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Article Info ABSTRACT

Article type: Background and Obijectives: In recent years, the use of industrial
Full Length Research Paper  resjdues such as coal ash in agriculture as a soil amendment and nutrient
source has gained attention. However, determining the optimal application
rates of these materials and their effects on soil properties, plant growth,

Avrticle history:

Received: 01.28.2025 and microbial symbiosis requires further investigation. This study
Revised: 09.30.2025 evaluated the effects of bituminous coal ash application, combined with a
Accepted: 10.01.2025 tripartite symbiosis of microorganisms, on the growth parameters and
performance of Iranian pea plants.
gﬁﬁvmv?;gjé coal, Materials and Methods: The experiment was conducted in a greenhouse
Funneliformis mosseae, as a factorial pot trial in a completely randomized design with three
Iranian pea, replications in sterile conditions. The experimental factors included four
Mesorhizobium ciceri, levels of coal ash (0, 2.5, 5, and 10% of soil weight), three treatments
Rhizophagus irregularis of mycorrhizal fungi inoculation (no inoculation, inoculation with

Funneliformis mosseae, and inoculation with Rhizophagus irregularis),
and two treatments of Mesorhizobium ciceri inoculation (no inoculation
and inoculation with Mesorhizobium). Plants were grown under daily
irrigation until the flowering stage. Parameters such as basal and induced
soil respiration, leaf chlorophyll content, and growth indicators (plant
height, shoot and root dry weight, and the number of rhizobial nodules)
were measured.

Results: Soil treated with 2.5% coal ash significantly improved plant
height, dry weight, and the number of root nodules compared to the
control. However, increasing the coal ash application to 5% and 10%
resulted in reduced growth parameters, indicating negative effects of
higher coal ash concentrations on soil and plant properties. The highest
chlorophyll content in leaves was observed with 5% coal ash application,
possibly due to the nutrients available in the ash. Inoculation with
mycorrhizal fungi and Mesorhizobium, either separately or simultaneously,
significantly enhanced growth parameters, total chlorophyll content, and
chlorophyll a and b levels in leaves. The highest chlorophyll content was
observed in plants inoculated with Funneliformis mosseae, indicating its
greater efficiency than Rhizophagus irregularis. At a 10% coal ash
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application rate, the beneficial effects of biofertilizers on plants were not
observed, likely due to chemical and/or physical soil contamination.

Conclusion: This study revealed that applying bituminous coal ash at a
low rate (2.5%) can significantly improve Iranian pea growth parameters.
However, higher rates (5% and 10%) showed detrimental effects on
plant growth and microbial symbiosis. Furthermore, inoculation with
mycorrhizal fungi and Mesorhizobium substantially increased plant growth
and chlorophyll content, although these beneficial effects diminished at
higher coal ash concentrations. As this study was conducted in a
greenhouse and under sterile conditions, further field trials, particularly
under continuous coal ash application, are recommended to validate the
findings and provide practical recommendations for farmers.
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Table 1. Some physical and chemical properties of the sampled soil and coal ash.

Properties Units Soil Coal ash
texture - Sandy loam -
pH - 8.23 7.18
EC dsm™ 0.13 0.63
CEC Cmolc kg* 6.23 2.18
CaCO3 Equivalent g 100g* 3.9 8
Organic C g 100g™* 0.39 1.77
Available P mg kg™ 474 6.4
Available K mg kg™ 315 160
Available Fe mg kg™ 7.57 1.64
Available Zn mg kg™ 0.65 1.63
Available Pb mg kg™ 2.81 4.38
Available Cd mg kg™ 0.21 0.11
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Table 2. Analysis of variance (mean squares) of the effects of ash application, fungal inoculation and
Mesorhizobium on soil respiration and some growth parameters of chickpea.

Ratio of Dry Fresh Dry Fresh

Substrate

shoot to weight  weightof  weight  weight of induced resB?rﬁ:on df Source of variation
root of shoot shoot of root root respiration P
0.005 "™ 6.55**  126.54** 252**  148.20 ** 3.98 ** 0.48 ** 3 Coal ash (A)
0.02 ** 0.87 ** 20.63 ** 0.37 ** 43.03 ** 2.40 ** 0.21 ** 2 Mycorrhizal fungi (F)
0.005"™ 241 ** 62.6 ** 1.2** 65 ** 3.07 ** 0.31** 1 Mesorhizobium (M)
0.006"™ 0.06 ** 1.46 * 0.05 ** 2.82* 0.34 ** 0.03 ** 6 AF
0.006"™ 0.15 ** 4,11 ** 0.1 ** 0.96 "™ 0.41 ** 0.02 ** 3 AM
0.003™ 0.07 * 3.65* 0.16 ** 9.04 ** 0.028 ™ 0.03 ** 2 FM
0.01 ** 0.03™ 0.95™ 0.02"™ 5.75 ** 0.066 ™ 0.01 ** 6 AFM
0.0031 0.016 0.635 0.013 0.99 0.048 0.002 48 Error
6.07 412 421 5.96 488 31.33 20.24 Coefficient of

variation

Lol o do ) 50 L;)LJ b 53 05 Jsr..,:.:- edlasglil S Ja i 9 * (O3 45 ]5(..,:..7- odiasplis ™
" indicates not significant, * and ** represent significant at 5 and 1 percent, respectively
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Table 3. Mean test of soil basal respiration (mg CO2 g™ dry soil d), fresh root weight (g/pot) and shoot/root
ratio of chickpea in interaction of coal ash, fungal and Mesorhizobium inoculations.

Sd shoot/root ratio Sd fresh root weight sd SO'I. ba_sal Treatment
respiration

0.05 0.91° 0.69 20.43 cdef 0.007 0.034f A F, M,
0.08 0.90° 1.18 21.34 % 0.04 0.320 * A F, M,
0.04 0.93%® 0.6 21.61 bede 0.07 0.426 3cd A F M,
0.02 0.91° 0.91 24.72° 0.05 0.499 ¢ A F M,
0.03 0.95%® 0.72 20.89 coef 0.09 0.399 = A Fr M,
0.05 0.95%® 0.7 23.37% 0.05 0.500 ¢ A F M,
0.07 0.89° 1 20.68 °ef 0.004 0.050 f A Fy M,
0.04 0.94%® 0.32 22.81 bed 0.02 0.434 3cd A F M,
0.04 0.93° 0.62 22,27 bede 0.07 0.448 2 A F, M,
0.01 0.83° 1.14 28.15°2 0.05 0.552%® A Fy M,
0.01 0.91° 1.26 22.43 bede 0.05 0.427 %cd A Fr M,
0.04 1.112 1 20.68 cdef 0.01 05702 A F.M,
0.03 0.92° 1.17 18.04 fo 0.006 0.027 A F, M,
0.05 0.92° 0.57 19.4 €% 0.11 0.162 ¢ A F, M,
0.06 0.85° 0.83 20.07 %f9 0.03 0.146 f A F, M,
0.008 0.90° 1.41 23.43% 0.06 0.176 A F, M,
0.02 0.90° 0.73 19.66 © 0.03 0.127f A Fr M,
0.05 0.91° 0.91 21.29 0.04 0.344 % A Fr M,
0.11 0.99%® 157 15.17" 0.007 0.030 A Fy M,
0.08 0.95%® 1.06 16.15" 0.05 0.070f A Fy M¢
0.04 0.89° 1.14 16.98 9" 0.01 0.069 f A, Fy M,
0.07 0.90° 1.02 17.80 fon 0.04 0.102 A F M,
0.05 0.99%® 1.13 15.22" 0.01 0.037° A, F: M,
0.05 0.92° 1.13 17.05 9" 0.007 0.076f A Fe M,

)La.; v.:.?J.? “ Fr 9 FY ‘G_)lﬁ J)A.L\ﬁ Qj.b JL&.; F\ Loy \e 50 AV 6&&)\,\4\ BE) JI..MSB- )La.:f w_‘.rj.r 4 AL }AT LA\‘ A\
sonbe 05k sk <5 4 My 5 M, Rhizophagus irregularis b Sonbe s Funneliformis mosseae b el

(U106 (6 S iy (s ilonl QLSS g b slaeeSilis Oy 18533) pamsiisio Sile Jles 5 pamsiisse
A, A, Az and A, ash treatments at 0, 2.5, 5 and 10%, F; without fungal inoculation, F, inoculation

with Funneliformis mossea and F; Rhizophagus irregularis. M; without Mesorhizobium inoculation and M,
Mesorhizobium inoculation (in each column the meanings with the same letters are not significantly different)
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Table 4. Mean test of soil substate induced respiration (mg CO2 g™ dry soil d™*), root dry weight and fresh and

dry weight of aerial parts of chickpea (g/pot) in the interactions of ash-mycorrhizal fungus inoculation and
ash-Mesorhizobium inoculation.

Dry weight Fresh weight Soil substrate

Dry weight

Sd of root Sd of shoot Sd of shoot Sd induced respiration Treatment
Interaction between ash and mycorrhizal fungus inoculation
Srosse 7B inle 5 S s iSes
0.061 1.99 « 0.076 317 1.03 19.01°¢ 0.36 0.41°% A F,
0.14 221" 0.22 3.65° 1.45 21.45%® 0.46 1.3%® A F,
0.13 211" 0.28 357%® 1.33 21.12%® 0.35 1.03 A, F.
0.15 2.03° 0.29 3.35" 1.75 19.98 ™ 0.59 0.58 ¢ A F,
0.43 2502 0.30 3.75° 1.89 22.19° 0.33 1.552 A, F,
0.20 2.30%® 0.22 3.77° 1.52 21.81°2 0.51 1.55° A, F.
0.17 1.80¢ 0.22 2.78°¢ 0.89 17.32¢ 0.18 0.23% A:F,
0.26 2.05° 0.47 321 2.42 19.25°¢ 0.27 0.60 « A:Fy
0.21 2.01% 0.31 2.96 % 1.14 18.61 0.32 0.58¢ A Fr
0.13 1.39° 0.10 2217 0.53 15.15° 0.05 0.11° A F,
0.17 1.43°¢ 0.15 2.36 0.83 15.64¢ 0.04 0.22% A F
0.19 1.41° 0.13 2.27° 0.47 15.38 ¢ 0.02 0.17 % A F.
Interaction between ash and Mesorhizobium inoculation
AL Soabe b Sl (S
0.08 2.04° 0.18 3.33°¢ 1.03 19.66 0.48 0.65°¢ A/ M,
0.17 217° 0.34 3.59° 1.73 21.38° 0.46 1.18° A M,
0.13 2.05° 0.26 3.40 " 1.44 19.93°¢ 0.63 0.85° A M,
0.33 2.50° 0.21 385° 1.12 22.73% 0.44 1.61° A M,
0.13 1.79° 0.13 2.69¢ 0.79 17.22¢ 0.19 0.30¢ A M,
0.20 2.11° 0.31 3.27°¢ 1.63 19.57 ¢ 0.31 0.64° Ar M,
0.13 1.34¢ 0.09 2.19°¢ 0.49 15.10 ¢ 0.06 0.15¢ A M,
0.16 1.48¢ 0.12 2.36°¢ 0.63 15.69 ¢ 0.04 0.18°¢ A M,

St w5 Fe 5 Fy @b sl ok sles Fycdo s Ve 50 3/0 o lasslll jo nasbs jlas e 5 o Ay 5 A Ay A,
il 05 sl <5« My s My Rhizophagus irregularis -6 Ss«l s Funneliformis mosseae -G sl

(W1 5 S b s leal OLSG Sp o b sl o Kils Ogtw 255) pamsirinie S3ale Jlosd 5 s iisso
A, A, A; and A, ash treatments at 0, 2.5, 5 and 10%, F; without fungal inoculation, F, inoculation

with Funneliformis mossea and F; Rhizophagus irregularis. M; without Mesorhizobium inoculation and M,
Mesorhizobium inoculation (in each column the meanings with the same letters are not significantly different)
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Table 5. Analysis of variance (mean squares) of the effects of ash application, fungal inoculation and
Mesorhizobium on leaf total chlorophyll, chlorophyll a and chlorophyll b.

chlorophyll b chlorophyll a total chlorophyll df Source of variation
89.57 ** 1181.8 ** 1828.88 ** 3 Coal ash (A)
20.4 ** 270.36 ** 384.23 ** 2 Myecorrhizal fungi (F)
0.14™ 356.17 ** 389.90 ** 1 Mesorhizobium (M)
10.15™ 17.84™ 36.56™ 6 AF
20.87 23.26™ 17.59™ 3 AM
3.98™ 5.16™ 4.38™ 2 FM
6.31™ 20.07™ 17.80™ 6 AFM
6.23 19.49 26.96 48 Error
21.46 14.41 12.26 Coefficient of variation

.,\MLL;a Aoy ) 50 L;)LJ ol 53 05y jffw} = o Lol S Sy o P * EYW ffr.m;- = s lasOlis ns
" indicates not significant, * and ** represent significant at 5 and 1 percent, respectively
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Table 6. Mean test of total chlorophyll and chlorophyll a content in leaves (mg/g) in application of coal ash.

Sd chlorophyll a Sd total chlorophyll Slesd
7.39 31.43° 7.12 42.15° A,
6.05 33.69° 6.45 45.63° A,
4.77 38.17 ° 6.49 52.78 @ A
5.05 19.22° 5.69 28.74° A

Gleal DS Gy = b gl Kl Ot 1253) dona Vo 50 /0 o glaoslll 5 zuSE Sles w5 5w A 5 Ar Ay A,

(L0 (g S i
Ay, A, Az and A, ash treatments at 0, 2.5, 5 and 10%, (in each column the means with the same letters are not
significantly different)
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Figure 1. Mean test of (a) total chlorophyll content and (b) chlorophyll a content in leaves (mg/g)
under treatments with and without Mesorhizobium inoculation.
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Table 7. Mean test of chlorophyll b content in leaves (mg/g) under treatments of coal ash and Mesorhizobium

inoculation.
Sd chlorophyll b slesd
3.18 11.78% AM,
2.23 9.20°¢ A, M,
3.97 11.42" A M,
1.8 12.52 %¢ A M,
2.1 13.43%® Ar M,
2.03 15.84° A+ My
2.68 9.80 " A M,
2.45 9.23°¢ A; M,

aleal Ol g Lo la Kl Ogm 1255) dops Vo 5 0 Y70 o0 laoslll 5 2uS les w5 o A 5 Ar A A

(L1 (5,8 o

Ay, Ay, Az and A4 ash treatments at 0, 2.5, 5 and 10%, (in each column the means with the same letters are not

significantly different)

S5 SLEb sbles 52 (05 e S k) S b A Js S 5 s S aer 5ile 0 a3 A s
Table 8. Mean test of total chlorophyll, chlorophyll a, and chlorophyll b content in leaves (mg/g) under
mycorrhizal fungi treatments.

Sd chlorophyll b Sd chlorophyll a Sd total chlorophyll Sless
3.48 10.89 ° 8.24 26.76° 10.14 37.82° F,
3.09 12.68 2 9.44 32.78% 11.44 45.46° Fy
3.22 10.89 ° 8.14 32.33° 9.73 43.69° Fr

Rhizophagus irregularis 6 5+l 5 Funneliformis mosseae - G Jiels b cws « Fr 5 Fr o B o S3ale Jls Fy

(Pseudomonas fluorescens VUPf5) L8 .z,
5o ol i, 0l SCT50 35 el uis s
S 5 by O plaanld bjles (pl 5s Al
Flis s AR SKES 5 O3 S oass @l
Sil I S et 6 4 bt K22
2SSk b S bely 85 58 4 (7T
oS wios w ol plul s 5 S Jés kS
S 65 4 S e by S s St

(W1 g S b sleal LSS Sy > b (sl Sils Ot 5253)
F, without fungal inoculation, F, inoculation with Funneliformis mosseae and F; Rhizophagus irregularis
(in each column the meanings with the same letters are not significantly different)
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