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Wasteland mapping for their prioritization and management using high
resolution satellite data and GIS - A case study

INDAL RAMTEKE, PRASHANT RAJANKAR, VIVEK KALE
AND VINOD BOTHALE

Maharashira Remaote sensing Applications Cenlre,
VNIT Campus, Nagpur 440 011, India

Abstract: The present study was carried out in Phaltan tehsil, Satara district of

Maharashira o study the village-wise spatial distribution of wastelands using high-
resolurion satellite dat of IRS Pé, LISS-IV combined with ancillary information, The

results indicated that 17 villages fall in high priority (10,19 per cent area), 32 villages in

mediam and 70 villages in low priority classes, respectively and these villages necds

immediate uttention wo arrest further degradation.

Additional key words: Higlt resolution, priovitization, wasfeland moamagemend, GIS

Introduction

The information on kind and distribution of
waslclands is necded for a variely of purposes like plan-
ning reclamation prograrmmes, rational land use planning,
hringing additional areas into cultivation and also to im-
prove productivity. To bring all the wastelands under pro-
ductive use throngh afforestation, plantations, agro-for-
estry, horticultore and other productive use, it is neces-
sary W have an accurale and reliable database on the ype,
extent and ownership of wastelands so that the same can
be inlegrated with cadasiral maps,

Remole Sensing and Geographic Infarmation
Swstem {GIS) techniques are widely accepted as most
reliable, rapid and cost elTective Tor collection of data on
status of natural resources over large areas (Saxena ot al.
2000). The availability of high spatial resolution (<6.0
m) sabellite data has made it possible 1o map the informa-
tioman 12 1000 seale or larger. Remote Sensing satellite
data amenability for further processing in GIS environ-
ment, resules in valuable database over large arcas, in
lime effective manner (Kasturirangan er al. 1996; Rao ef
al. 1996), The present paper discusses the mapping and
categorization of wastelands in Phaltan tehsil, Salara dis-

trict of Maharashtra vsing TRS-TISS-1V data for their

IMENAFCIMEnt.
Materials and Methods
Sty arvea

Phaltan tehsil, lecated in the north eastern part
of Satara district, Maharashera lies between 17°98'21°
LoT805'51" N latitude and 74900'02" 1o 74°43'01" Elon-
gitude covering an arsa ol 117769 sq km (Fig. 1). Geo-
logically, arca is covered with Deccan trap and alluviam
along major rivers. The tehsil receives annual rainlull of
about 462 mm and is classified a5 drovght prone ares in
the district. The northern part of tehsil is intenzively cul-
tivated, whereas, southern part is under coltivation or
vegetation (in patches), The wastelands is mostly con-
centrated in Chis part.

Phaliar aeheil
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Fig.L. Location map ol the stody area



Wasteland mapping for priocitization

Din-screen visual interpretation approach vsing
standard image interpretztion keys like tone, texture, sive,
pattern, sssociation efc. for delineation of differert waste-
lands catcgories from mulli scasous salellite unages
{Fable 2) were adopted. Geo-referenced moszie of vil-
lnge maps are used to extract the village-wise area statis-
ties under each wasteland catecaries, using Arve-GTIS soft-
ware, Many factors like, rainfall, severity of degrada-

tion, population, poverty of area, unds for 2mplementa-
tion the remedies efc. have been considered while rating
the prionly for wastelands treatment. In present sludy,
the apatial distibution and arca of wasteland coverage
in the particular vitlage is considered, it is assumed that,
Figher the area under wastelands there 15 poor orno natu-
il resources availability so that itcalls immediate atten-
tion (NHAA 2012),

Tahle 2. Keys of inerpretation for different caregories of wastelands
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Villares in Fhaltun wehsils are grouped into three
priovity classes viz, High (= 50% area), Medium (25 50%
area) and Low (< 25% arcu) based on the % area under
wasteland in individual village (Binay Kumar and Uday
Fumar 2011,

Dominant wasteland categorics such 25 land
with serub, land without scrub, steny waste ! barren area,

grazing lands, mining area ete. identified in the study arca,
Result and Discussion

Major wasteland categories mapped in Phaltan
tehst] are serublands (with scrub and without scoub), stony
wagle ) barren rocky areas, grazime lands, degraded tor-
est and mining /industrial wastelands (Table 3, Fig. 3%



Table 3. Wasieland calegories and their aerial extent

[ndal Kamteke af al,

Area
Wasteland categories Slope % Sail deprh {50 km) o TGA

Lancl with scrub i -Emtl;.r slopping Moderately desp T 3524 299

Land withoutl serub Moderately slopping Shallow 260.57 22.13

Mining / Industrial wastelandy Gently slopping Shallow 0.49 (.04

Stony waste Moderalely steep (o steep Very shallow 11.62 094

Grazing land Gently slopping Shallow 1.39 0.12

Degraded forest Moderately slopping to Wery shallow

sleep slopping R4 %

Settlements 4.8 0.41

Waterbodies (river, tank, canal) 5.4 1.56

Mormal/Miscellanzsous Very gently slopping Dieap ta very deep aks.57 0806
e i Total 1177.69 100

The normal/miscellaneous category includes
ares under dense Torest, agriculmre and seltlements whick
occupy nerthern part of tehsil. The area appeared in dark
red tone with smooth texture and irregular pattern n
plains. Data showed thatontof 117768 km?, ahoul 343.92
s km of area (29,37 95) of the ehsil are under different
types of wastelands, (Tuble 3). The salient characteris-
ties of the different wasteland calegories are discussed
bedow,

Serubland - land vith scrub

These are the arcas where scrobs, less than 5
meters in height, dominate the landscape (=10 %) agso-
ciated with shallow and skeletal soils, extremes of slopes,
severs erosion and excessive aridity, This category of
wasteland oceupies about 35.24 sq kin of area (3% of
TGA)L These appear in lizht yellow to brown or greenish
hlue depending on the surface moisture and vary in size
from small to large having cither contignous or dispersed
patierm,

Serubland - land withour serub

These lands are associated with moderate slopes
(8-15%) in plains and near fool hills and are swmotnded
by agricuitaral lands, These lands have sparse vegeta-
tion (= 5 %) or devold of vegetation with thin soil cover
and spread over 260,37 sq km area (22.13% ol TGA),

Degraded forest

These lands are under the forest houndaries, in
which vegetative cover s less than [0 per cent, These
fands are confined in the fringe areas of notified forest,
appeming dark grey to light red rone during maximum
green period. The tonal variations are subject to change
with the foliage cover and the scason of data acquisition,
Scrub forest occupies about 36.61 sg km area (3.11% of
TGA),

(hther eategories

Stony waste/barren rocky arca, graving lands and min-
ing/industrial area occupies nearly 0,99, 0.12 and 0.04
% af the urea, respectively.
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Satara District, Maharashtra ’\
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Fig. 3. Wasteland map of Phaltan tehsil overlaid with village boundary.

Village level prioritization

Village-wise area of different categories of
wasteland are estimated and are grouped as high, me-
dium and low based on their per cenl proportion to waste-
land (Table 4). There are 19 villages covering 228.28 sq

km area, where per cent wasteland to village area is more
than 50 per cent and are classified as high priority vil-
lages (11.89% of the wasteland). These village calls for
immediate attention from wasteland development point
of view.

Table 4. Village-wise area under different priority of management

Priority of No. 6 Villagek Total area 02f village Total Waszlela.nd % Wasteland to
management = (Km®) (Km®) TGA
High 19 228.28 140.04 11.89
Medium - 30 335.37 159.90 13.58
Low 70 614.04 45.98 3.90
TOTAL 119 1177.69 345.92 29.37

About thirty villages of the tehsils have been categorized
under medium priority. wherein wasteland proportion
varies from 25 to 50 per cent. This group support about
13.58 per cent of wasteland of the area. The rest 70 vil-
lages, which comes under low priority zone, exhibits in-

tensive agriculture supported by deep black soils. In these
villages wasteland percentage are under threshold value
of 25 per cent and needs to be judiciously managed to
maintain the crop productivity. Priority-wise villages are
shown in figure 4.



Indal Ramteke e al,

Fig.4. Pricrity villages for wasteland managemeant

Management of wastelands at village Tevel

Privritization of Wastelands based on deterio-
rating natural resources in the villages form e srong
basis tor taking up developmental activities, Soil and
water comservation through watershed development pro-
aram needs 1o be undertaken Lo bring wastelands under
green cover, Afforesiation programme, fuel and fodder
plantations, silvipasture, agro-forestry and horticultural
development need to 2e encovraged at village lavel.
Renvvalion and augmentation of water sources,
dasiltation of tanks tor drinking water and irmigation and
locale specific conservation measures should be encour-
aged with poople’s participation. These activilies need
to e underlaken in phase manner in priority villages,
The study may help resource manager and decision mak-
ers 1o puard (e soil and conserve wiler 1o inorease the
biomass for living beings by adopting developmental
plans on priovity basis. Action plans can be senerated
village watershed-wise, allowing sufficient scope for rec-
lamation! development of wastclands,
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Characteristics and classification of the soils
of Sirohi district of Rajasthan
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Abstract: Ten representative pedons occurring on six landforms in Sirohi district were
studied for their morphological, physical and chemical properties. The soils on steeply
sloping side slope were very shallow, dark brown in colour, gravelly sandy loam with
fine, weak sub angular blocky structure. The water holding capacity, water retention at
0.03 and 1.5 MPa and available water content was higher in the soils of nearly level
pediment and plain as compared to other landforms. Relatively higher value of pH (8.8-
9.3), E.C. (0.58-2.18 dSm") and calcium carbonate (95.2-132.3 g kg™") were observed in
the soils of the undulating pediment (P3) as compared to the soils on gently sloping
pediment (P5). The soils of steeply sloping side slope (P1) and nearly level to very
gently sloping pediment (P6) have been classified as Loamy-skeletal and Loamy Lithic
Ustorthents respectively, and soils of gently sloping pediment (P5) as Loamy Lithic
Haplutepts at sub-group level. Soils of undulating pediment (P3), nearly to very gently
sloping pediment (P7), nearly level pediment and nearly level plain (P 9 and P10) have
been grouped as Fine-loamy Typic Haplustepts and soils of undulating pediment (P2) as
Coarse-loamy Typic Haplustepts.

Additional key words: Characterisation, classification, soil morphology, soil taxonomy

Introduction

Soils are considered as integral part of the land-
scap> and their characteristics are largely governed by
the landi~rms on which they have developed. The land-
form sequence plays an important role in formation and
development of soils. The relationship between soils and
physiographic features has been widely accepted by soil
scientists and physiographers the world over (Daniel et
al. 1970). Murthy (1982) pointed out the importance of
soil-physiographic relationship in soil survey and map-
ping, as it provides a fair understanding of variability
across the landscape needed for sustainable agricultural
planning and with this background, the present study was
undertaken.

Materials and Methods

Sirohi district (24°20' to 25°17' N; 72°16' to
73°10" E) is situated in south-west of Rajasthan, cover-
ing an area of 5203 sq.km. Agriculture is the dominant
occupation for majority of the population. The western
part of the district comprises of sandy desert and the
northwest portion is mostly rocky, with pre-dominantly
sandy loam soils. The scattered hills are the marked fea-
ture of the Midwest ranges. The arca around the moun-
tain ranges is level and sandy. The main geological for-
mations are granile gneiss, quartzite and slate. The cli-
mate of the district is semi-arid with annual rainfall of
638 mm. The mean maximum and minimum tempera-
ture are 32.3°C and 19.1°C, respectively. The moisture
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regime of the district is ustic but at places bordering the
desert, the moisture regime is aridic. A transect was se-
lected in the southwest part of Sirohi district having six
landforms viz. steeply sloping side slopes (15-25%), un-
dulating pediments (8-15%), gently sloping pediment (3-
5%), nearly level to very gently sloping pediment (1- 3%),
nearly level pediment (0-1%) and nearly level plain (0-
19%) in Aravalli landscape. Representative pedons on each
landform was studied for morphological characteristics
and horizon-wise soil samples were collected for labora-
tory analysis. The samples were processed and analysed
following standard laboratory procedures.

Results and Discussion

Morphological characteristics

The soils of steeply sloping side slopes (P1) are
very shallow, dark brown in colour and have gravelly

Table 1. Morphological characteristics of soils

9

sandy loam texture with weak aggregation (Table 1). The
soils of undulating pediments (P2 and 3) are shallow to
moderately deep, dark brown to very dark brown, and
sandy loam to sandy clay loam in texture with medium
sized, weak to moderately strong structure. The soils of
gently sloping pediments (P4 and 5) are shallow to deep,
dark brown to very dark brown with sandy loam (P4) to
clay texture (P5) with weak to strong, medium structure.
The soils océurring on very gently sloping pediments (P6
and 7) are shallow (P6) to deep (P7), dark brown and
have sandy clay loam texture with fine to medium, weak
to moderate structure. The clay loam soils of nearly level
pediment (P8) are very dark brown, with medium mod-
erately strong structure. The soils occurring on nearly
level plain (P9 and 10) have dark brown, sandy clay loam
(P9) to clay loam (P10) texture and medium moderately
strong aggregates.

Depth (cm) Horizon Matrix colour Texture Structure Porosity (%)
(moist)

Pl: Loamy-skeletal Lithic Ustorthent (Steeply sloping side slopes, 30-50% slope)

0-15 Al 7.5YR 5/3 gsl f1sbk 46.0

15+ R Hard quartzite rock

P2: Coarse-loamy Typic Haplustept (Undulating pediments, 8-15% slope)

0-22 Ap 7.5YR 3/4 sl mlsbk 40.8

22-49 Bwl 7.5YR 3/4 sl mlsbk 39.8

49-77 Bw2 7.5YR 3/4 sl mlsbk 383

77-102 BC 7.5YR 3/4 gsl mlsbk 36.7

102+ Cr Weathered quartzite rock 389

P3: Fine-loamy Typic Haplustept (Undulating pediment, 8-15% slope)

0-16 Ap 10YR 4/3 scl m2sbk 43.7

16-33 Bwl 10YR 4/3 scl m2shk 41.9

33-53 BC 10YR 4/3 scl m2sbk 399

53+ Cr Weathered granite-gneiss/quartzite 419

P4: Fine Typic Haplustept (Gently sloping pediments, 3-5% slope)

0-15 Ap 10YR 3/2 cl m3sbk 427

15-36 Bwl 10YR 3/2 C m3sbk 49.1

36-59 Bw2 10YR 3/2 & m3sbk 41.7

59-84 Bw3 10YR 3/2 C m3sbk 46.4

84-120 BC 10YR 3/3 gl Massive 40.9

120+ Cr Weathered granite/quartzite 454
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P5: Loamy Lithic Haplustept (Gently sloping pediments, 3-5% slope)

0-15 Ap 7.5YR 3/4 sl mlsbk
15-33 Bwl 7.5YR 3/4 sl mlsbk
33-48 BC 7.5YR 3/4 sl mlsbk
48+ Cr Weathered granite/quartzite

P6: Loamy Lithic Ustorthent (Very gently sloping pediment, 1-3% slope)
0-18 Ap 7.5YR 3/4 scl f1sbk
18-35 AC 7.5YR 3/4 gscl -

35+ R Hard granite-gneiss/quartzite rock

P7: Fine-loamy Typic Haplustept (Very gently sloping pediments, 1-3% slope)
0-15 Al 7.5YR 4/4 gsl mlsbk
15-37 Bwl 7.5YR 3/4 scl m2sbk
37-59 Bw2 7.5YR 4/4 gscl m2bk
59-85 BC 7.5YR 4/4 gscl Massive
85+ C Weathered granite-gneiss/quartzite

P8: Fine-loamy Typic Haplustept (Nearly level pediment, 0-1% slope)

0-19 Ap 10YR 3/4 scl m2sbk
19-38 Bwl 10YR 3/4 cl m2sbk
38-63 Bw2 10YR 3/4 cl m2sbk
63-88 Bw3 10YR 3/4 cl m2sbk
88-106 Bw4 10YR 3/4 scl m2sbk
106-136 BC 10YR 3/3 scl Massive
136+ Cr Weathered quartzite

P9: Fine-loamy Ustic Haplocambid (Nearly level plains, 0-1% slope)

0-16 Ap 7.5YR 3/4 scl m2sbk
16-33 Bwl 7.5YR 3/4 scl m2sbk
33-54 Bwl 7.5YR 3/4 scl m2sbk
54-68 Bw3 7.5YR 3/4 scl m2sbk
68-87 Bw4 7.5YR 3/4 scl m2sbk
87-117 BC 7.5YR4/4 gscl massive
117+ Cr Weathered granite-gneiss

P10: Fine-loamy Ustic Haplocambid (Nearly level plains, 0-1% slope)

0-16 Ap 7.5YR 3/4 cl m2sbk
16-33 Bwl 7.5YR 3/4 cl m2sbk
33-54 Bw2 7.5YR 3/4 cl m2sbk
54-68 Bw3 7.5YR 3/4 cl m2sbk
68-87 Bw4 7.5YR 3/4 cl m2sbk
87-117 BC 7.5YR 3/4 gscl massive

117+ Cr Weathered granite-gneiss

R. S. Garhwal ef al.

45.1
40.7
40.0
41.9

45.3
41.6

432
41.1
37.5
37.6
399

39.9
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39.7
38.2
38.2
37.6
39.1

42.1
41.1
41.1
37.1
36.9
36.9
39.3

425
425
40.9
39.3
38.1
37.2
39.9
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Physical characteristics

The sand content (Table 2) of the soils ranged
from 37.1 per cent (P4) to 71.5 per cent (P1) while silt
content ranged from 15.5 per cent (P7) to 26.5 per cent
(P8). In general, the clay content was higher in soils oc-
curring on gently sloping pediments, nearly level pedi-
ments (P8) and nearly level plains (P10). Young and
Hamma (2000) and Sarkar er al. (2001) have also found
higher clay content in soils occurring on gentler surfaces.
The bulk density ranged from 1.4 Mgm (P9 and 10) to

Table 2. Physical Properties of soils

1.7 Mgm™ (P2) and increased with depth. The water re-
tention at 0.03MPa ranged from 0.2m*m™ (P2) to 0.5m™nr
3(P3, P6 and P9) and at 1.5 MPa it ranged from 0.1m*ny
3 (P2) to 0.3m’m™ (P6). In general, the amount of water
retained was higher in soils with higher clay content. The
positive relationship between clay content and the amount
of water retained at 0.03 and 1.5 MPa has also been re-
corded by Nagar et al. (1995) and Balpande er al. (2007).
The maximum water holding capacity (MWHC) ranged
from 15.8 per cent (P8) to 44.9 per cent (P4),

Depth Horizon Particle size class Density Water retention MWHC
(cm) (%) (Mg m*) (m’m™) (%)
Sand Silt Clay B.D P.D 0.03MPa  1.5MPa
P1: Loamy-skeletal Lithic Ustorthent (Steeply sloping side slopes, 30-50% slope)
0-15 Al 71.5 15.5 13.0 1.4 2.6 0.2 0.16 37.6
154 R Hard quartzite rock
P2: Coarse-loamy Typic Haplustept (Undulating pediments, 8-15% slope)
0-22 AP 63.7 20.0 16.3 1:5 2.6 0.2 0.1 35.3
22-49 Bwl 58.2 2. 17.0 1.6 2.6 0.2 0.1 312
49-77 Bw2 63.2 22.5 16.3 1.6 2.6 0.2 0.1 35.7
77-102 BC 63.7 21.5 14.8 B 2.7 0.2 0.1 31.6
P3; Fine-loamy Typic Haplustept (Undulating pediment, 8-15% slope)
0-16 Ap 52.0 21.6 26.4 1.5 2.6 0.5 03 40.3
16-33 Bwl 52.5 218 25.5 1.5 2.6 0.4 0.3 38.4
33-53 BC 50.3 222 274 1.6 2.6 0.5 0.3 38.4
P4: Fine Typic Haplustept (Gently sloping pediments, 3-5% slope)
0-15 Ap 45.7 21.6 32.6 1.5 2.6 0.3 0.1 41.2
15-36 Bwl 371 233 39.6 1.5 2.6 0.4 0.1 42.6
36-59 Bw2 38.2 21.3 404 1.5 2.6 0.4 0.2 44.9
59-84 Bw3 39.8 19.4 40.6 1.5 2.6 0.3 0.1 39.1
84-120 BC 43.2 25.9 309 1.6 2. 0.4 0.2 383




P5: Loamy Lithic Haplustept (Gently sloping pediments, 3-5% slope)

0-15 Ap 63.1 23.5 133 1.4 2.6
15-33 Bwl 63.4 239 127 1.6 2.6
33-48 BC 65.5 20.3 14.2 1.6 2.6
P6: Loamy Lithic Ustorthent (Very gently sloping pediment, 1-3% slope)
0-18 Ap 56.6 20.2 23.1 1.4 2.6
18-35 AC 423 24.6 33.0 1.6 20
P7: Fine-loamy Typic Haplustept (Very gently sloping pediments, 1-3% slope)

0-15 Al 63.5 20.2 16.3 1.5 2.6
15-37 Bwl 56.8 19.2 239 1.5 2.6
37-59 Bw2 594 17.4 232 1.6 2.6
59-85 BC 62.1 15.5 223 1.6 2.6
P8: Fine-loamy Typic Haplustept (Nearly level pediment, 0-1% slope)
0-19 Ap 58.5 20.1 213 1.5 2.4
19-38 Bwl 44.1 26.4 294 15 25
38-63 Bw2 46.1 234 30.5 1.5 23
63-88 Bw3 458 22.0 322 1.6 235
88-106 Bw4 56.2 16.6 27.2 1.6 25
106-136  BC ©57.8 16.2 26.0 1.6 2.6
PY: Fine-loamy Ustic Haplocambid (Nearly level plains, 0-1% slope)
0-16 Ap 58.0 18.3 23.6 1.4 24
16-33 Bwl 39,7 19.7 22.6 1.4 24
33-54 Bw2 54.0 20.5 254 1.4 2.4
54-68 Bw3 56.9 18.4 24.7 1.5 24
68-87 Bw4 57.6 18.1 24.3 1.6 24
87-117 BC 63.2 15.6 21.2 1.6 2.6
P10: Fine-loamy Ustic Haplocambid (Nearly level plains, 0-1% slope)
0-16 Ap 43.9 23.6 325 14 24
16-33 Bwl 40.7 25.5 338 14 24
33-54 Bw2 44.1 232 327 1.4 24
54-68 Bw3 423 23.3 34.4 1.5 24
68-87 Bw4 43.6 22.2 32.2 1.6 24
87-117 BC 50.7 23.2 26.1 1.6 2.6
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Characteristics and classification of the soils

Chemical characteristics

The pH of the soils ranged from 6.9 (P4 and
P5) to 9.3 (P3) and was related to the amount of bases
with pH being higher in soils occurring on gentler slopes
(Table 3). The electrical conductivity of the soils ranged
from 0.02 dSm™' (P1) to 2.18 dSm*' (P3). The organic
carbon content ranged from 0.16 per cent (P1) to 0.72
per cent (P4). In general, the organic carbon content was
higher in surface soils and decreased with depth. The

Table 3. Chemical properties of soils
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calcium carbonate content ranged from 8.6 g kg™ (p7) to
132.3 g kg-1(P3). In general the calcium carbonate con-
tent increased with depth (West et al. 1988). Among the
exchangeable cations, Ca** and Mg** were the dominant
cations. The cation exchange capacity (CEC) ranged from
18.6 c.mol (+) kg"'(P1) to 33.3 cmol(+) kg'(P3) depend-
ing upon clay content of the respective horizons. Pal er
al. (1999) and Challa er al. (2000) have also reported
similar findings.

Depth Hori- pH EC ocC CaCO3 Exchangeable bases CEC

{cm) zon (1:2.5)  dSm’ (%) (g kg") [cmol(p+)kg-1] cmol (p+) kg"
(1:2.5) Ca** Mg™ Na* K*

Pl: Loamy-skeletal Lithic Ustorthent (Steeply sloping side slopes, 30-50% slope)

0-15 Al 7.0 0.02 0.16  11.5 11.2 6.0 04 0.5 18.6

P2: Coarse-loamy Typic Haplustept (Undulating pediments, 8-15% slope)

0-22 AP 8.2 0.06 050 237 11.2 8.0 0.7 09 217

22-49 Bwl 7.8 0.04 048 25.0 13.8 8.8 0.81 0.9 249

49-77 Bw2 7.9 0.05 044 273 15.0 10.9 0.7 0.8 282

77-102 BC 8.9 0.07 039 366 13.6 9.8 0.5 07 253

P3: Fine-loamy Typic Haplustept (Undulating pediment, 8-15% slope)

0-16 Ap 8.9 0.58 051 95.2 17.6 6.8 1.2 07 272
16-33 Bwl 9.2 1.17 0.51 1155 20.3 10.4 0.9 0.8 333
33-53 BC 8.8 2.18 0.41 132.3 18.7 8.9 1.1 L2 - 3
P4: Fine Typic Haplustept (Gently sloping pediments, 3-5% slope)

0-15 Ap 6.9 0.12 030 105 12.0 58 04 0.5 194
15-36 Bwl 7.2 0.04 072 125 14.0 6.8 0.6 0.5 227
36-59 Bw2 7.8 0.06 062 169 13.2 7.6 0.4 0.7 229
59-84 Bw3 7.6 0.05 049 205 12.6 10.5 0.6 0.7 235
84-120 BC 757 0.05 024 432 13.8 9.2 0.4 0.5 248
P5: Loamy Lithic Haplustept (Gently sloping pediments, 3-5% slope)

0-15 Ap 6.9 0.04 0.51 12.5 9.8 7.6 0.3 0.4 19.1
15-33 Bwl 6.9 0.03 0.65 15.6 12.4 8.4 0.2 06 227
33-48 BC 6.9 0.06 038 212 114 1.5 0.2 0.6 208
P6: Loamy Lithic Ustorthent (Very gently sloping pediment, 1-3% slope)

0-18 Ap 8.1 0.25 045 653 13.2 7.8 0.4 08 232
18-35 AC 8.0 0.29 037" 302 14.4 8.4 0.6 0.8 253



P7: Fine-loamy Typic Haplustept (Very gently sleping pediments, 1-3% slope)
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(-15 Al 7.5 0.08 D44 95 14.10 50 .6 (b8 218
15-37 Bwl 7.2 0.09 045 90 15.6 .4 0.7 09 244
F7-59 Bw2 7.3 0.08 038 36 16.2 T3 0.8 e 257
50-85 BC 1.6 0.12 0.30 135 15.6 4.6 0.7 07 22R%
P8 Fine-loamy Typic Haplustept (Nearly level pediment, 0-19% slope)

019 Ap 1.6 .04 .61 125 11.2 6.8 .4 (h5 19,3
[9-38 Bwl 1.6 0.0 0.55 173 12.5 16 .4 s 217
38-63 Bw2 77 0.05 0.43 152 13.0 a3 16 By 232
£3-H4 Bwld 7.6 .06 032 18.2 13.6 8.8 0.7 0.7 246
a8-106 Bwd 77 0.07 0.29 13.5 14.2 G0 0.5 06 254
[6-136 BC 3.3 013 023 204 138 7.0 4 04 224
PG: Fine-loamy Ustic Haplocambids (Nearly lavel plains, 0-1% slope)

0-16 Ap 74 0.0 0.68 13.0 136 6.8 0.4 N5 216
1-33 Bl 1.8 FR o 071 153 15.6 T3 04 06 246
33-54 Bw2 4.2 0.9 (.65 1G.5 15.8 78 0.6 07 2573
54-08 Bw3d 8.2 .10 0.63 11.6 16.4 7.6 0.7 08 263
68-87 Bwd 8.3 0.19 0.41 126 7.6 88 0.3 4 276
87-117 BC B4 0.24 023 2046 162 T .1 04 228
P10: Fine-loamy Ustic Haplocambid (Mearly level plains, (-1% slope)

16 Ap 1.6 0.16 .63 122 11.6 6.8 04 0o 202
16-33 Bwl 7.6 013 0.45 13 12.4 A 7 08 218
3354 Bw2 17 0.12 0.41 13.6 124 30 (3 e 193
34-08 Bwd 7.6 0.11 0.30 1149 11.6 3.6 (ki 0s 199
i8-8 Bwd 738 0.1 027 119 148 54 (4 05 2535
a7-113 BC 7.8 n.19 0.23 14.5 14.0 5.8 (K] 0.7 216

Seil elassification

The sails of Sivehi district possessad weric and
arichic soil maoisure regimes, ivperthernie soil iempera-
ture regime and miged mineralesy, The sails of the pedon
| anet & have been classified as loamy-skeletal (P 1, grav-
els =35%), and loamy (P&} Lithic Ustorthents by virtue
of having lithic contact, ochric epipedon and nbsence of
any sub-surface dingnostic horizon, Pedon 5 had lithic
contact within 50 cm and cambic sub-surface horizon
and henee classified as Lithic Haplustepts at sub-group

level with loamy {texturual family class) and P2 as Typic
Haplusteats (no lithic contact) bul coarse-loamy texiural
family ¢lass, The pedons P3, P4, P7 and P8 have been
classified as Typic Haplustepts with fine-lowmny (P3, P7
and P8) and fine (P4) textoral family class, The pedons
PO and 10, due to aridic moistere regime, and the pres-
ence of cambic horizon, are placed in Cambids sub-ar-
der. Thesz pedons have been classifiad as Haplocambids
at great group level, As these pedons remain dry in 2l]
parts of the moisture control section for less than three-
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fourths of the time and have a moisture regime bordering
on ustic. these soils are classified as fine-loamy, Ustic
Haplocambids.

Tt may be concluded that the present study may
help in better understanding of soil-water relationship and
in turn productivity of soils and crops.
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Effect of fertilizer and tillage on productivity and nutrient uptake in

rainfed wheat (Triticum aestivum) in an Alfisol
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Abstract: Field experiments were conducted at the experimental farm of CSK HPKYV,
Palampur during rabi 2006-07 and 2007-08 for evaluating the effects of fertilizer rec-
ommendations and prescription based yield targets of wheat grown with varying tillage
operations under rainfed condition. The treatments comprised of fertilizer recommen-
dation approaches with three yield targets of 15, 25 and 30 gha(T ;, T, and T, ), state
level dose (SLD), soil test based (STB) and different tillage operations. Results indi-
cated that the grain and straw yields were higher in T, as compared to soil test-based,
state level doses. T, and T,; Among the tillage operations, application of Lantana spp.
as mulch @ 15 tha! on dry weight basis to previrusly standing okra crop at recede of
monsoon and sowing of succeeding wheat with minimum tillage (M+MT) was found to
be the best over conventional tillage (CT). The T, yield target with conservation of
moisture by mulching and sowing of wheat with minimum tillage (M+MT) had signifi-
cantly higher grain yields and N, P and K uptake in grain and straw as compared to other
treatment combinations.

Additional key words: Rainfed wheat, tillage operations, fertilizer recommendations,

target yield, B:C ratio, nutrient content and uptake

Introduction

Wheat (Triticim aestivum) is an important
rabi cron of Himachal Pradesh. The average productiv-
ity of wheat in the state is low (13.7 g ha™") compared to
the national averuge productivity (27.6 q ha'). The doses
of NPK fertilizer are generally recommended as state level
doses (SLD) for irrigated and rainfed conditions without
considering the available nutrient status of a given soil.
Soil test-based fertilizer recommendations provide ad-
equate and balanced nutrition to plants. The soil-test-

based fertilizer recommendations are calculated by in-

creasing or decreasing the state level doses by 25 per
cent depending upon the soil fertility classes (low, me-
dium and high). The major disadvantage of this system
is that the medium range has wide variability in their
values. Prescription-based fertilizer recommendations
provide a scientific basis for balanced fertilization be-
tween soil and fertilizer nutrients to achieve a pre-deter-
mined yield target compared (o general soil test- based
recommendations. In this approach, three factors, viz.,
(a) nutrient requirement in kgha' of grain of a par-

ticular crop, (b) efficiency of nutrients from soil avail-
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able purrients and (c) efficicney of outrients from
added fertilizer, sre caleulated by conducting stan-
durd lest crop experiment. Further, these parameters
are Used o develop fertifizer adjustment equations
under irdgated conditions (Ramamoorthy et al. 1967).
However, uncertainty of rains on yvear to year basis is
ong of the major milatiens o develop such equa-

tions wnder rainled conditions.

Application of locally available biomass such
as Lentana, Eupatorium ete. as muleh in previous stand-
ing kharifcrop at the recede of monsoon for conserving
and carry-over post monsoon residual medsture Gl sow-
ing time of whea: and sowing of wheat with mintmun
Lillage have been recommended for optimum wtilization
of conserved soil maisture which resulted in proper ger-
mination aud estublishment of rainfed wheat (Acharya
and Kapur 1993; Sandal and Acharya 1997). This prac-
lice not only conserved seed-zore moistire but also modi-
fied thermal regimes leading (o incresse in wheat vield.
e adse maintains Mrinble seil structure and over the year
increase in the populution of earthworm had also been
pbserved (Acharya eof af. 1998). If these techniques
mcdily hydro-thermal regimes then the outcome of dif-
ferent ferlilizer recommendations approaches arc ex-
pected to he different under rainfed conditions. Consid-
ering the above, present investization was undertaken to
study the effect of varicus fertilizer doses and tillage
operations on lhe visld of wheat under rainfed condi-

s,
Materials and Methods

Tha present study was condncted ar the ex peri-
mental farm of CSK Himachal Pradesh Krishi
Vishvavidyalaya, Palampur, during the yvear 2006-07 and
2007-08 The aren lies in Palam Valley (32906' N: 73703
E) at en elevation of 1290 m above MSL in Kangra dis-

trict, Himachal Pradesh which represents the mid hills
sib-humed agro-climatic cone of the state in North West-
ern Himalaya. The soil (0015 m layer) of the expen-
mental field is silty elay lnam. The sails are rich in clay
content with accumulation of sesquioxides, Taxonorm-
cally, the soils are classilicd as Typic Hapludalf {Verma
19749, The soal was acidic (pH 5.6}, low in available N
(239 kg ha '), high in available P (46 kg ha') and me-
divm ic available K (226 kg ha").The CEC and organic
carbon was 12 O mol (P') ket and .92 per cent respee-
tively.,

The treatments comprised of a) fertilizer
recommendation approaches - state level dose (5112, soil
Lest-based (ETB) and three yield targets of 15, 25 and 30
qha':ﬂ’l_“, 'T‘_I_1 and T ) and h) tillage aperations - conven-
tienal tGilage (CT) and application of Lanrana as mulch
@ 15 tha'! on dry weight basis to previously standing
okra crop at recede of monsoon and sowing of succeed-
ing wheat with minimam ilage (MM T The reatmenis

were replicated thrice in a randomized biock design.

The fertilizer doses for various fertilizer recom-
mendation approaches except SLI2 were caloulated based
on initial soil test values af N, P oand K obtained under
each treatment (Table 1y, In TR, W dose was incraased
by 25 per cent whereas, P was decrcased by 25 per cent
during 2006-07 and 2007-08. However, B dose remain
nnchanged during 2006-07 bot deereased by 25 per cent
during 2007-08. In prescriplion-based lertilizer doses, N

as applied to all the targels during both the years; 1
was applied to 25 and 30 gha targets during 2006-07
and 1o all the targets during 2007-08. No P was applizd
tor any target during both the yvears (Table 1), Hall of N
and complete P and K were applied as basal and the re-
maining W was given in two equal splits around maxi-

mum tillering and flowering stazes of wheat.
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Table 1. Initial seil nutrient status and caleulated lertilizer doscs in rainfed wheat

Fertilizer

Initial nutrient status (kg hu':'j

Fertilizer doses (kg ha h

Recommen 2006-2007 2007-08 2006-2007 200708

dlarion - N P I N P K ™ PO KD N B KL

approach

SLD 261.7  37.8 2245 2528 314 2283 80 40 40 &0 40 40
(£3.97 (2397 (214.5) (£57) (=40) (£16.7)

STB 2633 412 2284 2600 326 2538 100 30 40 100 30 30
(4.5 (=7 (=219 (=8 (=53 (x14.93)

Ts 238.0 5.4 2320 2054 213 1768 43 0 0 44 0 3
(A3 (ahn) (1008 (e0dy (228 (2907

Toi 2555 428 2267 1979 329 1789 67 0 18 99 0 27
(607 (£3.4) (2109) (£59) (3.4 (2122)

Tag 2607 3:3 2300 2025 308 1800 116 0 123 0 19
(3.1} (£7.4) (£12.7)

{£3.8) (x13.1)

(=3.0)

The fertilizer adjustment equations:

FN =4.81 T- 0.128N , FP,0.=7.86 T- 5.165P and FK (3= 244 T- 0.19 8K where, FN, FP,0, and FK,0 are fertilizer
doses in kgha', “T" is the yield target and SN, 8P and SK we the soil test values for N, Pand K respectively.

#Walues in parenthesis indicate standard deviations

The prain and straw vield of wheat were re-
corded o harvest and expressed in g ha''. Per cenl devia-
Hon was determined with respect to grain yield. B:C ra-
ey wins caleulated as the ratio of earning fromm 2rain vield
and the ¢ost of Fertilizess. The plant sgmples wiz,, grain
anclsteaw were analyvzed for percent N, Pand K contents
[on vwing standard procedares (Jackson 1973). The grain
and slra » yields were used to compute nutrient uptake in

plants.
Resnlts and Diseussion
Yrelels

The grain and siraw vields of wheal were higher
urder soil test-based (STR) fertilizer recommendations
as comnpared e state level dose (SLD). Among the yield

targets, T, showed highest grain and straw yleld com-
pared o T, and T, during both the years. Verma ef ol
(20607 also reported an increase in grain and siraw yleld
with the increase in prescription-based Fertilizer doses
an farmer's field. Conservation tillape (M+MT) gigrifi-
cantly increased grain and strawe yield of rainfed wheat
as compared to conventional tillage (CT)  because of
better hydro-thermal regime leading to better rool and
shool growth (Table 23 Sinilar lindings have also been
reported by Sharma et al. (2005) and Islam et af, (2005).
Among treatment combinations, M+MT with T, recorded
maximum grain vield might be due wo the ellects of 501!
test-based prescription of fertilizer doses and modera-
tion of hydro-thermal regimes. CT with T, gave mini-

mim grain yield {Tahle 2).
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Table 2. Effect of fertilizer recommendation approaches and tillage operations on grain and straw yield of rainfed

wheat
Fertilizer Grain yield (q ha™) Straw yield (q ha™)
Recommen 2006-2007 2007-08 2006-2007 2007-08
:;S:glm CT  MaMT Mean CT M+MT Mean CT  M+MT Mean CT M+MT Mean
SLD 3260 35.17 33.88 26.72 3051 28.62 4853 50.87 49.70 3891 41.12 40.02
STB 36.07 3640 3623 27.00 3441 3071 5077 5247 51.62 41.13 46.64 43.89
Tis 1833 2193 20.13 11.09 1722 1416 3193 3230 32.12 2832 3106 29.69
T 23.83 3833 31.08 2153 2434 2294 3630 5490 4560 36.13 4224 39.19
Toi 1200 4247 3723 2963 3471 3217 4570 6120 5345 2725 36.84 32.05
Mean 28.57 34.86 23.19 2824 42.65 5035 3435  39.58
CD (P= 0.05)
T 1.44 1.62 2.21 247
F 2.27 2.42 3.49 3.73
TXF 3.22 3.18 4.94 5.23

Per cent deviation and B.C Ratio

The per cent deviation values in grain yield
among all the yield targets were positive and consider-
ably higher under M+MT compared to CT where the
deviation values were negative during both the years
(Table 3). The favourable per cent deviation obtained
under M+MT was due to higher soil water, better root
and shoot growth which ultimately increased the biologi-
cal yields in all the yield targets. Sandal et al. (2007)
also reported favourable effects of conservation tillage

in bringing the per cent deviation either within range or
over estimation of yield targets under rainfed condition.

The B.C ratio calculated by dividing the cost of
produce with cost of seed and fertilizers added indicated
that STB and SLD had lower B.C ratio as compared (o
all yield targets during both the years. This was due to
less doses of applied among yield targets as compared to
SLD and STB (Table 3). The Maximum B:C ratio was
obtained for T yield target during both the years due to
less doses of fertilizers.

Table 3. Effect of fertilizer recommendation approaches and tillage operations on per cent deviation and B:C ratio in

rainfed wheat

Fertilizer Per cent deviation from pre-fixed target B:C ratio

Recommen 2006-2007 2007-08 2006-2007 2007-08

dation CT M+MT Meun CT M+MT Mean CT M+MT Mean CT M+MT Mean
approach

SLD - - - - - - 2.44 2.62 3.20  2.00 2.28 2.14
STB - - - - - 3.10 3.13 3.12 2.36 3.01 2.69
Tys +222  +46.2 4342 -26.1 +148 57 1232 1471 1346 643 9.93 8.18
Tas -4.7 +53.3 +243 -139 -2.6 -82 893 1434 11.64 5.46 6.14 5.80
Tio +6.7 +41.6 +24.1 -12 4157 +7.2 692 9.24 8.08 4.96 6.90 593
Mean - - - - E - 6.74 8.81 4.24 5.65

Cost of wheat grains = Rs.6.30 kg!

Cost of Fertilizers: N=Rs.10.92 kg"'; P,O, = Rs.24.37 kg and K,0 =Rs.7.72 kg
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Nutrient uptake

The nutrient uptake during 2006-7 and 2007-
08 was averaged and mean values are given in table 4.
The mean NPK uptake values were higher under STB as
compared to SLD except for potassium uptake in wheat
grains. Higher N and K uptake was primarily due to higher
biological yields and nutrient concentration. The low fer-
tilizer use under state level recommendations was due to
imbalanced application of N,P and K as these treatments
did not take into consideration either the crop nutrient
requirement or initial soil-test values. T, showed high-
est nutrient uptake among all the fertilizer recommenda-
tions, except for phosphorus, which was highest under
STB because of P application at sowing. Optimization
of fertilizer use i.e. balanced fertilization, based on tar-
geted yield concept has also been explained by Verma et
al. (2002). Conservation of moisture by mulching and
sowing of wheat with minimum tillage (M+MT) signifi-
cantly increased the N, P and K uptake in grains and straw
as compared to conventional tillage (CT). Turner and
Asseng (2005) obtained increased fertilizer use in wheat
by minimum tillage.

Conclusion

From the present study it can be concluded that
T,, yield target with conservation of moisture by mulch-
ing and sowing wheat with minimum tillage (M+MT)
had significantly higher grain yields and higher N,P and
K uptake in grain and straw as compared to rest of the
treatment combinations.
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Soil resources assessment for crop planning in Medak district,
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Abstract: An attempt was made to assess the soil resources of Medak district and their
fertility in Andhra Pradesh. Ten major soils covering 64 per cent area of the district were
analysed for their physical and chemical properties. These soils were shallow to deep,
calcareous with Vertic properties, medium deep red clay, medium deep red gravelly
loam, shallow black gravelly clay, shallow red loam, alluvial clay and deep red clay.
Soils were well to moderately well drained and differ widely in soil reaction (pH 5.0 to
pH 9.3) but low in organic carbon. The CEC of soils varied from <6 cmol(+) kg 1 10>40
cmol(+) kg. Besides, one thousand seven hundred surface samples from 2.5 km grid
interval were collected and analysed for macro and micronutrient status. About 43.2 per
cent of arca was low, 37.3 per cent medium and 13.2 per cent high for available nitro-
gen. Nearly 80.1 per cent area had low available phosphorus and 12.6 per cent as high.
The available potassium was low in 41.3 per cent and medium in 50.9 per cent area.
Based on the basis of soil morphology, fertility, physical and chemical properties and
climate situation, suggestions were made for sustainable crop planning in the district.

Additional key word: Soil fertility, physic-chemical properties, long term fertility

changes, suggested land use

Introduction

The comprehensive knowledge of soil resources
is essential for maintaining soil health, productivity on
sustained basis. The growing of high yielding varieties
under intensive agro-inputs has resulted in deficiency of
nutrients. Agriculture is the main occupation of nearly
75 per cent of the population in the Medak district. About
42 per cent of the area is under cultivation mostly as
rainfed. Trrigated area covers an area of 1,36,445 ha
(14%). The yield(s) of different crops in the district are
low as compared to state average (Reddy et. al. 2005).
Keeping these into consideration, the present investiga-
tion was undertaken to characterize and classify the soils
to suggest viable crop plan.

Material and Methods

Medak district (17°27 to 18°18 N 77°28 to
79°10 E) cover an area of 9,71,086 ha with an average
annual rainfall of 890 mm of which about, 76 per cent is
received during south west monsoon period. There is
wide variation in geology viz. granite and granite-gneiss,
basalt, laterite and alluvium, and also in physiography
and vegetation, The district has 45 revenue mandals and
12 agricultural divisions.

The surface soil samples (1700) were collected
at 2.5 km grid interval covering all the mandals in the
district and analysed for macro and micronutrients. The
available nitrogen was estimated using alkaline perman-
ganate method as described by Subbaiah and Asija
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(1956). Available phosphorous was determined by Olsen
method (Olsen et.al. 1954) and Bray’s method (Black
1965) and available potassium was determined by flame
photometry after extraction with neutral normal ammo-
nium acetate solution (pH 7.0). Soil pH, organic carbon,
particle-size distribution and CEC were determined us-
ing standard procedures (Jackson 1973).

Results and Discussion
Physical and chemical properties of dominant soils

The soils of Medak district are very shallow
(Nagalgidda series) to very deep (Chitkul, Kadirabad,
Kasireddipalli and Uplingapur series). Very shallow soils
are distributed in Narayankhed, Zaheerabad,
Shankarampet and Ramayampet agricultural divisions.
Very deep soils (Kadirabad, Kasireddipalli, and

B. A. Dhanorkar et al.

Uplingapur series) occur in all the divisions of the dis-
trict. The organic carbon content in the soil varied from
0.11to 1.17 per cent (Table 1) and decreased with depth.
Soils vary widely in texture of the control section and
ranged from gravelly red loam (Manasapalle series) to
clay (Kasireddipalle series). Gravelly red loamy soils and
fine soils are distributed in all the agricultural divisions
of the district. Soils in the district are well drained
(Chinnaloni, Kondalaswamy. Manasapalli, Nagalgidda,
Nemlimet and Uplingapur series) to moderately well
drained (Chitkul, Kadirabad, Kasireddypalli and
Tadamanur series). They differ widely in reaction (pH
5.0t09.3). Black soils are non-gravelly clay except shal-
low black soils of Nagalgidda series which is fragmental
(>90 per cent gravels). Majority of red soils are gravelly
in nature except Uplingapur series. The CEC of the soils
ranged <6 cmol (+) kg ' to very high >40 cmol (+) kg ™.

Table 1. Physical and chemical properties of dominant soils and their distribution in agricultural divisions of Medak

district
Soils Depth Hori  pH ocC Texture  Gravel CEC CuCOy Distribution in agricultural
(em) zon (%) (USDA) (%) [emol Equiv Divisions
(Hkg'l (%)
Chinnaloni : Very-fine, smectitic, isohyoerthermic Vertic Haplustepts
0-10 Ap 6.9 L1T =% - 65 - Narayankhed, Zaheerabad
10-28 Bwl 6.9 110 © - 69.2 - Shankarampet, Andole-
28-49 Bw2 7.0 1.07 ¢ E 70 Jogipet
Chitkul : Fine, smectitic, isohyoerthermic Vertic Haplustepts
0-20 Ap 2 1.05 ¢l 25.] 2 Dubbak,Narsapur,
20-40 Bwl 7.7 031 ol = 236 - Ramayampet,
40-60 Bw2 7.6 030 ol - 22.8 - Gajwel,Medak&allagri.
60-81 Bw3 7.6 0.26 ¢l 23.8 5 divisions except Zaheerabad
§1-113  Bw4 7.8 024 ¢ - 238 -
113-150 Bw5 8.1 024 ol - 238
Kadirabad : Fine, sméctiric_ (calcareous), isohyoerthermic Typic Haplusterts
0-13 Ap 82 059 © - 38.6 4 All Agricultural Divisions
13-37 BA 8.2 045 ¢ - 38.7 4
37-74 Bssl 8.7 033 ¢ - 40.1 )
74-108  Bss2 84 033 ¢ - 445 5
108-120 Bss3 9.2 029 ¢ - 42.5 5
120-150 Bss4 9.2 021 ¢ - 48.8 9
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Kasireddipalli :Very-fine, smectitic (calcareous), isohyoerthermic Typic Haplusterts

0-21 Ap 8.1 067 ¢ - 46.1 4 All Agricultural Divisions'
21-48 BA 8.0 054 ¢ - 50.2 6
48-71 Bssl 8.0 051 ¢ - 47.1 5
71-91 Bss2 7.9 050 ¢ - 482 5
91-117  Bss3 8.1 047 ¢ - 51.4 5
117-138  Bssd 8.2 044 ¢ - 493 7
138-150 Bsss 8.1 049 ¢ . 49.6 7
Kondalaswamy: Fine, mixed, isohyoerthermic Typic Haplustalfs
0-15 Ap 6.0 0.39  scl 8 7.9 - All Agricultural Divisions
15-41 Btl 7.3 047  gse 15 12.8 -
41-70 B2 75 033 gc 20 14.7 -
Masanpalli : Loamy- skeletal, mixed,, isohyoerthermic Typic Haplustalfs
0-11 A 6.3 031  gls 15 2 - All Agricultural Divisions
11-24 Btl 5.7 0.27  gsl 35 3.8 -
24-36 B2 5.6 025 gscl 50 7.1 -
36-65 B3 5.1 033 g 60 13.3 -
Nagalgidda: Fragmental, smectitic, isohyperthermic Lithic Ustorthents
0-18 A 6.6 3.62 gc >90 41 - Narayankhed, Zaheerabad

Shankarampet, Ramayampet

Nemlimet : Loamy-skeletal, mixed isohyperthermic Paralithic Haplustalfs

0-13 A 5.9 0.67  gsl 25 4.4 - All Agricultural Divisions
13-28 Btl 3.5 0.48 gsc 35 124 -
28-48 Bi2 5.0 039 gc 45 18.8 %
Tadamanur : Fine, mixed isohyperthermic Typic Haplustepts .
0-12 Ap 8.8 082 ¢ - 25.8 9 All Agricultural Divisions
12-28 Bwl 9.0 051 ¢ - 28.4 9
28-45 Bw2 9.0 046 ¢ - 322 9
45-62 Bw3 9.1 035 ¢ - 313 10
62-83 Bek 9.3 011  ge 25 179 31
Uplingapur : Fine, mixed, isohyperthermic Rhodic Paleustalfs
014 A 59 028 s : o - All Agricultural Divisions
14-46 Bl 54 018 sc 5 6.5 -
46-96 Bi2 5.2 022 sc 10 8.3 -
96-130 BL3 5.7 0.16  gsc 15 9.6 -

130-150 Bid 5.7 0.12 sc 10 17 - J
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Available macro and micronutrient status

Available nitrogen

Data showed that nitrogen is low in 43.23 per
cent, medium in 37.34 per cent and high in 13.21 per
cent (Table 2) in soils. The soils with low to medium in
available nitrogen were extensive in Siddipet,
Zaheerabad, Ramayampet, Dubbak, Shankarampet,
Narsapur, Gajwel, and Andole-Jogipet agricultural divi-
stons and high available nitrogen in the parts of
Sadasivpet, Zaheerabad, Gajwel, Dubbak and to a lim-
ited extent in other divisions (Reddy er al. 2005). The
relatively high nitrogen content in these soils could be
attributed to more usage of nitrogenous fertilizer and also
organic manures under intensive cropping like irrigated
rice, sugarcane, commercial crops and vegetables.

Available phosphorus

The data showed that the major area (80.18%)
of the district is low in available phosphorus and (13.48%)

Table 2. Changes in soils fertility in Medak district

B. A. Dhanorkar et al.

as high. Almost all the soils in Siddipet, Narayankher,
Zaheerabad, Narsapur, Dubbak, Ramayampet, Medak,
Shankarampet and Gajwel divisions had low available
phosphorus (Table 2). Soils with high phosphorus status
were concentrated in Sadasivpet, Sangareddy and Andol—
Jogipet agricultural divisions. It might be due to increased
use of phosphate fertilizers under intensive agriculture
(Naidu er al.2002). i

Available potassium

Data indicated that 41.3 per cent area is grouped
under low, 50.9 per cent under medium, 2.75 per cent
under high (Table 2). Soils with low potassium were dis-
tributed in Sadashivpet, Zaheerabad, Sangareddy,
Narayankher, Dubbak, Siddipet, Narsapur, Ramayampet,
divisions and of medium potassium were found in Gajwel,
Medak, Siddipet, Narayankher, Ramayampet, Dubbak,
Zaheerabad, Andole —Jogipet and Shakarampet divisions.
Soils with high available potassium were found in Gajwel,
Andole-Jogipet and Dubbak divisions.

Divisions Nitrogen P20Os K0 Mandals
1990 2002 1990 2002 1990 2002
Sangareddy L M M H H L Sangareddy,Patancheru,
Ramchandrapuram
Sadashivpet L M L H H L, Kohir,Munipally,Sadashivpet, Kondapur
Zaheerabad M L 8 E H M Zaheerabad, Nyalkal, Raikod,
Jharasangam
Narayankhed L M I L H M Narayankhed, Kangati, Manur,Kalher
Mi~dak L M L L M M Medak, Kulcharam.Papanampet
Jogipe* L L L, L H M Jogipet, Pulkal Hatnur
Shankarampet L I L H M Shankarampet,Regode, Tekmal, Alladurg
Narsapur M M L L H M Narsapur, Shivampet, Kodipally,
Jinnaram
Ramayampet L L L L H M Ramayampet, Chegunta, Eldurti,
. Shankarampet
Siddipet L L L L H M Chinnakodur, Siddipet, Kondpak,
Nangnoor
Dubbak L L L I H M Dubbak, Tupran,Doulatabad, Mirdoddi
Gajwel L I L £ H M Gajwel, Wargal,Mulag, Jagdevpur

Naidu et al. (2002), Naidu et al. (2011)
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Table 3. Interpretation of soils for various uses
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Soils Lee» Descriptions Major constraint Present land use Suggested land use
Chitkul Mws-  Good to Impeded drainage, paddy, Bengal gram, sorghum,
Kadirabad Mws  moderately good slow permeability, sugarcane, maize, cotlon,
Kasireddipalli cultivable land for ~ high shrink swell sorghum sunflower, groundnul,

sustainable potential, severe sunflower soybean, black gram,
agriculture tillage problem, pigeon peu green gram as rainfed or
moderate (o strong maize rice, sugarcane, chillies,
salinity and flowers, vegetables.,
sodicity,, guava, banana,
low available N and turmeric, ginger
P
Chinnaloni Mes  Moderately good Shallow rooting Sorghum, Black gram, green
cultivable land for  depth, slow pigeonpea, gram, sorghum,
sustainable permeability, high chickpea, silvipasture under
agriculture shrink-swell sunflower, irrigated environment
potential, moderate safflower, green
erodability, low N gram , sesame
and P
Kondalaswamy Illes  Moderately good Rooting depth, sub-  Sorghum Castor, pearlmillet,
cultivable land for  surface gravelliness,  paddy, chillies,  black gram, green gram,
sustainable low available P sugarcane, Hort; jujube, custard
agriculture green gram apple, ramfal, drum
stick
Manasapalli MMMes-  Moderately to Very shallow to Ecalyptus Aforestation with
Nemlimet Ves  fairy good shallow rooting plantaions, improved forest trees
cultivable land for  depth, somewhat reserved forest
sustainable excessively drained,
agriculture strongly acid, low
available P
Nagalgidda Vles  Land not suitable Very shallow Pasture Pasture and grass land
for rooting depth, very development,
agriculture high surface and aforestation with
sub-surface cobbles, improved tree species.
moderate slope and
severe erodability,
low available N and
P
Tadamanur IIs Good cultivable Strongly alkaline,, Paddy, maize, Sunflower, black gram,
land for sustainable  high lime content, chillies, maize, cotton, sorghum,
agriculture moderately slow vegetables bengal gram, coriander,
permeability, low chillies, safflower,
available P soybean, guava, sapota,
banana, pomegranate
Uplingapur IMles  Moderately good Strongly acid, Red gram, Castor, bengal gram,
cultivable land for ~ moderate slope, sorghum, green gram
sustainable moderate sunflower,
agriculture erodability, low groundnut,
available P sugarcane,
paddy

*Land capability classification (LCC) based on criteria outlined by Klingebiel and Montgomery (1961). Suggested
land use based on Reddy et al.(2005) and criteria suggested by Naidu et.al. (2006).
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Long Term Soil Fertility Changes in the district

The data indicated that in the year 1990, all the
divisions had low available nitrogen (Table 2) except
Narsapur and Zaheerabad divisions. In the year 2002,
Sangareddy, Sadashivpet, Narayankhed and Medak
showed build up in available nitrogen which could be
attributed to more usage of nitrogenous fertilizers and
FYM under irrigated rice and sugarcane and commercial
crops in these divisions.

Available phophorous

The available phosphorous was low in all the
divisions of the district in the year 1990 except
Sangareddy division. Similar trend was observed in the
year 2002 in all the divisions except in Sangareddy and
Sadashivpet divisions which showed build up of avail-
able phosphorous. This may be attributed to increased
use of phosphatic fertilizers for irrigated rice, sugarcane
and commercial crops (Table 2),

Available potassium

The available potassium in the district was high
in all the divisions in (1990) except Medak division. Po-
tassium status after a decade (2002) showed depletion
trend in all the divisions. The possible reason attributed
to K depletion may be due to less use of potassic fertiliz-
ers by farmers (Table 2).

It has been observed that under the intensive
agriculture (Table 3) there is either stability or built up of
available nitrogen. There are no changes in available
phosphorus in most of the agricultural divisions except
Sangareddy and Sadashivpet (Table 2). Available potas-
sium showed decreasing trend in all the agricultural divi-
sions whether it is under intensive agriculture or rainfed
agriculture (Naidu et.al. 2011).

Based on potential and constraints of the soils
(land capability classification) and present land use, vi-
able land use plan has been suggested (Table 3).

B. A. Dhanorkar et al.

Conclusions

The present study concludes that in Medak dis-
trict majority of soils have moderate to good potential
for agriculture. Present and past fertility status in the soils
of the district warrants for modification in fertilizer rec-
ommendations which should be site-specific. Suggested
land use based on potential and constraints of the soil
would be helpful for getting economic returns. The above
information on soil resources and fertility status will pro-

vide database for district level planning.
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Need for developing user friendly soil maps: A case study of
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Abstract: To meet the clientele requirement, there is need for developing user friendiy
soil maps which is simpler and essy to comprehend. As a case study, soil map of Andhea

Pradesh with 238 soil map units as asscciztions of seil familics have been interpreted

ane regrouped into 15 soil management units (SM LU hased on atoresaid sool parameters

vz, soil texture, depth, clay content, drainage, presence ol gravel und calcium carbonate

and mincralogy. These 13 SMU require different management inpuis and conservalion

needs. The briel description of these management units sre described in an easily un-

derstandable formal for various users of soil resource maps ind soil survey roporta.

Additional key words: Soil meanagement imity, soll maps, user friendly, mapping wnits

Intreduction

S0l surveys provide a scientilic invenlery ol

goil respurees their charactoristics and distribution. The
prosent soil resource maps brought out by National Bu-
rean of Soll Survey and Land Use Planning (NBSS&LUP)
have o lengthy legend and highly lechnical with taxo-
nomic terms which are difficult to understand by the dif-
ferent users, Wumber of mapping units were minimum in
Manipur state (200, lollowed by Nagaland (363, Kerala
(38), Tripura (£3), Arunachal Pradesh (465, SikKim (69),
Acgary (84}, Himachal Pradesh (95), Karnataka (121),
Funjab {1243, Jammu and Kashmir {140), Odisha (159),
Bihar (175}, Haryvana (199, Andlra Pradesh (238, Tamil
Madu {285), Uttar Pradesh (321), Maharashora (356),
Gujarat (370), Rajasthan (373), and Madhya Pradesh
[undivided) (832), Scil information users and rescarch-

ers need a soil map with managealle numbers of map

units Lo undersland and develos management practicss
for diflerent crops. Tn this context, grouping ol similar
soils based on thelr management domain will beeoime
handy Lo users. With the advent of compuler technology
and the ability to process information rapidly, there is a
concerted effort by seientists o refine the techniques of
manipalating information, Laad resources and other re-
lated information together with a decision snpport sys-
ter, with proper spatial information, can be used more
specifically to infer the potentials of the lund sysiem
{Bouma ef el 1995), and consequently, the area can be
grouped into more homogeneous parcels of land, which
have similar management requirements. These are re-
ferred to as Soil Manazement Units (SMUs). Therefore,
an attempt has been made o translate the basic soil me-
source map of Andhra Pradesh into simpler wser friendly
soi] map that can be understood by all the intended

LACTS.



Developing user friendly soil maps

Materials and Methods

The soil map of Andhra Pradesh published by
NBSS&LUP (Reddy er al. 1996) had 238 map units
which represents 6 orders, 11 sub-orders, 18 great groups
and 26 sub-groups (Fig.1). On the other hand, user
friendly map (management domain map) was generated
based on the principles of similar soils (USDA 1975)

Table 1. User’s criteria for different interpretative purposes
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and common soil-site parameters (Table 1), referred by
different user’s (Naidu er.al. 2004), considering soil
depth, texture, drainage, gravelliness and calcareousness,
which affect the soil behaviour and management re-
sponses. The basic soil resource map at sub-group level
(Fig.1) and user friendly soil map (Fig. 2) with corre-
sponding legends are presented below for comparison.

Soil - site paramelters User Purpose
Soil texture, depth, clay content, drainage, Agronomists Crop planning/schedule of irrigation
presence of gravel in the sub-soil
Soil texture, soil reaction, presence of Agronomists and Fertilizer management and
calcium carbonate, mineralogy soil scientists recommendation

Drainage, salinity, sodicity, soil reaction
Soil depth, texture, drainage, depth and
presence of gravel & calcium carbonate
Soil depth, soil texture, drainage, clay
content & type, salinity, sodicity, depth of
gravel occurrence and slope

Foresters

Simple map and

casy understandable terminology Planners

Farmers

Horticulturists/

Engineers

Extension workers

Land reclamation
Plantation of forest spp. and horticultural

crops
Laying of septic tanks, underground
drainage for sewage disposal, civil

construction works & Roads and soil
conservation works
Transfer of farming technology.

Planning and implementation of different
programmes
Management of farm

Source: Naidu er.al. (2004)

Results and Discussion

The basic soil resource map of Andhra Pradesh
has 238 soil units described with lengthy legend and
highly technical soil taxonomic terms. The whole leg-
end runs into number of pages which discourages the
users. Hence, the anticipated demand for these maps is
found to be far less than the expected. Therefore a map
with 26 dominant soils (subgroup level) and correspond-
ing legend is illustrated to indicate merits and demerits
of basic soil map to different users (Fig.2).

Legend -Soil Map (Subgroup level)

1. Typic Paleustalfs: Deep, well drained, strongly acid
to neutral, loam to clayey soils on 3 to 10% slopes
with moderate erosion (8, 72,866 ha; 3.1% of TGA)

2. Rhodic Paleustalfs: Moderately deep, well drained,
slightly acid to neutral, gravelly loam to gravelly clay
soils on 3 to 10% slopes with moderate to severe
erosion (19,86,911 ha; 7.2%)

3. Kandic Paleustalfs: Very deep, well drained, slightly
acid to neutral, highly gravelly clay soils on 3 to 10%
slopes with moderate erosion (1, 58,099 ha; 0.6%)

4. Typic Rhodustalfs: Moderately deep to deep, well

drained, medium acid to neutral, gravelly loam to
gravelly clay soils on 3 to 10% slopes with moderate
erosion (21, 11,105 ha; 7.6%)

5. Typic Haplustalfs: Slightly deep, shallow to deep,
well drained , medium acid to neutral, loam to grav-
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10.

L1

16.

elly loam and gravelly clay soils on 1 to 10% slopes
with moderate-erosion (32,18,151 ha; 11.7%)

Paralithic Haplustalfs: Shallow, somewhat exces-
sively drained, gravelly clay soils on 33 to 50%
slopes (hill ranges) with severe erosion (3,35,737
ha; 1.2%)

Ustic Haplargids: Shallow to slightly deep, well
drained, gravelly clay soils on 3-10% slopes with
severe erosion (3,94.433 ha; 1.4%)

Ustic Haplocambids: Shallow to moderately shal-
low, excessively drained, gravelly clay soils on 8 to
15% slopes (hills and ridges) with severe erosion
(3,95,571 ha; 1.4%)

Ustertic Haplocambids: Deep, well drained, clayey
soils on 1 to 3% slopes with slight erosion (1,30,251
ha; 0.4%)

Typic Ustipsamments: Very deep, excessively
drained, neutral to mildly alkaline, sandy soils on 3
to 5% slopes (8,72,866 ha; 3.1% of TGA)

Typic Ustorthents: Deep, excessively drained, grav-
elly loam soils on 3 to 10% with severe erosion
(1,89,990 ha; 0.07 %)

. Lithic Ustorthents: Shallow, well drained, neutral,

clayey soils on 3 to 5% slopes with severe erosion
and stony surface here and there (12,36,770 ha;
4.5%)

. Paralithic Ustorthents: Shallow, somewhat exces-

sively drained, gravelly loam soils (hills and ridges)
with severe erosion (8,12,781 ha; 2.9 %)

. Typic Sulfaquepts: Deep, imperfectly drained,

strongly saline mangroves (63359 ha; 0.2%)

. Typic Tropaquepts: Very deep, poorly drained, cal-

careous clayey soils on 0 to 1 % slopes with shallow
water table (82,818 ha; 0.3 %)

Typic Haplustepts: Deep, well drained, clayey soils
on I to 3 % slopes with slight erosion (4,369,731
ha; 15.9 %)

19.

20.

22,

23

25,

L.G K. Naidu et al.

. Paralithic Haplustepts: Shallow, well drained, me-

dium acid to neutral, gravelly clay soils on 3 to 15%
slopes with moderate erosion (8,52,656 ha: 3.1 %)

. Lithic Haplustepts: Shallow, excessively drained,

gravelly loam soils on 3 to 10 % slopes with moder-
ate erosion (9,15,751 ha; 3.3 %)

Aquic Haplustepts: Deep to very deep, imperfectly
drained, mild to strongly alkaline, calcareous clayey
soils in valleys on 0-3% slopes (11,21,367 ha; 4.0%)

Vertic Haplustepts: Moderately deep to deep, mod-
crately well drained, moderately to strongly alka-
line soils on 0-3% slopes with moderate erosion
(21,86,462 ha; 7.9%)

. Typic Agriustolls: Moderately deep, somewhat ex-

cessively drained, gravelly loam to gravelly clay soils
on 33 to 50% slopes with severe erosion (5.53,735
ha; 2.0%)

Typic Haplusterts: Deep to very deep, moderately
well drained, moderately to strongly alkaline, cal-
careous/non-calcarcous soils on 0-3% slopes with
moderate erosion (22,24,534 ha; 8.0%)

Leptic Haplusterts: Moderately deep, moderately
well drained, calcareous soils on 1 to 3 % slopes
with slight erosion (3,77,084 ha; 1.3 %)

. Aridic Haplusterts: Very deep, moderately well

drained, calcareous soils on undulating lands with
moderate erosion (32,585 ha; 0.1 %)

Chromic Haplusterts: Deep to very deep, moderately
well drained, calcarcous soils on 1 to 3 % slopes
with slight erosion (3,18,327 ha; 1.1 %)

. Entic Haplusterts: Very deep, moderately to imper-

fectly drained, calcareous/non calcareous soils on 1
to 3 % slopes with shallow water table (95,780 ha;
0.3 %)

. Rock lands (19,66,877 ha; 7.1 %)
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Fig.1. Soil map of Andhra Pradesh (sub-group level)

Overall, the extent of use of maps by different
users has been found to be at minimal. Because the soil
legend at sub-group level is very generalized at a higher
level of soil classification wherein soil units 1, 2, 4, 21
had soils with textural variability. Similarly, soil units 4,
5.7, 8, 19 had different depth classes. In soil unit 22 and
26, calcareous and non-calcareous soils are clubbed.

Therefore, the utility of soil map got restricted. To over-

come these limitations, the basic soil map (238 units)
was re-grouped considering the principles of similar soils
and user’s set of criteria for different purposes into 15
soil management units (Fig. 2), which are easy to com-

prehend by the users.

The details of user friendly soil map and associated leg-

end is described below.
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Legend — User friendly soil map(Resource marn- Colluvio-alluvial clay seils: Moderately shallow

agement domain, to deep, welldrained, neutral to mildly alialine,

Coastal sandy soils: Very deep, excessively drained,
neutral Lo mildly alkaline, sandy soils (Typic
Ustipsamments) occurring on gently sloping sand

dunes all along the coast

Red shallow gravelly Toam soils: Very shallow to
shallow, sumewhat excessively drained, slightly acid
te neutral, gravelly loam seoils (Loamy-skeletal
Paralithic Ustorthents) oceurring on moderately to
strongly sloping hills and ridges

Red gravelly loam soils: Moderately deep o very
deep, well drained, slightly acid to neutral, gravelly
loam soils (Loamy-skeletal Rhodic Paleustalfs/Typic
Haplustalfs/ Ehodustalfs) on moderately sloping

lamds

Red loamy soils: Deep to very deep, well drained,
medium acid to reutral, loamy scils (Fine-loary
Typic Haplustalfs/Typic Paleustalfz) in valleys on
very geolly sloping plains

Red shallow gravelly clay seils; Shallow, well
drained, slightly acid to neutral, gravelly clay soils
iclayay-skeletal, Lithic Haplustepts/Rhodustalfs) on

gently o moderately sloping lands

Red gravelly clay soils: Moderately decp, well
drained, slightly acid to neutral, gravelly clay soils
iClayey-skeletal Typic Rhodustalfs/Haplustalfs/
Ehodic Paleustalis) on gently to moderately sloping

lands

Red clayey soils; Moderutely decp to very deep,
welldrained, medium acid to neutral, clayey soils
(Fine Typic Rhodostalts/HaplustalisPalevstalfe) on
sently o moderately sloping lands

clayey soils (Fine Twpic Haplustepts) in valleye)/
plains

Colluvio-alluvial calcareous clayey soils: Decpto
very deep, imperfectly drained, mild Lo strongly al-
kaling, calcareous, clayey soils (Fine Aquic/Typic

Haplustepts) cccurring on ncarly level valleys

Shallow black soils: Shallow, well drained. neuial,
clayey soils {Clavey, smectitic, Lithic Ustarthents)
occurring on gently sloping lands with stony surface

n patches

Deep black soils: Desp to very decp, moderately
welldrained, moderately o strongly alkaline, crack-
ing clay soils (Very-fine/line Typic Haplusterts!
Vertic Haplustepts} in nearly level valleys and very

gently sloping plains

Deep caleareous black soils: Decp to very deep,
moederately well degined, moderately to strongly al-
kaling, soils (Verv-linaTine Typic HaplustersVertic
Haplustepts) in nearly level vallews and very gently

sloping plains

Lateritic soils: Very deep, well drained, slightly acid
to neutal, gravelly (elay soils (Clayvey-skeletal, ka-
ulinitic Typic HaplustalfsfKandic Paleustalls) ocour-
ring on gently sloping plains/very gently sloping pla-

teaus

Red, calearcous elayey soils: Moderately deep to
deep, well drained, caleareous, clayey soils (Fine
Typic Haplustalfs/Typic Paleustalfs) on very pently
cloping pluins

Rocky lands
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Fig. 2. User friendly soil (Resource management domain) map of Andhra Pradesh

Conclusions

From the study, it can be concluded that user
froendly soil map has less number of soil units (15 ) as
compared to the basic soil resource map (238 units) and
the mapping units are simple and easily understandable
language for all categories of users.
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Widespread deficicncy of microntrient cations
has been observed in different disiricts of eastern Uttar
Pradesh (Singh et al 2009}, Rice-wheat is a dominant
cropping system in the Indo-Gangetic plains. [ncreased
production of crops per unit ares per unit tme atilizing
high vielding varisties that require high input of micro-
nuirients has accentuated micronutrients deficiency in
soils. Availability of micrenurrients is influenced by their
distribution in seil and other physico-chemical proper-
ties of anil (Sharma and Chawdury 2007). Thus, knowl-
edge of status o micronutrienl calions and their relation-
ship with soil characteristics is helpful in understunding
the inherent capacity of soil to supply these nuirients for
crop utilizadon, Therefore, present investigation waos
underiaken in five important rice-wheat growing districts
ol eastern Ultar Pradesh and their relation with impor-
rant seil physico-chemical properties,

Aboul 290, 352, 506, 251 and B5 composite
surfuce seil samplhes (0-15 cm) from Varanasi, Taunpur,
Garipor, Chandacli and Bhadohi, respectively belong-
ing to Udic Halustepts (dominant} and Halaguepts,
Haplaquepts, Fluvaquepts and Vertic Haplostepts were
collecied, The soils were sundy loam to sandy elay loam
in dexture. The important charaeleristics of soil viz. pH,
EC, organic carbon and CaCO, were determined by fol-
lowing standard procedure {Jackson 1973). The avail-
able Cu, Fe and Mn were extracted vsing di-ethylene tri-
aming penta-aeitic ucid (DTPA) (Lindsay and Noevell
1978} and their concentration was determined using

Alomic Absorplion Speclrophotometer (Model,
UNICAM-69), Simple cormelaton was carried oul be-
tween micronutrient contert and different soil properties
as per procedure given by Panse and Sukhatme 01961

The soil physico-chemical properties are pre-
sentcel in {Table 1), The data (Table 1) indicated that
DTPA- Znin soils of Varanasi ranged from (010 1o 4.5
mg kg with o mean value of 0.76 mg kz'. There was a
positive correlation berween available Zn and wzanic
carbon (1=0.064). The DTPA-Zn decreased with increase
in pH due (o formation of calcium zincate in presence of
high CaCO, content (Bansal and Takkar 1985). Conzid-
ering 0.6 Zn mig kg' as the erilical level of zine defi-
ciency (Takkar and Mann 1975), 38% soil samples had
DTPA-Zn below 0.5 mg kg, The DTPA-Cu in the
Varanasi soils varicd between 0.6-5.7 mg kg with the
mean value 2.22 mg kg (Tuble 1) The soil samples had
DTPA-Cu maore than critical level (0.2 mg kg The
DTPA-Fe in soils varied from 2.5 to 1056 mg ke with a
mean value of 28,84 mp kg, Only 146 soil samiples had
DTPA-Fc below 5 mg kg, 105 between 5 and |0 mg
kg and others more than 10 mg kg'. The DTEAM: in
soils of Varanas varied from LO-61.6 mg kg with 2 mecan
value 1562 mz kg ', Considering 1.0mg kg' as critical
level of Mn deficiency (Lindsay and Morwell 19783, all
soil samples had suflicient amounts of availuble Mn. The
LTPA-Mn was non-gignilicantly corralated with pH, BC
and CaCO, and positively correluted with organic cur-

bon content,
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Table 1. Important physico-chemical properties of the soils in different districts of eastern Uttar Pradesh
Soil Varanasi soils Jaunpur soils Ghazipur soils Chandauli soils Bhadohi soils
properties  Range  Mean  Range Mean Range  Mean Range Mean Range Mean
pH (1:2) 6.5-9.2 7.67 6.2-9.8 7.99 6.59.3 7.90 6.3-10.5 7.72 6.6-10.90 7.87
EC 0.10-2.20 0.27  0.15-0.53 0.28 0.04-0.82  0.29 0.03-1.18 0.30 0.05-0.98 0.21
(dSm™)
0.C. 1.0-8.4 4.5 3.2-6.9 49 0.5-13.2 4.5 0.5-8.3 29 1.6-7.2 4.9
(gkg™)
CaCO, 0.50-12.5  4.19 0.83-7.60 4.42 0.50-17.0  4.87 0.50-15.5 4.54 2.0-10.0 6.27
(%)
DTPA-Zn  0.10-4.5 0.76 0.20-2.8 1.16 0.10-9.2 1.69 0.30-5.4 1.38 0.30-2.9 0.93
(mg kg™
DTPA-Cu  0.60-5.7 2.22 0.60-7.3 2.20 0.10-10.5 274 1.30-10.7 4.28 1.2-7.8 3.07
(mg kg
DTPA-Fe 2.5-105.6 29.84 3.2-202.] 4547  5.0-141.7  41.21 10.0-197.6 73.72 5.8-161.2 4294
(mg kg'")
DTPA-Mn 1.0-61.6 1562  1.4-1144 17,70 6.0-98.30  32.76 1.5-85.5 40.12 6.5-83.6 37.38

(mg kg™

The DTPA-Zn in soils of Jaunpur district ranged
from 0.20 to 2.8 mg kg' with a mean value of 1.16 mg
kg (Table 1). There was a positive correlation between
DTPA-Zn and organic carbon (r=0.054). Nearly 21% soil
samples were found below the critical level of zinc and
42% and 35% were between 0.5-1.0 and 1.0 to 2.5 mg
kg, respectively (Table 2). The DTPA-Cu in the Jaunpur
soils varied between 0.60-7.3 mg kg™ with the mean value
2.20 mg kg'. The mean value of available Cu was much
higher than critical level 0.2 mg kg'! (Follotte and Lind-
say 1970). The DTPA-Fe in the soils varied from 3.2 to
202.1 mg kg'. Considering 4.5 mg kg' DTPA-extract-
able Fe as the critical level (Lindsay and Norvell 1978),
about 4% soil samples of Jaunpur district were deficient
in DTPA-Fe. The mean of DTPA-Mn was 17.70 mg kg™,
Three per cent soil samples had DTPA-Mn below 5 mg
kg! and remaining 20% between above 5 and below 10
me kg,

DTPA-Zn in soils of Ghazipur district ranged
from 0.10 t0 9.2 mg kg' with a mean value of 1.69 mg
kg (Table 1). Nearly 16% soil samples were deficient,
37% marginal and 47% sufficient in available Zn con-
tent in these soils. Singh et al. (2009) reported that DTPA-

Zn was affected by organic carbon content. A negative
relationship was observed with pH indicating that avail-
ability of Zn decreases with increase in soil pH. A major-
ity of soils samples had DTPA-Cu between 1.0 - 2.5 mg
kg (Table 2). Nearly 1% soil samples contained Cu be-
low 0.5 mg kg™'. The DTPA-Cu in soils of Ghazipur dis-
trict exhibited a positive correlation (r=0.048) with or-
ganic carbon (Table 3). The DTPA-Fe content in soils
varied from 5.0 to 141.7 mg kg'!'. About 83% soil samples
contained >20 mg kg DTPA-Fe. The DTPA-Mn in soils
varied from 6.0-98.30 mg kg' with a mean value 32.76
mg kg'. Majority of soil samples (98%) contained Mn
>10 mg kg''.

Available Zn in soils of Chandauli district ranged from
0.30 to 5.4 mg kg with a mean value of 1.38 mg kg’
(Table 1) and positively correlated (r0.056) with organic
carbon content (Table 3). About 47% soil samples had
DTPA-Cu ranging from 0.5-1.0 mg kg'. The DTPA-Cu
in Chandauli soils varied from 1.30 to 10.7 mg kg and
94% soils samples had available Cu>2.5 mg kg'. DTPA-
Fe varied from 10.0 to 197.6 mg kg with a mean value
of 73.72 mg kg™
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Table 3. Correlation coefficients of available cationic micronutrients with soil properties

Mic.rn- Varanasi soils Jaunpur soils
nutrients
pH EC OoC CaCOy pH EC ocC CaCO,
Zn -0.016 -0.068 0.064 -0.062 -0.032 -0.038 0.054  -0.054
Cu -0.058 0.181 0.010 -0.046 -0.062 -0.162 0.102  -0.054
Fe -0.182 0.032 0.076 -0.026 -0.168 -0.086 0.124  -0.072
Mn -0.168 -0.102 0.038 -0.082 -0.132 -0.108 0.136  -0.128
Ghazipur soils Chandauli soils
Zn -0.086 -0.076 0.182 -0.142 -0.048 -0.106 0.089  -0.046
Cu -0.032 -0.154 0.048 -0.068 -0.018 -0.129 0.014  -0.059
Fe 0.132 0.068 0.186 -0.104 -0. 105 -0.016  0.056 -0.186
Mn -0.146 -0.134 0.189 -0.067 -0.042 -0.056 0.036  -0.076
Bhadohi soils
Zn -0.104  -0.089 0.162 -0.122
Cu -0.082 -0.146 0.068 -0.168
Fe 0.162 0.088 0.146 -0.094
Mn -0.148 -0.164 0.169 -0.107

39

The DTPA-Zn in the Bhadohi soils varied from
0.3 to 2.9 mg kg' with the mean value 0.93 mg kg
Nearly 15% soil samples were deficient in Zn content
whereas, 55% were below the sufficiency. DTPA-Cu in
Bhadohi soils ranged from 1.2 to 7.8 mg kg'' with a mean
value of 3.07 mg kg (Table 1). There was a positive
correlation between available Cu and organic carbon
(r=0.064). The majority of soil samples (69%) had DTPA-
Cu above 2.5 mg kg'. The DTPA-Fe content varied from
5.8 to 161.2 mg kg' and DTPA-Mn varied from 6.5-
83.6 mgkg!' (mean value 37.38 mg kg'). Nearly 99% of
the sample had DTPA-Mn above 10 mg kg™' (Table 1).
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Micronutrients are important for maintaining
soil and crop health and also for increasing productivity
of crops (Rattan et al. 2009). Increased removal of mi-
cronutrients as a consequence of adoption of high yield-
ing varieties (HY'Vs) and intensive cropping caused de-
cline in the level of micronutrients in soil. The present
study highlighted the influence of soil properties on the
availability of zinc and iron in soils of Banswara district,
Rajasthan.

The Banswara district of Rajasthan is quadran-
gular in shape and undulating in nature. The central and
western plains are cultivated. The temperature varies
between 25°C to 45°C with mean annual rainfall of 972
mm.

Five hundred composite surface soil samples (0-
15 cm) from cultivated lands were collected from 125
villages located at different locations in Banswara dis-
trict. The dominant crops are sorghum, maize, soybean,
castor and cotton in kharif season and wheat, mustard,
barley, gram and poppy in rabi season.

Soil pH was measured in 1:2 soil water suspen-
sion using glass electrode pH meter. Electrical conduc-
tivity was measured in 1:2 soil water supernatant solu-
tions with the help of conductivity bridge (Jackson 1973).
The organic carbon was determined by rapid titration
method (Walkley and Black 1934) and CaCO, by rapid
titration method (Puri 1930). The available Zn and Fe in
soil samples were extracted with DTPA (0.005 M DTPA
+0.01 M CaCl,+0.1 MTEA, pH 7.3) as per the method
described by Lindsay and Norvell (1978) and the con-
centration of Zn and Fe in the DTPA-extract was deter-

mined using atomic absorption spectrophotometer.
The physical and chemical properties of soils

(range and mean) have been given in table 1.

Table 1. Physical and chemical properties, Zn and Fe
status of soils

Soil characteristics Range Mean
Sand (%) 10.2-77.1 315
Silt (%) 7.0-50.9 29.9
Clay (%) 10577 32.4
pH 7.01-8.17 7.50
EC (dSm™) 0.34-0.79 0.56
OC (gkgh) 3.33-9.93 6.65
CaCO; (gkg) 4.0-71.0 26.61
EC cmol (p*) kg™ 6.0-40.0 20.77
DTPA-Zn 0.40-2.27 0.81
DTPA-Fe 2.17-2845  10.19

Data on DTPA-Zn in soils indicated that 33.2
per cent soil samples were deficient, 51.2 per cent mar-
ginal (0.6 to 1.2 mg kg' ) and 15.6 per cent adequate
(>1.2 mg kg'' ) against the critical limit of 0.6 mg kg’
(Singh er al. 2003). The available Zn increased with
increase in organic carbon (r = 0.719%%), silt (r=0.077)
and CEC (r=0.012) and decreased significantly with an
increase in CaCO, (r=- 0.556**) and pH (r=-0.348%%).

DTPA-Fe ranged from 2.17 to 28.45 mg kg™
Considering 4.5 as the critical limit suggested by Singh
et al. (2003), 1.4 per cent soil samples were deficient (<
4.5 mg kg™), 23 per cent samples were marginal (4.5 to



T3 mg kg 'y and 756 per cent were adequate (> 7.5 mg
kg'}. The available Fo increascd with increase inclay (¢
= (1.066] and organic carbon (r=0,634**) but decreased

R. 8. Meena and A. k. Mathor

significantly with an increase in CaCQ, fr = 04 1{##)
content (Table 23,

Table 2. Correlution between soil propertizs and availuble micronutmients (Zn and Fe)

Sotl characteristics

Available micronutrients

n Fe

Sand D116 0.034
Silt 0.077 0.013
Clay 0.103° 0.066
pH 0. Adg -0, 160 =
EC 0.055 n023
( )7 1ok (.634+s
CaCO, -0.556%% 0.4 100
CEC 0012 D.oad

4 Significant al 3 per cent level and * Significant ac 1 per cent level
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Increased production of crops per unit time uti-
lizing high yielding varieties that require larger input of
macronutrients has accelerated micronutrient deficiencies
in soil. During 1990-2000, a conventional soil survey was
conducted in erstwhile Cuddalore district (Cuddalore and
Villupuram) indicated that 67.0% of the soils of the dis-
trict were deficient in Zn, 4.0% in Cu and 26.0% in Fe.
The present research work was taken as an effort to re-
evaluate the micronutrient status of Cuddalore district of
Tamil Nadu with the help of GIS and GPS techniques and
their interrelationships with soil characteristics.

Cuddalore district (78" 42' to 80°12' E; 12227
30" to 11°10'45" N) in Tamil Nadu is bounded on north
by Villupuram district, on the south by Nagapattinam
district, on the west by Perambalur and Villupuram dis-
tricts and on the east by Bay of Bengal. It comprises of 6
taluks, 13 blocks and 647 village panchayals covering
an area of 3643.04 Sq.km. Soils of the district are mostly
red loamy to red sandy but black cotton soils are also
observed in few blocks towards north-west. Soil samples

were collected at block level using available maps and
their locations were recorded using GPS technique. Three
soil samples from each village (647 villages) were col-
lected from different blocks, processed and analyzed for
pH and EC by employing the method given by Jackson
(1973), organic carbon by Walkley and Black (1934),
calcium carbonate by Piper (1966).The DTPA-extract-
able Fe, Zn, Mn, and Cu were extracted with dicthelene
tri-amine penta-acetic acid (DTPA) solution (Lindsay and
Norvell 1978) and analysed with the help of atomic ab-
sorption spectrophotometer. The thematic maps were
prepared using a vector based GIS software package
ArcGIS9.2.

Data showed that the pH of the surface soils
varied from 4.4 - 9.3 (Table 1), whereas, electrical con-
ductivity were found to be normal (< 1.0dSm™), barring
few pockets. The soils were low to high in organic car-
bon content (0.06-1.66 per cent) with a mean of 0.56 per
cent and calcium carbonate content varied from 0.99 -
18.00 per cent with a mean of 8.17 per cent (Table 1).

Table 1. Range and mean values of physico-chemical properties of soils

Block Name pH EC (dSm™) OC (%) CaCO; (%)
Range Mean Range Mean Range Mean Ranage
Bhuvanagiri 6.30-8.40 020  0.04-0.52 072  0.38-1.07 735  2.0-14.0
Keerapalayam 5.80-8.60 038  0.04-3.62 0.59  0.09-1.10 9.79  2.0-15.0
Kumaratchi 4.80-8.40 0.15 0.03-0.50 080  0.32-1.16 7.62  0.99-16.0
Parangipettai 5.10-9.20 0.70  0.07-6.24 0.58  0.12-1.10 9.08 3.0-15.0
Cuddalore 4.60-9.30 026  0.05-1.51 0.58  0.12-1.19 8.87  2.0-15.0
Kurinjipadi 4.85-8.36 025 0.05-3.03 0.66  0.07-1.66 8.65 2.0-17.0
Kattumunnarkoil 5.70-8.30 026  0.04-1.23 0.49 0.09-1.04 6.86 1.0-14.0
Annagramam 6.15-8.92 0.21 0.06-1.07 0.52 0.17-0.90 9.52  4.0-18.0
Panruti 4.46-8.99 028  0.06-0.96 052 0.17-084 716 2.0-16.0
Mangalore 4.40-7.90 0.14  0.05-046 0.56  0.06-0.99 8.93 2.0-15.0
Nallur 5.10-8.40 042  0.05-599 0.40  0.06-0.81 920 2.0-15.0
Kammapuram 6.20-8.30 030  0.02-1.44 0.41 0.09-0.81 5.80 1.0-14.0
Vridhachalam 6.80-8.50 0.33  0.06-5.09 0.50  0.12-0.93 6.55 1.0-14.0
Overall district 44-93 030  0.02-6.24 0.56  0.06-1.66 8.17  0.99-18.0
SD 0.90 0.49 0.23 3.29
CV (%) 12.40 163.58 41.19 40.31




44

The DTPA-Fe varied from 1.04 to 137.80 mg
kg with a mean of 26.20 mgkg™"  (Table 2). Consider-
ing 4.5 mg Fe kg ' as critical limit for Fe deficiency (Lind-
say and Norvell 1978), 11.92 % of samples were found
to be deficient dominantly in Annagramam block. DTPA-
Fe was negatively correlated with pH (r= -0.349%*),

Available Mn ranged from 0.86-127.51 mg kg’

Table 2. Range and mean values of micronutrient cations

Rashmi Baruah er al.

"'with a mean value of 19.44 mg kg™'. Kurinjipadi block
had the highest as well as lowest value of available Mn.
Based on threshold value of manganese deficiency (Lind-
say and Norvell 1978), only 0.53 % samples were found
to be deficient. Mn showed negative significant relation
with pH (r=-0.234*%), and CaCoO, (r=-0.159**), but posi-
tive correlation with OC (r=0.313%%),

Micronutrients (mg kg™)

Block Name Fe Mn Zn Cu
Mean Range Mean Range Mean Ran ge_ Mean Ranage
Bhuvanagiri 26.80  3.15-80.80 13.68 3.42-33.51 080 034-1.66 173 0.56-6.18
Keerapalayam 3372 5.34-70.07 2093 13.01-43.64 149 050-3.74 523  1.29-10.11
Kumaratchi 2447 502-52.13 1034 3.16-2523 113 0.17-438 163  0.30-4.44
Parangipettai 34.74 4.56-112.72 23.50 2.52-4890 1.19  022-3.54 405 0.26-10.28
Cuddalore 30.94 2878061 1230 190-1533 234 090741 222  0.18-7.63
Kurinjipadi 40.06 1.64-111.46 3856 0.86-127.51 275 041895 116  0.07-3.71
Kattumunnarkoil 1569  2,64-38.02 1240 2.49-3648 0.89 0.16-2.56 155  0.38-5.43
Annagramam 944  192-51.76  39.63 19.80-47.30 255 091-195 173  027-7.74
Panruti 3289  4.09-83.21 1698  1.08-2647 151 025-371 453 0.50-9.72
Mangalore 33.11  5.83-102.60 17.01 3.32-4544 129 034-566 134  042-3.24
Nallur 2379 1.04-137.80 19.35 1.04-51.01 124 025-541 147  0.50-6.64
Kammapuram 1724  624-3642 1497 3.17-33.33 106 020-5.06 163  0.68-9.24
Vridhachalam 1521  3.76-42.60 12.51 2903542 103 020-636 160  0.65-4.26
Overall district  26.20  1.04-137.80 1944 0.86-127.51 148 0.16-195 226  0.07-10.11
Deticmiey (%) 11.92 0.53 49.92 32.19
SD 21.94 12.43 1.17 1.90
CV (%) 83.73 84.11 63.93 79.09

DTPA-Zn in Cuddalore district was low (0.16
to 11.95 mg kg™'). Considering the critical value for zinc
deficiency as 0.6 mg kg ' (Lindsay and Norvell 1978),
about 50% samples were found to be deficient (Table 2).
DTPA-Zn significantly positive and correlated with pH
(r=0.159%*) and OC (r=0.201%%).

DTPA copper ranged from 0.07 to 10.11 mg
kg "' with a mean value of 2.26 mg kg'. Considering (.2
mg kg' as critical limit of copper deficiency (Lindsay
and Norvell 1978), 32.19% samples were found to be
deficient (Table 2). DTPA-Cu has non-significant nega-
tive correlation with pH (r=-0.015) but positive correla-
tion with CaCO, (r= 0.118**).
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Avallable Cu status of Cuddalore district
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Fig 5. Available copper in Cuddalore district (at block level)

GIS-aided mapping of soil micronutrients

Based on soil micronutrients data obtained from
different parts of Cuddalore district thematic maps for
DTPA-extractable Fe, Mn, Zn and Cu were prepared us-
ing Arc GIS9.2 software (Fig. la, 1b, 1c, 1d).

The spatial distribution of micronutrients in
Cuddalore district indicates that maximum area is deli-
cient for zinc followed by copper barring Kurinjipadi and
Cuddalore for Zn and Keerapalayam and Panruti for Cu.
Tn case of Fe and Mn, Cuddalore district is sufficient ex-
cept few pockets of Annagraman and Nallur for Fe and
Kurinjipadi for Mn.
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French bean is an important vegeluble-cum
pulse crop of India, With increasing cropping intensity
and irrigation facilities, soil test-based fertilizer applica-
Lion s imperative to obiain good yiclds of the crop. A
nuerber of K exiractants have been used from time 1o
time toaszess quantitatively the available K in soils bus
none of these has been Tound o be widely applicable
{Prakash and Singh 1983). Review indicated that | N
neatral NH OAc provided a good estimate of the avail-
ability of soil K o plans (Tohnston and Groundling 1990),
However, for rational and judicions use of ferlilizer a
souned scil esting programme is necessary hased on crili-
cal limits, Such information i lecking for french bean
(Phasealus vulgaris ev, Contender) which 15 an impor-
cant pulse crop of Manipur stule, Thercfore, the present
stuety aims to find the most suilable extraciant o mea-
sure the availabiliey of K to french bean grown in acid
soils and also w determine critical limits of available K
in soil and plant.

Twenly five bulk soil samples (0-15 cm) were
collected from five districts of Manipur, The physical and

Table 1. Physical and chenical characteristics of the soils

chemical charucteristios of these soils (Table | ) were de
terminad by standard methods (Tackson 1973 Khanna
and Yaduy 19749; Chopra and Eanwar 1976, The avail-
able K was determined by different extractants (Table
2). Two and halfl kilograms of soil were filled in earthen
pots and K was applicd @ 50 and 70 kg K,0 ha ' through
MOP. There were lwelve treatments (to extract K repli-
cared thrice ina randomized desizn. A basal dose of 60
17,5 kg NP har! weas applicd in the form of urca and 551,
Freach bean cv. Contender seeds were sown and thianed
to three plants after ten days, The plots were irmiguted
with distilled wuter as and when required. The crop was
harvested at 40 days aflter sowing along with the roots,
The plant samples were washed in waler and dried in
oven at 653" C for 48 hours and dry mater vield was re-
corded, The camples were then powdered and requisice
quantites of the same were digested i nitie-salphuric-
perchlorie acid mixture and K in the digest wis sstimated
using flame photometer. Critical limits of soil and plant
werz worked out by the graphical procedure of Cate and
Melson {1965).

Sl characteristics

pH
EC (dSm™)

Organic carhon (g l-:g"}
Total N (%)

Avuilahle N (kg ha'')
Anailuble PaOs (kg ha ')
CEC [cmol (p) kg™
Ca [emol (p™) ke

Mg [emol (p™) kg

Sile (%)
Clay (%)

Mean Range
= 404 G611
(.23 006 - 095
15,00 G.90-21.90
(.23 010 =036
30482 92,03 - 542,20
16,50 7.86- 3292
19.61 D00 -3940
i6l 1.0 =705
342 1.00 - 7.90
22497 11.84 - 34.00
40,59 19.0: - 74 32
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Extractants Ratio Shaking time Reference

IN NH,OAc 1:5 30 min, Woodruff and Mc Intosh 1960)
0.01M HCI Ji2 30 min, WoodrulT and Mc Intosh (1960)
0.13M HCI 1:5 1 min. Woodruff and Mc Intosh(1960)
0.75M HClI 1i3 5 min. Jaworskin and Barber (1959)
1N HNO; 1:10 10 min.boiling Wood and De Turk (1941)

6M H,S0, 1:10 30 min. Hunter and Pratt (1957)
Morgan’s reagent (pH 7) 1:2 1 min. Morgan (1941)

0.5M NaHCO; (pH 8.5) 1:20 30 min. Olsen et al (1954)

Modified Olsen’s reagent (0.5M 1:20 30 min Olsen et al (1954)

NaHCO; + 0.01M Na-EDTA)

Distilled waler 1:10 30 min, Mac Lean (1960)

0.5M HOAc 1:20 Kept over night Mac Lean (1960)

1M NaOAc (pH 7) 1:5 5 min. Mac Lean (1960)

The available K obtained by different
extractants varied widely (Table 3). Based on the mean
values of extractable K, the extractants were arranged in
the order : IN HNO, > 6M H,SO, > 0.75M HCl > IN
NHJOAC (pH7.5) > Modified Olsen > 0.5M HOAc >
0.5M NaHCO, (pH3.5) > 1M NaOAc (pH7.0) > Moran’s
reagent > 0.13M HCI > 0.01M CaCl, > distilled water.
The 1N HNO, extracted more K than other extractants.
The quantity extracted by 1N HNO, which comprised
the non-exchangeable form as well, was higher than that
obtained with weak acid and K adsorbed on exchange
sites. This showed that strong acid solutions preferably
non-chlorides extracted more amount of K than the weak
acid solutions (Rathore er al. 2000, Bedi et al. 2002).

Distilled water and 0.01M CaCl, extracted 18.3 mg kg'!
and 22.4 mg kg™, respectively.

Among the different K availability indices, K
extracted by 1N NH,OAc showed significant relation-
ship with uptake parameters but 0.13M HCI did not show
significant relationship with all the plant parameter ob-
served. The sequence of K availability indices as showed
by correlation studies (Table 4) was in the order: 1N
NH,OAc (pH7.0) > Modified Olsen reagent > 0.5M
HOAc > 0.5M NaHCO, (pH 8.5) > 1M NaOAc (pH 7.0)
>0.01M CaCl, > 0.75M HC1 > 6M H,SO,> IN HNO, >
Morgan's reagent> distilled water > 0.13M HCI (Table
5) as also was reported by Kumar ef al. (2004) in acid
Alfisols of Chhotanagpur plateau in Jharkhand.



Table 3. Potassium extracted by various methods (mg kg'')

Herojit Singh Athokpam et al.

Extractant Range Mean
IN NH,0Ac 90.0-195.0 137.4
0.01M CaCl, 9.4-428 22.4
0.13M HCI 16.8 - 39.0 26.3
0.75M HCI 90.8 - 368.0 183.5
IN HNO; 250.0 - 562.5 380.0
6M H,S0, 126.0 - 380.0 228.9
Morgan’s reagent (pH7) 18.3-48.5 30.8
(0.5M NaHCO; (pH8.5) 60.0-121.0 81.9
Modified Olsen’s reagent (0.5M NaHCO; + 0.01M 62.0-163.0 105.8
NaEDTA)

Distilled water 9.0-27.0 18.3
0.5M HOAc 72.0-154.0 104.3
IM NaOAc (pH7) 30.0-95.0 58.7

According to graphical procedure of Cate and

Nelson (1965), the critical limit of soil K ranged from 26
ppm to 400 mg kg™ depending upon the methods of K
extraction. A high degree of correlation existed between
IN NH,OAc extractable K and Bray's per cent yield
(Table 4) and it indicated (Fig.1) that 145 mg™ is the crili-
cal limit of available K in these soils. A soil was consid-
ered as non-responsive to K application when the Bray’s
per cent dry matter yield was more than 84 (Sharma and
Singh 1990) and hence soils having less than 145 ppm
100 -
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70 A .
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40 -
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20

10 4

of IN NH,OAc-K responded to K application. Thus, on
the basis of the I1N NH,OAc-K and dry matter yield of
french bean, the soils were divided into three groups, i.e.
deficient (<145 ppm K), marginal (145 - 160 ppm K)
and adequate (>160 ppm K). Accordingly, 8, 15 and 2
soils can be rated as deficient, marginal and adequate in
K supplying capacity in the studied soils. This categori-
zation clearly indicates an increase in the average dry
maltter yield of plant with an increase in available K sta-
tus of soil in the control treatment.

0 T T T
0 25 50 73

T ¥ I i

100 125 150 175 200

1N NH,OAc-K (mg kg™)
Fig.1. Relationship between soil K and relative yield of french bean
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Table 4. Simple correlation co-efficient between the different forms of potassium and yield parameters of french bean

No. Extractants Dry matter K content K uptake Bray’s % Bray’s %
yield (control) (control) yield uptake
(control)
1. IN NH,OAc (pH 7) 0.869%* 0.812%% 0.849%* 0.869%* 0.821%*
2 0.5M NaHCO; (pH 8.5) 0.718** 0.609%* 0.690%* 0.665** 0.601%*
3 Modified Olsen’s reagent 0.805%* 0.705%* QTTIHE 0.706** 0.624%*
4. Morgan’s Reagent 0.569+* D:527+" 0.566%* 0.481* 0.440%
5. 6M H,S0, 0.549%* 0.504%* 0.542%+%* 0.580%* 0.528%*
6. 0.01M CaCl, 0.671%%* 0.576%* 0.649+* 0.626%* 0.556%*
7. 0.75M HCI 0.656** 0.599%% 0.664%* 0.614%* 0:572%*
8. IM NaOAc (pH 7) 0.661%* 0.627%%* 0.663%* 0.64 3% 0.657**
9. IN HNO; 0.437* 0.426% 0.427* 0.489* 0.384
10. 0.5M HOAc 0.687%* 0.610%* 0.664+* 0.667** 0.549%%*
1L Distilled water 0.445% 0.344 0.421% 0.389 (0.432%
12. 0.13M HCI 0.205 0.196 0.222 0.220 0.260
#4# Significant at 1% level, * Significant at 5% level.
100 - e
90 - oy M
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Fig.2. Relationship between K content and relative yield of french bean



Among the different extractants used (Table 2)
IN NH DAc showed the highest degree of significant
positive relationship with dry matter yicld (r=0,869=%),
plant K in contro] (r=00812%%), K upiake in conirol
(r=0.849%%), Rray’s percent yield [r=0.469%) and Bray's
per cenl uplake (r=0.821%%) a4 shown in figure 2.

The result showed that the eritical level of K
concentration in french bean plant was 2.0 per cent ag-
earding to the graphicul procedure of Cate and Nelson
(1965). However, parlitioning the dimensional percent-
age yield versuy K content in 40 days old french bean
plants scaltered into two groups. Thus, the present study
lays emphasis on K feriilization on french bean plant on
the basis of eritical values in the soils and plants.
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Before Green revolution, the indigenous vari-
eties of field and commercial crops were grown under
rainfed or partially irrigated conditions with little chemi-
cal fertilizer input. After the introduction of high yield-
ing varieties through Green revolution in mid-sixties, In-
dian agriculture became highly dependent on chemical
fertilizers and their inappropriate use resulted in imbal-
ances in soil environment and health in the form of de-
cline in soil organic matter, soil acidification and decline
in level of micronutrients. These and other associated
problems raise a question of sustainability of system
highly dependent on fertilizer input. In Indian situation,
sustenance of conventional practices (use of inorganic
fertilizer) or integrated nutrient management (INM) prac-
tices for agricultural production is still debatable. For
developing and evaluating suitable technologies for op-
timizing the fertilizer use supplemented with organic
manures and crop residues, long term fertilizer experi-
ments on different crops were initiated at different loca-
tions of the country (Nambiar1994). Data from long-term
experiments have confirmed that the conjoint applica-
tion of FYM with optimal soil test based NPK dose is a
durable practice for sustaining higher crop productivity,

improving soil quality and soil productivity.

Apart from nutrients, the rainfed crop yield is
greatly influenced by the rainfall distribution during the

growing period, hence in assessing the sustainability of
crop yield the effects of rainfall on the yield should be
considered. Singh et al. (1990) developed a procedure
wherein the deviation of treatment mean “Y ' (over n
years) and the overall standard deviation ‘6’ (k treatments
over n years) was compared with the maximum attain-
able yield “Y _ ’ in an attempt to arrive at a sustainable
yield index (SYT). But, this was derived without consid-
ering the effects of rainfall distribution on crop yields.
Hence, a new statistical measure of sustainability yield
index (SYT), which is a function of the estimate of error
‘6" derived from regression of crop yield through rain-
fall, has been developed (Vittal ez al. 2002).

The long-term fertilizer experiment on rainfed
cotton based cropping systems was initiated in 1986 at
the research farm of the Central Institute of Cotton Re-
search, Nagpur. Nagpur, located at 21°09' N latitude and
71°07' E longitude, has a dry sub-humid tropical climate
with a mean annual rainfall of 1050 mm received prima-
rily through southwest monsoon from June to
September.The daily rainfall data, collected from the lo-
cal meteorological observatory, were summed up for
determining the rainfall during crop growing period (sow-
ing to harvest). The monthly distribution of rainfall along
with mean and coefficient of variation (CV) is presented
in table 1.
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Tahle 1. Manthly distribution of rainfall (mm)

Year June Ju ly  August September Post-Sept*
1986 201 252 296 114 125
1937 155 191 303 24 169
1988 211 295 448 a3 79
1989 160 254 206 40 B0
1990 241 228 334 94 a0
15991 171 396 313 3 4
1992 b5 276 34 120 Gl
1993 131 439 188 248 152
1994 1257 761 115 317 230
1995 141 3TE 252 266 23
1906 16 403 16 135 120
1997 53 213 188 181 332
1998 140 172 346 167 203
1999 83 265 333 234 77
2000 178 399 231 121 110
Mean 140.2 328.1 287.5 159.5 117.1
CV (%) 428 448 25.6 61.9 76.1

Fupto final harvest
Sorrce: Venugopalan ef qf, (2003)

The soil of the experimental gite is 8 medium  ganie Col4.2 g kg'!, Olsen’s extractable Pof 6.1 ma kg
deep Verlisols and its physical propertics are given in and 1N ammonium acetate extractable K of 253 mg kg
table 2,40 the starl, the surfnca soil had a pH of 8.1, or " (Venugopalan of al. 2003),

Table 2. Physical properties of the sail ar the experimental site

Depth Sand (%) Sile (%) Clay (%) Water retention (g/g)

{cm) (2-0.05 mm) (0.05-0.002 mm) {= 0,002 mm) Eﬂ_mﬂ 7 —
0-15 30 44.0 53.0 0.38 0.17
13-30 1.0 42.0 7.0 0.37 0.17
30-43 1.0 38.0 al.0 0.35 .16

4560 Lo 3.0 6.0 0.35 010

Source: Venugopalan ef al. (2003)
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The experiments were conducted on two mono
cropping systems of rainfed cotton, viz., G arboreum (var.
AKH4/AKA 8401) and G. hirsutuum (var. LRA 5166/LRK
516) under 13 nutrient management practices
(Venugopalan and Pundarikakshudu 1999). Depending
upon the onset of monsoon and moisture availability, the
crop was sown from 26" June to as late as 15" July of the
year. There is possibility of yield reduction in the year of
late sown crop, hence for evaluating the sustainability of
the yield, only those years were considered, wherein the
crop was sown between 26" June to 3" July.

The evaluation of sustainability of cotton yield
under different nutrient management practices was done
using the sustainability yield index (SYT) expressed as

Y. -o
SYI =
max

where,

Y, =Mean treatment yield (kg ha™)

6 = Estimate of error (kg ha™)

Y, =Maximum yield (kg ha") among the

treatments over the sclected years

The estimate of error was determined from the
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quadratic relationships between the rainfall and cotton
yield (Vittal e al. 2002; Venugopalan et al. 2003) estab-
lished for both the cotton species G. arboreum and G.
hirsutum. As the crop yield depends on the interaction of
nutrient supply and rainfall distribution, in the present
study the estimate of error was determined for each treat-
ment separately for both the cotton species and thus, the
effect of rainfall distribution on cotton yield, to some ex-
tent, was negated.

In the concept of SYI, low values of standard

deviation or estimate of error (6) suggest sustainability
of the system as 6 measures the variation yield over the
years caused by the soil and climatic factors under a par-
ticular nutrient management practice. If standard devia-
tion or estimate of error (4) is high, SYI will be low and
thus indicates unsustainable management practice (Singh
et al. 1990). Any crop management practice yielding SYI
of more than 0.66 is considered as recommendable be-
tween 0.50 to 0.65 as highly promising and more than
0.33 as dependable (Vittal et al. 2002).
Trends in seed cotton yield indicated that mono-crop-
ping of G arboreum was superior to G. hirsutum in 8 out
of 10 years especially in years experiencing normal rain-
fall (Fig. 1).
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Fig. 1. Trends in the yield of two cotton species in relation to rainfall
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Both, & arboreins and €& hivswium responded
e higher NP dose and the mean increase in yicld with
MNP K, (T over N_PKL (T, ) was 19.4%, which
was signilicant. Ferliliser doses for rainfed & arboreum
grown on Vertisols need to be enbanced from the current
recommendation of 20:15:0. Subslituting ¥ N dose with
F¥M benefitted both the cropping systems at both lev-
Pk, +3 e FYM

EF T T H

K.m fT'é} was 117 kg ha' and ]“«345]?'_,5}{45 +

gls. The average response with N
{T?ﬁ over N, P
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7.5 ton FYM {Tu,} over Nmpnsts ["'TH) was 220 kg ha!.
However, substituting the entive dose of W throngh Fy
wis nol superior o substrating Y dose of W throngh FYM
or application of N alone (Toes T, or T 22 T, or T )
(Venuzopalan ef af 2003), There were sigmilicant an-
nual wariations in the magnilude of response o nulrients
{Fiz. 2) resulting in high CV ranging from 22.9% 10 35.65%
in (3 arberetum and 22.1% 10 33.7% in (@ iFsudin
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Fie. 2. Mean seed coton vield of & arforverin and (& Rirsuiom under different noirient management combinations

The sustainability yvield index (Y1} and esti-
mates ¢ creoe (O} estimated for cotton yield under dif-
ferent notrien: managemeant practices are presented in
lable 2.5Y1 ranged From 0,18 o 0,60 for G arborewn
whereas for G hirenturm itranged from (0015 Lo 0,49, Thus
peross all nutrienl management praclices & Arborefum
was more sustainable. The S¥I for T, treatment
(N, PBLK + 7.5 ton FYM) was Lhe highest in both the
colton species. In & arboreirn, it was 0.60, which was

more than 0,530 indicating highly promising treatment

whereas in G lirsann it was 049, which was more than
(1,33 indiczting dependable treatment Marcover the 5YT
values for INM treatments (1 anct T ) were higher than
those of the corresponding chemical equivalents {1, and
T} in both the species Bhattacharyya et al. (2011),
through seil organic carbon (500 simulation model and
long term fertilizer data, also showed that combination
of inorganic fertilizers and organic fertiliver (FYM)
helped not enly in increasing the SOC, bul also in sus-
taining the crop yields,
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Table 3. Sustainability index for two rainfed cotton species under different nutrient management practices

G. arboreum G. hirsutum

Nutrient management practice

Estimate of error SYI Estimate of error SyI
(o), kg/ha (o), kg/ha
T} (NpPy*Ko*) 56.0 0.18 46.7 0.15
T3 (Neo) 81.2 0.28 68.9 0.25
T3 (NeoP30) 95.3 0.40 81.9 0.33
T (NeoKs0) 98.0 0.32 67.7 0.24
Ts (NoP3pKsg + 10 ton FYM) 114.0 0.45 78.8 0.34
T (NeoP30Ks30) 93.4 0.41 96.6 0.36
Ty (N3yP3Ksp + 5 ton FYM) 119.6 0.48 87.6 0.40
Ty (Noo) 105.7 0.36 83.2 0.22
Ty (NopPys) 108.1 0.49 118.9 0.39
Tio (NooKys) 109.4 0.38 96.2 0.28
T (NoP3pKsp + 15 ton FYM) 129.6 0.48 105.6 0.40
T12 (NogPasKas) 93.2 0.52 130.4 0.41
T3 (NgsPysKys + 7.5 ton FYM) 142.1 0.60 155.8 0.49
*as P,O, and K,O
Tn both the cotton species, application of P (T, Acknowledgement

orT,) over N alone (T,orT) improved the sustainability
and additional supplementation of K (T, or T,,) further
improved the indices. Thus N alone may not sustain the
cotton production and balanced application of P and K
along with N is essential to sustain the production
system.Integrated nutrient management treatments, where
a 50 per cent of the N dose was applied through organics
(T, and Tn), made the system more sustainable reinforc-
ing the need of organics in rainfed cotton production.

Thus, it can be observed that the chemical fer-
tilizers alone cannot give higher sustainable yield, but it
should be supplemented with organic and green manures.
The proper nutrient management practice not only gives
higher sustainable yield, but also improves the soil envi-
ronment and health.

Authors acknowledge the financial support re-
ceived under Technology Mission on Cotton, Govern-
ment of India for generation and collection of data used

in the research article.
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