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ABSTRACT

In order to evaluation of phytoremediation capability of Chenopodium quinoa Willd along with application
of three types of biochar in cadmium contaminated soil, a factorial experiment was conducted in a
completely randomized design with four replications in 2021. The treatments of this experiment include
five levels of Cd (0, 25, 50, 75, and 100 mg Cd / kg soil from the source of cadmium nitrate) and four types
of biochar (pomegranate and plum wood, wheat straw, North forest wood, and control). In this experiment,
root dry weight and shoot dry weight decreased by 88.7 and 126.8% in response to increasing cadmium
concentration, respectively. Pomegranate and plum wood biochar and wheat straw biochar increased root
dry weight (18.8% and 40%, respectively) and shoot dry weight (35.8% and 79.4%, respectively). While
the North forest wood biochar reduced root dry weight by 18.8% and shoot dry weight by 31.8%, with
increasing cadmium concentration in soil, roots and shoots of quinoa increased by 484883.3, 90634.7, and
115805.4%, respectively. Application of pomegranate and plum wood biochar and wheat straw biochar
reduced the concentration of cadmium usable in soil, cadmium concentration in roots and shoots. While,
the North forest wood biochar on all levels, except the control, increased the concentration of usable
cadmium in the soil, the concentration of cadmium in the roots and shoots of quinoa. With increasing
cadmium concentration, tolerance index decreased by 129.4% compared to control. Due to the high
tolerance index, translocation factor and bioaccumulation factor, the use of this plant in remediation can be
recommended. On the other hand, the use of pomegranate and plum wood biochar and wheat straw biochar
can reduce the concentration of cadmium in soil, root and shoot, as well as can improve plant yield,
therefore, can be used for phytostabilization and reduce heavy metals in plant organs. On the other hand,
the use of North forest wood biochar with the ability of increasing the concentration of cadmium in the soil,
root and shoot can be used as an aid to increase of plant extraction. According to the results of this study,
farmers can be advised to use pomegranate and plum wood biochar and wheat straw biochar in fields
containing heavy metals such as cadmium to reduce these heavy metals. On the other hand, the use of North
forest wood biochar should be avoided due to increased mobility of heavy metals in the fields.
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Table 1. Analysis results of some physical and chemical properties of soil in the tested area

Soil pH Ec N C P K Mg Zn Cd
texture (mmohs/cm) (%) (%) (mg/kg) (mg/kg) (mg/kg) (mglkg) (mgrkg)
Loam 7.88 3.07 0.04 0.5 5.77 194 2.3 0.8 0.062
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Table 2. Analysis results of some physical and chemical properties of biochar

Biochar type Conditions Temperatures Time Particle diameter size pH Humidity
(°C) (hour) (mm) (%)
Pomegranate and plum Anaerobic 500 24 4 8 5
Wheat straw Anaerobic 300 7 0.5 7 7
North forest wood Anaerobic 390 14 1-3 8.5 6
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Table 3. Analysis of variance (mean squares) effect of cadmium and biochar on traits related to
phytoremediation of quinoa.

Source Df RDW SDW Cd of soil Cd of root Cd of shoot TF Cd uptake in TI BF
shoots
Cadmium 4 0.772™ 20.108™ 228.362" 907.617™ 4344.173" 1513™ 0.0194™ 1.109™ 4.880™
Biochar 3 0.913" 41.378™ 39.810™ 134.992™ 367.445™ 1.969™ 0.0033™ 2.281" 7.585"
Cadmiumx Biochar 12 0.005" 0.261™ 3.134™ 10.133™ 26.061" 0.383" 0.0019™ 0.014" 0.699"™
Error 60 0.037 0.334 0.336 0.918 3.903 0.160 0.0001 0.018 0.696
Cv (%) 20.51 15.78 12.85 10.62 10.35 18.834 22.99 15.29 19.74

Al oo (518 sire pas 5 Ao 10 S o )d iy prha [0 (6,0 S pogieds Sy s ¢ FF K
*, ™ and ns are significant at the level of 5%, 1% and non-significant, respectively.
RDW: Root dry weight, SDW: Shoot dry weight, TF: Translocation Factor, TI: Tolerance index and BF: Bioaccumulation Factor
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Figure 1. The trend of quinoa root dry weight changes with increasing cadmium levels (a) and the mean
comparison of biochar effect on root dry weight of quinoa (b)
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Figure 2. The trend of quinoa shoot dry weight changes with increasing cadmium levels (a) and the mean comparison

of biochar effect on shoot dry weight of quinoa (b).
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Table 4. Comparison of the mean interaction of cadmium and biochar on the concentration of cadmium in soil, roots
and shoots of quinoa.

Cadmium Biochar Concentration of  Concentration of Concentration of Translocation Cd uptake in
(mg/kg) Cd in soil Cd in roots Cd in shoots Factor shoots
(mglkg)
Non application 1.66° 0.00014%
0.012° 0.023° 0.0372
Pomegranate and plum wood 2.00% 0.00002°
0 0.002° 0.005° 0.010°
Wheat straw 2.00? 0.00002°
0.001° 0.002° 0.004°
North forest wood 0.92° 0.00015%
0.022% 0.0512 0.0472
Non application 2.04° 0.04390?
2.839° 5.337° 10.765°
Pomegranate and plum wood 3.132 0.040412
25 1.686° 2.846° 8.355°
Wheat straw 3.07? 0.02543°
0.678¢ 1.4294 4.169¢
North forest wood 1.71° 0.03881°
3.585% 7.820% 13.351°
Non application 4.340° 8.744° 17.388b 2.00° 0.05362%
Pomegranate and plum wood 2132 0.054072
50 3.231° 6.333° 13.427¢
Wheat straw 2492 0.049172
2.178¢ 4.365¢ 9.632¢
a a
North forest wood 5773 11.666° 23.880° 2.06 0.04872
Non application 2.06° 0.07264°¢
7.688° 15.095° 30.994°
Pomegranate and plum wood 2.08° 0.08905°
75 6.199¢ 13.075¢ 27.155°
Wheat straw 2.20% 0.11000*
4.750¢ 10.925¢ 23.565¢
North forest wood 2.022 0.05541¢
9.154% 17.231% 34.8342
Non application 2.05° 0.07138°
10.198° 20.869° 42.885°
Pomegranate and plum wood 2.21° 0.10240°
100 8.581°¢ 17.110° 37.816°
Wheat straw 2.522 0.13710%
6.916¢ 13.798¢ 34.824¢
North forest wood 2.15P 0.02760°
12.4032 23.6982 51.090?
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The means that have a common letter and each cadmium level are not significantly different together at the 5% level based on the LSD test.
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Figure 3. The trend of quinoa tolerance index changes with increasing cadmium levels (a) and the mean comparison

of biochar effect on tolerance index of quinoa (b).
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Figure 4. The trend of quinoa bioaccumulation factor changes with increasing cadmium levels (a) and the mean
comparison of biochar effect on bioaccumulation factor of quinoa (b).
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