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Background and Obijectives: Phosphorus (P) is one of the most important
components and a limiting factor for the growth of plants due to its low
mobility and availability in soil. The application of organic materials such
as biochar is one of the main choices to increase the availability of P in
soil. Biochar is a carbon-rich material derived from the pyrolysis of organic
feedstocks under limited or no oxygen conditions. Biochar can influence
the availability of P by improving the physicochemical, biological, and
enzymatic conditions of soil, in addition to directly increasing the
concentration of nutritional elements, particularly P. Soil pollution by
heavy metals such as Cadmium (Cd) has been one of the environmental
concerns in the last several decades. Cadmium alters the activity and
diversity of soil microbial communities, and it also lessens soil function by
decreasing the activity of enzymes related to nutrient cycling. Application
of organic materials such as biochar in contaminated soil can reduce the
availability of heavy metals in the soil, and as a result, increase the
biological properties. It is hypothesized that the application of biochar in
heavy metal-contaminated soil influences the availability of P not only
directly but also indirectly by improving microbial and enzymatic activity.
This issue depends on the type of biochar and soil. Therefore, this study
was conducted to investigate the interaction effect of biochar (cow manure
and wheat straw) and Cd on microbial respiration, acid and alkaline
phosphatase activity, and available P in two soils with different
physicochemical characteristics.

Materials and Methods: A factorial experiment was conducted using a
completely randomized design with three replicates. The experimental
factors included 4 levels of Cd contamination (0, 5, 10, and 20 mg kg™),
3 levels of biochar (control, wheat straw, and cattle manure biochar), and
2 types of soil (Corck sofla and research center). Two types of soil
contaminated with different amounts of Cd from CdCl, were amended with
2.5% of the biochar and then were incubated for 14 and 90 days at
laboratory temperature and 70% field capacity. At the end of each
incubation time, available Cd and P, basal respiration, and acid and
alkaline phosphatase activity were measured.

Results: The application of cattle manure and wheat straw biochar in soil
reduced the available Cd by 70-86% and 61-85%, respectively. At all
levels of Cd contamination, the amount of available Cd in the research
center soil with sandy loam texture was higher than that of the Corck sofla
soil with clay texture. Higher concentrations of Cd also reduced the
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microbial respiration and the enzyme activities in the research center
(31-46%) more than in the Corck sofla (21.5-35.5%) soil. The decrease in
microbial respiration and enzyme activities due to Cd contamination in the
soil without biochar (10-41.5%) was more than the soil amended with
wheat straw (5-39.8%) and cow manure (0.8-37.9%) biochar. The results
also showed that available P increased with biochar addition and decreased
with increasing Cd concentration in the soil. So the highest amount of
available P was observed in the soil amended with cow manure biochar
and without Cd contamination. Positive and significant correlation
between available P with microbial respiration (r=0.385-0.604), alkaline
(r=0.764-0.879), and acid (r=0.761-0.883) phosphatase activity was
obtained, indicating that microbial activity and the enzymes involved in P
cycling, play a significant role in the availability of P in the soil.

Conclusion: These findings indicated that the application of biochar in
Cd-contaminated soils can increase the bioavailability of P in the soil by
decreasing the availability of Cd and increasing microbial activity and
alkaline and acid phosphatase activity. This issue was affected by the
biochar and soil type.

Cite this article: Nahidan, Safoora, Sepahvand, Solmaz. 2023. The effect of biochar on some biological
properties and available phosphorus in cadmium-contaminated soils. Journal of Water and
Soil Conservation, 30 (3), 45-65.
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Table 1. Physical and chemical properties of the studied soil and biochar.
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- - 095 1.66 A Ses
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S el
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S sl s
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_ _ ] ()J ) B S sl
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- - 55 17 . o
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- - 31 23 . =
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- - 14 60 7 -
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pt gt 52U 5t —— s B eslS
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e e U U [CY
P o o o mg kg S o2
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Table 2. Analysis of variance of the effects of Cd concentration, biochar and soil type on the measured characteristics.

Sl e Sk
Mean squares

L;:lﬂ 4>y Ol pens GL‘«
Ad Gl UL L bl S s 3 Degrees of Source of
EESNE Acid Alkaline Microbial g s Treedom variation
availaple p  Phosphatase  phosphatase  respiration  ayailable Cd
BESRLZ
14 days
Hekok eokok EE EE C ls ;*'EL.O
2.85 8018 50161 4094 34.63*** 3 ©) s _
Cd concentration
Hekok Heokook Heokok eokok B l"
27.02 720 4826 393 34.58%** 2 ®) s
Biochar
Hekook Heokook ok ok EE S L5l>. 5
430 14249 41827 3414 1.01%** 1 ®) &
Soil type
0.28"™ 36.2"" 205" 16.8™ 6.99%** 6 C*B
077" 797 679" 555" 0.185*** 3 C*S
0.05"™ 32.0" 150" 12.3 0.024ns 2 B*S
0.26" 7.8 46.0" 3.76™ 0.013ns 6 C*B*S
Uast
0.09 6.2 36.9 3.01 0.009 48
Error
Skl 2 2
2.16 263 238 238 6.48 Coefficient of
variation
BEERE
90 days
kokok kokok kkok kokok C L§ \:,\EL.P
4.92 7579 53981 838 31.19%** 3 ©) s _
Cd concentration
kkok kokok kokok kokok B L"
29.04 942 5970 96.3 35.724%%* 2 ( _)’ 6
Biochar
kkok kokok kokok kokok S g_gL?'- 5
7.84 8046 29376 887 0.815%*** 1 ®) _ &
Soil type
0.38" 249" 364" 3.3 7.81%** 6 C*B
0.85" 535" 502" 9.1™ 0.156%** 3 C*S
0.35" 57.5" 517" 6.3" 0.003ns 2 B*S
0.34" 7.7 354 ™ 1.46™ 0.012ns 6 C*B*S
last
0.28 12.0 273 1.65 0.008 48
Error
Sk o 2
4.05 3.98 6.85 3.71 6.76 coefficient of
variation

JJ[{L;M)JOj\ o/ JW\CE.&)J)\J@M})]Q@M;&%;Q%‘?:&
ns k% % and * is non-significant and significant at the 0.1, 1 and 5% probability level, respectively
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Table 3. The mean comparison of the effect of Cd concentration and biochar on available Cd (mg kg™),
microbial respiration (mg CO,-C kg™ soil h™) and alkaline and acid phosphatase activity (ug PNp g™ soil h™).

Aol 5Glend (WERETFI . .
’ A )'d VdA:Ik)I' S s et
(1] aline . . T . S5 cble
phosphatase phosphatase Microbial respiration Available Cd o g = _
Bi Cd concentration
iochar (mg k -1)
SESALS SESRRS SIS SESAR SIS BESAR 9 Kg
14 Days 14 Days 90 Days 14 Days 90 Days 14 Days
112.53" 300.63° 34.48° 85.90° o" o' »
Control
H Jj els
116.58° 310.99® 36.47% 88.16% o" o' f 0
Wheat straw
. 5
115.16% 314.58° 37.26° 89.80° 0" 0 e
Cow manure
L
100.04° 269.93° 30.46° 77.12° 2.13° 2.26° »
Control
18 ls
108.91° 293.05¢ 34.11° 83.63° 0.46° 0.53¢ f 5
Wheat straw
g
114.16% 307.01% 35.98°  87.52° 038 0.41" S8 25
Cow manure
L
74.95° 206.94" 22.66° 59.13" 2.60° 2.73° »
Control
18 ls
84.92f 231.86° 24.62' 66.44° 0.86 0.983f f 10
Wheat straw
g
89.08° 243.62° 27.35° 69.70" 0.429 0.60° s
Cow manure
66.41" 184.02! 20.18" 52.68) 6.32° 6.35° »
Control
h i g i d d r“‘*f o
70.02 194.98 21.95 55.81 1.72 1.91 20
Wheat straw
g
75.289 208.73" 23.149 59.64" 1.41° 173 s
Cow manure

<P<'/'O) J“:’L’L;‘ )\J@M ij S slasOlis QJL.»: A0S Q}u;.a g_éjf
Means with different letters in each column are significantly different (P<0.05)
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Table 4. The mean comparison of the effect of Cd concentration and soil type on available Cd (mg kg™),
microbial respiration (mg CO,-C kg™ soil h™) and alkaline and acid phosphatase activity (ng PNp g™ soil h™).

Gheal SBlad EINER P SIS oS A3 J eslS S e lals
Acid phosphatase Alkaline phosphatase ~ Microbial respiration Auvailable Cd S = cd
SESRY SESRL SIRY BEPAR SIRY BIPAL BESAY BETAL Soil CO?;Z”&E?)O”
90 Days 14 Days 90 Days 14 Days 90 Days 14 Days 90Days 14 Days

i S
11738  130.31°  321.09°  332.25°  39.24°  94.93° 09 09 o S5
Corck sofla
0
Claass
98.40°  101.02° 278.43°  285.21° 32.91° 81.49° 0° 0° bl
Research Center
N S
109.28° 119.14°  287.07°  305.94° 32.91° 87.42° 0.89° 0.94 s
Corck sofla
5
Claass
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Research Center
N S
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N S
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Corck sofla
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53.11' 56.119 16016°  16947" 17.82" 48.42" 3.38% 3582 S S 5o

Research Center
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Means with different letters in each column are significantly different (P<0.05)
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Table 5. The mean comparison of the effect of biochar and soil type on microbial respiration (mg CO,-C kg’

1

soil h™) and alkaline and acid phosphatase activity (ng PNp g™soil h™).

PR W B v P30 L bl SIS S
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Means with different letters in each column are significantly different (P<0.05)
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Table 6. The mean comparison of the effect of biochar on available P.

BETRE BESRL ™
90 Days 14 Days Biochar
120° 128° Al
Control
131° 137 g5 o
Wheat straw
142° 149 o8 258
Cow manure

(P<'/'O) J.,Zl.ud.a )\)&A C)}Lﬁ.ﬁ S s kasOlis ;)).:..»JA)A Q)U.I.A ‘J:JJ"'
Means with different letters in each column are significantly different (P<0.05)

Cd 5 S S L e B i A g sl Bl 5 Sl RS
Als ol ol S 55 sl 5 WS 5L o T woslS Shle Il L oS sl L ez BB
SNaas 3925 3 pl 3l e (A i) AL SV ) il Jials e B s (S
LSl s basbland el o ol pme 5 Cuike o383l 355 s BB i rals LY
s S e s B i 5 T R S s Sl 5 S S S 4 Ul
(E7) ol om s 5 e (Saemen 3 S oLl (g3bLS

(MG KG™) o s BB peoslS il 5 S 1 0 Kiln amylin =V J g
Table 7. The mean comparison of the effect of soil type and Cd concentration on available P (mg kg™).

)'J)L\' )'))\f. S V.:a:lsﬁ,.]al.&
90 Days 14 Days Soil Cd concentration (mg kg™)
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Means with different letters in each column are significantly different (P<0.05)
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Table 8. Correlation between available P and microbial respiration, alkaline and acid phosphatase activity.

Showsl 5L 2Ll sblas TR Sl 3l 5T 03
Acid phosphatase  Alkaline phosphatase ~ Microbial respiration Soil Incubation time
dekok dedkok LR 3 \5
0.871 0.861 0.604 e S5
Corck sofla 35,14
0.883 0.878 0.385 ke ¥
Research Center
Hekook Heskok okok 3 6
0.826 0.879 0.658 e S5
Corck sofla 545,90
0.761 0.764 0.436 ke ¥

Research Center

*** is significant at 0.1% probability level
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