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Background and Objectives: Zinc is an essential micronutrient that is
necessary for healthy plant growth and enzyme activity. Zinc deficiency
occurs in most cereal cultivation lands. On the other hand, nutrient-rich
biochars are deemed by researchers to improve nutrient use efficiency and
plant growth. Biochars have high nutrient uptake capability. However, a
limited number of studies have been done on their application as a nutrient
carrier in organic-inorganic composite synthesis. Therefore, the present
study was done to investigate the efficiency of zinc-enriched biochar
pellets using two pre-pyrolysis and post- pyrolysis methods, and their
effect on some vegetative characteristics, yield components and zinc
availability in wheat.

Materials and Methods: Soil with zinc deficiency was collected from
0-30 cm depth under arable lands of Seyed Abad located in Azadshahr
township, Golestan Province, Iran. To achieve the objectives of this study,
a factorial experiment in a completely randomized design with three
replications and 18 treatments (54 pots in total) was performed in the
greenhouse of Gorgan University of Agricultural Sciences and Natural
Resources. Factors included three types of zinc fertilizers (zinc sulphate,
zinc-rich biochar prepared using pre-pyrolysis and post-pyrolysis methods)
in three levels (0, 10 and 20 mg/kg zinc) and foliar spraying (distilled water
and 3:1000 zinc). Zinc foliar spraying was done during the 6-10 leaf stage
in the early hours of the morning before sunrise. Irrigation and weeding
operations were performed manually. At the end of the growing period
(vegetative and reproductive), vegetative characteristics and yield components
including plant fresh and dry weights (at two stages of flag leaf emergence
and seed maturity, plant height (at two stages of flag leaf emergence and
seed maturity, plant height), leaf number, stem diameter, spike length, 1000
grain weight and zinc concentration in grains were measured and then,
biological yield and harvest index were determined.

Results: Based on the results, the interaction of type and level of
treatments was significant on all the studied traits at P<0.01, except for leaf
number. Comparison of means showed that the highest plant dry weight
(2.60 g/pot), height (96.66 cm), spike length (13.36 cm) and stem diameter
(3.5 cm) were related to post-pyrolysis biochar pellet at 20 mg/kg and zinc
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sulphate foliar spraying. These values were higher than the pre-pyrolysis
biochar pellet at 20 mg/kg and zinc sulphate foliar spraying treatment by
5.38, 0.7, 3.96 and 8 percent, respectively. Post-pyrolysis biochar pellet at
20 mg/kg and zinc sulphate foliar spraying treatment had the highest
biological yield and harvest index with an average of 4.5 and 42.37% shoot
dry weight, respectively, which was due to the high values of shoot dry
weight (2.60), zinc concentration in grains (69.66 mg/kg) and 1000 grain
weight (50.03 g).

Conclusion: Overall, the results indicate the positive role of biochar-zinc
composites in the improvement of wheat growth characteristics and yield
components. It may be concluded that post-pyrolysis biochar pellet at 20
mg/kg and zinc sulphate foliar spraying treatment had the highest effect on
wheat vegetative growth and yield components.
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Table 1. Some physico-chemical properties of soil used in the experiment.
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-3
a < N4 s 3 (<3} c . é
— =z = = O LL N o S %) o - _
£ = £ = = & s ) s = O Wm S S
° 5] 2 5 5] o S © i =
~ = ~ = = ‘8 195}
o g
£ .3 =
2 © g < g
S
8 Q 8 I —~ e
0 S S 3 s 0 =] N v g oSF)
=} 2 e o < © S ~ ! o 4 g .
& ~ S - L Biomass
(92
© ~ 7S] 0
< o 98 = & S e | S @ o s
=1 3 a o r~ ) o Q &) N © .
el © ® — ‘-1 © 2 = Biochar
, , , , , | 3 | e & = o Aot b <k
© o S ™ Pelletized Pre-pyrolysis biochar
< — . -
| | | | | | 8 | 8 3 g ’:' Hamors S <k
- o < ™ Pelletized Post-pyrolysis biochar

\a



1508 5 S pmiges i | o 005 i (it JED) g 3 (oSls Jsbe 7

dops Yo LB G S slb sbols
J= 5 @) 3,8 5 s 1) Oler (55,5lS s>
5,08 Sleslinal L S s (g, 3508 K0 058
sl by ASL g el (See oS
ol cele bl Sl g SlS S
35 laghlal 53 018 et (8Y) ol wi
5o 4 Sy s 28 &S Lk 4 ol 4
el Lol olg 58 5 Lalds 5 Sk
Yozl &5 (6F) sl ok 5 Shas Syl il 53l
sossm 5 S W35S 5 sy e U s e
S oy pd il e (AA) wl Sl Jsul
Fo g Olsee 2l corge Jd5 IS Ol 01531
380 5 S el A5 Corge gl pl S 0l
A SHIAA S Sb Sl e S Sk
s 80es ol ot 52 5 AS e Sl Jd IS
(Y18) 0L 5 6555 (88) das o il bl |y
50,8 5 6 OIS ALk s 0
S A IS eaS LB s See gl
5 il e o cilies glajles 2bd sl
38es i e S Shpen AU
S Ad S s rjf}gs YVAAY lide b G5 e) g
(80) by SLis 1y Ao, YV i lsl el & s
Sl Gl gt parle WS S S 055
O35 oS usb @ 50 g 3 Sas 5 A,
See a3 elS LK skasils pYL e
ol L3y Jl s slapltl & OF Jl)l 5 (8 53
o olS o Shas R Eel b (£
s Ol boosh e S Shs sse
S g ole sl OF Jls pohaw 53 S
Ol sl Wlokd ol olant] &y
ozl 4 355 o bl 5 Ko dham 5 aady

03,5 338 Slrge O 4 mee sladds) 35 0

v

4 e Lol el SES 5 5 05
5 g5 b S e (F Jad) bl a5
A s seor e sboled ke m sk
53 8 alsmell it 5 5 055 ol bl
2 kS oS by A e e b Al e
Al s pme P<e/0Y) w0 Jlaxd —
0L sz 3550 Slsles 3 sla Sile anslie
ol el oy beds 8 laslrse oy ol
SMie op 5t (8 Jad) KaS A S 6lS 5 055
Jpame S35 o peb e 3 5 035
SOS s S 888 SN o Sle L oS e
RopSske VSRl L st ok ks
Ao Sh s o GHdske Lol as o SLS
Loolen o S5hS 5 p Sk Yoo Bl L
53 01l DRSS 3 dol s 4 G5, 2L sl
(8 doar) 50 als Jled @ by d e 5o
ool s g bl sboSle vl m
ol S 055 bl Sl il
s DL gl el sdd el OLE (8 s 53
Ao 53 alps ol S 055 s S
e OIS L3 S YA S0l b b
eSS Sk VR L e S
e 6 Ll s 0 BLd e Lol s (555
S e VBl b s e o Dl
oSk b e b oolen g5y oSS
Loss YOV dolas L5150 OIS 5 6 8 YV E
gl Sl O3y e P e e Ll
05 Y oS0l b olS cudls a5 alse
b sdsmom sbram b Sl 4 by OIS
Loolen sy pS5hS 2 pSke Trochle
VAT 580ke b ke 0 565 5 S5 2hd o

(8 Jsar) s als Jled @ by e OIS 55 p S



VLYY a)h».fs NE D)sbc)l..\g“g:.\gfsdl&%ﬁ.\n 4?.)'“‘”

SLS 5 Shae slad slasS Sl ple eslicad
5 stk gl Shy sl cle ol ol
23> SraeaS ol ul Aoy 5 S pled
oo g aile (EA) dos o LalS 55 Les S
2 oG Sl Gaae A ey s (Y0)Q)
o5 Bl s Olexr 3, 06 S a5 Shes
Sy el g SRlBl LS A S ol LS
s 3 eSS £ e o 5 2l Rl pS
Er o T Ll G e e ) el AT
Sbgme Csls oy Sl S s 0 SLS
robe Lol pen Dl B pae (E3) 2L s
el S G Sy Bl el G aseS
P il st sla Shs 25 5 M olis
23 3gm s oA ole LayuS slassS 55l s olS
ol Carge 53 S i Vb Sl w1, S
AL L glas s (00) Wsd e s Shes
oS bl 53 Ly S ke e ole (gsss0e
Ul o Shes (RIS 5 osdle 5 s e 1A
el sl el LD 5 Grme LIS
S s 2B SR s e
Loalie o3 S 55 03558 ol bl

(0V) sl ods 55058 Jgeme slas S
Laosls uilisls s bl alul 5 18 5 slas
2> S M 350 sl e S
The 2 ibdle g5 5 638 pske L S
53 ol Ad b e P</Y)) dons K s
o gan # 58 Glajled Jline Jl S ol -

(0 Jsdor) 42 s jmn (2L skoes ¢ 5

YA

(1) OLen 5 o obol oan il
O35 oSle Slrge Sl elinl S LS 18
Sl il Di VWA VA sl S
Aoy A el L b oaslis o aly) 5 Ses
boks slass s o 31 (V) 2 Sk
QLS sdie slse (ol odle Llrsm 2 e
S b e ol WS xSRBSk
Cugby Bis NI S Sl (el DS
Mrsm g e LodS gl s (19) W S
e Kl e Jelsie Sl g ok e s 4
23 e sl e Vb wel (St

08) L5 Sl
ol O Sy Waasls bl w528 s 1plis,
Aaedd bbby e Fslu 5 S
oseb Al e 53 a s oS gl Lol bl
S dlel mhae g3 puS oS il s ez
alie (V' Jodr) Ad s gwe (P<e/0Y)) ws s
A4S 303 OLES e 3550 Sl (ks
AT o S0n b oy 56b o 53 oS sl
Voo chle b s mote Dlrse S les 4 by
35 S50 sl bolan o SIS e S s
53 olS il e o 5 ke s (8 Js0)
4 b el AV GSke L il Al s
eSS oS Vo ol b sdsmom S sl
S ol bk a os 3 sheee Lol s 6,
eSS e S ke T CBE L s n e s
S ele A1 G80le L 55 Al b ol e

(8 Jsd) Cll gols gme Dl (g bl Llsd



1508 5 S pmiges i | o 005 i (it JED) g 3 (oSls Jsbe 7

A gy s S S 5 B g ek Sy Lol A a5 658 0,0 ST sl e oY s
Table 3. Analysis of variance of the effect of application type and different levels of Pelletized biochars on some
of growth parameters of wheat.
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", * and ** are non-significant, significant P<0.05 and P<0.01, respectively
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Table 4. Mean comparisons of the effect of application type and different levels of Pelletized biochars on some
of growth parameters of wheat.
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Continue Table 4.
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Means followed with the same letters in each column are not significant at P<0.05
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Table 5. Analysis of the effect of using different types and levels of Pelletized biochars on the parameters of
stem diameter, Cluster length, thousand seed weight, harvest index and biological performance of wheaet
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Table 6. Mean comparisons of the effect of application type and different levels of Pelletized biochars on yield
components and Zn concentration of wheat.
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