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The present study was undertaken to screen and select an efficient Arbuscular Mycorrhizal
Fungi and also to study its effect on growth, biomass and nutrition in Coffea arabica L. of
Nilgiri District. A poly bag trial was conducted at Government Arts College, Ooty. Seven
dominant native AM fungi Acaulospora scorbiculata, Gigaspora margarita, Glomus
aggregatum, Glomus fasciculatum, Glomus geosporum, Glomus mosseae, and Scutellospora
heterogama isolated from different coffee plantations of Nilgiris were tested for their
symbiotic efficiency against coffee plants. The growth and biomass in 6 months, 10 months,
14 months and 18 months and nutrient level of 18 months seedlings of seven different AM
fungi inoculated plants were recorded. In general, inoculated plants showed increased plant
height, number of leaves and biomass compared to control plants without am fungi inoculum.
The plant growth, biomass and nutrient were maximum in plants inoculated with Glomus
mosseae followed by those inoculated with Glomus aggregatum. Considering the various
parameters such as plant growth, biomass and nutritional status of the plant, it was observed
that Glomus mosseae is the best AM symbiont for C. arabica L. used in this experiment.
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INTRODUCTION

The biofertilizers have proved that its application increase the biomass and productivity of a wide range of cereals and
medicinal crops[1]. Biofertilizers have some limitations in most of the plantation crops as they are long duration crops. In most of the
plantation crops, preliminary trialing has been carried out to explore the potential to use biofertilizers for enhancing growth and yield.
The use of biofertilizers is effective in developmental stage either in nursery or in field than the synthetic fertilizers. Most of the plant
community and plant productivity are thought to be influenced by mycorrhizae[2]. On the other hand, mycorrhizae were considered as
most common species of symbiotic association, with arbuscular mycorrhizae (AM)[3].

AMF are soil borne fungi that form associations with the roots of plants by forming diverse symbiotic structures. AMF is a
potent biofertilizer, nutrient remedifier, eco-friendly and used in agriculture, forestry and horticulture. AMF group has recently been
erected to the status of a monophyletic phylum, the Glomeromycota [4]. Arbuscular Mycorhizal Fungus (AMF) also termed as mineral
mobilizers are of great importance has been found to be very effective for growth, nutrient especially in phosphorus uptake of
plantation crops [3]. The use of AMF as natural fertilizers is found to be beneficial for the improvement of sustainable agriculture in
nutrient deficient soil[5,6].

The genus Coffea belongs to the Rubiaceae family, which includes about 100 species [7]. In several developing countries
such as Africa, Asia and America, coffee was the significant source of income [8]. However, only two species namely Coffea arabica
L. and Coffea robusta L. are commercially cultivated in Nilgiri District. For many generations, Coffee was a backyard crop and has
been part of Indian life. Later coffee was cultivated as a cash crop under forest covers by British invaders [9,10]. The positive effects
of AMF on development of coffee seedling in nursery and its benefits after transplantation in fields have received great attention
[11,12].

Many studies described the present status of mycorrhizal fungi in coffee in the various ecosystems [10,13-15]. It was reported
that the deeper soil layers of coffee plants showed greater numbers of spores and also it may be due to greater numbers of roots at
those depths [16-20]. The use of efficient mycorrhizal inocula in coffee nurseries may be a promising technology for the production of
healthy and vigorous coffee plantlets, thus increasing survival after field transplantation. Nevertheless, knowledge about the role and
benefits of mycorrhizae in this important economic crop is still very sparse. Hence the present study was undertaken to screen and
select an efficient AMF for Coffea arabica L. and also to study its effect on growth, biomass and nutrition in Coffee plants of Nilgiri
District.

MATERIALS AND METHODS

A poly bag trial was conducted at Government Arts College, Ooty. Poly bags of 30 cm height and 10 cm diameter were filled
with sterile sand: soil (1:1) at 1 kg/sleeve. The soil had 20 kg of P,Os/ha (NH4F + HCI extractable) with a pH of 5.2 and 5% NPK
fertilizers were given at the recommended level (60:60:60 kg NPK/ha) as urea, super phosphate and muriate of potash respectively.
Pot cultures of AM fungal inoculums were maintained in onion (Allium cepa L.). The inoculum was placed 3 cm below the soil as a
thin layer based on the number of infective propagules (Acaulospora scorbiculata, Glomus aggregatum, Glomus fasciculatum, G.
feugianum, Glomus mosseae, Gigaspora margarita, and Scutellospora heterogama at 1g/sleeve respectively).

Coffee seeds (Coffea arabica L.) were selected and germinated in sterilized soil, where the seedlings of high vigorous growth
in the nursery; high yield potential; average quality and resistant to drought were raised in sterilized nursery soil bed were transplanted
in the poly bags at the rate of one in each poly bag. The plants were maintained for upto 18 months after sown. Growth parameters
such as plant height, number of leaves, plant fresh and dry weight for 6 months, 10 months, 14 months and 18 months were recorded
after harvest at regular intervals. Percentage root colonization and AM fungal spore number in root zone soils were also determined
[21,22]. The nitrogen content of shoot and root was determined by microKjeldhal method as outlined by Jackson [23]. Shoot and root
P concentration was estimated by Vanadomolybdate phosphoric yellow colourmethod [23]. Shoot and root K content was estimated
by the Flame Photometric method [23]. Total Zn, Ca, Mn, Mg and Fe contents of root and leaves were determined after HCI digestion.
Using suitable dilutions of the digested extract, absorbance at 2139, 3247, 2795, 2382 and 2483 A° were read on a Shimadzu AA630-
11 model atomic absorption spectrophotometer to measure the amount of Zn, Ca, Mn, Mg and Fe respectively [24]. Nutrient
utilization efficiency was calculated by using the formula of Siddiqui and Glass (1981)[25]. Data were subjected to analysis of
variance for a completely random design (CRD) with five replicates. Treatment means were further separated by DMRT for
significant difference P<0.05 [26].

RESULTS

A poly bag trial was conducted in Government Arts College, Ooty to study the influence of inoculation of different AM fungi
on growth and biomass of production of Coffea arabica in sand : soil of 1:1 ratio with pH 5.2. Seven dominant native AM fungi
isolated from different coffee plantations of Nilgiris were tested for their symbiotic efficiency against coffee plants. The growth,
biomass and nutrient of coffee seedlings was influenced by different AM fungi was recorded.

In general, inoculated plants showed increased plant height, number of leaves and biomass compared to control plants
without am fungi inoculum. The growth, biomass and nutrient in 6 months, 10 months, 14 months and 18 months of seven different
AM fungi inoculated plants were recorded. Among the seven inoculated treatments, the plants of 18 months inoculated with Glomus

<

mosseae showed maximum shoot and root length (25.9 cm and 36 cm respectively), next to this the plants inoculated with number of L)
leaves (22 leaves) and fresh and dry biomass of shoot and root (19.55, 6.99, 8.18 and 3.54 g/plant respectively) which differed 1)

significantly from all other treatments(Table 1,2,3 and 4)
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Table 1. Influence of native AM fungi on plant growth response of C. arabica (Mean of five replicates).

S.No Inoculation treatment Plant height (cm) in different growth stage
6™ Month 10™ Month 14™ Month 18™ Month
Shoot  Root Shoot  Root Shoot  Root Shoot  Root
1. Control 1212 12° 140° 15 186° 18 21.5°  20°
2. Acualospora scorbiculata 12.2° 144> 152" 174> 201° 234 232" 253°
3. Gigaspora margarita 12.3* 139" 143 172 195°  20° 21.7°  22.2°
4., Glomus aggregatum 14.3°  195° 17.2° 225° 21.4% 32 245°  34.1°
5. Glomus fasciculatum 141°  17.4%  17.1°  205° 2137 305° 247°  326°
6. Glomus geosporum 12.8° 152° 159" 18.2° 212 262 236" 283"
7. Glomus mosseae 148° 271" 17.4°  301°  222° 34 25.9° 36
8. Scutellospora heterogama 1210 12¢ 14.1*  15° 19.5°  19° 215  21°
SEM + 0.40 1.77 051 1.76  0.43 2.21 0.57 2.21
CD (P=0.05) 0.5 3.2 0.8 3.2 0.5 4.8 0.8 4.8
Means in each column followed by the same letter are not significantly different (P < 0.05) from each other according to DMR

test.

Table 2. Influence of native AM fungi on growth of leaves/plant of C. arabica (Mean of five replicates).

S.No Inoculation treatment Number of leaves/plant in different growth stage
6" month 10" month 14™ month 18™ month

1. Control 6? 10° 12° 147
2. Acualospora scorbiculata 8" 12° 14° 18°
3. Gigaspora margarita 6° 10? 12° 16°
4., Glomus aggregatum 10° 14° 16° 20°
5. Glomus fasciculatum 10° 14° 16° 20°
6. Glomus geosporum g 12° 14° 18°
7. Glomus mosseae 12¢ 16° 18° 22°
8. Scutellospora heterogama  6° 10? 12° 16°
SEM + 0.79 0.79 0.79 0.93
CD (P=0.05) 1.2 1.2 1.2 1.4

Means in each column followed by the same letter are not significantly different (P < 0.05) from each other according to
DMR test.

Table 3. Influence of native AM fungi on plant biomass of C. arabica (Mean of five replicates).

S. Plant biomass (g/plant)
No  Inoculation treatment 6" Month 10™ Month
Shoot Root Shoot Root
FW DW FW DW FW DW FW DW
1. Control 242 1.05 0.33 0.18 2.73 1.71 120 0.46
2. Acualospora scorbiculata 3.11 1.40 0.68 0.31 3.36 1.86 154 0.61
3. Gigaspora margarita 3.07 1.22 0.53 0.22 3.11 1.79 145 0.52
4. Glomus aggregatum 3.74 1.98 1.08 0.44 4.36 2.06 1.77 0.86
B Glomus fasciculatum 3.15 1.97 0.91 0.42 4.34 2.02 1.62 0.76
6. Glomus geosporum 3.11 1.81 0.76 0.41 4.05 1.94 159 0.74
7. Glomus mosseae 4.13 2.05 1.95 0.84 5.16 2.10 180 0.93
8. Scutellospora heterogama 3.02 1.11 0.46 0.24 2.84 1.73 1.22 0.49
SEM + 0.18 0.15 0.18 0.07 0.30 0.05 0.08 0.06
CD (P=0.05) 1.5 1.5 1.5 0.12 1.6 0.12 0.12 0.12

FW — Fresh Weight; DW — Dry Weight.
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Table : 4. Influence of native AM fungi on plant biomass of C. arabica (Mean of five replicates).

S. Plant biomass (g/plant)
No  Inoculation treatment 14™ Month 18™ Month
Shoot Root Shoot Root
FW DW FW DW FW DW FW DW
1. Control 4.43 2.01 1.61 1.12 10.65 355 501 235
2. Acualospora scorbiculata 6.91 2.67 2.13 1.63 14.47 3.93 542 311
S Gigaspora margarita 4.96 2.56 2.02 1.55 14.21 3.87 513 284
4, Glomus aggregatum 8.27 3.82 241 1.86 17.24 470 7.99 3.29
5. Glomus fasciculatum 7.33 3.10 238 1.84 16.97 408 693 3.20
6. Glomus geosporum 6.16 2.96 2.27 1.73 16.08 396 6.23 3.11
7. Glomus mosseae 8.61 399 343 1.98 19.55 6.99 818 354
8. Scutellospora heterogama 4.45 2.14 1.83 1.17 13.35 3.77 501 257
SEM + 0.59 025 019 011 0.97 039 047 0.14
CD (P=0.05) 1.8 1.6 1.5 1.3 2.4 16 18 15

FW — Fresh Weight; DW — Dry Weight.

The plant growth and biomass was maximum in plants inoculated with Glomus mosseae followed by those inoculated with
Glomus aggregatum and Glomus fasciculatum. Both shoot and root biomass was maximum in plants inoculated with Glomus mosseae
followed by G. aggregatum (Table 1,2, 3 and 4).

The lowest plant growth, biomass and nutrient was noticed in uninoculated control plants. Mycorrhizal inoculation resulted in
significant increase in shoot and root N (26.25 mg/plant), P (85.59 mg/plant) and K (0.32 mg/plant) in 18" month coffee plant (Table
5). Highest N. P and K content was recorded in plants inoculated with Glomus mosseae which differed significantly from other
treatments, followed by the plants inoculated by G. aggregatum.

Table 5.: Influence of native AM fungi on macro and micro nutrient content in 18" month leaves of C. arabica (Mean of five
replicates).

S.No. Inoculation treatment Macro nutrient content Micro nutrient content

(mg/plant) (ppm/plant)
N P K Zn Ca Mg Fe
1. Control 20.65°  40.10° 0.212* 0.50° 0.26° 0.21° 0.34°
2. A. scorbiculata 22.28°  68.12°  0.240° 052 0.29° 0.31° 0.53°
3. Gigaspora margarita 22.25°  51.10° 0.232° 052° 0.28° 0.30° 0.52°
4. Glomus aggregatum 2425°  7540° 0.262° 061" 0.32° 040" 0.62°
5. G. fasciculatum 23.80°  71.90° 0.242° 062° 0.31° 049" 0.79°
6. G. geosporum 2356°  71.16°  0.245% 059° 0.30° 0.33° 0.55°
7. G. mosseae 26.25"  8559"  0.320° 0.64° 0.34" 052° 085
8. S. heterogama 21.19°  50.07° 0.202* 051* 0.27° 026" 0.44°
SEM + 0.64 5.44 0.01 002 001 004 0.6
CD (P=0.05) 4.6 18.2 1.2 1.2 1.2 1.3 1.3

Means in each column followed by the same letter are not significantly different (P < 0.05) from each other
according to DMR test
Inoculation with AM fungi greatly influenced the uptake of micronutrients such as Zn (0.64 mg/plant), Ca (0.34mg/plant),
Mg (0.52 mg/plant) and Fe (0.85mg/plant) (Table 3). Least growth, biomass and nutrient were observed in plants inoculated with
Scutellospora heterogama. Lowest number of spores was recorded in the root zone of plants inoculated with Scutellospora
heterogama (Table 1,2 and 3).
Mycorrhizal root colonization was also maximum in plants inoculated with Glomus mosseae followed by plants inoculated
with G. aggregatum. The results of the present study clearly brought out that Glomus mosseae is the efficient AM fungi selected from
screening, performed better in improving plant growth and nutrition.
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DISCUSSION

Though AM fungi are not host specific, recent studies indicate host preference by AM endophyte [27,28]. Chiramel, et al.
(2006)[29] and Rajeshkumar, et al. (2008)[28] stressed the need for selecting efficient native AM fungi for plant species. The present
study conducted with an intention of selecting and screening for efficient AM fungi with indigenous origin for coffee plant has also
resulted in varied plant responses viz, growth, biomass and nutrient to different AM fungi. It is well known that improved nutritional
status of a plant also improve plant growth [12].

Coffee seeds inoculated with Mycorrhiza showed diverse variations than the coffee seeds without mycorrhizal inoculation for
most of the growth parameters. Enhanced plant growth and biomass production due to inoculation with native AM fungi had been
reported earlier in other plants [29-32]. The response of coffea arabica, preinoculated with different AM fungal species was found to
be varied. AMF inoculation resulted in a considerable increase in height, biomass and nutrient content of Coffee plants. Selvaraj, et
al., (2009)[32] reported that the response of plants to inoculation with different AM fungi was found to vary. Seedlings grown in the
presence of G. mosseae showed an increase in shoot and root length, number of leaves as well as in fresh and dry weights, followed by
those grown in the presence of G. aggregatum than the other treatments. Anusuya and Senthil Kumar (2003)[33] reported the
inoculation of Glomus mosseae received the highest AM colonization and spore number.

The uptakes of N, P, K recorded with Glomus species, established that heritable factors play important role in translocation of
mineral elements [34,35]. The level of increase in plant nutrient content varied among the fungi. The nutritional status viz., nitrogen,
phosphorus, potassium, zinc, calcium, magnesium and iron content of coffee plants reported was also significantly higher in plants
raised in soil inoculated with AM fungi. In earlier studies it was reported that he different AM fungal strains differ in the level of
increase in nutrient uptake, biomass and plant growth [36].

CONCLUSION

This study clearly indicates that a proficient biological response of coffee plants towards different AM fungi, with G.
mosseae conferring superior benefits compared to all other AMF inoculated plants. The results clearly indicate that the use of efficient
mycorrhizal inocula in coffee plants at nurseries may be a recommended for the production of healthy coffee plantlets, and also
increase survival after field transplantation.AM fungal inoculation can also significantly reduce synthetic fertilizer in seedling
production. The best suited mycorrhiza can be mass cultured in-vitro and utilized commercially.

ACKNOWLEDGEMENT

Our sincere thanks to the UGC for funding this Minor Research Project (No. MRP — 6374/16(SERO/UGC)Link No: 6374
30™ June,2017.) and also to the farmers of Nilgiris District those who helped to collect soil samples from their field for this project.

WwWw.iajpr.com

Page5 5 7



Vol 10 Issue 01, 2020. Dr. S. Rajesh Kumar et al. ISSN NO: 2231-6876

REFERENCE

1. Anuradha, M.N., C. Kathiresan, M. Vasundra, M.M. Khan and A.A. Farooqui, 2001. Role of Bio-fertilizers in production of
medicinal crops. International Seminar on Medicinal Plants — Quality Standardization, The Voluntary Health, Education and
Rural Development Society, Chennai, PP:65-69.

2. Van der Hejiden M.G.A., J.M. Klironomos, M. Ursie,P. Moutoglis, R. Streitwolf-Engel, T. Boller, A. Wiemken, and I.R. Sanders,
1998. Mycorrhizal fungal diversity determines plant biodiversity, ecosystem variability and productivity. Nature.396:69-72.

3. Strack, D., Fester, T., Hause, B., Schliemann, W. and Walter, M. H. 2003. Arbuscular mycorrhiza: biological, chemical and
molecular aspects. Journal of Chemical Ecology. 29: 1955-1979.

4. SchuBler, A., D. Schwarzott and C. Walker, 2001. A new fungal phylum, the Glomeromycota: phylogeny and evolution, Mycol.
Res., 105: 1413-1421.

5. Rillig, M. C. and Mummey, D. L., 2006. Mycorrhizas And Soil Structure. New Phytologist 171, 41-53.

6. Rodriguez, H., Fraga, R., Gonzalez, T. & Bashan, Y., 2006. Genetics of phosphate solubilization and its potential applications for
improving plant growth-promoting bacteria. Plant & Soil. 287: 15-21.

7. Davis, A. P., Govaerts, R., Bridson, D. M. and Stoffelen, P., 2006. An annotated taxonomic conspectus of the genus Coffea
(Rubiaceae). Botanical Journal of the Linnean Society. 152: 465-512.

8. Gaur, A., and Adholeya, A., 2002: Arbuscular-mycorrhizal inoculation of five tropical fodder crops and inoculum production in
marginal soil amended with organic matter. Biol. Fertil. Soils. 35: 214-218.

9. Anonymous, 2005. Moving Yemen Coffee Forward. United states Agency for International Development Inc., 88 pp. Azizah-
Chulan and Martin, 1992

10. Abdul Hakim Noman Ali Al-Areqi, Mohamed Chliyeh, Fadoua Sghirl, Amina Ouazzani Touhamil, Rachid Benkiranel And
Allal Douira, 2013. Diversity of arbuscular mycorrhizal fungi in the rhizosphere of Coffea arabica in the Republic of Yemen. J.
Appl. Biosci. 4888-4901.

11. De Almeida, V.C., Nogueira, M.l., Guimares, R.J., Mourdo, M., 2003: Carbono da biomassa microbiana e micorriza en solo sub
mata nativa e agroecossistemas cafeeiros. Acta Sci. Agron. 25, 147-153.

12. Ferrazzano, S. and Williamson, P. S., 2013. Benefits of mycorrhizal inoculation in reintroduction of endangered plant species
under drought conditions. Journal of Arid Environments, 98 (1): 123-125,

13. Smith, S. E. and Smith, F. A. Fresh perspectives on the roles of arbuscular mycorrhizal fungi in plant nutrition and growth.
Mycologia, v. 104, n. 1, p. 1-13, 2012.

14. Tadesse Chanie Sewnet and Fassil Assefa Tuju, 2013, Arbuscular mycorrhizal fungi associated with shade trees and Coffea
arabica L. in a coffee-based agroforestry system in Bonga, Southwestern Ethiopia, Afrika focus, 2 (26): 111-131.

15. Radl Hernando Posada and Ewald Sieverding, 2014. Arbuscular mycorrhiza in Colombian coffee plantations fertilized with
coffee pulps as organic manure. Journal of Applied Botany and Food Quality, 87: 243 - 248

16. Cardoso, I.M., Boddington, C., Janssen, B.H., Oenema, O., & Kuyper, T.W., 2003. Distribution of mycorrhizal fungal spores in
soils under agroforestry and monocultural coffee systems in Brazil. Agrofor Syst., 58:33-43.

17. Aristizabal, C., Rivera, E.L., and Janos, D.P., 2004: Arbuscular mycorrhizal fungi colonize decomposing leaves of Myrica
parvifolia, M. pubescens and Paepalanthus sp. Mycorrhiza, 14: 221-228.

18. Oehl, F., Sieverding, E., Ineichen, K., Ris, E.A., Boller, T., Wiemken, A., 2005: Community structure of arbuscular mycorrhizal
fungi at different soil depths in extensively and intensively managed agroecosystems. New Phytol. 165: 273-283.

19. Smith, S.E., and Read, D.J., 2008: Mycorrhizal Symbiosis. 3rd ed. Elsevier Ltd, San Diego.

20. Posada, R.H., Madrifian, S., and Rivera, E.L., 2012: Relationships between the litter colonization by saprotrophic and arbuscular
mycorrhizal fungi with depth in a tropical forest. Fungal Biol. 116, 747-755.

21. Phillips, J.F. and D.S. Hayman, 1970. Improved procedures for clearing root parasite and staining vesicular arbuscular
mycorrhizal fungi for rapid assessment of infection. Trans. Br. Mycol. Soc., 55: 158-160.

22. Gerdemann, J.W. and T.H. Nicolson, 1963. Spores of mycorrhizal Endogonespecies extracted from soils by Wet-sieving and
decanting. Trans. Br. Mycol. Soc., 46: 235-244.

23. Jackson, M.L., 1973. Soil Chemical Analysis, Prentice Hall of India, New Delhi. India.

24. Black, C.A., 1965. Methods of soil analysis. In: Agronomy, Part Il, Vol.9, Am. Soc. Agron., Wisconsin, USA.

25. Siddiqui, M.Y. and Glass, A.D.M., 1981. Utilization index : A modified approach to the estimation and comparison of nutrient
utilization efficiency in plants. J. PI. Nut., 4: 289-302.

26. Duncan, D. M., 1955. "Multiple range and multiple tests", Biometrics, 42: 1-42.

27. Mathur, N., J. Singh, S. Bohra, A. Bohra and A. Vyas, 2006. Increased nutrient uptake and productivity of Plantago ovate Forssk
by AM fungi under field conditions. American- Eurasian Journal of Scientific Research, 1(1): 38- 41.

28. Rajeshkumar, S., M.C. Nisha, and T. Selvaraj, 2008. Variability in growth, nutrition and phytochemical constituents of
Plectranthus amboinicus (Lour) Spreng. As influenced by Indigenous arbuscular mycorrhizal fungi, Mj. Int. J. Sci. Tech.
2(02):431-439.

29. Chiramel, T., D.J. Bagyaraj and C.S.P. Patil, 2006.Response of Andrographis paniculata to different arbuscular mycorrhizal
fungi.Journal of Agricultural Technology., 2(2): 221- 228.

30. Abdul Malik, M., 2000. Association of VA-mycorrhizae with some varieties of tobacco (Nicotiana tobacum L.) and its effect on
their growth, nutrition and certain soil-borne diseases, Ph.D. Thesis, Bharathidasan University, Tiruchirapalli, S. India, PP.104.

31. Arpana, J., D.J. Bagyaraj, E.V.S. Prakasa Rao, T.N. Parameswaran and B. Abdul Rahiman, 2008.Symbiotic response of Patchouli

(Pogostemon cablin (Blanco) Benth. to different arbuscular mycorrhizal fungi.Advances in Environmental Biology, 2(1): 20- 24.

WwWw.iajpr.com

)

Page 5 5



Vol

10 Issue 01, 2020. Dr. S. Rajesh Kumar et al. ISSN NO: 2231-6876

32.

33.

34.

35.

36.

Selvaraj, T., M.C. Nisha, and S.Rajeshkumar, 2009.Effect of indigenous arbuscular mycorrhizal fungi on some growth parameters
and phytochemical constituents of Pogostemon patchouli Pellet. Mj. Int. J. Sci. Tech. 3(01):222- 234.

Anusuya, D. and K. Senthilkumar, 2003. Mutualistic symbiosis of VAM fungi and Trichoderma on micropropagated Dianthus
caryophyllus L. Mycorrhiza News, 14(14): 13- 15.

Diop TA, Wade TK, Diallo A, Diouf M and Gueye M, 2003. Solanum cultivar responses to arbuscular mycorrhizal fungi: growth
and mineral status. Afri. J. Biotechnol . 11: 429-443.

Sanchez, C., Montilla, E., Rivera, R. and Cupull, R., 2005. Comportamiento de 15 cepas de hongos micorrizogenos (HMA) sobre
el desarrollo de posturas de cafeto en un suelo pardo gleyzoso. Revista Forestal Latinoamericana. 38: 83-95.

Lakshmipathy R, Chandrika K, and Balakrishna Gowda, 2001. Response of Saraca asoca (Roxb.) de Wilde to inoculation with
Glomus mosseae, Bacillus coagulans and Trichoderma harzianum . J Soil Biol Ecol., 21 (1&2): 76-80.

54878478451200111

Submit your next manuscript to IAJPR and take advantage of:
Convenient online manuscript submission

Access Online first

Double blind peer review policy

International recognition

No space constraints or color figure charges

Immediate publication on acceptance

Inclusion in ScopeMed and other full-text repositories
Redistributing your research freely

Submit your manuscript at: editorinchief@iajpr.com

iocs.

A SSSNS SO Y

o R ;g; JhpE:

WWW.iajpr.com

Page5 5 9



