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Effect of plant growth promoting rhizobacteria (PGPR) application on phenology
of late maturity maize (Zea mays L.) hybrids
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Table 1. Combine analysis of variance for developmental events and durations GDDs in three maize hybrids

(MS) ol o o SiLee

ays glaar -y, Slaas 5354, Glaa y3-39, laa y3-39, Slaax ;o34 Glaa y3-39, Slaas y3—54, laa y3—39, Slaax 5354, Slaax 5354,
S.0.V. ,_._.-.TCL.A &sl3T @Lf;;@b ()ledfj)}gb V:.:.hdfj))@_la r.a:jl_;.sdf,:))e_lé fljﬁ))gb a.sl.?-u'b)},@ﬁ Jflf)},éb ub;d\:;}.\.ﬁ:cu Jflfg.,\.&di.i» igij}jx}:s;v\ru)
df (SEGDDs) (4".LEGDDs) (8".LEGDDs) (12".LEGDDs) (TEGDDs) (PEGDDs) (Si.EGDDs)  (PSFGDDs)  (SDGDDs) (PMGDDs)
Year J. 1 114.253" 13958.832" 5217.714™ 108333.204™  399656.668"  481761.568™ 491670.102" 108333.204" 539656.576 75065.892"
Hybrids b€, 2 89757127 11.768.81"  19304.557™ 8185.376" 8601.256" 19673.874™  11415.134™ 8185.367"  23867.675 6346.400"
L bl 81.746™ 229.464" 25606.738" 653.921" 443.883™ 1723.729™ 1587.626™ 653.921" 275.290™  1297.986™
HybridsxYear
PGPR 7 3896.307" 31801.968™ 80740.765™ 37142.648"™  37444.030" 35934.669"  37746.1477  37142.648”  41865.007"  23751.656
PGPR x L. 7 151519 76.638" 42023.175™ 955.863" 339.692"  6450968™ 658.792"" 955.863" 687.498™ 525.433"
PGPRxYear
PGPRx s o€, 55 . s s o s s . - - .
) 14 162.949 68.420 39721.067 800.504 766.098 734.016 606.247 800.504 676.653 566.796
PGPRxHybrids
PGPR X &, 45 x JL
PGPRx Hybrids 14 62748 136.549" 42728.035™ 827.266" 556.807" 681.554" 738.363" 827.266" 1404.046™ 401.627™
xYear
Error shlsTelzzl 144 66.431 116.552 38250.841 321.101 419.558 416.057 303.677 321.101 906.025 252.834
Total Js 191
(A 33) Sl oS s o
CV (%) 8.13 5.00 5.31 2.41 2.24 2.16 1.75 2.41 2.59 2.88
ns: Non- significant S5 gme 2 NS

*and**: significant at 5% and 1% probablity levels, respectively

.\.&péﬁ_,@p@d&o—lcﬁdﬁ)b@u%;4{:**} *

SEGDDs: Seedling emergence GDDs
4" LEGDDs: 4™ leaf emergence GDDs
8" LEGDDs: 8" leaf emergence GDDs

12" LEGDDs: 12" leaf emergence GDDs
TEGDDs: Tassel emergence GDDs
PEGDDs: Pollen emergence GDDs

Si.EGDDs: Silk emergence GDDs

PMGDDs: Physiological maturity GDDs

PSFGDDs: Pollen sheding finishing GDDs

SDGDDs: Silk drying GDDs
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(MS) Say o Sile
5.0V . 4:); gy Ky oy Glaasjo-5y, (SLA 035 0,93 Glade 553, A3 S8 0,95 Slaam 535, @,u? il oy95 laamya-54, 4ls Ol ey 93 Slaasy3—5, 4ls 3 Shes
- G | f’ (VGGDDs) (PGDDs) (SGDDs) (FCGDDs) (GFPGDDs) (Grain yield)
Year Ju 1 277476.014™ 7324.802"™ 441.954™ 531.004™ 182508.692"" 932960.520"
Hybrids e, 2 1623.209" 370.829" 2825.876" 34.090" 738.649™ 29114651.319™
HybridseYear bSsexde 735.554™ 465.385™ 2261.650™ 8.172" 37.644" 722645.913"
PGPR 7 17470.518™ 96.961" 293.117" 85.854" 1924.994™ 15748589.789"
PGPRx Year PGPRx L. 7 295.380" 781.0017 55.445" 56.760" 40.457" 584998.900™
PGPRX Hyb:ipr bS5 gy 904.294" 290.562" 111.892" 31.119" 35.411"™ 717818.800"
YearxH;i::;;;g;’F; e 779.613" 274.438" 163.795™ 44.453™ 156.076" 8997887.831"
Error il sl 144 485.875 262.040 295.518 32.547 78.281 10692919.850
Total Js 191
CV (%) (doyd) i g 271 9.75 10.27 6.76 1.08 9.44
ns: Non- significant S5 sme e NS
*and**: significant at 5% and 1% probablity levels, respectively 1053 &S5 5 do s gy dlal gl 53 s me 5 g4t ¥ 5 F
VGGDDs: Vegetative growth GDDs PGDDs :Pollination GDDs
SGDDs: Silking GDDs FCGDDs: Flowering coincidence GDDs
GFPGDDs: Grain filling period GDDs
Yoo
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Table 2.Mean copmarisons of years, hybrids and PGPR intractions on developmental events and duration GDDs in three maize hybrids

(Traits) clis
slaar,—5, e S STy slaar -5, slaary-54, slaar,-55, e L STy
Treatments Sles wealS b SSIPE £ b LT 3.8 als s ples S pus oSis PHENRE RSP
(SEGDDs) (12"".L EGDDs) (Si.EGDDs) (PSFGDDs) (SDGDDs) (GFPGDDs)
Control (no inoculation) (b pae) uslz  119.450e 773.600h 1005.525mn 1092.675k 1178.225k 777.000k
SC704 Az 89.500m 702.525pq 927.025t 1009.950r 1096.975rs 852.475cd
As 99.925i 762.200i 980.6000p 1066.500m 1152.475n 787.150hi
(2004)  yrav Ps 92.050lm 717.6500p 939.550s 1022.900q 1109.600r 842.450e
Az+As 97.225jk 733.525m 960.575q 1044.5250 1130.550p 801.15gh
Az+Ps 92.050lm 687.750qr 911.700u 993.050s 1079.550t 55.650c
As+Ps 99.850i 749.450k 981.0750p 1066.500m 1152.200n 794.000h
Az+As+Ps 77.500r 658.125s 876.975w 956.550t 1032.700v 868.875hc
Control (no inoculation) (mak pue) ual 103.600h 781.775fg 1022.700kl 1109.725j 1194.925jk 772.250jk
SC704 Az 75.900s 717.6500p 948.050rs 1031.550pg  1117.925qr 851.150cd
As 88.100n 773.600h 1009.950m 1069.975jk 1139.3750p 783.900i
(2005) yrar Ps 77.700r 730.025mn 956.550qr 1040.2000p  1126.250pq 840.850ef
Az+As 81.650q 749.450k 976.975p 1062.075mn  1148.025n0 800.900gh
Az+Ps 75.900s 706.400p 933.525st 1014.375qr 1096.475s 855.425¢
As+Ps 83.800p 758.300j 989.1000 1079.4501 1164.900I 793.800h
Az+As+Ps 70.250t 671.850rs 892.950v 973.050st 1057.850u 857.125¢

.U)\H\Sks)bT)bs'.mQ)LiT.L\a)sc'.;Jhblck.u):Qﬁjb6!A.'..a\:.L‘.:;Q}aijblﬁMéffimg}}fébl:Af&uﬁl:ﬁQj;w_,ajs
Means in each column followed by similar letter(s), are not significantly different at 5% probability level using Duncan’s Multiple Range Test

SEGDDs: Seedling emergence GDDs Si.EGDDs Silk emergence GDDs SDGDDs: Silk drying GDDs
12" LEGDDs: 12" leaf emergence GDDs ~ PSFGDDs: Pollen sheding finishing GDDs ~ GFPGDDs Grain filling period GDDs
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Table 2. Continue

(Traits) oliw
Slaax -39, Slaar ;-5 Slaar -3, Slaax -3, Slaax )33, Slaax -39,
Treatments Sles wealS b PEYSIPIC goppn 2 S sk 03,5 4ls puks ples B o St G135 0L 0550
(SEGDDs) (12".L EGDDs) (Si.EGDDs) (PSFGDDs) (SDGDDs) (GFPGDDs)
Control (no inoculation) (=i eae) slx  139.600a 868.050a 1142.550a 1232.450a 1332.150a 780.275ij
SC700 Az 113.950f 774.675gh 1055.350h 1142.550f 1232.450fg 853.350cd
As 129.175b 811.050de 1103.775d 1191.725bc 1287.725hc 788.800hi
(2004) year Ps 119.450e 781.650fg 1064.250g 1151.525e 1242.075e 847.850de
Az+As 124.950d 817.425d 1103.750d 1191.850bc 1287.425hc 809.400g
Az+Ps 109.475g 756.375jk 1043.125i 1129.675gh 1218.825h 855.800c
As+Ps 124.950d 831.300c 1106.000cd 1196.350b 1293.300b 795.250h
Az+As+Ps 94.625kI 718.6500 1004.900mn 1090.750kI 1178.250k 935.025a
Control (no inoculation) (mak eae) 4slz  127.950bc 849.300b 1112.525¢ 1200.775ab 1273.825cd 779.85ij
SC700 Az 103.600h 756.075jk 1030.65jk 1116.775i 1205.325i 852.875¢cg
As 115.600ef 820.525cd 1095.225¢ 118.875cd 1235.950ef 788.675hi
(2005) \ra¥ Ps 95.675k 761.525ij 1039.550ij 1125.300h 1205.325i 842.875e
Az+As 103.600h 796.500e 1063.750g 1151.350e 1219.250gh 801.650gh
Az+Ps 98.550j 734.800Im 1004.150mn 1090.750kI 1156.450mn 855.650c
As+Ps 106.300gh 812.350de 1076.975fg 1164.575de 1233.025f 795.25h
Az+As+Ps 85.9500 700.450q 1061.475gh 1145.475ef 1219.525gh 871.750b

Means in each column followed by similar letter(s), are not significantly different at 5% probability level using Duncan’s Multiple Range Test

-\J‘)‘JJ‘&)LAT)‘}&AAQ)L:LTM)Jc'g:JLA;>|ck.u)}Og.;‘)6'4.'4:‘2-L'.’;Q}ﬂijb'ﬁmé;f".:mg}}f‘s‘)bg&‘u&ijl:ﬁaﬂﬁjl

SEGDDs: Seedling emergence GDDs
12" L EGDDs: 12" leaf emergence GDDs

Si.EGDDs: Silk emergence GDDs
PSFGDDs: Pollen sheding finishing GDDs

Yov

SDGDDs: Silk drying GDDs
GFPGDDs: Grain filling period GDDs
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Table 3- Continue

Traitsts oliw
o5eb Sbar s, 2588 Slaar -5, O ples glaer )35, Ods st slaar 553, O 3 0)93 Slaer )35,
Treatments S oalS 233135 &5 5 5 56b slasr 555, I 038 4l Ly 4l
(SEGDDs) (12".L EGDDs) (Si.EGDDs) (PSFGDDs) (SDGDDs) (GFPGDDs)®
Control (no inoculation) (s pae)asls 133.650ab 835.700bc 1125.300b 1122.350hi 1207.450hi 774.250jk
B73xK18 Az 102.475hi 738.8001 1048.200hi 1044.6250 1130.550p 850.875d
As 124.950d 817.425d 1098.950de 1113.500ij 1199.100ij 781.450ij
(O¥AY) Ps 119.950e 756.075jk 1042.875i 1057.650n 1144.1250 832.675f
(2004) Az+As 125.175¢d 774.375gh 1081.450f 1079.5501 1165.375! 795.350h
Az+Ps 99.850i 772.725n 1021.7501 1035.975p 1121.825q 855.175¢
As+Ps 124.950d 796.500e 1090.750ef 1092.550k 1169.875K 792.100h
Az+As+Ps 92.050Im 779.225¢ 991.900n0 1001.900rs 1088.150st 856.725¢
Control (N0 inoculation) (pab pas)ant: 112.300fg 794.725¢f 1035.775; 1191.900bc 1313.100ab 770.850k
B73xK18 Az 88.475mn 733.525m 960.575q 1133.800g 1223.400fg 849.675d
As 126.750c 75.050f 1027.325k 1187.300c 1282.900c 780.430ij
O¥AF) Ps 93.1501 745575k 972.400pq 1134.025fg 1218.950h 828.775fg
(2005) Az+As 98.200j 762.200i 993.050n 1164.825de 1261.550de 797.350h
Az+Ps 81.650q 721.900n0 952.625r 1178.250d 1196.350j 854.400cd
As+Ps 103.600h 771.300hi 1005.850mn 1178.250d 1271.950d 791.175h
Az+As+Ps 75.900s 685.500r 919.750tu 1072.150Im 1160.150m 855.925¢

Means in each column followed by similar letter(s), are not significantly different at 5% probability level using Duncan’s Multiple Range Test

L T I oan D3l oy gy Jlozm! o 53 (Sl (51 atals i 0 g05T ool in 057 200 o (5115 457 0 Sile D20 52 55

SEGDDs: Seedling emergence GDDs
12" | EGDDs: 12™. leaf emergence GDDs

Si.EGDDs: Silk emergence GDDs
PSFGDDs: Pollen sheding finishing GDDs

SDGDD:s: Silk drying GDDs
GFPGDDs: Grain filling period GDDs
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Sty 5 Olaj 5 Sledd )y sla 68505
Lo Jlw 53 IS 5 gl sl 5L 550 e S
SLa )l 4 S g 035 Sslize KK b i leT
..U‘o:\;j)ﬁujj\.i:.a'cwb’dl&ﬁ@\iﬁlgc:m

Jlm 5 e 5 005 e SV JSTS 54
L blosl oo eimyan el haly by o9 (6 s
o 4> 5 L (Kiesselbach, 1999) cul a5l 5 Shas
Sbm @ladT 3, PGPR (65148 36 (sla, 875500
by 0diS ¢S 5l g 48 ) o ki 4 OWLE
L S b blas e mby das ST opl 5l Jool-
Llesls 3 5t cow

s e (o olize 51 sls 500 awlis
sy Ol Sl os 8 plos| glaas ;5 -5, sl PGPR
_sfmduaﬁ@wlnfrwdupﬁ,;&
aw glag SU ) il U L 0T gla,ds 4S'SCT04
jgd%&ufsubl,mx;wu@itﬁ
53SC700 5 B73xK18 (glacS o5 L ol 5l 5 Axsls
3 el U a8y 53 50 il 5 el 5lag e
2T SESE Ly plisags s 5 SL 5
7 b (V) i S 1,58 (m (slaesd o
ol el Gl o Jlo 53 &S 555 o adeiee
Sl Y 2l S sladsls 5 0l Blod 51 o555
L PGPR | s pdu 55 03,8 cla s 35, 0LL
o 4ls iy iy pslls iles s oglize S USS
3 s 4zt 53 5 il JoaSS 53 (gl 5B 03 8
B4 o (Stevense et al., 1986) 5,15 &3 asls
s, 5l U aslas 5550 GLAPGPR 45" Uy s
23 Ay oS S o sl ge A 5 0y 4 055 Cled
ok wdly i ga 03,8 (gl ails 3,5 o8 s 0L

s S e olie 31 gla ke amslis b
G S ods o Sis glaa 53—, sl PGPR
S5 ois oSas (L 53 58 p3 a5 As atia

Yod

OLis PGPR 5 5 La o5 555 mmen (Il

T b ol § ladsly 4 jL5 &gl odias
IS 554l el (s g Al o I b a5 e 65 ) 5
ol Oli S 5 b sl ud, LT ol
el A ) 4
W ,8 55w 4 4= ¢ L .(Sheridan and Clark, 1994)
i o S sls (S i POPR LS
Sye 5 L L 6 5L ol Yool &S sy o s
La)lS 5l ol 55 5 &S e oS Ay oS (k25

. . =
l-,.j,,)l)_\ <

auéfdkﬁ-u‘_}j/))@ﬁjwb)\}jtﬁ,a&b

el

2 S Glaam 3 —5a, 4035 sla als 55
I i e gl 6 SL S (Rl Ly el e
2303,5 alls ;555 i 5 sb (7 JS8) ol
U US55 o5b a5 b e 258 Ssled
Sl 5o 5 8 s LTI 0 el ol 0o
Sl S 03,8 ails sy y Sy b g bes S
o3 adls s, Shee bl 3 cagr (S 305 35 el
4 4= ¢ L (Sheridan and Clark, 1994)s 55 oo < s
i OLalS (o slatT 3 WPGPR 3T (gla 87550
Atk SIS 0diST 6 o Sl W e
A5 5 La e sy La 5 e L e S
L 4 «(Evans and Poething, 1995)c5  (claals
Sy et 5 L WPGPR 35 sl lejT 55 a8 ey
S 55 o8 555 5 e o e ey 0SS
il ok 03 8 (gla il sl (ol s S

e s v olize 51 la Kol syl
aS sl Olis JSK b slaas 359, »PGPR
51 il L OT (sla,dy &5 SCT04 5,55 IS8, 54b
o Sl n g ol e il i aw gl (6 STL
54 bl> Jijzj_ajangsJ&l_a)ngLa.\_e-l)
PGPR, Lo (ot ,3 SCT00 5 B73xK18 (sla o5, 5

5 2S5 il Ly La o855 iy il
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Il o (6 a8 Gl )3 =555 4 SilejT pgo
£33 v 53 (Gl gy b e)93 4D > g atdls 5L
s s ¢ paimean (4 JS8) Cil 035 5 GY 5 b
~55) &1 PGPR 5 La 8555 Llize 1 sla Kk
SCT005 555 4" 5l QL oo gy iy 093 (glaas o
Tl iz e b (ST (2l L OT (glayds S
5L gy by 0593 JoSS () 03 5 0d
SLa e85yl i Lo 08 oL S glads
B73xK18 (sl &8 53 5 =il gl STk il (gla sl
Sl b s 855 50 il 5 5led e 55 SCT04
P L oTST ST Ly pligesssm s S L5
oplply (0 JS8) s § 41,5 gdm slaas
23 (st sy ddy 095 Jab b 514855l e el
g aals Sl eS s lesT gl ) glad L
s iy 0553 U gk Sl 5L PGPR
LSl il s o8 55 ey 5 ails a8 s
Wl 03 0 o gl

ey Ay ade e Jold D)3 (g, LS
(Bl e O Jo5b 5 4zl 548) ot
2545 Ul e Oy b)) ol 5y ) Al e
o—! 5 (Stevense et al, 1986) —ul (L5 |5
LaeS s (o 05 (o 5B 5 ST L e
9 a3l di, 4 (Orkwizewzky and Poething, 2000)
.Uj_&wuasr.&_u\_?ﬁcl_éj)l&lj_é\
03 5 5 o5 5S¢ IS > ;5 (Poething, 1994)
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Table 3-Simple correlation coefficient among developmental events and periods of maize hybrids based on GDDs.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
8 24w 28 v 8 Aa% 247 A.T A4i@ 2%@? '.\j"ﬁ o5 ]3 — 3 — '?"J;ﬂ,'i"‘_”\ )
VEODRE 108 3a8 128 138 148 D98 [9E 19F 1.8 :wE iug 28 i:E gt
PR 38 4is rg fGg rui rsg rog F48 98 536 338 528 §3g 1E
338 54 F TS ARE 3%E 4%z 4wg sye B3E 3 2 Qe Dhe DAL diE 4§
= \\QR ) 3 3 ) 3 3 3 =~
1 1
2 0.747" 1
3 0.737" 0.862" 1
4 0.702" 0.760" 0.930" 1
5 0.709" 0.732" 0.913" 0.965" 1
6 0.720" 0.742" 0.924™ 0.976™ 0.987" 1
7 0.717" 0.733" 0.914™ 0.968" 0.980" 0.992" 1
8 0.719" 0.704™ 0.886™ 0.930" 0.943" 0.953" 0.945™ 1
9 0.729" 0.845" 0.959" 0.909" 0.908" 0.924™ 0.918" 0.887" 1
10 0.890" 0.855™ 0.866™ 0.965" 0.920" 0.929" 0.920" 0.873" 0.884" 1
11 0.871" 0.826™ 0.822" 0.177™ 0.550" 0.158™ 0.520" 0.542" 0.311" 0.117"™ 1
12 0.888" 0.885™ 0.732™ 0.704" 0.214"™ 0.280™ 0.209™ 0.449" 0.239™ 0.543" 0.081"™ 1
13 0.995™ 0.872" 0.835" 0.850" 0.764" 0.662" 0.639" 0.659" 0.552" 0.520" 0.851" 0.135™ 1
14 -0.854™ -0.854"  -0.781" -0.851" -0.874" -0.880"  -0.871" -0.829™ -0.631" -0.836™ -0.540" -0525" -0.597"
15 0.714" 0.738™ 0.726™ 0.742" 0.739™ 0.895™ 0.986™ -0.530" 0.965™ -0.641" 0.929™ 0.979™ 0.949™ 1.919™ 1
ns: Non- significant Slasme s NS

*and**: significant at 5% and 1% probablity, levels respectively

.x.p):&,M);G;;JLQ-IC,EM):)\:@M%;A{:**,

*

SEGDDs: Seedling emergence GDDs

FCGDDs: Flowering coincidence GDDs

PGDDs: Pollination GDDs

PMGDDs: Physiological maturity GDDs

TEGDDs: Tassel emergence GDDs

SGDDs: Silking GDDs

PSFGDDs: Pollen sheding finishing GDDs
4" LEGDDs: 4™ leaf emergence GDDs PEGDDs: Pollen emergence GDDs
GFPGDDs: Grain filling period GDDs 12" L EGDDs: 12" leaf emergence GDDs

VGGDDs: Vegetative growth GDDs

SDGDDs: Silk drying GDDs
Si.EGDDs: Silk emergence GDDs
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Effect of plant growth promoting rhizobacteria (PGPR) on phenology of late
maturity maize (Zea mays L..) hybrids

Hamidi, A.!, R. Chaokan? A. Asgharzadeh?®, M. Dehghanshoar*, A. Ghalavand® and
M. J. Malakouti®

Abstract:
Hamidi, A. R. Chaokan, A. Asgharzadeh, M. Dehghanshoar, A. Ghalavand and M. J. Malakouti.2009. Effect of plant
growth promoting rhizobacteria (PGPR) on phenology of late maturity maize (Zea mays L.) hybrids. Iranian Journal of

Crop Sciences. 11 (3): 249-270 (in Persian).

To study the effect of application of plant growth promoting rhizobacteria (PGPR) including; Azotobacter chroococcum
Azospirillum lipoferum, Azospirillum brasilense and Pseudomonas fluorescens on phenology and grain yield of late
maturity maize (Zea mays L.) hybrids (KSC700, KSC704 and a promising single cross, B73xK18), a field experiment was
conducted in two successive cropping seasons. Exprimental treatments including seeds of maize hybrids inoculated with
single (one by one bacteria) and co-inoculated by two and three bacterial combined inoculants and no inoculation as control.
Duration from planting to seedling ,fourth, eighth and tvelveth leaf, tassel,ing pollen and silk emergence, pollen shedding
termination, silk desiccation and grain physiologic maturity as well as vegetative growth period, pollination, silking,
coincidence of flowering and grain filling periods were detrmined using Growing Degree Days (GDDs). Grain yield per
hectare was also determined. Results revealed that PGPRs affected phenology of maize hybrids as leaf, tassel, pollen and silk
emergence was accelerated and duration of pollination, silking ,coincidence of flowering and grain filling period was prolonged.
Corrolation coefficients analysis revealed that GDD for developmental periods and phonological events were positively
correlated. It was also revealed that application of inoculantion with combination of all bacteria inoculats had the highest
promoting effect on phenology of maize hybrids,. Co-inoculation of seeds by Azotobacter chroococcum and Pseudomonas
fluorescens and inoculation of seed by each of them had also high promoting effect, respectively. Maize hybrids had differed
in their phonological response to application of PGPR and KSC704 responded more vigorously than other hybrids, followed
by B73xK18 and KSC700, respectively . The highest grain yield obtained from KSC700 co-inoculated with all bacteria.

Key words: Growing Degree Day, Grain yield, Maize, Phenology and Plant Growth Promoting, Rhizobacteria.
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