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ABSTRACT • Date palm wastes (rachis and dried stems) are feasible biomass to be treated and used for soil 
improvement and restoration purposes. Identified properties of processed forms of such biomass are required for 
their deliberated applications in compensating for any types of soil deficiencies. For this task constituent elements, 
pH and electrical conductivity (EC) values of fiber bundles, ash and slow pyrolysis derived biochar of these wastes 
were determined. Test materials were from two palm groves, differentiated by governing ecological conditions, 
named tropical and dry zones, to study climate impacts on the same palm species. Experimental data have shown 
that discrepancies in the percentages of C, H, N and S in three types of waste from the humid zone are not drastic. 
Their ashes are alkaline, but feedstock and biochar are acidic. EC values are high in ashes, but low in feedstock 
and biochar. C/N ratios do not change considerably. The same results were also observed for dry zone wastes, ex-
cept their C/N ratio which is drastically higher. Percentages of measured properties of wastes from sampled groves 
were also compared for climate impacts. In terms of properties, differences between three forms of waste from two 
groves require to be considered when used for soil improvement purposes.

KEYWORDS: palm waste; constituent element; biochar; ash; fiber bundles; pyrolysis

SAŽETAK • Otpatke od palme datulje (lisne osi i osušene stabljike) moguće je iskoristiti za biomasu koja se može 
obrađivati i dalje upotrebljavati za poboljšanje i obnovu tla. Za promišljenu primjenu u nadoknadi bilo kakvog 
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1  INTRODUCTION
1.  UVOD

Date palm (Phoenix dactilyfera) wastes include 
rachis and dried stems. Rachis is more abundant since 
date farmers prune about 15 dried rachises from each 
fruit producing palm tree every year. Weight of trimmed 
rachis (fronds) comprises million metric tons annually. 
Dried stems are also rather plentiful wastes in date palm 
groves (palm trees stands). There are no official refera-
ble records of palm wastes (from both fruit bearing and 
nonfruit bearing palm stands), except a local date (Ah-
madi et al., 2015). Proper utilization of these biomass 
has no history so far, although they contain valuable 
chemical substances (Ebrahimi et al., 2021; Ebrahimi et 
al., 2022). Some basic compositions of these wastes 
were studied in laboratory scale (see Tables 3, 4, 13 in 
Jonoobi et al., 2019). Some unpublished results of case 
studies on date palm wastes were reviewed as well. 

Their use as raw material in producing fiber-based 
products was proposed, since these wastes are fibrous 
materials (Prasad and Power, 1991). Such concept of 
utilizing these residuals requires continuous removal of 
these wastes from palm groves as they would damage 
the groves environmentally, because end products are 
unreturnable to palm groves as fertilizer or any kind of 
soil amendment agent. Therefore, in the long run, the 
soil of groves would not be nutritious for the trees.

The right procedure for managing these residuals 
(Brewer et al., 2011) is to convert them into useful ad-
ditives for soil amendment and restoration. This con-
cept is compatible with environmental issues as well 
(Kamperidou et al., 2021).

During recent decade, the concept of conversion 
of crop biomass through thermochemical process (py-
rolysis) into solid (biochar) and liquid (vinegar) sub-
stances as returnable additives to soils under cultiva-
tions has been developed (Kloss et al., 2012).

Application of this kind of treatment on biomass 
residual has been extended to date palm wastes conver-
sion as well. However, quite a few instructive research 
reports dealing with properties of biochar (Ronsse et 

al., 2013; Jouiad et al., 2015; Bensidhom et al., 2018; 
Usman et al., 2015), its uses as green sorbents of or-
ganic and inorganic pollutants (Usman et al., 2016; Al-
Wabel et al., 2019), improving soil fertility, upgrading 
and remediation degraded soils (Al-Wabel et al., 2019; 
Beesley et al., 2011) and climate change mitigation 
(Hussain et al., 2014) have been published.

The above studies have clearly shown the positive 
functions of pyrolysis derived biochars. As mentioned 
earlier, the pyrolysis process is not harmful to the envi-
ronment and pyroligneous gases from biomass pyrolysis 
can mostly be condensed by a properly designed system.

Another known pyrolytic product is bio-oil or 
vinegar, also called bio-fuel (Woolf et al., 2010), which 
results from condensing volatiles emitted from pyroly-
sis reactors with chemical content depending on tem-
perature used in pyrolysis processes.

The objectives of this investigation were to char-
acterize feedstock, ash and biochar samples from date 
palm wastes for their constituent elements, pH and EC 
(Index of soluble salt in soil solution) values, compar-
ing rachis (fronds) and stem from each sampled grove 
and from groves in tropical and dry zones for finding 
ecological impact on the above variables. These objec-
tives were designed to evaluate the potentiality of three 
forms of palm wastes mainly for their farming purpos-
es. Results of this work will be useful for making prop-
er use of such plentiful biomass (Prasad and Power, 
1991; Power and Prasad, 1997).

2  MATERIALS AND METHODS
2.  MATERIJALI I METODE

For this study, date palm wastes (dry rachis and 
stems) samples were collected from palm groves in 
Lamerd (southern territory of Fars province, in hot and 
humid climate zone) and Kerman (southeast province 
of Iran, a hot and dry climate zone). The purpose of 
collecting test materials from date palm groves in two 
different climate zones was to find discrepancies in 
wastes elemental contents due to ecological impacts, if 
any; however, the palm species was the same.

nedostatka tla potrebno je poznavati svojstva prerađenih oblika te biomase. Stoga su u ovom istraživanju određeni 
sastavni elementi, pH vrijednost i električna provodnost (EC) snopova vlakana, pepela i biougljena dobivenoga 
sporom pirolizom otpadaka palme datulje. Kako bi se proučili klimatski utjecaji na tu vrstu palme, odabrani su 
uzorci iz dvaju nasada palmi koje su rasle u različitim ekološkim uvjetima nazvanima vlažna i suha zona. Ek-
sperimentalni podatci pokazali su da odstupanja u postotcima elemenata C, H, N i S u sirovim vlaknima, pepelu 
i biougljenu palminih otpadaka iz vlažne zone nisu značajna. Pepeo je alkalan, ali su sirova vlakna i biougljen 
kiseli. EC vrijednosti su u pepelu visoke, ali su u sirovim vlaknima i biougljenu niske. C/N omjeri značajno se ne 
razlikuju. Jednaki rezultati dobiveni su i za otpadak od palmi iz suhe zone, osim što su C/N omjeri znatno viši. 
Izmjerena svojstva palminih otpadaka uspoređena su i s obzirom na klimatske utjecaje na nasad palmi, odnosno 
uspoređeni su uzorci iz vlažne i suhe zone. Pri uporabi palmine biomase za poboljšanje tla moraju se uzeti u obzir 
razlike između svojstava sirovih vlakana, pepela i biougljena iz dvaju nasada palmi.

KLJUČNE RIJEČI: otpadci od palmi; sastavni element; biougljen; pepeo; snopovi vlakana; piroliza
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Test materials were air dried to about 12, 7.5, 5 % 
moisture content, then chipped into particles, measur-
ing 10-15 mm in length, less than several millimeters 
in thickness. Samples of rachis and stem (types of 
waste) were separately divided into three randomized 
sets. A set of each type of waste was mechanically de-
fibrated for receiving fiber bundles (feedstock speci-
mens). A slow pyrolysis process was conducted on one 
set in a laboratory scale electrical furnace (designed 
and shop fabricated, Figure 1). The third set of samples 
of each type of waste was burnt down to ash in an open 
fire. From each set of samples after the application of 

designated treatment, random specimens were drawn 
for C, H, N, S analysis.

2.1  C, H, N, S analysis
2.1.  Analiza elemenata C, H, N i S

As mentioned above, randomly chosen speci-
mens of feedstock (fiber bundles), ash and biochar (out 
of rachis & stem wastes of date palm) were analyzed 
(by Flash EA 1112 Series, Thermos Finnegan, Mass. 
USA) for their constituent elements, namely C, H, N 
and S. Table 1 presents accumulated data (mean and 
coefficient of variation) on percentages of elemental 

Safety valve 
sigurnosni ventil Control valve 

kontrolni ventil 

Condensing system 
sustav za kondenzaciju 

Noncondensible gas 
plin koji se ne kondenzira 

Collecting container 
spremnik za skupljanje 

Electrical furnace 
električna peć 

Control panel 
kontrolna ploča 

Figure 1 Pyrolysis apparatus
Slika 1. Oprema za pirolizu
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Figure 2 Mean percentages and corresponding error bars of C, H, N, S and O in feedstock, ash and biochar of date palm 
wastes from groves in humid climate zone (Lamerd)
Slika 2. Srednja vrijednost postotaka i odgovarajući stupci pogrešaka za elemente C, H, N, S i O u sirovim vlaknima, pepelu i 
biougljenu od otpadaka palme datulje iz nasada u zoni vlažne klime (Lamerd)
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Table 1 Average and coefficient of variation of percentages of constituent elements, pH, EC and calculated molar ratios of 
feedstock, ash and biochar from date palm wastes (stem and rachis) from grove in humid climate zone (Lamerd)
Tablica 1. Srednja vrijednost i koeficijent varijacije postotaka sastavnih elemenata, pH, EC i izračunanih molarnih omjera 
sirovih vlakana, pepela i biougljena od otpadaka palme datulje (stabljike i lisne osi) iz nasada u zoni vlažne klime (Lamerd)

Variables
Varijable

Trunk (Stem) / Deblo Rachis (Fronds) / Lisne osi (lišće)
Feedstock*
Sirovina*

Ash
Pepeo

Biochar
Biougljen

Feedstock
Sirovina

Ash
Pepeo

Biochar
Biougljen

Ave. CV%** Ave. CV% Ave. CV% Ave. CV% Ave. CV% Ave. CV%
MC, %
sadržaj vode, % 12.60 8.45 11.65 14.05

Biochar, %
biougljen, % 49.72 51.61

Bio-oil, %
bioulje, % 31.61 29.64

Volatiles, 
hlapljivi spojevi, 
%

18.67 18.75

Ash content, %
sadržaj pepela, % 8.55 13.27 8.55 13.27

Content of element, %
Sadržaj elemenata, %
C 41.91 5.92 60.51 0.89 62.47 0.19 42.90 0.91 49.36 4.37 61.98 0.36
H 5.62 5.53 1.07 115 4.18 0.11 5.89 1.35 1.70 16.8 3.93 0.56
N 1.62 76.82 1.38 82.31 1.80 64.60 1.18 52.50 1.45 65.50 1.47 47
S 0.34 70.59 2.61 74.33 0.40 42.5 0.43 91.85 1.95 141.40 0.63 34.92
O 41.10 4.71 34.42 0.33 17.86 6.85 40.97 0.59 45.57 9.32 18.73 1.70
pH*** 4.10 10.30 6.30 4.23 11.23 6.11
EC*** 4.23 ds/m 15.42 ds/m 3.51 ds/m 4.20 ds/m 15 ds/m 3.50 ds/m
Molar ratio
O/C 0.98 0.56 0.28 0.95 0.92 0.30
H/C 0.13 0.02 0.07 0.14 0.03 0.06
(O+N/C) 1.02 0.56 0.31 0.98 0.95 0.32
O+N+S/C) 1.03 0.63 0.32 1 1 0.33
C/N 35.88 72.57 66.25 82.72 43.78 54.50 42.40 53.62 44.33 69.45 47.48 47.46

Due to seasonal dependency of MC, feedstock density is variable as well. / Zbog sezonske ovisnosti sadržaja vode gustoća sirovine također je 
promjenjiva.
**CV was adopted rather than standard deviation. / **CV je odabran umjesto standardne devijacije.
***In the extract for measuring pH and EC values, ratio of solid substance to water was maintained 1:2.5. / ***U ekstraktu za mjerenje pH i 
EC omjer suhe tvari i vode bio je 1:2,5.
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Figure 3 pH and EC values of feedstock, ash and biochar of date palm wastes from groves in humid zone (Lamerd)
Slika 3. pH i EC vrijednosti sirovih vlakana, pepela i biougljena od otpadaka palme datulje iz nasada u zoni vlažne klime 
(Lamerd)
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contents in feedstock, ash and biochar of stem and ra-
chis from humid climate zone (Lamerd) date palm 
grove. In Table 1 molar rations were calculated through 
determination of the percentages of oxygen by Eq. 1 
(Al-Wabel et al., 2019):

Percentage of oxygen = 100 – (C + H + N +  
 +S + ash%) (1)

Figure 2 graphically shows the mean percentag-
es, coefficient of variation and corresponding error bar 
of each constituent element of feedstock, ash and bio-
char out of sampled stem and rachis from groves in 
humid zone (Lamerd).

The pH and EC values of feedstock, ash and bio-
char of palm residuals from humid climate zone were 
measured as well.

Table 1 also contains data of these variables. Fig-
ure 3 presents these data graphically.

The same procedure was used for presenting data 
of sampled stem and rachis of date palm wastes from 
palm groves in Kerman territory, the dry climate zone. 
Table 2 presents relevant experimental data of these 
groves. Figure 4 is the graphical presentation of data in 
Table 2. pH and electrical EC values of related samples 
are shown graphically in Figure 5.

Volatiles in each Table (1, 2) are the remainder of 
feedstock weight minus sum of the produced bio-oil 
and biochar weights. Determination of volatiles by 
adopting either ASTM4 D1762-8 specification or ap-
plying A proposed modified method for analysis of bi-
ochar biochar (Skjemstad et al., 2002) was not possi-
ble, due to the lack of the proper equipment.

3  RESULTS AND DISCUSSION
3.  REZULTATI I RASPRAVA

As mentioned in the introduction, plentiful date 
palm residual is not utilized nor used in a beneficial 
manner. Mostly these wastes are scattered left in dry 
slashes form over palm groves floor. They are partially 
burnt, risking the expansion of flames and producing 
smoke that pollutes the environment. The ashes result-
ing from the waste burning process are not distributed 
evenly across the groves. Surface run-offs coming from 
precipitation and irrigation may contribute to the distri-
bution of these ashes to some extent. Dealing with these 
valuable wastes in such a primitive manner is not pro-
ductive. These wastes deserve to be utilized methodi-
cally based on scientific and technological achievements 
in order to develop products with higher added value.

Table 2 Average and coefficient of variation of percentages of constituent elements of feedstock, ash and biochar from date 
palm wastes (stem and rachis) from groves in dry climate zone (Kerman)
Tablica 2. Srednja vrijednost i koeficijent varijacije postotaka sastavnih elemenata, pH, EC i izračunanih molarnih omjera 
sirovih vlakana, pepela i biougljena od otpadaka palme datulje (stabljike i lisne osi) iz nasada u zoni suhe klime (Kerman)

Variables
Varijable

Trunk (Stem) / Deblo Rachis (Fronds) / Lisne osi (lišće)
Feedstock
Sirovina

Ash
Pepeo

Biochar
Biougljen

Feedstock
Sirovina

Ash
Pepeo

Biochar
Biougljen

Ave. CV% Ave. CV% Ave. CV% Ave. CV% Ave. CV% Ave. CV%
MC, %
sadržaj vode, % 7.50 8.21 4.89 6.34

Biochar, %
biougljen, % 57.15 51.70

Bio-oil, %
bioulje, % 32.21 34.90

Volatiles, %
hlapljivi spojevi, % 10.63 13.40

Ash content, %
sadržaj pepela, % 8.50 12.5 8.50 13.30

Content of element, %
Sadržaj elemenata, %
C 40.78 6.30 15.53 105 58.60 5.37 40.78 4.60 32.89 31.53 59 9.34
H 5.45 15 1.13 0.66 2.25 102 4.52 2.45 1.46 5.82 4 0.25
N 0.27 50 0.45 142 0.63 117 0.55 114 0.40 52.50 1 3.60
S 0.47 59.60 2.76 64 2.29 77 0.51 16.70 1.35 78.50 0.61 4.64
O 44.53 9.10 80.59 19.7 23.74 18.65 44.12 2.32 63.40 14.53 22 25.20
pH 4.20 10.25 6.30 4.60 11.20 6.11
EC 4.91 ds/m 4.20 ds/m 10.50 ds/m 15.35 ds/m 10 ds/m 11.70 ds/m
Molar ratio
O/C 1.09 5.18 0.41 1.08 1.92 0.37
H/C 0.13 0.07 0.04 0.11 0.18 0.68
(O+N/C) 1.10 5.22 0.42 1.10 1.94 0.39
O+N+S/C) 1.11 5.40 0.45 1.11 1.98 0.40
C/N 39.45 141 15 142 308 117 211 115 103.70 77.80 61.2 0.16
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3.1  Applicable forms of date palm wastes 
for soil amendment

3.1.  Primjenjivi oblici otpadaka palme datulje 
za poboljšanje tla

3.1.1  Fiber bundles (feedstock)
3.1.1.  Snopovi vlakana (sirovina)

The most abundant date palm waste comes from 
rachis (fronds), since twice a year rachis trimming 
takes place. Palm trees last a long time, mostly more 
than a century, however their dried slashes are found 
rather frequently throughout the old palm groves. Palm 
tree stem (trunk) is mostly the remainder of pruned ra-
chis in its circumference and therefore it should con-
tain elements that are present in rachis. Thus, this type 
of waste should not be ignored.
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Figure 4 Mean percentages and corresponding error bars of C, H, N, S and O in feedstock, ash and biochar of date palm 
wastes from groves in dry climate zone (Kerman)
Slika 4. Srednja vrijednost postotaka i odgovarajući stupci pogrešaka za elemente C, H, N, S i O u sirovim vlaknima, pepelu i 
biougljenu od otpadaka palme datulje iz nasada u zoni suhe klime (Kerman)

The addition of feedstock fiber bundles to soil either 
from stem or rachis is not recommended because it takes 
a longer time to decay and decompose completely and it 
has been also recognized that organic soil improvement 
with organic decomposable substrates can contribute to 
global warming and greenhouse gases (Al-Wabel et al., 
2019). However, the basic elements (C, H, N, S, O) as 
well as C/N ratio, pH and EC values in fiber bundles 
(feedstock) are comparable to those in ash and biochar. 
Therefore, it may function better in some areas of farming 
activities, like in fish and shrimp farming ponds.

Preparing ash from date palm waste seems the 
simplest way of converting these residuals into soil addi-
tive, and soil exports generally agree with such additive 
as a soil amendment agent, but it cannot be as good as 
biochar.
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Figure 5 pH and EC values of feedstock, ash and biochar of date palm wastes from groves in dry zone (Kerman)
Slika 5. pH i EC vrijednosti sirovih vlakana, pepela i biougljena od otpadaka palme datulje iz nasada u zoni suhe klime (Kerman)
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3.1.2  Biochar
3.1.2.  Biougljen

Biochar is the preferred type of converted bio-
mass through thermo-chemical process, due to its de-
sired properties when compared with any other soil 
additives. Biochar was evaluated as green sorbent (Al-
Wabel et al., 2019) for removing organic and inorganic 
pollutants in aqueous solutions. All three kinds of date 
palm wastes are functional additives to the soil.

3.2  Comparisons of three types of date 
palm wastes from stem and rachis in 
each sampled grove

3.2. Usporedbe triju vrsta otpadaka palme 
datulje sa stabljike i lisnih osi u svakoj 
uzorkovanoj brazdi

3.2.1  Wastes from palm grove in humid 
climate zone

3.2.1.  Otpadci iz palmine brazde u zoni 
vlažne klime

Fiber bundles, ash and biochar of stem and rachis 
were compared for their elemental contents in Table 3. 
This Table shows as follows: 
In feedstock:

Carbon - carbon in stem feedstock is less than 
that of rachis by 2.52 %.

Hydrogen - rachis has more hydrogen (4.80 %) 
than stem.

Nitrogen - nitrogen is more pronounced in stem 
feedstock than in rachis by 27 %, a noticeable difference.

Sulfur - stem fiber bundles contain more sulfur 
than fiber bundles of rachis by 26 %, a rather signifi-
cant difference.

Oxygen - the amount of oxygen is 10.87 % high-
er in rachis than in stem. 

C/N ratio - this ratio in fiber bundles of rachis is 
greater than that of stem by 18 %, a slight discrepancy. 

pH values of the feedstock of both stem and ra-
chis are acidic, fiber bundles of rachis are less acidic by 
3.17 %, which is a little discrepancy.

EC values - fiber bundles (feedstock) of stem and 
rachis have the same EC values.
In ash:

Carbon - the percentage of carbon in stem ash is 
41 % greater than that of rachis.

Hydrogen - hydrogen content in stem ash is 58 % 
higher than in rachis ash.

Nitrogen - the percentage of nitrogen in stem ash 
is only 5.80 % higher than in rachis ash.

Sulfur - this element is higher by 34 % in stem 
ash than in rachis ash.

Oxygen - rachis ash is richer in oxygen than stem 
ash by 32 %. 

pH values - ashes of both segments (stem and ra-
chis) are alkaline. Alkalinity of ash made from rachis is 
slightly higher, by 9 %.

EC values - this variable has almost the same 
value in ashes from stem and rachis.

C/N ratio - this ratio in stem ash is 49% greater 
than that of rachis.
In biochar:

Carbon - the percentages of carbon in biochar of 
stem and rachis is almost the same, an ignorable dis-
crepancy of 0.8 % is calculated.

Hydrogen - biochar of stem contains 6.36 % 
more hydrogen than rachis biochar. 

Nitrogen - this element in stem biochar is 22 % 
greater than in rachis biochar, this being considered a 
moderate difference. 

Sulfur - rachis biochar is more sulfur-rich, by 57 
%, comparing with that of stem, a noticeable difference.

Oxygen - calculated amount of oxygen in rachis 
biochar is 4.87 % greater than in stem biochar. 

pH values, biochar of both segments stem and ra-
chis of palm waste are acidic, almost equally, with only 
a 3 % difference. 

EC values - this variable has equal values in bio-
char of both segments of palm wastes.

C/N ratio - in this ratio, rachis biochar is 8.57 % 
richer than stem biochar.

3.2.2  Wastes from palm grove in dry 
climate zone

3.2.2.  Otpadci od palmi iz nasada u zoni suhe 
klime

Fiber bundles, ash and biochar of stem and rachis 
are compared in terms of percentages of constituent el-
ements in Table 4. This table shows as follows:
In feedstock: 

Carbon - rachis feedstock has equal amount of 
carbon with that in stem. 

Hydrogen - in stem feedstock, hydrogen is 21 % 
higher compared to that of rachis.

Nitrogen - in rachis feedstock, nitrogen is 2 times 
richer than in stem feedstock.

Sulfur - in rachis feedstock, the percentage of 
sulfur is 8.5 % higher.

Oxygen - calculated value of oxygen is equal to 
that in stem and rachis feedstock.

pH values - rachis feedstock is 9.5 % less acidic 
than that of stem.

EC values - this parameter is 3 times higher in 
rachis feedstock than in stem.

C/N ratio - this ratio in rachis feedstock is 5.35 
times greater than in stem feedstock.
In ash:

Carbon - rachis ash is 2.11 times richer in carbon 
with respect to stem ash.

Hydrogen - this parameter in rachis ash is 29 % 
higher than that of ash generated from stem. 

Nitrogen - the amount of this element in stem ash 
is greater than in rachis ash by 12.5 %.
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Sulfur - stem ash is twice as rich in sulfur as ra-
chis ash.

Oxygen - calculated amount of oxygen in stem 
ash is 27 % higher. 

pH values - rachis ash is more alkaline by 9.26 % 
than stem ash. 

EC values - this parameter in rachis ash is 2.4 
times greater than in stem ash.

C/N ratio - this ratio in rachis ash is 6.91 times 
higher than that of stem.
In biochar:

Carbon - the percentage of carbon in rachis bio-
char is 0.70 % higher than that of stem biochar.

Hydrogen - rachis biochar is 78 % richer than 
biochar from stem.

Nitrogen - the percentage of nitrogen in rachis 
biochar is 58 % higher than that in stem biochar.

Sulfur - this element in stem biochar is 3.75 times 
greater than in rachis biochar.

Oxygen - calculated amount of oxygen in stem 
biochar is 7.90 % higher.

pH values - the difference between biochar of 
stem and rachis in pH is small, 1.47 %.

C/N ratio - this ratio in stem biochar is 5 times 
higher than that of rachis biochar.

3.2.3  Comparisons of climatological 
impacts on date palm wastes through 
characterized parameters

3.2.3.  Usporedbe klimatoloških utjecaja na 
otpatke od palme datulje uz pomoć 
karakterističnih parametara

Samples of date palm wastes were collected from 
two different palm groves in terms of governing cli-
matical conditions (Lamerd, hot and humid zone, Ker-
man, hot and dry zone), to evaluate discrepancies col-
lected from three types of waste (feedstock, ash and 
biochar) are compared in Table 5.
Feedstock:

Carbon - stem feedstock from the humid zone 
contains more carbon, by 2.80 %. Carbon content of 
rachis feedstock from the same zone is slightly higher, 
by 5.20 %. Therefore, in terms of carbon content, no 
drastic differences have been observed in stem and ra-
chis feedstock from either zone.

Hydrogen - hydrogen percentage in stem feed-
stock from the humid zone differs by 3.11 % from that 
of the dry zone. In rachis feedstock from the humid 
zone, the percentage of hydrogen is 2.40 times greater 
than that of the dry zone. It can be concluded that per-
centages of hydrogen in stem and rachis feedstock 
from either zone differ by 3.11 % to 2.40 times, respec-
tively, which may not be considered negligible.

Nitrogen - nitrogen percentage is 6 times greater 
in stem feedstock in the humid zone. Therefore, the 
stem feedstock from the humid zone might be consid-
ered rather nitrogen-rich. In the rachis feedstock from 

the humid zone, the percentage of nitrogen is 2.95 
times higher than that of the dry zone.

Sulfur - in the stem feedstock from the humid zone, 
the percentage of sulfur is 25.90 % greater than that of the 
dry zone. In rachis feedstock from the dry zone, sulfur 
content is 4.65 % higher than that of the humid zone. 

Oxygen - the percentage of oxygen in feedstock 
from the dry zone is 8.34 % higher than that of the hu-
mid zone. Rachis feedstock from the dry zone contains 
more oxygen by 7.68 %.

pH value - stem feedstock from both zones has 
close acidic pH values (4.10, 4.20) and that of rachis 
has slightly less acidic pH, with an insignificant differ-
ence (4.23, 4.60).

EC values - in the stem feedstock from both sam-
pled zones, EC values are close (4.23 ms and 4.91 ms) 
with a negligible difference. EC value in the rachis 
feedstock from the dry zone is 3.7 times greater than 
that of the humid zone. This might be important to con-
sider when selecting feedstock (fiber bundles) of rachis 
from the dry zone as a soil additive.

C/N ratio - in stem feedstock from the dry zone, 
C/N ratio is 10 % richer than that of stem feedstock 
from the humid zone. The C/N ratio in rachis feedstock 
from the dry zone is 5 times greater than that of rachis 
feedstock from the humid zone.
Ash:

Carbon - Carbon content in the stem ash from the 
humid zone is 3.90 times higher than that of the dry 
zone. This difference is considerable. 

In rachis ash from the humid zone carbon content 
is higher by 50 % (1.50 times). This is a relatively sig-
nificant difference, and might be important, depending 
on cases of applications.

Hydrogen - the ash of the stem from the humid 
zone contains less hydrogen than corresponding ash 
from the dry zone by 5.60 %. The difference in hydro-
gen contents might be of interest in conjunction with 
areas of application. 

The discrepancy in hydrogen content of rachis 
ash from the dry zone is 7.40 % higher compared with 
that of the humid zone.

Nitrogen - stem ash from the humid zone is 3.10 
times higher than in stem ash from the dry zone. In ra-
chis ash from the humid zone, nitrogen content is 2.63 
times greater than nitrogen content in rachis ash from 
the dry zone.

Sulfur - the percentage of sulfur in the stem ash 
from the dry zone is 5.75 % higher than that in stem ash 
from the humid zone, but it is greater by 44 % in the 
rachis ash from the humid zone.

Oxygen - the amount of oxygen calculated in 
stem ash from the dry zone is 2.34 times higher than in 
stem ash from the humid zone. In rachis ash from the 
dry zone, oxygen is calculated to be 39 % higher than 
in rachis ash from the humid zone. 
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pH values - the stem ash from both zones had 
close pH values, 10.3 and 10.26, practically the same.

pH values in the rachis ash from both zones were 
close also, 11.23 and 11.20.

EC values - this parameter in stem ash from the 
humid zone is 3.67 times greater compared with that of 
ash from the dry zone. This drastic difference would be 
important considering cases of applications. 

EC in rachis ash from the humid zone is greater 
in comparison with that of rachis ash from the dry zone 
by 50 %. This difference is noticeable as well.

C/N ratio - this ratio had a value of 66.25 % in the 
stem ash from the humid zone and 15 % in stem ash 
from the dry zone, the latter being 4.42 times smaller. 

C/N ratio in the rachis ash from the dry zone is 
2.34 times higher compared with its value in rachis ash 
from the humid zone. 
Biochar:

Carbon - the percentage of carbon in stem bio-
char from the humid zone is 6.60 % higher than its per-
centage in stem biochar from the dry zone.

In rachis biochar from the humid zone, the per-
centage of carbon is 5.10 % greater if compared with 
that of the dry zone. This difference in carbon contents 
in rachis biochar can be considered modest.

Hydrogen - the percentage of hydrogen in stem 
biochar from the humid zone differs from that of the 
dry zone by 83 %, which is a great difference.

In the rachis biochar from the dry zone, the per-
centage of hydrogen is higher by 1.78 %, which is not 
significant.

Nitrogen - the percentage of nitrogen in stem bio-
char from the humid zone is 2.85 times higher com-
pared with that of the stem biochar from the dry zone. 
This difference is high enough to be considered, de-
pending on cases of applications.

Nitrogen content in rachis biochar from the hu-
mid zone is 47 % greater than that in rachis biochar 
from the dry zone, which is a relatively drastic differ-
ence and deserves to be considered with respect to ar-
eas of use.

Sulfur - in the stem biochar from the dry zone, 
the percentage of sulfur is 5.72 times larger, but in the 
rachis biochar from the humid zone, the percentage of 
sulfur is 3.27 % higher, a negligible difference. 

Oxygen - calculated percentages of oxygen in 
stem biochar from the dry zone is 32.92 % greater, 
while in rachis biochar from the same zone, the per-
centage of oxygen is higher by 17.45 %.

pH values - the stem and rachis biochar from 
both climate zones are considered acidic. Rachis bio-
char is slightly less acidic.

EC values - the value of this parameter in stem 
biochar from the dry zone is 3 times larger than its 
value in stem biochar from the humid zone.

In rachis biochar from the dry zone, EC is 3.34 
times higher than EC value in the rachis biochar from 
the humid zone.

C/N ratio - this ratio in the stem biochar from the 
dry zone is 7 times larger than its amount in the stem 
biochar from the humid zone, the difference being 
meaningful.

In the rachis biochar from the dry zone, C/N ratio 
is 28.90 % higher. Such difference in C/N ratio might 
be of importance considering areas of uses.

4  CONCLUSIONS
4.  ZAKLJUČAK

Valuable Wastes
Based on the collected experimental data, wastes 

of rachis (fronds) and stems in date palm groves, espe-
cially rachis which are plentiful compared to stem 
slashes (trunk of palm tree), contain considerable 
amounts of constituent elements (C, H, N, S, O), car-
bon in particular. Among the necessary elements in the 
soil for the growth of agricultural crops, carbon (ab-
sorbable), hydrogen, nitrogen and sulfur are ranked 1st, 
2nd, 4th and 9th, respectively (Aller et al., 2017).  

Returning crops residuals to the soil, improves its 
physical properties (Brewer et al., 2011). This concept 
can be generalized for date palm wastes, since they 
contain useful organic substances that can restore de-
graded soils in palm groves.

Producing fiber bundles by mechanically defibrat-
ing date palm wastes might be considered a low-cost 
organic soil amendment agent. However, fiber decom-
position process can be a source of gaseous emission 
from the soil, which will contribute to increasing green-
house gases (Al-Wabel et al. 2019). Ash carbon is less 
desirable when compared with absorbable biochar. Bio-
char is a biologically more stable soil additive that 
changes the soil microbial community composition and 
enzyme activities (Prasad and Power, 1991).
C/N Ratio

In all three forms of date palm waste (fiber bun-
dles, ash and biochar), C/N ratio has a rather high val-
ue. Therefore, any of these forms of waste (biochar is 
preferred) can be used for maintaining this ratio within 
its desired range in the soil and in fish and shrimp farm-
ing ponds, depending on the expertise of an experi-
enced field specialist.

The percentages of constituent elements in the 
biochar of date palm waste in its commercial produc-
tion, which is the right option in making use of this 
biomass, can be mentioned on their packaging for 
warning and to avoid any misuse. 
Green Sorbent 

It has been substantiated that biochar is a func-
tional green sorbent (Lehmann et al., 2011). Great 
amounts of biochar can be produced by applying py-
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rolysis process on date palm wastes to meet demands 
for recycling polluted waters, which is currently a ma-
jor environmental concern. 

Experimental data obtained through this investi-
gation reveal that data palm wastes are valuable bio-
mass, and their derived biochar is effective in soil im-
provement (fertilizing and restoring) and recycling 
polluted water. Proper utilization of these wastes can 
help reduce greenhouse gases emitted from their natu-
ral decomposition. 

Further investigations are recommended on de-
veloping the uses of biochar and on refining pyrolysis 
derived vinegar out of palm waste for their applications 
in producing liquid fertilizer or drug items.

5  REFERENCES
5.  LITERATURA

1. Ahmadi, K., 2015: Iran statistical yearbook of agriculture 
horticulture prodcuts. Ministry of agriculture. Tehran I. 
R. Iran, Vol. 3.

2. Aller, D.; Bakshi, S.; Laird, D. A., 2017: Modified meth-
od for proximate analysis of biochars. Journal of Ana-
lytical and Applied Pyrolysis, 124: 335-342. https://doi.
org/10.1016/j.jaap.2017.01.012

3. Al-Wabel, M. I.; Usman, A. R. A.; Al-Farraj, A. S.; Ok, Y. 
S.; Abduljabbar, A.; Al-Faraj, A. I.; Sallam, A. S., 2019: 
Date palm waste biochars alter a soil respiration, micro-
bial biomass carbon and heavy metal mobility in con-
taminated mined soil. Environ. Geochem. Health, 41 (4): 
1705-1722.  https://doi.org/10.1007/s10653-017-9955-0

4. Beesley, L.; Moreno-Jiménez, E.; Gomez-Eyles, J. L.; 
Harris, E.; Robinson, B.; Sizmur, T., 2011: A review of 
biochars’ potential role in the remediation, revegetation 
and restoration of contaminated soils. Environmental 
Pollution, 159 (12): 3269-3282. https://doi.org/10.1016/j.
envpol.2011.07.023

5. Bensidhom, G.; Hassen-Trabelsi, A. B.; Alper, K.; Sghai-
roun, M.; Zaafouri, K.; Trabelsi, I., 2018: Pyrolysis of 
Date palm waste in a fixed-bed reactor: Characterization 
of pyrolytic products. Bioresource Technology, 247: 363-
369. https://doi.org/10.1016/j.biortech.2017.09.066

6. Brewer, C. E.; Unger, R.; Schmidt-Rohr, K.; Brown, R. C., 
2011: Criteria to select biochars for field studies based on 
biochar chemical properties. BioEnergy Research, 4 (4): 
312-323. https://doi.org/10.1007/s12155-011-9133-7

7. Ebrahimi, G.; Ahmadi, P.; Efhamisisi D.; Shakeri, A., 
2021: Application of pyrolysis acid from date palm waste 
as wood preservative. BioResources. 16 (3): 5000-5010. 
https://doi.org/10.15376/biores.16.3.5000-5010

8. Ebrahimi, G.; Shakeri, A.; Ahmadi, P.; Dalvand, M.; 
Shafie, M.; Hosseinabadi, H. Z., 2022: Chemical con-
stituents of palm wastes slow pyrolysis derived vinegar. 
Maderas. Ciencia y Tecnología, 47: 1-8. http://dx.doi.
org/10.4067/s0718-221x2022000100447

9. Hussain, A.; Farooq, A.; Bassyouni, M. I.; Sait, H. H.; 
El-Wafa, M. A.; Hasan, S. W.; Ani, F. N., 2014: Pyrolysis 
of Saudi Arabian date palm waste: A viable option for 
converting waste into wealth. Life Science Journal, 11 
(12): 667-671. https://doi.org/10.7537/marslsj111214.126

10. Jonoobi, M.; Shafie, M.; Shirmohammadli, Y.; Ashori, A.; 
Hosseinabadi, H. Z.; Mekonnen, T., 2019: A review on 
date palm tree: properties, characterization and its poten-
tial applications. Journal of Renewable Materials, 7 (11): 
1055-1075. https://doi.org/10.32604/jrm.2019.08188

11. Jouiad, M.; Al-Nofeli, N.; Khalifa, N.; Benyettou, F.; 
Yousef, L. F., 2015: Characteristics of slow pyrolysis bi-
ochars produced from rhodes grass and fronds of edible 
date palm. Journal of Analytical and Applied Pyrolysis, 
111: 183-190. https://doi.org/10.1016/j.jaap.2014.10.024

12. Kamperidou, V.; Terzopoulou, P.; Barboutis, I., 2021: 
Marginal lands providing tree-crop biomass as feedstock 
for solid biofuels. Biofuels, Bioproducts and Biorefining, 
15 (5): 1395-1405. https://doi.org/10.1002/bbb.2235

13. Kloss, S.; Zehetner, F.; Dellantonio, A.; Hamid, R.; 
Ottner, F.; Liedtke, V.; Schwanninger, M.; Gerzabek, M. 
H.; Soja, G., 2012: Characterization of slow pyrolysis 
biochars: effects of feedstocks and pyrolysis temperature 
on biochar properties. Journal of Environmental Quality, 
41 (4): 990-1000. https://doi.org/10.2134/jeq2011.0070

14. Lehmann, J.; Rillig, M. C.; Thies, J.; Masiello, C. A.; Hock-
aday, W. C.; Crowley, D., 2011: Biochar effects on soil biota 
– A review. Soil Biology and Biochemistry, 43 (9): 1812-
1836. https://doi.org/10.1016/j.soilbio.2011.04.022

15. Power, J. F.; Prasad, R., 1997: Soil fertility management 
for sustainable agriculture. CRC press.

16. Prasad, R.; Power, J. F., 1991: Crop residue management. 
In: Advances in soil science. Springer, New York, NY, pp. 
205-251. https://doi.org/10.1007/978-1-4612-3030-4_5

17. Ronsse, F.; Van Hecke, S.; Dickinson, D.; Prins, W., 2013: 
Production and characterization of slow pyrolysis biochar: 
influence of feedstock type and pyrolysis conditions. GCB 
Bioenergy: Bioproducts for a Sustainable Bioeconomy, 5 
(2): 104-115. https://doi.org/10.1111/gcbb.12018

18. Skjemstad, J. O.; Reicosky, D. C.; Wilts, A. R.; McGow-
an, J. A., 2002: Charcoal carbon in US agricultural soils. 
Soil Science Society of America Journal, 66 (4): 1249-
1255. http://dx.doi.org/10.2136/sssaj2002.1249

19. Usman, A.; Sallam, A.; Zhang, M.; Vithanage, M.; Ah-
mad, M.; Al-Farraj, A.; Ok, Y. S.; Abduljabbar, A.; Al-
Wabel, M., 2016: Sorption process of date palm biochar 
for aqueous Cd (II) removal: Efficiency and mechanisms. 
Water, Air & Soil Pollution, 227 (12): 1-16. https://doi.
org/10.1007/s11270-016-3161-z

20. Usman, A. R.; Abduljabbar, A.; Vithanage, M.; Ok, Y. S.; 
Ahmad, M.; Ahmad, M.; Elfaki, J.; Abdulazeem, S. S.; 
Al-Wabel, M. I., 2015: Biochar production from date 
palm waste: charring temperature induced changes in 
composition and surface chemistry. Journal of Analytical 
and Applied Pyrolysis, 115: 392-400. https://doi.
org/10.1016/j.jaap.2015.08.016

21. Woolf, D.; Amonette, J. E.; Street-Perrott, F. A.; 
Lehmann, J.; Joseph, S., 2010: Sustainable biochar to 
mitigate global climate change. Nature Communications, 
1 (1): 1-9. https://doi.org/10.1038/ncomms1053

Corresponding address:

GHANBAR EBRAHIMI
Mampong Technical College of Education, Department of Vocational and Technical Education, Mampong,  
GHANA, e-mail: ba_ebrahimi@yahoo.com


	7_Drv Ind Vol 76 2_0223

