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Table 1. Some physical and chemical characteristics of studied soils

CEC Clay Silt Sand ocC T.N.V EC Ptot. Pava. pH

Soil series

(cmc kgt (%) (ds m?) (mg kg*)
Dizan 17.30 18 52 30 0.87 2832 122 677 13.2 7.9
Qazvin, 16.22 8 32 60 058  8.20 0.80 241 4.4 75
Qazvin, 15.97 8 34 58 096  7.40 070 330 8.4 7.6

b )l CEC ¢ J1 03, OC tomndS wlin ) NV 1515 glitsl o lae S0 35Ul colan ECe ¢ JS jand POt sod> b ins Pava «S1s STy :pH
S Gesls Jols
Pava: Phosphorus available; Ptot: Phosphorus total; EC.: Electrical Conductivity of soil saturation extract; T.N.V: Calcium
carbonate; OC: Organic Carbon, CEC: Cation Exchangeable Capacity

Fhd Gne S JSC (s =Y 3oz
Table 2. Determination of phosphorus mineral forms

Mineral phosphorus form Measurement methods

di Calcium phosphate (CazP) 1 hour shaker, pH =7.5, dry soil of the juicer (NaHCO3: 0.25 M) 1:50
octa Calcium phosphate (CagP) 1 hour shaker, pH =4.5, dry soil of the juicer (NH4AC: 0.50 M) 1:50

Aluminum phosphate (AIP) 1 hour shaker, pH =8.2, dry soil of the juicer (NH4F: 0.50 M) 1:50

Iron phosphate (FeP) 2 hour shaker, dry soil of the juicer (Na,C0O30.10 N & NaOH 0.10 N) 1:50

Phosphorus trapped (OP) 10 minutes shaker, dry soil of the juicer (citrate-bicarbonate-dithionite) 1:45

Apatite (CaioP) 1 hour shaker, dry soil of the juicer ( H,SO.: 0.25 M) 1:50
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Table 3. Mean Square forms in the conditions of incubation

Source of variation df Ca.P CagP AlP FeP OP CaioP
Replication 2 24.6" 33.8™ 0.8m™ 20" 0.001" 14.950 ™
Soil factor 2 4631.7 44849.9™ 352.0™ 4053 368.8 " 231579.8™
Fertilizer factor 1 10743.6™ 5577.2 ™ 325" 15.2 ™ 39.27 448.4™
Soil*Fertilizer 2 3194.0™ 68.6 ™ 56 1.2m 17.3™ 296.1™
Time factor 2 2508.0™ 1230.2 ™ 21.4™ 297 0.76 " 294.3™
Soil*Time 4 910.7™ 2405 ™ 13.3™ 25™ 16" 806.6 ™
Fertilizer*Time 2 198.8™ 1637.8 ™ 0.664 " 35™ 11.137™ 87.9 m
Soil*Fertilizer*Time 4 973.7" 66.6 ™ 2.561" 0.6" 3.8™ 92.2 M
Error 34 5.9 27.021 4.186 0.6 0.7 54.725
CV (%) - 11.69 5.08 16.43 8.26 9.29 4.32

o I8 Sxa NS (ls e 2o )0 ) s (o s o Jixe 2 )0 O mlaw jou
*significant at the 5% level, ** significant at 1%, ns: no significant
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Table 4. The main effect of soil on concentration of phosphorus forms (Duncan 5%)

Soil series CayoP OP FeP AlP CagP CayP
Dizan 310.72 14.022 14.312 17.20% 158.82 39.212
Qazvin; 115.5°b 6.91°P 7.46° 11.71° 84.34° 12.76°
Qazvin; 96.38°¢ 5.61°¢ 5.20°¢ 8.45°¢ 63.92°¢ 10.26°

Al o cire B! glls il 2 B> b s (1 Sleo ygiw ;2 j0 i ol p,55LS a8 e o Loy %
*Unites per mg kg*. **In each column, means with dissimilar letters have significant difference
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Table 5. Average amount phosphorus fractions from using of phosphorus levels in soil (Duncan 5%)

Soil series CaioP OP FeP AIP CagP CaP Treatment
Dizan 308.802 16.00 2 15.10@ 18.47¢% 17122  68.68 +P
294.60 ° 12.03°P 13.52P 1593° 146.4° 9.734 -P
Qazvin 118.00 ¢ 7.26°¢ 7.99¢ 12.60°¢ 93.11°¢ 19.76 © +P
! 112.90 ¢ 6.57 ¢ 6.92d 10.82°¢ 75.57 ¢ 5.76¢ -P
Qazvin 95.37¢ 5.83de 5.47¢ 8.62d 73.24 4 16.10 ¢ +P
2 97.36 ¢ 5.38°¢ 493¢ 8289  5460° 4.41¢ -P

A o gixe B glls il e B> b sl (1 Ske i oy w Cwl 0, 5LS a8 s s ool
*Unites per mg kg*. **In each column, means with dissimilar letters have significant difference

CagP clale ol conty (ygpwlisSil Slej sloo g0 5o
G Comd g axdle |y gl cu YL Tas gley o
P sk V¥ s WIPe s 4 Too 5 To slag)le;

Olme Too 9 To slagle; j0 09 SYL p,5elS
sob w08, pl T2 4 cos Lol g aslie AIP s

O9esligSSl Jsb 50 yiad Jiino (5l JSCb &l updd
A oaslie Tas loy yo CaP oy liue o i
pSke VYDA 5 YoIFY S5 A S a
g YL 4 Too 5 To lojlosd 4y Coms 0,55l 5
S glacdale b Ll CagP asliss guig, L CagP JSCi



ol A lgSa wls las 1) conss e o ieS
MY gAY s 4 Too g To loy 4 s clale

(P Jgaz) 92 oS 0 SokS 52 0 5 (oo

).]éu’ )’1 Tgo 9 To 6l-°QL‘} 5o FeP B TY )...05 6)“3‘5‘-*"
o1 oS Tas a4y Comns Lol caline 00l ConS e

g2 polie Sl 59 (selisSilo 90 Jobo ;5 OP
Tus oley ,o CaroP ol olas 1) sl me il

(8 SI19) gamliaSil 0195 Job 33 phad Sl JSib Cilé (1aSlso -5 Jguor
Table 6. Average concentrations of phosphorus forms during incubation period (Duncan 5%)

Treatment CayP CagP AlP FeP OP CaoP
To 8.03 ¢ 96.14 " 11.54° 9392 8.622 175.7¢@
Tus 31.37¢@ 111.70 @ 13.662 8.59 b 8.982 167.0°
Too 22.82°b 99.15°b 12.16° 8.99 @ 8.932 170.0°

*Unites per mg kg*. ** In each column, means with dissimilar letters have significant difference
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Table 7. The effect of soil type on phosphorus forms during incubation period (Duncan 5%)

Soil series Treatment Ca,P CagP AlP FeP OP CaoP
To 11.28 ¢ 149.80 P 14.62° 15452 13.25° 305.30 °
Dizan Tus 62.78 2 176.102 20.132 13.25¢ 14702 285.50 ¢
Too 43550 105.40 P 16.85°P 14.23° 14.10 ab 314.202
To 7.55¢ 79.254¢ 11.40¢ 7.27¢ 712c 118.70 ¢
Qazvin; Tus 17.30°¢ 88.05°¢ 12.15¢ 7.37¢ 6.83 ¢ 119.90 ¢
Too 13.42 4 85.72°¢ 11.58°¢ 7.73¢ 6.78 cd 107.70 ®
To 5.27¢ 59.42f 8.62¢ 5.45¢ 5.48 e 103.00 ©f
Qazvin, Tus 14.02 ¢ 71.03¢ 8.70¢ 5.15¢ 5.42¢ 97.98f
Too 11.484¢ 1.32f 8.03¢ 5.00¢ 5.92 de 88.159

Al o cre AW glyls wlie 12 By b slo 1Kl ot jo y0 i el 0,55LS 1 08 s oy iy 5
*Unites per mg kg™*. ** In each column, means with dissimilar letters have significant difference
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Table 8. The effect of soil and fertilizer on phosphorus forms during the incubation period (Duncan 5%)

Fertilizer Time

Soil series treatment  treatment CaP CagP AlP FeP OP CayoP
+P To 11.23™  149.90°¢  16.37% 15502 13.40° 305.40°
+P Tus 11852  201.20%8  21.60®  14.30% 17.032 295.30°

Di +P Too 76.33°  162.40°  17.43° 15502 17,572 325.60 @

1Zzan
-p To 11.33f  149.70¢ 1287  1540° 13.10° 305.10°
-P Tus 7109  151.00¢  18.67®%  12.20° 12.37b 275.80°¢
-P Too 10777 138.40¢ 1627  12.97° 10.63° 302.90°
+P To 7571 79339  11.43d  7.27de 7.13¢ 121. 409
+P Tus 3060¢  101.90¢ 1347  8.10% 7.10¢ 120.30 ¢

Qazvin +P Too 21.10%  98.10¢ 12.90¢  8.60°¢ 7.50¢ 112.40 %f
-p To 7.53 10 79.179 11.37%  7.27¢ 7.10¢ 116.10%
-P Tus 4.009 74.209 10.83%  6.63 6.57 ¢ 119.60¢
-P Too 5.739 73.339 10.27% .87 %f 6.03 ¢ 103.00 1
+P To 5.279 59.27h 860¢ 547N 5.47¢ 103.30
+P Tas 24474 88.93f 8.83¢ 587N 5.47¢ 94.639

. +P Too 1857¢ 71539 8.43¢ 5.07N 6.57 ¢ 88.13"

Qazviny )

-p To 5.279 59.57h 8.63¢ 5.43M 5.50¢ 102.70
-p Tus 3.579 53.13N 8.57¢ 4.431 5.37¢ 101.30
-P Too 4.409 51.10" 7.63¢ 4.93hi 5.27°¢ 88.17"

Dl I e BB o)l alie e By > b glo (uSile (g p2 0 s e SlS 1 0)F Lo o ool yaud a0 =P Laus L=tP
*Unites per mg kg™ * In each column, means with dissimilar letters have significant difference
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Table 9. Mean Square phosphorus forms in greenhouse conditions (Duncan 5%)

Source of variation df CaP CagP AIP FeP OP CaioP
Replication 2 43"m 70.8 ™ 3.0™ 05" 0.8™ 91.6 ™
Soil factor 2 641.8™ 135689™ 515™ 11667 152.6™ 82273.6™
Fertilizer factor 1 409.2 ™ 435.1" 387" 6.6™ 9.4™ 13333.9™
Soil*Fertilizer 2 3379 18.2m 3.0 767 6.7 201.4"
Error 10 1.20 49.9 0.46 0.10 0.30 34.50
CV (%) - 8.52 7.00 6.36 4.06 5.52 3.40

s IS xS ls ixe wo ) ) mhaw (o Gl Jixe 0oy O mhaw o
*significant at the 5% level, ** significant at 1%, ns: no significant

(1.8 5SS18) Alds byl s 50 S g ol 10 yawd Olo o (11 Kileo =V Joum
Table 9. Mean Squares of phosphorus in plant and soil in greenhouse conditions (Duncan 5%)

P Soil after P concentration

Source of variation uptake by plant Plant((]/'())tal P harvest Fresh(vx;mght df
(g pot) ’ (mg kg™?) g

Replication 0.346" 0.000" 2.934" 2.722™ 2
Soil factor 1.015™ 0.007" 18.288" 4,740 2
Fertilizer factor 11.513" 0.091™ 1398.582™ 36.69™ 1
Soil*Fertilizer 0.762" 0.008"s 2.504" 0.429" 2
Error 0.45 0.006 4.45 1.27 10
CV (%) 39.43 33.66 14.14 18.71 -

a0 xe NSl ixe woy ) mhaw (o i Gls Jixe s )0 O mhaw o
*significant at the 5% level, ** significant at 1%, ns: no significant
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Table 11. The main effect of soil on the concentration of phosphorus forms and uptake under greenhouse
conditions (Duncan 5%)

P uptake  Plant P conc. - e rach
Soil by plant  Total P ;onl after weight CauoP OoP FeP AIP CagP CaP
series arvest
(gpot?) (%) (mgkg!) (9) (mg kg?)
Dizan 1.8912 0.232 16,512  7.32% 307.20% 15.07* 13587 13.70% 154.20% 24.73*"
Qazving 1.2358 0.192 13.05°  6.02° 116.20®  7.03°P 7.17° 11.27°®  86.10° 7.82°
Qazviny 1.9948 0.262 15.19% 7722  94.30°¢ 577°¢ 4.95¢ 7.81° 61.65°¢ 5.97¢

Al I gae BB gy aline ;e By b sle o Khes (gt 0 0 5

* In each column, means with dissimilar letters have significant difference
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Table 12. The interaction of soil and Fertilizer on phosphorus forms in wheat growing period
(Duncan 5%)

CayoP OopP FeP

AIP CagP CapP

Soil series ma ke Treatment
Dizan 311.002 17.002 11.77° 11.30 be 159.102 38.17 % +P
303.402 13.13° 15.40¢ 16.102 149.30 2 11.30° -p
Qazvin 111.40% 7.00°¢ 8.13¢ 10.17°¢ 92.77° 8.03°¢ +P
! 121.00® 7.07°¢ 7.304¢ 12.37° 79.43 ¢ 7.60°¢ -P
Qazvin 87.100 ¢ 6.03¢ 453f 6.97°¢ 65.83¢ 6.63 +P
2 101.50 ¢ 5.50 ¢ 5.37¢ 8.771 59.47 ¢ 5.30¢ -p

s 1y e BB gyl wlie e Bgym b sl Kl giw o 40 # yaud e =-P a8 L=+P
* In each column, means with dissimilar letters have significant difference
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Table 13. The interaction of soil and Fertilizer on phosphorus uptake in the wheat period growing (Duncan 5%)

P Plant Total P P concentration in soil Fresh
Soil series uptake by plant %) after harvest weight Treatment
(g pot?) (mg kg*) @
Dizan 3.10° 0.342 25.912 9.00? +P
0.68°¢ 0.12° 7.12¢ 5.63 -P
Qazvin, 1.883b¢ 0.25% 21.17° 7.47° +P
0.60° 0.13° 4.93¢ 4,57¢ -P
Qazvin, 2.46%® 0.30% 24,123 8.872 +P
1.44°¢ 0.21% 6.26° 6.57 "¢ -P

A S pme BB gl lie i By b sl (1 Klio (gt o )0 Haud ey = -P audb=+p
* In each column, means with dissimilar letters have significant difference



WAV 50l o o)l o al> S 50,8 Clides

olg 5o CawP 5 Tas yloj ,o OP o FeP AIP «CagP SIS oAz
S ot Hand oS i 4,5 awl Cavoas Too o Sl e S o aud i polie
Sad (Gase S SA adS 0 D 6w 3 puS cble polie wyp cnl 50 de e Vs g )
CaP o o slalasde LB zals Lol we 5V Il plo 5l i (Cosb) CanoP sus (605 ol
9 ) 938 Gy o chale als ol wl Jol RS 00 Glae 4 055 05 g Jaxe
LS Alis cnl w003 (5555 e 4 ¥ (238 A g Dlind s 5355 gke ) i 055l
oS S dlawly 4 o] j2eS e 5 jaud (g5luols] oS o gpSejlasl cdale nldl o sob;
0 gy i o] At cpl Coenl Ll 004 dw 50 SlawdlST eedS 5 Gl andss el
e S8 gl CaP oty asils axgi a5 590 ol gl R w4 b Sub b g SB
Oy90 o u.uc;b 5048 Cal S 0 sas oly] Laud oy Oland g 055 aie 3l Jaud 05 L S

il o Sge olS 5LS CaP o ouls ol cdale i
References

Abolfazli F., Forghani A. and Norozi M. 2012. Effect of phosphorous and organic fertilizers
fractions in submerged soil. Journal of Soil Science and Plant Nutrition, 12 (2): 349-362.

Adhami E., Maftoon M., Rounaghi A., Karimian N., Yasrebi J. and Assad M.T. 2006. Inorganic
phosphorus fractionation of highly calcareous soils of Iran. Communication in Soil Science and
Plant Analysis, 37: 1877-1888.

Allison L.E. and Moodie C.D. 1965. Carbonate. In: "Methods of Soil Analysis". Black C.A., Evans
D.D., White L.J., Ensminger L.E. and Clark F.E. (Ed.) American Society of Agronomy,
Madison, WI, pp. 1379-1396.

Blake L., Johnston A.E., Poulton P.R. and Goulding K.W.T. 2003. Changes in soil phosphorus
fractions following positive and negative phosphorus balances for long periods. Plant and Soil,
254 245-261.

Bouyoucos C.J. 1962. Hydrometer method improved for making particle size analysis of soil.
Agronomy Journal, 45: 464-465.

Chapman H.D. 1965. Cation exchange capacity. In: C.A. Black (Ed.) Methods of Soil
Analysis- Chemical and Microbiological Properties. Agronomy, 9: 891-901.

Dehgan R., Shariatmadari H. and Khademi H. 2008. Soil phosphorus forms in four toposequence
of Isfahan and Shahrekord regions. Journal of Science and Technology of Agriculture and
Natural Resources, 11(42): 463-472. (In Persian)

Foth H.D. and Ellis B.G. 1997. Soil Fertility .2™ Edition, CRC. Press. Boca, Raton, Florida 290p.

Guo F., Yost R.S., Hue N., Evensen C.I. and Silva J. A. 2000. Changes in phosphorus fractions in
soils under intensive plant growth. Soil Science Society of America, 64: 1681-1689.

Harrell D.L. and Wang J.J. 2006. Fractionation and sorption of inorganic phosphorus in Louisiana
calcareous soils. Soil Science, 171: 39-51.

Hedly M.J., Stewart W.B. and Chauhan, B.S. 1982. Changes in inorganic and organic soil
phosphorus fractions induced by cultivation practices and by laboratory incubations. Soil
Science Society of America, 46: 970-976.

Jiang B. and Gu Y. 1989. A suggested fractionation scheme of inorganic phosphorus in calcareous
soils. Fertilizer Research, 20: 159-165.

Kuo S. 1996. Phosphorus. In: Sparks D.L. (Ed.), Methods of Soil Analysis, Part 3. Chemical
Methods No. 5. Soil Science Society of America and American Society of Agronomy, Madison,
pp. 869-919.

Kuzmina N.A. 1997. Nitrogen, phosphorus and potassium concentrations and their balance in
durum wheat plants during different growth stages. In: Proceedings of the 13" International
Plant Nutrition Colloquium on plant nutrition for sustainable food production and environment
(ed. T. Ando et al.), 13-19 Sept. 1997, Tokyo, Japan, pp. 97-98.

4


https://www.soils.org/
https://www.soils.org/
https://www.soils.org/

Lilienfein J., Wilcke W., Ayarza M.A., Vilela L., Lima S.U.C. and Zech W. 2000. Chemical
fractionation of phosphorus, sulphur, and molybdenum in Brazilian savannah oxisols under
different land use. Geoderma, 96: 31-46.

Ma B., Zhou Z.Y., Zhang C.P., Zhang G. and Hu Y.J. 2009. Inorganic phosphorus fractions in the
rhizosphere of xerophytic shrubs in the Alxa Desert. Journal of Arid Environments, 73, 55-61.
Mahmoudsoltani Sh. and Samadi A. 2003. Phosphorus fractionation of some calcareous soils in
Fars province and their relationships with some soil properties. Journal of Water and Soil

Science, 3(7): 119-128. (In Persian)

Malakooti M.J. and Keshavarz P. 2005. A Glance on the Fertility Status of Iranian Soils
(Evaluation and Utilizeation). Ministry of Jihade- Agriculture, 514p. (In Persian)

Mostashari M., Muazardalan M., Karimian N., Hosseini H. and Rezai H. 2008. Phosphorus
fractions of selected calcareous soils of Qazvin province and their relationships with soil
characteristics. American-Eurasian Journal Agriculture & Environment Science, 3(4): 547-553.

Mostashari M. 2009. Evaluation of the efficiency of phosphorus uptake of calcareous soil in the
planting process. Ph.D Thesis, Department of Soil Science, Agricultural Faculty. University of
Tehran. 83p. (In Persian)

Naghizadeh-Asl Z. and Dordipoor E. 2013. The effect of wheat planting on forms of mineral
phosphorus in loess soil of Golestan province. Journal of Soil Management and Sustainable
Production, (4): 330-313. (In Persian)

Najafi N. and Towfighi H. 2012. Effects of rhizosphere of rice plant on the inorganic phosphorus
fractions in the paddy soils (in North Iran) following P fertilizer application. Iranian Journal of
Soil and Water Research, 43 (3): 231-242. (In Persian)

Nelson D.W. and Sommers L.E. 1996. Total carbon, organic carbon and organic matter. In:
Sparks D.L (Ed.), Methods of Soil Analysis, Part 3. Chemical Methods. SSSA Book
Series No. 5. Soil Science Society of America and American Society of Agronomy,
Madison. pp. 961-1010.

Pettipas F.C. 2004. Soil and plant nutrient relationships in processing carrots. MSc. Thesis, Nova
Scotia Agricultural College, Truro, Nova Scotia.

Samadi A. and Gilkes R.J. 1999. Phosphorus transformations and their relationships with
calcareous soil properties of southern Western Australia. Soil Science Society of America, 63:
809-815.

Samavati M. and Hosseinpoor A.R. 2009. Phosphorus fractions in some soils of Hamadan Province
and their relation to available phosphorus soil. Journal of Water and Soil Science, 20 (2): 234-
248. (In Persian)

Singh Y., Dobermann A., Singh B., Bronson K.F., Bronson C.S. and Khind C.S. 2000. Optimal
phosphorus management. Strategies for wheat-rice cropping on loamy sand. Soil Science
Society of America, 64: 1413-1420.

Skudra I. and Skudra A. 2004. Phosphorus concentration in soil and in winter wheat plants.
Proceedings of the 4" International Crop Science Congress. Brisbance, Australia. Available at
http://www.cropscience.org.au.

Tejada M., Hernandez M.T. and Garcia C. 2006. Application of two organic amendments on soil
restoration: Effects on the soil biological properties. Journal of Environmental Quality, 35:
1010-1017.

Thomas G.W. 1996. Soil pH and soil acidity. In: Sparks D.L. (Ed.), Methods of Soil Analysis, Part
3. Chemical Methods, Soil Science Society of America and American Society of Agronomy,
Madison, pp. 1123-1184.

Yang J.E., Gones C.A., Kim H.J. and Jacobsen J.S. 2002. Soil inorganic phosphorus fraction and
Olsen-P in phosphorus responsive calcareous soils: Effects of fertilizer amount and incubation
time. Communication in Soil Science and Plant Analysis, 35:855-871.

Zahedifar M., Karimian N., Ronaghi A.M., Yasrebi J. and Emam Y. 2011. Phosphorus and zinc
distribution in different parts and various growth stages of wheat under field conditions. Journal
of Water and Soil Science, 25 (3): 436-445. (In Persian)

Y


http://www.sciencedirect.com/science/journal/01401963
https://www.soils.org/
https://www.soils.org/
https://www.soils.org/

WAV 50l o o)l o al> S 50,8 Clides

Effect of Triple Superphosphate and Wheat Cultivation on Mineral
Phosphorus Forms in Calcareous Soils of Qazvin Plain

Jafar Shahabifar?, Ebrahim Panahpour?*, Farhad Moshiri®, Ali Gholami*, Mehrzad
Mostashari®

(Received: May 2016 Accepted: April 2017)

Abstract

Knowledge of soil phosphorus (P) mineral forms is important in soil fertility and plant nutrition.
This study was conducted to evaluate of mineral P fractions with addition of triple superphosphate
fertilizer and wheat cultivation in incubation and greenhouse conditions. Incubation test was
performed in three soil types: Dizan, Qaznin; and Qaznin, with various amounts of available P
which in each soil 50 mg kg P used from triple super phosphate. Soil's P fractions including:
CazP, CagP, AIP, FeP, OP and CaioP were measured at 0, 45 and 90 days of incubation based on a
complete randomized block design with three replications. Results showed that soil type effect on
fixation of mineral P under incubation conditions and Dizan soil ranked in the first place. In this
soil, Ca,P: 67.5 and 73.8%, CagP: 74.5 and 59.7%, AIP: 31.9 and 50.3 %, FeP: 47.9 and 63.7%,
OP: 50.7 and 60% and CaioP: 62.8 and 69% were more than Qaznin; and Qaznin,, respectively. By
addition of 50 mg kg P from TSP, concentrations of Ca,P and CagP increased in all soils and more
in Dizan. The highest concentrations of Ca,P, CagP, AIP, FeP and OP achieved by Tssand CaioP by
Too times. Greenhouse trial was conducted on three soils mentioned with 50 mg kg™ P used from
triple super phosphate and cultivated with wheat based on a complete randomized block design
with three replications. The concentration of mineral P was higher than other soils under wheat
cultivation in Dizan. Comparison of mineral P fractions under incubation and greenhouse
conditions proved a reduction in P concentrations for Ca,P: 30.63, CagP: 12.1, AIP: 7.17 and FeP:
3.33 mg kg .The amount of P fixation forms (Ca,P) had an obvious decrease in association with
wheat planting in the greenhouse.
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