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Influence of alginate oligosaccharides on growth, yield and
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Abstract Opium poppy (Papaver somniferum L.), an important medicinal plant, produces several opiate alkaloids
including morphine, thebaine, codeine, papaverine and noscapine. Polysaccharides, such as sodium alginate, have been
used in depolymerized form as wonderful promoters of plant growth. The present study has revealed that application of
alginate oligosaccharides (AO), obtained from sodium alginate irradiated by Co-60 gamma rays, significantly enhances
certain physiological/biochemical parameters as well as the overall growth of opium poppy. The highest dose applied was
the most effective in increasing the morphine and codeine contents as well as the overall yield of crude opium per plant.
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Introduction

Opium poppy (Papaver somniferum L.) is one of the oldest
cultivated medicinal plants that vary with different colors,
shapes of flowers and capsules, alkaloid compositions and
contents (Kapoor, 1995). Dry opium has long been
considered as astringent, antispasmodic, aphrodisiac, dia-
phoretic, expectorant, hypnotic, narcotic and sedative. It
contains the most effective analgesic alkaloid, morphine
(Evans, 1989), together with other alkaloids including
codeine, noscapine and thebaine, which are used in drugs
(Bernath and Nemeth, 1999). The world requirement of
morphine and codeine and their precursors and products is
growing. The new uses of opium poppy alkaloids and analogs
are being discovered.

It is now being realized that radiation processing can also
be beneficially utilized either to improve the existing
methodologies used for processing natural polymers or to
impart value addition to agriculture by converting them into
more useful forms (Sabharwal, 2004). Alginate is a natural
polysaccharide, derived from brown algae, with a large
available quantity in nature. Alginates have widespread
application in food and drink, pharmaceutical and bioengi-

neering industries (Gaseca, 1988; Hien et al., 2000).
Depolymerised sodium alginate known as oligo-alginate is
prepared by acid hydrolysis or enzymatic degradation of
sodium alginate (Hien et al., 2000). Oligomers from
depolymerisation of alginates were reported to have novel
features such as stimulation of growth, promotion of
germination and shoot elongation in plants (Yonemoto et
al., 1993; Natsume et al., 1994; Tomoda et al., 1994;
Jamsheer, 2010). Interestingly, biologically active oligosac-
charides have been known to act as signal molecules that
regulate plant growth and development as well as defense
reactions by regulating gene expression (Albersheim and
Darvill, 1985).

The application of ionizing radiation to degrade natural
bioactive agents as growth-promoting substances is a novel
emerging technology to exploit full genetic potential of crops
in terms of growth, yield, and quality. Polysaccharides, such
as sodium alginate, have been used as wonderful growth-
promoting substances in their depolymerized form for various
plants (Nagasawa et al., 2000). Radiation processing by Co-
60 gamma rays (Nagasawa et al., 2000; Lee et al., 2003)
offers a clean one-step method for the formation of low
molecular weight oligomers. Hu et al. (2004) and Hegazy et
al. (2009) investigated the responses of Zea mays plants
treated with degraded sodium alginate by radiation and found
that alginate oligosaccharides (AO) enhanced not only the
plant growth but also the productivity. However, the
promotive effects of AO on plants in terms of alkaloid
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production are yet to be studied extensively. The purpose of
this work was to study the effectiveness of AO in enhancing
the productivity and alkaloid content of opium poppy.

Materials and methods

Plant material and growth conditions

Seeds of opium poppy var. NBRI-5 were initially surface-
sterilized with 95% ethyl alcohol for 5 min and then washed
thoroughly with double-distilled water before sowing. Prior
to seed sowing, 5.0 kg homogenous mixture of soil and
farmyard manure (4∶1) was filled in each pot. Physico-
chemical characteristics of the soil were: texture-sandy loam,
pH (1∶2) 8.0, E.C. (1∶2) 0.48 m mhos$cm–1, available N, P
and K of 97.46, 10.21 and 147.0 mg$kg–1, respectively, in
soil. Then seeds were sown on November 15th, 2008 at a
depth of 2 cm in earthen pots (25 cm diameter � 25 cm
height) containing sandy-loam soil.

Irradiation of sodium alginate by Co-60 gamma rays

Sodium alginate was purchased from Sigma-Aldrich, USA.
Sodium Alginate was sealed in a glass tube with atmospheric
air. It was kept in water for swelling over night at room
temperature to obtain 4% aqueous solution. Then the solution
was stirred for several hours until completely dissolved. The
samples were irradiated by gamma rays from Co-60 source at
520 kilo Gray (kGy). Different concentrations of AO viz.
20 ppm, 40 ppm, 60 ppm, 80 ppm, 100 ppm and 120 ppm
were finally prepared and used in the present study. Spray of
distilled water was treated as control.

Experimental design

A pot culture experiment was designed to analyze the changes
in physiologic and biochemical attributes of opium poppy
using the treatment with oligomers obtained from degraded
sodium alginate in the net house at the Botany Department,
AMU, Aligarh (27°52′N latitude, 78°51′E longitude, and
187.45 m altitude). Each treatment was replicated five times,
and each replicate had three plants. One healthy plant was
maintained per pot. The pots were watered thoroughly. Plants
were grown under naturally illuminated environmental
conditions.

Growth and yield analyses

A simple randomized pot experiment was designed to assess
various growth, physiological, biochemical, yield and quality
attributes. The plants were sampled at 90 DAS; three plants of
each treatment were harvested with the roots carefully washed
with tap water to remove adhering foreign particles. Water
adhering to the roots was removed with blotting paper, and
fresh weights of plants were recorded. The plants were dried

at 80°C for 24 h, and dry weights were then recorded.

Estimation of total chlorophyll and carotenoid content

Total chlorophyll and carotenoid contents in fresh leaves were
estimated by the method of Lichtenthaler and Buschmann
(2001). The fresh tissue from interveinal leaf area was
ground, using a mortar and pestle, with 80% acetone.
Absorbance of the solution was recorded at 662 and 645 nm
for chlorophyll estimation and at 470 nm for carotenoid
estimation using a spectrophotometer (Shimadzu UV-1700,
Tokyo, Japan).

Determination of nitrate reductase (NR) activity

Nitrate reductase (E.C. 1.6.6.1) activity in the fresh leaves
was determined by the intact tissue assay method of Jaworski
(1971). Chopped leaf pieces (200 mg) were incubated for 2 h
at 30°C in a 5.5-mL reaction mixture, which contained
2.5 mL of 0.1 mol$L–1 phosphate buffer, 0.5 mL of
0.2 mol$L–1 potassium nitrate, and 2.5 mL of 5% isopropanol.
The nitrite formed subsequently was colorometrically deter-
mined at 540 nm after azocoupling with sulphanilamide and
naphthylene diamine dihydrochloride. The NR activity was
expressed as nmol$L–1 NO2$g

–1 FW$h–1.

Determination of carbonic anhydrase (CA) activity

Carbonic anhydrase (E.C. 4.2.1.1) activity was measured in
fresh leaves using the method described by Dwivedi and
Randhawa (1974). 200-mg fresh leaf pieces were weighed
and transferred to Petri plates. The leaf pieces were dipped in
10 mL of 0.2 mol$L–1 cystein hydrochloride solution for
20 min at 4°C. To each test tube, 4 mL of 0.2 mol$L–1 sodium
bicarbonate solution and 0.2 mL of 0.022% bromothymol
blue were added. The reaction mixture was titrated against
0.05 mol$L–1 HCl using methyl red as an indicator. The
enzyme activity was expressed as mol$L–1 CO2$kg

–1 leaf
FW$s–1.

Alkaloid estimation

The various alkaloids of opium were determined using HPLC
(Perkin–Elmer; a series 200 liquid chromatograph, a series
600 link controller; LC-235 diode-array detector). From
methanolic stock solution of morphine and noscapine
(each 5 mg$mL–1), codeine, thebaine, papaverine (each
1 mg$mL–1), and brucine (internal standard 1 mg$mL–1)
standard solutions were prepared containing different
amounts of the five alkaloids. Brucine internal standard
solution was added to gum opium samples, and the samples
were extracted twice with 2.5% (v/v) acetic acid. After
adjustment of the pH to 9.0 with conc. ammonia solution was
transferred to an Extrelut prepacked clean-up column. The
alkaloids were eluted with 60mL dichloromethane-isopropanol
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(9∶1) and evaporated to dryness (Krenn et al., 2000). The
extracts were dissolved in acetonitrile-water (60∶40) contain-
ing 0.8% heptafluorobutyric acid (15 mL) diluted to 30 mL
with 0.1% aqueous heptafluorobutyric acid, and 3 µL was
injected after filtration through a 0.45-µm millipore filter. The
analyses on the porous stationary phase were performed as
described elsewhere (Krenn et al., 2000). Separation and
quantification on the non-porous stationary phase were
performed on a 33 mm�4.6 mm inner diameter, 1.5-µm
particle size, and Kovasil MS-C18 column. Multilinear
gradient elution at room temperature was performed with
mixtures of 0.1% aqueous heptafluorobutyric acid (A) and
acetonitrile-water (60∶40) containing 0.8% heptaflurobutyric
acid (B). The gradient profile was 0–0.03 min from 15 to 29%
B; 0.3–1.9 min from 29 to 38% B and 1.9–2.4 min 38% B.
The composition of the mobile phase during purging and
regeneration of the column was 2.4–2.6 min from 38 to 100%
B; 2.6–3.4 min from 100% B; 3.4–3.6 min from 100 to 15% B
and 3.6–7.0 min 15% B. The flow rate was 1 mL$min–1. The
alkaloids were detected at 255 nm.

Statistical analysis

Each pot was treated as one replicate, and all the treatments
were repeated five times. The data were analyzed statistically
using SPSS-17 statistical software (SPSS Inc., Chicago, IL,
USA). Mean values were compared by the Duncan’s Multiple
Range Test (DMRT) at P< 0.05% level.

Results and discussion

Growth parameters

Application of 120 ppm was most effective in increasing the
growth parameters (Fig. 1). The shoot and root lengths were
37.5% and 63.5% higher than those in the control,
respectively (Table 1). The second best concentration in this
regard was 100 ppm. The effect of 120 ppm was also
significant with reference to the fresh and dry weights per
plant, giving 59.8% and 47.6% higher values, respectively,
compared with the control (Table 1). Plant growth regulators
(PGRs) play a pivotal role in enhancing the growth and
development of plants as well as the alkaloid content of herbs
(Khan et al., 2007). Like PGRs, which are used to improve
plant defense by acting as a signaling molecule, AO
resembles an endogenous elicitor that functions as a signal
to trigger the synthesis of enzymes and activate various
responses through gene expression (Ma et al., 2010). It is
known that polysaccharides such as alginates, carrageenan
and chitosan in their depolymerised form have the novel
properties of plant growth promotion (Darvill et al., 1992;
Nutsume et al., 1994). Foliar spray of AO was significantly
useful for most of the parameters studied, and the 120-ppm
treatment was most effective. The increase in shoot length,

root length, and the fresh and dry weights in treated plants
conformed to the findings of Luan et al. (2003) and Qureshi
(2010). In fact, gamma-irradiated sodium alginate appeared to
facilitate absorption and utilization of mineral nutrients from
the soil. The optimal supply of nutrients is important for
optimum yield and quality of poppy seeds.

Physiological and biochemical parameters

The total chlorophyll content increased in the treated plants in
a dose-dependent manner and was the maximum (43.1%
higher in comparison to control) with 120-ppm treatment
(Fig. 2(a)). Total carotenoid content also showed similar
response, giving a 31.4% higher content over the control with
120 ppm (Fig. 2(b)). As to the significant enhancement in
total chlorophyll and carotenoid content by application of
irradiated sodium alginate, it is likely that the AO evoked the
intrinsic genetic potential of the plant, causing increase in the
chlorophyll and carotenoid contents. Since oligosaccharides
(degraded alginate) have a role in inducing cell signaling in
plants, leading to stimulation of various physiological processes
(Farmer et al., 1991; Darvill et al., 1992; John et al., 1997),
application of AO might seemingly improve pigment contents
in our study.

Figure 1 Effect of Alginate Oligosaccharides (AO) on growth of
opium poppy plants.
Note: (a): control; (b): 120 ppm treated plant.
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Application of 120-ppm AO was most effective, followed
by 100 ppm, giving 31.7% and 26.1% higher values,
respectively, for NR activity (Fig. 2(c)). CA activity was
the highest in the plants treated with 120-ppm AO and
registered 28.2% higher values than that in the control
(Fig. 2(d)). A significant increase in NR and CA activity was

observed in the AO-treated plants. This facilitates the biomass
accumulation in treated plants (Khan et al., 2007). According
to Luan et al. (2003), the irradiated sodium alginate promoted
enzyme activity and photosynthetic rate. Akimoto et al.
(1999) found enzyme synthesis in a tissue culture supplied
with alginate-derived oligomers.

Table 1 Effect of different concentrations of Alginate Oligosaccharides (AO) on growth parameters of opium poppy plants
treatments shoot length/cm root length/cm shoot dry weight/g root dry weight/g

control 78.5�2.23e 15.1�1.15e 27.4�0.91f 7.6�0.29e

20 ppm 82.1�2.45d 15.7�1.45e 28.5�0.92ef 7.8�0.33de

40 ppm 83.9�2.21d 16.5�1.79de 30.6�1.26e 8.3�0.53d

60 ppm 88.2�3.36cd 17.8�2.08d 33.2�1.53d 8.9�0.67cd

80 ppm 91.5�3.14c 19.7�1.77c 36.4�1.71c 9.5�0.82c

100 ppm 97.8�3.63b 21.3�2.04b 40.4�2.07b 10.4�0.93b

120 ppm 108.5�4.04a 24.7�2.38a 45.4�2.41a 11.2�1.16a

Note: Means within a column followed by the same letter are not significantly different (P≤0.05). The data shown are means of five replicates�SE

Figure 2 Effect of different concentrations of alginate oligosaccharides (AO) on chlorophyll content (a), carotenoid content (b), NR
activity (c), and CA activity (d) of opium poppy plants.
Note: Bars showing the same letter are not significantly different at P≤0.05 as determined by the Duncan’s multiple range test. Error bars
(┬) show SE.
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Yield and quality parameters

Dry weight of capsules and seed yield were enhanced by the
AO application, showing the maximum (91.8% and 83.1%,
respectively) with 120 ppm (Table 2). Likewise, crude opium
was the maximum (40.7% higher than that in the control) in
the plants treated with 120 ppm AO (Table 2). An increase in
growth and physiological parameters of treated plants was
expected to culminate in maximization of capsule weight,
seed yield and crude opium content.

The HPLC analysis of opium latex (crude opium) revealed
the presence of four important alkaloids, viz., morphine,
codeine, thebaine and noscapine, whereas papaverine was not
detected in this variety of opium. Application of 120 ppm AO
to the foliage increased the morphine content by 54.3%, while
codeine was just doubled. On the other hand, thebaine content
decreased, whereas noscapine content was insignificantly
affected in response to 120-ppm AO treatment (Fig. 3).
Secondary metabolites were influenced by PGRs (Aftab et al.,
2010). Also, the alkaloid content in plant tissues was affected

by the rate of biosynthesis and catabolism and varies with
respect to plant development, diurnal variations, functionally
different parts of plants and environmental factors (Jaleel et
al., 2009). Additionally, the increase in nutrient content in
treated plants would have a positive effect on the crude opium
and morphine contents, as nitrogen is an integral part of all
alkaloids. According to Kadar et al. (2001), the volume of
capsule and their number per plant were affected by nitrogen
supply. We found a correlation among plant weight,
chlorophyll content and morphine concentration.

Conclusion

The AO spray significantly affected plant growth, physiologic
and biochemical variables, yield and alkaloids production in
opium poppy. The 120-ppm concentration of AO proved the
best in enhancing the overall plant performance. As to the
specific alkaloids, morphine and codeine contents were
increased considerably. The oligomer molecules produced
by irradiated sodium alginate by Co-60 gamma rays seemed
to have caused a triggering effect on the biosynthetic
pathways of opiate alkaloids such that the precursors could
synthesize morphine and codeine at a considerably high rate.
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