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Abstract

Background and objectives

Although man-made biochars positively affect soil properties and plant performance, their
preparation and use, especially on a large scale, are costly. On the other hand, mineral biochar
can be considered an alternative method. However, there is no information about the effect of
this type of biochar and its method of use on soil characteristics and plant performance.

Materials and methods

Effect of levels of 0 (control), 5, 12, and 25% of mineral biochar (obtained from the mine of
Koohbanan city, Kerman province) in three forms of use (including mixed with surface soil,
mixed with deep bottom soil, and mixed with total volume soil) on the vegetative performance
of bush Fortuynia bungei, shrub Calligonum comosum and tree Ziziphus spina-christi were
evaluated in a completely randomized factorial design in the nursery during four months.
Cultivation operations in two stages included the germination section (without biochar) and
studying the treatments' effects on the species' vegetative characteristics. The seeds were planted
in pots containing 100 grams of sand. After sprouting the seedlings and their three to five
leaves, one seedling was selected from each pot and transferred to larger pots containing
biochar. The amount of water required was determined based on the measurement of soil field
capacity. Seedling characteristics were measured at 20-day intervals for four months, and
biomass production was measured at the end of the experimental period. At the end of the test
period, some soil properties were examined, including organic carbon, total nitrogen, absorbable
phosphorus, absorbable potassium, acidity, and electrical conductivity.

Results

The application of different levels and the manner of using biochar to the evaluated
characteristics showed that the most noticeable effect was related to the level of biochar. In
other words, although using biochar or the cultivated species resulted in varying results, the
amount of biochar had the greatest effect on the evaluated characteristics. The findings showed

Copyright: © 2023 by the authors. This is an open access, peer-reviewed article published by Research Institute of Forests
@ and Rangelands (http://ijrdr.areeo.ac.ir/) and distributed under the terms of the Creative Commons Attribution License
™ (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any

medium, provided the original author and source are credited.


http://ijrdr.areeo.ac.ir/
http://creativecommons.org/licenses/by/4.0
mailto:jafari@ut.ac.ir

Iranian Journal of Range and Desert Research, Vol. 30 No. (2) 312

the effect of higher levels of biochar and the mixture of biochar with the total soil volume on
plant species performance (Sig <0.005). Also, the species performed differently, so C. comosum
had the highest growth height (65 cm), and F. bungei had the lowest growth height (19 cm). The
method of using biochar also had a significant effect on plant biomass, so the highest biomass
was related to F. bungei (9.2 grams) under the influence of 25% biochar mixed with the entire
soil profile. The levels of biochar or plant species alone affected soil properties. However, the
combined effect of the species and the level of biochar used on soil properties was not
noticeable. With the application of 25% of biochar, nitrogen (from 0.14 to 0.25%), organic
matter (0.88 to 4.1%), and electrical conductivity (0.76 to 1.33 dS/m) showed the most changes
(Sig<0.001).

Conclusion

By increasing biochar levels, improved soil properties and plant performance were observed.
On the other hand, biochar application affects plant performance depending on species. The
method of using biochar also significantly changed the performance of cultivated plants so that,
considering the economic discussion of using biochar, its mixture with the entire soil profile
leads to higher production than mixing biochar with surface or deep soil. However, more studies
are needed regarding biochar's effect on soil properties and plant performance.
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Table 1- Values of the biochar properties used in experiment

N oC P EC pH
(%) (%) (mg/kg) (mg/kg) (ds/m)
0.39 3.71 18.36 6.19 6.73
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Table 2- Variance analysis of the effects of species, amount and method of biochar application on the percentage

change of plant height in the pot during different time intervals
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Figure 1- Plant height under the influence of species-treatment levels, 20 (a, b) and 40 (c, d) days after planting;
Bio-0, Bio-5, Bio-12 and Bio-25 are level of 0 (control), 5, 12 and 25% of biochar application, respectively;
unsimilar letters show significant differences at 5% level of probability by Duncan’s test.
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after cultivation in pots; Bio-0, Bio-5, Bio-12 and Bio-25 are level of 0 (control), 5, 12 and 25% of biochar
application, respectively; Unsimilar letters show significant differences at 5% level of probability by Duncan’s

IS U s b Lle cos &5 o5b 4 cul
(MSS) ias S | bolos 55 (MWS) S s
oozl 3 50 C}Jz“ oz b las 1, o YL 0l
sdd S LS gan L cute fL o
22,5 YO Cond b Sle g eslina] &S o5k 4 el

¥ Ue) ol plas |y ad g ep YL

525 o 2S48 Loy 5l cor sl 0350

S50 s eolinl e S )5 Llam eslind
Sl S s s s aoss Vg s U8
s sos 0 rhaw L3 (A S8l sn ol oS5
Bl QLS 1y ea sy 059 cr e 8 858 o ool

bLQS/ 0 Pl ) p 6)\361:.6 Ju;\.o J..u )\.a-}u oalaal 6 420



Y\ Yol ¥e sl ol gl ol 5 g8 e Dl sl a0

9.00 -

8.00 | a : o 10

7.00 - ’ .

6001 b ?: .

5.00 - .

4.00 I .

3.00 - :

2.00 -

1.00 -

0.00 F. bungei C. comosum |Z. spina-christi

MTS MSS MWS

slam 03lw] 2950 - ALS aigS
s om 03! 090 Plant species - method of using biochar
Method of using biochar

(0,5) s (39
Biomass (g)
(2,5) s 159

12.0 ~
10.0 A

ab 2
80 b b
6.0
4.0
2.0
0.0 - ; ; ;

Bio-0 Bio-5 Bio-12 Bio-25
83l )90 ylrgr Zoban
Jorgn aw - BLS 4g5 Level of biochar
Plant species - level of biochar

(05) s 03
Biomass (g)
(e 5)sis 039
Biomass (g)

F. bungei

Sy50 gam 2053 Y0 5 \Y 0 (108) + pohu o5 & Bio-0 5 Bio-0 Bio-0 Bio-0 1ot ol ¥ 5|y Ll pm O e s 3
el S50 55T 5l eslial G w53 0 JL.:»lCL.wJ;J\;g;a.a oW sapsglas wlin e Gy o il e ealinal

Figure 3- Biomass of different species under biochar levels and application method, and the combined effects of
species- biochar levels and species- biochar application method after 4 months of cultivation; Bio-0, Bio-5, Bio-12
and Bio-25 are level of 0 (control), 5, 12 and 25% of biochar application, respectively; Unsimilar letters show
significant differences at 5% level of probability by Duncan’s test.
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Table 3- Variance analysis of the effects of species and biochar level on soil properties after growing plants in

pots
Factor Species Biochar level Species* Biochar level

N 0.003" 0.022™ 0.002"
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P 19.01" 12.93™ 69.25"M
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EC 0.91" 0.538" 0.141"

pH 0.029™ 0.019™ 0.027"
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*: Significant at 5% level of probability, **: Significant at 1% level of probability, ns: Not-significant difference.
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Figure 4- Soil nitrogen values under the influence of species and biochar level and the combined effects of
species- biochar level; Bio-0, Bio-5, Bio-12 and Bio-25 are level of 0 (control), 5, 12 and 25% of biochar
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Figure 5- The organic matter, electrical conductivity and soil pH under effect of species or different levels of
biochar after cultivation; Bio-0, Bio-5, Bio-12 and Bio-25 are level of 0 (control), 5, 12 and 25% of biochar
application, respectively; Unsimilar letters show significant differences at 5% level of probability by Duncan’s
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