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Abstract

Background and Objective: Calcareous soils are characterized by alkaline pH, low nutrient retention capacity, and
phosphorus deficiency, which together result in low productivity. In this context, the application of modified biochar and
phosphorus-solubilizing bacteria (PSB) has been recognized as a promising strategy for improving soil fertility and
phosphorus availability. This study aimed to evaluate the effects of biochar produced from green sugarcane harvest
residues and its citric acid—modified form, with PSB inoculation, on the chemical and biochemical properties of a
calcareous soil under sugarcane cultivation.

Methods: The experiment was conducted under greenhouse conditions in a factorial arrangement based on a completely
randomized design. The experimental treatments included biochar prepared from green sugarcane residues at three levels:
without biochar (control), unmodified or raw biochar, and biochar modified with citric acid, as well as inoculation of
phosphorus-solubilizing bacteria into the soil at two levels: without bacteria (control) and bacterial inoculation.

Results: The results showed that the application of both unmodified and modified biochar significantly affected soil pH,
electrical conductivity (EC), organic carbon (OC), and cation exchange capacity (CEC). In particular, the application of
modified biochar significantly reduced soil pH by 0.38 units compared to the control. Moreover, both types of biochar
significantly increased EC (by 45.96-64.52%), OC (by 104.4—115.59%), and CEC (by 58.61-87.88%) compared to the
control. The highest levels of available phosphorus, microbial biomass carbon, and dissolved organic carbon were
observed in the combined treatment of modified biochar and PSB inoculation.

Conclusion: Overall, the findings suggest that the integrated application of citric acid-modified biochar and phosphorus-
solubilizing bacteria is an effective strategy for improving the chemical and biochemical properties of calcareous soils
and enhancing phosphorus availability.
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Table 1. Selected physical and chemical properties of the studied soil

_ Sand Silt Clay Soil texture
EC pH CEC CCE N Available P oC o -4, o Sl il

dS m™! - cmolc kg! % % mg kg'! % % % %
Clay loam

1.98 7.89 9.15 44.6 0.052 4.53 0.42 22 43 35

s

uﬂ S 0C (JS 055,55 N (Jslee pedS Ol S CCE (5558 Jols oS «CEC (S Sl Ll EC
EC: Electrical conductivity, CEC: Cation exchange capacity, CCE: Calcium carbonate equivalent, N: Total nitrogen, OC: Organic carbon
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Table 2. Selected properties of the biochar and modified biochar used in this study

CAB BC — s
Unit Property
- 45.62 7. > Sas
25.16 4228 . Sl
6.90 4.12 dS m’! EC
5.17 7.95 - pH
96.24 19.81 cmol kg! CEC
0.78 0.32 gkg! P
40.69 46.16 A C
3.13 1.07 / H
3.97 2.13 /. N
27.05 8.36 /. 0
11.96 25.28 - C/N
0.58 0.16 - 0/C
0.92 0.28 - H/C
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JS 05110 (JS 0355 N S OSsodea H (IS 0 S :C

BC: Biochar, CAB: Citric acid modified biochar, EC: Electrical conductivity, CEC: Cation exchange capacity,

P: Total phosphorus, C: Total carbon, H: Total hydrogen, N: Total nitrogen, O: Total oxygen
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Table 3. Analysis of variance of the effect of treatments on soil chemical properties
Sl e S5k a3 LRSS
Mean squares s3l30 Sources of
DOC Soil available P CEC oC EC pH Df variation
3061.88™ 186.3510™ 117.44™ 0.5895™ 2.49™ 0.5086™ 2 (B) ;b 5
21.6044™ 0.9203"s 0.0044"s 0.0004"s 0.056™ 0.0123 s 1 (Ba) s ,SL
0.8694" 5.9406™ 0.0579"s 0.0001"s 0.054 s 0.0102 s 1 B x Ba
Lo
0.1680 0.1996 0.0685 0.0007 0.048 0.0047 10
Error
- I3 .
0.55 3.77 1.78 3.19 8.27 0.91 T
CV (%)
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ns, * and ** denote non-significant effect, and significant effects at the 5% and 1% probability levels, respectively.

EC: Electrical conductivity, OC: Organic carbon, CEC: Cation exchange capacity, Soil available P: Soil available phosphorus, DOC: Dissolved
organic carbon.
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Fig. 1. Means comparison of the effect of treatments on soil pH and electrical conductivity (EC) of soil. Means with dissimilar letters
are significantly different according to the LSD’s test (»<0.05). B0, B, and mB are the control (without biochar application), biochar,
and modified biochar treatments, respectively.
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Fig. 2. Means comparison of the effect of treatments on soil organic matter (OC%) and dissolved organig carbon (DOC). Means with
similar letters are not significantly different according to the LSD’s test (p<0.05). B0, B, and mB are the control (without biochar
application), biochar, and modified biochar treatments, respectively.

Bl (p S S (o 5 iy g o8 Sl Jrol eSOl
e o Sl 5 K5 Slals b S
Lo A b SiS Co St T esle s axe (il
=l 35 S HOLL sdd ol (slaslr 5 5o il 31 gl
il e Ol s 4 St JTslge 2alS ol
PR s ey SIS 5 S e 25 <1 S b
BLi L edsslil glad 5318 iy sames 53 Jlesle 5k
(Qayyum et al., 2024) 1L Sk T esle Jlas!
308 (Y JS2) besls ke anglie bl olud
53 doloms JTn S Sl ime Sl a e Sy s (sla e
Sl b 53 54 DOC e o iy b S
(p S 5hS 08 her AT/ 5 m el Lol o o 25
33 46 A odalia (o S5hS e S oo 7)) il 05 5
il 5l il (gl e sl s 5 basles plo a4 s
dnslie 3 eddsbend (sLaslr s slasles 3 Jsbe JT o S
A s 4 abs dleast 4 (Y dsdr) adsl bl b

U‘l‘ BE) O/C)H/C J.'i)b”) ujjﬁ L;Lhw 9 eI U"Js

Db s olags s B e S T 0 S Olee 05 o A Aals
NO/BA dals [ls 4 Cund S 39 A3 V/oF 1 Sle L
Drse sl s S OC eomas cCils 21531 Ao s
dald 4 Cos Aoy Vo X/Y ):.};S.U;W.,\:M\Qe.x.icw|
obisl giylis sl 51 gobews o il Sl
o 3 el Aoy O3l S T esle Olgee Oty s
S S s I8 o L5 o Slor s 025530 ¢ a2
O VI  IPY PICI N VL AR PEIL 1
KB osb 4 505 518 a5 Wsls 0L Saranya et al. (2011)
ol il sl bl [ S oy S cled g
J?M}JM}OM&S[}'JTOJLG@?L?W-L\‘};&&}J&G
jwﬁw.)y‘jﬁdb- dﬁyb—éwj\wab
S eassagl 5 S s See i 5 OC o Jls e
O JK8) il S 1 S 5 s S cllad e
Qayyum et al. (2024) slaasl L sy opl =

e dol 5z g £l 3 S L3S 518 o s g bl yom

55



o SBSE Rs p Ad 0aS Jo g 7S 5 ekl Slr g ST

bb&«h 9 f\i

CEC (cmol, kg™
=

b

Treatment
Sl 555l Dl (b o b jles b Kl alis F S
LSD (a3l bl 5 Cogline Gy > sy sla Kl (CEC)
Gl o s mB 5B B0 .1l (<0.05) (5 ls jme oM
sdd ol Slr e 5 slrse 208 Olrm 508 050 Jals
s
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* and ** denote significant effects at the 5% and 1% probability levels, respectively.
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Fig. 6. Means comparison of the effect of treatments on soil microbial biomass (MBC) and microbial respiration (BR). Means with
similar letters are not significantly different according to the LSD’s test (p<0.05). B0, B, and mB are the control (without biochar

application), biochar, and modified biochar treatments, respectively.
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