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I. HFI1RODUCTION. 

Microbiological assays, especially with A. niger, have been 

used rather widely to assess phosphate status of soils. The merits as 

well as shortcomings of these :orocedures have been a_iscussed in the 

literatuxe by various investigators. The speed, cheapness, and 

simplic with which microbiological assays may be car:ried. ou.t hav8 

been used as arguments in favour of their use. It was this type of 

argument, considered in relation to the fact that good correlations 

have been reported by a number of workers between results obtained. by 

A. niger and_ by field tests, which suggested to the writer that micro­

biological assay might have special merit in those developing covntries 

where a rapid assessment of soil potential is required in the interests 

of food produc 0cion but where limited finance is available for full-scale 

soil investigations. 

The work reported here was u..nd.ertaken to investigate further 

the value of the A. niger procedure as a means of evaluating soil phos­

phate status and to examine the possibihty that other fungi iY1cluding 

some not previously employed for this purpose might be even more suitable. 

The present invest was confined to a range of Zealand 

sotls, As field response data were not available for these soils a pot 

experiment incorporating a number of crops was conducted to provide 

data with which the results of microbiological assay could. be 

correlated.. 
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Chemical testing of soils has found much w:i.der application 

than microbiological assay and there is a possibility that such methods 

might provide superior evaluation of soil phosphate status, which could 

out1reigh the advantages of cheapness Emd. simplictty claimed for the bio-

logical -cechni(}.ues. As an extension of the present study it was therefore 

considered worthwhile to determine whether Truog•s procedure (1930) 

fo:,:, determining available soil :phosphate ( the method employed. by the . . 

New Zea1and De:9artrnent of Agri.cul ture) possessed any marked. advantage 

over the bjologjcal assays. It was further considered of interest to 

determine whether any OY1e form of soi1 phosphate or combinatj ons of 

forms a.etermined by selectjve extracting agents would show bettffc 

correlatio1-i id.th plant growth than shown by bjologj_oal assay. 
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II. REVIEW OF LI~ERATURE 

DETERMINATION OF AVAILABLE SOIL PHOSPHORUS BY 

ASFERGILLUS rIIGER 

1. The As pe::: i:i;il J us cu1 tur e. 

A, niger has been ern:p1oyed to estimate available :olant 

nutrients in the soil by a large number of workers in various :parts 

of the ·world. Investigations were carried out in: Belgium (Maercke, 

1950), England (Nicholas, 1949, 1960), France (Manil et al., 1956), 

Germany (Niklas, 1930, 1932; Schlichting, 1962), Holland ( Gerretsen, 

1948; Mulder, 1948; Jensen, 1953), Indonesja (Gonggrijp, 1938), Japan 

(Matzuki, 1937), Russia (Sirnakov, Boushik, 1932), Spain (Sauchez, 

Marroquin, 'I'amayo, 1946), South Africa (Rosselet, 1955), U.S.A. (Smith 

et al., 1935), Venezuela (Schulz-Schomburgh, 1953), Yugoslavia (Nje­

govan, 1960), and. else,;-;here. It is intended here to review individual 

:papers, covering aspects similar to the present investigation. Particular 

attention is paid to work carried out for the estimation of available 

phos:9hate of the soil. Work on other elements will be mentioned only 

if applicable to this report. 

The growth of A. niger (and other organisms', in a nutrient 

medium is inflvenced by a number of factors. Various investigators 

use somewhat related procedures or techniques. Noted differences 

are in med_ia composition, temperatures and periods of incubation, 

amounts of soil employed, etc. Niklas and his coworkers (1930) 
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were the first to develop a method for the determination of 

phosphorus and potassium in soil, which could b~ used for routine 

work. Smith et al., (1935), have shown that Cunninghamella species 

did not grow appreciably in Niklas medium, where~s Aspergillus 

species grew normally in it. As a comparison with }Jiklas medium 

these workers made up what they called "Dextrose medium A", consisting 

of 1% dextrose, 0.5% peptone, 0.05% MgSo
4

.7aq, 0.1% NaN0
3 

and 

0.1% K
2
so

4
• A "Dextrose medium B11 was also used, which was 

similar to Dextrose medium A, except that it contained lo% 

dextrose. CaH
4

(Po
4

)2 .2H20 was the source of P. A. niger did 

not produce mycelium in P-free Niklas medium, whereas a considerable 

growth of both fungi was observed in both Dextrose medium A and B. 

Apparently the peptone in these media contained some P available 

to these fungi. Gerretsen (1948) showed that the Niklas strain of 

A. niger and medium gave conflicting results; he altered the medium 

and isolated a more suitable strain of A. niger from currents. 

Gerretsen 1 s final medium for estimation of P comprised: lofo sucrose, 

1% citric acid, 0.4% urea, 0.03% MgS04 as MgSo4.7aq, 0.02% K20 as 

K2so4, 0.0005% Fe as Feso
4

.7~q. 0.0002% Zn as Znso4.7aq, with the 

addition 1.25 gram Ca-citrate per 75ml culture solution, 12.5mg 

Na-humate per 75ml culture solution, lee saturated yeast extract 

per litre of culture solution. The faults of Niklas medium were 

attributed to the following points: (a) the cul tm~e solution was 

not sufficiently buffered, hence Gerretsen's addition of calcium 

citrate; (b) the weight of mycelium was markedly affected by Ca 
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content of soil, giving fluctuation in the Niklas solution which 

did not contain Ca; (c) the culture solution did not give optimum 

development of the fungus, allowing some soils to favour the growth 

of A. niger owing to some substances they contained in advantage 

of other soils; (d) the Niklas strain required peptone for quick 

growth and this favom·ed the occm·rence of contamina ti;_n:g micro­

organisms. Maercke (1950) used a combination of the two media of 

Sekera (1940) and Gerretsen (1948), i.e. 10% saccharose, 2% tannin, 

0.5% (NH
4

) 2so
4

, 0.035% K2so4, 2% Caso~, 0.03% MgSo
4

.7aq, 0.0005% 

CuSO 
4

• 5aq, 0.0005% ZnSO 
4 

.4aq, 0.0005% FeSO 
4

• 7aq, O. 0001'% MnSO 
4 

.4aq. 

Tannin in Sekera 1s medium was added to give trace elements approach­

ing the demands of A. niger in the soil,. The breakdmm of tannin 

was supposed to give tannose and subsequently sucrose and gallactose 

as a result of fungal activities. Smith and Simpson (1952) in 

Edinburgh, in assessing soil fertility for advisory purposes used 

30ml of a nutrient solution containing: 10% sucrose, 1% citric acid, 

0.1% peptone, 0.02% K20 as K2so
4

, 0.36% NH4No
3

, 0.03% MgS04.,7H2o, 

1.5p.p.m. Cu as CuSo
4

, lp.p.m. Fe as Feso
4 

and lp.p.m. of Zn as 

Znso
4

• Under their experimental conditions the weight of the 

mycelium varied from about 0.2 to 1.0 gram, and the standard error 

of an individual determination was about 5% .. The same medium was 

also used for K determination, except 0.02% K20 was replaced by 

0.075% P2o
5 

aa NH
4

H2Po
4

• This medium was used previously by Smith 

and Dryburgh (1934) for examining the soil P by A. niger. Rosselet 

(1955), for bioassay of P, used a modified medium of Mahlich (1933), 

viz: 100 grams cane sugar, 10 grams citric acid, 6.67 grams 
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(NH
4

)
2
so

4
, 1 gram peptone, 0.61 grams Mgso

4
.7aq, 0.005 grams 

CuS0
4

.5aq, 0.0044 grams Znso
4

,7aq, 0.005 grams Feso
4

.7aq, 0.42 

grams Caco
3

, 0.178 grams K2so
4

, in 1,000ml distilled water. 

Rosselet considered that Mo and Mn essential for the growth of 

A. niger were present in minute amounts in the medium for P 

determination, but had to be added to the medium when it was 

used for testing for Mg. It is, therefore, obvious that various 

workers used different media, depending on the purpose of invest­

igation and the suitability of substrate for the respective 

experimental conditions. 

Different strains affect results. Gerretsen (1948) 

isolated a suitable strain of A. niger from currents for the modified 

Niklas 1 medium. Smith et al (1935) obtained slightly different 

growth of the fungus as measured by dry weight of the mycelia, 

because the spores were taken from different batches, other experi­

mental conditions being the same. (However, they did not check the 

number of spores, to which the slight differences may be attributed). 

In a study by Smith and Dryburgh (1934) it was shown that in the 

estimation of K, strain exerts a specific effect, and that the 

test for Pis less delicate than for K as proved by a significant 

interaction between soil and strain. Nicholas (1960) compared a 

Mulder strain with a number of other strains including that of 

Steinberg, and found that the Mulder strain was the most suitable 

one for his particular medium. 

The most suitable source of nitrogen for the medium has 
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been invest:i;gated by many workers. Smith and Dryburgh (1934) 

have shown that NH
4

No
3 

and (NH
4

)so4 behaved similarly as regards 

mycelium weight and final :pH value. NH
4
-citrate yielded greater 

mycelium weight but a higher initial :pH of the suspension, 

:permitting bacterial development. This disadvantage of NH
4
-citrate 

may be obviated by sterilization, but it may give rise to more 

complications in the techniQue. It was suggested thence that 

the initial :pH of the solution containing citrate might be lowered 

sufficiently lblf increasing the concentration of citric acid. This 

is :permissable, because it has been shown that considerable variation 

in Quantity of citric acid does not affect the mycelium weight or 

final :pH to any extent. Gerretsen (1948) found (NH4)2so4 to 

decrease the :pH considerably during fungal growth, because it leaves 

behind an acid radicle. Similar effect was shown by the use of 

NH
4

No
3

, because the fungus :prefers NH
4
+ to No3. He fou..~d that urea 

was suitable for his strain isolated from currents, it has a 

buffering effect and hence the :pH is more stable. He also tried 

as:paragine successfully, but the substance was too expensive for 

mass-analyses. Maercke (1950) also found urea to be better than 

(NH
4

)
2
so

4 
as N source due to its buffering effect. The increase in 

pH by m~ea over (NH4)2so4 was 0.45. 

In constructing the standard growth curve for de:bermin­

ation of available P, a suitable source of P must be chosen. Smith 

et al. (1935) have compared the effect of various phosphorus compounds 

on the growth of A. niger. They found that the difference in the weight 
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of mycelium was due to the different forms of P employed. The 

average weight of mycelium was increased slightly in the ammonium, 

sodium and potassium-phosphates over that obtained with Ca-phosphates. 

Mono-, di-, and tricalcium.phosphates are all equally good. The 

weight of mycelium obtained with Fe and Al-phosphates decreased 

as compared with that obtained with Ca-phosphates. These variations 

may be due to a difference in stability of the various forms of P 

or to the effect of different cations on the growth of the fungus. 

Smith et al. (1935) used CaH4(Po4)2H20 as a source of P, ammoniu.m 

phosphate was employed by Gerretsen (1948), Maercke (1950), Smith 

and Simpson (1952) and Rosselet (1954), and Na2Po4 by Njegovan 

(1960). It appears that ammoniu.m phosphate is preferred as P source 

for the practical investigation of available phosphorus in soil. 

Nicholas (1960) revie1-red the importance of trace elements 

for the growth of A. niger. He quoted Raulin (1869), who showed 

that small amounts of Fe and Zn were indispensible for the growth 

of A. niger. At that time, however, Raulin's results were disputed 

by others who assumed, incorrectly, that metals were toxic substances 

stimulating abnormal growth in the organism. This controversy was 

finally resolved in favour of Raulin by the results of careful work 

by Bertrand and Javillier (1911, 1912), who demonstrated the need 

for Mn and Zn, and Steinberg (1919) showed a 5,000fo increase in yields 

given by the same fungus by returning Fe and Zn to media previously 

treated with Caco3 to adsorb the two metals. Bertels (1927) confirmed 

these results and also fou.nd a beneficial effect of including Cu in 
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the cultu.re solution. Further evidence came from similar work by 

Roberg (1928), Metz (1930), Gollwick (1936), and others. Other 

trace metals claimed to be req_uire(h by the fungus include Mo 

(Steinberg, 1937, 1939; Mulder 1939, 1948; Nicholas and Fielding, 

1947, 1950), Ga (Steinberg, 1938, not supported by Nicholas, 1953, 

and Bertrand, 1954), and V (Bertrand, 1941), an element not yet 

proved absolutely essential and requiring further confirmation. 

As Ca is required in microgram quantities it is regarded as a 

trace nutrient (Bertrand, 1954). Nicholas quoted Arnon (1950) 

regarding the definition of "essential" trace metals, who proposed 

the following criteria: (a) the organism is unable to complete 

its life cycle without it; (b) the effect must be specific to 

the nutrient and cannot be replaced by another; (c) it must be 

directly involved in its metabolism and not in corr~cting any 

unfavourable conditions in the growth medium, e.g. change in pH. 

This definition may be extended to both macro nutrient and higher 

plants. Smith (1936) quoting Steinberg (1919) pointed out that 

about 17 metals (mostly heavy) have been shown to accelerate the 

Aspergillus development. He stated that although claims are made 

about the stimulating effect of many metals, Fe, Zn, Cu and Mn 

are definitely necessary for normal growth and sporulation and 

these elements cannot replace each other. Smith stated that any 

normal soil, in the presence of 1% citric acid will most likely 

supply the small amount of Mn, which is required for maximum 

development of A. niger. This tends to confirm a statement by 
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Mehlich et al., ( 1933), that any specific constituents or stinmlants 

possessed by cert~in soils are unlikely to influence the result for 

practical purposes. 

Impurities present in the chemicals used for preparation 

of culture medium may affect the result of the analysis, particularly 

when dealing with trace elements. Purifications of the chemicals 

must be carried out before they are incorporated in the medium. 

It is important to check whether or not the reagents used to purify 

the media have been thoroughly removed and are not depressing the 

growth of the fungus. This can be checked by comparing the growth 

of the fungus under optimum conditions using purified and non-purified 

media. Phytocidal effects are also readily detected, since the standard 

series for the method become erraLtic when toxic materials are left in 

the culture. The amount left may be too small to affect the fungus 

directly, but they chelate with the test nutrient or other trace 

elements, resulting in low assay values for the te-s·t element. The 

purification of nutrients has been described in detail by Nicholas 

(1949, 1960) and he suggested that use of A.R. or C.P. grade chemicals 

is quite satisfactory. 

The effects of the pH of media on the growth of A. niger 

has been studied by some workers. According to Nicholas (1960) the 

initial pH of the culture solution has a profound effect on the 

bioassay of trace metals in soils. Yet the fungus grows well over 

a wide range of pH values, viz from 1.8 to 7.5. In general the 
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micronutrients become less available to the fungus as the culture 

solution becomes more acid. Re found different levels of optimum 

pH for assay of various trace elements, e.g. about 2.0 for Mo, about 

7.5 for Mn, and about 5.5 for Cu, Zn and Co. Smith & Dryburgh 

(1934) studied the effects of the source of Non pH. They 

observed that ammonium citrate yielded greater mycelium weight 

but gave higher initial pH of the suspension, permitting bacterial 

development. Variations in quantity of citric acid did not affect 

the mycelium weight or the final pH to any appreciable extent. 

Discussing the effect of soil reaction, these workers stated that 

the effect of lime largely depends on the initial degree of satur­

ation of the soil. Using infertile sandy loam with an extremely 

low degree of saturation, they showed that the addition of lime 

certainly affected the availability of Pas estimated from the 

development of A. niger, but it had little or no effect on K 

availability. Experiment with clay loam, however, revealed that 

the growth of A. niger was not influenced by changing the soil 

reaction. Therefore, whatever the effect of excess Caco3 in the 

soil may have rm the development of the fu_~gus, the normal applications 

of lime to correct soil acidity would not appear to be of any apprec­

iable influence. Gerretsen (1948) in determining the available P 

in the soil observed that pH decreased as result of fungal growth. 

The main cause was that the fungus produced citric acid from sugars. 

The quantity of acid produced depended on fungal growth, which corre­

sponded with the amount of available Pin the soil. Re assumed that 



12 -

more Pin the soil would lower the pH. The pH was kept constant by 

incorporating Ca-citrate into the medium which acted as a buffer, and 

urea which he employed as N source acted similarly. Soils, containing 

appreciable amount of Caco
3 

gave difficulties, because the pH at ·which 

these soils were extracted was higher than that of soils with negligible 

Quantities of Caco
3

• Maercke (1950) confirmed that the pH of his medium 

decreased as P concentration increased. He stated that urea neutralized 

sulphate ion, reducing the decrease of pH, while Caso
4 

buffered the pH. 

At 0.009"/o P the pH was so low that he did not aim at going to any higher 

concentration. Final pH was too low at high Pin his medium and the 

values were very variable. Maercke was of the same opinion as Gerret­

sen that Ca-citrate buffers the pH from 3.25 to 3.5. Using aodium 

citrate instead of calcium citrate he obtained an increase in final pH, 

a decreased fluctuation of pH and higher weight of mycelium at higher 

P concentrations. He stated that a pH of 7 was not wanted for P analysis 

of soil. Swaby ( 1962 priv. com). is in favour of pH7 for reason that 

the organisms grow better at this pH, but the soil and media must be 

sterilized to prevent contamination by other organisms. 

Container sizes have some bearing on results. Smith et al. 

(1935) showed that different volumes of medium used were associated 

with a variation in the weights of individual pads, but the average 

weights of mycelia increased with the volumes of medium from 30cc to 

90cc. At greater volumes the weights were reduced again. Smith & 

Dryburgh (1934) tried different Quantities of soils and culture solutions 

and they found that the area of growth was a much more important factor 
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than the actual amount of suspension. This may be associated with 

better aeration. This last point has been confirmed by the wor1i: of 

Njegovan (1960) that a logarithmic line of growth can only be 

obtained with a partially suppressed aeration using cotton wool 

plugs. With airtight condition using rubber plugs the growth was 

very irregular. 

Regarding size of inoculum, Smith & Dryburgh (1934) showed 

that the differences in mycelium weights obtained over a millionfold 

range of concentrations of inoculum were negligible. Smith et al. 

(1935) studied the influence of size of inoculum on the weight of 

mycelium using 0.1., 0.5, l.0, 2.0, and 5.0cc spore suspensions for 

inoculation. A sharp rise in the weight of mycelium was recorded 

with an increase in the size of inoculum up to 1.0cc, whilst above 

1.0cc gave only small increase in the weight of mycelium. These 

results explain variations in weight of mycelium in replicate cultures. 

Variations may also be brought about by the differences in spor~ 

numbers within each volume of inoculum. 

It was felt that lack of agreement between results of pot 

tests and A. niger experiments might be due to the fact that the 

soil is examined on a volume basis in the pot method, whilst, on 

account of the small q_uantities req_uired, the soil is weighed in 

the A. niger method. Smith (1936) carried out a series of experiments 

with varying weights of soil and it was shown that the Aspergillus 

method was not as sensitive to the amount of soil taken as might 

be expected. A large number of samples giving mycelium yields varying 
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from about 0.2 to 1.0 gram was specially examined. For P estimation 

4, 5 and 6 grams of soil were taken and the average figures were 

0.362, 0.398 and 0.452 respectively., Thus a difference of 20"'/o in 

the weight of soil taken led to a difference of only lO;b in the 

mycelium weight. Similar investigations have been made by other 

workers, and it seems that minor variations in the apparent densities 

of mineral soil samples are not likely to lead to serious discrepancies 

in the results obtained in routine examination. However, soils rich 

in organic matter necessarily receive special consideration, because 

greater portions of total Pare not readily available to the organism. 

It has been suggested that better results can be obtained by using 

greater quantities of soil for major elements than those used for 

minor element estimations. Roschach (1961) using samples up to 100mg 

in the estimation of Zn, Cu and Mg in different soils by the A. niger 

method gave a highly significant positive linear correlation between 

mycelium yield and sample weight. This result indicates that under 

these conditions the mycelium yield was directly proportional to the 

minor element content of the sample. Since thts linear relationship 

did not hold true with samples of greater weight, the use of small 

samples is tentatively suggested for comparative microbiological 

determinations of trace elements in soils. 

Several ways of interpreting the amount of the test nutrient 

absorbed by the fungus appear in the literature. The most common one 

is the comparison of dry weights of mycelium. Before weighing, the 

w.ycelium is washed and dried in an oven and then cooled in a dessicator. 

This method has been adapted by many investigators (Gerretsen, 1948; 
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Mulder, 1949; Nicholas, 1949, 1960; Rosselet, 1954; Niklas, 1930; 

Smith & Dryburgh, 1934; Smith et al., 1935; Smith & Simpson, 1952; 

etc.) Various levels of temperature and periods of drying have been 

adopted by different workers, e.g. at 105°c for 8 hours (Gerretsen, 

1948); 50 to 6o 0 c overnight and finally at 100°c for an hour (Smith 

& Simpson, 1952). The weights obtained from the test materials 

such as soils, plant tissues, ash, etc., are compared with the weights 

obtained from standard series which have been previously prepared by 

additions of kno1m amounts of the nutrient under test and results 

plotted in a standard growth curve. By plotting the weights of 

mycelium obtained from the test material together with that obtained 

from the standard series, the amount of the test nutrient taken up 

by A. niger can be estimated. Some workers have argued that the total 

weight of mycelium can be misleading, because the composition of 

mycelia are not always constant (Smith & Dryburgh, 1934; Smith & 

Simpson, 1952.) In the case of K for instance, the rate of increase 

of mycelial weight is smaller than the rate of K uptake by the fungus. 

This can be overcome by determining the K content chemically in the 

ashed mycelium, and then comparing the content with that of the 

standard series similarly prepared. This procedure, however, involves 

chemical determination, which renders the biological method more 

complicated. Njegovan (1960) has employed an indirect estimation 

of the tested nutrient. He claims that an accurate estimation of 

available phosphorus assimilated by A. niger from test material can 

be carried out by determining the amount of assimilated nitrogen by 

the same organism from the nutrient medium. The assimilated N is 
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determined by 11 Formol 11 titration. By this procedure, he obtained 

a straight line relationship between the levels of N and P assimilated 

by the fungus. He later discovered that this line actually corresponded 

with the logarithmic line derived from Mitcherlichfs equation. Only 

at the beginning was the line approximately straight, followed by a 

part of a curve. For measurement of fungal growth after incubation 

Gerretsen (1948), Mulder (1949), Nicholas (1960), and others used a 

preliminary visual examination of the thickness of the mycelial pad 

or of the abundance and/or colour of the spores. As this method was 

not accurate and required a great deal of experience, other means of 

measurement had to be investigated to obtain more precise result. 

Gerretsen (1948) used a photronic cell to measure fungal growth in 

his determination of magnesium. He considered this method more 

accurate and objective for determination of this element without re­

sorting to weighing. The procedure involved the measurement of the 

intensity of light reflected by the mycelium when it is strongly illum­

inated. A tube carrying the photronic cell was placed on the top of 

the Erlenmeyer incubation flask. The resulting photocurrent was 

measured with a sensitive galvanometer. The electric current through 

the illuminating lamp was kept constant. Where Mg contents,-rose to 

lOOp.p.m., the mycelium became denser, whiter and reflected more light. 

Above lOOp.p.m. there was a sudden increase in sporulation, which was 

indicated by a decreased reflection of light. Thus, the curve obtained 

by plotting Mg concentrations against galvanometer readings indicated 

that one galvanometer reading may give 2 different Mg contents. 

According to Gerretsen (1948) this does not create difficulties, for 
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it can easily be established whether the reading is made on the 

ascending or descending slope of the curve, as indicated by the 

absence or presence of spores. However, this method can only be 

used satisfactorily up to a cert~in level of Mg in the soil. It 

is not suitable for Zn and other elements, because with Zn there 

is no region in which the spores fail to grow, which makes visual 

and photoelectric measurement difficult. In such cases he resorted 

to weighing the mycelium, which is the most commonly used method. 

2. Results achieved by the application of the procedure: 

Smith & Dryburgh (1934) in their determination of available 

P and K compared results obtained from the A. niger method with 

those obtained from the Mitscherlich1 s method by constructing re­

gression lines. They found, that in the estimation of P, r = 0.77 

which was highly significant for 40 observations, and in the case of 

available K, r = 0.40 was also significant. These results differ from 

thos of Niklas et al. (1930), who found good correlations between the 

Aspergillus method and pot test for K, but in the case of P the 

Aspergillus method agreed better with chemical extraction methods. 

This is to be expected, since the growth of the fungus depends 

on the Quantities of P or K absorbed from the soil, and these in 

turn are largely determined by the citric acid in the nutrient sol­

ution. Smith (1936) in estimating responses to K fertilizer, observed 

that all soils giving values below 0.3 gram of mycelium weight can be 

regarded as seriously deficient in available K. Addition of K from 

o.8 to 2 cwt. per acre are responsible for significant increase in 

mycelium weight, the recovery of K is practically Quantitative. 
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Addition of P to soil corresponding to common dressing of 3 and 7 cwt 

superphosphate per acre, do not give any considerable increase in yield 

of mycelium. It is obvious that a small addition of Pis fixed by those 

soils in such a manner that it does not become available completely to 

the fungus during the period of incubation. Niklas (1941) was able to 

determine the amount of P fixation by means of the A. niger technique. 

He also established absolute and relative fertilizer effects, and a 

method of evaluation of forms and amounts of fertilizers applied by 

the use of a microbiological fertilizer experiment. Schlots et al. 

(1931) compared the results of the A. niger method with those secured 

by the Truog method, and they found that A. niger indicated changes in 

the availability of P in a soil. They expressed the opinion that this 

method may be calibrated for use on various soil types. Gonggrijp 

(1938) working with Indonesian soils found a parallel result between 

total analysis and physiological analysis using A. niger. A. niger 

was grown in the presence of known amounts of P2o5 and P2o
5 

+ K
2

0 

to determine fertilizer requirements of tropical soils. In comparison 

with European soils, he found that the sufficiency levels of P for 

tropical soils were lower than those for European soils. These 

findings were confirmed by those of Nicholas (1960) who stated that 

the levels of nutrient availability are lower for tropical soils than 

for aoils of the temperate regions. Matzuki (1937) fou.nd the A. niger 

method suitable for P determination but not for K, because the amount 

of mycelium is influenced more by the amount of P than that of K. 

Mooers (1938) has published a tentative standard for determination of 

the fertilizer needs of a soil. According to his data for P
2
o 
5' 
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1 - 50lbs per acre is regarded as very low level and the soil as 

extremely deficient in P
2
o

5
• At 51 - 90lbs per acre the level is 

low and the soil is deficient in P2o
5 

for all crops. A medium level 

is 91 - 130lbs per acre in which the response to P2o
5 

may be moderate 

to none. The level of 131 - 170lbs per acre is regarded as a high 

level and indicates no immediate need of fertilizer, and above 170lbs 

per acre is considered a very high level, which would allow more than 

a year's cropping without response to P2o
5 

dressings. Schulz-Schomburgh 

(1953) determined available P, Kand Mg in tropical soils and his 

findings confirmed those of Smith (1936), pointing at considerable P 

fixation in some P deficient soils of heavy texture. Jensen (1953) 

determined the P content of 82 soil samples varying widely in their 

P contents, pH and humus contents. The amount of assimilable P showed 

a very close correlation (r = + 0.98) with P soluble in 0.2 N H2so
4 

and amounted to approximately 96% of a latter. In 7(J1{ of the soils, 

assimilable P and H2so
4 

soluble P agreed within ;t 25%. Low assimil­

ability (less than 50%) could be seen in certain alkaline soils, espe-

cially those rich in Fe. High assimilabili ty (greater than 50;;0) 

occurred in a few organic soils of low P content. Padded to strongly 

P-fixing soils and not extractable by H2so
4 

or HN0
3 

or exchangeable 

against zeoliths is unavailable to A. niger as well. On the other 

hand Aspergillus utilizes Pin rock phosphate and in this respect it 

agrees with the H2so
4 

extraction, but contrasts with the zeolith method .. 

He found the A. niger method as reliable as chemical methods in indicating 
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phosphate deficiency in soils and a well defined fraction of the total 

soil phosphorus. Smith & Simpson (1952) have employed A. niger to 

estimate the available P and K of soils in Edinburgh for 20 years for 

advisory purposes. They found that when the mycelial weights were 

below 300mg the soils were almost invariably deficient in P and gave 

a substantial response in crop yield on application of phosphate fertil­

izers. The upper limit, above which P-fertilizers were not needed, 

was more difficult to define, because (a) most of field experiments 

have been carried out on P-deficient soils, and (b) the:response in 

the field to phosphate was greatly influenced by seasonal conditions. 

They concluded that the percentage recovery in the crop of fertilizer 

phosphorus was the best measure of the fertilizer treatment. There 

was also a strong correlation between P recovery in the crop and 

exchangeable Ca in the soil. This may indicate that the form of phos­

phate in the soil was mono calcium phosphate instead of tri-calcium 

phosphate which is of very low availability. They also found a good 

negative correlation between phosphate response and mycelium weight. 

In the case of K, the mycelium weights of 300 to 450 milligrams were 

regarded as a range of values over which fertilizer may or may not be 

required. A potato crop responded to fertilizer when soil yielded less 

than 300 milligrams of mycelium., When the weight of mycelium exceeded 

400 or 450 milligrams the soil was able to provide an amount of readily 

available K for healthy growth of potato crop. These findings confirmed 

those of Smith (1936). Rosselet (1954) used the A. niger method to 

determine phosphate levels of citrus fertilizer plots in South African 
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soils. He found that the P content of virgin soil was very low, 

Le: 111 lb :per acre, and the application of P fertilizer was 

recommended. This method also showed that :phos:phatic fertilizers 

were more effective than manure in increasing the P content of 

soils. In the case of manure, he suggested that :part of P did not 

originate so much from the manure itself as from increased microbial 

activity, which in turn releases :phosphate from P combinations of 

reduced availability. This case has been :pointed out by Gerretsen 

(1949) in his :paper dealing with "the effects of microbial activity 

on the availability of various :phosphatic compounds." The sufficiency 

level of available P has been found by Rosselet to be about 4001b ~er 

acre, giving a yield of 7301b per tree. In his experiment the :phos­

phate was added in graded q_uantities, calculated on the basis of lbs 

:per acre over a O - 6 inch depth, assuming such a layer of soil to weigh 

two million :pounds. Where convenient, the number of lb :per acre was 

converted to :parts per million. Manil et al. (1956) found, that for 

sandy and clayey soils the P values obtained from the A. niger method 

were 10 - 30% higher than corresponding values obtained from the 

Egner chemical method, but were comparable with those from the K3nig 

and Ferrari methods. Although they obtained little agreement between 

the results of these analyses and observations on the vegetation, the 

A. niger method was recommended for P analysis, due to its good repeat­

ability and reproducibility. It was not recommended for K, because 

the values they obtained varied widely. The A. niger techniq_ue has 

also been used by various workers for estimating the content of avail­

able Mg and trace elements in soils. Figures for deficiency and 
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sufficiency levels have been published for these elements. (Gerretsen, 

1948; Mulder, 1949; Nicholas, 1960; Schlichting, 1962). 

3. Advantages and shortcomings of the A. niger method: 

Various workers have recognized the merits of the A. niger 

method for estimating available plant nutrients, but they also dis­

cussed its shortcomings. Smith & Simpson (1952) have stated that the 

peculiar merit of the A. niger method lies in the fact that it does not 

require an accurate chemical determination. There is no justification 

for precise analytical results obtained in many methods, when due 

consideration is given to errors of soil samplings and uncertainty of 

results. The simplicity of the method and the fact that it gives results 

closely parallel to those obtained with acid extractions have been 

instrumental in their decision to adopt the method for routine advisory 

purposes. It has been employed for 20 years in Edinburgh, exclusively 

for Kand frequently for P. Even now the method is still used in some 

European countries, and was especially so during the last war (Gerretsen, 

1948). Smith & Simpson noted that the A. niger method was closely 

related to a chemical method inasmuch as the soil is in contact with 

a 1% citric acid solution for 6 days. A good agreement was also obtained 

between mycelium weights and the amounts of P or K dissolved from a 

series of soils by a dilute acid. After comparing the results with 

field experimental results, they concluded that the A. niger method 

was more sensitive for K than for P. The response of the fu.ngus to 

small addition of P was small, whereas the response to addition of K 
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was almost q_uanti ta tive. This may be brought about by a reacticim be­

tween soil and added P, where P may be fixed in insoluble form by the 

soil and rendered unavailable to the fungus. Mulder (1949) claimed 

that microbial tests (A. niger) have the advantage over chemical 

analyses in that the estimation of a certain element is possible with­

out separating it from other compounds. Thtil.S it saves time. As the 

req_uirement of A. niger for trace elements is very low, a very small 

quantity of these elements can be estimated, e.g. in cases of Cu and 

-4 -3 -6 -5 Mo, amounts in the range of 10 , 10 and 10 , 10 milligram res-

pectively may be determined. By chemical methods it is often imposs­

ible to detect such small amounts. The Aspergillus method applied to 

soil problems has shO"im Mg deficiency in the presence of K deficiency, 

a point which may not be shown by chemical analysis of plant tissues. 

It can also detect Zn deficiency in horticultural soil where fruit 

trees showed 11 little-leaf11 effects, and Cu deficiency in alkaline 

fen soil in East Anglia and other centres. (Nicholas, 1949; Rosselet, 

1954). The cheapness and speed of the method are claimed to be o:f 

advantage, but it is suggested that its reliability must be check~d 

by means of examining,with it, a much greater variety of soils from 

suitable field experiments. This opinion is shared by several workers, 

(Smith & Dryburgh, 1934; Gerretsen, 1948; Mulder, 1949; Smith & Simpson, 

1952; Njegovan, 1960). Gerretsen pointed out, that for P de~ermination 

the A. niger method is the best method compared with three other methods 

(Egner, citric acid extraction and Neubauer seedling methods), whereas 

the reproducibility is of the same order of magnitude as that of chemical 
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methods. For K, the accuracy is even greater than that of chemical 

methods. The correlation with results of fertilizer experiments com­

pares favourably with the other methods. He also claimed that the 

same personnel was able to make two to three times as many determin­

ations (both in duplicate) as with chemical methods. 

On the other hand, the A. niger method, like any other meth­

od, also has its limitations and shortcomings. The greatest limitation 

of the procedure is that it can not be used to determine the exact 

Quantity of fertilizers reQuired to remedy nutrient deficiencies of 

the soil. Various workers have emphasized the point that the results 

obtained by this method must be calibrated against the yields of a 

large number of fertilizer field experiments on different crops, 

(Gerretsen, 1948; Smith & Dryburgh, 1934; Mulder, 1949; Rosselet, 

1954; Manil et al., 1956; and Schlots et al., 1931). Work carried 

out by Rosselet (1954) indicates that it is not possil:hle to show 

differences in available Fe in soil and fruit trees by means of A. niger. 

He attributed this to the fact that Fe-deficient leaves usually contain 

adeQuate total Fe, but that the metal is immobilized in plant tissues. 

According to Mulder (1949) the result of the A. niger method is less 

accurate than chemical methods for the estimation of total Mg in 

plant tissue, although the former has the advantage that a very small 

sample may be investigated and that it is much Quicker. Many invest­

igators have reported that the A. niger method is not nearly as sens­

itive as other common methods such as those of Mitscherlich and 

Neubauer (Smith & Dryburgh, 1934). This may be due to the fact that 

the mycelium is not a direct measure of the nutrient uptake, for the 
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composition of the mycelia varies. The nutrient absorbed by the fungus 

does, indeed, agree more closely than mycelium weight with the results 

of other methods, but the need to analyse the mycelium chemically would 

make the method impracticable. Although the technique certainly enables 

us to place soils into two or three large groups according to their 

fertilizer requirement, within which small variation in the mycelium 

weight and its composition are of little consequence, there remain the 

difficulties of assessing the border lines between the groups. This, 

however, is common to all methods of estimation of soil fertility. 

OTHER FUNGOUS SPECIES USED FOR SOIL 

PHOSPHORUS DETERMINATION: 

Very limited evidence concerning the use of other fungous 

species for the estimation of available plant nutrient in the soil is 

fou.~d in the literature on this subject. Swaby (1958) has used 

Curvularia geniculata for determining the availabi®ity of phosphatic 

minerals. He used a medium employed by Donald et al. (1952), consist­

ing of 50 gr sucrose, 5 gr K N0
3

, 0.75 gr Mg so
4

.7H2o, 320 microgram 

Fe as Feso4. 7H20, 250 microgram Zn as Zn so4.7H2o, 80 microgram Cu 

as Cu so4.5H2o, 8 microgram Mn as Mnso4.4H2o, and 3.2 microgram Mo as 

(NII
4

)2MG04, made up to 1 litre with distilled water. The pH was 

adjusted to 7.5. According to his observation the fungus maintained 

a constant pH of 7.5 throughout the incubation period of 7 days at 25°c. 

In comparison with A. niger, Swaby found that A. niger has greater 

ability to extract phosphate than C. geniculata. This may be due to 
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the ability of A. niger to produce a suite of acids, citric, gluconic, 

oxalic, whereas C. geniculata does not produce noticeable acid. 

According to Swaby, Curvularia will not grow in the presence of acid. 

Curvularia has also been used for assaying Mg, K, Sand trace elements. 

'I1he main thought directing the use of this fungus in :preference to 

A. niger is that it is not produc 

imates higher plants. 

acids and thus more closely approx-

No reference was found in the literature to Penicillium 

lilliacu...m and Fusarium species, used here for estimating the available 

phosphate in the soil. Donald et al. (1952) tried to estimate the 

availability of trace elements with Penicillium roqueforta, but they 

were unable to obtain satisfactory results, although the culture was 

0 incubated for 17 days at 22 C. 
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III. MATERIALS. 

The soils used are described in Table: 1. Each soil type, 

with the exception of Tokomaru silt loam and Arapohue clay loam, is 

represented by a phosphated and a non-phosphated sample. Tokomaru silt 

loam is represented by three samples, one with phosphate only, one with 

phosphate and lime, and one without phosphate addition. Arapohue clay 

loam is represented by one sample only, the phosphate fertilizer history 

of which is unknovm. The descriptions of the soils are derived from 

the published data of Fieldes & Taylor (1961), the Soil Bureau bulletin 

No. 5 (1954), and from information received through private communications 

with the Farm Advisory Officers in the respective districts. 
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-· - . Desc~i~tion of Soils 
(.. 

Serial Soil Type Parent Reference Genetic Genetic Predominant Phosphate ferti- Location of 

No. Material No. No. Classification C minerals lizer hj_story. soils 

1 Tokomaru .Alluvium 13 2 Yellow-grey earth, superphosphate Nutrition block .A
2

, ite, vermiouli te, mo:ntmor-
silt loam from mod.era tely leached, illoni te, hydrous mica inter- topdressing at Sheepfarm of 

greywacke forest melanized. mediates, and amorphous hyd- 4 cwt annually Massey College, 

rou.s iron and aluminium Palmerston North. 

oxide. 

2 Tokomaru Same as No. 1 13 2 Same as No. 1 above. Same as No. 1 above 4 cwt. superphosphate Nutrition block :s
4

, 
silt loam above topdressing plus Massey College Sheep 

lime annually farm, Palmerston Nth 

3 Tokomaru Same as No. 2 13 2 Same as No. 2 above. Same as No. 2 above None Clifton ferrace 

silt loam above. Palmerston North. 

4 Carnarvon Wind-blown 23b 17 Sandy gley soil, Illi te with partially expanded topdressed ·with 4 cwt. Himatangi farm 

black sandy quartz-felspatio moderately leached. micas and vermiculite superphosphate annually 

loam sand. ~ 

5 Carnarvon Same as No. 4 23b 17 Same as No. 4 above. Same as No. 4 above None Roadside, Himatangi 

black sandy above. I 

loam. 
, 

6 .Arapohue Argillaceaus 7i 11 Rendzina. Montmorillonite,hydrous mica Unkno1m Waikato area 

clay loam lime stone. 
. 

:'[' Galatea Kaharoa ash on 14b 13a Yellow-:Srovm Allophane, and amorphous hyd- topdressed with 4 cwt. Farm, Rotorua dist,,.. 

sand pumice gravel pumice soil. rous silica superphosphate annually riot 
, , . 

~ 

8 Galatea Same as lfo. 7 14b 13a Same as No. 7 above. Same as No. 7 above None Roadside, Rotorua 

sand above. district. 

Greywacke 35bH 5b 
~ 

Yellow-Brown earth, 9' Koro Koro Clay-vermiouli te 2 cwt. superphosphate Farm, Kahuteraua 
silt loam moderately leached, metahalloysite topdressed annually Valley 

moderately weathered 

10 Koro Koro Same as No. 9 35bH 5b Same as No. 9 above. Same as i~o C 9 above None Roe,dside, Kahuteraua 

silt loam above. Valley 



Table: 1. ( Cont t d) 

Description of Soils. 

Serial Soil Tvne v ~ 
Parent Reference Genei;ic 

.. 
Predominant Phosphate Location of ic 

No MateriaJ.. No No. C1assificatjovi. clay minerals fertilizer history the soils 

11 Kairanga Alluvium, mainly 2 17 Gley soil, 
f 

clay-vermiculite, 2 cwt. superphosphate Kairanga, near 

silt loam from greywacke weakly leached. hydrous micas, quartz annually Longburn, J\/1r • . 
and tertiary 

!. 
Rowland 1 s farm. 

sediment. . 

12 Kairanga Same as No. 11 2 17 Same as No. 11 1' Same as No. 11 above None :rrir. Ro1dand' s 

silt loam above above. J 
property, Kairanga, 

: near Longburn. 
; 

13 Taupo sandy Taupo rhyolitic 18 13a Yellow-Brown ; A1lophane, also hydrous 3 cwt. superphosphate Mr. F.McKenzie's 

silt pumiceous ash rhyoli Uc pumtce 
. silica topdressing annually property, Ngakuru, 

soil. since 1952 Rotorua. 

14 Same as No, 13 18 13a Same as No. 13 Same as No. 13 above None Roadside, 1Jgakuru, 

silt above above I Rotorua. 

15 Ramiha silt Pleistocene silts, 77 14 Strongly leached, Not known, but related to 2 cwt. superphosphate Farm, 

loam mainly from grey- , or 6 Yellow-Brown earth, 11 Dannevirke" soil. - annual topdressing Greenroad. 

wacke with some in Yellow-Br01m vermiculite, ethrite, chlori te, 

volcanic ash. loam inter grade. H 
! 

hyirous mica. 

16 Ramiha si1t Same as No. 15 77 14 Same as No. 15 Same as No. 15 above. None Roadside, 

loam above or 6 above Pahiatua track. 

17 Taupo light Shallow rhyoli tic 18g 13 Primary podzolic Allophane and amorphous 3 cwt. superphosphate From a farm, 

sandy loam pumice of Taupo rhyoli tic pumice hydrous silica topdressing annually Hihi tahi, Wanganui. 

over andesitic ash soil, moderately 

of Tongariro. to strongly leached 

18~ Taupo light Same as No. 17 18g 13 Same as No. 17 Same as No. 17 above None Roadside, Hihitahi, 
sandy loam above above Wanganui. 

19 Stratford Andesitic Egmont 66b 14 Yellow-Brown loam Allophane and hydrous 5 cwt. superphospha te Stratford,farm, 
sandy loam ash. moderately leached. feldspar annually since 1955 Taranaki. , 

forest melanized, 

volcanic ash im-
•"< 

mature. 

20 Stratford Same as No. 19 66b 14 Same as No. 19 Same as No. 19 above None Roadside,Stratford, 
sandy loam above. above. 

' Taranaki. 
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IV. METHODS. 

1 Soil sampling and ~reparation of samples: 

The localities from which the samples were collected are shown 

in table: 1. About 6 cwt. of each soil was collected from the O - 311 

depth by random sampling using a spade. All the fertilized soils were 

obtained from topdressed paddocks, whereas most of the unfertilized 

samples were obta:!hned from roadside sites. The exceptions in this 

latter respect were samples 3 and 12, which were obtained from untoP­

dressed paddocks. 

The samples were spread out on trays in the glasshouse, and 

when their moisture had been reduced sufficiently by natural evaporation, 

they were shredded with a mechanical shredder (Plate I). The shredded 

soils were placed back on the trays and left to dry for about 3 days 

with periodic turning over to hasten the drying; they were then sieved 

by hand to pass through¼" holes. The soils in this state of subdivision 

were reserved for the pot experimental work. Sub-samples passing a 

2m.m. sieve were prepared from these bulk samples for use in the fungal 

bioassays and chemical determinations. 

2. Microbiological Assays: 

(a) Species of fungus investigated: 

The following four species of fungus isolated from the rhizo­

sphere of plants were investigated for use in the microbiological assays. 

(i) Aspergillus niger, a black spored fungus. 

(ii) Penicillium lilliacum, a pinkish-white spored fungus. 

(iii) Curvularia geniculata, a greenish-black spored fungus. 

(iv) Fusarium species, a creamy-white spored fungus. 
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Plate I. 

Mechanical Shredder and 

hand sieve for soil preparation. 

Plate II. 

Part of the lab where 

the bioassays were 

carried out. Some of the 

e~uipment used are shown. 
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(b) Production of spores: 

For spore production, the fu..ngi were grovm on a modified Czapek 

Dox Agar medium. This was prepared by dissolving 51.4g. of the agar 

in 1 litre of warm distilled water, followed by sterilization by auto­

claving for 20 minutes at 10 p.s.i. pressure. 

Spore production for Penicillium, Curvularia and Fusarium, was 

carried out in petri dishes. The sterilized, solidified agar medium 

was re-liquified by immersing the flask containing the agar in boiling 

water for a few minutes. The liquid agar ·was then poured into steril­

ized petri dishes inside an isolation cabinet to prevent contamination 

by undesired organisms. When the medium was cool, it was inoculated 

with spores of the stock cultures. 

For A. niger the production of spores was carried out in slope 

cultures or test tube. Approximately 10ml. of the liquid agar was 

poured into each tube and then sterilized and cooled as above, followed 

by inoculation with the stock culture. 

The temperaturesand periods of incubation varied with each 

species, viz: 

A. niger 35°c for 4 days (96 hours) 

P. lilliacum- 2s0c fl 6 fl (144 hours) 

C.geniculata- 2s
0c " 5 II (120 hours) 

Fusarium sp.- 2s0c II 14 II (336 hours) 

These optimum conditions for spore production for the different species 

had been determined by preliminary experiment. 

(c) Preparation of P-deficient medium: 

The fungi were grown in liquid media containing all the essential 
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nutrients, except phosphate. The medium employed was one originally 

used by Gerretsen (1948), but it was necessary to modify it slightly 

to suit the strains of fungi employed and the purpose of the invest­

igation. The final composition of the medium used was as follows: 

Sucrose lofo 

Citric acid $ e o • 0 0 • C It 1% 

Urea ................ 0.4% 

Mgso
4 
................ 0.03% as MgS0 

4
• 7H20 

K20 ................ 0.02% as K2so
4 

Fe ••••••••••••••••• t} 0.0005% as Feso
4

.7H20 

Zn • • • • • • • • e • • • • • • • • • 0.0002% as Znso
4

.7H20 

Nfn .................. 0.0001% as M:nso
4

.4H20 

Cu .................. 0.00005% as CuSo
4

.5H20. 

The chemicals used in the preparation of the medium were of 

A.R. grade, except the urea which was the common field fertilizer. 

All the constituents were shown to be phosphate-free by application 

of the molybdenum blue test. 

The major constituents of the medium were weighed out into an 

R.F.B. flask of required capacity, and the micro-element additions were 

made by pipetting from stock solutions of the appropriate salts. (Details 

of the preparation of micro-nutrient stock solutions are given in the 

appendices). The contents of the flask were made up to the required 

volume with water, and sterilized by autoclaving for 20 minutes at 

10 p.s.i. 

For the bioassays 50ml. of the above solution was placed in 

each test flask to which was then added lg. sterile calcium citrate and 
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1 ml. of sterile solution containing 10.3 mg. of dissolved sodium humate. 

The test flasks used were 250 ml. wide-neck (1½11 diameter) Erlenmeyer. 

(Plate II). 

(d) Setting up of test flasks for standard growth 

curves and bioassays of soils. 

In preparing the standard growth curves for the different fungi 

the media were supplemented by the addition of phosphate in the form of 

NH
4

H
2

Po4 solution to provide a range of phosphate concentrations in the 

test flasks plus the required volume of sterile water to bring the total 

addition to 10 ml. The completed growth media were then immediately 

inoculated with 1 ml. of thick spore suspension. 

The spore suspension of A. niger was prepared by shaking the 

spore culture with sterile water, followed by further dilution to give 

sufficient volume for the number of inoculations needed. The spores of 

the other 3 species, gro1-m on petri dishes, were too difficult to detach 

by shaking. They were therefore scraped off with a sterilized glass rod 

and then diluted as above. 

After inoculation, the flasks were plugged with cotton wool 

bungs and incubated at the appropriate temperatures and for the appropriate 

periods previously determined optimal for spore production. 

The final volume of the culture was 62 ml. per flask, which 

derived from: 

50 ml. of phosphate-free nutrient solution. 

10 ml. of phosphate solution. 

1 ml. of sodium humate solution. 

1 ml. of thick spore suspension. 
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The procedure for the bioassay of available soil phosphate 

was essentially that used in the preparation of the standard growth 

curves, except that 1 g. of soil and 10 ml. of sterile water were added 

to each flask in view of the standard phosphate solution. 

The soils were sterilized before bioassaying as suggested by 

Swaby (1962, priv. com.). Sterilization was carried out by adding a few 

drops of propylene oxide into each flask containing 1 g. of soil and 

left overnight in an air-tight condition at room temperature. The fumi­

gant was expelled from the flasks by placing them uncovered in an incubator 

0 at 40 - 50 C for 2 hours. The nutrient culture solution was add_ed at 

this stage. 

(e) Harvesting the mycelia: 

At the end of the incubation period the mycelia were quantitatively 

transferred with a spatula on to a filter (NO. 41 Whatman paper), and 

washed with distilled water. 'I1he filtrate was discarded. When completely 

drained, the mycelia together with the filter paper were placed on corru­

gated carton sheet and dried in the oven at 90°c overnight. After drying, 

the ffi'Jcelia and paper were cooled in a desicca trrnr for about 15 minutes. 

The mycelia and paper were weighed and the total dry weight was recorded. 

The dry weight of the mycelia was obtained by subtracting the weight of 

the filter paper from the total dry weight. 

The weights of the filter papers used were determined individual­

ly, instead of taking the average weight of several papers. This technique 

was employed in view of the considerable variation found between the weights 

of individual filter papers, which could seriously affect the mycelial 
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weight calculated by difference. Eefo~e weighing, the filter papers 

were placed in desiccators overnight as suggested by Fife (1963, priv. 

com.) to remove the hygroscopic moisture. All weighing was done on 

Mettler Model E6. 

The pH of the media, before and after incubation, were measured 

using a Radiometer pH meter to determine the change of pH brought about 

by fungal activity. 

3. Pot experiment: 

(a) Species of plants employed: 

The plants were grovm in the glass house during the summer months. 

The plant species used were chosen to suit these conditions and were as 

follows: 

(i) Japanese millet representing a cereal crop, 

( ii) Yellow Globe turnip representing a root crop, 

(iii) Lucerne representing a leguminous crop. 

These crops were known to be phosphate responsive. 

(b) The glass house and type of pots: 

The glass house used during the period of experiment (January to 

March, 1963) is shown in Plate III. It has 2 compartments of unequal 

size. :Before the plants were sown, the roof was sprayed with oil dis­

temper white paint to reduce the excessively high summer temperatures. 

The type of metal pot used is shown in Plate DJ. The pot dimen-

sions ·were: 

top diameter •••••••••••••• 7¼ inches. 

bottom diameter ••••••••••• 6¼ inches. 

height • 0 ••••••••••••••••• " 8 inches • 
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Plate III 

The glasshouse used 

during the period of pot experiment. 

Plate IV 

Type of metal pot used. 

After thirn1ing of seedlings 

the surface soil is covered 

with glass-wool. 
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Each pot was provided with 3 side holes drilled close to the base to 

provide drainage and adequate aeration. The inside of the pots was 

painted with black bitu.minous paint to prevent any harmful contamination 

which might originate from the metal. A total of 245 pots were required 

for the experiment. 

(c) Determination of water holding capacity (W.H.C.) of soils. 

W.H.C. of soils was determined by Keen-Razkowski method. (De­

tails of the method are given in the appBndices). The W.H.C., both 

before and after diluting the soils with vermiculite ( 50% by volume), 

were determined to examine the effect of vermiculite on absorbtion of 

water The results are shown in Table: 2.) 

(d) Determination of soil pH: 

The Radiometer pH meter was employed to determine the pH of 

the soils (Table: 2). 

(e) Procedure for filling the pots: 

The soil was diluted with an equal volume of vermiculite, aimed 

to improve the physical condition of the potted soils. The weight of 

vermiculite added in each instance is shown in Table: 3. 

The filling of the pots and the packing of the potted soils was 

carried out according to techniques used by Fergus and Stirk (1961), 

Schuffelen et al. (1952), and Stewart (1932). Prior to potting, the 

diluted soil was mixed with fertilizer, containing all the essential 

nutrients, except phosphate. Mixing was carried out by hand,followed 

by sieving through a ¼11 holed screen. The fertilizer was applied in 

solution form, the volume of liquid added being that required to bring 

the soil to a moisture content equivalent to 40% W.H.C. of the undiluted 
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soil. This W .H.C. was selected as providing a satisfactory moisture 

regime and mechanical condition in the soils. Preliminary trial showed 

that 4cr/c, W .H. C. of the diluted soil rendered the soil too wet and sticky 

for handling. Stewart (1932) quoted Mitcherlich, who found that it was 

difficult to effect complete transfer of wet soil into pots. 

Before adding the soil a½" layer of gravel was placed on the 

bottom of each pot to assist drainage. The soil was then added in 

successive 1½11 layers. Each layer was carefully pressed down and 

tapped gently several times by dropping the pot vertically from about 

311 high on to the concrets floor. Each layer was superficially loosened 

with a fork before being covered with the following layer. The pots 

were filled up to approximately 1 inch from the top. Aft er fil 1 ing, 

the total amount of water was increased up to 60% W.H.C. of the undiluted 

soil. (The actual amounts of water added in each instance are show.a 

in Table: 4). This level of water in pot experiment was recommended 

by Piper (1942) and considered by Fergus and Stirk (1961) as providing 

a moisture tension in the vicinity of pF2. 

To avoid any possibility of germination injury, the upper layer 

of the soil (about 1 11 thick) did not include fertilizer. 
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Table: 2. 

PH and Water Holding Capacities of soils. 

Serial Phosphate :pH H.C. of un- W.H.C. of di- Increase in 

No. content. diluted soils luted soils. W.H.C. 

(% 0.D.W.) * (% 0.D. W.) * 0.D.W.) * 

1 4 cwt~ super 5.25 76.6 115.3 38.7 

2 4 cwt. super 6.50 73.5 110.4 36.9 
+ lime 

3 no P 5.30 84.7 137.3 42.6 

4 with P 5.65 77.0 128.9 51.9 

5 no P 5.75 89.4 122.3 32.9 
6 ? 7.70 81.4 141.3 59.9 
7( with P 5.50 65.8 145.7 79.9 
8 no P 6.00 62.9 119.6 55.7 
9) with P 5.05 89.1 133.6 44.5 

10 no P 5.30 91.7 146.2 54 5 
11 with P 5.80 74.8 128.7 53.9 
12 no P 5.65 73.2 131.6 58.4 
13 with P 5.45 134.2 190.4 56.2 

14 no P 5.60 124.5 170.3 45.8 

15 with P 6.10 90.5 148.9 58.4 
16 no P 5.40 94.5 157.7 63.2 

17 with P 5.55 105.2 169.7 64.5 
18 no P 5.90 107.9 168.1 60.2 

19 with P 5.90 108.2 165.4 57.2 
20 no P 6.40 79.8 126.3 46.5 

* 0.D. == OVEN DRY WEIGHT. 
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Table: 3. 

Weights of soils and diluents per pot. 

Serial Number Weight of soil Weight of vermiculite Total weight of 

of soils per pot. per pot. soilt'diluent 

(kg.) (kg.) per pot. (kg.) 

1 2.0 0.246 2.,246 

2 2.0 0.263 2.263 

3 2.0 0.2725 2.2725 

4 2.0 0.255 2.255 

5 2.0 0.2665 2.2665, 

6 2.0 0.253 2.253 

71 2.0 0.2555 2.2555 

8 2.0 o. 207( 2.207 

9 2,.0 0.208 2.208 

10 2.0 0.227 2.227 

11 2 .. 0 0.260 2.260 

12 2.0 0.298 2.298 

13 2.0 0.261 2.261 

14 2.0 0.253 2.253 

15 2.0 0.280 2.28d 

16 2.0 0.336 2.336 

17 2.0 0.369 2.369 

18 2.0 0.378 2.378 

19 2.0 .370 2.370 

20 2.0 0.223 2.223 
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Table: 4. 

Amount of water retained byundiluted soils in each :pot. 

Serial No. W.H.C. of Weight of Total H20 Amount of Amount of Difference s 

of soils, soils as soils :per retained water at water at of the 

% of :pot. by 2kg. 60~0 of 4o}f of amount of 

oven dry (kg.) of soils. W.H.C. W.H.C. water at 

weight. I (ml.) (ml.) (ml.) ( 60fe-40%) 
of W.H.C. 

(ml.) 

l 76.6 2.0 1532 919 612.8 306 

2 73.5 2.0 1470 882 588 294 

3 84.7 2.0 1694 916 677 239 

4 77.0 2.0 1540 924 616 308 

5 89.4 2.0 1788 1073 715 358 

6 81.4 2.0 1628. 977 651 316 

7 65.8 2.0 1316 790 526 264 

8 62.9 2.0 1258 755 503 252 

9 89.1 2.0 1782 1069 713 356 
10 91.7 2.0 1834 1100 734 366 

11 74.8 2.0 1496 898 598 300 

12 73.2 2.0 1464 878 585 293 

13 134.2 2.0 2684 1610 1074 536 

14 124.5 2.0 2490 1494 996 698 

15 90.5 2.0 1810 1086 724 362 

16 94.5 2.0 1890 1134 756 378 

17 105. 2 2.0 2104 1262 842 420 

18 107.9 2.0 2158 1295 863 432 

19 108.2 2.0 2164 1298 866 432 
20 79.2 2.0 1584 950 634 316 

.;. . 
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(f) Composition and preparation of fertilizer 

used in pot experiment: 

Gerretsen's formula for pot experiment (1948 - 1949), which was 

designed for determination of available soil phosphate, was used. The 

amounts of nutrient salts required were modified in accordance with the 

weight of soil used. Thus each pot, containing 2 kg. soil, was given 

the following constituents: 

A. Macronutrients: 

KN0
3 

• • • tJ •••••••••• 11 •••••• 0.655 g • 

Ca (N03)2 . . . . . . . . . . . . . . . . . . . . . 0.435 g • 

Ca co
3 iJooo•••••••••~••••••• 0.035 g. 

Ca so
4 

• • • • • • • • • • • • • • • • • • 0 •• 0.035 g • 

K2 so
4 

. . . . . ............... 0.073 g • 

Mg (N03)2 e • • • • • • • • • • • • • • • • • • • • 0.182 g. 

B. Micro-nutrients: 

Ivln so
4 

. . . . . . . . . . . . . . . . . . . . . 18.18 mg • 

Cu so4 e • • • • • • "' • • • • • • • • • • • e 0.73 mg. 

H3 B04 oe•••••••••••••ooo•¾• 0.73 mg. 

Zn so
4 

oo••••••••••,,.4'••"••o• 0.73 mg. 

KI •••o••.,•••••e~••••••" 0.18 mg. 

( NH 
4

) 
2

~Io0 
4

• • • • • • • • • • • • • • • • • • • • • 0. 0 3 5 mg. 

Ferric citrate •••••••••••••••• 34.545 mg. 

As already indicated the nutrients were supplied in liquid form. For this 

purpose stock solutions of macro- and micro-nutrients, corresponding to 

the above formula, were prepared in separate bo:ttles and mixed and a_iluted 

as required. 
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Plate V 

The seedl before 

Plate 

Placement of pots. 

A tensiometer is 

installed among plants. 
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(g) Establishment of plants and glasshouse management: 

( i) Sowing seeds and selecting seedlings: 

Seeds of all species were sovm nn 3rd January, 1963. The 

depths of sowing were as follows: 

Millet 

Turnip 

Lucerne 

i . h 
2 inc • 

i . h 
2 inc • 

inch. 

About 30 seeds were sevm in each pot at 5 positions, with the object of 

obtaining enough plants, from which 5 good plants could be selected_ in 

each pot. 

The seedlings were thinned out to 15 plants per pot when the 

first leaf start~d to appear, and then to 5 plants per pot at the 

appearance of second leaf. At the two-leaf stage, the plants were 

relatively strong. Weeds were pulled out by hand as soon as they appear­

ed above grow1d level. The surface of the soil was then covered with 

glass wool approximately½" thick to prevent too much disturbance of the 

soil at watering times and also to prevent excessive heating and evapor­

ation (Plates: IV and v). 

(ii) Placing of pots: 

The pots were placed on trays, which were in turn placed 

on benches in the glasshouse (Plate: VI). To avoid mixing of drainage 

water from the different soils, the pots containing the same soil were 

placed in the same tray, regardless of plant species. It was assumed 

that root exudates of one species had no harmful effect on other species. 
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This practice was adopted due to the shortage of trays. At young stages 

of growth, all plants were kept in the smaller compartment of the glass­

house, but as they matured, they were distributed over both compartments 

to avoid overcrowding. The pots were shifted around twice a week to 

minimize the effect of varying light intensity on plant growth. 

(iii) Waterings 

As previously indicated ( section II e" above), the water 

contents of the potted soils were adjusted to 6():r'a W .H.C. of the undiluted 

soils, before the seeds were sown. The next watering was not carried out 

until germination had started. This took place approximately four days 

after sowing. Thereafter the plants were watered as often as required. 

At the young stage of development, especially before the soil surface 

was protected with a layer of glass wool, extra precaution was taken 

during watering to avoid disturbance of the soil surface, with consequent 

damage of the young seedlings. This was carried out by holding a clean 

metal tin with perforated bottom approximately 211 above the soil surface, 

into which water was poured from a measuring cylinder. At later stages. 

of plant growth the use of the perforated tin w-as abandoned, but appli­

cation of water at high pressure was avoided. When watering, the whole 

surface of the soil was wetted to achieve more even distribution of water 

throughout the potted soil. Any drainage water from the pots into the 

trays was equally redistributed among the pots concerned. 

Apart from bulk watering of the soil, the leaves of the plants 

were sprayed with water at least once a day in the afternoon, or twice a 

day if the temperature was excessively high, i.e: just before mid-day and 
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again in the afternoon. This practice kept the plants in fresh condition. 

Tap water was used for watering throughout the experiment. It 

gave a negative phosphate test. 

(iv) Determination of water requirement: 

Water requirement was determined by installing tensiometers 

in the pots among the plants (Plates: VI & VII). Five tensiometers of 

Gallenkamp type were available for use, although one for each soil would 

have been ideal. At the beginning the diluted soils were grouped into 

5 categories according to their water holding capacities. The soil with 

the lowest water holding capacity in each group was chosen for installation 

of the tensiometer. The assu.rnption here was that the soil with the lowest 

water holding capacity would require water before the others and excessive 

drying out af any member of the group would thereby be obviated. Table: 5 

shows the grou})ing of the soils based on their water holding capacities. 

The tensiometer pot was buried at 111 below the soil surface. The lower 

end of the tensiometer pot did not reach the gravel underneath the potted 

soil. 
1rable: 5 

Grouping of soils according to water holding capacity 

(W.H.C.) of the diluted soils. 

Group I Group II Group III Group IV 

W.H.C. W.H.C. W.H.C. W.H.C. 

110 - 12ofo 120 - 13ofo 130 - 140% 140 - 150 % 

1 4 3 6* 

Serial 2* 5* 9 7 

No. 
8 11 12* 10 

20 15 
of 

Soils 

* Indicates siting of tensiometers. 

Group V 

W.H.C. 

over 15ofo 

13 

14 

16* 

17 
18 

19 
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Plate VII 

Installation of tensiometers 

among mature turnip plants. 



- 45 -

The tensiometers were operated between the readings of 0 

and 15 cm. Hg. Each group of soil was brought back to a moisture 

tensi.on of Oto 3 cm. Hg. as soon as the tensi.ometer gauge of that 

group showed a reading of 15 cm. Hg. Approximately 250 ml. of water 

per pot was requi.red at each watering. 

The frequency of watering at younger stages of plant growth 

varied inversely with the .H.C. of the soil. However, as the plants 

grew bigger (approximately l½ months after germination), the water 

requirement depended primarily on the size of plant, regardless of 

species or W .H.C. New regrouping of soils, therefore, was conside:red 

necessary, which was based on plant sizes and not on W.H.C. of soils. 

The following arrangement was the result of such regrouping: 

One tensiometer was now installed in each of the groups, 

Millet Pot nos. 1, 2, 3, 6, 7, 9, 10, 11, 12, 13, 1~; 

Turnip Pot nos. 1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 12, 13, 15, 17, 

19, 20; 

Lucerne Pot nos. 1, 2, 3, 4, 6, 7, 9, 10, 11, 12, 19; 

while the other two tensiometers were employed for the remaining soils. 

This system of grouping was satisfactory throughout the rest of the 

experimental period. 

(v) Climatic conditions in glasshouse: 

The glasshouse was not equipped for the control of 

climate. However, some attempt was made to offset adverse effects 

arising from high temperatures and low humidity. During hot days, the 

doors and windows were all widely opened to afford maximum ventilation. 

The floor was kept constantly moist by spraying water as many times as 
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necessary. This helped reduce temperature and also kept the humidity 

constantly high. It also reduced excessive evaporation from the soil 

and from the plant leaves. The maximum and minimum temperatures of each 

24-hour day in the glasshouse were recorded; these data are shown in 

Figure: 1. 

(vi) Pests and diseases and means of control: 

Damping off: This disease caused by Pithium species, and 

it affected mainly the turnips and lucerne as soon as germination started. 

The millet was not infected. This disease was eradicated by watering 

the plants with a mercuric oxide preparation. 

Thrips and sucking insects: These pests attacked the millet 

and lucerne Symptoms appeared approximately 6 weeks following germina­

tion. The plants were immediately treated with metasystox spray at the 

rate of 1 ml. per pint of water. The spraying was carried out with a 

hand spray-gun. 

White butterfly caterpillar: This pest attacked the turnips 

mostly, but also the lucerne slightly. The symptoms were noticed approx­

imately 7 weeks after germination. The grubs were eliminated by spraying 

with lethaline at 1 ml. per pint of water. The spray-gun mentioned above 

was employed for this operation. 

Rust: This infected the lucerne only and was noted about 

ten weeks after germination. The plants were immediately sprayed with 

Zineb at 1 ml. per pint of water. This did not cure the disease, but 

prevented its spread. 

General: The glasshouse was kept free from weeds and organic 
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debris which could have become the source of inoculum of pests and 

diseases. 

(h) Harvesting of crops and determination of yields: 

The millet was harvested on 25th February when the bottom 

leaves started to become yellow and die off. The turnips ·were harvested 

on 2nd March when symptoms of phosphate deficiency had become very mark­

ed and the bottom leaves had died off. The lucerne was harvested on 

26th March when approximately 5ofo of the plants had flowered. 

The turnips were pu_lled out carefully, washed under the tap 

and the total fresh weights recorded. The millet and the lucerne were 

cut above ground level and the fresh weight of top growth was recorded. 

The roots of these two species were harvested separately from the tops. 

The soil was removed from the roots by loosening and shaking, and finally 

by washing on a sieve. 

The relative abundance and size of nodule produced by the 

lucerne roots growing in the different soils was estimated by counting 

the number of nodules per 4 sq. inch. of feeding root. The counting 

was carried out with the root uniformly draped over the palm of the hand. 

The following groupings were made on this basis. 

(i) No. of nodules: 

0 (no nodules) = 0 

1 10 nodules -= 1 

10 20 nodules 2 

20 40 nodules 4 

40 80 nodules 8 

more than 80 nodules 10 

(2) Size of nodules: (continued overleaf) 



. (2) Size of nodules: 

large 

mEidium 

small 
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more than 50% are in clusters and had more 

than 2 mm. in diameter. 

smaller than 2 m.m. in diameter but bigger 

than pin head. 

mostly of pin head size. 

To obtain dry-matter yield values, the harvested crops (tops se:p­

arately from roots) were dried at 160°F (71°c) for 24 hours. The bigger 

and thicker stems or roots were split or cut up into small pieces to 

expedite the dxying. 

4. Chemical Analyses for Soil Phosphate: 

(a) Preparation of soil samples: 

The soil samples employed had previously been air-dried and ground 

to pass a 2 mm. screen. For chemical analyses sub-samples were ground to 

pass an 80-mesh sieve. 

(b) Determination of Aluminium-bound Soil Phosphate: 

The simplified procedure of Fife (1962) was employed. 

(i) Reagents: 

0.5 M.NH4F: dissolve 18.5 g. of NH4F crystals in 1 litre 

of distilled water, and adjust to pH8.5 by 

adding strong NH
4

0H. 

boric acid: dissolve approximately 50 g. boric acid 

in 1 litre of warm distilled water. 

Ammonium molybdate solution: dissolve 15 g. of (NH
4

)
4

Moo
4 

in about 350 ml. distilled water in a 1 litre 

measuring flask. Add 350 ml. of 10 N.HCl, 
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rotating the flask during the acid addition. 

Make up to the mark with distilled H20 and 

mix well. Make fresh every week. 

Stannous Chloride stock solution: dissolve 10 g. SnC1
2 

in 

25 ml. concentrated HCl and store in a brmrn 

bottle. Dilute SnC1 2: dilute o.6 ml. of the 

above to 100 ml. Make up fresh each time. 

( ii) Procedure: 

Weigh 0.05 g. of soil into a 50 ml. centrifuge tube. 

Add 25 ml. of 0.5 M.NH
4

F. (pH 8.5). Stopper and shake for 24 hours on 

an end-over-end shaking machine (40 r.p.m.) Centrifuge for 3 - 4 min-

utes. Pipette 20 ml. of the supernatan solution into a 50 ml. flask. 

Add 15 ml. of boric acid solution, followed by 10 ml. (:rrn
4

)
2

Moo
4 

solution and 5 ml. diluted SnC12 solution. Measure the colour intensity 

on the Beckman spectrophotometer at 815 mu. 

(c) Determination of Aluminium-bound and Iron-bound Soil Phos~hates: 

adopted. 

The following procedure recommended by Fife ( prmv. com.) was 

(i) Reagents: 

O. 5 M.NaCl. 

1.0 N.Na0H. 

Acetone. 

I.O N.HCL 

Procedure: 

Weigh out 0.25 g. of soil into a centrifuge tube. 

Add 20 ml. of 0.5 N.NaCl, ahake gently by hand and centrifuge. Pour 
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off' and discard the supernatan liquid. Repeat 5 times. 

To the soil residue add 10 ml. acetone, shake gently and centrifuge. 

Pour off the clear liquid and leave the soil residue to dry overnight. 

Add exactly 25 ml. of 1 N.NaOH solution and shake for 40 hours. Centri­

fuge for 3 - 4 minutes. Take a 10 ml. aliquot of the supernatan liquid 

and add 10 ml. of 1 N.HCl, the acid to be slightly stronger than the 

NaOH. Shake vigorously by hand and centrifuge to separate the preci­

pitated organic matter. Take a 10 ml. aliquot of the clear liquid 

(equivalent to a 5 ml. aliquot of the original extract). Add 25 ml. 

water, 10 ml. (NH4)2Moo4 and 5 ml. dilute SnC12 • Read the colour intens­

ity on the Beckman spectrophotometer at 815 mu. 

(d) D~termination of Iron-bound Soil Phosphate: 

This was fou.11.d by difference between the values obtained by 

methods 5 (b) and 5 (c) above. 

(e) Determination of Calcium-bound Soil Phosphate: 

The procedure devi1:ed by Fife (priv. com.) was employed. 

(i) Reagents: 

0.01 N.HCL 

All the reagents used in method 5 (c) above. 

( ii) Pr oc edur e : 

Shake O. 25 g. of soil with 25 ml. 0. 01 N. HCl for a minimum 

of 6 hours in a 50 ml. straight sided centrifuge tube. Centrifuge and 

pipette a 10 ml. aliquot of the clear extract into a 50 ml. flask. Make 

up to 35 ml. by addition of water ( pipetted) and develop colour in the 

usual way. 

Pour away the remaining supernatan liquid and wash the soil residue in the 
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tube twice by centrifugation with 20 ml. portions of approximately 

0.5 N.NaCl. Pour away the supernatan liquid after each centrifugation. 

Add about 20 ml. acetone and recentrifuge. Pour off the excess of 

acetone and leave the soil residue to dry at room temperature. 

Add 25 ml. of 1 N.NaOH and shake as in the determination of 

Iron-bound and Aluminium-bound Phosphates and proceed to the colour 

development as before. 

1ro obtain the value for Calcium-bound phosphate, subtract the 

result obtained in method 5 (c) above from the sum of the results obtain­

ed in method 5 (c). 

( f) Determination of available Soil Phos2)hate using the Truog method: 

(see Truog: Jour. Amer. Soc. Ag. 22. No. 10. 1930). 

( i) Reagent: 

Extracting solution: To a 2 litre glass container add 6 g. 

with distilled water to 2 litres. 

Stannous Chloride Solution: Weigh out 2.5 g. of SnC1
2 

and 

dissolve in 10 ml. of concentrated HCl. Add 

90 ml. distilled water. Keep in a brmm bottle 

in the dark to prevent oxidation from the air, 

(or use a½" layer of paraffin oil on top of 

the container.) 

Ammonium molybdate-sulphu:ric acid solution: Dissolve 25 g. 

of (1rn
4

) 2Moo
4 

in 200 ml. of water heated to 

6o 0 c. and filter. Dilute 280 ml. of concentrated 

After both solutions have 
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cooled, add the ammonium molybdate solution 

slowly with shaking to the sulphuric acid 

solution. After the combined solution has 

cooled to room temperature, dilute with water 

to 1 litre. 

Transfer 0.15 g. of soil to 50 ml. centrifuge tube 

and add 30 ml. of extracting solution (soil extractant ratio 1 : 200) 

and shake for 30 minutes. Centrifuge for 3 - 4 minutes, and then pip­

ette 20 ml. of the clear solution into a small flask. Add o.8 ml. of 

the ammonium molybdate-sulphuric acid solution and swirl to mix. Add 

1 drop of SnC12 solution and again swirl to mix. Allow 15 minutes for 

the col011r to develop and read the colour intensity on the Beckman 

spectrophotometer at 815 mu. 
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V. RESULTS 

1. Microbiological Assays: 

(a) The growth curves for the fungi: 

'11he growth curves for A. niger, P. lilliacum and C. geni­

culata are shown in Figuxes: 2, 3 and 4. The data from which these 

curves are a_erived, are given in the appendices. Jllpplication of the 

"least mean sq_uare" method has shovm that the data of A. niger and 

P. lilliacum are straight lines, whereas those of C. geniculata form a 

part of a parabolic curve. The linear regression eq_uation calculated 

from the data of A. niger_ and P. lilliacum are P = 18.36284 W and_ 

P = 16.84533 W respectively, where P is the amount of :phosphate ad_ded. 

to each flask expressed asy.g. of P, and 1,f is the corres:r,o:~•d:i.Y1g dry 

~ight of fuYJgal myce1 ium e:x::9ressed as cg. fl1he quadratic regress ion 

e(}lJ.ation calculated from the data of C. £,reniculata is P = 5.194065 W + 

? o. 120460 w·-. 

Unfortunately, the growth curve for the Fusariu.m species 

could_ y;o+, be obtained due to the inability of the fungus to grow on the 

standard phosphate medium. The reason for this is unknmm, except that 

the fu,igus actually g.cew satisfactorily in the same mediu,11 after the 

addition of soil as a source of phosphate. 

To compare the respnnses of the fungi to the increased 

amou_nts of phosphate ad_ded to the standard growth series, the ordinary 

correlation coefficients for the added phosphate against the resulting 
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mycelial dry weight were calculated. The results are as follows: 

r = +0.998 for A. niger 

r = +0.881 for P. lilliacum 

r = +0.971 for 

The details of the calculation are given in the appendices. Plate VIII 

illustrates growth differences found for A. niger for a range of phosphate 

concentrations lying between zero and 725.8/1g• of P per flask. The pH 

of the A. niger medium, before and after incubation, were measured in the 

preliminary experiment and the results are presented in the appendices. 

Plate VIII. 
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(b) usays of Soil Phosphate: 

The dry weights of fungal mycelia obtained from 1 g. of 

soil added to the media to provide the source of phosphate are given in 

Tables: 6,7,8 and 9. 

Analyses of variances, which are included with each table, 

were calculated according to the following criteria: If mean and variance 

are obviously related, - i.e. if the range of variance drops as the mean 

drops - , the data must be split into groups according to the mean level, 

and an analysis of var iance is done for each group. If inspection shows 

no obvious differences in ranges of replicates between highest and lowest 

means, all data can be combined in one analysis. In some cases only one 

or two treatments may have to be omitted;- if only one, no analysis of 

the omitted data is required. In those cases where it is impossible to 

separate data for analyses, a common Standard Error (s.E.) is used for 

comparing all treatments. This will be too high for comparing low means 

and too low for comparing high means. Thus real differences between low 

means can be missed, and false claims can be made for non-existent differ­

ences between high means. 

Table: 10. shows the ranking of the soils by the different 

fungi according to the mean dry weights of mycelia, and Table: 11. shows 

the amounts of phos phate corresponding to mean mycelial dry we ights. 

The standard errors of phosphate are taken into account in these values. 
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M'ycelial dr;y: weigh ts of A. niger 

with soil as the source of -phosphate. 

(Results expressed as cg.) 

Serial 1st re- 2nd re- 3rd re- 4th re- Totals of Means+ S.E. 

No. of plicate :plicate :plicate plicate repltca tes 

soils. (cg.) (cg.) (cg.) (cg.) (cg.) (cg.) 

1 35.02 35.39 36.04 35.27 141.72 35.43 + 0.73 
2 32.60 32.65 36.80 34.80 136.85 34.21 + II 

3 12.00 11.55 12.90 12.84 49.29 12.32 ±. ti 

4 26.29 24.04 22.55 23.34 96.22 24.07 ±. ti 

5 .14 13.53 13.35 13.44 53.46 13.36 .± fl 

6 20.15 21.45 20.84 19.45 81.89 20.47 + ti 

7 25.14 24.14 28.64 24.14 102.06 25.51 ±. ti 

8 15.14 13.09 12.45 10.40 51.08 12.77 + II 

9 20.19 23.29 18 84 20.94 83.26 20.81 + II 

10 13.75 13.10 12.50 13.55 52.90 13022 + ti 

11 12.70 11.75 12.45 14.05 50.95 12.74 + ti 

12 10.00 10.35 11.70 11.45 43.50 10.87 ±. ti 

13 33.80 32.00 33.95 37.95 137.70 34.42 + II 

14 9.20 13.15 12.05 11.25 45.65 11.41 + II 

15 12.70 13.30 15.60 15,05 56.65 14.16 ±. fl 

16 12.70 12.70 11.25 11.35 48.00 12.00 + ti 

17 19.85 18.15 18.80 21.50 78 30 19.57 ±. II 

18 15.25 15.15 17.95 17.60 65.95 16.49 + II 

19 37.40 37(. 20 37.00 38.25 149:.85 35.43 + " 
20 27.80 23.55 27.95 26.60 105.90 26.47 ±. II 

Sums 404.82 399.53 413.61 413.22 1631.18 

( Grand total) 

Anal;y:sis of variance: 

jSource of variance s.s. df. ! M.S. F. ratio F. ratio Results 
l 

5% (1%) 

Soils 6244.89 19 328.68 155.77 1.78 (2.24) ** 
Error 126.85 60 2.11 

-
Total 6371. 74 79 

(Continued .••••• ) 



S .E. = 

S.S. = 

df. = 

M.S. = 

F. ratio= 

** 

* = 
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Standard Error. 

Sum of Squares (corrected.) 

degree of freedom. 

Mean of Squares. 

ratio of mean squares. 

significant at 

significant at 

level. 

level. 

Standard Error (S.E.) of the means= V-Error mean square 
Li = 

= V 0.53 = 0.73. 

Detectable differences: 

do.o5 

(o.ol) 

= to. o5 ( df60) v( 2 x 2 .11 ) = 2 VL 057 

(o.ol) 4 (2.66) 

= 2 X 1.028 = 2.06 

(2.66) (2.74). 

Ari_y two means, which differ by 2.06 or above and/or by 2.74 or above, 

are significantly different at level(*) and/or 1% level(**). 
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M,ycelial dry weights of P. lilliacum 

with soil as the som:::ce of phosphate: 

(Results expressed as cg.) 

Serial 1st re- 2nd re- 3rd re- 4th re- Totals of Means+ S.E. 

No. of plicate plicate plicate plicate replicates 

soils. (cg.) (cg.) (cg.) (cg.) (cg.) (cg.) 

1 28.00 30.30 27.50 29.75 115.55 28.89 .± 1.31 

2 29.95 30.35 32.50 32.45 125.25 31.31 + II 

3 16.10 15.15 16.95 22.40 70.60 17.65 .± 11 

4 26.25 19.60 34.20 22.65 102.70 25.68 .± II 

5 13.45 9.60 14.75 14. 65 52.45 13.11 ,± II 

6 19.25 20.20 23.10 29.60 89.15 22.29 + t1 

7 12.90 14.95 14 40 14.15 56.40 14.10 .±. 11 

8 10.85 9.80 14. 9.35 44.55 11.14 ,± ti 

9 16.50 11.45 20.00 11. 75 59.70 14.92 .± ti 

10 12.25 15.60 17.35 12.80 58.00 14.50 .± II 

11 17.45 15 25 16.20 16.15 65.05 16.26 + II 

12 11.30 9.85 11.60 91.50 41.90 10.48 ±_ II 

13 17.50 23.50 19,,.55 23.10 83.65 20.91 + 11 

14 7.25 6.30 7.60 5.80 26.95 6.74 .± It 

15 7.00 7.85 12.50 s.oo 35.35 8.84 + 11 

16 7.60 7.30 8.70 9.40 33.00 8 25 + 11 

17 14.45 12.85 12.35 13.55 53.20 13.30 + II 

18 10.80 12.20 11 35 11 55 45.90 11.48 .±. 11 

19 33.10 30.50 28.85 36.70 129.15 32 29 .± II 

20 18 00 21.50 20.50 23.95 83.65 20 91 + 11 

Sums 329.95 324 10 364.50 353.60 1372.15 

( Grand total) • 

Analysis of variance: 

Sou~ce of variance s.s. df M.S. F. ratio F. ratio Results. 
(1%) 

Soils 4471.79 19 235.36 34.56 1.78 (2.24) ~* 
Error 408.74 60 6.81 

Total 4880 53 79 
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S.E. of the means = V 6.81 = V 1.7025 
-4-

Detectable differences: 

do.o5 
(o.ol) 

= to.o5 (df60) 
(o.ol) 

V(2 x 6.81) 
4 

2 x V 3.405 
(2.66) 

= 1.31 

= 2 X l.845 = 
(2.66) 

3.69. 
(4.91). 

two means, which differ by 3.69 or above and/or by 4.91 or above, are 

significantly different at level and/or at level. 
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Table: 8: 

Mycelial dr;y weights of C. ~eniculata 

with soil the source of phosphate. 

(Results expressed as cg.) 

Serial 1st re- 2nd re- 3rd re- 4th re- Totals of Means+ S.E 

No. of plicate plicate plicate plicate replicates 

soils. Ocg.) (cg.) (cg.) (cg.) (cg.) (cg.) 

1 59.70 55.60 52.70 58.90 226.90 56. 73 .:!: 1.02 

2 57 60 57.95 56.25 .85 229065 57.41 + ti 

3 30.20 36.90 33.50 35.70 136 30 34.08 .:!: ti 

4 50.40 58.45 59.10 57.00 224.95 56.24 ±. ti 

5 41.35 45.85 46.05 48.80 182 05 45.51 .:!: ti 

6 45.80 44,55 43 90 44.55 178.80 44.70 + ti 

7 38.55 39.65 40.05 37.90 156.15 39.04 ±. II 

8 22.90 24.75 26.50 23.20 97,35 24.34 .:!: II 

9 45.60 45.10 42.50 41.05 174 25 43.56 + 11 

10 34.70 35.75 31.60 34.40 136.45 34.11 + II 

11 34.55 34.45 34.55 32.00 135.55 33.89 + II 

12 31.15 31.50 32.05 33.10 127.80 31.95 + II 

13 69.50 72.20 68.80 70.15 280.65 70.14 + II 

14 22.25 23.90 26.46 25.80 98,35 24.59 ±. II 

15 28.40 31.80 29.50 30.90 120.60 30.15 .:!: ti 

16 32.85 30.30 31.90 30.20 125.25 31.31 + II 

17 48.60 49.60 44.46 46.46 189.00 47.50 + II 

18 36.20 36.65 40.00 37.20 150.05 37.51 ±. ti 

19 68.85 66.75 68.50 65.50 269.70 67 .43 ±._ II 

20 39.70 39.60 37.25 41.64 158.19 39). 55 ±. II 

Sums 838.85 861.30 845.50 852.34 3397.99 
( Grand total) 

Analysis of variance: 

! s.s. df. M.S. ratio ratio Results ~o~ce of F. F. 
yariance (1%) 

~oils 
I 

13353 29 19 702 81 169.35 1.78 (2.24) ** 
I tE;rror 248.98 60 4.15 

;Total 
[ 

13602.28 79 
-

( ConHnued.. • ••••• ) 
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S.E. of the means = V 4.15 = V l.04 = l 02 
4 

Detectable differences: 

d0.05 = to.05 (df60) V(2 x 4.15) = 2 X 1.44 = 2.88 
(0.01) (0.01) 4 (2.66) (3.83) 

Any two means, which differ by 2.88 or above and/or by 3.83 or above 

are significantly different at 5% level and/or at level. 



Table: 9 

Serial 

No. of 

soils. 

1 

2 

3 

4 

5 
6 

7 
8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 
20 

Sums 

Analisis 

Source of 
variance 

Soils 

Error 

1rotal 
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Mycelial dry weights of Fusarium species 

with soil as the source of phosphate. 

( 11esul ts expressed as cg.) 

1st replicate 2nd replicate Totals of replicates Means + S .E. 

(cg.) (cg.) (cg.) (cg.) 

26.80 28.40 55.20 27.60 ±. 0.92 

26.05 22.35 48.40 24.20 .±, ti 

15.35 15.25 30.60 15.30 + ti -
29.80 26.50 56.30 28.20 + ti -
23.70 21.60 45.30 22.70 + ti -
14.45 11.50 25.95 13.00 + II -
16.10 16.70 32.80 16.40 + It -
10.40 14.00 24.40 12.20 + It 

-
8.95 12.15 21.10 10.60 + ti 

-
8.00 11.05 19.05 9.50 + I! -
9.30 10.65 19.95 10.00 + " -
8.30 9.15 17.45 8.70 + ti -

53.55 53.65 107.20 53.60 + ll 

-
14.85 8.30 23.15 11.60 + ti -

8.60 7.80 16.40 8.20 + ti -
23.00 24.90 47.90 24.00 + 11 

-
30.80 29.05 59.85 29.90 + ti -
22.50 23.10 .15.60 22.80 + ll -
51.85 53.75 105.60 52,80 + !I -
29.20 31. 35 60.55 30.30 + It -

431.55 431.20 862.75 
(Grand total) 

of variance: 
.. 

s.s. df. M.S. F. ratio F. ratio Results 
i:;efo 
./( ( 1%) 

.. 

6628.13 19 348.85 103.8 1.96 (2.64) ** 
67. 24 20 3.36 

6695.37 39 
I rt ___ ..1...: - - - - , \ 

... 
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S.E. of the means = V = V 0.84 = 0.92. 

Detectable differences: 

d0.05 
(0.01) 

= t0.05 (df20) 
(0.01) 

X V(2 X 3.36) = 
4 

2.086 X V 1.68 = 2.086 X 1.296 
(2.845) (2.845) 

Any two means, which differ by 2.70 or above and/or by 3.70 or above, 

are significantly different at level and/or at level. 

- 2. 
( 3. 
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Ranking of soils by the diffe~ent fungi 

aooording to the phosphate status of the soils. 

Serial I Ranks of the soi 1 s by the mean dry ,,rniP-hts of mvcelia - ' ' 0 u 

No. of According to I According to According to 
soils. A. niger. P. lilliacum. c. geniculata. 

1 2 3 4 

2 4 2 3 

3 I 17 8 14 
I 

4 I 7 4 5 
I 5 13 14 7 l 

6 i 9 5 8 
I 

7 6 12 11 

8 15 16 20 

9 8 10 9 

10 14 11 13 

11 16 9 15 

12 20 17 16 

13 3 6 1 

14 19 20 19 

15 12 18 18 

16 18 19 17 

17 10 13 6 

18 11 15 12 

19 1 1 2 

20 5 7 10 

Ex:ample: Soil lfo.l is ranked 2nd by A.niger, 

3rd by P.lilliacum, 

4th by C.geniculata,and 

6th by Fusarium s~ecies, 

etc., etc. 

I A d. ; ccor ing 
: Fusarium 

6 

7 
12 

5 
10 

13 

11 

14 

16 

18 

17 

19 

1 

15 

20 

8 

4 

9 

2 

.3 

to 
species. 

·rhe data in this table are used to obtain results presented in 

Table: 26. 
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The amounts of "available" soil phosphate as estimated by 

Serial 

lfo. of 

soils 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

A. P. lilliacum,& C.geniculata. 

(Results expressed as pg. of P per g. of soil) 
7 

A.ni~er P. lilliacum 

y-g. of ~ ~er g. of y-g. of P per g. of 
soil j. soil). 

650.60+ 13.40 486. 66 + 21. 98 

628.19 + I! 527.43 + II -
226.23 .± 11 297.32 + If 

I 441.99 .± ti 432.59 + 11 

! 245.33 + 11 220.84 .±. 11 

375.89 + 11 375.48 .±. 11 

468.44 + 11 237.52 + 11 

I 234.49 .±. 11 187.66 .±. 11 

I 382.13 +' II 251. + 11 

I -
l 242.76 + 11 244.26 .±. 11 

233.94 .±. 11 273.91 .± 11 

199.60 .±. 11 176.54 .±. ti 

632.05 .±. 11 352. + 11 

-
209.35 + If 113.54 .± 11 

260.02 + 11 148.91 + 11 - -
220.35 .± II 138 97 .± 11 

359.36 .± 11 224.04 + If 

302.80 .± II 193.38 + 11 

687.87 .±. 11 .94 + 11 

486.06 .± 11 352.24 + 11 

C,€£eniculata 

;Pg. of P per g. 
soil). 

682.34 .± 19.48 

695.34 + 19.53 

316.92 .± 13.80 

673.12 .±. 18.25 

485.87 .±. 16.61 

472,87 .±. 16.18 

386.37 + 15.02 

197.79 + 11.40 

454.82 .±. 16.13 

317.32 .±. 14.41 

314.38 .±. 13. 

288.92 + 13.27 

956,93 .±. 23.07 

200.56 + 11.47 

266.10 + 12.83 

280.72 + 13.11 -
518.51 .± 17.09 

36Ll.32 .±_ 14 64 

897,95 .± 21.99 

393.85 .± 15.14 

of 

--
The S.E. of phosphate estimations for A.niger and P.lilliacum methods 

are constant because the growth curves for both fungi are straight lines, 

whereas the S.E. of phosphate for C.geniculata method increases with the 

means of phosphate due to the parabolic characteristic of thB growth curve. 

The above values also reflect the amounts of phosphate in lbs./acre, 

assuming that 1,000,000 lbs. as the weight of soil per acre at 011 - 311 depth. 
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2. Pot experiment: 

The fresh weights of the har\iested plants are given in the 

appendices. Tables: 12, 13 and 14. show the dry weights of millet top, 

root, and total yields; •:rable: 16 shows the dry ·weights of turnip total 

yields, and r11ables: 18, 19 and 20. show the dry weights of lucerne top, 

root, and total elds. Table: 19. also includes root nodule data. 

Bach table is followed by an analysis of variance, which was done accord­

ing to the criteria previously presented. 

The ranking of soils in terms of dry matter yields are 

sh01m in Tables: 15, 17 and 21. 

Plates IX to XVIII illustrate some of the differences in 

colour, size and general a1)pearance of the various crops arising from the 

different levels of 11 available" phos:9hate in the pots, and Plate XIX shows 

ramification of roots throughout the potted soils. 



'fable: 12. - 67 -
Dry weights of rilillet top g:rowth: 

( The soils are rearranged accordj_ng to descending order of mean weights.) 

(Results expressed as grams.) 

Serial 1st re- 2nd re- 3rd re- 4th re- Totals of Means + S .E. 

1fo. of plicate plicate plicate -plicate replicates 

soils ( g.) ( g.) ( g.) ( g.) ( g.) ( g.) 

Group I: 

13 71.73 90.87 64.29 107.49 334.38 83.60 + 4.11 

9 67.75 83.80 71.80 92.60 315.95 78.99 + It 

-
2 58.50 68.60 65.80 78.25 271.15 67.79 + It 

-
10 50.38 73.10 45.43 55.34 224.25 55.86.:: ti 

19 66.53 41.60 58.93 54.75 221.81 55.45.:: It 

1 47.42 56.00 58.30 46.30 208.02 52.00,::: II 

7 49.65 45.82 48.43 47.18 191.08 47.77 + It 

11 52.33 32.88 34.00 53.40 172.61 43.15 + II 

-
3 40.10 38.80 43.58 50.12 172.60 43.15 + It 

-
12 31.52 44.60 43.25 38.10 157.47 39 .37 + II -

6 26.25 24.00 22.87 22.75 95.87 23.97.::: It 

20 20.38 20.80 20.13 23.88 85.19 21.29 + It 

-
4 18.19 14.80 23.00 22.20 78.19 19.55.::: II 

8 13.40 17.62 15.74 13.20 59.96 14.99 + !I 

-
17 15.66 14.86 13.06 15.33 58.91 14.73 + fl -
15 11.13 13.84 14.60 12.80 52.37 13.09 + II -

Sums 640.9~ 681.99 643021 733.69 2699.81 
( Grand 'I1otal.) 

Group II: 

14 8.02 9.06 8.72 9.30 35.10 8.78,::: 0.27 

18 4.40 5.04 5.01 6.40 20.85 5.21 + It 

5 4.25 4.10 4.10 4.00 16.45 4.11,::: It 

16 2.93 2.19 2.19 2.37 9.68 2.42 + ti -
Sums 19.60 20.39 20.02 22.07 82.08 

( Grand 'fotal. ) 

(Analysis Overleaf .••••.. ) 
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Analysis of variance: 

Group I: 

I'. ! Source of 1 s .s. df. M.S. F. ratio F. ratio Results 
I 

variance I 
I 

Soil Type 31404.88 15 2093.66 30.92 

Error 3250.23 48 97.71 

Total 346_55.11 63 

S.E. of the means = V 67.71 = V 16.93 = 4.11 
4 

Detectable differences: 

d0.05 
(0.01) 

= t O. 0 5 ( df 48) 
(0.01) 

Group II: 

V(2 X 67.71) 
4 

2.02 x V 33e86 = 
(2.69) 

5% ( 1%) 

1.9 (2.4) 

2.02 X 5.82 
(2.69) 

** 

11.76 
(15.66 

Source of S.S. df. M.S. F. ratio F. ratio Results 

variance 51h 

sons 86.69 3 28.89 99.60 3.5 

Error 3.47 12 0.29 

Total. 90.16 15 

S.E. of the means = V 0.29 = V 0.0725 = 0.27 
-4-

Detectable differences: 

( Ff) . I 

(6.0) ** 

d0.05 = t0.05 (dfl2) V(2 x 0.29) 
4 

= 2.18 x V 0.145 = 
(3.06) 

2.18 X 0.38 
(3.06) 

Comparison between Grou~ I and Group II: 

= 0.83 
(1.16) 

S.E. of the difference = V ~ (S.E. 1 )2 + (S.E. 11) 2 j = V ~ (4.11)2 + (0.27)'. 

= V 16.965 = 4.12 

( f!ont.i 1111A11 _ •••••••.• ) 



Detectable differences: 

d.05 = 

(. 01) 

t. 05 ( 60df) 

(. 01) 

(4.12) 
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= 2 X 4,12 = 8,24 

(2.66) (10.96) 

mean in Group I differs by 8.24 or above and/or by 10.96 or above 

from any mean in Group II, the two means concerned are significantly different 

at and/or level$. 



Table: 13: - 70 -

Statistical Analysis of the Dry Weights of lVIillet root. 

(The soils are rearranged according to descending order of mean weights.) 

(Results expressed in grams.) 

No. of 1st re- 2nd re- 3rd re- 4th re- Totals of M:eans + S.E. 

soils plicate plicate plicate plicate replicates 

13 

1 

19 

9 

2 

10 

11 

7 

3 

12 

20 

17 

4 

6 

15 
8 

14 

5 
18 

16 

Sums 

(g.) 

10.73 

8.18 

10.04 

7.40 

7.40 

7.20 

6050 

6.90 

5.85 

4.83 

5.60 

4.80 

3.20 

3,90 

2. 

3.18 

2.26 

2.30 

L04 
1.20 

165.25 

( g.) 

9.86 

9.18 

7.96 

8.52 

8.17 

7.60 

5.43 

5.30 

5.30 

5.43 
4. 70 

3.73 

2.86 

3.85 

3.53 

3,90 

2.69 

1.50 

1 46 

1 11 

102.08 

Analysis of variance: 

Source of S.S. df. 

variance 

Soils 594.21 19 

Error 50.36 60 

Total 644.57 79 
-

( g.) 

9.04 

14.20 

9.70 

7.67 

7.42 

6.80 

5.80 

6.40 

6.00 

5.20 

4.40 

3.48 

4.90 

3.28 

4.00 

3.20 

2.57 

1.33 
1 

107.28 

M.S. 

31.27 

0.84 

( g.) 

11.69 

7.10 

8.91 

8.62 

8.10 

7.40 

6 75 

5.73 

6.53 

4.90 

4.78 

4.00 

4.80 

3.10 

2.97 

2.56 

2.93 
1 30 

1 51 

Ll3 

( g.) 

41.32 
38.66 

36.61 

32.21 

31.09 

29.00 

24.48 

24.33 

23.68 

20.36 

19.48 
16.01 

15 76 

14.13 

13.24 

12.84 

10.45 

6.43 

5,19 

4 15 

419.42 
( Grand tota1) . 

F. ratio F. ratio 

( 

( g.) 

10.33 + 0.46 

9,66 + " 

9 15 .± " 
8.05 .± t1 

7.79 .± " 
7.25 + " 

6.12 + " 

6.08 + " 

5.92 + t1 

5.09 + " 

4.87 .± t1 

4.00 + " 

3.94 .± " 
3,53 + " 

3.31 + t1 

3.21 + 11 

2.61 + " 

1.36 + " 

L 30 + t1 

1 04 + " 

Results 

37.22 1.78 (2.24) ** 

(Continued_ .••••.••••..•. ) 
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S.E. of the means= V 0.84 = V0.21 = 0.46. 
-4-

Detectable differences: 

d 0.05 = to.05 (df6o)v(2xo.84)= 2 x vo.42 = 2 x 0.648 = 1.29 
4 

d 0.01 = to.01 (df6o)v(2xo.84)= 2.66 x vo.42 = 2.66 x 0.648 = 1.72 
4 

Any hrn means, which differ by 1. 29 or above and/ or by 1. 72 or above 

are significantly different at 5% level and/or at level. 



Table: 14. 
Dry weights of Millet total yield$: 

(The soils are rearranged according to descending order of mean weights.) 

(Results expressed as gr~_ms.) 

Serial 1st re- 2nd re- 3rd re- 4th re- Totals of Means+ S.E. 

1'To. of plicate plicate plicate plicate replicates 

soils ( g.) (g.) ( g.) ( g.) ( g.) (g.) 

Group I. 

13 82.46 100.73 73 33 119 ,18 375.70 93.93 + 5.51 

9 75.15 95.32 79.47 101.22 351 16 87.79 ±. 11 

2 65.90 75.77 73.22 86.35 301.24 75.31 + ti 

19 76.57 49.56 68.63 63.66 258.42 64.61 ±. If 

10 57.58 80.70 52.23 62.74 253,25 63.31 + If 

1 55.60 65.18 72.50 53.40 246.68 61.67 + ti 

7 56.55 51.12 54.83 52.91 215.41 53.86 + ti 

11 58.83 38.31 39.80 60.15 197.09 49.27 + If 

3 45.95 44.10 49.58 56.65 196.28 49.07 + If 

12 36.35 50.09 48.45 43.00 177.89 44.47 ±. ti 

Sums 610.94 650.88 612.04 699.26 2573.12 
( Grand Total.) 

Group II: 

6 30.15 27.85 26.15 25.85 ll0.00 27. 66 + 1.27 

20 25.98 25.50 24.53 28.66 104 67 27.17 ±. ti 

4 21.39 17.66 27.90 27.00 93.95 23.69 ±. It 

17 29.46 18.59 16.54 19.33 74.92 18.73 ±. It 

8 16.58 21.52 18.94 15.76 72.80 18.20 + ti 

15 13.87 17,37 19.00 15.77 66.0l 16.50 ±. It 

14 10.28 11 75 11.29 12.23 45.55 11.39 ±. II 

Sums 138.71 140.24 144.35 144.60 567.90 
( Grand r.rotal) 

Group III: 

18 5,44 6. 50: 6.19/ 7.91 26 04 6.51 ±. O 37 

5 6.55 5.60 5 43 5.30 22.88 5.72 + It 

16 4.13 3.30 2.90 3.50 13.83 4.66 + 11 

Sums 16.12 15.40 14.52 16.71 62.75 
(Grand Total) 

( Analysis Overleaf .•....•.. ) 
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Analyses of variance: 

Group I: 

-
Source of S.S. df. M.S. F. ratio 

variance 

Soils 10074.71 9 1119.41 9.21 

Error 3644.41 30 121.48 

Total 13719.12 39 

S.E. of the means= v121.48 = V30.37 = 5.51 
4 

Detectable differences: 

F. ratio Results 

( ) 

2.2 (3.0) ** 

d0.05 • t0.05 (df30) V(2 x 121.48) = 2.04 V60.74 = 2.04 X 7.79 = 15 89 
(0.01) (0.01) 4 (2.75) (2.75) (21.42) 

Group II: 

Source of S.S. df. M.S. F. ratio 

variance 

Soils 78e.62 6 131.44 20.28 

Error 136.oe 21 6.4e 

Total 924.70 27 

S.E. of the means= V6.48 = Vl.62 = 1.27 
4 

Dektectable differences: 

d0.05 = t0.05 (df21) V(2 x 6.48) = 
(0.01) (0.01) 4 

2.08 x V3.24 = 
(2.83) . 

Comparison between Group I and Group II: 

F. ratio 

( 

2.6 (3.9) 

2.08 X 1.8 
(2.83) 

Results 

** 

= 3- 74 
(5 09) 

S ~ f 'h d'f" n (SE )
2 

+ (S ~ )
2) = V(((l.27) 2 + (5.51) 2 )). --.J:!j. o t. e i rerence = v( • '•I .~. 11 ) -

V31.97 = 5.,65 
Detectable differences: 

d0.05 = 
(0.01) 

tO 05 (df50) (5.65) = 
(0.01) 

2.008 (5.65) 
(2.678) 

• 11.3 
(15.1) 

Any mean in Group I differs by 11.3 or above and/or by 15.1 or above 

from any mean in Group II, the two means concerned are significantly different 

at and/or 1. levels. 

(Continued ....•..•• ) 



Analyses of variance(Continued). 

Group III: 

- 74 -

Source of S.S. df. M:.S • F. ratio F. ratio 

variance ( 

Seils 20.08 2 10.04 18.25 4.3 (8 

Error 4 96 9 o. 

Total 25.04 11 

S.E. of the means = ve 14 = 0.37 

Detectable differences: 

d0.05 = 
(0.01) 

t0.05 (df9) V(2 x 0.55) = 
(o 01) 4 

2.26 x vo.28 
(3.26) 

Compar1s0:n between Group II and Group III: 

= 2.26 X 0.53 
(3.26) 

o) 

Results 

** 

L2 
(1 7) 

2 2) 2 ?) 
S.E. of the difference = V((S.E.II) + (S.E.III) ) =V((l.27). + (0.37)-) "" 

Detectable differences: 

d0$ = 
(0.01) 

t0.05 (df30) (1.32) 
( 0. 01) 

Vl.75 = 1.32 

= 2.042 X 1.32 
(2.750) 

= 2.70 
(3.63) 

( 

mean in Group II differs by 2 70 er above and/ or by '> 63 or above 

from any mean in Group III, the two means concerned are significantly different 

at and/or levels. 



Table: 15. - 75 -

Serial 

No. of 

soils 

1 

2 

3 

4 

5 
6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Ranking of soils by Millet ton, root, and total yields 

according to the phosphate status of the soils. 

Ranks of the soils by the mean dry weights of plant yields 

According to According to According to 

Millet top Millet root Millet total 

6 2 6 

3 5 3 
91 9 9 

13 13 13 

19 18 19 

11 14 11 

7 8 7 

14 16 15 

2 4 2 

4 6 5 
8 7 8 

10 10 10 

1 1 1 

17 17 17 

16 15 16 

20 20 20 

l"i 
✓ 

12 14 

18 19 18 

5 3 5 

12 11 12 

The data in this table are used to obtain results presented in 

Table: 26. 
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Table: 16. 

Dry weights of Turnip total yields: 

(The soils are rearranged according to descending order of mean weights.) 

(Results ex-pressed in g.) 

Serial 1st re- 2nd re- 3rd re- 4th re- Totals of Means+ S.E. 

no. of :plicate plicate plioate plicate replicates 

soils ( g.) ( g.) ( g.) (g. ➔ ( g.) ( g.) 

Group I: 

19 57.60 63.33 52 80 58.33 232.06 58 02 + 1.97 

13 51.73 56.46 65.06 50.66 223.91 55.98 ±. II 

11 33.00 32.10 36.95 38.12 140.17 35.04 .±. II 

2 30.50 34.12 35.20 30.10 129.92 32.04 .±. II 

7 32.00 30.80 30 25 33.30 126.35 31.59 + lt 

1 34.09 28.10 32.00 31.90 126.09 31.52 ±. II 

9 30.30 32.15 33.10 28.62 124 17 31.05 + II 

10 32.80 24.80 39.21 25.12 121.93 30.48 .±. II 

3 28 80 31.50 29.70 29.80 119.80 29.95 + II 

12 34 00 24.20 21.65 33.10 112.95 28.24 .±. " 
6 27.00 26.10 29.60 29.80 112.50 28.12 + II 

15 26.32 21 30 21.23 22.00 90.85 22.71 .±. " 
Sums 418.14 404.96 426.75 410.85 1660 70 

(Grand total) 

Group II: 
4 19.42 15.03 20.20 13.30 67.95 16.99 + 1.29 

8 14.10 16.00 14.52 15.35 59.97 14.99 .±. 11 

20 14.80 15.11 10.50 13.10 53.51 13.38 + " 
17 10.93 11.17 19.43 11.30 52.83 13.21 + fl 

18 8.53 11.67 11.60 13.24 45.04 11.26 + fl 

14 12.66 9.33 10.57 9.49 42.05 10.51 + II 

Sums 80.44 78.31 86.82 75.78 321.35 
(Grand total) 

Group III: 
5 6.64 6.oo 5.75 5.15 23.54 5.89 + (L47 

16 5.40 3.06 2.93 4.40 15.79 3 95 .±. II 

Sums 12.04 9.06 8.68 9.55 39,. 33 
(Grand total) 

(Analyses Overleaf. .. $ • $ ) 
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Analyses of varjance: 

Group I: 

Source of S.S. df. M.S. F. ratio 

variance 

Soils 5213. 79; 11 473.98 30.60 

Error 557.48 36 15.49 

Total 5771.27 47 

s.E. of the means - v15.49 = V3.87 = 1.97 
4 

Detectable differences: 

F. ratio 

5% (1%) 

2.15 (2.6) 

d0.05 = 
(0.01) 

to.05 (df36) V(2 x 15.49) = 2.03 x v7.74 = 2.03 x 2.78 
(0.01) 4 (2.73) (2.73) 

Group II: 

So-urce of s.s. df. M.S. F. ratio 
variance 

SoiJs 113.44 ~ 22.69 3.41 
--~-----....__-·~-·- ~~ ··-·------ --
Error 119. 63 18 6.65 
----· ----
Total 233.07 23 

S.E. of the means = V£._.65 = Vl.66 = 1.29 
4 

Detectable differences: 

F. 
5% 

2e8 

-

ratio 
(1%) 

(4.3) 

d0.05 = 
(0.01) 

t0,05 (dfl8) V2 x 6.65 
( 0.01) 4 

= 2.10 x V3.32 = 
(2.878) 

2.101 X 1.822 
(2.878) 

Compari!3_':'_~_between Group I 

S.E. of the difference 

and Group II: 
(( )2 ( .... )2) Cc )2 = v( S.E.I + S • .!!;.II ) = v( 1.97 + 

Detectable differences: 

d0.05 = 
(0.01) 

t0.05 (df54) (2.35) 
(0$01) 

v5.545 = 2.35 

= 2.006 X 2.35 = 4.714 
(2.683) (6.305) 

Results 

** 

= 5.64 
(7.59) 

Results 

* 

Any mean in Group I differs by 4.714 or above and/or by 6.305 or above 

= 

from any mean in Group II, the mro means concerned are significantly different 

at 5/o and/or ~fo levels. 

(Continued •••••••• ) 
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Analyses of variance (Continued.) 

Group III: 

Source of S.S. df. M.S. F. ratio F. ratio 

variance ( ) 
I 

Soils 6.84 1 6.84 7.77 6.o (13.7) 

Error 5.28 6 o 88 

Total 12.12 7 

S.E. of the means = vo.22 = 0.47 

Detectable differences: 

d0.05 = 
( 0. 01) 

to.05 (df6) v(2 x o.88) = 2.447 x vo.44 = 2.447 x o.6633 
(0.01) 4 (3.707) (3 707) 

Comparison between Group II and Group III: 

Results 

* 

= 1.62 
(2.46) 

( 2 2) ( 2 21 
S.E. of the difference= V((S.E.II) + (S.E.111) ) = V((l.29) + (0.47) ) 

= Vl.885 = 1 37 

Detectable differences: 

d0.05 = 
(0.01) 

to.05 (df24) (1.37) 
(0.01) 

= 2.064 X 1.37 
(2.797) 

2.83 
(3.83) 

Any mean in Group II differs by 2.83 or above and/or by 3.83 or above 

\ 

from any mean in Group III, the t·wo means concerned are significantly different 

at 5~t and/or 1% levels. 
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Table: :p. 
Ranking of soils by Turnin total yields 

according to the phosphate status of the soils. 

Serial No. of soils Rank 

1 6 

2 4 

3 9 

4 13 

5 19 

6 11 

7 5 

8 14 

9 7 

10 8 

11 3 

12 10 

13 2 

14 18 

15 12 

16 20 

17 16 

18 17 

19 1 

20 15 

The data in this table are used to obtain results presented in 

Table: 26. 
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Table: 18. 

Dr;z weights of Lucerne top growth: 

(The soils are rearranged according to descending order of mean weights.) 

(Results expressed in g.) 

Serial 1st re- 2nd re- 3rd re- 4th re- Totals of Means+ S.E. 

No. of plicate plicate plicate :pl ica te replicates 

soils Og.) ( g.) ( g.) ( g.) ( g.) ( g.) 

19 28.13 25.17 27.86 27.95 109.11 26.78 + 0.93 

2 24.10 28.00 20.60 24.90 97.60 24.40 ±_ II 

13 20.46 16 . 49 25.49 18.26 80.70 20.17 + ti 

1 20.40 16.40 22.58 19.32 78.70 19.67 ±_ It 

9 16.43 17.70 16.10 17.10 67.33 16.83 + II 

11 14. 38 20,. 60 17.48 14.42 66.88 16.72 ±_ II 

6 15.30 15.90 16.40 17.65 65.25 16.31 + ti 

12 16.60 12 .80 17.20 18.48 65.08 16.27 ±_ II 

10 15.82 14.58 16. 30 14.10 60.80 15.20 ±_ II 

17 12.57 14.26 14.26 12.63 53.72 13.43 + II 

3 12.90 10.75 10.40 15.53 49.58 12.39 + II 

20 9.75 13.00 11.20 12.45 46.40 11.60 + II 

15 10.88 10.40 10.70 12.78 44.76 11.19 ±_ II 

14 8.26 10.72 9.86 10.66 39 . 50 9.87 + II 

18 7.86 10.53 9.80 11.09 39 .28 9.82 + II 

7 8.oo 11.05 8.75 9.38 37 . 18 9.29 ±. " 
4 8.34 7.93 8.70 7.40 32.37 8.09 ±_ II 

8 5.70 9.10 6.70 7.70 29.20 7.30 ±. II 

16 4.66 ~.40 5.33 7.20 23.59 5.88 ±. II 

' 5 5.58 6.40 4.50 4.89 21.37 5.34 ±. tt 

Sums 266.12 278.18 280.21 283.89 1108.40 
( Grand total) 

Analysis of variance: 

Source of s.s. df. M.S. F. ratio F. ratio Results 
variance 5% ( 1%) 

Soils 2701.22 19 142.17 40.97 1. 78 ('2. 24) ** 
Error 208.47 60 3.47 
-
Total 2909.69 79 

(Continued Overleaf . ... ) 
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s •• of the means = V3.47 = vo.8675 = 0.9315 = 0.93 
-4-

Detectable differences: 

d0.05 "' to 05 (df60) V(2 X 3.47) = 2 X Vl.735 = 2 X 1.32 
4 

dO 01 = to 01 (df60) V(2 X 3.47) = 2 66 X 1 32 = 3.51 
4 

= 2 64 
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Table: 19. 

Dry weights of Lucerne root: 

( The soils are rearranged according to descena_ing order of mean weights.) 

(Results expressed in g.) 

Serial 1st re- 2nd re- 3rd re- 4th re- Totals of Means+ 

No. of plicate plicate plicate plicate replicates S.E. 

soils 

19 

2 

1 

13 

11 

9 
6 

17 
12 

10 

20 

3 

15 

7 
18 

14 
8 

4 
16 

5 

Swns 

( g.) 

25.60 

25.40 

21.20 

17.73 
13.20 

12.75 

14.30 

14.80 

14. 50 

10.22 

11.00 

11.90 
10.10 

9.84 

7.86 

6.50 
5.80 

9.00 

3.73 
3.80 

( g.) 

29.20 

24.90 
20.10 

11.46 

16.70 

14.50 

11.50 

11.73 

7.80 
13.30 

9.10 

10.30 

10.00 

9.70 

8.96 

8.87 

9. 38 

6.95 

5.46 
3.60 

(g.) 

35.20 
27.20 
22.60 

22.26 

19.20 

15.70 

14.73 
14.73 
12.15 

9.90 

13.60 

8.30 

10.80 

8.00 

7.86 
7 .49/ 

7.00 
7.12 

4.40 
2.70 

249.23 243,51 270.94 

(g.) 

29,.46 

25.30 

21.30 

11.86 

10.80 

15.70 

14.90 

14.06 

13.60 

14.30 

11.00 

13.20 

12.60 

7.95 
6.60 

7.84 

7.80 

6.55 

4.40 

2.90 

(g.) 

119 .46 
102.80 

85.20 

63.31 

59.90 

58.65 

55.43 

55e32 

48.05 

47.72 
44.70 
43.70 

43.50 
35.49 
31.28 

30.70 

29,98 

29.62 

17.99 
13.00 

252.12 1015.80 
( Grand total) 

( g.) 

29.86 + 1.09 

25,70 2:. II 

21.30 + II 

15.83 + II 

14,97 2:. II 

14.66 _:t 11 

13.86 + 11 

13.83 + II 

12.01 + 11 

11.93 _:t 11 

11. 17 + II 

10.92 _:t t1 

10.87 .:t 11 

8.87 .:t 11 

1. 82 + t1 

7.67 .:t 11 

7 .49 .:t 11 

7.40 + It 

4.49 .:t ti 

4,25 2:. II 

1'Jodule 

gradings l) 

10 L 

10 L 

10 L 

1 M 

8 M 

10 L/M 

8 L 

2 S 

8/4/2 M/S 

8 L 

8 L 

8 L/M 

8/4 s 
8/4 L/M/S 

4 s 
1 S 

8 L 

2/1 M 

1 S 

1 111/s , ; 

ll . / -Me 1 S011 9: 10 L M meansArelative number is 10, and the size ranges from 

large to medtum. 

Soil 12: 8/4/2 M/S means the nelative number ranges from 8 to 4 to 2, 

and the size ranges from medium to smaJ.l, etc., etc. 

(Analysis Overleaf .•...... ) 
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Analysis of variance: 

Source of s .s. df. M.S. F. ratio F ratio Resul t2 
variance ( ) 

Soils 3377.29 19 177.75 37.42 1.78 (2.24) ** 
Error 285.03 60 4.75 

Total 3662.32 79 

s. . of the means = v4.75 = Vl.19 = 1.09 
4 

Detectable differences: 

d0.05 = to.05 (df60)xV(2 x 4.75) = 2 x V2.38 = 2 X 1.543 = 3.09 
(o 01) (0.01) 4 (2.66) (2.66) (4.10) 

Any two means, 1:·rhich differ by 3.09 or above and/or by 4.10 or above, 

are significantly different at level and/or at level. 
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Table: 20. 

Drr weigh ts of Lucerne total ;lields. 

( The soils are rearranged according to descending order of mean wei~hts.) 

(Results expressed in g.) 

Nerial 1st re- 2nd re- 3rd re- 4th re- Totals of Means+ S. E. 
No . of plicate plicate plicate plicate replicates 
Soils ( g.) (g.) ( g.) ( g.) ( g.) ( g.) 

19 53 . 73 54.37 63.06 57.41 228.57 55 . 89 ±. 1. 74 
2 49.50 52.90 47 . 80 50 . 20 200.40 50.10 ±_ " 
1 41 .60 36 . 50 45.18 40 . 62 163.90 4q.97 ±. " 

13 38.19 27 . 95 47.75 30.12 144. 01 36 .00 + II 

11 27.58 37.30 36.68 26.22 127 . 78 31.94 ±. II 

9 29.18 32.20 31.80 32.80 125.98 31.49· ±. ti 

6 29 . 60 27.40 31.13 32.55 120.68 30.17 ±_ " 
12 31.10 20.60 29.35 32 .08 113.13 28.28 + II 

17 27.37 25.93 28.99 26.69 108.98 27.24 ±. II 

10 26.04 27.88 26.20 28.40 108.52 27.13 ±. " 
3 24.80 21.05 18.70 28.73 93.28 23.32 + II 

20 20.75 22.10 24 . 80 22.45 90.10 22.53 ±. II 

15 20.98 20.40 21.50 25.38 88.26 22.06 + 11 

7 17.84 20.75 16.75 17.33 72.67 18.17 + " 
18 15.72 19.49 17.66 17.69 70.56 17.64 ±. " 1 
14 14.76 19.59 17.35 18.50 70.20 17.55 ±. 11 

4 17.34 14.88 15.82 13.95 61.99 15.49 ±. 11 

8 11.50 18.48 13.70 15.50 59.18 14.79 ±. 11 

16 8.39 11.86 9.73 11.60 41.58 10.39 ±. 11 

5 9.38 10.00 7.20 7.79 34.37 8.59 ±. 11 

Sums 515.35 521.63 551.15 536.0l 2124.14 
(Grand total) 

Analrsis of variance: 

Source of s.s. df. M.S. F. ratio F. ratio Results 
variance 5% (1%) 

Soils 1918.46 19 100.97 8.86 1. 78 ( 2 . 24) ** 
Error 722.26 60 12.04 

Total 2640.72 79 

(Continued ••••• . •••• ) 



S.E. of the means = Vl2.04 = V3.0l = 1.735 = 1.74 
4 

Detectable differences: 

d0.05 
(0.01) 

= t0.05 (df60) V(2 x 12.04) = 2 x V6.02 
(0.01) 4 (2.66) 

= 2 X 2.46 
(2.66) . 

4.90 
(6.52) 

Any two means, which differ by 4.90 or above and/or by 6.52 or above, 

are sigrtificantly different at level and/or at level. 
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Table: 21. 

Serial 

No. of 

soils 

1 

2 

3 

4 

5 
6 

7 
8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Ranking of soils by Lucerne top, root, and total yiela_s 

according to the phosphate status of the soils. 

Ranks of the soils by the mean dry weights of plant yields 

According to According to According to 

Lucerne top Lucerne root Lucerne total 

4 3 3 

2 2 2 

11 12 11 

17 18 17 

20 20 20 

7 7 7 
16 14 14 

18 17 18 

5 6 6 

9 10 10 

6 5 5 

8 9 8 

3 4 4 

14 16 16 

13 13 18 

19 19 19 

10 8 9 

15 15 15 

1 l l 

12 11 12 

The data in this table are used to obtain results presented in 

Table: 26. 
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3. Chemical Analyses of Soil Phosphates: 

Table: 22. shows the forms of soil phosphate, accompanied 

by the ranking of soils by each form. Table: 23. shows combinations of 

forms of soil phosphates and ranking of soils by each combination. The 

Truog values for "available" phosphate and the ranking of soils by this 

method are shown in Table: 24. The detailed data from which the above 

mentioned tables are derived, are presented in the appendices. 



Table: 22. 
Forms of soil phosphates and ranking of soils. 

(The amount of phosphate is expressed as .g. of Pg. of soil.) 

Serial 

No. of 

soils 

1 

2 

3 

4 

5 
6 

7 
8 

9 
10 

11 

12 

13 

14 

15 
16 

17 
18 

19 
20 

1) 

2) 

Form of soil phosphat 1) . Ranking of soils. 

Al-bound P. Fe-bound P. Ca-bound P. Al- Fe-

(pg. P / g. son) yrg .P / g. soil) yig.P / g. soil) bound P. bound P. 

462 45 177 4 11 

382 81 208 5 9 
52 55 47 19 10 

96 37 67 10 15 

52 43 43 20 12 
122 -60 85 6 20 

116 29 128 7 16 

68 29 65 16 17 

104 113 93 9 5 
90 116 80 13 4 
90 118 174 12 3 

52 111 141 18 6 

508 15 249 3 18 

78 39 45 14 14 

96 106 72 11 7 

54 89 34 17 8 

108 39 61 8 13 

78 12 56 15 19 

1050 189 188 1 1 

634 121 206 2 2 

The data are used to obtain results presented in Table: 25. 

ti fl ll 11 ff 11 ti 11 11 Table: 26. 

2) 

Ca-

bound P. 

5 
2 

17 
13 

19 
10 

8 

14 

9 
11 

6 

7 
1 

Hl 

12 

20 

15 
16 

4 

3 



Table: 23 

Combinations o:f forms of soil phos1Jhate and ranking of soils. 

( The amount of :phos is expressed as g. of Pg. of soil.) 

erial Combinations of soil phosphate forms. 1) Ranking of soils 2) 

No. Al+ Fe Al+ Ca Al+Fe+Ca 

of bound P. bou..11d P. bound . Al+ Fe Al+ Ca Al+Fe+Ca 

soils Y-1-g. P / g. son) ~g.P/g.soil) y2g.P/ g. soil) bOlmd P. bound . bound F 
--

1 507 639, 684 4 4 4 
2 463 590 671 5 5 5 
3 107 99 154 16 18 19 

4 133 163 200 14 14 13 

5 95 95 138 18 19 20 

6 62 207 147 20 8 17 

7 145 343 273 12 6 11 

8 97 133 162 17 16 16 

9 217 197 310 6 9 7 
10 206 170 286 8 11 9 
11 208 264 382 7 7 6 

12 163 193 304 10 10 8 

1~ 
J 523 757 772 3 3 3 

14 117 123 162 15 17 15 

15 202 168 274 9 10 

16 143 88 177 13 20 14 

17 147 169 208 11 12 12 

18 90 134 146 19 15 18 

19 1239 1238 1427 l 1 l 

20 755 840 961 2 2 2 

1) 

The data are used to obtain results urese-"Jted in 'I1a ble: 25. 

2) 
ff 11 II 11 11 11 11 II II Table: 26, 
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Table 2Ll.. 

rs1ruog values of available Phosphate and ranking of soils. 

(The am0Lu1t of phosphate is expressed as ).lg,t 
/ 

of P/g. of soil). 

Ser s available 1 Ranks 

PJo fJ of te of 

soils J,ug. P / g. son ) soils 

1 540 2 

2 705 1 

3 60 14 

4 130 8 

5 17 

6 llO 12 

7 180 6 

8 60 15 

9 l 10 

10 125 9 

11 200 i:; 
./ 

12 111 11 

13 357 3 

14 20 18 

15 70 l3 

16 20 19 

17 37 16 

18 15 20 

19 337 4 

20 131 7 

1) The data are used to obtain results :oresented in Table: 25. 
2) The data are used to obtain results presented in Table: 26. 

2 
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4. Relationships and comparisons between methods: 

•rhe relationships between the results obtained in pot 

culture and those obtained by fungal assays and chemical extractio:ns are 

presented in Table: 25. 'Phese relationships were obtained by calculat 

the ordinary correlation coefficients for the average dry weight of plant 

yields against mean mycelial 1-reights ( for the assays) or amounts 

of phospha·ce extracted (for the chemical extraction procedures). 

Rank correlation coefficients for t yields and the 

*\ 
other methods employed were also calcv.lated, using S:oearman' s formula '. 

The results are shmm in Table: 26. Complete examples of these calculations 

are. in the appendices. 

Using the :pot experiment as the basis for comparison, the 

overall correlation coefficients for m:i.crobioassays were compared with 

those for chemical extraction of soil phosphate. This was carried out 

calcul :t:he ovei·all mean correlation coefficients for bioassays 

and chemical methods, from which the signiftcant differences were then 

examined. Table: 27. shows the overalJ mean correlation coefficients, 

followed by analyses for s t differences. rphe data used to obtain 

these results are derived from Table: 25. 

*) Kendall, M. G. Advanced 'l1heory of 

Statistics Vol. I. ection 16.4, 
1948. 
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Table: 25. 

l)Ordinary Correlation Coefficients between plant yields and other methods: employed for determination of soil phosphate status. 

Plant 

Other 
method.s 

methods 
employed 

A. njger 

P. lHliacum 

,... i:renicula ts. V• 

Fu.sari um Sl) .. 

AI-bound P. 

Fe-bound P. 

Ca-bound p 

A.1-houna. + Fe-
bound P. 

Al-bound + Ca-
bound P. 

Tota1 (Al+Fe+Ca-
bound) P. 

'ITuog 11 availabl e11 

pbospb.ate 

Millet dr;v weights 

Top Root 

+0.572 ** +0.712 ** 

+0.529 ** +0.680 ** 

+0,540 * +0.624 ** 

+0.270 N s. +0. 396 J'LS. 

+0.412 1LS. +0,602 ** 

+0.266 N.S. +o. 326 }LS. 

+0.679 ** +0.761 ** 

+0.423 N,S. +0.600 ** 

+0.497 * +0.670 ** 

+0.493 * +0.659 ** 

+0.665 ** +0.755 ** 

** Significant at 1% level; 
* Significant at 5% level; 

N .s .J:ron-significant. 

Total 

+0.589 ** 

+0.543 * 

+0.552 * 

+0.287 }LS. 

+0.435 N.S. 

+0,277 1LS. 

+0.690 *-l<· 

+0.446 * 

+0.516 * 

+0.514 * 

+0.673 ** 

l)The data, from which these results are obtained, 
are derived from Tables: 6,7,8,9,12,13,14,16,18, 

19,20,22,23, and 24. 

Turnip dry weight. 

Total 

+0.610 ** 

+0.583 ** 

+n.601 ** 

+00445 * 

+0.603 ** 

+Oe276 N.S. 

+0.706 ** 

+0.623 ** 

+0.662 ** 

+o. 646 ** 

+0.596 ** 

Lucerne dry weights. Overall 

Top Root Total Totals 

+0.678 ** +0.739 ** +0 722 ** +Ll .• 622 

+0.709 ** +0.763 ** +0.761 ** +4.568 

+0.630 ** +0.641 ** +0.647 ** +4.235 

+0.418 N .S. +0.453 * +0.435 N .S. +2.704 

+o.688 ** +0.745 ** +0.718 ** +4.203 

+0.368 N.S. +0.389 J.IL S. +0.373 N.S. +2.275 

+0.744 ** +0.693 ** +0.728 ** +5.00 

+0.692 ** +0.747 ** +0.695 ** +4.226 

+0.721 ** +0.760 ** +0.753 ** +4.579 

+0.736 ** +0.771 ** +0.758 ** +4.577 

+0.764 ** +0.800 ** +0.796 ** +5.049 

Overall 

averages 

+0.660 ** 

+0.653 ** 

+0.605 ** 

+0.386 N.S. 

+0.600 ** 

+0.325 N.S. 

+0.714 ** 

+0.604 ** 

+0.654 ** 

+0.654 ** 

+0.721 ** 
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Table: 26. 
1) Rank Correlation Coefficients (S pearman ' s ) for Plant yields 

against other methods employed for ass es s i ng "avai l able" soil phosphat e. 

-

Plant Millet Turnip dry weight . I Lucerne dry 
methods dry weights weights . 

I Other 

' 

methods Top empl oyed Root Total 

A. niger +0.505 * +0.559) * +0.551 * 

P. lilliacum +0.671 ** +0.699 ** +0.685 ** 

c. geniculata +0.504 * +0.577 * +0.538 * 

Fusarium sp. +0.098 N .S. +0.217 N.S. +0.133 N.S. 

Al-bound P. +0.565 ** +0.624 ** +0.590 ** 

Fe-bound P. +0.233 N.S. +0.347 N .S. +0.268 N. S . 

Ca-bound P. +0.665 ** +0.807 ** +0.796 ** 

Al-bound + Fe- +0.635 ** +0.779 ** +0.679 ** 
bound P. 

Al- bound + Ca- +0.737 ** +0.785 ** +0.753 ** 
bound P. 

Total (Al+Fe+Ca- +0.678 ** +0.771 ** +0.691 ** 
bound) P. 

Truug "available" +0.833 ** +0.872 ** +0 . 838 ** 
phosphate 

. 

l) The data from which these results are obtained 

are derived from Tables: 10,15,17,21,22,23, and 

24. 

._......,,...__ ·-· 
Tota l I Top I Root Total 

j 

+0 . 517 * +0.492 * +0.547 * +0 .500 * 

1 +0.665 ** +0 . 654 ** +0.669 ** +0.698 ** 

+0.454 * +0.535 * +0.555 * +0.575 ** 

+0.074 N .S. +0.155 N .S . +0.201 N .S. +0.213 N.S. 

+0.555 * +0.633 ** +0.687 ** +0.622 ** 

+0.268 N.S. +0.337 N .S. +0.329 N.S. +0.329 N .S. 

+0.740 ** +0.773 ** +0.803 ** +0.774 ** 

+0.641 ** +0.692 ** +0. 798 ** +0.655 ** 

+0.758 ** +0.765 ** +0.816 ** +0.780 ** 

+0.675 ** +0.722 ** +0.744 ** +o.688 ** 

+0.862 ** +o. 711 ** +0.738 ** +0.727 ** 

! 

--
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Table: 27. 

Overall total and average 11 ordinary" correlation coeffic e:nts 

for plant yield_ method_ against fungal assays an_9- chemical extraction methods. 

(The means are arranged_ in descending order). 

l\Iethods Overall totals Overa11 averages 
of Correl. coeff. of carrel. coeff. 

Truog 5.049 0.721 

Ca-bou...nd P. 5.001 0.714 

A 
11.. niger 4.622 0 660 

Al + Ca-bound P. 4.579 0.655 

.P"'"l + Ca + Fe-bound D 4.577 0 654 ., . 
P. lilliaoum 4.568 0.653 

C • geniculata 4.235 0.605 

Al + J!7 e-bou.nd P. 4.226 0 604 

Al-bound 4,.203 0.600 

** 
'V 

Fusarium sp. 2.704 0 386 

Fe-bound P. 2.275 0.325 

Comparisons of overall average correlation coefficier.its: 

(1). 

(Ref: Snedecor G. • , 1956. Statistical methods, section 7. 6). 

Truog and J!7 e-bound 

rl = 0.721 r2 = 

= 0.909 z2 = 

t zl - z2 zl = = 
V( 2 1 v( 

(n xdf) (7 

:.p<o.001 (***) 

P. 

0.325 

0 337 

- z2 

2 ) 
X 18) 

= 0,572 
V 2 

126 

= 0.572 
0 126 

(Continued Overleaf •••• ) 



- 95 -

(2) Truog and Fusarium 

= 0.721 T' = 0 386 ·2 

zl = 0 909 r2 = 0.408 

.J.. zl - z2 0.501 3.976 l, = = = 
0,126 0.126 

. 
P< 0.001 ( ***) . . 

( 3) Truog and Al-bou.nd P. 

rl = 0.721 T' ~2 = 0.600 

zl = 0.909 z2 = 0 693 

.J.. - z2 0.206 1 635 l, = = = 

0.126 0.126 

, . p) 0.10 (lif.S.) 

(4) Al-bound P and Fusarium Sp. 

zl = 0.693 z2 = 0.408 

t zl - z2 0.285 2.262 = = = 
0.126 0.126 

level) 

rphe d.ovmward arrow indicates that the best mean within the 

length of the arrow is significantly better than those below the arrow, while 

there is no Si€:,-nificant difference between any two means within the length 

of the arrow. 

The overall average correlation coefficient for Al-bound Pis significantly 

different from that for Fusariv.m sp. at level. 

Note: *** Significant at o. 

** II It 

* 11 It 

lJ .S. lifon-s ignificant. 
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Plate IX. 

From left to right: 

lucerne, turnip and millet 

all at 3 weeks a~ter germination 

Top row: soil ,· 2. well supplied with phosphate . 

Bottom row: soil 16. poorly supplied with phosphate. 

Plate X. 

From left to right: 

turnip, lucerne, millet 

at 6 weeks after germi nation. 

Top row: Soil 1. well supplied with phosphate. 

Bottom row: Soil 16. po orly supplied with phosphate. 
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Plate XI. 

Turnips, lucerne, and millet at 6 weeks after 

germination. Pot No. 19 contains Stratford Sandy 

loam with high phosphate topdressing, while Pot 

No. 20 contains the same soil type which never 

rec§ived phosphate topdressing. 

Plate XII. 

Different levels of available soil phosphate as 

shown by growth response of millet plants at 6½ 
weeks after germination. Pot Nos. indicate Serial 

No. of soils. 
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Plate XIII. 

Different l evels of available s oil phos phate as 

shown by growth response of turnip plants at 7 
weeks aft er germination. Pot Nos . (So i l Nos.) 

are similar to those shown in Plate XII. 

Pl at e XIV. 

Different levels of available s oil phosphate as 

shown by growth response of lucerne plants at~ 

weeks aft er germination. Pot Nos. (Soil Nos.) 

are similar t o those sh01m in Plates XII & XIII. 

lfBRARY 
MASSEY UNIVEJ:!~'.TY OF MANAWATJJ 

PALMERSTON NORTH, N.Z. 
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Plat e XV . 

A range of growt h shown by millet plants at harvest. 

On Soil 1 . the millets have flowered . (the site 

of flower is i ndicated by a piece of brown paper). 

Soil 16 shows marked symptom of phosphate defi­

ciency. 

Plate XVI. 

Contrasting conditions shovm by the tUJ'.'nip plan ts 

at harvest. Left : tUJ'.'ni ps gr own on a soi l with 

adequate phosphate supply. Ri ght: the plants 
CP10U.er 

show a marked symptom of P. deficiency in ~ soil. 
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Plate XVII. 

Development of turnip "root". Top row: grovm on 

Soil 13 adeq_uately supplied with phosphate. 

Bottom row: grown on Soil 16 where phosphate is 

deficient. 

Plate XVIII. 

State of growth of lucerne at harvest. Nos. 16 & 5 

low available :phosphate in the soils, Nos. 1 & 19 

show available phosphate in the soils. 
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Plate XIX. 

Ramification of root in a variety of soils. 

From left to right: Soil 1 (Yellow-Grey Earth), 

Soil 5 ( Sandy gley son), Soil 13 (Rhyoli tic -

:pumfoe soi1), Sj 1 20 (Ye1low - Brovm Loam), and 

Soil 6 ( RenGzina). 
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VI. DISCUSSION OF R?SUL':.S. 

1. li'im-9'al bioassay. 

F'rom the results obtained it i8 evider:it that each fungus 

:oroduces different mycelial dry weight, in s:i,i te o:f the same concUtions 

for its growth. 'J:hj_s indicates that a particulr1r fungus has a specific 

abiljty to utilize available phosphate for its growth, Drovided that 

other essential nutrients are present in o:ptiml:tm amounts. This state­

ment ap:9lied to the standard phosphate series as well as to sojl assay 

wjth A!_ n:i.ger, P. lilliac11111, and C, g:enicule,ta, the data for ·which 

(Tables: 6, 7, and 8, and A:ppend:ix 3) show that in gene:raJ the bes-I: 

phosphate utilizing organism is C. gen~<?_~_ata_, follmrnd. by A. niger, 

and P. lill:i.acum, this judgement be5.ng mad.e on t:be ,·reights of mycelj a 

prorl.uced. 'vhe mycelial dry 1-reights of A. nifrer and P. lilliacum increase 

:propo:~ttonally Fith the phosphate concentratjons as i.ndicatecl. by the 

1 inear grovrth curves, while the rate of increase jn mycelial weight of 

C. genicula~~ is greater at higher :i;ihosphate levels lead:i.ng to the 

fo,:,mation of a \iarabol i c-t3rne ,'31'0,rth curve. 

Fusarium SJ). was decidedly the most inefficient phos:ohate 

, 2tilizer as sho-.. m by the overall total of mean mycel:i.al dry weights 

obtained (Table: 9), although for some soils such as the sandy soils 

and · soils (·_,:,a:,:,ts of which float on the surface of the mediilum), ~oum:i.ce 

the fungus orod:uced §,Teater mycel i.21 dry wei.ghts than both A. ntger 

1 rr. h-_; s odd result can be attributed to tbe growth and P. lil iacum. -

habit of the fune7us, which is jelly-1:ike, cord-like, loose mycelia, 

instead of a firm pad. 'I'his makes the light soil :9articleB cling to 
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the mycelia w:i th a conseo_uel'1t difficulty to obtain an absolute1y pure 

myceliurn weight, which in turn leads to an error in the inter:oretat:i on 

of results. 

In the case of f11_:rther work thj s s:i tuation mi t::ht be overcone 

by wra:!;rping the assayed soil in a very thi:r_ fj 1 ter .9aper or a sterile 

cloth and :placing them in the medium. 

'Jlhe inabj J -; ty of the Fusarium sn.. to grow in the standard_ 

phos:9hate series without soil js probably caused by an absence of 

specific growth factors such as vitamins or trace elements, which may 

be supplied by the soi1s thus promoting the satisfactory growth of the 

fungus found in the soil assays. This line of thought gets support 

from a statement by Smith (1~36), that A. niger grown on medium without 

sotl did not produce a felt-like myce1ia but a cord-like formation, and 

the yield was always much less than that in presence of even 0.5e• of 

infertj_le soil in the same culture solution. It was found later, 

however, that the 11 catal;vtic11 effect of the soj 1 was due to the presence 

of Mn, whffich was excluded from the soil-free medj_um, 

In the present work it has not beer invest:i.gated 1-rhat was the 

specific g-rovrth factor in the soil which brought about the grouth of 

the Fusarhun sp. F::rrthe-y> studj es are required to oJ.;;iri fy this problem. 

G1he g:roTn,h of any one fune_"us in -1;he pbos:rh?,te series di a not 

chaYJge i;bG pR of the Medi1 1 m re,qarr:lless of 0:he 2"mo11nts of nhosphate Gdded 
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mycelial dry weight obtained from the lg, of soil ad.ded was much lower 

than 2.185 g., and it -:ms therefore assumed that neither the soil pH 

and/ or the amount of soil P noi' the acid produced during fungal activity 

could change the pH of the culture medium. Th:is may be due to the strong 

buffering capacity of calcium citrate in the medium. This finding agTees 

with that of Gerretsen (1948) and of Maercke (1950). 

The acidity of the culture employed in the current invest­

igatjon ( pH 3 .45) did not appear to have any adve-rse eff.'ec ✓c on the 

growth of all fVY1fI7 em:9loyc=id, 8t1;dies by 1,Ti.oholas ( 1960 '\ on the effect 

of pH of medium on the growth of A. niger give su:t;::-=>ort to this finding, 

whereas the uork ca:c:ried out by Swaby and Sherber (1958) on C. ge0-.iculata 

is contradiotory. The;v found that D.genic11.lata reauired l)H 7 for 

0ptime"l gTowth~ while it grew poorly in more acid conditions. 'l7he :present 

evidence suggests that it is not necestmry to reduce the acidity of the 

medium to pH 7. 

2. Pot experiment. 

The results obtained by thi.s experiment 11ave provided further 

eviclerce the,t d.ifferent kinds of plant have spec:if:i.c abilities to extract 

and utilize available nutrients from the soil (Bray, 1963), and they do 

not necessarily show deficiency symptoms at the same level of nutrient 

in thE: soil (Posselet, 1954). '11his reasoning has led the 0 rriter to treat 

each plant species individually as a basis of evaluation of the bioassay 

and chemical extraction methods. The millet was the first crop to 

show visual S;irrn:ptoms of P deficiency ( 2 weeks after ge)·minati on) follm·rnd 
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by the turnip and lucerne. The common syml)tom was the stunting o:f growth 

(Wallace, 1951), plus purpling o:f the stems and leaves of the millet and 

turni l)S, whereas therr:: was no change in the colour of leaf of lncerne, 

The purplish-red colouration of the millet leaves disappeared after the 

thi:rd leaf stage, while j:n the turnips the colour became mo:,oe h 0 tense 

as the plants aged. The differences in b'Towth and colour of plant leaves 

arising from the dii:':ferent levels o:f available soil nhosphate were clearly 

revealed in th:i.s experiment (Pl2.tes IX to XV:UI ·\. 

The a1)pearance o::· nutrient deficiency symptoms other than 

those due to lack of phos:9hate a9peared :first in the millets which was 

indicated by yellmring :followed by ci;'ring of:f o:f the olde:c leaves. This 

nay have been due to shortage of nitrogen ,,hich is requjrecl by 0ereal 

crop at 1~elatjvely hit7h amount and ucilized at a high rate for top 

growch and which c2cn not be obtained outside the soil in which the 

millet is growing. Later nutrient deficiency occurred with the turnips 

whicb require relatjvely higher amour:t of P than the millet does for 

root production, particularly at later stages of growth. ·Phis may explain 

the difference in cololn· development of the leaf between the two species 

growing 011 phosnLate deficient sons. Apparently the millet did not 

require as much phosphate after "che third leaf stage as the turnj_·9s did 

in relation to their nitrogen uptake. On the other hand~ the lucerne 

a.id not show noticeab1 e change in 1eaf colou:rati 011 resulting from phos­

uhate deficiency and it was not affected by nitrogen shortage since it 

could fi:z nitrogen from the air in j ts root nodules by meav1s of symbiotic 

association with rhizobium species~ 1-rhich ·:ras introduced into the soil 

·by inocu1ation of the lucerne seed before sow:ing. It was this difference 
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in their characteris-i:;ics jn shmring nutrient defjciencies which led_ to 

the different harvestin,g- dates em:ployed for the three cro1)s. 

'Fhe nodule grading system was considered unreliable for 

indicating soil phos:~1hate status due to i;he inco',sistency of the results, 

al though the"!'.'e was a slight inchca tion that the more abundant top g:rm;th 

Has associated 1-rith greater number of nodules. 

l'he dry ,·reight of root, on the other hand, a·ppeared to be 

most favourable fm· soil uhos:;:ihate est:imation (discussed fur·cher in the 

oncoming section), although its :cractical application may be limited by 

z;he tediousness in preparahon of the yield data. Black ( 1963) also 

found it exceedingly difficult to get a satisfactory separation of root 

from che organic matter in che compost, and the root weights were too 

variable and inconsistent 'co be of vaJue. 

"I'he present evideY1ce does not agree with the second pa:.-t of his finding~ 

since as will be sho\m later the dry we-i.ghts of roots give better 

correla,tions cban those of toll grmrth. 

i'here wail an even ram:i.fioat:i.on of root ·chrou,g;hout ~he potted 

soils (Pl2te XTX\ ·rhich must be anributed to the favourable mechanical 

co,•di tions in the soils. 'Phe uo"cted soil maintained its firm a,,d crumbly 

structure throughout ·:;he period of experiment, uhich was the main :pre­

requisite for adequate aeration ancl ever, moist1.,u:·e d.is tribution. 

3. Chemical analyses o~ soil phosphate. 

Fo:c the ma;iori.ty o·P the soils Fe-bound f is :orese1..,t in lm-rer 

amount ch,:m etbher Al-bound :2 or Ca-boimd P. The exceutions to thts are 
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110ted h1 1(o:ro-T(oro siJ.t Joq,m a,~a ;:iam·:b3, silt lo::if'l (both are genetica11y 

yellow-bro~~n e-=ir·th, -':h8 c1a:,r mireralog;:r of ~,hich corsj sts mainJy o:f 

v8:rrriculite), whec.'e there are higb a111ounts of Fe-bouncl. Po 'I'his may 1m 

due to their hig:h co11ter1ts of free iror-oxide 1 res111 ting fro1:1 the ra:pi a. 

chemical weather in[;' of the parent mR:terials. lTork oaJ·ried 01x'.:: b~r Goh 

(1962) shmrncl th,ct there Has goocl co:rr0,lation be::;ween freo jron-oxid.e 

and iron-bound os~,hate con ten-cs of some }Tew r;;ealand soj ls. Seccmd.ly, 

1:;he 1-reakly leached gley soils (Kairanga silt loams) used i11 the our~r>eYJt 

work contain h:i t;her amount of Fe-bound P thaYJ Al-b01.md P, but less than 

Ca-bound. P. Hi.eh amo1..mts of Fe-bou.nd. P also occuT in Stratford sandy 

loam (moderately leached yello1~-br01m lo::i.m), but in thi:::; irstance the 

amovrt is hi£:her than Ca-bound P arid lo,;e:r tha•~ Al-bouncl 

~'he rendzin;::, so".l st1JC3j er has a neguti.ve value free' We-boimd P, '11hjA mP3r 

he due : o 1)reci.ui ta tj on of calc·i um 1,hos~1ba te duTing the WaOH extraction 

leadi1~g to a 1ou vaJue for Fe-hound + .i\l-honnd phosrhates. 

A1uminium-brnmd phosphate appears to be the :oredominant 

form of fixed :ohosr)h2,te in the majority of i:;b e soils, Calcium-bound 

:phosphate va,lues in 2tenera1 tend Go follo1 r the trend of Al-bound P, 1-ri th 

the exceptions of Ka:i.ra.11ga silt loam (gle;v soil) a11d the pho"":phate-

topclressed. Stratford saridy loam, in which Ca-bonnd P te11ds to follow· 

The tre~na_ of' jrruog va.lu.es fo:r ava,tlab1e phosr:hate strongly 

folJ01rs that of Ca-bound P vaJ.11es. I 1his is not s1..1.rprising~ for in both 

cases acid ex-tractants of similar properties are used. J.1he absolute 

values of ·ru.og available phosuhate, however, are much hi,c.;her them those 

of Ca-bound. phos:,)ha:;e, becau;:;e ::'ruog rea,§:;ent <iissolve all forms of soil 
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avaj lable phosnhate, vrhereas in the case of Ca-b01xnd P the reagents used 

hEwe a selective pronerty. 

From the correlation coefficients betweer the Asttmates of 

available nhos~oha te determined by each kind of :plant wei,gbt measu:rement 

and. the amounts of phosphate esi:;imated by bj oassay and chemical methods~ 

it ca'll be seen (·i.1able: 25) that, j_n general, the plant methorls are highly 

oorre1ated hath ~-,ith i;he b:i.oassay and with thP cl~Pmfoal mffthocls. 

1,;xoeptions to this are shmm bv Fusarjum ( for ·the bioassay) anr:l l"e-bound 
C ---- •, t,;, 

:phosphate (fo~c the chemjcal methods), The r9asons for low correl2tion 

between the Fusarium and plant methorls may be a.ue to the unsatisfactory 

growth of the fungus 1:rn discussed previo1Jsly. 'l7he low correlation 

coeffird e11ts between p1a,,.,t methods and Fe-bound phosnhate estim,3.t"ion 

suggest that iroYJ. phos1,;hate is not the main sou:::ce of plant ava,j 1ahle 

phosph2.te j11 the ,mil; th:i.s is contradictory to the resu1tR obt::dx1ed OY' 

so:i ls of 'Pajwan as reported. by Chang· and. J 1 1.0 ( 1963), ,,Tho employed the 

method of Chang and JacksoYJ. for the fractionation of ir,organic soi.J 

phoSJ:lhorus, and found that the iron phosphate was the main supplier of 

available :9hosphate co r"i.ce plants as i.'lld:i.cated b;r the hii:rh correlation 

coefficient obtained. between tb.A response of ricA to :ohosphatic fertili:zer 

and the amount of iro,1. phosphate in the soil. The high correlation 

coefficient obtained b;:r Cnang and .T1Jo may be a.ue to the exagge-ra.ted 

values for iron l)hOS!ihate like1y to be obtained by the procedure of 

Cha11g and. Jackson, which has been criticized by Fife ( 1963, priv. comm. J. 
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The findi;1gs of ·che :9r0sent i.nvestigatim· are qni i;s strongJy in ±'aYollr 

of the ion that alumjn:ivm-b01.md phosphate and cnlcium-bom1d phosphate 

or the combination of both forms are the more important sources of 

available sojl :Phosphate. 'l'he relativel;v hjgh correlat~ on C<lof;:'iojentR 

obtained retween plant ~rie1ds 2.nd the comb·i nation of al-t.miy,:Lum-bound 

and iron-bound phospha,tes are due to ·Ghe fact tha-;:; alumi.Y'ium-bouncl phos-

:9ha te is overshadowi1~g the iro-r-b01md nhosJJha te. Jn case of total 

(Fe + Al + Ca-bound) phos·nhate the :relat--iveJy high correlat: o-vi coefficients 

are dve to a simila~c- effect produced l)y aluminjum-bovnd_ and_ calcium-bound 

prosphate together. 

Although there was a genGral a,greement jn the data obtajned 

by plane methods and the othR:r rcethods employee~ (with t"l-io e:rneyiti.ons of 

Fusarh1m and Fe-bound P) as indioa tea. by ·;:;he high correla tior coefficients, 

there was freq1..1.ent ard. wide d_isagreelT'en1; in ind.ividual soi.ls. '11his may 

be attr:i.buted to an inhere<1t source of en·or as put forth by Mooers (1938) 

1rho stated that "every ana1ytica1 method carries certain inherent error" 

and "there is no method ·which is absolutely accurate". O"l:'.rviously, methorJs 

as dl:ifferent as those 11nrler oonsjderat:i_on may differ ir the exte·nt or 

s eri.ovsness of this error. J7herefore, different soils or methods ma~r 

req_uire materially dj fferent standards or haseR of ev::i.luR.f. 7 on. Conse<1uent­

ly ~ ,1sing the various plant yield data as a basjs of evaluation, it can 

be seen ("rab1e: 25) that the highest correlati m1s are sho,-m between the 

fol10°r:iv1s :n~:irs of rir-;tbods~ v:iz: mi.llet tol'.J and Ca-bound P; millet root 

and Ca-bound P; millet total yield and Ca-bouncl P; turnip total yield 

and Ca-bound P; lucerne top and 'Pruog' s value; lucery1e root and Truog' s 

value; and lucerne total yield and ':Tuog's value, This situation may, 

however, have no general application. 
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As far as the plant yield methods are co1~oerned, the lucer,,e 

deserves favoura-ble comme11t, since, in general, lucerne yields give 

higher correlation bor;h Kith the bioassay and chemical methods. Where 

distinc-c-i OYlS are made between top, root a11d total dry ,mights, such as 

in lucerne and millet, it ap:oears th2 t the roots, T)articularly that o:f 

luc erne, give the hi :,hest correlation. 

Rank correla·u:i.on (Spearman 1 s corre1ation '\ coeffjoients have 

also bee11 calcu1ated /or the various methods ("able: 26) and a similar 

conclusion was reached. These correlations are mereJ.y concerned vri th the 

:n1acing of soils accordj.ng to their r0lative amo11nts of phos-phate r:::ontents. 

Considering the overall merits of the bioassay and chemical 

methods stuclied, hmrever, it is shorr~ ( ilable: 27) that the b:i_oassay pro­

oedJJTes (except the Fusarium) ::i.ncl tl,e che'l1ica1 e;rtraoti 0 1'18 ( exce-:,t the 

t1,r-:re is 110 signifioa,yt di·Pference between the methodG used. 

F:ror1 the fore,~oinr:- discussion it can ht:i cl.srlucer'!. -f;hat the bio-

assay procedu.res are as reliicib] e 2s the ohemioa1 rrAthods for assess:i:nf: the 

status of plant avajJ.21:110 J)I'')S_:_)hate of the sojl, and the use of any method, 

except the Ti'1,1s3.,rium and Fe-bound -phosphate estimation, j s eg_vally recommend­

ed for the purpose. '['he findings of this :i.nvestigation have practical sig­

nificance for reasons sim-Uar to those discussed by Chang a:nd ,Juo ( 196::' 1 , 

and even more so ii~ -chis case ,,here plants are userl as the br1,sis of evaJu-

a ti on" It must be real j zed, howev2.,,., that ariy of -~hes e methods wil 1 only 

reveal the c_:_ualitative sta:;us of soil 1_:;ho:3phe.-Le, and can not be directly 

used for routi:'1.e recommendation on , ertilizer usage, unless further ,rnrk 
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has been carried out to study the rate of application and the forfll of 

phosphate in the fertilizer used~ which w:LJ 1 {'!'ive positive results in 

a narticul::i.r soil t;,r::oe with a certain plant species. 

A st1111.y was made of the merits of microbiological assay for 

the a.etermination of available soil phosphate using fonr fungal s~1ecies, 

~ni~'.:'._:£_, P. lillia~E~, C. genig~3:_c:_t_'.:. a:nri Fusarium snecies. 

Twenty Wew Zealanrt soils representing ten soil types were used in the 

experimental work. A pot experiment incorporating t11ese soils and 

utilizing several crops was carried out to provide plant yield data 

as a basis for evaluation of the mjcrobiological :procedures, A variety 

of chemical extraotjors for nhos·ohate were also carried out on the soils 

to provide further comparative data; the methods used were those of 

Truog (1930) for 11 availabJ.e phosphate" a:t'.!.d those of Fife (1962 and. priv. 

comm.) for the se1ect:i.ve determjnation of Ca-bound, Al-bovnd and Fe-bound 

:ohos pha.t e. 

Al1 the fungi employed showed normal gTowth response to phos­

phate addition to the culture medium in the absence of soil, exce1)t 

l:i'usarium; this fungus however showed better growtb in the presence of 

.soil and it was conc1ud.ecl that the soil might be supplying some growth 
..C' • 
.L acT,or. 

High correlation coeffic·i ents were obtained both between :91:=mt 

weight measurement and the bioassays and between p1ant weie;ht measure­

ment ay,_d the chemical extraction proced-1.1.:res, and it was concluded that 

the microbioJ.ogical procedures used jn the investigation were as reliable 

and as accurate as the chemical extractj oy,; the exce-ptions ·so this wAre 

cJ,=,arly indicated. 
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APPENDIX 1, 

Preparation of micro-nutrient stock solution. 

For each element, say Mn, 100 ml. stock solution was 

prepared co:ntainine the calculated amount (x mg.) of the appropriate 

salt (in this case it is Mn so
4

.4H2o). Of this stock solution 10 ml. 

aliquot was p:i petted into the mixjng fJ.ask. The value of xis calcu-

lated as follows: 

1'.l;hus 

'l'hus 

Thus 

Thus 

Mn required is 0.0001% = 0.0001 g. per 100 ml. 

= 1 mg. Mn per litre. 

1 mg. Mn :=:: M. W. of Iiln SO 4 .4H
2

0 

A.W. of M .. n 

100 ml. stock solution must contain x mg. Mn so4.4H20. 
1 

10 ml. II II fl II 

1 
10 

1 
To 

x mg, Mnso4.4H
2

0 is required per litre culture solution. 

x = 1 mg. Mn = 223 ....... '°. from equation (1) 

X = 2230 = 
54.94 

54.94 X 0.1 

40.6 

40. 6 mg. Mn SO 
4

. 4H
2

0 is required in 100 nil. of the stock 

solution, of which 10 ml. is used in 1 litre of culture 

solution, etc., etc. 



APPJ:!il.IDIX 2. 

Determination of water holding ca:pacj.ty according to Keen - Razkowski 

method. (Refce: Pi:::,er, C.S., 1942. "Soil and Plant Analysis", ,:pp.82-84.) 

Crvsh the air dry soil in a porcelain mortar a11d sieve 

th:ro1.1gh a sieye ha-'7ine r01.u1d holes, 2 m,1'11. in diameter* Continue crush­

ing the coarse res:iclue, so as to disintegrate clay aggregates yet avoid.­

ing the actual gTi:nd.ir--g of any sand particles. When crushing is as 

complete as :possible retuxn the coarser particles remaj_ni.ne; on the sieve 

to the finer fraction and jyworporate them by thorough mixing. Crush 

sufficient soil to enable two determinations to be made for each soil. 

Place a thin filter paper (Whatman no. 1 or No. 44) on 

the bottom of a brass box (Plate XX). Weigh the box and filter :paper 

and record it as Weig:ht of box u:1filled ( a. gram.) 

Transfer the soil from different partsof the heap of the 

crushed soil to the box until the latter is about ½-full. Pack the soil 

by tapping gently several times on a wooden bench top or on a sheet of 

cork. Having properly packed the soil in the box, place it in a basin 

and add water to the basin until the water level is as high as or higher 

than the soil su_rface in the box, and leave to soak overnight. When 

equilibrium has been reachea_, remove the box containing the saturatea_ 

soil, carefih.lly wipe it dry on the outside, and weigh it, recora_ing the 

weight as weight of box+ saturated soil (b. gram). 

After weighing, :place it in the oven at 105°c for 24 hours. 

Then coo+ it in a desiccator and weigh again, recording the weight as 

weight of box + oven dry soil ( c. gram). 



Determine the amount of water absorbed by the filter paper by 

weighing 5 filter papers together, then saturate them with water; place 

them on a flat plate and squeeze gently by rolling with a glass 

rod. Weigh again to determine the amount of water retained. From this 

calculate the average amount retained~ one paper and Bxpressed as 

d. gram. ( The hygroscopic mo:l.s ture of the air-dry filter pa:oer can be 

neglected .• ) 

Calculate the water holding capacity (W.H.C.) as 

soil from the expression: 

b - c - d 
C - a X 100, 

where a, b, c, d, having the values noted above. 

Brass boxes used for determir-iation 

of water holding capacity of soil. 

of oven-dry 





"Least 

sum of squares" method: 

The Linear ession equation if - a+ bW. 

where = :phosphorus level (in ug.) and W = weight of dry myceljum (in cg.) 

Since the line passes the point of or the equation becomes P = bW., 

where b • 

Calculations: 

I: w2 = 20,507.56 

I: p2 =6,925,240.66 

E (PW) = 376,577.14 

ion line p = b W. 

Equation is P = 18.36284 W 

Thus for w = 0 20.00 50.00 

p = 6 367.26 918.14 

For a soil (No. 19.) with W = (374.6 .:!: 7.3) mg. 

= 37,46 + 0.73 cg. 

or re-written: w = 36.73 37.46 38.19 

p = 674.47 687.87 701.27 

then P = (687.87 + 13.4) ~g. 

thus s.E. of P = .:!: 13.4 

Part of (E P2 ) accounted for by ession = ( E PW/ 
E W

2 

Error S .s. 

= 141810236929 
20508 

= 6,925,240.66_ 
6,914,874.04 

10,366.62 y~g.) = 

= = 6,914,874.04). 



Serial 

:tifo. of 

flasks 

0 

1 

2 

3 

4 

5 

6 

1 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

APPENDIX 3. 

b). S·:i:1ANDAED SERI:IB FOR P. LILLIACUI-I. 

p Mean dr;y-

( ug.) weight of 

mycel. (p-.g.) 
~-·~----

o.oo o.oo 

13.4 0.95 

26.9 1.45 

53.8 2.20 

80.6 3.32 

107.5 4.00 

134.4 7.62 

161.3 9.10 

188.2 12.07 

215.0 11.85 

2.1.1. 9 12.37 

268.8 14.50 

295.7 15.37 

309.1 16.45 

322.6 17.45 

336.0 19.32 

349.4 21.67 

362.9 22.67 

376.3 24.30 

-
Serial p Mean dry 

No. of ( ug.) weight OJ 

flasks myceL ( C • I 

19 389.8 24.20 

20 403.2 26.17 

21 416.6 24.72 

22 430.1 28.05 

23 443.5 25.52 

24 456.9 28.32 

25 470.8 28.62 

26 483.8 31.40 

27 497.3 32.87 

28 510.7 34.20 

29 524.2 35.57 

30 537.6 35.85 

31 591.4 35.45 

32 618.3 36.90 

33 672.0 37.72 

34 725.8 38.50 

35 806.4 42.50 

36 940.8 50.65 

Sums 13762.6 813.87 

(Calculation of 11 least mean 
square11 overleaf .••••••••• ) 



Here the line also :passes through the of or 

ession equation is 

Calculations: 

tion is 

thus 

I 

2'. 

I 

b 

P = bW 

b = L'. (PW).. 

w2 

p2 

= 

I W2 

= 2Ll,206.0329 

=6,925,240 66 

= 407,758.607 

= 4.07, 758 $ 607 
24,206.0329 

p = 

I 

16.84533 

thus for W = 0 20 50 ; 

, thus the L:i.near 

16,84533 

p = 0 6.91 842,27 

For a soil (i e. No: 19.) with W = (322.9 + 13,05) mg. 

= (32 29 ± 1.305) cg. 

or rewritten : w = 30.985 32,29 33,595 
--· 
p = 521 96 543,94 565 92 

then = (543.94 ± 21.98) ug, 

Part of 
2 LP accounted for by ess:Lon = 

= 166266586564 = 6,868,817.09 
24,206 

Error S S, = 6,925,240.66 
6,868,817.09 -

56 423, 57 Y1g.) 



c). 

_ _,,_,~,-..,-~ 

Se:".'ial 

No. of (ug,) of 

flasks rnycel. (cg.) 

0 0 00 0 00 

1 13 4 0 3 (o o) 

2 26 a 
/ 4 0 

3 53.8 6.o 

4 80.6 n.o 

5 107.5 17.0 

6 134,4 18.0 

7 161.3 19.0 I 

8 188.2 24.0 

9 215.0 29.0 

10 241.9 32.0 

11 268.8 34 0 

12 295,7 39 0 

309.1 36.0 

14 322.6 35.0 

15 336.o 38.0 

16 349.4 36.0 

17 362.9 37.0 

18 376.3 0 
--~~""""··-·-----

--------- ------·,---

-

SeJ7 p 

No. of ( U£', l 
'\ '-' . wei of 

flasks rn:,rcel (c 
-----~----

19 389.8 38.o 

20 403 2 37.0 

21 416 6 0 

22 430.l 42.0 

23 443.5 40.0 

24 456.9 42.0 

25 470.4 43.0 

26 483.8 46.0 

27 497.3 47.0 

28 510.7 45 0 

29 524.2 46 0 

30 537.6 0 

31 591.4 .o 

32 618.3 0 

33 672.0 0 

34 725.8 61 0 

806.4 62.0 

36 940.8 71.0 

Sums 13762.6 1318.0 

(Calculation of 11 least mean 
square" overleaf ••••.•.••• 



If the data fit well a straight line, it will have a Linear Regression 

equatioY1 and if they fit better a curve, the equation will be of a 

Quadratic Begression. 

a). If it was a "Linear Regression" the equation is 

b) • If 

is 

P = b W - for the line passing through point of origin. 

E 

E 

E 

b 

l1hus 

For 

r2 •J == 

p2 = 

b == r; (PW) 
E w2 

57,322.00 

6,925,240.66 

(PW)= 623,002.00 

= 6232002.0 10.868462 57,322.0 = 

p = 10.868462 w 

w = 50 c. gram, p = 543.42 ug. 

Part E p2 accounted for Linear Regression 

388,131,4~J_L004 = 
57,322 

Elrror S.S. = 6,925,240.66 
6,771,073.79 -

= 154,166.87 s,.g.) 2 

is 

6,771,073.79 

the data fit better a Quadratic Regression, then the calculation 

as follows: 

E -,2 I' = 

E -i.3 I' = 

E w4 
ii = 

E (PW) = 

E (Fi-12 1-,-

l, p2 = 

57,322.00 

2,700,214.00 

135,503,602.00 

623,002.00 

30,347,886.00 

6,925,240.66 



Q dr -'- · -:i · -'- · (c · · a ) ua, av:i.c Le3Tession ea.ua1,ion __,_.,ont:in110 .•••• 

Quad.ration Eq_uation is P = b W + c w2
, if line ]Jasses point of origin. 

(E w2
) b + (E w3) c 

(E w3) b + (E w4) c 

= 

= 

I: 

" l, 

PW eoo••o•••• 

pv2 
~ " ••• ~ ,t ••• . . 

= 623,002 ••••.•...• 

2,700,214 b + 135,503,602 c 

(1) 

(2) 

(1) 

(2) 

Equation ( 1) multiplied by 22_700,_?_14 = 4 7 .10606 to nihilate b. 
57,322 

(1) " ;e e • • * 

(2) -, O ,t O O 0 

(1) 

127,196,280.684 C = 29,347,132.212. 

135,503,602.000 C = 30,347 ,886!-00Q. 

8,307,321.316 C = 1,000,753,788 

C = 0.12046 

57,322 b + 325,267.8 = 623,002.0 

57,322 b = 297,734,2 

b = 5.194065 

-

Quadratic Equation is Thus P = 5.194065 W + 0.120460 w2 

Part accounted for by Quadratic Regression is= b (EPW) + c (EPW2
) = 

5.194065 X 623,002 ; 0.120460 X 30,347,886 = 6,891,619.23 

Error S.S. = 6:925,240.66 - 6,891,619.23 = 33,621.43. 

Analysis of comparism~ between the two Re€;!essiox1s: 

Source of Var, SeS$ df. M.S. F. ratio F.ratio 
5)~ (1%) 

·---
Linear Reg. 6,771,073.79 1 
. 
Quad. Reg. 6,891,619.23 2 

Increment from 120,545.44 1 120,545.44 10.756 10.1 
})utting Quad. Reg. (34.1) 

-
Error 33,621.43 3 11,207.14 

~----""' 
'rotal 6 ,~25, 240. 66 5 

-· 
( Continued . . . . ) 

Resul· 

---
* 

---

---



The analys j_s shows a s result at 

Thus the data is better fitted to a curve rather than as line. 

To dra1r the curve 

Quadratic equation is P = 5.194065 W + 0.120Ll60 

-

0 10 20 30 40 50 60 70 72 

p 0 63.987 152.065 264.236 400.499 560.853 745.300 953.839 998.4 



Correlation Coeff * between P levels a11 d :f,mga] weights using 

:phosphate series data to find out the best fungu.s response to 

11 available11 Phos1)hate. 

a) Between P level and weight of A. niger. 

Correlation formula: 

E(x.y) - Ex.E;y r = n x.y 
2 v( (E:x:)2)( 5' ( 2\ (Ey\2) 

( r, (x ) - )( '" y } - -----i_;-l..-) n 

where: x = P level and y = mycelial weight. 

From previous calculations (Linear Regression): 

r x.y 

b) 

E 

Ex 

Ex 

(xy) = 
2 

= 
= 

376,577 14 
6,925,240.66 

13 763.00 

376,577 

2 
Ey = 

Ey 

20,507 56 

749.00 

V (6,925,241 - 189 2420,169)Q20,508 -561 2001) 
36 3b 

Between P level and weight of P. lilliacum. 

407,759 - 11,2032082 
36 

= 9025 
90420 

= 

= t0&998 ===== 

86,562 
V(6,925,241 - 189.A20.169)(24,206 - 662,596) v(9,650,369,570) 

= 86,562 
98240 

+0.881 ===== 

36 36 

o) }!etween P level and weight of C. ge:niculata. 

r = 623,002 - 18,1~~,63{ 
x.y --------~------.z'----------

v(6,925,241 - 189,A20,169\(~? 322 _ 1,737,124 
36 1 ., ' 36 

= 119123 = 
122800 

+0.970 
===== 

= 119,123 
v(15,086,916,330J 

The bes-r; fungus to respond. to increasing P is the A. niger. follm-red by 

C. genioulata and P. lilliacum. 



PH of A. niger medium before and. after 

incubation using NHi~!2Po
4 

as the source of P. 

The pH of the medium before incubation 1-ras 3.45, and after :i.ncubation 

they we:i:-e as fo11ows: 

mg. P/f1ask PH after :i.ncubation Mean dry wej_gr 

I II Average of myce1:i.a ( € 

0.0000 3.40 3,30 3,35 0.0000 

0.0004 3.35 3.35 3,35 0.0590 

0.0009 3.45 3.40 3.42 0.0085 

0.0018 3.05 3.10 3.07 0.0957 

0.0035 3,35 3,35 3,35 0.0885 

0.0070 3,35 3.40 3.37 0.0810 

0.0140 3.10 3,35 3.22 0.0402 

0.0270 3.35 3.10 3.22 0.0472 

0.0540 3.40 3,35 3.37 0.0835 

O.lCJ70 3.32 3,40 3.36 0.1142 

0.2130 3.35 3.30 3.32 0.1815 

0.4250 3.40 3.32 3.36 0.3157 

0.8500 3,50 3.40 3,45 0.4997 

1.6900 3.35 3.33 3.34 0.8098 

3,3700 3.00 3.40 3.20 1.8142 

6.7400 3.15 3.00 3.07 2.3402 

13.4700 3.31 3.00 3.15 2.0420 

26.9300 3.40 3.30 3.35 2.1852 



AP:Pl•JHD IX 6. 

.FTesh weights ( g.) of Millet yields • 

(a, b, c, and dare replicates.) 

Serial No, of soils Top Root Total 

l a 250.5 26.40 276.90 
b 247.7 36.20 283.90 
C 265.0 46.00 311.00 
d 246.5 36.3 282.80 

2 a 275.5 12.68 287.73 
b 295.2 19.6 314.80 
C 308.3 11.2 319.50 
a_ 302.5 13.10 315.60 

3 a 231.2 12.50 243.70 
b 188.7 9.70 198.40 
0 229.0 8.90 237.90 
d 226.8 13.63 240.43 

4 a 143.2 6.oo 149.20 
b 116.7 11.2 127.90 
C 148.5 9.37 157.87 
d 155.1 11.2 166.30 

5 a 38.5 7.0 45.50 
b 39.7 3.24 42.94 
C 35.6 2.50 38.10 
d 34.9 3.10 38.00 

6 a 196.2 6.5 202.70 
b 168.5 9.8 178.30 
C 178.9 10.55 189.45 
cl 170.7 5.42 176.12 

7 a 267.5 23.8 291.30 
b 263.8 16.90 280.70 
C 281.3 21.12 302.42 
d 290.0 15.40 305.40 

8 a 106.5 4.85 111.35 
b 127.5 5.85 133.35 
C 123.5 4.40 127.90 
d 101.5 3.32 104.82 



( r< .,_ • 
~ •,:0':J uJ 

Serial 1ifo. of soils Root rnota1 
·-· -· ~-=-~ 

9 a 317 20 9 98 327,.18 

b 0 23.70 372.70 

C 301.5 11.30 312.80 

a_ 371 0 14.05 385.05 

10 a 277.8 21.80 299. 60 

b 325.5 21.50 347.00 

C 258.0 15.20 273.20 

d 332.7 11.0 343.70 

11 a 225 9 11.90 237.80 

b 255 i::; 15.37 270 87 
./ 

C 243 4 16 00 259,.40 

cl 227 2 16.3 243.50 

12 a 252.2 18.40 270 

b 223 1 13 07 236.17 

C 227.2 13,50 240.70 

<1 275.2 29.70 304.90 

13 a 315.5 11 84 327.34 

b 312.5 12.10 324.60 

C 269.0 11.90 280.90 

d 323.9 26.20 350.10 

14 a 51.0 3.58 54.58 

b 54 4 4.84 59.24 

C 56.9 4.0 60.90 

d 62 1 6.50 68.60 

15 a 86.5 4.45 90.50 

b 99.5 7.35 106.85 

C 107.3 6.60 113.90 

d 100.5 5.82 106.32 

16 a 19 5 2.80 22.30 

b 14 9 2.9 17.80 

C 14.9 0.92 15.82 

d 17.3 1.60 18.90 

17 a 86.5 10.0 96.50 

b 91.4 8.60 100 00 

C 77.5 11.33 .83 

d 84.4 8.90 93.30 



(Continued ••••.. ) 

Serial No. of soils Top Root Total 

18 a 30.2 1.60 31.80 

b 35.7 1.80 37.50 
C 35.4 1.50 36.90 

d 43.7 2.0 45.70 

19 a 289.2 9.70 298 90 

b 212.5 8.10 220c60 

C 239 Ll -21 80 26L20 
a_ 256,7 24e90 281.60 

20 a 165.5 14.90 180.40 

b 142.6 9.15 151.75 
C 148.6 7.70 156.30 

d 150.7 15.0 165.10 



Fresh wei.czhts ~ of 'I'urni -P total yields. 

-.. -------- -~----,-

Serial Replicate I Replicate II Replicate III Replicate IV 
No. of 
soils 

l 321.7 278.10 312.2 311.14 

2 298.0 326.9 328.0 284.45 

3 251.23 293.0 276.88 220.18 

~ 163.3 106.0 163.74 95.7 

5 52.98 52.0 49.98 46.40 

6 221.40 246.5 244.85 320.80 

7 327.10 277.80 293.12 322.8 

8 117. 68 136.90 124.0 134.9 

9 328.;32 328.08 376.5 278.33 

10 315.08 300.22 309.3 264.28 

11 305.45 324.24 353.65 384.42 

12 335.44 209.75 216.18 309.40 

13 388.23 434.10 473.10 488.72 

14 79.8 65.9 12.15 61.10 

15 242.94 207.5 192.10 222.3 

16 30.0 17.15 17.50 24.3 

17 68.18 73.50 230.2 73.32 

18 53.5 78.6 71.0 80.15 

19 426.88 442.55 400.40 510.30 

20 110.5 119.43 76.40 98.93 



Serial No. of 
soils 

1 a 

b 

0 

d 

2 a 

b 

0 

d 

3 a 

b 

0 

d 

4a 
b 

0 

d. 

5 a 

b 

C 

d 

6 a 

b 

0 

d 

7 a 

b 

C 

d 

8 a 

b 

C 

d 

Freeh weig ta (g_.) of' Lucerne ;,:ields~ 

(a. b c and d a.re .re.,.·lioates). 

Tops Roota 

91.00 86.60 

74.40 71.80 

100 .. 70 99.50 
84.00 90.50 
99.50 70.50 

118.20 86.30 

74.20 93.40 
109.70 85.50 
48.30 55.10 
40.60 54.40 
41.10 33.90 
58.5 61.20 

31.40 28 .. 70 
28 .. 50 17 .. 80 

33.70 20.90 
26~50 15.80 
23.10 13.50 
25 .. 10 10.92 
18.90 12.0 

22.12 11.40 
55.80 36.10 

62.20 31.75 
58.30 37.70 
65.70 46.80 

36.45 29.40 

49.10 41 .. 00 

37.00 32.10 

38.7 27.30 
24.40 16.10 

32.90 29.70 
28.00 22.25 

31.70 26.70 

Nodule Total 
grades 

10 L 177.60 
10 L 146.;20 

10 L 200 •. 20 
10 L 174 .. 50 
10 L 170.00 
10 L 204.50 
10 L 167.60 
10 L 195.20 

8 L 103.40 
8M 95.00 
BL 75.,00 
8 L 119.70 
2I 60.10 
1 )1 46.30 
2 K 54.60 
2 J{ 42.30 
1 S 36 .. 60 
1 M 36.02 
lM 30.90 
1 S 33.,52 

8 L 91.90 
8 L 93.95 
8 L 96 .. 00 
8 L 112 .. 50 

4M 45,.85 
4 s 90.10 

8 L 69.10 

4M 66.00 
8 L 40 .. 50 

8 L 62.60 

8 L 50.25 
8 L 58.40 



(Continued ••••••• ) ~&". 1 of Lucerne iel~~-
--~ a __ d d are replicates. 1 

Serial lfo. of Tops Roots Nodule Total 
soils 61Tades 

9 a 63.20 57.0 10 L 120.20 
b 70.40 75.40 10 L 145.80 
C 55.5 59.80 10 M 115.30 
d 66.30 84.30 10 L 150.60 

10 a 65.20 54.2 8 L 119 .40 
b 51.10 31.40 8 L 82.50 
C 61.20 49.50 8 L 110. 70 
d 51.40 36.oo 8 L 87.40 

11 a 50.40 39,70 8 M 90.10 
b 84.90 59.10 8 M 144.00 
C 63.70 48.50 8 M 112.20 
a_ 61.40 34.90 8 M 96.30 

12 a 60.30 34.60 4 M 94.90 
b 53.20 18.40 2 S 71.60 
0 71.50 32.20 8 M 103.70 
d 77.60 38.20 8 M 115.80 

13 a 60.75 5Ll.40 1 M 115.15 
b 59.40 37.80 1 M 97.20 
C 69.20 50.50 1 M 119.70 
d 66.30 27.30 1 M: 93.60 

14 a 25.60 16.0 1 S 41.60 
b 31.80 21.80 1 S 53.60 
C 32.30 15.20 1 S 47.50 
d 32.00 18.00 1 S 50.00 

15 a 40.9 27.90 8 s 68.80 
b 45.5 40.50 4 s 86.oo 
C 44.9 26.70 4 S 71.60 
d 49,70 46.50 4 s 96.20 

16 a 17.20 16.20 1 S 33.40 
b 21.80 10.20 1 S 32.00 
C 18.90 18.10 1 S 37.00 
a_ 25.00 16.5 1 S 41.50 



(Continued •••••••• ) 

Serial No. of 
soils 

17 a 

b 

C 

d 

18 a 

b 

C 

a_ 

19 a 

b 

C 

d 

20 a 

b 

0 

cl 

1Todul e grad:Lng_: 

Fresh weights ( g.) of Lucerne ields. 
( a, b. C and dare re~licates. 

Tops Roots 1irodule Total 
grades 

39.00 45.90 2 s 84.90 

46/)0 38.50 2 s 85.40 

43.::;0 46.55 2 s 89.85 

38.30 45.0 2 s 83.30 

26.00 23.60 Lt s 49.60 
31.70 30.5 4 s 62.20 

31.40 25.60 4 s 57.00 

35.90 25.0 4 s 60.90 

86.20 58.30 10 L 144.50 

77.50 96.0 10 L 173.50 

73.30 83.30 10 L 156.60 

86.70 75.90 10 L 162.60 

44.20 56.lO 8 L 100.30 

53.60 33.10 8 L 86.70 

53.30 44.90 8 L 98.20 

53.70 5L20 8 L 104.90 

L = large, la.rger than 2 mm. dia •• clusters more than 
50% are large. 

M = medium, smaller than 2 mm. in dia,, but bigger than 
pin head, 

S = small, mostly pin head size. 

Scores of No. of nodules: 

0 - 0 20 - 40 - 4 
1 10 - 1 40 80 8 - = - -

10 - 20 ~ 2 ? 80 - 10 

8/4 = 8 to 4, ranges from 8 to 4, 

r:I/S = ranges from medium to small, etc. 



Data of Al-bouncl determ:i"nation. 

Serial 1To. o:f Means of corrected :9 p.m. 

soils Beckman 1 s readjng 

1 0.222 

2 0 183 

3 0.025 

4 0.046 

5 0 025 

6 0.059 

7 0.096 

8 o.o 

9 0 050 

10 0.043 

11 0.043 

12 0 025 

13 0.244 

14 0.037 

15 0.046 

16 0.026 

17 0.052 

18 0.037 

19 0.504 

20 0.304 

*) The amount of P extracted from 1 g. o:f soil can be 
obtained by the expressiibn: 

p (x) 

0 370 

0.305 

0.042 

0 077 

0.042 

0 098 

0.093 

0 055 

0.083 

0.072 

0.072 

0 042 

0.407 

0.062 

0.077 

0.043 

0.087 

0.062 

0.840 

0.507 

of 
*) 

1250 X ( = y.g. P/g. of soil. 



Data of Alkali soluble (Fe + Al-bound) 1:,hos:_•hate: 

Serial 1fo. of Means of corrected p.p.m. of -p 
-'-

soils Beckman 1 s (x) *) 

1 o. 0 507 

2 0.278 0.463 

3 0.064 O 107 

4 0.080 0.133 

5 0.0571 0.095 

6 0.037 0 062 

7 0.087 0.145 

8 O 058 0.097 

9 0.130 0 217 

10 0.122 0 206 

11 0.125 0.208 

12 0.098 0.163 

13 0.314 0.523 

14 0.070 0.117 

15 0 121 0.202 

16 0.086 0.143 

17 0.088 0.147 

18 0.054 0 090 

19 0.745 1.239 

20 O 454 0.755 

*) The amount of P extracted from 1 g. of soil can be obtained 

by the expression: 

1000 x = ?g. P / g. of soiL 



1)ata for Ca-bou:nd -nhos:9hate values: 

(a) HCl extraction: 

Serial N"o. of Means of corrected p.p,m of p 

soils Beckman 1 s reading (x) *) 

l 0.347 0.578 

2 0.412 0.687 

,. 0.031 0.052 

4 0.084 0.140 

5 0 015 0.025 

6 0 062 0.103 

7 0.156 0.260 

8 0 036 0 060 

9 0 050 0.083 

10 0 040 0.067 

11 0.110 0.183 

12 0.049 0.082 

13 0.300 0 500 

14 0.006 0.010 

15 0.017 0.028 

16 0.012 0.020 

17 0 013 0 022 

18 0.001 0 002 

19 0.119 0.198 

20 0.041 0.068 

*) The amount of P extracted from lg. of soil expressed 

as: 
Jig. P/ g. soil = 500 x 



(b) 

Data for Ca-bound phos:ghate values (cont'd}. 

extraction: 

Serial Jlro. of Means of corrected p.p.m of p 

soils Beckman 1 s reading *) 

l 0.231 o. 

2 0.196 0.327 

3 0.077 0.128 

4 0.108 0.180 

5 0.075 0.125 

6 O 057 O 095 

7 0.086 0.143 

8 0.079 0.132 

9/ 0.161 0.268 

10 0.151 0.252 

11 O 174 0.290 

12 o.:;58 0.263 

13 0.313 0 522 

14 0.094 0.157 

15 O 156 0.260 

16 0.106 0.177 

17 0.ll8 0 197 

18 0.087 0.145 

19 0.797 1 328 

20 0.556 0.927 

*) The amount of P extracted from lg. of soil can be obtained 

from the expression: 
/g.P/g. soil= l000x. 



Data for Truog values of available P. 

Serial No. of l'i[eans of corrected :p.:p m. of 

soils Beckman' r (x) 

1 0.501 1.08 

2 0.659 1.41 

3 0.056 0.12 

4 0.118 0.26 

5 0.023 0.05 

6 0.100 0.22 

7 0.166 0.36 

8 0.056 0.12 

9 0.107 0.23 

10 0.113 0.25 

11 0.186 0.40 

12 0 105 0 225 

13 0.330 0.715 

14 0.016 0.04 

15 0.064 0.14 

16 0.016 0.04 

17 0.033 0.075 

18 0.014 0.,03 

19 0.31-2 0.675 

20 0.121 0.262 

*) 'rhe amount of available P extracted from of soil can be 

calculated from expression: 
}/4g. P/g. of soil= 500 x. 



APP}~IIDIX 8. 

Ord5_-r:ary cor~celation coeff. and Rank correlatj on, 

(For example: Correlations between A. niger method and '17urni:p total yields)0 

Serial Dry weight Dry weight Rankinp; of so:ils Difference: 
lfo. of of A. niger of rJ:urnips According to According to of ranks 
soils (x cg;) (y g.) A. niger Turnips = d. 

1 35 32 2 6 4 
2 34 32 4 4 0 

3 12 30 17 9 8 

4 24 17 7 13 6 

5 13 6 13 19 6 

6 20 28 9 11 2 

7 26 32 6 5 1 

8 13 15 15 14 1 

9 21 31 8 7 1 

10 13 30 14 8 6 

11 13 35 16 3 13 

12 11 28 20 10 10 

13 34 56 3 2 1 

14 11 11 19 18 1 

15 14 23 12 12 0 

16 12 4 18 20 2 

17 20 13 10 16 6 

18 17 11 11 17 6 

19 38 58 1 1 0 

20 27 13 5 15 10 
,.. ·-=<------# ·-· ---·--

Sums 408 505 Ed2 = 642 

a) Ordinary Correlation Coeff. 

E(x.y) Ex.Ey 11,842 206i040 
n 20 r = 2 = = x.y ~Ey}2) ( 2 (Ex) . )( 2 

v( Ex - )( Ey - n ) v(1571)(16,801 - 2014-'~) n 

1540 
v-(15'71)(4050) 

1540 = 6 ( ) 2523 +o. 10.......... . ** 

-

(Rank Correlation Overleaf 



b) Rank Correlation Coeff. 

1 - 6 Ed2 
1 - 6 Ed2 

1 - 6 X 642 r = 2 = = x.y n(n -1) '7980 7980 

= 1 - 0.483 = +0.517 ••••••• (*) 

ooOoo 


