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ABSTRACT

A study was conducted to assess the micronutrient and sulphur status of soils and leaf under old and young cocoa,
coffee and cashew plantations at Uhonmora, Edo State, Nigeria. Soil samples were collected from each of the six
plantation and the sampleswere analyzed using standard procedures for sand, silt, clay, pH (H,0), organic matter,
Fe, Cu, Zn, Mnand SO, contentswhile theleaf sampleswere analyzed for Fe, Cu, Zn, Mn and SO, contents. Datawas
subjected to ANOVA and correlation study. Results showed that the silt + clay values range from 143 - 246 g kg* soil,
which falls below 320 g kg soil considered optimal for better water retention for most tree crops. Organic matter
content was highest (6.36 g kg?) in the old cashew plantation and was significantly different (p < 0.05) from the other
plantations. Copper, Fe and SO, contents were higher in the soil than in the leaves. Manganese and Zn contents
were higher in the leaves than in the soil. The old and young cocoa plantations were similar in Zn, Mn and SO,
contents. Leaf Fe content for the young cashew plants was too low compared to the critical level in the region.
However, there were significant differences (p < 0.05) in micronutrient status between the young and old plantations
as this was observed in all the plantations studied. Correlation studies revealed that there was strong rel ationship
between leaf micronutrient and soil micronutrient. In the young cocoa plantation there was correl ation between | eaf
Fe and soil Cu (r =0.90, p < 0.05), leaf Fe and soil Zn (r = 0.98, p < 0.05). In the old cocoa plantation, there was
correlation between leaf Mnand soil Mn (r =0.94, p<0.05) ; leaf Mnand soil SO, (r =0.99, p < 0.05). In the young
coffee plantation foliar Fe correlated with soil Fe (r=0.99, p< 0.05); leaf Feand soil Mn (r=0.97, p< 0.05). Intheold
coffee plantation leaf Cu negatively correlated with soil Mn (r =-0.97, p< 0.05); leaf Fewith soil Mn (r=0.97, p< 0.05).
Inthe young cashew plantation there was correl ation between soil Feand foliar Zn (r = 1.00, p< 0.05); soil Znandfoliar
Fe(r=1.00, p<0.05) whilein the old cashew plantation there was correl ation between leaf Feand soil Cu (r=0.95, p<
0.05); soil Mn correlated with foliar Zn (r=0.99, p< 0.05). Soil SO, correlated (r= 0.94, p< 0.05) withfoliar Mn.

The old and young cocoa plantationswill need Zn, Mn and SO, containing fertilizers to meet their requirements for
cocoa. It wasalso detected that there was no severe micronutrients deficiency in the coffee and cashew, when mean
values for both soil and leaves samples were taken into consideration.
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INTRODUCTION

Micronutrient deficiencies can become one of
the major constraints in sustaining crop production
inthe present day exploitative arableagricultureand
even so in plantation crops. It is well known that
micronutrients availability are influenced by their
distribution in the soil as well as other soil
characteristics. Cocoa (Theobroma cacao), coffee
(Coffea arabica) and cashew (Anacardium
occidentale L.) are crops of economic importance
in Nigeria (Famaye et al. 2012). Most of the cocoa,
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coffee and cashew plantationsare on small holdings
of less than one hectare and are managed by very
old men and women on self ownership or as tenant
farmers established for than three decades
(Adegeye 2000). According to Agricultural Export
and Commodity Report (2013) the total area
cultivated in Nigeriafor cocoais 1,363,000 hectares,
coffee is 54,000 hectares and cashew is 120,000
hectares.

Based on this effort are being geared towards
rehabilitation of old, abandoned and moribund cocoa,
cashew and cashew farms aswell as opening up of
new plantations.

Most soils under cocoa, coffee and cashew
production in Nigeria are marginal to moderately
suitable in fertility status (Egbe et al. 1989). Soils
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under these plantations therefore require good
cultural and fertilizer management techniques to
achieve optimum crop production on sustainable
basis. Dueto inadequate quantity of fertilizer supply
and the high procurement cost (Agbede and Kalu
1995), most farmers do not use fertilizer (Iremiren
1989) and the farmstherefore depend on native soil
nutrient supply. Over theyearsresearch effortshave
indicated that there were short supply of N, P, K
and Mg on soils under cocoa, coffee and cashew
plantation resulting from nutrient mining from
harvests of cocoa pods, coffee berries and cashew
apple and nuts, which subsequently resulted in
nutrient deficiency symptoms and low yields
(Mamani-Pati et al. 2012; Ipinmoroti and Ogeh
2014). The soil nutrient factor has therefore been
found to be very important in the production of cocoa,
coffee and cashew in Nigeria(Ipinmorati et al. 2011;
I pinmoroti and Akanbi 2012). The evaluation of the
soil physical suitability and constant monitoring of
soil and leaf nutrient status have been advocated, to
ensure appropriate farm management and optimal
fertilizer usage for profitable arable and tree crop
production in Nigeria (Egbe et al. 1989).

Nath (2013) observed that the concentration
of nutrients element of tea leaf were related with
the soil environment and that fresh tea leaf had a
mineral content which might vary depending on the
earth structure on which it was grown, maintenance
and fertilizing. Based on this it also became
necessary to investigate the micronutrient status of
plantation crops like cocoa, coffee and cashew
which are of economic importance in Nigeria.
Hence this investigation was conducted to assess
the micronutrient status of old and young plots of
cocoa, coffee and cashew in Cocoa Research
Institute of Nigeria (CRIN) experimental station at
Uhonmora, Edo State, Nigeria. The objectiveof this
work was to know the status and availability of
micronutrients for sustainable crop production and
the relationship between the nutrient content of the
soil anf the leavesin cocoa, cashew and coffee.

MATERIALS AND METHODS

Six plots which combined between crops and
crops ages were made up of (1) a very old cocoa
plot established in 1949, (2) ajuvenile cocoa plot
established in 2012, (3) old coffee plots established
in 1996, (4) ayoung coffee plot established in 2007,
(5) aold cashew plot established in 1971 and (6) a
juvenile cashew plot established in 2011 at CRIN
Uhonmora Station (6° 53'N and 5° 58'E). Each plot
of 1.0 hawere demarcated into 4 sub-plots of 0.25
ha size and soil samples were collected using

random sampling technique. Soil samples were
collected from 0-30 cm soil depths from each sub
plot using soil auger. Leaf samplesfor each of the
crops (Cocoa, coffee and cashew) were collected
from the fourth leaf of the branches of the four
adjacent trees next to the point of soil sample
collections giving atotal of 10 leaves per crop.

The soil sampleswereair dried, sieved through
2 mm sieve and the 10 samples per sub-plot were
thoroughly mixed to form a uniform composite
sample. Four composite samples were obtained per
plot to give atotal of 24 composite samplesfor the
6 plots. The composite samples were analyzed for
sand, silt, clay, pH (H,0), EC, Fe, Cu, Zn, Mn and
SO,” contents. Soil particle size distribution was
determined by hydrometer method, while the soil
pH was in soil/water ratio of 1:2.5 and read with
el ectronic pH-meter. Theelectrical conductivity was
determined in 1:2 soil/water ratio using conductivity
bridge (Rhoades 1982). The soil micronutients — Cu,
Zn, Mn, S and Fe were determined after extraction
of the soilswith 0.1N HCI and thefiltrate read on a
Perkin-Elmer AtomicAbsorption Spectrophotometer.
Leaf samples were analyzed for Fe, Cu, Zn, Mn
and SO, contents using IITA (1979) procedure
before they were read through AAS Soil and leaf
nutrient contents results were compared across the
plots with the corresponding soil and leaf nutrient
critical valuesfor appropriate nutrient addition needs
to the soil and uptake by leaves for continuous
optimal and sustainable cocoa, coffee and cashew
production.

RESULTS AND DISCUSSION

Soil pH and Particle Size Analysis

The soilsof the plantationsvaried in their sand,
silt and clay contents. The soil contents had a sand
range of 757-857 g kg?, silt ranged from 111-191 g
kg?! and clay ranged from 32-52 g kg (Table 1).
The silt + clay values range from 143-246 g kg*
soil, which falls below 320 g kg soil considered
optimal for better water retention for most tree crops
(Egbeet al. 1989). Thisindicated that the soilsmight
not retain and supplied sufficient water to meet the
needs of the plantation crops without irrigation,
especially over a long period of dry season.
Sufficient water supply, most importantly during
flower and fruit settings for the crops would be
necessary at this critical point. Thefailure of water
supply at such atimewould lead to flower and fruit
abortionswith resultant low fruit yield. The plantation
soils could be better managed by making sure that
plantation canopies were covered by not allowing
missing stands, while the plantation floor was
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Table 1. Mean soil pH and some soil physical properties of the plantations.

Cocoa Coffee Cashew
Soil properties Young Old Young Old Young Old
pH (g kg™ 6.5 6.9 5.8 5.9 6.1 5.1
Sand (g kg™ 827 857 757 837 817 842
Silt (g kg?) 141 111 191 126 141 116
Clay (gkg™) 32 32 52 37 42 42

covered with leaf litter falls to serve as preventive
measures against loss of soil water through
evaporation (Loria1999; Ogunlade and Iloyanomon
2009).

Soil Micronutrients and Sulphur Contents

Therewere significant differences (p <.05) for
soil Fe, Cu, Mn, Znand SO, at different agesin all
the plantations except in the young and old cocoa
plantation wheretherewas no significant difference
insoil Mn, Znand SO, and also for soil Mnin young
and old coffee plantation as indicated in Table 2.
Soil Mn content at the plantations was between 3.90-
5.41 mg kg*. Thelowest value was found at young
cashew plot and highest one at old cashew plot.
Soil Cu content was0.77-2.14 mg kg? soil. Theleast
value (0.77 mg kg?) was obtained for both old coffee
and young cashew plantations. Thislow valuewhich
wasrelatively higher compared to other plantations
indicated that great amount of Cu have been
exploited from the plantations over theyearsthrough
berry harvest for the coffee plantation and through
previous arable crop harvest for the young cashew
plantation. Thissuggeststhe need for repl enishment
of the soilsin Cu content to meet requirement of
the plantations for Cu in order to checkmate the
possibility of nutritiona deficiency symptomson the
Ccrops.

Soil Fecontentsvaried from 30.6-450.6 mg kg
soil. The values were very low for old cocoa (30.6
mg kg?) and young cashew (47.6 mg kg?) and very
high for old cashew (450.6 mg kg*) and young cocoa
(427.6 mg kg?t). Except for cocoa plantation, soil
Fe level washigher for old plantations compared to
young ones. The very low level obtained for young
cashew was a result of previous type of land use,
while that of old cocoa must have been dueto plant
removal over the years through harvest of cocoa
pods.

Soil Zn content ranged from 15-38.8 mg kg*
(Table3). The coffee plantation had the lowest soil
Zn values compared to cocoa and cashew
plantations. Thevaluesweregenerally higher at soils
of old plantations compared to young plantations.
Thisindicated abuilt-up in the soil Zn contentswith

age of the plantations, while it was similar for both
old and young cocoa plantations. Soil Mn contents
ranged from 3.90-5.41 mg kg?, while the values
were higher at older plantations for coffee and
cashew but it was lower at old cocoa plantation
compared to young cocoa plot.

Higher content of soil Fe, Cu, Zn and Mn was
observed in this study and could be attributed to the
chelating of organic compounds released during
decomposition of organic matter (Singh et al. 1990).
Katyal and Vlek (1985) also observed that soil
copper availability increased with fineness of soil
texture which may also be alikely reason for soil
copper availability in this study. There were
significant differences (p < .05) in micronutrient
status between the young and old plantations asthis
was observed in all the plantations studied. There
were significant differences (p < .05) in organic
matter content between the plantations. The highest
OM content was recorded in old cashew plantation.
Thismay be attributed to influence of agein organic
matter accumulation from prunes, plant residues (of
the diverse vegetation under the plantation’s canopy)
crop remainsand leaf litter over theyears. Thecrop
had certainly grown old, but the impact of the
plantation on the fertility of the soil was positive
which could contribute to improvement on the soil
quality for the tree crop production.

Thelow vauesfor Cuin old and young coffee
plantations contents indicated that the coffee
plantationswoul d need application of Cu containing
fertilizersto be able to meet coffee crop needsfor
the nutrients in order to have a sustainable coffee
production on the plantations compared to cocoa
and cashew plantations with relative built-up of
nutrients in the soils with age of the plantations.
Adequate level of Zn in the soils indicated that it
would not be source of nutritiona problem in the
plantation. Soil Mn and Znincreased with age across
the plantations

Plant Micronutrients and Sulphur Contents

Therewere significant differences (p < .05) for
Fe, Cu, Mn, Zn and SO, at different agesin leaf
nutrient content for al plantationsexcept Cu at young
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Table 2. Organic matter, sulphur and micronutrient contents of soilsin cocoa, cashew and

coffee plantation.

Soil Nutrient Cocoa Coffee Cashew
1! Riutrients Young Old Young Old Y oung Old

Organic Matter (gkg™) 4.8b 2.7c 4.7b 2.3c 1.38d 6.36a
Fe (mg kg™) 407.6b  30.6f 199.9d 291.2¢c 47.6e 450.6a
Cu (mg kg™ 168b  1.99ba 1.61b  0.77c 0.77c 2.14a
Zn (mg kg®) 3243a 3243a 15.69c  24.58b 27.20ba  38.18a
Mn (mg kg™) 4.68ba 4.07b 3.94c 4.50ba 3.90c 5.41a
S0,” (mg kg 1753.3b 1753.9b 1570.5¢c  1780.9b 1869.2ba 1931.3a

Means followed by the same letter in arow are not significantly different from each other by Duncan

Multiple Range Test (DMRT) (p < 0.05).

Table 3. Micronutrients and sulphur contents of leaves in cocoa, cashew and

coffee plants.
Cocoa Coffee Cashew

Leaf Nutrients Young Old Young Old Young Old
Fe (mg kg™) 126.6b  200.3a 117.0b 209.5a 42.6¢ 132.5b
Cu(mgkg?)  0.92a 0.81a 0.77a  0.08c 0.31b 0.77a
Zn(mgkg')  324.3asb 303.4ba 235.4b  465.5a 256.3b  162.1c
Mn(mgkg’) 31.6b 42.0a 40.3a 39.4a 33.3b 35.1ba
SO, (mgkg’) 489.9pba 388.1b 381.9b 538.2a 505.4ba 524.4ab

Means followed by the same letter in a row are not significantly different from each other by Duncan

Multiple Range Test (DMRT) (p < 0.05).

and old cocoa plantation and Mn at young and old
coffee plantation were not significantly different.
The leaf nutrient contents varied across the
plantations (Table 3). The leaf Fe contents (42.6
mg kg?') at young cashew plants was the lowest
while that at coffee (209.5 mg kg?') was highest
compared to other plantation. The values were
higher at older plants compared to younger plants.
Plant Fe contents of young cashew plantswere too
low and need to be applied through foliar application.
Plant Cu content (0.08-0.92 mg kg?) was too low
for old coffee plants, while for young coffee plants
it was adequate. Plant Zn, Mn and SO, values of
162.1-465.7, 31.6-42.0 and 381.9 - 538.2 mg kg*
respectively were high enough to meet nutrient
requirements of each of the crops and there would
be no need for their fertilizer application.

The adequate levels of soil Mn and Zn were
reflected at high plant nutrient content.

Correlation between leaf micronutrients and
soil parameters at young and old cocoa, coffee
and cashew plantations;

Young Cocoa plantations:

At young (1 years old) cocoa plantation, there
was a correlation between leaf Fe, Cu, Zn, Mn and
SO, and soil sand fraction (r = 0.99, p < 0.05), leaf
Fe and soil Cu (r =0.90, p < 0.05), leaf Fe and soil

Zn(r=0.98, p<0.05), leaf Cuand soil sand fraction
(r=0.90, p< 0.05).

There was aso a correlation between soil Fe and
soil Zn (r=0.90, p< 0.05), soil Feand soil Mn (r =
0.97, p< 0.05), soil Feand soil SO, (r=0.94,p<
0.05), soil Zn with soil Mn (r=0.99, p<0.05)

Old Cocoa plantation:

At old cocoa plantation (46 years old), there
was a correlation between leaf Mn and soil Mn (r =
0.94, p< 0.05), leaf Mnand soil SO, (r=0.99, p<
0.05), leaf Fewith soil SO, (r=0.97, p<0.05), leaf
Cu and soil SO, (r = 0.99, p < 0.05)

There was a correlation between soil OM with soil
Cu (r=0.98, p< 0.05); soil clay fraction with soil
Zn (r=0.99, p< 0.05); soil Mn and soil SO, (r =
0.95, p<0.05)

Young coffee plantations:

At young coffee plantation (5 yearsold), there
was a correlation between leaf Fe and soil Fe (r =
0.99, p < 0.05), leaf Feand soil Mn (r=0.97, p<
0.05).

There was also a correlation between soil Fe
and soil Mn (r =0.97, p<0.05), soil Cuand soil Zn
(r=0.97,p<0.05
Old coffee plantations:

At old coffee plantation (20 yearsold), leaf Cu
negatively correlated with soil Mn (r = -0.97, p <
0.05) leaf Fewith soil Mn (r =0.97, p < 0.05).
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There was also a correlation between soil Fe
and soil Mn (r =0.97, p< 0.05).

Young and Old cashew plantation:

At young cashew plantation (2 yearsold), there
was a significant correlation between soil Fe and
leaf Zn (r=1.00, p< 0.05), soil Znwithleaf Fe(r=
1.00, p< 0.05), Soil Mn (r=1.00, p< 0.05) and | eaf
SO, soil Fe and soil SO, (r=0.99, p < 0.05)

Old cashew plantation:

However, at old cashew plantation (45 year old),
there was a correl ation between leaf Fe and soil Cu
(r=0.95, p< 0.05), soil Mnandleaf Zn (r=0.99, p <
0.05), soil SO, and leaf Mn (r=0.94, p< 0.05), soil
Fe and soil SO, (r=0.93, p < 0.05), soil Fe and soil
Zn (r=0.93, p< 0.05), soil Feand soil Mn (r=0.94, p
< 0.05).

Furthermore, observation revealed that soil OM
influenced the concentration of micronutrients of soil
Mn, Fe, Cu and Zn content. The soil samples
showing high levels of micronutrient concentration
had high OM content. The micronutrient uptake by
plants decreased as soil pH value increased. The
acidic soil pH caused harmful effect toliving beings
through food chain. Soil pH and high total OM
content had a higher retention capacity of
micronutrient metal in soil. The maximum
permissible limits of micronutrientsin soilswere 2
to 250 mg kg* for copper and 10 to 300 mg kgt for
zinc respectively (Kabata-Pendias and Pendias,
1984; Alloway, 1990). Many studies indicated that
the accumulation of micronutrients in soil had an
adverse effect on growth and devel opment of wide
variety of plant species. Low quantity of some
micronutrient such as copper and zinc are necessary
for proper functioning of most plant system. Higher
concentrations of copper and zinc have been found
to be responsible for metabolic disturbance and
growth inhibition of some plants. These trace
elements play an essential biologica role in plant
and human metabolism. Copper and Zinc are
considered as good source of protein (Nwajel et al.
2012).

Micronutrients are naturally present in soilsas
natural components. The presence of micronutrient
in the environment has accelerated due to human
activities. Zinc concentration above 500 kg reduced
the ability of soil to absorb Fe and Mn (Rejulaand
Dhinakaran 2012). Soil forms a repository
micronutrient element because soil particles such
as clay and humus have chargesthat help the metal
cations to bind themselves with the soil, and thus
prevent their release, though temporarily. The
soluble forms of micronutrient are more dangerous

because they are readily available to plants and
animals (Prasanth et al. 2013). Also, there was
positive correlation between OM contents and
micronutrient elements and between |eaf
micronutrient and soil micronutrient as indicated
above.

CONCLUSIONS

Therewere great differencesin soil and leaf nutrient
contents between old and young plantations of
cocoa, coffee and cashew. The young cocoa
plantation was found to contain more nutrient and
better chemical properties when compared to old
cocoa plantation. It was observed that continuous
cocoa cultivation lead to nutrient depletion in soils
dueto crop removal and damageto soil. Inthe case
of cashew, it was unveiled that the growing of tree
crops helped in soil fertility conservation and
ecosystem sustainability and as the age of cashew
plantations increases, there was a subsequent
improvement in the soil fertility (nutrient recycling
through uptake of nutrient from deep weatherable
mineral zone and litter fall), soil quality (especially
soil texture, particle aggregation, infiltration and
aeration) and sustainability. Since the economiclife
of planting, these plantation crops studied were 30-
40 years, increase in age of the crop may become
uneconomical as yield begins to drop from the
maximum yield age ranged of 10-15 years. thus, it
isrecommended that the old trees shall be replaced.
When this is embarked on, there will be a great
return of nutrient to the soil from the remains and
residues of thetrees plusother benefits of protection
and soil microbial proliferation.

ACKNOWLEDGEMENTS

The authors acknowledge the management of
Cocoa Research Institute of Nigeriafor permission
to publish thiswork.

REFERENCES

Adegeye AJ. 2000. “‘Nigerian Agriculture: Reaping Where
We Do Not Sow’ In Tropical Issues in Nigerian
Agriculture: Desirable and Workable Agricultural
Policies for Nigeriain the First Decade of the 21
Century. Department of Agricultural Economics,
University of Ibadan, Ibadan, Nigeria.

Agbede OO and BA Kalu. 1995. Constraints of small-
scale farmersin increasing crop yields: farm size
and fertilizer supply. Niger J Soil Sci 11: 139-152.

Agricultural Export Commodities Report. 2013. National
survey on agricultural exportable commodities.



68 JS Ogeh and RR Ipinmoroti: The status of micronutrients and sulphur in some plantation crops

Collaborative survey conducted by National Bureau
of Statistics(NBS), Central Bank of Nigeria(CBN),
Federal Ministry of Agriculture and Rural
Development (FMARD) and Federal Ministry of
Tradeand Industry (FMTI). AECR 2013.

Alloway BJ. 1990. Heavy Metalsin Soails, Blackie, London,
Ayoola OT and AA Agboola. 2002. Influence of
cassava planting patterns and organic/inorganic
fertilizer source onthe growth and yield of maizein
cassava/maize/melon intercrop in southwest
Nigeria. Moor Journal of Agricultural Research 3:
161-168.

Egbe NE, EA Ayodele and CR Obatolu. 1989. Soils and
nutrition of cocoa, coffee, kola cashew and tea
Progressin Tree Crop Research 2: 28-38.

Famaye AO, GO Iremiren, K Ayegboyin and KB Adejobi.
2012. Evaluation of coffee intercropped with rice
and plantain at early stage of field establishment in
Nigeria JAgric Sci 3: 347-350.

I1TA . 1979. Selected Methodsfor Soil and Plant Analysis.
Manual Series No.1. International Institute of
Tropical Agriculture, Ibadan, Nigeria.

Ipinmoroti ROSO, Akanbi and EA Adeyemi. 2011. Cocoa
seedlings performance as influenced by NPK,
Manure and Micfert Fertilizersin the Green House.
Proceedings of the Second Technical Workshop
on Organic Agriculturein Nigeriaheld at National
Horticultural Research Ingtitute (NIHORT), Ibadan,
Nigeria from 12 — 16" Sept. 2011.pp. 91- 95.

Ipinmoroti RR and OSO Akanbi. 2012. Relative Effect of
NPK and Organic Fertilizers on Growth Performance
of Cashew Seedlings on Depleted Soils at |badan,
Nigeria. Niger J Soil Sci 22: 137-141.

Ipinmoroti RR and JS Ogeh. 2014. Soil Nutrient Dynamics
under Old and Young Cocoa, Coffee and Cashew
Plantations at Uhonmora, Edo State Nigeria. J Trop
Soils19: 75-80.

Iremiren GO. 1989. Response of maize to trash burning
and nitrogen fertilizer in anewly opened secondary
forest. Camb J Agric Sci 113: 207-210.

Kabata-Pendias A and PendiasA. 1984. Trace Elements
in soilsand plants. CRC Press, Boca Raton, Fla,

Katyal | CAnd PLG Vlek. 1985. Micronutrient problems
intropical Asia. Fertil Res7: 69-94

LoriaSA. 1999. Litter Fall: The Most Wanted Waste. The
Ecosystems Research and Development Bureau,
Department of Environment and Natural Resources
25 J. Canopy International, Philippines, pp 12.

Mamani-Pati F, DE Clay, SA Clay, H Smetekop and MA
Yujra-Cadllata. 2012. The Influence of Strata on the
Nutrient Recycling within a Tropical Certified
Organic

Coffee Production System. ISRN Agronomy Vol. 2012
ArticlelD 389290, 8 pages, 2012. doi 10.5402/2012/
389290.

Nath TN. 2013. The Status of Micronutrients (Mn, Fe,
Cu, Zn) in Tea Plantationsin Dibrugarh district of
Assam, India. Int ResJ Environ Sci 2: 25-30.

Nwajel GE, Okwagi P, Nwajei Rl and Obi-lyeke GE. 2012.
Analytical Assessment of Trace Elementsin Sails,
Tomato Leaves and Fruits in the Vicinity of Paint
Industry, Nigeria, ResJ Rec ci 1: 22-26

Ogunlade MO and CI lloyanomon. 2009. Leaf litter fall
and soil Nutrient Status under Cocoa Plantations
of Different Agesin Ibadan, Nigeria. Niger J Soil
i 19: 25-28.

Prasanth KM, Sreekala PP, Sandip S, Kripa PK and
Sregjesh KK. 2013. Heavy metalsand itsfraction
asin soilsof Koratty Region, Kerala, ResJ Rec i
2:171-176.

RejulaFA and M Dhinakaran. 2012. Removal of Zinc(l1)
by Non living Biomass of Agaricus Bisporus, ResJ
Rec i 1: 13-17.

RhoadesJD. 1982. Solublesdlts. In: A.L. Page, R.H. Miller
and D.R. Keeney (eds). Methods of Soil Analysis
Part 2: Chemical and Microbiological Properties. Soil
Science Society of America, Inc., Madison, WI, pp
167-179.

Singh K, YP Goyal and M Singh. 1990. Distribution of
micronutrient cations in semi-arid alluvial soils
profiles. J Indian Soc Soil Sci 38: 736-737.



