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ABSTRACT

The DTPA-extractable micronutrient cations Zn, Fe, Cu, Mn and their relationship with different soil properties
were studied in 100 surface (0-20 cm) and 100 sub-surface (20-40 cm) soil samples of Kavali revenue division of
Nellore district, Andhra Pradesh, India. Zn, Fe, Cu and Mn showed a decreased trend with depth and
micronutrients showed positive relationship with organic carbon but inversely correlated with soil reaction.
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INTRODUCTION

The stagnation in crop productivity has been fodund to deficiency of some micro and secondary entsi Hence,
micronutrients have assumed increasing importancerép production under modern agricultural tecbggl
Enhanced removal of micronutrients as a consequehadoption of high yielding varieties and intarescropping
together with a shift towards high analysis NPHiligers and limited use of organic manures as @agltecycling of
crop residues are some important factors havingriboed towards accelerated exhaustion of micnoents from
soil. The availability of micronutrients to plantsinfluenced by their distribution within the sgitofile and other
soil characteristics. Knowledge of vertical distitlon of micronutrient cations in soil is helpfud tinderstand the
inherent capacity of soil to supply these nutrigatplants and their downward movement in soil.

EXPERIMENTAL SECTION

A total of 200 soil samples at two different dep(@s20 and 20-40 cm) were collected from 18 mandélkavali
revenue division of Nellore district. The studyammprises 41.2 ha with and located in betwe8851414°92’ N
latitude and 7%9"- 7998 E longitude. The coordinates of the sampling laretiwere recorded using GPS (Global
Positioning System).The soils bellore district belong to varied textural classasging from sandy to sandy clay
loams and majority being red soils. Fig 1 shows-F8SLISS IIl image of Kavali revenue division. Téeil samples
were analyzed for pH, ECe, organic carbon usingdsted procedures [2]. The available Zn, Fe, Cu Mndwere
extracted with DTPA solution [3] were determinedngsAtomic Absorption Spectrophotometer (AAS). Slep
correlation coefficients were computed relating nmnwtrient content with different soil properties the
experimental soils by adopting standard statispcatedures.
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RESULTSAND DISCUSSION

The soils were strongly acidic to strongly alkaling4.81 t010.41) reaction. The ECe of samplegedrfrom 0.15
to 37.20 dS lindicating the soils varied from non-saline to vstgongly saline. The CaG@ontent increased with
depth, which indicates the process of leachingad€iom and subsequent precipitation as carbonadteslawer
depth. In this paper, the results and discussiore werformed for available iron, available zincaiable
manganese, and available copper.
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Fig. 1: IRS-P6 LISSIII FCC image of Kavali revenuedivision

3.1. AVAILABLE IRON

Most of the soils of Kavali division were found be sufficient in available iron content. The dagatgining to the
available iron content of the soil samples (surfacd subsurface) of each mandal along with meagerand their
distribution were presented in Table 1.

The available iron content of surface soil sampkesed from 1.86 to 466.4 ppm with a mean valud@fl4 ppm.
As per the critical limit 4.5 ppm suggested by lsag and Norvell, 97 % of samples were found aboitiea limit
(>4.5 ppm) and only 3 % samples were below criticait (>4.5 ppm).

The available iron content of sub-surface soil dasipanged from 3.73 to 343.4 ppm with a mean vafué2.71
ppm. Out of 100 sub-surface samples analyzed, 9lsa were above critical limit and only 4 samplese below
critical limit. The surface soil samples have higfailable iron content compared to sub-surfacessaiiples. 97 and
96 % of surface and sub-surface samples were atigal limit in available iron content, respealy.

The variation in the available iron content amonisswas found to be related to the variation ie #oil reaction.

The present study had shown significant negativeetaiion between available iron content and sealction (r = -
0.616**) (Table 5). The relative low available iragm sub-surface might be due to the precipitatibiran in the
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form of insoluble iron compounds caused by incregsilkalinity [10, 11]. The available iron contems decreased
with increase in depth. This behavior was simitathte distribution pattern of organic carbon atiaas depths and
showed significant correlation (r = 0.548**). Theaflability of metal ions increased with increaseorganic matter
content because organic matter may supply chelatjegts [4].

3.2. AVAILABLE ZINC

The surface soils of Kavali division were foundhie sufficient in zinc but relatively deficient ihg sub-surface
soils. The minimum and maximum available zinc content@f samples (surface and subsurface) of each mandal
along with mean, range and their distribution wanesented in Table 2.

The average available zinc content of surfacessoitples ranged from 0.14 to 5.77 ppm with a mearewaf 1.16
ppm. 48 % of surface samples were found belowcatitimit, while 52 % of samples were found aboviiaal
limit. As per the suggestion given by Lindsay anoni¢ll, the distribution of the soils with regara the critical
limit of zinc was 0.8 ppm.

The available zinc content of sub-surface soil dasmymnged from 0.02 to 4.91 ppm with a mean vafu®80 ppm.
67 % of samples were found below critical limit 28@l % of samples were found above critical limitrf&ce soll
samples have higher (mean 1.16 ppm) concentrafi@vailable zinc as compared with sub-surface safhples
(mean 0.80 ppm). On the whole, 48 % of surface@heb of sub-surface soil samples were below ctitinat. Zn
metal ions have tendency to precipitate as hydesxidnd carbonates under alkaline pH range. Therefoeir
solubility and mobility will decrease resultingrieduced availability of zinc [8, 9].

A decreasing trend with depth was observed duestoedse in organic content and increase in Ga@® pH [6].
The decreasing trend with depth might be due tddiveorganic matter in the sub-surface which shoagmbsitive
correlation (r = 0.200**) (Table 5) with organic rban and negative correlation with pH (r = -0.237The
availability of metal ions increased with incredeeorganic matter content because organic mattghimave
supplied chelating agents [4, 11, 12].

3.3. AVAILABLE MANGANESE

The available manganese content of soils of Kaliglsion were found to be sufficient (>1.0 ppm)kath surface
and sub-surface in all the locations. The availabnganese content of soil samples (surface arslifabe) of
each mandal along with mean, range and their igtan was presented in Table 3.

The available manganese content of surface andwwtibee soil samples ranged from 0.60 to 45.29 apdn0.16 to
58.51 ppm with mean values of 12.88 and 11.88 ppspectively. The lowest and highest mean valuesidfce
(3.71 and 36.91 ppm) and sub-surface (3.25 andl2§or) soil samples were observed in Dattulur maadée
Bogole mandals, respectively.

All most all of surface (99 %) and sub-surface ¥8B8samples were found to be above critical limihékeas only 1

% of the surface and 2 % of sub-surface samples beow critical limit of available manganese weased on the
critical limit 1.0 ppm suggested by Lindsay and Wk All the soil samples were found to be abovigiaal limit.
Surface soil samples have high (mean 12.88ppm) ecdration of available manganese as compared with
subsurface soil samples (mean 11.88 ppm).

The irrigated cropping system, heavy nature of shéds and less mobility of Mf in the soils might have
contributed for the accumulation of reducible aotlile forms of manganese in the surface layerssandhigher
amounts were found in the surface soil samplesHbB&itive correlation with organic carbon (0.357{%)able 5)

was observed. With increase in pH, divalent formn{f might be converted to trivalent (M or polyvalent

(Mn*") forms [11]. There was a negative correlation353**) between pH and available manganese.

3.4. AVAILABLE COPPER

The available copper content of Kavali division éound to be sufficient (>0.2 ppm) in both surfacel in sub-
surface soils. The available copper content of saihples (surface and subsurface) of each mandad atith
mean, range and their distribution was presentddbie 4.The available copper content of surface and sutaser
soil samples ranged from 0.31 to 6.51 and 0.042t ppm with mean values of 3.94 and 2.69 ppm.easgely.
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Table 1: Available Iron content of soilsof Kavali revenuedivision

S.No Mandal Fe (ppm) Number of samples| Number of sasnp
Range Deficient  Sufficier DeficierSufficient
1 Sitaramapuram 7.07-13.89 - 5 5
2 Udayagiri 4 6.66-93.88 - 4 - 4
3 Varikuntapad 4 3.42-97.2% 1 3 1 3
4 Dattului 3 4.8(-7.6¢ - 3 1 2
5 Marripadu 3 3.12-24.10 1 2 1 2
6 Vinjamur 4 6.48-16.78 - 4 - 4
7 Kaligiri 5 5.41-16.46 - 5 - 5
8 Kondapuram 5 7.33-32.68 - 5 5
9 Kavali 5 7.31-177.55 - 5 - 5
10 | Bogole 3 156.3+466.4 | 278.1¢ - 3 3
11 | Jaladanki 9 6.61-41.48 0 - 9 8
12 Koovuru 7 1.86-101.37 1 6 7
13 Kodavalur 4 53.22-180.37 B - 4 4
14 | Alluru 3 153.97-249.56 a4 - 3 3
15 | Vidavalur 6 10.31-89.70 - 6 6
16 Buchireddipaler 9 5.3€-47.7% - 9 9
17 Dagadarti 19.53-191.7 1 - 14 - 14
18 Sangam 14.01-46.39 7 - 7 7
1.86-466.40 3 97 4 96
Table 2: Available Zinc content of soilsof Kavali revenue division
Surface
S.No Mandal samples Zn (ppm Number of sample Number of sample
Rang! Deficient | Sufficient Sufficient
1 Sitaramapuram 0.17-0.87 4 1 1
2 Udayagiri 0.24-2.6( 3 2 1
3 Varikuntapadu 0.28-2.0R 1 3 2
4 Dattulur 0.16-0.65 3 - -
5 Marripadu 0.21-0.38 3 - -
6 Vinjamur 4 0.34-1.2¢ 2 2 -
7 Kaligiri 5 0.46-0.63 5 - 1
8 Kondapuram 0.31-1.28 3 2 -
9 Kavali 0.44-3.24 2 3 3
10 Bogole 1.04-2.7( - 3 -
11 Jaladanki 0.54-3.24 2 7 5
12 Koovurt 0.1&4.71 5 2 2
13 Kodavalur 0.48-4.77 3 1 1
14 Alluru 0.89-5.77 - 3 2
15 Vidavalur 0.33-1.78 4 2 -
16 Buchireddipalem 0.72-2.16 1 8 4
17 Dagadarti 0.14-1.84 D 6 8 9
18 Sangar 0.55-1.6¢ 2 5 2
0.14-5.77 48 52 33

All the surface soil samples were found to be abmitecal limit (0.2 ppm) regarding the availablepper content
indicating that these soils were adequately sugplh copper. The higher (3.36 ppm) and lower 4).hean
values of available copper content were found irfase soils of Alluru and Jaladanki mandals, retipely.
Whereas in sub-surface samples, 97 % were abaveatiimit and the lowest mean value was found/injamur
mandal (0.69 ppm) and the highest was found in lpocam (3.92 ppm) mandal. Available copper contént
surface soil samples had high (3.94 ppm) concéotrais compared with sub-surface soil samples (268).

100 % of surface and 97 % of sub-surface soil sesnere sufficient in available copper. The highper content
of soils might be due to manuring, application opger fungicides and release from weathering misé¢ta7, 13].
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Table 3: Available Manganese content of soilsof Kavali revenue division

No. of Surface Subsurface
S.No Mandal sarﬁples Mn (ppm) Number of samples Mn (ppm) Number of saspl
Range Mean| Deficient Sufficient Range Mepn DeficierSufficient
1 Sitaramapuram 5 2.24-6.05 4.54 - 5 7.46-13[29 692 - 5
2 Udayagir 4 4.9C-15.0¢ | 9.6¢ - 4 4.92-12.0¢ | 7.3t - 4
3 Varikuntapadu 4 2.42-8.36) 6.46 - 4 6.39-11.p6 88{1 - 4
4 Dattulur 3 1.25-7.57 3.71 - 3 1.85-4.61 3.25 - 3
5 Marripadu 3 1.55-6.05 4.2 - 3 1.63-14.65 8.7 - 3
6 Vinjamur 4 5.97-13.87| 10.78 - 4 10.30-17.p9 13|73 - 4
7 Kaligiri 5 4.32-13.87 8.83 - 5 7.78-15.25 11.58 - 5
8 Kondapurar 5 0.6(-7.8C 4.6 1 4 6.0€-11.4¢ | 8.0¢ - 5
9 Kavali 5 5.62-24.6( | 10.6¢ - 5 8.73-23.3¢ | 12.5¢ - 5
10 Bogole 3 29.82-43.92 36.91 - 3 7.79-5851 29.71 - 3
11 Jaladanki 9 5.21-19.7 9.14 - 9 2.01-14.69 8|75 - 9
12 Koovuru 7 3.59-14.31] 10.71L - 7 5.06-30.04 10/37 - 7
13 Kodavalur 4 1.93-24.43 9.79 - 4 4.21-8.23 5.[78 - 4
14 | Alluru 3 15.72-18.31 | 17.3% - 3 5.4€-14.8¢ | 12.2¢ 3
15 Vidavalui 6 1.81-34.01 | 11.7¢ - 6 0.1€-11.47 4.9¢ 2 4
16 Buchireddipalem 9 6.16-16.98  10.46 - 9 4.9242)0 7.56 - 9
17 Dagadarti 14 6.63-45.24 28.19 - 14 17.14-42.291.22 - 14
18 Sangam 7 7.25-18.72 11.10 - 7 8.99-16/93 12.53 1 7
100 0.60-45.29| 12.8] 1 99 0.16-58.91  11{88 2 98
Table 4: Available Copper content of soils of Kavali revenue division
No. of Surfact Subsurfac
S.No Mandal sam.ples Cu (ppm) Number of samples Cu (ppm) Number of samp
Range Mean| Deficienf Sufficiert Range| Mean DefitierSufficient
1 Sitaramapuram 5 0.88-1.47 1.19 - 5 0.47-1/53 0.80 - 5
2 Udayagiri 4 1.00-3.7Q  2.7§ - 4 0.84-4.22 2.28 - 4
3 Varikuntapadu 4 1.07-2.86 2.24 - 4 0.59-2.46 146 - 4
4 Dattulut 3 0.4€-1.82 | 1.2¢ - 3 0.52-1.0C | 0.7¢ - 3
5 Marripadu 3 1.23-1.89 1.80 - 3 0.11-2.35 1.09 - 3
6 Vinjamur 4 1.26-1.80 1.64 - 4 0.09-1.38 0.69 1 3
7 Kaligiri 5 1.01-2.24 1.67 - 5 0.55-1.4% 0.88 - 5
8 Kondapuram 5 2.45-3.44 3.0 - 5 3.11-5.21 3192 - 5
9 Kavali 5 0.44-1.99 1.29] - 5 0.34-2.77 1.48 - 5
10 | Bogole 3 1.85-2.01 | 1.9% - 3 1.91-5.87 | 3.4¢ - 3
11 | Jaladant 9 0.31-1.3¢ | 0.6 - 9 0.61-1.2z | 0.9C - 9
12 Koovuru 7 0.96-4.7Q0  2.46 - 7 0.50-4.37 2.32 - 7
13 Kodavalur 4 1.08-3.64 2.17 - 4 1.42-419  2.93 - 4
14 | Alluru 3 2.80-4.03] 3.36 - 3 1.97-3.1F 249 - 3
15 Vidavalur 6 0.47-2.80  1.06 - 6 0.048-2.19 0.74 2 4
16 | Buchireddipaler 9 0.544.28 | 2.1% - 9 0.8€-2.3¢ | 1.5¢ - 9
17 Dagadar 14 2.0:-6.51 | 3.1 - 14 1.0(-3.8: 2.4z - 14
18 Sangam 7 1.88-547 3.11 - 7 1.43-453 303 - 7
100 0.31-6.51] 3.94 - 100 0.04-5.211 2.69 3 97

Table5: Correlation coefficient (r) values of pH, organic carbon and calcium carbonate with micronutrients

Available Nutrients Soil properties
pH EC
Iron -0.616** | 0.183**
Zinc -0.237** | 0.200**
Manganese -0.353*  0.140%
Copper - -

Note: ** - significant at 5% level.
CONCLUSION

200 surface and sub-surface soil soils were celttend analyzed in the laboratory. Location of saihples was
collected using GPS. This study reveals that, tiks svere strongly acidic to strongly alkaline h.§1 t010.41)
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reaction. The surface soil samples have high adailson content compared to sub-surface soil sam@7 % of
the available zinc for sub-surface soil samples belsw critical limit and 33 % of samples were fduabove
critical limit (0.8 ppm). The available manganesasvhaving positive correlation with organic carl§org57). It is
also observed that, in Alluru and Jaladanki manbegker (3.36 ppm) and lower values (0.64) of aldé copper
were established for surface soils.
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