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Effects of Different Proportions of Fly Ash in Seedling Substrates on the
Growth and Physiology of Tomato Seedlings

ZHENG Jiewen, LIU Xinyue, CAO Taotao,ZHANG Kaiyu, LI Qiang, KANG Furen

(Shaanxi Key Laboratory of Ecological Restoration in Northern Shaanxi

Mining Area, Yulin University, Yulin 719000, China)

Abstract: In order to explore the feasibility and optimal proportions of seedling substrates with different ratios of fly ash,
in this study, tomatoes were selected as the test material. Seven treatments were set up, with a commercial substrate as the
control group(CK), and 10% and 30% of fly ash mixtures were mixed with vermiculite at ratios of 1: 1, 1: 2, and 1: 4,
respectively, designated as M11, M12, M14, H11l, H12, and H14. The physicochemical properties of the composite
substrates, including bulk density, porosity, air-water ratio, pH, conductivity, organic matter, available nitrogen, available
phosphorus, and available potassium, were examined. Additionally, the growth and physiological indices of tomato seedlings,
such as plant height, stem thickness, biomass, root—crown ratio, seedling index, SOD activity, POD activity, CAT activity,
MDA content, and chlorophyll content, were investigated. The results showed that fly ash seedling substrate could significantly
increase the plant height, stem thickness, biomass, root-crown ratio, and chlorophyll content of tomato seedlings, promoting
their growth. Specifically, compared with the control group, the H12 treatment(30% of fly ash: vermiculite=1: 2) showed
significant increases in plant height, stem thickness, and chlorophyll content by 22.3% , 23.6%, and 8.7% , respectively, and
both POD and SOD activities were significantly higher than those of other treatments. The H12 treatment was found to have
the highest score through principal component analysis and comprehensive evaluation. The appropriate fly ash ratio could

improve the growth physiology of tomato seedlings and the overall growth of tomato seedlings was better when the substrate
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consisted of 30% of fly ash compost and vermiculite at a ratio of 1: 2.

Keywords:seedling substrate; fly ash; tomato seedlings; physicochemical properties
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Tab.1 Different volume ratio of seedling substrate

Jib 7 S JBE 7 I oy R

Treatment Ingredients of the substrate formulation Volume ratio

M1l IR B SORE (5 10 %0 B IR ) < i 1:1
M12 W IR B BOREC 10% BT ) < I A7 1:2
M14 R B R (7 10% By M) < 8 A7 1:4
H11 H IR B R (57 3090 MR ) < M A1 1:1
H12 W IR BB (57 3096 MY MR ) < I A7 1:2
H14 IR B OB (7 30 %0 By ME I ) < A7 1:4
CK B MR AT 2:1
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Tab.3 Potential ecological risk assessment of heavy metals in fly ash composite substrates

4b 3 E . AR A R S 9
Treatment Pb Cd Cr As Hg Ecological risk level
1026 A3 5 K B 4 3 S 2k 0.17 14.35 0.07 2.77 0.04 17.4 1%
10% of fly ash aerobic composting substrate
3096 o J5E B Ly 4 T 3 T 0.16 9.50 0.11 4.70 0.47 14.94 ik

30% of fly ash aerobic composting substrate
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Tab.4 Physical properties of seedling substrates with different fly ash proportions

ISt i/ (g/em) BALBE/ % LB/ % FiKALBRIE/ % UK
Treatment Bulk density Total porosity Aeration porosity Water-holding porosity AFP/WRP

M11 0.30£0.01b 59.67+0.03a 14.4340.01a 45.2040.02ab 0.324£0.02ab
M12 0.30%0.01b 62.07%0.00a 15.43£0.01a 46.63+0.01a 0.3340.03ab
M14 0.22£0.01c 53.53£0.06a 15.6040.02a 37.93£0.05b 0.4240.07a
HI11 0.360.00a 55.03+0.01a 10.0040.00b 45.0740.01ab 0.2240.01b
H12 0.31+0.01b 55.6740.02a 12.2740.02ab 43.33£0.01ab 0.28+0.03b
H14 0.22+0.02¢ 53.27+0.02a 11.804-0.02ab 41.4740.02ab 0.2940.04b
CK 0.09=£0.00d 56.03£0.03a 13.5740.01ab 42.4340.02ab 0.32£0.01ab

IR AR ARG SRR AL B 7E 0.05 K F 2 R 3 . RS,

Note: Different lowercase letters in the same column were significant differences between treatments at the 0.05 level. The same as Tab.5.
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Tab.5 Chemical properties of seedling substrates with different fly ash proportions

b 3 . HHLR/ (g/kg) Tl it &/ (mg/kg) WAL/ (mg/g) HRLAR/(mg/g)
Treatment pH EC/(mS/em) Organic matter Available nitrogen  Available phosphorus Available potassium
M11 8.1740.06a 7.07£0.13a 209.87+17.84a 328.70£0.98a 318.85+1.98a 13.3740.01a
M12 7.72£0.30b 5.610.59b 178.4749.46b 254.04£6.78b 308.15+£2.40b 9.57£0.02b
M14 7.7040.06b 4.94+0.25¢ 173.184+4.84b 156.1942.95f 296.27+£1.27¢ 7.5541.76¢
HI1 7.57£0.04bc 3.73£0.06d 180.5742.86b 229.84+2.71c 295.16+0.73¢ 9.52+0.02b
HI12 7.32£0.02¢ 2.89£0.03e 151.7248.59¢ 197.284+1.33d 285.11£0.99d 7.35£0.06¢
H14 7.3240.24c 2.074+0.04e 139.47+8.34c 173.14+2.62¢ 278.53+1.04e 6.3640.03c
CK 6.23+0.02d 1.7340.06f 210.84+12.53a 192.9241.53d 278.84+2.10e 7.43+0.06¢
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Different lowercase letters in the figure indicated significant differences(P<C0.05). The same as Fig.2-5
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Plant height of tomato seedlings under different proportions of fly ash seedling substrates
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Fig.2 Stem thickness of tomato seedlings under different proportions of fly ash seedling substrates
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Fig.3 Effect of different proportions of fly ash seedling substrates on biomass, root—crown ratio,

and seedling index in tomato seedlings
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Fig.4 Effect of different proportions of fly ash seedling substrates on antioxidant enzyme

activity and MDA content in tomato seedlings
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Fig.5 Effect of different proportions of fly ash seedling

substrates on chlorophyll content in tomato seedlings
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Fig.6 Correlation between physicochemical properties of different proportions of fly ash seedling

substrates and growth index of tomato seedlings

A T) 5 o e He R 7 hn 4h B AR K FE RO
TLATEM 4 R 6 FT s , HI12 4 PRS0 7

+64-

0 2.54 A BRSNS TR Ak BG4 53 /MR T
yH12>M14>H14>H11>CK>MI12>MI11.



R SR AN TR E Ry BETR B

HE T X 7 i 4l AR A LAY B2 TR

*6 IBSEFHESRFSIEN
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