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Introduction

Organic matter and alkaline pH are the main causes of nutrientdeficiencies in calcareous soils of arid and semi-
arid regions. The availability of some nutritional elements, including the micronutrients such as iron, zinc, copper,
and manganese is very low in calcareous soils, although the total concentration of these elements may be relatively
high. Burning crop residues results in substantial loss of nutrients, and may lead to air pollution and human health
problems. An alternative approach is to apply crop residues to soil in the form of biochar. The biochar modification
with acid may increase the solubility of nutrients (P, Fe, Zn, Cu, Mn) present in biochar, thereby significant
improvement in mineral nutrition of plants grown in calcareous soils. Therefore, the object of this study is to
investigate the effect of acid-modified biochar from rice residues on the amount of chlorophyll and the
micronutrient concentration of quinoa plant (Chenopodium quinoa) in a calcareous soil.

Methods and Materials

The soil was air-dried and ground to pass through a 2-mm sieve then was analyzed to determine various soil
physico-chemical properties using standard methods. To achieve the aim of this study the factorial experiment was
carried out based on a completely randomized design in 4 replications. Factors include 3 types of biochar
(unmoadified, modified by pre-acidic method and modified by post-acidic method) and different levels of biochar
(0, 2, and 5% by weight). Then 10 quinoa seeds were planted in each pot at 2-cm depth which after emergence,
declined to 3 plantsin each pot. The pots were randomly moved twice a week during the growth period to eliminate
environmental effects. Irrigation and weeding operations were performed by hand. Determination of chlorophyill
content (a, b, and ab) and carotenoids were measured precisely before harvesting in fresh plants using Arnon
method. Plants were harvested at 187 days after planting, washed with distilled water and dry with tissue paper.
The samples were air-dried and then oven dried at 65°C to a constant weight in a forced air-driven oven. Then the
total micronutrient content of the plant was determined after dry ashing. The statistical results of the data were
analyzed using SAS software (9.4) and LSD test (at 5% level) was used for comparing the mean values.

Results and Discussion

Based on the variance analysis, all attributes responded positively to different types and levels of biochar and
modified biochar (p<0.01). The comparison of the average effect of the studied treatments showed that with the
increase in the levels of all three types of biochar, the amount of chlorophyll a, b, total, and carotenoid increased
so the highest amount of chlorophyll a, b, total, and carotenoid respectively, with an average of 2.58 and 1.54, 4.13
and 1.36 mg g* were obtained from the treatment of 5% post-acidic biochar. The results showed that the highest
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amount of Fe concentration in shoots with an average of 229.48 mg kg™ was obtained from the treatment of 5%
post-acidic biochar, although there was no statistically significant difference with the treatment of 5% pre-acidic
biochar with an average of 220.48 mg kg™ and its lowest value with an average of 95.95 mg kg™ was related to
unmodified biochar. The highest amount of Zn concentration in shoots with an average of 13.42 mg kg™ was
related to the treatment of 5% post-acidic biochar which showed an increase of 13.24 and 33.26% compared to the
treatment of 5% pre-acidic and unmodified biochar, respectively. Also, the highest concentrations of Cu and Mn

in shoots were obtained with an average of 3.85 and 23.37 mg kg respectively, from the treatment of 5% post-
acidic biochar.

Conclusion

Post-acidic biochar had better results in terms of physiological indices and the concentration of micronutrients
(Fe, Zn, Cu, and Mn) than unmodified biochar in quinoa. The increase of nutrients in quinoa can be attributed to
the dissolution of biochar nutrients after being modified with acid and the reduction of pH and the availability of
these elements in the soil. Therefore, biochar modified with acid or biochar produced from sources that have acidic
properties can be recommended as a suitable method for improving fertility and increasing micronutrients in
calcareous soils affected by salt.
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Pl Al Jyeme s JU5 9 el G (S5 )
s sy 5 (Shain et al., 2017) o) San 5 abe 3)l;S
S phd Sl b odd Mol Jlrgmr 9 Jgese (E0 255 Sl 025 a5
polie a5 15,8 5155 ¥V/Ae EC o ¥/¥F pH L Syt aul
o1 ol )l gy Jgono g 53 s 9 5500 ccs9) <00
(Y Jos) oyhs cillas yimgly oyl gl b &S cul
e g g9 &S ol ol 5l Sl odly uibyly 4550 @l
(JS 5D @) Jidgyls alie o lodl o 3l g s JE5 Bpas
Jois) i s dize (P<-/4)) duo pd SO Jloiin] s j> U365,
Rl Ll LS ) 3550 sl jlosd Sl (gl (i Sles dulio (Y
8l ghlla Ldg)l e s JI5 g9 dw 2 Bpans polaw
235 3 25 o YIAD 5o L @ L5 IS ao s (F Jgi)

Fyoxe sl 9 dewl b oaud zMo! jlagw (o liownd Oladulo (B Y Jgsa

Table 2- Some chemical properties of modified with acid and unmodified biochar

i (655 2311 (g1 kol SFyore Hlaow Sl g gl Wl ylogm
Measured parameter Unmodified biochar  Post -acid biochar Pre-acid biochar
WV (S el 4.40 9.50 6.45
ECi:20 (dS/m)
ol o 8.15 2.34 3.80
pH
Soom 25 plasil 40 80 45
Biochar yield (%)
FuS B s 22 38 25
Ash content (%)
o Il oS 52.65 21.45 36.07
0C (%)
VY- Jgbre s 108.41 133.85 12211
Nay20 (Meg/L)
WV Jybee ey 46.68 53.37 4732
Ki:20 (Meg/L)
WV Jybre S 32 5.2 4
Cay.20 (Meg/L)
Mgi.20 (Meg/L)
VY- Jybe SIS 5 31 17
Cl (meg/L)
o) 254.1 2132.55 3680.25
Fe(mg kg*)
&9 9.45 30.45 273
Zn (mg kgt)
Fe 112.35 217.35 212.1
Mn (mg kgt)
o 1.05 46.2 18.9

Cu (mg kg)
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2 o Gl L oS ol L o Sibe anslie 905 @l
@ 8l lEIaSeS)S g JS Jbg) S polie (i) JUj g9
£35S 2 p )5 o YN (:ileo b JS' Lido)JS e (2 i o5 (5550
S 29 Gl () JIE) 20y3 0 sles & bgyje olS 056 (44
Bl )3 ¥ G pas o)y (gl ey (any JIBj 4 Cons
Ot oemen (P Joie) b aep V¥ ol
B s I 036 iy £ 5 oS e VY (S5l L 2 15 i
2oy 0 Hled b sis ya dol Candy dwl o a JIE Aoy
236 (ijg £35S p pS e V¥ lee b (s Gy (st JUE
Bl Iy e B3] (g ylel L

Bl 15 il o 5310 o J) oSl 1555, Lol Lt
(9IS 43S0l Comdg @ (0355 RS 98 25k 5l laads)lS
ol pials Jg aas plsl 1) 03 ablis (i Wl o ¢ adly
Jds & WSai )5 lgizee Lials ] S o Jidg IS & s
Wang) ool byl ksl o )55 5 Jld oy5unS] bawgs i S|
.(etal., 2010

i) JE5 ) oyt o (Ran et al., 2020) o)\ Ko 5 ),

o) JI jledlatal a5 00,87 ()15 558 S-S )3 @y olS
035 5 ol eli)) Sy O Cumiy GiIBl p g S b
5 o3l Lty S cdgusll cuts il b g S (slgime
Sy JE5 g9 90 20,8 L (Adejumo et al., 2016) I, Kex
¥eo) glod )3 osd and @y g 5 OS] Ll Sl Jeol>
V09 Ve ) e s duw 53 5 gl PH L (ogiades 425
aS 15,8 olo @3 cusS sy Lislejl S (iSa
Sp g )lS ke (dre (Il o (8] 95 93 2 208
Ohler 5 eSud b Hlrgn Sl pie lad 4 Cand ©)
Sl b s j JIe 5 Mol as" 05,8 5,158 (Taskin et al., 2019)
O35 omomed bl by o33l amlis 4 s 1y Lidg IS clgie
EC o ¥/YY PH (elyls a5 duuol b o Mol gy JIEj a5 35,8
285 e 4 1) )3 0lS Judg ST ljne ¢ puion j d ¥
OhKen g awlie Lwly fpeed j0 0l Gisli8las o Ve joi S S
douho g Fwgid iuli8l a8 WS i ))58 (Aabbasi et al., 2015)
oS sl 00 (gl AT oS s JB5 51 o3l lnS olS 0,
9 Flaey )b calhe Giagh cnl @bt b jwgs (Al
J&j oMol &5 w5 5155 (Ramzani et al., 2017) ,Sen
S22 1) 19 olS Jedg)lS” (slime g singid Cas s ol b (St
(el ot JI63 555,555 ioman Lo b il 1558 S5

IS oS Suj9lg 508 Olho (w5 JU 5 ilideo zobaww 9 £ 3,25 51 (il jlg o0 - T Jg
Table 3- Analysis of variance of the effect of different types and levels of biochar application on the physiological traits of

quinoa
Sl (uke
Mean Square
Ol pts 2abio NEETIY)
Source of variance df : : J5 é P
a Juby 15 by 5 Coead 35558
Carotenoid
Chlorophyll a Chlorophyll b Chiorophyl arotenoi
ey J8S &9 2 5.04%* 1.33% 11.70% 0.65%*
Biochar(B)
| e g 2 8.50%* 2,23 19.62% 1.56%*
Different levels (DL)
goht ety JE5 4 1.27% 0.28** 2.79%* 0.18%*
B*DL
ohalejlolizd 27 0.002 0.003 0.01 0.006
Error
Slia o 4,03 7.42 6.06 13.18
C.V (%)

o3 K Jlois] a5 5o gme coglis s
** Significant at 1% probability level
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(Eichert et al., 2010) 395 o0 Sy (559958190 > (SOjolgr b
rolis iy gonld 255 olS axd US4 e Wlgie &S
P st JSita Ko (g al) Spae o polie lpamia i
o Y gase 3,Slas 1ol 4y yoxie 45 cawl YL PH L slaSs
Ramzani) 04 bl > 43355 s 4y yoio Llgs oo Colos )0 93948
Jo il bdS liw! bl 408 5 uﬂ dlge ol540 (et al., 20160
S ol Gl s aizan 5 (028 10y 99) Gler bawsie
SYLPH s & lulyd cpl 3 5 039 yiaS (80> o) i)
(e 59y sopl Bpas oS (2118 pole Gl Clll pae (S
Jlosds Jgpazme Mg g oS 4y 0294200 Jalge o plagee I 5
5 Gl jeas yices (Sharifian et al., 2022) sy 0
Sy o390 plaizgs |y JSe 55 (Sal S Jolomo 50 iy S
JUEj w03 0 1,3 58 o) e o olie e e 35b
cde d bl b (wnj JB5 g Mol wwal oll8 o3le S (gtinn
sy Bl oo sl b 0l Mol (s JUE5 PH e ials
Sahin et) s ildl LB S 1) olS lié polis 4
sy Jij 31 (Inal et al., 2015) 4, 4 Wl .(al., 2017
bl 13,5 oy Sal SB Sy 5 1) Lug) ol 0y 4 sl
FSe g e 59 ol hale (gapl G JE5 80,8 b5
Lo olS o wald 4 cad )0 Joyd VY 0 Fr AV 0 iy
256 15,8 ol cpsoen gl by )38l (Phaseolus vulgaris)
s JI5 5yt Lol olS (sl 69y Clald (gl (s J5
2Dg 2ol g ol ZMol

Ly T i 53,5 390 b YU (£ 3ousl sloceled )3 lacSias
150 olS w3y Nlg e (e )5 o 3l olS w3, nady,
Gl M el SB gl ) S oV cdalé 15 5,8,
Abdel et al., ) dgud o Olmltf ]a.wy Sr9po sl slbys
S5l sl Sy Wiy o gl b oripMsl ) J5 (2018
SB o it il jials D P g ) e L
Cute S pAS 9 )3 (6yg0 2 32 9 39 485 Jlas 53 Sy o
» sl ol S a01, (El-Sharkawy et al., 2022) 5,135
Jed 5l Bpadls g polie (S chle (Rl a4 e colys
[(He et al, 2014) ui salss Judg IS glaie
2 Bjlesi Sl gy sl ol (uilyly 4 jos gl ell
)Jlsw) Jl:—) )IA.O.aa éy)él mlﬁf).) dfmwf).ouu]a.l&
Tt s 53 155 oo ol )3 (655 5 0] dilé o] lize
Sl el 1 Siho duslio (& Jgan) 1 Jby gme (P<-/+V) 1o )d S
dw b Bpas golaw Gl L &S ol (L oy p 3)90 sbjles
cdl il 2lee plul )3 gy 9 ol clld (i 15 g5
TYRUEA (il b gmplail > ol e i (0 Jpi)
Cawd &y Gl (st ) J5 0030 Jlas jl o Sl 2 p )5 o
oSbe b el i ) JE5 dop O)les b aipje sl
il gl gme BB g lol Ll 5l SolS 0,5 Lo YV +/FA
4 Loy p)S5hS 52 p)S e W0/R0 (3 b ] ke %05
plil jd g9y clale Jade oy iy cpitmed (& Jgin) 24 ol
2030 Jlogs & bgiye p)S9kS 5 )5 o WIFY (:S0ko b 2lg2
9 Sl g Hlaom 103 0 sled & G 4 390 (sl g Sl g
Sl duo > YYIVE 5 WIVY L Joleo iolidl sy 4y (Jgomo

1555 oLS 5052508 Slino g3 JUoj ilisie Zobauw g £95 3,118 51 (Sl dunlie Tl —€ Jga
Table 4- Means comparison of the effect of different types and levels of biochar on the physiological traits of guinoa

Sy JU g9 T T N N Jidg S b Sy S g )8
ey JE ) Ey )
The kind of biochar Chlorophyll a  Chlorophyll b Total Chlorophyll  Carotenoid
(mg g?) (mg g?) (mg g™ (mg g™)
J foj JEj 0% 0.33¢ 0.299 0.62¢ 0.22f
I ) S 2% 0.37¢ 0.42f 0.79¢ 0.42¢
Unmodified biochar 5% 0.88d 0.57¢ 1.454d 0.49¢
e, 0% 0.33¢ 0.36% 0.69¢ 0.26f
d**"f' O ) J_l‘) 2% 2.17¢ 1.26¢ 3.43¢ 0.91¢
Post -acid modified biochar 5% 2582 1.542 4.132 1.362
P 0% 0.32¢ 0.329 0.64¢ 0.25f
‘5"*‘_" O ) _Jl‘) 2% 2.12¢ 1.13¢ 3.34¢ 0.69¢
Pre-acid modified biochar 5% 2.35b 1.36b 3.71b 1.04b

Bl duoyd gy Jlein] a3 (65 dxe gl LSD (ygel gy a4 oS yudo (psY GByps o JBlis gyl (gl ygias
Means followed with the same letters in each column are not significant at p<0.05 by LSD Test.



VPoY LT =y F oplods PVl (S g O 5 O4A

Hre QAT ol > g s il S polie ol 4 ol
dote ey FB b a1y Sal sl > il ub) lalS
(Taskin et al., 2019) ], Kan 5 uSuns Ly (ppod 3 i o
9 ¥/IVY pH hyls sl b oss oMol sty J&5 58U oy 0
2955 dog) )3 (3958 3 9 S)9p8 polie 2lgima g 1) » ¥+ EC
ool (uj JE5 02,8 (3)55 (Sl (slaS > )5 5 bgw
JE5 4 Cuns ©)3 g bgw dug olS 1 1) 69y Hlude dpul L ol
03l b3l o pd AV/AL 5 FYIVA DY Sy Joeme (g
ool b o g Mol (g5 JIE5 9 () JE) o8 canl Jlo 3
adlss ()l gime 56 3955 LS (59
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Ao gu s .l 0 )y mo (P<e/V) 2o 0 S§ o] el 50
Pl 5 S CAlE o 1 o W30 S (5 Joie) o Sl
203 0 slass s bgipe p)SokS o p )5 (oo VYTV (5:50ke b 2lge
Vel ) JB5 4 Cons 85 09 sal g i JB5
(Safiet )Ken g Sl .cusld o3 #/FF Jolee ]38l asyn
21y lemplyl i clale «gye8 &5 63,5 p)liSal., 2012)
(Thomas et al., )Kan 5 (ulogi dalgs oy ials 155 olS
SB o, blS iy 5 e 5 8l a5 s e Ui 2013)
FB gk (5] 3 )8l (BLS 465 4 il 95 sl
ki dguto |y ol My a8

dots oy (Ramzani et al., 2017) ) Ken 5 Jlas,

b (s G55 g ) A (A Cod ST g 3 TgS Ay
JE5 48 03,8 ol (sl CamgeeS g (sl (n; JIE 5l ool
Gagb (i o8 SB |y IgiS il o el Clalé (gl i
Jald & Cowd o YA (S il cov S jd g o YV
) el ol 53 52 45 55,5 G ceizron Lo s Gl
9 So9pd yolie (onl ((hwl CugeeS 5 (gl (g JI)
§ Jols @l wmsie Gl | olS ShaneS] 5l pedpb
A 39 (8l (el (gt JIE5 48 am3 o0 5 55 ool gy
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aS s S yl58 (Sahin et al., 2017) ) Ken 5 pube ol
9 ¥/¥5 PH L Gyt dl 5 S jad sl b tawj U5 ol
SSal SB G 0 @yd ol ) (oo, clale (il el YV/AL EC
boad Mol (s J5 bawg olS )3 g9y Gl cul &5 A3
D92 S phad Al b oad el (g ) JIo5 5yt Sy s
Sl g o3 JIE5 slosd 5 oppl cale & 1Bl ys iz Lol
Rl ald g ol i (e J5 4 Cand (St )
Ly Sol SB35 SlalS i g B pae oS pole Gl .l
ol &) sly (2ly s JU5 ol bl cund e S w8
b Gogrs polis Jl il Nlgoe ) JU il JSite
Sy Al b Mool s pl b sl s oLS &y e 0ligS™ po JSlas
o ol (Snn Sl gl 5 ey gl 5 S5 b
o g 5500 g o 59y 0 it oS ol hud

195 (2lgpplail 3 B pas o5 polis CBIE p (Ju; JUj Aideo ol g £653,2)55 51 (il jlg 4320 s -0 Jgaa
Table 5- Analysis of variance of the effect of the application of different types and levels of biochar on the concentration of
micronutrient elements in the aerial organs of quinoa

Ol po (uSlo
e a5 Mean Square
So;lfj:\g;ce ool 11 ol il oIl g9, il ol 300 U ol o il
df U sl sl sl
Fe Zn Mn Cu
6";“,“"5 ;Jl;();y' 2 15203.91** 16.80%* 58.91%* 6.53%*
lochari
il zolaw
Different levels 2 24874.93%* 50.39%* 290.95%* 9.17%*
(DL)
gshe AB:;I;IA_J) Jes 4 3128.90%* 2.63%* 32.64%* L11%
Lf"*é")""wl 27 130.88 0.02 0.22 0.009
rror
“"C“\;’ (:/”3)‘" 7.46 1,57 281 488
(1]

o> K Jlois] g 50 5o gme coglis s
** Significant at 1% probability level
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Table 6- Comparison of the average effect of different types and levels of biochar and modified biochar on the concentration
of micronutrient telements in quinoa aerial organs

Lpgp oloh Al PRI GBS olen Il e e

sos wlgp pluil gl clle ol olsil g9,
-1 -1
Treatment Fe (mg kg™) Zn (mg kg™) Mn (mg kg?) Cu (mg kg™

o ;0% 95.95 7.620 12,501 0.95"
Izere .} 118.38¢% 9.12f 13.75¢ 1.35
Unmodified 5% 122.80d 10.07¢ 16.82¢ 1.75¢
w i Jl; 0% 102.08¢ 8.17¢ 10.62¢ 1.200
SRl ) ) g 200.00° 12.27° 21.95 3.40°
Post -acid modified 5o 229.482 13.422 23.372 3.85
s e iy J; 0% 110.00%f 7.85" 10.67¢ 1.01"
oo ) JE) o 180.40° 11.37¢ 19.95¢ 2.20°
Pre-acid modified 5% 220.482 11.85¢ 21.75b 2.60¢

35505 o3 i Jlein] o p3 (6513 xe glis LSD 9051 gy 4 oS jide Y By Sy Bl gl (ol gt
Means followed with the same letters in each column are not significant at p<0.05 by LSD Test.
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