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Abstract

Introduction: When the supply of micronutrients needed by the plant is insufficient, not only the
yield of the product but also the quality of plant products are affected. Application of organic
amendments is one of the ways to increase the nutrients such as zinc uptake by plants for.
Biochar can be used as a raw material for the preparation and synthesis of mineral or metal
composites due to its high specific surface area, porous structure and oxygen bonding groups on
its surface. In these composites, biochar is used as a good porous structure to support and host
metals. Biochar can have a significant impact on soil properties, the availability of nutrients, and
the dynamics of the nutrients in arid and semi-arid soils. Very limited studies have examined
biochar use as a nutrient carrier in the synthesis of organic-mineral compounds. 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 physiological traits
(chlorophyll a, b and total) and bioavailability of zinc in soil and plant.

Methods and Materials A 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-1 soil) 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), some physiological traits (chlorophyll a, b,
total and carotenoid), concentration and zinc uptake in shoots in the two stages of flag leaf
emergence and seed maturity, and available concentration of zinc in the soil after wheat plant
harvest were measured. The statistical results of the data were analyzed using SAS software and
LSD test (at 5% level) was used for comparing the mean values.
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Results and Discussion: Based on the results, the interaction of type and levels of treatments
was significant on all the studied traits at P<0.01, except for carotenoid. The means comparison
showed that both zinc-enriched biochar pellets and zinc sulfate increased physiological traits in
wheat plants. The highest amount of chlorophyll a, b, and total was obtained with an average of
4.99, 3.36, and 8.35 mg g-1 of fresh weight of the plant from the treatment of a pre-pyrolysis
pellet with a concentration of 20 mg kg-1 with zinc sulfate foliar spraying, respectively. The
highest zinc uptake in both the flag leaf emergence and seed maturity stages was obtained with an
average of 120.33 and 86.62 mg kg-1 of dry weight of the plant from the pre and post-pyrolysis
pellet treatment with a concentration of 20 mg/kg with zinc sulfate foliar spraying, which had an
increase of 20 mg kg-1 of zinc sulfate foliar spraying, respectively, equivalent to 27.69% and
30%. The pre-pyrolysis pellet treatment with 20 mg kg-1 zinc and zinc sulfate foliar spraying
gave the most zinc extracted with DTPA, at an average of 3.41 mg kg-1. This was compared to
the 10 mg kg-1 and 0 mg kg-1 pre-pyrolysis biochar pellet treatments, which gave an average of
2.39 mg kg-1 and 0.92 mg kg-1, respectively, equivalent to 29.91% and 73.02%. The amount of
DTPA extractable Zn with the amount of chlorophyll a (r = 0.87**), chlorophyll b (r = 0.81*%),
total chlorophyll (r = 0.87**), and carotenoids (r = 0.89**) had a positive and significant
correlation. The results showed that between DTPA extractable Zn with zinc concentration (r =
0.91**) and zinc uptake (r = 0.90**) in the stage of flag emergence and zinc concentration (r =
0.87**) and zinc uptake (r = 0.86**) in the stage of seed maturity in the wheat plant, there was a
positive and significant correlation.

Conclusions: In general, the results showed that the positive role of biochar-zinc pellets in
increasing the concentration and zinc uptake in wheat plants. Nevertheless, supplemental zinc
foliar application with biochar pellets rich in zinc in the amount of 20 mg kg-1 soil in the form of
post-pyrolysis had the greatest effect on the physiological characteristics and Zn bioavailability
for wheat plants.
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Table (3) Analysis of variance of the effect of application type and different levels of Pelletized

biochars on some physiological traits of wheat

MS ol e o Sibe
Ol s c.:.a 3131 amys a J—;}}f b Jv}},lf Jf‘)t’ﬁfk{ v\-;ﬂj)lf
S.0.v df Total ) .
(Choloropyll a) (Choloropyll b) (Carotenoid)
(Choloropyll
[CE3) C“"’ ok *k *k ok
. 2 0.08 0.48 0.96 111.93
(Source of Zinc)
c= 2 1.147 2.237 6.57" 817.68™
(Level)
S dsl g g o . - -
. . 1 0.35 3.03 5.47 517.05
(Foliar Sprying Type)
CE—”*&J) fad o . - *k
(Source of Zn *Level) 4 0.02 0.16 03 28.48
Ny SIS
Source of Zn*Foliar ) 2 0.02™ 0.15™ 0.07™ 8.03"
(Sprying Type
L;:"LL lea.e Cy’e}e cl:.ﬂ
Level* Foliar Sprying ) 2 0.04™ 06" 0.92” 1117
(Type
s Jloen g mlant g ) e
Source of Zn ) . x o ns
) . 4 0.01 0.6 0.03 1.16
*Level*Foliar Sprying
(Type
o
36 0.002 0.02 0.02 0.33
(Eron)
CV) o o5 s, 1.04 6.43 2.32 1.83

Al g0 oo y3 o 5 S ez o 53 (5 lsbine 5 (5 lskine b i 3 gk NS
ns, * 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
physiological traits of wheat

Sles b s
A Jss 8 - = JSdsa
(Treatment) _ 56055 p S 2p St s @
D3pS reS k) e 036 055 p 5 e S k)
. N . (:Lf 03U T (oLf
e = e Ch I' : 1l Choloropyll b Tot ICh“I 1l
(Source of Zinc) (Level)  (Foliar Sprying Type) oloropyll a (mgg™h otal Lholoropy
(mg g™) (mg g™)
i T 4 4
s 4,330 1.92 6.26"
0 Distilled Water
" _
Cen 4.41% 1.947 6.36"
Foliar sprying with Zinc
e T
. | 4.44° 2.08° 6.52"
S Oy 10 Distilled Water
Zinc Sulfate . S g«b J}J.» . 4.80 2 49° 7.3
Foliar sprying with Zinc
i o1
. ’h“ ' 4.6° 2.14° 6.74"
20 Distilled Water
3,
el 4,844 2.5° 7.35°
Foliar sprying with Zinc
i o1 ] ;
s 4,34 1.90" 6.24'
0 Distilled Water
L .
Sephde 4.39"" 1.01° 6.30"
Foliar sprying with Zinc
i o1
- R 4.80% 2.24% 7.05%
Sk S i 10 Distilled Water
. i 5\,
Pre-Pyrolysis _ 3 @J}lm _ 4895 3162 8.06
Foliar sprying with Zinc
20 T
R 4,85 2.45% 7.31%
20 Distilled Water
5\,
stk 4.99* 3.36° 8.35°
Foliar sprying with Zinc
T _ _
s 4.30 191 6.21'
0 Distilled Water
" _ _
e 433" 2.06°" 6.4"
Foliar sprying with Zinc
e o1
_ R 45° 2.14¢f 6.70
Sl 8 10 Distilled Water
. i 3\,
Post-Pyrolysis _ S < d)l_m . 4.86™ 268° 7.5¢
Foliar sprying with Zinc
e o1
o 477 2.14° 6.92°f
20 Distilled Water
5
92 s Jobe 4.92% 3.08 8.01°

Foliar sprying with Zinc

Dol 2053 0 Jlaz | pelan 55 (5 plsline U3 oo ST s oS 2 O3 G Jil 511 (sl o Sibe <02 p )

In each column, Means followed with at least one the same letter are not significantly different ( P<0.05)
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1 Koushki et al.
2- Adejumo et al.
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Table (5) Analysis of variance of the effect of application type and different levels of Pelletized

biochars on Zn concentration in plant and soil

MS ey o SKike
[8Y] Cd> [RY| ol
. " eIl s, bl O GpmE O e Al s
“r 3 ¢l g, ke depo 3 gl s 2l
Ol pte ‘ s Ao 02 2l o Lo
T e ol dls S 0T 4l (S DTPA
S.0.V .
df Zn - Zn uptake in Zn 7n
concentration in A A Shoot at ﬂag extracted
shoot at flag leaf ~ CONCENtration in leaf uptake in with
emergence stage ;Z?S:ift z'faede emergence shoot at seed DTPA
y stag stage maturity stage
S o o o o o
. 2 236.95 89.35 1796 614.95 1.16
(Source of Zinc)
2 1744.33 902.35 17889 6877.15 12.44
(Level)
b e p g o - o . o
. . 1 1261.69 888.16 8182 6477.14 6.69
(Foliar Sprying Type)
ch’di:%ts‘j) c““ Kk *k *k *k Kk
(Source of Zinc*Level) 4 63.088 29.26 502.76 248.23 0.58
St S e 448" 285 2414 251,32 0.11"
(Source of Zinc*Foliar Sprying Type)) ' ' ' ' '
W 53 wox s *x Hox *
A e % e 2 234.23 165.50 1824 1292.94 0.1
(Level™ Foliar Sprying Type)
b Jhos gl g5, pte
(Source of Zinc*Level* Foliar ) 4 3.707 10.58™ 10.81" 77.69” 0.12"
Sprying Type
o
36 0.71 1.18 3.52 6.14 0.02
Eror
Ol ol o o
j:V . 2.8 5.63 3.07 5.86 10.07

Al e Aoy T8 ¢SS Jlaz| ck.u 3 Solslas g (ylolime & (S Sa 9w (NS

ns, * and ** are non-significant, significant P<0.05 and P<0.01, respectively

“ e Yo e L ISL St gy e 4 by
& s & 3 535 sl b olen 5SS
5B ey Sl ok SIS e S ke Y e
j.p? e YNSP S PN (Sila b 5w Sy MW g

Aoy VISR VI | sk (150 L5 4 o5 kS

Sl or o Ol gy s e T sl il
GAIA el oy Mg a5 b oS (2 Glaslr s
do o 53 p 3 08 WS lon il (55) o 5 e
Qﬁbd}iﬁfdleﬁqﬁwbxwla)ﬁﬂjxﬁ

e XA oS ko0 (Sl om s g 0 53 555



AN

\FoW thﬁ) cfa)Lo.i v A.l:- (‘_g)'”l.;:S ’,4..1.9 Alm) 69‘)) kf“\"é"

Sy 5 slasles S LS 3HIF a5 55y Ol
W5 5 k) o s @ (gled 35 5 (555 45T
s o il ST Jgowe JT oy S sl y Slout 5
5.8 I o s b ShaS S L LS 5 ol
e 03 () 355 0 JT LS 5 Lods WSS (655 6o
Tl ST s 53 (1Y) OIS 5 Jte (5 b
2 M jole gl el s S Ba) @l
L glsn ohl (555 Jie o fh o sl 0l 1S oS
doys D Jlad & Ly p SAS 0 8 WY Kl
g g 23 0 Hled 4 L 55 Gkl Sl
YYNXS 5 WIYF L dslee Sl 3l OS5 4 Jsams 5 sk
s Skl o Sl s 555 s T (V1) Csls ds s
Soonl s gl jolie OUAS Jo 1) (Jseme 5 (glonl i
oS oo ol 5 S e O T 5 ey OB
s s ragy ool b o L3S 3IE s e
S o Oy 2z Slsled 1 sl S aeslis
- e ¥ SO L olS s o e 3 59y e
o pSAS e S ke ¥ e a by SAS 408
23 S5 (3 Jgome bl o HTL Sy s
Sk 505 p S AS e S e Sl L oleT L
5 A (g lakan D VPP Sl b S L Sty
sy dald jled 4 by V) oKl L 0T Jldie oy 28
e oy ey 8 ol OT I (S ol piomen (¢ Jsuter)
08 ke MFIFY 80 L olS uls y do o )3 (65
o S Skl a oS oS 05y pSAS
“gme b olyen ST, 0 8 e Yo ke L3S S
S s 0SS 1 8 e ¥ Sl 4 S S (555 (5L
Rl 55 4 ay Mg 5 SILE o
Sl Bl s 0350 SAS 05 n 70/ 5A /R
e b 0T e oy 2aS™ 5 Sl o y3¥s sV/AV L Jslae
s 4 by ol s 055 p SAS 5 0 8 e WP
o S5 3pH 53k o JTesle Jldis (F Jdr) 55 dals

Vil 5 b sl o ZN ol plns ) 5 ST IS SE

e S S OT ) (Sl ol impan (7 sr) il
033 ¢ 5 AS 2 08 G WY e L OT e it
Yo Sl L Ea S ol b s 4ol ST
4 i 6 35 535 M slome Lo n p SAS 0 8 e
5 SIUE g Sl p SAS 0 B ke Ve s
VNS e b5 B e b s (55 A
b Jslas 2l 31 ol8 oS 035 p SS7 5 8 Ao AV 5
SSoke b 0T e o 7aS (Culs doys YV/SR 5 VF/A
s 4 Loy e oS s 059 p S AS 0 8 o YOND
S bl 2le3T 5550 ST (7 ) 55 s
(FV) (STl p ST 1 p 8 o V) ST 53 (555 300
352 DTPA L (5 So)lae B (555 Lds 35S Sl
P35 S5 63 3 (5 s S Dol LL() Jgur)
Sl 3 Job 08 35 5L 5 ed ST s
55k e PH 35 g0 o s B 555 I oo
ot p S s ge 558 > S JT 8 Chl
- P A o 1 ST e 53 5 g0 gME ls
e Yzl (65, L oks 2 o sy b 51.(YQ) s
Lol oo ST PH. Jydws Eoly (770 F) ool a3l
Voo &S gyy) S ST pH Uty p 2alS L
JB sy SMEe (P4 e s (FV) b o (NIBH
o SBESer 5 WSEPH ol 558 e ST s
adlate )3 (G5 (g fund b fslime Sl ST 5 4y ) 5 ST
Gldgy Dt e 4 8 68 4 (FY) 25l s,
DS s Tk i o9 S glal e 5 Ol
25 by ol ) Sl &S os g 5 5V LIS jhuy
3 o83 olE gy ailaie 53 Jgloee JT S 5PH
By 3 0 5,8 )5 ST cov S s ote
ol 5 0 gl deST 5 05 OIS dlaly 4 (lady ) S 5
2 e J&E 5 G = o voderly ioder (L Ll 0
war 03 (T Oes 5 e s o 1) &S
Sas S 5 6oy DMsw 5 oy AST 3 56 3G
5 ble b T Soan 5 S Jone 36 5 (555 gl



FAY

s G bedd 2l sm el 5 58 5B 0L 5 Sl s

5 dsbes ZN Hldde J ST L eode (sla)l8 g 5l bl oy
QLAL:?)'L:S 354020 J::L”JJ oS ek Sl s 32N
ot s 5 8y e (gla S lae 51
gl 2 ) (S DTPA & 555 0 oslinl <ST6-ZN
SIS S L dacST Calibes g1l )3 o ol LnoutiS”
Sl 5 AE i Lo g S I ZN e 2
Sl ) A4S e (gleans 1y LS glaady ; Law 57N
2ol Olrg b odd Dl S s ole CBi
A 6 NG (s ) o 5> pobe OT anl 3
PH =% o ST glad 5 (K3 s S35 s e
G 5 456 3 @S LIS Jlse M S
bl B 5y Sl ) asl g9 S slac Il
(s 3959 3 (U S s b ek e 55 DTPA
Gy 1ol g S ol oo sl ST 4 o 517N
BB say Sae Jmlpl LN 5 Wlg e 55 2N (Gilula,
3 eds ST CU 5 Fe Jts (ol 3L DTPA L ) e
5T JTesle bl digy ZN Wl5 o sl s sk
5o S M) das BB ST e BBZN c bl
an (Ao )3 ¥ 5V) (G35 e 93 (1 53 (T119) O
a3 Drr 5 ¥ (Yer) a5k S cles 45 Ll &
2 Sas o8P bl glad s e (sl
@',.u,;v)\thﬁsxb;j,\fugATéuafu
Sl ey el o3 Yo (los 53 0dd US55 Sl s
DTPA gl el BB (535 sboss YA 5 Yo/F 2l 3l
doy3 V3 \ 7o Codlys ol LS dald lag 4 o
S e a3 00 Glos 53 0l U5 (Sla sl
Lz el BB (5, e (shoys V1/) 5 Y 2alS” sl
bglpd BB sy olBl s T (f) s DTPA
odd A g o 53,1, 51,5 ¢S au il 2alST|, DTPA
FAF S ple & S b 3 Yoo (glos 5

.43:;

s 3 O jr S 4 0 0393 3150 9 ST (gl ol LZN
3 50 o 1y QLS Law g OT ol Sl 5 anl 5
b 2Se ) aed ST b LYl el g (YF) as
o Calibee gl 5 (S350 ol b 3)ls STl (gl
b ol goal il Wp Sk Sl & Oy
S 1 LS b @S (ol spe b s I
34l o pae Sl (San Kos o b 1Y) aST
b ol (glaos 55 Joiune Sl 5 Voo ek
2 gl ol ) ST (g9 06 M8 jole oL
ST 515 QW PH Joe A5l sy Zn el p s
S 3l g )8 Cute gl ol gy ST 55 5 e
OKen 5 oo S ) Sl ok 31 F 2t sl (gla
oo gualp S oL g yp 03 (0T
ol glales 3 eld g e S LS B M2
YU CEC 5 b PH 2305 e 4 (Logmdor 4y Yo
"t 6303 AT e 8 o5 ol el p 51 sl
O LS il 3l s @S CEC 2l 31.01Y) 5
"t S 3 AT Gl 0 pb e S gy L8 G
VLS 513 eslizal B gla S 53 i il g
DTPA b ool gl Friwl (59 wdalé

o3l D fTwa B dgr) bl 4 25 b4 a5 L
Tl 03) st 20sn Slaled altes o 5 (65, e
o 53 BT Bl il oo 5 (P<O.0DA0,5 S Jlaz!
DTPA L e o il (635 b (P<0.05) 43 0 Jbo!
Coa 5 g5 e 1 GlaoSile alie b A5 lsbae
FDTPAL el #l il (555 ey ol 5 Sy Caliies
e o ey 13 OLES gl ol ki 03l O3 (7 Jgobr) 3
2 oS ke YRV oKile L DTPA L add ol gl s
2R ke Yo Bl b IS 8y o s Sl SLS
4 i 8 ol sy (B e b ol jen (535 p S AS
e s b 0y 0 SAS 08 e o 5Vt s
3R e b 55 s b olyer SISLE
VoY 5 YUAY Uslae (2l 3l o SAS 5 0 8 L +/AY



FAY

\FoW Ql:.««.ﬂ) cfa)u v .LL>- (‘_g)'”l.;:.f ’,‘..l.o 4.1») 69‘)) ‘_gw.l...é.n

S g ols 50 89y cdald 9 o oy S sl g Lalicke Zataw 9 £45 3 il ST S Sl 4w lio (1) 9o
Table (6) Mean comparisons of the effect of application type and different levels of Pelletized biochars
on Zn concentration in plant and soil

Treatment ,L.s
. NP 1) 9y o
@l el s lm ol gy, ale fexs palp e ol
A e s - P A3 ol = e
el 43 (S d> 0 53 &Iy (S ey d> 0 DTPAL
Sao & il Jglos ¢ 5 i . Zn Uptake in .
& eng = & concentration 20— 7 ¢oncentration shoot at flag leaf  Zn Uptake in shoot
Source of Level Foliar Sprying in shoot at flag in shoot at seed 9 at seed maturity Zn extracted
Zinc Type leaf emergence maturity stage emergence stage stage with DTPA
stage
mg kg™ dry) mg kg™
. mg kg™h (mg kg* dry plant)
mg kg™ 95 (plant 9K e
2 T .
| 18.33™ 11 25.15" 20.72 0.38"
Distilled Water
0 S35 Bl Jn
Foliar sprying with 19.56¢ 121 28.28' 23.281 19
Zinc
2 T " .
s 20.66 130 35.88* 2557 1.069
Gay Distilled Water
0 E 10 635 b Jgloen
. 3. 3
Zinc Sulfate ar sorying wi 34.66' 23.66° 76.28' 52.89° 148"
Foliar sprying with . . J . -
Zinc
2 T . .
) ’J‘“ : 27.33' 15.33%" 55.21! 32,559 2.03°
Distilled Water
20 S35 3 Jolos
Foliar sprying with 38.66° 27% 87¢ 60.63¢ 2.63°
Zinc
i T )
) ’J“‘ : 18" 10.66* 25.33™ 19.33 0.33"
Distilled Water
0 S35 Bl e
Foliar sprying with 19.33" 121 26™ 21k 0.929
Zinc
i T
CLE ) ’]“‘ - 32.88° 18.661 66.43" 39.93f 1.74°
LS Distilled Water
Pre- 10 S35 G dsbe )
Pyrolysis Foliar sprying with 45.66° 28.33 107.47° 65.04° 2.39"
Zinc
e OT
s 36" 26.33¢ 82.08° 59.07" 2.06°
Distilled Water
20 G35 5l Jslone
Foliar sprying with 50° 32.66° 120.33 80.49° 3.41°
Zinc
e OT
s 17.33" 11% 24.66™ 18.66% 0.38"
Distilled Water
0 35 3l Jslows
Foliar sprying with 9™ 12k 25.66™ 21.66'% 0.89¢
Zinc
e & . ’J‘“ - 23.33 14.66" 51.96/ 30.20" 1.09°
LS ey Distilled Water
Post- 10 555 53 dfone
Pyrolysis Foliar sprying with 40.83 29.66" 87.37 68.20° 2.02¢
Zinc
i T
. ’]‘“ . 29.66" 16.669 72.48° 35.63¢ 1.46'
Distilled Water
20 S35 S s
Foliar sprying with 42.83° 33 102.36° 86.62° 2.14%
Zinc

NG WS dLﬁ:"‘Clﬂ—r’)) Solabms S pde Jivlib..- &S e Qf&il‘)él.x’- shls ‘_;La&;ijl._.a O gt Ay

In each column, Means followed with at least one the same letter are not significantly different ( P<0.05)
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Table (7) Correlation coefficients (r) between extracted Zn by DTPA with plant parameters

parameter 1 2 3 4 5 6 7 8 9
1- Adssxs 1
Choloropyll a
2= by 081* 1
Choloropyll b
3 FUs 0917 097 1
Total Choloropyll
4- w358
S 0.94%*  091**  0.96** 1
Cartenoeid
O mpde e sy chle
Zn concentration in flag 095*  091*  096™  099** 1
leaf emergence stage
6- b, abee s gy, chle
Zinc concentration at 091 090 095 097>  0.96** 1
seed maturity stage
7- > oz
P 2 S0 A g ggoee  096%  098%  098% 095 1
Zn Uptake in the flag
leaf emergence stage
8- il Al ey sy ol
Zn Uptake in seed 090  091** 095 096** 096> 099> 0.95** 1
maturity stage
9- DTPAL ss sl uul )
087 081> 087 089> 091** 087> 090** 0.86™* 1

Zn extracted  with

DTPA

AL s o> g ¢SS Jlaz| Tl 03 (lsline 5 ()lsline b S Sk 5wk (NS

ns, * and ** are non-significant, significant P<0.05 and P<0.01, respectively
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