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Background and Objectives: Organic amendments are widely
recognized as effective strategies for reclaiming saline-sodic soils. This
study evaluated the effects of two types of biochar, produced from
sugarcane bagasse (SB) and walnut shells (WB), on leachate quality, the
cation leaching coefficient, and the chemical properties of a calcareous,
silty clay, saline-sodic soil after five leaching cycles. The experiment was
conducted using leaching column under controlled laboratory conditions at
Malayer University, Iran.

Materials and Methods: A factorial experiment was arranged in a
completely randomized design with three replications. Soil columns were
amended with SB and WB at rates of 1%, 2%, and 4% (w/w), along with
unamended control soil. A gypsum pulse (2 g L™) equivalent to one pore
volume was initially applied, followed by one week of incubation at
25 + 2 °C. Thereafter, columns were leached monthly with one pore
volume of distilled water for five consecutive months. The concentrations
of Na*, Ca?*, Mg?*, and K*, as well as pH, EC, and SAR in the leachates,
were measured. Additionally, at the end of the leaching period, we
analyzed selected chemical properties of the leached soils.

Results: Leaching time significantly affected pH, and the interaction
between biochar type and leaching time significantly influenced EC and
SAR in the leachates (P < 0.01). Leachate pH increased progressively,
exceeding 9.5, while EC and SAR decreased with time. In the final
leaching cycle, EC and SAR values from the SB treatments were
significantly higher (P < 0.05) than those from WB and the control, with
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SAR values exceeding 13 (meq L™)°-5. Cumulative concentrations of
leached Na*, Ca?*, Mg?*, and K* after five leaching cycles were
significantly affected by the treatments (P < 0.01). The highest cumulative
leached Na* and Ca?* occurred in SB treatments, whereas WB produced
the highest Mg?* and K* leached. The order of cation leaching coefficients
was K* < Mg?* < Caz* < Na*, with mean sodium leaching coefficients of
295.4, 256.6, and 196.7 month™ for SB, WB, and the control,
respectively. At the end of the experiment, soil pH, ECe, SAR, and
ESP decreased relative to the initial soil. Although treatments did
not significantly affect soil pH, they significantly affected ECe, SAR, and
ESP (P < 0.01). The highest EC, (1.05 dS m™2), SAR (13.6 (meq L™)°-5),
and ESP (24.1%) were recorded in the control, while the lowest values
(EC = 0.64 dS m™, SAR=1.61 (meq L™)°-%, ESP = 8.4%) were found in
the 4% SB treatment, which did not differ significantly from the 1% level.

Conclusion: After five leaching cycles, WB improved drainage water
quality more effectively than SB. The cation leaching coefficient sequence
was K* < Mg?* < Ca?* < Na*, with sodium exhibiting the highest mobility
in SB treatments. By the end of the leaching process, the saline-sodic
soil (control) became sodic, whereas both biochar types improved
soil chemical conditions. No significant differences were observed among
SB levels; therefore, the 1% SB application rate is recommended for
further research. For field-scale implementation, additional trials
under local conditions with native irrigation water and subsurface drainage
are advised.
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Table 1. Some physicochemical properties of studied soil.
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Table 2. Some chemical properties of biochars.
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Table 3. Analysis of variance for the effects of different rates of walnut and sugarcane bagasse biochar on the
pH, EC and SAR of leachates at various leaching times.
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4.47 151 1.34 CV%) ol o5 s i

(s o ©end) SAR 5 (S S0 i <) EC ((anael) pH

L33 ns

M)J\JW}\@.«))J\J@M})\J@M;:‘?%J:A{ B}
pH (acidity), EC (Electrical Conductivity) and SAR (Sodium Adsorption Ratio)
" ** non-significant and significant at the 1% probability level, respectively
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Figure 1. Mean comparison of pH in leached under different leaching times.
Means with the same letter in each column indicate no significant difference based on the LSD test
at the 5% level and vertical bars on the columns represent the standard error (SE) (n=21).
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Figure 2. Mean comparison for the interaction effect of time and biochar on leachate Electrical Conductivity (EC).
WB= Walnut Biochar, SB= Sugarcane Bagasse Biochar, and the numerals 1, 2, and 4 correspond to the percentages
of the biochars employed. Means with the same letter in each column indicate no significant difference based on the

LSD test at the 5% level and vertical bars on the columns represent the standard error (SE) (n=3).
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Figure 3. Mean comparison for the interaction effect of time and biochar on leachate Sodium Adsorption
Ratio (SAR).
WB= Walnut Biochar, SB= Sugarcane Bagasse Biochar, and the numerals 1, 2, and 4 correspond to the percentages
of the biochars employed. Means with the same letter in each column indicate no significant difference based on the
LSD test at the 5% level and vertical bars on the columns represent the standard error (SE) (n=3).
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Table 4. Analysis of variance for the effects of different rates of walnut and sugarcane bagasse biochar on the
cumulative concentration of leached Na, Ca, Mg, and K.

Sl e Sl
Means square o3 4y kS g
by sy s el df Sources of variation
K* Mg** Ca** Na*
0.067 ** 2.23 ** 2.86 ** 83.34 ** 6 (Biochar) ;- .
0.4 0.9 0.051 0.177 14 (Error) L
0.84 3.16 5.38 0.60 (CV%) o s o

** Significant at the 1% probability level
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Table 5. Mean comparison of the effects of different percentages of walnut and sugarcane bagasse biochar on
the cumulative concentration of leached Na, Ca, Mg, and K (meq kg™).

] (e s e b
K* Mg?* ca® Na* Treatment

0.71+0.006 ¢ 1.60+£0.10e 4.03+£0.12b 60.21 +0.12¢ (Control) aals

0.96 £ 0.003 a 3.37£0.09¢c 3.20+0.17c 67.67 £0.17d (WB1) 4oy 535 b
0.97£0.001a 3.73+0.03b 3.30+£0.20¢c 67.70£0.20d (WB2) 4oy Y 535 jbr 5
0.84£0.002 b 427 +0.06 a 3.30x0.12¢c 71.60+0.38¢c (WB4) a5t 535 x5
0.68 £0.001d 2.67+0.01d 5.17+0.60 a 74.77+0.15a (SB1) wojn V Sig 8L sl
0.64 £0.005e 2.57+0.02d 5.17+£0.50a 7440+0.31ab (SB2) sw s ¥ Ko (8L 5l 5
0.62£0.001f 3.40+0.03¢c 5.30+£0.72a 73.93+0.30b (BB4) uwoys b Si w8l Sl 5
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Values are expressed as mean + standard error (SE). Different letters within a column indicate significant differences

at p <0.05 (LSD test)
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Figure 4. Cumulative concentration of leached Na, Ca, Mg and K cations.
WB= Walnut Biochar, SB= Sugarcane Bagasse Biochar, and the numerals 1, 2, and 4 correspond
to the percentages of the biochars employed.
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Table 6. Parameters of the first-order equation (y=bx+a) in control and treated soils.

Cation ¢ ;518
Ca®' Na* s
r? axb b a r2 axb b a Treatment
T gt kg monti’ ot kg

0.99 0.59 0.19 31 0.94 196.7 7.0 28.1 (Control) aals

0.97 0.46 0.22 2.1 0.85 264.9 7.7 34.4 (WB1) aoys) 535 jbr e
0.99 0.50 0.24 2.1 0.91 254.6 74 34.4 (WB2) 4s,5 ¥ 55,5 x5
0.99 0.46 0.20 2.3 0.87 277.2 6.6 42.0 (WB4) doys b 55,5 Jbr s
091 058 0.13 45 0.86  302.9 6.9 43.9 (SBL) o) S 8Ll 5
0.93 0.70 0.16 4.4 0.90 286.0 6.3 454 (SB2) uss ¥ i w8l 5
0.85 0.84 0.19 4.4 0.90 297.4 7.2 41.3 (SB4) uwo s b Sid B br 5

Cation o458
< Mg” o
r axb b a r’ axb b a Treatment

0.92 -0.03 0.18 -0.19 0.98 0.12 0.13 0.9 (Control) wals

095  -0.07 0.24 -0.30 098 035 0.13 2.7 (WB1) 43 ) 555 Sbr s
0.94 -0.06 0.24 -0.26 0.92 0.32 0.10 3.2 (WB2) sy Y 555 b
0.95 -0.03 0.19 -0.16 0.91 0.54 0.16 3.4 (WB4) asys b 55,5 Jbr s
0.97 0.003 0.13 0.02 0.89 0.29 0.14 2.1 (SB1) wwo s Sis 8L 5
0.96 0.007 0.11 0.07 0.90 0.21 0.10 2.1 (SB2) wsys ¥ St 8l 5
0.97 0.001 0.13 0.01 0.79 0.29 0.10 2.9 (SB4) uwys b S 8Ll 5
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WB= Walnut Biochar, SB= Sugarcane Bagasse Biochar, and the numerals 1, 2, and 4 correspond to the percentages
of the biochars employed
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Table 7. Analysis of variance for the effects of different rates of walnut and sugarcane bagasse biochar on the
pH, EC,, SAR and ESP in leached soils.

Sle e Sl _
Means square @3l e Scalics
df Sources of variations
ESP SAR EC. pH
90.95 ** 56.48 ** 0.053 ** 0.031™ 4 (Biochar) ;b 5.
2.25 0.21 0.0046 0.013 14 (Error) Ua>
12.79 12.07 8.76 1.39 (CV%) ol uis o i

(ol ek 153) ESP 5 (e or ) SAR (il LS a1 ylin ) ECe (s o) PH

dos ) JL&;?\CE.UUJJ;M”\MMR%;J‘*,

ns

pH (acidity), EC, (Electrical Conductivity of Saturation Extract), SAR (Sodium Adsorption Ratio), ESP

(Exchangeable Sodium Percentage)

" ** non-significant and significant at the 1% probability level, respectively
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Table 8. Mean comparison of the effects of different percentages of walnut and sugarcane bagasse biochar
on the pH, EC, (dSm™), SAR ((meq I)*®) and ESP (%) in leached soils.

ESP SAR EC, pH Treatment L.
241+061a 13.6+0.36a 1.05+0.07a 8.30x0.11a (Control) aals
10.27+£0.12b 2.02+0.16 b-d 0.79+0.02b 8.14+0.07a (WB1) w3\ 555 S s
10.70£0.58 b 2.52£0.03 bc 0.74+£0.12 bc 8.20+£0.03a (WB2) w3 Y 555 S5
9.80+0.45hb 2.28+£0.29 b-d 0.72+0.15bc 8.13+£0.08a (WB4) wwo s b 555 S
9.50 £ 0.58 b 2.75+£0.33b 0.70 £ 0.10 be 8.20+0.05a (BB1) uwys ) S 8Ll 5
9.30+0.44b 1.82+0.31cd 0.77+£0.09b 8.02+0.06a (SB2) w5 ¥ S 8Ll 5
8.40+0.58b 161+0.21d 0.64+0.12¢ 8.02+0.02a (SB4) w3 b Sid Bl lr 4
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Values are expressed as mean * standard error (SE). Different letters within a column indicate significant differences

at p <0.05 (LSD test)
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