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Abstract

In this study, two homogeneous chitin and chitosan hexamers and one partially acetylated chitosan hexamer were used
to investigate the degree of acetylation (DA) effects of chitooligosaccharides on the growth and photosynthesis of wheat
seedlings. Both chitin and chitosan hexamers showed a significant promoting effect on the growth and photosynthesis of
wheat seedlings but the positive effect depended on their DA. The homogeneous chitosan hexamers [(GlcN)q] exhibited
the optimal activity compared to other samples. Seven days after (GIcN), treatment, the growth parameters of wheat
seedlings were all significantly enhanced including fresh mass, dry mass, and length of both shoots and roots, and the
contents of soluble sugar were increased by 22.8%. Additionally, (GlcN)s could significantly promote (by 90.0%) the
photosynthetic rate of wheat seedlings. Both Rubisco and fructose-1,6-bisphosphatase activity of photosynthetic carbon

metabolism was also found to be significantly improved by (GlcN), treatment.

Additional key words: biostimulator; chitohexaose; partial acetylation; plant growth promotion; structure—function relationship.

Introduction

Chitin is the second most abundant polysaccharide in
nature, consisting of B(1—4)-linked N-acetyl-D-gluco-
samine (GIcNAc, A) residues. Chitin exists mainly as
a structural component in the cell walls of fungi and
yeasts and in the exoskeletons of insects, nematodes,
and arthropods (Rinaudo 2006). Chitosan, a product of
the deacetylation reaction of chitin, is a heterogeneous
polysaccharide comprised of GlcNAc and D-glucosamine
(GIeN, D) residues. Both chitin and chitosan are nontoxic,
biocompatible, and biodegradable, and exhibit a variety of
interesting physicochemical and biological properties. The
unique combination of these characteristics makes chitin
and chitosan particularly useful for numerous applications
in the fields of agriculture, food, and medicine (Muzzarelli
2010, Domard 2011).

Chitooligosaccharide (COS) is a hydrolyzed product
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of chitosan. Compared with chitosan, COS has much
lower molecular mass (Mw) and higher solubility in
aqueous solutions, and possesses diverse special biologi-
cal functions, such as anticancer (Huang et al. 2006),
anti-inflammatory (Fernandes ef al. 2010), immunity-
enhancing activity (Xing et al. 2017), and so on. In
agriculture, COSs are regarded as a potent pathogen-
associated molecular pattern (PAMP) and can elicit plant
innate immunity by inducing a set of defense reactions,
such as depolarization of membrane potential, production
of reactive oxygen species and phytoalexin synthesis
(Kuchitsu et al. 1995, Yin et al. 2016). Apart from biotic
stress, it was also reported that COS could enhance the
abiotic stress tolerance of plants, such as drought (Dzung
et al. 2011), chilling (Zou et al. 2017), salt (Jabeen and
Ahmad 2013, Zhang et al. 2017a), and heavy metal ion
stress (Zong et al. 2017a). Furthermore, COS has attracted
increasing interest as a potential biostimulator to promote
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plant growth. It has been recently reported that COS
could stimulate seed germination and tissue growth of
orchid (Nge et al. 2006, Kananont ez al. 2010), enhance
the photosynthesis of maize (Khan et al. 2002), promote
mineral nutrient uptake of bean (Chatelain et al. 2014),
and increase the yield of chili and wheat (Wang et al. 2015,
Dzung et al. 2017).

The effectiveness of COS in various bioactivities
was significantly correlated with its chemical structure.
Degree of acetylation (DA) is one of the most important
structural parameters affecting the biological properties
of COS. Wang et al (2007) reported that the anti-
angiogenic activity of N-acetylated COS with DA 81%
was significantly stronger than that of the oligosaccharides
with DA 5%. Lieder et al. (2012) investigated the effect
of COS on expansion and differentiation of human
mesenchymal stem cells and found that the oligomers with
higher DA showed stronger effects. Kumar et al. (2005)
reported that the antibacterial activity of hetero-COS was
relied on their GIcN/GlcNAc ratio and a lower value of DA
would be beneficial for its antibacterial activity. Therefore,
it seemed that the structure—function relationship between
DA of COS and various bioactivities could be different.

In agriculture, COS has also different functions with
a primary factor of DA difference. Vander et al. (1998)
reported that partially N-acetylated COS showed stronger
elicitor activity than that of homooligomers of either
GlcNAc or GleN in wheat leaves. The activity of COS
enhancing plant tolerance to abiotic stress was also
verified to be closely related with its DA (Zou et al. 2015).
Concerning plant growth regulation, both chitin and
chitosan oligomers were reported to show positive effect
(Zhang et al. 2016, Winkler et al. 2017). However, to the
best of our knowledge, few comparison reports on the
plant growth promotion among COSs with different DA
were presented and the DA effects of COS on plant growth
under natural conditions were still unknown.

Accordingly, this work was implemented using three
COSs with well-defined DA, including two homogeneous
hexamers (GIcNAc)s and (GlcN)s and one partially
acetylated chitosan hexamer. The DA effects of COS on
the growth and photosynthesis of wheat seedlings were
investigated. These results were fundamental to the study
of'the action mechanism of COS in promoting plant growth
and their application as plant growth regulators.

Materials and methods

Materials: Chitosan hexamer [(GlcN)g, D6, > 95%], was
separated from a fully deacetylated COS by ion-exchange
chromatography as reported by our previous study (Li
et al. 2013). Chitin hexamer [(GlcNAc)s, A6, > 95%]
was purchased from Qingdao Qunheng Biotech Co.,
Ltd. (Qingdao, China). Sephadex G15 was purchased
from GE Healthcare (USA). Acetic anhydride and other
chemical reagents were of analytic grade without further
purification.

Preparation and characterization of partially N-acety-

lated chitosan hexamer (NADG6): The selective N-acety-
lation of chitosan hexamer was performed according
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to previous method (Li et al 2017). Briefly, 30 mg of
chitosan hexamer was dissolved in 5 mL of a methanol/
water (50:50, v/v) solution. Acetic anhydride (30 pL)
was added stoichiometrically to the chitosan hexamer
solution under magnetic stirring at room temperature for
1 h. Subsequently, the resulting solution was concentrated
and further purified by a Sephadex G15 column (1.6 x
100 cm) using water as eluent. The purified fraction was
lyophilized and referred as NAD6.

The DA of N-acetylated chitosan hexamer was
determined by "H NMR spectroscopy. '"H NMR spectrum
was recorded on a JEOL JNM-ECP600 spectrometer
(JEOL, Tokyo, Japan) under a static magnetic field of
600 MHz at room temperature. NAD6 was dissolved
iIl Dzo

Plant material and treatments: Wheat (7riticum aestivum
L. cv. Jimai 22) seeds were used in the present study. The
growth conditions of wheat seedlings were set according
to Zhang et al. (2016). Firstly, wheat seeds were surface-
sterilized with a 1% sodium hypochlorite solution and then
rinsed several times with distilled water. Subsequently, 30
seeds were transferred to a Petri dish with moist gauze for
germination at 25°C for 24 h in the dark. Then, germinated
seeds were individually transferred to Petri dishes with
nylon mesh and each Petri dish contained 30 seeds.
Wheat seedlings were cultivated with Hoagland solution
in a growth incubator. The LED (YZ28RR16/G) light
intensity was 800 umol(photon) m2 s~ with a day/night
cycle of 14/10 h at 25/15°C, respectively, and the relative
humidity was controlled at 70%. Hoagland solution
was renewed every day. When the second functional
leaf of wheat seedlings was fully expanded, the plants
were randomly divided into four groups and each group
contained three biological replicates. The control group
was sprayed with distilled water and the oligosaccharides-
treated groups were sprayed with 15 mg L' of A6, NAD6
or D6, respectively. Tween 20 (0.1%) was added to all
the samples.

Growth parameters: Wheat seedlings of each group were
harvested on the 7™ day after chitin and chitosan hexamers
treatments. The growth parameters of wheat seedlings
were determined including shoot length, root length, and
fresh mass (FM) and dry mass (DM). For the determination
of shoot and root fresh mass, the plant was cut between the
hypocotyl and root. Before the fresh mass was determined,
the root was padded dry with absorbent paper. As for the
determination of dry mass, plant materials were dried
at 105°C for 3 h.

Chlorophyll (Chl) content was analyzed by spectro-
photometry following the method of Lichtenthaler and
Wellburn (1983). Seven days after chitin and chitosan
hexamers treatment, Chl was extracted with 95% ethanol.
Absorbance values of the extracted solutions containing
Chl were measured at 665 and 649 nm, respectively
(TU1810 UV-visible spectrophotometer, Beijing Puxi,
China). The Chl a, Chl b, and total Chl (a+b) contents in
the leaf tissues of wheat seedlings were then calculated
from the measured absorbance values according to the
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following equations and expressed as mg(Chl) g '(fresh
mass):

Chl a=13.95 A(,(,5 —6.88 A(,49
Chl b =24.96 Agso — 7.32 Ages
Chl (a+b) = 6.63 Agss + 18.08 Agso

Measurement of photosynthetic characteristics: Photo-
synthetic rate (Px), transpiration rate (F), stomatal
conductance (g;), and intercellular CO, concentration (C;)
were measured with a portable photosynthesis system
(L.MAN-LCPro-SD, BioScientific Ltd., UK). The gas-flow
rate was 200 pmol s!, PPFD density was 800 pumol m™2s™!,
and atmospheric CO, concentration was 415 + 5 pmol
mol .

Chl fluorescence parameters: Chl fluorescence was
measured using a portable fluorometer (PAM-2100,
Walz, Germany). For each plant, the fluorescence was
analyzed from the upper surface of the second functional
leaf. All parameters were measured after dark adaptation
for 30 min, including the maximum quantum yield of
PSII photochemistry (F./Fy), effective quantum yield of
PSII photochemistry (®psi), photochemical quenching
coefficient (q.), and nonphotochemical quenching coeffi-
cient (NPQ) (Rohacek 2002).

Soluble sugar: Seven days after chitin and chitosan
hexamers treatments, soluble sugar content was measured
by phenol-sulfuric acid reaction (Zou et al. 2015). Briefly,
0.3 g of fresh leaf samples were cut up and heated at
100°C for 30 min in 5 mL of distilled water. The resulting
extract was filtrated and diluted 5-fold for determination.
Diluted sample of 500 uL was mixed with 1 mL of 5%
phenol and then 5 mL of sulfuric acid was added quickly.
The absorbance was read at 485 nm and the soluble sugar
concentration was quantified using a glucose standard
curve (TUI810 UV-visible spectrophotometer, Beijing
Puxi, China).

Enzyme assays: Seven days after chitin and chitosan
hexamers treatments, the second functional leaves were
pulverized in liquid N, with a chilled mortar and pestle and
then used to determine the enzyme activities. Regarding
the determination of Rubisco (EC 4.1.1.39) activity, 0.1 g
of plant tissue was homogenized in an extraction buffer
containing 100 mM HEPES-KOH (pH 8.0), 1 mM MgCl,,
1 mM EDTA, 2 mM dithiothreitol (DTT), and 1 mM
phenylmethylsulfonyl fluoride (PMSF); the total Rubisco
enzyme was extracted by ultrasonic treatment in an ice
bath. After centrifugation, the Rubisco activities were
measured with a spectrophotometer at 340 nm (7U1810
UV-visible spectrophotometer, Beijing Puxi, China), and
one unit of enzyme activity was defined as 1 nmol of
NADH oxidation per min at 25°C (Sharkey ef al. 1991).
As for the determination of fructose-1,6-bisphosphatase
(FBPase, EC 3.1.3.11) activity, the total enzyme was
similarly extracted under ultrasonic conditions and the
FBPase activities were assayed by the method reported
by Hurry ef al. (1995). Results for the FBPase activities

were presented as 1 nmol of NADPH generation per min
at 25°C.

Statistical analysis: Each test was performed in triplicate
and the data were expressed as means = SD of three
independent replicates. Statistical analyses were conducted
using analysis of variance (ANOVA) analysis and Duncan's
multiple test (P<0.05) by SPSS 22.0 software.

Results

DA determination of partially N-acetylated chitosan
hexamer (NADG): In order to investigate better the DA
effects of chitooligosaccharides on plant growth promotion,
a partially N-acetylated chitosan hexamer (NAD6) was
prepared by a reacetylation reaction of chitosan hexamer
(D6), and further used for plant treatment experiments
to make a comparison with two homogeneous hexamers
(GleNAc)s and (GlIeN)g. The DA of the prepared partially
N-acetylated chitosan hexamer was determined by 'H NMR
spectroscopy (Fig. 1). The average DA of NAD6 was
calculated using both signal areas of H-2 protons of GlcN
units (Agien n2) and acetyl protons of GlcNAc units (Acns)
as reported by Trombotto et al. (2008). In this case, the DA
of NADG used for plant treatment experiments was 32.2%.

Plant growth parameters: The three hexamer samples
with various DA showed different effects on the growth
parameters of wheat seedlings (Fig. 2). Compared
with the control group, all of A6, NADG6, and D6 could
obviously promote the shoot biomass accumulation.
The shoot fresh masses of A6, NADG6, and D6 treatment
groups increased by 15.9, 19.3, and 25.9%, respectively,
and correspondingly, the shoot dry masses increased by
17.5, 25.9, and 30.0%, respectively. D6 showed a stronger
promoting effect on the shoot biomass accumulation
of wheat seedlings than that of A6. However, the shoot
length data did not show significant difference between
three hexamer-treated groups. For roots, the enhancement
of fresh mass, dry mass, and length in seedlings treated
by D6 and NADG6 were also higher than those of
A6-treated group. Compared with the control group, A6
treatment showed a relative increase of the root biomass
accumulation in wheat seedlings (root fresh mass and dry
mass) but with no significant promotion.

Soluble sugar content: All three hexamer samples could
obviously promote the soluble contents of wheat seedlings
compared with the control group (Fig. 3). After exogenous
treatments with A6, NADG6, and D6, the soluble sugar
contents of wheat seedlings increased by 8.2, 21.5, and
22.8%, respectively, while the promoting effect of A6 was
less intensive than that of NAD6 and D6.

Chl content: It has been reported that COS with Mw of
2 kDa increased Chl content of leaves and helped leaves
be greener (Dzung ef al. 2011). The total Chl contents of
wheat seedlings visibly increased (27.3-32.1%) by any
COS regardless of different DA (Fig. 4). The Chl a, b, and
Chl (atb) of the D6 treatment group showed the highest
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Fig. 1. '"H NMR spectrum of partially

N-acetylated chitosan hexamer (NADG6).
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Fig. 2. Effects of three chitin and chitosan hexamers on growth
and biomass accumulation of wheat seedlings. (4) Fresh masses
of root and shoot; (B) dry masses of root and shoot; (C) lengths
of root and shoot. Values are the mean + SD of three independent
replicates. Different letters indicate significant differences at
P<0.05. CK - control; A6 — chitin hexamer; NAD6 — N-acetylated

chitosan hexamer; D6 — chitosan hexamer.
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The assignment of peaks is deduced from
literature (Trombotto et al. 2008).
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Fig. 3. Effects of three chitin and chitosan hexamers on soluble
sugar content in leaves of wheat seedlings. Values are the mean +
SD of three independent replicates. Different letters indicate
significant differences at P<0.05. CK — control; A6 — chitin
hexamer; NAD6 — N-acetylated chitosan hexamer; D6 — chitosan
hexamer.

value but no obvious variation trend was observed among
three hexamer-treated groups.

Photosynthetic characteristics: Table 1 showed the DA
effects of chitin and chitosan hexamers on the photosyn-
thesis of wheat seedlings. It seems that in this study all
chitin and chitosan hexamers had no significant effect
on the C; values of the seedlings. However, two chitosan
hexamers, D6 and NADG6, could increase the E value of
wheat seedlings by 31.1-57.5% relative to the control
group. Furthermore, all chitin and chitosan hexamers
could promote the value of g;, correspondingly resulting
in much higher Py values compared with the control
group. After A6, NAD6, and D6 treatments, the values of
Py increased by 41.9, 83.3, and 90.0%, respectively. The
results indicate that more deacetylated chitosan hexamers
are more effective fraction to promote photosynthesis of
wheat seedlings.
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Chl fluorescence parameters: Three chitin and chitosan
hexamers did not show promotion effect on ®ps;; and NPQ
values compared with the control (Table 2). However,
F./F.. of wheat seedlings increased by the treatment of
NADG6 and D6. Furthermore, D6 also increased q. value
significantly. These results indicate D6 could improve the
light-utilization efficiency of wheat seedlings.

Enzyme activity of Calvin cycle: Compared with the
control plants, three oligosaccharides treatments led to
markedly elevated activities of Rubisco in wheat leaves
(Fig. 5). D6 showed the strongest promoting effect but
no significant difference was observed between three
oligosaccharides treatment groups. In contrast, the chitin
and chitosan hexamers with various DA showed different
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Fig. 4. Effects of three chitin and chitosan hexamers on
chlorophyll contents of wheat seedlings. Values are the mean +
SD of three independent replicates. Different letters indicate
significant differences at P<0.05. CK — control; A6 — chitin
hexamer; NADG6 — N-acetylated chitosan hexamer; D6 — chitosan
hexamer.

effects on FBPase activity. Compared with control group,
A6, NADG6, and D6 increased the FBPase activities by
31.0, 44.6, and 80.6%, respectively. The present results
indicate the fully deacetylated chitosan hexamer showed a
stronger promoting effect on the FBPase activity of wheat
seedlings than other two acetylated hexamers.

Discussion

The bioactivities of COS are closely dependent on its
chemical structure. Degree of polymerization (DP) and
DA are both two key structural factors of COS and have
attracted particular attention in the previous studies on the
structure—function relationship of COS (Li ef al. 2016). In
agriculture, Kulikov et al. (2006) reported that five chitosan
and COS fractions with average Mw varying from 1.2 to
40.4 kDa could effectively suppress systemic infection of
mild mosaic virus in bean (Phaseolus vulgaris L.) plants,
and the degree of chitosan-induced antiviral resistance
increased as the Mw decreased. Similarly, COSs with low
Mw were recognized as being more active to promote plant
growth and induce plant against abiotic stress compared
to chitosan (Nge et al. 2006, Zong et al. 2017b). On the
other hand, N-acetyl group also plays an important role
in the bioactivity of COSs for agricultural application.
Yamada et al. (1993) reported that chitin oligosaccharides
showed very high elicitor activity to induce the formation
of phytoalexins in suspension-cultured rice cells, but
their deacetylated form was inactive. Zou et al. (2015)
investigated the ability of COSs with different DA to
elicit wheat resistance against salt stress and found that
the partially N-acetylated COS with 50% DA showed the
most potent activity. However, in previous experiments,
COSs were mostly derived from chemical or enzymatic
degradation of chitosan. Lots of COSs used for bioactivity
assays were still a complex mixture, which were classified
according to their average DA, DP, or Mw. Generally, when

Table 1. Effects of three chitin and chitosan hexamers on photosynthesis of wheat seedlings. Values are the mean + SD of three
independent replicates. Different letters indicate significant differences at P<0.05. CK — control; A6 — chitin hexamer; NAD6 —

N-acetylated chitosan hexamer; D6 — chitosan hexamer.

Ci[umol mol™]  E[mmol m2s'] g [molm?s"]

Py [umol m2 5]

CK 287.42 + 6.86° 5.36 +1.34° 0.19+£0.03%
Ab 290.25+20.93*  5.78+£0.59" 0.29 + 0.05°
NAD6  277.75+15.17*  7.03+0.56* 0.28 +0.03?
D6 286.00 + 6.59° 8.44 +£1.29* 0.37 £ 0.09°

12.85 £2.34¢
18.23 £ 1.51°
23.57 + 3.64%®
24.42 +4.05*

Table 2. Effects of three chitin and chitosan hexamers on chlorophyll fluorescence parameters of wheat seedlings. Values are the
mean = SD of three independent replicates. Different letters indicate significant differences at P<0.05. CK — control; A6 — chitin
hexamer; NAD6 — N-acetylated chitosan hexamer; D6 — chitosan hexamer.

Dpgyy Fu/Fu qu NPQ
CK 0.63 £0.02° 0.80+0.01° 1.23 +£0.00° 0.36 £0.03?
A6 0.63 £0.03° 0.80 £0.01° 1.22 £0.15% 0.36 = 0.02°
NAD6 0.63 £0.01* 0.81+£0.01* 1.26 £ 0.04* 0.38 £0.05*
D6 0.63 £0.02° 0.81£0.01? 1.27 £0.35° 0.35 £+ 0.04°
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Fig. 5. Effects of three chitin and chitosan hexamers on enzyme
activity of photosynthetic carbon metabolism in leaves of wheat
seedlings. Each value represents the mean + SD of three
independent replicates. Different letters indicate significant
differences at P<0.05. (4) Rubisco, ribulose-1,5-bisphosphate
carboxylase/oxygenase; (B) FBPase, fructose-1,6-bisphospha-
tase. CK — control; A6 — chitin hexamer; NAD6 — N-acetylated
chitosan hexamer; D6 — chitosan hexamer.

investigating the influence of COS with a certain property
on its bioactivity, other parameters of COS should remain
the same. However, it is actually difficult to control both
DA and DP factors simultaneously using a COS mixture.
Even the COSs with the same average DP and DA are
used in the bioactivity assays, such as mixture of D2, D3,
D4A2, and mixture of D1A1, D2A1, D6, which also may
lead to controversial results. Therefore, the heterogeneous
distribution of DA and DP in the COS mixtures would
cause to some extent uncertainty on the structure—function
relationship.

As for a fully deacetylated COS series (DA 0%),
chitosan hexamer (D6) was reported to be one of the best
fragments promoting plant growth by our recent study
(Zhang et al. 2016). In this case, a partially acetylated
chitosan hexamer NAD6 with DA of 32.2% was further
prepared by a reacetylation reaction. In combination with
the commercialized chitin hexamers (DA 100%), three
COSs with identical DP and various DA were employed to
investigate the effects of DA on its activity of promoting
plant growth. The results suggested that chitosan hexamer
exhibited a stronger effect than that of chitin hexamer,
indicating that N-acetylation might not be indispensable
for promoting plant growth of COS. The shoot length of
all three hexamer groups had no significant difference.
However, the root length of NAD6 and D6 groups was
obviously higher than that of the chitin hexamer group.
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Root system can anchor the overground part of plant, and
also acts as a highly elaborate absorptive organ enabling
nutrients to be absorbed and transported to the rest of the
plant. Therefore, a well-developed root system is essential
for crop growth (Gonzalez-Pérez et al. 2012). As a plant
growth regulator, chitosan hexamers could promote
the root growth, resulting in the whole plant biomass
accumulation. These results were also consistent with the
data of the soluble sugar content (Fig. 3).

Net photosynthetic rate (Pn), stomatal conductance
(gs), and transpiration rate (£) are potential parameters
to evaluate wheat cultivar performance (Subrahmanyam
et al. 20006). Li et al. (2008) has reported that COS
treatments could promote photosynthetic parameters of
Brassica napus. In accordance with this study, our results
showed in Table 1 indicated that all three COS samples
could improve the g, E, and Py of wheat seedlings, and
compared with chitin hexamer, chitosan hexamers showed
more effective on Py promotion. The Chl fluorescence
results also indicate the light-utilization efficiency of
wheat seedlings could be significantly improved by the
full deacetylated chitosan fragments (Table 2). It seemed
that N-acetylation was not a structurally essential for the
improvement of photosynthesis, which was further proved
by the results of enzyme assay of photosynthetic carbon
fixation (Calvin cycle) (Fig. 5). Overall, fully deacetylated
COS was more effective to promote photosynthetic carbon
fixation and generate more carbohydrate products for
plant growth.

N-acetyl group of chitin and chitosan oligomers was
reported to play a vital role in binding with its receptor
and eliciting plant resistance (Liu ez al. 2012); however,
our results suggested fully deacetylated chitosan hexamer
showed the stronger effect on promoting plant growth than
that of chitin hexamer. With regard to partially acetylated
chitosan hexamer, its promoting growth activity was in
an intermediate level but closer to the fully deacetylated
chitosan hexamer. Considering that NADG6 has a relative-
ly low DA (32.2%), it is plausible that the principal
promoting effect observed in this study was a consequence
of a response to fragments with lesser N-acetylation.
Therefore, in this case of promoting plant growth, the role
of N-acetylation is different from those previous studies
about elicitor activity of chitin and chitosan oligomers
(Liu et al. 2012, Zou et al. 2015). Different performance
between chitin oligomers as elicitors and plant growth
promoters was also presented in those reports on
molecular size effects. Shibuya group proved that chitin
oligosaccharides smaller than triose showed negligible
elicitor activity (Yamada et al. 1993, Shibuya ef al. 1996),
but Winkler et al. (2017) recently reported these short-
chain chitin oligomers were very effective to stimulate
plant growth. These results suggested that the elicitor
activity and promoting growth of chitin/chitosan-derived
compounds in plants are supposed to depend on different
signaling pathways.

In the past few years, numerous pioneering works
for identifying the high-affinity binding protein of chitin
oligomers in various plants were carried out and the
signal recognition of chitin involved in elicitor activity are
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getting clearer (Liu ef al. 2012, Hayafune ef al. 2014). On
the other hand, concerning the signal pathway of chitosan
in plants, whether its specific receptors exist in plants or
not is still in dispute (Yin ef al. 2016). Chitosan oligomers
with one amino group on C2 are cationic oligosaccharides,
which might be attracted to negative plant cell walls
(Cabrera et al. 2010). This property makes the function
and mechanism of chitosan oligomers more complicated.
Regarding the promoting growth of plants in response
to chitin and chitosan oligomers in natural conditions,
metabolite profiles and transcriptomics have been per-
formed, revealing a pleiotropic modulation of carbon
and nitrogen metabolism of plants induced by chitin and
chitosan oligomers (Zhang et al. 2017b, 2018; Winkler
et al. 2017). However, the exact molecular mechanism of
promoting plant growth is not completely unraveled and
needs more biochemical clarification.

Conclusions: The present study investigated the effect of
exogenous chitin and chitosan hexamers with different DA
on growth promotion of wheat seedlings. We concluded
following: (/) All chitin and chitosan hexamers could
significantly enhance the growth and photosynthesis of
wheat seedlings. (2) Two chitosan hexamers were more
effective in enhancing plant growth and photosynthesis
than chitin hexamer, and homogencous (GlcN)s seemed
to be the optimal among the three samples, revealing
N-acetylation may not be indispensable in promoting plant
growth of COS. These results would be instructive for the
development of high-efficient biostimulator of COS and
expand its application in the field of agriculture.
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