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CHAPTER-15
PREPARATION OF LAND CAPABILITY MAP

15.1. Introduction:

Land Capability classification is an interpretative grouping of soils mainly based on
inherent soil characteristics, external land features, environmental factors that limit the use of
land Information on the first two items provided by standard soil survey. The classification of
soil units provide information on soil characteristics like colour, texture, structure,
consistence, permeability, soil depth, soil reaction, type of clay mineral. Each of the above
factors play an important role in behavior of the soil and its management. Besides the above
inherent soil characteristics, landscape features like slope and erosion may also limit the safe

and productive use of soil.

The land capability classes are meant to give a broad idea of limitations which are
suggestive of management needs. The management needs suggested are broad and indicative

in nature. Precise recommendations could follow from farm level detailed investigations.

15.2. Methodology:
The land capability class is the highest level of generalization and indicates the
intensity of limitations. The land capability classes have been derived for each mapping unit
using the respective morphological, physical, chemical characteristics of the soils along with

the land characteristics and climatic parameters.

15.3. Land Capability Classification:

Land capability classification is an interpretative grouping of soils mainly based on
a) Inherent soil characteristics
b) External land features and
¢) Environmental factors that limit the use of land for agriculture, pasture, or

other uses on a sustained basis.
Information on the first two items is provided by standard soil survey. The
classification of soil units provide information on soil characteristics like colour, texture,

structure, consistence, permeability, soil depth, soil reaction, type of clay mineral. Each of
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the above factors play an important role in behavior of the soil and its management. Besides
the above inherent soil characteristics, landscape features like slope, erosion may also limit
the safe and productive use of soil. One unfavorable feature of sufficient intensity in the soil
may limit its use and would call for extensive treatment. Several minor unfavourable features
may also collectively become a major problem and thus limit the use of soil.

In land capability classification each of the factors like, soil, land features and climate
may be considered separately, independent of each other. While considering soil, each soil
type may be considered according to the morphology and physic-chemical properties of soil
profile and capability rating may accordingly be assigned. The final land capability class may
be decided after considering the land features and effect of climate. The capability class of a
land decreases with the increase in limitations.

Classification of soil units into capability grouping enables one to get a picture of:

a) The soil hazards which cause soil deterioration
b) Its potentiality for production

The various factors mentioned above individually and collectively control the
placement of a soil in a particular class.

In all there are eight land capability classes. Soils in class-1 to IV are considered
suitable for agriculture, whereas those in class-V to VII are not suitable for cultivation and
are recommended for silvi-pasture and other uses whereas soils of class-VIII are not suitable

for any cultural use.

» Class-I1: These lands have few or no limitations and are suitable for intensive
cultivation under variety of crops. They are very deep nearly level, well drained soils
of favourable texture and structure. They are fertile and free from salinity and alkali

hazards.

» Class-1l: These lands have moderate limitation. They are gently to moderately
sloping lands with deep soils of favourable texture and structure, but they are
susceptible to moderate erosion. These lands may have slight drainage impedence,
seasonal wetness which is easily correctible, and also slightly affected by salinity and

or acidity.
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Class-111: These lands have moderate to severe limitations due to strong slopes,
subject to severe erosion, moderate soil depths, and problems of wetness /impeded
drainage, presence of harmful factors including salinity or alkalinity, high water table.
Soils of heavy texture with expanding type of clay minerals with gentle slopes are
included in this class.

Class-1V: These lands have severe limitations due to steep slopes subject to very
severe erosion. They have shallow depth and are severely affected by salinity or

alkalinity and have severe root zone limitations.

Class-V: Lands that have all characteristics of class | lands except for locally severe

limitations of stoniness, rockiness or extremes of climatic conditions.

Class-VI: These are not arable lands due to severe limitations of very shallow soil
depth on steep slopes subjected to very severe erosion with gravels and stones on the
surface and affected by extreme salinity and alkali, and have very low moisture

holding capacity.

Class-VII: These are also non-arable lands having increasing limitations of depth,
erosion, texture, drainage and which are affected by salinity and alkali hazard.

Class-VIII: These are Bad Lands and rock outcrops. They have very stony, very

shallow soil interspersed with sheet rock.

These land capability class are further sub divided into land capability sub-class.

Capability subclasses are soil groups within one class. They are designated with e, w, s, or c.
The letter

“e” indicates the risk of erosion
“w” indicates the limitation of wetness

“s” indicates the soil limitations

YV V V V

“c” indicates the climatic limitations.

These letters are suffixed to the main class. For example “llle” shows class Il lands

with limitation of soil erosion, “lllw” indicates class Il lands with limitation of wetness.
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15.4. Legend:

Legend for land capability map has been prepared with different colours and labeled
with alpha numeric code for all the land capability class as shown in the Table-21, to identify
each unit easily. Land capability class code with description and land capability sub-class
code with description have been mentioned in the legend, for each unit.

Table-21: Legend of Land Capability Map with Land Classification System

Land Capability Legend
Land Capability Class Land Capability Sub-Classg
Map Unit
Code Description Code| Description
Soils have moderate limitations that
Bei 1 restrict the choice of plants or that e Erosion & Soil
require moderate conservation limitations
practices
Soils have severe limitations that
lll-es 1 restrict the choice of plants or that - Erosion & Soil
require special conservation practices limitations
or both
Soils have severe limitations that
restrict the choice of plants or that Soil & excess water
II-sw III : 2 . : W e
require special conservation practices limitations
or both
Soils in this class have very severe
limitations that restirct the choice of Erosion & Soil
IV-es v : es  h
plants or require very carefull limitations
management practices for production
Soils have severe limitations that make
them generally unsuitable for p ;
Vi-es VI cultivition anjc(l restrict their use es Er?Sl_tm & S0il
mainly to pasture, rangeland, forest limitations
land or wildlife habitat.

15.5. Distribution of Land Capability Class:

From the land capability map prepared, it has been observed that, most of the area
(i.e., 54%) is of Class-VI in which soils are having severe limitations and not suitable for
cultivation and 37% of the area is of Class-11l in which soils are having severe limitations
that restrict choice of plants or that require special conservation practices or both. In respect
of sub class, 76.4% of the area is having erosion and soil limitations. 54% of the area is
having erosion and soil limitations under Class-VI. Land capability class wise area covered is
given in the Table-22 and shown in the Figure-66.
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Table-22: Details of Land Capability Status

SI. No. Land Capability Area Percentage to
Class (inHa.) Cluster-2 Area
1 lles 93.58 0.37
2 Illes 4,814.86 19.09
3 IIsw 4511.51 17.89
4 IVes 739.52 2.93
5 Vles 13,616.60 54.00
6 Built-up 788.84 3.13
7 Road Cutting 66.05 0.26
8 Mine/Quarry 1981 0.08
9 Barren Rocky 105.24 042
10 Agquaculture 67.90 0.27
11 Water Bodies 391.92 1.55
Total Area | 25,215.83 100.00
0.42% 0.27%
0.08% 1.55%
0.26%
3.13% /0'37%
19.09%
17.89%

f 54.00%

2.93%
Clles Cllles O Hisw
O IVes O Vies W Built-up

[ Road Cutting M Mine/Quarry ® Barren Rocky

M Aquaculture m Water Bodies

Figure-66: Distribution of Land Capability Status
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15.6. Map Composition:

Land capability map has been composed in GIS environment along with proper
legend, scale bar, north arrow, source and base information. Each unit has been labeled with
alpha numeric codeto identify easily in the map. Land capability maps prepared for Cluster-2

is shown in the Figure-67 and for a grid is shown in the Figure-68.

Integrated Mission for Creation of Scientific and Comprehensive Soil and Land Resources Information System Land Capability Map
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Figure-67: Land Capability Map of Cluster-2
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Figure-68: Land Capability Map of a Grid
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CHAPTER-16
PREPARATION OF LAND IRRIGABILITY MAP

16.1. Introduction:
Land irrigability classification is an interpretative grouping based on soil and land
characteristics which indicate relative suitability of land for irrigation and predicted behavior
of soil under irrigation. The concept of soil as used in the irrigability classification is that of a
natural three dimensional body which provides medium for plant growth. Soil with its
observable and measurable characteristics and qualities is part of land. Thus irrigability
classification is a combine effect and reciprocal influence of the soil and land characteristics.
Several factors have been considered in deciding the irrigability class which are as fallow:
> Effective soil depth

Texture

Moisture holding capacity

Soil surface cover (occurrence of gravels, cobbles and stones)

Soil permeability

Soil salinity and alkali hazard

Drainage

Soil erosion

YV V. V V V V V VY

Ground water table

Y

Land form, relief and slope

The land irrigability classification also helps in predicting behavior of the soils and
land under sustained irrigation conditions. This classification will help to avoid certain kinds
of soils for irrigation purpose. For example, irrigating the sandy soils will result in huge
percolation losses of irrigation water. Similarly irrigating black soils may result in water

logging and salinity problems.
16.2. Methodology:

The soil irrigability classification has been done by considering the soil properties of

each mapping unit as shown in the soil map. The land irrigability classification has been
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arrived at by considering soil irrigability class, land development cost, topography, internal
drainage conditions of the land etc. The data obtained from soil survey has been used to

indicate relative suitability of soil and land for irrigation.

16.3. Soil Irrigability Classification:

This classification is made by considering only the soil characteristics for sustained
irrigation purpose. The criteria for soil irrigability classification are quantitatively defined
and are exclusive in that a soil can qualify for only one class. The most limiting factor
determines the classification. For practical reasons irrigation suitability is determined by first

grouping the soil into:
a) Soil irrigability class according to their sustained use under irrigation
b) Then grouping the irrigable soils into land irrigability class.

The land classes are based on needs of land development, ground water conditions
and drainability of the lands. Soil irrigability class are established without regard to
availability of irrigation water, water quality, land preparation costs, availability of

drainage and other non-soil related factors. The soil irrigability classes are:

» Class-A: Nil to slight soil limitations for sustained use under irrigation
Class-B: Moderate soil limitations for sustained use under irrigation
Class-C: Severe soil limitations for sustained use under irrigation

Class-D: Very severe soil limitations for sustained use under irrigation

YV V VYV V

Class-E: Un-suitable for irrigation under prevailing conditions but may be
brought under irrigation by reclamation and management at high cost

» Class-F: Not suited for irrigation or non-irrigable soils class
16.4. Land Irrigability Classification:

The land irrigability classification has been arrived at by considering soil irrigability
class, land development cost, topography, internal drainage conditions of the land etc. Out of
6 classes, Class-1 to class-4 are suitable for irrigation and class-5, class-6 are not suitable for

irrigation.
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Class-1: Lands that have few limitations for sustained use under irrigation. Land
included in this class is capable of providing sustained and relatively high yields for a
wide range of crops at reasonable cost. The soils in this class are nearly level, have
deep rooting zone, good permeability, favourable texture and available moisture
holding capacity.

Class-2: Lands that have moderate limitations for sustained use under irrigation,
limitations may include singly or in combination with the effects of very gentle
slopes; less than ideal soil depth, texture, permeability; moderate salinity/alkalinity
when in equilibrium with irrigation water, and somewhat unfavourable topography or

drainage condition.

Class-3: Lands that have severe limitations for sustained use under irrigation.
Limitations may include singly or in combination the effects of gentle slopes;
unfavourable soil depth, texture permeability; moderately severe salinity/alkalinity
when in equilibrium with the irrigation water, and unfavourable topography or
drainage conditions.

Class-4: Lands those are marginal for sustained use under irrigation because of very
severe limitations. Limitations may include singly or in combination the effects of
moderate steep slopes; very unfavourable soil depth, texture, permeability; severe
salinity/alkalinity when in equilibrium with the irrigation water, and unfavourable

topography or drainage conditions.

Class-5: Lands that are temporarily classed as not suitable for sustained use under

irrigation pending further investigations.

Class-6: Lands not suitable for sustained use under irrigation. The lands of this class

are non-arable.

Each Land Irrigability class is further sub-divided based on parameters like

topography, drainage conditions and soil limitations. They are designated with t, d, or s. The

letter

> “t” indicates the topogarhy limitations
> “d” indicates the drainage limitations

1
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> “s” indicates the soil limitations
These letters are t, d, or s is suffixed to the irrigability class to indicate respective

limitation in the land irrigability class.

16.5. Legend:

Legend for land irrigability map has been prepared with different colours and labeled
with alpha numeric code as for all the land irrigability class as shown in the Table-23, to
identify each unit easily. Land irrigability class code with description and land irrigability
sub-class code with description have been mentioned in the legend, for each unit

Table- 23: Legend of Land Irrigability Map with Classification System

_ Land Irrigability Class Land Irrigability Sub-Class
Map Unit e o
Code Description Code Description
3d d Drainage limitations
Land that has severe
3 [|limitations for sustained
use underirrigation )
Topography and Soil
3ts s el W
limitations
Land that is marginal for
- 5 sustained use under - Topography and Soil
5
irrigation because of very limitations
severe limitations
Land not suitable for T " o
opogra and Soi
bts 6 |sustained use under 1s i p g_ oY
i limitations
irrigation

16.6. Distribution of Land Irrigability Class:

From the land irrigability map prepared, it has been observed that, 54% of the area is
of class-6, where land is not suitable for sustained use under irrigation due to steep slopes,
25% of the area is of class-3 where land has moderate limitations for sustained use under
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irrigation and 15% of the area is of class-4 where land is marginal for sustained use under

irrigation because of very severe limitations.

In respect of sub class,

77.3% of the area is having

topography limitations and soil 3.13%

limitations and 17% of the area
8.38%

is having drainage limitations.
Land irrigability class wise 54.00% 14.94%
area covered is given in the |
Table-24 and shown in the -

Figure-69. T

03d [ 3ts [4ts O 6ts
M Built-up @ Road Cutting M Mine/Quarry M BarrenRocky

Aquaculture M Water Bodies

Figure-69: Distribution of Land Irrigability Status

Table-24: Details of Land Irrigability Status

SI. No. Land Irrigability Area Percentage to
Class (in Ha.) Cluster-2 Area

1 3d 4,280.42 16.98

2 3ts 2,112.29 8.38

3 4ts 3,767.77 14.94

4 6ts 13,615.59 54.00

5 Built-up 788.84 3.13

6 Road Cutting 66.05 0.26

7 Mine/Quarry 19.81 0.08

8 Barren Rocky 105.24 042
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31 No. Land Irrigability Area Percentage to
Class (in Ha.) Cluster-2 Area
9 Agquaculture 67.90 0.27
10 Water Bodies 391.92 155
Total Area 25,215.83 100.00

16.7. Map Composition:

Land irrigability map has been composed in GIS environment along with proper
legend, scale bar, north arrow, source and base information. Each unit has been labeled with

alpha numeric code to identify easily in the map. Land irrigability map prepared for Cluster-2
is shown in the Figure-70 and for a grid is shown in the Figure-71.
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Figure-70: Land Irrigability Map of Cluster-2
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CHAPTER-17

PREPARATION OF ACTION PLAN MAPS FOR LAND AND WATER RESOURCES
DEVELOPMENT

17.1. Introduction:

Generation of action plan is very important for improving lands on scientific basis.
Action plan for land and water resources development has been prepared based on soil

properties including nutrient status, land use/land cover, land degradation status and
physiography.
17.2. Action Plan for Land Resources Development:

Action plan for land resources development has been suggested by considering
problems and potentials of soils, slope, existing land use, soil erosion, nutrient deficiencies,
and soil acidity problems. The problems associated with the area include steep slopes,
moderate to severe soil erosion due to heavy rains and slopy terrain, strong to very strong
acidity problems due to heavy leaching of soils, deforestation, over glazing of lands, along
slope cultivation of crops causing severe erosion, presence of underutilized scrub lands,

fallow lands, etc.

Paddy cultivation is mostly restricted to valleys with bunding. Overflow of these
areas is a recurring problem in rainy season due to heavy rains. To control over flooding of
these paddy areas, runoff disposal channels have been suggested.

The farmers are cultivating crops in gentle and moderate slopes by raising field beds
along the slopes. This is causing severe soil erosion especially in the rainy season. To control
this, contour bunding is suggested. Bench terracing is suggested especially in moderate
slopes with deep soils.

This cluster has large area under scrub lands in different physiographic conditions and
slopes. The scrub land areas with nearly level to gently sloping areas have been
recommended for cultivation of crops by clearing the bushes, leveling and making field
bunding/contour bunding. In moderate slopes with scrub lands bench terracing is suggested,

I REMOTE SENSING INSTRUMENTS
I HYDERABAD, INDIA. 100




Technical Report on Integrated Mission for Creation of Scientific and Comprehensive Soil & Land Resources
Information System for Effective Implementation of Comprehensive Agriculture Management Program (CAMP) —

Cluster-2, Mawthadraishan and Mawkyrwat Blocks of West Khasi Hills and South West Khasi Hills Districts

wherever the soils are deep and cultivation of annual crops/horticulture is suggested. In steep
slopes with scrub forest, half-moon terracing with horti-silvi pasture is recommended.

In gently sloping fallow lands, strengthening of field bunds and cultivation of crops is
suggested. In moderate slopes with fallow lands bench terracing and cultivation of crops is
recommended, wherever the soils are deep.

In steeply sloping open forest areas staggered trenching and gap afforestation is
recommended, where as in lower slopes gap afforestation is recommended in the open forest
areas.

Acidity is one of the serious problems in the area. The soil acidity ranges from
moderately acidic to very strongly acidic, and nutrient availability to many crops is a
problem in such acidic conditions. Therefore, the pH of the soil has to be increased at least
up to 6.4. The lime requirement to bring the soils to that pH level has been estimated. The
lime requirement is found to be varying based on the pH of the soil.

The action plans have been suggested individually or in combination of soil and water
conservation measures, lime requirement and application of deficient nutrients.

Recommendation for nutrient applications is not given for the forest areas.

Legend for Action Plan for Land Resources Development has been prepared with
different colours and labeled with numeric number for each action plan suggested
individually or in combination to identify each unit easily, as given in the Table-25.

Table-25
Legend for Action Plan for Land Resources Development

SLNO. Action Plan for Land Resource Development

Construction of run off disposal channels; application of 10.2 tonne of lime
and application of P&Mo

Strenghthening of field bunds and cultivation of crops; application of 10.7
ronne of lime and application of N, K, Mn&Mo

Convert to agriculture land by levelling and bunding: application of 6.7 tonne
of lime and application of N

- Gap afforestation

Convert to agriculture land by field levelling and bunding: application of 8.2
tonne of lime and application of N

=

5

Construction of run off disposal channels; application of 10.2 tonne of lime
and application of B

L&)
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SLNO. Action Plan for Land Resource Development

Strenghthening of field bunds and cultivation of crops; application of 10.7
ronne of lime and application of NP, K&&#n

Convert to agriculture land by clearing bushes, levelling and bunding;
application of 6.7 tonne of lime

Gap afforestation

Levelling and bunding and cultivation of deep rooted crops; application of
10.2 tonne of lime and application of Mn&Zn

Gap afforestation

Protection and monitoring

Convert to agriculture land by clearing bushes, levelling and bunding;
application of 10.7 tonne of lime and application of M&¥Xn

Strenghthening of field bunds; application of 10.2 tonne of lime and
Japplication of NM&Mn

Strenghthening of field bunds, cultivation of crops; application of 10.7 tonne
of lime and application of N K, Mn&Zn

Convert to agriculture land by levelling and bunding and cultivation of deep
rocted crops; application of 10.7 tonne of lime and application of N, K Mn&Zn

Gap alfforestation

| Protection and monitoring

Contour bunding and cultivation of crops; application of 10.7 tonne of lime
and application of P, KEZMN

| strenghthening of field bunds; application of 9.7 tonne of lime and application
1 of P,Zn&Mo

Contour bunding and cultivation of deep rooted horticulture crops including
fruit crops; application of 10.2 tonne of lime and application of Mn&Zn

Contour bunding, cultivation of crops; application of 10.2 tonne of lime and
application of B&Mo

| Staggered trenching and gap afforestation

| Protection and monitoring

25 Development of horti-silvi pastural systemy; application of 9.7 tonne of lime
. and application of M
e Bench terracing and cultivation of crops; application of 7.7 tonne of lime and
application of S
o Bench terracing and cultivation of deep rooted horticulture crops including
fruit crops; application of 8.2 tonne of lime
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SLNO. Action Plan for Land Resource Development

Bench terracing and cultivation of deep rooted horticulture crops including
fruit crops; application of 10.2 tonne of lime and application of Mn, Zn&Mo

28

|Staggered trenching and gap afforestation

| Protection and monitoring

JHalf-moon terracing, development of horti-silvi pastural system; application
Jof 10.2 tonne of lime and application of N IK.5,B&Mao

Bench terracing and cultivation of deep rooted horticulture crops including
fruit crops; application of 10.2 tonne of lime and application of Mn&S

JHalf-moon terracing and development of horti-silvi pastural system;
Japplication of 7.2 tonne of lime and application of P,Mn,Zn,S&B

Staggered trenching and development of horti-silvi pastural system;
Japplication of 10.2 tonne of lime and application of M&Mn

Contour bunding and cultivation of crops; application of 10,2 tonne of lime
{and application of N, P&Mn

Contour bunding and cultivation of crops; application of 5.7 tonne of lime and
application of N, Mn&:Zn

Clearing the bushes, contour bunding and cultivation of crops; application of
1007 tonne of lime and application of M, E,Mn,Zn&:S

Contour bunding and cultivation of root crops;/vegetable crops; application of
9.7 tonne of lime and application of M, K, Zn&B

Gap afforestation

Gap afforestation

| Protection and monitoring,

Clearing the bushes, levelling, bunding and cultivation of crops; application of
10.7 tonne of lime and application of N, P.K,Mn, Zn&B

| Strenghthing of field bunds and development of horticulture sy stem;
|application of 10.7 tonne of lime and application of NP, K. Mn&Zn

| Strenghthing of field bunds and cultivation of crops; application of 10.7 tonne
of lime and application of M, P&Mo

Lewvelling, bunding and cultivation of crops; application of 10.7 tonne of lime
and application of N, Zn&S

Gap afforestation

| Protection and monitoring

Clearing the bushes, contour bunding and cultivation of crops; application of
10.7 tonne of lime and application of N, P&Zn

|Strenghthing of field bunds and cultivation of deep rooted horticulture crops
including fruit crops; application of LO.7 tonne of lime and application of

LY IS T O

1Strenghthing of field bunds and cultivation of deep rooted horticulture crops
including fruit crops; application of L0.7 tonne of lime and application of

A B Ml o, S helay

Contour bunding and development of horticulture /fruit crops; application of
10.7 tonne of lime and application of Mo
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SLNO. Action Plan for Land Resource Development

5 Staggered trenching and gap afforestation

L2 Protection and monitoring

Sa Contour bunding, development of horti-silvi pastaral sysvem; application of
107 tonne of lime and application of N, BE Mo

s ol Bench terracing and cultivation of crops; application of 8.7 tonne of lime and

— application of P,Mn&Sn

= Bench terracing for cultivation of deep rooted crops including frait crops;

o application of 10.7 tonne of lime and application of N, K, S&Mo

== Bench terracing for cultivation of crops; application of 10.7 tonne of lime and

o application of N, K,B&Mo

S8 Staggered trenching and gap afforestation

S0 Protection and monitoring

s Half-moon terracing, development of horti-silvi pastural system; application
of 1.7 tonne of lime and application of S&Mo

i Strenghthing of field bunds; application of 10.7 tonne of lime and application
of N Mn,S& Mo

o Half-moon terracing, development of horti-silvi pastural system; application
of 102 tonne of lime and application of N, MN, B&EMo

&3 Contour bunding and cultivation of deep rooted crops=s including fruit crops;
applicarion of 10.7 tonne of lime and application of N P.K&Mn

s Contour bunding and cultivation of crops; application of 10.2 tonne of line
and application of N.Mn,Zn.S.B& Mo

-(;ap afforestation

66 Contour bunding and cultivation of root crops/vegetable crops;: application of
9.7 tonne of lime and application of N, K, Zn& B

o7 Quarring with environmental provection

il Duarring with environmental protection

During the study, it has been observed that, N, P and K are deficient. So, application
of N, P & K is suggested in 28.1%, 8.5% and 10% areas, respectively. Micro nutrients are
also deficient. So, application of Boron (B), Molybdenum (Mo), Manganese (Mn), Sulphur
(S) and Zinc (Zn) are suggested in 28.1%, 24.7%, 24.7%, 16.1 and 9.6% areas, respectively.
Application of lime is suggested in 56.9% area. Application of 10.7 tonnes of lime is
suggested in 14.4% area and application of 10.2 tonnes of lime is suggested in 34.3% area.
Application of 8 to 10 tonnes of lime is suggested in 3.8% area and application of 5 to 8
tonnes of lime is suggested in 4.4% area. Staggered trenching is suggested in 17.2% area,
construction of run-off disposal channel is suggested in 15.7% area, half-moon terracing is
suggested in 14.7% area, bench terracing is suggested in 8.4% area, contour bunding is
suggested in 3.9% area and strengthening of existing field bunds is suggested in 5.7% area.
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Protection and monitoring of forest is suggested in 24.7% area and gap afforestation is
suggested in 12.7% area. Development of horti-silvi-pastoral system is suggested in 22.6%
area and cultivation of crops is suggested in 14.8% area. The details of action plan suggested

are given in the Table-26.

Table-26: Details of Action Plan Suggested

Iﬁ:)'. Action Plan Suggested (i':ﬁ:) glirs,(:ti:?fg?:r?a
1 | Bench Terracing 2,115.93 8.39
2 | Half-moon Terracing 3,709.57 14.71
3 | Construction of run-off disposal channel 3,969.89 15.74
4 | Contour Bunding 989.16 3.92
5 | Clearing the bushes 17452 0.69
6 | Staggered Trenching 4,327.07 17.16
7 | Strengthening of existing field bunds 1,443.89 5.73
8 | Gap Afforestation 3,208.45 12.72
9 | Protection and monitoring of forest 6,216.47 24.65
0 g:lj):&/ierz]réing to agriculture land by leveling and 45677 181
11 | Cultivation of crops 2,114 47 8.39
12 cCrl(J)I;isvation of deep rooted crops including fruit 303.07 120
13 ICr:]l(J: Ilﬂ:j/?r:ig;)?ru?tfc(rjgsg) rooted horticulture crops 1,028.02 408
14 | Cultivation of root crops/vegetable crops 156.54 0.62
15 | Cultivation of deep rooted crops 130.59 0.52
16 | Development of horti-silvi pastural system 5,575.75 22.11
17 | Development of horticulture system/ fruit crops 114.39 0.45
18 | Quarrying with environmental protection 98.60 0.39
19 | Application of N 7,088.25 28.11
20 | Application of P 2,135.95 8.47
21 | Application of K 2,511.15 9.96
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I\SI(IJ'. Action Plan Suggested (i':\l::.) glz';iicfgg:r?a
22 | Application of B 7,077.94 28.07
23 | Application of Mn 6,215.83 24.65
24 | Application of Mo 6,220.74 24.67
25 | Application of S 4,062.60 16.11
26 | Application of Zn 2,413.51 9.57
27 | Application of 5.7 tonnes of lime 154.79 0.61
28 | Application of 6.7 tonnes of lime 158.41 0.63
29 | Application of 7.2 tonnes of lime 561.14 2.23
30 | Application of 7.7 tonnes of lime 235.37 0.93
31 | Application of 8.2 tonnes of lime 245.24 0.97
32 | Application of 8.7 tonnes of lime 372.49 1.48
33 | Application of 9.7 tonnes of lime 336.15 1.33
34 | Application of 10.2 tonnes of lime 8,651.87 3431
35 | Application of 10.7 tonnes of lime 3,627.97 14.39

17.3. Action Plan for Water Resources Develpment:

In order to improve the water resources, obstructing the run-off and sufficient
recharge is essential. In case the natural recharge is not sufficient, it has to be met through
artificial recharge. Many times the sites for the constructing reservoirs and recharge
structures are selected based on administrative grounds. As a result, proper recharge does not
take place leading to waste of
money. So, generation of action
plan is very important for
improving water resources on

scientific basis.

Figure-72: Field Photograph
of Water Harvesting
Structures
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The action plans for water resource development will help in soil and water
conservation with reducing of runoff and erosion. They will also help in controlling floods

and improvement of waste lands.

The action plan for development of water resources have been suggested by
considering physiography, slope of the land, soil erosion, surface runoff, internal drainage,
current land use etc. obtained from the thematic maps prepared.

Senior Scientists of RSI visited
the field to study the area for action
plan generation. In the field, they
observed some water harvesting

structures and one of them are shown

in the Figure-72.

Later on RSI scientists met
AS&WCO, Soil and Water
Conservation, West Khasi Hills,

Figure-73: Discussions with AS&WCO,
Soil and Water Conservation, West
discussed about the soil and water Khasi Hills, Nongstoin

Nongstoin and their subordinates and

conservation measures followed in West Khasi Hills District.

Construction of water harvesting structures like check dams, nallah bunds and
percolation tanks with diversion canals, have been suggested for water resources
development. Check dams have to be constructed on the lower order streams with gentle
slopes, where as percolation tanks have to be constructed on the lower order streams in plains
and valleys having sufficient weathered zone / loose material.

Action plan map has been prepared with locations of the suggested water harvesting
structures across the streams and watershed boundaries. Action plan map for water resources

development along with legend is shown in the Figure-74.
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Figure-74: Action Plan Map for Water Resources Development

17.4. Action Plan Map for Land and Water Resources Develpment:

Action plan map for land and water resources development was generated by
combination of action plans for land resources development and action plans for water
resources development. It has been composed in GIS environment along with proper legend,
scale bar, north arrow, source and base information. Each unit has been labeled with numeric
number to identify easily in the map. Action plan map for land and water resources

development prepared for a grid is shown in the Figure-75 and for Cluster-2 is shown in the
Figure-76.
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Figure-75: Action Plan Map for Water and Land Resources Development of a Grid
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Figure-76: Action Plan Map for Water and Land Resources Development of Cluster-2
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CHAPTER-18
PREPARATION OF CROP SUITABILTY MAP
18.1. Introduction:

Land suitability for the crops is the ability of a land to tolerate the production of crops
in a sustainable manner. It is an assessment of soils and associated climatic conditions for
their suitability for major crops in this cluster. The analysis allows identifying the main
limiting factors of a particular crop production and enables decision makers to develop a crop
management system for increasing the land productivity. Analysis of land for its suitability
for different crops is a prerequisite to achieve optimum utilization of available land resource
for agricultural production in a sustainable manner. The aim of this approach is to provide
more flexible and superior mechanism to the decision makers for selecting the suitable crop.
This research work provides information at local level which could be utilized by farmers for
selecting the proper cropping pattern to overcome the major pedological constraints.

18.2. Methodology:

The land suitability classification has been carried using the guidelines of FAO
(1976) and Sys et.al (1993). The methodology involves mapping of soils at 1:10000 scale. By
considering climatic conditions, physical, chemical and inherent fertility of soils and other
parameters like soil reaction, threshold values of each soil, site and climatic parameters have
been fixed for grouping into different crop suitability class.

18.3. Crop Suitability Classification:

The crop suitability has been categorized into five suitability classes, namely Highly
Suitable (S1), Moderately Suitable (S2), Marginally Suitable (S3), Currently Not Suitable
(N1) and Permanently Not Suitable (N2). The details of the same are given below.

» Highly Suitable (S1): Lands having no significant limitations or only have minor
limitations to sustain a given land utilization type without significant reduction in

productivity or benefits and will not require major inputs above acceptable level.
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» Moderately Suitable (S2): Lands having limitations which in aggregate are
moderately severe to sustain a given land utilization type; the limitations will
reduce productivity or benefits and increase required inputs to the extent that the
overall advantage to be gained from the use, although still attractive, will not be
as appreciable compared to that expected from Class S1 land.

» Marginally Suitable (S3): Lands having limitations which in aggregate are
severe to sustain a given land utilization type and so will reduce productivity or
benefits, or increase required inputs, that any expenditure will only be marginally

justified.

» Currently Not Suitable (N1): The land is not suitable at present, due to some
problems, which can be addressed latter.

» Permanently Not Suitable (N2): The land is permanently not suitable as the

range of inputs required is unjustifiable.
18.4. Land Suitability Assessment for Crops:

The analysis of soil and site conditions along with the climatic conditions helps in
identifying most suitable crops for given land. Similarly the study also helps in identifying
alternate cropping suitable for particular piece of land. The suitability criteria for each
crop/plantation have been adopted from a standard reference. By considering climatic
conditions, physical, chemical and inherent fertility of soils and other parameters like soil
reaction, threshold values of each soil, site and climatic parameters has been fixed for
grouping into different crop suitability class. By comparison of the soil and land parameters,
associated climatic conditions with the adaphic requirements of different crops, the suitability
rating has been assigned for different crops. The details of the parameters considered for the
suitability analysis are given below.

» Climatic Parameters: average rainfall and average temperature of growing

period for crops selected for analysis.

» Physical Conditions of the Soil: Soil Texture, Water availability,

Gravel/Stonines, Availability of foot-hold for (Surface and subsoil) root
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development, Soil Depth, Availability of foot-hold for plant growth, Calcium

Carbonate, Nutrient availability, Gypsum, Source of nutrient Sulphur.

» Soil Fertility (f) (Not readily correctable): Organic matter, Cation Exchange
Capacity (CEC), Base Saturation, Nutrient availability.

» Soil Reaction: Soil acidity, alkalinity etc.
18.5. Field Study for Crops:

Senior Scientists of RSI visited the field to study the crops grown in Cluster-2. In the
field, they observed that paddy is mostly cultivated in valleys. Potato is grown on raised
beds. Maize and Squash are observed in the uplands with gentle slopes. The crops observed

in the field are shown in the Figure-77.

L 7. s

Figure-77: Field Photographs of Crops Observed
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Later on RSI scientists met Shri Pynshai N Wahlang, DAO, Shri Shanbor Lyngdoh,
DHO, West Khasi Hills, Nongstion and their subordinates and discussed about the

agricultural and horticultural practices being adopted in this area.

Figure-78: Discussions with Figure-79: D Discussions with
Shri Pynshai N Wahlang, DAO, Shri Shanbor Lyngdoh, DHO,
West Khasi Hills, Nongstion Khasi Hills, Nongstion

18.6. Crops Selected for Suitability Analysis:

The crop suitability has been prepared for Rainfed Bunded Rice, Maize, Sweet
Potato, Banana, Citrus, Turmeric, Ginger, Potato, Millets, Tobacco, Pine Apple, Soybean,

Areca nut and Black Pepper which are mainly cultivated in this area.

18.7. Crop Suitability Analysis:

The crop suitability analysis has been made for each soil unit for the selected crops.
From the analysis, it has been observed that, maize is highly suitable in 6% of the cluster
area, whereas soybean in 2% area, potato in 0.9% area, sweet potato and tobacco in 0.5%
area. Millets are moderately suitable in 39.7% area, whereas banana in 34.8% area. Rainfed
bunded rice, sweet potato, tobacco, pine apple and soybean are moderately suitable from
20% to 22% area, maize, citrus and potato are moderately suitable from 16% to 18% area,
turmeric and ginger are moderately suitable from 6% to 8% area. The details of the crop

suitability analysis are given in the Table-27.
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Table-27: Details of Crop Suitability

Highly Moderately Marginally Currently Not ileortn;i?fanbtllg
Suitable (S1) | Suitable (S2) Suitable (S3) | Suitable (N1)
NSI. Crop (N2)
0.
.Area % .Area % .Area % .Area % .Area %
(inHa.) (inHa.) (inHa.) (in Ha.) (inHa.)
Rainfed
1 | Bunded - - 5,069.93 |20.1| 16,791.61 | 66.6 - - 191453 | 7.6
Rice
2 | Maize 1,525.34 6.0 | 4,436.93|17.6 | 1359098 | 53.9|2,971.99 118 | 1,250.83 | 5.0
3 | Sweet 11646 | 0.5 | 545656 |21.6 | 1695162 | 67.2| - - | 125143] 50
Potato
4 | Banana - - 8,775.73 |34.8 | 13,749.60 | 54.5 - - 1,250.73 | 5.0
5 | Citrus - - 407587 |16.2| 691185 | 274 - - 12,788.34 |50.7
6 | Turmeric - - 2,01765| 80| 9,664.78| 38.3 - - 112,093.63 |48.0
7 | Ginger - - 1,688.07 | 6.7| 6,135.26 | 24.3 - - 115,952.74 |163.3
8 | Potato 238.77 | 0.9 | 4,059.57 |16.1 | 16,586.85 | 65.8 - - 2,890.88 |11.5
9 | Millets - - 110,012.76 |39.7 | 12,512.58 | 49.6 - - 1250.73 | 5.0
10 | Tobacco 116.46 | 0.5| 5456.56 [21.6 | 12,330.60 | 48.9 - - 5,872.45|23.3
Pine
11 - - 529443 |121.0 | 12,609.19 | 50.0 - - 5,872.45|23.3
Apple
12 | Soybean 499,52 [2.0| 5,073.50|20.1 | 16,952.32 | 67.2 - - 1,250.73 | 5.0
13 | Areca nut - - - - 12193652 | 87.0 - - 1,839.55| 7.3
Black
14 Pepper - - - - 22,722.60 | 90.1 - - 105347 | 4.2
18.8. Legend:

Legend for crop suitability map has been prepared with different colours and labeled
with numeric number for each unit to identify easily in the map as given in the Table-28. The
crop suitability classes for the selected 14 crops have been mentioned in the legend, for each

unit.
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Table-28: Legend of Crop Suitability Map Generated

— é: 5 E 3 E g g : £ g g g P g & 2§

Md[:::::ng Soil Code "_-'; -j é E ;_ g ; E Eﬂ E ;: ""'; E 5“: E E j E:

| 1 3 g = ] = = = < = [ 2z

= = = Frd =

01 WHBB44e1 53 N1 a3 53 N2 53 53 hx] 53 N2 N2 53 53 53
002 JSRIBS4e M2 M2 NZ N2 N2 53 hx] N2 NI N2 N2 N2 N2 53
003 MRS4B53e2 53 53 53 53 N2 53 ] 53 52 N2 N2 53 53 53
LIS J5R3E43e1 53 53 53 5 N2 53 b 53 52 N2 N2 53 53 53
5 MRS5B34e3 M2 53 53 53 M2 53 b NZ 53 N2 N2 53 N2 53
(s WH]6A44e1 52 53 a3 52 N2 53 53 hx ] 52 N2 N2 53 53 53
7 UKM 148562 52 hx] 53 52 N2 53 53 53 52 N2 N2 53 53 53
L JSR2ZAS3e 53 N1 53 53 N2 53 53 53 53 N2 N2 53 53 53
00 MTWAS4el N2 53 a3 53 N2 53 53 N2 53 N2 N2 53 53 53
LR NGS3AG4e3 52 53 53 52 M2 53 53 53 52 N2 N2 53 53 53
L8] NGK3ARSe2 53 52 52 52 5 53 52 53 52 52 53 52 53 53
012 PRGIASSeL 53 3l 52 52 53 53 52 52 52 5d 53 52 53 53
LV LTGIAGeE 53 52 52 5 5 52 52 52 52 52 52 52 53 53
014 LTG1AGe2 52 31 52 52 5 52 52 52 52 5 LY 52 53 53
015 NGK4AG4e2 52 3l a2 52 52 52 52 52 52 52 LY 52 53 53
Ul NGK2AG4e3 53 N1 53 5 5 53 b 53 53 53 53 53 53 53
017 SHPBASe2 53 51 a2 52 52 52 52 52 52 52 52 52 53 53
1 FTWeB64el 52 51 52 52 54 52 52 52 52 LY 52 52 53 53
oy KSKGZB54e2 52 51 52 52 53 52 52 52 52 52 52 52 53 53
{1 #41] LRPEG4eL 52 3l 52 52 52 52 52 52 52 5 LY 52 53 53
174 NED1B6H4e? 52 51 52 52 52 52 52 52 52 52 52 52 53 53
022 NGK1B53e3 53 53 53 53 53 53 52 b 52 53 53 53 53 N2
L3 LTGZC34e2 53 53 53 53 N2 53 53 53 53 53 53 53 N2 53
(DA MEDICH4e] 53 52 52 52 5 53 N2 53 52 52 52 52 53 53
L5 PRGTCA4e2 53 52 52 52 N2 53 N2 52 52 52 52 52 53 ]
(DAY PRGZC63el 53 52 52 52 52 53 N2 52 52 52 52 52 53 53
L7 UKM3C54el 52 51 52 52 53 52 53 5l 52 52 52 51 53 53
i PRGBC34e3 53 M1 53 53 N2 53 N2 b ] 53 53 53 N2 53
rz9 KsKGID 642 53 52 52 52 53 N2 N2 52 52 52 52 52 53 53
{1511 HGDZD64e] 53 53 53 53 53 N2 N2 b 53 53 53 53 53 53
031 PTWaDadel 53 53 53 53 53 N2 NZ 53 53 53 53 53 53 53
032 PRG1D63e2 53 N1 53 5 53 N2 N2 53 53 53 53 53 53 53
033 UKM4Dbde 54 52 52 52 53 W2 NZ 52 52 52 52 52 53 53
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024 | PRGSD64e3 | 53 N1 s s 52 53 Nz 3 <] 53 53 53 s 53
035 | Prwaeedel | 52 st 2 82 52 52 s2 52 82 52 52 52 3 53
036 | UKM2B64e2 | 52 st 2 2 52 52 s2 s2 2 52 52 52 s 53
087 | NGL1B44e2z | s3 s2 = =] N2 53 s2 sa 82 53 51 53 s 53
AFEE FTWSBa4e3 52 51 52 52 52 52 52 52 52 52 52 52 53 53
o | NGL2B44e1 | S2 s1 2 2 53 52 2 52 82 52 52 52 s 53
M| NGszAZ4ez | s2 3 s s N2 53 2 2 82 53 52 s3 N2 53
W1 | PTD1ASSel | s3 s2 52 w2 53 52 s2 3 w2 52 52 52 s 53
PTDZAZ4e2 | N2 N2 N2 N2 NZ N2 s2 Nz NZ N2 N2 N2 Nz N2

i DWNAGSe] N2 53 ] 53 53 53 52 NZ 53 53 53 53 53 53

| NesiAssez | sa s1 2 2 53 52 52 52 2 52 52 51 s 53

045 | MRsaasses | s3 52 2 w2 53 53 2 53 52 52 52 52 3 53
46 PTD3B74e2 | 53 2 2 82 52 53 3 s2 82 52 52 51 s 53
W5 | mwhBster | 52 s1 2 2 52 52 2 3 2 52 52 52 s3 53
E PPL1B352 N2 N1 5 53 N2 52 52 NZ 53 53 g3 53 53 53
M9 | PrDepger | 2 2 2 w2 NZ 53 2 s2 w2 52 52 52 s 53
050 | PrL2Bedez | s2 51 51 82 52 52 52 52 82 51 52 51 s 53
051 | PrL3pe3e3 | sz s1 2 82 52 53 s3 s2 82 52 52 51 s 53
052 | whiscsgez | N2 3 3 s N2 53 N2 Nz s 53 53 53 s 53
051 | whpecse1 | s3 52 2 82 53 53 N2 52 2 52 52 52 s3 53
054 | Mwolcese2| s 2 52 2 52 53 N2 3 s 52 52 52 s 53
055 | MRs2cesel | s3 52 53 s 52 53 N2 53 82 53 53 53 s3 53
056 | WH7Cee2z | 2 s1 52 2 52 52 s 52 82 52 52 52 53 53
WHJ4CS4e3 | 53 2 52 =] 53 52 s3 s3 ) 52 52 52 s3 53

| wHjapagez | 53 53 53 =] N2 N2 Nz 53 s 53 53 53 53 53
WH]10D4501| 53 sa 53 s N2 N2 Nz 53 s 53 53 53 s 53
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SKW2D4del | 53 s 53 5] N2 N2 N2 53 s 53 51 §3 s 53
WHJID44ed | N2 sa s =) N2 N2 N2 Nz =) 53 53 53 sa 53

| NGsaBoder | 2 st 81 2 52 52 s2 s2 2 51 52 51 s 53
SKWiB45ez | 53 s2 2 82 N2 52 52 52 82 52 51 52 s 53
MWGZB4Sel|  s3 s2 2 2 N2 52 s2 3 2 52 53 52 s 53
PIWSBG4ed | s2 s1 2 2 52 52 2 52 82 52 52 52 s 53

Buitability Classification : 51 = Highly Suitable, 52 = Moderately Suitable, 53 = Marginally Suitable, N1 = Currently not Suitable, N2 = Permanently not Suitable

18.9. Map Composition:

Crop suitability map has been composed in GIS environment along with proper
legend, scale bar, north arrow, source and base information. Each unit has been labeled with
numeric number to identify easily in the map. Crop suitability map prepared for a grid is

shown in the Figure-80 and for Cluster-2 is shown in the Figure-81.
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Figure-80: Crop Suitability Map of a Grid
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Figure-81: Crop Suitability Map of Cluster-2
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CHAPTER-19

DEVELOPMENT OF SOIL AND LAND RESOURCES INFORMATION SYSTEM

19.1. Introduction:

Web based user friendly Soil and Land Resources Information System has been

developed for usage of the data prepared in this study. This web based application supports -

management, processing, analysis, modeling of soil and land resources data generated in the

study. Using this application farmer/user can obtain a report on soil and land status of his

land with reference to the grid information available in their soil health cards using available

Map tool.

The main role of this system is to migrate soil and land resources data generated to

geospatial platform and to generate, manage user friendly reports and data visualizations.

19.2. Development and Installation:

Soil and Land Resources Information System has been developed by using the

technologies of PHP, GeoServer, Ajax, Open layers, PostGIS. All basic maps function such

as zoom-in, zoom-out, pan, legend, co-ordinates tool etc. has been combined with the Shape

file data so that number of layers on map is managed efficiently.

USER

SERVICES

Ther services
[Pasthups}

DATA

) & &=
ﬁ -J
= =
& Wb service
W, Apache
.‘Openhvers_ -i‘;- GeoServer @ [\@ e’: -
&) Geokxt ¥ ﬁ '
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Figure-82: System Architecture Overview
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PHP: PHP (Hypertext Preprocessor) is a powerful server-side scripting language for web
programming to create customizable web applications. This language provides cross-
platform usability, easy and fast development advantage. It is a very stable and Open Source
tool with large support community. It can interact with many different database languages
including MySQL, Postgres and PostGIS.

GeoServer: GeoServer is an OGC (Open Geospatial Consortium) compliant standard
comprises standards for delivering maps and spatial data online (WMS, WFS, WCS, WPS,
KML), styling of spatial data (SLD) and sharing of metadata catalogues (CSW) etc. It is a
web based API that can be easily embedded into the application and customization can be
accomplished. Complex features that contain properties that can contain further nested
properties to arbitrary depth can be easily handled. Complex features can be used to represent
information not as an XML view of a single table, but as a collection of related objects of
different types. Visualization of properties and features can be globally handled either using

Java Script or XML configurations.

Ajax: AJAX (Asynchronous JavaScript and XML) the basic idea is for dynamic web
Portlet/content/page/Map URL rendering with loading the complete page. Whole process is
asynchronously processed in the background, while renewing only the part of the page that

needs updating.

OpenLayers: OpenLayers used is suited for putting a dynamic map in any web page. It can
display map tiles, vector data and markers loaded from any source. It is completely free,
Open Source and JavaScript compliant framework best suited for handling map objects and
Url’s.

PostGIS: It is a spatial extension of PostgreSQL, an object relational database management

system aptly suited for building GIS based web applications.
19.3. Application:

Layer Selection from Landing Page: User can select any of the layer information that

needs to be viewed from landing page as shown in the Figure-83.
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Figure-83: Soil and Land Resources Information System

Selection Criteria: As this is a customized application, user is driven by selection of options

through drop-down menus map will be displayed as shown in the Figure-84.

Figure-84: Selection Criteria

Step-by-step procedure is detailed below.

» Drop-down list for Select District shows District names.

= I REMOTE SENSING INSTRUMENTS
® l HvpErABAD, INDIA, 122




Technical Report on Integrated Mission for Creation of Scientific and Comprehensive Soil & Land Resources
Information System for Effective Implementation of Comprehensive Agriculture Management Program (CAMP) —

Cluster-2, Mawthadraishan and Mawkyrwat Blocks of West Khasi Hills and South West Khasi Hills Districts

>
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Select West Khasi Hills District or South West Khasi Hills District
Drop-down list for Select Block shows Block names.

Select Mawthadraishan/ Mawkyrwat Block.

Drop-down list for Select Grid shows Grid numbers.

Select desired Grid number as in soil health card.

Map canvas displays respective Grid Map as shown in the Figure-85.

Report Generation: Once the user is zoomed into a particular Grid, user can click directly

on the selected grid on the map. Then soil report button will be appeared. Here on clicking

Soil Report button a report will be generated with soil and land resources information

pertaining to the respective grid number as shown in the Figure-85. In case the respective

grid number comprises of more than three types of soils, first three major types (sorted in

descending area order) are depicted in a tabular form as well as a map form as shown in the

Figure-85. The layout thus generated can be “Printed” on connected printer or can be saved

as a file which can be printed later.

Soil Reaction

|
| Mitrogen (kyha)

| Phasphorus (kgtha)

| Potasshem (kyiha)

NN

Sulphur (ppm)

| Copper (ppm)
| ron (ppm)

Manganeese [ppm}

Molybdenum tppm)

\ Figure-85: Report on Soil and Land Resources Information

— ® REMOTE SENSING INSTRUMENTS

|||||\ HYDERABAD, INDIA. 123



Technical Report on Integrated Mission for Creation of Scientific and Comprehensive Soil & Land Resources
Information System for Effective Implementation of Comprehensive Agriculture Management Program (CAMP) —

Cluster-2, Mawthadraishan and Mawkyrwat Blocks of West Khasi Hills and South West Khasi Hills Districts

CHAPTER-20

FINDINGS OF THE STUDY

Theme wise findings of the study are as given below.
20.1. Land Use Land Cover:

Forest cover, grazing land and cultivation are mostly observed in this cluster.
Regarding the forest cover, moderately dense to dense forest is covering 28% of the cluster
area, open forest covers 9% and scrub forest covers 10% of the cluster area. In respect of
cultivation, paddy cultivation is in 16% of the cluster area, cultivation of other crops is in 6%
area and fallow land is in 8% area. Other than these, grazing land is prominent and it covers
17% of the cluster area.

20.2. Slope:

As this area is made of hilly terrain, >15% slopes is covering half (i.e., 51%) of the
cluster area. Moderately steeply sloping ground of 15-35% slope is covering 25.8% area and
steeply sloping ground of 35-70% slope is covering 25.6% area. Slopes of < 3% are covering
25.5% area. In which, level to nearly level of 0-1% slope is covering 15.3% area and very
gently sloping of 1-3% slope is covering 10.2% area. Other than these, gently sloping area
(3-5% slope) is covering 7.2% area, gently to moderately sloping area (5-10% slope) is

covering 9.4% area and moderately sloping area (10-15% slope) is covering 6.2% area.
20.3. Hydro-geomorphology:

This area is mainly covered by highly/moderately/less dissected upper plateau with
valley fills, valleys and piedmont slopes. It has been found that highly dissected upper
plateau is covering 27% of the cluster area and it is having nil to poor ground water
prospects, moderately dissected upper plateau is covering 18% area and having poor to
moderate ground water prospects and less dissected upper plateau is covering 20% area and
having moderate ground water prospects. Valley fill is covering 17% area and having good

and good to very good ground water prospects. Valleys are covering 7.6% area and having
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good ground water prospects. Piedmont slope is covering 6.4% area and having good ground

water prospects.
20.4. Soils:

Soils of this cluster are found that they are moderately acidic to strongly and very
strongly acidic and pH is less than 6 with a minimum value of 4.2. These soils have high
organic matter content especially in the surface horizon. Exchangeable bases and base
saturation are low as the soils are acidic and CEC is moderate. Nitrogen is deficient in 48.5%
of surface samples collected, whereas phosphorus is deficient in 19.7% surface samples.
Among micro-nutrients, boron is deficient in 25.4% surface samples, molybdenum in 43.7%
surface samples and sulphur in surface 25.4% samples. However, iron and copper are
sufficient in 100% of surface samples collected, whereas potassium is sufficient in 83.3%

surface samples, zinc in 87.9% surface samples and manganese in 80.3% surface samples.
20.5. Land Degradation:

Water erosion and soil acidity (acidification) are the major land degradation problems
found in this cluster. In case of intensity of water erosion, 48% of the cluster area is affected
by nil to slight erosion, 30% area is affected by moderate erosion and 16% area is affected by
severe erosion. In case of intensity of acidification, 71.7% area is strongly acidic, 18.1% area
is very strongly acidic and only 4.5% area is moderately acidic. In combination of water

erosion and acidification, 33.6% area is strongly acidic with nil to slight water erosion.
20.6. Land Capability:

Erosion, soil and excess water limitations have been found under class-2/class—3/
class—4/class-6 in this cluster. Class-11 land is covering only 0.37% of the cluster area, where
the land is suitable for agriculture with moderate limitations. Class-I11 land is covering 37%
area, where soils are having moderate to severe limitations that restrict choice of plants or
that require special conservation practices or both. Class-1V land is covering 3% area, where
soils are having severe limitations that restrict choice of plants or require very careful
management practices for production on these soils. Class-VI land is covering nearly 54%

area, where soils are having severe limitations and not suitable for cultivation. In respect of
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sub class, 76.4% area is having both erosion and soil limitations and 17.9% area is having

both soil and excess water limitations
20.7. Land Irrigability:

Topography, soil and drainage limitations have been found under class-3/class—4/
class—6 in this cluster. Class-3 land is covering 25% of the cluster area, where land has
moderate limitations for sustained use under irrigation. Class-4 land is covering 15% area,
where land is marginal for sustained use under irrigation because of severe limitations. Class-
6 land is covering 54% area, where land is not suitable for sustained use under irrigation. In
respect of sub class, both topography and soil limitations are found in 77% area and only

drainage limitations is found in 17% area.
20.8. Crop Suitability:

Crop suitability has been analyzed for prominent crops grown in the area namely, for
rainfed bunded rice, maize, sweet potato, banana, citrus, turmeric, ginger, potato, millets,
tobacco, pine apple, soybean, areca nut and black pepper. Each crop has been classified into
highly/moderately/marginally suitable or currently/permanently not suitable for all the 66 soil
mapping units delineated. From the analysis it has been observed that, maize is highly
suitable in 6% of the cluster area, whereas soybean in 2% area, potato in 0.9% area, sweet
potato and tobacco in 0.5% area. Millets are moderately suitable in 39.7% area, whereas
banana in 34.8% area. Rainfed bunded rice, sweet potato, tobacco, pine apple and soybean
are moderately suitable from 20% to 22% area, maize, citrus and potato are moderately
suitable from 16% to 18% area, turmeric and ginger are moderately suitable from 6% to 8%

area.
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CHAPTER-21
ACID SOILS AND THEIR RECLAMATION
Origin and Classification:

In the regions of high rainfall, soils are acidic in their reaction because of the facts
that soluble basic salts such as those of Ca, Mg, K, Na, are leached away by drainage water
and insoluble acidic residues composed chiefly of oxides and silicates of iron, silicon,
aluminum are left which accumulate in pretty high amount. These salts are acidic in
reaction, hence the soils are acidic. Besides that reason, there may be other causes also which
produce acidity in the soil.

Important factors which produce acidity in soil are as follows:

» Continuous removal of lime and other base elements by crops and accumulation

of acids contained in the manures.
> Application of acid forming fertilizers in the soil.
» Microbial action.
» Formation of soil on the acidic rocks.

Classification of Acid Soils: According to the intensity of acidity, the acid soils are

classified into the following categories in the study areas.

» Normal (pH 6.5-7.5)

Slightly acidic (pH 5.5-6.5)
Moderately acidic (pH 5-5.5)
Strongly acidic (pH 4.5-5)

Very strongly acidic (pH below 4.5)

YV V VYV V

Acid soils occurring in temperate climate are categorized as podzol, brown podzol,
grey brown podzol, brown forest soils, and grey forest soils based on their variations in their

soil conditions.
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Effects of Soil Acidity on Plants:

Soil acidity affects the plants both directly and indirectly. These effects are briefly

mentioned below:

Direct Effects: Direct effects are as follows:

>

>
>
>

Toxic effects of low H+ ion concentrations on root tissues.
Influence of soil acidity on the permeability of the plasma membrane for cations.
Disturbance in the balance between basic and acid constituents through roots.

Affects enzymatic processes since enzymes are particularly sensitive to pH
changes different crop plants have their specific optimum pH requirement. Rice,
oat and linseed can endure a fairly acidic reaction (pH = 5.0) while barley, sugar-

beet, lucerne etc. can tolerate a fairly alkaline reaction (pH = 8.0)

Indirect Effects: Indirect Effects are as follows:

>

>

Availability of various nutrients, e.g., phosphorous, copper, and zinc.

High solubility and availability of elements like aluminium, manganese and iron
in toxic amount due to high acidity in the soil.

Deficiency of some nutrients such as calcium and potassium due to soil acidity.
Prevalence of plant diseases.

Beneficial activities of soil microbes are adversely affected.

Reclamation of Acid Soils or Correction of Soil Acidity:

Acidity of soil is due to predominance of H+ ions over OH- ions, the bulk of H+ ions

being held in close association with clay-organic colloid complex. Strong acid soils are not

much productive. The soils which are less productive owing to high degree of acidity can be

made mo
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When lime is added to moist soil, the soil solution becomes charged with cations and
the exchangeable hydrogen and aluminum ions on clay-organic colloid complex as well as
the H+ ionsm soil solution are displaced by calcium ions. Hydrogen combines with OH- to
form neutral water or with CO3 or HCO3- to form unstable H2CO3, which readily
dissociates to form CO2 and water.

Acidity of soil can also be corrected by adding exchangeable Mg++ to exchange
complex. But addition of or Mg++ or both to the soil will not necessarily solve the problem

of soil acidity.
The important points to be considered in liming are:

» The salts of these elements which are going to supply these ions (Ca++ or

Mg++) and the overall reactions of salts in the soils.

» Salts of strong acids as gypsum (CaSO4) or calcium chloride (CaCl2) can be
applied to supply calcium ions to the soils but it is worth considering what
will be the effects of these salts on soil acidity. The application of these salts
will indeed increase the acidity in the soil, instead of decreasing it. Therefore,
it is suggested that calcium salts of strong acids must not be applied for

correcting the acidity of soils.
Liming Materials:

More than 90 per cent of the lime used in agriculture for reclamation of acid soils is
generally in the form of calcium carbonate, some in calcium and magnesium carbonates, and
much smaller quantity in the form of calcium oxide or calcium hydroxide. To a chemist lime
is calcium oxide but to a farmer, agronomist or soil scientist lime usually means calcium

carbonate or calcium carbonate equivalents.
The common liming materials used for reclamation of acid soils are as follows:
» Calcic limestone (CaCO3) which is ground limestone.
» Dolomite (CaCO3, MgCO3).

» Quick lime (CaO) which is burnt limestone.
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>

>

>

Hydrated (slaked) lime [Ca (OH) 2].
Coral shell lime.
Marl or chalk (CaCO3).

Slags obtained as by-products from iron and steel plants, slags are used in
agriculture for reclaiming acid soils. The slags are of three types:

o Blast furnace slags,
o0 Basic slag and
o0 Electric furnace slag.

These slags are rich in phosphorus and mixture of CaO and CaCOH)2.

Besides, Ca, Mg, Al, silicates are also present in them.

Press-mud. It is obtained from carbonation plants of sugar mills. Press mud and

some other matters containing calcium are used to decrease acidity in the soils.

Miscellaneous sources of lime, such as, wood ash, ground oyster shells, by-
product lime resulting from paper mills, tanneries, water softening plants, and by
product CaCO3 form fertilizer factories using gypsum process (such as Sindri

Fertilizer Factory, Bihar, India).

The rate of lime application should always be determined after soil testing. The lime

requirement has been calculated based on soil pH and buffering capacity of soils. Soil acidity

changes from slight to very strong in the study areas. The lime requirement has been

calculated to bring the pH to a level of 6.4. The lime requirement was found to vary from 5.7

tonnes for hectare to 10.7 tonnes for hectare in this cluster.
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CHAPTER-22
NUTRIENT/FERTILISER APPLICATIONS

22.1. Supplementing Deficient Nutrients with Organic Manures in Place of Inorganic

Fertilizers:

The use of chemical fertilizer is increasing day-by day for the sake of increasing
production. By excess use of it, the fertility of soil and health also deteriorate. Therefore, the
use of organic manure is one of the alternative ways for enhancing production and improves

the soil health. It is not only cheaper; easily available and ensures sustainable agriculture too.

Organic Mnnures: Organic manures are natural products used by farmers to enhanced

sustainable crop production. There are a number of organic manures like farm yard manure,
green manures, compost prepared from crop residues and other farm wastes, vermi compost,

oil cakes, and biological wastes-animal bones, slaughter house refuse.

Organic manures comprise a variety of plant-derived materials that range from fresh
or dried plant material to animal manures and litters to agricultural by-products. The nutrient
content of organic manures varies greatly among source materials, and readily biodegradable
materials make better nutrient sources. Nitrogen and phosphorus content is lower, often
substantially lower, in organic fertilizers compared to chemical fertilizers. However, use of
locally available sources is perfectly reasonable if its use is consistent with the production

strategy.

Nutrient value of animal manures is more variable than that of agricultural by-
products. However, it always is advisable to analytically determine the nutrient content of the
organic fertilizer. The organic carbon content of organic fertilizer can be of equal or greater
importance than its nitrogen and phosphorus contents.

Advantages of Organic Manures:

» Organic manure provides all the nutrients that are required by plants but in limited
guantities.
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> It helps in maintaining C:N ratio in the soil and also increases the fertility and
productivity of the soil.

> It improves the physical, chemical and biological properties of the soil.

> It improves both the structure and texture and water holding capacity of the soils.

> Due to increase in the biological activity, the nutrients that are in the lower depths
are made available to the plants.

> It acts as mulch, thereby minimizing the evaporation losses of moisture from the
soil.

> It reduces the cost of agricultural production and also improves the soil health.

> It has been noticed plant products and animal products (milk, meat etc.) produced
from organic farming are substantially better in quality.

» The underground water of such farming system are found to be free from toxic

elements.

Disadvantage of Organic Manures:

>

The continuous use of organic manures alone might result in asynchronicity between
N supply and demand by crops, which may lead to a greater potential of nitrate

leaching, especially under wet/humid conditions as in this cluster.

Repeated excessive applications of animal manures were observed to adversely affect
soil quality and crop yield (Chang et al., 1990), increase accumulation of P in soil
(Zhang et al., 2004) and nitrate leaching (Yuan et al., 2000), and lead to high gaseous
N losses and ammonia volatilization (Beauchamp et al., 1982).

Nutrients are so low that a huge quantity of manure has to be added for the desired

dose of nutrients.

Transport of a huge quantity of manure to the site of application is difficult especially

in hilly areas as this cluster. It increases the cost also.

The rate of mineralization and the rate of release of nutrients, particularly of the

nitrogen, are slow.
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Inorganic Fertilizers: Inorganic fertilizer, also referred to as synthetic fertilizer, is

manufactured artificially and contains minerals or synthetic chemicals. For example,
synthetic nitrogen fertilizers are typically made from petroleum or natural gas. Phosphorus,

potassium and other trace elements in inorganic fertilizers are often mined from the earth.

Balanced inorganic fertilizers, high in all three macronutrients, commonly include
products like ammonium nitrate, ammonium sulfate, potassium chloride (potash), triple
superphosphate, and magnesium sulfate (Epsom salts). Inorganic fertilizers provide this
nutrition in plant-ready form immediately. The concentration of nutrients increases the risk
of burning the plant, and the rapid release of nutrients may leach them deeply into the soil

and water table where plants can't access them.
Advantages of Inorganic Fertilizers:

> You can use inorganic fertilizer to rescue dying plants immediately, because of it

releases nutrients easily into the soil and absorbed by the plants.

> It iseasily available in almost all agro-input outlets. This makes it very

convenient.
Disadvantages of Inorganic Fertilizers:
» The cost is relatively much higher than organic fertilizers.

> Besides the essential nutrients available for plants” use in inorganic fertilizers, they
also contain other compounds and salts. Plants are unable to absorb these compounds
and salts, and so are left in the soil. Over time, these compounds build up in the soil
and change the soil chemistry. This creates soil problems, making it less ideal to work
with.

> Applying too much, at an instance, tends to burn the plant and can even destroy it.
You need to strictly follow the recommended rates.

» Moreover, leaching occurs easily when you over water or when there is too much

rainfall as in this cluster.
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>

In cases of heavy rains or overwatering, the nutrients and other compounds wash into
nearby water bodies. They pollute and render them unhealthy for consumption by

human or livestock.

Continual application of the fertilizer disturbs the natural biotic environment and

affects the soil structure. Most soil organisms do not survive in areas of consistent

application of inorganic fertilizers.

Conclusions on usage of Organic Manures in place of Inorganic Fertilizers:

>

Organic manure provides all the nutrients that are required by plants but in limited
guantities.

Usage of organic manure reduces the cost of agricultural production and also
improves the soil health.

Plant products and animal products (milk, meat etc.) produced from organic farming
are substantially better in quality.

The continuous use of organic manures alone might result in asynchronicity between
N supply and demand by crops, which may lead to a greater potential of nitrate
leaching, especially under wet/humid conditions as in this cluster.

Repeated excessive applications of animal manures were observed to adversely affect
soil quality and crop yield (Chang et al., 1990), increase accumulation of P in soil
(Zhang et al., 2004) and nitrate leaching (Yuan et al., 2000).

Nutrients are so low that a huge quantity of manure has to be added for the desired
dose of nutrients which increases manure and its transport cost substantially

especially in hilly areas as this cluster.

The nutrient content in inorganic fertilizers is high and releases nutrients easily into

the soil and absorbed by the plants which saves even dying plants.
The cost of inorganic fertilizers is relatively much higher than organic fertilizers.

In case of heavy rains, the nutrients and other compounds in inorganic fertilizers will
washout into nearby water bodies. They pollute and render them unhealthy for

consumption by human or livestock.
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> In view of the above, an optimum combination of organic and inorganic fertilizers is

recommended for sustainable agriculture.
22.2. Nutrient-Fertilizer Recommendations for Major Crops:

Nutrient fertilizer Recommendations depend on number of parameters such as
nutrient content of the soils, type of crop and variety grown. In the present study, nutrients
present in different soils indicating the sufficiency/deficiency of the different nutrients
including micronutrients have been studied. For major nutrients like N, P, K their status is
indicated by low, medium, or high, based on the quantitative analysis of the nutrients. The
fertilizer recommendation may be given by the agriculture department based on the field
trials on soil test/crop response/fertilizer recommendations keeping in view the fertility status
of the soils, crops and their varieties grown and the farming practices being adopted.

However, we are giving nutrient-fertilizer recommendations for major crops grown in
this cluster based on the available information. If required, the department of agriculture can

conveniently modify the recommendations suitable to the local conditions.

The fertilizer recommendations are made combining organic manures with inorganic

fertilizers for the following crops.

Paddy: Nutritional requirement should be assessed based on the soil analysis of the crop
field. In absence of soil analysis, application of 60-40-40 kg N ha-1 , 60 kg P,Os ha-1and 40
kg K;O ha- 1 is recommended. 50% dose of nitrogen and 100% dose of phosphorus and
potassium should be applied at the time of sowing (basal). The remaining 50% dose of
nitrogen should be given in two splits vis. 30 and 60 days after sowing (DAS). If available it
is also recommended to apply 5 ton FYM/ha during land preparation (20 days before

sowing).

As most of the soils of Meghalaya are acidic in nature lime should be applied as
recommended in the report at the time of land preparation once in three year. Apply manure

and fertilizers in the following split doses.

Green manuring Dhaincha (Sesbania aculeate) or Crotolaria sp. can be grown

between two lines of rice and after 30 days after sowing (DAS), these plants can be cut and
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used as mulch between the rice 13 lines. It increases the soil fertility as well as reducing soil
erosion and moisture evaporation from the field. As the soils are acidic, application of

recommended dose of lime may increase the yields.

Potato: FYM 15-20 t/ha should be applied in the furrows before planting. Fertilizer dose of
120 kg N, 120 P205, 60 kg K20 is recommended. Entire quantity of mixed fertilizer should
be applied in furrows as basal application and covered with a thin layer of soil so that tubers
do not come into contact with the fertilizer. As the soils are acidic, application of
recommended dose of lime may increase the yields. Micronutrients may be applied based on
the sufficiency/deficiency of particular nutrients in the soil based on the soil test data

provided in this study.

Sweet Potato: FYM 15 t/ha is applied at the time of field preparation. In addition to that
190kg Urea, 375kg SSP and 150kg MOP is also applied per hectare. One third of Urea and
full dose of SSP and MORP is to be applied at the time of land preparation and the remaining
dose of Urea should be applied in three equal splits at 30, 45 and 60 days after planting.
Excessive nitrogen in the soil delays the tuber formation. As the soils are acidic, application
of recommended dose of lime may increase the yields. Micronutrients may be applied based
on the sufficiency/deficiency of particular nutrients in the soil based on the soil test data

provided in this study.

Maize: For maize, 10-15 tonnes of farmyard manure, cow dung or compost are required for
hectare, which should be incorporated into the soil at the time of ploughing. It is also
recommended to apply 175 kg of Urea, 375 kg of SSP and 50 kg of MOP for providing
N:P:K::80:60:40. However, for local varieties 130 kg of N, 250 kg of SSP and 50 kg of MOP

recommended.

One third the quantity of Urea and the whole quantity of SSP and MOP should be
applied at sowing time or just before sowing. The remaining quantity of urea should be
applied as top-dressing, in two equal split doses, 30-45 days (knee height stage) and 60-75
days (tassel initiation stage) after sowing. Micronutrients may be applied based on the

sufficiency/deficiency of particular nutrient in the soil.
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Soils however, should be tested regularly as the recommendations will differ from
region to region, and will also depend on other factors related to previous crop grown, soil
management, pH, etc. As the soils are acidic, application of recommended dose of lime may

increase the yields.

Orange: Citrus trees require heavy manuring, but in the north eastern region, it is very much
neglected. Lack of proper manuring in mandarin orange plantations is one of the main
reasons for low production as well as decline of orchards. Organic manuring is a better way
of feeding the citrus plants than chemical fertilizers. A balanced dose of nutrients should be
given to bearing trees (400-600 g of nitrogen, 350-400 g of phosphorous and 400-600 g of
potassium along with 25-30 kg of farm yard manure per tree around the base for average
production of 400-500 fruits per tree of mandarin orange and sweet orange depending upon
the nutrients status of the soil). Farm yard manure and fertilizers should be applied in March-
April, provided sufficient moisture is present in the soil. Chemical fertilizers with half dose
of nitrogen and full dose of potassium and phosphorous is mixed in the soil after 15-20 days
of farm yard manure application. In high rainfall areas, it is advisable to apply the fertilizers
at least in two spilt doses, one in February-March and another in August-September.

Similarly, the response of micro-nutrients on the declined trees is also found to be
encouraging in this region. Therefore, regular spraying of micro-nutrients is essential for
normal growth and production of citrus fruits, especially of those nutrients which are
deficient in acid soils. These micro-nutrients can be applied in April-May along with half
dose of nitrogen in spray form at the rate of 2 percent urea, 0.5 percent zinc sulphate, 0.1
percent boric acid, 0.2 percent magnesium sulphate, 0.3 percent copper sulphate and 0.2

percent sodium molybdate.

A smaller dose of these nutrients (250-300 g N, 200-250 g P,0 and 250-300 g K;0)
are required for other citrus fruits also. Liming is also beneficial to citrus, especially in this
region because of its acidic soil. Lime can also be sprayed along with other nutrients but in
the long run basal application is more beneficial at the rate of 500-800 g per plant or the

recommended dose of lime.
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Ginger: At the time of planting, well decomposed cattle manure or compost @ 10 tonnes/ha
has to be applied either by broadcasting over the beds prior to planting or applied in the pits
at the time of planting. Application of neem cake @ 2 tonnes/ha at the time of planting helps

in reducing the incidence of rhizome rot disease/ nematode and increasing the yield.

As the soil fertility will be varying with the soil type, agro ecological conditions or
management systems, site specific nutrient management based on the soil test results for
major nutrient is advocated. The recommended dose of nutrients for varying soil test values
of N, P and K is given in the table below. The fertilizers are to be applied in 2 - 3 split doses.
Full dose of phosphorus is applied as basal at the time of planting. Equal split doses of N and
K is top dressed at 45, 90 (and 120) DAP. As the soils are acidic, application of
recommended dose of lime may increase the yields. Micronutrients may be applied based on
the sufficiency/deficiency of particular nutrients in the soil based on the soil test data
provided in this study.

Soil test based fertilizer recommendations for fresh rhizome vyield target levels of 25
and 30 tons/ha.

Table-29: Fertilizer/Nutrient Recommendations

P trients (giha) | foryield targets 25 oha | NUtrient (giha) 30 tha
Nitrogen
< 150 250 340
150-250 180 270
250-400 90 175
> 400 - 50
Phosphorus(P205)
<10 55 75
10-30 35 55
30-50 15 25
>50 - 5-10
Potassium(K20)
<110 100 130
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Soil test value for available

Fertilizer Recommended

Nutrients (kg/ha) for yield targets 25 t/ha Nutrient (kg/ha) 30 Uha
110-300 75 100
300-500 35 50
> 500 5 15

In Zinc deficient soils, basal application of zinc fertilizer up to 6 kg zinc/ha (30 kg of

zinc sulphate/ha) gives good yield. Foliar application of micronutrient mixture specific to

ginger is also recommended (dosage @ 5 g/L) twice, 60 and 90 DAP, for higher yield.

22.3. Organic Manuring System:

In the earlier chapter, discussions are made in detail about the advantages and

disadvantages of using organic manures or inorganic fertilizers. Considering the benefits and

disadvantages of using nutrients in single form, combined use of organic and inorganic

fertilizers has been recommended. The above nutrient recommendations given for different

crops are also showing the combination of organic and inorganic fertilizers. A list of organic

manures and inorganic fertilizers with their nutrient contents are given below Tables-30 to

32.

Table-30: NPK content in different Organic Manures

Name of the Manure N% P2Os0s K-0%
Animal Refuse 03-04 0.1-0.2 0.1-0.3
Cattle Dung (Fresh) 04-05 0.3-0.4 0.3-0.4
Poultry Manure (Fresh) 1.0-1.8 14-1.8 0.8-0.9
Sewage Sludge (Dry) 2.0-3.5 1.0-5.0 0.2-0.5
Rural Compost (Dry) 05-1.0 04-0.8 0.8-1.2
Urban Compost (Dry) 0.7-2.0 0.9-3.0 1.0-2.0
Farmyard Manure (Dry) 04-1.5 0.3-0.9 0.3-1.9
Banana (Dry) 0.61 0.12 1.00

Table-31: NPK content in different Fresh Green Manures

Fresh Green Manures

N% PzOs%

K.0%

Cowpea (Vigna Unguiculata)

0.71 0.15

0.58
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Fresh Green Manures N% P20s0 K20%
Sesbania Aculeata 0.62 - -
Cluster-bea (Cyamopsis 0.34 - -
Tetragonoloba)

Horse-gram (Dolichos Biflorus) 0.33 - -
Mothbean 0.80 - -
Green gram (Vigna Radiate) 0.72 0.18 0.53
Sunnhemp (Crotalaria Juncea) 0.75 0.12 0.51
Blackgram (Vigna Mungo) 0.85 0.18 0.53

Table-32: Micro Nutrient Status of Farm Yard Manure (FYM)

Micro Nutrient FYM (in %)
Sulfur 0.0200
Zinc 0.0040
Copper 0.0003
Manganese 0.0070
Iron 0.4500

Major Nutrient Contents of Inroganic_Fertilizers: Major nutrients contents such as

nitrogen, potassium and phosphorus in inorganic fertilizers are given the Table-33, 34 and
35, respectively

Table-33: Nitrogen percentage in different Nitrogenous Fertilizers

Inorganic Fertilizer Nitrogen%o
Ammonium Sulphate 20.6-21.0
Urea 44.0-46.0
Ammonium Chloride 25+
Ammonium Nitrate 32-35
Ammonium Sulphate Nitrate 2.6
Calcium Ammonium Nitrate (CAN) 25.0
Sodium Nitrate 16.0
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Inorganic Fertilizer Nitrogen%o
Calcium Nitrate 15.6-21.6
Potassium Nitrate 13.0
Calcium cynamide 2120

Table-34: Potassium percentage in different Potassic Fertilizers

Inorganic Fertilizer K20%
Murate of potash 50.0-60.0
Potassium sulphate 48.0-52.0

Table-35: Phosphorus percentage in different Phosphatic Fertilizers

Inorganic Fertilizer P20s0

Single Superphosphate 16.1-20+.0

Double Superphosphate 30.1-35.0

Triple Superphosphate 45.0-50.0

Basic Slage (India) 3.0-8.0

Dicalcium Phosphate 35.0-40.0

Rock Phosphate 20.0-25.0

The nutrient Recommendations given for different crops in the above paragraphs
show the combination of organic and inorganic fertilizers. However, the above tables-33 to

35 shows the nutrient contents of different organic manures and inorganic fertilizers.

Based on the policy of Department of Agriculture, if the Agriculture Department
wants to use only organic farming, they have to apply huge quantities of organic manures
available locally to compensate the nutrient content of inorganic fertilizers to get maximum
yields. The above tables help in converting inorganic component of nutrients to organic

component of manures.

The continuous use of organic manures alone may lead to a greater potential of nitrate
leaching, especially under wet/humid conditions. Nutrients are so low in organic manures
that a huge quantity of manure has to be added for the desired dose of nutrients which may

increase the cost of manure and transportation charges in the hilly terrain.
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CHAPTER-23

RECOMMENDATIONS

Action plan for land resources development has been suggested by considering
problems and potentials of soils, slope, existing land use, soil erosion, nutrient deficiencies,
and soil acidity problems. The action plans consist of soil and water conservation measures,
lime requirement and addition of deficient nutrients. To control over flooding of the paddy
areas, construction of runoff diversion channels have been suggested. To control soil erosion
in cultivated areas on gentle and moderate slopes, contour bunding with diversion drains are
suggested. Bench terracing is also suggested especially in moderate slopes with deep soils.
The scrub land areas with nearly level to gently sloping areas have been recommended for
cultivation of crops by clearing the bushes and making field bunding/contour bunding. In
moderate slopes with scrub lands bench terracing is suggested wherever the soils are deep
and cultivation of annual crops/horticulture is suggested. In steep slopes with scrub forest,
half-moon terracing with horti-silvi pasture is suggested. In gently sloping fallow lands,
strengthening of field bunds and cultivation of crops is suggested. In moderate slopes with
fallow lands, bench terracing and cultivation of crops is suggested, wherever the soils are
deep. In steeply sloping open forest areas staggered trenching and gap afforestation is
recommended, where as in lower slopes gap afforestation is recommended in the open forest
areas.

Staggered trenching is suggested in 17.2% area, construction of run-off disposal
channel is suggested in 15.7% area, half-moon terracing is suggested in 14.7% area, bench
terracing is suggested in 8.4% area, contour bunding is suggested in 3.9% area and
strengthening of existing field bunds is suggested in 5.7% area. Protection and monitoring of
forest is suggested in 24.7% area and gap afforestation is suggested in 12.7% area.
Development of horti-silvi-pastoral system is suggested in 22.6% area and cultivation of
crops is suggested in 14.8% area of Cluster-2.

Construction of water harvesting structures like check dams, nallah bunds and
percolation tanks with diversion canals, have been suggested for water resources

development. Check dams have to be constructed on the lower order streams with gentle
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slopes, where as percolation tanks have to be constructed on the lower order streams in plains
and valleys having sufficient weathered zone / loose material.

The soil acidity ranges from moderately acidic to very strongly acidic, and nutrient
availability to many crops is a problem in such acidic conditions. The lime requirement to
bring the soils pH level up to 6.4 has been estimated and recommended. The lime
requirement is found to vary based on the pH of the soil. Application of lime is suggested in
56.9% area. Application of 10.7 tonnes of lime is suggested in 14.4% area and application of
10.2 tonnes of lime is suggested in 34.3% area. Application of 8 to 10 tonnes of lime is
suggested in 3.8% area and application of 5 to 8 tonnes of lime is suggested in 4.4% area.

Application of N, P & K is suggested in 28.1%, 8.5% and 10% areas, respectively
where N, P and K are deficient. Application of Boron (B), Molybdenum (Mo), Manganese
(Mn), Sulphur (S) and Zinc (Zn) are suggested in 28.1%, 24.7%, 24.7%, 16.1 and 9.6% areas
of this cluster, respectively where micro nutrients are also deficient.

There are advantages and disadvantages in usage of organic manure and inorganic
fertilizers. In view of this, an optimum combination of organic and inorganic fertilizers is
recommended for compensation of deficient nutrients for sustainable agriculture in major
crops grown in this cluster.

Rainfed bunded rice, maize, sweet potato, banana, citrus, turmeric, ginger, potato,
millets, tobacco, pine apple and soybean are found high/moderately suitable in some of the
areas in this cluster. They can be recommended for cultivation in those areas. Liming may
improve the suitability. Marginally suitable areas are not recommended as they are not

economical.
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CHAPTER-24

TRAINING
Customized training programme will be provided to the officials of Agriculture
Department and related user agencies with the thematic experts as well as GIS experts on
how the data has been generated, utilization of the thematic maps and data prepared,

usefulness and utilization of Soil and Land Resources Information System.

Training progromme will be conducted by delivering lectures and presentations, by

conducting on hand live training programme, by clearing doubts and by taking feedback etc.

Figure-86: Presentation on Thematic Maps generated
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CHAPTER-25

DELIVERABLES

All the satellite images procured from NRSC namely Deimos-2, Cartosat-1,
Resourcesat-2 LISS-IV MX covering the study area and their rectified images have been
submitted in digital in a hard disk. DEM generated for contour generation and details of
Ground Control Points (GCP's) collected by DGPS survey have been submitted in digital
format as DGPS Library. Base map, agriculture and other land use / land cover (ALULC)
map, slope map, hydro-geomorphology map, soil map, land degradation map, land capability
map, land irrigability map, action plan map for land and water resources development and
crop suitability map have been composed for entire cluster and submitted in hard copies and
in soft copies as .pdf format. These maps have also been composed in 10k grid wise on
1;10,000 scale and submitted. Database generated for preparation of all these maps have been
submitted in soft copy as geo-database/.shp file format. Technical report has also been

prepared and submitted.

I REMOTE SENSING INSTRUMENTS
Il HYDERABAD, INDIA. 145




Technical Report on Integrated Mission for Creation of Scientific and Comprehensive Soil & Land Resources
Information System for Effective Implementation of Comprehensive Agriculture Management Program (CAMP) —

Cluster-2, Mawthadraishan and Mawkyrwat Blocks of West Khasi Hills and South West Khasi Hills Districts

CHAPTER-26
CONCLUSIONS

Natural resources like land use/land cover, geomorphology, lithology, slope, soils etc.
have been mapped by application of Remote Sensing and GIS. Soil profile points have been
dug and soil samples have been collected at different depths and analyzed for different soil
parameters like pH, EC, Organic Carbon, CEC etc., available major and micro nutrients such
as Nitrogen, Phosporus, Potassium, Sulphur, Boron, Copper, Zinc, Iron, Manganese and
Molybdenum. Mechanical analysis of the soil samples has also been carried. The results
indicate that the textures are mostly sandy clay loams and clay loams. The pH is less than 6
with a minimum value of 4.2 indicating the soils vary from moderately acidic to strongly and
very strongly acidic. From the analysis of surface soil samples, it has been observed that the
major deficiencies are in nitrogen, molybdenum, boron, sulphur and phosphorus. However,
iron, copper, zinc, potassium and manganese are sufficient in most of the surface soil
samples.

Crop suitability has been analyzed for prominent crops grown in this area namely,
rainfed bunded rice, maize, sweet potato, banana, citrus, turmeric, ginger, potato, millets,
tobacco, pine apple, soybean, areca nut and black pepper. The study area has been classified
into highly/moderately/marginally suitable and currently/permanently not suitable for these

crops.

Action plan for land resources development has been suggested by considering
problems and potentials of soils, slope, existing land use, soil erosion, nutrient deficiencies,
and soil acidity problems. To control over flooding of the paddy areas runoff disposal
channels have been suggested. To control soil erosion in cultivated areas on gentle and
moderate slopes, contour bunding is suggested. Bench terracing is also suggested especially
in moderate slopes with deep soils. The scrub land areas with nearly level to gently sloping
areas have been recommended for cultivation of crops by clearing the bushes and making
field bunding/contour bunding. In moderate slopes with scrub lands bench terracing is

suggested, wherever the soils are deep, cultivation of annual crops/horticulture is suggested.
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In steep slopes with scrub forest, half-moon terracing with horti-silvi pasture is suggested. In
gently sloping fallow lands, strengthening of field bunds and cultivation of crops is
suggested. In moderate slopes with fallow lands bench terracing and cultivation of crops is
suggested, wherever the soils are deep. In steeply sloping open forest areas staggered
trenching and gap afforestation is recommended, where as in lower slopes gap afforestation
is recommended in the open forest areas.

Acidity is one of the serious problems in the area. The soil acidity ranges from
moderately acidic to very strongly acidic, and nutrient availability to many crops is a
problem in such acidic conditions. The lime requirement to bring the soil pH level up to 6.4
has been estimated and recommended. The lime requirement is found to vary based on the
pH of the soil. Application of N, P & K is suggested in deficient areas. Application of micro
nutrients such as zinc, molybdenum, sulphur, boron, copper and manganese are suggested in
deficient areas.

There are advantages and disadvantages in usage of organic manure and inorganic
fertilizers. In view of this, an optimum combination of organic and inorganic fertilizers is
recommended for sustainable agriculture.

Rainfed bunded rice, maize, sweet potato, banana, citrus, turmeric, ginger, potato,
millets, tobacco, pine apple and soybean have been suggested in high and moderately
suitable areas. Liming may improve the suitability. Nutrient/fertilizer recommendations are
given for the major crops.

Construction of water harvesting structures like check dams, nallah bunds and
percolation tanks with diversion canals, have been suggested for water resources
development. Check dams have to be constructed on the lower order streams with gentle
slopes, where as percolation tanks have to be constructed on the lower order streams in plains
and valleys having sufficient weathered zone / loose material.

Web based user friendly Soil and Land Resources Information System has been
developed in GIS for usage of the data prepared in this study. The data can be retrieved by

the farmers with reference to the grid information available in their soil health cards.
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CHAPTER-27
WAY AHEAD / FUTURE STUDIES
In the present study, problems and potentials of the area have been identified by
systematic study of various natural resources like land use/land cover, slope, physiography,
soils, etc. Various problems like availability of limited land for agriculture and irrigation is
noticed as it is a hilly terrain with moderate to steep slopes. Occurrence of underutilized
lands like grazing lands, scrub forest and fallow lands are also noticed. In addition, highly
acidic soils affecting the availability of nutrients to crops, their productivity and soil erosion

problems due to heavy rains and steep slopes are noticed.

The remedial measures suggested include various land and water resource
development programmes like soil and water conservation measures, liming to decrease the
soil acidity for improving nutrient availability and application of deficient nutrients. The
study also reveals deficiency of some major and micro nutrients which may be compensated
by application of organic manures in optimum combination with inorganic fertilizers to have

sustainable crop production.

Now focus should be made on implementation of these recommendations at grid
level. For implementing the development of programmes, grid may be used as a basic unit in
the absence of a cadastral base. The implementation of action plans may be taken up in a
phased manner as it requires huge financial support from state and central government
agencies as the farmers are poor to invest in the developmental programmes. However, the
farmers can take up action items like clearing the bushes/field bunding for cultivation of
crops, application of deficient nutrients and liming of soils with government subsidies.

The present study involves only part of Mawthadraishan and Mawkyrwat blocks of
West Khasi Hills and South West Khasi Hills Districts. This type of studies should be
extended to other parts of the district, so that basic data can be generated, characterization of
various natural resources can be carried out and problems and potentials of the natural
resources can be identified for the entire district. This will help in suggesting remedial

measures in the form of action plans for development of land and water resources, reducing
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the soil acidity and application of deficient nutrients and growing of suitable crops for

achieving the following goals for entire district on an uniform basis.

> Attaining Food Security and Sustainable Growth by increasing production of food
grains and improving productivity.
» Augment Farmer’s Income through growing of suitable horticultural crops.

> Promote Commercial Agriculture through low volume high value crops.
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