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 The experiment was conducted in the field of Shahriyar to investigate the effect of 

different levels of humic acid and salicylic acid on growth characteristics and qualities 

of Tuberose. Factorial experimental design was a randomized complete block design 
consisting of four levels of humic acid (0, 500, 1000 and 1500 ppm) salicylic acid and 

fertilizer water, (0, 50, 100 and 200 ppm) in solution sprayed with 3 replications. 

Humic acid fertilizers treatments were sprayed once every 20 days as fertilizer water 
and also salicylic acid treatments once every 20 days was applied as foliar feeding. 

Meanwhile, the bulbs were immersed in the same concentrations of humic acid for 4 

hours before planting. Growth factors, including the blooming of the second floret, 
harvest time (the blooming of the fourth floret), flower stalk height, spike height, flower 

stalk diameter, the number of leaves per plant, chlorophyll content (CCI), the number of 

florets, the second floret diameter and post-harvest vase life were measured. The results 
showed that application of 1500 ppm humic acid causes increased time of the blooming 

of the second floret, harvest time (the blooming of the fourth floret), flowering stalk 
diameter, chlorophyll content (CCI), the number of florets, the second floret diameter 

and post-harvest vase life. Moreover, the highest amount of flowering stalk height, 

spike height and the number of leaves per plant was for plants grown in 1000 ppm 
humic acid. The results showed that the maximum time for blooming the second floret, 

flowering stalk height, spike height, the number of leaves per plant, chlorophyll content 

(CCI), the number of florets, the second floret diameter and post-harvest vase life was 
for 200 ppm salicylic acid treatment, respectively. Furthermore, the maximum diameter 

of the flowering stalk was for 100 ppm salicylic acid treatment. Use of 1000 ppm humic 

acid and 200 ppm salicylic acid showed significant increase in the number of florets 
and the second floret diameter. Moreover, the application of 1500 ppm humic acid and 

200 ppm salicylic acid led to prolonged postharvest vase life of tuberose. 
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INTRODUCTION 

 

The (Polianthes tuberosa) is a perennial plant related to the agaves, native to Mexico that is of commercial 

importance. Tuberose is grown in many tropical and subtropical countries of the world. Its commercial 

importance is because of its high potential for cut flowers vase life in the flower industry, attraction, retention 

and very high fragrance of flowers. Its beautiful fragrant florets are widely used as a source of essential oil used 

in perfumes. Tuberose is classified as Bulbous flowers. It needs full light and light sandy soil with good 

drainage and for flowering to a temperature of 20 to 30 ° C. Tuberose grows up to 90 cm.  Each spike may have 

up to 30 small horny flowers. The flowers focused length may vary from 38 to 14 cm.  [7,14,18]. Iran has a very 

favorable climate variability with the difference between the coldest and warmest region of 40 ° C, surplus 

energy and cheap labor, sufficient amount of light (more than 250 days per year with clear skies and sunshine of 

120 to 150 thousand Lux), abundance of cellulosic waste and proximity to consumer markets makes it very 

suiTable country to cultivate all kinds of flowers and ornamental plants. Exploiting actual potentials require 

detailed statistical information of the types of produced flowers and ornamental plants. 
Humic acid is a natural organic polymer composition produced as a result of decaying organic matter, peat, 

lignin, and so that can be used to increase product and its quality [20]. There are ample reports concerning the 
effect of humic acid, but its effects can be divided into two categories: direct effect as a hormone-like 
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compounds [22] and indirect effect by increasing nutrient uptake through chelate and renewal effects, and 
retaining microorganisms membrane permeability, improving the physical condition of the soil, and increasing 
root and shoot growth (Atiyeh, et al. 2002). Ahmad et al. found that the use of humic acid in different varieties 
of Gladiolus increased stem length, stem diameter, leaf area, leaf chlorophyll, the number of leaves and plant 
height [1]. Amani Beni et al. found that appropriate levels of humic acid will lead to better physiological and 
morphological properties of tuberose and thus increasing the vase life of cut tuberose [1]. Chang et al. [6] in a 
study on lilium found that humic acid helps the plant growth and root development [6]. Ali et al. studied tulip 
and reported that increased concentrations of humic acid increases in stalk length, flower diameter, and 
postharvest vase life while reducing the curvature [2]. 

Salicylic acid is a component of growth-stimulating factors. The word salicylic acid is taken from the 
scientific name of willow tree. Salicylic acid chemically belongs to a very diverse group of plant phenols, which 
contain an aromatic ring and a hydroxyl group with derivatives attached to it. Plant salicylates have been used in 
medicine since ancient times. The salicylic acid produced by Germany in 1878 is one of the world's best-selling 
medicines [16]. Salicylic acid is a plant growth regulator which increases the biological richness of plants, and 
its application in low concentrations causes positive reactions by plants.  The increased size of ornamental plants 
and the increased number of flowers and leaves, as well as earlier appearance of flowers are the positive 
response of plants to salicylic acid and in some plant species this response is associated with no negative impact 
on the quality of the flowers [9]. Anwar et al. found that foliar application of salicylic acid on tuberose 
significantly increases in plant growth, flowering stalk height, the number of florets per spike, number of leaves 
per plant, leaf length, flower diameter and leaf surface which accelerates the emergence of flowers and also 
positive effects on increasing vase life of cut flowers [4]. Salehi Sardoei, et al. in an experiment found that the 
salicylic acid treatments led to increased postharvest vase life of narcissus [17]. Soleimany-Fard, E. et al found 
that alstromeria plants sprayed with salicylic acid show the increased water absorption and increased 
chlorophyll content [19]. Finding the right amount of humic acid and salicylic acid helps greatly in ornamental 
plants cultivation, especially that of tuberose.  Hence, this experiment aims at obtaining desirable concentrations 
of humic acid and salicylic acid in tuberose cultivation. 

 
MATERIALS AND METHODS 

 
Tuberose bulbs were cultivated in May 2013 on a farm in the city of Shahriyar at the altitude of about 1,160 

meters above sea level, and average daily temperature of 30 ° C to evaluate the effect of humic acid and salicylic 
acid on growth characteristics and quality of tuberose. For this purpose, the number of 432 medium bulbs with 
about 2 ± 60 mm was prepared. In this experiment, two humic acid and salicylic acid treatments were 
performed. Humic acid treatments included four levels (0, 500, 1000, 1500 ppm) in fertilizer water and salicylic 
acid (0, 50, 100 and 200 ppm) sprayed with 3 replications, so that humic acid fertilizers applied once every 20 
days as fertilizer water and the salicylic acid treatments were sprayed once every 20 days, respectively. 
Moreover, the bulbs were immersed in the concentrations of humic acid for 4 hours before planting. Each block 
has 16 plots with each plot consists of 9 bulbs grown in soil depth of 3-10 yards. According to sources, the 
distance between rows was selected to be 30 cm with 20 cm for each bulb from another. Immediately after 
planting, thorough irrigation and regular growing was performed, so that two times per week irrigation was 
performed. 

In addition to the recording of the time of the second floret blooming, harvest time (the blooming of the 
fourth floret), flowering stalk height, flowering stalk diameter, the number of leaves per plant, leaf chlorophyll 
content, the number of florets, the second floret diameter per treatments, and then vase life of cut tuberose were 
measured after vegetative and reproductive growth stages completion. Variance Analysis was conducted using 
MSTATC software, data was compared with Duncan at 5 percent and Excel software was used to draw graphs. 

 
The results: 

Table 1 shows the variance analysis of attributes including the time of the second floret blooming, harvest 
time (the blooming of the fourth floret), flowering stalk height, spike height, and flowering stalk diameter. Table 
4 shows the variance analysis of attributes including the number of leaves per plant, leaf chlorophyll content, the 
number of florets, the second floret diameter, and the vase life of cut flower. 
 
Table 1: Variance Analysis 

Mean squares (MS( Degrees of 
freedom 
)df( 

Sources of 
variation Flowering 

stalk 
diameter 
(mm) 

Spike height 
(cm) 

Flowering 
stalk height 
(cm) 

Harvest time 
(the fourth 
floret blooming 
time) 

The second 
floret 
blooming 
time (days) 

0.155* 21.578** 16.408** 25.704** 20.379* 3 Humic Acid 

0.168* 143.592** 14.370** 0.382n.s 88.682** 3 Salicylic cid 

0.004n.s 0.572n.s 0.764n.s 0.292n.s 1.396n.s 9 
Humic Acid×  
Salicylic cid 

     30 The error 
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Table 2: Comparison of the effects of different levels of humic acid on the attributes 

Humic acid content 

(ppm) 

The second floret 

blooming time 
(days) 

Harvest time (the 

fourth floret blooming 
time) 

Flowering stalk 

height (cm) 

Spike height 

(cm) 

Flowering stalk 

diameter (mm) 

0 117.7ab 126.6b 55.81bc 26.58bc 7.05b 

500 119.0ab 128.2ab 57.08ab 27.85ab 7.18ab 

1000 119.8a 129.3a 57.69a 28.76a 7.21ab 

1500 116.8b 129.9a 55.12c 25.73c 7.31a 

 
Table 3: Comparison of the effects of different levels of salicylic acid on the attributes 

Salicylic acid 

content (ppm) 

The second floret 

blooming time 
(days) 

Harvest time (the 

fourth floret blooming 
time) 

Flowering stalk 

height (cm) 

Spike height 

(cm) 

Flowering stalk 

diameter (mm) 

0 115.1c 128.3a 54.90b 24.25c 7.06b 

50 117.4bc 128.5a 56.36ab 24.33c 7.20ab 

100 119.8ab 128.4a 57.10a 29.35b 7.35a 

200 121.3a 128.7a 57.33a 30.99a 6.19ab 

 

Table 4: Variance Analysis 

Mean squares (MS( Degrees of 

freedom )df( 

Sources of 

variation Postharvest vase 

life 

The second floret 

diameter (cm) 

The number 

of florets 

Chlorophyll 

content (CCI) 

The number of 

leaves per plant 

4.257** 2.974* 12.380* 10.462** 52.080* 3 Humic Acid 

3.252** 0.377** 38.919** 6.334** 40.035* 3 Salicylic Acid 

1.052** 0.460** 0.297* 0.157n.s 0.763n.s 9 
Humic Acid × 

Salicylic Acid 

     30 The error 

 
Table 5: Comparison of the effects of different levels of humic acid on the attributes 

Humic acid content 

(ppm) 

The number of 

leaves per plant 

Chlorophyll 

content (CCI) 

The number of 

florets 

The second floret 

diameter (cm) 

Postharvest vase 

life 

0 52.11b 14.90c 24.32b 4.58b 5.70c 

500 58.61ab 15.61b 27.54ab 4.71ab 5.25b 

1000 61.50a 15.58bc 30.42a 4.92a 6.84a 

1500 51.40b 16.01a 30.76a 4.93a 7.00a 

 

Table 6: Comparison of the effects of different levels of salicylic acid on the attributes 

Salicylic acid 
content (ppm) 

The number of 
leaves per plant 

Chlorophyll 
content (CCI) 

The number of 
florets 

The second floret 
diameter (cm) 

Postharvest vase 
life 

0 51.31b 14.72c 24.85c 4.59c 5.58c 

50 56.21ab 15.45b 27.34b 4.70bc 6.35b 

100 57.21ab 15.63ab 30.54ab 4.85ab 6.66ab 

200 61.48a 16.02a 32.53a 5.00a 7.00a 

 

The second floret blooming time: 

A comparison between humic acid and salicylic acid treatments indicates that these two acids have a 

positive impact on the blooming of the second flower, and the positive effect also increased with increasing 

acids concentration (Table 2 and Table 3). 

 

Harvest time (the fourth floret blooming time): 

Increased humic acid treatment from 0 to 1500 ppm shows more positive effect on harvest time, while 

salicylic acid treatments has no significant effect on tuberose (Table 2 and Table 3).  

 

Flowering stalk height: 

The maximum flower stalk height is in the treatment of 1000 ppm and 100 ppm salicylic acid treatment 

shows the best flowering stalk height (Table 2 and Table 3). 

 

Spike height: 

Spike high increases with increasing humic acid concentrations from 0 to 1000 ppm, but dramatically 

reduces in treatment with 1500 ppm. Also salicylic acid concentration increases from 0 to 200, increases the 

spike height (Table 2 and Table 3). 

Flowering stalk diameter: 

The 1500 ppm humic acid and 100 ppm salicylic acid treatments show the highest flowering stalk diameter 

(Table 2 and Table 3).  
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The number of leaves per plant: 

Salicylic acid and humic acid treatments has a positive effect on the number of leaves per plant. Humic acid 

positive effect increases with increasing doses from 0 to 1000 ppm.  The most positive effect of salicylic acid on 

the number of leaves is in treatment dose of 200 ppm (Table 5 and Table 6). 

 

Chlorophyll content (CCI): 

Humic acid and salicylic acid treatments of tuberose showed a significant increase in the amount of 

chlorophyll.  The maximum amount of chlorophyll content is in 1500 ppm humic acid and 200 ppm salicylic 

acid treatments, respectively (Table 5 and Table 6). 

 

The number of florets: 

The maximum number of florets in both acids (humic acid and salicylic acid) is in the third treatment 

(1,000 ppm humic acid and 200 ppm salicylic acid), so the significant effect of the acid treatment on the number 

of florets in tuberose is evident (Table 5 and Table 6). 

 

The second floret diameter: 

Comparison of humic acid and salicylic acid treatments indicates that both acids have a significant effect on 

the diameter of the second floret, so that this factor increases when the treatment increased from 0 to 1000 ppm. 

In salicylic acid treatments increased from 0 to 200 ppm, the increase is significant (Table 5 and Table 6). 

 

Postharvest vase life: 

Tuberose vase life significantly increases with humic acid and salicylic acid treatments, and the most effect 

of humic acid and salicylic acid is at dose levels of 1500 ppm and 200 ppm, respectively (Table 5 and Table 6). 

 

The interaction effect of different levels of humic acid and salicylic acid: 

The interaction of attributes such as the second floret blooming time, harvest time (the blooming of the 

fourth floret), flowering stalk height, flowering stalk diameter, the number of leaves per plant, leaf chlorophyll 

content (CCI) have no significant effect on tuberose, but the number of florets, the second florets diameter, and 

postharvest vase life show a positive effect (Table 4 and Figures 1, 2 and 3). 

 

 
Fig. 1: The effect of different levels of humic acid and salicylic acid on the namber of florets 

 

 
Fig. 2: The effect of different levels of humic acid and salicylic acid on the second floret diameter 
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Fig. 3: The effect of different levels of humic acid and salicylic acid on the postharvest vase life 

 

Discussion: 

Chang et al [6] in a study on lilium found that humic acid leads to eight days earlier blooming than the start 

of blooming in controls. Anwar al [4] found that foliar application of salicylic acid on the tuberose flower 

accelerates blooming of flowers, the increase in plant growth, flowering stalk height, flowering stalk diameter, 

the number of florets per spike and  floret diameter. Verlinden et al. [21] found that application of humic acid 

leads to increased plant foliage. Martin Mex et al. [13] examined the effect of humic acid on Rosa canina yield 

and concluded that humic acid had a significant impact on floret diameter indices. The studies show that the use 

of humic-acid and salicylic acid leads to increased amount of chlorophyll in plant leaves [15,12]. 

Soleimany-Fard et al. [19] found that foliar application of salicylic acid on alstromeria plants leads to 

increased water absorption and chlorophyll content. Ahmad et al. [3] found that the use of humic acid in 

different varieties of Gladiolus increased stalk height, stalk diameter, leaf area, leaf growth, and leaf chlorophyll 

content. Soleimany-Fard et al. [19] found that post-harvest vase life of cut alstromeria flowers improved by 

using salicylic acid. Amani Beni et al. [3] found that humic acid will increase the vase life of cut tuberose. Low 

concentrations of humic acids have a positive effect on the vase life of flowers. The positive effect of humic 

acid on plant is due to the presence of biologically active metabolites that the metabolites can act as growth 

regulators [8]. Jalili Marandi et al. [10] reported a concentration of 1.5 mm of salicylic acid on gladiola flowers 

increases the cut flower vase life of 18 days to 21 days. 

 

Conclusions: 

Effect of humic acid is significant on the blooming of the second floret, harvest time (the blooming of the 

fourth floret), flowering stalk height, spike height, flowering stalk diameter, the number of leaves per plant, leaf 

chlorophyll content (CCI), the number of florets, and postharvest vase life.  The maximum numbers of blooming 

of the second floret, harvest time (the blooming of the fourth floret), flowering stalk height, leaf chlorophyll 

content (CCI), the number of florets, the second floret diameter and postharvest vase life is for  humic acid 

treatments of 1500 ppm, respectively. Moreover, the maximum amount of flowering stalk height, spike height 

and the number of leaves per plant is in 1000 ppm humic acid treatment. The effects of salicylic acid treatment 

on the characteristics of the blooming of the second flower, flowering stalk height, spike height, flowering stalk 

diameter, the number of leaves per plant, leaf chlorophyll content (CCI), the number of florets, second florets 

diameter and postharvest vase life is significant. The maximum time of blooming of the second flower, 

flowering stalk height, spike height, the number of leaves per plant, leaf chlorophyll content (CCI), the number 

of florets, the second floret diameter and postharvest vase life is for 200 ppm salicylic acid, respectively. And 

the maximum diameter of the flower stalk is for 100 ppm salicylic acid, respectively. The maximum number of 

florets and the second floret diameter is for 1000 ppm humic acid treatments and 200 ppm salicylic acid, also 

the maximum postharvest vase life is for 1500 ppm humic acid and 200 ppm salicylic acid treatments, 

respectively. 
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