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ABSTRACT 
 
Aims: A field experiment was conducted to evaluate soil fertility status, nutrient uptake, growth and 
yield of African marigold (Tagetes erecta Linn.) as influenced by fertilizer management with or 
without foliar spray of plant growth promoting chemicals. 
Study Design: The field experiment was conducted with eight treatments, each being replicated 
thrice in a randomized block design (RBD). 
Place and Duration of Study: Instructional cum research (ICR) farm, Assam Agricultural 
University, Jorhat, Assam (India), between September 2013 and January 2015. 
Methodology: The treatments comprised of an unfertilized plot, application of 2500 kg ha-1 
vermicompost at planting followed by 10 kg ha

-1
 each of N, P2O5 and K2O in two equal splits at the 

time of planting and at 30 days after planting (DAP), 2500 kg ha-1 vermicompost as mixture with 
fertilizer (comlizer) 10:10:10 kg ha

-1
 (Comlizer-1) or 30:10:30 kg ha

-1
 (Comlizer-2) of N, P2O5 and 

K2O, respectively applied in two splits (planting and at 30 DAP). Each comlizer treatment had two 
supplementary treatments of spraying either vermiwash solution (10% on second and third weeks 
and 20% solution on fourth and fifth weeks after planting) or indole butyric acid (IBA) and kinetin 
mixture (IBA-kinetin) solution (0.01% each on second and third weeks and 0.02% each on fourth 
and fifth weeks after planting), respectively. 
Results: The soil pH, organic carbon and available phosphorous contents after harvest of the crop 
were not affected by the treatments. The available nitrogen content in soil significantly increased in 
comlizer-2, but the available potassium content was not affected by the fertilizer doses. The NH4-N 
and NO3-N in soil at 15 and 45 DAP increased significantly with application of comlizer-2. 
Phosphorous and potassium uptake by aerial biomass of marigold at 21 and 42 days after planting 
significantly increased in Comlizer-2, but the effect of foliar spray was not significant. The highest 
fresh flower yield was produced by application of Comlizer-2 with foliar spray of vermiwash, and 
differed significantly to the rest of the treatments. 
Conclusion: Application of mineral fertilizers as mixture with vermicompost and integrated with 
foliar spray of growth regulators showed promising results. Further works with higher doses of 
nutrient and compost, frequency and intensity of foliar application of growth regulators are required 
to develop cost effective nutrient management practice. 
 

 
Keywords: Mineral fertilizer; organic fertilizer; foliar application; biological activity; growth regulator. 
 
1.  INTRODUCTION 
 

Commercial horticulture has recently been 
recognized playing an important role in livelihood 
improvement of small farm units in India. The 
higher return, relative to other crop groups, was 
the main driving force for diversification                          
in favour of commercial flower cultivation [1] or 
fruits and vegetables [2]. There had been a 
continuous increase in area under floriculture 
and production of loose and cut flowers during 
2006-07 to 2013-14 in India [1]. African                
marigold is an important flower crop among the 
loose and cut flowers cultivated in Assam. The 
crop is normally grown in winter with seed 
sowing in October to November followed by 
transplanting of seedlings on attaining a               
height of 5-7 cm [3]. The ‘Siracole’ variety had 
been reported to have the potential for year-
round flower production [4] but its performance 
as a late kharif crop in the state had not            
yet been reported. The feasibility of September 
or October planting is expected to fetch higher 

income through early flower availability in the 
market, and compensate the failure of other 
kharif crops due to unwarranted rainfall during 
sowing.  
 
Marigold shows good response to fertilizers to 
meet up its high requirements of nitrogen and 
potassium, especially at early growth stages. The 
positive response of marigold to potassium levels 
in terms of growth characters and yield had been 
reported [5], while enhanced nitrogen dose 
increased flower yields but with a decline in oil 
content [6]. Foliar application of organic fertilizer 
instead of mineral fertilizer produced higher 
nutrient concentrations in marigold [7]. The 
combined application of vermicompost and 
vermiwash enhancing growth and yield of okra 
[8], and the potential of vermiwash as foliar spray 
in other crops was reported [9]. Improved growth 
parameters in tomato were observed under 
moderate and severe drought stress with 
spraying of kinetin [10]. Comlizer, a mixture of 
compost and fertilizer, could reduce half of the 
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chemical fertilizer doses without yield decline in 
tuberose [11]. Split application of N, P and K 
fertilizer was recently reported to enhance the 
yield of marigold as an intercrop with banana 
[12]. The present study was accordingly planned 
to evaluate different doses of nitrogen and 
potassium fertilizers as mixture with 
vermicompost (comlizer) in split applications with 
or without foliar spray of vermiwash or 
commercial plant growth regulators on soil 
fertility, nutrient uptake, growth and yield of 
African marigold (Tagetes erecta Linn.) cv. 
‘Siracole’. 
 

2. MATERIALS AND METHODS 
 
A field experiment was conducted at Assam 
Agricultural University’s ICR farm (situated at 9l 
m above MSL and 26°44´N, 94°l0´E) during 
2013-14 and 2014-15 (September to January). 
The treatments comprised of an T1 - unfertilized 
plot, T2 - 2500 kg ha

-1
 vermicompost before 

planting followed by recommended dose of 
10:10:10 kg ha-1 of N, P2O5 and K2O in two equal 
splits at the time of planting and at 30 days after 
planting (DAP), T3 – 2500 kg ha-1 vermicompost 
and 10:10:10 kg ha

-1
 of N, P2O5 and K2O applied 

as instant compost-fertilizer mixture (comlizer-1) 
at planting and 30 DAP, T4 – T3 + foliar spray of 
10% (v/v, liquid fertilizer: water) vermiwash 
solution at 14 and 21 DAP and 20% vermiwash 
solution at 28 and 35 DAP, T5 – T3 + foliar spray 
of 0.01% (w/v, solute: water) each of IBA and 
kinetin (IBA-kinetin) solution at 14 and 21 DAP 
and 0.02% IBA-kinetin solution at 28 and 35 
DAP,  T6 - 2500 kg ha-1 vermicompost and 
30:10:30 kg ha

-1
 of N, P2O5 and K2O applied as 

instant compost-fertilizer mixture (comlizer-2) in 
two equal splits at planting and at 30 DAP, T7 – 
T6 + foliar spray of 10% vermiwash solution at 14 
and 21 DAP followed by 20% vermiwash solution 
at 28 and 35 DAP and T8 – T6 + foliar spray of 
IBA-kinetin solution 0.01% at 14 and 21 DAP and 
0.02% at 28 and 35 DAP. The vermicompost 
used in the experiment contained total nutrients 
as 1.62% N, 0.96% P, 2.01% K in 2013 season, 
and 1.81% N, 0.89% P, 1.84% K in 2014 season. 
The vermiwash available in the local market was 
used for spray in the experiment without 
biochemical analysis. The treatments were 
replicated thrice in a randomized block                
design with individual plot size of 3.6 m x 3.0 m 
on a sandy loam soil with dry bulk density               
1.39 Mg m

-3
, pH 5.5, electrical conductivity 0.15 

dS m-1, organic carbon 6.4 g kg-1, cation 
exchange capacity 5.64 c mol (p+) kg-1, available 
N, P, K of 248.3, 19.6, 88.2 kg ha

-1
 and NH4-N 

and NO3-N of 46.4 and 22.6 mg kg-1, 
respectively. 
 
Seedlings of African marigold (Tagetes erecta 
Linn.) cv. ‘Siracole’ were planted on 25th 
September in 2013 (seedling height 7.88±0.14 
cm) and 1

st
 October in 2014 (seedling height 

7.47±0.22 cm) at a uniform spacing of 30 cm 
between plants and rows. The harvesting of 
marigold flowers in each season was completed 
by the end of January. The different plant growth 
characters, yield attributes were recorded in five 
previously marked plants of each plot, and the 
mean values were considered for data analysis 
and interpretation. The representative plant 
samples were collected at different growth 
stages for nutrient content and chlorophyll 
analysis. Surface (0-15 cm) soil samples were 
collected at different growth stages and after 
harvest of the crop in each season. The various 
parameters for soil and plant analysis were 
estimated following standard protocol described 
elsewhere and as shown in the Table 1. 
 
The vermicompost in each season was 
evaluated for bacterial count, both before and 
one hour after mixing with mineral fertilizer 
(comlizer). The population of Azotobacter and 
phosphate solubilizing bacteria (PSB) was 
estimated by plating 100 microlitres of 
vermicompost or comlizer, prepared through 
serial dilution of 1 gram of the respective sample, 
separately in Burk’s medium and Pikovskaya’s 
medium, respectively. The colony forming units 
(cfu) were counted in the plates after incubation 
at 28±2°C for 48–72 hours and the values were 
expressed as cfu gram-1 for the specific dilution 
[19]. The NH4-N and NO3-N in the soils were 
determined colorimetrically in 1 N sodium 
sulphate extract after suitable dilution [20]. The 
chlorophyll was extracted by mixing a known 
mass of marigold leaves in 80% (w/w) acetone 
and centrifugation at 5000 rpm for 15 minutes 
after keeping the content at 4°C overnight in 
dark. The absorbance of the supernatant extract 
was measured against an 80% acetone blank in 
a uv-vis-spectrophotometer, and the chlorophyll 
contents were calculated as described elsewhere 
[21]. The flower yield in every plucking was 
recorded separately for each plot and the 
cumulative total was converted to fresh flower 
yield per hectare. A one-way ANOVA was carried 
out to compare the means of the different 
treatments. When significant F-values were 
detected, the differences between individual 
means were tested using the least significant 
difference (LSD) test. 
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Table 1. Methods used for determination of various soil and plant parameters 
 
Parameter Method 
Bulk density gravimetric method with undisturbed soil [15] using a stainless steel 

metallic core (5.4 cm internal diameter and 12 cm height)  
Soil pH soil: water (10:25) suspension, glass electrode pH meter [13] 
Electrical conductivity soil: water (10:25) suspension, conductivity bridge [13] 
Cation exchange capacity centrifuge method [14] 
Organic carbon K2Cr2O7 wet oxidation method [16] 
Available nitrogen alkaline KMnO4 method [17] 
Available phosphorous Bray 1 solution [18] extract using uv-vis spectrophotometer [14] 
Available potassium 1 N CH3COONH4 extract (pH 7.0) using flame photometer [13] 
Total N in plant and 
vermicompost  

Kjeldahl method as described elsewhere [14] 

Total P and K in plant and 
vermicompost 

di-acid digestion of the sample followed by estimation of P in uv-vis 
spectrophotometer and K in flame photometer [13] 

 

3. RESULTS AND DISCUSSION 
 

3.1 Bacterial Population and pH in 
Vermicompost and Comlizer 

 

The pH and bacterial population in vermicompost 
and comlizer are presented in Table 2. The pH of 
the vermicompost was not affected by mixing of 
mineral fertilizer, irrespective of N and K doses 
(comlizer 1 and comlizer 2). The population of 
Azotobacter and phosphate solubilizing bacteria 
(PSB) significantly decreased one hour after 
mixing with mineral fertilizer, but the effect of N 
and K doses was not significant.  
 

The reduction in population of bacteria in 
vermicompost after mixing with mineral fertilizers 
conforms to the results reported earlier [22,23]. 
The reduction in bacterial population due to 
mixing of mineral fertilizer was due to production 
of toxic substance by urea through a complex 
mechanism not clearly known [24]. 
 

3.2 Growth and Yield Parameters 
 
3.2.1 Plant height and number of branches 
 

The plant height of marigold was not affected by 
the treatments at 30 days after planting (DAP), 
but differed significantly thereafter (Table 3). The 
tallest plant, in each season, at 60 and 90 DAP 
was recorded with application of vermicompost 
2500 kg ha

-1
 and enhanced doses of N and K 

fertilizers mixture (comlizer-2), which differed 
statistically to comlizer-1 at 60 and 90 DAP and 
comlizer-1 and comlizer-1+IBA-kinetin at 90 
DAP. The effect of enhanced doses of N and K 
fertilizers or spraying of vermiwash or growth 
regulator on plant height was statistically not 
significant. 

The number of primary branches and secondary 
branches in a plant significantly increased due to 
fertilizer application (Table 4). Among the 
fertilizer treatments, comlizer-2 produced more 
number of primary and secondary branches over 
VC-NPK or comlizer-1. The effect of spraying 
vermiwash or growth regulators (IBA-kinetin) on 
number of primary branches was observed for 
comlizer-1, but was absent with comlizer-2. 
 

In case of secondary branches, significant 
increase was observed due to foliar spray of 
vermiwash with comlizer-1, while the effect of 
growth regulators was not recorded irrespective 
of fertilizer doses. The lowest plant spread was 
recorded under unfertilized condition (Table 4) 
and differed significantly to fertilizer treatments. 
Among the fertilizer treatments, enhanced doses 
of N and K (comlizer-2) significantly increased 
plant spread than application of VC-NPK or 
comlizer-1. In case of vermiwash, the effect was 
significant when supplemented with comlizer-1 
but not with comlizer-2, while the growth 
regulators did not show any effect irrespective of 
comlizer-1 or comlizer-2. 
 

3.2.2 Dry matter accumulation, nutrient 
uptake and total chlorophyll content in 
leaves 

 

The dry matter accumulation (DMA) in marigold 
plants significantly increased at 21 and 42 DAP 
due to fertilizer application compared to 
unfertilized plants (Table 5). Application of 
enhanced N and K fertilizer doses (comlizer-2) 
with or without growth regulators showed 
significant positive effect on DMA of marigold 
over comlizer-1 and VC-NPK. Foliar spray of 
vermiwash or growth regulators on DMA at 21 
and 42 DAP was not significant, irrespective of 
fertilizer doses. 
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Table 2. Bacterial population and pH of vermicompost and comlizer in 2013-14 and 2014-15 
seasons 

 

Treatment pH* PSB# (-log 10-5 cfu g-1) Azotobacter (-log 10-5 cfu g-1) 

2013-14 2014-15 2013-14 2014-15 2013-14 2014-15 

Vermicompost  5.6 5.7 8.7 7.3 5.5 6.3 
Comlizer 1 5.8 6.0 7.2 6.2 4.3 4.9 
Comlizer 2 5.9 6.1 6.5 6.3 3.9 4.1 
LSD P =.05 NS NS 1.4 0.9 0.7 0.9 
CV (%) 9.6 7.3 12.6 9.2 10.9 12.5 

*1:2.5 sample: water suspension, 
#
phosphate solubilizing bacteria 

 
Table 3. Plant height (cm) of marigold at different growth stages of 2013-14 and 2014-15 

 

Treatments 30 DAP* 60 DAP 90 DAP 

2013-14 2014-15 2013-14 2014-15 2013-14 2014-15 

Unfertilized 29.6 28.8 40.7 41.3 49.5 51.0 
VC-NPK 36.6 35.8 46.7 48.0 59.7 60.9 
Comlizer-1 34.1 36.1 45.7 45.9 54.9 55.1 
Comlizer-1+vermiwash 32.7 34.6 46.9 47.2 56.1 57.4 
Comlizer-1+IBA-kinetin 33.4 31.5 44.7 45.7 55.1 55.4 
Comlizer-2 36.3 33.9 46.6 47.6 58.6 60.1 
Comlizer-2+vermiwash 34.7 36.2 48.7 50.1 61.3 63.7 
Comlizer-2+IBA-kinetin 35.0 35.6 46.7 47.2 58.9 59.8 
LSD P =.05 NS NS 3.0 3.9 5.1 4.7 
CV 7.6 10.9 5.4 5.6 6.0 4.8 

*DAP – days after planting 
 

Table 4. Number of primary and secondary branches and plant spread of marigold at 90 days 
after planting 

 

Treatments Number of primary 
branches/plant 

Number of secondary 
branches/plant 

Plant spread (cm) 
 
 2013-14 2014-15 2013-14 2014-15 2013-14 2014-15 

Unfertilized 3.9 3.5 12.9 14.0 37.0 35.5 
VC-NPK 4.7 4.8 18.7 18.2 43.7 45.3 
Comlizer-1 4.5 4.3 17.3 17.9 42.4 41.1 
Comlizer-1+vermiwash 5.2 5.5 19.4 20.1 47.2 49.0 
Comlizer-1+IBA-kinetin 5.1 5.1 18.5 18.7 45.7 45.6 
Comlizer-2 5.3 5.5 20.4 20.7 49.3 50.0 
Comlizer-2+vermiwash 5.4 5.5 20.7 21.1 51.2 54.6 
Comlizer-2+IBA-kinetin 5.3 5.5 20.1 19.6 48.5 50.7 
LSD P =.05 0.5 0.7 1.7 2.0 3.8 5.1 
CV 7.3 9.3 6.1 7.0 5.4 7.2 

 
The nutrient uptake by aerial biomass of 
marigold at 21 and 42 DAP (pooled mean over 
2013-14 and 2014-15 seasons) increased 
significantly due to fertilizer application (Figs. 1a, 
b, c). Among the fertilizer treatments, the 
difference in N, P and K uptake was not 
significant between VC-NPK and comlizer-1 with 
or without foliar spray. Enhanced N and K 
fertilizer doses supplemented with foliar spray of 
vermiwash (comlizer-2+IBA-kinetin) significantly 

increased N, P and K uptake by marigold at over 
VC-NPK or comlizer-1 at both 21 and 42 days 
after planting. However, the effect of foliar spray 
with vermiwash or growth regulators was not 
observed irrespective of comlizer-1 or comlizer-2 
(Figs. 1a, b, c). 
 
The total chlorophyll contents (pooled mean over 
2013-14 and 2014-15 seasons) in leaves of 
marigold at 21 and 42 DAP are shown in Fig. 2. 
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Application of fertilizer increased total chlorophyll 
content of leaves significantly over unfertilized 
plant. The effect of applying comlizer-
2+vermiwash on total chlorophyll contents in 

marigold leaves at 42 DAP was significantly 
higher over all the fertilizer treatments (Fig. 2), 
however the effect was not observed at             
21 DAP. 

 

 
 

 
 

 
 

Fig. 1. Nutrient uptake (pooled mean over 2013-14 and 2014-15 seasons) by aerial biomass of 
marigold at different growth stages (a) nitrogen uptake (b) phosphorous uptake (3) potassium 

uptake (error bars at specific growth stage signify LSD value among the treatments) 
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Table 5. Dry matter accumulation in marigold at 21 and 42 DAP in 2013-14 and 2014-15 
seasons 

 
Treatments 21 DAP (g m

-2
) 42 DAP (g m

-2
) 

2013-14 2014-15 2013-14 2014-15 
Unfertilized 140.2 153.7 232.8 247.9 
VC-NPK 199.6 183.6 368.1 322.6 
Comlizer-1 184.8 171.0 345.0 324.2 
Comlizer-1+vermiwash 166.4 173.5 302.4 326.0 
Comlizer-1+IBA-kinetin 171.6 172.1 322.9 310.9 
Comlizer-2 198.2 207.9 425.0 401.5 
Comlizer-2+vermiwash 212.8 198.9 473.0 451.1 
Comlizer-2+IBA-kinetin 201.0 210.9 444.5 459.5 
LSD P =.05 40.1 48.4 59.3 77.8 
CV 8.76 6.60 11.3 9.2 

 

 
 

Fig. 2. Total chlorophyll content in marigold leaves (pooled mean over 2013-14 and 2014-15 
seasons) at different growth stages (error bars at specific growth stage signify LSD value 

among the treatments) 
 
3.2.3 Flower bud initiation and flower 

characters 
 

The days to flower bud initiation in marigold was 
not affected by the treatments (Table 6). The 
lowest mean flower diameter and mean flower 
weight was recorded in unfertilized plants, and 
was statistically significant to other treatments. 
Application of vermicompost as mixture with 
enhanced N and K fertilizer doses (comlizer-2), 
and supplemented with foliar spray of vermiwash 
produced significantly larger flowers in terms of 
diameter and mass compared to VC-NPK or 
comlizer-1. 
 
3.2.4 Flower yields and cost of cultivation of 

marigold 

 
Application of fertilizers produced higher number 
of flowers in a plant over unfertilized condition 
(Table 6), but the effect of different treatments 

was not significant. Highest fresh flower yield 
(t/ha) was recorded with comlizer-2 
supplemented with foliar spray of vermiwash, 
which differed significantly to rest of the 
treatments, while the lowest flower yield in 
unfertilized plot significantly differed to rest of the 
treatments. The maximum net return per rupee 
expenditure for cultivation of marigold was 
recorded for VC-NPK treatment in both the 
seasons. 
 

Improved growth of African marigold, in terms of 
plant height, number of branches per plant, leaf 
chlorophyll content, with enhanced nitrogen 
fertilizer dose [25], and vermiwash foliar spray 
was earlier reported [26] and conform to the 
findings of the present investigation. The 
increase in total chlorophyll content of rose due 
to the application of kinetin was reported [27]. 
However, such effect of spraying kinetin and IBA 
was not observed in this study. Similar effect of 

0.00

0.33

0.66

0.99

1.32

1.65

Unfertilized VC-NPK Comlizer-1 Comlizer-1 + 
vermiwash

Comlizer-1 + 
IBA-kinetin

Comlizer-2 Comlizer-2 + 
vermiwash

Comlizer-2 + 
IBA-kinetin

To
ta

l c
h

lo
ro

p
h

yl
l (

m
g 

p
er

 g
)

21 Days after planting 42 Days after planting



 
 
 
 

Borah et al.; CJAST, 39(24): 53-65, 2020; Article no.CJAST.60260 
 
 

 
60 

 

spraying kinetin and indole acetic acid (IAA) on 
maize growth and yield but with higher 
concentrations of Na, Ca and K in leaves was 
earlier observed [28]. Increasing kinetin 
concentration decreased Mg, K and Fe 
concentrations in maize leaves and consequently 
resulted in low chlorophyll content [29]. The low 
effectiveness of IBA and kinetin in the present 
study accordingly might be due to ample nutrient 
concentrations in the leaves. The positive effect 
of foliar spray with vermiwash solution was 
because of additional contents of nutrients with 
growth hormones and enzymes [30-32] 
compared to IBA-kinetin solution. Improved 
overall growth and yield in African marigold                  
with application of chemical fertilizer with 
compost and foliar spray of humic acid was 
earlier reported [12]. Increase in flower                
diameter and weight could be attributed                      
to increased photosynthetic activity that       
favoured an increased accumulation of dry 
matter, nutrient uptake [33] and also efficient 
partitioning of photosynthates towards the sink 
[12]. 
 

3.3 Soil Fertility Status 
 

3.3.1 Ammonical and nitrate nitrogen in soil 
 
The ammonical nitrogen (NH4-N) and nitrate 
nitrogen (NO3-N) in soil (pooled mean over 2013-
14 and 2014-15 seasons) significantly increased 
at 21 DAP due to fertilizer application (Fig. 3a, b). 
The increase in NH4-N and NO3-N due to 
enhanced doses of N, K fertilizers (comlizer-2) 
was significantly superior over VC-NPK or 
comlizer-1. Foliar application of vermiwash or 
growth regulators did not produce significant 
effect on inorganic forms of nitrogen in soil. At 42 
DAP, the NH4-N and NO3-N in soil with comlizer-

1 was significantly higher than VC-NPK, and was 
at par with comlizer-2 (Fig. 3a, b). Similar to 21 
DAP, the effect of vermiwash or growth 
regulators was not observed at 42 DAP. 
 
3.3.2 Available nutrient status 
 
The soil fertility status after harvest of marigold in 
each season is shown in Table 7. The soil pH, 
organic carbon and available phosphorous 
contents were not affected by the treatments. 
The available nitrogen content decreased 
significantly in unfertilized plot, while that 
increased due to application of enhanced doses 
of nitrogen (comlizer-2). In case of available 
potassium content in soil, the value significantly 
decreased in the unfertilized plot. 
 
The mixture of vermicompost and RDF (comlizer-
1) was not effective in improving the growth and 
yield of marigold compared to their separate 
applications (VC-NPK). It was earlier observed 
that herbage and oil yield of rosemary with the 
application of chemical fertilizer NPK 300:50:50 
kg/ha was at par with vermicompost (8 t ha-1) 
and chemical fertilizer NPK 150:25:25 kg ha

-1 

[34]. Blending potting media with cow dung and 
vermicompost showed a synergistic effect on 
growth and flowering of marigold plants [35], 
while fertilizer mixture of 90:75:75 kg/ha N:P:K as 
pellets could produce higher flower yield in 
marigold over the surface broadcast of fertilizers 
[36]. Accordingly, further work with higher doses 
of fertilizers than those used in this study may 
provide additional knowledge and clarity on 
response of marigold to applied nutrients. The 
observed effect of comlizer-2+vermiwash in the 
present study was due to good early vegetative 
growth under consistent pool of available 
nutrients in soil [37] and additional supplements

 
Table 6. Flower yield in 2013 and 2014 seasons and economics of marigold cultivation 

 
Treatments No. of flowers plant

-1 
Fresh flower yield (t ha

-1
) B:C* ratio 

 2013-14 2014-15 2013-14 2014-15 Mean 
Unfertilized 45.0 49.3 11.8  12.4  12.10 0.88 
VC-NPK 69.3 70.7 18.4  19.0 18.70 1.40 
Comlizer-1 69.0 66.5 17.3  17.6  17.45 1.33 
Comlizer-1+vermiwash 65.7 68.7 17.7  18.2  17.95 1.30 
Comlizer-1+IBA-kinetin 68.2 66.7 17.1  17.9  17.50 1.15 
Comlizer-2 73.3 70.0 18.4  18.9  18.65 1.32 
Comlizer-2+vermiwash 77.3 74.3 19.5  20.0  19.75 1.30 
Comlizer-2+IBA-kinetin 70.6 67.3 18.7  19.0  18.85 1.14 
LSD 12.0 9.7 0.8  1.0    
CV 11.7 9.6 6.3 7.4   

*Calculated based on net return with mean yield of 2013-14 and 2014-15 seasons 
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Table 7. Soil fertility status after harvest of marigold in 2013-14 and 2014-15 seasons 

 
Treatments Soil pH Organic C (g kg

-1
) Available nutrients in soil (kg ha

-1
) 

 N P K 
 2013-14 2014-15 2013-14 2014-15 2013-14 2014-15 2013-14 2014-15 2013-14 2014-15 
Unfertilized 5.57 5.45 6.6 6.7 235.8 242.8 16.3 18.8 76.4 80.4 
VC-NPK 5.21 5.32 7.4 7.5 263.4 258.6 19.0 20.0 90.4 87.9 
Comlizer-1 5.29 5.40 7.2 7.4 259.9 261.5 18.0 19.1 86.7 88.4 
Comlizer-1+vermiwash 5.44 5.37 7.5 7.3 264.7 258.5 17.8 20.8 86.8 88.2 
Comlizer-1+ IBA-kinetin 5.34 5.35 7.0 7.1 257.1 265.1 17.5 18.9 87.6 86.2 
Comlizer-2 5.42 5.24 7.5 7.3 286.8 285.2 19.1 19.8 93.4 90.7 
Comlizer-2+ vermiwash 5.35 5.33 7.1 7.2 291.5 280.9 19.1 20.1 95.0 89.3 
Comlizer-2+ IBA-kinetin 5.29 5.36 7.4 7.1 287.3 281.3 18.7 18.4 90.9 91.3 
LSD NS NS NS NS 21.1 15.5 NS NS 8.6 5.2 
CV 5.2 4.4 5.6 6.8 9.2 7.8 7.7 8.8 10.2 7.3 
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Fig. 3. Inorganic nitrogen fractions in soil (pooled mean over 2013-14 and 2014-15 seasons) at 
different growth stages of marigold (a) NH4-N and (b) NO3-N (error bars at specific growth 

stage signify LSD values among the treatments) 

 
through vermiwash foliar spray (30-32), that 
facilitated better root system to support 
competitive growth and reproduction in the later 
stages of the crop [37]. Direct relationship 
between application of kinetin, auxin, gibberellin 
and uptake of Ca, Mg, P, K and their ratios in 
wheat leaves and grains had already been 
reported [38]. However, the effect of combined 
application of growth regulators on growth and 
yield of marigold was not clearly understood and 
further investigations are required for clarity. 
 

4. CONCLUSION 
 

Compost mixture with mineral fertilizer, with or 
without enhanced doses, (comlizer) was not 
effective in improving growth and yield of African 
marigold, compared to their separate 
applications. Foliar spray of mixed solution of IBA 
and kinetin with comlizer did not produce 
significant effect on growth and yield of marigold, 

irrespective of N and K fertilizer doses. 
Supplementing comlizer with foliar spray of 
vermiwash at enhanced doses of N and K 
fertilizers significantly improved growth 
parameters increasing the flower yield of 
marigold. However, it was not cost effective and 
hence compost mixture with recommended 
doses of NPK fertilizers is not recommended. 
Future work evaluating compost mixture with 
lower doses of mineral fertilizer and different 
manure sources on nutrient dynamics in soil and 
plant system may provide cost effective             
nutrient management with sustainable crop 
productivity. 
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0

12

24

36

48

60

72

84

Unfertilized VC-NPK Comlizer-1 Comlizer-1 + 
vermiwash

Comlizer-1 + 
IBA-kinetin

Comlizer-2 Comlizer-2 + 
vermiwash

Comlizer-2 + 
IBA-kinetin

A
m

m
o

n
ic

al
 n

it
ro

ge
n

 (
m

g 
p

e
r 

kg
)

a. Ammonical N 15 Days after planting 45 Days after planting

0

9

18

27

36

45

54

Unfertilized VC-NPK Comlizer-1 Comlizer-1 + 
vermiwash

Comlizer-1 + 
IBA-kinetin

Comlizer-2 Comlizer-2 + 
vermiwash

Comlizer-2 + 
IBA-kinetin

N
it

ra
te

 n
it

ro
ge

n
 (

m
g 

p
e

r 
kg

)

b. Nitrate N 15 Days after planting 45 Days after planting



 
 
 
 

Borah et al.; CJAST, 39(24): 53-65, 2020; Article no.CJAST.60260 
 
 

 
63 

 

ETHICAL APPROVAL  
 

All authors hereby declare that all experiments 
have been examined and approved by the 
appropriate ethics committee and have therefore 
been performed in accordance with the ethical 
standards laid down in the 1964 Declaration of 
Helsinki 
 

ACKNOWLEDGEMENTS 
 

The authors duly acknowledge the 
administrative, technical and other facilitation by 
Assam Agricultural University, Jorhat, Assam, 
India for carrying out the investigation and M/S 
Carnation Florist, Jorhat, Assam, India for 
support in collecting the planting materials. 
 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Misra D, Ghosh D. Growth and export 

status of Indian floriculture: A review. 
Agricultural Reviews. 2016;37(1):77-            
80. 

2. Chand R, Raju SS, Pandey LM. Triggering 
agricultural development through 
horticulture crops - progress and potential 
of horticulture in India. Indian Journal of 
Agricultural Economics. 2008;63(3):299-
309. 

3. Anonymous. Package of Practices for 
Horticultural Crops. Assam Agricultural 
University and Directorate of Horticulture 
and F.P. 2010; 2010:159.  

4. Ghosh P, Pal P. Performance of Tagetes 
erecta Linn. cv. ‘Siracole’ as influenced by 
planting time and spacing under West 
Bengal conditions. Natural Product 
Radiance. 2008;7(5):437-443. 

5. Pal P, Ghosh P. Effect of different sources 
and levels of potassium on growth, 
flowering and yield of African marigold 
(Tagetes erecta Linn) cv. ‘Siracole’. Indian 
Journal of Natural Products and 
Resources. 2010;1(3):371-375. 

6. Singh M, Tripathi RS, Singh S. Yaseen M. 
Influence of row spacing and nitrogen 
levels on herb and essential oil production 
and oil quality of Tagetes minuta L. Journal 
of Spices and Aromatic Crops. 2008;17(3): 
251–254. 

7. Bi G, Evans WB. Effects of organic and 
inorganic fertilizers on marigold growth and 

flowering. Hort Science. 2010;45(9):1373–
1377.  

8. Ansari AA, Sukhraj K. Effect of vermiwash 
and vermicompost on soil parameters and 
productivity of okra (Abelmoschus 
esculentus) in Guyana. Pakistan Journal of 
Agricultural Research. 2010;23(3-4):137-
142. 

9. Elumalai D, Kaleena, PK, Fathima M, 
Hemavathi M. Influence of vermiwash and 
plant growth regulators on the 
exomorphological characters of 
Abelmoschus esculentus (Linn.) Moench. 
African Journal of Basic and Applied 
Sciences. 2013;5(2):82-90. 

10. Niakan M, Ahmadi A. Effects of foliar 
spraying kinetin on growth parameters and 
photosynthesis of tomato under different 
levels of drought stress. Iranian Journal of 
Plant Physiology. 2014;4(2):939- 947. 

11. Borah Nilay, Deka J, Deka NC, Barua IC, 
Mahanta P, Uddin H, et al. Soil fertility and 
nutrient management in tuberose 
(Polyanthes tuberosa L.) through 
substitution of chemical fertilizer with 
comlizer. Journal of Soil and Water 
Conservation. 2015;14(3):248-254.  

12. Kabariel J, Subramanian S, Kumar M. 
Integrated nutrient management on growth 
and yield of African marigold (Tagetes 
erecta L.) hybrid L 3 grown as an intercrop 
in Grand Naine banana. International 
Journal of Science and Nature. 2016;7(2): 
291-295. 

13. Jackson ML. Soil Chemical Analysis. 
Prentice Hall of India Pvt. Ltd., New Delhi, 
India; 1973. 

14. Baruah TC, Barthakur HP. A text book of 
soil analysis. Vikash publishing, PVT Ltd, 
New Delhi; 1997. 

15. Blake GR, Hartge KH. Bulk density In: 
Methods of Soil Analysis. Part I –Physical 
and Mineralogical Methods. Second 
edition. Klute A. (editor). American Society 
of Agronomy, Madison WI; 1986. 

16. Walkley A, Black I.A. An examination of 
the Degtjareff method for determining soil 
organic matter, and a proposed 
modification of the chromic acid titration 
method. Soil Science. 1934;37(1):29-38. 

17. Subbiah K, Asija GL. A rapid procedure for 
determination of available nitrogen in soils. 
Current Science. 1956;25:259-260. 

18. Bray RH, Kurtz LT. Determination of        
total organic and available forms of 
phosphorous in soils. Soil Science. 1945; 
59:39-45. 



 
 
 
 

Borah et al.; CJAST, 39(24): 53-65, 2020; Article no.CJAST.60260 
 
 

 
64 

 

19. Borah Nilay, Deka NC, Deka J, Barua IC, 
Nath DJ, Medhi BK. Enrichment of 
compost through microbial inoculation – 
effect on quality. International Journal of 
Current Research. 2014;6(8):8026-8031. 

20. Onken AB, Sunderman HD. Colorimetric 
determination of exchangeable 
ammonium, urea, nitrate and nitrite in a 
single soil extract. Agronomy Journal. 
1977;69:49-58. 

21. Arnon DI. Copper enzymes in isolated 
chloroplasts. Polyphenoloxidase in Beta 
vulgaris. Plant Physiology. 1949;24:1-15. 

22. Shrivastava R, Shrivastava A K, 
Dewangan N. Combined application of 
Azotobacter and urea to improve growth of 
rice (Oryza sativum). IOSR Journal of 
Environmental Science, Toxicology and 
Food Technology. 2015;3:67-72. 

23. Romero-Perdomo F, Abril J, Camelo M, 
Moreno-Galván A, Pastrana I, Rojas-
Tapias D, et al. Azotobacter chroococcum 
as a potentially useful bacterial biofertilizer 
for cotton (Gossypium hirsutum):         
Effect in reducing N fertilization. Revista 
Argentina De Microbiologia. 2017;49:377–
383. 

24. Veverka K, Stolcova J, Ruzek P. 
Sensitivity of fungi to urea, ammonium 
nitrate and their equimolar solution          
UAN.  Plant Protection Science. 2007;43: 
157-164 

25. Ahmad I, Asif M, Amjad A, Ahmad S. 
Fertilization enhances growth, yield, and 
xanthophyll contents of marigold. Turkish 
Journal of Agriculture and Forestry. 2011; 
35:641–648. 

26. Nath G, Singh K. Effect of vermiwash of 
different vermicomposts on the kharif 
crops. Journal of Central European 
Agriculture. 2012;13(2):379- 402. 

27. Tabibzadeh AR, Mortazaeinezhad F, Jari 
SK. Response of quality and quantity traits 
of rose (Cv. ‘Angelina’) to kinetin 
preharvest treatment. Advances in 
Bioresearch. 2015;6(5):182-187. 

28. Kaya C, Tuna AL, Okant AM. Effect of 
foliar applied kinetin and indole acetic acid 
on maize plants grown under saline 
conditions. Turkish Journal of Agriculture 
and Forestry. 2010;34:529-538. 

29. Pazurkeiwicz-Kocot K, Kita AJ, Haduch A. 
The effect of kinetin on the chlorophyll 
pigments content in leaves of Zea mays L. 
seedlings and accumulation of some metal 

ions. Inżynieria i Ochrona Środowiska 
2011;14(4):397-409. 

30. Manyuchi MM, Phiri A, Muredzi P, 
Chitambwe T. Comparison of 
vermicompost and vermiwash biofertilizers 
from vermicomposting waste corn pulp. 
Proceedings of World Academy of 
Science, Engineering and Technology 
(WASET). 2013;78:346. 

31. Varghese SM, Prabha ML. Biochemical 
characterization of vermiwash and its 
effect on growth of Capsicum frutescens. 
Malaya Journal of Biosciences. 2014;1(2): 
86-91. 

32. Zambare VP, Padul MV, Yadav AA, Shete 
TB. Vermiwash: biochemical and 
microbiological approach as ecofriendly 
soil conditioner. ARPN Journal of 
Agricultural and Biological Science. 2008; 
3(4):1–5. 

33. Badge S, Panchbhai DM, Gajbhiye RP. 
Nutrient content, uptake and yield in 
African marigold (Tagetes erecta Linn) as 
influenced by pinching and foliar 
application of gibberellic acid. Indian 
Journal of Agricultural Research. 2015; 49 
(6):534-538. 

34. Singh M, Wasnik K. Effect of 
vermicompost and chemical fertilizer on 
growth, herb, oil yield, nutrient uptake, soil 
fertility, and oil quality of Rosemary. 
Communication in Soil Science and Plant 
Analysis. 2013; 44(18):2691–2700. 

35. Sangwan P, Garg VK, Kaushik CP. Growth 
and yield response of marigold to potting 
media containing vermicompost produced 
from different wastes. Environmentalist. 
2010;30:123–130. 

36. Muthukrishnan R, Arulmozhiselvan K, 
Jawaharlal M. Response of nutripellet 
placement on marigold yield and its 
components. African Journal of Agricultural 
Research. 2013;8(48):6332-6336. 

37. Borah Nilay, Deka J , Deka NC, Barua IC, 
Sharma KK, Maibangsa S, et al. 
Enhancing rainfed upland rice productivity 
through plant density, weed and nutrient 
management. 2017;9(25):4296-4303. 

38. Wierzbowska J, Bowszys T. Effect of 
growth regulators applied together with 
different phosphorous fertilization levels on 
the content and accumulation of 
potassium, magnesium and calcium in 
spring wheat. Journal of Elementology. 
2008;13(3):411-422. 

 



 
 
 
 

Borah et al.; CJAST, 39(24): 53-65, 2020; Article no.CJAST.60260 
 
 

 
65 

 

APPENDIX 
 

 
 

Weekly average maximum, minimum temperature (°C) and rainfall (mm) during the study 

________________________________________________________________________________ 
© 2020 Borah et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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