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Sub:  Forwarding of Utilization Certificate, Mandate Form, HRA Certificate and detalls of
field work certificate

Madam,

With reference to the subject cited above, | am directed to forward herewith duly
signed Utllization Certificate, mandate Form, HRA Certificate and details of field work
certificate of the project entitled “Isolation, identification and characterization of
Ectomycorrhizal fungi and their application in forestry” of Dr. Talijungla, P!, Department of
Botany, Nagaland University, Lumami.

This is for your kind information and necessary action.

Yours faithfully,

Encl: As stated .
“.f"
=
{Utpal Duwarah)
Assistant Registrar (REC)
No. NU/PF/P-44/12 - Dated: 04.04.2C19
Capy to:

1. The Finance Officer, Nagaland University, Lumami for kind information

2. The pead, Department of Botany, Nagaland University, Lumami for kind information
\yéﬁjungla, Pl, Department of Botany, Nagaland University, Lumami for

~" information

4. Office file
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Annexure - 111

UNIVERSITY GRANTS COMMISSION
BAHADUR SHAH ZAFAR MARG
NEW DELHI - 110 002

STATEMENT OF EXPENDITURE IN RESPECT OF MAJOR RESEARCH PROJECT

1. Name of Principal Investigator : Dr. Talijungla
2. Deptt. of Principal Investigator : Botany
University/College : Nagaland University
3. UGC approval Letter No. and Date: No. F 41-437/2012 (SR) Dated July, 2012

4. Title of the Research Project: Isolation, identification. Characterization of ectomycorrhizae and
its application in forestry.

5. Effective date of starting the project : August 01, 2012
6. a. Period of Expenditure: From 01.07.2012 to 01.06.2015
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b. Details of Expenditure from 01.07.2012 to 01 06.2015

S.No. Amoun Amount Expenditure | Bank | Grant to
ltem Approved | released Incurred intere | be
(Rs.) (Rs,) (from s released
01.07.2012 | earne
to din
01.06.2015) | three
years
(Rs.) (Rs.)
i. Books & Journals Wil Nil Nil Nil
ii. Equipment 1,50,000.00 1,50,000.00 1.49,934 Nil
Equipments
1. Horizonta
| Laminar
Flow
Cabinet
(IK137), 2.
BOD
Incubator
(BDI-55)
iii. Contingency Stationerie | 30,000.00 27,000.00 30.058.00 3058.00
5, lab
wares,
tools etc.
iv. Field Details 30,000.00 | 27,000.00 30,138.00 3158.00
Work/Travel (Give | givenin
details in the Annex.
proforma at V)
Annexure- [V).
v. Hiring Services Nil Nil ol
gwm& 40,000,00 | 36,000,00 | 39,096.00 399600
vii. Overhead Computer | 59,800.00 | 59,800.,00 | 59,800.00 Nil
o) HP core i5
':nit. Any other 5208,
specity)
Bank interest
earned in three
years
i 3,09,800.00 | 2,99,800.00 | 3,09,926.00 | 8298. | 12,196.00
L1}
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¢ . Staff

Date of Appointment August 01.

2012,

S.No.

Item

From

To

Amount
Approved
(Rs.)

Amount
released
(Rs.)

Expenditure
Incurred
(Rs.)

Grant to be
released

Honorarium
to Pl
(Retired
Teachers)

@ Rs.
18,000/-

Nil

Nil

Nil

Nil

Nil

p.m.
Project
fellow: i)
NET/GATE
qualified-
Rs. 16,000/
p.m. for
initial 2

Rs. 18,000/-
p.m. for the

ii) Non-
GATE/Non
-NET- Rs.
14,000/-
p.m. for
ol o

years
Rs. 16,000/-
p.m. for the

August
01,
2012

March
1,
2015

5,28,00.00

4,51,509.00

4,64,000.00

12,491.00

Total b
& ¢

7,51,309.00

7,73,926
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1. It is certified that the appointment(s) have been made in accordance with the terms and
conditions laid down by the Commission.

2. If as a result of check or audit objection some irregularly is noticed at later date, action will be
taken to refund, adjust or regularize the objected amounts.

3. Payment (@ revised rates shall be made with arrears on the availability of additional funds.

It is certified that the grant of Rs. _7,51,309.00 (Rupees Seven lakh fifty one thousand three
hundred and nine only) received from the University Grants Commission out of which the total
expenditure incurred was Rs. 7,73,926 (Rupees Seven lakh seventy three thousand nine
hundred twenty six only) under the scheme of support for Major Research Project entitled
“Isolation, identification and characterization of ectomycorrhizae and their application in
forestry” vide UGC letter No. F. 41-437/2012 (SR) dated July 16, 2012 has been fully utilized
for the purpose for which it was sanctioned and in accordance with the terms and conditions laid
down by the University Grants Commission.

« Total amount to be released by UGC- Rs. 24,468.00
« Interest amount earned in three years Rs. 8298.00

L]
SIGNATURE OF PRIN&PAL INVESTIGATOR

P, UGC Project
Nagaland University
Lumami
0154,
REGI RINCIPAL 7
Fﬁ'ﬂ(ﬁ-ﬂ?ﬂ
SIGNATURE OF THE CO-INVESTIGATOR ST et/ Ngeand Unvershy
T Lumari~ 798 627
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Annexure - V

UNIVERSITY GRANTS COMMISSION
BAHADUR SHAH ZAFAR MARG
NEW DELHI - 110 002

Utilization certificate

Certified that the grant of Rs. 7,51,309.00 (Rupees Seven lakh fifty one thousand three hundred
and nine only) received from the University Grants Commission oul of which the total
expenditure incurred was Rs. 7,73,926 (Rupees Seven lakh seventy three thousand nine hundred
twenty six only) under the scheme of support for Major Research Project entitled “Isolation,
identification and characterization of ectomycorrhizae and their application in forestry” vide
UGC letter No. F. 41-437/2012 (SR) dated July 16, 2012 has been fully utilized for the purpose
for which it was sanctioned and in accordance with the terms and conditions laid down by the
University Grants Commission.

« Total amount to be released by UGC- Rs. 24,468.00
« Interest amount earned in three years Rs. 8298.00

I S :

=] .{f_,f’r
SIGNATURE OF THE REG CIPAL STATYTORY AUDEFOR™ .l
PRINCIPAL INVESTIGATOR RRANTY | ondV
" Tt \ L ﬂ
P, UGC Project Seal R et
Nagaland University E-’C?.’ﬁﬂ.(:".:;'.t‘.?u {sﬁﬁﬂ T:Sﬁ’ﬁlh"”ﬁw
Lumam) TS Freefed | Nagetnd Universy
T Lumani- 798 627
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Annexure — X
UNIVERSITY GRANTS COMMISSION

BAHADUR SHAH ZAFAR MARG
NEW DELHI - 110 002
MAJOR RESEARCH PROJECT COPY OF THE SPECIMEN OF HOUSE RENT
FOR POST-DOCTORAL FELLOW / PROJECT ASSOCIATE / PROJECT
FELLOW

’

Certified that Shri/Dr. is paying House Rent of
Rs. / and is eligible to draw House Rent Allowances @

i as per University Rules.

Registrar/Principal
(Signature with Seal)
Certified that Shri/Dr. / is not staying independently
and therefore is eligible to draw i‘qnuse Rent @ of Rs. / p.m.
minimum admissible to a Lecturer as per University Rules/

Registrar/Principal

(Signature with Seal)
Certified that Shri/Df. Siut. S Av efa has been provided
accommodation in the Hostel. But hefshe could not be provided with single

seated flat type accommodation as recommended by the Commission, Hostel fee

@Rs._ HlE. Gk per month wef. [-7-daiy = 3].3- 1S is being
charged from _hinﬂhe"ﬁ'
e
Regis rfPrinfipiI;?
{Signaﬂﬁpﬁl}hﬁnal}
C G E EGEIR 7| agelnd Un
Tl | Lumers ﬁ“{f"l
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Annexure-1V

UNIVERSITY GRANT COMMISSION
BAHADUR SHAH ZAFAR MARG
NEW DELHI-110 002
STATEMENT OF EXPENDITURE INCURRED ON FIELD WORK

Name of the Principal Investigator: Dr. Talijungla

Name of the [ Duration of the visit Mode of Journey | Expenditure ]
Place visited Incurred (Rs.)
1. Primary reserved From To By hired taxi (as 30,138.00

forests of Zunheboto, the field collection

Mokokchung and 01.07.2012 was performed on

Tuensang districts of 30.06.2015 | remote areas where

Nagaland for public transport

collection was not available).

ectomycorrhizal

forming fungi.
2. Tuli area for

collection of

Dipterocarpus

seedlings l

Certified that the above expenditure is in accordance with the UGC norms for Major Research
Projects.

SlﬂNhTu‘l&\éF PRINCIPAL INVESTIGATOR

P.. UGC Project Z;
Nagaland University ¥ C,—__\ .
Lumami REGIS CIPAL

(Seal) e | Registral
TTave fgafinea | Nagsland Universiy
A/ Lumani- 79627

SIGNATURE OF THE CO-INVESTIGATOR
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Potassium content of rhizospheric soil and seedlings root of Dipterocaps refusus

Seedlings root of R rosea inoculated was found higher content of potassium
(122 6mg/100g) but rhizospheric soil of S citrinum inoculated found higher content of
soil potassium (44 5mg/100g) as compared to R. rosea inoculated and control

seedlings. There was not much variation was found between the available potassium

content of R. rosea and 8. citrinum inoculated seedlings rhizospheric soil (Table 25).
Potassium content of rhizospheric soil and seedlings root of Corymbia citriodora

Seedlings root and rhizospheric soil of R rosea inoculated was found higher content
of potassium (Table 26).

Potassium content of rhizospheric soil and seedlings root of Cryptomeria Jjaponica

Seedlings root of 5. citrinm inoculated was found higher content of potassium
(136.6mg/100g). R. rosea inoculated seedlings root showed higher potassium content
(41.1mg/100g). However, there was not much variation on average mean value

between both the fungal inoculated seedlings root and rhizospheric soil of potassium
content (Table 27).

Dipterocarpus refusus seedlings growth

Seedlings growth viz. shoot height, leaf length, root length and root collar diameter al
the interval of every 4" month showed variation and significantly better growth of
both the ECM inoculated seedlings as compared to control seedlings. At the 24"
month the growth R rosea inoculated seedlings (SH=90.6cm) showed better growth
than the §. citrinum inoculated seedlings (Table 28).

cwmm seedlings growth

Seedlings growth for 2 years such as shoot height, leaf length, roots length and root
collar diameter showed significantly better growth of both the fungal inoculated
treatment. K. rosea inoculated seedlings growth was found successively better growth
(il the 24" month. Significant means difference was between the ECM colonization at

different month and seedlings growth (Table 29).

e ——————————
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Achievements of work in details

Result:
Fig 1: Basidiocarp of a) Scleroderma citrinum b) Russula rosea

[ TT———
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Figure 3: Crptomeria japonica growth in field a) 2 year b) 12™ month ¢) 4™ month
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Figure 5: Dipterocarpus retusus growth in field a) 2 year b) 12" month c) 4"

month
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Ectomycorrhizal colonized roots of the seedlings

Ectomycorrhizal colonized roots were identified based on their morphology. K. rosea
were unramified to monopodial pinnate, dark yellow to brown color and often had a

distinctive layer of cystidia covering the mantle. The inner mantle was composed of

non- interlocking, irregular pseudoparenchyma.

S. citrimum were monopodially branched and the branches short, hirsute, white
morphotype, clamps were present. Emanating hyphae were abundant, simple septate.
Control seedlings were also found to be colonized by ECM fungi.

ECM colonization to the seedlings roots were confirmed only afler the 6" month of
inoculation during the summer season. The non inoculated seedlings was also found to
be colonized by the ECM fungi because the experiment was conducted in unsterile
substrate under field condition, some air borne fungi or indigenous fungi present in the
soil result in ECM formation to seedlings root

Ectomycorrhizal colonization percentage to the seedlings roots of Dipterocarpus
refusus

Colonization of ECM fungi to the seedlings roots was found variation at different
months. At the 12" and 20" month colonization of R. rasea was found higher but at
the 6™ 8™ and 24™ month S. citrinum colonization was found higher after inoculation
1o the seedlings root.

Ectomycorrhizal colonization percentage to the seedlings roots of Corymbia
citriodora

R. rosea colonization was found higher at the 6", 8", 12" and 20" month. At the 16"
and 24™ month S. citrinum colonization was found. Variation of ECM colonization at

different season could be due to seasonal variation of ECM colonization and activity.
Ectomycorrhizal colonization percentage to the seedlings roots of Cryptomeria
Japonica,

ECM colonization was confirmed after 6" month of inoculation to the seedlings root.

At the 6" (43.6%). 8" (43%) and 12" month (86.3%) R. rosea colonization was found
higher than S. citrinum and control to the seedlings root per centimeter of the root
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. Cilri izati is und
length. At the 16" 20" and 24" month 8. citrinum colonization was consistently fc

higher.
Rhizospheric soil organic carbon

Soil organic carbon of rhizospheric soil was determined every season for two years 1.¢.
at the interval of every four months. Statistical analyses were done comparing with
different season of rhizospheric SOC and different months of ectomycorrhizal

colonization percentage to the seedlings root.
Rhizospheric soil organic carbon of Dipterocarpus retusus.

In the 1" year, rhizospheric SOC Scleroderma citrimum inoculated seedlings was
found higher at the summer and autumn season, but at the winter and spring season K.
rosea inoculated was found higher. In the 2™ year, rhizospheric SOC of summer
season of both the fungal inoculated seedlings was consistently found higher. In all the
four seasons, K. rosea inoculated seedlings SOC percentage of rhizospheric soil was
shown higher as compared to S. citrinum inoculated seedlings and control seedlings.

In the 1% year, increase of SOC percentage of S. citrinum inoculated seedlings at the
summer season was found in consistent with the result of increase in colonization of 5.
citrimum at the 6™ month and at the spring season increase in R. rosea SOC was found
in increase K. rosea colonization to the seedlings root at the 12" month after
inoculation.  Similarly, significant relation was showed between increased in the
rhizospheric SOC of K. rosea inoculated seedlings at the summer, autumn and winter
season of 2™ year was found consistent with the result of increase in colonization of R.

rosea at the 16", 20" and 24™ month after inoculation (Table 1),
Rhizospheric soil organic carbon of Corymbia citriodora

In the 1" year, rhizospheric SOC of summer, autumn and winter was found higher of
8. eftrimim inoculated seedlings, but spring season was found higher of R. rosea
inoculated seedlings. In the 2" year, rhizospheric SOC of S. citrinum inoculated
seedlings was found higher at the spring season but at the autumn, winter and summer
season R. rosea inoculated seedlings was found higher.

In the winter season of 1" year SOC of R. rosea (0.8%) and S. citrinum (0.9%)
moculated does not showed much variation, which showed similar results with
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colonization of both fungal to the seedlings root at the 12" month. Rhizospheric SOC
of autumn season of 2™ year was found higher of R. rosea inoculated seedlings which
shows in consistent with the result of increase colonization of R. rosea at the 20"
month after inoculation to the seedlings root and increase of SOC at the spring season
of S. citrinum was found in increase of colonization of S. citrinum 10 the root length at

the 24" month (Table 2).
Rhizospheric soil organic carbon of Cryptomeria japonica

In the 1™ and 2™ year rhizospheric SOC was found to be higher at the winter season.
1" year, summer, autumn and spring season was found higher of R. rosea inoculated
seedlings but at the winter season S. cirinim inoculated seedlings was found higher.
In the 2™ year, at the summer season rhizospheric SOC of was found higher of 5.
citrinum inoculated seedlings, but at the autumn, winter and spring season K. rosea

inoculated seedlings was higher,

SOC of rhizospheric soil at the summer and autumn season of the 1™ year was showed
in consistent with the result of R. rosea colonization to the seedlings roots which was
higher at the 6" and 8" month. In the 2™ year, autumn season SOC of R rosea
inoculated seedlings was in consistent with R. rosea colonization which was shown
higher at the 16" month and at summer season S. citrimum SOC of rhizospheric soil
was higher and are in consistent with increase in colonization of S. citrinum (87.5%) at
the 16™ month (Table 3).

Soil pH of rhizospheric soil of fungal inoculated seedlings

Seasonal soil pH was tested for two years i.e. at the interval of every 4™ month of the 4

different seasons.
Rhizospheric soil pH of Dipterocarpus retusus.

Rhizospheric soil pH of summer, autumn, winter and spring season was found lower
of R. rosea inoculated seedlings (4.5-5.0) at the 1" year as compared to S. citrnum and
control seedlings, In the 2™ year, spring and autumn season was found lower of R.
rosea inoculated seedlings, winter and summer was found lower of 8. citrinum
inoculated seedlings (4.5- 5.0). During the rainy season i.e. summer season pH value

was found to be lower. Lower in soil pH during autumn, winter and spring season of
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[ i in i ) ization to the
R. rosea inculated seedlings of 1 year was found in increase ECM coloni

seedlings root at the g™ and 12" month. Increase of K. rosea colonization to the
seedlings root at the 20" month was in relevant (o the lower soil pH of autumn (5.3)

and summer (4.6) in the 2™ year of R. rosea inoculated seedlings (Table 7).

Rhizospheric soil pH of Corymbia citriodora

Soil pH of summer, autumn, winter and spring season was lower of R. rosea

inoculated rhizospheric soil in the 1" year. In the winter season of the 1* year control
seedlings rhizospheric soil was also found to be lower (5.0) as compared to S. cifrinum
inoculated seedlings rhizospheric soil. Tn the 2™ year, there was not much variation in
soil pH. Winter and summer season of R. rosea was found lower but at the spring
season 8. citrinum inoculated and control seedlings was found lower (Table 8). Lower
of soil pH of 8. citrinum during the winter and spring of 2™ year (4.9) was found
increase in S. citrimum colonization at the 24™ month (70%) as compared to R. rosea
(40%) inoculated seedlings. Similarly, rhizospheric soil pH at the autumn season of 2%
year of R. rosea and S. citrinum does not showed much variation which was in
consistent with ECM colonization at the 20" month of both the fungal inoculated (R.

rosea= 50%, 8. citrinum =20%).
Rhizospheric soil pH of Cryptomeria japonica

In the 1™ year of spring season soil pH did not showed variation among the fungal
inoculated and control seedlings. During the summer season K. rosea inoculated
seedlings showed lower soil pH of rhizospheric soil (4.3). But during the autumn and
winter season S. citriman inoculated showed lower soil pH. In the 2™ year autumn,
winter and spring season showed S. ¢ifrirmm inoculated seedlings lower soil pH (Table
9). The results are in consistent with the increase in colonization of S, citrimum at 24"
month and lower soil pH of S. citrinum during the winter and spring season. At the
summer season of 2™ year soil pH of both the fungal inoculated viz. R. rosea and §.
cirinum was same, which also found relevant with results of colonization of both the
fungal at the 16™ month (R. rosea=77%, S. citrimm=87.5%).

Scanned with CamScanner



Soil moisture content of rhizospheric soil
Rhizospheric soil moisture of Dipterocarpis refusus

Rhizospheric soil moisture of summer season during the 1% year was found higher of
R. rosea (28%) and S. citrimum (27%) inoculated seedlings did not show much
variation in the rhizospheric soil moisture content. But autumn, winter and spring
season was found higher of 8. citrnum (21%, 22% and 16%) inoculated seedlings.
During the 2™ year summer, autumn, winter and spring scason was found of &S
citrimum inoculated seedlings. In the summer season of 2™ year control seedlings
rhizospheric soil moisture was higher as compared to R. rosea inoculated seedlings.
Results did not show much variation because the experiment was conducted under
same soil type condition (Table 10)

Increase of soil moisture was found to increase in ECM colonization percentage. ECM
colonization percentage of S. citrinum and K. rosea at the 16" month was found which
was in consistent with the result of soil moisture content of both the fungal inoculated
seedlings (K. rosea =25.7%, 8. citrinum=25.8%) during the summer season of 2™ year.

Rhizospheric soil moisture of Corymbia citriodora

Summer, autumn, and winter season of R. rosea (27%, 21% and 22%) inoculated
seedlings showed higher rhizospheric soil moisture during the 1" year. But at the
spring season 8. citrinum inoculated seedlings soil moisture was higher than K. rosea
inoculated and control seedlings. In the 2™ year, R. rosea inoculated seedlings showed
higher soil moisture content at the spring, autumn and winter season. But at the
summer season S. citrinum (25.5%) inoculated seedlings showed higher soil moisture
content. Soil moisture content was higher during the summer season. Subsequently,
which showed increased in soil moisture increase in ECM colonization to the
seedlings roots (Table 11). Increase of soil moisture content at the summer, autumn
and winter season in the 1™ year of . rosea seedlings rhizospheric soil also showed in
increasing the colonization of R. rosea to the seedlings at the 6", 8" and 12 month.
Autumn season of 2 year showed R. rosea inoculated seedlings higher and also the
colonization of &, rosea at the 20" month.
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Rhizospheric soil moisture of Cryptomeria japonica

Soil moisture of summer, autumn, winter and spring season during the 1™ year was
found higher of S. cifrinum inoculated seedlings as compared to R rosea and control
During the 2™ year of the summer, winter and spring season was higher of 8. citrirmm
inoculated seedlings but at the autumn season K. rosea (17%) inoculated seedlings was
found higher In (" japonica seedlings also increase in soil moisture was found 1o
increase in ECM colonization to the seedlings root of both the fungal inoculated.
Increase in colonization to the seedlings root length of R. rosea at the 20" month was
found in consistent with the increase in soil moisture of R. rosea inoculated seedlings
at the autumn season during the 2 year and in winter season increase of soil moisture

of 8. citrimum inoculated was found to increase in S. cifrinum colonization (Table 12).
Urease activity of rhizospheric soil and root

Urease activity of rhizospheric soil and root was determined. The result did not show

much variation at different season.
Rhizospheric soil urease activity of Dipterocarpus retusus

Urease activity of the rhizospheric soil was found higher at the summer and autumn
season i.e during the rainy season. Urease soil activity of 8. citrimim was found higher
during the summer, winter and spring season as compared to R rosea and control
inoculated seedlings. But at the autumn season R. rosea inoculated seedlings urease
activity of rhizospheric soil was higher (Table 13).

Seedlings root tips urease activity of Dipterocarpus retusus

Root urease activity was high at the summer season of both the fungal inoculated and
control seedlings. Summer, winter and spring season was found higher of K. rosea

fungal inoculated seedlings but at the autumn season S. citrinum inoculated seedlings
was found higher (Table 14).

Rhizospheric soil urease activity of Corymbia japonica

Rhizospheric soil urease activity was high at the autumn season of both the fungal
inoculated and control seedlings. Summer, autumn, winter and spring season was
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found of R. rosea inoculated seedlings as compared to S. citrinum inoculated seedlings
(Table 15).

Seedlings root tips urease activity of Corymbia citriodora

Summer and autumn season was found higher root tips urease activity. During the
summer, autumn and spring season was higher of §. citrinum inoculated seedlings. But

R. rosea inoculated root tips showed higher urease activity at the winter season (Table
16).

Rhizospheric soil urease activity of Cryptomeria Jjaponica

Summer and autumn season was found higher of both the fungal inoculated seedlings.
During the autumn season S. cifrinum inoculated seedlings was found higher urease
activity of rhizospheric soil but at the summer, winter and spring season both R. rosea
and 8. citrinum inoculated seedlings did not show much variation of urease activity. At
the 8 month and 12" month S. citrinum inoculated seedlings did showed any

significant relation. Control seedlings rhizospheric soil urease activity showed less
significant relation (Table 17).

Seedlings root tips urease activity of Cryptomeria japonica

Urease activity of seedlings root was also found higher during the autumn and winter
season. During the autumn season S. cifrinum inoculated seedlings was higher, During
the autumn season control seedlings root was also showed higher than R. rosea. In the
spring season both the fungal inoculated seedlings showed same root urease content

(0.3pg/gm). There was not much variation in the urease activity of ECM inoculated
and the control seedlings (Table 18),

Total nitrogen content of rhizospheric soil and seedlings root total of
Dipterocarpus retusus

8. citrimim inoculated seedlings root was found higher content of nitrogen (0.82%) as
compared to R. rasea inoculated seedlings root and control seedlings, Rhizospheric

soil of R. rosea inoculated seedlings was found higher, but there was not much
variation was showed between the other seedlings rhizospheric soil (Table 19),
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Total nitrogen content of rhizospheric soil and seedlings root of Corymbia

citriodora

Rhizospheric soil and seedlings root nitrogen content of S. cifrinum inoculated
seedlings was showed significantly higher as compared to R. rosed inoculated and
control seedlings (Table 20).

Total Nitrogen content of rhizospheric soil and seedlings root of Cryptomeria
Jjaponica

Rhizospheric soil of S. citrirmm inoculated seedlings was found significantly higher
total nitrogen content. Control seedlings rhizospheric soil was found higher percentage
content of total nitrogen as compared to K. rosea inoculated. Seedlings roots nitrogen
content of R. rosea seedlings root found higher (Table 21).

Available phosphorus content of rhizospheric soil and seedlings root of
Dipterocarpus retusus

Seedlings root of R rosea inoculated was found higher content of phosphorus
(33.3mg/100g) as compared to S. citrinum inoculated and control seedlings. S,
citrimum (8.6mg/ 100g) inoculated seedlings rhizospheric soil was found higher
content of available phosphorus (Table 22).

Available phosphorus content of rhizospheric soil and seedlings root of Corymbia
citriodora

S citrimum inoculated seedlings found higher content of phosphorus of seedlings root
(31.1mg/100g). Rhizospheric soil of 5. cifrirnum showed higher content of phosphorus
(2.4mg/100g) as compared to K rosea inoculated and control seedlings (Table 23).

Available phosphorus content of rhizospheric soil and seedlings root of
Cryptomeria japonica

Rhizospheric soil of S. citrinum inoculated found higher content of phosphorus

(12 1mg/100g) as compared to R rosea and control seedlings. Seedlings root of 8
citrirern inoculated found higher content of phosphorus (Table 24).

Scanned with CamScanner



Potassium content of rhizospheric soil and seedlings root of Dipferocapus refusus

Seedlings root of R rosea inoculated was found higher content of potassium
(122 6mg/100g) but rhizospheric soil of S. citrimm inoculated found higher content of
soil potassium (44 5Smg/100g) as compared to R. rosea inoculated and control

seedlings. There was nol much variation was found between the available potassium

content of R. rosea and 8. citrinum inoculated seedlings rhizospheric soil (Table 25).
Potassium content of rhizospheric soil and seedlings root of Corymbia citriodora

Seedlings root and rhizospheric soil of K. rosea inoculated was found higher content
of potassium (Table 26).

Potassium content of rhizospheric soil and seedlings root of Cryptomeria Jjaponica

Seedlings root of S cifrinum inoculated was found higher content of potassium
(136.6mg/100g). R. rosea inoculated seedlings root showed higher potassium content
(41.1mg/100g). However, there was not much variation on average mean value

between both the fungal inoculated seedlings root and rhizospheric soil of potassium
content (Table 27).

Dipterocarpus refusus seedlings growth

Seedlings growth viz. shoot height, leaf length, root length and root collar diameter al
the interval of every 4" month showed variation and significantly better growth of
both the ECM inoculated seedlings as compared to control seedlings. At the 24"
month the growth R rosea inoculated seedlings (SH=90.6cm) showed better growth
than the 8. citrinum inoculated seedlings (Table 28).

mﬁm seedlings growth

Seedlings growth for 2 years such as shoot height, leaf length, roots length and root
collar diameter showed significantly better growth of both the fungal inoculated
(reatment. R. rosea inoculated seedlings growth was found successively better growth
{ill the 24™ month. Significant means difference was between the ECM colonization at
different month and seedlings growth (Table 29).

e ——————

Scanned with CamScanner




Cryptomeria japonica seedlings growth

Growth of the seedlings at the 24™ month was significantly showed better of S
citrimem (SH=375¢m) inoculated seedlings (Table 30)

Table 1: Ectomycorrhizal colonization percentage of Dipterocarpus refusus

ECM treatment 6™ Month | 8™ month | 12" 16™ | 20" month | 24™
month month month

R rosea

73468 62462 58.6+14.5 | B5+]5 6087 55+10
S ciirinum

BR46.90 664 3 51443 85+10 50184 63.3+£18.5
Control

30457 253428 46.6:21.3 | 61.3£105 | 21+48.7 34 64183

MeantSE. Each mean is mean of five replicate of percentage of colonization/ cm to

the root length

Table 2: Ectomycorrhizal colonization percentage of Corymbia citriodora

ECM treatment [ 8" month | 12" 16" 20™ month | 24"
Month month month month
R. rosea 593491 | 70+9.01 56.6:23 74.3£13 5042 52+18.7
5. clirinum 46.144.2 | 60£153 504223 80122 3047 60+12.2
Control 196454 | 3924103 | 333+]182 |653+1B3 | 16287 13.3+£8.2

MeantSE. Each mean is mean of five replicate of percentage of colonization/ cm to

the root length
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Table 3: Ectomycorrhizal colonization percentage of Cryptomeria Jjaponica

ECM month | $* 7" 1 [20" T2
treatment month month month month month
R. rosea 436518 | 431202 | 8633463 |77£101 [70+20 433412 |
S. citrinum 402446 |41.6433 | 70£14.5 87 5+125 | 43.3£194 | 70420
Control 19+] 8 392410 | 333+182 | 6534183 | 16487 40487

MeantSE_Each mean is mean of five replicate of percentage of colonization/ cm to
the root length.

Table 4: Rhizospheric soil organic carbon percentage of Dipferocarpus retusus of

different seasons

ECM 1" year 2™ year

treatme | Summer | Autumn | Winter | Spring | Summer | Autum | Winter | Spring

nt n

R rosea | 103201 | 071202 | 1.5840.1 | 1.5¢0. [3.15403 |08+02 | 21408 | 29403
1

e 21205 | 1.2405 15405 |[09+0 [2540.13 [ 05:0.1 | 19201 | 1.720.6

citrinum 4 2

Control 19402 | 09404 13404 | 0840 | 23401 06400 | 053+0. | 1902
4 2 I

Mean+SE of mean (n=3).
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Table S: Rhizospheric soil organic Carbon percentage of Corymbia citriodora of
different seasons for 2 year

W

| ECM

year [ 2* year
treatme | Summe | Autum | Winter | Spring | Summe | Autum | Winter | Spring
nt r = ¢ =
R rosea | 08840 | 12604 | 08403 |086t0 | 12400 |1.7¢00 |23+05 0003
01 2 5 5 4
S. 18203 |27:06 | 09025 | 07340 | 0.76+0. |09:00 | 2404 235055 |
clirinmm | 4 1 03 4
Control | 06401 |09+01 |09:02 |01 1.6£02 | 16£02 | 1.6420. | 09203
4 4 2 4
Mean+SE of mean (n=3). a
Table 6: Rhzisopheric soil organic carbon percentage of Cryptomeria japonica of
different season
ECM 1¥ year | 2™ year
treatment | Summer | Autumn | Winter | Spring Summer | Autumn | Winter | Spring
Rrosea | 128016 | 15206 |1.1204 | 1140, [0.620.14 | 14:02 | 1.9£0.0 | 1.6920
5 7 8
S ciirinum | 08401 | 032402 | 21540 | 0.8340 | 0.9:0.14 0.72402 | 16£05 | 14404
81 12
Control 0824017 | 0.520.19 |0920.1 |0.73£0 | 040,02 | 0.540.21 | 1.3540. | 1.320.1
23 4

MeantSE. Each mean is value of three replicate.

e
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Table 7: Soil pH of rhizospheric soil of Dipterocarpus retusus of different seasons

W

ECM 1" year 2™ year
treatment | Summer | Autumn | Winter | Spring | Summer | Autumn | Winter Spring
R rosea |47:01 |S4402 [51202 |53t01 |45:02 |53+0.08 [540.05 |[5+0.05
S. citrinum | 52401 | 534003 | 54101 | 51402 |45602 |54402 |506£00 |[5+005
3
Control S1202 | 574008 | 52403 | 54402 | 52402 |56x008 55401 |[51300
6
Mean+SE of mean (n=3)
Table 8: Soil pH of rhizospheric soil of Corymbia citriodora of different seasons
ECM 1 year 2™ year =
treatment | Summer | Autumn | Winter | Spring | Summe | Autumn | Winter | Spring
r
R rosea 51402 | 5440 | 4910 4840 | 5340,
413402 | 54403 |4 2 2 54401 |08 05
S cttrimum 5540 | 57400 5140,
44202 |54402 56202 |15 8 54402 | 54005 |03
Control 5580 | 55+01 | = |48320 | 5240
45403 |55403 |[52¢02 |21 2 54:02 | 08 07
MeantSE of mean (n=3)
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Table 9: Soil pH of rhizospheric soil of Cryptomeria japonica of different scasons

A\

ECM 1¥ year | 2* year 1 Td

treatment | Symmer | Autumn | Winter | Spring | Summer | Autum Winter | Spring
n

R. rosea 44401 54:02 | 54202 |S57:0.1 |4.8+0.08 5 6+0.0 | 53402 | 5.120.
5 2

S 45:04 |53201 |52802 |56t00 |48:01 |[5340.1 |5240.1 5402 |

citrinmm 8

Control 48403 |54+02 |52:02 |[52+403 |5.2+008 5601 | 56201 | 5.6:0.

03
MeantSE of mean (n=3)

Table 10: Soil moisture of rhizospheric soil of Dipterocarpus retusus of different

SeANONS
ECM 1% year 2™ year ]
treatment | Summer | Autumn | Winter | Spring Summer | Autumn | Winter | Spring
R rosca | 282005 | 19.1£1.0 | 18203 | 14320, | 23.1+03 | 19.5¢0.1 | 15,03+ 24 652
5 B 03 4
N citrimem | 26.740.1 | 21,4200 | 22.5¢0.4 | 15,60, | 257401 22404 21,640, | 24+2:1
1 3 3
Control 216:02 | 203202 | 196+08 | 14641, | 258+0.6 | 153200 | 15240, | 21,642
2 3 |
MeantSE of mean percentage (n=3)
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Table 11:Soil moisture of rhizospheric soil of Corymbia citriodora of different

seasons
ECM 1" year 2™ year
treatmen | Summer | Autum | Winte | Spring | Summe | Autumn | Winter | Spring |
t n r r |
R rosea 21280 | 21320 | 15641 23.18+0. 7
267401 |3 3 2 20424 3 23402 |21.2403
s 20340, | 2030 ’
citrinum 24+0.5 2 2 18405 | 255403 | 18.720.7 | 1520.7 253£1.7
Control 14.340. 14280, | 21.3£20
214208 | 13203 | 18424 |8 23,604 | 22.2+1.2 | 2 2
MeantSE of mean percentage (n=3)
‘Table 12: Soil moisture of rhizospheric soil of Cryptomeria japonica of different
seasons
ECM 1¥ year 2™ year
treatment | Summer | Autumn | Winter | Spring | Summer | Autumn Winter | Sprin
g
R. rosea 264405 | 225400 | 18940 | 14640, | 184+03 | 173401 13,940 | 24.7+
5 i | 6 | 0.1
S citrinum | 26 7+0. | 24.6¢1.7 20400 | 17£1.5 | 235400 | 13,1403 | 14.54¢0, | 203+
5 05 7 1 1.2
Control 21.6£0, | 1340.5 18.340. | 13.3¢1. | 193423 | 16£0.2 89+0.1 | 203%
2 5 4 1.2
Mean+SE of mean percentage (n=3)
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Table 13: Rhizospheric soil urease activity of Dipterocarps ¥ CLHSUS

—Winier | Spring |

ECM Summer Autumn
treatment e
R. rosea
0.02+0.02 0.025£0.002 | 0.007+0.001 | 0.017£0.004
S. citrinum
02450008 | 002120004 |0014:0002 100220003
Control
| 0.019£0.006 | 0.013£0.006 | 0.005%0.01 0.016+0.003
MeantSE. Each value is mean of three replicate. Each value is mg/gm of dry soil/ 3
hrs at 37°C.
Table 14: Root urease activity of Dipterocarpus retusus
S
| ECM Summer Autumn Winter Spring
treatment
R. rosea
0.04340.003 0.026::0,003 0.026::0.002 0.01540.005
S. citrinum
0.038+0.001 0.03+0 001 0.023+0.001 0.01+0.002
Control
0.035+0.002 0.017+0.001 0.014+0.003 0.0034+0.0

MeantSE. Each value is mean of three replicate. Each value is mg/gm of dry root/ 3

hrs at 37°C.

Table 15: Urease activity of rhizospheric soil of Corymbia citriodora

ECM Summer Autumn Winter Spring
treatment

. rosea 0.035::0.003 0.0540.006 0.04+0.001 0.018+0,006
S. citrinum 0.02640.008 0.03+0.01 0.023+0.01 0.01+0.003
Control 0.0340,01 0.02+0.002 0.02+0.005 0.013+0.01

MeantSE, Each value is mean of three replicate. Each value is mg/gm of dry soil/ 3

hrs at 37°C.

Scanned with CamScanner



Table 16: Root urease activity of Corymbia citriodora

ECM Summer Autumn Winter Spring
treatment e =
R. rosea 0.011+0,003 0.01+0.003 0.015+0.001 0.014:0.003

S. citrinum 0.021+0.003 0 0240005 0.01+0.01 0.015+0.005
Control 0.015+0.001 0.01+0,002 0.007+0.003 0.007+0.005

MeantSE. Each value is mean of three replicate. Each value is mg/gm of dry root/ 3
hrs at 37°C.

Table 17: Rhizospheric soil urease activity of Cryptomeria Jjaponica

ECM Summer Autumn Winter Spring
treatment

R. rosea 0.04+0.01 0.0740.004 0.027+0.003 0.034+0,001
S citrinum 0,04+£0.01 0.02+0.01 0.036+0.004 0.03:4£0.002
Control 0.033+0.004 0.006:+0.01 0.036+0.001 0.0094+0.002

Mean+SE, Each value is mean of three replicate. Each value is mg/gm of dry soil/ 3
hrs at 37°C.

Table 18: Root urease activity of Cryptomeria japonica

ECM Summer | Autumn Winter | Spring
treatment
R. rosea 0.0340.001 0.022:+0.01 0.03540,02 0.03:£0.004

S ettrinum 0.04+0.005 0.07+0.003 0.02+0.002 0.03+0.01

Control 0.03+0.004 0.05+0.01 0.02+0,004 0.023+0.003

MeantSE. Each value is mean of three replicate. Each value is mg/gm of dry root/ 3
hrs at 37°C.
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Table 19: Total nitrogen content of rhizospheric soil and seedlings roots of

Dipterocarpus retusus

ECM treatment | Seedlings root (%) | Soil (%)

LR. rosea 0.69+0.08 (0.4440.03
\ S. citrinum 0.82:+0.09 0.43+0.03
‘ Control 0.67+0.11 0.42+0.01

MeantSE of means percentage (n=3)

seedling roots of

Table 20: Total nitrogen content of rhizospheric soil and
Corymbia citriodora
| ECM treatment | Seedlings root (%) Soll (%) |
‘ R. rosea 0.45£0.21 0.42+0.04
\ S. citrinum 0.85+0.04 0.46+0.005
Control 0.29+0.11 0.27+0.01

Mean+SE of means percentage (n=3)

Table 21: Total nitrogen content of rhizospheric soil and seedlings roots of

Cryptomeria japonica

ECM treatment | Seedlings root (%) | Soil (%)
R. rosea 0,3540.08 0,41+0,006
S cltrinum 0.294+ 028 0.51+0.05
Control 0.27+0.02 0.47+0.00

Mean+SE of means percentage (n=3)

Table 22: Phosphorus content of rhizospheric soil and seedlings roots of

Dipterocarpus retusus

ECM treatment | Seedlings root Soil

R. rosea 33.340.3 6.5+£1.9
S Gl 29.7410.1 8.640.8
Control 57442 6.443.2

Mean£SE (n=3). Each value is expressed as mg/100g of sample.
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Table 23: Phosphorus content of rhizospheric soil and seedlings roots of

Corymbia citriodora

ECM treatment | Seedlings root Soil

R_‘ " 193423 2.06£0.17
S. citrirmm 31.141.04 2 4408
|[Sontrel 148467 0.9240.5

Mean+SE (n=3). Each value is expressed as mg/100g of sample-

Table 24: Phosphorus content of rhizospheric soil and seedlings root of

Cryptomeria japonica

ECM treatment | Seedlings root Soil

R roseq 15.543.7 11.8£19
ShscHeion. 31,9492 12.145.7
Control 2047.02 14.942.14

Mean+SE (n=3). Each value is expressed as mg/100g of sample

Table 25: Potassium content of rhizospheric soil an

d seedlings root of

Dipterocarpus retusus

ECM treatment | Seedlings root Soil
Re-rinea 135.342.3 41.141.09
8. eitrimim 136,648 4 40.6+1.3
Control 122.6+1.4 38.6+0.6

Mean+SE of mean (n=3). Each value is expressed as mg/100g of sample.

Table 26: Potassium content of rhizospheric soil and seedlings of Corymbia

citriodora

ECM treatment | Seedlings root Soil
e 16140.5 41,6406
S cifrinym 143453 40.7+1.2
Control 127.3+11.7 26.142.3

Mean+SE of mean (n=3). Each value is expressed as mg/100g of sample.
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Table 27: Potassium content of rhizospheric soil and seedlings root of
Cryptomeria japonica
ECM treatment | Seedlings root Seil ]
tseg 122.6:5.1 443416
e 11744.5 a5
SARIL 111345 1 20405 |
MeantSE of mean (n=3). Each value is expressed as mg/100g of sample
Table 28: Growth of Dipterocarpus retusus seedlings at different months
ECM 4th 8th 12th 16th 20th 24th month
treatment month month month month month
R rosea | SH 3749 §242.1 78462 9] 2496 | 904207
23.543.6 —)
LFL 22+ 3 275426 32.721.1
10.3+1.5 348416 | 3445
RL 2349 236:18 2042 4 37+4.1
82+3 14+ 8
RC 0.4+ 04 0.6+ 05
0.4+.04 0.5+03 2241 34403
o sH 512459 76.6+9 8 7864108 | 8824322
Gl | 28422 | 388+
LFL 20427 33.2+1.7 33.8+11.4 | 33.2406
B.6L 6 23245
RL 22.8+1.1 24 4+ 4 27.8+9 JGtd 8
10.24.66 13.2+.9
RC
0.4+ 07 0.5+.04 0.5¢.05 0.6+ 1 1.5&1 3.2+40.2
Control | SH 6.2:2.7 78462 41418
19.141.1 | 29.8£1.7 374424
LFL
8+ 4 128+ 8 23.642.7 308+]1.6 318487 |[322+8
RL
T8+ 5 11.6+1.2 16.6+.5 204:1,7 216+92 | 27841
RC 048+ 06
0.3+.04 A+.05 64,05 1,441 1.94+3

length (em) and RC= Root collar diameter (cm)

MeantSE of mean (n=5). SH= Shoot height (¢cm), LFL= Leaf length (cm), RL= Root
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Table 29: Growth of Corymbia citriodora seedlings at different months
ECM 4th month | Sth month | 12th month | 16th 20th month | 24th month
Treatment month
Rrosea |SH | 1164503 25334185 | 34074464 | 538.64663 | 583334669 | 710.64517 |
LFL 57 1740 57 175057 |
13375013 | V12 1540.57 n:m_s : e
2 | 360+30.5 436 6+
RL 301351 16 | 031296 | 2034142 330425
RC 070005 | 092005 1.03£008 | 32028 10,240 4
0.5540.03
A SH 200410 206444 06 | 525459 5334592 | 642.2+35.09
SSE Y- 143334103
LFL 14,7403 1666:08 | 1666408 | 174405
1516+19 | 1367412
RL 2433433 | 2916344 | 3334333 37046, |
38.340.8 63.640.6 .
RC 0574003 | 0664003 | 0864003 | 3.0640.17
0.640.10 914012
Control | SH 12734195 | 18134326 | 3146498 307427 54
80 +4.5 333.3426.6
3203 640 .
LFL | 143097 | %23 00 15808, |2 16.8+0.7
RL 51.6+0.08 17046 3
2442 09 163.343 3 168,346 2104104
RC 0.6+0.03 0.80+0.04
0.49+0.03 0.6:0 03 | 94035 7.9440 18
MeantSE of mean (n=5). SH= Shoot height (cm), LFL= Leaf length (¢m), RL~ Root

length {em) and RC= Root collar diameter (cm)
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Table 30: Growth of Cryptomeria japonica at different months
ECM 4th 8th 12th 16th month | 20th 24th
Treatment month | month month month month
R. rosea | SH I’ e A
62425 106.6:8.3 | 133.446.4 | 245.6414.06 | 27326.6 3224127
63105 |112:05 |117:07 |133+1406 | 137403 | 14,440 4
25612 | 632419 112£6.6 131£15.5 153109 17926.7
0.3+0.2 05004 | 0.83£0.04 0 740 14 2.940.12 34403
S SH
cltrivum s6:12 | 1066483 | 12844104 | 136523 | 2244128 375474
LFL
56405 | 104206 |112407 |122408 13403 1540.3
RL
246414 | 608:03 1052496 | 115428 141+6.4 181455
RC | 304 |o04:008 |05:006 |074006 284009 | 3.1£024
Control | SH
54432 | 89.247 93 447 4 1304499 162149 202.6+10.1 |
LFL
48103 | 114405 |104205 |122:037 | 134031 134405 |
RL
22 4406 | 433417 | 84474 8946 4 14146.4 10745 3
RC
0314002 | 054001 |04 140,02 | 0.6340.03 2. 84009 2.740.2

MeantSE of mean (n=5). SH* Shoot height (cm), LFL= Leaf length (cm), RL~ Root
length (cm) and RC= Root collar diameter (cm)
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