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ABSTRACT

Response of tea (Camellia sinensis (I..) O. Kuntze) to inoculation with six species of indigenous
arbuscular mycorrhizal (AM) Tungi, Acawlospora scrobiculata Trappe. Glomus aggregatum
Schenck & Smith emend. Koske, G. fasciculaium (Thatcher) Gerd. & Trappe emend. Walker &
Koske, G. geasporum (Nicol. & Gerd.) Walker, G. intraradices Schenck & Smith and Scutellospora
calospora (Nicol, & Gerd.) Walker & Sanders was studied under plantation nursery conditions. Tea
seedlings raised in the presence of AM fungi generally showed an increased growth and nutritional
status over those grown in the absence of AM fungi. The extent of growth and nutritional status
enhanced by AM fungi and the mycorrhizal dependency of the host varied with the species of AM
fungi. However, AM association decreased nutrient use efficiencies. Seedlings inoculated with §.
calospora had greater biomass and seedling guality than other mycorrhizal seedlings.

INTRODUCTION

Tea (Camellia sinensis (L.) O. Kuntze) is a commercially valuable plantation
crop grown widely in the humid and subhumid tropics. Recently, green tea
production has stabilized despite increased application of external inputs such as
fertilizer and biocides. One reason for this static production has been attributed
to the intense cultivation of this plantation crop, which has led to important
changes in various physico-chemical and biological properties of the soil
(Senapathi er al., 1994, 1999),
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Tea, like most plantation crops, is associated with arbuscular mycorrhizal
(AM) fungi. The host benefit from AM association is well documented [or
several crops and forestry species and includes increased uptake of immohile
mineral nutrients especially phosphorus, improved water relations, seedling
growth rates, vigour, transplantation shock and survival after transplantation
(Smith & Read, 1997). Several studies, however. do indicate that different AM
fungal species in a natural plant community may possess unique biological
properties based on their biology (Bethlentalvay et al., 1989). However, there is
little appreciation of the range of plant growth responses that can occur with
native AM fungi. Studies have shown that native AM fungi can enhance the
growth and nutrient vptake by plants (Muthukumar & Udaiyan, 2000;
Muthukumar e al., 2001). In spite of this, several studies have utilized exotic
AM fungal species for the assessment of host performance (Guissou ef al., 1998;
Koide et al., 1999; Bi et al., 2000). The benefit of this approach is that AM fungi
can be accessed very quickly, but unfortunately interactions between plants and
‘exotic” AM fungi may have little relevance to the interactions that occur and the
observed responses may not represent the suite of responses that plants would
normally encounter locally. In contrast, the approach of using native AM fungi is
often time and resource consuming for successful isolation and culture of
individual AM [ungi [rom the field. It is therefore important to screen different
AM fungal species in a natural fungal community to ensure effectiveness of each
species if it is to be utilized.

A major limitation of the use of AM fungal technology in agriculture is the
huge quantity of the inoculum required to inoculate field crops. As AM fungi
cannot be grown on laboratory media, production of a large quantity of the
inoculum is difficult. On the other hand plantation crops are raised in nurseries
during early stages before being transplanted to the main field. Thus, inoculation
of seedlings in the nurseries not only results in saving the quantity of inoculum
required. which in turn reduces the production cost, but also helps in the
establishment and survival of the transplanted seedlings. Recent studies do
indicate that clones of tea developed for higher vield, drought tolerance, disease
or pest resistance vary in their ability to take up and utilize P (Zoysa et al., 1999).
AM fungi are also known to influence the host’s uptake of P from the soil, as well
as its utilization efficiency (Koide, 1991). Further, as different AM fungal
species are known to affect a plant's P uptake to various extents, it is
hypothesized that different AM fungi can influence the uptake of nutrient and
their utilization to different extents. The first objective of the present investi-
gation was to study the effect of indigenous AM fungal species on growth and
nutrient uptake by tea seedlings under plantation nursery conditions. The second
objective was to study the influence of AM fungi on the utilization efficiencies of
various nutrients and seedling quality. This study was carried in order to harness
a strategy for routine use of AM fungi in tea plantation nurseries.
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MATERIALS AND METHODS

Soil and experimental design

The soil used was a vertisol gathered at the research farm of United Planters
Association of South India (UPASI), Tea Research Institute, Valpari. Tamil
Nadu, India. The soil had an initial pH of 5.2 (1:1 soil to water) and 14 mg kg™
of total nitrogen (N): 1.7 mg kg~! of total phosphorus (P) and 12.5 mg kg™ of
extractable potassium (K) according to Jackson (1973). The soil type used is
similar to that of the plantation soil. The soil was air-dried and crushed to pass
through a 2 mm sieve, steam sterilized (100°C for 3 h at 103.5 x 10° Pa) and
incubated for 2 weeks to reduce potential phytotoxic effects of heating (Rovira &
Bowen. 1966). The experiment consisted of seven treatments involving six AM
fungal species plus control with ten replicates for each treatment.

Plant material

Tea seeds (cv. B.S.S. 5) procured from UPASI Tea Research Institute, Valpari,
Tamil Nadu, India were sown in seed beds (1.5 x 0.5 x 0.25 m) containing sterile
sand soil mixture (1:1. v/v) with the hylar scar pointing upwards. Care was taken
to see that the seeds remained partially above the soil surface. The seeds
germinated around 20-30 days after sowing. Uniform healthy 30 days old
seedlings were transplanted in each polythene bag (23 x 15 cm) containing 2 kg
of sterile soil with or without AM fungi according to treatments.

AM fungal inoculum

The AM fungal species used in this study were isolated from the rhizosphere of
tea plants, multiplied using sterilized-soil-sand mix (1:1, v/v) as the substrate and
cowpea (Vigna unguiculata (L.) Walp.) as host. After 90 days of growth, shoots
of cowpea were severed and the substrate containing hyphae, spores and root bits
was dried and used as the inoculum. The inoculum potential (IP) of each culture
was estimated by the most probable number (MPN) method (Porter, 1979) prior
to inoculation. Inoculum densities ranged between 129 and 1450 propagules g~!
of soil. AM inoculum was placed in the planting hole at different rates as to
maintain an initial inoculum potential of 12000 propagules per bag at the time of
transplantation (Table 1). The control soils were prepared by adding a mixture of
3 g of sterilized pot culture plus a composite AM fungal free soil filtrate. This
composite AM fungal free soil filtrate was prepared by blending 20 g of each
AM fungal inoculum in 1000 ml deionized water and passing the suspension
through a Whatman No. 1 filter paper. All bags. including control, received 5 ml
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of this composite microbial but AM fungal free filtrate in an atlempt to equalize
the background microbial flora.

Culture method and harvest

The seedlings were grown for 120 days in a randomized block design. Soil
moisture was maintained near field capacity by watering as necessary throughout
the experiment. At harvest, the shoot length was measured from the soil surface
to the growing tip of the plant. Stem girth at 1 cm above the scil and root collar
diameter were measured using a vernier caliper. Shoots were cut off at the soil
surface and oven-dried (70°C). Root length was estimated according to Tennant
(1975). The roots were later stained and examined for length and AM
colonization using the magnified-intersect technique (McGonigle er al., 1990).

Tissue N and P content in shoots and roots were determined after digestion by
an automated photometric sodium salicylate procedure for N, and ammonium
molybdate procedure for P using a Skalar Auto Analyser (SA 20/40, Holland).
Tissue K was estimated using a flame photometer (Davis, 1962). Nutrient use
efficiency was calculated as the dry weight of tissue produced per mg of nutrient.
Although nutrient use efficiency is simply the inverse of nutrient concentration,
it is used in the present study to determine the differences in plant requirement
for nutrients (Chapin & Van Cleve, 1989). Efficiency of nutrient uptake was
estimated according to Blair (1993) as the ratio of total nutrient uptake per plant
divided by total root dry weight. Seedling quality index was calculated by using
the formula of Dickson ef al. (1960).

Seedling quality index = Seedling dry weight (g)/[Seedling height (cm)/Root
collar diameter (mm) + Shoot dry weight (g)/Root dry
weight (g)]

Statistical analysis

Each measured variable in the experiment was subjected to analysis of variance

and mean separations were done using Duncan’s Mulitiple Range Test.
Pearson’s correlation analysis was used to assess the relationships between plant

RESULTS

Tea scedlings inoculated with different AM fungi developed moderate
colonization levels ranging from 36 to 42% (Figure 1) and there were significant
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TABLE 1

Different arbuscular mycorrhizal (AM) fungal species. number ol infective propagules and e
quantity of inozulum used (12000 propagules) to inoculate tea seedlings.

AM fungal species Number of infective Quantity of
propagules inoculum
{g"! inoculum) used (g)
Acaulospora scrobiculata Trappe 530 22.60
Glomus aggregatum Schenck & Smith emend. Koske 1367 8.78
Glomus jasciculatum (Thatcher) Gerd. & Trappe emend.
Walker & Koske 1450 8.28
Glomus geosporum (Nicol, & Gerd.) Walker 1060 11.32
Glomus mtraradices Schenck & Smith 1280 9.38

Scutellospora calaspora (Nicol. & Gerd,) Walker &
Sanders 129 93.00

differences in the mycorrhizal dependency between seedlings inoculated with
ditferent AM fungi. The numbers of AM fungal propagules inoculated were not
related to colonization levels (r = —-0.158; p > 0.05; n = 6). Seedlings inoculated
with different fungal species grew more vigorously than the uninoculated control
seedlings. Mycorrhizal seedlings were 38—157% taller, with significantly higher
stem girth and root collar diameter (Tzble 2). The dry weight of root and shoot of
mycorrhizal seedlings were respectively 26-49% and 18-97% higher than non-
mycorrhizal seedlings. However, greatest biomass (shoot + root) accumulation
occurred in seedlings inoculated with Acaulospora scrobiculata and Glomus
intraradices, which were 8-50% higher than other AM seedlings (Table 2).

AM inoculation significantly altered the root morphology of the tea seedlings.
The total root length of AM seedlings were 177-397% higher with an 85-428%
increase in lateral root production compared with non-AM seedlings. Similarly,
AM inoculation also increased the leaf numbers and the leaf area of AM
seedlings, which was 25 to 174% higher, compared with non-AM seedlings.
Seedlings inoculated with G. geosporum and G. aggregarum had the lowest R/S
ratios among AM seedlings and non-AM seedlings.

In general, AM inoculation significantly increased tissue NPK content of tea
seedlings (Figure 2). AM seedlings had 200-305% higher shoot N. 39-70%
higher shoot P and 33-79% higher K compared with non-AM seedlings. Among
the AM seedlings, G. fasciculatum or S. ealospora inoculated seedlings had 5—
34% higher N, 9-19 higher P and 13-34% higher shoot K compared with other
AM seedlings. Tea seedlings most dependent on AM association tended to have
high nutrient concentration while the less dependent seedlings were among those
having the lowest nutrient concentrations (Figure 3).

The efficiency of uptake of certain nutrients was significantly affected by
certain AM fungi (Figure 4). The efficiency of phosphorus (EPU), nitrogen
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FIGURE 1. Arbuscular mycorrhizal colonization and mycorrhizal dependency of rea seedlings
inoculated with different AM fuagi.

CO Control, AS Acaulospora scrobiculata, Gl Glomus intravadices, GA G. aggregatum,
GG G. geosporum, GF G. fasciculatum. Scwtellospora calospora. Means with same letter(s) do not
differ significantly (Duncan’s multiple range test, p < 0.05 )

(ENU) and potassium (EKU) was 21-63%, 169-445% and 7-136% higher in
AM seedlings than in non-AM seedlings. Among AM seedlings the EPU, ENU
and EKU of inoculated seedlings were 40-118%, 44-65% and 42-122% higher
than in other AM seedlings. There were also significant differences in nutrient
use efficiencies among AM and non-AM seedlings (Figure 5). The nitrogen use
efficiency (NUE) and potassium use efficiency (KUE) of non-AM seedlings
were 12-279% and 27-166%. respectively, higher than in AM seedlings.
However, the phosphorus use efficiency (PUE) of seedlings inoculated with A,
scrobiculata, G. intraradices and G. geosporum was 101%, 126% and 25%
higher than in AM seedlings. The lowest nutrient use efficiencies among treal-
ments occurred in S. calospora inoculated seedlings.

Further, AM inoculation significantly affected the quality of the tea seedlings
(Figure 6). Seedlings inoculated with S. calospora showed greater quality index
than all other treatments and this increase was 103% compared with non-AM
seedlings and |6—68% over those seedlings inoculated with other AM [ungi.
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FIGURE 3. Relationship between seedling nutrient content and mycorrhizal dependency of tea

seedling inoculated with different AM fungi.
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FIGURE 6. Influence of arbuscular mycorrhizal colonization on seedling quality index of tea
seedlings, Legends are as in Figure 1.

DISCUSSION

As expected, the tea cultivar examined in this study responded very differently to
colonization by different AM fungi. This is consistent with results pertaining to
growth responses of different perennial plant species to different AM fungal
species (Siqueira ef al., 1998: Bhattacharya & Bagyaraj, 2002; Mamatha er al.,
2002). The extent of AM colonization varied between different fungal species,
but tea appeared to be moderately mycorrhizal (36-42%) as observed by
Kumaran & Santhanakrishnan (1995) in different tea plantations in Tamil Nadu,
India. The moderate mycortrophy of tea seedlings is further supported by the low
mycorrhizal dependency (MD) values. The MD values obtained in this study
with tea, while never exceeding 50%, appear moderate or low compared with
values reported for highly mycorrhizal dependent plant species (Plenchette ef al.,
1983; Siqueira & Saggin-Junior, 2001). Further, the MD values varied
depending on the AM fungal species. Such variation in the MD values for a plant
species inoculated with different AM fungi has been reported (Adjoud er al.,
1996; Guissou et al., 1998). However, comparisons must be made cautiously as
experimental conditions are not identical in these studies.

It appears that the main effect of AM colonization on tea seedling growth was
largely attributed to a mycorrhiza-mediated increase in nutrient uptake. This is
supported by the existence of significant correlations between AM colonization
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levels with plant N (r = 0.916; p < 0.00l; n=7), p(r=0.921; p< 0.001; n=6)
and K (r=0.817: p < 0.001: n = 6). However, differences occurred between the
fungal species in their relative nutrient uptake because of inherent differences in
the ability of different AM fungal isolates to produce the extramatrical hyphae.
Interspecific studies on AM fungi have highlighted that species may differ in
their formation of extramatrical hyphae (Jakobsen er al., 1992a, 1992b;
Boddington & Dodd, 1998). This would enable differences in the exploration of
soil volumes, acquisition and transport of nutrients to roots by different AM
fungal isolates.

The large increase in nutrient content of tea seedlings caused by AM
colonization was not matched by a similar large increase in dry weight. This was
because nutrient concentrations were higher in AM tea seedlings, resulting in a
large decrease in nutrient use efficiencies. Generally, plants experiencing a
greater nutrient deficiency frequently have lower concentrations of the limiting
nutrients than those experiencing less deficiency (Chapin, 1980; Haynes er al.,
1991). The present results for AM tea seedlings, therefore, are not surprising.
They are similar to results of Stribley et al. (1980), Koide (1991) and Koide et al.
(2000) who showed that for a given nutrient concentration, AM plants have
significantly lower dry weight than non-mycorrhizal plants. There are at least
two possibilities by which AM colonization could decrease nutrient utilization
efficiencies. First. it could be due to the loss of carbon from the host to the fungus
as explained by Stribley er al. (1980). An alternative explanation is that nutrients
other than those studied became limiting to AM seedlings (Koide et al.. 2000).
Although it is generally believed that AM fungi are not host specific, studies
have shown that the extent of host benefit may vary with AM fungal species as
observed in this study and in other reported studies (Vasanthakrishna er al..
1994).

Seedling quality reflects the integration of a multitude of physiological and
morphological characteristics of the seedlings (Ritchie, 1984). Although the
concept of seedling quality is widely used in forestry, it could also be used for
plantation crops as the field survival and productivity of the nursery raised
plantation seedlings are related to the quality of the seedlings. Seedlings
inoculated with §. calospora had a greater seedling quality index wvalue,
indicating a sturdier stem and a proportional top dry weight which is desirable
for nursery seedlings. Hence, it can be concluded that even native AM fungal
species can be used for inoculating plant species. Though tea seedlings exhibited
a varied response to different AM fungal specices, S. calospora conferred greater
growth benefit than all other fungi used in this study. This study clearly indicated
that the indigenous AM fungal isolates could significantly enhance the growth
and the quality of tea seedlings raised in nurseries. A simple technology for
inoculating tea seedlings with selective AM fungi could be adopted in nurseries
to improve the quality of seedlings produced.



318 A.KARTHIKEY AN AND OTHERS
ACKNOWLEDGEMENT

One of the authors (T.M) thanks the Council of Scientific and Industrial
Research, New Delhi, India for the financial assistance.

References

Adjoud, D.. Plenchette, C.. Halli-Hargas, R. & Lapeyrie, F. (1996). Response of 11 cucalypius
species to inoculation with three arbuscular mycorrhizal fungi. Mycorrhiza. 6, 129-135.

Béd. AM., Plencheute, C.. Danthu, P, Duponnois, R. & Guissou, T. (2000). Functional compatibility
of twy arbuscular mycerrhizae with thirteen fruit trees in Senegal. Agroforesiry Systems, 50,
95-105.

Bethlenfalvay, G.J.. Farnson, R.L.. Dakersian, S., Brown, M.S, & Mishra, K.L, (1989), The
Glycine-Glomus-Rhizobimm  symbiosis. TX. Nutritional morphological and physiological
respoases of nodulated soybean to geographic isolates of the mycorrhizal fungus Glomus
mosseae. Physiologia Plantarum, 76, 226-232,

Bhattacharya. 5. & Bagyaraj. D.J. (2002). Effectiveness of arbuscular mycorrhizal fungal isolate on
arabica coffee (Coffea arabica L.). Biological Agricultural & Horticulure, 20, 125-131.

Blair, G. [1993). Nutrient efficiency — what do we really mean? In Genetic Aspecis of Plani Mineral
Nutriiion (P.J. Randall, E. Delhaize, R.A. Richards & R. Munns. eds.), pp. 205-213. Kluwer:
The Hague, The Netherlands.

Boddington, C.L. & Dodd. 1.C. (1998). A comparison of the development and metabolic activity of
mycorrhizas formed by arbuscular mycorrhizal fungi from different genera on two tropical
forage legumes. Mvcorrhiza, 8, 149-157.

Chapin, I*.S. 1II. (1980). The mineral nutrition of wild plants. Annual Review of Ecology wmd
Systematics, 11, 233-260.

Chapin, F.5. Il & Van Cleve, K. (1989). Approaches to studying nutrient uptake, use and loss in
plants. In Plant Physiological Ecology. Field Methods and Instrumentation (R.W. Pearcy,
J.R. Ehleringer, H.A. Mooney & P.W. Rundel, eds.), pp. 185-207. Chapman and Hall: New
York. U.5.A.

Davis, D.J. (1962). Emission and absorption spectrochemical method. In Modern Methods of Plant
Analysis (K. Peach & M.V. Tracey. eds.), pp. 1-25. Springer Verlag: Berlin, Germany.

Dickson, A., Leaf, A.L. & Hosner. L.F. (1960). Quality appraisal of white spruce and white pine
scedling stock in nurseries. Forest Chronicles, 36, 10-13,

Guissou., T., B4, A M., Ouadba, I M., Guinko, S, & Duponnis, R. (1998). Response of Parkia
biglobosa (Jacy.) Benth., Tamarindus indica L. and Zizyphus mauritiana Lam, to arbuscular
mycorrhizal fungi in a phosphorus-deficient sandy soil. Biology and Fertility of Sails, 26.
194-198.

Haynes, B.. Koide. R.T. & Elliott; G. (1991). Phosphorus uptake and wtilization in wild and
cultivated oats (Avena spp.). Journal of Plant Nutrition, 14, 1 105-1118,

Jackson, MLL. (1973). Soil Chemical Analysis: Prentice Hall of India (Pvt.) Ltd; New Delhi, India.

Jakobsen, 1., Abbort. LK. & Robson. A.D. (1992a). Externzl hyphae of vesicular-arbuscular
mycorrhizal fungi associated with Trifelium subtervanewm L. 1. Spread of hyphac and
phosghorus inflow into roots. New Phyiologisi, 120, 371-380.

Jakobsen, 1. Abbott, LK. & Robson. A.D. (1992b). Externel hyphae of vesicular-arbuscular
mycorrhizal fungi associated with Trifolium subterraneum L. TI. Hyphal transport of *2P over
defined distances. New Phyrologist, 120, 509-516.

Koide, R. {1991). Nutrient supply. nutrient demand and plant esponse to mycorthizal infection.
New Phytologist, 117, 354-368.

Koide, RT., Gott, M.D. & Dickie, LA. (2000). Component growth efficiencies of mycorrhizal and
non-mycorrhizal plants. New Phyiologisi. 117, 365-368.

Koide, RT.. Landherr, L.L., Besmer, Y.L.. Detweiler, .M. & Holocomb, E.1. (1999), Strategies for
mycorrhizal inoculation of six annual bedding plant species. Hort Science, 34, 1217-1220,



MYCORRHIZAL RESPONSE OF TEA SEEDLINGS 319

Kumaran, K. & Santhanakrishnan, P, (1995), Vesicular-arbuscular mycorrhizal fungi in tea
{Camellia sinensis (L.) O. Kuntz) soil. In Mycorrhizae: Biofertilizers for the Future
(A. Adholeya & S. Singh. eds.). pp. 33-37. Tata Energy Research Institute; New Delhi. India.

Mamatha, G., Bagyaraj. D.J. & Jaganath, §. (2002}, Inoculation of feld-established mulberry and
papaya with arbuscular mycorrhizal fungi and a mycorrhiza helper bacterium. Mycorrhiza, 12,
313-316.

McGonigle, T.P, Miller, M.H., Evans. D.G., Fairchid. G.L. & Swan, J.A. (1990). A method which
gives an objective measure of colonization of roots by vesicular-arbuscular mycorrhizal fungt.
New Phytologist, 115, 495-301.

Muthukumar, T. & Udaivan, K. (2000). Influence of organic manures on arbuscular mycorrhizal
fungi associated with Vigna unguicuiata (L.) Walp. in relation to tissue nutrients and soluble
carbohydrate in roots under field conditions. Biology and Fertility of Seils. 31. 114-120.

Muthukumar, T., Udaiyan. K. & Rajeshkannan, V. (2001). Response of neem (Azadirachta indica
A. Juss) to indigenous arbuscular mycorrhizal fungi, phosphate-solubilizing and asymbiotic
nitrogen-fixing bacteria under tropical nursery conditions. Bielogy and Fertility of Soils. 34.
417426,

Plenchette, C.. Fortin. 1.A. & Furlan. V. (1983). Growth responses of several plant species o
mycorrhizae in a soil of moderate P fertility. I. Mycorrhizal dependency under field conditions.
Plant and Soil, 70, 199-209.

Porter, W.M. (1979). The most probable number method of enumerating infective propagules of
vesicular-arbuscular mycorrhizal fungi in soil. Awstralian lournal of Soil Research. 17.
515-519,

Ritchie, J.A. (1984), Assessing seedling quality. In Forest Nursery Manual: Production of Bareroot
Seedlings (L.D. Mary & T.D. Landis. eds.), pp. 243-259. Martinus Nijhoff/Dr. W, Junk
Publishers: Corvallio, U.S.A.

Rovira, AD. & Bowen, G.D. (1966). The effects of micro-organisms upon plant growth. IL
Detoxification soils by fungi and bacteria. Plant and Soil, 25, 129-141.

Senapathi, B.K., Lavelle, P., Giri. 8., Pashanasi, B., Decaéns, AJ.T., Jiménez, J.J.. Albercht. A..
Blanchart, E.. Mahicux, M.. Rourseux, L.. Thomas, R., Panigrahi, P.K. & Venkatachalan, M.
(1999). In-soil technologles for tropical ecosystems. In Earthworm Management in Tropical
Agroecosystems (P. Lavelle, L. Brussaard & P.I'. Hendrix, eds.), pp. 199-237. CAB
Tnternational: Wallingford, UK.

Senapathi, B.K., Panigrahi, P.K., Giri, S., Patnik, A, & Lavelle, P. (1994). Restoration of degraded
soil in intensive tea plantation (India), Tn Conservarion of Soil Fertility in Low Inpur
Agricultural Systems of the Humid Tropics by Manipulating Earthworm Communities. CCE
Macrofauna Project 1T (STD 3) Report No.3 (P. Lavelle, ed.), pp. 39-51. LEST/IRD; Paris,
France.

Siqueira, J.O. & Saggin-Jinior, O.J. (2001). Dependency on arbuscular mycorrhizal fungi and
responsiveness of some Brazilian native woody species. Mycorrhiza, 11, 245-255,

Siqueira. J.O., Saggin-Jinior, O.J., Flores-Aylas, W.W. & Guimardes, P.T.G, (1998), Arbuscular
mycorrhizal inoculation and superphosphate application influence plant development and yield
of coffee in Brazil, Mycorrhiza, 7. 293-300.

Smith, S.E. & Read, D.J. (1997), Mycorrhizal Symbiosis. 2nd edn. Academic Press: San Diego,
SA;

Stribley. D.P., Tinker, P.B. & Rayner, J.H, (1980). Relation of internal phosphorus concentration
and plant weight in plants infected by vesicular-arbuscular mycorrhizas. New Phytologist, 86.
261-266.

Tennant, D. (1975). A test of a modified line intersect method of estimating root length. Journal of
Eeology, 63, 995-1001.

Vasanthakrishna, M., Bagyaraj. D.J. & Nirmalnath. P.J. (1994), Selection of effective VA
mycorrhizal fungi for Casuaring equisetifolia — second screening. New Forest, 9. 157-162.
Zoysa, AK.N.. Loganathan, P. & Hedley. M.J. (1999). Phosphorus utilization efficiency and
depletion of phosphate fractions in the rhizosphere of three tea (Camellia sinensis L.) clones.

Nutrient Cycling in Agroecosystems, 33, 189-201.

(Received 8 October 2003; accepted 18 March 2004)



