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Abstract: The present study was undertaken to compare the efficiency of two Arbuscular mycorrhizal (AM)
fungi Glomus mosseae (G), Acaulospora laevis (A) along and in combination with Pseudomonas fluorescens
(P), Trichoderma viride (T) and growth regulators like salicylic acid and kinetin and nutrients like sucrose and
NaCl on the vase life of Chrysanthemum flowers. Different parameters like visible effect, flower diameter, volume
of holding solution, vase life and peroxidase activity was recorded at 0, 8 and 16 days of holding cut flowers
in 100 ml different solutions. The maximum vase life was observed in T12 (G+A+T) treatment (15.66±0.57),
followed by T7 (G+T) 15.33±0.57, T2 (G) 14.66±0.57, T3 (A) 14.33±0.57 and kinetin (14.33±0.57). Triple
inoculation of (G+A+T) treated flowers showed lesser peroxidase activity 0.024± 0.004 mg m  on 0-day stage10

to 0.123± 0.004 mg m  on 15-day stage, as compared to flower placed in other solutions. So, it is evident from10

our result that the vase life of Chrysanthemum flowers increased by inoculation of different bioinoculants as
compared to the treated with different growth regulators and nutrients.

Key words: Endomycorrhizal fungi  Vase life  Growth regulators Trichoderma viride Pseudomonas
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INTRODUCTION flowers at the time of purchase and a guaranteed long

Flowers are one of the most important adornments of The longevity or potential vase life of flower is determined
the world with their valuable aesthetic, environmental, by the environmental conditions under which the flowers
economic and medicinal properties. The estimated area are produced and post harvest factors such as increase in
under flower crops in the country is about 1.06 lakh activity of peroxidase enzyme and temperature under
hectare [1]. Cut flowers (Rose, Gladiolus, Tuberose, which flowers are kept. Cut flowers lose their freshness
Chrysanthemum etc.) are in demand both locally, as well and quality during post harvest period. The functional life
as in international market. Among these Chrysanthemum of flower is terminated by senescence. Flower senescence
is one of the leading commercial flower in India as well as represents the last stage of floral development and results
in north eastern states. This flower occurs in various in deteriorative changes which are manifest as petal
colours and grown for cut flower production and as well wilting, color change or abscission of whole flower or
as potted flowering plant for exhibition and decoration. flower part [2].
Medicinally Chrysanthemum  flowers are boiled to make There are  several  reports  on post harvest treatment
a  sweet drink known as Chrysanthemum tea which is of cut flowers to increase the vase life by using growth
used in treatment of many diseases, including an aid in regulators (kinetin and salicylic acid), sugar,
recovery  from influenza. Extract of Chrysanthemum macronutrients, micronutrients etc. The vase life of many
plants (stem and flower) have been shown to have a wide flowers has been prolonged when kinetin or cytokinins
variety of potential medicinal properties including anti have been added to holding solution [3, 4]. Salicylic acid
HIV-1, antibacterial and antimycotic. is an endogenous growth regulator of phenolic nature

Vase life is an important consideration of choosing which is used to increase plant tolerance against adverse
flowers. Consumers of cut flowers demand high quality effect of biotic and abiotic stresses [5-7]. Similarly vase

vase life that the aesthetic value of the flowers will last.
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life of cut Chrysanthemum and rose flowers has been Treatment T6- G. mosseae + A. laevis
often extended when they have been held in vase solution
containing sucrose [8, 9].

Beneficial microbes specially Arbuscular mycorrhizal
fungi (AMF) associated with plant roots are paramount
importance in horticulture as colonization of roots by AM
fungi has been shown to improve growth and
productivity of several crops [10,11] by increasing
nutrients element uptake. But very little information is
available regarding the use of Arbuscular mycorrhizal
(AM) fungi in increasing the vase life of cut flowers.
Keeping in view the above information, the present
investigation was planned to compare the efficiency of
two AM fungi (Glomus mossease and Acaulospora
laevis) alone and in combination with Pseudomonas
fluorescence, growth regulators and nutrients on the vase
life of Chrysanthemum flowers.

MATERIALS AND METHODS

Study Site: The present investigation was undertaken in
polyhouse of Botany Department, Kurukshetra University
and Kurukshetra, India.

Mass Production of AM Fungi: Dominant AM spores i.e.
Acaulospora laevis and Glomus mosseae were isolated
from rhizosphere of Chrysanthemum and mass produced
by Funnel technique [12] using sorghum as host.

Mass  Multiplication  of  T.  viride  and   P. fluorescens:
T. viride was isolated from the soil and then further mass
multiplied in the medium of wheat bran, saw dust and
distilled water prepared in the ratio of 3:1:4 [13] while
Pseudomonas fluorescence was multiplied in nutrient
broths medium.

Inoculation of AM fungi, P. fluorescens and T. viride
flowers to Chrysanthemum: For different treatments,
seedlings of Chrysanthemum were grown in earthen pots
(25×25 cm) under poly house conditions in sterilized soil.
To each pot 10 percent of inoculums of AM fungi (G.
mosseae and A. laevis), P. fluorescens and T. viride, alone
and in combinations was added and the following
treatments were taken: 

Treatment T1- without any bioinoculant
Treatment T2- Glomus mosseae (G)
Treatment T3- Acaulospora laevis (A)
Treatment T4- T. viride (T)
Treatment T5- P. fluorescence (P)

Treatment T7- G. mosseae + T. viride
Treatment T8- G. mosseae+ P. fluorescence
Treatment T9- A. laevis + T. viride
Treatment T10- A. laevis+ P. fluorescence
Treatment T11- T. viride+ P. fluorescence
Treatment T12- G+A+T
Treatment T13- G+A+P
Treatment T14- G+T+P
Treatment T15- A+T+P
Treatment T16- G+A+T+P
Treatment T17- KN-1 (37.50 µM)
Treatment T18- KN-2 (3.75 µM)
Treatment T19- SA-1 (37.50 µM)
Treatment T20- SA-2 (3.75 µM)
Treatment T21- Sucrose (0.1M)
Treatment T22- NaCl (0.1M) 

A single plant was planted in each pot and was
placed in polyhouse condition till flowering occurs (120
days). Hoagland solution was also added except for
phosphorus source after every 16 days. For treatments 17-
22, the plants were grown in traditional sand:soil mixture
without any bioinoculant and then flowers from these
plants were placed in different solutions of nutrient and
growth regulators. After flowering, uniform and fully
opened flowers of Chrysanthemum were harvested from
the plants growing in different combinations of
Arbuscular mycorrhizal fungi along with Trichoderma
viride and Pseudomonas fluorescence and from plants
growing without any bioinoculant (control). Flowers were
harvested with a sharp scalpel in the morning hours. The
scapes were cut under water to prevent cavitation and
immersed in the bucket water. These were brought
immediately to the laboratory and basal few centimeters of
scapes were recut under water to obtain uniform length.
Flowers of different treatments (T1 to T16) were immersed
in conical flask (Borosil-make 100 ml) containing 100 ml
distilled water while flowers of treatment T1 i.e. without
any bioinoculants were further immersed in 100 ml of
different concentrations of kinetin i.e. KN (37.50µM,
3.75µm), salicylic acid i.e. SA (37.50µM, 3.75µM), sucrose
(0.1Mm) and sodium chloride (0.1Mm). 

The experiment was run in triplicate and these flasks
containing cut flowers were kept at room temperature in
the laboratory to study the following parameters.

Visible Effect: External appearance and freshness of
flowers during the course of vase life were recorded daily.
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Assessment of Flower Diameter: Flower diameter was Visible Effect: Flower senescence was characterized by
determined as the mean of two perpendicular change in petal color from whitish yellow to dark brown.
measurements across a flower at 0, 8 and 16  day. In the present study it was found that the cut flowerth

Longevity: The longevity or average vase life of the exhibited shrinkage after 4  day in the treatment T22
flowers was counted from the day of transfer of spikes to (NaCl) and after 7  day of treatment T1 (without any
holding solutions to the day of termination when the bioinoculation). On 12  day, flowers of all the above
visible signs of senescence appeared. treatments showed shrinkage except in treatments T12

Volume of Holding Solution Absorbed: The volume of Flowers of treatment T12 (G+A+T) were fresh even at 15
holding solution absorbed by the flowers was calculated day and only a little signs of shrinkage was observed. So,
by measuring the volume of solution at the end of it was found that flower from those plants which were
experimental set up and subtracting it from the initial earlier treated with triple inoculation of G. mosseae, A.
quantity of the vase solution kept in the flasks. laevis and T. viride showed delayed senescence as

Measurement of Peroxidase Enzyme Activity: The sand:soil mixture and treated with other growth nutrients
peroxidase activity was measured at 0, 8 and 16  day by and regulators. The most important function of arbuscularth

the method of Maehly [14]. For this 100 mg of plant mycorrhizal fungi is thought to be the nutrient absorption
material was homogenized with ice cold phosphate buffer from the soil to enhance the crop growth and yield [15]
(pH-7) and centrifuged (R-8C) at 5000 rpm for 10 minutes. that ultimately maintained the different visible effects.
Supernatant was taken out as enzyme source. The Dufault [16] also reported that mycorrhizal inoculation
reaction set was prepared by mixing 2 ml of enzyme improves the phosphorus and potassium uptake which
source, phosphate buffer, guiacol (20 mM) and hydrogen results in improved flower quality in Gerbera, which is
peroxide (10 mM) in sequence. In the blank set 2 ml of also an important ornamental plant of great demand.
enzyme source, 2 ml phosphate buffer and 4 ml of double
distilled water (DDW) were added. Reaction and control Floral Diameter: Initially on the 0-day maximum floral
sets were incubated undisturbed for 10 min at room diameter was observed in treatment T3 (A) 14.33±0.30
temperature. The absorbance was taken at 420 nm in uv- followed by T16 (G+A+T+P) 14.3±0.15, T8 (G+P)
vis spectrophotometer (Specord, Analytic Jena, Germany). 14.26±0.25, T10 (A+P) 13.90±0.30 than the flowers of
Specific activity of peroxidase was expressed in terms of control plants used for the other treatments. Plants
mg protein per 10 min. pretreated with AM fungi registered an increase in floral

Experimental Analysis: All results were analyzed using (Table 1). Floral diameter decreased as senescence
Analysis of Variance (ANOVA), followed by post hoc test proceeded. After 8-day, there was comparatively less
through computer software SPSS 11.5 version. Means decrease in flower diameter in treatment T12 (G+A+T)
were ranked at P=0.005 level of significance using 12.43±0.56, followed by T7 (G+T) 10.53±0.45, T2 (G)
Duncan’s Multiple Range Test for comparison. 11.8±0.26, T3 (A) 12.43±0.56, T17 (KN-1) 9.26±0.25 and on

RESULTS AND DISCUSSION Decrease in stem diameter is also a sign of progress

The  senescence  of  flower  petals  are associated that decrease in flower diameter is due to loss of moisture
with a series of morphological, physiological and content from the flowers with increase in number of days
biochemical changes. Morphological changes include and tissue degradation. Similarly, Gulzar [17] observed
changes in the visible effects of a cut flower, like shape, that the diameter of Iris germanica, Hemerocallis fulva
size diameter, color etc. Physiochemical and biochemical and Petunia hybrida flowers decreased gradually with
changes include an increase in hydrolytic enzymes, increase in the number of days after transferring of the
degradation of macromolecules and loss of cellular scapes to various holding solutions. Floral diameter of
compartmentalization. AM  treated  and  kinetin  treated  flower  decreases  at a

petals were fresh at 0-day in all the treatments and it
th

th

th

(G+T+T), T2 (G), T3 (A), T7 (G+T) and T17 (kinetin).
th

compared to the other flowers grown in simple traditional

diameter as compared to untreated flowers (control)

16-day stage also, results followed the same pattern.

towards senescence as observed in this experiment and
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Table 1: Effect of petal senescence on peroxidase activity (mg min ) and flower diameter (cm) 10

Peroxidase activity (mg min ) Flower diameter (cm)10

--------------------------------------------------------------------------- --------------------------------------------------------------
S. No. Treatments 0 Day 8 Day 16 Day 0 Day 8 Day 16 Dayth th th th th th

1. Control *0.240±0.02 0.425±0.025 0.630±0.006 10.23±0.25 6.1±0.15 4.43±0.51d e e d d e

2. Glomus mosseae (G) 0.057±0.08 0.115±0.005 0.130±0.002 12.43±0.51 11.8±0.26 10.23±0.25b b a b ab ab

3. Acaulospora laevis (A) 0.057±0.08 0.148±0.013 0.185±0.007 14.33±0.30 12.43±0.56 10.13±0.15b d b a a ab

4. Trichoderma viride (T) 0.078±0.07 0.155±0.011 0.301±0.067 13.20±0.26 11.8±0.26 9.1±0.1bc d c b ab b

5. Pseudomonas fluorescence (P) 0.040±0.01 0.122±0.008 0.179±0.003 12.73±0.56 10.5±0.5 8.16±0.15ab bc b b ab bc

6. G+A 0.075±0.02 0.180±0.008 0.206±0.009 11.66±0.20 9.1±0.1 8.5±0.20bc d bc c b bc

7. G+T 0.070±0.03 0.109±0.010 0.130±0.003 10.73±0.25 10.53±0.45 9.26±0.25bc b a cd ab b

8. G+P 0.085±0.005 0.126±0.005 0.210±0.006 14.26±0.25 9.1±0.1 7.26±0.15c bc bc d b c

9. A+T 0.044±0.004 0.120±0.008 0.213±0.003 12.53±0.25 8.8±0.26 6.06±0.20ab bc bc b b cd

10. A+P 0.039±0.004 0.117±0.003 0.237±0.063 13.90±0.30 9.26±0.25 6.96±0.15ab b bc ab b c

11. T+P 0.036±0.003 0.139±0.019 0.214±0.005 12.93±0.15 10.23±0.25 6.06±0.20ab c bc b ab cd

12. G+A+T 0.024±0.004 0.048±0.009 0.123±0.004 13.00±0.45 12.43±0.56 11.60±0.36a a a b a a

13. G+A+P 0.027±0.005 0.073±0.014 0.209±0.009 12.46±0.41 8.26±0.25 6.5±0.20a ab bc d c cd

14. G+T+P 0.082±0.008 0.139±0.004 0.324±0.026 11.40±0.1 8.1±0.15 6.13±0.15c c c c c cd

15. A+T+P 0.068±0.003 0.098±0.005 0.194±0.005 12.5±0.17 8.1±0.10 5.1±0.1bc b b b c d

16. G+A+T+P 0.078±0.004 0.113±0.006 0.299±0.009 14.3±0.15 9.8±0.40 6.23±0.20bc b c d ab cd

17. KN-1 (37.50µM) 0.300±0.010 0.315±0.004 0.328±0.005 10.23±0.25 9.26±0.25 8.20±0.26e de c d b bc

18. KN-2 (3.75 µM) 0.301±0.006 0.290±0.055 0.427±0.010 10.23±0.25 8.1±0.15 5.26±0.55e de d d c cd

19. SA-1 (37.50µM) 0.302±0.007 0.342±0.002 0.420±0.005 10.23±0.25 10.5±0.5 7.30±0.36e de d d c c

20. SA-2 (3.75 µM) 0.303±0.006 0.348±0.017 0.421±0.007 10.23±0.25 8.26±0.25 5.83±0.56e de d d c cd

21. Sucrose (0.1) 0.304±0.004 0.328±0.018 0.424±0.004 10.23±0.25 8.2±0.2 5.76±0.15e de d d c cd

22. NaCl (0.1) 0.307±0.003 0.505±0.013 0.672±0.002 10.23±0.25 5.76±0.25 3.43±0.45e e e d e e

L.S.D. (P=0.05) 0.0142 0.00241 0.0355 0.47545 0.5056 0.4852
ANOVA (F , ) Treatments 532.277*** 163.655*** 146.847*** 81.518*** 102.362*** 103.46121 44

KN: Kinetin
SA: Salicylic acid
NaCl: Sodium chloride
±: Standard deviation
*: The mean difference is significant at 0.5 level.
Mean value followed by differ alphabet/s within a colum do not differ significantly over one other at P=0.05 lead by Duncan’s Multiple Range Test
Indicates the level of significance at p=0.001 level

Table 2: Effect of petal senescence on vase life and holding solution 
S. No. TREATMENTS VASE LIFE (No. Of days) VOLUME/ SOLUTION UPTAKE(ml)/100 ml used
1. Control 8.33±1.52 9.53±0.15d d

2. Glomus mosseae (G) 14.66±0.57 11.80±0.17ab a

3. Acaulospora laevis(A) 14.33±0.57 11.76±0.15b a

4. Trichoderma viride (T) 13.0±1.0 9.9±0.26b c

5. Pseudomonas fluorescence (P) 13.33±0.57 11.43±0.05b ab

6. G+A 12.66±1.15 10.03±0.15bc bc

7. G+T 15.33±0.57 11.86±0.15ab a

8. G+P 13.33±0.57 11.43±0.05b ab

9 A+T 12.00±1.00 10.23±0.25bc bc

10 A+P 12.66±0.57 10.26±0.20bc bc

11 T+P 12.66±1.15 10.6±0.17bc b

12 G+A+T 15.66±0.57 12.00±0.10a a

13 G+A+P 12.0±0 11.43±0.05bc ab

14 G+T+P 13.33±0.57 10.66±0.15b bc

15 A+T+P 11.33± 0.57 9.83±0.26c c

16 G+A+T+P 11.66± 1.52 10.1±0.1bc c

17 KN-1 (37.50µM) 14.33± 0.57 11.80±0.17ab a

18 KN-2 (3.75 µM) 11.33±1.52 10.66±0.15c b

19 SA-1 (37.50µM) 12.66±0.57 10.0±0.1c c

20 SA-2 (3.75 µM) 12.00±0 10.73±0.05c b

21 Sucrose (0.1) 11.75±0.5 10.23±0.20c bc

22 NaCl (0.1) 6.66±1.15 7.26±0.30e e

L.S.D. (P=0.05) 1.4465 0.27845
ANOVA (F , ) 16.793*** 123.401***21 44

KN = Kinetin.
SA = Salicylic acid.
NaCl = Sodium chloride.
± = Standard deviation.
* = The mean difference is significant at 0.5 level.
Mean value followed by differ alphabet/s within a colum do not differ significantly over one other at P=0.05 lead by Duncan’s Multiple Range Test
Indicates the level of significance at p=0.001 level
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slower rate than the other growth regulators, which can be absorption was maximum in the earlier days, which
due better uptake of nutrients especially phosphorus and ultimately decreases with increase in the number of days.
potassium during active growth period of flowers which This decrease in water absorption with increase in number
results in better flower quality. Bhalia [18] also observed of days might be due to blockage of conducting tissue
an increase in the size of flower diameter in Gladiolus and high water potential. AM inoculated plants showed
plants inoculated with VAM fungi. increase in the holding solution absorption, which can be

Longevity: The average life of Chrysanthemum flower is plants and hence, absorbs large amount of water.
about 8-14 days. In the present investigation, treatment
T12 (G+A+T) showed maximum vase life (15.66±0.57 days) Peroxidase Activity: As shown in Table 1, there was
followed by T7 (G+T) 15.33±057, T2 (G) 14.66±0.57, T3 (A) significant increment in peroxidase activity of
14.33±0.57 and T17(KN-1) 14.33±0.57 (Table 2). In the Chrysanthemum with increase in the holding days from 0-
present investigation, AMF treated flowers showed day to 16-day. This is due to entering of flowers in
higher vase life as compared to growth regulators and senescence stage as soon as they are cut from the plant
nutrients. Wen [19] and Wen and Chang [20] reported system. At 0- day, peroxidase activity was actually found
that colonization by mycorrhizal fungi increases the vase to be less in flowers harvested from AM inoculated plants
life of cut flowers but the exact mechanism is still as compared to flower taken from control. Triple
unknown. One possibility can be the enhanced nutrient inoculation (G+A+T) treated flowers showed less
absorption by colonization roots and the enhanced peroxidase activity from 0.024± 0.004 mg min  (0-day
metabolic exchanges between both the partners and stage) to 0.123± 0.004 mg min  (16 day stage) as
Secondly it may be due to more vigour, strength and compared to flower placed in other solutions. The
turgidity  AM  of inoculated plants as compared to maximum peroxidase activity was observed in flowers
control one due to better water and nutrient absorption placed in NaCl (0.307± 0.003 mg min  to 0.672± 0.02 mg
especially nitrogen, potassium, zinc and copper. Addition min ) at 0 and 16 days stage. Flower of treatment T1
of kinetin might decreases transpiration loss of flowers (Control) showed fast increment in peroxidase activity
which could enhance vase life.. Minimum longevity was from 0.240±0.026 (0 day) to 0.630±0.006 (16-day stage).
observed in NaCl treated flowers (T22) with only 6.66±1.15 Among all the plant growth regulators, kinetin was found
days of life span and T1 (Control) 8.33±1.52. The results to be the most effective hormone in decreasing peroxidase
of present study are in accordance with Nowak and activity and increasing vase life of but was still lesser than
Rudnicki [21] that high salinity and chloride level T12 0.024± 0.004 mg min (0-day stage ) to 0.123± 0.004
decreases flower longevity. Besmer and Koide [22] also mg min  (16-day stage, T7 0.070 ± 0.03 mg min  (0-day
showed that mycorrhizal fungi play an important role in stage) to 0.130± 0.003 mg min  (16-day stage), T2 0.057±
increasing vase-life of cut flowers by reducing ethylene 0.08 mg min  (0-day stage) to 0.130± 0.002 mg min  (16-
production. There has been some speculation that greater day stage) and T3 0.057± 0.008 mg min  (0-day stage) to
vase- life of mycorrhizal plants is caused by better 0.185± 0.007 mg min  (16-day stage). In the present
vascular development [23]. Our results are in accordance investigation increment in peroxidase activity was
with the results of Srivastva [24] concerning the effect of observed with the progress of senescence in control as
VAM, Azotobacter and phosphate solubilizing bacteria well as in treated flowers but the degree varies. Enhanced
(PSB) on flowering in Gladiolus and found that among peroxidase activity may be associated with an increase in
various characters studied, vase life was improved by the level of peroxides (H O ) and free radicals (O ) which
AM, PSB and Azotobacter. react with cellular constituents [25] and probably involved

Volume of Holding Solution Absorbed: The flowers senescence it is believed that AM fungi increase the
pretreated with AM fungi showed high absorption of superoxide dismutase (SOD) activity which is an
distilled water as compared to flowers kept in different antioxidant enzyme [28] and which is responsible in
holding solution containing kinetin, salicylic acid and lowering the peroxidase activity. Cut flowers detiorate
sucrose. It is evident from the Table 2, that the volume of very quickly and hence, to maintain freshness of flowers,
absorbed solution was maximum in T12 (G+A+T) they have to be treated with different plant growth
12.00±0.10 followed by treatment T7 (G+T) 11.86±0.15, T2 regulators or nutrient solutions and even some
(G) 11.80±0.17 and T17 (KN-1) 11.80±0.17. Water biostimulants like arbuscular mycorrhizal fungi alone and

due to better vascular development of AM inoculated

10

10

10

10

10

10 10

10

10 10

10

10

2 2 2

in promotion of petal senescence [26, 27]. During petal
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along  with  some  other  beneficiary microorganisms like 11. Pasqualini, D.A., A. Uhlmann and S.L. Sturmer, 2007.
T. viride and P. fluorescens. It was found that
pretreatment of plants in soil with AM fungi alone or in
different combination with other microbes gave better
results as compared to post harvest treatments of cut
flower with different growth regulators and nutrients.
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