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Effects of Nano-Zinc oxide and plant growth promoting rhizobacteria on zinc and protein
content, phosphatase activity and related traits to grain growth of Triticale
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Abstract

In order to study of the effects of nano-zinc oxide and seed inoculation with plant growth promoting
rhizobacteria on phosphatase activity, zinc and protein content and related traits to grain growth of Triticale,
a factorial experiment was conducted based on a randomized complete block design with three replications in
research greenhouse of faculty of Agriculture Sciences, University of Mohaghegh Ardabili in 2013. Factors
were seed inoculation with plant growth promoting rhizobacteria in four levels (without inoculation as
control, seed inoculation with Azotobacter chrocoococum strain 5, Azosprillium lipoferum strain OF and
Psedomunas putida strain 9) and foliar application of nano-zinc oxide at five levels (0 as control, 0.25, 0.5,
0.75 and 1 g.lit"). Means comparisons showed that maximum of phosphatase activity (1.35 nmol.min™, zinc
(31.4 mg.kg™ and protein (134.2 g.kg™) content, rate (0.10017 g.day™) and grain filling period (40.74 days)
were obtained at application of 1 g.lit* Nano-Zinc oxide and seed inoculation with Azosprillium and
minimum of them (0.46 nmol.min™, 23.1 mg.kg™ ,108.6 g.kg?, 0.0012 g.day™ and 24.12 days respectively)
were recorded at no application of nano-zinc oxide and without of seed inoculation with PGPR. Therefore, it
seems that in order to improve seed quality, increasing of grain filling period, zinc and protein content, it can
be suggested that be applied 1 g.lit" Nano-Zinc oxide xseed inoculation with Azosprillium.
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Table 1 - Characteristics of nano zinc oxide
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Table 3- Analysis of variance of the effects of nano zinc oxide and plant growth promoting rhizobacteria on
phosphatase activity, zinc and protein content and related traits in grain growth of Triticale
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B 2 A9 )35 dsb 055 SN
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- ) L5 Hdd oxs Sl m\:;,:_aﬁj* [CEBRCIS 4ls 5Ulausd Al
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SL
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ns, * and ** are no-significant, significant at 5% and 1% probability levels, respectively.



\ov DOI: 10.22034/ijsst.2017.113549 ed S g p S Gas 5 S 3L

0.055 - 0.05 -
0.05 0.045 -
a ‘la’aaa‘
0.045 0.04
~ g 2%
3 5 004 S 3
5 £ n 2 0.035
¥ % 0035 9z
9 %o 3 3
a3 32 12 0.03
2 I 0.03 c o2
- - L
nE 2 Fo.o2s
& 5 0.025 ~
0.02 0.02
0.015 0.015
0.01 & 0.01
S il z . .
0.005 S oA 0.005 A 595
Days after flowering . .
0 . . . . . . . . Days after flowering
0 T T T T T T T :
15 19 23 27 31 35 39 43 47 15 19 23 27 31 35 39 43 47
0.05 - 0.06 -
0.045 0.055
- 0.04 - 2 0.05
RS ‘N 50.045
220035 1 0 e E D3
\3 2 {5 = 0.04
J 5 003 3 20.035
3‘ & ~ % )
—~ $0.025 T =2 0.03
5 nE
X 5 0.02 X 50.025
0.015 0.02
0.015
0.01 0.01
0.005 B Sl 595 0.005
Days after flowering
0 T T e 0
15 19 23 27 31 35 39 43 47 15 19 23 27 31 35 39 43 47
without foliar application (observated) B without foliar application (esttmated) -

foliar application of 0.25 g/l (observated) x foliar application of 0.25 g1 (estmated) _____
foliar application of 0.5 g1 (observated) @  foliar application of 0.5 g/l (estimated)} — —
foliar application of 0.75 g/ (observated) & foliar application of 0.75 g/ {estimated)

foliar application of 1 21 (observated) ¢ foliar application of 1 g/l (estimated) ......
------- 0ds 55l gealie 2L despas =
35 S Y0 Sl e >
> _-_/.é‘ /0 u'-;L'- ,_l_,.u-.a *
- S RA (- T R U PR A
5025V 2L Jiglews &

@) (5 AU b 5ok gl ke 55 55 ST 5 30 glons s = a5 3 0 0355 b 5 oo Dl ) S
() b 3m 350 5 (©) p sk 53T elD) SU550L il

Fig. 1- Variation of rate and grain filling period at various levels of foliar application of nano zinc oxide in
without seed inoculation (a), inoculation with Azotobacter (b), Azosprillium (c) and Psedomonas (d).
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Table 4- Mean comparison of the effects of various levels of nano zinc oxide and plant growth promoting
rhizobacteria on rate, grain filling period and effective grain filling period of Triticale.

43\:0..\.2,7\;9,.»

[)u\.ﬁ:ﬂ@}).}d)}&

Soled S 5 ) _ STRRHENEL S R STE o (¢ 5) 41> 055 Sl it 51l sl
Treatment (_w ,):f; ) Effective grain filling <’.”) 4,\3 Maximum grain . oo .
combination  Grain filling rate period (day) Grain filling weight (g) The fitted equation
(g.day) period (day)

By x Zno 0.0012° 24.14° 38.47" 0.0313™ Y=-.0189+.0013X
By x Zng 0.0013°¢ 26.59" 39.33K 0.0371 Y= -.0207+.0014X
B, x Zn, 0.0013° 261 39.671 0.0363 Y= -.0205+.0014X
B3 x Zno 0.0013° 24.56" 39.441 0.0343! Y=-.021+.0014X
By x Zn; 0.0012° 25.75% 39.2™ 0.0334! Y=-.0199+.0013X
B, xZn; 0.0014¢ 27.25¢ 39.72°¢f 0.0408 Y= -.0225+.0015X
B, x Zn, 0.00144 25.8% 39.8° 0.0386" Y=-.0217+.0015X
B x Zn, 0.0013° 25.7K 39.26'M 0.036 Y=-.021+.0014X
By x Zn, 0.0013° 26.77" 39.51M 0.03741 Y=-.021+.0014X
B, x Zn, 0.0016° 26.63 39.8°¢ 0.0452°¢ Y=-.0252+.0017X
B, xZn, 0.0016° 27°¢ 40.732 0.0458°¢ Y=-.0268+.0017X
Bs x Zn, 0.0015°¢ 26.171 39.9¢ 0.0418°f Y= -.025+.0016X
By X Zn, 0.0015°¢ 25.42™ 39.6%" 0.0406 ¢ Y=-.0232+.0016X
By xZn, 0.00172 27.82°¢ 40.1° 0.05° Y= -.0256+.0018X
B, xZn, 0.00172 28.15° 40.17° 0.0506° Y= -.0255+.0018X
B xZn, 0.0015°¢ 26.42" 39.96 0.0422°¢ Y=-.0236+.0016X
Bo xZny 0.0016° 25.51'M 39.4 % 0.0433¢ Y=-.0241+.0017X
By xZn, 0.00172 28.04° 40°¢ 0.0504° Y= -.0251+.0018X
B, xZn, 0.00172 29.322 40.74°2 0.05272 Y= -.0242+.0018X
B; xZn, 0.0016° 25.81 1 39.36 1 0.0438¢ Y= -.0235+.0017X
LSDys 294 0.206 0.0869 0.001 $

L LSD bgnjl ool o b (515 gime HWT B O g2 a3 sl g b (sla S0k
Means with similar letters in each column are not significantly different according of LSD test
o il pe) s CIMJL@,T,Zm 32N3.ZNy 2Ny, ZNgs s g0 0 o 5 40 (23 s C,f V VO /D /YD o) (655 eS| 5L (B I glons peba oty

By Bo s v iy a (ol I sy pUsnss g SOF 0l 0335 52k s ST il 0587575 8 S5 L ok el ot Ol i 4 6 STU L

Lib g By 5By

Five levels of Folliar application with nano zinc oxide (0, 0.25, 0.5, 0.75, and 1 g/lit) as Zno, Zn,, Zn,, Zn3 and Zn,
respectively and four levels of seed inoculation (no seed inoculation, inoculation with Azotobacter, Azosprillium and
Pesdomonas as By, B3, B, and Bj; respectively

d{ﬂuéuéﬁkq@uudhal;ﬂé;aﬁ

o135 (Banerjee et al., 2006) o1, San 5 & U
(0 gD T Dl n 2131 55Ty 3,0)87 & s S
S g odd alls 4y slge Jlasl § & o, VL o e
bVl 5 eola S Aol e il sl Al Qs o
4SS wals Ll (Kumari and Valarmathi, 1998)
4 S YL Oy s S SYL 055 b gladils
o ) 03 Bl e Dby S 055 L slaails
g L, oS e sl ST e e 4

A L aS | Al Sl il s Ll 0 el
(elle ole BLS slis s 5 Ly Gladise, o
JB) das oo Gl 613 Ods S0 0)s5 53 Sles
ol a0 Sls DUl 5 6,95 (Abasspour, 2012 i
()lﬁ»lajjz&i\oaﬁj?dﬁjb}@lsu'l.ssjgla.c&g.‘d
a5 5 deade g s 15 S (6 5 31 50 JUi

(Kato, 1999) 5L s ol 5 15 adls 3, Shae 21531
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Sl L5 03555 (K5 u olS (slaty
o opslie Gk g S5 (B i 5D (G50 Ael
il b e asnie e mhw Al Lagsley
O, eS.L? (Nieto and Frankenberger, 1991)
31y adls S dw s 55 (Gilick et al., 2001)
D355 S T 4 b S L L il
sl e &l O Oy 53 OT enl b s

03 4S cils ,Lgbl (Marshner, 1986) il
RNA o 5T CJlb 2alS s s c55) 25008 Ll 12
RNA (o 55 5 a0 o cacaT (ot QUi 5 51 ey
IS Fow LS A el e 5 Bl DS
(Chakmak et al., 1996) ol,)Kan 5 S LS > 355 o
o as ) Sy Gdre gy B e b s s 5 0 e
Fw 33 fya S5 p b Gl b s sy S
oz 5l b g5 05 45 Sulls Hlgbl 5 00ls L 55
Wyls BB 5 e 53 4S5 Aas u;u(.,-gt?,\
2> Pt sl slpe ol @HMLE L 2alS ol b
S Sl g polis e I S5y 5 258 0 5
5 Ol Blea Slighons s S o (5,5 sl oty
sls oLss (Hemantaranjan and Grag, 1988) <$1,8
23 Gl me Gl 8l o se (S35 5 8T 3 eae S
Sl ol 055 5 ad g dab i pp ey b sl
ﬁ\;’}ﬂﬁb;d&:ﬂ@ﬂ.&\&.ﬁ.ﬁmdl.m
O3 55 5wl (Olyda g ST S ke ol
545125052 055 Dl s S RIEIL 5 b e 1)
s Jlge ol aS 39, e YU Ak g 5 dls slaas
Q\)lﬁﬁ}ju&.u:;wub%ﬁl&ﬂ[}_ﬂ
Calizes sla i, 5l eslaul U (Yilmaz et al., 1997)
aML&aruquwClj)\)adjjawH;}r.m
o), Ses Lgs 4 55y Sl g o mn S s S
i ol ke S das o BB 5 BB O
413 OS5 o n 5 bl gr GBI oa paS s

.J.S_I,fu’.o

ed S g p S Gas 5 S 3L

polds LSl (gl ol bl 5 di) Glalseysn
Ailale a1y 813 Odd 0593 3 St

A s cml Sl 55 4 0LalS L e S
3OS sl o s 53 e ol 5l SLS lkds
Lo gt STl ol (K555 50 gl i
635 L s e (S plee Jlael ;505 5 a7 st
OLHLSes 5 desa (Baybordi, 2007) i dal s 5l
5,5l aS" s § 5,158 (Mohamad et al., 1990)
(il dlon 4y by o s 4 alee 5,0 4 )
pOlel izen pl 313 SRl Asls & S | 3 Sas
IS e e ol e Sl 3 a ST Us S
LS L g ods asle g 5 4mulis (Olyda g S
Jsb s S Dhdn 5 S 513G 5 Al o (5153
VU asls i O 4 53 5 Sl 3l &ls OAs 55 0590
3 Sdes (il Ca e Calg 5o Julse ) S 355 00
L5 5 e il

5 (Devlin and Withan, 1983) Ol s 5 o0t ss
s ol el SR 4 a5 L ST aals bl
Alen s 3l e s 3 s 5 gl 4 45 olS )
@S slge W5 L Llg o opl ol a)ls S Sl
Al G aal 8l o e (Lavasils) O3lses 53 5 i

u\a},&.}_)gla&)mb‘

15595 9 (B9 Ol
L o el (55l S 31 S0l e
LS 55 Caliden 7 gha 5o Ay &S s Sl ST
OKG) 55 5 Ol sen o 5 o 45 ol OT 51 ST (59,
Vol oS 5 s (VP mglkg) &ls s, 5 (VWF/Y
et sST U od el 5 65y 1S 56 2 e 8
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M)dff“cshéff‘e‘fﬁ‘f@w)duv‘rf‘ﬂigib,dw&ucp@}‘;bﬁwgéﬂﬁbww—a s
Table 5- Mean comparison of some traits as affected by various levels of foliar application of nano zinc
oxide and seed inoculation with plant growth promoting rhizobacteria.

Soled S 5 (4335 Jgo $U) sbool Glisd

(SAS 265 o530 CAAS 2o Sk s i
Treatment Protein (g/kg) Zinc (mglkg) Acid phosphatase
Compond 9/kg 9/kg (n mol/min)
By X Zno 108.6 ™ 231! 0.46"
By x Zng 110.7" 23.9K 052'm
B, x Zng 115.31 24.61 0.56 ¢
Bs x Zng 112.8% 241K 051"
By x Zn; 116.21 2451 052'm
B, xZn; 119.4 M 26.21 0.58
B, xZn; 123.11 269" 0.64
By x Zn; 120.4" 26.1° 061"
By % Zn, 119.2° 26.3' 0.68"
B, x Zn, 1235° 27.29" 0.79¢
B, xZn, 126.7 ¢ 28.1F 086"
Bs x Zn, 122.39 2749 0.81¢
By X Zn, 123.6° 2759 0.78¢
B, x Zn; 127.1¢ 28.3" 0.92°
B, xZn, 128.6°¢ 29.6°¢ 1.08°¢
B, xZn, 125.4°¢ 29.1¢ 0.99¢
By xZn, 126.5 % 28.7°¢ 0.93°¢
B, xZn, 129.8° 29.8°¢ 1.18°
B, xZn, 134.22 31.4% 1.35°2
B; xZn, 130.1° 30.3° 1.14°
LSDys 1.132 0.383 0.042

L)L LSD g0l ool on b (615 orn (55LT B 05 58 55 bt g b (sl e

Means with similar letters in each column are not significantly different according of LSD test
o s pole) il ch.»,l.ﬁ.,Zm 32ZN3.ZNy ZN1, 2Ny g0 45 o 5 2 (2 53 pf VSIVO D /YD o) (655 denS 5L (bl e la
By Bo oo w4 (4 ol g gy pUsnss g 5 OF ol 0358 5cks 55T D o il 255 5875,57 S0 550 Lok el calis 050 4 651
L B3 5By

Five levels of Folliar application with nano zinc oxide (0, 0.25, 0.5, 0.75, and 1 gr/lit) as Zng, Zn,, Zn,, Zn; and Zn,
respectively and four levels of seed inoculation (no seed inoculation, inoculation with Azotobacter, Azosprillium and
Pesdomonas as By, By, B, and B; respectively

(Begum et al., 2003) ob\_(a.a,(,_f{ Sl hsl 5! slgb!(Sadana and Nayyar, 1991) ,U Ul
‘)},\_54_?%3\,\_,.;Gsﬁ,gw)gﬁ)\s.u;;k;.,\f wu;.ﬂl\{rxfs.zw,uu};uq,@«f.wu
céjﬂx:}_(lgo‘u\ssﬁwcuf):d::lw Qw‘)rdfﬁjgk&}ﬂjcé@ﬁjéhé‘}f}‘

(|.U|jdlsjs|)6))f@$gl_w50ﬁjﬁ6\j:>u yolS 5 ails yo olie ol Hldie 5 osls il 53l dals
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(Lee, 2000) 451> lases e Lol i 55 g4l g
o Vsmene ALE (Sla0gas 50 15 5 Ll b o
sl .(Sharma et al., 2005) 4ub o !5 L“r.}?T
CJleb g9y 39008 4S5, S s (Prasad, 1984)
GU3saden (55 S Gl ades 1 o 35T cpdr
RNA 5DNA sy (S 58 SLaS pdmd
Lr s b il 3 addllae s oo 28871 5l e
2l 315 0L o sy s 5T 5 ol 5093 5o Sl ST )
SlaedS bl A 5 (055 5 Sl G b Sl s ST
s dsdeee (sl g s il 8l ST Ul (gl
Sl 5 56l ol e o 5T Elab 55
Sl S 53 155 Slhee (gl 55 Slas il on

.(Shaukat et al., 2006) s>

J5 S5 ami

Lodo il 5 555 ST S g 1580
2 RT b Rl o e Ay 5 e glags ST
3 R IR s w59 5 S5y Ol (el SBLans
&ls Odd 095 dsb 5 Lo g odd &ils a4 5 g JLis]
(sl 3Bl o 3T Sl o 5 e als 1531
034 hy a aaly Olaws g 4ils 5 5 (G 9, Ol jee
b ddoe X sy s 55T L 5o el (g )led S5
o 53 0T 0 568 5 655 S| 56 2 53 p 5
(Aals) (3l d o pde 5 6,81 L iy el pte
SLa SL L dy il o i a5 8 55T,
oIl 65) ST SU L (L3 Joloms 5 i) S e
23 CodST Rl e s 55 5 9 (65 Ol
.::J,fu’.ed.ab

ed S g p S Gas 5 S 3L

O Sen 5 (g5 030558 005 il jdl o1y s
AU 4es 5,138 (Aziz Zadeh Firozi et al., 2004)
23S s T sy SRl PBl Ca e s5s 38
FYY OFEVY 5 g bOT lie 5 s 8 e il
ORI el 4 e TNV 5 S S 55 0 8 e
Sy 3 ) LS L s 55 1 ooy il 31 Ll
el s S e o g 75 LVENYG NCPRTS
el ods 3,18 (Malakote and Savagebi, 2000)
S35 DWW p S A+ O me 6 o5 5T 5o
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a1y 56 oly3 s 5 » (Salehi and Tamaskoni, 2008)
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