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Supplementary Table ST1 
Effects of sewage sludge and inorganic fertilizer applied either alone or in combination with 
zeolite on soil diethylenetriamine pentaacetic acid (DTPA)-extractable concentration of Mn 
and Cu after barley harvest 

Treatment  Mn-DTPA (mg kg−1)  Cu-DTPA (mg kg−1) 
    2017 2018 

Control   12.17  0.32 0.55 
Fertilizer (IF)  10.75  0.27 0.56 
SS1  12.13  0.31 0.63 
SS2  13.31  0.29 0.68 
SS3  9.64  0.33 0.66 
SS4  10.51  0.22 0.62 
Zeolite (Z)  11.28  0.22 0.63 
IF + Z  10.67  0.27 0.48 
SS1 + Z  9.35  0.18 0.58 
SS2 + Z  15.02  0.31 0.66 
SS3 + Z  11.85  0.28 0.52 
SS4 + Z  11.56  0.27 0.55 
Mean  11.519  0.270 b 0.593 a 
Source of variation df F P > F  F P > F 
Year (Y) 1 0.296 0.984  250.922 <0.001 
Treatments (T) 11 1.595 0.120  1.708 0.091 
Y × T 11 1.905 0.054  1.372 0.207 

Values of Mn-DTPA are means of 2017 and 2018. Yearly means followed by the same letter do 
not differ significantly at the 0.05 probability level. IF: inorganic fertilizer applied at 120 kg N 
ha−1 and 26.16 kg P ha−1; SS: sewage sludge applied at 7.8 Mg ha−1 (SS1), 15.6 Mg ha−1 (SS2), 

23.4 Mg ha−1 (SS3), and 31.2 Mg ha−1 (SS4); Z: natural zeolite applied at 1.14 Mg ha−1 

 

 

 



 

Supplementary Figure SF1 Relationship between sewage sludge (SS) rate applied 
either (a) alone or (b) in combination with natural zeolite (Z) and grain yield of barley. 
Sewage sludge applied at 7.8 Mg ha−1 (SS1), 15.6 Mg ha−1 (SS2), 23.4 Mg ha−1 (SS3), 
and 31.2 Mg ha−1 (SS4) over two years (2017, open symbols; 2018, filled symbols); 
Zeolite applied at 1.14 Mg ha−1 

 

 
 
 
 
 
 
 
 
 
 
 

y = -3.495x2 + 131.63x + 712.91
r² = 0.84, P = 0.002
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y = -5.689x2 + 194.17x + 739.17
r² = 0.78, P = 0.005
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Supplementary Figure SF2 Relationship between dry matter accumulation and 
nitrogen uptake by barley at anthesis (a) 2017 and (b) 2028. Each relationship was 
based on means derived from twelve treatments (n = 12) 
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