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Abstract

In this study, the effect of phosphates flotation wastes (PFW) and phosphogypsum (PPG) on organic biomass degradation,
compost quality, and plant growth was examined. Our results showed that PFW and PPG improve composting mechanisms,
accelerate organic substance degradation, and increase fertilizing elements (P,0s, K,0O, MgO, CaO). The low level of C/N
ratio in the finished composts reflects the good quality of the prepared composts. The effect of PFW and PPG additives on
plant growth was evaluated using chickpea plants. Addition of PFW and PPG enhanced significantly chickpea plant growth
and development, compared to the control, especially when added simultaneously. These results indicate that PFW and PPG
can be utilized in compost formulations, and as fertilizers in agricultural practices to improve chickpea plant growth and
development, while at the same time reducing the environmental and health risks associated with their disposal.
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Introduction

Composting is one of the best-known techniques used in
biological stabilization of organic wastes, which can then be
used as a good source of nutrients and as soil conditioners
in agricultural systems [1]. Composting is labor-intensive
and time-consuming, making it unattractive for entrepre-
neurship prospects. However, recent days have witnessed
a renewal of interest in composting, because of headway in
composting technology. Many techniques, such as biologi-
cal composting, co-composting using additives, addition of
microbial inoculums and rapid composting using accelera-
tors, have made composting more streamlined, and offered
avenues for waste management strategies. Additives are
typically mixtures of various amounts of different mineral
fertilizers, or easily available forms of carbon, microorgan-
isms, enzymes and pH-balancing reactants that are meant to
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improve microbial activity if these additives are in contact
with the waste product [2].

Phosphate production industry generates huge quantities
of byproducts, including rocks, phosphate flotation wastes
(PFW) and phosphogypsum (PPG). These wastes are depos-
ited or stockpiled with the mine sites and constitute a serious
potential source of pollution and health risks. Morocco, with
its largest share of the world’s phosphate reserves, is the
leading exporter of phosphate and its derivatives. The coun-
try account for 14% of world production with 28 million tons
in 2012 [3] and therefore generate large quantities of PFW
and PPG. The Moroccan Cherefian Phosphate estimates that
200 hectares is the surface of wastes piles generated from
industrial production of phosphates in Morocco. The recy-
cling of the phosphate wastes could be a useful approach
to limit their negative impacts and create opportunities for
domestic value-adding.

It has been reported previously that PPG might be effec-
tive in reducing NH, emissions during cattle manure com-
posting by increasing SO,>~ content of the compost [4, 5].
In addition, Kammoun et al. [6] indicated that addition of
PPG at a rate of 10% of total compost mixture (dry weight)
decreased NH; emissions significantly during pig manure
composting. Moreover, PPG does not have any negative
effect on compost maturity [4, 7, 8]. We have previously
characterized at the physico-chemical levels PFW and
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showed that it contains high level of clay (45%). This high
level of clay content present in PFW promote humidification
and leads to the creation of clay—humus complex, making it
suitable for composting processes [9].

The objective of the present study is to examine the effect
of PFW and PPG on compost organic matter degradation,
compost maturity and quality, and to determine their effect
on the growth and development of chickpea plants.

Materials and methods
Compost mixtures preparation

Cattle manure was sorted manually from a farm in the city
of Chichaoua, Morocco, phosphogypsum (PPG) and phos-
phate flotation waste (PFW) (Fig. 1) were obtained from
the Moroccan phosphate plant in the city of Khouribga,
Morocco. Twenty sub-samples (5 kg each) were taken from
different locations and mixed rigorously using a riffle split-
ter. The size of PFW particles were less than 40 um, and
sample preparation for chemical analysis was conducted
according to the experimental flow chart presented in
(Fig. 2). Cattle manure, and straw samples were air-dried
at room temperature, disaggregated in a ceramic pestle and
mortar and sieved through a 2 mm sieve, and the <2 mm
fraction was used for analyses.

Three different phosphate-supplemented composts
were examined in this study, they were; PFW30: PFW/
manure/straw (3:6:1), PPG30: PPG/manure/straw (3:6:1),
PFW15 + PPG15: PFW/PPG/manure/straw (1.5:1.5:6:1).
A mixture of manure/straw (7.5:2.5) was used as a control.

The composters were set up in 25 1 plastic barrels con-
taining different proportions of fresh wastes (based on dry
volume). The components were mixed in a volumetric ratio,
in a total volume of 200 L, the pile height was 165 cm with
a bulk density of 20 g cm™>. The experiment was conducted
in the city of Khouribga, Morocco and was repeated three

Fig.1 Phosphogypsum (a) and Phosphate flotation waste (b)

times. The humidity of the prepared composts was deter-
mined by placing 3 g of the compost in infrared desicca-
tors for 30 min. Humidity of the compost mixtures was
maintained at 55% by addition of water, and aeration was
achieved by mixing every week for 12 weeks. Maintaining
proper aerobic condition is a crucial factor in the compost-
ing process [10].

Temperature and pH measurements

Temperature variation of the prepared composts was meas-
ured using a HI 8757 K-thermocouple thermometer (Hanna
Instruments™, Italy). The pH of the composts was deter-
mined in a suspension of 1/10 weight/volume (w/v) com-
post/ water using a pH meter. Measurements were taken
every week for 12 weeks.

Lignin extraction and quantification

Extraction of lignin from other organic polymers contained
in the different composts (mainly cellulose and hemicellu-
loses) was conducted using acetic acid/formic acid/water
mixture at 50-30-20 (volume/volume/volume) at a ratio of
1/12 (w/v) as previously described [11]. The soluble frac-
tion was filtrated using GF/D Whatman glass microfiber
filters. Water was added to the filtrate followed by centrifu-
gation at 11,200xg for 10 min. The precipitated lignin was
washed with bi-stilled water to a neutral pH, and then dried
at 105 °C for48 h [11].

Nutrients content (CaO, K,0, MgO, P,0;)

CaO content was measured by complexation in 0.3 N NaOH
using atomic absorption spectrophotometer (AA-6200) at
465 nm, while K,0, MgO, and P,0O5 contents were deter-
mined by perchloric acid attack using using AA6200 at
766.5 nm, 285.2 nm, and 880 nm, respectively.

NH, emission and total nitrogen content

Ammonium N-NH," content was determined directly from
2 g of the compost mixtures by distillation in 10 ml of
sodium hydroxide (10 N), using an RQ-flex reflectometer
(Reflectoquant; Merck KGaA, Darmstadt, Germany). The
emission of NH, was measured by calculating the difference
between NH, content of the compost in the desired period
and the initial concentration of NH,.

Total nitrogen was measured following titration with
10 ml of boric acid (1 N) and sulfuric acid (0.02 N) in the
presence of nitrogen indicator Tashiro, using the following
formula: N (%)=N"x (V,—V,)x1.8/P, where N is total
Kjeldahl nitrogen, V, is the volume of the sample in ml, V,
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Fig.2 Phosphate flotation waste
sample preparation for chemical
analysis [9]
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is the volume of control in ml, N’ is the normality of the
sulfuric acid, and P weight of the test sample in mg.

Humification index

Humification index (HI) was measured to determine the
maturity of the prepared composts. Soluble molecules (sug-
ars and amino acids) were first eliminated from the different
composts by rinsing with water. Extraction of hemic sub-
stances was accomplished in 0.1 N NaOH after agitation
for 2 h. Extraction was repeated several times until a clear
extract was obtained. The separation of humic and fulvic
acids was performed by precipitation of the humic acids in
an acid medium (pH 2; 4 °C; 24 h). Humic fractions were
obtained after oxidation of the carbon by KMnO, in an
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alkaline environment. The fractions were then separated by
chromatographic techniques and identified by mass spec-
trometry (Hiden Analytical, UK).

Seed germination index

Seed Germination Index (GI) was measured to assess the
phyto-toxicity of the different composting mixtures using
seeds of Chickpeas (Cicer arietinum). Ten seeds were placed
on a filter paper in petri dishes (10 cm in diameter) imbibed
with 2 ml of composts aqueous extracts (1/10 w/v). Plant
seeds in Petri plates were placed in the dark at 28 °C for
5 days. The number of germinating seeds and the GI was
calculated using the following formula:
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GL(%) =

Seed germination of treatments% X root length of treatment

Seed germination of control% X root length of control

Plant growth

The effect of the different compost mixtures on plant growth
was examined using seeds of chickpeas. Compound soil
samples were obtained from a profundity of 0.2 m from
the ground surface and screened throughout a 6 mm sieve.
The soil was red loam and contained 4.33% gravel, 92.84%
sand and 2.83% fine. Trays (0.44 X0.32x0.14 m). Three
chickpea plants were planted per pot and the experiment
was repeated three times. Germinating chickpeas plants were
watered periodically with deionized water. Plant dry weight
was measured 4 weeks post germination.

Statistical analysis

Data were analyzed using one-way ANOVA-SAS Duncan’s
Multiple Range Test method in SAS (Statistical Analysis
System) 8.2 for Windows.

Fig.3 Evolution of tempera- == Control
ture (a) and pH (b) during the
composting period; “control”
represents the control treat-
ment, “PFW30” and “PPG30”
represent the composts
containing 30% initial raw
materials (dry weight) of PFW
and PPG, respectively, and
“PFW15+PPG15” represents
the compost containing 15%
PFW and 15% PPG

Temperature (°C)
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Results and discussion
Temperature and pH profile

The temperature profiles of the prepared composts were
comparable; the temperature increased gradually dur-
ing the composting process and reached the thermophilic
period (> 59 °C) by the third week, then decreased there-
after, indicating the decomposition of available organic
materials by microorganism during the composting process
[12]. The highest temperature value (69 °C) was recorded
in PFW15+PPGI15 on the fourth week (Fig. 3a), followed
by PFW30 and then PPG30. This rise in the temperature can
be attributed to the breaking of carbon bonds by microor-
ganisms present in the composts. It is therefore an indica-
tion of successful composting. At the end of the composting
period, the temperature of the different compost mixtures
was similar to the ambient temperature. It has been reported
that the rate of humidity tends to decrease under the ascent
of temperature, which results is losses of water in the form
of vapor [13—15]. We maintained this parameter at a suitable
level to ensure proper composting.

PPG30 e===PFW15+PPG15

Ambient Temperature

weeks

=== Control PFW30 PPG30  ==4=PFW15+PPG15 B
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Table 1 Physico—chemical characterization of raw materials and composts used in this study

Parameters PFW Manure + straw PPG Control PFW30 PPG30 PFW15+PPG15
Humidity% 98.15 22.69 18.73 55.41+2.01 54.38+1.3 56.14+2.2 59.43+1.01%
PH 7.54 8.69 1.91 7.52+1.1 7.28+1.03 6.01+1.04* 6.52+1.02%
TKN% 0.19 1.2 0.9 1.20+0.1 1.12+0.2 1.02+0.03 0.56+0.1%
TOC% 22 39 1.64 39+1.2 30.24 +1.5% 19.12 + 1.6%* 15.68 +1.2%
C/N 11.57 32.5 2 325+1.3 27+1.2 2501 +1.1% 28+1.2
P,05% 22.68 0.63 2.39 0.63+0.01 11.58+1.1%* 1.94+0.02 7.89+1.8%
K,0% 0.45 1.82 0.04 1.30+0.3 1.20+0.01 1.42+0.8 1.11+0.7*
OM% 3.81 67.24 4 67.24+2.2 44.56 +2.6* 54.12+2.4% 38.48 +2.8%
DM% 1.85 77.31 81.27 77.31x1.7 45.62 +1.8% 70.12+1.3% 40.57 +1.4%*
CaO% 44.02 1.9 32.5 1.93+0.2 29.15+0.3% 24.14+0.5% 38.54+0.8*
MgO0% 2.75 0.3 0.11 0.3+0.03 2.87+0.01* 2.12+0.02% 1.65+0.03*
Fe,0:;% 1.02 1.92 0.13 0.92+0.01 1.42+0.03* 1.42+0.01%* 0.42+0.01%*
ALO3;% 34 0.2 0.12 0.20+0.01 3.65+0.2% 3.12+0.1* 1.12+0.03*
Conductivity at 1365 1780 1420 2780+ 1 292042 3242 £2% 3434 £3%*
25 °C ps/cm

“Control” represents the control treatment, “PFW30” represents the compost containing 30% PFW, “PPG30” represents the compost containing
30% PPG, and “PFW15+PPG15” represents the compost containing 15% PFW and 15% PPG

TKN total Kjeldahl nitrogen, TOC total organic carbon, OM organic matter, DM dry matter

*Significantly different from the control at p <0.05

The initial pH of raw materials used in preparing the
different composts is presented in Table 1. The pH of the
different compost mixtures was measured during the pro-
cess of decomposition to evaluate compost maturity and
stability. The initial pH of the different compost mixtures
ranged from 6.0 to 7.5, and increased rapidly during the
first two weeks of composting process and reached 8.5 for
PFW30’ PFW15 +PPGl1 5’ and Control, and 7.5 for PPG30
The increase in pH coincides with the increase in tempera-
ture and is the result of proteins degradation and release
of ammonia by microorganisms. However, the pH of PFW
decreased significantly during the third week of compost-
ing, and remained stable at 7.25 after that. It is still not
clear what causes this decrease in the pH.

After two weeks of composting, the pH of all composts
decreased gradually but remained close to neutrality

throughout the composting period, indicating that the dif-
ferent composts prepared were mature and of good quality
(Fig. 3b). It has been reported that optimal pH values of
composts should be between 6 and 8, value around neutral-
ity are optimal for microorganisms’ biological activity, a
good compost should remain close to neutrality throughout
the composting process, as acidic pH affects the rate of
respiration of microbes and decreases the rate of degra-
dation [16]. Moreover, the high activity of microbes at
thermophilic stage is achieved when the pH of the compost
is alkaline [17].

P,0; MgO, K,0 and CaO contents

The physico-chemical properties of raw materials used in
preparing the different composts and the nutritional statues

Table 2 Nutritional status of soil, composts, and compost mixes at the beginning of the trial

Treatments Total N (mg g™'of  Avail. N(ugg™'of  P,0s5 (%) Avail. P (ug gl of  K,0 (%) Avail. K (ug g7!
dry matter) dry matter) dry matter) of dry matter)

Soil 3.33 832.62 1.23 729 8.03 856

Control 3.85 1110.76 4.76 6419.74 8.95 1950.53

PFW30 8.68 1542.55 8.02 7012.88 12.56 2215.33

PPG30 5.73 1112.64 6.64 6421.62 10.83 1952.41

PFW15+PPG15 11.32 1118.23 12.23 6427.21 16.42 1958.00

“Control” represents the control treatment, “PFW30” and “PPG30” represent the composts containing 30% initial raw materials (dry weight) of
PFW and PPG, respectively, and “PFW 15 +PPG15” represents the compost containing 15% PFW and 15% PPG
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Table 3 Analysis of variance of the evolutionary profiles of the physico—chemical parameters

Treatment Temperature (°C) Humidity (%) pH P,05 (%) K,0 (%) CaO (%) C/N HI

Control 37.971+£0.355 52.559+0.223 8.059+0.155 2.625+0.411 1.596+0.333 2.971+£0.022 24.845+0.35 0.907+0.012
PFW30 44.896+6.825%  51.701+0.857*  7.553+0.506* 13.053+10.428* 1.153+0.443* 36.284 +33.31% 19.640+5.205%  0.929+0.022*
PPG30 41.309+3.338*  51.694+0.865*  7.233+0.826* 10.812+8.188*  1.422+0175 29.771£26.8* 20.889+3.959*  0.907+0.010
PFWI15+PPG15 46.799+8.828*  52.915+0.357 7.859+0.2 12.469 +9844* 1.016+0.58%* 40.670+37.698%  20.845+4* 0.894 +0.024*
Standard Error 0.277 0.329 0.210 0.032 0.172 0.18 0.374 0.004

“Control” represents the control treatment, “PFW30” and “PPG30” represent the composts containing 30% initial raw materials (dry matter) of
PFW and PPG respectively, and “PFW15+PPG15” represents compost containing 15% PFW and 15% PPG

HI Humification Index
*Significantly different from the control at p <0.05

of the different compost mixtures at the beginning of the
trial are presented in Tables 1 and 2, respectively. Table 3
represents the evolutionary profiles of the physic-chemical
parameters of the different composts used in this study.
During composting, the P,O5 levels in PFW30, PPG30,
and PFW15+4+PPG15 were similar but significantly higher
compared to the Control (Fig. 4a). In all treatments, P,O5
increased during the first 3 week of composting process and
remained stable thereafter. At the end of the composting
process, the level of P,O5 was four times higher than the
control compost (Fig. 4).

The initial percentages of MgO in the different composts
ranged between 1 and 1.5% and were below the control treat-
ment which had 1.8% of MgO (Fig. 4b). However, after six
week of composting, the percentages of MgO in all treat-
ments were similar, around 1.25%, until the end of the com-
posting process (Fig. 4b).

The concentration of K,O at the start of the composting
process varied between 1.1% and 1.4%. During the com-
posting process, the percentage of K,O decreased in Tppgsg
and increased in PFW15 +PPG15, but it did not change in
PFW30. By the 6th week of composting process, the per-
centage of K,O in all treatments was similar and remained
stable until the end of the composting process (Fig. 4c).

At the start of the composting, calcium concentration
of PFW30, PPG30 and PFW15+PPW15 treatments was
significantly higher compared to the control (Fig. 4d). The
concentration of CaO in phosphate waste—supplemented
composted increased from the 3rd week to the 6th week of
composting and was 42.32% in PFW30, 38.47% in PPG30
and 44.78% PFW 15 +PPG15, but remained stable thereafter.
At the end of the composting period, the content of CaO in
the composts supplemented with PPF and/or PFW was 10
times higher than the Control.

N-NH,* emission

N-NH, emissions in all treatments increased sharply dur-
ing the first two weeks of thermophilic composting, and

decreased thereafter to values close to zero by the end of the
composting process (Fig. 5). The increase in N-NH, emis-
sion may be to the increased temperature and pH. Moreover,
N-NH,* emission in PPG30 remained low from the fourth
week until the end of the composting process, compared
to N-NH,* emission in the other treatments. It has been
reported that ammonia emission is the main form of N loss
during composting [18]; which occurs at a rate much higher
than NO; emission.

The highest emission of NH, (90%) was observed in
PPG15 +PFW15 during the first two weeks and in PFW30
during the first 3 weeks. While NH, loses in PPG30 was
similar than the control, about 50% loses (Fig. 5b). Losses
via NH, volatilization range from as low as 13% to as high
as 70% of manure containing nitrogen [19]. The wide varia-
tions are due to differences in properties of the raw material
used, environmental conditions and compost management
practices [19]. Lopez et al. [20], underlined that the propor-
tion and quality of clay has an influence on the capacity of
absorption of ammonium. NH, retention can be also influ-
enced by temperature, chemical additives and pH [21].

The Effect of PFW and PPG on maturity parameters
of the composts

Effect of PFW and PPG on compost C/N ratio

The C/N ratio is an important indicator of compost quality. It
has been indicated that a C/N ratio of less than 20 and even
15 characterizes mature composts [22—24]. In this experi-
ment, C/N ratio in PFW30, PPG30, and PPW15+PPG15
were similar but remained low compared to the Control. The
COT% of the finished composts is 57%, 56%, 55% and 54%
in PPW15 +PPG15, PFW30, PPG30, and Control, respec-
tively. At the beginning of the composting process, the C
/ N ratio in all mixtures including the Control treatment
was between 25 and 32 but decreased gradually with time
until it stabilized at 13 by the end of the composting process
(Fig. 6a), indicating that the composts prepared are mature.
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Fig.4 Evolution of P,05 (a),
MgO (b), CaO (c) and K,O (d)
contents during the composting
period; “control” represents the
control treatment, “PFW30”
and “PPG30” represent the
composts containing 30% initial
raw materials (dry weight) of
PFW and PPG, respectively, and
“PFW15+PPG15” represents
the compost containing 15%
PFW and 15% PPG
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Fig.5 NH," content loss of the
composting piles during the
composting period; “control”
represents the control treat-
ment, “PFW30” and “PPG30”
represent the composts
containing 30% initial raw
materials (dry weight) of PFW
and PPG, respectively, and
“PFW15+PPG15” represents
the compost containing 15%
PFW and 15% PPG

Fig.6 C/N (a), Humification
Index (b), and lignin content

(c) changes in the composting
piles during the composting
period; “control’’ represents
the control treatment, “PFW30”
and “PPG30” represent the
composts containing 30% initial
raw materials (dry weight) of
PFW and PPG, respectively, and
“PFW15+4PPG15” represents
the compost containing 15%
PFW and 15% PPG
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Humification index

Humification index (HI) was monitored in phosphate-sup-
plemented composts. HI decreased gradually during com-
posting with no significant difference between the treat-
ments (Fig. 6b), and went from 1 to 0.75. However, the HI in
PFW30 was slightly higher when compared to PFW30 and
PFW 15+ PPG15, probably due to the clay composition of
PFW. It has been reported that clay protects the humus from
destruction by microorganisms and so favors humification
[25]. In addition, humic substances (HA and FA) improves
the structure of clay-containing particles by assuring the
elementary cohesion of particles by electrostatic connections
and weak connections established between the organic mol-
ecules and the clays [21]. HI of the final composts obtained
in this study was similar to those obtained in previous stud-
ies for mature composts [26, 27].

Lignin content

The degradation of lignin in the different compost was moni-
tored during composting. There was significant difference
between the different treatments and the Control. Lignin
content decreased significantly during composting and went
from 13% at the beginning of the composting process to
7.15% DM at the end (Fig. 6¢).

The effect of PFW and PPG of seed germination
and plant growth

It has been reported that amendment of immature compost
in a soil has negative effects on germination, growth and
development of plants, and that the best indicator of maturity
of compost remains its phytotoxicity [28]. In addition, stable
compost does not necessarily mean that it is mature as it can
still have an inhibitory or phytotoxic effect on plant growth
[29, 30]. In this context, the effect of PPW and PPG on seed
germination was examined to determine the potential phy-
totoxicity of the phosphate additives. Addition of PPW and
PPG alone or in combination had no observable effect on
chickpea seed germination. The GI index profiles in all treat-
ments including the control were similar. The GI increased
rapidly during the first two weeks of the composting process
and reached 100% after four weeks (Fig. 7a), indicating that
addition of PPW and PPG has no negative effect on seed
chickpea germination.

The effect of PFW and PPG enriched animal manure
on plant growth was also evaluated using chickpeas seeds.
Addition of PFW and PPW to compost mixtures signifi-
cantly increased growth of chickpea plants compared to
control. Chickpea plant dry weight increased by 170% in
PFW15 +PPG15, followed by 140% increase in PFW30 and
100% increase in PPG30 (Fig. 7b), indicating that addition
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after sowing (DAS)] (a) and average dry weight of chickpea plants
4 weeks after germination (b). “control” represents the control treat-
ment, “PFW30” and “PPG30” represent the composts containing 30%
initial raw materials (dry weight) of PFW and PPG, respectively, and
“PFW15+PPG15” represents the compost containing 15% PFW and
15% PPG. Asterisk significantly different from the control at p <0.05

of PFW and PPG enhances plant growth and development
especially when both PFW and PPG are added (Fig. 7b).

Conclusion

The addition of PFW and PPG to compost mixture improved
compost quality, they enhanced organic matter degradation,
increased fertilizing elements (P,0s, K,0, MgO, CaO) and
decreased C/N ratio relative to Control formulation. In addi-
tion, supplementing compost mixtures with PFW and PPG
had no observable negative effect on seed germination, and
significantly enhanced plant growth and development, espe-
cially when both PFW and PPG were added to the comport.
These results indicate that PFW and PPG can be used in
compost formulations to improve plant growth while at the
same time reducing environmental and health risks associ-
ated with their production.
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