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The purpose c) this work was the examination of 

plau;b1ng depths on the nature and distribution of phosphorus 

and related elements in the soils  and on the mineral uptake 

and yields of swedes (1950) and beans (1951). Soil samples 

from different depths were examined at intervals Burin each 

season. 

Base exch-cap., and exch-base contents wore also 

examined in the recond season. 

Depth of ploughing, had no significant effects on the 

pHs  P or Ca contents of the soil solution or on the available 

P (Morgan test), or on the exchangeable busoc. Efeither 

mineral content nor ylo160 of beans or swedes was affected 

by the depth of ploughing of the soil. 

In laboratory experiment 2elationships between soil 

pH and the P content of the soil solution and available 

P (TorLan st) were examined in this soil. The P kMorgan)/ 

P (8 solution) was found highest near neutrality. 
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CHARTER I  

Introduction.  

There is considerable disagreement concernin the 

relative advantaees and disadvantages of deep and shallow 

ploue:hine. The argument in favour of deep ploughing 

centres eround the view that it brings the maximum volume 

of soil into production, thus creating a deeper root bed. 

i)eep plowhing, however, cannot be adopted indis-

criminetely, as the depth of living, soils and conditions 

differ from place to place. 

Prom ploughine and cultivation experiments at Roth-

amsted, Russell has concluded that the main advantage of 

deep plowhing is in controlling the weeds, and improving 

the drainage of heavy land (117). He (118) stated that 

results obtained from ploughing experiments ;Jere erratic, 

but showed little systematic benefit from ploughing deeper 

than six inches insofar as crop yield was concerned. 

shallow plouehing at four inches or slightly roto-tilling 

was favoured in this country until recently Ceothamsted 

expt. Sta. 1939-1950) (119) it was considered. that occasion-

al deep ploughing, may be desirable. 

Nearly all of the work has been confined to measuring 

the effect of the depth of ploughing directly on the crop 

yields. 



in the literature opinienc concernine deep tillage 

are divided; some workers (120, 121, 122) are convinced 

of its beneficial effects on crop yields, whilst others 

(123, 124, 125) take the opposite view. Some (126, 127, 

128) consider the depth 6-84  as the most favourable depth 

of plot ;hip.;. 

Anch less attention, aoeever, naz been paid to soil 

conditions aad nutrient availability. 

riAELLITIODI the plourding experiment was set up in 

1947 with a view to eeaminine- the effects of ploughing 

depths on soil properties: availability of nutrients, 

distribution of organic matter, physical conditions, and 

also crop yields in differently treated soil strips. 

The first published data were those published by 

Oonstable and Pollard (119) for the first years of the 

experiment. They found no consistent effects of ploughinr 

depth on the moisture content or on the concentration of 

the major nutrient elements in the soil solution. Also 

in the same field, Baradi (ID. Thesis 1952) found that 

the distribution of organic matter did not differ with 

depth of ploughing. In both instances crop yields were 

not affected. 

The present work is concerned chiefly with the effects 

of the depth of ploughinfe on the availability of phosphorus 

and the related factors (calcium, pal  moisture content). 



inesphaee aes deterAined in tne displaced soil solutions, 

in leorgan extracts, and in crops. Other elements, such 

as potaseium and nitrogen, were also determined in the 

crop anct at one stage in the soil solution. 

Because of the close reletionsnip between the phos-

pnate and the base exchange capacity and exchangeable base 

content in the soil, the two letter values were determined 

on bulk eaoples representing all treatments over the 

second season (1951). 

ine solubility of phosphate was also examined in re-

letion to calcium, magnesium, aluminium, iron and alanga-

nese at different pi values of the disnlaced soil solution 

(2j range 2.5-7.0), and in comparison with the phosphate 

extracted by lorgan's reagent, at these pH values. 

pie arranEement of the text is as follows. The 

design of the experiments and the methods of analysis are 

set out in Ohapter III. Chapters rit to VIII deal with the 

effect of the depth of ploucting on the phosphorus (inorg-

anic and orgy .c) in the soil solution, phosphorus in 

eiorgan extract, calcluei and pE! in the soil solution, and 

tae interrelation between these elements. 

he effect of depth of ploughing on the base exchange 

capacity and exchanreable bases is eranined in Chapter IX, 

while tie effectson the moisture content, crop yield and 

crop analysis are cet out in Chapters X and XI respectively. 



In Chapter 	the concentrations  of phosphorus in 

relation to that of various cations in the soil solution 

and of the phosphorud in Aorgan extracts at different pd 

values are *salmi:Led, 
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Qiiketat II  

1,eview of literature. 

Inorganic and organic forms of phosphorus occur 

in soils in proportions which vary considerably in 

different soil types (1, 2). 

Oomplioated organic phosphorus compounds are de-

rived largely frog residues of plant tissues and of 

micro-organisms. The identity of these oompounde is 

somewhat obscure. It is commonly believed that nucleic 

acids, and phytin and their derivatives account for a 

considerable part of the soil organic phosphorus (3, 4). 

While certain soluble forms of organic phosphorus 

are present in many soil solutions, they cannot, in 

general, be utilised by higher plants to any great sxtent, 

but must undergo conversion (mineralisation) into simpler 

inorganic ionic forms (5). This conversion has been 

found to depend on the supply of energy-yielding materials 

and the quantity of the organic phosphorus (6, 7).A the 

other hand immobilisation of inorganic phosphorus as 

organic components of micro-organisms was considered by 

Bear and Toth (8) to be of relatively minor importance 

phis type of immobilisation or fixation was later con-

sidered unlikely unless phosphorus became a limitinu 



factor in the soil for the growth of these organisms 

(9). tiowevor, Aerre (10) suggested that micro-organisms 

'Aay immobilise a large amount of phosphorus when a source 

of nitrogen and energy is available. 

Recently Kaila (11) has shown that the carbon/organic 

phosphorus ratio in soils is constant at 100-150, but if 

the ratio exceeds 200, inorganic phosphorus is liable to 

be assimilated by micro-organisms. 

The mineral forms of phosphorus have been proved to 

exist in three main types (1, 12):- (A.) inorganic miner-

als containing phosphorus as an integral part of their 

structure, e.g. apatite, fluor-apatite and possibly iron 

and almninium phosphates; (B) Insoluble calcium phos-

phates; and (0) Phosphates adsorbed on the surfaces of 

hydrated hydroxides of iron and possibly aluminium. 

According to Truog (13) nutrient elements in soils 

may be roughly classified as:- (i) readily, (ii) moder-

ately, or (iii) difficultly available to growing plants. 

The main bulk of the readily available phosphates was 

assumed to occur as calcium phosphates. Of the phosphorus 

associated with aluminium or 4ron hydroxides and silicates, 

MUC2 was classified in category (ii) - only a small part, 

probably as exchangeable anion, in category (i). The 

difficultly available phosphorus probably included that 



attached to iron and that occurring as apatite and re-

lated minerals. 

Some investigations seemed to indicate that plants 

acquire their phosphorus from the soil only through the 

medium of tae soil solution. Ctudies 1Ny Dean and Rubin 

(14) tend to minimise the importance of ''contact feeding' 

(direct passage from soil particle to root hair in inti-

mate contact). Other workers (15, 16) have concluded 

that phosphates are not absorbed by plants from soils in 

which the moisture content is so small that only a thin 

film of water surrounds the particle, ender which condit-

ions cations eve continue to be absorbed. Also the 

effects of irrigation on the absorption of phosphates by 

sugar beets nave shown absorption to be correlated with 

soil moisture. 

Since some of the most productive soils contain very 

low concentrations of phosphate (5) in their soil solut-

ion it becomes necessary to assume that, the phosphorus in 

the soil solution must be continuously renewed as it is 

removed by plant growth. 

The ionic forms of phosphate in the soil solution 

presumably vary with the pi of the media (17, 18, 19):-

PO; is the prevalent form in the alkaline ranges, HPOli: 

becomes important with slight to moderate acidity, and 

H260;1, dominates at higher acidities. of these forms 



1.12PO4  is said by some (20) to be the sole source of 

phosphate for plants. 

Not only the ionic form of phosphate in the soil 

solution, but also the absolute amounts of the available 

form present, will decide phosphate availability. 

The amount of phosphate in the soil solution is 

also influenced by the other forms of phosphorus in the 

soil. In this connection, in a recent paper, Wiklander 

(al) distinguished five categories of phosphorus illus-

trated in the following diagram 
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Wiklander assumed that the relative amounts of 

these forms of phosphorus vary a great deal with soil 



properties. Naturally, he stated the boundaries between 

these categories are not sharply defined. in character. 

He presumed the equilibrium r9---Pe  + Py  is qualitatively 

governed by Donnan equilibrium, the reaction Pe-- t Pr  

follows the law of mass action and equilibrium Pe  

is controlled by the constant solubility product. ?rom 

that it is apparent that conditions which direct the re-

actions towards Pp  or Pe  or Pr  are also those which favour 

phosphate fixation as defined by Dean (22), viz., the dia.. 

appearance of phosphate ions from a solution placed in 

contact with soil. 

The chemical concentration of fixed phosphate in a 

given soil will ultimately determine the amount of phos-

phorus available for plant absorption. Other factors will 

also affect the state of equilibrium between phosphorus 

Phases 14 a soil system, e.g. salt concentration, hydrogen 

ion concentration, organic matter, temperature, moisture, 

removal of the phosphate from the soil solution, etc. 

Some of these factors will be dealt with in greater detail 

in the following sections. 

itosphate fixation. 

In the literature (23, 24, 25, 26, 22, 27 (reviews)), 

it is established that soil clays, free iron and aluminium 

oxides, divalent cations, especially calcium (in the free 
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salt or exchangeable form) are the agents which fix phos-

phates in more or less soluble forms. 

Ale phenomenon of fixation was demonstrated first by 

ay (28) in 1850, when he found that when a phosphate 

solution was passed through a layer of calcareous soil all 

the phosphate was retained. eater (29) he confirmed this 

phenomenon by analysing the drainage water and found only 

small amounts of phosphate present. 

Since then, though yhe volume of literature on the 
subject has been tremendous, the mechanisms of phosphorus 

retention has not been adequately established. 

An older theory of phosphorus fixation by soils'is 

that of chemical precipitation. 

In calcareous end neutral soils, where ample calcium 

is present and the reaction is favourable, this theory 

seems to be adequate. 

'stay (28) supposed that an insoluble calcium phosphate 

is formed when a soluble phosphate is mixed with soil con-

taining calcium carbonate. Bassett (30) concluded that 

hydroxy-apatite would likely be formed in neutral and cal-

careous soils. uaarder et alia (31, 32) in examininv the 

soil solution found that calcium dominated the phosphorus 

fixation at pH 6.5, while magnesium ions became operative 

at pH around 7.5. leGeorge and Breazeale (33) postulated 
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the formation of carbonate-apatite in soil containing 

calcium carbonate in large amounts. Beater (34) re-

ported that in calcareous soils the phosphorus in all 

probability will combine with the alkaline earth carbon-

ates. Dean (35), at lothamsted, in a slightly calcareous 

soil concluded that the phosphorus (applied as superphos-

phate) was retained as tricalcium phosphate or apatite. 

Chandler (36) concluded that phosphorus fixation within 

the pH range of neutral and alkaline soils is due to pre-

cipitation of tricalcium phosphate. sacIntire (37) et 

alia suggested that some of the superphosphate incorporated 

in the limed soil ultimately reverts to a fluor-apatite 

phosphate similar in character to raw rock phosphate. 

dagelschmidt and Aixon (36), at aothaasted, from an exam-

ination of chalk fragments by an a-ray technique and 

chemical analysis, verified the formation of apatite con- 

taining fluorine, from soluble phosphate added to this 

soil. 

Iowever, Goppenet and Ueberte (39) have recently 

suggested that in calcareous soils the initial reaction 

is an adsorption on to the surface of calcium carbonate 

particles rather than tie precipitation of an insoluble 

phosphate. 

In acid soil systems where iron and aluminium appear 
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to be most likely to react with phosphate, nog all 

workers favour the precipitation theory; others explain 

fixation as an adsorption process. 

Tealde (40) concluded that, with iron, precipitation 

of phosphate was greatest at pH 3.0, and with aluminium 

at pd 6.8. Doughty (41) found that when the amounts of 

phosphate and iron were equivalent, greatest precipitation 

occurred at pH 3.5-4.5, but with equivalent amounts of 
phosphate and  aluTiintum maximum precipitation took place 

at phi 6.6. Gaarder and Nielson (33), examining the soil 

solution, found that iron and aluminium wore tae dominant 

ions causing phosphorus precipitation at pd values below 

5.5 (maximum precipitation of iron at pH 2.0-3.,-)). 
Metzger (42) concluded that fixation was mainly a precipi—

tation phenomenon in the pd range 5-7. Chandler (36) 

also came to the conclusion that within the pi range of 

most acid soils phosphorus fixation was due to formation 

of insoluble iron and aluminium phosphates. Davis (43) 

concluded that only at pd values lower than 4.5 are 

appreciable amounts of iron and aluminium phosphates 

formed. Gahni and Islam (44) in their study of fixation 

in acid soils found that 90% of the fixed phosphorus was 

precipitkted as iron and aluminium phosphates. 

However, studies of phosphate solubility and of 
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plant uptake point to the inadequacy of the precipitation 

theory in acid soil systems. 

lruor (45), Marias (46), and liadeorge and Breazeale 

(47) found that precipitated iron and aluminium phosphates 

are as available to plants as is much of the fixed phos-

phate in soils. Doughty (41) states that although the 

formation of iron and alumium and calcium phosphates 

accounts for fixation above pH 2.0, laboratory experiments 

show that soluble phosphate may be adsorbed at pA much 

below this point. iavis (48) also found extensive ad-

sorption and/or fixation occurring at pH values as low as 

0.25. Dean (49),by electrodialysis studies, and deck (50), 

by chemical studies, found that precipitated iron and alu-

minium phosphates were more readily extracted from soils 

than is much of the fixed phosphate. _Sear and troth (8), on 

the basis of the small amounts of iron and aluminium re-

moved by prolonged electrodialysis, concluded that no 

appreciable part of the fixing capacity of a Clots Neck 

soil was due to chemical precipitation. 

The process of fixation is slowly reversible, and as 

the amount of phosphate absorbed by soils is proportional 

to the concentration, fixation has been ascribed to ad-

sorption reactions (51, 48). 

uavis (48) has made an extensive examination of the 

pnysico-chemical theory and inclines towards the belief 
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that phosphorus fixation can be largely accounted for try 

adsorption. 	carseth (52) observed that the attractive 

force of the clay particle for the phosphate anion was 

inversely proportional to the concentration of hydroxyl 

ions in the solution. Thus the decrease of phosphate ions 

in solution with the increase of pH values may be looked 

upon as aa anion exchange phenomenon. ;Ience phosphorus 

retention may be considered as the exchange of H2PO4  in 

solution for OH associated with the solid phase. An in-

crease in the pH of the system is associated with this 

reactions conversely phosphates of soils may be displaced 

by hydroxyl, fluoride or arsenate (55,  54, 55)• 

However the term adsorption is general and may in-

clude several kinds of surface reactions. iatteon and 

Carlsson (56) distinguished between colloid-bound phos-

phate, a non-diffusible structural unit, and saloid-bound 

phosphate in a diffusible ionic atmosphere held as com-

pensation to ions of opposite charge. sear and Toth (8) 

followed the hypothesis of Mattson that most of the fixed 

phosphate is either colloid-bound (displaceable by hydrox-

ide, humate, or silicate), or less firmly saloid-bound 

(displaceable by siaple salt; anions). The extent of these 

phosphorus-fixing mechanisms is any soil depends ons-

soil texture, VI, Si02/R203  ratio. ith high Si020203 
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ratios soils have weak phosphorus-fixing power under acid 

conditions, but after liming the reverse may be true, 

since soils with high 1.02/11203  ratios have higher base 

exchange capacities * 

recent work, some with isotopic techniques, seems to 

be in full agreement with .!attson's hypothesis. Using 

4, McAuliffe et alia (57) verified two reactions:-

(i) a rapid exchange of phosphorus in soil solution and 

phosphorus on the soil particle surfaces (the relation is 

logarithmic in character); (ii) after the first stage of 

exchange the relation becomes linear, with a reaction of 

unknown nature. The state of the region in which depart-

ure from a logarithmic rate is evident and can be taken 

as a measure of the readily available phosphate. Coleman 

and ehlich (56) also distinguished two types of bonding 

between phosphorus and soil clay:- (a) exchange adsorp-

tion, evidenced by the increase in cation exchange capac-

ity, when soil clays were treated with phosphate; (b) 

counter-ion exchange, is postulated to account for the 

further phosphorus adsorption that occurs beyond that 

necessary to give the increased cation exchange capacity. 

2hosphate adsorption is inversely related to the ratio 

cation/anion exchange capacity, which ha-e. high, intermed-

iate, and low with :kmtmorillonite, Kaolinite, and Gibb-

site soils respectively. 
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Barbier et aline (59) found two phasea in phoophorus 

lixation4- O.) combination of the phosphate ion with 

exchangeable cations, especially calciva on the clay 

surface, in which equilibrium is attained rapidly, and 

from which phoephorus is rEl,ased by mineral acid. This 

phase or fixation occure only in pure clay minerals like 

itaolinite and iiontmorillonite; (ii) the combination of 
phosphaee ion with non,exchanceable cations, especially 

iron, situated in the interior of clay particles. Thie 

type of fixation is characteristic of soil clays, equil-
ibrium being. obtained after long periods, and phosphorus 

being extractable by dilute alkali. Yuen and i'ollard (60), 

iorking on phosphorus extraction by Morgan reagent, found 
that the aunt of phosphate extracted. in the first 15 

minutes consitutes almost 90% of the total amount extracted 
in >0 minutes. 'Amy suggested that certain types of easily 

soluble phosphates were rapidly dissolved by the Aorgan 

reagent. ,inlander (21) produced evidence thati- (1) 

''Amlillar phosphorus', present in the soil solution - solid 

particle inter phase consisted of phosphorus adsorbed in 

rapidly exchangeable condition with the anion of free salt 

(ii) fixed phosphorus preeent as difficultly soluble cam,. 

pounds in slowly exchangeable condition in the micellar 

solution - solid particle inter-phase, largely unavailable 

to plants. latiohkoveh (61) claimed that fixation by ad. 

sorption and 07 chemical precipitation can be distinruisked 
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with the help of radioactive phosphorus. Theoretically, 

he explained, almost complete exchange between 232  (ad-

sorbed on surface) and P31  in solution can be effected, 

whereas if P32  is in a precipitated form, exchange is 

limited. 	its three types of soils the predominant of 

fixed was sorbed, although considerable amounts of phos-

phorus were also fixed by precipitation. 

Accumulating evidence in the literature indicates 

that for the most part phosphate retention is restricted 

to the clay fraction. A large number of soil minerals, 

when finely ground, also exhibit a capacity to fix phos-

phate. 

By treating; samples of Laolinite and :.;ontmorillonite 

with El2H.VO4  solutions, and leaching with distilled water, 

:urphy (62) found :;aolinite to have the higher capacity 

to fix phosphate; the availability of this daolimite 

phosphate being lower than that of the corresponding Jont-

morillonite phosphate. Shortly afterwards, he, (63) con-

cluded that phosphorus adsorbed by ,4ontmorillonite is 

mainly occluded, whilst that fixed by ':,aolintte is chemic-

ally bound. Joleman (64), on the other hand, found that 

cotton and oat plants utilise a large proportion of the 

phosphorus adsorbed on either Kaolinite or Aontmorillonite 

clays. alica minerals, especially those in which one 

structural Si is replaced by one Al, have been found very 



active in fixation (65). Black (65) produced evidence 

that CH within the non-expanding as well as that exposed 

on the outside of the crystal lattice of Kaolinite may 

be replaced by PO4  ion. -aximum fixation by the finely 

ground mineral occurred at pH 3.5-4.0 in the presence of 

a solution of high phosphorus concentration. Perkin (67) 

stated that on a weight basis phosphorus fixation by 

mineral separates of soil increased with decrease in size 

of the mineral particles. The increase was very rapid 

with most minerals in the 10-1 micron range. qe (68) 

stated, in a later paper, that the space lattice of musco-

vite expands when phosphorus is fixed, and he related the 

phosphorus fixation to the kind, amount, and position of 

cations in the soil mineral. In 1946 the same author (69), 

working with powdered pure minerals, showed that .ontmor-

illonite fixed. much more phosphorus than did Kaolinite. 

Minimum fixation by ,ontmorillonite, unlike that by other 

minerals, occurred at pH 4.0-5.2. gaolinite fixed more 

phosphorus at p1  3 than at pH 7 and 9.5, whereas ,ontsor-

illonite fixed about equal amounts at these levels. dow-

ever, Qoleman (70), using clay fractions extracted from 

soils, suggested that an apparent fixation by clay miner-

als after removal of iron and aluminium might be due to 

failure to remove the iron and aluminium compounds com-

pletely. de found that the coarse soil fractions did not 1 
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and fine clays (both Kaolinite and .;:ontmorillonite) 

reach a rapid equilibrium with phosphorus at pi 5-7, but 
below pH 5 fixation increased considerably with time. 

Ball--milling has however been the current method 

for preparing clay minerals for research on phosphorus 

fixation. This is believed by :Aelinc (71) to cause 

ittolinite contamination with materials active in phosphorus 

fixation, while rerkins (72) gave evidence that crinding 

causes disruption of the mineral lattice, releasing A1203, 

SiO2 and water. 

The part played by the hydrated oxides of iron and 

aluminium in phosphorus fixation is frequently referred to 

in the literature, whereas fixation by other cations, such 

as uanganese, magnesium, titanium otc., is regarded as )f 

less importance, except in very special cases (50). 

deck (73) found that reddish-yellow or yellow soils 

have the hi lest phosphate-f ixiw: power; the colour being 

due to the presence of monohydrate or, perhaps, dibydrate 

of ferric oxide. Fiance (74) states that subsoils show 

higher fixing powers than do surface soils. Natural 

hydrated oxides have been reported by a number of workers 

to have phosphate-fixing power comparable with that of 

soils (75, 49, 68). Others correlated the phosphorus 

sorbed by soils with the iron and aluminium removed from 

the soils by dilute acids (76, 77, 78). Iemoval of iron 



and aluminium from soils caused reduction in phosphorus 

fixation (70,  79, 80), although decomposition of the clay 

minerals probably occurred (Toth (79) and Dion (81)). 

:Axing a F6011)3  suspension with a phosphate solution of 

similar pE,Kel1y and Adgely (83) found the pri of the 

mixture rose and substantial amounts of phosphorus dis-

appeared from solution. 

Phosphorus fixation by the hydrated oxides is 

probably analogous to that exhibited by clay minerals, 

viz. a substitution of Ofi for 1=04  ions. ieck (50), bavis 

(82) and Schofield (83) are among many workers who assume 

that the PO4  ion is held by electrostatic attraction on 

the positively charged iron and aluminium hydrated oxides. 

Pugh and Tait (84) in their study of synthetic ferric 

silicate and phosphate have shown that the hydroxide ion 

displaced SiO3  and PO4  in equivalent proportions. Davis 

(43, 85),by the addition of amounts of FeCl3  or A1C13  to 

equilibrium systems of soil-CaOH)2-d20-air, found that 

phosphorus retained by aluminium-treated soil was more 

extractable by dilute sulphuric acid (0.002N) than that 

retained by iron-treated soil. Re suggested that the 

effect of iron and aluminium was largely due to their entry 

into the base exchange complex. Re also found that alumin-

ium and ferric ions which entered the original base ex-

change complex positions were more easily replaceable than 
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those which entered the complex after treatment with 

phosphate solutions. 

The phosphate-fixing capacity of soil colloids has 

been found to vary inversely with the 21020203  ratio 

(86, 87, 88), iattson (89) had shown that the adsorp-

tion of phosphorus increased the acidoid fraction of 

the clay complex, thus increasing the cation adsorption 

capacity. etosphate is not only adsorbed on the surface 

of the clay lattice but also penetrates into the interior 

of the lattice layer (89), and as a result of this pene-

tration the structure of the clay mineral has been shown, 

by -ray examination, to be altered (53, 68). Later (9.)) 

it was found that the base exchange capacity of a soil 

increased as a result of phosphate maeurinc. ieck (91) 

found that soils deprived of their exchangeable bases 

fixed phosphorus, in a more difficultly available form; 

conversely, where an adequate degree of base saturation 

is maintained, increased exchanfe opacity tends to de-

crease phosphorus fixation. 

calcium  has been reported to be the exchangeable 

cation most favouring phosphorus availability in soils, 

Laatsch (92) reported that from alkaline phosphate sol-

utions similar in concentration to the soil solution, 

phosphorus was sorbed by Ca-permutite, and Ca, K, NH4  

Aiontmorillonite, while at higher phosphorus concentration 
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both anions and cations were sorbed in amounts proport-

ional to the concentration of the solutions. .oa the 

other hand Barbier (93) found that Oa-clay and not K-

clay removed much of the phosphorus from very dilute 

solutions of 	(.PO4)2. .E1 calcium phosphate is not 

likely to be precipitated at these low concentrations 

the compoixeds formed were likely to be Ca-clay-phosphorus 

cor plexes. 	hese compounds are easily modified by 

changing the equilibrium conditions, and are believed 

to form an important source of easily available phosphorus. 

Alison (94) concluded that exchangeable calcium in acid 

soils retains aa appreciable amount of phosphorus in the 

form of a 12PO4-Oa-micelle complex, which probably pro-

vides the most readily available fraction or the fixed 

phosphorus. Lavis (95), by treating soils containing 

different amounts of CaCO3 with different amounts of 3PO4' 
concluded that with increasing H31304  and decreasing ;:a003, 

mono- or di-calcium phosphates were sorbed and increased 

the base exchange capacity. 

.he effect of salts on solubility and penetration of 

phosphate in soil has been known since Liebig (96), who 

argued that salts would increase the diffusion of phos-

phorus fertilisers through the soil. since then the sub-

ject has received considerable attention, but general 

agreement among workers is lacking. 
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ecently, however, ild (97) has sham that the 

effect of salts depends on the pti. At pH 1.8 and 3.6 

NaCl and KUl both slightly depressed the adsorption of 

phosphorus, whereas I2604  depressed it considerably. 

At pd 6.7 increased adsorption aas caused by all three 

salts in the order Z.01 > X2304  JaOl. slattson et alia 

(98) also found that salts increased phosphorus ad-

sorption, the jreatest increases occurring at pd 6-7. 

in a later paper attson et alia (99) recognised two 

opposing effects of salts on phosphorus adsorption:-

(a) greater solubility of phosphorus reseltinr from phos-

phorus ions displaced by the anions of the salt, this 

effect dependint, on the basoid content of the soil and 

tieing dominant at low pH on the acid side of the iso-

electric point, (b) lower solubility of phosphorus re-

sulting froa suppression of the Idonnan distribution of 

the ions; the reaction being confined to the alkaline 

side 04 the isoeleotric point and depending on both 

basoid and acidoid content. The point et which the salt 

has no effect depends on the acidoid/basoid ratio and on 

the valency of the anion of the salt. L'or one soil the 

point was pH 3.25 for NaCl and pd 3.75 for Na2804. 

Dourhty (41, 100) believed that the effect of the 

non-living organic matter on phosphorus fixation oper- 
2+ ated through the A1 3t, Ye3  , Ca associated with it, 
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while, later Pierre (10) and Burd (101) found the effect 

to be small. Mattson (102) concluded that the effect of 

the organic,  natter was due to the replacement of humate 

ion by the phosphate ion. 1.ecently Joseph et alte (103) 

found that easily decomposable organic matter effectively 

increased phosphorus availability. They avtributed the 

action to the ability of certain metabolic products of 

microbioiogical decomposition to form stable complex mole—

cules with the iron and aluminium, and that these are re—

sponsible for phosphate fixation in acid soils. 

iman and. Rubin (14) state that change in the pd of 

the soil solution brings about cnanges in the equilibrium 

between phosphorus in tae liquid phase and phosphorus on 

tae solid phase. .easonal fluctuationsin the pH of the 

soil solution were reported by many =corkers (104, 105). 

.i.ugh (136) states that calcium phosphate is insoluble 

in tree pd range above neutrality. Hibbard (107) reported 

that colloids of iron and aluminium hydroxides may fix 

phosphorus in the pH range 3-8, and at higher psi they 

hydrolyse to form soluble phosphates. Heck (73) concluded 

that the solubility of calcium phosphate added to soil at 

pd 6.5 will be effected by iron, aluminiuml and calcium. 

The nature of the reaction would be detereaned by the rel—

ative amounts of these bases. -;carseth (108) and ;'rung 

(109) considered pd 6.5 as most favourable for phosphorus 
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availability. aradfield (110) showed that at pd 6.0-6.5 

phosphate is retained by all clays by a surface reaction, 

and the increased retention at pti less than 5 was due to 

precipitation by aluminium and iron. At pd iyeater than 

6 divalent cations are the agents in fixation. Alison 

(94) observed two peaks of adsorption:- the first at 

pH 3.0-3.5 was assumed so be due to nydrated aluminium 
and iron oxides, and the second, at pH 5.5-6.5, was 

ascribed to anion. exchange by clays. In taeiH range 4-6 

retention by the mechanism Leide4-sa-eticelle linkage is 

recorded. 

Soil texture not only influences the volume of water 

available for plants, thus affecting the amounts of 

readily soluble phosphorus, but also modifies leaching, 

ran-off, and movement of salts. 

::any workers (107, 111) found that adsorption of phos-

phorus increased as the average particle size decreased 

(weight basis). Owen (73) found, quantitatively, a close 

relationship between phosphorus retention aad clay percent-

age. 

L'estruction of the structure of the soil was found to 

increase phosphorus adsorption greatly (112). 

Drops differ in their power to itxxpkist extract fixed 

phosphorus from the soil and render it more aveilable. 

For example, lupins (11) and sweet clover (114) can make 
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much. more use of the difficultly soluble phosphorus than 

do other crops, probably by e;t,cretint.; organic acids. 

This action was found even to benefit otaer crops grown 

with them (115). Adsorption of phosphate by the soil 

seems to vary widely with the crop grown (112). 

';.:tie initial stages of the reaction between added 

soluble phosphate and soil proceed rapidly, the reaction 

later becoaing slower but continuing for long periods 

(77, 51). 

in laboratory researches, phosphorus retention was 

found to become more rapid with rise in temperature (21, 

34, 116). under field conditions tae rate of zlineralis-

ation and absorption of phosphate by laicroorganiams must 

also be taken into consideration. 
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Ili  

14F, out of the wcp,:riaent 5nd  

methods of analysis. 

Across a series of strips of twelve plots tree 

depths of ploughing treatments (9 in., 5 in., and 2 in.) 

are randomised in four replicate blocks as in the 

following diagram. 

1 epth of cultivation 

9', 5f1 2" 2" 54 9$ 
	

5 t 9" 
	

544 2" 

C 

Layout of thn field experiment 

uhe soil strips A, 0, 0, D have received annually 

superpnospiiate, basic alai., bone meal, and rock phosphate 

respectively, the strip 6 receiving no fertiliser. The 

single plots a e each 8 A 5 yards with an area of almost 

l/1J0 acre. 

ibis set of plots formed part of a larger scheme started 

in 1947. The data presented in this work were obtained 

during the growing seasons of 195u and 1951. In 195) 
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fertilisers were broadcast on ..,,,arch 1st after ploughing. 

All plots were sown to swedes on :gay 3rd. The crop was 

harvested in early.  October. 	he yield and number of plants 

for eacd plot were recorded. 

n 1951 fertilisers were ao,lied, as usual, after 

plow ping, on April 23rd. The field gas sown to haricot 

beans on !hay 29th. The dried beans were harvested icy the 

middle of September. 

samoliar. 

boil. ssaples were collected mainly for soil solution 

displacement. A portion of each sample was air-dried 

for determining the available phosphorus by Morgan 

reagent. 

.iamplinv was done with a narrow spade havinu: a 

9 in. x 5 in. blade. in sampling one yard, usually, 

was left around tile margins of the i4ot. i4ten plot sample 

was taken from four mixed samples from the central portion 

of each plot. in 195 all samples were taken to a depth 

of 9 in. The samples were kept in water-proof paper 

bag*s until oackinF: fur extraction ol the soil solution. 

All the plots were sampled on the same day. in the first 

season half of the samples (3.) were packed for the 

extraction of the sell solution on the day of sampling, 

and tae other half on the followinf day. 

in the second season all the packing was done on the 

day followinc sampling. 
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Immediately after sieving tae moist soil for packing, 

2 	*as taken from each sample for meisture deter-

mination. 

In the first season all 6. plots were sampled on the 

followin€ dates t- 

1. 21 April 

2. 6 Tune 

3. 25 LuEust 

4. 6 L)epteziber 

5. 26 ctuber 

concentration, inorganic and total phosporus and 

calcium were determined in all soil solutions taken 

tail season- Available phosphorus was determined by 

- lorEan's method using air-dried sail. 1.:ractically all 

the phosphorus extracted by ii.cflzan reaEent was fc.Jund to be 

inorganic, ari( terefore only the total phosphorus was 

Cetermined. 

In the second seas‹,i, samples were. taken at three 

successive depths, viz., fj-2 ia., 2-5 in., and 5-9 in. 

c,eausie of the pract.ical difficulty of obtalainL soil$ 

sA.utions for the increased number of samples (180) 

at a time, 	Iticate samples . ere bulked to give one 

cmposite sample for each cultivation treatment in each 

soil strip. Thus the final number ;,1" samples taken at a 

title was 45, viz., three dppths 	samplinc for each of the 

three depths of cultivation and each strip. ;gates of sampling 
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and elements ueLermined are s. own below. 

Soil anlaysis 

Nitrate, pH, total. 	Oa, in soil 
solution. Total P205  In or Fan extract. 

8/7 	Inorganic 	pR, totalP..)0" Ca, 
in soil solttion. Total P2n5'in lorgan extract. 

3. 	2/8 	Potassium, VI, total P2:2),;, Oa, in soil 
ev a 	205 ution. Total .e 	In-'4organ extract. -  

4. 3/9 	Inorganic e,c, pd, total ivJc, Oa, in 
soil solutillie Total 	Tn'Anegan 
extract. 

5. '9/9 
	

Inorganic 	pH, total C;a, iii 
soil solutinl Totn1 	Tn'organ 
extract. 

?ortio s of most of the samples we re r!Aained for the 

following sup lementary ..)urposes:- 

(1) Portions of samples not used for ;orran tests, viz., 

45 from each time of sampling, were bulked again to 

Five one set of 45 samples for the whole season. 

These samples were tested. for the following:- cation 

exchange castity, exchangeable calcium, magnesium, 

potassium;  and sodium. 

(2) Parts of smmples not rec.uired for extracting soil 

s lutions were bulked for the whole season into 5 big 

ones; each representing fertiliser-soil strip. 

Precautions were taken to mix equal amounts of the 

different soil layers. rbese big samples were used for 

studying the behaviour of phosphorus in relation to 

,ate of sampling 

1. 21/5 
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various cations in the soil solution at different pil values. 

hosehorus, calcium, magnesium, aluminium, iron, and 

manganese were deterlained in the soil selutions obtained from 

teeee bulked samples after re-weting. Also tile 	of the 

soil suspensions (1:2.5 soil-water ratio) and phsophorue 

in 'reorgan extract Were examined. 

crcN: sameli4e. 

Two samples of swedes were taken for analysis. 

1. Six weeks after germination leaves were sampled and 
-etre- 

ana ysed for total .1'25  ter each plot. 

2. At the ripe stage (15-2 days before narvest) 6-7 whole 

plants were taken at random from each Plot. Al? root and 

leaf saelpies (6e each) were analysed for total e205  

eontent. 'sulked samples (two pairs of corresponding 

samples were mixed to give two samples) of tlee roots, 

totaling 30, were analysed for total nitrogen, potassium, 

and calcium. 

In 1951 all elots were swepled is the same way as seede4, 

but only at the ripe stage. Pods (including beans) and leaves 

(6 samples of each) were analysed for phosphorus content. 

Bulked say pies of pods, r as above,eere analysed for total 

nitrogen, calcium, and potassium. 

Teamples of seedee and beans were washed with tap water 

immediately after collecting, air-dried, then oven-dried at 

60°C, and finally ground in an automatic mill, except the 

first swede samples, which were crushed by hand. All samples 



were stored in small bottles, and just before weighing 

for analysis were dried at 100-105oC. for eight hours to 

equalise the moisture conetents. 

S911 eolution displacement. 

The method adopted was that used by t=anker (129) with 

slight modifications. 

The moist sieved. soil is placed suitably in a 

bakelised tube and the displacement is effected by alcohol. 

The original method had two main disadvantages:— 

(1) For a beginner experience in hand—packing may take a 

long time. 

(2) With hand—packinr it was found very difficult to 

ensure simultaneous delivery from a batch of tubes 

started at the same time. 

The latter condition introduces some inconvenience in 

the analysis. Also for correct comparison of soil solut—

ions, the period of extraction should be similar. .- ide 

differences in the time during which the soil remains in 

the displacement tube may cause changes in the content of 

those elements susceptible to anaerobic conditions. 

The aim therefore was to pack each tube with substant—

ially the same amount of soil and to the same degree of 

compaction. For sae!ples of moderate water content five or 

six full 400—ml. beakers of sieved moist soil were found to 

yield adequate soil solution for analysis. A full beaker 
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when emptied into a tube (diameter 2,5 in. occupied a 

heicht of 10.7 cm. It was found that by compressing 

this column to 7.0 cm., and repeating the same process 

after each addition of a beaker-full of soil, the soil 

solution appeared within 12-15 hours after adding the 

alcohol. 

The soil was packed by means of a rubber bung nearly 

fitting the tube and fixed to the end of a wooden red 

Fraduated in centimetres. 

_he relation of the degree or packing to the time of 

delivery o) soil solution was tested at two different soil 

moisture contents. MP soil contained 12.5% clay, 18.5, 

silt, and 60% total sand, and is thus a sandy loam soil. 

As a cneck on the uniformity of composition of the soil 

solution obtained by varyini packing pressures, total 

phosphate was determined for each time of delivery. 

In amount of sieved moist soil vas well mixed, 

divided into four pairs of duplicates in the wetter sampleA, 

and three pairs or duplicates in the case of the drier 

sample. ,tact duplicate pair was packed to the same com-

pression. iata are shown in 'labia 1 (see next pagej. 

t the two moisture levels, it is obvious from the table 

that the degree of packing markedly influences the time of 

delivery, although the nature of the effect is different. 

hen the moisture content is et 24.3% (tais represents 
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1. 

i=egree of 4.acklnrs  ',Lime of ,kelivery and  
1205  content of soil solution. 
	 AmmIONIMMI•nr..1.1•.•••••1 

9isture ccoa•teAt 44.31,4 

40•••••••••••101•11111011.•••••••••••• •111111•111••••• 

Total heit ht of 
soil column 

before pgsking. 
height 

after pacRinv 

,ime 	.i.otal of 
lelivery 	12j5 

cm, era. hrs. p.p.m. 
64.2 44.5 2.5 10.0 

1 , 3.0 10.0 
4,z:.5 6.0 9.8 

t 8.0 10.3 
41.5 22.0 10.0 

17 0 24.0 9.7 
40.0 27.0 9.8 
0 29.5 10.5 

:oisture content 15, 

64.5 42.5 21.5 8.8 
ft  24.0 9.1 

41.5 15.0 8.6 
15.0 8.9 

Ft 40.0 12.0 8.7 
t 12.0 8.7 

vote: Time of delivery is the time from adding the 
alcohol to the first appearance of the soil 
solution. 

roughly the field capacity, as this sample was collected 

a day after heavy rain), heavier packing: delays the appear- 

ance of tae soil solution. 	ith very Ural-  packing (time 



-35— 

of delivery about 3 hours) the soil solution sooner be-

comes contaminated with alcohol. :lien the soil is com-

paratively dry the disA.acement of the solution is re-

tarded by light packing-. This was unexpected, but may 

be due to the amount of entrapped air which interrupted 

the flow of water in the soil capillaries. 

Uso, it is noticed from the table, differences 

between duplicates in the time of delivery are narrow in 

soil at both moisture contents. 

At both moisture contents also total phosphorus in 

the soil solution doe not vary with the time of delivery. 

tarps "tkte qpil solution. 
It was customary to determine the 	conc., inorganic 

phosphorus, and nitrate in the freshly obtained soil sol-

utions. Other elements were determined within 2-4 weeks 

after collectinc the soil solutions. During that time 

soil solutions were kept in a refrigerator at 5°C. 

02211112alaaglalla. 

!dements in soil solution:- 

pa: 

pit values, both in soil solutions and soil suspensions, 

were measured with the glass-calomel electrodes  using a 

Cambridge ph meter. Buffers used were M/20 potassium 

acid phthalate (pH 3.97 at 20°C.) and V20 sodium borate 

(p; 9.18 at 20°C.) 

usually about 15 ml. of soil solution was taken for 
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the determination. 

PdaikHOUW: 

Is'or inorgenic phosphorus the lead acetate-acetic 

acid method was used, phosphate being determined colori-

metrically by the molybdenum blue. - stannous chloride 

metaod (150, 131). One or two ml. of soil solution was 

taken for the determination. 
ion' total phosphorus 1 or 2 t1. of soil solution was 

mixed with 2 or 3 drops of 5r g (4 v3) )  solution and evap-

orated to dryness in a 30 ml. beaker, i54nited gently and 

broue,ht into solution -Ath 2 ml. )v 	uetermin-

ations were carried out colorimetrically as above, using 

stannous chloride as reducing agent. 

,to ndard solutions were made from stock solutions of 

4/12±'04, and colours were matched in a biochem abs-,rptio-

meter (Hilger). 

tks a check on the accuracy of the results, the im-

proved Asko and Subbarow {132) (the molybdenum blue 

aminonaphthol sulphonic acid method) was applied to some 

of the soil solutions. 	ith about IL p.p.m. .±"205  in soil 

solution 5 ml. aliquots were satisfactory for the determin-

ation. This method has the advantage over the stannous 

chloride method of being less sensitive to temperature; 

also the stability of maximum colour is -reater. 90 soil 

solutions with 205 concentration raaping from 7-17 p.p.m. 
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were analysed by both methods. 41_ of them, taken at 

random, were tested for differences -brhich were found 

not significant, as shown below. 

tlifference 	ti 

tan.chloride method. 	12.0 
Improved 	13. A 	11.97 

*Jtean P205  of 4.k' determinations. 

*12he s annous caloride method gives higher results 

with less than 1. of the test samples. iriginal fiFures 

are given in the appendix (page 43). 

ORGANIC PHOSPHORtL): 

yrganic phosphorus was obtained by difference. 

Results of all forms of phosphorus are expressed in 

p.p.m. P2 dry soil. 

CALCIUM AND iikto_TISIW,; 

The method is described by ,:ofith and ,arsden (133). 

Calcium was precipitated as oxalate and titrated with 

standard 0A2N KM1104  solution. ,:agnesium was precipitated 

from the same solution, after the removal of calcium, as 

magnesium ammonium phosphate, dissolved in staadard hydro- 

chloric acid and sack--titrated with standard NaOH, using 

the 3.D.H. 4.5 indicator. In strongly acid soil solutions 

(pd 3-4.5) aluminium and manganese were present in abundance. 

In this case, for magnesium, the deterviination Ras carried 
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out in the presence of sodium citrate to prevent -.p:Teipi-

tation of aluminiula. Allowance was made for manganese9  

which was deterained separately. In the case of calcium 

excess of oxalate was added to all:.: for the presence of 

manganese (134). 

Results are expressed is 	as. or ,I,g/dry soil. 

NITRATE: 

Nitrate was determined colorimetrically by the phenol-

disulphonic acid method (135). Results are expressed in 

p.p.rn. N/dry soil. 

1-?() 

Potassium was detormined by the silver cobalti-nitrite 

method (136). 

4ANGANial 

,Ianganese was determined by the periodate method. 

Colours were matched against standard solutions of liMn04. 

The amounts of soil solutions taken for determination 

differed according to the manganese content. 

ALUiIBIUA; 

Aluminium was determined colorimetrically by the 

aluminon metho0 (137). Colours of the soil solution were 

found to interfere with the determination. Filtration 

through activated carbon (25 ml. through 0.1 g. of acti-

vated carbon) was found to clear the solution and did not 

alter tie aluminium values as shown below for standard 



To treatment 

Absorptiometer readings 
Altered through 
activated carbon 

Al 
.tg• 

5 

10 

15 

25 

30 

50 

.364 

.36Q 

.440 

.442 

.492 

.492 

.618 

.622 

.708 

.702 

.950 
.957 

.350 

.352 

.440 

.440 

.497 

.495 

.626 

.631 

.700 

.706 

.953 .961 

2 
4 
6 
8 

10 
12 

.052 

.052 

.654 
.053 
.052 
.055 
.057 

.052 

.068 

.U87 

.107 

.125 

.141 

.160 

s -Autiona. 

I4UNI 

Iron was determined colorimetrically by the o-phenan-

throline method (138). Activated carbon could not be used 

to decolorise the soil solution, as it was found to retain 
the iron, as shown below 

Re 

	 bsorptiometer readings 
,kg. 
	 Treated with 

(kAandard solution) 	activated carbon 	L;o treatment 
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It was necessary, therefore, to carry out a blank 

test without reagent for each determination. 

MORGAN'S PAThAUT: 

5 g. of air-dried sievee. soil (passed through a 

2 mm. sieve) was shaken for 30 minutes (139) with 25 ml. 

of sodium acetate-acetic acid (pi 4.8), and filtered 

through No.30 ;attman filter paper iamediately. 5 *1. 
of the filtrate vas evaporated with 2 ml. of canc. nitric 

acid, ignited untly, and redissolved in 2 ml. of 0.1N 

Cl.A 	Determination of total phosphate was carried out 

colorimetrically by t'ae improved Yiske and...barrow method. 

-_esults are expressed in p.p.m. ?205 1  air arieoL 

BASE 2XCHAAGE OAkACITT AND ,L(CHANGSABLE 134..525 IN 

The exchange capacity for bases was determined by the 

ammonium acetate (13;1 adjust at 7.C) leaching method. 

To determine the oxchanEeable bases the leachate was evap-

orated and treated with cone. 1-In3  and 3C1, and the residue 

was ignited and dissolved in dilute TIC1. suitable ali4uots 

were taken for Ca, 4, K, and 7f1 determinations by the 

methods used for the soil solution. For Na the eolori-

metric manganous uranyl acetate methot-. (140) was used. 

:esults are expressed as d. e./1008. of air-dried soil. 

CR 1° ANALY,J01 

thosphorus:- 

The wet digestion method was adopted. Conc. LSO 2 4 
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and hydrogen peroxide were used in preparing the samples 

for analysis. 0.1 E. of plant material previously dried 

at 100°0. was taken, and when diFestion was complete 

suitable dilutions were made and the determination was 

made colorimetrically by the improved fiske and Subbarow 

method. Pesults are expressed as P205% of oven (10000.)-
dried plant material. 

Total nitrogen: 

0.1g. of dried plant material, 1 ml. of conc. H23049 
0.1g. of anhydrous potassium sulphate and 1 drop of 

selenium oxychloride were diggested in a micro-Rjeldahl 

flask. Ammonia was distilled into excess boric acid 

according to the method described by Yuen. 

Eesults are expressed as % of nitrogen of the dry 
7laterial. 

Potassium and. caleium: 

About 2.5g. of plant material vias asked and the 
residue dissolved in dilute hydrochloric acid. Suitable 

aliquots were taken for the determination by the methods 

used for soil solutions. Pesults are expressed in % of 

dry matter. 

STATISMIOAL ANALYSIS OF THE, DATA: 

For soil and soil solution analysis in the first 

season, and crop yields and analysis in both seasons, 

analysis of variants is applied to test the difference 
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between the plouOing treatments. The followinc points 

are considered. 

1 - The effect of depth of ploughing at each sampling 

date. 

2 - The effect of depth of ploughliv for the season as 

averaEinF,-  data for all samelinF dates. 

Individual strips (when necessary) as well as the 

avera values of the 5 strips for each depth of ploughing 

are used for the above comparisons. 

The key table for analysis is as follows: 

otor 	i,egrees of freedom 

Total 	 11 
Block (replicates) 	3 
Treatment (cultivation) 	2 
Error 	 6 

A - 'Jae ceasonai fluctuations: in this case each depth 

of plouLhin, was ee.amined separately T.hrouc,hout the season 

(soil sampllnz datec, tae averabe ol the ) strips being 

coasidared. 	iae key table for analysis is as follows; 

Factor 	Degrees of 	freedom 

Total 	 19 
Block (replicates) 
Treatment (dates) 	4 

12 

4 - Tegression of the elements on the dates: in this 

case each plowhing treatment was considered !eltparately 

throughout the season, but only the average of the 5 strips 



was used. 

:Simple correlation between various pairs of elements 

is considered for each ploughing treatment, and differences 

between r values for the 3 ploughing depths are tested for 

significance. 

In the second season the. main purpose of the work was 

to examine the general trends of the effect of the plough-

ing dspths on the level of phospherus and related elements 

at the different sampling depths. As soil replicates were 

bulked, comparisons were made directly on available data. 

Ourves are presented to show the seasonal variations in the 

level of phosphorus for each depth of plou02ing and for each 

depth of sanpling. 



boil solution phosphorus  
in relation -:so  

al:Lth of 	m4tivqtAa1. 

'.4otal phosphorus in the soil solution was determined. 

in all the sauples collected in 1950 and 1951. Inorganic 

phosphorus was determined in all the samples in the first 

season, and in some in the second season. The sampling 

and the methuhs of analysis are described in Chapter III. 

Ihosphorus values (total, organic, and inorganic) are 

calculated as /d205  on the dry soil basis (1u: 105°0.). 

The mala purpose of this chapter is to discuss the 

effects of the cultivation depths on the 1'205  present in 

the soil solution, the data being considered under the 

followin headings:- 

1 	averagesfbr the 5 strips for each depth of plough-

ing. 

2 	The individual strips. 

3 	The averages for the whole season. 

4 	The season fluctuations. 

5 	iae soil depths (season 1951. 

the total 4-2 5  is ;Ale basis for the discussion, 

its components (organic and inorganic) are considered only 

as the averages of the five strips. (khospnorus in the 

soil solution is mainly inorganic, as shown litter.) 



5 

Season 195C. 

Total phosphorus: 

In .able 1 the mean values for each of the ploughing 

treatments are elven for each sapling date, and for the 

average over the season. Each mean value is calculated 

from -.four replicates, each of which is the average of the 

five stripe. 

Al; each sampling date and for the season as a whole, 

the differences between the 9", 5" and 2" cultivation 

treatments are non-sienificant. 

The seasonal trent(1)  in the total P205  (soil solution, and 

the depth of cultivation. 

The variation in the total P,0 during the season is 2 5 

examined for each cultivation treatment separately. ':here 

varione =with time are significant for each of the different 

cultivation depths. 

':with the 2" disking these vaeiations are significant 

at the 1% level. 	ith eli ploughing depths, however, total 

k205  was relatively high early in the season (April samples), 

then dropped significantly in the second sample (June). 

The percent decreases in the June samples were 15.4, 13.7, 

19.4 in the 	5" and 2" plourhine treatments respectively. 

(1)Ceasonal trend in the total F20c  in relation to soil 
moisture content is discussed cd page 6o • 
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Table Si)  

Lotai. 6. (soil solution) in relation to the 

,deoth o2  ou1kixiOiout ouo.m.fdrY  
9" sTrolin7 l950  

rate of 
moling 

Depth of ploughi 
1111 

State of 
siEnificance 

25/4 
6/6  

25/7 
6/9 
26/10 

	

2.71 	2.56 	2.80 

	

2.29 	2.21 	2.25 

	

2.55 	2.47 	2.64 

	

2.67 	2.55 	2.66 

	

2.35 	2'37 	2.46 

non-significant 

ri 

it 

Average 
over the 
season 

2.51 2.43 2.56 tt 

Note: 1. Each figure is the mean of 4 replicates and 
5 strips, via. 2t.) plots (individual dates). 

2. ?he differr,ncas in values f;)r the dates of 
sampling are significant in each plo 
depth. 7:1 differences revired for si fi-
canoe at 5% level are 0.257, 0.222, and 0.196 
for ne 9", 5" and 2" plouchini7 respectively. 

In all plots, the total P205  was significantly higher in 

July and beptember (3rd and 4th samples) than in the pre-

vious (June) sample. "she April, July and September samples 

do not difrer significantly among themselves. in the last 

sample (5th) the total 1,205  was significantly lower than 

in _tpril, July and 6eptember, except in the 5" ploughing 

treatment. the difierence between the last sample and the 
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second in the season (June) is not significant with any 

ploughing treatment. From the foregoing it seems that 

the fluctuations in the soil solution total P205  during 

the season are not sirnificantly influenced by the depth 

of ploughing. However, au attempt was made to fit the 

data of each ploughln treatment to the date of sampling. 

Fitting-  the first, second, and third order orthogonal 

polynoaials yielded no significant relation with any of 

the ploughing treatments. 

Aodifications in the seasonal trend of the total 

.,205  due to the different plouehing depths are thus im-

probable. 

FtffeeV of Qlevhine death n inividual sterkes. 

In Table (2) the mean vslues of the phosphates for 

each of the three ploughing treatments at each sampling 

date, and the averages for the season, are given for each 

soil strip alone. The effect of depths of ploughing is 

examined etatieAcally in each of the separate strips. 

It should be noticed that the levels of the total P205  

inethe different strips are not alike. 

iaking the averages over the season as a basis for 

comparison, it is found that differences in the total 

J1-.0 2 5  due to the different ploughine depths are not signi-.  

ficant in any soil strip. The trends of variations between 

the plouching treatments differ somewhat from one strip 



Table (2)  
Total P10 (soil solution) in relation to depth of 

cmltivatiolv,psn.m./dry stink 	vmpling 1919 (strip#)  

roil 	Date of 
Strip 	Pial41140 

Depth of ploughing 
9" ..5" 

,,tate of 
_aJ,Faifioarme 

26/4 2.97 2.77 3.23 non-significant 
6/6  2.59 2.39 2.68  
25/7 2.74 2.57 2.8L 
6/9 2.96 2.58 3.04 
26/10 2.58 2.53 2.82 

Seasonal average 2.77 2°57 2.93 
26/4 2.73 2.41 2.85 non-significant 
6/6  2.61 2.37 2.45 
25/7 2.34 2.18 2.46 
26/9 2.58 2.43 2.52 
26/10 

2easonal average 
2.20 
2.49 

2.17 
2,31 

2.51 
2.56 Pr 

0: 
26/4 2.99 3.33 3.16 non-significant 
6/6 
25/7 
6/9 

2.48 
2.94 
2.84 

2.43 
2.91 
3.04 

2.55 
3.04 
3.27 

It 
II 

26/10 
Seasonal average 

2.44 
2.73 

2.73 
2.83 

2.73 
2.95 

n 
el 

D: 
26/4 2.51 2.34 2.22 non-significant 
6/6 1.91 1.87 1.81 
25/7 2.33 2.28 2.33 i• 

q 
6/5  2.43 2.23 2.1:2 
26/10 2.56 2.25 2.06 1 

Seasonal average 2.29 2.17 2.11 

26/4 2.33 2.35 2.50 non-siGnificant 
6/6  1.87 1.99 1.78  
25/7 
6/9  

2.41 
2.55 

2.39 
2.47 

2.49 
2.34 t 

26/10 2.27 2.18 2.19 
;.)easonal average 2.29 2,28 2.26 

Note: 17,aca value for individual date 	sarapling is the 
mean of 4 replicates. 
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to another; for example, while the total 12e5  in the 2" 

disked plots tended to be equal or slightly less than 

that in the 5" and 9" ploughed plots in - and e strips, 

it tended to be slightly higher in other strips. 

Differences in the total phosphorus between the 

ploughing treatments are also non-significant at each 

date of sampling in each soil strip. 

Jeasonal trends in total e2O5  in each of the soil 

strips are generally similar. Regardless of the plough-

ing treatments, values are relatively higher in the April, 

July and e;eptember samples. 

Orrsan4et, and 4loyearkie oUgsi4pr4e iu re 111A.W1 to death of  
cultivation. 

ORGANIC eHOSPHORUS: 

As the values for the organic phosphorus are subject 

to the combined errors of the methods of analysis of both 

the total and inorganic phosphorus, and the differences 

between corresponding plots in the different strips are 

small, only the average e of the five strips are considered 

(see Appendix for individual strips; Tables 	7 	). 
In Table (3) the mean values for the different plough-

ing depths at each date ef samplinc and the averages over 

the season are shown. 

'Differences in the organic P205 values due to the 

ploughinr treatments, at any time of sampling, are not 
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significant. However, these differences are sometimes 

appreciabl. In the April and July samples the values 

in the plots disked te 2" were sliLhtly higher than those 

in the plots ploughed to 5" and 9". For the other 

samplings the tendency was for the 9" plouching to give 

the hiLeeer values. 

On the average for the season the three ploughing 

treatments have resulted in almost the same content of 

organic r20, 

The organic r205  constituted only a small fraction 

of the total k20,4 the percentages of the total P205, 

on the average for the season, being 8.2, ?.3, and 7.8 

for the 9", 5", and 2" ploutehing treatments. It is of 

interest to notice that the organic e2u5  values expressed 

as percentages of total .e205  vary a great deal during the 

season; fez example, in the 9" ploughed plots from 2.7 

to 18.9. e similar range of variation is shown in plots 

ploughed to 5" and 2". 

Date of samplia: 

ketatistical analysis of the differences in the organic 

Ju5  during the season proves to be significant at the It 
level for each of the ploughing treatments. The *pril 

samples contained significantly higher amounts of organic 

P205 than dici any other samples (".:able (3)). The actual 

amounts of the organic se205  present at this time were 
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Feeble S3)  

orcanic P205  (soil solution) in relation to depth 

of cultivatiqq, kcivp,14..twA, 195Q1 

Date of 
'AP11011.41g 

Depth of ploughing 
5 t 	 2,, 

State of 
sic,nificaqte 

26/4 0.51 0.41 c.61 non-significant 
6/6 0.06 0.04 0.03 

25/7 0.11 0.12 0.14 

6/9  J.14 Q.14 0,09 
26/10 0.21 0.13 0.14 

kverafre over 
:canon 	-1 	cd.11$ 

Note- 1. Each mean value for individual dates of sampling 
is calculated from 4 replicates and 5 strips, viz. 
20 plots. 

2. Differences between the dates in each ploughing 
treatment are siznificant. lAfferences required 
for significance (5% lima) are 0.124, 0.140, and 
u.,97 or the 9", 5" and 2" ploughing treatments 
respectively. 

appreciable; 18.9, 16.1, and 21.8 of the total Ji,05  for 

the 9", 5" and 2" ploughing treatments respectively, al-
though the differences are not significant. In the June 

samples the organic phosphorus in the soil solution almost 

vanished. During summer organic e205  seemed to be accumu-

lating in the soil solution, until in the last sample 

(October) it reached a significantly greater level than in 

June for all three ploughing depths. 
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The linear, quadratic and cubic regressions on the 

date of sampling have been found non-significant in all 
the ploughing treatments. also the interaction between 

the ploughing treatments and the dates is found to be 

not significant, ineicating that the organic .e205  vari-
ations during the season are essentially of the same 

pattern for the different ploughing treatments. 
INORGANIO.PHOSPHaiUS: 

In view of the relatively small amounts of organic 
P2,:;5  in the total P205, tie inorganic P205  values would, 
in general, follow those for the total i205  in relation 
to the depth of cultivation. 

Thus from Table (4) it is noticed that none of the 

differences iu the inorganic P205, between the depths of 

ploughing, at any sampling date or for the seasonal aver-
age, is significant. On most of the sampling dates the 
inorganic V205  varied within around. 6% from one ploughing 

treatment to another. On the average for the season the 
inorganic 2205  values in the 2" and 5" ploughed plots are 

102 and 97.6% respectively of the 9" ploughed plots. 

The seasonal variations in inorganic .c.y 5  are smaller 

and difierent in regard to timing from those in organic 

2205  or total P205. The differences between the sampling 

dates are significant at the 5 level, only in the plots 

ploughed to 	and 2". In both cases the July and September 
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Tnble (4)  

Inorganic 121/4.5  (soil solution) in relation to depth 

-1)..m.t/dry ;soil; 9" samollAr; 	'950. 

Date of 
Sling 

Depth of Rioughin 
9" 	2"  

:state of 
Urniricancc 

26/4 2.20 2.15 2.19 non-significant 

6/6 2.23 2.17 2.23 

25/7 ,...45 2.35 2.51 
6/9  
26/10 

2.54 
2,14 

2,41 
2.19 

2.57 
2.32 ft 

Average over 
season 2.31 2.25 2.36 

Notes 1. .reach mean for the individual dates is calculated 
from 4 replicates and 5 strips, via. ,:, plots. 

2. Differences between the dates are significant 
only at the 5770 level in the 9" and 2" ploughing 
treatments. Differences required are 0,240 and 
0.244 in the 9" and e ploughing depths respect-
ively. 

saaples contained the highest auounts of inorganic P205  for 

the season. At the bezinning and end of the season the in-

organic 1-.2(35  tended to decline. Although not significant, 

the differences betweeh the sampling dates in the 5" ploutth-
ing treatment follow the same tendency as in the 9" and 2 1  

ploughings; the July i4nd  ,Aptember samples of the 5" 
ploughed plots were the highest for the season. It Should 
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be recalled that at any date s  the differencee between 

values for the plow{ hing treatments are not significant. 

The interaction between the plow hing treatments and 

the dates of samplinc: was non-significant, thus indicating 

the same pattern of variation in the inorganic P205  in 

respect to all different ploughing depths. 

elation between organic and inorFanic P205. 

Tables (1), (3) and (4) show that a significant fall 

in the organic P205  in the June samples coincided with a 

similar one in the total P205, while the inorganic 12..0 4 5 
did not change significantly, or rather tended to increase. 

This suggests that the increased rate of mineralisation of 

organic le205  in early summer offsets the absorption of in-

organic P205  by crops ants possible 'fixation' by soil com-

ponlhents. The October sample showed that the inorganic 

P205  had dropped significantly, while the organic i?205  in-

creased significantly.'tlowever, this apparent inverse 

relationship between the organic and the inorganic k205  in 

the soil solution does not seem to be of general application 

throughout the season. 

Genera Tampary of  tp first seAscn. 

Data from 0-9" soil samples showed that:- 

1 

	

	The depth of ploughing had no significant effect 

on total phosphorus or its components (organic 

and inorganic) in the soil solution at any date 
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of sampling. This is true for individual 

strips (A, 11, 3, 1), E) ane,  for the mean of 

all strips ploughed to the same depth. 

2 	The seasonal trend of phosphate values was 

in general independent of the ploughing depth. 

3 - alhe organic P205  constituted, on average over 

the season, about 8% of tie tocal P)05  in the 

soil solution; this proportion appeared in-

dependent of the ploughing depth. 

4 - The organic P205  seems relatively more suscept-

ible to seasonal variations on a percent basis 

than does the inorganic e205. 

2.al.E0A-  1951  

To test some of the conclusions reaciled in the l95e 

season the effect of the depth of ploughing on the phos-

phorus content of the soil solution at successive soil 

depths was examined at different dates during the season. 

The mean for the five individual strips is examined. 

The conclusions are derived fro u the observec data. 

for convenience, the 0-2", 2-5" and 5-9" soil depths 

are referred to as the "top layer", 'mid layer", and  

"sub layer", in order. 
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In Table (5) the averages of the values for the Live 

strips and for the different ploughing depths at each 

sampling date axe given. .;mcragez for tae season are also 

given at the bottom of the table. 

Average data for the whole season, from the table, 

indicate:- 

1 - The top layer: The plots ploughed to 5" and 2" 

depths give 99.5;. and 101.7 total k205  respect-

ively of that in the 9" ploughed plots. Differ-

ences due to the depth of cultivation are 

apparently negligible. 

2 	The mid layer: The table slows that the plots 

ploughed to 2" are 1.36.1% and 105.41 respect-

ively of the total 1-'205  in the 9" and 5' ploughed 

plots. 

3 	The sub layer: The total e205 in the 2' disked 

plots is 110.6;,, and 109.0 of that in the 9' and 

5" ploughed plots respectively. 

considering the effect of the plouchinc treatment in 

each of the sampling dates (Table (5)), it is noticed that, 

except for the first sample, the top layer (0-2") gives 

almost the same total P205 values for all three ploughing 

treatments. The difference in the first sample is, however, 

very small. In the mid layer (2-5") it will be noticed twat 

the difference in the total k205 values between the ploughing 



-57- 

Table (5)  
Total P205  (soil solution) in relation to depth 

of cultivatiork and so/.1 depths; lo.ntmadry soil 1951  

Date of Death of 
ilkkb 

Depth of ploughing 
-5 1  

0-2 1.91 2.39 1.76 
21/5 2-5 2.33 2.23 2.61 

5-9 2.57 2.65 2.56 

0-2 1.74 1.68 1.66 
8/7  2-5 2.27 2.22 2.28 

5-9 1.92 2.06 2.3 

u-2 1.43 1.41 1.42 
2/8 2-5 1.77 1.91 2.10 

5-9 1.70 1.76 2.06 

0-2 2.50 2.55 2.62 
0/9 2.5 2.65 2.68 2.67 

5-9 1.61 2.04 2.28 

0-2 1.94 1.94 1.99 
29/9 2-5 2.36 2.42 2.42 

5-9 1.76 1.90 2.13 
;:verage ,'.,-,a 1.90 1.93 1.90 
over 2-5 2.28 2.29 2.42 

season 5-9 1.95 2.08 2.27 

Note: ,7ach value in the individual dates is the average 
o1 the 5 strips (each value in the individual strips 
is the analysis of 4 soil bulked replicates). 

treatments occurred mainly in the first and third samples, 

while in the other samples the phosphate values are sub-

stantially the same for the ploughing treatments. In the 

sub layer (5-9') it is noticed that in the first sample 



.58- 

there is no apparent difference between the values for the 

different ploughing; depths, but in the later samples the 

2" ploughing gives consistently higher total P205  concen-

tration in the soil solution. Also the 5" ploughed plots 
are only slightly higher in total ,P2e)5  than are the 9" 

ielouzhed plots. 

In summarising the effects of the depth of ploughing 

with regard to the season's average and the individual 

sampling dates, the following points are clear:- 

1 	There is no difference in the total P205  in 

the soil solution from the top soil (0-2") due 

to the different ploughing depths. 

2 	In the mid layer (2-5") the ploughing to 2" 

leads to higher concentrations of total P205  

than does the 9" or 5" treatment. This differ-
ence akpears mostly in the first and third 

samples, and is not great in either case. 

3 	In the sub layer (5-9") the 2" cultivation gives 

higher total2'5  values than do the other 

ploughing depths. The difference between the 

three ploughing treatments was consistent in the 

last four samples, although it was not very 

large. 

seasonal trend in the total '202  (1951). 

In view of the small emems4e- numbers of observations 
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and the unequal intervals between the sami,ling dates, it 

was felt that the regression curves would not lead to any 

satisfactory conclusion. 

In Pigure I ABC actual data arc saown. In Figure 

the seasonal variations in total I'205 values for the turee 

ploughing treatments are plotted for the top layer. Differ-

ences in values due to depth of ploughinc are negligible. 

Figure 13 shows the corresponding data for the 2-5" depth 

sampling. It 13 noticed that the pattern of variations in 

the total P2O5  in the mid layer is almost the same for the 

three different ploughing treatments. The 2" ploughing 

curve is above the others, especially in the first and 

third samples, as described before. 

In Figure IC, for the 5.9" layer, it is noticed that 

although there is a marked difference in the positions of 

the three curves (representing the cultivation treatments), 

they are running parallel to earn other. 'e 2' cultivation 

curve is above the others. 

In comparing the three sets of curves, it becomes 

clear that each set differs from the others. The general 

caaracteristics are: the total J.'205  in the top layer fluc-

tuates more than in the mid layer, and this again more than 

in the sub layer. The curves for the mid layer are always 

higher in position than those for the sub layer, and tueas 

in turn are higher than those for the top layer. 
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Those variations in total P205 (dry basis) between 

dates and soil layers examined are highly related to the 

corresponding soil moisture content. In Table (G) (seas-

onal average: all strips 1951), it is shown that total 

2205 concentrations in the soil solution (solution basis) 

are similar for both depths of sampling and cultivation, 

except the slightly high values associated with the disk-

ing treatment in the 2-5" and 5-9" layers. 

Also an regards the seasonal variations in total 

P-305  (dry basis), which are significant in both seasons 

1950 and 1951, it is seen, from Tables (7) (for 1950) and 

(8), (9) and (10) (for 1951, top, mid, and sub layers 

respectively), that in each case total 2205  concentration 

in the soil solution is nearly constant, while appreciable 

variations in soil moisture contents are evident. This 

would clear the part played. by the soil moisture content 

in deciding the amount of available phosphate present in 

the solution phase of the soil. 

Effect of the cultivation depths in the soil strips. 1951. 

In Table (11) the averages for the whole seas= for 

the individual strips are given. ?ere again, irrespective 

of the apparently different levels of the total phosphorus 

in correspondin7 plots among the strips, the cultivation 

treatments have caused no appreciable differences in total 

P205  in the soil solution from the top layers o- the soil. 
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able 0)  

Total P205  cone. in the soil solution (p.p.m., 
solution basis) in relation to soil  

moisture content, 1951  
(easonal average)  

Depth of 

ins, 

Depth of 
calLivation 

tas. 

moisture 
content 

P205 in 
.5 • solution 

peP•M. 

9 16.7 11.3 
5 16.6 11.6 
2 16.8 11.2 

9 19.5 11.8 
2-5 5 19.1 11.7 

2 19.3 13.4 

9 17.5 11.2 
17.6 11.9 

2 17.5 13.0 

Each value is the average of 25 determinations 
(5 s•trips x 5 Oates): each determination was made 
on 4 bulked replicates. 



Table (7,1  

Total 	conc. in the soil solution (p.p.m., 

solution basis) in relation to soliX moisture  

content. ).95Qk C79" samplinr Cavepares  

5 ertripo. 

Soil 	P2 50 in Depth of 	moisture 
Date of 	cultivation 	content 	L. solution 
SamplApr 	ijis. 	 D.D.m.  

2.5/4  

6/6 

26/7 

i0/9 

26/10 

9 
5 
2 

9 
5 
2 

9 
5 
2 

9 
5 

5 

19.8 
19.5 
19..., 

16.2 
16.3 
15.7 

17. 
17.6

5 
 

17.6 

19.6 
18.9 
19.2 

18.3 
18.3 
18.0 

13.7 
13.2 
14.8 

14.1 
13.6 
14.3 

14. 
13.8 
15.1 

13.8 
13.7 
13.8 

12.9 
13.0 
13.6 

gach value is the average of 20 samples 
;5 strips x 4 re.dlicates,. 
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Table (8)  

Total P205 conc. in the soil solution (p.p.m., 

solution bapis) ig relation to soil moisturrJ  

content 191_: 0-2" samuliqz SaveraRes of 5  

strips). 

Soil 	P 0 in Depth of 	ioisture 	2 5 
hate of 	cultivation 	content 	s. solution 
sagmlippL 	iris. 	.. DA D oa,_  

21/ 5 
9 
5 
2 

9 

18.0 
18.1 
17.7 

14.9 

10.6 
11.4 
9.8 

11.7 
b/7 5 14.6 11.4 

2 14.6 11.3 

9 13.3 11.0 
4/8 5 12.7 11.2 

2 13.0 11.0 

9 20.2 12.3 
;49 5 20.1 12.7 

2 21.4 12.2 

9 17.5 11.1 
29/9 5 17.2 11.4 

2 17.4 11.5 

Each value is the average of 5 samples 
(5 strips), each of vhich 1-  fr1T 
4 bulked soil replicates. 
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Total P205  conc. in the soil solution (p.p.a., 

solution basis) in relation to soil moisture 

content)  1951; 2-5" sampling;  

„averages of 5 strips). 

Date of 
sImplinr. 

l'iqth of 
cultivation 

ins, 

3oil 
moisture 
content 
% 

L 205 in 
s. solution 

D*44 

21.6 10.8 
21/5 5 21.6 10.5 

4 2:;.3 12.8 

9 18.8 12.6 
8/7 5 17.8 12.5 

2 16.5 13.8 

2/8 
9 
5 

1 
1
5.
5.5
6 11.4 

10.3 
2 15.9 14.1 

9 21.6 12.3 
3/9 5 21.5 12.5 

,2 20.5 13.1 

29/9 
9 
5 1

19.
9.1
8 12.0 

12.6 
2 18.4 13.2 

each value is the average of 5 samples 
(5 strips) v  each of which is from 4 bulked 
soil replicates. 
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j 1e tiro  

Iota,  1'205  cone. in the soil solution (p.p.m., 

sqlution basiql in re;atiqn to_ soil moiotura  

content. 3„951: 5-9" sampl1pr=7; 

(p.irormrqs of 5 strips) 

Soil 
Depth of 	moisture 

Date of 	cultivation 	content 
kamp1141a 	21-nat. 	-,.. 

22°5 in  
s. solution 

D.Delne 

 

4/5 
9 
5 
2 

9 

19.7 
20.0 
19.2 

1E).4 

13.1 
13.2 
13.3 

11.7 
8/7 5 16.3 12.6 

2 15,6 14.8 

9 14.5 11.5 
2/8 5 14.2 12.5 

2 15.1 13.6 

3 18.6 9.9 
3/9 3 19.6 10.5 

2 19.6 11.5 

9 18.3 9.6 
29/9 5 17.8 10.6 

2 18.1 11.8 

.sash value is the average of 5 samples 
(5 stx:ii,), each o whica is from 4 
bulked soil replicates. 
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Table (11)  

Total P205  (soil solution) in relation to depth 

of cultivation and soil depths, 7).D.m./drY soil  

1.951  

Depth of 
'-oil 	.=,ampline 	Depth of ploughing 
6trio 	ins. 	9" 	5,1 	2"  

0-2 	2.16 	2.13 	2.31 
2-5 	2.59 	2.48 	2.83 
5-9 	1.77 	1.74 	2.25 

0-2 	2.06 	2.22 	2.14 
2-5 	2.22 	2.22 	2.40 
5-9 	1.51 	1.58 	1.88 

0-2 	2.18 	2.03 	2.11 
,-, 	2-5 	2.66 	2.47 	2.72 , 

5-9 	2.51 	2.61 	2.79 

0-2 	1.62 	1.75 	1.54 
D 	2-5 	1.99 	2.26 	2.14 

5-9 	2.07 	2.24 	2.15 

0-2 	1.50 	1.55 	1.34 
2-5 	1.94 	2.03 	1.99 
5-9 	1.88 	2.25 	2.27 

01••••••••••••••••••••• 

1ac1i value is tae average of: 5 samplings 
over the season. 
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In the mid and sub layers the 2' disked plots of 

strips a, B and C contain appreciably higher .e2  e5  in the 

soil solution than do the 9" and 5" plou8hed plots. In 

the strip the 5' and 2" cultivated plots have an equal 

concentration of total P205 in the sub layer (5-9") and 

exceed markedly that in the 9" ploughed plots. These 

differences are not observed in strip D. It would seen 

that the effect of ploughing depths is independent of the 

conditions in the strips. 

urganic and inorganic 1J295  in relation to the depth of 

cultivetien. 1951. 
The inorganic P205  was determined in the second, 

fourth and fifth samples for this season. 

AS in the first season, the discussion is confined to 

the averages of the five strips. 

ORGANIC P205: 

From Table (12) it is seen that the organic P205  

values show no consistent trends in relation to the differ-

ent ploughin6 depths, or to the depth or tie of sampling. 

This latter point differs from the observations of the 

first season. The only similarity is the smallness of the 

organic y 205  fraction of the total P205  (concentrations 

approximately 10n. 

INORGANIC 2205  (Table (13)). 

Over the whole season the average inorganic P205 



lable (12)  

organic P25 (soil solution) in relation to 

depth Qfp11)204.11F, Arkok agl depths. to. p.m./ 

4xy soil. 19,1. 

soil 
:_ate of 	depth 
aaliaial".......-- ins- ce 

depth of ploughing 
t.................  a1..... 

0.2 0.18 0.12 0.24 
8/7 2-5 0.12 0.21 0.19 

5-9 0.12 0.19 0.16 
0-2 0.08 0.14 0.08 

3/9 2-5 0.12 0.10 0.19 
5-9 0.09 0.16 0.10 
1....2 0.10 0.06 0.14 

29/9 2-5 0.18 0.18 0.10 
5-9 0.10 0.12 0.11 

Average 0-2 0.12 0.11 0.15 
OM 2-5 0.14 0.16 0.16 
amen 5-9 0.10 0.16 0.12 

Each value for the individual dates is the 
average of the 5 strips. 
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iablQ (]W  

Inorganic 1205  (soil solution) in relation to 

szlep11.aLsjlatig_nan,g_y__sajij statSiLd de 4- a o1; 
dzr soil._ 1951. 

Soil 
Late of 	depth 	Depth of ploughing 
samizlinr: 	ns. 	9" 	 5" 	.?“ 

u-2 1.56 1.55 1.43 
8/7 2-5 2.16 2.01 2.09 

5-9 1.80 1.87 2.14 

0-2 2.41 2.41 2.54 
3/9 2-5 2.54 2.58 2.49 

5-9 1.72 1.88 2.18 

0.2 1.84 1.88 1.85 
29/9 2.5 2.19 2.24 2.32 

5-9 1.66 1.79 2.02 

Average 0-2 1.94 1,95 1.94 
over 2-5 2.29 2.28 2.30 

season 5-9 1.73 1.84 2.12 

it,ach value for the ineividuill dates is 
the average of the 5 strips. 
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concentrations in the soil solutions from the top layers 

(10-2") and also from the mid layers (2-5") are substant-

ially the same for all three depths of ploughing. The 

2" and 9" cultivations have produced identical values at 

corresponding depths. In the sub layer the 2" disking 

aas given appreciably higher values than the 9" and the 

5" ploughing. 

4ith regard to the dates of sampling, n.) one set of 

samples deviates substantially from the seasonal average 

in respect of the ploughing effects. at'sough the number 

of samplings is limited, yet some considerable variations 

between the I'205 values at the different dates are observed. 

The pattern of seasonaVrariations is similar for the differ-

ent ploughing treatments in each soil layer. 

The sample of 3rd 3epte-aber showed a marked increase 

in the inorganic le205  in the top and mid layers. Very 

little change in the sub layer is observed. 

Observations in 1951 may be summarised; 

1 	JO consistent effects of the ploughing depth on 

the total (organic and inorganic) phosphorus in 

soil solution from the top layer (3-2") were 

observed at any date of samplink or at any in-

dividual soil strip or in the seasonal pattern 

of fluctuations. 



- Inn the mid and sub layers (2-5' and 5-9") 

the 2" ploughing is associated with higher 

inorganic 1205  (approximately 1U,,) at nearly 

all samplings and in nearly all strips. 

3 - The inorganic .t'205  values during the season 

are consistently higher in the aid layer 

(2-5") than in the top layer (0-2") or the 

sub layer (5-9"). There is no consistent trend 

in values for the different ploughing depths. 

4 	!o appreciable or consistent differences in 

the organic P205  in the three samples examined 

could be ascribed to either ploughing depths or 

sampling depths. The ratio of the organic 

phosphorus to the total is very small, as in 

the first season. 

(eneral conclysions 9f the two seas9ns. 

1 - The depth of cultivation (up to 9") had no 

effect on the phosphorus content of the soil 

solution as shown by samples taken at depths 

of 0-9" or .)-2". 

2 - 2=' disking had little, if any,effect on the 

phosphate values in the undisturbed under-

layer of soil. In the 5-9" soil layer 2" 
disking hack resulted in slightly higher phos-

phorus values. 



,,;ore than 9u,• of the phosphorus present in 

thud soil solution of this soil is in the 

inorganic form. 
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CHAP) P:a V  

aigryan Rnosohorus in relation to 

the depth of cultivation. 

The field sampling and analytical methods are 

described in Chapter III. 

In discussing the effects of ploughing to different 

depths on the available P205  extracted by Morgan's re-

agent, the average phosphate values for the five strips 

over a single ploughing depth, and the individual values 

for the separate strips, are considered (Tables (1) and 

(2)). The comparison between the different ploughing 

depths is also made for each of the sampling dates, as 

well as the averages for the whole season. The effects 

of ploughing depth on the seasonal variations in Morgan 

values are also examined. 

Season 19,0. 

In Table (1) the figures represent the mean values 

for all strips for each ploughing depth, at each date of 

sampling. Tae bottom row in the table ives the means 

for the whole season. 

Considering the effectsof the different depths of 

ploughing for the season as a whole, the differences in 

available phosphorus (Morgan) are of nerliFible practical 

importance, being; less than 1/., and statistically non- 
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Table (1)  

illosphorus in _itorgan extracts 

(p.p.m.P205/air dried soil) in relation to 

deDth of cultivation (1,950)1 9" samplinick, 

?ate of 
ea/non/es& 

Depth of ploughing 
5" 	4" 

State 
of 

zignifkcange 

26/4 110.3 113.8 112.6 non-significant 
6/6 127.5 126.4 126.2 

25/7 125.8 125.6 125.0 
6/9  107.1 105.5 103.1 
26/10 101.5 104.5 104.0 

::verage 
Over 114.3 115.0 114.2 

season 

gote. 	1. each figure for the individual dates is 
calculated from 4 replicates, each of 
which is the average of the 5 soil strips, 
that is, mean of 20 observations. 

2. Differences required for significance at 
the 	level between the dates for the 
9", 5" and 2" disking respectively are 
3.84, 6.32 and 6.05. 

significant, 

't each of the sampling dates, the differences between 

the values for the ploughing treatments are also non-

significant. At all dates the differences were less than 
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OTect of the depth of_pkoughing on the season trend. 

For each ploughing treatment the differences in :organ 

P205 at different sampling dates are analysed separately 

(Table (1)). At all three plouching depths the seasonal 

variations are found to be hivhly sicnificant. The June 

and July samples (second and third samplings) show signi-

ficantly higher values than any other in the season, and 

the April samples (first) significantly higher values than 

the September and October samples, except in the 	plough- 

ing, where the difference between the first and fourth 

samples is not significant. 

AS another method of examining the differences between 

the effects of the depths of ploughing, the regression of 

the phosphate on the sampling dates are examined for each 

ploughing treatment. In the following table total deviations 

from the mean (horizontal straieht line) and the reductions 

due to fitting the first, second and third order polynomials 

are recorded. From this table it seems probable that the 

curves describing the relation between the phosphate and the 

time, for the different depths of ploughing, are similar, and 

thus independent of the ploughing treatment. 

Effect of the depth 	Ploughing in individual strips. 

The purpose of presentime this piece of data is -be 

compare the effects of the different ploughing depths in 

the different strips, viz. at different phosphate levels. 
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vhospilate (Organ) Legression on the date  

of sampliar 

Reduction due to 
louching 	Total 	1st 	2nd 	3rd 
depth fAviksitiqa wittr orOgr order______IVAAANal 

t.  = 4. 

9°  
5°' 

 

2 

538.1 
446.3 
512.5 

	

144.4 	279.7 	1--4.6 

	

158.4 	159.9 	78.2 

	

162.8 	154.8 	127.5 
one of these is signi-

ficant. 

9.5 
49.8 
67.1 

Aotez 1. the method used in calculation is due to 
2isher and described in ',;tatistical 
Methods" by G. J. Snedecor, 1950 

2, Tde intervals between the dates are nearly 
equal. 

In table (2) the man phosphate values for the differ-

ent ploughing depths are given for each of the different 

soil strips. aiom this table it is seen that at no date 

of sampling were the differences, between the phosphate 

values for the different ploughing depths, significant in 

any soil strip. 

Considering the averages for tiie season in each soil 

strip, no consistent trends for the ploughing treatments 

could be traced. in some cases the average values for the 

9", 5" ploughings and 2' disking are identical, or nearly 

SO. 
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The three ploughing treatments have produced similar 

seasonal fluctuations in phosphate values in each strip. 

The highest phosphate figures occur in the third and 

second samplings, while the lowest are in the last two 

samplings, regardless of both the ploughing treatment and 

the level of phosphate. 

For the first season it is concluded that the depth 

of cultivation has no apparent effect on the phosphorus 

extracted by the Morgan method at any of the dates ex-

amined. Also it is most probable that the seasonal vari-

ation in Morgan P205  is independent of the ploughing 

depths. 

6EASON 1951. 

The following data were obtained as a means of con-

firmation, in a second season, of the conclusion reached 

in 1950. As mentioned previously, the replicate soil 

samples were bulked before analysis; thus statistical 

analysis is not applied to the second season data. How-

ever, the fact that each sample for analysis was obtained 

from four bulked replicates would minimise the error. it 

comparison based on percentage may illustrate the differ-

ence between the ploughing treatments, thus providing 

supplementary information. 

In labia (3), averaging the five strips over each 

ploughing depth, phosphate values are given far the differ- 
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ent dates of sampline. The averbze3 for the whole 

season are shown at the bottom of the table. From the 

latter figures the values for the 5' and 2" cultivation 

depths, calculated as percentages of the values for the 

9" ploughing death in each soil layer, are: 

'a Dl 	denth 	9" 
0-2" 	100 
2-5" 	100 

5-9" 	100 

1-21oughin depths 
5" 2" 

101.8 101.1 
103.0 99.2 
97.3 99.5 

(Comparison is only horizontal.) 

This indicates that the differences between the 

ploughing treatments in each soil layer are of no practical 

importance. The maximum difference is only 3.8% between 

the 5" and the 2" cultivations, in the mid soil layer 

(2-5"). Owing to the smallness of these differences, no 

evidence can be furnished for a ploughing effect. 

In Table (3) it is also worth noticing that there is 
an appreciable gradient in the Je2C5  values from the top 

(0-2") to the 5-9' soil depth, at all sampling dates, and 

that the different depths of ploughing have no apparent 

effect on this gradient. By careful investigation of the 

table, figures show that any effect on ,,,organ phosphate 

values at any given soil depth is very small and inconsist-

ent in nature. 
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Table (3)  

Phosphorus in Morgan extracts (p.p.m..2205/air 

dried soda i relation to depths of plouching  

sam,1i1. 1951. 

kept h 
Date of 
sampling  

21/5 

8/7 

2/8  

3/9 

29/9 

werage 
over 
season  

Depth of 
qw4PliAg  

0-2 
2-5 
5-9 

0-2 
2-5 
5-9 

0-2 
2-5 
5-9 

0-2 
2-5 
5-9 

0-2 
2-5 
5-9 

0-2 
2-5 
5-9  

9', 
122.5 
117.8 
111.0 

106.3 
102.0 
94.1 

130.5 
118.9 
111.3 

108.3 
101.0 
90.7 

98.4 
94.4 
84.1 

113.2 
106.8 
96.2  

of Ploughing 
5' 	2" 

	

1304,0 	123.5 

	

121.0 	116.5 

	

111.4 	111.0 

	

111.0 	114.3 

	

103.2 	103.5 

	

90.6 	93.6 

	

129.4 	126.1 

	

120.1 	117.1 

	

104.3 	109.2 

	

105.9 	108.7 

	

103.8 	100.5 

	

89.6 	91.3 

	

99.9 	99.5 

	

92.1 	92.2 

	

84.4 	83.5 

	

115.2 	114.4 

	

110.0 	106.0 

	

95.5 	97.7 

Jote: 	ech figure in the individual dates is the average 
of 5 strips each of which is bulked from the 4 
replicate ploughing treatments. 
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Table (24- 

.i.hosoll9ruljalfOrsan extrqpts  

205/111ir dried soil) in relation to 

devps of cultivation and salupling  

(seasonal p7erace fQr strips). 1951.  

Depth of 
Soil 	sampling 	Depth of ploughing 
Strip 	kns. 	-9" 	so 	2''  

125.3 
121.7 
113.5 
145.1 
119.0 
99.2 

118.3 
109.0 
83.8 

152.4 
120.3 

91.6 

118.7 
114.3 
97.2  

156.1 
117.9 
97.3 

0-2 
A 	2-5 

5-9 
0-2 

B 2-5 
5-9 
0-2 

0 	2-5 
5-9 
0-2 

D 2-5 
5-9 
0-2 

E 2-5 
5-9 

115.8 
111.1 
104.8 

92.7 
94.3 
89.9 
86.9 
87.9 83.7 

115.9 
112.5 
105.5 

98.3 
100.8 
97.8 
91.1 
97.5 98.6 

117.0 
111.6 
109.2 

93.1 
93.9 
90.5 

87.3 92.1 
94.3 

Notes 	each figure is the average at 17, samplings, each 
of which is bulked from 4 replicate ploughing 
treatments. 
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It is also seen from Table (3) that the phosphate 

values for the three ploughing depths shy similar vari-

ations during the season in each soil layer. The values 

are high in the early season, reach minima in the second 

sample, rise again in the third sample, and then fall 

once more in the fourth and fifth samples (curves are 

given in ri-ure 1). 

Effect of depth of alquc:hini, in the inaividual  

Table (4) shows the individual values (bulked samples 

from four replicates) for the five soil strips. 

No clear relationship is apparent between depths of 

ploughing and Zorgan values at particular sampling depths 

in any of the strips, the phosphate status of which is 

different in each case. 

The foregoing discussion of data for the seconl 

season leads toe 
at 

1. Differences between Morgan phosphate values, mad 

any one sampling depth, with different depths of 

ploughing, are small (maximum 3.8%). 

2. At all dates of sampling there was a gradient of 

increased Morgan phosphorus towards the surface 

soil. This gradient was not appreciably influenced 

by depths of plouching (see averages at foot of 

Table (3)). 

3. T.:easonal variations are the same at all depths of 
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ploughing and sampling. 

gffect of plowhinc: depths considering both seasons. 

Summarising the data in both seasons, these facts 

are clearly evident: 

1. In the first season statistical evidence shows 

that differences in the phosphorus, extracted 

by Morgan's method, due to the different depths 

of ploughing, are non-significant. This con-

clusion is supported consistently by the 1951 

data covering the soil layers examined. 

2. The effects of the different depths of ploughing 

appear to be qualitatively the same for different 

phosphate treatments (shown in the strips). 

3. The seasonal variations take place independently 

of the different depths of ploughinE. 



caAP1I VI  

alcium in the it solution in 	 o 

the depth 9f caltivatjczn.. 

The calcium concentration in the soil solution was 

determined in all soil samples collected in both seasons, 

1950 and 1951. The presentation of the data will be 

similar to that for the other elements. 

1950. 

Jonsidering the average values over the season, 

'.7,4ble (1, shows very small differences betmeen values for 

the three ploughing depths. These vary among themselves 

within less than 	;ibis variation is non-significant. 

Data for the individual sampling dates shoe that only 

In the 4pril samples is there a significant difference, 

the 9" ploughing:-  showing a higher calcium concentration 

than the 2" diskinc.. Although significant, this difference 

is not great, being of the order of 7.5.4. Values in the 5° 

ploughed plots do not differ significantly from those in 

the 9" and 2" cultivated plots in the April samples. 

In tae June, July and 6epteliber samples the plots 

plouehed to 9" tended to give slightly higher calcium con-

centration in the soil solution then those disked to 2', 

In the October sample, unlike the previous ones, the 2" 

disked plots shoed a hither calcium concentration. None 
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:able (1)  

jA10.um in soil solution in relation to the depth  

of oultivation,p0o.mddrY rzoiktp.ir soil depth:  

Date of 	Depth of ploughing 	State of 
sampling _2." 5" 2" aUggicance 

26/4 44.2 43.0 

6/6 51.6 49.7 
25/7 54.4 51.9 
6/9 52.7 50.4 

26/10 35.3 35.2 
...leasonal 
average 47.6 46.1 

40.9 	Significant at 54 r > 2? 
49.2 	Non-significant 
50.1 
50.2 	1 
37.2 	 q 

45.5  

Note: 1. botch mean value for each date is calculated 
from 4 replicates each of :rhich is the aver-
age over the 5 strips. 

2. *The difference required for significance is 
2.35. 

3. Differences between the values for the differ-
ent sampling dates for each ploughing treat-
ment are significant. Differences required 
for significance at the 5% level are 3.96, 
6.49 and 4.60 for the 9", 5" and 2" ploughing 
respectively. 

of these variations between the three ploughing depths is 

the last four samples is significant. 

Because of these inconsistencies in the calcium vari-

ations due to the different ploughing depths, from time to 

time during the season, it seems preferable to utilise the 

average values for the season as a basis for comparison. 
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seasonal trends and the_plourhinp depth C195)). 

For each depth of ploughing significant seasonal 

differences in calcium concentration, at the 1;: level, 

in the soil solution are apparent. :p'or each of the three 

depth treatments the values for June, July and zeptember 

did not differ significantly among themselves (Table (1)), 

but did show significant differences from April and October 

values. In other words, the calcium concentrations in all 

ploughed plots were relatively low in the 6pring, increas-

ing in Summer and falling again in October. The differ-

ences between the April and Nctober samples in calcium 

values were also significant, except in the 2" disked plots. 

The foregoing suggests that the three depths of plough-

ing did not differ in their influence, if any, on seasonal 

trend of calcium values. 

„Acamining the regression of the calcium values on the 

dates of samplings, the quadratic component in each of the 

three ploughing treatments is found to be significant 

(shown on following page,; further evidence that the cal-

cium variation during the season took the same form regard-

less of the ploughing depth. 

Iffect of the piouphing depths in the individual strips. 

Consideration of the strips individually does not imply 

any attempt to make a comparison between them as affected 

by the fertiliser additions, since such a comparison would 
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regression 	deltes of samaina. 

21  
Depth of ploughing 

9" 	5" 

Total deviations from the 
horizontal line (mean re- 	251.20(0F=4) 193.30 147.21 
duction due to linearity) 	28.22(vF=1) 24.90 5.82 

Residual 	222.98(!F=3) 168.40 141.39 
Reduction due to 2nd order 208.90('F=1)* 161.43* 134.48 • 

'tesidual 	14.08(!F=2) 6.97 6.91 
reduction due to 3rd order 	12.48( F=1) 4.26 1.63 

1.60(°F=1) 2.71 5.28 

Note: 6rohe for the 2nd order polynomial is: 

9" = 29.7 
5. . 46.9 
2" = 38.9 

F (at the 5% level for n1=1 and n2=2) = 18.51. 

not be valid on statistical grounds. The five strips are 

therefore regarded as five separate experiments on depth 

of ploughing, on soils lying adjacent to each other. 

From Table (2) it is noticed that in three out of the 

five strips (A, B and TO the differences in the calcium in 

the soil solution, due to the ploughing treatments, are 

not significant either at any of the dates examined or for 

the averages aver the season. In these strips no general 

trends are observed. 

In strip C none of the differences between the plough- 



ing treatments in respect of calcium values, at any date 

of sampling, is significant, but there is a general tend-

ency for the calcium values to be consistently lower in 

the plots disked to 2'. This tendency becomes significant 

when considering the averages over the season. In plots 

ploughed to 5" the values are generally between those for 

the 2" and 9", but neither difference is significant. 

In strip I; the differences in calcium values between 

the ploughing depths are significant only in the July 

samples (third). Here:  inconsistently enough, the plots 

ploughed to 5' show significantly higher values than do 

either the 9' or 2" cultivations. :iowever, neither differ-

ence is significant when considering the average for the 

season. The results in the first season may be sulamarised 

thus; 

1. The amoums of calcium in the soil solution, 

averaged over the five strips on the individual 

dates of sampling, showed significant differences 

for depths of ploughing only in the first samples 

(April), when values for plots ploughed to 9" 

were significantly higher (about 7.5) than for 

those disked to 

2. Considering the averages over the season for each 

strip separately, only in one strip out of the 

five was there a significant difference (about 10:L) 
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Table (2) 
(soil solution) in relaaon to depth of ploughing  

in the infliyiNal st,pips 1).1).ml/din,  soil CO-9" deDtbj 1950, 

Soil 	Date of 
JAPJAP PAPIAAPg 

26/4 
6/6 

A 	26/7 
6/9  
26/10 

Seasonal average 

26/4 
6/6  
26/7 
6/9  
26/10 

Seasonal average 

26/4 
6/6 

V 
	 26/7 

6/9  
26/10 

Seasonal average 

26/4 
6/6 
26/7 

6/9 
26/10 

Seasonal average 

26/4 
6/6 
26/7  
6/9  
26/10 

Seasonal average 

Depth of ploughing 
9" 
53.3 49.5 51.6 
60.3 53.8 58.6 
72.6 63.5 65.1 
71.5 64.0 60.4 
53.3 48.2 58.8 
62.2 65.8 58.9 

44.2 44.6 39.7 
56.6 52.0 54.1 
55.7 47.7 54.1 
52.0 51.4 53.2 
36.3 35.9 35.9 
49.0 46.3 47.4 

45.9 44.7 40.4 
51.8 51.8 46.6 
48.6 48.3 42.4 
57.5 48.6 50.9 
33.0 31.5 31.3 
47.4 45.0 42.3 

39.6 38.9 34.2 
46.7 45.6 42.7 
39.4 44.6 35.9 

37.8 41.3 43.4 
37.8 28.7 28.2 
36.3 39.8 36.9 

38.2 37.1 38.7 
42.9 45.4 44.3 
55.7 55.7 52.9 
44.6 46.7 43.4 
26.1 31.9 31.7 
41.5 43.4 42.2 

.-.tate of 
sivnificangp  
Non-significant 

it 

ft 

tt 

it 

it 

tf 

it 

Significant at 5;7,4' 
) 2" 

Non-significant 

Significant at 5-/." 
59  90  2" 

Non-significant 
It 

't 

ft 

it 

ft 

Note: 1. 4,ach mean value for the siw:le date is calculated 
from 4 soil replicates. 

`Difference required for significance at 5 = 3.50. 
** 	it 	 tl 

	
" 	' = 4.02. 
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in the calcium value between the r and e 

cultivation (the latter value being the smaller). 

3. Considering the overall average for the five 

strips over the whole season, no significant 

differences in the calcium values due to plough-

ing depth could be found. 

4. significant seasonal variations in the calcium 

values are founci  (higher concentration during the 

!Summer), these being probably independent of the 

depth of ploughing. The relation between the 

calcium in the soil solution and the date of 

sampling, for this season, is a curvilinear one. 

SEASON 1951. 

In Table (3) the average calcium content of the soil 

solution in the five strips at each date of sampling and 

the average over the season are given for the different 

ploughik, treatments. 

Top soil layer (G-2" depth):- 

For the seasonal average (Table (3)) the maximum 

difference between the calcium values for the different 

ploughing depths is only around 3.5. At individual 

sampling dates also these differences due to ploughing 

depths are small and inconsistent. 

!aid soil layer (2-5" depth):- 

For the season average differences in the calcium 
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lable (3)  

a in soil solution in relation, tp death of  

plow/link and sairk1i4r. (Depth 	soi1.191. 

Date of 	Depth of 	Depth of ploughing 
samp14,1 	soil (ip.s.; 	g,t 	_____5" 	2"  

0-2 	41.3 	44.6 	46.8 

	

21/5 	2-5 	31.3 	32.2 	29.2 
5-9 	22.9 	23.9 	23.7 

0-2 	78.8 	78.4 	76.1 

	

8/7 	2-5 	52.5 	54.1 	51.9 
5-9 	37.0 	38.1 	38.8 

0-2 	89.4 	93.1 	87.6 

	

2/8 	2-5 	63.6 	66.8 	61.5 
5-9 	39.2 	42.0 	45.1 

0-2 	51.3 	52.2 	54.3 

	

3/9 	2-5 	73.3 	74.4 	79.5 
5-9 	51.7 	56.5 	64.5 

0-2 	45.7 	49.2 	46.3 

	

29/9 	2-5 	54.2 	55.2 	53.8 
5-9 	42.2 	40.8 	43.7 

.verage 	0-2 	61.3 	63.5 	62.2 
over 	2-5 	55.0 	56.5 	55.3 

	

season 	5-9 	38.6 	40.3 	43.2 

ach value for each date is the average of the 5 strips. 

values are still very small, the maximum differences being 

below 3%. Considering the individual dates of sampling, 

all the differently ploughed plots have almost the same 

calcium concentration in the soil solution. 
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Sub layer (5-9" depth)s- 

Taking the average over the season, the calcium 

contenteof the soil solution corresponding to different 

ploughing depths are in the order 2" ) 5" 2 9"; the 

value for the 2" cultivation being 12i2 more than that for 

the 5" ploughing, 7 greater than that for the 9' plough-

ing. 

Considering the individual dates of sampling, it is 

clear that most of the calcium increase in plots disked to 

2" occurs in the third and fourth samples (July and sep-

tember); at the other dates the differences are very small. 

The 0-9' soil depth as a whole:- 

Using the values for the three depths (0-2", 2-5' and 

5-9"), the average(1)  calcium as p.p.rn./dry soil (soil sol-

ution) over the season is 51.4, 5..8 and 49.1 for the 2', 

5'. and 9" plouehing respectively. These very narrow limits 

oi variation between the depths of ploughing are in agree-

ment with the values found in the first season. 

seasonal trends in re1atien to the demth of elloleghleg (195,1). 

Seasonal variations in the calcium in the soil solution 

for the three ploughing, treatments are shown in Fig.1 ABC 

for the top, mid and sub layers respectively. It is evident 

that the three ploughing treatments have produced, with one 

(1)Average calcium values for the 9" soil depth for the 9" 
ploughing (for example) are calculated as such 
(61.3 x 2 55.0 x 3 + 38.6 x 4)/9 = 51.4_ 



Ca/4.? 
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exception, in 9 sets of data (Fig.1), identical trends 
( 	) during the season; the values for date and 

depth c)C sapling are, ,-ithin a few percent, substantially 

identical* 

affect of the vlourhine depth in the individual strips. 

Only the averares over the season for each strip are 

shown in Table (4). from the table it is obvious that with 

depth of ploughing, for each of the 0-2" and 2-5" soil 

depths, variations in the calcium values anone the differ-

eat strips are inconsistent. 

For the 5-9" soil depth, in nearly all strips the 2" 
disked plots contained the highest concentrations of calcium 

in the soil solution. 

For all depths of ploughing and for all strips the 

values are in the order 0-P) 2-5" ') 5.9". 
Dalcium (soiks9114tiqn) distribution in the soil death, 

7rom Table (3) and Fig.l ABC it can be seen that in 

the first three samples there is a 	 L1te gradient in 

the calcium (decreasing downwards). The calcium values in 

the 5-9" soil depth are about half that in the 0-2' depth. 
In the fourth and fifth samples the layer in which the 

calcium concentration was high seemed to be moving down-

wards; calcium beinf: relatively high in the mid and sub 

soil layers and low at the surface. In this season (1951) 

there was long period of drouFht during the first three 
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Table (4)  

Ca in gloi). solution jurk 	tae depth of  

plowitinf, anu 	deptb, (average of season 

fo.-e each LLri.141 p.p.mt&ry soil. 19501. 

toil strip 	moil depth 	Depth of ploughing 
9" 	5" 	2°  

0-2 	69.4 	67.1 	64.9 
2-5 	59.7 	55.9 	54.7 
5-9 	40.7 	35.c 	40.6 

0-2 	58.9 	60.8 	61.5 
B 
	

2-5 	52.L; 	54.5 	57.2 
5-9 	37.2 	37.5 	42.4 

0-2 	65.4 	66.9 	63.8 
2-5 	59.4 	60.4 	59.0 
5-9 	42.5 	47.6 	47.7 

0-2 	57.6 	58.4 	60.5 
D 	 2-5 	54.5 	53.5 	53.7 

5-9 	39.9 	40.2 	43.0 

0-2 	54.9 	63.1 	60.4 
2-5 	49.) 	58.3 	52.7 
5-9 	36.3 	41.0 	42.1 

Ech value iz the average of 5 samples taken during the 
season. 

samfalinGs, followed by a rainy period which probably pushed 

the concentrated soil solution from the upper layer into the 

mid and sub layers of the soil (fourth and fifth samplings). 



Utkerui sulitrY 	botp season. 

1. The depth of ploughing had no influence on the 

calcium content of the soil solution. This is 

shown by samples taken at different soil depths, 

at different times and in different seasons. 

2. In both seasons there was a definite seasonal 

trend in calcium values, characterised by signi-

ficantly higher values in the middle and late 

Gummer months. This seasonal trend is most 

probably independent of the ploughinc treatments. 

3. A falling gradient in calcium concentrations from 

the top soil downwards is noticed during periods 

of steady weather conditions. 



CRAFTER VII. 

Rff inn soil sqlutiqn in relation to 

depths of cultivation. 

1950. 

Table (1) shows the mean pa values for each of the 

three ploughing depths examined at eaca sampling date 

(values for the five strips being averaged for each plough-

ing depth). The averages over the season (lable (1)) for 

the three ploughing treatments are very close; the maxi-

mum difference does not reach 0.10 p4 unit. 

Also, over the sampling period of nearly six months, 

at individual sampling dates, pH values for the differently 

ploughed plots varied within 0.10 pd units in most cases. 

None of these differences in pa values, due to depths of 

ploughing, is statistically significant. 

A significant seasonal variation in pH values (5a 

level) occurs only in the plots ploughed to 5". In these 

plots the July value is the highest for the season (differ-

ences in p i values between this softie and previous ones ii 

the season being significant). 

The same trend appears in plots cultivated to 9" and 

2", although bile differences here are not statistically 

significant. 

':table (2) shows the values for the individual strips. 

The averages over the season in each of the five strips 
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Table (1)  

p4 	soil s$lution in 1.elation to the delit/3, 

o4, 	ultvtation: s4AuLink:-. death. 1950. 

Date of 
!mewling 

Dept of ploughine 
5" 

State of 
stEnificance 

26/4 5.94 5.90 5.97 Non—significant 

6/6 5.80 5.77 5.74  
25/7 6.08 6.14 6.04 
6/9 5.94 5.96 5.89 
26/10 5.92  6.03 5.85 

Seasonal 
average 5.94 5.96 5.90 

Note: 1. Each. value at the individual dates is the 
moan of 4 replicates from each of 5 strips. 

2. Differences between pH values at different 
dates are sinificant only in the 5" ploughed 
plots; difference required for significance 
at the 5% level is 0.189. 

show that ploughing: to different depths did not affect pH 

values of the soil solution appreciably. 

Taking the sampling dates individually in each of 

these five soil strips, it is noticed, from Table (2), that 

in 24 out of 25 cases (5 strips x 5 dates) the ploughing 
depths did not significantly affect the pH of the soil sol—

ution. given in this single significant case (strip B 

6/9/50) the maximum difference in pH values between any 
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two ploughing, treatments does not reach 0.2 pH units. 

From the same table it may be noticed that the 

seasonal trends of pH in all five strips in the differently 

ploughed plots are similar, but actual range of values is 

still small. 

For the season 1950 it has been shown that soil culti- 

vation to different depths had no appreciable effects on 

the pH of the soil solution. 

..;UN 1951. 

In this season samples were taken from strips A, B 

and J once before cultivation and from all strips at various 

dates after cultivation. 

The data obtained before ploughing (see table on 
p. 100) are presented because of their importance as show-
ing residual effects of cultivation in the previous year. 

From the table on p. 100 it can be seen that there is 

no residual effect of the cultivation depth in the previous 

season, but there is a falling gradient in the pd from the 

surface soil layer 0,...;e*). surptinixitakaincalltasounaktvatian 

amtples taken after c4tivation. 

In Table (3) the average pH values for the five strips 

Note; In pH tables for both seasons (average strips or dates) 
a few unexpectedly low pH means are noticed. These 
arise because of a few exceptionally low pti values 
found in some single plots (see p11 tables in appendix). 
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Table (2)  

iu different 42.4 strips, 0-9"wilimpling depth. 1950. 

;_,ampling j-epth zf ploughing 
9" 	5"  2" 

Az 

:Aasonal average 
B: 

Seasonal average 
0: 

3easonal average 

:seasonal average 

Seasonal average  

	

26/4 	5.98 	5.99 	6.04 

	

6/6 	5.82 	5.79 	5.83 

	

26/7 	6.06 	6.20 	6.13 

	

6/9 	5.92 	5.99 	5.81 
26/10 	5.79 	6,o3 	5.82 

	

5.91 	6.04 	5.92 

	

26/4 	6.08 	6.12 	6.17 

	

6/6 	6.03 	5.99 	5.76 

	

26/7 	6.28 	6.40 	6.40 

	

6/9 	6.12 	6.19 	6.00* 
26/10 	6.16 	6.25 	6.14 

	

6.13 	6.19 	6.10 

	

26/4 	5.98 	6.04 	5.95 

	

6/6 	5.e8 	5.60 	5.88 

	

26/7 	6.12 	6.12 	5.93 

	

6/9 	5.89 	5.87 	5.91 
26/10 	5.88 	5.96 	5.96 

	

5.95 	5.92 	5.92 

	

26/4 	5.91 	5.47 	5.82 

	

6/6 	5.71 	5.74 	5.77 

	

26/7 	6.16 	6.14 	6.07 

	

6/9 	6.02 	5.99 	6.04 
26/10 	5.98 	6.04 	5.73 

	

5.95 	5.89 	5.89 

	

26/4 	5.79 	5.86 	5.83 

	

6/6 	5.60 	5.55 	5.45 

	

26/7 	5.78 	5.81 	5.71 

	

6/9 	5.74 	5.77 	5.69 
26/10 	5.80 	5.84 	5.59 

	

5.75 	5.77 	5.65 

Note: .ach value 
4 replicat 
*Only in th 
difference 
is 0.074. 

in the individual dates is the mean of 
es. 
is ease is the difference significant; 
required for significance at 5, level 

  



keDVIL Qf cult ivatio 
9" 

Depth of 
sampling 
2-i" 	5-9" 9-2" 

5" 
Depth of 
sampling 

2-5.1 	5-9" 

Depth of 
sampling 

0-2' 	2-5" 	5-9" 

6.24 

6.29 

6.28 

5.85 

13 

5.83 

6.31 6.47 
6.28 

:::: 

6.48 

6.12 

6.30 

6.22 

5.96 
5.92 
5.90 

5.93 

6.34 
6.60 
6.20 

6.38 

6.43 
6.15 
6.01 

6.20 

5.90 
5.87 
5.78 

5.85 

Soil 
Arip o-a" 

A 	6.36 
B 	6.43 
C 	6.50 

Stlips 
average 6.43 

100 - 

WI in relation tq depths of cultivation and 

sa4D1ing (20/3J51. ptrios A. B and C). 

Each value in the individual strips was taken. from 4 bulked 
replicates. 

at each date of sampling are given. pH averages over the 

season are also shown at the bottom of the table. from this 

table it would appear that the depth of cultivation had no 

effect on the pH of the soil solutions from the top soil 

layer (0-2") at any date of sampling. This is most apparent 

from the averages over the season. In the 2-5" and 5-9" 
soil layers 	values in the disked plots were slightly 

lower than those in the corresponding plots in the 9" and 5" 
ploughing, treatments. But these differences were very small 

and inconsistent throughout thebeason (Table (3)). 

Considering individual strips, it is shown in Table (4) 

(averages over the season) that, while the pH values of the 

soil solutions from the top soil layers are unaffected by 
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Table _(-3  

pi of soil solution in r4ation to depth o  

plolitzhing and deptia of aampliag (dates) C1951)  

...••••••••=111•1011••••••••••li 	 

Depth of 
'Date of 	sampling 	Depth of ploughing 
sampling 	ins. 	9" 	5" 	

2. 
 

0-2 	6.09 	6.17 	6.06 

	

21/5 	2-5 	6.19 	6.10 	5.96 
5-9 	6.06 	5.85 	5.91 
0-2 	5.81 	5.91 	5.64 

	

8/7 	2-5 	5.98 	5.90 	5.88 
5-9 	6.10 	5.84 	5.79 
0-2 	5.61 	5.58 	5.68 

	

2/8 	2-5 	5.66 	5.63 	5.50 
5-9 	5.65 	5.64 	5.64 
0-2 	5.80 	5.71 	5.83 

	

3/9 	2-5 	5.60 	5.52 	5.47 
5-9 	5.69 	5.63 	5.46 

0-2 	5.95 	5.89 	5.87 

	

29/9 	2.5 	5.78 	5.72 	5.56 
5-9 	5.77 	5.74 	5.74 

Average 	0-2 	5.85 	5.85 	5.82 
over 	2-5 	5.84 	5.79 	5.67 

	

season 	5-9 	5.83 	5.74 	5.71 

...each value is the average of those for 5 strips; each strip 
sample is a bulked sample from 4 replicates. 
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Table (4,  

p Of soil solution in relation to depth of  

cultivation juLd qaauliAr. slept's.), 	clAfferent soil strips  

(seasq1244 aurages) 19.. 

Depth of 
Soil 	sampling 
v trap 	ins. 

Depth of ploughing 
9" 	5" 	2° 

 

  

0-2 	6.02 	5.94 	5.88 
2-5 	5.94 	6.02 	5.78 
5-9 	6.09 	6.09 	5.81 

0-2 	6.23 	6.20 	6.17 
2-5 	6.08 	5.87 	5.81 
5-9 	6.09 	5.90 	5.80 

0-2 	5.87 	5.78 	5.87 
2-5 	5.77 	5.82 	5.64 
5-9 	5.71 	5.65 	5.64 

0-2 	5.66 	5.78 	5.74 
2-5 	5.77 	5.82 	5.64 
5-9 	5.70 	5.83 	5.65 

0-2 
2-5 
5-9 

5.50 5.66 
5.58 

5.57 
5.37 
5.29 

5.43. 
5.46 
5.45 

,,ach value is the average of 5 samplings during the season 
(eacq sample beinr bulked from 4 replicates). 

D 
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the cultivation depth, those for the underlying soil layers 

(2-5" and 5-91' depths) differ inconsistently and within very 

narrow limits according to cultivation depth. 

From Tables (3 and (4) it seems that the decline 

gradient in the pi from the surface soil is also very small 

and inconsistent throughout the season. 

peAeeleaLyeixletionk in vial DU end the effect of depths of 

gatiration an plapljag. k951. 

t.Jrom Pig.l ABC and Table (3) it is apparent that pH 

values of the soil solution, as a whole, were appreciably 

lower in the early August samples than in the previous or 

following samples in the season. 

alile depth of sampling had slight effects, depths of 

cultivation had none on these pa trends during the season. 

The pff decline towards the mid-growth season of the 

beans (1951) was not observed in the first season, when 

swedes were the test crop. 'this may be due to rainfall 

conditions near the time of sampling or to the effects of 

the crop itself, 

:Almmary for botte se sons. 1950 and 1951, 

1 	esults for 1950 show that depth of cultivation 

had no significant effects on the pii of the soil 

solution. 1.esults for 1951 for different soil 

depths confirm those obtained in 1950. 

2. seasonal variations in the pH were mall in the 
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first season and somewhat greater in the second; 

in both cases it was independent of cultivation 

depth. 
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CliAPIER VIII  

Qorrelation between Dhosphorqs and related elements and  

the effect of cultivation death on such correlation. 

In a further study of the effects of ploughing depth 

on the phosphorus in soil, interrelationships between phos-

phorus and other elements were examined. 

Correlation coefficients (r) between phosphorus, cal-

cium and piT. in soil solution and phosphorus in 'Lorgan ex-

tract were determined for each ploughing depth separately. 

The r's obtained for each of the three ploughing treat-

ments were tested for significant differences. :lone was 

found, and therefore an average r (of the three ploughing 

r's) can be used for further comparisons. 

In calculating the r's, values for the corresponding 

plots in the five strips are averaged, thus giving four 

Values for each plow:hing depth for each of the five dates 

in the first season. Every r is thus calculated from 20 

pairs, viz. 4 replicates x 5 dates. 

In the second season every r is calculated from one 

sample (4 bulked replicates) x 5 sampling dates. 

The degrees of freedom for each r are thus 18 for the 

first season and 3 for the second. 

The correlation coefficient between, for example, the 

calcium and the phosphorus is a measure of the degree of 

association between these two nutrients when varying during 
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the season. 

(The method adopted for calculation is described in 

'statistical Aethods", by George W. Snedecor, 1950, pp.154.) 

:SEASON 1950. 

The correlation coefficients between each of these pairs 

of factors: pH x Ca (soil solution), p x 	.5  (soil solution), 

Oa x P205 (soil solution), Oa (soil solution) x P205 (..organ 

extract), and P205  (soil solution) x P205  (Horgan ext ract) for 

each plou hing treatment are given in Table (1). 

Table (1). 

Correlation coefficients between elements and the effect  
of_ploughiqg depths. 0-9" sariliAinr. 1950. 

xlough- 
ing 	plixCa 
dentg (s.s.) 

5 
(s. s.) 

CaxP205 
(8 S.) 

Ca(s.s.)x 
P.2  05(.i) - 

2205(s.s.)x 

2 05  () 

    

9" 
	.129 	.286 	.229 	.634* 	- .100 

	

- .094 	.322 	.159 	.567* 	.085 
2" 	- .061 	.569* 	- .316 	.489* 	- .286 

	

Average - .016 	.400 	.026 	.565' 	- .104 

S. S. 
	 soil solution; 	= .Horgan extract. 

Note; 1. Each r is calculated from 20 pairs (4 replicates x 
5 sampling dates). 

2. ,ith lek. and at the 5/ level r is significant 
at the value 0.444. 

3. In no cases were the differences between the 9", 
and 2" ploughing r's significant. 



It is seen that rip for the 9', 5' and 2" ploughings 

do not differ significantly, indicaLinf that the inter-

relations between the se elements (I Conc P205  and Ca) 

are most probably ind ependent of the depth of ploughing. 

The average r for the three ploughing treatments is thus 

justified. 

Only the correlation between calcium in the soil sol-

ution and the Morgan phosphorus is found significant, indi-

cating a positive asoociation between these two values 

during the 1953 season. In all other cases the values of 

r are non-significant, and in most cases very small. It 

should be recalled that the seasonal variations in the four 

factors examined (Chapters IV-VII) were generally not very 

great (non-significant in the case of pd). 

,ziong the other factors which probably affect the 

values of r is also the sampling depth. It has been shown, 

elsewhere (in the text), that the concentrations of elements 

in the soil solution differ according, to the soil depth.  

This latter point was examined in the second season. 

aNA;a0A 1951. 

In Table (2) the correlation coefficients bet;:een each 

of these pairs of factors: pH x Ca (soil solution), ph x 

1'205  (soil solution), Ca x P205  (soil solution) and Ca (soil 

solution) x 1,205  (riorgan) are shown for each ploughing treat-

ment in each soil layer. 
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Table (4)  

Correlation coefficients (r) between elements and the  
effect of depths of plqurhinr and sampling- . 1951.  

depth of Depth of pHx0a pH x P25 
samolinP Plow;Ptinv (s.s.) (s.s.) 

0-2" 991 - .860 .341 
soil 5" - .638 .228 

depth 2' - .851 .254 
average r -1 .265 
2-5' 9" - .958* .046 
soil 5" .967* .097 

depth 2" .8E7 .141 
Average r - .941* .064 

59" 9" - .780 .700 
soil 5' - .815 .686 

depth 2" - .715 .382 
Average r - .774 .603 

CaxP205 
(s.s.) 

.686  

.801  
- .618 
- .710 

:242 
.009 
.101 

- .865 
- .672 

.050 

.600  

Ca( s. s.) x 
P205  (Aorgan) 

.409 

.340 
.539 
.433 
.308 

- .297 
- .409 
- .338 
- .642 
- .640 
- .540 
- .609 

s.s. = soil solution 
Note: 1. 

2.  

3.  

Each r is calculated from 5 pairs (1 for each 
sampling date). 
. rite 3°1.0. and at the 5(, level r is significant 
at the value 0.878. 
Differences between the ris for the different 
depths of plowhin are non-si[mificant in 
each case. 

s in the first season, the r's for the ploughing treat-
ments co not differ significantly, and in most cases have the 
same sire. 

It is noticed from the table that the correlation between 
the pi and the Ca is always a negative one, being significant 

in the 2-5' soil layer. 
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The correlation between the available 	 orrjan) phos—

phorus and the calcium in the soil solution is not signifi—

cant; also the r values differ in sign. in the different 

soil layers. 

In all other cases the r values are small and not 

significant. since most of the r's are not significant, no 

attempt was made to calculate partial correlations. 

timmary of the results of both seasons  

1. The depth of plow-hind_had no influence on the 

interrelations between thy- soil pd and the 1 205  

rgan) or .c 205  in the soil solution and ,Ja in 

the soil solution, .:blether separate soil layers 

0-2", 2-5' and 5-9" or the whole 0-9" depth was 

examined. 

2. The seasonal variations in these factors are 

largely independent of each other, except for the 

positive correlation between the calcium in soil 

solution and the available :iorgan ..205  in the 

first season, and the negative correlation between 

the 1), and the calcium in the d-5' soil layer in 

the second season. neither of these t.  -) latter 

relationships is observed in both seasons. 
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OHA.I.JTa,Ii  

Base exchanie capacity and exchangeable bases  

in relation to depth of cultivation 

,s described in Ohapter III, portions of the soil 

samples collected in the season 1951 were mixed thoroughly 

to give one set of 45 samples, viz. 3 samples (each repre-

senting one sampling depth) for each depth of ploughing, 

in each of the 5 soil strips. 

The base exchange capacities and the exchangeable 

bases calcium, magnesium, potassium and sodium, were determ-

ined by the methods referred to in Chapter III. Zxchance-

able hydro' en is obtained by deducting the total exchange-

able bases from the base exchanre capacity. All the results 

are expressed as m.e./100gm. air dried soil. 

The aim of this experiment is to examine the effects of 

the depths of ploughinr on these soil constituents in re-

lation to the depth and position within the strips, and to 

the phosphorus status of the soil. It is generally believed 

that the base exchange capacity and the excaan6eable base 

content are related to both the available phosphorus and the 

pi in the soil. 

as the replicates of the soil samples were bulked, no 

statistical analysis is applied to test the differences due 

to the ploughing treatments, but comparisons are made directly 
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using the available data, each value being derived from a 

sample compounded of 80' individual field samples taken at 

5 periods during the season, -thus presumably minimisine the 

sampling error. 

Base exchange capacity;. 

In Table (1) the data for all the strips are averaged 

over a single ploughint elot for each soil layer. There 

are no appreciable differences in the base exchange capacity 

for the plots ploughed to different depths in any or the 

soil layers. Also, it seems that here is no gradient in 

the base exchange capacity with increasine soil depth for 

any given plouehing treatment. From Table (26) in the 

appendix it will be noticed that the same conclusions arc 

likely for individual strips. 	an example, fables (11,) 

and (15) show the data for the 	and 1; strips. i;rom these 

two tables it is clear that there is nc appreciable positional 

difference in the base exchange capacity over the whole area 

under examination. The mean base exchange capacity for this 

soil to 9' depth is 15 m.e./100gm. air dried soil. Consider-

ire the standard error of this mean as a measure of varia-

bility (based on the 45 available sacaples) as - esu8, this 

confirms the conclusion arrived at. 

exchanuable bases. 

Exchangeable calcium. 

Averaqe values for the exchangeable calcium over the 

4 chi:ys X it. ref ri cafe s 	5 dales 
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Table (1)  

ease exchallge capacity in relation to depth of  

cultivation and samplinv depth m.e.i1U0gm. air dried 

Averave 

soil, 1951. 

the five strios. 
roil depth 

ins. 
Depth of cultivation 

9tt 	 '.)11 5' 	4.- ,verage 

U-2 14.8 15.2 15.1 15.0 
2-5 14.9 15.1 15.5 15.2 
5-9 14.9 14.8 15.1 14.9 

Average" 14.9 14.9 15.2 

Table (1A) ,:trip A 
0-2 14.7 15.8 16.0 15.5 
2-5 14.9 15.2 15.0 15.0 
5-9 15.3 14.5 15.8 15.2 

faverage 15.0 15.0 15.6 

iable (1B) ,trip B 
0-2 14.2 15.3 14.6 14.7 
2-5 14.5 15.7 16.0 15.4 
5-9 15.0 14.7 14.4 14.7 

Average 14.7 15.2 15.0 

*_verages for soil depth (for this table and those following 
in this chapter) are calculated on an inch (soil depth) 
basis. 

5 strips for each plourhing depth are recorded in Table (2). 
It is noticed that the differences between values for 

the different layers with any one plourhing depth are mall 

and inconsistent. For example, the three, layers in the plots 
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.l'able (2)  

E;xchangeAble calcium in relation to depth of 
ploughing; and samplily depth rn.e./100gm.  

air dried soil, 1951. 

r t 
6oil depth 

ins. 9" 
Depth of ploui hirer  

5" 	2" Average 

0-2 9.33 9.23 8.92 9.16 
2-5 9.07 9.17 8.99 9.08 
5-9 8.97 9.01 8.94 8.97 

Average 9.08 9.11 8.95 

Table (2A) .trip lL 

0-2 10.13 10.02 9.49 9.88 
2-5 10.20 9.88 9.66 9.91 
5-9 10.10 9.61 9.59 9.7? 

Average 10.14 9.78 9.59 

Table (2k) Strip E 
0-2 8.03 7.91 7.55 7.83 
2-5 7.84 7.88 7.71 7.81 
5-9 7.43 7.84 7.88 7.72 

Average 7.70 7.87 7•75 

In the individual strips each value is obtained from 20 
bulked soil samples (4 replicates x 5 dates). 

cultivated to 2" have very close calcium figures, while in 
a 

those ploufhed to 9;'/calcium gradient is apparent 	In 

'tables (2) and (2B) in which the data represent the effect 

of the plow hinr depths in the strips A and 	it may be 

noticed that the effect of the ploughing depth is also 
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small and follows no particular pattern in both cases, 

indicating that it is independent of the positional effects 

in the soil strips. The mean value of the exchangeable cal-

cium for all the samples is 9.07 m.e./1(d3gm. soil with a 

0.13 standard error. From the relative standard errors 

of the means (base exchange capacity and exchangeable cal-

cium) it is probable that the exchangeable calcium is more 

subject to variation in this experiment (depth of ploughing, 

depth of sampling and soil position) than is the base ex-

change capacity. Apparently (Tables (2A) and (23)) most of 

these variations in the exchangeable calcium are due to 

positional effects. 	all depths of ploughing, and sampling 
(average of strips), the calcium saturation varies around 

60 . 

!,bcchangeable magnesium. 

In Table (3) the data represent the average exchange-

able magnesium of the 5 strips over the single ploughing plot 

for each soil layer. 

Table (3) shows that variations between values for the 

differently ploughed plots are relatively small. Also the 

differences between values for the different soil layers with 

each ploughing depth, although showing consistently low 

figures in the 5.9" soil layer, are not very great. 	imilar 

effects are noticed in all soil strips (see Appendix). The 

mean value of the exchangeable magnesium for all samples 
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'sable (3)  

;xchangeqble magnesium in relation to depth of  
ploughing and sampling: depth, m.ea100gm. soil. 1951. 

Average of f've strips 
,)oil depth 

ins. 
Depth of ploughing 

9!' 	5" 	.._._.....2_----.',IY-qs-sleg-_ 

 

0-2 
2-5 5-9 

Average 

0.38 
0.39 
045 
0.37 

0.41 
0.38 
0.36 
0.38 

0.44 
0.38 
0.37 
0.40 

0.41 
7.5 

,,.0 

(4)  

Lxchanr:eqtzle potassium in relation to depth of  
P101.11 lainy: find samplicv depth, m.e./10 gra. soil. 1951. 

4verage of five strips 
,;oil depth 

ins, ,. Depth of ploughing it 	2" Averamt 

0-2 0.59 0.60 0.67 0.62 
2-5 0.57 0.57 0.52 0.55 
5-9 0.42 0.42 0.43 0.42 

Average 0.51 0.51 0.51 

examined is 0.38 m.e./lOOgm. soil. Me percentage magnesium 

saturation is around 2.6 on the average. isecause of the 

lo:f values for exchangeable magnesium, no attempt was made 

to calculate correlation c)efficients. 
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Exchangeable potassium. 

In Table (4) the average values of exchangeable pot-

assium for the different ploughing treatments are recorded. 

From this table it can be seen that exchangeable potassium 

values for the different depths of ploughing (on averaging 

the values for the different sampling depths) are practically 

the same. Considering the effect of the ploughing depths in 

each soil layer, it is noticed also that for the 2-5" and 

5-9" soil depths, figures are similar for all three depths 

of ploughing. In the top soil (0-e) the plots disked to 2' 

have a slightly higher value than those for the 5" and 9" 

ploughings. However, this difference is not of practical 

importance owing to its small magnitude. 

On the other hand, a gradient in the exchant eable pot-

assium is obvious from the top soil downwards with each 

ploughing treatment. 

Me base saturation with ret-ard to potassium varies 

from 2.8 to 	accordinE to the soil depth; being 

higher in the top soil layer. 

The exchangeable potassium values in the soil and the 

potassium present in the soil solution (see Appendix for 

the latter values, season 1951) show a highly significant 

correlation coefficient (r = 0.943 with °F = 7). 

1;xchangeable sodium. 

No detectable amounts of exchangeable sodium were 
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present. 

Exchangeable hydrogen. 

Values for exchangeable hydrogen, obtained by the 

difference between the total exchangeable bases and the 

base exchange capacity, are subject to the accumulated 

errors of the various analytical methods used in determin—

inr base exchange capacity and exchangeable bases. 

2rom Table (5) it is noticed that the exchangeable 

hydrogen in the plots cultivated to 2' is slightly higher 

than in those ploughed to 9" and 5", especially in the 2-5" 

and 5-9" soil layers. Also there is a tendency for the 5-9" 

soil depth to be slightly higher in exchangeable hydrogen. 

But in view of the probable errors and the relatively small 

differences in values, it is very unlikely that the differ—

ent depths of ploughing have any appreciable effects on the 

exchangeable hydrogen. 

liercentage base saturation. 

The percentage saturation of the soil in respect of 

(Ca+Mg+K) in relation to the different depths of ploughing 

is given in Table (6). From the table it is seen that in 

the top soil layer (0-2') the order of the base saturation 

associated with the different depths of plouFhing is 9") 

5") 2°. substantially the same order occurs in the 2-5' 

and the 5-9' soil depths. also the top layer of the soil 

is more saturated than are the underlying layers. 
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(5)  
-3-1;xchangeable hydroren in relation to depth of  

Plow-him, and samplinj depth. m.e./19prm. soil. 19510  

Average of fl.ve strtps. 
soil depth 	Depth of ploughing 

ins. 	9" 	I' 	2" 	Literate() 

0-2 4.49 4.97 5.04 4.80 
2-5 4.89 4.94 5.56 5.13 
5-9 5.18 5.04 5.33 5.18 

Average 4.93 4.99 5.34 

Table (6) 

.ercentap-e base saturation in relltion to depth  
of_plourhinp and sam_plini depth (percentage Ja+K4Agi  

base exchange capacity). 

Averaj'e 9f five strips 
Soil depth Depth of plouthinr 

ins. 9. 	5" 2" Average 

0-2 69.6 67.3 66.6 67.8 
2-5 67.3 67.1 64.0 66.1 5-9 65.3 66.0 64.6 65.3 

Average 66.9 66.7 64.8 

Although these differences seem consistent, yet their 

macnitude does not justify the assumption that Jiff: rences 

are attributable to the depths of ploughing. 
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Qorrelp,tion between exchangeable bases in soil and phos-

phorus in soil solution and AorRan extract*. 

Variations in the base exchange capacity for the 45 

samples examined were very limited. On the other hand, 

there were appreciable variations in the individual ex-

changeable bases. 

(1) lOcchangeable calcium and organ P205:- 

On averaging the values of ;Aorgan 1-)0.5  over the whole 

season and correlatin them with the corresponding exchange-

able calcium values, r = 0.753 (°F=43) and is highly sig-

nificant. This indicates that to a great extent the phos-

phate extracted by the ,Aorgan method is directly related 

to the exchangeable calcium. 

(2) bchangeable calcium and total r205  in the soil sol-

ution:- 

Correlation on the same basis as Ath the ”organ .c?05  

showed a significant positive correlation (r=0.383, Ok=43), 

increasing exchan, eable calcium, resulting in more phos-

phorus in the soil solution. 

Conclusions. 

1 	Depch of ploughing has no significant effects on 

the base exchange capacity of the soil at .ny 

depth examined. Alec it has nn consistent in- 

*Because AuX the exchangeable calcium constituted the main bulk 
of the exchangeable bases, only correlations bet.ueen it and 
phosphorus (.;organ; soil solution) were examined. 
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fluence on the exchangeable calcium, magnesium, 

potassium, and hydrogen. 

2 - ';orrelations based on all available data show 

positive significant values between: exchange-

able calcium and both the available "f" ad shown 

by the organ extraction and the "s' in the soil 

solution. 

3 - Exchangeable calcium constituted about 90 of the 
total exchangeable bases (Gatigth.), thus being 

more influential in relation to the r of the soil, 

than are the other bases. 
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CHAPTER X, 

Soil moisture content in relation to  

depth of cultivation. 

In both seasons 1950 and 1951 soil moisture contents 

were determined, immediately after collecting, in all in—

dividual samples (Chapter III). 

In ',:able (1) the mean moisture content values for the 

ploughing treatments (average of 5 strips), at each samplinc 

date, and averages over the season (1950) are shown. 

Also, Table ( ) shows the averace moisture content 

values of the 5 strips at indi/idual dates and for each 

sampling depth, and averages over tie season 1951. 

In the first season differences in moisture content 

values between the different ploughine depths, at each 

sampling date, are not statistically significant. 	In 1951 

figures of moisture content indicate no effect of ploughing 

depth in any case; sampling dates, soil layers, over a 

wide range of moisture content (about 13 in .urust, 20 in 

Qeptember (top soil)). 
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Table (1)  

Aoisture content in relation to depth of Ploughing, 

0-9' soil depth. 1950. 

Date of 
sampling 

Depth 
9" 

of ploughing 5V1 	2ft 
'state of 

sirnificantle 

26/4 
6/6 

19.79 
16.20 

19.43 
16.28 

19.02 
15.68 

lion-significant 
it 

26/7 17.54 17.61 17.59 
6/9 19.61 18.94 19.17 
26/10 18.25 18.26 17.97 
Average 
over• 
season 

18.28 18.11 17.89 

Each value for the single dates is the average of 20 determin-
ations (4 replicates x 5 strips). 
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Table (2)  

Moisture  content in relation to depths o1 culti- 

vation and sampling. 1951. 

Sampling 	Soil depth 	Depth of plougding 
date 	ins. 	9" 	CZi1 ,,t 

-,;_) 	18.02 	18.16 	17.68 
21 May 	2-5 	21.55 	21.57 	20.25 

5-9 	19.69 	20.00 	19.17 

0-2 	14.86 	14.63 	14.57 
8 July 	2-5 	18.77 	17.8c 	16.52 

5-9 	16.35 	16.32 	15.57 

-2 	13.02 	12.70 	12.96 
2 August 	2-5 	15.62 	15.54 	15.87 

5-9 	14.62 	14.24 	15.09 
- - 
%.)(:- 	20.20 	20.11 	21.35 

3 September 	2-5 	21.62 	21.51 	20.50 
5-9 	18.55 	19.55 	19.56 

0.-, 	17.54 	17.16 	17.38 
29 September 	2-5 	19.77 	19.14 	18.42 

5-9 	18.26 	17.80 	16.13 

verage 	0-2 	16.69 	16.55 	16.79 
over 	2-5 	19.47 	19.11 	18.31 

season 	5-9 	17.49 	17.58 	17.50 

Each value for the individual dates is the average of 5 de-
terminations. 
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0442TER XI.  

Yields and crop analysis.  

Yields. 

A — SOIEDUb, 1950. 

2able (1) shows that, in all individual strips or 

their averages, the differences in yields between the 

three ploughing depths are not statistically significant. 

In all strips examined plots disked to 2" consistently 

gave the lowest yields. Expressing the average strip 

yield on a percentage basis, the 9" ploughing produced 

about 132 and 109% of that from the 2" and 5° ploughings 

respectively. Yet these seemingly big differences have 

been swamped by the great variation in the individual plot 

yields (see Appendix). 

Also from Table (2) it is seen that differences in 

the number of plants surviving in the different ploufhed 

plots are non—significant. 

It was thought that by adjustinr the yields to repre—

sent equal numbers of plants, and by applying the analysis 
ce 

of co—variant-st aignificant differences might be revealed. 
ce 

lhe analysis ot' co—variants was carried out for each 

soil strip as well as for ehe total yield for tae 5 strips. 

from the following: it is noticed that in each of the 

soil strips there is a significant linear regression of 



A 33.5 25.0 
13 27.8 30.0 

26.5 30.5 
29.8 27.8 
33.5 32.5 

Average 
strips 30.2 29.1 

27.G 
29.$ 
29.5 
22.0 
29.5 

Non-sirnificant 

ti 

27.4 
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Table (1)  

Yielu of swedes in relation to depth of plcuEhini- 

in 5 soil strips, 1950. 

mean lbs./plot = 1/100 acre. 

A oil Depth of ploughing 2f, 
state of 

sic'nificance 

18.8 13.5 12.5 Aon -significant 
17.5 15.8 15.1 
16.5 18.3 13.9 

D 16.9 16.1 11.6 
19.5 18.6 14.6 

Average 
strips 17.8 16.4 13.5 tl 

ach value is calculated. from 4 replicates. 

iable (2)  

Number of survivioy swede plants in relation to  
depth of plouvhing in 5 soil strips. 1950. 

mean/plot 1/1U0 acre 

soil 
„trip 

Depth of ploughing 
3,t 	5" 	2" 

,tate of 
significance 

  

_-ach value is the mean of 4 replicates.  
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the yield on the number of plants (the components of the 

regression linearity recorded in the table are calculated 

from the error lines for each strip), 

strip 
Linear 

regres:i. 
qP 

Deviation 
from 

linearity 
CF=5) 

rrors of 
estimate 

(residual) 

* 

(plough-
ing 

treatment) 

A 
B 
c 
D 
E 

Total 

53.53 
342.87 
138.45 
128.23 
199.60 
2284.50 

7.6' 
26.6* 
18.3w 
35.3* 
55.3' 
12.7* 

6.99 
12.91 
7.55 
3.63 
3.63 

179.70 

0.1 
42.5 
27.33 
4.45 
18.96 

401.26 

0.01 
3.3 
3.6 
1.3 
5.3 
2.2 

Note: *Linear regression is significant. 
*F at the 5 ,  level for (21.1' 2- =1 n--5) = 6.61. 

.men after allowance has been made for the yield adjust-

ment for the number of plants, none of the differences bet;'een 

the depths of ploughing proved to be sirnificant. 

As another means of testing these differences in yields 

in the different ploughed plots, every possible two ploughing 

treatments Jere pooled for one error (leaving the third one), 

as, for exalarle, comparing the yield from the 9" with that from 

the 5' ploughings, leaving that from the 2" cultivation. 

Only in one case (strip 1)), by applying; this technique, was 

it found that yield from the 9" ploughing is significantly 

higher than that from the 2" disking. 
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From the foregoing it may be concluded that, under• the 

conditions of the experiment, ploughing to 9" depth did not 

increase significantly the yield of swedes beyond that ob-

tained by the shallower cultivations. 

It may be worth noticing that, althoughthere are apprec-

iable differences in the level of nutrient elements in both 

soil and soil solution (Table (6)), yet there seem to be no 

differences in yield between the different strips. 

B - iluiAN (whole plant), 1951. 

In this season beans were obviously flourishing and 

healthy in both the A and 3 strips, while in other strips the 

plants were much poorer. In each individual strip it was 

difficult to distinguish visible differences among plants 

grown in the differently ploughed plots. 

From fable (3) it is seen that, for the average strip 

yield, those from plots ploughed to 9" and 5" are mill sig- 
higher 

nificantlyithan those from plots cultivated to 2'. But 

differences in yield between plots ploughed to 9" and 5" 

are not significant. 

On a percentage basis, the 9' and 5" ploughings produced 

only 17.8 and 11.5,, respectively higher yields than did the 

2" diskine. 

here considering the differences between the yields in 

the different plou, hinF, treatments in each strip alone, it 

will be seen (Table (3) that they are only significant in the 
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Table (3)  

Yield of beans in relation to depth of pl-whing 
in 5 strips. 

mean lbs./plot 1/10u acre. 

strip 
Depth of ploughing 
9" 	5" 	2" 

State of 
significance 

3 
C 

average 
strips 

19.7 
18.3 
9.8 
11.2 
11.1 

14.0 

18.4 
16.1 
10.0 
11.3 
10.3 

13.3 

17.9 
18.7 
6.2 
8.6 
8.2 

11.9 

Non-significant 

Significant at 5.  

.1 

ti " 

*(1) 
"(2) 
*(3)  

*(4)  

„..ach value is obtained from 4 replicates. 
*Differences are significant at the 5, level. Differences 
required for significance are:- 
(1) 1.41 (2) 1.37 (3) 1.53 (4) 0.74. 

strips C, D and 

It will be noticed from Table (3) also that the yield 

level in strips and B is apparently hi her than that in 

the other strips. AlthouEh the layout was not desivned to 

examined manurial effects, .iloughinc to W in these two 

strips did not benefit the bean crop. 

It would seem, however, that beneficial effects of 

deeper plouEhing appear only in plots of lower productivity, 

a phenomenon which is observed in other soils (cf. Ungh. K., 
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J.S.F.A. 1  1952, 3, 426). 

From Tables (6) and (7) for both swedes and beans it 

can be seen that soil and soil solution analysis provides 

no explanation for the tendency for the 2" disking to be 

associated with low yields. no critical differences, be-

tween the phosphorus in both soil solution and organ ex-

tract or calcium and pri in the soil solution for the 

different ploughing treatments, are apparent. 	or other 

elements (potassium and nitrate in soil solution, taken 

only once during the second season), also no differences 

are shown. 

Crop analysis. 

Irom Tables (6) and (7) it can be seen also that 

chemical analysis of crops, Zor phosphorus in both swedes 

?lad beans (leaves, and roots or pods), or calcium, potass-

ium and nitrogen (roots or pods), fails to explain the low 

yields in plots cultivated to 2". in 'iables (4) (swedes) 

and (5) (beans) it will be noticed that not only differences 

in nutrient elements' contents of both swedes and beans, due 

to depth of ploughing, are non-significant, but also nearly 

identical values are shown for plants grown in the differ-

ently plouched plots. 

Conclusions. 

From the foregoing discussion it is concluded that 

(1) Depth of ploucAinE had no influence on phosphorus, 

calcium, potassium and nitrogen contents of either 



of plouRhing 
5" 	a" 

.,tate of 
significance 

0.93 
1.49 
1.74 
3.38 
3.67 
G.81 

0.92 
1.45 
1.66 
3.17 
3.53 
0.83 

Non-significant 
'I 

of 

i t 

tt 
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swedes or beans. 

(2) In three instances out of five 9" and 5" plough-

ings produced significantly higher yields of 

beans than did 2" disking. These differences 

are not explained by the available data concern- 
ant' 

ink' plet and soil analysis. _ith swedes there 

was no significant effect of depths of ploughing 

on yield. 

Table (4)  

Jwede analysis  (j of the oven dry material) in 
relation to plourhinp depths. 1950. 

21ant 
material 	Nutrient 
Leaf (6 weeks 
after emergence 
Ireaves 
roots 	.1 	P205 

Pt 
	

It 
	N 

tt 
	

tt 
	K 

t 
	

tt 
	

Ca 

Depth 
gtt 

0.92 
1.46 
1.70 
3.22 
3.60 
6.84 

2205 
(ripe stage) 2205  

ote: 1. :or the P205 in leaves and roots each mean is cal-
culated from 4 replicates (each replicate is the 
average of the 5 strips). 
.nor the N, Ca, and K values each mean is calculated 
from 2 replicates (each is obtained from 2 bulked 
replicates). '.she bulkinL was done for every strip 
separately (see Jhapter III). 
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Table (5)  

Beans analysis 	of the oven du material) in 

relation to ploughing depths. 1950. 

Depth of ploughing 	itate of 
material 	Nutrient 9" 5" 2" sicnificance 

Leaves (ripe) 
i-Jods 

it 

1-205 	0.67 

205 	1.05 
N 	2.50 
K 	2.04 
Ca 	0.34 

0.71 
1.07 
2.51 
2.02 
0.32 

0.70 
1.05 
2.58 
2.04 
0.33 

Non—significant 

Note: 1. 	the P205 in leaves and roots each mean is 
calculated from 4 replicates (each replicate is 
the average of the 5 strips). 

2. ['or N, 0a, and K each mean is calculated from 
2 replicates (each is obtained from 2 bulked 
replicates). the bulking was made for every strip 
separately. 



Table (6) 	(1951)  
Xield and plant analysis f r different  

ploughing depths in relation to soil solution and  
Morgan extract analysis  

(season averages. p.p.m./dry soil). 
sesi  = soil solution  

	

Total Total Total 	Total Depth Yield P205 P205 V2  -0 P205 of 	per 	5 
roil 	plouud- plot 	LA, 	iL 	s. s. 	iorgan E. 
strip 	into 	lbs. rods leaves P.Pot. P.D.M.  

9" 19.7 1.00 0.60 2.13 119 

A 	5" 18.4 1.00 0.61 2.07 100 

..) ,1 17.9 1.01 0.60 2.45 108 

9" 18.3 1.02 0.62 1.87 116 

B 5'' 16.1 1.04 0.61 1.94 115 

2" 18.7 1.00 0.66 2.11 117 

9" 9.8 1.03 0.66 2.49 109 

O 5" 10.0 1.08 0.74 2.43 111 

2" 6.2 1.11 0.73 2.63 112 

9" 11.2 1.04 0.70 1.94 92 

D 5" 11.3 1.05 0.74 2.14 99 

2" 	8.6 1.06 0.66 2.01 91 

9" 11.1 1.15 0.78 1.82 86 

E 5" 10.3 1.18 0.85 2.02 97 

2" 8.2 1.08 u.84 1.97 92 

plant analysis based on oven (100°0.) dry material. 



32 

Oa 3 0* 
p.p.m. 

Total 

% 
NO 
p.p.m. 

K 

0,35 53.4 2.37 4.50 1.85 3.37 6.02 

0.33 49.1 1.55 3.31 1.91 2.85 6.03 

0.32 50.7 2.37 3.85 1.78 2.78 5.82 
0.36 47.0 2.65 3.37 2.05 3.00 6.12 

0.36 48.3 2.58 3.22 1.87 3.51 5.96 

0.31 51.6 2.60 3.18 1.70 3.64 5.89 

0.36 53.2 2.25 3.36 2.22 3.56 5.77 
0.35 56.2 2.63 4.97 2.0G 3.81 5.74 

0.36 55.0 2.12 2.55 2.23 3.70 5.69 

0.33 48.7 2.34 3.52 1.97 4.83 5.71 

0.31 48.7 2.74 3.35 2.17 5.36 5.81 

0.37 50.5 2.78 3.67 2.36 4.03 5.67 

0.31 44.8 2.86 3.54 2.12 3.46 5.59 

0.32 51.7 3.03 3.99 2.16 4.23 5.38 

0.29 49.4 3.03 3.98 2.10 3.63 5.44 



Table (7) 	SWEDES (1950)  
Yield and plant analysis for different  

ploughing depths in relation to soil solution and 
Morran extraQt analysis  

(season averagLest  p.p.mlidry soil). 
soil solution 

..;oil 
strip 

Depth of 
plough- 

inn! 

i o t a 1 
Yield 	Soil per plot 	1 ant    s 

1/194 acre 	114 o o t s 	Leaves 	ease  
ins. lbs. /- ,.. p.p.m. 

18.8 1.76 1.43 2.77 

li 5 13.5 1.62 1.47 2.57 

2 12.5 1.51 1.44 2.93 

9 17.5 1.65 1.46 2.49 

B 5 15.8 1.85 1.51 2.31 

2 15.1 1.71 1.41 2.56 

9 16.5 1.73 1.49 2.74 

C 5 18.3 1.84 1.48 2.83 

2 13.9 1.80 1.48 2.95 
9 16.9 1.63 1.44 2.29 

5 16.1 1.74 1.46 2.17 

2 11.6 1.65 1.44 2.11 

9 19.5 1.77 1.50 2.29 

5 18.6 1.65 1.50 2.28 

2 14.6 1.63 1.48 2.26 

Plant analysis based on oven (100°C) dry material. 
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P205 
soil 

Morgan E. 3,$)OtS 

Ca 

s. s. 

Total 
IN 

7-Zoot3 
K 

Rootc 
pH 

9.S. P.P•m. /, p.p.m. 2 
131 0.87 62.2  3.56 3.55 5.91 
122 0.75 55.8 3.4c, 3.52 6.04 
126 0.76 59.0 3.15 3.55 5.92 
129 0.89 49.5 3.38 3.23 6.13 
135 0.88 46,1 3.61 3.75 6.19 
132 0.86 47.6 3.84 3.74 6.10 
120 0.77 47.4 3.57 3.88 5.95 
119 0.82 45.0 2.7u 3.45 5.92 

121 0.90 42.0 2.81 3.42 5.92 

96 0.87 38.3 3.07 3.84 5.95 

99 0.86 39.7 4.05 3.95 5.89 
96 0.85 36.9 3.57 3.77 5.89 
96 0.78 41.5 2.49 3.49 5.75 
100 0.75 42.1 3.17 3.85 5.77 
96 u.78 42.4 2.50 3.35 5.65 
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GENERAL SUMMARY  

The effects of depths of cultivation (9", 5' and 2") 

;ere investirated in five differently phosphorus-fertilised 

soil strips (at Harlineton; sandy loam) durinf the growth 

oeasons of 1950 and 1951, on phosphorus, determined in the 

eisplaced soil solution, in 1,organ extract and in the crops, 

and on related elements. 

Lata collected several times in both seasons and fur 

different depths of soil show that cultivation to different 

depths did not significantly change the concentration of 

phosphorus (inorganic and organic) in the soil solution or 

dorgan extracts. 

Calcium, pH and other elements in the soil solution, 

moisture content, and base exchaniie capacity and exchangeable 

bases (calcium, i&Tnesium, potassium) were also not affected 

by the depth of sloughing. 

A611 crops (swedes in 1950 and beans in 1951) the phos-

phorus, calcium, potassium and nitrogen contents of leaves 

and roots or pods were almost constant in plants taken from 

differently ploughed 

The yield o, swedes did not differ significantly with 

different ploughing deptas, while only in two out of five 

cases did beans produce significantly (55, level) treater 

yields with 9' tkl= t.ith shalloyrer cultivation. 
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The major nutrients in the soil solution and soil and 

crop were not affected by deeper cultivation than 2". 
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Aii.&*ADIX 

The ap.pendix consists of two main sections:- 

1. From Page 1 to 43: 3J tables showinE the data of the 

effects of the depths of cultivation on phosphorus in 

iorgaa extracts, in soil solution, and on other 

soil and crop constituents. 

2. FromPaz.e 44 to 	under the head of Ohapter 

is set tae data and discussion of t..le effect of c;ianges 

in soil reaction on pllosphoru.s and related elements 

(pll, calcium, etc.). l'he relation between A:organ 

phosphorus a,16. soil solution phosphorus is also discussed. 

It was decided later to put this piece of information 

in 	ai4endix as it is supplementary in nature 

and not directly related to the effect of -ploughing. 



1 9 5 0 

of ploughin 

(2) 
5" 
(3) )____aL._Lttl_U)_...„LtL__ 

LYrr 

107 111 132 	107 	116 	123 	142 
115 117 149 133 118 136 129 
111 124 116 120 114 140 114 
100 102 96 103 96 86 98 
106 101 90 95 94 89 101 

139 125 157 126 127 155 153 
129 126 158 150 131 165 121 
140 108 128 124 137 145 129 
112 110 98 110 105 111 96 
112 103 101 117 113 104 106 

26 r 
Depth 

Ltrip 
kark (1), (2) 

9" 
, (4) 

A 130 117 140 123 
B 131 114 120 117 
C 127 126 121 111 
D 93 91 108 88 
E 101 85 78 96 

6 time 
A 144 161 156 122 
B 149 133 152 153 
C 138 136 134 125 
D 11.1 102 111 98 
E 106 110 1u7 1,_4 

(1) 

119 
152 
122 
96 
111 

124 
179 
131 
110 
120 

Table (1)  

icotal phosphorus in ,,organ extracts P205  (p.p,m6/air dried soil) 

3 depths of ploughing; 5 soil strips; 5 sampling dates 
(4 replicates) 	0.9" samplimg depth 



7 56 1 173 15 12

1

3

•
,

1 3 1



Total phosphorus in :,;organ extracts raOs  (p.p.m./air dried soil) 

3 depths or ploughinc; 5 soil strips; 5 saapling dates; 
3 sampling depths (0-2", 2.5" and 5-9") 

(each value taken from 4 bulked replicates) 

151 

Loil 

i)epth of plour,,b,inz 
9" 

,ampling depth 
2 

5" 
,ampling depth 

ii 

2" 
.-dampling depth 

V 

145 143 135 135 123 112 136 128 108 i 
B 156 130 111 176 141 108 154 124 111 k,0# 
0 125 125 119 130 124 114 131 128 127 t 

D 99 99 97 106 111 112 102 1u2 104 
T., ,, 94 92 94 1o4 107 112 9, l0(3 n7 

A 118 117 107 112 104 79 111 113 91 
B 134 117 91 149 113 91 165 113 94 
0 107 103 103 114 108 96 117 108 106 
D 94 93 91 97 96 91 93 94 87 
E 80 81 80 84 96 97 86 90 92 
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lable (3)  

Total phosphorus in soil solution (e205  p.p.ni./oven dry soil) 

3 depths of plouc,tinc; 5 strips; 5 sampling dates 
(4 replicates) 	tf-9" sampling depth 

1 9 5 0  

25 April  
Soil 
trip 

Lark 
..--.••••••••immownimmmemo. 

C1) 	(21 
9" 
(31 (4) 

A 3.)-0 2.47 3.79 2.52 
B 2.62 2.37 2.45 3.48 

2.72 2.92 3.11 3.20 
2.56 2.43 2.41 2.70 

E 2.01 2.46 2.31 2.53 

C June 
A 2.05 2.26 3.23 2.81 
B 2.61 2.57 2.52 2.73 
0 2.33 2.33 2.81 2.46 
D 2.03 2.00 1.82 1.80 

1.75 2.29 1.53 1.90 

2" 
(41 (1) 12) (3) (4) 

2.31 3.40 3.31 3.49 2.71 
2.77 3.28 2.92 2.52 2.66 
3.62 3.03 3.12 3.38 3.19 
2.43 2.34 2.35 2.16 2.04 
2.28 2.67 2.65 1.97 2.70 

.22 3.14 2.29 3.13 2.14 

.94 2.76 2.41 2.23 2.39 
2.83 2.26 2.33 2.99 2.62  
1.54 1.72 1.87 2.05 1.62 
1.82  1.6-L; 1.78 •2.09 1.64 

1)epth of plolghina 

  

5" 
41,1 (3) 

  

3.09 
2.60 
3.08 
2.69 
2.62 

2.50 3.16 
2.01 2.28 
2.69 2.75 
2.14 1.70 
2.65 1.84 

2.99 2.1 ,2.23 
2.38 2.37 1.76 
2.45 2. -)6 2.39 
2.20 2.06 1.70 
2.35 2.30 1.48 
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able _(4)  

Total phosphorus in soil solution 
(P205  p.p.a./oven dry soil) 

3 depths of ploughing; 5 strips; 5 salapling dates 
3 sapling, depths (0-2", 2-5" and 5-9") 

(each value takenisfrom 4 bulked replicates) 

1 9 5 1  

21 May 
epth of ploughing 

A 
B 
C 
D 

9" 
_ampling depth 

0-2" A-5" 574" 
2.11 2.70 2.51 
2.12 2.54 2.33 
2.20 2.72 3.11 
1.63 1.81 2.58 
1.46 1.89 2.33 

5" 
Zemplinc depth 

Q-2" kel", /-9" 
2.71 2.73 3.08 
2.32 2.03 2.25 
2.17 2.80 3.09 
101 1.79 2.53 
1.52 1.81 2.27 

2" 
Sampling depth 

0-2" 4.5i1 
2.19 3.28 2.39 
1.99 2.57 2.49 
2.01 2.97 3.27 
1.46 1.99 2.29 
1.16 2.23 2.36 

2.27 2.88 2.57 
1.89 2.4;_ 2.25 
1.74 2.53 2.70 
1.24 2.05 2.1? 
1.18 1.56 1.83 

foil 
btrip 
Mark 

§•••• a al ••• 	• •••••••• • r • 	~IMMO • • r • 

A 2.07 2.70 2.07 2.02 2.54 1.51 
B 1.79 2.20 1.30 1.82 2410 1.85 
0 1.99 2.51 2.42 1.70 2.16 2.6? 

1.57 2.08 1.94 1.6? 2.42 2.02 
1.28 1.89 1.86 1.19 1.88 2.25 
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26 4pr11 

k trip 94  
taric (1) (2) S3) 

A 2454 2.15 3.20 
B 2.23 2.13 1.98 

2.26 2.05 2.49 
2.03 1.81 1.97 
1.86 2.11 1.92 

6 June 
A 1.90 2.28 3.26 

2.67 2.54 2.48 
2.28 2.36 2.76  
1.94 2.00 1.77 

E 1.55 2.18 1.42 

195 0  

Depth of ploughing 

5" 
(1) (2) (3) (4q (1) 

2.52 2.06 2.39 1.98 2.09 
2.07 1.96 1.97 2.48 2.53 
2.33 2.27 2.37 2.89 2.43 
2.17 1.92 1.55 1.99 1.91 
2.08 2.17 1.81 1.97 2.16 

2.76 2.04 2.12 2.20 3.11 
2.49 2.38 1.66 2.94 2.61 
2.36 2.00 2.38 2.77 2.18 
2.23 2.05 1.80 1.54 1.60 
2.24 2.05 1.43 1.95 2.04 

2* 
1224.111(4). 
2.54 3,00 2.16 
2.20 2.11 2.24 
2.37 2.34  2.5!; 
1.82 1.91 1.69 
2.14 1.46 2.12 

2.18 3.16 2.13 
2.49 2.20 2.42 
2.42 2.89 2.67 
1.75 2.03 1.63 
1.66 1.76 1.61 

SI) 
2.04 
2.65 
2.28 
1.94 
2.28 

2.76 
2.52 
2.36  
1.80 
1.75 

Inorganic phosphorus in soil solution (p205  p.p.m./oven dry soil) 

3 depths of ploughing; 5 soil strips; 5 samplinv hates 
(4 replicates) 	0-9" sampling depth 
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S.lible (6)  
Inorganic Aosphorus in soil solution (p.p.m.220/oven dry soil) 

3 depths of ploughing; 5 soil strips; 3 sampling dates; 
3 	depths, C/-2", 2-5", 5-9" (1951) 
Each value is taken from 4 bulked replicates. 

8 %WS 

boil 
,t rip 

Depth ploughing 
94! 

Sampling depth 
0-2" 	2-5: " 

5ii 

Sampling depth 
2-5" 	5-9" Se.2" 

2" 
depth 

2-5" 	5-9" 

1.93 2.59 1.484 1.82 2.40 1.43 2.07 2.66 2.34 
B 1.66 2.00 0.90 1.81 1.45 1.61 1.51 2.16 2.06 
C 1.64 2.31 2.02 1.58 2.06 2.39 1.63 2.27 2.60 
D 1.49 2.06 1.87 1.53 2.25 1.82 0.90 1.89 2.01 
E 1.07 1.84 1.88 0.99 1.90 2.10 1.03 1.47 1.72 

2 ''). eritember 

A 2.74 2.86 1.56 2.31 2.96 1.30 2.93 2.85 2.42 
B 2.66 2.40 1.31 3.00 2.61 1.14 3.00 2.46 1.26 
C 3.07 3.03 2.23 2.67 2.70 2.79 2.94 3.10 3.03 
D 1.65 2.14 1.88 2.07 2.31 1.98 2.15 2.17 2.03 

1.95 2.24 1.62 2.02 2.33 2.19 1.66 1.86 2.16 
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of 
	

1 oughing 

5" 
(I) 

 

2" 
(4) 	(I) 	_S3) __LhiA.  

 

0.76 0.33 1.31 0.77 
0.31 0.29 0.75 0.72 
0.38 0.73 0.60 0.75 
0.15 0.44 0.44 0.54 
0.04 0.31 0.51 0.51 

0.12 0.03 0.03 0.11 
0.10 0.00 0.15 0.00 
0.01 0.07 0.08 0.00 
0.00 0.00 0.12 0.12 
0.05 0.00 0.05 0.00 

0.49 0.55 
0.41 0.43 
1.04 0.65 
0.25 ,0.35 
0.51 0.58 

0.00 0.01 
0.03 0.00 
0.10 0.00 
0.01 0.00 
0.02 0.03 

Able (7)  

.Jrganic phosphorus in soil solution (P-0 p.p.m./oven dry soil) 

3 depths o1 ploughing; 5 soil strips; 5 sapling  dates 
(4 replicates) 	%)-9" sampling depth 

26 2-pril 

1 

Itrlc 

Lepth 

9" 
(g) 	J3) (4) (1) (2) 

A 0.55 0.32 0.59 0.48 0.58 0.43 
B 0.38 0.25 0.47 0.83 0.53 0.04 
0 0.47 0.87 0.62 0.92 0.75 0,41 

0.48 0.62 0.45 0.75 0.52 0.22 
0.16 0.35 0.40 0.25 0.54 0.48 

E 

A 0.16 0.00 0.00 0.05 0.24 0.06 
B 0.00 0.03 0.04 0.21 0.00 0.00 
0 0.05 0.00 0.05 0.10 0.09 0.05 
11 0.09 0.O. 0.05 0.00 0.00 0.02 

0.20 0.11 0.12 0.15 0.10 0.26 

9 5 0 



1012.1211.22n141...j. 
2 

sa. 0.33 0.07 0.15 0.15 0.00 0.17 0.45 0.26 0.12 0.23 0.20 0.06 
B 0.24 0.00 0.05 0.08 0.18 0.15 0.05 0.17 0.03 0.27 0.04 0.12 
C 0.24 0.24 0.10 0.08 0.07 0.11 0.13 0.26 0.03 0.02  0.28 0.11 
i) 0.01 0.12 0.00 0.08 0.00 0.01 0.09 0.13 0.08 0.11 0.16 0.24 

0.02 0.11 0.09 0.09 0.00 0.06 0.10 0.02 0.38 0.01 0.13 0.08  

6 L-eRtember 
A 	0.02 0.10 0.29 0.00 0.07 0.14 0.09 0.05 0.16 0.03 0.16 0.00 
B 0.12 0.13 0.06 0.00 0.31 0.15 0.27 0.02 0.00 0.01 0.06 0.00 
C 0.04 0.11 0.18 0.00 0.27 0.10 0.65 0.05 0.19 0.15 0.11 0.00 
ll 0.23 0.21 th.58 0.03 0.00 (3.04 0.21 0.06 0.20 0.16 0.02 0.07 
17° 0.10 0.16 0.32 o.o7 0.17 0.18 0.01 0.02 0.11 0.22 0.08 0.08 

26 October 
A 0.12 0.24 0.20 0.11 0,32 C.00 0.18 0.10 0.07 cal 0.32 0.17 
B 0.54 0.21 0.17 0.26 0.10 0.13 0.16 0.02 0.05 0.06 0.21 0.23 
C 0.17 0.21 0.33 0.20 0.05 0.60 0.29 0.27 0.06 0.05 0.39 0.33 
D 0.13 0.11 Q.38 0.02 0.28 0.25 0.21 0.10 0.05 0.06  0.18 0.00 

0.01 0.37 0.18 0.18 0.13 0.26 0.18 0.06 0.25 0.04) 0.20 0.00 



0.22 
0.18 
0.00 
0.11 
0.00 

0.08 0.09 
0.18 0.14 
0.07 0.00 
0.14 	0.11 
0.13 	0.10 

B 
C 

D 
Is; 

A. 
B 
0 
D 
E 

0.14 
0.13 
0.35 
0.08 
0.21 

0.11 
0.20 
0.20 
0.02 
0.05 

o.e3 
0.46 
0.30 
(.07 
0.00 

0.20 
0.01 
0.12 
0.14 
0.20 

0.14 
0.65 
0.10 
0.17 
0.00 

0.08 
0.24 
0.28 
0.20 
0.15 

2 SepteNher 

rlable  

Organic ehosphorus in soil solution (p.p.m. P205/oven dry soil) 
3 depths of ploughing; 5 soil strips; 3 sampling dates; 

3 sampling depths, 0-2", 2-5", 5-9" (1951) 
Lach value is taken from 4 bulked replicates. 

Depth of ploughin 

5" 
Sampling depth 

0-2" 	4-2. 	59',  

0.17 	0.05 	0.18 
0.16 0.03 0.08 
u.02 0.07 0.04 
0.16 0.18 0.24 
0.16 0.16 0.23 

2" 
Sampling depth 

0-2" 4-5.' 5-9 

0.20 o.22 0.23 
0.38 0.24 0.19 
0.11 0.26 0.10 
0.34 0.16 0.16 
0.15 0.09 0.11 

0.22 0.20 0.21 
0.00 0.11 0.09 
0.16 0.17 0.00 
0.09 0.25 0.09 
0.04 0.19 0.13 

Soil 
4t#p 

9" 
Sampling depth 

0-4" 4-5' 5-9° 
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Table (9) 

loium in soil solution (D.p.m./oven drY 441)  
3 depths of ploughing; 5 strips; 5 sampling dates 
(4 replicates) 	samplinp depth 

1 9 5  

6 April 
e p th of ploughing 

Soil 	 5" 	ad 
2\ 

A 	44.4 49.6 66.6 52.5 	44.6 45.0 62.2 

	

42.5 38.8 50.7 44.6 	36.8 43.5 49.9 

	

50.5 41.0 49.8 42.2 	36.9 40.0 56.0 

	

33.3 40.8 46.1 38.2 	37.6 37.2 38.1 

	

27.6 39.0 41.2 45.1 	39.0 37.9 36.0 

A 	48.0 48.4 76.4 68.3 	51.5 44.0 60.0 
52.0 49.7 63.0 61.6 47.1 42.2 45.5 

C 	51.2 45.6 57.9 52.5 	50.4 47.3 55.9 

	

44.3 45.3 47.0 5u.1 	43.5 50.3 47.5 

	

37.8 45.5 42.9 45.3 	43.1 46.1 42.4 

4' 4 

46.4 46.1 44.6 62.2 53.5 
4E.2 32.5 39.9 43.6 42.9 
51.9 35.1 38.5 44.8 43.3 
42.7 27.9 37.3 35.9  35.5 
35.6 35.6 34.2 37.4 47.8 

59.7 45.1 58.1 72.4 58.7 
73.1 49.6 45.3 54.9 66.2 
53.5 48.6 43.0 45.1 49.3 
41.1 40.9 37.8 50.7 41.2 
50.1 41.3 42.6 44.2 49.2 
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Table (J0)  

0alcium in coilsolution T,,s1-40m,./oven dry soil)  
3 depths of plouchlneg 5 strips; 5 sampling dates 

3 depths of sampling 0-2", 2-5", 5_9u 

1 9 5 1  
i..;ach value is taken iron 4 bulked replik.a.Les 

21 :6AY 

.1.010111.,••••••••11011M0100.. 

ue-th 	o f 	plou,shing 

oii ;0ampling 
9" 

depth 
2" 	2 

.tamop 
5',  

.iampling depth 
2" 

amplinE 

A 51.0 36.7 24.2 60.9 31.6 23.2 60.7 34.3 22.7 
B 33.7 31.7 22.5 57.7 29.k.: 21.0 40.3 28.3 24.2 
0 39.2 29.8 24.5 42.3 29.%., 24.4 38.2 28.3 26.3 
D 43.5 A7.9 20.1 38.4 28.5 A5.3 44.3 28.3 35.3 
E 38.7 3u.3 23.4 43.8 42.6 25.8 50.5 29.3 2U.0 

E July 41110••••••••11110111.11••••• 

A 73.6 58.2 39.7 /5.9 53.6 53.7 31.2 52.2 37.3 
80.8 52.0 32.4 74.8 54.0 57.3 72.8 52.0 37.1 

C 83.2 53.8 38.5 e2.5 53.7 43.1 71.3 55.o 42.5 
81.6 51.6 38.9 74.5 52.4 33.8 81.8 50.9 39.5 

U 69.7 48.7 35.6 zi4.5 56.8 42.5 73.6 49.1 37.6 

.3 
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5" 2 " 
(3) (4A, S1) (2) (3) (4) 

5.96 6.23 6.06 5.82 5.99 6.30 
5.94 6.14 6.10 6.09 6.30 6.20 
5.98 6.0u 5.79 5.96 6.20 5.86 
4.30 5.92 6.07 5.65 5.59 5.96 
5.90 5.72 5.87 6.06 5.76 5.62 

5.94 6.21 5.85 5.87 5.72 5.89 
6.10 6.00 6.04 5.34 5.90 5.75 
4.78 5.62 5.83 5.90 6.17 5.62 
5.51 5.62 6.03 5.92 5.55 5.58 
5.46 5.49 5.83 5.41 5.20 5.54 

oil 
trip Q. (A) 1 14) 

911 

(1) (4 

A 6.06 6.00 5.92 
8 6.17 6.00 6.07 
0 5.83 6.30 5.86 

5.87 5.83 6.07 
5.73 5.82 5.90 

6 June 

5.88 5.96 5.65 
.1.1) 5.85 5.94 6.36 

5.84 5.48 6.13 
5.55 5.77 5.98 
5.81 5.60 5.73 

5.93 
6.06 
5.91 
5.85 
5.71 

5.77 
5.98 
6.05 
5.54 
5.24 

6.03 5.74 
6.29 6.10 
6.18 5.99 
5.78 5.97 
5.98 5.0 

5.83 5.89 
6.u6 5.8:, 
5.85 6.14 
6.04 5.78 
5.82 5.43 

'4-able (11)  

in _soil ecaution (1950)  
3 depths of plowhing; 5 soil strips; 5 samplinp dates 

0- 9' sampling depth 
(4 replicates) 

26  
Depth of ploughing 



1ab1e (11) (ow:Ult.)  

26 J111,7, 

A 5.92 6.00 6.16 6.14 5.98 6.2C 6.34 6.28 5.94 6.45 5.90 622 
6.30 6.26 6.32 6.23 6.52 6.33 6.27 6.48 6.38 6.27 6.60 6.36 

0 6.01 5.92 6.44 6.11 6.17 6.31 5.89 6.12 5.80 6.09 6.00 5.81 
5.97 6.41 5.98 6.29 6.17 6.02 6.29 6.07 6.36 5.94 6.06 5.90 
5.79 5.59 6.13 5.61 5.79 5.62 5.93 5.91 6.06 5.58 5.52 5.69 

6 September 
5.96 5.94 5.79 5.99 5.93 5.86 5.91 6.26 5.82 5.74 5.87 5.79 
6.11 6.10 6.07 6.20 6.17 6.18 6.16 6.24 6.06 6.01 5.94 5.97 

0 5.84 6.06 5.77 5.88 5.82 5.86 6.06 5.72 5.93 5.95 6.04 5.70 
6.46 5.82 5.92 5.86 5.98 6.06 6.05 5.88 6.03 5.98 6.00 6.14 
5.68 5.79 5.74 5.76 5.80 5.85 5.67 5.75 5.64 5.65 5.64 5.82 

26 Qptcber 

A 5.94 5.99 5.72 5.53 6.00 6.05 5.50 6.56 5.65 5.80 5.72 6.11 
6.20 6.16 5.98 6.29 6.36 6.01 5.94 6.70 6.35 6.23 6.10 5.88 

C 5.88 6.16 5.43 6.06 6.01 5.99 5.88 5.97 6.07 6.07 5.87 5.81 
5.96 5.83 5.7? 6.34 5.94 6.05 5.85 6.34 5.95 6.05 4.75 6.15 
5.77 5.80 5.48 6.16 5.77 5.68 5.80 6.12 5.86 5.82 4.65 6.02 



ate  

laiLlat.221 "LOARki 

2; PAZ 

3 depths of ploughing; 5 soil strips; 5 sampling dates 
3 depths of sampling 0-2", 2-5" and 5-9" 

Each value is taken from 4 bulked replicates 

e th 	of 	ploughing 
il Sam 	9" pling depth Sampling5aepth 	sampling depth 

titrtp 0-4" 	-5" 	5-.9 9... fi 	2_51 	5.„Tt 	0712., 	2.5, 5...4xt 

A 6.25 	6.37 	6.14 5.96 	6.5',:! 	6.13 6.12 	5.97 	6.03 
B 6.311 	6.22 	5.92 6.78 	6.1„ 	6.10 6.37 	6.23 	5.81 
C 6.28 	6.10 	6.07 6.07 	6.06 	5.75 6.04 	5.88 	5.84 
D 5.91 	6.04 	6.03 6.18 	6.27 	6.14 6.20 	6.12 	5.84 
E 5.64 	6.23 	6.12 5.86 	5.53 	5.14 5.57 	5.59 	6s0 

8J 

A 5.98 	6.12 	6.10 6.10 	6.34 	6.24 5.84 	5.88 	5.82 
B 6.07 	6.30 	6.22 6.06 	5.97 	6.10 5.96 	5.84 	5.81 
0 5.76 	5.87 	5.98 5.75 	6.13 	5.69 5.85 	5.87 	5.64 
1) 5.67 	5.82 	5.97 5.96 	5.84 	5.97 5.64 	5.98 	5.84 
E 5.67 	5.79 	5.71 5.69 	5.24 	5.2u 4.9.i 	5.82 	5.34 
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abl (14.)  

oil moisture content 01951J  
3 depths of ploughing; 5 soil strips; 5 sauplinp dates 

3 sampling depths. 

Aach value is taken from 4 bulked replicates. 

Loil 
fatrin 

Depth of ploughing 

9" 
Sampling depth 

0-ar 	_ 	2-5" 	5.793 

5" 
,Ampline depth 

2" 
Jampling depth 

r 

A 19.3 22.3 20.5 20.9 22.4 22.8 19.2 ,i3.0 19.7 
B 18.0 21.5 19.6 18.6 21.8 19.4 18.4 20.4 19.1 
C 18.1 21.6 19.7 17.6 21.4 19.6 18.2 2Q.0 19.9 
D 18.1 22.0 20.2 17.1 20.9 19.9 17.5 19.1 18.8 

16.5 20.4 18.5 15.6 20.3 18.) 15.0 18.7 18.4 

A 15.9 18.9 16.8 16.0 18.2 15.9 15.3 17.o 16.2 
15.5 17.7 16.1 15.1 18.4 16.6 15.0 16.5 16.1 
14.3C  17.8 16.7 13.8 17.2 16.7 14.6 16.4 15.8 

D 14.8 18.2 16.6 15.2 17.7 16.3 14.1 16.0 15.4 
13.8 17.3 15.6 13.0 17.4 16.1 13.9 16.7 14.2 



A 12.0 14.6 13.1 11.6 13.8 11.9 11.6 13.6 12.9 
13 12.6 14.4 14.o 11.9 14.6 13.7 12.9 14.2 13.9 
C 12.8 16.1 15.0 12.7 15.5 14.3 12.8 14.8 15.4 

13.6 16.4 15.2 13.1 16.8 15.5 13.2 15.2 16.1 
14.2 16.6 15.7 14.2 17.1 15.8 14.5 17.C) 17.2 

ate b r 
21.8 21.6 19.1 16.9 21.5 19.9 21.4 20.0 19.9 

B 20.3 21.8 20.2 21.6 22.4 20.1 22.0 20.8 20.1 
C 21.3 21.8 16.3 21.1 21.8 20.6 21.5 20.8 20.7 

16.7 21.4 18.8 20.2 20.9 18.5 20.9 20.2 18.4 
20.9 21.5 18.3 20.8 21.1 18.8 20.9 20.7 19.7 

29 $entember 
A 17.9 19.4 17.6 17.0 18.6 16.9 17.1 18.0 16.8 
B 17.9 19.5 18.2 16.6 18.7 16.4. 16.5 18.3 18.1 
C 17.) 20.1 18.4 17.1 19.5 18.7 18.3 18.6 18.7 
0 17.8 20.4 18.7 17.7 19.9 18.8 17.8 18.5 18.6 
E 16.9 19.5 18.3 17.4 19.2 16.2 17.2 18.7 18.6 



'.able (15)  

Nitrate and i'ot*isillp ip soil aollOion Rap,m./oven dried soil 
3 depths of ploughing; 5 soil strips; 3 depths of samplingv  
0.2", 2-5', 5-9". Each value is taken from 4 bulked repli-
cates. 

t,itrate-Atroveq,21 A(' 1151 
Depth of ploughing 

foil 
ftrimo 

9" 
Sampling depth 

(-2" 	2 	' )a,$ 
5" 

Galin 	depth 
it 

2" 
bampling depth 

A 6.89 4.98 2.95 5.82 3.26 2.10 6.17 4.39 2.28 
B 6.20 3.29 2.02 4.16 3.14 2.07 4.42 3.16 
C 4.79 4.00 2.17 5.11 4.28 2.93 4.55 3.51 3.07 
D 5.85 3.67 2.24 4.57 3.27 2.79 5.14 3.45 3.10 

4.36 3.93 2.92 4.69 5.02 2.87 6.50 4.06 2.67 

asslum 2 ust 1' 1 

5.43 4.55 1.44 4.27 3.14 1.18 5.00 2.59 1.80 
B 4.59 3.83 1.56 4.75 5.03 1.75 4.56 2.87 1.51 
C 4.39 4.83 2.19 3.14 6.28 2.30 6.31 4.06 2.11 

6.44 6.54 2.75 7.46 7.60 2.62 6.21 4.65 2.44 
E 6.39 2.61 2.63 5.60 5.94 2.47 4.89 4.24 2.55 



102. (16)  

yield Itip%Wot 11100 ace 1;250  

) depths of ploughing; 5 soil strips, 
(4 replicates) 

Loil 
titeatisP i 1 ) 

A 12.5 

B 17.0 

C 11.0 

D 11.5 

E 10.0 

Depth 

94  
LA) J3) 01. 

23.0 20.0 19.5 

27.5 17.5 8.5 

20.0 12.5 22.5 

20.5 20.0 15.5 

26.0 24.0 18.0 

of ploughing 

(11 
5" 

_(21 (11---i1.1) (1) 
2" 

(2) (3) C4) 

9.5 14.5 9.5 	20.5 11.5 13.0 15.0 10.5 

14.5 16.0 10.0 22.5 10.0 14.0 27.5 9.0 

17.5 14.5 20.0 21.0 11.5 16.5 20.0 7.5 

19.0 10.0 14.0 21.5 9.5 13.5 14.5 8.5 

21.0 12.5 17.0 23.5 14.5 16.0 17.0 11.0 



Table (17)  

jumber o swecle_plowts/p10 1/100 acre 1950  

3 depths of ploughing; 5 soil strips 
(4 replicates) 

Depth of ploughing 

Q11 
	

5" 
	

2" 
2 
	

4' 

23 43 32 36 21 31 16 31 30 28 21 

25 40 29 17 34 33 19 34 23 29 40 

21 33 31 21 41 27 22 32 29 35 35 

20 41 33 25 37 20 21 33 25 27 19 

18 4C 38 3_ 4; 23 26 36 38 33 24 

29 

25 

18 

17 

23 



Table (18)  

Bean yields 3bsdolot 1/100 acre 1950  
3 depths of ploughing; 5 soil strips 

(4 replicates) 

Dept 11 of ploughing 

9" 
1,,tri/o ) 

5" 
t l 

2" 
(31 (4) 

18.1 19.3 20.0 21.4 19.0 18.5 15.4 20.6 21.4 16.3 14.6 19.3 

13 13.4 18.0 19.6 22.0 21.2 15.4 13.8 16.3 20.5 18.1 21.5 14.6 

9.3 11.1 7.3 11.4 10.0 10.6 10.2 9.1 6.8 6.6 5.b 6.3 

9.8 11.4 11.2 12.6 9.3 13.3 12.3 10.3 0.4 8.4 9.6 10.0 

11.1 10.6 11.0 11.6 10.1 10.2 11.4 9.4 7.5 8.4 6.6 10.4 



503.9 (19)  

alosphorus content of 40 WA")  swede leaves 195(,  
P205  of oven-dry (100°C) material 

3 depths of ploutipAnFA 5 so&A qpins  
(4 replicates)  

.,oil 

Depth of 
ev....011111••••••••11•2•1111111111.1••••••••• 

9" 
rip (1) (2) („I) (4) (1) (1) 

A 0.83 0.96 0.78 1.00 0.89 0.95 

.g 0.82 0.85 0.96 1.03 1.00 1.03 

C 1.05 0.93 0.89 0.96 0.96 0.82 

D 1.04 0.83 0.92 0.90 0.95 0.77 

E 0.86 0.94 1.03 0.94 1.06 0.83 

ploughing 

5" 	2" 
UL111_111........ 

0.94 0.91 0.82 0.96 0.75 0.99 

0.92 0.87 1.13 0.99 0.88 0.92 

0.88 1.05 0.90 0.94 0.93 0.96 

0.96 0.89 0.81 u.99 0.82 0.86 

0.93 0.92  u.86 0.94 1.06 0.96 

(1)From emergence. 



boil 

,epth 

ktrip (1) (21 _0) _14) 41) 
A 1.42 1.50 1.42 1.35 1.51 

1.54 1.46 1.41 1.45 1.51 

C 1.53 1.43 1.51 1.48 1.58 

1.45 1.39 1.42 1.49 1.40 

1.57 1.60 1.48 1.39 1.66 

of ploughing 

2" 
S2z  i30 

1.44 1.54 1.41 1.58 1.46 1.37 1.36 

1.49 1.47 1.55 1.42 1.46 1.36 1.41 

1.54 1.42 1.40 1.57 1.51 1.48 1.36 

1.58 1.45 1.40 1.54 1.57 1.34 1.33 

1.41 1.52 1.50 1.52 1.55 1.39 1.48 

;Cable (20)  

vhosphorus content of swede leaves (ripe stage) 195U  
- i'205  of ovend 	0 ry (10u v) material 

3 depths of plow,hinE; 5 soil 
strips 

(4 replicates) 



ri:able_La4 

lhosohorus content Qi zwede rpots Cri.pe stage) 1950  

1)205  of oven-dry (1©000) material 
3 depths of ploughing; 5 soil strips 

(4 replicates) 

_541 

1.87 

1.59 

1.52 

1.45 

1.73 

Loll 
;m  trip (1L 

B 

1.60 

1.63 

C 1.59 

D 1.87 

1.60 

(3) (4) (1) (2) (3J (4) 

1.76 1.79 1.58 1.59 1.76 1.56 

1.65 1.74 1.57 2.22 1.66 1.96 

1.82 2.0o 1.96 1.79 1.54 2.06 

1.55 1.65 1.93 1.70 1.60 1.74 

2.06 1.69 1.69 1.66 1.72 1.54 

SI) (2) (1) (4) 

1.59 1.42 1.50 1.52 

1.55 1.82 1.82 1.64 

1.63 1.76 1.68 2.12 

1.50 1.77 1.73 1.61 

1.58 1.76 1.56 1.63 

Depth of ploughing 

9" 	5" 	2" 



,l able (22)  

412sDhorm content of lean leaves Cripo stage) 1951  
P205  of oven,-dry (100o0) material 

3 depths of ploughing; 5 soil strips 
(Li. replicates) 

Soil 

Depth 	of 	ploughing 

9" 5" 
'trip (1) (2) (3) (4) 11._) 52) (3) 54) (1) (2) /AQ.  

A 0.56 0.58 0.66 0.59 0.55 0.56 0.71 0.63 0.61 0.58 0.58 0.62 

0.57 0.62 i.59 0.69 0.59 0.62 0.58 0.66 0.65 0.56 0.71 0.73 

0 0.65 0.65 0.70 0.65 0.72 0.65 0.78 0.80 0.71 0.62 0.71 0.86 

0.71 0.68 0.69 0.71 0.75 0.75 0.75 0.72 0.60 0.51 0.86 0.66 

u.52 0.93 0.82 0.87 0.68 0.81 1.61 0.89 0.80 0.82 0.90 0.86 



of ploughing 
•.)4 

5" 	2" 	vl 
12j  

0.96 

1.03 

1.02 

1.07 

1.08 

(31 (4) ().) (21 

1.07 1.02 1.05 1.00 

1.00 1.11 0.94 0.95 

1.06 1.19 1.05 1.05 

1.10 0.99 1.00 o.97  

1.38 1.22 1.06 1.06 

(1) (II ; 

1.00 0.98 

1.06 1.03 

1.15 1.18 

1.20 1.07 

1.08 1.14 

;Fable (23)  

.Phosphorus content of Bean 4-cds (ripe ataFe) 1951  
% '205 of oven-dry (100°C) material 

3 depths of ploughing; 5 soil strips 
(4 replicates) 

Lai 
"grip 

Depth 

(1) (2) 
9" 
(3) (41 j1) 

A 0.92 0.96 1.13 1.01 0.93 

B 1.00 1.01 1.03 1.04 1.00 

0 1.03 1.00 1.10 1.02 1.03 

D 1.02 1.03 1.02 1.10 1.03 

E 1.28 1.08 1.12 1.12 1.02 



WO,le S24)  
Apium. 4.19tassium44nd 

of oven 
jiIityggvi 

c(100
enu9ntt 

-dry 	C 
dev4he of oloughisy 

2 replicates (each is taken from 

of pwede roots trip, 
mm5er140.  
soli strips 

2 bulked replicates) 

PtiVol 1.950  

Depth of ploughing 

.oil 	 9" 
	

2t1 

i 

Calcium 

A 

D 

otassixua 

0.85 
0.88 
0.85 
0.88 
0.77 

0.90 
0.91 
0.70 
0.85 
0.80 

ri.8) 
0.83 
0.73 
0.85 
0.74 

0.70 
0.92 
0.91 
0.87 
0.76 

0.78 
0.86 
0.83 
0.86 
0.84 

0.73 
0.86 
0.94 
0.85 
0.71 

A 3.34 3.75 3.58 3.46 3.64 3.07 
B 3.27 3.19 3.90 3.61 3.96 3.53 

4.06 3.71 3.45 3.47 3.38 3.46 
D 3.66 4.02 3.91 4.00 3.87 3.66 

itrogon, 

3.32 

3.31 

3.66 

3.81 

3.94 

3.27 

3.75 

3.53 

3.36 

2.72 

3.34 

3.57 A 
B 4.01 2.78 3.59 3.62 3.39 4.29 

3.19 3.95 2.90 2.50 2.76 2.86 
2.21 3.93 4.06 4.04 3.92 3.22 
2.86 2.11 3.58 2.75 2.04 2.96 



Loll 9" 
tutu (/) 

calcium 
A 0.36 
B 0.40 
C 0.34 
D 0.35 
E 

kotassium 
0.30 

A 1.79 
B 2.19 
C 2.14 
D 1.63 
E 2.18 

Nitrogen 
A 2.67 
B 2.65 
0 1.62 
D 2.26 
E 3.01 

u.34 0.31 0.35 u.31 0.33 
0.32 0.35 0.26 0.31 0.31 
0.37 0.37 0.32 0.36 0.35 
0.32 0.31 0.31 0.36 0.37 
0.33 0.30 0.35 0.30 0.28 

1.91 1.81 2.01 1.83 1.73 
1.90 1.96 1.78 1.60 1.81 
2.30 2.08 1.92 2.01 2.44 
2.31 2.00 2.34 2.37 2.34 
2.06 1.80 2.52 2.31 1.88 

2.06 1.72 1.38 2.64 2.09 
2.65 2.67 2.49 2.62 2.58 
2.87 3.00 2.26 1.93 2.32 
2.43 2.79 2.70 2.80 2.77 
2.71 2.91 3.15 2.99 3.06 

D e p h 0 
gc 
1, p loughing 

5" 	2" 
(4) 	(1) 	(2) 	(11 	(2) 

Table (25)  
iisltassium and 344.troFlen contents o Bean nods (ripe atm') 1951  

pf oven-dry ;10Q01ma, e#01  
3 depths of A.ouF.aiLnri 5 so strips 

2 replicates o 
	strips 

is taken from 2 bulked replicates) 



Table (26)  

Zgi cca- z...911911p.e.111)0 gm. air dried soil 1951  
3 depths 	ploughing; 3 depths of sampling, 0-2", 2-5", 5.9"; 

5 soil strips. 

Each value is the analysis of 20 bulked samples (5 dates x 4 replicates). 

1)epth 	of ploughing 

... d 5" 
._$,* 	de 't O ..  

2"  

6- 2 " 2- 5-7" 0-2' 2-5' 5---9" D-2 -- 7' 

A 14.64 14.84 15.27 15.77 15.18 14.51 16.00 14.98 15.82 
B 15.57 15.94 14.85 14.92 15.31 14.70 15.23 15.73 15.54 
C 15.20 15.18 15.44 15.33 14.21 15.69 14.62 14.89 14.92 

14.28 14.22 14.04 14.82 15.04 14.52 14.86 15.71 14.64 
E 14.22 14.50 15.02 15.26 15.68 14.71 14.60 15.98 14.39 



Table (2Z)  

Bxchangeable gakcitp. 11.04100 gn. air-dried 4011 1951.  
3 depths of ploughing; 5 soil strips; 3 sampling depths, 

0-2", 2-5°1  5-90. 

Bach value is the analysis of 20 bulked samples (5 dates x 4 replicates) 

Soil 
ri 

Depth of 	ploughing 

9" 
6auiding depth 
' 	2.. 	 t 

5" 
Zamplinc depth 

2" 
Sampling depth 
° 	2 	' 

A 10.13 10.20 10.10 10.02 9.88 9.61 9.49 9.66 9.59 
B 10.45 10.04 9.59 10.23 9.98 9.44 9.95 9.70 9.70 
0 9.39 8.98 9.36 9.39 9.29 9.61 9.26 9.50 9.19 
D 8.63 8.31 8.37 8.61 8.81 8.54 8.33 8.38 8.33 

8.03 7.84 7.43 7.91 7.88 7.84 7.55 7,71 7.88 



(25)  

4xchanReable Magposlum. m.e./100 sp. apt dried soil 1951  

3 depths of ploughing; 5 soil strips; 3 sampling depths, 
0-2", 2-5". 5-9". 

z,ach value is taken from the analysis of 20 bulked samples 
(5 dates z 4 replicates) 

k oil 

Depth of 	ploughing 

9" 
:ampling depth 2.5“ 

5" 
f,tiikpline; depth 

9-2" 	2-5" 	5.T w 

2" 
;LlamplinE depth 

0!-2" 	2-5" 	5-9' 

A 0.37 0.47 0.4; C.36 0.31 0.47 0.41 0.39 0.41 

13 0.48 C.45 0.39 C.50 0.45 0.37 0.47 0.41 0.41 

C 0.33 0.34 0.33 0.36 0.39 0.34 0.45 0.37 0.31 

L 0.34 0.30 0.27 C.38 0.33 0.20 0.42 0.34 0.33 

E 0.37 0.39 0.37 C.43 0.43 0.40 0.42 U.40 0.40 



l'able (29)  
itxchanmeable Potassium m. e. 100.m. air  dried soil 1951 
3 depths of plowhing; 5 soil stripe; 3 sampling depths, 

0-2", 2-5", 5-9" 

Bach value is taken from 20 bulked samples (5 dates x 4 replicates) 

..11.1•11100011...0101.1.•••••••••••••••1.1110 

TJepth of ploughing 

9" 2" 
:sampling depth 	eJaplinrdep'-' 	.4ampling depth 

	

:trip 9-2" 2-5" 5-9' 	
2 
 . 9" 0-2" 2-5" 5-9" 

A 	0.53 	0.51 	0.32 	0.51 	0.49 	0.33 	0.56 	0.52 	0.34 
B c.54 C.53 u.41 0.58 0.55 0.40 0.66 0.53 0,51 

C 0.58 0.63 0.45 0.67 0.62 0.44 0.73 0.56 G.45 

1) 0.66 C.65 C.47 0.67 0.63 0.49 0.7* 0.53 0.42 

E 0.62 0.55 0.44 0.58 0.56 0.46 x.65 0.48 0.41 



Table  (30)  

pxchangeable A.ydroren m.e./10u gm. air dried soil 19,1  

3 depths of ploughing; 5 soil strips; 3 sampling depths, 
u-2". 2-5". 5-9". 

Calculated from Base exchange capacity -(0a + Ag K) 

.uepth of plouehing 
$ 

	

5" 	2 ' 	 p oil 	3ampling depth 	Sampling depth 	Sampling depth 	I%) 
,trir). 	0-2" 	2-5" 	5-9,4 	0-4" 	2-5" 	5-T.: .z.5" 1 

3.62 3.65 4.44 4.88 4.49 4.10 5.54 4.41 5.48 
B 4.09 4.92 4.46 3.61 4.33 4.50 4.14 5.09 4.91 

O 4.90 5.23 5.30 4.88 3.91 5.30 4.17 4.46 4.97 

D 4.65 	4.95 	4.94 ' 	5.16 	5.26 	5.29 	5.38 	6.46 	5.56 

6 5.21 5.71 6.78 6.34 6.82 6.01 5.98 7.38 5.70 



r. 

-1-01L2- 31  P2O5  p•p•m• in soil solution 

Comparison betwpe olth. .clerd 
the improved Fitke abarrow methOde. 

. , s. rt. __t_ 

12.5 13.6 15.5 16.6 14.0 13.7 14.1 14.4 

14.6 14.1 11.0 12.8 8.7 8.6 15.8 15.7 

11.8 12.8 15.4 15.8 14.5 14.7 15.2 14.5 

12.5 12.8 17.8 16.3 14.3 14.) 10.3 10.5 

14.0 13.9 10.5 10.8 7.5 7.5 10.5 10.6 

9.4, 9.5 11.4 11.3 14.6 14.7 10.5 10.5 

15.0 14.7 12.5 11.9 14.8 15.3 11.0 11.1 

17.2 16.6 11.2 10.8 13.0 13.2 11.7 11.9 

15.7 15.9 13.9 13.4 13.7 14.0 12.0 12.0 

12.5 12.4 12.5 12.4 11.7 11.8 10.9 10.7 

7.3 8.9 8.6 8.9 7.2 7.2 12.4 12.0 

12.1 14.2 12.5 13.1 14.2 14.6 11.5 11.5 

11.1 11.8 14.1 14.1 12.0 11.8 10.1 9.3 

11.2 11.2 8.7 9.8 6.0 6.1 
11.9 13.4 10.9 11.0 13.6 13.2 

11.1 

8.7 

11.0 
9.4 

14.5 14.6 12.8 11.2 11.9 12.4 

13.4 14.6 9.0 9.2 7.0 6.7 11.9 11.9 

11.6 11.6 11.0 10,6 14.8 14.0 13.1 13.0 

12.8 15.0 13.8 14.1 14.4 14.2 8.6 8.2 

14.1 14.2 8.2 8.8 14.2 13.7 9.8 9.9 

14.3 14.7 9.6 9.2 12.7 12.7 11.8 11.7 
11.6 13.0 12.8 13.0 13.1 12.8 

12.4 12.8 13.6 13.5 14.0 13.8 
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CHAPTER XII. 

Comearison of phosphate present in soil Feaution 

The two criteria of phosphorus status in soils used in 

this study have been: 

(i) 3oil solution phospaate. 

(ii) Morgan extract phoapnate. 

A.ta a view to elucidatie,. erects of ploughing depth 

which night eppear in tae course of this work it seemed 

desirable to examine: 

(1) 4ossible relation between soil solution phosphorus and 

,P.organ phosphorus. 

(2) kosLAble relations existilL7 in the soil Natiaktax 

bet:;.en phosphate ions and other factors, e.g., 

bases, pi, etc. which might be expected ti be 

afieoted by differences in cultivation depth. 

In order to brinF about variation in these factors 

quickly and artificially, addition of acia and/or alkali to 

the soil apt eared to be a convenient method, thus permitting 

an eleamination of the effects of factors indicated in (2) 

on the phoop tate values. 

Ixperimantal. 

s described in Chapter III the soil samples collected 

in season 1951 were bulked into five Aain samples, each 
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representing a soil strip (0-9" sampling depth). U reover, 

at the enc of the season, a composite sample was mixed from kb 

tie soil layer 9-15" from all strips, for the same study. 

each of these six main saenles wes mixed very thoroughly 

after air—drying and sieving, and divided into 10 portions 

(each about 2.5 ke.). such portion in the s-,ries received 

a quantity of acid (1-12'04) or alkali (Na2CO3) suitable 

to bring about a range of pH chan,e4 determined by 

prelimiaary experiment. 

Tne soil (2.5 kg.) was wetted by sprinkling 125 ml. 

of the acid or alkali solution on it and mixed thoroughly. 

The amounes of acid or elkali added to Vie soil portions, 

expressed a ml. of .1.1N per 100 gm. of soil, are shown 

in tables 1 to 6. The samples eere then air-- eied, 

re—wetted eith distilled water to their field capacity 

(about 24; moisture content), and left for three days in 

lysieeter tubes, in order 1:o ensure eq u ilibrium. 	12 the 

fourth day (moisture content 20;..) the samples were packed 

for the soil solution extraction. Ubout 50 era. of each 

soil portion were air—dried for determining the "nvailnble" 

phospliorus, by the ::.oegan method, and the pH of the soil 

suspension (1;,2.5 soil/water ratio. 

The ph and the elements mentioned were determined by 

methods refermed to in Chapter III. 
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Data obtained are recorded in Tables 1 to 5 and 6 

for samples from stripe A to and subsoil sample, in 

order. 

rsz6ULTI5 AND Dl; Cu  

A - Acidity treatments and changes in D:losio.lates and  

related factors. 

1 - 	(soil solutioq and soil suspension. 1;2.5). 

In tables 1 to 6 the pH values corresponding to differen 

soil treatments with acid or alkali, for soil solution and 

soil suspension of each of the samples examined, are 

shown. In Cif-ures 6 and 7 "buffer" curves for some of the 

samples for soil solution and soil suspension are ifiven. 

From these two figures it is seen that curves for all 

strips are running parallea and close to each other. 

Both curves for soil solution and soil suspension are 

characterised by a relative less-buffer action in the pi 

range 7 — 4. lhe addition of 5D ml. of ).1:i acid/1.,0 gm. soil 

brow ht about a reduction of almost 2 pFi units, while 

a further addition of 150 ml. brought about only a 1.5 
pH unit reduction. From fi{ure 8 in which average pH values 

(strips ABO and D) for soil solution and soil suspension 

are set for comparison, it is noticed that, at a 5.3 ml. 

0.1N Na20)3/100 gm. soil trsatment, the soil solution and 

suspension have substantially the same p1 values. As 

acid ap, lication increased the two curves (fi, . 8) part form 

each other, ialt only Ath a narrow difference, being less 
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half a pLi unit at the extreme case of acid treatment. 

The pH of the soil solution being lower than that of the soil 

suspension. 

2 - Calcium an'J marnesium 	solution0. 

from tables 1 to 6 (calcium values) and fif.ure 2 it is 

seen ,hat at any riven pH in the soil solution, the amounts 

of calcium present are not quite the same for the six 

different soil samples. But changes in calcium concentration 

with e concnetration in the soil ss,lution are or :1(= 

same character for all samples. 

The addition of Na2CO3  caused a consistent and marked 

decrease in calcium concetration in the soil solUtion. 

On the other hand, with decreasing pH (by addition of 

H2604) there seems to be a sharp increase the calcium 

concetration in the soil solution. This holds until a 

pH of about 5 is reached. 	At p.i about 3.5 the calcium 

concetration started to decline. This phenomenon is con-

sistently observed in each of the six samples examined. 

Below pa 5, Liere .ere simultaneous appreciable increases in 

both Al and n cations. 

:1g concentration in the soil solution, like that of 

calcium, diminishes 4ith rising pH. 

3 - Aluminium. iron. and manganese_isoil solution 

At any given p11 value the concettration of each of 

these catiohs (tables 1 to 6) in the soil saution is 
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almost the same for all samples examined. 

Uuminiums Concentration of aluminium in the soil solution 

is least (about 0.1 p.p.m.) at pH 5.4-6.4. On the acid 

side of this pH range there is a progressive increase of 

aluminium concentration with increasing W' concentration; 

concentrations are approximately o.5, 10.0 and 32 p.p.m. at 

pd values 4.7, 3.4 and 2.6 in order (average strips ABCD -

see Tables and Fig. 3). On the mkkar alkaline side of pi 
6.4, the consistent though small increase in aluminium con-

centration in the soil solution is found in all samples 

examined. 

Iron: The amounts of iron present in the soil solution from 

all samples was negligible at all pH values shown, even 

those below pH 3. The data presented here suggest taat iron 

is less important than aluminium in phosphorus fixation. 

It is of interest also that the sub soil (9-15°) is no 

richer in iron than is the top soil. 

lanf_anese. Manganese appeared in the soil solution at in-

creasing rates on acidifying the soil (see aables and Fig. 3), 

(0.1 p.p.m. near neutrality and 200 p.p.m. at pki 2.5). 

4 - Total Phosphate Ssoil so1ution). 

Awom Tables (1)-(5) it is noticed that changes in 1 )0 5 
concentration in the soil solution, brought about by varying 

pH, are generally of the same kind for samples representing_ 

top soil layers (0-9") from strips A, B, C, D and E. fhos-

phorus values for samples taken from the 9-15" soil layer 
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are considerably lower and show less variation with 1). 1 

than the corresponding values for the top soil samples. 

In Fig. 1 curves drawn from actual r205  and correspond-

ing pA values for samples ,, is (top soil) anjid sub soil 

are shown*. Prop. this figure it can be seen that phos-

,thorus solubility curves for top soils (9") are character-

ised by a minimum zone (least r205  concentration) aropnd 

pd 6. On the acid side of this point the P205  concentration 

increased with increasing d concentration in the soil sol-

ution. The rate of increase in ,'205  is not proportional 

to the decrease in pi. Apparently with a slight decrease 

in pa from pa 6.2 there is an increasing rate of .1'205  solu-

bility in the soil solution, especially for samples from 

strips " 13 and C. In the pd range 4.5-3.4 for nearly all 

top soil samples changes in 4:205  concentration in the soil 

solution are very small. At pii 2.5 P205  was present in the 

soil solution from all samples in comparatively high amounts. 

On the alkaline side of pJ 6.5 the consistent though 

small rise in r205  concentration took place in all samples 

studied. 

rhosphorus values for the sub soil sample are consider-

ably lower than those of the top soil samples at all ranges 

of acidity in the soil solution. In the 9-15' layer values 

"curves for strips 13, C and D would take their places between 
those of strips and 
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did not change noticeably until a pd of 2.5 was reached 

(2.5 p.p.m. 4.'205  at this pd compared gith 0.5 p.p.m. at 

pii 6; corresponding values for top soil, on the average, 

are 19 and 2.0 p.p.m.). These changes in phosphorus val-

ues with the pH in the soil solution may be explained by 

considering corresponding changes in the status of related 

elements, e.g. calcium, aluminium etc. This is considered 

in .,ection B. 

5 - itiorgan DhosDhorus. 

xbosphorus extracted by the .largan method for samples 

taken from strips 1., B, C, D and E (0-9" soil depth), at 

any given acidity of the soil, as appears from Tables (1)-

(5), varies within small limits. The two extreme cases 

(of strips 13 and 	are shown in Fig. 4. A.om this figure 

for top soil curves it Can be seen that the pattern of phos-

phorus variation with the pa of the soil suspension is 

generally similar for all strips. Over a pd range of 4-6 

approximately thorgan phosphorus is nearly constant or in—

creases gradually (strip 14). Above or below this pi range 

phosphorus increased considerably. The relatively smaller 

variation in phosphorus over this pd range (4-6) is probably 

due to the buffer action of the extractant itself; this 

resists considerable changes in the pi when contacted with 

the acid-treated soil. 

In the same Fig. 4 the curve for the 9-15" layer is 



- 51 - 

those 
always lower in position than Jam& for the 0-9' layers, 

showing that the former is much poorer in phosphorus ex-

tracted by the organ method (as it is in the soil solution, 

Fig. 2), than the latter. For the 9-15" laver also phos-

phorus variation with soil acidity is somewhat different 

from that in the 0-9" layer; at pH slightly below 4 there 

is minimum concentration of phosphorus in the extract. 

Above this pa Morgan phosphorus increased steadily but not 

greatly, while below pd 4 it increased considerably. 

B - itelationship between phosphorus and cations in the soil  

solution. 

In Fig. 3 the average e205  and cations concentrations 

in the soil solution from the strips 1, 3, 0, and 	(0-9" 

soil depth) are shown against the corresponding pJ values. 

rom this figure it is seen that x205, as well as other 

cations, is present at almost minimum concentrations around 

ph 6, belo, thicn there is a general rise in all these ele-

ments. ;videatly this suggests that all cations examined 

participate in the relative immobilisation of phosphorus in 

the soil solution at this slightly condition. This agrees 

with the work of deck (73). ie stated that cation present 

in greater amounts (at pH 6.5) would hold a greater part of 

phosphate. Apparently calcium at this ph is overwhelming 

the other cations. .Aoreover, on the acid side of pd 6, until 

Average values for strips A, B, C and ri only are utilised. 



pH around 5, the only paralleled rate of increase with 

phosphate is that of calcium. Since calcium in this soil 

is mostly exchangeable (Chapter IX), it follows that it is 
the most likely agent to dominate the phosphorus status of 

the soil solution in the slightly ink to moderately acid 
conditions. Allison (94) concluded that exchangeable cal-
cium in acid soils retains phosphorus by the mechanism 
12PO4-Ca-Micelle linkage. 

Ath pd range 5-3.5.205 values did not change, while 
aluminium and manganese appeared appreciably in the soil 

solution. This dip in the phosphorus curve is probably due 

to the release of aluminium and possibly man, -anese from 
free comaounds in the soil. 

Below pH 3.4 aluminium, manganese and 1 205  are all 
high. This also suggests the existence of phosphorus 

partially attached to aluminium and possibly manganese com-
pounds. It is worth noticing that on the alkaline side of 
pd 6.5 there is a small rise in .0205  in the soil solution. 
There is a similar rise in aluminium. It is nevertheless 
possible that this small increase in ra05  on the alkaline 

side of pd 6.4 is due to soluble organic phosphorus (as 

sodium carbonate was used for raising the pf). 

C - Morgan phosphorusjsoil solution phosphorus ratio. 

The ratio of the amounts of phosphorus extracted by 

the !Morgan method to that in the soil solution for each of 



-53- 

tdo top and sub soil layers, at different acidity treat-

ments is illustrated in 2i c. 5. It is clear from the 

figure that Jiort:;an phosphorus/soil solution phosphorus 

ratio does not only differ from one soil layer to another, 
but also varies greatly with the p of the soil. However, 

the pattern of variation in the ratio with the pA is very 

similar for both top and sub soil samples; 

2,:t slightly acid conditions (pH of water-treated soil, 
around 6.0) the ratio is at maximum. ;t this acidity phos-
phorus solubility in the soil solution is shown to be L1L a 
minimu:d (21::,. 3) and calcium is the main cation to retain 
phosphorus. Apparently this form of phosphate (Ca-P), and 

is 
possibly others (Al-P), axx soluble in Morgan reagent, re- 

sulting in a large Horgan phosphorus/ soil solution phosphorus 
ratio. 

i3y adding small amounts of acid to the soil (slight 

decrease in pH) the ratio declined rapidly. The reason is 

obviously the high phosphorus concentration in tae soil sol-

ution, which comes mostly from the unstable Ca-P linkage, 

which is already soluble in the dorgan reagent. 

.ith further pA decrease (11. 5) the ratio remains 
almost constant, except for a small rise around pA 3.5, at 
which phosphorus in the soil solution is depressed, probably 

due to the appearance of aluminium and manganese in the soil 
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solution. 

At pH 2.6 (soil solution and suspension, 1:2.5) the 
7- ratio is minimum for both crop and sub soil; the increase 

in phosphorus solubility rith falling p:1 is obviously 

greater in the soil solution then it is in the Morgan re-

agent. This is presumably due to the buffer action of the 

:lorgan reagent. 

The reason why the ratio in the sub soil is always 

higher than that in the top soil may be explained on the 

basis that, while the top aru sub soil have about the same 

contents of phosphorus-retaininc factors (calcium, alumin-

ium etc.), they differ considerably in phosphorus content 

(less in the sub soil), vith a likelihood that phosphorus 

in the sub soil is held more firmly. The ratio is thus 

expected to rise. 

jonclusionz. 

Lesults obtained in this experiuPnt lead to the follow-

ing:- 

1 - 	pi around 6.2 (water-treated soil) phosphate 
present in the soil solution, from 0-9" soil layer, 

was at a minimum; exchangeable calcium being the 

cation causing greater retention. 

2 - Over a pH ranFe 4-6 phosphorus extracted by the lorgan 
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method was (approximately) constant ana at a minimum. 

3 - The ratio Aorgan phosphorus/soil solution phosphorus 

varied considerably according to soil depth and pd. 

4 - Phosphorus content in the 0-9" soil layer was much 

hirrher than in the 9-15" soil layer. 



'table S1) 	Dotal 	r, cation concentrations in the soil solution and Aorgan's 

Total P205  at different 	waucs. 

Ureatment 
cc. 0.1 
N/100 gm 
soil 

 	titrip 4; C-9" soil d  
)011 solution analysis 

p. p. m. /dry soil 
Total 

p11 e205  Ca Mg Ma Al ie 

,oil 
suopension 
1:2.5 
PH 

Morgaa's 
Extract 
P205 

H2604:  p.p.m./soil 

200.0 2.61 19.40 104.2 44.89 203.0 29.80 .29 3.08 150.0 
100.0 3.45 5.54 128.7 33.70 29.0 11.50 .26 3.70 97.5 
20.0 4.83 7.89 155.7 14.21 4.60 .31 .02 5.17 91.7 
10.0 5.28 4.68 149.7 12.79 1.77 .09 .05 5.60 91.4 
2.0 5.63 2.28 101.1 9.25 .70 .0e 4111111,1111M 6.07 93 2  
1.0 5.69 2.08 75.2 6.27 .38 .06 •1•101•1111 6.14 90.3 
0.2 5.78 2.11 66.9 5.40 .33 .06 •••• dm. 6.12 93.3 

water 5.83 2.14 56.6 4.u3 .28 .06 .03 6.20 91.4 
/4a2CO3: 

5.3 6.28 1.87 40.1 4.16 .14 .0E OM. *ma 6.56 99.8 
10.0 6.94 2.11 27.4 2.10 .13 .11; 0.0. 7.0 110.0 

abll (2) .;trip 1) (,-9" soil depth 
H 60 2 	4' • 

200.0 2.61 14.31 113.4 41.21 225.7 31.89 .37 3.08 156.0 
100.0 3.38 4.00 128.0 30.67 35.65 8.01 .30 3.61 96.0 
20.0 4.91 5.55 166.8 13.43 6.12 .57 .02 5.15 97.5 
10.0 5.31 3.58 158.5 11.45 1.97 .12 .02 5.65 96.8 
2.0 5.81 2.20 101.9 7.84 .72 .08 6.14 98.6 
1.0 5.83 2.10 78.8 7.64 .34 .07 6.19 99.8 -- 

-- 0.2 6.00 1.77 65.0 6.11 .27 .09 6.38 100.8 
Alter 6.04 2.00 58.5 5.05 .13 .13 .03 6.38 100.8 
na2CO3: 

6.48 1.51 44.5 5.33 .13 .13 6.67 98.8 
18
.
.0
3  

7.30 1.90 30.6 3.27 .13 .35 7.17 124.3 



Table (  

 

cation concentrations in the soil solution and ,::organ's 

  

   

Total 1-2- ,.=)5  at different pH values. 

„trip Q; 0-94  soil depth. 

Treatment 
cc. 0.1 
M/100 gm. 
soil pH 

Total 

Soil :solution analysis 
p. p. m. /dry 	soil suspension 

1:2.5 
Qa 	.A1 	Fe 

Aorgan's 
,.tract 

0 
H2  (, '04  • ' 
200.0 2.60 16.19 123.0 42.67 214.4 32.80 	.41 3.02 146.5 
100.0 3.34 5.67 126.9 28.49 32.49 8.39 	.32 3.60 105.5 
20.0 4.71 5.60 156.9 10.21 6.52 .54 	.08 4.98 93.5 
10.0 5.17 4.40 134.9 11.28 1.96 .22 	.03 5.43 89.6 
2.0 5.66 2.61 98.7 7.33 .65 au 5.92 91.4 -- 
1.0 5.66 2.21 84.2 7.21 .36 .12 	-- 6.00 82.7 
0.2 5.91 2.40 66.8 5.52 .29 .08 	-- 6.04 87.0 

ater 5.93 2.41 65.8 6.37 .17 .09 	.03 6.12 86.0 
1,, a2003 

5.3 
10.0 

6.37 
7.06 

1.77 
2.23 

42.9 
28.6 

4.78 
4.77 

.13 

.14 
.17 6.55 

7.04 
••••••• 

105.8 .42 

lab19 (4) btrip D; 0-r soil depth. 
H26043 
200.0 2.54 27.14 119.4 45.00 205.4 32.25 	.39 3.00 156.5 
100.0 3.27 6.74 124.7 34.00 37.92 11.42 	.38 3.52 108.5 
20.0 4.35 5.16 152.6 10.94 8.57 .64 4.86 88.9 
10.0 5.00 3.24 149.1 10.56 2.13 .13 	.03 5.33 77.3 
2.0 5.54 2.07 94.9 6.67 .95 .12 5.71 77.3 
1.0 5.69 2.03 78.0 8.73 .55 .10 5.91 75.8 
0.2 

ater 
5.74 
5.82 

1.92 
2.01 

64.9 
62.9 

7.16 
4.95 

.32 

.14 
.11 	OMMON, 6.02 

6.03 
74.0 
75.8 .07 	.02 

ha2003: 
5.3 6.32 1.68 40.9 4.66 .14 .11 	MEMNON. 6.43 85.2 

.29 	-- 10.0 7.3U 2.45 27.0 1.68 .14 6.89 88.8 



Table (5) 0 Total e-2' cation concentrations in the soil solution and Aorgan's 
Total e2  .)5  at different pH values. 

:trip D; 	O-s)" .10ii depth. 

Treatment 
cc. 0.1 
V/100 gm. 
soV. 

Total 
P 0 2 5 

Soil solution analysis 
p. p. m. /dry 	soi 1 

"Ict A] 

Alspension 
1:2.5 

Fe 	DA 

Morgan's 
;..:tract o 
'2 5 

H2SO4: 
160.0 
100.0 
50.0 
20.0  
10.0 
2.0 
1.0 

enter 
Na2003: 

5.3 
10.6 

2.66 
3.06 
3.74 
4.37 
4.76 
5.17 
5.42 
5.55 

5.98 
6.26 

13.93 
5.48 
4.84 
3.99 
2.94 
1.81 
1.72 
1.75 

1.41 
1.8J 

81.1 
114.8 
123.0 
129.0 
134.7 
80.9 
63.2 
39.3 

28.6 
17.1 

47.75 
40.07 
14.69 
12.48 
10.45 
7.15 
5.89 
3.83 

3.04 
3.48 

157.90 
54.63 
10.25 
3.93 
2.83 
1.15 
.88 
.68 

.37 

.30 

48.64 
17.86 
1.31 
.25 

.15 

.42 

.14 

.16 

.10 

3.02 
3.34 
3.93 
4.62 
5.10 
5.61 
5.74 
5.87 

6.26 
6.74 

127.0 
106.2 
98.8 
90.0 
84.0 
78.8 
77.2 
77.0 

78.3 90.0 

••••••• 

.041111• 

MI6 

•••••••• 

ilM•••••• 

.13 

•••••••• 

.1+5 '""""' 

pxble (6) All strips: 9-15" soil deiartn. 
H25°4:  
160.0 
100.0 
50.0 
20.0 
10.0 
2.0 
1.0 

4ater 
Na2c03s 

5.3 
10.6 

2.60 
3.09 
3.70 
4.60 
5.18 
5.87 
6.09 
6.39 

6.86 
7.38 

2.36 
.69 
.69 
.81 
.64 
.43 
.45 
.42 

.54 

.59 

68.0 
111.6 
119.1 
125.0 
124.6 
80.6 
62.4 
43.9 

25.8 
14.4 

82.20 
53.66 
17.61 
12.27 
11.38 
7.89 
6.85 
4.61 

3.69 
2.25 

134.6 
39.67 
7.39 
1.90.13 
.8a 
.35 
.20 
.18 

.18 

.18 

47.47 
17.68 
2.14 

-- 
.1-.J 
-- 
.12 

-- 
.19 

.41 

.10 

.07 

2.97 
3.35 
3.95 
4.88 
5.49 
6.25 
6.39 
6.60 

7.06 
7.66 

95.5 
49.0 
31.5 
35.6 
38.5 
43.8 
46.0 
45.6 

50.2 
57.7 

IMO MI• 

aMbeinl, 

••••••• 
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