Journal of Water and Soil
Vol. 31, No. 2, May.-Jun. 2017, p. 557-569

s e b
LA GiAy

(5591 Zoluo 9 pole) S 9 O & 2
BOY-BF .o IFAS i — o135 ¥ o led ¥) il

ﬁpj&jjﬁdwcjha‘gd:ﬁudbb‘p)beﬁgj%dwj\g-x;|

A B3 . -
gy dezmallis =03l o diyds = oy sl

AALYRA VAL SRR

AARYTAV.VA E N '@)U

LXVLCES

WS ylo g Sl gy yslaie 4 X503 o0 2 olS 53 (ore ilbg & dites Bras p (905 (N polie dlen I manliy 5 jaud (gt

LS gyl B 3 (YY) 1o gm0 IS talesl o(VITOFlAY (05)) il ol obmnds a5 5 085 2 (obiowd 365 5 iy
FeorgVer slod 9 50 00 Ao (359 Mo pd & 9 ¥ jiuo) ditn Al I o aps jlogu o dws Jolis b jlas s plol ) )SS aw b g (0las
[(pS9S »3 p S o Y jiuad 9 N0+ (59525) 9 (p)S kS 53 £ )5 e VO s 9 Av (535) pivo] Jaud g (5945 ghaw 4 g (gl 42
T 93y 3yl Ll glidul olS Sis (159 2 3 dne Sl ogmdis 23 Fee g Ve (slod )3 0ad g5 g o5 S LIS S 0g
A Ve slod o oad 1y Lagw 3p,LS b sali Hlos b awlie o gliawl olS i 5 (nwSbe HId dze (5ol 38] Cauns yud g 59 5
¥eoo glod pond 0o jlogm bl by Liuli8l dals 4 Caws (gl gze job & 1) Zliawl olon (cbaplil puolly g cprud gy clale ol
Ofarts e o gne (il cu yiud g ()59 5k e 93y (1,5 BLSIAD sl g piud LS I (dre (Il oo LS gl 4y
Pl gy cdale g SS9 2 o (dre Sl lage W glod i ald 4 Cus 2lgn laplil ey I (e Al g jiud
Al iy clale Jl xe iol3al g paud cldale Jb xe yialS s (wamadio a3 Feo lod 3 gadgi Hlaan 258 Lol cusly gliaw! (olen

5 o sadsS 5l odlatnl 0950l (V) Cuwl o 0155 lygnge b
5 it lame an Sy J1olge bl 5l g pSo s cpimen
ol 04 @W oS il )1.\.;b SioliS sla asli
28 L L abend sladgs (Rl3E1 (o plgices ©yg0 oo
(YY) ol il 1, SB dols ol a8 polio
0355 ) s 3l G busee lasastio il gl Jlo )
5 b jslaie 4 (i) J1J) slaom 4 sliS Cluls g alS
ol LS slo (Sho deme g ol (S 5 p)S (£l
U.ml_f L;me?:cm.ﬂ} )] 04 A odle ‘)l%% .(Y&) 9 \Y’) S <
pics Ll > Jlolgo plil 5 1S (8w a8 (ol 5 00 M)
g bds o 0gde jlagn (V0) 1l (o o5 Jluw clale b 3529
Ol & eies 08 oM )5l xSele 9 SB > () ()l

5 ogedis 433 Voo glod 13 003 A5 o g dy Capmd tlon
il 5,Sas 058 ¢ obesd oS 5 1505 G031

Ao

Jad o csujl So(Spinaciaoleracea, L.) zlal

ol landas i s 4 g anil (ool olie 55,0 a8 ol 3w
30 (Sl cvonl )] CutS Doy g0, Shas ial38l sl g1y
255 Bymo oS (gl 2l polis el sleal, 51 S (WY)
u.sl.\_c )_a.oL& .)9_@5 u‘)—‘-’ dl).: o]) CRP oS Cawl ts’l“"’”“‘"
Jolos 5l slowds (sladeS il oolatwl dix yo sy o Hlat 4 S
U] )‘ 409y odlasiwl L;‘s ‘”9)@ )Lo.».: ey Sk d)..’><l.o1> L;hol
p ol g SB (Sl Coge o Jlo s g rloyuw BT 4 0gMe

Y g ame 03 ialS (S olie yolie Jol )68 o

pale isu skl g babiul syl (wlid S Bl (sgmiils cup 4T 5 Y o)

s oSl (g5l a1l (S5
(Email: safarzadeh@shirazu.ac.ir
DOI: 10.22067/jsw.v31i2.54206

:J’:M ol 9 *%5)


www.SID.ir

VAP i — 010,53 (¥ o yleis Yl (S g o 4,25 OOA

L9, 9 dlge

iz (glod 93 53 0ad Mg slogm gobaw Sl (gw)p pslaie 4
o (ialojl linl olS (bl oS5 9 M) » (olend 365 4
IS aw b g (Bolai Ml gyl JB ) (VxPXY) 956 )90
ooy -5 1] 5 ol WAY Lo olo 31,5 (sl Lol 5
9 (4 A& Jlagn (59 403 £ ¥ io) slasn gaw T Jols
Foo yid g (598 Oy &y 9 gy Alice paw dw
9SS )5S )3 ppS (o VO jad g Ar (55,0 (a0ld)
oy ) S p)Soks )3 p)5 (o Yr jud 9 V00 (g
Ay G e (sled 93 g ¢ (Clind S 5ige g o)) @ite
S SLE 5L 5)50 Hlate g (wamudw a3 Feo g Vor) oo
o3S_itils gy S8l S gy ta Bl ¥ Uy 5os
adlio » &8s (Fine, mixed, mesic, Typic Calcixerepts)
5 0S5 Std g 5l ey iges ind 55l o> 0)l8 oS,
0 0ol ol 455 Car gyteisle 99 SISl g
o bl jwed P PH a8l SB pland 5 (38 sl (S
o (N ool 10) s ytog i o9 an 8L (FY) ubogi g,
0093 L (9955 0y e 9 098 ol b grlinnST g,
4 glil oyluac 3 (S SUl colun cubls (VYY) Clidgw pouigel
(7F) G9slS ol cd)bo (10) (S0 sl i culins el
by o5y &0 olital B8y {F) JS o5y &0 IS 53
(e (§550) (G988 Byiae o5 polic clalé g (FY) (gl
Loeald s (VW) & o b xS olas Uogy 4 (021 5«59
Ay mels o Shimadzu, AA-670 ool Cis oSz
e olSE > dly gy E o (V) pomgel il b (6,5 ojluac
iy gLaadlis | lagn anes Gln () Jgio) B35 (e giw
g s SLis lya (g9l gon 5| o Aty (sladllis . o3l
Py 3mS1 1013 B A5 (610 dy gogiinegl] 4By5 )3 pures
led 90 o celw jlas Gue dl L w g dgiowe e &
45 03 )y B oysS 31 33 (Lugewbo a0 Feor 5 Ve r) Cglae
I olge Pl g 88" (5 gus 2] 8) (mpmogl ) ST Sy] 3
9295 pLosl ((V0) ()3enST o Yl Cale b g2y e Ll 5
ol g s (TF) 293 M5 35S o Jlos o 4 o JI
Colin bl g plac Wil (olewd sla Shg 5l (S g 02
5ol ol o2al S (s o ol iy b ol S iSI
iy V) ShUly Sladgo poigel g, 4 yhusd clale 50
ol sy (5975 9 ()5 (i9rhen i Alad oS> dbousgy
el bl o il 3 (Y Jods) 1508 (50510l , YU HCN
ol (B Jlainl ga8 | (655 lx st 4)) SB (g0
5 N @lio i & e g ) S opal polie (2lie

SIden 9 (2lesd (Kb (o SR S > (92958 03le Sy
Y game Mgl il g S (gudiols dany coles jo 9 S
(FY 9 ¥e) culord (3135 330 (5yliS

olals 3, Slos 548 jlrgn J13)90 )3 (o34m0 SLS)IS
S alibss 51 S 0 o (V) ais o)l5 el 5 Slhee yiul3l
- )l_ﬁ-%u )_:] ol 0l u,u)‘)f Sk d)..yda.ob 9 ol.; J)SLQ;
ol s(Y) S dhbuf)-’ﬁ 4(";) )1>9.u c_‘a)..a.n )‘.\.o.n L °L.‘5 D)S.LQL
blyd g (ol 5 Se3d) o] slo (S 5 sl 395y
S (Vo g Vo) il ald (ol oY slod g Jlrg g
Sl odle o an g b olie yolis ealatwl cubld § S5 )l
(V) ol e oIt bl ps g 5l g0 s ¢l oolizl 3,90
HS3ged (swyp oIS 9 LS A8 2 ) slagn p)S5kS 53 )5 V0
polae LS 3l ol SIS L;wloj » ) o)l 5 ol> .l
ki) ).) L%Jﬂbl_;ﬂ)b%()m).)& Yoo 9&’ 5\’);{)1:?.90

gie s3> pas g s3> 0 Jl oS Gl Slsme b el SB
20 Gl Ul ol 53,87 oy | (pasigel i) (S5
olS 3, See ISl 2 63 Jlgn 3 (Seyi 395 Hpax pas
Ol 81 oLeS 5y o <593 395 LS 53 oSl Ve joa>
a$ 3 o] 5l ol caliste Slallas gols (S8 jokas bl Iy e
2 e LS LS dgse 9 Gl s jlagm 318
= 0L Gl 0oy b ol coles g it SSK
V+) 29

Sl g LaagS §| Jols Lagm 5l olitl ys] clodlo 5
5 S jdol 5 (g e (Shy g cue iyl
i b bl 435 )18 Glpl )3 (e d297 3)90 (LS A8) d9u0
a5l ol g 313590 53 9SG o ploxl sl (o)
o an gl cplpls ool onis pll s Sal S ) di
g dsyro ;0 ol 5l auge edlatul pac g ol 4> At A5 oL Mg
o9 olaam gle (Shy » e Wy clod B 4 g L
93 53 0db g5 Aty A I Jols Jloge Sl (yp Baa L p5l
5@|&HL&M_ML)J)M9U)9)MD|)M¢ML5LAJ
W fl?u] CL.Q.\.:] ol BWJ)


www.SID.ir

DO L5y ilisie Zglamw 9 ilizio (Glod 90 30 oud g5 dmny AL L gy 51

a8ob o jl kS s atan A dgix L0l S5 2ae O & dlan
U wgamho a3 )3 50 (slod ) yhatio Ol b gt | o g glad
4 9 9 ool dlog & o SiS gl 13 b g 4 (e,
$xS oylas ub Jime olRialojl 4 olesnd 435 el jolate
2 aliy 9 b ()Jgis polis (65 0jlul g (LS sl wged
M58l a5l ool b ol 6)916"? laosls ()bl PUCSIEPHCS
0 Jlaisl a3 55 90jl L b :S5ke auslie 9 SAS

W rDl?U‘ o yd

SEpSohS S (o8 g DD N ko & i 4 Sy
S’ 90 e ) yind g (0)9] @ste Jl) (g0 polie b AL
03958 Lo yla 5 as Lajlows (sly (ooloiin zolaw b (lawsd
039 3l (o ol Caound 93 &1 3l 3)90 (19 3k ke 50
Sladises (s A 03938 a8 & (cuslS 51y axan ¥) A,
2 ey Ve Gde a0l D slajloy olyer 4 05 6liS 50 S
Cagby asbled e Jsb 43 g 0dslled wgunlw 453 YO (slod
SLE g B0 ()5S de 50 Cudyls Cusby s> > S
O e 3 g Jite by S 3D 4 g e belste laauaS g,
S5 3905 3l L g od azals” (VIroflay o3,) zlawl Hi sae V-

SB (lord 9 (K58 SS9 Ay -) Jg
Table 1. Selected physical and chemical properties of soil

(s219) S523 Sl (9215) 5329 Sl
Total nitrogen (%) Sand (%)
oolizl 6 jad 10 () oo 0
Available phosphorus(mg kg™) Clay (%)
ks 350 S el e =)
Potassium (mg kg'l) Soil texture Silty clay
s b g pSoylas b ol s6 (dS m™) (S cylun 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’lﬁ (S el 1.4 L):’l‘a’“f 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™
Wiy A ) logm (oliowsd B S 19 (S0 -T 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 Vi0) S Sl culan el 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

Cliigbe  @lilen il pe O CllE ok oaniliy e
Sources of Degrees of matter Nitrogen Phosphorus Potassium
changes freedom concentration concentration concentration
o E?I““’ ok *k *ok
Biochar level 2 1.28 11.54 7179.4
stbond 365 o #ok ] ) *%
Fertilizer levels 2 10.89 9 18.87 625.05
o 355 X Jlag ; .
Ul Biochar x 4 2.5 0.07™ 95.92
J5 o) fertilizer
First test = 8 0.14 0.24 29.52
Error
Cv 10.64 8.93 5.93
e 2 0.035™ 0.33" 3.16™ 10081.1"
iochar level
herd 355 zslaw *ok ) *
Fertilizer level 2 20.37 30.23 188.12
tlord 365 Jlegn
B} Biochar x 4 0.091™ 0.48™ 11.52™
pod Lialojl fertilizer
Second test = 8 0.26 0.25 40.25
Error
CvV 14.84 10.1 6.49

P<0.01 3 P<0.05 o 15 oo sinn 5 sl sino pis ;5o i 56 ¢
ns, *, ** not significant, significant at P<0.05 and P<0.01, respectively.
g )3 Fov g Voo (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 24203) 400 °C (slo3 )3 (Gdgi Jlrgm Tobaww 1093 La Lol
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
. ’~l~°

o 3.58A 3.67A 3.71A 3.65A
Mean

(P<0.05) sl o5 I3 sime coglis (il (Sl (y90] bl cditns S8 Ao By S5 (hyls Joao 20 1 &5 oo (1Sike 9 Sy wliie By O )b gt b sy o 3 a8 la L-):islﬁ/:si

"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 ;> (g sl gm T sbw 15l (s o]
fertilizer levels First test: biochar level prepared at 200 °c (% W)
Hwd g (3595% .

(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~°

o 321B 3.79A 3.9A 3.63A
Mean

(539 22,2) 400 °C 5lod ;> Sy sl gm Tokaws 1093 Liuloj]
Second test: biochar levels prepared at 400 °c (% W)
0 3 6

0 1.619 1.67° 1.88° 1.72B

80 4 15 3.63° 426" 4.29% 4.06A

150 430 4.44° 4.49® 4.61° 4.52A

oSl 3.23A 3.48A 3.59A 3.43A
Mean

(P<0.05) widly go5 o stae il sl (Sl g3l ool yt i Sars8 ailito By S s Jptr 20 )3 &5 o (:S5hee 5 S5 it o Sy gy gt b i)y 3 48 le Sk’
"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)

(st b 395 ol (539 223) 200 °c (5lo3 ;3 (5355 jlagms ke g Lo
fertilizer levels First test: biochar level prepared at 200 °c (% W)
b 9 (35950 .
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150 430 6.04° 7.66° 7.92° 721A
ol 4.24B 6.18A 6.22A 5.55A
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(39 22,3) 400 °C 5lod ;> Sy sl gm T okams 1093 iyl
Second test: biochar levels prepared at 400 °c (% W)
0 3 6
0 3.139 3.349 3.419 3.29C
80 415 3.55¢ 4.93° 5.20% 4.57B
150 430 6.04° 7.32° 7.36 6.91A
Ol 424B 521A 531A 4.92B
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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)

(stlond 395 Zobw (39 20 53) 200 °C (5lod 1> (Gudsi jlagm Zobaww 19l (yialo]
fertilizer levels First test: biochar level prepared at 200 °c (% W)
Hud g (3394 .
(S 0594 3 05 ko) 0 3 6 ol
(Nitrogen and phosphorus) Mean
(mg kg
0 65.16° 111.32° 124.5 100.32A
80 415 58.33¢ 107.5° 105.93° 90.59B
150 430 54.77¢ 89.53° 106.93° 83.74C
4 Sle
o 59.42C 102.78B 112.45A 91.55B
Mean
(39 202) 400 °C (53 ;5 Sudgi sl om ok 1093 LHiuloj]
Second test: biochar levels prepared at 400 °c (% W)
0 3 6
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(P<0.05) 13l o3 5l sime cglis (shyls 5S> g0l olal petind S wlie By o s Jodo oo )3 & ol (puSibe ¢ S5 alie s K gl (g b idy ya 3 a5 Sl O;j].:.a#

*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.

Keywords: Chemical composition, Fertilizer, Spinach yield
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