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1.1l INTRODUCTION

1.2. GEVWERAL VIEW OF SOIL PHOSPHORUS




1.1 INTRODUCTION

The province of Saragossa situaied in the midle of the I bro Valley e
shows the visitor a pancrama proper to a seml-arid region where s0il for-
ning factors such as tewpereture rainfall, parent malorial, vegetation, -

‘topography have been conjugatéd in order to produce solls such ass

i

Serosems (dominant in the province)

i

Brown soils (in small aceas)

Soils on tengces and secondary soils on gravel (lehm pardo)

Alluvial meadow soils (naturaly calcareous).

ot

The dominant goils in this province, like those belonging o the sge~
mi~arid regiong show problems related o the phosphorus 3, in which the che
migtey of this element in calcarveous sgoils ig involved. This chemistry in

cludes nature; reaciions among soll oonstituents, 2o0ll phosphorus formg -

with the phosphorus added through dressings, and ag well, the’dynamids -
that thig oloment ethblt% ih its transfer to the soil solution and its -

later absoppﬁ;on Y Cronge

On the other hand, we found that the Saragossa province bas 90,77 %
of this total surface cultivated its distribution being 82,12 ¢ under dry

farming (with ocrops such as owreals, vineyards and OlIVES) and 17,8 4 un—

dex irrigation (w1th crops such as fruit-trees, vegelables, alfalfs and -

.malze) These types of agricullure are respectively localimed on serosem
soils and brown soils for dry farming, and alluvial meadow soils, goil de

veloped on terraces end smell areas of serosem are 1rTig ted.

\.)““

In this study no attempt is made to give norms for ghosphorus fertili

zation for different crops and goiles, it being and initial study in ordex
to get information as to the situation of the phosphorus in the princinal
g0ils of this province. In this way, we shall later on be able, with suie
table trials concerned with fertilizersg Torm and epocha of application,
management, etc., to establish an appropriate policy regarding the use of

fertilizers in these

soils,.




In order to achieve the zbove mentioned knowledge, we have believed

tha®t the characterization of gypsum gerosemy marly serosem, soil developsd

on terraces, alluvial meadow soil and broun soil in relation tos

1) Phosvhorus distribution along soll vrofile

This part includess

A) Total P organic and inorganic in soil horiwons.

B) The fractions that form this soil inorganic phosphorus.

C) Phosphorus compounds in the predominant soil inorganic phosrha

Tug fraction,

TIn this way, we whall be able to have a real @icture of phosphorus in

the =0il phase.

2) Phrsicochemical processes

Thig part has the purpose of knbwihg'whaﬁ the behaviour is like of

these moilg related tos

s o

- A) Adsorption.— By the use of the Lapgmir isotherm one will ob-
' tain the mazximum Phosphorus adsorption and, ag
. T 9

well, the energy constent with which it is wnited to the soil.

In general the literature cites two laboratory oxis)
cedures thot are used for the evaluation of this processs dilu
tod potassium diphosphate solubions buffered at pH 750 and the
other method consiste ofé increased smounts of calciwm diphoy~

phate in a nedium 0.01 M of caleivm chloride moilution.

This is the first time that a study concerned with

phosphorus adgorplion by these soils has heen carried cuty for

that reason, we have believed that il would be more ressonshle
. % .
to carry out an evaluation of thig procegs through both lahorge

'EJOI';T 'methods ¢

B) Desorption.- We have used $wo laboratory methodss one of them
was on the bagis of 14 waber extractions in order

10 zee the mechanism of this phosghcrué desorption, and the -
other procedure congisted of an anion resin for the performgg

ce of this P desorpiion according tc time.

v D




¢) Pransfer of the phosphorus adscrbed by soil.— In this part we

try 1o reflect =
ywhat the trensier of the phosp horus adsorbed by thege soilsg =~

has been like, after an initial 8 pepeine phosphorus addition.

Thig initial phosphorus concentration corresponds
to the T area of P aé%orpt1on in these soils and, therefore, -
we believe that it can furnish a real picture of the 3011,conw

ditionge.

3) Dynamics of s0il phosphorus and'crOp growth

He have mentioned hefore thaﬁ our purpose is 1o characterlye Thee

Be soils in relation to their phos sphorng staius, thereforeg in this pert,
it is logical to verify under normal so0il oondlnlons (no P fertilizer ap-
‘plied) if the Tay-grass grovn in these 50113 shows a similar or a di e
rent yield. If we obtain significant dlfferances in dry matter or phogphg

rus yields, we shall try lo explain these differcnces thr013h°
A) Whet was‘the'cgﬁtribution of so0il inorganic phosphorus fractions
to the P absorbed by these plants, '
B) Through the evaluation of the phosphorus assimilable by the -
plant, obtained by three quick laboratory assessments. .
&) €) How the factors of fertility of the soil-have intervened in the

regulation of thig supply of phosphorus to the plant,
-In ordewr to localise our own gtudy in the broad field of reseawchs

Con soil phosnuoru" 1ﬁ geeng betier to us to review brieily the literatuce

on this subjects

1.2. GUBRAL VIEW OF “OlL PHOSpHORU%

Apatite is an accessory mineral in rockss it-censtitutes 95 %'qf the
phogphorus minerals that exiat in the earth's crust. Its content in soil

ig about 0,12 %, being, for this reason, a microcomponent of B01ilse

.




According to Pettijohn,le966,(129) a main feature of apé%%ﬁéﬂ-
pergistence in the rockss in fact, in the sediments from the Archaic Era
to the Pleistocen Period it is easily found as suchy while in the aoil e
1% is transfomred in secondary minerals. Thus, when a rock is subjected

to changes in temperature, these produce dietensions and contractions in
the rock and, as a consequence, its breaking unto fragments, and by fric
tion they are crushed into particles. Dufing this friction process, the

sides of the apatite wiil be rounded off, in this way making it lose its
initial shape and then 1t will become more suiteble for the latter trang

Tormations,

Apatite ig atiacked by soil microorganisme through thelr sezregation
of organic acids such ass oxalic, glycolie, citric, etcs, that provoks
the sclubilization of the phosphorus of this mineral due 1o the chelating

effect of theme organic acids on the calcium jon.
&5

There are several soll microorganismg thal act on apatite; thus we
have bacteris (Bacillus meghaterium fosfaticum)s a part of the rhospho -

rug solubilized by them is incorporated in their organism, and in thig -

way apatite was transformed into organic phesphoruss; asnother amount of -
this phoéphorus solubilized by these bacteria is used by other soil micro
organisns, Tor examples this phosphorus contribuies towards the azotobgg
ten being able to peffdrm ite functions of Hitrogen fixation, On the other
hand, fungl influence this solubilization of the pheosvhorus of this mine-—
ral and these soil micromrganisms are responsible for the organic phospho

us found in soilag, even in the deevest soil horigons.
g »

On the other hand, phosphorus has an ionic radium of 0035 A similaw
to that of silicon (0.42 AQ), these elements enteoring inside s tetahedral

configuratién; however, that of the phosphorus has the peculiarity of

showing unions with €17, ¥ , OH , €02  ag anions, while that of silicon -
offers unions with other silicon tetrahedrons or aluminum, magnesium and

iron octahedrons.

- d -
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- For this reason, we can admit that in apatite there exists a series
of compounds such ag: fluor-apatite, chloroapatite, hydroxy-apatite; capr:

bonate apatite.

' Baéset 1.919 {14) asserts that is pure gystems the hydrowy-apstite
wags the most gtable from under an ample range of acidity and for.thaﬁ reqn
son Basset concluds that this form will be the only form of caleium phog
phate that exists under normal soil conditions; however, Tor Elack 1»967

(20) it i fluor-apatites

In light weathered eoils, apatite is present in both coarser and i
ner textural fractions with- $imilsr contents, (Shipp and Matelsky 1.960
(142)), and in moderate weathercd sdils apatite is found in send and silt
fractions and in older soils i% can be sbsent (Hiiliams and Walker 1.967

(169)) .

Total phosphorﬁs content in the arable'layer is 0,062'% in the U.%:A.

" (Lipman and Consybeare 1,936 (20))5 0,06-0.10 ¢ in Finland (Kaila 1.963

(66))5 and 0.06-0,308 % in Australion soils (Wild A. 1.958 (171)).

Several soil workers {Allaway and Rhoades, 1.951 (31)); Bates and -
Baker 1,960 (15); .Godfrey and Curbtis 1,954 (62)5 Kaila 1,963 (87); Wel-

kex and Adams 2.959 (166) have found that the total phosphorus distribu-

tion along the =oil profile in soils developed from the ssme parent mate

rial, shows the next sequence: C horizon A horizon B horizmon,

Total phosphorus is formed by organic and inorganic Tractions, the
former are included in the organic matter of the moil and then theéir dig
tribution along the so0il profile will be similar to that shown for the -

soil organic matter.

- At present, only three compounds that congtitute %he organic phospho

Tug have been identified: nucleic acid (1-3 %) phospholipid (2 ¢) and how

‘xaphosphate inositol {35 %), This total orgenic phosphorus ig not a sba-

" ble form under =0il conditions because it is subjecied to a mineralization




process vroduced by the soil microorgenisms through an enzymatic action.
Thisg nineralization of orgeanic phosphorus can be justified bys

1) The fact that there have been found notable differences among = |
the orgahic phosphords contents in cultivated and virgin lands; moreover,
if these lands are put under conditions of'cultivation, 2 pronownced lo--

wering in thig organic phosphorus content is observed in a few years.

7 '2) By inclubation of moil samples carried out under suitable CORGTm
tiéng of temperature and humidity in laborstory itestis. After a shonrt tim
me of incfubation, an increase in phesphorus extracted by acid was found
cand this avount corresponded to the decrease of orgenic phosphorus coul =

'l‘.el‘l’f‘: @

; 3) By én agsociation with other =oil pr0perties= it has been veri-~
fiéd that the amount of organic phosphorug in several soils has been well
correlated with those of organic carbon and nitrogen, and the rate of ox
ganic phosphorug mineralization was of the same magnitude as thome of or

ganic carbon and niirogen.

Although in some cases, a siight change of so0il pH produced by li-

;
g

ming could influecnce the rate of organic phosphorus mineralization more
than those of carbon and nitrogen (Thompson, Black and Zoellner 1,954 =

(159))e

The soil inorganic phosphorus includes several compounds that have

been identified by their mineralogical, physical and chemical Teatures.,

So, Shipp and Malteslky 1.900 (142) have recognized apatite in sand and ~

pilt fractions; according fo mineralogical procedures. Obher soil wor-
kers have used laboratory procedures hased upon the criterion of solubie

li"&ya

. On the other hand, we know thal when weathering proceeds in moil, =

acidity is developed an the apatile tends to disappesr and the phosphorus'

wn B




golubilized from this mineral tends to unite iteelf to the aluminium and
iron ions coming from the silicate minerals, Thege unions are ilonic exchan

geable reaoﬁions in which the P04 Tevlaces the OH" or O from these oxides

hydroxides mineralss producing compounds such ast

/OH o /OH SR 8
Alaxx\\;\ OH = AlPe<"—— OH 'FEffi:::jOH
Ty Ry 2 Ty - Hy o ¥Oy

Varigcite Banendite : Strenghite

Thess shove compounds by combination with X, NH4 and Mg can produce

crystalized forms such as: Hynuirite, Tarankite and Wavellite.

Under impeded drainage conditions in a soil or reduction conditions

provoked by certain crops (wice), in acid soils there can exist a viviand

to (foy (20,) E,0), easily soluble, and for that it contributes to the

vhosphorug ghuorbed by rice.

Tn older soils, the weathering process has been so sitrong that the =
phosphorus predominantes, occluded by the free ivon oxides-hydroxides, -
this form of phosphorus showing similar properties to thome of the Gufre— -

'rnite (Fe3 QOHg) PO4) in the Te 0 OF solution.

" Tn. calcareous soils,‘where the weathering has been slight, the domi~
"nant phosphorus form is a carbonate—apatite (M.G. George and Breazeale =
10931 (114}) and the compounds of caloium phosphate are governed by the
pregence of frée calcium ion tﬁat comes {rom the lime and gypsum of thesa

goils,

The gbove siituation can be summarized in the following disgraws
| L) =

(Ls7e Kavdos 1.967 (89)).




N HCO
H.O GO '
¢ 2 Monocsloiwm
. H.0
. 2 phosphate
Hydroxianatite 002 o -
' OH
_ H+
He \%
CoH " Dicalcium phosphate

Octocalcium phosphate was not included because it is considered an

unstable from in the soil.

‘Brom the above diagram, it can be deduced that the soil pH influen-
‘ces the.phosphorus.oompound that predominates and at the same 1ime the na
ture of these calcium rhosphate compounds due to the amount and presence

of free calcium lone

PHYSICO-CHRIICAL ?ROCESSES-BETHEEN'PHOSPHORUS AND SOTL

‘803l is such & - heterogeneous and dynamic medium and phosphorus i,

perse, such an active element that thelr interaciion gives a mechanism -

. such am:

~ Phosphorus ' . Hapid 3 Phosphorus aBsorbed
added &
To- ,
goil e , slow

—-—
- \ .
SOlHﬁlOﬁ?L~\\ﬁ‘*‘~.\M
Th——

T .T Phosphorus precipitated

(0. Talibudeen 1.973 (152)).




From this scheme it can be deduceds

1) That there exists a quick reaction in which phosphorus_is'adsorm

bed by goil congtituenta and perbaps by so0il vhosphorus compounds.

2} A slower resciion is produced in which the phosphorus is incorpo
rated in some soil constituents and as a consequence a new formation of

phosphorus compounds GCCUTE,

Normally, adsorpiion is known as the concentratlion of liquid or gas
on the surface of a s0lid and its incorporation inside the solid is deng
minated absorpiion.

In soils, the elimination of phosphorus from the soil solution ig -
due to both vrocesses and it receives a collsctive name of gorpiion of :

" phosphorus by the soil,

Fhosphorus adsorption in the soil is closely velated o the surface
ares exhibited by the different goil cohsﬁituents and- those of soil phos
phorus'formse In order %o get information about the mechanisns by which
this phosphorug adsorption by soil is produoed, several soil workers (qu
chot ot al. 1.950 (26)3 Bolt 1,968 (27); Cole C.V. and Olsen 1.953 (37);
Cole C.V. and Olsen S,R. 1.959 (38)3 Haan F.AM. 1.966 (69)3 Muljadi D..
et ale 1,966 (116, 117) have studied this process with clays (Kaolinite,
-Honﬁmotilloniie, et0e); aluminium and irvon oxides-hydroxides and calcium

carbonate.

From thege studies, they can develop soms theories about the mecha—

nism of phosphorus sdsorption: by ascid and calcarsous soils.

In calcareous soils, where exist calcium carbonate, soluble galts - -
and, natura1139 clay (montmotilloﬂite, illite, clorite, vermiculite, etc.)
satured by calcivm, the mechanism of phosphorus adsorption is a combina—
tion of the individual reactions had for the phosphorus with. calcium car |

bonate and with ecalcium claye,




Thm theorics which trv +to explaln the procesg of phosphorus adsorp-—-

t¢onu, Tor both these soil constituents, are ass follows:

1) Boichot e% ale 1.950 {26) were the pioneers in the study of the
reaction of diluted vhosphorus solutions with calcium carbonate. They -~
found that there existed an.initial phosphorus adsorpiion by calcivm cap
bonate and this aﬁount of phosphorus adsorbed was closely related to the
gize of Calciﬁm carbonate particles, This fact was well defined by Cole
and Olsen in 1.954 (38) through a egtudy of phosphorus diluted ﬂoluﬁlons,
‘P32 and czlcium carbonate. These authors concluted thatl, in fact, for a
2 % 10 ~ M P concentration in final solution the phosphorus adsorption --
by calcium carbonate was produced and it was like g monomolecular 1aJer
of vhogphorus surrounding these particles due to the fact that these ad-
sorpiion values Folloaed the Lengmulr igotherm in this pho;nhorus concern
tration rangs in final uolut¢on. At concentrationg higher than 2 x 10 4
¥ P in +the final solut10n9 thie monomolscular phosphorus layer thickens
and it gtarts ths formation of a nucleus of calcjum phosphate crystaliza
tLon until the process ends with a precivitation of calbium phosphate oh

+the gurface of the calcium c,rbonatcg

2) For Calcium,ciays, at the beginning the phosphorug scems to be ad
sorbed as a monomolecular layer or situated in an jonie atmosphere surréun -
ding these ¢lays, after that this phosphorus reacts with the exchangeable
caloium of these clays in oxder to form a nucleus of dicalcium phosphate
crystalizatior, and cen be precipitated as a separate phase or can be re

adsorbed on the surfece of the calcium ¢lays (Russell 1,950 (138)).

In acid soils, phosphorus ads orptlon has been explained through theo
ries concerned with the displacement of OH from the borders of the clay
structure or by the phosphorus neutralization of the rogsitive charges in
these sides of the clay structure (Bol% 1.968 (27; Haan F.A.l. 1. 966 (69) 3
Muleda D, et al. (126, 117)5 Wey R. 1.956 (170)).

Phosphorus adsorbed by soil is an immediate form of phosphorus sup-

ply to the s01l SOlHLlOH whiile the forms of phosphorus precipitated can

- 10




be congidered as being of slow sction as their passing to the solution =

will depend on the golubility which they present,

This golubility is goﬁérned by the ionic activities in the goil go-
Jution. In this way, calcium phosphate compounds in soils that chow a ~
high pH value reflect low golubility and therefore thege phosphorus ool
pounds are not assimilable by the plant while iron and aluminium phosphg
tes in acid soils are not soluble, however the liming of these soils pqg'
duces an increase in the 501ubility of these phosphorus factiona due to

the decreasing of the activity in the aluminium and iron ions,

- The phogphorus transfer from the solid-phaserto the soil molution «—
is knoﬁn ag phosphorus desorption, this process being described as an hy
"~ drolytic displacemant reaction (if this reaction occurs in water). This
reaction was represented by Shapiro and Pried 1.959 {140) by the follo-
wing equation: : '

' : Kl x OH™
Soil P , o} P solution

Py

K2 w Soil QE.

Tn which the so0il ~ P is in equilibrium with the P solution, -

This phosphorus désorpiion in relation to time has been evéluated -
by several 1aboratoﬁy prooeduiass water leaching of =0il samples (Pried W
M, and Shapiro RB. 1.956 (53)); by a-nion resin method {Aver ot ale. 1.955
(4)) and by an isctopic dilution method (Talibudeen 0. 1.957 (151)),

All these procedures have shown the exigtence of the different reag'
fions that take plece in this phosphorug desorpiion and at the same time
that there exist several phosphorus forﬁs that can intervene snd which =
are as follows: (0. Talibudeen 1,957 (156)). |

R |



0, = r

easily R moderately ' <}*pmmm_n.' deficiently
exchangeable exchangeable exchangeable

. 32 k 32 " 32
with P7 with P with P-

X

P intermicelar

Ty

P soil solution

Aecording to 0. Talibudeens
1) The Poﬁ-easily exchangeable with P32'is equal to: P adsorbed, P
fixed in external surface of minerals and macropares, organic P labile.

2, v ; ;
3 ig equal tos Sorbed che

2) The:P04 mdderately exchangeable with P
mnical . phogphorus, P fixe in internal surfaces and micropores, Organic -
thosphorus, moderately exchangeables '

32

3) The PO4 ig equal to: apatite cuysta

1ized on surface layers and stable organic phogpnorus.

slowly exchangeable with P

. From the above scheme we can deduce that there exists a situaticin ~
of equilibwium among the different forms of labile phosphorus in the 50
1id phase of the soil that will intervene in the quick, moderate and slow

reactions of phosphorus desorption in relation to time,

STTUATTON OF PHOSPHORUS IN SOTT, FERTILITY

According Yo B.G. Williams 16963'(173), the yields and phosphorus ~
content in crbpm is an expression of the phosphorus status, combined with
the capacity of a soil to transfer it, physiological features of the - -
plants and effects of other s0il factors such as: pH, humidity¢aireation,

microbial activity, equilibrium and transfer of other mitrients that con




trol plsnt growth and govern, directly or indirecily, the phosphorus -

gorption by plants.

An evaluating procedure for the status of a nutrient (#) in soil =
musﬁ take into account phasess

3y it RSN 4 Mo -mé—_m@y : Ti

M
Holid ' Selid in - " in
phase _ "soiution. " neighbourhood - plant

Toots

'Iﬁ,order to evaluate this gituation, it is necessary to use chemical
and biological proéeduresg Different soil workers, making, use of the - '
correlation procedures bétween plaht'yieldsfend z0il phosphorus exipac—
ted by laborstory methods, have tried to reflect the above situation. =
This gave rise to the use of a considefable rmmber of extracling solu-
tions, some of_g universal character (Spryway, Morgan, e%c,.), others of
a selective nature for the P extroction (ammonium lactate, sodium bicar-

bonate, ammonium fluoride, etCs)e

In some oases, tﬁese_exﬁraoting sdlufions reported a significant co
rrelation with phesphorus plant yileld, showing in this way a correct es-—
timation of phosphorus absorption by the plant tut in other cases that -

correlation was not obtained,

In 1,950, Wiklander (178) stated his theory concerned with labile -
phosphorus, by which this soil scientisl explained thatb hot all the soil
inorganic phosphorus fractions intervene in the supply of phosphorusg to
plapts but it is the labile phosphorus situated in the film which sume
rounds the particles of the soil, which is the immediate and unique form
that passes to the soil solution, and in this way it influences the phog
phorus concentration of this soil Iliquid phase. Some years later, F.G.
Williams 1.967 (377), Fried and Shapiro 1,956, 1.957 and 1.960 (52, 53,
54) introduced the concepts related to soil factors that fovern soil fer
tility in relation to a mutrient; these soil Pactors arer intensity, quan

tity and capacity.
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For phosphorus, the above so0il factors have been defined ass

Intensity.— Phosphorus concentration in soil solution. It is equal

to phosphorus extracted by water or 0,01 M calcium chloride solution.

Quantitye— It is the phosphorus existing in the solid phase that is
“easily transfered Lo the soil solution duriﬁg a crop season, It is equal
to the A, I and L values snd, for some soil workers, %o the maximum phog
phorus adsorption value (Hagin et ale 1.963'(67)), maximum phpsphdrus de
'sorption (FPried 1.967 (55)), % P saturation {Rennie et al. 1.957 (i34))a

Capacitye~— Amoumt of P adsorbed related to determined phosphorus con
centration in final solutiong that is to say, the ratlo existing between

the Tactors of quantity and 1nten31ty.

A1)l these soil factors act simultaneously in the supply of phosphOw
rus to a plant; however, it might be possible for any of them %o become
& dominant factor in this phosphorus transfer and then a crop exhibits de
ficiencies, due to thres causes (A. Van Diest 1.969 (162)).

1) Although a soil has a high reserve of assimilable-ghosphorus (high
quantity factor), the rate of this phosphorus solubilization is so 10w -
that it produces a poor rencwal of P concentration in the soil solution

(low intensity factor).

2} The soil has a very low reserve of assimilable phosphorus (low in

ten51%v factor), albthough the rate of this phosphorus solubilization is
g0 high, however the plant requirements during the whole of the plent acg

son are not sgtisfieds -

3) Mnally, thiat both intensity and guantity facﬁors are lowe

The use of the above mentioned extracting solutions is quite genera~

' 1lizeds; in tropical countries, the soils of which are strongly weathered




(the intensity end quantity factors are therefore low) the soil workers
found good correlabions betwsen plant ylelds and phosphorus exiracted by
gtrong solutiong. In cguntries belonging to the temperate zone, there =
exists the tendency to use weidk extracting solutions, there sometimes exls
ting problems connected ﬁiﬁh the correct estimation of the phosphorus ab-
sorbed Wy the plant which might be due to these weak extracting soluiions

- reflecting together in dilferent proportions both intensity and quanfity
factors, such as was cited by B.G. Willlams 10967.(163)0

Recently, some soil scientits (Banow_N.Jell.967 (13))3 Fox L, and -
Ranprath B.Je 1,970 (48); Islam M.A. and A.F. Rahman 1,959 (82)3 Khasow-
ruth ToE. and JoP. Copeland 1.973 (95); Ozanne PG, and T.C. Shaw 1.968
(127)3 Rajan . S.5.5 1.973 (133) have meniioned that the best procedure

- for carrving out a correct estimation and,evaluation of the phosphorus -~
needs of & so0il for an optimum crop yield,; can only be through an expreg

sion that reflects these soil Taciors.

For Ozanne P.G. and T.Ce Shaw 1.968 (124), Rejen S.5.8. 1.973 (133)
and Banow N.J. 1.967 (3) that is equal to the use of an expression rela-
ted to the bufferiﬁg capacity of a soil, attained at a defined phosphorus
concentration in final solutiony while for Khasawruth ¥R, and 1,P. Conem
land 1.973 (95) and Fox L; and B.J. Xamprath 1.970 (48) that means the use
of an expression of the Langmuir isotherm that evaluates together fhese

goil fertility factors.
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CHAPTER 2

- This chapter includes the characterization of the province of Sara-—
gossa through its geographical, climatological, geological, hydrographi-~
cal, soil, ecological, and economical descriptions, in order to Tamillae

rige the reader with this province,.
Thig chapter also containg the descripition of the soil material used

as well as the methodology followod for leboratory delterminations and ex

periments under greenhouse conditions.

2.1 DESCRIPTICONS O THE PROVINCE 0F SARAGOSSA

A) Ceographical

_ The province of Saragossa is situated vetween the meridians 1e31L!
and 402778 of Hadrid and at & latitude of 40956! and 42055! North; being
vounded on the Rorth hy the province of Huesgca and Havarra, on the West
by the provinces of Sorie and Navarra, on the FRagt by the provinces OF o
Huesca, lerida and Térragqna and on the South by the province of Guadalg

jara and Teruel,

In the province of Saragbssa, we can distinguish three separate
natural areds, The largest iz that which forms part of this same Therian
Plain, a uniformly flat region without any considerable variations of al
titude (betwoen 250 snd 500 m.), relieved only by a few vesidual heights
of erosive origin which do not, however, go beyond 700 metres in height,
‘among which we may mention the Sierra de Alcubierre and the mountains of

Caatajon,.
This erosive process, which is basically of fluviatic origin, is

particularly intense in this region and is due to the Tollowing causess

The character of the goft, incohesive material that £ills the river basin,
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_ the frequently squally charecter of the rainfall and, thirdly, the lack -
of any vegetation capable of mitigating the effecis of erosion, all of -
which,; added to the-dryness of the climate, produces a gemi~desert tyre,
of landscape, in which th@'fullmflowihg Ebro, as it iraverses the plaing
mitigates the appearance of extreme aridity which characierizes this pars
of the country, due also in part to tho considerable concentration of gyyp
sum in the province of Saragossa, Thres large regions m@y be distinguished
in the Iberian Plain, in which thewre is a predominance of gypsumg. Two are
4o be found along the two banks of the Fbro: that which surrounds it cn -
the North and baginning gt Taﬁste, giretches continuously as far as Pefigl
ba and the region to the South of the xiver which stretches from-the nei-
ghbourhood of Borija as far as Quinto; pasging through Pina and Belchitc.
The third gypseous ares, which is a considerably narrower fringe, is coli-

fined to the province of Huesca.

In an ares as vast as the Therian Plain we naturally find, within
the generally uniform character of the area, a large number of distinoti-
ve natural regions under different names;y but mostly not clearly delimi

ted, Thus we have Los Mprnegros (a markedly steppe-like region between the
i \SLEASAES \ i T

Ebro and the Sierra deé Alcubierre)s Hl Castolar (which covers the ares on
. the lef% banlc of +the Ebro between the Rivers Gallego and Aryba), the ploin
of Plagencia (along the right bank of the Ebro which is the area between

the Rivers Muechs and Jal6n); the flate of La Violada (to the North of the

Ebro, along the road from Saragosss 1o Huesca)s Las Bardenas (a dry, de—

sert--like area situated on the borders of the provinces of Saragossa and

Wavarra) and, lastlys the countxry known sg Lag Cinco Villas {an eminently
cereal producing afea, now being completely transformed by the new lrrigs
tion worke, beﬁﬁeen the province of Havarrs and the River CGallego, the -
Northern extension of Bl Castelar which siretches up to the outermost -

spurs of the Pyrences).

The other two netural regions of which fhe'province of Daragossn
ocoupies a part are those of the Celtibverian and Tberian Sierras. One is,
in fact; a prolongaﬁion of the other, with only the depression formed by

the River Jalfn lying crosswise between them. Together they form a series

- 17 -




of ranges lying Yorth-West to South~Bast, with an average height of T00 -
10 1.000 metrese Only the extreme Bouth-Wegtern portion of the province

is included in these two natural regiong, where owing to the proximity'of
the Bhro Valley, there are graduslly descending altitudes, =0 that the -
foot-hills of these two Sierrs formations come to form papt of the provin
ce of Baragossa. Among the ranges belonging to the Geliiberian portion,
we may mention the Sierra de lom Amantes and the Sierra de la Virgen, and
in the Iberlan portion those of Viceidd, Algarién, Santa Cruz and El Salo—
rics The whole of this mountain system culminagtes in the Pico dsl Monocayo
(2,313 metres) and belongs to the Celtiberian Sierras, on the border bt

ween the provinceg of Saragossa and Soria.

Among the various natural régidns Whioﬂxmay be distinguished in -
this part of the province of Saragossa, we may mehtion, a3 being of spew
‘oial interest, the "hollow" of Calatayud, in the depression between the -

Celtiborian and Tberian Systems, wabered by the River Jalén and the Valley
of the Jiloca, by which i1 is watered, with Daroca as its most thriﬁing -~
_ population centre; two rich, fertile vallsys pfoducing larse quantities -

of vegetables and, especially, fruit.
B) Climate.

According to JJM. Albareds and collsborators 1,960 (1), the ciima
te of the Bbro Valley, like any other climate, hss been influeaced by three
groups of fadtors; some constant, due to the march of time, such as: the
effects of solar heal; others vorying in time, in relation fo their fdrmg
tion and intensity, such as: wind and rain, and the third grovp; those of

a geographical nature, reacting on the other twb, such és: relief, Undep
this 1@5& heading, we may point 1o the inland continental characier of the
region, due to its relatively low-~lying situation and high barginal moun-

4ain ranges enclosing the valleys a ohafacter_which is expresged in its ~

culiural gnd economic¢, as well as in its overall climaiic features,

' The Southern and Southfﬁasﬁern region of the marginal Sierras, ng

mely the Celtiberisn and Tberian, offers a climate of fairly continental
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character, though with some Summer rainfall, the mean rainfall being al-
ways over 550 mm., with abuidant snowfalls in the cold Winter season. But
as the province of Dawvagosea ls only aflTected by thé foot-hillg of these
Slerras, the tlrue climatic character of this zone is attenuated, szo that
in piaces ﬁhere-it hag been taken, rainfall does not amount to 500 mmes
and the mean temperature is above the Tigure proper to the climatic region
0o which 1t really belongs

The Tberian Plaing a well defined climatic region of the continen
tal vafiety,-with a very hard climate, very cold; dry Winters and very hot
Swmmers, also dry. There is a primary rainfall maximum in Autumn and ano=
ther, gecondary masimum in Spring; however, as a general rule, the number
of rainy days in the whole year does not veach 605-and the number of days
on which snow falls ism at the most, two. In Autumn, the:rain bearing -
windg are usually North-East and South-Bast while during the other months
of the yenr they arc lorth=Yest and South-Hest. The mean témparature ig -
round about 14 or 15 degress; but with very great variations of femperaﬁg

re, generally greater in the Norxthern part of +the valley.
Table ne 1 summarizes the dats from observations at a mumber of sta—
tions which J.M. Albareda and collaborators consider to be repregentative,

grouped accordlng to climatic regions,

Table n9 },= Climatological data from the Saragossa Province.

: _ Temperature.
Rezion Staticn [Altitude-metres]Rainfall-mm| . ' )
- ) mean, mean | mean
annmual fmaximoms| minimam

Iberian  |Epila 336 310° 5.5 | 2L.6 | 7.8

Plain |Saracossa 237 317 1563 .| 20,5 10.1
Celtiberian| : .

|sterra Veruels 650 439 1305 19.00 8.1
Therian :

Sierra . Darocs : 778 421 12.6 19.0 6.3
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Acdording to J.M. Albareda and collaborators 1.961 (1), in the -
province of Baragossa we can distinguish two geological areas, one formed
by Tertiary terraing belonging %o the Iberian Plain, the other consisting
of older material fofﬁing the Celtiberien and Iberian chains, with the de

pregeion of the River Jaldn in between.

If we congider both. Sierras as fofming a whole, they consigt of a
‘series of perallel ranges raming W.H. to S, which we shall call the The
rian chain, This chaln beging in the Sierra de la Demands and it branches
outy, just after the point at which it enters the province of Saragossa, in
1o two separate chaing divided from one another by the Tértiary‘deprQSw
| sioﬁ'of.Caiatayud, a river-basin which follows the course of the Jiloca =
and extends ag far as Teruel. Of these two brances {he easternmost ﬁill
be called the Ezstern Therian Chain, and the other, ralurally, the Weg

tern Tberian Chain.

They form a geplogibal whole of oonéiderable stratigraphic comple
xiiy, consisting of Mexoic terraing lying uvpon a Palaezolic substratum, ba
sicélly of glate and quartzites, which form, on the emergence of the nu-
cleus of & seriez of anticlinal folds of Saxon fype paraliel 4o *the main

Yine of the chain.

He can digtinguish three impbrtant Palaewolic moness a'NorthwEaSm
tern ﬁhiéh extends from the ﬁorfh of Tabuénca 10 the_ﬂbrtEwEast ot Megonea,
a middle gone stariing from the Moncayo area and following the Sierras, -
de 1g Virgén, de Alguiren and de Herrera into the province of Teruel, at
Hontalbén and thirdly, snother further West and including the Western The
rian chains which, bééinﬁiﬁé at Almenar in the province of Soria, passes

through Ateca and siretches as far as Calamocha in the province oft Teruel,
This Palaezoic formation consists of Cawbrian and Siluriagn and =g

me Devonian terrains which, starting at Montalbdn in the province of To-

- ruel, extends into that of Saragossa in the neighbourhood of Imesma, In
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the latter provinoe, no Archean or Pre-Cambrian terrains are foundy the -
two insignificant patches of ilgneous rocks Lo be found between Luesma and

" Herrera being probably Silurian.

¥ithin the Hesozolc, we find materials of bagically Triassic ori-
gin, represented by Kemper clays and iris marls and by multi-coloured Bunl
sand stein type sendstones, without any middle Trias or Muschelchallk, owing

+o teclonic phenorena.

On the other hand, the Triassic and Surasslc are Very unevenly re
presented in this portion of the province of Saragossas The cutaceous, con
sipting mainly of hard limestones and also marls with banks of limestone
no doubt belonging to the Upper Cenomamian, Turonian and in part, Senonian
is found in the form of a long strip ruming from Horth- Tegt to South~Bast

through Alhama end widening out towards Campilloe

Moat of the Tertiary throughout this reglon belongs +o the Uppex
Tertiary and covers, in the Calatayud depression, from Sauwnatlan to Pontian
showing a great variety of lithological facies, since we find here gra-

vels, sandstones, marls, limestones and gypsumse

_ The rest of the province of Saragossa belbhgs to the Thro valley,
which, during Tertiary times, was £illed up with sedimentery maberialj moat
of it covered during the Hiocene, The Oligocene being confined to the West
and Noruh of the province. Apart from the Pertiary we Tind only a small -
patch of Triassic 1imestones Hto the North of Herrers and South of Belchi-

te. A1l these Tertiary materials, especially the marls, sandstones and 11
mestones have been covered over throughout wide areas with a stratun of =
allochthonous stony soil during Quaternary times, giving rise to low moox

lan&s, terraces and solluLuotlon deposita.

D) Iydrographical

The Ebro is the most importsnt river on the Mediterranean side of

the Iberien watershed. The course of the Ebro has been divided into three
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reaches according to the topographical and geoiogical characteristics of
the terrains through which it passes, with a further division of the mid~
dle reach into three areas: the first stretching from Conchas de Haro 0
Tudela, the second from Tudela 4o Saragossa and the third from Saragossa
to Mequinenza. In this middle reach, the river flows at an altitude of -
134 metres and threewﬁerraces are observable along the left bank at 15,40
and 65 metres sbove the river-bed. On the left bank, .at its confluence -
" with the River Gallego, there is a terrace high up above the river, at -~

130 metres, the layers of gravel being 10 metres thick at this point,.

Of the tribuﬁaries of the Ebro along the right bank flowing into
it, before it Teaches the city of Saragoszss, the most important is the -
dJalon, whi@h'is.of congiderable geographical significance, forming a de-
prespion cutting acrosg the Tberian Sierras and constituling the source -
of the largest volume of water reaching the Fbro on its'right bank, In its
uppermost reach,.the Jaldn flows through Triassic marles and then through
gsandsiony limestones; but a little_ﬁefore it enters Saragossa it begins to
flow over Hiocene gediments and the valley opens up. At Alhama 1t cuts =
through a strip of Cretaceocus and then continues through a narrow gorge -
carved out of Palaezoié materials and so through Ateca, where it widens
out. againe At Calatajud it widens out Turther and.joins the Jilooa, this
last reach passing through terrains of Tertiary formation. Between this -
point and Ricla, the river valley narrows again, end eventually comes out
into the Iberien Plain at La Almunia and empiies itg waters into the Ebro -

near Alagdn.

The principal tribularles of the Jalén are: The Desa, Carabantes,
Ribots and Tsuela which flow into it from the left, and the Piedra, Masa
and Jiloca Tlowing in from the right, The last named is the most important

and covers a total distanceé of 265 Km, from its source in the province of

PTeruel to ity confluence with the Jalén-in the neighbourhood of Calatayud..

“Another tributary of the Ebro within this same reach is the Hue-—
cha, It collects the waters flowing down the Eastern slopes of the Monca~

¥o and‘flows into the Ebro near Mallén, Below the city of Saragossa, still
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on the right bank, Tour more iributaries empty into the Ebro: the Huerva
(Whioh riges in the Sierrra Pelarda near Daroca), the'qug§WYino%;(ﬂhich

passes through Belchite), the River Marifn (which flows into the ¥bro noar

Bscatrén) and the Guadalope (its source is in the Naestrazgo end it joins

the ¥bro at Caspe).

It is, however, the left bank tributaries that supvly most of the
considerable wolume of water carried by the Ebro and al the same time, re

gﬁlate its flows supplying especially at the end of Spring and during Sum

mer, the diminished volume entering from the right bank tribuiaries, which

are low at thias time of the years In addition, these rivers all coming -
down from the Pyrenees, often pass through gorges ox other wvalleys, thug
facilitating the construction of dams and reservoirs so that a plentiful
gupply of electric power can be obtained from them as well as the reperves
of ﬁater that are needed for all the new irrigation works, in Aragén. of -
all the tributaries, we refer to the most important oness %helgggégg, the
Arba, the Gollego and the Cinca-Segre System, though the latter river -
Tlows slmost entirely through Lérida, entering Aragén, after joining the

Cinca very near the point where it emptics into the Ebro.
x i

The River Aragdn rises in the Coll de Portalet (Huesca)e Tt is fed
along its right bank beforé it enters the'provinoe of Havarra, by four trid
butaries: Iubicrre, BEstanum, Arazdén Subordon and the Veral. Among the most
important tributaries along the left bank we have: Gas, Rigel and Onsella.

: ) 'k
_ The Biver Arba rises in the Sub-Pyrenean mountain slopes, its ba-
sin consigiing of the region known as Cinco Villas and empties into the -

¥bro near Taugie,

The Gallego rises in the Pyrenean héights of Sallent and Pantico--

sa, flows across the depression at the foot of the Pyrences and, ocutting

its way through the Sierra de loarre, comes out into the Iberian Plain and

empties into the Ebro on a level with the city of Saragossa.
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The Cinca rises in the "tres Sorores®; this river takes its cour

ge Southwards, receiving the waterg 6T the Bsera at Grado, flows into the
0ligocens Plain and Just before it roaches Fraga, receiveg the tributary
Alcandre. Shortly after thiz, it joing the Segre with which it very soon
flows into the Ebro near Mequinenza, making the total course of the Cinca

about 150 Xmg,

E) Soil Survey .

 The desoription‘of the éoil types of the Saragosea province am -
well os their cartography at l: 300,000, was made by J.M. Albarveda, As -
Guerra; ¥, Nountoriol un 1,961, In 1,970, the Alonso de Herrera and José.
Me Cuadrado Trusts; belonging o the High Council of Scientific Research,
have publisghed maps and reports concerned with the provinces of Huesgoa =

and Saragossa..

A ﬁhdtographic reproduction of this =6il map has been included,

n order to supply information about the main soils of the proviance of -

" F) Boolooy

The middle bazin of the River Ebro, among the counterforts of the
- Pyrenees, the litloral Sierras and the Tberian Systenm; remaing isolated
from the influence of the humid maritine winds and for that reason it vre

gents a sleppe-like climate.

The xerical aspect of the plants and vegetal communities expresgw

ses the particular characier of the dominant climatic conditions.

The appearsnce of the vegetal covering and its flora composition .
geems like that of the Mauritanian steppes owing to the resgemblance of the

ecological conditions,



The c¢limate of this area ig reflected by the phytosocialogical -
groups of the "estipula® (Lygeo-Stipelalia order), and Spanish grass abop
pes as well as those of Sisallares (Solsolo-Peganetalis order), the hyper
~halophyla vegetation (Iimonietalia order) and the Tamarix {Tamaricetolia

order)o

The uﬁits of Botanic Taxomomy (class and orders) comply with tho-

se of the Wediterranean litiorals

©=7 “In this area we can distinguish three concentrical belts of vege-
tation avranged around the centre of aridity situated between the city of
. =~ N

Saragossa and the Honegros Area.
. These vegetation belis ares

a) The sobine grove (Rhamnsto-Cocciferetum thuriferetosum).
b) Pine grove with quercus coccifera (Ycozcoja"). (Rhamneto-Cocci
ferctum coricetomus hunilis, plstacietomus and cociferciomus)

¢} Gork~oaks grove (Quercetum rotundifoliae).

Trom a to o, the dryness of the olimaﬁe'decreases ag a ConsequsN-.
¢co of increase in humidity owing to the risge in altitude or %o the proxi-

nity of the littoral.

The climax of the sabine grove from low plains has been disturbed

by men. The forest of Rhamneto~-Cocciferetum has completely disappeared'm

and in ite place we found a steppe-~like vegetation end crops. In the arcas

vhere the soil profile developuent is complete, the Spanish grasscis pree

sent, while in the I1itho—-zoils rosemary is the natural vegetation,
Both areas are used under dry farmihg with crops such as cercals.
) Ioonomic

The economic development of the province of Saragossa és of the =



rest of Spain, depends upon a multitude of causes difficult to emumerate

in this mection, in which we propose only to point out the mzin sources -
of economic wealth which form the bases of the development now toking pla

CCe

~ The province of Saragossa belongs to an emireily agricultural re-—
gion fo Spain called Aragbn, and it is therefore this aspect which marks
its economic development and 1t is with a view to ohtaining an increase..
of agriculiural produce that the present irrigation projects are being ad
vanced, At the same time, however, an effort is being made to increase -
the production of eleciric power, the basis of industrial progress, by haxn

nessing the waters of the Pyrencan rivers to the full.

These are the two aspects, namely, an increase of agriculiursl w
produce and a greater volume of hydro-electric reserves, on which the ecg
nomi¢ policy at phesent applied to Arvagén is based in its general outlie-

neg.

‘The drrigation works of the Ebro basin congtituies one of the most
ambitious hydranlic préjects in Burope snd they are based on the joint har
nessing of the most lmporiant rivers flowing through .L'L and of the tormen
tial Pyrensan streams by means of a closge netwoxis of reservoirs guch a9 =
those of Yesa, Val de la IPuen, San Bartolomé, lLa PeRta, Sotonera, Medianc
and Barasona., This will involve, besideS; changes in the cropping patierm
of the area, in which industrial crops, fruiis and vegetables wiil be mo-
re intensively cultivated at the expense of cereals which, along with the
vine and the olive, constiiute the thrce stable fromgof dry farming pros
duction in Aragdn.

T e 2
Accord¢ng to agricultural productlon the pIOV1pce of Saragosss is

divided 1nto the follow1nm areas

1, Cinco Villag

From an histofical_point of view this area forms a units howe-

ver, economically and geographically it includes two eub~areas.
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Lele Sog del Rey Catélico
It is situated to the North of the province of Saragossa,
with a mountainous topography and litho-soils where agriculture is based

uporl cereals,

1.2¢ BEjea de log Caballerog

. Formeriy, this areca was dedicated to cereals under dry =
“farming; but nowadays irrisation projects have changed this agriculture —
towards vegetables'and industrial crops {olfalfa, maize) because this ares
ig irrigated by the Bardenas Canal that proceeds from the Yesa Reservolr.
("his may be- considered as an example of what was mentioned above about -

changes in the cropping pattern due to irrigation),

2+ Borja~Tarazonsa

It is situated on the borders of 1the provinces of Saragossa -
“with the province of Navarra. It is formed by smaller flats, terraces and
sierrag. Agriculiure is concerned withs alfalfay; potatoes, olives and -

wheat.

3. Calabeyud -

Depression watered By the River Jaldn, between the Iberian and

Celtiberian Systems,

Tt is well-kmown for crops such ag: Fruit-frees (apple) and vi

neyardse.

4. La Almunip - Carifiena.

This area includes the sub-gress:
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delo Alpunis = Eoila -- Horata

Where the main crops ares fruit-trees (peach, pear).

Situated between the Rivers Huerva and Jaldén, it ig the -

wine growing area of the province of Saragossa.

He Campo de Zarapoza — Belchite

It includes: .

© 5.} The so~called Campo de Zoraroza, that is to say, an area
situated in the South-West of the province of Sarasossa, Tormed by teria—
ces of the Rivers Ehro, Jalén, Huerva and Gallego whers the main crops -

are: vegetables and fruilg,.
5.2, Belchite

The worgt area of the prcvince of Batagosse for agriculty
ral purposes because the dry weather conditions together with the altitu-
-de and the great accumulation of gypsums in its soils, allowing only for

wheat and olive production.
6o Daroca

It corremponds to the valley of the River Jiloca and-Campo de

Romanos,; both dedicated tos vineyards, frult-threes and cereals.

Te Caspe

Thig is the transition ares between Aragén, Catalonia and Le-
vante. The main crops are: cereals and olive. In table n? 2 can be seen -
the total yields as we}l as ihe surface used {in ha.) for the above mene

tioned economic greas of the province of Saragossa.
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Table n? 2,~ Crops in the economic arcas of the Sapragossa province.

Surface used (in hectares)

Total yiéld

39424

Crops Ecoﬁomic areas of the Saragossza Province (in Qm)
1 2 3 4 5 6 T

dry farming 43:839] 11,7421 20,643] 19,878] 79,835 23,754| 13,538} 1,177,000
ml:et?zh-igated 5,4391 3,601} 1,574|586 11,5951 600 849 798,500
dry faming| 33,249| 5,828] 7,195 9,972| 47,472 9,400] 29,230| 1.335,000
Baﬁggated | 8,500 2,301 1,019{451 4,058} 304 1,475 326,505
Haize 9,623 4,521 1,086 3,478] 23,582 . - 2,080 1.716,0(50
Alf2lfs 9,287 1,045| 1,204 1,533 13,176)  ~ 837 7+912,400
Onion 119 - - - |926 - - 1,108,200
Potato 491 156 - - . - - 643,30;—
Tomato - 208 - - . e - 509,910
Pepper - 1584 - o - - . 177,140
Sugar—beet 4,499 -~ - o - - - 1.950;500
Apple - - 2,419 2,878 420 - -~ 865,720w
Pear - - 976 193 $00 - - 274, 340
[Peach - - 556 475 604 - - 80,360 -
Grapes - - 24,513| 36,474 4,754 5,600 2,704| 1.292,890
Oiive - - - - 1,376 - 95162 262,870
Almond - - 1,400| 302 - 54158 974640

Note: The maime, alfalfa, sugar-beet, vegetablesz and fruit-trees are culiivated
¥ s SUE ] &

wider irrigation and olive and almond under dry-~farming,
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2.2, SOLL MATERIAL

In chapter 1 it wag pointed out that we requize to have a knowlelge
of the phosphorus status in the soils of the province of Saragosse, For
that reason, we have chosen four caglcareous poils {gypsum serosem, marly
serosen, terrace soil and alluvial meadow s01l) dus to the fact that the
above soils are situated in notable arcas of the province of Saragossa «
and as a reference a non calcareous soil belonging o a locality in thig

province,

L moil éampling was carried out,rin_which soil profiles were sifua-
ted in the mosl representaiive areas of the same; for this purpose Dre -
Francisco Alberto (head of the soil clagsification section at Aula Dei)
advised how to do this. In 1971, this choice was checked and confirned
by some members of the staff of the soil science depariment at Gembloux

University.

e s01il profile was characterized by its morphological, chemical
: P { ’

and physical descriptions. These are included,

Tn general, %the Ap horizon is variable in short distances (lisdale
3 )
e An intensive soil sampling of this horimon was mades tha® is to-
say, practically the whole soil volume included in the 1 square metre sur

face where the soll profile was zituated was tolken up.
This soil material was well mixed, dried end sieved through 2 mm.,
and ggein mixed. This well-mixed soil material was used fox the greenhou

se trials and P adsorpiion and desorpiion procedures at the Laboratony.
IS ry

A) Soil description

le Gypsum serogem

Place so0ses seprcsoosEBOeOCOObR Alfa.ja,‘t‘fn (Sa‘ragossa pX‘OVinca)
Position ssceesesvesessesses Form belonging to Mr. Escanero, in a plet -

106 metres from the house,
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Altitude . torco00bnsscheeboes 300 metres above geg~level,

Topogranhy secceetassosascss Flate

Drainoge coocevssscscnceccnce Excellent.

Brosion cesescesssscessaces Slight pcoumulation of sediments.

Hatural vegetation seseescos Helianthemm gquamatum, repidum subulatum,
herniaria fruticosa, gypsophula hisnanica,
ononig tridentata; sitipas barbats, eremorpy-
rum cristatum, thymus vulsaris, etc,

AZriculture cecsescocosessee Fallow of wheat.

Ge0LOSY scacecoescsossosceses Gypsum of miccene and slight accumulation -

of sediments.

Horphology

Deoth (em,) . Horizons

0- 50 © Ap Aoundant roots and earih worms,

© mi1x (2.12% 0.k,)
Textural class: clay
Gravel (5¢%)
Sub-poliedric~poliedric struoture
Good permegbility
Porous and canalicules disturbed by earth-wrorms.,
Colour 10 YR &/2 (dry). :
Degree of humidity: dry.

50~ 80 A h2 Limited roots and some eﬂrthdwomnse

' mti1l (31.445% 0K.),
Textural clasa: clmja
Sub-poliedric structure with small aggregates
(size 4 mm.), _
Very good perneabliltje
Targe pores

solour 2 v5/4 (dry)

Degree of humiditys dry.

80~115 Cly There are no roois.
Accurulaiion of gypsum
Textural class: clay
Sub~poliedric structure with small aggrematen
(size 4 mm,)
Degree of humiditys fresh

115 ¢ Parent moierisl




2. Marly serosem

TLOCE ovsosevecocossessvnsss Sierra de Tuna (Saragossa province)

POSitioN sesccoevsencnaocese On the hill side. _

AIEitUde ceecesncesssvesncoss 300 melres gbove sea—level.

Popography cesceneccsscvonce olightly undulated.

DPainsge eeeooresassvcocases Slightly inpededs

Natural vegetalion ssveeceess Platacia 1enticus,—Bheﬁus infecioria, Tymow
lsca Tinctorea, Berxux sempervivens,

Agriculure cococessecscccoss rallow of wheal.

(BCOLOEY vsevecessvssossensse wodiments of sandstones and morles,
Morphology

gggthrgcq&) | Hoximon

0=-45 Ap © - Abundant roots and earth-worms
mtill (31375 0.1,)
Textursl class: clay
Sub-poliedric structure with a hard consistency
Moderaste permeability
Abundent pores
Colour 2 YR 6/2 (dry)
Degree of humldlth dzy

4562 Ah Some Toots and abundant earth-worms.
Textural class: clay

- Bub-poliedric slructure with a hard consistency
Moderate~slow permegbllity
Colour 2 Y 5/4 \
Degree of hunmidity: fresh.

6280 ¢ Some Tootz, Textural classs clay
" Apoliedri structure
Slow permeability
Tmpeded drainage .
~ Abundant capilar pores
Organic matter accumulated through cracks
Colour 5 ¥ 6/4
Degree of humidity: fresh.

80--100 D, Some roois, Textural class: clay

' Prismatic structure with moitling inside age
gregates '

. Poor permeability. Impedsd drainage
Some capllar porss
Colour 5 ¥ &/1 and 10 YR 5/3 (mmtlmg)
Degree of humidity: fresh,

100 D Hydromorphic horizon
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3. Soil developed on terrace

Place euuowenoa}so;oooueaeaaono¢§ae

s a4
Poslh-torl BB eOCDOEORERSEEOOTDETBED RGP

Alﬁiﬁuﬂe fofhrebondapaDrTdobedPeBdORS
Topogfaphy Pero ot e 4B POEEPEPIADIER
DTainag‘e V0N EsBEOLORLEAVDBOOURE OO RO KD

DTatur.ELl_vege-taJﬁiDﬁ CvsETIREOBOBEE do-

A{%‘j}io‘lll-ture eesdopoc Bogdrso R toB R LéEEROD

GeO]_Og"‘f .lDGb‘D.I.oo.ﬂo.‘.'f’i‘ﬂﬂ“'

Morphololy

Tarn belonging to the Experimental -
Station of Aula Dei, Saragossa provig
ce {San Bruno).

100 metres from the border of the lo
west terrace.

300 metres sbove sea-~level.,

Level ground'

Fxcellent

Inula viscosa, Sanquizofla magholie,
Ononig natrix, Chenopodium boytrus,
Andryla ragusina.

Sugar-beet — maize and wheat,

Sandsiones,

- Abundant roots

mtill {1.413% 0.M.)

Textural claga: c¢lay loam
Polizdric-gub-poliedric structuare
Excellent permeability
Internediate and small pores
Colour 10 ¥® 7/2 (ary) '
Dogree of humiditys dry.

Abundsnt roots .
Temtural classs sandy-~clay-loam

35% of stones (of which 20% is gravel)

Sub-poliedric structure
Excesgive permeabillity
Colour 10 YR 5/4

. Degree of humidity: wet

Depth (om,) Horizon
042 i Ap
4255 _ Bv
55 Ca

Some roots :

Textural class: sandy with 75% stones
(of which 25% is gravel)

Crushing structure

Colour 10 YR 5/4 \

Negree of bumiditys:s welt.
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de-Alluvial meadow s0il From the River Gallero

Placs Gree e RbYYCROCR NGB0 CO Rt BEBE

Pogition ceessvecsecssovoevccnsnse
A]-.tj"kude ‘ﬂ-ﬁ@'Hvsﬂceeeﬁﬁ@pﬂ‘eﬂ.‘.-..

‘TOPDgTaphy B PSS 0OCRLEBBOEIOTAE LN

Hatubal Vegetation oreo0ED OO ERIOLE

G6010gy N N T N NN

- Morphology

Depth (om,) horizon
0= 40 Ap
40-100 - - B
100-120 T,

- l“ ——

Plot in the Campus of the Ixperimental

" gtation of Aula Dei (Sarsgossa provin-

ce). _
Middle of terrece at 20 m. from the -

border of highest terrace,

300 meirss above sea-~level and T-9 m,

above the bed of the River Gallegos
Flat, . |

Inula viscosa, Sanguisols magnolie and
BOON. | '
Sediments brought by the River Gallew
g0 |

‘Presence of Toots

MUY (1.495% 0.3.)

Textural class: clay

Poliedric giruciure

Good perimenbility

Abundani pores, canslicules and fissures

Colour 10 Y 7/2.5 (dry)

Tegree of humiditys dry

Presence of woots

Textural clasg: clay
Sub~poliedric struciure

Woderate permegbility

Drainage siightly impeded
Totermediate pores and canaliculics

~ Colour 10 YR 5/4 (wet)

Degree of humiditys wel

There are ne roots

Textural class: clay

Poliedric igtructure

Moderate permeability.

Drainage slightly impeded

Presence of a diffuse moittling that -
ghows an irregular shape

Colour 10 YR 5/4 and 10 YR 5/6 (mottllnpj
Degree of humlalty. f*euh

-3 -




+ 120 _ M

5e Brown scil
Place sooscoscconsossescosnosnssse

Posj-tioﬂ SR PO O F RO O OSGRP OO EPTEEEIP

Topo{%‘raphy .l.DOBFOQOOOOUPCOBPCOCEO

Alti'bude WE BTN PLEEBEEQRENDODCEO LG
I‘iicromlief #0COCABE 00 DDA SEEOQLEEE
Vegeta"ﬁion soss0 oL N0 ERRROOROEDAEE

Geoloé;y passEtConabERTEOdo VOB U RO

Morphology
Depth (Cm.) Horizon *
0 45 ' Ap
45~ 90 ' By

~35 -

- Sub-poliedric structure

There are no roots

Textural class: clay

Poliedyric gtruclure with a hard consig
tency .

Hoderate permecbility

Colour 10 YR 5/4

Degree of humidity: fregh

At 250 metres Ho of Agramonte Sanalo-
rium (Moncsyo Saragossa province).

Top of declivity. _ _ 7
Goncave and convex (declivity of a moun
tain) .

600 metres above sea-level,

Slightly wndulated.

Coniferous

Parent materisl formed by sandstones -
and slatez. These materials are mixed
in situ with some gravels carried by

morraines,

Abundant roota

w1l (103968 0.H.)

Textursl clasgs: sandy loam o
Stoniness 5-10% (of which 20% is gravel)
Slightly plagtic

Good permeabllity -
Abhundant fine pores
Colour T.5 YR 6/4 (dry). .
Degree of bumiditys dry

Some rToots

Pextural clasg: Sandy loans

Stoniness 5% (of which 10-15% is gravel)
Plagtic and siicky '
Sub-poliedric gtructure

Good permeability

Colour 5 YR 4/5 (wet)

Degree of humidity: wet




80100 ' Be Cv " Some voots
' Textural classs Loan
Stoniness 404
Slightly plastic and stlcky
_ Sub-poliedric structure
Good permeability
Abundant pores {intermediate sime)
Colour 5 YR 4/6
Degres of humiditys fresh

110 : Cv Parent material, slightly weathered,

B) Chemical features

A1l these soil horizons were analysed at the laboratory according
to several procedures in order to know their chemiocal and physical featu

rese In gll these laboratory procedures itwo veplicates were uszed,

For the chemical features of these soils the following laboratory

determinations vere useds

1. Reading of pH

In water and 117 potassium chloride solution with a ratio soils
solution {1:2), after a shaking time of 20 minutes, the so0ll was read on

& Beckman IV pH mqter; The pH values are.

Table n¢ 3. pl values

So0oilesg . al : Horilizons
Ap A ho Gy Go
Gypeum _ 795 8,00 8.00 Teb60
serosen _ : 760 765 ) 1,70
_ Ap A ho Bp D3
Marly - 0632 8,40 8 e 40 850
gerosen T .90 1695 T 50 8,10
‘ ' Ap Bv Ca '
. o Ted {40 Te35
Soll developedon terrace 7e72 7‘36 ISan
AD B M1 Mo
Alluvial meadow soil from River Ts30 T-40 Te3s To30
Gallego ' '_ T T0 T 65 7 465 765
_ An By By ov
Bromn 7,50 805 780
01l S 7265 - T90 7470
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The former data is pH in water snd the other is in potassium

shlovide solution,
All the soils are neutral or slightly alkaline, this pH data
increasing along the soil profile in the majority of these soils (please

see the pH figures obtained in 1N pobtassium chloride solution).

2. Total calcium carbonate and free calcium carbonate determing~

tioqg

For these determinations, the Barnard and Dromineau G. 1.951

(45) procedurcs were used.
In Table n® 4 these contents expressed in % can be seen.

Toble ne 4o~ Total caloium carbonate and free caloium carbonate contents

(in ¢} -
Soilsg ' Horizonsg
Ap A ho Gy Co
Cypsum | | 24,09 | 26.29 | 44,10 | 13.68
serosen ' o 12.50 14.90 16,10 _'7020 _
_ Ap A o - By Dy
Marly 36.54 | 33.85 | 42.84 | 55.86
serogem ' | 12,06 13,68 15,50 14437
Ap Bv Ca
Soil developed on 23.43 | 22,26 | 31.50
terrace - - - 12,40 9,12 | 12420
ip | B My My
Alluvial meadow soil from 30.77 |.25.36 | 26.04 | 28.72
River Gallego . 13.80 | 14.70 | 13.50- | 13.40
Brown soll It does not contain
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Of the five soils studied, only the brown soil does not cone
taln calcium carbonate, the rest of these soils show calcium carbonate —

volues, Toxr which therse is no doubt concerning their calcareous nature ,

In soils (Torrace and marly serosem) this caleitm carbonabe con
tent increases slong the soil profiles the alluvial meadow so0il of the
River (allego has sinmilar calcium carbonate values in the deepest moil -
horizon gnd in the gypsum serosem the G2 horizon shoys the lowest Vélue

of total caleium carbonate,
The free calcium carbonate dnofa in 811l soil horizons ig gimi-
lar.

3e0rmanic carbon determinaiion

The Hakley and Black method 1,934 (167) is followed and The or

ganic matier value is oblained using the Factor 1.724. This data can be

seen in Table ne¢ 5,

Table n? 5.~ 0.0, and 0.M. values respectively expressed in %o

Soilae Horizoneg
Ap A ho Cy Co
Gypsum 1.23 0.04 |7 0.34 0.00
serogem 2,10 1.448 0,586 0,155
_Ap A ho Bo D7
Harly 0.05 Ood4 0.27 0.20
seTosen 1,337 1 0,761 0,452 04362
Ap By Ca, o
Terrace 0.82 0.51 0.39
5017, 1.413 0,896 0.672.

' . Ap B iy 11,
Alluvial meadow soil from 0,07 030 0,30 031
River Gallego 1.499 0.672 0517 0.534

AD Bv Sv ov
Brown 0.81 0.39 0.52
soil 1,396 G.672 0,896

Y




In all calcareous éoils, the 0, Carbon and 0,H, contents dew—
rease along the soil profile while in the brown soll the Bv ov horizong
has an inteemediate conlent between those oblained for the upper horigong

(Lp and Bv).

fs Total nitrogen.

. The Kjedahl method (130 a) was uged, using selenium ag a caty
lizer and after that a macrodistillation followed with the respective va
iuation, This totel nitrogen data was expressed in % and oan be seen in

table n¢ 6,

Table n® 6.~ Total nitrogen conten (in @)

So0oilse Ho rizons '
| Am2 Ciy ¢2
Gypsum gerosem _ 0.151 0,042 | 0,056 0,014
“Ap A ho Bp : Dy,
Harly serosen 0,056 | 0,064 0.047 0.039
AP" Bv Ca
S0il developed on terrace | | ©=123 0,095 | 0054
Ap B | m Hlos
Alluvisl meadow soll 0,131 0.126 0075 G.067
Ap By Ev ov
Brown soil - . o 0.008 0.064 0.084

In all soils studied, the disiribution of total nitrogen was

gimilar to that of organic matter in these soils.

In order %o know what the situation is of this total nitrogen
in these soil horizons, the ratio C/N was used, These O/ values were in-

cluded in table ne Te




 mable ne Te= G/N data in soil horizons

Soeils Horizons
Ap A hy Gy Cp
Gypsum serosen 6.10 20 640 6.4
Ap A hp Bp D1
Harly serosen 11540 6.9 640 5.0
Ap v - Ca
Soil developed on terrace - 663 5e3 TeT
Ap B My Mo
Alluvial meadow soil from |
River Gallégé 66 30 40 46
Ap - Bv Bv cv
Brown soil 10.1 6.0 Bel

This C/N data, in all soil horizons {except A hy in grypsum se
 rosem) was lower than 10, meaning that there exists a process of active

mineralization for the organic matter of these soils.

5eS0luble salts -

A ratio soils water (1:5) was uzed, the electric conductivity

of this extrsct wag read and thig lecture was corrected by the factor of

tenperature, this data being expressed in mmhos/cm,

The above‘figﬁiég mean the non-existence of salinity problems

in these soils.
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Table n? e~ Soluble salt data

50 i 1s : : Horlzons
Ap A ho Cry :. -Cg
s .Qypsun SeroSeR 0.585 04475 0,625 0;550
| Ap- A ho Bp I
Marly serosem _ 0.937 0.862 i;eo 1.23
Ap ”BV _7 Ca
Soil developéd on tefface 04705 0.63 0.597
' Ap 3| om. | m
Bivon Gapgencet @0t fron 1.29 | 0,789 | 0.795 | 0.725
Ap Bv . Bvev
Brown soil - 0.637 | 0.962 | 0,975

6. Assimilable’ potassium

_ Thisrelement was oxtracted by 1N ammonium acetate solution,
buffered at pH 7.0, in a ratio soil: solution (1:10) and shaking tire of
15 minutes. The goil suspension was Tiltered throush ¥Whatman paper and w

the potassiuvm content was analysed by photometrye

These potassium values were expressed in mg. K20/100 Zo OF o«

SOilo
In the four calcareoums soils, these potasgium values showing

That these sgoils are wellrsupplied in this nutrient, while the brown soil

had a low content.
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Table N9 9.~ Agsimilable potassium content expressed in mg. Kzo/loo,g, goil

Soils - Hor i Zons
Ap Ahy | Oy o |
.Gypsum serosém ! R 47 50 30,00 1ie50 6450 |
B Ap A hy Bp Dy
Morly serosem 135.00 | 90.00 | 28.00 | 18,00
Ap B . Ca
Soil developed on terrace 38,00 P2.00 | 12,00
Ap B | m Mo |
Alluvial meadow soil : ] 4850 37.00 26,00 30,00 -
Ap Bv 1 Buev | f
Browm soil 13m0 | 250 | 2.0 '

C) Physical features
A% the laboratory the Tollowing détérminations were mades

1. Mechanical anglygis

‘ According to the method of Robinson's pipette, using peroxide
for the organic natier destruction and sodium hexametaphosphate as a dig

Perser,

The distribution of soil pariicles. according to their size and

expressed in ¢ can be seen in Table ne 10,




~Table n¢ 10.= Mechanical analysis

Particle size distribution

Goils | HO¥LI2000] 630|200~ |63= 120~ {643=

o 6394 209“ 63/44 o At 6e§/Q 2//4{ by %/Q,Textural class
Ap [0.09/0.50] 1.53| 6.30]11.81] 26.09!53.68|c1ay

Gypsum . )

o TSN A ho 0051 0T4] 2.28{13,08/15.11| 18,8 |50.00|Clay

' Cly |1e76]1.28] 3.71}17.06{11.80|14.19]50.20(Clay

Ap 10023} 4.63]118.39]14.13)10.59]11.731 40.00| ¢lay

MG,I':L:Y A h2 0348 0358 19&33 11.00 9983 1.5 .83 43&96 Cla;f

SeYrosaen

B |0.45]0.55] 19.33] 10,00] 10,831 15.92] 43.62{01ay

D1 |0,40]0.60|19.0010,00[12.00] 16,00/ 42.00| C1ay

Soil dovelo| P 018 2.23] 6,59/ 18.91) 15,10 20.78| 36421} CLlay Loam

ped on ter-

By |2.01]8.46]12,58] 25.42| 9.18]12.63| 26.92| Sandy clay loan

race
Migvial |40 [0638]2444] 7.16]26.88]15.93/17.30]40.91|C1ay
O om |B |0416]0.02] 0.71] 7.60| 8.93(22.43] 60,5010y
'?izgg G iy (002310460 2045]11.31[ 1312|1525 57.04|c1ay

lp 0.24/046L] 4.68|14,67|13405|17.04| 49,72 |Clay

Ap |2.92 6.24] 27.39] 28.30]13.49] 7.73]13.93) Sandy 1oam
Eﬁg?ﬁ By |2.8115.90 24.73| 26,80 14.86]10.50| 14.40| Sandy 1oam

Bvov{0.88] 3,41} 19.30] 20401 19,53|15.14[ 21.34|Toan
!

Gypsum sefosem,.marly'serosem and alluvial meadow =oil have in
511 their soil-horizons a clay texturey while the soil terrace has a clay
loam texture in A@_horizoﬁ but in the deepest horizong coarser texiural -
fractions dominate, The brown soil chows the tendency inverse to that of

the terrace-soil.
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2. Bulk dengity

Non disturbed soil samples were talen up by cylinders of knowm
volume, Thege so0il samples wexre introduced into a muffle at 1052 C and af

terwards they were Wcighed;
Aocording to the Toraulas

Bullke dengity = Welight
Volune

These bulk density values can be seen in table n? 11,

Table n? 11.- Bullk density values

Soils , Horiszons

Ap . Ay C1y

Gypsum serossm

1.336 | 1.336 | 1.466

Ap A h, B

Harly scrosem
1,710 1710 1,769

Ap B ME

1.660 1.660 1.720

AlTuvial meadow soil

In these soils, these bulk density figures comply with the fen
tures observed in the field, which were described in the morphology of

these sollse.

In the terrace =0il and brown soil, only the bulk density can
be calculated in their AﬁﬁﬁbriZOns because in the other horizons it wasg =
not posgible to take undisturbed samples -owing to the presence of coarw

ser elements,
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3, Ficld holding cepacity

By meang of a Richard's apparatus and its Techmique, Thege Ve
Tuen of field holding capacity were expressed in % on the basis of weight

and they were included in table ne 12,

Table ne 12.~ Data of Pield Holding Capacity

Soils Torizong

Ap A h2 Cly

Gypsum serosem
1003 1003 | 19,90

Ap A h2 B

Marly serosem

1569 15.89 15,33

Ap B ME .

20,89 20,89 1735

Alluvial meadow soil

In the Ap horizon of the brown soil and ‘errace soil, these -

Pield holding capacity were 18 and 20 % respectively.
2.3 METHODOIOGY -
This part includes all the 1aboratdry procedures Tfollowed for the

anglysis of phosphorus as well as the technigue used in the greenhouse -

trials,

A) Total phosphofus

The total phosphorus of the poil can be extractod by two methods,
one is fusion with caleium carbonate and the other is through perclowic =
digestion, This latter method was chosen because i% is well-dmown for its

easy handling and reproductibility-




_ his laboratory has been described by M.l Jackson 1.957 (&7} |
as follows: " 2 g of soil sieved through 1 mm. is placed in a 500 cc Kje- i
dzhl and 30 cc perolorie acid at‘60% ig added. During 1 hour the =oil cam

ple iz digested at a temperature of 13020, After this tome the digestion:

of the soil sample is complete since the -seil sample is completely whiteQ

- The Kjedshl was left cooling and 50 cc water i1s added and this soll sus-

peﬁsion ig filtered (Whatman paper n¢ 42) through a funnel placed on a -

200 oo volume Tlask. This Kjdahl was washed several times with small DOT=

tions of wﬁter, each time this disolution being transferred to the 200 co
 volume Tlask. Finally, this volumentiic flask is made up to 200 cc and -

1ts contents were well mized, An aliquot (10-20 ce) from thig filtrate -

was taken up for the phosphorus analysise

Colourmetric procedure
Thig aiiquot was'analysed according to the ammonium vanadate-molybds
te method (Mol Jackson 16957 (87)). This colourmetric method consists -

- of'e

Reagents

1. Ammornium molybdate solution.— 25 ge of ammonium molybdate'were disgol—
ved in 400 cc-.of hot waters

2, Ammonium vanadate solubion.— 1,25 g of ammonium metavenadalte were dig

, solved in 300 cc of water and 25G co G1H
was added. Thig solution was well mixed,

3. Mixed reagent.— The gbove ammonium molybdate solution was trangferred

into a 1 litre volumetric Flask and after that the ammQ
nium vanadate golution vas added. Both solutions were well mixzed and it -
was made up to 1 1itre with water; keeping this solution in g dark flask.

4. Phosvhote solution.— 0.383 g, of K H2 P04 were dissolved in 1 litre of

water, This solution has 200 mg. P205/litree

5, Diluted phosvhorus golution.— From the sbove golution, 50 c¢c was taken
o - up and diluted to 100 cc with water, This
golution has 100 mg P205/li'hreo ' '
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- Colour develoning

_ A 10 cc allquot of f£iltrate is introduced into a 50 co volumetric « -
flask and 20 cc of mlxed reagent 1s added. The volume is made up to 50 ce

with water, After 30 minutes, the colour is read at 420 nm (Beckman DV),

For the series of phosphorus standards, 1, 2y 3 4, 5, 6 Ty 8y 9
' and 10 cc of the diluted P solution were taken up and the same operation

ig carried out as above mentioned for the filtrate.

B) Orsanic phosphorus
The methods used for the soil total organic phosphorus determing--
tnon are indirect and they are based on the difference between total phog

phorus and total inorganic phos nhorus, These methods conuist ofs

1. Extraciion progedures

a) In thesge, organic phosphorus is equal to the ulifﬂTenCG betyaen Toom
tal phosphorus content and that of inorgenic phosphorus, obtained general
Iy by acidic and alkeline treatments (hcnta et al. 1.954 (111))o

b) As thé difference between the total phosphorus extracted by verclo—
ric digestion and the inorganic phosphorus obtained by 6N sulphuric acid

(Hanotiaux (76)).

24 Irmition methods

.l ge of sbil'was incinerated at 5002 ¢ in a muffle during 2 hours
and another equal quantity of soil were extracted by 100 co of 2 N‘sulphg
ric acid during 1_hour; The difference of values of both extractions, acw
cording to Saunders and Williams 1.955 (139) and Hoyos and Gorcia 1.964

(82) corresponded to the tqtai'organic‘phosphorus.
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Fox the egtimation of this ﬁhosphorus in these five soilm, the med
thods of SaunderSMWilliams gnd Henotiaux were chogen because the former -
is a standard method widely used by the soil workers and the latter was
recommended by the professor supervising this study. The deseription of --

both methods is included below,

. Hanotisux's method

I. Bxiraction snd assesesment of total phosthorus

Rearents

1. Percloric solution (375 oo of percloric acid diluted at 500 oc)
2e Mitric acid diluted (12

3o 0.25% smmonium vanadste solution

de 5% ammonium molvbdate solution

D¢ Mixed reapent.~ The solutions 2, 3 and 4 wers mixed in equal volumes -

and it followed the order of 4,3 and 2, This mixed Tres,

gent ig kept in a dark Tlask.

6. Phosphorus ﬁolutlon,~ 1.0984 g. of KH,)..G4 ﬁPre digsolved in I litre of
woter, This solution has a 250 poJp.itp P concer-
tration,

T« Phos ohorus dllUde golution 4~ 50 ce of the above golution was taken up

and diluted to 1 litre. Prom this soluu

tion equivalent amounts to (1, 2, 3, 4, 5, P.pems P) were taken Ule

Teotal phosphorus extraction -

2 ge of s0il sieved througﬁ 05 mme Was'placed in a 150 co erlemeyert
This erlenmeyer wés prlaced on a hot plate and 20 cc perclonic solution —
(reagent 1) wag added. The temperature of the piate was increased little
by 1little in order to avoid explosions and quick boiling. Once the digese
tion of soil material was reached, the erlenmeyer was lef+ cooling and af

ter that, a certain amount of water was added. This dissolution was trans

- 48 ~




ferred to a 100 c¢ volumetric Flask. The erlenmeyer wos washed several ii
mes with small portiong of water which were transferred to the 100 ce vo-
Tumetric Flask, Until this volumetric flask was made up with waler and was

well mixed. An aliquod of 10 co was taken up for the phosphorus ahalysise.

Colour development

This aliguot of 10 cc was intreduced into a 100 cc volumetric flask

and 30 oc of mixed reagent (veagent 5) was added. It was made up 100 co =

with water and well mixed.

After 30 minutes, the colour wasg read at 410 nm., The same was made -~

for the phosphorug standards.

1T, Inorsanic phosphorus extracted by 6 N Sulphuric acid

Reagent

1. 61 sulphumic acid solulion

2 1L ¥ sulvhuric gccid solution

3s 245 ¢, ammonium molvbdate sclution

4o Stannons chloride solution.— 255 (25 g. of Sn Cl, — 2 H,0 dissolved -

51 100 cc HCp and diluted to 1 litre).
Extraction

1 g. of soil sieved through 100 meshes is introduced into a 50 co Xje
dahl and 40 cc 6 N sulphuric acid is added. This Kjedahl is brought up to
boiling during 10 minutes. After thisg time, this Kjedshl is left cooling
and @ certain amount of water is added. After this, this solution is trang
ferred to a 200 ce volumetric flagk. The Kjedahl is washed with small pox
tions of water twice, these solutions being again transferred to- the 200

. oo volumetric flask. Mix well and take up an aliquot of 10 cc for the phog

rhorug determination.
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Thosphorun assessment

This aligquot of 10 cé was introduced into a 50 ¢¢ volumeiric Flask
- and 10 cc water was added. The pH of this exiract was buffered at 3.0 -
'{hrough the addition of gome drops of a godium hydroxide solution and w
raading on the pi moferg After that, this solution wag transferred fo a
100 oo volumetric flask and 4 cc of sulphomolybdyc .solution was addeds -
This volumetric flask was placed into a water—bath at 4 = 258C, where 3
drops of stamnous chloride solution was added and immediately the colour

was read at 660 nm.

The total organic phosphorus is the difference belween the total -

- phosphorus content and that of inorganic extracted by 6 ¥ sulphuric acid.

&

Soufderag-fiiliamg procedure

Rencents
2 ¥ sulphuric acid
Extraction

2 go of moil sisved through Qimm. was introduced into a crucible and
i% was placed in an oven at 5502C during 1 hour, After this time the cru-
cible was removed and left cooling, iis contents were transferred to an
evleimeyer. 100 cc of 2 N sulphurioc golution was added. Another 2 g. =oil
sample sieved through 1 mm. was introduced into another erlenmeyer and 100

cc of sulphuric acid solution was added.
.

—

Both erlenmayeréiwégé shaken during 1 hour, And after that these

20il suspensions were filtered through Whalman paper 42.

An aliquot of 2 or 5 ml was tsken up for the phosphorus analysis. The
- phogphorus determination in both extracts was carried out through the Bue-

rriel Hernando method 1.947 (30);



This 1abcra¢ory'procedure congists of

_};f“{_gﬁn;eﬂ“t g

i; Phosvhorus solutione= 0.3834 g. of K H2P04 wore digaolved in 1 1litre

and this solution has 200 mg P 05/11'171-0o

2. Diluted vhosphorus solution.— 50 cc of the above solution was taken up
' and diluted to 1 libre with 2§ H2304o -
Phis solution containg 10 mg. P205/iitresa

3;.Sulpho~molubdic solutione~ 10 g, of sodium molyhdate wers dissolved at

1 litre with & solution 10¢ of sulphuric

H

y ce of C1 he and it was kept in a dark
: fla* -

‘5 Diluted stannous chloride solubione= 0.3 cc of above gsolution isg dilu

ted to 200 cc. Thisg solution must
‘be prepared before being used,

6 P indicator solution.—~ 0.1 g of 2«6 dinitrophenol is dissolved in 2h

cc etilic acchol and 75 co water,

Te Diluted potassium oyanid solution.— 0,10 gi of KC¥ was dissolved in 1

7 litre.
8 24 sulphuric acid solulion

Colour development

An aliquot of (2 or 5 ml) im introduced into a 50 cc volumetric flask
and .15 cc water, 2-3 drops of indicator solubion and 2=3 ml. of 1N sodium
.hydroxide solution were added, Later, 1 or 2 drops of 2% sulphuric acid =

solutlon were added uniil the above yellow colour disappeared. After that

2 cc of CN solution was added in order to avoid iron influences the solue
- tion is mixed, and 2 cc of g sulphomolybdié solution and 2 co of diluted -

'stannouﬂ chloride were resp00u1vely added. It was well mixed and made up
- to 50 cc with UabCTn
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After 30 minutes, the colour was read al 660 nm in Beckman IV,
For the phosphorus siandards 0, 1, 2, 3, 4 and 5 co of diluted phog
paorus solution were taken up and the colour development was made in the

game Way as descoribed above. |

G) Inorganic vhosvhorus in soil S |

In order to get information related to these inorgenic vhosphorogs
of ¢o0il forms, the soil-workers have followed methods based on the solus

bility cwiteriongThese procedures can bes

le Individual equilibrium of goils ang phogphorus minerals which are well
known with solutions at different pli. After this equilibrium is reached,

they have ploited a diagram of the phosghorus concentration according to

PHe In this way, they can compare the ghapse of the soil curves with those
g

obtained from the phouphorug minerals.

2. According to a method of gredient elutriation, the inormanic phosphdm
rus Practions were separsted. Soil sapples underwent a progressive loae
ching with a solution that inoveases in acidity (fmom 0 to 10 N of sulpiy
ric acid) and after that these soil curves are compared with those obtai-

ned for the phosphorue mineralse (Avnimelech and J. Hagin 1,965 (7-8}).

3; By consecutive extractions on the same 80il sample with solu{ions such

est 1 W amponium chloride, 0.5 ¥ ammonium fluordide, 0.1 N soflium hydroxi-

dey 0.5 N sulphuric acid, 0.3 ¥ sodium citrate + sodium dithionite and 0.5
N gmoonium fluoride. It ié assuned that these extracting solutions remove

the water soluble phosphorus, phosphates of aluminium, iron calcium and

bhosphorus coated by iron and occluded phosphorus sluminiun respectively.

_ Normally, the term oceluded is used to Tefer to the theory that the
last two phosphorus are inside the iron oxides and cannoi be disasolved by
the first extractions (Jackson, M. 1.957 {34)). The combination of sodium

dithionite and sodium citrate was used to pemove the iron oxides in soils,
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otherwise they would hove presented an excesglve acidity that would be ne

cegsary in the absence of a reducent agent (sodium dithionite).

4o Aslyng 1.964 (6), Larsen and Court 1,961 (100) as well as Cole CoVe =
and Olgen S.Re 1.959 (38), have used the solubility products calculated
for sclutions in equilibrium with soil samples and compared with the cong

tants of solubility of known phosphate compounds.

In a system that consists of g liquid phase (solution) in equili~-
brium with & solid phese, the chemical potential of all the compounds is
the same, therefore the potential of a solld phase will be easily calou-
lated from the measures. of the activities read in the solution (Larsen

1.967 (102)),

Thus dizgrams for the known phosphorus compounds have been vroduced
according to the drowing of the phosgphate potential values (1/2 pCa +p
HEPOA) againts the lime potential (pH - 1/2 p Ca)e

Under svitable conditions of temperature and eguilibrium time, vhe
phosvhate and lime potentials for soils have been obtoined. These values
were included in the sbove mentioned diagrams and in this way it has heen

posaible to know the main phosphorus compounds in the soil.
In our study the following procedurss were chosen:

1)} The Chang=~Jackson method, in order to have general information Te
lated to the soil phosphorus fractions. This procedure was chosen because
1% has been widely used by so0il workers (Bates and Baker 1.960 (14); Kai-
la. 1,963 {90)3 Hawkins and Kinze 1.965 {(79), Xhanna P.K, and B. Ulbrich
1.967 (94)), althrough this method has undergone the appropriate criti-
cigmg by Fife 1,957 (51) and Hanotiaux 1.964 (74) in relation to the phog
phorus soluble in ammonium fluoride, as well as modifications in order to
tpanaform it inio a routine laboratory procedure (Petersen and Covey =

1.967 (128)).
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_ Other geientisgts have propesed a chenge in the use of the different
“extracting solubtions (Williams 1.967 (179)), while Ginzberg et ale 1.971
(60)have introduced an ammonium molybdate solution to stard the fractiong
lization sequence in order to d&lssolve the moét soluble calcium'and magsne,

gium phopphates in the =oil,

_ Thus, we have chosen the original Chang and Jackson method 1,957 {(34)
and the modification introduced in this procedure by Hanotiauwx 1.964 (74)
related to the pH of the ammonium fluoride solution for the extraciion of

P = Al,

The phosphorus analysis in the fractions soluble in ammonium chlori-
de, sodium hydroxide and sulphuric acid was in accordance with the Burrisl
Hernando method‘lo94? (30), The suitable pH adjustment was in order to =

achieve a normal colour development.

In the original Chang and Jackson procedure, the phosphorus determie
nation of the soluble fraction in reductant is a heavy and tedious snaly-
pis, for that reason this determination was made according to the iaboram
tory method provosed by Petersen and Corey 1.966 (128). This procedure -

consigts ofe

Beazents

1. G@ZSIM Potassium vermansanate.— 19,75 g. of K Hn04 were dissolved in

400 wo water through heating in a hoi-
ling bath during 2 hours and a conitinuously stlrring of this solution.

2, Ammonium molvbdate solution in sulphuric acide.- 60 ge of ammonium molyh

_ , - date were dissolved in
800 cc of slightly hot water. This dissolution was left cooling and 84 co
sulphuric acid were added; Fiﬂally, thiz solution was made up to 1 litre
and was kept in a dark {lask.

3¢ Stannous chloride solution in HpS04 = NHC1 medium.— 0.3 g, of 012 Srte

2H20 was placed in

a 100 co volumetric flask and 20 cc water wag added. This solution wag —




Cwell mixed, and 5.6 co of HO1 was added to proveke the complete disgolu~
tione And alfter that, 13 cc of X 304

~xed and finally it was made up 100 cc. This solution must be prepared be

was added and again it was well mie

fore usea,

4. Sulphuric-clorhidric solutione— In a 200 co velumetwic flask, 40 cc =

_ water, 11.2 cc were placed and woll mi
‘xed; later it was made up to 80 ce with water, again mixed and 26 cc 1,
SO4 was added and mixed and finnaly the volume wag made up to 200 oc,
De Isobutilic aloohol

"6, Wthylic alcohol

Colour develovmend

In o separation funnel, 5 co of the phosphorusVsoluble_in'0.3 M s0-
dium citrate wag introduced and 2.5 cc of the. solution 1 was carefully ad
deds It was well mixed and left during 5 minutes. After thig time, 5 co |
of soiuﬁion n? 2 yas added and well mixed. 10 co of.isobﬁlitic alcohol -
was placed and well mixed through hand shaking during 5-10 minutes. Aftexr
that, the funnel was left and the water phase was wemoved. On the aioohol
vhage 5 ce of solution n? 4 was added and' rell mized during 5 mlnute g3 ab
the end of this time the water phase was again removed., 5 oc of stannous
chloride solution (solution 3} was introduced and again all was well mi-

xed gnd the fummel was left, and the water phase wog removed,

Finally, thé alcohol phase was collected in a?lO,cc flask, washing
the fuanel with ethylic alcohol and the colour is read at 650 nm,

- For the phosphorus standards (20,40, 60 and 80 mg Péos) the above

sequence is followedq%

~ fhe phos nhorus'uolubla in 0.5 N'ammonlum fluorides this determ1nat1on
was carried out in accordance with the Isobulilic method and a suitable
addition of .a 0,8 M boric acid solution o aveid the fluor interference in

‘_normal'colour developing; This method was as Tollows:
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Reagents

1. Ammonium molvbdale solution.— 15 g. of amhonium molybdate wers discole
_ ved in 350 ce waler and 350 cc of 10 W
C1H solution were added. It was made up to 1 litre and was kept in o dartk

Flagke

"‘2; Stanmdus chloride s01Utione= 10 ge of 012-81'1e 2H2O were dissolvéd in

25 co HO1 and was kept in a dark ﬁlé&k;

3. Stannous chloride diluted molutione= 1 cc of the above golution was -
' diluted to 200 cc with a 1 N of

HC1 solution, This dissolution must be preparsd before vaing,

R ?hosphorus solutione 0.363 g of K HZPO4 were disgolved in 1 litra.

5e Diluted vhoaphorus golutione~ 50 cc was faken up Trom the above solu-

tlon and wasg diluted 4o 1 litre with (.5

N ammonium fluoride solution. This solution hasg 10 me P?O5 per litre,

6o 0,8 1 boric acid solution

7. Tsobulitic alcohol -

8. Ethvlic slcohol

9; 1 ¥ of HO1 solution

Phogphorus determination

in a separation fumnel, 10 cc of soil extract was introdvced and 15
cc of Q¢8 K boric acid solution was added, it was well wixed and left di
ring 5 minutes. After that, 5 cc of an ammonium molybdate solution and 10
e isobutilic alcohol weré‘added,‘all were ghaken by hand during 5 minum

tes, and the funnel was lefty then the Water phage wag removed and 10 co

- 56




of starmous chloride diluted solution were intreduced, again the whole =
'gystem wos well mixed and the water phase removed. 10 cc of 1IN HCL =molum
tion was introduced for washing the alcohol phapes after mixing again the

~water phase was removed.

¥inally, the alcohol phase was collected into a 10 cc.flask and the
fumel was washed with ethylic aleohol, and tragnsferred to the 10 cc flagke.

After that, colour was vead al 660nm..

For the phosphorus sbandard series, Oy 1, 2, 3, 4 and 5 co of the P
giluted solutionwere taken up and made up to 10 cc with 0.5 M ammoniui -

fluoride solutions alterwards one continues as one did Wefore,

The phosphorus analysis for the soil extracts oblained according to
the modification proposed by Hanotiaux, were those recomuended by this «

author.

Tor the fractionalizating pfocedure of Chang aﬁd Jeckson, we have go
neral information conoefning these inorpanic phosphcrus fractions, however
if we require o deep knowledge rclated to the nature of these phosphorus
compounds, another lsboratory method mugt be followed. For thal purpose,

the procedure used by Aslyng 1.964 (6) was chosen. This method consists
of: 5 g. of goil sieved through 1 mm was introduced in an eriemmeyer and
.100 oo’ of 0,01 M calcium chloride solution was added. This erlenmeyer was
placed in a shaker in a thermostatic chamber et 202C + 0.8., and the stop
pered erlenmeyer was shaken during 24 howrs. After this time, the soil -
sugpension was Tiliered through Whatman 42 paper and this éxtract, pil and
phosphorus were determined, PH through a reading in a pH meier Beckman -

DV ond phosphorus analysed by the Burriel-Hernando method 1.947 (30).

D) Physicochemical soil properties related to phosvphorus
Y 5

1. Fhogphorus adsorpticn

The laborstory procedures used have consigted of: to equilibra

s

te increased phosphorus solutions as potassium diphosphate buffered at pH
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740 or caloium diphosphate in a 0,01 M calcium chloride medium, et diffe

rent soil ratios: solulions and equilibrium %ime. Thus, tHe phosphorus

retained by soil has been considered ag the difference between the P con
centration added and that found in the final solution. This difference -

was expresged in peD.Me 0T Iz P per 100 g. of soile

In order to show the phosphorus adsorption process by soil; the

goll workers have used two types of adsorpiion isotherms, These isotherms

or in linear exprecsgion
logcX =loga+d . loge

where:

3

X = ig the amouni of phosphorusg adgorbed per unit
of woll waight,
¢ = phosphorus concentration in final solution.

a and b are constants that vary among soils.

According to Larsen 1.967 (102), this Freundlich isotherm is eme

pirical because its constants heve no physical mesning owing to the fact
that the phosphorus adsorption values did not follow ihis igotherm, whon
The P concentration in final solution was below 1 p.pem, P (valués given

by Kemtz et all 1.946).

Iengmuir!s isotherm

Thig igotherm has constants thal when applied Yo gas adsorption

on gelids has a quantitative meaning.

_ 7 (i + bP)
or in linecar form ' ' :
P01 + P

Vb m  Vm

It has the folléwing eguation:‘ vV = Vm %P




theres
P = pressure
V = amount of gas adsorbed per unit of solid weight
Vo = maximum amount of gas wiich can be adsorbed as a monolayer.

b = a constant concerned with the energy of bonding.

The principles postulated by the Langmuirts isotherm are:

1) The energy of adsorption is constant (which 4movlies uniform i

tes and no interaction between adsorbed molecules).

2) The adsorption takes nlace in determined sites (vhich implies
y g2l j3) 7

no translational motion of adsorbed molecules in the surface planc).

The maximum zdsorption possible corresponds 1o 3 complete mono -

molecular layer.

In chapter 1, it was menbioned that Olsen and Watenabe 1.957

(122) established that under 20 p;p,m, P in final solution, the phoapho~
~rus adsorplion values followed the Langmuir"soiherm, for that reason it

is poseible to calculate the maximum phosphorus adsorption as well as the
energy constant related fo the bonding of the phosphorus to soil pariie

cles, by using the next eguations’
e 1 . Y

X/m KX, .

i
R

wheres
€ = phosphorug concentration in final solution

X/m = amount of P adscrbed by unit of soil weight

e

= constant concerned with the energy of bonding between P and
201l

maximunr phosvhorus adsorption,

]
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In the same chapter 1, it was pointed out %That it is the first -

time that a study concerned with phosphorus adsorpiion ig carried out and
! H

in general, the litergiure cites two lahoratory proceduress one consists
of potassium divhosphate solutions bulfered at pH 7.0 (Rennié et al,
1.959 (134)), Olsen and Wetanabe 1.957 (122)), (Hagin et al. 1.963 (71))

and the latier, a medium of 0,01 M, calcium chloride with increassed

anounts of calcium diphosphate {Ozanne P.Cs and Shaw 1,968 (127)), {Rajan
8.5, 1,973 (133))., '

We have balieved that thg eatimation of thig phosphorus adsorp-
tion by both laboratory methods would be useful, For that, in the former A
méthod was uvased o ronge of phosphorus (On40 TeDollle P) in the four calcar~
reous soils and {0-6.40 P p.p.m.) for the brown soil and in the latler a

ronge {0-28 P pepom.) Was addod..

In both procedures a ratio soil solution (1: 10) and an equili-.

- brium time of 24 hours were used.

Each equilibrium stage was carried out in triplicate in order fo

avoid errors.

_ After the equilibrium was reached, the soil suspension was Tiite
red through Whatman 42 vaper and a ' suitable aliguot was talen up for the
phosphorus analysis. This element was determined according to the Burriel

Hernando method 1.947 (30).

The surface phosphorus debermination was made according to the p
patterns supplied by the Brnage Experimental Station.

-

The method adopted sass

A Tange of P added (1=4 P pipem.) in the form of a sodium di-
phosphate diluted solution, a ratio of soil: solution (1: 10), a certain

32

amownt of P77, and equilibrium time of (8, 16, 24 and 48 hours).
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The modus operandi was: In a 100 ce centrifusgal tube, the solu-

tions P31, P32 and water were added and weigheds finally, 5 g. of goil -

wasp introduced and the whole welghed. -

After each equilibrium time, P5° yas detected in a Geiger at e
“nage Experimental Station and the P31 anelysis was carried out according
“fo the method of ammonium molybdate—stannouschloride widely used by the

soll depariment al Gembloux University.,

_ The surface P values were caleulated according to ihe following
equations

™ (23 = P,) 548,389

e = (P, ~P) o Fo - Pl) - -4
574
(P7 ~ P8) ¢t
Be__e  x100
B =F

B is expressed in P mg/lOO g of soil;

In the above eguation

i

welght of centrifdgal tube
weight {Sol o0 4 Pl)_
=P, + welght of PBz-solution

b
-lb-ﬂw!ﬂ m"d H”d
f it

i

P3 + welght of water

g

P4 + 5 g of goil

= correction for disintefrations

o+
mm‘*d

= time for the dlepintegrations
1 . . s s " : .
of = ?3 concentration in final solution (expressed in mg P)

ci = P31 concentration added (expressed in mg P)

For all soils, it must be said that each equilibrium stage was car
ried out.in quadruplicate,.
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‘Phosvhorus desorption

« 14 consecutive water extra ctlons on the mame s0il uample

One of the laboratoxry procedures proposed by Fried et al. 1.956 (55)

was Tollowed.

This method consists of: 5 g. of goil sieved through 1 m2 was pla~
-oed in a 100 cc centrifugal tube, and 40 ce water wag added. This soil -~
suspension was shaken about 1 hour and afterwards was centrifuged at -
tede And again the same opsration was repeated 14 times,

In all soils four replications were warried oul,
_ The pho sphorus in all extracts were analysed by Murphy and Rileyis-
method ag recommended by Ven der Poaw-Sigingh in water extractions 1.968

1.971 (163) (1.964).

2+ Soil-Hater-Resin gyatem

The.Amer et al. procedurs 1.9%5 (4) was followéd; only a alight mow
dification concerned with the type of resin was introduced. The Lawatit
600 Herck was used instead of the other types recommended by Amer et aley
because in a'previous_stﬁ&y Ae Campillo 1.971 (33) showed that thizs re-

sin was the most efficient in relation to P adsorplion.

_ ]The'modus operandi was: In 125 co erlenmeyer 1 g. of soll sicved ~
through 0,25 mne, 1 g. of Lewatit 600 (1-0.5 mme size) saturated with €17
and 100 cc water were 1ntroduced.‘”hls erlenmeyer wag placed on a shaker
in a thermostatic chamber 2090 + 0.5 end the system was shaken at a dif-
ferent equilibrium time (1, 2, 4y 55 10, 20, 24, 43, 52 and T2 Tourp)

contlnuously.
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4,000 repem, during 1 hour, After this time the clear filitrate was collec
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In all solils, Tor each equilibrium stage three replicaies were carw

ried out,

Once equilibrium was reached the ahlonic resin was removed from the

goil sugpension, through 0.3 mn sieving using a small portion of walere ﬂ

This anionic resin was transferrved carcfully 1o an Aly column that
ig placed on & 100 cc volumetric flask, and then this anionic resin was
slowly washed with 10 cc portions of godium chleride (60 %) solution une
£11 a volume of 60 co was collected in s volumetric flask., Afterwards, -
four waler washing of 10 oc were made to the anionic resin and finally -
the volumelric flask was made up to 100 and well mixed. A 40 cc aliquot
of this extract was itaken up for the phosphorus anslysis according to the
Burriel Hernando method 1.947 (30). 7 '

3, Liberation of P adsorbed by soil

In order to have knowledsge concerned with the behaviour of these -~
goils in relation to their phosphorus transfer, the modus operandi follo

wed was:

In 100 co centrifugal ﬁuﬁes 2.5 g+ of goil sieved'through 1 mme and

50 cc of a 0.01 B calcium chloride solution that centains 8 P.pepeme (Ca2

(H2P04)) were iniroduced. This soil suspension swas shaken during 24 hours
and later was centrifugated at 4.000 r.p.n. during 1 hour., This liguid
vag discarded gnd the soil residue underwent 14 consecutive extractions
with water or 0,01 M caleium chloride solution; in each @X%faotion, the
equilibrium %ime being 1 hour and followed by a centrifugation at 4.000

ropem. and subsequent filtrate collection.

The phasphmrus:of these extracts was analysed by the Burriel Hernan
do method 1.947 (20).
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 Phosphorus dynamics and crop groyth

“In chapter 1, it was pointed out that we require to know what the -
 behavious.of these =zoils is like in relation to the phosphorus fransfer
and; ag well, the influence of this nutrient on the crop grewth and yield
under the natural conditions of these soils. Thus, ﬁhis.implies‘the use
of a blological procedure that supplies-information related fo the crop
phosphorus yield, a consequence of iis dry matter yield and phosphorus -

contents

1. Biolorical Assessments al Greenhougs

There are many biological procedures useful for this purpose; we fol
lowed one of +them recommended by the soil department at Gembloux Universi
tys although this method is long assessment can amply satisfy these regul

remnents,

This trial consists ofi A cereal {rye-grass tetraploide gigantum),
easily grown, was sown in 10 litre pots that containdd’ a mixture in ba-
gis of volume formed by 807 washed send {2 mm) end 20 of soil. These pols
are perforated on their bolttoms in order to carry out sublrrigation in ag

cordance with the following schemes

An exigting installation in one of the greenhouses ai Aula Dei was
used, assigned to the soil depariment. This intallation consiste of 10 11
tre pots which are arranged in order to allow for gutomatic subirrigation

through light pumping.

T4 must be borne in mind that the number of pots in this trial would
be considerable; for-thisreason, in this installation a previous test of
subirrigation in these pots (with a mixing of sand and soil) was carried
oute It could be verified that a down dragging of scil particles towards
the water coniainers situated in the lower part of this installstion was
produced, although the pressure used in the pumping Was'light and the bot

tomgs of thess pots were covered with algodon and a piece of gynthetic -
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cloth (small mesh)e Due to this difficulty, it was opted to iveignte:
the surface of these pots, adding %o each pot a 200 cc water amount twice
a Week; in this way we shall have the possibillty of saiisfying the water

reguirements by Lhe cTop gn& avolding this dragging of soil particles.

On the other hand, the soil department belonging to the University
of Gembloux recommended o nutritive solution whose anion/cation.ratio: =
was 0.97 and the concentration of thig solution in a 50 Iitwe volume i1l
be:

NO3 -ualo-acoﬁ-oaooc;catoeoapocooacoec 7,386 MeC s
SO%“ ﬂﬂ“';of..ﬂﬁnﬂfﬁﬂOOOQOOQGHG.O'.‘VQ 2,462 m.e'
K’ L 68080 FORABOOCODB L ®*DORDIGEE TGOS -39563¢4 mnea

¥
Ca CECL VOB B O PTORNDOEEIPOODOEICAREIGORE '3329¢a3 moeo

I“’Ig'-H CECOCRDPLROR OBV OYBAREOAErTIORRODEOTrE 3,294.3 m°e°

This oluuzon will contain 100 cc of a microelement solution, WhlGh

conoontratlon will be as follows:

Z0 Cly eeovreorvssecsornnanssosssosconns  4o73 gflitre.
Mn Gl sveevoccvoceossoesnncnsosncoscnese 1000 g/litre
Hy BOy soevconeencisccoeseniacossanacascs 15,00 g/1itre
Cu CLye 2,0 evssonavocasanssivascosensonas L33 g/Titre
Fe Cl,edHa0 eovevucossacssovosscncassases 45,86 g/1itre

Ammenium mObedate OﬁiOOataoooaosoeo.ooa; . 0062 g/liﬁrﬂ

As well, %he staff of this soil depdrtment enphasized the chenical
products to use and the sultable préparaﬁion of the above nulrient solu-
tion, These chemical reagents were Verck; for the cations (Ca, K and M)
They were 1n the form of hydroxides and for the anions (SO and'NU%“)_m
they were 1 apectlvely sulphurlc and nlﬁrlc acids in the armounts and voe

lumes corresnondinn to the regpecitive m.e. concentration 01ted above.

On the lst of February 1.973, the biological asscssment at the green

house was initiated. This test consisted of a desing of 6 replicates of -




ipbﬁs with plants and 3 replicates of pots without plants for each soil.
‘These pobs had a mixture of 80 4 sand and 20% seil in bosis of volume, -

for that purpose a small container of known volume was used.

_ The goil volume was weighed before it was mixed with the'sand; this
handling took place in a large contpiners aif'ter that both materials were
well homogenized by hand and were carefully introduced into the prepared

pote

On the 9th of February 1.973, 30 geeds of rye=—grass tetraploide gi-
gantum were drilled per pois two days later the seedlings emerged and ~

thinning was carried out, leaving 15 seedlings per 10t

The period of this assessment was until the compleiion of the gro--
wing cycle of this_crép, for that purpose The above mentioned soil depazt
ment rocommended the supply of 600 m.e,/pot of the above rubrient 5011w
tion, During this time this itrial was watched daily and the nutrient solu

tion was ditribuled ag followss

o . , . W .y
e nlant m.e,{pot . : -o¢ golution added/not

2 déys N , : ' 20 m.e. 5C
9 days o | BQ Me€ e | 200
23 days | 100 m.e. _ 250.
37 days . . 100 mee. | - 250
51 Qays - 200 maee ) 250
5 days S 150 mees 375
19 dsys 150 mae. - 375

!
- - 4

The #@bove application/wasrbased on the crop growth and the criierion

supported by Hanotiaux, in one of his papers (Hanotiaux 1.966 (75)).
At the end of this_assessment, the plants from each pot were separp—

tely harvested, weighed, dried in an oven at t = 6090 and weighed again.

This plant material was well ground and well mixed. Two subsamples of 0.3
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Zs WoTe digesﬁed with peroxide and sulphuric acid, such as is described by
Van Schounwernburg 1.9687(165). The phosphorus of this extract was analy-
~sed according to the Murphy-Riley method such as is recommended by Ven Sch

 ounwernburg 11968:(165)0

In the procediﬁg-greenhouse test5 the no plants potg received the saw
- me nutrient solution application as the.oﬁher pois. Hhan the plants of the
latter pots were harvesited, the material from one of these pots was colleg
ted and left to dry at laboratory temperature. Once well dried, the whole
of the material was passed through a 1 mm gleve in order to remove the sand
perticles added. The soil was well mixed and some subsamples were taken up

‘for laboratory analysis.

In this trial (I), sienificant differences in phosphorus plant yield
were found, for that reason we belicve that it would be useful to verify
this behaviour with a IT assessiment, FPor that purpose, on the lgt of lay
1.973, Tye-grass teiraploide gigantﬁm was gown in the same pots before used
in trial T and plants from each pot were horvested on the 15 th of July -
1973+ During the period of'this I1 $rial, the sane conditions described
before were followed; in other words, all thal related to the use of nu~
tiient sclutiony plant harvesting, weighing snd phosphorus analysis, ag =

well as that concermed with the g0il material from the no plants pois.

In the laboratory, these goll materials underwent the Tollowing extirac
[ | = pivel

tionss:

1. By 60 sulphurio aoid smolution, in théjsame way as was described before
for totsl inorgenic phosﬁhoras (Hanotiaux's method).

2. By 2N sulphuric acid (Seunders and Williems procedure)

3« The fractionaiing sequefice of Chang~Jackson until the phosphorus s0lu~
ble in reductant,

The purpose of the above soil extractions was to compare, under the =

same conditions, the plant phosphorus yield and the content of this eclement

in goil. As well as to verify any alteration in these phosphorus soil frac




tions, In fnct, slishtly higher values in phomphorus exitracted by 20 and
6N sulphuric acid were found, and the increase of these values corresnon-—
ded to the sum of the increase of the phosphorus extracted in the inorga-
nic soll fractions; then we assumed that en altoration in the organic phog
phorus had occured during the drying time at the laboratory or perhaps, -

at the greenhouse.

2. Laborptory nrocedures for assimilable phosvhorus

On the other handn an esiimation of assimilable phosphate was made -

according to the following procedured:

1) Burriel-Hornondo method 1.950 (31

Thig quick test is amply used in large mubers of Spanish laboram

&8
tories. I4 consists of: an extraclting solution based on:

1.0 g+ calcium carbonate

0.9 £. magnesium carbonate

5 cc of sulphuric acid (20 %)
24.5 cc of acetlic acid

Haking up to 10 litres with waters -
Extracting

2,5 g. 801l sieved through 2 mm + 250 cc of the above solution were
placed in a bottle and this smoil suspension was sheken during 5 minutess
aftér that:it was filtered through Whatman paper 42 and an appropriate w-
-aliguot was taken up Tor phosphorug analysis according to the procedure -

described by theme authors (Burriel Hernando 1.947 (30));

2) Olsen's method 1.953 (119)

This procedure was chosen because it is widély used asg a quick =

test of phosphorus in calcareous seils. According to its authors, the ac—
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tion of this extracting solution is to diminish the calcium concentration
in s0il solulion through caleium precipitation as calcium carbonate, wresul
ting in an incrcase in the phosphorus concentration in this =01l solution.
On the other hand, in calcareous soils the secondary Teactions of precipi
tation are rediced, due to the low calcium concentration in *this extrace

ting solution,

YModug operandi

Extraction

5 go of soil + 100 oo (0.5 M Na Hco3'solution buffercd at pi 8,5) are

- placed in a 250 cc erlenmeyer and ars shaken during 30 minutes, After thatl
this moil suspension is filitered through Whatman paper 40. IT the Filtra-
te remeined coloured, at teaspoon of carbon (free P) is added end it i

again shaoken and filtered,

Colourmetric procedura

Reagents

1. Ammonium Molvbdate solution.,— 15 g. of ammonium molybdate are digsoles

' ved in 300 cc slightly hot water,; left -
10 cool and 342 cc HC1 are added, mixed well and made up to 1 litre, Thig
golution must be kept in a dark flaske.

2. Stamnous chloride solution.- 10 g. of G1, Sn. ZH0 are dissolved in 25

-2
cc of HCI and it ig kept in a dark flask,

3¢ Stammous chloride diluted solution.- 0,75 cc from the above solution is .

diluted at 300 ce, Thizs =zolulion -

must be preparcd before using.

4.~ Phogphorug solution,— 0.4393 g of K HQPO4 are &iséolved in 1 1itr5 Wam
ters This solution has 100 mg P/litre, '
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5, Phognhorus diluted solution.- 10 ce of the above solution is taken up

and diluted to 250 c¢ with the extracting
solution and kept in a dark flask, From this phosphorus diluted solution,

0, 1, 25 33 4 and 5 ce were taken up for the standard series,

Colour develonment

"5 et of s0il extract is introduced into a 25 cc volumetric flask snd
5 ccrof amponium molybdate golution is slowly added: await tﬁelcoz VOl
tion and‘gently shake this flask and wash the neck of this flagk with wom
ter to zvoid the later direct contact of the solutions (l and 3). Make up
to 22 cc with water and finally add 1 oc of solution 3, mix well and make
up to 25 ¢o and read at 10 minutes at 660 nk in the spectronhotocolournge

18T

Van dor Poov-Jissingh's procedure 1,968 {163), 1.971 (164)

- Thig msthod was used becnuse we had the experience that i reflecin
the phosphorus status well and therefore we required to evaluate it under

these conditions,.

Tf is characterized.by a water extréption in an ample ratio of seils
water (1:60) in basis of volume and where the soil sample has been premo'g;
tened 24 hours before water exiraction, Thus a cerizin volume of goil is
placed in a 125 cc erlenmeyer and 2 co water is a~dded. This is mized seve
~ral timee by hand shaking in order to moisten the g0il mample wells after

it is left to stand during 22 hours at + = 202 C,
Exﬁraotiga
T2 cc of water ave added to this erlenmeyer and it is Bhaoken during

1 hour. Afier, this soil suspension ig filtered through a paper fixed well

to the funnel to avoid a turbid filtrate,
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Colournetric determinaition

According to the Murphy and Riley wothod proposed by Van der Pagw -
and Sissingh 1.971 (164).

Beagents

le 5H sulvhuvic acid

2. A % ammonium molvbdate solution

3¢ Le75 % ancorbic acid solution

4; Potassium antimonium tartrate solution.— {(0.275 g of K5b OC4H406 1/2H20

_ were dissolved in 100 cc wae
'tB'I') -

5. Mixed reacent.~ Tn a 1 litre volumetric flask, mix 160 cc (n¢ 1), 50 co
(n2 2), 100 ce (n2 3) and 16 co (n? 4) and make up %o

1 litre with waters

6o Phosphorug solution.— 1.9617 g of KIT PO, disgolved in 1 litre of water.
. £ . .

_ 4

This solwiion has 1.000 mg P,0./litres From this

solubion take the smounts corresponding to 10, 20, 40, 60, 80 mg PZOE/EOO
. : . . A

CGCy

Colour develomment

20 cc of moil water extract and 20 cc of mixed reagent are introduced
into a 100 c¢c erlenmeyer; both solutions are well mixed and the colour im
read at 20 minutes at 720 nm-in the gpectrophotocolourmeter, The same is

done for the blarnk and phosphorus gtandards.
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CHAPTER 3
3.7, RESULTS AND DISGI{SSI@N |
3.2, PIYSICOCITMICAL PROTERTIES OF THE SOTL TH. RRLATION T0 TIE
FEOSPIORUS : '
3.3 DYWAMICS OF THY PHOSPHORUS IN ¥HE S0TL AMD GROWIH OF THE
PLANDS




CEAPTER 3

In the introduction it was pointed out that_a deepar knowledg@ 0f =
the phosphorus stoitus in these soils would help us towards a belter underg
tainding of the problems that phosphorus fertilizmation involves,

7 For that reason, in ithis part 3.1. we shall study vhosphorus distrie
bution along the soil profile, total phosvhorus orgenic and inorgenic con
tents, fractions included in this total inorganic phosphorus, their cone

4ents and phosphorus compounds that conteibuite to the dominant inorgaric

fraction; :

For that purvose we have subdivided this pert ine
jY bals :

et

4) TOTAL PHOSPHORUS, ORGAFIC AFD IFORGANIC

In its distribulion along the s0il profile in theme five soils, og-

tabihing with the figures obtained a comparison among them,

As a consequence of <the diffioulfy that exists in the cstimation of
total organic phosphorus and given the fact that up to now all thé Jlabow-
ratory procedures used and cited in the literature are indirsct, we have
chompen and used two laboratory methdds for its svaluation am desoribed vre,

viougly.

B) INORGANIC PHOSPUORUS FRACTION

A well knowm 1aboratory method wag Tollowed that of Chong and Jack--
son, and its modification introduced by Hanotiaux 1.967 (40). The use of
this laboratory procedure ollowed us to know the contents of these inorga
nic phospvhorus fractions as well as to verity the fact thatl theose calcaw

reous soils are slightly weathered.
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C) PHOSPHORUS COMPOUNDS T Tl DOLDIANT THNORCATTC FRACTDTONS

Wo estimate that the dominant fraction will Be the phosvhorus bound
to calcium al hast for the calecarecus SOils; however we do not know which
are the compounds for that reason, we have followed the criterion of fg-

Iyng HeC. 1.964 (6).

3ele BESULAS AND DISCUDSTION

A) Total organic and inorgsanic nhosnhorus distribution alons +the =soil
. S - Ly )

_ profile

In table n? 13, the values of total phosphorus, orgenic and inov-

ganic are included.

The tobtal phosphorus content in the arable laver (Ap horizon) -
shows higher values that ranse from 60.20 to 75.25 mgs P/100 g soil in 3
calcareous soile (sypsum serosem, terrace soil and allwrial meadow so0il
‘from the River G4llego), an intermediate value 38.70 mg P/100 g for Trown
soil and the Lowest content of 23,60 mg. /100 g soil for the marly sero-

s1al11

The %oﬁal'phosphorus distribution.along the soil profile ig diffe
rent in these soils studied, for two caléareOus soils (eypsum serosem and
terrace s0il) it decreased gradually from relatively higher valucs to very
low gres accofding to moll depth (60.2 to 17.0 and from_75;3 to 2353);xﬂ§£
1@.in the other calcareous soils (alluvial meadow s0il from the Tiver G4
;1cgo and marly serosem) this decreasing related to the depth is less pro

-munced (70,9 to 41.8 and 28,60 to 21.60) respectevely. In Brown soil, the
total phosphorus content in the Ap horizon is similar to that of the decw
pest horizons (Bvev) and the Bv horigzon showed a slightly lower content -

than thoge of these horizons mentioned,
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'ﬁc above mentioned total phospvhorus distribution is Aifferent in
“fhese Tive soils and it induce us to believe that 3t can be inlfuenced by
‘the organic phosphorus content in the soil horizons, Coming back to tom
“le n? 13, it can be obgerved that the organic phomphorus obtained for -
both leberatory procedures shows a similar fendency in its distribution -
that corresnonds to that mentioned for the total phosphorug in these fi-

va soils.

_ Thig organic vhosvhorus digtribution in two calcareous solls -
(gypsum serosen and terrace soil) follows a similar pattern to that exbi-
bited by the organic matiery, proper to the mineral soils in which draina-
ge conditiong are excellent, while in the other two soils (maral serosem
and alluvial neadow soil from Gallego Rfﬁer) this organic phoaphorus dig~
tribution was slightly decreased along the different horizons, showing that
there is a slight impedim@nt in drainage conditions. These facts are in -
accordance with what has been reported by Kaila 1.963 (83, 89) williams
BeGe and W.ilH. Sounders 1.956 (172); Hoyos and Garefa 1.963 (82).

In Brdwn‘soil, this organic ghosphorus content in its different he
rizons and estimaied by both laboratory procedurss, is related to thé ol
ganic matter distribution in these soil horizons. So we wan deducw tha

tho organic matter content in the deepest horizon (Bvev) was originated
from a certain baching of the orgahic matier from the uvpper horizong and

a certain sccumilation of roots residuss of the coniferous vegetation ag-—

tablished in this soil,

On the other hHandy the figures of organic phosphorus in these fi-
ve soilg obtained by both laboratory methods; are quite different; thai

can be seen in the saime tablé,

- I

_ It has been previously mentioned that these two laboratory methods

as well as all those cited in the literature, estimate the total organié
phosphorus indirectly that is to say as lhe differcnces between the total
phosphorus and the inorganic, In the case of the Sauﬁdcrs%iilliaﬁs PLOCe—

dure 1.955 (139), the total vhozphorus iz reflected by the amoumt of phos
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phorus oblained in the sulphuric extraction of a soil sample previcusly
4incinerated ot 5000C during 1 houry while in Henmotiaux's method (76) that
equals the phosphorus extracted from a soll sample digepted with perclo-

ric acid.

For Bolh laboratory methods, total inorganic phosphorus is equal to

“bhat extracted in a soil sample by 2N and 6N sulphuric acid xespectivelye

Thege values can he geen in table n? 13 and they are similar for both
methods, Then the difference betwsen the values of organic phosvhorus ege

timated by both laboratory procedurs can be for the following reasons:

1. The incineration of the soil sample at H0020 during 1 hour does
not produces a complete destruction of orgenic matier or it can produce a
refixation of the mineralized phoaphorus as consequence of these high ten

peraturs 2z it wasg pointed cut by Kaila for some Finland sgoils,

These Tocts can be conducted to have a lower valus than that ob-

tained in a soil sample digested with purcloric acid.

26 That in the organic phosphorus values calculated by the Hanotisux
procedure, some inorgenic phosphorus fractions resistent to extraction are
Eal
A

inciuded. That can be the case of some soils where the values of 60 sulphu

ric goid are lower to the sum of the all P inorganic fractions.
A1l this complicates ithe choice both laboratory procedure because:

le The Saunders={illiams method has been considered by several
seientists {(Kaila 1.963 (88)s Enwezoor 1.966 (49)) as a standard method in
organic phosphorus soilsg studies because it supplies the highest values in

this form of phosphorusg.

In these soiis the v@lues of organic phosphorus obtained by this
method were in the range (206 to 86 p.p.m.'P) similar to those reported -~
by Greb B.W. — Olsen 1.967 (64) for the colorade calcarcous soila and by
Pratt P.F. 1,963 (130 b) for the California alluvial end lake soils.
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2o In zelation to this procedurs of Hanotiasux there can be inclu—
ded some inorganic phosphorus fractions resistent to the extraction in its
organic phosphoriug value, A comparJ son between the veluce of inorganic -
phosphorus obtained by 6N sulphuric exirsciion end the summ of all these.

inergenic P frzction was faken sccount,.

Thus, if %his criterion is aﬁplie&, we can gay that the valueg
- of orgonic phosphorus obtained by Honotiawx procedure are sultable in all
cases except in the case of Maral mserosem which ghows higher values of the
summ all inorgenic P fractions than those extracted by 61 sulphuric acid,
However in this study an organic phosphorus fréotidning was not carried -
out that means that we can not gtudy more deeply the efficacy of both la-
boratory procedurcs for our poils, ond for thal reason we believe that o

detailed study related to this subject will be welcome,

Some soil workers (Black and Gering 1.953 (19); hnwuzoor 1.967
'(46) ‘Kaila 1.963 (86)) have used o similar ratio to the ¢/ for organic
mzltior mln&rallzailon, conglsiing of the ovganic oarbon/ornanlc phospho~
ras ratic for that of the organic phosphorus, when this ratio is lower -
than ZOO.mineralization takes place and ai higher values than 200, the sie
tuation is inverse. Howsver A. Van Diest 1.960 (162) poinis out that phos
phorus inmobilization can oocur when the 0C/OP ratio ig higher than 100.
In 211 soil'horizons both proceaures ghows é OC/OP ratio lower

than 100 and then there ig a mineralizaiion situation,
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4“ o T =
. Table n2 13.~ Total organic and inorganic ww.om.wwows,.m in soil horizons. These velues are expressed in |
- (mg P/100 go soil).
) . Saundors - s :
S Wi11iams Hanotiaux . cC \ow
Soils o Horigon|Total P|% O.ie |4 0.C. s Saun~— i
{cms) - Opa p | FAReTEL] o o |Mineral Gomayy| HERO—
g P e P SRR tieux
: _ 113ang
_ 0= 50 | &p 60,20 | 2.120 | 1.23 | 20,60 | 24,10 | 38,70 | 21.50 | 59.7 | 31.8
Gypsum | 50- 80 | Ak 47630 | 1.448 | 0,84 | 27,20 | 19.40 | 28.90 | 18,40 | 48,0 28.4
serosem 80-115 Cly C43.00 | 0,586 | 0.34 9.60 | 17.20 | 25.80 | 17.20 | 40.0 13.0
. ¢ -+ HHW mm H-meo Olem OoO@ NQNO Hmioo ‘ NQ.WO . HW.@O ulo CO &\mto
: 2 C= 45 | Ap 28,60 | 1.137 | Cu66 | 8.607] 15.01 ] 13.10 | 15.50 | 76.0 | 50.40
: Haral 45— 62 | Abo 21,50 | 0,761 | 0.44 Te3l | 10,39 9,80 | 12,00 | 61.0 46,30
SeTOSem 62— 80 | Bn 2L.60 | 0.482 | 0.28 4.307 1 12.04 | 10.40 | 11.20 | 65.0 26450 '
80-100 | Dy 21460 | 06362 | 0.21 | 2.58 | 11.61 | 10,00 | .8.60 | 8.9 | 24.80 —
: , ~
morpace | 0T 42 | &p 7525 | 1413 | 0.82 | 18,30 | 39,77 | 33.77 | 41.28 | 42.0 24090 i
e 42w 55 | Bv 36455 + 0896 | ©.52 | 10,50 | 14,62 | 22,91 | 14.64 | 49.0 | 22.90
BOLL + 55 | OCa 23.31 | 04672 | 0439 | 11.90 | 9.03 | 12.83 | 10,48 | 33.0 | 30.00
V1Tl O- 40 | Ap 70,95 | 1,520 | 0,88 | 19.61 | 37.88 | 30,55 | 40.40 | 45.0 | 30.00
oo 40~110 | B 40,29 | 0,670 | 0.39 | 5.38 | 19,11 | 22.15 | 18,10 | 72,0 | 17.70
o 110-120 | My 42030 | 0.520 | 0,30 | T.24 | 18.53 | 23.40 | 18,90 | 40.0 | 12.80
SeL + 120 | 1o 41.80 | G.530 | 0.31 | B.38 | 39.35 | 22.45 | 17.20 | 37.0 | 13.50
S Om 45 | Ap | 38.70 | 1.390 | 0.81 | 11.45 | 15.90 | 21,50 | 17.20 | T0.0 | 39.00
R 45~ 90 | Bv 28.84 | 0.670 | 0439 | 6,97 | 11.40 | 17.66 | 11.18 | 55.0 | 22.00
BeL 90-110 { Bvev | 31.06 | 0,89 | 0.52 | 6,98 | 8.12 | 23.32 | T.74 | 74.0 | 22.00




) Fracticns of total inorcanic phosphorug,-

Tn tables 14,15316,17 and 18 the values obtained for the different
nofgqnic phosphorus fractions which conatitute the total inorganic phospho
pusy Tollowing the orlglnal nrocedure of Chang--Jackson 1957 {32) and its
Jification 1ntr0duced by hanatldux 1964 (70), have been included, The pur
Qée of u51ng'thls modlfloaﬁlon was to verify the estimation of the phosvho
s goluble in 0.5 N ammonium fluoride; on the basis of the figures obtai~
we can say that this estimation wags similar in four calcareous soilg -
ith the two laboratory procedures; although Tor the brown éoil (table 18)
t was s8lightly higher with Hanatiaux's modification and the use of thig -
05 M ammonium fluoride solution buffersd at 8.5 pll influenced the later -=
extraction of the phosphorus soluble in 0.1 N sodium hydroxides for that
reason it was deduced that this Hanatiaux's modlfloatlon is valid when we

require 40 kmow all inorganic phosphorus fractions in non calcareous soil.

Bven with regard to the occluded forms the original method of Chang-
‘Jackson was followed, and on this soil residue two consecutive 0.5 I sulphu
"ric acid exlractions were cerried out, in order to know if this original -
method of Chang-Jaclison extracted all the occluded vhosphorus. The results
Obtained.sﬁcw thats

Ir the two extractions carried out calcium phosphorus continues -
being extracted. '

The values obtained were low if they are compared with other inoT~
ganic phosvhorus fractions; however, with the préoeding they are higher -
gince in the majority of cases they Purnish aprroximately 100% of the va-
lue considered, |

——

In the four oaldéfenous 50ils, agcdrding to the results obtained -

in the inorganic P fractions, the dominant fraction was the P Ca, aflter—
vards the P soluble in reductant, and the other solubles in ammonium chlo

ride and ammonium fluoride were low,
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In the occluded folrms, for all these soil horigmona, only the P Ca

wos detected.

In brown s0il, the P soluble in reductant showed the highest value
in all its horizons. As was mentioned before for this soil, the original
method of Chang-Jackson and the nodification introduced by Hanatiaux, fTur
nigh slightly higher wvalues in P soluble in ammonium fluoride than this -
original methods besides it influenced the P soluble in 01 N sodium Ty

droxide.

It can be said that according to the modification of Hanatiaux, in
the Ap horizon the values of P soluble in O.1 sodivm hydroxide, in 0.5 -
anmonium fluoride and 0.5 W sulphuric acid were similar, while in the deg

pest horizon (Bvev) the P Ca decreascde.

It can be considered that this P Ca fraction is included in the -
coarger s0ll particles and the P A1 and P Ta in.the 5ilt and clay parti-
cleg, Thiscan be supported By the findings.of Hanley P.K. and M,D, Murphy
1970 (72) for goils similar to the brownrsoiln '

On the other hand, this brown soil hed lower values in occluded -

r formg.




Table ne iﬁsm'Inorgahic phosphorug fractions in gypsum gerosems This data

is expressed (in mg P/100 g soil)

1) Orieinal Chong~J ackson method

S0il = horirons

Fractionq

ekt Ap Ab,, ¢,y ¢,

PG 1NH, (pH 7.0) _ 0,96 Q.34 0634 0,50

Puang, T (v31 8,2) 0.75 - Ge00 0,00 0,54

Pllg, OH O, 1N 0.08 0.00 0.00 0.00

P-H, 504 .01 14,00 13,40 9,68 10,40

P in reductant occluded forms 6.73 6e23 559 2.15

P - Al . 0,00 0,00 . 0,00 0,00

P~ Fe ' 0,00 0400 0.00 0,00

P - Ca - | 1,29 2,00 2,60 2,60

WP - Ca ' 0.43 1.30 - 3,00 2,00
4P - Ga | 0443 0440 0e40 0,40

esum | ' 25,68  24.11 20,54 1659

2) Modification introduced by Hanatistze.—

P-GARI,  1H ' 065 0,16 0.19 0,46
P, F (pH 8.5) . 043 (7,00 0,00 0,00
PHgOH Qo1 0,00 0,00 0,00 0.00
P-H, 50, 05N | , 12.00 12,06 8.45 8.95
P in reductant occluded forms 10,02 6.88 AeT3 3.87
P - Al . 0,00 04,00 0,00 0,00
P - Pe 0,00 0,00 0.00 0,00
Cgwm - | 23,10 18,04 13,37 13.28




Table n? 15.= Inorganic phosphorus fractions in marly scrosem, This data
is expressed (in mg P/lOO g 80il)

1) Original Chanc-Jackson method

S0il ~ horizonsg

Fractions

&p ih,, Bp D,
P - CINH, (pl 7) 0,73 0,13 0400 013
P~ 1~3H‘4F {pH 8.2) ' , 1.79 1.49 . 0.53 0,00
P - Ma0H 018 0,00 0,00 0,00 0600
P ~ 1,50, 0.5T | . 10,00 9.64 10,68 10440
P in reductant occluded forms 4673 4473 520 2,00
Pear o 1.25 1.00 . 0.00 0,00
P - Fo ' 0,00 0,00 0,00 0,00
P ~Ca - 2,00 3.00 2,00 2,00
+ P =Ca 0443 1,20 2,00 - 2,00
+ P - Ca 0.1 - 0640 0,40 0.40
Sum | 21.04 20,59  20.81 16,93
2)'Modificétion introduced by Hanotioux
P~ CIW, 0.TT 0.00 0.00 0,00
P~ WH,F (pH 8.5) 1.83 204 0.86 0,00
P - NalH 0.1W | 0.00 0,00 0,00 0,00
P~ 1,850,050 - | ) 10,00 10,00 8,05 9495
P in reductant oceluded forms _ 645 5.79 6.45 2059
P-al 1.00 0,70 0.00 0,00
P - Fe R 0,00 0,00 0.00 0,00
Sum = 20,05 18.53 15,36 12.62
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Table 1@ 16~ Inorgenic phosphorus fractions in terrace soil. This data

im cxpressed (in mg P/100 g soil)

1) Original Chang—Janckson method

Soil ~ horizong

Fractions
Ay Bv - 0 Ca
P - C1H, - 1,20 0.21 0034
P - \§H4F (pli 8.2) - 2628 0.21 033
P — MNeOH 0,11 0.04 0,00 0,00
P - H,50, 0,50 18.12 1409 5.16
P in reductant oceluded forms Te10 2.58 2.58
P - AL | L0450 0.00 0,00
P - Te | 0,00 0,00 0,00
P ~ Ca 2,00 2.0Y 2,00
+ P - Ca - 1,29 1,00 1,50
+PwCa . 0.43 - 1,00 10,50
Sum 33,02 14,09 11.41
2), Modification introduced by Henotisu
P - oM, D 1,26 0413 0.13
P - 1\11{41@* (pH 8,5) 2.37 0.00 0.44
P - NaOH 0,1 0.00 0.00 0,00
P - 150, 0,5 . 16,69 5.85 485
P in reductant occluded forms T.74 6,24 6e24
P - Al | _ 0.75 0,00 0.00
P - To | ' 0,00 0,00 0.00
Sum - 28,81 12,22 11,66
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Table n? 17.= Inorsanic phosvhorus fraciions in aliuvial meadow soil {fzom
the River Gdllego. This data is expressed (in mg P/100 g

503.1) .

1) Qrigingd Chang-Jackson method

S0il - horizons

Praoctions

Ap ,.,..,., . 3 I'dl M,
P - é1m14 (pE 7.0) L34 0426 0438 0,13
P~ THF (pH 8.2) 3423 000 0653 0,00
P - NaOIl 0,11 ' 0,08 0,00 0,00 0.00
P -0, 058 20,12 710 8.0 7.00
P in reductant occluded Torms T 00 580 5037 258
P - Al | 0.00 = 0.00 0,00 - 0,00
P - Fe ' : | 0,00 0.00 0.00 0.00
P - Ca - 2,00 1,50 1,80  1.60
4+ P - Ca . 1,40 1,00 1,00 1.00
+P~Ca 1,00 1,00 1,00 1.00
Sum : C37.02 16,66 18,73 - 13.11
. 2) Modification introduced by Hanobiaux
P~ 011\}1;4 | U 1.93 0,00 0,17 0.13
P -HLE (pH 8.5) 2.55 043 000 0.00
P - NaOH 0,10 0.00 0,00 0.00 - 0.00
P - stoé,o.ﬁq | 22,38 6,93 10,00 6445
P in reductant occiuded forms 8.03 TeT4 3.87 3.87
P - Al : 1,00 0.00 0,00 - 0,00
P -~ Fe | 0,00 0,00 0,00 0,00
Sum : 35,89 15.15 14.04 10,65

"...8_3...'




s

expressed (in mg B/100 g 50il)

1) Original Chans-Jackson method

501l - horigong

[shle n? 18w Tnorganic phozvhorus Tractions in brown s0ll. This data is -
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Fractiong
‘ Ap Bv Bvov
P - C1I, - B 0,17 0,13 0434
P~ N F (pH 8.2) | 1.60 0645 000
P« NaOH 0,18 | - ‘ 0.27 0436 0.21
P - H,80, 0.5M" 3.80 3.54 0.43
P in reductant oceluded forms 11.40 10.00 10.00
P~ Al . : 0.70 0,50 0.00
P -~ Fo '_ o | 0.5 0.5 0.5
PwCa | o - S 0.43 0.20 0.20
P ~Ca _ 0.15 0420 0.10
+ P = Ca R o 0.05 0.00 0,10
Sum o | 18,69 15,530 11.53
2) lodification introduced by Hanotisux
P -1, | | 0T 0,00 0,00
P~ W,F {pH 8.5) , 3.10 0.43 030
P e NeOH 0,18 - ' 2.32 0.95° 0,64
P - HS0, 0,50 o | x 387 163 0.0
P in reductant occluded forms 10.40 9.80 10,00
P - Al s C 0.60 0.50 0.00
P - Fe o | 0.00 0.00 0.00
Sum | - | 20,46  13.31 10,94




How can we cxplain that in a goil there are different inorgo
nic P formg and these have different contents if in 211 cases they hawve
come from an opatiie compound found in ruokﬁ

In order to clarify this gituation, let us conzider the scho-

me proposed by Williams and Walker 1,969 (176).

Total P

Szcondary B
coccluded

)
o
o
o
It
ch
b

secondary P~ "
call
-—

vl organic P

degree of weathering -y

The dlfiercnce between a rock residue and a goil is that in &

tho latter there exists lif'e, cxpressed by the prescence of microorgsnig

ms. These attack the apatite (only mineralogical P form existing) by meens

o~

of segregation of ?.nic acids such ass oxalicy glycolic, acetic, etic.,

that produce the P solubiligation form t is mineral. These soil microore

ganisms teke part of this liberated P according to their needs and incox

porate it in their org aﬂlsm, in thisg way, it was transformed in orgaﬂle

form, Another poriion of this liberated P wreacts with the soil consiitu-~

vents and originates the Tormation of ssacondary phosphates. This ig a 4y

namic process, SOLG

incorporated in the

of the soil microorganisms dying and

again the P is

coil and reacts with secondary phosphates,

In weathered soils, where iron and slumina oxides and hydroxi

des and acid clays exist, part of the

secondary vhosphates, that procee-

ding from the reactions with soil and, as well, that coming from the or—

ganic P mineralimation, will remoin coated by these iron oxides~hydroxi—
des or included, Torming a part of the crygtaline structure and then oce

cluded ¥ appears. In ordewr Lo have this sgituation, it is
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intervention of sovefal Tactors guch as: time, temperatufo, precipitation,
microbiolosical sctivity, ctes In such a way, the presence ol inorganic
phosvhorus fractions in solls was concerned, and recently the soil depaxi
ment of T1linois University (Smeck HeEe 1.973 (173)) has considered that
water and organic matter are intensity factors; and among the capacity -
factors phogphorug formg along the soil profile, is one of these main ca=-
paolty faciore when one tries to know the degree of weathering of o soil

(Range 1.973 (136)).

¥ith this purpoze this inorganic phosphorus distribuiion along
the eo0il profile will be considerod in the Tth soils classification in or
der to_&istinguish and to be more precise about the great =zoil groups.
(Minkley ot als 1.970 (81)). . :

If we apply the criterion of (Block Cl.A. and Whitney 1,966 (20),
Chang 5.C. and Jackson M.L. 1.958 (35), Doanke WeUe et al. 1.964 (42), Hex
king R.H. and G¥e kunze 1.965 (79), Hou P.H. and M.L. Jackson 1,960 {83),
Runge B.C,.A. and I".F, Rucken 1.966 (135)) and express these values of inor
gonic phosphorus fractions (tables 14, 15, 16, 17, and 18) as the percen—
tage of total inormanic phosphorus in a araph, it will be possible 1o know

the degree of vvgtberlnn in these SOllSe

From graph 1 it can be ‘deduced that the four calcareous soils
show a slight %o moderate degree of weathering that agrees with the idea
that we have of them; that they are young soils in which leaching is scar-

ce due 1o a vprecipitation of 350 mn per annume

In relation to the brown soil, formed in a previous geologic pe
riod and where there has hemn’a pr@oinitation to produce the leaching of
bases, it can be observed that the degree of weathering is higher. That
fact agrees with thal found by Madlyn 1. 961 (168) in leached brown soil

developed from morrens type parent matorial.




¢) P compounds in the dominent inorgenic phosphorus fractions

It has been seen that in the four calcareous soilg, this inorga-
nic P fraction wes the one bound 1o caleium and in the Ap horizon of -
brown goil the content of P-Ca was similar 4o those corresponding to -
Pepl and P-Pe. Thereforeo, we require Go mow which conpounds are inclu-
ded in this fraction. Usingithe lime and phosphate potentials in the sa
me way as is reported by Aslyng 1964 (6), we shall be able to deduce -
the nature of these compounds. S0 we have caloulated these potentials

as Tollowa:

lime potential = pH — 1/2 p Ca
phosphate potentizl = 1/2 p Ca + p O PO4

Following Aslyns's method described beforehand, the calcium con-

centration in final solution was similar to that addeds For that reason

the initial calcium concentration was used to calculate the ionic strength,

activity coefficients and vphosphate potentiale

1/2 p Ca = = 1/2 (log Con + log f)

Calceium
log £ = A 22 i/ 44

1 4 aB Q;ﬁc

where

4 =045

n = ionic strength
aB = 1.5

% = ionic valency
Tor a 0,01 W calcium chloride solution, 1/2 p Ca = 1.173 (ancqg
ding to above equation).

PH, PO, = ~ (log con _
Hy P04 © Hy ¥0, + log )

log con : H \
HE PO4 = D (P) + _(P i m
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P (m?mhfiﬁfm_m) is a correction factor calculated by Aslyng
A
1964 (6). -
H2 FO 4

P

to pHe

This factor relates

The phosphate potential (1/? pCa+ PH, PO ) increases when the
product of the active ions decreases. Therofore, Larsen Le. (1.965) (100)
reported that when the soil pH is higher than 6, the phosphate potential
must be obrrected, taking into account the formation of the complex,

s H PO e

Ca = + 4 TP Cad PO,

For that reason, the equation was transformated intoe

T . Pli-pK ’DH—‘OnC- ~plo

(p) = (1, Pﬂé) + (X, 904) x 10 + 2 (4, PO4) (¢a) (]

It

2 according to Greawald 1960 (65)
T according to Bjenum and Ummark 1919 (18)

P Ke

» %

In tablc 19, the lime and phogphate Uotcntlales gre included,

'Af{érwards, these values were compared with the plottings of -
knom calcium phosphate dompounds, such as can be scen in graph 2 and -
they fell between the lines of the hydroxiapatite and cctacalcium pho“phc
te for the five soils studied.
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Table ne 19.— Phogvhate and lime Potentials.

T In P.PolleDe Botentials
Soils Denth Horizon | pH Phosphorus “lime (pE~1/2pCa)] Fhos— | (1/2pCa+pi, F0,)
. (cm) concentration phate 4
G50 Ap .30 10,0280 St 6a13 | T69 Te92 +
Gypsum 50680 Ah?2 T+50 0.0160 ol 633 8.09 8.34
sercsem 80=115 " Cly T.6C 0.0160 ‘ . £l 817 8.38
: + 115 o2 760 0.0150 5,43 8.17 £.38
O.I_b.m kau N.W& OQDNAW o : mwﬁ\_@ qomm mw..uw -
Merly 4562 Ah?2 745 0.0160 6,26 T493 . 8.29 i
serosen 6280 Bp T.55 00160 6,38 8.09 834 &
80-100 © D 760 0.0150 _ 6ed3 8.17 B.38 1
O=d2 Ap 7430 0.0290 ’ 6.13 , .ﬂomm 7,92
Terrace 42-55 . . Bv 745 0.0160 o 6.26 7.93 8,29
soil + 55 Cea 7,50 0.0150 g £.38 8,09 8434
Alluvigl 0-~40 Ap Tedh 0.0430 £.28 7563 T.87
meatow AQ-110 - B Te5C 0.0220 . 6.33 795 8.20
soil. 110-120 M1 1460 0.0180 G.43 £.02 8.38
from River + 55 M2 7160 0.0160 M 6.43 3s17 8.38
Ggllego _
0a45 Ap Te12 | 0.0215 , 5.95 TeT4 7691
Brown 4590 Bv T.12 0.0150 : 5.63 T.79 8.07
(mo.pw _ 290-110 Bvev |7.12 0.0150 5663 171 - B8.07
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3e2e VIVSICOCHENICAL PROPERTIBS OF THE 30IL IN ROLATTON TO THE PHOSPIORUS

A) Phosvhorus adsorpiion

Ih the introduction to this gstudy, what is lmowm as adsbrpﬁion
vas defined and, as well, the theories concerned with the mechanics by
which it is producedrin the soil constituents (calcium carbonate and'clayn
,caloium) were nointed out, intuiting that in calceredus solls there exist
hoth mechanics together. For the guantiiative evaluation of this process,
the so0il workers have used isotherme, reflecting in this way ﬁhe differeﬁ%
‘patterns showm by smoils. In order to achieve this purpose, in chapler 2y
methodology, iwo laboratory procedures wers described, one of them with
the use of diluted potassium diphosphate solutions buffered at pH 7.0 and
the other with increased amounts of calcoiunm diphosphaté in a 0.01 M Calw
cium Chloride medium. In both cases, the soil: solution ratio was 1:20 and
equiiibrium time was 24 ﬁours. The phosphorus in the final solution was

analysed by the Purriel-Hernando method.

We have used these two laboratory procedures for the following

purposess

1) As hes been mentioned before, it is the first time that a study of phos—
pherus adsortion haos beer carried oul, therefore, we reguire to Imow what

the eétimation of this process by both lzboratory procedures ig like.=-

2).In order to be precige about ﬁhé_buffering cavacity factor according
to the criterion of the Australian soil workers (Czarme et al 1968) (120)

-who use the ¢alcium diphosphate in a 0,01 H caleiunm chloride medium,--

We must point out that in the adsorption and desorpiion phospho--
rus studies, the Ap horizon of all soils was used,

e =

Superficial vhosphorus . —

then we reogquire to know the fotal maxwimum P oadsorpiion by a soil,
it is necessary to take into account the P superficial content of a
goil,~ otherwise in soils that have a high content in this phogphorus

form, if this value is not included in the data of P sorption, it will
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produce an unguitable estimation of the total maximum phosphorus adsorp-

tion., (Fried et al 1967 (57), Olsen and Yatanabe 1957 (122) .=

Following this criterion a phosphorus sunerficial. determination
vas made according to a laboratory procedure proposed by the Hrnage -~

Bxperimental Station (Belgium).—

This data of surface phosphorus is included in table 20.
TABLE 20 ' ‘

Phosnhorus surface values expregsed (in ng 3/100'3 80il) according to

equilibrium time and p saded,-

Soils 1 Bguilibrium . p31 added in P p.P.me
time in hours j . _
1 2 3 4

Gypsum 8 2.13 2,13 2,00 2,00
serosem 16 - 2.43 2.50 2.50 2650
o4 | 250 | 2,50 | 3,00 | 2.40
48 250 2450 2450 2450
8 3,00 | 3.80 | 3.95 | 3.95
‘Marly 16 3.87 13,96 3.80 3.80
serosem : 24 4,00 4,00 4,00 4.00
48 | 4.00 4,00 4,00 4,00
, 8 3.63 4,60 3.40 4,10
Perrace 6 4.40 4.40 | 4.30 4.30
soil 24 3,50 | 4440 | 4430 4430
48 3,60 3,60 4,60 4460
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{continuation of Table 20)

S0ils E@uilibrium 31
“time in hours p added in P pepeme

1 2 C3 4

Alluvial 8 3.00 | 5.00° 2.98 | "3.55
meadow ' 16 5,40 6430 8,00 6620
soil from 24 T.13 700 T+00 T.00
River G4llego 48 £.80 | 7.00 7.00 7.00
8 | 1.40 | 1.80 | 1.60 1.60

Brown ‘ 16 160 1,90 2,10 1.70
5011 24 1,60 | 1.50 170 1460
A8 1460 1,60 1.60 1,60

The choice of the suitable value for the surface phosphorus wasg
difficult dve $o certain different features of these soils, which means
that the equilibrium iz not reached at the same {time. So for-gypsum
serosem and terrace soil it wae at 16 hours while for the rest of the

soils it wag at 24 hours.

This phosphorus surface data iss

Soils Surface P (in P p.b.m.)
Gysum serosem B : 25,00
Farly serosem R . 40,00

Terrace soil: _ - 43,00

Klluvial meadow.
goil from River _ S -
G&llego - S L ' 70,00 .

Brown soil _ : SR 16,00 .-

w 04 v




1. Liethod of notassium Giphosphote diluted solutions buffered at pH 7.0

The data of phosphorus sorphion according to this procedure can be

geen in table 21. In this table can he seen the initial P concentration

added, the final obiained after equilibrium time; the P sorpiion values

caleunlated as the difference between the initial concentration mimus the

final divided by 5 as the soil: solution ratio was (1:20) and, finally,

the last column reflects this difference /5 + the P surface,

TABLE 21

Phosphorus sorbed by soil expreéssed in PaDem.Fo According o the K2H2PO4

method.
P Concentration P morbed by soil {in p.p.m.F)
Soils expressed in g P/100 ce
Tnitial| Pinal | Difference | Diffcrence/5 Difference/5 +
: R Surface P

200 19,6 ¢ 1804 36,1 671

300 38.7 26163 52,2 T2

400 91.0 3000 61.0 86.0

800 2900 | 510.0 102,0 127.0

Gypmum 1200 562.0 638,0 127,0 152.0

serosem 1600 774,01  B26.0 165,0 180.0

2000 | 1032.0] 968.0 194,0 219.0

2400 1354.0 1046.0 209,0 234,40

2800 1612.0 1188,0 238.0 263,0

3200 1906.0 1294.0 258.0 283.0

3600 2064.,0 1536,0 307.0 332.0

4000 2406,0 1592.0 - 318.0 343.0

- 200 25,8 17402 34.8 74.8

300 - 80,0 220.0 44,0 84,0

400 17570 225.0 45.0 85.0

800 398,0 402,0 80.4 120.4

Marly 1200 706.0 C491.0 98,2 138.2

serosen 1600 1010,0 590.0 118,2 158.0

2000 1333.0 667.0 133.0 17340

2400 1720.0 680,0 136,0 176.0

2800 1956,0 844.0 168.8 208.8

3200 | 2322.0 878.0 1754 2151

3600 - 2666,0 934.0 186.8 226,8

4000 3064.0 936,0 187.2 227.2

-95 -




(continuation of Table 21)

ixg§222231§£10n e B/100 oo | F 50Tbod by soil (in p.p.m.F)
Soils B e
Initial Winal | Difference] Differcnce/5 Difference/5
' Surface P
200 53,8 146,2 29.2 - 2.2
300 151.0 14950 - 29.0 | 7244
400 265,0 135.0 27.0 70,0
800 483.0 317.0 63,0 106,0
1200 795.0 405.0 81,0 124.,0
‘ 1600 1075.0 525.0 105.0 148.0
Terrace 2000 1440.0 560,0 112.0 155,0
poil 2400 17950 605.0 | 121.0 164.0
2800 2128,0 672.0 134.0 177.0 -
3200 2494.,0 706.0 |- 141.0 1840,
3600 2838.0 752.0 1520 195.0
4000 3182.0 818.0 -~ 163.0 206,0
. 200 43,0 1570 | 314 1014
. 300 12500 175.0 35e0 . 10500
Alluvial 400 165,0 235,0 47.0 - 117.0
meadow 800 379,0 429,0 84,0 154.0
soil 1200 685,0 51560 T 10460 173.0
from 1600 9340 666,0 : 133,0 . 203.0.
River 2000 1161.0 - 839.0 168.0 238.0
G81lego 2400 1440,0 860.0 | 172.0 242.0
2800 1849.0 931,0 | 190.0 260,0
3200 2264.0 936.0° 188.0 258,0
3600 | 2643.0] 9570 191.0 261.0
4000 3010.0) 990,0 193.0 268,0
80 1543 64,70 12.94 | 28,94
160 ' X 41119 118a10 . 23¢6O 1 39064
240 88.2 151,30 30,60 46,60
o 320 146,0 174.00 35.00 51.00
Brown - 400 184.9 215.10 43,00 59,00
soil 480 222.,0 258.0 51.00 | 68,00
: 560 279.0 281.0 56,00 - 72,00
640 355.0 - 295.0 | 59.00 75.00

In graph 3, these values of the last colutmm of t2ble 21 uere plot-
" ted in relation to the phosphorus concentration in final solution, both
data being expressed in P. DPeDefle—

In this way, we can see and appreciate the phosphorus sgorption -
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curve for these solis, but we cannot know up %o which range of phospho-
rus concentration in Tinal solution it has been produced bhu the adsorp-—
‘tion phenomena. In order to obtain this information, the data has been
plotied as follows:

¢ x10° . in relation %o

L e e

X/

where
¢ = P concenlration in final solution: it vas expressed in (P p.p.m.)

X/m = amount of P morbed by =oil (P p.pam,)

In graph 4 we can see that all these soils folldw‘the Langmir iso-
therm under 2 20 p.p.m. P concentration in final solution and this agrees
with that reported by Rennie et al 1959 (134}, Olsen and Watanable 1957
(122).

Howevor, these soils have shown the Pollowing featuress:

Soils © Breaks in the line of izotherm al

P concentration in final solution.

1 . 2

Gypsum serosem 2,92 B 1354
Harly serosem | I 17.20
Terrace soil | © 265 17.95
“Alluvial meadou soil 1,65 : 9.34
Brown soil ' | o 1.46 v

In these soils, the breaks in the line of the isotherm indicate the
existence of two diffgrenﬁ s;tes.for“phosphorusVadsorption vomplying with
$hat reported by Syers et al 1973 (155); iuljadi et él 1966 (116,117), de
Hoan 1966 (69), Herter R.D. 1969 (78), and we do not believe that it is
due to a wrong debermination or plotiing as was stated by Gunary D.197C

If the conventional eguation for thé'Langmuirfiso%herm is used
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G =

K?m“ﬂ

where

¢ = P concentration in final solution’

X/m = amount of P adsorbed by unit soil weight

(equabion 1)

K, = constant related to shergy-bounding between P and soil

2

1]

maximim P adsorntion

'By a stetistical procedure (correlation) of Cx 103

%/m

related 4o

¢, we can caleulate the K, (maximom P adeorption) and the bounding energy

(K1) which will be equal to gradientm1 and gradient/inﬁercept respective~

1.

In table 22 can be seen the regréssion equations, correlation coef-

ficients and Ky K, values for the Jite I in these soils,

DABLE 22

Regression equations, correlation coefficients and K,, K, values

in the site I of P adsorniion.

. ‘ 1
Soils g?ﬁﬁ?%ﬁ%gn Values
KT(cc/mg) K? PaDotie P

Cypsum serosem Y=7,40 = + 4,00 0,99 2e72 141,00
Marly serosem Y=11.50 % + 0.41 0.99 27.C0 86,90
Terrace soil Y=14.16 x + 0,08 0,99 186.80 T0.60
fluvial meadow -

Brown soil T=17.79 % + 2,39 0,99 6.10 5500
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From this fable, we cen deduce the following features among these

1) Two calcarcous soils (alluvial meadow soil and gypsum serosem) tend %o
have a similar K2 alchough the energy bounding (KT) is higher in the

alluvial goil than in & gypsum serosell.

2) The other two calcareous soils (marly serosem and terrace s0il) showed

‘gimilar K, values buit they are lower than the preceding group.

- 3) Browm soil exhibition the lowest K2 value and an energy bounding value

gimilor to that of alluvial meadow soil from the River GAllego.

' In order to have the K1 and K, values in the site II, it is neces-
gaxy to subtract the maxirum P édsorption in site T from each of the X/m
values in the vange of P concentrziion in finol sclution related fo site
IT and again calculate the regression equation between C/X/m and C., In

this way, it wes possible to have these K, and K2 values, discarding the

1
C . .

former °/X/m values beczuse they were alveady out of the regression libe

due to the fact thai these ¢ values ave ‘too lowy avoiding errors in the

caleulation, such as was indicated by Syers et al 1973 (155).

TABLE 23

K1 and X, values in the site II after the sbove mentioned correction of
e «

gégmvalues.

Soils Regression Yalues
equation :
, . K1 co/mg KE P papale
Gypsum seroseri] 0.99 y=4.3xz+ 78.3 0.05 . _ 220
Marly serosem | 0,99 y=10,0x+20.9 | 0.47 99.7
Perrace soil 0,99 F=T.4x+69.0 0.12 135.2
iiiEV1a1 meadpw ‘ - Tt was not possible to correct
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In table 24 there were included the valuer calculatoed for the to-
tal maxirmm P adsorption in site IT and in the last column of this table

the K, valuos (sum of K, values from tables 22 and 23).

TABLE 24
§1 and ¥_ wvelues in gite T
Soils p  legression Values
equation
T '
K1 £2 L2
Gyaum _ . :
serosem 0.98  y=3.11 % + 15.63 | 0.19 322.0 361.0
Farly _
serosen 0,98 y=4.92 x + 14.31 0.33 207.4 - |. 187.0
Terrace
- soil 0.99 y=4.T4 x + 24,8 0.19 211.1 205,8
Alluvial
meado“f Soil 0099 y::4p2 X o+ 8039 . 0350 238»0 ———

From this table it can be apprecizited that the estimation of Total

maximim P adzorption was suaitable gince similar K, walueg were oblained,
_ _ o Vet

Several soil workens {Fried et 1 1987) (57), de Foan 1965 ( ),
Syerz et 2l 1973 (153) have used another expression of this isotherm which
they have denominsted modified equation of lLangmir, due o the fact that

with this equation the adscrption sites are more accurately detected.

This modified Longmuir equation iss

o ' %/m + KzII - X . {ecuation 2)

I. i
K1 C ‘ AL1 ¢

X/m z K

= 302 =




Heanings:

K/m = P adsorbed by soil
KZ

K1 = o constant related %o energy bounding between P and g0ll

¢ = P concentration in final solution.

meximom P oadsorntion

The suffizes I and I refer %o gites I and II for adsorpiioh.

Tor o given site, the plotting of the X/m values againsi the *%/m/C

valves gives a straight line in which K2 ig the intercept and K,l gradient*1.

In our case, the %/m values were expressed in mg 3/100 g soil and

¢ as P mol x 10"5 per litre,
The plotting of these above values can be seen in graph 5.

Once again, the soils have shown the ollowing breaks in the line

which belonz to the following P concentration in the final solutilon.
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i o IT 111

Gypsum serosem . 0,91 ' 5.6 _ 10,32
Marly serosem 1.5 7409 —
Terrace soil 2,65 - 195 -
Alluvial meadow

goil from River _ S _

Gé;llego : ) . 1 025 6:85 R
Broun soill 1,46 - .

Tt was seen that, with equation 1 as with equation 2, it waz possi-
Ple the detection of the adsorption sites in these soils. llowever, equam
tion 2 marks more precisely these sites of aflsorption since it relecis
aite T at lower P concentration (1-2 P p.p.m.) that is approximately of
the same magnitude as those reported by de Hoan 1966 (69}, Syers et al
1973 (155); while in site II it was defined at a lower P concentration

than that found by eguation 1.

Gypsum serosem shoved another site for adgorpiion at 10.32 P DpeTelle

concentration ir final solution.

In tzble 25 the K’l

and ¥, values in sites I, II and IIT are inclu—.

ded.

Eﬁ and X values in the different sites of adsorovtion, Thig data is ex-

= .
pressed in (mg P/oc and mg P/100 g soil resnectively).

Sites
Soils | 1 IT | iz
i
K1 KE K1 K2 K1 Kg
Gypsum serosem _ 272 9.72 0,20 1111 0.04 | 21.25
Marly serosen 6,60 |- 8.85 | 0.16 8.86 — —
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(continvation of Table 23)

Terrace soil 18.18 | 7.03 0.07 12,90 — —

Alluvial meadow : .
s0il 1290 | 10,69 0.26 ©9.60 —— e

Brovm soil 250 5.10 s —— — -

From this equation 2 it was observed thate

1) The four calcareous soils become similar in relation to the maximum P
adsorption in site I, although there does not exist a dirvect ratio between

this K, value and the energy constent (K1 value),

2) Brown so0il again showed the lowest Ké value,

3) Calcareous soils exhibited a very wesk energy (Kj) in site II,

4) The total maximum P adsorption from these soils was 25.50 and 70% for
site II in the gypsum serosem, alluvial, marly serosem and terrace soils
respectively.

In table 26 the K., values calculated by both équations—have been

2
sunmnarized.,
TABLE 26
EQ values in gites T and II
Soils Site I : , Site II
mBovation 1 Iouation 2 Fouation 1 Fouation 2
Gy poum 141.0 97.2 220,0 111.1
serogem | - ' .
arly 86,0 88,5 99.7 88.6
serogem
T (3 & ) : -
Terpace 70,6 70.3 135.2 129.0
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(continuation of Table 26)

Soils Site T Site I
Houation 1 Bouation 2 Bouation 1 Souation 2
Alluvial o, :
meadow - 123°O 106.9 - - 96,0
soil '
Brown 550 © 51,0 : — R
soil

From this table it can be seen that for equation 1, in general
the K-2 in I and I% gites were slightly higher than those calculated by
oo Lorrans 2655 s wa maronem o ethn T mmens o witars B oo po
tions were similar. e e K2 veues by both equa-

2, Method of calecium diphosvhate in 0,01 1 calcium chloride medium,

In table 27, the phosphorus sorption values according to this
method are included. In this %table can be seen the initial O concentra~
tion added, thaﬁ obtained after 24 hour equilibrium and the P sorption by
goil, calculated as the difference between both concentrations, divided
by five due to the soily solution ratio being (1:20) and, finally, the

lagt column reflects these P sorpiion values + P surface.
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TADLE 27

Soils

FP0,)2, nethod.—

P concentration

Phosphorus sorbed by soil exvressed in {pepem, P) according to Ca (H?

P sorbed by soil (in p.p.m. P)

{ & P/100 co)
Initial Final Difference Difference/ﬁ Difference/5
+ surface P,
100 16 84 16.8 41.8
200 - 32 168 33,6 58,6
300 . 50 250 50,0 75 60
T A00 90 310 62,0 87.0
Gypsun 800 200 600 120.0 145,.C
serosem 1600 720 880 176.0 201.0
2000 996 1040 - 208,0 233.0
2400 1040 1360 272.0 2970
2800 1400 1400 280,0 305,0
. 3200 1800 1400 280.0 305,0
100 36 64 12,8 5248
200 60 140 28.0 68,0
300 g2 208 41.6 81.6
400 108 292 58.4 96,4
_ 800 380 420 84,0 124.0
gzii{em 1600 920 680 13640 - 17640
" 2000 1160 840 168,0 208,0
2400 1500 500 180.0 220,0
2800 1850 950 ©190,0 230.,0
3200 2200 1000 200,0 240,0
100 36 64 12.8 55,6
200 52 148 29,6 7246
300 78 222 44.4 074
Terrace 400 108 292 8.4 104 .4
s0il 800 400 400 - 80.0 1230
1600 1100 500 110.0 1530
2000 1400 600 120.0 163.0
2400 1650 650 130.0 173.0
2800 2100 700 140.0 163.0
3200 2450 750 150,0 193.0
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{continuation of Table 27)7

Phosphorug sorbed by soil exvressed in (p.p.m. P) according to Ca (Hé PO )2,
4

P concentration P sorbed by =o0il (in p.p.m. P)
‘Soils ( & B/100 cc)
Initial] Final | Difference Bifference/S ‘Difference/5 +
) surface P,
100 25 5 15.0 85,0
200 60 140 28,0 98,0
300 104 196 - 39.6 109,6
400 110 - 290 54,0 124.0
Alluvial 8oo | 280 420 85.0 155.0
measdow 1000 200 T00 140.0 210.0
soil 2000 1200 800 160,0 230.0
from 2400 | 1550 850 170.0 240,0
River 2300 1900 GO0 180.0 250,0
G&llego 3200 2200 1600 200.0 270.0
100 22 78 15.6 31.6
200 50 120 24.0 40,0
300 150 150 30.0 46,0
Browmn 400 | 230 170 34.0 50,0
s0il 800 540 260 5240 63,0
1200 | 800 400 80,0 96,0
1600 | 1160 | 440 88.0 10400
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These values of the last colurmm in table 27, were plotted in rela-
4ion to € in finncl solution. Toth values being expressed in P p.p.u,
{graph 6). | o

Tn this way, we can obsgerve how the curves of phosphorus sorption

by theme soils are, however we ignore up io which P concentration, adsorp-
tion by soil takes place. Thus, if we plot in gravh 7, the ¢ x 103/&/m
values related {o G, we can see that all these soils follow the Langmuir
“izotherm under 20 p.dems P concendration in finzl solution. For +the above

goile the Lengmuir isotherm holds, wntil the following P concentration.

Soils ' _ P p.pemn, in Tinzl solubion
Gy?sum geTrosen 7620
Harly scrosem ' : 3.80
Terrace soil ' 11.00
Alluvial meadow #oil "7 _ ' 9.00
Broun soil ' : 2.30

according to this laboratory procedure, these soils Ffollow the
Langmuir isotherm at a lower range of P concentration than that obtained
with the former meihod (potassium diphogphate solutions buffered at pH 7).
In faci, the P adsorption values were slightly higher than those found
by the former method, agreeing with that published by Rajon S.S5. and Fox
R.L. 1972 (132) in a gtudy concerned with adsorption with different P

salts, equilibrium time ond salts added.

By using the conventional Langmuir equation {equaﬁioﬂ 1), the K1

and K2 values were calculated and included in table 28.
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- PABLE 28

e s i a8

Regression equations, correlation coefficients (r) and K2 K, data

Soils T Regresaion Values
' equation - ‘ RN
X, co/mg X, (ppm P)
(ypsum 0.98 y=4.38 % + 4,55 0.96 . 230
gerosen
Harly 0.99 y=6.89 % + 4,39 1,57 150
serosem '
Terrace 0.99 726,22 % + 4,50 1.38 160
soil
A1luvial |
meadow 0.99 y=448 x + 4.01 1.2 220
so0il '
Brown ~0.99 y=18.61 x + 3.97 4.69 50 |
soil
i
|
e ‘
DU |
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According to this table, we deduce that:

There exist differences among these soils related 4o K, and K2

1
S values,

Town s0il hag ghowm the highest value of K1 (energy bounding —P-

g0il) and the lowest value of K2. In the four calcoreous soils an inverse

ratio betueen I{1 and Ké can be chzerved, disagreeing with the resulis

reported by Syers et al 1971 {154) for the Brazilian tropical soils.

Formerly, the modified Langruir equation (equation 2) was more pre-
cigse in detecting the adsorpiion sites. For that reason, we make use df

it once again in this method in order to see whether, with thiz laboratory
method, the same fact is produced. So in gransh 8 K/m values have been
plotted against %/m/C'valﬁes and the presence of fwo sites for P adsorpm
tion, in three calcareous soils and brown soils, was verified, due to

the breaks in the line.

These breaks have taken place at the following P concentration in

final =é6lution,

Soils I Site | IT Site
Gypsum serosem . 0.90 P ppm 7620 P ppm
Marly serosem 380 0 o
Terrace soil ' ' 4.00 ® ' _ 17.20 - ©
Alluvial meadow soil 1.04 : 3,80 v

Brown soil . 0,80 : - 2.30

In this case, it is clear that equation 2 iz more precise than

equation 1 for detecting adsorption sites at lower P concentrations.

Two soils (marly serosem and terrace soil) have shown this I site
at a slightly higher P concentration to that cited by Syers et al - 1973
(155). |
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on by soil (in mg P/100 g s0il)
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In table 29 the K1 and L valués caloulated according to euuation

2
N 2 are included,

PABLE 29
Kj'and K, date in Sites I and II
Site I | Site II
VSQils _ .
K, K, K, , K,
{ee/mz) (g P/100g =.) {cc/mg) (mg P/100g. =.)
Gysum serosem 1,20 o 11.44 0,18 17.01
Harly serosem 0,53 14,30 — —
Terrace soil 0,59 14430 0,06 1469
Alluvial meadow
Brown soil  3.45 4440 0,89 | 1031

Trom this data we can deduce thats

1) Brown soil again showed a K, value in site I and, as well, in
.gite II higher than that of calecareous soils. Both adsorpiion sites have

lower K. data than that corresvonding fo calcareous soils,

2

. R) Calcareous soils in site I reflect the same ratio for K1 and

K2 values found by equation 1, believing that the marly serosem and terr

ce soils supply the F adsorbed more easily than the others,

3) In all soils, the K, value in site I is 8-16 times higher than.

those in =ite II.

LI

4) In all soils, excepi marly serosem, the P adsorplion was igher
in site I than in II, being anproximately ?5,?4,64 and 44% of the foial
maximum P adsorption for the brown, terrvace, alluvial meadow and gypsum

garozem goll respeciively.
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3. Comporison between both laborstory methods,

In this part, we shall 4ry to cowvare both methods in order to se-
lect one of them for later studies. .

Tn table 30 we have summarized the K, values obtained hoth
2 X

methods (data from tables 25 and 29).

" DARLE 30

s v A

K. values in Sites I and IT obtained by both laboratory nrocedures. Data is
=

expressed (in mg P/100 g so0il),

Yoils Site I Site II Site IIY
Ca Ca
K H,P0, (H,F0 4) 2| X HyFO, (B, PO 4)2 K H,P0,
Grpoum
serosem . 9,72 11044 11611 14,01 21.25
Harly
serogem 8.85 14430 - B8.86 | - —
Terrace _
03,1 T03 14.30 12,90 . 4.69 -
Alluvial. ' : :
meadow soil 10.69 T 11. 70 _ 9,60 6.70 -
Brown 10 4,40 _ B 1.39 .
oil 2 o4 - .

Prom this aata we deduce thats

1) Both procedures feflect the zame tendency in the pattern of P
adsorption by these soils, that is that gypsum serosem has the highest total
maximum P adsorpiion, vhile brown soil was the soil that has adsorbed less
P, the other three (marly serosem, terrace soil and alluvial meadow soil)

being included beiween bLoth values,
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2} In site I, K,

soils {zyvosam serosen, alluvial meadow soil and browm soil); however, for the

values got by both methods were gimilar for three

other two scils (terrace soil and marly ser sem) they are completely diffe—
rent; that can bo explained because in the first procedure these soils fol-
lowed the Langmir iéotherm_at a lower P concentration than in the second
method,‘Hefleoﬁing, in the cazze of marly serosen, the presence of a single
gite for P adsorptioh situated at low P concentration, while for terrace
goil ‘the P adsorption predominates in site I, being of lower guantity in

site II,

If we melect the calciunm diphosphate in $.0.1 caleium chloride me-
dium, we believe quite sincerely that we shall noi be wrong in the estimation
of total maximum P adsorption for the following reasons:

1) By both procedures, brown soil shows the same value of {otal Kns
with the advantaze that the latiter method has reflected tuo adsorption sites

(I and II).

2) For calcareous soils, 0.01 H calcium chloride medium can beiter

similate the calcium concentration in these soils,

3) The fact that Cole and Olsen 1959 (38) used, in a posterior study
g 0,01 ¥ HlHedium of Cl2

the estimation of P adsorpiion in calcareous soils is a positive point o

Ca and caleium diphosphate in studies concerned with

take into zcoount.

As has been seen in these.pages, we found differences among these
soils {calcareous and brown soils) related to P adsorption. Well, we can
Justify this different data of P adsorption due to the fact these soils
have different clay coﬁﬁqgﬁg,zthere.existing a significant ratio {r = 0.95
and 0.99) between this clay content and total maximum P adsorption calou-

lated by both laboratory procedures.

In calcareous soils, there was no significant correlation beiween
total maximun P adsorption and % calecium carbonate; it mey be that this soil

constituent influences gimultaneously with clay on this adsorption.
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4o Buffering Cavacity Factor

Recently, weveral soil workers believe thet the buffering capacity
factor must be taken into account for suitable evaluations of P needs in
2 goil and thus to be able to fix the reguiremenis of P fertilizers for a

soil.

This factor has been defined as the P adsorbed amount at a ceriain

P concentration in final solution.

Ozanne ot al 1968 (124), Barrow 1967 (13), Rajan $.8. 1973 (133)
have used calecium divhesphate in 0,01 ¥ calcium chloride-medium, because
they consider that this is similar to that which is found in the soils

under normal conditions.

This buffering canacity factor has been calculated at different

ranges of P concentration in final solution,

Ozanne et al 1968 (124) have considered a range from 0,25 to
0.35 P p.p.m., since these authors found maximm crop yields at 0,30 PePele
Barrow 1967 (13) believes thot 0.20 P p.p.m. is a suitable concentration
and Pardo Fernondez K2 T. 1972 (1235) mentionad that it ils allowed at any

P range in which the lLangmuir isotherm is followed.

Although in this study phosphorus dressings were not applied, we
believe that it will be useful Vo have information about thege soils con-

cerning this factor.

In order to caleulube i%, we have used a range of 0,50 to 0,60 P
P.D.m. concentration, based on %he criterion of Ozamne et al 1968 (124) who
have worked with Soils that show similar featurss 1o ours and these authors
have studied this factor in & soil: solution ratio 1:10 whilst ours has
been a 1:20 ratio. The accuracy of this range chosen must be checked in

the future with phosphorus fertilizer frials.
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Ta graph 9, the P adsorption values related to the 0 —« 1 pepen. P
range in final solution have been plotted. From this graph, we heve calcula
ted this buffering capacity factor as the P adsorbed amount betiween 0.5.

10 0.6 P p.p.m.

Tauis bulffering cavacity factor in these solls ig:

ﬂg}is Euffering capac%ty Site I
s . factor exovressed in X, values K
PePefte P =1 = 2
Gypsum serosem - - 3.10 ' 114.4 1.20
Farly scrozem 6,00 143,0 0.53
Terrace soil 4,63 1430 0.59
Alluvial meadow soil 2.89 o 117.0 © 3612

Broun soil 2,00 ' - 44,0 .45

There exists a significant ratio {r = 0.90) beiween this factor
and the K2 value in site I, being of the same magnitude as that found
by Rajan S.5. 1973 (133), i% being pessible, therefore, to say that at
this P concentration a suitable supply of this mutrient to plants will
occur,
_ In general, il zerees with that reporied by Syers et al 1971 (153)
in which the soils with high P adsprption exhibit a lesser P desorption,
except for terrsce soil in which this P liberated was similar to that

showm by browm soil,

This lerrace soil basm a similer P adsorption as marly serosenm,
ut the latter showed a lower % P desorbed. This fact can be explained
as in terrace soil there exists a predominance of the area ITof P
desorption over the area IT related to chemio desorption. In fact, these

P liverated were 584 of the total amount desorbed,

. I% seems that in the iransfer of P adsorbed there influences the
amount adsorbed, energy bounding P-soil and, finally, the mechanism by

which the P adsorption by the soil can be produced.
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B, PHOSPEORUS DIUORPTICH

In chapler 1, outlining the purpose of this study, it was poiﬂtéd
out that the finality of this part iz to get information concerning fhe
degorntion of P from the smoild phase to soil solution. For that PUTDOSE,
two laboratory procedures were used, one of ihem congisting of 14 water
exlraction on the same moil sample (method of Fried et al 1956 (55), the ;
other being the one prescribed by Amer eb al 1955 (4) in which a system

formed by walter-anion-resin-zoil is used at difforent equilibrium times.

‘Due to the nature of both vprocedvres, we can evaluate how this
degorption ocours. The former will furnish us with a general idea of this

process and the latter will reflect the different recctionzs that take

place in the desorption according to time. The latter would also have
been appreciated if we had used another of the procedures proposed by
Tried et al 19%6 (55)3 however, ve believed that the Amer method would
be more precise because the continuous water leaching method furnishes
low P values and there exist problems concerned with the first water
leaching due to turbidity. On the contrary, the reesin method, in spite
of its ﬁse_in the labordtory being longer and more tedious, facililates
the colouf meiric P determination since it suvplies higher ﬁalues in

this nutrient,

1, Hethod of 14 water exiractions on the same soil sample

In {he presence of water, it is believed that the phosphorus transfer
from golid phase to soil solution is due fo a hydrolitic displacement

reaction and it can be represented by the following equations

K1 x OH
N P in soil solution
Q_.._._...-.——-——-

K2 x som;-OH

P =o0il

In which P-goil is in eguilibrium with P in solution, so as the P of this
liguid phase is evaluated, it will furnish us with an estimation of which

4t is easily transferible from the soiid phase., In each of ithe 14 water
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extractions we have had the above equilibrium and ihe P obizined in each

water extraciion has been analysed., (vlease see table 31),

This data from table 31 has been plotted in relation to the number

of extractiong in graph 10.

_ For the shape of these desorpiion cwrves, gypsum serosem, marly
serosem and brovn soil, their phosphorus transfer was controlled by the
solubility of their P comvounds, while in the other calcareous soils
(terrace soil and alluvial meadow s0il) it can be interpreted as a typlcal

desorriion.

In this.laboratory method, eguilibriuvm time for each extraction
wag 1 hour and a guantity of P desorbed was ob%ained. Therefore, 1f we
plotted this dats of P desorbed according to equilibrium time, we find
that there exists o close correlation (r .= 0.99 - 0.96) for zll soils.
Trom thiz it is-deduced that Fick's law, provosed by Lorsen and Cooke I.d.

1970 (102) for the P transfer from solid phase %o s0il solution is appli-

cable,
y=R+1bt,
where
y = amount of P desorbved .
R = initiel P quantity in soil solution
b = rate of P desorntion
1t = time
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Thepe R and L velues ware in these soils as follows:

Soils .' R | b
Cypsurn sefoéém 0.#7 | -: 0;55
Harly serosem | _ | 0.47 0.46
Terrace soil | O.BQ o 1.4

CAlluvial meadow

soil from River _ _

(t41llego S T 0.64 1,19
Brown soil 049 0.7

Suggesting thats

1) Alluvial meadow soil and terrace soil have similzr rates of

i B

P desorption although the latter showed a slighily higher R value.

2) Marly serosem and brovn soile behave similarly.

3) Gypsum serosem had an intermediate paltern batween the pre-

'oeding twe groups.
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2e Hoter-inionic resin~soil svetem,

In this case, the above mentioned equilibrium has taken ploce
also and thers only exists the difference that the P desorbed from the
goil is adsorbed by an anionic rasin introduced in the water soil sue—

pension,

In table 32 theae'values can be sgen., The proceding P values
have been compared in relation to +ime in graph 11. For the shape of
these phosphoru“ desorption curves only z moderaie reaction of P transier
has occured, Therciore, marly serosem staris with a 4.84 P ppm value
until it reaches a constant value of 21.50 P pom at 24 hours, while
gypsunm holds a similar value until 4 houvrs and from this time the moderate

rozction tekes place, reaching 2 constant 37.60 P ppm at 24 hours.

In the other calcarcous soils (terrace soil and alluvial meadoy
s0il) the process gtarts with 16.12 and 30.10 P pom respectively, reaching

later = constant value of 51.6 and 54,8 P ppn in 24 hours.

Drovm scil showed the lowest initial value 2.2 P prm and at

48 houru, a value of 24 P pom was reached,

1% was mentioned before that the presence of a single moderate
reaction of P trénsfer vas due to finding, at times lower than 1 hour,
this same P value. For that reason we telieve that <this P value é an be
'-conviﬁered as the P already present in the soil solution. That can agree
Ulth that publizhed by Thompson el al 1960 {158) in some soils studied
by {them.

In order to see how the kinetics of this process was, let us con-
'slder the criterion of Amer el al 1955 (4) who pointed out that the

amount of P adsorbed by an anionic resin et a 1 $ime will be equeal to:

PP:PT»I +Pr2+PI‘3.
Prq, Pr2 and Pr3 being the P adsorbed by the resin as a consequence of the

quick, moderate and slow reactions which have taken place in a soil.
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Since the rate of P adsorption by resin in each reaction will
be proportional to the amount of P not adsorbed which remains in the

soil solid phase, the following equation will be written

4 Pr./at = X' By
da Pr2/d+ =K,". P52 _.
d Pr3/d'b =K' Py

in whichs
P51, PBE-and-P53 represent the amounis of P not adsorbed and they will

be contributed to the respective reactions at t time, Ki, K, and K3 are

congtant,




~ The abéve'equation will be integrated and they.will have the

Torms:
o X, %
Pry = C, (1=e 1 ")
K. 1
Pr, = C, (1fe— 2 )
Py =0y (men iy 8

- If the base o is changed %o 10,C, will represent the initial
amount of P51 in soil, ' '

The total eQuaﬁion of this process will bes

Pr Pr, + Pr_ + Pr

1 2 3
~K %

L Xt
(c1+02+03 ) - (c x10 1 +02x10 ot +Cq

Pr %10 Bt )

fl

Pransfering (61 + C

“one will haves

ot Gé).to $he other member of this equation

Y Kb Kb “Eat )
(c1+02.c3) = Pr = C,x107 1 40,x107 2 40,10 3

If we take 1ogarithms at both members of this equation, we shall
have itz lineal expressions '

~Pr) = 1og(05x10“K1t+C 1052740

Log (C +0 o 3}:‘1(:_)”K3-b )

o 3

In these soils only the moderate reaction takes place, vhioh
confirms that found by Thompson et al 1960 (158), lioser et al 1959 (115) in

©- gome goilg.

Thus, the equation for these soils will be:

- Pr) = log ¢, - 31 t + log 02 - X, +

Log (01 + C,

At a 1onger equlllbrlum time, if the flrst reaction exists, this will have
N

been reached and then C? x 10 1 will be 1n81gn1110anﬁ and can be omitted.
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Thus log (01 + C, = Pr) will be drawn against time and then,

“the log 02 and K

5 will be obieined, Since they correspond to the intercent

and grodient respectively.

~In these soils,,(c# + 02) value was chosen as that obtained at
24 hours and Pr value was that obianined at each squilibrium time. In
grephs 12 and 13 can be seen the drawing of these values. There was a close
ratio between log (01 + Cp = Pr) and time that means a suitable choice

of the (Ci + 02) value in these soils.

 The equations for these soils were as follows:

Soils

Gypsum serosem Pr_='37,6“(29’6x10~0.022t )
¥arly serosem CPr o= 21,5_(15.1x1050.061t )
Terrace so0il ~  Pr = 51-6—(39;7x1 —0.032t_)

/i dow - —0.033% »
AMluvial meadow = Pr = 54,8-(28,7=10 )
soil ‘ o 7
Brown soil © Pr = 24,0_(21x10—0-015f )
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Co TRANSHITR OF P APPLIZD RECEIMLY ADSORTED BY S0IL

In part A related o P adsorntlon this process has been studied
through two laboratory procedures and %“hen, the existence of two sites
for adsorption was verlfled In this pa art, the buffering ca vacity factor
‘was mentioned because recently it has been considered by several soil wor-—
kers as a good appron ach, when we require to evaluaote P needg for o soil

concerned With,P fertilizastion,

Well, we have now considered that the knowledge we have concerned
with the delivery of the P applied and adsorbed by a soil could help us

to to define these soils better according to this element.

Syors et al 1970 {153) reported that the soils with a high phos—
phorus adsorpiion are those which tranafer it less o the s0il solutien
since these soils show a higher energy bound than the low P adsorption |

zoile,

In ordexr 1o verlﬁy this pattern we have equilibrated these soils
during 24 hours in 0.0] calclum chlorzue medium that contains 8 ppm P
as.oaloium diphosnhate. This suspension was centrifuged, dis scarding +this
liguid and the residue soil was subjected to 14 consecutive extrastions
with water or 0.0,1 H calcium chlorlde solutlon in such a Vay as has besn
already described. -

These P desorbed values obtained for water or 0. 01 M calcium chlo—‘
 .ride extractions are included in tables 34 and 35 respectivaly, .

In all 50113, the values of. ﬁable 34 were higher than those of tagble

'-35. That can be explained as & certain calcium solublllaation produced by
each water extractlon.
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_ These P desorbed values hy wafer action or 0.01 M calcium chloride
solﬁtion have been drawn in graph 14 aoéording to the number of extractions,
By the shape of these curves it can_bé deduced that there are two arcas
of.desorption according to the éri%grion of Blanchert 1964 (23), one corress
ronding to fhc P gituated in the ionic atmosphere that sur ounded soil
particles and the other is that related to P adsorbed on the surface of

the s0il particles. Brown soil, terrace soil and alluvial meadow so0il
exhibited there two well-defined areas, the formér corresponding to the
four extractions; from this fourth extraction it seems that the chemin
desorption dominates. While in marly sefosem this mechanism dominates

and in gypsum serosem the two mechanisms are given simultaneously.

- On the other handiif we express these fotal amounts of P desorbed
(values table 35) as ¢ of P adsorbod, we can observes:

Soils P agsorbed (P pom) 4 of P liberated

Gypsunm serosem 85 o - 34

Marly serosen ' 124 ' | 32

Terrace moil I 123 B 45

Ailuvial meadow soil | 155 : : 32

Brown soil | = - | . . 7' - 46
I
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363s UYNAMICS OF DN PHOSPHORUS TN TN SOTL AND GROUTH OF TH® PLﬁﬁTS

In parts 3.7. and 3.2. it has been vointed out that there are
differences among these five so0lls, related to P distribution along the
so0il profile, as welllas connected to these physicochemical properties

of adsorption and desorpiion of this nuitrient.

Well, if by laboratory procedures we can confirm a differente

-pattern in these soils in relation to phosphorus, we believe that this

behaviour can be reflected in a field of a crop growm under natural con—
ditions in these soils. That led us to the conclusion of making use of

' greenhouse trials trials in which we made rye-~grass grow under natural

conditions for phosphorus (non P applied as fertilizers) and with 2

suitable supply in the other mutrients (please ses liethodology). Thus, a

trial I was set up in the greenhouse, such as has been described on another

rage, and after these rye~grasg planfs had completed their vegetative
cycle, they were harvested, weighed and analysed For phosvhorus. Finding
that there were differences in dry matter and P yield among these soils.
Tﬁat induced us to carry out a second trial on the same pots and under

the same condiﬁions-uSed in frial I; once again, differences in dry matier

and P yields were found. A seguence in these yields can be established,

Aluvial meadow soil D Terrace » Brown soil’y- Gypsum serosem 3

Yarly serosem.
This seqﬁence is glightly altered in trial II, and is as follows:

Terrace soil » Alluvial fneadow s0il > Marly serosem > Browmn soil Do

— R

Gypsum serosemm.

These dry matter and P yields in roth the I and IT trials are

. included in tables 36 and 37 respectively.
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. TABLE N° 36 Dry matter and vhosvhorus yieids in Trial I

Soils Humber of - Dry matter 4 Phosphorus yield
replications &/ pot Phosphorus in (mg P/pot)
1 19.30 0.118 22477
2 21.80 0.114 31.39
Gypzum 3 19.70 O.117 23,04
serosem 4 22.75 - 0.128 29.12
6 21415 0.120 25436

Aversge 25.99

1 16425 0.120 18.50
2 1720 0,120 20,64
. 3 16,28 0,12 ' 20,84
. Marly 4 15,40 0.130 20,02
serosem 5 15.70 . 0.120 18.84
6 16.18 0.120 19,42
Averame 19.71
1 27.90 0.170 47443
2 24.40 0.170 41.48
Terrace 3 26,10 0.170 44..37
s0il 4 23.25 0.169 - 39.29.
- 5 23.95 0.165 39.52
Averare 43,10
Alluavial 2 25.25 0,170 42,93
meadow soil 3 29,90 0.199 - 59450
from River 4 29.30 0.199 58421
Q&1lego 5 26,12 0,200 52424
6 25.90 0.179 47.36
' : Average 50.75
1 22.00 0.142 31.24
2 21,28 0.130 27.66
21:;‘1’“ 3 17,00 0.118 : 20,06
4 19,89 0.140 ' 27.85
2 19,83 0,143 29,36

22.10 0.133 29,39
' ' ' ' Average 27.76
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TABLE N2 37: Dry matter and phosnhorus yields in Trial IT

Soils HuTbegﬁof Dry matter %‘P FPhoaphorus yield
. repLicawvions g‘/pO'b (mg P/pO‘I:)
1 5485 0,147 8,60
Gypsum 3 6.90 0.139 9.59
serosem 4 560 0.189 _ - 10,19
5 5410 0.146 746
6 5,00 - 0.141 7.05
: : Averame 8.57
1 6,40 0.159 o 1017
Marly 2 6.90 0,180 . 12.42
serosem 3 6.60 0,240 15.84
- 4 743 0.185 | 13,82
5 Te35 0.187 13.75
6 6.00 0.194 11.64
Average 12.94
1 9.00 0.203 18.27
| 2 10,20 0.232 . 23,66
Terrace 3 9.60 0,202 ' 19.39
goil 4 9.80 0.222 21,76
-5 8,00 0.232 ‘ , 18.56
6 10.50 0.192 20.16
Averase 20,30
Aluvial 1 8.55 0.188 15440
meadow soil 2 10.05 0.197 19.50 !
from River . 3 - 9.90 0.172 17.00 _ |
CAlleco 4 9.45 0.194 ' 18.30 ‘
g€ 5 10.00 0.187 18.70 \
6 9.30 0,181 1 - 16,83
Average 17.62
1 6,60 - 0.180 10,80
Browm 2 6,90 0.190 13.11
soil 3 650 0.175 | 11.38
5 6410 0.176 10.73
6 10,49

6.90 0,152 .
: Averase 11.23
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TABLE N2 38

Variance snalysis from phosphorus vlant yield, (Trial T
.

Source _ Sum of degree of tean
of variation squares freedon T sguare F,
Replications 40,74 _ 5 : 8.15 0.25
Soils 4242.00 4 1060.50 - 27,00 ++
Interaction 760.19 20 38.09

4+ highly significant at 5 and 1 levels.
2 x 38,09
30

H]

Minimum significant difference 2,09 x 3.135 mg B/pot.

TABLE M 39

Variance analysig for shogrzhorus vield obtained in Trial IT

Source - Sun of  degree of Mean
of variation souares | ~ freedom sguare F,
Replications 28,97 5 5.794  0.85
Soils - 546,27 4 136,560 20.00 44
Interaction 135.70 20 6.79

4+ highly'significant at 5 and 14 levels.

Minimum significant difference 2.04 X,E_E_églg__ = 14,37 mg R/pot.
30
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This data wes analysed through a varisnce study (please see $ables

38 and 39), from which it can be deduced that P yields in each rep-
lication belong to the same population while those found in each soil
are dif{erent and significant, showing in this way a different pattern

exhibited by these soils in P dynamics.

In this pérﬁ 3.3, we try to explain what is the cause of these dif-
Perent dry metter and P yields in this crop grown on thesé geils. We
know that P adsorption by the vlant will depen& on the concentration of
“this nutrient in soil solution, for that resson we shall base our explana-

tion on three ways:

a) How the inorganic P fractions contribute to the P adsorption by
the plani,

" b) How three quick laboratory assessments can evaluate these dif-

ferences in P yields.

¢) How the soil fertility factors have taken part in this P aupnly

4o the plant,

A. SOIL P FRACTIONS

The P of soil solid ?hase is constituted by

a) Organic P.

b) Inorganic P.

a) In part 3. 1._we obtained information concerned with the total

organic Py but we 1ﬁnove Wanh are the forms of this organic fraction

—

bec ause this frﬂctloHOulon was not carried out, as wall as their contents
and susceptibility to mineraliZation, convributing, in this way, to P in

the s0il soluiion.

b) Inorganic phosphorus is formed by: .
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1) The soluble in ammonium chloride, It is considered as labil P

due to its ecasy trensfer to =go0il solution, These soils show the follow-
ing ranges (1.10 to 0,17 mg P/100 g soil) (velues included in tables 14,

15,16,17 and 18).

2) That extracted by ammonium fluoride, This correaponds 1o phog-

phorus bounded alunminium and, according to the soil pH, it will have more
or less soluble forms. Tts content being in these five soils (3.10 to 0.75

mg B/100 g soil) (values included in tables 14,15,16, 17 and 18),

'3) Beluble in sodiwm hydroxide. This fraction was present only in

brown soil (2,32 mz P/100C g soil) (value included in table 18),

- 4) That oxtracted by sulvhuric acid. It includes the whole series

of calcium phosphate compounds, whose solubility is controlled by the
soil pH and calcium free concentration that depends on the lime and gypsum

vresence and contents.

These five soils showed a range (20.12 %o 3.87 mg P/100 g soil)
(date from %zbles 14,15,16,17 and 18). In this inorganic P fraction it
wag verified that there exist P compounds ineluded beiveen hydroxye

apatite and octocalcium phosphate,

The other fractions, such as soluble in reductant and occluded
cannot be considered interesting with respect to soil fertility because

a longer %ime is required for their solubilization.

At the end of the T and II greenhouse trials the mixtures (sand-soil)
from pots without planis were taken up and seil from this mixiuvre was
séparafed by means of a 1 mm., sieve., In %his soil material the fractionatioh
for inorganic P was carried out according to the Chang-Jackson procedure.

This data wag included in tables 40 and 41.
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TARPLE Ne 40

Chenges in the inoreanic P fractionsg in soil sembles after Trial I in the
greenhonse, Bota expressed in {mg P/100 g of 50il).

P in ClNHﬁ_ P 1n_NH4F P in NaOH P in H2 504

Soils ‘

C Initial After Initial After Initial After Initial  After
Gypsun
serosem 0,96 1600 0.75 4,00 0,086 0.00 14.00 14.00
Harly ' ‘
sergzen 0073 0.95 1079 2:60 0.00 0.00 10000 10.80
Terrace : .
so0il 1.10 1,86 2.28 2.60 0,00 0.00 18.11 18,60
Alluvial
meadow . ' - '
goil 1.34 2.00 3,23 3,00 0,08 0.00 20.12 20,60
Browmn : ’
goil 0.17 0.75 3.10 3.00 2,32 2.32 3.87 4,00

TARLT #9 49

Changes in inorrmanic P fraction in soil samples after Trial IT in the
greennouse, Data exnressed in (mg P/100 a soil).

' in CIX ' 3 '
Soile P in IHZ P in FHH4 P in NaOH P in H2 304
Initial After Initial After Initial After Initial After
Gypsum '
serosem 0.96 1.15 0.75 5,00 0.08 0.00 14,00 17.50
. _ - j ’

Harly e T |
serosen 0.73 1.00 1.79 5.00 0.00 0.00 10,00 14.50
Terrace '

. soil 1.10 145 2,28 6,00 0.00 0,00 18.11 20,00
Alluvial

meadow 1,34 1.75 3.23 6.20° . 0,08  0.00 20,12 . 24.50
$0il '

Brown - S -

s0il 0,17 1.25  3.10  4.40 2.32  2.32 3.87 6,00
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In these tables 40 and 41, it can be seen that after the T and 3%
greenhouse trials, the five soiis showed a slight increase in their inop-
ganic P fractions in relation to those obtained in the original soil sem—
Ples, In these trials,:phdsphorus fertilization was not used, therefore
we believe that these increases can be originated by a certain aslteration
of the organic fraction in these soll sanples proceeding from mon-plant —
pofs of the I and II +4risls. This organic phosphorus alieration could ha
ve occured during these greenhouse agsessments or during the drying of the
mixtures (sand + so0il) at Toom temperature during the Summer. The fact —
is that this organic phosphorus variation can be confirmed because the sum
of these increases detected in inorganic P fractions is gimilar or higheorp
than the increase obtained in these s0il samples for P extracted by 6N or
2N‘H2 804 (please see tables 42 and 43).

'Tabic ne 42,- Trangformations in drganic phosphorus in soil samples after _
I greenhouse Trial. Values exvressed in (mg P/fOO g s0il).

_ Sum of ;P Soluble in |Urganic F| P Soluble in|Organic 7

s increases | O H.80 Minergli-} 2N 30 Hinerali-

Soils of inorg. Hé 4 . | zed %2 4 zeds
P Fractions Initialf After| Initizll Alter

Gypsum 3.49 21,50 [28.40] 6,90 24,10 |28.60] 4.50
serosen -
Marly 1423 15448 121,60 ' 6,12 15.01 | 21.00} 5,99
serogen § : .
Terrace |, 63 41,28 [41.60] 0.32  [39.77 | 41.60] 1.63
s0il
Alluvial _ . . _
meadmf 1015 40-40 41-00 0.60 g?a88 40,00 2-12
goil .
Brown ; . o

g0il 0. 71 ] 17420 { 17,607 0640 1590 16460 0,70
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Table n¢ 43,- Tranaformations in organic vhosphorus in soil &

ter IT greeﬂhqusg_Trial Data expressed in (mg P/100 g 5011),

Sum of in | P soluble in |Ormanic P|P solubis in [0rmanic T
Soils creases inf 61 HQSO4 minerali~|{2H H2 304 minergli-

;§2§%£o§~— Tnitial After|2°ds Tnitial After|2ode
Cypsum \ = : :
A, T84 21.50 | 28,00} 7.50 24.10 27,00 2,90
Marly : - - ' - -
seTosen Te54 15-48 26,00 10,52 15.91 25.00f 9.99
III 14 _ .
cor1 0 5497 41,28 | 46,00 4.72  [39.77  45.00| 5.23

. |A1Tuvial :
mead ow Te36 40,40 | 48,00]| 7,60 37.88  46.00 8.12
goil .
o 4.23 17,20 | 22,00| 4,80  |15.90  20.00] 4.10
In order to Know what the contribution of these inomganic P frac

tions to the P adsorption by a crop is like, several soil workers -

(Al-Abbas A.H. and Barber 1964 (2); Baldovinos F. 1966 (10); Grigs JeLe
1965 (66) 3 Hanatiaux G. 1966 (75); Khanna J.K. 1967 (94); Payne He and
Hanna 1965 {127); Pratt P.F. and Garber M.J. 1964 (131); Sharma D. et
al 1963 (141); Singh N. et al 1968 (143); Susuki et al 1963 (149) have
uged correlation procedures between tﬁe P yield of g content of these

inorganic P fractions.
In our case, in table 44 this correlation between the yield (in

Trial I as total (I + II Py yield) related to the content of these inor

ganic.fractions has been reflected.




Table n® 44.- Correlation coefficiente (), regrossion equations between

P yield rye-grass and content of these inorg. P fractions,

Inorge. P P yield rye—grass (I Trial) Totgl P vield rye—srass
fractions Iy regression equation T regression equation
b 1 , )

- 0693  y= 5.91 + 0.84 x 0,94 y= 2,20 x —25.01
cl N’H4 )
Pan ol o.8 | 0.20
N’H#?
e 0.54 | 070

24 :
§ ég () | os 0,90

250, . _

(x) For calcgreous soils.

In both cases of P jield, the P golution in ammonium chloride
contributes significantly (r = 0,93 and 0.94) to this P adsorption by
Tyo~grass. While the Praction extracted by sulphuric acid did not show
itself to be significant in all soils {r = 0.54 and 0.70); however,'when‘
the date of calcareous soils was included, these correlation coefficients
become significant, showing us that in these calcprovus, in g .not very
long period of time, this P fraction will contribute to this vhosphorus

supply to plahts;

B) Estimation through guick lsboratory assessments recommended for

phosphorus asgimilable by vlants.

Norgally, in soil leboratories, there are quick metheds which,
in a short period of time, supply information soncerning phosphorug go-
similable by plentse. For this purpose, g great number of exitracting so-
lutions have been used, believing tﬁat each of them can carry out a sui

table estimagtion of this soil phosphorus absorbed by plants,.
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In this study three of these extracting solutionsz, Van de Paaw,

Siesmgh, Clsen and Burriel-Hernando, have been considered; because the

first, in a preceding stﬁdy, has reflected this situation (Bleizalde l.B.

and Van diest A.-1971_(48); +the Olgen method is wisely usmed for calcarecousn

soils and the Purriel~Hernando procedure iz followed at most soil labora-

tories in

TABLE 451

Spain.

90il P ewiracted by the Van der Posy — Sissinhg method. Data

exoressed in (mg P/100 g soil)

Tnitial _ Soil ' Soil

Soils soil samnles ' samples

gamples after after
I greenhouse trial II greenliouse trial

Gypsun

gerosem 0.41 0.59 - ' 0.38

Harly .

gerocen 0.35 0.45 ' 0.33

Terrace _

so0il 0,65 0.77 0.73

Alluvial _

meadow 0.76 , 1.01 0.77

soil o ' -

Browm . o

SOil 0.35 0.66 0045
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TABLE W2 46: Soil P exiracted by the Olsen method, expressed in (mg P/100

£ soil,

Initial Sodl Soil
soils goil samples camples

samples after after

I greenhouge Irial  II greenhouse trial

Gypsum .
serosemn 2.56 3.26 3,00
Harly _
gserosem 236 276 2,76
Terrace .
=01l 3.12 400 4,00
Alluvial
meadow 2.10 4,40 4,40
soil
Brovn :
soil 0.10 1426 1.00

TABLE M@ A7

303l P extracted by the Durriel-idernandoe solution, exvreszsed

in {mg P/100 g soil),

. : Initial Soil Soil
Soils s0il  samples samples

samples . after after

I greenhouse irial IT greenhouse trisl

Gyp=um _
Serosem 3,01 4.26 6.20
Marly
serosem 0.69 1429 4,50
Terrace
soil 2,15 2,41 650
Alluvial
meadow :
s0il 1.72 3.18 6.50
Browm ' _
gsoil 2,06 250 6.40




In tables 45, 46 and 47 there can be scen the data of phosphorus
extracted according to these methods in soil samples before the I and‘II
greenhouze itrials, as well as those corresponding to bottrials taken up
from non nlant pots. For the three extracting solutions, an increase in
phosphorus content from soil samples from non plant vots of the I and
TF greenivouse trials was observed. These phosphormis contents in the soil
samples obiained by these extracting solutions were correlated separately
with the rye-grass phosphorus yield (trial T) and the iotal phosphorus
yield of rye—grass. That can Le appreciated in table 48,

TABLE 48: Correlation coefficients (r), regression equation between soil

P extracted by these solutions end P yield of rye—grass,

Soil P extracted P yield rye—grass Total P yield of rye—
by ‘at I trial ‘ eras
Olsen i —_— -
_ 0.065 - 0.73
Van der Poaw
Sissingh : 0.97++ v=2.38x~7.95 049944 y=4.,9043,20x
Burrel :
Hernando ' 0.25 L e _ 0.6Q | ——

++ highly significant at 1¢ and 5% levels,
T ) . ’
From this table 48, we deduce that of the three extracting solu-
tions, that corresponding to Van der Paaw-Sissinhg carried out a suitable
estimation of P aBsorbed by rye-grass. ihile the other two solutions

(0lsen and Burriel-Ilernando) supplied low and non significant correlation
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cooficients (r = 0.65 and 0.25) at trial I. These solutions increased
their correlation values with total phosphorus yield'( r = 0,73 and
0.60) showing in this way that these exfracting solutions have preferam—
bly acted on phosphorus forms, which have a slow transfer to the soil

solution,

In order to verlfy this, the fractioning of jnorgeznic P accor-

dlnb to the Chang~Jackson procedure in goil samples of both trials after

the action of these extraocting solutions was carried out.

In tables 49 and 50, the contents of these P fraciions before
and after the actlon of the=e racting solutions are included. The
‘differences between both contents in these inorgenic P fractions will
reflect the P removal from these inorganic P *raetlonu by the esction

cof these Qlsen and Burriel~Hernando ovrocedures,

53—
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Tn table 51 can be scen the correlation of these differences

related {0 soil P exiracted by these solutions.

Through the correlstion coefficients oblained we deduce thot the
Olsen procedure has a greater influece than the Burriel-Bernando method
on the P soluble in C1 NH, and tha® both extractin solutions acted signi-

4

ficatively on the Ca-P fraction.

TABLE M9 51 ¢ Correlation bebween soil P extracted by the Olgen and

Purriel-llernando solutions in relation to their influence

on the P soluble C1 N H,  -and P- Ca,
=t

Txtracting PinCl ¥ Hﬂ P in H2 SO4
solution e

T regression eouation g rogreagion equation
Olsen 0.56 S— 0,63+ | ¥=1.29 + 077 x
Purriel--
Hernando - | 0.53 . — 0.73+ | ¥y=1.53 + 0.91 x

+ Bignificant at 5% level.

G. Through the soil Tertility faciors.

It was mentioned before that the phosphorus absorpiion by the
plant depends on the concentration of this nuirient in soil solution.
This. concentration being governed by the rate of P transfer from solid

phasze to soll solution.

This can be sumnerized in the Tollowing scheme provosed by Fried
.and Shapiro 1967 (57), confirmed by Cooke and Lersen 1970 (102) and.
Guany. and Sutton 1967 (67).

P P , P P

in e} din ey in ———3  in
golid soil neighbourhood = plant
phase golution roots
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Trom thiz scheme we deduces

1) There is = phosphorus itransfer from the golid phase to the

goil solution, being involved, in this process all the labil P formes that

-

is %o say, the quantity factor. Among thosme forms the P surface and cer—
tain compounds in the inorganic P frachions can be considered, which
according to their water =olubility can be contribuied to F in the soil

solution,

”,

2) P in soil solution through a diffusion process will move to
the'ﬁeighbourhood'of roots. There must be suitable physical conditions
such as humidity, good =oil varticle aggregation, ete., in order to fa-
cilitate on the onc hand the diffusion of this nutrient and on the other

hand a good root development.

'3) The absorption of this nutrient by the plant will depend on

the requirements proper to its species, age and physiological state.

Therefore, we can say that the soil phosphorus supply to a plant
depends on the concentration of this ﬁutrient at a given time in soil
solution (intensity fector) and vhich is conirolled by the rate of P,
transfer from the solid phase to the soil solution (desorption rate), tha
is controlled by the total quantity of P labil (quantity foctor) that the

s0ils have.

These fzotors that take place in the phosphorus supply to the

plant have been evaluated through laboratory methods such ass

Intensity factor

Phogphorus soluble in one water exiraction ...... Fried et al,

" " in 0‘01 M Ca012.¢oa.-l.u.a‘.¢0 SChOfield et 31

P adsorbed by anionic resin at short
eq_uilibrium time e S F 42 P E S ED L AR AP EAGEsARIBRAPREDTTS Ao Van Di@shb‘
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Quantity facior

Total moximim P adsorption cessesscssccsasscassscos.Hagin et al,
% saturation P ceasesnvecsaveasonasesnssasasesnssessionnie et al.

Faximum P adsorpiion at low sites of
a-dsorption ..'!l..-.lI'l.l..ﬂ..'l‘...l.‘l.l.l..‘#l.ﬂFried e‘t adl.

Total amount 0f P Ges0TBEA ceesesesesasresasssrassssbried et al,

P adcorbed by.anlonic resin at long : .
equllltrlum {ifie .........,......,?................eA. Van Diest.

The values of these fertility faclors estimated by the lam

boratory procedures mentioned have been included in Table 52,
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From this data in $able 52, these soils can be classified ing
1) Soils with low intensity factor (brown soil and marly serosem).

2) Soile with moderate intensity factor (gypsum serosem and ter-

rrace soil),

3) Soil with high intensity factor (alluvial meadow s0il).

In relation to the quantity facior.
The soils studied can be goruped into

1) Low-moderate quantity factor. (brown soil, gypsum serosem and

marly serosem).
2) A high quentity fectors. (terrace soil and alluvisl meadow s0il).

In order to verify this classificafion, we have followed the ori-
terion of 5.R. Williams 1967 (174) in which this soil worker estimates
the'intensity factor against dry matier yield and the guantity related to
phosphorus plant yield.

Thus, in table 53, we observe that among all the laboratory methods
used, the anionic resin at a 1 hour time well reflectg the difference
concerning this factor among these soils. ‘

IABIE N2 53: Corrolation between dry matter yield and values of sntensity,

factor
_-Valuar Dry matter yild in I trial Total dry matter yield
Hator 0,74 0,77
0.01 ¥ C1, Ca 0.81 0.89+
Resin at 1 hour 0.88 + : 0492 ++

+ slgnificant qt 5% level - 4+ significant at 5% level and 1% level.

- 160 -




Tn relation to tho quantity factor, it has been well defined under
these experimental greenthouse conditions, by the total amount of P
desorbsd by 14 water extractions and by the anionic rosin method at 72
hourss due to both procedures having been significatively correlated

with the phamphorus yvield (blease see table 54).

The other leboratory methods, such ag total maximum P adsorption
and that corresponding o the 1 site, under thesso experimentsal conditiong
(no P fertilizer used), did not evaluaie this factor, However, if we
used the % saturation (P surface related to maximum P adsorption at the
I site) there was a tendency to show a significant correlation with P
vields that means that this approach can be useful in the estimation of

this quantity factor.

TARLE ¥e 54s Correlstion betwoen P vield and quontity foctor

Phosphorug yield Total P yield

Quantity in I Trial ;

factor
Total maximum P

adasorption .

according 0.15 _ 0416
KHé PO4
K, in I gite .. . .

(I%H2 PO, method) 0,14 0,49
Total K '
according .
Ca (H2P04) 2 method) 0.21 0.19

K, in I site

according -
Ca (H2P0ﬁ).2 _ 0.19 0,28

4 saturation 0.81 ' 0.88+
0,73 0,71

Sum of M, water 7 .

extractions 0.97++ ‘ 098 ++

Resin at .

72 0,924+ | 0,894+

highly significant at 5 and 1% levels
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How can we cxplain the differcnce cxiiibited by thogo soils in
phosphoriy yield at the I Trial?

- Initially, we believe that the different P concentrations in soil
golution (inﬁcnsity factor) showed by these soils, influenced these dife
ferent yields, although this difference was not so marked between two
s0ils such eg terrace soil and alluvial meadow so0il because they have
gimilar guantity and desorption rote factors. In the other goillae, it
can be seid thalt this phosphorus absorpiion was regulated by the simul—
taneous action of three factors (intengity, auantity and rate of P
degorption). This latiteor factor being that which has significontly nar—
ked this difference of phosphorus yicld obtained in these soils (plggse

sce table 55).

In trial IT there was a decrease in crop yield compared to that
exhibited in trizl I. These yields in trial II being approximatoely 67,
49, 34 and 33% of the initial obtained in trial T for marly serosem,
terrace soil, browm soil, alluvial meadov s0il and gypsum serosem Tes—

rectively,

This can perhaps be explained because these soils, under natural
conditions, had different values of quanitity factor and that the buffering
capacity Tactor calculated in range 0.5 10 0.6 P ppm in final solution

(sce page. 119 ). wes also different.

Thus, in marly and gypsum'seroseﬁs which have different intensi-
tles, proximate quantities that become similar and rate of P desorption,
but different buffering capacities, this deciease of yield observed in
trial IT can be atiributed to the gypsum serosem showing a tendency to
have a highor cnergy of phosphorus adsorption than marly serosem, and,

as a congequence, a lower phosphorus supply to the goil solution.

Browm soil held its ﬁyemgrass yield in trial IT at 40% in relation
to trial T, Thié s0il compared with the above group, presents lower
intensity and quantity factors'alfhbugh a gimllar P desorption rate, In
relation to time, it becomes more casily depleted than the above group,
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although there will be required a lespser P amount of fertiligew, it

being necessary that this dressing be continued in ordor to get sultable

yvields.

In terrace soll and alluvial meadow soll from the River Gadllego
it can be seen thal they have, under natural conditiéns, a similar guai-
tity factor. These solls have held thelr yield in trial II at about'47
and 33%% respectively. ’

It was mentioned bhefore that the difference of P yield in 4rial I
vags, to a great extent, due to the different intensity facltors shown
by these soils, Therefore, there exists a lower % yield in alluvial
meadow soil than terrvace soil,. Under a phosphorus'dressing the former
will require a lesger amount of P fertilimer thain the latter for an

optimum vield.

Marly scrosem snd terrace soil show differont intengities,
quantities and P desorpiion reate as well, as reflecting different yieldas
in the I and IT trials; however, there exista a tendency that in trial
II the yield obtained becomes similar in hoth soils, Under phosphorus

fertilivation, marly serosem will require a slightly higher amount of

P than terrace soil due to this soil showing a higher energy for P adsorp

Y

tion than the latier. As well, the P desorption % (page. 138 ) Was.
lower than the terrace soil due to the predominance of the chemical

gsorplion mechanisms,

In these solls there was a significant ratio between total P

yield snd rate of P desorplion.~ (Please see table 55),
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TABLI M2 55 s Corrklotion coefficient (r) and regression eguation betweoon

P yield and rate of P desorption in thess solls.

P yield in Trial I Total P yield
T regression equation : r regression equation
00964+ . y= T+98 + 33,53 x 0,98++ y= 13.50 + 44.85 x

++ highly significant at 5 and 1% lovels.
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CHAFTER 4

CONCLUSTONS
1.~ The total phosphorus distribution along soil profile is influenced by

the organic phosphorus content in the different solil horizong.

2+~ The iotal organic phosphorus shows the zame tendency in its distrivu—
tion than that eihibited by organic matter content in the different

801l horizons.

3.~ In the four calcarcous soils, the dominant fraciion of inmorganic phos-
wrag is the bound to caled which coz v ig gimd in all ol
horus is the bound to caleium, which content is similar in all soil

horizons.

4o~ The amount of P — Al exiracied depends upon pH of the 0.3.W. annoniun

fluoride solution.

5e= In brown soil, the dominani fraciion of inorganic phosphorus is the -

soluble in reductant, which is constant along this soil profile.

6e— To calculate the weathering degree of brown soil, the P fraction solu
‘ble in reductant must be included together with other inorganic P =

fraction in a scheme,.

Te= Poa iz formed by compounds included beiween hydroxiapatite and octow—

calciun phogphate.

8e= The gitudies concerned to P sorption must be cawied out in presence of
calcium chloride and increased amnounts of calcium diphosplate.
9e= The Langmuir modified equation for calculating K, and X, values must

2
be followed.
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104~ In three soils (gypsum serosem, maral serosen and brown soil). The
liberation of P from solid phase to moil solution is governed by -
the soiubility of P compounds while in the other two calcarsous ones

ig a typical desorpbion process.
L] ' + 3 ~ - )
1le= The fiye moils have different values of P desorption rate.

12,~ In all these solls exist a moderate reaction of P desgorpiion, which

is rofected by the anion résin procedure,

13.= The % of liberation of T adsorbed, depends upon the gquantity adsor—
bed, constant bound P to soil, ond mechanism by which this P adsorp
b ] - i

tion has been produced by soil.

144~ Among the inorgenic P frociions, those solubles in ammonium chlori
de and in sulphuric and have intervened in the phosvhorus supply to

Tye-grass grown on these five soils,

15~ From three laboratory procedures used by the estimation P available,
only the of Van der Paaw-Sissingh has well reflected the soil P ab-—

sorbed by Tye-orass.

16.~ Intensity factor iz well evaluated by s0il P extraction according -
Anionic resin method at 4+ = 1 hour and the quantity factor eguals
to the sum of soil P extracted by 14 water extractions and that ta—

ken by an anionic resin procedure at 72 hours.

17+~ The phosphorus supply is governed simoulsilly by the intensity, quan
tity and rate desorption factors in gypsum serogen, Maral serosem e

“‘and Browm so0il,

18 .~ The difference. in rye—grass yield between terrace soil and alluvial

meadow soil from G&llego River can be attributed to intensity factor.
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19.~ The decreasing in plant vield observed in a subgequent trial, is due
to & different values, which are exhibited by the gquantity snd capo—

city Tactors,.
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Iig distribution du phosgphoro total et influencée par le conternu en

phosphore orgenique des différents horizons,

Le phosphore organigue total présente la méme tendance dans sa dlg-
tribution dans les cing sols étudids qui coincide avec le contenu de

matidre organigue dans ces sols,

Dang les quatre sols calcaires, la fraction dominante du phosphore —
inorganique, est celle 1ide au calcium dont le contenu se maintient

similaire dons Jes horizong de ceg solS.

La quantité du P -« Al extraite dévend du pf de la solution 0.5H do

fluorure dfammonium,

Dans 1la terre bruney, la fraction dominante du phosphore inorganigue,

est la soluble en reductant qui est congtante tout au long du preofil.

Pour valorer le degré de météorisation de la terre brune on doit avoir

présente la fraction soluble du réductant.

La froction de phesphate de calcium est formée par des composds in-

clus entre 1thydroxiapatite et le phosphate octoealcique.

les &tudes sur retention de phosphore doivent se réaliser en présen—
ce du chlorure calocique et en quantités croissantes de phosphate mo—~

nocalcique,

L'é@uation-moﬁifﬁée de Lengmuir pour calculer les valeurs K, et K

1 2
doit &tre considérée.
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tensité,

Dang trois solg (serosen platreux, serosem margucux et terre bruno)
la libération de phosphore & la solution est gouvernde par ls sclubl

1116 des composds de phosphore;tandis que dans les autres deux sols

caloaires c'est une déeorption typique,

Les 5 sols considérds présentent des valeurs différentes de taux de

cegsion.

~ Dangs tous ces gols il existe une réaction modérde de 1ibdration de

oshosphore comme 1'indique le méthode de la résine anionique,

Le pourcentage de libération du vhosphore adsorbé, dépende de lg w
gquantité adsorbée, constante dlunion P au zoly el mécanisme pour 1

quel il g'est produit‘cette adsorption du phosphore pour le sol.

Entre les frections du phosphore inorgenigue, les «dubles en chloru
re d'ammonium et en acide sulphurique interviennent dans la Fouwe
nlturp de phouuhoro 3 1'avoine fourragére qui a grandi dans ces 5

sols,

Des trois procds de leboratoire usds pour le phosphore assimilable,
Seul calui de Van der Pazw—Siszing estima adécuntement le vhosphore

absorbé pour llavoine fourragére,

le Tacteur d'intonsitd est bien refleté avec llextmaction du P nar
la mésine anionique pendsnt 1 heure et le facteur quantité &qui- -
vaut 3 l'addition dv P extrait en 14 extractions consécutives avec

ean et & 1textraii par résine anionigue vendant 72 heures.

La fourniture de vhosovhore est résulde szmuluanément pax lesg {fgow- i
tours intensité, quantité et taux de cession dans les sols serosem |

1l8treux, serosem marsueux et terre brune,
- 3 = -

La différence en rendement entre 2 sols (brun calcaire ' gur terw-

race et vega du Fleuve Gallugo) peut 8tre aitribud an facieur in- |
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19e= La diuinution de rendement observée dans wne culture subsuivanite, -
est due aux diffdérentes valeurs que préssnient les facteurs quanti-

€ el capacitdé,
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Ia distribucibn des fosforo total estd influenciada por el contenido

-

de fogforo orgénico de los distintos horizontes.

%l fosforo orgdinico total presenta la misma tendencia en su distribu
¢cién en los cinco suelos estudiadog que coincide con el contenido de

materia orgdnica on estos suelos.

En los cuatro sueclos calizos, la fraccién dominante del fosforo inor
génico, es la ligada al calcio cuyo contenido se mantiene similar en

Joz horizontes de estosm suslos,

La cantided de P -~ Al extraida depende del pl de la solucién 0,.5W de

fluoruro de amonic.

En la tierra parda, la fraceién dominante del fosforo inorginico es

1la soluble en reductante gue es constanie a lo largo del pexfil,

Para valorar el grado de meteorigzacién de la tierra parda debe tenck

se . presente la fraceidn soluble en reductante,

La fraccidn de Tosfate de calcio eastd Tormada por compuegtos inclul-

dos entre el hidvoxiapatito y el fosfato octocdlcico.

Ios estudios sobre retencidn de fosforo deben realizarse en presencila

de cloruro cilcico y cantidades crecientes de Tosfato monocdlcico,

La ecuacién modificada de Langmuir para calcular los valores K. y K

1 2

debe tomarse en cuehtae.
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10 = In tres suelos (Serosem yesoso, serogem marcoso ¥ otierra varda) la
;Y & o P
Jiberacifn de fosforo a la solueidn cetd gobernads por la solubilidad
de los compuestos de fosforos mientras que en los ofros dos suclos -

calimos es uns desorcidn tipica.

11l.= Los cinco suclos congidercdos presentant valores distintos de tasa -

de cesidn.

12.~ En todos estos susglos exigien una reaccidn moderads de liberescidén de

fouforo como 1o sciinla el meiodo de la resina ariénica.

13.~ E1 % de liberacién del fosforo adgsorbido, devende de la cantidad ade
gorbida, constante de wnién P a2l suelo, y mecenismo por el cual se hs
producido egsta adsorcidén de fogforo por el suelc,

Entre las fracciones del fosforo inorgénico, las solubles en cloruro

14.

de amonioc ¥y en fcido sulfurico interxvienen en el suministro de fog-

foro al centeno forrajero crecido en estos cinco suelos,

154~ De los tres procedinmientos de laboratorio usados para el fosforo asl
milzble, =olo el de Van der Pasnw-Sissingh estimo adecuadamente el

foaforo gbzorbido por el centeno Toxrraijero.

16.- Tl factor intensidad estd bien reflejado con la extraccidn del P =
por resina sniénica durante 1 hora y el factor cantidad equivale a
la suma del P extraido en 14 extiraccicnes congeculivas con agua ¥ al

extractado por resinag anidnica durante 72 horas.

1Te= E1 suministro de fosforo estd regulado sinullbonecamente por log Fac—
tores intensidad, cantidad y tasa de cesidn en los suelos serosem -

yesoso, gerosem margoso ¥y tierrs perda.

18,= La diferencia en rendimicnto entre dos suelos (pardo calimo sobre
terreza y vega del rfo G4llemo) puede atribuirse al factor intengi~



19+~ La disminucién de rendimiento obgervada cn un c¢ifltivo subsiguiente,
eg debida a log valores diferentes que presentan los factores canii

dad y capacidad.
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CHATTER 5

OTERAT CONSTDERATTONS

According to the above eonclusions; we can see that the phosphorus
behaviour in these goils shows a wide and complex panorama, since we ha~
ve found that the orgenic phosphorus has nresented values so high that we
did noi expect them, Thus, this P froction can be intercgting in plant ~
mrtrition, after ite mineralization is produced. That will demend from us
a further and more detziled study relsted %o the forms included in this
vhogphorug fraction as well as with regard to the susceptibility show for

H

the mineralization process.

_ _Among the imor@agic'phdsphorus'fractions, it has been secn that the
solubles in ammonium chloride and sulphuric acid intTuenced being an dmme
diaﬁe‘supply of P in soil seclution and thot:bound to caleium in these cal
careous soils apcording to their pH, means that they are slow soluble P

forms, reflecting in this way their slow aveilahility to plants..
] J & &y -

Under the natural conditions that these soils were at in the T and
II trials (o P fertilizer applied), il was obsétved that the phosphorus
yield at trial'i'was governed simultancously by the -intensity, quantity -
and rate of P desorption factors, In two soils (terrace soil and alluvial
neadow soil) 1t can be gaild that the initial phogphorus concentration in
01l solution (intensity factor) wasrresponsible for the difference in -~

yields exhibited by both soils.

In the other =oils it can-be believed thet the phosphorus absorp-
tion by the plant was controlled by the three soil fertility factors con

sidered,
In trisl 1%, a decrease in phosphofus ¥ield vwas observed; that was

more marked in some soils than in others. In this case, we have tried to

explain this faot that was due to the different quantity and buffering -
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capacity foctorz shoum bJ thege soils. FPor phozsvhorug plant yield in = |
trial I and, as well, the total phosphorus yicld, there has existed a sig

nificant correlation with the rate of P desorption in these soils.

These situations ghown in both grecenhouse trials can be produced un
der land conditions although they will not be so marked. Thus, if we ine
tend in the future to carry oul an evaluation concerning the requiremsnts
" of these sdils in this mitrient, we must take these soil fertility factors
into account, | ' '

'At.the present time, in ivestigation there exists the tendency Yo -
use adsorption igotherms which can integrsfe in a single value all these

goil fertility factors such as the eXpress 1ion reoomnended.by Fox and Xan

prath 1.970 (52).

Other soil workers such as Ozamme et ale 1.968 (124) and Rajan S.S.
1.973 {133) point out that a certain phosphorus concentration in final
solution is enovgh Tor the estimation of {the soil regquim cments related io

opiimun crop yield.

Both oonszderatlons seem to us to e useful for an cvaluaﬁloﬂ To mell

requlrement in phosphﬁrus LGTblllzatlono

In the calcarcous soils sﬁudie&, they have c¢lse values of maximum P
adsorption in site I and then, the apnllcatlon of -certain amounis of P -
equivalent to O~1 P p.p.m. in final solution in these soil, will allow us

~to have them in suitable conditions to appreciate exactly at which P con
‘co tfation in final gsolution the maximum yield is reached, Afterwards, -—
using this buffering capacity factor, one can establish a more precise cri
terion régarding the”faliﬁi%y of P estimation by The Burriel Hernando and

Olsen extracting solutions through miltiple correlation procedures.

Tor calcarcous and non calcareous soils, it would be more advisable
to use the expression recommended by Fox and Kamparth, gince it can occur
thatl in this case an optimum orop yield would be obtained at different P

concentrations.
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CHAPTIRY 5

CONSTDERATTONS GRUERAIRS

Dtaprés les conclusions obtenues par cette &tude nous voyoﬁs que le
comporicment du phosphore dans ces sbls, gous un point de wvue de fertili
18, offre un ample el complexe panoramn, gtant donnd gue nous nouy sommes
trouvés aue le phosphore organigue a présentd des valeurs qu'on n'atien—
dait page Pour tant, cela peut &ire une fraction d'intérét aprés se nind
raliser dans la mutrition de 1a plente, Ceci nous exigera une étudc pos-
téricure plus détaillée sur les formes oh 11 se présente ainsi guella sug,

ceptibilité qutont 3 se mindraliszer.

_ Entre log fractions de phos-hore inorganique, on a vu que les solu—
bles en chlorure d'ammonium et en acide sulphurique influrent sur le phog
phore absorbé par l‘avbine fourragére oul grandit sur ces solg. Diant la
premidre Tagon d'une exploitation immédiate, tandis que celle lidc au cal
cium dans les sols calcaires due au pH qu'ils ont, 31 s'aglt de compoads

peu solubles, refletent ainsl sa lente disponibiliié pour les culiurcs.

Sous les conditions expérimeﬁﬁales gue furent ces solé dang leg es-—
sais I et IT en serre, on ne leur applica pas de phogphore et on observa
gue 12 rendement de l'avoine‘fourfagére dans 1'65531 T fut régulée simul
tanément par les facteurs (intensité, quantité et taux de cession). Dons
deux sols (Terrace et vega du fleuve @8llego) on peut dire Que la concen
tration initiale du phosphore dans la solution au sol (facteur iniensi~-
té) fut,résponsable_de la différence en rendement obtenue enire ces deux
sols. Dang les auires $trois sols tudids, la différence en rendement on
peut prévoir qu'elle soit % 1'action conjointe des trois facteurs de fex

t1lité congidérés.
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Dans ltessai 1T, on observa una diminution dans le rendement de 1'a
voine fourrasire gqui fut phus intenge dang un sol ou autres, Dang co cas
- nous avons traité d'expliguer cette diminution et qui fut due au facteur

quantité et capacité d'adoucissement gue présentent ces sols.

Ainsi gue pour 1¢ rendement de phosphore dans 1l'essal I comme pour
1e rendenent total de phosphore, il exis{e une correlation hautement sig
nificative avec le taux de cession que présentent ces sols;

Tes situation qui se sont présenidos dans les essals I et IT en ser-
re, go donnent aussl au champ quoigutelles ne soient pas aussl considéra-
_bhsomemmh'ﬁ_mmsﬁmma1%nmnﬁm1mmsunfMMrim%ﬁatdefﬁr@
une évaluation des exigences de ces sols de ce:. nutrimeniy noud devong -

avolr présent ces facteurs de fertilitd.

Actuellement dans la recherche il existe la tendance d'employer des
Isothermes d'adsortion gqui peuvent intégrer dans wne seule valeur, %ous
.ces facteurs comme 1'exprossion recommendde par Fox et Kampath 1.970 -
(48) 3 Khasaw meth B.E et J.P. Copeland 1.973 {95).

D'autres chercheurs comme Ozanne et al, 1.968 (124); Rajan S.3. 1.973
(133), indiquent qulune concentration donnée du phosphore dans la solu—
tion finale, est suffisante pour 1llestination dea exigonces dans un sol

pour le rendement optimum d'ﬁno culiure,

Ces deux critéres nous paraissent prdcieux pour une évaluation des

exigences dans un sol en fertilisgtion phosphatdie.

Dans ces sols calegires éiudiés qul ont des valeurs trés proches dtad
sorption de rhosphore-du lieu I, en apnliguont des quaniités de phosphore
dans la ligne dquivalente (0~1 p.p.m. P dans la solution finale) nous per
mettraldc les avoir dans des conditions adécuaies pour déterminer avec -
exactitude & qu'elle ligne de concentration de phosphore dans la solution
finale, on obtient le rendement maximum et en employant cette expression

de facteur de capaciié, on peut &tablir un oritdre plus exact sur la vall
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dité de ltestimation gque fascent du phosphore assimilable les solutions

dlextraction, Olgen et Burriel Hornando.

Pour €iablir les exigences da -ce nubtriment entre zols calealires et
non caloaircé peut &ire qu'il sera nlus cffcctif d'employer llexpression
recommandée par Fox-Kampath et Khasawmeth F.E, el J.P. Copeland, gue daﬁs
une valeur incluent tous les facteurs do fertilité congidéréa, £tant don
né gu'il peut se produize le cas ol on obtient le maximum de:rendement -
dang une culiure & différentos concentrations de phosphore dans la solu-

tion finales
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CAPITUIO 5

CONSTIDERACTIONDES QENERATHS

Por las conclugiones dbtenidas de este estudio Vemos que el'oompcrtﬁ
miento del f6sforo en estom suelos, bajo un punto de vistas de fertilidad,
ofrece un panorama smplio ¥ complejo, ya que nos hemos encontrado con -
que el T6aforo orb&nloq ha presentado valorcs que nNe easperibamnogs FPop -
tanto puede ser unm fraceibn de interés despuds de mineralimarse on la
nutricitn de la planta. Esto nos exigifs un estudio posterior wis detallg
do sobre las formas en gue ge presenta asi como lg suceptlbllldad que -

tienen a mineralizarso,

Entre las francciones de fésforo inorgénico, se ha vigto que las so-
lubles en c¢loruro de amonio -y en Acido sulfdrico influyeron sobre el t'og
foro absorbido por el centeno forrajero que crecio en estos suclos. Sien
do la primera formg de un aprovechamiento 1nmed1ato, mientras que la li-
gada al calcio en los suelos calizos debido nl PH que tienen, se tratan
de compuecstos poco solubles, refchando asi su lents dlSpOnlbllldad Dara

los eultivos,

Bajo las cohdiciOnes-cwuerimentalés que estuvieron estos.suelou en -
Jos ensayos I y II de invernadero, de no ap110a015n de fosforo, se obser
v0 que el rendimionto del centeno forragero en el ens sayo 1 estuvo regula
do simultaneamente por los Factores (1nten51dad, cantidad ¥ tasa de ce-
sibn)., En dos suelos (terraza ¥ vege del rfo G4llego) vuede decirse que
la concentracién inicial del féaforo en 1g soluclﬁn del suelo (facbor in
tensidad) fué responsable de 1a diferencia en rendimiento obtenido entre
ambog suelos, ¥n log otros tres suelos estudiados, ls diferencia en ren
dimiento puede preveerse que sea o la accelbn conjunta de los treg aﬂtom

res de fertilidad considerados.

En el ensayo II, se observd una disminucién en el rendimiento del —
centeno forrage“o que fué mis seflalada en unog suelos que en otrOS._Pn -
este caso, hemos tratado dé explicar este descenso que fus debido al fao

tor cantidad y capacidad de amortlgua616n que presentan estos suelog.
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Tanto para el rendimiento de féaforo en el ensayo I como pars el ren
dimiento total de fésforo ha existido una correlaccibn aliamente signifi

cativa con la tagsa de CEZION que presentan estos suelos.

Iag situaciones que se nos han.prasentado en estos ensayos I y II de
invernadero, se dan de hecho en el camno aungue no en forma tan acentuada.
Por tanto gi pretendemos en un futuro inmediato hacer una_éValuéciGn de
las exigencias de estos suelos en este nutriente, deberemos tener presen

te estos factores de fertilidad.

botualmente en la investigacibn existe la tendencia de usar isoter—
mas de adsoreifn que pueden integrar en un solo valor, todos estos facto
res como la expresitn recomendada por Fox y Kamfrath (1970) (48); Khasow—
neth F& y J.P. Copeland (1973) (95).

Otros invesiigadores como Ogzarme et al 1968 (124); Rajan $5 1973(133),
seflalan que una conceniracidn deda de f6siore en la solucibn Tinal, es su
ficiente pora la ostimacién de las exigencias de un suelo para el rendi-

miento 6ptimo de un culiivo.

Ambosg criterics nos parecen valiosos vara una evaluacidn de las exiw

gencias de un suelo en fertilizacitn fosfatada.

Pn estos suelos calizos estudiados que tienen vslores préximos de ad
sorcibn de fésforo en el lugar I, el aplicar cantidédes de fésforo en el
rango eguivalonts {O—-1 ppm P en la solucién final) nos permitirs tenerlos
en condiciones adecuadas para determinar con exactitud s que rango de la
concentracibn de £6sforo en la solucién final, se obtiene el rendimiento
miximo y usando esta expresibn de factor de cavacidad, se pucda estable-
cer un oriterio mis adecuado sobre la validez de la estimacidn que hagan
del fézforo gsimilable las soluciones extractoras, Olsem y Buiriel-Hernan

do,

Para establecer, las exigencias en este nutriente entre suelos cali-

708 y no.calizos, tal vez resulie mis efectivo usar la expresién reccmen -

480 ~




dada por Fox-Kamprath y Khesawneth F.Ze ¥ Je Py Copeland, que en un va-
lor incluya todos los factores de fertilidad considerados Ya que se Puc—
de dar el caso de que se obtenga el méximo rendimiento de un oculiivo g —

concentraciones distintas de fésforo en la golucidn final.
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CHAPITR 6

SURHARY.

The phozphorus situation of some ropfesontativa soils (CGypsun sero-
seme Mérly seropem, Terrace soil, Alluvial meadow soil from Gallego Ri-
ver, and Brown goil) of Saragosss province, ig studied in this work which
involves the total vhosvhorus disiribution along the different soil profi
le, thﬂﬁphysico~chami0al moil properties related to phosvhorus and the -

dynanics of this nutrient in the plant growing.

- Concerning the total phosphorus distribution, in calcareous soilg
it was found that its content decrecases according to soil depthy being -
this falling off more pronunced in gypsum serosem and terrace soil (60.2
to 17.5 and T5.3 to 23.3 ng P/lOO . ooil) than in e2lluvial meadow soil -
and merly serosem (70.9 to 41.8 and 28,6 to 21.6 mg P/100 g =o0il).

Browm so0il shows o different distribution to that belonging to the
calcareous soils and its characterisiic ig that the total phosvhorus con-
tent in Bvev horizon is similar to that of Ap horizon and higher than that

of Bv horizorn.

The organic phosphorus contents has a varigiion along the soil pro-
file in these five soils, which iz similer to that peointed out for fotal

phosphorus,

A further and deeper gtudy related to organic phogphorus determina-
tion is thought to be nccessary since that the distribution of this form
followed the same pattern-in all soils, there were some differences

beiwesn the fipuncs obtained by both procedures.
En calcarcous soils, the dominant inerganic phosphorus fraction is

the one bound to caleium, while in Brown soil it is the soluble in

—
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reductant, Their contents au reflscted through'a similar value in all

z0il horizons.

The soil physico-chemical properiies related to phosphorus arc
deduced throush the mengure of the adsorptlion, desorption and the

liberation of the phospvhorus added to soil.

In this study, the phosphorus adsorption by the arable layer of
these five different soils was determined, infering that the K1 and K2
" wvalues calculaied Tfrom the Langmuir modified equation, are independent
in both, in the phosphorus form added and iﬁ the presence or absecnce of
calcium chloride. In calcarcous soils it was recommonded to use a proce-
dure which includes a medium calcium éhloride and a form of P ndded liké

calcium diphosphats,

“Studing the phosphorus desorption in these soils, through two
laboratory precedures, it was found that +he behaviour of these =oils
diverges in relation to the rate and the P ammount liborated. In the
cage .of Cypsum serosen, Maral gerosem, and Brown soil, the phosphorué
1iboration im goﬁerned by the solubility of thein P compounds; while
in Terrace and Alluvial meadow soil are characterized by a typical desoxrp

tion processe

If the ratio between adsorption of P added and the ammount libera-—
ted by a desorption process subsiguient is considered, the éoilg such
ag Gypsum gerosem, Marly seroscn, and Alluvial meadow soil shown a
gimilar % of P liberated, although their quantities of P‘a@sorbed ars
different; while in the case of Brown soil and Terrace soil such a
percontage becomes higher although the latter bas the same gquantity of
P adsorbed as the oue of the caleareous Soil (Marly sercsem). Undex
gresnhouse condifions, the soil phosphorus dynmacis and the P yileld ol

rye-grass is related, so
In the five soils, the P fraction soluble in ammonium chloride

solution contributed significatively to the P yield of rye-grass while

in calcoreous soils the P-Ua fraction becomes significant,
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From three extracting procedure for soil P available, only the
van der Pagun-Sissingh method reflects woll this soil P absorbed by

plant.

‘Mhe differences in dry matter and T yislds are -observed in rye-—grass

growm on these five soils; they avre discussed through the Tertility soil
e} - 9 of %
factors (intensity, quantity, buffering capacity and rate P desorption)

which govern the supply of this nubrient to a CTODe




Dans ce bravail on &tudie la situation du phosnhore dans les golg -
qui’ sont represcentés dens la province de Saragosse : Serogem plitreux, -
serosem margueux, brun calcairve sur serrace, vego du fleuve gallego et
terre bruney en considérant la distribution du phosphore total, organi-
que et inorganique tout au long des diffdrents horizoms; les propridifs
phyasico—chimiques du sol en relation au phosphore et la dymnamigue du phog

phore dans la croissance des planies.

Quant‘é la distribution du phosphore total, 1l =se itrouve que =zon -
contenu diminu avec la profondeur du profil dans los sols calcaires. Celb :
te diminution est dens les sols serosem plAtreux ei brun calcaire sur - L
terrace plus accus€e (60.2 3 17.8 et de 75.3 & 23.3 mg F/100 g de sol) - i
gue dang les solp de? vega du fleuve gsllego et serogem marzueux (70.9 &
41.8 et de 28,6 & 21,6 mg P/100 g s0il).

La terre brune présente une distribution différente 3 celle des sols
caleaires et se caractérise parce que le contenu de phogsvhore toial dans
1thorigon inférieur (Bvov)-est similaire & celul de 1l'horizon superficiel

(Ap) et supérieur . 1'horizon intermédiaire.

Is conienu de phosphore organigue gsouffre uhe variation tout au. -
long du profil dans les c¢ing solsg, similaire 3 celle iddigude par le phog

phore total.

On considére ndcessaire pour les résultaty obtenus A'epprofondir dans
11 étude de la dederminabtion du phosvhore orgenique quoigque la distribu-
tion continue son cours paralldle il y g des différences dans lesg valeurs

guantitatives de dite forme de phbsphora deterning par les deux méthodes.

Dang les sols calecaires, la forme dominante est celle 1ife au cal-
3
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cium, tandis que dans la vopre brune clest coelle qui est soluble on 76w
ductant. Le contonu des deuX sraction se ceractdrise par une congianco dans

toug les horizons,

Les propridids physico~chimiques du sol en relation au phosphore so
déduisent quand on étudie 1'adgorption, desorption et libération du phog—

phore ajouté =u s0le

Teng ce travall on uﬁtarmlno 1tadsorption du nhosphore par'la gouche
labourable den oing sols aifféronts, en déduizant que les valeurs K (cons
tonte do rvetention) ef K2 (adsorption maximum) calculées ou moyen dc 1tees
quotion modifife de Langmoir, sont inddpendantes dans le ocas de la terre
brune, tant dene la fome de phosphore ajouté comme de la prézence ou ab-
gence de chlorure calciguc. Dons lea sols calcalres on rocommande de réam
1iger cos &tudes avee du phosi thate monocwlclque et on prégence de chloru-—

re calelique.

Bn $tudiant le QhOJDHOTP par 2 mnﬁnodo de 1nborstoire, on irouve que
le comportement des sols Aiffdre en co qul ronpete & la gquahiidé dtE16~
mont 1ibérd comme A la rapidité de cotte libération. Dans le cas de sols
Sepogen plAireux, Serosem margueux et terre brune, la libération du phos—
phore eat répulée par la solubilits dé mog composfs tandis que dang les
sols brun calealre sur torrace et vesa du fleuve gallopgo on indique un

nrocés typique de ddsorption.

81 on congiddre la relation eritre adsorption du phosphore ajoutéd aveo
la quantité d1'é1dment qui se libdre par un proces da degorption subsulvant,
les sols sorcsem plitreux, seTosen margueux. el vega du fleuve gallefo p:g

gentent un pourcentage gimiloire de libération quolque les gquaniités a
gorbée diffdrent 15gcrﬁmont bendis gue dans leg =018 terre brune of brun

calealre sur terrace, oe Uourcentage ecat supéricur quolque ce dernier scl

présente une quantité de phosnhoro ndsorbéd similaire +A celle dtun des sols

calcaires (serosen RATEUEUX ) o
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4ous les conditions de serre, on considire la dymamigue du phospho—
re du =0l et le vendement du phosphore de 1'aveine fourragbre obiemu,

ainaisz

Des Tractions de phosphore inorganique, la soluble en chlorure d4!'am-
monium dons les cing sols contribua significativement au rendement do
phosphore de cetie culturs et dens le cas des sols calcaires la fraction

de P soluble en ccide sulphurigue tend & 8ire significative.

Des trois procds dlextraction de vhosphore assimilable &tudids, scul
celui de Ven der Pasym-Sisgingh reflete bien le phosphore du sol absorhd

par la plante.

ILes différences qui s'observent en rendement de matiére sche ot en
phosphore de l'avoine Ffourrgzdre grandit dens ces cing sols, on discute
enn Tonction des facteurs {intensitd, quentiié, canacité et taux de ces~

sion) qui réoulent 1laprovisionement de ce nutriment & une culture,



CAPITUID 6

RESUMEN

En este trabajo se estudia la gituacién del f6sfore en los suelos -

representativos de la provincia de Zarasoza. Serosen Yes0s0, Jerosem -

MargOSG, hardo calizo gobre terrara, vega del rio G8llego ¥y tierra Parda;

congiderando la distrubucibn del fésforo total, orginico e indrginico g
1o largo de log distintos horizontes; las'propiedades fisico guimicas -
del suelo en relacifn al f6sforo y la dinfmica del fdsforo en el creci-

miento de las plantas.

Por lo que respécia a la distribucidn del fésforo total, se encuen
tra que su contenido disminuye con la profundidad del perfil en los sus
log calizos, BHEota disminucitén es en log suclos Serosem Yesoso y Pardo
calizo sobre terrasa mhs acusada (60,2 a 17,8 y de 75, 3 a 23,3 mg -
P/100 g de suelo) que en los suelos vega del ric G4llego y Serogem Mar—
goso (70,9 a 41,8 y de 28,6 a 21,6 mg P/100 g suelo).

 Ie tierra parda presenta una distribucién distinta a la de los sue-
los calizos v se caracteriza porgue el contenido del fésforo total en ~
el horizonte infericr (BVCV) es similar al del horizonte superficial -

(AP) y superior al horizonte intermedio,

El contenido de® fosforo orginico sufre una variacidn a lo largo del

perfil en los cinco suelos, similar a la seflalada para el FOSFORC TOTAL.

Se considera necesario por los resultados obtenidos, profundizar -
en el estudio de la determinacién del fésforo orgdnico aunque la distri

bucién'sique un curgo.-paralelo hay diferemcias en los valores cuantita-

tivos de dicha forma de foaféro determinado por dos de log méiodos.

Tn log suelos calizos, la forma dominante es la ligada al calcio

mientras que en la tierra parda es la soluble en reduntente. NI contg




nido de ambag fracciones ge caracterisza por una constancia en todos log -

horigontes,

Las propiedades fisico—-guinmicas del suelo en relacibn al f6aforo se
deducen al estudiar la adsorcibn, dfsorcién y Ja liberacién del fésforo

afiadido al suelo,

Fn este trabajo se deternine la adsorcién de £ésforo por la capa ara—
ble de los cinco suelos distintos, deducidndose que los valores K1 {cons—
tante de retencién}, y K2 (adsorcién mfixima) caloulados mediante la ecua-
cibn modificada de Langmuir, son independientes en el caso de la tierra -
parda tanto en la forma de fosfdroe afiadido como de la presencia © ausen—
cia de cloruro cileico. Fn los suelos calizos se recomlenda realizar es—

tos estudios con fosTato monochlcico y en presencia de cloruro cilcico.

Se estudia la desorcibn de f6sforo por dos méiodos de laboratorio, se
encuentra qﬁe sl comportamiento de los suelos difiere en lo gue respecta
& la cantidad de elemento liberado como a la velocidad de esta liberacitn.
En el caso de los suelos Serogem Yesoso, Serosem Maxrgoso y tierra parda,
la liberacitm del fosforo estd repulada por la solubilidad de sus bompqu
tos nientras que en log suelos pardo calize sobre terrasa y vega del rio

G4llego sefiala un vroceso tipico de desorcilne

Si se considera la relacién entre adsorcién de foésforo afiadido con
la cantidad de elemento que se libers por un proceso de desorcién subsi-
guiente, los suclos Serosem Yesoso, Serosem Hargoso y vega del rio Galle
go presenbtan un % similar de liberacién a pesar de gue las cantidades ad
~gorbidas difieran ligeramente; mientras que en los suelos tierra varda ¥
pardo caligo sobre ierraza, dicho porcentaje es superior aunque este dli-
timo suelo presente una cantidad del f6sforo adsorbido similar a la de -

uno de los suelos calizos (Serosem Margoso).

Bajo condiciones de invernsicero, se considera la dinfmica del fésforo
del suclo y el rendimiento del f6sforo del centeno forrajero obtenido,

asls




e las fracciones de féaforo inorgdnico, la soluble en cloruro de amo
nio en los cinco suelos contribuyo gignificativamsnie al rondimiento de -

F6sforo de egte cultivo, y en el caso de log suelos calizos lg Ffraceiédn de

P goluble en 4cido sulftirico tiende a ser significativa.

De tres procedimientos de extracciln de féaforo asimilable estudiados,

s0lo el de Van der ¥mauw Sissingle refleja bien el f£6sforo del suelo absor

bido por la planta.

Jas diferencia gue se observan de rendimiento en maieria seca y en f6g
foro del centeno forrajero crecido en estos cinco suelos, se discuten en
funcién de lom factores (intensidad, cantidad, copacidad y tasa de CESTCN)

que regulan el suministro de este nutriente arun cultivo,
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