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Root colonization of mandarin plants grown in orchards of
Darjeeling hills and plains with arbuscular mycorrhizal fungi and
their effects on plant growth
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Abstract

Citrus reticnlata is an ancient commercial crop being cultivated in Darjeeling-Sikkim hills. Many diseases
are prevalent in mandarin plants, out of them, bacterial & fungal discases are mostly dangerous. Arbuscular
Mycorrhizal Fungi were screened from rhizosphere of mandarin plants from the four different regions
using wet sieving and decanting method. Microscopical observation revealed the presence of different
genus of AM fungi present in the root as hyphae, spores and sporocarp, Glomus mosseae, G, fasciculatum,
. aggregatum G badium, G. constrictum, G versiforme, Crigaspora gigantea, . margarifa,
{eaulaspora capsicula, A. breticwlata, Seleracystis and Scutellospora rubra were found to be dominant in
all the soil samples of mandarin, Species of Glomus were found o be high in both hilly and foothill
regions, Glomus mosseae and G. fasciculatum were selected for mass multiplication in maize plant in pots,
Histopathological study of root showed the presence of vesicles and arbuscules. AMF infection and total
number of spores per 100 gram of soil were recorded. Scanning Electron Microscopy (SEM) of AMF
spores of mandarin revealed clear morphology, spore wall characters and hyphal attachment of SpOres.
Total phosphate content of the soil, soil analysis and enzyme activitics in roots and leaves of mandarin
plant from the different regions were studied. Three major defense enzymes peroxidase, chitinase and B-
I.3- glucanase showed enhanced activities and the wial phosphate content also decreased in soil with
respect to control. Present study evaluates the effect of AMF in plant growth and phosphate solubilization,
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Mandarin orange (Citrus reticulota Blanco) the loose
Jjeckel orange which is a principal cash crop of India is
cultivated to an alleviation of 1500 mm in Darjecling -
Sikkim hills. It belongs to the family Rutaceae under the
order Sapindales. Mandarin is grown in the tropical / sub
-tropical regions 35° N o 35° S of equator. There are
four natural and one hybrid cultivars of mandarin in
India grown in five different belts as a dominant cash
crop. The total production is reckoned at about 760
thousand tonnes per year. Loose jacketed orange such as
MNagpur Santra, Coorg orange, Kamala orange  of
Manipur, Khasi orange of Assam, Sikkim orange of
Darjesling and Kinnow of Punjab belong to the category
of Mandarins in India.

Mandarin is widely consumed as fresh fruit and also
used for producing canned segments, juice- concentrate,
squash, beverages, jams as well as marmalades. The peel
of Mandarin is the source of essential cils which are
used in the cosmetic and pharmaceutical industries
(Frazier and Westhote, 1978), It can also serve as a hasic
material for the production of canle feed, candies and
aleohol.

However, mandarin orange is susceptible to various pest
and diseases which results 10 decline in production and
productivity. The intensity sometimes is so severe that
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thousands of hectare cultivated areas are declined every
year which is commonly referred as citrus decline or
citrus dieback. The commons citrus diseases are
growing, tristeza, cranker, fooi/root rot, wilting etc. Root
rot is an alarming problem of Darjeeling mandarin and
one of its important causal organism is Fusarium spp.

AMF are an important group of soil-borne
microorganisms that contribute sustainability to the
establishment, productivity and longevity of natural or
man-made ecosystems by the vinue of forming a
symbiotic association with most terrestrial planis by
forming an extensive network of external hyphae
functioning as plant rootlets by spreading into a vast
area underground and absorb nitrogen, phosphorus,
potassium, calcium, sulfur, ferric, manganese, COpper
and zinc from the s0il and then wanslocate these
nutrients to the plants with those roots they are
associated  (Gerdemann, 1975). The symbiotic
associations of AMF with most terrestrial plans are well
documented but there are only few reports of symbiotic
association between mandarin plant and AMF, The
extrametrical fungal hyphas can  extend several
centimeters into the soil and absorb large amounts of
nutrients for the host root (Khan et al., 2000),

Ihese exiraradical hyphal networks and their hyphae
help in improving the texture of the soil as they contain
and release glomalin, which is a putative glycoprotein,
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assuved from soil. Glomalin is a Glomalin-related soil
protein (GRSP) that is correlated with aggregate waler
stability (Wright and Upadhyaya 1998, Rillig 2004;
Rillig and Mummey 2006). lmproved soil structurc
increases water infiltration and can reduce soil erosion
{Tisdall and Oades 1982).Efforts are being underiaken
to develop a bio formulations which can minimize the
disense ocourmence,

Considering the importance of associntion of AMF with
mandarin orange the present investigation wos made 1o
assess the AMF  population from  three  different
locations of Darjecling hills ( Kalimpong, Mirik,
Bijanbari). For the assessment of AMF population in
plains, rhizosphere soil was collected from mandarin
plants being grown in experimental garden of Immuno-
Phatopathologs  Laboratory, Depariment of Botany,
MBL.

Materiaks and method

Isolation of AMF spores

Arbuscular mycorthizal fungal spores were screened
from those soil samples of Mandarin rhizosphere by the
wil sieving and decanting method (Gerdeman &
Nicholson, 1963). Soil samples {(100gm cach of the
representative root zone) were collected, suspended in
water (1 1) in order to obtain a uniform suspension. Soil
clusters are carcfully dispersed in the water and is kept
tor 10 minwes w settle down the heavy particles.
Aqueous suspension was passed through a set of sieves
of different pore size (200, 170, 150, 80, SOum)
arranged one below the other. The spores were picked
by ihe help of fine bristles / brushes and transferred to
grooved slides or vials and observed under dissecting
microscope. Few spores were stained with Melzar's
resgenl and studied under sterio-microscope. Healthy
spores are separated by fine brush and are stored in
amoclaved glass vials either in sterile distilled water or
Ringer's Solution (8.6gm NaCl, 0.3gm KCl, 0.33gm
CaCl= in one liter of boiled distilled water) at 4°C for
further study and observation. It is evident from various
sindies that each plant has multiple AM fungi
population. The soils of the collected samples were
further analyzed 1o know the chemical composition of

the s0il, viz. moisture content, pH, amount of carbon, N,
et

Plant material

Clirus reticuluia seedlings were obtained from orchards
of Kalimpong, Mirik, Bijanbari and experimental field
uf[mmuru:r-phytc-paﬂmlug}' Laboratary of Narth Bengal
University. Siliguri. They were maintained in 127
earthen pots with sterilized soil.

Identification of AMF spares

Spore samples were separated according to  their
morphelogy, size, colour, shape, wall thickness, wall
layers, and other accessory structures like hvphal
attachment ete. for the purpose of identification, The
spores were identified up 1o species level with the help
of standard keys (Walker 1981: Schneck and Perez
1987). Spores were critically examined with special
reference 10 variation in vesgicles {size, shape, wall

thickmess, wall layers, position and abundance), hyphal
branching patterns, the diameter, structure (especially
near eniry points) and the staining intensity of hyphae,

Spare count

Rhilzosphere soil (100g) was taken and suspended in 230
ml water, Wel sieving and decanting method was used
for isolation of spores. Tolal number of spores were then
counted and spore percentage of different genera was
ohtaincd.

Histo-pathalogical analysis
The rool specimen were taken from field and washed
with tap water. The root were cut into pieces, after
washing treated with 102K 0H added, kept in water
bath for 1h, then 1% HCL was added to neutralize. the
alkalinity. The root pieces were then washed with water
(after 30 min) and staining was done by simmering the
roots in cotton blue: lactophenol{1:4) for 3-4min with
mild heating. Degree of contrast between fungal tissues
and back ground plant cells was obtained according to
the duration of storage of tissues, 1% HCI was added to
acidify the tissues, as most histological stains are acidic,
A little amendment in this process Is noteworthy
because it has been noticed that extraradical spore
bearing hyphac and other extraradical fungal tisswes
with root segments are destroyed or dissolved when it is
boiled in hot water bath at 90°C twice with 2% KOH
followed by 0.05 cotton blue and lacto glycerol for
staining the internal structures of AMF inside the rool
segments i.c. arbuscules, vesicles, muxiliary cells ete,
The total staining process can he done without heating
but keeping the root fragments in 1-2% KOH for 24-48
hours in a Petri dish and another 12 to 18 hours in cotton
blue and lactoglyceral with minimum movements of the
samples yields remarkable result. In this method the
sporc bearing hyphal structures, auxiliary cells ete. are
clearly wvisible and percent colonization can be
determined with better accuracy. Afier preparing the
roots the hyphal structures were viewed under dissecting
stercomicroscope under 20X and 40X magnification,
Percent root colonization was estimated by using slide
method as described by Giovannesti and Mosse { 1980,

Muss multiplication of AM spores

Crlomus mosseae and . fasciculatum were selected
from among the mass of ather AM fungi with the help of
fine tweezers under dissecting microscope, The spores
were washed several times with distilled water and
Chloramin T to remove adhered debris. They were then
inoculated in roots of 7-10 days old maize seedlings
which were grown in petri plates. Afier inoculation they
were transferred o black plastic pots (12 inch) having
autoclaved soil to discard the presence of other fungal
propagules. After 45 days the presence of spores of €
masseae and . farcicularim were confirmed.

Artificial inoculation of mandarin roots

Healthy spores of G. mosseae and G fasciculatum were
collected from the maize plants and rinsed with sterile
distilled water. Filter paper were cut into small circles of
3 mm diameter and about 5-6 spores were transferred to
the filter paper, The paper was then sdhered 1o the roots
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Table 1: Physico-chemical factors and AM infection (%)
in rhizosphere soil samples of mandarin

Factors Kalim- Mink Bijan- Foot-
pong bari halls
Soil vpe: Cley  Sandy Clay Clay
cley
Rand(%): 4R 54 42 4
Sl %) 1o 114 1] 14
Cla %) 42} 42 42 di
pH: 601 4.8 131 507
Moisture( %ok 21.64 19.27 11.62 20.95
P4 pps 2194 14.82 67T 3135
kO ppm: 3134 19767 5489 4897
Chrganic (%) (148 [.11 1.31 75
Mitrogen|Yal: (.05 a1l 0.4 (h.08
Colonizsion 4 74 B B4
i“a)

of 1 month old seedlings of mandarin plants with the
help of tweezers.

Evrraction and guantification of soil phosphate

Soil sample (1 g) was eir dried and suspended in 25 ml of
the extracting solution (0,025 H,50,, .05N HCI to
which activated charcoal (0.01g) was also added, shaken
well for 30 min on a rotary shaker and filtered through
Whatman MNo. 2 filter paper (Mehlich 1984).
Ammonium  molybdate-ascorhic  acid method  was
followed for quantitative estimation of phosphate as
described by Knudsen and Beegle ( 1988),

Assay of engyme activities

Leaves and roots of mandarin seedlings grown in treated
or control potted soil collected from different regions
were used for all biochemical analyses. Samples were
collected for assay | month afler inoculation,
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Figure | A: Frult bearing mandarin plani; B:
Acaulozpora capsicula, C: Giomus mosseae, D: G
mosseae with long hyphal attachment, E: G. badium, F;
G. constrictum, G: Acawlospora bireticulaia, H:
Sporocarp of Glomus, |- Scurellospora rubra, J:
Gigaspora margarica, K: Glomus fasciculata, L: Mass
multiplied spores of Gigaspora giganta, M: Enlarged
view of the same, N: Mycorrhizal hyphae in root tissue,
0-Q: Vesicle, flattened vesicles and single enlarged
view of vesicle
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Table 2: Microscopic characters of AMF Spores associsted with mandarin roots
5 Spore size o

Genus & species Cn_lfnr Shape J::: pmm} Other descriptions
Glomus fascicula-  Pale yellow to Glabaue to k! T0-120 5 layer continuous
tum brightbrown  subglobose pareayer

orange  Globose to

B e Ejrrl;:;ﬂﬂln subigioboe 3 200 Hyphae are double {ayT'td
Glomus aggrega- Globose to 5 200-1800 x Sporocarps formed in loose
rioe Paleyelow aval -2 200.1400 clusters

Reddizh brown Globose, sub- !
: . Subtending hypha of each
CHlonms hadim o dark brown to globose to 3 51-90 x 75-120 “t
black el apore Is usually very sho
Globose 10 ’ ;
: Subtending h traight

Glomus constric- Brownishorange  subglobose, 110-130 x 150- .;::Jm: 3 gﬁﬁ:};‘;ﬁﬂy

ruirm to dark brown :f:;ﬂmu 160 constricted at the spore base
Sporocarps are irregular,

- : o o red Glg;ntu they arise from a basal pad
‘;’ el bm"’“g“ “‘“mz M 3 60-160 of pale grayish vellow, loose
- g H:. id i mycelium with a few inter-

vl spersed spores
Formed terminally or later-

Gigaspora ; Globose to 3 250-270 x 265- Al bulbou

Figamea Greenish yellow sikghibiae 170 ng&:ﬂ; 3 SpOTORE-
: Spores produced singly in
Gigasporg marga- ;tﬁﬁ:;mm Globose to 2 300-340 x 360-  the soil, blastically at the tip
rita subglobose 380 of a bulbous sporogenous
vellow cell
Sporiferous saccule pale
Acoulaspora cap-  Omange red to Globose to 3 220-310 x 290-  yellow to brownish yellow
5i capsicum red subglobose 440 which usually falls off when
spores mature
Surface omamentation is
Aeaulaspora bi- i prominent. Spores are bome
reticulota Brownish Chcbase 3 SR laterally from the neck of a
sporiferous saccule.
Dark orange- Germinal walls are formed
w& ¥eliespors brown to red- G'h”'ml m’”" 3 140-220 completely separate from the
= brown T spore wall
Chlamydospores arranged
Sl e Brown to black-  Globose to I00-600 x 400-  side by side in a single layer
ish brown subglobose T04 radially arranged on a central
plexus of hyvphas
Table 3: Soil phosphate (pg/g tissue) content in rhizosphere of mandarin planis afier application of microorganisms
Kalimpong Mirik Bijanbari Foothills
Control 47.19£& 0.625 4913+ 00144 48,39+ 0,387 4712 £ 0.071
rlomus mosseas 33.67 £ 0.287 12.45+0.262 3199 +0.41 313.06 £0.461
. fasciculatum 31,75+ 0.2165 J1.64 4 0.086 3240+ 0318 203 £ 0.14
7. mogseae + G fas- 3038 +0.198 30.23+£0.2% 2985+0.13 2058+ 0,29+

it

Peroxidase (POX, EC1.11.1.7.). Extraction and assay
of peroxidase was done following the method described
by Chakraborty ef af {1993), O-dianisidine was used as
substrate and activity Wi assayed
spectropholometrically at 465 nm by monitoring the
oxidation of O-dianisidine in presence of Hy04. Specific
activity expressed as the increase in A A 465/g tissue/
min.

Chitinase (CHT, EC 3.2.1.14). Chitinase was extracted
and assayed following the method of Boller and Mauch

(1988). The amount of GlcNAc released was measured
spectrophotometrically at 583 nm using a standard curve
and activity expressed as pg GleNAc released /min g
fresh wi, tissue,

p- 1,3- gluconase ( f-GLU, EC 3I1.1.38). pB-1.5-
glucanase was extracted and assayed from the samples
following the method of Pan ef af (1991). The amount of
glucose liberated was determined
spectrophotometrically using a standard curve. Activity
was expressed as pg glucose released 'minfg tissue,
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Table 4: Activities of B-1. 3 glucanase in leaves and roots of mandarin following application of . mosseae and G

fasciculaium
P i Foothills
Clucanase Kalimpong Mirik Bijambari

Leafl Root Lcal Root Leafl Root Leal Rm:_
Control 212 13 200 105 198 123 215 11
(Hlomus mossead LI 189 123 156 309 |76 320 168
Clomus fasciculatum 252 179 261 163 261 175 250 173
iy w2 d91 M6 10 304 169 31 198
r fasciculariin :
l'able 5: Peroxidase activity in lenves and roots of mandarin following application of & masreae and G. fasciculatum

Peroxidase Kalimpong Mirik Bijanbari Foothills

Leal Root Leaf Root Leafl Root Lzal Root
Control 89 29 78 30 88 T6 32
Gloms mogseae 110 td 102 6l 120 6 i 7.
G fasciculatum {13 40 105 45 106 98 a0
(3 mogicac + 135 68 129 T0 131 140 73

Ly famciculatum

Resmbts and discussion

The benefits and wide host range of AM fungi has led to
it being used as a bivinoculant to improve plant nutrition
and growth. This study focussed on the use of AM
fungi, its application and the gquamification of the
increased defence related enzymes responsible for
disease resistance and subsequently improving plant
health stamus, Arbuscular Mycorrhizal fungi from the
szlected places of hills (Kalimpong, Mirik, Bijanbari)
and foothills were screened from the rhizosphers of
mandarin plant. On observation it was found that
Clomus mosteae dominated the AM population in all
the soil sampies followed by G fosciculotum Results
are presented in Fig 2. Percentage of AM spores
determined from different regions showed maximum of
different (rlommur sp., followed by Gigaspora sp.,
Araulospora and Scutellospora Histopathological study
revealed the presence of vesicles and arbuscules in the
rooi segmients determining the fact that infection of the
AM spores has taken place (Fig 1), Organisms of AMF
have a bimodal pattern of differentiation (Morton,
1990). The vegetative thallus consists of arbuscules,
imraradical vesicles (shared only by species in the
suborder Glomineae), extraradical auxiliary cells (shared
only by species in the suborder Gigasporineae), and
intraradical and extraradical hyphae (Smith and Read,
1997, Morton and Benny, 1990). Arbuscules are finely
branched structures in close contact with the cell plasma
membrane, functioning in exchange of nutrients between
host and fungal cells (Smith and Read, 1997). Hyphae
are important in nutrient acquisition and as propagules
o initiate new rool colonization (Graham et al, 1982
Friese and Allen, 1991). Vesicles are globose siructures
arising from swelling of the hyphac and filled with
plycogen granules and lipids and are considered to be

storage structures (Bonfante-Fasolo, 1984; Brundrett,
1991).The different types of spofés which were
observed in the rhizosphere of mandatih soil have been
identified and described as shown in Table 2. Spore
colour, shape and size are the most pidminent factors in
their identification. The hyphae of each genus also
di ffers in their morphology and number of wall layers,

Scanning Electron Microscopy (SEM) (Fig 3) of the
spores revealed the spore wall morphology. Gilows
mosseae has a rough outer surface. The outer layer is
sloughed, Spores of & fascicwlatum are found in
apgregates of I-6. The surface is rough and shape is
subglobose, The wall of Gipaspora pigantea is smooth
walled with the typical bulbous suspensor. The
polygonal reticulum on the spore wall surface i
characteristic of Acaulespora reticulata,

Total phosphate content of soil had decreased due to
application indicating that the plant could uptake
phosphorus which had been solubilized by AMF (Table
3). Dual application of &. mosseae and G. fasciculatum
was more effective in solubilising the insoluble
phosphate present in the soil than when applied singly.
This study aimed at improving the understanding of AM
fungal interactions in the rhizosphere using a field trial
which was to an extent successful. Application of
masseae in the rhizosphere of citrus plants led to an
increass in the growth of seedlings in terms of increase
in height and number of leaves. Joint inoculation with
both the microorganisms (G mosseae and T hamatum)
gave most significant results (Allay and Chakraborty,
2000). B pumilus along with G. mosseae could improve
seedling growth in terms of height and leaf number and
also helped in solubilising phosphate, supgesting a
synergistic effect (Chakraborty ef al, 2011). Fresh shoot

Table 6: Chitinase activity in leaves and roots of mandarin following application of G. mosseae and (7 fasciculatum

Chitinase

Kalimpong Mirik Bijanbari Foothills
Leal Raool Leaf Root Leal Roaon Leaf Root
Control &8 80 B6 78 89 T 02 81
(rlomus mosseoe 106 04 105 Lk} R g4 114 11
. fasciculaim 23 83 93 9] 0] 82 102 BS
(7. mosseme + 133 oy 124 L] 126 a8 145 1K)

G fasciculatm
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biomass was also found to be increased when tomato
plants were treated with Glomus mosseae, Acaulospora
laevis and Trichoderma harsianum {Tanwar er al, 2010).

The pH of soil varied from 4.5 w 6. The pH of
Kalimpong soil is around &0 which is ideal foF citrus
plants (Table 1). Mot much difference was seen in the
availability of carbon and nitrogen respectively in the 4
different regions. The moisture content of Kalimpong
soil is also the highest, Citrus trees prefer deaining sandy
loam soil hence the mmount of sand in all the soil was

high,

Activitics of 3 defense engymes- chitinase, 1.3 - p
glucanase and perovidase were assayved in leaves and
motz of mandarin acedlings  subjected 1o various
treatmems- i, G mosseae, G fasciculaim and G.
moggee O faseienfamem, Activities of all 3 enzymes,
in both leaves and roots, were significantly enhanced
due to the various treatments (Table 4, 5 & 6). The most
significant was in dual application of AMF in all the
cases. In an earlier study, when mandarin seedlings were
prestreated either with 8. pumilus or . maogseae prior to
challenge inoculation with the pathogen [ Fusarium
arysporum), sctivities of all three defense enzymes
increased significantly {Chakraborty er al, 2011).

The overall results of the present study have shown that
G. mosseae and G. fasciculatum can promote growth of
mandarin plants. However, (. mosseae was found to be
ihe best colonizer as well as responsible for induced
accumulation of defense enzymes in the host plant,

Acknowledgement

Financial help received from University Grants
Commission, New Delhi, India, is gratefully
acknowledged.
References

Allay. 5. and Chakraborty, B.M. 20010, Activation of defense
response of mandarin plants zgainst Fusarium oot rot
dizease using Glomus mosseae and Trickoderma hamatum,
Journsl af mycalogy and plant pathology Vol, 40(4) 2010
400-511,

Boller \T., and Mauch, F. 1988, Colorimetric assay for
chitmase. Meth Enzymol. 161: 430-435,

Bnni’mw-Fa._mln, F. 1984, Anatomy and morphology of VA
mycorrhizae. Pp. 3-33. In: V4 Mycorrhiza. CLL Powell
and [1.). Bagyaraj (Eds ). CRC Press, Boca Raton, Florida.

Brundren, M.C. 1991, Mycorrhizas in natural ecosystems.
Advances im Ecological Research 21:171-213.

Chakraborty, U.. Chakraborty, BN, Kapoor, M. 1993
Changes in the levels of peroxidase and phenyl alanine
nmmonia lyase i Heassico napur cultivars showing

vanable resistance 10 Lepiosphaeria  maculans. Folia
Microbiol. 38: 491496,

Chakraborty, U., Chakraborty, B.N., Allay, 5., De U. and
Chakraborty AP, 2011, Dual Application of Haciiius
pumilis and Glasus mosseae for Improvement of Health
Status of Mandarin Planis deta Rorticulture p. 215-229

Danicls, BA  and Skipper, HD. 1982 Methads for the
recovery and quantitative estimation of propagules from
soil. pp 2045 In: Methods and principles of mycorrhizal
research, ed by N C. Schenck, The American

Phytopatholegical Sociery, 5t Paul

Danicls, B.A. & Skipper, HoA. 1982, Methods for the recovery
pnd quantitative estimation of propagules from soil In
dethods and Principles of Myeorhizal Research, Ed. W O
Schenk, American Phyiopethelogical Sociere, 5U Poul,
Minn,, pp 29-35.

Friese, C.F, and M.F. Allen. 1991, The spread of VA
mycorrhizal fungal hyphae in the soil Inoculum types and
external  hyphae  architecture.  Myeological  Research
G2:317-321.

Cange, AC., and HM West 1994 Interactions between
arbuscular Mycorrhizal fungi and foliar-feeding insects in
Plentago lanceolata L. New Phyiologisr 128:79-87.

Gerdemann JW. and Micolson TH. 1963 Spores of
mycorrhizal Endogome species extracted from sail by wet
sieving and decanting. Traws Br Mycol Soc 460 233-244,

Gerdemann, JW, 1965 Vesigular-arbuscular mycorrhizae
formed on maize and tuliptree by Endogone fasciculata
Aycologia §T; 562-575

Gerdemann, )W, and Trappe, J.M. 1974, The Endogonaceas
in the Pacific Morthwest 5 1-T6.

Gerdemann, | W 1975 Vesicular arbuscular mycorrhizae, In
The Development and Function of Roots, {eds) JG
Torrey and D.T. Clarkson, Academic Press, Mew York. Pp
575595

Uraham, J.H., Linderman, R.G, and Menge, JA. 1982
Development of external hyphac by different isolates of
mycprrhizal Clomws spp. in relation to oot cobonigation
and growth of trover citrange. New Phyiologisr 91 183-
185,

Gupta, R., and Kumar, P. 2000 Mycorrhizal plants in response
o adverse environmental conditions. p. 67-84. In K G
Mukesji, B. P. Chamola and 1 Singh (eds.) Mycorrhizal
Bialogy. Kluwer Academic/Plenum Peblishing, Mew York

Hall, LR. and Abbatt, LK. 1984, Some Endogonacess from

southwestern Australia. Trans. Be. Mycol Soc 830 203
208,

Ibijbijen, ., Urquaiga, 5, Ismali, M, Alve, IR, and Boddey,
EM. 1996 Effect of arbuscular myeorrhizal fingr on
Erowth, mineral nutrition, and nitrogen fixation of three
vanelies of common bean | Phaseolus vulpara) New
Phytologist 134:353-360

Jakobsen, 1. 1999. Transport of phosphorus and carhon in
arbuscular mycomhizas, p535- 342, In A, Varma and B
Hock {eds ) Mycorrhiza: Structure, Function, AMofecular
Biology. 2nd ed. Springer, Berlin

Khan, AG., Kuek, C, Chaudhry, TM., Khoo, C5, Hayes,
W1, 2000 Plants, mycorthizae and phvtochelaors m

heavy metal contaminated land remediation. Chemos
41, 197-207. ' e

Knudsen, D, Beegle, [} 1988 Recommended phosphorous
lests. 122-125In: W.C. Dehnke (ed), Recommended
chemical soil tests procedures for the north central region

Bull North Dakota Agric Exp St Norh D
gl P akota, USA

Lu, X.H. and R.T. Koide 19%4. The effect of mycorrhizal

Moron, 1. B lWﬂ._Em]mmnaq- relationships  among
arbuscular  mycorrhizal fungi m  the Endogonaceas.
Myeologia §2:192.207.



Mycorrhizal root colonization in mandarin-Allay ef al.

Monon, 1B, and Benny, G.L. 1990, Revised classification of
arbuscular mycorrhizal fungi (Zygomycetes). a new order,
Glomales, two new suoborders, Glomineas and
Cigasporineae, and two new families, Acaulosporaceas
and Gigasporaceas, with an emendation of Glomaceae.
Aycotomon 3T-4T1-491

Frazier, W.C' and Westhofe, D.C 1978 Contamination,

preservation and spoilage of vegetables and fruits. Foed
Microbiclogy. Mew York, McGraw Hill Book Company,
Ard edition 12:194-214

Pan, 5.0., Ye, X5 and Kuoe, J. 1991. A techmique for
detection of chitinase, B- 13- glucanase and protein
patterns after a single separation using polyvacrylamide gel

glectrophoresis and isoelectric focusing, Phytopathology.
B1:970-974

Rillig, M.C, 2004, drbuscular mycorrhizae, glomaling and soi

aggregation Canadian Journal of Soil Science. 84:355-
Jal

Rillig, M.C. and Mummey, DL 2006 Tansley review
Mycorrhizas and  soll  siructure. Mew  Phytologist (n
press)

Rothwell, F. M. and Trappe, J. M. 1979, Jdcowlospora
bireticulaia sp. nov, Mycolaxon 8:471-475.

Schenck, N.C. and Perez, Y. 1987 Momua! for the
Identification gf VA Mycorrhizal Fungl Second Edition

47

Intemational Coliure Collection of VA Mycorrhizal Fungs
(MY AMY, University of  Flonda, Gainesville, Florida

Sm!lh, SE 3 and Htlli, [, 1997, ﬂ-f_p'n:.nr'r‘hlzn! S_}lmbrmu dnd
ed Academic Press, London 603 pp.

Tanwar, A, Kumar, A, Mangla, C and Aggarwal A 2010
Effect of AM Fungi and Trichoderma harzigmum on
Growth Response of Lycopersicon esculentum. Jowrnal of
mycology ond plant pathalogy 40r219-223

Tisdall, I M. and Oades, J M. 1982 Organic matier and water-

stable aggregates in soils. Jowrnal of soil Science. 33:141-
163.

Walker. 1981, dcaulospora spinosa 5p. nov, with a key 1o the
species of Acaulospora. Mycotaxin 12 512-511

Walker, C. and Koske, F. E. 1987, Taxonomic concepis in the
Endogonaceae. 1V. Glomus fosciculaium  redescribed
Mycotaxon 30, 253-262.

Walker, C., Mize, C.'W. and McNabb, HS, 1982 Populations
of endogonaceous fungi at two locations in Central lowa
Canadian Journal of Bowwy 60, 15 18:2519.

Wnght, 5 F. snd Upadhyays, A. 1998 A survey of somls for
aggregate stability and glomalin, & glycoprotein produced
by hyphae of arbuscular mycorrhizal fungi. Plamd and zoil
[9R-97-107




{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }

