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PREFACE 
Agenda 21 calls lor the conservation 01 bi iversity as well as actions to 
ensure sustainable development in the ag icultural and other sectors. A 
major leature 01 global change in the trop is that 01 land-use associated 
with agricultural intensification (Lavelle el l. 1997). In addition to plants, soil 
is the habitat 01 a diverse array 01 organis s: archaea, bacteria, lungi, 
protozoans, algae and invertebrate anima s, lhe activities 01 which contribute 
to the maintenance and productivity 01 ag oecosystems by their influence on 
soil lertility (Hole 1981, Lavelle 1996, Sru saard el al. 1997). This is 
mediated through lour basic activities: 

1. Decomposition of organic matter, w ich is largely carried out by 
bacteria and lungí, but greatly lacilitated soil animals such as mites, 
millipedes, earthworms and termites whíc shred the residues and disperse 
microbial propagules. Together, the micr rganisms and the animals are 
called decomposers, but the term linor transfo rs has now come to be used to 
describe these animals, where they are n t also ecosystem engineers (see 
below). As a result 01 decomposition, org nic e can be released as COlor 
eH4, but also incorporated into a number I pools within the soíl (soil 
organíc matter or SOM) whích vary in thei stabílity and longevity, but are 
generally in equilibrium with each other a d the inflows and outflows 01 e 
lrom the system. 

2. Nutrient cycling, this is eJosely associ ted with organic decompositíon. 
Here again the microorganisms mediate ost 01 the translormations, but the 
rate at which lhe process operates is dete míned by small grazers 
(micropredators) such as protozoa and n atodes. Larger animals may 
enhance some processes by providing ni es lor microbial growth within 
their guts or excrement. Specific soil micr organisms also enhance the 
amount and efficiency 01 nutrient acquisiti n by the vegelation through the 
lormation of symbiotic associations such s those 01 mycorrhiza and N2-
fixing root nodules. Nutrient cyeJing by the soil biola is essential lor all lorms 
of agriculture and lorestry. So me groups f soil bacteria are involved in 
autotrophic elemental transformations, i.e they do not depend on organic 
matter directly as a food source, but may onetheless be affected indirectly 
by such factors as water content, soiJ stab Iity, porosity and e content, which 
the other biota control. 

3. Bioturbation. Plant roots, earthworms, termites, ants and some other soil 
macrofauna are physically active in the so 1, forming channels, pores, 
aggregates and mounds, or by moving pa ieJes Irom one horizon to 
another, in such ways as affect and deter ine physical structure and the 
distribution of organic material. In doing s ,they create or modify 
microhabitats for other, smaller, soil orga sms and detenmine soil 
properties such as aeration, drainage, ag regate stability and water holding 
capacity. 

Therefore they are also called soil ecosy tem engineers (Stork and 
Eggleton, 1992; Jones el al. 1994, Lawton 996, Lavelle el al. 1997). For 
animal soil ecosystem engineers it is usua to add to the definition that they 
also form laeces which are organo-minera complexes, stable over periods 
01 months or more (Lavelle el al. 1997). 
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Beyond the challenge 01 assessing the soil lertility benelits of retaining or 
enhancing the biodiversity of lhe soil com unity lies the question 01 giving 
this economic value at Ihe level of Ihe far ,Ihe nalion and Ihe globe. We 
can dislinguish between Ihe short term be elits 01 soil lertility alter slash­
and-burn GOnversion 01 loresls in a long-la low rolalion and the value 01 the 
delorested land lor permanent agriculture r plantation use. Apart from 
these values 01 the forest lor local users a d newcomers, there are 
additional "environmental service" lunction ,such as biodiversity 
conservation, watershed protection and mi igation 01 greenhouse gas 
emissions, which are values for the outs id world, though difficult to 
quantify. At the soil lunctional level, the sh rt -term benelits 01 some types 01 
soi l biodiversity may be relatively easi ly ev luated , lor example the gain in 
nitrogen Irom introducing N-lixing bacteria, but others are less easily 
specified, for example the improvements t structure resulting !rom the 
introduction 01 earthworms. While many la mers maintain above-ground 
biodiversity lor a variety 01 reasons, the lin age between this and soi l lertility 
may or may not be part 01 the perceived v ue. The enhancement 01 soil 
biodiversity by the retention 01 crop residu s and other organic matter and 
by limita tions in the use of pesticides will al o have associated labour costs 
which are part 01 the assessment. 

Origins of this manual 

The manual describes sampling and labor tory assessment methods lor the 
biodiversity 01 a number of key lunctional 9 oups 01 soil biota . The methods 
were in itia ll y assembled and the protocols ralted by a number 01 scien tists 
affiliated with the Tropical Soi l Biology and ertil ity Institute of CIAT (TSBF), 
the EU-funded Macrofauna Network, the N RC (UK}-funded Terrestrial 
Initiative in Global Envi ronmental Researc (TIGER), and in particular, the 
UNDP-GEF funded Alternatives lo Slash a d Burn Project (ASB). Under Ihe 
subsequent CSM-BGBD project (Conserva ion and Sustainable 
Management 01 Below-Ground Biodiversity , methods were progressively 
refined in workshops held in Wageningen ( 002), Sumberjaya (2003), Embu 
(2004) and linally Manaus (2005). The last I these meeting s was also able 
to draw on the experiences 01 field samplin in 7 countries participating in 
the project, as well as the recommendation 01 taxon-specilic workshops 
he Id in Cali (on microsymbionts, Cali 2003 ; on soi l lungi, Bangalore 2003; on 
earthworms, Nairobi 2004 and on termites nd ants, Nairobi 2005), and on 
several in-country workshops held since th inception 01 the project in 200 1. 

The objectives and working hypotheses ar as lollows; the methods were 
assembled to provide a standardized basis or achieving the first objective. 

Objectives and working hypotheses 
1) To characterize soil biodiversity occurrin in natural forest , current land­
uses resulting (rom slash and burn agricult re and the "best-bet" alternative 
sustainable regimes of land management. 

2) To establish the relationship between th above-ground and the below­
ground biodiversity across current and alter alive land-use sys tems. 

3) To identily "entry points" for improved la d management through 
introduction and/or management of soit biot . The "entry poinls" mighl 
include better understanding of indigenous nowledge and more eflective 
utilisation 01 available technologies . 
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INTR DUCTION 

CHARACTERIZATION OF THE ~OIL BIOTA ANO 
METHOOOLOGICAL APPROACHES 

Key functional groups 

The taxonomic diversity of the soil biota i so high that inevilably some 
seleetion must be made. The taxonomie groups described below were 
seleeted on Ihe basis of their diverse funetional significance to soil fertility 
(hence the term "target taxa"); and their relative ease of sampling (Fig. 1). 

1) Earthworms, whieh influence both SOil1 porosity and nutrient relations 
through ehanneling, and ingestion of mineral and/or organie matter, and 
whieh aet as regulators of soil biotie populations at smaller special scales, 
for example mesofauna, mierofauna and mierosymbionts. 

2) Termites and ants, which influence a)ISOil porosity and texture through 
tunnelling, soil ingestion and transport, a~d gallery construction; b) nutrient 
eycles through transport, shredding and dlgestion or organie matter. 

3) Other macrofauna sueh as woodlice, ~illiPedes and some types of 
insect larvae whieh aet as lilter transformers, with an important shredding 
action on dead plant tissue, and their predators (centipedes, larger 
araehnids, some other types of inseet). 

4) Mesofuana, sueh as collembolans and mites, whieh aet as lilter 
transformers and mieropredators (grazer of fungi and bacteria, and 
predators of other soil animals), thus cont 'buting to smaller-scale organic 
comminution proeesses and exerting a st ong regulatory role within the soil 
biota. 

5) Mlcrofauna, prineipally nematodes, w ieh a) influenee turnover in their 
roles as root grazers, fungivores, baeterivpres, omnivores and predators b) 
oeeupy existing small pore spaces in whiT they are dependent on water 
films e) usually have very high generie afld speeies riehness and d) have a 
strong role in the regulation of mierobial abundanee and aetivity. 

6) Arbuscular mycorrhizas, whieh assodiate with plant roots, improving 
nutrient availability and redueing altaeks t plant pathogens. 

7) Legume-nodulating bacteria and, whfn relevant, other N-fixing 
mierosymbionts whieh transform atmosPhr rie N2 into forms available for 
plant growth. 

8) Phytopathological, saprophytie and a~tagonistie fungi, whieh determine 
crop viability and the turnover of organic 1 rbon during decomposition. 

Sampling design: overall strategy 

Under the ASBprotocols, based on long-~tanding TSBF-CIAT approaches, 
macrofauna, mlcroblota and so11 (for physlcal and chemical analyses) are 
sampled in transects, for which the optim m size was suggested as 40 x 4 m. 
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However, for the quantitative sampling of t rmiles and for a number of above­
ground studies (particularly plant functional attributes and e sequestration) in 
ASB work, quadrats of 40 x 5 m were deployed, and it seemed advisable to 
standardize both above-ground and below-ground work at 40 x 5 m (Fig. 2). In 
further amendments to the procedures, pitfall trapping of surface-active 
invertebrates and a 100 m qualitative transect for termites were added to the 
sampling. These can take place along one flank of the transect (pitfalls) or in 
parallel at about 5-10 m distance (termite transect) . These modifications were 
intended, in part , to conlribute elements of true biodiversity lo the dataset by 
achieving resolution at the species level, but also to mitigate Ihe variability of 
data from short transects on groups with typically patchy distributions. 
Replication of transects in each site was also considered desirable, as it 
facilita tes statistical analysis of the data obtained, though this may not always 
be practical where time and funding are limited . 

Note that in small field plots, highly dissected cropping systems or on 
difficult terrain, it is not necessary for the transect to be both linear and 
contiguous. For example, where the greatest linear dimension of a particular 
land-use is <40 m, two parallel transects of 
20 m sample with the same theoretical efficiency as one of 40 m. Similarly, 
a transect can be bent through angles up to 900 to sample plots of irregular 
shape or to avoid significant natural features such as streams, steep slopes 
or rock outcrops. Tree falls should, however, be included in the transect if 
this is appropriate to its existing line and length, and not bypassed. 

In the ASB regime, there was a heavy emphasis on the digging of monoliths 
(8 recommended , with 5 as a minimum), arranged along the transect. 
Monoliths are used to address the macrofauna (ants, termites and 
earthworms), and when used in relatively large numbers (5 or more per 
location), can generate quantitative data on biomass, as well as diversity. 
Sampling of microfauna, microsymbionts and other microorganisms was 
arranged in various appropriate schemes along or around the transect, and 
pitfall traps were added to widen Ihe range of macrofauna sampled. 

Prior I1Her rflmoval, then 
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country and each is sampled through a number of windows defined via 
satellite imagery. Within each window a large number of prospective 
sampling sites (individuallocations) are identified by a grid-intersection 
method. Sites actually sampled are chosen to be representative of the major 
land-uses found within the benchmark locality, and to provide roughly the 
same number of samples per land-use. Benchmarks, windows and 
individual sites provide a scheme of replication for the sampling of each 
land-use. 

~ 
... -0 

- "" -..mI 

• • 5m 

t 

- "'" --.. - - --.. 
Fíg. 3. Minimum point sampling scheme for a/l soil biota. Sampling can be 
extended by using one or two additional transects for termites, ants and 
beetles, by casual sampling for termites (1 hour) and by additional monoliths 
to capture more earthworms. 

Procedures follow Anderson and Ingram (1993), making use ot pitfall traps 
together with the digging of soil monoliths of dimensions 25 x 25 x 30 
(depth) cm. An additional 20 x 2 m sampling transect is used tor termites. 
This transect can also be used for ants and beetles, although it is belter if 
the lilter quadrats are arranged in a separate parallel line, as shown in Fig. 
3. 

Sampling procedure 

a. Isolate the monolith by culting down with a spade a few centimetres 
outside the quadrat and then digging a 20 cm wide and 30 cm deep trench 
around il. NB, in a variant of the method, all invertebrates longer than 10 cm 
excavated from the trench are collected; these will be mainly large 
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collectors) and the lollowing microniches are investigated in detail : surface 
soil and litter down to a depth 01 about 

5 cm ; deep accumulations of litter and soil between large buttress roots; 
dead wood in all slages 01 decay; termite carton or soil runways on tree 
trunks and other vegetation; subterranean, epigeal and arboreal termite 
nests and mounds to a height 01 2 m aboye ground level (including purse 
nests suspended on vegetation). Soil, litter and woody ilems can be rapidly 
dissected in Irays ; this is oflen helpful in revealing termites in cryptic niches, 
or when light is poor. Sticks should be broken into pieces and tapped onto 
the trays with moderate lorce to displace any termites they contain. Larger 
items 01 dead wood should be chopped up, bearing in mind that they may be 
inlested in one part and not another. Rotting wood partly incorporated into 
the topso'¡l or covered in soil sheeting will Irequently contain termites 
Mounds and nests may be inhabited by species other than, or in addition to 
those building them; it is therelore advisable to check the periphery and Ihe 
base 01 the structure, as well as its central chambers. 

iv) Representatives 01 the termites discovered should be preserved in 
alcohol, wherever possible including soldiers as well as the worker caste. 
One specimen tube should be used lor ea eh population (or apparent colony) 
encountered . A label should be added into the alcohol on which is noted 
(NB, in pencil or waterprool ink , not ball-point!): 

The inlormation is important in establishing Ihe nalure 01 Ihe termile 
community (especially lunctional group diversity) and lor construcling a 
species-accumulation curve. To avoid conlusion in termite-rich sites, the 
labels should be written as soon as the termites have been placed in the 
specimen tubes. Elsewhere, labels can be written when the searching 01 
each section 01 the transect is completed. However, the 30 minutes 
allocated should include labeling time. 

v) A short training or orientation period is usually necessary belore 
inexperienced colleclors can sample with the same efficiency as experts. 
Ideally, a training transect, 50 or 100 m should be sampled first, with the 
guidance 01 an experienced collector. Collectors should work steadily (rather 
than Irantically) through each 30 minute sampling period and aim lo 
maintain the same level 01 sampling efficiency in all sections 01 the transect. 
For this reason, and to minimize the necessity 01 having to work in poor 
light, it is recommended that no more Ihan 12 sections be completed in any 
one day. II is also helplul to rest lor a lew minutes between sections Two 
experienced collectors can therelore complele a transect comlortably in two 
days. In most sites there is no need to collect every termite lound, and very 
common species might be passed over afler being initially sampled in order 
to search lor rarer or more cryptic lorms, or to lind soldiers in species that 
have relatively low soldier/worker ratios (bul bearing in mind thal some 
species are soldierless). 11 is impossible lo sample ellicienlly in heavy rain, 
so it is permissible lo inlerrupl colleclion until better condilions relurn . Work 
can be divided between the collectors in any mutually agreed way, tor 
example lor ea eh lo work in Ihe 1 m belt on opposite sides 01 the line, lo 
divide ea eh section into two subsections each 012.5 x 2 m, lor one to 
sample wood and mounds, while the other examines soil and tree roots, etc, 
depending on the nature 01 the site and the section-to section topography. II 
is recommended that soil should be dug up in at least a dozen well 
separated places per section 01 transect. In transects where tew termites 
are encountered, it is important to observe the sampling protocol exactly, in 
spite 01 the small returns, and nol lo curtail the work. 
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termites are usually more conspicuous than other feeding types, by reason 
of the numerous galleries or soil sheets constructed over wood, lilter and the 
surface of the ground, foraging holes opening to the surface from 
subterranean passages or the formation of uncovered columns of 
individuals (usually mixtures of foraging workers and soldiers). 

Specialized- and incidental-feeders This category lollows the listing of 
termite loods given by Wood (1978), and includes species feeding on fungi, 
algae, bryophytes and lichens on tree bark (for example Hospitalitermes 
hospitalis in SE Asia; species of Constrictotennes and Ruptitermes in S. 
America), dung-feeders and scavengers of vertebrates corpses (probably 
consumed opportunistically, although dung is arguably a form of decayed 
lilter), and also certain secondary inhabitants 01 termite mounds which feed on 
the organic-rich linings 01 internal chambers as obligate inquilines (for 
example Ahamitermes and Incolitennes in Australia : Gay and Calaby, 1970; 
Ophiotennes and Tuberculitennes in WesVCentral Africa: Eggleton and 
Bignell, 1997). 

The categories are not mutually exclusive and many species will take food 
from at least two sources, especial ly under unfavourable conditions. 
Identification of the functional group can be made by reference to abdominal 
colour in live specimens (soil-feeders and soil/wood interface-feeders are 
darker), site of discovery (in wood, in soil, etc) and other aspecls of biology 
such as nesting site (arboreal nesters are usually non soil-feeders), absence 
of soldiers (generally indicates soil-feeders) and taxonomic affiliation (e.g. all 
Macrotermitinae are non soil-feeders; most Apicotermitinae are soil-feeders 
or soil/wood interface-feeders). If allocation to functional group is difficult, a 
useful approximation is to divide the species into "soil-feeders" (soil-feeders 
and soillwood interface-feeders as defined above) and "non-soil-feeders" (all 
the rest). The distribution 01 species between these categories indicates 
termite community structure; forest communities are often dominated by 
soil-feeders, but disturbance or drying-out generally increases the 
proportions 01 other functional groups. 

Similarly, it is possible to compare termite assemblages on the basis of 
nesting types by allocating species to the following categories: 

Wood nesting Termites whose colon y centres are normally within dead logs 
or standing trees. Sometimes the dead wood is gradually replaced with 
carton material or fungus combo 

Hypogeal nesting Termites whose colony centres are below the ground. 
The centres are often poorly defined and amorphous (especially in the 
soldierless Apicotermitinae), with liltle obvious internal structure, although 
some have complex underground nests (e.g. many Macrotermitinae). This 
group includes many species which are facultative secondary inhabitants of 
epigeal mounds. 

Epigeal mounds Termites whose colony centres are above ground (but 
excluding arboreal mounds), free-standing or associated with tree 
bultresses. These mounds are usually well defined and highly complex 
structures, built to species-typical specifications but with a tendency to 
become more irregular as they age through erosion, additions and 
occupation by secondary inhabitants. 

17 



separates smaller macrofauna and some mesofauna from the organic 
material, and the animals can then be colleted from the sheet using a hand­
held aspirator (pooter). In this case a search limit of 30 mins should be 
observed per 1 m2 of litter sampled. Dried litter from the Winkler bags should 
be weighed at the conclusion of the extraction. 

d. 3 or more pitfall traps are installed at roughly 4m intervals along one flank 
of the ant transect line, approximately 14 m from the monolith. The traps are 
put in during the afternoon or early evening and emptied 24 hours later. 
Each trap contains a little water, with a few drops of detergent added lo 
immobilize specimens by drowning. Glass jars of about 10-15 cm mouth 
diameler make suitable traps, or use plastic sups as shown in Fig. 5 and 
Fig. 6. Deplh of Ihe traps is not critical, but the mouth rnust be exactly flush 
with the surface of the ground. A sloped cover (for example an inverted petri 
dish, or a piece of plywood or plastic), supported on twigs over the jar, is 
useful to keep rain out. 
Pitfalls will collect a variety of soil animals, inciuding sorne collembolans. 
Collembola fillers (53 11m and 38 11m mesh) can be used to separate these 
from other fauna. 

e. Record the number and fresh weight of all animals and identify to at least 
the taxonomic and functionallevels indicated in Table 2 (but preferably 
further). The presence and weight of termite fungus combs (if any) should 
also be noted. If a balance is not available in the field, fresh weight can be 
approximated for preserved specimens by weighing them after light blotting. 

f. Make a list of species, if possible grouped into subfamilies or families. 
Within ea eh of these, use generic names to generate alphabetical orders. 
Combine the results from pitfall traps and monoliths to compile this list. 

o Purpose: to ooIlect a" possibIe activeIy dwellng 
meso- (and ~) faunas on the soiI surface 
within certain period (24 h or 1) 

o Requirements: 13.5 cm x 10 cm plastic buckets, 
smaII spade, 1 % of detergent soIution, plastic 
cover, bamboo sticks. 

o Tllree unbaited pit-fall traps are set at 2 m from 
the WinkJer samples or 14 m from the monoIlth 
centre. Five (x 3) per Iand use. 

Fig. 5 Demonstration of the pitfall trap. 
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means lor untranslormed data, together with the (back-translormed) 
geometric mean and confidence limits for log (x+1) transformed data. The 
transformed data can be used for histograms and site-to-site comparisons 
(Eggleton el al., 1996). 

Prepare a summary table, for example: 

Tabte1: Termite numerical density in 7 sites across a forest 
disturbance gradient in Jambi province, central Sumatra: (specimen 
data). 

Site Arithmetical 

mean, nos m·2 

(n=5) 

Geometric mean, 

nos m-2 

(n=S¡* 

95% confidence 

limits* 

BS 1. Primary lores! 2892 971 347-12827 

22-977 

5-16445 

BS3, Logged over 163 

BS6, 512 

Paraserianthes 

BS8. Rubber 128 

BS10, Jungle 211 

rubber 

BS12, Alang-alang 3 

BS14. Cassava 26 

Stratum level (all Arithmetical 

siles averaged) mean, nos m-2 

(n=5) 

Li!ter 46 

0-10 cm 106 

10-20 cm 55 

20-30 cm 49 

• back-!ransformed 

65 

47 

11 

25 

2 

10 

Geomelric mean, 

nos m-2 

(n=5)' 

15 

80 

44 

4 

2-1046 

2-9772 

0-20 

2-534 

95% confidence 

limits * 

3-64 

43-148 

24-78 

1-50 

Estimate biomass as 9 m-2 in a similar way. Use Iresh weight or the mass 01 
blotted preserved specimen, il possible. Avoid the use 01 dry weight 
beeause 01 the diflerent oven temperatures used by different scientists and 
the variable water content 01 diflerent types 01 organismo Where inseet 
specimens in a range 01 sizes are avaitable, an alternative method is to 
calibrate live biomass against head width in representative specimens 
covering the whole size range . The weight 01 unknowns can then be 
estimated from the curve . For log translormations 01 data, it is most 
convenient to work in (mg + 1). then back-translorm and express as g. 
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Keystone species (e.g. termites and arguably some litter transformers) 
providing physical niche opportunities for lower-Ievel organisms and 
determining the community struclure of those organisms. 

The following functional group classification for ants was agreed at the 
Nairobi T raining Workshop on ant and termite taxonomy and ecology: 

1. Carnivores: (specialists or generalists) with a subterranean colony 
centre. 

2. Carnivores: (specialists or generalists) with colony centres in the 
superficiallitter layers. 

3. Carnivores: (specialists or generalists) with an epigeic or arboreal colony 
centre . 

4. Herbivores: with a subterranean colony centre. 

5. Herbivores: with colony centres in Ihe superficiallitter layers. 

6. Herbivores: with an epigeic or arboreal colony centre . 

Minimum datasets are required as follows: 

Per point sampling 

From al/ sampling 
Species/morphospecies lists for ants, termites earthworms and baited 
beetles. 
Family lisl for other beetles. 
List of other invertebrates, to highest taxonomic resolution possible. 
For ea eh taxon, please indicate the sampling method employed as: 
• e casual 
• T transect 
• W Winkler 
• P pitfalls 
• M monolith 
(from the monolith, don't observe 3 x 10 cm stratification, except for 
earthworms) 
Total abundance as numbers m-', separately for 
AII ants (+ as functional group (FG) 1, FG2, etc.) 
AII termites (+ as FG1 , FG2, etc. or by default as wood-feeders and soil­
feeders)) 
AII earthworms (+ as FG1, FG2, etc.) 
AII beetles 
Other invertebrates 
AII invertebrates 

From the transect 

Relative abundance of termites = no. of encounters for FG1, FG2 , etc. 
total no. of encounters 

(make one calculation lor each FG, using all transect sections available for 
the sampling poinl) 

From the Winkler bags 
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MESOFAUNA 

The protocols described here are addressed primarily to mites and 
collembolans present in the mineral horizons. Mesofauna in the litter can be 
sampled by other means (see above). The principie is to take small cores or 
blocks and combine them to make a single bulk sample which is then 
subsampled for extraction by the Berlese funnel method (Fig. 7). 

570 mm dlametar 
metaJ tray with 
6 x 6 mm mesh 

basa and 
12 mm legs ---l...I-__ --...-.r 

600 mm diameter 
matal funnel with 

25mmlower -
aperture 

Fig. 7 Construction of the Ber/ese funnel. 

j ..J Howehold plNfIc bate' 
could be UIIed Inatead 01 m""" by 

o P/utIc fUnnel could be 
uaed ImtNd of~ 
fUnnel 

o PIufI{; cup couJd be u_ 
N coIlectIng "r end fled 
Into tire funñiI wlfh • 
rubbeTbend 

Primary soil samples of 3.5 X 3.5 X 3 (depth) cm are recommended, and can 
be dug with a small spade or trowel, or with a corer of approx 4 cm 
diameter. Bulk the soil in a large (5 kg) plastic bag and mix. Transfer 10 
subsamples of about 500 mi into small cloth bags for temporary storage, 
before transferring to the Berlese funnel. 

The funnel system works without lights or heating (Fig. 8, cf. Tullgren 
funnels), and should be run over a period of several days until the soil is dry. 
Weigh the soil at the conclusion of the extraction 

Collembolan specimens should be stored in 70% alcohol. However for 
identification, they should be cleared in Nesbitt's fluid (25ml distilled water, 
40g chloral hydrate, 2.5ml of 1 N HCI) and mounted in Berlese solution (20ml 
distilled water, 15g Gum Arabic, 50G chloral hydrate, 5ml glycerine, 5ml 
glacial acetic acid; harden at 700C for 7 days). Mites can be cleared and 
preserved from alcohol in Hoyer's medium (50 mi distilled water, 30g Gum 
Arabic, 200g chloral hydrate, 16ml glycerine). 
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rpm for 5 minutes and the supernatant discarded. The residue is then re­
suspended in sucrose solution (45.6%) and centrifuged at 1000 rpm for 1 
mino Nematodes are collected by passing the supernatant through a 37-mm 
screen and washed into additional Golden fixative, to make a final volurne of 
15 mi in which the formalin concentration is 3%. 

iii) The nematode population is counted by randomly removing 1 rnl of 
solution and determining the mean of 15 fields for each of three aliquots in a 
counting chamber. The remainder of the specimens are processed to pure 
glycerine by Seinhorst quick rehydration with ethanol (Hooper, 1970) and 
permanently mounted on glass slides for identification and photography. 100 
nematodes from each transect replication are randomly selected and 
identified, wherever possible to genus level, and then allocated to trophic (= 
functional) group. Data should be expressed as the frequency and 
abundance of each trophic group per unit volume of soil and compared 
using standard soil nematode diversity índices. 

The following functíonal groups are recognized: 

• Bacterivores 

• Fungivores 

• Plant parasites 

• Omnivores 

• Predators 

iv) Nematode populations can be described by the Maturity Index (MI), a 
measure based on the ecological characteristics of nematode taxa 
(Bongers, 1990; Freckman and Ettema, 1993). In the scheme, nematode 
taxa, except for plant-feeders, are classified on a scale of 1-5, with 
colonizers (short life cycles, high reproductive rates, tolerant to 
disturbance) = 1, and persisters (long life cycles, low colonization ability, 
few offspring, sensitive to disturbance) = 5. The Index is calculated as the 
weighted mean of the constituent nematode laxa values: 

MI = L (v; x f;), 

Where v; is the colony-persíster (c-p) value assígned to taxon í, and f is the 
frequency (dominance) of taxon í in the sample. MI is a measure of 
disturbance, with lower values indícating a more disturbed environment and 
higher values characteristic of less disturbed sites. 

LEGUME-NODULATING 

Introduction 

Economic and ecological importance of LNB symbiosis 

Biological nitrogen fixation is one of the most important process for life 
maintenance on earth as it contributes with about 70 % of all Nitrogen 

27 



Table 2 Genera and species 01 Leguminosae nodulating bacteria with 
respective host species mentioned in the original publications. 

General Species 

Rhizobium 

R. leguminosarum 

Biovars phaseoli, trifolii , 
viceae 

R. ga/egae 

R. Iropici 

R. et!i 

R. giardinii biovars phaseoli, 
giardinii 

R. gal/icum 

R. hainanense 

R. mongolense 

R. huaullense 

R. et!i 

R. yang/ingense 

R. sullae 

R. indigoferae 

R. loessense 

Bradyrhizobium 

B. japonicum 

B. elkanii 

B. /iaoningense 

B. yuanmingense 

B. canariense 

B. spp. 

Azorhizobium 

A. caulinodans 

A. johannae 

Sinorhizobium 

Ensifer ('1) 

S. meliloli 

S. fred;i 

S. xinjiangense 

S. sahe/i 

S.leranga 

S. medicae 

References 

(Frank, 1889) 

(Frank, 1879.1889) 

(Jordan, 1984) 

(Lindstriim, 1989) 

(Martinez-Romero el al .. 1991) 

(Segovia el al, 1993) 

(Amarger el al., 1997) 

(Amarger el al .. 1997) 

(Chen el al , 1997) 

(van Berkun el al., 1998) 

(Wang el al., 1998) 

(Wang el al., 1999) 

(Tan el al, 2001) 

(Squartini el al., 2002) 

(Wei el al, 2002) 

(Wei el al , 2003) 

(Jordan, 1984) 

(Jordan, 1984) 

(Kuykendall el al., 1992) 

(Xu el al , 1995) 

(Yao el al, 2002) 

(Vinuesa el al., 2005) 

(Dreyfus el al., 1988) 

(Dreyfus el al., 1988) 

(Moreira el al., 2005) 

(Chen el al, 1988; De Lajudie el al., 1994) 

(Casida, 1982, Young, 2003) 

(Dangeard, 1926; Jordan et al., 1984; de 
Lajudie el al., 1994) 

(Scholla and Elkan, 1984; Chen el al, 1988; 
de Laludie el al., 1994) 

(Chen el al, 1988) 

(de Lajudie el al .. 1994) 

(de Lajudie el al., 1994) 

(Rome el al , 1996) 
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Although some host plants are considered highly promiscuous (i .e. show low 
LNB specilicity) no one promiscuous host can be nodulated by all existing 
LNB species/strains, and conversely, there is no existing LNB strain 
sufficiently promiscuous to nodulate all legume species. Thus, to evaluate 
LNB diversity in soil it is desirable to make use 01 a variety 01 candidate host 
plant species, and the more that are employed, the greater will be the 
variety 01 LNB strains recognized . The bioassay lor LNB can make use 01 
promiscuous hosts (e.g. Odee el al., 1997), grown on field soil samples or 
inoculated with soil suspensions in the lab (Pereira, 2000) and then 
compared with species nodulating naturally in Ihe sile. Although so me 01 Ihe 
laller associations may be relatively specilic, the comparison 01 LNB isolated 
lrom naturally lormed nodules with those sampled via the bioassay provides 
a uselul check on the accuracy 01 the laboratory procedure. For instance, 
Macroplilium alropurpureum is one 01 the widely accepled promiscuous 
hosts (Vincenl, 1970), bul in most cases it is reported as predominantly 
nodulated by Bradyrhizobium species (Woomer el al, 1988), although il can 
also be nodulaled by Rhizobium spp. (pereira, 2000). Similarly, Lewin el al. 
(1987) demonslraled Ihal Vigna unguicalata , usually considered a 
Bradyrhizobium host, in lacl has very low specificity and can be nodulaled 
by lasl-growing Rhizobium spp. Preliminary experiments are therelore 
recommended lar each soil environment belore Ihe linal choice 01 hosl 
plants is made lor the bioassay. 

Nitrogenase is the enzyme responsible lor the reduclion 01 nitrogen gas lo 
ammonia. It allernatively reduces, among olher subslrales, acelylene to 
elhylene (Dilworth, 1966; Schollhorn & Burris, 1966). This reaclion is used 
as a technique lor the measuremenl 01 nitrogenase aclivily. The greal 
advanlage 01 acetylene reduclion assay (ARA) is its greal sensilivity and 
speed . It is also nol expensive and relalively simple lo carry out, even under 
lield condilions. Although the use 01 ARA for quantitative estimates of N2 

lixation contribution to plant nutrition has been widely crilicized (Boddey, 
1987; Giller, 1987), it is very uselul lor the simple detection 01 Nrlixers For 
instance, as nodule anatomy varies widely in shape and size, Ihe les s 
experienced may confuse them with slructures not induced by LNB. 1I can 
be also used lor confirmalion 01 new LNB symbiosis or olher symbiosis 
lorming slruclures like nodules (Moreira el al. , 1992). Nilrogenase activily 
constilutes valuable inlormalion beca use in many cases il is impossible lo 
verify il nodules are stíll viable and effeclive (red colour inside) as for 
isolalion Ihey must be intact. However, il musl be considered Ihal nodules 
wilhoul nitrogenase activily can be senescenl or ineffective. 

Methodology applied in CSM-BGBD project 

AII Ihe sleps 01 the melhodologies applied in CSM-BGBD project are 
summarized in Fig. 9 (Figures a lo I included in Figure 9 for illustration). 

Wilhin the BGBD project Ihe conventional method of using promiscuous Irap 
species lo isolale LNB lrom soil samples was employed. However, wilhin the 
BGBD project using many trap species was not feasible considering the 
large number 01 sampling points (around 100) and considering the laborious 
methodology of using trap species. Therefore, it was agreed that alleast 
one promiscuous Irap species would be used by all countries. The chosen 
species was Macroplilium alropurpureum (siralro), due to the small seeds 
that are easy lo manipulate under controlled conditions as plaslic pouches 
and Leonard Jars (with nutrient solution) at growth chambers and 
greenhouse. An agreement was made that CIAT would provide the seeds 
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complementary note how to keep nodules for later additional isolations if this 
analysis shows it is necessary. 

5- Include cultural characteristics for screening the whole collection of 
isolates (Le. to get clusters) and REP-PCR can be optional or 
complementary to this Representatives of clusters {cultural characteristics 
and (if it is the case) REP-PCR} must be sequenced for 16SrRNA (other 
than Bradyrhizobium) and dnaK (for Bradyrhizobium) 

6- See at 4 

10- To be considered in a lalter phase of the project. However, necessary 
for iso lates authentication. 

Trap species can be used to count and trap LNB or only to trap them. As the 
first case will be too laborious, it was not mandatory as par! of the standard 
methodology, but countries were free to do so if they wish. To trap LNB, trap 
species can be cultivated in plastic pouches, Leonard jars or pots with soil 
samples as described in items below. 

It was also recommended that LNB should be isolated from legume species 
(native or introduced) that nodulate naturally at the various land use systems 
(LUS). Comparison of LNB isolated from field nodules and from nodules 
induced on trap species by inoculating soil suspensions, will enable both to 
increase diversity evaluation and to check efficiency of trap species to 
evaluate diversity. 

After growth and appearance of nodules, LNB must be isolated from trap 
plants. The isolations from these nodules and those from nodules collected 
from plants nodulating naturally in the various LUS (Land Use Systems) 
under consideration (field conditions) will constitute the material that will 
represent the diversity in each LUS. References in the literature recommend 
at least 30-50 nodules by treatment to be compared. In Brazil we found 
between 60 and 110 isolates should be necessary (Jesus et al.. in press), 
considering collection curves to assess whether diversity within a location 
has been fully characterized. Considering these curves were based on 
groups obtained by cultural characteristics in which, variability of genetic 
characteristics can occur, probably a greater number of isolates must be 
necessary by treatment. So. depending on resources availability (human, 
lab facilities, etc) chosen number must consider these recommendations. In 
each situation collection curves can reveal the number of isolates needed. If 
a plateau in diversity has not been reached then additional samples 
(nodules isolates) should be analyzed. If nodules collected both in the field 
and from trap species were kept in silica gel (Fig . 10) then they will be 
available for new isolations. 

UNIDAD DE I. ¡O,(MACION y 
DOCUMEr; fACION 

'2 t SIT, 2'005 
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rubber ball (of the type used inside footballs), 1 mi gas-tight syringes, 5 mi 
vacutainers, 10 mi (or larger) vials with rubber stoppers, calcium carbide 
(CaC2), Gas chromatograph equipped with flame ionization detector (FID) 
and Poropak RN column for acetylene/ethylene determinations. NB 
Nitrogenase assays can be periormed in the field. 

Methods 

Soil sampling Small amounts of soil are cored to a depth of 20 cm from the 
12 points distributed in each sampling point according (see Figure X for 
sampling of all groups of organisms). Each set of 12 samples is bulked to 
form a composite sample of about 300g and placed inside a sterile plastic 
bago Alternatively, if resources permit, three or more composite samples can 
be collected per sampling point. AII sampling materials (corers, spatula, hoe 
etc.) must be flamed befo re and after sampling at each sampling point to 
avoid the introduction of exotic LNB. Steps inside the transect should be 
limited and litter must be removed just before sampling takes place (LNB 
sampling should therefore be the first priority before other groups of 
organisms are addressed). Soil samples should then be transferred to the 
laboratory in an insulated container (preferably at 4°C) as soon as possible. 
A second bulk sample of about 200g should be collected in a non-sterile 
plastic bag for soil physical and chemical analysis. 

Nodule sampling Leguminous species inside the transect should be 
identified and botanic material collected. It is helpful if those which are able 
to nodulate are known in advance, in which case the collection can be 
confined to these species. However, it must be taken into consideration that 
a huge potential for the discovery of new nodulating legume species exist. 
For herbaceous plants, the whole root system can be removed from the soil 
(using hoe, spade or mattock as required), with care not to accidentally 
sever existing nodules. Nodules of woody plants must be discovered by 
excavation of the roots, taking care to explore the finer ramifications where 
nodulation is more commonly found. Extreme care must be taken in order to 
be sure that fine roots belong to the individual identified as a legume. Thus, 
it is recommended that excavation start by the trunk. The nodules are then 
excised (Ieaving a piece of root to facilitate manipulation) and stored 
individually in screw-cap tubes containing desiccant. At least 50 nodules 
should be collected per sampling point, and be representative of all 
nodulating species occurring there. Occasionally, nodules may be too large 
for the ordinary screw-cap tubes and should be stored in a larger container. 

Nitrogenase activity Can be measured in the field on individual nodules, 
just after sampling, or in the laboratory (Fig. 11). The nodule is put in a 10ml 
(or larger if needed) vial with a rubber stopper. Acetylene is produced in a 
Kitasato ehrlenmeyer by the reaction of CaC2 with water (Fig. 11), and 1 mi 
of this gas injected into the nodule containing vial. After 1 hour (or less) 1ml 
of headspace gas is removed and transferred to a vacutainer for the 
analysis of ethylene in the laboratory by gas chromatography. 

Plant voucher specimens Voucher specimens of nodulating plant species 
must be collected with careful attention to labeling (see below) and, if 
possible, the inclusion of flowers and fruits. The specimens should then be 
sent to a Herbarium for identification, accompanied by an identification card 
as in the following example: 
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diluent 

lOO g ",;1 (dw) 

agitate for 25 min_ 

dilut;oD step 
dilution level 

}--I _mJ_pe'_PO_UC--jh ~ ~ ~ 1 : DR 
(v/v) DR-l 

RI ••••••••••••••• R N 

2 lDR O ImJpe,poUC~ ~ ~ 
(v/v) t RI. •••••• • ••••••• R N 

3 I : OR O 1 mJpe< POUCh. ~ ~ 
(v/v) t RI ••••••••••••••• RN 

4 ';.~; Y ,."'"~. ~.u uuu u.~ 
!\ l~mJpe,poucb. ~ ~ 

5 IOR U [!J [!J 
(v/v) t RI ••••••••••••••• RN 

!\ l_mJ pe< p--.-OUCh. ~ ~ 
6 IDR U [!J [!J 

(v/v) 
RI ••••••••••••••• R N 

DR-l 

DR-) 

DR~ 

ORoS 

OR~ 

Fig. 12. Me/hod for calcula/ion of mos/-probable-number of rhizobia cells in 
soil by /he plan/ infec/ion /echnique . Base dilu/ion rafes (DR) can va¡y from 
2/014.5 and replica/e numbers per dilu/ion (N) from 2/05. (Adap/ed from 
Woomer (1993) and Vincen/ (1970) by Moreira and Pereira (2001). 

LNB iso/afion and characferizafion LNB are isolated Irom nodules 
collected in the field and from those obtained under laboratory bioassay. In 
the latter case, nodules obtained at each dilution, can indicate those strains 
which are rare in the soil sample , as well as the most common ones. The 
first step is to surface sterilize the nodules by a brief immersion in 95% 
alcohol, followed a longer immersion up to 3-4 minutes. in HgCI2 (Na or Ca 
hypochlorite, or H20 2 can be used to substitute) and washing in several 
rinses 01 sterile water (Vincenl, 1970). The nodule is then crushed in a lew 
drops 01 sterile water, using lorceps, and a loopful of this suspension is 
streaked onto an agar medium. In the case of desiccated nodules, they 
should first be soaked in sterile water to improve their wettability by the 
sterilants. Immersion times in HgCI2 (or in other disinlectant) should be 
adjusted to nodule size (shorter lor smaller nodutes). Composition 01 the 
yeast-mannitol-mineral salts agar medium (Fred and Waksman, 1928) 
(especially pH and carbohydrate so urce ) can be varied to take account 01 
particular soil conditions (Date and Halliday, 1979; 1987; Souza el al., 1984; 
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be used, essentially as recommended by the vendar. DNA is quantitated at 
A260 nm in a diode array spectrophotometer (Hewlett Packard). 

16S rONA sequencing: For isolates representative of clusters (obtained 
either by cultural characterization, REP-PCR profiles or other technique), 
near full-Iength 16SrRNA genes are amplified with prime pair 27F 
(pA:5'AGAGTTTGATCCTGGCTCAG) and 1492R 
(5'GGTTACCTTGTTACGACTT) which correspond to positions 8 to 27 and 
to 1507-1492, respectively, of Escherichia coli 16S rDNA gene (Wilson et 
al., 1990). The final concentrations in the reaction mixtures (100 uL) are: 1X 
PCRBuffer, 2.5 mM MgCI2, 0.2 mM of each dNTP, 0,2 flM of each primer 
and 2 unit of Taq polymerase. The PCR program has an initial denaturing 
step at 94' Cfor 5 min; followed by 30 cycies of denaturing at 94' C for 40 
sec, annealingat 55' C for 40 s, and extension at 72' C for 90 seco The final 
extension is performed at 72' C for 7 mino Purification of PCR products is 
performed with Microcon TM filters (Millipore) or other purification system. 
Single pass sequencing of PCR amplified rDNAs is performed with the 27F 
primer. 

dnaK sequencing: 634 nt long dnaK fragment is amplified by using primers 
dnaK1230F (5'-CACCACGATCCCGACCAA-3') and dnaK1846R (5'­
GGTGAACTCYGCGTCGAC-3') which correspond to positions 1230to 1247 
and 1846 to 1863, respectively, of the Bradyrhizobiumjaponicum USDA110 
dnaK gene. After removing the primers sequence, 595 nt of usable 
sequence were gol. The final concentrations in the reaction mixtures (50 uL) 
are: 1X PCRBuffer, 1.5 mM MgCI2, 0.2 mM of each dNTP, 400 nM of each 
primer and 1 unit of Taq polymerase. The PCR program has an initial 
denaturing step at 94' C for 3 min; followed by 30 cycles of denaturing at 
94' C for 1 min, annealingat 62' C for 45 s, and extension at 72' C for 1 
mino The final extension is performed at 72' C for 7 mino Cleaning of the 
PCR products is performed with the High Pure PCR Product Purification 
Kitfrom Rache and making the final eluting step with 50 uL of the elution 
buffer provided in the kil. The purified products are sent to sequencing. In a 
few cases we have obtained a low yield of PCR product or the amplification 
of an additional non specific producl. In the first cases we repeat the PCR 
reactions lowering the annealing temperature to 59' C. In the second cases 
the bands corresponding to the unespecific products are very faint and we 
have obtained good sequences using the purified PCR product from these 
reactions. 

Phylogenetic analysis: Ribosomal RNA or other sequences is aligned in 
ARB against the RDP database (Release 8.1). Trees were cast first in ARB 
using both Neighbor Joining and Maximum Likelihood. The sequence 
alignments were filtered to eliminate all columns that laced data from all 
taxa and regions of uncertain alignments. The same filtered data set was 
exported to PAUP and additional trees were cast with bootstrapping to 
assess the robustness of the inference. Sequences can be compared to 
GenBank database. 
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should be mixed together to form a composite sample per sampling point. 
This sample is used for studying AM fungi . 

Methodology for assessing arbuscular mycorrhizal fungi 
diversity 

Background 

It is very well documented now that arbuscular mycorrhizal(AM) fungi 
improve growth of plants that are important in agriculture, horticulture and 
forestry. Mycorrhizal fungi provide a greater absorptive surface than root 
hairs and thus help in the absorption of relatively immobile ions in soil such 
as phosphate, copper, and zinc. In addition, mycorrhizal plants were shown 
to have greater tolerance lo loxic melals, lo rool palhogens, to droughl, to 
high soil temperalure, to saline soils, to adverse soil pH and lo transplanl 
shock than non-mycorrhizal plants(Mosse et at., 1981 ; Bagyaraj, 1990; 
Bagyaraj and Verma, 1995). In most tropical soils, available phosphorous is 
very low. Thus mycorrhizae play an important role in plant growth in tropics . 
Tropical cropping systems are eslablished on areas previously occupied by 
two main species-rich ecosystems: tropical forests and savanna woodlands, 
or a degradation stage of either of the two. These ecosystems occur on 
generally poor soils. The plant species richness of Iropical ecosystems is 
associated with a diversity of symbiotic fungi. The speed at which the nalural 
tropical ecosyslems are converted into agriculture or artificial foresl 
planlations is alarming. No converted land reverts to Ihe original situalion. 

AM fungí occur in the large majority of tropical trees, annual plants and 
grasses. and in almosl all crops. The role of AM in relalion to large-scale 
afforestation has not yet been sufficiently investigated. Sludies conducted 
on agro-foreslry trees and important crops have shown that AM increase 
biomass production (Howler et al., 1987; Bagyaraj , 1992). Increased growth 
in AM plants is mainly atlribuled to increased phosphorus uplake. In the 
pas\, research on AM in cropping systems has been planl orienled. The 
major para meter for mycosymboint selection being the amount 01 growth 
achieved by inoculated plants over control(Menge et al., 1978; Plenchette et 
al. 1983). It is well known that AM lungi are not host specific. However, 
recent studies have led to the concept 01 host prelerence. This in turn 
resulted in selection 01 efficient AM lungi lor inoculaling seedlings in the 
nursery. This method has been successlully used to produce worthwhile 
and economic growth responses in agronomically importanl crops like chilli , 
finger millet. toma toes and tobacco, horticultural crops like citrus, mango , 
asters and marigold and loresl tree species like Leucaena, Tamarindus 
indica, Acacia ni/oliea, Calliandra ealolhrysus and Casurina 
equisetifolia( Bagyaraj, 1992). 

The conversion of natural lorests into industrial lorest plantalions, 
subsistence or cash crops brings about changes in which plant species, soil 
organic matter, soil structure and soil fungi may be affecled (Adejuwon and 
Ekanade. 1987). The site is usually cleared of multispecies, uneven-aged 
vegetation and normally planted with a single species 01 one age-class. This 
conslitutes a draslic site disturbance which alters mycorrhizal abundance 
and species composition in the site. Jasper et al. (1987) observed a drop in 
spore numbers and a shifl in species composition afler disturbance 01 some 
Australian sites. Similarly, Mason et al. (1992) in a plantation of Terminalia 
ivoriensis in Cameroon, found that the number 01 spores 01 AM greatly 
decreased 3 months afler complete clearance. They also noticed a change 
in species composition. 
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Procedure 

1. Wash roots and rinse in severat changes 01 tap water. 
2. Add 10% KOH at 90°C lar 1 hour or autoclave at 120° CIar 15 mino 
3. Decant KOH and rinse with water to remove KOH. 
4. Acidily roots by adding 1 % HCI lar 5 mino 
5. Decant HC!. Do not rinse with water because the specimens must be 

acidilied l ar proper staining. 
6. Add 0.05% trypan blue in lacto glycerol and simmer lar 10 mins. 
7. Decant stain and add lacto glycerol. 
8. Examine under microscope lar mycorrhizal colonization. 

Note 

II roots are highly pigmented, alter KOH treatment and subsequent washing 
with tap water, add alkaline H20 2 lar 10 to 20 minutes or until roots are 
bleached ( Alkaline H20 2 is made by adding 3ml 01 NH40H to 30ml 01 10% 
H20 2 and 567ml 01 tap water. This solution shall be prepared alresh and 
used). 

Determination of the percentage mycorrhizal colonization by gridline 
intersect method (Giovannetti and Mosse,1980) (Optional). 

The sta ined root samples are spread out evenly on the inner portian 01 the 
petridish lid placed on a circular piece 01 aceta te with gridlines marked on it 
to lorm 1.0cm squares. The botlom portian 01 the plate is then placed 
inside the topo Instead 01 petridish 2 square glass plates can also be used 
with a square piece 01 acetate marked with gridlines. Verticat and 
horizontal gridlines are scanned under a stereo- microscope( 40X). The total 
number il root intersections with the grid as well as the number 01 intersects 
with colonized roots are to be recorded . The percent mycorrhizal 
colonization is given by the lormula 

Percent AM = Total No 01 intersections positive lar AM colonization X 
100 

Colonization Total No 01 intersections between root and the gridline 

Extraction and Enumeration of AM spores in soil (Optional): 

Soils samples will collected in the same way lor all microbes (see nematode 
methodololy). Extramatricular spores produced by the AM lungi in soil is 
estimated by wet sieving and decanting method (Gerdemann and Nicolson, 
1963). Filty grams 01 representative soil samples is suspended in 500 mi 
water and stirred thoroughly. The suspension is allowed to stand 
undisturbed lar one minute and is then passed through a series 01 sieves 01 
sizes 1 mm,450, 250, 105, and 45 um arranged one below the other in the 
same order. More washings with water can be given . The spores on the 
botlom two sieves are translerred on to a nylon mesh with pare size 0140 
um which is then placed in a petriplate and spores counted under a 
stereozoom microscope. 
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7. For each of the 5 replicates in each of the four dilutions (10",10.2,10-3 
and 10"'), one might obtain a combination of numbers such as 5 5 3 
2 

This means that all the 5 replicate tubes are positive for AM colonization in 
dilutions 10.1 and 10.2; three are positive tubes in dilution 10-3 and 2 positive 
tubes in dilution 10 .... 

For the calculation of MPN of propagules only three numbers of the given 
combination are required. The first number (N1) is that corresponding to 
least concentrated dilution in which all the (or the greatest number of) tubes 
are positive for AM colonization. The two other numbers (N2 and N3) are 
those corresponding to the nex! two higher dilutions. In our example it would 
be the combination 

8. The most probable number of AM propagules can then be calculated 
using MPN table.(Cochran, 1950 or Fisher and Yates, 1963) 

Making use of the table with these values of N" N2 and N3, the value 
given for the combination 5 3 2 is 1.4. To obtain the MPN 
of infective propagules of AM fungi in the sample the table value has to be 
multiplied by the middle dilution i.e. 1.4 x 103 I.P/g soil. 

Modification based on the training workshop held at Bangalore 

In Indonesia where there is a problem of getting onion seeds any other 
suitable host, preferably a grass can be used. 

NoteThe MPN technique gives a more realistic estimate of the number of 
infective propagules of AM fungi in soil. 

The following methods are illustrative of those employed by two countries 
(Mexico and Brazil). Differences elsewhere will be noted in future project 
documents. 

Field sampling 

Eight soil samples, without litter, are obtained by coring to 20 cm depth. 
Four cores are obtained from a circle with a radius of 3 m around the grid 
point (monolith) and a further four from a circle of 6 m radius. The soil was 
bulked and held at 50C until isolation of fungi is attempted. 
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