| 4 a -

S Ty | I — | | - S— N | I S P =
a - | _,,'w DY ( & \
ISSN Print: 2790.5306 — ISSN Online: 2790-.5314 - "

RUP /Ao OV 1] =
=020 (1) sua M) e

DOI: https://doi.org/10.65814/ijar.30.1.1
pBlad jam & 3L eoudl adg Lol Juas it
" ISo ) s Ll Bl ST

W il oy lgglagdl o0 Jolb s
ag.ahmed.riyadh@uoanbar.edu.iq abb2392005@uoanbar.edu.iq

Led das gl Ay
Aqg.huthaifa.Jaseem@uoanbar.edu.ig

© 2026 Directorate of Agricultural Research, Ministry of Agriculture. This is an open-access article under the CC by Licenses
http://creativecommons.org/licenses/by/4.0

(GO
ua."dl\

oA 8 s i) By s 0 Al O (2024 pW A el 3 ales s
Symr I3V (abale aalyll el (Jassming F1) cuio JSHul ol o liv jans 2l 251500 jailad
ot Sy il (30 25 150.5) D35 D2y D1 Jas 5 31 Joledi L (%15 0.5) B2y B1 wloyy
i ey Bab A B Ol 37 3 ), 1Dy (RCBD) ablsdl alpiall coleladl) ponad) Tidy 42
:2024/10/1 g Jassmine F1 Ciw JSHdl <des

alalall iy (7.6 il aed Lol DIB2 bl ciis 3] ( gemgpd) (Y1 o8 3 Bl el
o3 oy Al i ) el il Blal ol T8 iy Blo) 0guy abalelly 1AL 7.26 il 203 3 D3B1
cal i 5 D3BL bl iz 1n ey 2,66 caly des sl D1IB2 bl cai> 31 (EC
A1 e i) Bt 3ty 15 s 1,93 ity BLa1 0pt Alelall 5l Ul Jo 1p s 2,11
Alell iy 1 aS aes g 31 20.39 by 1 el DIB2 dbel) iz 3 (CEC o 3545 I &4
G Jon i 18,19 by Lol Oy Alally 25)lL 1 a8 it Sy 3w 19.25 il 203 3 D3BL
D2B2 alalali iy 78 3G Lo 1.03 il de 5 D3BL bl i~ SAR o3 plidl s
Blol sy JA S e 165wl Lol og alalaly syl R e L 121wl 1 e
o 1290 cabs 2es Jol DIB2 alla) cdi> 3] JSh)l ol sed)l Slio jan @ 2 U1 o) o
w5 300 il 3sY1 sded Yoo Lot D1B2 allall im0 64.40 iy 203 3 D3B1 alalall i
Lot 1), 27 cal wes 5 D3BY ahll) iy ol

- SS5 SAR ppssall e i sl U 2ol 2l (EC (PH (i) o) 1811 SIS

W ol el Wl e s -

Sl LY cael, I 3 LY el |
2025/07 120 reoudt phas gy >
2025/J1/22 :ondt Jgd gy >
2026/012~/30 ot o zle >


mailto:abb23g2005@uoanbar.edu.iq
mailto:ag.ahmed.riyadh@uoanbar.edu.iq
mailto:Ag.huthaifa.Jaseem@uoanbar.edu.iq
http://creativecommons.org/licenses/by/4.0

IJAR, Ministry of Agriculture, 2026, 30(1) o ibaS ailad e 3 L) oA ey BLSI Jes o6

Ladll)

sl oz Bl ol L Sl e 08 ales (S92 39S S e 3)le (BiOChAN) GLd) ol
(S i Byl edy st > 300- 250 a8 Bl Sl LA DY) Eles P
Goaludy dpalall LS oo B Al adlpdl) wlivall e el st A U adlo) Oh ey saide Slals dagy
oAlas ed (3 Gl i 55 JI[3] Alietal. el 3] cb) i ey Al sl adlayly 25
oy A Y1 b Tt sl VT a8 (3 piy dla L Rkl Bypadly 8Ll 10LeSD) 240
I sgm o oh J 3 1 3 o) o) plasiaad Of [14] Tbrahim et al. oo gpsaadl 1701 o gt axy
10,93
sl A Lz ) s —
(AEC) 5515 (CEC) 355801 jolansVl oo 8345 e Joms =
dgyddht oL 1 jeddl dilane ol A glly AL SLgVly Boaall Sae V) bk Bbee B Jo Jomy —

6 5L iste 225 500 5> dorpy 0pad & 51 8 o plisanl exnlp> ¢ [18] Lietal. 53

oY a1y ol o ol BLS] e cndy B Ojg o0 Y0 49 25 0.8 LoV (i Jlomzuly el
oLVl P e Bl dgle b 4Gl o) ol OF I [8] Dai et al. Ll a3 gerg) )
o W gty Al ddand) i Ludly Al dlidly (o) (i)l atlas (U EUS wany 30¥1 doldly SL5a
555 said sl eS8 iy Al s mn o) edl) sl O S UV sl I3 ey 05y ST
SV ST e Jle Sty i OF (s =il S [25] Tan et al. jlal .ol sod Lulie 230V
ol > B35 e aexals 3 [21] Singh et al. mosl bW 23 3 Sl 6 g5 L @Y sl
e BUS sy Jl sgm 3 & oty CEC oy o3 IV 31> a3 plid) aag CEC Laises JO4Y)
Of a6 (gl pomdl O domg Lyl o el sl day [27] ZhU €t Al sy mland) Jo dlad) w3
I3 4 (SAR) pse3sall Sial aedy (ESP) Jolal paussall 0 2l Wi b e amlld slem] o0 it
Brassica S5l oo o) o)l mhe e ppseall el sl ¢ pmssall we paiilly pen SO Jsls
o Lz Bl gleV) Sy Olag )l e die 398l 200l Al Brassicaceae () oleracea var italic
5] WS lago 4025 Gygns s Grdee 433 2y Loy S gill W) e 3

oy ) ) Lol e S50 Sy ol 035 0 %690 oW1 i 3] i)l LA e S
o D S g 0SS alee (3 B0l 1 ek Jobine Sy (5l Sl g 855 (3 sl e Juee - )
[16] Jamir et al. s .[6] Borowski et al. sdall fomz SUiS aaiscd) of 2as5 4 54 oy fod
3 S ol Sl jan & 53l ) ol adsall LSl e TS b 30 (adl ol BLI O gials 3
oty 32,47 ShaVl sasy (e 36.77) cdl Lol Op dblall 5,4 o 65.83 ol pli) &l
BLE) Oy abalall 3l 2(w 588.09 4 il (I"ols 3,5 18.47) itk Lol 0gt abalall 3Ll
oI ey (o8 410.51) ol Bl o dblely Bl & 499.37 LN o5 (2 316.08) ik
o ik o1t BLo| Leaulps e [17] Jasim cow (o 12.82) ik Blol 05 dbelall 3L v 16.55
Wi 2 ol e el ol Bl OF () 18y e gl el oll2) (el ol
G 37.29 ) Jos 1lle absls e cllagy B Bsf I3 Aty pdg U e 3 SOW DLa) im 250 S
el 2wt dy 111U 2280 4 (p) pmdl) BLal e 2zl ¢ [2] Al-Janabi s s e



1JAR, Ministry of Agriculture, 2026, 30(1) Oa Ty (soltgdl!
S it Jpemn 21,6 0 dlelag Lols 1 a8 s Jsagtio 33,13 dogll bV adald) aendl i3 Lo
o) %025 1 8lol et sl wdll BLol die o5 [10] Faleh i auls ¢ .%53.37 50 2
8.25 Lezady 2l abales mo Ll3 8,925 8.70 ol ilS) el) 3450 200 2 Usine smgyddl V) (o3 3345
by soradl V) aed (3 001 BLol & spme b A S ale )l agl B 3 W) 0T 5 5 83l et
xe [22] Shakir «jtar .7.48 el abites we Lol 8.40 Lsims %02 2l BLo) ) Loty 7.68 Lezad
D3 s b 247 10 Ui e 869 r sl psdpeall Bi s ale)) ) ) (5l ol 0L
o sy Sl Jlasly el sy ) Ll 5a3 e gaias 3L il Lol e [12] Majeed e
S T U e 28.53,5 28.94,5 28.71 5 28.03 psssall jliel G (b 2Lkl IS il £lsi) i

A 31 L) il Bl o Gy 120 s 1780 050 10 29.24 il 35,1 alelas L 1)

Condl B bg 216l

e al wedd ¢ (1) o) ael)h eV a3 2024 bl L2 sl 3 Al 34 ol
lad (3 LY el — el )l a0 anld Y& N33°.45.41" o 5505y Ga E43°.32.70" Jsb Ls
Typic ) Ladeyse iy cutoy ey inb g dmuwd O gsw, &5 3 LY abile — (ool
.[23] Soil Survey Staff _iizs - Torrifluvents
) Sl a5y AleeSIl el Jany oy ol

cuiix (SOIl Auger) w) Gl davly Jit 25 0 p 0.30- 0 r Ger o Sl o)
oan G L dgir Gl adteasdly 3545 (ailadl an Joull cang 002 0l s Jiue n ey by
Al 18 4l 3l Sl 285l ligl)

So) oondl) jgfy ol
3] avly coadll ae¥ ¢ B By 3 L E Olis o U all e ) ol s
DA B> gl 3L BV Bl 3y cdm S IS8 cwn 2024/8/4 sl ciin F agh plad
iapey Sl Josy sedl Ble alel Lgyr e 1 el Lol U 5L ox  [11] e 2,5 380-300
0.55 152 il ob Jols cdd bay opes 3h ot ¢ ooy B3 2081 oy Bysgall ailie SUT o
o2n sy et il e 2358) A5l ol e 18000 0.255 0.551 Ul e il dsly 000,25

T dsir 3 e LS Wl
Table 1: Selected Chemical Properties of Biochar

Properties pH EC N P K
Value 8.44 5.15 0.402 0.16 0.547
Unit dS m? % % %
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Figure 1: The experimental design
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Table 2: Transaction codes and details

Transactions Details

DOBO0 Control

D1B1 Add 0.5% of soil weight with 0.5 mm biochar diameter
D1B2 Add 1% of soil weight with 0.5 mm biochar diameter
D2B1 Add 0.5% of soil weight with 1 mm biochar diameter
D2B2 Add 1% of soil weight with biochar diameter of 1 mm
D3B1 Add 0.5% of soil weight with biochar diameter of 2 mm
D3B2 Add 1% of soil weight with biochar diameter of 2 mm
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Table 3: Chemical properties of irrigation water.

Class | SAR | NO3 Cations and anions (meq L™

EC

Mg. HCO3 COs~ | SO4 Mg+2 Ca®2 K* Na*! ph dS.m

kg-l 2 C|"1

C3S1] 0.97 ] 0.07 0.93 Nil [ 221 63] 3.62| 3.59] 1.28] 1.86| 7.68 ] 1.6
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Table 4: Some physical and chemical properties of the soil of the study before planting for the
depth of 0.00 t0 0.30 m

Properties Value Unit
Electrical conductivity 1.85 dS mt
Soil pH 7.2
Cation exchange capacity 20 cmol(+) kg*
Gypsum CaSO3 12.2 g kgt
Lime CaCO3 230
Ca* 12.36
Mg?* 2.27
. Na* 1.11
Cations 1
K" 1.10 meq L
cl~116.6
50,7692
Anions HCO-2 | 1.22 meq L?
coz? | Nil
Available Nitrogen 0.8 gkg?
Available Phosphorus 1.02
Available Potassium 1.10
Bulk density 1.36 Mg m3
Particle density 46.7 %
Basic infiltration rate 3.85 cm hour?
Volumetric soil moisture at tensile 0.389
(1/3)bar cm? em?3
Volumetric soil moisture at tensile 0.154
physical properties | (15)bar
Available Water 0.235
Sand | 490
Clay | 322
Texture Silty Clay loam
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Table 5: Effect of biochar level and diameter on pH

D D1 D2 D3 Average D
B
Bl 7.40 7.30 7.26 7.32
B2 7.60 7.46 7.36 7.47
Average B 7.5 7.38 7.31
Control 7.18
LSD 5% B D BD
0.119 0.054 n.s

el b Vo By e PH o8 Bl () odl) Bl (spee G5 sy A S s ety LS
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Table 6: Effect of biochar level and diameter on EC

D D1 D2 D3 Average D
B
Bl 2.20 2.20 2.11 2.17
B2 2.66 2.50 2.45 2.53
Average B 2.43 2.35 2.28
Control 1.93
LSD 5% B D BD
0.186 n.s n.s
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Table 7: Effect of biochar level and diameter on CEC
D D1 D2 D3 Average D
B
Bl 19.55 19.38 19.25 19.39
B2 20.39 19.92 19.86 20.05
Average B 19.97 19.65 19.55
Control 18.19
LSD 5% B D BD
0.245 0.300 n.s
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Table 8: Effect of biochar level and diameter on SAR

D D1 D2 D3 Average D
B
B1 1.12 1.16 1.03 1.10
B2 1.18 1.21 1.18 1.19
Average B 1.15 1.18 1.11
Control 1.65
LSD 5% B D BD
0.071 n.s n.s
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Table 9: Effect of biochar level and diameter on Plant height

D D1 D2 D3 Average D
B
Bl 67.67 66.90 64.40 66.32
B2 72.90 71.40 69.02 71.11
Average B 70.28 69.15 66.71
Control 58.43
LSD 5% B D BD
0.747 0.914 n.s
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Table 10. Effect of biochar level and diameter on Leaf number

D D1 D2 D3 Average D
Bl 27.20 27.07 26.80 27.02
B2 30.10 28.70 27.33 28.71
Average B 28.65 27.88 27.07
Control 25.00
LSD 5% B D BD
0.835 1.023 n.s
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ABSTRACT

A field experiment was conducted during the fall season of 2024 to study the
effect of biochar application level and diameter on some soil chemical properties and
some growth traits of broccoli plants. The study included two factors: the first was the
application level (B1 and B2: 0.5 and 1%), and the second was the diameter (D1, D2,
and D3: 0.5, 1, and 2 mm) of biochar. The experiment was designed according to a
randomized complete block design (RCBD) with three replications, using sandy clay
loam soil. Broccoli seedlings (cv. Jassmine F1) were transplanted on 1% October
2024.

Results indicated an increase in soil pH values, with treatment D1B2
recording the highest value (7.6), whereas D3B1 showed the lowest (7.26), compared
to the control (7.18). Biochar addition also raised the values of electrical conductivity
(EC), where D1B2 reached the highest value (2.66 dS m™), while D3B1 recorded the
lowest 2.2 dS m™!, compared to the control (1.93 dS m™). Adding biochar to the soil
led to an increase in CEC values, as D1B2 achieving the highest value (20.39 cmol*
kg), whereas D3B1 showed the lowest (19.25 cmol* kg'), compared to the control
(18.19 cmol* kg'), on the other hand, sodium adsorption ratio (SAR) values
decreased, as D3B1 recorded the lowest value (1.03 meq L), while D2B2 recorded
the highest (1.21 meq L"), compared to the control (1.65 meq L™). Furthermore, the
effect of adding biochar to soil on some growth characteristics of broccoli plants was
investigated where D1B2 produced the tallest plants, reaching 72.90 cm, while
treatment D3B1 achieved the lowest value, reaching 64.40 cm. Treatment D1B2
achieved the highest number of leaves, reaching 30 leaves per plant?, while treatment
D3B1 achieved the lowest value, reaching 27 leaves per plant™.
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