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Soil, water, vegetation, etc are the vital natural resources to support the livelihood
security of 55% of our population. Conservation and upkeep of these resources without
further degradation are the responsibility of each one of us to ensure a better living for our
future generation. The extent of land degradation in Odisha state is about 3.72 M ha, which
is about 25% of the total geographical area accounting per capita degraded land of 0.088 ha
against 0.14 ha of net sown area and 0.13 ha forest and tree cover area. Land degradation
constitutes one of the greatest threats for food and environmental security. Degradation of
soil and/or vegetative cover is caused by a variety of anthropogenic pressures including
development of big hydro-power projects, deforestation, over-grazing, unsustainable
agricultural practices and industrial activities. Clearing of forest vegetation by tribal
community for practicing shifting cultivation in the tribal dominated state of Odisha leading to
loss of vegetation cover and biodiversity is the major concern.

Community participation through Joint Forest Management approach yielded
significant impact both on forest protection and livelihood security of the forest dependant
rural community. The good effort of State Forest Department under Odisha Forestry Sector
Development Project (OFSDP) in improving the forest cover and living standard of the
community through Van Samrakshna Samiti (VSS) at village level following community
participation is worthy towards achieving ultimate goal of National Forest Policy. This study
report presents the impacts of soil moisture conservation measures on performance of
different forest land uses at three Divisional Management Units (DMUs) Under OFSDP. The
field study information provides valuable information on role and importance of soil and
water conservation measures in forest plantations and may useful to the wider section of the
people who are working in the field of forest plantation. | acknowledge the support of OFSDP
for this study and hard work of the study team.

December5, 2014
Dehradun (P. K. Mishra)
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Land, water and forest are the most precious natural resources, the importance of
which in human civilization needs no elaboration. Sustainable management of the natural
resource with ecosystem approach is essentially required for maintaining the ecological
balance and human wellbeing. As per the State of Forest Report 2013, published by the
Forest Survey of India, Ministry of Environment and Forests, Government of India, is
concerned, the forest covers area in Odisha state accounts for 50,347 km2, which is 32.33
per cent of the total geographical area of the state. The decadal growth rate of forest has
shown significant increase in the state, but the growth rate varied greatly amongst the
districts of the state. The pressure on forest and land is increasing day by day, due to various
developmental activities. The change in need and lifestyle of the local communities have
further increased dependency on forest resources for their livelihood security leading to
degradation of forest ecosystem, which is adversely impacting the flow of ecosystem
services and life support system of local communities. The Odisha Forestry Sector
Development Project (OFSDP) is launched with the support from the Japan International
Cooperation Agency (JICA) with an objective to restore and halt the degradation of forests
and improve the livelihood opportunity of local communities with their active participation.
One of the important physical interventions under the project has been the Soil and Moisture
Conservation (SMC) to improve the moisture regime and reduction of soil erosion to improve
the health of degraded forests. Moisture levels in soils are crucial to plant and soil health.

This study report presents the impact of SMC measures on soil, vegetation and
carbon sequestration potential due to the intervention under the project in three project
divisions, viz. Rayagada, Koraput and Jeypore. While acknowledging the excellent work by
CSWCRTI, Research Centre, Sunabeda, Koraput, | am sure the outcome of the study and
the recommendations would be extremely useful for under taking soil and moisture

conservation works in the degraded forests of the state.

December5,2014 Dr. Ajit Kumar Pattnaik, IFS
Bhubaneswar Project Director
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Executive Summary

The degradation of forest has resulted into the vicious poverty cycle wherein absence of livelihood
options encouraged the local people for more and more removal of forest produce in an unsustainable
manner leading further degradation of forest with spread of poverty and unemployment. The Odisha state
government has launched the Odisha Forestry Sector Development Project (OFSDP) with the support of
Japan International Cooperation Agency (JICA) with the overall goal of restoration of degraded forests and
improve the income level of villagers by promoting sustainable forest management on JFM mode and
community/tribal development, with the improving environment and alleviating poverty of the community.

In order to restoration of degraded forests (Forest Management under JFM & Non-JFM Mode &
Farm Forestry), OFSDP has planned and implemented activities like Assisted Natural Regeneration
(ANR), Block Plantation with teak (BP), Non-Timber Forest Products (NTFP), fuel and fodder species in
Joint Forest Management and artificial regeneration have been implemented in eight districts of Odisha
through Van Samrakshna Samiti (VSS) at village level under each Divisional Management Unit (DMU).
Soil and Moisture Conservation (SMC) measures like trenching (Staggered and continuous), basin work
for each plant/seedling at plantation sites and gully control measures like loose boulders check dams
(LBCDs) in the gullies/streams which are adjacent to the plantation sites were implemented for conserving
the rainwater and reducing soil erosion from the degraded forest areas. The CSWCRTI, Research Centre
has taken up a consultancy study for evaluation of SMC measures in three DMU namely Koraput, Jeypore
and Rayagada by selecting five VSS from each DMU. The study aims to assess the impact of SMC
measures on growth performance of plantation, soil moisture content, runoff, soil lose, soil properties,
microbial biomass, etc., under Assisted Natural Regeneration (ANR), Block Plantation with teak (BP),
Non-Timber Forest Products (NTFP), other plantations like bamboo, fuel and fodder in JMF areas
implemented by OFSDP.

A total of 15 sites were selected for the study covering Koraput, Jeypore and Rayagada forest
divisions. There are five sites (VSS) from each forest division. The climate is hot and moist sub humid in
Rayagada, where in warm and humid climate in Koraput and Jeypore. The normal annual rainfall is 1599
mm and 1522 mm received mainly during monsoon season in Rayagada and Koraput, respectively. The
technical plan of the study was finalised in presence of RCCF, DFOs, APDs, ACFs, Resident Consultant of
OFSDP and the study team of CSWCRTI, RC, Sunabeda on November 1st, 2012 at CSWCRTI, Research
Centre, Sunabeda, Koraput. Accordingly, a total of 15 sites were selected from three forest divisions
namely Koraput, Rayagada and Jeypore.

There are five study sites from each forest division covering the plantation year's viz.,
2008,2009,2010,2011 and 2012. The study sites were selected based on year of plantation, plantation
types with SMC measures and rainfall distribution pattern. Sites were selected after preliminary discussion
with the concerned forest divisions. Hydrological monitoring was carried out from five sites covering all the
plantation years i.e., 2008 to 2012 and located at Koraput, Rayagada and Jeypore DMU.A two day
capacity building training programme on “Hydrological Monitoring” was organized at CSWCRTI,
Research Centre, Sunabeda, Koraput for the Animators and members of five selected VSS. Hydrological
data viz., rainfall, runoff, soil loss, infiltration study, deposition of silt behind the gully control structure was
collected during the study period to assess the impacts. Soil sampling was done at two depths (0-20 & 20-
40 cm) from all the 15 sites for assessing physical, chemical and biological properties of soil. The
performance of block plantation of teak and NTFP species was assessed through their survival rate (Initial
& final), height and basal diameter. The land slope varied between 5.2% and as high as 42.44% in the
study sites. The physical health of all the sites is medium to good in terms of plant growth in spite of their
position in high slope. Among the various forest land uses, NTFP showed good soil physical health
followed by ANR+Gap Plantation. Due to the balance amount of sand, silt and clay in the soils of ANR+Gap
Plantation sites are having good soil physical health. The opposite trend has been observed for the ANR
without Gap Plantation land use. The soil moisture content at FC varied between 14.2 % and 38.8 % with
the average value of 25.2 %. Awell distributed and textured soil found in the land use ANR+Gap Plantation
has made the condition conducive for plant growth by providing more water easily.
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The overall variation of soil pH is following the trend of ANR+GP>NTFP>BP>ANR without Gap
Plantation. Therefore, ANR+Gap Plantation and NTFP showed its potentiality to neutralize soil acidity.
The DHA of surface soil is higher than sub-surface soil for all the land uses. NTFP and ANR+Gap
Plantation showed significantly higher DHA than BP and ANR without Gap Plantation. The overall fertility
status of all the land uses is medium to good and followed the trend of NTFP> ANR+Gap
Plantation>BP>ANR without Gap Plantation. The sites of NTFP showed higher soil organic carbon than
all other land use. Therefore, it's desirable that all the forest land uses to be protected from any type of
biotic and abiotic disturbances. SMC measures help in a substantial amount to achieve this purpose. The
amount of microbial biomass carbon is also following the trend that of SOC i.e., NTFP> ANR+Gap
Plantation >Black Plantation>ANR without Gap Plantation. Continuous litter deposition and root growth in
addition to higher soil moisture content have made the ANR+Gap Plantation and NTFP sites more
conducive for the growth and development of microorganisms.

At all the study sites average runoff was minimum under ANR+Gap Plantation followed NTFP, BP
and it was maximum under ANR-without Gap Plantation. The block plantation of teak was done mostly on
degraded sites devoid of vegetation cover and poor soil properties contributed to the more runoff than the
other forest vegetation land use systems. RWCE under ANR+Gap Plantation was the highest (81.55%)
followed by NTFP (45.86%) and block plantation (31.84%). Among the five hydrological monitoring sites,
second phase plantation (2009) at Santabadigaon conserved more rainwater followed by first phased
plantation (2008) at Maliguda, Khudpee (2011), Bhitarguda (2012) and Gunthaguda (2010). Soil loss
varied between 159 to 537 kg/ha under ANR+Gap Plantation, 350 to 1125 kg/ha under NTFP, 1145 to
1725kg/ha under the block plantation of teak and 2506 to 2979 kg/ha under ANR-without Gap Plantation
across the five different sites. The average soil loss under ANR+Gap Plantation was the littlest of 88%
compared to ANR-without Gap Plantation.

The average depth of silt deposition behind the LBCD during 2013 varied between 2.33 cm at
Santabadigaon and 5.21 cm at Maliguda in Jeypore DMU. The average silt deposition in all the structure
since from their construction was in the range of 7.8 cm to 23.8 cm behind the structure with the average
silt retention rate per structure per year was ranged between 0.6 cum at Khudpee (0.6 cum/year) in
Jeypore DMU and it was maximum of 9.24 cum/year observed in Gunthaguda at Koraput DMU. The
average cost of retention of silt varied between Rs.196/- and Rs.581/- per cum with the overall average
cost of Rs.375/- per cum. The land slope varied between 5.2% and as high as 42.44% in the study sites.
The physical health of all the sites is medium to good in terms of plant growth in spite of their position in
high slope. Among the various forest land uses, NTFP showed good soil physical health followed by
ANR+Gap Plantation. Due to the balance amount of sand, silt and clay in the soils of ANR+Gap Plantation
sites are having good soil physical health. The opposite trend has been observed for the ANR without Gap
Plantation land use. The soil moisture content at FC varied between 14.2 % and 38.8 % with the average
value of 25.2 %. A well distributed and textured soil found in the land use ANR+Gap Plantation has made
the condition conducive for plant growth by providing more water easily.

The overall variation of soil pH is following the trend of ANR+GP>NTFP>BP>ANR without Gap
Plantation. Therefore, ANR+Gap Plantation and NTFP showed its potentiality to neutralize soil acidity.
The DHA of surface soil is higher than sub-surface soil for all the land uses. NTFP and ANR+Gap
Plantation showed significantly higher DHA than BP and ANR without Gap Plantation. The overall fertility
status of all the land uses is medium to good and followed the trend of NTFP> ANR+Gap
Plantation>BP>ANR without Gap Plantation. The sites of NTFP showed higher soil organic carbon than
all other land use. Therefore, it's desirable that all the forest land uses to be protected from any type of
biotic and abiotic disturbances. SMC measures help in a substantial amount to achieve this purpose. The
amount of microbial biomass carbon is also following the trend that of SOC i.e., NTFP> ANR+Gap
Plantation >Black Plantation>ANR without Gap Plantation. Continuous litter deposition and root growth in
addition to higher soil moisture content have made the ANR+Gap Plantation and NTFP sites more
conducive for the growth and development of microorganisms.
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At all the study sites average runoff was minimum under ANR+Gap Plantation followed NTFP, BP and it
was maximum under ANR-without Gap Plantation. The block plantation of teak was done mostly on
degraded sites devoid of vegetation cover and poor soil properties contributed to the more runoff than the
other forest vegetation land use systems. RWCE under ANR+Gap Plantation was the highest (81.55%)
followed by NTFP (45.86%) and block plantation (31.84%). Among the five hydrological monitoring sites,
second phase plantation (2009) at Santabadigaon conserved more rainwater followed by first phased
plantation (2008) at Maliguda, Khudpee (2011), Bhitarguda (2012) and Gunthaguda (2010). Soil loss
varied between 159 to 537 kg/ha under ANR+Gap Plantation, 350 to 1125 kg/ha under NTFP, 1145 to
1725kg/ha under the block plantation of teak and 2506 to 2979 kg/ha under ANR-without Gap Plantation
across the five different sites. The average soil loss under ANR+Gap Plantation was the littlest of 88%
compared to ANR-without Gap Plantation.

The average depth of silt deposition behind the LBCD during 2013 varied between 2.33 cm at
Santabadigaon and 5.21 cm at Maliguda in Jeypore DMU. The average silt deposition in all the structure
since from their construction was in the range of 7.8 cm to 23.8 cm behind the structure with the average
silt retention rate per structure per year was ranged between 0.6 cum at Khudpee (0.6 cum/year) in
Jeypore DMU and it was maximum of 9.24 cum/year observed in Gunthaguda at Koraput DMU. The
average cost of retention of silt varied between Rs.196/- and Rs.581/- per cum with the overall average
cost of Rs.375/- percum.

Teak is planted in all the selected study sites except in two VSS namely Alubadi and Gunthaguda in
Rayagada and Koraput DMU, respectively. The average initial survival percent varied between 65% at
Harishchandraguda (Jeypore) and 100% at Khudpee (Jeypore) with the overall survival rate of 87%. The
final survival percent was highest at Khudpee (100%) followed by Bhaliabhata (93%), Badapukel (93%),
Malikarchi (93%) Maliguda (92%) and Chintalguda (91%). Under NTFP the species like Simarouba
glauca (Simarouba), Pongamia pinnata (Karanj), Cassia obtusifolia (Chakunda), Gmelina arborea
(Gamhar), Emblica officinalis (Aonla), Anacardium occidentale (Cashew) and Acacia auriculiformis
(Acacia) were planted in the selected study sites. The initial survival percent varied between 28% and
100%, the final survival percent was varied from 33% to 100%. The overall survival rate of all the species
was ranged from 46% at Harishchandraguda to 80% at Timajhola (Koraput DMU).

The better performance of survival rate was noticed in Timajhola (Koraput DMU) followed by
Badapukel (Rayagada) and Bhaliabhata (Rayagada). The survival rate of all the NTFP planted species
was better for Accacia and Cashew. Different planting phase wise survival percent of NTFP species
revealed that, lower rate of survival of afforested species was observed for the year 2012 followed by 2011
and 2010. The first and second phase plantations were good with respect to survival rate. The maximum
incremental in height was observed in Cassia (1.2m) followed by Simarouba (1.7m), Karanj (0.7m) and
Gamhar (0.8m). The slow growth rate was observed in Accacia, Cashew and Aonla. The species like
Karanj, Aonla and Cashew showed lower range of basal diameter. The maximum incremental growth of
basal diameter was observed in Cassia (4.5 cm) followed by Accacia (29%), Gamhar (29%) and
Simarouba (27%). However, the percent increase in basal diameter over initial diameter was maximum in
Karanj (47%) followed by Anola (36%), Cassia (30%) and Simarouba (26%).

In order to have cumulative effect of forest management activities, all the planned activities are to
be taken up on micro-catchment area/micro-watershed basis. Block plantation of teak may be replaced
with NTFP on degraded sites to improve the soil condition and to enhance diversity of vegetation with
suitable SMC measures. Planting on degraded sites require micro-site condition improvement through
the addition of organic materials or good soil or use of water absorbing polymers to increase water holding
capacity of soil. All the activities are to be implemented on micro-watershed/catchment basis to have
cumulative impacts. The chapter 1.0 and 2.0 presents the background information and detailed
description of the study area under OFSDP. Methodology adopted for impact assessment of SMC is
presented in chapter 3.0. The detailed impact of SMC measures is presented in chapter 4.0. Salient
findings and recommendations are detailed in chapter 5.0.
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Common/Local Name Scientific Name

Accacia
Aonla
Asan
Bahada
Cashew
Chakunda
Dhaura
Gamhar
Jamun
Kasi
Kendu
Kurum
Mahul
Moi
Mundi
Piasal
Pitamal
Karanj
Sal
Salai
Semul
Sidha
Simarouba
Sisoo

Acacia auriculiformis
Emblica officinalis
Terminalia tomentosa
Terminalia bellirica
Anacardium occidentale
Cassia obtusifolia
Anogeissus latifolia
Gmelina arborea
Syzygium cumini
Bridelia retusa
Diospyros melanoxylon
Schleichera oleosa
Madhuca latifolia
Lannea coromandelica
Mitragyna parvifolia
Pterocarpus marsupium
Syzygium operculatum
Pongamia pinnata
Shorea robusta
Boswellia serrata
Bombax ceiba
Lagerstroemia parviflora
Simarouba glauca
Dalbergia sissoo
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1.0 Introduction

1.1 Background

The Odisha state government has launched the Odisha Forestry Sector Development Project
(OFSDP) with the support from Japan International Cooperation Agency (JICA). The major objective of
the project is to restore degraded forests and improve the income level of villagers by to promoting
sustainable forest management JFM and community/tribal development, with the improving
environment and alleviating poverty of community is the overall goal.

The degradation of forest has resulted into the vicious poverty cycle wherein absence of
livelihood options encouraged the local people for more and more removal of forest produce in
unsustainable manner leading further degradation of forest with spread of poverty and unemployment.
Thus the project is necessary for improving the living condition of the people residing in and around the
forest by providing them livelihood options consistent with conservation of forest and its sustainable
management. This is consistent with the development policy of the state particularly in forestry sector
and in accordance with National Forest Policy (NFP). Conservation of forest resources and its
sustainable management in supporting livelihood to people living in and around the forest besides
amelioration of environment is well recognized.

In order to restoration of degraded forests (Forest Management under JFM & Non-JFM Mode &
Farm Forestry), OFSDP has planned and implemented activities like Assisted Natural Regeneration
(ANR), Block Plantation with teak (BP), Non-Timber Forest Plantation (NTFP) and artificial regeneration
in eight districts of Odisha through Van Samrakshna Samiti (VSS) at village level under each Divisional
Management Unit (DMU). Soil & Moisture Conservation (SMC) measures like trenching (Staggered and
continuous), basin work for each plant/seedling at plantation sites and gully control measures like loose
boulders check dams (LBCDs) in the gullies/streams which are adjacent to the plantation sites were
implemented for conserving the rainwater and reducing soil erosion from the degraded forest areas.
OFSDP has requested the CSWCRTI, Research Centre for evaluation of SMC measures in three DMU
namely Koraput, Jeypore and Rayagada by selecting five VSS from each DMU. The CSWCRTI
accepted the offer to carry out the impact evaluation of SMC measures from 15 sites covering three
DMUs on consultancy basis.

1.2 Scope and Objectives

The conservation and sustainable use of natural ecosystems and biodiversity is essential to
support sustainable development with biological resources providing raw materials for livelihoods,
sustenance, trade, medicine and industrial development. Protecting forests and other natural
ecosystems can provide a host of services that reduce human vulnerability to natural hazards along with
the benefits of global value such as carbon sequestration, hydrological and geochemical cycling of
essential elements etc. Protected areas, which form the corner stone of biodiversity and the natural
habitats within them, can protect watersheds and regulate the water flow, prevent soil erosion, influence
the rainfall regime and local climate, conserve genetic reservoirs etc. Richness of biodiversity is
fundamental to agricultural production and food security besides being a valuable ingredient of
environmental conservation.

With the above points in view, the study aims to assess the impact of SMC measures on growth
performance of plantation, soil moisture content, runoff, soil lose, soil properties, microbial biomass,
carbon sequestration potentials etc., under Assisted Natural Regeneration (ANR), Block Plantation with
teak (BP), Non-Timber Forest Plantation (NTFP) implemented by OFSDP.

The following are the major objectives of this study
e Technical assessment of soil and moisture conservation measures taken up in the VSS area (would
include hills, slopes and foot hills/plain or sloping land in degraded and not-so degraded sites)

e Impact of SMC measures on survival and growth parameter of plantation under block plantation and
NTFP.

e Assessment of silt deposition data and soil moisture content during the study period.

e Advice and design of appropriate SMC measures for VSS area in OFSDP being treated through ANR
(Assisted Natural Regeneration ) and Block Plantations
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1.3 MoU and Terms of References

This study is aimed at evaluating the impact of SMC measures on silt deposition, moisture
retention, survival and growth parameter of plantation besides designing cost effective SMC measure for
the future.

The work envisaged shall include:

e The CSWCRTI involvement would be in survey, evaluation, redesign of soil and water conservation
measures in consultation with Odisha Forestry Sector Development Project, Govt of Odisha.

e Base maps of the area and other required technical information shall be provided by OFSDP.

e The task will be carried out in the three forest divisions namely Koraput, Jeypore and Rayagada and
five VSS (JFMC) sites in each Division.

A copy of the MoU signed between CSWCRTI and the OFSDP is appended in Appendix |I.
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2.0 Description of study sites

2.1 Location
A total of 15 sites were selected for the study covering Koraput, Jeypore and Rayagada forest

divisions. There are five sites (VSS) from each forest division. The forest division wise locations details
are presented infigure 2.1.
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Figure 2.1: Location details of the study sites
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2.2 General Climate

The study area comes under two agro-climatic zones of Odisha state namely North Eastern Ghats
(Rayagada) and Eastern Ghats high lands (Koraput and Jeypore). The climate is hot and moist sub
humid in Rayagada, where in warm and humid climate in Koraput and Jeypore. The normal annual
rainfall is 1599 mm and 1522 mm received mainly during monsoon season in Rayagada and Koraput,
respectively. About 81% of the total rainfall is received through June to September (South-West
monsoon). Bright sunshine hours vary from 1.84 to 3.98 and 6.29 to 9.04 during the monsoon and the
post monsoon season, respectively. The average evaporation rate is 3.7 mm day™ with maximum in May
(6.2 mm day") and minimum during the month of August (2.1 mm day). Water balance diagram showed
that, surplus water is available for agricultural use between the month of May and October with a length of
growing period is about 170 days (Figure 2.2).
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Figure 2.2: Water balance diagram of the study area

2.3 Physiography and Drainage

The study area is undulating and rolling tophographic conditions and dominated with Highland
plateau and hill ranges of the Eastern Ghats are the key topographical features. Due to undulating
topographic conditions, rainwater draining ultimately into Jhola system and finally drains into the Kolab,
Telingi, and Nagavali rivers. The drainage pattern is having fine texture of dendrite pattern. This indicates
that the rock formations are impervious and permeability is low. Soils formed in such areas are deep,
heavy and slowly permeable. Thus, the area is very prone to severe erosion hazards forming gullies.

2.4 Geology and Geo-hydrology

The area possesses lithology mainly composed of shale, slate and sand stones showing faults and
fissures. The weathered and fractured granite/ granitoid gneiss constitutes the major repository of ground
water. Besides these aquifers, weathered and fractured Khondalites, journalists Shale etc. also form
aquifers about the small areal extent of low to moderate yield. Ground water occurs in unconfined to
confined conditions. Ground water from shallow and deeper aquifers is suitable for irrigation, drinking and
other purposes.

2.5 Vegetation

The vegetation type is tropical scrub forest. Very high intensity uncontrolled grazing and browsing
by livestock, heavy extraction of trees for fuel wood and practice of shifting cultivation is the major threat to
vegetation in the study areas. Extensive dependence on forest for fuel and fodder are the primary reasons
for causing degradation of natural vegetation in this area.

2.6 Broad Soil Characteristics

Soils of the study sitess are derived from charnokites and khandolites. The soils of these areas are
classified under Entisols (Typic Ustorthent and Typic Ustifluvent); Inceptisols (Dystric Ustochrept and
Typic Haplaquept) and Alfisols (Udic Paleustalf) (Ray, 1979).
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2.7 General Land Use Pattern

The study area is dominated with forest area which accounts for 29% of the total geographical area
followed by net sown area (27%), area under non-agricultural use and barren uncultivable land (27%),
fallow land (6%). Area under other land uses accounts for 11% which includes miscellaneous trees and
groves, permanent pasture and cultivable waste lands (Figure 2.3).
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Figure 2.3: Land use pattern in the study area
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3.0 Methodology for Evaluation of SMC Measures under Afforested Site

3.1 Selection of Sites

A research planning meeting was held on November 1st, 2012 at CSWCRTI, Research Centre,
Sunabeda, Koraput for finalization of technical plan of the study. This meeting was participated by RCCF,
DFOs, APDs, ACFs, Resident Consultant of OFSDP, study team of CSWCRTI, RC, Sunabeda. After
detailed deliberations, the following technical programme was developed.

Treatments (4):
1.  Assisted Natural Regeneration + Gap Plantation (ANR+GP)

2.  Block Plantation with Trenches (BP+SMC)

3. Assisted Natural Regeneration + without Gap Plantation (ANR-GP) (ANR-No under growth
vegetation)

4. NTFP

Years: 1.2008; 2.2009; 3.2010; 4.2011;  5.2012

Ateach DMU, one set of treatment (4) with each year was be monitored for runoff and soil loss using
Multi Slot Deviser (MSD) fitted with collection tank. In all there were 20 monitoring plots covering five years
with the treatments detailed above.

Accordingly, a total of 15 sites were selected from three forest divisions namely Koraput, Rayagada
and Jeypore. There are five study sites from each forest division covering the plantation year's viz.,
2008,2009,2010,2011 and 2012. The study sites were selected based on year of plantation, plantation
types with SMC measures and rainfall distribution pattern. Sites were selected after preliminary
discussion with the concerned forest divisions. The details of sites selected for the study is presented in

table 3.1.
Table 3.1: Details of site selected for the impact evaluation of SMC measures
in selected VSS under OFSDP.

Koraput DMU Rayagada DMU Jeypore DMU
B FMU VSS FMU VSS FMU VSS
2008 Laxmipur Kanimusa Tikri Badapukel Patroput Maliguda
2009 Laxmipur Timajhola Rayagada Santabadigaon Jaynagar Malikarchi
2010  Koraput Gunthaguda Rayagada Chintalguda Patroput Pansput Bagra
201 Koraput Kerenga Muniguda Bhaliabhata Patroput  Khudpee
2012 Semiliguda  Bhitarguda  Gunpur Alubadi Patroput  Harishchandraguda

3.2 Hydrological Data Monitoring

Hydrological data viz., rainfall, runoff,
soil loss, silt deposition in trenches and Year DMU FMU VSS
LBCDs were monitored from the five = 2008 = Jeypore Patroput Maliguda
selected sites out of 15 total sites. These ;
five site covering all the plantation years 2009 Rayagada Rayagada  Santabadigaon
i.e., 2008 to 2012 and located at Koraput, = 2010  Koraput Koraput Gunthaguda
Rayagada and Jeypore DMU. The details
of selected sites for hydrological data AU Jeypore Patr(.)}?)ut Kh.udpee
monitoring is given in the right hand side. 2012  Koraput Semiliguda Bhitarguda

A two days capacity building training programme on "Hydrological Monitoring" was organized at
CSWCRTI, Research Centre, Sunabeda, Koraput for the Animators and members of five selected VSS.
The training content and the participation list are presented in Annexure 3.1. Participatory data monitoring
technique was followed in collection of hydrological parameters by involving respective VSS members
and animators.
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3.2.1 Rainfall

Daily rainfall was monitored from ordinary rain gauge installed at each five selected sites for
hydrological monitoring. The daily data at respective sites were collected and maintained in the note
book. The respective site rainfall data was used to calculated per cent runoff from each treatment for
comparisons.

3.2.2 Runoffand soil loss

Runoff and soil loss data from each selected sites were monitored by installing Multi Slot Deviser
(MSD) fitted with drums. The dimension of 10 m X 5 m was demarcated with earthen bunds within the
each treatment and runoff was channelized to MSD. Rainfall event wise depth of runoff water collected in
the tank was measured by using wooden scale and based on the quantity of water collected, runoff
expressed in mm and percent to the total rainfall.

For assessing treatment wise soil loss, runoff event wise one litter of runoff sample was collected
from each tank after stirring the runoff water in the tank. Runoff collection bottles were labeled
immediately as per the treatments in each site. Dry weight of soil/silt content in the runoff samples were
determined by filtration technique using filter paper followed by drying in the oven. Soil loss was
calculated and expressed in kg ha” or t ha” based on the plot size, volume of runoff water and dry weight
of siltin the sampled runoff water.

3.2.3 Siltdepositionintrenches and LBCDs

Silt deposition in the trenches in the plantation sites and behind the LBCDs in the nearby gullies
was assessed through erosion pin techniques. Wooden pegs were installed in the trenches and behind
the LBCDs before onset of monsoon 2013. The final depth measurement was taken after the monsoon
season. By considering the catchment area and bulk density of deposited silt and average depth of silt
deposition data, soil/silt deposited in these conservation structures were assessed and expressed in kg
ha'. The effective life span of the trenches and LBCDs were worked out based on the annual silt
deposition rate.

3.3 Soil Parameters

3.3.1 Soil sampling and analysis

Site and soil characteristics, combined with disturbances (human or natural) act to control the survival,
health, density, and growth of the plants. If age and management is similar, "Good" sites are capable of
supporting more species of trees, higher densities of trees, and larger, faster growing trees as compared
to "poor” sites. "Good" sites also tend to support diverse wildlife populations and "Good" sites tend to be
more flexible in terms of management options. Therefore it's important that to consider just what soil and
site characteristics comprise a "good" site.

To measure the effect of different types of forest plantation on soil physical, chemical and biological
quality, soil sampling and analysis was done. The fertility status of the selected soils was also assessed.
The soil samples were collected from all the four forest vegetation/land uses i.e., ANR with Gap
Plantation, ANR without Gap Plantation, Block Plantation and Non Timber Forest Plantation (NTFP) sites
and from all the VSSs. To get the vertical distribution of soil moisture and various ions, soil samples were
collected from two soil depths viz., surface (0-20 cm) and sub-surface (20-40 cm). To assess the variation
of different soil properties under various slope conditions, soil samples were also collected from three
different hill slope condition under a topo-sequence under each land uses viz., upper, middle and lower.
The representation of the soil sampling schedule is given in table 3.2.
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Table 3.2: Soil sampling schedule in the OFSDP sites

Parameter

Soil moisture
pH

EC

SOC

Available N
Available P
Available K
SMCC/FC/PWP
Texture
Structure
Plasticity/Stickiness
Bulk density
Infiltration

MBC

DHA

Depth (cm)

0-20 and 20-40
0-20 and 20-40
0-20 and 20-40
0-20 and 20-40
0-20 and 20-40
0-20 and 20-40
0-20 and 20-40
0-20 and 20-40
0-20 and 20-40
0-20 and 20-40
0-20 and 20-40
0-20 and 20-40
Surface

0-20 and 20-40
0-20 and 20-40

Location /

Topo-sequence

Top/Middle/Low
Top/Middle/Low
Top/Middle/Low
Top/Middle/Low
Top/Middle/Low
Top/Middle/Low
Top/Middle/Low
Top/Middle/Low
Top/Middle/Low
Top/Middle/Low
Top/Middle/Low
Top/Middle/Low
Top/Middle/Low
Top/Middle/Low
Top/Middle/Low

g

Frequency

Monthly
One time
One time
Initial and Final
One time
One time
One time
One time
One time
One time
One time
One time
One time
One time
One time

The collected soil samples were labeled properly and brought to the laboratory of CSWCRTI,
Research Centre, Koraput. The samples were shade dried and analyzed for their physical, chemical and
biological properties. The analytical methods used for various parameters are detailed in table 3.3

Table 3.3: Methods uses for analysis of the soil parameters

Parameter
Soil moisture
pH
EC
SOC

N

P

K

Bulk density
SMCC/FC/PWP
Texture
Structure
Plasticity/Stickiness
Infiltration

MBC

DHA

Method/Procedure Reference
Gravimetric method Black, 1965
pH meter Rayment and Higginson, 1992
EC meter Piper, 1942

Walkley and Black method

Kjehldal method
Bray method

Walkley and Black, 1934

Subbiah and Asija, 1956
Bray and Kurtz, 1945

Flame photometer

Standard core method
Pressure plate apparatus
Hydrometer method

Field method

Field method

Double ring infiltrometer
Fumigation-extraction method
TTC method

Jackson, 1967
Black, 1965

Black, 1965
Bouyoucos, 1962
Black, 1965

Black, 1965

1965

Tate et al., 1988
Pepper et al., 1995
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There are total 15 VSS covering five phases of plantation viz., 2008, 2009, 2010, 2011 and 2012
cover three VSS each phase. The soil properties are presented and compared for each phase/year
taking the average value of the three VSSs.

3.4 Growth Performance of Afforested Species
3.4.1 Survival rate

Survival rate of afforested species under block plantation and NTFP blocks in all the fifteen sites
was studied at different reaches viz., lower, middle and upper. Species wise enumeration was done
following Quadrant of 10 m x 10 m at each site and reaches within the site. The species wise and overall
survival percent was worked out from the field data.

3.4.2 Height and basal diameter

Height and basal diameter of species under block and NTFP blocks were studied at each selected
sites (lower, middle and upper reaches). Randomly five plants of each species were selected at each site
for measuring plant height and basal diameter. Plant height was measured using measuring tape from
ground to growing tip of plant and basal diameter was measured at about 10 cm above the ground
surface of the plant. Selected study site wise and year of plantation wise data is analyzed and presented
in tabular and bar diagrams.

3.5 DataAnalysis and Interpretation

The raw fields data was compiled and mean values were worked out. The standard deviation and
co-efficient of variation was also worked and presented for some of the parameters wherever applicable.
The different parameters wise data is presented in graphical and tabular form. The data was interpreted
based on mean values for different study sites, land use/vegetation types, year of plantation and aspects.

CSWCRTI, Research Centre, Koraput, Odisha
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4.0 Impact of SMC Measures

4.1 Runoffand Soil Loss

The hydrologic cycle is the process of water movement through the environment. On a worldwide
basis, the amount of water is essentially constant, but the amount of water present at any given locale at
any given instant varies depending upon how much water enters the system, the mode and rate of transit
within the system, and how the water exits the system. Rain is the main source of water for all uses and
therefore it need to be conserved and managed for well being of the mankind without degrading
ecosystem and environment. The hydrology of any land use system is governed by the amount and
intensity of rainfall, climatic factors, soil surface cover, soil properties, land slope, aspects, management
practices, etc. In the present study is aimed to quantify the surface runoff under different forest land uses
with management practices.

The land slope of the study sites: The land slope under different forest land uses for the study
sites is presented in table 4.1.1. The land slope varied between 5.2% and as high as 42.44% in the study
sites. The study sites at Santabadigaon, Gunthaguda, Khudpee and Bhitarguda are relatively high slope
compared to the sites of Maliguda. It was also observed that, all the ANR sites are located on higher
slopes and located interior area, therefore it's not subjected to much degradation due to less biotic
disturbances. On the contrary, the block plantation of teak and NTFP sites are located relatively on lower
slopes which are degraded due to biotic disturbances. Among the block plantation of teak and NTFP, the
sites of block plantation of teak were degraded more due to biotic stress by community and uncontrolled
grazing by domestic animals.

Table 4.1.1: Land slope (%) under different land use and study locations of OFSDP
Maliguda Santabadigaon Gunthaguda Khudpee Bhitarguda

Land Use (2008) (2009) (2010) (2011) (2012)
ANR+GP >13.5 >19.5 42.44 26.8-36.4 40.4
ANR-GP >13.5 >19.5 42.44 26.8-36.4 40.4
BP 7.8-11.4 52-11.4 14.95 7-10.5 29.62
NTFP 9.6-12.3 17.6 24 20-25 24.9

Runoff: Runoff data collected from the four forest land use treatments in all the five study sites are
presented in table 4.1.2 and figure 4.1.1, figure 4.1.2 and figure 4.1.3. The number of runoff causing
rainfall events was maximum in Maliguda (35) followed by Khudpee (32), Bhitarguda (31),
Santabadigaon (27) and Gunthaguda (22). At all the study sites average runoff was maximum under
ANR-without GP followed the block plantation of teak and NTFP plantation. It was observed that, ANR +
GP gave minimum runoff compared to other forest land use treatments at all the study sites. This was
attributed to good canopy rainfall interception at different heights by the vegetation contributed an
increase in intake rate of soils, thus resulted in lower runoff compared to other land use treatments. The
runoff is mainly influenced by the intensity of rainfall, vegetation cover, soil physico-chemical properties,
soil organic matter content and land management practices like soil moisture conservation practices.
From the soil analysis result revealed that, the sites with ANR+GP and NTFP have better soil properties
and vegetation cover resulted in maximum rainwater conservation and low runoff. The block plantation of
teak was done mostly on degraded sites devoid of vegetation cover and poor soil properties contributed
to the more runoff than the other forest vegetation land use systems. The study site at Gunthaguda is
having a courser soil texture and relatively gravely soil condition contributed for more runoff in all the
forest vegetation land use systems compared to other study sites.

Table 4.1.2: Runoff range under different land use and at different location during 2013
Maliguda Santabadigaon Gunthaguda Khudpee Bhitarguda

Vegetation (2008) (2009) (2010) (2011) (2012)
ANR+GP  0.26.7 0.06-2.6 0.32-13.7 0.25-7.3 0.53-3.0
ANR-GP  0.9-156  0.2-13.4 0.97-14.0 0.95-13.0 0.43-6.9
BP 06-156  0.08-10.8 0.86-13.7 0.59-14.6 0.64-8.0
NTFP 0.14-156  0.21-2.1 0.64-13.9 0.26-7.3 0.64-4.1
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Rainwater conservation efficiency (RWCE): RWCE was worked out for different land
use/vegetation treatments and at five hydrological monitoring sites under OFSDP (Figure 4.1.4).
Among the different treatments, ANR+GP recorded higher RWCE at all the sites (66 % at
RWCE (%) oo s onme] GUNthaguda to 87% at Santabadigaon) compared to
1080 block plantation (19 % to 62%) and NTFP plantation
_ wo (27%to 88%). Among the five hydrological monitoring
§ L . L l l sites, second phase plantation (2009) at Santabadigaon
conserved more rainwater followed by first phased

Mumber

In.a

- - - = plantation (2008) at Maliguda, Khudpee (2011),
& y, £ Bhitarguda (2012) and Gunthaguda (2010). RWCE
/ & #‘f & under ANR+GP was the highest (81.55%) followed by

NTFP (45.86%) and Block Plantation (31.84%). This was

attributed to better interception of raindrops by thick and
e varied canopy levels under ANR+GP coupled with surface
:: litter and organic matter content resulted in increased

§ oo intake rate of soil thereby conserved more rainwater than
g se the other treatments. This will increases the stream water
vl ' flow depth and duration particularly during the lean

s season (post monsoon) and thereby reducing the risk of
ANRear flood in the lower region and sustains the water availability

and storage capacity of water bodies.
Figure 4.1.4: Rainwater conservation efficiency under
study sites and vegetation sites (Compared to ANR-No GP)
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Soil Loss: Soil loss data collected from the four forest land use treatments in all the five study sites are
presented in table 4.1.3 and figure 4.1.5. Soil loss varied between 159 to 537 kg/ha under ANR+GP, 350
to 1125 kg/ha under NTFP, 1145 to 1725kg/ha under the block plantation of teak and 2506 to 2979 kg/ha
under ANR-GP across the five different sites. The soil loss was also followed the trend that of runoff under
different forest land uses. Average soil loss under ANR+GP was lesser by 88% compared to ANR-GP.
However, NTFP and block plantation recorded soil loss less by 72% and 47%, respectively over ANR-GP.
It was observed that at all the sites the soil loss was below the critical limit but it's very important that
conservation of soil is more critical at degraded sites particularly under block plantation. Under this
situation SMC measures are to be intensified on degraded sites to retain precious soil and conservation
of rainwater for plant growth. Due to poor undergrowth particularly in teak plantation needs SMC
measures.

Table 4.1.3: Soil loss under different forest land use and at different study sites during 2013
Maliguda Santabadigaon Gunthaguda Khudpee Bhitarguda Mean of forest

Forestland use (5003 (2009) (2010) (2011) (2012) land use
ANR+GP 159 522 537 165 326 342
ANR-GP 2980 2649 2807 2506 2785 2745
BP 1146 1161 1498 1705 1726 1447
NTFP 726 351 1126 763 826 758
Mean for site 1253 1170 1492 1285 1415 1415
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Figure 4.1.5: Soil loss under different study sites and vegetation types
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4.2 Performance of LBCDs

The process of water erosion starts with rainfall. Raindrops, which do not touch plants, will have
the splash effect, defined as the impact of raindrops on the soil surface. Soil aggregates are smashed and
their particles thrown in all directions. From the surface, water can infiltrate the soil through pores, as long
as they are not saturated. Excess water moves as overland flow ("runoff") down slope and detaches
additional soil particles. When runoff is evenly distributed, sheet erosion occurs. Water usually tends to
concentrate along the lowest parts of a soil surface and forms small channels called rills. Overland flow
that concentrates on channels leads to the formation of rills and gullies. Rills are usually small and can be
easily removed by tillage. Rill erosion is much more easily noticed than inter rill erosion. If unchecked, rills
may extend into the subsoil resulting in gully erosion. Another cause of gully erosion is an increase in flood
flow, which may be caused by deterioration of vegetation in a catchment, and the concentration of flow in
roads, footpaths, poorly maintained cut off drains, waterways and cattle tracks, etc.

Gully erosion is the erosion process whereby water concentrates in narrow channels and over
short periods removes the soil. Gully erosion produces channels larger than rills. As the volume of
concentrated water increases and attains more velocity on slopes, it enlarges the rills into gullies. Gully
can also originate from any depression such as cattle trails, footpaths, cart tracks, and traditional furrows
and indicates neglect of land over a long period of time. The rate of gully erosion depends primarily on the
runoff producing characteristics of the watershed, soil characteristics, alignment, size and shape of the
gully and the slope in the channel. Most of the gullies are formed due to human activities. Some of the
major causes of gully formation are overgrazing due to high cattle population, expansion of cultivation in
steeper or marginal lands, cultivation without taking care of surplus runoff water, deforestation due to
clearing of vegetation, unsatisfactory waterways and improper design of culverts and other structures.
Generally a gully is caused by a rapid expansion of the surface drainage system in an unstable landscape.
Gully erosion is affected by several factors. Some factors determine the potential hazard while others
determine the intensity and rate of gully advance.

In gully control, the three methods must be applied in order of priority viz., (a) Improvement of gully
catchments to reduce and regulate the runoff volume and peak rates; (b) Diversion of runoff water
upstream of the gully area; (c) Stabilization of gullies by structural measures and accompanying re-
vegetation. In gully control, temporary physical structural measures such as gully reshaping, brushwood,
sandbag, loose stone, gabion and arc-weir check-dams are used to dissipate the energy of runoff and to
keep the stability of the gully. Check-dams are constructed across the gully bed to stop channel/bed
erosion. By reducing the original gradient of the gully channel, check-dams diminish the velocity of water
flow of runoff and the erosive power of runoff. Run-off during peak flow is conveyed safely by check-dams.
Temporary check-dams, which have a lifespan of three to eight years, collect and hold the soil and
moisture in the bottom of the gully. To give vegetation an opportunity to establish, runoff control structures
may be needed in the gully. The structures can be either temporary or permanent. The choice of the
measures and the extent of their use will depend on the amount of the runoff and the status of the gully
whether young and actively eroding or mature and establishing naturally. Good judgment is required in
determining what measures to use and it would be a mistake to use expensive measures were more
economical ones would do.

Loose stone check-dam is a structure made of relatively small rocks and placed across the gully or
small stream, which reduces the velocity of runoff and prevents the deepening and widening of the gully.
In the study areas, a series of loose boulder check dam are constructed at various intervals along the
gully. To measure the depth of silt deposition in the upstream of the structure, erosion pin was installed in
the gully bed before the onset of monsoon. The no's of erosion pin per loose boulder check dam varies
from 7 to 9 and height above the present ground level is 30 cm. Periodical inspection was made during the
monsoon period. After the end of monsoon period, the depth of soil deposition in each structure is
measured and total volume of silt deposition is calculated by considering the area of silt deposition. Study
site wise details of LBCDs are presentedintable 4.2.1.
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Table 4.2.1: Details of LBCDs at different study sites with their average specification

S.No VSS DMU No. of LBCDs Average Specification (m)
Length Top width Height

1 Maliguda Jeypore 20 7.46 1.74 1.81
2 Timajhola Koraput 7 5.1 0.93 0.91
3 Malikurchi Jeypore 10 5.65 1.42 1.18
4 Santabadigaon Rayagada 13 6.63 0.82 0.61
5 Bhaliabhata Rayagada 23 5.61 0.98 1.14
6 Badapukel Rayagada 22 4.80 1.00 1.00
7 Panasput Bagra Jeypore 6 11.83 1.00 0.78
8 Kanimusa Koraput 14 13.7 0.75 0.7

9 Kerenga Koraput 5 7.68 0.6 0.5

10 Khudpee Jeypore 15 4.04 1.1 0.88
11 Chintalguda Rayagada 4 9.53 0.97 1.2

12 Alubadi Rayagada 7 10.3 0.93 0.68
13 Gunthaguda Koraput 12 5.34 0.8 0.74
14 Harishchandraguda Jeypore 17 5.47 0.8 0.92
15 Bhitargada Rayagada 8 6.18 1.06 0.93

The average length is varied between 4.04 m and 13.7 m, top width is 0.60 m to 1.74 m and height
is 0.5to 1.81 m. All together a total of 183 LBCDs was constructed in the gullies during the project period
in 15 study sites. The maximum number was maximum in Maliguda (20) in Jeypore block and was lowest
in Chintalguda (4) in Rayagada.

Details of silt deposition behind the gully control structures in the study site are presented in table
4.2.2. The average depth of silt deposition behind the LBCD during 2013 varied between 2.33 cm at
Santabadigaon and 5.21 cm at Maliguda in Jeypore DMU. The maximum silt deposition depth was in the
range of 10.5 cm to 30.0 cm. Similarly, the total silt deposition during the year 2013 was in the range of
2.72 to 27.93 cum in all the structures. The average silt deposition in all the structure since their
construction was in the range of 7.8 cm to 23.8 cm behind the structure. However, the average silt
retention rate per structure per year was ranged between 0.6 cum at Khudpee (0.6 cum/year) in Jeypore
DMU and it was maximum of 9.24 cum/year observed in Guntaguda at Koraput DMU. This varied silt
retention rate was attributed to the variation in vegetation canopy cover in the catchment area, extent of
catchment area, degree of slope, rainfall pattern, etc. The attempt has been made to calculate the cost of
retention of silt trough construction of LBCDs by assuming the average cost of the structure is Rs.5000/-.
The average cost of retention of silt varied between Rs.196/- and Rs.581/- per cum with the overall
average cost of Rs.375/- per cum. The effective life span of the structure is varied from 5 to 10 depending
on the size of the structure and the catchment area of each structure in the study sites.

Table 4.2.2: Silt deposition during 2013 and total silt deposition since construction in the study sites

Silt deposition _Silt deposition Catchment area
yfa\r/gg MU Year EgEaDI Aver:;:ng ZT?tZ Ts:nlce c:vnesrtt:lgjg;lorl«verage/ —
D(grr;c)h de C()ljsrLt]i)on (c?"?]) cera; gar Range Average
Maliguda Jeypore 2008 20  5.21(18.5)* 2793 840.88 23.8 140.14 1.5-15.0 7.16
(7.0)*

Santabadigaon Rayagada 2009 13 2.33
Gunthaguda Koraput 2010 12 4.75

20.0) 14.63 265.77 134 53.15(4.1) 23-10.0 6.1

105) 272 2827 99 9.24(0.8) 0.2-3.0 1.02
Khudpee Jeypore 2011 15  4.62(30.0) 14.21 2655 182 8.85(0.6) 1.5-8.0 4.32
Bhitarguda Koraput 2012 8 402(145) 89 1324 78 6.62(0.8) 1.6-10 5.52

*Maximum depth of silt deposit in upstream of structure; ** Volume of silt deposit In Cum/year/structure

—_— o~ —~ —
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4.3 Soil Properties

4.3.1 Physical properties

Among the various soil physical properties the prominent are the soil bulk density, soil particle
density, soil porosity, soil texture, soil structure, soil moisture at field capacity and permanent wilting point,
soil available moisture and soil moisture characteristic curve. The variations of these soil properties under
various forest vegetation/land uses are described below:

Bulk density: Bulk density is one of the very important soil properties determine the physical health of the
soils. Bulk density is an indicator of soil compaction. It is calculated as the dry weight of soil divided by its
volume. This volume includes the volume of soil particles and the volume of pores among soil particles.
Bulk density is typically expressed in gcm®.It directly influences the plant growth by influencing the
moisture movement through soils. For a particular mineral soil lower the value of bulk density, better is the
soil physical quality.

Bulk density reflects the soil's ability to function for structural support, water and solute movement,
and soil aeration. Bulk density above some thresholds indicate impaired soil and plant function. Bulk
density is also used to convert between weight and volume of soil. It is used to express soil physical,
chemical and biological measurements on a volumetric basis for soil quality assessment and comparisons
between management systems. This increases the validity of comparisons by removing error associated
with differences in soil density at time of sampling.

The bulk density of surface soils varied between 1.02 g cm” and 1.38 g cm® with average value of

1.19 g cm®. The temporal variation of bulk density for the surface soil under various forest land uses is
presented in figure 4.3.1.
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Fig. 4.3.1: Bulk density of soils under various forest land uses
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Although soil bulk density is an intrinsic soil property and do vary under temporal and spatial scale
but various land uses by virtue of their different root geometry and condition and also by their variable
nature of litter deposits can make some change in the value of bulk density. From Figure 4.3.1 it's clear
that ANR+GP and NTFP land uses showed considerable low surface soil bulk density than ANR-GP and
BP (Block Plantation) sites. Among all the land uses, BP showed highest bulk density because of the initial
soil disturbance during plantation, tap root system of the teak plantation which contributes very less root
exudates necessary for the formation of stable aggregates and very less litter fall from the teak plantation.
Moreover, teak plantation was done on a degraded site which was devoid of vegetation. On the other
hand NTFP land use, which comprises of a mixture of various trees and shrubs and having profound
undergrowths showed considerable low bulk density. ANR+GP also impressed with the soil physical
property in terms of bulk density because of its higher undergrowths. The undergrowths found in these
two land uses add significant amount of aboveground litter which contributed significantly to the soil
organic matter, and hence reduce the soil bulk density. The same trend has been found for the sub-
surface soil also (Figure 4.3.1). In the sub-surface soils the bulk density varied between 1.12 g cm® and
1.36 g cm” with average value of 1.20 g cm®.

High bulk density is an indicator of low soil porosity and soil compaction. It may cause restrictions
to root growth, and poor movement of air and water through the soil. Compaction can result in shallow
plant rooting, poor plant growth, poor survival percent which is influencing on biomass and reducing
vegetative cover available to protect soil from erosion. By reducing water infiltration into the sail,
compaction can lead to increased runoff and erosion from sloping land may lead to highly susceptible to
drought like conditions. In general, some soil compaction to restrict water movement through the soil
profile is beneficial under arid conditions, but under humid conditions compaction decreases yields.

From the figure 4.3.2 it revealed that, the overall change of soil bulk density for all the study sites,
then it's evidenced that the block plantation sites showed considerably high bulk density than other sites.
NTFP sites, due to active root systems and higher litter fall showed significantly lower bulk density
(Figure 4.3.2).

Soil bulk density
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Fig. 4.3.2: Overall variation of soil bulk density under various forest land uses

Soil texture: Soil texture refers to the relative amounts of inorganic particles, that is, sand, silt and clay.
While sand grains are large and coarse and clay particles are very fine and smooth, silt particles are
intermediate. Many of the important soil properties are related to texture. Clayey soils show high water
holding capacity, high plasticity, and stickiness and swelling whereas sandy soils are conspicuous by the
absence of these properties. The most important way in which soil texture influence plant growth through
availability of soil water and nutrients apart from providing aeration and drainage. There are 12 textural
class and those classes are formed by the combination of three soil particles viz. sand, silt and clay.
Therefore the content of sand, silt and clay is the most important to govern the above said parameters.
The amount of sand, silt and clay vary with the variation of land uses, soil depth and with topo-sequence.
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The sand content of surface soils varies between 29.20% and 82.40% with average value of
61.25%. The variation of sand content in different forest land uses follows the following trend: ANR-
GP>BP>NTFP>ANR+GP (Figure 4.3.3). The physical disturbance rendered during clearance and
plantation of new forest trees in the ANR-GP and Block Plantation sites has made the soil more prone to
soil erosion. The finer clay and silt particles have been eroded down and left only the coarser sand
particles. InANR+GP land use, higher litter has increased the soil organic matter content and made stable
aggregates which are less prone to soil erosion. Higher canopy density of the forest vegetation also
contributed as umbrella effect and reduced soil erosion. The less amount of sand is an indicator of less soll
erosion and better soil physical health. The sub-surface soil has also followed the same trend.

Silt is the most susceptible soil particle for water erosion. So it can be used as an indicator of sail
erosion status and indirectly of soil physical health. Lower the silt content, higher the soil erosion. In our
study area the variation of silt content follows the following order: ANR+GP>NTFP>BP>ANR-GP (Figure
4.3.4). So here it can be inferred that ANR+GP is the best land use in terms of soil erosion potential and
ANR-GP is the worst site. The other two land uses are intermediate between these two. The silt content of
surface soils varies between 8.00% and 31.80% with average value of 16.93%.
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Fig. 4.3.3: Sand content of surface soil under various forest land uses
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Fig. 4.3.4: Silt content of surface soil under various forest land uses
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Clay, by virtue of its electronegative charge can act as an active soil material which react with other
soil materials and soil organic matter to produce water stable aggregates. In a highly eroded soil the clay
content will be less and higher clay content is an indicator of good soil health and implies less soil erosion.
Among the four studied forest land uses, ANR+GP showed promise by showing its lower potential to soil
erosion. On the other hand, ANR-GP was more prone to soil erosion by virtue of its less clay content
(Figure 4.3.5). In fact, the clay material has been eroded from this land use by soil erosion process namely
splash, sheet and rill erosion. NTFP and Block Plantation are intermediate between these two. The clay
content of surface soils varied between 9.60% and 53.60% with average value of 21.55%.

Clay content of surface soil (0-20 cm) under various land uses
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Fig. 4.3.5: Clay content of surface soil under various forest land uses

Figure 4.3.6 clearly indicates that ANR+GP has the highest clay and lowest sand content among
all the forest land uses. The opposite trend has been observed for the ANR-GP land use. Therefore to
improve soil physical condition ANR+GP to be promoted followed by NTFP.
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Fig. 4.3.6: Overall variation of soil texture under various forest land uses

Soil structure: Soil structure influences plant growth rather indirectly. The pores are the controlling
factors governing water, air and temperature in soil, which intern, govern plant growth. One of the best
effects of soil structure on plant growth is the emergence of seedlings in the seedbed. The seedlings are
very sensitive to soil physical condition so that there should not be any hindrance to the emergence of
tender seedlings and there should be optimum soil water and soil aeration. The soil in the seedbed should
have a crumb structure so that the peds are soft and porous and roots of the seedling can penetrate it
easily. The hard compact layer impedes root growth. Similarly, under the natural condition, good crumby
soil structure helps to emerge more forest seedlings and assist regeneration of degraded forests. In all the
study sites, the soil structure was found to be sub-angular blocky except in few ANR+GP sites at Alubadi,
the surface soil structure was sub-angular blocky and crumb as well.
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4.3.2 Soil moisture
Available water content

The amount of water in soil is based on the rainfall amount, what proportion of rain infilirates into
the soil, and the soil's storage capacity. Available water capacity is the maximum amount of plant available
water a soil can provide. It's an indicator of a soil's ability to retain water and make it sufficiently available
for plant use. Available water capacity is the water held in soil between its field capacity and permanent
wilting point. Field capacity is the water remaining in a soil after it has been thoroughly saturated and
allowed to drain freely, usually for one to two days. Permanent wilting point is the moisture content of a soil
at which plants wilt and fail to recover when supplied with sufficient moisture. Water holding capacity is
usually expressed as a volume fraction or percentage, or as a depth (in orcm).

Soil water content at field capacity (FC) is very important. It's the measurement that has to do with
the ability of soil in a given area to absorb water, once all excess and surface water has been drained from
the area. Assessing the field capacity of soil is very important in determining the type of vegetation to grow
in a particular land, as well as judging the capacity of that land to support buildings of various types. The
result of these assessments is usually presented as a percentage.

Field capacity soil moisture content varies with soil texture, which intern varies with land use,
topography and depth. In the study area the soil moisture content at FC varied between 14.2% and 38.8%
with the average value of 25.2%. This wide variation is because of wide textural variation among the forest
land uses. Within the various land uses the FC values follows the following trend of:
ANR+GP>NTFP>ANR-GP>BP (Figure 4.3.7). The high clay content in the soils particularly at ANR+GP
and NTFP forest areas is the responsible for higher soil moisture at FC.

Besides FC, soil moisture at permanent wilting point (PWP) is also very important for plant survival
and growth point of view. After rainfall or irrigation, little by little, the water stored in the soil is taken up by
the plant roots or evaporated from the topsoil into the atmosphere. If no additional water is supplied to the
soil, it gradually dries out. The dryer the soil becomes, the more tightly the remaining water is retained and
the more difficult it is for the plant roots to extract it. At a certain stage, the uptake of water is not sufficient to
meet the plant's needs. The plant looses freshness and wilts; the leaves change its colour from green to
yellow and finally the plant dies. The soil water content at the stage where the plant dies is called
permanent wilting point. The soil still contains some water, but it is too difficult for the roots to suck it from
the soil. For normal field crops it is the soil moisture at 15 bar potential. At this stage forest trees can draw
water, but for initial survival of the forest trees it is very much important.
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Fig. 4.3.7: Soil moisture at field capacity and permanent wilting point of surface soil
under various forest land uses

PWP soil moisture content varies with soil texture also, which intern varies with land use,
topography and depth. In the study area the soil moisture content at PWP varied between 4.8% and
17.8% with the average value of 10.8%. The clay content in the soils of four different land uses varies
widely, thereby influence the PWP value. Within the various land uses the FC values follows the following
trend: NTFP>ANR+GP>ANR-GP>BP (Figure 4.3.7). The high clay content in the soils of ANR+GP and
NTFP forest areas is the responsible for higher soil moisture at PWP.
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Soil is a major storage reservoir for water. Water availability is an important indicator because
plant growth and soil biological activity depend on water for hydration and delivery of nutrients in solution.
Runoff and leaching volumes are also determined by storage capacity and pore size distribution. In areas
where rain falls daily and supplies the soil with as much or more water than it's removed by plants,
available water capacity may be of little importance. However, in areas where plants remove more water
than is supplied by precipitation, the amount of water held by the soil may be critical. Water held in the soil
may be necessary to sustain plants between rainfall or irrigation events. By holding water for future use,
soil buffers the plant root environment against periods of water deficit. Available water capacity is used to
develop water budgets, predict doughtiness, design and operate irrigation systems, design drainage
systems, protect water resources, and predict yields.

The available soil moisture used to be calculated as the difference of soil moisture between FC
and PWP. In the study area the available soil water content varied between 8.2% and 27.9% with the
average value of 14.4%. The plant available moisture is somewhat low because of steep slope and less
clay content, which triggers the importance of adoption of soil and water conservation measures to
improve the soil moisture content for longer duration. Among the various land uses the FC values follows
the following trend: ANR+GP>ANR-GP>NTFP>BP (Figure 4.3.8). The inherent nature of ANR with and
without GP is same. Therefore the available soil moisture for both the land uses is high.

Available soil moisture (0-20 cm) under various land uses
25
m2008 w2009 2010 m2011 m2012

ki)

15ilil II
0 I i

ANR+GP ANR-GPF BF MNTFP

=
o

Available soil moisture (%))

uwn

Fig. 4.3.8: Available soil moisture under various forest land use

If we analyze the overall soil moisture content under various land uses some interesting findings
are emerging out. The moisture content at field capacity is following the trend like this:
ANR+GP>NTFP>ANR-GP>BP. But for available moisture content the trend is not alike. It's
ANR+GP>ANR-GP>BP>NTFP (Figure 4.3.9). As the available moisture content depends on both FC and
PWP, the higher value of PWP for the NTFP land use has brought down the availability of soil moisture in
that land use. The moisture availability is strongly dependent on the ratio of sand, silt and clay present in
the soil. A well distributed and textured soil found in the land use ANR+GP has made the condition
conducive for plant growth by providing more water easily.
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Fig. 4.3.9: Overall variation of soil moisture under various forest land uses
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Soil moisture characteristic curve (SMCC)

Water retention curve or SMCC is the relationship between the water content (.) and the soil water
potential (.). This curve is characteristic for different types of soil, and is also called the soil moisture
characteristic. It's used to predict the soil water storage, water supply to the plants (field capacity) and soil
aggregate stability. Due to the hysteretic effect of water filling and draining in the pores, different wetting
and drying curves may be distinguished. Sandy soils will involve mainly capillary binding, and will
therefore release most of the water at higher potentials, while clayey soils, with adhesive and osmotic
binding, will release water at lower (more negative) potentials. At any given potential, peaty soils will
usually display much higher moisture contents than clayey soils, which would be expected to hold more
water than sandy soils. The water holding capacity of any soil is due to the porosity and the nature of the
bondingin the soil.

The SMCC of the surface soil (0-20 cm) for four different forest land uses is presented in figure 4.3.10.
From the figure it's clear that
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Fig. 4.3.10: Soil moisture characteristic curve under various forest land uses

4.3.3 Chemical properties

Soil chemical properties are very important to determine the soil quality and its resistance to erosion.
Among the various soil chemical properties, the most important are soil pH, Electrical Conductivity (EC)
and Soil Organic Carbon (SOC). All these soil chemical properties vary with land use, soil depth and topo-
sequence. The variation of the soil chemical properties with forest land uses under different time scale is
presented below:

pH :The soil pH is a measure of the acidity or alkalinity in soils. pH is defined as the negative logarithm
(base 10) of the activity of hydronium ions (H+) in a solution. In water, it normally ranges from 1 to 14, with
7 being neutral. A pH below 7 is acidic and above 7 is alkaline. Soil pH is considered a master variable in
soils as it controls many chemical processes that take place. It specifically affects plant nutrient
availability by controlling the chemical forms of the nutrient. The optimum pH range for most plants is
between 5.5 and 7.0, however many plants have adapted to thrive at pH values outside this range.

When soil acidity changes the solubility of metal ions also changes. Plant growth is really affected by the
varying concentration of these metals in solution rather than by the acidity itself. Under acidic conditions,
many soil minerals dissolve and increase the concentration of metal ions to toxic levels. The primary toxic
metal is aluminum, but high levels of manganese and iron can also inhibit plant growth under these
conditions. The nutrients phosphorus and molybdenum are less available in acidic soils and calcium
and/or magnesium may also be deficient. Under alkaline conditions, the solubility of minerals decreases
to the point that nutrient deficiencies occur. Plant growth is therefore limited by deficiencies in iron,
manganese, zinc, copper and boron. Phosphorus is also less available in alkaline soils and high levels of
calcium may inhibit the uptake of potassium and magnesium.
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The aim in managing soil pH is not to achieve a particular pH value, but to adjust the acidity to the
point where there are no toxic metals in solution and the availability of nutrients is at its maximum. This
condition is usually achieved when the soil pH is between 5.8 and 6.5, however some plants have special
acidity requirements. Limestone is used to treat acidic soils, but the soil pH value alone does not indicate
the amount needed. An exchangeable acidity analysis must also be done to determine the amount of
limestone required, and the soil calcium and magnesium levels must be analyzed to determine which type
of limestone (dolomitic or calcitic) is

Surface soil (0-20 cm) pH under various land uses required. Some alkaline soils can be
58 2008 w2009 =010 w2011 w2012 acidified using sulfur or acid forming
5.4 fertilizers, but soils with free calcium
5.2 carbonate cannot be easily acidified. It is
often easier to manage the nutrient
5.0 . . . .
z deficiencies that occur on alkaline soils
=4.8 than to acidify the soil.
A
4.6
e The pH of all the study sites is acidic
in nature, which is natural, keeping in mind
e the prevailing geological condition and the
4.0 rainfall pattern of the area. The pH of
ANR+GP ANR-GP BP NTFP surface soils varied between 4.27 and 5.64
with average value of 4.93. Among the
Sub-surface soil (20-40 em] pH under various land uses various forest land uses, ANR-GP showed
5.8 highest acidity (Figure 4.3.11). This is
5.6 e N s because of the leaching of the basic
5.4 cations with runoff water from the bare soil
5.3 surface of this land use coupled with low
Tso buffering capacity due to poor organic
= matter content. The same pattern has
748 been found for the sub-surface soil also
4.6 (Figure 4.3.11). In the sub-surface soils,
4.4 the pH varies between 4.12 and 5.73 with
4.2 average value of 4.94, which is slightly
4.0 higher than the surface soils.
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Fig. 4.3.11: pH of soils under various forest land uses
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Fig. 4.3.12: Overall variation of soil pH under various forest land uses
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Electrical conductivity (EC): Soil electrical conductivity is an indirect measurement that correlates
very well with several soil physical and chemical properties. Electrical conductivity is the ability of a
material to conduct (transmit) an electrical current and itis commonly expressed in units of milliSiemens
per meter (mS/m). Alternatively, electrical conductivity measurements can be expressed in deciSiemens
per meter (dS/m), which is 100 times greater than milliSiemens per meter.

In the study area the EC varied considerably surface soil (0-20 cm) EC under various land uses
among the land uses. The soil salinity in 3
terms of EC is following the following trend: | . BN B0 a0 w20l gl

ANR+GP>NTFP>Block Plantation>ANR-
GP(Figure 4.3.13). The study area is situated 3
in high rainfall zone and the salts are being
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Soil EC varies with the variation of other soil
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conductivity and clays have high conductivity, .
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strongly with particle size and soil texture.
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delineated using soil electrical conductivity. P ANR.GP
Since water-holding capacity is intimately
linked to plant growth and development, there  Fig. 4.3.13: EC of soils under various forest land uses
is enormous potential to use soil electrical

conductivity measurements to delineate areas with different production potential. Soil electrical
conductivity also can delineate differences in organic matter content and cation exchange capacity.
Perhaps the greatest difficulty with a measurement as inclusive as soil electrical conductivity is to
conclude what is causing the variation seen in soil electrical conductivity in any given area.
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Electrical conductivity is a measurement of soil salinity. High EC means high salt content in the soil
solution. The EC of forest soils used to be higher than the bare soils because of higher dissolution of salt
carried out by the acid produced from the decomposition of the litter fall.

4.3.4 Biological properties

Soil enzyme activity: Soil enzymes increase the reaction rate at which plant residues decompose and
release plant available nutrients. The substance acted upon by a soil enzyme is called the substrate. For
example, glucosidase (soil enzyme) cleaves glucose from glucoside (substrate), a compound common in
plants. Enzymes are specific to a substrate and have active sites that bind with the substrate to form a
temporary complex. The enzymatic reaction releases a product, which can be a nutrient contained in the
substrate. Sources of soil enzymes include living and dead microbes, plant roots and residues, and soil
animals. Enzymes stabilized in the soil matrix accumulate or form complexes with organic matter
(humus), clay, and humus-clay complexes, but are no longer associated with viable cells.
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It's thought that 40 to 60% of enzyme activity can come from stabilized enzymes, so activity does
not necessarily correlate highly with microbial biomass or respiration. Therefore, enzyme activity is the
cumulative effect of long term microbial activity and activity of the viable population at sampling. However,
an example of an enzyme that only reflects activity of viable cells is dehydrogenase, which in theory can
only occurin viable cells and not in stabilized soil complexes.

Enzymes respond to soil management changes long before other soil quality indicator changes
are detectable. Soil enzymes play an important role in organic matter decomposition and nutrient cycling.
Some enzymes only facilitate the breakdown of organic matter (e.g., hydrolase, glucosidase), while
others are involved in nutrient mineralization (e.g., amidase, urease, phosphatase, sulfates). With the
exception of phosphatase activity, there is no strong evidence that directly relates enzyme activity to
nutrient availability or crop production. The relationship may be indirect considering nutrient
mineralization to plant available forms is accomplished with the contribution of enzyme activity.

Dehydrogenase activity: Soil dehydrogenases are the major representatives of the Oxidoreductase
enzymes class. Among all enzymes in the soil environment, dehydrogenases are one of the most
important, and are used as an indicator of overall soil microbial activity, because they occur intracellularin
all living microbial cells. Moreover, they are tightly linked with microbial oxido-reduction processes. What
isimportant that dehydrogenases do not accumulate extracellular in the soil system.

Dehydrogenases play a significant role in the biological oxidation of soil organic matter (SOM) by
transferring hydrogen from organic substrates to inorganic acceptors. Many specific dehydrogenases
transfer hydrogen to either nicotinamide adenine dinucleotide or nicotinamide adenine dinucleotide
phosphate. Throughout mentioned co-enzymes hydrogen atoms are involved in the reductive processes
of biosynthesis. Due to this fact, the overall DHA of a soil depends on the activities of various
dehydrogenases, which are fundamental part of the enzyme system of all living microorganisms, like
enzymes of the respiratory metabolism, the citrate cycle, and N metabolism. Thus, DHA serves as an
indicator of the microbiological redox-systems and could be considered a good and adequate measure of
microbial oxidative activities in soil.

Active dehydrogenases can utilize both O,and other compounds as terminal electron acceptors,
although anaerobic microorganisms produce most dehydrogenases. Therefore, DHA reflects metabolic
ability of the soil and its activity is considered to be proportional to the biomass of the microorganisms in
soil. However, the relationships between an individual biochemical property of soil DHA and the total
microbial activity is not always obvious, especially in the case of complex systems like soils, where the
microorganisms and processes involved in the degradation of the organic compounds are highly diverse.
Therefore the measurement of DHA in soil system is very important to know the quality of that soil.

As the dehydogenase activity (DHA) indicates the present microbial activity in the soil, therefore
the soil which is under constant supply of substrate like organic matter and root exudates definitely show
higher DHA. NTFP outperformed all the other land uses in terms of DHA (Figure 4.3.14). Because, the
higher undergrowth facilitate higher litter fall and higher root activity. ANR+GP is also performed similarly
like NTFP, but its slight higher plant growth makes the root go below 1.0 m distance of soil surface and
thereby reduces its activity in the above soil. Only the falling litter contributed significantly for the DHA.
Block Plantation and ANR-GP are not much active in terms of microbial activity as compared to NTFP and
ANR+GP. As these two land uses were disturbed to establish teak tree and made clean, respectively, the
upper soil has been eroded and reduced the microbial activity. Similar trend has also been found for the
sub-surface (20-40 cm) soil also (Figure 4.3.14). The value of DHA for surface soil varies between 66.9
and 183.7 mg TPF kg™ d” with the average value of 109.8 mg TPF kg” d". The value for the sub-surface
soil is bit lower than the surface soil and lies between 65.4 and 174.4mg TPF kg™ d” with the average value
of103.7mg TPFkg'd".
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Fig. 4.3.14: Soil dehydrogenase activity under various forest land uses

The DHA of surface soil is higher than sub-surface soil for all the land uses. NTFP and ANR with
vegetation showed significantly higher DHA than BP and ANR-GP (Figure 4.3.15). The relatively
shallower active root system of NTFP trees have made the microbes active hence showed high DHA.
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Fig. 4.3.15: Overall variation of soil dehydrogenase activity under various forest land uses

4.3.5 Soilfertility status

The fertility of soil can be considered in many ways, depending on land use. In intensively
managed agricultural/horticultural/forestry systems, soil fertility can be defined in terms of the value of
products produced relevant to inputs used (including economic aspects of nutrient budgeting).
Alternatively, the emphasis may be on quality or productivity. The fertility of soil is related to its capacity to
produce a product. In many natural ecosystems, the value of land use may not be clearly defined, and a
different definition of soil fertility may be more suitable. The fertility of soil is related to its capacity to
support a particular natural community of plants. Another view might emphasize the concept of
sustainability. The fertility of a soil is related to its capacity to maintain consistent output with minimal input.
Thus, the concept of soil fertility is most useful when it is used in a specific context. However, in all
contexts, soil fertility depends on physical, chemical and biological characteristics.

When soil fertility is considered in terms of the highest practical level of productivity, the focus is
mostly on physical and chemical aspects of sail. It's important to note that some aspects of the biological
component of soil fertility can be overridden by addition of fertilizers, but this is not a simple phenomenon,
because increased plant growth associated with addition of fertilizer can increase other aspects of the
biological activity in soil. When sustainability of the soil resource is emphasized in the context of soil
fertility, biological components may become more relevant because long-term productivity is taken into
account. A change in focus from the highest practical level of productivity to a lower, profitable and
persistent level of production has the potential to depend to a greater extent on soil biological processes.
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In a sustainable forest ecosystem, soil fertility can be considered in terms of the amount of input
relative to the amount of output over a long period, using a budgeting approach. This definition is different
to one that defines fertility in relation to a maximum level of productivity in the short-term or at one pointin
time. A definition that focuses on short-term productivity is based on the capacity of soil to immediately
provide plant nutrients. In forest land uses it directly dependent on soil physical, chemical and biological
properties but the mostimportant are available N, P and K.

Available nitrogen status: The availability of nitrogen limits production in many forest ecosystems.
The N availability refers to the extent to which the plant growth, development and economic production is
constrained by the limited supply of N. In forest ecosystem, difference in species composition, stand age,
root behavior, land slope and soil moisture play an important role to determine the availability of soil N to
the tree.

Figure 4.3.16 depicts the variation of available nitrogen in soil. Among the four forest land uses,
the availability of N follows the following trend: NTFP>ANR+GP>Black Plantation>ANR-GP. As the
ANR+GP and NTFP sites are undisturbed, the N loss is very low, thereby increases the availability is
more. Side by side these two land uses contain higher SOC, which may also contributed to higher
available N. The ANR-GP and BP sites are disturbed sites, leading to higher loss of N and lower amount of
SOC and available N.
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Fig. 4.3.16: Available nitrogen of soils under various forest land uses

The trend is similar for the sub-surface soil also (Figure 4.3.16), but the magnitude is somewhat
lower than the surface soil. The value of available N for surface soil varies between 115.4 and 373.6 kg ha™
with the average value of 210.3 kg ha'. The value for the sub-surface soil is bit lower than the surface soil
and lies between 111.9 and 353.1 kg ha™ with the average value of 196.7 kg ha™.

Available phosphorus status: Soil phosphorus (P) is the most common macronutrient limiting plant
growth under natural conditions. Inventories of global soil P found that soil P amount is lowest in the
tropical and subtropical regions that account for about 40% of the global gross primary production and net
carbon uptake over the past two decades. It's generally accepted that the total soil P gradually decreases
as the result of weathering, ecosystems may decline at their advanced stage, which resulting in a
decrease of biomass and diversity due to soil P limitation. Available soil P reduced the responses of
tropical forests to increasing CO2 concentrations. Under global increasing atmospheric CO2 and N
deposition in the future, P limitation of net primary production (NPP) in terrestrial ecosystems, particularly
tropical and subtropical forests, will likely exacerbate.

The soil available P in the soil of the study area is low to medium observed in all the land uses. In
this agro-climatic zone the soils are acidic in nature and rich in iron and aluminum. Thereby the soil P has
the tendency to fix in the soil as iron and aluminum phosphate. Under different forest land use system the
NTFP showed highest surface soil P content. All other land uses are statistically at par in terms of available
P content (Figure 4.3.17). Higher organic acids produced by the decomposition of soil micro organisms
made the soil P available in NTFP system.
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Fig. 4.3.17: Available phosphorus of soils under various forest land uses

The sub-surface soil of all the land uses except NTFP and ANR+GP of few VSS showed low
available P (Figure 4.3.17). The magnitude of P is lower than the P content of surface soil. The
decomposing litter produced acid content is low in the sub-surface soil as evidenced from low DHA and
MBC content of the sub-surface soils. Therefore the available P content is lower in sub-surface soils. The
value of available P for surface soil varies between 2.1 and 24.5 kg ha™ with the average value of 16.3 kg
ha”. The value for the sub-surface soil is bit lower than the surface soil and lies between 1.5 and 21.3 kg
ha™ with the average value of 8.54 kg ha™.

Available potassium status: Potassium (K) is one of the essential nutrients in plants and is one of
three (including nitrogen and phosphorus) that are commonly in sufficiently short supply in the soil to limit
forest production on many soil types in Eastern India. Potassium is commonly found in plants at levels
above all other macro nutrients except carbon, oxygen, hydrogen and occasionally nitrogen. Potassium
has many functions including the regulation of the opening and closing of stomata which are the breathing
holes found on plantleaves and therefore regulate moisture loss from the plant. For this reason potassium
is known as poor-mans irrigation because it helps crops finish better. Potassium is associated with
movement of water, nutrients, and carbohydrates in plant tissue. If K is deficient or not supplied in
adequate amounts, growth is stunted and productivity is reduced. Various research efforts have shown
that potassium stimulates early growth, increases protein production, improves the efficiency of water
use, is vital for stand persistence and longevity, and improves resistance to diseases and insects. These
roles or functions are general; but all are important to profitable forest production.

The soil of the region is generally rich in available potassium because of the illitic type of parent
material which is reflected in all the sites of the study area. The trend of availability of K under various land
uses are like this: NTFP>ANR+GP>Black Plantation>ANR-GP(Figure 4.3.18). The low availability under
ANR-GP may be due to removal of top soil during cleaning and subsequent water erosion, which leads to
the exposure of sub-soil where the K availability is less.
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Fig. 4.3.18: Available potassium of soils under various forest land uses
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The trend is similar for the sub-surface soil also (Figure 4.3.18), but the magnitude is somewhat
lower than the surface soil. The value of available K for surface soil varies between 94.8 and 558 kg ha”
with the average value of 325.2 kg ha. The value for the sub-surface soil is bit lower than the surface soil
and lies between 40.5 and 537.7 kg ha™ with the average value of 289.8 kg ha™.

Overall fertility status of all the land uses is medium to good and followed the following trend:
NTFP>ANR+GP>BP>ANR-GP (Figure 4.3.19).
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Fig. 4.3.19: Overall variation of soil fertility parameters (N,P,K) under various forest land uses

4.3.6 Soilcarbon

Soil organic carbon: Total organic carbon (TOC) is the carbon (C) stored in soil organic matter (SOM).
Organic carbon (OC) enters the soil through the decomposition of plant and animal residues, root
exudates, living and dead microorganisms, and soil biota. SOM is the organic fraction of soil exclusive of
non decomposed plant and animal residues. Nevertheless, most analytical methods do not distinguish
between decomposed and non-decomposed residues. SOM is a heterogeneous, dynamic substance that
varies in particle size, C content, decomposition rate, and turnover time. Soil Organic Carbon (SOC) is the
main source of energy for soil microorganisms. SOM contains approximately 58% C; therefore, a factor of
1.72 can be used to convert SOC to SOM. There is more inorganic C than TOC in calcareous soils. TOC is
expressed as percent C per 100 g of soil.

SOC is one of the mostimportant constituents of the soil due to its capacity to affect plant growth as
both a source of energy and a trigger for nutrient availability through mineralization. SOC fractions in the
active pool, previously described, are the main source of energy and nutrients for soil microorganisms.
Humus participates in aggregate stability, and nutrient and water holding capacity.

SOC compounds, such as polysaccharides (sugars) bind mineral particles together into micro
aggregates. Glomalin, a SOM substance that may account for 20% of soil carbon, glues aggregates
together and stabilizes soil structure making soil resistant to erosion, but porous enough to allow air, water
and plant roots to move through the soil. Organic acids (e.g., oxalic acid), commonly released from
decomposing organic residues and manures, prevents phosphorus fixation by clay minerals and improve
its plant availability, especially in subtropical and tropical soils. An increase in SOM, and therefore total C,
leads to greater biological diversity in the soil, thus increasing biological control of plant diseases and
pests. Data also reveals that interaction between dissolved OC released from manure with pesticides may
increase or decrease pesticide movement through soil into groundwater.

Figure 4.3.20 depicts the variation of SOC in soil. Among the four forest land uses, the content of
SOC follows the following trend: NTFP>ANR+GP>Black Plantation>ANR-GP. As the ANR+GP and NTFP
sites are undisturbed, the C loss is very low, thereby increases the content. Side by side these two land
uses produce higher litter because of higher under growths, which may also contributed to higher SOC
content. The higher activity of roots also played a major role to contribute to higher SOC. The ANR-GP and
BP sites are disturbed sites, leading to higher loss of SOC. In BP site, the litter fall is limited and in ANR-GP
there was no above ground biomass at all.




Impact of SMC Measures Under Odisha Forestry Sector Development Project

The trend is similar for the sub-surface soil also (Figure 4.3.20), but the magnitude is somewhat
lower than the surface soil. The value of SOC for surface soil varied between 0.38% and 2.11% with the
average value of 1.01%. The value for the sub-surface soil is bit lower than the surface soil and lies
between 0.36% and 1.96% with the average value of 0.92%.

Overall, for both the depths, NTFP showed higher soil organic carbon than all other land uses
(Figure 4.3.21). NTFP along with ANR+GP clearly depicts that in tropical condition soil disturbance create
a negative balance in SOC pool by increasing the carbon mineralization. Therefore, it's desirable that all
the forest land uses to be protected from any type of biotic and abiotic disturbances. SMC measures can
help in a substantial amount to achieve this purpose.
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Fig. 4.3.20: Soil organic carbon under various forest land uses
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Fig. 4.3.21: Overall variation of soil organic carbon under various forest land uses
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4.3.7 Soil organic carbon stock and sequestration

Soil organic carbon stock is an important parameter to understand the health of the soil. While
aboveground biomass can be estimated using remote sensing (Goetz et al. 2009), the measurement of
soil organic carbon stocks over large areas is much more onerous. Verifying changes in soil organic
matter due to managementis even more problematic. Measurement techniques for assessing soil organic
matter (SOM), and by extension soil carbon, are relatively straightforward. The measurement of soil
carbon requires the assessment of three variables: (i) soil carbon content; (ii) soil depth; and (iii) soil bulk
density. Depth and bulk density together estimate soil mass per unit area, and soil carbon content
determines what proportion of the mass is carbon.

Past long-term experimental studies have shown that soil organic C is highly sensitive to changes
in land use, with changes from native ecosystems such as forest to agricultural systems almost always
resulting in aloss of SOC (Jenkinson 1977, Paul et al. 1997). Likewise, the way in which land is managed
following land use change has also been shown to affect SOC stocks. We therefore have the opportunity
in the future to change to land use and land management strategies that lead to C storage in the soil,
thereby mitigating GHGs effects and improving soil fertility.

In the study area for all the land uses, surface soil showed high soil organic carbon stock than the
sub-surface soils. Among the various land uses, the rank to store SOC is following the order: NTFP > ANR
with GP > BP > ANR without GP (Fig. 4.3.22). Only ANR+GP and NTFP showed higher SOC stock than
the system average value.

Atmospheric concentrations of carbon
dioxide can be lowered either by reducing
emissions or by taking carbon dioxide out of the — -0 cm
atmosphere and storing in terrestrial, oceanic, or 30 — 040 e
freshwater aquatic ecosystems. A sink is defined
as a process or an activity that removes

20
greenhouse gas from the atmosphere. The long-
term conversion of grassland and forestland to 15
cropland (and grazing lands) has resulted in 10
historic losses of soil carbon worldwide but there is
amajor potential for increasing soil carbon through .
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restoration of degraded soils and widespread
adoption of soil conservation practices. Land
degradation does not only reduce crop yields but  Fig. 4.3.22: Soil organic carbon stock under
often reduces the carbon content of agro-ecosystems. various forest land uses
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The rate of soil carbon sequestration is an indicator of the efficiency of that land use system to
sequesterinorganic from the atmosphere to the more stable soil organic carbon. This rate varies from land
use to land use. Among the various forest land uses in the study area NTFP showed the highest SOC
sequestration rate which is one and half time higher than the system average rate. ANR with GP is
showing the rate which is at per the system
average but the BP showed very low SOC
sequestration rate which is half of the system
average rate. The less vegetation cover in the BP
sites made the SOS sequestration rate less than
the ANR+GP and NTFP. The active root system
and higher litter fall of the NTFP system has made
this very effective in terms of SOC sequestration.
The SOC sequestration rate is higher in the
surface soil than the sub-surface soils for all the
land uses.
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4.3.8 Microbial biomass carbon

Soil organic matter is an important component of soil quality and productivity; however, its
measurement alone does not adequately reflect changes in soil quality and nutrient status.
Measurements of biologically active fractions of organic matter, such as microbial biomass carbon (MBC)
and nitrogen (MBN), and potential C and N mineralization, could better reflect changes in soil quality and
productivity that alter nutrient dynamics. These fractions can also provide an assessment of soil organic
matter changes induced by management practices, such as forest, tilling, and cropping. The importance
of microorganisms in ecosystem functioning has led to an increased interest in determining soil microbial
biomass. The soil microbial biomass is the active component of the soil organic pool, which is responsible
for organic matter decomposition affecting soil nutrient content and, consequently, primary productivity in
most biogeochemical processes in forest ecosystems.

The amount of microbial biomass carbon is also following the trend that of SOC i.e.
NTFP>ANR+GP>Black Plantation>ANR-GP (Figure 4.3.24). This is quite obvious, keeping in mind the
climatic and topographic characteristics of the sites. ANR+GP and NTFP sites are the comparatively
active sites in terms of microorganisms are concerned than ANR-GP and BP sites. Continuous litter
deposition and root growth in addition to higher soil moisture content have made the ANR+GP and NTFP
sites more conducive for the growth and development of microorganisms.

MEC of surface soil (0-20 cm) under various land uses MBC of sub-surface soil (20-40 cm) under various land uses
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Fig. 4.3.24: Soil mlcroblal biomass carbon under various forest land uses

The trend is similar for the sub-surface soil also (Figure 4.3.24), but the magnitude is somewhat
lower than the surface soil. The value of MBC for surface soil varied between 116.4 ygg” and 319.4 ug g
with the average value of 191.1 ug g". The value for the sub-surface soil is bit lower than the surface soil
and lies between 113.7 ug g” and 303.3 ug g" with the average value of 180.4 ugg™.

In nutshell, the trend of soil microbial biomass carbon is following the similar trend of soil organic
carbon for all the depth and for all the land uses. Higher MBC in NTFP and ANR+GP (Figure 4.3.25) is due

to higher amount of SOC. Therefore a good relation may be established between the two for each land
use.

Soil microbial biomass carbon
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Fig. 4.3.25: Overall soil microbial biomass carbon under various forest land uses
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4.3.9 Infiltration study

Infiltration is the process by which water on the ground surface enters the soil. Infiltration rate is a
measure of the rate at which soil is able to absorb rainfall or irrigation. It's measured in inches per hour or
millimeters per hour. The rate decreases as the soil becomes saturated. If the precipitation rate exceeds
the infiltration rate, runoff will usually occur unless there is some physical barrier. It's related to the
saturated hydraulic conductivity of the near-surface soil. The rate of infiltration was measured using an
infiltrometer. Infiltration is governed by two forces namely gravity and capillary action. While smaller pores
offer greater resistance to gravity, very small pores pull water through capillary action in addition to and
even against the force of gravity.

The rate of infiltration is determined by soil characteristics including ease of entry, storage
capacity, and transmission rate through the soil. The soil texture and structure, vegetation types and
cover, water content of the soil, soil temperature, and rainfall intensity all play a role in controlling
infiltration rate and capacity. For example, coarse-grained sandy soils have large spaces between each
grain and allow water to infiltrate quickly. Vegetation creates more porous soils by both protecting the soil
from pounding rainfall, which can close natural gaps between soil particles, and loosening soil through
root action. This is why forested areas have the highest infiltration rates of any vegetative types.

In the study area, we selected five VSS for the infiltration study under four forest land uses
keeping the topographic condition same for the different land uses.

ANR with gap planting showed very Infiltration rate for ANR with gap planting
high infiltration rate in Bhitarguda site and
medium to low infiltration rate in Maliguda
site. The other three VSS showed medium
to high infiltration rate (Figure 4.3.26).

Maliguda — Santabadigaon

—Gunthaguda —— Bhitarguda
10

— hudpee

High sand and pebble contentin the
Bhitarguda site is responsible for high
infiltration rate. Higher slope also
aggravated the situation. Maliguda soils
are clay dominated, thereby showed lower
infiltration rate. The top layer of leaf litter 0
that is not decomposed protects the soil

Infiltration rate {mm min ')
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from the pounding action of rain; without Tt ik
this the soil can become far less Fig. 4.3.26: Soil infiltration rate under ANR
permeable. Once water has infiltrated the with gap planting in five different VSS

soil it remains in the soil, percolates down
to the ground water table, or becomes part of the subsurface runoff process.

The ANR-GP land use showed low
infiltration rate in all the sites. Among the
VSS Khudpee showed comparatively
higher and Maliguda showed lower
— Maliguda —Santabadigaon infiltration rate. The other three VSS
——Gunthaguda ~ ——Bhitarguda showed low to medium infiltration rate
—Khudpee (Figure 4.3.27). In this land use the soil is
bare and disturbed to make it clean. During
the process of cleaning and subsequent
rains the top soil has been eroded and the
sub-soil has been exposed which is not as
. " X much porous as the top soil. Thereby this
0 process reduced the infiltration rate for all

¢ s = so 2o 250 9| the VSS. Maliguda soils are basically clay
Tima {min dominated, thereby showed lower
Fig. 4.3.27: Soil infiltration rate under ANR infiltration rate.

without gap planting in five different VSS
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For the Block Plantation land use, except for the Bhitarguda VSS, all other sites showed very low
infiltration rate. Maliguda and Khudpee sites showed very low infiltration rate. The basic nature of
Maliguda soils is non-porous, thereby showed infiltration rate for Block Plantation
lower infiltration rate. Among the VSS 3
Gunthaguda showed comparatively higher
infiltration rate (Figure 4.3.28).

b
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e i g Licla — Bhitarguda
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In this land use, the soil is partially bare
and disturbed to make for new plantation. During
the process of cleaning and subsequent rains the
top soil has been eroded and the sub-soil has
been exposed which is not as much porous as the
top soil. Thereby this process reduced the n

=
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-
wn n

infiltration rate for all the VSS. The Bhitarguda site 0 50 100 150 200 250 100
is basically sand and stone dominated and Time (min)
thereby showed higher infiltration rate. Fig. 4.3.28: Soil infiltration rate under Block Plantation

in five different VSS
As expected, the NTFP land use showed e d

higher infiltration rate than other land uses and
which is comparable to ANR+GP land use. Among 12
the sites, Santabadigaon, Maliguda and
Bhitarguda VSS showed considerable higher
infiltration rate than Khudpee and Gunthaguda
VSS sites (Figure 4.3.29). The interesting part is
that Maliguda site has shown consederablly high
infiltration rate, although in other land uses it
constatnly showed low infiltration rate. Higher litter
fall and the cracks created by the active root
system contributed towards the higher infiltration v

rate to this land use. Therefore it can be concluded . =0 e Tm:"fni“l e 40 e
from the infiltration study that ANR+GP and NTFP . A .

land uses arer better to ayccumulate rainwaterthan 18- 4.3.29: Soil infiltration rate under NTFP
the other two land uses. in five different VSS
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Basic infiltration rate: It is the infiltration per unit time per unit surface area under the steady state
condition. For all practical purposes basic infiltration rate is equal to the saturated hydraulic conductivity
of the soil. It is very important for determination of groundwater recharge, amount of surface runoff to be
generated after a rain and what type of SMC measure to be undertaken in a given situation. Basic
infiltration rate is highly dependent on soil texture and water stable aggregates which in turn dependent
on land use and slope.

In the study area, basic infiltration rate is high to very high for all the land uses and for all the VSS
except Maliguda. If we consider the variation of basic infiltration rate under various land uses, it is found
Basic infiltration rate under various land uses that ANR with vegetation outperformed all other land
uses (Figure 4.3.30). The high amount of water
stable aggregates formed with the interaction of soil
separates with organic matter has made huge
amount of soil macro pores. These macro pores are
the path of water to move faster downward. ANR
without vegetation performed poorly because of the
disturbed site condition which may clog the soil pores
and reduce infiltration rate. BP and NTFP performed
in between these two land uses.

m @
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Fig. 4.3.30: Basic infiltration rate under various forest land uses
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On the other hand if we consider the Basic infiltration rate under various V55
trend of basic infiltration rate under different | **

VSS, it may be concluded that Bhitargada site ;,f
outperformed all the other sites (Figure 4.3.31). | E 1
The high stoneyness and high slope of the site | £ '*
contributed to high basic infiltration rate. On the ja I

contrary, the Maliguda site which contain high
clay in the soil profile performed poorly to the
basic infiltration rate. So we can expect high %, .
surface runoff from Maliguda site. The oder of | ~ -
performance is Bhitarguda > Santabadigaon > | “*
Gunthaguda > Khudpee > Maliguda.

indiltration rate {mm min®|

Maliguda Santabadigaon  Gunthaguda Khudpee Bhizarguda

Fig. 4.3.31: Basic infiltration rate under different VSS sites

4.3.10 In-Situ soil moisture content
In situ soil moisture content was measured for both the depths and for all the land uses. The land
use wise variation of gravimetric soil moisture is presented in figure 4.3.32.

From the figure it is clear that there is a profound influence of land use on the soil moisture. The
gravimetric soil moisture content under various land uses is following the trend: ANR+GP > NTFP > ANR-
GP> BP. ANR+GP with its high clay and organic matter content has showed the higher soil moisture
content. NTFP is also following just behind ANR+GP. NTFP sites are also rich in organic matter because
of high litter fall and their subsequent conversion
to soil organic carbon. ANR+GP and NTFP, both B g 2001} B Mskguel [2008) S Bhitarguts {2012) @ Gehageda 2010) W Sankbadyn | 2009
the sites contain high canopy cover, which n

provide shade to the soil surface resulting| |
lowering the rate of soil moisture depletion due
to evaporation. Both these land uses also | *
showed higher microbial activity, therefore :
reduce the capillary movement of water from
sub-surface soils to the surface, resulting low
evaporation loss. The litters on the soil surface

o+

Soil moisture [%)
e e b
= = =

w

of these sites also act as an insulator of the heat
and thereby maintain a good soil temperature
conducive for the growth and development of  Fig. 4.3.32: Land use wise variation of in-situ soil
soil macro and micro organisms. moisture content

ANR+EP AMNR-GP

On the other hand the sites under ANR-GP and BP are degraded and showed very low clay and
organic matter content. These resulted lower in-situ soil moisture content for these land uses mainly due
to high evaporation loss. These land uses need proper soil moisture conservation measures for the
growth of new plantation and development of the existing plantation.

4.4 Growth Performance of Afforested Species under Block Plantation and NTFP

4.4.1 Block plantation

Teak is planted in all the selected study sites except in two VSS namely Alubadi and Gunthaguda
in Rayagada and Koraput DMU, respectively. The study sites cover all the five years of planting from 2008
to 2012. From the selected sites survival percent, plant height and base diameter were studied before the
monsoon (May to July) and after the monsoon period of 2013 (January to February). The teak was
planted in 2.5 m x 2.5 m at all the study sites. To conserve rainwater, half moon/ semi-circular
basin/terraces were made to each teak plant at the time of planting. The performance of teak under block
plantation is presented below.




4.4.2 Survival percent of teak
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The average initial survival percent varied between 65% at Harishchandraguda (Jeypore) and
100% at Khudpee (Jeypore) with the overall survival rate of 87%. The final survival percent was highest at
Khudpee (100%) followed by Bhaliabhata (93%), Badapukel (93%), Malikarchi (93%) Maliguda (92%)
and Chintalguda (91%). The survival percent less than 80% was observed in Timajhola (76%), Kanisuma
(68%), Bhitarguda (78%) and Harishchandraguda (65%). The overall survival percent did not differ
significantly between the initial and the final observation. The topo-sequence wise survival percent
indicates that, the survival percent was better at middle and lower slopes in comparison to upper reach
due to better soil moisture availability at middle and lower reaches (Table 4.4.1 and 4.4.2, Figure 4.4.1)

Among the planting years, the survival rate of teak was maximum during 2011 planting followed

by 2008, 2009, 2010 and 2012. The low survival rate
during 2012 planted sites might be attributed to newly
planted and the observation was made without any gap
filling. Infilling might be the reason for better survival
rate of teak planted during early phases (Table 4.4.3
and Figure 4.4.2)
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Figure 4.4.2: Plantation year wise survival
percent of teak

Height of teak: The mean height of teak under
block plantation varied between 0.3 to 3.3 m at initial
and 0.5 m to 4.9 m at the final observation from the
selected study sites (Table 4.4.2). Percent increase in
teak height was maximum in Khudpee (133%) followed
by Kanimusa (129%), Chintalguda (73%), Bhitarguda
(69%) and Harichandraguda (67%). In general, teak
plants at middle and lower slopes recorded better
growth performance due to better soil moisture
availability as compared to plants at upper slopes

Figure 4.4.1: Survival prcent of teak at
different study site

Aspect wise survival percent of teak was also
vl studied and presented in table 4.4.4 and figure 4.4.3.
Study sites of southern aspects followed by eastern
aspects sites recorded better survival rate than western
and northern aspects.

Percent

Av. Survial percent

100.0
0.0
E0.0
70.0
&0.0
0.0
40.0
3.0
0.0
10.0

oo

Wast

Marth

® Initial ™ Final

Sauth

(Table 4.4.5 and Figure 4.4.4). The overall increase in Figure 4.4.3: Aspectwise servival percent of teak

plant height was 0.86 m which is 47 % increase in

height across the selected study sites under OFSDP.
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Across the year of planting, teak height varied
between 1.4mto 3.1m atinitial and 2.2m to 4.2m at the
final observation (Table 4.4.3). The maximum height
increment was observed in teak planted during 2012
followed by 2010 and 2009. Incremental increase in
plant height was decreased with increase in age of the
plantation.

Figure 4.4.4: Height of teak at different study sites
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Aspect wise height of teak was also studied and
presented in table 4.4.4 and figure 4.4.6. Study sites of
:; southern aspects followed by eastern aspects sites

s recorded better plant height than western and northern
20 aspects.
1.5
i : ‘ ‘ Av. Height of Teak W initial ™ Final
Lk
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Figure 4.4.5: Plantation year wise height of teak :'5
Basal diameter of teak: Data on basal diameter of ;:
teak for the selected sites is presented in table

o.n

Av.Height of Teak u Initial = Final

Meter

Meter

4.4.2 table 4.4.5 and figure 4.4.7. Mean basal diameter Wt Bowth
of teak varied from 2.1cm to 18.4cm at initial observation : : :
and at final observation it was varied from 4.0cm to Figure 4.4.6: Aspect wise height of teak

22.2cm. In general, increased in basal diameter with increase

in age of the plantation was observed. Incremental increase in basal diameter of teak plant followed the
growth trend of plant height. Percent increase in basal diameter varied between 11.11% at Bhitarguda to
as high as 88.57% at Khudpee with an overall average increase of 30.8%.

Basal diameter of teak was also studied on different slope/ reaches and revealed that middle and
lower slopes favored better growth of teak in terms of
basal diameter due to better soil moisture availability as
. compared to plants at upper slope (Table 4.4.5). This
- also indicates the need of soil moisture conservation

150 measures, particularly on the upper reaches to control
100 surface runoff. Plantation year wise comparison
o ‘ @ B | revealed that, percent increase in basal diameter

" B g B g e varied between 20.7% for 2008 plantation to as high as

“" “;f S e@‘ 32 and 31% in 2009 and 2012 plantation. This variation

may be due to variability in site characteristics with

f respect to soil and availability of soil moisture (Table
4.4.3and Figure 4.4.8)

Figure 4.4.7: Basal diameter of teak at different study sites
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Aspect wise analysis on plant basal diameter of
selected study sites revealed that, teak plants in Av.Basal Diameter of Teak ® initial = Final
Southern and Eastern aspects gave higher incremental
growth compared to plants in Western and Northern
aspects However, plants on Western aspects showed a 0.0

slower growth rate compared to other aspects (Table 15.0
4.4.4 and Figure 4.4.9). .
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Figure 4.4.9: Aspects wise basal diameter of teak
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Table 4.4.1: Survival percent of teak under block plantation at different VSS and year of planting

Survival (%)

S.No VSS DMU Year of Planting
Initial Final
U M L Mean U M L Mean

1 Maliguda Jeypore 2008 9% 9% 88 93 92 96 88 92
2 Timajhola Koraput 2009 88 80 &4 84 64 80 84 76
3 Santabadigaon Rayagada 2009 80 92 96 89 80 92 96 89
4 Bhaliabhata Rayagada 2009 % 92 92 93 9% 92 92 93
5 Badapukel Rayagada 2009 92 9% 92 93 92 9% 92 58
6 Malikarchi Jeypore 2009 92 100 88 93 92 100 88 93
7 Pansput Bagra Jeypore 2010 88 83 92 89 88 88 92 89
8 Kanimusa Laxmipur 2010 60 72 72 68 60 72 72 68
9 Kerenga Koraput 2010 % 92 84 91 9% 92 &4 91
10 Khudpee Jeypore 2011 100 100 100 100 100 100 100 100
11  Chintalguda Rayagada 2011 92 92 88 91 92 92 88 91
12  Bhitarguda Koraput 2012 76 76 84 79 76 76 83 78
13 Harishchandraguda Jeypore 2012 48 68 80 65 48 68 80 65
14  Alubadi Rayagada No Block Plantation
15 Gunthaguda Koraput No Block Plantation

Average 85 83 88 87 83 83 88 86

U: Upper, M: Middle, L: Lower

Table 4.4.2: Average survival percent, height and basal diameter of teak under block plantation.

Survival (%) Height (m) Basal Diameter (cm)
$.No Vss 2L :Ear:tionfg
Initial Final Initial Final Initial Final
1 Maliguda Jeypore 2008 93 92 31 42 18.4 22.2
2 Timajhola Koraput 2009 84 76 21 33 12.4 17.3
3 Santabadigaon Rayagada 2009 89 89 2.7 3.8 9.7 13.5
4 Bhaliabhata Rayagada 2009 93 93 3.3 49 14.2 17.5
5  Badapukel Rayagada 2009 93 93 32 38 14.6 18.5
7 Malikarchi Jeypore 2009 93 93 1.7 27 11.0 14.9
6 Pansput Bagra Jeypore 2010 89 89 2.4 3.4 12.3 15.5
8 Kanimusa Laxmipur 2010 68 68 0.4 0.9 2.1 33
9 Kerenga Koraput 2010 91 91 2.1 2.7 12.6 15.5
10  Khudpee Jeypore 2011 100 100 0.8 1.8 4.7 8.8
11 Chintalguda Rayagada 2011 91 91 0.8 1.3 10.5 14.2
12  Bhitarguda Koraput 2012 79 93 0.3 0.5 3.6 4.0
13 Harishchandraguda  Jeypore 2012 65 65 0.8 1.4 4.3 5.4
14 Alubadi Rayagada No Block Plantation
15  Gunthaguda Koraput No Block Plantation
Mean 87 86 1.8 2.7 10.0 12.8

Table 4.4.3: Planting year wise performance of teak under block plantation

Survival (%) Height (m) Basal Diameter (cm)
Year Initial Final Initial Final Initial Final
2008 93 92 3.1 4.2 18.4 22.2
2009 91 89 2.6 3.7 12.4 16.3
2010 83 83 1.6 2.4 9.0 11.5
2011 95 95 2.6 3.7 13.0 16.6
2012 72 79 1.4 2.2 7.2 9.4
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Table 4.4.4: Aspect wise performance of teak under block plantation

Survival (%) Height (m) Basal Diameter (cm)
et Initial Final Initial Final Initial Final
West 83 84 1.9 2.8 10.6 12.5
East 90 90 2.0 3.0 9.7 12.9
North 83 83 1.6 2.4 9.0 11.5
South 100 100 2.0 3.0 9.7 12.3

Table 4.4.5: Growth performance of teak under block plantation at upper, middle and lower reach of planted sites

Height(m) Basal diameter (cm)
S.No VSsS DMU Yr. of Planting Initial Final Initial Final

U M L  Mean U M L Mean U M L Mean U M L  Mean
1 Maliguda Jeypore 2008 35 23 34 31 50 34 42 42 218 144 190 184 254 182 23.0 222
2 Timajhola Koraput 2009 13 22 28 21 29 32 38 33 88 112 172 124 144 158 216 173
3 Santabadigaon Rayagada 2009 21 35 26 27 31 48 36 38 3.6 139 116 9.7 7.4 19.0 14.2 135
4 Bhaliabhata Rayagada 2009 41 28 30 33 50 57 39 49 164 112 150 142 190 152 182 175
5  Badapukel Rayagada 2009 34 314 3 32 39 38 36 38 144 152 142 146 18 194 18 185
6  Malikarchi Jeypore 2010 13 13 25 17 24 21 36 27 108 106 116 110 156 140 150 149
7  Pansput Bagra Jeypore 2010 21 25 26 24 31 35 38 34 116 122 130 123 138 152 176 155
8  Kanimusa Laxmipur 2010 08 02 02 04 11 p9 07 09 16 22 26 21 38 32 30 33
9  Kerenga Koraput 2010 22 23 18 21 28 29 24 27 116 152 11 126 140 184 140 155
10  Khudpee Jeypore 2011 07 06 11 08 18 17 20 18 40 36 64 47 90 82 92 88
11 Chintalguda Rayagada 2011 05 07 11 08 08 417 20 13 96 115 103 105 12.6 154 145 14.2
12 Bhitarguda Koraput 2012 03 03 03 03 03 07 04 05 42 32 34 36 47 39 37 41
13 Harishchandraguda Jeypore 2012 04 05 16 0.8 10 1.1 21 14 0.5 12 112 43 0.9 1.8 134 54
14 Alubadi Rayagada No Block Plantation
15  Gunthaguda Koraput No Block Plantation
U: Upper, M: Middle, L: Lower

4.4.3 NTFP

Under NTFP the species like Simarouba glauca (Simarouba), Pongamia pinnata (Karanj),
Cassia obtusifolia (Chakunda), Gmelina arborea (Gamhar), Emblica officinalis (Aonla), Anacardium
occidentale (Cashew) and Acacia auriculiformis (Acacia) were planted in the selected study sites.
Majority of the NTFP sites were planted with Simarouba, Karanj and Cassia. The spacing of 2m x 2m,
2.5m x 2.5m and 5.0m x 5.0m was followed for the above listed species. The performance of NTFP
species was assessed through their survival percent, plant height and basal diameter. The results are
presented below under the following sub-headings.

Survival percent: The selected study

sites wise and species wise the survival Overall -smmMean of all the sites

percent in table 4.4.6, table 4.4.7 and figure o)

4.4.10. The initial survival percent varied & 7

between 28% and 100%, the final survival £ 60

percent was varied from 33% to 100%. The % :'ﬂ

overall survival rate of all the species was % >

ranged from 46% at Harishchandragudato & 10

80% at Timajhola (Koraput DMU). The e S e e 1 e X "
better performance of survival rate was g G - L G S
noticed in Timajhola (Koraput DMU) & &% 5@ o o o8 o &
followed by Badapukel (Rayagada) and T 4F @i.ﬁ@“ﬂ*‘ & & " * *F@“‘x @g‘?@f{*‘“‘
Bhaliabhata (Rayagada). The survival rate e @ ﬁé‘“

of all the NTFP planted species were better

for Accacia and Cashew. Figure 4.4.10: Study site wise overall survival percent under NTFP
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Upper, middle and lower slope/ reach wise survival percentis presented in Table 4.4.6 & 4.4.7 and
it revealed that no clear trend was observed. However, it was noticed that upper and middle slopes also
recorded better survival percent and this may be due to less biotic disturbance. Different phase wise
survival percent revealed that, lower rate of survival of afforested species was observed for the year 2012
followed by 2011 and 2010. The first and second phase plantations were good with respect to survival
rate. This might be due to gap filling in the early phased plantation coupled with care and protection
measures by the community at the initial stage of the project period . Aspect wise performance was also
studied and presented in table 4.4.13 and figure 4.4.11. The data revealed that better survival rate under
NTFP plantation was observed in western and southern aspects.

Table 4.4.6: Average survival percent under NTFP plantation at different VSS of OFSDP

Yr. of Initial Final

S.No Vss DMU  Aspect panting U M L Mean U M L Mean
1 Maliguda Jeypore South 2008 75 65 50 62 74 60 49 60
2 Timajhola Koraput West 2009 82 78 44 81 80 77 74 79
3 Santabadigaon Rayagada North 2009 64 53 54 72 62 53 52 56
4 Bhaliabhata Rayagada East 2009 55 67 63 63 56 61 59 61
5 Badapukel Rayagada West 2009 78 78 67 74 78 78 67 74
6 Malikarchi Jeypore North 2009 67 78 89 78 67 78 89 78
7  Pansput Bagra Jeypore East 2010 56 67 44 56 56 67 56 58
8 Kanimusa Laxmipur  North 2010 56 56 58 57 56 55 50 54
9 Kerenga Koraput North 2010 44 36 32 37 44 36 32 37
10 Khudpee Jeypore East 2011 0 55 52 54 0 55 52 54
11 Chintalguda Rayagada West 2011 73 60 56 61 73 60 56 61
12 Bhitarguda Koraput South 2011 78 56 56 60 78 56 56 60
13 Harishchandraguda Jeypore East 2011 47 54 53 51 47 54 53 51
14  Alubadi Rayagada West 2012 0 33 33 36 0 56 56 56

15 Gunthaguda Koraput West 2012 Poor Performance
Overall Mean 55 60 54 60 55 60 57 60

U: Upper, M: Middle, L: Lowe

Table 4.4.7: Species wise average survival rate under NTFP plantation.

o Yr. of Simarouba Karanj Cassia Aonla Cashew Accacia Gamhar
.No VSS DMU 4
Planting | F | F | F | F | F | F | F

1 Maliguda Jeypore 2008 61 60 100 100 3 57 62 62
2 Timajhola Koraput 2009 63 63 63 63 100 89 100 100 56 56 66 66
3 Santabadigaon Rayagada 2009 72 71 55 56 35 33
4 Bhaliabhata Rayagada 2009 67 67 74 75 67 60
5  Badapukel Rayagada 2009
6  Malikarchi Jeypore 2009 78 78 56 56
7  Pansput Bagra Jeypore 2010 56 60 62 62
8  Kanimusa Laxmipur 2010 71 68 40 33
9  Kerenga Koraput 2010 36 39 51 51 36 39
10  Khudpee Jeypore 2011 60 60 51 51
11  Chintalguda Rayagada 2011 63 63
12 Bhitarguda Koraput 2011 56 56
13 Harishchandraguda Jeypore 2011 50 52 44 56 50 52
14 Alubadi Rayagada 2012 28 56
15  Gunthaguda Koraput 2012 63 65

Overall Mean 61 61 70 65 76 76 44 50 47 46 62 62

61
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Figure 4.4.11: Species wise, plantation year wise and aspects wise survival rate under NTFP
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Height: Topho-sequence wise and afforested species wise plant height is presented in table 4.4.8, table
4.4.9 and figure 4.4.12. The average initial plant height varied from 0.5m to a maximum of 3.3m and final
height varied from 1.1m to a maximum of 4.3m. The average incremental height was maximum at
Kanimusa (157%) followed by Khudpee (104%) and Harishchandraguda (124%) with the overall
increase in height was 0.6m (41%) during the study period. However, the increase in height during the
study period was 0.2m at Gunthaguda to a maximum of 1.2m at Santabadigaon. The overall increase in
height varied from 20% to a maximum of 157%. The height performance was better at middle slope
compared to upper and lower slopes. The wider variation in plant height is attributed to individual species
growth rate coupled with favorable soil and climatic conditions.

The species wise study was also made for different study sites and data presented in table 4.4.7
and figure 4.4.13. The maximum incremental height was observed in Cassia (1.2m) followed by
Simarouba (1.7m), Karanj (0.7m) and Gamhar
(0.8m). The slow growth rate was observed in
Accacia, Cashew and Aonla. Planting year wise Au.Plark Haight undar NTFP Hinigal HFinal
plant height was analysis for all the study sites
and presented in table 4.4.12 and figure 4.4.13.
The data revealed that the maximum growth rate
of plant was for the year 2008 followed by 2010
and 2009, and minimum incremental growth for
the year 2011 and 2012. This variation may be

due to better management and care for the early
phased plantation coupled with better site @{p W
characteristics and climatic suitability compared

to plantation of the recent past. Aspect wise study
revealed that, the incremental growth in plant
height was better for the sites with southern and
eastern aspects compared to that of western and
northern aspects (Table 4.4.13 and figure 4.4.13). LD

The average different in plant height was 0.15 [
which is about 27% higher plant height in
southern and eastern aspects over other aspects.

Plant height-NTFP I Site Mean = Mean of all the site

r-mfmp
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Yy

Figure 4.4.12: Study site wise initial & final plant height
and overall mean plant height under NTFP
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Figure 4.4.13: Species wise, plantation year wise and aspects wise plant height under NTFP
Table 4.4.8: Average height of afforested species under NTFP plantation at different VSS of OFSDP

S.No VSS DMU Aspect yr. of Initial (m) Final (m)
Planting U M L Mean U M L Mean
1 Maliguda Jeypore South 2008 29 3.6 2.9 3.3 40 | 49 3.8 43
2 Timajhola Koraput West 2009 2.3 3.0 1.9 2.0 33 4.5 3.1 3.0
3 Santabadigaon Rayagada | North 2009 0.8 0.6 0.7 0.7 14 1.2 1.3 1.3
4 Bhaliabhata Rayagada East 2009 3.1 2.6 3.2 2.6 5.3 3.7 43 3.8
5 Badapukel Rayagada | West 2009 2.1 2.2 2.2 2.2 2.9 2.9 2.8 2.9
6 Malikarchi Jeypore North 2009 1.5 1.7 1.7 1.6 1.8 1.9 1.9 1.9
7 Pansput Bagra Jeypore East 2010 1.6 1.4 0.9 1.4 2.5 2.2 1.7 2.4
8 Kanimusa Laxmipur North 2010 0.5 0.3 0.6 0.4 1.5 0.9 1.3 1.1
9 Kerenga Koraput North 2010 2.8 2.8 3.3 3.0 3.4 3.3 3.9 3.6
10 Khudpee Jeypore East 2011 0.0 0.6 0.5 0.5 0.0 1.2 1.0 1.1
11 | Chintalguda Rayagada | West 2011 1.6 1.5 1.3 1.4 2.0 1.8 1.6 1.7
12 Bhitarguda Koraput South 2011 1.6 1.5 0.9 1.3 2.0 1.8 1.3 1.6
13 Harishchandraguda | Jeypore East 2011 0.9 1.2 1.1 1.0 1.2 1.2 1.4 1.2
14 | Alubadi Rayagada | West 2012 0.0 | 0.3 0.6 0.5 0.0 1.1 1.1 1.1
15 Gunthaguda Koraput West 2012 Poor Performance
Overall Mean 16 [ 17 | 15| 16 |22 |23 ][22 22

U: Upper, M: Middle, L: Lower
Table 4.4.9: Species wise average plant height (m) under NTFP plantation.

s.No VSS DMU Yr. of Planting | Simarouba | Karanj Cassia Aonla Cashew | Accacia | Gamhar
| F | F | F | F | F | F | F

1 Maliguda Jeypore 2008 14| 2.2 4.1 | 5.8 43 |51

2 Timajhola Koraput 2009 14| 26|04 1/44(59|03|08|19|25|51]5.1

3 Santabadigaon Rayagada 2009 1| 16|06 | 11 0.6 |11

4 Bhaliabhata Rayagada 2009 23| 35 116 |45 |64

5 Badapukel Rayagada 2009 22|29

6 Malikarchi Jeypore 2009 16| 1.9

7 Pansput Bagra Jeypore 2010 1.3 211528

8 Kanimusa Laxmipur 2010 0206|0818 03|09

9 Kerenga Koraput 2010 16| 2.2 43 | 4.9

10 | Khudpee Jeypore 2011 06| 12|04 |09 0.6 | 1.2

11 | Chintalguda Rayagada 2011 1.7 2

12 | Bhitarguda Koraput 2011 11|14

13 | Harishchandraguda | Jeypore 2011 0.7 1 1.4 |15

14 | Alubadi Rayagada 2012 0.6 | 1.3 0.4 1

15 | Gunthaguda Koraput 2012

Overall Mean 14| 20/09(15(30(43|05(10|10(|15|3.2|36|43|5.1

2.4

I: Initial, F: Final
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Basal diameter: The basal diameter of different species planted under NTFP in the selected study sites
are presentedintable 4.4.10 and figure 4.4.14.

The data revealed that, the
average basal diameter at the initial stage
ranged from 0.3 cm to a high of 20.4 cm
and at the final stage, it was ranged
between 0.7 and 24.6 cm. The g A
incremental increase in basal diameter | = 10°
was observed in the range of 0.4 cm to a I I I il l I
4.2cm and percent increase was varied
between 19 to 125% at different study

f -@’
location with an average increase of 2.6 "fgi;a ‘jf"ﬁ ﬁ oaa:}*‘:w& i
cm (29%).

The species wise study was also

Av.BD-NTFP it MMean

25.0
20.0

Mean of all the site

made and it revealed that, the basal |
diameter was maximum in Gamher Av.BD-NTFP W Initial W Final
followed by Accacia, Cassia and e

Simarouba (Table 4.4.11 and Figure 20000

4.4.15). The species like Karanj, Aonla 15.0

and Cashew showed lower range of basal 10.0

diameter. The maximum incremental 5.0 ' l'. "
growth of basal diameter was observed in |
Cassia (4.5 cm) followed by Accacia

‘5’@ o aly .;, .p.
(29%), Gamhar (29%) and Simarouba f ﬁ@“’ w@‘i@"“ ag‘;py
(27%). However, the percent increase in @ﬁ'ﬁf’ ¥ c:"ﬁ.

basal diameter over initial diameter was &
maximum in Karanj (47%) followed by

Anola (36%), Cassia (30%) and
Simarouba (26%)

Cm

Figure 4.4.14: Study site wise initial & final and overall mean
basal diameter of species under NTFP
The phase wise planting on basal
diameter revealed that, the mean basal diameter of all the species was increasing trend from 2008 to
2012. The first, second and third phase plantation had maximum basal diameter over 2011 and 2012
plantation. The average increase in basal diameter was maximum for the 2008 plantation (3.9 cm) and it
was decreasing after and the lowest was in 2012 plantation (0.4 cm) (Table 4.4.12).

Aspect wise data revealed that, Southern and Northern aspects sites had maximum basal
diameter compared to Western and Eastern aspect (Figure 4.4.15 and Table 4.4.13). However,
incremental growth of basal diameter was higher in Southern and Eastern aspect sites 3.1-3.2cm)
compared to other two aspects. The percent incremental growth of basal diameter was maximum when
plants under the Eastern aspect (51%) followed by Northern aspects (26%), Southern and Western

aspects (25%)
HuBO-NTFP 1 ritial ® Firal Au.BD-NTFP Winitial W Final g, BO-NTFP whnitid W Fied
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B 0.0+ e
15 1 el
; 10T lue
" § §

s | ‘ ‘ 10.0 1 i -
ot 50 ' .
i

H . .
j & L‘y,;. ‘f f ?.f‘ @g’ 00+ [__ w
¢ IR B A 7 i

Figure 4.4.15: Species wise, plantation year wise and aspects wise basal diameter of species under NTFP
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Table 4.4.10: Average basal diameter of afforested species under NTFP plantation at different VSS of OFSDP

S.No Vss DMU | Aspect | Yr. of Planting Initial (cm) Final
u M L Mean u M L Mean
1 Maliguda Jeypore South 2008 17.8 | 21.4 | 16.0 | 18.6 | 22.0 | 25.5 | 19.9 | 22,5
2 Timajhola Koraput | West 2009 15.2 { 153 | 16.1 | 14.1 | 17.9 | 19.9 | 185 | 16.7
3 Santabadigaon Rayagada | North 2009 6.2 | 43 | 6.5 5.7 7.7 | 65 | 8.6 7.6
4 Bhaliabhata Rayagada | East 2009 18.2 | 10.2 | 13.0 | 11.2 | 25.0 | 14.4 | 16.7 | 15.0
5 Badapukel Rayagada | West 2009 9.2 | 9.8 | 104 | 9.8 13.0 | 12.8 | 12.5 | 12.8
6 Malikarchi Jeypore North 2009 80 | 94 (100| 91 |10.2 122|126 | 11.7
7 Pansput Bagra Jeypore East 2010 6.8 | 80 | 6.2 6.2 89 | 10.8 | 9.0 8.5
8 Kanimusa Laxmipur | North 2010 5.1 2.3 4.7 3.7 7.6 3.5 6.2 5.2
9 Kerenga Koraput North 2010 19.2 { 20.4 | 21.5 | 204 | 23.2 | 243 | 26.3 | 24.6
10 | Khudpee Jeypore East 2011 0.0 | 29 | 29 2.9 0.0 | 49 | 48 4.9
11 | Chintalguda Rayagada | West 2011 12.1 | 113 | 74 9.4 15.0 | 13.5 | 9.9 11.9
12 | Bhitarguda Koraput South 2011 98 | 7.3 | 3.8 6.1 13.0 | 9.4 | 6.0 8.4
13 | Harishchandraguda | Jeypore East 2011 34 | 6.6 | 43 4.8 6.5 | 9.3 | 6.7 7.5
14 | Alubadi Rayagada | West 2012 00 [ 0.1 | 04 0.3 0.0 | 0.7 | 0.7 0.7

15 | Gunthaguda Koraput West 2012 Poor Performance
Overall Mean 94 [ 92 |88 ] 87 [121]120]113] 113
10.4

U: Upper, M: Middle, L: Lower

Table 4.4.11: Species wise average basal diameter (cm) under NTFP plantation.

S.No VSS DMU Yr. of Simarouba Karanj Cassia Aonla Cashew Accacia Gamhar
Planting | F | F | F | F | F | F | F
1 Maliguda Jeypore 2008 13.4 | 16.7 23 | 284 195 | 22.4
2 Timajhola Koraput 2009 14.5 17.5 3.8 5.8 20 245 | 4.6 5.6 20.4 23 21.2 24
3 Santabadigaon Rayagada 2009 7.1 9.1 3.5 5.5 6.4 | 83
4 Bhaliabhata Rayagada 2009 10.6 | 13.6 2.2 3.9 21 | 275
5 Badapukel Rayagada 2009 9.8 | 12.8
6 Malikarchi Jeypore 2009 9.1 | 11.7
7 Pansput Bagra Jeypore 2010 7.7 | 103 4.6 6.8
8 Kanimusa Laxmipur 2010 1.9 2.6 6.5 9.5 2.6 3.6
9 Kerenga Koraput 2010 163 | 19.7 244 30
10 Khudpee Jeypore 2011 43 6.9 2.3 4.4 2 33
11 | Chintalguda Rayagada 2011 16.1 | 18.8
12 Bhitarguda Koraput 2011 45 | 6.6
13 Harishchandraguda | Jeypore 2011 5.4 8.1 4.1 6.9
14 | Alubadi Rayagada 2012 0.4 0.7 03| 07
15 | Gunthaguda Koraput 2012
Overall Mean 10.5 13.2 3.6 53| 149 | 194 | 33 4.5 7.9 9.7 16.1 | 19.0 | 195 | 224
12.1

I: Initial, F: Final

Table 4.4.12: Planting year wise average survival rate, height and basal diameter of afforested species

under NTFP plantation. | Year | Survival (%) | Height(m) | Basal Diameter (cm)
Initial | Final | Initial | Final Initial Final
2008 | 62 60 3.3 4.3 18.6 22.5
2009 | 74 69 1.8 2.6 10.0 12.8
2010 | 50 50 1.6 2.4 10.1 12.8
2011 56 56 1.1 1.4 5.8 8.2
2012 36 56 0.5 1.1 0.3 0.7
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Table 4.4.13: Aspect wise average survival rate, height and basal diameter
of afforested species under NTFP plantation

Aspect Survival (%) Height (m) Basal Diameter (cm)
Initial Final Initial  Final Initial Final
West 63 67 1.5 2.2 8.4 10.5
East 56 56 1.4 2.1 6.3 9.5
North 61 56 1.4 2.0 9.7 12.3
South 61 60 2.3 3.0 12.3 15.5

4.5 Projected Biomass and Carbon Sequestration Potential

4.5.1 Block plantation of teak

The projected biomass of different phased plantation for 10, 15 and 20 years after planting was
estimated along with the carbon sequestration potential (Table 4.5.1). The biomass production was the
highest for first phased plantation and it was decreased with increase in plantation phases. In general the
below ground biomass was about 28% of the above ground biomass. The projected total carbon
sequestration potential varied between 128 and 273 t/ha for 10 and 20 year projected period, respectively
for the first phased plantation of teak (2008). On the other hand, total carbon sequestration potential of
2012 phased teak plantation was varied from 12 to 157 t/ha for 10 and 20 year projected period,
respectively. Figure 4.5.1 presents the phase wise total carbon sequestration potential of teak plantation
for the projected period of 10, 15 and 20 years and it revealed that carbon sequestration potential of block
plantation of teak was the highest during the first phased plantation (2008) and decreased for subsequent
plantation years.

Table 4.5.1: Projected biomass and carbon sequestration potential of block plantation
of teak plantation of different phases

Projected Biomass (t/ha) Projected Carbon Sequestration Potential (t/ha)

Year Above Ground Below Ground Above Ground Below Ground Total

0 15 20 10 15 20 10 15 20 10 15 20 10 15 20
2008 222 390 474 62 109 133 100 175 213 28 49 60 128 225 273
2009 142 235 370 40 66 104 64 106 166 18 30 47 8 135 213
2010 117 200 297 33 56 8 53 90 134 15 25 37 67 115 171
2011 71 164 310 20 46 87 32 74 139 9 21 39 41 95 178
2012 22 92 272 6 26 76 10 42 122 3 12 34 12 53 157

4.5.2 NTFP plantation

The projected biomass of different phased plantation for 10, 15 and 20 years after planting was
estimated along with the carbon sequestration potential (Table 4.5.2). The biomass production was the
highest for first phased plantation and it was decreased with increase in plantation phases except 2010
plantation. In general, the below ground biomass was about 28% of the above ground biomass. The
projected total carbon sequestration potential varied between 512 and 2727 t/ha for 10 and 20 year
projected period, respectively for the first phased plantation of NTFP(2008). On the other hand, total
carbon sequestration potential of 2012 phased NTFP plantation was varied from 41 to 536 t/ha for 10 and
20 year projected period, respectively. Figure 4.5.2 presents the phase wise total carbon sequestration
potential of NTFP plantation for the projected period of 10, 15 and 20 years and it revealed that carbon
sequestration potential of NTFP was the highest during the first phased plantation (2008) and decreased
for subsequent plantation years except during 2010.
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Figure 4.5.1: Projected total carbon sequestration potential (t/ha)
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Table 4.5.2: Projected biomass and carbon sequestration potential of NTFP plantation of different phases

Year Projected Biomass (t/ha) Projected Carbon Sequestration Potential (t/ha)
Above Ground Below Ground Above Ground Below Ground Total

10 15 20 10 | 15 20 10 | 15 20 10 | 15 | 20 | 10 15 20
2008 | 961 | 2208 | 5018 | 269 | 618 | 1405 | 400 | 926 | 2130 | 112 | 259 | 597 | 512 | 1185 | 2727
2009 | 180 | 434 | 1293 | 50 | 122 | 362 | 79 | 192 | 574 | 22 | 54 | 161 | 101 | 245 | 735
2010 | 442 | 1250 | 3139 | 124 | 350 | 879 | 188 | 540 | 1373 | 53 | 151 | 384 | 240 | 691 | 1757
2011 | 324 | 684 | 1774 | 91 | 191 | 497 | 135|285 | 757 | 38 | 80 | 212|172 | 364 | 969
2012 | 72 | 274 | 930 | 20 | 77 | 260 | 32 | 123 | 418 9 35 | 117 | 41 | 158 | 536

Projected carbon sequestration potential under NTFP
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Figure 4.5.2: Projected total carbon sequestration potential
(t/ha) of NTFP for different phases
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5.0 Silent observations and Recommendations

5.1 Silent observations

° The land slope varied between 5.2% and as high as 42.44% in the study sites. The study sites at
Santabadigaon, Gunthaguda, Khudpee and Bhitarguda are relatively high slope compared to the
sites of Maliguda.

° The physical health of all the sites is medium to good in terms of plant growth in spite of their
position in high slope. Among the various forest land uses, NTFP showed good soil physical health
followed by ANR+GP. The block plantation sites showed considerably higher bulk density (1.23 g cm-
3) than other sites. NTFP sites, due to active root systems and higher litter fall showed significantly
lower bulk density (1.18 gcm-3)

e Texture is a very important soil property to determine the state of soil erosion. Due to the balance
amount of sand, silt and clay in the soils of ANR+GP, this land use can be considered best in terms of
soil physical health. ANR+GP has the highest clay (29.61 %) and lower sand (50.84 %) content
among all the forest land uses. The opposite trend has been observed for the ANR-GP land use.

° In the study area the soil moisture content at FC varied between 14.2 % and 38.8 % with the
average value of 25.2 %. Simillarly, the moisture content at PWP varied between 4.8 % and 17.8 %
with the average of 10.8%. It is ANR+GP>ANR-GP>BP>NTFP. As the available moisture content
depends on both FC and PWP, the higher value of PWP for the NTFP land use has brought down the
availability of soil moisture in that land use. The moisture availability is strongly dependent on the ratio
of sand, silt and clay present in the soil. A well distributed and textured soil found in the land use
ANR+GP has made the condition conducive for plant growth by providing more water easily.

° The overall variation of soil pH is following the trend of ANR+GP>NTFP>BP>ANR-GP. The
litter and the leaves of the trees grown in the forests contain calcium where the tree root system draws
from the deeper soil layers. After these organics mixed with the surface soil system, it increases the
soil pH owing to high calcium in leaves. Therefore ANR+GP and NTFP showed its potentiality to
neutralize soil acidity.

° The DHA of surface soil is higher than sub-surface soil for all the land uses. NTFP and
ANR+GP showed significantly higher DHA than BP and ANR without GP. The relatively shallower
active root system of NTFP trees have made the microbes active hence showed high DHA.

° Overall fertility status of all the land uses is medium to good and followed the trend of
NTFP>ANR+GP>BP>ANR-GP.
° The sites of NTFP showed higher soil organic carbon than all other land use. NTFP along

with ANR+GP clearly depicts that in tropical condition soil disturbance create a negative balance in
the SOC by increasing the carbon mineralization. Therefore, it's desirable that all the forest land uses
to be protected from any type of biotic and abiotic disturbances. SMC measures help in a substantial
amountto achieve this purpose.

° The amount of microbial biomass carbon is also following the trend that of SOC i.e.,
NTFP>ANR+GP >Black Plantation>ANR-GP. ANR+GP and NTFP sites are the comparatively active
sites than ANR without GP and BP sites. Continuous litter deposition and root growth in addition to
higher soil moisture content have made the ANR+GP and NTFP sites more conducive for the growth
and development of microorganisms.

° ANR+GP showed a very high infiltration rate in Bhitarguda site and medium to low infiltration
rate in Maliguda site. The other three VSS showed medium to high infiltration rate. The ANR-GP land
use showed a low infiltration rate in all the sites. Among the VSS Khudpee showed comparatively
higher and Maliguda showed low infiltration rate. The other three VSS showed low to medium
infiltration rate.

° The number of runoff causing rainfall events was maximum in Maliguda (35) followed by
Khudpee (32), Bhitarguda (31), Santabadigaon (27) and Gunthaguda (22). At all the study sites
average runoff was minimum under ANR+GP followed NTFP, BP and it was maximum under ANR-
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5.1 Silent observations

° The land slope varied between 5.2% and as high as 42.44% in the study sites. The study sites at
Santabadigaon, Gunthaguda, Khudpee and Bhitarguda are relatively high slope compared to the
sites of Maliguda.

° The physical health of all the sites is medium to good in terms of plant growth in spite of their
position in high slope. Among the various forest land uses, NTFP showed good soil physical health
followed by ANR+GP. The block plantation sites showed considerably higher bulk density (1.23 g cm-
3) than other sites. NTFP sites, due to active root systems and higher litter fall showed significantly
lower bulk density (1.18 gcm-3)

e Texture is a very important soil property to determine the state of soil erosion. Due to the balance
amount of sand, silt and clay in the soils of ANR+GP, this land use can be considered best in terms of
soil physical health. ANR+GP has the highest clay (29.61 %) and lower sand (50.84 %) content
among all the forest land uses. The opposite trend has been observed for the ANR-GP land use.

° In the study area the soil moisture content at FC varied between 14.2 % and 38.8 % with the
average value of 25.2 %. Simillarly, the moisture content at PWP varied between 4.8 % and 17.8 %
with the average of 10.8%. It is ANR+GP>ANR-GP>BP>NTFP. As the available moisture content
depends on both FC and PWP, the higher value of PWP for the NTFP land use has brought down the
availability of soil moisture in that land use. The moisture availability is strongly dependent on the ratio
of sand, silt and clay present in the soil. A well distributed and textured soil found in the land use
ANR+GP has made the condition conducive for plant growth by providing more water easily.

° The overall variation of soil pH is following the trend of ANR+GP>NTFP>BP>ANR-GP. The
litter and the leaves of the trees grown in the forests contain calcium where the tree root system draws
from the deeper soil layers. After these organics mixed with the surface soil system, it increases the
soil pH owing to high calcium in leaves. Therefore ANR+GP and NTFP showed its potentiality to
neutralize soil acidity.

° The DHA of surface soil is higher than sub-surface soil for all the land uses. NTFP and
ANR+GP showed significantly higher DHA than BP and ANR without GP. The relatively shallower
active root system of NTFP trees have made the microbes active hence showed high DHA.

° Overall fertility status of all the land uses is medium to good and followed the trend of
NTFP>ANR+GP>BP>ANR-GP.
° The sites of NTFP showed higher soil organic carbon than all other land use. NTFP along with

ANR+GP clearly depicts that in tropical condition soil disturbance create a negative balance in the
SOC by increasing the carbon mineralization. Therefore, it's desirable that all the forest land uses to
be protected from any type of biotic and abiotic disturbances. SMC measures help in a substantial
amountto achieve this purpose.

° The amount of microbial biomass carbon is also following the trend that of SOC i.e.,
NTFP>ANR+GP >Black Plantation>ANR-GP. ANR+GP and NTFP sites are the comparatively active
sites than ANR without GP and BP sites. Continuous litter deposition and root growth in addition to
higher soil moisture content have made the ANR+GP and NTFP sites more conducive for the growth
and development of microorganisms.

° ANR+GP showed a very high infiltration rate in Bhitarguda site and medium to low infiltration
rate in Maliguda site. The other three VSS showed medium to high infiltration rate. The ANR-GP land
use showed a low infiltration rate in all the sites. Among the VSS Khudpee showed comparatively
higher and Maliguda showed low infiltration rate. The other three VSS showed low to medium
infiltration rate.
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5.1 Silent observations

° The land slope varied between 5.2% and as high as 42.44% in the study sites. The study sites at
Santabadigaon, Gunthaguda, Khudpee and Bhitarguda are relatively high slope compared to the
sites of Maliguda.

° The physical health of all the sites is medium to good in terms of plant growth in spite of their
position in high slope. Among the various forest land uses, NTFP showed good soil physical health
followed by ANR+GP. The block plantation sites showed considerably higher bulk density (1.23 g cm-
3) than other sites. NTFP sites, due to active root systems and higher litter fall showed significantly
lower bulk density (1.18 gcm-3)

e Texture is a very important soil property to determine the state of soil erosion. Due to the balance
amount of sand, silt and clay in the soils of ANR+GP, this land use can be considered best in terms of
soil physical health. ANR+GP has the highest clay (29.61 %) and lower sand (50.84 %) content
among all the forestland uses. The opposite trend has been observed for the ANR-GP land use.

° In the study area the soil moisture content at FC varied between 14.2 % and 38.8 % with the
average value of 25.2 %. Simillarly, the moisture content at PWP varied between 4.8 % and 17.8 %
with the average of 10.8%. It is ANR+GP>ANR-GP>BP>NTFP. As the available moisture content
depends on both FC and PWP, the higher value of PWP for the NTFP land use has brought down the
availability of soil moisture in that land use. The moisture availability is strongly dependent on the ratio
of sand, silt and clay present in the soil. A well distributed and textured soil found in the land use
ANR+GP has made the condition conducive for plant growth by providing more water easily.

° The overall variation of soil pH is following the trend of ANR+GP>NTFP>BP>ANR-GP. The
litter and the leaves of the trees grown in the forests contain calcium where the tree root system draws
from the deeper soil layers. After these organics mixed with the surface soil system, it increases the
soil pH owing to high calcium in leaves. Therefore ANR+GP and NTFP showed its potentiality to
neutralize soil acidity.

° The DHA of surface soil is higher than sub-surface soil for all the land uses. NTFP and
ANR+GP showed significantly higher DHA than BP and ANR without GP. The relatively shallower
active root system of NTFP trees have made the microbes active hence showed high DHA.

° Overall fertility status of all the land uses is medium to good and followed the trend of
NTFP>ANR+GP>BP>ANR-GP.
° The sites of NTFP showed higher soil organic carbon than all other land use. NTFP along with

ANR+GP clearly depicts that in tropical condition soil disturbance create a negative balance in the
SOC by increasing the carbon mineralization. Therefore, it's desirable that all the forest land uses to
be protected from any type of biotic and abiotic disturbances. SMC measures help in a substantial
amountto achieve this purpose.

° The amount of microbial biomass carbon is also following the trend that of SOC i.e.,
NTFP>ANR+GP >Black Plantation>ANR-GP. ANR+GP and NTFP sites are the comparatively active
sites than ANR without GP and BP sites. Continuous litter deposition and root growth in addition to
higher soil moisture content have made the ANR+GP and NTFP sites more conducive for the growth
and development of microorganisms.

° ANR+GP showed a very high infiltration rate in Bhitarguda site and medium to low infiltration
rate in Maliguda site. The other three VSS showed medium to high infiltration rate. The ANR-GP land
use showed a low infiltration rate in all the sites. Among the VSS Khudpee showed comparatively
higher and Maliguda showed low infiltration rate. The other three VSS showed low to medium
infiltration rate.

° The number of runoff causing rainfall events was maximum in Maliguda (35) followed by
Khudpee (32), Bhitarguda (31), Santabadigaon (27) and Gunthaguda (22). At all the study sites
average runoff was minimum under ANR+GP followed NTFP, BP and it was maximum under ANR-
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constructed in the gully

.

Ay e

Soil sampling for soil moisture determination Soil sampling for laboratory analysis
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Sampling

Annexure-3.1 : Evaluation of SMC Measures at 15 Sites of Three
Divisional Management Units (DMUs) under Odisha Forestry Sector
Development Project

Training on Hydrological Monitoring

DMU,FMU and VSS wise - Participation’s List: 13-14] May,2013
S.No.Name of the DMU | Designation Name of VSS  Mobile No.
. Rayagada DMU
1 SabhanaHikoka Animator S Rndiggm 8763011747
2 Satrupa Hikoka Member S.Badigam 9439507396
Il. Jeypore DMU
1 Laxman Ray Animator Khudupi 9937847790
2 Ratnakan Soura Member Khudupi
3 Niladi mJin Mali Animator I\/Inligl 1da Q777221051
4 Bhubani Mali Member Maliguda
lll. Koraput DMU
1 Ghasi Pitai Animator Bhitargurh 9692814194
2 Siru Khora Member Bhitargurh 9778233763
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CENTRAL SOIL AND WATER CONSERVATION RESEARCH AND TRAINING INSTITUTE

RESEARCH CENTRE, P. B. No-12, SUNABEDA-763002, Dist. KORAPUT, ODISHA

Training Schedule
Two Days Training Programme on Hydrological Monitoring under OFSDP

Date Time Topic Instructor
13.05.2013 | 9:30 - 10:00am Registration
10:00 - 11:00am Runoff and soil loss monitoring: Er B.K. Dash

i. Site selection, Measurement

ii. Demarcation of plot

iii. Preparation for installation of MSD

iv. Measurement of depth

v. Sampling for silt determination

vi. Maintenance of MSD by cleaning, etc.

10:00 - 11:30am Tea Break

11:30 - 1:00pm Runoff and soil loss monitoring: Er B.K. Dash
i. Site selection, Measurement

ii. Demarcation plot

iii. Preparation for installation of MSD

iv. Measurement of depth

v. Sampling for silt determination

vi. Maintenance of MSD by cleaning, etc.

1:00 - 2:00pm Lunch Break
2:00 - 3:30pm Filtration and storing of filter paper Mr N.K.Dash
3:30-4:00pm Tea Break
4:00 - 5:00pm Rain-gauge installation and measurement: Mr G.W. Barla
i. Site selection for installation
ii. Installation
iii. Measurement and maintenance of data
14.05.2013 | 9:30-10:00am Soil sampling for analysis Mr N.K.Dash
11:00 - 11:30am Tea Break
Soil sampling Er B.K. Dash
for soil moisture determination: & Mr N.K.Dash

i. Selection of site
ii. Sampling and labeling,
initial weight and storing

Monitoring growth parameters Mr G.W. Barla
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Agreement

This agreement is made on 10™ day of April, 2013 at Bhubaneswar

i

BETWEEN

2
re) i\ Odisha Forestry Sector Development Soclety (OFSDS), Govt. of Odisha {Autonamous Society under
%Gﬁ Forest and Envirenment Depariment) having its office at SFTRI Campus, Ghatiklz, Bhubaneswar
" . 751003, District: Khurda represented by Sri Prakash Chandra Mishra, Deputy Project Director,
Q9= OFSDP, (herein after called as the First Party) which expression shall where the context o requires
% er admits also includes its successor and assigneds of one part,

fF
AND

k.ﬁ.ﬂ-ﬂ

The Indian Council of Agricultural Research, having Its office at Dr. Rajendra Prasad Road,
Krishi Bhavan, New Delhi, a Society registered under the Societies Registration Act XX of 1860
{herein after called the “Council”) represented by Dr Prasanta Kumar Mishra, Director, CSWCRTI,
Dehradun on the other part {herein after called as the Second Party) which expression shall where
e / E the context so requires or admits also incledes its sucoessor and assignee.

D “
r P K M'“ﬂfl‘f’ereas the CSWCRTI have expertise in advising, planning, management and evaluation of sail
ﬁ:””&'tz‘-_l;h; Trat::; BeEfon works and watershed projects and also developed/demanstrated new technclogies for
'.hum.ﬂgm- tand ’uﬁe soil conservation and watershed management and evaluation of various related

Dehradun-246 proprafittes.

b r IS R o R o

E AND

> {“/LLN
fﬁ'i K?p S R SN .
q e s

l_ﬂ: "3_
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i

§ Whereas the said Odisha Forestry Sector Development Society (OFSDS), Gowt of Odisha
{Autonomous Society under Farest and Environment Department) is in need of consultancy Services
for evaluation of Soil Moisture Conservation measures undertaken at 15 sites of three Divistonal
Management Units (DMUs) under OFSDP as per the Terms of Reference (Annexure-A) requested
the Council/lnstitute and the Coundil/ Institute is agreeable to act as a Consuftant through experts
from Central Soil and Water Conservation and Research and Training Institute[CSWCRTI},
Research Centre, Sunabeda, Koraput District, Odisha State.

AND
Whereas the First Party and the Second Party had a series of negotiations on all aspects of

technical, flnancial and contractual matters and as a result of negotiations, this contract
agreement has been produced including Terms of Reference (ToR) as Annexure-A attached hereto.

Now therefore, in consideration of the mutual covenant herein contained, this agreement
a witness as under:-

V4 / g 1. The CSWCRTI, Research Centre, Sunabeda shall be the Consultant of the First Party in
] respect of the matters covered under this agreement as per the terms of reference (ToR)
Dr. P, K gishra defined in Annexure- A.
P sl e o2 The consultancy service shall cover technical advice and assistance relating to:
Rasaanch sl Tegitas (e ;
.-‘-:.vn_.w-ﬁ;fga.- v Evaluation of SMC measures at 15 sites of three Divisional Management Units
Denrauneieai3ko o waE s (bMus) under Odisha Forestry Sector Development Project as per the ToR.

TR
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3. This agreement shall be for a period of one year and commences from the date of signing by

a both the parties. On the expiry of the aforesaid period it can be extended for further period
on such terms and conditions as may be decided or agreed mutually between the parties
E (First Party and Second Party} on execution of a fresh agreement for the extended period.

4. The First Party shali provide all basic data available with them and afford all assictanee to
the Council's/institute’s Consultant for fulfilment of the consultaney under this agreement.

oo

2 ﬁ 5. Atno circumstances the Second Party shall without the permission-of the First Pa rty assign
» N the contract to any third party in part or full ta carry out any part of the wark.,
B
3 6. The Consultant shall prepzre and submit its detailed plan of speration and scheduled wark
o plan within one fortnight of deposition of first instaliment i.e., 100% of Physical inputs cost
g (Rs.3,45,845/-) and 50% of the remaining consulancy cost (Rs. 10,86,655/-). Consultant shall
plan out all field works in advance as per ToR given in Annexure-A and inform the work
E scheduled to the First Party and to the concerned Divisional Management Units.
7. That the Consultant shall submit quarterly progress reports (3 Hard Copies + 1 Soft Copy) on
i E the status of wark progress to the First Party. However, that the First Party shall have the
,S._; _ right to inspect the progress of the werk 2t all reasonable time for monitoring and its
gf smoath completion.
r. P:'.:H. 1Sira
Centeal 501§ siater £ameor BiioThat if at any time during continuance of this contract the work is delayed because of war,
Rcmﬂr‘-ﬂft:j{; T%h-wé 25 ivil commotion/natural hazards, epidemics and earthquake ete., it must be reported by the
Defradun-z 6288, =14, - Second Party to the First Party within one week of such incidence{s) with full details and its

impact on the work schedule mentioning therein additbonal time required for the
completion of works under this agreement. The Force Majeure shall not include delays due

f
. 3
E
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to negligence or internal action of the Second Party or insufficiency of funds. The working

E period may be extended by the First Party if it feels the reason of delay reported by the
a Second Party found to be genuine and beyond the cantrol of the Consultant.
- ) 9, The Second Party shall employ competent technical personnel for implementation of the
" advice and consultancy provided. The decision of the Director of the Cansultant Institute
g

referred above shall be final in this regard,

o5
b\
!

10. The recponsibility of the Consultant Institute shall be limited to the tachnical advice an
.f.'% matters prepared to and covered under this agreement. All procedural/legal/operational

B matters will be responsibility of the First Party.
i r
%.- 11. The amount of consultancy fee shall be & maximum of Rs. 14,32,500/-(Rupees Fourteen
i Lakh Thirty Two Thousands and Five Hundred only) including service tax as applicable
{Annexure-B), for the scope _uf work as mentioned elsewhere in this document. The First
E Party shall pay 100% of the physical inputs cost [Rs.3,45,845/-} and 50% of the remaining
consultancy cost {of Rs, 10,86,655/-] at the time of commencement of the project, 30% of
the remaining consultancy cost {of Rs. 10,86,655/-) after submission of the draft report and
20% of the remaining consultancy cost (of Rs. 10,86,655/-)after submission of firal report.
1‘\5, all instalments of deferred payment are to be backed by bank guarantees. .
13__ — .- &._.__ 12 This agreement shall coma into force with effect from the date written hereln above and
| Eleoepear shall be for a period of one year from the date of commencement of services, On the expiry
et mt et et b . - . §
e AT Toneenaitiengf the aforesald period it can be extended for further period on such terms and conditions
Cimdoei e 21007 ¢ may be decided or agreed mutually between the parties on execution of a fresh
Drege 2init-28e 158,50 aras ?Ef'ﬂagreemantfnr the extended penud
]
B 4
E
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13. Either party may at any time terminate this agreement by giving one calendar months’
notice in writing to the other party by specifying in detail the causes of dissatisfaction. &
notice required to be sent personally under this agreement shall be sufficiently served on
the parties if defivered to them personally or despatched by the address herein given under
registered-post.

14. The Coundil/Consultant Institute shall at the request of the First Party, depute Consuttant
for advice 2t the work of project area for whizh TA/DA be payable by the First Party, if not
included in the consultancy fee.

15. The Council and the Consultant Institutes shall not, if any be responsible for any damage to
the property /plant/material of the First Party during the course of or consequent to the
cansultancy services being provided.

s B < < LU~ T s TSR ¢ S =

= : 16. Any dispute between the parties arising out of or in eonnection with this agreement shall be
referred to the sole arbitration of the Director General of the Council or any officer
appointed by him as the case may be and the award of the arbitration shall be final and

f\ g binding on both the parties.

'Ja MNOW THEREFORE the parties hereto shall be deemed to form an integral part of this agreement.
Or P & MIzhra

Capeme
i Ko, 7 Hfollowing document attached hereto shall be desmed to form an integral part of this

Bgrédment,

e liET

Annoasne - A Terms of Reference (ToR)
Anneoure - B: Cost Estimate of the Study
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In witness whereof the above named parties have set their hands Dr P. K. Mishra, Director,
CSWCRTI, Dehradun acting for the Council and Sri. P, €. Mishra, Deputy Project Director acting for
the QFSDS as on the day and the year first abowve written.

For and on behalf of the OFSDS
[The First Party)

SriPrakash Cha@f‘a Mishra

Deputy Project Director

Cdisha Forestry Sector Development Praject
SFTRI Camipus, Ghatikia,

Bhubaneswar

Witness

’/’
1 ;i"’;rfﬂ—f}tv il J{nj
T Slene pragher

z-gzﬁf@n

PU:IVH:LFL ey
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For and on behalf of the Council/
Institute (The Second Party)

W

Dr. Prasanta Kumar Mishra

Director

CSWCRTH, Dehradun
Tar, 1,

Withiess

O W

™ qekpie
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AlTRexNUre-"A"

T REFER

A, Specific Terms of Reference;

1 Outline of work envisaged under project

This study is aimed at evaluating the impact of SMC measures on silt deposition, moisture
retention, survival and growth parameter of plentation besides designing cost effective SMC
measure for the future.

The work envisaged shall include:

a} The CSWCRTE invalvemant would be in survey, evaluation, redesign of soil and water
conservation measures in consultation with Gdisha Forestry Sector Development Project,
Govt of Cdisha,

Bl Base maps of the area and other required technical infarmaticn shall be provided by
OFs0F.

¢l The task will be carried out in the three forest divisions namely Koraput, leypore and
Rayagada and five V35 [JFMC) sites in each Division,

2  Scope of Work

2.1 Technical assessment of soil and moisture conservation measures taken up in the VSS
area | would include hills, slopes and faot hills/plain or sloping land in degraded and
not-so degraded sites) :

2.2 Impact of SKMC measures on survival and growth parameter of plantation.

2.3 Assessment of silt deposition data and soil moisture content during the study period.

2.4 Advice and design of appropriate SMC measures for VS5 area in OFSDP being treated
through AMR (Assisted Matural Regeneration } and block plantations

3 Key Tasks :

3.1 Research Planning Meeting: A meeting between the study team [Consultant} and project
officials [OFSDP) at CSWORTI, Rasearch Center, Sunabeda to finalize the sampling, parameters
to be studied and methodology to be followed.

3.7 Selection of Sites: Five sites from each DMU will be selected in consultation with the
respective DFOs and other field lzvel officers of Koraput, Revagada and Jeypare DM Us. Tatally
15 sites will be monitored for differsnt mpact parameters, Sub sampling sites will be
demarcated {topo-seguence wise) for collection of sail sample, soil moisture and vegetation
study,

3.3 Approach: Depending upon impact parameter, befare-after and with-without approach will be
followed to guantify the different onsite impacts

3.4 Field study and Data collection: The study team shall visit sample W55 sites and collect the
following data )

3.4.1 Site Characteristics: Each site characteristics will be collected. The identified Tew site
characteristics are listed below -

a) Location: Latitude and Longitude and average Altitude

by Area (ha) of V§5

¢l Slope (%)

d)  Year of plantation/construction of the structure & SWC measures

e} Specification of 5MC measuras / DLTs

T} Lstof species

£) Spacing of the structure/plantation

hl Aspects etc.
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3.4.7  Scil properties: The different soil parameters to be monitored during the study period are
presented In the following table with frequency of sampling and method followed for

analysis,
| Parametar Depth Location/ Fraquency | Method _‘
} ' ' Toposequence 4 '
l : : 020 cme . : -
1. Sail Moistura &3040 em Top /Middle/low | Monthly Gravimatric
l: Bulk Density 0-20 cm P Top Middle/Low | One time Soil Care Sampler
&20-80 cm ST
-20 cm ) ) :
3. Soil Texture 22040 em Top /Middie/Low | One time Feel/Hydrometer
&, SMOCHNVHCS G20 cmi . ) Pressure Plate
FC/iPae B 20-40 cm Top /Middie/Low | Gne time Apparatus
. 0-20 cm )
&, Soil pH £.30-40 cm Top /Middlefiow | Onetime | pH meter
] 0-20 em
. Soil EC 22040 e Top Middle/Low | One time EC Bridge
. . 0-20cm Ly Initial &
7. 50il OC £20-40 cm Top /Middle/Low Final CHM analyzer
& NPK 0-20 em Top /Middle/low | One time | Standard Procedure
B 520-40 em # :
[ 4. Infiltratien surface Top /Middle/low | One time infiltrometer J-
10, Sail Structure 0-20 cm Top/MiddlefLow One time Standard Procedure
| ' %2040 om ’
rll. Plasticity § 0-20em .
Stickiness £.20-40 cm fes | One time Standard Procedure
12, Carbion Stock
alAfG Biomass [ i
b} B/G Biomass One time under different age groups of Possibifity shall bF
B — lantation expiored following
¢} AJG/BOC s standard procedure
d] BfG/B OC
13. Micrahial _‘
Biamass Carban ] 0-20 em ;
One time under quﬁerent age standard Procedure |
14, Dehydrogenase | groups of plantation
- 0-20 em
| Activity I L J
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3.4.3  Hydrelogical Monitoring:

Thera will be four types of situation (treatment} where hydrological Manitoring will be
carried out

a) Assisted Natural Regeneration + SMC measures (ANR+SMC]

bl Block Plantaticn with SMC Measures {BP+SMT)

c) AN withcut SMC measuraes

d)- Block Plantation without SMC measures

The sites will have to be salected from different batches of plantation

al 2008 -1 Batch

b} 2009 -2" Batch

¢l 2010 -3 Bateh

di 2011 =4" Batch

el 2012 - 5" Batch

AT #ach DU, ane set of situation (treatment] with each year [as per site availability) will be
manmared for runofi and soil loss using MSD (Multi-Slot Divisors) fitted with collection tank. [n
all there will he 20 monitoring plots covering five years with the treatments,

344 Growth Parameters of Affarested Species
Average survival percent will be calculated based on the plants planted inivially ang glants
survived at initial anad at final date of observation. Flant height and basal diameter/dbh will be

collected from the randomly selected plants on topo-sequence wite at each sites.

Growth parameters of afforasted species will be manitored as per the detalls given in the table

below.
Parameter Location/ Toposequence | Freguency fethod) Remarlu-__‘
1. Survival rate | Top/Middle/Low Initial & Final | Wil be done for !
. - all the sites
2. Plant Height Top/Middle/Low Quarterly
3. Basal diameter | Top/Middle/Low Quarterly J

3.4.5 Data Analysis and interpretation

The different set of parameters will be compared with the initial data and zlso with the
cantrolled site depending up on the parameters. The deta will be interpreted based on the
percentage, Standard Deviation, standard error ete.

3.5 Submission of Report

351 Based on the above, the consultant will prepare and submit @ draft report as per the
eontents finalized in consuhation with the PMLL '

31.4.2  OFSDP may organize & workshop for sharing of the report amang project staff and pther
pears (a1 the cost of OFSDP). Based on the feedbacks from the workshop and comments of
draft report by the project, draft report will b2 revised and final report will be submitted to
the Project.

4. General Terms and Conditions

4.1 That the Second Party shall abide by 2ll laws of the State/ Central Government and fulfill the
obligations relating 1o the prevailing Labour Laws. The Second Party shall indemnify the First
Party for any breach of law committed by it duning the period of the agreement. The Second

-3
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Party shall take adequate measures to ensure continuous and unhindered cutpur of the work
as mentioned herewith in the agreement. That for all time there cannot be any relation of
employer and employee between the parties or the persons engaged by the Second Party to
carry out any pant of the sbove mentioned assignment and the First Party. The disputes inter-
se betwesn the Second Party and its engaged persons shall be the sole responsibility of the
Second Party .
4.2 Both the parties shall nominate a contact person as their authorized representative for the
purpose of this sgreement, All natices, request, approval, onsent required or permitted to be
giver or made pursuant 1o this contract should be addressed byfto the contact person in
wirithng.

4.3 TIME FRAME {Contract Periad)

Activities 1]2131a]s|6]7 ] 8[90f[1]12
Finaliring Mol ] !

Fenalirstion of site for study at sach
! forest division in consultation with
OFSDF
Redesign sail and water consenvation
FE3SUres as per the  sita
requirement B gonsuitation  with
nodal officer of Odisha Forestry
sector Development Project, Govt of
Cdisha.
Field visits for baseline survey and
daca collection [Location details,
sloge, orientation/aspects, nitial soil
sampling far analysis, area, year of
plantation, speties, spacing, type of
SMC rmeasure with  specifications,
year  of  exgeution,  associated
vegetations, 0il profile study, etc)
“lanming for monitoring of sites
specific data \ H ! !
mstallation of runeff and sofl loss | - ! P '
manitoring devices at selected sites
{ Monltgring of data on soil moisture,
runoff, soll loss, cainfall, growth
parameters of afferesied spedies,
other vegelations, depositlon of silt
in tranches, initial and final sail
| properties et
Data analysis and report writing .
Submiszlon of draft report [
Subrnisilon of final repon | [

5. Terms of Payment

5.1 Paymant of 100% af Physical inputs eost {Rs.2,45,845/~) and 50% of the remaining consultancy
rost [Rs. A0,86,655/-4at the time of commencement of the project.

5.2 304 of the remaining consultancy cost (s 10,586,655/ )after submissicn of draft report

5.3 204 of the remaining consultancy cost (Rs. 10,886,655/ -lsfter submissien of final report.

-1l
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