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ABSTRACT

In order to study the effects of biochar and chicken manure tea compost on the nutrition responses and growth characteristics
of tomato plants (Lycopersicon esculentum), a greenhouse experiment was carried out. The experiment was designed as
factorial based on randomized complete block design with three replications. Factors included biochar in two levels
(including 0 and 10 t/ha) and organic and chemical nutrition in six levels (including fresh chicken manure 30 t/ha, three
levels of chicken manure compost tea 1:4, 1:8, and 1:12 chicken manure-to-water ratio by w/w, Macromix and Polymicro
chemical fertilizer 1 littha and water as control). The results showed there were significant differences among different
treatments in regard to soil total N, Fe, Mn, Zn and Cu. The highest leaf N, shoot dry weight and yield were obtained in T,B;
treatment (biochar and chemical ferlilizer) and the maximum manganese, zinc, copper and iron were obtained in T3B;
(compost tea 1:4 and biochar) and T,B; (compost tea 1:8 and biochar) treatments. T;B; (compost tea 1:8 and biochar)
treatment contained the highest value of DPPH 1C50 (3.75 mg), vitamin C (29.03 mg/100g), however, no significant
differences were observed between biochar and biochar plus nutrition on soluble solids and titratable acidity compared
with control.
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Table 1. Analysis results of some important chemical and physical characteristics of soil and biochar used in the experiment

EC H OM N Fe Zn Cu CEC Soil 0.C
(ds/m) P (%) (%) (ppm) (ppm) (ppm) (cmol/kg) Texture (%)
Soil 1.04 7.24 0.3 0.26 6.1 2.1 0.9 10.12 SCL -
Biochar 0.84 7.51 - 0.86 8000 62 11 18.9 - 16.08

CEC: cation exchange capacity; EC: electrical conductivity; OM: organic matter; S.C.L: sandy clay Toam
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Table 2. Analysis results of some important chemical characteristics of fresh chicken manure and different levels of
compost tea (chicken manure-to-water ratio by v/v) was extracted siz days before applying in the greenhouse

NO3 NH4 Fe Mn Zn Cu o.C EC

(%) (%) (PPm) (PPm) (PPm) (PPm) (%) (ds/m)
Fresh chicken manure 2.65 - 1400 235 90 335 29.77 10.74
Chicken manure compost tea (1/4) - 0.48 16 2.1 2.8 0.7 1.9 0.53
Chicken manure compost tea (1/8) - 0.28 75 0.8 1.2 0.3 0.67 0.3
Chicken manure compost tea (1/12) - 0.15 6.5 0.5 0.9 0.2 0.38 0.18
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Table 3. Characteristics of chemical fertilizers Macromix and Polymicro (WUXAL) used in the experiment

WW%
WUXAL —g P205 K20 MgO B Cu Fe Mn Zn Mo  SO3
Macromix 16 16 12 - 002 005 01 005 005 0001 -
Polymicro 10 - 10 3 0.02 05 05 1 005 0001 75
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Table 4. The results of variance analysis of soil measured traits

Sources of variation df

Total N Soil Fe Soil Mn Soil Zn Soil Cu
Block 2 0.01 4.56 19.47 0.06 1.52
Organic and chemical nutrition 5 0.05" 110.62° 12219 097" 3957
Biochar 1 007" 192.74 45.33" 0.73" 6.15"
Biochar x Organic and chemical nutrition 5 0.001 3.15 0.99 0.01" 0.35
Error 22 0.0002 0.03 0.09 0.001 0.05
C.V. - 8.06 1.33 2.40 2.97 13.43

**: Significant difference at 1% probability level.
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Table 5. The results of variance analysis of measured traits in shoot and fruit of tomato

- MS

Sources of variations 9 —Tearre Leaf Mn Leaf Zn Leaf Cu TSS TA
Block 2 98.13 147.93 70.35 10.37 0.006 0.001
Organic and chemical nutrition 5 1752.81" 1430.31" 141.29" 47.28" 0.01" 0.006™
Biochar 1 422.98™ 17902.44™ 1919.90™ 911.03 0.0001™ 0.00001"
Biochar x Organic and chemical nutrition 5 1.56 12.23° 778" 097" 0.0001"™ 0.00009"™
Error 2 0.54 3.65 1.63 0.07 0.00009 0.00004
C.V. - 0.63 2.16 4.50 1.38 0.20 2.18
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ns, *, **: No significant difference and significant difference at 5 and 1% of probability levels, respectively.

5,842 55 0500 g 0 Ll 10 0ai g S0l Glas il g 430 s D Jgaz aslsl
Continued Table 5. The results of variance analysis of measured traits in shoot and fruit of tomato

o MS
Sources of variation df Leaf N Shoot dry weight Yield DPPH Ascorbic acid
Block 2 0.05" 8092 7107 058" 255
Organic and chemical nutrition 5 094" 65068.31"" 76.42° 464 120.13"°
Biochar 1 037" 16002.25° 544" 36.68 110.91
Biochar x Organic and chemical nutrition 5 0.0005 238.18 0.19 0.19 341
Error 22 0.0001 40.36 0.05 0.03 0.03
C.V. - 0.38 2.18 2.68 3.26

0.75
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*, **: significant difference at 5 and 1% of probability levels, respectively.
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Table 6. Means comparison effect of biochar and fertilizer (organic and chemical) on soil chemical properties

Treatment Total N (%) Soil Fe (mg/kg) Soil Mn (mg/kg) Soil Zn (mg/kg) Soil Cu (mg/kg)
Biochar (t/ha)

10 0.23* 15.74* 14.25% 1.27¢ 2.08*
0 0.14° 11.11° 12.00° 0.98° 1.25°
Organic and chemical nutrition

Chemical fertilizer (1 Tit/ha) 0.34° 10.03° 9.51° 0.84° 0.90"
Chicken manure (30t/ha) 0.19° 16.40" 16.66" 1.38° 2.30"
Chicken tea compost (1/4) 10 t/ha 0.22° 17.36° 18.95° 1.48° 2.66°
Chicken tea compost (1/8) 10 t/ha 0.16" 15.45° 14.65° 1.32¢ 1.91°
Chicken tea compost (1/12) 10 t/ha 0.15" 14.96d 12.10" 1.28" 1.69°
Control 0.05° 6.36' 6.88' 0.44' 0.54°

Ayl e 0 ) Jlais ] mhaw o (5l pire Dyl oS ine B> S Plas s sla g
Columns with at least one same letter do not differ significantly at 1% probability level.
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Table 7. Means comparison effect of biochar and fertilizer (organic and chemical) on morpho-physiological and
nutritional traits of tomato

Treatment Leaf N Leaf Fe Leaf Mn Leaf Zn Leaf Cu Shoot D. W. Yield
(%) (mg/kg)  (mglkg)  (mg/kg)  (mgrkg) (9) (Kgr/plant)

Biochar (t/ha)

10 3.05% 119.67% 110.61% 35.67° 24.56° 312.00° 9.37%
0 2.84° 112.82° 66.01° 21.06° 14.50° 269.83° 8.60°
Organic and chemical nutrition

Chemical fertilizer 1lit/ha 3.44° 106.38° 78.71° 25.06" 17.61° 432.33° 13.23°
Chicken manure 30 t/ha 2.62° 114.75° 83.75° 32.20° 21.18° 224.83° 7.48°
Chicken tea compost(1/4) 10 t/ha 2.89° 121.35° 109.50* 35.46% 23.25% 281.66° 8.91°
Chicken tea compost (1/8) 10 t/ha 3.20° 137.10% 99.31° 28.76° 20.45° 353.50° 11.03°
Chicken tea compost (1/12) 10 t/ha 3.14° 128.88"° 92.45° 26.53" 19.43° 320.33¢ 10.38°
Control 2.37" 89.03" 66.13" 22.18° 15.25" 132.83" 2.88"
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Columns with at least one same letter do not differ significantly at 1% probability level .
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Continued Table 7. Means comparison effect of biochar and fertilizer (organic and chemical) on morpho-physiological and
nutritional traits of tomato

TSS TA 1C50 Ascorbic acid
Treatment Brix' g citric acid/100g fresh fruit mg mg/100g fresh fruit
Biochar t/ha
10 4.83° 0.31° 4.68° 25.32%
0 4.84° 0.31° 6.70° 21.81°
Organic and chemical nutrition
Chemical fertilizer 1lit/ha 481° 0.29° 6.54° 21.06°
Chicken manure 30 t/ha 4.87% 0.33% 5.02° 26.42°
Chicken tea compost(1/4) 10 t/ha 4.87° 0.33% 4.43° 26.85°
Chicken tea compost (1/8) 10 t/ha 4.85° 0.32% 5.55° 25.97°
Chicken tea compost (1/12) 10 t/ha 4.85° 0.3% 5.90° 25.64°
Control 4.76" 0.25° 6.71% 15.53"

Wl e )0 ) s mlaw o g5l pxe Dyl oS ine B> S Blas sl sla g

Columns with at least one same letter do not differ significantly at 1% probability level.
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Figure 1. Mean comparison interaction effect of biochar and fertilizer (organic and chemical) on tomato leaf N
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Figure 2. Mean comparison interaction effect of biochar and fertilizer (organic and chemical) on soil total N
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Table 8. Mean comparison of microelements concentrations of soil under different biochar and fertilizer
(organic and chemical) treatments

Treatment Soil Fe (mg/kg) Soil Mn (mg/kg) Soil Zn (mg/kg) Soil Cu (mg/kg)
Biochar . chemical fertilizers 12.13" 10.46" 1.01° 1.10°
Chemical fertilizer only 7.93 8.569 0.68" 0.71°
Biochar . fresh chicken manure 19.20° 18.03° 1.54° 2.93°
Fresh chicken manure only 13.60 15.30° 1.23° 1.66"
Biochar . compost tea (1/4) 20.10% 20.13% 1.67° 3.26%
Compost tea only ((1/4) 14.63° 17.76" 1.30° 2.06°
Biochar . compost tea (1/8) 18.23° 16.13° 1.46° 2.46°
Compost tea only (1/8) 12.66° 13.16° 1.19° 1.37d°
Biochar . compost tea (1/12) 17.50° 13.46° 1.44° 2.16b°
Compost tea only (1/12) 12.43¢" 10.73f 1.12°f 1.22°
Biochar only 7.30 7.26" 0.50' 0.58"
Control 5.43% 6.50' 0.39! 0.51

Wl s o) Jlisl mhaw ;o 65l g glds S i By SO Blas slls sla g
Columns with at least one same letter do not differ significantly at 1% probability level.
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Table 9. Mean comparison of microelements concentrations of tomato under different biochar and fertilizer (organic
and chemical) treatments

Treatment Leaf Fe (mg/kg) Leaf Mn (mg/kg) Leaf Zn (mg/kg) Leaf Cu (mg/kg)
Biochar . chemical fertilizers 110.53" 99.03° 31.43° 22.06°
Chemical fertilizer only 102.23' 58.40% 18.70" 13.1°
Biochar . fresh chicken manure 117.53' 105.13° 40.10° 26.36°
Fresh chicken manure only 111.96° 62.36' 24.30" 16"
Biochar . compost tea (1/4) 124.40° 134% 44.50° 28.13%
Compost tea only ((1/4) 118.30" 859 26.43¢" 18.36¢
Biochar . compost tea (1/8) 140.70* 122.20° 36.43° 25.43°
Compost tea only (1/8) 133.50° 76.43" 21.109 15.46'
Biochar . compost tea (1/12) 132.06° 114.46° 33.50° 24.43°
Compost tea only (1/12) 125.70° 70.43' 19.56¢" 14.43
Biochar only 92.83 88.83" 28.06° 20.93'
Control 85.23" 43.43' 16.30' 9.56'

Ayl e )0 ) Jls ] e o (g5l pire Dyl oS i B> S Plas slls sla g
Columns with at least one same letter do not differ significantly at 1% probability level.
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Figure 3. Mean comparison interaction effect of biochar and fertilizer (organic and chemical) on tomato shoot dry

weight.
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Figure 4. Mean comparison interaction effect of biochar and fertilizer (organic and chemical) on tomato yield.
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Table 10. Mean comparison interaction effect of biochar and fertilizer (organic and chemical) on antioxidant capacity
and ascorbic acid of tomato

Treatment Ascorbic acid (mg/100g fresh fruit) IC50 (mg)
Biochar , chemical fertilizers 22.77" 5.47°
Chemical fertilizer only 19.25' 7.61°
Biochar . fresh chicken manure 28.57"° 4.08"
Fresh chicken manure only 24.26' 5.95"
Biochar , compost tea (1/4) 29.03° 3.75'
Compost tea only ((1/4) 24.68° 5.10'
Biochar , compost tea (1/8) 28.13° 4.449
Compost tea only (1/8) 23.80¢ 6.66°
Biochar , compost tea (1/12) 27.67¢ 4,759
Compost tea only (1/12) 23.61Y 7.05°
Biochar only 15.78' 5.59°
Control 15.28¢ 7.83°

A5l a0 Y Jleis ] mha )8 (g ls g Dyl oS i B> SO Sl (slls sla g
Columns with at least one same letter do not differ significantly at 1% probability level.
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