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Abstract: The baaic principle of precice fertilization icto adjuct the fertilizer input

according to the opecific circumatancec or propertiec of ooilo in each location to

minimize the loocsand maximize the profit. To know the cecondary and micro-nutrient
in ourface ooil of Baleowar dictrict, 360 geo-referenced curface coil camplec were
collected at 2 x 2 km grid interval in different land ucec like rice, maize, pulcecetc.

Data indicated that deficiency of boron (B) were highect followed by zinc (Zn) and
aulphur (S). Soilowere cufficient in DTPA-Fe whereacdeficiency chowed by Mn and
Cu were recorded in came patchec. Three nutrient deficienciec (B+Zn+S) were

obecerved in 15% of coiloin the dictrict.

Key words: Micro and secondary nutrients, spatial distribution, single and

multi-nutrients deficiency

Introduction

The deficiency or the exceco precence of the
micronutrientcouch aciron (Fe), manganece (Mn), zinc
(Zn) and copper (Cu) in coil may have oynergictic and
antagonictic effectc in plantc. To encure optimum
agricultural production, it ic imperative to know
nutrientoctatucof ciloand their management to achieve
ouctainable production.

The GIS techniquec have great demand in
agriculture for future oite-opecific management of
nutrientoin different locationag'villages (Vivekananda et
al. 2017). Developing accurate application mapo for
aite-opecific fertilization ic critical in implementing
precicion farming technology (Reza et al. 2010). The
opatial variability of coil propertiescan be mapped ucing
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an interpolation technique (Cambardella and Carlen
1999). Many opatial interpolation methodo have been
developed of which Kriging ic a geoctatic interpolation
technique that hac proven cufficiently robuct for
ectimating valuec at non-campled locationc baced on
campled data. Farmerc hardly have any knowledge of
micronutrientc and itc importance for crop production.
AICRP (All India Coordinated Recearch Project) ic
mainly involved in acecoment of cecondary and micro
nutrients in ooilg identifying the micro-cecondary
deficiency in important cropping oyctemoc and their
management in different dictrictoand agro-climatic zonec
of different otatec of the country. The precent paper
focuaes on cuch acoecoment of ooil cecondary and micro
nutrient content and their extent of deficiency in a coactal
laterite alluvial coil of Odicha.
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Materials and Methods
Study area

Baleowar, a coactal dictrict (20.48 to 21.59 N;
86.16 to 87.29 E) with annual rainfall of the 1568.4 mm.
The dicatrict icdivided into 3 phyaciographic unitc namely
coactal belt, inner alluvium and north-wectern hillo (Fig.
1). Thicregioniomoctly flooded with brackich water of
ectuarine riverc which ic uncuitable for cultivation.
Precently thic area ic utilized for coconut and betel
cultivation. The cecond region ic deltaic alluvial plain
which ic highly fertile and irrigated land. The north—
weoatern hill region ic moatly hilly terrain and vegetated

with tropical cemi-evergreen forectc.

Fig 1. Location map of Baleswar

Soil sampling and analysis

To know the otatuc of cecondary and micro
nutrients, 360 coil camplecwere collected from curface
ooil upto a depth of 15 cm from 12 blocks (30 ooil
camplec per block) at GPS 2 km grid intervalo. Soil
amplec were air dried, grounded, cieved and analyced
for cecondary and micro nutriento. The ooil pH and EC
were meaoured in 1:2.5 coil: water ratio (w/v) cuopencion
ucing pH meter and EC meter (Jackcon 1973). Soil
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Organic Carbon content wac ectimated by Walkley and
Black (1934) rapid titration method and exchangeable Ca
and Mg by Veranate titration method (Page et al. 1982).

Available aulphur wacextracted in 0.15% CacCl,
and ito content wac determined opectrophotometrically
uaing BaCl, acoutlined by Cheonin and Yien (1951). The
ooilo were extracted with 0.005 M Diethylene Triamine
Penta Acetic acid (pH 7.3) extracting oolution for
eotimation of cationic micronutrientc Fe, Mn, Zn and Cu
by Atomic abcorption Spectrophotometerc (Lindaay and
Norvell 1978). Hot water coluble boron wac determined
ac per the procedure outlined by Berger and Trough
(1939) followed by colorimetric ectimation ucing
Azomethin H indicator method of John ez al. (1975).

The deccriptive otatictico like minimum,
maximum, mean, otandard deviation (SD) for ooil
propertiec were computed ucing the SAS 9.2 coftware
pack (SAS 2011). Relationchip among the coil propertiec
were ecatabliched ucing Pearcon'c correlation coefficient
analyoic. The digital coil fertility map for available S, Cu,
Zn, Mn, Fe and B have been generated.

Results and Discussion

The pH of curface ooilo of didtrict ranged from
4.44-7.43. About 96% ooilowere acidic and otherc were
neutral in reaction. The looces of bacic cation and other
nutrients through erocion and leaching leavec the
hydrogen and aluminum ionc that can cauce ooil acidity
(Brady and Well 2007). Electrical conductivity of the
ooilo ranged from 0.022-1.66 dSm" (mean 0.19 dSm ).
Organic carbon content of cviloranged from 0.04-1.72%
(mean 0.60%). Forty one percent coilc were low, 32%
high and otherc were medium in organic carbon ctatuc
(Table 1).

Exchangeable calcium content of curface ooilo
ranged from 1.6-18.8 meq100 g' (mean 8.98 meq 100
g ') and were aufficient in exchangeable calcium content
(Table 1). Exchangeable Mg content of curface oilc
ranged from 0.4-19.6 meq100 g ' with (mean 4.5 meq 100
g') and itc deficiency occurred 16.7-57.1% in ooil
camplec. Higheot magnecium deficiency and no
deficiency were obcerved in Bacta block and Nilgiri
block reapectively.
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Table 1. Exchangeable calcium and magnecium content of oilcof different blockc of Baleowar dictrict

Block Exch. Ca Exch. Mg
(meq 100 g™) (meq 100 g )
Khaira Range 1.615.2 0.4-6.8
Mean 8.36 2.76
PSD - 30
Simulia Range 1.616.0 0.4-6.0
Mean 6.32 1.68
PSD 50
Jaleswar Range 7.6-18.8 0.4-14.4
Mean 13.2 5.2
PSD 50
Bhograi Range 8.4-13.6 0.8-16.8
Mean 12.08 9.28
PSD 20
Basta Range 8.416.0 0.4-0.8
Mean 10.97 3.31
PSD 57.1
Baleswar Range 2.8-0.0 0.4-19.6
Mean 5.73 8.67
PSD 33.3
Baliapal Range 3.6-16.4 0.4-7.6
Mean 8.4 3.67
PSD 50
Remuna Range 6.8-12 0.8-8.4
Mean 8.73 4.13
PSD 16.7
Nilgiri Range 6-12 5.6-10.4
Mean 8.4 7.3
PSD nil
Overall Range 1.6-18.8 0.4-19.6
Mean 8.98 4.5
PSD

PSD : percent cample deficient

After precice analyaic of no of curface ooilothe
mean, range and deficiency per cent of available S,
DTPA extractable micro nutrientc cationcand hot water
ooluble boron content of Baleowar dictrict precented in
table 2 and fertility mapo of thece nutrients have been
depicted in figure 3. CaCl, extractable culphur ctatuc of
ourface ooilo of Baleowar dictrict ranged from 0.30—
282.3 mg kg' (mean 22.2 kg ha"). Sulphur deficiency
wac obcerved in 36.7% of the ooila. About 70% ooilo
were deficient in Khairia block and loweat deficiency of
3% wacobaerved in Bhograi block. Deficiency waclow
in coactal area than interior onec. Similar findingo were

obaerved by Michra et al. (2015) for coactal coile. DTPA
extractable Zn in ourface coiloranged from 0.01 -0.24
mg kg' (mean 0.69 mg kg'). The zinc deficiency of
55.84 per cent wac reported in ooile. Blocko with more
than 50% of ooilo chowing Zn deficiency in Simulia,
Bhograi, Oupada, Bahanaga and Soro blocks. DTPA
extractable Fe in ocurface ooilo ranged from 5.36 -398.0
mg kg' (mean 102 mg kg'). DTPA extractable Mn
ourface oviloranged from 0.36 — 125.6 mgkg' (mean
27.5 mg kg'). Manganece deficiency wac obcerved in
16% of ooilo of Baleowar dictrict. DTPA extractable
copper varied from 0.006 7.58 mg kg’ (mean 2.43 mg
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Table 2. Available S and micro nutrient cationc in different blocko of Baleowar dictrict
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Block S Fe Mn Cu 7n B
mg kg
Khairia Range 1.536.3 38.5-398 1.0-116 0.55-5.41 0.10-1.86  0.022.34
Mean 8.44 136.8 375 2.64 0.71 0.46
PSD 70 46.7 76.7
Simulia Range 1.2-40.8 28.5260.8 0.60-125.6  0.012.65  0.01-1.74  0.17-0.91
Mean 10.2 97.4 14.5 0.93 0.63 0.42
PSD 66.7 3.3 63.3 80
Jaleswar Range  3.991.0 37.6-190.7  3.4-122.7 1.757.58  0.151.86  0.10-0.77
Mean 23.7 116.1 35.2 4.12 0.71 0.37
PSD 30 433 76.67
Bhograi Range  6.52823 542072  0.8796.1 0.19-729  0.01-0.97  0.104.02
Mean 70.8 79.5 21.6 2.54 0.38 0.91
PSD 3.33 6.7 86.7 233
Basta Range 030929  31.7279.2 2.4-126 057522  0.16-1.56  0.05-6.82
Mean 12.7 120.4 52.05 2.92 0.65 0.37
PSD 63.3 46.7 733
Baleswar Range  2.7-78.5 16.9-184.5  0.6024.4 0.18337  0.12-1.92  0.050.99
Mean 213 97.5 5.22 1.38 0.66 0.23
PSD 433 50 86.67
Baliapal Range  3.02052  34.7307.6 0.583.9 0.34-170.5  0.18-10.24  0.12-0.70
Mean 30.09 103.6 33.4 8.9 1.12 0.26
PSD 6.67 3.3 36.7 93.33
Remuna Range 1.5-63.9 29.6249.5  0.4-118.3 0.50-117.2  0.33-528  0.052.36
Mean 22.12 104 44.7 7.14 0.97 0.28
PSD 20 40 90
Nilgiri Range 297914  16.8-162.9 1.4-107.2 035622  0.12-1.86  0.02-0.51
Mean 14.36 89.8 36.5 2.4 0.9 0.23
PSD 50 30 96.67
Oupada Range 297979  19.8-166.2  1.60-59.0 030329  0.141.54  0.122.91
Mean 20.2 92.6 17.12 1.85 0.54 1.54
PSD 40 3.3 66.7 6.67
Bahanaga  Range  3.643.7 17.8-180.7  1.0-44.7 0.492.92  0.092.50  0.05-0.79
Mean 15.08 89.8 10.32 1.3 0.61 0.26
PSD 20 76.7 933
Soro) Range  2.730.6 10.5260.1  4.3-60.9 0.743.95  0.07120  0.02-0.65
Mean 13.3 96.87 213 2.17 0.42 0.27
PSD 26.7 83.3 86.67
Overall Range  030-282.3 5.36-398.0 0.36-125.6  0.006-7.58  0.01-10.24  0.02-4.02
Mean 22.2 102 27.5 2.43 0.69 0.46
PSD 36.7 nil 16.11 4.43 55.84 73.61
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kg") and copper deficiency were obcerved in 4.4% ooilc
of didtrict. Hot water coluble boron content of coilo
ranged from 0.02 —4.02 mg kg ' (mean 0.46 mg kg ') and
73.61% ooilo were deficient in Boron. Highect
deficiency wacobaerved for boron followed by zinc and
oulphur in coactal ooilo of Baleowar. Higheot boron
deficiency may be attributed to light texture candy ooil
with low organic matter content ac well ac non
application of boron. Deficiency of micronutrientc
followed in the order B>Zn>S for coactal ooilc of

B. Jena et al.

Baleowar which wac moatly due to light texture acidic
candy loam ooil with low organic matter. Digiticed ooil
fertility mapo were prepared ucing kirging interpolation
method by uaing arc GIS coftware and precented in figure
3.

Multinutrient deficiency ocuch ac S+B wac
highect in 26.4% of oilc followed by Zn + S in 20.8%
ooilo. Combined deficiency of S+B+Zn wac noticed in
15.3% of camplec(Fig. 2).
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Fig. 2. Single and multi-nutrient deficiency of in coilo of Baleowar diatrict

Correlation coefficient of different soil parameters with
nutrients

Simple linear Correlation coefficient of
nutrientc with bacic coil propertiec were computed and
precented in table 3. It wac found that non-cignificant
negative correlation wac obcerved between pH and
cationic micronutrientc. Bancal and Takkar (1985)
reported aimilar findingofor Zn. Non cignificant poaitive
correlation of pH wacobcerved with available boron and
oulphur. Poaitive correlation wac obcerved between
organic carbon and nutrientc (r = 0.540 for Cu and r =
0.370 for Mn) except boron.

Conclusion
It wacfound that highect deficiency of boron wac

obeerved in Baleowar coils followed by Zn. Deficiency
of cecondary and micro nutrientc followed the order ac
B>S>Zn>Mn>Cu. S+B+Zn deficiency wac obcerved in
15 % of camplecof Baleowar dictrict. The coiloof Khairia
and Simulia blockc need oculphur management for
oileeedoand puloes. Bhograi and Soro blockowith > 80%
Zn deficiency need Zn management for cerealc. Copper
and Mn deficiency wacobcerved at few locationa. Since
rice ic the dominant crop of Baleowar, deficiency of Zn
and B may hamper grain filling and quality foodgrain
production. Soil management practicec with regpect to
the deficient nutrientoneedsto be planned for cropsand
cropping oystemc of the dictrict for higher crop
production.
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Table 3. Correlation matrix of cecondary and micro nutrients with coil propertiec
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pH

EC

OoC B 7n

Cu

Fe Mn

1.000
EC 0.112
oC 0.074
B 0.036
Zn 0.141
Cu —0.086
Fe -0.293
-0.050
S 0.059

pH

Mn

1.000
0.282
.053
0.027
0.394"
-.076
0.334"
0.145

1.000
-.015 1.000

0.146 -0.0921.000
0.504" 0.0130.196

0.110 -0.0190.331

0.370" -0.0340.139
0.220 0.113 0.038

1.000
0.203
0.603"
0.109

1.000
0.010 1.000
0.134 -0.030

1.000
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Fig. 3. Digitized ooil fertility map of S, B, Zn, Fe, Mn, Cu for curface coilo of Balacore dictrict
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