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Table 1- Physical and chemical properties of the studied

sail
Properties &luo gas Amount ,lase

Sand (%) 86/7
Silt (%) 9/28
Clay (%) 4/00

Texture (Sandy loam) e 15

OM (%)

CCE (%) 86/2
CEC (cMal, kg") 3/10
EC (dS. m™) 0/04
pH 7167
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Table 2- Physical and chemical properties properties of the biochars pyrolyzed under temperature of BO, B200, B400, B600

SR Ay 6 A5 Voo slod jlagn Lo slod jlagm e los jlogm
Properties Pistachio nutsshell ~ Biochar Tem. 200, B200 Biochar Tem. 400, B400 Biochar Tem. 600, B600

K (mg. kg™ 768 893 1712 2018
P (mg. kg™ 198 196 208 212
Mn (mg. kg™) 6/00 7125 15/0 18/3
Zn (mg. kg™t 75 2175 6/75 7125
Fe (mg. kg™ 230 361 619 633
pH 5/22 6/63 /36 /58

EC (ds. m™) 1/24 13/5 2712 31/9
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Table 3- Analysis of variance of the effects of treatments on Cd availability in different Cd levels.

Yo i
Concentration 25 (mg kg™

O S g NEHETSH

Source of variation  Degree of freedom

ol
Time (Day)

15 30 60 90

Biochar ,l>.

Moisture cogh,
MoisturexBiochar cogb, x b
Error s
Coefficient of variation (ae,s) oyt o ps

928" 986" 31727 413"

1 235" 1637 583" 2417

6417 9127 448" 4427

18 0.397 0.833 0412 0.161

7.82 11.38 10.92 7.53

Concentration 50 (mg kg™?)

Biochar ,l>s.
Moisture coghb,
MoisturexBiochar cugb, x > gu
Error s
Coefficient of variation (we ) oy co s

8 597" 748" 516" 724"

1 0.700® 0200 727" 157"

8 510" 355" 276" 365
18 0819 0564 0268 0.394

7.48 6.41 6.29 797

o I sine ™ el I sine 1o y3 B o 3 a1 sine doyd K gl 3
"™ Notsignificant,” Significant at P< 0.001, " Significant at P< 0.05
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Table 4- Comparison of the means of DTPA-Cd in different times (concentration of 25 mg Cd kg™)

Biochar level ,ls g o

4%
S Ve o, g w3 Ve oB,e
20% wiw Waterlogged 20% wiw Waterlogged
Day 1510 39,
Blank sals 4.56%¢ 2.34%f - -
Pistachio nuts shell az., 4 4.04>° 3.45%¢ 4.47% 4.02%¢
B200 455%¢ 3.40° 3.89% 3.813
B400 4.86°° 3.42° 4.217¢ 5.66°
B600 5.52%P 3.66"" 2.09 2.63%
Day 30 Y- s,
Blank ssls 4.44°¢ 2.67"¢ - =
Pistachio nuts shell a:., dls 4.38>¢ 363" 4.39"¢ 2.95%¢
B200 431> 3.88°¢ 4,58>¢ 3.90°¢
B400 4.38>4 2.43"9 3.58% 6.162
B600 5.34%P 3.47° 1.20° 2.46°9
Day 60 #- s,
Blank sals 3.42%° 2.05%¢ - -
Pistachio nuts shell «u., 4l 3.43% 2.33%¢ 3.80° 2.51°¢
B200 3.86% 2.11%f 3.712 2.65%¢
B400 3.70% 1.26' 3.14%¢ 3.20%¢
B600 4122 1.57% 1.59% 2.16%
Day 904: 5,
Blank sals 3.343P 2.92%¢ - -
Pistachio nuts shell ., 4 3.23* 1.73" 3.13*° 2.39%¢
B200 3.24%° 2.14°% 3.04%¢ 2.51°°
B400 3.13%° 1.37° 2.46%° 3.43%P
B600 3.58% 1.31¢ 1.32¢ 1.59"9

Wil oo 315 39031 b ao j3 0 Jloiin | gedaws 1 415 giro gl B S piio By S JBlas (1,15 g pSilue
Data with common letter do not differ significantly at the 5% probability level according to the Duncan'stest
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Table 5- Comparison of the means of DTPA-Cd in different times (concentration of 50 mg Cd kg™)

Biochar level ,ls g xlaw

2% 4%
Sigwep Ve oBy 9w Ve ob
20% wiw Waterlogged 20% wiw Waterlogged
Day 15 Y0 ;9
Blank sals 6.01%° 4.11%¢
Pistachio nuts shell «u., s 5.65%° 5.82%P 5.26°¢ 6.08%°
B200 6.22%° 5.95%P 5.26"¢ 6.05%"
B400 6.39%° 5.88%" 5.843P 6.81°
B600 6.52%° 6.37%° 3.69¢ 5.68%°
Day 30 Y- 5,
Blank asls 6.03%" 4.45
Pistachio nuts shell «u., s 6.07%° 5.12>¢ 5.17%¢ 5.81%°
B200 5.95%¢ 5.85%¢ 5.69%° 6.113°
B400 6.047° 5.72%¢ 6.07%" 5572
B600 6.42° 5.79%¢ 3.41° 4.78%¢
Day 60 #- 3,
Blank sals 4.80%° 2.87"9
Pistachio nuts shell ., 4 513 3.10°9 4,327 3.41%¢
B200 4.92° 3.49>9 4.83%P 4,047
B400 4.74%¢ 2.14° 4.64%¢ 413"
B600 4.30*¢ 3.46°9 2.89"9 2.66°
Day 904- 5,
Blank sals 457%P 4.13%°
Pistachio nuts shell «u., 4 432%° 217° 3.70° 381°
B200 433 373 4.34%° 417
B400 4.38*° 213 3.83° 413*°
B600 4842 4.18%° 2.48° 2.52°
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Data with common letter do not differ significantly at the 5% probability level according to the Duncan's test
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Introduction: Cadmium is one of the toxic heavy metals which is highly problematic in today's industrial
world. It is essential to study the techniques for removing or reducing its availability, toxicity and consequently
its hazardous effects in environment. Biochar is an amendment reported to be efficient in fixing heavy metals.
Pyrolysis temperature is among the most important factors affecting biochar's characteristics, such as pH, CEC
and specific surface area and generally it's potential to sorb heavy metals. On the other hand, soil moisture
regime could affect pH and EC and consequently the Cd availability. Iran is the second producer of pistachio in
the world and consequently alarge volume of pistachio waste byproducts would be created annually. Converting
this byproduct to biochar may be an efficient tool to prevent its accumulation. On the other hand, the produced
biochar could be used as a soil amendment. The present study was conducted to evaluate biochar produced from
pistachio nutshell under different temperatures for reducing Cd availability under different moisture regimes.

Materials and Methods: The soil texture in the present study was sandy-loam. Raw pistachio nutshell
(RPN) was used to produce biochar under different temperatures. RPN was rapped in aluminum foils and heated
for 2 hin a muffle furnace under 200, 400 and 600 °C. The pH, EC and concentrations of P, K, Fe, Mn, Zn and
Cu of RPN and produced biochars were determined. A completely randomized experimental design with
factorial arrangement including nine biochar treatments (control (no amendment), RPN and biochars produced
under 200, 400 and 600 °C at 2% and 4% rates), and two moisture regims (20% w/w and waterlogging) was
carried out with two replications. The samples were spiked with 25 and 50 mg Cd kg and incubated for 90 days
under |aboratory temperature. Available Cd extracted by DTPA-TEA on 15, 30, 60 and 90 days after incubation.
Cadmium concentration determined by Atomic Absorption Spectrometry (Mark and Model: HITACHI- ZCAST
2300). Analysis of variance and compare of means used to evaluate the effects of various treatments on DTPA-
Cd.

Results and Discussion: The nutrient concentrations of biochar were increased with increasing the
production temperature. The RPN and biochar of 200 °C had the least nutrient concentrations while the biochar
of 600 °C showed the highest nutrient concentrations. The increases of pH and EC occurred with increasing the
biochar production temperature. The pH ranged from 6.36 to 9.36 and EC range was 13.5-31.9 dS m™. The
analysis of variance showed that biochar, moisture regime and their interaction significantly affected DTPA-Cd
on al of the studied times (P< 0.01) in both Cd levels. The cadmium availability was reduced by incubation
times in all of the treatments and 600°C biochar caused the highest decrease of DTPA-Cd. In 25 mg Cd kg™
level, the application of 600°C hiochar caused significant decrease of DTPA-Cd by 54.2, 73, 53.5 and 60.5 % in
comparison with control on 15, 30, 60 and 90 d, respectively. In 50 mg Cd kg™ level, 600°C biochar in 4% wiw
and 20% w/w moisture contents reduced DTPA Cd by 38.6, 43.4, 39.8 and 45.7 mg kg™ on 15, 30, 60 and 90 d,
respectively. The DTPA-Cd was reduced by increasing the biochar application rate to 4% wi/w, but only for
biochar of 600°C, this reduction had a significant difference with 2% application rate. Four percent biochar
application rate on waterlogging condition reduced DTPA-Cd by 60.1%, 34.1 % and 53.6 % compared with 2%
application rate on 30, 60 and 90 d, respectively. These changes on 50 mg Cd kg in 20 % moisture level were
36.8, 43.8, 37.7 and 35.2 % on 15, 30, 60 and 90d, respectively. In 20% moisture level, the application of 600 °C
biochar reduced DTPA-Cd compared with waterlogging while raw pistachio nuts and 200 and 400 °C biochars
showed areverse trend and increased DTPA-Cd in 20% moisture level compared with waterlogging.

Conclusion: Generally, regarding the decrease of DTPA-Cd by biochars, especially biochar of 600 °C, it can
be concluded that biochar of pistachio nut shell particularly under 600 °C might be considered as an inexpensive
and green environmental sorbent for Cd, however its potential to reduce Cd uptake by plants and Cd movement
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in environment requires further studies. Furthermore, the knowledge of the mechanisms that are responsible for
Cd retention on biochar and desorption kinetic of sorbed Cd need further investigation.
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