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Effect of Zinc and Iron nano particles and organic fertilizers on quality
and quantity yields of tomato (Solanum lycopersicum)
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Figure 1. A scanning electron microscopy image of iron oxide (F.1-1) and zinc oxide (F.1-2)
nanoparticles
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Table 3. Characteristics of zinc and iron oxide nanoparticles used in the study
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Table 4. Analysis of variance for the effects of the experimental treatments on yield and concentration of N, Fe and Zn in leaf and fruit of tomato

= pbe 63037 a3 5 Sas PRI 058 0597 ERN o5 AT ESY 050 590
Source of Variation df Yield Leaf N concentration Fruit N Leaf Fe Fruit Fe Leaf Zn Fruit Zn
concentration concentration concentration concentration concentration
Mean squares  Sla e 5 Sobs
41,5 Replication 2 150.47246™ 0.128™ 0.144™ 1140.194™ 2.3126™ 2.778™ 0.750™
STols 5 2 1185.16450™ 0.158™ 0.162™ 18276.028"" 267.2507 0.861™ 21.3337
Organic compounds
1 st Nano-Fe 1 467.18093" 0.063™ 0.002™ 86926.694" 1877.778" 1.778™ 14.694™
3, st Nano-Zn 1 4136.31506™ 0.015™ 1.287" 3192.250" 256.0" 312.1117 220.028™"
ATt JT oS 5 2 78.3518™ 0.060™ 0.433™ 4979.194™ 128.583™" 3.694™ 6.778"
OM xNano-Fe
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OMxNano-Zn
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xNano-FexNano-Zn
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(433) S s a2 CV(%) 9.5 6.35 13.21 5.90 445 9.75 4.66
Ao ys ) Wr& 3 pldime e BT Nr! 3l 1 NS Hliise &

ns: non-significant

*: significant in 5% level

**: significant in 1% level
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Table 5. Interactive effect of organic compounds and Zn-oxide nanoparticles on yield and N concentration of leaf and fruit

STols s O 53 0 8 A 535 45T 56 S 3 o) Shas DS p 0558 Pose 0355
Organic compounds Zn-oxide nano(kg.ha™) Yield (ton.ha™) Leaf N (%) Fruit N (%)
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3 e e
No consumption
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Means with at least one common letter are not significantly different at 5% probability level using Duncan 's method
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Table 6. Interactive effect of Fe-oxide nanoparticles and Zn-oxide nanoparticles on yield and fruit N
concentration of tomato
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Fruit N (%)

0 92.12° 2.88%
0
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2.6 2.6 112.35° 3.44°
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Means with at least one common letter are not significantly different at 5% probability level

using Duncan 's method
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Table 7. Interactive effect of organic compounds and Fe-oxide nanoparticles on Fe concentration in leaf and fruit of tomato
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leaf andfruit of tomato

STols 5 TS 46 4Wurwvrmt.mi“_%.r. s Slas Ky ot o sen T & sy o050 (53
Organic (eSa 0 54k8) (GIENSH OeSs)s o) FAS e S ) (FAS e 5 ) (S AS 1308 k) (5S35 08 o)
compounds Fe-oxide nano Zn-oxide nano Yield(ton.ha™) Leaf Fe Fruit Fe Leaf Zn Fruit Zn
(kg-ha™) (kg-ha'") (mg.kg") (mgkg™") (mgkg") (mgkg")
0 65¢ 496.00" 51.33° 25.00*¢ 21.33°
Sn g ol 0
_ 2.6 107.83° 495.70° 55.00° 28.67% 27.67°
GBS 550 8 5570) b b d d b
Humic acid Lo 0 984 544.30 60.00 24.33 22.67
-1 R
(5 kgha™) 2.6 962" 579.00" 64.000< 29.67° 26.00°
0 71c 475.00° 62.00% 24.00° 22.67°
S s 0 2.6 106° 469.00° 52.67° 31.33 27.67°
O 3 5 0) b b d
Vermicompost v 0 96a 563.70 66.00 23.67 26.33
-1
(5 ton.ha™) : 2.6 105° 550.30® 74.67° 30.67° 2633
0 61.67 311.30¢ 33.00 21.00¢ 15.67°
0
e pike 26 97a" 455.00° 54.67° 31.33° 27.67°
No consumption 0 82b° 550.00™ 63.67¢ 27.00% 23.00°
26 2.6 100° 504.30" 67.00° 28.67" 26.00°

sl RS Ay gy e 53 (SUls s 4 (6 olhine SV S e s 0SS file (5115 sla o SLe

Means with at least one common letter are not significantly different at 5% probability level using Duncan's method

™



éT&L&)){jd)))L}ATQ‘)J};bJJ\

SLS 51 358 or a5 Ll 0l 55
(G graSinss b Seaps sl JS2) JT
Cte UL LS 5 ol & | 545 eslinul
30 055 D pan oS pole Sl CAG
Lol 0lE 5 Shee ol Eob a7
Sl BB S e b e 5o
ik Ll S Loy 8 e e
OT 5L 5 okd ol ol o5 & Ll
SRl 5 Sas dilgme 55 lad S b
et 4 AT 5 (S5 ST HL 0 eme as
el 4yl YL Ol CB «ST s
S ol > Shas (il 4 i Llgndl 5
s K

33 egn 5 S s T Dla o
S JT OlS 5 plg Opae gbasles
gﬁ).sb\/ﬂ/")éj)w\jsljj&n'liw\
5 103 Gao e o i 5 (o g, 3OF/SV
ST LS 5 pls O e Glasles 53 05
YISV 568 L s VAMY) gy ST 5L
Lyl s 4 ar g b A 3dr) A sdalie (o pe
» S Ll Sl Sl ol
5 A Iy s JT LSS
sl odr LB g3 4 O oS ole
BT blize Sl 31 &8 casls sl b L8
role ons @MHE jole Ol 1B
Sl 55 (6 2SS dar Sl &S 5 pzanS
Dgh e Lgyls

b S &AT oda aSTsls Ol G.il:.?
wl Ghipl o 4 bl gl
Calls o5 Olilis s b mls ool o
Hong et al., 2015; Khater, 2015; ) s,/

Yy

Marcote et al., 2001; Mobarki et al.,) :.ajf
LS s oS dhwy T L. (2008
pH;éﬁATosﬁYQ‘psq&ﬁ-&b
355 5 el G Al dis & S
Ay ey dsb o b Gble pl 5o (B e
=B b b wsls oYU ode S ol
D0 AT ST s e i3 4 L VL OT
olie o S ol sl T ol s b
AT Chle jldime 12, VL Esl aST Sl os g
o&ﬁ}d\?;oxﬁo'fck@jgﬁ)s
(Barghi ef al., 2014)0),Ken 5 B, .ol
Baghai) 5 sSe 5 oy gus) w3550 )3
sl 5 01k 5550 55 (& Malki 2013
S EF

Slasles adS )5 45T s e OLEA gt
SR dal & S o S AT
O pan e 4 by e BB o i 3L
445 35 65y AnS 5L 5 S sl pl 5
Do & Sl g ey S 3 5 VVAAY
g 3 Shes GBS H3 5 FV/FY) dals
AdSTCOT 51 dm sl il Ve 1
Lol on (555 LuST150 T 5o &7 olajles
LS UM ) b e JT S 5 S
5G9y ST $U L S paS ens 5 G
Sl b (i gaS s 5 o1 ST it
535 ST 5 3 St n ol 15 s
T A S RPN b & s
e Cubl ke LSl gl Ll 2
Sy Dliy 55y ile e oS ol
105 OS5 Slas 2alS” o e sulils
. (Malakuti et al., 2005)s 45 o



AN Olea 3 VO A by —F o)l =YY 0,95 «( (155 SO Il S pd9 R 4 i

—Lsz;u)}b‘u.c\gjﬁ Calies gbayles Iy
f.alccﬁbxafﬁ)bh\ac,élg&\)éldjb
IS Ly o S s edalive 5 53 55
Clle Jhasl oS s 6, S5 Sl
S9) Al éfj‘s&f:b Ol o g 43 (59
el Jats o g a1y aly ) alw sy 0kl -
S5l o8 Ko ie glaanl s s b
Hernandez ef) ) OLKen 5 46 skl
S ey OLLE & sls Ol ST Ll i
J"i‘}é‘ %}n}cé;gjo; S C)\)J‘yb
g VB 5 SIS Dby ST b
Sl f (Zhao et al., 2014) O1,San 5 515
Sl BERNEES) -\.:mf‘yla Jﬁ)\f-ﬂfu\a};
AL s chle Ll s L o
RGVARY
‘@”Mﬁégicbﬁ%wéfﬁdw
O3g ode LB 51 S s a5 Ul s
sl S5 O3 56 S 4 <)
syls Calle Oliime K5 slegsl b mb

.( Abdollahi et al.,2018)

FEP g

Sie s 6y deeSTsb esle

Copan 4S5l O Gk ) gl
Lfd gy ST G L pls JT LS 5
oS al sy 05355 g 2 6l 1y oomlin
LS 56 i 13 505 o8l 5 (K5 a8
o) 3 ol Sl b 255 mie T
LS| gU Sl eslizal A5l o aT 4 ol
b el jaie ol 4 ol 5L Cudls 6,
Uil sl AST el A fusd Sk s

YA

(Lin&Xing,2008

Ll 5 gy ol Sl s el
Sl e ol Wiy e > opaT
Sl kB s M 4 o LSS
Rl e 4 S el oS vy 53,
453550 ol Lo 5 T e IS ol
&S s ol ke (il Eel s e
OL8es 4 pdie (63lgm ol odd o
(Javadimoghadam et al., 2005)
505 OIS Sl olE s 1 el

Il 8T Cls b s Sas o a5
A5 L edsy o33 dsb 3 ol S plie sla
a5l \,“3" o LS* wp (53ladl s
deOT S 958 4 JT esle I eslizal
Loyl 53 gy Sl (G a8 (a5 b S50
e e a5 5wl gled 5 (S5
A dsde & jshilen 358 o glde Lole

03 b ESnsn dewl B pme das e O

o 5 (G5 LS T GU Lol jen S gaS
Sl s 5 AT SISl O
o S eSS o 3 Sas JH
o2l il s 4 el ) &S i Jals
S35 opp e glE ol Dl
25 L o] s s A2l e oS (51,
Mengel) S Cillas Oliioes o Soliidos
.(& Kirkby, 1978
5 Sn S ol Ol G ol s
Solme ol 31 (55 U e pe)la,les
den Jy SIS dfj, 0 sy chle
23 Sy Lhle s ) Cel bl

G ST TT PRGN ERN( S PRES NN TR



e ST S 5555 5 AT D3 56 31

LS 5 O pemn el posdle 358 0T Shas
LS5 o jon St n e oy T
S a8 oS s Slae B 3 ss)
o5 3 Shas (2ule3T opl)s S5 sk 35 s

als u:..i\j.é‘ Lo s VR U,

ra



AN Olea 3 VO A by —F o)l =YY 0,95 «( (155 SO Il S pd9 R 4 i

References

Abdollahi, A., Norouzi Masir, M., Taghavi zahedkolaei, M., and Moezzi, A.
2018. The effectiveness of synthesized ZnO nanoparticles on Zn uptake
and some growth indices of wheat. Soil management and sustainable
production journal, 8(1), 125-141 (In Persian with English Summary).

Alloway, B.J. 2004. Zinc in Soils and Crop Nutrition. International Zinc
Association. Publications Brucsels, Belgium.

Baghaie, M. and Maleki Farahani, S. 2013. Evaluation of comparison of iron
chelate with iron nanoparticles on the yield and photosyntitic material
allocation in Saffron. Saffron Research Journal, 2: 156-169 (In Persian
with English Summary).

Baghaie, N., Keshavarz, N.and Nazaran, M.H. 2011. Effect ofnano iron chelate
fertilizer on yield and yield components of rice (Shiroudi cultivar). The
First National Conference on Modern Topics in Agriculture. Islamic
Azad University of Saveh, p. 1-10 (In Persian with English Summary).

Barghi, A., Gholipour, A., Tobe, A., Jahanbakhsh, S., and Jamaati, S.H. 2014.
Investigation the effect of nano Fe oxide spraying on nutrient absorption
in potato tuber. Plant Echo Physiology Journal, 16: 1-12 (In Persian
with English Summary).

Bremner, J.M. and Mulvaney, C.S. 1982. Nitrogen-Total. PP: 591-622, In:
A.L. Page ed, Methods of soil analysis, part 2. American Society of
Agronomy Madison, Wisconsin.

Emami, A. 1996. Methods of plant analysis. Part 1. Technical publication.
Soil and Water Research Institute, Tehran. Iran (In Persian).

Hernandez, V.J.A., Castillo-Michel, H., Servin, A.D., Peralta Videa, J.R.,
and Gardea torresdey, J.L. 2011. Spectroscopic verification of zinc
absorption and distribution in the desert plant Prosopis juliflora-velutina
treated with ZnO nanoparticles. Chemical Engineering Journal, 170(1-
3), 346-352.

Hiyasmin Rose, L., Benzon, M., Rosnah, U., Rubenecia, V.U., Litra, J.R., and
Sang Chul, L. 2015. Nano fertilizer affects on the growth, development,
and chemical properties of rice. International Journal of Agronomy and
Agricultural Research, 7(1), 105-117.

Hong, G., Wang, L., Sun, Y., Zhao, L., Niu, G., Tan, W., Rico, C.M., Peralta-
Videa, J.R., and Gardea-Torresdey, J.L. 2016. Foliar applied nano scale
and micro scale CeO2 and CuO alter cucumber fruit quality. Science of
Total Environment, 1: 563-564.

Javadi Moghadam, A., Moghadam. A.L., and Danaee, E. 2015. Response of



éT&L&)){jd)))L}ATQ‘)J};bJJ\

growth and yield of cucumber plants to different foliar applications of
Nano Iron-Zinc. International Research Journal of Applied and Basic
Sciences, 9(9), 1435-14717.

Jyung, W.H., Ehmann, A., Schlender, K.K., and Scal, A.J. 1975. Zinc nutrition
and starch metabolism in phaseolus vulgaris L. Plant Physiology, 55:
414-420.

Khater, M.S. 2015. Magnetite-nano particles effects on growth and essential
oil of peppermint. Current Science International, 4(2), 2077-4435.

Kholdebarin, B., Esslamzadeh, T. 2001.Mineral nutrition of higher plants.
(Translat),Shiraz University press.Shiraz

Khoshpeyk, S., Sadrabadi Haghighi, R., and Ahmadian, A. 2017. The effect
of application of nitrogen fertilizer and nano-organic manure on yield,
yield Components and essential oil of fennel (Foeniculum vulgar Mill.).
Iranian Journal of Field Crops Research, 14(4), 775-787 (In Persian
with English Summary).

Lin, D. and Xing, B. 2008. Root uptake and phyto toxicity of ZnO nano
particles. Environmental Science and Technology, 42(15), 5580-5585.

Malakuti, M.J., Nouri, N., Samavat, S., and Basirat, M. 2005. The causes of
nitrate accumulation in vegetables (cucumber and tomato) and ways to
control it. Technical Journal of Water and Soil Research Institute, 414:
1-23 (In Persian with English Summary).

Marcote, 1., Hernandez, T., Garcia, C., and Polo. A. 2001. Influence of one or
two successive annual application of organic fertilizers on the enzyme
activity of a soil under barley cultivation. Bio resource Technology, 79:
147-154.

Marshener, H. 1995.Mineral nutrition of higher plants. 2™ ed., Academic
press, London, England.

Mobarki, S., Labidi, N., Mahmoudi, H., Jadidi, N., and Abdelly, C. 2008.
Contrasting effects of municipal compost on alfalfa growth in clay and
in sandy soils: N, P, K content and heavy metal toxicity. Bio Resource
Technology, 99(15), 6745-6750.

Noorihoseiny, M. and Khoogar, Z. 2008. Investigaton the effects of organic
fertilizer application in tomato cultivation. First congress on tomato
production and prossesing p.125-126. Mashhad, Iran. (In Persian with
English Summary)

Price, C.A., Clark. H.E., and Funkhouser, H.E. 1972. Functions of
micronutrients in Plants: Micronutrients in Agriculture. Soil Science
Society of America, Madison/Wisconsin. P. 731-742.

Al



AN Olea 3 VO A by —F o)l =YY 0,95 «( (155 SO Il S pd9 R 4 i

Romheld, V., and Marschner, H. 1991. Function of micronutrients in
plants. In: Mortvedt, J.J. Cox, F.R. Shuman, L.M. Welch, R.M. (Eds.),
Micronutrients in Agriculture. Soil Science Society of America, Book
Series No. 4: Madison, USA. p. 297-328.

Report of crops statistics. 2016. Agriculture ministry of Iran. Department
of programming and economic. Information and communication
technology center (In Persian).

Page, A.L., Miller, R.H., and Keeney, D.R. 1982. Methods of Soil Analysis:
Part 2, Chemical and Microbiological Properties. Agronomy Series No
9. American Society of Agronomy Madison, W1.

Samavat, S., Lakzian, A., and Zamirpour, A. 2007. Effect of vermicompost
on some growth indices of tomato. Agriculture Science and Industries
Journal, 15(2), 83-89 (In Persian with English Summary).

Taiz, L. and Zeiger, E. 2006. Plant Physiology. Sinauer Associates. Inc.
Publishers.

Tsui, C. 1948. The role of zinc in auxin synthesis in the tomato plant. American
Journal of Botany, 35: 172-179.

Vallee, B.L. and Wacker, W.E.C. 1970. Metalloprotein, the Proteins (2" ed.).
Academic press, New York, p. 192

Wagqas, M., Ahmad, B., Arif, M., Munsif, F., Khan, A.L., Amin, M., Kang,
S.M.,Kim, Y.H.,and Lee, I.J. 2014. Evaluation of humic acid application
methods for yield and yield components of mungbean. American
Journal of Plant Sciences, 5: 2269-2276.

Zhao, L., Peralta-videa, J.R., Ricod, C.M., Hernandez, V.J.A., Sun, Y., Niu,
G., Servin, A., Nunez, J.E., Duarte Gardea, M., and Gardea Torresdey,
J.L.2014. CeO2 and ZnO nano particles change the nutritional qualities
of cucumber. Journal of Agricultural and Food Chemistry, 62: 2752-
2755.

Zolfi, B., and Norowzi, M. 2005. Effect of iron sulphate and manure on the
improvement of tomato nutrition. The 9" Iranian soil science congress.
Tehran, Iran (In Persian with English Summary).

Zomorodi, M. 2010. The effects of seed priming and artificial ageing on
germination and vigour of tomato cultivars. MSc Thesis. Faculty of
Agriculture. Ferdowsi University of Mashhad. Iran (In Persian with
English Summary).

ry



«Applied Research in Field Crops» Vol 32, No 4, 2020

Effect of Zinc and Iron nano particles and organic fertilizers on quality
and quantity yields of tomato (Solanum lycopersicum)

Saeid Javaheri', Ali Reza Astaraei*?, Reza Khorassani®, Hamidreza Zabihi*, Hojat

Emami®
PhD student of Soil Science of Ferdowsi University of Mashhad.

2. Associate Professor of Soil Science - Department of Soil Science- Faculty of Agriculture, Ferdowsi
University of Mashhad. . (Corresponding author)

3. Associate Professor of Soil Science, Department of Soil Science- Faculty of Agriculture, Ferdowsi
University of Mashhad.

4. researcher of Soil and Water Research Department, Khorasan Razavi Agriculturral and Natu-
ral Resources, Research and Education Centre, Agricultural Research, Education and Extension
Organization(AREEO), Mashhad.

5. Associate Professor of Soil Science, Department of Soil Science- Faculty of Agriculture, Ferdowsi
University of Mashhad.

Received: August 2017 Accepted: June 2019 - DOI:10.22092/aj.2019.114953.1178
Extended Abstract
Javaheri, S., Astaraei, A. R., Khorassani, R., Zabihi, H., Emami, H., Effect of Zinc and Iron nano

particles and organic fertilizers on quality and quantity yields of tomato (Solanum lycopersicum)
Applied Research in Field Crops Vol 32, No. 4, 2020 Page:4-06: 16-32(in Persian)

Introduction:

Nanoparticles are tiny materials smaller than 100 nm (Hong et al., 2015). The
study and application of nanoparticles have rapidly grown in the last few years.
Applications for nanoparticles are found in a wide verity of disciplines, including
medicine biology, electronic and agriculture (Zolfi & Norowzi, 2005). Application
of nanoparticles as a fertilizer is a new area of interest, while application of
vermicompost and acid humic has now become a source for plant nutrition.
Vermicompost (VC) and acid humic improve soil physical and chemical properties
(Samavat et al., 2007). Vermicompost as the product of an accelerated biooxydation
of organic matter by the use of high densities of earthworm populations without
for peat passing a thermophilic stage has early been suggested as a substitute
of in substrates. Iron concentration of the soil solution for a balanced growth
plants is estimated to be about 10®* M (Marschner, 1995). Humic acid (HA) is
a heterogeneous mixture of many compounds, a mixture of weak aliphaticand
aromatic organic acids, which are not soluble in water under acid conditions but
are soluble in water under alkaline conditions. The aim of this experiment was to
determine the effects of organic materials (humic acid and vermicompost) and iron
and zinc nano-oxide particles on growth and yield of tomato.

Email address of the corresponding author: alirezaastaraei@yahoo.com
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Materials and Methods:

A Field experiment was conducted at Torough Agricultural research station in

Mashhad. The experiment was laid out in a randomized complete block design in a
factorial arrangement with three replications. The first factor was organic fertilizer
at 3 levels (5 ton/ha of vermicompost, 5 kg/ha of humic acid, 5 kg/ha and a control
without application), the second factor was the application of zinc nanoparticles
at 2 levels (1 kg/ha of nano zincoxid and no application), and the third factor
was the application of Fe nanoparticles at 2 levels (1kg/ha of nano feoxid and
no application). Tomato seedlings were planted on May 22" in plots and the
fertilizers were applied according to the soil test results. The yield of tomato fruit
was determined at the three harvest times and tomato leaf and fruit samples were
taken and analyzed for nutrient element concentration.

Results and Discussion:

The results of analysis variance showed that nitrogen concentration in leaf was
significantly affected by vermicompost application and nitrogen concentration in
fruit was significantly affected by the combined application of nano-oxides of Fe
and Zn and the sole application of nano zinc oxide. The use of vermicompost
along with Fe and Zn-nano oxide resulted in a significant increase in leaf Fe
concentration, fruit Fe concentration and Zn fruit concentration. The application
of Zn nanoparticle along with organic compounds increased fruit Zn concentration
significantly. The interaction effects of organic compounds, Fe and Zn-nano oxide
particles was significant on fruit yield. The application of Zn-nano oxide and
organic compounds increased tomato yield by 74%, which meant a rise of 107.193
ton per hectare under Zn-nano oxide and humic acide treatment as compared to
61.620 ton per hectare under control.

Conclusion:

The results of this study showed that the simultaneous application of organic

compounds and zinc nanoparticles could provide suitable conditions for better
absorption of nitrogen by the plant. The results of this study showed that, Fe and
Zn-nano oxides are suitable sources for supplying tomato plants with the required
nutrients. The application of Zn-nano oxide along with humic acid significantly
increased tomato yield. Under our experimental conditions, due to low soil
organic matter, the application of organic compounds at any form resulted in the
enhanced plant growth. Therefore, the use of organic matter is recommended to
farmers. Micronutrients deficiency (Fe and Zn) condition is prevlanet and thus, the
application of effective sources of these elements including nano-oxide particles is
strongly advised.

Keywords: Nutrition, micronutrient, vermicompost, humic acid
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