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ABSTRACT

The yield and quality of flower is greatly influenced by the quantity and type of fertilizers used.
Because of the hazards of long-term chemical fertilizer, more and more farmers all over the world
are shifting to organic fertilizers for ensuring sustainable flower production. Keeping these points in
view, present investigations were carried out to evaluate the combined impact of organic manure,
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inorganic fertilizer and bio-control agent on yield and quality of gladiolus at the Floriculture
Research Field, Bangladesh Agricultural Research Institute, Gazipur from October, 2014 to May
2015. The single factor experiment consisted of eight treatments namely: T;: Control
(Recommended dose of fertilizer) (N2oo Pso Kiso Sz0 B2Znskg/ha), T,:Tricholeachate (5000 I/ha) + Ya
RDF, Ts:Bokashi (3 t/ha) + ¥4 RDF, T4: Mustard oil cake (500 kg/ha) + ¥ RDF, Ts:Trichocompost (3
t/ha) + ¥4 RDF, T4: Farmyard manure (5 t/ha) + Trichocompost (3 t/ha) + ¥ RDF, T,: Poultry manure
(5 t/ha) + Trichocompost (3 t/ha) + ¥ RDF and Tg:Vermicompost (5 t/ha) + Trichocompost (3t/ha)+
Y, RDF. The experiment was conducted in Randomized Complete Block Design with three
replications. Application of organic manure, chemical fertilizer and bio-control agent showed
significant variations on most of the parameters. Result revealed that early sprouting of corm (8
days) was recorded from treatment Te. The treatment T; has taken the minimum period (68 days)
for 80% spike initiation. The maximum length of spike (80.0 cm) and rachis (34.0 cm), number of
florets/spike (16), number of spikes/ha (200000) was registered with the treatment Tg. However, the
highest number (2.5/hill) and weight of corm (60.0 g) and cormel per plant (20.0) was recorded with
treatment Tg. So, application of Vermicompost (5 t/ha) and Trichocompost (3t/ha) with ¥ RDF
showed best result on yield and quality of gladiolus.

Keywords: Organic manure; inorganic fertilizer; vermicompost; trichocompost; bio-control agent;

gladiolus.
1. INTRODUCTION

Gladiolus is a popular flowering plant grown all
over the world. The name gladiolus was derived
from the Latin word gladiolus, because of its
sword-like leaves. It is popularly known as sword
lily. It was introduced into cultivation at the end of
the 16" century [1]. The modern hybrids are
botanically known as Gladiolus grandiflorus
belonging to family Iridaceae. It is mainly
cultivated for cut-flowers because of its elegant
appearance with long flower spikes having rich
variations of colours and prolonged vase life.

In recent years, there have been serious
concerns about long-term adverse effect of
continuous and indiscriminate use of inorganic
fertilizers on deterioration of soil structure, soil
health and environmental pollution [2]. In
contrast, to inorganic fertilizer, the use of bio-
control agent, green manures, and other organic
matter can improve soil structure, maintain soil
health, increase nutrient uptake, suppress soil
borne fungal pathogens and that is why interests
have been raising in organic farming and uses of
Trichoderma spp. in flowers for bio-control [3,4]
and improve flower quality.

Trichoderma harzianum is a saprophytic fungus
which is generally used as a biological control
agent against a wide range of economically
important aerial and soil borne plant pathogens
[5] and has been extensively studied as potential
bio-control agents [6]. Earlier researcher [3]
investigated the effect of Trichoderma spp. on
growth of gladiolus and its ability to control
Fusarium rot disease caused by Fusarium

oxysporum. They observed that Trichoderma
suppressed soil borne fungal pathogens as well
as enhanced quantitative and qualitative traits of
gladiolus. They also found that tuberose bulbs
planting in Tricho-compost treated plot reduced
emergence time compared to controls. From
their results and those of other scientists [7], it
was concluded that some Trichoderma strains
have the potential to consistently increase plant
growth, spike length, rachis length, floret number
as well as flower yield by suppressing soil borne
fungal pathogens, root knot nematode and
bacterial wilt. Moreover, Trichocompost is highly
rich in various elements that may enrich soil
fertility and provide nutrition to the crops.

There are many factors which affect plant growth
and economic cultivation of gladiolus. Gladiolus
is a gross feeder and requires a large quantity of
NPK, both in the form of organic and inorganic
fertilizers [8]. Fertilizers have great influence on
growth, building and flower production in
gladiolus [9]. Nitrogen, phosphorus and
potassium have a significant effect on spike
production and floret quality. Duration of flower in
the field was improved through using organic
fertilizer [10].

Investigations pertaining to better growth, yield
and extend the vase life of gladiolus cut flowers
by using organic manures, inorganic fertilizers
and bio-control agent in different formulations
and combinations have been made with varying
success by several authors for different
geographical region [11,12,13,14,15]. But in
Bangladesh, a very few studies has been done
for gladiolus cultivation and to enhance the vase




life of cut flowers. Considering the facts, such
research is very important for the greater interest
of the scientist as well as the growers of our
country. The present study was therefore
undertaken with the objective to find out the
standard combination of organic manure,
inorganic fertilizers and bio-control agent for
better growth, flowering and yield of gladiolus.

2. MATERIALS AND METHODS

The present study was conducted at the
Floriculture Research Field, Horticulture
Research Centre of Bangladesh Agricultural
Research Institute (BARI), Gazipur, during
November 2014 to May 2015.The soil of the
experimental field was silty clay loam in texture
and acidic in nature. Medium size (4.0-5.0 cm
diameter) corm of gladiolus cultivar (GL-031) was
selected as experimental materials. The
experiment was laid out in a Randomized
Complete Block Design (RCBD) with three
replications. The 8 treatments were randomly
allotted in each block. The unit plot size was 2.0
m x 1.5 m accommodating 70 plants per plot.
Spacing was maintained at 20 cm from row to
row and 20 cm from plant to plant. Well-
decomposed  cowdung, poultry  manure,
vermicompost, bokashi, trichocompost, tricho-
leachate, P, K, B, S and Zn were applied during
final land preparation as per treatment. N was
applied in two installments at 30 and 60 days
after planting of corms. Recommended fertilizer
doses used as N-200 kg, P-50 kg, K-150 kg, S-
20 kg, B-2 kg, Zn-3 kg [16]. The treatments
were, T;: Control, RDF (Recommended dose of
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fertilizer) (N200 Pso Kiso Szo B, Zn; kg/ha), T,:
Tricholeachate (5000 I/ha) + ¥4 RDF,T3: Bokashi
(3 t’ha) + ¥4 RDF, T4 Mustard oil cake (500
kg/ha) + ¥ RDF, Ts: Trichocompost (3 t/ha) + Y4
RDF, Te: Farmyard manure (5 tha) +
Trichocompost (3 t/ha) + Y4 RDF, T;: Poultry
manure (5 t/ha) + Trichocompost (3 t/ha) + %
RDF, Tg: Vermicompost (5 t/ha) + Trichocompost
(8 t/ha) + ¥ RDF. The treatment composition and
nutrient contents of the materials used are also
given in Tables 1 and 2.

2.1 Chemical Analysis

The N, P, K and S contents of plant digest was
determined following micro-Kjeldahimethod [17],
colorimetrically using molybdate blue ascorbic
acid method by spectrophotometry [18], directly
by Atomic Absorption Spectrophotometer at
766.5 nm wavelength (Model No. VARIAN
SpectrAA 55B, Australia), by developing turbidity
followed by spectrophotometer at 420 nm
wavelength [19].

2.2 Data Collection

Observations were recorded from randomly
chosen 10 plants from each plot on following
parameters: 1. Days required to 80% emergence
of the crop, 2. Plant height, 3. Leaves/plant, 4.
Plant/hill, 5. Days required to 80% spike
initiation, 6. Florets number/spike, 7. Spike
length, 8. Rachis length, 9. Spike weight, 10.
Flower durability, 11. Flower yield/ha, 12. Corm
number, 13. Corm weight, 14. Corm diameter,
15. Cormel number and 16.Cormel weight.

Table 1. Treatment composition

N20o Pso Kiso S20 B2 Znz kg/ha
Liquid by-product of the Trichocompost which was

obtained during decomposition of Trichocompost materials.

fish meal + oil cake + bone meal + rice bran + poultry

refuse + water + fermented cowdung

by-product of mustard oil seed crop
spore suspension of a Trichoderma harzianum +

processed raw material (cowdung + poultry refuse + water
hyacinth + vegetable waste + saw dust + maize bran +

cow dung + cow urine + waste straw + other dairy waste &

chicken dropping + bedding material(sawdust and wood
shavings) & Trichocompost

Treatments Organic amendments Composition
T, -
T, Tricholeachate
T3 Bokashi
Ty Mustard oil cake
Ts Trichocompost
molasses)

Te Farmyard manure &

Trichocompost Trichocompost
T, Poultry manure &

Trichocompost
Tg Vermicompost &

Trichocompost

Decomposed cowdung +Eisenia fetida earthworms and
their droppings & Trichocompost
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Table 2. Nutrient contents of organic amendments used in the experiment

Organic amendments N(%)

P(%)

K(%) S(%)

Tricholeachete

Liguid by-product of the Trichocompost which was obtained

during decomposition of Trichocompost materials.

Bokashi 1.12
Mustard Oil Cake 5.2
Trichocompost 2.42
Farmyard manure 0.5
Poultry manure 3.03
Vermicompost 1.1

0.24 11 -
0.79 1 -
1.26 1.42 0.41
0.1 0.42 11
1.15 1.17 11
0.11 0.42 0.2

The recorded data on different parameters were
statistically analyzed using ‘MSTAT-C’ software.
The mean for the treatments was calculated and
analysis of variance for each of the characters
was performed by F (variance ratio) test. The
differences between the treatment means were
evaluated by Duncan’s Multiple Range Test
(DMRT) according to [20] at 5% level of
probability.

3. RESULTS AND DISCUSSION

Among different treatments, Tg (Vermicompost 5
t/ha + Tricho-compost 3 t/ha + ¥ RDF) showed
96.7% emergence of plants followed by T and
T, (93.3% plant emergence) (p<0.05; Fig. 1). The
lowest emergence percentage was noted in T;
and T, (86.7%). Pandey et al. (2013) reported
that corm planting in Trichocompost +
Vermicompost treated plot showed 98.0 % plant
emergence in gladiolus crops which support
more or less the present findings. Moreover,
plant height of gladiolus showed statistically
significant differences due to different levels of
organic manures, bio-control agent along with
guarter recommended dose of fertilizers at 25,
45, 65 and 85 DAP (Fig. 2). The tallest plant
(26.0, 38.0, 46.0 and 55.0 cm) was recorded
from Tg at 25, 45, 65 and 85 DAP, respectively,
followed by T; (25.0, 36.0, 45.0 and 50.0 cm) at
same DAP, again, at the same DAP, the shortest
plant (18.0, 24.0, 32.0 and 38.0 cm) was
recorded from T; (recommended dose of
chemical fertilizer), respectively. Gladiolus is a
gross feeder and requires a large quantity of
NPK in the form of organic and inorganic
fertilizers [16]. Plant height may be attributed to
the presence and synthesis of gibberellins in
vermicompost. Gibberellins cause both cell
elongation and division that stimulates elongation
and resulted in increased plant height. These
finding are in conformity with the findings of
previous workers [21,22] in gladiolus.

The variation among the treatments in respect of
days to sprouting of corm, leaves per plant and

plants per hill was found statistically significant
(Table 3). The corms under Tg treatment
(Farmyard manure 5 t/ha + Tricho-compost 3
t/ha + ¥4 RDF) took minimum time (8 days) to
sprouting, followed by T; and Tg (9 days)
treatment  (Poultry manure 5 tha +
Trichocompost 3 tha + ¥ RDF) and
(Vermicompost 5 t/ha + Tricho-compost 3 t/ha +
Y RDF). Corms under T; treatment (control)
required maximum time (12 days).The maximum
number of leaves were found in Tg
(Vermicompost 5 t/ha + Tricho-compost 3 t/ha +
Y, RDF) treatment (10.5) and also the maximum
(2.5) number of plants/hill was recorded at the
same treatment. The least value in these
parameters was observed in T; (control).
Increase in vegetative growth may be due to
better flow of various macro and micro nutrients
along with plant growth substances into the plant
system in the plots applied with vermicompost
and trichocompost in combination  with
quarter recommended dose of fertilizer. The
observed results are in agreement with the
findings of earlier research workers [23,24] in
flower crops.

Days required to 80% spike initiation showed
variation for different treatment (Fig. 3). The
minimum days required for corm planting to 80%
spike initiation was recorded in T; (68 days)
followed by Tg (70 days). The minimum time as
recorded in T; (68 days) was similar to those
recorded by previous research workers
[23,25,26]. Poultry manure, vermicompost and
trichocompost might have role in supply of macro
and micronutrients, enzymes and growth
hormones and provides micronutrients such as
Zn, Fe, Cu, Mn etc. in an optimum level which
help in proper flower development. Further,
increase in absorptive surface area of the roots
due to use of organic manure, bio-control agent
and fertilizer might have led to enhanced uptake
and translocation of available water and nutrients
like P, Zn, Fe, Mg and ClI, ultimately resulting in
better sink for faster mobilization  of



photosynthesis and early transformation of plant
parts from vegetative to reproductive phase.
Time required to 80% spike initiation (80 days)
was found to be delayed in control treatment.
Similar results were reported by prior workers
[27] in tuberose and [28] in gladiolus. Variation
was recorded for number on floret/spike for
different treatments under the investigation (Fig.
4). The maximum number of florets was found in
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Tg (16). The lowest numbers of floret/plant (11)
were found in control treatment (T,). Increase in
number of flowers per plant might be due to
presence of growth promotive substances like
essential plant nutrients, vitamins, enzymes and
antibiotics in vermicompost and trichocompost
coupled with ¥ RDF. These findings are in
conformity with the findings of earlier workers
[29,30] in gladiolus.

100 ~

Plant emergence (%)

BT1 BT2 OT3 BT4 BT @BT6 BT7 ®T8

/////Mj’

T3

T4

Treatments

& 77

T5

Fig. 1. Effect of different treatments on plant emergence of gladiolus (%)

Here, T1: Control (Recommended dose of fertilizer), T2:Tricholeachate (5000 I/ha) + ¥ RDF, T3:Bokashi (3 t/ha) +
% RDF, T 4: Mustard oil cake (500 kg/ha) + ¥4 RDF, Ts:Trichocompost (3 t/ha) + ¥aRDF, Ts: Farmyard manure (5
t/ha) + Trichocompost (3 t/ha) + ¥aRDF, T7: Poultry manure (5 t/ha) + Trichocompost (3 t/ha) + ¥2 RDF and
Tg:Vermicompost (5 t/ha) + Trichocompost (3t/ha)+ Y2 RDF. The vertical bars represent standard error of means
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Fig. 2. Effect of different treatments on plant height of gladiolus
Here, the treatments already stated in Fig. 1. and in materials and methods section. The vertical bars represent
standard error of means
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Table 3. Effect of organic manure, fertilizer and bio-control agent on vegetative growth of

gladiolus
Treatments Days to sprouting Leaves/plant Plants/hill
Ty 120 a 8.0b 10b
T, 11.0 ab 9.2 ab 1.3ab
T3 10.0 ab 9.3ab l4ab
T, 10.0 ab 9.3ab 15ab
Ts 10.0 ab 9.3ab 1.6ab
Te 8.0b 103 a 1.8ab
T, 9.0ab 104 a 1.8ab
Tg 9.0 ab 10.5a 25a
LSD (0.05) 2.1 24 2.0
CV% 9.2 10.4 9.8

Here, the treatments already stated in Fig. 1. and in materials and methods section. Column with the different
letter(s) is significantly different @ 5% level of significance

90 -~

Days to 80% spike initiation

BT1 @T2 OT3 BT4 BTs @T6 BT7 @T8

T3

Treatments

Ts T6 T7 T8

Fig. 3. Effect of different treatments on 80% spike initiation of gladiolus
Here, the treatments already stated in Fig. 1. and in materials and methods section. The vertical bars represent
standard error of means

The longest (78.0 cm) length of flower spike was
recorded in Tg and the shortest spike length was
found in control, T, (68.5 cm) treatment (Table
4).These results are similar to the work of
previous researchers [31] who found that spike
length was increased with the application of
vermicompost and trichocompost along with %4
RDF fertilizers. The rachis length ranged from
43.5 to 43.5 cm. Maximum length of rachis was
obtained in Tg (43.5 cm) and while the minimum
length was found in Ty (34.0 cm), which differed
significantly from all other treatments. The same
treatment (Tg) contributed to maximum weight of
spike (65.0 g), which was closely followed by T,
(63.0 g) treatment and the minimum value found
in treatment T; (55.0 g).The improvement in
quality of spikes was mainly due to castings of

earthworms which consists of plant growth
hormones, various enzymes along with macro
and micronutrients [32].

Maximum duration of flowering was observed in
Tg (Vermicompost 5 t/ha + trichocompost 3 t/ha +
Y RDF) (17 days) followed by T, (16 days)
(Poultry manure 5 t/ha + trichocompost 3 t/ha +
Y RDF) (Fig. 5). Application of vermicompost
and trichocompost with ¥4 RDF as well as poultry
manure and trichocompost with % RDF
influenced flower longevity due to increased
nutrient uptake by plant and greater development
of water conducting tissues. Again, the maximum
number of flowering spike 200000/ha was
produced inTg (Vermicompost 5 t/ha +
trichocompost 3 t/ha+ % RDF) which was
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Fig. 4. Effect of different treatments on floret number of gladiolus
Here, the treatments already stated in Fig. 1. and in materials and methods section. The vertical bars represent
standard error of means

Table 4. Effect of organic manure, fertilizer and bio-control agent on flowering of gladiolus

Treatments Spike length (cm) Rachis length (cm) Spike weight (g)
T, 68.5¢c 34.0c 55.0c
T, 70.0bc 35.0bc 56.8 bc
T3 71.8 bc 376D 57.0 bc
Ty 71.6 bc 38.0b 58.0 bc
Ts 73.0Db 39.8 ab 60.0 b
T 74.8 ab 41.0ab 62.8ab
T, 75.2ab 41.3ab 63.0 ab
Ts 78.0 a 43.5 a 65.0 a
LSD (0.05) 1.2 11 14
CV% 13.1 12.0 11.4

Here, the treatments already stated in Fig. 1. and in materials and methods section. Column with the different
letter(s) is significantly different @ 5% level of significance

superior to other treatments (Fig. 6). Minimum
values in both cases were found in T;
treatment (control). The phenomenon of more
number of spikes might be due to slow
and unremitting discharge of nitrogenous
element from bulky organic manure and bio-
control agent with ¥4 RDF which influenced to
increase chlorophyll content importing dark
green colour foliage resulted more food
reserve that promoted number of spike per hill
(Table 2). The reason might also be the timing
of release of nutrients by the two types of
organic manures is different, so plants don't
suffer from starvation for any duration.
Moreover, the combined application of inorganic
fertilizers and organic manure was more
effective in enhancing the vyield contributing
characters which resulted in higher flower

yield, possibly due to the increased
availability of primary and secondary nutrients
in soil during the entire crop growth period and
their subsequent uptake by the plants.
In addition, the integrated nutrient supply
involving organic and inorganic components
resulted in greater stimulation of the rates of
various physiological and metabolic processes
leading to better plant growth and floral
characteristics and ultimately flower yield [33].
Similar trend has also been reported by earlier
workers [34] in tuberose flower and [35] in
gladiolus flower.

The data presented in Table 5 clearly indicated
that, corm and cormel number per hill, corm
diameter, corm weight and 10 cormel weight
were greatly influenced by different combinations



of organic and inorganic fertilizers.Treatment Tg
(Vermicompost 5 t/ha + trichocompost 3 t/ha+ Y4
RDF)  were recorded  with maximum
number of corm/hill (2.0), cormel/hill (20.0),
largest corm (5.8 cm), maximum weight (60.0 g)
of individual corm and highest value (42.0 g) of
10 cormel weight than all the other treatment
combination tried. In all cases, control treatment
(T,) showed the least values regarding corm and
cormel attributes. Beneficial effect of nutrient

Akter et al.; AIR, 12(3): 1-11, 2017; Article no.AIR.37034

sources like vermicompost, trichocompost have
great influence of corm production in gladiolus
[36]. In an experiment, treatment with
vermicompost, trichocompost with fertilizer as
well as poultry manure, trichocompost with
fertilizer both proved very effective for the
development of corms stated by [32,24] in
gladiolus.These findings are almost similar with
the findings of previous workers [37,38] in
gladiolus.

18 -

16 -

14 -

Flowering duration (days)

BT1 BHT2 OT3 BT4 B3T; @T6 BT7 @MT8

DY

DN

T2 T3 T4

Treatments

Ts T6 T7 T8

Fig.5. Effect of different treatments on flowering duration of gladiolus
Here, the treatments already stated in Fig. 1. andin materials and methods section. The vertical bars represent
standard error of means

BET1 BT2 BT3 @T4 BT; @T6 HT7 ET8
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2 200000 -
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150000 % %
125000
100000
T3 T4 Ts T6 T7 T8
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Fig.6. Effect of different treatments on spike yield of gladiolus per hectare
Here, the treatments already stated in Fig. 1. and in materials and methods section. The vertical bars represent
standard error of means
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Table 5. Effect of organic manure, inorganic fertilizer and bio-control agent on corm and
cormel production of gladiolus

Treatments Corm Cormel Corm diameter Corm 10 cormel
number/hill number/hill (cm) weight (g) weight (g)

T, 1.0b 10.0c 45b 50.0c 30.0c

T, 1.1b 110c 5.0 ab 51.8 bc 32.0 bc

Ts 15ab 13.0 bc 5.2ab 53.4 bc 35.0 bc

T, 1.5ab 13.0 bc 5.2ab 53.8 bc 36.0b

Ts 1.6 ab 13.0 bc 5.3ab 55.0b 38.5ab

Te 1.8 ab 15.0b 5.4 ab 57.0 ab 39.0ab

T, 19ab 17.0 ab 5.4 ab 58.0 ab 40.5 ab

Ts 25a 20.0 a 58a 60.0 a 42.0 a

LSD (0.05) 2.1 2.0 1.9 2.2 2.4

CV% 9.8 9.5 8.6 10.4 11.2

Here, the treatments already stated in Fig. 1. and in materials and methods section. Column with the different
letter(s) is significantly different @ 5% level of significance

4. CONCLUSION

It was observed from the results that, application
of Vermicompost 5 t/ha + Trichocompost 3 t/ha
along with /" RDF showed significant result in
vegetative growth, flowering, corm and cormel
attributes in gladiolus. Hence, application of
organic amendments in this combination is
considered as the best to get highest yield of
gladiolus flower.
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