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Abstract

The aim of this study was to assess the potential in vitro effect of hinokitiol on improvement of tomato seedling resistance to salinity 
stress. Effect of hinokitiol was compared with two anti-stress compounds, salicylic acid and paclobutrazol. Leaf numbers, shoot and root 
fresh weight and root fresh weight were recorded after about 8 weeks.  Salt stress was accomplished by application of two levels of pure 
NaCl (50 and 100 mM) on MS basal medium. The treatments consisted of different concentrations of hinokitiol (0, 1, 5 and 10 ppm), 
paclobutrazol (0, 1, 2 and 4 µM) and salicylic acid (0, 0.01, 0.1 and 1 mM). Results revealed that salinity blocked seed germination in 
media containing only 100 mM of pure NaCl without any treatment. In general all three compounds increased tomato seedling growth, 
indicating these compounds are able to alleviate the negative effect of salinity on tomato plants. However, Hinokitiol was the most 
efficient compound. Compared with SA, application of hinokitiol significantly increased leaf numbers, shoot length and shoot and root 
dry weight. Also, media containing different concentrations of hinokitiol produced higher root and shoot fresh weight than control and 
other treatments. Future physiological studies are needed to clarify the mechanism of induction of salt tolerance activity by hinokitiol.
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Introduction

One of the most important factors that dictate the dis-
tribution of many plant species is their ability to withstand 
environmental stress including variation in salinity and 
available moisture. Plants generally respond the environ-
mental stress by activating defense mechanisms and adjust-
ing their cellular metabolism (Mehdy, 1994).

Stresses may be of a biotic (infection caused by fungi, 
bacteria and viruses) or abiotic (water, temperature or ion-
ic stresses) nature. Plants initially perceive environmental 
stresses and activate a range of defense mechanisms (Stich-
er et al., 1997). Abiotic stress conditions favor the accu-
mulation of reactive oxygen peroxide , such as superoxide 
radicals, hydroxyl radicals and hydrogen peroxide (H2O2). 
The alleviation of oxidative damage and increased resis-
tance to environmental stresses is often correlated with 
an efficient anti oxidative system which may be induced 
or enhanced by application of chemical such as salicylic 
acid or paclobutrazol. Recently considerable interest has 
been aroused by the ability of PBZ and SA to produce a 
protective effect on plants exposed to various abiotic stress 
factors. SA is considered to be a hormone-like substance 
that is important in regulation of plant growth and de-
velopment processes such as ion uptake and transport, 

photosynthesis rate and transpiration (Khodhary, 2004). 
This compound in some cases serve as a plant hormones, 
regulate the synthesis of anti oxidant enzymes during abi-
otic and biotic stress (Senaratna et al., 2003). The appli-
cation of SA has resulted in tolerance of plants to many 
biotic and abiotic stresses including fungi, bacteria, viruses 
(Delany et al., 1994), chilling ( Janda et al., 1999), drought 
and extreme temperatures (Senaratna et al., 2003).

The physiological effect of paclobutrazol in plant which 
undergo abiotic stress has been reported. This compound 
is currently registered for use on food crops such as apples, 
peaches and citruses but it is very effective in controlling 
the growth of many other crops and may offer an alterna-
tive for use in vegetable production (Fletcher et al., 2000). 
PBZ increased resistance against environmental stresses 
such as drought, salinity and high temperature (Berova 
and Zaltav, 2000). These beneficial effects could be at-
tributed to a decrease in endogenous gibbrelin level and 
transient increase in abscisic acid level and enhancement 
of anti oxidant enzymes activity (Tekalign and Hammes, 
2005).

Hinokitiol (β-tujaplicin) is a tropolon-related com-
pound purified from the wood of Chamaecyparis obtusa, 
Thuja plicata. Hinokitiol has been used as antibacterial 
agent in foods and cosmetics due to low toxicity in ani-
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length were recorded. This experiment was carried out 
based on completely randomized design with 5 replicates. 
Data were subjected to analysis of variance by SAS 9.12 
software and means were separated by Duncan multiple 
range test at P≥0.05. 

Results

Application of NaCl (especially at100 mM) to MS 
basal medium adversely influenced tomato plant growth 
pattern by inhibition from seeding growth. Also, results 
of this experiment revealed that hinokitiol, PBZ and SA 
significantly increased tomato seedling tolerance against 
salinity stress under in vitro culture, (Tab. 1 and 2).

Leaf numbers
Fig. 1 shows the effects of treatments on leaf numbers 

on media containing both salinity levels (50 and 100 
mM). It can be clearly seen that all treatment significantly 
increased tomato seedling growth except 1 mM of SA, 
inhibited from seedling growth on both salinity levels. 
Hinokitiol increased leaf numbers, this compound at rate 
of 10 mM accounted for the most leaf under high salin-
ity level, while on media containing lower level of NaCl, 
seedling treated by low concentration of PBZ produced 
more leaf than other treatments. SA at high concentration 

mals (Arimal et al., 2003). The mechanism of antimicro-
bial and insecticidal activity of tropolone and hinokitiol 
is unknown but it was documented that tropolone greatly 
inhibited polyphenol oxidase and tropolone and hinokiti-
ol showed inhibitory activity toward metalloproteases 
such as carboxypeptidase A and collagenase (Morita et al., 
2004, Saniveska and Saniewski, 2007). 

Inhibitory effects of hinokitiol on some plant growth 
such as seed germination have been reported (Sakagami et 
al., 2000). Moreover, hinokitiol can block the biosynthet-
ic pathway of enzymes such as ACC-synthase and ACC-
oxidase (Zobayd et al., 2001). 

Material and methods

Plant material and media preparation
Tomato seeds cv. ‘Falkato’ were used as explants cul-

tured in tissue culture laboratory of Mohaghegh Ardabili. 
MS basal medium supplemented with 3% sucrose, 0.8% 
agar was used as cultural medium. Two concentrations of 
pure NaCl (50 or 100 mM) were added to cultural media 
to provide a saline condition. Treatments consisted of dif-
ferent concentrations of hinokitiol (0, 1, 5 and 10 ppm), 
paclobutrazol (0, 1, 2 and 4 µM) and SA (0, 0.01, 0.1 and 
1 mM) and all treatments were added to cultural medium 
before autoclaving at 121°C. Hinokitiol was dissolved in 
70% ethanol. Cultures were kept at 25°C temperature and 
16/8 day/night photoperiod in growth chamber.

Explants and media sterilization
To obtain sterile culture, seeds were leached with run-

ning water for 15 minutes and disinfested by 70% ethanol 
and 3% sodium hypochlorite for 45 second and 20 min, 
respectively; then seeds was leached three-time with dis-
tilled water. Cultural media sterilized by autoclaving at 
121°C.

Data recording and analysis
After two month seedling growth indices includ-

ing leaf numbers, shoot and root fresh weight and shoot 

Tab. 1. The analysis of variance of salt levels and treatments on growth parameters of tomato on media containing of 100 mM of 
NaCl

Source Df
Mean Square

Leaf numbers Shoot length (cm) Shoot F.W (mg) Root F.W (mg)
Model 9 6.67** 3.36** 210** 22**

Error 40 0.2 0.07 4.95 0.50
CV 16 12 19.2 17.3

Tab. 2. The analysis of variance of salt levels and treatments on growth parameters of tomato on media containing 50 mM of NaCl

Source Df
Mean Square

Leaf numbers Shoot length (cm) Shoot F.W (mg) Root F.W (mg)
Model 9 4.95** 2.58** 165.7** 24.9**

Error 40 0.19 0.10 9.17 2.35
CV 14 13 21.3 27

Note: ** and NS indicate significant or nonsignificant difference at P≤%1

Fig. 1. Effect of hinokitiol, salicylic scid and paclobutrazol on 
leaf number

Note: Numbers beside the abbreviations indicating the tested 
concentrations of compounds
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(10 mM) showed inhibitory effect on tomato seedling 
growth.

Shoot length
Shoot length of seedlings reduced by application of 

hinokitiol, SA and PBZ on media supplemented with 
50 mM of NaCl, in contrast, under high salinity level hi-
nokitiol alleviated the inhibitory effect of salinity and in-
creased shoot length of seedling. Increasing the concentra-
tion of hinokitiol up to 5 ppm increased shoot length but 
higher level (10 ppm) of this compound reduced shoot 
length. Different concentrations of PBZ produced seed-
lings with same shoot length, while higher concentrations 
of SA produced seedlings with shorter shoot than that of 
lower concentrations (Fig. 2).

Shoot fresh weight
It can be clearly seen that hinokitiol on  media con-

taining of 50 mM of NaCl,  produced seedling with high-
er shoot fresh weight than other treatments. However, 
higher concentration of this compound declined shoot 
fresh weight. SA at higher concentration inhibited from 
seedling growth and subsequently decreased shoot fresh 
weight. Seedling produced on media with high salinity 
level showed different results. An increase in hinokitiol 
concentration decreased shoot fresh weight, especially at 
10 ppm. There were conflicting results about media sup-
plemented with PBZ, both higher and lower concentra-
tion of this compound produced shoots with high fresh 
weight of those of moderate concentration (Fig. 3).

Root fresh weight
As shown in Fig. 4, hinokitiol under both salinity levels 

significantly (P≥0.5) increased root growth and seedling 
grown on media containing of 10 and 5 ppm hinokitiol 
had the highest fresh weight under low and high salinity 
levels, respectively. Other treatments had not any positive 
effect on root growth under lower salinity level. Whereas, 
PBZ and SA increased root fresh weight under high salin-
ity level.

Discussion

Media supplemented with hinokitiol, SA and PBZ  
positively affected tomato plants growth pattern under 
both salinity levels. Two salinity levels affected plant 
growth, similarly. This is of primary importance from a 
point of view since hinokitiol, SA and PBZ could increase 
plants tolerance against to either low or high salinity con-
dition. Previously the positive effects of PBZ and SA on 
plants growth under salinity stress have been reported 
(Tekalign and Hammes, 2005). According to Borsani et 
al. (2001) SA multiplies the ROS generation under stress 
and a direct physiological effect of SA is the alternation of 
antioxidant enzyme activities. Exogenous SA could regu-
late the activity of antioxidant enzymes and increase plants 
tolerance to abiotic stress (He et al., 2002). Also, Marshal 
et al. (2000) reported that PBZ anti-stress activities could 
be attributed to its antioxidant activity. 

The highest shoot and root fresh weight were recorded 
on media supplemented with different concentrations of 
hinokitiol. The most effective rate of this compound was 5 
ppm. The pronounce effects of tropolene and hinokitiol-
related compounds in biological systems including strong 
inhibition of plant growth, antimicrobial and insecticidal 
activity. The mechanism of the antimicrobial and insec-
ticidal activity of tropolone and hinokitiol is unknown 
but it was well documented that tropolone greatly in-
hibited polyphenol oxidase (Morita et al., 2004). Inhibi-
tory effects of hinokitiol on enzymes have been reported 
(Rabbany and Mizutani, 1998). For instance hinokitiol 
inhibited ethylene production through suppression of 
1-aminocyclopropane-1-carboxylate (ACC) synthase and 
oxidase (Rabbany and Mizotany, 1998). Tropolone and hi-
nokitiol greatly inhibited the formation of red pigment in 

Fig. 2. Effect of hinokitiol, salicylic scid and paclobutrazol on  
shoot length 

Fig. 3. Effect of hinokitiol, salicylic scid and paclobutrazol on 
shoot fresh weight

Fig. 4. Effect of hinokitiol, salicylic scid and paclobutrazol on 
root fresh weight
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wounded scales of Hippeastrum; probably as strong inhibi-
tors of polyphenol oxidase block the oxidation of colorless 
flavans to oxidized red-coloured flavans after wounding. 
The role of oxidative stress in the production of hinokitiol 
by Cupressus lusitanica suspension culture is also presented 
(Saniveski et al., 2007). Moreover, in present study it was 
shown that exogenous hinokitiol decreased the negative 
effects of salinity in tomato plants. This evidence may be 
serve as signs of interference of this compound in alleviat-
ing of stresses but more investigation is needed for con-
firming of these observations.
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