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ABSTRACT

A series of laboratory and greenhouse studies was 

undertaken in an attempt to supply needed information about 

chemical methods for the evaluation of phosphorus in Ari

zona soils.

Three methods for evaluation of available soil 

phosphorus were compared„ Two of the methods, carbon di

oxide and sodium bicarbonate, have been evaluated on cal

careous soils. Bray's P-1 has not been evaluated for 

Arizona soils condition. Bray's P-1 extraction solution 

was studied at all combinations of shaking time, .5, 1, 2, 

5, 15, and 30 minutes and soil to solution ratios of 1 to 

10, 1 to 50 and 1 to 100. Time of shaking was found to 

have very little effect on the amount of phosphorus by 5 

soils. Ratio of soil to extractant had a greater effect 

on phosphorus release. More phosphorus was extracted by 

the wide ratios. A ratio of 1 to 50 and a shaking time of 

1 minute was selected for further study.
A greenhouse study was conducted on 10 soils from 

the major agricultural areas of Arizona. All soils showed
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increased production with addition of phosphate fertilizer0 
Seven were statistically significant. Significant correla

tions were noted between per cent yield and two extraction 

methods, Bray's P-1 and carbon dioxide. Carbon dioxide 

extractable phosphorus was correlated significantly with 

total phosphorus uptake. Olsen's sodium bicarbonate method 

was not releated significantly with either factor.

Soil samples and yield data from 1957 and 1958 fer

tility experiments conducted by the Department of Agricul

tural Chemistry and Soils, University of Arizona, were used 

to evaluate the three methods. Correlations were not sig

nificant between soil phosphorus extracted by each of the 

three methods and yield response to added phosphorus.
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INTRODUCTION

Chemical analyses for the evaluation of the nu

trient supplying power of soils have been under investi

gation for a considerable period of time. A survey of 

the literature shows that extensive investigations of 

chemical methods have been undertaken throughout the world 

for the evaluation of phosphorus status of agricultural 

soils. Yet many questions concerning their function and 

effectiveness remain unanswered, particularly for cal

careous soils.

The primary objective of any chemical soil test 

for phosphorus is to measure the chemical forms of plant 

nutrients in the soil which plants utilize. Usually it 

is impractical to extract the total amount of the avail

able forms of a nutrient. Therefore, a relatively con

stant proportion of phosphorus is removed which must be 

correlated with plant yield response to added phosphorus. 

If a method has not been shown to correlate with plant re

sponse to added phosphorus there is no assurance that the 

phosphorus extracted by this method is representative of 

the phosphorus supplying power of that soil.
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The purpose of this investigation was to evaluate 

the relative efficiency of three'chemical methods for ex

tracting available forms of soil phosphorus in the state 

of Arizona. An attempt was not made to explain or inves

tigate the reason why a particular method did or did not 

give good results. There is very little information avail

able at present which can be used to evaluate the relative 

efficiency of the method presently being used in Arizona.

The method now being used is the carbon dioxide saturated 

water extraction method.

Two other methods were investigated concurrently 

with the carbon dioxide method. They were the buffered 

sodium bicarbonate method of Olsen, and the weak acid-ammon

ium fluoride method of Bray. Olson's sodium bicarbonate 

extraction method was developed for use on alkaline and 

calcareous soils. Bray's weak acid-ammonium fluoride ex

traction was developed for use on acid soils that had re

ceived rock phosphate, but has given some success on cal

careous soils.

This study is concerned primarily with the degree 

of association between soil test values obtained with these 

three methods and crop response to added phosphorus under 

field and greenhouse conditions on Arizona soils. Bray's P-1



3

extractant was considered as a possible extraction method 

for the evaluation of soil phosphorus. For this reason a 

study was made of variables associated with its use on 

calcareous soil.



I ■.

; i.

* LITERATURE REVIEW 

Introduction
.: t o

Soil tests for the evaluation of phosphorus sta

tus of soils have'beenunder'ihvestigation for a great 

many years. Nelson, Mehlich and Winters (33) have shown, 

in a review of soil phosphorus evaluating techniques, that 

many soil tests have been developed and suggested L Some 

methods have given good results b n  limited areas. Since 

the phosphate ion is a constituent of many"complex min

eral and organic compounds in the soil (5, 13, 20), inves

tigators have attacked the problem of soil phosphorus 

evaluation from many different angles. None of the evalu

ation techniques thus far devised will work equally well 

on all soils. Evidence of the inconsistency of methods 

for soil phosphorus evaluation is illustrated by the con

tradictory results obtained by investigators studying dif

ferent soils. Bray (3) points out that a successful soil 

test must correlate well with crop needs and response.

The successful soil test should extract all or a propor

tional part of that form (or forms) of soil phosphorus
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from which the plant obtains its phosphorus. It should 

be able to extract that form (or forms) under varying 

soil conditions. The subsequent determination of the : 

extracted phosphorus should be rapid and accurate. If 

the foregoing qualifications are fulfilled, the soil test 

should correlate with plant response to added phosphorus. 

Since there is no universal soil test for phosphorus, 

methods must be evaluated to determine the most suitable 

method for a particular area. It has been pointed out 

that plants differ in their ability to extract phosphorus 

from a particular form, (3, 21, 22, 47, 50). Therefore, 

an evaluation using one crop will not necessarily agree 

with an evaluation on the same soil using another crop. 

Hockensmith, et. al. (18), compared several phosphorus 

testing techniques on calcareous soils of known phosphorus 

response in Colorado. Potassium bicarbonate was found to 

give the best results.. Esminger and Larson (11), found 

that the carbon dioxide method correlated well with crop, 

response on calcareous soils of Idaho. Smith, et. al. 

(43), working with calcareous soils of Kansas, found that 

the weak acid-fluoride method of Bray and Kurtz gave a 

better correlation than other methods studied. Pack and 

Gomez (39) found that the sodium bicarbonate method of



6

Olsen, et. al. gave better results on calcareous soils of 

New Mexico: than the other methods used., Many such evalu

ations :have been carried out on acid soils: Yet many ques

tions about the effectiveness of a particular method on 

acid as well as.calcareous soils:are still unanswered.

Carbon Dioxide Method

v ' : Carbon .dioxide is liberated by plant.roots. On

the basis of simulating the action of plant roots in the 

soil Mitscherlich:(32) advocated the use of ’carbon dioxide 

saturated water. Berks and Scheffer (9) reported using a 

carbon dioxide saturated bicarbonate solution to extract 

phosphorus. , Also von Wrangell (51) reported the use of car

bon dioxide saturated water to extract phosphorus. McGeorge 

(23, 24;. 25, 27) reported using carbon dioxide saturated 

water;for the.determination of soluble phosphorus o n ’unpro

ductive alkaline soils. He reported that there was ~some 

correlation between carbon dioxide.soluble phosphorus and 

the Neubauer technique for determining extractable phos

phorus (29). McGeorge (28) reported that as the carbon 

dioxide concentration in water increased the amount of 

phosphorus extracted from alkaline soils increased. A 

methodology study was conducted by Pearson (40). He
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reported that Jthe amount,of:phosphorus extracted increased 

with increasing carbon dioxide pressure/ corresponding to 

increased carbon dioxide concentration in the water. He 

also showed that the amount of phosphorus extracted in- - 

creased when the soil-water•suspension was allowed t o ' - -  

stand before bubbling in the carbon dioxide. Stanberry 

(45), working with calcareous soils of Washington, found / 

that the carbon dioxide method -for evaluating soil phos

phorus correlated very well with -Ueubauer technique for ' 

determining extractable phosphorus. < Olsen (36), working 

with Colorado soils) found the carbon 1dioxide- method re
sulted* in a poorer correlation than the other methods com

pared. Ensminger and Larson (11) showed significant dif

ferences -in -the amount'of-phosphorus extracted from low v 

and high phosphorus responsive '• soils of Idaho. Fitts, '• - 

Hahway and Karbas (12) were unable to show a good correla

tion between the carbon dioxide method and plant response 

to phosphorus oh acid soils of North Carolina. - ^ ‘



8

Bray1s P-1 Method for the Evaluation of Soil Phosphorus

The dilute hydrochloric acid .and ammonium fluoride 

was developed for u s e ,on neutral and acid soils of Illinois. 

Dilute hydrochloric.acid has been used by some workers to 

determine weakly acid soluble phosphorus (2, 34). Dickman 

and Bray (7).reported the replacement of adsorbed phos

phate from a:clay mineral by fluoride. . Bray and Kurtz (4) 

combined these two methods resulting in a ;solution which - 

will simultaneously determine a proportion of the weakly 

acid soluble and the adsorbed phosphorus. They state - 

that this method gave excellent correlation with plant 

yield response. Smith and Cook (42), working on Michigan 

soils, found that the correlation of the Bray P-1 extrac

tion with plant response to applied phosphorus.was greatly 

increased by using,a ratio of 1:50 soil to extracting sol

ution. They postulated that -the wide ratio resulted in a 

more complete.removal of the adsorbed phosphorus. The ad

sorbed phosphates are thought to> be an important source of 

phosphorus for plant .uptake. -Smith, Ellis and Grava (43), 

working with calcareous soils of western Kansas and soils 

to which rock phosphate had,been added, xfpund that there 

was good correlation between plant yield response when a
'  *  r  ■. > - - r-' - s 1 ' - v. v - : v , ,  • - v
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ratio of 1:50 was used. A ratio of 1:100 also gave good 

results, but did not offer any advantage over the 1:50 

ratio. Smith et. al., postulated that fluoride represses 

the solubility of some unavailable tribasic calcium phos

phates in calcareous soils, resulting in a lower amount 

of phosphorus being extracted than with acid alone. On 

acid soils the fluoride ion increased the amount of phos

phorus extracted by removing adsorbed phosphates, result

ing in a larger amount of phosphorus being extracted than 

with acid alone. Data was presented which indicated that 

fluoride increased the solubility of iron and aluminum 

phosphates. Fitts, Hanway and Karbas (12) showed good 

correlation between Bray's method and "A"-values on acid 

soil of the south east. Olsen, Watanabe, et. al., (37) 

and Olson, Rhodes and Dreier (38), were able to show good 

correlation between Bray's method and "A"-values on cal

careous soils. Olson, et. al. (38) were also able to 

show a good correlation between Bray's method and plant 

uptake of phosphorus. Other investigators have found 

good correlation between Bray's method and plant uptake 

of phosphorus (30, 46). This method was studied by Pack 

and Gomez (39) on calcareous soils of New Mexico. The 

method showed significant correlation with plant uptake



of phosphorus, but other methods studied gave better cor

relation values. Miller and Axley (31) found Bray's 

method to be equal to the sodium bicarbonate method.

Sodium Bicarbonate Extraction Method for the Evaluation
of Soil Phosphorus

Studies on calcareous soils have shown that phos

phorus solubility is a function of pH and calcium ion 

activity (26, 14, 15). Stanberry (45) also found this 

to be true. Minimum solubility of soil phosphorus is 

near neutrality. As the pH changes in either direction 

soil phosphorus becomes more soluble. Olsen, et. al (36) 

proposed a new extraction method for the evaluation of 

soil phosphorus. It consisted of .5 molar sodium bicar

bonate adjusted to a pH of 8.5 with sodium hydroxide. The 

extraction of phosphorus by this solution is a result of 

lowering of the calcium ion activity due to the presence 

of the bicarbonate ion. Also an increase in the pH of 

the acid, neutral, or slightly alkaline soils resulted in 

an increased solubility of some forms of soil phosphorus. 

Raising the pH of an acid soil to 8.5 resulted in more 

phosphorus being released than raising a neutral or alkaline 

soil to the same pH. Olsen, et. al (36) reported very good

10
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correlation between sodium bicarbonate extractable phos

phorus and "A"-values. He also showed some correlation 

between yield response of plants to added phosphorus and 

sodium bicarbonate extractable phosphorus. Thompson and 

Pratt (46) showed that the sodium bicarbonate extraction 

method correlated well with plant uptake of phosphorus. 

Pack and Gomez (39) found that the sodium bicarbonate 

method gave a better correlation with plant uptake than 

other methods studied. Smith, et. al. (43) showed signifi

cant correlation between this method and plant response. 

Miller and Axley (31) also found that the sodium bicarbo

nate gave a significant correlation with plant response 

to added phosphorus. Other investigators have also shown 

good correlation between sodium bicarbonate extractable 

phosphorus and "A"-values (37, 38).
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MATERIALS AND METHODS

Evaluation of Variables in the Extraction of Phosphorus 
from Calcareous Soils by Bray's P-1 Extractant

A laboratory study was conducted using the extrac

tion solution of Bray and Kurtz (4).. Five soils, each 

representing different farming areas of the State of Ari

zona, were selected from 1957 fertility experiments. Each 

soil was extracted with Bray's P-1 extracting solution,

.025 N. HCl. and .030 N. NH4F., at soil to solution ratios 

of 1 to 10, 1 to 50 and 1 to 100. Each soil using each 

ratio was subjected to shaking times of .5, 1, 2, 5, 10,

15, and 30 minutes. After shaking, the suspension was 

filtered and the filtrate collected. Phosphorus was de

termined in the filtrate colorimetrically by method of 

Dickman and Bray (8), using Bray's P-c solution as a re
ducing agent to develop the color. The color intensity 

was measured with an Evelyn colorimeter using a 660 mu. 

light filter. All determinations were made in duplicate.

In addition to the samples used in the shaking time 

study, 12 other soils were used in the ratio of soil to
solution study. The samples were shaken for one minute
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and phosphorus was determined in the extract by the method 

of Dickman and Bray (8).
The data from the shaking time and ratio study 

were analyzed statistically by the method of analysis of 

variance (44). The data from the soil to solution ratio 

were subjected to a regression analysis (44).

Greenhouse Study

Design and initiation of experiment. A greenhouse 

study was undertaken using tomatoes (Lycopersicon esculen- 

tum) as an indicator crop. Eleven soils from the agricul

tural areas of the State of Arizona were selected for this 

study. An effort was made to obtain these soils from 

fields which had not received phosphorus fertilization for 

several years. The soils were rolled and sieved through 

a 20-mesh sieve. The soil was mixed thoroughly to insure 

uniformity. Samples were taken from the bulk soils for 

chemical analysis before one kilogram of soil was placed 

in each six-inch glazed pot. Two treatments were used, 

phosphorus and no phosphorus. The phosphorus was applied 

at the rate of 450 pounds of P2O5 per acre.-*- Treble super

1 Based on 2,000,000 pounds of soil per acre six inches.



phosphate was used as the source of phosphorus. All pots 

received nitrogen at the rate of 335 pounds per acre, ap

plied as ammonium nitrate. All fertilizer materials were 

placed in a narrow band extending the width of the pot 

and four inches below the surface of the soil. Each treat

ment was replicated three times. The pots were placed at 

random on the greenhouse bench. The potted soil was wetted 

to approximately field capacity, and tomato seeds were 

planted in the moist soil 1/4 inch below the surface, at 

the rate of 10 seeds per pot. The pots were watered ini

tially and throughout the growing period with deionized 

water. When the plants reached the four-leaf stage, they 

were thinned to four plants per pot. The plants were 

grown for eight weeks. At the end of the growing period 

the plant tops^ were harvested and dried for a period of 

48 hours at 65° Centrigrade. Yield was determined by 

weighing the dried plant material. The data obtained was 

analyzed statistically by the analysis of variance and 

the individual treatment means were separated by the method 

of least significant difference as given by Snedecor (44).

2 "Tops" refers to all the plant above the soil
line.

14
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Analyses of soils and plant material from green

house study. Soil samples which were taken at the begin

ning of the experiment were analyzed for extractable phos

phorus by methods of Bray and Kurtz (4) as modified by 

Smith (42), Olsen (37), and by the carbon dioxide method 

(41). The pH values of the soils were determined on a 

saturated paste as described in U. S. D. A. Handbook 60 

(49). Total soluble salts were determined on the extract 

of a saturated paste as described in U. S. D. A. Handbook 

60 (49). Calcium carbonate was determined by method 23c 

U. S. D. A. Handbook 60 (49).

The dried plant material was ground to pass through 

a 60-mesh sieve. The ground plant material was dried for 

one hour at 65° Centrigrade and a .5000 gram sample was 

weighed out. The sample was oxidized with nitric and per

chloric acids as described by Gieseking, Snider and Getz 

(16), and Early (10). The residue was taken up in dilute 

nitric acid and made to 100 milliliters volume. Phosphorus 

was determined colorimetrically by the molybdivanado phos

phoric acid method as described by Kitson and Mellon (19). 

The color intensity was measured with an Evelyn colorimeter 

using a 420/(*light filter.
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Correlation of Soil Analyses with Plant Response

The total uptake of phosphorus^ was correlated

with the phosphorus extracted from the soil by each of
v > v . . ^  v-V
the three methods used to determine phosphorus in-the

soil. Phosphorus! in the plant tissue; grown on^untreated 

soil, expressed as per'-cent phosphorus on oven-dry weight 

basis, was correlated with phosphorus extracted from soil 

by-each-of“the three methods Used in this experiment. 

Correlations were by the method described by Snedecor (44).

- Per cent yield^ was correlated with phosphorus ex

traction from- the soil by each of the three extraction methods 

used in this study. Correlations, were by method described 
by Snedecor (44) . - • 11 r. J ;>.u ; -v

’ Soil samples selected from 1957 and 1958 fertility 

experiments were analyzed for phosphorus by the methods

previously described. Per cent yield was correlated with 

the phosphorus extracted by each- method. Correlations 

were by the method described by Snedecor (44) .' -
. c.

^ Total milligrams of phosphorus taken up by plants 
on the no phosphorus treatment.

4 Per cent yield was obtained by this formula
yield with no phosphorus x 100 
yield with phosphorus

x



- RESUI/TS AND DISCUSSION - - : ^  ! ;

Evaluation of Variables1in the Extraction of Phosphorus 
from Calcareous Soils by Bray's P-1 Extractant

Shaking time and ratio of soil to extractant. The 

time which a soil is shaken with the extractant and the 

ratio of soil to extractant can have an effect on the 

amount of phosphorus extracted by a given extractant.

Table 1 and Figures 1, 2, and 3 show some of the results 

obtained in a study of these two variables. Some chemical 

characteristics of these soils are indicated in Table 2. 

Statistical analyses of data are presented in Table 4.

Figure 1 shows the results obtained when the ratio 

of soil to solution was held constant at 1 to 10 and time 
was varied from .5 to 30 minutes. Soils 119 and 245 showed 

a sharp increase in the amount of phosphorus released at 

2 minutes over that released at .5 minutes, however there 

was a sharp decline between 2 and 5 minutes. Soil 119 re

leased much more phosphorus at 15 minutes than at 5 min

utes. There was no difference between the amount extracted 

with a 30 minute shaking time and a 15 minute shaking time. 

Soils 272, 205, and 289 showed little difference in the 

amount of phosphorus released at 2 minutes as compared to the

17
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.5 minute. Soil 272 and 289 showed a slight decline for 

the 5 minute time as compared to the 2 minute, whereas 205 

remained about constant. There was very little difference 

between the phosphorus extracted at 30 minutes and 5 minutes, 

for all soils except 119. Soils 205 and 289 increased 

slightly while 245 and 272 remained constant.
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20

Figure 2 shows the results obtained when the ratio 

was held constant at-lf t o :50 and the timer varied.. All - 

soils showed only small differences in the amount of phos

phorus released at 5, 1, 2, and 5 minutes shaking time. 

Soils:289,‘119,:272, and 245-showed au slight decline be

tween' .5 and - 5 minutes. Soil 205 remain®! essentially, r 

constant for'all shaking times used. All;others exhibited 

an increase betweeh 5 and 15 minutes. Soils 119 and.272 

did not show a great' change between 15 and; 30 minutes. ; . 

Soil 289 showed a very sharp increase in the :amount of; 

phosphorus released; while 245 exhibited an equally, sharp
' 4 V ' ..........decrease;'

‘ ‘ Figure 3 shows the results obtained with the ratio

held constant at 1 to 1001 This ratio showed the least 

amount of overall variation of any of the ratios studied. 

Soils 245 and 205 released more phosphorus at 1 minute_ 

than at .5 minute; while 272 released less. Changes were 

small for other times for all soils -except:119; which re

leased more phosphorus'at 30 minutes:than the shorter p. : 

times. . '-.VV/, -x-

Figure 4* shows the results obtained- when the time 

is held constant at one minute and the ratio "is varied.. 

All soils released more phosphorus with increasing ratios.
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Times of .5, 2, and 5 minutes showed essentially the same 

results as 1 minute.
Figure 5 shows the results obtained when the time 

was held constant at 30 minutes and the ratio was varied.

All soils except 245 showed an increase in the amount of 

phosphorus released with a ratio of 1 to 50 over 1 to 10. 

Soil 245 showed no change between ratios of 1 to 10 and 

1 to 50, but the 1 to 100 resulted in extraction of much 

more phosphorus from this soil than the 1 to 50. At the 

1 to 100 ratio less, phosphorus was extracted from 289 and 

119 than at the 1 to 50. Soils 272 and 205 released more 

phosphorus with increasing ratio. Fifteen minutes shaking 

time showed the same results as 1 minute except that soil 
119 released much more phosphorus at the 1 to 50 ratio 

than the 1 to 10 or the 1 to 100. The change in the slope 

of the lines and difference in the relative amounts of phos

phorus extracted at the 30 minute shaking time indicates a 

soil by time by ratio interaction. This seems to take place 

at the longer shaking times only. Therefore, one could ex

pect less variation at shorter shaking times. The 1 to 50 

ratio showed the least amount of variation with short shak

ing time.
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The one minute time was selected for further study.

The data obtained from this study are presented in Table" 3 ;

The statistical analysis presented in Table 4 shows a sig

nificant soil by ratio interaction. This means that the 

ratios are acting differently from one soil to another. The 

correlation between the 1 to 50 and tie 1 to 100 was much 

higher than the correlation between either of these and the 

1 to 10. This would indicate that a soil phosphorus fraction 

was extracted at a 1 to 10 ratio which was unlike that extrac
ted at the 1 to 50 or 1 to 100. At the 1 to 50 and 1 to 100 

ratios a proportional amount of the same soil form of phos

phorus appeared to be removed. This is in agreement with 

the work done by Smith (43) in which he found the 1 to 50 

and 1 to 100 to be of equal value when correlated with plant 
response.

Smith (43) found that Bray* s P-1 1 to 50 ratio cor

related well with plant response on calcareous soils of 

Western Kansas. Pack and Gomez (39) found that a 1 to 10 

ratio correlated poorly with phosphorus uptake by plants on 

calcareous soils of New Mexico. With the 1 to 50 ratio less 

variation was observed due to shaking times below 5 minutes. 

It seems probable that on high lime soils, the small amount 

of dilute acid in the 1 to 10 ratio could be almost, if not

26
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completely, neutralized by carbonates. The P-1 extractant 

at a 1 to 10 soil to solution ratio did not differentiate 
between soils as well as at the 1 to 50 and the 1 to 100. 

The 1 to 50 extraction ratio offers the advantage over the 

1 to 100 of less volume to handle and lower determination 
error. For these reasons the 1 to 50 ratio was chosen for

further study.
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TABLE 1 EFFECT OF SOIL TO EXTRACTING SOLUTION RATIO:. AND
TIME OF EXTRACTION WITH BRAY'S P-1

Phosphorus in Pounds Per Acre,
Means of Duplicate Determinations

Soil .5 min. 1 min. 2 min. 5 min. 15 min. 30 min.

1 to 10 Ratio

S-272 26.3 27.3 24.0 20.5 17.0 17.8
S-289 20.8 19.0 18.8 8.7 11.4 14.2
S-245 15.4 29.3 39.0 24.7 24.3 22.4
S-205 19.4 17.9 21.0 19.1 21.0 23.2
S-119 6.5 8.8 37.4 12.1 49.4 48.4

1 to 50 Ratio

S-272 102.0 105.0 105.0 91.0 121.3 106.5
S-289 101.0 100.0 94.0 81.5 122.0 197.5
S-245 134.5 125.0 125.0 111.5 166.5 24.0
S-205 57.5 51.0 56.0 54.0 65.0 69.0
S-119 31.0 21.0 28.0 21.5 126.5 129.0

1 to 100 :Ratio

S-272 220.0 204.0 208.0 211.0 220.0 228.0
S-289 150.0 140.0 150.0 144.0 166.0 172.0
S-245 172.0 190.0 196.0 188.0 212.0 208.0
S-205 119.0 128.0 130.0 119.0 140.0 132.0
S-119 50.0 50.0 56.0 48.0 60.0 98.0

Note: Data are reported on the basis of 2,000,000 pounds
of air-dry soil per acre 6 inches
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TABLE 2 ANALYSES OF SOILS USED IN THE EVALUATION OF BRAY'S

P-1 EXTRACTANT

Soil Paste pH 1 to 5 pH Total sol. CaCOg
values value salt ppm. %

272 7.8 8.9 576 2.66
289 7.8 8.3 1,536 9.46
245 7.7 8.2 896 9.40
205 7.7 8.0 1,088 2.11
119 7.8 8.2 1,280 5.35

Note: Values are based on 2,000,000 pounds of air-dry
soil per acre 6 inches
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TABLE 3 EFFECT OF SOIL TO EXTRACTING SOLUTION RATIO ON 
PHOSPHORUS RELEASE AT 1 MINUTE SHAKING TIME

Phosphorus in Pounds Per Acre, 
Means of Duplicate Determinations

Soil 1-10 Ratio 1-50 Ratio 1-100 Ratio

S-272 27.3 105.0 204.0
S-289 19.0 100.0 140.0
S—245 29.3 125.0 190.0
S-205 17.9 51.0 128.0
S—119 8.8 21.0 50.0
S—80 20.7 116.0 236.0
S-92 22.8 114.0 183.0
S—107 31.2 131.0 150.0
S-147 25.4 52.5 100.0
S-165 18.4 52.5 98.0
S-178 22.0 108.5 144.0
S-190 32.5 103.0 286.0
S-264 28.1 76.5 184.0
S—16E 19.4 64.5 105.0
S-52W 28.3 32.0 52.0
S-35E 25.9 48.0 76.0
S-4W 10.0 27.0 46.0

Note: Values are based on 2,000,000 pounds of air-dry
soil per acre 6 inches
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TABLE 4 STATISTICAL ANALYSES OF DATA FROM LABORATORY STUDY
OF BRAY'S P-1

Analysis of Variance of the Ratio of Soil to Extracting Sol 
ution by Time of Extraction Study of Bray's P-1

Source of Degrees of Mean Square F . Value
Variation Freedom

Ratio 2 123,334.48 19.06**
Time 5 1,571.30 3.86**
Soil 4 14,267.40 33.44**
Ratio X Soil 8 6,471.70 15.17**
Ratio X Time 10 386.27 .91
Time X Soil 20 695.42 1.63
Error 40 426.64

Analysis of Variance of the Ratio of Soil to Extracting Sol
ution with a Constant Contact Time of One Minute

Source of Degrees of Mean Square F . Value
Variation Freedom

Soil 16 1,751.03 180.44**
Ratio 2 28,016.32 50.78**
Soil X Ratio 32 560.55 57.77**
Error 51 494.89

Correlation Between Ratios of Soil to Extracting Solution

____ Ratio
1-10 X 1-50 
1-10 X 1-100 
1-50 X 1-100

Note: ** significant
* significant

r value 
.601* 
.608* 
.818**

at the .01 level 
at the .05 level
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Results From Greenhouse Study

Yield, The yield data from tomatoes grown in the 

greenhouse are presented in Table 6. Of the ten soils 

shown in Table 5, all gave higher yields when phosphorus 

was applied. However, only seven of the ten differences 

were statistically significant at the .01 level. Under 

the stressed condition produced by confining the plant 

roots to the one kilogram of soil contained in each pot, 

seven of the ten soils studied were unable to furnish 

enough phosphorus to maintain normal plant growth. The 

plants which did not receive phosphorus were visibly stunted 

in growth below that of the phosphorus treated plants. In 

some cases this stunting was very outstanding as is shown 

in Plates 1 through 8 . The plants which were retarded in 

growth to a great extent also exhibited purpling of the 

leaves, which is one of the characteristics of phosphorus 

deficient tomato plants. This characteristic was much more 

pronounced at the early stage of growth and tended to de

crease with age"and development.

Actual yield differences ranged from less than .5 

gram to more than 3.0 grams for the treated over the un

treated. The yields obtained on the untreated soils were 

quite variable and ranged from less than .25 gram to almost
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5.0 grams per pot. The lower yield was obtained on Super

stition Sand. The yields on the treated soils were near

5.0 grams except for Superstition Sand which produced only 

1.50 grams of dry matter. This low yield probably resulted 

from deficiencies other than phosphorus.
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TABLE 5 IDENTIFICATION OF SOILS STUDIED IN THE GREENHOUSE

Soil no. Classification Location

10 Adelanto sandy loam Casa Grande
20 Gila silt loam Welton-Mohawk

Valley
30 McAlister sandy clay 

loam
Willcox

40 Gila silt loam Salt River
Valley

50 Gila fine sandy loam Casa Grande
60 Cajon sandy loam Casa Grande
80 Gila silt loam Salt River

Valley
90 Superstition sand Yuma Mesa

100 Gila silt loam Cortaro
110 Tucson loam Tucson

Note: Soil classification was obtained through the co
operation of the Agricultural Extension Service, 
Soil Conservation Service and the Department of 
Agricultural Chemistry and Soils, University of 
Arizona
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TABLE 6 YIELD OF TOMATOES GROWN IN THE GREENHOUSE AND THE
ANALYSIS OF VARIANCE OF DATA

Plant Yield in Grains of Oven Dry Material

Soil and
Treatment _________________ Sample No.

1 2 3 Mean Mean diff

10-C 4.10 4.75 4.98 4.61 P-C
10-P 4.81 5.33 4.99 5.04 .43
20-C 3.46 3.71 4.00 3.72
20-P 5.57 4.13 5.56 5.09 1.37**
30-C 5.63 4.65 4.53 4.94
30-P 5.71 6.80 5.01 5.84 .90
40-C 1.51 1.63 1.22 1.45
40-P 4.30 4.79 4.45 4.51 3.06**
50-C 4.11 3.96 4.50 4.19
50-P 5.16 5.47 5.10 5.24 1.05
60-C 2.38 2.14 2.38 2.30
60-P 4.82 4.95 4.52 4.76 2.46**
80-C 2.10 2.11 2.39 2.20
80-P 5.40 4.99 5.52 5.30 3.10**
90-C .16 .11 .12 .13
90-P 1.32 1.35 1.80 1.49 1.26
100-C 4.22 3.64 3.69 3.85
100-P 5.60 4.67 5.45 5.24 1.39**
110-C 1.37 2.03 1.75 1.72
110-P 4.71 4.16 4.06 4.31 2.51**

Analysis of Variance of Tomato Yield Data

F. Value 

180.9

L. S. D. = t\/2SV n  = tV 2 ^3,0-4^~ « t x .536
L. S. D. .01 « 1.25**
L. S. D. .05 * 1.09*
Note: C = Control, p »

Source of 
Variation
Treatment
Error

Degrees of 
Freedom

20
42

Mean Square

7.7795
.430

Phosphorus treatment



Treatment
PROS.
CHECK

N 335 lbs./A. and P205 . 450 lbs./A. 
N 335 lbs./A.

PLATE 1 TOMATO PLANTS GROWN FOR EIGHT WEEKS ON
SUPERSTITION SAND
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Treatment
PHOS. N 335 lbs./A. and P2O5. 450 lbs./A. 
CHECK N 335 lbs./A.

PLATE 2 TOMATO PLANTS GROWN FOR EIGHT WEEKS ON
GILA SILT LOAM
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Treatment
PHOS. N 335 lbs./A and P2O5. 450 lbs./A.
CHECK N 335 lbs./A.

PLATE 3 TOMATO PLANTS GROWN FOR EIGHT WEEKS ON
MCALISTER SANDY CLAY LOAM
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Treatment
PROS. N 335 lbs./A. and P2O5. 450 lbs./A. 
CHECK N 335 lbs./A.

PLATE 4 TOMATO PLANTS GROWN FOR EIGHT WEEKS ON
GILA SILT LOAM
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Treatment
PHOS. N 335 lbs./A. and PgO^. 450 lbs./A.
CHECK N 335 lbs./A.

PLATE 5 TOMATO PLANTS GROWN FOR EIGHT WEEKS ON
CAJON SANDY LOAM
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Treatment
PROS. N 335 lbs./A. and P2O5. 450 lbs./A.
CHECK N 335 lbs./A.

PLATE 6 TOMATO PLANTS GROWN FOR EIGHT WEEKS ON
GILA SILT LOAM
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Treatment
PROS. N 335 lbs./A. and P2O5 450 lbs./A.
CHECK N 335 lbs./A.

PLATE 7 TOMATO PLANTS GROWN FOR EIGHT WEEKS ON
GILA SILT LOAM
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Treatment
PHOS. N 335 lbs./A. and P2O5 450 lbs./A.
CHECK N 335 lbs./A.

PLATE 8 TOMATO PLANTS GROWN FOR EIGHT WEEKS ON
TUCSON LOAM
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Chemical analyses of soil and plant material. The 

results from the analyses of the soils are presented in 

Table 7. Bray's P-1 extracted more phosphorus from all 

the soils than either carbon dioxide or sodium bicarbonate, 

except in one case where sodium bicarbonate extractable phos

phorus was greater than Bray's P-1. Carbon dioxide extracted 

much less than either of the other extractants. Bray's P-1 

extractable phosphorus ranged from a high of 53 to a low of 

6 parts per million. Carbon dioxide extractable ranged from 

a high of 6.6 to a low of .4 parts per million. Sodium bi

carbonate extractable phosphorus ranged from a high of 60 

to a low of 5 parts per million. The high and low soils 

were the same for all three methods.

The pH value of the soils ranged from 7.69 to 8.33. 

All but two of the soils had pH values between 7.69 and 

7.90. Soils 90 and 110 had pH values of 8.33 and 8.29 re

spectively. Total soluble salts were moderately low, rang

ing from 230 to 2,030 parts per million. One soil had above 

2,000 parts per million, and two had less than 500. All 

others were between 700 and 1,500 parts per million.

The carbonate content of the soils expressed as 

calcium carbonate ranged from less than 1 to more than 11 
per cent. Most of the soils contained about 4 per cent or



TABLE 7 ANALYSES OF SOILS USED IN GREENHOUSE STUDY
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less calcium carbonate.

The ghosphorus content of tomato plants grown in 

the greenhouse on treated and untreated soils are pre

sented in Table 8 . The phosphorus content of the plants 

grown on the untreated soil ranged from .08 to .143 per 

cent. The plants grown on the treated soil ranged from 

.140 to .339 per cent phosphorus. The level of soil phos

phorus appears to be important in determining whether or 

not the addition of phosphorus will affect the per cent 

phosphorus in the plant. When the soil phosphorus level is 

at or above that point which will produce maximum yield 

the addition of more phosphorus will increase the per cent 

phosphorus in the plant tissue. Results obtained with 

soil 10 appears to represent this situation. If the soil 

is very deficient in phosphorus, such that very little 

plant growth occurs, the addition of phosphorus will in

crease growth and per cent phosphorus in the plant tissue 

as well. Results from soil 90 seems to support this state

ment. When the soil phosphorus level is between these two 

extremes, the addition of phosphorus appears to have rela

tively little effect on the per cent phosphorus in plant 

tissue. Apparently the additional phosphorus taken up by 

plants is utilized in the production of more plant tissue



TABLE 8 ANALYSIS OF PLANT MATERIAL FROM GREENHOUSE STUDY §uu0)04 .
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rather than increasing the percentage composition. This 

indicates that the percent phosphorus in plant tissue rep

resents the soil level of phosphorus only when the soil 

phosphorus level is above that necessary for maximum yield 

or at an extremely low level. Perhaps this statement can 

not be applied to all crops.

Correlation of extractable phosphorus with yield 

response and phosphorus uptake by tomatoes. The regression 

curves of per cent yield on Bray's P-1, carbon dioxide, and 

Olsen's sodium bicarbonate extractable phosphorus are pre

sented in Figures 6, 7 and 8. The correlation coefficients 

are shown in Table 9. Bray's P-1 and carbon dioxide ex

tractable phosphorus correlated significantly with per cent 

yield. The two methods were equally effective in measuring 

the "available" phosphorus under these greenhouse conditions 

as is indicated by the correlation coefficients. The cor

relation between sodium bicarbonate extractable phosphorus 

and per cent yield was not significant.

In order to select the best method for expressing 

phosphorus uptake data, two expressions were used. The 

three soil phosphorus extraction methods were correlated 

with, firstly, per cent phosphorus in plant tissue, and 

secondly, total uptake of phosphorus by plants.
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TABLE 9 CORRELATIONS BETWEEN GREENHOUSE DATA AND SOIL 
PHOSPHORUS EXTRACTED BY BRAY'S P-1, SODIUM 

BICARBONATE AND CARBON DIOXIDE

Correlation Between % Yield and Soil Phosphorus

Extraction Method r Value
Bray's P-1 .711*
Carbon Dioxide .724*
Sodium Bicarbonate .382-

Correlation Between Total Plant Uptake of Phosphorus and
Soil Phosphorus

Extraction Method 
Bray's P-1 
Carbon Dioxide 
Sodium Bicarbonate

r Value 
.624 
.734* 
.327-

Correlation Between % Phosphorus in Plant Tissue and Soil
Phosphorus

Extraction Method 
Bray's P-1 
Carbon Dioxide 
Sodium Bicarbonate

r Value 
.443 
.471 
.304

Correlation of Bray's P-1 Extractable Soil Phosphorus With 
% Yield and Total Plant Uptake of Phosphorus, when Three

Observations are Deleted

Method of Correlation r Value
Total P uptake 
% yield

931**
875*
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The results are presented in Table 9. All three 

phosphorus extraction methods gave a better correlation 

with total uptake of phosphorus than with per cent phos

phorus in plant tissue. The regression curves of total 

uptake of phosphorus by plants on Bray's P-1 Olsen*s so

dium bicarbonate, and carbon dioxide extractable phosphorus 

are„shown in Figures 9, 10 and 11. Carbon dioxide extrac

table phosphorus gave the best correlation with total up

take of phosphorus. Bray's P-1 extractable phosphorus 

did not give a significant correlation with total uptake. 

However,. it was very close to the same level of significance 

and therefore should be considered marginal rather than for 

rejection as not significant. Sodium bicarbonate extrac

table phosphorus did not give a significant correlation 

with plant uptake of phosphorus.

c The lack of correlation between per cent phosphorus

in plant tissue and extractable soil phosphorus lends sup

port : to the thought that per cent phosphorus indicates soil 

phosphorus level only when soil phosphorus is present in 

excess of that.needed for maximum plant production or at a 

very low level. Therefore, a close relationship would not 

be expected when a wide range of soil phosphorus levels - 

::C. J ■' •., ' - ... : : .

.---I ■



are considered. ^However, if sufficient soil phosphorus 

were present for maximum growth, a close correlation be- 

tween extractable phosphorus and percentage phosphorus 

Aikely ., . ; : .

. Inspection of the regression curves for Bray• s 

P-l,extractable phosphorus with phosphorus uptake showed 

that 7 of ,the.10,points were relatively close to the re- 

gression line. Three of the points were major deviations 

from .hhe regression line. It was hypothesized that these 

three soils possessed,some chemical or physical property
***-*•>' , 'i, 1 w k j. v * "'i ̂  * 1 If* « *’■ 1 4 v .■ — - * - - *• 1 • ' 1 *

which was sufficiently different.from the other soils to
"e * f ** • * 1 *W T-» ■  ̂ *■ - 4 . ■ 4 - I

cause them.to respond.differently to this extractant, of 

the properties, determined, no one single property of all 

three soils.was sufficiently different from the other soils 

to explain the differences in extractable phosphorus. Al- 

though,no valid reason could be found for the deletion of 

the three.points except their.lack of conformity, the cor

relation coefficient was determined omitting these points. 

Table.9._ The correlation/was improved greatly and highly 

significant statistically in spite of the loss of three de

grees of freedom. It may be considered that in 70 per cent 

of the greenhouse soils studied, 87 per cent of the varia

bility in total phosphorus uptake could be accounted for by 

the P-l value.

51
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One point, representing the P-1 value for soil 

110, deviated considerably from the regression line 

(Figure 6). By omitting this point in the correlation 

of per cent yield with the P-1 extractable phosphorus 

values, a highly significant correlation coefficient of 

.876 was obtained (Table 9). It is of value to know if 

the correlation can be improved by deleting soils with 

unusual properties. Further investigation of the reasons 

for the deviation may lead to the improvement of this soil 

testing method. It is interesting and perhaps of some 

real importance to express the result of calculating a 

second correlation coefficient for the 9 soils. In the 

case of 90 per cent of these soils, 76 per cent of the 

yield variation was accounted for by the P-1 values. If 

reasons for such deviations from the regression line can 

be ascertained and the soil properties identified easily, 

it would be possible to evaluate these soils separately.

Consideration was not given to any soil or soils 

indicating unusual properties by either the carbon dioxide 

or sodium bicarbonate methods.
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Figure 8 REGRESSION OF PER CENT YIELD OF TOMATOES IN  THE
GREENHOUSE ON SODIUM BICARBONATE EXTRACTABLE SOIL 
PHOSPHORUS
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F i g u r e  9 REGRESSION OF TOTAL UPTAKE OF PHOSPHORUS BY 
TOMATO PLANTS ON BRAY'S P - l EXTRACTABLE SOIL 
PHOSPHORUS
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F i g u r e  11 regression of total uptake of phosphorus by
TOMATO PLANTS ON SODIUM BICARBONATE EXTRACTABLE 
SOIL PHOSPHORUS
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Correlation of Field Crop Response to Added Phosphorus with 
Soil Phosphorus Extracted with Bray* s P-1, Olsen* s Sodium 

Bicarbonate, and Carbon Dioxide

The response of sorghum (Sorghum vulgare) and cotton 

(Gossypium hirsutum, Gossypium barbademse) to added phos

phorus was correlated with soil phosphorus extracted with 

Bray's P-1, Olsen's sodium bicarbonate, and carbon dioxide. 

The results are presented in Tables 10 and 11. None of the 

methods showed a significant correlation with yield response 

of either crop. The reason for this is not clearly under

stood. There are several factors which could affect these 

results. One possibility which must be considered is that 

the phosphorus extracted by these methods does not represent 

that which is available to the plants. In view of the favor

able results obtained with two of the methods in the green

house study, the author does not feel that this is the case. 

Another possibility is that by chance alone these limited 

samples are not really representative of the true situation.

Yield variations were so great that they tended to 

mask any real difference which might have been present. The 

interaction of variety and location could have been an im

portant factor in this variation. Data for cotton listed 

in Table 10 are from three locations and two varieties.

The varieties were 1517c for soils J and K and Pima S-l for



7 -.\V'.: -7 v . ' ' . . . ■ .TABLE 10 PER CENT YIELD OF COTTON IN FIELD EXPERIMENTS
AND SOIL. .PHOSPHORUS EXTRACTED WITH BRAY* S P-1, 

SODIUM BICARBONATE AND CARBON DIOXIDE

ppm. P.
Soil % Yield C02 Bray's P-1 NaHC03
H-3 ‘ 98.6 .45 36.2 3.3
H-47S 63.6 2.20 54.2 8.5
H—6 151.0 2.00 27.5 5.8
H-7 172.3 .85 32.0 4.7
J-l 71.9 3.25 38.7 14.0
J—2 ’ 137.9 5.15 53.2 32.3
J-3'- 106.0 5.60 54.7 41.6
J—4' 59.6 2.10 24.7 21.8
K-l
!>:■

92.5 .92 28.8 8.5

Correlation Between % Yield and Soil Phosphorus Extracted 
- by Bray1s P-1, Sodium Bicarbonate, and Carbon Dioxide

Extraction Method r Value
Bray's P-1 .110
Carbon Dioxide .333
Sodium Bicarbonate .177

Note: r value for significance at the five per cent level,
‘ with nine observations; .666
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TABLE 11 PERCENT YIELD OF SORGHUM IN  FIELD EXPERIMENTS 
AND SOIL PHOSPHORUS EXTRACTED WITH BRAY'S P-1, 

. , . SODIUM BICARBONATE, AND CARBON- DIOXIDE

; ■. lc.
Soil % Yield CO?
5-174 ' '' 72.9 ‘ ' 3.45
S-178 59.8 . . 4.15
F-2 76.8 " .70
F—5 
F-8

104.6 . 
91.6 ' ‘

•90
1.00

F—11 
1-11'

97.4
90.9

1.60
1.00

1-21 . 99.2 .80
N—1 102.0 7.80
N-3 v . . .. . 96.4 2.9

ppm. P.
Bray's P-1 NaHCOi
' 50.8 ' 3.4

53.1 17.4
32.2 4.3

. 35.0 8.4
38.0 3.0
41.0 . . 10.0
30.5 25.2
26.8 26.7
82.8 46.5
49.0 35.0

Correlation Between % Yield and Soil Phosphorus Extracted 
by Bray's P-1, Sodium Bicarbonate, and Carbon Dioxide.

Extraction Method . r Value

Bray's P-1 .010 
Carbon Dioxide " .028 
Sodium Bicarbonate , .389 * •

Note: r value for significance at the five per cent level
with 10 observations;'.632

• ' • • • - \ • • . f ' - - ’ : •
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soil H. Experiments H, J, and K were conducted in Mari

copa, Cochise and Graham counties, respectively.

Data for sorghum given in Table 11 were from four

locations. Experiments S, F, I and N were conducted in 

Pinal, Maricopa, Cochise and Yuma, respectively. Hegari 

was grown on soil S. Four varieties each were grown on 

soils F, I and N. Location by variety interaction was not 

significant at any of the locations where several varieties 

were studied. This seems to suggest that variations caused 

by variety-location interaction are of minor importance.

It is more probable that lack of controlled condi

tions in the field such as temperature, soil moisture, soil 

physical condition, insect damage and disease probably had

the greatest effect on the yield at any given fertility 

level. Due to variations within a location, a strong possi

bility does exist that the small composite soil sample used 

for analyses did not account for soil variations that were 

reflected in yield within the area sampled. Variations, in 

the forms of soil phosphorus will cause the extractants to 

remove an inconsistent proportion of the soil phosphorus 

from one soil to another. These and possibly other factors 

could explain the lack of correlation.
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Correlation Between Bray*s P-1, Olsen* s Sodium Bicarbonate, 
and Carbon Dioxide Extraction Methods for Soil Phosphorus

The results from the correlation between methods are 

presented in Table 12. None of the coefficients were very 

high but there was a much higher degree of association be

tween the Bray's P-1 and the carbon dioxide method, than be

tween either of these and the sodium bicarbonate extraction 

method.

: . :  : If the methods in question extracted the same cherai-

cal form or forms and/or the same relative proportions of 

these forms, a high degree of correlation should result. 

Although the r values were significant, they were lower than 

would be expected between chemical methods closely related. 

This may suggest that the three methods do not extract the 

same chemical forms of phosphorus and/or the same relative 

proportion of the chemical forms for the most part. The so

dium bicarbonate extractant removes phosphorus by buffering 

the pH value at 8.5 and by reduction of the calcium ion 

activity. This extractant also removes the water soluble 

phosphorus from the soil. The carbon dioxide is a weak 

acid extractant and will remove some of the easily solu

bilized calcium phosphates. It will also remove water sol

uble soil phosphorus. Bray's P-1 extractant contains a
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TABLE 12 CORRELATION BETWEEN BRAY'S P-1, OLSEN'S SODIUM 
BICARBONATE, AND CARBON DIOXIDE EXTRACTABLE

:* * -■ . - - k-. ' ' x t -- . , x ~ <L ’ ■ *- '

Correlation Method r Value r2

Bray's P-l by carbon dioxide :.654** :428
Bray's P-l by sodium bicarbonate .450** .203
Carbon dioxide by sodium "

bicarbonate .565** .319

C": \ i., -  = ' - ' , .............. - - -

Note: r value for significance at the one per cent level
with 50 observations; .354



dilute acid which will extract many of the easily solu

bilized calcium phosphates. In addition the fluoride ion 

in this extractant will remove adsorbed phosphorus and 

solubilize some of the iron and aluminum phosphates. Bray's 

P-1 will also remove the water soluble phosphorus. As a 

result of the different action of these extractants, one 

might expect the forms or proportional amount of the forms

of soil phosphorus extracted by these methods to be differ-
V- ' . 7 Lt  2 :> . ' 2 : ■ ;• u ;V . 2  . - v , ,

ent.
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Fxoi, -;  .r „ • ^ c v - r h u : : :  r  .V: . ^

. :c rv .  ,j -v;;Ac.i c ^ e n ' .  :; ■ .^:^h i.r.  ̂ io r .v -o .  -■•: r  ;  j u'v v
SUMMARY AND CONCLUSION

v -■ a s x r . . ; . . -  >./v.a:.^A r. :' c : x.v. ■ y i -a . i  ar-5 r.': .X2 :ha;;
Ratio of soil to extractant had a great effect on

o : : c r a c  : j  a \  LX:-. azaa'-A rx s .
the amount of phosphorus extracted by Bray1s P-1 extracting

Ka x u I ks  c A t i r U ;  ?a Lro::: . g ? ' . : a :-o u ::.a x ;.u x y  '; a -:,'.'.-,;l
solution. More phosphorus was extracted with the wide ra-
a - i a t  ur-f-'.r:' c o r . t r c i i i C  c x - x ;  . 3 - ty,; x . - ; '
tios than with the narrow one. The larger volume provided
axOivLi 1 ■ . tool ;; ,  it;!;; x o x l  yl:r.- '
more active extractant which resulted in a greater release

o t o  l o o k  l - x  xt  c: u;; t  •.rx.'ooo A't-: I t  ;:x 0 : "
of phosphorus. Time of shaking had much less effect on
a t : ,  ix, V a  : xtr-AJ a vt;;:;;;:.. a x  ,;:.. tv I , . : . ; . ; .  '
the amount of phosphorus extracted than ratio. Variations
I x c t o r r  ore: C ' fxx x t : .  x ; t ' g ■ c:x a . . : '
due to time occurred with some soils. It is assumed that
g vvi - \ : o : :  J  :. ; •.. ; . a  ; :• x : ,
these differences were caused by a shift in the balance

between the release and fixation of phosphorus during the
v::: : .: tX  A t  l o r  'xiav.:,
extraction process.

Si :t.;a r one y ?. . : ..
The addition of phosphorus resulted in significant

tav. • , ,,.ll'..-..;: i:..- , ’ _■ ; ... ■ .
yield increases on seven of the ten soils studied in the
::f r :•.. . v ;-; ̂ - ; : . . ;. ■ - . - ' •
greenhouse. Significant correlations between per cent
I  l a i r . - ;  a ' % .  a x ■;. :. . .• • ...
yield and extractable phosphorus was obtained with Bray's 

P-1 and carbon dioxide. Total uptake of phosphorus by
AOr v l  ' . ..... . ' ' :-
plants was more closely related to the carbon dioxide ex

tractable phosphorus than the other methods studied. The 

sodium bicarbonate method was not significantly related to

66

yield or phosphorus uptake
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Field studies with cotton and sorghum resulted in 

correlation coefficients which indicated a very low degree 

of association between per cent yield and soil phosphorus 

extracted by the three methods studied.

Results obtained from the greenhouse study indicate 

that under controlled conditions two of the methods show 

promise as tools for evaluating soil phosphorus. The com

plete lack of positive association between field results 

and extractable phosphorus indicates that some factor or 

factors are operating differently from those factors under 

greenhouse conditions. A more intensive study is needed to 

identify these factors and devise ways of controlling or 

compensating for them.

Since results obtained under controlled conditions 

cannot be applied directly to field conditions, the positive 

association observed in the greenhouse study are of very 

limited practical value. However, it is the author's de

sire that this limited information may open the door to 

more intensive investigations which may ultimately fill the 

need for a chemical extractant for the evaluation of soil

phosphorus.
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