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Table 1. Some selected physical and chemical characteristics of the soil.
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. ellGT
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* CCE: calcium carbonates equivalent
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Table 2. Some properties of the produced biochars.
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Table 3. ANOVA results of measured parameters.
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Variety
44.47 0.74" 2908.1" 717.5" 15.59™ 58.1" 7 >
Fertilizer
24" 0.07" 591.9" 22.0° 1.46" 4" 7 25
VxF
o
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E
L
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* %% and ™ i.e. statistical significant at P. values 0.05 and 0.01 and not significant, respectively.
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Figure 1. SEM photos from surfaces of a. Wheat straw biochar, b. Fe impregnated wheat straw biochar,
c. Particleboard biochar and d. Fe impregnated Particleboard biochar.
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Figure 2. Interactive effect of variety and fertilizer on soil available Fe concentration after plant cutting
(Means for columns followed by the same letters are not significant at Lsd, P<0.05).

A



114 (1) 0 ko oV +) sl sl o3 g S pyte dy i

CYVTRS RTINS PR B PRC OO SO )
Gl 5 VL sk, ISS) (S Slo sas
by Jesle Gl et (2 S
pole Coyyda Al 5 Y Jads (SuslS dals
(5,5 Camexr Aoy D 2wy 5 (e
5o 0L Gl iash 53 sl ol 4 il S
oAl Osx (OY 570 XY OA Q) el sl oLl
Syl 5l ol Glp Gose ol i
JesAS Cole 5 et e Ay ASle olS s
3508 L ooy, e slanl LIl o (Y45 YY)
a3 5 Lapll s ol chle 5 el ol
5 il bl b iae Ll RalS WlS s,
5 IS L(EY) das o i3l 1 568 (S0 e S
Olpee &S Loy azed ol 4 (YorY) OLISKes
S Gl ol S s 35 A B e
O 5 J.OA) wil coglie oS i S
Lol o8 (Vv e) OLes 5 41,8 5 (Ye)0)
JEs 5 faa3dles 0o L (P Lse ol L))
LO8) (Ko sS gl 5 sl STk + i
AL S g3 Gae Ol Sl
S 93 b oy g 3L Rl e
A e Sl 1y elS N
(relS) 2lE joblie genl 3 (IS e 5
(D paeS jobe 5 3558 by hed (o
b (Kb Slo gt g 5 elles ) sbay
oS Al s psba S (S5 s
S wlys (V) OLes 5 oS () ol 33
Ol eSS Cb b Kl g e e 3 Sl eslinal
Sl 3wy a3 O & was Ll ) S
Ly Ghll G e i 53 5 olS T Lils) e
Forw Seae b(V) ssds olS Lol
Low o2pmny S 5 5 O3 Seaddls
SRV S WU GV NP S S PR F- I )

ot e SR (0) S 5 (1) s b

e

odal s 2 b elS s, et
Lo o2y 2 2 o o ol =Y e S50
0L e 3dB 0 o 55 1) gl o 5 A
P O5s oMe 5t s ls el b edigll
3 10 e 53 L (35 3 el
Ol a5 A edalie sal Losddplil paSols
oAl e S als S bl bl s
sldley O e il sl CL“;\ il
A S e s oAl b edsglsl e
S 035 5 5 O W)l s ame ) Esl
<=L;5)>.J.ZJAL26L>'-4.5¢.¢..JL{)MV_§));JA
O35 5 F O3 gl dals S 5 (6558 slajlas
Sl Bl s a5 el w3, 51 S bl B, S
Glaasli spp el pon3dls G Ol
L5 0ss s gl Ll Keal i oS s,
SARS ot b ellis o35 5o (pew3d O eas
iz osle ol 4:3}§ O se Ololu (,_5)4.3&;..“;
Moy Gl e 3dls Gran b Lsw o5 55 5o
sladl; 5 i el Rl Olpe Jg 5 S
G35 Sl St ol bedipll s
sladley Orae Ol Rl Loy edlipldl
oS iz osle 5 Shes ol L R )
oS it 03y Ll Kl Js 55 1y i3l
ol boolls SIS iy Gime L
Coge (OLsE s gladles o3 oha) 5 e
TV 0L 5 Glae), mli bl cpl 288
S s &AT SgnS 4o g L (E) clils callas
Sole el p il (O Jsas) Salesl sy
s S G pae L 4 Al onisa ol
S a e (Y JSC5) Al Lo pLsl o35
(K)ol sl glaetls s s
AL S Sl 53 A slaatle il
52 ORI ol s A8l ol el Sl S e

oAl el 3 o dle Wl s IS lasles



O)e2 g 0315 JJB WM

Goae bl 31.(YA 5 10) Wb o a5l olS
il 2alS s LTS il S s e 3de
(V'\V) Q\)&M 9 w).l:.: Sl JU& rp\.&
k_A.QL! csj.: olS J:M'{JJL‘;) &Jf,a.d .,L:JJS U:"J‘J§
(0) A5 sl A gy Ay il

Al e Sl olS i

100
%3’580
4 = 60
2%
5 B 40
sO==
20
0
< < 4@

sbles a8 Wl
23 berdn S L o 3dles byl 5 25
YA 5V R e co e Sl S (S
oY (00) s 8 ol S S 05 5 Ao
Seslial Ll 58 (Y WV) OLSes

olis (Ye10) Oles s

e 3l Loelan 5 pled 4 SIS e 3dleS
s oIS ek s Bl S g i csl
OLes 5 OLSY L(YA) Ko dals Sl 4 cond
Lals EolS (YY) 0l 5 5,86 5 (Y4IA)

N

v N
R
Q@

T kY
S35 sbales

Fertilizer treartments

B- .., 5 Wiliams

B _ L. 5 Saman

= 35
)
a5 = 30
) . a
i \if 25 b f o cde be de pebed
hE 20
% 2 15
v o
ES- T
5 b
NS -
o9
0
@ S Q \ v > A\ v
& \&‘b @‘b < §QJ ’\Q‘b
P % <Y <Y
< <
Fertilizer treartments

12 1 B Wiliams - ks 23, B Saman -Jwlw & e
:}' = 107 a N 2
a4 2 8 b b
92 & cd cd cd cd be ¢
o= 6 ef ef de
o fof
g 4
El
28 2]

04

5 Q& R > D
¥ EFEE TS S
S ¢«
@55 sl

Fertilizer tratments

o 53 L0 s (555 Alie D b sLapSile) S 055~ s 5 Do —o il D s sS g 0B, bl S S

(s ,l5 o2s LSD 5%

Figure 3. Interactive effect of variety and fertilizer on A. height, B. Fresh and C. dry weights (Means for
columns followed by the same letters are not significantly different at Lsd, P=0.05).
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Abstract

Background and Objectives: Biochar is a carbon-rich product which is produced using pyrolysis of
carbon-containing organic residues under anaerobic or oxygen-limited conditions. Due to unique
properties such as high organic carbon, specific surface area and cation exchange capacity,
application of biochar leads to increase in adsorption and holding capacity of water and nutrients.
This, in turn, results in improved soil fertility. The aim of this study was to investigate the effect of
iron impregnated biochr on iron uptake and growth of soybean grown in calcareous soil.

Materials and Methods: An iron deficient calcareous soil (0-30 cm) was collected from east of
Golestan province and after air drying, it was passed through a 2 mm sieve. Two types of biochar
were produced from wheat straw and particleboard (at 300 °C) and impregnated with iron sulfate
(Fe;S0O4.7H,0). A pot experiment was conducted as a factorial arrangement in a completely
randomized design with four replications. Factors were biochars (wheat straw biochar (WB) and
particleboard biochars (PB) with 2.5% w/w), iron impregnated biochars (Fe impregnated wheat
straw biochar 2.5% w/w (Fe- IWB1) and 5% w/w (Fe-IWB2), 2.5% w/w (Fe-IPB1) and 5% w/w
(Fe-IPB2) Fe impregnated particleboards, Fe-Sequestrene (S) and control (C) and two Soybean
cultivars (Williams and Saman). The sown pots were maintained in field capacity by weighing
method for 12 weeks. Then, height, fresh and dry weights, total iron concentration and uptake of
shoot and soil available iron contents were determined after the harvest.

Results: The application of Fe impregnated biochar increased iron availability in the soil. Also,
SEM images showed that iron was adsorbed or accumulated on biochars surfaces. Height, fresh and
dry weights of both soybean cultivars in Fe impregnated biochars were significantly higher than
those of bichars and control treatments (P<0.01), but there were no significant differences among
them with treatment Fe- Sequestrene. Furthermore, with the application of Fe impregnated biochars,
the iron concentration and uptake number of shoots in both soybean cultivars increased significantly
compared to control and non-impregnated biochars treatments (P<0.01). Cultivars responses to Fe
impregnated biochars showed that shoot dry weight and iron uptake of the Saman variety were
significantly higher than those of Williams variety in both levels of Fe impregnated biochars.

Conclusion: The application of Fe impregnated biochar in calcareous soils with iron chlorosis
increased iron availability. Therefore, in addition to improving the physical, chemical and biological
properties of soil, Fe impregnated biochars like Fe-Sequestrene can effectively remove the iron
deficiency of the plant.
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