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Abstract. Since variations in chrysanthemums are still limited, Indonesia still imports. An 
effort to expand the variation can be done through polyploidy techniques using colchicine. 
Pasopati varieties of the chrysanthemum were propagated in vitro and treated with colchicine 
and planted in different media compositions to observe performance and obtain superior 
genotype. Experiment with a factorial pattern that consist of two factors: the composition of 
the planting medium ( m1 = top soil, m2 = cocopeat, m3 = husk charcoal, m4 = top soil + 
cocopeat m5 = top soil + husk charcoal, m6 = cocopeat + chaff charcoal) and polyploidy 
chrysanthemum genotypes (g1 = KAR0, g2 = KAR1, g3 = KAR2, g4 = KAR3, and g5 = KAR4) 
with two replications was designed. The results showed there were variations in plant height, 
stem diameter, number of nodes, number of floret, and stalk length on polyploidy 
Chrysanthemum genotypes due to different planting media. The m4= top soil + cocopeat can 
increase plant height, stem diameter, number of nodes, stalk length and number of floret KAR4 

genotype. 
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1. Introduction 
Chrysanthemum is an ornamental plant which is very popular both as cut flowers for flower 
arrangements and for decoration materials. Indonesian chrysanthemum production does not meet the 
consumers desired in quality standards, namely large size, stalk length up to ± 70 cm high, clean 
flowers and no spots, and flower crowns do not fall off easily [1-2]. Polyploidy is one of the breeding 
techniques to increase the character diversity of a species and obtain plants with superior character by 
using colchicine. Research by [3], namely soaking chrysanthemum seeds with colchicine in invitro 
cultivation, resulted in morphological characteristics variations of chrysanthemum plants and 1 hour 
colchicine soaking gave a better affect on the number of leaves, number of nodes, root length, number 
of roots and height of plantlet. The research of [4], chrysanthemum which was treated with colchicine 
had a larger size of plant parts compared to controls. The best phenotype character was produced by 
colchicine soaking treatment for 12 hours [5]. The sizes of seeds and stomata were primarily affected 
by cytotype, while the plant performance differed between natural and synthetic polyploids. Most of 
the performance characteristics are also determined by the application of colchicine to the parent, and 
most of these results are specific populations. 

Growing media as a place to grow rooted and developing plants is an important environmental 
factor. Ornamental plants generally require a loose, porous, fertile media, containing organic material, 
free from plant-disturbing organisms and having good aeration and drainage [6]. Fuel husk has a high 
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carbon content (C), making the planting media loose. Husk charcoal contains N 0.32%, PO 15%, KO 
31%, Ca 0.95%, and Fe 180 ppm, Mn 80 ppm, Zn 14.1 ppm and pH 6.8. Another characteristic of 
husk charcoal is light weight (specific gravity of 0.2 kg L-1),Air circulation and capacity to hold high 
water, black so that it can absorb sunlight affectively, has properties that easily bind water, not easily 
clot or condense so that plant roots can grow perfectly [7]. 

According to [8] for potted chrysanthemums, planting media are obtained with consideration of 
being easily obtained, relatively inexpensive, lightweight and must have physical and chemical 
properties that can support root growth and nutrient uptake optimally. The ideal growing media 
conditions are obtained from a combination of organic and inorganic materials. Organic materials can 
include chopped ferns, compost, humus, sawdust, top soil, charcoal husks, and cocopeat. Inorganic 
materials can be in the form of clay, sand, poor sand, gravel, and gel. The use of fuel husk in the 
planting media does not need to be sterilized anymore because pathogenic microbes have died during 
the combustion process. The media of rice husk charcoal and drip irrigation system (drip irigation) 
showed the highest results significantly against seedling height, number of leaves, leaf area, fresh and 
dry weight of seeds, and root volume [9]. Experiment by [10] showed that significantly influenced by 
the different potting growing media used in this study. 

In the flowering stage, the highest photosynthesis rates (8.612 μmol CO2 m-2 s-1) as well as leaf 
area (1.766 dm2) of petunias were obtained on growing media with 60% biolan peat, 30% acid peat 
and 10% perlite (BP60-AP30-P10). Flowering responses to growing conditions vary greatly among 
plants and the biggest number of ornamental tobacco flowers (22 flowers plant-1) was registered as an 
affect of BP60-AP30-P10 media. Growing media with the BP60-AP30-P10 formula seem to be the 
most adequate growth substrate to develop profitable crops for petunias and ornamental tobacco with 
high decorative value. Growing media compositions of soil+compost+cocopeat (2:1:1) and 
soil+compost+husk charcoal+cocopeat (2:1:1:1) treated by the watering interval once in 2 days 
increased the percentage of tuberization and the weight of tubers per plant of potatoes. The 
combination of farmyard manure, silt, coconut compost, peat moss and leaf compost (1:1:1:1:1) 
exhibited best results for the growth and production of potted Ravenea plants. The substrate was 
considered excellent due to its density, saturation percentage, structure, texture, consistency and 
Organic Matter (OM) as well as nitrogen, phosphorus and potassium concentration [11]. 

Chrysanthemum genotypes KAR0 (Pasopati varieties), and KAR1, KAR2, KAR3, and KAR4 are the 
results of early generation polyploidy which have unstable character because they are still 
experiencing physiological disorders and require optimal planting media to support their growth. 
Information about the optimal planting media for polyploid chrysanthemum plant growth is not widely 
known. The research aims to study the affect of planting media on polyploid genotype performance 
and to obtain superior chrysanthemum genotype. 

 
2. Methods 
Experiments conducted in a greenhouse of Faculty of Agriculture, University of Winaya Mukti at 
TanjungsariSumedang, Indonesia with a height of 874 m above sea level. The experiment started in 
June until August 2018. The materials and tools used in the experiment were chrysanthemum plants 
resulting from polyploidy (KAR0/Pasopati, KAR1, KAR2, KAR3, KAR4), husk charcoal, cocopeat, soil 
type Andosol, Root Up, PPC (Liquid Complement Fertilizer) Biosugih, clean water, fungicide and 
bactericide Bactosin, insecticide Curacron 250 EC, insecticide Abacel, Altimeter, polybag size 20 cm 
× 20 cm, tray, tweezers, seedbed tray, markers, sticks, label paper, insecticide Curacron 250 EC, 
insecticide Abacel, Altimeter, polybag size 20 cm × 20 cm, tray, tweezers, seedbed tray, markers, 
sticks, label paper, masking tape, tape wire, spatula, razor blade, thermometer, ruler, bucket, plastic 
lid, machete, marker, hand sprayer, measuring cup, stationery, and camera. 

In factorial pattern experimental design, the first factor is the composition of the planting medium 
with a volume ratio consisting of 6 levels m1 = top soil, m2 = cocopeat, m3 = husk charcoal, m4 = soil + 
cocopeat, m5 = soil + husk charcoal, m6 = cocopeat + husk charcoal with volume ratio of 1: 1, and the 
second factor of chrysanthemum genotypes resulting from polyploidy consists of 5 types namely g1 = 
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KAR0, g2 = KAR1, g3 = KAR2, g4 = KAR3, g5 = KAR4 so that there are 30 treatment combinations with 
each treatment repeated about 2 times. Each treatment consists of 4 polybags so that the total is 240 
polybags. Observation variables: plant height, stem diameter, number of leaves, number of nodes, 
stalk length, number of florets, and flower diameter. The analysis technique to prove the hypothesis 
usingF-test andDuncan's multiple range test about 5% significance levels, repectively, were applied. 

 
3. Results and discussions 

 
3.1 Plant Height 
Based on Table 1, chrysanthemum genotypes of KAR2 polyploidy planted on top soil + charcoal husk 
media at 12 weeks after planting (WAP) were higher than other treatments.The average number that 
marked with lowercase letters (vertical direction) and the same capital letters (horizontal direction) 
was not significantly different according to the Duncan's Multiple Range Test about 5% significance 
level.Growing media is one of the determining factors whether plants will well grow or not. Planting 
media provide water, air, and mineral elements to be absorbed by plants through their roots [9]. 
Growing media affect on plant height, flower appearance, and harvest age, respectively [4]. The 
chrysanthemum genotypes showed higher plant height at 12 WAP, suspected due to the genetic 
differences between the chrysanthemum genotypes by colchicine treatment. The colchicine can 
increase cell size so that it affects plant height as a results of the study of [2]. The colchicine treatment 
was more affective in seedling treatment when the length of hypocotyls ranged from 5 to 8 mm. 

Table 1. Plant Height at the age 12 WAP 
 

   Average of Plant Height at 12 WAP (cm)   
Treatments g1 

(KAR0) 
 g2 

(KAR1) 
 g3 

(KAR2) 
 g4 

(KAR3) 
g5 

(KAR4) 
 

m1 

(top soil) 
21,63 a 14.43 b 18.35 bc 8.70 abc 13.33 a 

B  AB  AB  A A  

m2 

(cocopeat) 
2.20 a 1.80 a 3.38 a 5.23 ab 2.13 a 

A  A  A  A A  

m3 

(husk charcoal) 
5,50 a 7,68 a 7.95 a 12.63 c 16.23 a 

A  AB  AB  B C  
m4 

(top soil + 
cocopeat) 

4.25 a 4.20 a 12.83 b 5.50 ab 18.60 b 

A  A  B  A B  

m5 

(top soil + husk 
charcoal) 

17.40 b 21,13 b 23.75 c 12.25 bc 20.73 b 

AB  B  B  A B  

m6 

( cocopeat+ 
   husk charcoal) 

2.28 a 7.88 a 2.43 a 2.65 a 4.50 a 

A  A  A  A A  

 
3.2 Stem Diameters 
Based on Table 2, it known that the growing media influences the stem diameter of each polyploidy 
chrysanthemum genotype. The KRA2 genotype planted on top soil + husk charcoal had the widest 
stem diameter. One external factor that affects plant growth is the media. In principle, planting media 
must be able to provide nutrients, water and oxygen for plants and the selection of the right media will 
provide maximum growth. Cholchicine reduction in plant height, number of leaves per branch, 
butincrease in number of branches. 

Similar with, the research showed that control group exhibit higher value in terms of plant height, 
number of leaves, dry, and fresh weight of bulbs compared to treatment groups with colchicine. 
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Concentration of 0% (control) within 12 hr of immersion duration (d0t2) showed the highest plant of 
height about 22.38 cm, producing 5.05 leaves and dry weight of 1.57 g. The heaviest weight of fresh 
bulbs was observed from treatment group, then with concentration of 0.3% colchicine within 0 hr of 
immersion duration (d3t0) yielding 4.58 g. In general, high concentrations of colchicine will reduce the 
number of leaves for almost all types of plants. Colchicine can affect cell division in plant tissue 
regions and spread through cells, disrupting cellular mechanisms and causing toxicity at high 
concentrations, which causes slow growth and tissue damage. 

Stomatal size was negatively correlated with stomatal frequency. Stomatalsize and stomatal 
frequency can be used as indirect methods for identification of ploidy level of Phlox. This finding 
demonstrates the existence of genetic variation for the morphological response to ploidy change in P. 
drummondi[12].There were differences characters in plant height and stem diameter between 
genotypes which planted in different media(namely the interaction between genotypes of 
Chrysanthemum Polyploidy and the composition of the planting media). This interaction is caused by 
genetic composition between different polyploidy genotypes and nutrients, oxygen, and nutrients in 
each different media composition. The interaction between genotypes and the environment is also 
shown by [13]and [14] 

Table 2. Stem Diameters at the age of 12 WAP 
 

  Average Stem Diameter at the age of 12 WAP (mm)   

Treatments g1 

(KAR0) 
 g2 

(KAR1) 
 g3 

(KAR2) 
 g4 

(KAR3) 
g5 

(KAR4) 
 

m1 

(top soil) 
1.08 bc 0.89 cd 1.07 bc 0.58 ab 0.68 a 

B  AB  B  A A  
m2 

(cocopeat) 
0.23 a 0.14 a 0.21 a 0.82 b 0.38 a 
A  A  A  B A  

m3 

(husk charcoal) 
1.07 bc 0.79 cd 0.86 b 0.57 a 0.58 a 

B  AB  B  A A  
m4 

(top soil + 
cocopeat) 

0.66 ab 0.64 bc 0.92 bc 0.48 a 0.69 a 

A  A  A  A A  

m5 

(top soil + 
husk charcoal) 

1.44 c 1.37 e 1.64 d 0.95 b 1.15 b 

BC  ABC  C  A AB  

m6 

(cocopeat + 
  husk charcoal) 

0.25 a 0.36 ab 0.16 a 0.33 a 0.43 a 

A  A  A  A A  

 
3.3 Number of Leaves and Diameter of Flower 
Based on Table 3, the composition of the planting medium affects the number of leaves at the age of 
12 WAP plants. Top soil media + husk charcoal produced more leaves than the other treatments. The 
chrysanthemum genotypes from polyploidy showed no difference in the number of leaves. The 
increasing number of leaves will increase photosynthesis results. Furthermore, the results of 
photosynthate can be transplanted to plant tissue so that the biomass content in plants will be higher. 
In polyploid plants treated with colchicine, physiological disorders occur that inhibit plant growth. 
According to [15] the affect of colchicine slows down cell division causing slow leaf primordial 
development. 

The composition of the planting medium affects the diameter of the flower. The largest flower 
diameter was produced from top soil + rice husk charcoal. Soil media and husk charcoal were oftenly 
used for plant growing media.They have several advantages, such as easy binding of water, not easily 
weathered, good source of potassium, and not easy to clot so that the roots of plants grow well. 
According to [16], leaf manure significantly produced the maximum vase life and diameter of flower 
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while the maximum vase life and diameter of flower was obtained with mix (coconut compost+soil 
loam; 1:1).The largest flower diameter of polyploid chrysanthemum genotypeswere obtained from 
KAR2 and KAR4in the Table 3.According to the[17] results showed that the polyploid plants had 
gigantic characteristics such as thicker wider leaves with greater stomata size and larger flowers. 

Table 3. Number of Leaves and Diameter of Flower at the age of 12 WAP 
 

 
Treatment 

Number of 
leaves 

Diameter of flower 
(cm) 

Media (M):   

m1 (top soil) 8.75 bc 5,48 bc 
m2 (cocopeat) 2.95 a 2,60 a 
m3 (husk charcoal) 10.40 cd 3,47 ab 
m4 (top soil + cocopeat) 7.85 b 3,35 b 
m5 (top soil + husk charcoal) 14.75 d 5 ,63 d 
m6 (cocopeat + husk charcoal) 4.50 a 2,35 a 
Chrysanthemum Genotype Results 
Polyploidy (G) : 

  

g1 (KAR0) 7.29 b 3.63 a 
g2 (KAR1) 10.58 b 3,04 a 
g3 (KAR2) 9.92 b 5,18 b 
g4 (KAR3) 9.04 b 3.24 a 
g5 (KAR4) 4.17 a 5.48 b 

 
3.4 Number of Nodes 
Based on Table 4, the composition of the planting media influences the number of nodes of the 
chrysanthemum genotypes. The KAR1 genotype planted in the composition of top soil + charcoal husk 
media had the highest number of joints compared to other treatments. This is thought to be increasing 
plant height and number of leaves, then the number of joints is likely to increase. The top soil mixed 
media + charcoal husks provide sufficient nutrient food reserves to be stored in a joint that allows 
plants to regenerate faster. According to [18] plants need sufficient food reserves to be stored in joints 
which will then be overhauled and used to bring up roots and shoots. 

Table 4.Number of Nodes at the age of 12 WAP 
 

 Average Number of Nodes at the age of 12 WAP   

Treatments g1 

(KAR0) 
 g2 

(KAR1) 
 g3 

(KAR2) 
 g4 

(KAR3) 
 g5 

(KAR4) 
 

m1 

(top soil) 
18.25 c 14.75 cd 17.75 c 13.00 b 12.25 b 

B  AB  B  AB  A  
m2 

(cocopeat) 
5.15 a 4.25 a 5.00 a 9.25 b 6.50 a 
AB  A  AB  B  AB  

m3 

(arangsekam) 
12.25 c 12.00 bc 18.00 c 12.50 b 13.75 bc 

A  A  A  A  A  
m3 

(husk charcoal) 
9.00 b 8.75 b 10.00 b 10.00 b 14.50 bc 
AB  A  AB  AB  B  

m4 

(top soil + 
18.50 c 19.25 e 15.50 c 11.75 b 19.00 c 

B  B  AB  A  B  
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cocopeat)         

m5 

(top soil + 
  husk charcoal) 

3.75 a 8.50 a 3.25 a 4.75 a 6.75 a 

A  B  A  AB  AB  

 

3.5 Length of Stalks Flower 
Based on Table 5, chrysanthemum genotypes of KAR4 polyploidy results in the composition of the 
top soil + charcoal-growing media has the longest flower stals compared to other treatments. 

Table 5. Length of Stalks Flower 
 

  The average of Length of Stalk Flower (cm)   

Treatments g1 

(KAR0) 
 g2 

(KAR1) 
 g3 

(KAR2) 
 g4 

(KAR3) 
g5 

(KAR4) 
 

m1 

(top soil) 
4.25 b 3.63 a 5.38 b 1.00 a 1.50 ab 

A  A  B  A A  
m2 

(cocopeat) 
0.00 a 0.00 a 0.00 a 0.00 a 0.00 a 

A  A  A  A A  
m3 

(arangsekam) 
0.00 a 1.13 a 0.00 a 2.63 a 3.75 b 

A  A  A  A A  
m3 

(husk charcoal) 
0.00 a 1.25 a 3.13 ab 0.00 a 3.88 b 

A  AB  AB  A B  

m4 

(top soil + 
cocopeat) 

3.13 ab 7.00 b 5.75 b 1.63 a 7.63 c 

AB  C  BC  A C  

m5 

(top soil + 
husk 

  charcoal) 

0.00 a 2.00 a 0.00 a 0.00 a 0.00 a 

A  A  A  A A  

 
3.6 Floret 
Based on Table 6, the chrysanthemum genotypes of KAR4 polyploidy planted in the composition of 
the top soil + rice husk charcoal had a higher number of florets than the other treatments [7]. Number 
of leaves per plant, leaf area, number of flowers per plant and leaf area / flowers ratio. These 
measurements were significantly influenced by the different potting growing media used. The 
colchicine affects on plants were linked to strong direct affects of colchicine on the production of 
various plant hormones and thus on cell functioning [19], leading to strong differences in plant 
physiology and morphology [20]. KAR4 was adaptive to topsoil+rice husk charcoal medium and each 
variety had different response to the environment. 

Table 6. Number of Floret 
 

   The average of Floret     
Treatment g1 

(KAR0) 
 g2 

(KAR1) 
   g4 

(KAR3) 
 g5 

(KAR4) 
 

  g3 (KAR2) 
m1 

(top soil) 
3.50 b 3.75 b 3.50 c 0.50 b 2.00 b 

B  B  B  A  AB  

m2 

(cocopeat) 
0.00 a 0.00 a 0.00 a 0.00 a 0.00 a 

A  A  A  A  A  

m3 

(husk charcoal) 
0.00 a 0.00 a 0.50 a 0.75 b 2.25 b 

A  A  AB  AB  B  
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m4 

(top soil + 
cocopeat) 

0.00 a 0.25 a 1.50 a 0.00 a 1.25 ab 

A  A  B  A  B  

m5 

(top soil + 
husk 

charcoal) 

3.75 b 5.00 b 4.25 b 0.75 b 5.25 c 

B  B  B  A  B  

m3 

(husk charcoal) 
0.00 a 0.50 a 0.00 a 0.00 a 0.00 a 

A  A  A  A  A  
 
 

 

Figure 1. Variations in Shape and Color of Leaves Genotypes of Polyploid Chrysanthemum From left 
to right KRA0, KRA1, KRA2, KRA3, and KRA4. 

 
 

A 
 

B 

Figure 2. Flower Appearance: (A) Top View, (B) Bottom View, Genotype of Polyploid 
Chrysanthemums From left to right KRA0, KRA1, KRA2,KRA3 and KRA4. 

There were differences in the appearance of leaves seen from the shape and color as in Figure 1. 
Appearance of flower shapes and colors from the top or bottom as in Figure 2 on the polyploidy 
chrysanthemum genotypes. These differences occur due to genetic differences due to the treatment of 
colchicine. The plants treated with Colchicine also had thicker and coarse leaves which were greener 
in colour in comparison to the Control. The development of the light green color of gladiolus leaves 
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in plants that were given colchicine was associated with a reduction in the synthesis of green 
pigments, namely chlorophyll [21]. Previous studies have shown that the reduced chlorophyll content 
in colchicine induced by plant tetraploids from mat rush (Juncus effusus) occurs due to structural 
modifications such as disintegration in the chloroplast lamellar / thylakoid membrane that affect 
chlorophyll synthesis. Reduction of tuber diameter and the rate of multiplication of treated plant tubers 
was also one of the negative affects of colchicine treatment which can be the result of polyploidy 
induction. 

 
4. Conclusions 
Variations in plant height, age, stem diameter, number of nodes, number of florets, length of stalks, 
and diameter of flower on the polyploidy Chrysanthemum genotypes due to different planting media 
were found. m4 planting media in KAR4 genotype can increase plant height, stem diameter, number of 
nodes, length of stalks and number of chrysanthemum florets. 

 
Acknowledgment 
The author would lika to thank all parties, especially to goverment that has provided income so that we 
can carry out research, to all those who have helped during the research up to the making of this paper. 

 
References 

[1] Daryono B S & Rahmadani, W D 2009 Chrysanthemum (Dendranthema grandiflorum) Cultivar 
Big Yellow Phenotypic Character of Colchicine Treatment. Journal of Agrotropics, 14 (1), 
15–18. 

[2] Mustafa, N S, Liu, F Odongo, M R, Wang, X Cai, X Zhang, Z & Wang K 2017) Affects Of 
Colchicine Treatments On Chromosome Doubling In Three Diploid Cotton Species. Journal 
ofMultidisciplinary Engineering Science andTechnology (JMEST), 4(4), 7140–7145. 
Retrieved from https://www.researchgate.net/publication/322023999 

[3] Münzbergová Z 2017 Colchicine application significantly affects plant performance in the second 
generation of synthetic polyploids and its affects vary between populations. Annals of 
Botany, 120(2), 329–339. https://doi.org/https://doi.org/10.1093/aob/mcx070 

[4] Ninggar L, Nawawi & Wardianti T2010Effect of Planting Media Composition and SP36 Fertilizer 
on the growth of gladiolus plants. BuanaSain, 10 (2), 147–152. 

[5] Andiani Y 2013 Chrysanthemum Flowers. Yogyakarta: New Library Press. Retrieved from http: 
//www.bbp 

[6] Widiastuti L & RahayuT 2015 Kinds of Media and Irrigation Systems for Root Cuttings of 
Standard Chrysanthemum (Chrysanthemum morifolium). Agronomika, 10 (2), 22–30. 

[7] Popescu G C & Popescu M 2015 Affects of different potting growing media for Petunia 
grandiflora and Nicotiana alata Link & Otto on photosynthetic capacity, leaf area, and 
flowering potential.Chilean Journal of Agricultural Research, 75(1), 21–26. 
https://doi.org/http://dx.doi.org/10.4067/S0718-58392015000100003 

[8] Sumeria Nazir, Adnan Younis, Atif Riaz, Ahsan Akram, Nasir Ahmad Khan, Usman Tariq, M 
Nadeem, M. Kaleem Naseem and Muhammad Ahsan 2017 Nutritional Efficacy of Various 
Growing Substrates for Potted Ravenea rivularis Palm Production. Pakistan journal of 
nutrition Volume:16 (Issue: 5) : 331-340. DOI: 10.3923/pjn.2017.331.340 

[9] Yuliarti N2007Planting Media And Fertilizer For Leaf Anthurium. Jakarta: Agromedia Pustaka 
[10] Putra M P & Edwin M 2016 The Influence of Fern Root and Husk Araang Plant Media on the 

Growth of Eucalyptus pellita L. Muell Seeds. Jpt. Journal of Integrated Agriculture, 5 (2),9– 
17. 

[11] Ayu G M, Elimasni and I Nurwahyuni. 2019. Physiological Affect of Colchicine Treatment to 
Garlic (Allium sativum L.) cv. Doulu. The 4th International Conference on Biological 
Sciences and Biotechnology IOP Conf. Series: Earth and Environmental Science 305 (2019) 
012073 IOP Publishing. doi:10.1088/1755-1315/305/1/012073 



ACIFAS 2020
IOP Conf. Series: Earth and Environmental Science 748 (2021) 012037

IOP Publishing
doi:10.1088/1755-1315/748/1/012037

9

 
[12] Tiwari AK, &Mishra S K 2012 Affect of colchicine on mitotic polyploidization and 

morphological characteristics of Phlox drummondi. African Journal of Biotechnology, 
11(39), 9336–9342. Retrieved from   https://www.ajol.info/index.php/ajb/article/view/127427 

[13] Asfaw AF,GurumF, Alemayehu and Y Rezene 2012 Analysis of multi-environment grain yield 
trials I Mungbean (Vigna radiate L.) Wilzwk based on GCE biplot in Southern 
Ethiopia.J.Agr.Sci. Tech. 14 : 369-398 

[14] Yuliasti 2016 Genotype x Environment Interaction and Stability Analysis of Promising 
MutantLines of Mungbean [Vigna radiata (L.)]. A science journal for The Applications of 
Isotopes and Radiation.Vol 12 (1) : 37-48. ISSN 1907-0322 

[15] Haryanti S, Hastuti RB, Setiari N 2009 Effect of Colchicine on Growth, Metaphase Cell Sizeand 
Protein Content of Mung Bean (Vigna radiata. L) Plant Seeds. Science And Technology,10, 
112–120.[16] Ali Salehi Sardoei and Mojghan Shahdadneghad 2015 Affect of Different Growing 
Media on the Growth and Development of Zinnia (Zinnia elegans) under the Agro-Climatic Condition 
of Jiroft. Research journal of environmental sciences. 2015. Vol 9 (issue 6) : 302-306. 

[17] BrightChimaMegbo 2010 The physiological affects of Colchicine in Okra, Hibiscus esculentus 
L, plant growth and development.InternationalJournal of Scientific & Engineering Research 
Volume 1, Issue 1, October 2010. ISSN 2229-5518 30 Department of Plant Physiology, 
Faculty of Science, Charles University Prague, Czech Republic. 

[18] Mualim L 2006The Growth Response of Betel Plant Seeds (Piper battle L.) to the Number of 
Cutting Material Books and Length of Covering. IPB. 

[19] Dudits D, Torok K, Cseri A2016 Response of organ structure and physiology to 
autotetraploidization in early development of energy willow Salix viminalis. PlantP 
hysiology 170: 1504–1523. 

[20] Cohen H, Fait A, & Tel-Zur N 2013 Morphological, cytological and metabolic consequences of 
autopolyploidization in Hylocereus (Cactaceae) species. : Published online Nov 4. doi: 
PMCID: PMC3831760. BMC Plant Biology13, 173. 
https://doi.org/10.1186/1471-2229-13-173 

[21] Ayesha Manzoor, Touqeer Ahmad, Muhammad Ajmal Bashir, Mirza Muhammad Qadeer 
Baig,Abdul Ahad Quresh, Muhammad Kausar Nawaz Shah, Ishfaq Ahmed Hafiz2018 
Induction and identification of colchicine induced polyploidy in Gladiolus 
grandiflorus‘White Prosperity’ Folia Hort.30(2), 2018, 307-319. DOI: 10.2478/fhort-2018- 
0026 


