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ABSTRACT

Oligochitosan (OC) is effective biostimulant on growth promotion and elicitation against disease
infection for plants. However, the range of OC molecular weight that exhibits the most effective
activity is not fully understood and requires further investigation. In this study, OCs with different
weight average molecular weight (Mw) were prepared by gamma Co-60 irradiation degradation
of chitosan in solution and the effect on growth promotion and enhancement of fruit yield of chili
plant (Capsicum frutescens L.) by foliar application of OCs particularly with Mw of 7.8, 5.0, and 2.5 kDa
was investigated. Chili plants, cultivated in a greenhouse were sprayed with OC concentration of
50 mg/L for three times. Results indicated that among treatments, OC with 2.5 kDa proved to be the
best, which increased the shoot fresh weight by 71.5%, shoot dry weight by 184%, total chlorophyll
content by 12%, and fruit fresh weight by 49.8% for the control. Thus, OC with low Mw (2.5 kDa) that
can be suitably produced on large scale by gamma Co-60 ray irradiation degradation of chitosan
solution is potentially promising to apply as a biostimulant to enhance chili fruit yield significantly.
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Introduction may translate into yield increase (Al-Tawaha et al., 2005).
Chitosan and OC are classified as plant biostimulants
(du Jardin, 2015; Pichyangkura & Chadchawan, 2015). A
biostimulant is defined as an organic material applied in
small quantities that can enhance the plant growth and
development (Sharma et al., 2014). According to Calvo
etal. (2014), the global market for biostimulant is increas-
ing to exceed $2200 million by 2018. Therefore, chitosan
and OC have attracted increasing interest in agricultural
applications, especially in development of organic agri-

Oligochitosan (OC) is effective not only on promotion
of plant growth such as on rice (Chamnanmanoontham
etal., 2015), wheat (Ma et al., 2014; Zhang et al., 2016; Zou
etal., 2015), soybean (Costales et al., 2016; Dzung &Thang,
2002; Luan et al., 2006; Phu et al., 2017), coffee (Dzung
etal,, 2011), faba bean (EI-Sawy et al., 2010), orchid tissue
(Nge et al,, 2006), chrysanthemum (Hien, 2004), etc. but
also on elicitation against disease infection for plants such
as for Pisum sativum (Kendra & Hadwiger, 1984), tomato

(Walker-Simmons et al., 1983), wheat (Vander et al., 1998),
potato (Vasyukova et al., 2001), soybean (Khan et al., 2003),
grapevine (Aziz et al., 2006), rice (Agrawal et al., 2002;
Rodriguez et al., 2007), tobacco (Falcén et al., 2008; Zhao
et al., 2007), etc. More information of the elicitation effect
of OC on plants can be referred to the papers reviewed
by Yin et al. (2010) and Das et al. (2015). According to Yin
et al. (2010), the OC acts as a plant vaccine that is similar
with general vaccine for animal. It is worth to note that in
certain conditions, the impacts of elicitors on plants phys-
iology and defense response against pathogenic diseases

culture that do not harm to environment (Das et al., 2015;
Garg & Balodi, 2014; Katiyar et al., 2014). The chitosans with
molecular weight less than 10 kDa are called OC (Xia et al.,
2011). The biological activity of OC is known to depend
mainly on size (molecular weight), degree of deacetyl-
ation (DDA), and dosage (Cabrera et al., 2006; El-Sawy
et al., 2010; Hien, 2004; Kendra & Hadwiger, 1984; Khan
et al,, 2003; Luan et al., 2006; Nge et al., 2006; No et al.,
2002; Vasyukova et al,, 2001; Zhang et al., 2016; Zou et al.,
2015). Forinstance, Luan et al. (2006) studied the effect of
radiation-degraded chitosan, which was fractionated to
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prepare different molecular weight fractions on growth
promotion of barley and soybean plants. The results
revealed that the OC fraction with molecular weight of
1-3 kDa showed the highest effect compared to either
smaller or higher OC molecular weight fractions. Results
of EI-Sawy et al. (2010) also indicated that OC of 5-10 kDa
exhibited better effect on growth promotion and increase
in seed yield of faba bean plant compared to that of chi-
tosan with higher molecular weight. Zou et al. (2015) stud-
ied the effect of chitooligosaccharides (COS) with degree
of acetylation (DA) from 2% to 68% on the wheat seedlings’
defense response under salt stress. The results showed
that COS with DA 50% was the most effective in alleviat-
ing salt stress to wheat seedlings. Hien (2004) found that
the optimal concentration of OC for growth promotion of
chrysanthemum plant was of 100 ppm. Generally, OC has
stronger impact on growth promotion and elicitation for
plants than chitosan (Chamnanmanoontham et al., 2015;
Dzung & Thang, 2002; Luan et al., 2006; Rodriguez et al.,
2007;Vasyukova et al., 2001). For instance, Vasyukova et al.
(2001) reported that OC of 5 kDa which was the most
potent in protection potato tubers from Phytophthora
infestans induced the formation of the greatest amount
of the phytoalexin rishitin, while chitosan of 200 kDa was
ineffective and low molecular weight chitosan (24 kDa)
exhibited intermediate effect. Dzung and Thang (2002)
studied on enhancing seed yield of soybean from soybean
seeds coated with OC and chitosan. The results showed
that coating with OC produced higher yield compared to
that of chitosan. In addition, by foliar application of OC
and chitosan with the same concentration (60 ppm) for
coffee plant, OC had a greater effect on the growth and
development of coffee plant than chitosan (Dzung et al.,
2011). Chitosan and OC are increasingly applied to crops
with the aims of reducing or replacing environmentally
damaging agrochemicals and farmers could gain sub-
stantial benefits from these applications of chitosan and
OC to crops due to reduced input cost and the potential
forincreased yields (Katiyar et al., 2014). Furthermore, it is
worth to note that beside increased yields, treatment of
chitosan and OC also promotes the content of bioactive
substances in several agro-products such as isoflavone
in soybean seeds (Al-Tawaha et al., 2005), polyphenols in
Greek oregano (Yin et al., 2012), artemisinin in Arteminisia
annua L. (Leietal,, 2011), trigonelline, an antidiabetic com-
pound obtained from the seeds of Fenugreek (Dar et al.,
2015), and curcumin in turmeric (Anusuya & Sathiyabama,
2016). Therefore, study on finding of the suitable molecular
weight of OC to achieve the optimal effect on plant growth
promotion and/or elicitation is an essential work particu-
larly for field application. Chili fruit is widely consumed as
fresh and dried products mainly as spice for food ingre-
dients. World production of chilies in 2009 was estimated

to be about 3 million tons (Tiwari, 2009). The top-10 chili
producing countries were India, China, Ethiopia, Myanmar,
Mexico, Vietnam, Peru, Pakistan, Ghana, and Bangladesh,
and accounted for more than 85% of the world chili pro-
duction in 2007 (Huqg & Arshad, 2010). Production of chili
in Vietnam is currently estimated to be more than 30,000
tons with average productivity of about 15-20 tons/ha.
Due to the demand of domestic and foreign market,
there is a need to increase the productivity of these chili
products appropriately. Up to now, study on foliar appli-
cation of OC on chili plant has been scarcely published.
The objective of this study is to investigate the effect of
foliar spaying of OC with different molecular weights on
the growth and fruit yield of chili plant.

Materials and methods
Preparation of oligochitosan

Chitosan from shrimp shell with DDA of ~91.4% and
weight average molecular weight (Mw) of 44.5 kDa was
supplied by a factory in Vung Tau province, Vietnam. OC
with Mw of 7.8 and 5.0 kDa was prepared by gamma Co-60
ray irradiation degradation of 4% chitosan solution and 4%
chitosan/.5% H,0, solution at dose of 21 kGy, respectively,
as reported in our previous paper (Phu et al,, 2017). OC
with Mw of 2.5 kDa was prepared by gamma Co-60 ray
irradiation degradation of 2% chitosan/.5% H,0, solution
at dose of 21 kGy.

Experimental design and OC foliar application

The 30-day-old chili plants (Capsicum frutescens L.) were
designed as randomized complete block design including
four treatments with three replications of foliar application
of OC namely: control (treated with water without OC), OC
with Mw of 7.8 kDa (OC-7.8), 5.0 kDa (OC-5.0), and 2.5 kDa
(OC-2.5).The OC concentration used for foliar sprays was of
50 mg/L.The experiments were conducted in the research
green house of the Hi-Tech Agriculture Center, Cu Chi, Ho
Chi Minh City at temperature of 30 + 2 °C, RH of 60 + 2%,
and applied drip irrigation. The experiment period of four
months was carried out from August to December 2016.
The number of chili plants used in 4 treatments mentioned
above was of 120 plants (30 plants/treatment), which were
cultivated in plastic pots contained a mixture of 70% coco-
nut fiber, 20% microbial fertilizer (Perionyx excavatus), and
10% rice husk. The total amount of applied nitrogen ferti-
lizer (N,O) of 120-140 ppm was supplemented to appre-
ciate physiological stages of chili plants. Foliar spraying
by a hand sprayer on both surfaces of leaves was carried
out three times at 30, 40, and 50 days after sowing with a
volume of 50 ml of sample solutions per a chili plant.



Determination of growth and yield attributes

After the third spraying time, the chili plants were con-
tinued to grow till to blossom (Figure 1). Then the fresh
weight, the dried weight of shoot, and the chlorophyll con-
tentin fresh leaf were evaluated. Chlorophyll (a, b) content
was spectrophotometrically determined using methanol
extraction according to the method described by Dere
et al. (1998) with slight modifications. Briefly, 1 g of fresh
leave samples was homogenized with 50 ml of methanol
96% in a ceramic mortar and pestle. The homogenate was
centrifuged at 1150 xg for 15 min on an EBA-12 centrifuge
machine, Hettich, Germany. Then the supernatant was sep-
arated and recorded absorbances at 653 and 666 nm on
an UV-2401PC spectrophotometer, Schimadzu. Fruit num-
bers per plant, fresh fruit weight per plant, and 100 fresh
fruit weight were determined at the harvesting time (three
times harvesting).

Statistical data analysis

All treatments were conducted in triplicate and the means
were calculated. All the results were statistically analyzed
by analysis of variance (ANOVA, MSTATC, Ver. 1.2, Michigan,
USA, 1989). The means were compared using the least sig-
nificant difference (LSD) at .05 probability level (p < .05).

Results

The molecular weight structure of OC with deacetyla-
tion degree of about 90% was presented in Figure 2. The
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prepared OCs of 7.8, 5.0; and 2.5 kDa had corresponding
monomer units of 43, 27, and 14, and the main chemical
structures analyzed by FTIR spectra did almost not change
compared with initial chitosan (Duy et al., 2011; Phu
etal, 2017).

Effect of OC on growth promotion for chili plant

Foliar application of OC stimulated shoot development
and chlorophyll content for chili plant (Table 1). The extent
of increase in shoot dry weight followed the order: OC-2.5
(184%) > OC-5.0 (123.4%) > OC-7.8 (82.2%) for the con-
trol. The results in Table 1 also indicated that treatment of
0OC-2.5 achieved the highest increase in shoot fresh weight
(71.5%), shoot dry weight (184%), and chlorophyll content
(12%) compared with that of the control.

Effect of OC on enhancement of chili fruit yield

The result in Table 2 showed that the chili fruit yield
enhanced to 49.8, 13.2, and 8.4% for OC-2.5, OC-5.0, and
OC-7.8, respectively, compared to the control. The increase
in fruit numbers per plant and fruit fresh weight of chili per
plant was in the order of OC-2.5 > OC-5.0 > OC-7.8 > con-
trol. While the weight of 100 fresh fruits was not significant
difference among four treatments. It was also observed
that the OC-2.5 treatment attained the highest increase
in fruit numbers per plant (83.4%), fruit fresh weight
per plant (49.8%), or the yield increase of 49.8% for the
control.

Figure 1. Photograph of chili plants in greenhouse.
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Figure 2. The molecular structure of chitosan with deacetylation degree of ~90%.

Table 1. The growth parameters of chili plant treated by OC with
different Mw.

Shoot biomass (g plan™')

Total chlorophyll

Treatments Fresh weight Dry weight  content (mgg™)
Control (water) 890.3¢ 129.64 3.50°
0C-2.5 1527.12 368.0° 3.92°
0C-5.0 1435.6° 289.5° 3.83°
0C-7.8 1225.5° 236.1¢ 3.68%
LSD,,, 139.2 18.4 31

Note: The mean values in a column with the same letter are not significant
difference (P < .05).

Table 2. The fruit yield attributes of chili plant treated by OC with
different Mw.

Fruit num- 100 fresh Fresh fruit Yield
bersper  fruit weight weight per increase for
Treatments plant (9) plant (g) control (%)
Control 643.19 115.9 779.44 -
(water)

0C-25 1179.72 131.7 1167.82 49.8
0C-5.0 844.4b 126.9 881.9° 13.2
0C-7.8 737.9¢ 129.8 844.5¢ 8.4
LSD 259 NS 36.6 -

Notes: The mean values in a column with the same letter are not significant
difference (P < .05), NS: Non-significance.

Discussion

As reported in our previous papers, OC can be potentially
produced on large scale by gamma Co-60 ray irradiation
degradation of chitosan in solution (Duy et al., 2011; Phu
et al.,, 2017). Thus, the greatest challenge in the develop-
ment of efficient methods of OC for application in agri-
culture mentioned by Das et al. (2015) could have been
accordingly satisfied. According to Mourya et al. (2011),
the production of OC is of interest not only to agriculture
but also to the food and medicine-related biotechnology
industries.

Results of the present study demonstrated the potential
of foliar application of OC for growth promotion as well as
for enhancement of fruit yield of chili plant (Tables 1 and 2).
It is important to note that the increase in chili fruit yield
was not due to the increase in individual fruit weight but
due to the increase in fruit numbers per plant. The same
results were also obtained by Phu et al. (2017) that the
effect of OC on the increase in soybean seed yield was

also due to the increase in the number of seeds per plant.
Based on the results obtained in this study and the results
of Phu et al. (2017), it can be deduced that foliar appli-
cation of OC for chili as well as for soybean plants made
them to bloom better. That means there were more flowers
to bear fruits per plant compared to that of the control.
The highest increase of chili fruit yield was found for the
treatment of OC-2.5, the smallest Mw among three stud-
ied OCs. Luan et al. (2006) studied the effect of irradiated
chitosan by molecular weight fractionation on the growth
of barley and soybean. They also concluded that the frac-
tion of OC with Mw in the range of 1-3 kDa exhibited the
highest growth promotion effect. Thus, our results for
chili plant in this study were in good agreement with the
results reported by Luan et al. (2006). However, the optimal
concentration of OC-2.5 applied for chili plant should be
further specified in a next study. Falcon-Rodriguez et al.
(2011) studied on plant elicitation effect of OC, and the
obtained results indicated that OC caused a 10-fold small
difference in concentration needed to induce the high-
est enzymatic activity compared to that of chitosan. The
reason for the difference was that OC with small size (~.8-
1.5 kDa) can be more easier than chitosan in passing plant
physical barriers and accessing receptors at the plasma
membranes in epidermal cells. Results of this study was
also showed that OC with small Mw (2.5 kDa) was the most
effective biostimulant for enhancement of crop yields par-
ticularly chili plant. The increase in chlorophyll content of
OC-treated chili plants generates the higher photosyn-
thetic rate. Photosynthesis converts light energy to chem-
ical energy for plant growth (Chamnanmanoontham et al.,
2015). Similar results were also obtained by Zhang et al.
(2016) for wheat seedlings, Chamnanmanoontham et al.
(2015) for rice seedlings, and Dzung et al. (2011) for coffee
plant. According to Zhang et al. (2016), photosynthesis was
the primary process for crops to form their grain yields and
the reason for the increase in chlorophyll content may be
that OC reduced the gene expression and enlarged the
main photosynthesis apparatus chloroplast. In addition,
Dzung et al. (2011) reported that the OC treated coffee
plant increased accumulation of mineral nutrients (N,
P, K, Ca, and Mg). Mondal et al. (2013) reported that the
foliar application of 100-120 ppm chitosan at early stages



improved the morphological, physiological parameters,
key enzyme activities of nitrogen metabolism, yield com-
ponents, and enhanced plant growth and development
thereby increased seed yield of maize. However, the exact
growth promotion mechanism was not clearly understood
and needed to be further studied fundamentally.

According to Darvill et al. (1992), the plants have the
ability to recognize oligosaccharides which in turn reg-
ulates growth, development, and defense response in
plants. Thus, besides OC, oligoalginate, oligo-f3-glucan,
and oligocarrageenan were also reported to possess
growth promotion effect for plants (Abad et al., 2016; Hien
et al., 2000; Luan & Uyen, 2014).

In conclusion, the foliar spray of OC for chili plant pro-
moted the growth and enhanced the fruit yield. It was
found that among three OCs studied, the OC with the low-
est Mw (2.5 kDa) exhibited the most effective on growth
promotion and enhancement of fruit yield for chili plant.
Further study on finding optimal concentration of OC
(2.5 kDa) to achieve the highest biological activities for
chili plant should be carried out. Moreover, these prepared
OCs can be also applied for other plants to promote the
growth and enhance the crop yield, owing to the benefi-
cially biological activities of OC for plants.
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