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Table 1. Selected physical and chemical properties of soil

(s219) S523 Sl (9215) S5 Sl
Total nitrogen (%) Sand (%)
oolizl 6 jad 10 () oo 0
Available phosphorus(mg kg™) Clay (%)
polty 350 Sk ocdl e =)
Potassium (mg kg'l) Soil texture Silty clay
s b g pSoylas b ol s6 (dSm™) (oSl culun culls 0.74
DTPA extractable Fe ’ Electrical conductivity (dS m'l) ’
oriiss b oo JG 55 125 (%) o3l 126
DTPA extractable Mn ’ Organic matter (%) '
,‘L?Lfd) l‘ Ls)ﬁfa)l"ac J)u (S el 1.4 L)Blibu 7.82
DTPA extractable Cu pH
oo b s pSelas JB 55, . (cmol” kg™!) isls Jols e b 13
DTPA extractable Zn ' Cation exchange capacity (cmol " kg™
Wy A ) logm (o liowsd LS 19 (S 2T Jgs
Table 2. Selected chemical properties of pistachio biochar
slado
(s1s) 5325 200 °C ,lagm 400 °c ,l>gm
Biochar 200 °c  Biochar 400 °c
clag 10t 4.66 1.7
pH (1: 5 biochar to water)
(dS M il 4y 365 V:0) (S Sl culan cbll 54 75
Electrical conductivity (1: 5 biochar to water, dS m™) ' '
C:N 21.37 26.52
09 5.66 3.8
Hydrogen (%)
o 51.5 5782
Carbon (%)
J oisrs 2.41 2.18
Total nitrogen (%)
I s y 300 600
Total phosphorus (mg kg™)
S el 59 11

Total Potassium (%)
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Table 3 - Results of variance analysis of the effect of treatment on some characteristics and Concentrations of
macronutrients in spinach plant

Mean square cle yo (1,She

Oy 2slio NEBEYSY) 14 439 DIY 059y ClaE Shod Cclale ol cdale
Sources of Degrees of matter Nitrogen Phosphorus Potassium
changes freedom concentration concentration concentration
e 2 0.58™ 1.28" 11.54" 7179.4™
iochar level
stbond 365 o #ok ] ) *%
Fertilizor lovels 2 10.89 9 18.87 625.05
Gtbond 365 g ) R .
sl Biochar x 4 0.37% 2.5 0.07™ 95.92
J5 R fertilizer
First test oy 8 0.17 0.14 0.24 29.52
ITor
6\ 11.54 10.64 8.93 5.93
e 2 0.035™ 0.33™ 3.16" 10081.1°
iochar level
e 2 9.55" 20.37" 30.23" 188.12°
ertilizer level
tlord 365 Jlegn
B Biochar x 4 0.25™ 0.091™ 0.48™ 11.52™
£9d Lyiulejl fertilizer
Second test = 8 0.26 0.25 40.25
Error
CV 14.84 10.1 6.49

P<0.01 3 P<0.05 o 5 oo sinn 5 sl sine pis ;5o i 56 ¢
ns, *, ** not significant, significant at P<0.05 and P<0.01, respectively.
ool 2 Foe g Ve (glod 13 008 W55 s 4 bsie gl Sl o 4 p93 9 Jgl taloj]
First and second experiments, results of biochar prepered at 200 and 400 °c
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Table 4- Effect of biochar produced in two temperatures (200 and 400 °c) and fertilizers (Nitrogen and phosphorus) on dry
matter(gr pot'l)
cstleond 395 Zolanw (359 2 3) 200 °C (slod 1> Gy Yoo Tobaw 13l (ialojl
fertilizer levels First test: biochar level prepared at 200 °c (% W)
Hwd g (3595% _.

(S8 0,558 3 5 ko) 0 3 6 oSbe

(Nitrogen and phosphorus) Mean
(mg kg™

0 2.83% 2.45° 2.26° 2.51C

80415 3.22% 3.73¢ 3.93% 3.63B

150 430 4.69° 4.51% 4.94" 471A
Sl

o 3.58A 3.65A 371A 3.62A
Mean

(39 223) 400 °C (slo3 )3 (Gdgi Jlrgm Tobaww 109> s Lo
Second test: biochar levels prepared at 400 °c (% W)
0 3 6

0 2.83< 2.39¢ 2.71¢ 2.64C

80 415 3.22% 3.81° 3.83° 3.62B

150 430 4.69° 4.84° 4.58° 4.71A
Sl

o 3.58A 3.67A 3.71A 3.65A
Mean

(P<0.05) 128k o3 o gine ©lis (slls 55015 (g0l ol ited SasS alite By S g Jpi 50 3 48 ol (50hen 5 55 abite o S (g (gt b iy 52 50 85 (oo (e

"Means in each column or row followed by the same capital letters and means in the body of the table followed by the same lowercase letters are not
significantly different (p< 0.05) by Duncan’s Multiple Range Test.
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Table 5- Effect of biochar prepared in two temperature (200 and 400 °c) and fertilizers (Nitrogen and phosphorus) on
nitrogen concentration (%)

cstleonnd 395 Zobas (39 2402) 200 °C (glod ;3 (g sl g Tsbw 15! (yislo]
fertilizer levels First test: biochar level prepared at 200 °c (% W)
Pwd 9 o595 .

(S8 05585 3 o5 ko) 0 3 6 oSbe

(Nitrogen and phosphorus) Mean
(mg kg

0 1.61° 2.95° 3.07° 2.54C

80 515 3.49™ 3.94% 4.13% 3.86B

150 430 4.5° 4.94° 451° 4.54A
N ’~L~°

ol 3.21B 3.79A 3.9A 3.63A
Mean

(539 223) 400 °C slod ;3 Sy sl gm T okaws 1093 Liuloj]
Second test: biochar levels prepared at 400 °c (% W)
0 3 6

0 1.61° 1.67° 1.88° 1.72B

80 415 3.63° 4.26™ 429%™ 4.06A

150 430 4.44% 4.49® 4.61° 4.52A

Ol 3.23A 3.48A 3.59A 3.43A
Mean

(P<0.05) a2l 505 Jlosine glis sl oS3l pygel ol 1 it Sas8 libo B> S (sl Jgi e )3 o8 ol (Sle 5 )52 o B> Sy (gl (gt b i)y 13 &S (ol (il
"Means in each column or row followed by the same capital letters and means in the body of the table followed by the same lowercase letters are not
significantly different (p< 0.05) by Duncan’s Multiple Range Test.
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Table 6- Effect of biochar prepared in two temperature (200 and 400 °c) and fertilizers (Nitrogen and phosphorus) on
phosphorus concentration (mg gr”' dry weight)
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fertilizer levels First test: biochar level prepared at 200 °c (% W)
Hud g (559545 .
(SB 059k 13 0,5 o) 0 3 6 oo
(Nitrogen and phosphorus) Mean
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3.13¢ 5.34° 5.18° 455B
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150 430 6.04° 7.66° 7.92° 7.21A
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Second test: biochar levels prepared at 400 °c (% W)
0 3 6
0 3.13¢ 3.34¢ 3.41° 3.29C
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150 430 6.04° 732" 7.36" 6.91A
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*Means in each column or row followed by the same capital letters and means in the body of the table followed by the same lowercase letters are not
significantly different (p< 0.05) by Duncan’s Multiple Range Test.
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Table 7- Effect of biochar produced in two temperature (200 and 400 °c) and fertilizers (Nitrogen and phosphorus) on
potassium concentration (mg gr' dry weight)

il 355 Zohw (39 20 53) 200 °C (5lod y3 Gy sl gm Zobanw 19l (yialo]
fertilizer levels First test: biochar level prepared at 200 °c (% W)
Puwd 9 059 .
(56 o 5o 3 o5 k) 0 3 6 oo
(Nitrogen and phosphorus) Mean
(mg kg™
0 65.16° 111.32° 124.5° 100.32A
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150 430 54.77¢ 89.53¢ 106.93° 83.74C
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Second test: biochar levels prepared at 400 °c (% W)
0 3 6
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*Means in each column or row followed by the same capital letters and means in the body of the table followed by the same lowercase letters are not

significantly different (p< 0.0

5) by Duncan’s Multiple Range Test.
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Introduction: Application of chemical fertilizer is one of the methods to supply nutrient elements for plants
and it is an effective method to meet plants nutrients demands; but organic fertilizers such as biochar application
can be used as a proper solution to decrease gases resulted from agricultural activities, increase soil's organic
matters and to manage soil fertility. Biochar can increase soil fertility of some soils, increase agricultural
productivity, and provide protection against some foliar and soil-borne diseases. Biochar is a high-carbon
charcoal used as a soil amendment and it is made of plant biomass and produced during pyrolysis process in the
absence of oxygen. The ability of biochar to store C and improve soil fertility will depend on its physical and
chemical properties, which can be varied in the pyrolysis process (pyrolysis temperature) or through the choice
of raw materials.

Materials and methods: In order to study the effect of pistachio residue biochar produced in two different
temperatures and chemical fertilizer on macronutrients concentration and growth of spinach (viroflay) (Spinacia
oleracea), a greenhouse experiment was conducted in a factorial (2x3x3) arranged in a completely randomized
design with three replications. Treatments consisted of three biochar levels (0, 3, and 6% by weight) prepared at
two temperatures (200 and 400 °C), and three fertilizers level [|O (blank), (Nitrogen=80 and Phosphorous=15 mg
kg' soil) and (Nitrogen =150 and Phosphorous =30 mg kg soil)]. Bulk soil sample was collected from the
surface horizon (0-30 c¢cm) in Bajgah Agricultural Station of Shiraz University, Iran. Pots contained 2 kg dry soil.
Treatments were added to all pots uniformly and were mixed. Then soil samples incubated in 25°C for 30 days;
and soil moisture was kept at about field capacity (FC). Following incubation time, based on soil analysis
nutrients were added to all pots uniformly. Ten seeds were sown in each pot, and soil moisture was kept at about
field capacity. Spinach seedlings were thinned to five uniform plants per pot 15 days after emergence. The pots
were then maintained under FC. Plants were harvested after 8 weeks after emergence. Aerial parts of spinach
plants were separated and oven dried and were weighed and ground. Total nitrogen (N), phosphorous (P) and
potassium (K) in plants were measured. Statistical analysis was performed using SAS and Excel statistical
software packages.

Results and discussion: Results showed that biochar prepared at 200 and 400 C had no significant effect on
spinach dry weight (DW). Chemical fertilizer significantly increased average of spinach DW. Chemical
fertilizers improved N and P concentration in plant, therefore increase growth of spinach than control. Biochar
prepared at 200 and 400 C significantly increased shoots N, P and K concentration of spinach compared to that
of control; but biochar prepared at 400 C had significant effect on shoots N and P concentration. Biochar might
be direct nutrition resources for plant and supply many nutritional elements such as N, P and K for plant and
increase concentration of these elements in plant. Application of chemical fertilizer significantly increased N and
P and significantly decreased K concentration in spinach shoot. Several studies showed that application of
biochar improved efficiency of nitrogen fertilizer in several soils and finally more nitrogen absorbed by plant.
Biochar prepared at two temperatures had no significant effect on DW and shoot N concentration of spinach.
However, addition of biochar prepared at 400 C significantly decreased shoot P concentration and significantly
increased shoot K concentration in spinach, as compared to biochar prepared at 200 C.

Conclusion: Results indicated that application of biochar prepared at 200 and 400 ‘C improve composition of
spinach but had no effect on its DW, probably because of short term of plant growth, kind of biochar, and
biochor levels. Applications of biochar, increased shoot N and P concentration; it might be due to improving
physical, chemical and biological properties of soil with addition of biochar. Also, biochar supplied nutritional
elements and improve efficiency of chemical fertilizer; therefore it is appropriate that biochar applied with
chemical fertilizers. Our results showed that 6% biochar level was the best suggested levels that in three
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chemical fertilizer levels increased shoot N and P concentration of spinach. With increasing temperature for
preparing biochar, pH of biochar increased; so, it might be concluded that biochar prepared at low temperature
was appropriate than biochar prepared at high temperature for application to calcareous soils.
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