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Table 1. Some physical and chemical properties of cattle manure and soil

Soil
Parameter Soil K P N EC Organic TNV  Cu Fe Zn Mn
texture  (mg/kg) (mgkg) (%) (dS/m) P* matter (%) (%) (mg/kg) (mg/kg) (mgkg) (mgkg)
Sandy o35 76 009 567 78 089 2 12 22 064 42
loam
Cattle manure
EC Oganic matter ~ Nitrogen P K
Parameter pH (ds/m) (%) (%) (%) (%) C/N
8 11.21 20.6 2.09 2.1 2.57 5.72
a
95 o
A, Ff' NN
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85 ] i
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Figure 1. Zn and Fe nanochelate. a) FTIR pattern of Zn and Fe nanochelate, b and C) Image of zinc and iron
nanochelate in electron microscopy.
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Table 2. Comparison of means of cattle manure and nanobiologic fertilizer interaction on some maize traits

Treatment Grain yield Straw weight Total yield . Grain Grain protein Qrain protein
(kg/ha) (kg/ha) (kg/ha) nitrogen (%) (%) yield (kg/ha)
Nby Mo 4385.00 i 19593.33 h 23978.30 1 1.94h 11.04 h 483.97 i
Nbo M, 6400.00 g 22705.00 g 29105.00 g 271fF 15.43 f 987.30 g
Nbo M 715333 ¢ 27746.67 e 34900.00 e 3.52d 20.08 d 1436.21 ¢
Nb; My 5740.00 h 19770.00 h 25510.00 h 222¢g 1263 g 72475 h
Nb; M, 7423.33d 28816.67d 36240.00d 376 ¢ 2141c 1589.10d
Nb; M» 8660.00 b 31606.67 b 40266.66 b 429b 24.46b 2118.54b
Nb, My 6956.67 f 26115.00 f 33071.66 £ 3.08¢ 17.55¢ 1220.88 f
Nb, M, 8021.67 ¢ 31261.67 ¢ 39283.33 ¢ 4220 24.07b 1930.65 ¢
Nb> M» 8850.00 a 34875.00 a 43725.00 a 457 a 26.06 a 2306.61 a

\ai



VAR 50l Jpgm 0 lods [ 0550 [ Slabss

SB g 5 2lod Gla Shs o5 9 0,0 0 Shee o34l

1)@ elS S b9 Cudly 655k pl o )8 &S
Gdazmayl> aes iuli8l vall 4 Cad dsyo e vg0s
b dJanmohammadi er al., 2016) .l,Ken
$U 5 Bl 055 5L 5l eslinal a5 o 57 3155 ctash
SIS 50 difg i g 0phad Sy OS5 (9, NS
Bl Hhd (I o Je (il coge D)3 LS
(il el olS o ,Sles cails o Slas ¢ Ju8g 157 i
O g ol ol ails g, do 0 g wld 1 duo o
S WS )5 e 2017)
=Uls L Pseudomonas aeruginosa RSP5 s S|,
Sl 5 s ol gy Jobo il Jo 589,00 )55

Sah et al.,

s ol Gl ) @8 adle 5wl WSy o Ry
35 (Sandini et al., 2019) | Ken § cosile Slallae
Gl oS a b las
3,8 Gl o Slae § &, il co g0 flUorescens

DD (59755 955 Bpas (e alS

Pseudomonas als

3¢5 9 (S jpl 095 Sed p (Sl Al
S b Shy By old
1S 355 5 (S j3l 095 RSy (5:Silee A lis
el oad Rl (F) Joozr 0 S sla Sy (S0 2
St 4 bgpe (i35l i (S S 900
15 55 Y+ olymdy sl 355 0 S5LS 53) NbaM
o 05 CO2 )5 Lo <120 Jlade b ((olo 055 ,LS
SNY ladie b NbiM2 (5055 Jled pgo 4l 4o g QT 5!
sadie b NboMo (5055 Jlass pgus 4y 50 5 05 oo
e oS Mie 5 S B 05 e NFY
Sesd a baye als el fa) S s
w53y 093 S oS s o5 oo [+ AA laie LN Mo
St )3 955 (iSan 4508 (s Ol o0 @S Cnl @
BYY ol & cos 1) S uais Cadlys (alo 045 4
395 Sk g 53l 550 0 a0 ol s, YAY/SY
Geiod gl (S CIN s (ald 355 5 (i 595
395 Sl Sl Loas (V) Jauz) ol olis ol
OIN o s 5 ) s 1 ool 55 5 il
15 bl il e 5 dalS g, ) SL
oy uiSeny (pSle amlis )R
oS al easlie S C/N cos 5 ol 5 (S jils
Cons b o jas NboM2 - 9 NboMj NbiMy sla,leus
CIN o 2lS 51, mgs 5 YL FIFY 511+ 74

Y20

ool »» (Dordas et al., 2008) ,Sen ¢ yols ;90
o 355 0,15 aS wis ST 5158 0e5 sla il b
) @)3 olS Sas b9 5 Giers de il Wil o
5 L sy g vald oS & o (5o Gxe 5oy
aS 5,5 ol 5 (Farnia and Omidi, 2015) ol
Sl g s 355 5 (85 SIS b 51 ooliz]
o Sen 5 UKL sla sl gl s &8 ails o Slos
aS ogs oyl oy lis 55 (Schlegel et al., 2015)
5 s Slas I3l Crse s 35 Bas Vb oS
oo 5 sl Tt &3 ails bawg i ol i
5l eslawl a5” ws 7 Lo (Aryanpour et al., 2017)
D39y s 3 e el il jlia (59 w98 055
S I3 ooty |y ol oSl pladl ks 5 5
R BTN R L ERK RN N ]
as wis,S )5S (Babaei et al., 2017) ., Ken o
38kee al¥l ez se 55y 5 o] 9enST ISl 0 )5
Gy @l b Yl )50 bulyd s pasS s
ol ke 5o Naveed et al., 2018) )|\ Ken 5 W
S0 69, 00,5 oljen 4 JlogS 5l ool a5 04
Jyams CoiS (S olié poblie Cir bl coge
Al 5,3 olS dily jo (gg, cdale 5 aily o Slae
5 JulS 055 5 5 wins e ol cilie (sla 55
ails 3,Shos Il e so o o ool 5 59, S 91U
ac e dayl s 0 3 olS ails i 59 g clls p el
Sis 5 0l glas ) a3l 55 5 (Nouraein, 2019)
Sladie g oS 5T slaes 5T cudled oS ol olS
Elanchezhian et al.,) o &,8 lals o Jgyp
s o las LS Sladss pls oopl poogdle (2019
A5 S e Slas ySh (919,500 pogmes yuiS Sl oolitl a5
Pseudomonas putida Jolis wlsegogw w3l olS

Pseudomonas Pseudomonas  aeruginosa
Pseudomonas aurantiaca alcaligenes
Pseudomonas  Pseudomonas aureofaciens

56 Pseudomonas flourescens 4 chlororaphi
aal O, GlS o Sles ol o (6,5 vt
Awais et al., 2017; Nobahar et al., 2017;)
Alikhani et al., 2018; Kumari et al., 2018; Kour
Viruel ) o) Sen g 5,09 Gtole;! b (et al., 2020;
Pseudomonas s;SL 56 5,00 40 (et al., 2014
ols lad &3 o Sles g als, ilidl s tolaasii IEXb



Y44 ).uL lpgm 0, lads 23 0,50 [ Sladss

OhSen 5 obles s #M

Colaa ol Coge celo 058 5 eslaiwl 45T wis S
i Sl Sl Sy Sy Sl

2055 5 Sl GladeS iSen (o
ol a5 ol olis 5 (F Jsam) SB pH e
S pH o soe (20lS o NDiIMa g NbgM (5045
5 VIFD Jlade 4 o s (als e ,0) VAL Jlads
a5, W VY L Ly pH L 55 NbaMy s o VIS
2oLl Lo b (s )lasme gl sl 9 <85 )18 gom
Oyt 85 (6965 sla Loy a5 Cwl = 0 ol o
(VIA+) vals 5l péa wi ab>db o] o S pH
(VIAE) NbiMy (/ALY NbaMy (elaloss 51 & lee
w535 So3sS algs B pas 1o wise (VAY) ND2M
woys YN L NboMa slo b cudpay ol g
NboM| g awo,5 ¥/2Y LNboaMy cas )0 ¥/ ¥ LNb M2
oL, SEPH jude o ol o b5 i wwo, s YT L
Sol S o pH zals wizals sals Jlog b duylio
Yaduvanshi, ) _ailggol lawgs als 065 5l eolaxul b
3o (Karami et al., 2012) |,Sen 5 0,5 § (2003
Rehman et al., ) o,Sen 5 loz, ol oads 5,158
(Mahmood et al., 2017) ., Ko § sgem0 5 2012
S 03,5 pSamt 095 slagiagh @l (wlel p 5
O80T cunS cow Sal S ol 068 5l eolan]
Al dals oS 4 cod pH o sixe ialS g0

5 el sloagS plys b g aiSeny (g
sbyleg a5 as oy lis S T )8 as s ald
JEYY g IOVA e b oS 5 NbiMa 4 NboMs
sl S T S Giolidl 0 1) maew o 5YL sy
asﬂ oS wo VY2V - il NbaMn e (Y JSC5)
osle Qo> (i e s iolidl vl & e |, S
s sanlie aoys /AAY LNDM, o jo S T
VO LNDIM: jlos 5 pgo 4l 50 5 5led Gl 51 my
a5, 50 58 NDaMi jles g cils )13 JT oole a0
oole 00,3 VYOID il NDIM: e 3,5 1,8 pges
dolio o2 il sals s 4 cons |; S JI
18 LS 305 S 5 oy 1 e (il
51V Gle b cud s NDiMa g NbaM2 sl e oS
O woyd Gl )0 1) e 525Vl do s /Y
595 doyd NbaMa jles a5 (5 sbay wasly S
ol ol as o VEVY . e |, S

\2s

CIN s 5alS 50 505« Jolie jo ol S
L NboMi 5355 Jlos a2 bgaye (a0l jlos 5l jeéa)
35 CIN cos 2als a0 s 51ag FIYY C/N e
gl b (59l 055 gl rhaw jles a5 olo Lt gl
@ Comd LRalS 0o > YYIV L (NDIMI) sals 5657
CBls CIN s malS j0 1) 136 oy 5 i ol Jles
S s b 3l 055 g s jlasd 1 5l s
5394 sl s 5 20 YAIYY L (ND2Mp) (ol 055
VEYY L (NboM2) als 065 pg0 pebans b (s 55l 065
oo 5 dgezme i3S 13 guam lros, o v,
Elgil 553,157 45" 3,5 Ly 5.5 Mahmood ez al., 2017)
CIN s a0 )3 oL et s j0 (s0ld 095" calizes
cdly jals S
2 o0 5 a5 slo0sS ol 0I5 1 3 50 0
(X Jsoz) casls |y mlo o e NboMo s EC
NbM; 3 NboM; ¢ NbiMo g NboMo  sle Lo
YL YIVY § YIEA 5 YV/EY 5 VAA ke b o ia
RS 50,5 095 o] 51 S EC zals jo |, g
S EC Ll cely oo o S EC mals e
NboM2 (5565 less 45 bogs po cols (VI¥F) dalis a0 cos
2l 068 (YU (5,08 Jdo wlgi o aS 00 VIO EC L
5 e (3 s b 56 055 93 gl il
Hlows Q] 3w g a0 TV L (ND2Mop) (ols o6S
555 Ghyan 0ot e b il 0 S e
30 mhaw e w9 2oy YAIYY L (NDiIMo) olo
Y2 AL (NDaM) (sols 965 SO rbans by i 5536 068
L awlio )0 S EC Jlude o pals op g s o,
6955 Hlewd a5 conl 53 4y Y ezl 1) vald [l
aeld s @ Cawd oy V2 lneas NboMo
» EC ol Jds sl wliél 1y S EC «(NboMo)
L iegs ool 5o eolitwl 090 JI 055 NboMy les
(V Jsoz) dS/m YV VY sg0> 0 g YL SO aSUl colos
OHlen 5 GwanS e Oldlas mmls sl oog
51 eolazwl a5 ols olas (Lithourgidis et al., 2007)
by (e @i Rl carge (63B) (ol 355
g Syd olS yo wls o Slee ulidl culys o g yaud
i S S iUl Calid 5 sl i )5 il
355 0,5 51 Lok S (S S colas olisl asl
039 =)5 QLS S Aw $lp Jod HB o> 3 (b
9,55 35 (Zhao et al., 2014) ) Ken 5 515 !



VAR 50l Jpgm 0 lods [ 0550 [ Slabss

SB g 5 2lod Gla Shs o5 9 0,0 0 Shee o34l

SL sla Shg » (il 355 5 (80 355 AiSe p (25l anolie T Jgur
Table 3. Comparison of means of cattle manure and nanobiologic fertilizer interaction on soil properties
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Figure 2. Comparison of means of cattle manure and nanobiologic fertilizer interaction on percentage of organic
carbone (OC), organic matter (OM) and nitrogen of experimental field soil
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Abstract

Due to the growing need to increase the grain yield of maize and reduce the use of chemical fertilizers
to achieve sustainable agriculture, the purpose of this study was to investigate the effect of nano-
biofertilizer as new eco-friendly technology along with cattle manure on increasing nutrient efficiency
and corn yield in a saline calcareous soil with low organic matter. For this purpose, a field experiment
was performed as a factorial experiment in randomized complete block design with three replications.
The factors included nano-biofertilizer at three levels of zero, 1, and 2 (Nby, Nb;, and Nby) ton/ha, and
cattle manure in three levels 0, 10, and 20 (My, M;, and M) ton/ha. The results showed that the
independent and interaction effects of these fertilizers on soil properties and yield and growth traits of
maize were significant at 1% probability level. The results of interactions showed that Nb,M, treatment
compared to control could increase grain yield (101 %), straw weight (78 %), total yield (82.82 %),
grain nitrogen (135 %), grain protein (136 %), protein yield (377 %), soil respiration (61.18 %), soil
organic carbon (126.20 %), soil organic matter (125.50 %) and soil nitrogen (140.30 %). NbiM;
treatment was able to reduce soil C/N by 22.7 %. In the case of soil EC, Nb,Mj treatment had the best
performance with a reduction of 41.7 % in soil salinity. Besides, NboM: treatment could reduce soil pH
from 7.90 to 7.65. The results of this study showed that the use of nano- biofertilizers with organic
matter while having a high potential for increasing the yield (quantitative-qualitative) of corn also can
significantly improve the biological and chemical properties of saline calcareous soils.

Keywords: Biofertilizer, Nano fertilizer, Plant Growth Promoting bacteria (PGPR), Pseudomonas,
Sustainable agriculture
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