Academia Journal of Biotechnology 4(3): 076-084, March 2016
DOI: 10.15413/ajb.2015.0225
ISSN 2315-7747
©2016 Academia Publishing

Research Paper
Status of Fe, Cu, Zn and Mn and their relationship with some physical chemical
properties in the soils of Sonjo and Lupiro alluvial/flood plains in Kilombero and
Ulanga Districts, Morogoro, Tanzania
Accepted 2nd November, 2015
ABSTRACT

Joachim H.J.R. Makoi
National Irrigation Commission, P.O. Box
9192, Dar es salaam, Tanzania.
Corresponding author Email:
joachimmakoi@yahoo.com

A study was conducted in Katurukila and Lupiro proposed irrigation schemes in
Kilombero and Ulanga Districts during the end of 2014 in order to assess the
status of microelements in soils and their relationship with some selected physical
chemical properties. Soil samples in three replicates were collected at a depth of 0
– 30 cm from eight different mapping units in a zigzag pattern. Using sub-sampling
techniques, samples were mixed thoroughly, sub-sampled, packed, labeled and
analyzed for DTPA extractable Fe, Cu, Zn and Mn at SUA laboratory. There was
significant (P≤0.05) variation in the tested microelements within the mapping
units and between the study areas. With the exception of Mn which was in excess
amounts, Cu, Zn and Fe were sufficient for optimal crop growth. The DTPA
extractable Cu, Zn, Fe and Mn ranged from 0.2 – 8.2, 0.4 – 3.1, 35.0 – 258.7 and 3.6
- 121.6 mg kg-1 respectively. There was more (P≤0.05) concentration of
microelements in Katurukila compared with Lupiro. Strong and positive
relationships were found between clay, Cu and Fe (r = 0.72***, r = 0.65*) but
negatively related with silt and sand (r = -0.64* and -0.88***) respectively.
Additionally, Fe was negatively correlated with pH, K/Na, BS and K/TEB (r = -0.75,
-0.74**, -0.86***, -0.66*) respectively in Katurukila and with sand (r = -0.68**) in
Lupiro. It was similarly concluded that Mn increased in the soils as silt, K/Na and
K/TEB increased (r = 0.84***, 0.73*** and 0.69*) respectively but decreased as
Mg/K ratio (r = -0.58*) increased in Katurukila. Likewise, in Lupiro, Mn increased
with increased clay (r = 0.69**), OC (r = 0.63*) and TN (r = 0.66**) but decreased
with increase (r = -0.71**) in sand and Mg/K (r = -0.58*). Increased Mn
accumulation in soils had probably toxic effects on plant growth and development.
Overall, these results suggests that in locations where microelements were
excessive and therefore toxic to plant growth, measures to reverse the trend
should be included in the fertilizer management program in the study areas.
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INTRODUCTION
Micronutrients are mineral elements required by plants
and other organisms in small quantities to orchestrate a
range of physiological functions (White and Brown, 2010;

Govindaraj et al., 2011; White et al., 2012). They are mostly
of high density (usually > 5.0 mg m-3) and belong largely to
the group of “transition elements’ of the periodic table.
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Microelements such as Fe, Cu, Zn and Mn play a major role
in plant growth and development. Zn is a structural
component of several enzymes or is required for enzyme
activation (Cakmak et al., 1997; Das et al., 2005; Pandey et
al., 2006; Fang et al., 2008). Fe is essential for chlorophyll
development and function, energy transfer within the plant,
a constituent of certain enzymes and proteins, functions in
plant respiration, plant metabolism and N2-fixation. Cu is
necessary for carbohydrate and N metabolism, a cofactor in
enzymes involved in both respiration and photosynthesis,
lignin synthesis needed for cell wall strength and
prevention of wilting (O'Halloran and Culotta, 2000;
Rosenzweig et al., 2002), promotes seed production and
formation, plays an essential role in chlorophyll formation
and proper enzyme activity. Manganese (Mn) plays an
important role in oxidation and reduction processes,
electron transport in photosynthesis, as an activator of
more than 35 different enzymes which are involved in
oxidation reactions. Mn is also a structural component of
the Photosystem II water splitting protein, carboxylation,
carbohydrates metabolism, P reactions and citric acid cycle
(Uehara et al., 1974; Jackson et al., 1978; Mukhopadhyay
and Sharma, 1991; Diedrick, 2010; Millaleo et al., 2010),
chlorophyll production, electron storage and delivery to the
chlorophyll reaction centers; involved in cell division and
plant growth, lipids metabolism, and nitrate reduction
enzymes (Ness and Woolhouse, 1980; Mukhopadhyay and
Sharma, 1991; Marschner, 1995; Anderson and Pyliotis,
1996; Millaleo et al., 2010).
Generally, shortage in any one of these microelements
restricts plant growth and reduces crop yields (Bowen et
al., 2010; White et al., 2012; Arunachalam et al., 2013)
suggesting that their bioavailability and uptake by plants is
essential for crop production (White and Broadley, 2009;
White et al., 2012; Makoi et al., 2013). Zn deficiency for
example, has been reported in many studies and is one of
the widest ranging abiotic stresses in agriculture. FAO
recorded Zn deficiency in 50 % of the soil samples collected
from 25 countries (Graham, 1991). Studies by Kitundu and
Mrema (2006) showed that available or extractable
quantities of Zn and Cu were reported as low in almost all
soil samples tested ranging from 0.08 to 0.93 mg Zn kg-1
and 0.04 to 0.34 mg Cu kg-1 soil. Depending on the
extraction method, available or extractable quantities of Zn
were reported as low compared with the quantities in soils
(Lindsay and Novell, 1978; Kabata-Pendias and Pendias,
1984). In Mbeya and Morogoro Regions, extractable Zn has
been reported to be as low as 0.2 mg kg-1 (Kamasho, 1980;
Msanya et al., 2001). However, micronutrient problems are
expected to increase in the future because of the increase in
cropping intensity, the use of high-yielding varieties and
the more extensive use of micronutrient-free high analysis
N, P and K fertilizers. A great effort should therefore be
made to conduct systematic micronutrient investigation in
the areas, particularly in soils of Sonjo and Lupiro proposed
irrigation schemes (Sakal et al., 1988; Dhane and Shukla,
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1995).
Kilombero and Ulanga are some of the major food and
cash crops producing districts in Morogoro, Tanzania
supplying most of the cereal grain in the region. Kilombero
district for which the Sonjo/Katurukila irrigation scheme is
proposed is situated in a vast alluvia/floodplain landscape,
between the Kilombero River in the south-east and the
Udzungwa - Mountains in the north-west. On the other side
of the Kilombero River, in the south-east, the floodplain is
part of Ulanga District where Lupiro irrigation scheme is
proposed. Sonjo and Lupiro are proposed for irrigation
development where crops such as rice (Oryza sativa L),
maize (Zea mays L), sugarcane (Saccharum officinarum L)
and pineapples (Ananas comosus L) will be cultivated.
Normally, irrigation development is an expensive
undertaking and needs careful planning and soil physicalchemical characterization studies for appropriate soil
fertility management.
Management of plant nutrients is largely governed by
their status in the soil. Previous studies have indicated that
decline in soil fertility including microelements in southern
Tanzania is the major form of land degradation (Kamasho,
1980; BACAS, 1996; Mwamfupe, 1998). The drive towards
self-sufficiency in food and cash crop production through
irrigation development and the adoption of Good
Agricultural Practices (GAP) has necessitated the
assessment of the nutrient status of soils; particularly the
micronutrients which had hitherto been neglected
(Mustapha, 2003). In order to meet the envisaged crop
yield targets after irrigation development, reliable
information on the status of microelements in soils of the
proposed study areas is required for future and appropriate
soil fertility management. Some studies have also shown
that in some parts of Europe and Asia, application of
micronutrient fertilizer lead to increased crop yields and
quality (Aro et al., 1995; Cakmak et al., 1996; Cakmak,
2002; Nubé and Voortman, 2008). Currently, there is very
scanty or no information or literature on the status of soil
microelements in the proposed irrigation schemes in
Sonjo/Katurukila and Lupiro in Kilombero floodplains. This
study was therefore conducted to assess the status of Fe,
Cu, Zn and Mn in Sonjo/Katurukila and Lupiro in different
geoforms to forecast potential micronutrient problems in
order to evaluate fertility status of different soil in
Sonjo/Katurukila and Lupiro plains.

MATERIALS AND METHODS
Description of the study area
Sonjo/Katurukila
The proposed Sonjo/Katurukila irrigation project is located
55 km North of Ifakara township along Ifakara - Mikumi
road, approximately between latitudes 36°50’E to 37°00’E
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and Longitudes 7°45’S and 7°50’S. Topographically, the
Sonjo basin is bounded by Udzungwa mountain ranges on
the northern side sloping gently southwards drained to
Kilombero valley. Geomorphologically, the proposed
irrigation scheme falls into one landscape, that is, the
alluvia/flood Plain. These are lowland areas east of the
Mikumi – Ifakara road whose elevation is slightly below
300 m contour. It is essentially a flat area with moderate to
imperfectly drainage condition. Most of clearly drainable
sections of rivers flow from NW to SE direction and a few
flows southerly. The geology of the area can generally be
described as having alluvium deposits probably originating
from the high plateau. The climatic condition in the study
area is bi-modal with 50% of the total rains falling between
March through May and about 41% light rains falling
between November through February. The total annual
rainfall is 1,461.6 mm. The mean temperature varies from
22.4 to 27.8°C throughout the year. The monthly average of
relative humidity (RH) varies from 67.8 (i.e. October) to
78.2% (i.e. April). The potential evaporation is about 1,835
mm per annum and varies widely throughout the year from
116.7 – 195.2 mm per month.

Lupiro
The proposed Lupiro irrigation project is situated in Ulanga
District, Morogoro Region. The area lies at latitude 8°25’S
and longitude 36°40’E and at an average altitude of 297 m
above mean sea level. Lupiro scheme is located on a flood
plain drained by Luli River and its seasonal tributaries
which run generally in a south – north direction through
the project area where a lot of depositions have been
occurring periodically in wet season. The deposits originate
from Ndororo Mountains in the south where crystalline
limestone rock group dominates and hornblende garnet
gneiss is the dominant primary mineral (IFAKARA, QDS
235).
Lupiro area has a bi‐modal rainfall distribution,
characterized by short and long rain periods. On average, it
receives an annual rainfall of about 1,300 mm. The short
rainy season occurs during October‐December and long
season between March and May. The dry spell is
predominantly between July and October. The project area
is located in a zone of potential evaporation varying
between 800 ‐ 1,200 mm yr-1. Average temperature ranges
from 22 to 28°C. Winds normally blow from the South‐East
and North‐East directions with annual average of 154 km
day-1.

Soil sampling and handling
Fieldwork was carried by selecting transects that went
across the previously identified mapping or geomorphic
units and soils. Representative composite samples were
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collected from a depth of 0 – 30 cm in three replicates from
8 representative soil profiles locations (KA-Pa1, KA-Pa2,
KA-Pa3 and KA-Pa4) in Katurukila and (LUP1, LUP2, LUP3
and LUP4) in Lupiro making a total of 24 samples. Each soil
sample was a composite of five sub-samples collected in a
zigzag pattern within a radius of 20 m from the centre of
the soil profile. The collected soil samples were stored in
properly labelled polythene bags, taken to the laboratory
and used in the analysis of micronutrients. In the
laboratory, each sample was separately dried in air, ground
using a porcelain pestle and mortar and passed through a 2
mm sieve.

Laboratory analyses
Soil physicochemical properties were analysed following
standard procedures outlined by Moberg (2000).
Diethylene triamine pentaacetic acid (DTPA) extractable
micronutrients Fe, Cu, Zn and Mn were determined using
the method by Lindsay and Norvell (1978) and their
concentrations in the DTPA extracts were determined by
Atomic Absorption Spectrophotometer (AAS). Particle size
distribution was determined by the hydrometer method
after dispersing in sodium hexametaphosphate solution
(Bouyoucos, 1951). The soil pH was determined in 1:1
soil/water suspension using a glass electrode pH meter
while organic carbon in the soil was determined by the wet
combustion method of Walkley and Black (1934). Cation
exchange capacity was estimated using the NH4OAc
saturation (pH 7) method, while the leachate was used to
determine the exchangeable bases.

Statistical analysis
Data on soils’ physicochemical properties were organised
using Microsoft Excel. One-way ANOVA was used to
compare mapping units/geomorphic units and individual
micronutrients. The analysis was performed using the
STATISTICA software of 2015 version (StatSoft Inc., Tulsa,
OK, USA). Fisher’s least significant difference (LSD) was
used to compare microelements means at P ≤ 0.05 level of
significance (Steel and Torrie, 1980).

RESULTS AND DISCUSSION
Soil textural classes
The data on the physico–chemical properties of the soils
studied are presented in Table 1. Tables 2 and 3 showed
significant (P ≤ .05) variation in soil particle distribution
between the mapping units in Katurukila and Lupiro study
areas. In Katurukila, KA-Pa3 had the lowest (P ≤ .05) clay
compared with the other mapping units (Table 2).
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Table 1. Soil fertility data for Katurukila and Lupiro study areas (0 – 20 cm).

Sample No.

Texture

pH
(H2O)

EC
(mS.cm-1)

OC

TN

OM

Pav

EB

CEC

C/N

(g.kg-1)
KA - Pa1
KA - Pa2
KA - Pa3
KA - Pa4

SCL
SCL
C
SCL

5.0
4.8
5.0
5.8

0.05
0.09
0.11
0.02

16.9
6.9
18.5
16.7

29.1
11.9
31.8
28.7

0.5
0.5
1.3
0.9

Lupiro
LUP1
LUP2
LUP3
LUP4

S
S
S
S

6.2
5.9
6.1
5.3

0.03
0.02
0.05
0.03

5.0
2.8
11.2
6.2

8.7
4.8
20.4
10.7

0.4
0.3
0.7
0.4

Ca

(mg.kg-1)
Katurukila
34
12.2
14
11.9
14
6.7
19
42.5

12
9
17
15

(cmol (+). kg-1)

20.2
33.3
15.9
1.3

Mg
K
(cmol (+).kg-1)

Na

BS
(%)

ESP
(%)

9.0
9.0
22.0
11.8

1.18
1.47
3.98
2.20

0.92
1.00
3.72
3.58

0.05
0.11
0.11
0.20

0.23
0.12
0.21
0.24

26
31
37
53

2.6
1.3
1.0
2.0

11.3
10.7
11.6
9.8

0.80
0.70
2.20
0.70

0.70
0.40
1.41
0.28

0.11
0.05
0.10
0.06

0.14
0.15
0.14
0.15

15
13
35
12

1.2
1.4
1.2
1.5

Note: EC = Electrical conductivity; OC = Organic carbon; OM = Organic matter; TN = Total Nitrogen; P = Phosphorus; C/N = Carbon to Nitrogen ratio; EB = Exchangeable bases; CEC = Cation exchange
capacity; BS = Base saturation (BS(%) = (TEB/CEC)*100); ESP = Exchangeable sodium percentage; Ca = Calcium; Mg = Magnesium; K = Potassium; Na = Sodium; SCL = Sand Clay loam; CL = Clay loam; SL=
Sandy loam; C = Clay.

Table 2. Status of micronutrient concentration in selected mapping units of Katurukila.

MU
KA-Pa1
KA-Pa2
KA-Pa3
KA-Pa4
F-statistics
Rep

Clay

Soil textural class (%)
Silt
Sand

Topsoil DTPA extractable micronutrients (mg.kg-1)
Cu
Zn
Fe
Mn

29.1±0.6a
29.1±2.9a
16.1±1.2b
24.1±0.0a

10.6±0.6a
7.6±1.2b
11.6±1.2a
6.6±0.6b

60.2±1.2c
63.2±4.0bc
72.2±2.3a
69.2±0.6ab

5.8±1.5a
8.2±0.8a
2.3±0.1b
5.3±0.9ab

2.9±0.4a
2.6±0.4a
3.1±0.1a
1.6±0.2b

223.7±8.3a
236.8±24.7a
64.7±1.3b
149.5±72.9ab

70.6±6.7a
32.2±2.8b
88.6±1.7a
26.2±9.6b

15.1**

6.8*

5.1*

6.9*

5.2*

4.2*

24.6***

*: significant at P =0.05; **: significant at P =0.01; ***: significant at P =0.001. Values followed by dissimilar letters in the same column for each
treatment are significantly different from each other at P =0.05 according to Fischer LSD. (LSD: Least significance difference).
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Table 3. Status of micronutrient concentration in selected mapping units of Lupiro.

LUP1
LUP2
LUP3
LUP4

Soil textural class (%)
Clay
Silt
4.1±0.0c
5.6±2.3a
4.1±0.0c
3.6±1.2a
14.1±5.8b
4.6±0.6a
25.1±0.6a
5.6±1.2a

Sand
90.2±2.3a
92.2±1.2a
81.2±5.2a
69.2±1.7b

Topsoil DTPA extractable micronutrients (mg.kg-1)
Cu
Zn
Fe
0.2±0.0b
0.4±0.0b
35.0±14.4b
0.2±0.0b
0.6±0.0b
64.7±15.2b
0.8±0.3b
1.5±0.5a
108.5±7.6b
2.2±0.6a
1.5±0.3a
258.7±81.7a

Mn
3.6±1.4b
10.1±2.6b
162.8±8.3a
121.6±58.5a

F-statistics
Rep

12.4***

13.0***

8.1**

8.1**

MU

1.0ns

5.0*

6.0*

*: significant at P =.05; **: significant at P =.01; ***: significant at P =.001; ns = non-significant. Values followed by dissimilar letters in the
same column for each treatment are significantly different from each other at P =.05 according to Fischer LSD. (LSD: Least significance
difference).

However, KA-Pa3 recorded greater (P ≤ .05) silt similar to
KA-Pa1 and sand compared with the rest of the mapping
units. Results showed that the top soil textural class was
dominated by sand clay loam (SCL) followed by sandy loam
(SL). In Lupiro, LUP4 had the highest (P ≤ .05) clay
compared with the other mapping units (Table 3).
However, LUP4 had lowest (P ≤ 0.05) sand material
compared with the rest of the mapping units. No difference
was observed in silt distribution amongst the mapping
units. Results showed that the top soil textural class was
dominated by sand (S) > sandy loam (SL) > sand clay loam
(SCL) textures. Generally, there was more (P ≤ 0.05) Clay
and Silt in Katurukila compared with Lupiro study areas.
However, there were more sand in Lupiro compared with
Sonjo/Katurukila. The observed differences in textural
classes in Sonjo/Katurukila compared with Lupiro were
ascribed to differences in topography or landscape and the
parent material.

Copper (Cu) status
The status of selected microelements in Sonjo/Katurukila
and Lupiro study areas are presented in Tables 2, 3 and 4.
The data showed that in Katurukila, Cu range from 2.3 to
8.2 mg kg-1 whereas in Lupiro they range from 0.2 to 2.2 mg
kg-1. Similarly, results showed that there was significant (P
≤ 0.05) Cu variation between the mapping units (Table 1)
and between the proposed irrigation schemes (Table 3).
For example in KA-Pa3, Cu was significantly (P ≤ 0.05)
lower compared with KA-Pa1 and KA-Pa2 but was rated as
sufficient. For DTPA-extractable soil Cu, 0.2 mg kg-1 has
been considered as the limit below which plants are likely
to suffer from Cu deficiency (Viets and Lindsay, 1973;
Lindsay and Norvell, 1978; Esu, 1991). These results
suggest that the observed Cu in the tested soils were
sufficient for optimal crop growth. Some studies have
shown that the normal Cu content of agricultural soils is 5
to 50 mg kg-1 and Cu concentrations below 8 mg kg-1 could
indicate a deficiency for some crops (McBride, 1994;
Kabata-Pendias and Pendias, 2001). However, excess Cu
accumulation in soils needs to be monitored as they can be

toxic to plant growth and development. Several studies
have shown that in sandy acidic soil, Cu concentrations at
>100 mg kg-1 caused phytotoxicity to citrus plants and
subsequently decreased their productivity and reduced
microbial biomass and diversity in these soils (Alva, 1993;
Zhou et al., 2011). In Lupiro however, although results
show that there are sufficient Cu in soils, in LUP1 and LUP2
these amounts were just on the borderline, i.e. 0.2 mg kg-1,
indicating that there is greater likelihood of dropping below
the critical limits. These suggest that management of Cu in
soils of Lupiro is necessary compared with Katurukila in
order to maintain Cu in soils for plant growth benefits.
Results also show that in Katurukila, there was significant
(P ≤ .05) correlation between percent clay, silt content, pH
and Cu in soils (Table 4). Cu was positively correlated with
(r = 0.72***) clay compared with silt and sand which were
negatively (P ≤ 0.05) correlated with r = -0.64* and -0.88***
respectively just as reported by Perveen et al. (1993) and
Chhabra et al. (1996). In Lupiro, Cu was positively
correlated with clay content (r = 0.85***) but negatively
correlated with sand (r = -0.80***) at (P ≤ 0.05). These
results suggests that soil properties such as texture and pH
has great influence on the Cu released for plant use in the
soils of the study areas (Gupt and Aten, 1993; Verma et al.,
2005; Vangheluwe et al., 2005; Herselman, 2007; Pati and
Mukhopadhyay, 2010; Bassirani et al., 2011).

Zinc (Zn) status
Zinc status in Katurukila and Lupiro study areas are
presented in Tables 2, 3 and 4. Zinc contents in the soils
ranged from 1.6 - 3.1 mg kg-1 in Katurukila and 0.4 – 1.5 mg
kg-1 in Lupiro and were rated as moderate. From these
results, Zn was (P ≤ 0.05) different between the mapping
units within the study areas and between the proposed
irrigation schemes. The data also indicated significantly (P
≤ 0.05) greater available Zn in Katurukila compared with
Lupiro (Table 5). The proposed deficiency level for Zn
(DTPA) in most agricultural soils was pegged between 0.4 –
1.0 mg kg-1 (Silanpaa, 1982; Lindsay and Novell, 1978) and
values greater than 10 - 20 mg kg-1 were regarded as excess
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Table 4. Correlation (r) of microelements to physical and chemical properties in Katurukila and Lupiro proposed irrigation schemes, Morogoro, Tanzania.

S/N
A
1
2
3

Micronutrients
Katurukila
Cu
Fe
Mn

B
1
2
3

Lupiro
Cu
Fe
Mn

Clay

Silt

0.72**
0.65*

-0.64*

Sand

pH

OC

TN

-0.88***
-0.75**

0.84***

0.85***
0.74**
0.69**

-0.80***
-0.68**
-0.71**

0.63*

K/Na

BS

K/TEB

Mg/K

-0.74**
0.73***

-0.86***

-0.66*
0.69*

-0.58*

0.66**

*: significant at P =.05; **: significant at P =.01; ***: significant at P =.001. Zn is not shown since it was not significant in both study sites.

Table 5. Comparison of the status of micronutrient concentration in selected mapping units of Katurukila and Lupiro
proposed irrigation schemes.

Scheme
Katurukila
Lupiro
F-statistics
Rep

Soil textural class (%)
Clay
Silt
Sand
24.6±1.7a 9.1±0.7a 66.2±1.8b
6.9±1.8b
4.1±0.7b 89.0±1.9a

51.1***

25.4***

78.7***

Topsoil DTPA extractable micronutrients (mg.kg-1)
Cu
Zn
Fe
Mn
5.4±0.8a
2.5±0.2a
168.7±26.5a
54.4±8.3a
0.4±0.1b 0.7±0.2b
61.1±10.5b
46.1±20.4a

43.8***

39.9***

14.3**

0.1ns

*: significant at P =.05; ***: significant at P =.001; ns = non-significant. Values followed by dissimilar letters in the same column
for each treatment are significantly different from each other at P =.05 according to Fischer LSD. (LSD: Least significance
difference).

(Silanpaa, 1982). Based on these critical values,
available Zn levels in all the MUs in Katurukila and
Lupiro were considered as adequate for plant
growth and development.

Iron (Fe) status
Tables 2, 3 and 4 show that Fe in Katurukila studied
soils ranged from 64.7 to 236.8 mg kg-1 and 35.0 to
258.7 in Lupiro. In Katurukila, these values were (P

≤ .05) lowest in KA-Pa3 compared with the soils in
the rest of the MU tested which had significantly (P
≤ 0.05) greater amount of Fe. In Lupiro study area,
Fe concentration was (P ≤ 0.05) greater in LUP4
compared with the rest of the MUs. Comparatively,
Katurukila had (P ≤ 0.05) greater amount of Fe
compared with Lupiro. These values are much
higher than the critical values of between 0.3 to 10
mg kg-1 reported by Lindsay and Cox (1985) and
Mustapha and Singh (2003). The results suggest
that it is unlikely that Fe deficiency is experienced

in the study areas as Fe levels were above the
proposed critical levels and hence adequate for
crops grown in the study areas. Nevertheless, Fe
toxicity or deficiency could occur at low and high
pH, respectively.
This is true especially when viewed against the
report (Chen and Barak, 1982; Sakal et al., 1984;
Mengel and Geurtzen, 1986) that Fe deficiency is
unlikely in acid soils; as Fe is known to be soluble
under relatively acidic and reducing conditions
(Chesworth, 1991). The presence of high
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concentrations of Fe in soils could lead to its precipitation
and accumulations and upon complex chemical reactions,
lead to the formation of laterite. This, upon alternate
wetting and drying, could irreversibly form hard indurated
material called ironstone (petroplinthite) which would
restrict rooting depth and drainage, amongst others. These
suggest that monitoring of Fe accumulation in the study
areas by relevant authorities should be carried out as part
of fertilizer management program.
The data also showed significant (P ≤ 0.05) correlation
between Fe and pH, Clay, K/Na, BS and K/TEB (Table 5). In
Katurukila, Fe was positively correlated with Clay (r =
0.65*) but negatively correlated with pH, K/Na, BS and
K/TEB (r = -0.75, -0.74**, -0.86***, -0.66*) respectively
(Table 5). Although similar trend for Fe with Clay was
observed (r = 0.74**) in Lupiro, it was however not so for
pH and other soil properties but instead it was only
negatively correlated with sand (r = -0.68**) just as
reported in Chhabra et al. (1996). These results indicate
that Fe increased with clay contents but decreased with
sand, pH, K/Na, BS and K/TEB.

Manganese (Mn) status
Available Mn in the areas studied in Sonjo/Katurukila
ranged from 26.2 to 88.6 mg kg-1 (Table 2) and from 3.6 to
162.8 mg kg-1 in Lupiro (Table 3). These values were rated
as high to excess. Within the MUs in Katurukila, available
Mn was significantly (P ≤ 0.05) different with KA-Pa1 and
KA-Pa3 having (P ≤ 0.05) greater Mn compared with KAPa2 and KA-Pa4. Similarly, available Mn in LUP3 and LUP4
were (P ≤ 0.05) greater compared with LUP1 and LUP2. The
data also showed significantly (P < 0.05) higher available
Mn in Katurukila compared with Lupiro. The proposed
deficiency level for Mn (DTPA) in the soil varied from 1.0 5.0 mg kg-1 with values > 140 - 200 mg kg-1 regarded as
excess (Lindsay and Norvell, 1978; Silanpaa, 1982; Esu,
1991). In this study, one LUP mapping unit had excessive
Mn (i.e. 162.8 mg kg-1) that could lead to toxicity in crops
grown in the study area. The high content of available Mn in
the soils of Katurukila and Lupiro may be related to the
acidic nature of the soils. It has been reported (Sillanpaa,
1982) that above soil pH of 7.5, the availability of Mn is very
low because of the formation of hydroxides and carbonates.
Significant (P ≤ 0.05) correlation between Mn and silt, pH,
K/TEB, K/Na and Mg/K in Katurukila and Clay, Sand, OC,
TN in Lupiro are presented in Table 5. In Katurukila, Mn
was positively correlated with Silt, K/Na and K/TEB with r
= 0.84***, 0.73*** and 0.69* respectively but negatively
correlated with Mg/K (r = -0.58*). In Lupiro, Mn was
positively correlated with Clay (r = 0.69**), Organic Carbon
(r = 0.63*) and Total Nitrogen (r = 0.66**). However, Mn
was negatively correlated (r = -0.71**) with Sand. These
results indicate that Mn increased with silt contents, K/Na
and K/TEB but decreased with sand.
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Conclusions
The survey of soils of 4 MUs in Katurukila and 4 MUs in
Lupiro proposed irrigation schemes showed important
variations in soil microelements. The results suggested that
there was significant variation in microelements within the
MUs and between the study areas. It was concluded that the
observed Cu, Zn and Fe in the tested soils were sufficient
for optimal crop growth. However, Mn rated as excessive
amounts which may lead to toxicity in crops grown in the
study area. The excessive content of available Mn in the
soils of the study areas may be related to the acidic nature
of the soils. It was also concluded that Cu and Fe were
positively correlated with clay and negatively correlated
with silt and sand in the study areas. Additionally, Fe was
negatively correlated with pH, K/Na, BS and K/TEB in
Katurukila, These results indicate that Cu and Fe increased
with clay contents but generally decreased with increased
sand, pH, K/Na, BS and K/TEB in the study areas. It was
similarly concluded that Mn increased in the soils as silt,
K/Na and K/TEB increased but decreased as Mg/K ratio
increased in Katurukila. Likewise, in Lupiro, Mn increased
with increased clay, OC, TN and decreased with increase in
sand. Overall, these results suggests that in locations where
microelements were found to be excessive and therefore
toxic to plant growth, measures to correct the problem
should be undertaken.
REFERENCES
Alva AK (1993). Copper contamination of sandy soils and effects on young
Hamlin orange trees. Bull. Environ. Contam. Toxicol. 51: 857–864.
Anderson JM, Pyliotis NA (1996). Studies with manganese deficient
chloroplasts. Biochem. Biophys.Acta. 189: 280-293.
Aro A, Alfthan G, Varo P (1995). Effects of supplementation of fertilizers on
human selenium status in Finland. Analyst. 120: 841-843.
Arunachalam P, Kannan P, Prabhaharan J, Prabukumar G and Kavitha Z
(2013). Response of Groundnut (Arachis hypogaea L.) Genotypes to Soil
Fertilization of Micronutrients in Alfisol Conditions. Electr. J. Plant
Breeding. 4 (1):1043-1049.
Bureau of Agricultural Consultancy and Advisory Service (BACAS) (1996).
Integrated Pest Management and Plant Nutrition Plans for Southern
Highlands Zone. A Report submitted to the United Republic of Tanzania,
Ministry of Agriculture, IFAD/Southern Highlands Extension and Rural
Financial Services Project.
Bassirani N, Abolhassani M, Galavi M (2011). Distribution of available
micronutrients as related to soil characteristics of Hissar, Haryana,
India. Afr. J. Agri. Res. 6(18): 4239 – 4242.
Bouyoucos GJ (1951). A recalibration of the hydrometer method for
making mechanical analysis of the soil. J. Agron. (9): 434-438.
Bowen C, Cakmak I, Eker S, Erdem H, King GJ and White PJ (2010). Shoot
Zinc (Zn) Concentration Varies Widely within Brassica oleracea L. and Is
Affected by Soil Zn and Phosphorus (P) Levels. J. Hort. Sci. & Biotechnol.
85(5): 375 - 380.
Cakmak I, Yilmaz A, Kalayci M, Ekiz H, Torun B, Erenoglu B and Braun HJ
(1996). Zinc deficiency as a critical problem in wheat production in
Central Anatolia. Plant Soil. 180: 165-172.
Cakmak I, Ekiz H, Yilmaz A, Torun B, K¨oleli N, G¨ultekin I, Alkan A and Eker
S (1997). Differential response of rye, triticale, bread and durum wheat
to zinc deficiency in calcareous soils. Plant Soil. 188: 1–10.
Cakmak I (2002). Plant nutrition research: Priorities to meet human needs
for food in sustainable ways. Plant Soil. 247: 3-25.

Academia Journal of Biotechnology; Makoi et al.

Chen Y, Barak P (1982). Iron nutrition of plants in calcareous soils. Adv.
Agron., 35: 217 -240.
Chesworth W (1991). Geochemistry of nutrients. In: JJ Mortredt, LM,
Shuman and RM Welch (eds). Micronutrients in Agriculture, 2nd Edition
Soil Science Society of America Inc., Madison, Wisconsin, USA. pp. 427 476.
Chhabra G, Srivastava PC, Ghosh D and Agnihotri AK (1996). Distribution
of available micronutrient cations as related to soil properties in
different soil zones of Gola-Kosi interbasin. Crop Res. Hisar. 11(3): 296303.
Das K, Dang R, Shivananda TN, Sur P (2005). Interaction between
phosphorus and zinc on the biomass yield and yield attributes of the
medicinal plant stevia (Stevia rebaudiana). Sci. World J. 5: 390–395.
Dhane SS, Shukla, LM (1995). Distribution of DTPA extractable Zn, Cu, Mn
and Fe in some soil series of Maharashtra: and their relationship with
some soil properties. J. Indian Soc. Soil Sci. 43(4): 597-600.
Diedrick K (2010). Manganese fertility in soybean production. Pioneer HiBred Agron. Sci. 20 (14).
Esu IE (1991). Detailed soil survey of National Horticultural Research
Institute (NIHORT) Farm at Bunkure, Kano State, Nigeria. Institute for
Agricultural Research, Ahmad Bello University, Zaria, Nigeria. pp. 72
Fang Y, Wang L, Xin Z, Zhao L, An X and Hu Q (2008). Effect of foliar
application of zinc, selenium, and iron fertilizers on nutrients
concentration and yield of rice grain in China. J. Agri. Food Chem. 56:
2079–2084.
Govindaraj M, Kannan P, Arunachalam P (2011). Implication of
Micronutrients in Agriculture and Health with Special Reference to Iron
and Zinc. Int. J. Agri. Manage. Dev. 1(4): 207-220.
Graham RD (1991). Breeding wheats for tolerance to micronutrient
deficient soils, Present status and priorities. Wheat for the nonTraditional Warm Areas, CIMMYT. Mexico. pp. 315-332
Herselman JE (2007). The concentration of selected trace metals in South
African soils. Dissertation presented for the degree of Doctor of
Philosophy at the Department of Soil Science, University of Stellenbosch.
pp. 199.
Jackson C, Dench J, Moore AL, Halliwell B, Foyer CH, Hall DO (1978). Sub
cellular location and identification of superoxidedismutase in the leaves
of higher plants. Eur. J. Biochem. 91: 339- 344.
Kabata-Pendias A, Pendias H (1984). Trace element in soils and plants.
CRC Press, Boca Raton, Florida. pp. 315
Kabata-Pendias A, Pendias H (2001). Trace elements in soils and plants.
3rd edition. CRC Press, Boca Raton, Florida. pp. 413
Kamasho AJ (1980). Copper and zinc status of some volcanic ash soils in
the Mbeya district. MSc. Thesis, University of Dar es salaam.
Kitundu KMB, Mrema JP (2006). The Status of Zn, Cu, Mil, and Fe in the
Soils and Tea- Leaves of Kibena -Tea. Estates - Njombe, Tanzania.
Tanzania J. Agri. Sci. 7(1): 34-41.
Lindsay WL, Cox FR (1985). Micronutrient soil testing for the tropics. In
Vlek PLG. (ed.). Macronutrients in Tropical Food Crop Production.
International Fertilizer Development Center, Muscle Shaols. pp. 169200.
Lindsay WL, Norvell WA (1978). Development of DTPA soil test for Zn, Fe,
Mn and Cu. Soil Sci. Soc. Am. J. 42: 421– 428.
Makoi JH, Bambara S, Ndakidemi PA (2013). Rhizobium Inoculation and
the Supply of Molybdenum and Lime Affect the Uptake of Macro
elements in Common Bean (P. vulgaris L.) Plants. Aust. J. Crop Sci. 7(6):
784-793.
Marschner H (1995). Mineral nutrition of high plant. Academic Press. pp:
330-355.
McBride M (1994). Environmental chemistry of soils. Oxford University
Press, New York. pp. 406
Mengel K, Geurtzen G (1986). Iron chlorosis on calcareous soils. Alkaline
nutritional conditions as the cause of chlorosis. J. Plant Nutr. 9: 161-173.
Millaleo R, Reyes DM, Ivanov AG, Mora ML, lberdi MA (2010). Manganese
as essential and toxic element for plants transport, accumulation and
resistance mechanisms. J. Soil Sci. Plant Nutr. 10(4): 470-481.
Moberg J (2000). Soil and plant analysis manual. The Royal Veterinary and
Agricultural University, Chemistry Department, Copenhagen,
Denmark.133.
Msanya BM, Kimaro DN, Kileo EP, Kimbi GG, Mwango SB (2001). Land
suitability evaluation for the production of food crops and extensive

083

grazing: A case study of Wami plains in Morogoro Rural district,
Tanzania. Soils and Land Resources of Morogoro Rural and Urban
Districts. Volume 1. Department of Soil Science, Sokoine University of
Agriculture, Morogoro, Tanzania, ISBN 9987 605 265. pp. 73
Mukhopadhyay MJ, Sharma A (1991). Manganese in cell metabolism of
higher plants. Bot. Rev. 57: 117-149.
Mustapha S, Singh BR (2003). Available zinc, copper, iron and manganese
status of the basement complex rock-derived Ultisols in Bauchi State,
Nigeria: A case study. Nig. J. Soil Res. 4:35-40.
Mustapha S (2003). Fertility status and productivity constraints of the
basement complex-derived Ustults in Bauchi State, Nig. J. Agric. Technol.
11: 11-19.
Mwamfupe D (1998). De-agrarianisation and rural employment network.
Changing village land, labour and livelihoods: Rungwe and Kyela
District, Tanzania. Leiden and Dar es Salaam: African-studiecentrum,
Leiden and Institute of Resource Assessment, University of Dar es
Salaam. Working paper vol. 29.
Ness PJ, Woolhouse HW (1980). RNA synthesis in Phasseolus chloroplasts.
I.R. bonucleic acid synthesis and senescing leaves. J. Exp. Bot. 21: 223233.
Nubé M Voortman RL (2008). Simultaneously addressing micronutrient
deficiencies in soils, crops, animal and human nutrition: opportunities
for higher yields and better health. Centre for World Food Studies. Staff
Working Paper WP - 06 - 02.
O'Halloran TV, Culotta VC (2000). Metallochaperones, an intracellular
shuttle service for metal ions, J. Biol. Chem. 275: 25057–25060.
Pandey N, Pathak GC and Sharma CP (2006). Zinc is critically required for
pollen function and fertilisation in lentil. J. Trace Elem. Med. Bio. 20: 89–
96.
Pati R, Mukhopadhyay M (2010). Forms of acidity and the distribution of
DTPA extractable micronutrients in some soils of West Bengal (India).
19th World Congress of Soil Science. Soil Solutions for the Changing
World Brisbane, Australia. pp.14–17.
Perveen S, Tariq M, Farmanullah J. Khattak K and Hamid A (1993). Study of
micronutrient status of some important sites of N.W.F.P., Pakistan.
Sarhad J. Agri. 9(5): 467-473.
Rosenzweig AC (2002). Metallochaperones: bind and deliver, Chem. Biol.
9: 673–677.
Sakal R, Singh BP, Singh AP (1984). Determination of threshold value of
iron in soils and plants for the response of rice and lentil to iron
application in calcareous soils. Plant Soil. 82: 141-148.
Sakal R, Singh AP, and Sing SP (1988). Distribution of available zinc,
copper, iron and manganese in old alluvial soils as related to certain soil
characteristics. J. Indian Soc. Soil Sci. 36: 59-63.
Sillanpää M (1982). Micronutrients and the nutrient status of soils. A
Global Study, FAO Soils Bulletin. No. 48. FAO, Rome, Italy.
Steel RGD, Torrie JH (1980). Principles and procedures of statistics: A
biometrical approach, Second Edition. McGraw Hill, New York.
Uehara K, Fujimoto S, Aniguchi TT (1974). Studies on violet-coloured acid
phosphatase of sweet potato II Enzymatic properties and amini acid
composition. J. Biochem. 75: 639-649.
Vangheluwe M, Van Sprang P, Verdonck F, Heijerick D, Versonnen B,
Vandenbroele M, Van Hyfte A (2005). Metal environment risk
assessment guidance. UK Government Department of Environment,
Food and Rural Affairs (Deffra).
Verma VK, Setia RK, Sharma PK, Singh C, Kumar A (2005). Pedospheric
variations in distribution of DTPA- extractable micronutrients in soils
developed on different physiographic units in Central Parts of Punjab,
India. Int. J. Agric. Biol. 7(2): 243–246.
Viets FG, Lindsay WL (1973). Testing Soil for Zinc, Copper, Manganese, and
Iron, In: "The Mineral Requirements of Grazing Ruminants". Occasional
Publication, No. 9. Newzeland Society of Animal Production, Newzeland.
Walkley A, Black CA (1934). Acid extractable Zn in soil in relation to the
occurrence of Zn deficiency symptoms of corn: A method of analysis.
Soil Sci. Soc. Am. Proc. 12: 143-148.
White P, Brown P (2010). Plant Nutrition for Sustainable Development and
Global
Health.
Ann.
Bot.
105
(7):1073-1080.
http://dx.doi.org/10.1093/aob/mcq085.
White PJ,Broadley MR (2009). Biofortification of Crops with Seven Mineral
Elements Often Lacking in Human Diets—Iron, Zinc, Copper, Calcium,
Magnesium, Selenium and Iodine. New Phyt. 182 (1): 49-84.

Academia Journal of Biotechnology; Makoi et al.

http://dx.doi.org/10.1111/j.1469-8137.2008.02738.x.
White PJ, Broadley MR, Gregory PJ (2012). Managing the Nutrition of
Plants
and
People,”
Appl.
Environ.
Soil
Sci.
1-14.
http://dx.doi.org/10.1155/2012/104826
Zhou X, He ZL, Liang Z, Stoffella PJ, Fan J, Yang YG, Powell CA (2011). Longterm use of copper-containing fungicide affects microbial properties of
citrus grove soils. Soil Sci. Soc. Am. J. 75: 898–906.

084

Cite this article as:
Makoi JHJR (2016). Status of Fe, Cu, Zn and Mn and their
relationship with some physical chemical properties in
the soils of Sonjo and Lupiro alluvial/flood plains in
Kilombero and Ulanga Districts, Morogoro, Tanzani.
Acad. J. Biotechnol. 4(3): 076-084.
Submit your manuscript at
http://www.academiapublishing.org/ajb

