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ABSTRACT 
Chitosan is a deacetylated derivative of chitin that is derived from the cell walls of fungi, crustacean exoskeletons, cuticles of insects and 
some algae. It is considered environmental friendly for agricultural uses as it is easily degradable and non toxic to humans. Chitosan and 
its derivatives have been reported to elicit natural defence responses in plants and it has been used as a natural compound to control pre- 
and postharvest pathogenic diseases. Chitosan application has also been shown to increase yields of some agricultural crops. Chitosan has 
recently been reported to act as a plant growth promotor in some species including orchids. The degree of deacetylation and concentra-
tions of chitosan have varying effects on the growth and development of orchid cultured in vitro. Spraying with chitosan has been shown 
to significantly reduce the severity of leaf spot disease in orchids. Also, it has been shown that application of chitosan to Dendrobium 
orchid plants tended to increase the size of open florets and length of the inflorescences, but did not affect the display-life of cut orchids. 
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INTRODUCTION 
 
Orchids are members of the family Orchidaceae, which is 
one of the largest families of flowering plants. The orchid 
industry is one of the most important agricultural industries 
in Thailand and it is based mainly on Dendrobium hybrids. 
However, other important orchid genera including Vanda, 
Mokara, Ascocenda, Paphiopedilum and Cattleya are also 
grown. The increase in orchid production is leading to 
higher public demand for technical assistance and informa-
tion in order to improve orchid growth, development, pro-
duction and quality. Chitosan is used in many industries in-
cluding waste water treatment, membrane technology, pulp 
and paper, cosmetics, food industry, medical, biotechno-
logy and agriculture (Imeri and Knorr 1998). In agriculture, 
there is a worldwide trend to use chitosan as an alternative 
compound because of its fungicidal effects and elicitation 
of defence mechanisms in many plant tissues. It is also use-
ful in other ways including used as a coating material for 
prolonging postharvest life and limit fungal decay on straw-
berry and bell pepper (Terry and Joyce 2004). Moreover, 
the use of culture medium supplemented with 1.75 % (v/v) 
chitosan solution (chitogel) enhanced root and shoot bio-
mass, photosynthesis and related parameters of grapevine 
plantlets in vitro culture (Barka et al. 2004). Because chito-

san is biodegradable, has low potential toxicity and is com-
mon in the environment, the USA Environmental Protection 
Agency (EPA) concluded that chitosan is not harmful to 
people, pets, wildlife, or the natural environment, and also it 
was found to be non-toxic when fed to mice, rats, and rab-
bits (EPA 1995). However, chitosan is registered as a pesti-
cide, which implies a potential for misuse or improper dis-
posal.  

This article reviews the effects of chitosan on orchid 
growth and development. 
 
APPLICATION OF CHITOSAN 

 
Chitosan is one of the most common natural polymers that 
can be obtained from various species, particularly from the 
exoskeletons of crustaceans. It is also found in cuticles of 
insects as well as in the cell walls of fungi and some algae 
(Sanford and Hutchings 1987; Sandford 1989; EPA 1995). 
Chitosan is a polysaccharide derived from a low acetyl form 
of chitin, mainly composed of glucosamine and N-acetyl-
glucosamine. Its structure and composition is similar to both 
cellulose and chitin (Freepons 1991; Hadwiger and McBride 
2006). Chitosan has a strong positive charge and it attracts 
negatively charged molecules. The unique physiological and 
biological properties of chitosan have led to its use in vari-
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ous industries for removal of metal ions from wastewater, 
removal of dyes, addition to animal feed and as a preser-
vative in the food industries, for the controlled release of 
drugs, control of blood cholesterol, and as an additive to 
cosmetic products such as moisturizers, bath lotions, and 
face, hand and body creams (Roller and Covill 1999; Ben-
jakul et al. 2000; Shahidi et al. 2001). Chitosan has been 
used in agriculture as a coating material for fruits, seeds 
and vegetables (Zhang and Quantick 1998; Jiang and Li 
2001; Lee et al. 2005; Photchanachai et al. 2006), for con-
trolled agrochemical release of fertilizers (Sukwattanasinitt 
et al. 2001), to stimulate plant immune systems, plant 
growth and plant production and also to protect plants 
against attack by microorganisms (El Ghaouth 1994; Had-
wiger et al. 2002; Nge et al. 2006). 
 
PHYSIOLOGICAL RESPONSES TO CHITOSAN 

 
Role of chitosan in plant resistance to pathogens 
and defence mechanisms 
 
Chitosan is an exogenous elicitor of response mechanisms 
and has been demonstrated to induce plant defences in 
tomato (Benhamou and Thériault 1992; Benhamou et al. 
1994), cucumber (Ben-Shalom et al. 2003), chili seeds 
(Photchanachai et al. 2006), strawberry fruits (El Ghaouth 
et al. 1992) and rose shrubs (Wojdyla 2004). Several stu-
dies have shown that chitosan stimulates other systems in-
volved in resistance of plants to infection (Bohland et al. 
1997; Creelman and Mullet 1997; Vander et al. 1998; Kim 
et al. 2005). Chitosan induces the accumulation of phyto-
alexins resulting in antifungal responses and enhanced pro-
tection from further infections (Hadwiger and Beckman 
1980; Vasyukova et al. 2001). The increase in phenolic 
substances following chitosan application has been re-
viewed (Bautista-Baños 2006). Application of chitosan and 
chitin oligomers increased the activities of phenylalanine 
ammonia-lyase (PAL) and tyrosine ammonia-lyase (TAL), 
the key enzymes of the phenylpropanoid pathway, in soy-
bean leaves (Khan 2003), and sweet basil (Ocimum basi-
licum L.) (Kim et al. 2005). The products of PAL and TAL 
are modified via the phenylpropanoid pathways to produce 
precursors of secondary metabolites, including lignin, fla-
vonoid pigments, and phytoalexins, which play an impor-
tant role in plant-pathogen interactions (Morrison and Bux-
ton 1993; Taiz and Zeiger 2002). Chitosan treatment in-
creases polyphenol oxidase (PPO) activity in disease resis-
tant cultivars (Thipyapong et al. 2004; Raj et al. 2006). 
Oxidation of phenolic compounds associated with en-
hanced resistance to pathogens may involve PPO, which 
could generate reactive oxygen species (ROS) (Mayer 
2006). Kim (2005) reported that chitosan and methyl jas-
monate increased antioxidant activity (DPPH) 3.5- and 2.3-
fold in sweet basil, respectively. Pre-incubation of sus-
pension-cultured wheat cells in a growth medium of Pan-
toea agglomerans with chitin or chitosan led to a strong 
increase in extracellular peroxidase activity (Ortmann and 
Moerschbacher 2006). Application of the soluble deriva-
tives of chitin and chitosan to wounds of wheat plants has 
been shown to elicit lignification (Pearce and Ride 1982). 
Chitosan enhances phytoalexin production in germinating 
peanut (Cuero et al. 1991) and also induces the formation 
of phytoalexins in legumes and solanaceous plants (Cote 
and Hahn 1994). Thus, chitosan may be involved in the 
signalling pathway for the biosynthesis of phenolics. It has 
been shown that chitosan can induce chitinase and chitosa-
nase, which are members of a group of plant pathogenesis-
related (PR) proteins (Collinge et al. 1993; van Loon et al. 
1994). These PR proteins can degrade the cell walls of 
some phytopathogens and consequently may play a role in 
host plant defence systems (Dixon et al. 1994; Graham and 
Sticklen 1994). Moreover, chitosan can also induce plant 
immune systems (systemic acquired resistance or SAR), 
which is long lasting and often confers broad-based resis-
tance to different pathogens. SAR develops in uninfected 

parts of the plant. As a result the entire plant is more resis-
tant to a secondary infection. Representative proteins of 
SAR include antifungal chitinases, �-1,3-glucanases, PR-1 
and PR-5 (Sathiyaba and Balasubramaman 1998). Further 
studies have shown that chitosan induces the expression of 
various genes involved in plant defence responses such as a 
gene encoding PAL and protease inhibitors (Notsu et al. 
1994; Doares et al. 1995; Vander et al. 1998). Chitosan has 
been shown to elicit defence genes in several species such 
as rice (Rakwal et al. 2002), slash pine (Mason and Davis 
1997), and tomato (Ben-Shalom et al. 2000). These genetic 
studies implied that chitosan may involve jasmonic acid 
(JA) pathways since transcription activation of genes enco-
ding PAL and protease inhibitors are induced by both JA 
and chitosan (Walker-Simmons et al. 1983; Farmer and 
Ryan 1992; Doares et al. 1995). Therefore, the antifungal 
action of chitosan seems to comprise more than one mode 
of action by which chitosan affects fungal cell wall biosyn-
thesis and/or alteration of the ability of pathogens to infect 
and/or its ability to increase plant resistance. 

 
Chitosan enhances the production of secondary 
metabolites 
 
The use of biotic or abiotic elicitors is one way to increase 
the yields of secondary metabolites in in vitro cultures (Eil-
ert 1987; Bohlmann and Eilert 1994). Supplementation of 
hairy root cultures of Brugmansia candida with chitosan at 
certain concentrations was found to increase the content of 
root scopolamine and hyoscyamine, which are valuable 
anticholinergic drugs employed as antispasmodics and in 
the treatment of motion sickness. Both are members of the 
tropane group of alkaloids (Hashimoto et al. 1993; Yamada 
et al. 1994). Hairy root cultures of Hyoscyamus muticus 
supplemented with chitosan produced 5-fold more hyoscya-
mine than the control (Sevón et al. 1992). Chitosan added 
to suspension cell cultures of parsley (Petroselinum cris-
pum) elicited a rapid deposition of the �-1,3-glucan, callose 
in the cell walls and a slower formation of coumarins (Con-
rath et al. 1989). The addition of chitosan to the culture 
media has been shown to enhance the production of hernan-
dulcin, a minor constituent (0.004% dry wt) of the essential 
oil obtained from the aerial parts of Lippia dulcis Trev 
(Sauerwein et al. 1991). Treating hairy root cultures of Tri-
gonella foenum-graecum L. with 40 mg.L-1 chitosan in-
duced a three fold increase in diosgenin, a spirostanol im-
portant for the synthesis of steroid hormones (Merkli et al. 
1997). 

 
Effect of chitosan on plant growth 
 
It has been reported that chitosan increased the growth rates 
of roots and shoots of daikon radish (Raphanus sativus L.) 
(Tsugita et al. 1993). Utsunomiya and Kinai (1994) applied 
chitosan-oligosaccharides to soil used for cultivating pas-
sionfruit (Passiflora edulis Sims). They showed that chito-
san-oligosaccharides advance flowering time and increased 
flower numbers (Utsunomiya and Kinai 1994). The effect 
of chitosan on the growth of gerbera plants has been stu-
died. The results showed that chitosan significantly en-
hanced growth factors in terms of the average values of 
flower-stem length, the number of growing leaves, inclu-
ding leaf width and length as well as the number of flowers 
per bush (Wanichpongpan et al. 2000). Chitosan also pro-
moted growth of various crops such as cabbage (Brassica 
oleracea L. var. ‘Capitata’) (Hirano 1988), soybean sprouts 
(Lee et al. 2005) and sweet basil (Kim 2005). Chitogel, a 
derivative of chitosan, was found to improve vegetative 
growth of grapevine plantlets (Ait Barka et al. 2004). This 
study showed that the average O2 production of plantlets 
cultured on medium supplemented with 1.75% chitogel in-
creased 2-fold, whereas CO2 fixation increased only 1.5-
fold, indicating that chitogel had a beneficial effect on net 
photosynthesis in plantlets and confirmed its positive ef-
fects on grapevine physiology (Ait Barka et al. 2004). It 
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has also been shown that chitosan promotes vegetative 
growth and enhances various processes in developing 
flower buds including induction of flowering of lisianthus 
(Eustoma grandiflorum) (Ohta et al. 1999; Uddin et al. 
2004). Several experiments on the effects of concentration 
and frequency of chitosan application were conducted in 
various crops such as chilli, Chinese cabbage, celery, bitter 
cucumber and rice (Chandrkrachang et al. 2003; Boonlert-
nirun et al. 2005). The data showed that chitosan concen-
tration and frequency of application significantly increased 
growth rates of chilli and the harvest yield of Chinese cab-
bage (Chandrkrachang et al. 2003). However, the applica-
tion of chitosan had no effects on rice. In contrast, Boon-
lertnirun et al. (2005) found that four foliar sprays with 
chitosan at the rate of 20 ppm gave a small increase in 
yield of rice. It has been reported that the addition of chi-
tosan to a liquid culture medium also enhances shoot 
growth of L. dulcis Trev. (Sauerwein et al. 1991). Lee et al. 
(1999) found that chitosan treatment increases the yield 
and marketability of soybean sprouts. However, the me-
chanism of action of chitosan on plant growth remains un-
clear. 

 
Other effects of chitosan on plant responses 
 
Chitosan was found to reduce plant transpiration in pepper 
plants resulting in a 26-43% reduction in water use while 
maintaining biomass production and yield. These results 
suggested that chitosan might be an effective antitrans-
pirant to conserve water use in agriculture (Bittelli et al. 
2001). Increasing levels of abscissic acid (ABA), which 
plays a key role in the regulation of water use by plant re-
sulted in closure of stomata and decreased transpiration 
(Willmer and Pricker 1996). Sembdner and Parthier (1993) 
reported that ABA exhibited some activities similar to jas-
monic acid. Therefore, stomata closure induced by foliar 
application of chitosan may influence pathways involving 
jasmonic acid or ABA. Azian et al. (2004) reported that 
vase solutions containing chitosan at 25 and 50 mg.L-1 in-
creased the vase life of cut chrysanthemum by 13 and 15 
days, respectively, compared to control flowers that had a 
vase life of 6.8 days. The application of chitosan combined 
with ammonium carbonate offers a commercially accepta-
ble, economically viable and effective alternative for post-
harvest control of anthracnose in stored papaya. Dipping 
papaya in chitosan plus ammonium carbonate, significantly 
(P<0.005) retarded colour development of skin and flesh, 
increased fruit firmness and reduced weight loss (Sivaku-
mar et al. 2005). 
 
EFFECT OF CHITOSAN ON ORCHIDS 
 
Chitosan sprays (10 mg.L-1) significantly increased growth 
of young orchid plants (Chandrkrachang 2002). Limpana-
vech et al. (2003) studied the effects of concentration, deg-
ree of deacetylation, and polymerisation of chitosan at de-
flasking, on growth and development of Dendrobium Sonia 
Jo ‘Eiskul’, the major cut flower orchid of Thailand. The 
oligomeric and polymeric forms of chitosan with 70, 80, 
and 90% deacetylation (%DD) at concentrations of 1, 10, 
50 and 100 mg.L-1 had no effect on vegetative growth, but 
chitosan induced early flowering in Dendrobium Sonia Jo 
‘Eiskul’. Further experiments were conducted in vitro to 
determine the effects of concentrations, deacetylation rate, 
and polymer size of chitosan on growth of Dendrobium 
Sonia Jo ‘Eiskul’ protocorm-like bodies (PLBs). Six types 
of chitosan were used; polymer (P) and oligomer (O) with 
degrees of deacetylation of 70%, 80% and 90%, and mol-
ecular weight (MW) of P = 400,000-500,000 and O = 
30,000-100,000 at 6 different concentrations, 0, 10, 20, 40, 
80, and 160 mg.L-1. The results showed that PLBs were 
bleached and killed when treated with 160 mg.L-1 of any 
chitosan type. Chitosan concentration of 80 mg.L-1 inhib-
ited growth of PLBs. However, all molecule types of chito-
san in this experiment significantly enhanced PLB growth 

at concentrations of 10 and 20 mg.L-1 of P70 and P90 res-
pectively (Pornpeanpakdee et al. 2006). Nge et al. (2006) 
studied the effects of chitosan of various molecular weights 
on the growth of Dendrobium phalaenopsis PLBs in vitro. It 
was found that application of shrimp chitosan with a molec-
ular weight of 1 kDa accelerated the growth and develop-
ment of the meristematic tissue of orchid from explants to 
PLBs in liquid media, more than treatment with 10 and 100 
kDa chitosan respectively. Fungal chitosan (10 kDa) at 15 
mg.L-1 was more effective than shrimp oligomer chitosan at 
1 and 10 kDa for increasing growth of orchid PLBs after six 
weeks of cultivation. Moreover, application of fungal chito-
san generated the highest number of orchid plantlets (Nge et 
al. 2006). Chandrkrachang (2002) reported that chitosan 
sprays at 2.5-40 mg.L-1 increased leaf length of Paphiope-
dilum orchid. Kliangkeaw et al. (2003) showed that chitosan 
increased the growth of Paphiopedium bellatulum x Paph. 
Angthong in tissue culture. Encapsulating seeds of Spatho-
glottis plicata with alginate-chitosan has been reported to 
minimize infections by mycorrhizal fungi (Tan et al. 2004). 
Limpanavech (2003) reported that chitosan at 10 mg.L-1 en-
hanced the growth and the number of PLBs of Dendrobium 
formosum Roxb. ex Lindl, and Paphiopedilum sanderianum 
(Rchb. f.). The induction of root and leaf growth in D. for-
mosum by treatment with chitosan depended on the compo-
sition of the growth medium (Limpanavech 2003). Pi-
chyangkura (2004) demonstrated that the effectiveness of 
chitosan depended on molecular weight, ratio of sugar car-
bons to glucosamine and N-acetyl-glucosamine, and the 
concentration and frequency of applications. Spraying with 
chitosan has been shown to significantly reduce severity 
leaf spot disease and increase the length of inflorescences in 
Dendrobium Missteen (three and half years old), however 
there was no effect on floret size and new shoot growth 
(Win et al. 2005). Chitosan-treated orchid plants (Dendro-
bium Sensational ‘Purple’) had more flower shoots and 
yields tended to be higher on extra grade compared to the 
control plants (Chandrkrachang et al. 2005). Dendrobium 
Sonia ‘No. 17’ with immature inflorescences were sprayed 
six times with chitosan at 0 (water), 200, 400, or 600 mg.L-1 
at weekly intervals. The data showed that florets sprayed 
with 600 mg.L-1 chitosan had significantly higher fresh 
weights (29 g compared to 26.8 g for the untreated controls). 
Spraying with chitosan at 600 mg.L-1 increased the width of 
the sepals at harvest (Uthairatanakij et al. 2006). 
 
CONCLUSIONS 
 
Chitosan can be use as a plant growth enhancer for orchid 
production especially for immature plants or in tissue cul-
ture. It increases the length of the stalks of Dendrobium 
‘Missteen’. Possibly, chitosan may induce a signal to syn-
thesize plant hormones such as gibberellins. In addition, 
chitosan may enhance growth and development by some 
signalling pathway related to auxin biosynthesis via a tryp-
tophan-independent pathway. However, chitosan has incon-
sistent effects on growth and development of mature orchid 
plants. Chitosan can reduce disease severity in orchids, pos-
sibly by increasing the activity of PAL and PPO, lignifi-
cation resulting from increased biosynthesis of phenolic 
compounds or induced secondary metabolites and SAR. 
Also, increased disease resistance may be mediated in part 
via an increase in the concentrations of jasmonic acid. 
Moreover, resistance to disease infections may also involve 
closure of stomata by ABA. 
 
ACKNOWLEDGEMENTS 
 
The authors would like to thank Adjunct Prof. Dr. B. McGlasson 
for reviewing this manuscript and for helpful suggestions. 
 
REFERENCES 
 
Ait Barka E, Eullaffroy P, Clément C, Vernet G (2004) Chitosan improves 

development, and protects Vitis vinifera L. against Botrytis cinerea. Plant 

3



Orchid Science and Biotechnology 1(1), 1-5 ©2007 Global Science Books 

 

Cell Reports 22, 608-614 
Azian E, Zaki ARM, Mohamed MTM, Kamuruzaman S (2004) The use of 

chitosan on vase life of cut chrysanthemum (Dendranthema morifolium 
Ramat). Proceedings of APEC Symposium on quality management in post-
harvest system, August3-5, 2004 at Bangkok, Thailand, p 403 

Barka EA, Eullaffroy P, Clement C, Vernet G (2004) Chitosan improves de-
velopment and protects Vitis vinifera L. against Botrytis cinerea. Plant Cell 
Reports 22, 608-614 

Bautista-Baños S, Hernández-Lauzardo AN, Velázquez-del Valle MG, Her-
nández-López M, Ait Barka E, Bosquez-Molina E, Wilson CL (2006) 
Chitosan as a potential natural compound to control pre and postharvest di-
seases of horticultural commodities. Crop Protection 25, 108-118 

Benhamou N, Thériault G (1992) Treatment with chitosan enhances resistance 
of tomato plants to the crown and root pathogen Fusarium oxysporum f. sp. 
radicis-lycopersici. Physiological and Molecular Plant Pathology 43, 34-52 

Benjakul S, Visessanguan W, Tanaka M, Ishizaki S, Suthidham R, Sung-
pech O (2000) Effect of chitin and chitosan on gelling properties of surimi 
from barred garfish (Hemiranphus far). Journal of the Science of Food and 
Agriculture 81, 102-108 

Ben-Shalom N, Ardi R, Pinto R, Aki C, Fallik E (2003) Controlling gray 
mould caused by Botrytis cinerea in cucumber plants by means of chitosan. 
Crop Protection 22, 285-290 

Ben-Shalom N, Kudabeava N, Pinto R (2000) Controlling elicitation of chitin 
oligomers and chitosan in tomato leaves through their molecule structure. In: 
Uragami T, Kurita K, Fukumizo T (Eds) Chitin and Chitosan in Life Science, 
Yamaguchi, Japan, pp 309-312 

Bittelli M, Flury M, Campbell G, Nichils EJ (2001) Reduction of transpire-
tion through foliar application of chitosan. Agricultural and Forest Meteoro-
logy 107, 167-175 

Bohland C, Balkenhohl T, Loers G, Feussner I, Grambow HJ (1997) Dif-
ferential induction of lipoxygenase isoforms in wheat upon treatment with 
rust fungus elicitor, chitin oligosaccharides, chitosan and methyl jasmonate. 
Plant Physiology 114, 679-685 

Bohlmann J, Eilert U (1994) Elicitor induced secondary metabolism in Ruta 
graveolens L. Role of chorismate utilizing enzymes. Plant Cell, Tissue and 
Organ Culture 38, 189-198 

Boonlertnirun S, Sarobol E, Sooksathan (2005) Studies on chitosan concen-
tration and frequency of foliar application on rice yield potential c.v Suphun-
buri 1. 31st Congress on Science and Technology of Thailand October18-20, 
2005, Suranaree University of Technology, Thailand, pp 40-44 

Chandrkrachang S (2002) The applications of chitin in agriculture in Thailand. 
Advances in Chitin Science 5, 458-462 

Chandrkrachang S, Sompongchaikul P, Sangtain S (2005) Profitable spin-
off from using chitosan in orchid farming in Thailand. Journal of Metals, 
Materials and Minerals 15, 45-48 

Chandrkrachang S, Sompongchaikul P, Teuntai S (2003) Effect of chitosan 
applying in multicuture crop plantation. National Chitin-Chitosan Confe-
rence July 17-18, 2003, Chulalongkorn University, Bangkok, Thailand, pp 
158-160 

Collinge DB, Kragh KM, Mikkelsen JD, Nielsen KK, Rasmussen U, Vad K 
(1993) Plant chitinase. Plant Journal 3, 31-40 

Conrath U, Domard A, Kauss H (1989) Chitosan-elicited synthesis of callose 
and coumarin derivatives in parsley cell suspension cultures. Plant Cell Re-
ports 8, 152-155 

Cote F, Hahn MG (1994) Oligosaccharin: structures and signal transduction. 
Plant Molecular Biology 26, 1379-1411 

Creelman RA, Mullet JE (1997) Oligosaccharins, brassinolides, and jasmo-
nates; non traditional regulators of plant growth, development and gene ex-
pression. The Plant Cell 9, 1211-1223 

Cuero RG, Osugi G, Washington A (1991) N-carboxymethyl chitosan inhibi-
tion of aflatoxin production: role of zinc. Biotechnology Letters 13, 41-44 

Dixon RA, Harrison MJ, Lamb CJ (1994) Early events in the activation of 
plant defenses. Annual Review of Phytopatholgy 32, 479-510 

Doares SH, Syrovets T, Weiler EW, Ryan CA (1995) Oligogalacturonides and 
chitosan activate plant defensive genes through the octadecanoid pathway. 
Proceedings of the National Academy of Science USA 92, 4095-4098 

Eilert U (1987) Elicitation: Methodology and aspects of application. In: Cons-
tabel F, Vasil IK (Eds) Cell Culture and Somatic Cell Genetics of Plants (Vol 
4), Academic Press, San Diego, pp 153-196 

El Ghaouth A (1994) Manipulation of defense systems with elicitors to control 
postharvest diseases. In: Wilson CL, Wisniewski ME (Eds) Biological Con-
trol of Postharvest Diseases: Theory and Practice, CRC, Boca Raton, pp 
153-167 

El Ghaouth A, Arul J, Grenier J, Asselin A (1992) Antifungal activity of chi-
tosan on two postharvest pathogens of strawberry fruits. Phytopathology 82, 
398-402 

EPA (1995) Poly-D-glucosamine (chitosan); exemption from the requirement of 
a tolerance U.S. Environmental Protection Agency, Final Rule. Federal Re-
gister 60, 19523-19524 

Farmer EE, Ryan CA (1992) Octadecanoid precursors of jasmonic acid acti-
vate the synthesis of wound-inducible proteinase inhibitors. The Plant Cell 4, 
129-134 

Freepons D (1991) Chitosan, does it have a place in agriculture? Proceedings 

of the Plant Growth Regulation Society of America, pp 11-19 
Graham LS, Sticklen MB (1994) Plant chitinases. Canadian Journal of Botany 

72, 1057-1083 
Hadwiger LA, Klosterman SJ, Choi JJ (2002) The mode of action of chitosan 

and its oligomers in inducing pant promoters and developing disease resis-
tance in plants. Advances in Chitin Science 5, 452-457 

Hadwiger LA, McBride PO (2006) Low-level copper plus chitosan applica-
tions provide protection against late blight of potato. Plant Health Progress 
April 

Hashimoto T, Yun DJ, Yamada Y (1993) Production of tropane alkaloids in 
genetically engineered root cultures. Phytochemistry 32, 713-718 

Hirano S (1988) The activation of plant cells and their self-defence function 
against pathogens in connection with chitosan. Nippon Nogeikagaku Kaishi 
62, 293-295 (in Japanese with English summary) 

Imeri AG, Knorr D (1998) Effects of chitosan on yield and compositional data 
of carrot and apple juice. Journal of Food Science 53, 1707-1709 

Jiang YM, Li YB (2001) Effects of chitosan coating on storage life and quality 
of longan fruit. Food Chemistry 73, 139-143 

Khan W (2003) Signal compounds involved with plant perception and response 
to microbes alter plant physiological activities and growth of crop plants. PhD 
Thesis, McGill University, Canada, 185 pp 

Kim HJ (2005) Characterization of bioactive compounds in essential oils, fer-
mented anchovy sauce, and edible plants, and, induction of phytochemicals 
from edible plants using methyl jasmonate (MeJA) and chitosan. PhD Thesis, 
Clemson University, USA, 178 pp 

Kim HJ, Chen F, Wang X, Rajapakse NC (2005) Effect of chitosan on the 
biological properties of sweet basil (Ocimum basilicum L.). Journal of Agri-
cultural and Food Chemistry 53, 3696-3701 

Kliangkeaw C, Chandrkrachang S, Sawajsila P (2003) A study on the influ-
ences of chitosan upon the transplanting and growth of Paphiopedilum bella-
tulum x Paph. x angthong derived from tissue culture. National Chitin-Chito-
san Conference July 17-18, 2003, Chulalongkorn University, Bangkok, Thai-
land, pp 65-68 

Lee YS, Kang CS, Lee YS (1999) Effects of chitosan on production and rot 
control of soybean sprouts. Korean Journal of Crop Science 44, 368-372 

Lee YS, Kim YH, Kim SB (2005) Changes in the respiration, growth, and vita-
min C content of soybean sprouts in response to chitosan of different molecu-
lar weights. HortScience 40, 1333-1335 

Limpanavech P, Pichyangkura R, Khunwasi C, Chadchawan S, Lotrakul P, 
Bunjongrat P, Chaidee A, Akaraeakpanya T (2003) The effects of polymer 
type, concentration and %DD of bicatalyte modigied chitosan on flora pro-
duction of Dendrobium ‘Eiskul’. National chitin-chitosan conference July 17-
18, 2003, Chulalongkorn University, Bangkok, Thailand, pp 60-64 

Mason E, Davis M (1997) Defense response in slash pine: chitosan treatment 
alters the abundance of specific mRNAs. Molecular Plant-Microbe Interac-
tions 10, 135-137 

Mayer AF (2006) Polyphenol oxidases in plants and fungi: Going places? A re-
view. Phytochemistry 67, 2318-2331 

Merkli A, Christen P, Kapetanidis I (1997) Production of diosgenin by hairy 
root cultures of Trigonella foenum-graecum L. Plant Cell Reports 16, 632-
636 

Notsu S, Saito N, Kosaki H, Inui H, Hirano S (1994) Stimulation of phenyl-
alanine ammonia-lyase activity and lignification in rice callus treated with 
chitin, chitosan and their derivatives. Bioscience, Biotechnology, and Bioche-
mistry 58, 552-553 

Ohta K, Tanguchi A, Konishi N, Hosoki T (1999) Chitosan treatment affects 
plant growth and flower quality in Eustuma grandiflorum. HortScience 34, 
233-234 

Ortmann I, Moerschbacher M (2006) Spent growth medium of Pantoea ag-
glomerans primes wheat suspension cells for augmented accumulation of hy-
drogen peroxide and enhanced peroxidase activity upon elicitation. Planta 
224, 963-970 

Photchanachai S, Singkaew J, Thamthong J (2006) Effects of chitosan seed 
treatment on Colletotrichum sp. and seedling growth of chili cv. ‘Jinda’. Acta 
Horticulturae 712, 585-590 

Pornpeanpakdee P, Pichyangkura R, Chadchawan S, Limpanavech P 
(2006) Chitosan effects on Dendrobium ‘Eiskul’ Protocorm-like body produc-
tion. 31st Congress on Science and Technology of Thailand October18-20, 
2005, Suranaree University of Technology, Thailand, pp 1-3 

Raj SN, Sarosh BR, Shetty HS (2006) Induction and accumulation of poly-
phenol oxidase activities as implicated in development of resistance against 
pearl millet downy mildew disease. Functional Plant Biology 33, 563-571 

Rakwal R, Tamogami S, Agrawal GK, Iwahashi H (2002) Octadecanoid sig-
naling component “Burst” in rice (Oryza sativa L.) seedling leaves upon 
wounding by cut and treatment with fungal elicitor chitosan. Biochemical and 
Biophysical Research Communications 295, 1041-1045 

Roller S, Covill N (1999) The antifungal properties of chitosan in laboratory 
media in apple juice. International Journal of Food Microbiology 47, 67-77 

Sanford PA (2002) Commercial sources of chitin and chitosan and their utiliza-
tion. Advances in Chitin Science 6, 35-42 

Sanford PA, Hutchings GP (1987) Chitosan – a natural, cationic biopolymer: 
commercial applications. In: Yapalma M (Ed) Industrial Polysaccharides: 
Genetic Engineering, Structure/Property Relations and Applications, Elsevier 

4



Chitosan for improving orchid production and quality. Uthairatanakij et al. 

 

Science Publishers B.V., Amsterdam, The Netherlands, pp 363-376 
Sathiyabama M, Balasubramanian R (1998) Chitosan induces resistance 

component in Arachis hipogaea against leaf rust caused by Puccinia arachi-
dis Speg. Crop Protection 17, 307-313 

Sauerwein M, Flores HM, Yamazaki T, Shimomura K (1991) Lippia dulcis 
shoot cultures as a source of the sweet sesquiterpene hernandulcin. Plant 
Cell Reports 9, 663-666 

Sembdner G, Parthier B (1993) The biochemistry and the physiological and 
molecular actions of jasmonate. Annual Review of Plant Physiology and 
Plant Molecular Biology 44, 569-589 

Sevón N, Hiltunen R, Oksman-Caldentey KM (1992) Chitosan increases hy-
oscyamine content in hairy root cultures of Hyoscyamus muticus. Pharma-
ceutical and Pharmacological Letters 2, 96-99 

Shahidi F, Kamil JK, Jeon YT, Kim SK (2001) Antioxidant role of chitosan 
in a cooked cod (Gadus Morhua) model system. Journal of Food Lipids 9, 
57-64 

Sivakumar D, Sultanbawa Y, Ranasingh N, Wijesundera RLC (2005) Effect 
of the combined application of chitosan and carbonate salts on the incidence 
of anthracnose and on the quality of papaya during storage. The Journal of 
Horticultural Science and Biotechnology 80, 447-452 

Sukwattanasinitt M, Klaikherd A, Skulnee K, Aiba S (2001) Chitosan as a 
releasing device for 2,4-D herbicide. Chitin and Chitosan in Life Science, Ya-
maguchi Japan, pp 198-201 

Tan TK, Loon WS, Khor E, Loh CS (1998) Infection of Spathoglottis plicata 
(Orchidaceae) seeds by mycorrhizal fungus. Plant Cell Reports 18, 14-19 

Terry LA, Joyce DC (2004) Elicitors of induced disease resistance in posthar-
vest horticultural crops: a brief review. Postharvest Biology and Technology 
32, 1-13 

Thipyapong P, Hunt MD, Steffens JC (2004) Antisense down regulation of 
polyphenol oxidase results in enhanced disease susceptibility. Planta 220, 
105-107 

Tsugita T, Takahashi K, Muraoka T, Fukui H (1993) The application of chi-
tin/chitosan for agriculture. 7th Symposium on Chitin and Chitosan, Fukui, 
Japan, pp 21-22 (in Japanese) 

Uddin AFMJ, Hashimoto F, Shimiza K, Sakata Y (2004) Monosaccharides 
and chitosan sensing in bud growth and petal pigmentation in Eustoma gran-
diflorum (Raf.) Shinn. Scientia Horticulturae 100, 127-138 

Uthairatanakij A, Jitareerat P, Kanlayanarat S, Piluek C, Obsuwan K 
(2006) Efficacy of chitosan spraying on quality of Dendrobium Sonia # 17 

inflorescence. 27th International Horticultural Congress& Exhibition, Korea, 
p 150 (Abstract) 

Utsunomiya N, Kinai H (1994) Effect of chitosan-oligosaccharides soil condi-
tioner on the growth of passionfruit. Journal of the Japanese Society for Hor-
ticultural Science 64, 176-177 (in Japanese) 

Vander P, Kjell MV, Domard A, El-Gueddari NE, Moerschbacher BM 
(1998) Comparison of the ability of partially N-acethylated chitosans and oli-
gosaccharides to elicit resistance in wheat leaves. Plant Physiology 118, 
1353-1359 

van Loon LC, Pierpoint WS, Voller T, Conejero V (1994) Recommendations 
for naming plant pathogenesis-related protein. Plant Molecular Biology Re-
porter 12, 245-264 

Vasyukova NI, Zinoveva, LI, I�inskaya EA, Perekhod GI, Chalenko NG, 
I�ina AV, Varlamov VP, Ozeretskovskaya OL (2001) Modulation of plant 
resistance to diseases by water-soluble chitosan. Applied Biochemistry and 
Microbiology 37, 103-109 

Walker-Simmons M, Jin D, West CA, Hadwiger L, Ryan CA (1984) Compa-
rison of proteinase inhibitor-inducing activities and phytoalexin elicitor acti-
vities of a pure fungal endopolygalacturonase, pectic fragments and chitosans. 
Plant Physiology 76, 833-836 

Wanichpongpan P, Suriyachan K, Chandrkrachang S (2001) Effect of chito-
san on the growth of Gerbera flower plant (Gerbera jamesonii). Chitin and 
chitosan: Chitin and Chitosan in Life Science, Yamaguchi, Japan, pp 198-201 

Willmer CM, Fricker M (1996) Stomata (2nd Edn), Chapman and Hall, London, 
375 pp 

Win NKK, Jitareerat P, Kanlayanarat S (2005) Preharvest chitosan spraying 
on leaf spot disease and growth of orchid (Dendrobium Missteen). Pro-
ceedings of APEC Symposium on assuring quality and safety of fresh produce 
August 1-3, 2005, Bangkok, Thailand, pp 457-461 

Wojdyla AT (2004) Chitosan (biochikol 020 PC) in the control of some orna-
mental foliage diseases. Communications in Agricultural and Applied Biolo-
gical Sciences 69, 705-715 

Yamada Y, Yun DJ, Hashimoto T (1994) Genetic engineering of medicinal 
plants for tropane alkaloid production. In: Ryu DDY, Furusaki S (Eds) Advan-
ces in Plant Biotechnology, Elsevier Science Publishers, Amsterdam, pp 83-
93 

Zhang D, Quantick PC (1998) Antifungal effects of chitosan coating on fresh 
strawberries and raspberries during storage. The Journal of Horticultural Sci-
ence and Biotechnology 73, 763-767 

 
 

5


