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Introduction

Organic matter and alkaline pH are the main causes of nutrient deficiencies 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
(unmodified, 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 plants in 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 chlorophyll
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
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and 1.36 mg g* were obtained from the treatment of 5% post-acidic biochar. The results showed that the highest
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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Jga2) A8 )y e (P<4/01) 2oy S Jloin] o )3 159518
ORIBIL A Ui (o) )90 Sla)los ST slaSlee Al (Y
<l il a b IS e s JIE5 £95 4w yp B pas zolaw
P52 S ke VIAD (5:0le L@ Jidg)IS ke (3 s (¥ o)

9020 jlagnr 9 sl b o g0l jlagm (o2 bowd Oladuiin (A -Y Joo>
Table 2- Some chemical properties of modified with acid and unmodified biochar

D (55 03151 (b el )y SFyore jlgn Sl o slegr Sl G g
Measured parameter Unmodified biochar  Post -acid biochar Pre-acid biochar
Ve Sl colis 4.40 9.50 6.45
ECi.20 (dS/m)
ol o 8.15 2.34 3.80
pH
)l?9" A‘Jﬁ’ OL"\:‘I) 40 80 45
Biochar yield (%)
FuS B Slye 22 38 25
Ash content (%)
o I oS 52.65 21.45 36.07
OC (%)
VY- Jsloe s 108.41 133.85 122.11
Nal;zo (meq/l_)
A 46.68 53.37 4732
K1;zo (meq/L)
Ve Jslre oS 3.2 5.2 4
Cay:20 (Meg/L)
Mga.20 (Meg/L)
VY Jobre S8 5 31 17
Cl (meg/L)
! 254.1 213255 3680.25
Fe(mg kg™)
S 9.45 30.45 27.3
Zn (mg kg
e 112.35 217.35 212.1
Mn (mg kg™)
o 1.05 46.2 18.9

Cu (mg kg™)
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4 g ol st JE5 40y3 B jlass 4y bgyye olS o)l (g
il Bl o3 ¥ Bras o)y gl ) JIE) 4 s
Ok omomed (Y Jods) cdib asyy Y/ ol
B slass 5 o35 533 25 2 o5 e VP Slie b 5585 0o
2o 0 Hles b i yn del ooy il G (a; 16 doyd
036 0js p)5 2 et VoY (nle b gl iy i 5
Bl Iy e BB gkl Ll

&lg 3 il o g5lanST ol | (¢S gl 0505,8" Lol i
g IS 4ol Condg o (955 (59,8 ()b I s )8
gl Lials Jg aas pll 1) 98 ablis (id5 xlgs o g 4l
Jds a4 5558 sl tals ] S g S 4 s
Wang) ool byl ksl o y50 g b oS g oo duS]
.(etal., 2010

ey J&5 5wy o (Ran et al., 2020) o) Ko 4 o,

s JI5 5l oolisl & 53,8 ()15 598 S-S 3 @i ol
0adLl 5 olS glis)) oSy Ol cumdg Gl p (e JB b
5 90923l il Sy oSl et JalS b Jidg)S (sl
iy J5 £95 93 2,5 L (Adejumo et al., 2016) -, Sen
Too) sled )3 oud and @y e 5 OS] bl I Jobs
5500 5 )+ @) il gl s 3 5 sl PH b (ol e
A 10,8 o @b S s lasyie Gislejl SO (S
Sp byl lade dne (Al o (] 95 93 2 308
OhlSer 5 (pSud A5 gm0 pie Hles 4 cund
Sl b sty J&5 2ol 45" 55 87 45,155 (Taskin et al., 2019)
U5 omiomes sl ol yzal 8l sl 4 s 1) udg IS clgime
EC o ¥/YY PH (el)ls a8 duuol b o0 Mo s J&5 45 56,5
25 2eld e 4 Cand 1) @3 olS Ldg )l (lime e jiewd Y
OSen g ol Lwly e ;0 00 (iolial duo 3 Ve el SB S
dgubo g g ioli8l &S W ST (5,158 (Aabbasi et al., 2015)
&S Caol 0dd (gl paiS oS twsj Jl&j 5l 56 louS olS Wi,y
g Slaey )b chlbe hagh cpl @l b jgd (il
Jes eMal &8 w587 45155 (Ramzani et al., 2017) 1, Ken
So 3 1) 198 olS Ji3g)IS” (slgine g jriogid Cuo o dpul b (S
sl sty JE5 23,5 ()15 iz gl ol Gl 55 S5

955 05 S59lg2 548 Sl o (shuwws j JUo 5 Be Zgbaww 9 43 22)8 T (il lg 2525 Y Jgsr
Table 3- Analysis of variance of the effect of different types and levels of biochar application on the physiological traits of

quinoa
Sl o (b
Mean Square
O et qalio &3l a2y
Source of variance df . . Js g -
2 byt by 5 Eenl 2555 5
Chlorophyll a Chlorophyll b Chlorophyll Carotenoid
L_f':'“:i). LJL.C). 853 2 5.04** 1.33** 11.70** 0.65**
Biochar(B)
| ke gshe 2 8.50% 2,23 19.62%* 1.56%*
Different levels (DL)
C?la‘“’*' L.;“’“‘i). LJLé} 4 1.27** 0.28** 2.79** 0.18**
B*DL
coaleslelizdl 27 0.002 0.003 0.01 0.006
Error
Slyeioa 4.03 7.42 6.06 13.18
C.V (%)

200 S Jloin] s )3 5 gize ogles s
** Significant at 1% probability level
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(Eichert et al., 2010) 355 0 S (559950 1> (SUjglesjud
rolie sy onld 355 oS Cinas A5 4 e Al e &S
2 i JSke o (5 «0nl) Bpan o8 polie Tpasie i
0 DY samo 3, Slas ialS 4 e &S Cwl YL PH L oS
Ramzani) 54 ylusl )5 435 s g & o0 Llg5 oo Colps 50 g 354
Sl ledS okl sble 4dS 5 u_ﬂ slge ol50e (et al., 2016b
SB o o] Gl o osizmen o ()5 200 99) Sl bawgie
YL PH s & Lalis ol 5 5 e 5 (500 2§ )
o 159y cb] Bpuan oS lié yolis Gl bl pue (S
Sy Jgao 155 g olS b 0285935 Jalge (o yioges | ke
9 ©luyS jeas (pizeen (Sharifian et al., 2022) >4, .
35 03305 ol 1y JSido 5 Kol lacsls Jomo o b S
JUE5 a3 0 158 55 o) s o polic il il 55b
cle @ bl b (g JB5 Mol sl LB odle S (g
o yiawd Bilg5 o deanl b odd pMool s J&5 PH Hlads ialS
Sahinet) sas wlel SWB slSs ol olS Llie yole o
i) J5 51 (Inal et al., 2015) ) Sen o Jil .(al., 2017
b 253,8 oypt oSBl SB K 5 1y Lugd olS w3y 1 g
5o g e g9y ol e (gal u JIEj 83,5 b)1S
Logd ol 0 wald 4 s > Joyd YY (YO (Fr VLD i pay
256 20,8 oo cpsmen Ll ol )38l (Phaseolus vulgaris)
o) JE5 5l it bl olS sl 9y ke (gl () 5
g 20ls 5 00 M

bug ol Gla (53,5 590500 b b (gjeul (sacled )3 lacSes
356 olS w3y Nl e (6yed )15 oyl olS Wiy aady,
Gl M) el SB Jgloe 55 Kb (gVb cdale 15 5,Ji&,
Abdel et al., ) 358 0 HLS buws (5)sps slais slaoys
5k sl Sy Wlgi e sl b oMol s 25 (2018
SE > i GOS0 She 5 s bame L
o 535 pUiS 5 033 (Syg0 00 9 9 ABS A 50 Sk joh
1 bpuslSe oyl JS a0, (El-Sharkawy et al., 2022) » )i,
Jed 5l bpasls 5 polie (S cdale (Rl 4 e coles
[(He etal, 2014) ui salgs g ,IS" glgizes
2 Bjles S oy p sl Brosls (ib)ly 4520 @ls ulul
Sy ey JE5 ie 5 g5 il 0lS 55 s oS jolis clalé
Jlatl gaws )3 1525 s plsl 53 (55, 5 ool ke o] ylize
5 lb i Silie dulio (D Jgin) 1 I3 ine (P<+/1) duoys Sy
A Bpas golaw GLIEIL & ol (Ui a0y 3)90 slasles
cdl GhIBl alen plul > sy 5 ool ke () JEj g5
VYUFA 0:S3ko L algmplal )5 ol clale i (0 Jsiz)
Cuwd &y (Gl g () JE5 2038 Jlowi I p)SolS 3 p ) e
oSl b hlpin ) JB5 2oy O)les b dizpa il
sl oo sine BT g ylel blod 1 p 5ol 1 5 oo YV /A
4 byiyo p)SOlS 2 )5 s W0/R0 (ke b o e (%5
pISl 5> g9y cale jlude oyt wizmen (P Jgi2) 29 Sald
203 0 jlo 4 bgre oSS )5 e WY (Lo L (2llga
9 Sl g 5lagm 103 B slasi & s & 39y (Sl e Sl g
il oy VYIS WIVE L ok il iy & Jgose

95 ol S jglgrjud Sl 1 (uanyj S5 Al Zolamw 9 £99 22,8 51 Sl duglio gl -€ Jguar
Table 4- Means comparison of the effect of different types and levels of biochar on the physiological traits of quinoa

fang 5 JE 5 £ b puan lade Jedg i a Jedg iS'b IS Uadg J5 Swigid I8
ey J) gy :
The kind of biochar Chlorophylla  Chlorophyll b Total Chlorophyll  Carotenoid
(mg g%) (mg g%) (mg g%) (mg g)
o fuj J&; 0% 0.33° 0.29¢ 0.62° 0.22f
I ) T 2% 0.37° 0.42f 0.79° 0.42°
Unmodified biochar 5% 0.88¢ 0.57¢ 1.45¢ 0.49¢
ol fj JE 0% 0.33° 0.36% 0.69° 0.26f
S 0 ) I 2% 217 1.26° 343 0.91¢
Post -acid modified biochar 5% 2582 1.542 4.13° 1.36°
sl et ) JE 0% 0.32¢ 0.329 0.64° 0.25!
S e ged) JE) 2% 212 113 3.34° 0.69°
Pre-acid modified biochar 5% 2.35b 1.36° 3.71° 1.04b

B, doyd gy Jloin] o 50 (65 gixe o9l LSD (90l g, 4 oS yiidte opiY By o JBlus gyl (gl ygim
Means followed with the same letters in each column are not significant at p<0.05 by LSD Test.
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155 (snplsl 3 5Sio g s Sl e Blite 51 5 i
Ao zols .Cuol 0 JId e (P<-/41) duo)d SO Jloiin] b 4o
ol 3 5 ClE (s 8 3030 o5 (7 5) ba ik
2038 Jlos & bgryo p)SkS )5 o YTV (0:Sle b g
Vol ) JB5 & G &5 39 gl i) 5
(Safiet ) Ken g o .cudld do ) FIFF Jolre ]38l oy
21y alepplul 3Kie clale (gye8 a5 W3S )ljSal., 2012)
(Thomas et al., \Ken 5 (wlogs dlad ol ials 13157 oLS
SK o oblS wdy g ) JE5 8l a5 ey e ol 2013)
FB sk 4 (55 3 ) sl (BLS 455 4 ditunly b sl
SS9 1) olS AD) (28

Seke )y »> (Ramzani et al., 2017) ,)Sen 5 (Slao,

b (Suid (A5 g )9 OIS (AT Cod S g 1giS A3,
J&5 a8 w08 o (sduml CungreS 5 (sl s JIE5 51 ool
Grph G o8 SB o | 1S il o pal Clale guul
ld 4 Cud Jopd YA (S il cov SB o g oy TY
) sl ol 93 0 a5 K0S IS cizmen Lol ol Ll
9 Sygpd polis onlp ((ohnl CangraS g (hl () S
5 ol gl ame Gl 1y olS Slams] T eyl
) gk gl el R SIS a3 o Lt 35 o gy
Flied )yl (gdamol CavgreS b dunlio 3 laiS Slie (b5l 4 5,Sles
& 53,5 oyl (Sahin et al., 2017) o, Sen 5 cpbls ol
9 /%8 PH L Gy dl 9 S0 pad sl b aw; JI5 2o
Sl S Sy 3 @3 ol 5 ogy clale alsal el YA/ Ec
b 0ss ol (g J5 Lawoss ol )3 (sy I3l ol o 3
D S pad Sl b 0sd Mol ctaj JEj 5l by Sy ]
sl st J slosd )3 ool clalé o a8l )5 (rizmen L]
ol wld g sl han) JIB5 4 S (S8 )
13y (Sl S 3 a5 SblS 435 5 B pae o8 pole wiacdly
ol ) sl () it JI5 ol Ul el tlle S 555 o
b rare polie Jl ool Slgies ramj JUj ol JSuie
Sy Aol b 2 Mol ¢ Jls pl b bl olS 4y oo 0ligS o JBlas
Mo sl (Sae S pplge bl 5 Sy dl | S5 L L
(o g 35ie g o 59y <] e cupnlS culty ¢yiud

I9aS (2gppll 53 B pan o5 polis CBIE (g j JUoj Ao Zobaw g £95 52,85 T (uil,lg 42528 W -0 Jgs
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 o (ke
... )yl Mean Square
Ol gl Ry RIEISERE oIl g, cdilé Il e il 11 o il
Source of variance /
df 2l lgp lgp lgp
Fe Zn Mn Cu
ey JES &5 2 15203.91** 16.80%* 58.91%* 6.53%*
Biochar(B)
il gglaw
Different levels 2 24874.93** 50.39%* 290.95%* 9.17%*
(DL)
CWB:?D*: $J 4 3128.90%* 2.63%* 32.64%* 1.11%*
G@E“J“W' 27 130.88 0.02 0.22 0.009
rror
Oy o g 7.46 1.57 2.81 4.88
CV (%)

200 S Jloin] s )3 5 gize ogles s
** Significant at 1% probability level
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» (Inal et al., 2015) K 4 JW) Sahin et al., 2017).
OIS Sal SB 31, Ly 5 )3 elS 4y lagn Sl )y
D1 SRl Lagd olS )5 1) e 5 e clale i JIE5 20,8
el cul (Sas 58 ol b gy J&5 Mol
2 2l polis 4ol cwyind g fuwj JIE5 2 olS (ol polie
s o asl wby lS Sawe 4l U aas Lill ) S
(Hasanpour et al., 2022) ,\Ka 5 y9 > b 39500 o]
5 lond G Shy (B g sl () JE5 b gy
S 535 I LSal G e ol s ol
9 b zolaw ol PH Gl osds g ) J5 S5
b).g)lf a5 Ald u.sIJ& )a.oL& )l LS& Cred 009 .)L) 37 C.‘am
e polie ¢ Aiso s |y S pH wlg o oWE S5 s
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o e JB5 8 e 4 deg b glgy )b cdllas iagh
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2938 ol (b 1 el S Lo a Cons (gt (S Sl
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Ji; (Taskin etal., 2019) umd o il 3l 0l )3 la] oo g
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4 Jl o3k .(Lehmann and Joseph, 2015) s> o yiol38l
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s S opH  als sl o wS e ol T el ool
FU) 290 jiSie a9 & Bpan o5 polie (o yiwd (ol
w2 (Naroi et al., 2022) |,Ken 4 So,b (et al., 2012
Chle y dy Glals ) JE5 g lopd Sy i JI85 b
JE5 a3 Y 5,8 45 15,8 55 @b olS s oS ol
Gyl ol bawg 38ie Cla gho 0 VY il coge boys s
Jis a8 55,8 syl (Sahinetal., 2017) Ko g bl .05
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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

- Jale o plal $e Chile oled Il o cdile

Jles @l pll ol Clle alsd ol 5o,
-1 -1
Treatment Fe (mg kg?t) Zn (mg kgt Mn (mg kg')) Cu (mg kg)

e 0% 95.957 7.62" 12,507 0.95"
gone ) Je5 oy 118.38¢% 9.12f 13.75° 1.35'
Unmodified 5% 122.80¢ 10.07¢ 16.82¢ 1.75¢
o e 0% 102.08¢f 8.179 10.629 1.209
S U“U““)J > 2% 200.00° 12.27° 21.95" 3.40°
Post -acid modified 504 229.482 13.42 23.37° 3.85°
il e e e 0% 110.00%f 7.85" 10.67¢ 1.01
S u“”tf‘“‘)J 2 2% 180.40° 11.37¢ 19.95¢ 2.20¢
Pre-acid modified  5o4 220.48° 11.85¢ 21.750 2.60°

5,105 sy iy Jlessl aws 53 (655 me glis LSD 901 gy 4 oS yidie opiY By SO Bl lyls cla g
Means followed with the same letters in each column are not significant at p<0.05 by LSD Test.
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