .0  k g  h a '1)  w a s obtained in  fiv e  

m onth old  cro p  planted  at 2 0  x  2 0  cm  sp a cin g  w ithout any F Y M  application.

4.2.4 Total dry matter yield

T h e  in flu e n ce  o f  sp a cin g  x  F Y M  and stages o f  h arvest on total d iy  

matter y ie ld  w a s  fo u n d  to be sig n ifica n t (T a b le  1 1 a  and F ig . 6 ). P lan ting at 

10 x  10 cm  and a p p ly in g  F Y M  @  10 t ha ' 1 resulted  in  highest total d ry  m atter 

y ie ld  (2 7 5 8 .3  k g  h a '1). Treatm ents re c e iv in g  F Y M  @  5 t ha ' 1 and planted at 

1 0  x  10 cm  s p a cin g  ( T 4) w a s  s ig n ifica n tly  lo w e r than this and treatment T i  w a s  

fo u nd  to be on p a r w ith  T 4. T h o se  planted at 2 0  x  2 0  cm  sp a cin g  w ithout any  

F Y M  a p p lica tio n  resu lted  in  the lo w est plant d ry m atter y ie ld  (7 5 3 .0  k g  h a '1).

T h e  plant d ry  m atter y ie ld  w a s found to in cre a se  w ith  in cre a sin g  age o f  

the plant. T h e  plants h arvested after eight m onth stage re co rd e d  h ig h er d ry  

matter y ie ld  (1 8 8 6 .0  k g  h a '1)  and those harvested  at fiv e  m onth stage had the 

m inim um  d ry  m atter y ie ld  (1 1 9 6 .1  k g  ha*1).

T h e  interaction effect o f  the treatments w a s also  fou nd  to in flu e n ce  the 

character sig n ifica n tly  (T a b le  1 l e  and Fig. 7 ). D e n se  planting at 10 x 10 cm  

sp a cin g  alon g w ith  the a p p lica tio n  o f  F Y M  @  10 t ha ' 1 w h en  h arvested at eight

$7



Table l ie .  Interaction effect of treatments on dry matter yield (kg ha'1) in
Hemidesmus indicus

T re a tm e n ts K , k 2 k 3 k 4

T , 16 40 .0 19 20.0 2 0 7 6 .7 2 7 0 7 .3

t 2 8 8 5.9 1 3 4 3 .7 1 3 7 1 .8 14 0 4 .4

t 3 4 6 3 .3 8 18 .3 8 70 .3 860 .0

t 4 1 7 5 3 .3 19 6 6 .7 2100.0 2 9 4 0 .0

t 5 1 3 1 7 .0 1434 .1 1 4 7 5 ,5 1 7 8 6 .7

T 6 76 4 .2 8 3 3 .3 9 10 .3 1094.2

t 7 1 7 7 3 .3 2 7 8 3 .3 3 2 2 6 .7 3 2 5 0 .0

Tg 1 3 4 2 .2 14 75 .5 16 4 7.4 18 5 1.8

t 9 8 2 5.8 8 58 .3 9 8 1 .7 110 2 .5

S E m  ± 6 7 .9 3

C D  (0 .0 5 ) 19 2 .71
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m onth stage re co rd e d  the highest d ry  m atter y ie ld  (3 2 5 0  k g  h a '1). T h is  w a s  

c lo s e ly  fo llo w e d  b y  the treatment harvested  at seven m onth stage  

(3 2 2 6 .7  k g  h a '1). T h e  treatm ents 2 0  x  2 0  cm  sp a cin g  w ithout any F Y M  

a p p lica tio n  and harvested  at fifth  m onth stage re co rd e d  the lo w e st plant d ry  

m atter y ie ld  o f  4 6 3 .3  k g  h a '1.

4.2.5 Harvest index

T h e  in flu e n ce  o f  sp a cin g  x  F Y M  and stages o f  h arvest o n  h arvest in d e x  

in  Hemidesmus indicus are presented in  the T a b le  11a.

T h e  data re v e a le d  that the treatments d id  not affect the harvest in d e x  in  

Hemidesmus indicus. B u t  a d efinite trend w a s noticed, i.e., the h arvest index  

w a s  fo u n d  to be d e cre a sin g  w ith  the in cre a sin g  age o f  the plant. T h e  m axim um  

v a lu e  w a s obtained fo r the fiv e  m onth o ld  plants (0 .2 9 ) and the m in im um  in the 

eight m onth o ld  plants (0 .2 5 ).

T h e  interaction betw een sp a cin g  x F Y M  an d  the stages o f  harvest on 

harvest in d ex in  the cro p  w a s foim d to be sig n ifica n t (T a b le  1 I f  and Fig. 8 ). 

T h e treatments T 2 K i  and T 7 K i  re co rd e d  3 4  p e r cent harvest in d ex  w h ere  as  

the treatments T 8 K 4 and T 9 K 4 the low est v a lu e  o f  2 3 .0  pe r cent.



Table I lf . Interaction effect of treatments on harvest index in
Hemidesmus indicus

T re a tm e n ts K ! K 2 k 3 K ,

T , 0 . 2 7 0 . 2 7 0 . 2 6 0 . 2 6

t 2 0 . 3 4 0 . 2 8 0 . 2 7 0 . 2 8

T, 0 . 3 2 0 . 2 6 0 . 2 6 0 . 2 5

t 4 0 . 2 8 0 . 2 8 0 . 2 6 0 . 2 5

T j 0 . 2 8 0 . 2 7 0 . 2 8 0 . 2 6

t 6 0 . 2 7 0 . 2 6 0 . 3 2 0 . 2 7

t 7 0 . 3 4 0 . 2 5 0 . 2 5 0 . 2 5

T g 0 . 2 9 0 . 2 7 0 . 2 6 0 . 2 3

t 9 0 . 2 6 0 . 2 6 0 . 2 6 0 . 2 3

S E m  ± 

C D  ( 0 . 0 5 )

0 . 0 1 3

0 . 0 3 6
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4.3 Content and uptake of nutrients

4.3.1 Nutrient content

a. Nitrogen 

( i )  Shoot

T h e  treatm ents sp a cin g  x F Y M  and stages o f  h arvest in flu e n ce d  the N  

content in  the shoot s ig n ifica n tly  (T a b le  12a). Irre sp e ctiv e  o f  spacing, 

in cre a sin g  the le v e ls  o f  F Y M  resu lted  in  h ig h er N  content in  shoot. P lan ting at 

10 x 10 cm  s p a cin g  w ith  an ap p lica tio n  o f  F Y M  @  10 t ha _1 resu lted  in  

highest N  content in  shoot (1 .8 2  p e r cent). Treatm ent planted at 2 0  x 2 0  cm  

sp a cin g  and re c e iv in g  F Y M  @  10 t ha ' 1 (T 9 ) w a s  fou nd  to b e on p a r w ith  this  

treatment. T h e  treatm ents 1 0  x  10 cm  sp a cin g  w ithout any F Y M  a p p lica tio n  

h ad  the lo w est N  content in  shoot (0 .9 2  p e r cent).

T h e  N  content in  the shoot w a s fo u n d  to b e in cre a sin g  w ith  in crea se  in  

the age o f  the plant. S e ve n  m onth o ld  plants re co rd e d  the highest va lu e  (1 .4 1  

p e r cen t) c lo s e ly  fo llo w e d  b y eight m onth o ld  plants (1 .3 9  p e r cen t) and the 

f iv e  m onth o ld  plants re co rd e d  the lo w e st v a lu e  o f  1 . 2  p e r cent.

T h e  in tera ction effect o f  v a rio u s  treatm ents w a s  not fo u n d  to in flu e n ce  

the N  content o f  shoots o f  Hemidesmus indicus.

9/



T h e  N  content in  root ran ged  fo rm  0 .7 0  per cent to 1.45 p e r cent. 

A p p lic a tio n  o f  F Y M  @  10 t ha ' 1 and pla n tin g at 2 0  x 2 0  c m  sp a cin g  ( T 9), 

resu lted  in  the highest concentration o f  N  in roots o f  Hemidesmus indicus 

(1 .4 5  p e r cent) and the treatments planted at 2 0  x  2 0  cm  sp a cin g  w ithout any  

F Y M  ap plicatio n , the lo w est concentration o f  N  in  root (0 ,7 0  p e r cent). 

Treatm ent T 7 w a s  fo u n d  to be on p a r w ith  T 9 and T j  and T 2 w a s  fo u n d  to be on  

pa r w ith  T 3.

W ith  a d v a n cin g  age o f  plant, N  content in the roots sh o w ed  an 

in cre a sin g  trend upto the seventh m onth (1 .3 4  p e r cent) and then decreased. 

T h e  lo w e st N  concentration w a s no tice d  in  the roots o f  fiv e  m onth o ld  plants  

(0 .6 9  p e r cent).

T h e interaction effect o f  v a rio u s treatments w a s fo u n d  to sig n ifica n tly  

in flu e n ce  the ch a ra cte r (T a b le  12b  ). T h e  N  content o f  ro o t.ra n g ed  fro m  0 .2 2  

p e r cent to 1.92 p e r cent and the highest N  concentration w a s  n o tice d  b y  the 

a p p lica tio n  o f  F Y M  @  10 t h a A and planting at 2 0  x 2 0  cm  sp a cin g  and

(ii) R oot

The treatments spacing x FYM  and stages o f harvest influenced the N

content in root significantly (Table 12a).



Table 12a. Effect of spacing x FYM and stages of harvest on the shoot and root

NPK content in Hemidesmus indicus

T re a tm e n ts S h o o t N S h o o t F S h o o t K R o o t  N R o o t  P R o o t  K

p e r  ce n t p e r  ce n t p e r  ce n t p e r  ce n t p e r  ce n t p e r  ce n t

A . S p a c in g  x  F Y M

T i 0 .92 0.05 1.58 0 .78 0 .03 1.44

t 2 0.96 0.05 1 .5 7 0 ,76 0 .03 1.42

T j 1.00 0.05 1.59 0 .7 0 0.03 1.42

T , 1.28 0 .0 7 1.69 1.11 0.08 1.56

T j 1.23 0 .0 7 1.64 1.08 0 ,0 4 1.58

t 6 1.43 0 .0 7 1 .7 4 1.12 0 .0 4 1.55

t 7 1.82 0,08 1 .78 1 .3 7 0.05 1.69

t 8 1.45 0,08 1.80 1.26 0.05 1.73

t 9 1.65 0.08 1.84 1.45 0.05 1 .7 7

S E m  ± 0.06 0.002 0 .0 1 5 0 .0 4 2 0 .0 1 1 8 0.021

C D  (0 .0 5 ) 0 .1 7 9 0 .0 0 7 0.04 5 0 .1 2 5 N S 0.06

B . S ta g e  o f  h a rv e s t

K i 1.20 0 .0 7 1.68 0.69' 0 .0 4 1.56

k 2 1.22 0 .0 7 1.71 1.08 0 .04 1.58

k 3 1.41 0.06 1 .7 0 1.34 0 .0 4 1.5 7

IQ 1.39 0.06 1.69 1.19 0 .06 1.58

S E m  ± 0 .0 3 6 0.0021 0 .0 1 1 4 0 .0 3 1 3 0 .0 0 1 9 0.01

C D  (0 .0 5 ) 0 .10 3 N S N S 0 .08 8 N S N S

C . In t e r a c t io n N S sig N S sig N S N S



Table 12b. Interaction effect of treatments on the root N content in

Hemidesmus indicus

T re a tm e n ts K , k 2 k 3 k 4

T , 0.28 0.84 1 .0 7 0.95

t 2 0.22 1.0 0 0 .9 7 0 .8 4

t 3 0 .2 7 0 .7 5 0.89 0 .90

t 4 0 .8 3 1.08 1.38 1.16

T j 0 .92 1 .1 9 1.11 1.12

t 6 0.94 1.03 1 .3 7 1.1 5

t 7 0 .8 5 1.31 1 .7 0 1.64

t 8 0 .9 0 1.19 1.63 1.32

t 9 1.01 1.30 1.92 1.59

S E m  +  

C D  (0 .0 5 )

0 .09

0 .18 8

%



h arvested at seventh m onth stage. P lanting at 15 x  15 cm  w ithout the 

a p p lica tio n  o f  F Y M  and h arvestin g  at f iv e  m onth stage resulted in the low est  

N  content.

b. P h o s p h o ru s

(i)  S h o o t

T h e  treatment sp a cin g  x  F Y M  in flu e n ce d  the P content o f  shoot 

sig n ifica n tly  (T a b le  12a). Irre sp e ctiv e  o f  spa cin g, the P  content in shoot 

in cre a se d  w ith  in cre a sin g  le v e ls  o f  F Y M .  T h e  treatment re c e iv in g  F Y M  @  

10 t ha ' 1 sh o w e d  m axim um  concentration o f  P  (0 .0 8  p e r cent) and those  

treatm ents w ithout an y F Y M  ap p lica tio n  had the lo w e st shoot P  content. 

(0 .0 5 p e r cent).
k

T h e  P  content o f  shoot w a s not fo u n d  to be sig n ifica n tly  in flu e n ce d  b y  

stage o f  harvest.

T h e  interaction effect o f  v a rio u s treatments in flu e n ce d  the shoot P 

content s ig n ifica n tly  (T a b le  1 2 c). T h e  highest P  content in  shoot w a s  obtained  

in  treatm ents re c e iv in g  F Y M  @  5 t ha ' 1 p lanted  at a sp a cin g  o f  2 0  x 2 0  cm  

w h en  harvested  at eighth m onth stage ( 0 . 1 1  p e r cent) and lo w e st v a lu e  w a s



Hemidesmus indicus

Table 12c. Interaction effect of treatments on shoot P content in

T re a tm e n ts K , k 2 k 3 K 4

T , 0.04 0 .05 0 .05 0.05

t 2 0 .05 0.05 0.05 0 .05

t 3 0 .05 0 .06 0 .06 0 .05

T 4 0 .0 7 0.06 0 .06 0 .0 7

T s 0 .06 0 .0 7 0.06 0 .0 7

t 6 0 .0 6 0 .0 7 0 .0 7 0 .11

t 7 0.08 0 .0 7 0 .0 7 0.09

T 8 0 .08 0.08 0 .0 7 0 .0 8

t 9 0 .0 7 0.08 0.08 0.08

S E m  ±  

C D  (0 .0 5 )

0 .0 0 6

0 .0 1 8

c/6,



obtained in fiv e  m onth old  plants planted at 10  x 10  cm  sp a cin g  w ithout any  

F Y M  a p p lica tio n  (0 .0 4  p e r cent).

( i i )  Root

T h e  treatm ents sp a cin g  x F Y M ,  stages o f  harvest and interaction effect  

w a s not fo u n d  to in flu e n ce  the P  content o f  roots o f  Hemidesmus indicus and  

the o v e ra ll va lu e s ranged from  0 .0 3  to 0 .0 6  p e r c e n t .

c. Potassium

(i) Shoot

T h e  treatment sp a cin g  x  F Y M  in flu e n ce d  the K  content o f  shoot 

sig n ifica n tly  (T a b le  12a). T h e  shoot K  content ranged fro m  1 .5 7  p e r cent to 

1.84 p e r cent, T h e  treatm ents w h ere F Y M  @  10 t h a ' 1 w a s a p p lie d  and planted  

at a sp a cin g  o f  2 0  x 2 0  cm  re co rd e d  the highest K  content and those planted at 

15 x  15 cm  sp a cin g  w ithout any F Y M  a p p lica tio n  ( T 2) the lo w est K  content. 

Treatm ents T j and T 3 w a s fo u n d  to be on p a r w ith  T 2 and Tg w a s fo u n d  to be  

on p a r w ith  T 9.

Stages o f  h arvest and interaction effect o f  v a rio u s treatments d id  not 

affect the shoot K  content in  Hemidesmus indicus.



T h e  treatment sp a cin g  x  F Y M  in flu e n ce d  the K  content in root  

sig n ifica n tly  (T a b le  12a). T h e  root K  content ran g ed  fro m  1.4 2  p e r cent to 1 .77  

p e r cent. P lanting at 2 0  x  2 0  cm  w id e  and a p p ly in g  F Y M  @  10 t h a ' 1 re co rd e d  

the highest value. T h o se  w ithout any F Y M  ap p lica tio n  planted at m edium  and  

w id e r sp a cin g s o f  15 x  15 cm  and 2 0  x  2 0  cm  re co rd e d  the lo w est root K  

content.

T h e  stages o f  harvest and the interaction effect o f  v a rio u s treatments d id  

not affect the root K  content in  Hemidesmus indicus.

4 .3 .2  Nutrient uptake by plant

a. Nitrogen

T h e  treatments sp a cin g  x  F Y M  and stages o f  h arvest sig n ifica n tly  

in flu e n ce d  the N  uptake b y the cro p  (T a b le  1 3a  and Fig. 9). C lo se st planting  

(v e ry  high density pla n tin g ) alon g w ith the ap p lica tio n  o f  F Y M  @  10 t h a"1 

resulted in the m axim um  N  uptake b y  the plant (4 7 .7  kg  ha"1). T h e  treatment 

re c e iv in g  F Y M  @  5 t h a"1 and planted at 10 x 10 c m  sp a cin g  (T 4) ran ked  

seco n d  in this ch a ra cte r (2 7 .5  k g  h a '1). P lan tin g at 2 0  x 2 0  cm  sp a cin g  w ithout  

any F Y M  a p p lica tio n  resulted in  the lo w est N  uptake (6 .9  k g  ha"1).

( i i )  Root



A d v a n c in g  the stage o f  harvest had been fo u n d  to in cre a se  the N  uptake  

b y  the plant. A n  eight m onth old  cro p  rem o ved  the m axim um  quantity o f  N  

from  the so il (2 6 .2  k g  h a '1) and the fiv e  m onth o ld  cro p  re m o ve d  the m inim um  

quantity ( 1 2 . 6  k g  h a '1).

T h e  interaction effect o f  v a rio u s treatments on N  uptake b y  the plant 

w a s fo u n d  to be sig n ifica n t (T a b le  13b and Fig. 1 0 ) and the va lu e s ranged from  

4 .0  k g  ha ' 1 to 6 3.8  k g  h a '1. T h e  treatments planted at 10 x 10 cm  sp a cin g  along  

w ith the ap p lica tio n  o f  F Y M  @  10 t ha ' 1 w h en  harvested at eight month stage 

resulted in  the m axim um  N  uptake and the fiv e  m onth o ld  plants planted at 

2 0  x 2 0  cm  sp a cin g  w ithout any F Y M  ap plicatio n , the m in im um  value.

b. Phosphorus

T h e  treatments sp a cin g  x  F Y M  and the stages o f  h arvest in flu e n ce d  the 

P  uptake b y  the plant sig n ifica n tly  (T a b le  1 3 a  and Fig . 9). T h e  treatm ents 

re c e iv in g  F Y M  @  10 t ha ' 1 along w ith  high density p la n tin g  o f  10 x 10 cm  

sp a cin g  resu lted in  the highest plant P uptake o f  1.9 k g  ha ' 1 and those w ithout 

any F Y M  a p p lica tio n  and planted at a w id e r sp a cin g  o f  2 0  x 2 0  cm  resulted  

in  the lo w est P  uptake (0 .4  k g  h a '1).
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Table 13a. Effect of spacing x FYM and stages of harvest in NPK uptake by

plant in Hemidesmus indicus

T re a tm e n t s N  u p t a k e  (k g  h a '1) P  u p t a k e  (k g  h a '1) K  u p ta k e  (k g  h a '1)

A . S p a c in g  x  F Y M

T i 18.8 0.9 3 2 .2

t 2 11.8 0.6 19.1

T j 6.9 0.4 1 1 .7

t 4 2 7.5 1.3 36 .3

T s 17.9 0.9 2 4 .4

t 6 12.2 0.5 15.2

t 7 4 7 .7 1.9 48.4

T g 22.3 1.2 2 7 .9

t 9 15.2 0 .7 17.1

S E m  ± 0 .6 6 7 0 .028 0 .76

C D  (0 .0 5 ) 1,9 9 7 0 .0 8 5 2 .1 6

B . S tag e  o f  h a rv e s t

K , 12.6 0 .7 4 19.8

k 2 18.2 0.91 2 5 .0

k 3 2 3.1 0.95 2 7.1

K 4 26 .2 1.09 3 1 .3 0

S E m  ± 0 .6 36 0 .0 3 4 0 .3 9

C D  (0 .0 5 ) 1.804 0.09 6 1.10

C . In t e r a c t io n sig N S sig



\ i m \

Table 13b. Interaction effect of treatments on N uptake by plant (kg ha'1) in

Hemidesmus indicus

T re a tm e n ts K , k 2 k 3 K 4

T , 10.8 17.1 20 .5 26 .8

t 2 6.1 13.5 13.8 13.8

t 3 4.0 6.8 8.0 9.0

t 4 19.0 2 2 .3 28 .5 4 0.4

T s 14 .7 1 7.2 1 7.0 22.8

t 6 8 .7 10.0 14.3 15.8

t 7 24.8 4 4.8 5 7 .5 6 3.8

T * 14 .7 19.6 29 .3 2 5 .4

t 9 10.9 12.6 19.0 18.3

S E m  ±  

C D  (0 .0 5 )

1.908

5 .4 1 2
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T h e  P  uptake b y  the plant w a s fo u n d  to be in cre a sin g  w ith in cre a sin g  

the age o f  plant and it w a s highest in  eight m onth old  cro p  (1 .0 9  k g  h a '1) and  

lo w est in  fiv e  month' o ld  cro p  (0 ,7 4  k g  ha"1).

T h e  interaction effect o f  v a rio u s treatm ents w a s not fou nd  to be  

significant.

c. P o ta s s iu m

T h e  treatment sp a cin g  x F Y M  and stages o f  harvest sig n ifica n tly  

in flu e n ce d  the K  uptake b y the plant (T a b le  1 3a  and Fig. 9). T h e  treatments 

re c e iv in g  F Y M  @  10 t ha"1 p lanted at 10 x  10 cm  sp a cin g  resu lted in  the 

highest K  uptake (4 8 .4  kg  h a '1) and the treatment w ithout any F Y M  

a p p lica tio n  and planted at a w id e r sp a cin g  o f  2 0  x  2 0  cm  spacin g, the lo w e st  

v a lu e  (1 1 .7  k g  h a '1).

T h e  K  uptake b y  the plant w a s fo u n d  to be in cre a sin g  w ith in cre a se  in  

the age o f  crop. T h e  m axim um  v a lu e  w a s obtained in  eight m onth o ld  cro p  

(3 1 .3  k g  h a '1) and the m inim um  va lu e  in fiv e  m onth o ld  c ro p  (1 9 .8  k g  h a '1).

T h e interaction effect o f  v a rio u s treatm ents on K  uptake b y  the c ro p  w a s  

found to be sig n ifica n t (T a b le  1 3 c  and Fig. 11). T h e  treatm ents re c e iv in g  F Y M  

@  10  t ha ' 1 and planted at 1 0  x 1 0  cm  sp a cin g  and harvested  at seven m onth



Table 13c. Interaction effect of treatments on K uptake by plant (kg ha'1) in

Hemidesmus indicus

T re a tm e n ts K , K 2 k 3 k 4

T , 2 5 .2 29 .5 32 .8 4 1 .3

t 2 1 3.2 20.8 20.8 2 1 .7

t 3 6.9 13.3 12,9 13.4

T 4 29.1 3 2 .2 3 5 .5 4 8 .6

t 5 2 1 .3 2 3 ,7 2 3.9 2 8 .9

t 6 12.8 14.1 15.5 18.2

t 7 3 1 .0 49.2 57.1 56 .4

t 8 2 3 .7 26.1 28 .4 3 3 .3

t 9 14.8 15.9 17.8 20.0

S E m  ± 1 .1 6 7

C D  (0 .0 5 ) 2 .3 4
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stage (T7 K 3) re co rd e d  the highest va lu e  o f  57.1  k g  h a '1. T h e  treatment w ithout  

any F Y M  a p p lica tio n  planted at 2 0  x 2 0  cm  and harvested  at fifth m onth stage  

re co rd e d  the lo w est v a lu e  (6 .9  k g  h a '1). T h e  treatm ent re c e iv in g  F Y M  @  

10  t ha ' 1 and planted at 1 0  x 1 0  cm  sp a cin g  w hen harvested  at eight m onth  

stage (T7 K4 ) w a s statistically  s im ila r to fo rm er i.e. T 7 K 3.

4.4 Soil Analysis

T h e  in flu e n ce  o f  v a rio u s treatments on the a v a ila b le  N , a v a ila b le  P2O 5, 

a v a ila b le  K 20  and O rg a n ic  C a rb o n  content o f  the so il after the 

experim entation are presented in  the T a b le  14a.

4.4.1 Available Nitrogen

T h e  treatments sp a cin g  x F Y M  and stages o f  harvest sig n ifica n tly  

in flu e n ced  the a v a ila b le  soil nitrogen in the so il after the experim entation. 

Irre sp e ctiv e  o f  sp a cin g , the a v a ila b le  so il nitrogen w a s  fo u n d  to be highest in  

the treatments re c e iv in g  F Y M  @  10 t h a '1. P lan ting at 2 0  x 2 0  cm  sp a cin g  

along w ith the ap p lica tio n  o f  F Y M  @  10 t ha"1 resulted in h igh er am ount o f  

a v a ila b le  N  in the soil (3 7 1 .4  k g  ha"1)  w h ic h  w a s s ig n ifica n tly  su p e rio r to that 

in the other treatments.

H a rv e stin g  at 5 M A P  left h igh er am ount o f  a va ila b le  so il N  (3 1 2 .2



k g  h a '1)  as co m pared  to that w hen harvested at 8  M A P  (3 0 2 .2  k g  h a '1).

Interaction effect o f  the v a rio u s treatments on a v a ila b le  so il N  after 

experim entation w a s found to be s ig n ifica n t (T a b le  14b and Fig . 12). T h e  so il 

N  content v a rie d  fro m  2 2 1 .8  k g  ha ' 1 to 4 1 0 . 1 k g  h a '1. T h e  treatments planted at 

2 0 x 20 cm  s p a cin g  re c e iv in g  F Y M  @  10 t ha ' 1 and h arvested at s ix  month 

stage left the highest so il N  and the treatments planted at 10  x  10 cm  sp a cin g  

w ithout any F Y M  a p p lica tio n  and harvested at 6  M A P  left the lo w est N  

content in so il (2 2 1 . 8  kg  h a '1).

4.4.2 Available P2OS

T h e  treatm ents sp a cin g  x  F Y M  and stages o f  harvest s ig n ifica n tly  

in flu e n ce d  the a v a ila b le  P 2O 5 content o f  s o il after the experim ent (T a b le  14a). 

A s  in the ca se  o f  a v a ila b le  so il N  content, irre sp e ctiv e  o f  the sp a cin g  the 

ava ila b le  P2O 5 content in the s o il a lso  in cre a se d  w ith  ap p lica tio n  o f  in cre a se d  

le v e ls  o f  F Y M .  T h e  treatments re c e iv in g  F Y M  @  10 t ha ' 1 p lanted at 2 0  x  2 0  

cm  sp a cin g  left the m axim um  a v a ila b le  P 2O 5 content in  the so il (1 9 .9  k g  h a '1). 

Treatm ents T 7 and T g w a s fo u n d  to be on p a r w ith  this. T h o se  planted at 

10 x 10 cm  sp a cin g  w ithout any F Y M  ap p lica tio n  left the m inim um  P20 5 

content (1 5 .4  k g  h a '1). Treatm ents T 2 and T 3 w a s  found to be s im ila r w ith  this  

treatment,

/ o f



Table 14a. Effect of spacing x FYM and stages of harvest on the soil NPK

content and organic carbon after experimentation

T re a tm e n ts
A v a ila b le  N 

(k g  h a '1)

A v a ila b le  

P2O 5 (k g  h a  l )

A v a ila b le  K 20  

(k g  h a '1)

O r g a n ic  c a rb o n  

(p e r  c e n t)

A .  S p a c in g  x F Y M

T , 2 3 8 .4 15.4 1 75 .8 0.81

t 2 2 5 9 .4 15,6 1 77 .1 0.85

t 3 2 6 3 .0 15,8 1 78 .0 0.86

t 4 2 8 2 .0 18.1 19 0.3 0.99

t 5 30 2 .6 17.8 188.5 0 .8 7

t 6 3 0 5 .7 17.2 190.5 1.00

t 7 36 8 .1 19.8 197.1 1.00

Tg 3 3 4 .5 19.8 194.8 0.91

t 9 3 7 1 .4 19.9 19 3.6 0.91

S E m  ± 7 .3 0 0 .2 7 1.69 0.03

C D  (0 .0 5 ) 2 1 .8 8 0 .8 0 5.0 5 0.08

B . S tag e  o f  h a rv e s t

K , 3 1 2 .2 16.9 182.9 0 .9 7

k 2 3 1 1 .9 17.4 185.6 0.96

k 3 2 8 4.8 18.4 192.3 0 .9 7

K4 3 0 2 .2 18.1 188.5 0 .7 5

SEm ± 4 .8 0 0 .1 7 0.90 0,02

C D  (0 .0 5 ) 13.6 3 0.49 2 .5 5 0.05

C . In t e r a c t io n sig sig sig sig



Table 14b. Interaction effect of treatments on soil available N after

experimentation (kg ha'1)

Treatments Kj k 2 k 3 K4

T, 247.2 221 .8 252.4 232,2

' t 2 259.8 269.6 236.5 271.8

Tj 269.4 277.0 259.0 246.4

t 4 283.0 309.9 241.4 293.5

t 5 312.9 307.6 291.2 298.7

t 6 309.9 297.7 268.8 346.5

t 7 374.4 363.0 367.6 367.4

t 8 343.7 350.6 318.4 325.3

t 9 409.2 410.1 328.1 338.2

SEm ± 14.41

CD (0.05) . 40.88
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T h e  a v a ila b le  P 20 s  content o f  s o il w a s fo u n d  to be in cre a sin g  w ith the 

a d v a n cin g  stage o f  harvest. H a rv e stin g  at 7 M A P  resu lted  in the m axim um  so il  

P2O 5 content o f  18.4 k g  h a '1. S tatistically  s im ila r v a lu e s w e re  n o ticed  w h en  

h arvested  at 8  M A P . H a rv e stin g  at 5 M A P  left o n ly  lo w e r P 2O 5 content in so il 

(1 6 .9  k g  h a 1).

T h e  interaction effect o f  v a rio u s treatments on so il a v a ila b le  P 2 O 5  

content w a s found to b e s ig n ifica n t (T a b le  14 c and Fig . 13). T h e  treatments 

re c e iv in g  F Y M  @  10 t ha"1 planted at 2 0  x  2 0  cm  sp a cin g  and harvested at 6 

M A P  re co rd e d  the m axim um  so il a v a ila b le  P 2O 5 (2 0 .8  k g  h a '1). T h o se  planted  

at 15 x 15 cm  sp a cin g  w ithout any F Y M  ap p lica tio n  and harvested  at 6  M A P ,  

the m inim um  v a lu e  (1 3 .7  k g  ha"1).

4 .4 .3  A v a ila b le  K20

T h e  treatments sp a cin g  x F Y M  and stages o f  harvest on a v a ila b le  K 20  

content o f  so il after the experim ent w a s found to be s ig n ifica n t (T a b le  14a). 

Irre sp e ctiv e  o f  the sp a cin g s adopted, ap p lica tio n  o f  in cre a sin g  le v e ls  o f  F Y M  

resulted in  a sig n ifica n t in cre a se  in the a v a ila b le  K 20  left in  the so il after the 

experim entation. T h e  treatments re c e iv in g  F Y M  @  10 t ha ' 1 and planted at 

1 0  x  10 cm  sp a cin g  resu lted  in  the m axim um  am ount o f  a va ila b le  K 20  in  so il



Table 14c. Interaction effect of treatments on soil available P20 5 after

experimentation (kg ha"1)

Treatments K, k 2 k3 k4

T, 15.0 14.9 15.2 16.2

t 2 15.6 13.7 16.5 16.5

t 3 15.3 15.2 16.5 16.2

t 4 16.5 17.2 19.6 19.0

Tj 16.2 16.8 20.2 18.1

Te 16.8 16.5 19.0 16.5

t 7 18.7 20.2 20.0 20.2

t 8 19.0 20.5 19.6 20.0

t 9 19.3 20.8 19.0 20.5

SEm ±

CD (0.05)

0.518

14.698
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after the experim entation (1 9 7.1  k g  h a '1). Treatm ents re c e iv in g  F Y M  @  

10 t ha ' 1 and p la nting at 15 x 15 cm  and 2 0  x 2 0  cm  w a s found to be on par 

w ith  this. T h e  treatments planted at 10 x  10 cm  sp a cin g  w ithout a p p ly in g  any  

F Y M  left the m inim um  K 2O  in s o il (1 7 5 .8  k g  h a '1). Treatm ents planted at 

15 x  15 cm  and 2 0  x 2 0  cm  w ithout any o rg a n ic m anure addition also w ere  

found to be statistica lly  sim ila r to the above treatment in  this character.

T h e  a v a ila b le  K 2O  content in  so il after the experim entation w a s found to 

be in cre a sin g  w ith  the a d va n ce  in  the stage o f  harvest. H a rv e stin g  at 7 M A P  

left the m axim um  content (1 9 2 .3  k g  K 20  h a '1) and h arvesting at 5 M A P ,  the 

low est v a lu e  (1 8 2 .9  k g  K 2O h a '1).

T h e  interaction effect o f  the v a rio u s treatments s ig n ifica n tly  in flu e n ced  

the a va ila b le  K 20  content o f  the so il (T a b le  14d  and Fig . 14). T h e  va lu es  

ranged fro m  1 72 .9  k g  K 20  h a ' 1 to 2 0 3 .3  k g  K 20  ha ' 1 and the treatments

t

re c e iv in g  F Y M  @  5 t ha 1 planted at 2 0  x  2 0  cm  sp a cin g  and h a rve stin g  at 7  

M A P  re co rd e d  the highest v a lu e  (2 0 3 .3  k g  h a '1). T h o se  planted at 10 x 10 cm  

sp a cin g  w ithout any F Y M  ap p lica tio n  and h arvested at 5 M A P , the low est



Table 14d. Interaction effect of treatments on soil available K20  after

experimentation (kg ha'1)

Treatments K, k 2 k 3 K4

T, 172.9 174.1 176.2 180.1

t 2 174.3 177.8 175.5 180.9

t 3 175.4 174.6 178.3 183.7

t 4 181.6 183.5 200.5 195.5

t 5 181.8 186.9 196.0 189.1

t 6 185.1 186.3 203.3 187.4

t 7 187.7 197.2 200.9 202.5

T« 191.6 197.4 202 .8 187.4

t 9 195.3 192.3 196.7 189.9

SEm ± 2.69

CD (0.05) 7.64
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w e re  found to be statistica lly  sim ila r to fo rm e r and the treatm ents T 2 K i,  T 3 K i,  

T i K 2, T 2 K 2> T 3 K 2, T i K 3, T 2 K 3 and T 3 K 3 to that o f  the latter.

4 .4 .4  O r g a n ic  C a r b o n

1
T h e  treatm ents sp a cin g  x  F Y M  and stages o f  h a rve st sig n ifica n tly  

in flu e n ce d  the o rg a n ic ca rb o n  left in the so il after the experim entation  

(T a b le  14a). Irre sp e ctiv e  o f  the sp a cin g s adopted, a p p lica tio n  o f  in cre a sin g  

le v e ls  o f  F Y M  resu lted  in  the in cre a se d  content o f  soil o rg a n ic carb o n  left in  

the soil. T h e  treatm ents re c e iv in g  F Y M  @  5 and 10 t h a '1 and planted at 

2 0  x 2 0  cm  and 10 x  10 cm  sp a cin g  re sp e c tiv e ly  re co rd e d  the highest so il 

o rg a n ic  ca rb o n  content (1 .0  p e r cen t) and the lo w est va lu e  in  those w ithout any  

F Y M  a p p lica tio n  and planted at 10 x  10 cm  sp a cin g  (0 .8 1 p e r cent).

T h e stages o f  h arvest also  s ig n ifica n tly  in flu e n ce d  so il o rg a n ic  ca rb o n  

content after the experim entation and the v a lu e s ranged fro m  0 .7 5  p e r cent to 

0 .9 7  p e r cent. H a rv e stin g  at 5 and 7 M A P  left the m axim um  s o il o rg a n ic  

ca rb o n  content and that at 8 M A P ,  the low est.

T h e  in tera ction effect o f  the d ifferent treatments on the s o il o rgan ic  

ca rb o n  content o f  so il after experim entation w a s fo u n d  to be sig n ifica n t

(172.9 kg h a '1). The treatments T7 K2, Tg K2, T4 K3, T7 K3, Ts K3 and T7 K4
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(T a b le  14e and F ig . 15). T h e  treatm ents re c e iv in g  F Y M  @  1 0 1 ha ' 1 and planted  

at 2 0  x  2 0  cm  s p a cin g  and then harvested  at 5 M A P  re co rd e d  the highest  

am ount o f  so il o rg a n ic  ca rb o n  (1 .2 5  p e r cent). T h e  treatm ents Tg K i,  Tg K 2, T 9 

K 2, T 9 K 4 w e re  fo u n d  to b e on p a r w ith  this. T h e  treatments w ithout any F Y M  

a p p lica tio n  planted  at 10 x  10 cm  sp a cin g  and h arvested  at 7 M A P  o r 8  M A P  

resulted in  the lo w e st so il o rg a n ic ca rb o n  content (0 .7 7  p e r cent).

4.5 Chemical components

4.5.1 Essential oil content

T h e  effect o f  sp a cin g  x  F Y M  and stages o f  harvest on the essential o il 

content in  the roots o f  Hemidesmus indicus are presented in  T a b le  15 and  

F ig . 16.

Irre sp e ctiv e  o f  the sp a cin g s adopted, ap p lica tio n  o f  in cre a sin g  le v e ls o f  

F Y M  resulted in in cre a sin g  the essential o il content in the plant. A ls o  

ad va n cin g  the stage o f  harvest, the o il content w a s fou nd  to be in creasing. 

Treatm ents w h ere  F Y M  w a s a p p lie d  @  10 t h a ' 1 and planted at sp a cin g  o f  

15 x 15 cm  w h en  harvested at eight m onth stage re co rd e d  the highest essential 

o il content (0 .3  p e r cent).



Table 14e. Interaction effect of treatments on soil organic carbon content after

experimentation (per cent)

T re a tm e n ts K , K : k 3 IC ,

T i 0 .8 3 0 .8 9 0 .7 7 0 .7 7

t 2 0 .8 7 0 .8 4 0,84 0.84

t 3 0.84 0 .8 2 0 .8 7 0 .93

t 4 0.88 1.0 7 1.0 7 0 .93

t 5 0.96 0.68 0.92 0.92

t 6 0.98 1.04 1.04 0.96

t 7 0.99 0.98 0.98 1.0 7

Tg 1 .1 7 1.18 1.13 0 .15

T 9 1.25 1 ,1 5 1.08 1.15

S E m  ±  

C D  (0 .0 5 )

0 .0 5

0 .14



Table 15. Effect of spacing x FYM on essential oil content of roots of

Hemidesmus indicus (on fresh weight basis) in different harvests (per cent)

T re a tm e n ts K , k 2 k 3 k 4

T j 0 .10 0 .0 7 0 .15 0 .10

t 2 0 .0 7 0 .1 0 0 .1 3 0 .13

t 3 0 .0 7 0 .1 0 0 .1 0 0 .1 3

t 4 0 .1 0 0 .1 3 0 .1 0 0 .10

t 5 0 .0 7 0 .15 0.25 0 .1 5

t 6 0 .10 0 .15 0 .1 3 0 .1 3

t 7 0 .1 3 0 .20 0 .13 0.20

Ts 0 .1 5 0.23 0 .15 0 .3 0

t 9 0 .1 5 0 .2 0 0 .1 0 0.23
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4.5.2 Oil yield

T h e  effect o f  sp a cin g  x F Y M  and stages o f  h arvest on the o il y ie ld  o f  

Hemidesmus indicus are presented in T a b le s  16a and 16b.

T h e  effect o f  sp a cin g  x F Y M  and stages o f  harvest on pe r plant oil 

y ie ld  o f  Hemidesmus indicus sh ow ed  that p la n tin g  at a w id e r sp a cin g  o f  

2 0  x 2 0  cm  and a p p ly in g  F Y M  @  10 t h a ' 1 w h en  harvested  at eight month  

stage resulted in highest o il y ie ld  o f  4.8 p i I  plant.

A p p lic a tio n  o f  in crea se d  le v e ls  o f  F Y M  in c lo s e r sp a cin g  o f  10 x 10 cm  

re co rd e d  the h igh er o il y ie ld  p e r hectare (T a b le  16a and F ig  17). W ith  ad van ce  

in the stage o f  h arvest the o il y ie ld  w a s fou nd  to be in creasin g . T h e  highest oil 

y ie ld  o f  3 1 ha ' 1 w a s obtained from  eight m onth old cro p  su p p lie d  w ith  F Y M  @  

10  t ha ' 1 and planted at a sp a cin g  o f  1 0 x 1 0  cm .

4 .5 .3  Water soluble extract

T h e  effect o f  sp a cin g  x F Y M  and stages o f  harvest on w ater solu b le  

extract o f  Hemidesmus indicus are presented in T a b le  17 and F ig . 18. T h e  

va lu es ranged from  2 .0 4  pe r cent to 6 .11 p e r cent.



Table 16a. Effect of spacing x FYM on the oil yield per hectare in

Hemidesmus indicus in different harvests (1 ha'1).

T re a tm e n ts K , K , k 3 K j

T , 1.09 1.12 1.92 2 .30

t 2 0 .7 0 1.02 1.28 1.39

T , 0 .36 0,60 0 .78 0 .8 7

t 4 1.44 2 .16 2 .2 8 2 .53

T s 0.28 1.33 1.44 1,55

t 6 0.66 0 .7 9 0.84 0.96

t 7 2 .5 2 2.64 2 .8 7 3.0

T g 1.33 1.39 1.55 1.5 7

t 9 0 .75 0.81 ■ 0.93 0 .79



Table 16b. Effect of spacing x FYM on oil yield per plant in Hemidesmus

indicus (pi / plant)

T re a tm e n ts K , k 2 k 3

T , 0.9 1.0 1.9 2.1

t 2 1.6 2.2 2,4 3 .2

T i 1.6 2.5 2.8 3.4

. t 4 1.2 0.6 2.3 2.4

t 5 0.6 2.4 2 .7 3.3

t 6 2.5 3 .2 3.2 4.1

t 7 0.2 2.8 2.9 3,1

t 8 2.9 3.1 3.0 3.9

t 9 3.0 3.3 4.6 4.8
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Table 17. Effect of spacing x FYM on water soluble extract in Hemidesmus

indicus at different harvests (per cent)

T re a tm e n ts K , k 2 k 3 K ,

T , 2 .0 4 3.0 3.0 4 .0 7

t 2 2.0 4 3.0 3.0 4 .0 7

t 3 2.0 4 2 .0 4 5.0 3 5.0 3

r A 3.0 2.04 5.03 5.03

t 5 3.0 2.04 6.11 5.03

To 5.0 3 2.04 6.11 5.03

t 7 5.0 3 5.0 3 6.11 6.11

T„ 5.0 3 5.0 3 6.11 6.11

. t 9 5.03 5.03 6.11 6.11



Irre sp e ctiv e  o f  the planting density, in cre a sin g  the le v e ls o f  F Y M  

a p p lica tio n  resulted in an in cre a sin g  in  the w ater so lu b le  extract o f  the roots o f  

Hemidesmus indicus. W ith  ad va n ce  in  the stage o f  harvest, the w a te r so lu b le  

extract o f  ro ots w a s  found to be in crea sin g . Irre sp e ctiv e  o f  the spacin g, seven  

and eight m onth o ld  cro p  su p p lie d  w ith  F Y M  @  10 t h a '1 resulted in  the h igh er  

am ount o f  w a te r so lu b le  extract o f  6.11 p e r cent.

4.5.4 Alcohol soluble extract

T h e  effect o f  sp a cin g  x F Y M  and . stages o f  harvest on the a lco h o l 

so lu b le  extract o f  Hemidesmus indicus are presented in T a b le  18 and Fig. 19. 

T h e v a lu e s ran ged  fro m  2 .7 9  p e r cent to 3 .1 6  p e r cent.

A p p lic a tio n  o f  in cre a se d  le v e ls  o f  F Y M  in  all the three sp a cin g s resulted  

in  h igh er a lco h o l so lu b le  extract. W ith  a d va n ce  in the stage o f  harvest, the 

alco h o l so lu b le  extract w a s  also  found to be in crea sin g . T h e  h ighest va lu e  o f  

3 .1 6  p e r cent w a s  obtained in  eight m onth o ld  c ro p  re c e iv in g  F Y M  @  10 t h a '1 

in  m edium  and w id e r sp a cin g s o f  15 x 15 cm  and 2 0  x  2 0  cm .

4.6 Economics of cultivation

T h e  e co n o m ics o f  cultivatio n  o f  Hemidesmus indicus w a s  w o rk e d  out 

fo r the best treatment com b ina tio n i.e. treatm ents planted at 10 x 10 cm



Table 18. Effect of spacing x FYM on alcohol soluble extract on dry weight

basis in Hemidesmus indicus at different harvests (per cent)

T re a tm e n ts K i k 2 k 3 k 4

T , 2 .7 9 2 .8 0 2.89 2.9 4

t 2 2 .7 9 2 .8 4 2.89 2.9 5

T a 2 .8 0 2 .8 4 2.9 5 3.0

t 4 2 .8 0 2.8 6 3 . 1 0 3 . 1 2

t 5 2 .8 4 2.8 9 3 . 1 2 3 . 1 2

t 6 2 .8 4 2 .8 4 3.0 3 . 1 6

t 7 2.85 3.1 3 , 1 0 3 . 1 4

T g 2.85 3.0 3.0 3 . 1 6

t 9 2.8 5 2.95 3.0 3 . 1 6
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sp a cin g  and re c e iv in g  F Y M  @  10 t h a '1 w h en  harvested  at eight m onth stage  

(A p p e n d ix  I I ) .  T h e  y ie ld  o f  fresh  tuber from  one hectare w a s w o rk e d  out to be  

238 9 .9 1 kg. A t  the current m arket p ric e  o f  R s. 4 5  k g  fo r fresh  roots, the gross  

return from  one hectare w a s R s. 1 ,0 7 ,5 4 1 .4 5 . T h e  total cost o f  cultivatio n  is  

R s. 74, 6 5 0  w ith  a net return o f  R s. 3 2 ,8 9 1 .4 5 .

/z



DISCUSSION



DISCUSSION

T h e  resu lts obtained d u rin g  the co u rse  o f  in vestig ation are d isc u sse d  in  

this chap ter in  the light o f  a v a ila b le  literature w ith  explanations on the cause  

effect re la tio n sh ip  as fa r as p o ssib le.

5.1 Growth and yield

In general it can be seen that irre sp e ctiv e  o f  the density o f  planting, 

ap p lica tio n  o f  o rg a n ic  m anure @  1 0  t ha ' 1 resulted in h ig h er o il y ie ld  o v e r a 

p e rio d  o f  eight m onths as com pared  to that in no m anure a p p lica tio n  

(T a b le  16a). A m o n g  the sp a cin g s adopted, high density planting resu lted  in  

h ig h e r o il y ie ld . A t  h ig h  density planting,- a p p lica tio n  o f  F Y M  @  5 and  

10 t h a ' 1 resu lted  in  an in cre a se  o f  o il y ie ld  to the tune o f  1.2  and 1.3 tim es  

re sp e ctiv e ly  as co m p a red  to that in the contro l plo ts w ithout any F Y M  

ap p lica tio n  (T a b le  16a). T h is  h igh er o il y ie ld  m a y  be due to the pro d u ctio n  o f  

h ig h e r fresh  and d ry  root y ie ld s  in these treatments (T a b le  11a).

A p p lic a tio n  o f  F Y M  @  10 t ha ' 1 and p la n tin g  at 10 x  10 cm  sp a cin g  

resulted  in  1.4 and 1.3 tim es m ore fresh  and d ry  roots y ie ld , re sp e c tiv e ly  o v e r  

and ab ove that obtained in control plo ts at the sam e le v e l o f  planting density, 

w h ereas the in cre a se  in  fresh  and d ry root y ie ld s  w a s o n ly  1 .1  tim es b y  the 

ap plication o f  F Y M  @  5 t ha ' 1 at the h ig h er density planting (T a b le  11a). T h is  

higher y ie ld  due to the a p p lica tio n  o f  o rg a n ic  m anure m a y  be b e ca u se  o f  the



h ig h e r fresh  an d  d ry  root y ie ld  consequent to the a p p lica tio n  o f  o rg a n ic m anure  

(T a b le  11a). H ig h e r o il y ie ld  as a result o f  the a p p lica tio n  o f  h igh er le v e ls  o f  

F Y M  w e re  also  rep orted  in  other m e d icin a l cro p s. B alash an m ug h am  et al. 

(1 9 8 9 ) obtain ed  highest y ie ld  in  tu rm e ric  b y  a p p ly in g  F Y M  @  2 5  t ha ' 1 

co m p a red  to other le v e ls  o f  12.5, 15.0 , 1 7.5 , 2 0 .0  and 2 2 .5  t h a '1. In  

pa lm a rosa, M a h e s h w a ri et al. (1 9 9 1 ) obtained 10 p e r cent m ore o il y ie ld  by  

ap p ly in g  F Y M  @  15 t ha ' 1 as co m p ared  to contro l treatment. In  Piper longum, 

S heela (1 9 9 6 ) and A y is h a  (1 9 9 7 ) obtained h ig h e r a lk a lo id  y ie ld  b y the 

ap p lica tio n  o f  F Y M  @  2 0  t ha ' 1 as com pared  to that at 0 and 10 t h a '1. A ls o  

this m a y  be one o f  the reason s fo r the luxuriant grow th o f  Hemidesmus indicus 

in  forest areas w h ere  the so il is r ic h  in o rg a n ic m atter content. W h e n  planted in  

fie ld s  Hemidesmus indicus m ay re q u ire  h ea v y  dose o f  o rg a n ic  m anure as 

reported in other cro p s lik e  g a rlic  (K u ltu n o v , 1984), Piper nigrum (A d iy o g a ,  

19 87), ra in fe d  n ig e r (R a m  et al., 19 92), Piper nigrum (M a th e w  et al., 19 95),  

Piper longum (V isw a n a th a n , 1993 and 1995, Sheela, 1996 and A y ish a , 1997).

A p p lic a tio n  o f  F Y M  @  10 t h a ' 1 a lo n g  w ith  high planting density  

( 1 0  x 10  cm ), the root y ie ld  obtained w a s 2 . 2  tim es m ore than that o f  w id e r  

sp a cin g  ( 2 0  x 2 0  c m ) and 0 .8  tim es greater than that o f  m edium  sp a cin g  

(1 5  x 15 c m ) (T a b le  1 la ).  T h e  fresh  and d ry  root y ie ld  o f  2 2 5 5 .9  and 7 3 3 .3  

k g  h a '1, re sp e c tiv e ly  w a s obtained in  tliis p a rticu la r treatment. T h is  higher y ie ld



in  this treatm ent m ay be due to the fact that the root y ie ld  b e in g  a fun ctio n o f  

y ie ld  p e r plant and num ber o f  plants p e r unit area, m ay be the result o f  the 

m axim um  nu m b er o f  plants p e r unit area, It can  be seen that high density  

planting accom m odate 2 .2 5  and 4  tim es m ore plants than that in the m edium  

(1 5  x  15 c m ) and lo w  (2 0  x  2 0  c m ) density planting. S im ila r resu lts o f  h igh er  

y ie ld  at dense planting w e re  reported in other m e d icin a l plants lik e  Ja v a  

citro n e lla  (B o m m e g o w d a  et al., 1980), hops (G o re n  et al., 1981), senna  

(N a n d i and C hatterjee, 1981), Papaver somniferum (H atakeyam a, 19 81), 

Ocimum gratissimum (B a ly a n  et al., 1988) and Ja pan ese m int (S in g h  et al., 

1989).

A p p lic a tio n  o f  F Y M  @  10 t ha ' 1 at (1 5  x  15 c m ) sp a cin g  resulted in  

h ig h e r o il content and it w a s 2 .3  tim es h igh er than that o f  contro l plots w ithout

pj

any F Y M  ap p lica tio n  at the sam e sp a cin g  (T a b le  15a). T h e  ap p lica tio n  o f  

F Y M  @  5 t ha ' 1 resulted in  m ore o r le ss sim ila r o il content as co m pared  to that 

in  the control. T h is  m ay be due to the better grow th o f  plants w h ic h  turn m ay  

be the resu lt o f  better a v a ila b ility  and a b sorption o f  nutrients fro m  h e a v ily  

m anured plo ts w ith  m edium  density. A p p lic a tio n  o f  h ig h er le v e ls  o f  F Y M  

resu lted  in  m axim um  essential o il content as reported b y  S h eela (1 9 9 6 ) and  

A y is h a  (1 9 9 7 ), w h ere they obtained m axim um  cru d e  a lk a lo id  content in  roots  

o f  Piper longum b y  a p p ly in g  F Y M  @  2 0  t ha ' 1 as com pared  to control

fz 'r



treatment w it h o u t 'a n y  F Y M  ap p lica tio n  and F Y M  @  10 t h a '1. B ut in  

pa lm a rosa, M a h e s h w a ri et al. (1 9 9 1 ) fo u n d  that the a p p lica tio n  o f  F Y M  @  

15 t ha ' 1 d id  not affect the g eranio l content.

T h e  in flu e n ce  o f  sp a cin g  and F Y M  on the o il y ie ld  p e r plant sh ow ed  

that the h ighest o il y ie ld  p e r plant w a s  obtain ed  in  the treatment re c e iv in g  

F Y M  @  10 t ha ' 1 and planted at a w id e r sp a cin g  o f  2 0  x  2 0  cm  (T a b le  16b). 

T h e  v a lu e s w e re  1.4 and 1.2 tim es m ore than that in the treatm ents re c e iv in g  

ze ro  and 5 t h a ' 1 F Y M  re sp e c tiv e ly  at the sam e p la n tin g  d ensity and it w a s 1.2 

and 1.5 tim es greater than that in m edium  (1 5  x  15 cm ) and high er  

(1 0  x  10 c m ) d ensity p la n tin g  re c e iv in g  F Y M  @  10 t h a '1. T h is  m ay be due to 

h ig h er root y ie ld  p e r plant w h ic h  in  turn m ay be due to better plant grow th at 

w id e r sp a cin g  w ith  le sse r plant to plant com petition fo r the facto rs o f  

production.

T h e  in flu e n ce  o f  sp a cin g  and F Y M  on grow th and y ie ld  ch aracters lik e  

plant height, num b er o f  le a v e s p e r plant, num b er o f  b ran ches p e r plant, le a f  

area, root length, root girth, fresh  and d ry w eig h t o f  roots p e r plant (T a b le s  4 , 

5a, 6 a, 7a and 10 a ) sh o w e d  that a ll these attributes w e re  in flu e n ce d  fa v o u ra b ly  

b y the m ed ium  sp a cin g  o f  15 x 15 cm  and w ith the a p p lica tio n  o f  F Y M  @  

10 t h a '1. S im ila r results w e re  obtained in 2 0  x 2 0  cm  sp a cin g  also. B etter

C>



plant grow th at w id e r sp a cin g  m ay be due to le sse r com petition fo r nutrients, 

w ater and light. C lo s e ly  sp a ce d  plants w e re  perhaps su b jected  to a greater 

degree o f  com petition fo r nutrients, m oisture and sunlight w h ic h  in turn w a s  

re fle cte d  in  re d u ce d  grow th. T h e  resu lts therefore in d ica te d  that a sp a cin g  o f  

15 x 15 cm  w o u ld  be better than other sp a cin g  treatm ents fo r in cre a sin g  the 

grow th o f  the plant and this c o u ld  be due to optim um  utilisa tio n  o f  the va rio u s  

facto rs o f  p rod u ction . T h e  results are in co n fo rm ity  w ith  the fin d in g s o f  

P o n n u sw a m y  and M u th u sw a m i (1 9 8 1 ) in Curcuma longa, Jo sep h  (1 9 8 3 )  in 

Costus speciosus, S ubha (1 9 9 0 ) in Plumbago rosea, S h eela  (1 9 9 6 ) and A y is h a  

(1 9 9 7 ) in Piper longum. W ith  resp ect to grow th and y ie ld  attributes, 

treatments re c e iv in g  F Y M  @  10 t ha ' 1 and 15 x 15 cm  sp a cin g  w a s su p e rio r  

to that in the other treatments. T h is  m ay be due to the in cre a se d  a v a ila b ility  o f  

nutrients fro m  h e a v ily  m anured plo ts and thus resu ltin g  in  lux urian t grow th o f  

plant. S im ila r resu lts w e re  n o ticed  b y  C h a ira n i (1 9 8 7 ) in  Costus speciosus, 

B e h u ra  et al. (1 9 8 8 ) in  palm arosa, S heela (1 9 9 6 ) and A y is h a  (1 9 9 7 ) in  Piper 

longum on the effect o f  o rg a n ic m anure on b io m e tric  ch aracters and d ry m atter 

prod u ction .

T h u s the o il y ie ld , fre sh  and d ry  root y ie ld , and total plant d ry  matter 

y ie ld  w e re  fo u n d  to be h ig h er in  plo ts re c e iv in g  h ea vy  d ose o f  o rg a n ic m anure  

and w ith high density o f  planting (T a b le s  1 l a  &  16a), w h ereas the vegetative



characters and y ie ld  attributes lik e  root length, root girth, fresh  and dry w eight 

o f  root p e r plant w e re  h igh er in plo ts re c e iv in g  o rg a n ic  m anure @  10  t ha ' 1 and  

planted at a m ed ium  sp a cin g  o f  15 x 15 cm  (T a b le s  4, 5a, 6 a, 7 a  and 10a).

T h e  stage o f  h arvest had a sig n ifica n t in flu e n ce  on the o il y ie ld . T h e  o il 

y ie ld  w a s  fo u n d  to be h ig h er in  eight m onth o ld  cro p  (3 .0  1 ha"1) as co m p a red  

to that in  other grow th stages (T a b le  16a). H a rv e stin g  at eight m onth stage 

resu lted  in the m axim um  root y ie ld  on fresh  and d ry  w e ig h t b a sis. T h is  m ay be  

due to the better grow th o f  the plant b y  a d v a n cin g  age. T h is  is  re fle cte d  in  the 

grow th ch aracters v iz ., plant height, le a f  area, L A I,  num b er o f  b ran ch es etc. 

T h e  results are in  agreem ent w ith  those rep orted  in  other m e d icin a lly  

im portant cro p s v iz ., g in g er (N y b e , 1 9 78 ), Mentha arvensis (C h a n d ra  and  

Singh, 19 8 3), Kaempferia galanga (R a ja g o p la n , 19 8 3 ), Acorus calamus 

(P h ilip  et al., 19 9 1), Holostemma annulare (M e e ra , 19 9 4 ) and Piper longum 

(S h eela, 1996).

T h e  o il content, w ater so lu b le  extract and a lco h o l so lu b le  extract w ere  

h igh er in eight m onth o ld  cro p  as com pared  to that in other stages. T h is  m ay  

be due to the fact that the content in cre a se s w ith  a d v a n cin g  stage o f  the plant. 

S im ila r o b se rv a tio n s w e re  m ade b y  B o u v e ra t -  B e rn ie r (1 9 8 9 ) in p e p p e r mint 

w h ere he obtained high qu ality  o f  essential o il contain ing 2  p e r cent pulegone



at a d v a n cin g  stage o f  harvest. In  pepperm int highest essen tial o il content and  

m enthol content w a s obtained at last stage o f  h arvest (L e e la  and A n g a n d i, 

19 94). M a x im u m  so lu b le  carb oh yd rate content and total am ino a c id  content in 

Holosiemma annulare w a s  n o ticed  w h en the c ro p  w a s harvested  at 18 month  

stage as co m p a red  to that in  12 m onth and 6  m onth old  cro p  (M e e ra , 1994).

T h e  grow th characters and y ie ld  attributes (T a b le s  4, 5a, 6 a, 7a  and  

1 Oa) w e re  fou nd  to in cre a se  w ith a d van ce in  the stage o f  h arvest and highest 

va lu e  o f  these ch aracters w e re  obtained at eight month stage, T h is  m ay be due  

to better w ater and nutrient uptake b y w a y  o f  pro m o tin g the root grow th with  

a d va n ce  in stage o f  harvest. T h e  results are in co n fo rm ity  w ith  those reported  

b y  L a u g h lin  (1 9 8 0 ) in Papaver somniferum, P rasad  and S axen a (1 9 8 0 ) in  

pepperm int, N a ir  et al. (1 9 8 3 ) in Eucalyptus citriodora, W h ite  et al. (1 9 8 7 ) in  

pepperm int, K u ria k o s e  (1 9 8 9 ) in  palm arosa, M e e ra  (1 9 9 4 ) in Holostemma 

annulare, S h eela (1 9 9 6 ) in Piper longum.

T h u s the a d va n ce  in the stage o f  h arvest im p ro v e s the grow th in  

Hemidesmus indicus re su ltin g  in  better o il y ie ld  o f  good quality. T h e  in cre a se d  

oil y ie ld  obtained at eight m onth stage m ight be due to an in crea se  in root y ie ld  

as w e ll as o il content in  the c ro p  at this stage.

T h e interaction effect o f  sp a cin g  x F Y M  and stage o f  harvest on total o il



y ie ld  o v e r eight m onths (T a b le  16a) sh o w ed  that the treatment com bination  

re c e iv in g  F Y M  @  10 t ha ' 1 w ith  the highest planting density (1 0  x  10 cm  

sp a cin g ), w h e n  h arvested at eight m onth stage (T7K4) resu lted  in  the m axim um  

o il y ie ld  o f  3 .0  1 ha ' 1 as com pared  to that in the other treatment com binations. 

T h e re fo re  fo r p ro d u cin g  h igh er o il y ie ld , the c ro p  m ay be c lo s e ly  planted  

( 1 0  x  1 0  c m  sp a cin g ) alon g w ith  the a p p lica tio n  o f  o rg a n ic  m anure @  1 0  t ha ' 1 

and m ay b e h arvested  at eight m onth stage. T h e  in cre a se d  o il y ie ld  in the 

treatm ent m ight be due to the h igh er root y ie ld  o f  2 3 8 9 .8  k g  h a '1, in  this 

p a rticu la r treatment.

5.2 Nutrient content and uptake

It ca n  be seen that at w id e r sp a cin g  (2 0  x  2 0  c m ) a p p lica tio n  o f  o rg a n ic  

m anure @  10 t ha ' 1 resu lted  in h ig h er content o f  N , P  and K  in  the shoot and  

root o f  Hemidesmus indicus (T a b le  12a). T h e  in cre a se  in  nutrient content w a s  

to the tune o f  165, 160, 1 1 5  p e r cent re sp e c tiv e ly  in shoot and 2 0 7 ,  166, 125  

p e r cent re sp e c tiv e ly  in  root as co m p a red  to that o f  contro l plo ts w ithout any  

F Y M  a p plication. T h is  m ight be due to the in cre a se d  a v a ila b ility  o f  these  

nutrients in the so il due to the a p p lica tio n  o f  h ea vy  d o se o f  m anure. T is d a le  

et al. (1 9 9 3 ) an d  Jo sep h  ei al. (1 9 9 5 ) reported the ro le  o f  o rg a n ic  m atter in  

enhancing p h o sp h o ru s a v a ila b ility  fro m  the soil. S h eela (1 9 9 6 ) and A y is h a  

(1 9 9 7 ) also  m ade s im ila r observatio ns in Piper longum i.e, a higher
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co n centration o f  N , P  and K  in  vegetative parts w ith  h igh er le v e ls  o f  o rgan ic  

m anure. T h e  N , P  and K  content w a s fo u n d  to be h ig h e r in  lo w e r density  

p la n tin g as co m p a red  to that in  high density planting. T h is  m a y  b e due to the 

fact that w h en  sp a ce  b etw een the plants w a s in creased , there w o u ld  be le sse r  

n u m b er o f  plants p e r un it area re su ltin g  in  le sse r co m petition fo r  the facto rs o f  

p ro d u ctio n  v iz ., w ater, nutrients and light re su ltin g  in  better a b sorption o f  

nutrients fro m  the soil. So the nutrient content o f  shoot and root po rtion w as  

m ore in w id e r sp a cin g  and v ic e  v e rsa  in  h igh density planting. In  Piper 

nigrum, R e d d y  et at. (1 9 9 2 ) h ave reported a d e cre a sin g  trend o f  po tassium  

content w h en  the plant po pulation w a s in creased . In  Piper longum, S heela  

(1 9 9 6 ) and A y is h a  (1 9 9 7 ) a lso  m ade s im ila r ob se rv a tio n s o f  d e cre a sin g  

content o f  nutrients in vegetative parts w ith  in cre a sin g  plant population. T h u s  

the treatm ents re c e iv in g  F Y M  @  10 t ha ' 1 and planted at 2 0  x 2 0  cm  sp a cin g  

re co rd e d  h ig h e r nutrient content and the N , P  and K  content in  this treatment 

w a s 1.65, 0 .08 , 1.84 p e r cent re sp e ctiv e ly  in  the shoot and 1.45, 0.5  and 1.77

p e r cent re sp e ctiv e ly  in  root w h ic h  w a s s ig n ifica n tly  su p e rio r to that in  the 

absolute control,

Stage o f  h arve sts in flu e n ce d  sig n ifica n tly  the N  content o f  shoot and  

root w h ic h  sh o w e d  an in cre a sin g  trend upto the seventh m onth and then



d ecrea sed  in the last harvest (T a b le  12a). T h e  h igh er concentration o f  N in 

vegetative parts in early  stages m ay be due to the fact that the grow th rate and 

b io m ass p ro d u ctio n  du rin g the e a rly  stage is co n sid e ra b ly  low . W ith  a d v a n cin g  

stage, a ra p id  in cre a se  in the total d ry  m atter p ro d u ctio n  is  no ticed resu ltin g in  

a d ecrea se in  the concentration o f  nitrogen in vegetative parts. S im ila r  

va ria tio n  in the le a f  nitrogen content o f  Piper nigrum w a s reported b y  

Susham a (1 9 8 2 ). T h e  stage o f  harvest d id  not affect P  and K  content o f  shoot 

and root, e ven  though the P  and K  content o f  the roots show ed- an in cre a sin g  

trend w ith a d v a n cin g  age w h ere  as the P  and K  content d e crea sed  in shoot at 

eight m onth stage. In  Piper longum there w a s a slig h t in cre a se  in  P  content 

w h en the plant grow th w a s red u ced  after the peak b e a rin g  stage (A y ish a ,  

1997).

T h e  interaction effect o f  sp a cin g  x F Y M  and the stage o f  h arvest on the 

nutrient content o f  shoot and root w a s not found to be sig n ifican t. A m o n g  the 

in tera ction treatments, those planted at 2 0  x 2 0  cm  s p a cin g  re c e iv in g  F Y M  @  

10 t ha ' 1 and harvested  at eight m onth stage ( T y IQ )  resulted in root N  content 

sig n ifica n tly  h ig h er than that in the other treatment com binations.

P lanting at 10 x 10 cm  sp a cin g  along w ith  the ap p lica tio n  o f  F Y M  @

10 t ha 1 resulted  in the highest nutrient uptake (T a b le  13a). T h is  m ay be due



to the enhanced m in era lisa tio n  o f  nutrients at h ig h er le v e ls  o f  o rg a n ic m anure  

as reported b y  Jo se p h  et al. (1 9 9 5 ). T h is  m ay also  be due to the m axim um  dry  

m atter a ccu m u la tio n  in  h ig h er d ensity plots. S ig n ifica n tly  h ig h er uptake o f  all 

the three nutrients w e re  n o tice d  w ith the ap p lica tio n  o f  o rg a n ic  m anure @  

10 t h a ' 1 as co m p a red  to contro l and the in cre a se  w a s 1.53, 1 .1 7  and 1.50  

tim es m ore than that in  the treatment w ithout any F Y M  ap plicatio n. T h is  

in cre a se d  nutrient uptake m ight be due to an in cre a se d  a v a ila b ility  and  

absorption o f  these nutrients in so il w h ic h  h elped the plant to p ro d u ce  m ore  

d ry  m atter (T a b le  11a), uptake b ein g  a functio n o f  d ry  m atter p rod u ction and  

nutrient content. S im ila r results o f  enhanced nutrient a v a ila b ility  b y the 

addition o f  o rg a n ic  m anure has been reported b y  R ic h a rd s  (1 9 6 9 ), Tham patti 

(1 9 8 5 ),  T is d a le  et al. (1 9 9 3 ) and Jo sep h  et al. (1 9 9 5 ). A m o n g  the different  

sp a cin g  le v e ls, n a rro w  sp a cin g  o f  10 x  10 cm  re co rd e d  h ig h er uptake o f  N , P  

and K  (T a b le  13a). T h is  m ay be due to the enhanced d ry  m atter accu m ulation  

in h ig h er d ensity plo ts due to the p re sen ce  o f  m axim um  n u m b e r o f  plants p e r  

unit area thus in cre a sin g  the uptake. T h e  P  uptake w a s  aro un d  2 0  p e r cent o f  

nitrogen uptake w h ic h  w a s in co n fo rm ity  w ith  the rep o rts o f  K a m w a r et al. 

(1 9 8 2 ). S im ila r o b servatio ns on the sig n ifica n t in cre a se  in  N , P  and K  uptake  

b y  h ig h e r d ensity o f  planting are also  reported b y  T is d a le  et al. (1 9 8 5 ),  S heela  

(1 9 9 6 ) and A y is h a  (1 9 9 7 ).
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Stage o f  harvest a lso  sh ow ed sig n ifica n t in flu e n ce  on the N , P  and K  

uptake by the plant. T h e  nutrient uptake in crea se d  w ith ag ein g and w a s found  

to be the m axim um  in eight m onth o ld  plants (T a b le  13a). T h is  m ay be due to 

the h igh er d ry  matter y ie ld  w ith  a d v a n cin g  age o f  the crop. A  gradual in crea se  

o f  nutrient uptake in  Piper nigrum w ith  the grow th o f  plant h as been reported  

b y D e w a a rd  (1 9 6 9 ) and S usham a (1 9 8 2 ) and in  Piper longum b y  S heela  

(1 9 9 6 ). B u t A y is h a  (1 9 9 7 ) ob se rv ed  a d e cre a sin g  trend in  N , P, K  uptake b y  

the plant after 17 M A P  in Piper longum.

T h e  in tera ction effect o f  sp a cin g  x F Y M  and stages o f  harvest w a s  

sig n ifica n t o n ly  on N  and K  uptake o f  plant. T h e  m ost sig n ifica n t interaction  

on N  and K  uptake b y root and shoot w a s obtained in  the treatments re c e iv in g  

F Y M  @  10 t h a ' 1 planted at 10 x 10 cm  sp a cin g  and h arvested at eight m onth  

stage. T h is  m a y  be due to in cre a se d  a v a ila b ility  and absorption o f  these  

nutrients w ith  a d v a n cin g  age o f  plant.

5.3 Soil fertility parameters

Irre sp e ctiv e  o f  sp a cin g , treatments re c e iv in g  F Y M  @  10 t h a ’ 1 w a s  

found to in cre a se  the a v a ila b le  N , a v a ila b le  P20 5, a v a ila b le  K 20  and o rg a n ic  

carb on content in the so il after the experim entation (T a b le  14a). H ig h e r dose  

o f  o rg a n ic m anure @  1 0  t ha ' 1 left m ore nutrients in the so il w h ich  w as  

sig n ifica n tly  su p e rio r to that in the contro l plots w ithout any F Y M  application.



T h is  m ay be due to the in cre a se d  m ic ro b ia l a ctiv ity  due to the a p p lica tio n  o f  

org a n ic m anure w h ic h  m ay lead  to greater m in eralization . W ith  o rg a n ic  

m anure a p p lica tio n  M u th u v e l (1 9 7 3 ),  M c In to sh  and V a rn e y  (1 9 7 3 ),  Tham patti 

(1 9 8 5 ),  Jo se p h  et al. (1 9 9 5 ), S h eela (1 9 9 6 ) and A y is h a  (1 9 9 7 )  have reported  

an in crea se  in the nutrient content in  the so il after experim entation. T h e  

treatm ents planted at a w id e r sp a cin g  o f  2 0  x 2 0  cm  and re c e iv in g  F Y M  @  

10 t ha"1 w a s s ig n ifica n tly  su p e rio r in  the case o f  a v a ila b le  N  and a v a ila b le  

P2O5. (T a b le  14a). T h e  depletion o f  nutrients fro m  the s o il w ith  c lo se r sp a cin g  

w a s due to m ore num b er o f  plants p e r unit area extracting nutrients fro m  so il 

resu ltin g in the red u ctio n  in  soil nutrient status. T h is  is  in  co n fo rm ity w ith  

fin d ing s o f  T isd a le  et al. (1 9 8 5 ), S h eela (1 9 9 6 ) and A y is h a  (1 9 9 7 ). T h o se  

planted at a n a rro w  sp a cin g  o f  10 x 10 cm  and re c e iv in g  F Y M  @  10 t ha"1 left 

m ore a v a ila b le  K 20  and o rg a n ic  carb o n  in the so il after experim entation.

R e d d y  et al. (1 9 9 2 ) reported an in crea se d  nutrient content in so il at high er  

plant densities.

T h e  stage o f  harvest a lso  sh ow ed  a sig n ifica n t in flu e n ce  on so il nutrient 

status after experim ent (T a b le  14a). T h e  a v a ila b le  nitrogen content o f  soil 

sh o w ed  a p ro g re ssiv e  d ecrea se after each  h arvest and sh o w ed  a slight in crea se  

after the last h arvest at eight m onth stage. T h e m axim um  va lu e  o f  3 0 2 .2
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k g  h a ' 1 w a s  obtained after h a rve stin g  at eight m onth stage (T a b le  14a). In  the 

case o f  a ll the other nutrients, their content in so il w a s less after last harvest as 

com pared  to first harvest. T h e  d ecrease in  nutrient content in the so il after the 

experim ent m a y  be due to extraction o f  m ore nutrients fo r a la rg e r p e rio d  o f  

tim e b y the plants. S im ila r trend o f  d e cre a sin g  nutrient content o f  so il w ith  

a d v a n cin g  stage o f  harvest has been reported b y A y is h a  (1 9 9 7 ).

T h e  in tera ction effect o f  sp a cin g  x  F Y M  and stage o f  h arvest also  

sh o w e d  a s ig n ifica n t in flu e n ce  on so il nutrient content (T a b le s  14b, 1 4 c and  

14d). I n  a ll the ca ses the nutrient content w a s fou nd  to be h ig h e r in  lo w e r  

d ensity p la n tin g  w ith  o rg a n ic  m anure @  1 0  t ha ' 1 and w ith  a d van ce in  the age, 

the nutrient content w a s fo u n d  to be decreasing .

5.4 Economics of cultivation

T h e  e co n o m ics o f  cultivatio n  w o rk e d  out fo r the best treatment 

com bination, i.e., treatments re c e iv in g  F Y M  @  10 t h a ' 1 p lanted at 10 x  10 cm  

sp a cin g  w h en  harvested  at eight m onth stage sh o w e d  that a net return fro m  a  

hectare to be o f  R s . 3 2 , 8 9 1 .4 5  is  obtained w ith  total co st o f  cu ltiva tio n  o f  

R s. 7 4 ,6 5 0  (A p p e n d ix  11). E v e n  w ithout a p p ly in g  any F Y M  and planting at a 

lo w e r density o f  2 0  x  2 0  cm , w h en  harvested at eight m onth stage re co rd e d



fre sh  root y ie ld  o f  7 3 4 .0 8  k g  and the net return obtained w a s R s. 9 26 8 .6 0  

(A p p e n d ix  I I I ) .  T h e  total cost o f  cultivatio n  in this ca se  w a s R s. 2 3 ,7 6 5 . T h is  

sh o w s that Hemidesmus indicus can be g ro w n  as a p ro fita b le  cro p  under 

K e ra la  cond itions.

5.5 Future line of work

In  Hemidesmus indicus there is  p o ssib ility  o f  in cre a sin g  y ie ld  by further 

addition o f  h ig h e r d o ses o f  F Y M . S in ce  it is  a peren nial cro p , b y  e n h an cin g  the 

stages o f  h arvest there sh o uld  be p o ssib ility  o f  getting h ig h er y ie ld . T h e  results  

sh o w ed  that Hemidesmus indicus su p p lie d  w ith 10 t ha ' 1 F Y M  and planted at 

10  x 10  cm  sp a cin g , the root y ie ld  is sh o w in g  an in cre a sin g  trend upto the 

experim ental p e rio d  o f  eight m onths. T h is  c a lls  fo r the further im provem ent in  

the fo llo w in g  aspects:

(i)  A  w id e r sp a cin g  m ay be tried to fin d  out the optim um  fo r getting highest  

y ie ld  p e r plant.

( i i )  T h e  experim ent m ay be cond u cted  fo r a p e rio d  o f  tw o years from  

planting and harvesting at bim o n thly in tervals that the optim um  stage o f  

h arvest ca n  be a rriv e d  at.

( i i i)  A  h ig h er d o se o f  o rg a n ic  m anure m ay also  be tried @  2 0  t h a '1.
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SUMMARY

In v estig atio n s w e re  ca rrie d  out at the D epartm ent o f  A g ro n o m y , C o lle g e  

o f  H o rticu ltu re, V e lla n ik k a ra , T ric h u r, K e ra la  d u rin g  1996 - ‘ 9 7  to standardise  

the ag rotech niq ues in  In d ia n  sa rsa p a rilla  {Hemidesmus indicus [L in n ] R . B r.), 

T h e  in vestig atio n  in clu d e d  2  parts ( i)  N u rs e ry  studies, ( i i )  F ie ld  experim ent. 

T h e  p ro p a g u les selected  fo r n u rsery  scre e n in g  w e re  5 cm  root cuttings planted  

h o rizo n ta lly , 5 cm  ro o t cuttings planted v e rtica lly , 5 cm  root stum ps and 5 cm  

v in e  cuttings.

T h e experim ent w a s la id  out in  split plot design w ith  three rep licatio n s. 

T h e re  w a s nine m ain p lo t treatments w h ic h  are co m b in a tio n s o f  three le v e ls  o f  

s p a cin g  ( 1 0  x 1 0  cm , 15 x  15 cm  and 2 0  x  2 0  cm ) and three le v e ls  o f  organic  

m anure (0 , 5 and 10 t ha"1 F Y M )  and fo u r stages o f  harvest fo n n e d  the subplot 

treatments v iz ., five, six, seven and eight m onths after planting. T h e  m ain  

o b je ctiv e s o f  the study w e re  to standardise the p la nting m aterial in  

Hemidesmus indicus and to a rriv e  at the optim um  sp a cin g  fo r getting  

m axim um  y ie ld  . It a lso  aim ed to w o rk  out the optim um  stage o f  h arvest so as 

to get the highest y ie ld  o f  good quality. T h e  im portant results o f  the study are:

m



I. N u r s e r y  S tu d ie s

A m o n g  the fo u r p ro p a g u les tested, the 5 cm  lo n g  root cuttings planted  

v e rtic a lly  sh o w e d  sup e rio rity  o v e r others in term s o f  germ ination percentage, 

height o f  the plant, num b er o f  leaves, root length and ro o t girth. H e n ce  the root 

cuttings planted v e rt ic a lly  w a s selected  fo r the fie ld  trial.

I I.  F ie ld  e x p e rim e n t

T h e  resu lts o f  the fie ld  experim ent can  be su m m erised  as fo llo w s

A . E f f e c t  o f  s p a c in g  x F Y M

Irre sp e ctiv e  o f  the sp a cin g s adopted, the plant height in crea se d  w ith  

in cre a sin g  le v e ls  o f  F Y M  and the plo ts re c e iv in g  F Y M  @  10 t ha ' 1 h ad the 

tallest plants.

N u m b e r o f  le a ve s p ro d u ce d  p e r plant v a rie d  sig n ifica n tly  due to the 

a p p lica tio n  o f  F Y M .  In  a ll the three sp a cin g s, a p p lica tio n  o f  F Y M  @  10 t ha ' 1 

re co rd e d  the m axim um  num b er o f  le a ve s p e r plant.

Irre sp e ctiv e  o f  the planting density,the treatm ents re c e iv in g  F Y M  @  

1 0  t ha ' 1 had the m axim um  n u m b er o f  b ra n ch e s p e r plant w h ic h  w a s  

sig n ifica n tly  su p e rio r to that in  a ll the other treatments.



T h e  plo ts re c e iv in g  F Y M  @  10 t ha ' 1 re co rd e d  the m axim um  le a f  area in  

a ll the three sp a cin gs.

T h e  cro p s planted at 1 0  x  10 cm  spa cin g, w h ere  F Y M  @  10 t ha ' 1 w as  

ap plied , re c o rd e d  the m axim um  le a f  area index, w h ic h  w a s  sig n ifica n tly  

su p e rio r to that o f  the other treatments.

Irre sp e ctiv e  o f  the v a iy in g  plant densities, a p p lica tio n  o f  F Y M  @  

1 0  t ha ' 1 and planted at a sp a cin g  o f  2 0  x  2 0  cm  had the longest root.

P lanting at 2 0  x  2 0  cm  sp a cin g  and a p p ly in g  F Y M  @  10 t ha ' 1 resulted  

in  the th ickest roots w h ic h  w a s s ig n ifica n tly  su p e rio r to that in the other 

treatment com binatio ns.

T h e  m axim um  root d ry  m atter content w a s obtained in the treatments 

planted at 2 0  x  2 0  c m  sp a cin g  and a p p ly in g  F Y M  @  5 t h a '1.

Plants re c e iv in g  F Y M  @  10 t ha ' 1 and planted at a sp a cin g  o f  

2 0  x 2 0  cm  resulted in the highest fresh  root y ie ld  p e r plant. Treatm ents  

re c e iv in g  F Y M  @  10 t ha ' 1 and planted at 15 x  15 cm  s p a cin g  also  p ro d u ce d  

root y ie ld  on p e r plant b a sis  s im ila r to that in the w id e ly  sp a ce d  plants.

T h e  m axim um  d iy  w eight o f  root p e r plant w as re co rd e d  by treatments
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P lots re c e iv in g  F Y M  @  10 t ha"1 at a sp a cin g  o f  10 x  10 cm  re co rd e d  

the highest fresh  root y ie ld  w h ic h  w a s statistically  s im ila r to that in the 

treatments re c e iv in g  F Y M  @  5 t ha ' 1 and planted at 15 x  15 cm  spacing.

T h e  highest d ry root y ie ld  w a s obtained in  the treatments re c e iv in g

F Y M  @  10 t ha ' 1 along w ith a c lo se r sp a cin g  o f  1 0  x  10 cm .

Plants re c e iv in g  F Y M  @  10 t ha ' 1 and planted at a sp a cin g  o f

1 0  x  10  cm  re co rd e d  the highest d ry  shoot y ie ld  w h ic h  w a s s ig n ifica n tly

su p e rio r to that o f  the other treatment com binatio ns.

T h e  high est total d ry  m atter y ie ld  w a s obtained in the treatments planted  

at 10 x  10 cm  and su p p lie d  F Y M  @  10 t h a '1 .

H a rv e st in d ex w a s not affected b y  the treatment com b ina tio n  

s p a cin g  x  F Y M .

T h e  highest essential o il content w a s obtained in the treatments w h ere  

F Y M  w a s a p p lied  @  10 t ha"1 and planted at a sp a cin g  o f  15 x  15 cm.

A p p lic a tio n  o f  F Y M  @  10 t ha ' 1 w ith  high density planting (1 0  x  10 cm )

receiving FYM @ 10 t h a '1 and planted at 20 x 20 cm spacing.
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re co rd e d  the h ig h er o il y ie ld  p e r hectare, w h ereas the pe r plant o il y ie ld  w as  

h igh er in the treatment w ith  lo w e r plant d ensity ( 2 0  x 2 0  cm  sp a cin g ).

Irre sp e ctiv e  o f  the sp a cin g , the plots su p p lie d  w ith  F Y M  @  10 t ha ' 1 

resu lted  in  the h ig h er am ount o f  w a te r so lu b le  extract.

In  all the three spa cin gs, the cro p s re c e iv in g  F Y M  @  1 0  t ha"1 had the 

h ig h e r a lco h o l so lu b le  extract.

P lan ting at 10 x  10 cm  s p a cin g  w ith  an a p p lica tio n  o f  F Y M  @  10 t ha ' 1 

resulted in the h ighest N  content in  shoot w h ere as the root N  content w as  

highest in  those planted at 2 0  x 2 0  cm  sp a cin g  w ith an a p p lica tio n  o f  F Y M  @  

1 0  t h a '1.

Irre sp e ctiv e  o f  the spacin g, the P  content in shoot w a s highest in  the 

treatment re c e iv in g  F Y M  @  10 t h a ' 1 and the P  content o f  root w a s not 

affected  b y the treatm ent com b ina tio n sp a cin g  x F Y M .

T h e  highest shoot and root K  content w a s noticed in the treatments 

planted at a sp a cin g  o f  2 0  x  2 0  cm  and su p p lie d  w ith F Y M  @  10 t h a '1.

C lo s e s t  p la nting (1 0  x  10  cm ) alon g w ith the a p p lica tio n  o f  F Y M  @  

10 t ha"1 resu lted  in the m axim um  N, P  and K  uptake by the plant.



P lan ting at 2 0  x  2 0  cm  sp a cin g  alo n g w ith the a p p lica tio n  o f  F Y M  @  

10 t ha ' 1 left the highest am ount o f  a v a ila b le  N  and a v a ila b le  P 2O s in the so il 

after experim entation w h ereas those planted at 10  x  10  cm  sp a cin g  alo n g  w ith  

the a p p lica tio n  o f  F Y M  @  10 t h a ' 1 left m ore K 20  and o rg a n ic  ca rb o n  content 

in  the so il.

B . E f f e c t  o f  sta g e s o f  h a rv e s t

T h e  plant height w a s sig n ifica n t o n ly  in  the seventh m onth stage and  

tallest plants w e re  obtained in the seventh month. T h e  different stages o f  

harvest d id  not affect the rate o f  le a f  p ro d u ctio n  in  the plant. T h e  m axim um  

num ber o f  b ra n ch e s w a s obtained in  the seventh m onth stage. T h e  m axim um  

le a f area o f  2 1 0 . 9  cm 2 w a s  obtained at seven m onth stage. Stage o f  harvest  

sig n ifica n tly  in flu e n ce d  the le a f area in d ex  in  sixth and seventh m onth stages 

and the m axim um  L A I  w a s obtained in  seven m onth stage. T h e  num b er o f  

roots w a s fo u n d  to in crea se  w ith  the a d v a n cin g  age o f  plant and m axim um  

va lu e  o f  3 .2  w a s obtained w h e n  harvested  at eight m onth stage. T h e  plants  

harvested  after eight m onths had the longest roots. T h e  girth o f  root w as  

m axim um  in  eight m onth o ld  plants. H ig h e r root d ry  m atter content w a s  

obtained w h en  the plants w e re  h arvested at s ix  m onth stage ( 3 3 . 9  p e r cent) 

fo llo w e d  b y  that at eight m onth (3 3 .4  p e r cent) stage. H a rv e stin g  the plants at 

eight m onths after planting resulted in the m axim um  fresh  root y ie ld  o f  2 . 8  g



p e r plant. M a x im u m  d iy  w eig h t o f  root p e r plant w a s re co rd e d  in plants  

harvested  after eight m onths (0 .9 4  g). T h e  fresh  root y ie ld  p e r hectare w a s  

highest at eight m onth stage ( 1 4 2 2 . 7  k g  h a '1). T h e  highest d ry  root y ie ld  

(4 7 4 .2  k g  ha"1) w a s obtained in  eight m onth old  crop . T h e  high est d ry  shoot 

y ie ld  ( 1 4 1 1 . 7  k g  h a '1) w a s obtained fro m  eight m onth old  cro p . T h e  plants  

harvested  after eight m onth stage re co rd e d  h ig h er d ry m atter y ie ld  

(1 8 8 6 .0  k g  ha "’). T h e  h arvest index w a s fo u n d  to be d e cre a sin g  w ith the 

in cre a sin g  age o f  the plant. T h e  m axim um  va lu e  w a s obtained fo r the fiv e  

m onth old  plants (0 .2 9 ) and the m inim um  in  the eight m onth old  plants (0 .2 5 ).

S e ve n  m onth o ld  plants re co rd e d  the highest v a lu e  o f  shoot N  content 

(1.41 p e r cen t) c lo s e ly  fo llo w e d  b y that in eight m onth o ld  plants  

( 1 . 3 9  p e r cent). T h e  root N  content w a s highest in  seven m onth old plants  

( 1 . 3 4  p e r cent). T h e  P  content o f  shoot, K  content o f  shoot and root w e re  not 

found to be s ig n ifica n tly  in flu e n ced  b y  the stage o f  harvest. T h e  eight m onth  

old  cro p  re m o v e d  m axim um  quantity o f  N , P  and K  fro m  the soil w h ich  w e re  

26.2 0,  1.09, 3 1 . 3 0  k g  ha ' 1 re sp ectively. H a rv e stin g  at fiv e  m onth stage left 

h igh er am ount o f  a v a ila b le  so il N  ( 3 1 2 . 2  k g  h a '1). H a rv e stin g  at seven month  

stage resulted  in h igh er am ount o f  a v a ila b le  P2O 5 content ( 1 8 . 4  k g  h a '1)  in the 

soil. T h e  a v a ila b le  K 2O  content in  so il after experim entation w a s fo u n d  to be  

in cre a sin g  w ith  the ad va n ce  in  the stage o f  harvest and harvesting at seven
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m onth stage left the m axim um  content o f  1 9 2 .3  k g  ha*1 a v a ila b le  K 2O  in  the 

soil. H a rv e stin g  at f iv e  and seven m onth stages left the m axim um  o rg a n ic  

ca rb o n  content (0 .9 7 ) in  the so il. H a rv e stin g  at eight m onth stage resu lted  in  

the h igh est essen tial o il content o f  (0 .3  p e r cent) in  the roots o f  Hemidesmus 

indicus. T h e  p e r hectare and p e r plant o il y ie ld  w a s highest w h en  harvested  at 

eight m onth stage. T h e  seven and eight m onth o ld  c ro p  resu lted  in  the h igh er  

am ount o f  w ater so lu b le  extract o f  roots (6.11 p e r cent). T h e  highest v a lu e  o f  

a lco h o l so lu b le  extract w a s obtained in  eight m onth o ld  cro p  ( 3 . 1 6  p e r cent).

C . In t e r a c t io n  e ffe c t  o f  s p a c in g  x  F Y M  a n d  sta g e s o f  h a rv e s t

T h e  treatm ent com b ina tio ns d id  not affect the height o f  plant in  

Hemidesmus indicus.

T h e  in tera ction effect o f  treatm ents o n  the num b er o f  leaves p e r plant  

w a s sig n ifica n t at four, f iv e  and seven m onth stages. A t  fo u r and fiv e  m onth  

stage, the treatments re c e iv in g  F Y M  @  1 0 1 ha*1 planted at 10 x  10 cm  sp a cin g  

and h arvested at s ix  m onth stage re c o rd e d  m axim um  va lu e. A t  seven m onth  

stage, the treatment re c e iv in g  F Y M  @  10 t ha*1 and planted at 10 x  10 cm  

sp a cin g  re co rd e d  the highest v a lu e  o f  44.4.

Irre sp e ctiv e  o f  the sp a cin g s, the treatments re c e iv in g  F Y M  @  10 t ha"1 

and plants at eight m onth stage re co rd e d  the highest v a lu e  o f  2 .9  in  the case o f



number o f branches per plant.

T h e  in tera ction effect o f  the v a rio u s  treatm ents o n  the le a f  area p e r plant 

w a s sig n ifica n t at fiv e , s ix  and seven m onth stages. A t  f iv e  and s ix  m onth  

stage, the treatm ent re c e iv in g  F Y M  @  10 t ha ' 1 w ith  10 x  10 c m  sp a cin g  

( T 7 K 2) re co rd e d  the m axim um  value, A t  seven m onth stage, the treatments 

planted at 15 x 15 cm  sp a cin g  re c e iv in g  F Y M  @ 5  t ha ' 1 (T7K3) re co rd e d  the 

highest value.

T h e  in tera ctio n effect o f  the treatments on le a f  area in d e x  w as  

sig n ifica n t at four, fiv e , s ix  and seven m onth stages. A t  fou r, fiv e , s ix  m onths  

stages, the treatm ents planted at 10 x  10 cm  sp a cin g  re c e iv in g  F Y M  @  

10 t ha ' 1 w h en  harvested  at s ix  m onth stage ( T 7K « ) re c o rd e d  m axim um  L A I.  

A t  seven m onth stage the treatm ent T7K3 re co rd e d  the m axim um  v a lu e  o f  2 .6 0 .

T h e  n u m b e r o f  roots p e r plant w a s fo u n d  to be highest in those  

treatm ents p la nted  at m ed ium  (1 5  x  15 c m ) and w id e r (2 0  x  2 0  cm ) sp a cin g s  

re c e iv in g  F Y M  @  1 0 1 ha ' 1 w h e n  harvested  at eight m onth stage.

T h e  treatment re c e iv in g  F Y M  @  5 t h a ' 1 p lanted at a sp a cin g  o f  15 x  15  

cm  and h arvested  at eight m onth stage w a s fo u n d  to be su p e rio r in  the ca se  o f  

length o f  root. T h e  treatments T3K4, T6K4, T9K4 and TsfL, w a s fou nd  to be
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similar to this treatment.

T h e  girth o f  m ain root w a s not affected  by the interaction effect o f  

v a rio u s  treatments.

T h e  high est root d iy  m atter content w a s  obtained in  the treatments 

re c e iv in g  F Y M  @  5 1 ha ' 1 p lanted at 2 0  x  2 0  c m  sp a cin g  and harvested  at eight 

m onth stage ( T 6K 4).

T h e  fre sh  root y ie ld  p e r plant w a s not affected b y  the interaction  

b etw een sp a cin g  x  F Y M  and stages o f  harvest.

In  the ca se  o f  d ry  root y ie ld  p e r plant, the treatment co m b in a tio n s  

re c e iv in g  F Y M  5 t ha ' 1 p lanted at 2 0  x  2 0  cm  sp a cin g  and h arvest at eight 

m onth stage (T g K * ) sh o w e d  v a lu e s  s ig n ifica n tly  su p e rio r to that o f  the other 

treatment com binations.

Treatm ents re c e iv in g  F Y M  @  10 t ha ' 1 at a sp a cin g  o f  10 x  10 cm  and  

harvested at eight m onths after p la n tin g  re co rd e d  the highest fre sh  root y ie ld  o f  

2 3 8 9 .8  k g  h a '1.

T h e  highest d ry root y ie ld  ( 8 1 6 . 7  k g  h a '1)  w a s obtained in  seventh and  

eight m onth o ld  plants in  treatm ents re c e iv in g  F Y M  @  10 t ha ' 1 p lanted at a
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T h e  treatm ents re c e iv in g  F Y M  @  10 t ha ' 1 planted at 10 x  10 cm  and  

harvest at eight m onth stage re co rd e d  the highest d ry  shoot y ie ld  o f  

2 0 2 5  k g  h a '1.

D e n s e  planting at 10 x  10 cm  sp a cin g  along w ith  the a p p lica tio n  o f  

F Y M  @  10 t ha ' 1 w h en  h arvested at eight m onth stage re c o rd e d  the highest 

d ry  m atter y ie ld  ( 3 2 5 0  k g  h a '1).

T h e  f iv e  m onth o ld  plants planted at 15 x 15 cm  w ith o ut any F Y M  

a p p lica tio n  ( T 2K i )  and those planted at 10 x 10 cm  re c e iv in g  F Y M  @  10 t ha ' 1 

( T 7 K i )  re c o rd e d  the m axim um  h arvest in d e x  (0 .3 4 ).

T h e  in tera ction effect o f  v a rio u s  treatments w a s  not fo u n d  to in flu e n ce  

the N  content o f  shoot. T h e  highest N  content in  root w a s n o ticed  b y  the 

a p p lica tio n  o f  F Y M  @  10 t h a "1 and p la nting at 2 0  x 2 0  c m  sp a cin g  and  

harvested at seven m onth stage.

T h e  highest P  content in  shoot w a s obtained in  treatm ents re c e iv in g  

F Y M  @  5 t ha ' 1 p lanted at a sp a cin g  o f  2 0  x 2 0  cm  w h e n  h arvested  at eight 

m onth stage ( 0 . 1 1  p e r cent).

spacing o f  10 x 10 cm.



T h e  interaction effect o f  v a rio u s  treatments w a s not fo u n d  to in flu e n ce  

the P  content o f  roots and K  content o f  shoot and roots.

T h e  treatm ents planted at 10 x 10 cm  sp a cin g  alo n g  w ith  the a p p lica tio n  

o f  F Y M  @  10 t ha ' 1 w h en  h arvested  at eight m onth stage resu lted  in  the 

m a x im u m  N  uptake (6 3 .8  k g  h a '1).

T h e  in tera ction e ffe ct o f  v a rio u s treatm ents w a s not fo u n d  to affect the P  

uptake b y  the plant.

T h e  treatments re c e iv in g  F Y M  @  10 t ha"1 and planted at 10 x 10 cm  

sp a cin g  and harvested  at seven m onth stage (T7K3) re co rd e d  the highest K  

uptake b y  the plant ( 5 7 .1 k g  h a '1).

T h e  treatm ents planted  at 2 0  x  2 0  cm  sp a cin g  re c e iv in g  F Y M  @  

10 t ha ' 1 and harvested  at s ix  m onth stage left h ig h er am ount o f  a v a ila b le  N  

and a v a ila b le  P 2O 5 in  the soil.

T h e  treatm ents re c e iv in g  F Y M  @  5 t ha ' 1 planted at 2 0  x 2 0  cm  sp a cin g  

and h arvested  at seven m onth stage left the highest am ount o f  a v a ila b le  K 20  in 

the soil.

T h e  treatm ents re c e iv in g  F Y M  @  10 t ha ' 1 and planted 2 0  x  2 0  cm



sp a cin g  w h e n  harvested  at f iv e  m onth stage re co rd e d  the highest am ount o f  

s o il o rg a n ic  ca rb o n  ( 1 . 2 5  p e r cent).

T h e  highest v a lu e  o f  essential o il content w a s obtained in  the treatments 

w h ere  F Y M  w a s a p p lie d  @  10 t h a '1 and planted at s p a cin g  o f  15 x 15 cm  

w h en  h arvested  at eight m onth stage.

T h e  h ighest o il y ie ld  o f  3 1 h a '1 w a s  obtained fro m  eight m onth o ld  cro p  

su p p lie d  w ith  F Y M  @  1 0 1 ha"1 and planted at a sp a cin g  o f  10  x  10 cm .

Irre sp e ctiv e  o f  the spacin g, seven and eight m onth old  cro p  su p p lied  

w ith  F Y M  @  10 t h a '1 resulted in  the h ig h e r am ount o f  w ater so lu b le  extract o f  

6.11 p e r cent.

T h e  highest v a lu e  o f  a lco h o l so lu b le  extract ( 3 . 1 6  p e r cen t) w a s  

obtained in eight m onth o ld  cro p  re c e iv in g  F Y M  @  10 t h a '1 in m edium  and  

w id e  sp a cin g s o f  15 x  15 cm  and 2 0  x 2 0  cm,

T h e  e co n o m ics o f  cultivatio n  w o rk e d  out fo r the best treatment 

co m b in a tio n  sh o w e d  that Hemidesmus indicus can  be g ro w n  as a  profitab le  

cro p  under K e ra la  conditions.
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APPENDIX - 1

W e a th e r at V e lla n ik k a ra , T ric h u r, K e ra la  d u rin g  the p e rio d  M a rc h  1996 to 

M a rc h  1997.

M o n th
M a x .
tem p.

0 ° C

M in .
temp.

0 ° C

T o ta l

ra in fa ll
(m m )

N o. o f  
ra in y  days

M e a n
R H  ( % )

M e a n

sunshine
h o u rs

1996

M a rch 36.4 24.3 0 0 59.5 9.3

A p ril 34.6 25.0 152.0 7 73 8.3

M a y 32.8 25.2 95.4 4 7 7 7 .7

June 30.5 23.8 400.3 16 84.5 4.7

Ju ly 28.8 23.1 588.7 25 89.5 2.7

August 29.1 23.6 310.0 2 0 86.5 3.7

September 29.2 23. 7 391.6 17 84 4.3

October 30.1 22.9 219.3 12 81.5 6 .0

N ovem ber 31.5 23:6 2 2 .1 2 71.5 7.1

D ecem ber 30.5 2 1 .8 60.4 2 67.5 6.8

1997

January 32.0 22.9 0 .0 0 61.5 9.6

February 33.9 2 1 .8 0 .0 0 60.5 9.3

M a rch 35 .7 24.0 0.0 0 59.5 9.6



C o s t  o f  cu ltiv a tio n  o f  Hemidesmus indicus (  1 h ecta re) b a se d  on treatment 

co m b in a tio n  re c e iv in g  F Y M  @  10 t ha ' 1 p lanted  at 10 x  10 cm  sp a cin g  w h e n  

h arvested  at eight m onth stage ( T 7 K 4).

A. Cost of inputs *

APPENDIX - II

Ite m Q uan tity R a te  (R s .) C o st (R s .)

Root cuttings 2 5 0  kg 45 /kg 11,250

F Y M l O t  h a 1 30 0 /  ton 3000

B . L a b o u r  cost

Particulars M en @ 80 W om en @ 75 A m ount (R s.)

Tractor ploughing (R s. 

80 /  hr, 5 hrs /  ha)
- - 400

Layout and 

preparation o f  beds
125 - 10,000

Planting 100 150 19,250

G ap fillin g - 150 11,250

1st weeding - 60 4500

2 nd weeding - 40 30 00

Harvesting 150 - 12,000

G rand Total 74,650

* B a se d  o n  the treatm ent co m b in a tio n  T 7 K 4 w h ic h  re co rd e d  the m axim um  y ie ld  

w ith  the highest density and 1 0 1 h a ' 1 F Y M  and h arvested  at 8  m onths stage.

T o ta l fre sh  ro o t y ie ld  w a s 2 3 8 9 .8 1  kg.

G ro s s  return =  2 3 8 9 .8 1  x  45 =  R s .  1 ,0 7 , 5 4 1 . 4 5  

N e t return =  1,0 7,5 41  . 4 5  - 7 4 , 6 5 0  =  R s .  3 2 , 8 9 1 . 4 5



APPENDIX - III

C o s t  o f  cu ltiv a tio n  o f  Hemidesmus indicus (1  hectare) b a se d  on treatment 

com b ina tio n planted at 2 0  x 2 0  cm  s p a cin g  w ithout any F Y M  ap p lica tio n  

w h e n  harvested  at eight m onth stage ( T 3 K4).

A . C o s t  o f  inputs*

Item Q uan tity R a te  (R s .) C o st (R s .)

Root cuttings 63 kg 45 /  kg 2835

B. Labour cost

Particulars
0

M en  @ 80 W om en @ 75 Am ount (R s.)

Tractor ploughing  
(R s. 80 /  hr, 5h rs/ ha)

- - 400.00

Layout and 
preparation o f  beds

31 - 2480

Planting 25 38 4850

G ap fillin g - 38 2850

1 st weeding - 60 4500

2 nd w eeding ■- 40 300 0

Harvesting 38 - 28 50

G rand Total 23,765

♦ B a se d  on the treatment co m b in a tio n  T 3 K* w h ic h  re co rd e d  lo w e st y ie ld , w ith  

lo w e r d e n sity  and w ithout F Y M  and harvested  at 8  m onths stage.

To tal fre sh  root y ie ld  w a s 7 3 4 . 0 8  kg.

G ro ss  return =  7 3 4 . 0 8  x 4 5  =  R s .  33 ,  0 3 3 .  60  

.‘.N e t return: 3 3 0 3 3 . 6 0  - 2 3 , 7 6 5  =  R s . 9 26 8 .6 0
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ABSTRACT

In v estig atio n s w e re  undertaken at the D epartm ent o f  A g ro n o m y ,  

C o lle g e  o f  H o rticu ltu re, V e lla n ik k a ra , T ric h u r, K e ra la  d u rin g  1996 -  ‘ 97 to 

standardise the ag rotech niq ues in In d ia n  sa rs a p a rilla  {Hemidesmus indicus 

[L in n ] R . B r).

T h e  m a in  o b je ctiv e s o f  the study w e re  to standardise the planting  

m aterial in  Hemidesmus indicus and to a rriv e  at the optim um  sp a cin g  fo r  

getting m axim um  y ie ld . T h e  study also  aim s to w o rk o u t the optim um  stage o f  

h arvest so as to get the highest y ie ld  o f  go od  quality. T h e  salient fin d in g s o f  

the study are abstracted b e lo w .

T h e  n u rse ry  studies re v e a le d  that 5 cm  lo n g  root cuttings planted  

v e rtic a lly  fo rm ed  the best pro p a g u le  in Hemidesmus indicus. H e n c e  the 

experim ent w a s  ca rrie d  out u sin g  5 cm  lo n g  root cuttings planted v e rtica lly .  

T h e  a p p lica tio n  o f  F Y M  @  1 0 1 h a"1 and h igh  d ensity p la n tin g  at ( 1 0  x  10 cm )  

resu lted  in  in cre a se d  nutrient uptake and thus im p ro v e d  the grow th  and y ie ld  

o f  Hemidesmus indicus. T h e  o il y ie ld , w a te r and a lco h o l so lu b le  extract  

obtained in  this treatment w a s su p e rio r as co m p a red  to that w ith  co n tro l plo ts  

w ithout any F Y M  a p p licatio n . T h e  a v a ila b le  N , P2O 5, K 2O  and o rg a n ic ca rb o n  

content o f  so il w a s  m o re in  h e a v ily  m anured plots. T h e  a v a ila b le  N  and P 2O 5
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left in  the s o il w a s h ig h er in  w id e ly  sp a ce d  p lo ts ( 2 0  x  2 0  c m ) w h ere  as 

a v a ila b le  K 2O  and o rg a n ic ca rb o n  content m ore in dense planting o f  

1 0 x 10  cm .

T h e  d ifferent stages o f  h a rve st w e re  co m p a red  w ith reg ard  to their effect  

on grow th and y ie ld  o f  h em idesm us. T h e  nutrient uptake b y  the cro p  w a s  

highest in  the eight m onth stage and h en ce this p a rticu la r treatm ent resulted in  

the highest o il y ie ld  as com pared  to that in  the other stages o f  harvest. 

E x ce p tin g  a v a ila b le  N , the nutrients left in  the so il w a s  fo u n d  to b e d e crea sin g  

b y  eight m onth cro p  stage.

T h e  in tera ction effect o f  sp a cin g  x  F Y M  and stages o f  h arvest sh o w e d  

that the treatm ents re c e iv in g  F Y M  @  10 t h a ' 1 and h igh  d ensity p la nting at

1 0  x  1 0  cm  sp a cin g  w h e n  harvested  at eight m onth stage, re c o rd e d  the highest

011 yie ld . A ls o  this p a rticu la r treatm ent re co rd e d  h igh est root y ield , total 

returns and net returns as co m p a red  to the other treatment co m binations.


