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Abstract

Given the accelerating pace of population growth and the corresponding increase in demand for food
resources, the use of alternative fertilizers such as sewage sludge has emerged as a sustainable strategy
in agricultural systems. This study was conducted in a greenhouse using a completely randomized design
to assess the effects of varying amounts of sewage sludge on maize (Zea mays L.) growth in two soil
types: clay loam and sandy loam. The experimental treatments included five sludge application rates:
0.125%, 0.25%, 0.5%, 1%, and 10% (w/w). Several plant growth parameters were measured and
analyzed, including germination percentage, plant height, growth rate, fresh and dry biomass of shoots
and roots, chlorophyll and carotenoid concentrations, total leaf soluble solids, antioxidant activity, and
concentrations of phosphorus, nitrogen, and potassium in plant tissues. The results showed that low to
moderate applications of sewage sludge (0.125% to 1%) significantly improved growth indices.
Compared to the control treatment, adding 1% sludge to clay loam soil and 0.5% to sandy loam soil
produced the greatest positive effect on increasing concentrations of chlorophyll a, chlorophyll b, total
chlorophyll, carotenoids, antioxidant activity, and the fresh weight of shoots and roots. In contrast, the
treatment with 10% sludge negatively affected plant growth and physiological characteristics, resulting
in reduced growth. Additionally, as sludge content in the soil increased, concentrations of phosphorus,
nitrogen, and potassium in shoots and roots also rose significantly. Overall, the findings indicate that
judicious and optimized use of sewage sludge can substantially enhance soil fertility by improving plant
growth parameters and supplying essential nutrients. However, excessive application may cause
detrimental effects; therefore, determining the optimal application rate and continuously monitoring the
chemical composition of the sludge before its use in agricultural fields are imperative.
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Table 1. Some physicochemical properties of soil samples and sewage sludge (SS)

Soil texture Clay Silt Sand pH EC  OC TNV N K P Fe Mn Zn Cu
(%) - dsmt (%) mg kg*
SL 14 16 70 748 098 075 1925 0.068 230 12 44 37 0.65 0.84
CL 28 30 42 782 188 033 2200 0.032 463 16 3.1 35 0.80 0.57
Sewage sludge analysis
Total
pH EC N P oC Fe Mn Zn Cu Pb Cd Ni Cr
- ) e mg kgt ------------
SS 72 43 712 328 3627 052 0012 0.077 0.02 815 275 9.73 1753

SL: Sandy loam, CL: Clay loam, SS: Sewage sludge, pH and EC were measured in 1:10 SS to water ratio,
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Table 2. ANOVA results for the effect of sewage sludge application on some growth characteristics of maize
(Zea mays L.) in clay- and sandy loam soils

Mean Square

Soils S.0.V Shoot height (cm) at day Growth rate in the stage
5 Seventh Sixteenth Thirtieth Forty fifth ~ First second  third total
SS 12 11.10™  63.18™ 106.48™ 148.81 0.39™ 0.221" 0.009" 0.074™
error - 0.81 4.85 4.99 4.94 0.062 0.062 0.003 0.002
CV (%) 9.98 6.84 5.22 4.58 9.64 16.44  20.13 4.56
Clay dry weight fresh weight I
loam shootyW Igroot shoot W Igroot germination leaf number
SS 5 0.18" 0.19™ 6.64" 5.63™ 400.00™ 9.26™
error 12 0.05 0.02 1.87 0.46 33.33 1.06
CV (%) - 12.76 9.87 13.28 7.22 6.18 5.69
Shoot height (cm) at day Growth rate in the stage
Seventh Sixteenth Thirtieth Forty fifth  First second  third total
SS 5 14.82™  244.69™ 307.30™ 363.38" 1.777 0.149" 0.007™ 0.179™
error 12 2.65 1.69 1.82 5.19 0.049 0.03 0.007  0.003
CV (%) - 14.61 3.03 2.84 4.29 6.27 2842  34.17 4.29
Sandy dry weight fresh weight S
loam shoot root shoot root germination leaf number
SS 5 1.39™ 0.43™ 50.57"  20.55™ 22.22" 72.32™
error 12 0.015 0.011 2.56 0.73 16.67 4.72
CV (%) - 6.52 9.40 11.15 9.08 4.18 12.5

"™ Non-significant, >~ Significant at 5 and 1% probability level, respectively based on Duncan's multiple range
test (at the 5% significance level), SS: sewage sludge, S.0.V: Source of variation
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Table 3. Mean comparison of sewage sludge application effect on some growth characteristics of maize (Zea

mays L.) in clay- and sandy loam soils

sewage ; :
sludge germination  leaf number dry weight fresh weight

(%) shoot root shoot root
clay  Control  96.67+3.3? 17.67+0.3° 1.56+0.06"  0.93+0.05°  8.99+0.5% 8.00+0.3°
loam 0.125 100.0+0.0? 18.00+0.6° 1.59+0.11k¢  1.41+0.14*  9.60+0.5" 10.39+0.1°
0.25 96.67+3.3% 17.67+0.7°  1.69+0.09b  1.46+0.07  11.09+0.8"  10.40+0.82
0.5 96.67+3.32  19.00+0.6™  1.87+0.23%  1.47+0.03* 11.35+1.2"®  10.01+0.1°
1 100.0+0.0? 20.67+0.32 2.04+0.052 1.3740.03%  12.24+1.0? 10.14+0.3?
10 70.00+5.7° 15.33+0.9¢ 1.33+0.10¢  0.96+0.06° 8.47+0.6° 7.27+0.4°
sandy Control  96.67+5.8% 18.33+0.3? 1.50+0.03" 0.97+0.06° 9.74+0.3° 6.66+0.2¢
loam 0.125 96.67+6.72 21.00+0.62 2.35#0.10*  1.10+0.00®°  16.98+1.72 9.86+0.4¢
0.25 100.0+3.3? 17.67+2.8° 2.21+0.05? 1.5040.028  16.91+0.6*  10.75+0.4"
0.5 100.0+3.3? 19.67+0.3? 2.25+0.11° 1.51+0.06°  17.82+1.3? 11.90+0.52
1 100.0+5.8? 20.00+0.0? 2.32+0.06*  1.19+0.04°  16.19+0.4%  11.50+0.2

VY
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10 93.33+6.72 7.67+0.88°

0.65+0.06°

0.5+0.02° 8.50+0.4° 5.65+0.09¢

Means followed by the same letters are not significantly different (P < 0.05) according to Duncan’s multiple
range test at the 5% significance level
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Table 4. Mean comparison of sewage sludge application effect on shoot height and growth rate of maize (Zea
mays L.) in clay-and sandy loam soils

Sgl‘a’ggg Shoot height (cm) at day Growth rate in the stage

(%) Seventh Sixteenth Thirtieth Forty-fifth Sixteenth  Thirtieth Forty-fifth  total
clay Toam
Control  8.2+0.5° 33.3+0.28  41.6£1.1° 46.8+0.8¢ 2.8+0.12  1.17+0.1°  0.24+0.02  1.04+0.0°
0.125 8.3+0.3° 33.2+0.42  43.7+0.4% 49.4+0.8b¢ 2.840.1° 1.51+0.1% 0.26+0.0b2  1.1+0.0b¢
0.25 8.340.3° 32.5+0.78  44.6+1.2°¢ 514417 2.740.12  1.7240.1*  0.30+£0.08  1.14+0.0*
0.5 10.8+0.62 34.6+£0.82  47.2+2,0° 54.1+1.82 2.6x0.1° 1.80+0.22 0.31+0.02 1.20+0.02
1 11.840.32  36.4+2.4*  48.1+1.62 54.1+1.02 2.740.3%  1.67#0.1* 0.27£0.0®  1.20+0.02
10 6.7+0.8° 23.3+1.5° 31.7+0.9¢ 35.3+1.24 1.840.1° 1.240.2° 0.17+0.0° 0.78+0.0¢
sandy loam
Control 10.3+0.9°  38.0+0.0°  42.9+0.5¢ 48.7+1.2° 3.1+0.1°  0.70+0.1°2 0.25+0.12  1.08+0.0°
0.125 12.0+£1.8"  47.9+0.4° 52.9+1.2 58.7+£1.72 4.0+0.2¢  0.72+0.1°*  0.26+0.0? 1.3+0.08
0.25 11.0£0.5"  46.4+0.2° 51.2+0.1° 57.7+0.52 3.9+0.1*  0.69+0.0°® 0.28+0.0°  1.28+0.02
0.5 12.7+0.4"  48.2+1.2"  55,0+0.0? 61.5+1.92 3.9£0.12  0.98+0.22 0.29+0.12 1.37+0.02
1 13.6+£0.98  50.4+1.0°  54.1+0.22 59.3+0.22 4.140.22  0.53+0.1°° 0.24+0.08  1.32+0.0?
10 7.3+0.3¢ 26.7+0.9¢ 28.8+1.49 32.5+1.4°¢ 2.2+0.1°  0.31+0.1° 0.17+0.02 0.72+0.0°

Means followed by the same letters are not significantly different (P < 0.05) according to Duncan’s multiple range test at

the 5% significance level
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Table 5. Anova results of the application of sewage sludge on Chlorophyll (a, b, total), carotenoids, total soluble
solids and antioxidant activity of maize (Zea mays L.) in clay- and sandy loam soils

Mean Square

Source of Chlorophyll Total leaf .
ML df . antioxidant

variation a b total carotenoids sso(!ijiglse activity

clay loam

sewage sludge 5 54859.29" 6674.73" 88136.87" 5808.73" 0.796™ 26.12"™

error 12 14858.76  1272.40  19880.63 591.70 0.130 8.61

CV (%) - 15.37 10.60 12.48 17.64 10.27 5.57

sandy loam

sewage sludge 5 31810.39° 5520.59" 60412.54™ 756.01™ 1.482"™ 258.67"

error 12 6300.94 948.72 11011.33 52.99 0.082 5.33

CV (%) - 14.19 14.28 13.54 5.64 6.97 3.97

* kk

" Non-significant, "™
test (at the 5% significance level)

Significant at 5 and 1% probability level, respectively based on Duncan's multiple range
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Table 6. Mean comparison of sewage sludge application effect on Chlorophyll (a, b, total), carotenoids, total
soluble solids and antioxidant activity of maize (Zea mays L.) in clay- and sandy loam soils

- Total lea g
sewage Chlorophyll (ug mg™) i Antioxidan
Sludge carotenoids T soluble "t activity
(%) a b total (%) (%)
clayloam  Control 7117437  277.6£9.8°  980.2+50.6°  94.2+3.1°  3.0£0.2° 51.1+0.6™
0125  726.9+61.0°  292.7+16.8c 1019.6853.7° 123.0£6.4°  3.2+0.2° 50.5+1.1%
0.25 750.6+8.8° 318.4+3.1%°  1060.0+11.9°  1255+6.1°  3.1:0.3° 54.9+0.3°
0.5 806.7449.1°  3752+51%  1181.8+48.0°  1951#11.7° 42£02* 54.8+1.4°
1 1058.8+104.5 394.2450°  14529+149.5° 189.6+30.5° 4.0:0.1"™ 56.0+2.12
10 704.5£103.3°  360.7+10.4% 1065.2+97.6°  99.9+5.6"  3.4+0.2% 48.823.0°
sandy loam  Control ~ 555.6+15.9™  224.9+259™ 780.5:+41.8%  108.5t12°  3.0:+0.1" 522£12°
0125  537.4+34.4°  2453+12.7° 782.8+47.0"  1405t55°  4.7:0.2° 66.9+1.3
0.25 651.7455.6%  246.6+12.4° 898.2+60.7%  1384+4.3% 4.4%0.1*° 61.60.6°
0.5 690.4+47.6°  2495+14.6° 939.9+61.9°  147.6+2.8°  4.4%02° 63.4+2.5%
1 520.3t53.9  184.0+18.7° 704.3t72.6%  126.8+2.5°  4.6:0.1° 62.8£0.2%
10 400.353.9°  144.0t18.7° 544.3t72.6°  112.61+64° 35:02° 42.1%0.8°

Means followed by the same letters are not significantly different (P < 0.05) according to Duncan's multiple range test at the

5% significance level
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Table 3. ANOVA results for the effect of sewage sludge application on phosphorus (P) nitrogen (N), and
potassium (K) concentrations in maize (Zea mays L.) grown in clay- and sandy loam soils.

Source of df

Mean Square

variation P

N K

VWY
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shoot root shoot root shoot root
clay loam
sewage sludge 5 0.0034™ 0.0032™ 0.27™ 0.086™ 0.18™ 0.48™
error 12 0.000077 0.00012 0.016 0.0037 0.0039 0.010
CV (%) - 9.56 7.65 2.05 1.26 1.65 3.93
sandy loam
sewage sludge 5 0.014™ 0.18™ 0.31™ 087" 0.66™ 0.95™
error 12 0.000089 0.00022 0.017 0060 0.0085 0.0035
CV (%) - 7.82 5.01 2.17 1.41 2.65 2.30

™ Significant at 1% probability level based on Duncan's multiple range test (at the 5% significance level)
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Table 8. Mean comparison of sewage sludge application effect on phosphorus (P), nitrogen (N), and potassium
(K) concentrations in maize (Zea mays L.) grown in clay-and sandy loam soils

sewage
sludge P N K
(%) shoot root shoot root shoot root
clay loam Control  0.03+0.003¢ 0.11+0.00¢ 5.72+0.08®° 4.62+0.02¢  3.48+0.03¢ 2.14+0.03¢
0.125 0.07£0.003¢ 0.12+0.01% 5099+0.07¢ 4.7£0.03% 3.61+0.03¢ 2.35+0.06¢
0.25 0.11+0.003° 0.13+0.01%" §.18+0.049c 4.77+0.02°®° 3.72+0.03° 2.38+0.08%
05 0.10£0.003° 0.14+0.00® g 25+0.070c 4.82+0.01°  3.84+0.03° 2.56+0.08°
1 0.11£0.006° 0.16+0.00° g 45+0.06% 4.99+0.06%  3.88+0.05° 2.77+0.07°
10 0.13+£0.009% 0.20+0.01* g55+0.100@ 5.07£0.05*  4.18+0.04* 3.27+0.02°
sandy loam  Control 0.04+0.00°  0.16+0.01¢ 5.70+0.109 4.53+0.02¢  3.18+0.06° 2.08+0.04f
0.125 0.08+0.00®°  0.19#0.01°¢ 5.73+0.12¢ 5,52+0.05d° 3.19+0.01¢ 2.25+0.03¢

0.25 0.10+0.01°  0.20£0.00® 6.02+0.05° 5.49+0.08¢  3.29+0.04¢ 2.38+0.02°

05 0.12+0.01°  0.22+0.01® 6.17+0.04™ 5.64+0.05°  3.31+0.03° 2.52+0.04°
1 0.16+0.00°  0.22+0.01° 6.39+0.07"* 5.80+0.02°  3.55+0.06° 2.67+0.03°
10 0.23+0.01*  0.80+0.01* 6.46+0.05* 6.13+0.02*  4.41+0.09° 3.66+0.04%

Means followed by the same letters are not significantly different (P < 0.05) according to Duncan's multiple
range test at the 5% significance level
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