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ABSTRACT

Stem elongation and anthesis Stages are very important in wheat and barley due to the determination of the grain
yield components related to the number of grain. On the other hand, Phosphorus after nitrogen, is known as the
most important mineral nutrient limiting growth and yield. Hence, to investigate the effect of phosphorus fertilizer
rate (0, 20, 40, 60 and 80 kg P ha™), inoculation with Streptomyces sp. bacteria and crop species on the phosphorus
accumulation and partitioning between plant organs in these two stages, an experiment was carried out as a
factorial arrangement in a completely randomized design in Gorgan University of Agricultural Sciences and
Natural Resources. The results indicated that phosphorus accumulation was increased linearly in different parts of
the plant by increasing the amount of applied phosphorus fertilizer, so that it changed from 0.15 to 2.7 mg per
plant at stem elongation stage and 0.25 to 9.49 mg per plant at anthesis stage. Relationships of the amount of
accumulated phosphorus in plant at stem elongation and anthesis growth stages with grain yield well described by
a segmented linear-plateau function. At stem elongation and anthesis stages, increasing the accumulated
phosphorus to 1.78 and 7.66 mg per plant respectively, increased grain yield but more phosphorus did not affect
the yield. Inoculation with bacteria increased phosphorus accumulation in shoot parts as amount as 17.75% at
anthesis stage. At these stages, phosphorus accumulation in different parts of plant except stem, in barley was
about 37% more than wheat. Results showed that phosphorus partitioning coefficients to different plant parts were
more stable than phosphorus accumulation and concentration.
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Table 1- Analysis of variance (mean of squares) of the effect of phosphorus fertilizer rate (P), inoculation with

Streptomyces bacteria (Inc), crop and their interactions on leaf (Lf), stem (St), root (Rt), shoot (Sh) and total plant

(Tot) phosphorus concentrations ([P]) at stem elongation (SE) and anthesis (Ant) stages.

Source of variation Df SE Ant
[Plr: [PIsn [PIret [Plue [Pls: [PIre [PIsn [PIret
P 4 2.120" 1.641" 2.562" 0.6534™ 1.207™ 0.911" 1.032™ 0.895™
Inc 1 0.504" 0.025™ 0.044" 0.6085™ 0.6085™ 0.003™ 0.356" 0.273"
Crop 1 0.294" 4568 1.804™ 0.1889™ 0.1889™ 0.103"™ 1.434™ 0.934™
P*Inc 4 0.044" 0.027™ 0.015™ 0.0692" 0.0195™ 0.094™ 0.026"™ 0.009"™
P*Crop 4 0.218™ 0.133™ 0.020™ 0.0231"™ 0.112" 0.066™ 0.044" 0.015™
Inc*Crop 1 0.237™ 0.007™ 0.005™ 0.0003™ 0.020™ 0.099"™ 0.003™ 0.016™
P*Inc*Crop 4 0.056"™ 0.098™ 0.057™ 0.0616™ 0.0009"™ 0.058™ 0.006"™ 0.007"™
Error 20 0.086 0.057 0.050 0.0516 0.063 0.066 0.048 0.035
C.V. 15.98 6.13 7.12 6.54 9.43 16.81 7.64 6.97
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Figure 1- Effect of phosphorus fertilizer (P) rate on leaf, stem, root, shoot and total plant phosphorus
concentrations at stem elongation (a) and anthesis (b) stages.
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Table 2- Mean comparison of the effect of crop and inoculation with Streptomyces bacteria on leaf (Lf), stem
(St), shoot (Sh) and total plant (Tot) phosphorus concentrations ([P]) at stem elongation (SE) and anthesis (Ant)

([P]sn)se ([Plvot)se ([P1s0)ant ([P]sn)ant ([P]vot)ant
Treatment $ . . g ’
(9kg?) (g:kg™) (9kg?) (9-kg™) (gkg?)
Wheat 3.56" 2.48° 2.69° 2.54°
Barley 423 2.85° 3.07% 2.84°
LSD 0.16 0.17 0.15 0.12
([P Lf)/lxm ([P Sh)fm ([P]Tot)lAm
(9kg™) (9kg") (9kg")
Non-inoculation 3.35° 2.61°
Inoculated with bacteria 3.60° 277
LSD 0.15 0.12
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Table 3- Analysis of variance (mean of squares) of the effect of phosphorus fertilizer rate (P), inoculation with

Streptomyces bacteria (Inc), crop and their interactions on leaf (Lf), stem (St), root (Rt), shoot (Sh) and total plant
(Tot) phosphorus concentrations (PCont) at stem elongation (SE) and anthesis (Ant) stages.

Source of Df SE Ant

variation PriCont PsnCont ProCont P.sCont PsiCont Pr:Cont PshCont ProCont
P 4 0.223" 3.267" 5.131" 2.257" 11.776™ 0.537" 23.576" 31.186™

Inc 1 0.026"™ 0.053"™ 0.154™ 2.373" 2.622" 0.001™ 9.984™ 9.763"
Crop 1 0.154™ 2.240" 3.567" 7.443" 0.299"™ 0.310" 10.725" 9.683"
P*Inc 4 0.006™ 0.038™ 0.063™ 0.020™ 0.319™ 0.030™ 0.355™ 0.407™
P*Crop 4 0.008™ 0.121"™ 0.167™ 0.382" 0.551"™ 0.023™ 1.360™ 1.236™
Inc*Crop 1 0.029"™ 0.001™ 0.018™ 0.437™ 0.005™ 0.003™ 0.350™ 0.422"
P*Inc*Crop 4 0.008™ 0.017™ 0.034"™ 0.173™ 0.846"™ 0.012" 1.013™ 1.110™

Error 20 0.010 0.049 0.073 0.324 0.469 0.025 0.995 0.998

c.V. 28.73 16.64 16.04 26.50 15.90 27.45 15.46 14.22
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Figure 2- Effect of phosphorus fertilizer (P) rate on leaf, stem, root, shoot and total plant phosphorus
concentrations at stem elongation (a) and anthesis (b) stages.
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Table 4- The accumulated phosphorus (PCont) in leaf (Lf), stem (St), root (Root), shoot (Sh) and total plant (Tot) in wheat and
barley in control (no phosphorus fertilization) and application of 80 kg phosphorus fertilizer ha™ treatments at stem elongation
(SE) and anthesis (Ant) stages.

Fertilizer phosphorus rate SE Ant
(E hapl) Pr:Cont PshCont PrCont P Cont PsCont PrCont PsnCont ProCont
9 (kg.ha?) (kg.ha™) (kg.ha™) (kg.ha -1) (kg.ha™) (kg.ha®) (kg.hah (kg.hah
0 0.588 1.728 2.291 5.045 9.342 0.797 14.396 15.188
80 2.174 7.497 9.666 10.179 19.575 3.177 29.750 32.931
Increasing content of phosphorus 270 334 322 102 110 299 107 117

compared to the control (%)

‘(Pstcont) a8l ‘(PLfCOI’It) j).: ).a.\...e )‘MA » u.wl.asfu)m‘ 6/,.5[.: L: LSJ)AJLA 9 LSC‘)) olff &5; ).1‘ wi:l“o MLM -0 J3A>
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Table 5- Mean comparison of the effect of crop and inoculation with Streptomyces bacteria on leaf (Lf), stem
(St), shoot (Sh) and total plant (Tot) phosphorus concentrations (PCont) at stem elongation (SE) and anthesis (Ant)

stages.
SE Ant
Treatment PrCont PsnCont PraCont PuCont PrCont PsnCont ProaCont
(mgP.planty) (mgP.planty) (mgP.plant®) | (mgP.plant’) (mgP.plant®) (mgP.plant?) (mgP.plant™)
Wheat 0.29" 1.10° 1.39° 1.72° 0.48" 593" 6.42°
Barley 0.422 1.57% 1.99° 2.59° 0.66° 6.97° 7.63°
LSD 0.07 0.15 0.18 0.38 0.10 0.66 0.66
Ant
Treatment P Cont PsCont PsnCont ProCont
(mgP.planty)  (mgP.planty) (mgP.plant))  (mg P.plant™)
Non-inoculation 1.90° 4,05 5.95" 6.53"
Inoculated with 239" 4.56° 6.95° 752
acteria
LSD 0.38 0.45 0.66 0.66

355e b (AND) SLdlos S 5 (SE) il o oslo Jolye 10 @33y S 5 atdly o yived Jlake ols (Ggans S, Ly, =% Joor
(Barley) s> 5 (Wheat) paiS )5 ails

Table 6- Regression relationships between total plant phosphorus content at stem elongation (SE) and anthesis
(Ant) atages with grain yield in wheat and barley.

Coefficients Wheat- SE Barley-SE Wheat- Ant Barley- Ant
A 0.175£0.133 0.066+0.152 -0.018+0.194 0.065+0.202
B 0.720+0.135 0.505+0.109 0.182+0.039 0.118+0.030
C 1.456+0.142 2.075£0.195 6.577£0.563 8.751+0.872
Y(Pc) 1.22 1.155 1.179 1.094
R? 0.78 0.81 0.75 0.63

a: interception, b: linear slope, ¢: minimum phosphorus content to reach the maximum grain yield, Y(Pc): estimated grain yield in ¢, R*:
determination coefficient, ** and ": significant effect at p< 1% and < 5%, respectively; ns: non- significant at p<5% .
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Table 7- The interaction between inoculation with Streptomyces bacteria and crop on phosphorus partitioning
coefficient to root (PRtPC) and shoot (PShPC) in SE and the effect of crop on phosphorus partitioning coefficient
to leaf (Lf) and stem (St) at an thesis (Ant) stage.

Treatment PrPC PsnPC
Non-inoculation 0.186° 0.814°
Wheat . . b
Inoculated with bacteria 0.234° 0.766
Non-inoculation 0.223° 0.777°
Barley . .
Inoculated with bacteria 0.212° 0.788°
P PC PsPC
Wheat 0.27° 0.66°
Barley 0.34* 0.58"
LSD 0.04 0.04
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PShPC, y=- 0.0005x+0.94, R2=0.95

PRIPC, y= 0.0005x+0.06, R2=0.95
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Figure 3- Effect of phosphorus fertilizer (P) rate on phosphorus partitioning coefficient (PPC) to root (Rt) and shoot
(Sh) at anthesis stage.
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