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Article Info ABSTRACT
Avrticle type: Background and Obijectives: Different agricultural policies tend to
Research Full Paper minimize the environmental risks caused by the continuous use of

pesticides and other synthetic chemicals and look for alternative methods.
Wood vinegar and biochar can be used in organic agriculture as soil

Article history: conditioners. This study aimed to investigate the effect of biochar and
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Revised: 10.23.2022 wood vinegar on some (_:hemical and microbiological properties of soil
Accepted: 11.05.2022 under forage corn cultivation.

Materials and Methods: For this purpose, a research was carried out in
Keywords: greenhouse condition. The experiment was a factorial experiment in a
Biochar, completely randomized design in 3 replications. The studied treatments
PMlcrlobl_aI Biomass Carbon, jnclude wood vinegar in 6 amounts of zero (W), 0.02 (W), 0.04 (W,),
yrolysis, ; ; it
Wood Vinegar 0.1 (W3), 0.2 (W,), and 0.4 (Ws) g/Kg (first factor) and soil conditioner

including raw material (wood of pomegranate and plum trees) in 2 levels
1% (Bo1) and 2% (Bo,) amounts and biochar (biochar prepared from
pomegranate and plum trees at temperature 450 °C) was applied at 2 levels
of 1% (B;) and 2% (B,) amounts (second factor). The chemical properties
of the soils such as soil acidity (pH), electrical conductivity (EC), soil
organic carbon (OC), total nitrogen (TN), soluble sodium (Na+), soluble
potassium (K*), soluble calcium (Ca*), soluble magnesium (Mg*?) and
available phosphorous (P); and the soil microbiological properties
including basal respiration and microbial biomass carbon and the physical
characteristics of forage corn such as height, stem diameter, dry weight,
and wet weight were measured.

Results: The results showed that co-application of conditioner and wood
vinegar increased soil acidity (5.3%), electrical conductivity (EC), soluble
calcium (Ca*®), soluble magnesium (Mg*?), organic carbon (OC), basal
respiration, and microbial biomass carbon. The most significant increase in
electrical conductivity (EC), soluble calcium (Ca*?), soluble magnesium
(Mg*?), and organic carbon (OC) were observed in WsB, treatment, which
were 5.3, 3.9, 2.2, 3.6, and 7.2 times more than the control. Also, the basal
respiration with the highest amount of emitted CO, during one month of
incubation in all three times intervals was observed in WsB, treatment. So
that in the first, second, and third ten days, the rate of soil microbial
respiration in WsB, treatment was observed 6.91, 6.54, and 6.4 times more
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than the control, respectively. The co-application of wood vinegar and
biochar led to increase in the stem diameter, dry weight, and wet weight of
the plant. In contrast, the co-application of wood vinegar and the soil
conditioner decreased the plant's stem diameter, wet and dry weight
compared to the control. Addition of conditioner material alone increased
soluble sodium (Na*), soluble potassium (K"), Fe, Cu, Zn, and Mn, while
decreasing total nitrogen (TN) and available phosphorous (P).

Conclusion: The results illustrated that the effect of using biochar and
wood vinegar on increasing, the concentration of elements and improving
the qualitative characteristics of soil and plants depends on the amount of
nutrients, organic carbon in biochar and wood vinegar, soil acidity and
their consumption. Considering the positive effect of biochar and wood
vinegar on increasing soil organic carbon, increasing the availability of
nutrients, stimulating soil microbial activity and increasing plant growth,
it is recommended to use biochar and wood vinegar in calcareous soils
of Iran.
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Table 1. Some physicochemical properties of the soil, wood vinegar, biochar and raw material in the study.

(L>' osle g;"...vﬁ) JL&) — ASf» Sl _\>\) ;jﬂ)
Raw material Biochar Wood vinegar Soil Unit Property
_ _ e s p S _ S il
Silty clay loam Soil texture
- - 113 (gem™) SAL ot
Bulk density
audel
7.8 8.2 3.11 7.5 - o
(1: 2) Soil Acidity
S eslaas LB
3.01 3.3 2.67 0.2 (dsm™) “’S“’SJ ST
Electrical Conductivity
7.
54.9 55.3 325 0.22 (%) S f
Organic Carbon
0.65 0.79 0.1 0.2 (%) Nl

Nitrogen

&.&wﬂ‘f@ﬁu‘ OJLA:)&_))P: 4SJ-I JJJ)Ls J.:U:w

Sl g Aoy Kl CL“ Sk

Froa el b g Cax 4 e S puj
(i pole eald s S pled s Sh

Slals LS (Y Jads) Weesls pilsls 4 @L“.l

Sl e 05 ciS 55 S pled (B S5y Fp 2 or S s e el s )8 1 bl w e i Y o

Table 2. Results of ANOVA (mean square values) the effect of application of amend and wood vinegar on
Some chemical properties of soil under forage corn cultivation.

Zn Mn Fe Cu EC pH df ol
Treatments
0.005 0.48 0.48 0.05 0.05" 0.06" 5 Y%
0.21" 14.5 6.2° 0.26" 0.33" 0.29" 4 A
0.006 1.10 0.54 0.02 0.004" 0.002" 20 WV* A
0.01 1.2 0.68 0.03 0.006 0.004 60 r
K* Na* TOC N Mg?* ca** P e
Treatments
1 1 0.38" 0.019" 0.73" 1.77 0.046 Y%
11955 20002" 1.48" 0.035" 21.56" 30.3 105" A
2 1 0.024* 0.018" 0.20" 0.16" 0.03 WV* A
5 1 0.01 0.006 0.11 0.008 0.056 r

LSD & ge57 ool 7Y Jlaz| o 53 035 13 e
* Indicate that variances are significant at the level of 1%

(TOC) Js JI ¢S (TN) JS 055 2 «(Amend, A) >l esle e (Wood vinegar, WV) s o 1 sl 1) ot
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Table 3. Effect of application of amend and wood vinegar on Some chemical properties of soil under forage
corn cultivation.

W5 w4 w3 W2 w1 WO ol
Treatments
pH
7.34 7.37 7.41° 7.42° 7.45" 7.50° BO
7.52M 7.54% 7.55" 7.57™ 7.6K' 7.64%" BO1
7.54% 7.56™ 7.58"M 7.60% 7.61% 7.68% B02
7.58"M 7.6M 7.62 7.66" 7.63" 7.82° B1
7.68" 7.70° 7.73° 7.77° 7.81° 7.91° B2
EC
0.53" 0.52° 0.50° 0.43 0.34° 0.22" BO
0.65™ 0.64"k 0.61™ 0.60™ 0.57™ 0.54" BO1
0.81" 0.77% 0.72%% 0.71"f 0.68" 0.69%" B02
0.70"" 0.68™9 0.66 0.63" 0.62" 0.58" B1
0.85° 0.83° 0.79® 0.74% 0.74% 0.71" B2
Ca*
5.66" 5.91" 5.75' 5.92" 5.60 4.04' BO
7.50e 7.49° 7.48° 7.42° 7.43° 6.60° BO1
8.43" 8.44b° 8.37° 8.40" 8.42% 8.04° B02
8.03" 7.99° 7.98" 7.93¢ 7.93° 7.10° B1
8.94° 8.93% 8.88° 8.90° 8.92% 8.54° B2
Mg®*
2.77" 2.76" 2.70° 2.72° 2.54° 1.48" BO
2.931 3.92¢% 3.91% 3.94% 3.83° 3.26' BO1
4.83" 4.74% 4.73" 4.76" 4.75% 4.62° B02
4.54° 4.52° 4.51° 4.55° 4.43% 3.86° B1
5.38° 5.37° 5.36° 5.35°% 534° 5.22% B2
TOC
1.52° 1.44° 1.35° 1.27%0%f 1.21" 1.13 Boz
1.31% 1.32° 1.31° 1.10 1.18 1.05 Bos
1.59° 1.51° 1.43° 1.29% 1.28° 1.20" B,
1.39° 1.39° 1.29% 1.19' 1.18' 1.12) B,
0.94" 0.81" 0.73" 0.64° 0.61° 0.22° Bo

A3 o LSD &ge3T bl /) Jlaz| s 3 ol gme O B caulie g (sl gla SOl
Mean with different letters indicate a significant difference based on the 1% fisher-LSD test
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Figure 1. Effect of application of amend on N of soil under Forage Corn cultivation.
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Figure 2. Effect of application of amend on P, Fe, Cu, Zn, Mn and N of soil under Forage Corn cultivation.
Mean with different letters indicate a significant difference based on the 1% fisher-LSD test.
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Figure 3. Effect of application of amend on soluble sodium (Na*) and soluble potassium (K*)
of soil under Forage Corn cultivation.
Mean with different letters indicate a significant difference based on the 1% fisher-LSD test.
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Table 4. Effect of application of amend and wood vinegar on soil Basal Respiration and Microbial Biomass
Carbon of soil under Forage Corn cultivation.

L L L
A A o S eI S s
BR BR BR MBC (mg CO,- C kg*soil) treatments
(30 day) (20 day) (10 day) 95—t kg
464.8" 463.7° 507.6 60423 5 WV
2490 2533 2086 307777 4 A
20.24" 20.22" 21.307 3438 20 WV* A
1.29 1.06 2.27 62 60 r

* Indicate that variances are significant at the level of 1%

LSD O 5051 bl 2 7Y Jlaz| v 53 035 13 e
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Table 5. Effect of application of amend and wood vinegar on soil Basal Respiration and Microbial Biomass
Carbon of soil under Forage Corn cultivation.

Lo
W5 W4 w3 W2 w1 W0 o
Treatments
B.R (10 day)
27.6™ 27.3™" 17.6l 15.3' 15.5' 8.0 BO
39.0° 35.7° 35.0%F 33.0° 32.6% 28.01" B1
55.32 55.0°% 52.0° 47.0° 42.3¢ 33.0% B2
28.44" 28.24" 25.3" 22.7M 22.3M 17.3' BO1
35.3° 35.0° 30.0" 27.3™ 22.6™ 22.3" B02
B.R (20 day)
23.5! 23.3! 13.7™ 11.7° 11.3" 8.0° BO
36.0" 32.7° 32.0' 30.2M9 30.0M 25.01 B1
52.3° 52.0°% 50.0° 45.0° 40.3 31.09 B2
23.71 23.3! 20.3 17.4' 17.3' 12.3™ BO1
29.4" 29.0" 27.3 21.54 17.0' 16.7' B02
B.R (30 day)
22.5 22.3 12.7m 10.5° 10.3° 8.02° BO
35.0' 31.8° 31.3f 29,0 29.0M 23.3 B1
51.4° 51.3 49.0° 44.0° 38.8¢ 30.0M B2
23.0 22. 0! 19.3' 16.4" 16.3" 11.3°m BO1
28.7" 28.0h° 26.16' 19.66' 16.0" 15.50" B02
MBC
521.0 505.0' 452.0° 412.7™ 407.7™ 205.0° BO
693.0" 690.0° 626.3° 592.3" 560.0' 555.7' B1
821.3% 820.3% 785.7° 766.0° 733.3¢ 705.0° B2
593.3" 590.0" 524.3% 492.3' 473.3" 455.0° BO1
620.4° 620.3¢ 595.0" 565.0' 529.0 505.0' B02

A3 o LSD o3l bl /) Jlaz| s 3 ol gme O BB calie g (sl gla SOl
Mean with different letters indicate a significant difference based on the 1% fisher-LSD test
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Table 6. Results of ANOVA (mean square values)the effect of application of amend and wood vinegar on
height (cm), stem diameter(mm), dry weight (g) and Wet weight (g) of forage corn cultivation.

5053 S 05 Bl i gl df Lasles
Wet weight Dry weight Stem diameter Height Treatments
2546 234.2" 1.3 6106.3 5 wv

279257 10823.4" 202.8" 22659.7° 4 A
2486" 122.8" 2.02" 4935.1 20 W*A
0.3 0.8 0.028 4547.8 60 r

LSD &gl b 1) Sz o 53 0330 1o pme ©
* Indicate that variances are significant at the level of 1%

(Amend) ol esls 5l (W00 Vinegar) oy 5w jle (1) Ut

Cnon) Bl a5 (o 5) g1 2 sz 45 g 5 (2l 03l pl 53 18 31 Kl sl ls -V Ut
e 03 olS (0 B) 5 0555 (p5) Kis 0y
Table 7. Effect of application of amend and wood vinegar on height (cm), stem diameter (mm),
dry weight (g) and wet weight (g) of forage corn cultivation.

W5 W4 w3 W2 w1 W0 oled
Treatments
Stem diameter L. s
12.3° 11.8% 11.9° 10.47 10.2) 10.2 BO
4.3 4.4 4.4 459 459 4.9 B02
5.9° 6.1" 6.6" 75! 7.5' 8.4¢ BO1
13.13° 12.9° 12.7° 11.9¢ 11.6™ 10.9" B2
12.7° 12.4° 11.9° 1157 11.29 10.5' B1
Dry weight e 055
63.0° 62.7° 59.3" 53.3 45.0" 43.1° BO
4.07 5.0" 5.2% 5.3% 5.7 7.0 B02
12.0¢ 13.3! 18.1° 19.3° 21.3¢ 25.7° BO1
64.7° 62.3 61.3° 60.9 47.3" 449" B2
61.7° 61.3° 60.8" 60.3¢ 46.7¢ 437" B1
Wet weight 5 o5
301.0" 290.2 282.1' 277.6M 260.3° 247.1¢ BO
31.87 32.0° 33.9° 34.0° 35.7 46.1" B02
96.0" 110.0¥ 132.7 138.1! 156.0° 165.0" BO1
392.72 353.3° 332.3° 310.4° 298.1' 270.1" B2
344.6° 330.0¢ 312.3 287.2¢ 270.0" 257.3° B1

A3 o LSD &ge3T bl /) Jlaz| o 53 ol gme O BB calie g (sl gla SOl
Mean with different letters indicate a significant difference based on the 1% fisher-LSD test
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