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ABSTRACT

A survey on mycorrhizal association in forestry species viz., Tectona grandis, Euéa[_}--ptus
camaldulensis, E. deglupta, E. globulus, E. grandis, E. pellita, E. regnans, E. tereticornis, E.
tessellaris, E. wrophvlla, Dualbergia latifolia, Santalum album, Gmelina arborea, Acacia
auriculiformis, A. aulacocarpa, A. crassicarpa, A. mangium, A. mearnsii, Paraserianthes falcataria,
Bombax ceiba, Swietenia macrophyila, Ailanthus triphysa, Prerocarpus santalinus, and Terminalia
paniculara raised in plantations/plots and natural stands in different parts of the State was made and
their mycorrhizal status and mycorrhizal dependency were studied. Biodiversity of mycorrhizal
fungi in rhizosphere soils from representative sample plots of these 23-plantation tree species was

also studied.

All the forestry species studied exhibited’ arbuscular mycorrhizal (AM) association. All typical
arbuscular mycorrhizal features like arbuscules, vesicles, intra—cellular hyphal coils, extra and intra-
radical hyphae, etc. were observed in root samples of most of the tree species studied. However,
percent root infection as well as characteristics of arbuscules and vesicles varied among the host
spectes. Teax exhibited a high level of AM fungal association in most of the 70 plantations surveyed
with a mean AM fungal root infection of 32.4 per cent irrespective of differences in age, elevation
and edaphic conditions. The highest infection (>86%) was recorded in teak plantations belonging to
11-20 years old; both young (<10-vear-old) and old (>40-year-old) teak trees showed comparatively
low AM fungal root infection. Swietenia macrophyila recorded the least (2.5%) symbiotic
association with AM tungi, while all the other forestry species like D. latifolia, S. album, G. arborea,
P. falcaturia, etc. exhibited moderate to high AM fungal root infection. All the five Acacia species
studied showed 88 to 96 per cent AM fungal root infection. Among the eucalypts, E. tereticornis,
E.grandis and E. camaldulensis recorded comparatively high AM fungal root infection than the

others.

Rhizosphere soils of all the forestry species exhibited a remarkable diversity of AM fungi and the
population in each host species comprised of 11 to 85 fungal species belonging to six genera viz.,
Glomus, Sclerocystis, Acaulospora, Scutellospora, Entrophospora and Gigaspora. Among these.
Glomus and Acaulospora were the most predominant genera encountered with large number of
spectes as well as high spore density. Glomus was represented by 7 to 44 species, while Aczulospora
represented 2 1o 15 species in most rhizosphere soil samples. AM fungal root infection as well as AM

tungal spaual distribution. species diversity and composition were highly influenced by host as well
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avatiable phosphorus and nitrogen. Among these, soil pH accounted for around 35 per cent of the
total variability in AM fungal root infection in tcak. However, exchangeable cations (Ca) was tound
to be the most influential variable affecting the AM root infection in eucalypts. Biodiversity indices
of AM fungi in each host plantations were worked out separately; relative abundance of AM tungi
was measured using Shannon-Wiener and Simpson’s indices and gamma and beta diversity were also

estimated for each plantation species.

Ectomycorrhizal (ECM) fungal association was recorded in eucalypts, acacias, teak, D. latifolia and
G. arborea. However, 1t was predominant in Eucalyptus grandis, E. tereticornis, ard Acuacia
auriculiformis as evidenced and characterized by various forms of heterorhizy as well as difterent
ECM fungal partners.  More than 37 ectomycorrhizal fungi belonging to Sclerodermatales,
Lycoperdales, Aphyllophorales and Agaricales were found associated with different hosis and of
these, Pisolithus tincrorius, Scleroderma verrucosum, S. citrinum, Laccaria spp. were the most
predominant ones. Ectomycorrhizal synthesis was carried out employing eucalypt seedlings and pure

cultures of P.tinctorius. S. verrucosum and L. laccuata.

Laboratory and nursery trials were carried out to improve the planting stock of selected tree species
viz., Tectona grandis, Santalum album and Dalbergia latifolia using arbuscular mycorrhizal fungi
viz., Glomus fasciculatum, G. mosseae and Acaulospora appendicula. Attempts were also made to
exploit the ectomycorrhizal tungi, Pisolithus tincirorius and Scleroderma verrucosum to improve the

seedlings of Euculyprus grandis, E. tereticornis and Acacia mangium.

Preliminary trials on improvement of planting stock using AM fungi viz., Glomus fasciculatum, G.
mosscae and  Acaulospora appendicula yielded promising results for teak, rosewood and sandal
seedlings. [n teak, seedling height as well as total biomass increased in AM fungal treated seedlings.
Acaulospora appendicula treated seedlings recorded the maximum (>60%) mycorrhizal inoculation
eftect (MIE) followed by Glomus fasciculatum treated seedlings (38%). In Santalum ulbum,
treatiment with a combination of G. fasciculatum and A. appendicula gave the maximum (>48%)
MIE. In D. latifolia seedlings, inoculation with a mixture of G. fasciculatum and A. appendicula

cave the maximum mycorrhizal inoculation effect of 29.58%.

Ectomyvcorrhization of Ewucalyptus grandis, E. tereticornis and Acacia mangium seedlings by
application of  different torms of P. tincrorius 1inoculum was also found promising. The ECM

fungal incculation has significant effect on seedling height increment. number of leaf pairs and also 1n




seedling biomass production. Among various forms of inoculum tried, PT- spore-sand mixture was
found most efficient and gave maximum mycorrhizal inoculation effect (MILE) in £. tereticornis
(>90%), E. grandis (>50%) and Acacia mangium (>123%). The PT- spore slurry and PT- mycelial
beads were also proved to be efficient inocula, which gave maximum (>65%) MIE 1n E. fereticornis
and A. mangium. However, more in-depth studies are warranted for selecting appropriate fungal

partners for forest tree species as well as mycorrhization of their planting stock.
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1. INTRODUCTION

Myvcorrhizae are highly evolved, symbiotic associations between soil fungt and plant roots. The

partners 1n this association are members of the Fungus Kingdom, Basidiomycetes, Ascomycetes and

Zycomycetes and most vascular plants (Harley and Smith, 1983; Kendrick, 1992 Brundrett, 1991).
The term *mycorrhiza’” was first coined a century back (1885) by a German Botanist, Aibert Bernard
Frank. which hterally means *fungus root’. The term ‘symbiotic association’ 1s often used to describe
the highly interdependent mutualistic relationships, where the host plant receives mineral nutrients,
while the fungus obtains photosynthetically derived carbon compounds (Harlev. 1989; Smith, 1992).
Mycorrhizal fungi have ancient origin as fungal structures have been recorded in fossil studies dates
back to about 300 million years (Butler, 1939). So far, at least seven different types of mycorrhizal
associations have been recognized, involving different groups of tungt and host plants and with

distinct morphological patterns. However, mvcorrhizae are broadly grouped into ectotrophic

(ectomycorrhiza) and endotrophic (endomycorrhiza).

1
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and is cgpaole of converting complex organic moiecules nto simnie avanabe forms. The
ectomycorrhizal (ECM) fungi belong to mainly three classes of Eumycota viz.. Basidiomycouna.

Ascomycotina and Zvgomycotina.

Endomycorrhizae are classified into three types namely — Ericoid, Orchid, and Vesicular-arbuscular
mycorrhizae (VAM).  Ericord mycorrhizae are association where fung: procuce nyphal cotls in outer
cells of the narrow ‘hair roots’ of plants in the plant order Ericales. In the case of Orchid
mycorrhizae, fungt produce coils of hyphae within roots (or stems) of orchidaceous piants.
Vesicular-arbuscular mycorrhizae (=arbuscular mycorrhizae, VAM, AM), are associations where
Zysomycetes fungt (Glomalean) produce arbuscules, hyphae, vesicles. etc. within the roots. The
arbuscular mycorrhizal (AM) fungal spores are formed in soil or in roots. The AM tungi (Glomalean
tfungi) are ubiquitous soil microorganisms and are found in roots of Mosi anJi0Sperms. gymnosperm

pteridophytes. and thallophytes (Mosse er al., 1981). AM fungi have great potentiai to enhance piant
crowth by mcreasing nutrient uptake (Bagyaraj, 1992) and the association formed by these fungi act
=3 a potential tactors n determining diversity in ecosystem (CGeovannett and Gianinazzi-Pearson.
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Arbuscular mycorrhizal fungi have bimodal pattern of differentiation as they survive in two distinct
habitats, the interior of a root and the surrounding soil matrix. The vegetative phase of these tung:
consists of intraradical appressoria, intra- and extraradical coenocytic hyphae and dichotomously
branched intraradical arbuscules. The reproductive phase of the fungi consists mainly of asexual
sporcs formed on the hyphae, inside or outside the root. Formation of sexual spores has also been
reported recently only in one fungus, Gigaspora dccipiens Hall & Abbot (Tommerup and
Sivasithan'lparam, 1990). The AM fungi establish a compatible interaction with host cell and develop
a biotrophic nutritional reiationship of long duration with host plant, which normally results 1n
increased growth of the host plant. Significant morphological and physiological differences between
species exist in vegetative and reproductive structures, which have been used to differentiate taxa 1n

AM fungi.

As far as forestry is concerned, the potential for manipulating mycorrhizal associations to increase
productivity in plantation forestry is the focus of major research activities. There 1s also much
interest in their potential utilization in agriculture and horticulture. However, our knowledge 1s very
limited with regard to the association of mycorrhizal fungi with forest plantation species and therr
diversity in different forest ecosystems in the State. Knowledge of mvcorrhizal associations and
diversity is important because of their functional roles in natural and managed ecosystems. The
benefits to plants through mycorrhizal association include: plant nutrient supply through mycorrhizal
roots, antagonism against parasitic organisms, non-nutritional benefits due to water relations, nutrient
cvcling and conservation by soil mycelia, improving soil structure, carbon transport from plant roots
to other soil organisms, etc. Some of the benefits to people include: valuable food resources
(ectomycorrhizal fruit bodies), medicinal uses, aesthetic values and tungal diversity as a bio-indicator
of environmental quality. Since, different fungal taxa vary in their capacity to utilize resources,
withstand adverse conditions, etc. mycorrhizal fungal diversity must contribute to the resilience of

forest ecosystems.

The functional diversity of mycorrhizal fungi includes variations between individual species in the
following capacities: mobilizing of limiting soil nutrients viz., inorganic forms of phosphorus,
nitrogen, trace elements, etc., amelioration of adverse soil conditions due to toxic concentration of
metal 1ons. extremes 1n soil pH, high conductivity (salinity), nutrient imbalance such as high Mg : Ca
ratios, responses to severe climatic conditions such as limited or excessive water supply, temperature
extrremes. etc., compatibility with different hosts. tolerance of adverse sctl conditions such as

disturbance, microbial competition, etc.



Productivity of forest plantations in the State is at an alarmingly diminishing phase. Even though,
many factors such as sivicultural management measures, host’s genetic makeup, pests and diseases,
etc. are partly responsible for this, edaphic factors are the most critical ones. In general, sotls under

forest plantation crops, especially teak and eucalypts in the State are reported to be probiematic and

cedea

nitrogen (N) and phosphorus (P) are the major limiting factors. Improving the sotl nutrient status and
their mobility by mycorrhizal manipulation 1s a long-term strategy as well as seli-sustainable.
Sustainability of soil-plant svstem requires a well-balanced functional mycorrhizal association. The
functional diversity of mycorrhizal fungi provides opportunities to select fungi adapted to specific
combinations of host’environment’soil conditions in plantations. The selected efficient myvcorrhizal

{

fungal candidates can be employed as effective biological tool for improving the pianting stock as

well as increasing the stand productivity in a most environment friendly way by avoiding chemical
fertilizers and pesticides inputs. However, our knowledge of the mycorrhizal status of the forest
plantation species, biodiversity of mycorrhizal fungi, as well as mycorrhizal dependency of forest
plantation species in the State is very meagre. The present study has been undertaken with the
following objectives:

‘ v

. To studv the myvcerrhizal association in torest plantation species Viz., Jeciona grandis.
Eucalvptus spp., Gmelina arorea, Dalbergia latijolia, Ailanihius tripiivsa, Bombax
ceiba,  Santalum  album, Paraserianthes falcataria, Pterocarpus sp.. Swietenia
mucropinlla. and Ternunalia sp.

11, To study the mycorrhizal tungal diversity in torest plantations in the State.
1. To select potential candidate mycorrhizal fungus for each forest plantation species for

improving the planting stock.




2. MATERIALS AND METHODS

2.1. Selection of sample plots and sampling method

A reconnaissance survey was made in teak (Tectona grandis L.), eucalypts (Lucalyptus
camaldulensis Dehnh., E. deglupta Bl., E. globulus Labill, E. grandis Hills ex Maiden, E. pellita F.
Muell., E. regnanas F. Muell., E. tereticornis Sm., E. tessellaris F. Muell., E. urophylla S.T. Blake),
acacias (Acacia auriculiformis Cunn ex Benth., A. aulacocarpa Cunn. ex Benth., 4. crassicarpa
Cunn. ex Benth,, A. mangium Willd, A. mearnsii Willd.), Paraserianthes falcataria (L.) Fosberg.,
mahogany (Swietenia macrophylla King), Ailanthus triphysa ‘(Dennst.) Alston, Bombax ceiba L.,
Pterocarpus santalinus Roxb., Gmelina arborea L., Dalbergia latifolia Roxb., Terminalia paniculata
Roth and Santalum album L. plantations/plots/ natural stands in the State and sample plots were

selected for the study (Figures 1-3; Tables 1-8). In the case of teak, plantations falling under

different age groups (1-10 yr, 11-20 yr, 21- 40 yr, > 40 yr) were selected for the study. Line transect

method was followed for sampling in teak and eucalypts plantations, whereas random sampling

method was followed for the other forestry species. In line transect sampling, a distance of 50 m was

given between each sample tree and three to five sample trees were selected and paint-marked in
each plantation. In the case of other forestrv species mentioned above, three to five sample trees were
selected in each plantation/plot/ stands and paint-marked. Information on age of the plantation,
cultural and management practices adopted including fertilizer application, fire incidence, etc. was
collected from the concerned Forest Range Office/Forest Stations. The selected plantations/plots
were visited during 1998-2001 and rhizosphere soil and root samples were collected from the selected
host plants. Details on elevation of the area, girth at breast height (gbh) and approximate height of

the sample trees, etc. were also recorded.
2.2. Collection and processing of rhizosphere soil and roots

About three kilogram of rhizosphere soil along with young feeder roots from 10 to 20 cm depth was
collected from each host tree from different plantations/plots. Care was taken to ensure that fine
feeder roots were well represented in samples and to exclude the entangled roots of other plant
species. The soil and root samples collected were kept in polythene bags and transported to the
laboratory. Young feeder roots were separated using sieve (1 mm) and processed. The moisture
content (%MC) of the soil was determined by oven dry method and soil pH was measured. The soil

samples were kept in polythene bags and stored at 5°C until they were further processed.

11



Table 1: Details on sample plots of teak selected for the study

Sample | Locality Forest Range Altitude Age Mean gbh | Mean ht
‘plot No. (m .a.s.l.) (yr) (cm) (m)
T1 |Kaimaram Tholpetty 810 38 97.2 15.8
T2 |Camp road Tholpetty 820 23 93.8 12.4
T3 |NaikXatty Tholpettv 800 - 46 111 14.8
T4 Panavally ' Thoipetty 760 13 | 73 10.2
TS !Begur Begur 300 8§ | 382 5.5
' T6 [Chembuvalli Begur 810 22 1 106 11.2
. T7 Bavali Begur 300 36 | 96.2 15.8
TR | [rumbupalam ' Vazhachal 505 20 : 42.6 7.2 !
T9  [lrumbupalam |Vazhachal 503 17 | 338 6.8 |
. T10 |Vazhachal Vazhachal 290 37 107 1.8 |
T11 {Vazhachal Vazhachal 270 9 36.2 57 |
T12  Karmummurium Nilambur 110 23 85.1 9.1
T13 | Kartlammurium kunnu Nilambur 160 19 82.7 7
T14 |Thannikkadavu Vazhikkadavu 120 27 8§4.7 11.4
T15 |Cherupuzha Karular 40 4 28.7 7.6
T16 |Cherupuzha Karulai 80 26 89.6 19.8
T17 [Nedumkayam Karulati 80 90 259 22.2
T18 Pulimunda Karulal 90 1 110 16.2
T19 |Poolakkappara Karulai 70 50 114 18.R
T20 ,Puolakkappar'i ‘Karulai R0 30 1102 22.6
72! Nellikkuthu Karciai 90 67 173 26.3
T22  Nellikkuthu Karulai 100 13 2.8 6.3
122 Valluvassery ‘Nilambur 90 9 X" 6.3
T24- Valiuvassery Nilambur 90 7 31.3 7.9
T25 [Mailady Nilambur 30 12 44.5 1
T26 |Chaliarmukku Nilambur 40 45 89.4 17.8
T27 |Akampadam Nilambur 50 45 102 19.8
T28 |Edakkode Edavanna &0 23 67.2 16.2
T29 |[Mulamkuzhy Kalady 75 45 83.2 12.6
T30 {Mulamkuzhy Kalady 30 20 80.2 14.8
T31 [Mallana Kodanad 90 2 18.6 5.7
T32 |Perumthode Kodanad 88 37 96 17.3
T33 [Perumthode Kodanad 50 23 83.4 13.9
T34 |(Perumthode Kodanad 90 2 13.8 4
T35 Karimpani Thundathil 90 5 38.6 8.5
T36 |Kanmpani Thundathi] 90 19 76.3 16.3
T37 |Thundamthcdu 'Thundathi] 93 27 71.4 117
T38 ilrumbupalam |Pattikkad 80 44 79.2 20.8
T39 [Chakkolatharisu Pattikkad 90 45 105 20.2
T40 |Vallikkayam [Peechi 110 41 94 16.4
T41 |Dhoni Olavakkod 150 1 11.4 2.38
T42 iDhoni Olavakkod 160 63 187 20.2
T43 :Banglamkunnu Olavakkod 150 3 30.6 6.2
T44 ' Dheni-Quarters Olavakkod 160 43 153 25
T45 |Vauappara Walavar 210 23 74.4 17 |
- T406 'Walayar Walayar 260 41 112 19.8
' T47 Kotappara 'Kodanad 50 16 80.4 192
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T48 |Kulathupuzha Kulathupuzha 90 37 97.4 16.5
T49 |Decentmukku Kulathupuzha 90 39 90 15.6
T50 |Kattilappara Thenmala 95 41 88.4 15.2
TS1 |[Nadavanoorkadavu Kulathupuzha 50 37 76.2 15.6
T52 |Valara Neriamangalam 510 35 82.8 12.7
T53 Vithura Paruthipally 110 42 114 15.6
T54 |Nhaloor Konni 25 51 146 17.8
T55 |Kumaramperoor Konni 130 3 18 9.16
T56 |Cheruvalam Erumely 80 16 84 12.6
T57 |Aryamkavu Aryankavu 200 9 51.2 11.2
T58 |Palaruwvi Aryankavu 210 33 133 22.3
T59 |Kumbharukadawvu Achankovil 160 4 52.8 13.4
T60 |Kuttippara Kallar %0 44 108 21
T6l |Kodamala Achankovil 1150 9 51.8 10
T62 |Valayam Mannarappara 140 40 63.4 17.2
T63 |Achankovil Achankovil 80 44 139 18.6
To4 Konni Konni 100 55 153 25.5
T6S5 |Perumthammoozhy Naduvathoomuzhy 100 38 173 23.6
T66 |Elimullumplackal Konni 100 3 28 8.8
T67 |Kannavam Kannoth 20 43 125 18.3
T68 |Parambikulam Parambikulam 550 38 162 24.3
T69 |Orukomban Orukomban 540 | 36 155 24
T70 |Sungam Sungam 520 ¢ 38 126 27
Table 2: Details on sampie plots of Eucalyprus seiected for the study
Sample Species Locality g Forest Range  Altitude | Age | Mean |[Mean ht
plot No. (ma.s.l.) | (yr) gbh (m)
(cm)
El  |E. tereticornis Perumkunnu Wadakkanchery 90 2 17.4 3.71
E2 |E camaldulensis |Kottappara Kodanad 60 5 63.2 20.7
E3 |E. pellita Kottappara Kodanad 60 5 75.4 22.2
E4 £ urophyila Kottappara Kodanad 60 5 93.5 23.5
ES |E. tereticornis Kottappara ‘Kodanad 60 5 91.2 25.7
E6 |E. grandis Kottappara Kodanad 60 9 57 17
E7 |L. deglupta Kottappara Kodanad 60 9 44 13
ES |L. tessellaris Kottappara Kodanad 60 9 35 8.75
E9 |E. tereticornis Arippa Kulathupuzha 80 2 16.8 9.5
E10 |£E tereticornis Kulathupuzha Kulathupuzha 90 4 15.8 5.2
E1l |E tereticornis Kattilappara Kulathupuzha 90 5 33.4 9.9
E12 |E. grandis Suryanelli |Devikulam 1100 7 23 8.4
E13 |£ grandis Suryanell 'Devikulam 1100 4 26.8 7.2
El14 |E. grandis Suryanelli Devikulam 1400 4 43.6 7.5
E15 |E.grandis Pappathisholay  |Devikulam 1400 4 22.4 16.7
E16 |E.grandis Chinnakkal Munnar 1250 2 35.6 6.4
E17 |E.grandis Devikulam Devikulam 1350 4 35.6 11.1
E18 |E.grandis Mattupetty Devikulam 1480 3 32.4 14.4
E19 |E.grandis |Palar Devikulam 1420 7 41.8 21.6
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E20 £ grandis Vattavada \Devikulam 1520 1 26.8 7
- E21 YE.,QFHHC[."S Vattavada 'Devikulam 11520 7 41 17
E22  E.globulus Mannavanshola |Marayoor 1890 32 74.6 20
E23  |E.grandis Aanachal Adimaly 930 2 18.3 4.2
E24  |E.grandis Shenkulam Adimaly 850 7 59.8 22.4
E25 |E.grandis Kathippara Adimaly 700 7 72.4 21.4
E26 |E.tcreticornis |Kozhikkunnu Wadakkenchery 120 3 5.9 3
E27 |E.grandis Peerumedu Peerumedu 1020 | €& | 568 | 25
F28 |E. regHans |Pambanar Peermedu 1120 & | 33 | 118
E29 |E.grandis Vallakkadavu Vallakkadavu 900 5 | 458 16.4
E30 |E.grandis Vallakkadavu Vallakkadawvu 880 L4 47.8 12.8 |
E31 |E.grandis Uppupara Vailakkadavu 1210 | 4 | 436 11.6
E32  |E.grandis Pamba Vallakkadavu 930 7146 16.6
£33 |E.grandis Kakki [Vallakkadavu 1050 | 7 | 606 | 18.6
E34 IE grandis Paramavu |Nagarampara 710 21 | 1453 22 |
B35 E.grandis Meenmutty Nagarampara 860 11 ] 100.5 14.8 |
E36 |F.grandis Mankode Paruthipally 150 7 | 28.6 19.6
E37 £ tereticornis ‘Vithura 'Paruthipally 150 6 39.33 15.8
E38 |E. camaldulensis |Kodakkamon Pathanapuram 130 2 19.4 5.1
E39 (E. tereticornis  \Onthupacha Anchal 150 2 16.8 3.9
E40 |E. tereticornis Periﬁgamala Palode 150 6 25.8 18.6 |
B4l £ grandis \Periya Periva 750 7 | 51.33 | 2833
Table 3: Details on sample plots of Dalbergia iatijoiia seiected for iz study
Sample %Locality | Forest Range E Altitude Mean gbh Mean ht
Plot No. | . (masl) | (cm) (m)
DI {Pulimunda Karulai 100 | 92 15.9
D2 |Nellikuthu Karulaj 110 130 23.66
D3 Mulepadam Nilambur 40 | 131 25.4
D+ |Dhoni ‘Olavakkode 150 101 22.2
D5 iNaduvannoorkadavu |Kulathupuzha 100 86 19.25
D6 |Kovilpady Maravoor 920 95 15
D7 |Elhmullumplackal Konni 110 122 23.66 |
Table 4 : Details on sample plots of Santalum album selected for the study
Sample | Locality [ Forest Range Altitude | Mean gbh Mean ht
plot No. | (ma.s.l) (cm) (m)
SAT  INilambur Nilambur 90 20.3 18.33
SA2 T!;\larayoor Marayoor 830 | 70 | 5.75 J
SAS 'Nachuvaval Marayoor 850 | 45.6 i} 11 J
SA4 Manjapay ‘Marayoor 950 | 34.2 i 10.6
1SAS 'Koolikadavu A}Marayoor ?L 900 1 66.7 T 13.66 l
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Table 5: Details on sample plots of Gmelina arborea selected for the study

Sample Locality Forest Range Altitude Mean gbh Mean ht
plot No. (m a.s.l) (cm) (m)

Gl Amadampadam Nilambur 110 79.7 10.5

G2 Panjanamkuthu Vazhachal 430 106.80 14.5

G3 |Vachumaram Kollathirumede 350 168 16
Table 6: Details on Acacia plantations selected for the study

Sample | Species Locality Forest Range | Altitude |Mean gbh| Mean ht |

lot No. (m a.s.l) (cm) (m)

Al Acacia auriculiformis |Chandakunnu Nilambur 90 79.6 19.6

A2 A. mangium Decentmukku Kulathupuzha 50 29.8 8.4

A3 \A. aulacocarpa Decentmukku ' Kulathupuzha 50 23.8 6.3

A4 A.crassicarpa Decentmukku 'Kulathupuzha 50 33.2 7.6

A5 A. mearnsii Sooryanelli Devikulam 1200 30 7.8

A6 A. mearnsii Vattavada Devikulam 1600 31.4 5.8

A7 |A. mearnsii Kanthalloor |Marayoor 1750 46.8 19.8
A8 | . auriculiformis Paramavu Nagarampara 710 80 13

A9 |A.mangium tKodachuritty ' Thodupuzha 800 14 1.68 !
Al10  |Ad.auriculiformis 'Kulamavu ‘Nagarampara 760 30.3 7.6
Table 7: Details on Paraserianiiies ralcataria sampie plots selected for the study

Sample Locality F Forest Range ’ Age Alt Mean gbh Mean ht

lot No. | |  (v) (ma.s.l) (cm) (m)

Albl Anamukku Kollathirumedu | 11 430 108.2 176 |
Alb2  [Arippa Kulathupuzha | 15 150 66.32 23.5 |
Alb3  |Manalar Achenkoil 9 110 93.6 23.6
Alb4  |ldinjar Peringamala 5 120 45.3 11

Table 8: Details on sample plots of Bombax,Swietenia,Ailanthes, Pterocarpus and Terminalia

species

Sample Species Locality Forest Range Altitude | Mean gbh Mean ht }
_plot No. (m a.s.l) (cm) (m) l
Bl B. ceibu [rumpupalam Pattikkad 90 97.5 19 |
B2 B. ceiba Kumbarakadavu |Achenkoil 100 107 21.8

Sw S. macrophylla |Nellikuthu Karulai 110 149.2 21.2

Sw2 S. macrophvila |Chaliarmukku Nilambur 40 278 27.4

Sw3 \S. macrophvilla |Panayamkode Nilambur 30 127.8 23.8

Atl . triphyvsa Velianthode Nilambur 40 39.9 9.5

Psl P. santalinus Palappilly Palappilly 120 38.50 14.60

Tpl | T. paniculata Mundathikode |Wadakkanchery 40 46.32 18.00
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2.3. Separating arbuscular mycorrhizal fungal spores from soil

The rhizosphere soil samples were air-dried and wet sieving-decanting method (Gerdemann and
Nicolson, 1963) with modificution and wet sieving-centrifuging method were employed for retrieving
the arbuscular mycorrhizal (AM) fungal spores from soil samples. Ten gram of air-dried soil sample
was taken in a beaker (1000 ml), stirred thoroughly with tap water and kept for sometime to settle
down heavier particles. The supernatant was decanted through a series of test sieves ranging from
43um to 750um mesh. This process was repeated for four to five times until the sotl solution
becomes clear. The stevings from the three sieves viz.. 45um, 100 um, and 250 pm were collected
into a conical tlask using a wash bottle, mixed thorcughly and kept for sometime. The supernatant
was filtered through a filter paper (120 mm dia) and observed under a Stereo-binocular microscope.
[n the case of wet sieving and centrifugation method, the sievings collected on 45um, 100 pm, and
250 um sieves were suspended in 50% sucrose solution in centrifuge tubes separately and centrifuged
for one minute at 2000 rpm. Immediately after the centrifugation, the spores in sucrose supernatant
were poured onto a sieve (45um mesh) and caretully washed with tap water to remove sucrose. After
rinsing the spores, washed them onto a pre-wetted filter paper in a Buchner funnel before vacuum
filtration. AM fungal spores from the filter paper surface were selected and transterred to a drop ot
poivvinvi-lacto-glveerol (PVLGA) or polvvinvl alcohol (PVA) mountant on microscope shide using a
sharpened wooden dowel. AM fungal spore preparations with and without Melzer’s reagent were
made to reveal details on spore inner-wall lavers and other spore characteristics of taxonomic

importance.

2.4. ldentification of arbuscular mycorrhizal fungal spores

Identitication of the AM fungal taxa was made by following the taxonomic descriptions of Schenck
and Perez (1990) and Morton (1993). Spore characteristics such as spore color, shape, spore wall
structure, subtending hypha, presence or absence of germination shield, suspensor, spore
ornamentation, etc. were taken for identification. Measurements on spores, spore wall layers.
suspensor, subtending hypha. details on spore inclusion, etc. were also recorded. The eight types of
spore wall layers described so far include: Evanescent (E), Unit (U), Laminated (L), Membranous
(M). Coriaceous (C), Amorphous (A), Expanding (X) and Germinal (G) (Figure 4). Details on spore

wall layer characteristics were utilized for stylized graphic representation of wall layers (murograph),

and abbreviation of the wall terminology (muronym) was used to summarize spore wall

characteristics.
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*X: Expanding, E:Evanescent. L:Laminated.U: Unit. M: Membranous, C:Coriaceous, A:Amorphous.

Figur 4: Graphic representation of AM fungal spore wall layers

2.5. Processing of mycorrhizal root samples and detection of AM fungal infection

Roots were separated from the rhizosphere soil and washed thoroughly with tap water over a 1-2
mm screen. After washing, the roots were kept moist in polythene bags and refrigerated at 5°C. A
working sample of the roots was drawn by chopping the selected fine roots ca. 1 cm in length and

co : C - 0
mixing them thoroughly. Then random sub-samples were drawn and kept in Petr1 dishes at 5°C.

Clearing of myvcorrhizal roots was required as structures produced by AM fung: were not visible
when tresh roots were observed, as they were often obscured by the natural pigments and cell

contents within roots. The root bits (lcm in length) were immersed in KOH 40% w/v solution 1n

beakers and autoclaved for 45 min at 15 p.s.i. However, the treatment time varied with the types
of roots. For the normal non-pigmented roots like that of teak, albizia and acac:a, a clearing period
of 45 min was given. For moderately pigmented roots (Eucalyptus spp., Ailanthes triphysa,
Bombax ceiba) and highly pigmented roots (Swietenia macrophylla, Santalum album, Dalbergia

latifolia), clearing time ranged from 60 to 90 min.

After clearing the roots, KOH was drained off and the roots were thoroughly washed with tap
water for three to four times. Bleaching was done for moderately and highly pigmented roots by
using alkaline H,O,. The bleaching time was also varied depending on the type of roots used.
For normal pigmented roots, 20 to 30 min of bleaching time was given. For moderately
pigmented roots, the bleaching period ranged from 2 to 3 hrs, while for highly pigmented roots of
Swietenia macropinvila, Santalum album and Dalbergia latifolia, the samples were kept overnight
in bleaching solution.  After bleaching, the roots were captured on fine sieve and rinsed
thoroughly with tap water for three to four times. The roots were then neutralized with IN HCI

for 1-3 min and then stained with Trypan blue (Phillips and Hayman, 1970; Kormanik and



McGraw, 1982). A washing step after the neutralization is not required as the acidic pH was
found to increase the binding of the Trypan blue stain to the roots. The roots were immersed in
0.06% Trypan blue and kept it for overnight. After staining, the roots were separated from staining
solution and immersed in Lacto-glycerol, if necessary. The root bits were then observed under a
light microscope for the presence of AM fungal structures, viz., arbuscules, vesicles, internai
hyphae. spores. etc. From each sub-samples, 100 root bits were observed and the percentage root

colonization (%RC) was calculated (Giovannetti and Mosse, 1980) by using the formula:

99RC = No. of root bits with vesicles and arbuscules x 100
Total number of root bits observed

2.6. Collection and processing of ecto-mycorrhizal fungi

After estabiishing the mycorrhizal association with the host plants, the ectomycorrhizal fungi produce
their reproductive structures, sporocarps, around the host piant. The sporocarps of ectomycorrhizal
fungi are usually producéd intermittently in response to seasonal changes in environmental factors.
such as precipitation ana temperature. Hence. survey on ectomycorrhizal fungi in sample plots was
carricd out during pre-monsoon showers (Mav-June) and post-monsoon period (September-October ).
\Morphoiougical characteristics of the sporocarps such as shape. texture. colour. eic. were recorded
when the fungi were in fresh condition. To provide a clear visual record of the main characteristics of
the fungal sporocarps. photographs were taken in the fileld itself. As tar as possible, detection of
hyphal connection between sporocarps and myvcorrhizal roots was made. Ectomycorrhizal roots were
collected and their pattern of heterorhizy, pigmentation, mycelial covering, rhizomorphs, hyphal
strands, etc. were recorded. Fungal fruit bodies at their different stages and mycorrhizal roots were
collected and kept in paper bags/ cotton cloth bags and transported to the laboratory. Spore prints
were prepared and both macroscopic and microscopic details on the fungi were recorded and
identification of the fungi up to species level made. Fungal specimens were air-dried and preserved.

For describing the colour of the sporocarps Methuen Handbook of Colour (Kormerup & Wanscher,

197%) was used.

2.7. Ectomycorrhizal fungal isolation and culture preparation

Young ftructifications of ectomycorrhizal fungi viz.. Pisolithus tinctorius (Pers.) Coker & Couch.

Scleroderma verrucosum (Bull.) Pers., S. citrinum Pers., Laccaria laccata (Scop.:Fr.) Cooke were

thoroughlv washed in tap water and soil debris was removed. The sporocarps were then surface

sterilized with 0.02 % HgCl; solution followed by serial washing with sterile water. Small pieces of




tissues (approximately 2mm°) from the sporocarps were removed with fine sterile forceps and
transferred to sterile culture media. Modified Melin Norkrans medium (MMN) (Marx, 1969) and

Potato Dextrose Agar medium (PDA), were used for isolating the ectomycorrhizal fungi. The

inoculated plates were incubated for 10 tol5 days in dark at room temperature 24 + ZOC. Cultural

characteristics were studied and pure isolates were maintained in slants (MMN, PDA) and liquid

cultures.

2.8. Ectomycorrhizal synthesis in sterile cultures

The axenic-culture synthesis technique described below was developed to test the compétibility of
host plants and mycorrhizal fungi. Fifteen-day-old cultures of ECM fungi, viz., Pisolithus tinctorius,
Laccaria laccata and Scleroderma verrucosum in MMN agar plates were used. Discs (2 mm dia)
cut from the periphery of the fungal colony were transferred to Petri plz{tes (90 mm dia) containing 135
ml of Mineral salt nutrient agar (agar content 0.8%) supplemented with 0.01% glucose ( to support
fungal growth). Discs were placed in the center of agar plates approximately 1.5 ¢cm apart in two
rows { 4 to 5 aiscs per row). The edges of the Petri piates were seaied with Parafilm and incubated at
22 = 2°C in the dark ror two weeks. Seeds of Fucaliptus tereticornis were surface sterilized with
U.U2% H-O- for 2 min. washed in sterile distilled water and plated on moistened sterile blotter paper
Kept 1n Perri piates. Tnree-dav-oid seedlings of E. rereticornis with short emerging radicle were
placed in a row 1-3 cm above the level of outermost growing hyphae in the Petri plates with fungi.

The plates were then resealed and incubated on a slant (approximately 20 ? from the vertical), so that

the seedlings roots grow towards the fungus. while excess water drains away from the roots. The
Petri plates were incubated at 22 = 2°C with a cycle of 12 hr light and dark period for two weeks.

The treated seedlings were removed from the plates and observed the roots for ECM fungal

associlation.

2.9. Ectomycorrhizal fungal inoculum production

The most predominant ectomycorrhizal fungi viz., Pisolithus tinctorius, Scleroderma verrucosum and
S. ciorinum were selected for the study. Mycelium and spore-based inocula were prepared for
screening their efficacy in improving the growth of the host seedlings. Spore-based inoculum was
prepared by using the freshly collected mature sporocarps. The mature sporocarps were cleaned and
placed 1n large polythene bags and crushed manually to release the spores. The released spores were

collected and stored as such or mixed with sterilized fine sand (1: 80 w/w ratio) and stored at 5°C.
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The viability of the stored spores was checked periodically by recording the spore germination ability

: - oy . : : L. L. : -0 0
in different dilutions of saline solution (0.3, 1, 1.5, 2%) at different temperatures (20°C, 25"C, 30°C).

Spore slurry of ectomycorrhizal fungi was prepared by using the dry spores collect¢d from the
respective sporocarps. The dry spores were sieved through 250 um sieve to make the spores ot
uniform size. The spore slurry was prepared by suspending dry spores in sterile water and Tween-20
(0.1 ml/1) was used as surfactant. Spore concentration was adjusted to 2 x10° /ml using a
Haemocytometer. The inoculum was used immediately after the preparation. Spore-sand mixture was
prepared by mixing sterile fine sand (particles size < 750u) as carrier material with dry spores of
ECM tungi (1: 80 w/w ratio). Spore encapsulation was carried out as in the case of fungal mycehal
bits. ECM fungal spore suspension (2 x 10 ° spore / ml) was prepared in sterile distilled water. The
spore suspension was mixed with sodium alginate (4% w/v in sterilized distilled water) and then
using a 10 ml syringe the suspension was extruded from a height of 10 cm to CaCl, (0.7 M) solution
and converted into beads which were stabilized within 10-15 min. Viability of the spore beads was

checked by inoculating the beads in MMN agar periodically.

Mycelium-based inoculum was made by using pure cultures of ECM tungi viz., P. tinctorius, S.
verrucosum and S citrinum raised in MMN agar.  Fifteen-day-old cuitures ot ECM fungi were
transferred to 150 ml MMN liquid med:a. in a 250 ml Erlenmever conical flasks. Periodical shaking
was done by placing them in a rotarv shaker at an interval ot 2 to 3 days. After incubation for a period
of 25 to 30 days at room temperature (22 = 2 ’C). the liquid cultures were filtered through sterile filter
paper. The fungal mycelium was homogenized and mixed with sodium alginate solution (2% w/v In
sterilized distilled water) and then solidified into beads by adding drops of 0.7M calcium chloride
solution (Mauperin er al.. 1987). This results in the encapsulation of hyphal fragments within the
beads of alginate gel. The homogenized fungal mycelial bits mixed with sterile water at a

: 8§  ~ :
concentration of 2 x 10 ° ctu/ml were also used as inoculum

2.10. Arbuscular mycorrhizal fungal inoculum production

Arbuscular mycorrhizal fungi were selected for the planting stock improvement trial mainly on the
basis of their predominance in the rhizosphere soils of the respective host plants. Pot cultures were
established from singie spore of different species of Glomalean fungt, viz. Glomus fasciculatum
(Thaxt.) Gerd. & Trappe, G. mosseae (Nicol. & Gerd.) Gerd. & Trappe, Acaulospora appendicula
Spain. Sieverding & Schenck, and Gigaspora gigantea (Nicol. & Gerd.) Gerd. & Trappe emploving




funnel technique. The pot cultures were grown in non-draining buckets ( 20 ¢cm height and 12 ¢cm
dia) and maintained in glasshouse. Maize (Zea mays) and Rhodes grass (Chloris gayvana Kunth)
were used as host plants. After six months of growth in pots, the maize and rhodes grass plants were
cut at collar region and left for two weeks. Resilient propagules of AM fungi include spores,
mycorrhizal root pieces, and organic ﬁatter containing hyphae. AM fungal inoculum was prepared

by chopping the roots and mixing them with the rhizosphere soil.

Trap pot cultures were also prepared by using soil samples from the field. Rhizosphere soil samples
collected trom different hosts (teak, eucalypts, acacia, rosewood, sandal, albizia) were used for pot
culturing. Five hundred gram of rhizosphere soil along with root bits was layered over sterile sand-
soil mixture (1:1) half filled in plastic pots (non-draining, 200 cc). A thin layer of sterile soil-sand
mixture was put over this. Germinated maize (Zea mays) and Rhodes grass seeds were aseptically
transferred and pl)anted in the pots containing soil-sand mixture and inoculum. The set ups were
maintained in the glasshouse. Hoaglands micronutrient solutions was applied to the seedlings
periodically. After six months of growth, plants were cut at the ground level. The soil was subjected
to drving for two weeks. A portion of soil sampie was taxen out and total spore count was made by
retrieving the spores by wet sieving and decanting method. AM fungai inoculum was preparad by
chopping the roots and then mixing them with the rhizosphere soil. The inocuium. consisung ot the
substrate and the roots chopped into small bits, was air-dried and kept in poivthene bags and stored at

0 . 1
107 C unul used.

2.11. Mycorrhization of planting stock

Seedlings of Eucalvptus tereticornis, E. grandis, Dalbergia latifolia, Acacia mangium, and Santalum
album were raised in rootrainers filled with soil-sand (1:1 ratio). Surface sterilized (with 30 % H;0,
) seeds were sown on polyurethane foam sheet kept immersed in water in an Aluminium tray (30 x 30
x 5 cm). Fifteen-day-old seedlings were transferred to rootrainers and watered regularly. After 15
days growth in rootrainers, the seedlings of different host species were inoculated with different
tormulations (inoculum forms) of AM and ECM fungal propagules separately. Inoculum of AM
fungus was applied at the rate of 10 g per rootrainer cell. The ECM fungal inoculum viz., spore-sand
mixture, encapsulated ECM fungal spores, encapsulated ECM fungal mycelia. ECM fungal mycelial
slurry and ECM spore slurry were applied separately. ECM spore—sand mixture inoculum was
applied at rate of 10 g per seedling and the alginate beads containing spores/mycelia at the rate of five

beads per seedling. ECM spore slurry (spore concentration adjusted to 2x10° spore /ml) was applied

at the rate of 10 ml per root trainer cell. The inoculated and control sets of seedlings were kept in




glasshouse. Observations on various parameters like seedling height, leaf pairs, etc. were recorded at
regular intervals (20, 40, 60, 80, 100 days). The seedling biomass of AM and ECM fungal inoculum
treated and control seedlings (wet and dry weight) was recorded by destructive sampling method and

mycorrhizal inoculation effect (MIE) evaluated using the following formula:

% MIE = Dry wt. of inoculated plant — Dry wt. of uninoculated plant x 100
Dry wt. of inoculated plant

2.12. Evaluation of physical and chemical properties of rhizosphere soils

Rhizosphere soil samples collected from different hosts were brought to the laboratory and analyzed
for their physical and chemical characteristics (Keeney, 1980; Hefferman, 1985; Rayment and
Higginson. 1992). Soil moisture content was determined by oven dry method and soil pH was

measured using digital pH meter.

2.12.1. Lxchangeable cations in soil

The tollowing procedures and materials were used. Ammonium chloride solution 1M was prepared by
dissolving 213.96 g of NH,Cl in 2bout 3.5 1 of distilled water and the pH was adjusted to 8.2 by adding
NHLOH( 28-30% NH; w/w) and made up to a voiume of 4 1. Air dried soil (0.5 g) was weighed,
sieved through < 0.2 mm screen and taken in 50 ml plastic vials and a few milliliter of NH,Cl solution
was added. Swirled to remove any air inside and made sure that soil was saturated with the solution.
The standard soil and blanks were also prepared. The mixture was transferred to 250 ml conical
flasks (calibrated to 150 ml) through a 65 ¢cm dia funnel lined with Whatman No.42 filter paper. The
vials were rinsed with NH,ClI solution and allowed the solution to drain completely before starting
leaching. The addition was made in small quantity and frequently without letting the soil dry in such
a way that leaching has taken between 2 to 3 hours. When the final volume has been reached, mixed
thoroughly and transferred to the vial for analysis. Analyzed for Ca, Na, K, Mg on AA
Spectrophotometer. Standards were prepared by following the same matrix with sample. Results are

expressed in milli equivalent /100 g.
Na ( meg/ 100g) = ( ppm 1n solution- blank) 0.652/ wt. of the sample (g)
K (meyg/ 100g) = ( ppm in solution- blank) 0.3846/ wt. of the sample (g)

Mg ( meq/ 100g) = ( ppm 1n solution- blank) 0.1.25/ wt. of the sample (g)

Ca { meqg/ 100g) = ( ppm in solution- blank) 0.75/ wt. of the sample (g)
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2.12.2. Total Nitrogen (N) and Phosphorus (P) in the soil

Soil sample (0.5 g) was weighed and ground to less than 0.2 mm into the digest tube. Standard
reference soil and blank were also prepared. Added 1 ml of Cu solution and 0.02 g of Salicylic acid
and kept for overnight. Added 2.5 ml of acid digestion mixture (dissolved 30 g of K, SO; in 100ml
of H.SO, and heated 1t necessary. Cu catalyst : dissolved 18 g of CuSO; in 1C0 ml of distilled water)
and placed on digestion chamber. Heated to 360° C for 30 min, removed and cooled. Added 2 ml of
H, SO. and digested at 360° C for one hour. This step was repeated again until the digest was
clear. Removed, cooled and then added 47.5 ml of distilled water, mixed thoroughly and filtered
through Whatman No. 42 filter paper. Analyzed the solution for N and P using a TECHNICON
Autoanalyzer and standards were made in similar matrix to digest the soil. Calculation was made as

follows: Total N or P (%) = (ppm in solution — blank) x 0. 005/wt. of the sample (g).

2.12.3. Organic carbon in soil

Soil sample (0.5 g) was weighed and ground to <0.5 mm and dried in a Kjeldal’s flask. Added 12 ml
ot 8% KiCr.0O-, vshaken well for about 30 sec and added 20 m! cf cenc. H.SO; slowly from a
dispenser and swirled well for about 99 sec. Allewed to cool and added 63 ml of disulied water
and shaken cautiously and allowed to settle overnight. Placed the sampling tube to a depth of 10 cm
of solution (without disturbing the residue). The carbon oxidation was measured by using
Spectrophotometer UNICAM 3625 at 625 nm. Standard and blank were read in the same way.
Organic carbon (OC)% was caiculated as follows: OC % = ppm in solution /wt. of soil sample taken

x 100.

2.13. Statistical analysis

The relation between mycorrhizal root intection percentage and the set of extraneous variables like
age of the plantation and soil variables was investigated through multiple linear regression. Stepwise
regression was employed to identify the most influential set of variables affecting the mycorrhizal
root infection percentage. The root infection percentage was transformed to angular scale before the

regression analysis.

Biodiversity indices were worked out for each sample plot. Relative abundance was measured using

Shannon-Wiener index and Simpson's index. Shannon-Wiener index was calculated as:

H' — 'Zpilnpi



where quantity p; is the proportion of individuals found in the ith species and In indicates natural
logarithm. The value of A’ can range from 0 to In S, the value of the Shannon index 1s usually found
to fall between 1.5 and 3.5 and only rarely surpasses 4.5. Simpson's index assumes that the prop'ortion
of individuals in an arca adequately weighs their importance to diversity. The equation for this index

used 1s :

D=1/3Y p;

where D 1s the diversity and p, 1s the proportion of the /th species in the total sample. This index goes

from zero to the total number of species. An index of one indicates that all of the individuals 1n the

area belong to a single species, and when D = §, then every individual belongs to a different species.
The levels of diversity viz.. Gamma diversity and Beta diversity of AM fungal species in selected

. forest plantations were estimated. Beta diversity was estimated using the following equation:

B,.=(5/8)-1

where S = Total number of species recorded in the svstem: S = Average sample diversity where
each sample 1s of standard size and diversity 1s measured as species richness.



3. RESULTS AND DISCUSSION

3.1. Teak

3.1.1. Arbuscular mvcorrhizal association in teak

A total of 70 teak plantations located in different Forest Ranges in the State (Table 1) were sampled
for arbuscular mycorrhizal (AM) association. The teak plantations were arbitrarily grouped into four,
viz., I to 10-year-old (Groupl), 11 to 20-year-old (Group2), 21 to 40-year-old (Group3), and >40-
year-old (Group4). The arbuscular mycorrhizal (AM) fungal infection in young feeder roots assessed
by following the method of Giovannetti and Mosse (1980) showed that all the sampled teak plants in
different Forest Ranges throughout the State, irrespective of their difference in age, altitude and
edaphic factors, exh’ibite‘d AM fungal association. However, the per cent root infection as well as the

AM fungal species association varied with age of the plants and soil physical and chemical

properties. All the teak plants sampled from the different localities had arbuscular mycorrhizal

structures within their feeder rocts. All typical AM features, such as arbuscuies, vesicies, 1ntra-

Arbuscules were present 1 all the samples studied. providing unequivocal evicence of AM fungal
assoclation with the teak roots. Presence of arbuscules is a sine qua none for identification of AM
fungal infection in roots (Bonfante-Fasolo, 1984). as these structures are formed by all AM fungi,
whereas vesicles are not always tormed (Gerdemann and Trappe, 1974). Vesicles were also observed
within roots, where they were intra or extra-cellular and on extramatrical hyphae. Intracellular
hyphae, which varied in diameter, also formed coils or loops inside the cortical cells. Arbuscules
showed either fine or coarse branching. The morphological diversity of the different fungal structures
observed within the same root samples indicates that teak roots were colonized by several different
AM fungal species. The overall extent of root colonization varied from 2.00 to 86.1 per cent with a
mean of 32.42 per cent. The highest values were registered in root samples collected during the
month of April, which is the driest period, however, since samples from the same plants were not
collected in different seasons, a conclusion cannot be drawn on this. It 1s well known that root
infection by AM fungi varies from season to season depending on the soil physical and chemical

characteristics as well as host’s response.

Of the 15 teak plantations belonging to the Group! (1- to 10-year-old), AM fungal root infection was
observed in all the sampled trees and infection ranged from 3.6 to 83.9 per cent. However, the

average root infection was 27.18 per cent. The highest mycorrhizal root infection of 83.9 per cent in
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this Group was recorded in a nine-vear-old plantation at Vazhachal, Vazhachal Forest Range (Table
9), and lowest root infection in a one-year-old plantation at Dhoni, Olavakkode Forest Range. The

voung teak plantations located at different altitudes (30 to 800 m a.s.l.) did not show any marked

LT Y

Coerence on AM fungal root colonization. However, there is a possible relationship between root

infection and soil characteristics.  Rhizosphere soil samples from most teak plantations were
moderately to strongly acidic, except plantation soils at Olavakkode, Kodanad, and Thundathil Forest
The [owest root infection was observed 1n a

Ranges, which were near neutral to basic. Very young

plantation (l-vear-old), where the soil pH was comnaratively high (pH 7.3) and with a low soil
moisture content (3.6%). Whereas the highest root infection in this group was recorded 1n plantation
with a soil pH of 4.81 and soil moisture content of 10.01 per cent. In general, plantation soils with

comparatively high soil pH (6.5 to 7.3) and low soil moisture content (0.56 — 4.31%) showed low

AM fungal root infection.

Table 9: AM fungal root infection in teak plantations (1 to 10 years-old) in different parts of the State

ISt |Sample iLocality Forest Range Altitude‘Age Root AMF  |Soll Soil
!\ i;Plot No. ? (m) (vr) ifintection |spore |pH MC%

| .s : 1 %4 count
. 713 Begur Berur S 302 | 239 . 353 0 Z.ah
2 T Y azhachal Y GInacha Y 5 S3.G 1 i6= * +.81
3 TS Cherupuzia Raruia: 4 2 236 0 100 332, 1001
423 ,.11 IVassery Nilambur S¢ 1 9 | 54 ! 421 ; 4.95 6.09

5 IT24  {Valluvassery Nilambur 90 7 1223 1 139 | 485 | 4.89
6 T3] ‘Mallana Kodanade 90 2 13.1 358 | 6.76 | 0.56

7 |T34  Perumthode Kodanade 90 | 2 3.1 182 6.8 | 2.02

§ |T33  IKarimpani Thundathil 90 5 128 | 364 | 683 | 431

9 |T4: ‘Dhoni ‘Olavakkode 150 | 1 3.6 690 7.3 | 3.16
[0 1T43 'Ranglamkunnu 'Olavakkode 150 3 23.6 216 7.46 | 4.05
11 |T55 Kumaramperoor iKonm 30 3 17 | 18l 4.76 20.3

12 [T57 Aryankavu Arvankavu 200 9 18 187 4.93 16.02
13 |TS9 Kumbharuhadavu  [Achankovil 160 4 35 108 5.46 9.34
14 | T6] Kodarala ;Ac:hankovil 50 9 15 117 5.71 10.86
15 |T66 |Elimuliumplackal  :Konni 100 3 55 89 4.76 | 17.81

Among tae ten teak plantations belonging to the age group of 11 to 20-year-old (Group II), AM root

infection ranged from 22.9 to 82.1 per cent. The average mycorrhizal infection was 38.55 per cent.
From ail the teak plantations. except one 19-vear-old plantation at Karimpani, Thundathil Forest
Range, more than 25 per cent of AM root infection was recorded (Table 10). In this Group also, high ,
ner cent AM fungal root intections (73.

(Tabie 10).

, 82.1%) were recorded in plantations with low soil pH



Plate 1: AM fungal root infection: a-e: vesicles and arbuscules in infected teak roots, f, g: spores of Glomus

intraradices inside the infected teak root, h: vesicles in Acacia auriculiformis, i: vesicles in Gmelina arborea, J:
vesicles and arbuscules in root of D. latifolia, k: vesicles and arbuscules in root of £. tereticornis, 1. vesicles and
arbuscules 1n root of £. grandis, m: vesicles and arbuscules in teak roots, n, o: vesicles, arbuscules and hyphae in

Paraserianthes falcataria roots.




Table 10: AM fungal root infection in teak plantations (11 to 20- year-old) in different parts of the

State
SI. | Sample Locality Forest Range |Altitu| Age | Root | AMF | Soil Soil
No.! Plot No. de | (yr) |infection| spore pH MC%
i (m) % count |
1 T4  Panavally Tholpetty 760 | 18 | 38.2 631 | 535 | 8.16
2| T8 lrumbupalam Vazhachal 5051 206 | 73.6 | 810 5.13 1 12.34
3 T9  |Irumbupalam Vazhachal 5051 17 | 82.1 357 | 5.04 | 13.32
4 T13 |Kariammurium Nilambur 160 | 19 33.5 98 | 549 | 9.34
51 T22 [Nellikkuthu Karulai 100 | 13 | 256 | 401 [ 323 1 10.03
6 | T25 [Mailady Nilambur 30 | 12 28 65 1 487 ! 19.0!
71 T30 !Mulamkuzhy Kalady 80 | 20 | 27.5 | 239 | 692 | 0.31
8 | T36 |Karimpani Thundathil 90 | 19 | 229 | 295 | 639 | 5.63
9 | T47 |Kottappara Kodanad 50 | 16 | 27.1 168 | 5.73 | 7.86
10| T36 |Cheruvalam Erumely 80 | 16 | 27 244 | 533 | 19.33

Table 11 : AM fungal root infection in teak plantations (21-40- year-old) in different parts of the

State

SI. | Sample | Locality Forest Range Altitudei Age | Root | AMF | Soil | Soil |
No.! Plot | ' (ma.s.l.)l (vr) |infection’ spore i pH & MC% |

. No. | | | %, . count |
! T1 Kaimeram iTholpetty 810 3 | 53 621 579 - 982
2 T2 Camp rcad Tholpetty $20 23 1 58 33T 80D 843
3 |T6  !Chembuvalli Begur 810 | 22 ] 31.6 | 174 @ 576 | 2.74
4 T7 Bavali Begur 800 | 36 | 23.1 | 231 | 6.01 | 2.69
S5 TI0  'Vazhachal \'azhachal 200 1 37 | 86.1 1 461 | 5351 | 15.6l
6 |T12  'Kariummurium Nilambur 110 | 23 33° 1 168 | 5.24 | 8.68
7 |T14  |Thannikkadavu Vazhikkadavu 120 1 27 | 361 | 93 | 509 | 9.34
8 |T16  [Cherupuzha Karulai 30 26 | 30.8 | 136 | 523 | 10.03
9 [T20  |Poolakkappara Karulai 80 130 | 32 | 101 | 522 | 10.39
10 |T28  |Edakkode Edavanna 80 | 23 | 432 | 67 | 508 | 6.11
[1 |T32  iPerumthode Kodanade 88 | 37 | 68 | 238 | 7.01 | 18
12 |T33  |Perumthode Kodanade 90 23 9.8 151 | 6.81 | 3.01
13 [T37 Thundamthodu Thundathil 95 27 11 196 | 6.81 3.61
14 |T45 Vattappara Walayar 210 23 16.6 171 7.45 1.25
15 |T48 Kulathupuzha Kulathupuzha 90 37 32.8 103 | 6.7 3.12
16 |T49 Decentmukku Kulathupuzha 90 39 65.2 120 | 3.6 2.9
17 |T51  |Nadavanoorkadavu |Kulathupuzha 80 | 37 | 357 | 78 | 33 | 4.15
18 |T52  |Valara Neriamangalam 310 | 35 8 160 | 4.8 6.8
19 |T58 Palaruvi Aryankavu 210 | 33 39 169 | 536 | 11.03
20 |T62 jValayam ‘Mannarppara 40 40 14 165 5.75 9.69
21 IT65 'Perumthammoozhy Naduvathoomuzhy | 110 38 53 133 6.18 | 16.97
22 |T68 |Parambikulam Parambikulam 550 38 31 209 6.56 11.24
23 |T69  |Orukomban Orukomban 540 | 36 46 88 6.5 | 14.56
24 |T70 Sungam Sungam 520 3% 29.5 237 6.26 | 16.16




All the 24 teak plantations belonging to the age group of 21 to 40-year-cld (Group III) in different
parts oi the State studied showed AM root infection which ranged from 6.8 to 86.1 per cent. The
average mycorrhizal infection was 34.59 per cent. The highest percentage of AM root intection was
recorded m a 37-year-old teak plantation at Vazhachal, Vazhachal Forest Range (Table 11). In this
category cf plantations also low AM root infection was recorded in plantation soils with high so1l pH.
Teak plantations at Vattappara (Walayar Forest Range), Perunthode (Kodanad Forest Range).
Thundamthodu (Thundathil Forest Range). where the soils were near neutral to basic (pH ranged
from 6.81 to 7.43), exhibited comparatively a iow AM root infection than the other plantations with
low soil pH. Twenty one teak plantations falling under the group of >40 —year-old (Group IV)
showed AM root infection which ranged from 2 to 56.9 per cent. The average AM fungal root
infection was 27.22 per cent. Age of the teak plantation varied tfrom 41 to 90 years. The 90-year-oid
teak plantation at Nedumkayam (Karuiai Forest Range) showed 31.23 per cent AM root infection,
while a 43-year-old teak plantation at Chakkolatharisu (Pattikkad Forest Range) showed the highest
per cent AM root infection of 56.9. However, teak plantations at Olavakkode and Walayar Forest
Ranges, where the soils were basic (soil pH ranged from 7.83-7.96), exhibited a very low per cernt
AM root infection. The lowest per cent AM root infection (2%) was observed in a 65-vear-cold teak
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However, hignest value tor AM root infection in teak plantations belonging to this Group was

observed in plantation with soil pH 6.78 and soil moisture content of 5.98% (Table 12).

3.1.2. Factors influencing AM association in teak plantations

Asbuscular mycorrhizal infection in plants 1s  usually influenced by the prevaiiing edaphic and
environme:tal factors. Physical and chemical properties of the rhizosphere soil samples from the
teak plantations showed a wide range of differences. Soil pH ranged from 4.03 to 7.96: most of the
plantation soils were moderately acidic to highly acidic. Only soil samples from plantations in

lavakkoue. Kodanad. Thundathil. Kalady and Walayar Forest Ranges were near neutral to basic.
Soil moisture content in the teak plantations also ranged from 0.31 to 19.33 per cent with a mean of
6.63 per cent. Organic carbon in the soil samples ranged from 0.99 to 5.88 with a mean ot 2.45 per
cent. in most of the plantation soiis. the ratio of OC % to N% was found about 10:1 ratio indicating
the nutrient richness of the soils. Exchangeable cations viz., Na, Ca, Mg, and K also showed high
variation. Sodium (Na) ranged from 0.052 to 0.109 (meq/100g), calcium (Ca) ranged from 0.166 to
3.804 (meg/100g), and magnesium (Mg) rarged from 0.041 to 0.541 meq/1G0Cg. Total nitrogen (N)

and phosphorus (P) percentage varied trom 0.09 to 0.515 and 0.01 to 0.21 respectively (Table 13-16).




Table 12: AM fungal root infection in teak plantations (>40 year-old) in different parts of the State

SL. | Sample | Locality Forest Range | Altitude | Age | Root AMF | SoilpH | Soil
No. | Plot No. (m.a.s.l.)| (yr) |infection| spore MC%
% count

1 |T3 Naikkatty Tholpetty 800 |. 46 | 43.6 619 595 | 8.03

2 (T17 Nedumkayam |Karulai 80 90 31.2 | 383 5.24 9.69

3 ITI8  |Pulimunda Karulai 90 | 41 | 3123 | 8 | 5.02 | 10.02 |
4 |T19  |Poolakkappara Karulai 70 | 50 | 38 | 68 533 | 10.11 |
5 T2l Nellikkuthu Karulai 90 67 | 394 | 164 536 | 9.8l

6 |T26 Chliarmukku Nilambur 20 45 31.8 29 4.03 19.08
7 iT27 Akampadam INilambur 50 43 46 64 5.17 8.31

8 {T29 Mulamkuzhy Kalady 75 45 26.5 282 6.48 0.08
9 138 [rumbupalam Pattikkad 80 44 23 136 0.65 5.35 |
10 1T39 Chakkolatharisu | Pattikkad 90 45 56.9 110 6.78 5.98 l
11 1T40 Vallikkayam 'Peechi 110 41 10 190 692 | 378 |
12 |T42 Dhoni Olavakkode 160 65 2 129 783 | 3.89 |
13 |T44 Dhoni-Quarters Olavakkode 160 43 8.2 138 7.48 1 242
14 |T46 Walayar ‘Walavar 260 41 14 146 7.96 | 0.76
15 |T30 Kattilappara Thenmala 90 41 15.8 141 5.4 4.16
16 |TS3 Vithura Paruthipally 110 42 43 83 4.49 14.91
17 T34 Nhaloor Konni 25 51 12 206 4.05 1 17.59 |
18 1T60 Kuttippara Kallar B 44 26 167 576 1 10.19 |
16 iT63  |{Acahankovil Achankovil | 8 44 22 194 597 1046
20 ITé4 Konni Konni 100 55 1) 383 3.69 1477
21 167 Kanrnavam Kanneth X0 43 41 164 53.72 16 U2
Table 13: Chemical and physical properties of soil and AM root infection and spore density

in teak plantations (1 to 10-vear-old)

Sam |  Locality Root "AMF Seil | MC | OC | Na | K | Ca | Mg | N | P
ple infection | spore | pH %% % | meq/ | meq/ | meq/ | meq/ | (%) | (%) |
No. % | count 100g 1100 g | 160 g | 100 g | ’
TS |Begur 303 1 289 | 553 1 2.16 | 3.56 | 0.07 | 0.055| 3.09 |0.452]0.320.31 !
T11 |Vazhachal 3.9 | 164 | 4.81 | 10.01 | 1.87 | 0.06 | 0.049 | 0.83 | 0.104] 0.19 | 0.08
T15 Cherupuzha 43.6 | 100 | 5.32 [10.01 ] 0.99 | 0.06 | 0.038 | 0.78 | 0.124 | 0.09 | 0.13
T23 |Valluvassery 26.4 421 | 499 | 6.09 1.5 | 0.08 | 0.051] 0.78 |0.125 | 0.17 | 0.05
T24 |Valluvassery 223 | 139 | 4.85 | 4.89 | 1.49 | 0.08 |0.032| 1.4 0.163]0.15 | 0.05
T31 [Mallana 13.1 | 358 | 6.76 | 0.56 | 4.4 | 0.08 |0.057 | 0.45 |0.054 | 0.49 |0.18 |
T34 |Perumthode 8.1 1 182 | 6.8 [ 2.02 | 2.65  0.07 [0.057] 0.39 | 0.046 | 0.04 | 0.12
T35 |Karimpani 12.8 | 364 | 6.83 | 431 | 3.14 | 0.07 | 0.063 | 0.34 | 0.065 | 0.34{0.12 :
T41 |Dhoni 3.6 690 | 7.3 | 3.16 | 291 | 0.09 [ 0.177 | 1.56 [ 0.197 | 0.37 | 0.11 |
'T43 Banglamkunnu 23.6 | 2i6 | 7.46 | 4.05 | 2.66 | 0.07 | 0.06 | 1.41 [0.136]0.33]0.13 |
T55 |Kumaramperoor 17 181 | 476 | 203 | 33 - - - - - -
T57 |Aryankavu 18 187 | 493 | 16.02] 1.47 | - -] - - - | -
'T59 |Kumbharukadavu 35 108 | 5.46 | 9.34 | 239 | - - - - - -
T61 |Kodamala 15 117 | 5.71 {10.86| 1.63 | - - - - -] -
T66 |Elimullumplackal 55 89 | 476 [17.81] 296 | - - - : - |-

- samples not analysed




Table 14: Chemical and physical properties of soil and AM fungal root infection and spore
density in teak piantations (11 to 20-year-old) in different parts of the State

Sample Locality Root | AMF | Soil | MC | OC Na K Ca Mg N | P
Plot No. infection| spore | pH %o % | meq/ | meq/ | meg/ | meq/ | (%) | (Do)
% 100 g | 100 g | 100 g | 100 g

T4  |Panavally 38.2 | 631 |5.35] 8.16 |2.314]0.109 | 0.054 | 2.107 | 0.22 | 0.227 | 0.088
TS |lrumbupalam 73.6 . 810 5.3 12.3412.992[0.057 10.072]0.672|.0.11 | 0.34 | 0.16
TY llrumbupalam | 82.1 | 357 [5.04]13.32[2.176|0.065|0.115 | 0.861 | 0.12 | 0.245 | 0.096
T13 |Kariammurium | 335 | 98 [3549! 934 | 2.67 10.062|0.063 | 1.942 | 0.179 | 0.21 | 0.068
T22 |Nellikkuthu | 256 | 401 |5.23]10.03 | 1.925 0.0590.023 | 0.819 | 0.162 | 0.213 | 0.052
T25  |Mailady 28 | 65 [4.87119.01]1.979|0.063 | 0.048 | 0.642 [ 0.103 | 0.232 | 0.049
T30 !Mulamkuzhy | 27.5 | 239 |6.92 | 0.31 |5.8820.056 | 0.056 | 0.722 | 0.111 | 0.515 | 0.111
T36 [Karimpani | 229 | 295 [6.59] 5.63 | 2.99 | 0.074 | 0.063 | 0.416 | 0.09 |0.328 | 0.117
T47 |Kottappara 27.1 | 168 | 5.73| 7.86 | 2.662 | 0.068 | 0.055 | 0.236 | 0.048 | 0.282 | 0.132
T56 iCheruvalam 27.0 1 244 155501933 38 | - | - - - - -

- samples not analysed

In general, rhizosphere soil samples (5-20 ¢cm depth) from teak plantations throughout the State

showed high organic carbon (OC) and available nitrogen (N) percentage. In most of the soils, 10:1

ratio for OC% to N% was observed which indicates the high nutrient status of the teak rhizosphere
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However. as most of the soils were moderzie to highly acidic. the nutnient availabiiny as well as
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among the various chemical and physical factors of the soils.
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Under natural conditions 1t 1s believed that AM fungi play a major role in plant nutrient uptake and
also stress tolerance mechanism. Arbuscular mycorrhizal fungi increase the volume of soil exploited
by plants (Bolan, 1991) by their network of hyphae. Root colonization by AM fungi often results in
enhanced uptake of relativelv immobile micro-nutrients (Faber et al., 1990; Kothari et al., 1990; Li et

al., 1991).

Among soil nutrients. phosphorus availability in particular has been shown to play a major role in
plantmycorrhizal relations (Mosse, 1973; Hayman, 1983). Low phosphorus availability has been

repeatedly shown to encourage AM fungal colonization. which in turn improves plant phosphorus

nutrition (Daft and Nicolson. 1969: Hayman and Mosse. 1971). The AM fungal root infection in teak
plants was found in the range of 2 to 86.1 per cent with a mean of 32.42 per cent and highest per cent
infection was recorded in teak plantations belonging to 11 to 20-year-old. In general, young (1 to 10-
year-old) as well as old (> 40-year-old) plantations showed comparatively low per cent AM fungal

.

root infect:on (Figure 5).
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Table 15: Chemical and physical properties of soil and AM fungal root infection and spore density
in teak plantations (21 to 40- year-old) in different parts of the State

-

Plot Locality Root |AMF/| Soil | MC% | OC% | Na K Ca Mg | N(%) | P(%0)
No. infection | spore| pH meq’/ | meg/ | meq/ | meg/
% | count | 100 g | 100 g | 160g | 100 g |
T6 {Chembuvalii 31.6 | 174 1576 2,74 13.196 1 0.071 | 0.073 | 3.804 | 0.258 | 0.22 | 0.057
T7 (Bavaii 23.1 1231 1401 2,69 1 1.9361 0.06 | 0.058 | 0.846 | 0.541 | 0.142 1 0.054 |
T10 |Vazhachal 86.1 | 461 , 5.51, 15.61{2.547]0.052/0.058 | 0.809 | 0.1 |0.262] G.15 |
T12 |Kariummurium 38 1168 {524 8.68 | 1.2160.069 | 0.157 ] 0.521 | 0.09 | 0.103 | 0.042
T14 |Thannikkadavu 36.1 1 93 15.09] 934 | 1.574]0.059 ] 0.027 | 0.775 ] 0.207 | 0.178 | 0.039 |
T16 |Cherupuzha 30.8 0 136 0523 10.03, 1.46 [ 0.063 | 0.07 | 1.354]0.207 | 0.177 ; 0.099 |
T20 |Poolakkappara 32 0101 15220 10.39 1 1.592 1 0.064 1 0.036 1 0.865 ] 0.111 | 0.196 | 0.088
T28 |Edakkode 432 | 67 1508 6.11 |3.2780.061 | 0.043 | 0.836 | 0.127 | 0.274 | 0.038
T32 |Perumthode 6.8 | 238 | 7.01| 1.8 |2.137]0.068|0.067 | 0.558 | 0.106 | 0.298 | 0.114 |
T33 |Perumthode 98 | 151 681 3.00 | 3.16 | 0.077 | 0.057 { 0.606 | 0.097 | 0.301 | 0.12 |
T37 |Thundamthodu 11 1196 | 6811 3.61 [2.395]0.062 | 0.044 | 0.286 | 0.041 | 0.285 | 0.153 |
T45 |Vattappara 16.6 | 171 | ~45] 1.25 | 1.522 1 0.067 | 0.071 | 1.993 | 0.126 | 0.195 | 0.105
T48 |Kulathupuzha 328 1 103 [ 6.7 | 3.12 | 1.683 | 0.09 | 0.06 | 0.369 | 0.135 | 0.179 | 0.G73
T49 |Decentmukku 652 | 120 | 5.6 | 2.9 [2.591]0.058| 0.07 |0.936|0.204 | 0.375 | 0.056
T51 |Nadavanoorkadavu | 357 | 78 | 5.3 | 4.15 | 2.81 | 0.086 | 0.108 ] 0.166 | 0.075 | 0.373 1 0.079
T52 [Valara 8 1160|148, 68 [ 2791 - | - : - |- :
T58 [Palaruvi 39 0169 3360 11030 1.6 -0 - - - - .
T62 |Valavar 12 156G 273 Q4G 0 232 R - .
T65 {Perumuhammoozhy @ 53 1S3 4% 1657 241 oL o - - :
T68 |Paramaikziz- 30 29 AFE iili 2sR - - - - -
T69 |Orukomban 36 S8 [ 63 14360 312 0 - L - 1. - - -
T70 |Sungam 295 12377626 16,16 367 | - | - : : - -
- Sampies not anaivsed |
Tablie 16 : Chemical and physical properties of soil and AM fungal root infection and spore
density 1n teak plantations (>40-year-old)
Sample | Lovality Rootin. AM F = Soil MC 1 OC Na K | Ca Mg N P
Plot No. ! fection spore: pH + % | % | meq/ | meq/ | meq | meg/ | (%) | (%)
% | 100 g | 100 g |/100 g| 100 g
T3  |Naikkatty 43.6 | 619 595 8.03 |3.562| 0.07 [0.047 [ 1.823]0.259 | 0.183 | 0.051
T17 |Nedumkayam 31.2 | 83 5241 9.69 |2.2180.053]0.029|2.161 | 0.28 | 0.22 | 0.068
T18 |Pulimunda 31.23 1 86 15.02]10.021.839 | 0.065 | 0.031 | 1.426 | 0.195 | 0.203 | 0.051
T19 |Poolakkappara 38 1 68 13.33110.1111.217]0.061(0.057 ] 0.94 | 0.199 | 0.169 | 0.01 !
T21 [Nellikkuthu 394 1 164 1536, 9.81 | 1.283]0.062 | 0.038 ] 1.026 ] 0.137 | 0.136 | 0.066 |
T26 |Chliarmukku 3.8 | 29 14.03119.081.8950.079 [ 0.058 | 1.441 ] 0.223[0.238 ] 0.053 |
T27 iAkampadam 46 1 64 1317 831 12688 0.06 |0.076 | 1.182|0.117 1 0.274 1 0.049 |
T29 |[Mulamkuzhy 26.5 | 282 {648 0.08 | 3.33 {0.057 | 0.04 | 0.188 | 0.042 | 0.355 | 0.099
T38 |Irumbupalam 23 | 136 | 6.65] 5.35 | 2.55 [ 0.067|0.067 | 0.661 | 0.114 | 0.292 | 0.124
T39 |Chakkolatharisu | 56.9 | 110 | 6.78 | 5.98 |2.349 [ 0.082 [ 0.093 | 1.637 | 0.262 | 0.339 | 0.145
T40 |Vallikkayam 10 | 190 |6.92| 3.78 |3.365]0.073 | 0.097 | 1.705 | 0.248 | 0.307 | 0.089
T42  [Dhoni 2 129 1 7.83 | 3.89 | 2.46 | 0.083 | 0.095 | 2.096 | 0.232 | 0.295 | 0.101
T44 |Dhoni-Quarters | 8.2 | 138 | 7.48 | 2.42 |2.783]0.069 | 0.073 | 1.938 | 0.155 | 0.33 | 0.131
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T46 |Walayar 14 | 146 [7.96 ] 0.76 | 2.045]0.073]0.117 | 2.689 | 0.199 | 0.232 | 0.106
T50 |Kattilappara | 158 | 141 | 5.4 | 4.16 | 3.447]0.059 | 0.172 | 1.437 [ 0.429 | 0.419 | 0.07!
T53 |Vithura 43 | 88 | 4491491 258 | - : . i i -
T54 |Nhaloor 12 | 206 |4.05]17.59| 2.53 | - - - - i -
T60 |Kuttippara 20 167 | 5.76 | 10.19 | 1.89 - - - - - -
T63 |Achankovil 22 | 194 | 597 ] 1046 149 | - | - - - - -
T64 |Konni 10 | 388 [35.69(1477] 232 - | - | - : - |-
T67 |Kannavam | 41 | 164 [5.72119.02 ] N : -] -

- samples not analysed

AM fungal root infection in teak
plantations
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Figure 5: AM fungal root infection in teak piantations of difterent age

The relation between AM fungal root infection percentage and the set of extraneous variables like
altitude, age of the plantation and the soil variables like soil pH, soil moisture content (MC%),
organic carbon (OC%), total nitrogen (N) and phosphorus (P) percentage, exchangeable cations (Na.
Ca. Mg) were analysed through multiple linear regression. Stepwise regression employed to identify
the most influential set of variables affecting the root infection percentage showed that soil pH,

altitude, soil magnesium (Mg) and sodium (Na) levels influenced the root infection.

However, of these, soil pH accounted for around 35 per cent of the total variability in AM root
infection percentage followed by altitude, magnesium and sodium levels. Effects of all the above
variables were significant at 0.05 level, while that of the variables like soil moisture content (MC%),
organic carbon (OC%), total available nitrogen (N) and phosphorus (P) and cation (Ca), etc. were

found insignificant in the model used (Tables 17-18)



Table 17a: Analysis of variance of data on AM root infection percentage, altitude and soil physical
and chemical characteristics

g

Source Degree of . Sum of squares \Mcan square | F value P>F
freedom o

Model 4 ' 4508.55560 1227.13550) 14.16 <.0001

Error | 46 39835.46546 <. 64035 |

Corrected Total ' 50 3894.02106 ‘ |

™~

*Significanrat P=0.0

r

Table 17b: Parameter estimates of regression model relatine AM fungal root infection percentage.

altitude znd soil physical and chemical characteristics

Variazies ~ Parameter Estimate | Standard Error | Twpe 11 55 _Fvalue | P>F
| Intercer: | 101.50613 1i.13848 | 719342570 | 83.03 - <.0001
Altitude | 0.02619 0.00625 1 1519.7:1229 17.54 0.0001
Soil pH - -7.70467 1.46434 | 239784919 27.68 | <.0001
Na  -296.07794 126.42053 45344745 | 5.23 | 0.0268
My 43.03769 1223967 69098420 | 7.9% 1 0.0070
* Significer: at P= 0.0 P |
Table IX: Summary of stepwise selection
Sten “znigotes entered ! Partial R - i Model R- - Cpl F value P >F |
1 Sol oA | 0,353 ©0.3337 23251 ' 26.82 - <.0001
2 L nruce 0.0786 - 0.4324 114 2040 . 6.65 - 0.0130
i 3 0.0635 0.3009 1 ARl 6,45 0.0144
E 2 0.0310 0.5319 = <39 523 | 0.0268
* Signitic i o=l

3.1.3. AM root infection and AM fungal spores in rhizosphere soils

For reimeving the AM fungal spores irom the soil samples. Wet sieving-decanting as well as wet

sieving-:2ntrirugation methods were emploved. Both the tecr.niques yielded almost similar results as

e

P .
|

far as 1.zl AM spore count is concemed. However, AM :ungal spores retrieved by wet sieving-
centrifzzanien method often lose hyvpral attachments to ti.e spores which are more crucial for

taxoncmic inyeastigations.

The AM! spores retrieved from differen: soil samples ranged '~om 29 to 810 with a mean value of 216

per 1G ; of scil. The AM fungi procuce the reproducuve stmuctures viz., spores and sporocarps in

soil or - infected root tissues. Production of the ascsual spores depends on the intrinsic

33




characteristics of the AM fungal species, and influenced by the physical and chemical charactenstics
of the soil and also the host plants. Most AM fungi produce spores in large numbers, while a tew
species produce a limited number of spores in the substratum. Also the available technology
employed to assess the spores in soil samples may be inefficient to record all the available spores.
Hence, there is limitation in assessing the spore density of AM fungi in soils and requires periodic
assessment to get a clear picture about the AM fungal population dynamics. However, total spore
density and species-wise frequency were taken into consideration to assign the most predominant AM
fungal species in the population. The relation between AM fungal spore density in rhizosphere soil
and AM tungal root infection in teak showed a weak linear relation; the correlation coefticient was

found non-significant (Figure 6).

Correlation between root infection and AM spore count = 0.149226

Relation between AM count and
root infection percentage
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Figure 6: Relation between AM tungal spore density and AM fungal root infection

3.1.4. AM fungal diversity in teak plantations

Teak exhibited varying degree of mycorrhizal root infection under different edaphic and
environmental conditions. The AM fungi associated with it also showed diversity in their temporal
and spaual distribution. Altogether, &5 species of Giomalean fungi belonging to six genera viz.,
Glomus, Acaulospora, Gigaspora, Entrophospora, Scuteilospora and Sclerocystis were recorded
from the rhizosphere soils from 70 teak plantations (Plates 2-3). The AM fungal community 1n soils
under teak consisted of 12 to 39 species belonging to different genera with a mean spore density of

211.85 per sample plot ( Figure 7; Table 19).



Table 19: Distribution of AM fungi in soils under teak plantations in the State

Sl AM fungi . No.of AM Mean No. of Total No. of AM
No. fungal species | AMEF spores per fungal spores
plantation

1 Glomus 43 119.44 . 8361

2 | Sclerocystis 7 | 44.52 3117 |
'3 I Scutellospora 13 8.98 629 |
: 4 Acaulospora 13 i 20.35 1425

' S Entrophospora 2 1.0 70

6 | Gigaspora 7 | 7.2 504

"7 | Unidentified . 10.34 724
| | Total 83 | 211.85 14830 |

e —

Distribution of Glomalean fungiin teak soils

Glomus  @Scuteliospora CAcaulospora
Sclerocystis  mGigaspora O Entrophospora

Figure 7: Distribution of Glomalean fungt in soils under teak plantations

Among the Glomalean fungi, Glomus was the most predominant genus in all the rhizosphere sotls
samples collected from teak plantations in the State. A total of 44 species belonging to Glomus were
identified. Of these, 24 species were found widespread in teak soils throughout the State and their
mean spore density ranged from 0.76 — 30.61 per sample plot. Among these, Glomus australe
(Berk.) Berch, G. borrvoides Rothwell & Victor, G. deserticola Trappe, Bloss & Menge, G.
fasciculatum, G. geosporum (Nicol. & Gerd.) Walker, CG. macrocarpum Tul. & Tul, G. mosseae, G.
multicaule Gerd & Bakshi are the most frequently encountered species (Plates 2,3) and their spore
density ranged from 3.65 — 30.61 (Figure 8). Another 16 Glomus species were found sparsely

distributed in so1ls under teak in the State with a mean spore density of 0.028 — 0.385 per plot.
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Distribution of Glomus spp.in teak soils
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Figure 8: Distribution of Glomus spp. in soils under teak plantations |

Thirteen specics of Scutellospora were recorded from the teak rhizosphere soils (Plate 9). Among
these, Scutellospora ervinropa (Koske & Walker) Walker & Sanders, Scut. hererogama (Nicol. &

Gerd.) Waiker & Sanders. Scue nigra ((Redhead) Walker & Sanders. and Scut. persica (Koske &

hrj

Wainer) Waiker & dancers were the most widely distributed species (Figure @ ). Many spores
telonging to Scutellospora could not be identified up to species level due to insufficient murographic

data.

Distribution of Scuteilospora spp. in
teak soils
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Figure 9: Distribution of Scutellospora spp. in soils under teak plantations



A total of 135 Acaulospora species were recorded from the teak rhizosphere soils from the State. The
spore density of individual species varied from 1.14 — 8.08 and the mean spore density of of sample
plot recorded was 20.35. Acaulospora appendicula, A. scorbiculata Trappe, A. refimii Sieverding &
Toro, A. spinosa Walker & Trappe =o-0 i most frequently encountered species 1n tc.ak soils (Plates

6,7). Even though, the spore density recorded was comparatively less than the above species, A.

bireticulata Rothwell & Trappe, 4. foveara Trappe & Janos and 4. delicata Walker, Pteifter & Bloss

-m’.J

were also represenied In most of the teak soils (Figure 10). A large number of spores (> <40) ot
Acaulospora could not fit into descriptions of known species. Even though, the present studyv
indicates a predomunance of Glomus over other AM fungal genera, the genus Acaulospora
represented all the soil samples from teak plantations and is one of the important component of the

AM fungal community

The genera Acaulospora and Scutellospora are diverse in the tropics (Walker, 1992; Allen et al..
1995) and are often associated with acidic soils (Morton, 1986; Abbott and Robson, 1991). Similar

observations have also been made in the tropical soils by Raghupathy and Mahadevan (1993), Thapar
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and Khan {193%)and Muthukumar and Udaiyan (200C). In the present study also Acaulospora <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>