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Table 1- Variance analysis of chitosan on growth indices of lemon verbena explants

Mean of squares iz yo yusilu

Slawy

Job

& et e st o2 ol ’ éj)f mf M ey ey
& gt &3 ol R Sl 4Ll (S p ey @l
SOV. df Normal Node number L eaf Rootin
plantlet Lateral Longest of longest 9
percentage shoots shoot <hoot number  percentage
number length
olighd 4 8.57ns 0.32ns 55g** 6.1* 2557 3858%*
Chitosan
Error Ws 10 8.57 0.53 25 1.13 7.23 101
C.V. (%) &l s sy 2.95 15.25 12.68 20.61 7.78 18.63

Posixe pe: NSy V) 50 Jliol mhas jo jlo Joe s
*and **significant at 5 and 1% probability levels, respectively, ns: non-significant
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Table 1- Continued

Mean of squares iz yo yusilu

&0 ax F ol lass Job Sy olaxs
O s ool Pl s oSds ok 039,45 lyines
SOV, o Chlorophyll Shoot Plantlet oc;: ada, Chlorotic  Gjtray
content fresh length Longest leaf
; number
weight root number
’;"_59;;"; 4 40.27* 4283** 357* 56** 7.49%* 6.38ns 0.08*
Chitosan
Error Ws 10 7.23 184 84 11 0.25 2.8 0.02
C.V. (%) & ps sy 11.04 7.4 17.73 18.44 18.63 23.44 0.82

Jogoe n£:NS

*and **significant at 5 and 1% probability levels, respectively, ns: non-significant
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Table 2- Effect of chitosan on the growth indices of lemon verbena explants
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eyl Job
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Treatment Lo e asld o § S,y Sy ol ;' i )t' - Chlorophyll
. Shlo‘;r}%zith Node number of  leaf number (zg/ol)ng content (SPAD
longest shoot unit)
(mm)
0 ppm 27.33° 7.672 33> 0° 22°
i 12.5 ppm 27.89° 433 33.44%° 47.9° 21.8°
OF 25 ppm 32.89° 433 36.78% 47.9° 21.8°
Chitosn 55 pom 55.55° 4.88° 38.447 88.7% 30.1%
100 ppm 52.22° 455° 31.33° 84.97 26.1%

il e BB s 5Sils (03T b O Jles o 10 gt p2 50 S e g sl slo nSile
Means within a column followed by the same |etter do not differ significantly.
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Table 2- Continued
ol 5 s N
Treatment sl Shoot fresh weight Plantlet Root L Cl);;
(mg) length (mm) number Longest root
(mm)

0 ppm 124° 40° 0° 0° 16.6%

Jssns  125ppm 203° 415° 3.9 3.4% 16.8°
COFF 25 ppm 207° 51.5% 45° 2.8° 16.39
Chitosan 59 pom 2142 63.5% 10.7% 412 16.75%
100 ppm 167° 62% 9.3 3.1° 16.57®

il e B gl 5Sils fyge3T b 0 Jledl mhams 10 gt p2 50 S e By sl sla i Sile
Means within a column followed by the same letter do not differ significantly.
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Table 3- Variance analysis of chitosan on growth indices of lemon verbenain the field

Mean of squares iz yo yusilu
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Ol i’ o B - R A R <.
SOV o5 WS e, Leaf Sy Job SpsE b5 sl 0,5k Job
df Plant height length L.eaf Chlorophyll Internode
width content length
Block gl 3 99.26™ 42.3™ 7.24™ 19.2** 31.09™
S iad 5 226.5™ 13.87™ 1.27™ 6.24™ 209™
Chitosan
Error s 15 211 86.78 4.13 29 39.58
CV. (%) &l yosis gy 12.47 8.84 7.68 495 15.56

Josoe NSy V50 Jloox! mhaw jo lo Jire i g %
*and **significant at 5 and 1% probability levels, respectively, ns: non-significant
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Table 3- Continued

Mean of squares s po ¢yusile

. Q).) - _ T (e e é
Sl grle ol RIS olas S o sty PN F 0 Sr ol
SOV. Inflorescence Node - Longest Leaf fresh
df Leaf areaindex .
number number Inflorescence weight
Block <oy 3 1.61™ 1.39™ 19844667** 29™ 128.4**
"’"""’5 5 78.5%* 37" 1168013"™ 288.9%* 12830**
Chitosan
Error ts 15 34 2.39 1932822 3.94 234
C.V. (%) &l yuii g po 17.2 17.67 22.62 8.85 10.1

Josoe NSy V50 Jloox! mhaws jo jlo Jire i g %
*and **significant at 5 and 1% probability levels, respectively, ns: non-significant
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Table 4- Effect of chitosan on growth indices of lemon verbenain the field

3T o 5553 Sy ¥ 059

. 3 S5 olaws .
Treatment ;o Inflotry J-fce number Longest Inflorescence leaf fresh weight
escen (cm) @
(A Jshmo (yaw) Ll 8.75°¢ 19.63% 9.75%
Control (no spray)
Distilled water haiia 6.75°¢ 235" 13¢
7S Sk WIB ol 12 225 88.25°
Chitosan (12.5mg/l)
P rer o YO oligs 12.25° 17.88¢ 28.75°
Chitosan (25mg/l)
> l‘f-f; o B0 oljgiS 18252 382 144.752
Chitosan (50mg/l)
)’ﬁ’ﬁ.ﬁ;&rﬂ“‘ RUTE 6.5¢ 13¢ 3.29°
Chitosan (100mg/l)

e I e B glylo Sils (g3l b O Jlodil mhans 3 i 10 )0 S e By, gl slo  Silee
Means within a column followed by the same letter do not differ significantly at P<0.05.
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Figurel- Chemical structures of (&) chitin and (b) chitosan
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Figure 2- Tissue culture of lemon verbena. a) Establishment in planting glass, b) proliferation,
C) plantlet
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Abstract

Chitosan is one of the bio-dicitors that cause physiological and morphological
changes in plants. To this end, two separate experiments were carried out to investigate
the effect of chitosan on morphological and physiological traits of lemon verbena under
in vitro and field conditions. 12.5, 25, 50 and 100 ppm concentrations of chitosan were
added to M S culture medium and their effects on lemon verbena growth indices were
evaluated. The results showed that chitosan had a significant effect on all traits, except
for the normal plantlet percentage, lateral shoots and chlorotic leaf numbers evaluated.
Increasing chitosan concentrations up to 50 and 100 ppm under in vitro condition
increased longest shoot length, chlorophyll content and plantlet length in lemon verbena
explants but it reduced node numbers of the longest shoot when all concentrations of
chitosan were used. Increasing the effect of chitosan on rooting percentage and root
numbers were positive and reached the highest levels at concentrations of 50 and 100
ppm. It was aso found that the shoot fresh weight, the leaf number and longest root
have a positive effect on chitosan and had a better effect on concentrations less than 100
ppm. However, the use of chitosan showed irregular changes in the amount of citral.
The effect of chitosan with 12.5, 25, 50 and 100 ppm concentrations were evaluated on
growth indices of lemon verbena under field condition. The positive effect of chitosan
concentration of 50 ppm was observed for inflorescence number, inflorescence length
and leaf fresh weight. Because of positive effects of chitosan concentrations of 50 and
100 ppm, on most growth characteristics of lemon verbena in field and tissue culture
conditions their applications could be recommended in plantations of thistree.
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