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Table 1. Analysis of variance (mean of squares) of the effect of fertilization, crop species and their interactions
on the phosphorus concentration ([P]), content (Pcont) and partitioning to leaf (Lf), stem (St), root (Rt), grain

(Gn), shoot (Sh) and total (Tot) in physiological maturity.

3l am s SESPEILVY
[Plror [Plsh [Plon [Pl [Pls: [Plys s e
df Source of variation
5.399" 6350 78247 17787 18247 356527 1 225
Fertilization
*k *k *k *k *k *k Lg HKY
0.805 0.939 1.477 0.437 0.359 2.669 5 S s
Plant species
* * * Lg S 5 LA’L‘
0.245™  0.260™ 0.037™  0.097 0.125 2307 5 P S g HE 2 2028
Fertilization * Plant species
eyl glas
0.088 0.090 0.092 0.021 0.031 0.261 12 ol
Error
(Ao y3) Ol i s 55
15.48 14.87 9.34 15.60 21.9 14.49 Sl
C.V. (%)
ProCont PsCont PgnCont PrCont PsCont P Cont
5748 560.1297 181076 17177 25784 31.023" 1 225
Fertilization
* *k *k *k * *k Lg HKY
8.047 7.344 15.537 0.104 0.303 2.623 5 S s
Plant species
*k *k *k *k * * Lg HKY 5 LA’L‘
19.114 10.386 12.390 0.074 0.422 0.415 5 il e e
Fertilization * Plant species
eyl glas
1.194 0.953 0.826 0.012 0.069 0.114 12 oS
Error
(Ao 33) Ol i s 55
12.792 12.29 19.42 25.08 15.96 18.42 bt
C.V. (%)
Pg:PC P& PC PrPC Ps.PC PLPC
ok ok ok ok 22
0.00002™ 0.068 0.005 0.022 0.042 1 228
Fertilization
sk sk . sk Lg Y
0.002™ 0.096 0.003 0.002™  0.066 5 e
Plant species
*k *k * Lg HKY 5 LA’L‘
0.001™ 0.004™  0.001 0.009 0.004 5 P S HE 2 2028
Fertilization * Plant species
eyl glas
0.002 0.006 0.0001 0.0009 0.001 12 oS
Error
dy3) O S Ly
4.92 14.43 21.52 14.88 17.51 (e02) St o 2

C.V. (%)

.J;tbéfﬂé&mnsfw\.p)éo‘;\ CE»AJJJ‘J&M%JSQ%)

** and * Significant effect at P<1% and P<5%, respectively, "* Not-significant at P<5%, C.V.: Coefficient of variations.
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Table 2. Mean comparisons of effect of crop species on grain ([P]g,), shoot ([P]s,) and total ([P]r,) phosphorus
and phosphorus partitioning coefficient to grain (PGnPC) in physiological maturity.

PenPC ) [P]T‘,{ [P]S}wl [P] an Sl
(mg P.plant™) (gkg™) (gkg™) (gkg™) Treatment
0.649*° 2417° 2518° 3478° f2032 ¢S
Durum wheat
0.598° 1924° 1.994° 2431¢ Syore
Barley
0.659° 2295® 2482° 3.005°¢ g
Naked barley
0.659*° 2086% 2218%® 3.167% p2obr
Triticale
0373° 1358¢ 1437¢ 3169 s I
Wild oat
0320° 1396° 1.444° 42750 Sprile

Canary grass

Aea Sls gme Bl 36 LSD ()).aﬂ ol s des 0 Clahﬂ)z L;)LJJEJ Slalie G & Pl bl L;Laaf;»l.:a Qg A 3
#*Means in column with the same letter are not significantly different at 5% based on LSD test.

5 ([Plro &4, 5 ([Pls) 6le ([Pl S, jaud chle ;5 ol 68 5 22355 o e ol 31 u._.fal._.e dslts =Y Jgu>

S5 P p 58 Shewy do o 53 PRPO) wisy 5 PLPC) & 3 4 ond jarass o o

Table 3. Mean comparisons of interactions between fertilization and crop species on leaf ([P].¢), stem ([P]s)
and root ([P]r) phosphorus concentration and phosphorus partitioning coefficient to leaf (P, /PC) and root

(Pr/PC) in physiological maturity.

PrPC PLPC [Pre [Pls, [Pl P S Sles
(mg Pplanf ) (mg Pplanf ) (gkg ) (gkg ) (gkg ) crop species Treatment
0.049°¢ 0.173° 1453° 1.597° 5964° f2052 ¢S
Durum wheat
0.085° 0.174° 1.963° 1379° 4248° G
Barley
0.027°¢ 0.106° 0.716°¢ 1.443° 3738° g
Naked barley 35S G s
0.040°¢ 0.139° 0.997°¢ 1523° 5.907° e Fertilized
Triticale
0.155° 0.408" 0254° 0556" 4267° s I
Wild oat
0.120° 0442° 141° 0573° 4329° N
Canary grass
0.064* 0.186° 092 0.523® 3.643° £203% 045
Durum wheat
0.049® 0.050° 074" 0.909° 0.760°¢ G
Barley
0.012°¢ 0.078°¢ 0335¢ 0.534® 1.883° =
Naked barley S P
0023 0.043¢ 0476 0661 1007 e Unfertilized
Triticale
0.070* 0247" 0799 0413 3.414° s I
Wild oat
0.047 % 0332° 1.099° 0331° 3.129° D

Canary grass

Aea Sls gme Bl 3L LSD ()).aﬂ ol s de s 0 Clahﬂ)z L;)LJJEJ 3l alie G S Bl gl Lguai}l.f Qg A 3
#*Means in column with the same letter are not significantly different at 5% based on LSD test.
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Table 4. Mean comparisons of fertilization on leaf ([P].g), grain ([P]g.), shoot ([Plsn) and total ([P]r,)
phosphorus concentration and phosphorus partitioning coefficient to grain (Pg,PC) in physiological maturity.

PG PC . [P]To]t [P]g?] [P] G_n] )LQ_;‘
(mg P.plant) (eke?) (gke?) (gkg?) Treatment
0490° 2387° 2530° 3825° 255 S s
Fertilized
0596° 1438" 1501° 2683° 35 S pde
Unfertilized

Aea Sls gme Ml 3L LSD ()).aﬂ ol s de s 0 Clahﬂ)a L;)LJJEJJ wlie O > S Pla glyls L;Laaf;»l.:a O A 3
#*Means in column with the same letter are not significantly different at 5% based on LSD test.
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Table 5. Mean comparisons of interactions between fertilization and crop species on leaf (P ¢Cont), stem
(PsCont), root (Pr(Cont), grain (Pg,Cont), shoot (Ps,Cont) and total (Pr,Cont) phosphorus content in

physiological maturity.
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Table 6. Mean comparisons of interactions between fertilization and crop species on phosphorus partitioning
coefficient to stem in physiological maturity.

J?;_jl.c k_é‘y}i (JJ[?_ C,:Jy ‘jbwy (j)ﬁé(.)&g JAJJJS
Canary grass Wild oat Triticale Naked barley Barley Durum wheat Fertilit
(mg P.plant™) (mg P.plant’)  (mg P.plan"") (mg P.plant™) (mg P.plant™) (mg P.plant™) Y

0231° 0213* 0.224° 0369° 0.193° 0.206" et
Fertilized

0.166" 0.198° 0207° 0077° 0252° 0.106" et aaded
Unfertilized

iz ls gme Mt 136 LSD 0031 alisl 5 Aoy 0 o 53 @bl i 5l alin G G il shls gl Sile (g 2 o
#*Means in column with the same letter are not significantly different at 5% based on LSD test.

Gl g (T0) 53 e alyy a4 id arass S Garat s ke 4 4 s L

Wiy edeS Sl 55 Aol S JblS Ll R3S ple s A bl s s A La<=\.,\.}\
Lyt gl s s Sme s S0 L o b S 5163k e 4y oS 2503 Oy OS5 e
oo Ll s s o blie 53 oy ksl 55l 23 b ohel a3 5 sl LS s ]
o i osle SR jeeass Gl SH5 2 35S Ll i s e oS LS sl e i
Sl osle e yanass 5 3l s baaly 03 Al 4 i eedS Cuye 35S O as
oS3 Sl asly 55, 000 Jladiay oo gl 6 i @ S (o3 NYIVO Lo gia 5 5ba) 58 slacdls
R 3sd e gie 0L o5 olS o S sl (1o 0 Lwsie jba) o5 a5l 5 A
Sy50 o cile £ 5 A e e el Sl slas aly 31 G sba (F Jsas) oy
Ol i Gas SIS aSepl by e caxdllas OLlS 55 i 5508 4 B3l 5 s ol
sl asls ol ba S L gl S Cas o S s il 5l lialy s ad ) Sl anw g
Gl Jlis (avas o p ol (izen 22l b o gl SIS G S e
nge)\xlgéwsrﬁuoiuﬁ)&i}uu o3le yanastl (o b iud 35S Ll S ys
Lal g oS5l jindeS gladass L il 215 Bl a4 aly) S oole Cund 5 Al 4 SUSF
O 5 byt i b addllas ol w5 oy ORIl A el 5 LlF e &S LS e Iy SR

b



ol o 5 (sams 93,

OLLS sl 5 esls CiSHL St o sdms Sl
Colg oo 5 asd e 0 d ol s G ol
Wy lp oind plerd s S O rme 4 5L

S s a8 S i sk ) sl LS
Sl Gl 1y s Lo 5 (golaBl Ll 4

IS (6 5w
e 35S b e CJ& Ja.;lj..u 33 candlae O'i\ Y
Ml (S, ) il gl i

Lld s S )= s

“s
S sy ol s
Al Ol e S e ool DB e S
lass € oS g3 oS 55 5L =L o A3 S edalie
Ll 2) (a3 8 pde Laul 2 53 hd e Bl 4
b (S sl LB ad 5l b e
S ostas o Ll 5) a5 S Ll 8 L anslie
5 Al 5l gl S cul (S eslizul W6 ks
35aS o i 3l aalllan 3550 sl S il
sl oSl Wl s S A
23 DL ol ABb o 0 pd 555 B e w4 LS
A Sl allas spse 5oa e WS g3 ax ST S
Skl s pds it s Lk g
Ll s bl il elys slaai S U ols sne
e 568 Lol gen o llae JlUde 4 558 5 me
et 53 Sepl by dmdls | alaens i

S ol Sl
6‘51& eK..f;::\J L;LA g;.)Lo.}- L> U’:"A)J“i &J’l‘
ool 3 el OB 8 Ak il 5 (g5)slES
Ls.:\b).l} am‘b rj.l.bu: wjjﬁ.ﬁnﬁﬁ )‘ QKJ.:J&

oy

o, ol adlas s ol ople (Y9N
O G &g it gla S 4 il jeledS
R T e o
S s bl e sboos sl S s
OV 2 55 ol o iz

oo ) edel Casa E8 S kL
Sg Yoo (SIS e 5 Lapldil 4 d (2
QLS S (gl eslitul 54 S5 B
JS Dlie 58 5 aa pe Lyl sy aadlles ol s
Y ijl.:f Y Dol dioy o ubcpd g
53 VYA Jslas S 555 /e doles Bl s LSCs
0 5 VWA Jslee plsa 25 53 F/AT Jslas 4l
0 e LS s ijl.s VoY sl w5 IS
Wioy 3 s S i A S Ll s S I
dslee S0 53 /AL Jslaes @l 3 /88 Jsles
dalee lga 25 53 QAT dslee &ils 5 OV/0Y
S s p@\; YANTN Jslas €5 JS 53 5 YUVY
Cuils el daesls ol bl s S s
53 (dﬁMJS)\JLQM:MJlm)M
039 oy OV/A asssS L 53 5 04/Y dals
sl

JS 3 ssS Grae pde il s (S sba
o3 OfF iy o 4551 3 wlernd Sind lis
Ao gy 04/Y Ll sy VAA Sﬁ oy Vsl
Lyl o 5 a8 J= )5 55 Ao s AN Glsa 25
o W2 wbcpd SAed Jlde IS 51 ass S
YVE S, oy YOV ble doys 0) ad,
.s)ﬂﬂ 8/4 slsa Ao 5 Ao )3 OV/A &ls (s s
Sl i IS 5l aS e Ol slael cpl s S
OA 555 rae pde Lild oS Ly ol
L ool jan Ol Aoy 08 2ssS kld s g Aoy
SIS 568 QTAﬁ.E_z).s}.Z&a C)Lﬁ- ac e 3l 4l
L Ll 0uls S 5 g 53 oS Ll U A



WA (1) ylowd (V) > (ALS S5 (slasirg iy & puld

1.Ali Ehyayi, M. 1997. The methods of soil
chemical analysis. Vol. 2, Publication
No. 1024. Soil and Water Research
Institute, Iran. (In Persian)

2.Arduini, 1., Masoni, A., Ercoli, L. and
Mariotti, M. 2006. Grain yield, and dry
matter and nitrogen accumulation and
remobilization in durum wheat as affected
by variety and seeding rate. Eur. J. Agron.
25:309-318.

3.Belanger, G., Ziadi, N., Pageau, D., Grant,
C., Hognasbacka, M., Virkajarvi, P., Hu,
Z., Lu, J., Lafond, J. and Nyiraneza, J.
2015. A model of critical phosphorus
concentration in the shoot biomass of
wheat. Agron. J. 107: 963-970.

4.Dordas, C. 2009. Dry matter, nitrogen and
phosphorus accumulation, partitioning
and remobilization as affected by N and P
fertilization and source-sink relations.
Eur. J. Agron. 30: 2. 129-139.

5.Dordas, C.A. and Sioulas, C. 2009. Dry
matter and nitrogen accumulation,
partitioning, and retranslocation in
safflower (Carthamus tinctorius L.) as
affected by nitrogen fertilization. Field
Crop Res. 110: 35-43.

6.Fageria, N.K., Moreira, A. and Dos
Santos, A.B. 2013. Phosphorus uptake
and use efficiency in field crops. J. Plant
Nutr. 36: 13. 2013-2022.

7.Fist, A.J., Smith, F.W. and Edwards, D.G.
1987. External phosphorus requirements
of five tropical grain legumes grown in
flowing-solution culture. Plant and Soil.
99: 1. 75-84.

8.Ghazanshahi, J. 2006. Plant and soil analysis.
Ayizh Publication. 272p. (In Persian)

9.Gunes, A., Inal, A., Alpaslan, M. and
Cakmak, I. 2006. Genotypic variation in
phosphorus efficiency between wheat
cultivars grown under greenhouse and

field conditions. Soil Sci. Plant Nutr.
52: 4. 470-478.
10.Jones J.B., Wolf, B. and Mills,

H.A. 1991. Plant analysis handbook.
Micro-Macro Publishing, Athens.

&l

oA

11.Khosravian, T., Zeinali, E.,
Siahmarguee, A., Ghorbani NasrAbadi,
R. and Aalimagham, S.M. 2016.
Phosphorus and dry matter accumulation
and partitioning coefficients as affected
by fertilizer phosphorus rate and
inoculation by Streptomyces bacteria in
wheat and barley. Elec. J. Crop Prod.
(In Persian)

12.Korkmaz, K., Ibrikci, H., Karnez, E.,
Buyuk, G., Ryan, J., Ulger, A.C. and
Oguz, H. 2009. Phosphorus use
efficiency of wheat genotypes grown in
calcareous soils. J. Plant Nutr. 32: 12.

13.Manske, G.G.B., Ortiz-Monasterio, J.I.,
van Ginkel, R.M., Rajaram, S. and Vlek,
P.L.G. 2002. Phosphorus use efficiency
in tall, semi-dwarf and dwarf near-
isogenic lines of spring wheat.
Euphytica. 125: 113-119.

14.Sharma, S.B., Sayyed, R.Z., Trivedi,
M.T. and Gobi, T.A. 2013. Phosphate
solubilizing  microbes:  Sustainable
approach for managing phosphorus
deficiency in agricultural soils. Springer
Plus. 2: 1. 587.

15.Soltani, A. 2006. Application of SAS in
statistical analysis. J.D.M. Press. 182p.
(In Persian)

16.Soltani, A. 2009. Textbook of ecology,
crop production, cycling of phosphorus
in agriculture. Gorgan Uni. Agric. Sci.
Natur. Resour. (In Persian)

17.Taiz, L., Zeiger, E., Meller, LM. and
Murphy, A. 2015. Plant physiology and
development.  Sinauer  Associates,
Incorporated.

18.Venkatesh, M.S., Hazra, K.K. and Ghosh,
P.K. 2014. Determination of critical tissue
phosphorus concentration in mungbean
and urdbean for plant diagnostics. J. Plant
Nutr. 37: 12. 2017-2025.

19.Wang, L., Chen, F., Zhang, F. and
Guohua, M. 2010. Two strategies for
achieving higher yield under phosphorus
deficiency in winter wheat grown in
field conditions. Field Crops Res.
118: 36-42.



ol o 5 (sams 93,

20.White, P.J. and Hammond, J. 2008.
The Ecophysiology of Plant-phosphorus
Interaction. Springer, London. 320p.

21.Zadoks J.C., Chang T.T. and Konzak
C.F. 1974. A decimal code for the
growth stages of cereals. Weed res.
14: 415-421.

o4

22.Ziadi, N., Belanger, G., Cambouris,

AN., Tremblay, N., Nolin, M.C.
and Claessense, A. 2008. Relationship
between phosphorus and nitrogen

concentration in spring wheat. Agron. J.
100: 1. 80-86.






