
- ;</ . ; 

. \\ . 

.... .-; 
·-

~-~=:.-~ .~ 

.·. 

-\." ' . 
\ ....., J 

{ i 

CHARACTERISATION OF 

AVAILABILITY AND SORPTION 

BEHAVIOUR OF PHOSPHORUS IN 

TERAI SOILS OF WEST BENGAL 

. . 
THESIS SUBMITTED TO THE UNIVERSITY OF NORTH 

BENGAL FOR THE DEGREE OF DOCTOR OF 

PHILosoPH'Prs~ENCE) 

BY 

OOUT/IM 'KUM/IH MOND/IL 

DEPARTMENT OF CHEMISTRY 

UNIVERSITY OF NORTH BENGAL 

RAJA RAMMOHANPUR, DARJEELING 

2002 



.. 

184055 

3 1 DEC 20n3 

-~~·:~~~ 
p::!1. 
,. ,. 

$-
. ....,;·.-~' 

-
' . '' 

'-.- -: 
; :; :; ~.: ... :. : 
- -- ·-

.;. 



j -
Dated ___ ......... ·-- .... . . 

Thi s 15 t o ce vt ify thC\t the ~hes i s titl ecl 

CHARA CTE RISATION OF AVAILABILITY AND 

SORPTION BEHAVIOUR OF PHOSPHORUS IN 

TERAI S OILS OF WE S T BENGAL cvnbod ies the 

~~ 
. 12-/1. <Q 

(Dr. S. K. Pa:.J) 

Dep:u·tmen t of Ag t·icultuntl 
C hemistt) ' and Soil Science 
Bid han ( 'handnt Kt·ishi Viswavidyala:\'a 
No•·th Bengal ( ·a m pas , Pundih:u·i 
Cooch lkha r 

~~ 
(Dr. A. Roy) 

Dcpat·tmcnt of C hcmistt·y 
Univct·s ity of Not·th lkngal 



ACKNOWLEDGEMENT 

Y /ee/! irnrnen1e p£!a1 ure lo r<xpre:l:l rnlj pronounced re9ard:1 and 

deryJe:lf :lrm:le o/ flrafifuc:fe fo ::Dr. -.-Abhi;jil t?olj7 Pro/e::J:Jor 

::br-!parfrnnd o/ C h.erni:Jfrlj, U tit ,er:!ilfj o/ 11Jorfh Ben9al and ::/)r_ 

Su1anla _}(urnar Pat ft?rwder (J{?e:J./ ::beparfment o/ 

__Afl ricuf!tu.ral Ch.erni:Jtrlj and S01l Science7 11Jorth Benf}al Carnpu:J, 

!!'5t:dh.an C h,andra _j(,.i::Jhi U :Jwatn:dfjalalja7 Coach. 8 eh,ar7 U/ed 
Em.gal /or th.eir illurninale fluidance, valuable :1Ufjfje:J fion1, 

inten:liue encot,(.rafle rnen f and co-opera tio11 

fftro ug h ouf I'YLfj re:Jearch. tvorh wdloul wh.ich lh,e rr!:lr?arch, tvorh could 

nof l aue br~en carried ou f. 

_g _c;rate/ul4 achnowf:!dge ::Dr. _A. _}( Pat fhe CampuJ 

::J)t-reclor, 1IJ. B. Larnpu:l, B. {~ _ }( V /or prout:c/infl rnr· 

in/ra:~ frucfuraf /aci/ilie:J /or carrljl"'fj out tle re:Jearch, prof}rarntne. 

_f) af,o expre:J::J rn,fj .lincP-rr-! fj ra lifude fo ::br. P. 

/3r,nJ({f}l{J/,_Ijalj7 fh.e t/en fleaJ, ::brparlmen f o/ Clemi:Jlrlj, 1IJ. B. 
U mu/ ::br. ___/}_ _}( _ C:ala , flea~ ::beparfment o/ 

__Av r,:cu!1ural C h.erni:drfj and _s~,;/ Sc.-ince7 11. B. Carnpu:~, B. C. 
_}( 'U7 Looch, B eh ar /or prouicfinfl alf :1orl:1 o/ / acihlie:J durinfl the 

cour.1r> o/ int/r?:! lifla lion. 

_f) run a!:w f} rafr-!/ul lo Pro/ _c:_ _}( Sah.a, ::beparlrnenf o/ 

L hrmt.i.drlj , 1IJ. B. U , ::br. _ ./J. C luudlurlj and ::Dr. ::J)ibljencL 

'J11uh/,o;){{{//,_afj, ::bepl. o/ - A.r;ril! c ;,Mni:!lrlj and Soil Sciencr' 

anJ ::/),._ ::!)_ _}( ::be, ::J)f'jJUrlrrwnl o/ (fenelic:l anJ Plan/ 

Brr-ecln_v, 11. B. C ampu:!, B. C. _j( V7 Coach. Bekar Jo,. 
jJrrJI/I·c/inf/ uu' J·U!Cr~:I:J ar'j /uc:i6Lt:,,:! " - ~ ' '" c./"' /, "" needed 

_j .1 /, ouf:i be ~li6ng 111 1mf J~d~/ 11 _!} do nof achnow/!edf}e t/,_,, 

CO-Oj){'/'t lft·0/1 rt<CI' I:I/{!(1 ;,.{JIY/ 
ch~;)(trf,nt ' IIJ o/ C l erni.dr'j7 

Leru ·/, er.l tut c/ non-leachinfj :Jta!/ o/ fh.e 

1IJ. r{!_ f / wt.J ::bepf. o/ _Aflricuftura/ 

n. B. C unpu:17 B. C. _j( V 



_j arn fh.ank/"'f fo :::Dr. 

::beut~loprnenbnent O~cer, n B U and U~-iver:5ity (}rant::J 

C.J,·n.rni,uion7 C'a::~tern Re[Jional! O/fice7 _/<'otkata7 We:1t Ben{lal! /or 

prouidin{l econo~nic fte/!p to carry ouf lh.t:::l re::Jearch, work. 

W:th a pro/ound and un/adt:n{l .1en~Je o/ {lrafdude7 J wi:1h lo 

exlend 1ny hearl/uf thank:5 fo :J)r_ (f. (f. l?oy
7 

::Dr. S 
Bandapadh.ayay7 ::Dept. o/ /11Jatfwmatic:57 /11Jr. S _).( flal!dar, 

:J)t~pt. o/ C'conom.ic:57 _A_ B. n Seat Cofle{le7 Coach Beh.ar /or 

th.eir fw4J £n th.e :5tati6ticaf ana4;:'li6 o/ the data. 

Yl i::J a {lreat p/ea.1ure /or m-e to expre:5:'l lnlj 6incere:'lt th.ank:'l fo 

Prabir (lfw6h.7 . and ::!Jeba6i::J ::!Ja::17 f?e:iearch Sc/,,ofar-67 ::lJepl. o/ 

Ct,,£unL1lr!/7 n B. u /or exlendt:nf} corch:af h.e/p. 

_j rnu::Jl exlend very '"/:){~cia/ lh.ank,l lo ~ny u11:/~ /or h.er irnrnen:lP 

co-operalion and ::Jacri/£~e::l dt,£rinfj lhe perioJ o/ fh.e work. 

Y owe rny encoPnpa::J::Jinf) cfebl lo rny parenl::J /or their ::Jit~,d 
bt::J:liny.17 alonf) wilh. rnora/! ::lu/Jf>orl ::Jh.ou1ered on rne7 u!h,~c/, h.aue 

alway.l bt~en :lot-tree o/ rny eJ/.lN'fj'j7 t:,up1:ralion and .1frenfjlh .. 

_j t~xpre::JJ rny ::lpt~CI:af' lU"kiU)U/tdfJI>-PY/-enf fo mr. _s;.Lbh.enctt 

::.ba::J /or h.1:::. el/ort in typin.{l tfw Jnanu:'lcript neatly. With.oul hJ:'l 

::Jinct~l't~ cooperation it woufd h.aue been difficult /or rne to ~nateria/i::.e 
t41:::1 re:leurc/,. pur::Jud. 

Dated: Coach Behar 
t!( ~ l\((!1'(. the .... : .............. , 2002 

~ 
( Goutan1 Kun1ar Monda I) 



DEDICATED TO MY 

BELOVED DAUGHTER, 

'PRITHA' 



J 
1.· 

I 
l 
I 

ll CONTENTS I 
I 
-~ ' 

Page No. 

CHAPTER- I 

1. INTRODUCTION 1-4 

CHAPTER-II 

2. REVIEW OF LITERATURE 5-23 

2. I Phosphorus content in soil 5-12 

.d- 2. J. J Total P 5 

2. J .2 For·ms of Phosphorus in soil 5 

2. 1.2.1 lnor·ganic Phosphor-us fn1ctions 6- 12 

2.2 Available soil Phospho1·us 13-23 

2.2.1 Concept of available Phosphorus l3- 14 

2.2.2 Existing rapid chemical methods of determining 

't available Phosphor-us 14-17 

2.2.3 Quantification of contr·ibution of vuious inorganic 
P-fntctions towards available P 18-19 

2.2A Crop pt·eference for different P fractions 20 

2.2.5 ('on-elation of different methods of determining 
20-23 

available phosphorus with cr-op r·esponse 

2.3 Adsorption desorption belutViom· of 
~- 24-43 

Phosphorus 

2.3.1 Phosphate soqJtion . 24-40 

2.J.I.I ( 'oncept of P-thation 24-25 

2.3.1.2 IVIcchanism of fixation of P in acid soil 25-26 

2.3.1.2.1 Pr-ecipitation of phosphate fn11n soil solution 25 

(i.: 2.3.1.2.2 In tcr-aetion with hydrated sesq uioxides 25 



Page No. 

2.3.I.2.3 Interaction with silicate clay minerals 26 

2.3.1.3 Phosphate sorption chantctedstics of the soil 26 

2.3.1.4 Adsorption Isotherms 26-30 

2.3.1.5 Some comparative studies on Phosphate 
adsorption isother·ms 30-31 

2.3.1.6 Factors affecting phosphate adsorption 32-38 

2.3. I .6. I Iron and aluminium oxides and hydroxides. 32-33 

~ 
2.3. I.6.2 Or·ganic matter 33-35 

2.3.1.6.3 Clay 35-37 

2.3. I .6.4 pH and suppor·ting electr·olytc concentration 37-38 

2.3.1.7 Solution P concentr·ation 38-39 

2.3.I.8 Phosphate buffering capacity 39-40. 

-~· 2.3.2 Phosphate desorption 40-43 -
CHAPTER- III 

3. MATERIALS AND METHODS 44-53 

3.1 A briefphysiographic information on study 
:uea (Terai Agroclimatic zone) 44-45 

3.1. I Tcesta alluvium 44 

~ 3.1.2 Terai soils 45 

3.I.J Bn)\vn for·est soils .t5 

3.2 Land use patterns of terai zone of West 
45 

Bengal 

3.3 Mater·ials used and their analysis 46-52 

3.3. I Soil samples 46-52 

':.1.~ '--

3.3.2 Plant samples 52 



Page No. 
·~ 

3.4 Statistical analysis 52-53 

CHAPTER- IV 

4. RESULTS AND DISCUSSION 54-109 

4.1 Distribution of soil phosphorus in organic 
and inorganiC fractions 58-70 

4.1.1 Total P 58 

d:· 
4.1.2 O•·ganic P 58-59 

4.1.3 Total inorganic P 59-61 

4.1.3.1 Fo1·ms of inorganic P 61-63 

4.1.4 Relation between forms of inorganic P and soil 
(li"O(lel·ties 64 

4.1.5 Contribution of P forms towards total P 64 

4.1.6 Soil P fom1s and plant panunete1·s 67-70 
'· '·. ¥· 4.2 Selection of the most suitable available P 

71-83 
index 

4.2.1 Available soil P estimMes 71-75 

4.2.2 Intcn-elationship among soil test methods 75 

4.2.3 Relationship between soil test methods and 
inorganic P fractions 75-76 

~-
4.2.4 P1·cdiction of available soil P from soil P forms 76-78 

4.2.5 Indices of P availability and soil prope1·ties 78 

4.2.6 A vailablc soil ~ versus plant paramctc1·s 78-81 

4.2.7 P1·cdiction of plant available P fnun available soil 
P indices/soil P forms 81-83 

4.3 Adsorption- desoq>tion bclulViour of 

~- 84- 109 
phosphon1s 



4.3.1 

4.3.1.1 

4.3.1.2 

4.3.1.3 

4.3.1.2 

4.3.1.5 

4.3.1.6 

4.3.2 

4.3.2.1 

4.3.2.2 

4.3.2.3 

4.3.2A 

P sorption 

Amount of P sorbed by soils 

Phosphorus adsorption isotherms 

P sorption parameters 

Relationship between sorption parameters and soil 
properties 

Standard ·phosphorus r·equir·ement 

Supply parameter (SP) of phosphor·us 

Desorption of phosphorus 

Fir·st desor·ption 

Second desorption 

Cumulative release of phosphorus 

1-lyster·esis effect of phosphor·us in sor·ption -
desorption process 

CHAPTER-V 

5. SUMMARY AND CONCLUSION 

CHAPTER- VI 

6. BIBLIOGRAPHY 

CHAPTER- VII 

7. APPENDIX 

7.1. Paper accepted for publication fr·om the 

present investigation 

Page No. 

84-100 

84-86 

86-88 

88-93 

93-95 

95-96 

96-100 

100-109 

100- 102 

102 -103 

104-108 

109 

111-116 

117-141 

. .. 
1- VII 

i- vii 



List of Tables 

Table No. Title Pa~e No. 

1. Total P content in some Indian soils 7- 8 

2. Distribution of Indian districts and Union 
territories into fertility classes according to the 
status of available phosphorus in soil 16-17 

3. Association of soil P fractions with nutrition of 
crops 

4. 

5. 

6. 

7. 

8. 

Fractionation of soil inorganic phosphorus by the 
modified procedure of Chang and Jackson and 
after Peterson and Corey 

Details of· five extractants • used for estimating 
available P in this study 

Sites selected for sampling from different land use 
patterns of terai agroclimatic zone of West Bengal 

Some Physico-chemical properties of soils of terai 
zone of West Bengal 

Some Physico-chemical properties of soils under 

21 

50 

51 

51 

55 

different land use patterns 56 -57 

9. 

10. 

11. 

Stepwise regression equations for predicting 
different types of acidity (Y) by using soil 
properties 

Amount of P forms (mgkg-1
) in soils of terai 

agroclimatic zone. 

Amount of P forms (mgkg-1
) under different land 

use patterns 

12. Contribution of different P-forms (%) in soils 
towards total P/ total inorganic P 

13. Correlation coefficients (r) between P fractions 
and soil properties 

14. 

15. 

Stepwise regression equations of total P with soils 
P forms 

Simple correlation coefficients (r) between soils P 
forms and dry matter yield and P uptake by wheat 

60 

60 

62 

65 

66 

69 

69 



Table No. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

Title 

Stepwise regression (R2
) between soil P fractions 

and P uptake by wheat (Y) 

Amount of P (mgkg-1
) removed by five extractants 

in terai soils of West Benge!! I 

Amount of P (mgkg-1
) removed by five extractants 

in different land use patterns 

Correlation (r) among different extractants-P 

Correlation (r) between different extractants-P and 
soil P forms 

Stepwise regression equations between available 
P estimates and soil P forms 

Relationship (r) between soil tests P and soil 
characters 

Relationship (r) between soil tests' P with dry 
matter yield and P uptake by wheat 

Stepwise multiple regression ·between P-uptake 
(Y) and soil P forms/ available P 

Amount of P sorbed (mgkg-1
) by soils of terai zone 

Amount of P sorbed (mgkg-1
) by soils of different 

land uses of terai zone 

Goodness of fit of adsorption data to different 
adsorption isotherms (R2

) 

P sorption parameters of the soils in terai zone of 
West Bengal 

P sorption parameters of soils under different use 
patterns 

Langmuir adsorption constants and - plant 
parameters (Mean of fifteen samples for each 
solution P concentration) 

Correlation (r) between sorption parameters and 
physico-chemical properties 

Pa2e No. 

70 

72 

72 

77 

77 

80 

80 

82 

82 

85 

87 

89 

89 

91 

94 

94 



~·, 
- .I 

Table No. 

32. 

33. 

34. 

35. 

36. 

Title 

Stepwise multiple regression between P sorbed 
(Y) at highest solution concentration and soil 
properties 

Standard phosphorus requirement (SPR) in mgkg-1 

soils of different land use patterns 

Supply parameters (SP) of soils of terai region 

Supply parameters (SP) of soils in different land 
use patterns of terai region 

Amount of P released in first desorption run from 
soils under different land use patterns of temi 
region 

37. Amount of P released in second desorption run 
from soils under different land use patterns of 
terai region 

38. 

39. 

Cumulative release of P (CRP) from soils of terai 
zone of West Bengal 

Cumulative release of P (CRP) from soils under 

Pace No. 

97 

97 

97 

99 

101 

103 

105 

different land use patterns of terai zone 106 - 107 

40. Phosphorus desorbed by 0.5 M NaHC03 (pH 8.~;) 

during two successive desorptions at 100 mgPkg-1 

added 110 



-J:, 

List of Figures 

Between the 
Fieur·e No. Title Paees 

1. Map of Terai agro-climatic region of West 
Bengal showing its soil groups 44- 45 

2. Land use patterns of terai districts of West 
Bengal 45 - 46 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. a) 

11. b) 

Distribution of soil P in terai agroclimatic 
region and its land uses 

Different fractions of soil inorganic P in terai 
agroclimatic region and its land uses 

Relationship between P adsorbed and P in 
equilibrium solution 

Langmuir phosphorus adsorption isotherms (I) 
of different land uses in terai region of West 
Bengal 

Freundlich phosphorus adsorption isotherms 
of different land uses in terai region of West 
Bengal 

Modified Freundlich phosphorus adsorption 
isotherms of different land uses in terai region 
of West Bengal 

Tempkin phosphorus adsorption isotherms of 
different land uses in terai region of West 
Bengal 

Langmuir phosphorus adsorption isotherms 
(II) of different land uses in terai region of 
West Bengal 

Langmuir phosphorus desorption isotherms of 
different land uses in terai region of West 
Bengal 

Langmuir phosphorus desorption isotherms of 
different land uses in terai region of West 
Bengal 

58-59 

61-62 

84-85 

86-87 

86-87 

86-87 

86-87 

92-93 

108- 109 

108- 109 



Fi~ur·e No. 

12. Freundlich phosphorus desorption isotherms 
of diferent land uses in terai region of West 

Between the 
Paees 

Bengal 108 - 109 

13. Tempkin phosphorus desorption isotherms of 
different land uses in tera_i region of West 
Bengal 108 - 109 

14. Hysteresis effect of phosphorus in tea garden 
soils under terai region of West Bengal 109- 110 

15. 

16. 

17. 

Hysteresis effect of phosphorus in orchard 
soils under terai region of West Bengal 

Hysteresis. effect of phosphorus in cultivated 
land soils under terai region of West Bengal 

Hysteresis effect of phosphorus in forest soils 
under terai region of West Bengal 

109- 110 

109-110 

109- 110 



Chapt:er- I 



1 

1. INTRODUCTION 

Phosphorus is a non-metal, placed in Group XV and Period 3 of the Periodic 

Table. It is one of the major essential plant nutrients and ranks next to nitrogen. 

in importance. Although, it occurs in most plants in quantities much smaller than 

other two major plant nutrients, namely nitrogen (N) and potassium (K), without 

its adequate supply the plant can neither reach its yield potential nor it can 

complete a normal reproductive process. A lack of this element is doubly serious 

since it may not only restrict the absorption of that element, but also affect other 

nutrients from being_ acquired by plants. It is concerned with structural 

compounds like nucleic acids for reproduction purposes and the conservation 

and transfer of energy in the metabolic reactions taking place in plants. 

Therefore, the availability of phosphorus to the growing crop is of prime 

importance in soil fertility. 

Soil are known to vary widely in their capacities to supply P to crop 

because only a small fraction of the total P in soil is in a form available to crops. 

· Thus, unless the soil contains adequate amount of plant available P or is 

supplied with readily available P fertilizers, crop growth will suffer. A large portion 

of P depleted by the agricultural crops comes from the native P content of the 

soil, and this should be replenished primarily through inorganic-P fertilizers. 

Furthermore, unlike nitrogen (N), which can be recycled to the soil by fixation 

from air, P once removed from the soil by the crop or by erosion, run off or 

leaching cannot be replenished except from external sources. 

Total phosphorus concentration in most of the agricultural soils varied 

between 90 to 2225 kg/ha and average about 890 kg/ha in the surface 20 em of 

soil (Tisdale, et a/., 1990). Phosphorus present in soil are of both organic and 

inorganic forms. Organic P, which is mainly confined to the surface layer, may be 

mineralized into i_norganic forms under favourable condition. However, plants 

mainly depends upon inorganic forms for their P requirements and probably for 

this reason most of the research effort has been directed at inorganic P. 

Inorganic phosphorus compounds are of two types - the first type 

contains a series of calcium phosphate. and the second type includes iron and 
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aluminium phosphate. According to Chang and Jackson (1957) inorganic 

phosphate in soil can be classified into four main groups, namely Ca-P, Al-P, Fe

p and reductant soluble phosphates (RS-P). Phosphorus fractions bound to 

aluminium (Al-P), iron (Fe-P) and calcium (Ca-P) constitute the major active 

forms of inorganic P and are most available to plants. Relatively less active are 

the occluded and reductant soluble forms of P. However, various forms of P are 

inter-related and contribute to the pool of plant available P according to their 

physico-chemical properties such as composition, solubility etc. It is now known 

that the nature and distribution of forms of soil P have provided useful 

information for assessing the available P status of soil and estimating the degree . 

of chemical weathering of the soil. The relative abundance of the various 

inorganic P-forms is indicative of the degree of weathering of the soil, the. 

weathering sequence being in the order of Ca-P, Al-P, Fe-P and occluded-P 

(Chang and Jackson, 1957; Hawkings and Kunze, 1965). 

A proper soil test method is one that involves the use of an extractant 

whose action is rapid and able to predict the response in terms of yield and 

uptake of applied fertilizer by the crops. By crop correlation studies, quick 

laboratory methods have been developed to determine available P ~tatus of soil. , 

Those methods simply give the quantity of phosphorus extracted by the chemical 

or biological systems used but do not indicate anything about the relative 

contribution of different forms of phosphate towards available P. The 

development of soil inorganic P fraction procedures, particularly that of Chang 

and Jackson (1957), has been found to be important in studying the sources of P 

solubilized by the chemical extractants commonly employed in soil testing and 

also the sources of P taken up by the plants. The relationships between the 

inorganic phosphate fractions and the available P determined by various 

laboratory methods have been studied by correlation and regression analysis by 

several workers (Bisen and Ramamoorthy, 1973; Khan and Monda!, 1973). 

Suitability of a proper extractant particularly for base unsaturated (acidic) soil is 

important because of the phosphate buffering capacity of soils. The rate and 

quantity of P that can be solubilized by a particular extractant depend on the 
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nature of the soil, inorganic P fractions found in the soil and chemical nature of 

the extractant used in these soils. 

Plant and soil form a highly interactive dynamic system as far as nutrient 

supply is concerned. There have been many attempts to characterize P 

supplying power of soils and the soil solution is the focal point from which plants 

absorb their nutrients. Ionic concentration in the soil solution is controlled by 

dynamic equilibria between several competitive reactions such as surface 

exchange, specific bonding, lattice penetration, precipitation etc. Soil solid phase 

P plays an important role in replenishing the plant available pool. Chemical 

potential, solubility. product relationship, chemical dissolution and adsorption 

reactions characterize the soil solid phase for supply of P. Surface adsorption 

reactions exercise an overall control on the quantity and intensity factors which 

regulate the supply of P to crops. The desorption of phosphate from exchange 

complex and its release from organic matter, crystalline minerals and other 

precipitates are the processes that control the concentration of 'phosphate in soil 

solution. Therefore, characterization involving adsorption, desorption, diffusion 

and equilibria of phosphate ions in soils are important in understanding the 

ultimate availability of phosphate to plants. 

Soils of terai zone of West Bengal are sandy loam to loam type, formed 

mostly from the Himalayan detritus. Soils are medium to strong· acidic in nature 

and fairly rich in humus content. Most soils of this zone have high fixing capacity. 

for phosphorus. Soils being gritty and porous (Annonymus, 1997 -98}, acidic, low 

temperature in the most of the part of the year and thereby low microbial activity 

and high P fixation make phosphorus-transformation in these soils is a theme of 

research. Again, besides parent materials, climatic factors and vegetation, land 

use pattern also plays a vital role in governing physico-chemical properties, 

nutritional dynamics and ultimately fertility of the soil (Chavan et a/., 

1995;Kailash Kumar et at., 1995; Kailash Kumar and Roy Choudhuri, 1 997). 

The present investigation was, therefore, undertaken to study the nature and 

distribution of forms of soil P to identify the active forms of inorganic P which 

contribute significantly towards the plant available P, to screen the most effective 



~/ 

4 

one among the various prevalent soil test methods of available P for terai soil of 

West Bengal and to evaluate the role of land use pattern in this regard. Further, 

attempts were made to study the P adsorption-desorption behaviour in relation to 

the soils of different land use patterns of terai zone. Such comprehensive studies 

will help one for better understanding of P supply behaviour in soils of terai zone 

of West Bengal and the influence of land use pattern in the above matters .. 

Thus, in the present investigation the total research project may be 

divided in three sub-project: 

1) Distribution of phosphorus in inorganic and organic fractions in soils of 

terai agroclimatic zone of West Bengal and its different land use · 

patterns; 

2) Selection of the most suitable availability index for the above soils; 

3) Adsorption-Desorption behaviour of P forthe above soils. 
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2. REVIEW OF LITERATURE 

2.1 Phosphorus content in soil. 

2.1.1 Total P 

The total. quantity of phosphorus in most soils is relatively small ancti it 

rarely exceeds 0.2% (Metson, 1961 ). It depends primarily on the parent materiel . 

. degree of weathering and management practices. Dhir (1956) observed tltnat 

Indian soils contain 165 to 1377 ppm total P with an average value of 474 ppm. 

The average values for black, alluvial, forest, desert and red soils were 419, 4115. 

1268, 240 and 376 ppm P, respectively. 

According to Roy Chowdhuri and Datta (1964) total P in Indian soils 

varied from 130 to 131 0 ppm. An appraisal of the total P content in soils lby 

various workers have been summerised in Table 1. Tandon (1987) reported tht.at 

total P content in Indian soils ranged from 100 to 2000 ppm. Chakraborty aiTIId 

Majumdar (1971)· found that the total P in soils of Assam decreased in tlhle 

following order: new alluvial, old alluvial, forest .and hill soils. Agarwal and Goel 

(1960) observed that in alluvial soils of U.P., total P decreased with maturity of 

soil. Total P content of soil tended to increase with increase· in the amount .of 

organic matter and clay content (Williams and Saunder, 1956; Agarwal armd 

Gael, 1960; Sharma, 1967; Khan and Mondal1973; Chowdhury, 1988). 

2.1.2 Forms of Phosphorus in Soil 

Phosphorus in soil occurs almost exclusively as orthophosphate in whicdh 

a central P atom surrounded by and bound to four oxygen atoms. This P in soiils 

are derivative of phosphoric acid. The phosphates in soil present in two broa1d 

categories i.e. inorganic and organic. In inorganic forms, one to three of the IHI+ 

ions of phosphoric acid are replaced by metallic cations, whereas in orgarrji.c . .. 

forms, one or perhaps more of the H+ ions of the phosphoric acid is eliminated 

by an ester linkage, the remaining H+ ions are replaced in part or completely tvy 

metallic cations. 
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The relative proportions of these two categories vary widely. Organic P 

tends to vary directly with content of organic matter present in soil and hence it is 

usually low in sub-soil and high in surface soil. The present study is concentrated 

on the inorganic forms of P present in soil. Thus, the review of literature is 

restricted to inorganic P fractions only. 

2.1.2.1 Inorganic Phosphorus fractions 

Inorganic forms of P present in soils may be classified according to their 

physical. mineralogical and chemical nature or combination of these, but till there 

is no consensus in this matter. Inorganic P occurs mainly as calcium phosphate 

(Ca-P) in alkaline and calcareous soils. As weathering proceeds and acidity 

develops in soils, the phosphate become increasingly bonded to aluminium and 

iron ions released from silicate minerals by weathering (Jackson, 1973). 

Chang and Jackson (1957) developed a procedure for fractionation of soil 

P into the discrete chemical forms such as Ca-P, Al-P, Fe-P, reductant soluble 

(iron oxide coated) Fe-P and Occluded Al-P and Occluded Fe-P based on the 

selective solubility of soil P fractions in various extractants. Peterson and Corey 

(1966) modified Chang and Jackson (1957) procedure for routine fractionation of 

inorganic soil P. They recommended the use of constant suction pipettes, two 

molybdophosphoric reductants with different sensitivities and an isobutyl alcohol 

extraction for the determination of reductant soluble P which greatly increase the 

speed of P determination. Prakash (1975) suggested the use of alkaline 

ammonium fluride (pH 8.5) instead of neutral NH4F in Chang an~ Jackson's 

method for extracting Al-P fractions from soils containing high amount of iron 

oxides. Although there are some shortcomings as pointed out by Smith (1969), 

Rajendra and Sutton (1970) and Ponnamperuma (1972), the procedure of 

Chang and Jackson (1957) with some modifications provides an insight into the 

relative distributions of the various inorganic forms of phosphorus in soils. 



Table 1. Total P content in some Indian Soils 

State Soil Type 
Range Mean 

(mgkg-1
) (mgkg-1

) 

-

Pubjab 
279- 497 - 1048 

West 123-190 
Bengal 

- -

131- I 436 - 1120 I 

- - 300 

Rice Soil 177-544 -

I 

Assam Acidic hill soil 
175-
1220 

-

Tea Soil 
810- 925 
1162 

Bihar Alluvial soil 175-436 350 

Maharashtra Black Soils - 1000 

262-
Lateritic soils 1520 

-

U. P. Alluvial 350 

Salt affected 325-610 -
soil 

Indo-Gangetic 300-488 -
alluvial soil 

Alluvial soil 405-530 -

Sub-
mountaneous 180-275 -

soil 

7 

I 

Reference I 
I 

--i 

Kanwar and Grewal (1959) 
I 
I 
I 

Adhikari and Si (1994) 

Roy Choudhuri and 
(1964) 

Desai and Ukil (1945) 

Datta 

I 

I 
\ 

I 
i 
l 

Khan and Monda! (1973) . 

Roy Choudhuri and Datta 
(1964) 

Potgiri and Datta (1993) 

Roy Choudhuri and Datta 
(1964) 

' 
-DO- ; 

; 
; 

' 
! 

Dongale and Kadrekar (1992) ! 
' f 
i 
t 

Choudhuri Roy and Datta i 

(1964 ( 
I 
f 
' 

Dongale (1993) 
. r 

Gupta and Misra (1964) 

Misra and Verma (1979) 

Tyagi and Das (1969) 
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State Soil Type 
Range Mean Reference 

(mgkg-1
) (mgkg-1

) 
-··--

Alluvial Terai 100-760 350 Bhar and Tripathi (1973) 
soil 

Alfisol 173-620 
Room Singh and Omanw 
(1987) 

:ar 

lnceptisol 148-560 DO 

Entisol 209-471 DO 

Central alluvial 291- Tripathi and Dwivedi (1993) 
soils 1127 

-

Western U.P. 375~700 502 Misra (1994) 
soil 

Rajasthan Desert soil 
912- Pareek and Mathur (1969) 
1484 

-

1178- Mehta eta/. (1971) 
6450 

-

Sikkim Acid soil 
375- Patiram and Prasad (1990) 
1650 

-

Meghalaya Acid Soil 
375- Patiram eta/. (1993) 
1200 

-

Tamil Nadu Late rial 
183- 557 

Kothandaraman and 
1304 Krishnamoorthy (1979) 

Alluvial 276-628 - DO 

Black 311-494 - DO 

Red 152-600 - DO 
-

H. P. Hapludalfs 
320-
1159 

622 (Sood, 1987) 
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Hsu and Jackson (1960) and Syers eta/. (1970) showed that at the initial 

stage of weathering calcium and aluminium phosphates were more dominant 

than iron phosphates. With increase in the degree of weathering the phosphate 

present as calcium and aluminium phosphate gradually changed into iron 

phosphate form which has the least solubility among them (Chang and Jackson, 

1957). 

Different fractions of inorganic P vary from soil to soil and often related to 

soil physical properties. Fe and AI bound P has been found to be present in large 

amount in soils of lower pH and Ca-bound P in soils of higher pH (Kanwar and 

Grewal, 1959; Randhawa, 1967). Chang and Chu (1961) reported significant and 

positive correlation between clay and Fe-P, which they attributed to the fact that 

clay being rich in Fe, there is a possibility of added P or native P to be converted 

to Fe-P. Scheffer eta/. (1960) analysed different particle size fractions of soils of 

Germany and found a tendency for accumulation of Fe-P and Al-P in finer 

fractions and Ca-P in coarser fractions. Schachtschabel and Heinmann (1964) 

reported that with an increase in soil pH, the Ca-P fractions increased and Fe-P 

fractions decreased. 

The knowledge of the distribution of the specific chemical . forms of 

inorganic phosphorus in soil is helpful in understanding the chemistry of soil 

phosphorus in assessing the availability of soil P to plants (Susuki et a/., 1963; 

Alben eta/., 1964; Smith, 1965; Singh eta/. 1966). Chaudhuri (1964) reported 

that in red soils of upper Damodar Valley (Bihar) Fe-P and Al-P constituted 89.4 

to 94.6% while Ca-P constituted only 1.4 to 5.9% of the total inorganic P. Dhar 

and Saxena (1966) showed that the native P occurred mostly as Fe-P in acid 

soils and Ca-P in alkaline soils, while neutral soils contain both· in equal 

proportions. Sharma (1967) reported that in hill soils of Kangra and Kulu districts 

of Himachal Pradesh, Fe-P and Al-P toge_ther constituted 45 to 68% and Ca-P 

constituted 21 to 50% of inorganic P. Tyagi and Das (1969) found that in surface 

soils, P in combination with iron was the highest, whereas in sub-soils insoluble 

Ca-P was dominant. Chattapadhya and Kar (1973) reported that in acidic soils of 

Bihar 70 to 90% of the total P was in inorganic form and the inorganic P was 
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distributed among the P fractions in the following order: Red -P > Fe-P > Ca-P > 

Al-P > Occi-P. Reductant soluble P accounted for about 50% of the total 

inorganic P. In tea growing soils of Assam, the contribution of different fractions 

towards inorganic P was in the decreasing order of Al-P, Fe-P, RS-P, Ca-P. In 

rice growing soils of West Bengal, Ca-P, Fe-P, Al-P, RS-P and Occi-P . 

constituted about 46.6, 27.8, 16.2, 7.2 and 2.2% of total inorganically bound P 

(Khan and Mandai, 1973) respectively. 

Vijoyachandran and Raj (1973) noted that in some acid soils of South 

India, 40% of total P was reductant soluble while in highly weathered acid soils 

of Bihar over 50% of total P was present in occluded forms (Singh and Singh, 

1977). Udo and Ogunwale (1977) observed that the relative abundance of the 

inorganic fractions were in the order of Occi-P > Fe-P > Al-P >Ca-P In six 

Nigerian soil profiles. Vantour and Carriera (1984) reported that the content of P 

fractions occurred in the following order: Al-P~ Fe-P > Ca-P in red ferrallitic· soils 

of Cuba and the fractions were found significantly correla!ed with soil pH and 

organic carbon. Liu et a/. (1987) reported that inorganic P accounted for 78 to 

98% of the total P in red and yellow soils in Yaan and Dukuo (Sichuan) with an 

average of 86%. Of the total inorganic P, 54 to 67% was in occluded form, 14 to 

36% was associated with free Fe, 6 to 14% was in calcium phosphate forms and 

only 2 to 7% was associated with free AI. Among the different forms of inorganic 

P, Ca-P formed the dominant fraction followed by reductant soluble-P, Fe-P, Al

p in Alfisol. lnceptisol and Entisol of Uttar Pradesh (Singh and Omanwar, 1987). 

Doddamani and Rao (1988) studied various inorganic P fractions and 

their distribution in some soil samples representing the typical Vertisols, Alfisols, 

Oxisols and lnceptisols in Karnataka. The distribution of P-fractions in the so.il 

were observed in the order of 

i) Vertisols : Ca-P > Al-P > Red-P > Occi-P > Fe-P > Saloid-P 

ii) Alfisols : Al-P > Red-P > Fe-P > Ca-P > Occi-P> Saloid-P 

iii) Oxisols : Fe-P > Al-P > Red-P > Occi-P > Ca-P > Saloid-P 

iv) lnceptisols: Ca-P> Red-P >Al-P> Occi-P > Fe-P > Saloid-P 
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In a study, Brar and Vig (1990) found that Fe-P constituted the major 

fraction followed by Ca-P and Al-P in some benchmark soils of Punjab. Both Fe

P and Al-P significantly related to P-uptake and dry matter yield of wheat. Jaggi 

(1991) observed from his studies with some surface soil samples of Himachal 

Pradesh that pH showed a significantly negative correlation with Ca-P. 

· Paramasivam (1991) studied the different fractions of inorganic P in soils from 

Tamil Nadu in relation to physical and chemical properties of soil and found that 

inorganic P fractions followed the order of Ca-P > Fe-P >Al-P > Saloid-P. There 

was a positive significant correlation of Saloid-P with clay and silt content. 

However, the distribution of Al-P, Fe-P, RS-P, Occi-P and Ca-P did not follow a 

definite pattern in some Vertisols of Karnataka (Viswanatha and Doddamani, 

1991). Mamo and Haque (1991) found in some soils of Ethiopia that the relative 

abundance of the various inorganic P-fractions were in the order of Ca-P > Red

p > Fe-P >Al-P. Organic P, on an average, constituted ~ 41% of the mean total 

P content of the soils. Multiple correlation analysis of the data showed that the 

various P-fractions were significantly correlated with totai-P in the soils. 

Sharma and Tripathi (1992) noted that the dominance of reductant soluble 

P in some acid soils of North West India was probably the cause of negligible or 

no response to application of P-fertilizer in rice crop under low lying situations. 

The relative sequence of P-fractions indicated that the majority of soils studied 

were in advance stage of weathering whereas remaining were weakly 

weathered. Misra (1992) studied five established soil series of West Bengal and 

reported that Fe-P and Al-P were the dominant mineral P fractions in all the soil 

series. Dongale and Kadrekar (1992) reported that inorganic and organic P 

content in lateritic soils of Ratnagiri and Sindhudurg districts (South Konkan) of 

Maharashtra were 200 to 840 and 10 to 867, respectively. The inorganic and 

organic P accounted for 66% and 34% of the total P respectively. The relative 

dominance of various inorganic P-fractions was in the order: Residual P > Fe-P 

> Red-P > Occi-P >Al-P> Ca-P. 

Srivastava and Srivastava (1993) explored the effect of pH on the 

changes in forms of P in saline-sodic soils and found that Ca-P was the 
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predominant form of P in the soil pH range of 7.2 to 10. 3. Prakash et a/. ( 1993) 

observed in some Alfisols of Karnataka that organic P was predominant and 

accounted for 33.7 to 47.5% of total P. Saloid-P, Al-P, Fe-P and organic-P were 

negatively corr~lated with pH, clay, silt+clay and sesquioxides whereas they 

were positively correlated with organic carbon, available-P, total P and reductant 

soluble P. Ca-P and occluded P showed reverse relationship with the said soil 

properties. 

Tripathi and Dwivedi (1993) carried out a laboratory experiment to 

estimate the various fractions of native-P in some central alluvial soils of 

Farrukhabad (U.P.) and showed that total P, available P and inorganic-P (Saloid

P, Al-P, Fe,..P & Ca-P) were highest in western low land soils and least in Ganga 

upland sandy soils. These fractions were significantly correlated with each other 

and also showed significant coorelation with clay, silt+clay and organic matter. 

Inorganic fractions were in the order of Red-P > Fe-P > Al-P > Ca-P in some 

acidic upland Hapludalfs and low land Haplaquents from East Khasi hill district of 

Meghalaya (Patiram eta/., 1993). They also reported that Al-P and Fe-P were 

the main sources of available-P and there was more organic and total P in the 

Haplaquents due to deposition of erosional material from upland Hapludalfs. 

Haplaquents also contained more amorphous Fe and AI, Al-P and Fe-P. 

Adhikari and Si (1994) reported the distribution of inorganic P-fractions in 

some acidic soils of. West Bengal in the order of Saloid bound - P > Occi-P > 

Active-P. The relative amount of active P was of the order: Fe-P > Ca-P >Al-P. 

The variation in inorganic P content in these soils was considered to arise from 

the alluvial origin of soils. Rao and Chakraborty (1994) observed that the 

relative abundance of inorganic P in tea growing soils of Himachal Pradesh 

followed the order: Red-P > Fe-P > Ca-P > Al-P > Saloid-P in surface soils. 

Misra (1994) noted that the amount ·of organic P in the soils of western U.P. 

varied widely and constituted 6 to 25.7% of the total P. Ca-P was the dominant 

inorganic P and Al-P and Fe-P accounted for 3.0 to 12.2% and 2.9 to 13.1% of 

the total P, respectively. 
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2.2 Available Soil Phosphorus 

2.2.1 Concept of Available ~hosphorus 

The term available phosphorus (P) refers to the inorganic form, occurring 

in the soil solution, which is almost e~clusively 'Orthophosphate'. This 

'Orthophosphate' occurs in several forms. an·d combinations, and on!y a small 

fraction of the total amount present may be available to plants, which is of direct 

relevance in assessing the P fertility level. 

The phosphate concentration in solution is governed by heterogeneous 

equilibria in which it takes part. Larsen (1967) represents this sotuation as: P 

adsorbed in solid phase 6=r P in soil solution ~ P precipitated from solutions. 

The phosphorus absorbed by plants comes from the soil solution in which 

it exists as inorganic 'orthophosphate' ions, viz. H2P04-, HPO/- and P04
3
-. The 

mos_t accessible ion is H2P04-, with the greatest activity coefficient followed by 

HPO/-. The quantity of P accessible to the plants is influenced by a series of soil 

properties. The relative abundance of these ions is, however, relatively 

dependent on the soil pH. For soils having a pH between 4.5 and 7.5 ions of 

H2P04- as well as HPO/- exist in soil solution. At a pH of 7.2, H2P04- and HPO/

ions have on equal activity, and when the pH is strongly alkaline (>8.3) ions of 

HPO/- predominate in solution. Above pH of 9.0, the trivalent 1on (P04
3
.) 

becomes more important than H2P04-, but even at a pH of 12, the HPO/

concentration is still greater than that of Pol-. 

Soil phosphate is most conveniently divided into two categories -

insoluble and readily soluble. The insoluble phosphate, which is not directly 

available to plants or micro-organism, usually comprises around 95 to 99% of the 

total soil phosphate. The insoluble inorganic phosphate in all soils is mostly 

attached to three elements, of which, Fe and AI are the main binding agents in 

acid soils and Ca in slightly acid to alkaline soils .. The amount of the total 

insoluble soil phosphorus that is organic varies widely around 30 to 85% 

discounting extreme types of soils. It is particularly high in acid soils, usually 

related to the amounts of carbon and nitrogen in the soils. 
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According to Bray & Kurtz "The term available forms (of soil P) is 

restricted to those which are of most immediate significance to crop growth and 

whose variations in amount are responsible for variation in crop growth and 

response to added phosphates". 

According to the latest compilation (Hasan, 1994) based on about 9.6 

million soil test data for available soil P in Indian soils, it is seen that 49.3% of 

district and Union territories are in the low category, 48.8% in medium class and 

1.9% of total districts have high P status (Table 2). However, this compilation 

gives only a trend because at least 30 million soil test results are required to get 

a comprehensive and broad based information for available P status .. There is a 

need for P application for ensuring proper crop growth in nearly half of the 

districts in the country. 

An appraisal of available P status in relation to the major soil groups or 

association indicates that generally the deep black soils, grey brown, desert and 

red loamy soils of semi-arid region have medium fertility level. Similarly, the soils 

of foothills alluvial strips of the northern region and coastal alluvium that are not 

sandy in nature largely depict medium available P status. The vast alluvial tracts 

of central, eastern and southern parts of the country, the latosol, medium black, 

red loamy soils of semi humid or humid regions and sandy coastal alluvium are 

usually low in available P. 

2.2.2 Existing Rapid Chemical Methods of Determining Available 

Phosphorus 

Phosphorus determination for soils was greatly expedited by the 

development of sensitive colorimetric methods. The following are the widely 

used methods: 

·1. Chlorostannous-reduced molybdophosphoric blue colour method, in a 

sulphuric acid system. 

II. Chlorostannous-reduced molybdophosphoric blue colour method, in a 

hydrochloric acid system. 

~ ,. \ «". -: ... 
• t .. .:: 
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Molybdenum-reduced molybdophosphoric blue colour method, 1n a 

sulphuric acid system. 

1, 2, 4 - aminonaphthosulfonic - reduced molybdophosphoric blue 

colour method, in a perchloric or sulphuric acid system. 

V. Vanadomolybdophosphoric yellow colour method , in nitric acid 

system. 

The determination of P from soil involves two steps i.e. i) Extraction , ii) 

Development of colour by any one above described method and colorimetric 

reading . The success of available P determination lies on the choice of right type 

of extractant. The followings are the different types of extractants used by 

different workers . 

i) 0.5 (M) NaHC03 at pH 8.5- Olsen method (Olsen eta/., 1954). 

ii) 0.025 (N) HCI in 0.03 (N) NH4F- Bray-1 (Bray and Kurtz, 1945) 

iii ) 0.1 (N) HCI in 0.03 (N) NH4F- Bray-11 (Bray, 1948) 

iv) 0.002 (N) H2S04- Truog (Troug, 1930) 

v) CH3COONa + CH3COOH (pH 4.8) - Morgan method (Morgan, 

1941) 

vi) 0.05 (N) HCI+ 0.025 (N) H2S04 (pH-1 2) - Mehlich-1 Method 

(Nelson eta/. , 1953) 

vii) 1 (M) NH4HC03+ 0.005 M DTPA (pH 7.6) - AB-DTPA method 

(Sultanpour and Schwab, 1977) . 

viii) 1% Citric acid -Dyer (Dyer, 1894). 

Mehlich (1978) evaluated a new extractant for simultaneous extraction of 

several plant nutrients over a wide range of soil properties The new extractant 

composed of 0.2 (N) NH4CI + 0.2 (N) HOAC + 0.015 (N) NH4F + 0.012 (N) HCI 

at approximately pH 2.5 and compared with other extractants. P uptake by millet 

was highly correlated with the phosphorus extracted by the new extractant , Bray-

1, DA [0 .05 (N) HCI- 0.025 (N) H2S04] followed by Olsen . 

1640:15 

3 l DEC 2003 
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Table 2. Distribution of Indian districts and Union territories into fertility 
. classes according to the status of available phosphorus in soil 

·State/Union No. of districts Fertility classes 

territory for which soil Low Medium High 
tests obtained -~··· 

Andhra Pradesh 21 17 ' 04 -

Arunachal Pradesh 05 - 05 -

Assam 09 1 06 02 

Bihar 26 12 14 -

Ghandigarh 01 01 - -

Dadar & Nagar 01 - 01 
Haveli 

-

Delhi 01 01 - -

Goa 01 01 - -

Gujrat 19 14 05 -

Harayana 11 02 09 -

Himachal Pradesh 11 02 07 02 

Jammu & Kashmir 10 01 09 -

Karnataka 19 16 03 -

Kerala 10 03 07 -



\ 

I~ 
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--

State/Union No. of districts Fertility classes 

territory for which soil Low Medium High 
tests obtained 

- .. 

Madhya Pradesh 45 15 30 -

17 

Maharasthra 25 17 08 -

Manipur 01 01 - -

Meghalaya 02 02 - -

Mizoram 01 01 - -
\A i . 
i 
I 

~ 

Nagaland 06 06 - -

Orissa 13 05 08 -

Pandicherry 01 01 - -

Punjab 12 02 10 -

Rajasthan 26 02 21 03 

Tamil Nadu 13 08 ' 05 -

-+ Uttar Pradesh 55 41 14 -

West Bengal 15 04 11 -

Tripura 03 03 - -

Total 363 
179 177 7 

(49.3) (48.8) (1.9) 
--·- -

I 

~ Figure in parenthesis indicates percentage. 
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2.2.3 Quantification of Contribution of Various Inorganic P

Fractions.towards Available P 

Kanwar et a/. (1979) analysed soil samples for inorganic and available P 

values by the procedure·~of Bray and Kurtz, Olsen et a/. and Morgan. The Al-P 

and Fe-P fractions made significant contribution to Olsen P and Bray P. Patiram 

et a/. (1990) studied various extractants for available P in acid soils of Sikkim 

and observed that Al-P contributed more towards P availability to maize than the 

other two forms of P (Fe-P and Ca-P). Mehlich extractant proved the best 

among the extractants used. A significant positive relationship between Olsen-P 

and inorganic P fractions in Karail, red, alluvial and terai soils of Uttar Pradesh 

was reported by Verma eta/. (1991 ). 

Mamo and Haque (1991) estimated available-P in the soils of Ethiopia by 

eight chemical methods (Bray-1, Olsen, Dabin, Truog, Bray-11, Waren and Cooke, 

Williams and Stewart and Egner). The P values extracted by all methods except 

for the Bray-1 were significantly correlated with Al-P and the same by the Olsen 

and Dabin methods were also correlated with Fe-P as well as with Al-P. P 

estimated by Truog, Bray-11, Waren and Cooke, Williams and Stewart, and Egner 

methods were also significantly correlated with Ca-P. 

Patiram eta/. (1993) reported that 'the amounts of available P extracted in 

some acid soils of Meghalaya was in the order: Bray-2 > Mehlich > Olsen > 

Bray~ 1. Mehlich extractant was recommended for the upland Hapludalfs and 

Mehlich and Bray-2 for lowland Haplaquents. It was also reported that Al-P and 

Fe-P were the main sources of available-P. 

Rao and Chakraborty (1994) evaluated available-P. using the extractants, 

viz, Mehlich-1, Mehlich-3, Bray-2, and Olsen in relation to inorganic-P fractions in 

tea growing soils of Himachal Pradesh. Stepwise regression analysis showed 

that Al-P and Ca-P were the predominant fractions contributing towards 

availability of phosphorus. 

Singh et a/. (1996) studied P-availability in Alfisols of varing agroclimatic 

region in India and found that of the P-extracted by various extractants, the water 

extractable -P (r=0.70*), Olsen-P (r=0.66*), Kumar's extractant-P (r=0.70*) and 
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P-extracted by Soltanpur and Schwab's method (r=O. 70*) correlated with saloid 

bound-P which was the important source of plant available P in soil. Available-P 

status as estimated by different extractants and its relationship with different 

inorganic-P forms in Vertisols located in different agro-climatic zones of Northern 

Karnataka was reported by Giridhara Krishna and Satyanarayan (1996). The P

extracting power of different extractants was in the order: Truog > Bray-1 >Olsen 

> Datta and Kamath > Morgan. Olsen and Bray-1 extractants were consistent in 

extracting P from specific P fractions than the other three extractants. 

The relationship between indices of P-availability and different forms of P 

in soils of Bihar Plateau was studied by Binod et a/. (1998). Results indicated 

that Bray P1 and Bray P2 extractable-P were positively and significantly 

correlated with Al-P, Fe-P and Occi.-P. Ravindra and Ananthanarayana (1999) 

tried to assess the available-P status of the acid soils of Karnataka. by seven 

extractants, viz. Bray-1, Bray-2, Truog, Mehlich-1, Mehlich-3, Olsen and Morgan. 

The· extracted amounts of P by various extractants were correlated with 

inorganic-P fractions. The extracting power of different extractants was in the 

order of Bray-2 > Truog > Mehlich-3 > Bray-1 > Olsen > Mehlich-1 > Morgan. 

Simple correlation studies revealed that Bray-1 had a better correlation with 

saloid-P (r=0.44**), Al-P (r=0.56**) and Fe-P (r=0.48**). In multiple regression 

analysis 63% of the variation in Bray-1 P was explained by Al-P +Fe-P. Dhillon 

et a!. (2001) reported that both Al-P and saloid-P controlled P availability in soils 

of pearl millet growing areas of Punjab and among the various soil test metl1ocls 

to extract available P, Olsen's method was found to be the most suitable in 

modified form by changing shaking time (16 hours) and soil solution ratio 

(1: 1 00). The amount of P released by different extractants followed the order: 

Nelson (HCI+H2S04) > Hunter (NaHC03+EDTA+NH4F) > Olsen (NaHC03) > 

Bray-1 (NH4F +HCI) was observed by Ghosh and Singh (2002). Among the 

various extractants Nelson method showed the highest significant correlation 

both with relative yield and uptake of P by maize grown in acidic soils of 

Uttaranchal hills. 
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2.2.4 Crop Preference for Different P Fractions 

Several reports are available where in different crops have been reported to 

utilise more of particular inorganic form (s) of P in soil. It was also found that the 

crops have preferred one or more inorganic forms. Some of references have 

been listed in Table 3. 

2.2.5. Correlation of Different Methods of Determining Available 

Phosphorus with Crop Response 

Soil chemists for a long time have been concerned with advising farmers 

how much fertilizer it is economically justifiable to give a crop on a particular field 

and have devoted a great deal of time for upward of a century, devising simple 

reliable methods to help them. 

Initially they looked for a chemical that would dissolve the same amount of 

phosphate from the soil as would the plant roots, ignoring the fact that different 

plants extract different amounts of phosphate from the same soil. But they soon 

realised that any standardised chemical extraction technique which placed the 

soils in order of crop responsiveness to phosphate was all that was needed, so 

recent work has been concerned with determining the correlation co-efficient 

either between the amounts or the logarithm of the amount, of phosphate 

extracted using various techniques and either the responsiveness of a crop to a 

phosphate fertiliser or the yield or phosphate uptake of a crop grown on a range 

of soils, usually the representative of a region or a country. The crops may either 

be grown in field trails or in pots in a green house, and the method of evaluation 

of available nutrient is most suitable that gives the highest correlation co

efficient. Various studies have been made in different places from time to time 

and some of such works are reported below. 

Kanapathy eta/. (1973) investigated on seven soils with ragi as test crops 

in pot experiments and analysed· for P by twelve different methods, of which, 

Bray and Kurtz No.2 extractant and Olsen's method appeared to be most 

satisfactory, but nearly all the methods showed good correlation. A preliminary 
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· .i( Table 3. Association of soil P fractions with nutrition of crops 

Crop Soil 
Preferred p 

Reference(s) 
fraction (s) 

-- --·---

Maize Alluvial Al-P , Fe-P 
Datta and Khera (1969) , 
Goswami and Singh (1979) 

t 
Rice Alluvial Al-p , Fe-P , Ca-P 

Ramamoorthy and Bisen 
(1979) 

I Red & Rajakkannu and Ravi 
I Rice Fe-P 

A Black Kumar (1978) 

Rice Alfisol Al-P, Fe-P Verma and Tripathi (1981) 

Wheat Alluvial Al-P, Ca-P, Fe-P 
Ramamoorthy and Basin 
(1979) 

Wheat Alluvial Al -P , Ca-P Sharma and Dev (1974) 

I 
Pearl Alluv ia l 
millet 

Al -P Rao et a/. ( 1984) 

Red Red-P Goswami and Singh (1979) 

Red gram I Alluvial Organic-P I Jain (1979) 

i 

Lentil I Acid Al-P Sharma eta/. (1985) 

Jute Alluvial Al-P Doharey eta/. (1980) 

Coffee Lateritic Al-P , Red -P lyenger eta/. (1982) 

Sunflower Red Al-P , Ca-P, Red-P Rao et a/. ( 1984) 

Black Red Al-P , Ca-P, Red -P Rao eta/. (1984) 
gram 

~- --- -~ -
--~----

~~ 
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field tests with paddy confirmed the suitability of the former extractant, which has 

been officially adopted in Thiland for available-P determination: 

Ekpete (1976) reported that P extracted from waterlogged and air dry 

samples of unfertilized traditional swamp rice soils using Bray-1, Bray-2, Truog, 

EDTA and Olsen method and data were correlated with percentage dry matter 

yield, P-uptake for unfertilized soil and available-P obtained from rice. tops grown 

under waterlogged condition in the green house. The Olsen method was the 

most effective in extracting P from both air dry and waterlogged soil. 

Bowman et a/. (1978) reported that Olsen-P, Colweii-P, total 

exchangeable-P and resin extractable-P were evaluated in terms of total plant P

uptake in a three years continuous green house study of 23 high P calcareous 

and neutral soils. All methods were highly correlated with the total P-uptake by 5 

to 8 successive green house crops (Sudan grass, sorghum, and barley). The 

Olsen-P procedure extracted an average of nearly 50% of the total plant P while 

Colwell procedure extrcted nearly 80%. 

Bates (1990) conducted a green house experi~ent in Ontario soils and 

five chemical soii-P extractants were compared. The correlation of extractable-P 

to plant uptake resulted in r values. of 0.74, 0.73, 0.54, 0.65 and 0.66 for the 

NaHC03, AB-DTPA, Bray-Kurtz-P1. Bray-Kurtz- P2 , and Mehlich-3 extractants, 

respectively. Adding soil pH the equation improved the prediction of plant P

uptake resulting in R2 values of 0.80, 0.80, 0.70, 0.73 and 0.75 for said 

extractants respectively. The two alkaline extractants were equally effective and 

superior to three acidic extractants, with the Bray - Kurtz- P1 extractant being 

least effective. 

Among the various inorganic P-fractions and organic P, only Ca-P was 

significantly and positively related to cumulative P-uptake by five crops (r=0.478) 

showing the importance of Ca-P for the evaluation of P-avaflability over an 

extended period of cropping for the soils of Western U.P. (Misra, 1994). A 

comparison among seven methods of measuring available soil P in wheat 

growing valleys of Himachal Pradesh was studied by Jaggi et a/. (1990) and 

found that Bray P1 method was assessed to be the best, followed by Olsen as 
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well as Truog method. Among inorganic-P fractions, Al-P and saloid-P 

accounted for major variations in available-P extracted by these methods and 

yield parameters of wheat. 

Dhillon eta/. (1998) conducted a pot experiment with berseem on 19 soils 

collected from flood-plain areas of Punjab to evaluate various P-availability 

indices. Amongst different extractants for soil P, Olsen's method was found to be 

the most suitable. Both Al-P and Ca-P controlled P, availability to berseem in 

these soils but Al-P seemed· to be more important as it correlated sig'nificantly 

with available-P extracted by most of the extractants tested and various yield 

and P-uptake paraiT)eters. A pot experiment was conducted with 20 soils to 

evaluate various P-availability indices by Dhillon et a/. (2001) and showed that 

dry matter yield and P-uptake increased with rise in soil P. Both Al-P and saloid

p controlled P-availability in these soils as they correlated significantly with 

various plant parameters. Among the various methods to extract available P, 

Olsen's method was found to be the most suitable in modified form. 



2.3 Adsorption Desorption Behaviour of Phosphorus 

2.3.1 Phosphate Sorption 

2.3.1.1 Concept of P-fixation 

24 

The removal of phosphate (P) from soil solution when a soluble 

phosphate is brought into contact with soil has been termed 'phosphate fixation'. 

A knowledge of the mechanism of phosphate fixation in soils is necessary to 

understand both the nature of P-transformation in soil and the availability of the 

added phosphate (in the form of fertilizer) to plants. 

During the earlier part of this century, there was confusion about the 

mechanisms of P-fixation as to whether such fixation was due to chemical 

precipitation, adsorption or both. The precipitation has attributed largely to the 

presence of calcium and magnesium ions in calcareous soils and iron and 

aluminium ions in acid soils (Kelly and Midgley, 1943). 

Hemwall (1957) observed that P is fixed by clay minerals by way of 

reacting with soluble aluminium which originates from the exchange sites or from 

lattice dissociation of the clay minerals to form highly insoluble aluminium 

phosphate compound (Variscite). Experimental results also indicated that the 

rate of 'fixation' was dependent upon the rate at which clay replenishes the 

solution with soluble aluminium. 

Gebhardt and Coleman (197 4) suggested three separate reactions 

mechanisms to describe the phosphate retention by allophanic soils, viz, i) 

preceipitation of phosphate as variscite or strengite type of compound, ii) 

specific, inner sphere, adsorption of H2P04- on. a protonated surface, iii) 

adsorption of phosphate ions accompanied by that of Na+ ion (NaH2P04 was 

used as P source). 

P-fixation in acid soils involves both adsorption and precipitation reaction, 

although the former appears to be dominant over short reaction periods (Rajan 

and Watkinson, 1976; Mehadi and Taylor, 1988). 
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In acid soils, P adsorption is generally attributed to hydrous oxides of iron 

(Fe) & Aluminium (AI) ·and to ( 1:1) layer lattice clays, particularly in tropical soils 

with low pH (Sanyal and De Datta, 1991 ). 

2.3.1.2 Mechanism of Fixation of P in Acid Soil 

2.3.1.2.1 Precipitation of phosphate from soil solution 

In organic soil containing less amount of inorganic constituents, the 

fixation of phosphorus is less even though the soil is strongly acidic. In an 

inorganic soil having very low pH, the concentration of Fe, AI and Mn both in 

exchangeable phase and in soil solution is high which form insoluble compounds 

With phosphate ions. The type of compounds formed is not yet clearly 

understood but by potentiometric fixation and x-ray detraction studies it has been 

identified that probably Fe and AI - oxy and hydroxy phosphates are formed 

which may be represented ·as ·~allows: 

Al3+ + H2P04- + 2H20 =AI (OH)i. H2P04+ 2H+ 

Fe3
+ + H2P04- + 2H2.0 = Fe (OH)2 . H2P04 + 2H+ 

The phosphate ion may also be adsorbed on the colloidal constituents of 

the soil. In mild acidic soil the amount of phosphorus may be fixed in the form of 

dicalcium phosphate. 

2.3.1.2.2 Interaction with hydrated sesquioxides 

In acid soils considerable amount of hydrated oxides of Fe, AI and Mri are 

present in colloidal form which adsorbed phosphate ions of their surface. The 

compounds formed are similar to those formed in precipitation reaction and the. 

reaction shown schematically with only AI (OH)3 as hydrated oxides of AI. 

AI (OH)3 + H2P04- =AI (OH)2 . H2P04 + OH-

Minerals of oxides & J OH Minerals of oxides & J H2P04 
hydroxides of Fe & AI OH + 3H2Po4-- -+ hydroxides of Fe & AI H2P04 

. · OH . H2P04 
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2.3.1.2.3 Interaction with silicate clay minerals 

In mild acidic soil phosphorus may be fixed by the clay minerals forming 

clay - Ca - H2P04 linkage. Silicate clay minerals also retain phosphate by the 

mechanism of anion exchange where hydroxyl ion of aluminium atom exposed at 

the broken edge or on the planar surface is replaced by the phosphate ions. P 

fixation is more by 1:1 type of clay minerals having low Si : sesquioxide ratio 

than 2:1 type of clay minerals having high Si : sesquioxide ratio and the reaction 

was shown schematically as follows: 

Silicate Clay MineraJ 

OH l H2P04 

Silicate Clay mineraJ H2P04 +30H_-

H2P04 

J 
- l-Ca-H2P04 

Silicate Clay Mineral = + Ca'• + H,Po.- -J> Silicate Clay minerj _ 

2.3.1.3 Phosphate Sorption Characteristics of the Soil 

Phosphate adsorption which refers to the process in which phosphate 

ions are removed from solution and retained on the surface of soil particles 

determines the be,haviour of labile inorganic P in soil. Thus, the extent of P 

adsoprtion affects both the availability of phosphate to plants and the 

effectiveness of phosphatic fertilizer. Different ways of measuring and describing 

phosphate adsorption have been reported. 

2.3.1.4 Adsoprtion Isotherms 

The relation between the amount of substance (adsorbate) adsorbed by 

a_n adsorbent (clay surface, fine particles of minerals, colloidal forms of Fe & AI 

-and organic matter) and the equilibrium pressure (or .concentration) of the 

adsorbate at constant temperature is known as the adsorption isotherm. The 

main motivations for describing adsoprtion curves are to i) identify the soil 
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constituents participating in adsoprtion (Adams et a/., 1987; Longanathan et a/., 

1987), ii) predict the amount of fertilizer needs of soils to meet the demand of 

plant for an optimum yield (Fox and Kamprath, 1970; Fox 1974; Fox and Kang 

1978; Roy and De Datta, 1985; Greanland and De Datta, 1985; Klages et al., 

1988), and iii) study the nature of adsorption process to learn more about the 

mechanism of the process (Barrow, 1984; Sanyal and De Datta, 1991 ). 

Several adsorption models have been used by different authors to 

describe the adsorption of phosphate by soil surface. 

Langmuir model 

There have been many attempts to fit the results of P adsorption studies 

on soils, clays and sediments to the simple Langmuir equation (Olsen and 

Watanabe, 1957; Bache and Williams, 1971; Vig and Dev, 1984; Bennoah and 

Acquaye, 1989; Sanyal et al., 1993). 

An equation of phosphate adsorption equation following the Langmuir 

isotherm reads 

XI - KIK2 c 
m :- I+ K2 C ... (1) 

Where 'x' is the amount of phosphate adsorbed by 'm' g of soil and 'C' is 

the equilibrium phosphate concentration in soil solution. 'K1' and 'K2 ' are 

constants. Linearization transformation of equation (1) leads to 

... (2) 

Here, the constant 'K1' is designated as Langmuir adsoprtion maximum 

for phosphate (LAMP), and 'K2' is related to the corresponding binding energy. 

This equation (Equation-2) is based on the assumptions that the energy of 

adsorption is constant which implies uniform states and no interaction between 

the adsorbed phosphate species, that the adsorption is on localised situation 

which implies no transitional motion of adsorbed molecules, and that maximum 

possible adsorption corresponds to a complete monomolecular layer. 

The Langmuir plot of 'C/(x/m)' against 'C' should give a straight line and 

the linear regression can then be used to estimate the appropriate adsorption 

parameters. 
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The major advantage of the Langmuir equation is that the 'adsorption 

maxima' can be calculated (Olsen and Watanabe, 1957). However, a close fit to 

simple Langmuir equation is generally obtained at low concentration ( <15mg/l) 

only a limited range. In fact, the 'adsorption maximum' calculated from 

observations at low concentrations is sometimes exceeded at higher 

· concentrations (Barrow, 1978; Harter, 1984; Sanyal and De Datta, 1991; Sanyal 

et al., 1993). A curved relationship between 'C/(x/m)' and 'C' over a wide range 

of concentrations implied that the binding energy is not constant, but rather is a 

function of adsorption (Bach and Williams, 1971; Barrow, 1978). 

Gunary (1970) modified the simple Langmuir equation and expressed it as: 
c 

-
1
- = A +BC +D--/C ... (3) 

xm 
where 'A', 'B'; and '0' are co-efficient. Comparison with equation (2) shows that 

this is equivalent to adding a square root term to describe the curvature 

observed when 'C/(x/m)' is plotted against 'C'. He interpreted this curvature as 

meaning that the soil would adsorb a small amounts of phosphate firmly, a 

slightly greater amount less firmly and so on. 

Sposito (1980) also criticized the validity of the two (or three) surface 

Langumuir equation as a physical model for P sorption by soils. He pointed out 

that the adjustable parameters in the two-surface Langumuir equation cannot be 

interpreted in terms of surface reactions without additional independent evidence 

that adsorption on two kinds of surface sites is actually involved in the ion 

sorption reaction. 

Freundlich Model 

Freundlich equation was widely used to describe P adsorption in soils 

(Russell and Prescott, 1916; Mead, 1981; Le Mare, 1982; Polyzopoulos et al., 

1985; Buchter et al., 1989; Sanyal and De Datta, 1991; Sanyal et al., 1993). The 

equation may be written as 

x/m = KC 11
n (n>1) ... (4) 

where 'x/m' the amount of P adsorbed per unit mass of soil, 'C' is the 

concentration of P in equilibrating solution and 'K' and 'n' are constants 
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dependent on the given adsorption process and temperature of study. A linear 

version of eq-u-alion ·(4) is : -

log (x/m) = logK+ 1/n log C ... (5) 

A plot of log (x/m) against log C should give a straight line and the 

adsorption parameters can be estimated from linear regression. 

Although this equation does not provide ariy measure of an 'adsorption 

maximum', the Freundlich co-efficient, K, may be regarded as a hypothetical 

index of P adsorbed from a solution having unit equilibrium concentration. Thus, 

the co-efficient 'K' may be taken to provide a measure of relative phosphate 

sorption capacity of different soils (Biggar and Cheung, 1973). Freundlich 

equation implies the affinity (bonding energy) decreased exponentially with 

increasing surface coverage, a condition which is perhaps nearer to reality than 

the assumption of constant binding energy as in the simple Langmuir equation. 

Barrow (1978) pointed out the reason of deviation in the plot of the simple 

Freundlich equation [eg. Plot of log (x/m) against log C] due to neglect of the 

native phosphate which could take part in adsorption process along with the 

added P. Thus denoting the native Pas Q, equation (4) may be rewritten as 

xlm + Q= K.C 11
n (n>1) ... (6) 

or, xlm = KC11
n- Q (n>1) ... (7) 

Tempkin Model 

The Tempkin equation can be derived from the Langmuir equation by 

including the condition that adsorption energy decreases linearly with the surface 

coverage (Bache and Williams, 1971; Barrow, 1978; Sanyal eta/., 1991). The 

adsorption then varied with the equilibrium concentration in a complex manner, 

but for middle range of surface coverage, the equation reads 

xlm = K1 In (K2 C) ... (8) 

where 'K1' and 'K2 ' are constants and (x/m) is the specific phosphate adsorption 

by the given soils, while 'C' is the equilibrium phosphate concentration in solution 

phase. 

The major advantage of this model is that it can describe phosphate 

adsorption by soils over a wide range of phosphate concentration in soil solution. 
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Moreover, it can also compare the relative phosphate sorption capacity of 

various soils, corresponding to an empirically observed equilibrium phosphate 

concentration (e.g. 0.2 ppm P) that lead to optimum crop growth (Roy and De 

Datta, 1985; Klages et al., 1988; Sanyal et al., 1993). Furthermore, for 

phosphate adsorption in soil, the intensity factor is, in fact, the chemical potential 

of P in equilibrium solution. The latter is a logarithmic function of P activity in soil 

solution. 

However, Kamprath and Watson (1980) were of the opinion that some 

cautions must be exercised to use such adsorption isotherms of calculate P 

fertilizer requirements from the amounts required to raise P concentration in the 

soil solution to a predetermined level. Thus, this approach considers only the 

intensity factor for solution P while disregarding other factors that affect P uptake 

by roots (e.g. buffer capacity of soils and the transport of solution P to the root 

zone ) (Olsen and Khasawneh, 1980; Sanyal and De Datta, 1991 ). In addition, 

this model is of less value, especially when the soils contain large amounts of 

native P relative to the amount adsorbed. One way of overcoming this problem is 

to measure the slope of the adsorption isotherm at the required concentration 

rather than the amount adsorbed (Barrow, 1978). The slope is a much more 

permanent soil characteristic than either the existing phosphate content (native 

phosphate), which varies with manurial treatment, or the amount sorbed from a 

given solution, which also depends on the amount of the added phosphate, and 

on other experimental factors. The slope actually provides the phosphate buffer 

capacity of soil which regulates the availability of P to plant. 

2.3.1.5 Some Comparative Studies on Phosphate Adsorption Isotherms 

Polyzopoulos et a/. (1985) demonstrated that P adsorption data from 14 

representative Alfisols of Greece may be described by the simple and two 

surface Langmuir equation, and also the Freundlich and Tempkin equations, with 

the Freundlich and the two-surface Langmuir equations proving slightly superior. 

The Freundlich equation, being simpler, was preferred by these authors. 
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Berigari (1988) carried out an adsorption study in some typical soils of 

Iraq and the data conformed to the linear plots of Freundlich, Langmuir and 

Tempkin equations with highly significant positive correlation. Superior fit of the 

data, however, was observed with the Freundlich equation which is simple in 

form. 

Sanyal et a/. (1993) used the Tenipkin, Freundlich and Langmuir 

adsorption isotherms to study the equilibrium P sorption and release behaviour 

in some acidic soils of constrasting properties. The authors found that the 

Freundlich equation gave the best fit of equilibrium P sorption data. The 

Freundlich equation was preferred over other adsorption equations by several 

workers also due to its simpler nature (Barrow, 1978; Ratkowsky, 1986). 

P adsorption-desorption studies of some Alfisols of varing agro-climatic 

region in India was carried out by Singh et a/. (1996) and showed that the 

adsorption data significantly fitted to· modified Freundlich, Freundlich and 

Langmuir equations. Toor et a/. (1997) fitted P adsorption data to Langmuir, 

Freundlich and Tempkin adsorption equations for some soils and found that 

Freundlich equation explained better the P adsorption behaviour than the 

Langmuir equation as evidenced by higher correlation co-efficient values (ranged 

from 0.934 to 0.998). P adsorption increased with increase in equilibrium P 

concentration. 

Biswas eta/. (1999) noted that the Freundlich equation gave a better fit of 

the equilibrium sorption data than did Langmuir and Tempkin equations for some 

soils of Central India. The fitness of data into these equations did not change 

when the sorption data from different background electrolytes (CaCb, KCI, and 

NaGI) were used and this indicated the fact that the mechanism of sorption did 

not alter due to presence of different cations. P sorption data were s~tisfactorily 

described by Freundlish and Langmuir adsorption isotherms in eight acidic 

surface soils (Saha eta/., 1999). 
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2.3.1.6 Factors Affecting Phosphate Adsorption 

Many soil properties influence P adsorption by soils, soil minerals and 

sediments. These include the nature and amount of soil components (e.g. clay, 

organic.,matter, .and hydrous oxides of iron and aluminium, CaC03 for calcareous 

soil), background electrolyte- its concentration and valency of the constituted 

cations, pH of the adsorption solution and lastly the soil temperature. 

2.3.1.6.1 Iron and aluminium oxides and hydroxides 

Amorphous iron and aluminium hydroxides have less well-defined surface 

than the crystalline hydrous oxides. Among the different soil properties tested for 

P sorption, acid ammonium oxalate extractable (amorphous) iron and aluminium 

proved to be an important criterion, governing P adsorption in several acidic soils 

(Juo, 1981; Borggaard, 1983; Loganathan et a/., 1987; Adams et a/., 1987; 

Wada eta/., 1989; Buchter eta/., 1989; Sanyal eta/., 1993; Yuan and Lavkulich, 

1994). 

Rajan (1975 a,b,c) and Rajan and Perrott (1975) showed that low 

concentration of phosphate were adsorbed by anion exchange on silica, 

alumina and soil allophanes. 

Larsen eta/. (1959) studied effects of Fe and AI on the adsorption of P by 

two organic soils as well as humic acid extracted from the corresponding soils. 

They demonstrated that large COiiltents of sesquioxides (of Fe and AI) affect 

positively the P fixation ca:pacity of the soils studied, and also overshadowed the 

negative (opposite) effects of humic acid content. 

Saunders (1965) · found significant correlation between phosphate 

retention and oxalate-extractable Fe and AI contents of some New Zealand soils. 

Sree Ramulu et a/. (1967), while studying P-fixation by 12 acid soils, 

wqrked out a significant correlation (r=0.77) between P fixation and dithionite 

extractable Fe. But regression analysis showed that soils which continued 

kaolinite as the only clay mineral fixed more P. They also worked out a highly 

significant correlation (r==0.95) between P fixation and oxalate -extractable Fe for 

all but.one the-soils studied. Finally, Sree Ramulu eta/. (1967) concluded that 

the oxalate reagent removes only those forms of Fe present in the soils which 
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are active in P fixation, but dithionite removes Fe forms which are not active in P 

fixation. While Vig and Dev (1984) showed that sesquioxides provide major site 

for P sorption, and the sesquioxides removed by citrate dithionite affect ·p 

sorption more than that affected by oxalate extractions. The results also 

indicated that a higher percentage of sorbed P_was in Fe and AI f~rms. 

Loganathan eta/. :(1987) studied P sorption by 42 samples of highly acidic 

surface soil samples of West Africa. The results showed that the sorption 

capacities were significantly correlated with different forms of Fe and AI. In 

addition, amorphous AI appeared to be the predominant soil component 

influencing P sorption in all the three soil groups used, although on a per unit 

weight basis, exchangeable AI influenced the P sorption most. Liu et a/. (1987) 

found that the amount of P sorbed by the soils correlated significantly with free 

Fe, AI and clay contents in the red and yellow soils of Sichuan. P adsorption and · 

P-fixation in Alfisols and adjoining Entisols collected from different altitudes of 

East Kashi hills of Meghalaya was studied (Munna eta/., 1987). P adsorption at 

0.2 ppm P equilibrium concentration, buffering capacity and adsorption maxima 

were correlated positively with exchangeable AI and extractable AI in Alfisols and 

Entisols. Besides the above, the clay was also associated with P adsorption in 

Entisols. P fixation capacity was correlated significantly with exchangeable, 

amorphous bound AI and total Fe in Alfisols but with total Fe and amorphous 

bound AI in Entisols. 

Upadhayay et a/. (1993) studied the adsorption of P by ten soils of the 

NorthWestern Himalayas. While adsorption maxima were observed to be 

positively correlated with clay, CBD- Fe203 and Ab03, they showed negative 

correlation with pH, CaC03 and Olsen P content of the soils. The P-sorption 

capacity was significantly correlated with clay and silt contents and with oxalate 

extractable Al20 3 for soils in Nigeria. 

2.3.1.6.2 Organic matter 

Several scientists have reported significant positive correlation between 

soil organic matter content and P sorption by soil (Singh and Tabatabai, 1977; 

Ben noah and Acquaye, 1989; Sanyal and De Datta, 1991; Sanyal eta/., 1993). 
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The role of organic matter in augmenting P sorption in soil has often been 

attributed to the association with and possible stabilization of the soil organic 

matter by the 'free' sesquioxides. These organic compound with aluminium and 

iron could be envisaged as a complex gel, a phospho-silica-hydroxy humate of 

iron and aluminium (Saunders, 1965). Thus, Wada and Gunjigake (1979) 

observed that P adsorption by volcanic soils was correlated with organically 

bound aluminium, and to a lesser extent, with iron extracted by sodium 

pyrophosphate. 

Bennoah and Acquaye (1989), while studying the P sorption 

characteristics of the selected major Ghanaian soils worked out a significant 

positive correlation between sorption maximum and organic carbon. A similar 

relationship has been reported for the Malaysian soils (Ahmad and Foster, 

1983). The authors (1989) further demonstrated that iron and aluminium 

intimately associated with organic matter could sorb much more P than can the 

same amount of free Fe203 and AI203 alone. However, other workers, among 

them Agboola and Ayodele (1983), found no correlation between sorption 

maxima and organic carbon. 

Patiram eta/. (1990), while studying the effect of different soil parameters 

on P adsorption by some acid soils showed that P buffering capacity and P 

sorbed at 0.2ppm equilibrium solution P were positively and significantly 

correlated with organic carbon content, amorphous and crystalline forms of AI 

and Fe, while pH had an inverse relationship. 

In a recent study Douli and Dasgupta (1998) observed sorption maxima, 

bonding energy and buffering capacity of four ferroginous soils (Alfisols) of 

eastern India had significant positive relationship with organic carbon suggesting 

the role of organic carbon in P sorption characteristics. 

Moreover, reduction of P sorption by organic matter in soils has also been 

reported (Yaan, 1980; Sibanda and Young, 1986; Anderegg and Naylor, 1988) 

This can be explained by a possible competition between P and organic matter 

for common sorption sites on, for instance, hydrous oxides of iron and 

aluminium. 
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In a study, Sanyal eta/. (1993) showed that P sorption per unit weight of 

clay and organic matter content increased with a decrease in clay or soil organic 

matter content. Sanyal et a/. (1993) proposed that intimate clay - organic 

complexes, formed through cationic bridges, could possibly render some of the 

active surfaces of both the soil components for P fixation inaccessible. 

2.3.1.6.3 Clay 

The reaction of phosphate with clay minerals in soil has also received a 
great deal of attention from soil scientists. It is becoming increasing evident that 

clay fix P by the same mechanisms as iron and aluminium compounds do. As a 

matter of fact, it is probably the aluminium in and on the clay that is responsible 

for the P fixing properties of clay. 

Some clay minerals have a pH dependent charge which occurs at the 

edges of the crystals where [AI(OH) (H20)t+ groups are exposed. The [AI 

(OH)2t groups are the· sites that accept a proton at low pH to lead to positive 

sites (Bolland et a/., 1976). At low solution concentrations, phosphate is 

adsorbed on some <;:lay mineral surface (Kuo and Lotse, 1972), but at high 

phosphate concentration precipitation occurred, resulting in the formation of new 

crystalline phases such as taranakite. 

Kuo and Lotse (1972) suggested that phosphate exchanged with AI (H20) 

groups on kaolinite rather than AI (OH)2 since 

(i) adsorption increased with decrease in pH, and 

(ii) no release of (OH) was observed. 

Hydrous oxides of iron and aluminium have been found to occur as fine coating 

on surface of clay minerals in· soils (Greenland et a/., 1968; Haynes, 1983). 

These coatings, having large active surfaces, affect greatly the adsorption by 

such soils. 

Several authors have found significant correlations between P sorption 

parameters and clay content of the soils studied (Fox and Kamprath, 1970; Dolui 

and Gongopadhyaya, 1984; Loganathan et a!., 1987; Wada et a/., 1989; 

Bennoah and Acquaye, 1989; Sanyal and De Datta, 1991; Sanyal eta/., 1993). 
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This effect of clay on P sorption may pos~ible be attributed to large specific 

surface area of the former. 

Das et a/. (1993) studied the effect of soil characteristics on phosphate 

fixing capacity_ of. some acidic soils of Orissa. The amount of P fixed at four 

different levels of added P (25, 50, 100 and 150 ppm) and maximum P fixing 

capacity of these soils showed highly significant positive correlation with clay, 

free oxides, total exchangeable cations, and negative correlation with the 

available P content of the given soils. 

Adepoju (1993), in the P-sorption studies of forest and Savanna soils of 

Nigeria found that quantities of added P sorbed by the lnceptisols and Ultisols of 

the forest zone were significantly higher than that by the Entisols and Alfisols of 

the Savanna zone. It was also found that P sorption capacity had positive 

correlation with clay content, exhangeable AI and oxides of Fe and AI. 

Milap chand et al. (1995) conducted a laboratory experiment of some soils 

of North -West India and observed that P adsorption in soils decreased with the 

decrease in CEC, clay, organic carbon and CaC03 contents, while equilibrium 

solution P concentration decreased significantly with the increase in clay, organic 

carbon. oxalate extractable Fe and AI in soils. The combined effect of clay and 

extractable Fe explained about 98% of variations both in adsorbed P and in 

solution P concentration. The soils having higher clay content, CaC03 or 

extractable Fe and AI exhibited high adsorption suggesting the role of these soil 

constifuents in P adsorption (Singh eta/., 1996; Toor eta/., 1997). 

However, Sanyal and De Datta (1991) and Sanyal et a/. (1993), while 

working with the soils of south and south East Asia, reported a contradictory 

relationship between the amount of P fixed and the clay content. Earlier, Fox and 

Kamprath (1970) also observed similar trends and proposed on easier access of 

P to clay surfaces when the clay is dispersed through media like sand. Sanyal et 

al. (1993) proposed that intimate clay organic complexes, formed through 

cationic bridges, might have rendered some of the active surfaces of both the 

colloidal components of the experimental soils inaccessible for P sorption. They 
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showed that the Langmuir adsorption maximum per unit surface area of the 

given soils was negatively correlated with the surface area of the soils studied. 

2.3.1.6.4 'pH and supporting electrolyte concentration 

Several soil scientists observed a strong negative correlation between 

adsorption parameters (e.g. Freundlich K, Langmuir adsorption maxima) and soil 

pH (Adams and Odam, 1 985; Bolan et a/., 1 988; Mehadi and Taylor, 1 988; 

Sanyal eta/., 1 993). 

However, an opposite effect of pH had also been observed on P sorption. 

in soils. Thus, a considerable controversy regarding the pH effect exists 

(Sanchoz and Uehara, 1 980; Probert, 1 980; Haynes, 1982, 1 984; Barrow, 1985, 

1990). A decrease in adsorption with pH was reported when dilute solutions of 

NaCI or KCI were used to measure P adsorption (Barrow, 1984). But when dilute 

CaCI2 solutions or concentrated solutions of KCI or NaCI were used, P retention 

by a-limed soil increased (Amarasiri and Olsen, 1973; Barrow, 1984; Naidu et al., 

1990). Barrow (1990) was of the opinion that the reaction between P and soil is 

reaction between charged particles (phosphate ions) and variable charge 

surfaces and that both the ions present and the charge and the potential of the 

surface vary with pH and, in addition, the charge and the potential of the surface 

area affected by the electrolyte present. If the surfaces reacting with P are 

mainly negative (-) as they are for most soils at common pH values, then 

increasing the concentration of cations, or increasing the valence of the cations, 

makes the electric potential less negative and increased P sorption. The higher 

the pH, the greater this effect. Thus, Barrow (1990) concluded that for realistic 

assessment of the effect of changing pH on P sorption by a particular soil, 

measurement of both the concentration and composition of soil solution is 

necessary. 

With increase in pH, the charge and the electrostatic potential of positive 

sites on variable charge materials in soil decreases, causing a fall in P retention. 

However, at higher pH (>5.0), the concentration of depronated H2P04- (i.e. 

HPO/- ion) increases, and the existing theories (Bowden et al. 1 980; Barrow, 
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1984) treat HPol- ion as the dominant adsorbable species (e.g. on goethite). 

This encourages the P. adsorption by goethite at higher pH upto a pH of 7.0 

(which is the value of pK2 of H3P04). Thus, P sorption by geothite (Bowden eta/., 

1980) and amorphous hydroxy-A! surfaces (Kwong et a/., 1979) decreases 

relatively slowly upto pH 7.0, and rapidly beyond pH 7.0. 

The net effect of these opposite tendencies is usually governed by the 

nature of the supporting electrolyte in which pH effects on P adsorption are 

measured (Sanyal and De Datta, 1991 ). Electrolyte concentration and valency of 

cation affect the electrostatic potential on the surface. An increase in 

concentration of the electrolyte, especially if the cation is polyvalent, renders the 

potential on the surface less negative (Bowden et a/., 1980; Barrow, 1990), and 

the effect of higher pH in bringing down P adsorption is less marked. 

Four different supporting media (1o-2M CaC12, 1 o-4 M CaCI2, 3x1 o-2 M 

NaCI & 1 o-4 M NaCI) were used to study P sorption characteristics of arid and 

semiarid soils of Punjab (India) (Chowdhary et a/., 1993). Phosphate sorption 

was highest in 1 o-2 M CaCI2 and lowest in 1 o-4 M NaCI. Greater adsorption in 1 o-2 

M CaCI2 solution eventually was due to an additional effect of Ca2
+ on P sorption 

by alkaline soils. 

Bala et. a/. (1995) also found that P adsorption increased with increase in 

ionic strength. At a particular molarity, P adsorption was higher in the presence 

of CaCI2 as compared with NaCI. 

Biswas eta/. (1999), while studying in the effect of pH, ionic strength arid 

electrolyte composition on P sorption by some soils of Central India, found that P 

adsorption was the highest in CaCI2 medium followed by KCI and NaCI. In the 

pH range of 4- 8.5, the amount of P sorbed decreased with increase in pH. The 

effect was much more pronounced in dilute solutions and solution containing 

monovalent than divalent cations. 

2.3.1.7 Solution P Concentration 

The concentration of P in soil solution 1s an estimate of intensity of P 

nutrition. The change in equilibrium P in soil solution has been used as a 
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criterion for characterizing available P status of soil. The intensity factor has 

been varyingly defined as phosphate potential or equilibrium phosphate potential 

·or phosphorus concentration in soil (Ramamoorthy and Subramanian, 1960; and 

1982; Sarkar eta/., 1986; Muralidhardu and Omanwar, 1987; Patiram, 1990). 

Decrease in phosphate potential with P addition has been reported 

(Biswas et a/., 1979). Further, availability of phosphorus in solution increased 

with water solubility of P fertilizer applied. Patiram (1990) reported equilibrium 

phosphate potential to be negatively related to soil pH and positively to 

amorphous iron and aluminium in soil. 

Th·e degree of saturation of soil complex with P has been found to be 

major intensity regulator governing mobility, availability and solubility of soil P 

and regulating its removal. Investigations have shown (Biswas et a/., 1979; 

Patiram and Rai, 1987) significant correlation between plant P uptake and 

equilibrium phosphate potential. Importance of intensity factor in early stages of 

plant growth has been stressed by Patiram and Rai (1987). 

2.3.1.8 Phosphate Buffering Capacity 

Phosphate buffering capacity of soil characterizes the dynamic relation 

between labile solid phase (Quantity) and solution phase phosphate (Intensity) 

from which plants take up their supply. It is measured from slope of the sorption 

isotherm or quantity-intensity isotherm and it varies according to the solution 

concentration at which isotherm slope i$ measured. Various indices used to 

express this parameter are: i) the slope at a standard equilibrium concentration 

of 0.2 mg mr1 (Saxena, 1979; Jalali and Sharma, 1991 ); ii) the slope at a 

standard equilibrium concentration of 0.3 ~tg mr1 (Singh et a/., 1971 ); iii) the 

maximum slope of the isotherm as solution concentration tends to 380; iv) ratio 

between the ·change in quantity factor and intensity factor designated as 

differential buffering capacity (Pati Ram, 1990). 

A close linear relationship existed between P buffering capacity and ability 

of soil to sorb phosphate (Brar and Vig, 1988). Sandy soils have less P buffering 

capacity whereas fine textured soils have more (Lakshmi et a/., 1987). The 
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buffering capacity of acid and neutral soils is a function of amounts of crystallinity 

of hydrated oxides of Fe and AI (Pati Ram 1990). In calcareous soils, the amount 

of exchangeable calcium and CaC03 determine the P buffering capacity. 

Differential P buffering capacity in soils from North West India showed a 

significant relation with total Fe and AI, organic carbon and clay (Randhawa et 

·al., 1993), in Sil<kim soils with organic carbon content (Pati Ram, 1990) and in 

four ferruginous soil of eastern India with clay and organic carbon content (Douli 

and Dasgupta, 1998). Studies conducted by Lakshmi eta/., (1987) revealed PBC 

per unit clay to be more in red soils than in black and alluvial soils. 

Intensity is inversely related to P buffering capacity of Randhawa et a/., 

1993); so soils with high buffering capacity will have less amount of P 

concentration in soil solution for exploitation by plant roots. 

From the literature reviewed, it is clear that availability of P to plants is 

controlled by the mutual interplay of factors such as quantity, intensity and 

phosphate buffering capacity. These .factors along with kinetic factors determine 

the diffusive flux of P to growing roots. Attempts have therefore been made (Vig 

et a/., 1978; Sharma et a/., 1993) to predict the availability of applied P to crops 

through the combined use of all these factors in a dimensionless parameter 

known as supply parameter (SP): (qc)y, I (K1K2)v.;. 

The supply parameter of phosphorus has been found to bear a close 

linear relationship with cumulative P de sorbed (and Vig eta/., 1978; Brar eta/., 

1986; Bah I' et a/., 1986; Singh and Sarkar, 1991; Kumar and Singh, 1998) 

indicating thereby its usefulness for predicting response to applied P. 

lnvestig<;ltio.ns have shown that the highest (82-86%) variations in p uptake by 

wheat crop could be accounted for by the use of P supply parameter (Brar et al., 

1986). Damodar Reddy eta/. (1999) observed a highly significant and positive 

relation between supply parameter and available P. 

2.3.2 Phosphate Desorption 
.. 

Availability of soil P has also been characterised on the basis of P 

des orbed. Desorption is the reverse phenomena of adsorption and decribes the 
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release of P into soil solution. Phosphorus desorption from soil colloids in one of 

the series of rate factors that govern P uptake by plants. The desorption of 

phosphate from soil has been described by Langmuir equation and first order 

kinetics (Bahl, 1990). Parabolic and radial diffusion equations have also been 

successfully used to described release of surface adsorbed phosphate from soil 

(Krishnappa et at.,~ 1975; Vig and Dev, 1979; Biswas and Ghosh, 1987; Bahl, 

1990; Sharma et a!., 1993) suggesting that relationship of cumulative P 

desorbed to f 2 is diffusion controlled. 

Bahl (1990) observed that the amount of desorbed P depends upon the 

texture and type of soil, its P status and cropping sequence followed. Light 

textured soils desorbed more P than fine textured. Desorption of phosphate has 

also been reported to be more in alkaline soils than in acid soils (Vig and Dev, 

1979). Residual built up P in soil affects the release of P from soil. The rate of 

release of phosphate and diffusion co-efficient have been found to increase with 

build up P. The desorption mechanism possible involves rapid dissolution of 

amorphous P compounds and the slow dissolution of crystalline P compounds. 

Phosphate in recently fertilized soils is at lea·suhousand times more mobile than 

the residual build-up from long-term experiments. 

The results obtained by Dhillon et. a/. (1986) and Sharma et a/. (1993) 

indicated that rate of P release increased with P status of soil and decreased 

with cropping. A significant linear relationship existed between cummulative 

desorbed P and dry matter yield and P uptake by crops (Vig and Dev, 1979; 

Singh and Sarkar, 1991; Bahl et a/., 1986), indicating that rate of release of P 

from solid phase was important in determining P uptake by crops. Phosphate 

uptake by growing plants has been reported to be less dependent on initial 

solution P concentration than on the rate of phosphate release/replenishment 

(Brar and Vig, 1988). Singh eta/. (1996) showed that a substantial part (42-60%) 

of P sorbed by some Alfisols of varing agro-climatic region in India was desorbed 

during two successive desorptions with 0.5 M NaHC03 (pH 8.5). The first 

desorption released considerably more P than the second. 
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Toor et a/. (1997) studied adsorption-desorption behaviour of phosphorus 

of some soils and found that P desorption was far less compared to the P 

adsorption indicating lower P concentration in soil solution for plant use at a point 

of time. Dolui and Dasgupta (1998) reported that the amount of P desorbed by 

the extractant increased with the increase in amount ofP sorbed. 

Desorption of once- adsorbed P from soils and clays had often been 

shown to be irreversible leading to a large hysteresis effect (Madrid and Posner, 

1979; Olsen and Khasawneh, 1980; Okajima et al., 1983; Mouat, 1983). The 

desorption isotherm was thus displaced to the left of the sorption isotherm. Such 

hysteresis effect leads to an overestimation of the replenishing ability of soils to 

supply P to the soil solution, when P sorption isotherms are used for the purpose 

(Okajima et al., 1983; Sanyal et a/., 1993; Saha et a/., 1999). Although Munns 

and Fox (1976) and Madrid and Posner (1979) found that the resulting degree of 

hysteresis decreases with longer time allowed after P addition, Ryden and Syers 

(1977) found the irreversibility of P desorption from soils and hydrous ferric oxide 

gel to increase with increasing time above 30h. The predominant view at present 

is to treat such irreversibility as arising from the incomplete attainment of 

equilibrium during the slower reaction phase of adsorption (Okajika et al., 1983; 

Barrow. 1983 b, 1985). 

Moreover, it has also been suggested that because adsorption equilibrium 

was slow, an apparent readsorption during the desorption step is possible 

(Barrow, 1983 b). The diffusive migration of initially adsorbed P beneath the 

adsorbing surface has also been cited as a probable reason for apparent 

irreversibility of P desorption (Barrow, 1983 b, 1985). lri the event of the latter 

happening, a part of the adsorbed P would no longer be in equilibrium with the 

solution, hence, the irreversibility. Indeed, both sorption and desorption continue 

for long periods, although the rate of change may become too slow (Barrow, 

1979 a; Bache and Ireland, 1980). Thus, it was shown that the plots of desorbed 

P against concentration were continuous with those of newly adsorbed P, but 

that the plots for originally added P did not coincide with either of these (Barrow, 

1983 b), Madrid and Posner (1979) also demonstrated that when the total of 
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adsorption and desorption time is long enough both adsorption and desorption 

points tend to lie on a single curve that corresponds to the isotherm calculated 

according to the Stern model of double layer theory. Kuo eta/. (1988) observed 

recovery of sorbed P from several soils, having contrasting properties, by using 

NaHC03 , NaOAC or NH4F-HCI extraction, was strongly dependent on P sorption 

capacity, but not on the buffer capacity of the soils or the bonding energy 

estimated by the application of Langmuir equation. However, Sanyal eta/. (1993) 

and Saha et a/. (1999) observed that the extent of hystersis effect in the 

phosphate sorption-desorption behaviour was high in soils exhibiting strong 

phosphate sorption characteristics. 
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3. MATERIALS AND METHODS 

3.1 A Brief Physiographic Information on Study Area 
(Terai Agroclimatic Zone) 
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Soils of West Bengal has been divided into six agroclimatic zones, viz. 

Hill, Terai,· New Alluvium, Old Alluvium, Red and laterite and Coastal- Saline. 

The word tarai (terat) in Hindi means moist, indicating thereby that the 

soils have a wet regime and high water table conditions for most part of the year. 

Terai soils are foil-hill soils and extend in strips· of varying widths at the foot of 

the Himalayas in Jammu & Kashmir, Uttar Pradesh, Bihar and West Bengal. 

The terai zone of West Bengal is comprised of the geographical area 

under the . entire Coach Behar and Jalpaiguri district, Siliguri sub-division of 

Darjeeling and lslampur sub-division of Uttar Dinajpur district. The zone lies in 

between 26°~' and 26° 56' North latitude and 88° 7' and 89° 53' Eastern 

longitude. 

Based on the old concept of soil classification, soils of Terai zone of West 

Bengal can be broadly divided into three classes viz Teesta Alluvium, Terai and 

Brown Forest (Fig: 1 ). 

3.1.1 Teesta Alluvium 

Since the principal river in northern districts is Teesta, the soils formed on 

alluvial deposits carried down by it along with other rivers and its or their 

tributaries are categorised under the group. The area occupied by these soils is 

found to be the highest (5.68 lakh ha) among other soil types present in this 

zone covering the whole of Coach Behar district and lslampur sub-division of 

Uttar Dinajpur district. 

According to new system of soil classification, the major great groups 

found in the form of association in Teesta alluvium are Dystrochepts and 

Haplaquepts belonging to the order lnceptisol and Udifluvents and Ustorthents of 

Entisol order. 
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3.1.2 Terai soils 

Terai soils are found in a narrow strip of land at the foot of the Himalayas 

and is extended towards the south in the Siliguri sub-division of Darjeeling and 

Jalpaiguri District. The area occupied by this soils group is about 2.80 lakh ha 

only. These soils are developed primarily by the deposition of various types of 

soil and rock materials brought down by the hilly rivers like Teesta, Mahananda, 

Torsa, Jaldhaka and their numerous tributaries. 

According to modern soil classification system, the groups, which are 

found to be associated in these soils are Dystrochrepts and Haplaquepts of 

order lnceptisol and Udifluvents of order Entisol. 

3.1.3 Brown Forest Soil 

Though these soils spread over the northern fringe of Jalpaiguri district 

and all areas other than Siliguri sub-division of Darjeeling district, but from 

agroclimatic point of view only the area lyirig under Jalpaiguri district is included 

under Terai zone and the remaining part belonging to the Hill zone. Most of the 

area is either covered by forest or tea plantation. 

According to modern system of classification, the great groups associated 

with these soils are found to be namely Dystrochrepts of lnceptisol and 

Udifluvents and Udorthents of Entisol order. 

3.2 Land use Pattern of Terai Zone of West Bengal 

Fig: 2 show the utilisation pattern of land in four terai districts. The net 

sown area of this zone is noted to be nearly 50 per cent, while 14%_area is under 

forest cover. Distribution of geographical area also demonstrates that orchards, 

plantation and miscellaneous trees taken together accounts for 9% of area of the 

Terai districts and 22% land is being utilised for nonagricultural purposes. 



Fig : 2 Land use Patterns of Terai districts of West Bengal 
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3.3 Materials Used and their Analysis 

3.3.1 Soil Sample 

(A) Collection and Processing of samples 

The surface (0-15 em) soil samples were collected from the different 

locations of four land use pattern namely tea garden, orchard, cultivated land 

and forest under Terai zone of West Bengal as mentioned in Table 6. 

(B) Analysis of Soil Sample (methods) 

(a) Physico-chemical Properties of the soil sample 

The following methods were followed for the determination of the important 

physico-chemical properties of the experimental soils. 

·(i) Mechanical Analysis (Percentage of clay, Sand and Silt) 

Mechanical analysis was carried out by Bouyoucos Hydrometer 

method (Day, 1965). 

(ii) Bulk density, Particle de·nsity, Maximum Water Holding Capacity, 

Percentage pore space 

(iii) 

These soil parameters were determined by Keen and Rackzowsky's 

method (Piper, 1966). 

pH 

pH of the soil samples was determined by using soil suspension in 

water in the ratio of 1:2.5 ( Jackson, 1973 ) and a glass electrode pH 

meter (Model : Systronics,335). 

(iv) Electrical Conductivity ( E.C.) 

~- E.C. of the soil suspensions (soil : water :: 1: 2.5 ) was determined at 

the room temperature by using a direct reading conductivity meter 

(Model : Systronics, 303 ). 

(v) Organic carbon 

Organic carbon of soil samples were determined following the method 

of Walkley and Black (Jackson, 1973 ). 

(vi) Cation-Exchange Capacity (CEC) 

~ The CEC of the ·soils were determined by leaching soils with 1 N 

NaOAc (pH 8.2) and subsequently displacing the adsorbed Na+ by 1 N 
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NH40Ac (pH 7) and finally estimating Na released in the extract by a 
-

flame photometers ( Barthakur and Barua, 1997). 

Available Nitrogen 

The ·available nitrogen was determined by alkaline potassium 

permanganate method ( Subbiah and Asija, 1956). 

(viii) E-xchangeable calcium ( Ca2+) and Magnesium (Mg 2+) 

Exchangeable _Ca2
+ and Mg2

+ was determined by Versene method 

(Black, 1965) 

(ix) Available Potassium (K) 

---/ Available Potassium of the soil was determined by a flame photometer 

after extracting the soil with neutral 1 N NH40Ac solution. 

(x) Anion Exchange Capacity (AEC) 

AEC of the soil was determined as per tlie method outlined by 

Barthakur and Barua (1997). The soil was first leache.d with a solution 

of TEA- BaCI2 (pH8:1 ), followed by calcium saturation and then treated 

with standard phosphoric acid solution. The remaining phosphorus 

was determined by a spectrophotometer. 

(xi) Free Iron Oxide (Fe203) 

(xii) 

(xiii) 

Free iron oxide of the soil was determined using citrate buffer- Sodium 

dithionite extractant and 0-phenanthroline (0-phen) indicator as 

outlined by Hesse (1971). 

Total Acidity 

Total acidity of the .soil saniple was determined by extracting with 1 N 

NaOAc solution and then titrating with 0.1 N NaOH solution using 

phenolphthalein as indicator (Kappen, 1934). 

Exchange Acidity 

Exchange acidity was determined solution and finally titrating with 

0.1 N NaOH solution using phenolphthalein as indicator. 
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Exchangeable Aluminium ( AJ 3+) 

After estimating exchange acidity (Me Lean, 1965), exchangeable 

aluminium (AI3+) of the soil was determined from the same solution 

titrating against 0.1 N HCI after adding NaF (4%) solution. 

(xv) Extractable Acidity 

Extractable acidity (extractable Al3+) of the soil was determined by -

extracting the soil with 1 N NH40Ac (pH 4.8) solution and treating the 

extracted solution with a colour developing reagent aluminium 

(Hesse,1971) 

('xvi) Total Potential Acidity 

Total potential acidity of the soil sample was determined by extracting 

the soil with BaCI2-TEA (pH 8.2)buffer solution by Peech's method 

(Black, 1965) . 

(xvii) pH- Dependent Acidity 

pH dependent acidity of the soil sample was evaluated from the 

difference between extractable acidity and exchange acidity. 

(xviii) Non-Exchangeable Acidity 

Non-exchangeable acidity of the soil was computed as the difference 

between total potential acidity and exchange acidity. 

(b) Forms of Soil P 

i) Total Phosphorus 

Suitable weight (0.4 g) of soil sample was taken is a conical flasks and 

suitable amount of HN03 was added and heated to oxidise the sample to 

remove organic matter and then the sample was soaked overnight with 1Om I 

HCI04 Subsequently the samples digested on a hot plate, the digested material 

was filtered through Whatman No.1 filter paper to get rid of silica (Olsen and 

Dean, 1965 ) and made to a known volume. 

Phosphorus content of the material was determined calorimetrically as per 

the procedure outlined by Watanabe and Olsen (1965) using ascorbic acid. 
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i) 1otal organic Phosphorus 

Total organic phosphorus of the soil samples was determined following 

the method adopted by Mehta eta/. (1954 ). 

ii) Fractionation of Inorganic Phosphorus 

Soil inorganic Phosphorus was fractionated as per the procedure outlined 

by Chang and Jackson. (1957), modified by Peterson and Corey (1966) (Table-

4). 

(c) Available Soil Phosphorus 

Available phosphorus of the soil samples were extracted by the following 

five different methods and P content in the extracts were determined 

calorimetrically as per the procedure outlined by Watanabe and Olsen (1965) 

using ascorbic acid (Table 5) 

(d) Adsorption- Desorption Behaviour of Soil P 

i) Phosphorus Adsorption 

3g soils was equilibrated in centrifuge tube for 6 days with 30m I of 0.01 M 

CaCb solution containing 5,1 0,15,20,30,50 and 100 mg PL-1 as KH2P04 with one 

drop of toluene to inhibit microbial activity. The soil was shaken for 30 minutes 

twice daily usin.g a reciprocal mechanical shaker. At the end of requisite 

incubation period at 25°C, the contents of the tubes were centrifuged at 5000 

RPM for 20 minutes and P concentration in the supernatant solution was 

determined by the ascorbic acid method (Olsen and Sommers, 1982). Sorbed P 

was calculated as the difference between added . P and equilibrium P 

concentration. 

ii) Phosphorus desorption 

The soil residues of the adsorption studies were used for quantifying desorption. 

The samples first washed with alcohol to make it free from soluble P and washed 



I 
I 
! 
! 
i 
I 
l 

I 

50 

Table 4. Fractionation of Soil inorganic phosphorus by the modified 

procedure of Chang and Jackson and after Peterson and Corey 

Soil: Place 1 g of soil in a 1 00cm3 polypropylene centrifuge tube, add 50 cm3 of 

1M NH4CI solution, shake for 30 minutes and centrifuge. 
,-------,--------------------------··--· 

Solution: 
Determine 
saloid 
bound- P 

Soil :Add 50 cm3 of 0.5M NH4F solution made to pH 8.2 with NH40H 
shake for 1 hour and centrifuge. 

Solution Soil : Wash twice with 25cm3 portions of saturated NaCI 
Filter solution, centrifugin~ each time to recover soil. Discard 
through washing. Add 50 em of 0.1 M NaOH solution, shake for 17 
activated hours and centrifuge. _ 
carbon if Soil: Wash twice with saturated NaCI 

Solution: 
necessary Add 5 drops solution and discard washing. Suspend soil 
and in 25 cm3 of 0.3 M Na citrate solution, add 

of cone. 
determine 1g of Na dithionite and shake for 15 
Aluminium H2S04 and minutes. Heat to 80°C, dilute to 50 cm3 , 

centrifuge. 
bound - P 1--------.-_~.-=s:.:..h:.=a:.:...:kc.:;.e....:.f.=.o.:._r -=-5-=-m:..:..i:.:..:n:..=u~te;.:s=-=a:..:..nd=---=c:.::e~n..:.:tr..:..:if-=u=g 1e.:._. ____ _ 
(Al-P) Solution : Residue: Combined Soil : Wash twice with 

Filter Discard solution saturated NaCI solution 
through and and add washings to 
0.5g Washings: previous solution. To 
activated To 3 cm 3 soil add 50 cm3 of 0.1 M 
carbon 
and 
determin 
e Iron 
bound-P 
(Fe-P) 

add 1.5 NaOH solution, shake 
cm 3 of for 1 hour and 
0.25 M centrifuge. _ 
KMn04 to olution : Soil : Wash 
oxidize etermine twice with 
excess ccluded-.P NaCI 
dithionite OCCI-P) solutin. 
and Add 50 
Citrate. cm3 0.25 M 
Allow to H2S04, 
stand 2 shake for 
minutes 1 hour and 
and centrifuge 
determine discard 
Reluctant residue of 
soluble-P 
(RS-P) 

soil and 
determine 
Calcium 
bound-P 
(Ca-P) 

L_ ____ ~ ____ L_ ___ _L ___ ~----~----L_ ____ _ 
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Table 5. Details of five extractants used for estimating available P in this 
study 

Methods Composition of the Soil: Shaking References 

! 

(Extractant) Extractant time (min) 

a) Olsen's 0.5 M NaHC03 (pH 1 : 20 30 Olsen et 
method 8.5) a/., 1954 

. 

b) Bray's 1 0.03 N NH4F + 1 : 10 5 Bray and Kurtz, 
method 0.025N HCI (pH2.5) 1945 

c) Bray's 2 0.03 N NH4F+0.1N 1 : 20 2/3 Bray and Kurtz, 
method HCI (pH 1.0) 1948 

d) 0.05N HCI +0.025 N 1 : 4 5 Nelson et 
Mehlich's H2S04 (pH 1) a/., 1953 
method 
e) AB- 1M NH4HC03+ 0.05 1 : 2 15 Sultanpour and 
DTPA M DTPA (pH 7.6) Schwab, 1977 

Method 

Table 6. Sites selected for sampling from different land use patterns of 
terai agroclimatic zone of West Bengal. 

--------

Land No of 
P;S./Sub 

use Site of collection samples District 
I ·Pattern collected 

Division 

I Subhasini Tea Estate 5 Hasimara Jalpaiguri 
I 

i Tea Mathura Tea Estate 5 Alipurduar Jalpaiguri 
I Garden i 
I Coach Behar Tea Estate 5 Falakata Do I 

--
Orchard Jagannathpur: 10 Bid han nagar Darjeeling 

(pine Mohitnagar 5 Jalpaiguri Sadar Jalpaiguri 
apple) 

·---
I District Seed farm 3 Coach Behar Coach 
I Behar 
I Contra! Tobaco Research 3 Dinhata Do 
i Institute. Research Station 
Cultivated Barakodali Farm 3 Tufanganj Do 

land 
Bidhan Chandra Krishi 4 Pundibari Do I 

I Viswavidyalaya, 
i North Bengal campus I 

I Madhupur 2 Pundibari Do 
1 

Patlakhaoa Forest 5 Do Do 
Forest South Khayerbari Forest 5 Madarihat Jalpaiguri 

! Chilapata Forest 5 Alipurduar Do 
---
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soils were shaken with 0.5 M NaHC03 ( pH 8.5 ) for 2 hours. The suspensions 

were centrifuged at 5000 RPM for 20 minutes and filtered through Whatman No-

1 filter paper. The samples were subjected to two successive desorptions. 

Phosphorus in the clear solution was determined by ascorbic acid method. 

3.3.2 Plant Samples 

A. Collection and Processing of Sample 

Wheat (cv.HB 1553) seedlings were grown in Neubauer seedling 

technique in a Neubauer ( 11 em X 7 em ) containing 1 OOg soil and 50g nutrient 

free sand. Wheat plants (both root and shoot) were harvested after 17days. 

Plant samples were washed, shade-dried to remove excess moisture and then 

kept in a oven at 60°C for eight hours. The dried samples were weighed for dry 

matter yield and ground in a Willey Mill. The g·round samples were stored in 

paper bags for determination of P concentration in root and shoot. 

B. Analysis of plant Samples 

A suitable weight (0.2g) of plant sample was taken in conical flasks and 

soaked overnight with 1Om I of triacid mixture of HN03 : H2S04: HCI04 in 10:4:1 

(volume basis) ratio. Subsequently the samples were digested on a hot plate. 

The digested material was filtered through Whatman No-1 fliter paper and made 

to a known volume. The phosphorus content of the material was determined 

calorimetrically by Vanadomolybdate yellow colour method ( Piper, 1966) 

3.4. Statistical Analysis 

The data on different forms of soil P, available P extracted by five soil test 

methods and P adsorbed in soils of four land use patterns were analysed by 

using one way ANOVA. The coefficients of variation (CV) in different P estimates 

as well as physico-ch~mical parameters of soils under different land uses of terai 

agroclimatic zone were calculated using the formula: 

<J' n-1 

CV= Sam ole Mean x 
1 00 
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Where Gn-1 was the Standard Deviation (S.D) of samples. For measuring 

the goodness of fit of the adsorption data to various adsorption isotherms and 

testing of linearity between I among various P estimates and soil properties or 

plant parameters, the coefficient of correlation (r) was used. Stepwise regression 

analysis was done using MICROSTAT Computer programme. Here, no 

restriction was imposed i.e. the independent variables entered into the 

regression models competitively according to their relative contribution towards 

the dependent variable. The variables included in the stepwise regression 

equations were significant at 5% probability level. 
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4. RESULTS AND DISCUSSION 

Characteristics of Soils Used 

Some relevant physical and chemical characteristics of soils used in these 

studies were presented in Table 7 and 8. Soils of tea garden and orchard were 

strongly to moderately acidic, while soils of cultivated land and forest were 

strongly acidic to neutral in reaction. Electrical conductivity of terai soils were low 

(<1 dSm-1
) ranging from 0.003 to 0.074 dSm-1

: The average organic carbon 

content of these soils were high (> 7.5 gkg-1
) which probably highly influenced the 

cation exchange capacity as indicated by having the same trend. Organic carbon 

and cation exchange capacity of the soils under various land uses was in the 

order: cultivated land < orchard < tea garden < forest. Soils of tea garden and 

orchard were loamy sand to loam while ·soils of cultivated tand and f<?rest were · 

sandy loam to loam in texture. Cultivated land soils recorded the highest average 

base saturation (48.4%) followed by the soils of forest (28.4%), orchard (12.6%) 

and the least in tea garden (9.0%) while reverse was the trend with respect to AI 

saturation percent of ECEC. Average exchangeable A1 3+ content was maximum 

in orchard soil followed by tea garden, forest and cultivated land; reverse was 

the sequence of pH of these land use soils indicating the former's contribution to 

the latter. 

Range and mean values of different types of acidities under various land 

uses were also presented in Table 8. The soils under tea garden exhibited 

maximum total potential acidity, pH-dependent acidity, hydrolytic acidity, 

extractable Al3+ and non..:exchangeable Al3+ fo'llowed by orchard, forest and 

cultivated land whereas exchange acidity and total acidity followed the order: 

orchard soil > tea garden soil >. forest soil > cultivated land soil. The electro

statically bound H+ constituted 17.2 to 20.5 per cent of exchange acidity while 

pH-dependent acidity contributed 86.4 to 93.4 per cent of total potential acidity. 

Lower values of acidity in cultivated land was probably because of less amount 

of exchangeable Al3+ and organic matter, and organic matter might have 

contributed to some forms of acidity through their functional group like - COOH 
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Table 7. Some Physico-Chemical Properties of soils terai Zone of West 

Bengal 

Soil Characters Range Mean CV% 

pH(1 :2.5) 3.7-7.13 5.12 15 

ECx 1 02 (dSm.1
) 0.33-7.40 1.46 93 

" 

Organic C(gkg-1
) 4.5-26.2 13.4 36 

Clay(gkg-1
) 92-254 151 23 

Silt (gkg - 1
) 174-491 285 26 

CEC[cmol(p+)kg - 1
] 4·.67- 28.8 16.29 34 

AEC[cmol(p+)kg - 1
] 1.68-5.66 3.92 20 

Exchangeable(Ca+Mg)["] 0.50-9.80 3.17 82 

Exchangeable K[ II ] 0.02- 0.82 0.15 96 
.. 

Total Acidity [II ] 0.25-8.36 3.15 73 

Exchange Acidity [ II ] 0.22-5.47 1.83 77 

Hydrolytic Acidity [ II ] 0.01-4.98 1.34 87 

Total Potential acidity [II] 3.29-32.90 17.66 46 

pH dependent acidity [II ] 4.50-29.51 15.83 45 

Exchangeable Al3+ [ 11 
] 0.34-8.11 4.98 39 

Extractable Al 3+ [ 11
] 0.12-6.42 3.14 47 

Non-exchange'able Al 3+["] 0.17-4.77 1.50 79 

Free Fez03(gkg - 1
) 3.19-14.56 8.64 25 

Bulk density(gcm -3) 0.92 - 1.37 1.12 09 

Particle Density (gem -3
) 1.79-2.67 2.27 08 

Base saturation (%) 3.0-72.9 24.6 81.4 

ECEC [ cmol (P+) kg-1
] 2.27-14.62 4.84 41.2 

AI saturation of ECEC (%) 1.2-82.9 36.6 74.6 

Available N (mgkg-1
) 72-319 146 37 
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Table 8. S Ph . hemical f f soil der diff t land tt - - - . - - . - ---- - . ----
Land use patterns Tea Garden Orchard Cultivated Lnad Forest 

Range Mean cv Range Mean cv Range Mean cv Range Mean cv Soil characters (%) (%) (%) . ( %) 
pH (1 :2:5) . 3. 7-5.54 4.78 10 3.84-5.85 4.86 16 4.80-7.13 5.67 12 4.64-6.90 5.34 14 

ECx1 02(dsm·1
) 0.33-5.94 1 .. 33 1 0'5 0.34-7.40 1.63 115 0.48-4.41 1.44 80 0.57-4.07 1.46 68 

Organic C (gkg-1
) 4.5-25.4 14.2 32 7.0-18.3 13.9 27 7.0-12.4 8.9 16 9.3-26.2 16.5 34 

Clay (gkg-1
) 112-172 139 16 102-174 143 15 154-254 192 15 92-182 130 21 

Silt (gkg-1
) 180-33.1 273 17 174-425 275 30 200-323 262 22 234-491 328 26 

CEC [cmol (p+) kg-1
] 9.75-28.80 18.22 26 9.75-24.14 18.16 23 4.67-13.56 10.44 23 9.33-26.68 18.36 32 

AEC [cmol (p+) kg-1
] 

' 2.04-5.66 4.17 18 2.45-4.65 4.06 59 1.68-4.45 3.40 30 2.85-5.38 4.05 12 
I 

Exchangeble (Ca+Mg) 
0.50-2.80 1.28 43 0.85-4.20 1.77 63 2.85-9.80 4.68 37 2.10-9.35 4.75 74 [cmol (p+) kg-1

] 

Exchan~eable K [cmol 
(p+) kg· ] 0.30-0.80 0.23 84 0.02-0.82 0,16 128 0.02-0..19 0.10 56 0.03-0.23 0.14 42 

Total acidity [II] 1.23-8.36 4.37 50 1.23-7.74 4.67 49 0.25-1.97 0.99 40 0.25-5.66 2.58 65 

Exchange acidity [ II ] 1.09-3.94 2.26 38 0.44-5.47 3.00 60 0.22-1.53 0.61 69 0.22-2.63 1.46 62 

Hydrolytic acidity [II ] 0.01-4.98 2.14 74 0.79-3.06 1.68 45 0.01-0.79 0.38 61 0.03-3.03 1.15 91 
' 

Total Potential acidity [11 ] 18.10-32.90 25.56 16 4.94-29.61 20.18 38 4.94-13.16 9.54 23 3.29-24.68 15.36 47 
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Land use patterns Tea Garden ..... Orchard Cultivated Lnad Forest 
Range Mean cv Range Mean cv Range Mean cv Range Mean cv Soil characters (%) (%) (%) ' ( %) 

pH- dependent acidity 
16.79-29.51 23.29 16 4.50-25.78 17.18 37 4.50-12.83 8.93 24 5.71-22.82 13.90 47 [cmol (p+) kg- 1 

I 

Extractable Al3+ [ II ] 5.52-8.11 6.42 11 2.93-8.11 5.90 24 0.34-6.04 3.00 51 0.34-8.11 4.59 43 
Non- exchangeable 

1.58-6.03 4.16 26 0.14-6.42 2.89 54 0.12-4.94 2.39 53 0.12-6.25 3.13 46 A13+ [II ] 

Exchan~eable Al3+ r II] 0.91-3.18 1.85 35 0.23-4.77 2.47 62 0.17-1.14 0.47 64 0.17-2.39 1.21 65 

Free Fe203(gkg-1
) 6.98-14.56 9.02 27 6.71-12.66 9.76 17 3.19-10.29 7.18 26 5.63-11.58 8.60 20 

Bulk density (gcm-3) 1.02-1.25 1.15 06 1.05-1.37 1.15 07 0.93-1.19 1.06 07 0.92-1.31 1.11 12 

Particle density (gcm-3) 2.04-2.62 2.27 07 1.87-2.67 2.24 08 1.79-2.38 2.22 09 1.82-2.48 2.33 09 

Base saturation (%) 3.0-19.7 9.0 49.8 4.1-31.4 12.06 80.6 31.8-72.9 48.4 26.9 10.5-72-6 28.4 66.5 

EC.EC [cmol (p+)Kg-1 2.27-4.51 3.36 18.2 3.28-5.67 4.47 16.7 3.68-10.07 5.45 28.7 3.83-14.62 6.09 48.7 
AI sataration of ECEC 

23.2-74.9 56.1 (%) 28.6 5.5-82.9 54.0 53.8 1.8-26.6 9.8 78.3 1.2-55.1 26.3 71.9 
I 

1 

Available N (mgkg-1) 98-187 141 21 72-285 147 47 . 98-319 129 43 1 94-238 167 31 
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and phenolic- OH. Free Fe20 3 content in the soils of different land use patterns 

followed the sequence of orchard > tea garden > forest > cultivated land. 

Exchangeable Al3
+ alone could explain 99% variation in exchange acidity. 

Exchangeable Al3
+ and cation exchange capacity collectively could explain 91% 

and 76% variation in total acidity and total potential acidity, respectively. While 

76% variability in pH-dependent acidity could be explained by cation exchange 

capacity and extractable Al3
+ (Table 9). 

4.1 Distribution of soil Phosphorus 1n Organic and 
Inorganic Fractions 

4.1.1 Total P 

The total P content in terai soils of West Bengal ranged from 293 to 1868 

mgkg-1 with an average of 871 mgkg-1 which was recorded somewhat higher 

than P content in terai soil of U.P. (350 mgkg-1
) (Bhar and Tripathi, 1973). 

Among the different land use patterns, soils of tea garden contained the highest 

amount of total P ranging from 293 to 1737 mgkg-1 with an average of 1 020 

mgkg-1 followed by 293 to 1868 mgkg-1 with an average of 871 mgkg-1 in forest, 

425 to 1212 mgkg-1 with an average of 801 mgkg-1 in orchard soils (Table- 10, 11 

and Fig.3 ). Substantially higher amount of total P in tea garden soils than the 

others may be due to higher amount of P fertilizer application for tea production, 

Total P in terai soils showed a significant positive relationship with CEC 

(r=0.426**), organic C (r=0.337**) AEC (r=0.372**) while a negative relationship 

with exchangeable Ca and Mg (r= -0.464**) (Table-13). 

4.1.2 Organic P 

Organic P content of terai soils varied from 16 to 1574 mgkg-1 with a mean 

of 409 mgkg-1
. Organic P content constituted roughly 47 per cent of total P. The 

coefficient of variation of organic P was found to be 86.1 %. The proportion of this 

form of P to total P varied directly with the organic matter content of the soil which 
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Fig. 3 Distribution of Soil Phosphorus in Terai agroclimatic region and its land uses 
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was well supported by the highly significant positive relationship with organic 

carbon (r=0.466**). Organic P content also had significant correlation with AEC 

(0.280*) and CEC (r-0:472**) of the soil (Table-13). For each unit increase in 

organic carbon organic P content of terai soils increased by 33.8 unit. The co

efficient of variation of total P was 45.7, 45.4, 36.1, 35.5 and 58.0 per cent for terai 

(overall), tea garden, orchard, cultivated land and forest soils respectively. On the 

basis of organic P content in soils, tea garden land use was significantly different 

from orchard and cultivated land uses. However, no significant difference was 

observed among forest, orchard and cultivated land uses in this respect. Highest 

amount of organic P was recorded in tea garden ranging between 33 and 1312 

mgkg-1 with an average of 616 mgkg-1 followed by 47 and 1574 mgkg-1 with a 

mean of 505 mgkg-1 In forest soils, 43 and 672 mgkg-1 with a mean of 271 mgkg-1 

in orchard soils and 16 to 443 mgkg-1 with a mean of 242 mgkg-1 in cultivated land 

soils. 

4.1.3 Total Inorganic P 

Total inorganic P which was calculated as the difference between total P 

and organic P ranged from 150 to 11 t:)4 mgkg 1 with a mean of 462 mgkg-1 and 

c~nstituted about 53 per cent of total P (Table-1 0, 12 and Fig-3). Total inorganic 

P content in different land use patterns followed more or less a reverse trend as 

was observed with total P. However, the extent of variation in this form among 

the land uses were relatively less in comparison to organic P. Highest amount of 

inorganic P was recorded in cultivated land soils (average being 538 mgkg-1
) 

while the least was recorded in forest" soils (average being 365 mgkg-1
). Soils of 

tea garden, orchard, cultivated land and forest contained 39.6%, 65.7%, 69.7% 

and 41.9% of total P as inorganic P, respectively. Patigiri and Datta (1993) and 

Khan and Mandai (1973) observed that inorganic P in tea growing soils of 

Assam and rice growing soils of West Bengal constituted 54% and 65% of total 

P, respectively. 



Table 9. Stepwise regression equations for predicting different types of 

acidity (Y) by using soil properties. 

Regression Rz 
Equations 

Exchange Acidity 
v = 0.45±0.096. +0.03+1.19 x1 0.99 

Total Acidity 
v = 0.45±0.78+0.23+1.81 x1 0.83" 

= -1.30±0.56+0.22+1.27 X1+0.05+0.16 x2 0.91 

Total Potential Acidity 
v = 8.16±4.15+1.21 +6.40 x1 0.68 

= 0.71±3.54+1.41+4.21 x1+0.29+0.67 x2 0.76 

pH- dependent Acidity 
v = -2.0±4.0+0.24+1.08 x2 0.60 

= -4.79±3.11+0.21+0.75 X2+0.56+1.67X3 0.76 
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X1, X2 and X3 denote exchangeable Al3
+, CEC and extractable A1 3

+, respectively. 

* Standard error of estimate. 

Table. 10. Amount of P forms (mgkg-1) in soils of terai agroclimatic Zone 

Soil P form Range Mean cv (%) 

Total P 293-1868 871 45.7 

Org.P 16-1574 409 86.1 

Total lnorg. P 150-1154 462 51.4 

CaP Trace-561 163 90.8 

Fe-P 10-668 114 110.7 

Al-P 9-277 64 101.0 

RS-P 5-411 111 88.7 

Occi-P 3-35 10 50.7 

-
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Total inorganic P had a significant positive relationship with exhangeable 

Ca and Mg (r=0.446**). A significant association of total inorganic P with the 

basic cations like Ca and Mg in these acidic soils signified that the soils were 

relatively young and immature (Hsu and Jackson, 1960). Soils of this 

agroclimatic regions, in fact, developed from the deposits brought down from the 

Himalayan hills and belong to the orders of Entisol and lnceptisol (Anonymous, 

1997 -98) which supports the above findings. Proportion of inorganic P to total P 

showed a significant positive relationship with clay content (r=0.270*) but 

negative relationship with CEC (r=-0.321 *) and organic carbon content (r= 

· -0.428**), thus indicated that the actual site of inorganic P in soil· was the clay 

fractions. 

4.1.3.1 Forms of Inorganic P 

Among the different fractions of inorganic P (Chang and Jackson, 1957), 

· Ca-P was the dominant form, contributed about 35.3% of total inorganic P and 

18.7% of total P in Tarai soils. Different forms of inorganic P in terai soils 

followed the order of Ca-P (varying between trace and 561 mgkg-1 with a mean 

of 163 mgkg-1
) > Fe-P (varying between 10 to 668 mgkg-1 with a mean of 114 

mgkg-1
) > RS-P (varying from 5 to 411 mgkg-1 with an average of 111 mgkg-1

) > 

Al-P (ranging from 9 to 277 mgkg-1 with an average of 64 mgkg-1
) > Occi-P 

(ranging 3 to 35 mgkg-1 with a mean value of 10 mgkg-1
) (Table- 1 0). Fe-P, RS

P. Al-P and Occi-P constituted 24.7, 24.0, 13.9 and 2.2 per cent of total inorganic 

P, while 13.1, 12.7, 7.3 and 1.1 per cent of total P, respectively, in terai agro

climatic soils of West Bengal (Table- 12 and Fig. 4). Doddamani and Rao (1988) 

also observed similar order of distribution of various inorganic P-fractions in 

some soil samples of lnceptisols in Karnataka. 

The sequence of different inorganic P fractions in various land use 

patterns were not the same and not consonance with that of overall terai soils. In 

forest land use soils Ca-P (173 mgkg-1
) was the dominant fraction, followed by 

Fe-P (79 mgkg-\ RS-P (71 mgkg-\ Al-P (35 mgkg-1
) and Occi-P (7 mgkg-1

) 

(Table- 11 ). The sequence was the same as was observed for overall terai soils. 
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Fig. 4 Different fractions of soil inorganic Phosphorus in Terai agroclimetic region and its land 
uses 
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Table 11. Amount of P forms (mgkg-1
) in soils under different land use patterns 
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Land use Tea Garden Orchard Cultivated Lnad Forest 
c.n.1% I patterns 

S. 
I Range 'Mean 1 CV Range I Mean I cv I Range Mean cv Range Mean cv Em(±) I I Soil P- forms 

(%) (%) (%) ! I (%) 
I 

Total P 293-1737 1020 45.5 293-1343 ! 792 36.1 425-1212 801 35.5 293-1868 871 58.0 102.3 N.S I 
' 

Org.P 33-1312 616 68.0 43-672 271 61.9 16-443 242 58.1 47-1574 505 86.8 83.26 303.32 

Totallnorg. P 193-837 404 51.7 165-896 520 39.8 222-1154 558 54.4 150-637 365 47.7 59.0 N.S 

CaP Trace-279 64 119.7 128-405 116 101.2 104-561 298 45.6 30-468 173 84.5 31.51 114.79 

Fe-P 50-258 . 100 60.1 10-253 108 71.5 27-668 168 132.1 36-236 79 71.4 32.1 N.S I 

Al-P 9-197 64 96.3 20-277 116 71.6 12-112 . 40 76.2 9-135 35 . 103.4 14.72 53.62 

RS-P 39-404 166 53.8 5-411 167 73.8 5-114 41 79.8 5-180 71 79.5 21.37 77.85 

Occi-P 3-16 10 39.6 6-19 13 28.2 5-35 11 36.0 3-12 7 36.0 1.21 4.41 
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In case of cultivated land soils, though Ca-P (298 mgkg-1
) was the dominant 

inorganic P form but Fe-P (168 mgkg-1
) rather than RS-P (41 mgkg-1

) occupied 

the second highest position. In cultivated land soils of terai agro-climatic region 

Ca-P, Fe-P, RS-P, Al-P and Occi-P constituted 53.4, 30.1, 7.4, 7.2 and 2.0 per 

cent of total inorganically bound P (Table- 12). Khan and Mandai (1973) 

observed that the different forms of inorganic P followed the same sequence in 

rice growing soils of West Bengal and the various forms more or less contributed . 

similar extent towards total inorganic P. With respect to Ca-P content in soils of 

various land uses, cultivated land use was significantly different from others, 

however, soils of orchard were at par with tea garden and forest. Again, orchard 

soils differed significantly from the soils of cultivated "'land and forest, but 

cultivated land soils had no significant difference from forest and tea garden soils 

on their Al-P content. In orchard and tea garden soils the dominant fraction was 

RS-P. However, there were not too much differences in the average content of 

Ca-P (116 mgkg-1
), Fe-P (1 08 mgkg-\ Al-P (116 mgkg-1

) in orchard soils while 

that in tea garden soils were RS-P (166 mgkg-1
) followed by Fe-P (1 00 mgkg \ 

Ca-P (64 mgkg-1
), Al-P (64 mgkg-1

). Similar order in the distribution of inorganic P 

forms in some acidic Entisols from East Khasi hill district of Meghalaya was 

observed by Patiram eta/. (1993), in tea growing soils of Himachal pradesh by 

Rao and Chakraborty eta/. (1994) and in acidic soils of Bihar by Chattapadhayay 

and Kar (1973). Dominance of RS-P in these two land uses was probably due to 

the relative ~bundance of free ferric oxide. Though, the soils of cultivated land · 

and forest were at par among them but were significantly different from tea 

garden and orchard soils with regard to their RS-P content. However, no 

significant difference was noticed between the later two land uses. In all the land 

use patterns soils Occi-P contributed the least towards inorganic-P and the 

saloid-bound P in soils recorded too negligible quantity to mention. Except forest 

and orchard soils, the land uses did not differed significantly among themselves 

on the basis of their Occi-P content 
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4.1.4 Relation between Forms of Inorganic P and Soil Properties 

Al-P (r= -0.501 **) and RS-P (r=-.573**) had significant negative 

relationship with pH while Ca-P (r=0.620**) had a positive relation (Table-13). 

For each unit increase in· soil pH, the Al-P and RS-P content of terai soils 

decreased by 41.7 and 73.0 unit, respectively, while Ca-P increased by 119.9 

unit. Availability of P from both Ca-P and Al-P is a pH controlled process. It is 

worth mentioning that AI system is more stable at low pH where Ca system is 

unstable. Conversely, the Ca-systein is more stable under high pH where AI 

system is unstable. Exchangeable Ca plus Mg had significant positive correlation 

with Ca-P (r=0.766**) as well as total inorganic P (r=0.446**) but negative with 

Al-P (r= -0.384**), RS-P (r= -0.483**) and total P (r= -0.464**). Likewise 

exchangeable· AI had positive relationship with Al-P (r= 0.673**), RS-P (r= 

0.664**) and Occi-P (r= 0.340**) but reverse with Ca-P (r= -0.559**). Ca-P and 

RS-P content in these soils decreased with increase in organic carbon content 

probably through complexion of Ca and Fe by organic anions produced during 

mineralisation of organic residues (Vig et a/., 2000). Both the exchange 

capacities i.e. CEC and AEC had positive relationship with Al-P (r= 0.361** and 

0.443**), RS-P (r= 0.489** and 0.527**), organic P (r= 472** and 0.280*) and 

total P (r= 0.426** and 0.372**) while negative with Ca-P (r= -0.284* and 

-0.375**). Proportion of inorganic P to total P increased with increase in clay 

content (r= 0.270*) while decr~ased with increase in CEC (r= -0.321 *) and 

organic carbon (r= -0.428**). 

4.1.5 Contribution of P Forms.towards Total P 

Stepwise regression analysis (Table- 14) indicated that organic P alone 

could explain 64.6% variability in total P and partial contribution of different 

inorganic P forms were: 20.10% by Fe-P, 3.90% by RS-P, 10.20% by Ca-P, 

1.10% by Al-P and only 0.01% by Occi-P. 
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Table 12. Contribution of different P- forms (%) in soils towards total P/total inorganic P 

; Land use 

patterns 

Soil P forms 

Org .P 

Total lnorg. P 

I 
I Al-P 

' 

\ Fe-P 

I 
1 Ca-P 

RS-P 

Occl P 
l 

TTera i s-oil ___ _ 

%of 
total P 

47 

53 

7.3 

13.1 

18.7 

12.7 

1.1 

%of 
total 

lnor:__g_. P 

13.9 

24.7 

35 .3 

24.0 

2.2 

.T - -~ 

1 Tea garden soil 

% of 
total P 

60.4 

39 .6 

6 .3 

9.80 

6.3 

16.3 

1.0 

% of 
total 

lnor__g_. P 

15.8 

24 .8 

15.8 

41 .1 

2 .4 8 

;-o~c hard soil --- \ Cultivated land 
I soil 

% of 
total P 

34 .2 

65. 7 

14 .7 

13.6 

14.7 

21 .1 

1.6 

% of 
total 

lnor_g. P 

22 .3 

20.8 

22 .3 

32 .1 

2.5 

%of 
total P 

30 .2 

69.7 

5.0 

21.0 

37 .2 

5.1 

1.4 

%of 
total 

Ins. P 

7 .2 

30.1 

53.4 

7.4 

2.0 

r Forest soil 

%of total 
p 

58 .0 

41 .9 

4.2 

9.1 

19.9 

8.2 

1.0 

~ 

%of total 
lnorg. P 

5.6 

21 .6 

47.4 

19.4 

1.92 

-

65 
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Table 13 . Correlation coefficients (r) between P fractions and soil properties 

1 Al-P 1 Fe-P I Ca-.P I RS-P I Occi-P I Total inorg.P I Org.P. I Total P I Total inor~.P Soil Total P 
Pro_e_erties 

Clay -0.217 0.125 0.453** -0.312* -0.101 0.148 -0.227 -0.144 0.270* 

Silt -0.301 * -0.076 0.218 -0.292* -0.027 -0.115 0.143 0.057 -0.208 

CEC 0.361 ** -0.132 -0.284* 0.489** 0.209 0.066 0.472** 0.426** -0.321* 

AEC 0.443** 0.186 -0.375** 0.527** 0.099 0.207 0.280* 0.372** -0.135 

pH -0.501 ** -0.133 0.620** -0.573** -0.113 -0.064 -0.093 -0.080 0.096 

Org. C -0.040 -0.103 -0.41 0** -0.342** 0.040 -0.131 0.466** 0.337** -0.428** 

Ex (Ca+Mg) -0.384** -0.006 0.766** -0.483** -0.086 0.446** -0.167 -0.464** 0.246 

Ex. AI 0.673** -0.039 -0.559** 0.664** 0.340** 0.062 0.137 0.149 -0.131 

E.C. 0.130 0.165 0.163 0.091 0.177 0.229 -0.166 -0.072 0.249 

*and **indicate 5% and 1% level of significances, respectively. 
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4.1.6 Soil P Forms and Plant Parameters 

Simple correlation coefficient (r) between soil P forms and dry matter yield 

as well as P-uptake by wheat were presented in Table- 15. 

Aluminium bound phosphorus (Al-P) fraction had a highly significant 

correlation with dry matter yield of wheat in soils under all the land use patterns. 

P-uptake by wheat in soils of tea garden, cultivated land and forest were also 

significantly related to Al-P whereas that for soils of orchard was not significant. 

Iron-bound phosphorus (Fe-P) in soils of all land use patterns were significantly 

related to both dry matter yield and P-uptake by wheat. Thus, Al-P and Fe-P 

were the active inorganic P forms, which controlled the P nutrition in these soils. 

Similar results were also reported by Mongia and Bandapadhayay (1996) and 

Rabindra and Ananthanarayana (1999) working with the acid soils of India. In tea 

garden soils, Ca-P had a significant positive relationship (r= 0.517*) with the P

uptake by wheat suggesting the role of this inorganic P forms in addition to Al-P 

and Fe-P on P nutrition in this land use soils. 

Total P content of the soils of all land use patterns except forest were 

significantly related with· dry matter yield of wheat and was also highly 

significantly related with P-uptake by wheat in soils of cultivated land use and 

eventually ov~rall terai agro-climatic zone of West ,Bengal. Total inorganic P

forms of soils of all land use patterns except forest were significantly related to 

dry matter yield and P-uptake by wheat. However, no significant relationship was 

noted between organic P content of soils under all the land use patterns and 

either of the plant parameter. Therefore, significant positive relationship of total 

P with dry matter production and P-uptake in some cases was simply an indirect 

contribution of total inorganic P to total P. 

Reductant soluble phosphorus (RS-P) showed positive significant 

relationship only with dry matter yield of wheat grown in the soils of tea garden 

and with both the plant parameter for soils of forest. The increase of dry matter 

yield (r= 0.603*) and P-uptake {r= 0.700**) by wheat in forest soils with increase 
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in RS-P indicated that this form also acted as a potential source of available P 

through solubilization or removal of Fe(OHh coating around the soil particles by 

organic acid produced during mineralization of organic residues and thereby 

release of soluble Fe-P as these soils were rich in organic carbon. 

In the soils of terai agro-climatic zone of West Bengal both the plant 

parameters were highly significantly related to total inorganic-P, Al-P, Fe-P. 

Based on the above information stepwise multiple regression analysis was 

worked out between total P-uptake and inorganic P fractions (Table- 16). It 

showed that 86 per cent of the variation in P-uptake under forest land use was 

explained by Al-P and RS-P, of which 81.7% of the variation was explained by 

the Al-P fraction alone. In case of tea garden soils, Al-P contributed 36.2 per 

cent variability in P-uptake while 57.8 per cent variability was explained when 

another potential variable Occi-P was included in the equation. However, Al-P 

and Fe-P alone could explain 84.2 and 38.2 per cent variation in P-uptake in 

cultivated land and orchard soils, respectively. No other P . form could 

significantly influence the P uptake by wheat in these land use soils. 

Thus, the result revealed that with an exception of orchard soils, Al-P was 

the major source of plant available P as it alone could explain 81.7%, 36.2% and 

84.2% of variation 1n P-uptake of forest, tea garden and cultivated land soils 

respectively. while in orchard soils Fe-P controlled the P nutrition to wheat. 

These observations were similar to those of Mongia and Bandopadhayay (1996) 

and Sharma eta/. (1995). 

Though, all forms of P in soil were known to supply the nutrient to the soil 

solution, their relative contribution to labile pool from ·where plants absorbs the 

nutrient depends mainly on the solubility and relative share of several phosphatic 

compounds as influenced by the characteristics of the soils. ln acid soils, 

although Fe-P and Al-P are less soluble, yet crops have utilised more of these 

forms of P which might be due to their relatively high share in soil P (Khera and 

Balloli, 1994 ). The observation in this study was also in compliance with that of 

Ramamoorthy and Basin (1979) and Sharma and Dev (197 4) who noticed that 

wheat crop preferentially absorbed P from Al-P form. 
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Table 14. Stepwise regression equations of total P with soil P forms. 

Equations R2 .1R2 Eqn . 
No. 

Total P= 498 + 0.91.0rg. P 0.646 - ( 1) 

= 323 + 0.95_ Org. P + 1.42 Fe-P 0.847 0.201. (2) 

I = 252 + 0.91 Org. P + 1.38 Fe-P + 0.82 RS-P 0.886 0.039 (3) 

= 11 +0.99 Org. P+1.22 Fe-P+1.42 RS-P+0.97 Ca-P 0.988 0.102 (4) 

= 0.5+1.03 Org. P + 1.0 Fe-P+ 1.0 RS-P + 1.0 Ca-P 

+ 1.04 Al-P 0.999 0.011 (5) 

I 
= 0.5+1.03 Org. P+ 1.0 Fe-P + 1.0 RS-P + 1.0 Ca-P 

+ 1.0 Al-P+ 1.03 Occi-P 1.000 0.0001 (6) 

Table 15~ Simple correlation coefficients ( r) between soil P forms and dry 
matter yield and P uptake by wheat 

~ 
Terai Tea garden .Orchard Cultivated Forest 
Soil Soil Soil land Soil Soil 

s 

-· 

Total P 
A 0.249 0.840* 0.657** 0.591* 0.431 
B 0.388** 0.285 0.424 0.806** 0.321 

Org.P 
A 0.175 0.181 0.262 0.321 0.341 
B 0.014 -0.003 -0.066 0.018 0.170 

---

Total lnorg.P 
A 0.505** 0.834** 0.693** 0.372 0.392 
B 0.624** 0.633** 0.638* 0.750** 0.506 

Al-P 
A 0.515** 0.872** 0.580* 0.558* 0.767** 
B 0.391 ** 0.638* 0.351 0.924** 0.911 ~* 

Fe-P 
A 0.483** 0.782** 0.655** 0.460 0.770** 
B 0.716** 0.536* 0.652** 0.822** 0.888** 

Ca-P 
A -0.092 0.288 0.002 -0.011 -0.280 
B 0.184 0.517* 0.439 0.154 -0.252 

RS-P 
A 0.366** 0.570* 0.347 0.039 0.603* 
B 0.075 0.253 -0.001 -0.287 0.700*k 

Occi-P 
A 0.398** 0.023 0.340 0.457 0.484 
B 0.009 -0.394 0.231 0.421 0.406 

A and B stand for dry matter yield and P-uptake by wheat, respectively, * and ** 

indicate 5% and 1% level of significance, respectively. 
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Table 16. Stepwise regression (R2
) between soil P fractions and P uptake by 

wheat (Y) 

Equations R2 L1R2 Equation No. 
-

' 

Forest Soil 

Y= 1.10 + 0.093 +Al-P· 0.817 - (1) 

= 0.39 + 0.077 Al-P + 0.018 RS-P 0.861 0.041 (2) 

Tea Garden Soil 

Y= 7.17 + 0.047 Al-P 0.362 - (3) 

= 12.45 + 0.052 Al-P+ 0.566 Occi-P 0.578 0.216 (4) 

Cultivated Soil 

Y= 1.98 + 0.216 Al-P 0.842 - (5) 

Orchard Soil 

Y= 2.77 + 0.035 Fe-P 0.382 - (6) 
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4.2 Selection of the most Suitable Available P Index 

4.2.1 Available Soil P Estimates 

The results of five extracting methods (Olsen, Bray-1, Bray-2, Mehlich-1, 

and AB-DTPA). for the soils of terai region and its various land use patterns e.g. 

tea garden, orchard, cultivated land and forest were shown in Table 17. From 

terai soils of West Bengal, Bray-2 extractant released the highest amount of· P 

'ranging form 9 to 339 mgkg-1 with an average of 80 mgkg-1
, followed by Mehlich-

1 varying from 1. to 113 mgkg-1 with the mean of 27 mgkg-1
, Olsen varying from 3 

to 177 mgkg-1 with the mean of 26 mgkg-1
, Bray-1 varying from 1 to 110 mgkg-1 

with the mean value of 20 mgkg-1 and AB-DTPA varying from 4 to 75 mgkg-1 with 

an average of 19 mgkg-1 
.. The higher .solubility of Bray-2 may be due to its 

relatively higher strength of acid, complexing of AI 3
+ and Fe3

+ with F~ ion and 

consequent release of P adsorbed by these trivalent ions (Ballard). Further 

inclusion of acids results in the dissolution of the more active Ca-P and prevents 

the precipitation (as calcium phosphate) of water-soluble P removed during 

extraction (Jackson, 1973). 

Among the various land use patterns, soils of cultivated land contained 

the highest amount of Olsen-P ranging from 6 to 177 mgkg-1 with an average of 

47 mgkg-1
, followed by 3 to 74 mgkg-1 with an average of 25 mgkg-1 in orchard, 3 

to 60 mgkg-1 with an average of 17 mgkg-1 in tea garden, 3 to 92 mgkg-1 
WITH an 

average of 14 mgkg-1 in forest soils (Table-18). However, with respect to this P 

estimate, the soils of different land uses did not have any significant difference. 

The highest content of Olsen-P in cultivated land soils might be due to the 

addition of higher amount of Ca-P through of phosphatic P fertilizer which 

c~.ntained P mostly in Ca-P form and on aging was converted to Al-P and Fe-P 

at low pH soils. Moreover, Olsen extractant removed more P from the surface of 

Al-P and Fe-P than Ca-P in acidic and neutral soils (Jackson, 1973). Based on 

the amount of P extracted by Olseri soil test method as outlined by Page et a/. 

(1982) about 56.7% soils of terai agro-climatic region of West Bengal were of 

high category (>1 Oppm). Most of the soils under cultivated land (80.0%) and 
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Table 17. Amount of P ( mgkg"1 
) removed by five extractants in terai soils 

of West Bengal 

Extractants 
Range Mean CV(%) 

Olsen-P . 3-177 26 122 

Bray- 1P 1-110 20 145 

Bray- 2 P 9-339 80 70 

Mehlich 1 P 1-113 27 66 

AB-DTPA- P 4-75 19 57 

Table 18. Amount of P (mgkg-1
) removed by five extractants in different 

land use patterns 

Land Cultivated 
Use Tea Garden Orchard soil 

Land soil 
Forest soil 

Pattern I 

Range Mean ! Range Mean Range Mean Range Mean S. 
I Em. Extra eta I 

nts (±) 

' 17 25 47 14 
Olsen-P 3-60 

(1 00) 
. 3-74 

(88) 
6-177 

(121) 
3-92 8.80 

(169) 

Bray-1P 9-97 
29 

1-54 
18 

1-110 
25 

1-79 
07 

6.14 
(88) (92) (127) (268) 

Bray-2P 9-170 
69 

7-177 
53 

42-339 
150 

12-164 
49 

14.98 
(84) (83) (55) (76) 

Mehlich-1 1-47 
21 

5-50 
32 

10-113 
43 

3-27 
11 4_33 

(71) (41) (59) (78) 

AB-
4-16 

07 
6-49 

22 
11-75 

32 
8-39 

13 3_02 
DTPA-P (50) (55) (58) (58) 

*.Figures in parentheses indicated coefficients of variation (%). 

--

C.D.1% 

--

N. S. 
i 
I 

N. S. 

54.57 

15.77 

11.00 
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orchard (73.3%) land use pattern were rated as high, while nearly 60% soils of 

forest were rated as low (<5 ppm) and 46.7% soils of tea garden as medium (5-

1 0 ppm) category. 

Bray-1 extractable P for soils of different land use patterns varied from 9 

to 97 mgkg-1 with an average of 29 mgkg-1 in tea garden, 1 to 57 mgkg-1 with an 

average of 18 mgkg-1 in orchard, 1 to 110 mgkg-1 with an average of 25 mgkg-1 

in cultivated land and 1 to 79 mgkg-1 with an average of 7 mgkg-1 in forest soils. 

According to Bary-1-P values, 40% soils of tea garden were grouped in both 

medium (7-20 ppm) and high (>20 ppm) categories. Like that of Olsen-P, 

maximum (66.7%) percentage of soils under forest land use were rated as very 

low (<3 ppm) on this P estimate. About 40% soils of orchard could be grouped in 

medium category, while each of very low, medium and high category contained 

around 30% soils under terai zone of West Bengal. 

Bray-2 extractable P for soils of different land use patterns were decreased 

in the order of cultivated land > tea garden > orchard > forest, ran·ge of which were 

9 to 170 mgkg-1
, 7 to 177 mgkg-1

, 42 to 339 mgkg-1 and 12 to 64 mgkg-1 

respectively. With respect to Bray-2-P content in different land use patterns, 

cultivated land soils were significant different from the other land uses. The 

highest amount of Mehlich-1-P was recorded in cultivated soils (varying from 1 0 to 

113 mgkg-1
, average being 43 mgkg-1

), followed by orchard (varying from 5 to 50 

mgkg-1
, average being 32 mgkg-1

}, tea garden (varying from 1 to 47 mgkg-1
, 

average being 21 mgkg-1
) and forest soils (varying from 3 to 27 mgkg-1

, average 

being 11 mgkg \ Cultivated land use was significantly different from tea garden 

and forest land use in the average magnitude of Mehlich-1-P, but average 

contents of Mehlich-1-P in tea garden, orchard and forest land uses were 

comparable. Mehlich-1 extractant. being double acid (strongly acidic, pH 1.2) 

extracted a substantial amount of P from soils. On the basis of Mehlich-1-P 

content, soils of tea garden were evenly distributed in low (<1 0 ppm}, medium (11-

31 ppm) and high (31-56 ppm) categories. Majority of the soils under orchard 

(60%). cultivated land (73.3%) and eventually under overall tera(region (46.7%) 
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were of high category, while about 53.3% soils of forest land use were under 

medium category. H0wever, very little (around 3%) or no soil of this region could 

be grouped in very high status (>56 ppm). 

Being relatively mild extractant. comparatively less amount of P was 

released by AB-DTPA extractant from the soils of all land use and it increased in 

the sequence of tea garden < forest < orchard < cultivated land, range of the 

corresponding soils were 4 to 16 mgkg-1
, 8 to 39 mgkg-1

, 6 to 49 mgkg-1 and 11 

to 75 mgkg-1
. Like that of Mehlich-1-P estimate, soils of cultivated land were 

significantly different from the soils of tea garden and forest land uses in relation 

to AB-DTPA-P while tea garden soils were at par with forest and orchard soils in 

this respect. The basic nature of this extractant is to control the ionic activity of 

Ca, through the solubility product of calcium phosphate. The reagent also 

extracts some P from Al-P and Fe-P, which are more abundant in acid and 

neutral soil by repression of AI and Fe activity by complexation of these metallic 

ions·by PTPA. On the basis of AB- DTPA -extractable P, except tea garden,. 

most of the soils of terai region (65%) and its various land uses (80, 100,60 

percent of orchard, cultivated and forest, respectively) were very high category 

(>11 ppm). Tea garden soils mostly were of medium (4-7 ppm) status. However, 

no soils of this region were found to be in low category (<3 ppm) in this P 

estimate. 

Thus, the extracting power of the various extractants was in the order of 

Bray-2 > Bray-1 > Mehlich-1 > Olsen > AB-DTPA for soils of tea garden which 

were well supported by Giridhara Krishna and Satya Narayan (1996) for some 

Vertisols in different agro-climatic zone of Northern Karnataka and Rabindra and 

Ananthanarayana (1999) for the acid soils of Karnataka. Soils of other land use 

patterns followed more or less same trend whereas the soils of tarai agro

climatic zone of West Bengal as a whole followed the order: Bray-2 > Mehlich-1 

> Olsen > Bray-1 > AB-DTPA. Similar trend was reported in some acid soils of 

Meghalaya by Pati Ram et a/. (1993) and in acidic soils of Uttaranchal hills 

(Ghosh and Singh, 2002). This differential behaviour of different extractants was 
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mainly due to their selectivity in solubilizing specific fraction of P to varied extent 

in different soils. 

4.2.2 Interrelationship among Soil Test Methods 

The different P soil tests were if!terrelated among themselves as evident 

from highly significant positive correlations among the amount of P extracted by 

different extractants (Table-19). Olsen P recorded the highest correlation with all 

the extractants, while Bray-1-P recorded the least. Among the methods, Olsen P 

(r=0.862**) showed the highest significant correlation with AB-DTPA-P indicating 

the possibility of same fractions of soil P dissolved by both the extractants. The 

dissolution of P from more or less same fractions of soil P by different soil test 

methods revealed through high significant correlations among the amounts of P 

extracted by them. 

4.2.3 Relationship between Soil Test Methods and Inorganic P 

Fractions 

Olsen extractable P showed significant positive relationship with· Fe-P 

(r=0.947**), Al-P (r=0.513**), and Occi-P (r=0.301*) (Table- 20). The basic 

nature of Olsen's extractant (0.5 M NaHC03, pH 8.5) would favour the extraction· 

of available P present in the form of Fe-P and Al-P by their hydrolysis in alkaline 

solution or adsorbed on clay surface (Lindsay and Moreno, 1960). Bray-1-P also 

had significant p_ositive relationship with Fe-P (r=0.784**), Al-P (r=0.564**) and 

RS-P (r=0.279*). Dongale and Kadrekar (1992), Binod et a/. (1998) and 

Ravindra and Ananthanarayana (1999) also reported strong association of Bray-

-1-P with Fe-P and Al-P. A significant contribution of Al-P and Fe-P fractions to 

Olsen-P and Bray-1-P were also observed by Kanwar eta/. (1979) and Mama et 

a/. (1991 ). Bray-2 extractable P showed significant positive relationship with Fe

P (r=0.761**) and Ca-P (r=0.548**). Release of P from Ca-P fraction by Bray-2 

reagent was due to higher .strength of acid favouring its dissolution. Mehlich-1 

(0.05 M HCI+0.25 N H2S04), a strong reagent correlated significantly with Fe-P 

(r=0.623**), Al-P (r=0.453**), Occi-P (r=0.385**) and Ca-P (r=0.259*) indicating 



_y 

76 

the contribution of all these fractions towards available P estimate by this 

method. AB-DTPA-P showed significant positive relationship with Fe-P 

(r=0.664**), Al-P (r=0.435**), Ca-P (r=0.385**) and Occi-P (r=0.318*). The result 

indicated that Fe-P and Al-P were the good sources of available P in these soils 

as it showed significant relationship with P extracted by almost all the soil test 

methods and finally it could be inferred that Fe-P and Al-P were the major 

inorganic P fractions contributed towards available P. For each unit increase in 

Fe-P content, Olsen-P, Bray-1-P, Bray-2-P, Mehlich-1-P, and AB-DTPA-P 

increased by 0.266, 0.156, 0.413, 0.100 and 0.090 unit, while that for Al-P, the 

increments were by 0.283, 0.219, 0.143, 0.093 unit, Olsen-P, Bray-1-P, Mehlich-

1-P and AB-DTPA-P respectively. Similar were the findings of Patiram et a/. 

(1993), Mongia and Bandopadhaya (1998) and Ravindra and Ananthanarayana 

(1999) for acid soils of India. 

4.2.4 Prediction of Available Soil P from Soil P Forms 

Stepwise regression analysis (Table-21) of different available-P estimates 

with different inor~anic P fractions indicated that Fe-P alone could explain 88.6 

per cent variation in Olsen-P. When the second variable, Al-P entered into the 

regression equation· R2 value raised to 0.899. And when all the potential 

variables Fe-P, Al-P and Ca-P were included in the equation 90.6% of variation 

in Olsen-P could be explained. Rao and Chakraborty (1994) and Dhillon et a/. 

(1998) also observed that Al-P and Ca-P were the dominant P fraction 

contributing towards the available P in tea growing soils of Himachal Pradesh 

and flood plain of Punjab, respectively. In case of Bray-1 P, Fe-P accounted for 

61.1% variability out of the total variability of 67.5% in which the partial 

contribution of RS-P was 6.4% only. Ravindra and Ananthanarayana (1999) 

reported that Al-P and Fe-P collectively explained 63% variability in Bray-1-P in 

some acid soils of Karnataka. Thus, the regression equations showed that Fe-P 

was the dominant inorganic P forms, which controlled the available P estimates 

assessed by Olsen and Bray-1 methods. This result was in agreement with that 
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Table 19. Correlation (r) among different extractants - P 

Extractants 
Bray -1P Bray -2P Mehlich -1P AB- DTPA-P 

Olsen-P 0.813** 0.807** 0.709** 0.862** 

Bray -1P 0.736** 0.593** 0.619** 
I 

Bray- 2 P 0.712** 0.772** 

Mehlich 1 P 0.703** 

*and ** indicate 5% and 1% level of significance, respectively. 

Table 20. Correlation (r) between different extractants-P and soil P forms 

Soii-P 
Extractant P 

Al-P Fe- P Ca-P RS-P Occl- P 

Olsen-P 0.513** 0.947** 0.190 0.113 0.301* 
' 

Bray -1P 0.564** 0.784** 0.040 0.279* 0.226 

Bray- 2 P 0.233 0.761 ** 0.548** 0.103 0.138 

Mehlich 1 P 0.453** 0.623** 0.259* 0.044 0.385** 

AB-DTPA- P 0.435** 0.664** 0.385** 0.064 0.318* 

* and ** indicate 5% and 1% level of significance, respectively. 
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of Sharma et a/. (1995). However, the inclusion of other P fractions improved 

only marginally (2 to 6.4%) the availability indices. 

4.2.5 Indices of P Availability and Soil Properties 

Perusal of the data in Table 22 depicted that Bray-2-P and Mehlich-1-P 

had highly significant negative relationship with organic carbon content (r= 

-0.353** and -0.343**) while positive relationship with clay content of the soils 

(r=0.321* and 0.268*) respectively. However, Olsen-P did not have any 

significant ~elationship with the above two soil parameters. Verma et a/. (1991) 

also reported similar results in terai soils of U.P. The soils of this study, -in 

general, were loam in texture in which availability of plant nutrients including P 

also remained higher, therefore, significant correlations existed between clay 

content and P extracted by different extractants. The observation was well 

supported by the findings of Misra et a!. (1994) and Pandey et a/. (2000). The 

data also showed that with increase in cation exchange capacity of soil Bray-2 

(r=-0.333*) and Mehlich-1 (r= -0.286*) extractable P decreased. Extractable AI 

content of terai soils also had a negative relationship both with Bray-2-P (r= 

-0.432**) and AB-DTPA-P (r= -0.357**). Similar· relationship was also found 

between exchangeable AI and Bray-2-P (r= -0.327*) and silt and Mehlich-1-P 

(r=-0.312*). 

4. 2. 6 Available Soil P versus Plant Parameters 

The results of Table-23 showed the relationship between the soil tests . 

and dry matter· yield as well as P-uptake of wheat in terai soils and its different 

land use patterns e.g. tea garden, orchard, cultivated land and forest. In terai 

soils, dry matter yield of wheat had positive significant relationship with Olsen-P 

(r= 0.524**), Bray-1 P (r= 0.727**), Bray-2-P (r= 0.426**), Mehlich-1 P (r= 

0.501 **) and AB-DTPA-P (r= 0.406**). P-uptake by wheat also had positive 

. significant relationship with Bray-1 P (r=0.879**), Bray-2 P (r= 0.760**), Olsen-P 

(r= 0.739**), Mehlich-1 P (r= 0.676**) and AB-DTPA-P (r= 0.620**). The above 
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findings showed that Bray-1 extractant was the most suitable one to assess the 

available P in terms of dry matter yield as well as P uptake by wheat in soils of 

terai agro-climatic zone of West Bengal. With respect to P uptake by wheat, 

Bray-2 method rated the second best for these soils. Similar observation was 

reported by Jaggi eta/. (1990) in wheat growing valley of Himachal Pradesh. 

In the soils of tea garden, Bray-1 P (r= 0.867** and 0.816**), Olsen-P (r = 

0.848** and 0.654**), AB-DTPA-P (r = 0.825** and 0. 796**), Bray-2 P (r = 

0.751** and 0.865**) and Mehlich-1 P (r= 0.565* and 0.748**) showed significant 

positive correlation with dry matter yield and P-uptake by wheat. With respect to 

dry matter production Bray-1 and Mehlich-1 methods were considered to be the 

best and least suitable, whereas Bray-2 and Olsen methods were the best and 

least suitable in relation to P uptake by the wheat crop, respectively. 

The dry matter yield and P-uptake by wheat in soils under orchard land 

use pattern was found to be highly significantly correlated with Bray-1 P (r= 

0.91"1** and 0.927**), Mehlich-1 P (r= 0.658** and 0.610**) and Bray-2 P 

(r=0.604** and 0.874**). The data also revealed that Bray-1 method was the best 

with respect to both dry matter yield and P-uptake by the crop. In terms of dry 

matter production the suitability of the method decreased in the order: Bray-1 > 

AB-DTPA >Olsen> Mehlich-1 > Bray-2, while in terms of P-uptake by the wheat 

crop the same decreased in the order of Bray-1 > Bray-2 > AB-DTPA > Mehlich-

1 >Olsen .. 

In cultivated land soils of terai agro-climatic region of West Bengal, P

uptake and dry matter yield of wheat also showed very high significant 

correlation with Bray-1 P (r=0.931** and 0.628**), AB-DTPA-P (r= 0.914** and 

0.663**), Olsen-P (r= 0.863** and 0.596**), Mehlich-1 P (r= 0.750** and 0.569*) 

and Bray-2 P (r= 0.698** and 0.325), respectively. However, with reference to 

dry matter yield, AB-DTPA and Bray-2 methods were proved to be the best and 

least suitable, respectively and the efficiency of different soil test methods to 

predict dry matter production decreased in the order of AB-DTPA > Bray-1 > 

Olsen > Mehlich-1 > Bray-2. But with regard to P-uptake by wheat in these soils 
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Table 21. Stepwise regression equation b~tween available P estimate and 
soil P forms 

Extractants R2 L1R2 Equation 
No. -

Olsen-P =-4.59+0.266 Fe-P 0.886 - 1 

= -7.43+0.25 Fe -P+0.07 Al-P 0.889 0.013 2 

= -12+0.24 Fe-P+0.10 Al-P +0.03 Ca-P 0.906 0.007 3 

Bray-1 P=2.15+0.16 Fe-P 0.611 - 4 

=-4.99+0.15 Fe-P+0.07 RS-P 0.675 0.064 5 

Table 22. Relationship (r) between soil tests' P and soil characters. 

E xtractant 

p 

OJ sen-P 

Br ay -1P 

Br ay-2 P 

Me 

AB 
p 

hlich ·1 P 

-DTPA-

Org.C Clay 

-0. 117 0.192 

~0.073 -0.048 

-

0.353** 
0.321* 

-
0.343** 

0.268* 

-0.219 0.237 

Soil Characters 

CEC pH Ca+Mg Silt 

-0.082 0.183 -0.002 -0.183 

-0.022 -0.211 -0.158 -0.134 

-0.333* 0.174 0.228 -0.153 

-0.286* -0.165 -0.056 -0.312* 

-0.217 0.033 0.165 -0.061 

*and** indicate 5% and 1% level of significance, respectively. 

. -----------

Extra c. 
Fe203 ExAI 

AI 

0.088 0.058 -0.197 

0.035 0.084 0.023 

-0.204 -0.327* -0.432** 

-0.118 -0.044 -0.122 

-0.099 -0.051 -0.357** 
-------
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the efficacy of the methods decreased in the sequence of Bray-1 > AB-DTPA > 

Olsen > Mehlich-1 > Bray-2. The result was in conformity with the observation of 

Jaggi eta/. (1990) in wheat growing valley of Himachal Pradesh. 

In forest soils, the dry matter yield and P-uptake by wheat had significant 

positive correlation with Bray-2 P (r=0.794** and 0.910**), Olsen-P (r= 0.752** 

and 0.907**), AB-DTPA-P (r= 0.714** and 0.779**), Bray-1 P (r= 0.648** and 

0.887**) and Mehlich 1 P (r=0.523* and 0.482), respectively. The results showed 

that Mehlich-1 was the least suitable while Bray-2 was the most suitable method 

among the methods tested with respect to both the plant parameters. Similar 

observation was reported by Kanapathy eta/. (1973). 

The maximum variation in P-uptake by wheat was explained in orchard 

(86%) and cultivated land (87%) by Bray-1 P, while in tea garden (75%) and 

forest soil (83%) maximum variability was explained by Bray-2 P. Among the rest 

three soil tests, AB-DTPA method was found to be relatively superior in all the 

land ·use patterns except in forest soils, to predict the P removal by wheat crop. 

The results of this study indicated that a specific extractant did not always hold 

good to assess the available P status of all soils, as was done in routine soil 

testing laboratories. 

4.2.7 Prediction of Plant Available P from Avaialable Soil P 

Indices /Soil P Froms 

Stepwise multiple regression between P-uptake (Y) and soil P forms as 

well as available P. indices (Table-24) indicated that Bray-1 P, the major 

contributors of P supply to wheat crop alone explained 76.9 per cent variation in 

P-uptake. RS-P, the second variable, bearing a partial contribution of 3.4%, 

upgraded the said variability to 80.3%,_ while 81.6% variation in P-uptake was 

explained when all the potential variable like Bray-1 P, RS-P and Occi-P were 

included in the equation. 

In case of Bray-2 P, the first potential variable (Bray-2 P) could explain 

57% variability in P-uptake. All other variables, when allowed to enter in the 
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Table 23. Relationship (r) between soil tests P with dry matter yield and P uptake 
by wheat 
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Cultivated d use! Terai soil Tea Garden Orchard soil Forest soil 
I Land soil 

Lan 

! 
I 

! I 
Soil test-P j A B A B A B A B A 

i 
! 

Ols en-P : 0.524** 0.739** 0.848** 0.654** 0.661** 0.528** 0.596* 0.863** 0.752** 

! 
Bra y~1P i 0.727** 0.879** 0.867** 0.816** 0.911 ** 0.927** 0.628** 0.931** 0.648** 

I 
I 

I 
Bra y-2P ! 0.426** 0. 760** 0. 751 ** 0.865** 0.604* 0.874** 0.325 0.698** 0.794** 

I 

Meh ilch-1 ' 0 501** 0.676** 0.565* 0.748** 0.658** 0.610* 0.569* 0.750** 0.523* 
; 

I 
IAB-D 
I 
1. .... ---··-· 

I 
i 

TPA-P' 0.406*•1 0.620** 0.825** 0.796** 0.724** 0.791** 0.663** 0.914** 0.714** 
' I 
I I 

*and ** indicate 5% and 1% level of significance, respectively. 

·A and B stand for dry matter yield and P uptake by wheat, respectively. 

Table 24. Stepwise multiple regression between P-uptake (Y) and soil P 
forms/available P 

Relationship R2 ~R2 

Y= 3.97 + 0.198 Bray-1 P 0.769 - ' 

=4.97 + 0.212 Bray-1 P-0.011 RS-P 0.803 0.034 

= 3.83 + 0.208 Bray-1 P- 0.014 RS-P + 0.146 Occl-P 0.816 0.013 

Y= 2.99 + 0.061 Bray-2 P 0.570 -

= 3.89 + 0.083 Bray-2 P- 0.0001 Ca-P x clay 0.706 0.136 

= 3.30 + 0.085 Bray-2 P- 0.027 Ca-P x clay+ 0.03 Ca-P 0.739 0.033 

Y= 4.27 + 0.032 Fe-P 0.504 -

= 2.67 + 0.022 Fe-P + 0.104 Meh-P 0.583 0.079 

= 1.63 + 0. 062 Fe-P + 0.126 Meh-P- 0.0002 Fe-P x clay 0.615 0.032 

-
B 

0.907** 

0.887** 

0.910** 

0.482 

0. 779** 

Eqn. 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 
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regression equation, only two variables entered and enhanced the variable in P

uptake upto 73.9% of while partial contribution of second variable, Ca-P x clay 

was 13.6% and that of third variable, Ca-P was 3.3%. 

In case of Mehlich-1 P soil test, Fe-P alone could explain 50.4 per cent 

variation in P-uptake, while Fe-P and Mehlich-1 P jointly contributed 58.3 per 

variation and further introduction of the third variable, Fe-P x clay content 

improved the variability in P-uptake to about 65%. However, with the rest soil 

test methods no P forms/soil character could improved the per cent variability in 

P-uptake. 

Thus, it might be inferred that soil P fractions in the form of Fe-P and Al-P 

(Bray-1 and Bray-2 extractants released P mostly from Al-P and Fe-P fractions 

from soil) contributed more towards P nutrition of wheat crop in the soils. 

Accordingly, an extractant dissolving these fractions from these soils would be 

the best for determining available P. Bray-1 extractable P seems to be the most 

suitable method as it extracts P from both Fe-P and Al-P fractions and inclusion 

of RS-P and Occi-P along with Bray-1 P jointly could explain about 82% variation 

in P-uptake of wheat in terai soils of West Bengal.. However, contradictory 

observation was reported by Bates (1990) in Ontario soils (pH 5-7.6) where : 

among five chemical soil P extractants used Bray-Kurtz-1 P was found to be 

least effective. 
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4.3. Adsorption-Desorption Behaviour of Phosphorus 

4.3.1 P Sorption 

4.3.1.1 Amount of P Sorbed by Soils 

To the soils, solutions having several P concentrations viz, 50, 100, 150, 200, 

300, 500 and 1000 mgkg-1 were added and found that the average amount of P 

sorbed by the soils of terai agro-climatic. region at different solution P 

concentrations were 47.8, 94.0, 138.4, 181.7, 268.3, 436.0 and 835.3 mgkg-1
, 

respectively (Table 25). The result showed that the amount of P sorbed in the 

soils increased with increase in the level of solution P added. However, the 

percent of the added P sorbed followed a reverse trend i.e. decreased 

progressively with increase in the level of P. The values of sorbed P as percent 

of added P at the respective solution concentrations were 95.6, 94.0, 92.3, 90.9, 

89.4, 87.2, and 83.5. This might be due to the fact that the sites for adsorption of 

P relative to the amount of P added decreased gradually with· increasing the 

solution P concentration. The results were in agreement with Bala eta/. (1995). 

Table-26 depicted the magnitude of adsorption of solution P at its various 

levels in four land use soils under terai zone of West Bengal. Like terai. the soils 

under different land use patterns showed that with increase in the level of added 

P, the amount of P sorbed increased but the per cent of added P sorbed 

decreased (Fig. 5). At any level of P concentration, the amount P sorbed by the 

soils of four land uses were in close proximity indicating the similarity in the basic 

nature of soils under different land uses. This observation was again supported 

by their narrow coefficient of variation among the different land use patterns at a 

particular solution concentration or among the various solution concentration at a 

particular land use. However, at the highest level of added P concentration (1 000 

mgkg-1
) highest amount of sorbed P was recorded in forest soils (average being 

879.5 mgkg-1
) followed by orchard (average being 843.1 mgkg-1

), cultivated land 

(average being 811.8 mgkg-1
) and tea garden (average being 806.6 mgkg-1

) and 

more or less similar trends were followed for other added P levels. At this added 

solution P concentration with respect to the magnitude of sorbed P, forest soils 
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Fig : 5 Relationship between P adsorbed and P in equilibrium solution 
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Table 25. Amount of P sorbed (mgkg-1
) by soils of terai zone 

Padded 
(mgkg-1 

Range _Mean CV(%) 
soil) 

50 39.1 -49.6 47.8 (95.6)* 4.8 

100 92.4- 99.0 94_0 (94.0) 5.2 

150 105.0- 148.4 138.4 (92.3) 6.9 

200 131.3-197.7 181.7(90.9) 7.7 

300 195.7 - 296.4 268.3 (89.4) 8.2 

I 
I 

500 324.6-486.3 436.0 (87.2) 7.9 
I· 

)~ 

1000 646.6- 933.0 835.3 (83.5) 7.0 

I 
L__ 

Figures in the parentheses indicate sorbed Pas percent of added P. 
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differed significantly from the soils of cultivated land and tea garden land uses, 

but no significant difference was observed among the soils of tea garden, 

orchard and cultivated land. 

4.3.1.2 Phosphorus Adsorption Isotherms 

The adsorption data for the soils of terai agro-climatic zone of West 

, Bengal were fitted to four different adsorption equations- Langmuir, Freundlich, 

modified Freundlich and Tempkin (Table 27 & Figs. 6-9). Freundlich equation 

(R2= 0.999) best described the P adsorption pattern of terai soils followed by 

modified Freundlich (R2= 0.993), Langmuir (R2= 0.864) and Tempkin (R2= 0.823) 

equation. 

The adsorption data for the soils of four land use patterns were also fitted 

to four adsorption equations. It was observed that modified Freundlich 

adsorption isotherm (R2= 0.997) was the best fitted isotherm for tea garden soils 

and order of goodness of fit to other isotherms were Freundlich (R2= 0.988)> 

Langmuir (R2= 0.911)> Tempkin (R2= 0.813). This observation was in conformity 

with that of Singh et a/. (1996) for some Alfisols of varying agroclimatic region 

in India. Similar result was also reported by Toor eta/. (1997). In orchard soils, 

Freundlich adsorption isotherm (R2= 0.998) was the best fitted, followed by 

modified Freundlich (R2=0.993), Tempkin (R2= 0.834) and Langmuir (R2= 0. 768) 

isotherms. Identical results was found by Biswas et a/. (1999) and Saha et a!. 

(1999). Freundlich equation (R2= 0.998) best described the adsorption data also 

for the soils of cultivated land and other adsorption isotherms followed the order 

of modified Freundlich (R2=0.993) > Langmuir (R2= 0.885) > Tempkin (R2= 

0.863). It was found that Freundlich (R2= 0.981) was the most suitable fitted 

adsorption isotherm, while modified Freundlich (R2=0.977) equation was the 

second best, followed by Langmuir (R2= 0.916) and Tempkin (R2= 0.852) 

adsorption isotherms for forest soils. 

From the above observation it might be inferred that either Freundlich or 

modified Freundlich equation described the adsorption pattern better compared 

to other equations studied for the soils under all land use patterns. Freundlich 
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Fig : 6. Langmuir Phosphorus adsorption isothermsl\Qf different land uses in 
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Fig: 7 Freundlich Phosphorus adsorption isotherms of Different Land uses in 
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Fig: 8. Modified Freundlich Phosphorus adsorption isotherms of different land 
uses in terai region of West Bengal 
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Table 26. Amount of P sorbed (mgkg-1
) by soils of different land uses of 

terai zone 

Land use Tea Orchard Cultivated Forest S.E c 
Patterns garden Land m(±) 

Range 39.1-49.6 44.5-49.5 43.4-49.5 47-49.5 

0 Mean 47.7 47.4 47.3 48.9 -
l.t) 

(95.4)* (94.8) (94.6) (97.8) 

CV(%) 5.49 2.9 3.9 1.8 

Range 78.1-99.0 87.4-98.5 81.4-98.0 92.4-98.5 

0 Mean 93.1 93.5 92.8 96.7 -
0 

(93.1) (93.5) (92.8) (96.7) ...--

CV(%) 6.50 3.3 5.0 2.0 
'· 

Range 105.0-148.4 28.8-145.5 109.2-144.5 133.4-147.5 

~~~Mean 135.7 138.1 136.3 143.3 -

(90.5) (92.1) (90.9) (95.5) ...--..-

1 
CV(%) 9.30 4.1 7.0 3.0 

0) Range 1313-197.7 162.2-193.4 143.0-195.0 175.3-196.0 
.!II:: 
0) 

i ;>Mean 177.4 180.6 179.5 189.4 -
0 

(88.7) (90.3) (89.8) (94. 7) 0 ~ N 
"0 
"0 CV(%) 10.57 5.3 7.5 3.4 
C't! 

c... 
Range 195.7-296.4 230.9-288.9 211.8-288.9 256.7-291.9 

0 
Mean 260.2 264.9 266.4 281.5 

0 (86. 7) (88.3) (88.8) (93.8) -
M 

CV(%) 11.10 6.3 7.7 3.8 

Range 324.6-486.3 380.0-470.3 348.8-462.2 423.9-485.4 

~ 
0 rean 421.3 432.4 427.1 463.2 
0 

(84.3) (86.5) (85.4) (92.6) Lt) -

CV(%) 10.97 5.7 6.8 4.1 
Range 646.6-907.0 757.1-898.2 685.0-872.5 821.1-933.0 

§ g~:;n 
806.6 843.1 811.8 879.5 <.0 r--

("'") <.0 

~ cv %) 

(80.7) (84.3) (81.2) (88.0) ("'") co 
T"" "r"" "<:.t 

8.91 4.8 6.6 3.7 
·--

* Figure in the parenthesis indicates sorbed Pas per cent of added P. 
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equation best explained the P- adsorption pattern in the soils of orchard, 

cultivated land and forest, while modified Freundlich gave a good fit for soils of 

tea garden. However, high values of R2 of all the equations for various land use 
' 

patterns indicated a similarity in their adsorption behaviour despite their 

variations in land use vis-a-vis their chemical properties. 

4.3.1.3 P Sorption Parameters 

P-sorption parameters e.g. phosphate bonding energy (K), Langmuir 

adsorption maxima (b), maximum buffering capacity (Kb), Freundlich's 

constants, K1 and 'n' of each soil of terai agro-climatic zone of West Bengal were · 

presented in Table-28. Adsorption maxima (b), expressed in mgkg-1 were in the 

range of 845 to 2850 with a mean of 1215.1 and coefficient of variation was 

30.07%. The constant relating to bonding energy (K) had very low values varying 

from 0.012 to. 1.052 Lmg-1 with an average of 0.225 Lmg-1
. : 

The maximum phosphate buffering capacity of soil characterized the 

dynamic relation between labile solid phase and solution p~ase phosphate from 

which plants received their supply, ranged from 34.2 to 1023.6 Lkg-1 with a mean 

of 241.8 Lkg-1
. 

The Freundlich- constants, K1 expressed iri mgkg-1 (as a measure of 

adsorption capacity) and 
1
/n (as energies of sorption) both expressed in Lkg-1 

were in the range of 37.2 to 358.9 and 0.450 to 0.905 with the mean values of 

163.1 and 0.623 respectively. 

The sorption parameters of the soils of different land use patterns were 

shown in Table 29. Sorption maxima (b) was the hi_ghest _in orchard soils (1 036 

to 2664 mgkg-1
, mean 1334 mgkg-1

), followed by cultivated land soils (848 to 

2017 mgkg-1
, mean 1204 mgkg-1

), forest soils (959 to 1476 mgkg-1
, mean 1170 

mgkg-1
) and tea garden soils (845 to 2850 mgkg-1

, mean 1153 mgkg-1
). The 

bonding energy for phosphate varied from 0.012 to 1.052 Lmg-1 with an averg~ 

of 0.293 Lmg-1
; 0.038 to 0.351 Lmg-1 with an average of 0.137 Lmg-1

; 0.029 to 

0.509 Lmg-1 with an average of 0.160 Lmg-1 and 0.066 ·to 0.682 Lmg-1 with an 

average of 0.308 Lmg-1 in tea garden, orchard, cultivated land and forest soils 
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Table 27. Goodness of fit of adsorption data to different adsorption 

isotherms(R2
) 

~ Langmuir Freundlich Modified Tempkin 
Freundlich 

Land use patterns 
Terai (overall) 0.864 0.999 0.993 0.823 

.. 
Tea Garden 0.911 0.988 0.997 0.813 

Orchard 0.768 0:988 0.993, 0.834" 

Cultivated lanc;J 0.885 0.998 0."993 0.863 
: 

Forest 0.916 0.981 ·0.977 0.852 

lable 28. P sorption parameters of the soils in· terai zone of West Bengal. 

So.rption Parameters Range Mean CV(%) 

Adsorption maxima (b) 845-2850 1215.1 30.07 
(mgkg"1

) 

Bonding energy (K) 0.012 -1.052 0.225 96.9 
· (Lmg"1) 

Buffering capacity (~b) 34.20- 1023.60 . ·. 241.8 87 .. 9 
· (Lkg"1

) 

·. 

K1 (mgkg-1
) 37 .. 15-358.92 163.1 47.2 

1/n (Lkg-1
) 0.450- 0.905 0.623' 16.3 
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respect ive ly . The constant relating to the binding energy had quite low values in 

the se soils and tended to vary inversely with 'b' va lues. Relatively higher bonding 

energy in forest and tea garden soils indicated that phosph orus was held 1n 

th ese so ils more tenaciously th an the others possibly by higher amount of 

organic matter through polyvalent cations like Fe3
+ and Al3

+ (S~myal and De 

Datta , 1991 ). 

The maximum buffering capacity (Kb) which regulates the partition of P 

between solu tion and solid phase ranged from 34.2 to 1023.6 Lkg-1
; 64. 7 to 

377.3 Lkg-1
, 36.9 to 465.2 Lkg-1 and 97.4 to 669.0 Lkg-1 with a mean of 293 Lkg 1 ; 

162.7 Lkg -1
; 169.1 Lkg-1 and 342 .6 Lkg- 1 in th e so ils of tea gard en, orchard , 

cultivated land and forest respecti ve ly. Results showed that the soils of forest 

land use had the highest buffering capacity and of orchard had the least value . 

Va riation in the buffering capacity among different land uses was attributed to 

varia ti on in the phys ico-chem ical cha racteris ti cs. So lution phase phosphate from 

which plants took up their supply , wa s inverse ly related to P buffering capacity of 

so il (Randhawa et a/ , 1993) ; so soils wi th high buffering capacity e.g fo rest soils 

attributed to higher amount of organic matter would have less amount of P 

concentration in soil solution for exp loitation by plant roots . 

The Freundlich constant K-' varied wide ly among soi ls of different land use 

patterns and 1t followed the sequence forest (102 .6 to 299 .9 mgkg-1
, mean 216 .1 

mgkg-1) > tea garden (372 to 358 .9 mgkg-1
, mean 166.8 mgkg-1

) > orchard (77 .3 

to 237 .7 mgkg-1
, mean 135.1 mgkg-1

) > cul tivated land (53 .8 to 239.3 mgkg 1 , 

mean 134 .3 mgkg-1
). Forest soils differed significantly from the others with 

respect to their adsorption capacities (Freundlich constant , K) However, with to 

respect to other sorption parameters the various land uses were at par. 

Freundlich constant , K' followed more or less same trend as was observed with 

Langmuir bonding energy (K) , while Freundlich 's other constant , 1/n followed th e 

sequence sim ilar to that of Lang mu ir adsorption maxima (b) . 



Table 29 P sorption parameters of soils under different use patterns of 
terai zone 

I~ 
Tea garden Orchard Cultivated Forest 

land 
n 

s 

Range 845-2850 1036-2664 848-2017 959-1476 
Adsorptin 
maxima Mean 1153(42.2)* . 1334(32.4) 1204(24.8) 1170(14.2) 
(b) 

Range 0.012-1.052 0.038-0.351 0.029-0.509 0.066-0.682 

Bonding 
energy 

Mean 0.293(116.2) 0.137(71.9) 0.160(81.4) 0.308(58.3) 
(K) 

Range 34.02-1023.6 64.7-377.3 23.9-465.2 97.4-669.0 

Buffering 
Capacity 

Mean 293.0(114) 162.7(61.1) 169.1 (65.9) 342.6(50.9) 
(Kb) 

Range 37.2-358.9 77.3-237.7 53.8-239.3 102.6-299.9 
Freundlich 
K1during 

Mean 166.8(62.5) 135.1 (37.5) 134.3(39.1) 216.1(29.2) 
sorption 

Range 0.450-0.905 0.535-0.868 0.480-0.831 0.403-0.718 

1/n 
Mean 0.578(18.3) 0.671(14.1) 0.641(16.0) 0.599(14.4) 

Freundlich 
K11 during Mean 20.0 12.9 11.0 20.4 
desorption 

* Figure in the parenthesis indicates percentage of CV. 

91 

S. c 
Em 
(±) 

88..9 NS 

0.05 NS 

52.3 NS 

18.3 66.8 

0.03 NS 
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For the P adsorption data taking mean of 15 samples under each land 

use at each solution P concentration plotted according to Langmuir isotherm 

correlation coefficients between 'C' and C/(x/m) (r values varied from 0.876 to 

0.957 among the various land uses) were highly significant indicating suitability 

of the isotherm. 

The Langmuir adsorption curves could conveniently be resolved into two 

straight lines, (Fig.1 0) suggesting the existence of two different adsorption 

reactions in operation. For the soils of all land use patterns except tea garden 

(-3 mgPL-1) upto about 2 mgPL- 1 equilibrium solution concentration, the 

adsorption .followed one type of reaction and beyond this concentration reaction 

was of other type. Doddamoni and Seshagiri Rao (1989) described that the first 

type of adsorption reaction (upto 2 mgPL-1 solution concentration) followed the 
. 

mooolayer adsorption pattern and the second type of adsorption reaction i.e. 

beyond 2 mgPL-1 solution concentration was of precipitation type. Accordingly, 

the· cdnstants 'b' and 'K' partitioned into lower and higher values of P . . . 

concentration (with subscript 1 and 2, respectively) indicated the monolayer 

adsorption maxima (b1) ranging from 285 and 402 mgPkg-1 (285 mgPkg-1 for 

cultivated land, 330 mgPkg-1 for tea garden, 369 mgPkg-1 for orchard and 402 

mgPkg-1 for forest soils) with corresponding bonding energy (K1) varying from 

0.514 to 0.960 Lmg·1 (0.514 Lmg· 1 for orchard, 0.518 Lmg·1 for tea garden, 0.665 

Lmg·1 for cultivated land and 0.960 Lmg·1 for forest soils) (Table 30). While the b2 

and K2 values were 1057, 2828, 1463 and 1444 mgPkg-1; and 0.074, 0.026, 

0.061 and 0.126 Lmg· 1 for tea garden. orchard, cultivated land and forest soil, 

respectively. From the above results, it was found that 'b2' was about 3 to 8 

times higher than 'b1' and conversely. 'K1' was 7 to 20 folds higher than 'K2'. 

Higher bonding energy was required for chermisorption occurring at lower 

concentration on high P affinity sites, while low energy was required for physical 

adsorption and precipitation of P (Tomar et a! .. 1995) occurring at higher P 

concentration after achieving monolayer adsorption. Uptake of P by wheat 

tended to vary inversely with the 'K' (r= -0.284 *)while it had a positive trend with 
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Fig: 10. Langmuir Phosphorus adsorption isothermsnpf different land uses in 
terai region of West Bengal 
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'b' (r= 0.171 ). Results were 1n conformity with findings of Kumar and Singh 

(1998). 

· 4.3.1.4 Relationship between Sorption Parameters and Soil Properties 

The correlation coefficients (r) between various sorption parameters and 

some important physico-chemical properties in soils of terai zone of West Bengal 

were given in Table 31. Results showed that adsorption maxima (b) was 

significantly associated with AEC (r= -0.327**). The value of bonding energy (K) 

increased with increasing organic carbon content (r= 0.41 0**), CEC (r= 0.362**) 

and free Fe20 3 (r= 0.396**). Similar relationships were reported by Murthy eta!. 

(1996) and Douli and Dasgupta (1998). 

The maximum buffering capacity (Kb) was closely associated with organic 

car~on content (r= 0.440**), free Fe203 (r= 0.418**) and CEC (r= 0.386**) 

indicating the significant roles of organic matter and free Fe20 3 in this P sorption 

behaviour of these soils. Among the soil properties, most closely CC?rrelated with 

Frendlich's constant (K1
) was organic carbon (r= 0.514**), followed by CEC (r= 

0.438**) and free Fe20 3 (r =0.408**). The result was in conformity with Sanyal 

and De Datta (1991 ). However, from the data in Table- 31 it was seen that all the 

sorption parameters were negatively and non-significantly related with clay 

content· of the soil. Non-significant relationship of clay content with adsorption 

maximum was also reported by Manikandan and Sastry (1988). Results revealed 

tha~ organic carbon content, CEC and free Fe203 were significantly related .with 

almost all the sorption parameters indicating their roles in P sorption in these 

soils. However, it is difficult to differentiate the contribution of organic carbon to 

sorption process from that of free Fe203 or CEC because all the components 

were associated with each other. 

The correlation co-efficient (r) between the amount of P-sorbed at the 

highest added P solution concentration (1 00 mg P L-1
) and some important 

physico-chemical properties in soils of terai agro-climatic zone of West Bengal 

were recorded in Table-31. Results revealed that P-sorbed at highest Padded 
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Table ·30. Langmuir adsorption constants and plant parameters {Mean of 
fifteen samples for each solution P concentration) · 

Adsorption Bonding Dry matter P- uptake by 
maxima energy yield of wheat {mg 1 00g"1 

{b){mgkg-1
) {K){Lmg-1

) wheat (g 
1 oo~·1 soil) 

soil) 

··-
818 0.136 

Tea 
Garden (330, 1 057)* (0.518,0.074)** 2.49 10.19 

1272 0.095 
Orchard 

(369,2828) (0.514,0.026) 2.23 6.54 

1160 0.097 
Cultivated 
Land (285, 1463) (0.665,0.061) 2.36 10.56 

1162 0.216 
forest 

(402,1444) (0.960,0.126) 1.86 4.36 

Figures in parentheses are ( b1 and b2)* and (K1 and K2)**, respectively. 

Table 31. Correlation (r) between sorption parameters and physico-chemical 
properties. 

Sorption P1oo Adsorption Bonding Buffering K' 
parameters maxima(b) energy capacity 

(K) _(Kb) 
EC 0.076 -0.031 -0.103 -0.118 -0.028 

(/) Clay -0.272* -0.112 -0.158 -0.191 -0.167 (!) 
:.;::; 

lo... 
(!) 

Org.C 0.451 ** -0.221 0.41 0** 0.440** 0.514** c. 
0 
lo... 

c.. 
CEC - 0.408** -0.200 0.362** 0.386** 0.438** 

C'tl 
() 

E Fe203 0.451 ** -0.051 0.396** 0.418** 0.408** (!) 
..s:::: 
() 

Ex Al3
+ I 0.082 -0.045 -0.046 -0.030 0.124 0 

() 

(/) Ext.AI3+ -0.106 -0.101 -0.178 0.065 -0.113 >. 
..s:::: 
c.. 

AEC -0.014 -0.327** 0.197 0.173 0.222 
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(P100) decreased with increasing clay content (r = -0.272*) of the soils and 

increased with increasing organic carbon content (r= 0.451 **), CEC (r= 0.408**) 

and free Fe20 3 (r =0.451 **). For each unit increase in organic carbon content, 

CEC and free Fe20 3 , the amount of P-sorbed (P10o) increased by 250.0, 25.6, 

62.5 unit respectively while it decreased by 6.13 unit with each unit increase in 

clay content. 

The partial contribution of different soil properties to the variation of 

sorbed P in different land use patterns at the highest solution P concentration 

(1 00 mgPL-1
) was accounted by stepwise multiple regression analysis (Table-

32). Free Fe20 3 and exchangeable Al3
+ together accounted for 67.1 % variation 

in sorbed P, of which. 52.2 percent variation could be explained by Fe20 3 alone 

in tea garden soils. In forest soils, both the exchange capacities (CEC and AEC) 

coll.~ctively explained 53.4 per cent variation in sorbed P, of which 35.4 per cent 

· variation was explained by CEC alone and about 68.5 per cent variation in the 

amount P sorbed at its higher solution concentration in forest soils was explained 

by CEC, AEC and pH jointly. However, none of the soil properties could 

significantly contribute to explain the variability of sorbed P in cultivated land and 

orchard soils. 

4.3.1.5 Standard Phosphorus Requirement 

The quantities of P adsorbed by the soils at 0.2 mgl -1 equilibrium solution 

concentration of P were determined from the plot of P adsorbed versus P in 

equilibrium solution concentration (Fig-5)-and presented in Table-33. Selection of 

0.2 mgPL-1 as the criterion had been made after Beckwith (1965) who found this 

concentration adequate for optimum growth of many crops. Standard 

phosphorus requirement (SPR) values i.e. the amount of P adsorbed at 0.2 

mgPL-1 equilibrium concentration solution, varied from 11 to 108.2 mgkg-1 with 

an average of 74.6 mgkg-1
; 23.4 to 105.1 mgkg-1 with an average of 47.6 mgkg-1

; 

15.1 to 98.0 mgkg 1 with an average of 48.3 mgkg-1
; 35.8 to 123.0 mgkg-1 with a 

mean of 79.9 mgkg-1
, in the soils of tea garden, orchard, cultivated land and 
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forest land use patterns, respectively, while that for overall terai soils were in the 

range of 11 to 108.2 mgkg-1 with the mean value of 62.6 mgkg-1 (Table-33 ). 

Based on the values of standard phosphorus requirement, Juo and Fox 

(1977) classified the P adsorption capacity of soils into 5 groups as follows: 

Standard P requirement 
Scale 

(f-LgP/ g soil) 
<10 Very low 

10- 100 Low 

100-500 Medium 

500-100 High 

> 1000 Very high 

According to the above criterion, the average P adsorption capacities of these 

soils were rated as low. SPR was significantly negatively associated with the P

uptake by wheat (r=- 0.280*). Thus SPR value could be considered as a good 

index of plant available P in these soils. 

4.3.1.6 Supply Parameter (SP) of Phosphorus 

An attempt had been made by Vig eta/, (1978) and Sharma eta/. (1993) 

to predict the availability of applied P to crops through the combined use of 

quantity (q), intensity (c) and phosphate· buffering capacity (Kb) in a 

dimensionless parameter known as supply parameter (SP): (qc)% I (Kb)'Y4. 

The range, mean and coefficient of variation of SP of terai soils of West 

Bengal at seven concentrations (50, 100, 150, 200, 300, 500 and 1000 mgkg-1
) 

of added P were presented in Table-34. The results showed that SP values were 

increased sharply with increase in the concentration of added P. 

Range and corresponding mean and coefficient of variation of the ·Supply 

parameters for soils of different land use patterns were presented in Table-35. In 

tea garden soils, the average of supply parameters (SP) at seven solutions 

concentration of 50, 100, 150, 200, 300, 500 and 1000 mgPkg-1 were 0.916, 
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Table 32 . Stepwise multiple regression between P sorbed (Y) at highest 
solution concentration and soil properties 

Land use Equations R2 6 R2 Equatio 
patterns n No. 
Tea Y= 611.2 + 21 .66 Fe20 3 0.522 - ( 1) 
Garden 

=507.6 + 23 .98 Fe20 3 + 45 .21 Ex. AI 0.671 0.1 49 (2) 

Forest Y=81 4.7 + 3.53 CEC 0.354 - (3) 

=933.7 + 5.99 CEC- 40 .48 AEC 0.534 0. 180 (4) 

=855. 0 + 6.00CEC- 43.42 AEC + 16.94 0.685 0.151 (5) 
pH 

Table 33. Standard phosphorous requirement (SPR) in mgkg- 1 soils of 
different land use patterns 

~ 
Terai Tea Orchard Cultivated Forest 

(overall) Garden land 

Range 11 -1 08.2 11-108.2 23.4- 105.1 115.1- 98.0 35 .8- 123.0 
I 

Mean 62.6 74 .6 47.6 48.3 79.9 

CV(%) 50 .9 72 .1 46.3 43. 0 33 .7 

Table 34. Supply parameters (SP) of soils of Terai region 

,---- -- - - --· 

Level of P added (mgkg-1) 

S.P . 
50 100 150 200 300 500 1000 

Range 
0.21- 0.56- 0.87- 1.20- 1.84- 4 .57- 16.51-
2.70 5.41 8.93 12 33 18.55 30.99 62. 08 

Mean 0.88 2. 09 3.51 5 02 8.06 14.68 32.86 

C~(~~) i 54.7 43.9 48.6 47J 45 .6 39.8 30.9 
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2.29, 3.95, 5.65, 9.14, 16.55 and 36.28 respectively. The results revealed that 

like overall terai soils with increasing the level of Padded, SP increased steadily 

and the coefficient of variation computed for supply parameters at the 

corresponding concentrations narrowed down gradually in all land use patterns. 

In orchard soils, similar trend was observed. The mean SP were 1.02, 2.27, 

3.74, 5.44, 8.85, 15.79 and 33.73 for corresponding concentration of Padded. In 

these soil SP values were somewhat lower than tea garden soils except in the 

lowest concentration of added P. The coefficient of variation computed for said 

parameter showed that the variations were relatively less than that of tea garden 

at the corresponding of P concentrations. In cultivated land soils, the SP values 

were in the range of 0.34 to 2.01 (mean 1.03); 0.95 to 4.99 (mean 2.40); 1.54 to 

8.56 (mean 3.97); 2.13 to 11.58 (mean (5.57); 3.86 to 17.53 (mean (8.71) 8.78 to 

29.75 (mean 16.40) and 25.38 to 59.57 (mean 36.39) at the respective solution 

P concentrations. The mean SP in forest land use soils were 0.54, 1.38, 2.37, 

3.42, 5.52, 9.99 and 25.02 at added seven solutions containing 50, 100, 150, 

200, 300, 500 and 1000 mgPkg-1
, respectively. 

From the above results it might be concluded that the SP values were 

comparable in all the land use patterns barring forest land use whiqh were 

somewhat lesser than the others. The lower SP values coupled with higher 

bonding energy and higher MPBC in forest soils might have explained the lowest 

dry matter yield and P-uptake of wheat, on the other hand, higher SP value 

coupled with lower bonding energy and lower MPBC in cultivated land soils 

yielded higher dry matter of wheat and recorded highest P-uptake (Table-30). At 

lower solution P concentration (upto 100 mgPkg-1 soil) dry matter yield (r= 

0.325**), P-uptake (r= 0.438**) and Olsen-P (r= 0.778**) had significant 

relationship with SP. Thus the results indicated that the supply parameter which· 

combined the effect of the amount of P adsorbed, the equilibrium solution P 

concentration and buffering capacity could be considered as a suitable index for 

predicting crop response to P application or for characterization of P-flux to plant 

at lower solution P concentration (only upto 100 mg Pkg-1 soil) for these soils. 
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Table 35. Supply parameters (SP) of soils in different land use patterns of 
terai region 

Land use patterns Tea garden Orchard Cultivated Forest 
land 

Range 0.21-2.70 0.36-1.74 0.34-2.01 0.31-1.19 

0 Mean 0.916 1.02 1.03 0.54 
IJ") 

CV(%) 71.4 37.3 50.7 52.3 

!--

Range 0.56-5.41 0.87-3.70 0.95-4.99 0.76-2.67 

0 Mean 2.29 2.27 2.40 1.38 
0 
T"' 

CV(%) 64.8 35.4 45.9 42.8 

1---
Range 0.87-8.93 1.93-5.67 1.54-8.56 1.19-4.74 

0 
IJ") 

Mean 3.95 3.74 3.97 2.37 
T"' 

CV(%) 63.7 34.7 46.7 45.5 

1----

Range 1.20-12.33 2.91-8.58 2.13-11.58 1.72-6.62 

"C 0 Mean 5.65 5.44 5.57 3.42 
Q) 0 

"C N 

"C CV(%) 61.6 34.9 44.6 44.1 ca 
---

0 1---

en Range 1.84-18.55 4.56-13.84 3.86-17.53 3.02-10.61 
..... 
' C'l 
..:s:. 0 Mean 9.14 8.85 8.71 5.52 
C'l 0 

E M - CV(%) 57.1 33.3 42.4 41.7 a.. ..... 
0 1---- Range 4.57-80.99 8.50-23.4 8. 78-29.45 5.48-18.08 Q) 

> 
Q) 
_I 

0 Mean 16.55 15.79 16.40 "9.99 
0 
I;() 

CV(%) 49.6 27.7 32.0 38.1 

1----

Range 16.51-62.08 21.75-46.99 25.38-59.57 16.72-36.45 . 

0 Mean 36.28 33.73 36.39 25.02 0 
0 
T"' 

CV(%) 38.5 22.3 25.9 24.9 
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The result was in agreement with Brar et at. (1986) and Damodar Reddy et at. 

(1999). 

4.3.2 Desorption of Phosphorus 

4.3.2.1 First Desorption 

The range, mean and corresponding coefficient of variations of P 

desorbed in first desorption run from soils of different land use patterns at seven 

solution concentrations 5, 10, 15, 20, 30, 50 and 100 mgPL-1 were recorded in 

Table-36. The result showed that the amount of P released in first desorption 

increased with increasing the amount of sorbed phosphorus or the level of 

phosphorus in solution added. The mean values of the desorption of phosphorus 

in the above corresponding solution concentration were.13.5 mgkg-1
, 33.3 mgkg--

1, 46.4 mgkg-1
, 59.0 mgkg-\ 80.2 mgkg-1

, 109.5 mgkg-1 and 142.7 mgkg-1 in tea 

garden soils of terai agro-climatic zone. However, the proportion of desorbed P 

to sorbed P increased upto a certain limit of solution P concentration and 

thereafter decreased steadily. 

In orchard soils, P released in the first desorption showed a similar trend 

as was observed in tea garden soils. The mean values of P-desorption were 

15.4, 39.4, 60.5, 78.5, 111.4, 153.3 and 206.2 mgkg-1 for the solution~ having 5, 

10, 15, 20, 30, 50 and 100 mgPL-1 concentrations respectively and 

corresponding attainable recovery i.e. proportion of desorbed P to sorbed P were 

32.5, 42.1, 43.8, 43.5, 42.1, 35.5,and 24.5 per cent, indicated that the amount of 

P desorption increased with increasing P-solution concentrations but recovery 

was maximum at a certain ·solution P concentration. 

In cultivated land soils, the average values of P released in first 

desorption were 16.1, 45.7, 76.3,101.4, 138.9, 185.2 and 225.7 mgkg-1 at seven 

solution P concentrations and attainable recovery for the . corresponding 

concentrations were 34.0, 49.2, 56.0, 56.5, 52.1, 43.4, 27.8 percent. Forest soils 

also showed similar results. 

The coefficients of variation of P desorption at different solution P 

concentration decreased steadily with increasing the level of added P in the 
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Table 36. Amounts of P released in first desorption run from soils under different land use patterns of terai region 

Desorption of sorbed P (mgkg-1
) at different concentrations (mgPL-1

) 

Mean atta=l i 

I · Land use 
5 10 I 15 20 30 50 100 Mean able recovery 

patterns {%) 
Range 5-37.3 13.1-71.6 24.2- 34.3- 46.4- 63.5- 88.7-230.8 

t: 102.8 114.9 146.2 184.5 
ra (l) 

Mean 13.5 33.3 46.4 59.0 80.2 109.5 142.7 69.2 29.4 (l)"'O 
1- ~ (28.3)* (35.8) _(34.2) _(_33.3) (30.81 {26.0) (17. 7) (!) 

%CV 66.8 50.8 48.0 44.6 35.6 29.7 25.6 

Range 7.1-23.2 17.1-64.5 24.2-87.7 35.3- 65.5- 93.8- 135.0-
"'0 111.9 158.3 219.8 312.5 "-
ra Mean 15.4 39.4 60.5 78.5 111.4 I 153.3 206.2 95.0 37.7 ..t: I 

I (.) 
(32.5) '(42.1) (43.8) (43.5) (42.1) I (35.5) (24.5) "- ! 

0 %CV 43.9 37.9 30.7 28.0 24.5 
I 

26.0 20.5 

!-o Range 6.0-28.3 28.2-91.0 39.3- 44.4- 69.6- I 78.6- 136.1-
I (l) 101.0 142.1 187.5 254.0 324.6 --o 
~ t: Mean 16.1 45.7 76.3 101.4 138.9 185.2 225.7 112.8 45.6 
·- ra (34.0) (49.2) J56.0) (56.5) (52.11 (43.4) (27.8) ;t:!_J 
:::s 

(_) %CV 35.1 34.8 26.5 26.0 25.5 24.9 27.3 

Range 6.0-19.2 23.2-60.5 39.3- '69.6- 96.8- 138.1- 122.0-- 102.8 117.9 171.4 263.1 328.6 
(/) 

39.5 66.9 90.3 125.9 180.4 231.3 38.5 (l) Mean 12.0 106.6 "-
0 (24.5) (40.8) ' (46.7) ' (47. 7) (44.7) (38.9) (26.3) u. 

%CV 37.7 32.2 '28.9 25.1 19.8 22.2 19.1 
·- - --

* Figures in the parentheses indicate attainable recovery(%) 
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soils of all land use patterns. It thus .indicated that though at lower P 

concentration there were some variations in the desorption pattern but at higher 

concentration the pattern was more or less similar for the soils Linder each land 

use. The above findings led us to conclude that the highest percent of desorption 

from sorbed P in different land use patterns was observed in between 10 and 20 

mgl-1 solution P concentrations. It was also found that the average maximum 

desorption of phosphorus in the first desorption run was observed in cultivated 

land (112.8 mgkg-1
) and minimum in tea garden (69.2 mgkg-1

) soils. Mean 

attainable recovery of P in different land use patterns also followed the same 

trend as was recorded for mean P released in the first desorption run and the 

order was : cultivated land > forest > orchard > tea garden. 

4.3.2.2 Second Desorption 

The amount (range, mean and coefficient of variation) of phosphorus 

released in the second desrption run from soils under different land use patterns 

in terai agro-climatic region of West Bengal were presented in Table-37. 

In tea garden soils the average phosphorus released during second 

desrption were 6.1, 13.7, 21.7, 28.0, 38.2, 57.8 and 92.7 mgkg-1 at seven 

solution P concentration in ascending order, indicated that like first desorption 

run the amount of P released increased progressively with increasing the_ level of 

solution P added. The corresponding attainable recovery percentages being 

12.8,14.6, 16.1 15.8, 14.7, 13.7 and 11.5 indicated that recovery percent 

increased up to 15 mgPL-1 solution P concentration and then tended to 

decrease. The coefficient of variation of P released decreased steadily with 

increasing solution P concentration. 

In soils of other land use patterns, though the magnitude of P desorbed as 

well as desorption of P in relation to sorbed P at different solution P 

concentrations (recovery percentage) during second desorption were different, 

but the nature of desorption remained same. It was also observed that the mean 

values of total P released percent followed exactly the same trend among 

different land use patterns as was recorded during first desorption run and the 

sequence was- cultivated land >forest> orchard >tea garden. 
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Table 37. Amount of P released in second desorption run from soils under different land use patterns of terai region 

Land use Desorption of sorbed P (mgkg -1 } at different concentratins (mgPL-1
) 

patterns 
I 

Mean attain-
5 10 l 15 20 30 50 100 Mean able recovery 

(%) 
Range 2.0-14.6 8.6-29.2 15.1-48.4 20.2-51.9 29.2-59.5 38.3-86.6 58.5-113.4 

t: 
ra Q) Mean 6.1 13.7 21.7 28.0 38.2 57.8 92.7 36.9 14.2 Q)"O 

~--~ (12.8)* (14.6) (16.1) _(_15.8} (14.7) (13. 7) _(11.5) 
(.!) cv (%) 64.0 49.3 44.6 37.5 32.6 29.5 23.6 

Range 2.5-15.1 9.6-31.8 19.2-42.3 26.7-60.0 40.8-97.3 55.4- 60.5-215.2 
"0 117.9 
~ 

ra Mean 7.9 18.4 29.7 39.1 55.8 85.5 137.9 53.4 20.2 ...c: 
(.) (16.7) (19.7) (26.3) (21.6) (21.0) (19.7) (16.3) ~ 

0 --

cv (%) 41.8 36.6 30.4 22.1 29.5 28.0 27.3 

Range 2.5-12.5 6.6-28.2 12.1-40.8 24.2-51.9 40.8-78.6 66.0- 101.3-
"0 

149.2 210.1 Q) 
-"0 

20.3 37.8 62.5 101.9 ra t: Mean 7.2 27.2 155.6 58,9 21.7 .::: ra 
(15.3) (22.0) (20.0) (21.0) (23.5) (23.8) (26.2) .:::::_,~ 

::I 
(...) cv (%) 35.0 30.9 27.2 24.8 21.1 24.8 21.5 

Range 2.0-10.6 10.6-34.3 17.6-42.8 27.2-54.9 43.3-86.7 75.1- 106.9-
' 160.8 203.6 -IJ) 

Mean 6.0 16.8 27.5 38.0 58.3 101.1 161.7 58.5 18.6 Q) 
~ 

(12.3) (17.4) (19.2) ' (20.11 (20.7) ' (21.8) (08:5) 0 
u. 

%CV 36.0 34.7 26.5 : 20.9 23.0' 22.4 15.4 
- -- ------

* Figures in the parenthesis indicates attainable recovery(%). 
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4.3.2.3 Cumulative Release of Phosphorus 

Total amount of P released (range, mean and CV) during first and second 

desorption collectively (CRP) at various levels of P in solution in terai soils was 

depicted in Table-38. Results revealed that the mean values of total P desorbed 

and corresponding proportion of P desorbed to sorbed P were 21.1 and 44.1; 

56.8 and 60.4; 89.1 and65.6; 118.0 and 64.9; 167.8 and 62.4; 243.7 and 55.7; 

and 338.5 mgkg-1 and 42.2 per cent at seven solution concentrations of 5, 10, 

15, 20, 30, 50 and 100 mgPL-1 respectively. It was thus observed that the 

amount of P desorption increased with increasing the concentration of solution 

P. Dhillon eta/. (1986) and Sharma eta/. (1993) also reported that the rate of P 

release increased with increase in P status of soil. However, the attainable 

recovery increased upto 15 mgPL-1 and then decreased progressively. The 

coefficient of variation of total P released at different solution concentrations 

were decreased steadily ranging from 42.4 to 22.2%. However, the mean 

attainable recovery was around fifty percent (average being 56.5%) varying from 

42.2 to 65.6 per cent. 

Range, mean and coefficient of variation on the amount of cumulative 

release of P (CRP) by two successive desorption runs at ·seven sol~:~tions P 
.. 

concentration ranging from 5 to 100 mgPL-1 for soils of four land use patterns in 

terai agro-dimatic zone of West Bengal were recorded (Table-39). R~sults 

revealed that in all land use patterns the amount. of P desorbed increased 

progressively with increasing solution P concentration, but the proportion of 

desorbed P to sorbed P increased upto a certain limit (1 0 nigPL-1 for tea garden, 

15 mgPL-1 for orchard and 20 mgPL-1 for cultivated land and forest soils) of 

solution. P concentration and thereafter decreased steadily. Thus, the highest ,.,. 

percentage of p release during desorption of sorbed p in different land use 

patterns· was observed in between 10 to 20 mgl-1 solution P concentration. 

However, desorption of sorbed P was maximum (171.7 mgkg-1
) in cultivated land 

use and was minimum (1 06.1 mgkg-1
) in tea garden soils. The mean attainable 

recovery was also worked out for each land use as the percentage of total 
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Table 38. Cumulative release of P {CRP) from soils of terai zone of West 
Bengal 

Added solution Desorption of sorbed P {mgkg"1
) 

conc.entration 
{mgPL-1

) 
Range Mean CV(%) 

5 8.0-47.8 21.1 ( 44.1 )* 42.4 

10 21.7- 92.3 56.8 (60.4) 35.9 

15 39.3 137.6 89.1 (65.6) 32.8 

20 50.4- 183.9 118.0 (64.9) 28.3 

30 68.1-253.0 167.8 (62.4) 25.6 

.-

50 99.-8-423.9 243.7 (55.7) 24.9 .. 

100 157.8- 523.2 338.5 (42.2) 22.2 
' 

Mean 147.8 (56.5) 

* Figure in the parenthesis indicates percent desorption to sorbed 
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Table 39. Cumulative release of P (CRP) from soils under different land use patterns of terai zone 

Land use I 

Desorption of sorbed P (mgkg "1) at different concentrations (mgPL-1
} 

! 

patterns I 

i 

I I I Mean I 

I attainable I 

5 I 10 15 20 30 50 100 Mean 
I recovery 

(%) 

Range 8.5-47.8 21.7-92.3 39.3-120.0 50.4-149.7 68.1~192.6 99.8-255.6 157.8-322.1 
) 

r:::: 
Q) 

"C 
87.0 167.3 106.1 43.6-~ Mean 19.6 47.0 68.2 118.4 235.4 co 

(!) (41.1)* (50.4) (50.3) 
co 

(49.1) (45.5) (39.7) (29.2) 
Q) 

f-

cv (%) 62.1 47.5 42.8 38.8 30.5 26.0 21.2 

Range 9.6-44.3 35.3-84.2 51.4-130.0 70.1-164.8 109.4-243.5 173.4-375.5 49.9-469.8 

"C Mean 23.3 57.8 90.2 117.6 167.2 238.8- 344.1 148.4 57.9 ~ 

co 
(49.2) (61.8) (70.1) (65.1) (63.1) (55.2) (40.8) ..r:::: 

(.) 
~ 

0 
cv (%) 42.2 31.6 26.7 

' 
23.2 23.9 25.0 19.6 

- -
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Land use .. I 
Desorption of sorbed P (mgkg -1) at different concentrations (mgPL-1

) 
I 

patterns I 

I 
I 1 Mean 

attainable 5 10 15 20 30 I 50 100 Mean 

I I i 
recovery 

(%) 
! ! 

Range 15.6-35.4 39.3-88.2 58.5-130.8 71.1-166.8 108.9-249.0 144.1-382.0 252.0-523.2 1 

"0 I 1:: 
C1l 

_J 

"0 Mean 23.3 66.0 103.5 139.2 201.4 287.1 381.3 171.7 67.3 Q) - (49.3) (71.2) (76.0) (77.5) (75.6) (67.2) (54.0) C1l 
> 
E 
::J cv (%) 24.1 23.4 23.3 22.4 20.6 22.6 22.6 (.) 

I 
Range 8.0-26.8 35.8-81.2 75.1-137.6 103.8-183.9 148.7-253.0 225.3-423.9 315.0-516.1 

- Mean 18.0 56.3 94.4 128.3 184.2 281.5 393.0 165 57.1 Vl 
Q) (36.8) (58.2) (65.9) (67.8) (65.4) (60.7) (44.8) """ 0 u. 

cv (%) 32.0 28.2 25.9 ; 21.7 18.7 20.2 14.3 

- - -L.... -· L___--

Figure in the parenthesis indicates percent desorption relative to sorbed P. 
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amount of P extracted to total amount of P sorbed at different concentrations of 

solution P. The range in per cent P desorbed relative to the sorbed P and mean 

attainable recovery in four land uses followed the order: cultivated land 49.3 to 

77.5 (mean 67.3%) >orchard 39.2 to 70.1 (mean 57.9%) >forest 36.8 to 67.8 

(mean 57.1 %) > tea garden 29.2 to 50.4 (mean (43.6%).Adsorption data during 

desorption run for the soils of four land use patterns were also fitted to Langmuir, 

Freundlich and Tempkin equations. The phosphate retained was calculated by 

subtracting the amount of phosphate extracted from the amount of phosphate 

adsorbed during sorption run. The desorption isotherm patterns (Figs. 11 to13) 

were more or less similar with the sorption isotherms for the soils of all land uses. 

· The results of this study indicated that P desorption to be a function of the same 

soil properties, which were also associated with sorption process. This observation 

was in close agreement with the results of Mendoza and Barrow (1987) and Douli 

and Dasgupta (1998). 

Table-40 presented the amount of P desorbed at 100 mgPkg-1 added 

solution P concentration in terai and its four land use soils in two successive 

desorption runs by 0.5 M NaHC03 (pH 8.5). The amount of P released during first 

and second desorption were 29.0 and 15.8; 21.0 and 11.2; 28.3 and 16.3; 34.4 

and 17.8; and 32.4 and 17.8 per cent for overall terai soils, and soils of tea garden, 

orchard, cultivated land and forest land use, respectively. Results revealed that the 

highest amount of desorption of added P was recorded in cultivated land (52.2%), 

while tea garden recorded the least (32.2%). From the data it was quite evident 

that the first desorption released higher amount of P than the second desorption. 

Similar observation was also reported by Singh et a/. (1996) in some Alfisols of 

varying agro-climatic region of India. However, a substantial quantity of P was 

desorbed in the second desorption also (11.2 to 17.8%). Though it was lesser in 

quantity compared to that of the first desorption run, a reasonable amount of P 

might be available to plants even after exhaustion of Olsen-P. This probably 

explained the lack of response to applied P in some soils testing as low for Olsen-

P. 
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Fig: 11 (a). Langmuir Phosphorus desorption isotherms of different land uses 
in terai region of West Bengal 
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Fig: 11 (b). Langmuir Phosphorus desorption isotherms of different land uses 
in terai region of West Bengal 
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Fig: 12. Freundlich Phosphorus desorption isotherms of different land uses in 
terai region of West Bengal 
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Fig : 13. Tempkin Phosphorus desorption isotherms of different land uses in 
terai region of West Bengal 
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4.3.2.4 Hysteresis Effect of Phosphorus in Sorption-Desorption Process 

During desorption, the amount of phosphate sorbed at a given equilibrium 

concentration in solution was always lower than that during sorption. The present 

observation contradicted to the findings of number of scientists (Okajima et a/., 

1983; Sanyal et a/., 1993; Saha et a/., 1999) who reported higher amount of P 

sorbed at a given equilibrium solution P concentration during desorption than that 

during sorption. This contradiction might be attributed to the use of different 

extractant (NaHC03) during desorption and also two successive desorption runs 

which extracted higher amount of sorbed P than single run. However, such 

hysteresis effect revealed a lower estimation of the replenishing ability of soils to 

supply P to the soil solution, when sorption isotherm was used for this purpose. In 

other words, during desorption run at any level of sorbed P, the equilibrium 

solution P concentration was always higher than during sorption process (Fig.14 

to17). This was evident from the corresponding lower values of Freundlich K 

obtained during desorption run than their values for adsorption (Table-29). 

Hysteresis effect was maximum in the soils of forest land use, while the said 

effects were comparable for other land use patterns. These lower values of 

Freundlich K obtained during phosphate desorption also imply the corresponding 

extents of hysteresis effect involved in the given phosphate sorption prqcesses. 

However, this observation was corroborated well by Saha et a/.(1999)who reported 

a strong association of phosphate sorption characteristics of soils with the extent 

of hysteresis. 
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Fig: 14 Hysteresis effect of phosphorus in tea garden soils under terai region 
of West Bengal 
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Fig: 15 Hysteresis effect of phosphorus in orchard soils under terai region of 
West Bengal 
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Fig: 16 Hysteresis effect of phosphorus in cultivated land soils under terai 
region of West Bengal 
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Fig : 17 Hysteresis effect of phosphorus in forest soils under terai region of 
West Bengal 
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Table 40. Phosphorus desorbed by 0.5 M NaHC03 (pH 8.5) during two 
successive desorptions at 100 mgPkg-1 added 

Land use Padded P desorbed (mgkg-1
) Cumulative 

patterns (mgkg-1
) desorption 

1st 2nd (% recovery) 
desorption desorption 

Terai Soil 100 29.0 15.8 44.8 

Tea Garden 100 21.0 11.2 32.2 

Orchard 100 28.3 16.3 44.6 

Cultivated ·-

Land 
100 34.4 17.8 52.2 

Forest 100 32.4 17.8 50.2 
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5. SUMMARY AND CONCLUSION 

An investigation was undertaken with the soils of terai region of West 

Bengal, India and its various land use patterns to i) study the nature and 

distribution of forms of soil P as well as to identify the active forms of inorganic P 

which contribute significantly towards the plant available P, ii) screen out the most 

effective one among the various prevalent soil test methods for available P, iii) 

study the P adsorption-desorption behaviour of soils. 

Soils of tea garden and orchard were strongly to moderately acidic while 

soils of cultivated land and forest were strongly acidic to neutral in reaction. 

Average organic carbon content of these soils was high which probably strongly 

influenced the cation exchange capacity. Soils of tea garden and orchard were 

loamy sand to loam while soils of cultivated land and forest were sandy loam to 

loam in texture. The soils under tea garden exhibited maximum total potential 

acidity, pH dependent acidity, hydrolytic acidity, extractable Al3+ and non

exchangeable Al+3 followed by orchard, forest and cultivated land whereas 

exchange acidity and total acidity followed the order: orchard > tea garden >forest 

> cultivated land soils. The electrostatically bound H+ constituted 17.2 to 20.5% of 

exchange acidity while pH dependent acidity contributed 86.4 to 93-4%· of total 

potential acidity. Exchangeable Al3+ alone could explain about 99% variability in 

exchange acidity of the soils of terai region. Exchangeable Al3+ and cation 

exchange capacity collectively could explain 91% and 76% variation in total acidity 

and total potential acidity, respectively, while 76% variability in pH dependent 

acidity could be explained by cation exchange capacity and extractable Al3+. 

1. Soils of tea garden contained the highest amount of total P and the 

magnitudes in different land use patterns were in the following order: tea garden > 

forest > cultivated land > orchard while the sequence with respect to organic P 

content was: tea garden > forest > orchard > cultivated land. Inorganic P (53%) 

and organic P (47%) in these soils were more or less in equal proportion to total P. 

Dominance of Ca-P (35.3%) over other inorganic P forms indicated that these soils 

were of the recently developed with the alluvium of north eastern rivers. Different 
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inorganic P forms did not follow a regular sequence in soils of various land use 

patterns. In orchard and tea garden soils reductant soluble P (RS-P) was found to 

be the most dominant. However, Al-P and Fe-P always held the second highest 

position in the sequence. Al-P (r= -0.501 **) and RS-P (r= -0.573**) had a 

significant negative relationship while Ca-P (r= 0.620**) had a positive relation with 

pH of soil. Ca-P (r= -0.412**) and RS-P (r= -0.342**) content in these soils 

decreased with increase in organic carbon content probably through complexation 

of Ca and Fe by organic anions produced during mineralisation of organic 

residues. 

Stepwise regression analysis between P availability indices and soil P forms 

indicated· that organic P alone could· explain 64.5 per cent variability in total P, 

while Fe-P accounted for 61.1% variation in Bray-1-P and Fe-P, Al-P and Ca-P. 

jointly contributed 90.6% variation in Olsen-P. Thus, the regression equations 

showed that Fe-P was the most active inorganic forms of P, which controlled the 

amount of P, extracted by Bray-1 and Olsen methods. Though, the above 

observation apparently indicated that Olsen-P could be a better index for 

assessing available P status of these soils, but Bray-1 (r= 0.879**) had a higher 

correlation with P uptake by wheat than Olsen-P (r= 0.739**). 

Barring few exceptions, dry matter yield and P uptake by wheat had a 
.. 

significant relation with Al-P and Fe-P in all land use patterns indicated that those 

were aCtive inorganic forms, which controlled the P nutrition of crops in these soils. 

The significant increase of dry matter yield (r= 0.603**) and P uptake (r= 0.700**) 

by wheat in forest soils with increase in RS-P indicated that this form also acted as 

a potential source of available P. 

Stepwise multiple regression analysis showed .that 86% of the variation in P 

uptake by wheat under forest land use was explained by Al-P and RS-P while 

57.8% variation in the said parameter was explained by Al-P and Occi-P jointly in 
' . 

tea garden soils. However, Al-P and Fe-P single could explain 84.2% and 38.2%· 

variation in P uptake in cultivated land and orchard soils, respectively. Thus, the 

result revealed that with an exception of orchard soils, Al-P was the major source 

of plant available Pas it alone could explain 81.7%, 36.2% and 84.2% variation in 
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P-uptake of forest, tea garden and cultivated land soils respectively, while in 

orchard soils Fe-P controlled the P nutrition to wheat. In conclusion, it might be 

.inferred that to assess available P status of soils, the contribution of different 

inorganic P fractions towards available phosphorus in different land use patterns 

should be taken into consideration. 

2. With a view to identify the most suitable P extractant for soils of terai 

agroclimatic zone and its various land uses five extractants namely, Bray-1, Bray-

2, Olsen, Mehlich-1 and AB-DTPA were tested. 

From the performance of these extractants it was recorded that the highest 

amount of P in terai soils as well as its land uses were extracted by Bray-2 
. . 

method. However, the amount of P extracted by different extractants did not follow 

any definite order in the land uses. The differential behaviour of various extractants 

was attributed to the relative contribution of different inorganic P fractions to total 

inorganic P in the soil as well as the efficiency of different extractants in extracting 

these fractions. A significant positive correlation existed between clay content and 

available P extracted by various methods. Bray-2 and Mehlich-1 soil tests had 

significant negative correlation with organic carbon content (r=- 0.353 •• and 

-0.343") and cation exchange capacity (r= -0.513** and r= -0.286*). 

Olsen's extractable P and Bray-1 P showed significant positive .correlation 

with Fe-P (r= 0.947** and r= 0.513**) and Al-P (r= 0.784** and 0.564**) fractions. 

AB-DTPA-P had significant positive relationship with Fe-P (r= 0.664**), Al-P (r= 

0.435**), Ca-P (r= 0.385**) and Occl (r= 0.318*). Mehlich-1-P also being a strong 

reagent correlated significantly with Fe-P (r= 0.623**), Al-P (r= 0.453**), Occi-P (r= 

0.385*) and Ca-P (r= 0.259*) while Bray-2-P showed significant correlation only 

with Fe-P (r= 0.761 **) and Ca-P (r= 0.548**). Fe-P contributed the maximum 

amount of available P followed by Al-P, while Ca-P contributed the least. Thus, it 

could be inferred that Fe-P and Al-P were the major inorganic P fractions 

contributed towards available P in these soils. 

In tea garden and forest soils Bray~2 extractant was found to be the most 

efficient while Bray-1 was found to be the most suitable for orchard and cultivated 
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land soil in assessing available P of soils as evidenced by the highest correlation 

co-efficient with P uptake data. 

A significant correlation was observed between Bray-1-P (r= 0.879**), Bray-

2-P (r= 0.760**), Olsen-P (r= 0.739**), AI -P (r=0.515 •• ) and Fe-P (r=0.482 •• ) with 

dry matter yield of wheat grown in· Neubauer technique~ Bray-1-P and reductant 

soluble P (RS-P) and occluded (Occi-P) jointly contributed 82% variation in P

uptake, while Bray-2 P alongwith Ca-P x clay and Ca-P collectively explained 74% 

variation in P-uptake. Thus, it might be concluded that soil P fractions in the form 

of Fe-P and Al-P contributed more towards P nutrition of wheat crop in these soils. 

Accordingly, an extractant dissolving these fractions from these soils would be 

considered to be the best in determining available P. Bray-1 extractable P seemed 

to be the most suitable method as it extracted P from both Fe-P and Al-P fractions 

and inclusion of RS-P and Occi-P alongwith Bray-1-P jointly could explain about 

82% variability in P-uptake of wheat in these soils. 

3. In the study of the phosphate adsorption-desorption behaviour it was 

observed that the amount of P adsorbed by the soils of terai agroclimatic zone and 

its different .land use patterns increased steadily with increase in the level of p in 

solution· whereas the proportion of the added P sorbed followed a decreasing 

trend. The amount of P adsorbed at 0.2 mgPL-1 equilibrium solution P 

concentration i.e. standard P requirement (SPR), an index of adsorption capacity 

of soil, was significantly and positively correlated with organic carbon (r= 0.520**), 

CEC (r= 0.414 **), Free Fe20 3 (r= 0.385**) and AEC (r= 0.255*) indicated that 

organic matter and free Fe20 3 provided the major sites for P adsorption. Free 

Fe20 3 and exchangeable Al3+ together accounted 67.1% variation in sorbed P in 

tea garden soils and CEC, AEC and pH collectively explained about 68.5% 

variation in sorbed P in forest soils at the highest solution P concentration (1 00 

mgPL-1
). Freundlich equation explained the adsorption pattern better for the soils 

of orchard, cultivated land and forest, while modified Freundlich for the soils of tea 

garden. However, a good fit of all the equations for all land use patterns indicated 

a similarity in their adsorption behaviour despite their variation in physico-chemical 

properties. 
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The adsorption data fitted in the Langmuir adsorption isotherm could be 

resolved into two straight lines, suggesting existence of two types of adsorption 

reactions in operation. Upto 2 mgPL-1 equilibrium solution P concentration (3 

mgPL 1 for tea garden) reaction followed the monolayer adsorption and beyond this 

concentration reactions were of precipitation type. SPR was the least in cultivated 

land soil (40.2 mgkg 1) indicating a chance of substantial cut in P fertilizer 

requirement for optimum crop yield in cultivated soils over the others. A significant 

negative relationship (r= -0.280*) between SPR and P uptake by wheat suggesting 

the acceptability of the former to explain the plant availability of P in these soils. 

Correlation analysis between various sorption parameters and soil 

· properties indicated that P adsorption behaviour in the soils under four different 

·land use patterns was governed by organic matter, free ferric oxide contents and 

cation exchange capacity. Highest bonding energy in forest soils led to least dry 

matter production and P uptake by wheat while lower bonding in cultivated land 

soils resulted the highest P uptake. At any given level .of added P the supply 

parameter (SP) values in tea garden, cultivated land and orchard soils were at 

close proximity to each other whereas the said parameter was somewhat lesser in 

forest soil. SP could explain the availability characteristics of these land use soils 

at lower solution P concentration (- 10 mgPL-1
) it had significant relation with dry 

matter yield (r= 0.325*) and P uptake (r= 0.438**) by wheat. 

The constant relating to the bonding energy was higher in forest and tea 

garden soils indicated that phosphorus was held more tenaciously possibly by 

higher amount of organic matter through polyvalent cations like Fe3
+ and Al3+. 

Cultivated land soils with higher buffering capacity attributed to higher amount of 

organic matter would lead to less amount of P concentration in soil solution for 

-exploitation by plant roots. The maximum buffering capcity (Kb) was more closely 

associated with organic carbon (r= 0.440**) and Fe203 (r= 0.418**) than CEC (r= 

0.386**) suggesting the significant role of organic matter and free Fe203 in P 

sorption behaviour of these soils. The Freundlich constant, K1
, was also 

significantly related with organic carbon (r= 0.514**), CEC (r= 0.438**) and Fe203 

(r= 0.408**). In conclusion, it might be inferred that soils under forest having higher 
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bonding energy resulting higher P adsorption and P buffering capacity than the 

other land use patterns might need higher levels of P application for better crop 

growth. Highest P uptake in cultivated land soils was justified by lower bonding 

energy, buffering capacity and SPR values. 

The highest amount of desorption of added P was recorded in cultivated 

land (52.2%), while tea garden recorded the least (32.2%). A substantial amount of 

extraction of sorbed P (11.2 to 17.8%) during second desorption run indicated that 

a good amount of P might be· available to plant even after exhaustion of Olsen-P. 

During desorption runs first desorption released the major portion (around 65%) of 

cumulative release of P (CRP). Degree of P saturation was fundamentally 

important to. govern the intensity and rate of P removal by plants. Desorption of 

sorbed P was maximum in cultivated land (mean 171.7 mgkg-1
) and was minimum 

(mean 105.7 mgkg-1
) in tea garden" soils. The maximum attainable recovery 

followed the sequence: cultivated land (mean 67.3%) > orchard (57.7%) > forest 

(57.1 %) >tea garden (42.8%). 

At any level of equilibrium solution P concentration the amount of P sorbed 

during sorption was always higher than that during desorption run. The extent of 

hysteresis was dependent on the sorption parameters like bonding energy, 

buffering capacity etc. 
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Phosphorus Availability Indices In Various land Use Soils 
~( under Tarai Zone of West Bengal 
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Abstract: Five extractants were tried Viz., Bray- I, Bray-2, Olsen, Mehlich-1 and AB DTPA 

to assess the available P status of four land use patterns namely, tea garden, Orchard, 

cultivated land and forest soils of tarai region of West Bengal. Biological availability of P 

was estimated by growing wheat in Neubauer seedling technique. In all land use soils, the 

highlest amount of soil P was extracted by Bray-2 extractant. The extracting power of 

different extractants was not in the same order for all land use soils. The extracted amount of 

P by various extractants was correlated with inorganic P fi·actions. Except Bray-2, all the soil 

tests had highly significant positive correlation with Fe-P and Al-P. Bray-1-P explained the 

highest variation in P uptake by wheat in orchard (86%) and cultivated land soils (87%) while 

Bray-2-P explained the maximum variation in P uptake for tea garden (75%) and forest 

(83%) soils. Bray n;agents were the most efficient extractants for these land use soils under 

acidic tarcli agroclimatic region of West BengaJ.'(Key word~·: Soil P tests, ·tand use, in,organic 

P forms, P uptake by wheat). 

Evaluation of P fertility status of soil is necessary to make a sound P fertilizer 

recommendation l'or optimising crop yjeld. To determine the available P status, Olsen- and 

Bray-1 method are in use for extracting P from neutral to calcareous and acidic soil, 

respectively in most of the soil testing laboratories. However, different scientists have also 

employed several other soil tests for this purpose. The rate and quantity of P that can be 

solubilized by a particular extractant depend on the nature of soil, inorganic P fractions 

present in the soil and the chemical nature of the extractant used. Land use pattern also has a 

~ sound influence on the chemical nature of soils which in turn governs the dominance of 

1· Department of Chemistry, A.B.N.Seal College, Cooch Behar. 
2· Department of Chemistry, North Bengal University, Da1jeeling, West Bengal. 
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different P ti·action in soil. Hence, an attempt was made to assess the superiority of the soil 

.tests for available Pas a function of its relationship with inorganic P fraction in soil and with 

P uptake by wheat under different land use in tarai agroclimatic region of West Bengal. 

Material and Methods 

Sixty surl~tcc soil samples (0-0.15m) fifteen from each land use pattern viz. Cultivated 

land, forest. orchard and tea garden were collected for this study. Soils after processing · 

{. ( <2mm) were analysed for important physical and chemical properties (Table 1 ). 

(Table- I) 

Soils were extracted by five different extractants; the details of those were presented 

in table 2. Varimis inorganic P ·fractions were estimated by the method as outlined by 

Peterson and Corey ( 1966). 

(Tablc-2) 

A greenhouse study was conducted using Neubauer seedling method with wheat as a 

test crop. llundred seedlings were raised for 17 days period in a Neubauer (O.llmx0.07m) 

containing 1 OOg soil and 50g nutrient free quartz. Dry matter yield and P uptake· by wheat 

were recorded from entire plant (root+ top). 

5( Results and Discussion 

Availahle P Stu/us 

RangL' and mean of available P extracted by dillerent extractants are presented in 

table 3. l·lighcst amount of native soil P was extracted by L3ray-2 in all land uses. The higher 

solubility in Bray-2 may be due to its relatively higher strength of acid, complexing of Al3
+ 

' and Fe3
+ with r· ion and consequent release of P adsorbed by these ions (Ballard 1974). 

Olsen, Mchlich-1 ami AB-DTPA methods extracted a substantial amount of soil P. Except ·in 
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tea garden soils, the lowest average amounts of available P were extracted by Bray-1 method. 

The differences in the extracted amount were due to selectivity in solubilizing specific 

fractions of soil P. The P extracting power of ditJerent extractants used was not in a similar 

order under all land uses indicating the relative contribution of different inorganic P fractions 

to total inorganic P (Table I) as well as the efficiency of different extractants in extracting 

these fractions. Barring few exceptions, irrespective of extractant used, highest amount of P 

was extracted in cultivated soil followed by orchard. tea garden and forest soils. The trend 

was in conformity with the total amount of inorganic P present in these soils. 

(Table-3) 

Indices (~f P Availability and Soil Properties I Soil P 

The different soil tests were interrelated among themselves as evident from highly 

significant positive correlations among the amount P extracted by different extractants (Table 

4). Ols~n-P recorded the highest correlation with all the extractants, while Bray-1-P recorded 

\J . the least. High significant correlations among the different soil tests indicated the dissolution 

from mot·e or less same fractions of soil P. 

(Table-4) 

The available P extracted with various extractants correlated with soil properties such 

as organic carbon, day, pH and cation exchangeable capacity (Table 5). Bray-2-P (r=0.321 \ 

Mehlich-1-P (r=0.268\ AB-DTPA-P (r=0.237) and Olsen-P (r=O.l92) had significant 

positive correlation with the clay content. The soils in this study were, in general, loam in 

texture in which availability of plant nutrients including P also remained higher, therefore, a 

significant positive correlation existed between clay content and available Ps. The 

observations were supported by the findings or Misra ( 1994) and Pandey et a/.(2000). The 

data showed that all the soil tests had negative correlation with organic carbon content and 

.·~ 
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cation exchan ge capacity. However. on ly Bray-2 (r=-0.3 53 * & -0 .5 13 . .. ) and Mehlich-1 (r= -

0.343 .. & -0. 2l'\CJ ) h ~1d signilicant relationship \\ ith these <~hove two characters. 

(Table-S) 

Olsen 's extractab le P showed significant positive correlation (r=0.947 .. & 0.513 •• ) 

with Fe - P and AI - P fractions. respectively (Tab le 5 ). The basic nature of Olsen 's extractant 

(0 .5 M N;:li-ICC );. pH 8. 5) wo uld favour the extraction of avai lab le P present in the form of Fe 

- P and AI - P by their hydrolysis in alkaline so luti on or adsorbed on clay surface (Lindsay & 

Moreno 1960). Bray - 1 - P also had signifi cant positi ve relati onship with Fe - P (r=0.784**) 

and AI - P (r=O ) (J .:( \ Dongale and Kaclrekar ( 1992) also reported strong association of Bray 

1 ·-P wi th 1·c . ]> <111d /\ I - P. Bray 2- P sho wed sig nil ican t positi ve relationshi p with Fe- P 

(r=0.761 **)and Ca- P (r=0.548 *\ Release of P !'rom Ca - P fraction by Bray 2 reagent was 

due to hi gher strength of acid favouring its dissoluti on . Mehlich- and AB-DTPA-P 

significantl y correlated with all three inorganic P l'ractions ind icating the contribution of 

different rract io ns or P to these avail abi lity indices. Howeve r. in all cases Fe - P contributed 

the max imum amount of avai lable P followed by AI - P and Ca - P contributed the least 

(except \·Vith 11r<J Y 2 ). Thus. it cou ld be inferred that Fe - P and AI - P were ·the major 

inorgani c P i'r<tctinns co ntributed towards plant m ailable P. 

Soil Test Me1/wd1 und P Uptoke 

The results (Table 6) re vealed that all the su i! tests had significant relationship with 

dry mate r yield and P uptake of wheat under all land usc pattern s. The Maximum variation in 

P uptake h\ \ \ I K'~tl \\<I S exp lained by Bray 1 - Pin nrc h ~ml ( 86°/cl) and cultivated soi ls (87%) . 

Bray 2 - P e:-.:p laincd maximu m va ri ation in tea garden (75lYo) and forest soi l (83%). Among 

other so il tests. AB-DTPA method was relati ve ly superior in all the land use patterns. The 

result of' thi s stud y indicated that a spec ific extractant did not always hold good to assess the 
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ava ilable P st<ltus or all so il s. as was do ne in routine soil testi ng laboratory. In conclusion, it 

would be mentio ned that land use pattern . wh ich influenced the physico-chemical 

characterist ics n!"the soi ls and thereby controlled the stab ilit y of differen t inorganic P forms 

(Tablc-6) 

must be cnnsidned to choose the most suitable soi l test method fo r estimati ng avai lable P 

sta tus. ln te<l ga rd en and forest so iL Bray-2 t::\trac tant was the most effic ient, while for 

orchard and culti va ted soi l Bray-] was the most suitabl e in est imating available P in acidic 

tarai agroclim at ic reg ion or West Bengal. 
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Table - I. Selected ph~ · sico-chemical proper·ties of the so ils used 

Land use pattc•·n Teagarden soil Orchard so il C ultivated land so il Forest soi l 
So il Properties Ranoe Mean Ranul· Mean Range Mean Range Mean 

pH 3.7-5 .54 4.78 3.84-5.8 5 4.6X 4.80-7. 13 5.67 4.64-6.90 5.34 

1-:. C. x I O\clsm 1
) 3.30-59.40 13.33 3.40-74 0 16 26 4 80-441 14.36 5.67-40.70 14.59 

Org;111ic C(g k;.! -1
) -15-25 ..j 14 .2 7 0- 1 !U I )C) 7. 0-12.4 8.9 9.3-26 .2 16.5 

-· 

Cl-:Cfc 111 ol (+ )kg-' I 1J 7 5-28 X 18.2:2 9.75-24. 1--1 IIU(J --167- 13 .56 I 0.44 9.33-26.68 18.36 

Clay (g kg· 1 ) I 12-172 I 3 9 102-1 7<-1 r <-JJ r 54-254 192 92-182 !30 

Silt (g kg-1
) IX0-331 273 174-42 5 275 200-3 23 262 234-49 1 328 

.'\ v<Jila hlc N (mg. kg-1
) CJX-18 7 141 72-28 5 147 98-3 19 129 94-238 167 

i\v ; Jil;~hk I( (mg kg 1
) I 2- :ll :l 90 X-32 1 (J~ 8- 7-1 39 I 2-90 55 

t\ l-1' (mg l-;g' 1
) X.7-197A 63.8 20 .2-277.5 I 16 .2 II .6-11 1.7 39.8 8.7-300.4 52.8 

Fe-P (mg i-;g.' 1
) --19. 7-258.4 99.7 I 0.2-2 52.8 I 07.8 27. 1-667.5 I 68.2 35.6-235.9 79. 0 

Ca- P (mo 1-;o -1
) 

b e 0-279.3 63.7 12.8---104.7 I 07. 8 103 .7-56 1.4 298.2 29.9-467.8 173.2 

Table 2. Details of liH ntntctants used for thi s studY 

-- -- --- --- -----

Extractant Composition I Extntction I Soil Ext ractant 
Referances I . { . I) i trmc mrn nttc 

Olsen 0 )M NaHCO:; (pH 8.5) ---~----~ ~ I :20 
O lsen eta/. 

(1954) ----------- ---

Bray-! 0.0:\N N ll -lF+O 025N H CI (pH 2.5) I 5 I: I 0. 
Bray and Kurtz 

j _(1945) 

Bray-2 0. 0:\ N N ll -1 F +0. I N H C I ( p l-1 I 0) I '-; . I :20 
Bray and Kurtz 

' ( 1945) - -

Mchl ich-1 O.O) N II C I+0. 25J l·bS0-1 (pH I .:n I :4 
Nelson era/. 

I _") 

(1953) ---· I__- --- I 
r-----

/\B-OTPA 
I 

lm I U IC0 ,+0.005M DTPA(pll 7. 6 ) I ) I 1 2 
Sultanpour and 

'-. .. -- -- --- ~--- -~1-
I Schwab ( 1977) -

T bl ~ A a e -. mounts of P (mg kg-') extracted by the five extractants in different land uses 

Extractant Tea <rarden soil Orchard soil Cultivated land so il Forest soi l 
Range Mean Range Mean Ranue Mean Range Mean 

Olscn-P )-()() 17 1-74 25 6-1 77 47 3-92 14 

lh<t\ - 1-P l)_!J7 2() 1-54 IX 1- 1 I 0 25 1-79 7 

fhay-2-P lJ_ I 70 6l) 7-177 53 -+2-339 150 12- 164 49 

Mch li ch- 1-P I -'-1 7 2 1 5-50 'I _l_ I 0- I I 3 43 3-27 II 

A B-DTPA-P 4-16 7 6-49 II 11-75 32 8-39 J3 
-
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Table 4. Cor-relation (r) among different extractant of P 

Extr·actant Bray-1-P Bray-2-P Mehlich-1-P AB-DTPA 

Olsen 0.813 •• 0.807*"' 0.709 .. 0.862 .. 

Bray- I 0.736"' 0.593"* 0.6.19 .. 

Bray-2 0. 712** 0.772** 

Mehlich-1 0.703** 

I 
Table 5. Relationship (r) between soil tests and soil characterises/soil P 

Soil Characteristics Soil- P 
~· ' Extractant-P 

Org.C Clay pH CEC Al-P Fe-P Ca-P 

Olsen-P -0. I I 7 0. I92 -0. I 83 -0.082 0.5 I 3** 0.947** 0.190 _ .. 

Bray-1-P -0.073 -0.048 -0.211 -0.022 0.564** 0.784** 0.040 

Bray-2-P -0.353** .0.321. 0.174 0 .,.,.,* - . .).).) 0.233 0.761** 0.548** . 

Mehlich-1-P -0.343*" 0.268* -0.165 -0.286* 0.453 •• 0.623** 0.259* 

. AB-DTPA-P -0.219 0.237 0.033 -0.217 0.435 •• - 0.664** 0.385** 

Table 6. Relationship (r) between soil tests for P with dr·y nutttcr· yield and P uptake of wheat 

Land use Tea gar·den soil Orchard soil Cultivated land soil Forest soil 
Soil test -P A B A B A B A s· 

Oisen-P ·o.84s''* 0.654 •• 0.661 •• 0.528* . 0.596* 0.863 •• 0.752 •• 0.907** 

Bray-1-P 0.867''* 0.816** 0.911** 0.927** 0.628* 0.931 .. 0.648** 0.887** 
• .! •.• 

Bray-2-P 0.751"* 0.865 .. 0.604* 0.874 •• 0.325 0.698 •• . 0.794** o.91 o** 

Mehlich-1-P 0.565. 0.748** 0.658** o.61 o· 0.569* o.75o·· 0.523* 0.482 

AB-DTPA-P 0.825** 0. 796*" 0.724** 0.791 •• 0.663 .. 0.914** 0.714** 0.779** 

A -Dry matter yield. B- P uptake 
*and** denote 5% and 1% level of significance, respectively. 
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pa p/2:JO 1/2-f. 2 PhosyK"lorus availability indices in va r i o•.JS 

l8ftd uae Boils under Tarai Zone of Weat Benga l 

( by a. K • MoR da 1 ~ 3!]. • 

I• this investigation, 5 extractaJtt.5 were use d t o ext r a c t 

available P from soils under differe~tt !'atterns of land use and 

their extracting ability was correlated with yield and uptake of P 

by \otleat grown under Neubauer seedling method. The results - IJh owed 

that Br8 y reagents we re the most efficiP.nt extractan ts in ·pc idic Ta r~a 

agro climatic regi o n of West Bengal. This is c .')nfirma t ory ' i n nature 

However, they obse r ve d that a s~ecific extractant dowsn't always 

.serve the purpose of assessing the available P status of soils 

!tUt to different land use pa~terns. The P extrilcting p owe r of diffe

re•t extractants was also not found following similar order in ail 

land use patterns which shows that the relative contribJtions of di

ffereat inorganic P fractions to total inorganic P is variable. 

'Ihe paper is recorrmended for its publication in the Journal and it 

is prepared as per the style ~rescribed for pre~aring t he mattuscri Fts . 




