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Influence of ZnO-NPs foliar application on soil microbial activities in
sunflower fields treated with chemical fertilizers compared with organic
materials
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ABSTRACT: The objective of this research was to study the influence of organic materials and impact of ZnO-NPs
on microbial activity concerning soil organic carbon turnover in soil. The experiment was divided into 6 treatments
as following: 1) chemical fertilizer (CF) (N-P-K) 2) CF + ZnO-NPs 3) goat manure (GM) 4) GM + ZnO-NPs 5) GM-
biochar compost and 6) GM-biochar compost + ZnO-NPs. The study found that chemical fertilizer with and
without ZnO-NPs treatments resulted in increased CO, emissions within 7 days after the application (13.3 and 12.4
mg CO,-C/m?/day) compared to day 0 (5.1 and 6 mg CO,-C/m?/day) in which the average soil organic carbon
reduction (with and without ZnO-NPs) was 13.6%, indicating the degradation of indigenous soil carbon deposits.
The GM and GM + ZnO-NPs treatments decreased soil CO, emissions at the first 7 days after the application (22.5
and 24 mg CO,-C/m?/day) compared to day 0 (39.6 and 37.5 mg CO,-C/m?/day). Treatment GM + ZnO-NPs
resulted in lower CO, emissions than without foliar at days 21 and 63 after application (-19.7 and -23.8%,
respectively) (P<0.001). Meanwhile, the GM-biochar compost and GM-biochar compost + ZnO-NPs decreased CO,
emissions for almost a period. The metabolic quotient (gCO,) at day 0 under GM and GM-biochar compost
treatments (with and without ZnO-NPs) (0.27-0.48 mg CO,-C/g MBC/d) was significantly higher than that of the CF
treatments (with and without ZnO-NPs) (0.06-0.08 mg CO,C /g MBC/d) (P<0.001), indicating that the
microorganisms have a higher potential to utilize carbon from organic material as an energy source than its
accumulation within the microbial biomass. At day 49 and day 63, the GM-biochar compost treated treatments
(with and without ZnO-NPs) had lower gCO, than other treatments (0.05-0.07 mg CO,-C/¢ MBC/d) (P<0.05)
corresponding to a high phenol oxidase activity during that period (6.3-7.56 pmol dicg/g soil/h), indicating
microorganisms switch their metabolism to use resistant carbon compounds. This study found a negative
correlation between f-glucosidase and phenoloxidase during days 7 to 21 (R’ = 0.614, r = -0.7213) and 49 to 63 (R
= 0.5152, r = -0.7155), suggesting that microorganisms alter their use of carbon sources during decomposition.
Keywords: Zn oxide nanoparticle; CO, emissions; soil organic carbon; phenoloxidase; (3-glucosidase
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Figure 1 Pattern changes of CO,-C evolution as affected by organic materials and ZnO-NPs treatments. Different
letters indicate significant differences at P<0.05 (LSD). **, *** significantly different at P<0.01 and 0.001,

respectively. ns: not significantly different
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Table 1 Some properties of soil and organic materials used in this study

Parameter Soil GM GMB GMBC

pH (materials: water = 1: 10)
554 7.79 8.68 8.17

(soil: water = 1: 2.5)
Total organic C (g/kg) 2.2 317 372.4 195
Total N (g/kg) 0.15 13.6 9.8 8.5
C/N ratio 14.7 233 38 22.9
Total P (g/kg) ND 1.8 2.5 2.1
Total K (g/ke) ND 26 103.6 54
Volatile matter ND 80.6 50.48 ND
Ash ND 18.1 ar.2 ND
Fixed C ND 1.3 2.32 ND

GM: Goat manure; GMB: GM-biochar; GMBC: GM-biochar compost; ND: not determined.
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wulesdvyudvuansusenaunisueuasswiin As dnn-ngladng (Hesaansisaglaa) uasiiusasending (Jevaae

a a + o 1
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Table 2 Cumulative CO,-C evolution over 112 days after organic materials incorporation

Treatment (T)

CF GM GMBC
Parameter |P| SED
T1 T2 T3 T4 T5 T6

-ZnO-NPs +ZnO-NPs  -ZnO-NPs +ZnO-NPs -ZnO-NPs +ZnO-NPs

Cumulative CO,-C emissions

5 691d 862 d 2448 a 2059 b 1573 c 1536 c e 133.4
(mg CO,-C/m“/day)

CF: chemical fertilizer. GM: goat manure. GMBC: GM-biochar compost. +, -: with and without ZnO-NPs.
SED: standard error of the difference. Different letters indicate significant differences at P<0.05 (LSD).
*** significantly different at P<0.001.
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Table 3 C-cycling enzyme activities in soils treated with different organic materials

Days after incorporation

Treatment 7 21 49 63 77 112

Phenoloxidase activity (umol dicg/g soil/h)

CF 1.64 cd 285c¢ 2.25d 1.89b 1.85b 1.59
CF +2ZnO 1.58d 2.68 ¢ 221d 1.73b 2.02 ab 1.35
GM 2.56 bc 232c¢ 461 c 4.15 a 2.48 ab 1.62
GM + ZnO 1.59 cd 1.99 ¢ 296 d 237b 1.19b 1.45
GMBC 3.40 ab 516 b 6.30 b 4.92 a 335a 2.59
GMBC + ZnO 4.04 a 6.44 a 7.56 a 4.58 a 333 a 277

| P| o o o o * ns

SED 0.48 0.58 0.55 0.71 0.86 0.60

R-slucosidase activity (ug PNG /g soil/h)

CF 182 b 125 d 109 ¢ 10.6 16.4 9.7
CF + ZnO 91 ¢ 116 d 16.8 ¢ 13.9 20.8 12.5
GM 539 a 105.7 a 44.2 a 224 19.5 11.8
GM + ZnO 572 a 59.0 b 35.6 ab 15.4 20.8 10.1
GMBC 205b 399 ¢ 22.4 bc 14.8 19.3 8.4
GMBC + ZnO 193 b 56.8 b 22.2 bc 12.5 15.2 8.3
| P| X% X% *xx ns ns ns
SED 3.04 7.38 6.58 3.67 2.84 294

CF: Chemical fertilizer. GM: Goat manure. GMBC: GM-biochar compost. SED: standard error of the difference.
Different letters indicate significant differences at P<0.05 (LSD). *, *** significantly different at P<0.05 and 0.001,

respectively. ns: not significantly different.
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Figure 2 Relationships between B-glucosidase and phenoloxidase at day 7-21 (a) and day 49-63 (b) after chemical

fertilizer and organic materials incorporation.
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Figure 3 Metabolic quotient (gCO,) pertaining to soil under contrasting organic materials with and without ZnO-
NPs. *, *** significantly different at P<0.05 and 0.001, respectively. ns: not significantly different. Vertical bars

represent standard error of the mean (SEM).
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