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1. INTRODUCTION

Jasmine is one o f  the most im portant ornam ental flowering plant 

w idely  cultivated and esteem ed for its a ttractive  fragrant flowers. It is 

also one o f  the leading traditional flowers o f  India, w hich occupies 6.385 

ha o f  land. Jasmine is cultivated in the states o f  Tamil Nadu, Karnataka. 

Gujarat. M aharashtra, Andhra Pradesh and Kashm ir. Jasm ine flowers are 

being sold  in large quantity  in the im portant flow er markets o f  cities 

such as M umbai, Calcutta. Chennai, Delhi and B angalore . A bout 15.000 

kg o f  loose flowers are sold every day (D ohare et a l. , 1978). The jasm ine 

concrete  i tse lf  is a m arketable product which is o f  high value in perfume 

industry.

T here  are more than 300 species o f  ja sm in e  be longing  to the 

lam ily  Oleaceae. Am ong them Jasminum sam bac  is valued very much 

lor its fresh flowers. Bush jasm ine  belonging to Jasm inum  sambac can 

be cu ltiva ted  in limited areas ow ing to its com pact nature. It is being 

grow n in hom esteads by housew ives and as a small scale enterprise by 

small and m arginal farmers.

In K era la  the c l im a tic  .conditions are c o n d u c iv e  to cu ltiva te  

ja sm ine  w ithout the use o f  expensive env ironm ent control devices. As



a resu lt  the cu lt iv a t io n  o f  bush  ja s m in e  in the s ta te  has increased. 

However, lack o f  sufficient inform ation regard ing  the agrotechnique o f 

the crops like training and pruning, use o f  g row th  regulators, manuring 

etc. hampers the cultivation o f  bush ja sm in e  and prevents the extension 

o f  area under cultivation. Moreover, the flow ers are highly perishable 

and the post harvest loss is met by farmers. Facilit ies  have not vet been 

standardised for prolonging the sh e lf  life o f  ja sm ine  flowers.

In this context the present study was undertaken  with the objective 

o f  assessing the growth and yield  o f  bush ja sm in e  (Jasminum scimbcic 

Ait.) in response to nutrient treatm ents and identify ing  the best nutrient 

dosage. The second objective was to find techniques to prolong shelf 

life o f  jasm ine  flowers.





2. REVIEW OF LITERATURE

2.1. Effect o f  nutrients on morphological characters

2.1.1.  Nitrogen (N)

M u c h  w o rk  h a s  b een  d o n e  on  th e  e f f e c t  o f  n i t r o g e n ,  on 

m orphological aspects o f  ornam ental plants, espec ia lly  in jasm ine.

A ccording  to Bhattacharjee  (1985 a) the he ight and num ber of 

branches in Jasmimim sambac im proved due to increased  application  o f  

nitrogen. Pal et al. (1985) w ere also o f  the same view that increased 

application  o f  n itrogen in Jasmimim scimbac b rough t a beneficial effect 

on num ber o f  branches produced.

Srinivasan et al. (1989) obtained good vege ta tive  grow th with 90 

g N  per bush in Jasmimim sambac. As a result, it was found tha t maximum 

length o f  prim ary and secondary laterals was 75.35 cm and 67.04 cm 

respective ly .

Vegetative characters like the length o f  m ain shoot, num ber o f  

primary and secondary branches, length o f  prim ary and secondary branches, 

N orth-South  and East-W est spread o f  the bush, were  s ignificantly  higher 

at the h ighest level o f  N at 150 kg ha ' 1 (A sha Raj, 1999).
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In Jasm inum  grandiflorum, N atara jan  (1977), reported  that the 

num ber o f  secondary laterals was found h igher when N was applied at 60 

g per plant.

In Jasm inum  grandiflorum  N atarajan  and Rao (1980) found that 

application  o f  N at 900 g m'2 increased prim ary  shoot length. Nitrogen 

applied  at 600 g m'2 produced more num ber o f  secondary laterals.

A c c o r d i n g  to  B h a t t a c h a r j e e  ( 1 9 8 3  b ) t r e a t i n g  Ja sm in u m  

g ra n d iflo ru m  p la n ts  w ith  u re a  u p to  100 g p e r  p la n t  im p ro v ed  all 

vegeta tive  characters. This was confirm ed in a la ter study in Jasminum  

grandiflorum  by him in 1988. He also found  tha t N at 33.3 g per 

p lan t during Decem ber, April and A ugust prom oted  shoot length by 

8.51 pe r  cent and also s tim ulated  the p roduction  o f  more number 

o f  shoots.

With respect to g row th  a t tr ib u te s  in  Jasm inum  auriculatum  

B hattacharjee  (1980) found that increased N application  upto 900 

kg h a ' 1 im proved  length  and d iam eter  o f  p r im ary  shoot, increased 

num ber o f  secondary laterals and productive shoots. Pal et al. (1984) 

found that p lan ts  treated with 35 g N m '2 p roduced  173 branches per 

plant in Jasm inum  auriculatum ..

In Polianthus (uberosa high dose o f  N (200 kg h a '1) improved 

vegetative  grow th. (M ukhopadyay and Sadhu, 1987).



In a work with Rose var. ‘Super S ta r '  Uma and Gowda (1987) 

noticed maxim um  shoot length when 16 g o f  N was applied  per bush. In 

Rose there is another report by Bhattacharjee  (1995) that application of 

25 g N per 1.44 m2 increased secondary shoots.

2.1.2.  Effect of  phosphorus on growth

Srinivasan el al. (1989) reported  that phosphorus application in 

Jasm inum  scimbac Ait.Cv G undum alli increased the length o f  primary 

and secondary  lateral shoots. He also found that application  o f  P at 120 

g increased  the shoot length. The length o f  prim ary  shoot w'as 68.72 cm 

and that o f  secondary laterals, was 58.99 cm.

Phosphorus application  upto 150 kg h a ' 1 in Jasm inum  sambac 

significantly  increased vegetative  characters like length o f  main shoot, 

num ber o f  prim ary and secondary branches and spread o f  plant (Asha Raj. 

1999).

A c c o r d i n g  to  B h a t t a c h a r j e e  ( 1 9 8 3 b )  i n c r e a s e d  r a t e  o f  P 

app lica t io n  increased  the num ber o f  b ranches  pe r  p lan t in Jasm inum  

g ra n d iflo ru m .

In an experim ent w ith  ‘M ontezum a’ cu lt iva r  o f  rose, Yadav. 

el al. (1985) found that phosphorus application  at the rate o f  200 

kg ha ' 1 proved very effective for im proving vegeta tive  character.
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2.1.3.  Effect o f  potassium on growth

In Jcisminum sambac Ait, length o f  m ain shoot. length o f  primary 

and secondary  branches, N orth-South  and East-W est spread  o f  the hush 

were positively  influenced when P was applied  at the rate o f  upto 150 kg 

ha ' 1 (A sha Raj, 1999).

In gladiolus, significant increase in plant he ight was found with K 

app lica tion  (Deswal el al.. 1982).

Uma and Gow da (1987) noticed m axim um  shoot length in rose 

var. 'S u p e r  s ta r '  when 16 g K 20  per plant was applied.

2.1.4. Role of nitrogen, phosphorus and potassium in the growth of plants

In Jcisminum sambac Ait, vegetative charac ters  like the length o f  

m ain shoot, num ber o f  primary and secondary branches , length o f  primary 

and secondary  branches, N orth-South  and East-W est spread  o f  bush were 

s ign ifican tly  h igher  at the fertilizer dose o f  150 kg  N , 150 kg P 20 5 and 

150 kg K-,0 ha ’1 (Asha Raj, 1999).

From a field trial experim ent on D ahlia variablis  Cv. ’Black 

ou t ' .  B hattacharjee  and M ukherjee  (1981) concluded  tha t 40 kg N, 50 kg 

P20 5  and 40 kg K.2^  Per acre were optim um  for increased  vegetative 

growth.
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In rose Bhattacharjee and Damke (1994) concluded  that application 

ot 175 g N, 125 g P20 5 and 100 g K-,0 1 .44m "2 resu lted  in maximum 

vegetative  growth.

John et al. (1997) in an experim ent w ith  g lad io lus Cv. 'O scar ' 

found N PK dose o f  100. 100 and 50 kg ha"1 p roduced  tallest plants with 

longest spikes.

2.2. Effect o f  nutrients on yield

2.2.1.  Nitrogen

Natarajan et al. (1981) recorded h ighest flow er yield  (2.19 t 

ha"1) with 40 g N per plant in Jasminum sam bac  Ait Cv. Gundumalli. 

A lso in Jasminum sambac, Ramesh Kumar and Gill (1983) observed that 

application o f  30 g N per plant gave the highest yield o f  flower buds. The 

highest yield o f  flower buds was 635.8 g per plant whereas the control 

yielded only 353.7 g per plant.

In Jasm inum  sambac Pal et al. (1985) observed  that application 

o f  N at 350 kg ha"1 produced higher y ie ld  o f  flowers. In Jasminum  

sam bac  A it. h ighest yield  o f  flowers 10959.57 kg ha"1 was obtained when 

150 kg N ha"1 was applied (Asha Raj, 1999).

Foliar spray o f  N at 30 g per p lan t in Jasm inum  sambac was 

more econom ical than the conventional m ethod  o f  applying N at 120 g 

per plant through the soil (Anon. 1975).



N atarajan  and M adhava Rao (1980 .) s tudied  the effect o f  nitrogen 

on Jasminum grandiflorum. They found that maximum flower yield o f  3.642 

kg per plant was obtained when N  was applied at the rate o f  60 g per plant.

F ro m  a f ie ld  t r i a l  e x p e r im e n t  on  Ja sm in u m  g ra n d iflo ru m  

(B h a ttach a rjee ,  1985b) observed  s ign if ican t im provem ent in y ie ld  o f  

flowers with each increm ent o f  N dose upto 100 g per plant per year.

B hattacharjee  (1988) found tha t app lica t io n  o f  N at 100 g in 

Jasm inum  grandiflorum  influenced yield. A pplica tion  o f  N at 33.3 g 

per plant each during Decem ber, April and A ugust increased flower yield 

by 28.67 pe r  cent. He further found that the requ irem en t o f  N can be 

re d u c e d  to  h a l f  th e  re c o m m en d e d  dose  by fo l ia r  sp ray  o f  50 g N 

(B ha ttacharjee , 1989).

A ccord ing  to  S rin ivasan  et al. (1989) app lica tion  o f  N had a 

s ignificant influence on bud diameter, weight o f  100 buds and flow er bud 

length in Jasm inum  sambac. N itrogen at 30 g p rov ided  m axim um  flower 

bud length, w hereas increase in dose o f  N from 30 to 90 g reduced the 

weight o f  flow er buds.

In  Jasm inum  a uricu la tum  M u th u sw am y  a n d  P a p p ia h  (1976) 

reported  that p lan ts  receiving N at 120 g recorded  more flow er yield 

com pared  to N at 240 g. H ighest flower y ie ld  w as ob ta ined  w hen N was 

applied  as fo liar spray at 60 g N per plant in Jasm inum  auriculatum  

(M uthusw am y and Pappiah, 1980). A nother study w'as done in the same
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W hen four levels o f  nitrogen (ie., 0, 300, 600 and 900 kg h a '1) 

w as app lied  to Jasm inum  auriculatum . B hattacharjee  (1980) obtained 

the maxim um  flower yield  with X at 600 kg h a '1.

A ccord ing  to V enkatakrishna  (1982) in Jasm inum  muUiJlorum  

m axim um  flower yield  was obtained when n itrogen  was applied at 120 g 

per plant.

Nam bisen et al. (1979) conducted a trial on Edw ard rose. They 

found that plants applied with 40 g N per bush  in soil gave the highest 

y ie ld  o f  flowers.

In Polianthus tuberosa  M ukhopadyay and Sadhu (1987) reported 

that high yield o f  flowers w-as obtained when N w as applied at 200 kg 

h a '1. A ccording  to B hattacharjee  (1995) in rose  varie ty  ’Super s ta r ’ 

application o f  25 g N per 1.44 m2 increased the num ber o f  flowers per 

plant per year. Another w ork  was done in Rose by Tajuddin et al. (1995). 

They obtained an increase in num ber o f  flow ers pe r  p lan t with increasing 

rate o f  N application (0, 75 or 150 kg h a '1).

2.2.2.  Effect of  phosphorus on yield

Pal et al. (1985) s tudied  the effect o f  phosphorus  on flower 

y ie ld  in Jasminum sambac sol var ‘K ho y a’ . He found tha t an appreciable

species by Pal et al. (1984). He found that maximum flower yield of

(1985.5 kg h a '1) was obtained by applying N at 350 kg h a '1.
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increase in yield  was recorded at 30 g P20 5 per square meter. Asha Raj 

(1999) got the  h ighes t  y ie ld  o f  f low er buds  (1 0 9 5 9 .5 7  kg h a '1) in 

Jasminum sambac when P->05 was applied at the ra te  o f  150 kg h a ' ! .

Bhattacharjee (1985b) reported tha t phosphorus application at the 

rate o f  150 g P20 5 per annum increased  flow er y ie ld  in Jasminum  

grand iflo rnm .

In Jasm inum  auricula tum  M u th u sw a m y  and  P a p p ia h  (1976) 

reported that application o f  P at 0, 120 and 240 g per plant per year did 

not increase yield. S im ilar effect was found by Pal et al. (1984) in 

Jasminum auriculatum. He said that there  was no beneficial effect on 

yield  with increasing P rates.

In Rose, 200 kg ha ' 1 P20 5 proved effective for improving yield  o f  

flowers (Yadav et a l ,  1985). H igher spike y ie ld  was obtained at 80 g 

P70 5 in Polianthus tuberosa  (Banker and M ukhopadyay, 1985).

M ukhopadyay  and Sadhu (1987) in fe rred  tha t  ap p lic a t io n  o f  

phosphorus at the rate o f  75 kg ha ' 1 in tuberose  Cv. ‘D oub le ’ increased 

flower yield and quality o f  flowers.

2.2.3.  Effect of  potassium on flower yield

H igher flower yield  o f  12.19 t ha ' 1 was obtained in Jasminum  

sambac at 40 g K20  per p lan t along w ith  equal dose o f  N and P (Natarajan



et al.. 1981). In Jasminum sambac when potassium  was applied at the 

rate o f  150 kg h a '1, h ighest y ie ld  o f  10959.57 kg ha ' 1 was obtained (Asha 

Raj. 1999).

In Jasminum grandijlorum  flower y ie ld  o f  3.6 kg per plant was 

recorded  when 120 g K20  Per plant was applied  (N atarajan  and Madhava 

Rao, 1980).

B hattacharjce  (1983b) observed that K app lication  at 100 g per 

p lan t im p ro v ed  f low er y ie ld  in Jasm inum  grand iflorum . He further 

confirm ed that 100 g K-,0 per plant per year was best for maximising 

flow er y ie ld  (B hattacharjce , 1985b).

In Jasm inum  auriculatum  Vahl., no s ign if ican t increase in yield 

o f  flow ers w as observed when K was applied independently  at 0, 120 and 

240 g pe r  p lan t per year (M uthuswam y and Pappiah , 1976).

P o tass ium  app lica tion  show ed s ig n if ican t e ffec t in Polianthus  

tuberosa. A pplication o f  K20  125 kg ha' 1 resu lted  in h igher spike yield 

(M ukhopadhyay. 1978).

In G ladiolus grandiflora  Cv. H.B. Pitt, m ore florets per spike 

was ob ta ined  w ith  K application (Deswal et a l 1982).

2.3.  E f f e c t  o f  s p l i t  a p p l i c a t i o n  o f  n i t r o g e n ,  p h o s p h o r u s  and  
potass ium on yield

N atara jan  et al. (1981) found that b im onthly  applications o f  40 g 

each o f  N, P and K per plant in Jasminum sam bac  Ait. Cv. Gundumalli
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gave the highest flower yield  (12.19 t h a ' 1). Ram esh Kum ar and Gill 

(1983) observed that application o f  50 g N per plant in two split doses with 

ha lf  at pruning and half at the end o f  first flowering flush gave the highest 

flower yield. During the same year they also found that Jasminum sambac 

plants receiving N at 30g per plant in split doses gave the highest yield of 

flower buds (635.8 g per plant). The control yielded only 353.7 g per plant.

Pal et at. (1985) observed that f low er y ie ld  o f  Jasminum sambac 

was h ighest in a plot with 40.000 plants per hectare  receiving N at 350 

kg h a '1, P 20 5 300 kg ha"1.

A ccording to Srinivasan et al. (1989) app lica tion  o f  N and P in 

four b im onth ly  intervals in Jasminum sam bac  re su lted  in the earliest 

flow ering but other floral characters were not a ffected  by split fertilizer 

application. They have obtained good floral charac te ris tics  with 90 g 

120 g P20 5. 240 g K20  and 25 kg FYM  per bush.

In a nutrient trial on Jasminum sambac it was found that bimonthly 

app lica tion  o f  N 150 kg, P20 5 150 kg and K-,0 150 kg ha ' 1 was more 

effective (Asha Raj, 1999).

In Jasminum grandijlorum  increased  flow er y ie ld  was obtained 

with foliar application o f  P and K at 120 g pe r  p lan t  (K um araguruparan, 

1974). Muthuswamy and Pappiah (1977) also reported that application o f  N 

: P : K at 120:240:240 g and FYM 30 kg in six split doses per plant per year 

in Jasminum grandijlorum  increased flower yield by 17.4 to 20 per cent.



The e ffec t o f  frequency o f  fe r t i l ize r  app lica t io n  in Jasminum  

grandi/lorum  was studied by Natarajan and M adhava Rao (1980 a). The 

m axim um  flower yield  (3.642 kg per plant) was recorded  when 15 kg 

FYM . 60 g N. 120 g P20 5 and 120 g K-,0 were app lied  per plant in 12 

monthly applications. Natarajan and Madhava Rao (1980) again reported that 

application o f  N at 60 g and P20 5 120 g enhanced flower yield in Jasminum 

grandi/lorum. The best result was obtained when N and P application at 60 

g and 120 g per plant combined with 240 g K^O and 30 kg FYM per plant.

A ccording to Nofal and M arwan (1982) h ighest flower yield  was 

reported  in Jasminum grandi/lorum  at 578 kg N acre ' 1 followed by 300 

kg N a c r e '1.

In a nutritional trial in Jasm inum  grandi/lorum  four levels o f  N. 

three levels o f  P20 5 and two levels o f  K-,0 accom panied  by FYM revealed 

the best dose per plant to be N 100 g, P20 5 150 g, K-,0  100 g and FYM 

10 kg. This when applied in three splits, resu lted  in h ighest Rower yield 

(B hattacharjee  and Divakar, 1983).

M uthusw am y and A bdul Khader (1986) s tud ied  the effect o f  split 

application  o f  fertilizer in Jasm inum  grandi/lorum . They found that a 

fertil izer dose o f  N 60 g, P 20 5 120 g and K-,0 120 g per plant along with 

10 kg FYM applied in two splits was found to be optimum.

A four y e a r  t r i a l  w i th  Jasm inum  a u r icu la tu m  w as done  by 

M uthusw am y and Pappiah (1976). They found that p lan ts  receiving N, P
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and K each at 0, 120 and 240 g per p lan t an nua lly  in all possible 

com binations showed that flow er y ie ld  was h ighest w ith  N at 120 or 240 

g per plant. The effects o f  P and K a lone were not very pronounced, but 

with N at 120 g per plant . there was response to K at 120 g per plant. 

M oreover, the level o f  N could be reduced  to h a l f  the recom m ended 

dose o f  120 g per plant if  applied as fo liar spray at m onthly  intervals.

In a nutrient trial with Jasm inum  auriculatum  Vahl. it was found 

that maxim um  num ber o f  flow ers per p lan t and flow er y ie ld  was obtained 

when 60 g N, 120 g P and 120 g K was applied (Hugar and Nalawadi. 1994).

M ukhopadhyav et al. (1978) concluded that application  o f  200 ks 

N, 75 kg P 20 5, 125 kg K-,0 ha' 1 resu lted  in h igher y ie ld  and quality 

flowers in tuberose cv. Double. M ukhopadyay and Sadhu (1987) further 

found that high dose o f  N and P resu lted  in im provem ent in flovverina 

a n d  b u lb  f o r m a t io n .  In  P o lia n th u s  tuberosci L. var. ’ S i n g l e '  

G opalakrishnan  et al. (1995) found that average num ber o f  flowers per 

spike was highest with 120 kg N + 60 kg P20 5 + 30 kg K-,0 h a '1.

Amarjeet et al. (1996) conducted a fertilizer trial with (N - 0. 100. 

200. 300 and 400 kg ha"1) P and K each at (0, 100 and 200 kg h a '1) in 

Polianthus tuberosa  cv. 'S in g le '  and found tha t high rate o f  N, P and K 

delayed spike em ergence and pro longed  sh e lf  life.

In rose variety ’Super Star' application o f  25 g N per 1.44 m2 each 

in October, Decem ber and February  resu lted  in h igher num ber o f  flowers
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p e r  p la n t  p e r  y e a r  o v e r  s ing le  a p p l i c a t i o n  o f  75 g N in O c to b e r  

(Bhattacharjee ,  1995). He also said that a fert i l izer dose o f  75 g N. 125 

g P and  100 g K per plot produced more num ber  o f  good quali ty flowers.

John et al. (1997) obtained longest  spike and more florets per 

spike in gladio lus  cv. ’O sc a r ’ with N at 100 kg h a ' 1 P- ,05 and K-,0 each 

at 50 kg h a ' 1.

2.4. Interaction effect o f  nutrients

In Jasm inum  sam bac  sol .var ’K h o y a ’ Pa! et al. (1985) observed 

that  in teract ions  o f  higher level o f  nitrogen (350 kg h a ' 1) and phosphorus 

(300 kg h a ' 1) caused appreciable  increase in flower production.

Sr in ivasan  et al. (1989) found in Jasm inum  sam bac  a  significant 

inf luence o f  N x P interaction on length o f  p r imary  and secondary lateral 

shoots. N x P interaction also influenced floral  charac te rs  like number 

o f  days  taken  for f lower bud initiation, first f lower bud picking and weight 

o f  hundred  buds.

In Jasm inum  sam bac  N x P interaction was s ignif icant with 150 

kg N and 150 kg P 20 5 ha ' 1 producing taller  plants.  Among the P x K 

interactions,  150 kg P20 5 with 150 kg K20  ha ' 1 resulted  in maximum 

height o f  plants. Maxim um number o f  primary and secondary branches 

was obta ined at N x P and N x f C  interaction each at 150 kg ha ' 1 (Asha 

Raj, 1999).
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Regard ing the spread o f  the plant  in Jasm inum  sambac P x K 

interaction was found significant with 150 kg P 20 5 + 150 kg K20  ha ' 1 

showing maximum North-South  spread o f  bush while 150 kg P20 5 + 150 

kg K 20  ha ' 1 produced m axim um  East-West  spread o f  bush.  Similar  effect 

was found in N x P in teract ion (Asha Raj,  1999).

N x P, N x K and P x K interaction were  s ignif icant with 150 kg 

N + 150 kg P20 5 ha"1, 150 kg N + 150 kg K 20  ha"1 and 150 kg P20 5 + 

100 kg K20  ha ' 1 produced maximum content o f  essential  oil (Asha Raj. 

1999).

In Jasm inum  auricu la tum  vahl,  s ig n i f ic an t  e f fec ts  o f  N x P 

interact ion on yield o f  f lowers was seen. N x K interact ion also recorded 

significant effects.  With no nit rogen  supply there  was little response to

K. With a modera te  N supply  (120 g), K. at 240 g recorded a better yield 

than K at 120 g. In the case o f  P x K interact ion,  h igher  levels of  

applicat ion o f  both P and K (240 g) or a h igh level o f  one (240 g) and 

a modera te  supply o f  other  (120  g) was infer ior  to modera te  supply of  

both (120 g each) (M uthuswamy and Pappiah,  1976).

In Polianthus tuberosa  N x P in teract ion has much influenced 

yield (M ukhopadhyay  and Sadhu, 1987). Deswal et al. (1982) found that 

the interact ions o f  N x P was s ignif icant in Gladiolus grandiflora  cv. 

II.B. ‘P i t t ’. There  was s ignif icant interaction in plant he ight and yield of  

florets. It was also found that  the effect  o f  N was enhanced in presence
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o f  P and individual response o f  N, P and K were  increased in presence 

o f  all these nutrients.

In rose Yadav et al. (1985) reported that there was significant 

inf luence o f  N and P interaction on yield.  It was found that  600 kg N 

and 200 kg P ha ' 1 was found effective. In rose varie ty 'S upe r  S ta r '  Uma 

and Gowda (1987) noticed maximum shoot length  with application o f  16 

g each o f  N  and K , 0  per plant per year.

2.5.  Effect o f  nutrients on essential  oil content

Ramesh Kum ar  and Gill (1988) studied the  effect  o f  concrete 

p roduct ion  in Jcismimim sambac. They found that applicat ion o f  nitrogen 

does  not affect  concrete  recovery.  A ccord ing  to A sha  Raj (1999) in 

Jcismimim sambac highest essential oil content o f  f lowers was obtained 

with 100 kg N and P20 5 h a '1.

In Jasm inum  grandifloram  it w as  o b se rv ed  tha t  essentia l  oil 

content o f  9 .69g per plant was obtained when 15 kg FYM  + 60 g N + 

120 g P 20 5 + 120 g K 20  were applied per  p lan t  in twelve monthly- 

applicat ion (Natarajan and Madhava Rao, 1980 ). Natarajan  and Rao 

(1983) again  reported that f lower earl iness was p rom oted  by low N levels 

and  high P levels  in Jasm inum  grandiflorum . H igh  oil content was 

obta ined with h igh N and P levels. A fert i l izer dose o f  30 kg FYM  per 

plant,  120 g N + 240g P 20 5 + 240 g K 20  per  plant were found best for 

h igh flower yield and oil recovery.
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In Jasm inum  grandiflorum  Nofal  and M arw an  (1982) studied 

different levels o f  N on concrete  content.  The different levels were 

300, 600 and 900 kg per feddan (1 feddan = 1.038 acres). It was said 

that  the concrete  content was unaffected  by N levels,  but a slight increase 

in absolute content was noted in plants receiv ing  highest  N level.

In Jasm inum  grandiflorum  Bhat tacharjee  and Divakar  (1983a) 

recorded that the treatment with increased doses o f  N (0 to 100 g) and 

P20 5 (0 to 150 g) s ignif icantly  increased concre te  percentage,  while 

addit ion o f  K 20  did not improve the concrete  content.

Pal et cd. (1984) found that in Jasm inum  auriculatum , that the 

essential  oil content increased with rising N levels,  but P had no beneficial 

effect .

In 'R ed  Crimea '  roses K. applicat ion reduced  oil yield whereas 

application o f  N each at 90 kg ha ' 1 increased essent ia l  oil content in 

flowers (Subina  and Masanova. 1970). Accord ing  to Singh et al. (1976) 

a fert i l izer dose o f  80 kg N, 60 kg P- ,05 and 40 kg K 20  ha ' 1 increased 

essentia l  oil content in Polianthus tuberosa.

Nitrogen applicat ion upto 150 kg ha ' 1 was found to increase the 

yield o f  essential  oil content o f  M entha p iperita  (S ingh et al., 1977).

D e l l a c e c c a  ( 1 9 7 7 )  r e p o r t e d  tha t  in M entha  p ip e r ita  

appl ication o f  N at 200 kg h a ' 1 increased essential  oil content.  Regarding
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P 20 5, application at the rate o f  150 kg h a ' 1 was found optimum to obtain 

m axim um  essential  oil.

In M ajorona hortensis  applicat ion o f  320 kg ha ' 1 nitrogen g a \e  

an oil yie ld  o f  52.79 kg h a ' 1. Phosphorus  application gave the highest 

oil yie ld  o f  48.87 kg ha ' 1 (Farooq et a i ,  1991).

2.6. Effect of  foliar spray o f  nutrients

2.6.1.  Effect o f  zinc

In an exper im en t  w i th  Jasm inum  gra n d iflo ru m  B hat tachar jee  

(1983 a) revealed that  foliar spray o f  Z n S 0 4 0.25 per cent  before bloom 

increased the yield o f  flowers.

Bhat tacharjee  (1989 b) s tudied the effect  o f  Zn  on Jasminum  

grandiflorum . It was found that  maximum benef ic ia l  effect  on growth 

and flower production was obtained with 10 kg Z n S 0 4 h a ' 1.

Foliar spray o f  Zn  in d ifferent phases  was tr ied in Jasm inum  

grandiflorum . It was found that  foliar spray o f  Z n S 0 4 (0.25 %) during 

February,  April  and June increased flower y ie ld  to 32.44 per  cent.  35.35 

per cent, 35.34 per cent (Bhattacharjee,  1990).

Foliar application o f  Zn in combination w i th  NPK is essential  for 

v igorous growth  and profuse  flowering in ‘B e lca n to ’ rose variety (Sinha
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and Motial ,  1969). In a field trial was conducted  by Bhattacharjee 

(1993) in rose it was found that there was s ignif icant promotion of  

plant he ight when one per cent Z n S 0 4 was applied  a long with other 

m ic ronu t r ien ts .

Chaturvedi et al. (1986) reported that in gladiolus  var. ’Sylvia ' .  

Zn applicat ion,  two per cent foliar spray produced  largest  spike with 

largest  dura tion o f  f lowering.

2.6.2.  Effect of  magnes ium

Applicat ion  o f  M g S 0 4 (0.5 %) in Jasm im im  grandiflorum  before 

bloom increased the yield o f  f lowers (Bhattacharjee .  1983 a).

Accord ing  to the studies conducted by Bhat tacharjee  (1989 b) in 

Jasm im im  grandiflorum  it was found that better  g row th  and high flower 

yie ld  was  obtained with magnes ium at the rate o f  40 kg h a ' 1. He again 

reported  (1990) that foliar  spray o f  Mg as M g S 0 4 (0.5 %) in Jasminum  

grandiflorum  was found to increase flower yie ld .  It was found that 

foliar  spray of  M g S 0 4 0.5 per cent during February ,  Apri l  and June 

increased yield o f  f lowers by 32.44 per  cent, 35.35 per  cent and 35.34 

per cent.

In rose variety 'B e lc a n to ’ foliar spray o f  Zn along with N, P, K 

produced vigorous g rowth  o f  plant and profuse  flowering (Sinha  and 

Mot ia l ,  1969).
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Chaturvedi et a!. (1986) found that in gladiolus var. Sylvia application
A

ot Mg two per cent enhanced duration of flowering with largest spike.

B h a t t a c h a r j e e  ( 1993)  found in the  s tu d y  w i th  rose  var ie ty  

'B e lcan to '  that, M g S 0 4 one per cent improved plant height.

2.7.  Post harvest studies

2.7.1.  Effect o f  chemicals  for prolonging s h e l f  life

An exper iment was conducted  on fully developed  flower buds of 

Jasm inum  sambac var 'K i tova’. Flower buds were  soaked in different 

concentra tions  o f  sugar, sodium chloride,  boric acid,  citric acid, copper 

s u lp h a t e ,  a lu m in iu m  su lpha te ,  m ale ic  h y d r a z id e ,  so d iu m  benzoa te ,  

po tass ium metabisulphite,  cycoceland silver nitrate.  Dis ti l led water served 

as control .  The flower buds treated with sucrose ,  boric acid,  copper 

sulphate,  aluminium sulphate and si lver nitrate remained  fresh upto 75 

hours  without affecting the fragrance (M ukhopadyay  et a l 1988).

In another trial, fully matured Jasm inum  sam bac  f lower buds were 

treated with solutions  o f  0.5 per cent sucrose,  10 ppm  benzyl adenine 

purine,  15 per cent K M n 0 4 and five per cent kaoline .  It was found that 

0.5 per cent sucrose solution extended shelf  life to the maximum o f  29.33 

hours, 10 ppm benzyl adenine purine 27 hours, 15 per  cent K M n 0 4 67 

hours and five per cent kaoline 38 hours. The combination of  0.5 per cent 

sucrose + 10 ppm benzyl adenine purine + 15 per cent K M n 0 4 + five per 

cent kaolin extended shelf life to 42 hours (Sudha, 1998).



In another  study on Jasm im im  sam bac  by Salvi  el al. (1990). 

post  harvest  treatment was given to loose flowers and unopened buds 

with si lver nitrate,  benzyl adenine,  cycocel and tr iad imefon each at five 

to 25 ppm. Water served as control . Keeping  quali ty was same for  open 

flowers (2 days) including control . In ease o f  unopened buds chemicals 

at h igher  concentra tion gave a keeping qual i ty  o f  four days.

In  a no the r  s tudy N icho ls  and K o f ra n e k  (1 9 8 2 )  repor ted  that 

ethylene prevented opening o f  carnat ion buds. Goszczynska and Reid 

(1985) found that  opening o f  t ight rose buds was found to be inhibited 

by low concentra tion o f  ethylene.

Chrysanthenum flowers treated with a detergent as post  harvest 

treatment increased water  uptake,  de layed wilt ing and yellowing of  

leaves,  improved f lower opening  during the first days o f  vase life 

(Leopard  and Nooden,  1988).

2.7,2.  Effect o f  temperature  on she lf  life

M u k h o p a d h y a y  e t al. (1 988 )  fo u n d  tha t  c o ld  t r e a tm e n t  o f  

Jasm im im  sam bac  buds,  enhanced longevity o f  flowers.

Skene (1924) stated that opening o f  crocus,  f lax and many other 

f lowers was  inhibited by a decrease  in temperature.

C arn a t io n  buds were  p recond i t ioned  in a so lu t ion  con ta in ing  

s i lverthiosulphate  550 mill igram per litre and sucrose 100 gram per litre.
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The buds  were  stored at 0 to 1°C. Af te r  20 and 24 weeks storage.
w 1

flowers had a vase life o f  about twelve and six days (Kofranack et al.. 

1972). Also according to Kofranek and Reid (1983) ,  chrysanthenum and 

carnat ion buds held at 10°C took longer t ime to open than those held at 

20°C .

2.7.3.  Prolonging she l f  life by modified a tm ospher ic  package

According  to Sudha (1998) Jasminum scimbac buds were placed 

in polythene bag o f  size 22 x 18 cm and 200 gauge thickness.  Under 

active modif ied atmospheric  packaging the f lower buds could be stored 

upto 84 hours at 25°C. Under  passive modif ied  atmospheric  package 

flower buds  could be stored upto 42 hours  at 25°C.





MATERIALS AND METHODS

The field trial for the exper im ent  was laid out in the garden 

a t ta ch e d  to the Depar tm ent  o f  H or t icu l tu re ,  C o l leg e  o f  Agriculture .  

Vellayani.  The trial was to standardise the requ irem ent  o f  major nutrients 

(N. P. K) for optimum growth  and flowering o f  bush ja sm ine  and post 

harvest  studies with different trea tment combinations.

Locution

The experimental  site was selec ted in the college garden under 

the Depar tment  o f  Horticulture.  The site was located  29 meters above 

Mean Sea Level with latitude 8.5°N and longitude 76.9°E.

C l im a t e

Param eters  like m in im um  and m ax im u m  tem pera tu re ,  re lative  

hum id i ty  and rainfall were recorded during the per iod  o f  study.

M ateria ls  for study

One year old plants o f  Jasminum sam bac  a lready exist ing in the 

field served as the material  for study.
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Field p reparat ion

The field was prepared and made free o f  weeds.  Spacing adopted 

was I x 1.25 m. There were seven plants in a row. 10 kg FYM was 

appl ied in each pit,  as basal  dose.

Experimental  design and layout  

Experim ent  I

The exper iment was + 2 factor ia l  and design adopted was 

Randomised  Block Design. The details  are :

Total number  o f  treatments  - 27 

Number  o f  controls - 2 

N um ber  o f  replicat ions - 3 

N um ber  o f  plants per plot - 7 

Spacing - 1 x 1.25 m 

N um ber  o f  observat ional  plants - 3

T reatm en ts

All combina t ions  o f  th ree  levels o f  n i t rogen ,  phosphorus  and 

po tass ium in addi t ion to z inc  and magnes ium as foliar spray uniformly in 

all trea tments  + two controls.
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i) Levels o f  nitrogen

1. n i - 300 kg ha ' 1

2 . n2 - 450 kg ha ' 1

'yJ. n3 - 600 kg ha' 1

>i) Levels  o f  phos;ph'orus

1. Pi - 300 kg ha"1

2 . P2 - 450 kg ha ' 1

Pj - 600 kg ha ' 1

iii) Levels  o f  potass ium

1. k, - 300 kg ha"1

2 . k2 - 450 kg ha ' 1

J>. k.J - 600 kg ha ' 1

iv) Zn (0.25 %) + Mg (0.5 %) as foliar spray uniformly in all treatments

v) Controls

1. Cj - Control  with nit rogen  - 150 kg ha ' 1

potass ium - 150 kg ha*' 

phosphorus  - 150 kg ha ' 1

C2 - Control  with Farm yard  manure  - 10 kg plant ' 1
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Experiment II - Post harvest studies

Design - Completely  Randomised Design 

Total  number o f  treatments  - 8 

N u m b er  o f  replications - 3

Buds  (5 g each) were packed in polythene covers  {15 x 10 cms. 

150 gauge)  with six punch holes.

Treatment 1

i) V 0 Without newspaper  lining

ii) V j  With newspaper  l ining

Treatment 2

i) E 0 - Without ethylene absorbant

ii) E ,  - With ethylene absorbant (potass ium permanganate ) 

Treatment 3

i)  S0 - Plac ing buds at room temperature

ii) S j  - refr igerated storage o f  buds  at 0°C

Soil  nutr ient  status

The soil was red laterite, acidic and high in avai lable  nitrogen, 

potass ium and  phosphorus .
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F e r t i l i z e r  app l ica t ion

The ferti l izers like urea, rock phosphate ,  muriate  o f  potash and 

foliar spray o f  zinc sulphate and magnes ium sulphate were  given in six 

equal spli t  doses at b imonthly  intervals.

O b serv a t io n s

Observations  were recorded after fert i l izer application.

3.1.  Vegetat ive characters

3.1.1 Length o f  main shoot

The longest central  shoot  from the base o f  the shoot upto the 

terminal pair  o f  leaves was measured and expressed in centimeters.

3.1.2 N um ber  of  pr imary branches

The total number  o f  lateral branches  aris ing from the base and 

also from the main shoot was counted and also the  lateral  shoots that 

developed from main shoot was numbered as primary  branches.

3.1.3.  Number  o f  secondary branches

The num ber  o f  lateral  shoots  that  were  seen to develop from 

primary branches  were  numbered  as secondary  branches .
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3.1.4.  Length o f  primary branches

This  was  measured from the base o f  the shoot upto the base o f  

terminal pa ir  o f  leaves and expressed in centimeters.

3.1.5.  Length o f  secondary branches

Leng th  o f  secondary shoot was measured  from the base o f  the 

secondary  shoot  upto the base o f  terminal pa ir  o f  leaves and expressed 

in centimete rs .

3.1.6.  North-South spread o f  the plant

N orth -Sou th  spread o f  plant was measured by taking dimensions,  

in centimeters ,  across the bush in North-South  direction.

3.1.7.  East -W est  spread o f  the plant

This  was measured by taking dimensions  in centimeters ,  across 

the bush in Eas t-West  direction.

3.2. F lo w er in g  and floral characters

3.2.1.  F lower  yie ld in kg ha*1 (daily)

Flow er  buds  were  harvested daily, treatment^wise and flower buds 

were w e ighed  accordingly  and yield expressed in kg ha*1 y e a r ' 1.
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3.2.2.  Monthly  yield pattern

The yield was recorded treatment-wise  daily and from this daily- 

yield.  monthly yield was calculated and expressed in kg ha ' 1 per month.

3.2.3.  Weight  of  100 buds in grams

Flower  buds which were about to bloom next day were harvested 

be tween one and two p.m. Weight o f  hundred f lower buds were recorded 

for a per iod  o f  twelve months. The average  weight o f  buds in each 

t rea tment was taken and expressed in percentage.

3.2.4.  T ime taken for opening of  f lowers after harvest

Flowers  were harvested between 1-2 pm and the time taken for 

open ing  after harvest  was recorded.

3.3. Content of  nutrients in leaves

L e a f  samples were  analysed after application o f  fertilizers.

The technique o f  sampl ing  sugges ted  for sh rubs  by Davidson 

(1966) .  Cannon et al. (1960) and Smith (1972) was  fol lowed.  The leaves 

were  dried in an oven and used for analysis.
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Leaf  analysis

Nutrient Method Reference

Nitrogen Microkjeldal Jackson (1970)

Phosphorus Vanodomolybdate yellow 
colour method

Jackson (1970)

Potassium Flame photometer Jackson (1970)

Zinc 3110 Perkin Elemer Atomic 
Absorption spectrophotometer

Jackson (1973)

Magnesium 3110 Perkin Elemer Atomic Jackson (1973)

Absorption spectrophotometer

3.4. Content  o f  nutrients  in soil

The soil samples were  anlysed before and after the applicat ion o f  

fe r t i l izers .

Soil  ana lys is

Available
nutrients

Method Reference

Nitrogen Alkaline permanganate Subbiah and Asija (1956)

Phosphorus Ascorbic acid method Watnable and Olsen (1965)

Potassium Flame photometer method Jackson (1970)
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3.5.  Uptake o f  N, P, K, Zn and Mg by plants

The nitrogen content in the plants was determined by microkjeldai  

m e th o d  {Jackson, 1970),  phosphorus  content vanodom olybda te  yellow 

colour  method (Jackson, 1970) and potass ium content was recorded in 

flame photomete r  (Jackson, 1970). Zinc and magnes ium content was 

reco rded  in 3110 Perk in  E lm er  a tomic  abso rp t ion  sp ec t ropho tom ete r  

(Jackson,  1973). The uptake o f  nutrients was  calcula ted  and  the average 

was worked out.

3.6.  Essential  oil content o f  f lowers

Essential  oil content o f  f lowers was  analysed (pe tro leum ether 

in soxhlet  apparatus)  and expressed as percentage  weight basis.

Experim ent  II

3.7. Sh e l f  life studies

3.7.1.  T ime taken for opening of  buds

The flower buds were  harvested  trea tment-wise  and t ime taken 

for opening  of  buds was  noted  for  different trea tment  combinations .

3.7.2.  Time taken for co lour fading

Time taken for the change o f  colour from pure white  to dull brown

colour  was  noted.



3.7.3.  T ime taken for loss o f  turgidity

Time was noted when the flowers became loose and placid and 

com pared  w i th  different treatment combinations .

3.8.  O th er  observations

3.8.1.  Incidence of  pest and diseases

The attack o f  pests like bud worm, aphids and diseases like leaf 

spot  and  sooty  mould  were s tudied and periodic spray was given.

3.8.2.  Stat is t ica l  analysis

The  da ta  co l lec ted  on d i f fe ren t  t rea tm en ts  were  ana lysed  b 

apply ing  the technique o f  analysis  o f  variance  for  r andom ised  block 

design and  Comple te ly  Randomised  Design (Panse and Sukhatme (1967).





RESULTS

T h e  o b s e r v a t io n s  r e c o rd e d  from the  e x p e r im e n t  on nu t r ien t  

requirement and post  harvest  studies on bush ja sm ine  (Jasmimtm sambac) 

were stat ist ically analysed and the important findings are presented below.

Experiment I

4.1. Vegetat ive  characters

These  were  measured in terms o f  main shoot length,  number of 

pr imary and lateral branches  and spread o f  plant in North-South  and East- 

West d irection o f  the bush.

4.1.1.  Effect o f  nutrients  on length o f  main shoot

The effect  o f  nutrients on length o f  main shoot is presented in 

Tables 1 and 2.

Main effect o f  major nutrients  on length of  main shoot.

The applicat ion o f  major nutr ients  viz., N, P. K were found to be 

highly s ignif icant in influencing the length o f  main shoot throughout the 

growth period.  It was found that  the level n3 recorded the highest  length
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Table 1. Main effect of N, P, K. on length of main shoot (cm)

Treatments
Months

2 4 6 8 10 12

ni 37.27 42.82 48.34 53.16 57.94 62.85

n? 41.19 48.41 54.39 60.32 66.27 73.10

n3 58.72 65.35 71.84 79.43 87.57 95.42

F 64.91** 71.61** 86.97** 124.41** 202.31** 255.90**

CD 4.00 3.98 3.76 3.50

OOo

3.09

Pi 42.37 47.77 53.79 58.58 64.55 71.07

P2 46.55 52.68 58.38 65.00 70.96 77.47

Pj 49.25 56.12 62.39 69.34 76.27 83.83

F 6.18** 9.18** 10.83** 19.85** 29.88** ~ * 3:>.23

CD 4.00 3.98 3.76 3.50 3.08 3.09

kl 43.29 49.59 55.61 62.17 68.44 74.75

k2 45.24 51.25 57.60 63.60 70.01 77.28

k3 49.64 55.74 61.36 67.14 73.33 80.34

F 5.44** 5.27** 4.99** 4.40* 5.42** 6.76**

C D 4.00 3.98 3.76 3.50 3.08 3.09

* Significant at 5 per cent level ** Significant at 1 per cent level



Tabie 2. Interaction effect of NP, NK. and PK on length of main shoot (cm)

Treatments
Months

2 4 6 8 10 . 12

n |Pi 33.85 39.77 45.61 49.47 54.83 60.32
n |pT 37.08 41.77 46.86 52.40 56.84 61.30
n,P3 40.88 46.92 52.56 57.61 62.15 66.92
n?p! 41.61 47.32 53.45 58.98 63.65 70.48
n^p0 43.90 49.15 54.99 60.44 68.15 72.32

n2?3 41.06 48.75 54.71 61.54 69.01 76.51

n3Pl 51.65 56.22 62.31 67.24 75.16 82.39

n3P? 58.68 67.12 69.00 71.17 89.89 98.79

%P3 65.82 72.70 79.91 88.88 97.66 108.08

F NS 2.77** 3.68** 5.97** 7.03** 9.95"
CD — 6.89 6.56 3.50 5.34 5.35

n |kj 36.46 42.20 47.08 52.37 57.89 62.16
n.k, 36.63 41.08 47.35 51.65 56.82 64.46

n1k3 38.71 45.18 50.60 55.45 59.11 63.92
n0k, 40.22 46.22 52.70 58.98 65.42 71.62

40.91 48.03 54.06 59.35 65.98 73.05

n2k3 45.44 50.97 56.40 62.63 67.42 74.65

n3kl 53.21 60.34 67.04 75.18 82.00 90.48
n3k-, 58.17 64.63 71.38 79.80 87.24 96.33

n 3k 3
64.77 71.06 77.08 83.32 93.46 102.45

F NS NS NS NS NS NS
CD - — — — — —

—

Pik i 4S.83 47.80 53.33 59.02 64.95 70.48

P]k2 40.61 46.12 53.48 51.55 62.90 69.73
P] k 3 44.67 49.40 54.57 59.11 65.79 73.00

P2kl 42.09 48.54 54.37 61.51 68.10 73.80
Pik-) 47.62 53.19 59.24 64.79 71.26 78.88

P2k3 49.94 56.31 61.53 68.72 73.52 79.73
p3k. 45.96 52.42 59.12 65.99 72.25 79.98
P3k2 47.48 54.44 60.08 68.46 75.88 83.23

P 3 k 3
54.31 61.51 67.88 73.58 80.69 88.30

F NS NS NS NS NS NS
CD —

— — — — —

* Significantat5percentlevel ** Significantat 1 per cent level
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o f  main shoot (Tabie 1). Similarly the levels p 3 and k3 influenced the 

length o f  main shoot, than other  levels and were super io r throughout the 

period o f  study-

in teract ion  effect o f  NP, NK and PK on length o f  main shoot

N x P interaction was found significant in increas ing length of  

m a in  sh o o t .  NP in te r a c t io n  i n f l u e n c e d  the  l e n g th  o f  m a in  shoot  

s ignificantly  from the fourth month onwards  and continued upto the end 

o f  study. During the fourth month,  the combination n 3p3 recorded the 

h ighest  main-shoot length (72.70 cm) followed by n3p2 (67.12 cm). In 

the sixth,  eighth,  tenth and twelveth month also the interact ion n3p,  was 

found superior.  The in teract ions  N x K and P x K. were  found non 

s ignif icant

4.1.2.  Effect of  nutrients on number o f  pr imary branches

The  e f fec t  o f  n u t r i en t s  on the  n u m b e r  o f  p r im a ry  branches  

recorded are presented in Table 3 and 4.

Main effect o f  major nutr ients  on number o f  pr im ary  branches

The effect o f  N was more  pronounced and this was  seen throughout 

the per iod  o f  study. The level n3 was found highly  s ignif icant than levels 

nj and n->. The number o f  primary branches  at n3 level during the second 

month  was  9.45 and during the twelveth month  (22 .83)  respectively.
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Table 3. Main effect of N. P, K on number of primary branches

Treatments
Months

2 4 6 8 10 12

ni 7.35 9.39 11.07 13.46 15.66 17.56

°2 8.56 10.08 12.03 14.48 17.25 19.23

n 3 9.45 12.26 14.95 17.62 20.32 22.83

F 43 .97" 114.02" 145.65" 292.15" 146.78" 138.77**

CD 0.14 0.13 0.23 0.36 0.18 0.21

Pi 8.24 9.70 11.54 14.10 16.37 18.43

P2 8.75 10.80 12.87 15.66 17.94 19.95

P3 8.36 11.24 13.64 15.81 18.91 21.24

F 28 .07" 281.58" 177.95" 55.67" 42 .43" 179.49**

CD 0.14 0.13 0.23 0.36 0.18 0.21

k, 8.41 10.26 12.57 15.11 17.70 19.52

k 2 8.40 10.91 13.04 15.46 17.71 20.14

8.54 10.57 12.44 15.00 17.81 19.96

F NS 47 .42" 15.93" 3.51* NS 19.33**

CD — 0.13 0.23 0.36 NS 0.21

* Significant at 5 percent level ** Significant at 1 percent level NS-Non significant
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Table 4. Interaction effect of NP, NK and PK on number of primary branches

Treatments
Months

2 4 6 8 10 12

n |P] 6.92 8.50 10.06 12.73 14.74 16.78
n ]P-> 7.77 9.76 11.97 14.39 16.71 18.40
n,p3 7.35 9.91 11.18 13.27 15.52 17.50
tTPi 8.64 9.64 12.13 14.62 16.89 18.59

8.91 10.86 12.13 15.16 17.50 19.64
n,p3 8.13 9.75 11.83 13.66 17.36 19.46
n3Pi 9.17 10.97 12.43 14.95 17.49 19.91
n3p-, 9.57 11.77 14.52 17.43 19.60 21.81
n3p3 9.59 14.05 17.90 20.49 23.86 26.77

F 12. 10** 129.97** 136.46** 65.41** 289.37** 240.22*’
CD 0.25 0.13 0.39 0.62 0.30 0.30

n,k. 7.18 9.16 10.93 13.26 15.34 17.25
n,k2 7.19 9.38 10.63 12.87 15.13 17.13

nlk3 7.68 9.63 11.64 14.26 16.50 18.31
n-,k, 8.64 10.14 12.23 15.06 18.25 19.80
n2k2 8.56 10.63 12.92 15.60 17.57 19.91
n-,^ 8.46 9.48 10.94 12.78 15.92 17.98

n3kl 9.40 11.48 14.56 17.02 19.50 21.51

n3k2 9.45 12.71 15.57 17.90 20.44 23.38
mk-,J J 9.49 12.60 14.72 17.96 21.02 23.60

F 4.73** 40.02** 33.51** 29.71** 110.90” 82.76”
CD 0.25 0.23 0.39 0.62 0.30 0.36

P|k i 8.18 9.76 11,57 14.42 16.22 17.98
P|k2 8.31 10.05 12.19 14.81 16.95 19.29
P]k3 8.24 9.29 10.86 13.06 15.95 18.00

P2kl 8.89 10.36 13.37 16.17 18.19 20.26
P̂ k-j 8.59 11.26 12.77 15.48 17.56 19.57

P2k3 8.77 10.77 12.47 15.34 18.06 20.02
P3k | 8.15 10.65 12.78 14.75 18.68 20.32
p3k2 8.29 11.41 14.16 16.08 18.63 21.55

P3k3 8.63 11.65 13.97 16.60 19.44 21.85

F . -  . * *4.54 22.86** 23.99** 18.44” 24.95** 32.97**
CD 0.25 0.23 0.39 0.62 0.30 0.36

** Significant at 1 percent level
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Similar ly the effect  o f  P was highly  significant from the second month 

onwards. The level p 3 produced more number  o f  primary branches proving 

its superiori ty. The level k3 was found highly  significant upto twelvelh 

month (19.96) except tenth month.

Interaction effect o f  NP, PK and NK on num ber  o f  pr imary branches

Interac tions  between N x P, N x K. and P x K had significant 

effect  in influenc ing the number  o f  primary  branches.  N x P interaction 

was highly s ignificant all throughout the period o f  study.

The h ighest  num ber  o f  p r imary  branches  was obta ined  in the 

combination n 3p 3 (9.59). Dur ing the rest  o f  the observat ional  period 

also the combina t ion  n3p3 ranked first. In N x K interaction the treatment 

n3k3 was found as the best treatment.  Similar  effect  was also found in 

P x K interaction.  P x K interaction was more  effective from the second 

month onwards,  thereaf ter significantly influencing the number  o f  primary 

branches.  During  the second, fourth,  sixth, tenth  and twelvelh month  the 

number  o f  primary  branches  recorded were  8.63, 11.65, 13.97, 16.60. 

19.44, 21.85  respectively.

4.1.3.  Effect o f  nutrients on number  o f  secondary branches

The e f fec t  o f  nu t r ien ts  on n u m b e r  o f  s econda ry  b ranches  is 

presented in Tables 5 and 6 .



Table 5. Main effect of N, P, K. on number of secondary branches

Treatments
Months

2 4 6 8 10 12

ni 8.89 9.80 10.86 11.85 12.72 13.67

°2 14.49 15.86 17.01 18.33 19.97 21.38

n 3 16.84 18.46 19.15 20.73 21.77 23.14

F 36.20** 32.04** 24.65** 29.82** 28.72** 34.16**

CD 1.95 2.21 2.49 2.42 2.57 2.47

Pi 11.19 12.52 13.09 14.50 15.57 16.49

P2 15.00 16.26 17.54 18.64 19.74 21.12

P 3 14.04 15.29 16.46 17.76 19.15 20.59

F 8.52** 6.38** 7.12** 6.74** 6.38** 8.63**

CD 1.95 2.21 2.49 2.42 2.57 2.47

k i 11.70 12.97 13.77 14.95 15.98 17.20

k 2 14.82 16.13 17.16 18.88 20.11 21.58

k3 13.70 14.96 16.09 17.07 18.37 19.43

F 5.40** 4.32** 3.99** 5.48** 5.36** 6.46**

CD 1.95 2.21 2.49 2.42 2.57 2.47

* Significant at 5 per cent level ** Significant at 1 per cent level
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Table 6. Interaction effect of NP, NK and PK on number of secondary branches

Months
Treatments

2 4 6 8 10 12

niPi 8.08 8.66 9.58 10.36 11.04 11.63

nlP2 9.36 10.28 11.30 12.33 13.43 14.53
n,p3 9.24 10.47 11.70 12.86 13.68 14.86
n-,Pi 11.30 12.80 14.00 15.25 16.62 17.71

17.71 19.05 20.24 21.59 22.69 24.00
n^p3 14.45 15.73 16.79 18.13 20.59 28.43

n3Pt 14.19 16.69 16.90 17.88 19.03 20.14
n3p2 17.92 19.45 21.07 22.01 23.09 24.81

n3P3 18.43 19.66 20.70 22.30 23.19 24.49

F
CD

NS NS NS NS NS NS

n lkl
nlk2
nlk3
n-)k,

7.51 8.36 9.29 10.15 10.98 11.76
9.96 10.89 12.02 12.95 13.90 15.05
9.21 10.15 11.27 12.44 13.28 14.22
13.96 15.16 16.62 17.99 19.54 20.94

n,k^ 14.45 15.92 16.87 18.69 20.02 21.67

°2k3 15.05 16.51 17.55 18.30 20.34 21.53

n3kl 13.64 15.39 15.41 16.70 17.43 18.89
n ^ . 20.04 21.57 22.60 25.01 26.40 28.02

n3k3 16.85 18.23 19.44 20.47 21.48 22.53

F
CD

NS NS NS NS NS NS

Pikt 9.61 11.24 11.39 12.21 13.23 14.31
P|k? 12.36 13.46 14.08 16.41 17.25 18.25

P|k3 11.60 12.85 13.80 14.87 16.21 16.93
P2k; 13.66 14.85 16.01 17.15 18.15 19.31
p2k2 17.34 18.69 20.02 21.33 22.63 24.35
p2k3 14.00 15.23 16.58 17.44 18.43 19.69

P3kl 11.84 12.82 13.92 15.49 16.56 17.98
p3k2 14.76 16.24 17.38 18.91 20.43 22.14
P3k3 15.51 16.81 17.89 18.96 20.46 21.66

F NS NS NS NS NS NS
CD — — — — — —

NS Not significant
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Main effect o f  major nutrients on number o f  secondary  branches

A ppl ica t ion  o f  n i t rogen  profound ly  in f luenced  the n um ber  of  

secondary  branches  throughout the period o f  study and the maximum 

number  was recorded at n3 level. In case o f  P applicat ion p-, level 

recorded the maximum number  o f  secondary branches  as compared  to p, 

and  p 3. An increasing trend in the number o f  secondary  branches  was 

noticed with application o f  potass ium at k2 level.

Interact ion effect o f  NP, NK and PK on number  o f  secondary branches

The interactive effects o f  N x P. N x K and P x K were  non 

s ignif icant on number  o f  secondary branches.

4.1.4.  Effect o f  nutrients  on length of  pr imary branches

The effect o f  nutrients on length o f  primary branches  are presented 

in Tables 7 and 8 .

Main effect o f  major  nutrients  on length o f  pr imary branches

From the  data presented  in Table 7, it is c lear  that  length  of 

p r imary  branches  was s ignif icantly  influenced by n i t rogen  applicat ion 

th ro u g h o u t  the  pe r iod  o f  study. The impact o f  n i t rogen  w as  more  

pronounced at n3 level recording a length o f  85.35 cm during the twelveth 

month.  The influence o f  phosphorus  on length o f  p r imary  branches  was



I'able 7. Main effect of N, P, K on length of primary branches (cm)

Treatments
Months

2 4 6 8 10 12

n i 34.09 38.28 43.35 47.79 52.36 51.93

39.38 45.93 51.46 56.76 63.04 68.84

n 3
52.15 58.77 65.56 72.11 78.70 85.35

F 82.62“ 104.53“ 121.97“ 169.52“ 194.97“ 299.21“

CD 2.93 2.91 2.92 2.71 2.73 2.29

P i 37.51 43.09 49.10 54.92 60.33 66.52

P 2
43.65 43.76 54.88 59.45 65.70 71.36

P 3 44.47 50.11 56.39 63.30 67.98 74.24

F 13.86“ 15.26" 14.28“ 15.53“ 17.01“ 23.93**

CD 2.73 2.91 2.92 2.71 2.73 2.29

kl 40.35 46.57 52.01 57.52 62.76 68.80

k2 42.38 47.90 53.78 59.20 64.97 70.79

k 3 42.88 48.49 54.57 59.95 66.28 72.53

F NS NS NS NS 3.48* 3.48

CD — —
—

— 2.73 2.29

* Significant at 5 per cent level ** Significant at 1 percent level NS - Non significant
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Table 8. Interaction effect ofNP, NK and PK on length of primary branches (cm)

Treatments
Months

2 4 6 8 10 12

n |Pi 30.68 34.57 39.43 44.12 48.86 54.51
n iP-> 36.07 39.83 44.33 48.31 52.88 58.71

nlPi 35.52 40.43 46.29 50.95 55.04 60.58
iNPi 35.90 41.43 47.39 52.49 57.74 63.78
HtP? 39.73 48.00 52.39 55.97 63.46 68.49

n?P3 42.52 48.35 54.60 61.81 67.93 74.24
n3P, 45.95 53.28 60.49 68.14 74.38 81.27

njP2 55.14 61.46 67.92 74.07 80.77 86.88
55.35 61.56 68.27 74.13 80.97 87.91

F NS NS NS NS NS NS
CD — — — — — •----

n,k| 34.37 38.84 43.52 48.19 51.77 57.13
n,k-, 33.58 38.01 43.30 47.19 52.24 58.18

n\k3 34.32 37.98 43.22 48.00 52.77 5S-49

n2kl 37.63 44.11 49.04 54.26 66.65 6S.47
n-,k-, 40.69 46.80 52.64 58.31 63.94 69.40
n-̂ k-i 40.44 46.87 52.70 57.69 64.54 70.63

n3kl 49.66 56.77 63.47 70.10 75.86 82.80

n 3k 2 52.88 58.89 65.41 72.09 78.73 84.77

n 3k 3 53.89 60.64 67.81 74.14 81.52 88.48

F NS NS NS NS NS NS
CD — — — — — —

Plki 34.37 39.43 45.97 51.78 56.73 63.83

Plk2 39.09 45.53 50.46 56.39 61.66 66.90

Plk3 39.07 44.32 50.87 58.58 62.59 68.32
P?kl 43.79 50.68 54.17 58.29 64.87 69.63

P2k2 42.30 47.06 53.29 58.06 64.06 70.68
P?ks 44.85 51.56 57.18 62.01 68.19 73.77
P3kj 42.90 49.62 55.90 62.48 66.68 72.94

P3k2 45.76 51.11 57.60 63.15 69.19 74.78

P j k 3 44.73 49.60 55.67 61.25 68.06 75.01

F NS NS NS NS NS NS
CD — — — — — —

NS-Not significant
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sig n ifican t and p3 level w as found  to  be superior. T he m ain effect o f K 

did not exert m uch varia tion  in the  length o f  prim ary  branches. The level 

k3 was found sig n ifican t only during ten th  and tw elveth  m onth.

Interaction effect o f  NP, NK and PK on length o f  pr imary branches

In te rac tion  effect o f  N x P, N x K and P x K w as found non 

sign ifican t in in fluencing  the length  o f  prim ary branches.

4.1.5.  Effect o f  nutrients  on length o f  secondary branches

The e ffec t o f  n u trien ts  on length o f  secondary  b ranches is seen 

in Table 9 and 10.

Main effect o f  major nutrients  on length o f  secondary branches

The leng th  o f  secondary  branches, proved  to be m ore effective 

during the second  m onth  o f  study  and th e rea fte r in fluencing  the length 

tow ards the end o f  tw elveth  m onth  o f  observation . The level m  wasJ

dom inant th roughou t the period  o f  study, com pared to nj and n-,.

In  phosphorus app lica tion , p3 was dom inan t and in K the level k 3 

was su p erio r du ring  the study period.

Interaction effect of  NP, N K  and PK on length of  secondary branches

T here  w as no sig n ifican t in te ractive  effects in length  o f  secondary- 

branches betw een  the treatm ents.
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Table 9. Main effect of N, P, K on length of secondary laterals (cm)

Treatment:
Months

2 4 6 8 10 12

ni 21.91 26.79 32.64 37.68 43.32 48.44

"2 29.91 35.34 40.80 46.93 52.89 58.47

I VJ 39.05 46.10 52.49 58.41 64.73 70.74

F 76.64** 98.40** 97.18** 126.27** 149.94'* 189.74**

CD 2.81 2.80 2.91 2.65 2.51 2.33

Pi 27.81 33.32 39.78 44.50 49.89 55.83

?2 30.74 36.23 41.71 47.46 53.75 59.10

Pj 32.32 38.68 44.44 51.06 57.29 62.71

F 5.46** 7.55** 5.37** 12.66** 17.85** 18.02**

CD 2.81 2.80 2.91 2.65 2.51 2.33

ki 27.36 33.17 39.11 45.23 51.45 57.03

k2 30.71 36.72 42.66 47.71 53.63 59.25

k3 32.81 38.34 44.17 50.08 55.85 61.37

F 7.85** 7.35** 6.59** 3.88** 6.29** 7.17**

CD 2.81 2.80 2.91 2.65 2.51 2.33

** Significant at 1 percent level
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Table 10. Interaction effect of NP, NK and PK on length of secondary branches
(cm)

Treatmei
Months

Uo
2 4 6 8 10 12

n |Pl 21.42 26.05 31.66 34.87 40.27 46.29
n]P-> 21.75 26.50 32.01 37.42 43.30 47.80

n lP3 22.57 27.83 34.24 40.75 46.37 51.23

n2P| 27.53 32.55 38.52 44.35 49.28 54.70
n->p-> 29.49 34.47 39.79 45.13 51.09 56.71

n2P3 32.10 38.99 44.09 51.32 58.31 64.01

n3Pl 34.48 41.36 49.14 54.27 60.13 66.51
n3p-> 40.98 47.73 53.32 59.83 66.86 72.80

nsPj 41.70 49.22 55.01 61.12 67.19 72.90

F NS NS NS NS NS NS
CD — — — — — —

nlki 20.45 24.85 29.87 35.48 41.84 46.92
n,k-, 22.77 27.86 34.32 38.18 43.26 48.74

n ik3 22.52 27.66 33.72 39.39 44.85 49.66

n2kl 27.84 33.71 39.20 45.96 51.84 56.81

n2k2 29.89 35.84 41.08 46.49 52.61 57.90
n«)k-5 31.99 36.46 42.13 48.35 54.22 60.70
n3k, 33.79 40.95 48.25 54.25 60.68 67.35
n-ik-> 39.46 46.47 52.57 58.48 65.63 71.11

n3k3 43.91 50.89 56.66 62.49 68.47 73.75

F NS NS NS NS NS NS
CD — — — — — —

Piki 23.85 29.24 35.97 41.49 46.69 53.40
Pjk2 30.91 37.19 43.78 45.83 51.33 56.93
Plk3 28.67 33.53 39.60 46.18 51.66 57.16

P2kl 28.86 33.75 39.24 45.32 52.08 56.92
p2k, 29.23 35.02 40.69 46.79 53.01 58.97
p2k3 34.13 39.93 45.20 50.28 56.16 61.43

P3kl 29.38 36.52 42.11 48.88 55.59 60.76
Piko 31.98 37.96 43.52 50.53 56.57 61.85
p3k3 35.61 41.56 47.70 53.77 59.72 65.52

F NS NS NS NS NS NS
CD — — — — — —

NS - Not significant
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4 .1 .6 .  E ffec t  o f  n u tr ie n t s  on sp read  o f  p la n ts  in N o r th -S o u th  

d ir e c t io n

The effect o f  nu trien ts on spread o f  p lants in N o rth -S ou th  direction 

is p resen ted  in Tables 11 and 12.

Main effect o f  major nutrients  on spread o f  plant  in North-South  

d ir e c t io n

The effect o f  N in spread  o f  p lan t in N o rth -S ou th  d irec tion  was 

s ig n ifican t th roughou t the period  o f  observation . It w as fe lt that n3 fared 

over o th e r levels viz., n ( and n9 p rov ing  its h igh  s ig n ific a n ce  in an 

increasing  trend  record ing  a final p lan t spread  o f  N o rth -S o u th  d irection  

o f  82.32 cm. S im ilar increasing  effect o f  s ign ificance  w as also followed 

by P ap p lica tion  at p 3 level record ing  finally  a m axim um  p lant spread of 

74.23cm . The effect o f  K w as found non sign ifican t.

Interaction effect o f  NP, NK and PK on spread o f  p lant in North-  

South direct ion

The in te ractive  effects w ere found non sig n ifican t in spread  o f 

p lan t in N orth -S ou th  d irection .

4.1.7.  Effect of  nutrients  on spread o f  plant in East-West  direction

T he e ffe c t o f  n u tr ie n ts  on the  sp read  o f  p la n t in E ast-W est 

d irec tion  is p resen ted  in Tables 13 and 14.



Table 11. Main effect ofN, P, K on spread of plant in North-South direction (cm)

Treatments
Months

2 4 6 8 10 12

nl 35.17 39.65 43.67 47.33 51.71 55.63

Th 48.46 53.38 58.80 64.41 69.48 74.85

n3 52.73 57.97 63.67 68.49 75.89 82.32

F 61.97** 68.27** 66.64’* 46.31** 77.56** 85.04**

CD 3.30 3.39 3.62 4.68 4.03 4.23

Pi 42.40 46.47 51.66 56.44 64.47 66.12

P2 46.19 51.67 56.64 61.75 67.13 72.47

Pi 47.77 52.82 57.84 62.05 68.48 74.23

F 5.64* 7.63** 6.60** 3.66** 6.84** 8.17**

CD 3.30 3.39 3.62 4.68 4.03 4.23

k l 44.20 48.54 53.55 58.31 63.43 68.17

k2 45.52 50.44 55.73 61.45 66.17 71.28

k3 46.64 51.43 56.76 60.48 67.47 73.36

F NS NS NS NS NS NS

CD — — — — — —

* Significant at 5 percent level ** Significant at 1 percent level NS Not significant
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Table 12. Interaction effect ofNP, PK and NK on spread of plant in North-South
direction (cm)

Treatments
Months

2 4 6 8 10 12

niP| 30.53 33.70 38.63 41.53 46.59 50.96

nlP2 36.74 40.93 45.67 49.62 53.48 57.16

n |P3 38.25 42.52 46.72 50.84 55.05 58.78
n->P| 44.34 49.08 53.65 59.52 64.92 69.58
n?p-, 48.11 52.99 59.73 65.35 70.34 76.24
niP3 52.92 58.07 63.03 68.36 73.17 78.74
n3Pi 52.31 56.63 62.69 68.27 72.89 77.30
n3p? 53.73 59.31 64.53 70.27 77.58 84.01
n3p3 52.15 57.99 63.78 66.94 77.21 85.16

F NS NS NS NS NS NS
CD — — — — — —

n,kl 34.01 37.63 43.13 45.27 49.72 53.62
n,k2 35.13 39.31 43.32 47.69 52.18 55.44
n ,k3 36.35 40.20 44.57 49.03 53.22 57.84
n^k | 46.71 50.84 55.16 60.93 66.46 71.40
n2k, 47.84 53.32 59.03 64.67 69.47 75.48

50.83 55.98 62.22 67.63 72.50 77.69

n3ki 51.88 57.14 62.36 68.74 74.12 79.49
n3ki 53.57 58.68 64.86 71.98 76.87 82.93

n3k3 52.74 58.11 63.79 64.76 76.69 84.55

F NS NS NS NS NS NS
CD — — — — — —

Pik i 40.34 44.34 49.82 53.67 58.82 63.35

Plk2 42.19 46.11 51.10 56.87 62.18 66.21
P1 k3 44.66 48.95 54.05 58.77 63.40 68.78

P2kl 45.24 50.11 55.25 59.98 64.83 69.46
P">k-> 46.39 51.77 57.64 62.90 67.89 73.15
P 2k 3 46.95 51.34 57.04 62.36 68.68 74.78
P3k ] 47.03 51.15 55.58 61.29 66.64 71.69
p3k2 47.98 53.43 58.46 64.57 68.45 74.46

P3k3 48.31 54.00 59.49 60.29 70.34 76.53

F NS NS NS NS NS NS
CD — — — — — —

NS Not significant



As levels o f  N increased  the spread o f  p lan t in East-W est d irection  

also  show ed an increasing  trend . The h ighest level o f N recorded  the 

h ighest E ast-W est spread o f  p lan t th roughou t the period o f  study (Table 

13). In case o f  phosphorus increased level o f  P increased  positive ly  the 

East-W est sp read  o f  the bush. The effect o f  K. w as non-sign ifican t.

Interaction effects of  NP, NK and PK on East-West spread o f  plant

The in te rac tio n  effect on East-W est spread o f  p lan t w as found 

non sign ifican t.

4.2. Effects o f  nutrients  on flower yield

The effect o f  n u trien ts  on flow er y ie ld  is p resen ted  in Tables 15

and 16.

Main effect o f  major nutr ients  on f lower yield

Y ield o f  flow ers was s ign ifican tly  in fluenced  by the app lication  

o f N itrogen . T he level n, (300 kg h a '1) w as found superio r (5595.92  kg 

h a '1) over o th e r trea tm en ts viz.. n2 and n3.

T here  w as s ig n ifican t d ifference  betw een all th ree  levels o f P. 

level P| w as su p erio r fo llow ed by p-, and p-.. The level Pj (300 kg h a '1 

recorded a m axim um  y ield  (4828.19  kg h a '1).

Main effect of  major nutrients on spread of plant in East-West

direction



Table 13. Main effect ofN, P, K on spread of plant in Hast-West direction (cm)

Treatment
Months

2 4 6 8 10 12

ni 33.49 37.51 41.57 45.69 50.52 54.54

rh 45.29 50.26 55.47 61.09 66.92 72.87

% 49.81 56.07 61.58 69.37 76.50 84.24

F 73.66** 113.11** 75.66** 141.71** 141.36“ 160.82'*

CD 2.78 2.53 3.34 2.86 3.13 3.35

Pi 38.78 43.44 48.57 53.52 58.88 64.50

P2 46.06 48.02 53.37 59.01 65.07 71.09

Pj 46.75 52.38 56.68 63.62 69.99 76.05

F 16.56** 5.12** 11.98** 25.07** 25.37** 24.05“

CD 2.78 2.53 3.34 2.86 3.13 3.35

k i 42.07 46.77 51.74 56.77 62.07 6831

k2 43.26 48.72 54.35 60.17 68.06 71.02

k3 43.26 48.34 52.33 59.21 65.81 72.32

F NS NS NS NS NS NS

CD — — — — — —

* Significant at 5 per cent level ** Significant at 1 percent level NS Not significant



Table 14. Interaction effect of NP, NK and PK on spread of plant in East-West
direction (cm)

Treatments
Months

2 4 6 8 10 12

niPi 29.06 31.94 35.40 38.87 42.60 45.41
n,Pi 34.42 38.83 43.33 47.56 52.79 56.84

nlP3 37.00 41.76 46.00 50.64 56.16 61.36
tTPi 47.82 49.00 52.02 57.15 62.72 69.08
n-.pi 45.40 50.54 55.25 60.68 66.69 72.61
ni?3 47.65 53.24 59.12 65.43 71.36 76.91
n3Pi 44.47 51.37 58.29 64.54 71.32 79.00
n3p, 49.37 54.69 61.53 68.79 75.73 83.83

t o
55.59 62.15 64.91 74.78 82.44 89.89

F
CD

NS NS NS NS NS NS

n]k| 31.92 35.60 40.27 43.99 48.13 51.37
32.80 37.08 41.80 45.66 50.65 54.36

n,k3

n2kl
n->k7

35.76 39.84 43.37 47.42 52.77 57.88
45.14 49.36 53.82 58.78 63.84 71.44
45.62 51.52 57.21 62.43 68.81 73.79

n2k3 45.U 49.90 55.36 61.05 68.12 73.37 i
n3k, 49.16 55.36 61.11 67.54 74.23 82.11
n3k, 51.35 57.57 64.75 71.41 78.73 84.90
n-,k-J J 48.92 55.28 58.87 69.17 76.53 85.71

F NS NS NS NS NS NS
CD — — — — — —

Pik i 39.30 43.63 48.04 52.48 57.03 62.65
P]ki 39.96 45.67 51.43 57.20 62.65 65.87
P lk3 37.08 41,02 46.23 50.89 56.96 64.98
p7kj 40.78 45.77 51.25 56.42 61.60 67.73
p2k7 43.30 48.48 53.80 59.65 66.00 72.01
p7k3 45.II 49.81 55.05 60.97 67.60 73.53

P3k l 46 .14 50.93 55.91 61.42 67.56 74.54
P3ki 46 .51 52.02 57.81 63.65 69.54 75.17

P3k3 47.60 54.20 56.31 65.78 72.87 78.45

F NS NS NS NS NS NS
CD — — — — — —

NS Not significant



Table 15. Main effect of N, P, K on yield of flowers (kg ha '1)

Treatment- Yield

nl 5595.92

"2 4597.57

% 3135.17

F 52.539"*

CD 483.67

Pi 4828.19

P2 4757.34

P3 3743.14

F 1 2 .6 3 9 "

CD 483.67

4644.76

k2 4825.17

k3 3858.74

F 9 .0 5 7 "

CD 483.67

** Significant at 1 percent level
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Table 16. Interaction effect of NP, NIC and PK on yield of flowers (kg ha '1)

Treatments Yield

n i P | 5849.86
niP2 5955.62
nlP3 4982.29
n2P| 5688.91
O-iP t 4977.11
n^p3 3726.70
njP| 3545.79
n-,P-> 3339.27
n3?3 2520.44

F NS
CD —

n,k. 5792.21
ntk0 6597.40
n,k3 4398.17
n^kj 5066.46
n->t, 4713.36
n2k3 4612.90
n3k| 3075.60
n3k2 3164.76
n3k3 3165.15

F 4.208**
CD 837.74

P | k i 5047.44
P l k 2 5249.65

Q. 4187.47
P2kl 5302.41
p2k2 5013.10
P")k3 3956.49
P3kl 3584.42
p3k2 4212.76
P3k3 3432.26

F NS
CD —

** Significant at I percent level NS Not significant
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Potassium  application  also s ign ifican tly  in fluenced  the y ield  o f 

flow ers. The h ighest y ie ld  (4825.17  kg h a '1) w as reco rded  at k2 (450 kg 

h a '1) and w as superio r over o ther treatm ents, fo llow ing a decreasing  trend 

from  k2, k | and k3.

Interaction effects of  NP, NK and PK on flower yie ld

In com paring  the y ie ld  o f  flow ers, in te rac tion  e ffec t o f  N x P 

and P x K w as no t s ign ifican t. But N x K in te rac tion  h igh ly  influenced 

the y ie ld  o f  flow 'ers. T he trea tm en t n ,k 2 w as su p e r io r  to a ll o ther 

in te rac tions reco rd ing  a m axim um  flow er y ield  o f  6597 .40  kg ha’1.

4.2.1.  Effect of  nutr ients  on monthly  yield pattern

The effect o f  n u trien ts  on m onthly  y ield  p a tte rn  is p resen ted  in 

Tables 17 and 18.

Main effect o f  major nutr ients  on monthly  yie ld pattern

A p plica tion  o f  n itrogen  sign ifican tly  in fluenced  the m onth ly  yield 

pattern . The y ield  decreased  w ith  increasing  levels o f  N . The highest 

y ie ld  ob ta ined  w as at low est level o f  N app lication  th ro u g h o u t the period 

o f  study.

The y ie ld  show ed an increasing  trend from  second  to fourth m onth, 

a decreasing  trend  during  six th  and eighth  and again  increased  during 

ten th  and tw e lv e th  m onth.
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Table 17. Main effect of N, P, K on monthly yield pattern (kg ha '1)

Treatment
Months

2 4 6 8 10 12 .

nl 474.15 483.96 385.11 442.60 531.32 658.85

n2 341.99 359.28 323.25 356.31 472.40 514.80

rv>j 249.59 220.49 221.11 236.20 316.17 375.16

F 29.83** 29.73** 21.84** 34.41” 31.70** 31.55**

CD 58.60 68.54 50.25 50.10 55.98 73.79

Pi 370.63 397.64 339.68 387.50 473.29 517.69

P2 368.19 388.65 328.97 369.53 475.18 572.01

P3 317.91 277.44 260.81 278.29 371.34 459.11

F NS 7.67** 5.83** 10.96” 9.06” 6.60”

CD — 68.54 50.25 50.10 55.98 73.79

kl 377.21 405.91 326.20 364.25 452.53 546.61

k2 368.15 376.71 336.61 369.34 461.90 589.17

k3 320.37 281.11 266.66 301.52 405.38 473.03

F NS 7.29’* 4.54’ 4.57* NS 5.10”

CD — 68.54 50.25 50.10 — 73.79

* Significant at 5 per cent level ** Significant at I per cent level NS Not significant
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Table 18. Interaction effect ofNP. NK and PK on monthly yield pattern of flowers
(kg ha '!)

Treatments
Months

2 4 6 8 10 12

nlPl 470.61 551.30 413.01 500.51 568.15 661.36
507.60 501.72 407.70 457.86 568.40 689.14

nlP3 444.25 398.87 334.60 369.50 457.15 626.65
n-,pi 397.21 396.31 358.97 404.37 494.27 635.78
n - j p i 335.71 425.54 335.85 397.15 509.21 667.18
rtoP3 293.05 255.99 274.93 267.40 413.71 481.43
n3Pi 271.08 245.33 247.06 257.61 351.44 435.93
n3P-> 261.25 238.68 243.37 253.64 347.92 419.71

n3P3 216.44 177.46 172.90 197.96 243.16 269.85

F NS NS NS NS NS NS
CD — — — — — —

nik i
n lk2
n,k3

496.78 563.75 398.21 459.54 534.69 675.15
516.57 581.44 455.77 518.77 619.65 764.98
409.10 306.69 301.33 349.50 439.36 536.42

n9k| 387.07 435.88 360.41 398.37 515.06 607.49
n0k. 340.38 333.75 331.88 363.65 466.15 619.23
Ilnkj 298.52 308.20 277.46 306.89 435.98 497.68
tuk, 247.78 218.09 219.96 234.83 307.83 357.18
n3k, 247.50 214.95 222.18 225.61 299.89 383.31
n 3 k 3 253.48 228.43 221.18 248.16 340.80 385.00

F NS
. , - # *  4.41 NS 2.86** 3.18* NS

CD — 118.71 — 86.78 96.96 —

P|kj 420.46 467.01 362.49 408.78 483.37 587.92
p,k, 392.20 419.80 370.96 422.59 504.03 626.31

Pik3 326.24 306.13 285.59 330.51 432.46 518.85
p^k, 389.03 455.64 366.96 414.61 518.76 629.49
pTk-> 377.33 398.50 356.96 377.07 487.23 610.65
Pok3 338.20 311.79 263.03 316.90 419.54 475.89
pjk l
p3ko

322.15 295.08 249.14 269.35 355.45 422.42
334.92 311.84 281.95 308.37 394.44 530.55

Pjk3 296.07 225.40 3251.35 257.13 364.14 424.36

F NS NS NS NS NS NS
CD — — — — — —

Significant at 5 per cent level ** Significant at 1 per cent level NS Not signi(leant
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Phosphorus a lso  s ign ifican tly  in fluenced  the m onthly  y ield  pattern 

righ t from fourth  m onth onw ards, con tinu ing  thereafter. The level p , was 

m ore effective  than o ther treatm ents how ever during  ten th  and tw elveth  

m onths p^ was on par w ith p j.

K application also influenced significantly the monthly yield pattern. 

The yield was significantly influenced from fourth month and continued thereafter 

except during tenth month. The level k ( was found superior during fourth 

month. But during sixth, eighth, tenth and tw elveth months k2 was superior.

Interaction effect o f  NP, NK and PK on monthly  yield pattern

N x K in te rac tio n  show ed m axim um  effect during  fourth, e ighth 

and tenth m onth. The com bination  njk-, p roved  to be the best, and during 

the twelveth month, recorded a maximum m onthly yield (764.98 kg h a '1). 

N x P and P x K in te rac tions w ere non sign ifican t.

4.2.2.  Effect o f  nutr ients  on weight o f  100 buds

The effect o f  n u trien ts  on w eight o f  100 buds is p resen ted  in 

Table 19 and 20.

Main effect o f  major nutr ients  on 100 bud weight

The 100 bud w eight varied  s ig n ifican tly  by app lication  o f  n itrogen  

and phosphorus. N itrogen  at the level n ( reco rded  a bud w eight o f  24.58g 

and phosphorus nutrient at p2 was best recording a maximum bud weight o f 

2 3 .19g. There was no significant influence o f  potassium  on 100 bud weight.
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Table 19. Main effect of N, P, K. on 100 bud weight (g)

Treatment 100 bud weight

nl 24.58

rw 22.39

*3 21.54

F
-  —  -  * *:>8.7:>

CD 0.58

Pi 22.86

P2 23.19

P3 22.46

F 3.208**

CD 0.58

22.83

^2 22.88

k3 22.81

F NS

CD —

** Significant at 1 per cent level NS Not significant



Tabie 20. Interaction effect ofNP, NK, PK. on 100 bud weight

Treatments 100 bud weight

n |Pi
n ,p2
nlP3
n2p,
n2p2
n2p3
n3p|

n3Pz
njPj

24.82
25.47
23.46 
22.29 
22.60 
22.28
21.47 
21.51 
21.65

F
CD

2.772“
1.005

n,k]
n,k2
nlk3
n2kl
n2k2
n2k3
n3kl
n3k2
n3k3

25.13
24.52 
24.10 
22.21 
22.45
22.52 
21.17 
21.66 
21.80

F
CD

NS

Plk l
P |k2
P]k3
p2k |
P2k2
?2k3
P3kl
P3k2
Pjk3

22.63
23.23
22.73
23.41 
22.90 
23.27 
22.47 
22.50
22.42

F
CD

NS

** Significant at l per cent level NS Not significant
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Interaction effect o f  NP, NK and PK on 100 bud weight

The effect was found to be in fluenced  by N x P in teraction , n 1 p-. 

produced the highest 100 bud w eight (25.47 g), follow ed by n j p t (24.82 

g). R egard ing  P x K and N x K in teraction  there  w as no significant 

variation  am ong the treatm ents.

4.2.3.  Effect o f  nutrients on time taken for opening o f  f lowers after  

harvest

The effect o f  n u trien ts  on tim e taken for flow er open ing  after 

harvest was analysed  (Table 21 and 22)

Main effect o f  major nutrients  on time taken for f lower opening

A m ong the m ajor nu trien ts applied  phosphorus ap p lica tion  was 

found to in fluence  sign ifican tly  the tim e taken  for flow er opening . The 

level p3 w as found superio r (4 .52 hrs.) fo llow ed by p 3 and pj w hereas 

n itrogen  and potassium  application did not influence significantly the time 

taken for flower opening.

Interaction effect of  NP, NK and PK on time taken for f lower opening

The in te rac tio n  effec ts  on tim e tak en  for flow er open ing  was 

found to be in flu en c ed  s ig n ific an tly . The tre a tm e n t n3p3 w as b est 

compared to other treatm ents (4.56 hours). In N x K interaction Ojk. and 

n3k , w ere found sta tis tica lly  on par w ith each o ther and w ere best am ong
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Table 21. Main effect of N, P, K on time taken for opening of flowers (hours)

Treatment Time taken for opening of flowers

ni 4.69

°2 4.35

n3 4.40

F NS

CD —

Pi 4.20

P2 4.41

Pj 4.52

F 83.334**

CD 0.05

k i 4.36

k2 4.38

k3 4.40

F NS

CD —

** Significant at 1 per cent level NS - Not significant
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Table 22. Interaction effect o f  NP, NK. and PK on time taken for flower opening 
(hours)

Treatments Time taken for flower opening

niPi 4.18

n lP 2
4.48

n lP 3
4.52

n2p, 4.23
n2P-> 4.33
n2p3 4.48

n 3 P l
4.20

n3p^ 4.43
n3p3 4.56

F 4.15*
CD 0.087

njk, 4.44
n,k-> 4.33

n l k 3
4.46

n,k, 4.33
n->k> 4.33
n2k3 4.38

n 3k i
4.31

n3k. 4.46

n 3k 3
4.43

F 4.95**
CD 0.087

Pik i 4.16

P l k 2
4.19

P ] k 3
4.25

? 2 k I
4.38

P2k2 4.41
p2k3 4.46

P 3 k l
4.54

P 3 k 2
4.53

P 3 k 3
4.49

F 4.71*
CD 0.087

** Significant at 1 per cent level * Significant at 5 per cent level
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other trea tm en ts  (4.46 h rs.). In P x K in te rac tion  p 3k | was superio r 

record ing  a tim e o f  4.54 hours fo llow ed by p3k2.

4.3. Effect o f  nutr ients  on content o f  N, P, K, Zn and i\Ig in leaves

The effect o f  m ajor nu trien ts on N. P, K. Zn and Mg content in 

leaves is p resen ted  in Table 23 and 24.

4.3.1.  Effect o f  nutr ients  on lea f  nitrogen content  

Main effect o f  major  nutrients  on lea f  nitrogen content.

The level n3 w as found to increase the le a f  n itrogen  content (3.21 

per cen t) fo llow ed  by n-, and n p  w hile  in phosphorus the levels p3 and p, 

was found su p erio r over o th e r trea tm en ts record ing  a value (2.82 per 

cent). K ap p lica tion  was found to in fluence  the le a f  n itrogen  content. 

The level k 3 w as found m ore com petent than o ther levels in increasing  

the le a f  n itrogen  con ten t (2.93 per cent).

Interaction effect o f  NP, NK and PK on lea f  nitrogen content

In te ra c tio n  b e tw een  N and P w as found  m ore e ffec tiv e  w ith  

com binations n 3p3 and n 3p ,.  The trea tm en ts w ere s ta tistica lly  on par and 

superio r over o ther trea tm en ts, g iv ing  a m axim um  le a f N content (3.25 

per cent). N x K in te rac tion  w as found to be superio r at n3k3 record ing  

a m axim um  n itrogen  con ten t (3 .34  per cent). The com bination p3k3 was
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Table 23. Main effect of N, P, K. on leaf nutrient content (per cent)

Treatment: N P K. Mg Zn

ni 2.31 0.72 5.43 0.050 0.026

n2 2.83 0.74 5.58 0.057 0.030

n3 3.21 0.74 5.32 0.06 0.029

F 82.38** 31.37** 23.97“ 30.14** 9 .8 ! "

CD 0.033 0.005 0.073 0.025 0.019

Pi 2.82 0.70 5.46 0.060 0.027

P2 2.70 0.74 5.48 0.057 0.029

Pj 2.82 0.77 5.39 0.050 0.029

F jo .64 299.18** 3.93* 31.90** 3.76*

CD 0.033 0.005 0.073 0.025 0.019

k , 2.72 0.74 ’ 4.67 0.057 0.026

k2 2.70 0.72 5.56 0.056 0.031

k3 2.93 0.75 6.16 0.056 0.028

F 116.46** 34.24** 20.86** NS 14.19**

CD 0.033 0.005 0.073 — 0.019

** Significant at 1 per cent level NS - Not significant
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Table 24. Interaction effect of NP, NK and PK on leaf nutrient content (per cent of
nutrients)

Treatments N P K Mg Zh

n iP i 2.29 0.67 5.24 0.057 0.020
l

n,p7 2.41 0.73 5.60 0.054 0.029
n,p3 2.23 0.77 5.45 0.04 0.029

i1 j

n->p. 2.94 0.71 5.77 0.063 0.032

n-.pi 2.58 0.74 5.52 0.056 0.029

n7p3 2.97 0.77 5.44 0.052 0.029
w* J

n;p. 3.25 0.72 5.38 0.06 0.028
n3p-> 3.11 0.75 5.33 0.061 0.029

-5r  -

n 3 P j
3.25 0.76 5.26 0.058 0.029

F 59 .19" 2 0 .49" 14 .60" 7 .0 4 " 10.19"
CD 0.057 0.009 0.128 0.043 0.033

n,k. 2.20 0.74 4.66 0.052 0.018
i I

n,k-> 2.23 0.71 5.61 0.051 0.033
1 Z

n.k-, 2.50 0.72 6.02 0.047 0.025
1 J

n,k. 2.84 0.74 4.75 0.057 0.029
Z l

n7k-> 2.70 0.73 5.55 0.064 0.033
n-fe 2.94 0.75 6.43 0.054 0.027z z 
n-k. 3.12 0.74 4.60 0.062 0.030
J l

n-k? 3.16 0.73 5.33 0.055 0.026
J  i t

n 3k 3
3.34 0.76 6.04 0.062 0.030

F 10.08" 9 .4 9 " 8 .0 4 " 6 .0 5 " 19.55"
CD 0.05 0.009 0.12 0.043 0.033

Pik i 2.82 0.71 4.60 0.057 0.020

p ik2 2.76 0.68 5.54 0.060 0.03

p i  k 3 2.29 0.71 6.25 0.062 0.03

P 2 k l 2.59 0.73 4.80 0.061 0.029
1 Z  1

P ? k 2 2.63 0.72 5.63 0.059 0.031
1 L  L

? 2 k 3 2.89 0.76 6.63 0.051 0.026
* J

p3k. 2.75 0.77 4.62 0.052 0.028

P 3 k 2 2.71 0.77 5.33 0.049 0.031

P j k 3 3.00 0.77 6.21 0.050 0.027

F 10.64" 9 .8 5 " 10.19" 7 .4 5 " 8 .5 9 "
CD 0.057 0.009 0.128 0.043 0.033

** Significant at 1 per cent level
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h igher than o th er trea tm en ts  reco rd in g  a m axim um  (3.00 per cent) of 

nitrogen.

4.3.2.  Effect o f  nutrients  on lea f  phosphorus  content

Main effect o f  major nutrients  on lea f  phosphorus  content

A pplied  N h ighly  in fluenced  the le a f  P content. The levels n , and 

n3 w ere s ta tis tic a lly  on par and proved to be s ig n ifican t p roducing  a 

maxim um  P content (0.74 per cent). The highest content o f P (0.77 per 

cent) was recorded at p3 level. Potassium  also influenced significantly the 

leaf P content. The level k3 was found best resulting in 0.75 per cent content 

o f P followed by k, and k2.

lnteraction effects of  NP, NK and PK on lea f  phosphorus  content

N x P in te rac tion  w as s ig n ifican t w ith le a f  phosphorus content. 

The trea tm en ts n-,p3 and n (p 3 w ere on par and p roduced  the m axim um  P 

content (0 .77  per cent). In N x K in te rac tion  m k 3 was found best (0.76 

per cent) com pared  to o ther treatm ents. In  in te rac tion  betw een  P and K 

the com binations p 3k |,  P3k2, p3k3 w as found sta tis tica lly  on  par w ith each 

other and confirm ed  th e ir su p erio rity  o f  le a f  P con ten t (0 .77  per cent).

4.3.3.  Effect o f  nutr ients  on lea f  potass ium content  

Main effect o f  major nutr ients  on lea f  potass ium content

N itrogen  app lication  h igh ly  in fluenced  the le a f  po tassium  content. 

The highest value (5.58 per cent) w as recorded  at n , fo llow ed  by n ; and
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n3 successively . Phosphorus ap p lica tion  in fluenced  the le a f  potassium  

content, the level p-> confirm ed  its su p erio rity  record ing  a m axim um  P 

content (5.48 per cent) fo llow ed  by p , and p2. A m ong K. levels tried  the 

level k3 was the best (6 .16  per cent) fo llow ed  by k , and k j.

Interaction effects o f  NP, NK and PK on lea f  K content

N x P in teraction  s ig n ifican tly  in fluenced  potassium  content in 

leaves. It w as found th a t the com bination  n-,p| proved to be the best 

record ing  the h ighest le a f  K content (5 .77  per cent). The treatm ent n2k3 

w as found to be the best one than o ther trea tm en ts  in N x K in teraction. 

P x K in te rac tio n  in flu en ced  s ig n ific an tly  the le a f  po tassium  content 

w ith p2k3 record ing  a m axim um  K con ten t (6.63 per cent).

4.3.4.  Effect of  nutrients  on leaf magnesium content

Main effect o f  major nutrients  on lea f  magnesium content

N itrogen  ap p lica tion  in fluenced  sig n ifican tly  the le a f  M g content. 

Here the level n3 was superior (0.06 per cent) followed by other levels such 

as n2 and nj (Table 23). In case o f  phosphorus application the level pj proved 

was superior over other levels. Effect o f  K was found non significant

Interaction effect o f  NP, NK and PK on l e a f  Mg content

In te ra c tio n  b e tw een  N and  P h ig h ly  in flu en c ed  the le a f  Mg 

content. It w as found that the level n2p j w-as the best treatm ent and
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superior over others and recorded a maximum Mg content (0.063 per cent). 

N x K interaction was highly significant, the effect was m ore pronounced at 

n7k0 and in P x K interaction p ,k3 recorded the maxim um  Mg content (0.062 

per cent).

4.3.5. Effect o f  nutrients  on leaf zinc content  

Main effect o f  major nutrients on leaf zinc content

N itrogen  ap p lica tion  in fluenced  the  le a f  Zn con ten t and the level 

n-, proved best (0 .030 per cent). R egard ing  phosphorus app lication  the 

levels p-, and p3 w ere s ta tistica lly  on par and w ere found to be the superior 

trea tm en ts  in in flu en c in g  the le a f  zinc con ten t, re c o rd in g  (0 .029  per 

cent) o f  zinc. A pp lication  o f  K. too in fluenced  the le a f  Zn con ten t and 

it was found th a t the level k , was su p erio r (0.031 per cen t) com pared to 

k | and k 3.

Interaction effects o f  NP, NK, PK on lea f  zinc content

N x P in te rac tion  in fluenced  the le a f  Zn con ten t and n2pj was 

found to be the best treatm ent reco rd ing  (0.03 per cent). The treatm ent 

njk^ and n^k-, w ere found to be su p erio r in N x K in te rac tio n  and in P x 

K in te rac tion  p2k2 and p 3k2 w ere s ta tis tica lly  on par w ith  each other and 

found to be the b est trea tm en ts  and su p erio r over o th e r in te rac tions 

record ing  a m axim um  Zn con ten t (0.03 per cent)
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The effect o f  n u trien ts  on carbohydrate content o f  flowering shoot 

are presented in Tables 25 and 26.

Main effect o f  major nutrients  on carbohydrate  content of  f lowering  

sh oot

4.4. Effect of nutrients on carbohydrate content of flowering shoot

Increased  levels o f  n itrogen  decreased  the level o f  carbohydrate 

content. The level n | recorded  the h ighest carbohydrate  content (19.84 

per cent). P and K ap p lica tio n  had no e ffec t on the carbohydrate  content 

o f  flow ering shoot.

Interact ion effect o f  NP, N K  and P K  on carb ohydrate  content  of  

f low er in g  shoot

The carbohydrate  con ten t w as s ig n ifican tly  in fluenced  by N x P 

in teraction  w ith n ,p j record ing  a m axim um  carbohydrate  content (21.89 

per cent). N x K in te rac tio n  also h ighly  in fluenced  the carbohydrate  

content, w here the com bination  n ,k j  w as found superio r (21.45 per cent), 

p ,k-, tre a tm e n t p ro v e d  to  be s u p e r io r  (1 9 .8 2  p e r  cen t) th an  o th e r  

treatm ents in P x K in te rac tion .

4.5. Effect o f  nutr ients  on uptake of  N, P, K,  Zn and Mg by plants

The effect o f  nu trien ts on uptake o f  N , P, K, M g and Zn is presented

in Tables 27 and 28.
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Table 25. Main effect of N, P, K on carbohydrate content of flowering shoot (per cent)

Treatment Carbohydrate content 
of flowering shoot

ni 19.84

17.98

"3 17.66

F 13.37**

CD 0.922

Pi 18.96

P2 18.63

P3 17.90

F NS

CD —

kl 18.69

k2 18.70

h 18.10

F NS

CD —

** Significant at 1 per cent level NS Not significant
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Table 26. Interaction effect of NP, NK, PK on carbohydrate content of flowering
shoot (per cent)

Treatments Carbohydrate content of 
flowering shoot

n iPi 21.89
nlP2 19.02

n lP 3
18.62

n2Pi 17.74
n2p2 18.62
n2p2 17.59
n3p. 17.26
n3p2 18.25

n 3 ? 3
17.48

F 4.667**
CD 1.58

n,k, 21.45

n l k 2
19.66

n l k 3
18.41

n2k| 17.50
n9k7 18.37

n 2k 3 18.08
n 3k l 17.12

n 3 k 2 18.07

n 3k 3
17.80

F 3.864**
CD 1.58

P l k l
19.21

P l k 2
19.19

P ) k 3
18.48

p,k, 17.96
p2k2 19.82
p2k3 18.10

P 3 k l
18.90

p3k2 17.08

P 3 k 3
17.71

F 2.805**
CD 1.58

** Significant at 1 per cent level
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4.5.1.  Effect o f  nutrients  on uptake o f  nitrogen 

Main effect o f  major nutrients  on uptake o f  nitrogen

A pplication  o f  n itrogen  w as found to have a s ig n ifican t influence 

on uptake o f  n itrogen  the h ighest uptake being  at n 3 level follow ed by n : 

and n j. Influence o f  app lied  P was a lso  found s ig n ifican t in the uptake 

o f  N w ith  the level p3 record ing  the m axim um  uptake o f  n u trien t n itrogen  

(6.90 kg h a '1) fo llow ed by p0. The up take o f  n itrogen  w as found effective 

w ith level k 3 (6.45 kg h a '1) reco rd in g  the h ighest uptake.

Interaction effect o f  NP, NK and PK on uptake o f  nitrogen

U ptake o f  n itrogen  was found to be s ig n ifican tly  in fluenced  by 

N x P in teraction  at n 3p 3 (10 .36  kg h a '1). N x K in te rac tion  was found to 

be effective at n 3k3 (9 .19  kg h a '1). P x K in teraction  w as also sign ifican t 

w ith p3k , record ing  7.04 kg h a '1 o f  uptake o f  n itrogen .

4.5.2. Effect o f  nutrients  on uptake o f  phosphorus  

Main effect o f  major nutr ients  on uptake o f  phosphorus

A pplied  N w as found  s ig n if ic a n t in in c reas in g  the  u p tak e  o f  

phosphorus. The level n3 recorded the highest uptake (5.10 kg h a '1) followed 

by n ( and n-,. Applied P proved to have significant effect on up take o f 

phosphorus. The level p3 p roved  to  be superio r over o ther levels viz., p2 

and p , respectively . In fluence  o f  K at k 3 level was best (4 .57  kg h a '1).
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Table 27. Main effect of N, P, K on uptake of plant nutrients (kg ha '1)

Treatment N P K Mg Zn

ni 3.96 4.07 6.94 0.067 0.039

5.95 4.00 7.27 0.07 0.043

n3 8.67 5.10 8.02 0.074 0.043

F 33.99** 49.22** 271.81** 60.75** 16.67**

CD 0.266 0.111 0.095 0.013 0.018

Pi 5.36 3.67 7.36 0.072 0.039

Pi 6.38 4.36 7.44 0.071 0.041

P3 6.90 5.14 7.43 0.068 0.045

F 76.13** 53.72 NS 23.711** 26.86*

CD 0.265 0.110 - 0.013 0.0183

k, 5.93 4.17 6.95 0.072 0.042

k2 6.20 4.43 7.88 0.068 0.042

k3 6.45 4.57 7.40 0.072 0.041

F 7 .9 3 " 27.74** 194.720** 34.91** NS

CD 0.266 0.111 0.095 0.013 —

** Significant at 1 percent level * Significant at 5 per cent level NS - Not significant
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Table 28. Interaction effect of NP, NK and PK on uptake of plant nutrients (kg ha’1)

Treatments N P K Mg Zn

niPl 3.90 2.84 6.78 0.063 0.034
n(pT 4.14 4.02 6.88 0.068 0.040

n lP 3 3.84 5.34 7.15 0.069 0.043
ITP] 4.83 3.75 8.53 0.077 0.043
n ^ 6.52 3.96 6.07 0.069 0.039
n^p3 6.51 4.30 7.20 0.065 0.047
n3p. 7.16 4.42 6.77 0.076 0.040
n-p-) 8.48 5.11 9.35 0.075 0.043

n3P3 10.36 5.77 7.94 0.070 0.046

F 29.14** 52.46** 72.95** 39.42“ 5 .9 8 "
CD 0.460 0.191 0.165 0.022 0.031

n,k. 3.93 3.69 6.01 0.061 0.035
n.k-, 4.07 4.14 8.15 0.67 0.041
n,k3 3.88 4.38 6.65 0.069 0.040
n-)k| 5.72 3.99 7.42 0.073 0.044
n̂ k-, 5.83 4.12 7.76 0.068 0.042
n-)k3 6.30 3.89 6.64 0.07 0.043
n3ki 8.13 4.83 7.42 0.082 0.046j l
n3k2 8.69 5.03 7.75 0.064 0.043
n3k3 9.19 5.45 8.90 0.076 0.039

F 3.35’ 1.97** *77.74** 71.81** 8.77*'
CD 0.460 0.191 0.165 0.022 0.031

P]k| 4.69 3.70 7.11 0.072 0.040
Pjk-) 5.38 3.68 7.84 0.069 0.038

P l k 3 5.81 3.63. 7.13 0.075 0.038
P ^ l 6.34 3.79 7.09 0.074 0.042
p-jk. 6.17 4.47 7.78 0.065 0.041
p2k3 6.63 4.83 7.44 0.073 0.039
p3k, 6.74 5.02 6.64 0.069 0.044
P-?k-> 7.04 5.14 8.03 0.067 0.047

P3k3 6.92 5.26 7.63 0.067 0.045

F 3.51* 18.00** 21.28** 10.91** NS
CD 0.460 0.191 0.165 0.022 —

** Significant at 1 percent level * Significant at 5 percent level NS Not significant
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R eg ard in g  in te ra c tio n  e ffe c t o f  N x P the co m b in a tio n  n 3p 3 

recorded  the h ighest value (5 .77  kg h a '1). N x K. in teraction  w as found 

sign ifican t w ith n3k 3 record ing  the h ighest uptake o f  P (5.45 kg h a '1) and 

in teraction  o f  P x K w as found sign ifican t w ith p3k3 record ing  the highest 

uptake o f  P (5.26 kg h a '1).

4.5.3.  Effect o f  nutrients  on uptake of  potass ium  

Main effect on uptake o f  K

U ptake o f  po tassium  w as found to be s ign ifican tly  influenced by 

app lication  o f n itrogen . M axim um  uptake w as seen at n3 level. A pplied  

P w as found non sign ifican t in in fluencing  uptake o f  K. A pplication o f  

K w as also  found to in fluence  its uptake significantly . Level k-> was 

found superio r (7.88 kg h a '1) com pared  to k 3 and k j.

Interaction effect o f  NP, NK and PK on uptake of  K

N x P in te rac tion  w as s ig n ifican t w ith  m axim um  uptake o f K. (9.35 

kg h a '1) at n3p2. A m ong N x K in te rac tion  n 3k3 proved  best in effecting  

h ighest uptake (8.9 kg h a '1). P x K in te rac tion  w as also seen highly 

sign ifican t w ith p3k2 record ing  8.03 kg h a '! .

4.5.4.  Effect of  nutr ients  on uptake of  magnes ium  

Main effect of  major nutr ients  on uptake o f  Magnesium

A pplication  o f  n itrogen  in fluenced  sign ifican tly  the uptake o f  Mg 

by p lants. The level n3 w as best (0 .074 kg h a '1) am ong other treatm ents

Interaction effect of NP, NK and PK on uptake of P
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and in phosphorus app lication  the level pj proved superior. Influence o f 

ap p lied  K on u p tak e  o f  Mg a lso  s ig n if ic a n t w ith  lev e ls  k , and k3 

rercord ing  (0.072 kg h a '1) w hich w ere on par w ith each other.

Interaction effect of  NP, NK and PK on uptake of  Mg

NP in teraction  w as found sig n ifican t and n-,P| w as superio r over 

all o ther treatm ents. NK in te rac tio n  w as h igh ly  s ig n ifican t and treatm ent 

n3kj (0 .082 kg h a '1) gave the h ighest value. In terac tion  o f  P and K was 

also found sign ifican t at P |K 3 record ing  the h ighest value.

4.5.5.  Effect o f  nutrients  on uptake o f  zinc  

Main effect o f  major nutr ients  on uptake o f  zinc

U ptake o f  zinc w as in flu en ced  s ig n ifican tly  by ap p lica tio n  o f 

n itrogen . The levels n3 and n2 w ere on par and su p erio r to level 

recording a maximum uptake o f  0.043 kg h a '1. The applied P significantly 

influenced the uptake o f zinc. H ow ever a reducing trend was noted from p3 

to p j. Potassium application was found non significant in the uptake of 

zinc.

Interaction effect o f  NP, N K  and PK on uptake of  zinc

Interaction o f N x P, N x K and P x K significantly influenced the 

uptake o f  zinc by bush jasm ine. In N  x P interaction. n2p3 was found highest
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(0 .047 kg h a '1) and N  x K in te rac tion  w as in fluenced  w ith n3k ( record ing  

the m axim um  Zn uptake. In teraction  o f  P and K w as found non significant 

in the up take o f  zinc.

5.0 Effect o f  nutrients  on essential  oil content of  flowers

The effect o f  n u trien ts  on essen tia l o il con ten t o f  flow ers are 

p resen ted  in Table 29 and 30.

Main effect o f  major nutrients  on essential  oil content o f  f lowers

N itro g en  ap p lica tio n  has increased  the essen tial o il con ten t o f 

flow ers. The level n , and n3 w ere found su p erio r (0 .29  per cent) than n->. 

There w as no s ig n ifican t in fluence  o f  P and K levels in essential oil 

con ten t o f  flow ers.

Interaction effect of  NP, NK and PK on essential  oil content of  flowers

T h ere  w as no s ig n if ic a n t d if fe re n c e  w ith  N x P and P x K 

in te rac tio n . B ut N x K. in te ra c tio n  has s ig n if ic a n tly  in flu en ced  the 

essen tial oil content o f  flow ers. The com binations njk-,, n jk j .  n-,kt , n3k (, 

n3k ,,  n3k3 w ere found to be on par (0 .29  per cen t) and best treatm ents 

com paring others in in fluenc ing  the essen tia l o il con ten t o f  flow ers.

6.0 Effect o f  nutr ients  on available  soil nitrogen

The effect o f  n u trien ts  on availab le  soil N , P, K is p resented  in

Table 31 and 32.



Table 29. M ain effect o fN , P, K on essential oil content (per cent)

Treatment, Essential oil content

n l
0.29

r b 0.28

n 3
0.29

F 8 .833"

CD 0.003

Pi 0.29

P2 0.29

P 3 0.28

F NS

CD —

k, 0.29

ko 0.28-

k 3
0.29

F NS

CD —

** Significant at 1 percent level
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0. Interaction effect o f  NP, NK and PK on essential oil content (per cent)

Treatments Essential oil content

n iPi 0.29
niPi 0.29
n i P 3 0.28
n 2P i 0.28
n-,p-> 0.28

n->P3 0.29
n3p. 0.29

0.28
n3p3 0.29

F NS
CD —

njk,
n,k^

0.28
0.29

n Ik 3
n7k,

0.29
0.29

n-)k-i 0.28
n?k3 0.28

n 3k l
n3k^

0.29
0.29

n 3k 3
0.29

F 3.240**
CD 0.005

Pik i 0.29

P |k2 0.29

P l k 3
0.29

P2k I 0.29

P2k2 0.29
p2k3 0.28

P 3 k l
0.29

P3k2 0.28

P3k3 0.28

F NS
CD —

** Significant at I per cent level NS Not significant
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Table 31. Main effect of N, P, K on available soil (kg ha '1) nutrients

Treatment N P K

ni 192.51 560.62 568.66

rv, 263.96 531.23 569.83

n3 332.56 620.44 630.28

F 679.93** 104.36“ 9 .8 7 "

CD 3.83 12.60 31.76

Pi 241.95 443.84 581.46

p2 257.43 598.74 553.90

Pj 589.64 669.71 633.42

F 323.48" 673.59'* 12.96“*

CD 3.83 12.60 31.76

246.41 551.57 505.52

k2 264.69 579.38 631.16

k3 277.92 581.34 632.10

F 136.79** 14.00** 42.15**

CD 3.83 12.60 31.76

** Significant at 1 per cent level
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Table 32. Interaction effect ofNP, NK and PK. on available soil nutrients (kg ha'1)

Treatments N P K

ntP| 151.34 428.21 560.41
205.38 577.53 502.92

niP3 220.81 676.11 642.66
n->Pl 258.12 427.13 523.84
n-7p-> 239.71 572.56 632.80
n^p3 294.04 593.99 552.85

n3Pi 316.40 476.17 660.12
n3P-> 327.20 646.11 525.97

n3P3 354.08 739.04 704.76

F 6 3 .2 9 " 13.15" 55.02"
CD 6.63 4.84 5.75

n,k, 171.36 569.21 432.26
n,k-, 191.96 566.34 615.37

nlk3 214.21 546.30 658.36
n-)k| 245.70 518.00 464.84
n?k-, 284.08 549.04 593.10
mk3 262.09 526.63 651.55
n3k, 322.17 567.50 619.44
n3k-, 318.04 622.75 685.02

n3k3 357.45 671.08 586.39

F 4 9 .9 3 " 19.07" ^9.j 4
CD 6.63 4.83 5.75

P |k i 237.08 391.51 489.09
Piki 239.18 466.93 636.46

Plk3 249.58 473.07 618.02
P^k l 214.99 582.48 475.38
p->k-> 276.45 557.04 605.19
P^ki 280.84 656.69 581.12
p3k[ 287.16 680.71 552.07
P3k, 278.45 714.17 651.84
p3k3 303.32 614.26 696.36

F 7 3 .6 5 " 54 .67" NS
CD 6.63 4.83 -

** Significant at 1 per cent level NS Non significant
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A v a ilab le  n itro g en  w as s ig n if ic a n t ly  in f lu e n c e d  by n itro g en  

application. It was found that the level n 3 recorded the m axim um  available 

soil N o f  332.56 kg h a '1 in soil, fo llow ed  by n3 and n ,. A pplied  P was 

a lso  found significant. The level P- recorded  the h ighest (589.64 h a '1) 

availab le  soil nitrogen. S im ilarly  ap p lica tion  o f  K w as found significant 

w ith k3 record ing  a m axim um  o f  277 .92  kg h a '1 o f  soil n itrogen .

Interaction effect of  NP, NK and PK on available  soil N

In terac tion  effect o f  N x R N x K and P x K  highly  influenced 

availab le  soil N. N x P in teraction  was found su p erio r w ith n3p3 recording 

(354.08 kg h a '1) and in N x K in te rac tio n  w ith  n3k 3 record ing  a value 

(357.45 kg h a '1) and P x K  in te rac tion  w ith  p 3k 3 record ing  a m axim um  o f 

303.32 kg h a '1.

6.1. Effect o f  nutrients on available  soil  phosphorus  

Main effect o f  major nutrients on avai lable  soil P

A pplication  o f  nutrien ts s ig n ifican tly  in fluenced  the availab le  P 

content in soil. In case o f  n itrogen  ap p lica tio n  the level n 3 contained 

h ighest soil P (620.44 kg h a '1). H ighest av a ilab le  P being  recorded  with 

P 3 and in K. the level k3 recorded  the h ig h est soil phosphorus content 

(581.34 kg h a '1).
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N x P in teraction  was sign ifican t w ith  n3p3 record ing  the highest 

value (739 .04  kg h a '1). Among N x K interaction the treatm ent n -k3..proved 

to be highly significant and in PK interaction the treatm ent p-k2 was highly 

significant providing the maximum available soil P o f  714.17 kg h a '1.

6.1.2.  Effect o f  nutrients  on available  soil  potass ium  

Main effect o f  major nutrients on available  soil K

A p p lica tio n  o f  p o tassium  h igh ly  in flu en ced  the  availab le  soil 

po tassium , it was found that the level n 3 w as found superio r (630.28 

kg ha*1) over o ther levels. A pplied  P w as found to influence the 

availab le  K con ten t in soil. The level p 3 p roved  superio r (633.42 kg 

h a '1) o v er o th e r treatm ents. A pplication  o f  K w as found to influence the 

availab le  soil po tassium . Level k 3 recorded  the h ig h est value (632.10 kg 

h a '1).

Interaction effect of NP, NK and PK on available soil P

Interact ion effect o f  NP, NK and PK on avai lable  soil  K

A vailab le  soil potassium  w as in flu en ced  m uch by X  x P and 

N x K in teraction . N x P in teraction  w as su p erio r w ith  n3p 3- N x K 

in te rac tio n  the m axim um  availab le  soil K o f  685.02  kg h a '1 w as recorded 

at n3k 2. T here was no sign ifican t v a ria tio n  w ith  P x K in teraction  on 

availab le  soil K.
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Experiment II - Post harvest studies  in bush jasmine

7.0.  Effect o f  nutrients  on s h e l f  life o f  f lowers  under  different  

post harvej treatments

7.1.  Treatment V0E0S 0 (w ithout  n e w sp a p e r  l in ing, no ethylene  

absorbants  and at room temperature)

Main effect of  major nutrients on she l f  life

The effect of nutrients on shelf life are presented in Table 33.

In th is treatm ent n itrogen  ap p lica tion  w as found to have good 

in fluence  on tim e taken for flow er open ing . F low ers co llec ted  from 

plants receiv ing  300 kg N and 200 kg fC-,0 h a '1 took m axim um  time for 

open ing  (5.48 and 5.43 hours). P hosphorus a lso  in fluenced  the time 

taken for flow er opening. F low ers from  p lan ts  rece iv in g  600 kg P -,05 

h a '1 took a m axim um  tim e o f  5.42 hours fo r flow er opening.

The influence o f N was h igh ly  s ig n ifican t for tim e taken for colour 

fad ing . The level n, was superio r w hich  took  a m axim um  o f  9.51 hours 

for co lour to fade. In phosphorus ap p lica tio n  the co lou r re ten tion  was 

m axim um  at p 3 level (10.46 hours). W hen p o tassium  w as applied , kj was 

found to be the best record ing  a m axim um  lim e o f  9.46 hours as far as 

co lou r re ten tio n  is concerned.

Tim e takenfor loss o f  tu rg id ity  w as found s ig n ifican t. Loss of 

tu rg id ity  w as re ta ined  m axim um  (28 .17  h ou rs) at n j and k ( levels when 

n itrogen  and potassium  w as app lied . P h o sp h o ru s  at p3 level took a 

m axim um  o f  28.17 hours to re ta in  turg id ity .
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Table 33. Main effect of N, P, K on shelf life of flowers (VqEqSq) hours

Treatment Time taken for 
flower opening

Time taken for 
colour fading

Time taken for 
loss ofturgiditv

ni 5.48 9.51 28.17
rb 5.34 9.38 28.00

n3 5.32 9.38 28.00

F 62.39** 25.90** 28.00**
CD 0.01 0.01 0.03

Pi 5.33 9.43 28.00

Pt 5.38 9.38 28.00

Pj 5.42 10.46 28.17

F 41.26** 87.24** 38.20**
CD 0.01 0.01 0.03

k,
k->

5.43 9.46 28.17
5.38 9.43 28.00

k3 5.33 9.38 28.00

F 95.75** 87.24** 38.20**
CD 0.01 0.01 0.03

** Significant at 1 percent level
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The in teraction  effects w ere found sig n ifican t for delay ing  the 

tim e tak en  fo r flow er o p en in g  (T ab le  34 ). In N xP in te ra c tio n  the 

treatm ent com bination  n |p 3 was best (5 .64  hours). In N xK  interaction 

n jk | w as superio r (5.59 hours) and in PxfC in teraction  p,k-> was best 

(5 .49  hours)

T im e taken  for co lo u r fad in g  w as fo u n d  s ig n if ic a n t by NxP 

in te rac tio n . The co m b in a tio n  nj pj  w as b est (9 .53  h o u rs) favouring  

m axim um  co lour reten tion . A m axim um  o f  9.62 hours w as taken by n, kj  

in NxK in teraction  follow ed by n9k3 w hich  recorded  9.58 hours. In PxK 

in teraction  Pjk-, was superio r (9 .54 hours), com pared  to o th e r treatm ents 

in re ta in ing  the colour.

Interaction effect of NP, PK and NK on shelf life

C om bination  o f  n jp 3, n j k j  and p3k t w ere found to be on par with 

each o ther and sign ifican tly  superio r to o ther trea tm en ts in re ta in ing  the 

tu rg id ity  (28.51 hours)

7.2.  Treatment VqE qS,  (w ithout  n ew sp aper  l ining, no ethylene  

absorbants  and at 0°C)

Main effect o f  major nutrients on she l f  life

The effect o f major nutrients on the tim e taken  fo r flow er opening, 

co lour fading and loss o f  tu rg id ity  w as found  n o n -s ig n ifican t in this 

treatm ent (Table 35).
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Table 34. Interaction effect ofNP, NKand PK. on shelf life of flowers (VQE0S0) hours

Treatment Time taken for 
flower opening

Time taken for 
colour fading

Time taken for 
loss ofturgiditv

nlPl 5.33 9.53 28.00 ..
n lP-> 5.46 9.38 28.00

nlP3 5.64 9.38 28.51
5.34 9.38 28.00

n - .P i 5.37 9.38 28.00
5.32 9.38 28.00

n'.Pi 5.32 9.38 28.00
n3p̂ 5.32 9.38 28.00
n3p3 5.31 9.38 28.00

F 67.18*’ 65.14** 91.24**
CD 0.01 0.01 0.05

n lk i 5.59 9.62 28.51
n,k, 5.51 9.54 28.00

n l k 3 5.34 9.38 28.00
n-)k, 5.37 9.38 28.00
n2ki 5.34 9.38 28.00

n - lk 3 5.32 9.58 28.00

n 3k l 5.32 9.38 28.00
n3k? 5.31 9.38 28.00

- a 5.32 9.38 28.00

F 84.38** 54.10** 91.24**
CD 0.01 0.01 0.05

Plk l 5.33 9.37 28.00
p|ko 5.34 9.54 28.00

P l k 3 5.32 9.38 28.00
p2k i 5.48 9.38 28.00
pik0 5.33 9.38 28.00
P i k 3 5.34 9.38 28.00

P 3 k ! 5.46 9.63 28.51

P 3 k 2 5.49 9.38 28.00

P 3 k 3 5.32 9.38 28.00

F 61.63** 40.76** 91.24**
CD 0.01 0.01 0.05

** Significant at 1 percent level
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Table 35. Main effect of N. P, K on shelf life of flowers (V0E0S ,) hours

Treatments Time taken for 
colour fading

Time taken for 
lossofturgidity

nl 516.00 586.80
516.00 586.80

n>j 516.00 586.80

F NS NS
CD — —

Pi 516.00 586.80
Po 516.00 586.80
P3 516.00 586.80

F NS NS
CD — —

k i 516.00 586.80
k, 516.00 586.80
k3 516.00 586.80

F NS NS
CD — —

NS - Not significant
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The in teraction  effects on sh e lf  life w as found non significant 

(T able 36).

7.3.  Treatment V0E , S 0 (without n ew sp aper  l ining, with ethylene  

absorbants  and at room temperature)

Main effect o f  major nutrients  on she l f  life

N itrogen and phosphorus ap p lica tion  s ig n ifican tly  in fluenced  the 

tim e taken for flow er opening. The level n2 took a longer time (6.96 

hours). Phosphours at p 3 level recorded  (6 .87  hours) for flow er opening. 

K. ap p lica tion  was found to have no sig n ifican t effect on tim e taken for 

flow er opening  (Table 37).

A pp lication  o f  n itrogen  and phosphorus in fluenced  the tim e taken 

for co lou r fading. The level n-> was considered  as the best record ing  a 

tim e o f  78.63 hours for re ten tion  o f  colour. In c reased  level o f  P applied 

(p 3) de layed  the tim e taken for colour fading (78 .67  hours). K app lication  

w as found to have no effect on tim e taken for co lou r fading.

Tim e taken for loss o f tu rg id ity  w as m uch in fluenced  by m ajor 

n u trien t app lication . N itrogen  applied  w as m ore effective  at n0 level and 

phosphorus app lied  p ro longed  the tim e at p 3 level both  record ing  a time 

o f  126.88 hours. K app lication  w as h ighly  s ig n ifican t at levels k ( and k2 

w hich  w ere s ta tis tica lly  on par w ith  each  o th er (126.87  hours).

Interaction effect of NP, NK and PK on shelf life
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Table 36. Interaction effect ofNP, NK andPK on shelf life of flowers (V0E0S,) hours

Treatments Time taken for 
colour fading

Time taken for 
lossofturgidity

niPi 516.00 586.80
nlP2 516.00 586.80
n lP 3 516.00 586.80
n2Pl 516.00 586.80
n2P2 516.00 586.80
n2Pj 516.00 586.80
%Pl 516.00 586.80
n3p2 516.00 586.80
n3p3 516.00 586.80

F NS NS
CD — —

nik i 516.00 586.80
n l k 2 516.00 586.80
n l k 3 516.00 586.80
n 2k l 516.00 586.80
n2k2 516.00 586.80
° 2 k 3 516.00 586.80
n 3k l 516.00 586.80
mk-, 516.00 586.80
n 3k 3 516.00 586.80

F NS NS
CD — —

Plk ! 516.00 586.80
Pjk? 516.00 586.80
P t k 3 516.00 586.80
P2k l 516.00 586.80
p2k2 516.00 586.80
P 2 k 3 516.00 586.80
P 3 k l 516.00 586.80
P 3 k 2 516.00 586.80
P 3 k 3 516.00 586.80

F NS NS
CD — —

NS - Not significant
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Table 37. Main effect of N, P, K on shelf life of flowers (V0EjS0) hours

Treatment Time taken for 
flower opening

Time taken for 
colour fading

Time taken for 
loss ofturgidity

ni 6.38 78.58 126.85
6.96 78.63 126.88

% 6.62 78.48 126.85

F 23.12* 31.84* 59.87*
CD 0.12 0.05 0.04

Pi 6.65 78.48 126.85

P2 6.63 78.53 126.85

P 3
6.87 78.67 126.88

F 8.95* 45.49* 89.81*
CD 0.12 0.05 0.04

ki
k2

6.72 78.56 126.85
6.72 78.56 126.87

k 3
6.72 78.56 126.87

F NS ■ NS 44.90*
CD — — 0.04

NS-Not significant * Significant at 5% per cent level
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T he in te ra c tio n  e ffe c ts  o f  N xP, N xK  and  PxK  w ere  h igh ly  

s ig n if ic a n t fo r de lay in g  flo w er o p e n in g  (T ab le  38). The trea tm en t 

com binations n2p ], n->k| and p3k2 w ere found su p erio r w hich took longer 

tim e (7 .05 , 7.65. 7.02 hours) for flow er opening.

In teraction  betw een N and P w as found  benefic ia l for reten tion  

o f  colour. The treatm ent com binations n jp 3 and n0p-, w ere on par with 

each o ther and superio r to o ther trea tm en ts reco rd in g  a tim e period o f 

78.77 hours. NxK in teraction  p ro longed  the tim e to the m axim um  (78.77 

hours) w ith n ^ .  There was no sig n ifican t v a ria tio n  w ith  PxK  interaction 

on tim e taken for colour fading.

The effect o f  NxP, N xK  and P xK  in te rac tio n s  on tim e taken for 

loss o f  tu rg id ity  w as found to be non s ig n ifican t.

7.4.  Treatment VqE jS,  (w ithout  n ew sp aper  l ining, with ethylene  

absorbants  and at 0°C)

Main effect o f  major nutrients on s h e l f  life

In this treatm ent application o f m ajor nutrients did not influence the 

time taken for flower opening, time taken for loss o f  turgidity and time taken 

for colour fading (Table 39). However, in case o f  time taken for retention 

o f colour all treatm ents except control II were on par w ith each other and 

significantly differed from control II w hich recorded 500.01 hours (Appendix 

2 2 ) .

Interaction effects of NP, NK and PK on shelf life
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Table 38. Interaction effect of NP,NK and PK on shelf life of flowers (VqE jSq) hours

Treatment Time taken for 
flower opening

Time taken for 
colour fading

Time taken for 
loss of turgidity

n iPi 6.38 78.48 126.85
n]P-> 6.38 78.48 126.85

n lP 3 6.98 78.77 126.85
n->P] 7.05 78.48 126.85

6.95 78.63 126.85
n2p3 6.87 78.77 126.85
njPl 6.53 78.48 126.85
n3p^ 6.57 78.48 126.85
n3p3 6.75 78.48 126.85

F 7.99““ 9.10** NS
CD 0.21 0.08 —

n , k . 6.38 78.58 126.85
n,k-, 6.68 78.58 126.85
nlk3 6.68 78.77 126.85
n->k| 7.65 78.63 126.85
n2ki 6.91 78.63 126.85
n-,k3 6.92 78.48 126.85
n 3 k l 6.72 78.48 126.85
n3ki 6.57 78.48 126.85
n3k3 6.57 78.48 126.85

F 3.85“' 18.20*“ NS
CD 0.21 0.05 —

Pik i 6.52 78.48 126.85
Plk2 6.57 78.48 126.85
P ] k 3 6.57 78.48 126.85

P2k I 6.57 78.53 126.85
P2k2 6.57 78.53 126.85
P 2k 3 6.76 78.53 126.85
Pjk l 6.75 78.67 126.85
p3k2 7.02 78.67 126.85
P 3 k 3 6.83 78.67 126.85

F 4.44“ NS NS
CD 0.21 — — |

** Significant at 1 per cent level
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Table 39. Main effect of N. P. K on shelf life of flowers fV0H j S j) hours

Treatment Time taken for 
colour fading

Time taken for 
lossofturgidity

ni 516.00 586.80
th 516.00 586.80

.5
516.00 586.80

F NS NS
CD — —

Pi 516.00 586.80
P-> 516.00 586.80
P3 516.00 586.80

F NS NS
CD — —

ki 516.00 586.80
k0 516.00 586.80
k3 516.00 586.80

F NS NS
CD —

—

NS-Not significant
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The in te rac tio n  e ffec ts  o f  n u trien ts  on tim e tak en  fo r flow er 

opening , co lou r fading, loss o f  tu rg id ity  w as found non sign ifican t (Table

4 0 )  .

7.5. T rea tm en t  V j E 0S 0 (w ith  n e w s p a p e r  l in ing ,  no e thy lene  

absorbants  and at room temperature)

Main  effect of  major nutrients on s h e l f  life

T here w as no sign ifican t influence betw een the trea tm en ts (Table
4 1 )  .

Interaction effect o f  NP, NK and PK on s h e l f  life

The in teraction  effect o f  nu trien ts on sh e lf  life was found non 
sig n ifican t (Table 42).

7.6. Treatment V jE jS,  (with n ew sp a p er  l in ing, with e thylene  

absorbants  and at 0°C )

Main effect of  major nutrients  on she l f  life

N o sign ifican t d ifference was found betw een  the trea tm en ts (Table
43 ).

Interact ion effect o f  NP, NK and PK on s h e l f  life

Interaction effect of NP, NK and PK on shelf life

In te rac tion  effects w ere found non sig n ifican t (Table 44).



99

Table 40. Interaction effect ofNP, NK and PK on shelf life of flowers (VQE|S |) hours

Treatment Time taken for 
colour fading

Time taken for loss 
ofturgidity

n lPl 516.00 586.80
n]P-> 516.00 586.80
n,p3 516.00 586.80

n2Pl 516.00 586.80
n2p^ 516.00 586.80
n0p3 516.00 586.80

n3Pi 516.00 586.80
n3P̂ 516.00 586.80

n 3P 3
516.00 586.80

F NS NS
CD — —

njk, 516.00 586.80
n,k, 516.00 586.80
n,k3 516.00 586.80
n,k, 516.00 586.80
n-7k T 516.00 586.80
n-,k3 516.00 586.80
n 3k l 516.00 586.80
n 3k -> 516.00 586.80

n 3k 3 516.00 586.80

F NS NS
CD — —

Pik i 516.00 586.80
P |k 516.00 586.80
P | k 3 516.00 586.80
p2k , 516.00 586.80
P 2 k T 516.00 586.80
p->k 3 516.00 586.80
P3k I 516.00 586.80
P3k"> 516.00 586.80
P 3 k 3 516.00 586.80

F NS NS
CD — —

NS - Not significant
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Tabic 41. Main effect of N, P, K on shelf life of flowers (V j E0S0) hours

Treatment Time taken for 
flower opening

Time taken for 
colour fading

Time taken for 
lossofturgidity

nl 5.86 31.48 67.13
ib 5.86 31.48 67.13

n3 5.86 31.48 67.13

F NS NS NS
CD — — —

Pi 5.86 31.48 67.13

P2 5.86 31.48 67.13

P 3 5.86 31.48 67.13

F NS NS NS
CD — — —

ki
k,

5.86 31.48 67.13
5.86 31.48 67.13

k 3 5.86 31.48 67.13

F NS NS NS
CD —

— —

NS - Not significant
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Table 42. Interaction effect of NP. NK ancfPK on shelf life of flowers (V,E0S0) hours

Treatment Time taken for 
flower opening

Time taken for 
colour fading

Time taken for 
lossofturgidity

n |P i 5.86 31.48 67.13
n |P-> 5.86 31.48 67.13

n lP 3 5.86 31.48 67.13
n ">Pl 5.86 31.48 67.13
n->p-, 5.86 31.48 67.13
n->p3 5.86 31.48 67.13
n 3P l 5.86 31.48 67.13
n 3P i 5.86 31.48 67.13
n 3P 3 5.86 31.48 67.13

F NS NS NS
CD — — —

n l k | 5.86 31.48 67.13
n,k, 5.86 31.48 67.13

n l k 3 5.86 31.48 67.13
n-,k| 5.86 31.48 67.13
n-,k-, 5.86 31.48 67.13
mk’ 5.86 31.48 65.50
n 3k i 5.86 31.48 67.13
n3kT 5.86 31.48 67.13

n 3k 3 5.86 31.48 67.13

F NS NS NS
CD — — —

P i k i 5.86 31.48 67.13
P |kT 5.86 31.48 67.13
P ] k 3 5.86 31.48 67.13
P ^ k | 5.86 31.48 67.13
P->k-, 5.86 31.48 67.13
P i k 3 5.86 31.48 67.13
P 3k i 5.86 31.48 67.13
P 3 k T 5.86 31.48 67.13

P j k 3 5.86 31.48 67.13

F NS NS NS
CD — — —

NS-Not significant
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Table 43. Main effect of N, P, K on shelf life of flowers ('V} E , S ]) hours

Treatment Time taken for 
colour fading

Time taken for 
loss of turgidity

n i 516.00 586.80
n , 516.00 586.80
n 3 516.00 586.80

F N S NS
CD — —

P] 516.00 586.80
P ? 516.00 586.80

516.00 586.80

F NS N S

CD — —

k l 516.00 586.80
k 2 516.00 586.80
k 3 516.00 586.80

F N S N S

CD — —

NS - Not significant
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Table 44. Interaction effect of NP, NK and PK. on shelf life of flowers (Vt E j S j) hours

Treatment Time taken for 
colour fading

Time taken for 
loss of turgidity

nlPl 516.00 586.80
n , P ^ 516.00 586.80
n iPj 516.00 586.80
n2p. 516.00 586.80
n2p2 516.00 586.80

n 2P 3 516.00 586.80

n 3 P l 516.00 586.80
n3pi 516.00 586.80

n3P3 516.00 586.00

F NS NS
CD — —

n,k. 516.00 586.80
n |k2 516.00 586.80

n ! k 3 516.00 586.80
n->kj 516.00 586.80
n-,k, 516.00 586.80

n-,k3 516.00 586.80

n3kl 516.00 586.80
n3k, 516.00 586.80

n3k3 516.00 586.80

F NS NS
CD — —

Pik i 516.00 586.80
P | k 1 516.00 586.80

P t k 3 516.00 586.80
p2k l 516.00 586.80
P->kT 516.00 586.80
p?k3 516.00 586.80
P 3 k | 516.00 586.80
P 3k - > 516.00 586.80
P3k3 516.00 586.80

F NS NS
CD — —

NS-Not signficant
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7.7. Treatment V 1EqS 1 (with n ew sp aper  l ining, w ithout  ethylene  

absorbants  and at 0°C)

Main effect o f  major nutrients on s h e l f  life

The main effect o f  major nutrients on time taken for flower opening, 

colour fading and loss o f  turgidity was found non significant (Table 45).

Interact ion effect o f  NP, NK and PK on s h e l f  life

This was found non sign ifican t (T able 46).

7.8.  Treatment V , E j S 0 (with n ew sp a p er  l in ing ,  with  ethylene  

absorbants  and at room temperature)

Main effect o f  major nutrients on shelf  life

The tim e taken  for flow er opening  w as found  to  be influenced 

s ig n ifican tly  by n itrogen  app lication  (T able 47). It w as found that level 

n2 w as found superio r and delayed the tim e taken  for flow er opening 

(7.27 hours). Phosphours app lication  w as found  e ffec tive  in tim e taken 

for flow er opening . The level p 3 fared over o ther levels v iz .. p ( and p ,. 

record ing  a m axim um  tim e o f 7.26 hours. W hen K w as applied , the 

level k3 took  a longer time (7.25 hours) for the flo w er buds to open.

M ajo r nu trien ts applied proved sig n ifican t in tim e taken for colour 

fading. The levels n? and p3 took 78 .63 . 78 .67  hours, to colour fade 

w hich  w as found to be effective levels com pared  to  o ther treatm ents. 

But the effect o f  k w as found non s ig n ifican t.
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Table 45. Main effect of N,P,K on shelf life of flowers (V j E0S j) hours

Treatment Time taken for 
colour fading

Time taken for 
loss of turgidity

n! 516.00 586.80
tv. 516.00 586.80
n3 516.00 586.80

F NS NS
CD — —

Pi 516.00 586.80
516.00 586.80

Pj 516.00 586.80

F NS NS
CD — —

k i 516.00 586.80
k, 516.00 586.80
k3 516.00 586.80

F NS NS
CD — —

NS - Not significant
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Table 46. Interaction effect of NP,NK and PK. on shelf life of flowers (V,E0S|) hours

Treatment Time taken for 
colour fading

Time taken for loss of 
turgiditv

n iP| 516.00 586.80
n,p0 516.00 586.80
n lP 3 516.00 586.80
n 2 P l 516.00 586.80
n0p-5 516.00 586.80
n^p3 516.00 586.80

n 3 P | 516.00 586.80
n3p, 516.00 586.80

n3P3 516.00 586.80

F NS NS
CD — —

n , k | 516.00 586.80
n j k . 516.00 586.80
n,k3 516.00 586.80
n->k, 516.00 586.80
n->k-i 516.00 586.80
n,k3 516.00 586.80
n3k. 516.00 586.80
n3k-, 516.00 586.80
n3k3 516.00 586.80

F NS NS
CD — —

P l k i 516.00 586.80
P l k o 516.00 586.80
P l k 3 516.00 586.80
P - ik , 516.00 586.80
P?k? 516.00 586.80
Pok3 516.00 586.80
P 3 k l 516.00 586.80
p3ko 516.00 586.80
P j k 3 516.00 586.80

F NS NS
CD — —

NS - Not significant
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Table 47. Main effect of NPK on shelf life of flowers (VjEjSq) hours

Treatment Time taken for 
flower opening

Time taken for 
colour fading

Time taken for 
lossofturgidity

ni 7.20 78.58 125.27 ■'
rh 7.27 78.63 125.27
n3 7.25 78.48 125.27

F 23.56** 31,84* NS
CD 0.01 0.05 —

P| 7.23 78.48 125.27
P-> 7.22 78.53 125.27
?3 7.26 78.67 125.27

F 67.22 45.49* NS
CD 0.01 0.05 —

ki 7.24 78.56 125.27
k7 7.24 78.56 125.27
k3 7.25 78.56 125.27

F 64.44** NS NS
CD 0.01 — —

* Significantat 5 percent level
** Significant at 1 percent level 
NS - Not significant



108

Time taken for loss o f  turgidity was found non significant with 

the appl ication o f  major nutrients.

Interaction effect o f  NP, NK and PK on s h e l f  life

The interaction effects were found highly  significant in influencing 

the t ime taken for f lower opening (Table 48). In NxP interaction the 

treatments n2p3 was more effective in increas ing the t ime taken for flower 

opening by 7.27 hours.

NxK  in te rac t ion  was more p ro n o u n c e d  at n2k ,  record ing  the 

maximum time (7.28 hours). In PxK interact ion,  treatment p , k 3 recorded 

a longer t ime (7.28 hours) for f lower opening.

Time taken for co lour  fading was influenced  by NxP and NxK 

interaction. Interaction between N and P, was  more  effective at n j p 3 and 

n-»p3 which were on par with each other. The  t ime recorded  was 78.77 

hours. In NxK  interaction n ; k 3 was best  (78 .77  hours ) in influencing the 

t ime taken for colour fading. PxK in teract ion was found non significant 

for co lour  fading.

The interactive effects on t ime taken  for loss o f  turgidity was 

found non significant.

8.0.  Effect o f  post harvest treatments  on she l f  life o f  flowers

The shelf  life o f  f lowers as inf luenced  by different post harvest 

treatments were analysed and the data are presented  in Table 49.
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Table 48. Interaction effect of NP,NK and PK.on shelf life of flowers (VjEjSq) hours

Treatment Time taken for 
flower opening

Time taken for 
colour fading

Time taken for 
lossofturgidity

n]P| 7.18 78.48 125.27
nlP-> 7.17 78.48 125.27

nlP3 7.24 78.77 125.27
n2Pi 7.27 78.48 125.27
n->p-> 7.25 78.67 125.27
noP3 7.30 78.77 125.27

n3Pl 7.25 78.48 125.27
n3p, 7.25 78.48 125.27
n3p3 7.25 78.48 125.27

F 18.89** 9.10** NS
CD 0.01 0.08 —

nik , 7.18 78.58 125.27
njk7 7.19 78.58 125.27
n,k3 7.23 78.77 125.27
n-.k; 7.28 78.63 125.27

7.27 78.63 125.27
n-,k3 7.27 78.48 125.27
n3k. 7.25 78.48 125.27
n 3k T 7.25 78.48 125.27
n3k3 7.25 78.48 125.27

F 18.22** 18.20“ NS
CD 0.01 0.05 —

P |k l 7.23 78.48 125.27
p,k0 7.22 78.48 125.27

P | k 3 7.25 78.48 125.27
p^k; 7.25 78.53 125.27
p2k2 7.25 78.53 125.27

P 2 k 3 7.21 78.53 125.27
p3k[ 7.21 78.67 125.27
P3k^ 7.23 78.67 125.27
p3k3 7.28 78.67 125.27

F 12.44“ NS NS
CD 0.01 — -

** Significant at 1 percent level



Table 49. Shelf life studies on bush Jasmine (hours)

Treatment Time taken for 
floweropening

Time taken for 
colour fading

Time taken for 
lossofturgidity

W o 5.4 8.46 28.91

V0E0S1 Buds didn't open 508.03 586.86

V0E,S0 6.71 77.86 125.27

W , Buds didn't open 508.03 586.86

V,E0S0 5.86 31.48 67.13

W i Buds didn't open 508.03 586.86

7.20 77.86 125.27

V,E1SI Buds didn't open 508.03 586.86

F -
O. j j 83.68“* 163.22*“

CD 1.70 1.70 1.70

** Significant at one per cent level.
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The results  obta ined in post  harvest  studies clearly showed that 

there is s ignif icant varia tion between the trea tments  in case o f  t ime taken 

for f lowering opening, t ime taken for co lour  fading and t ime taken for 

loss o f  turgidity.

It was noted that  the buds kept at low temperature  (0°C) failed to 

open. This was in the case  o f  treatments  V0E , S | ,  Y’ ,E 0Sj and

V j H | S | . A m ong  other  trea tments  the t rea tment  com bina t ion  V (H jS0 

delayed in flower opening (7.2 hours) followed by Y'0E )Sq (6.71 hours). 

The trea tments  V 0E0S0 took less t ime for f lower opening (5.4 hours).

It is evident (Table 49) that the treatments  varied significantly 

for t ime taken for colour  fading. Among which the treatments V0E0S|.  

V0E qS | ,  V jE 0S]. V jE , S j retained the colour to the maximum (508.03 hours). 

This  was followed by other treatments which also showed significant 

difference, Y'0E | S 0, V j E |S 0 which were statistically on par with each other 

and delayed the time taken for colour fading. The treatment Vj E0S0 took 

31.48 hours for the flower buds to colour fade. Finally the least time was 

taken up by the treatment Y'0E0S0 (8.46 hours) to retain colour.

There  was high significance between the trea tments  in case o f  

t ime taken for loss o f  turgidity.  The flower buds which were  kept at 0°C 

r e c o r d e d  a lo n g e r  t ime  fo r  loss o f  tu rg id i ty  ( 5 8 6 .8 6  hours ) .  The 

trea tments  Y,0E ]Sq and V (E | S q followed next (125.24 hours).  The least 

t ime was recorded by V0E 0S0 (28.91 hours).





5. DISCUSSION

Bush ja sm ine  is presently  being Cultivated in Kerala  by large 

number  o f  small  and marginal farmers and housewives  in small scale. 

Not many studies have been taken up to s tandard ise  the agrotechniques 

for this crop under Kerala conditions.  With this in view two experiments 

w e re  u n d e r t a k en  in bush  ja sm in e  at the d ep a r tm en t  o f  Horticu lture ,  

C o l l e g e  o f  A g r i c u l t u r e ,  Ve l lavan i .  The  f i r s t  e x p e r i m e n t  a im e d  at 

s t an d a rd i s in g  the n u t r i en t  requ i rem en t  o f  bush  j a s m i n e  and second  

exper iment was conducted to study the post harvest  life o f  bush jasmine 

flowers.

The first exper iment consisted o f  three  levels o f  nitrogen (300, 

450, 600, N K g h a ' 1) and three levels of  phosphorus  (300, 450, 600 I% 05 

kg h a ' 1) and  three levels o f  potassium (300, 450, 600 K20  kg h a ' 1) in 

Random ized  Block Design. Along with the major  nutrients ,  uniform foliar 

spray o f  Zn (0 .25% Z n S 0 4) and Mg (0.5% M g S 0 4) was  also included in 

the study. The total number  o f  treatments were  27 and two controls. 

Control  I consis ted o f  N, P, K dose (150:150:150 kg h a ' 1), Control  II 

with farm yard  manure 10 kg per plant. The fert i l izer was applied in six 

equal splits at bimonthly  intervals.
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The exper iment II consisted o f  three  trea tments  each with two 

levels. Treatment one V0 (without newspaper  l ining),  V, (with newspaper 

lining),  treatment two included E0 (without e thylene  absorbants).  E, (with 

ethylene absorbants).  treatment three consis ted  o f  S0 (placing buds at 

ro o m  te m p e r a t u r e ) .  S ,  ( r e f r ig e r a te d  s to ra g e  o f  buds  at 0°C'). The 

exper iment was carried out at Completely R andom ized  Design.

Experiment I

The effect  o f  nitrogen on length o f  the main  shoot was significant. 

An increas ing  trend  in plant main shoot  leng th  was  ob ta ined  with 

increasing dose o f  N (600 Kg N ha‘ !). Nit rogen  being  the major element 

to enhance vegetat ive  growth the fact o f  increased dose o f  X enhancing 

the growth  o f  main shoot is observed in this study also. Several  workers 

have reported the posit ive influence o f  N nutr i t ion  on length o f  main 

shoot like Bhat tacharjee  (1985 a) and Asha Raj (1999) in Jasminum  

sa m b a c , N a ta ra ja n  (1977)  in Jasm inum  g rand ij lo rum  and  l iu g u r  & 

Nalaw'adi (1994) in Jasminum auriculatum.

There  was significant difference between the main shoot length 

with respect to phosphorus  application . Here  the  h ighest  dose o f  600 

kg P20 5 h a " 1 was found highly significant th roughou t  the period of 

study. In a plant like bush jasm ine  high supply o f  P is essential  to sustain 

high photosynthet ic  activity. This result supports  the reports o f  Srinivasan 

er a l ,  (1989) and Asha Raj (1999) in bush ja sm ine .  Young et a!., 

(1973) in rose,  Bose and Jana (1978) in bougainvil leas .
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Applica t ion  o f  potass ium produced a lengthy  main shoot. The 

highest  main shoot length was noted with 600 Kg K-,0 h a ' 1. The effect 

was  s ign if ican t  th roughou t  the per iod  o f  study. S im ilar  effects were 

repor ted by Asha Raj (1999) in Jasminum sambac  and by Deswal et 

at.. (1982) in gladiolus.

In te ractions  be tween Nit rogen and phosphorous  inf luenced the 

main shoot length with 600 kg N and 600 kg P20 5 h a ' 1. The interaction 

e f fe c t  w as  m ore  p r o n o u n c e d  f rom  fo u r th  m o n th  o n w a rd s .  S im i la r  

in teract ive  effects were reported  by Asha Raj (1999) in bush jasmine.  

U m a Maheswari  (1999) in Dendrobium sonia- I7 .

From the data presented in the table 25 and 26 it is revealed that 

n i t rogen  has pers is ten t ly  increased the n u m b e r  o f  primary  and 

secondary  branches.  Applicat ion o f  N at the h ighest  level o f  600 kg N 

h a ' 1 produced the maximum number  o f  primary  and lateral  branches.  This 

is due to the induction o f  lateral buds because o f  nit rogen  application. 

Similar  effect  o f  nitrogen application was reported  by Asha Raj (1999) 

in Jasminum sambac  by Natarajan  and Madhava  Rao  (1980) in Jasminum  

grand if lo rum .

The effect  o f  phosphorous application was a lso found to influence 

the production o f  primary and the secondary branches .  The highest  level 

o f  P (600 kg P20 5 h a ' 1) significantly increased the number  of  primary 

and  the secondary branches.  According  to Lcdlie (1923) phosphorus  is 

an active ingredient o f  the cell nucleus and encourages  root growth, the
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vigour o f  plant and also produce healthy foliage and sturdy plants.  Fertnan 

(1965) quoted that phosphorus is the consti tuent o f  the cell nucleus and 

is closely associated with meris tematic activity. So the applicat ion o f  

P20 5 at higher levels increased the number o f  branches .  The findings of 

Asha  Raj (1999) in Jasmimim sambac  agreed  with the above results.

In the case o f  potassium nutri t ion an increasing trend was observed 

in the production o f  primary and secondary branches .  Here the maximum 

number o f  primary branches was obtained when 600 kg K20  h a ' 1 was 

applied. Maxim um number o f  secondary branches  was obta ined with 450 

kg K20  h a ' 1. Potassium plays an important role in conversion o f  amino 

acids to prote ins  and soluble sugars to starch. This may have resulted in 

the increased production o f  primary and secondary  branches.

N x P, N x K and P x K interactions were signif icant and recorded 

the highest  values at the maximum levels produc ing  maximum number o f  

pr imary and secondary branches.

From the results  obtained it can be seen that  a posit ive  response 

to applied  N was observed and progressively  increased the length o f  

pr imary and secondary branches  during the per iod  o f  study. The treatments 

which received 600 kg N h a ' 1 produced m axim um  length o f  primary  and 

secondary branches (Tables 7-10).  This agrees  with the observat ions in 

Jasminum sambac  by Pal et al. (1985), Sr in ivasan et at. (1989) and Asha 

Raj (1999).



Applied phosphorus  also contributed to increase  in the length of 

p r im a ry  an d  s ec o n d a ry  b ra n c h es .  P h o s p h o r u s  w h e n  a p p l i e d  at the 

increased dose o f  600 kg h a ' 1 w'as found beneficial.  Phosphorus  a nutrient 

to increase meris tematic activity (Forman, 1965) which in turn increased 

the length o f  primary and secondary branches .  This  was in conformity 

with the reports o f  Srinivasan (1989),  Asha Raj (1999) in Jasminum  

sambac. Bose and Jana (1978) in bougainvil leas.

In the case  o f  potass ium application,  a mixed  trend was observed 

in the length o f  primary branches.  The effect o f  K 20  was more pronounced 

only during the tenth and tweivth month o f  study. The length o f  secondary 

branches  was significant throughout the period o f  study. The highest 

level o f  potass ium (600 kg K ?0  h a ' 1) was effect ive  in influencing the 

length  o f  p r im ary  and secondary  branches .  S im i la r  effect  o f  K was 

reported  by Asha Raj in (1999) in Jasminum sambac  and also by Deswal 

el al., (1982) in Gladiolus.  The interaction effect o f  N x P, N x K were 

found non significant.

The controls recorded a lesser value than the treatments.  This 

indicated that  the supply o f  nutrients was inadequate  (A ppendix  6 and 7).

In the present invest igation it was found that  the application of  

ni trogen  had signif icantly  increased the spread o f  plant in North-South 

and  East-West  direct ion during the study period . The  increased dose of 

N applied (600 Kg N h a ' 1) increased the spread o f  the plant. The increased



Applicat ion o f  phosphorus  at the highest  dose (600 Kg P->05 

h a ' 1) was found to produce maximum spread o f  plant in the North- 

South and East-West direction.  This result  was in conformity with 

the studies o f  Asha Raj (1999) in Jasminum sambac. Potassium applied 

was found non significant.

The  in te ra c t iv e  e f fec t s  on the sp re ad  o f  the  p la n t  was not 

s ig n i f ic a n t .  Bu t  the  co n t ro l s  r e g i s t e r ed  low er  sp re ad  c o m p ar in g  to 

treatments indicating the low quantity o f  the nutrients applied  which is 

not sufficient for the normal growth  o f  the plant.

Applicat ion o f  all the three nutrients lead to a posit ive  increase 

in the vegetative  characters like the length o f  the p r imary  and secondary 

branches,  number  o f  primary  and secondary branches  but there was no 

such proportionate  increase in the yield o f  flowers. In this study it was 

observed  that  applicat ion o f  N, P, K above a cer ta in  level promoted only 

vegetative  growth  and not flowering.

It was found that  applicat ion o f  N at lowest  level o f  300 kg N 

h a ' 1 produced maximum yield.  This agreed  with the findings o f  Natarajan 

et cil., (1981) that  a highest  f lower yield (2.19 t h a ' 1) was recorded with 

40g N per plant in Jasminum sambac. Ramesh Kumar and Gill (1983) reported 

in the same crop that applicat ion o f  30g N per plant gave the highest

number of primary and the secondary branches due to the nitrogen

application increased the spread of the plant.



yield o f  f lower buds. Pal et al., (1985) also observed that the application 

o f  N (a). 350 Kg h a ' 1 in Jasminum sambcic p roduced the highest  vield of 

flowers. Results agree with the findings o f  Asha Raj (1999) in Jasminum  

sambac.

The flower yield increased with 300 kg P- ,05 h a ' 1 application. 

This result  agrees with Pal et al., (1985) in Jasminum sambac. He found 

that an appreciable increase in the yield was recorded at 30g P-,0^ pet- 

square meter Asha Raj (1999) got the highest  yie ld  o f  f lowers buds in 

Jasminum sambac at 150 kg P20 5 h a ' 1.

Potassium application also significantly  influenced  the yield of 

flowers. The highest  yield was recorded when potass ium was applied at 

the rate o f  450 kg K^O h a ' !. This w;as in conformity  with the findings of  

the Natarajan  et al. (1981) in Jasminum sambac. He reported that higher 

f lower yield w'as obtained at 40 kg K-,0 per  plant. According  to Asha Raj 

(1999) highest  yield o f  flovvcrs was obta ined when 150 kg K , 0  h a ' 1 was 

applied.  Bhattacharjee (1983b) observed that K application at IOOg per 

plant improved flower yield in Jasminum grandiflorum  (Fig. 1).

Interaction effect o f  nutrients was found to inf luence the yield 

o f  flowers. N x K  interaction was significant at 300 N h a ' 1 w-ith 450 kg 

K20  h a ' 1. Significant effects o f  N and K in teract ion was repor ted by 

Asha Raj (1999) in Jasminum sambac  and also by Muthusw'amy and 

Pappiah (1976) in Jasminum auriculatum. N x P and P x K  interactions 

were found non significant.
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Fig. 1. Effect o f N, P, K on flo w er yield
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The treatments were superior over the control plots (Appendix 10).

Regarding monthly yield pattern, yield decreased with increased 

level o f  nitrogen. So a nitrogen dose o f  300 kg N h a ' 1 influenced the 

yield.  The yie ld  increased from second to fourth month (March to June) 

and decl ined there after and again the yield increased towards  the months 

o f  N ovem ber  to February.

The effect  of  phosphorus  application was effect ive  from the fourth 

month onwards  and continued there after. Phosphorus  at the dose o f  300 

kg P t0 5 h a ' 1 was more beneficial.  During the tenth and twelvth month 

the effect  o f  phosphorus at p:  and p-, level (450 kg P 20 5 h a ' 1 and 600 

kg P ?0 5 h a ' 1) were similar.

The applicat ion o f  potass ium was also found significant.  The yield 

increased from the fourth month and continued there after. The yield 

decl ined during sixth and eighth month and continued from the tenth 

month.  The potass ium application at the rate o f  300 kg K20  h a ’1 was 

s u p e r io r  d u r in g  the four th  month .  D ur ing  la te r  m o n th s  po tass ium 

application at 450 kg K^O h a ' 1 was found effective.

N x K  interaction was found significant during fourth,  eighth and 

tenth month.  During the fourth month N x K  in teract ion was significant 

at 300 kg N h a ' 1 -  450 kg K-,0  h a ' 1. During the e ighth  and tenth month 

the treatment with fertil izer combinat ion o f  300 kg N h a ' 1 with 450 kg 

K20  h a ' 1, yie lded best.



120

The treatments  yie lded higher than the contro ls  (Appendix  9).

Heavy rains in between during the period might be one reason for 

the fluctuating trend in yield.  The foliar applicat ion o f  Zn and Mg could 

not be uti l ized by the plant during the rainy season.

The hundred bud weight was influenced by nit rogen  application. 

Applicat ion  o f  nitrogen at the lowest dose o f  300 Kg N h a ' 1 resulted in 

the h ighest  weight o f  100 buds.  This was supported by Sr inivasan et al., 

(1989) in Jasminum sambac.

The application o f  phosphorus  s ignif icantly  increased the 100 

bud weight ,  the dose at 450 Kg P- ,05 h a ' 1 being the best  level to produce 

m axim um  weight o f  buds. Potassium had no s ignif icant effect  in the 100 

bud weight o f  f lowers (Fig. 2).

N x P interaction has influenced the bud weight o f  the flowers 

at 300 Kg N h a ' 1 with 450 kg P->05 h a ' 1 recording the maximum weight 

o f  25.47  g. This  shows that  N and P has got major role in influencing 

the bud weight whereas  there was no significant effect  o f  N x K, 

P x K in teract ion for weight  o f  100 buds.

The  t im e  ta k en  fo r  the  f lo w e r  o p e n in g  is s i g n i f i c a n t  w i th  

phosphorus  application.  As the level o f  phosphorus  application increased, 

there was an increase in the period o f  t ime for the flower buds to open 

indicating the role o f  P in the flower opening.



A 100 bud weight

Fig. 2. Effect of N, P, K on 100 w eight of buds
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The above result was in agreement with Usha kumari  (1986) and 

Nirmala  George (1989) that the higher levels o f  P delayed flower opening 

in rose. Similarly Asha Raj (1999) also reported  that only P has the role 

in opening  o f  f lowers buds. The role o f  nit rogen  and potassium was found 

non significant.

N x P interaction was significant at 600 kg N h a ' 1 with 600 kg 

P20 5 h a ' 1. N x K interaction was significant with 300 kg N h a ' 1 with 600 

kg K 20  h a ' 1 and 600 kg N h a ' 1 with 450 kg K-,0  h a ' 1. P x K interaction 

was found superior with 600 kg P- ,05 h a ' 1 and 300 kg K-,0 h a ' 1.

The highest  level o f  N. P. K was found to inf luence the maximum 

leaf  ni trogen content (600 kg h a ' 1 o f  N. P - ,05 and K 20 ) .  The findings 

repor ted by Kamala  devi et a/.. (1979) that leaf  nit rogen  content rose 

with the higher application rales o f  nitrogen and potass ium is in agreement 

with the present findings.  The findings o f  Zi l lar  and Ferman (1961) that 

N levels were st rongly influenced by the app l ica t ion  o f  K is also in 

conformity with the present findings.

A posit ive response to foliar P for applied N and P was noted 

indicating that  with increased rates o f  N and P, the le a f  P also increases. 

M anc io t  et a/., (1980)  r epo r ted  that  the ap p l ic a t io n  o f  phosphat ic  

fert il izer is very often accompanied by a s ignif icant increase in the leaf 

P levels. Maxim um leaf  P was obtained with Nit rogen  applied at 450 and 

600 kg N h a ' 1 and phosphorus at 600 kg P->05 h a ' 1 and Potassium at 600 

kg K 20  h a ' 1.
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M axim um  content o f  leaf K was observed with nitrogen at 450 

kg N h a ' 1. P at 450 kg P20 5 h a ' 1 recorded the highest  content o f  leaf  K. 

A regular increase in plant K with increase in levels o f  K was observed.

The magnes ium content in the leaf  was found to increase with N 

and P. Magnes ium content was highest  with nit rogen  600 kg N h a ' ] and 

P with 300 kg P i 0 5 h a ' 1. Similar  results were  repor ted  by Sabina George 

in orchids  (1996) .  K applicat ion was found non significant.  The reduced 

Mg level due to applied K can be attr ibuted to K -M g antagonism (Manciot 

et a i ,  1980). Such depressed effect o f  K was repor ted  by Poole and 

Seelay (1978) in orchids.

M axim um  content o f  zinc in leaves was obta ined at 450 kg N 

h a ' 1. Phosphorus  applied at the rate o f  450 and 600 kg P - ,0 5 h a ' 1 recorded 

the m axim um  content o f  zinc in leaves. Applicat ion  o f  potassium at 450 

kg K-,0  h a ' 1 was best. This agreed with the findings  o f  Sabina George 

(1996) in orchids.

The interact ion effect o f  N x P, N x K and P x K o n  leaf  nitrogen 

content was found significant. N x P interaction was  superior at 600 kg 

N h a ' 1 with 600 kg P 20 5 h a ' 1 and also at 600 kg N h a ' 1 with 300 kg P- ,05 

h a ' 1. N x K interaction was significant at 600 kg N h a ' 1 with 600 kg 

K-,0 h a ' 1, PK at 600 kg P20 5 h a ' 1 with 600 kg K20  h a ' 1 recorded the 

maximum leaf  nit rogen content.
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N x P in teract ion effect  on l e a f  phosphorus  content was 

s ignif icant at 450 kg N ha with 600 kg P->05 h a ' 1 and also at 300 

kg N h a ' 1 and 600 kg P20 5 h a ' 1 and recorded the m axim um  P content in 

leaf. N x K interaction was significant at 600 kg N h a ' 1 with 600 kg K-,0 

h a ' 1 and P x K  interaction was significant at 600 kg P20 5 h a ' 1 with 300 

kg K 20  h a ' 1 and also at 600 kg P->05 h a ' 1 with 450 kg K20  h a ' 1 and also 

at 600 kg o f  K20  and P-,05 ha*1 which were  the  t rea tment  combinations 

to produce maximum leaf P content.

N x R  N x K and P x K  was found s ignif icant at 450 Kg N h a ' 1 

with 300 kg P ?0 5 h a ' 1, 450 kg N ha"1 with 600 kg K-,0  ha"1 and 450 kg 

P20 5 h a ' 1 with 600 kg K-,0 h a ' 1 record ing m ax im um  K content.

In case  o f  Mg content in leaves N x P, N x K and P x K  interaction 

was found s ignificant at 450 kg N h a ' 1 + 300 kg P , 0 5 h a ' 1, 450 kg N 

ha"1 + 450 kg K20  h a ' 1, 300 kg P , 0 5 ha’ 1 + 600 kg  K 20  ha"1 was found 

to produce the highest  Mg content.

Zn content in leaves was highly in f luenced  by interact ion effects 

o f  N x P, N x K and P x K at 450 kg N h a ' 1 + 300 kg P2O s h a ' 1, N x K 

at 450 kg N h a ' 1 + 450 kg K-,0 h a ' 1, 300 kg N h a ' 1 + 450 kg K-,0 h a ' 1 

and P x K at , 450 kg P , 0 5 h a ' 1 + 450 kg K 20  h a ' 1 and also 600 kg P20 5 

h a ' 1 + 450 kg K 20  h a ' 1 was found beneficial .

From the data presented in Table 25 and 26 it is revealed that the 

carbohydra te  content was highest  at the lowest  dose o f  Nitrogen 

applied  (300 kg N h a ' 1). Nit rogen prom oted  the g rowth  o f  additional
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t issues and led to the high vegetative  vigour, such plants  recorded lower 

CN ratio value, whereas  treatments  with lower levels o f  N. had greater 

CN values and highest  f lower yields. P and K did not influence the 

Carbohydrate  content o f  f lowering shoot.

The interaction effects o f  carbohydrate  content o f  f lowering shoot 

was significant.  N x P interaction was significant with 300 kg N h a ' 1 -  

300 kg P-jC^ha'1 and N K  interaction was found s ignif icant at 300 kg N 

h a ' 1 with 300 kg K20  h a ' 1 and PK. interaction was  significant at 450 kg 

P - ,05 ha*1 with 450 kg K20  h a ' 1.

The results  presented  in Tables 27 and 28 revealed  that increasing 

ni t rogen  s imul taneous ly  increased the uptake o f  N. The applicat ion upto 

600 kg N h a ' 1 increased the uptake of  N. This improved the vegetative 

g ro w th  o f  plant.  S im ilar ly  the uptake  o f  N was  a lso in f luenced  by 

po tass ium and phosphorus  application at 600 kg P20 5 h a ' 1 and 600 kg 

K 70  h a ' 1.

It was evident from the results  (Tables 27 and 28) that the uptake 

o f  phosphorus  was s ignif icantly  influenced by Nit rogen, Phosphorus  and 

Potass ium at the ir  h ighest  levels i.e., 600 kg h a ' 1 o f  N, P 2 0 5 and K 20 .  

The higher  content o f  P in plants,  resulted in good  root growth  thereby 

increas ing meris tematic activity and improving the g rowth  o f  plants.

Applicat ion o f  N i t rogen  (600 kg N h a ' 1) showed  a consistent 

rise in uptake o f  potass ium.  The uptake o f  potass ium was high when K



was applied at 450 kg h a ' 1. The uptake o f  N. P. K. was in conformity  with 

the studies o f  Asha Raj (1999) in bush Jasmine.  Uptake o f  Magnesium 

increased with high dose o f  Nitrogen (600 kg N h a ' 1). The uptake o f  

Magnes ium increased with decreased dose o f  phosphorus  ( 300 kg P , 0 ^  

h a ' 1). Uptake o f  Mg was highly in tluenced at 600 kg K-,0 h a ' 1 and 300 kg 

K 20  h a ' 1. This suggests a synergestic re la tion between nit rogen and 

magnes ium.

Applicat ion o f  Nit rogen and Phosphorus  influenced  the uptake of  

Zinc.  The maximum uptake was seen at 600 kg N h a ' 1 and 450 kg N ha'

1 and 600 kg P20 5 h a ' 1.

The interaction effect  o f  uptake o f  n i t rogen  was influenced at 

h ighest  levels o f  N x P, N x K interactions w hereas  P x K interaction was 

effective at 600 kg P20 5 h a ' 1 -  450 kg K 20  h a ' 1.

The interaction effect o f  N x P, N x K and P x K was highly 

significant at 600 kg N h a ' 1 + 600 kg P- ,05 h a ' ! , 600 kg N h a ' 1 +600 kg 

K 20  h a ' 1. 600 kg P20 5 ha‘ ! + 600 kg K->0 h a ' 1 which  increased the uptake 

o f  phosphorus.

In case o f  uptake o f  Potassium N x P, N x K and P x K interaction 

was highly significant at 600 kg N h a ' 1 + 450 kg P70 5 h a ' 1, 600 kg N 

h a ' 1 +600 kg K 20  h a ' 1, 600 kg P , 0 5 ha'*+450 kg K-,0 h a ' 1 respectively.

The uptake o f  Magnes ium was highly  influenced  by N x P, N x K 

and P x K interactions at 450 kg N h a ' 1 + 300 kg P , 0 5 h a ' 1, 600 kg N
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h a ' 1 + 300 kg K 20  h a ' 1, 300 kg P20 5 h a ' 1 + 600 kg K 20  ha- ' .  The 

interact ion effect  o f  N x P and N x K was significant on uptake o f  Zinc 

at 450 kg N h a ' 1 + 600 kg P20 5 ha’ 1, 600 kg N  ha’ 1 + 300 kg K20  ha [. 

The P x K interact ion was non significant.

Appl ica t ion  o f  N i t rogen  increased the essentia l  oil content of  

f lowers.  A maximum oil content was obta ined with the N at the rate of  

300 kg N h a ' 1 and 600 kg N h a ' 1. This agrees with the findings o f  Asha 

Raj (1999) in Jasminum Sambac, and also by Natara jan  and Madhava 

Rao, (1980 a) in Jasminum grandiflorum, and in M entha piperita  by 

Dellacecca  (1977) .  In Majorona hortensis  appl ica t ion  o f  320 kg h a ' 1 

nit rogen  gave the highest  oil yie ld  (Farooq et al., 1991). Phosphorus 

and  potass ium had no significant influence.  Pal et a l ,  (1984) agreed 

with the above result  that the essential  oil content increased  with rising 

N levels,  but P had no benef icia l  effect in Jasminum auriculatum.

N x K interact ion was significant at 300 kg N  h a ' 1 + 450 kg K20

h a ' 1, 300 kg N  h a ' 1 + 600 kg K 20  h a ' 1, 450 kg N h a ' 1 + 300 kg K-,0

h a ' 1, 600 kg N h a ' 1 + 300 kg K 20  h a ' 1, 600 kg  N h a ' 1 + 450 kg K20

ha*1 and 600 kg N ha*1 + 600 kg K-,0 h a ' 1. P x K  and N x P interactions 

were  found non significant.

The soil analysis revealed higher levels o f  nutr ient status. Control  

plots regis tered  lower nutrient status after the exper iment.



Available soil N increased with h igher  dose o f  N application 

(600 kg N h a ' 1 ). The available  N status in soil was found to increase with 

phosphorus,  the highest  level was more effect ive  at 600 Kg P: 0 5 ha’ 1. 

The po tass ium application at 600 Kg K20  h a ' 1 produced  highest  residual 

soil nitrogen. This confi rmed with the findings o f  A sha  Raj (1999) in 

bush jasmine.

An increased phosphorus content in soil was  noted  with increased 

level o f  ni trogen  (600 kg N h a ' 1). Phosphorus  nutr i t ion  enhanced P 

status o f  soil with phosphorus  applicat ion at 600 kg P20 5 h a ' 1. Maximum 

content o f  available  phosphorus was noted in soil with t rea tment receiving 

po tass ium at 600 kg K , 0  h a ' 1. Similar results  were  obta ined by Asha Raj 

(1999) in Jasminum sambac.

Similar ly in available soil potassium also the  trea tments  receiving 

highest  amount of  N, P, K, contained more residual K. This  agreed with 

the results  o f  Asha Raj (1999) in Jasminum sambac.

N x P, N x K and P x K interaction was highly  s ignificant with 

available  soil N at 600 kg N ha"1 + 600 kg P 20 5 ha"1, 600 kg P20 5 h a ' 1 

+ 600 kg K 20  ha"1, 600 kg N h a ' 1 + 600 kg K-,0  h a ' 1.

The interact ion effect  o f  N x P, N x K and P x K was highly 

influenced for available soil phosphorus at the m ax im um  level o f  N & 

P, N & K and P & K interactions.



The interact ion effect o f  NP, NK and PK was highly significant 

at the maximum level o f  NxP, PxK and N xK  combinations.  The interaction 

e f fec t s  w as  in c o n fo rm i ty  w i th  the  f in d in g s  o f  A sh a ra j  (1999)  in 

Jasminum scimbac.

Experiment II

The post harvest  life o f  f lowers depends  on both pre harvest  and 

post  harvest  management practices. Cont inuing the supply o f  water and 

carbohydra tes  to flowers and re tardation o f  the  on set o f  senescence 

help to pro long their  she l f  life (Halevey and Mayak, 1979). To preserve 

the quali ty o f  f lowers and to make them resistant to f luctuations in post 

harvest  environment,  condit ioning or hardening,  by use o f  chemicals, 

equipment and al tering the temperature  have been widely  recommended. 

In this study effect o f  major nutrients on shelf  life o f  flowers, in combination 

with various post harvest practices viz., newspaper lining, ethylene absorbant 

and storage temperature along with major nutrients were tried.

T h e  t r e a tm e n ts  p r o d u c e d  s ign i f ican t  e f fec ts  on s h e l f  l ife of  

f lowers.  In t rea tment (control  V0E0S0), the she l f  life was very much 

in f lu e n c e d  by m a jo r  n u t r i e n t  a p p l ic a t io n .  The  in c re a s in g  dose  o f  

phosphorus  application (600 kg h a ' 1) increased the she l f  life o f  f lower 

buds  in the exper iment (Table 1). It was clear from the above exper iment  

that h igh dose o f  phosphorus  in soil increased the water  uptake,  enhanced 

flower d iameter  and lengthened the life o f  flowers. The above result 

was in agreement  with the findings o f  Ushakumari  (1986) and Nirmala



129

George  (1989) in rose. The t ime taken for de laying flower opening, 

preventing loss o f  turgidity and retention o f  co lour  was found maximum 

at 300 kg N, 600 kg P30 5 and 300 kg K20  h a 1. Similar  results  were 

reported  in Polianthus tuberosa (Amarjee t  at a!., 1996).

The interaction effects (V 0E 0S0) were found s ignif icant for shelf  

life o f  f lowers. The shel f  life was pro longed by N x K  interaction by the 

t rea tment combinat ion 300 kg N + 300 kg K 20  h a ' 1. In N x P interaction 

the t ime taken for f lower opening and re ta in ing  turgidity was influenced 

at 300 kg N + 600 kg P - ,05 h a ' 1 and colour was re ta ined at 300 kg N + 

300 kg P->05 h a '1, the colour was retained by 300 kg o f  P->05 and 300 kg K.-.0 

h a ' 1 and the turgidity was retained at 600 kg P20 5 + 300 kg K20  h a ' 1.

As observed in the present exper iment that the treatment VqE j Sq, 

an increase in phosphorus  application increased the she l f  life o f  flowers 

viz.,  de layed  flower opening ,  re ta ined  co lour  and  p reven ted  loss of  

turgidity.  This  was in line with the findings  o f  A sha  Raj (1999) in 

Jasminum sambac , Usha Kumari (1986) and N irmala  George (1989) in 

rose that  the shel f  life was enhanced by phosphorus  application.  The 

t ime taken for f lower opening, the duration o f  t ime taken for retention 

o f  co lour  and turgidity were highest  at 450 kg N h a ' 1 and 600 kg P- ,05 

h a ' 1. Potassium when applied as 450 kg K 20  h a ' 1 re ta ined  turgid ity  to 

the maximum. This was in conformity with the findings  o f  Amarjeet  et 

a!. (1996) that high rate o f  N, P and K pro longed  she l f  life. Contrary 

to it the role o f  potass ium for t ime taken for f lower opening and time 

taken for colour fading was found non significant.
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The interactive effect o f  N x P. N x K and P x K on she l f  life was 

significant (V 0E | S 0) in case o f  t ime taken for f lower opening, loss of 

turgidity and colour fading. The interactive effects o f  N x P, N x K and 

P x K were highly significant in inf luencing the t ime taken for (lower 

opening, where the combination 450 kg N + 300 kg P - ,05 h a ' 1. 450 ka N 

+ 600 kg K20  h a ' 1 and 600 kg P , 0 5 + 450 kg K^O h a ' 1 were found 

super io r .  R eg a rd in g  re ten t ion  o f  c o lo u r  in N x P in te rac t io n  the 

combinations  300 kg N + 600 kg P-,05 and 450 kg N +- 600 kg P , 0 5 were 

on par with each other and proved superior over o ther  treatments.  In N 

x K interaction the colour was reta ined to the m ax im um  at 300 kg N -  

600 kg K 20  h a ' 1. There was no significant var ia tion with P x K interaction 

in co lour  retention.  The interaction effect  on t ime taken  for loss of  

turgidity was found non significant.

The trend of  increasing the she l f  life was observed  with increase 

in fert il izer application in treatment V j E jSq. This  is also in agreement 

with the findings o f  Asha  Raj (1999) in Jasminum sambac  and Nirmala 

George  (1989) in rose and Amarjeet  et al. (1996) in Tuberose.  l ime 

taken for tlow'er opening increased at n-,. p 3 and k ,  levels. Similar results 

were  obta ined in orchids (Bhattacharjee,  1982). N i t rogen  and phosphorus 

applied at 450 kg h a ' 1 and 600 kg h a ' 1 re ta ined  the co lour  o f  flowers, 

whereas  there was no significant dif ference be tween the treatments in 

case  o f  t ime taken for loss o f  turgidity.

The interactive effects were found highly  signif icant ( V jE jSq) in 

t im e  taken  for f lower opening . In N x P in te rac t ion  the treatment
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combination 450 kg N h a ' 1 + 600 kg P 20 5 h a ' 1 delayed the t ime taken tor 

f lower opening.  In N x K interaction flower buds delayed to open at 450 

kg N + 300 kg K20  h a ' 1. In P x K interact ion the flower buds took a 

longer t ime to open at highest  levels o f  P and K combinations  (600 kg 

P 20 5 + 600 kg K20  h a ' 1).

The colour was reta ined maximum by N x P interact ion at 300 kg 

N + 600 kg P-)05 h a ' 1 and 450 kg N + 600 kg P- ,05 h a ' 1. In N x K 

interact ion the treatment combination 300 kg N + 600 kg K-,0 h a ' 1 was 

best  to retain the colour. P x K interaction was found non significant.  

The interact ion effects on t ime taken for loss o f  tu rg idity  was found non 

significant.

The treatments subjec ted to 0°C viz., V 0E0Sj,  V qE j S j and V j E j S , 

failed to open. There  was no significant varia tion between treatments.  

Skene (1924) reported that opening of  crocus,  flax and many other flower 

were inhibited by a decrease  in temperature.

In general  the post harvest  studies on Jastninum sambac  revealed 

that  the d ifferent techn iques  viz., use o f  newspaper ,  l ining,  e thylene 

absorbants ,  and low temperature were found significant.  In case o f  time 

taken for f lower opening the buds treated with e thylene  absorbants took 

a longer t ime (mean 3.48 hrs.)  compared  to buds which were not treated 

with e thylene  absorbants  (mean 2.81 hrs.). The above findings was in 

conf irmity with the reports o f  Sudha  (1998). The buds  kept with and 

without  newspaper  l ining also showed significant dif ference in t ime taken
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tor f lower opening. It was found that the mean  value recorded was 3.27 

hours for Vj and 3.03 hours for VQ. Skene (1924) stated that opening of  

Crocus,  Flax and many other f lowers was inhibited by a decrease  in 

temperature .  This was in coincidence with the present f indings that the 

buds stored at 0°C failed to open. It was evident (Table 49) that the time 

taken to retain colour and turgidity o f  f lowers was m axim um  in case of 

buds exposed to low temperature treatment.  This was  in agreement  with 

the findings  o f  M ukhopadhyay  et al. (1988) ,  tha t  cold  trea tment  o f  

Jasminum sambac buds, enhanced longevity o f  flowers. This  was followed 

by the buds treated with ethylene absorbants ( K M N 0 4) which prolonged 

the shel f  life which was in accordance with the findings  o f  Sudha (1998). 

The least she l f  life was obtained in buds treated without news paper 

l ining (Fig. 3).

Future line o f  work

Fur ther  studies  may be conducted  w i th  o rgan ic  manures.  The 

effect  o f  spli t applicat ion on flower yie ld  needs  at tention and detailed 

s tu d ie s  are  e s s e n t i a l  to s t a n d a r d i z e  the  o p t i m u m  n u m b e r  o f  spl i t  

a p p l i c a t io n s .  A s  the  sp re ad  o f  p la n t  is low, m o r e  p la n t s  can  be 

accommodated.  Post  harvest  studies should be conducted  on colourful 

packing techniques ,  and temperature studies to p romote  flower opening 

and enhance  she l f  life.



700 

600 

500 

400 

300 

200 

100 

0

VOEOSO VOEOS1 V0E1S0 V0E1S1 V1E0S0 V1E0S1 V1E1S0 V1E1S1

Treatments
■Time taken for flower opening □T im e taken for colour fading EZTime taken for loss of turgidity

Fig. 3. Shelf life studies of bush Jasm ine (hours)



SUMMARY



SUMMARY

A study was m ade to investigate the  nu tr ien t requ irem ent and post 

harvest studies in bush jasm ine. The experim ent w as conducted at the 

D e p a r t m e n t  o f  H o r t i c u l t u r e ,  C o l le g e  o f  A g r i c u l t u r e ,  V c l la v a n i .  

T h iru v an an th ap u ram  during  1998-1999. The m ain  o b jec tive  was to 

s tandard ize  the nutrient requirem ent o f  bush ja sm ine  and its shelf  life 

studies. The im portant findings drawn from the field experim ent are 

sum m arised below.

The experim ent I consisted o f  27 treatm ents  and two controls. 

The experim ent was laid out as 3-’ + 2 treatment R andom ised  Block Design 

w ith  three  rep lications. The trea tm ents  co n s is ted  o f  three  levels o f  

n itrogen (300. 450 and 60Okg N h a '1), three levels o f  phosphorus (300. 

450, 600 P?0 5 h a '1) and three levels o f  po tass ium  (300. 450, 600 kg 

K-,0 h a ' !). Control I consisted o f  N. P, K dose (150 : 150 : 150 kg 

h a '1), control II consisted o f  farm yard m anure 10 kg per plant.

The second experim ent consisted  o f  e ight trea tm en t each with 

two levels. Treatment one included VQ and V ( (w ithout and with newspaper 

lining). E 0 and Ej (without and with ethylene absorban ts), S0 and S, (room 

tem perature  and at 0°C).
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Sim ilarly  the num ber o f  primary branches and length o f  primary 

and secondary  branches was found significant at n-, p3 and k3 levels. The 

maximum number o f  secondary branches were obtained at n3, p-, and k-, levels.

A pplication  o f  n itrogen and phosphorus at h igher rates resulted 

in maxim um  spread o f  plant in north-south  and east-w est direction.

T he  y ie ld  o f  f lo w e r  buds  w as fo u n d  h ig h ly  s ig n i f ic a n t  by 

application o f  m ajor nutrients . It was seen that the y ie ld  increased with 

lower doses o f  N. P. K (n , .  p , ,  k2).

In case  o f  m o n th ly  y ie ld  p a t te rn  the  y ie ld  d e c re a se d  with 

increasing levels o f  N. The yield  showed a positive  response during 

second to fourth month decreasing in between and again increasing towards 

tenth and tw elvth month. Phosphorus application influenced the monthly 

yield  pattern  from fourth month and continued th roughout the crop period 

at pj level. With respect to potassium  the level k, was found superior 

during fourth month o f  the crop period, k-, was m ore effective during 

other months.

The 100 bud weight was highly influenced by N and P where the 

levels nj and kj was found superior. The time taken for flower opening 

delayed at level p ,.

The length o f main shoot increased significantly with increased

N, P, K levels thus showing a positive effect throughout the growth period.



A pplication o f  m ajor nutrients was found to influence the nitrogen 

content in leaves. The application o f  nitrogen, phosphorus  and potassium 

at the highest level resulted in maxim um  content o f  N in leaves. The 

phosphorus content in leaves increased due to N application  at 600 and 

450 kg ha ' 1 and phosphorus and potassium toge ther applied  at 600 kg 

ha ' 1 increased the leaf  P content. The leaf  K conten t was highest at n-,. 

p2 and k3 levels. The m agnesium  content in leaves was found highest 

when N and P was applied at n3 and P| levels. Z inc content in leaves was 

recorded m axim um  at n->, p-,. p-. and k 7 levels.

The lowest level o f  nitrogen applied increased  the carbohydrate 

content o f  flow ering shoot, while P and K. d id  not exert any influence.

A pplication o f  m ajor nutrients viz... N, P, K at the ir  h ighest dose 

(600 kg N : 600 kg P20 5 : 600 kg K-,0 ha -1) resu lted  in m axim um  uptake 

o f  n itrogen and phosphorus. The uptake o f  po tass ium  was influenced by 

m ajor nutrients at n3, p2 and k2 levels. M ajor nu tr ien ts  app lied  influenced 

the uptake o f  m agnesium , the highest being recorded  at n3, p , ,  k |  and k-, 

levels. Zinc uptake was maxim um  at n7 and n3 levels w hich  were on par 

w ith  each other, phosphorus application  at 600 kg ha ' 1 and potassium  at 

300 and 450 kg ha ' 1 increased the uptake o f  zinc.

The essential oil content o f  flowers was s ign ifican tly  enhanced 

by nutrient n itrogen at nj and n^ levels.
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M ajor nutrients applied highly influenced the available  nitrogen, 

phosphorus and potassium in soil. It was confirm ed that the h ighest dose 

o f  N. P, K applied  left a h igher residual soil N, P and K. However, a 

build up o f  major nutrients as com pared to the initial s tatus was seen in 

all p lo ts  except controls.

In experim ent II The effect o f  m ajor nutrien ts  on sh e lf  life o f  

flowers w as found significant. In case o f  treatm ent (V 0E 0S0) time taken 

for flower opening, loss o f  turgidity and colour fading delayed at the maximum 

at the nutrient dose o f  300 kg N. 600 kg P-,05 and 300 kg K-,0 h a '1.

In e thylene absorbant treated buds (V0E ,S 0) the m ajor nutrients 

applied  delayed  the time taken for flower opening and re ta ined colour at 

n-> and p 3 levels. M ajor nutrients delayed the time taken  for loss of 

turg id ity  at p , ,  k2 and k3 levels.

The e ffec t o f  nu tr ien ts  on flow er buds tre a ted  w ith  e thylene  

absorban ts  and new spaper lining ( V jE jSq) delayed the time taken for 

flow er open ing  at n2, p 2, k-, levels. The co lou r  was re ta ined  to the 

m axim um  at 450 kg N and 600 kg P -,05 h a '1.

In general the sh e lf  life o f  flowers was found h ighly  significant. 

The buds trea ted  with e thylene absorbants, was the superio r  treatm ent in 

de lay ing  flow er opening. Regarding time taken for re ta in ing  colour and 

turgidity. the buds stored at 0°C was found highly s ignificant. This was 

followed by ethylene absorbant trea ted  buds to retain  co lour and turgidity.
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Appendix i. Weather data during the experimental period

Month Maximum
temperature

<°C)

Minimum
temperature

(°C)

Relative
humidity

(%)

Rainfall

(mm)

Number of 
rainy days

February 32.13 23.70 78.50 18.8 “>

March 33.3 24.21 75.00 Nil

April 34.14 25.38 78.00 49.3 7

May 32.8 25.90 83.50 21.3 14

June 30.67 24.60 85.50 370.1 25

July 29.60 24,10 82.51 108.7 17

August 29.90 24.30 84.04 139.3 13

September 29.50 27,70 87.55 312.8 21

October 29.70 23.60 85.00 424.6 18

November 30.10 23.20 82.60 156.0 15

December 30.60 22.80 86.00 142.4 20

January 31.20 21.98 89.74 5.2 a

February 31.40 22.80 78.63 78.6 4



Appendix 2. Initial soil nutrient status

Available soil nutrient Grade

N High

P High

K High



Appendix 3. Interaction effect ofNPKfln length of main shoot (cm)

Treatments
Months

2 4 6 8 10 12

nlPlk i 33.20 40.01 44.37 49.26 55.09 59.04
njPik, 30.25 34.63 42.83 48.82 51.81 59.04
n iP lk3 38.09 44.66 49.63 53.33 57.58 62.90

nlP2k l 35.57 40.40 44.58 49.84 56.33 60.50
n,p2k2 40.08 43.51 48.45 52.12 57.23 62.17

n iP2k3 35.58 41.41 47.56 55.24 56.97 61.22

nlP3kl 40.59 46.19 52.28 58.01 62.24 66.95
niP3k2 39.57 45.10 50.79 57.02 61.41 66.16
n,p3k3 42.47 49.48 54.62 57.79 62.79 67.65

n:Pik i 42.08 47.61 52.96 65.22 68.76 70.97
mp,k-, 41.50 48.49 55.98 60.10 64.05 70.23
n2P |k3 41.24 45.36 51.52 58.06 61.70 70.26
n7p7k. 38.07 42.56 49.70 58.53 62.73 68.84
n-,p7k7 43.00 48.94 55.16 60.23 66.91 73.31
n?p?k-; 50.63 55.94 60.12 64.56 68.81 74.82
n-)p3k] 40.50 48.49 55.42 61.64 68.31 75.04
n7p~k-, 38.23 46.66 51.14 57.72 66.97 75.62
tioP3k3 44.45 51.10 57.57 65.27 71.76 78.86

n3Pik, 50.21 55.77 62.65 69.03 74.56 81.43
n3p ,k 7 50.07 55.23 61.73 66.74 72.83 79.92
n3p ,k 3 54.67 57.67 62.56 65.95 78.10 85.83
n3p2k, 52.63 62.66 68.82 78.17 85.24 92.07
n5p7k7 59.78 67.13 74.13 82.00 89.65 101.16
n3p9k3 62.63 71.56 76.92 86.36 94.78 103.14
n3p3k, 56.79 62.59 69.66 78.33 86.21 97.94
n3p3k2 64.65 71.55 78.30 90.65 99.26 107.92
n3p3k3 76.01 83.96 91.76 97.67 107.51 118.38

Cl 30.33 31.66 34.48 37.73 38.81 42.61
CII 29.34 30.36 32.61 34.33 35.61 39.93
F NS NS NS NS NS NS
CD — — — — — —

NS - Not significant



4

Appendix 4. Interaction effect of NPK on number of primary branches

Months
Treatments ------------------------------------------------

2 4 6 8 10 12

n l p l k l 7 .6 4 8 .2 1 1 0 .1 4 1 2 .7 8 1 4 .8 0 1 6 .4 7

n l P l k 2 6 .8 6 8 .7 5 10.41 1 2 .9 4 1 4 .7 7 17 .25

n | P | k 3 6 .8 6 8 .5 3 9 .6 5 1 2 .4 6 1 4 .6 6 16 .6 2

n , p 2 k , 7 .7 8 9 .3 3 1 2 .1 2 14.31 1 6 .6 4 18.71

n  i p->k-> 7 .3 5 9 .4 4 1 0 .3 2 1 2 .2 5 1 4 .7 7 16 .6 9

n i p ^ k . 8 .1 8 10.51 13 .4 5 1 6 .6 2 1 8 .7 2 19 .8 2

n lP 3 k I 6 .7 1 9 .9 3 10 .5 5 12 .6 8 1 4 .6 0 16 .5 7

n | P3k 2 7 .3 6 9 .9 4 11 .17 1 3 .4 2 15 .8 5 17 .4 5

n lP 3 k 3 7 .9 9 9 .8 6 11 .83 1 3 .7 0 16 .1 3 18 .4 8

n 2p , k | 8 .6 7 1 0 .4 4 12 .15 1 5 .6 4 1 7 .5 2 18 .6 3

n2P ik2 8 .7 6 9 .8 4 1 2 .6 2 1 4 .8 6 1 6 .6 8 18 .5 8

n 2 P ) k 3 8 .4 8 8 .6 3 11.61 13 .3 7 1 6 .4 6 1 8 .5 6

n - .p o k j 8 .9 7 1 0 .6 0 1 3 .4 0 17 .4 5 1 9 .6 6 2 1 .4 8

n "’P 2 k 2 9 .0 8 12 .61 1 3 .5 0 17 .5 5 19 .3 3 2 1 .6 7

n->p-,k-, 8 .6 7 9 .3 6 9 .4 9 1 0 .4 7 1 3 .5 0 15 .7 5

n2P3k i 8 .2 9 9 .3 6 11 .1 4 1 2 .1 0 1 7 .5 8 1 9 .2 8

t v ,p - .k 0 7 .8 5 9 .4 4 1 2 .6 3 1 4 .3 9 1 6 .7 0 19 .4 8

n 7 p 3k 3 8 .2 3 1 0 .4 6 11 .72 1 4 .5 0 1 7 .8 0 19 .6 3

n3P,k i 9 .6 7 1 4 .6 4 1 8 .3 7 2 1 .5 9 2 4 .3 8 2 7 .4 3

n 3p , k 2 9 .3 2 1 1 .5 0 13 .5 3 1 4 .8 9 19.41 20 .8 1

n 3 P l k 3 9 .3 6 1 0 .7 2 11.33 1 3 .3 6 16 .7 1 2 0 .5 7

n - ,p - ,k , 9 .9 3 1 1 .1 6 1 4 .5 9 16 .7 5 1 8 .2 7 2 0 .3 6

tl3P2k 2 9 .3 3 11 .71 1 4 .5 0 1 6 .6 9 1 8 .5 7 2 4 .5 0

n -tP ^k -, 9 .4 4 1 2 .4 3 1 4 .4 6 1 8 .9 2 2 1 .9 6 2 4 .5 6

n 3 P 3 k , 9.44 1 2 .6 5 1 6 .6 4 1 9 .4 7 2 3 .8 7 2 7 .4 0

n 3p 3k 2 9 .6 7 1 4 .8 4 1 8 .6 8 2 0 .4 1 2 3 .3 2 2 7 .7 3

n 3p 3k 3 9 .6 6 14 .6 3 1 8 .3 7 2 1 .5 9 2 4 .3 8 2 7 .4 5

Cl (  <\ 7 .2 4 9 .6 6 11 .6 5 1 3 .3 2 1 4 .9 7 1 5 .3 9

c n • / .  6 .1 4  

4 . 8 6 **

7 .3 5 8.88 1 0 .6 0 11 .6 6 12 .1 3

F 3 8 . 7 3 ** 1 7 . 7 9 ** 2 7 . 3 2 ** 1 0 8 . 8 9 ** 7 4 .4 8 “

CD 0 .4 3 0 .4 0 0 -6 8 1 .08 0 .5 3 0 .6 2

* Significant at 5 per cent level ** Significant at I per cent level



Appendix 5. Interaction effect of NPK on number of secondary branches

Treatments
Months

2 4 6 8 10 12

n iP,ki 7.40 7.82 8.48 9.63 9.61 11.32

n lPlk2 8.88 9.49 10.41 11.23 11.85 12.48

n |Plk3 7.95 8.66 9.84 10.81 11.67 12.10

nlP2kl 8.30 9.33 10.42 11.40 12.66 13.19
nip-ta 11.06 11.96 12.75 13.91 15.65 16.89

nlP2k3 8.73 9.54 10.75 11.67 12.58 13.55

n |P3kl 6.82 7.94 8.96 10.03 10.66 11.77

nlP3k2 9.94 11.23 12.89 13.71 14.79 15.79
n|P3k3 10.95 12.24 13.24 14.83 15.58 17.61
n2P |k i 10.54 11.87 13.21 14.57 16.00 17.09

n2P,k2 11.06 12.47 13.85 15.57 16.22 17.27
nipik. 12.30 14.66 14.96 15.62 17.65 18.78
n->p?k, 16.42 17.77 19.34 20.94 22.66 23.67
n?p->k-> 18.94 20.33 21.30 22.84 23.86 25.02
n^p-A-, 17.79 19.04 20.09 21.00 22.16 23.32
n^p-jk, 14.94 15.82 17.30 18.45 20.58 22.07
n7p3k2 13.33 14.96 15.46 17.66 19.97 22.73
n2p3k3 15.07 16.42 17.61 18.29 21.21 22.50
n.pik. 10.89 14.02 12.47 13.03 14.09 22.50
n3P|k2 17.13 18.42 19.97 22.43 23.69 25.51
n3pik3 14.55 15.82 16.59 18.19 19.31 25.00
n3p2k] 16.25 17.45 18.29 19.11 19.74 19.90
n,p9k^ 22.00 23.78 26.02 27.25 28.98 31.07

%P2ki 15.50 17.11 18.91 19.66 20.55 31.16
n3p3ki 13.76 14.70 15.48 17.98 18.45 22.20
n3p3k2 21.00 22.52 23.79 25.35 26.54 29.08
n3p3k3 20.51 21.77 22.82 23.57 24.59 27.90

Cl 7.36 9.66 12.64 12.88 14.86 16.63
CII 8.34 9.39 11.66 11.94 12.00 12.95
F NS NS NS NS NS NS
CD — — — — — —

NS Not significant
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Appendix 6. Interaction effect of NPK on length of primary branches (cm)

Treatments
Months

2 4 6 8 10 12

n , p , k | 28.57 32.15 37.60 42.49 46.53 53.01
n , p , k-. 31.41 35.91 40.12 44.00 49.29 54.86
n , p | k 3 32.05 35.65 40.56 45.88 50.77 55.67
n iP-)k, 38.56 42.66 45.95 49.72 54.04 58.73

n i P'jk'j 33.77 37.46 42.76 46.51 51.17 58.57
n , p , k 3 35.89 39.38 44.28 48.69 53.44 58.83
n ip 3k | 35.98 41.70 47.02 52.34 54.76 59.64
n , p 3k2 35.55 40.66 47.00 51.06 56.27 61.13
n i p 3k3 35.03 38.92 44.83 49.44 54.09 60.96
n 2P i k , 31.86 36.69 43.26 47.52 52.85 59.68
n->p,ko 38.28 44.92 50.33 56.00 60.87 65.05

n->p,k, 37.57 42.68 48.57 53.94 59.51 66.59
n1p-,ki 37.75 48.07 50.20 53.07 62.35 66.82
n-.p-.k-, 40.98 46.85 52.14 56.56 62.36 68.19
n2p 2k3 40.46 49.09 54.82 58.28 65.68 70.47
m p , k , 41.47 47.58 63.66 64.21 66.74 72.92
m p - .k 0 42.81 48.64 55.46 62.37 68.60 74.96

n2Pjk3 43.28 48.83 54.70 60.86 68.45 74.83
n3p , k i 42.66 49.44 51.05 65.33 70.82 78.80
n 3p , k 2 47.58 55.76 60.93 69.16 74.83 80.79
n3p i k 3 47.59 54.64 63.49 69.92 77.49 84.21
n 3p 2k , 55.06 61.29 66.36 72.67 78.22 83.35
n 3p ?k 7 52.15 56.87 64.96 71.10 78.64 85.27
n3p2k 3 58.20 66.20 72.44 79.04 85.44 92.00
n3p3k 1 51.26 59.58 67.01 72.91 78.55 86.25
n3p3k2 58.92 64.03 70.33 76.02 82.71 88.25
n 3p3k3 55.89 61.07 67.48 73.45 81.64 89.24

Cl 35.64 38.89 40.39 43.23 44.08 45.59
C II 25.57 26.68 28.83 29.09 29.98 31.33
F NS NS NS NS NS NS
CD — — — — — —

NS - Not significant
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Appendix 7. Interaction effect of NPK. on length of secondary branches (cm)

Treatments
Months

2 4 6 8 10 12

niPik i 17.81 22.08 27.12 32.33 37.92 44.30
n | p i k2 25.50 30.90 35.49 37.25 40.48 46.44
nlP|k3 20.96 25.16 30.38 37.03 42.42 48.12
n,p^k. 21.26 26.14 30.40 35.66 43.44 46.78
n,p->k^ 21.35 25.41 31.97 37.58 42.26 47.77
nip2k3 22.62 27.96 33.67 39.03 44.21 48.86

n [Pjk i 22.27 26.33 32.11 38.44 44.15 49.68
n,p-,k0 21.47 27.28 33.51 41.71 47.04 52.63

n i P j k 3 23.97 29.88 37.09 42.12 47.92 51.99

n-5p|k i 23.91 29.41 34.82 41.15 45.54 52.03
n?p,k0 31.09 36.63 43.28 47.16 51.93 56.46
n0p,k-5 27.59 31.62 37.47 44.73 50.37 53.60
n0p2k. 29.56 34.73 40.47 46.02 51.77 56.26
n-)P?k-) 25.31 31.17 35.82 41.83 48.20 54.08
n?p0k3 33.58 37.52 43.10 47.54 53.29 59.78
n ^ k . 30.06 37.00 42.30 50.72 58.22 62.14
mp?k3 33.26 39.71 44.14 50.47 57.70 63.15
n-.pnk-, 34.79 40.25 45.82 52.77 59.01 66.75
n3pik . 29.82 36.24 45.97 50.40 56.60 63.88
n3p,k, 36.15 44.03 50.50 55.06 61.58 67.90

n 3 P l k 3 37.47 43.82 50.96 56.77 62.20 67.76
m,p0k, 35.74 40.38 46.85 54.27 61.03 67.71
n3p2k2 41.02 48.49 54.28 60.95 68.56 75.05
n3p2k3 46.19 54.32 58.82 64.27 70.98 75.65
n3p3k. 35.81 46.22 51.92 57.50 64.40 70.47
n3p3k2 41.22 46.89 52.92 59.42 64.95 70.39
n3p3k3 48.06 54.54 60.19 66.43 72.23 77.84

Cl 24.42 26.33 29.41 30.33 32.34 33.61
CII 15.48 16.60 17.33 18.14 19.66 22.33
F NS NS NS NS NS NS
CD — — — — — —

NS - Not significant



Appendix 8. Interaction effect ofNPK on North-South spread of plant (cm)

Treatments
Months

2 4 6 8 10 12

n|P |ki 28.71 31.49 38.09 38.16 43.71 48.46

n|P |k2 31.69 34.54 38.49 43.13 48.04 50.57

nlPlk3 31.20 35.07 39.31 43.30 48.01 53.86
n,p2ki 35.22 39.54 45.08 47.58 51.11 54.63
n,p7k. 35.93 40.39 44.60 48.49 52.95 56.38

niP->k3 39.06 42.85 47.33 52.77 56.39 60.47
niP,ki 38.12 41.87 46.21 50.06 54.33 57.76

n,p,k> 37.83 43.01 46.87 51.46 55.56 59.38
n lP3k3 38.79 42.68 47.07 51.02 55.27 59.19

n->P[k| 41.02 43.39 45.48 54.84 60.94 64.98

n->Ptk-, 43.08 47.59 52.21 58.96 64.27 69.48
n,Plk3 48.93 54.25 59.26 64.75 69.57 74.29
n2p2ki 47.91 52.34 58.20 63.94 68.55 73.60

n->p->k-> 47.61 53.54 59.85 65.43 70.12 76.52

n,p,k. 48.81 53.08 61.14 66.67 72.34 78.60
n?p3k. 51.19 54.78 57.80 63.99 69.91 75.61
n-,p-;k? 52.83 58.84 65.02 69.61 74.02 80.43
n2p3k3 54.74 60.59 66.27 74.48 75.59 80.18
n3Plk t 51.40 58.72 65.14 70.38 80.15 90.21

n3p,k2 51.80 56.14 62.61 68.75 72.61 78.59

n3Plk3 53.84 56.21 63.57 68.27 72.61 78.19

n3p2kl 52.58 57.53 62.45 68.41 74.83 80.13

n3p2k2 55.62 61.39 68.46 74.77 80.61 86.63

n3p2k3 52.90 58.07 62.65 67.63 77.30 85.20

n3P3kI 51.78 56.81 62.72 69.81 75.70 81.70
n3p3k2 53.26 58.43 63.48 72.63 75.77 83.56

n3P3k3 51.40 58.71 65.14 75.04 80.15 90.21

Cl 30.81 34.61 37.59 37.04 41.12 43.03
c n 29.02 24.86 26.53 27.03 29.28 31.03
F NS NS NS NS NS NS
CD — — — — —

—

NS Not significant
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Appendix 9. Interaction effect of NPK on spread o f plant in East-West direction 
(cm)

Treatments
Months

2 4 6 8 10 12

niPiki 29.03 31.93 35.54 38.41 41.52 43.37

n1p1k2 28.25 31.75 35.19 39.96 45.44 46.23

n l P l k 3 29.90 32.16 35.45 38.25 42.85 46.64
n1p2k1 30.89 34.60 40.00 44.02 48.26 51.17
ri|P->k/> 34.38 39.71 44.30 48.81 54.77 58.98
njp-,k-; 37.99 42.18 45.68 49.86 55.33 60.36
n|p3k, 35.84 40.29 45.27 49.54 54.61 59.56
n,p-;ki 35.77 39.79 43.75 48.21 55.73 57.87
n,p3k3 39.40 45.20 48.98 54.16 60.15 66.63
n2p|k| 42.83 46.89 51.57 56.38 60.82 66.79
n->P[ki 44.31 49.77 55.55 61.68 66.92 70.31
n0p,k- 41.31 44.32 48.38 53.37 60.42 70.15
mp-^k, 44.70 49.32 53.30 57.77 63.23 70.89
mp^k-, 45.84 51.09 56.18 61.17 67.52 73.47
mpik- 45.67 51.20 56.29 62.49 69.32 73.46
mp3k, 47.88 51.86 56.61 62.19 67.47 76.64
n^p^ki 46.72 53.69 59.91 66.83 72.00 77.58
n-̂ p-sk-; 48.35 54.19 60.85 67.27 74.60 76.50

n3Pik i 55.06 59.22 63.10 75.91 83.85 92.20
n^p,k-, 47.32 48.34 63.54 69.90 74.60 76.63

n 3 P lk 3 40.02 53.38 60.46 61.03 68.75 69.95

n 3 P 2 k l 46.64 54.64 60.46 67.45 77.60 78.84
nSp-)k-, 49.68 56.04 60.93 68.36 76.11 78.91
n3p2k3 51.67 56.04 63.20 70.55 75.70 76.38
n3p3k. 54.72 60.64 65.85 72.53 80.59 84.69
n-jp̂ k-, 57.03 62.58 69.77 75.84 82.87 88.33

n 3 P 3 k 3 55.06 63.22 69.10 75.91 83.85 86.68

Cl 25.74 27.28 27.44 31.90 33.82 36.33
CII 2 1 . 1 0 23.39 25.58 26.82 28.68 29.14
F NS NS NS NS NS NS
CD — — — — — —

NS Not significant



Appendix 10. Interaction effect o f NPK on yield of flowers (kg ha'1)

Treatments Yield

n iPiki 6176.16

nlPlk2 6996.73

nlPlk3 4376.69

nlP2k l 6543.11

nlP2k2 6930.56

nlP2k3 4393.19

nlP3kl 4657.34

nlp3k2 5864.89

nlP3k3 4424.63

n2PlkI 5655.45

n2Pik2 4835.88

n2Plk3 4775.41

n2p2kl 5889.14

n2p2k2 5174.97

n2P2k3 3867.22

n2P3kl 3654.81

u,y3k2 4129.23

n2P3k3 3396.07

n3Plk l 3310.71

n3Plk2 3916.35

n3Plk3 3410.31

n3p2k1 3474.99

n3p2k2 2933.77

n3p2k3 3609.07

n3P3ki 2441.10

n3P3k2 2644.10

n3p3k3 2476.07

Cl 2492.45

CII 2392.603

F NS

CD —

NS Not significant
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Appendix 11. Interaction effect of NPK on monthly yield pattern (kg ha-1)

Treatments
Months

2 4 6 8 10 12

niPtkl 503.64 684.92 438.51 521.98 570.04 688.00
n | p | k-, 516.24 691.37 511.45 623.30 693.04 743.40
n,pik3 391.94 277.60 289.08 356.26 441.36 552.67

nlP2k! 547.88 555.03 457.49 509.55 617.51 759.65
n, p-ta 558.80 579.76 485.48 503.31 656.83 807.56
n,p2k3 416.10 370.37 280.13 360.53 430.87 500.88

n1P3kl 438.83 451.29 298.64 347.10 416.53 578.41

n l ? 3 k 2 474.66 473.20 370.39 429.70 509.08 744.04

n \P 3 k 3 419.27 272.11 334.77 331.70 445.86 555.70
n2P1k 1 496.06 475.18 401.19 455.71 558.54 658.49

n-,p,k-> 371.39 312.45 345.78 376.38 481.73 674.10
n,p,k-, 324.18 401.30 329.93 381.03 442.55 574.77
n^p^ki 355.82 567.55 394.76 476.55 595.62 691.44
n-ip̂ k-, 328.35 418.43 360.02 416.92 491.52 652.32

n : P 2 k 3 322.98 290.63 252.77 297.92 440.50 477.78
n->p-k| 309.33 264.92 285.29 262.85 391.03 472.54
n->p3k-> 321.41 270.38 289.84 297.66 391.03 472.54

n 2 P 3 k 3 248.41 232.67 249.66 241.68 424.89 440.48

n3P,k , 222.33 171.43 169.61 198.02 221.68 276.90
n3P]k, 288.99 255.58 261.61 267.73 363.97 417.27

n3p(k3 262.59 239.48 237.76 253.59 413.45 461.43

n3P2kI 263.38 244.33 248.64 253.59 413.46 437.97

n3p2k2 244.83 197.52 225.29 257.73 313.35 372.15

n 3 P2k 3 275.53 274.37 256.17 292.20 387.25 449.01

n3P3kl 218.28 169.02 163.48 250.14 258.78 290.27
n3p3k2 208.69 191.94 185.61 197.78 249.01 299.94
n3p3k3 222.33 171.43 169.62 198.02 221.61 202.05

Cl 225.03 213.80 184.05 230.67 273.58 389.46
C1I 156.77 138.82 139.23 138.74 156.01 175.66
F NS NS NS NS NS NS
CD — — — — — —

NS Not significant



Appendix 12. Interaction effect of NPK on 100 bud weight (g)

Treatments 100 bud weight

n lPlk! 24.91
n I p 1k 2 25.52
n,P|k3 24.04
n I p 2k ] 26.86
n , p 2k 2 2535
i t | P 2k 3 24.27

n | P j k i 23.68

n lP 3 k 2 22.70
n lP 3k 3 23.99
n 2P j k , 2 1 . 8 6

n 2P j k 2 22.37
n 2p , k 3 22.65

n2?2kl 22.13
n 2p 2k 2 22.21
n 2p 2k3 23.46
r y ^ k , 22.63

22.76

n 2P j k 3 21.44

n 3 P l k I 21.11
n 3p , k 2 21.79

n 3 P l k 3 21.50
n 3p 2k . 21.28
n 3p 2k 2 21.15
n 3p 2k 3 22.09
n 3p 3 k j 21.10
n 3p 3k 2 22.63
n 3p 3k 3 21.82

Cl 22.24
CII 19.70
F NS
CD —

NS Not significant
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Appendix 13. Interaction effect ofNPK on time taken for flower opening (hours)

Treatments Time taken for flower opening

niP,k| 4.21
n,p,k2 4.08

n l P l k 3 4.24
n,p2k, 4.55
nlP2k3 4.52

n iP 2 k 3 4.38

n lP 3 k l 4.57

n lP 3 k 2 4.39

n lP 3 k 3 4.59
n2p,k . 4.16
n2p,k2 4.25
n2p,k3 4.27
n2P2kj 4.32
n2p2k2 4.11
n2p2k3 4.47
n2p3ki 4.52
n2P3k2 4.55
n2p3k3 4.39
n3Plk i 4.11

n 3 P lk 2 4.24

n 3 P ,k 3 4.25
n3p2ki 4.26
n3p2k-> 4.51
n3p2k3 4.53
n3p3ki 4.54

n 3 ? 3 k 2 4.65
n3p3k3 4.51

Cl 4.30
CII 4.12
F 4.19”
CD 0.152

** Significant at 1 percent level
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Appendix 14. Interaction effect o f  N, P, K, Mg, Zn on leaf nutrient content 
(per cent)

T r e a t m e n t s N P K Mg Zn

nlP|k l 2.19 0.71 4.51 0.052 0.03

n , P i k 2 2.12 0.63 5.34 0.056 0.031

n t P1 k3 2.85 0.67 5.86 0.063 0.025

n ^ k , 2.17 0.74 4.84 0.056 0.024

n|P2k2 2.44 0.71 5.83 0.063 0.035
n iP 2k 3 2.64 0.73 6.13 0.042 0.028

nlP3kl 2.24 0.77 4.63 0.048 0.029

n lP 3 k 2 2.14 0.79 5.66 0.036 0.035

n lP 3 k 3 2.32 0.76 6.08 0.037 0.023
n 2p , k , 2.92 0.70 4.84 0.057 0.029
n->pTk , 2.84 0.71 5.85 0.071 0.037

n 2P i k 3 3.05 0.73 6.63 0.061 0.031
n 2p 2k t 2.75 0.74 4.71 0.062 0.028
n-,p-,k-, 2.35 0.72 5.44 0.058 0.033
n 7p , k 3 2.63 0.76 6.41 0.048 0.024
n 7p 3k | 2.87 0.78 4.71 0.052 0.028

n2Pjk2 2.92 0.77 5.35 0.053 0.030

n2Pjk3 3.13 0.77 6.26 0.052 0.027
n 3p , k | 3.36 0.72 4.44 0.063 0.028

n 3 P lk 2 3.32 0.71 5.42 0.054 0.023

n 3 P i k 3 3.07 0.73 6.26 0.064 0.032
n 3p 7k , 2.84 0.73 4.83 0.066 0.036

n 3p 2 k 2 3.09 0.73 5.61 0.055 0.026
n-;P 7 k-. 3.41 0.78 5.55 0.061 0.026

n 3 P 3 k l 3.15 0.77 4.52 0.055 0.027
n 3p 3k 2 3.08 0.74 4.97 0.057 0.028
n 3p 3k 3 3.54 0.74 6.30 0.062 0.032

Cl 2.00 0.55 3.05 0.014 0.012
CII 1.33 0.34 2.10 0.004 0.002
F 1.035 0.242 2.16 0.006 0.002
CD 0.057 0.016 0.221 0.075 0.057

** Significant at 1 per cent level * Significant at 5 per cent level
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Appendix 15. Interaction effect ofNPK on carbohydrate content o f  flowering shoot 
(per cent)

Treatments Carbohydrate content

n,p,ki 23.03
n,p]k2 21.21

n,Pik3 21.42

n |P2ki 20.03

n]P2lc2 20.74
n,p2k3 16.29
n|P3k, 21.29
n|p3k2 17.04

niP3k3 17.53
n2p,k] 17.25
n2p,k2 18.44
n2p]k3 17.53

n2P2ki 17.50
n2p2k2 19.05
n2p2k3 19.31
n,p3k[ 17.77
n2p3k2 17.61
n2p3k3 17.40

n3Pik i 17.34
n3Pjk2 17.93
n3Plk3 16.50
n3p2k, 16.37
n3p2k2 19.68
n3p2k3 18.69
n3p3k, 17.65
n3p3k2 16.60
n3p3k3 18.20

Cl 16.40
CI1 11.30 '
F 17.38**
CD 0.912

** Significant at 1 percent level
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Appendix 16. Interaction effect of NPK on uptake of nutrients (kg ha'1)

Treatments N P K Mg Zn

niPiki 3.37 2.85 5.83 0.062 0.033

n,p|k2 4.20 2.79 7.87 0.063 0.033
n |P |k3 4.14 2.89 6.64 0.063 0.034
njp2k, 4.27 3.01 6.65 0.059 0.034
n,p2k2 4.10 4.28 7.77 0.071 0.045
niP2k3 4.03 4.77 6.21 0.075 0.042
n]P3k| 4.16 5.26 5.54 0.063 0.039
n(p3k2 3.91 5.35 8.81 0.075 0.046
n,p3k3 3.46 5.48 7.11 0.069 0.044

n3Piki 4.07 4.04 8.83 0.073 0.042

n2p]k2 4.27 3.95 8.82 0.079 0.043
n^P|k, 6.15 3.25 7.95 0.080 0.044

n^p2kj 6.88 3.51 5.58 0.081 0.042
n-)P-)k-) 6.64 4.27 6.65 0.063 0.035

n?P?kt 6.04 4.09 6.02 0.063 0.039

n2P3ki 6.21 4.41 7.84 0.064 0.047
n2p3k2 6.59 4.14 7.80 0.063 0.047

n2?3k3 6.71 4.35 5.96 0.067 0.046
n,P |k| 6.65 4.20 6.67 0.082 0.044
n3p,k2 7.68 4.30 6.83 0.066 0.039
n3P,k3 7.15 4.76 6.81 0.082 0.036
n3p2ki 7.88 4.86 9.04 0.082 0.048
n3p2k2 7.76 4.85 8.92 0.061 0.044
n3p2k3 9.81 5.62 10.08 0.082 0.037

njP3k l 9.85 5.43 6.54 0.064 0.046
n3p3k2 10.62 5.93 7.48 0.064 0.046
n3p3k3 10.60 5.96 9.80 0.064 0.044

Cl 4.92 2.616 3.143 0.027 0.024
CII 2.0 2.2 2.5 0.004 0.002
F 6.30’ * 7.03” 60.74” 24.27” NS
CD 0.797 0.332 0.285 0.039 —

** Significant at i percentlevel NSNotsignificant
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Appendix 17. Interaction effect of NPK on essential oil content (per cent)

Treatments Essential oil content

n i P i k i 0.29

n |Plk2 0.29
nlP |k3 0.29

n i P z k i 0.29

nlP2^2 0.29
n ,p 2k 3 0.29

n i P j k i 0.28
n,p3k2 0.28

n l P 3 k 3 0.28
n2p]k] 0.28

^ 2 P l k 2 0.28
n2p,k3 0.28
n2p2ki 0.28
n2p2k2 0.29
n2p2k3 0.29
n2p3k, 0.28
n 2p 3k 2 0.27
n2p3k 3 0.29
n 3P ]k | 0.28
n3p,k2 0.28
n3p,k3 0.29
n3p2k| 0.29
n3p2k2 0.29
n3p2k3 0.29
n3p3k! 0.29
n 3p 3k2 0.28
n3p3k3 0.251

C l 0.287
CII 0.251
F 2 .136"
C D 0.008

** Significant at 1 percent level
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Appendix 18. Interaction effect ofNPK on available soil nutrients (kg ha-1)

T r e a t m e n t s N P K

n i P i k i 144.50 435.53 318.63 .

n , p , k 2 134.25 407.32 660.03

n l P ] k 3 175.27 441.78 702.57

n l P 2 k l 191.99 573.04 437.15

n , p 2 k 2 210.74 554.09 519.91

n l P 2 k 3 213.41 605.47 551.70

n l P j k ! 177.58 699.06 541.01
n [p 3 k 2 230.90 737.61 666.18

n l P 3 k 3 253.94 591.65 720.80

n 2p | k i 246.19 362.62 388.80
n 2P i k 2 269.29 441.57 499.62
n 2 p , k 3 258.89 477.22 683.11
n 2 p 2 k i 193.10 572.91 546.95

n ? P ? k ? 268.68 537.06 710.74
n ? P o k , 257.34 607.70 640.72
n 2 p 3k | 297.82 618.49 458.78
n 2p 3k 2 314.26 688.49 568.95

n 2 P 3 k 3 270.05 494.98 630.83

n 3P i k i 320.55 376.40 759.85

n 3P i k 2 314.01 551.89 749.72
n 3 P l k 3 314.62 500.22 470.79
n 3p 2 k i 259.88 601.50 442.05

n 3p 2 k 2 349.93 579.96 584.92
n 3p 9 k 3 371.78 756.89 550.94
n 3p 3 k . 386.08 724.59 656.43

n 3P 3k o 290.20 736.40 720.41

n 3 P 3 k 3 385.96 756.14 737.44

Cl 150.07 314.68 397.68
CII 105.733 65.94 115.00
F 71.174** 11.66** 10.26**
CD 11.49 37.82 95.30

** Significant at 1 percentlevel
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Treatment Time taken for 
flower opening

Time taken for 
colour fading

Time taken for 
lossofturgidity

n ,p ik i 5.33 9.35 28.00
njpjko 5.34 9.87 28.00
n,p |k3 5.32 9.37 28.00
n,p2k| 5.67 9.38 28.00

rt|p2k2 5.35 9.38 28.00
n iP2k3 5,36 9.38 28.00

n lP 3 k l 5.75 30.13 29.52
nlP3k2 5.84 9.38 28.00

nlP3k3 5.33 9.38 28.00
n2Pik | 5.34 9.38 28.00
n2p,k2 5.36 9.38 28.00
n2Plk3 5.32 9.38 28.00
n2p2kj 5.46 9.38 28.00
n2p2k2 5.33 9.38 28.00
n2p2k3 5.33 9.38 28.00

n:P3ki 5.32 9.38 28.00
n2p3 k2 5.32 9.38 28.00
n2p3k3 5.32 9.38 28.00

n 3 P lk l 5.33 9.38 28.00
n3Pik2 5.31 9.38 28.00
n3P,k3 5.33 9.38 28.00

n3P2ki 5.32 9.38 28.00

n 3 P 2 k 2 5.31 9.38 28.00
n3p2k3 5.33 9.38 28.00
n3p3k, 5.32 9.38 28.00
n3p3k2 5.30 9.38 28.00

n 3 P 3 k 3 5.30 9.38 28.00

Cl 5.34 19.38 58.00
C1I 4.14 14.46 49.86
F 125.14** 135.24’ * 83.42**
CD 0.02 0.02 0.02

** Significant at I per cent level
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Appendix 20. Interaction effect ofNPK on shelf life of flowers (V0E0S,) hours

Treatments Time taken for 
colour fading

Time taken for 
loss ofturgidity

n i P i k , 516.00 586.80

n |P lk2 516.00 586.80

n l P l k 3 516.00 586.80
n,p2ki 516.00 586.80

n ,p2k2 516.00 586.80

n | P 2 k 3 516.00 586.80
n , P 3 k | 516.00 586.80
n,p3k2 516.00 586.80

n l P j k 3 516.00 586.80

n2Plk I 516.00 586.80
n2p[k2 516.00 586.80
n 2P | k 3 516.00 586.80
n2p2kl 516.00 586.80
n2p2k2 516.00 586.80
n2p2k3 516.00 586.80
n2p3k, 516.00 586.80
n 2 p 3k 2 516.00 586.80
n2p3k3 516.00 586.80

n 3 P l k l 516.00 586.80
n3p|k2 516.00 586.80

n3 PI k3 516.00 586.80
n 3 P 2 k 1 516.00 586.80
n3p2k2 516.00 586.80
n3p2k3 516.00 586.80
n 3p 3k i 516.00 586.80
n3p3k2 516.00 586.80
n3p3k3 516.00 586.80

Cl 516.00 586.80
CII 500.02 586.80
F N S NS
C D —

NS - Not significant



Appendix 21. Interaction effect ofNPK on shelf life flowers (V(}E,S0) hours

Treatment Time taken for 
flower opening

Time taken for 
colour fading

Time taken for 
loss of turgidity

niPlkl
6.38 78.48 126.85

nlP]k2 6.38 78.48 126.85

n]P!k3 6.38 78.48 126.85
n,p2k, 6.38 78.48 126.85
n|p2k? 6.38 78.48 126.85
n,p2k3 6.38 78.48 126.85

n,P3k, 6.38 78.77 126.85

n,p3k2 7.28 78.77 126.85

n|Pjk3
7.28 78.77 126.85

n ^ k . 7.24 78.48 126.85
n2p,k2 6.95 78.48 126.85

n2p,k3 6.95 78.63 126.85
n ^ k i 6.95 78.63 126.85

6.95 78.63 126.85

n,p9k3 6.95 78.77 126.85

n-)p3k[ 6.95 78.77 126.85

n7p^ki 6.83 78.77 127.00

n-)p3k3 6.84 78.48 127.00

n3P,k, 6.84 78.48 126.85

n3P|k2 6.38 78.48 126.85
n3p ,k3 6.38 78.48 126.85

n3P2kl
6.38 78.48 126.85

n3p2k2 6.38 78.48 126.85

n3p2k3 6.94 78.48 126.85

n3p3k. 6.93 78.48 126.85
n-^k-, 6.94 78.48 126.85

n3p3k3 6.38 78.48 126.85

Cl 6.25 78.48 125.00
CII 6.05 75.56 120.38
F 4.39*“ 2.84“* 0.11
CD 0.37 0.14 0.11

** Significant at 1 per cent level



Appendix 22. Interaction effect ofNPK on shelf life of flowers (V ^ S ,)  hours

Treatment Time taken for 
colour fading

Time take for 
loss ofturgidity

n |P i k i 516.00 586.80

n1p Ik2 516.00 586.80

n l P l k 3 516.00 586.80

n , p 2 k i 516.00 586.80

nlP2k2 516.00 586.80

n , p 2 k 3 516.00 586.80

n ,P3ki 516.00 586.80

n,p3k2 516.00 586.80

n 1P3k3 516.00 586.80

n2PlkI 516.00 586.80

n2p ,k2 516.00 586.80
n 2 p , k 3 516.00 586.80

n2p2k. 516.00 586.80

n2p2k2 516.00 586.80

n 2p 2k 3 516.00 586.80

n 2 p 3k i 516.00 586.80

n 2 p 3k 2 516.00 586.80

n2Pjk3 516.00 586.80

n 3P tk i 516.00 586.80

n 3P ik2 516.00 586.80
n 3 p i k 3 516.00 586.80

n 3p 2 k i 516.00 586.80

n 3P2k2 516.00 586.80

n 3p 2 k 3 516.00 586.80
n 3p 3 k , 516.00 586.80

n3p3k2 516.00 586.80

n 3P3k3 516.00 586.80

Cl 516.00 586.80
CII 500.01 586.80
F N S N S

CD — —
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Appendix 23. Interaction effect of NPK on shelf life of flowers (V(E0S0) hours

Treatments Time taken for 
flower opening

Time taken for 
colour fading

Time taken for 
lossofturgidity

n iP ik i 5.86 31.48 67.13

n l P l k 2 5.86 31.48 67.13

n! P1 k3 5.86 31.48 67.13

n lP2k i 5.86 31.48 67.13
n,p7k2 5.86 31.48 67.13
n,p2k3 5.86 31.48 67.13

n | P j k i 5.86 33.42 67.13

n|P3k2 5.86 31.48 67.13

n lP3k3 5.80 31,48 67.13
n2P,k, 5.86 31.48 67.13

n 2p j k 2 5.86 31.48 67.13
n2p,k3 5.86 31.48 67.13

n2p2k1 5.86 31.48 67.13
n-)p2 k-> 5.86 31.48 67.13
n 2 p 2k 3 5.86 31.48 67.13
n 2p 3 k [ 5.86 31.48 67.13
n2p3k2 5.86 31.48 67.13
n2p3k3 5.86 31.48 67.13
n3Pik i 5.86 31.48 67.13
n3p,k2 5.86 31.48 67.13

n3Plk3 5.86 31.48 67.13

n3p2kI 5.86 31.48 67.13
n3p2k7 5.86 31.48 67.13
n3p2k3 5.86 31.48 67.13
n3p3k, 5.86 31.48 67.13

n3P3k2 5.86 31.48 67.13

n3P3k3 5.86 31.48 67.13

C l 5.86 31.48 67.13
C I I 5.86 31.48 67.13
F NS NS NS
C D — — —

NS - Not significant



Appendix 24. Interaction effect of NPK on shelf life of flower (V ^ S ,)  hours

Treatments Time taken for 
colour fading

Time taken for 
lossofturgidity

niPik i 516.00 586.80
n,p,k2 516.00 586.80
n,p,k3 516.00 586.80
njp2k| 516.00 586.80
n,p2k2 516.00 586.80
n,p2k3 516.00 586.80

n lP 3 k l 516.00 586.80
n,p3k2 516.00 586.80
n,p3k3 516.00 586.80

n2Plk l 516.00 586.80
n2pjk2 516.00 586.80
n2p,k3 516.00 586.80
n2p2k| 516.00 586.80
n2p2k2 516.00 586.80
n2p2k3 516.00 586.80
n2p3k, 516.00 586.80
n-,p3k2 516.00 586.80
n2p3k3 516.00 586.80

n 3 P lk l 516.00 586.80
n3p,k2 516.00 586.80
n3p]k3 516.00 586.80

n 3 ? 2 k i 516.00 586.80
n3p2k2 516.00 586.80
n3p2k3 516.00 586.80
n3p3ki 516.00 586.80

n3p3k2 516.00 586.80

n 3P 3 k 3 516.00 586.80

Cl 516.00 586.80
CII 500.62 586.80
F NS NS
CD — —

NS-Not significant
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Appendix 25. Interaction effect ofNPK on shelf life of flowers (V ^S ,,) hours

Treatments Time taken for 
flower opening

Time taken for 
colour fading

Time taken for 
loss of turgidity

niPiki 7.15 78.48 125.27
n,p,k2 7.15 78.48 125.27

n lPlk3 7.25 78.48 125.27
n,p2k f 7.25 78.48 125.27

nlP2k2 7.13 78.48 125.27
n (p2k3 7.13 78.48 125.27
n lP3k , 7.30 78.77 125.27
n!p3k2 7.30 78.77 125.27
n ]P3k3 7.30 78.77 125.27
n2pik. 7.25 78.48 125.27

n2p ,k2 7.25 78.48 125.27

n2Plk3 7.25 78.63 125.27

n2p2ki 7.25 78.63 125.27
n2p2k2 7.25 78.63 125.27
n2p2k3 7.25 78.77 125.27
n->p3k i 7.30 78.77 125.27
n-,p,lc-, 7.30 78.77 125.27
n2p3k3 7.30 78.48 125.27
n .p ik , 7.25 78.48 125.27

n3Ptk2 7.25 78.48 125.27
n3p ik3 7.25 78.48 125.27
n3p2k, 7.25 78.48 125.27

n3p2k2 7.25 78.48 125.27

n3P2k3 7.25 78.48 125.27
n3p3k. 7.25 78.48 125.27
n3p3k2 7.25 78.48 125.27
n3p3k3 7.25 78.48 125.27

Cl 7.25 78.48 21.00
CII 7.25 78.56 19.75
F 435.00** 2.84** NS
CD 0.01 0.14 —

** Significant at 1 percent level NS - Not significant



Appendix 26. InteractionefFectofNPKonshelflifeofflowersCV^S^hours

Treatments Time taken for 
colour fading

Time for taken for 
loss ofturgidity

n iPik i 516.00 586.80
516.00 586.80

nlP]k3 516.00 586.80
nlP2kj 516.00 586.80

niP2k2 516.00 586.80

n iP 2 k 3 516.00 586.80

n]P3ki 516.00 586.80

nlP3k2 516.00 586.80

n l P 3k 3 516.00 586.80

n2PlkI 516.00 586.80

n2Pik2 516.00 586.80
n2pik3 516.00 586.80

n2P2ki 516.00 586.80

n2P2k2 516.00 586.80
n2P2k3 516.00 586.80
n2p3ki 516.00 586.80
n2p3k2 516.00 586.80

n 2 P 3 k 3 516.00 586.80

n3p lkl 516.00 586.80
n3pik2 516.00 586.80

n 3P i k 3 516.00 586.80

n3P2kl 516.00 586.80

n3p2k2 516.00 586.80
n3p2k3 516.00 586.80

n3P3ki 516.00 586.80

n3P3k2 516.00 586.80
n3p3k3 516.00 586.80

Cl 516.00 586.80
CII 500.02 586.80
F NS NS
CD — —

NS -Notsignificant
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ABSTRACT

The experiment was conducted at the Department o f Horticulture, College 

o f Agriculture, Vellayani during 1998-1999 with the objective to standardise the 

nu trien t requ irem en t in bush jasm ine  and its post ha rv est studies.

The resu lts  o f  experim en t I revealed  that the g row th  characters 

like length o f  m ain shoot, num ber o f  prim ary  b ranches, leng th  o f  prim ary 

and secondary  b ranches, spread  o f  p lan t in East-W est and N orth-South  

d irection  perfo rm ed  w ell at the h ighest dose o f  m ajo r n u trien ts  applied 

viz., 600 kg N , 600 kg P->05 and 600 kg K20  h a '1. The m axim um  num ber 

o f  secondary  b ranches w as ob tained  at 450 kg h a '1 o f  K ,0  and P-,0<.

The y ie ld  o f  flow ers w as h ighest at low er doses o f  m ajo r nutrien ts 

applied  v iz ., 300 kg N, 300 kg P20 5 and 450 kg K -,0  h a '1.

R egard ing  m onthly  y ie ld  pattern  low er levels o f  nu trien ts (N 

and P) gave be tte r y ie ld  in general, po tassium  w as e ffec tive  at 450 kg 

K20  h a '1. D uring  the g row th  period  the effect o f  n u trien ts  app lied  was 

significant in itia lly  then  declined in betw een and finally  the y ie ld  increased 

in tune w ith the season.

The 100 bud w eight o f  flow er buds was m axim um  at 300 kg 

h a '1 and 300 kg P20 5 h a '1. The tim e taken for flow er open ing  delayed at 

600 kg P20 5 h a '1.



F o lia r n itrogen  w as m axim um  at highest levels o f  m ajor nutrients 

applied . The le a f  phosphorus con ten t w as m axim um  at 450 and 600 kg 

N h a '1, 600 kg h a '1 o f  P20 5 and K->0. C onten t o f  lea f potassium  was 

highest at 450 kg h a '1 o f  N and P20 5 and 600 kg K20  h a '1. Foliar 

m agnesium  w as high w hen n itro g en  w as ap p lied  at 600 kg N h a '1, 

phosphorus at 300 kg h a '1. F o lia r zinc con ten t w as recorded the highest 

w hen 450 kg h a '1 o f  n itrogen  and potassium  w as applied. Phosphorus 

applied  at 450 and 600 kg P -,0 5 h a '1 increased  the fo liar zinc content.

L ow est dose o f  n itrogen  (300 kg  h a '1) increased  the carbohydrate 

content o f  flow ering  shoot.

U ptake o f  n itrogen  and phosphorus was found effective at 600 kg 

N : 600 kg P ?0 5 : 600 kg K20  h a '1. But uptake o f  potassium  was 

m axim um  at 600 kg N : 450 kg P20 5 : 450 kg K -,0 h a '1. The uptake o f 

m agnesium  recorded  h ighest value at 600 kg N : 300 kg P20 5 : 300 kg 

K-,0 h a '1 and 450 kg K20  h a '1. Z inc uptake w as m axim um  w ith highest 

dose o f nitrogen and phosphorus applied and 300 and 450 kg K-,0 h a '1 applied.

The essen tial oil con ten t w as m axim um  at n ( and n^ levels. The 

availab le  soil N, P, K con ten t w as m axim um  at the h ighest dose o f  nutrient 

applied (600 kg N : 600 kg P 20 5 : 600 kg K -,0 h a '1).

The experim ent II on post harvest studies on bush jasm ine proved 

sign ifican t effects betw een the trea tm en ts. For the treatm ent V0E 0S0 

tim e taken for flow er opening  w as delayed  and the tim e taken for reten tion



The buds g iven  ethylene absorban t trea tm en t (V qE |S q) a long  with 

m ajor nu trien ts applied  delayed the tim e taken for flow er opening, retained 

co lour at 450 kg h a '1 N and 600 kg P20 5 h a '1. Tim e taken to retain 

tu rg id ity  w as in fluenced  by n itrogen  at nr  phosphorus at p3 and potassium  

at k-, and k3 levels.

Post h a rv est tre a tm e n t o f  buds w ith  e th y len e  a b so rb an ts  and 

new spaper lin ing  (V jE jSq) along w ith  m ajor nutrien ts app lied  increased 

sh e lf  life. The tim e taken for flow er opening  (n ,.  p3, k3) and the colour 

o f  flow ers w as re ta ined  longer at n2 and p 3 levels.

In general the sh e lf life o f  flow ers w as ex tended  by the various 

post harvest treatm ents com pared to con tro l. The tim e taken  for flow er 

opening  w as delayed m axim um  by ethylene absorban t trea ted  buds. Low 

tem p eratu re  trea tm en t w as best to increase  the lo ngev ity  o f  buds by- 

re ta in ing  co lou r and turgidity,.

T h e  p re s e n t  s tu d y  re v e a le d  th a t  lo w e s t d o se  o f  f e r t i l iz e r  

app lication  (300 kg N : 300 kg P 20 5 : 450 kg K20  h a '1) favoured  the 

floral characters, w hereas h ighest dosage increased  vegeta tive  grow th. 

The sh e lf  life o f  flow ers can be enhanced  by post ha rv est treatm ens 

(e th y le n e  a b s o rb a n ts  an d  low  te m p e ra tu re )  a l o n g  w i t h  f e r t i l i z e r  

app lication .

of colour and turgidity was maximum at lowest dose o f N and K (300 kg

h a '1) and highest dose of P applied (600 kg P20 5 ha’1).


