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ABSTRACT

This study was carried out to assess the suitability of gypsite as a soil amendment in the
release of Ca and S. Besides the high potential of gypsite in improving crop yields in some
countries, its use in Tanzanian agricultural soils is limited. This is attributed largely due to few types
of research on their agricultural potentials. The gypsite samples used in this study were collected
from Pindiro, Makanya, Itigi and Msagali sites. The X-ray fluorescence (XRF) method was
employed to analyse the chemical compositions of the composite samples. The XRF results showed
that the gypsites from the four sites varied in amounts of gypsum content from 35.76 to
82.36% for gypsite from Itigi and Pindiro, respectively. The contents of S were 15.32, 13.26, 10.52
and 6.65% for Pindiro, Msagali, Makanya and Itigi gypsites respectively. Calcium contents were 11,
9.5, 7.6 and 4.8% for Pindiro, Msagali, Makanya and ltigi gypsites, respectively. Analysis on
extractable nutrients shows that when gypsite from Pindiro and Msagali that contained a high
amount of S and Ca when applied in the soil, plants will be able to extract different nutrients for their
metabolism at the same time improving soil physical properties. All the studied gypsite
samples contain potentially toxic elements (Cd, Co, Cr, Cu, Fe, Mn, Ni and Zn), but the levels are
not potentially toxic to plants and hence do not interfere with plant nutrient uptake.

*Corresponding author: E-mail: primitivaandrea@yahoo.com;



Primitiva et al.; IJPSS, 23(4): 1-9, 2018; Article no.lJPSS.42205

Characterization of gypsite from other deposits in the country is required to generate information on
their quality, quantity and suitability for use on soil amendment for increased agricultural productivity

in Tanzania.

Keywords: Gypsite, soil, amendment; nutrient; mineral.

1. INTRODUCTION

Tanzania is an agricultural country, and the
livelihoods of nearly 80% of Tanzanians depend
directly or indirectly on subsistence rain-fed
agriculture [1]. Agriculture contributes about half
of Tanzania's gross national product (GNP) and
provides about 90% of the rural employment [2].
Although agriculture is the backbone of the
Tanzanian economy, crop productivity is
generally low as a result of a number of factors;
among them salinity, drought, pest and disease
infections, genetic variability, poor soil
management and inadequate macro- and micro-
nutrients in the soils [3].

Increasing the productivity of agricultural soils is
essential to sustainably supply food, feed, fuel,
and fiber for a growing human population. The
demand for increased productivity has resulted in
the search for alternative soil management
practices to increase crop yields, using gypsum
as a management tool to improve crop yields and
soil is essential. Gypsum's benefits as a plant
nutrient source and soil conditioner for
agricultural production have been known dating
back to the late 18" century [4]. Chen and Dick
[5] reviewed the use of a soft calcium sulfate
dihydrate mineral (CaSQO,42H,0), in agriculture
and for other land applications.

Gypsite is a rock that contains an abundance of
the mineral gypsum (CaSQO,.2H,0) [6]. It is
naturally occurring as a soft rock in association
with limestone, silica, clays and a variety of
soluble salts as impurities along with other trace
elements, such as copper, zinc, nickel, iron and
manganese. These trace elements are not
usually found in hard rock gypsum deposits.
Under high pressure and temperature, gypsum
turns into anhydrite (CaSO,) [7]. Pure gypsum
(CaS0,+2H;0), is composed of 79% calcium
sulfate (CaSO,) and 21% water (H;O). Pure
gypsum contains 23.3% calcium (Ca) and 18.6%
sulphur (S) [7]. Gypsum is moderately soluble in
water (2.5 g L) or approximately 200 times
higher than agricultural lime (CaCO3) [8] . This
makes the calcium in gypsum more mobile than
the calcium in lime and allows it to easily move
through the soil profile where it can provide

nutrients to deep plant roots and help to alleviate
subsoil nutrient availability problems.

Gypsite has various benefits in the soil as well as
in plants including supplying calcium (Ca) and
sulphur (S) for plant nutrition [9]. Plants require
relatively large amounts of calcium and sulphur
because Ca is needed at 0.5% shoot dry weight
and S is needed in a range of 0.1 to 0.5% dry
weights for optimal growth [10]. Gypsum can
provide many physical and chemical benefits to
soils in addition to nutritional benefits. It
increases subsoil Ca [11], decreases subsail
acidity [12] and reduces exchangeable
aluminium (Al) [13,14].

With respect to soil physical properties, the
benefits of gypsum when wused as soil
amendment include increased water infiltration
[15;16], increased soil aggregation [16],
decreased Na adsorption, improved or increased
root development [17] and reduced soil
compaction. Other benefits are an increase in the
hydraulic conductivity of soil after consecutive
gypsum applications [16], and a reduction in
metal toxicities has also been documented [18;
19]. Most farmers in Tanzania do not use
sulphate fertilisers as a source of nutrients in
soils. In the long run, this is causing a deficiency
of sulphur in soils. Introduction of high yielding
crop varieties, intensive and multiple cropping,
the decreased use of farmyard manures, removal
of crop residues for feed and fuel, leaching,
burning, erosion, microbial and plant uptake, a
more significant proportion of S may be
unavailable to plant. The above processes seem
to have led to a wide occurrence of S deficiency
in soils for plant uptake [20,21].

Sulphur (S) deficiencies in soils of tropical and
subtropical regions have been recognised for
many years [22]. Sulphur deficiency has been
reported from over 70 countries, including
Tanzania.For instance, corn (Zea mays L.?
removes approximately 18 kg ha” to 40 kg ha’
for silage and 12 Mg ha™ grain harvest [23]. The
combination of reduced inputs and increased S
removal from soil has sparked interest in
evaluating responses of crops to gypsum
additions. In S deficient conditions, the efficiency
of applied N, P,Os and K,O, may be severely




affected and high yields may not be sustained
[24]. The consequence of this trend in most parts
of the country is a decrease in crop production.
Inorganic fertilisers in Tanzania are not obtained
at the right time and are at higher costs, which
are not affordable to smallholder farmers who are
primarily producing for subsistence [25]. This
also was reported by Kimbi, et al. [26] that water-
soluble fertilizers are expensive to resource-poor
farmers, so farmers could benefit more by using
agro minerals, namely gypsite rocks as sources
of S and Ca because the country is endowed
with large quantities of gypsite deposits [27],
these could be used as alternative sources of
nutrients in crop production. Low soil fertility and
high nutrient mining are among the main factors
limiting crop yields in Sub-Saharan Africa [28],
Tanzania inclusive [29]. Some soil fertility
management technologies being used to address
low soil fertility in Tanzania include the use of
organic soil amendments (e.g., crop residues,
animal manures, agroforestry tree pruning) and
inorganic (fertilisers, agro-minerals) resources
[30] and commercial products such as bio-
fertilisers and chemical products. Agro-minerals
have improved crop yields in some countries, but
in Tanzania the use of gypsites in agriculture as
a source of plant nutrients is limited, and this
could be due to lack of enough research on their
potential suitability. Duarah, et al. [31] reported
that excessive and improper application of
industrial fertilisers imposes residual impact to
soils, so the use of agro-minerals such as a
gypsite rock in agriculture can be one of the
alternative means of assisting farmers to
replenish the soils with sulphur without causing
harm to plants. Apart from adding sulphur in the
soil, gypsite rocks could also supplement the soil
with calcium.

2. MATERIALS AND METHODS

2.1 Description of Gypsite Sampling
Sites

Gypsites were collected from four Districts; these
are Makanya located in Same District, with
coordinates of latitude 4 15'S and longitude
37 55’'E, Msagali situated in Mpwapwa District,
Dodoma in Tanzania. It is located at latitude
6 45'S and longitude 36 20'E. [32].

Itigi is situated in Manyoni, in Singida District,
Tanzania. lts geographical coordinates are
latitude 5°42' 0" South and longitude 34°29' 0"
East and Pindiro is located in Kilwa District
latitude 9°29°44” S and longitude 39°18’36” E. Is
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the most northerly District in the Lindi Region of
southern Tanzania.

2.2 Sampling of Gypsite

Five composite samples of gypsite were
randomly collected from each site including
Pindiro, Msagali, Itigi and Makanya. The
collected samples were then placed in labelled
polyethylene bags and transported to Soil
Science Laboratory at Sokoine University of
Agriculture, Morogoro Tanzania where the
determination of nutrients extractability was
conducted. Some samples were taken to
Geological Survey of Tanzania Laboratory in
Dodoma, where the determinations of the
chemical compositions were carried out.

2.3 Laboratory analysis

The samples were processed and prepared for
laboratory analysis following standard
procedures. Chemical compositions of the
collected gypsite rocks were determined by using
X-ray Fluorescence (XRF) method by the use of
XRF machine model: PW4030 with Rh tube and
spinner [33].

Samples were crushed to reduce the size and
then mixed well and ground to pass through 75
microns sieve. The ground samples were put in a
cup covered with polyesterpetp X-ray film 9430
500 07191 at the bottom and compressed. The
samples were then placed into a calibrated XRF
machine for analysis. Analysis was done by
using Minipal Analytical Software at the
Geological Survey of Tanzania in Dodoma.

2.4 Determination of Loss on Ignition

Porcelain crucibles were heated in the laboratory
furnace for 1 h at 100 C, and then crucibles were
taken out of furnace with tongs and placed into
desiccators to cool at room temperature. The
weight of crucibles was taken and noted down in
the notebook. One gram of each sample was
weighed into the crucible and put into the cool
furnace then heated to 900 C for 1 h. Samples
were placed in desiccators and cooled at room
temperature and thereafter reweighed. Loss on
ignition (L.O.l) was calculated by using the
formula:

L.0.1 (%) = 722 X 100
o~ Mc¢



Whereas M, = original mass of sample +
crucible; My = mass of ignited sample + crucible;
and Mc = mass of ignite crucible

Results are shown in Table 1

2.5 Determination of the Extractability of
Sulphur, Calcium, Magnesium and
Potentially Toxic Elements (PTEs)
from Gypsites

Gypsite rock samples were ground to pass
through 0.5 mm sieve to ensure the increase in
surface area. Extractable sulphur was
determined by using BaCl, turbidimetric method
and measurement was done using UV
Spectrophotometer [34]. Calcium and
magnesium were determined in the neutral
ammonium acetate leachate (NH,;OAc, pH 7)
saturation method and quantified by atomic
absorption spectrophotometry. Extractable
potentially toxic elements (PTEs) were extracted
using buffered 0.05 M DTPA (Diethylenetriamine
penta acetic acid) and their concentrations were
determined by Atomic Absorption
Spectrophotometer (AAS- UNICAM 919 model)
[35]. These analyses were conducted at the
Sokoine University of Agriculture, in the
laboratory of the Department of Soil Science.

3. RESULTS AND DISCUSSION
3.1 Chemical Composition of Gypsite

The data for the chemical composition of the
gypsites are presented in Table 1. The results
showed that all gypsite samples were not 100%
pure gypsum, having 35.76, 56.76, 71.26 and
82.36% of CaS042H,0 for ltigi, Makanya,
Msagali and Pindiro deposits, respectively
compared to pure gypsum that contains 79%
CaS0Oand 21% 2H,0 with 18.6% S and 23.3%
Ca [7]. Results also indicated that gypsites from
Msagali and Pindiro contain high contents of S of
13.26% and 15.32%, respectively compared to
Itigi and Makanya deposit with 6.65% and
10.52% S, respectively. Calcium contents of all
gypsites were 7.6%, 9.5%, 4.8% and 11% for
Makanya, Msagali, Itigi and Pindiro, respectively.
This variation was probably due to the variation
in the proportion of chemical elemental
compositions of each deposit such as P, Mg, K,
Na, Al, Si, Mn, As, Ni, Fe, Zn, Ba, Co and Cr.
The compositions and concentrations of
elements also depend on the chemistry of the
host rock and environmental conditions,
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activating the weathering process [10]. Gypsum,
calcium or magnesium carbonate, chlorides,
other sulphate minerals, clay minerals or silica
are considered as deleterious constituents of
gypsites. As a result, in most mines, production
of gypsum will have the purity ranging between
70% and 95%. This study indicates that gypsites
in Tanzania are very inconsistent and the
percentage of calcium sulphate varies even in
the same deposit.

3.2 Loss on ignition

Loss on ignition implies the weight of gypsum
after being heated. It indicates the prehydration
or carbonation due to prolonged exposure to air,
water and carbon dioxide. By heating gypsum up
to 900C, the water of crystallisation and
carbonates were lost. In addition, LOI indicates
the quality of analysed samples. Samples with
high LOI indicates low quality compared gypsite
with low LOI. Results indicated that gypsite
sample from lItigi deposit had high LOI (24.45%)
hence was considered to have low quality
compared to gypsite from Pindiro with 21.05%
LOI, which is of the good quality. The results of
LOI from the gypsites followed an increasing
trend of quality of Itigi (24.45) > Makanya (21.60)
> Msagali (21.28) > Pindiro (21.05). These
results are in conformity with the findings of
Harris [27] who reported 85% purity of gypsum in
Pindiro deposit. In addition, Abduel, [36] reported
that Tanzania has the best gypsum deposits in
the world in terms of percentage purity, situated
in Pindiro and Mbane, and Kilwa in Lindi region.

3.3 Macronutrients Concentrations

Results of the concentrations of P, K,O, CaO,
CaSO0,, Na and Mg in the gypsite samples are
shown in (Table 1). The amount of total P in all
samples was in medium ranqe with values
ranging from 6.28 to 14.68 mgkg™ [37]. Caires, et
al. [11] reported that gypsum contains P as an
impurity, and it is important for plant nutrition.

Potassium oxide (K,O) in Msagali deposit was
(0.63%) while other deposits had K,O < 0.01%.
The amount of sodium was in the increasing
trend of 32.07 < 35.30 < 43.55 < 50.61 mg/kg for
Pindiro, Msagali, Makanya, and Itigi,
respectively. Magnesium was high in all deposits
whereas CaO and CaSO, were variable.
However, Pindiro had high amounts of CaSO,
followed by Msagali, Makanya and ltigi,
respectively.
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Table 1. The XRF analytical results of the gypsites samples

Elemental composition

L.O.l SiO, K,0 CaO CaS0,.2H,0 Al Cr Fe Mn Co P Ni Na Ba Mg
Location (%) mg kg™
Makanya 21.6 1296 <0.01 35.01 56.53 0.18 0.004 0.72 180.78 3926 1186 <0.01 4355 1111 2062
Msagali 2128 6.45 0.63 33.17 71.26 0.19 0.008 0.59 120.18 37.61 8.13 <0.01 353 1247 23554
Itigi 2445 2439 <0.01 347 35.76 0.18 0.005 066 137.85 2962 14.68 40.8 50.61 13.03 2118.6
Pindiro 21.05 0.88 <0.01 35.88 82.36 0.08 0.002 0.16 105.78 25.84 6.28 <0.01 32.07 11.84 2339.3




Furthermore, results showed that the studied
gypsites had siliceous minerals probably quartz
(SiO,) as impurities. The amounts of SiO,
differed among the deposits but Pindiro had the
lowest while Itigi recorded the highest SiO,.
Quartz does not contribute important plant
nutrients in soils and thus is regarded as
impurities in gypsites.

Results in (Table 2) showed that both deposits
contain high amounts of Mg with concentratlon
values of 2355.4 mg kg and 2339.3 mg kg for
Msagali and Pindiro gypsites, respectively.
However, only 0.69% and 0.73% equivalent to
16.28 and 17.19 mg kg can be extracted by
plants for metabolism. Extractable Ca was
101.97 and 116.05 mg kg for Msagali and
Pindiro gypsites, respectively. The gypsite from
Pindiro deposit had more extractable Ca which
makes the difference of 14.08 mg kg™ more than
that found in Msagali deposit.

Table 2. Extractable sulphur, caIC|um
magnesium and some PTEs (mg kg’ ) in
gypsites from Pindiro and Msagali deposits

Element Pindiro site Msagali site
S0O4-S 750.79 501.97
Mg 17.19 16.28
Ca 116.05 101.97
Cu 1.09 0.95
Fe <0.01 <0.01
Zn 0.05 0.14
Mn 0.62 0.62
Co <0.01 <0.01
Cd <0.01 <0.01
Cr <0.01 <0.01
Pb <0.01 <0.01
Ni <0.01 <0.01

3.4 Micronutrients Concentrations

The XRF analytical results in Table 1 indicates
that the micronutrients Fe was low in all gypsites
while Mn was relatively medium compared to the
amounts of these elements when present in soils
[36]. This shows that gypsite can supply Mn for
plants.

3.5 Elements of environmental concern

Heavy metals accumulation in soils is of major
concern in agricultural production due to the
adverse effects on food safety and marketability,
crop growth due to phytotoxicity and
environmental health of soil organisms. Metal
toxicity has high impact and relevance to plants,
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and consequently, it affects the ecosystem,
where the plants form an integral component.
Table 2 shows that the amounts of extractable
Ni, Cr, Co, Ba, and Al were in acceptable ranges.
Dontsova, et al. [38] reported the elements of
environmental concern when present in high
levels might cause toxicity or may affect the
availability and uptake of essential plant nutrients
in soils. Nagajyotib, et al. [39] and Allaway [40]
reported the range of heavy metals of typical
uncontamlnated soils as follows; Cd 0.01-0. 7 mg
kg Co 1- 40 mg kg , Cr 5-3,000 mg kg Cu
2— 100 mg kg, Fe 7000 —55,000 mg kg', Mn
100 — 4000 mg kg Mo 0.2- 5 mg kg Ni 10—
100 mg kg™, Pb 2—200 mg kg and Zn 10 -300
mg kg . AnaIyS|s of extractable fractions (Table
2) showed that none of the PTEs in gypsites
could affect nutrients uptake by the plant when
applied as an amendment or as fertiliser (as a
source of S and Ca).

Extractable fractions of micronutrients Zn and Mn
for gypsites from Msagali and Pindiro were
relatively small. According to Tisdale, et al. [41],
the amount of extractable Zn found in gypsites
from Pindiro and Msagali deposits are
categorised as low while Cu is categorised as
high. The amount of extractable Cu is sufficient
when applied in soils. A total amount of Mn in
gypsites from Msagali and Plnd|ro (Table 1) were
120.18 and 105 78 mg kg™, respectively but only
0.62 mg kg could be extractable for both
deposits (Table 2). The extractable fractions
were equivalent to 0.5% and 0.59% for Msagali
and Pindiro, respectively. Accordlng to Tisdale,
et al. [40], 0.62 mg Mn kg of extractable
fractions found in both deposits could be rated as
low when present in soils.

Heavy metals are generally toxic to most plants
for their metabolism and growth if their
concentrations exceed some maximum
permissible limits [42]. The extractable potentially
toxic elements such as extractable Fe, Cd, Cr,
Co and Ni found in the studied gypsites were all
less than detectable limits and thus, use of these
gypsites in soils could not have detrimental
effects to plants. The total amount of Co found in
these deposits were 37.61 and 25.84 mg kg but
not easily extracted by plants. This could be
attributed to the Co being strongly held in
exchangeable sites of minerals present in
gypsites. Msaki and Banzi [43] reported that
natural gypsum and gypsum derived products
from Tanzania have traces of radioactivity.
However, the associated levels are not
detrimental to health.



4, CONCLUSION AND RECOMMENDA-
TIONS

From the results of this study, the following
conclusions were drawn.z

From the X-ray Fluorescence analysis, gypsite
from different sources differ regarding their
quality as plant nutrient source and as a soll
amendment due to variations in their chemical
composition. Sulphur contents of the gypsite
followed the following trend respectively Pindiro
(15.32%) > Msagali (13.26) > Makanya (10.52%)
> ltigi (6.65%), and Calcium trend was Pindiro
(11%) > Msagali (9.5%) > Makanya (7.6%) > ltigi
(4.8%) and all the studied gypsite samples
contains potentially toxic elements (Cd, Co, Cr,
Cu, Fe, Mn, Ni and Zn), but the levels are not
potentially toxic to plants and hence do not
interfere with plant nutrient uptake.

We recommend the characterisation of gypsites
from other deposits in the country is
required to generate information on their quantity
and suitability for use on soil amendment for the
increased agricultural productivity of Tanzanian
soils. Also, quantification of the good quality
gypsite deposits is essential to ensure
their long-term availability. Long-term effects of
PTEs in gypsite when applied in different soils
should be studied, and economic analysis on the
benefits of using gypsites is essential before

attracting investors to process and sell to
farmers.
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