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	ABSTRACT	
The present investigation entitled “Integrated Nutrient Management for improving plant growth, �lowering and bulb production 
in Hyacinth (Hyacinthus	orientalis) cv. Yellow Stone” was carried out at the Floriculture experimental �ield SKUAST-K during the 
year 2018-19. Biofertilizers were applied to the bulbs at planting time using the dip method followed by shade drying before 
planting. The experiment was laid out in Randomized Complete Block Design with 15 treatments replicated three times. The 
results of the study revealed that the treatment T  signi�icantly improved vegetative, �loral, and bulb characteristics. Treatment 15

-1combination containing 80% RFD + Vermicompost (12 tons ha ) + Biofertilizers (PSB + KSB +Azotobacter) resulted in a 
minimum number of days taken to bulb sprouting (75.83days), �irst leaf appearance (81.50days), second leaf appearance 
(83.50days), third leaf appearance (85.33days), bud appearance (88.33 days) , color break (99.58days), complete �lower 
formation(109.83days), maximum plant height (18.40cm), leaf length (13.87cm), leaf width (2.45cm), length of a spike 
(18.06cm), Spike thickness (7.90mm), number of leaves per plant (23.83), number of �lorets per spike (20.33), the diameter of 
in�lorescence (7.06cm), length of in�lorescence (7.10cm), duration of �lowering (18.33days), bulb weight (40.22g), bulb 
size(11.52cm), number of offsets per bulb (3.83), weight of offsets per bulb (20.17g). 
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INTRODUCTION

Ornamental temperate bulbous crops have an important place 
in the �loriculture trade. Among these Hyacinthus	orientalis	 is 
one of the important bulbous crops which has been 
commercially used as it is having Landscape use under 
temperate and subtropical climatic conditions. Hyacinthus 
belongs to the family Asparagaceae. These are commonly called 
as “Hyacinth”. Hyacinthus is native to the Eastern Mediterranean 
region including Turkey, Iraq, Turkmenistan, Iran, Lebanon, 
Syria, and the Palestine region. 

Hyacinthus grows from bulbs, each producing four to six linear 
leaves. The �lowering stem is raceme which grows to 20-35 cm 
tall. Hyacinthus	orientalis	has a single dense spike of fragrant 
�lowers in shades of red, blue, white, orange, pink, violet or 
yellow. Nutrient enrichment plays an important role in quality 
bulb production. Organic matter plays an important role in the 
proliferation of bulblets and offsets as it provides loose and 
friable conditions. Besides this organic manure enriches the soil 
with organic carbon content, and macro and micronutrients for 

better growth and development. Integrated nutrients in 
optimum quantity assure proper growth and development of a 
plant and have been reported to enhance the bulb yield in 
Hyacinthus	 orientalis	 and other bulbous crops. Given these 
functions re�lected above the goal of soil fertility enrichment can 
be achieved which in turn can help in an enhanced proliferation 
ratio. Thus the integrated use of organic manures, inorganic 
fertilizers and biofertilizers can help in better propagation ratio 
in hyacinth but at what ratio is always questioned. Therefore the 
present investigation aims to delaminate the optimum 
combination of organic manures, inorganic fertilizers, and bio 
fertilizers which can help in enhancing bulb propagation ratio as 
well as stabilize soil health conditions. 

MATERIAL	AND	METHOD
The present investigation entitled “Integrated Nutrient 
Management for improving plant growth, �lowering and bulb 
production in Hyacinth (Hyacinthus orientalis) cv. Yellow Stone” 
was carried out at the Floriculture experimental �ield SKUAST-K 
from Nov.2018 to June 2019. Biofertilizers were applied to the 
bulbs at planting time using the dip method followed by shade 
drying before planting. The experiment was laid out in 
Randomized Complete Block Design with 15 treatments 
replicated three times.For recording various observations four 
plants in each plot were selected randomly and tagged for 
recording observations on growth, �lowering, and bulb 
attributes at successive stages. The mean of the three plots of 
three replications was considered as an average for a particular 
treatment.
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RESULTS	AND	DISCUSSION
Vegetative	parameters
At all crop growth stages, signi�icant variation in vegetative 
stages was observed among different treatments. It was 
observed that treatment T  i.e.,80% RFD +Vermicompost (12 15

-1tons ha ) + Biofertilizers (PSB + KSB + Azotobacter) resulted ina 
minimum number of days taken to bulb sprout (75.83 days) 
whereas the maximum days taken to bulb sprout (88.33 days) 
were recorded in treatment T  containing 60% RFD.  (Table 2

1).Earliness in bulb sprouting by treatment T  might be due to 15

the optimum availability of macronutrients, micronutrients and 
enzymes. Vermicompost is well known to contain macro 
elements besides Fe, Zn and provides an excellent atmosphere 
for the proliferation of microbes. Azotobacter inoculation 
increases the microbial population in the rhizosphere and 
enhances the availability of nutrients to  plants. Phosphorus 
Solubilizing Bacteria (PSB) on the other hand secretes  organic  
acids  which  form  chelates   and  such  chelation  results  in  the  
effective solubilization of phosphate. Besides this PSB increase 
the ef�iciency of phosphorus uptake and improves the means of 
nitrogen uptake as phosphorus is known to increase the uptake 
of nitrogen. The integrated nutrient approach help bulbs to 
sprout early as it facilitates conditions for the early sprout of the 
bulb through its in�luence on alterations in bulb physiological 
conditions. These results are conform with the �indings of [3], 
[12], [1].
The results about the number of days taken for leaf appearance 
were signi�icantly in�luenced by various treatment 
combinations. The minimum number of days taken to �irst leaf 
appearance (81.50 days), second leaf appearance (83.50 days), 
third leaf appearance (85.33 days) with treatment T  i.e., 80% 15

-1RFD+Vermicompost (12 tons ha )+Biofertilizers (PSB+KSB+ 
Azotobacter) and maximum days taken to �irst leaf appearance 
(93.33days), second leaf appearance (95.25days), third leaf 
appearance (97.25 days) with 60% RFD i.e., treatment T (Table 2 

1). 

Earliness in �irst, second, and third leaf emergence could be the 
synchronized in�luence of vermicompost, Azotobacter, PSB, and 
inorganic fertilizers through the availability of optimum 
nutrients which aids meristematic activities, root development, 
ef�icient translocation of stimulating compounds and maintains 
a balance between metabolism and respiration and might have 
resulted with early leaf emergence and its development. Early 
vegetative growth with a treatment containing Vermicompost + 
Azotobacter + PSB was reported by [3], [13].
The observations recorded on plant height at maturity indicate 
the application of treatment T  i.e., 80% RFD + Vermicompost 15

-1(12 tons ha ) + Biofertilizers (PSB + KSB + Azotobacter) 
improved plant height signi�icantly over all other treatments 
and recorded maximum plant height (18.40cm) where as 
minimum plant height (15.05cm) was noticed with treatment T  2

containing 60% RFD.(Table 1). Plant height may be attributed to 
the presence and synthesis of gibberellins in organic manures. 
Gibberellins cause both cell elongation and division which 
stimulated elongation and results in increased plant height. 
Moreover, the application of biofertilizers in addition to organic 
manures and inorganic fertilizers might have increased the 
absorption of the macro and micronutrients of plant. This might 
be because the combined application of biofertilizers enhance 
the rate of mineralization of plant nutrients in the soil and thus 
help in better nutrition of the crop which is re�lected in 
increasing plant height. These results are in Conformity with the 
�indings of [4], [6],[5].
Maximum leaf length (13.87cm), and leaf width (2.45cm) were 
recorded in treatment T  i.e., 80% RFD +Vermicompost (12 tons 15

-1ha ) + Biofertilizers (PSB + KSB + Azotobacter) whereas the 
minimum leaf length (9.10cm), leaf width (1.03cm)  was 
recorded in treatment T  containing 60% RFD (Table 1).The 2

dominance of treatment T  might be due to easily available 15

nutrients and uptake. Vermicompost has rich nutrient content 
and serves seat for the proliferation of microbes which are 
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responsible for �ixing or making macro nutrients available to plants. The increased population of microbes through multiplication 
helps in proper nitrogen �ixation and availability of other nutrients as well. The role of Azotobacter in the secretion of growth 
promoting substances helps in phosphate  solubilization as well as the causes biosynthesis of auxin. Thus all these combined factors 
might have improved leaf length and leaf width. These results are in Conformity with the �indings of [10].

-1Highest number of leaves per plant (23.83) were recorded in treatment T  i.e., 80%RFD + Vermicompost (12 tons ha ) + 15

Biofertilizers (PSB + KSB+ Azotobacter) whereas the lowest number of leaves per plant (17.33) were recorded in treatment T  2

containing 60% RFD (Table 1). Increasing the number of leaves with the application of bio and chemical fertilizers may be due to 
increased nitrogen availability as it is a constituent of protein, a component of protoplast and increases the chlorophyll content in 
leaves. All these factors contribute to cell multiplication, cell enlargement, and differentiation which could have resulted in better 
photosynthesis and ultimately exhibited better vegetative growth. Besides this dominance in terms of the number of leaves might be 
due to optimum nutrient availability especially NPK and activities of Azotobacter and PSB which enhance the population of growth-
promoting substances i.e., auxins, gibberellins and cytokinins. These results are in Conformity with the �indings of [7],[14].

	Table-1:	Effect	of	integrated	nutrient	management	on	Vegetative	parameters	of	Hyacinth	(Hyacinthus	orientalis)	cv.	Yellow	
Stone

Fig. 1: Graphical representation of Effect ofintegrated nutrient management on Vegetative parameters of Hyacinth (Hyacinthus 
orientalis) cv. Yellow Stone
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Floral	parameters	
At all crop growth stages, signi�icant variation in reproductive 
stages was observed among different treatments. It was 
observed that a  minimum number of days taken to bud 
appearance (88.33 days),colour break (99.58 days), days taken 
to complete �lower formation(109.83 days) was recorded in 

-1treatment T i.e., 80% RFD + Vermicompost (12 tons ha ) + 15 

Biofertilizers (PSB + KSB + Azotobacter) whereas the maximum 
days taken to bud appearance (100.25 days), colour break 
(111.41 days) , days taken to complete �lower formation (121.75 
days)was recorded in treatment T  containing 100% RFD (Table 1

2).
From physiological point of view balanced amount of nitrogen, 
phosphorus and potassium is a pre-requisite for bud initiation 
and its development as these are important in the initiation of 
�lower primordial formation. Besides this phytohormones 
produced by Azotobacter and PSB in�luence wall pressure and 
turgor pressure of cells which lead to quick cell enlargement and 
division at the meristematic portion and advances �lowering. 
These results are in close Conformity with the �indings of [3], 
[8].
The number of �lorets per spike, length of spike, and spike 
thickness were signi�icantly in�luenced by various treatments. 
Signi�icantly maximum number of �lorets per spike 
(20.33),highest length of spike (18.06cm), and maximum Spike 
thickness (7.90 mm) were recorded in treatment T  i.e., 80% 15

-1RFD + Vermicompost (12 tons ha ) + Biofertilizers (PSB+ KSB + 
Azotobacter) whereas the minimum number �lorets per spike 
(14.91), lowest length of spike (12.56cm), minimum spike 
thickness (5.03mm) were recorded in treatment T  containing 2

60% RFD (Table 2). The role of macronutrients, micronutrients 
and plant hormones in augmenting general growth and 
�lowering is well known. The improvement in vegetative 
characteristics of plant, in turn, helps in increasing the biomass 
which in turn in�luences the length of spike. Apart from the 
above reasons in improvement in the number of �lorets and 
length of spike, there are other important functions of balanced 
nutrients application. Nitrogen is an important constituent in 
chlorophyll and helps in ef�icient photosynthesis. Phosphorus 
on the other hand, increase the root density which could be due 
to the involvement of phosphorus in metabolic activities of root 
cell elongation and division resulting in increased root growth, 

and diameter which in turn aids the ef�icacy of nutrient uptake 
with advanced growth. Thus the ef�icient growth and optimum 
nutrient application might have enhanced spike thickness. 
These results are in close conformity with the �indings of [9].
The maximum diameter of in�lorescence (7.06cm) was 
recorded in treatment T  i.e., 80% RFD + Vermicompost (12 15

-1tons ha ) + Biofertilizers (PSB+ KSB + Azotobacter) whereas the 
minimum diameter of in�lorescence (4.16cm) was recorded in 
treatment T containing 60% RFD (Table 2). The dominance in 2 

diameter of in�lorescence by application of treatment T  might 15

be due to the rich and readily available nutrient composition of 
vermicompost containing macronutrients, Fe, Zn and also aids 
in improvement in the proliferation of microbes and ef�icacy of 
enzyme activity. Azotobacter inoculation increases the 
microbial population in the minor rhizosphere and enhances 
nitrogen �ixation. Phosphorus Solubilizing Bacteria (PSB) on the 
other hand secretes organic acids which form chelates and such 
chelation results in the effective solubilization of phosphate. 
Besides this PSB increase the ef�iciency of phosphorus uptake 
and improves the means of nitrogen uptake as phosphorus is 
known to increase uptake of nitrogen. These results are in 
conformity with the �indings of [3].
The highest length of in�lorescence (7.10cm) was recorded in 

-1treatment T  i.e., 80% RFD + Vermicompost (12 tons ha ) + 15

Biofertilizers (PSB+ KSB + Azotobacter) whereas the lowest 
length of in�lorescence (4.20cm) was recorded in treatment T  2

containing 60% RFD. (Table 2). It might be due to that 
Azotobacter accumulates nitrogen near the root zone of the 
plant and PSB convert unavailable phosphorus to available form 
and increase the availability of phosphorus to plants. These 
results conform with the �indings of [2].
The maximum duration of �lowering (18.33days) was recorded 

-1in treatment T  i.e., 80% RFD + Vermicompost (12 tons ha ) 15

+Biofertilizers (PSB+ KSB + Azotobacter) whereas the minimum 
duration of �lowering (14.41days) was recorded intreatment T  2

containing 60% RFD (Table 2). It is due to the easy balanced 
availability of nutrients to plants by vermicompost for better 
root proliferation, enhanced microbial activity, excellent uptake 
of NPK due to improved biological characteristics, and 
enhancement of photosynthetic activity. These results are in 
conformity with the �indings of [3].

Table-2.:	Effect	of	 integrated	nutrient	management	on	�loral	parameters	of	Hyacinth	(Hyacinthus	orientalis)	cv.	Yellow	
Stone
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Fig.	2:	Graphical	representation	of	Effect	o�integrated	nutrient	management		on	Floral	parameters	of	Hyacinth	(Hyacinthus	
orientalis)	cv.	Yellow	Stone

Bulb	parameters	
Bulb parameters were signi�icantly in�luenced by various treatment combinations. Maximum bulb weight (40.22g), maximum bulb 
size (11.52cm), the maximum number of offsets per bulb (3.83), and maximum weight of offsets per bulb (20.17g)  was recorded in 
treatment T whereas the minimum bulb weight (27.77g), minimum bulb size (7.12cm), minimum number of offsets (2.00), 15

minimum weight of offsets per bulb (10.05g) was recorded in treatment T  (Table 3).2
-1The dominance of treatment T  i.e., 80% RFD + Vermicompost (12 tons ha ) + Biofertilizers (PSB+ KSB + Azotobacter) is due to the  15

application of an optimum dose of phosphorus through PSB, vermicompost and inorganic sources resulting in more dry matter 
production by the plants and thus higher rates of transport and accumulation of metabolites in storage structures. Thus the 
integrated approach of optimum nutrient management through treatment (T ) might have improved general growth characteristics 15

and resulted with signi�icant in�luence on bulb weight, bulb size, number of offsets per bulb and weight of offsets per bulb. The results 
are in close agreement with those obtained by [3], [11].
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Table-3:	Effect	of	integrated	nutrient	management	on	bulb	parameters	of	Hyacinth	(Hyacinthus	orientalis)	cv.	Yellow	Stone

Fig.	3:	Graphical	representation	of	Effect	o�integrated	nutrientmanagement	on	Bulb	parameters	of	Hyacinth	(Hyacinthus	
orientalis)	cv.	Yellow	Stone

CONCLUSION
-1Present investigation led to conclude that treatment T  [80% RFD + Vermicompost (12 tons ha ) + Biofertilizers (PSB + KSB + 15

Azotobacter)] proved to be superior in terms of increasing vegetative, �loral and bulb attributes in Hyacinthus	orientalis	cv. Yellow 
Stone
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Colour	Break Full	Bloom	Stage
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