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ABSTRACT

The lack of organic matter content in deteriorated soils in drought stricken areas is a serious problem for vegetation
cover. The use of organic amendments like biochar and compost to agricultural soils could be a good remedy for
poor soil, water deficiency and plants growth. The comparative analysis of the effects of biochar produced from
argan shells, compost and their mixture on the growth of quinoa (Chenopodium quinoa), sugar beet (Beta vulgaris)
and alfalfa (Medicago sativa) was the main objective of this research. It was assumed that the addition of biochar
mixed with compost could enhance soil fertility and then improve crop productivity of plants. For this purpose,
three treatments (2%, 4% and 6%) of biochar (B), compost (C) and biochar—compost (B—C) mixture were applied
to soil. The samples for different treatments were collected, incubated and then analyzed. In order to evaluate the
plant growth, the greenhouse experiments were conducted for three months in the pots filled with untreated and
treated soils. The results showed that the addition of biochar and compost to soil increased pH, electrical conduc-
tivity, exchangeable cations, total nitrogen, phosphorus, total organic matter and cation exchange capacity. A sig-
nificant improvement of the biomass of plants has been observed when applying a mixture of biochar and compost
at 6% for quinoa and sugar beet and at 4% for alfalfa. According to the obtained results, mixing argan biochar with

compost has a positive impact on soil nutrients and growth of plants.
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INTRODUCTION

Crop production is intensely constrained by
poor soil conditions in the areas characterized by
low water shortage, which results in the degrada-
tion of agricultural territories (Perez-Esteban et
al., 2012, Mills et al., 2014, Amini et al., 2016). In
fact, the south of Morocco is subject to severely
dry arid climate which hinders the plant growth
(Badraoui et al., 2000, Schlesinger et al., 2015).
Under these hard climate conditions, addition of
mineral fertilizers did not have a profitable effect
(Agegnehu et al., 2016). Hence, biochar and com-
post, two organic amendments, can be applied
for improving the soil structure and as a nutrient
source for plant biomass production (Solaiman
and Anawar, 2015, Lim et al., 2016, Ramzani et
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al., 2016, Li et al., 2018). However, biochar and
compost-biochar combination in some studies
revealed the negative effects which have been
related to the type of biochar and soil proper-
ties (Jones et al., 2012, Rajkovich et al., 2012,
Schmidt et al., 2014, Butnan et al., 2015, Haider
et al., 2017). Moreover, to determine the most ad-
equate biochar percentage, it could be necessary
to investigate the effects of different doses prior to
carrying out large scale field experiments.

Thus, the soil was treated with argan biochar,
compost and compost—biochar mixture before be-
ing vegetated with quinoa (Chenopodium quinoa),
sugar beet (Beta vulgaris) and alfalfa (Medicago
sativa). The purpose was to verify whether using
argan biochar and compost in mixtures amelio-
rates plant biomass production.
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MATERIALS AND METHODS

Analysis of growth media samples

The biochar used was prepared from argan
shells waste which were combusted in a pyro-
lytic stove made in Morocco based on the model
provided by Dr. Claudia Kammann (Institute for
Plant Ecology, Giessen University, Germany)
(Bougbis et al., 2016). The compost from var-
ied vegetable organic matter, bought from com-
mercial vendors in Morocco, was provided with
soil by Dr. Harrouni (Hassan II Agronomic and
Veterinary Institute (IAV)). After preparing var-
ied treatments, and incubating the samples for
4 weeks, their physicochemical properties were
measured in [AV soil science laboratory using
standard analytical methods. The pH and elec-
trical conductivity (EC) were both measured in
water extracts with standard electrodes (Blake-
more et al., 1987). For chemical analysis, the total
concentration of Na, K, Ca and Mg were deter-
mined by flame emission spectrophotometer (Van
Ranst et al., 1999), whereas Fe, Mn, Zn and Cu
by atomic absorption spectrophotometer (Lind-
say and Norvell, 1978) and colorimetrically for
NaNO, and KH,PO, (Blakemore et al., 1987).
Cation exchange capacity (CEC) was determined
by means of the ammonium acetate method (Met-
son, 1956). The total soil organic carbon and the
total nitrogen (TN) content were measured using
Walkley—black method and the Kjeldahl method,
respectively.

Plant growing protocol

In this test, argan shells biochar and com-
post were added to 2000 ml of dried soil in four
concentrations (0; 2; 4 and 6 percent v/v; n=3)
which means that 2% corresponds to a mixture
of 2 ml dry biochar with 98 ml dry soil without
using any fertilizers in the mixtures. The use of
volumetric mixtures permitted a comparable test-
ing of biochar and compost, and their combina-
tion in this pot study. The experiment was car-
ried out in black poly plastic bags purchased from
commercial vendors in Morocco (inner diameter
13 cm, height 20 cm, with eight draining holes
round each bag) which were filled with soil (S),
soil+biochar (S-B), soiltcompost (S—-C) and
soil+compost+biochar (S—C-B) applying the
four concentrations mentioned above and plant-
ed with quinoa, sugar beet and alfalfa. The seeds

were first germinated in seed beds and when the first
leaves appeared, three germinated seeds were then
replaced in the pots. For each plant, 30 pots were
prepared (9 pots per treatment with three replicates).
The water holding capacity was determined for each
mixture and adjusted on 60 percent. During the test,
the water loss was controlled and adjusted regularly.
The experiment was conducted for 3 months in the
greenhouse. Then, the plants height was determined
and the fresh biomass of leaves, shoots and seeds
were weighed immediately. The roots were subse-
quently carefully washed and weighted after drying.
After 48 h at 80°C oven drying, the dry mass was
weighed. One-way analysis of variance (SigmaPlot
Software, Systat Inc.; Chicago, IL, USA) was per-
formed to compare all replicated measurements of
varied treatments. The Tukey test was adopted to
evaluate the significance of differences.

RESULTS AND DISCUSSION

Soil, compost and biochar properties

The physical and chemical characteristics
of the three substrates are presented in Table 1.
Compared to the compost and soil, argan biochar
showed the highest pH, whereas the concentra-
tions of Ca, Mg, Na, nitrate and phosphorus were
the highest for compost and the K concentrations
were the highest for argan biochar. Soil showed
the highest concentrations of Fe, Mn, Cu and Zn.

Changes in properties of soil after treatment

Table 2 shows pH, electrical conductivity
(EC) and nutrient concentration of each treatment.

Table 1. Physical and chemical characteristics of soil,
compost and argan biochar

Specification Soil Compost | Argan Biochar
pH 8.00 7.21 10.7
EC (milliS cm-1) 0.317 1.40 4.83
K (ppm) 50.77 489.13 1906.25
Na (ppm) 6.79 510.28 339.2
Ca (ppm) 65.45 81.82 4.8
Mg (ppm) 95.33 1682.24 1258.92
Fe (ppm) 7.50 0.79 0.00
Mn (ppm) 12.08 0.08 0.04
Cu (ppm) 0.33 0.16 0.00
Zn (ppm) 0.69 0.03 0.04
NaNO, (ppm) 66.66 1466.66 100.00
KH,PO, (ppm) 0.50 1.33 0.33
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Table 2. Physicochemical properties of soil with/without treatments

Specification pH EC K Na Ca Mg Fe Mn Cu Zn
Soil 8 0.317 0.275 0.259 0.478 0.424 3.6 9.7 1.3 1.8
S-C 2% 8.13 0.210 0.344 0.379 0.487 0.485 3.6 9.6 1.3 1.8
S-C 4% 8.33 0.219 0.464 0.505 0.509 0.562 3.7 9.6 1.4 1.7
S-C 6% 8.53 0.221 0.497 0.531 0.528 0.635 3.8 9.7 1.6 1.8
S-B 2% 8.20 0.272 0.533 0.279 0.478 0.452 3.6 9.7 1.3 1.7
S-B 4% 8.21 0.321 0.615 0.321 0.48 0.508 3.5 9.7 1.3 1.7
S-B 6% 8.23 0.408 0.785 0.492 0.486 0.549 35 9.6 1.2 1.6
S-C-B 2% 8.34 0.237 0.481 0.401 0.481 0.454 3.6 9.5 1.2 1.7
S-C-B 4% 8.42 0.270 0.629 0.438 0.488 0.525 3.7 9.6 1.4 1.9
S-C-B 6% 8.43 0.385 0.711 0.572 0.521 0.601 3.6 9.7 1.5 1.8

EC (milliS em-1), K (g/kg), Na (g/kg), Ca (g’kg), Mg (g/kg), Fe (mg/kg), Mn (mg/kg), Cu (mg/kg), Zn (mg/kg)

Soil-compost mixture at 6% had the highest val-
ue of pH whereas soil-biochar at 6% showed the
highest EC value. The concentration of K was the
highest for soil-biochar mixture at 6% whereas
the concentration of Na was the highest for soil—
biochar—compost mixture at 6%. Soil-compost
at 6% showed the highest content of Mg and Ca,
comparably to the rest of treatments. The concen-
tration of Fe, Mn, Cu and Zn is the lowest among
all treatments compared to unamended soil.

The contents of total nitrogen (TN), phos-
phorus (P), potassium (K), total organic matter
(TOM) and cation exchange capacity (CEC) for
varied treatments are presented in Table 3. Com-
pared to the soil and soil-biochar, the content of
N, P, TOM and CEC were higher for soil-com-
post and soil-biochar—compost but the highest
value was observed for soil-compost at 6%. The
K concentration was higher in the soil-biochar
and soil-biochar—compost comparably to the soil
and soil-compost but the highest value was ob-
served for soil-biochar treatment at 6%.

Effects on quinoa growth and yield
after different treatments

The quinoa biomass harvested from the soil—
compost, soil-biochar and soil-compost—bio-
char applications was higher compared to the
unamended soil (Table 4). With compost, bio-
char and biochar—compost, the total leaf area,

leaf number per plant and the biomass of differ-
ent plant parts increased in all ratios compared
to the unamended soil (Table 4). The biomass of
leaves increased with all treatments compared to
the soil, but the increase was not significant. A
significant increase of seeds biomass (dry weight)
was observed with biochar-compost treatment at
6% rates. The stem biomass also increased in all
treatments in comparison to the soil, but the sig-
nificant increase (dry weight) was observed with
the biochar—compost treatment at 6% rates. A sig-
nificant increase (dry weight) of tap root biomass
was observed with the biochar-compost treatment
at 6% rates. Leaf area, total biomass and plant
height measurements of the quinoa plant grown
in amended soil did not show any significant
differences.

Beta vulgaris growth using
different treatments

The sugar beet biomass collected from varied
treatments is presented in Table 5. The total leaf
number per plant and the total biomass increased
with all treatments, as compared with the un-
amended soil excepting compost at 2% and com-
post-biochar at 6%. Yet, the increase was not sig-
nificant. The biomass of leaves was also higher in
all treatments in comparison with the soil except
for compost at 2%; but the significant increase
(dry weight) was noticed with compost—biochar

Table 3. Effects of varied treatments on NPK contents, TOM and CEC values

Specification | Soil | S—C 2% | S~C 4% | S—C 6% | S—B 2% | S-B 4% | S—B 6% | S~C—B 2% | S—C-B 4% | S—-C-B 6%
TN (mg/kg) 0.9 1.9 2.2 2.8 1.2 16 1.9 14 1.9 2.4
P (g/kg) 0.024| 0.062 | 0068 | 0.072 | 0.034 | 0053 | 0.061 0.053 0.062 0.067
K (g/k) 0275| 0.344 | 0464 | 0497 | 0533 | 0615 | 0.785 0.481 0.629 0.711
TOM (%) 5.01 | 6.72 9.18 12 5.62 6.32 6.49 6.32 7.82 9.03
CEC(meg/100g) | 13.6 | 17.6 184 | 1872 | 166 | 1684 | 174 16.82 17.6 17.80
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Table 4. Effects of different treatments with biochar, compost and their mixture on biomass of Chenopodium

quinoa
Treatment means (percent v/v)
Plant vgriables Soil-Compost Soil-Biochar Soil-Compost-Biochar Soil
(uni) $-C2% S-C4% S-C6% S-B2% S-B4%|s-Bew% > o0 | OB SO
Leaf number (plant™) 25.33 | 37.33 36 30.66 | 39.66 | 31.33 44 43.33 29 14.66
(Zm"nff‘:nzr_?zm planty | 1303 | 1277 | 1235 | 1122 | 1439 | 1422 | 1465 | 1201 15.28 11.59
Biomass leaves (g dm) 0.31 0.44 0.29 0.38 0.31 0.22 0.50 0.55 0.35 0.18
Biomass stem (g dm) 0.79 0.83 0.55 0.61 0.69 0.54 0.53 0.71 1.23* 0.41
Biomass seeds (g dm) 0.922 1.04 0.70 1.00 0.73 0.77 0.77 1.1 1.52* 0.26
Biomass roots (g dm) 0.05 0.04 0.04 0.05 0.06 0.04 0.04 0.06 0.09* 0.03
> Biomass (g dm) 2.02 2.31 1.54 1.99 1.73 1.53 1.8 2.37 3.1 0.85
Plant height (cm) 67.67 | 72.00 | 70.33 | 66.67 | 60.33 | 63.33 70.00 77.67 71.67 53.33
* Difference is significant at the 0.05 level, compared to the unamended soil.
Table 5. Biomass of beta vulgaris measured in different treatments
Treatment means (percent v/v)
Plant variables (units) Soil-Compost (S—C) Soil-Biochar Soil-Compost-Biochar (S—C-B) Soil
S-C2% | S-C4% | S-C 6% S-B 6% S-C-B2% | S-C-B 4% | S-C-B 6%
Leaf number (plant™) 6.50 8.67 8.67 8.33 7.33 10.00 6.67 7.00
Biomass leaves (g-dm) 0.12 0.45 0.45 0.40 0.38 0.51* 0.45 0.19
Biomass roots (g-dm) 0.13 0.20 0.81 0.71 0.53 0.82 1.13* 0.23
s Biomass (g-dm) 0.25 0.65 1.26 1.11 0.91 1.33 1.58 0.42

* Difference is significant at the 0.05 level compared to the unamended soil.

mixture at 4%. The biomass of roots increased in
all treatments when compared to the soil except
compost at 2%, but the significant increase (dry
weight) was detected with biochar-compost mix-
ture at 6%. Leaf number and total biomass did not
show any significant differences.

Alfalfa growth under different treatments

The alfalfa biomass collected from the amend-
ed and unamended soil was presented in Table 6.
The biomass of leaves and stems increased in all

treatments in comparison with the unamended
soil, excepting soil-biochar at 2%. However,
a significant increase (dry weight) was noticed
with biochar—compost at 4%. Roots and the total
aboveground biomass also increased in all treat-
ments when compared to the unamended soil,
apart from soil-biochar at 2%, but the increase
was not significant. The total leaf area increased
with all treatments, as compared to the soil except
for soil-compost at 2% and soil-biochar at 4%,
but the increase was not significant. Leaf area,

Table 6. Biomass of Medicago sativa measured in different treatments

Treatment means (percent v/v)
Plant variables Soil-Compost (S-C) Soil-Biochar (S-B) Soil-Compost-Biochar (S—-C-B) Soil
(units) SC | SC | SC | SB | 5B | sB | sCB | SCB S-C-B
2% 4% | 6% | 2% | 4% | 6% 2% 4% 6%
(Zerfffan-?im dangty | 1103 | 1341 17.46 | 13.06 | 1151 | 1375 | 1425 | 1369 1508 | 12.98
Biomass leaves (gdm) | 0.29 | 0.30 | 047 | 019 | 024 | 026 | 0.0 0.75* 0.62 0.23
Biomass stems (gdm) | 045 | 053 | 048 | 022 | 040 | 042 | 053 0.94* 0.70 0.25
Biomass roots (g dm) 041 | 064 | 030 | 022 | 036 | 037 | 0.33 0.70 0.47 0.30
ézt;?;’gmund Biomass | 74 | 083 | 095 | 041 | 064 | 068 | 093 169 132 0.48

* Difference is significant at the 0.05 level compared to the unamended soil.
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roots biomass and total aboveground biomass did
not show any significant differences.

In varied treatment, the growth of quinoa,
sugar beet and alfalfa plant parts was enhanced as
compared to untreated soil, especially when com-
bining compost and biochar. Because biochar is
known to increase the pH value of soils (Ohsows-
ki et al., 2012, Hazelton and Murphy, 2007), the
compost-biochar treatments could be responsible
for maintaining the highest pH values to reach an
adequate pH for plant growth. These pH values in
the compost-biochar treatments may be one of the
factors that allow plants to have a higher quantity
of biomass during the experiment. The values for
K, Na and Mg for the soil are very low. When soil
was treated with compost and biochar, the values
for these nutrients increased. Thus, plants could
improve their biomass because of the available
nutrients in compost-biochar applications. This
is in agreement with previous findings (Jones
et al., 2016, Hammer et al., 2015, Lehmann et
al., 2011). In addition, during the pyrolysis pro-
cess, biochar can be contaminated by inorganic
substances. This was not observed in our study,
where soil has much greater heavy metal content
than biochar and compost.

Furthermore, argan shells biochar could be
used to reduce the use of inorganic soluble K fertil-
izers as it is an important source of K. Other stud-
ies have stressed that adding biochar reinforces the
benefits of compost (Paradelo et al., 2016, Sor-
renti and Toselli, 2016, Zainul et al., 2017) which
is in agreement with the obtained results. In fact,
combining biochar and compost ameliorate soil
structure and nutrients bioavailability since bio-
char helps in retaining efficiently the nutrients in
compost and slowly releases them to plants over
time (Karer et al., 2015, Paradelo et al., 2016). This
demonstrates that biochar has a constant benefit on
agricultural soil fertility and plant growth.

The values for cations, total nitrogen, phos-
phorus, potassium, total organic matter and cation
exchange capacity were very low for unamended
soil. However, when the soil was treated with ar-
gan biochar and compost, these values increased.
The observed increase in the nitrogen content is
vital for soil structure quality and plant produc-
tion (Christensen, 2004). The cation exchange
capacity has an important role in stabilizing soil
structure, soil pH and nutrient bioavailability
(Hazelton and Murphy, 2007, Karer et al., 2015,
Paradelo et al., 2016). Thus, it has been demon-
strated in this study that the observed quinoa,
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sugar beet and alfalfa biomass improvement in
soil mixed with argan biochar and compost can
be explained by the increase of the bioavailable
nutrient content during the three plants growth.
Moreover, biochar is now considered as a good
option for carbon sequestration in soils instead
of being sent out into the atmosphere, and hence
contributing to the moderation of global climate
change (Lorenz and Lal, 2014, Smith, 2016).
Thus, applying biochar and compost in agricul-
tural soils is a good solution to recycle organic
wastes, providing environmental merits and de-
creasing the use of chemical fertilizers.

CONCLUSIONS

Appling argan biochar and compost in mix-
ture has a positive effect in providing essential
nutrients for plants, which is beneficial for ag-
ricultural soils. Moreover, this study reveals the
merits of the two amendments used in different
proportions on quinoa, sugar beet and alfalfa
growth. These effects were more pronounced
when the two organic amendments were used in
combination, which could be explained by the in-
crease of bioavailable nutrient content during the
growth of three plants.
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