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Abstract: This study was carried out at the EBExperimental Nursery of the Ornamental Horticulture
Department, Faculty of Agriculture, Cairo University during two seasons of 2008 and 2009 to investigate the
effect of some bio-stimulants and gibberellic acid (GA,) on growth and chemical composition of Calfia
secundiflora Auqt. plants. The seedlings were treated with GA,, yeast extract, humic acid, algae extract and
mycorrhizae after a month from planting and repeated twice at two months intervals. The results revealed that
GA, significantly increased plant height and stem diameter. The treatments of humic acid, algae and
mycorrhizae significantly mereased the plant height. Algae extract and mycorrhizae gave the thickest stems.
The maximum number of leaves and branches per plant was obtained when seedlings were treated with
mycorrhizae. Humic acid, algae and mycorrhizae treatments were the most effective on increasing fresh and dry
weights of leaves. All treatments increased the fresh and dry weights of stems. Both humic acid and
mycorrhizae significantly mcreased the root length; fresh and dry weights and the carbohydrates content in
dried leaves to maximum values. Most of the treatments increased the pigments content of leaves. The
treatments of humic acid, algae and mycorrhizae were the most effective treatments on increasing the contents

of N, P and K in the leaves.
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INTRODUCTION

Calia
bean, 15 a flowering evergreen shrub or small tree
native of South America and belongs to family

secundiflora, commonly lknown as mescal

Fabaceae. Teaves are compound, the leaflets are rather
thick and waxy and the bark 18 smooth. It grows
slowly to a height of 4-6 m and a crown diameter of 3 m.
Fragrant purple
clusters in late winter and early spring. Calia is a popular

flowers are produced in large
ornamental plant due to its showy flowers; it does
well either m sun or light shade as well as in lugh pH
soils and can tolerate other types of soils. The plants are
extremely drought-tolerant and thus, has minimum water
requirements once established. In addition to be used n
gardens and streets, it can be used in reclaimmg marginal
lands, parking

invasive and adds dimension and beauty to unsightly

lots and highway medians. It’s not

arcas.

Gibberellin is a naturally occurring plant hormone that
regulates the growth of plants. Tt is a very potent hormone
and regular applications of low concentrations can have
a profound effect on flowerng of plants, it maximizes the
mumber and size of blossoms of the plant, making the
garden a showplace. Nowadays, several biostimulants
became the most important materials required to
substitute chemical fertilizers for healthy and cheap
production of many plants. Active dry veast is a natural
safe biofertilizer causes various promotive effect on
plants, it 1s a natural source of cytokinins, simulates cell
division and enlargement and it 1s used as an alternative
source of growth substances in bio/organic fertilization
system. Humic acid is a biostimulant which increases
nutrient uptake, microbial activity, it 1s an excellent root
stimulator and it increases the permeability of plant
membranes and accelerates cell division. Humic acid
affects physical and chemical properties of soils; it has

been shown to increase the uptake of nitrogen,
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potassium, calcium, magnesium and phosphorus by
plants [1]. Mycorrhizae fungi affect growth of most plant
species through various ways,they increase phosphorus
uptake, enhance uptake of nutrients by root system
and are beneficial in the biological nitrogen fixation,
bio-control of pathogens and drought resistance [ 2, 3].
The application of algae (seaweed extract) as an
organic biostimulant is becoming an accepted practice in
horticulture industry, it is available as an extract, powder
or liquid form. Tt is believed to promote a healthy root
system, helps plant becoming more disease resistant and
helps provide rapid root development.

MATERIALS AND METHODS

This study was carried out at the Experimental
Nursery of the Omamental Horticulture Department,
Faculty of Agriculture, Cawo Umiversity during two
seasons of 2008 and 2009 to mvestigate the effect of some
and GA,;
composition of Calia secundiflora Auqgt. Seedlings
(4 month old, 10-12 e¢m height and 4-6 leaves were
obtained from Orman Botanical garden). The seedlings
were planted on 10 ® March, 2008 and 25™ March, 2009 in
30 cm clay pots filled with a mixture of clay and sand. The

bio-stimulants on growth and chemical

mechamcal and chemical characteristics of the used
mixture are shown in Table 1. The seedlings were sprayed
with GA, at 100 ppm (Berlex tablets) and 1% of each of:
veast extract, humic acid,algae extract (Algifert ) and
mycorthizae (from Am Shams Umversity) applied as a soil
drench. The water solutions of biostimulant substances
were prepared using Bio-film at 1ml/T, as a wetting agent
for the different treatments. The treatments were applied
a month from planting and repeated twice at 2 months
intervals. The plants were fertilized with NPK (Krestalon
at 20-20-20) at 5 g/ pot at monthly intervals. The plants
were grown for 10 months for each season. The plants
recelved a regular care of wrigation.

At the end of the experiment, the plants were cut at 3
cm above soil surface,and the followimng data were
recorded: Plant height stem diameter,mumber of leaves and
branches per plant, fresh and dry weights of leaves, stems
and roots and root length. Chemical determinations
including chlorophyll a, b and total carotenoids were
[4], total
carbohydrates in dried leaves were determined according
to Herbert et al. [5]. N, P and K were determined using
the wet digestion procedure,total nitrogen content was

determined according to Saric et al
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determined using Nesslar method [6], phosphorus
content was determined according to Troug and Meyer
[7]. The content of potassium was determined by using
operation chart of Shimadzu Atomic Absorption Flame
Spectrophotometer. The different treatments (9 pots /
treatment) of the experiment were replicated 3 times and
each replicate contained 3 plants (3 pots). The layout of
the experiment was a complete randomized design. The
differences between the means of the different treatments
were compared using “Least Significant Difference
(L..5.D)” test at 5% probability, according to Sendecor and
Cochran [8].

RESULTS AND DISCUSSION

Plant Height: Data in Table 1 show that in both seasons,
treating the plants with GA,; sigmficantly increased plant
height as compared with the control. This finding agrees
with many researchers [9, 10]. Treating the plants with
yeast extract had no clear trend on plant height,in both
seasons. The treatments of humic acid, algae and
mycorrhizae significantly increased the plant height as
compared with the control. Tn the first season, the
treatment of humic acid gave tallest plants (49.63 cm )
whereas in the second one,the treatment of mycorrhizae
increased plant height to the maximum value. In this
respect, Watfa [11] on carob found that mycorrhizae
significantly increased plant height Phanuphong and
Gregory [12] found that HA mcreased plant height and
relative growth rate and had a positive influence in
promoting root system which increases the nutrients
uptake. El-Attar [13] on Ficus alii, found that humic acid
significantly increased plant height.

Stem Diameter: As shown in Table2, GA, treatment
significantly increased the thickness of stem, in both
seasons, compared with the control. Grzesik and JToustra
[14] on Jumiperus commmunis obtained similar findings. In
both seasons, yeast extract had no sigmificant effect on
stem thickness. The treatments of algae extract and
mycorrhizae significantly increased the stem thickness to
the highest values (10.44, 9.88,12.76 and 12.33 mm) m both
seasons respectively, agamnst 814 and 9.55 mm,
respectively,for the control. El-Attar [13] on Ficus alii,
found that humic acid had no clear trend on stem
thickness. Ordog [15] stated that algae excretes great
mumber of substances that influences plant growth and

development.
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Table 1: The mechanical and chemical characteristics of the used mixture for growing Cadia secundiflora

Chemical characteristics

Mechanical characteristics

pH(1:2.5) EC (dS$/m). HCO; (%)

Organic matter (%6)

Clay (%0) Silt (%) Rand (%6) Texture

7.12 1.34 1.08 0.83

33.5 277 388 Clay loam

Table 2: Effect of GA; and biostimulants on plant height, stem diameter, number of leaves and number of branches of Calia secundiflora plants

Plant height cm Stem diameter mm Number of leaves Number of branches
Treatments 2008 2009 2008 2009 2008 2009 2008 2009
Control 34.34 36.56 814 9.55 39.60 29.35 2.20 1.64
GA; 41.65 42.82 9.34 11.60 44,42 39.70 4.33 4.60
Yeast extract 3232 37.44 823 9.56 37.61 34.66 215 2.52
Humic acid 49.63 39.33 8.87 11.44 39.00 48.20 4.10 5.28
Algae extract 37.66 39.89 10.44 12.76 45.22 42.00 4.67 4.54
Mycorrhizae 42.44 46.22 9.88 12.33 50.46 53.33 .50 5.76
LSD at 5% 3.28 2.16 1.02 0.78 4.20 3.65 1.32 1.98

Number of Leaves per Plant: Data in Table 2 show that in
the first season, the treatment of GA,, algae extract and
mycorthizae significantly increased the formation of
leaves/plant, compared to the other treatments and
In the all treatments of
biostimulants significantly increased the number of
leaves/plant compared to the control. The maximum

control. second seasorn,

increment in leaf formation (53.33 leaves /plant) was
obtained when the treated with
mycorrhizae, compared with 29.35 leaves/ plant for the
control. Ajiboya [10] stated that GA, increased the
mumber of leaves of Prosopis africana and Dialium

seedlings were

gueenensis; Watfa [11] found that gibberellic acid and
Mycorthuzae fungi sigmficantly increased the mumber of
leaves of Ceratonia siligua and Pinus halepensis
seedlings. Whereas, El-Attar [13] on Ficus alii, found that
the formation of leaves was greatly responded to the
application of humic acid.

Number of Branches per Plant: Regarding the effect of
the GA, and biostimulants on number of branches, the
obtained data (Table2) indicate that the treatments of
GA,;, humic acid, algae extract and mycorrhizae
significantly increased the number of branches /plant
compared to the yeast treatment and control In both
seasons. treating the plants with mycorrhizae significantly
increased the number of branches /plant to the maximum
values of 6.50 and 5.76,respectively compared to 2.2 and
1.64 branches /plant, for the control. El-Attar [13] on Ficus
alii, found that the formation and growth of side shoots
were greatly responded to the application of humic acid.
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Kung [16] on Senna spectabilis reported that moculation
with mycorrhizae significantly mmproved the growth
performance, which was attributed to improvement in
nutrient uptake.

Fresh and Dry Weights of Leaves: As shown in Table3,
in the first season,all treatments significantly increased
the fresh weight of leaves. GA,, algae and mycorrhizae
treatments were the best as they gave marked mcreases in
the fresh weight of leaves giving 51.81, 54.44 and 60.66 g,
respectively compared with 40.08 g. for control. Humic
acid, algae and mycorrhizae treatments showed also the
great influence in this concern in the second season. In
both seasons, the effect of GA, as well as biostimulants
treatments on dry weight of leaves were in parallel with
their effects on fresh weight of leaves. Humic acid as well
as mycorrhizae treatments were the most effective. The
increase 1n leaves fresh and dry weights can be attributed
to the increase in both plant height and number of leaves
/ plant. The increment in growth of leaves by spraying
plants with humic acid may be due to that humic acid
contains many elements which improve the plant growth.
These results are in harmony with those reported by some
researchers who reported that soil inoculation with VA
mycorthizae lead to best seedling growth and nutrient
uptake [12,17, 18 ].

Fresh and Dry Weights of Stems: Data shown in Table 3
reveal that in the first seasorn, all treatments increased the
fresh weight of stems. GA, algae and mycorrthizae
treatments significantly increased it giving 10.45, 9.36 and
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Table 3: Effect of GA; and biostimulants on fresh and dry weights of leaves and stems of Cadia secundiflora plants

F.W. of leaves D.W. of leaves F.W. of stems D.W. of stems
Treatments 2008 2009 2008 2009 2008 2009 2008 2009
Control 40.08 36.71 5.00 4.30 7.37 6.12 2.98 2.64
GA; 51.81 44.36 816 6.24 10.45 7.25 4.62 3.10
Yeast extract 43.47 41.73 6.39 6.25 7.56 6.83 2.34 2.00
Humic acid 47.42 54.42 7.48 7.80 8.80 8.50 4.11 3.60
Algae extract 54.44 5570 8.58 7.35 236 8.44 4.18 3.18
Mycorrhizae 60.66 65.19 913 8.77 11.00 10.25 4.04 4.22
LSD at 5% 3.25 4.00 2.88 1.65 1.74 1.90 0.86 0.70
Table 4: Effect of GA; and biostimulants on root length; fresh and dry weights of Cafia secundiflora plants

Root length (cm) Root fresh weight () Root diy weight (g)
Treatments 2008 2009 2008 2009 2008 2009
Control 16.8 17.6 2.67 2.55 0.87 0.68
GA; 21.7 223 3.03 2.69 1.02 0.96
Yeast extract 17.8 20.6 2.40 332 0.72 1.13
Humic acid 24.3 22.0 3.60 3.87 1.29 1.22
Algae extract 23.0 21.3 3.28 2.82 1.07 0.90
Mycorrhizae 26.2 23.0 382 4.24 1.22 1.32
LSD at 5% 4.80 3.05 0.66 0.52 0.34 0.25

11 g, respectively, compared with 7.37 g for the control.
In the second season, humic acid, algae and mycorrhizae
treatments sigmficantly ncreased the fresh weight of
stems. Yeast treatment was the least effective treatment in
this respect. In the first season, GA; followed by humic
acid and algae treatments showed the greatest effect on
increasing the dry weight of stems. In the second season,
humic acid and mycorrhizae treatments gave the heaviest
dry weight of stems. These findings are in agreement
with some researches on some trees seedlings which
concluded that VA- mycorrhizael fungi and humic acid
significantly enhanced the weight of stems [12, 19, 20 ].

Root Length; Fresh and Dry Weights: Data in Table 4
show the effect of GA; and biostimulants on root length;
fresh and dry weights. In both seasons, treating the
plants with GA, significantly increased root length
compared with the control. The treatments of humic acid
and mycorrhizae were the most effective treatments,
giving the maximum length. Watfa [11] on Ceratonia
siligua and Pinus halepensis, found that GA, increased
the root length Venkatech et al. [21] on Pengamia
pinnata seedlings reported that VAM enhanced root
length.
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All treatments except GA, and yeast treatments, in
the first seasor, sigmficantly increased the fresh weight
of roots. Humic acid and mycorrhizae treatments were the
best in this respect giving 3.60 and 3.82 g respectively
compared with 2.67 g for control. In the second season,
yeast extracthumic acid and mycorrhizae treatments
resulted in the heaviest fresh weight of roots giving 3.32,
3.87 and 4.24 g, respectively. Table3 shows that in the first
season,mycorrhizae and humic acid treatments showed
the greatest effect on mereasing dry weight of roots. In
the second seasomyeast extract; humic acid and
mycorrhizae treatments were the most effective. Mulerji
et al. [19] on some tree seedlings, obtained significant
increase i root weight by using VAM.

Total Carbohydrates Content: Data in Table 5 show the
effect of GA; and different biostimulants treatments on
the carbohydrates content of the leaves of Calia
secundiflora seedling. It clear from data that
mycorrhizae, humic acid and algae treatments greatly

18

increased it in the first season, comparing with
control,whereas yeast extract decreased it. In the second
season, the lighest value of the carbohydrates in the
leaves (25.44%D.W.) was obtained with mycorrhizae,
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Table 5: Effect of GA; and biostimulants on total carbohydrates and pigments contents in leaves of Cadia secundiflora plants

Total carbohydrate % D.W. ChlA mg/e FW. ChlBmg /g F.W. Caroteniods mg /g F.W.
Treatments 2008 2009 2008 2009 2008 2009 2008 2009
Control 16.33 18.52 0.88 0.65 0.35 0.37 0.52 0.43
GA; 19.89 21.88 1.06 0.86 0.55 0.44 0.66 0.57
Yeast extract 15.67 16.89 0.77 0.74 0.30 0.41 0.38 0.54
Humic acid 24.50 23.60 1.16 1.45 0.51 0.40 0.76 0.67
Algae extract 22.80 21.65 1.08 1.26 0.52 0.44 0.79 0.70
Mycorrhizae 23.66 25.44 0.95 1.28 0.38 0.49 0.55 0.74
LSD at 5% 2.65 2.44 0.30 0.24 0.16 0.20 0.21 0.18
Table 6: Effect of GA; and biostimulants on N; P and K contents in leaves of Cafia secundiflora plants

NeoD.W. P% D.W. K% D.W.
Treatments 2008 2009 2008 2009 2008 2009
Control 2.11 1.86 0.16 0.13 145 1.38
GA, 2.62 2.33 0.13 015 1.02 1.54
Yeast extract 221 1.92 0.20 0.18 1.05 1.45
Humic acid 2.36 2.08 0.09 011 2.53 1.93
Algae extract 2.29 2.45 0.26 0.22 2.38 218
Mycorrhizae 2.58 2.32 0.25 0.27 2.26 2.06
LSD at 5% 0.32 0.27 0.54 0.33 0.58 0.62
compared with control) 18.52%D.W.). In general, [22] on grapes and El-Bassiony et al. [23] on snap bean

mycorrhizae and humic acid were the most effective
treatments in this respect. El-Attar [ 13] on Ficus alii,
found that humic acid increased the accumulation of total
carbohydrates in the different plant parts.

Pigments Content: Concerning the effect of GA, and
different biostimulants treatments on the contents of
chlorophyll a;b and carotenoids in the leaves of Calia
secundiflora seedlings, data in Table 5 reveal that in the
first season,most of the treatments mecreased the
chlorophyll a,as compared with the control except yeast
extract, the highest content was recorded with humic acid.
In the second one, there were pronounced increases in
chlorophyll a with the treatments of humic acid, algae and
mycorrhizae, compared to the control.

In the first season, the highest value of chlorophyll
b was obtained with GA,, algae extract and humic acid
treatments. Mycorrhizae treatment was the most effective
treatment in the second season. Regarding the effect on
the content of carotenoids, the results reveal that the
highest carotenoids content was obtained with algae and
humic acid m the first season and algae and mycorrhizae
mn the second one. Watfa [11] found that gibberellic acid
and mycorrhizae increased chlorophylls content of carob
and Aleppo Pme. El-Attar [13] on Ficus alf, Ferrara et al.
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stated that humic acid sigmficantly mereased chlorophylls
content.

N; P and K Contents: Table 6 shows that treating the
seedlings with mycorrhizae as well as GA, showed the
greatest effect on increasing the content of mitrogen 1n the
first season. Whereas in the second one, the treatments
of algae, mycorrhuzae and GA; were the most effective in
this respect. Tt is clear that mycorrhizae, algae and yeast
extract, in both seasons, markedly increased P% 1in the
leaves, compared with control. Concerning K content,
Table 6 indicates that treating the plants with humic acid,
algae and mycorthizae increased the potassium content in
the leaves, compared with control and other treatments in
both seasons. It can be concluded that treatments of
humic acid, algae and mycorrhizae were the most effective
treatments on increasing the contents of N, P and K in the
leaves of the Calia secundiflora seedlings. In this
respect, Dubey and Ginwal [24] reported that mycorrhizae
increased the absorption area of the roots and provide
host plants with nutrients. Mycorrhiza improves the
uptake of nutrients. Humic acids has been shown to
increase the uptake of mtrogen by plants and to increase
soil nitrogen utilization efficiency, it also enhances the
uptake magnesium  and

of potassium, calcium,
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phosphorus [11, 16, 21, 25]. This goes in harmony with
researches on Ficus alii stating that humic acid had a
great effect in increasing the N; P and K contents of the
plants [12, 13].

CONCLUSION

GA, significantly increased plant height and stem
diameter. The treatments of humic acid, algae and
mycorrhizae significantly increased the plant growth.
Algae extract and mycorthizae were the best treatments.

Recommendation: The seedling growth and quality of
Calia secundiffora plants were sigmficantly responded to
treatments of GA,, humic acid, algae and mycorrhizae.

REFERENCES

1. Brunetti, G., P. Cesar and C. Charles, 2006.
Compositional and Functional Features of Humic
Acids from Organic Amendments and Amended
Soils in Minnesota. J.  Scil Biology and
Biochemist., 3: 20-26.

2. Sieverding, EH. 1991. Vesicular-Arbuscular
Mycorrhiza Management in Tropical Agrosystems.
Deutche  Gesellschaft fu 1 Techmsche
Zusammenarbeit, 224: 371.

3. Dela, CRE, MQ. Manalo, N.5. Agangan and
ID. Tambalo, 1988. Growth of three legume trees
moculated with VA mycorrhizal fungi and Rluzobium.
Plant and Scil, 108: 111-115.

4. Saric, M., R. Curic and T. Cupina, 1967. Chlorophyll
determination. Umverrit Noven Sadu Praktikum 1z
fiziologize Biljaka, Biograd, Anjiga, pp: 215.

5. Herbert, D., I. Philipps and R. Strange, 1971.
Determination of total carbohydrates. Methods in
Microbiology, 58: 209- 344,

6. Kock, F.C. and TL. McMeekin, 1924. The chemical
analysis of food and food products. J. Amer. Chem.
Soc., 46: 2066.

7. Troug, E. and A. Meyer, 1939, Improvement in
deiness colorimetric method for phosphorus and
arsenic. Ind. Eng. Chem. Anal Ed., 1: 136-135.

8. Snedecor, C.W.and W.G. Cochran, 1980. Statistcal
Methods.6" Ed. Iowa State Univ. Press, lowa, U.S.A.

9. Shedeed, M.R., KM.E. EL-Gamassy and A.M. Abd-
Al mula, 1990. Effect of foliar fertilization and some
growth regulators on growth of croton plants.
Proceeding 87%. Meet Americana Horticulture of Sci.,
25:1101.

123

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Ajiboya, A., 2008. Effect of dry heat treatments
and GA, on seed germination and seedling growth
of Prosopis africana and Dialium gueenensis.
Res. I. Appl Sci, 3: 306-310.

Watfa, R.A., 2009. Effect of Soil Media, Nutrition
and Mycorrlizae Fungi on Growth and Chemical
Composition of Carob and Aleppo Pine Seedlings.
M.Sc. Thesis, Fac. Agric., Cairo university, Egypt,
pp: 117-128.

Phanuphong, A. and T. Gregory, 2003. The effects
of humic acids and phosphoric acids on grafted
avocado rootstock. Proceedings V World Avocado
Congress. Mundial del Aguacate, pp: 395-400.
El-Attar, A., 2006. Physiological studies on
Ficus alii Plants M.Sc. Thesis, Faculty of Agric.,
Cairo Umversity.

Grzesik, M. and M. Joustra, 1991. Effects of
gibberellic acid and different levels of nitrogen
and potassium on the growth of Junipers conmmuins
"Suecica". Folia Horticulture, 3: 61-66.

Ordog, V., 1999. Beneficial effects of microalgae in
plant/soil  system. International workshop on
microalgal biology and biotechnology, Hungary,
pp: 13-26.

Kung, T.I., 1997. Effect of vesicular arbuscular
mycorrhizae (VAM) moculation on growth
performance of Senna spectabilis Pure and Appl.
Sci., 4: 433- 446,

Stalin, P., 8. Fhambnraj, S. Parthiban and
P. Vasudevan, 1993. Preliminary studies on the
effect of biofertilizers on growth and nutrient
uptake of silver calk (Grevillea robusta L.). South
Indian Horticulture, 41: 155-158.

Rani, P., A. Aggarwal and R.S. Mehrotra, 1998.
Growth responses in Acacia nilotica inoculated with
VAM fungus. I. Mycopathological Res., 36: 13-16.
Mulkerji, K.G., B.P. Chamola, A. Kaushik, N. Sarwar
and R. Dixor, 1996. Vesicular arbuscular mycorrhizae
potential biofertilizer for nursery raised multipurpose
tree species in tropical soils. Annals of Forestry,
4. 12-20.

Sekar, 1., K. Vanangamudi and K. K. Suresh, 1997.
Influence of mnoculation of biofertilizers on biomass
production growth of seedlings of shola tree Species.
Vigyan, 35: 57-62.

Venkatech, A., V. Mallika, K. Vanangamudi,
V. Ravichandran and R.S. Rai, 1998 Impact of
biofertilizers on morpho-physiclogical attributes in
pungam (Pongamia pinnata 1..) Pierre seedlings.
Tropical Agricultural Research and Extension, 1: 7-11.



22.

23.

24

J. Hort. Seci. & Ornamen. Plants, 2 (2): 118-124, 2010

Ferrara, G., P. Andrea and P.S. Ferraraet, 2007.
Prereliminary study on the effects of humic acids
on ITALIA® table grape. Scienze delle Produzioni
Vegetali, Univ. Bari., 165: 7-12.

El-Bassiony, AM., Z.F. Fawzy, M.M.H. Abd El-Baky
and A R. Mahmoud, 2010. Response of snap bean
plants to mineral fertilizers and humic acid application
Res. I. Agric. and Biol. Sci., 6: 169-175.

Dubey, R.C. and H.S. Gmwal, 1997. Prospects of
Mycorrhizael Fungi in the Himalaya Forms, Function
and Management. Himalayan Microbial Diversity
Part 2. Today and Tomorrow's Printers and Publ.,
New Delhi, pp: 317-338.

124

26. Neilly, S,

25. Sugavanam, V., K. Udaiyan and P. Devraj, 1998.

Selection of an efficient vesicular arbuscular

mycorthizae fungi and Azospirillum sp.  for
wnoculating Tectona grandis. Indian J. Forestry,
21: 281-284.

K. Heung and H. Sim, 2010
Growth response of Acacia mangiwm Willd.
seedlings to arbuscular mycorrthizal fungi. New

Forest, 39 215-230.



