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Table 1. ANOVA for the effects of different treatments on germination characteristics of dragonhead

Mean of Square &l yo (Kb

L 4, e o Jobe Ay iy S s A Ui SES 038
e e ') Py iz e azasy, azadls Job a> a>din a>a8lw a8l
Source of sl ST Germination o C zada,)
variation daf Germination rate Root Shoot length Root fresh  Root dry ~ Shoot fresh  Shoot dry

percentage length weight weight weight weight
‘5”‘” 2 7332.15™ 25.01™ 5.04™  2.94™ 122.66™ 14.69™ 124.63  13.360™
Salinity
59 - - - - - - - .
"’)5“5 2 644.15 2.11 1.54 1.09 28.02 4.49 26.101 2.740
Chitosan
OhgaSxs,98
xChitosan 4 13.04m 0.128" 0.084"  0.088" 0.269" 0.085™ 2.324™ 0.428"
Salinity
el sl 18 9.48 0.102 0.029 0.019 0.074 0.015 0.143 0.427
Error
f*(‘:‘v e 5.48 10.77 9.42 9.25 3.8 5.22 4.93 6.23

doy ) a0 0 Jlasl mhaw jo Jls g g o piee e oI Al

ns, *, **: non-significant, significant at P <0.05 or P <0.01 respectively

s % NS
¢

13555 3 S 29b S T gtams 53l ol il 0330 (29,10 oL (334152 (sl Ly (pily )y 5265 -Y Jgu
Table 2. ANOVA for the effects of treatments on germination characteristics of savory

Mean of Square iles yo SSbeo

- O S Jsk Job Fok B0 SO SES o)
Bl é)LuO D) . . .
Source of ol SNl Gl e, arail arady, arady, adls azdl
variation d f) Germination Germina Root Shoot Root fresh  Root dry  Shoot fresh Shoot dry

percentage  tion rate length length weight weight weight weight
‘5”‘” 2 6549.93"  23.29™ 10.06™ 1.96™ 59.84™ 6.42" 54.27" 7.13"
Salinity
; 2 642.37 2.249 1.41 1.406 25.78 2.89 1598 3.26
Chitosan
OlgSx (5,90
xChitosan 4 3.26™ 0.009 0.09" 0.051" 0.86" 0.074" 0.085" 0.042"
Salinity
2ol (sllas
oS 18 14.22 0.133 0.008 0.016 0.049 0.021 0.467 0.01
Error
S e 6.7 11.87 4.41 9.55 435 8.58 2.87 5.34
Cv
Ao, Y 5o O Jleisl mhaw j0 o sae g lo e pf b 3 4 s FEESS

ns, *, **: non-significant, significant at P <0.05 or P <0.01 respectively
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Figure 2. Effect of chitosan levels on
germination percentage of savory
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Table 3. Effect of chitosan and salinity on seed germination characteristics of dragonhead

o azaiy, Jsb azails Job azaie, iy Axady, SES (s axalle S azalle Sas
Trea tr;len t Root length Shoot length Root fresh Root dry weight Shoot fresh weigh' Shoot dry weight
(cm) (cm) weight (g) (g (g (2
9% X0ligS
SalinityxChitosan
SoCo 2.03¢ 1.6¢ 9.4¢ 3.03¢ 9.57¢ 3.17¢
SoCi 2.53b 1.97° 10.7° 3.4b 10.77° 3.53b
SoC2 3.23% 2.67% 13.472 4.732 14.72 4.632
S1Co 1.374 1.174 5.07f 1.57° 5.9f 1.83f
SiCi 1.634 1.34 5.87¢ 1.83¢ 6.7¢ 2.2¢
Si1C2 1.97¢ 1.7¢ 8.33d 2.774 8.14 2.774
S2Co 0.83¢ 0.76° 2.73" 0.7" 3.3¢ h
S2C 1.03¢ 0.86° 3.4¢ 1.07¢ 3.9¢ 1.27¢
S2C2 1.54 1.24 5.63¢ 1.87¢ 8.8f 1.83F

adl oo o cime (g Lol WS 0Bl (ygim 12 40 S e B> G JBlos s sl Siles
Means in columns with different letters are significantly different at P <0.01 and P < 0.05

390 9 0555 Tl il o Al 030 2191 oLF (S3elga (Sla S L (1Sl dnns Lo —F Jour
Table 4. effect of chitosan and salinity on seed germination characteristics of savory

o s, Jsb azale Jsb  azady, S5y axady, S oy axdle Sy apdle SS o)

Trea tr;lent Root length Shoot length Root fresh Root dry weight Shoot fresh weighi Shoot dry weight

(cm) (cm) weight (g) (g (2 (2
Sopd xOlisS
ChitosanxSalinity

SoCo 2.57¢ 9.4¢ 6.47¢ 2.01¢ 9.03¢ 2.2¢
SoCi 2.93b 1.73b 7.17° 2.47° 8.00° 2.73b
SoCa 4.13* 2.1* 10.5% 3.4* 9.63* 3.5°
S1Co 1.3f 0.96¢ 3.63¢ 0.96f 4.1¢ 1.07¢
SiCi 1.7¢ 1.374 3.67° 1.3 5.27¢ 1.7¢
SiC2 2.374 1.77° 5.374 1.77¢ 6.5¢ 2.134
S2Co 0.66" 0.46f 1.67 0.46¢ 1.93i 0.53f
S2Ci 1.03¢ 0.66f 3.4f 1.03f 3.2h 0.9¢
S2Co 1.73¢ 1.434 4.9¢ 1.7¢ 4.9¢ 1.77¢

LBl o o cixe Solal M| 3 (ygim H j0 S iee By ST Bl gl sla Sl
Means in columns with different letters are significantly different at P <0.01 and P < 0.05.

9 38, Rl (S o s)l55 il plxil bges olS (s,
Ol Joloe b ,dy gy il s olS ol 0 Slos
ohlSes 5 55 (Dzung and Thang, 2005) ss—
(Ol 8,8 wis S 515 55 (Guan et al., 2009)
S e Dygo Ay oDy Y g0 o ], Siaile sle sl
J=5 jebas 568 Jmoe 5l w0ly 2al580 g )ls
6‘)_‘ |) ‘éJL».ia..w Sl uiu u‘)}a—hs W PR SAPVEE T
598y 5 S Wl oz asile (BLS laigesm s
a4 Joﬁ_:).o @m (5L®)~M ‘5~a:.: .‘a..ws..\ |) thf}.o.:
olB Qs 5 4 dtaly e Byb ) ST s
slasl sl » (Uthairatanakij et al., 2007) aas
Ols=e @ QLS o leay LusSl G o)l Sty plo

! Oligosaccharides

OhgS o mlS gl ool ) Jel> gl (elid

w23 b 5l (Siailez slagaly o s Al
=29, QLS slajio (Siadle S 5 (ialex
IS (oS S b oS g3 5 Al 050 5 (5 50k
arae] &, sladls jo Sl dwoys (ili8l 5
b (Shao et al., 2005) s,ls cillas o550 a4
B3 )F patie 9955 55 oS 59 2 65 Gl
Gl e OligS L oad ools il sla)dy oS
Zhou et ) w0 5 Sials> slaasli sy p3Y 55,
a5 0h i8S awed jo iz (al., 2002
B LS (Siasler Gl Wl oo (ljeS 5l eslital
PSP Y B P S
=4S (5,50 Liwbes! jo (Chandrkrachang, 2002)
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Effect of chitosan and salinity stress on seed germination characteristics of
savory (Satureja hortensis L..) and dragonhead (Dracocephalum moldavica L.)
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Abstract

Dragonhead (Dracocephalum moldavica L.) and savory (Satureja hortensis L.) are the important
aromatic and medicinal plants. Their essential oil used in medicinal and food industries. The aim of
this research was to determine the effects of chitosan and salinity levels on seed germination
characteristics of savory and dragonhead. Therefore two experiments were conducted to investigation
the effect of chitosan (0, 1 and 2%) and salinity (0, 4 and 6 ds/m) on seed germination of these two
plants. Experimental design was completely randomized design with factorial arrangement of
treatments with three replications. The experiments were conducted in Kurdistan University, Iran, in
2013. The results indicated that using chitosan (2%) caused the highest values of germination rate and
germination percentage of dragonhead and savory, whereas salinity stress decreased the mentioned
traits. Application of chitosan 1% and 2% increased root and shoot length, fresh and dry weight of
shoot and root under salinity stress. Generally the most favorable interaction treatment for mentioned
traits was the chitosan 1% combined with 6 ds/m salinity stress in the in both plants.

Keywords: Glucosamine; Lamiaceae; Sodium Chloride

1. Assistant Professor, Department of Agronomy and Plant Breeding, Faculty of Agricultural Sciences,

Kordestan University, Sanandaj, Iran
2. MSc. graduate of Agronomy, Department of Agronomy and Plant Breeding, Faculty of Agricultural Sciences,

Kordestan University, Sanandaj, Iran
3. Assistant Professor, Department of Agronomy and Plant Breeding, Faculty of Agricultural Sciences, Valie-

Asr Rafsanjan University, Rafsanjan, Iran
*Corresponding author: s.khalesro@yahoo.com

Y



