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2- Dianthus caryophyllus
3- Iris chrysographes
4- Impatiens walleriana
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5- Callistephus chinensis L.

6- Petunia spp.

7- Viola tricolor L.

8- Saintpaulia ionantha H. Wendl.
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1- Solanum lycopersicum
2- Chrysanthemum indicum
3- Hydrangea macrophylla
4- Cucumus sativus L.
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Figure 1- Vibration simulation. Schematic (A) and functioning (B) of
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1- Spectrophotometer
2- Mapada, China
3- Leaf area meter (Delta-Tscan), England
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6- Hedysarum leave
7- Capsicum annum
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1- Pisum sativum

2- Oryza sativa

3- Zea mays

4- Hordeum vulgar
5- Helianthus annuus
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Table 2- Mean comparison of morphological characteristics of Coleus blumei under frequency and duration of mechanical stress

5 o L al L5 ofaag , . c
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uration of stress Plant .Stem Length of il s Leaf area Sr Root length Root
stress (Hy) height (cm) diameter axi%lar of axillary .No No. of (cm/plant) Mean leaf (cm) "01‘“3“3
(min) (mm) shoots ( c)r,n) shoots/plant leaves/plant (cm) area (cm’)
0 29.5a 47.8a 60.1a 11.0a 64.7a 1423.87a 52.89a 30.6a 28.22a
5 23.88b 44.6b 44.1b 9.0b 56.7b 949h 45.64b 25.0b 14.11b
10 22.5¢ 42.2¢c 34.1c 8.7b 52.0b 877b 45.09b 23.7b 11.77c
7.5 26.55a 46.4a 49.2a 9.9a 59.0a 11226a 48.27a 27.1a 19.55a
10 25.27b 45.6a 47.4a 9.7ab 57.2a 1076a 48.27a 26.8a 17.77b
12.5 24.05¢c 42.7b 41.7b 9.2b 57.1a 1056a 47.06a 25.4a 16.77c
7.5 29.83a 48.1a 70.7a 12.0a 68.7a 1479 50.73ab 30.8ab  28.33a
0 10 29.5a 47.7ab 58.5b 10.7b 60.7ab 1252ab 54.86a 29.8abc  28.33a
125 29.16a  47.6ab 51.0c 10.3bc 64.7a 1541a 53.10a 31.2a 28.00a
7.5 25.16b  46.7ab 41.3e 8.0f 54.0bc 944c 47.53bc 24.8de  12.00c
5 10 23.66cd 46.3ab  47.5cd 8.7ef 55.3bc 897c 44.50c 26.0bcd  18.00b
125 22.83d 41.0d 43.5de 9.7cd 60.7ab 791c 43.26C 242de  12.33c
7.5 24.66bc  44.4bc 35.5f 9.0de 49.0c 942c 46.55abc  24.7de  10.00d
10 10 22.66d 42.7cd 36.2f 8.3ef 55.3bc 1009c 45.58¢c 25.5cde  12.33c
125 20.16e 39.5d 30.79 9.7cd 51.7¢c 895¢ 44.80c 20.8e 13.00c
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Values followed with the same letter(s) (column-wise) are not significantly different at P<0.05 according to PLSD.
Values are the mean of three replications = S.E.
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Table 3- Mean comparison of stems, leaves and roots biomass of Coleus blumei under frequency and duration of mechanical stress

.‘.c-voM .‘.a-vuw . . . .. . _ . .
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Duration ~ Frequency ¢ —c\ Sterm DW Leaf FW S p S (39 aday 509 iy y SUiS (339
of stress of stress Leaf DW (g) Root FW (g) Root DW (g)
(min) ) (g/plant)  (g/plant) ©
0 16.37a 0.76a 21.42a 1.6a 16.01a 0.82a
5 10.89b 0.56b 14.28b 1.07b 10.05b 0.53b
10 8.62¢c 0.47b 13.84b 1.07b 8.26¢ 0.49b
7.5 12.83a 0.62a 16.84a 1.25a 11.94a 0.64a
10 12.71a 0.58a 16.55a 1.25a 11.78a 0.61a
125 10.35b 0.58a 16.15a 1.24a 10.59b 0.58a
7.5 12.63c 0.71ab 22.77a 1.7a 15.31b 0.84ab
0 10 16.06b 0.74a 18.35b 1.4b 14.2c 0.69bc
12.5 20.41a 0.83a 23.15a 1.7a 18.52a 0.93a
75 9.15de 0.58bc 13.82c 1.13cd 9.26f 0.52cde
5 10 12.46¢ 0.6bc 15.01c 1.1cd 11.24d 0.61cde
125 11.07cd 0.5cd 14.02¢c 1de 9.65ef 0.45de
7.5 9.27d 0.47cd 13.07¢ 0.92¢ 7.229 0.3%
10 10 9.60d 0.52cd 15.11c 1.22¢c 10.38de 0.62bcd
125 7.01e 0.42d 13.35¢ 1.06de 7.179 0.45de

3b oo PLSD 9051 oluolyy 3o )3 B o y3 (65l gize G5 1316 it S jnite By S ()b JBhis a8 oo ke g0 o )
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Values followed with the same letter(s) (column-wise) are not significantly different at P<0.05 according to PLSD.
Values are the mean of three replications = S.E.
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Table 4- Mean comparison of physiological and biochemical characteristics of Coleus blumei under frequency
and duration of mechanical stress

S ORI e e sl aE bl S s
Duration ] o] Electrolyte MDA Chl a Chl b Total Ch Carotenoids
of stress of stress RWC leakage (umol gFW1) (mg g FW™) (mg g FW) (mg g FW'")  (mggFW")
(euin) (H) A %)
0 89.1a 26.3a 2.34a 7.04c 2.83b 9.85¢c 2.83b
5 85.6b 25.7a 1.96b 7.52b 2.91ab 10.44b 2.9b
10 82.4c 25.3a 1.89b 7.83a 3.12a 10.95a 3.08a
7.5 86.3a 26.2a 2.29 7.84a 3.2a 10.97a 2.89b
10 85.6a 25.9a 1.98b 6.79b 3.0la 10.85a 2.77b
125 85.2a 25.3a 1.92b 7.76a 2.65b 9.42b 3.15a
75 88.3bc 24.4de 2.5a 6.75e 2.66¢d 9.41d 2.48de
0 10 86.2cd 25.1cd 2.43a 7.42d 3.17b 10.53c 3.32b
125 92.7a 29.5a 2.1abc 6.96e 2.66¢d 9.62d 2.7cd
7.5 81.0f 28.2ab 2.17ab 8.62b 3.29b 11.91b 3.33b
5 10 90.8ab 26.6bc 1.87bcd 6.91e 2.48d 9.39d 2.63cde
12.5 85.0de 22.4e 1.64cd 7.04de 2.97bc 10.01cd 2.73cd
75 87.5cd 25.1cd 2.21ab 8.16¢ 3.08bc 11.24b 2.85¢c
10 10 82.0ef 24.1de 1.47d 6.04f 2.31d 8.35e 2.38e
12.5 77.89 26.7bc 2.21ab 9.29% 3.97a 13.27a 4.03a
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Values followed with the same letter(s) (column-wise) are not significantly different at P<0.05 according to PLSD. Values are the
mean of three replications + S.E.
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Introduction: Coleus (Coleus blumei Benth.) from Laminaceae family is an herbaceous, fast growing plant with
colorful and decorative leaves which is used as an ornamental and pot plants. Producing short and compact potted plants
is valuable in floral industry. A chemical procedure has long been used for this purpose. However, chemical procedure
is environmentally unsafe, while it is expensive. Therefore, researches are carried out to find cheaper and safer methods.
Several researches have been done on height control, such as genetic manipulation, temperature management, light
quality manipulation, controlled water deficit and withholding nutrients. Controlled mechanical stresses are included the
potential non-chemical methods. In the present research, using a laboratory vibration simulator, the effects of vibration
stress with different frequencies and durations had been examined on growth control of coleus.

Material and Methods: The experiment was conducted at the research greenhouse of Lorestan University, Iran in
2017. Uniform rooted cuttings of Coleus were transplanted in plastic pots (15 cm diameter and height) that filled with
equal proportion of soil, sand and cow manure. The experimental design was a factorial based on a completely
randomized design with three replications. After plant establishment, the treatments were applied every morning, with
7.5, 10 and 12.5 Hz frequencies and 0, 5 and 10 min durations, using a laboratory vibration simulator. Treatments
application lasted for four weeks and then, plant height, stem diameter, total number of leaves per plant and leaf area,
total number and length of side shoots, root volume and length, leaf, stem and root fresh and dry weights, relative water
content, electrolyte leakage and the amounts of photosynthetic pigments were assessed.

Results: The results showed that interaction effects of frequency and duration of mechanical stress were significant
at the 0.01 level in plant height, the total number and length of side shoots, root volume, leaf, stem and root fresh and
dry weights, relative water content, the amounts of photosynthetic pigments, while it was not significant on electrolyte
leakage. The main effects of duration of mechanical stress were significant at the 0.01 level in total number of leaves
per plant and leaf area. Mean comparisons showed that with increasing frequency and duration of mechanical stress,
plant height, total number of leaves per plant and leaf area, the total number and length of side shoots, root volume and
length, leaf, stem and root fresh and dry weights and relative water content decreased. The shortest plant height was
found in plants that treated with 12.5 frequency for 10 min which was 31% shorter than control plants. The main effects
of frequency and duration of mechanical stress were significant at the 0.01 level in stem diameter, while their
interaction effect was not significant. Stem diameter reduced with increasing stress duration. The stress effect on stem
diameter was similar in 7.5 and 10 Hz frequencies. However, stem diameter was lower in plants treated with 12.5 Hz.
Mechanical stress decreased the total number of leaves per plant and leaf area and the effects of 5 and 10 min duration
were similar. With increasing frequency and duration of mechanical stress, the amounts of photosynthetic pigments
increased; so that, the highest amount of those were found in plants that treated with 12.5 Hz frequency for 10 min.

Discussion: According to the results of the present research, vibration stress could control plant growth in Coleus.
Stress treatments with all frequencies and durations, decreased plant height and other growth parameters i.e. the total
number of leaves per plant. Leaf area, root length, plant biomass and relative water content were also decreased, while,
electrolyte leakage was not significantly affected. At the same time, mechanical stress increased the amounts of
photosynthetic pigments. Plants treated with 7.5 Hz frequency for 5 min showed 16% shorter plant height compared
with controls, while other plant growth characteristics including stem diameter, leaf area, electrolyte leakage, MDA
content and the amounts of photosynthetic pigments were similar to those in control plants. Therefore, this treatment
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could be recommended as a good vibration treatment for practical use. However, based on the production conditions,
other vibration frequencies and durations could be chosen. In total, vibration stress using a vibration simulator could be
a proper method for producing short and compact pot plants due to its cheapness and being easy to use and an
environmentally friendly method.

Keywords: Coleus, Growth control, Plant height, Vibration stress



