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Foreword

Soil‘ acidity is one of the inherent properties in agriculture lands of the State which influence
plant health and vigour, affecting the yield and productivity of crops. Understanding the degree of
soil acidity, knowing the extent and its distribution in the State will provide a concrete base and
valuable information for detailed planning of crop production activity in the future.

I am glad that this project to survey, to classify and map the acidity affected soils in the State
by utilizing the Soil Health Card information with the application of Geospatial Techniques is
completed. I wish to congratulate the Office of The Research Officer, District and Local Research
Station & Laboratories Shillong, Directorate of Research, Training and Technology Induction for this

endeavour. I hope that this report is useful in managing agriculture development programme.
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SURVEY AND MAPPING THE EXTENT AND DISTRIBUTION OF SOIL ACIDITY
IN AGRICULTURAL LANDS OF MEGHALAYA BY USING GEOSPATIAL TECHNIQUES AND SOIL HEALTH CARD 2019

. INTRODUCTION
a. Soil Acidity:

One of the most importapropertiesof the soilthathasa major effect on plant health aaigjour is the soil chemical reaction. Soil rean is the degree of soil aciditr alkalinity which is measured by pH level
of the soils.Most plant species thrives wellhenthe soil reactions ranges around the neutral region witkepél of 65 to 75. However when the plheasurementalls below 6.0 or rise abover .5, the acidity or

alkalinity reactions in the soil interferes with nutrientilability and absorption by plant roots

Strongacidic reactionn the soilcreats problemto nutrient absorption by plant roots due to factors like phdsgdhation, decrease in availability of macro nutriesuish asitrogen, calciummagnesium and
micro nutrients like Zn etc., on one hand; and in the other hand, ext@haeidity causes high solubility and concentragiohlron and Aluminum, resulting in toxicity and adverse effect on the crapd itsyield,

whenthe uptake irexcessamountof these nutrientby the plantdeadsto physiological disorder

Further, extreme acidity the soil environmeninay also have aeffecton theactivity anddiversity of soil microflora & faunaand this in turn will have a direct influence on the soil health and fertility status.
Thesesoil microbialpopulationsplayscrucialrole in decomposition and transformation of plant nutrients that are locked in vargarsc and mineral complexes atmhverting them into plant absorbable forms of

anions and cationgndmany studies indicated that their populations are affected by soil pH.

Soils of Meghalaya have predominantly acidic reactions witlgmges of 4 to 6.5 Numeros Scientificworks and studies in thgasthave attributedrariouscontributing factors to soil acidity, such the acid

soil forming parent materiatglated to the geology of the ayddgh rainfall intensity leading todehing of basic cations, higfeandAl ion activitiesin the soilsetc.
b. Soil Testing and Soil Health Card:

In order to develop strategies for management of soil health and solil acidity in particular, it is necessary therefard¢ogktent or scalef the problem in th&tate ando locate the site of occurrence of these
soils, which can be done throughe processof survey andoll testing. Therés commendable achievemdnytthe State Department of Agriculture through its Comprehensive Soihgestid Soil Health Card Scheme

which was implemented since 2015.

During the Soil Health CarBrogramme the sodamples were collected along with specific coordinates and tested for various parameters like pH, N, P, K, MicronutBesitdest¢the issug of Soil Health
Cards & Recommendations to the farmers, this programme has also generated a huge ahgitahtiata which are useful for understanding the health status of our agricultural lantte rma#tingof management

plans.
c. Application of Geo-spatial Technologies in Management of Agriculture Resources

Remote Sensing and Geographic Information System (RS&GIShaderntechniques by which we caake advantage of theedelopment in space technologfy gain comprehensive knowledge and

undestanding about our nature and particularly the agriculture resources. Through the use of Geospatial techniques like RR8 RSBifge ordata and field information can be integrate and analyzed in GIS
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EXTENT AND DISTRIBUTION OF SOIL ACIDITY IN AGRICULTURE LANDS OF MEGHALAYA
platforms to create simple interpretation of oatumal environment in the form of mapBhese various theme magpanform concretebass and become useful toofer the agriculture development planners and
extensionworkers in the field

Existing RS & GIS works and experience by ttate alongwith strong coi operation and support from North Eastern Space Application Centre (NESAC), Umiam, has lead to creation of very importatr
scientific data about the natural agriculture resources in the state. The recent works on identification and mappiagea$ rnicegheState, under the Rice Mission Schemvbich was completedhrough the
collaboratve works ofthe Department of Agriculture, Meghalaya with NESAC, is an important step towarihering of this technology. The information and experience fit@se passeprojects besides the soil

health card, etcagre the basicomponentso enrichthe scientific knowledge and formulation of development plans in the future.

.  AIMS & OBJECTIVES OF THE PROJECT:
This project to survey, classify and mapped themxof soil acidity in Meghalaya has been undertaken by The O/o The Research @ffstect and Local Research Station & Laboratories, East Khas, Hill

Shillong and funded from th&cid Soil ReclamatiorSchemeof RKVY (2016-17) underthe Soil Survey @mponent

The following objectives were formulated for this project:

I.  To describe the trends in the distribution and extent of soil acidity for the whole state of Meghalaya
ii. ToSurvey, Classify and Mappétke extentof Soil Acidityin the whole state dfleghalayaby using Geospatial techniques and Soil Health Card data

lii.  Classification of AgriculturaBoils according to pH value classasdto createDistrict & Block level Soil Acidity Maps

. MATERIALS & METHODS:

The AgricultureLand Use have been compllby integratingdata of Rice mission areaSoil Health Card data017-2019 validation and cleaning, on screen analysis in comparison with Woddinary Base

Map, Open Source Data like Google Mapsanual digitizing and ground verification where evesgibleand therthe final Agriculture Land$Jsesare generated.

The soil pH value is obtained from solil test results conducted by State Soil Testing Laboratories (STLs) of the DepartmenttofeAteghalayaThe pH of the soils were tested as pendéad procdure
(soil sample is shake in d.at 1 : 2.5 ratio), and measured with pH metére soiltesting reslis dataalso contain information such as Blodk|lage name withpoint locationor latitude and longitude of soil sampling

grids whichwereuploaded by the STListo the Soil Health Card portal, Government of Indtips://soilhealth.dac.gov.)nfor the generation of Unified Soil Health Card and distribution to farmers

The data is downloadl from the portal and edited in Microsoft excel, converted to compatible format and transferred to GIS environment by usi8glA8sGftware. The point layer with grid number,
village name and pH value is created, and then the pH values are classifigaatclasses viz., Strongly acidic (pH = < 4.5), Moderately acidic (pHE3H and Slightly acidic (pH = 5156.5) asperDepartment
of Agriculture, Government of India guidelines for generation of soil fertility mapslly the map of the exterf soil acidity isgenerated by using Spatial Analyst tools of Arc Toolbox, Inverse Distance Weighted

(IDW) InterpolationTechniqueFlow chart showing details of the methodology is illustrated in Fig 1.
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Fig. 1: FLOW CHART: METHODOLOGY IN THE CLASSIFICA TION AND MAPPING THE EXTENT OF SOIL ACIDITY
IN AGRICULTURE LANDS OF MEGHALAYA 2019
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V. RESULTS AND DICUSSIONS:

The results of identification, classification and mapping of the extent of soil acidity in Meghalaya are predabtediy (ii) & (iii)

Table: (i) Extent and Distribution of Soil Acidity Classes in Different Blocks of Meghalaya

EXTENT AND DISTRIBUTION OF SOIL ACIDITY IN AGRICULTURE LANDS OF MEGHALAYA

Area and Distribution of pH ranges in Agricultural Soils Agricultural
Districts Blocks Strongly Acidic Moderately Acidic |  Slightly Acidic Land in
(<4.5) (4.5-5.5 (5.5-6.5 Hectares
. 38.73 4130.93 147.64
Mylliem (0.90) (95.68) (3.42) 4317.30
45.99 732.80 702.77
Shella (3.10) (49.46) (47.43) 1481.56
197.04 1595.28 797.38
Pynursla (7.61) (61.60) (30.79) 2589.70
231.38 2519.80 1516.19
Mawsynram 4267.37
East Khas Y (5.42) (59.04) (35.53)
Hills 1318.11 4633.82 235.92
Mawryngkneng (21.30) (74.89) (3.81) 6187.85
94.25 8749.65 221.92
Mawphlang (1.04) (96.51) (2.45) 9065.82
687.43 5574.46 651.03
Mawkynrew (9.94) (80.64) (9.42) 6912.92
Kh.atarshnong- 365.88 3750.64 306.09 4422 61
Laitkr oh (8.27) (84.81) (6.92)
. 4591.51 2075.72
Mairang 0.00 (68.86) (31.13) 6667.23
5983.35 989.09
Mawshynrut 0.00 6972.44
West Khasi Y (85.81) (14.18)
Hills 3.33 1956.33 3817.96
Mawthadrashan (0.06) (33.86) (66.08) 5777.62
. 6.99 3824.33 763.23
Nongstoin (0.15) (83.24) (16.61) 4594.55
U . 127.12 8753.60 1445.98 10326.70
mshing (1.23) (84.77) (14.00) '
Ri - Bhoi Umli 6.32 5982.14 535.99 6608.76
' -Bhol 1 miing (0.09) (91.69) (8.22) '
Ji 0.00 4049.84 229.91 4279.75
rang ' (94.63) (5.37) '
Ranikor 22.52 3347.26 934.92 4304.70
South West (0.52) (77.76) (21.72) '
Khasi Hills Mawkvrwat 54.39 7921.87 1199.77 9176.03
y (0.59) (86.33) (13.08) :
231.59 5257.35
Amlarem (4.00) (96.00) 0.00 5488.94
West Jaintia . 139.61 16715.80 61.8
Hils | |hadlaskien (0.82) (98.81) (0.36) 16917.23
Laskien 99.09 6310.1§ 63.89
(1.53) 97.48) (0.97) 6473.16

Area and Distribution of pH ranges in Agricultural Soils | Agricultural
Districts Blocks Strongly Acidic | Moderately Acidic | Slightly Acidic Land in
(<4.5) (4.5-5.5 (5.5-6.5 Hectares
East Saipun 381.10 3982.79 5.33
Jaintia i 8.72 (91.19 (0.12 4369.22
Hills Khliehriat 304.80 3435.52 0.00
(8.19 (91.85 ' 3740.32
Dadenggre ] ] 15825.56
(100.09 15825.56
Dalu ) ) 7488.44
(100.0Q 7488.44
Gambegre ] ] 3994.13
West Garo (100.09 3994.13
Hills Rongram ] ] 7279.36
(100.09 7279.36
Selsella ) ) 22290.51
(100.09 22290.51
I 13772.35
Tikrikilla - -
(100.09 13772.35
. 8374.95
Rongjeng - - (100.000 8374.95
East Garo 5379.00
. Samanda - - 5379.00
Hills (100.00)
6202.79
Songs& - - (100.00) 6202.79
3983.77
Rongara - - (100.00) 3983.77
703.53 6890.82
- 7594.
South Garo | Sasuarara (9.26) (90.74) 594.35
Hills 8017.22
Chokpot - - (100.00) 8017.22
549.70 5541.52
Baghmara - (9.02) (90.98) 6091.22
13557.22
ZikZak - - 1 7.22
South West | <<42 (100.00) 355
Garo Hills . 14625.18
Betasing - - (100.00) 14625.18
14625.18
North Garo | arkutta ] ] (100.00) 14625.18
Hills Resubelbara ) ) 2824.94
P (100.00) 2824.94
Total 291591.83
Paged
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EXTENT AND DISTRIBUTION OF SOIL ACIDITY IN AGRICULTURE LANDS OF MEGHALAYA

Table (ii) Extent and Distribution of Soil Acidity Clases inVarious Districts of Meghalaya.

Distribution of Soil pH in Cultivated Lands

Total Cultivated Area

DISTRICT Strongly Acidic Moderately Acidic Slightly Acidic (Ha.)
(<4.5) (4.5-5.5) (5.5- 6.5
Ha. % Ha. % Ha. % Ha.
East Khasi Hills 2978.4 7.59 31687.38 80.74 4578.93 11.17 39245.12
West Khasi Hills 10.32 0.04 16355.52 68.12 7646.00 31.84 24011.84
Ri T Bhoi District 133.44 0.63 18785.58 89.90 2211.88 10.47 21130.90
South West Khasi Hills 76.91 0.57 11269.13 83.59 2134.69 15.84 13480.73
West Garo Hills - - - - 70650.35 100.00 70650.35
East Garo Hills - - - - 19956.74 100.00 19956.74
South Garo Hills - - 1253.23 4.88 24433.33 95.12 25686.56
South West Garo Hills - - - - 28182.40 100.00 28182.40
North Garo Hills - - - - 12258.32 100.00 12258.32
West Jaintia Hills 470.29 1.64 28283.33 97.94 125.71 4.35 28879.33
East Jaintia Hills 685.90 8.46 7418.31 91.48 5.33 0.06 8109.54
Total Cultivated Area 291591.83
Table: (iii) Extent of Soil Acidity Classes in Meghalaya.
Distribution of Soil pH in Cultivated Lands _
Strongly Acidic (< 4.5) Moderately Acidic (4.5-5 .5) Slightly Acidic ( 5.5-6.5) Total Cultivated Area
Ha. % Ha. % Ha. % Ha.
4355.67 1.49 115052.48 39.46 172183.68 59.05 291591.83

*The Soil Acidity Classes are as per Soil Health Ca@lidelines for Mapping of Soil Acidity in th&€ountry, 201920.
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EXTENT AND DISTRIBUTION OF SOIL ACIDITY IN AGRICULTURE LANDS OF MEGHALAYA

Theresults and analysisf the Survey and Mapping the extent of soil acidity in the agriculture lands of Meghalaya as indicated soihacidity classfications of different districts and
block mapscan be explained as follow:
I.  The entire cultivated area of the stganerallyhavepH valueless tharv.0
il.  Maximum areas under cultivated soils constituting 172193.68 hectares or 59.0quf6¢alklightlyacidic reaction witlsoil test pH valueangingbetween 5.%0 6.5.
ii.  About 115052.48 hectares or 39.46 % of the cultivated soils falls under Moderate Acidic soil reaction with pH valueroandirigtd 5.5.
Iv. Soils with pH value less than 4.5 constitd855.67 hectares or 1.49 % of the cultivated soils.
v. Almost all of the cultivated lands of the five districts of Garo flseslightly acidic pH
vi. Maximum area of Soils in cultivated lands of Khasi and Jaintia fills undermoderate to strongly acida@asspH with values ranging from 4.5 to 5.5.
vii.  Soils with strongly to extrenigacidicpH are founds in pockets of East Khasi Hills,ABhoi, East Jaintia Hills & West Jaintia Hills districlhese soils are found in those areas where intensive agrecult

activities occur in sloping lands, and those which are in proximitp&b mining areas in East Jaintia Hills.

V. SUMMARY:

This short project to StudyClassify, Survey and Map the Extent of Soil Acidity in Agricultural Lands llieghalayaby Utilizing Geospatial Techniques andhe Results of Soll
Testing Programmehas givenus new insight about the Degree, Area and SpreaidSoil Acidity in the State. Effects of Soil Acidity to Crop Production and the Possible Management

Strategies are given in theflowing Summarisation.

a. Causes andeffects of Soil Acidity:

The studyshowedthat arable lands of the entire state are affected by varying defm&®allenges to crop productivity due to soil aciditiie cause of soil acidity is due to the acidicepamaterials from which the
soils have been formed, coupled whilimid climate and vegetation factors. There may be reldtiprizetween the practices of intensive cultivation in the sloping landghétreductionn the pH valuesf these areas

which can be explained by the phenomenon of leaching of basic cations from trenddite problem is acerbated in high rainfall intensity regions of Khasi and Jaintia Hills

The developmentaictivities such as min@) quarrying andndustrial inthe vicinity of agriculture landsanleads tooverspill and deposition alebris, orsolubleSulphates Oxidesof Iron & Aluminium etc.,into

agriculture land# the lower lying aregasnay be another reasoi soil degradation in those areas wettiremely low pHhatrequire further investigation.

Many studiehavereportedthat extreme soil acidity can interfere with the availability of plant nutrients in the soil viz., Phoshorus, NRagssiumCalcium, Magnessium,idc, Boron,etc., and in turthis may

result in reduction on the ability of crops to reach the maximum potentia¢invegetative growthand yield.

However slight to moderate soil acidity does not mé#amimmediateauseor cessation ofrop production activityn those areasrhere areanany ways by which the problem can be allevaatsanage in order to

prevent the loss of productivitygrresting further degradation of arable lands and also reclamation of degraded lands
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EXTENT AND DISTRIBUTION OF SOIL ACIDITY IN AGRICULTURE LANDS OF MEGHALAYA

b. Soil Testing and Survey of Soil Health, Solil Fertility and SoiQuality:

I. The project indicated that Soil Testing and Soil Health Card helps to promote Adopticierdfffs basis of plant nutrient and soil fertility managemsith expectations of better soil health and crop vigour,

sustainable increase in produwdiy, rational use of agricultural inputs and better margins in farming enterprises.

il.  Results of soil testing gives valuable information to changes and trends of soil fertility status and planning for cctprpeativityin thefuture.

ii.  Soil Survey cargive comprehensive information of Soil Quality, Inherent Capability that will be useful for Making Macro and Micro Ageiddéwelopment Plans based on suitability of available Soll

Resources.

c. Crop Production and Management of Acid Soils

Crop Prodution in acid soils requiresptimum soil fertility management, ensuring plant nutrient availability to crops in ample quantity as per soil test basadndatons of the Soil Health Card.
Application ofadequate amount @fganic manure such as FYMRig Manure,Poultry Compost, Verntompost, etc. Bferent kinds oforganic compostsan benefit the plants in terms of nutrient supply
and in addition, the organic composts will h&dgncrea® the soil pH, boosting the soil microbial population atté miaobial secretion of beneficial enzymeanaid in betternutrient availability and
plant growth. Besides thestne organic compoundbBavemany beneficial effects on the plant and soil; thehaves as cementing agents that bindstileparticles improvethe structure and physical
condition of the soil, ensuring better aeration, water holding capacity, thus increastngpth@ourand conditioning the plant to resist or tolerate unfavorable environment.

In case ofsoils with slight to moderate acidityith pH above 5.5, there is no requirement of specifiattnents to increase the soil pHy@lication of liming materials such as dolomite, calcium carbonate
before sowing of crop during land preparation @ 400 kg to 500 kg per hgetangal Report 201:23, ICAR NEH)s sufficient to address the problem

When growingcrops belonging to leguminoseae such as peas, beans and cereals like maize, which caigluptaloeinbf the basic cations, application of liming materials should always be considered
to avoid deficiency in succeeding crop or seasons

For lands with extremely acidswil reactionsof < pH 4.5, nutrient fixation in the sathay occurbesideghis, other induced factors such as Iron and Aluminum toxicatyresults in stunted growth, and

the plant may exhibit deficiency symptoms of Calcium, Magnesium, Nitrogen, and the related physiological disorder. Tnestnlamtation of such areas are necessary for improving the soil health by
the adoption of practicesich as:

1 Provision of adequa&tdrainageand proper irrigation water managemantstagnated lands

9 Landconfiguration, reconfiguration such aBunding, Terracingfor management of runoff etc.

1 Application of ameliorative materialsuch ad.ime (dolomite, calcium carbonate) etc,

1 Apgdication of Organic Manure

1 The degraded lands with extreme acidibd deteriorated physical conditialue to deposition of debris and hazardous chemifrailn Mining, Industrial and other Developmerdativities ets.can be
reclaimed byputting thesareas undeGreenManuring with grass species, suchthsdifferent kinds of fodder grasegumes and incorporation of biass into the soils for-3 year. This process will

help build up Organic Matter and Microorganisms that vailtl in improving the sil condition, and the fertility status. The time factor and action of microorganisms will break down the resistant
materials andegenerate the soil conditions favorable for crop production in the future.

1 Selectionof adaptable crop cultivargield cropsand spices such as paddy, potato, ginger, turmeric, plantation cropsilligalms tea horticultural and fruit crops likeole crops, cassavajneapple,

citrus etc, (FAO, http://www.fao.org/soilgportal/soitmanagement/managemeaftsomeproblemsoils/acidsoils/en) which are tolerant to extreme pH.
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