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ABSTRACT

Eighteen different crops were screened for their
response to inoculation with three different VA my-
corrhizal species and/or applied with complete fertil-
izer, grown in grassland soil.

Growth responses of plants inoculated with my-
corrhiza and applied with 60-60-60 kg NPK/ha were
always better than the uninoculated - unfertilized
control and the plants that were treated with fertil-
izer alone. Inoculated plants were taller, had more
shoots, roots, had higher cob/pod vield and grew
maore vigorously than the control and the seedlings
that were fertilized alone. Fertilizer application alone
did not improve the growth of the plants. The unin-
oculated and unfertilized control plants had consis-
tently the poorest growth performance compared
with the other treatments.

Plants highly responsive to mycorrhizal inocula-
tion were the following: mungbean, eggplant, guava,
papaya, A. mangium, P. falcataria, A. auriculiformis,
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kariskis, corn, peanut, soybean, citrus and raintree.
Guyabano and mahogany were intermediately depend-
ent on mycorrhiza whereas upland rice, cacao and lanka
were not dependent on mycorrhiza.

It is concluded that growth of plants in infertile ar-
eas can be improved with mycorrhizal inoculation at
planting and amendment with small amounts of fertil-
izer.

BACKGROUND

In the Philippines, the practice of indiscriminate logging,
"kaingin", over grazing and other improper land use practices
have helped bring about marginal uplands or acidic uplands.
These comprise about 9.3 million hectares or 31% of the total
land area of 30 million hectares (IRRI 1986). These soils are
generally deep and permeable with good drainage and favor-
able structure, hence are pontentially arable. However, under
local conditions, leaching, surface run off, crop removal of
bases and continuous use of acid-forming fertilizers contribute
to the build up of soil acidity. These often lead to poor plant
survival and growth.

Application of high rates of fertilizers and liming have been
done to amend the unfavorable soil conditions. However, these
require large financial inputs. Acid soils usually have high buffering
capacities such that they require large amounts of lime to
neutralize the pH. The predominant sloping areas of these uplands
make fertilizer and lime application impractical. Therefore, alter-
nate fertilizer sources which are cheap and indigenous should be
tapped. One such alternative is the use of beneficial microorgan-
isms which form associations with the host plant, i.e. mycorrhiza.

A. Definition

The term mycorrhiza came from two German words "mykes”
for fungus and "rhiza" for plant roots, hence mycorrhiza. This
fungus-root relationship is a symbiotic association whereby the
fungus invades and parasitises roots of the host plant but unlike
other harmful parasites, it does not damage or kill the host but
instead provides many physical and physiological benefits to the
latter. In return, the fungus obtains its food and other growth
requirements from the host plant.
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B. Types of Mycorrhiza

Harley and Smith (1983) described about six types of my-
corrhiza, namely: {1) Ectomycorrhiza; (2) Vesicular-arbuscular
mycorrhiza (VA) or endomycorrhiza; (3) Ectendomycorrhiza;
(4) Ericoid mycorrhiza; (5) Arbutoid and monotropoid mycorr-
hiza; and (6) orchid mycorrhiza. The six types of mycorrhiza
differ in the kind of host plant they associate with, fungi in-
volved and the manner of association. The first two types are
the most common and will be discussed further.

1. Ectomycorrhiza

In ectomycorrhiza, the infected roots are usually enlarged,
the outer surface covered with a compact fungal mantle, with
fungal mycelia radiating outwards into the soil and with the
fungus invading the cortical tissues but confined in between
the cell walls. The fungi are basidiomycetes producing typical
fruiting bodies such as mushrooms or puffballs. This kind of
symbiotic association is usually found in forest tree species
particularly those in the family Pinaceae, Fagaceae, Betu-
laceae, Myrtaceae and Dipterocarpaceae.

2. Endomycorrhiza

In endomycorrhiza or VA mycorrhiza, infected roots are
not enlarged. The roots have to be examined under a micro-
scope to detect infection. The fungus forms a loose network
of hyphae on the root surface and may infect roots through
root hairs or directly through epidermal cells. The fungi do not
only invade the cortical tissues but may also penetrate cortical
cells where they develop a complex hyphal branching system
like small bushes called arbuscules. The arbuscule is the sig-
nificant structure on the VAM complex because it is the pref-
erential site for fungus/plant metabolite (food and nutrient)
exchanges. Another commaon feature in the endomycorrhiza is
the production of thin walled spherical to ovate structures
called vesicles, which are caused by terminal swellings of a
hypha of the VAM fungus. Vesicles are found in the inner and
outer layers of the cortical parenchyma. The cytological or-
ganization of the vesicles (mostly rich in lipids) and the fact
that their number frequently increase in old or dead roots sug-
gest that they are mainly resting organs. Due to the presence
of vesicles and arbuscules, this group of fungi is commonly
called vesicular-arbuscufar mycorrhiza or VA Mycorrhiza
(VAM).
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VA mycorrhiza are the most widely distributed type of
mycorrhiza throughout the world. They are generally abun-
dant in grasslands and savannas, shrubs, open woodlands,
dense rainforests, semi- deserts and sand dunes (Hayman
1982). VA mycorrhizal associations occur in almost all pho-
toautotropic green vascular plants. Exceptions are plants
growing in water-logged conditions like lowland rice and
plants belonging to the family Cruciferaseae (Mikola 1382).
Most of our important agricultural, horticultural and forest tree
species form mycorrhizal associations.

C. Benefits of Mycorrhizal Association

Mycorrhiza is able to improve plant growth because of the
following:

1. Increased absorption of nutrients. The hyphae of these fungi
are able to extend into the soil, considerably beyond the
area explored by root hairs, thus effectively extending the
zone of nutrient absorption for poorly mobile elements such
as phosphorus (P), copper {Cu) and zinc (Zn) and other
elements such as nitrogen (N), potassium {K), calcium (Ca)
and other micronutrients.

2. Increased drought resistance of the host plant because
mycorrhiza aids in water absorption. The presence of the
fungal mycelia in the root promotes the absorption not only
of nutrients but also of water.

3. Biological control of pathogenic root infections as in patho-
genic fungi in pines, nematodes in tomato, nematodes in
tobacco and in soybeans

4. Enhanced activity of other microorganisms such as phos-
phate- solubilizing bacteria, Rhizobium and Azospirillum. In
the case of Rhizobium and Azospirillum, mycorrhiza provides
the phosphorus required by nitrogen-fixing microorganisms
thus promoting nodulation and nitrogen fixation.

5. Production of growth promoting hormones such as auxins
and gibberellins and other growth promoting substances
such as vitamins

6. Accelerated mineral cycling by enhancing the uptake and
translocation of nutrients from decomposing leaves and
other organic litter in the rhizosphere. Mycorrhiza may di-
rectly extract nutrients bound in organic matter and convert
these to organic compounds within their tissues during
metabolism. The organic to organic transfer of nutrients by
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mycorrhiza is significant because it bypasses such processes
as decomposition and mineralization. Therefore, mineral cy-
cling will occur at a faster rate in the presence of mycorrhiza.
7. Improved soil aggregation by secreting mucilagenous sub-
stances which can serve as agents in soil aggregate for-
mation. This leads to improved soil structure and, in effect,
the water holding and nutrient holding capacity of the soil.

MATERIALS AND METHODS
A. Soil preparation

An infertile, phosphorus-deficient soil sample was collected
from the grasslands of Carranglan, Nueva Ecija. The soil belonged
to the Annam series whose predominant characteristics are soil
acidity and reddish color due to the predominance of iron and
aluminum oxides. The soil was passed through a 2-mm sieve to
remove large stones, placed in size 8 pots (8 inches top diameter)
and fumigated with methyl bromide for 48 hours in a fumigation
chamber.

Initial soil chemical and mycorrhizal analyses are presented
in Table 1. Analysis showed that the soil was weakly acidic but
very low in organic matter, CEC and total nitrogen.

B. Treatments and Hosts

Eighteen separate hosts were used to determine the response
to inoculation with three VA mycorrhizal species and/or applica-
tion of complete fertilizers. The experiments were laid out in a
completely randomized design (CRD) with eight replicates per
treatment. The treatments were as follows:

1. Uninoculated and unfertilized control;

2. Fertilized with 60-60-60 kg N, P205 and Kz0/ha;

3. Inoculated with Glomus etunicatum + 60-80-60 kg NPK/ha;

4., Inoculated with Glomus macrocamum + 60-60-60 kg NPK/ha;
and

5. Inoculated with Gigaspora margarita + 60-60-60 kg NPK/ha.

The plant hosts used were classified accordingly as agro-
nomic crops, fruit trees and forest tree species. The different crops
were selected based on their importance for food, reforestation
and other beneficial attributes they may offer.
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Agronomic Crops

Upland rice (Oryza Sativa)
Corn (Zea mays)
Mungbean (Vigna radiata)
Peanut {Arachis hyponaea)
Soybean (Glycine max)

= os W

Eggplant (Solanum melongena)

Fruit trees

7. Guava (Psidium guajava)

8. Cacao (Theobroma cacao)

9. Langka (artocarpus heterophylia)
10. Citrus (Citrus microcarpa)
11. Papaya {(Carica papaya)
12. Guyabano (Annona muricata)

Forest tree species

13. Acacia mangium

14. Mollucan sau (Paraserianthes falcataria)
15. Raintree (Samanea saman)

16. Acacia auriculiformis

17. Mahogany (Swietenia marophylfa)

18. Kariskis

Split fertilizer application was done. At planting, 30-30-30
kg NPK/ha (computed in: grams fertilizer/kg soil/pot) was mixed
with the soil prior to inoculation and seed planting. After one
month, a second dose of 30-30-30 kg NPK/ha was applied in so-
lution form after dissolving the fertilizer in water.

The mycorrhizal spores used in the experiment came from
pot cultures of Pensacola Bahia grass. Initially, spores of Glomus
etunicatum, Glomus macrocarpum and Gigaspora margarita
were inoculated to seedlings of Bahia grass grown in small cups.
After four months, the roots of the Bahia grass and soil were re-
covered and the above-ground biomass discarded. The infected
roots were cut into small pieces and incorporated with the soil.
The mycorrhizal soil inoculant for the experiment was calibrated
to contain 200 spores per plant which also contained hyphae and
infected roots. Inoculation was done by layering the soil inoculant
2-3 cm below the seed or seedling at planting.
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Upland rice, corn, mungbean, soybean and peanut were di-
rectly seeded into pots. Seeds of the other host plants were first
pregerminated in a seed box and then the seedlings were trans-
planted to pots when they were 2-3 cm tall.

Host plants were maintained for two months in the screen-
house, except for some agricultural crops (corn, peanut, mung-
bean ang soybean) which were harvested after the complete crop
cycle. Watering was done every day and spraying of pesticide
was done whenever necessary. Parameters measured for the du-
ration of the experiments are presented in Table 2. Data gathered
were statistically analyzed using the Analysis of Variance
{ANOVA) and treatment means compared using Tukey’s W-pro-
cedure,

RESULTS AND DISCUSSION

A. Total Biomass, Height, Cob/Pod Yield or Stem Diameter

Tables 3, 4 and 5 present the response of the 18 hosts to in-
oculation with different VA mycorrhizal species and/or applied
with complete fertilizer. The uninoculated-unfertilized control
consistently gave the poorest growth performance in terms of
height, total biomass, pod/cob yield and stem diameter for all
hosts screened. Plants fertilized with complete fertilizer alone
were most often comparable with or slightly better than the un-
inoculated-unfertilized contro! plants. However, when plants
were inoculated with either of the three VA mycorrhizal species
and applied with fertilizer, growth rate was highest. Exceptions to
these are upland rice, cacao, langka and guyabano. In these
plants, growth of the plants treated with fertilizer alone was com-
parable to that of the inoculated plants or there was no significant
difference among the five treatments.

The three VA mycorrhizal species were equally effective in
promoting growth of the plants. Although G. margarita almost al-
ways gave a higher value in some parameters monitored, they
were not statistically different.

Significant positive correlation between mycorrhizal infec-
tion and total biomass, height and cob/pod yield or stem diameter
was observed on almost all plants. This means that the good
height growth, heavy total biomass and good cob/pod yield were
probably due to the high mycorrhizal infection in the inoculated
plants. A not-significant correlation, on the other hand, signifies
that mycorrhizal infection was not related to the height, total
biomass and stem diameter growth observed in these plants.
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B. Mycorrhizal Dependency

Tables 6,7 and 8 present the summary of the responses of
the 18 hosts to inoculation with the three VA mycorrhizal spe-
cies, their dependency on mycorrhiza and presence of host speci-
ficity. Total biomass, height and cob/pod yield and stem diameter
of inoculated plants were compared with those of plants treated
with fertilizer alone. The percentage increase was graded based
on the classification of Ferguson (1984). In his discussion on my-
corrhizal dependency, growth increases greater than 40% in a
given soil fertility, means that these plants are highly dependent
on mycorrhiza. A 10 - 40% increase means plants are intermedi-
ately dependent on mycorrhiza and less than 10% means the
plants are not dependent on mycorrhiza.

Based on this classification, the 18 hosts were grouped into
three. Plants highly responsive to mycorrhizal inoculation were
the following: mungbean, eggplant, guava, papaya. A. mangium,
P. falcataria, A. auricufiformis and kariskis. These plants were
highly responsive to mycorrhizal inoculation and were observed
to have high positive correlations between mycorrhizal infection
and their total biomass. In all these crops, total biomass, height,
nitrogen and phosphorus uptake were significantly improved with
mycorrhizal inoculation.

Corn, peanut, soybean, citrus and raintree were also clas-
sified as highly dependent on mycorrhiza. Although their total
biomass and cob/pod vyield, nitrogen and phosphorus uptake
were highly responsive to mycorrhizal inoculation, height of
these plants, total biomass of citrus and stem diameter of rain-
tree were only intermediately affected by mycorrhizal inocula-
tion.

Guyabano and mahogany were found to be intermediately
dependent on mycorrhiza. These plants have intermediate to no
response in total biomass and/or height and stem diameter when
inoculated with either of the three VA mycorrhizal species. Cor-
relation analysis between growth parameters of these two crops
and mycorrhizal infection showed lower positive correlation val-
ues than in the crops which were highly responsive to mycorrhi-
zal inoculation.

The remaining plants {langka, upland rice and cacao) were
classified as not dependent on mycorrhiza. Responses of
these plants varied from intermediate, to no response at all to
mycorrhizal inoculation. Correlation analysis showed that my-
corrhizal infection was not related to the total biomass,
height, stem diameter and nitrogen and phosphorus content
and uptake of these plants.
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C. Host Specificity and Host Preferences

Tables 6, 7 and 8 also show the evaluation of the presence
of host specificity for all the three VA mycorrhizal species. Host
specificity was defined by Harley and Smith (1983) as the condi-
tion wherein a given species of fungus forms mycorrhizal relation-
ship only with a specific host plant. If the fungus forms
mycorrhizal associations with many plants it is considered as
"not specific". All the three VA mycorrhizal fungi were evaluated
to be non-host specific. They all formed mycorrhizal infection as
verified by the Gridline Intersect Method (Giovanetti and Mosse
1982) used in evaluating mycorrhiza! infection. Even the non-my-
corrhizal dependent crops such as upland rice, langka and cacao
were observed to have mycorrhizal root infections. Mycorrhizal
infection observed were usually in the form of vesicles and arbus-
cules.

The different responses of the hosts to the three VA mycorr-
hizal species may be due to the host preferences by the mycorr-
hizal fungi. This was also suggested by many researchers when
one fungus improved growth of one plant better than another
(Mosse 1975; Fox 1971-72). Mosse (1975) cited that the prefer-
ential association between certain plants and fungal species can
be evaluated with respect to combinations which produced the
greatest plant growth stimulation, the greatest colonization and
maximum sporulation.

D. Fertilizer effect and large cotyledons

The possible reason why upland rice was not influenced by
mycorrhizal inoculation was the very good response of the plant
to fertilizer application. Rice plants responded greatly to the
added fertilizer and with their fibrous root system, they were able
to have access to the nutrients applied. Growth of the plant was
no longer limited by the nutrient deficiency of the soil, thus my-
corrhizal inoculation did not have any effect on the growth of the
plant. This was similar to the report of Rhodes {1981) who stated
that "if the supply of organic nutrients is not iimiting the growth
of non-mycorrhizal plants, then mycorrhizal inoculation will add
nothing."

A common characteristic of plants not dependent on mycorr-
hiza and those only intermediately dependent on mycorrhiza,
particularly cacao. mahogany and langka, is the very large coty-
ledons of their seeds. In the initial stages of seedling growth, the
plants might have depended much on the stored food. Host pho-
tosynthates were channeled to the formation of the above-
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ground biomass and not on root formation, such that the large
food reserves may have delayed mycorrhizal association be-
tween the fungi and the plant. Furthermore, there might not have
been enough infection sites for the fungus to enter and form my-
corrhizal associations due to the relatively few and sparse roots.

E. Mycorrhizal Dependency Based on Percentage Relative
increase in Total Biomass

Figure 1 presents the mycorrhizal dependency of the 18
crops tested based on percentage relative increase in total
biomass over the fertilizer alone treatment. Percentage relative
increase in total biomass was computed by dividing the total
biomass of the plant receiving fertilizer treatment alone over the
average biomass of the inoculated plants then multiplied by 100.
The higher the percentage relative increase over the fertilizer
treated plants alone, the more the plant is not dependent on
mycorrhiza. Plants not dependent on mycorrhiza had relative
increases in total biomass of 90-107%, plants intermediately
dependent on mycorrhiza had relative increases in total biomass
of 76-87% and the plants dependent on mycorrhiza had 7-53%
relative increase in total biomass over plants treated with fertilizer
alone.

CONCLUSIONS AND RECOMMENDATIONS

1. It is concluded that growth ot plants in very infertile areas
can be improved with application of small amounts of
fertilizer and inoculation with VA mycorrhiza.

2. The three VA mycorrhizal fungi were equally effective in
improving growth of the plants and were not host specific.
Thus, any of the three species can be used to incculate
plants and can still give good growth performance.

3. Further studies on factors which determine host preference
should be done.

4. Further studies on the response of plants to mycorrhiza in
other problem soils such as saline affected soils, mining
areas and the like under Philippine conditions should be
done to fully evaluate the potentials of mycorrhizal asso-
ciations.
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Table 1. Chemical and initial mycorrhizal population of Annam soil, col-
lected from Carranglan, Nueva Ecija
SOIL PROPERTIES ANALYSIS

pH 5.35
Organic Matter (%) 1.08
Total Nitrogen (%) 0.05
Available Phosphorus {ppm) 5.34
Exchangeable K {me/100 g) 1.71
Exchangeable Ca (me/100 g) 7.95
Exchangeable Mg (me/100 g) 3.06
CEC {me/100 g) 17.02
Native Mycorrhizal Population

(organisms per gram air dry soil) 44.0

Table 2.  Growth parameters measured, method used and time of meas-
urement
Parameter Methad Time of Measurement

Piant Height From the base of the stem ta the tip of the apical bud

with a metric ruler Monthly
Flowering date (bservation on the earliness of flowering between treatments Duration of

experiment

Stem diameter Measured at the base of the root collar with a vernier caliper 2nd month
Pod/Cob Yield Weighed using @ Mettler balance after oven drying at 60°C for Harvest

48 hours
Root/Shoot/Nodule Weighed using a Mettler balance after oven drying at 80°C for Harvest
and total biomass 48 hours
Mycorrhizal Taking fine root segments, preserving and fixing in Formalin -

infection acetic-acid-solution {FAA) then clearing and staining using

the pracedure of Philipps and Hayman 1970, Infection count

was done using the Gridline Intersect Technique by Giovanetti

and Mosse 1980. Harvest
Nitrogen Content Analyzed using the Kjeldahl Methed Harvest
Nitrogen Uptake Nitragen content multiplied with the total plant biomass Harvest
Phospharus Content Analyzed using the Molybdo-Vanadate Method Harvest
Phospharus Uptake Phosphorus content muitiplied with the total plant biomass Harvest
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Table 3. Responses of six agricultural crops to inoculation with three
different VA mycorrhizal cpecies

Corra-
lation
Agricultural Crops Control  60-60-60 G/ etuni: Gl macro- G mer with
catum carpum garits Mye.
60-60-60 60-60-60 60-60-60  Infec-
tion
1. Upland rice
Total biomass {g)* 19 b 10.E24 10.3% a 1i.48a 1165228 018ns
Tiller count {norpltl® 3.00p 7.00 a 700 a BOC a 760a G188 s
Hoight iam) * A7.20b  BO50a 6260 a 65.00a HABLa 0.06ns
2, Com
Total omass (q) * 2.0b ¢ 7.29b 1349 4 15.16a 1241a 0bY "
Cob vyield ig) * 0.20b 193.650nh 95530« B2590a4 744.20a 0.63°
Heghe (ami * §6.60c 88.40b 1N740b 112.90a 107.80a G053 ¢
3. Mungbean
Total biomass (g) * 0.24b  ©36b 4.7 & .03 4 L57a 085"
Pod yield (mg} * 0.10b 163.90b 2512.00a 26.01 a3157.00a 084"
Heght (cim) 11y 12.80b 25 60w 20,600 2%40a 083"
4, Peanut
Total blomass (g * 216 ¢ 273 ¢ 202 b 832ah 991a 023°
Pod vield 1y * 0BZh 118 b 3.7/%a 3.42 4 3.63a 0.31°*
Height {¢m) ns 17.80 15.40 18.20 20.60 19,50 0.32 °
5, Soybean
Total biomass (g} * 1.30 ¢ 2891 b 6.01 a 4.80a 5.70a (.69 "
Pad yiedd (g} * 0.25b 09 b 2.5Z a 1.91a 2.27a 0.66 *
Height (cml ® 52.30b B87.80a 1i000a 98.60a 1'0.90a ©43°
6. Eggplant
Totdl biomass (g) * 003 b 16301 H33a 6.5 a 5.62a 092°

Height (om) ¢ 1.80 b 5,30 b 15.00 a 14408 14208 089"
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Table 4.  Responses of six fruit trees to inoculation with three different VA
mycorrhizal species

Carre-
lation
FRUIT TREES Control  60-6060 &/ etuni Gl macro- G mar- with
catum carpum garita Myc.
60-60-60 60.60-50 60-60-60  Infec.
tion

1. Guava

Total tomass (gl * 0.05b 0.11b 0.43 a Q040 ab 043a Q.60

Stem diameter (mm) * 1,20 b 1.3G b 700 ab 1.90 aty 2,208 Q.61 °*

Haight lcm) * 330 ¢ 6.80 b 11.80a8 12.30ab 14.20a Q.68 °*
2. Cacao

Total liomass (g nis 1.08 *.9z7 174 2.10 1.58 Q.23 ns

Stem diameter (mm) ns  4.90 €10 610 6.20 5.70 (.19 ns

Heigth {cm) ns 16.10 18.30 17.50 18.80 17.10 0.16 ns
3. Langka

Total biomass (gl ns 6.34 6.74 778 770 7.11 0.C4 ns

Stem diameter imml ns /.30 7.20 7.20 7.30 6.70 0.37 ns

Height (crm) ns 49.20 49.40 £3.50 53.6¢ 53.70 0.15 ns
4. Citrus

lotay biomass (gl * 0.23 b 0.240b 0.31h 0.72 a 072a 057"~

Stem diameter (mm} *  1.20 b 1.70 ah 1.40 ab 1.60a 2.10a 040 °*

Height tlem) * 5700 5.70b 810b TMoCab 11603 0.65°
5. Papaya

Total kiomass (g} * 0.06 b 1620 6.39 a 6545 a 6.72a 082"

Stem diameter {mm) * 1.60 b 3.00b 10.10 a 11.90a 11.8Ca 0.87°

Heaght (emy ° 70006 11.20b 34.00 a 32308 3460a 091 °
6. Guyabano

Total biomass (g) ns 1.05 1.11 1.44 1.24 1.69 a.41 "

Stem diameter (mm) ns  4.20 3.70 4.10 3.80 3.40 0.12 ns

Height |cm) * 22700 23.40ab 27.00ab 24.70ab 28.30a 047"
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Table 5.  Responses of six forest trees to inoculation with three different
VA mycorrhizal species

Corre-
lation
FOREST TREES Control  60-60.60 G/ etuni:  GF macro G. mar- with
catum carpum garita Myc.
60-60-60 60-60-60 60-60.60 Infec--
tion
1. A mangium
Total bromass (g) * 0.1h b 05820 377a 372 a 337a 057"
Stern diameta (mm) * 1.10 b 1.00 b 2802 270 10 a .66 *
Heigh! (cm) * 6.20 b /00 b 23.30a 21.60a 2770a 0.73°*
2. P. fafcataria
Total biomass Iyl * 021 b a27h 3.91a 3.74 a 467a 089"
Stem dhameter {mm) * 1.40 ¢ 1.20 ¢ 3600 3.60b 4.20a 093 °*
Height fcm) * 230 330k 1730 169 a 18850a 088"
3 Raintree
Total momass (gl * 11'h 102 b 2,97 & i39%a I40a QY0
Stem diameter (mml * Z280hb 3.10 ab 3.80a 3800 3.€0ab 0.50°
Height {cm) * 2030 ¢ 2210bc 31.70ab  3&.y0Da 34.30a 064 °
4. A. Auriculiformis
Total bromass igh * 0.20¢c 0.47 bc C.98 abc 134 a 113ab 0.65%°*
Stem chameter (mmi * 1.20 b 140 b 2.00 ab 210 a 240a 0.63°*
Haight (cm) © 10,50 ¢ 1210 be 20.20ab 22.90a 21202 0.63 °
5. Mahogany
Total biomass |g) * 2.180b 2.8%b 3.2% an 308a4ab 3638 0.37°
Stem diemeter {mm) ns 3.50 3.50 4.20 3.80 3.80 0.16 ns
Height (cm) ns 24.70 22.60 24 Q0 22.00 25.30 -0.16 ns
6. Kariskis
Tatal bnomass (gl * C.14 b 0i?b 210 a 1708 1B6a 073
Stem thameter tmm) ns 1,30 b 1.40 b 2.80 a 3.00 a 230a 073

Hewght (cm) * 510b 5. 60bb 4650 a 45204 431.10a 079 °
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Table 6.

731

Summary of the responses of six agricultural crops to inoculation

with three different VA mycorrhizal species, their dependency on
mycorrhiza and evaluation of the presence of host specificity

Gl. etunicatum G macrocarpum G. margarita
% Inc. % inc. % Ine. MYCORRHIZAL
AGRICULTURAL CROPS vs Graded vs Graded s Graded DEPENDENCY
60-60-60 response | 60-60-60 | response |60-60-60 | response
A
1. Upland rice
Tetal biomass 8] nane 6 none 7 none not
Tiller count 0 nane 14 interm. 0 none dependent
Height 4 none 7 none 7 none
2. Comn
Total biomass 86 high 109 high 70 tugh highly
Cob yield = 394 high 327 high 1447 high dependent
Height 21 interm. 28 interm, 22 interm.
3. Mungbean
Total biomass o7 high 1297 high 1447 high highly
Pod vieid 1434 high 1488 high 1827 high dependent
Height 100 high 108 high 122 high
4. Peanut
Total biomass 194 high 206 high 263 high highly
Pad vyield 221 high 150 high 199 high dependent
Height ™ 18 interm. 34 interm. 27 interm.
5. Soybean
Total biomass ) 106 high 65 high 96 high highly
Pod yigld 177 high 110 high 149 high dependent
Height 25 interm, 12 interm, 26 interm.
6. Eggplant
Total biomass 288 high 299 high 245 high highly
Height 138 high 129 high 125 high dependsant
Presence of host
specificity not specific not specific not specific
Legend : 0-10% increase = not dependent

11-40% increase = intermediately dependent, >40% increase = highly dependent
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Table 7.  Summary of the responses of six fruit trees to inoculation with
three different VA mycorrhizal species, their dependency on
mycorrhiza and evaluation of the presence of host specificity

GI. etunicatum I GI. macrocarpum G. margarita
% nc. | % Ing, % Ine. MYCORRHIZAL
FRUIT TREES vs | Graded ] Graded us Graded | DEPENDENCY

IiI]-SIJ-Eﬂi response |ﬁn-ﬁﬂ-li | response | 60-60-60 |response

1. Guava
Total biomass & 291 high 264 high 291 high highly
Height 54 hign 46 high 69 high dependent
2. Cacao
Total biomass ™ 0 none 3 none 0 none not
Haight ™ 0 none 3 none 0 none dependent
3. langka
Total biomass ™ 14 interm, 14 nterm., 1 nang naot
Height ™ 8 nong 9 none 9 none dependent
4. Citrus
Total bicmass 29 interm. 200 high 200 high highly
Height i 4z hign 93 high 191 high dependent
5. Papaya
Total bicmass 294 high 248 high 318 high highiy
Height 20% kigh | BB high 209 high dependent
6. Guyabano
Total biomass " 30 interm. 12 interm. 52 high interime-
Haight 15 interm. B none 21 interm, diately
dependent
Presence of host
specificity not specific not specific not specific

Legend : C-10% increase = not dependont
11-40% increase = intermadiately dependent, >40% increase = highly dependent
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Table 8. Summary of the responses of six forest trees to inoculation with
three different VA mycorrhizal species, their dependency on
mycorrhiza and evaluation of the presence of host specificity

Gl. etunicatum Gl. macrocarpum G. margarita
% Inc, % Inc. %inc. | MYCORRHIZAL
FOREST TREES vs Graded Vs Graded v8 Graded DEPENDENCY
60-60-60 | respense | GO-60-60 |response [GO0-60-60 Tesponsa

1. A. Mangium
Total biomass 6256 high 500 high 740 high highty
Height ‘ 230 high 251 high 287 high dependent
Stern diameter * 180 high 170 high 220 high

2. P. falcataria
Total biomass ~ 1348 high 1285 high 1630 high highly
Height 424 high 412 high 461 high dependent
Stem diameter 200 high 200 high 250 high

3. Raintree
Total biomass Lk high 232 high 233 high highly
Height 43 high 57 high 55 high dependent
Stem diameter 23 intarm. 23 interm. 16 interm.

4. A. auriculiformis
Total biomass ~ 109 high 185 high 140 high highly
Height 67 high 89 high 75 high dependent
Stem diameter 73 high 71 high 71 high

5. Mahogany
Total biomass 12 interm. 7 none 26 interm. interme-
Height ™ 6 none 0 none 11 interm. diately
Stem diameter 20 interm. 1 interm. 9 none dependent

6. Kariskis
Total biomass = 1650 high 1317 high 1450 high highly
Height . 812 high 786 high 706 high dependent
Stemn diameter 87 high 100 high 53 high

Presence of host

specificity not specific not specific not specific

Legend : 0-10% increase = not dependent

11-40% increase =

intermediately dependent, >40% increase =

highly dependent
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