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Abstract: The effect of seed priming m culture filtrates of two blue-green algae namely Cylindrospermum
muscicola and Anabaena oryzae (F, and F, respectively) on different growth criteria of Lupinus termis plants
grown in siliceous soil collected from Gebel-El-Nargis was investigated. As compared to control plants, seed
prescaking in the culture filetrate Cylindrospermum (F)) increased (P<0.05) the photosynthetic activity, growth
criteria, content of mtrogenous compounds and carbohydrates in the shoot of tested plant. On the other hand,
these parameters seemed to be non-significantly affected when the seeds were presoaked in F,. In the majority
of cases, seed pretreatment with F, or F, increased (P<0.05) chl.a, chl.b, total chlorophylls and total pigments,
whereas a reversed effect was manifested in carotencid contents. The two culture filtrates, particularly F,
caused significant increase in auxim, gibberellic acid and cytokinmin, whereas abscisic acid showed a reverse
situation. Amylase, protease and aminotransferase activities were progressively increased in respomnse to
presoaking in the algal filtrates. Protein banding patterns generally showed disappearance of a 34 and 42 KDa
protein and induction of 129 and from 3-8 KDa by F, treatment, meanwhile certain protein (M wt: 18 KDa) were
only induced following treatment with F, but not occurring in either the control or F, treatment. Application of

both F, or F, increased the intensities of protein bands from 20-32 KDa.
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Introduction

Blue-green algal extract excretes a great number of
substances that influence plant growth and development
(Ordog, 1999). These microorganisms have been reported
to benefit plants by producing growth promoting
regulators (the nature of which i1s said to resemble
gibberellin  and auxin), vitamins, amino acids,
polypeptides, antibacterial and antifungal substances that
exert phytopathogen biocontrol and polymers, especially
exopolysaccharides, that improve plant growth and
productivity (Zaccaro et al., 1999). Moreover, Zaccaro et
al (2001) reported that, foliar application of biochemical
organic substances, which supply macro and micro
nutrients, of increased demand.

Fresh water algae contain high percentage of macro and
micronutrients bounded in their major biochemical
constituents and metabolites such as carbohydrates and
protemns (Wake et al., 1992). In this respect, Adam (1599)
found that algal filetrate of the cyanobacterium Nostoc
muscorum significantly increased germination of wheat
seeds as well as thewr growth parameters and nitrogen
compounds, compared to controls. Also, Lozano ef al.
(1999) stated that, the application of an extract from algae
to soil or foliage increased ash, protein and carbohydrate
contents of potatoes (Solanum tuberosum).

Recently, Ghallab and Salem (2001) studied the effect of
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some biofertilizer treatments; Cerealin (Azospirillum spp.)
and Nemales (Serratia spp.) on wheat plant, in field
experiment and found that the two biofertilizers increased
growth characters and nutrients, sugar, amino acids and
growth regulators (IAA, GA, and cytokimn) and crude
protemn content in the plant. On the other hand, Abdel-
Monem et al. (2001) reported that fertilization with
Azospirillum  brasilense or commercial biofertilizer
Cerealin, improve the growth and yield of maize in rotation
with wheat as affected by urigation regime.

In the light of the abovementioned reviews, it was of
particular interest to investigate the effect of the two algal
filtrates; Cylindrospermum muscicola and Anabaena
oryzae as F, or F, respectively on growth and some
related enzymes, pigments, photosynthetic activity,
nitrogen and carbohydrate content, protein patterns as
well as growth regulators content of Lupinus termis plant
grown 1n siliceous soil.

Materials and Methods

Pure strain of Lupinus termis (var. Balady) seeds were
surface sterilized with 0.01% HgCl,. The seeds were
soaked in water (control) or the algal filetrate of
Cylindrospermus muscicola (F)) or Anabeana oryzae
(F;); each separately, for about 6 hours, the seeds washed
thoroughly with tap water. The seeds were then sown in
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earthenware pots filled with equal amounts of the soil
which collected from Gebel-El-Nargis. As described by
Mashaly (1987), Gebel El-Nargis sand dunes 1s a very
huge sand formation (with height ranges between 25-30
m) belonging to Baltim area in the Deltaic Mediterranean
coast of Egypt. Tt is a siliceous soil characterized by low
total plant cover; the physical and chemical analyses of
siliceous soil 1s shown in Table 1 .The pots were kept in
greenhouse under a normal day/might conditions and
irrigated with equal amounts of tap water when required.
To prepare the two algal filtrates used in this study, the
dinitrogen fixing blue-green algae which solated from
cultivated soil samples collected from Delta region, were
grown in BG11-free nitrogen-media (Rippka et al., 1979).
Isolation and purification of cultures were carried out
using the technique adopted by Venkataraman (1969).
Tdentification of the maintained axenic cyanophytes was
carried out according to Desikachary (1959) and
Whiteford and Schnumacher (1973). The isolated
organisms. Batch culture (100 ml) were grown
autorophically in Erlenmeyer flask (250 ml) and were
initiated with inocula of 7-days old algal cultures. The
cultures were incubated at 28°C+1 at light mtensity of
about 3000 Lux. for 15 days then separation of the used
algal filtrates takes place by filtration. These obtained
filtrates used for seeds pretreatment described before
(Table 2).

Samples from each set were taken after 18 days from
sowing. The samples were ten replicates for measuring
shoot length and total leaf area and triplicates for chemical
analysis. The results were first subjected to an analysis of
variance (ANOVA); a test for sigmficant differences
between means at P<0.05 was performed using LSD
(Snedecor and Cochran, 1980).

Extraction and measurements of leaf pigments were carried
out as recommended by Kissimon (1999).

For Hill reaction assay, detached leaves were ground
using a chilled blender, in 50 mM MgC1, and the resulting
homogenate was suspended 1 1 mM Na-Tricine, 10 mM
NaCl and 10 mM MgCl, solution and kept at -4.0°C
(Arnon, 1949). Photosystem IT activity was determined as
the rate of 2, 6-dichlorophenol indophenol (2, 6-DCPIP)
photoreduction (Trebst, 1972) using a spectromic 21 D
Spectrophotometer.

Extraction, clarification and determination of saccharides
were carried out following the procedure adopted by
Youmns et al. (1969).

Nitrogenous constituents were extracted and determined
by the method of Yemm and Willis (1956) as described by
Haroun (1986).

Amylase and protease enzymes were extracted by Kar and
Mishra (1976). The activities of amylase and protease
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Table 1: Mean of 5 samples representing the composition of the
experimental soil

Moisture(%o) 0.20

pH 7.75
MWC(%0) 28.00

0C(%) 20.30
Porosity(%o) 42.50
CaC04(%) 2.00
EC(S/cm) 221.30

T.8.8*% 70.00

Total salts* 40.00

TN* 18.00

Sand(%o) 80.00

Clay (%) 17.42

Silt(%0) 217

Texture Sandy
(*=mg/100g; MWC = maximum water holding capacity;

EC= electrical conductance;
T.N. =total nitrogen)

OC=organic carbon;
T.5.8.= total soluble sugars;

were determined according the methods of Monroe and
Preiss (1990) and Salmia et al. (1978) respectively.
Extraction and activity of aminotransferase was
determined as pg ketoacids according to Dey and
Harborne (1990).

The extraction and separation of plant growth substances
followed the procedures described by Shindy and Smith
(1975).The bioassay of auxin 1s determined as described
by Foda and Radwan (1962). For measurement of
gibberellin substances, the method adopted by Frankland
and Wareing (1960) was followed. The technique used to
assay the activity of cytokining was that described by
Esashi and Leopold (1969). Abscisic acid was bioassayed
by the test recommended by Wright (1969).

For protein banding patterns the electrophoretic protein
profiles of Lupinus shoot were analyzed by SDS-PAGE
techmque (Laemmli, 1970). Data were analyzed and
identified by gel documentation system (GDS) with
comparing polypeptide maps. Percentages of band
intensity, molecular weight and mobility rate of each
polypeptide in relation to standard markers using Gel-Pro
Analyzer version 3 Media Cyberne Tice Imaging Experts
Software.

Results and Discussion

Cyanophyceae are a diverse group of prokaryotes, it
distributed worldwide and mmprove the growth and
development of the plants, with which they share the
habitat, because they: 1- contribute to soil fertility in many
ecosystems, 2- produce various biologically active
substances and 3- have lugher efficiency in biosorption
of heavy metals i.e. bioremediation (Zaccaro et al., 2001).
Moreover, Hedge ef al. (1999) documented that,
application of algal biofertilizers is useful for the
reclamation of marginal soils such as saline-alkali and
calcareous soils.

In this context, pretreatment of Lupinus fermsi seeds
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Table 2: Major chemical composition of cylindrospormum muscicola(F) and Anabae na oryzae(F,) filtrates

Parameter Soluble sugars Total carbon.  Ammonia-N. Amino- N.  Nitrate -N. T.organic acids Auxins Gibberellins Cvtokinen Abscisic acid
F, 9.86 238.75 0.32 6.72 0.151 1.449 8625 19319 7.461 0.59
F 10.33 36417 0.64 9.4 1.099 2.85 0883 17271  ---- 0.679
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the two algal filtrates, led to significant increase (P<0.05)
(in response to F,) and non-sigmficant effect (in response
to F,) in shoot length, total leaf area and shoot fresh mass.
Meanwhile, the dry mass of shoot increased (P<0.05) by
the two treatments, as compared to the control plants (Fig.
la and b). This may be attributed to the secretion of plant
growth regulators by the experimental orgamsms in the
culture filtrates (Table 2). These results were in good
harmony with those obtained by Adam (1999) and
Mohiuddin et al. (2000). Ghallab and Salem (2001) stated
that, m wheat plant, growth characters and nutrients,
sugar, amino acids and growth regulators (TAA, GA; and
kinetin) as well as crude protein contents of the
tested plant, increased by wusing  biofertilizers;
Cerealin (Azospirillum spp.) and Nemales (Serratia spp.).
Furthermore, the height of cotton plant and thewr dry
welght were increased by presoaking the seeds in Nostoc
muscorum extract (Likhitkar and Tarar, 1995).

Prescaking of Lupinus seeds in ¥, or F, resulted in marked
mcreases (P<0.05) in chl.a, chlb, total chlorophylls and
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Fig. 2: Effect of algal filtrates (F, or F,) on photosynthetic
Pigments and Hill activity of Lupinus termis shoot

total pigments content of the leaves, except for
chlorophyll a and total pigments which non-significantly
affected when the seeds were prescaked in F, (Fig. 2a). On
the other hand, carotenoid contents decreased
significantly and non-significantly in response to
treatment with F, and F, respectively. The stmulative
effect of these filtrates could be attributed to elevated
level of GA, of the filtrates which is known to inhibit
chlorophyllase activity (Drazkiewicz, 1994). Moreover,
Wake et al. (1992) stated that cyanobacterial extract
enhanced chlorophyll formation. Recently, Ordog (1999)
documented that the suspemsion of extract of
cyanobacteria and microalgae contain a special set of
biologically active compounds including plant growth
regulators, which can be used for treatment to decrease
senescence, transpiration as well as to increase leaf
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chlorophyll, content and root and shoot
devel opment.

The increase in pigment production in Lupinus leaves pre-
treated with the algal filetrate of Cvlindrospermum led to
increage the photosynthetic activity and carbohydrate
contents (Fig. 2a,b and 3a respectively) in plant tissue. In
conclusion, these results may be attributed to increase
photosynthetic electron transport (Bograh et al., 1997),
stimulation of pigment biosynthesis (Younis ef al., 1991)
and interaction with the thylakoid membrane surface
(Zheleva ef al., 1994).

Presoaking of Lupinus termis seeds in the two filtrates,
particularly F; showed marked increase (P = 0.05) in the
photosynthetic characteristic representing by Hill activity
(Fig. 2b). This iz expected results due tothe increase in

protein
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A= control, B=F,, C=F,
Fig. 4:Effect of the algal filtrates (F; or F,) on protein
Patterns of Lupinzs fermis shoot

the chlorophylls concentration in response to the algal
filetrate treatments (Fig. 2a). In this connection,
Aldesuquy and Gaber {1993) found that, the increasze in
chlorophylls content was associated with an increase in
Hill activity of Vicia fiba plant under various conditions.
The increase in the photosynthetic activity by the algal
filirates iz comparable with the finding of El-Shahaby
(1992) who stated that growth regulators pretreaiment
were gignificantly increased the photosynthetic activity
of streszed and unstressed Vigna sinensis plants and this
may be due to the effect on the stomata and the
photosynthetic apparatus {Roschke and Hadrich, 1985).

Az compared to confrol plants, seed priming with F,
filetrate induced pronounced increase (P<0.05) in total
carbohydrates and polysaccharides of ILupinus plant,
meanwhile these carbohydrate fractions appeared to be
non-gignificantly affected in response to F, treatment
(Fig. 3a). The marked increase in carbohydrate fractions in
Lupinus plants as a results of seed pretreatment with algal
filtrates may presumably be due to the growth
bioregulators present in these filtrates which may be
involved directly or indirectly in saccharides and
nitrogen metabolism. Furthermore, this increase may be a
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Fig. 6: Effect of algal filtrates (F, or F,) on growth
regulators content of Lupinus termis shoot

consequence of increased CO, fixation which in turn led
to a consequence increase m carbohydrate reserve for
plant growth (Chaves ef al., 1995). These results are in
good agreement with the results obtained by Lozano et al.
(1999). Furthermore, El-Shanshoury and Hamada (1988)
stated that monosaccharides and  disaccharides,
endogenous [AA and mineral content of Zea mays were
enhanced by treating with the extract of Streptomyces
atroolivaceus under saline conditions.

Fig. 3b emphasized that ammoma-N, amide-N and total
soluble-N mcreased markedly (P<0.05) in response to F,
or F,, as compared with the control. On the other hand,
total-N and protein content increased (P<0.05)
response to F, and non-sigmificantly affected by F,
treatment. The above-mentioned changes in mnsoluble-N
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Table 3: Effect of the two algal filtrates (F) or F5) on molecular weight and
relative concentrations of different types of protein bands of
Lupinus termis shoot
Band no Mowt (K. Da) Control F, F,
1 294.55 3.26 1.81 2.38
2 184.48 2.21 1.22 1.3
3 156.21 2.11 142 1.82
4 129.55 - 1.71% -
5 110.09 2.74 1.2 1.19
3] 94.28 2.55 0.77 1.12
7 83.58 1.04 142 1.2
8 67.46 4.82 2.57 2.39
9 60.35 2.63 1.49 1.57
10 54.37 2.94 1.35 1.63
11 48.88 2.15 1.5 2.33
12 42,54 0.25 - 1.21
13 34.47 1.42 - 1.6
14 31.85 0.99 1.96 27
15 253 2.85 311 3.33
16 22.35 2.59 5.85 4.95
17 20.13 4.83 211 5.9
18 18.44 - - 4.20%
19 15.9 5.49 5.76 5.39
20 14.1 8.47 7.34 4.6
21 11.44 7.23 3.02 371
22 9.48 4.02 3.21 7.96
23 8.65 - 4.91* 4.39%
24 713 3.85% -
25 6.08 2.67* -
26 3.0 - 0.20% -
Total no 20 23 22
No. of new 5 2
responsive
proteins(*)

and soluble-N may be due to either an increase or
decrease in proteolytic enzymes which in fact degrade the
storage protein to soluble nitrogenous compounds, which
may in turn utilized by the various parts of the seedling
(Fig. 5), mn response to treatment with the used algal
filtrates. Furthermore these increases could be attributed
to the nitrogenase as well as nitrate reductase activities of
the algal extract associated with the surface of the seeds,
or the amino acids and peptides produced in the algal
filetrate and/or other compounds that stimulate growth
of the plant (Adam, 1999). In relation to these results
Martin et al. (2002) stated that nitrogen and carbohydrate
status play the predominant role in regulating various
aspects of seedling growth including storage reserve
mobilization and photosynthetic gene expression.

As regards the changes in protein banding patterns in
response to priming of Lupinus termis with the algal
filtrates, Table 3 and Fig. 4 cleared that scanning of the gel
indicated the occurrence of 20 protein bands; ranging
from 3 to 294 KDa in the control shoot and the algal
filtrates increased these bands to 23 and 22 in response to
F, and F, respectively. Furthermore, these treatments
increased the relative protein concentrations m Lupinus
seedling and the effect was more elicited with 20-32 KDa
and this may be due to gibberellin-induced processes
during seed germination (Jones and Davies, 1991). Also
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this finding is in agreement with those obtained by
Mohiuddin et «l. (2000), who detected an increase in
protein content of wheat treated with biofertilizers
(Phosphert, Azofert, Biplin and Vitormone).

The appearance of new protein band with molecular wt
129 KDa in response to F, and with 18 KDa in response to
F, could be considered as treatment-specific proteins
(King, 1991) or indicate a changed pattern of gene
expression on biofertilizer treatment (Popova et al., 1995).
On the other hand, induction of the 3-8 KDa proteins, with
F, or F, treatment could be also triggered by hormones
which present in the filtrates and it 18 tentatively predicted
that such proteins might represent phytohormone
receptors (Davies, 1995 ). Moreover, the lower molecular
weight protems are known to have a role m the stress
tolerance process (Waters ef al., 1996).

Phytohormones have been implicated in the regulation of
several enzymes and the metabolic changes occurring in
the early stages of germination are the results of the
activity of various enzymes (Kumar ef af, 1987). In this
context the results in figure 5 show that, seed priming with
F, or F, caused a progressive (P<0.05) increase in the
determined enzymes (Proteolase, amylase and
aminotransferase). In relation to control levels, the
magnitude of the maintained increase was most significant
in response to F, (protease and amylase) and F,
(aminotransferase). These results could be related to the
filetrate contents, which may play mmportant role in
enhancement of the biosynthesis of enzyme protein,
enzyme activation and/or membrane permeability.

The observed significant increases m the determined
enzyme in Lupinus shoot in response to pretreatment with
the two algal filtrates are in good conformity with the
increment in growth rate as well as nitrogen and protein
content (Fig. 1, 3b and ¢). In accord with these results,
Adam (1999) stated a sigmficant increase in growth
parameters and nitrogenous compounds in some crop
plants treated with cyanobacteria as biofertilizer and he
attributed this to the increase mn mtrogenase as well as
nitrate reductase activities of the algal filetrate. Moreover,
Choudhury and Gupta (1998) found that treatment the
seeds with GA,; increased germination and also g-amylase
activity. Recently, Prasad et af (2000) found that
presoaking of maize and cowpea seed in biofertilizer
(whey) for 18h mcreased the enzyme activity (amylase,
proteinase and starch phosphorlase) of the used seeds as
compared with control. In conclusion, there are a good
correlation between the mcrease or decrease in protein,
transamianse activity and soluble nitrogen content (Fig.
3¢, 5 and 3b).

The two used algal filtrates (F, or F,), as shown m figure
6, stmulate the endogenous level of [AA, GA, and
cytokinin and at the same time inhibit ABA level in
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Lupinus plant. The stimulation or inhibition of the
endogenous plant hormones was more pronounced in
response to F, treatment. Tn this connection, there is a
general agreement on the induction of the endogenous
hormone levels by exogenous application of different
growth regulators (El-Shahaby, 1992). These are in
conformity with the findings of Haroun (1986) that the
pretreatment of Pisium sativum seeds with either GA; or
TAA gave the saline-treated plants some tolerance
through the inductive changes in the endogenous levels
of growth regulators.

It is worthy to mention that the algal filtrates of
Cylindrospermum muscicola (F|) or Anabaena oryza (F)
were most efficient, particularly F| m improving growth of
Lupinus termis grown in siliceous soil and this results
was in good harmony with Hedge et al. (1999) who stated
that the application of algal biofertilizer 1s useful for the
reclamation of marginal soils and also with Zaccaro et al
(2001) who documented that, the biofertilizers are likely to
assume greater signmificance as complement and/or
supplement to chemical fertilizers in improving the
nutrient supplies to cereal crops because of high nutrient
turn-over in the cereal production system, exorbitant cost
of fertilizers and greater consciousness on environmental
protection.
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