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Abstract

Background and Objective: Even though the various application of the nanotechnology in
agricultural practices in the last decade their environmental implications have not been addressed
enough. Soil biological activities are among the critical soil quality indices due to the rapid reaction
with any changes in the soil condition. Therefor the aim of this study was to evaluate the effect of
nano-scaled iron and silver particles on some of biological indices in soil.

Method: The study was designed as a completely randomized factorial with three replicates, nano-
scaled iron and silver in five levels (0, 20, 50, 100 and 200 mgkg™). Treated soils were incubated in
50% field capacity moisture regime at 25 °C. After 10, 17 and 30 days of incubation subsamples were
taken acidic and alkaline phosphatase activity as well as microbial respiration were measured.
Findings: The results revealed that nano-scaled iron, nano-scale silver and incubation time
significantly (p < 0.01) affected the microbial respiration. The highest microbial respiration was
measured (47.33 mgC g'soil) at 200 mgkg™ nano-scaled particles after 10 days of incubation.
Although the alkaline phosphatase changed during the incubation time, nano-scaled particles and time
have no effects on acidic phosphatase during the incubation time. The highest alkaline phosphatase
activity (282.2 pg p-Nitrophenol g™soil h™) was detected after 10 days in 200 mgkg™ nano-scaled
particles.

Discussion and Conclusion: The present study demonstrated a significant effect of the nano-scaled
particles and time on soil respiration. This effect depended on the concentration and type of the
nanoparticles. Soil respiration increased by incubation time. The effect of nano-scaled particles on the
enzyme activities depends to the kind of enzyme and nano-scaled particles. Alkaline phosphatase
activity affected by nano-Fe although nano-scaled particles and incubation time had no effect on the
acid phosphatase activity.

Keywords: Acidic and Alkaline Phosphatase Activity, Nano-Scaled Particles, Soil Respiration.
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Table 1. Selected physical and chemical characteristics of the studied soil
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Table 2. Analysis of variance for the effect of nano-Fe, nano-Ag and time on acid phosphatase, alkaline
phosphatase and soil respiration
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Table 3. Mean comparison effect of nano-Fe, nano-Ag and time on acid phosphatase, alkaline phosphatase and
soil respiration
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Table 4. Mean comparison effect of nano-Fe and time on alkaline phosphatase
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Table 5. Mean comparison effect of nano-Fe and nano-Ag on soil respiration
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Table 6. Mean comparison effect of nano-Fe and time on soil respiration
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Table 7. Mean comparison effect nano-Ag and time on soil respiration

S (219,500 i OgwlisSSl oo o i 0593l
Soilrespiration(ugCg™d™) Time (day) Nano-Ag(mgkg™)

ves. V.

fo/eA © \Y

yvivy P8 Y

vor- 5 V.

ooy © VY Y-

Yviy PF Y-

voisA 5 V.

ey A W 5

Yy OF Y-

YANVY P V.

tAYY B VY \

Yaf ° Y

YAI-A P V.

f5/5y BC \Y v

vv)vs OF Y

A (5,0 e BT (gllo o Sils garsloniz fygejl Gubo (gm0 alie B> (gl s lonSile

Rl sl (55, SeeST 0,350 09l (5T el 0,350 L
5 98 sl jBland cdld ol s oL sbland ol
S S b Sl ol ,dsl clale nlial L
g1 el s pasls apmSTel (Y0) b L5l
w3l Sdled o sme U TS e S e B
PSS n p Sk Ve e e 2l g sl slland 5 e
Collad (alS g 5oyl codled (naliil cely poiilis apST 5L
2opSke Ve b walh Jlad 4 Cond jBlas o]
5o bl oyl codlad (59, (58b ol nSTgil oS 5LS
el ol el ol aaSlgl YL slaclile o5 b
alS el s opnSTeil dilize glacdile o 5loyl

G Sl 9 S
b 3Bl Codled (g9, 1 G3akos ol 4 o0ds ool &l 343l
Ol asly oo @lizee S o Oldgl el o)l
S ‘Smu;fl Codlad Lol asls ‘54.{}3—\ cdled  gglate
S g5 9 mpl g5 0,350 clale g 55 130 Cov a4
ol pfow ol Gl @ldgl 31 (YD) wib s
Oldllas asl Oldgl ple 5l Sogedie Slgf o cauyl
Colld g5, p e polie e Sl aney o Sl
gs‘-%-.'.j-ﬂ cdled 3,k 51 (VY gVF) cowl oy plxl w}ﬂ
osis ¥ & e (550 Sl e aisle Jsboss
Slooyad & Jslossy Slomi] ol s ol
LQM}JT ol (YR SYA) oy K S oleenii g b

o oles 5l g iz S T slse b bapsy ags il oo




4

e B2 > Cdlzd 0, g u.biyb olyd ).JL

Sl b (295 g9 SRl p (e (oaBlite SIS
0 oanlie (Vo) F) o Kes 5 ol Lawgi pgalind apunslyil
Jolse & Sldel 4 S slapesl )5S 25Ty (F4)
g8 ldgil wled loy g Jlade gy alex 5l alire
Slge ool 5 T Loty PH) S Sliogas o s,Sen

Sl Sy Gialesl Ll g (g S s,

W § S Azt
obiS B cnl yo addllae 9550 (st Slo ALl (e
ol Hlas @lhdgil 4 Cans gylo gre (iSTy S (09,80
5 snde Sldl 4 Cond ol Vb Comle 4 azg b g
olie Sy b S ol (S lye 4 Wl oe e
L Bland 5T 5,518 axg 050 Slidos ple o
S rpe o 285 B ooy g ol 0ydsil b cou L
Sl gl 3STy SlLdgl a4 Cans ol jBlawd 3]
oS oog Sslie Bldsl 4 SB ) soasls s
Olej sty paPld g9 «lidgil Jlada 5 g5 4 glis
Gaxg Lol S S Lyls g S L oldsl ules
collis coanl s bl Glihe slasy)S 5 oligl g5
2SS slearly Glsin 09,See i 5 o]
ol e gy Ol 4wl ©l3gl 5l eslaul s
Al nsnS o8 o903 Sl G135k 5 0,5 gy 55 IS
ol i g S 09850 Al 69, 2 1) (SOHlo5k
Al e Sy e pshie 4 (eizes alil anil

20,8 o0 Aoyl Ay il 50 (65 Sl Dlddow (Dl )34

Reference

1. Das, R., Kiley, P.J.,, Segal, M.,
Norville, J., Yu, A.A., Wang, L et al.,
2004. Integration of Photosynthetic
Protein  Molecular Complexes in
Solid-State. Electronic Devices. Nano
Letters, Vol. 4 (6), pp.1079 -1083.

2. Karimipur, H., and Nematollahi, M.,
2007. The use of nanotechnology for

5 TV Shdgl JB8) » Wlgiice v g el (9 wiibe

o,iigl @ld b e (FY) laepl el 4 (VY
sl il gglete Ol auly oo Dglaie sladasxs s
(Gs 00,58 Jalge oy S0 o,migl O3 Sy
Wil Y6 S PH ez e 5 asboe PHa anils 1oy
PSS Old @S 3y 5 i S o 0,36l Ol S ress
ey Sew celll e ojle 4 ol
b ocos (S eumgl ol,d (Bioavailability)
oy & S 0ld galiwy 4 (haw iz J8 5l Lalss
Soss 9 PH wiile else oizman 5 (JT o sy )8
Syl o,a Ol3sib ol slcdale o (V) Wl o Jals
P S Gyge o Sl i eyl clleb 5 p it
(V0 550 o0 oddlie oS iie Sl o, oYL slaclale
CdSL (YO) WS co s 0,350 1 ulad Loy cldS L
5y adly Gl (I olse 5 oy bojdgili (ulas Sl il
G el S 5l Gl ) eyl el
oled pley (YF) cudls oy cundS L s sle,quS
9 Sl )‘Af),ul.a ijj w.jl.\.@ &9y » S 9 o)b}:l.: O
SN,k 1 Oge 4y wilg se 0,350 5 S ge8 4y Aty
Alises 0,360 Swjlosh I oed el FauS S e b
SEland 59y 2 JS5 0,096 5 pgyS ST e wpnS]
oS (YO) cdl mals loy cisdS L olds 5 (gul
FEUUSSRSRNCIE K S Je A R SCTR - JCIP K { ESRRIAR 0N
Al w295 gals> 59, » Slidgl Slidos
6L 0,5 L (YY) oL Ken 5 Suls, .l 00y ovalice
slS o b ,mSh ol o glogime 3l ue 0S|
i S 5 4 I s ws,S svalie Sase
.A.So; u»)bf -\Y) u‘)lg.o..b 9 YY) wil comlice
Mo jsb 4]y 2bySL ey psuilid 9enSTgl o )8
30 e (VoVD) Lo 5 SLas Jb 0 (YA) ol o

C“L"" (¥) A gad odaliv l) L;);)SSM 6l‘°C)l§ Coro>




0o g (cwlogl

VFee olo Ccliguu oyl 40 o lods (o ) bxo (65909550 g pole V.

11.

12.

13.

14.

15.

16.

17.

18.

molecules and organo-mineral
complexes: kinetics and stability. Soil
Biology & Biochemistry, Vol. 32, pp.
1007-1014.

Dick, W.A., and Tabatabai, M.A.,
1993. Significance and potential uses
of soil enzymes. In: Metting, F.B. Jr
(Ed.), Soil Microbial Ecology. Marcel
Decker Inc, New Yourk, USA.
Quiquampoix, H., and Mousain, D.,
2005. Enzymatic hydrolysis of organic
phosphorus. p. 89-112. In: Turner,
B.L., Frossard, E. and Baldwin, D.S.
(eds.) Organic phosphorous in the
environment. CABI, Wallingford.

Du, W., Sun, Y., Ji, R., Zhu, J., Wu, J.,
and Guo, H., 2011. TiO and ZnO
nanoparticles negatively affect wheat
growth and soil enzyme activities in
agricultural soil. J. Environ. Monit,
Vol. 13, pp. 822-828.

Kim, S., Sin, H., Lee, S., and Lee, I.,
2013.
particles on soil enzyme activity and
bioaccumulation of two plants. J.
Microbiol. Biotechnol, Vol. 23, pp.
1279-1286.

Peyrot, C., Wilkinson, K.J.,
Desrosiers, M., and Sauvé, S., 2014.
Effects of silver nanoparticles on soil
enzyme activities with and without
added organic matter. Environ.
Toxicol. Chem, Vol. 33, pp. 115-125.
Richards, L.A., 1954. Diagnosis and
improvement of saline and alkali soils,
U.S.D.A Handbook 60: 65-86.

Gee, G.W., and Bauder, JW., 1986
Particle —size analysis, In: Kilute,
A.(Ed). Methods of soil Analysis .Part
1-2 nded., vol . 9. AgronMonogr, ASS
and SSSA, Madison pp.383-411.
Walkley, A., and Black, 1.A., 1934,
An examination of the Degtjareff

Influence of metal oxide

10.

optimized fertilizer
application.  1st  Conference of
Nanotechnology in  Environments.
Isfahan University of Technology.
Isfahan. Iran.(In Persian)

Islam, K.R., and Weil, R.R., 2000.
Soil quality indicator properties in
mid-Atlantic soils as influenced by
conservation management. J Soil
Water Conserv, Vol. 55, pp. 69-78.
Wyszkowska, J., Kucharski, J., and
Lajszner, W., 2005. Enzymatic
activities in different soils
contaminated with copper. Polish
Journal of Environmental Studies,
Vol. 14, pp. 659-664.

Eldor, P. 2007. Soil Microbiology,
Ecology and Biochemistry. Tercera
ed. Eldor P, editor. Chennai, India:
Academic Press.

Luo, Y., and Zhou, X., 2006. Soil
respiration and the Environment.
Academic press, 328pp.

Alvarez, S., and Guerrero, M.C., 2000.
Enzymatic activities associated with
decomposition of particulate organic
matter in two shallow ponds. Soil
Biology & Biochemistry, Vol. 32, pp.
1941-1951.

Caldwell, B.A. 2005. Enzyme
activities as a component of soil
biodiversity: a review. Pedobiologia,
Vol. 49, pp. 637 644.

Waldrop, M.P., Zak, D.R.,
Sinsabaugh, R.L., Gallo, M., and
Lauber, C., 2004. Nitrogen deposition
modifies soil carbon storage through
changes in microbial enzymatic
activity. Ecological Applications, Vol.
14, pp. 1172-1177.

Antonietta Rao, M., Violante, A., and
Gianfreda, L., 2000. Interaction of
acid phosphatase with clays, organic

and pesticide




v v B aSLE B callad o g Tl B3 U
and Biochemistry, Vol. 9, pp. 167- method for determining soil organic
172. matter, and a proposed modification of

25. Josko, I., Oleszczuk, P., and Futa, B., the chromic acid titration method. Soil
2014. The effect of inorganic Science, Vol. 37, pp. 29-38.
nanoparticles (ZnO, Cr,O, CuO and 19. Olsen, S.R., Cole, C.V., Watanable,
Ni) and theirbulk counterparts on F.S., and Dean, L.A., 1954. Estimation
enzyme activities in different soils. of available phosphorus in soils by
Geoderma Vol. 232-234, pp. 528- extraction with sodium bicarbonate.
537. Cir. USDA, U.S. Government Printing

26. Baath, E., 1989. Effects of heavy office,  Washington DC.organic
metals in soil on microbial processes residues. Biology and Fertility of
and populations (a review). Water Air Soils, Vol. 34, pp. 144-150.

Soil Pollut,Vol. 47, pp. 335-379. 20. Page, A.L., Miller, R.H., and Keeney,

27. Gao, Y., Zhou, P., Mao, L., Zhi, Y., D.R. 1982. Methods of Soil Analysis,
and Shi, W., 2010. Assessment of Part2: Chemical and Microbiological
effects of heavy metals combined properties. 2nd ed. A.A.C., Inc., Soil
pollution on soil enzyme activities and S.S.S.A., Inc., Madison Publisher,
microbial community structure: Wisconsin, USA.
modified ecological dose-response 21. Bremner, J.M., 1965. Total nitrogen.
model and PCR-RAPD. Environ. p. 1149-1178. In: Black, C.A., Evans,
Earth Sci, Vol. 60, pp. 603-612. D.D. and Dinauer, R.C. (eds.)

28. Aon, M.A., and Colaneri, A.C., 2001. Methods of soil analysis. Part 2.
Il. Temporal and spatial evolution of American Society of Agronomy,
enzymatic activities and physico- Monograph  No. 9,  Madison,
chemical properties in an agricultural Wisconsin.
soil. Appl. Soil Ecol, Vol. 18, pp. 22. Oughton, D.H., Hertel-Aas ,T.,
255-270. Pellicer , E., Mondoza, E., and Joner,

29. Huang, P.-M., Wang, M.-K., and E.J., 2008 .Neutron activation of
Chiu, C.-Y., 2005. Soil mineral— engineered nanoparticles as a tool for
organic matter—microbe interactions: tracing their environmental fate and
impacts on biogeochemical processes uptake in organisms .Environmental
and biodiversity in soils. Pedobiologia, Toxicology & Chemistry, Vol. 27,
Vol. 49, pp. 609-635. pp.1883-1887.

30. Xu, C., Peng, C., Sun, L., Zhang, S., 23. Anderson, JP.E., 1982. Soil
Huang, H., Chen, Y., and Shi, J., respiration. In: Page, A. L. (ed.).
2015. Distinctive effects of TiO and Methods of Soil Analysis. Part 2.
CuO nanoparticles on soil microbes Chemical and Microbiological
and their community structures in Properties. American Society of
flooded paddy soil. Soil Biology & Agronomy, Madison, Wisconsin. PP.
Biochemistry, Vol. 86, pp. 24-33. 831-871.

31. Dinesh, R., Anandaraj, M., Srinivasan, 24, Eivazi, F., and Tabatabai, M.A., 1977.

V., and Hamza, S., 2012. Engineered
nanoparticles in the soil and their

Phosphatases in soils. Soil Biology




Ohe2 g cwlogl

VFeo olo Ccliguu ol 40 o losds (o ) bxo (65909550 g pole \Al

34.

35.

enzymes in a changing environment:
current  knowledge and  future
directions. Soil Biol. Biochem, Vol,
58, pp. 216-234.

Geranmayeh, A., 2011 .Evaluating
solubility, aggregation and sorption of
nanosilver particles and silver ions in
soils, Soil and Water Management,
Vol. 8, pp. 1-19. (In Persian).

Coutris, C., Joner, E.J., and Oughton,
D.H., 2012. Aging and soil organic
matter content affect the fate of silver
nanoparticles in soil. Sci. Total
Environ, Vol. 420, pp. 327-333.

32.

33.

potential implications to microbial
activity. Geoderma, Vol. 173-174, pp.
19-27.

Vittori Antisari, L., Carbone, S., Gatti,
A., Vianello, G., and Nannipieri, P.,
2013. Toxicity of metal oxide (CeO,,
Fe;04, SNO) engineered nanoparticles
on soil microbial biomass and their
distribution in soil. Soil Biol.
Biochem, Vol. 60, pp. 87-94.

Burns, R.G., DeForest, J.L., Marxsen,
J., Sinsabaugh, R.L., Stromberger,
M.E., Wallenstein, M.D., Weintraub,
M.N., and Zoppini, A., 2013. Soil




