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EFFECTS OF NITROGEN PHOSPHORUS AND 
POTASSIUM FERTILIZATION ON THE 

YIELD AND CHEMICAL COMPOSITION OF POLE BEANS 

INTRODUCTION 

The pole bean is one of the major processing crops in 

Oregon west of the Cascades with the concentration of pro- 

duction in the Willamette Valley* From 5000 to 8000 acres 

of pole beans are planted yearly* with an estimated yearly 

value to the farmer of around six million dollars* The 

annual value of the processed product is estimated at 

approximately 15 million dollars* 

Maintenance of the best cultural practices to secure 

high yields is important and special emphasis has been 

placed recently on the study of fertilizer practices in 

relation to production of highest yields of pole beans* 

These studies have been concerned with rates and combina- 

tions as well as time of application of the major ferti- 

lizer elements* 

With the establishment of replicated fertility plots 

of pole beans at the Vegetable Crops Experimental Farm at 

Corvallia, the opportunity of studying the nutritional 

status of the pole bean plant through means of plant analy- 

sis was presented. The correlation of the results of such 

analyses with the known crop response to the various fer- 

tility treatments was also possible. 



Prior to the initiation of this study in 1952, results 

of field fertility experiments in 1950 and 1951 had indi- 

cated that significant increases in yields of pole beans 

could be expected when phosphorus fertilizers were banded 

at the time of planting. These yield increases were 

obtained in some instances on soils which had received 

applications of phosphorus fertilizers for several years. 

The soil phosphorus values were classed in the medium range, 

20 to 40 pounds of available phosphorus per acre. The 

phosphorus nutrition problem was of particular Interest 

and the Inclusion of nitrogen and potassium nutrition was 

considered valuable. 

The results of three years of study presented in this 

dissertation are concerned with the effects of nitrogen, 

phosphorus and potassium fertilizers, alone and in various 

combinations, on the contents of these elements in the 

plants, on the dry weights of plants early in the growing 

season and ultimate yields, and the relationship of the 

plant content of nitrogen, phosphorus and potassium to the 

yields and dry weights obtained. By comparing the nutrient 

concentration observed within the plant with the growth 

and yield of the plants growing under variable fertility 

conditions, critical nutrient levels can be established and 

conclusions can perhaps be drawn on which to base addition 

of fertilizers to soils according to the nutrient require- 

ments of the crop. 



REVIEW OP LITERATURE 

In a survey of the literature, numerous reports of 

fertilizer experiments conducted under varying conditions 

of soil and climate and with many crops are found, and many 

varied responses have been reported* Varied results have 

also been reported in the case of bean fertility experi- 

ments, although literature concerning fertilizer experi- 

ments with this crop is limited* Especially limited are 

the number of fertilizer experiments in which the plant 

composition or nutritional status is reported in relation 

to growth response and yield. 

Beeson (6, p.425) expressed the Idea that fertilizer 

experiments have for the most part been concerned with the 

study of yields, and the problem of modifying the composi- 

tion of the plant has been much less often the principal 

objective* 

Fertilizer Experiments with Beans 

Ware (59, pp.699-705) in 1937 studied the influence of 

the major fertilizer elements on the earllness and yield of 

snap beans using soils of Norfolk, Eutaw, and Cecil series 

in specially constructed bins as well as a series of field 

plots.  In addition to Increasing the yield of beans to 

such a marked extent, applications of phosphorus also 

increased the percentage of early beans. Yields were also 



Increased by applications of nitrogen while there was no 

response to lime* 

The problem of the phosphate and potash requirements 

of snap beans on the organic soils of the Florida Ever- 

glades was investigated by Forsee and Hoffman (20, p*264). 

They concluded that for each pound below seven of phos- 

phorus as indicated by the soil test, 15 pounds of P2O5 per 

acre should be applied. Summervilie (45, pp•374-377) in 

Queensland, Australia, used ammonium sulfate, superphos- 

phate and potassium sulfate at 27 different rates and com- 

binations in two localities to determine the requirements 

of beans* Yield Increases resulted from use of nitrogen 

and phosphate fertilizers* Potassium gave no response* 

Fertilizer gave best results when applied two to four 

Inches below the seed at the time of planting* 

The interrelationship between effect of fertilizer 

composition and method of application on germination and 

growth of lima beans and snap beans was studied by Parker 

(37, pp*737-742)« A Sassafras sandy loam low in HH4, P2O5, 

and K20 was used for growing the crops. Nitrogen and 

potassium reduced germination when placed near the seed, 

nitrogen reducing germination more than potash. A signifi- 

cant yield response in Fordhook lima beans was obtained 

from added potash as compared to no potash in a mixture of 

nitrogen and phosphorus. When potash was mixed with the 

soil or placed in a band three inches below the seed no 



yield response resulted. Potassium gave a yield response 

when banded on each side or beneath the seed of snap beans, 

but no response was obtained if it was mixed with the soil, 

A significant yield response was obtained by increasing the 

phosphorus content of the fertilizer from zero to six per 

cent when banded on each side of the seed* A response to 

phosphorus was obtained from sidedressing lima beans, but 

not from snap beans* He suggested that lima,beans, being a 

long season crop, probably utilized the phosphorus applied 

as a sldedress more effectively than did the snap beans* 

Emmert (17, p*439) studied the effect of ,,split appli- 

cations'' of nitrogen and phosphorus on the yields of 

tomatoes and large-seeded lima beans* He found in his 

experiment that the method of split applications of phos- 

phorus was an effective way of maintaining high phosphorus 

availability at critical periods of need, especially on 

heavy soils* He further suggested that more trials should 

be made on different soil types and on different crops* 

Zlmmerley (61, pp*922-923) at the Virginia Truck Crop 

Experiment Station made rather detailed studies of the 

effect of artificially regulated soil acidity on growth 

and composition of vegetable crops when fertilized with 

medium and high rates of phosphorus* Greatest responses 

resulted from the use of the larger amount of phosphorus 

with lettuce and beans at all soil reactions. The influ- 

ence of soil acidity and soil type upon the growth and 
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composition of the lima bean plant was investigated* Using 

three different soils with pH values of 3.9 to 7.6, he 

found that the supply of potassium was similar at all pH 

values; however, the absorption per gram of plant material 

was about twice as great at low pH values as at high pH 

values* The nitrogen absorption took a similar trend to 

the potassium, but not quite so pronounced, while phos- 

phorus was quite constant* 

Carolua (12, p.449 and 13, p.362) was concerned pri- 

marily with potassium effects on growth and quality of 

beans* Under field conditions he found that fertilized 

plots gave higher yields than no fertilizer* Use of 

potassium increased both yield and crop value* 

In Oregon, Bouquet (8, pp.6-6) suggested that in snap 

bean fertilization it is important to consider the rela- 

tive proportion of units of nitrogen, phosphoric acid and 

potash as well as the materials that are put into the 

fertilizer, the total amount of each applied per acre and 

the important matter of placement. He suggests these with- 

out giving any data as to recommended practices or experi- 

mental findings* Apple (1, p.103) and Apple and Stephenson 

(3, pp.131-134) reported that in the 1950 and 1951 growing 

seasons, there was considerable benefit from the use of 

phosphorus with nitrogen at planting time, the benefit 

being lost if the application was delayed and applied later 



as a sidedress. In 1951 it was found that nitrogen.alone 

was not as effective as nitrogen plus phosphorus In obtain- 

ing high yields. The data of both 1950 and 1951 indicate 

no significant Increase in yields due to the use of potash. 

The above experiments were not. In general, concerned 

with the nutritional status of the plants and only differ- 

ences in growth and yield were observed. Lundegardh (31, 

p.164) concludes from the investigations noted by him that 

the method of leaf analysis, properly applied, gives a 

comprehensive picture of the effect produced by fertllixa- 

tion in the course of the vegetative year. He further 

states that it may be asserted that only with complimen- 

tary leaf analyses do fertilizer experiments acquire any 

scientific value. 

Nutritional Status and Fertilizer Effects 
as Reflected by Plant Analyses 

Several excellent reviews have been published in 

recent years concerning fertilizer effects and the nutri- 

tional status of plants as indicated by the use of plant 

analysis. These have reviewed much of the work done before 

1948. Among the reviews which were used in this study were 

the reviews of Beeson (5 and 6), Lundegardh (31), Goodall 

and Gregory (21), Ulrlch (51 and 53) and Vandecaveye (56). 

Ulrlch (51, pp.101-112) stated that the concentration 

of a nutrient in the plant as a whole or in any part is a 
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function of soil, climate, plant, time, management and 

possibly other factors* At any one time a chemical analy- 

sis of the plant or part of the plant gives an Integrated 

value of all the factors that have Influenced its nutrient 

composition* A similar concept was presented by Bear, 

Toth and Prince (4, pp*380-384)* They suggested that the 

mineral cation and anion values in plants were an expres- 

sion of the environmental factors in which the plants were 

grown, and that the environmental factors which seem to 

exert the greatest Influence are soil type, fertilizer 

practice, and climate. Lundegardh (31, pp.39-41) points 

out that, since in the principle of leaf analysis the con- 

tent of the nutrients, potassium, phosphorus and nitrogen, 

in the leaves is regarded as an expression of the fertili- 

zer effect, it is of importance to know the influence of 

the mineral content of the leaf material on the intensity 

of assimilation. He further states that nutrient salts 

have a two-fold action on leaves:  (1) They influence size 

and anatomical structure and thereby the expansion of 

assimilating surface; and (2) nutrient salts Influence the 

chemical composition of the leaf contents of chlorophyll, 

calcium, potassium, phosphorus, nitrogen, etc., and thereby 

the intensity of assimilation per unit of surface. In 

reporting on plant tissue testing in diagnosis of the 

nutritional status of growing plants, Scarseth (41, p.116) 

states that progress in fertility research Is seriously 
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handicapped as long as Investigators are satisfied to 

ignore or to guess at the nutritional status within the 

growing crop; and that It would be a fallacy to argue that 

a technique exists that answers all the nutritional ques- 

tions. He further states that mere addition to the soil Is 

no assurance that the nutrient Is effectively entering the 

plant* Since only the nutrient that enters the plant Is 

effective In feeding the crop. It Is most Important to know 

whether or not the plant Is absorbing the nutrient* 

Sims and Volk (44, pp.5-27), Volk and Sims (58, p.139) 

and Janes (25, pp*l-32) in extensive studies of the com- 

position of Florida grown vegetables found that there were 

wide variations In the mineral composition of vegetables 

grown on different soils and areas of Florida* There was 

also considerable variation even within areas of similar 

soils* There was little correlation between fertilizer or 

soil analyses and plant composition for a given area of 

similar soils* Edible portions of the crops were used, 

bean pods of snap beans serving as samples for determina- 

tions made on this crop* Davidson and LeClerc (15, 

pp.55-66) suggested the use of ranges rather than fixed 

values for reporting the mineral content of vegetables 

because of the wide ranges that occur when plants are grown 

in different seasons and in different environments. Ware 

and Johnson (60, pp.50-52) found that vegetable crops 
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differed greatly in their ability to absorb phosphorus, and 

that they may be grouped according to their capacities to 

absorb this element* 

Estimation of the Critical Nutrient Level 

Ulrich (53, p,159) defines the critical nutrient level 

for a given nutrient as that range of concentrations a.t 

which the growth of the plant is restricted in comparison 

to that of plants at a higher nutrient level* This concept 

is extended to include this critical nutrient level in 

regard to yield response. Macy (32, pp.749-764) distin- 

guished three portions of the curve relating yield to 

internal concentration:  (1) The "minimum percentage" por- 

tion where yield Increases, although Internal concentration 

remains constant, (2) the "poverty adjustment" region In 

which.both yield and internal concentration increase and 

(3) a "luxury consumption" region in which yield remains 

constant with increasing internal concentration. The 

transition from the "poverty adjustment" to the "luxury 

consumption" region took place at the "critical percent- 

age "• These interpretations apply to a situation in which 

one nutrient only Is varied, and presuppose that yield 

rises with Increasing supply of this nutrient; that is, 

that growth is limited by this nutrient. In plants in the 

field the likelihood of a growth response from the addition 
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of a nutrient to the soil will depend upon whether the 

nutrient concentrations of the plants are above or below 

the critical level* 

Tremblay and Baur (48, pp.945-959 and 49, pp.614-617) 

used plant analyses to determine the potassium and phos- 

phorus requirements of peas In western Washington. They 

found that an analysis of the whole plant (tops) or leaves 

taken at the second or third node from the top of the plant 

was quite Indicative of the phosphorus status of the pea 

plant* The leaves at the third node were selected because 

this was the position found most suitable for potassium* 

For most of the field studies one sampling during the early 

part of the growing season (eight to ten node stage) was 

sufficient for predicting the phosphorus requirements of 

pea plants* Significant correlations were obtained between 

the yields of shelled or market peas and the phosphorus 

content of tbe top and leaves* The critical level of 

acetic acid-soluble phosphorus In the tops or leaves of 

peas was approximately 2000 ppm phosphorus at the four to 

eight node stage* They found that either leaf blades or 

leaf petioles, selected at the third node down from the top 

of the plant when it had reached an eight- or nine-node 

stage, appeared to be most indicative of its potassium sta- 

tus. They found the critical level of potassium at the 

prebloom stage to be 1.3 per cent and 1.1 per cent (dry 

weight basis) at the bloom stage. 
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The critical phosphorus and potassium levels in Ladino 

clover and critical nitrate levels of sugar beets were 

estimated from experiments by Ulrich (52, pp.150-161 and 

54, pp.291-309)♦ When the petioles of Ladino clover were 

analyzed, the critical level for phosphorus expressed on 

the dry basis was approximately 600 ppm of acetic acid- 

soluble phosphate phosphorus, and for potassium, approxi- 

mately 0*8 per cent potassium. Ulrich states that In 

estimating the critical nutrient level for a crop, the time 

of collecting the plant samples in relation to the nutri- 

tional response is an important factor. The critical 

nitrate level was approximately 1000 ppm nitrate nitrogen 

for petioles of beets taken during mldseason. 

The relation of corn yields to leaf nitrogen, phos- 

phorus and potassium content was studied by Tyner (50, 

p.321). The critical leaf nutrient concentrations of the 

sixth leaf in corn at the bloom stage were tentatively set 

a 2.90 per cent nitrogen, 0.295 per cent phosphorus, and 

1*30 per cent potassium (air dry weight). He Indicated 

that further testing would be necessary to determine the 

accuracy of these values. At nutrient levels in excess of 

the critical concentrations, he suggested that extraneous 

factors appear to exert greater Influences on yields than 

nutrient content variations. 
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Selection of a Technique of Plant Analysis 

The selection of a technique of plant analysis 

involves a number of problems. The different methods and 

techniques of plant analysis are almost as numerous as the 

number of investigators. Goodall and Gregory (21, p*61) 

in reviewing the selection of a technique have summed up 

many of the ideas and problems of investigators by stating: 

"The investigator entering for the first 
time upon the use of plant analysis for the 
diagnosis of the nutritional status of a par- 
ticular crop has a very wide choice of possible 
alternative techniques to adopt - the various 
times during the season at which samples may 
best be taken; whether the whole plant should be 
gathered or some particular organ, whether the 
analysis should be conducted on the whole plant 
material or an extract of It; for the whole of the 
element in question or some particular chemical 
fraction; and finally how best the analytical 
results when obtained may be interpreted - all 
these are questions on which decisions have to 
be made, and here as has been shown, theoretical 
considerations give little guidance.....The 
correct criterion for assessing the value of 
any method purporting to be applicable to the 
determination of fertilizer requirements Is the 
agreement between forecast and actual yield 
responses to fertilizer treatment.  If the 
adoption of a technique, however arbitrary, can 
be supported by evidence of this kind, the 
question arises whether it is worth while to 
attempt its Improvement•" 

Many investigators have pointed out the importance of 

the time  of sampling in relation to the diagnosis of the 

nutritional status of plants and yield responses. In esti- 

mating the critical nutrient level, the time of collecting 

the plant sample In relation to the nutritional responses 
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observed is an important factor. The optimum time of sam- 

pling may be expected to differ for different nutrient 

elements, so that a single time cannot be optimal for all* 

The type of crop, whether an annual or perennial, will 

Influence the time of taking of samples. 

Chapman (14, pp.111-122) found that response of oats 

to phosphorus supply in pot culture (measured as total dry 

weight) was highly correlated with the inorganic phosphorus 

content of different parts of the young plants, but that 

at the heading stage such correlations were much less 

marked or, at ripening, absent. Tremblay and Baur (49, 

pp«614-617) reported that correlations between yields of 

peas and phosphorus content of leaves, petioles, and tops 

were obtained early in the growth of the plants. During 

the latter part of the growing season there was no corre- 

lation between the yield of peas and the phosphorus content 

of plants. 

For leaf analysis to be of significance It should be 

carried out on leaves of a definite stage of development, 

preferably shortly before the end of vegetative growth, 

according to Lundegardh (31, p*104). Harrington (22, 

p.316) also pointed out the importance in time of sampling 

in regard to nitrogen and phosphorus analyses of beans and 

spinach. 
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Another question in the selection of a technique is 

that of the part of the plant to sample. Analysis of the 

whole plant would provide the best index of the nutri- 

tional status. This is only possible and practical when 

the plants are small. Goodall and Gregory (21, p,68) 

stated that when experimental evidence has been brought 

forward to support the choice of one or another organ for 

sampling for diagnostic purposes, it has generally been on 

a basis of proportional (or absolute) differences between 

plants at different levels of nutrition. The optimum type 

of sample may not be independent of varying external con- 

ditions.  It is desirable to base deductions as to the 

optimum type of sample on observations In several years or 

under a wide range of conditions. 

Harrington (22,  p,314) stated that It is essential to 

sample the same morphological region or tissue when making 

comparisons, as the differences between times is usually 

greater than the differences between fertilizer treatments. 

Ulrlch (55, p.174) pointed out that not only Is it 

important to select the proper part of the plant for analy- 

sis, but the tissues must be from a definite position on 

the plant. This position differs with the crop sampled 

and also with the nutrient assayed. He further states that 

plant material selected from recently "matured" tissues is 

preferable to that from Immature tissues of rapidly growing 
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regions, from old or senescent tissues formed early in the 

growth period, or from tissues from the fruit* An excep- 

tion to this rule might apply to nutrients, such as boron, 

which are utilized primarily in merlstetnatlc tissues* 

The leaf, according to McCollam (34, pp.11-14), is 

usually considered best because it is such a vital part of 

the plant in its nutritional process.  It is in the leaf 

that the plant foods are gathered and combined for redis- 

tribution throughout the plant. Thomas (46, pp.571~599) 

stated that the delicate sensitivity of the leaf is no 

doubt related to its role as the laboratory of synthesis of 

the plant. 

•Since differences in age and morphological position 

have been shown to be accompanied by considerable differ- 

ences in composition, it seems probable that random sam- 

pling will be unsatisfactory since the differences will 

unnecessarily be Included among the sources of error. 
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MATERIALS AND METHODS 

Plot Layout 

The experimental plots were located at the Vegetable 

Crops Experimental Farm east of Corvallls. The pole beans 

were grown on a Chehalls silt loam soil type which Is 

widely used for growing pole beans In the Willamette 

Valley* The soil had a pH value of 5.8 to 6.2. Ferti- 

lizer materials were banded by machine at the time of 

planting. Adequate sprinkler irrigation was provided to 

give sufficient water and was comparable to best grower 

practices. Single row plots were used with a row spacing 

of five feet and a uniform stand of plants in the row of 

three plants per foot of row. 

1952 - Eighteen treatments made up the complete 

factorial of 3 x 3 x 2 (levels of H, ^205*  ^^ K20» respec- 

tively) design with 10 additional treatments to make a 

total of 28 treatments. Plots were arranged in a ran- 

domized block design. Five replications were used. The 

three rates of nitrogen were 0, 50 and 100 pounds of 

nitrogen (N) per acre as ammonium nitrate. The three rates 

of phosphorus were 0, 120 and 240 pounds of phosphoric acid 

(P2O5) per acre as treble superphosphate. The two rates of 

potassium were 0 and 100 pounds of potash (KgO) per acre as 

muriate of potash.  The fertilliter materials of the 18 
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treatments of the factorial design were banded by machine 

two to three Inches to the side and two Inches deeper than 

the seed at planting on May 13. Asgrow 231, a stringless 

Blue Lake type, was the variety used in 1952 and 1953• 

1953 - A complete factorial desi^i, 2x3x2, was 

used which consisted of 12 treatments replicated five 

times. Sight additional treatments were included. The 

rates of nitrogen were 0 and 50 pounds of N per acre as 

ammonium nitrate, banded at planting. In addition all 

plots received a uniform broadcast application of 50 pounds 

of N per acre as calcium cyanamid plowed under with the 

cover crop. Phosphorus rates were 0, 60 and 120 pounds of 

p205 P9r acre as treble superphosphate. Potassium rates 

were 0 and 60 pounds of KgO per acre as muriate of potash. 

These materials were banded at planting three Inches to the 

side and two inches deeper than the seed at planting on 

May 16. Cool temperatures necessitated replanting of one 

third to one half of each of the individual plots 15 to 16 

days after planting because of poor germination and emer- 

gence* 

1954 - Six treatments replicated five times were used 

in 1954. The sources of the fertilizer elements were the 

same as in 1952 and 1953. The materials were banded two to 

three inches to the side and approximately two inches 

deeper than the seed at planting on May 7.  PM-1, a 
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variety of the stringless Blue Lake type, was used in 1954. 

Yield Data 

Yields were obtained on an individual plot basis. The 

total weights of pods per harvest per plot were recorded 

and total yields computed on the ton per acre basis* Yield 

data presented are in terms of total yields of ungraded 

beans* 

Pickings were scheduled every four to five days so 

that the best commercial grades could be obtained* This is 

commensurate with commercial practice* In 1952 there were 

six pickings, in 1953 seven pickings, and in 1954 nine 

pickings * 

After picking, the beans were graded by commercial 

grader into four grades or sieve sizes* These grades are 

used commercially for the basis of premium payments to the 

growers* 

Soil Sampling Technique 

Soil samples were taken in 1952, 1953 and 1954 at 

planting or shortly afterward* A soil tube was used and a 

minimum of 10 cores at each of the depths, 0-6 inches, 6-12 

Inches and 12-24 Inches, were taken per replication. The 

cores of the respective depths were combined on a replicate 

basis and analyzed by the Oregon State College Soil Testing 
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Laboratory.  Since the methods of the determination of soil 

phosphorus bad varied from year to year, the surface soil 

(0*6 inches) for the plots of 1952 and 1953 were rerun 

later in 1953 so that a comparison of results obtained by 

the same laboratory method was possible. Potassium content 

and organic matter were also determined on these soil 

samples* Soil analyses data are shown in Appendix Table 1. 

Plant Sampling Technique 

All plant and leaf samples were taken and analyzed on 

an Individual plot basis. The samples were taken through- 

out the length of the individual plots. 

1952 - Pour samples were taken throughout the growing 

season prior to harvest. The first sample consisted of 

the above-ground portion of the plants taken at the time of 

thinning the plots to a uniform stand on June 16, 34 days 

after planting. The plants had formed the first trifoliate 

leaf and the second was beginning to expand. Ten plants 

per plot formed the sample. Sample 2, taken on July 3, 51 

days after planting, consisted of 12 "recently expanded" 

or "recently matured" leaves per plot. When reference is 

made to trifoliate leaves In this study, they will be those 

of the recently expanded or matured leaves. The bean 

plants were at the climbing stage and had reached a height 

of approximately three feet at this sampling date.  On 
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July 18, a third sample was taken consisting of 12 tri- 

foliate leaves per plot* Open blossoms were present on the 

plants at this sampling date. The fourth sample, consist- 

ing of 12 trifoliate leaves per plot, was taken on August 1* 

prior to the first picking* 

1955 ^ As in 1952 four samples were taken throughout 

the 1955 growing season prior to harvest* The first sample 

was taken at the time of thinning the plants to uniform 

stand on July 1, 46 days after planting* The entire above- 

ground portion of 10 plants was taken. Twelve trifoliate 

leaves per plot were taken for the second sample on July 15, 

60 days after planting* The plants were at the climbing 

stage of growth, three to four feet in height, at this 

sampling date* On July 29, 74 days after planting, 12 

trifoliate leaves were taken when the plants were begin- 

ning to bloom. The fourth sample was taken on August 11, 

approximately one week prior to the first harvest* 

1954 - Although the sampling procedure was similar to 

that of 1952 and 1953, five samples were taken during the 

1954 season. An early sample was taken on June 7, 31 days 

after planting, which consisted of the tops of plants just 

after the primary leaves were expanded and as the first 

trifoliate leaves were beginning to expand. The second 

sample of 10 plants per plot at the first trifoliate leaf 

stage was taken on June 18, 42 days after planting. This 
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stage of growth was comparable to the first samples of 1952 

and 1953. At this same date another sample consisting of 

trifoliate leaves only was taken for comparison with the 

plant samples« The third sample was taken on July 9, 63 

days after planting, and consisted of 10 trifoliate leaves 

per plot. The plants were climbing and some blooms were 

present on the more advanced plants. Ten trifoliate leaves 

per plot were taken at the fourth sampling date on July 24, 

76 days after planting, two days prior to the first pick- 

ing. A fifth sample, consisting of trifoliate leaves, was 

taken on August 4, 89 days after planting and immediately 

after the third picking. 

Preparation of Plant Samples 

The plant and leaf samples were collected In paper 

bags in the field, then immediately transferred to forced- 

draft ovena where they were dried at a temperature range of 

75-80oC. for 48 hours. Dry weights of the plants were 

taken prior to grinding the material in a laboratory mill. 

After grinding, these samples were placed in glass screwtop 

bottles and stored until the chemical determinations could 

be made. To insure equal moisture content the dry samples 

were placed in the oven at 70oC« for four hours before 

analytical samples were weighed from them* 
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Approximately one-tenth gram of ground plant material 

was weighed on cigarette paper on an analytical balance; 

the actual weight was recorded to the nearest fourth 

decimal place* The cigarette paper plus the sample was 

then placed Into a 50 mllllllter Erlenmeyer flask. Two 

mllllllters of concentrated suIfuric acid was then added 

and the flask placed on an electric hot plate for wet 

ashing* This method of wet ashing was according to the 

method of Llnder (29, pp.76-89). Glass marbles were placed 

on top of the flasks to prevent loss due to spattering. 

Hydrogen peroxide (30 per cent) was used as the 

oxidizing agent, only a few drops being added at a time to 

prevent oxidation of nitrogenous compounds. After diges- 

tion of a sample was completed, as indicated by a clear 

solution, the material was cooled, distilled water added, 

and then filtered through No. 1 Whatman paper into a 100 

mllllllter volumetric flask* This was made up to volume 

with distilled water and nitrogen, phosphorus, and potas- 

slum determinations were made from this solution. With 

each series of samples a blank containing reagents and a 

known or standard sample containing known amounts of 

nitrogen, phosphorus and potassium were run. 
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Chemical Determinations 

The term chemical determinations as used here refers 

to nitrogen, phosphorus, and potassium determinations* 

Hltrogen - Nitrogen was determined according to the 

method reported by Linder (29, pp.76-89), with a modifica- 

tion of the Nessler reagent* The Nessler reagent was 

prepared according to Umbreit, Burris and Stauffer (55, 

p.191) because the reagent was easier to prepare and was 

more stable. A Klett-Summerson photoelectric colorimeter 

with a No. 42 filter was used for measurement of color 

Intensity* Standard curves using ammonium sulfate were 

determined, a sensitivity of two units on the Klett scale 

being equal to one microgram of nitrogen. 

Phosphorus - Phosphorus was determined colorlmetri- 

cally according to the method of Fiske and Subbarow (19, 

pp.375-400). Standards were prepared using dihydrogen 

phosphate with the addition of concentrated sulfurlc acid 

to be comparable to that of the samples. A sensitivity of 

two units on the Klett scale was equal to one microgram of 

phosphorus. A red filter. Ho. 66, was used in determining 

the intensity of color and these values were related to a 

standard curve for the determination of the phosphorus 

concentration* 

Potassium - Potassium was determined by the method of 

flame photometry using a Beckman DU Quartz 
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Spectrophotometer with a flame attachment. Hydrogen was 

used as the fuel* Standard solutions were made up follow- 

ing the method of Brown, Lllleland and Jackson (10, pp.1-6 

and 11, pp.12-22)♦ Potassium was obtained from potassium 

chloride for the standard solutions and made up In 

distilled water with the same amount of concentrated sul- 

fur! c acid as was present in the plant samples. The addi- 

tion of MgS04, CaCl2 and NaCI was included in the standards 

to approximate quantities of these elements present in the 

plant material. After several adjustments of slit width 

and sensitivity control, readings were stable enough to 

give good reproducibility. The majority of the samples 

were run at a silt width of 0.08 millimeters and a wave 

length of 768 millimicrons. Approximately 1.5 units on 

the transmission scale were equal to one ppm of potassium. 

A standard curve was run with each set of samples. 

Statistical Methods 

Analysis of variance methods were used in statisti- 

cal calculations of yield data, dry weight data and 

chemical data concerning the nitrogen, phosphorus and 

potassium contents of the plants. 

In 1952 and 1953 the factorial treatments were con- 

sidered first. The significance of difference between 

individual treatment means was considered; if significant. 
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the least significant difference values were calculated* 

If main effects means were significant, the least slgnlfl- 

cant difference values were calculated. When Interactions 

were significant, appropriate tables were set up to show 

these values.  In 1954 analysis of variance calculations 

were made on the six individual treatments* Statistical 

data of mean square values for the chemical data are shown 

in Appendix Tables 7 to 9. 

Correlation coefficients of yields and the plant con- 

tent of the individual elements of nitrogen, phosphorus and 

potassium were calculated using the treatments means in 

each of the years. 
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RESTTLTS 

The yields> dry weights and nitrogen, phosphorus and 

potassium contents of pole beans will be considered sepa- 

rately in regard to effects of nitrogen, phosphorus and 

potassium fertilization. 

The levels of the fertilizer elements are represented 

by "0", indicating no banded fertilizer of that particular 

element, "1", representing level one, and n2n,  representing 

level two. In 1952 N-l was 50 pounds of nitrogen (N) per 

acre, N-2 was 100 pounds of nitrogen per acre, P-l was 120 

pounds of phosphoric acid (P205^ P*1* acre, and P-2 was 

equal to 240 pounds of phosphoric acid per acre.  Potas- 

sium as represented by K-l was equal to 100 pounds of 

potassium oxide (E2O) per acre* In 1953 nitrogen at N-l 

was equal to 50 pounds of N per acre* This did not include 

the broadcast application of 50 pounds of N per acre turned 

under with the cover crop. The levels of P-l and P-2 were 

60 and 120 pounds of phosphoric acid (P2O5) per acre, 

respectively. The potassium level, K-l, was equal to 60 

pounds of potassium oxide (KgO) per acre. The six indi- 

vidual treatments are listed in 1954 and are designated by 

the pounds per acre of nitrogen, phosphoric acid and 

potassium oxide using the same sources of materials as in 

1952 and 1953. 
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Yields are expressed In tons per acre of ungraded 

beans. Dry weights are expressed In grams. The percentage 

composition of nitrogen, phosphorus and potassium Is 

expressed as the percentage of dry weight. 

The term L.S.D. designates least significant differ- 

ence between means and N.S.D., no significant difference. 

The probability levels are represented by .05 and .01. 

Correlation coefficients, when significant, are designated 

as such. 
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Effects of Nitrogen, Phosphorus and Potassium 
Fertilization on the Yield of Pole Beans' 

1952 - Yield data are presented in Table 1.  The main 

effects of the application of phosphorus fertilizers were 

significant. The data Indicate that yield differences 

between P-O and P-1, and P-0 and P-2 were significant at 

the .01 level* However, yield differences between P-1 and 

P-2 were not significant. 

The main effects of potassium fertilization were also 

significant, the K-l level resulting in a significant 

depressing effect on yield as compared to K-0. 

The main effects of nitrogen fertilization were not 

significant, although the addition of 50 pounds of nitro- 

gen tended to Increase yields over treatments receiving no 

nitrogen. 

There were no significant interactions although when 

certain individual treatments are compared significant dif- 

ferences are obvious. 

1955 - The yield data presented In Table 2 Indicate 

that the main effects of added nitrogen were significant in 

increasing yields in 1953.  Increasing the nitrogen applied 

from 0 to 50 pounds of N per acre resulted In a highly 

significant yield increase. The main effects of phosphorus 

fertilization were not significant, although there was a 

slight upward trend in yield with added phosphorus.  The 
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main effects of potassium fertilization were not signifi- 

cant, although the mean yield of the K-l level was slightly 

lower than that of the K-0 level of potassium* 

As in 1952, there were no significant interactions 

although when certain individual treatments are compared 

significant differences are evident* 

Table 1 

Effects of Nitrogen, Phosphorus and Potassium Fertilization 
on the Tields of Pole Beans - 1952 

(Tons Per Acre) 

Means of Individual Treatments 
Level  TTQ P-j P-2   — 

-KTC K=I T=V E^I K^J K=T 

N-0 9.62 8.89 11.91 11.04 11.79 11.04 
N-l 8.99 8.31 12.17 12.05 12.33 11.70 
N-2 8.33 7.97 11.82 11.21 12.21 10.96 

t.S.D. (.66)  - - LI*    t.S.i). (.01) - 1.66 

Means of Main Effects 
Level N-Means         P-Means K-Means 

0 10.70 8.68 11.01 
1 10.92 11.70 10.34 
2 10.41 11.67 

L.S.D. (.05)     N.S.D. 5748 0.39 
L.S.D. (.01)     N.S.D* 0.64 0.52 

Interactive effects not significant 
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Table 2 

Effects of Nitrogen, Phosphorus and Potassium Fertilization 
on the Yields of Pole Beans - 1953 

(Tons Per Acre) 

Means of Individual Treatments 
Level lv<5 P-l ¥3F 
 g*0    g-I      g*0    g-1     E-Q    K»l 

N-0 10o33 9,97 9.65   ,   10,42 10.66 9.78 
ll-l 10.53       10.44 11.38       10.83 11.39       10.39 

L.S.S. (.05) - 0.95 L.S.D.  (.01) -. 1.26   

 ^ Means of Main Effects     
Level N-Means P-Means K-Means 

0 10.14 10.32 10.66 
1 10.83 10.58 10.31 
2 10.56 

L.S.D. (.05)     5739 N.S.D. H.S.D. 
L.S.D. (.01)     0.52 N.S.D. H.S.D. 

Interactive Effects not significant 

1954 - Yield differences between fertilizer treatments 

In the 1954 experiment are given in Table 3. The data show 

that when both nitrogen and phosphorus fertilizers were 

banded at planting the yields were significantly greater 

(.01 level) than when nitrogen alone was applied. When 

100 pounds of nitrogen and 120 pounds of phosphoric acid 

(P2O5) were applied, yields were significantly greater than 

when 50 pounds of N and 120 pounds of P2O5 were applied. 

Although not significant at the .05 level, the addition of 

60 pounds of KgO per acre In combination with 100 pounds 

of N and 120 pounds of P205' resulted In a lower yield than 
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when the same amounts of N and P2O5 were applied in com- 

bination. 

Table 3 

Effects of Nitrogen, Phosphorus and Potassium Fertilization 
on the Yields of Pole Beans - 1954 

Treatments             '•         Yield      '• 
 (Lbs. Per Acre of N-P2O5-K2O) (Tons Per Acre)  

50-0-0 7.59 
50-120-0 9.55 
100-0-0 7.63 
100-120-0 10^43 
100-120-60 9.71 
100-60-0 9.71 

L.S.D. {.Q5J - 0.84     L.S.D. (.01) - 1,14 
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Effects of Nitrogen, Phosphorus and Potassium Fertilization 
on the Dry Weights of Pole Bean Plants 

As mentioned previously in the section on materials 

and methods, dry weights were determined after the samples 

were oven dried and prior to grinding in the laboratory 

mill* 

Samples were taken in such a manner that comparative 

effects of the different treatments could be observed* 

Plants were taken on an individual plot basis* , The same 

number of plants or leaves were taken from each of the 

plots* Data of the dry weights are in grams with the mean 

weights of 10 plants per treatment being presented* 

1952 - Dry weight data of the plants are presented in 

Table 4. The main effects of nitrogen, phosphorus and 

potassium were significant. At N-l dry weights were 

increased slightly but not significantly over N-0, but at 

H-2 dry weights were decreased when compared with N-0 and 

H-l. At P-1 and P-2 dry weights were significantly 

increased over P-0 but there were no significant differ- 

ences in dry weights between the P-1 and P-2 levels of 

phosphorus. Potassium fertilization at K-l significantly 

decreased dry weights* A significant P x K interaction was 

present and was reflected in no significant differences in 

dry weights when K-0 and K-l were compared at the P-0 

level*  At the P-1 and P-2 levels, added potassium resulted 

in decreased dry weights as compared to K-0. 
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1953 - The only main effects that were significant In 

relation to dry weights were due to the addition of phos- 

phorus fertilizer as indicated in Table 5.  Nitrogen 

addition tended to Increase dry weights but not signifi- 

cantly- Potassium tended to decrease dry weights slightly 

and differences between means of Individual treatments were 

significant. 

1954 - The dry weights of plants of the first sample 

of 1954, consisting of plants in the primary leaf stage of 

growth, were significantly increased by the addition of 

phosphorus plus nitrogen as compared to nitrogen alone 

(Table 6)« This was true at both the 50 and 100 pounds of 

N per acre applications* The same significant increase was 

found in the second sampling of plants at the first tri- 

foliate leaf stage of growth. At this sampling date, 

applications of phosphorus fertilizers at planting time in 

addition to nitrogen resulted in significantly higher dry 

weights of trifoliate leaves as compared to applications of 

nitrogen fertilizer only. 
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Table 4 

Effects of Hltrogen, Phosphorus and Potassium Fertilization 
on the Dry Weights of Pole Bean Plants - 1952 

Means of Individual Treatments 
Level         P-ft            E-l           P-2 ~"^ 

-ra K=I E=S K^I E^3 PTT" 

N-0 6.600 5.425 11.265 7.599 11.190 6.809 
N-l 5.988 6.312 11.360 6.794 12.586 8.837 
1^2 6.190 4.927 8.697 6.609 9.375 6.166 

t.S.D. (.05) - - 2.434 L.S.D. (.01) - 3.225 

Means of Main Effects 
Level N-Means P-Means K-Means 

0 8.148 5.907 9.250 
1 8.646 8.721 6.609 
2 6.994 9.160 

L.S.D. (.05) 
L.S.D. (.01) 

0.$94 
1.317 

0.554 
1.317 

6.61S 
1.075 

Means of P x K Combinations 
P-0 l»-l P-2 

K-0 
K-1 

6.259 
5.555 

10.440 
7.001 

11.050 
7.270 

t.S.t). (.06) - • 1.406 L.S.D. (.01) - 1.863 

Table 5 
Effects of nitrogen. Phosphorus and Potassium Fertilization 

on the Dry Weights of Pole Bean Plants - 1953 

Means of Individual Treatments 
Level P-6 P-l 3P-2 

K-6   K-1 K-0    fc-1 K-0    K-1 

n-o 
n-i 

8.382  8.593 
9.155  9.327 

13.574 13.766 
18.829 17.151 

16.937  15.278 
17.248 16.361 

L.S.D. (.05) - 1.503 L.S.D. (.01) - 2.001 
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Table 5 (continued) 

Means of Main Effects 
Level H-Means P-Means K-Means 

0 
1 
2 

12.755 8.865 14.021 
14.679 15.830 

16.456 
13.413 

L.S.D. (.05)   N.S.P.       :    0.751 
L.S.D. (.01)   N.S.D.       -    1.000 

Interactive effects not significant 

N.S.D. 
N.S.D. 

Table 6 

Effects of Nitrogen, Phosphorus and Potassium Fertilization 
on the Dry Weights of Pole Bean Plants - 1954 

Lbs Per Acre Primary Leaf Stage   trifoliate Leaf Stage 
N-P205-K20 10 plants 10 plants 10 Trlf. leaves 

50-0-0 3.283 5.316 1.783 
50-120-0 4.014 8.274 3.694. 
100-0-0 3.394 5.500 1.794 
100-120-0 4.159 9.347 3.717 
100-120-60 3.992 8.826 3.040 
100-60-0 3.772 8.515 3.656 

L.S.D. (.05) 
L.S.D. (.01) 

0.617 
N.S.D. 

0.902 
1.225 

0.320 
0.435 
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Effects of Nitrogen, Phosphorus and Potassium Fertilization 
OP the Percentage Nitrogen Content of Pole Bean Plants 

1952 - That the addition of nitrogen fertilizers 

significantly increased the nitrogen percentage in the 

plants in 1952 is clearly shown in Tables 7 to 10. Regard- 

less of time of sampling the application of 100 pounds of 

nitrogen per acre at the time of planting resulted In plant 

nitrogen percentages significantly greater than vhen no 

nitrogen was applied. With the exception of the third 

sampling, the application of 50 pounds of nitrogen resulted 

in significantly greater plant nitrogen percentage than 

when no nitrogen was applied* Differences in the nitrogen 

percentage due to the application of nitrogen fertilizer, 

although significant, were not large, being less than one 

per cent. 

Phosphorus main effects were significant in the last 

three of the four samples, the addition of phosphorus fer- 

tilizer significantly reducing the plant nitrogen percent- 

age* 

The main effects of potassium were not significant, 

the effects of potassium on plant nitrogen content being 

confined to Interactions with nitrogen and phosphorus* 

Certain interactions significantly affected the per- 

centage nitrogen content of the plants. Thus in the first 

and fourth samples the nitrogen percentage apparently was 

dependent upon the phosphorus and potassium treatments as 
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well as the nitrogen treatments (Tables 7 and 10). In the 

second sampling the plant nitrogen percentage was depend- 

ent on the interactive effects of nitrogen and phosphorus 

as well as those of phosphorus and potassium. Nitrogen 

addition at N-2 increased the percentage of plant,nitrogen 

at the P-l and P-2 levels, but did not significantly 

increase the plant nitrogen percentage at the P-0 level* 

The addition of potassium resulted in a significant 

decrease in the plant nitrogen percentage at the P-0 level, 

a significant Increase at the P-l level, and no significant 

effect at the P-2 level. 

Seasonal fluctuations of the nitrogen content of the 

plants are shown In Figure 1. In general, regardless of 

the amounts or combinations of nitrogen, phosphorus and 

potassium fertilizers applied, the plant nitrogen percent- 

ages followed the same general pattern. Differences in 

the plant nitrogen percentage under the various fertility 

levels were considerably greater early in the growing sea- 

son (first and second sampling) than later In the growing 

season. The variation in the percentage nitrogen content 

was from 3.62 to 5.31 in sample 1 and from 3.62 to 4*31 in 

sample 4* 
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Table 7 

Effects of Nitrogen, Phosphorus and Potassium Fertilization 
on the Percentage Nitrogen Content of Pole Bean Plants 

(Sample 1 - 1952) 

Means of Individual Treatments 
Level P-0 P-l P-2 

K-0 K-l K-0 K-l K-0 K-l 

N-O 
N-1 
N-2 

4,18 
5.31 
4i75 

3.90 
4.64 
4.74 

3;95 
4.71 
5.01 

3.85 
4.66 
4.84 

3.94 
4.75 
5.00 

3.62 
4.92 
4.90 

L.S.D. ( .05) - 0.29 L.S.D. {*01) - 0.38 

Means of Main Effects 
Level K-Means P-Means K-Means 

0 
1 
2 

3.91 
4.83 
4.87 

4.59 
4.51 
4.52 

4.62 
4.45 

L.S.D. 
L.S.D. 

( 
( 
.05) 
.01) 

0.12 
0.15 

N.S.D. 
N.S.D. 

».S.£>. 
N.S.D. 

Nx P ; x K Interaction significant 

Table 8 

Effects of Nitrogen, Phosphorus and Potassium Fertilization 
on the Percentage Nitrogen Content of Pole Bean Plants 

(Sample 2 - 1952) 

Means of Individual Treatments 
Level p-6 P-l P-2 

K-0   K-l K-0 K-l K-0    K-l 

4.86   4.70 
5.55   5.36 
5.40   5.34 

4.20 
4.74 
5.01 

4.37 
4.66 
5.35 

4.32   4.19 
4.78   4.80 
5.04   5.23 

N-0 
N-1 
N-2 

L.g.p. (.06) - 0.27 L.S.D.   (.01) -  Q.3§" 

Level N-Means 
Means of Main Effects 

P-Means K-iteans 
0 
1 
2 

4.44 
4.98 
5.23 

L.S.D.   (.05) 
L.S.D.   (.01) 

irnr 
0.14 

5.20 
4.72 
4.73 
■ernr 
0.14 

4.88 
4.89 

S.S.fc. 
N.S.D. 
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Table 8 (continued) 

Means of N x P Combinations 
P-0 P-l P-2 

N-0 
N-1 
N-2 

4.78 
5.46 
5.37 

4.28 
4.70 
5.18 

4.26 
4,79 
5.14 

L.S.D. L05J - 0.15 t.fi.D. (.01) - 6.26 

Means of P x  K'Combinations 
P-0 P-l P-2 

K-0 
K-1 

5.27 
5.13 

4.65 
4.79 

4.71 
4.74 

L.S.D. (.05) - 0.14 L.S.D. (.01) - N.S.D. 

Table 9 

Effects of Nitrogen, Phosphorus and Potassium Fertilization 
on the Percentage Nitrogen Content of Pole Bean Plants 

(Sample 3 - 1952) 

Means of Indl vldual Treatments 
Level P-0 P-l P-2 

K-0    K-1 K-0 fc-1 K-0 K-1 

N-0 
N-1 
N-2 

4.50   4.65 
4.80   4.50 
4.71   4.55 

4.23 
4.27 
4.61 

4.40 
4.45 
4.61 

4.38 
4.47 
4.42 

4.48 
4.67 
4.64 

L.S.D. (.05) - 0.22 L, .S.D. (• 01) - 0.29 

Means of Main Effects 
Level N-Means P-Means K-Means 

0 
1 
2 

4.45 
4.53 
4.59 

4.62 
4.43 
4.51 

4.49 
4.55 

L.S.D. 
L.S.D* 

(.66)     6.09 
(.01)     0.12 

0.09 
0.12 

N.S.D. 
N.S.D. 

Means of P x K Combinations 
P-6 P-l P-2 

K-0 
K-1 

4.67 
4.57 

4.38 
4.49 

4.42 
4.60 

L.S.D. (.65) - 6,13 L, .S.D. (.i 01) - 0,17 



P-6 T: ■1 P-5 . 
K-O         K-l K-0 K-l K-6          K^l 

3.76         3.84 
4.31         3.99 
4.18         4.03 

3.70 
3.62 
3.78 

3.81 
3.87 
4.09 

3.80         3.77 
3.70         3.86 
3.91         3.92 
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Table 10 

Effects of Nitrogen, Phosphorus and Potassium Fertilization 
on the Percentage Nitrogen Content of Pole Bean Plants 

(Sample  4 -  1952) 
■ Means of Individual Treatmsnts '■ 

Level 

N~0 
N-l 
N-2 

L.3.!).  (.05) > Oqfr L.S.D.  (.01) - 0.24 
    Means of Main Effects     

Level rt-Means P-Means K-Means 

0 3.78 4.02 3.86 
1 3.89 3.81 3.91 
2 3.98 3.82 

L.S.D.   ( .05) (57o§ 5T05 N.S.D. 
L.S.P.   (.01) 0.10 0.10 N.S.D. 

N x P x  K Interaction significant 

1955 - In 1953, as in 1952, the main effects of added 

nitrogen fertilizers were significant in increasing the 

percentage nitrogen content of the plants in all four of 

the samples (Tables 11-14). 

The addition of phosphorus significantly reduced the 

plant nitrogen percentage in sample 1 (Table 11), but had 

no significant effect on the other samples. 

The percentage nitrogen content of the plants was 

significantly reduced In samples 2 and 3 (Table 12 and 13) 

due to the main effects of added potassium. 

A significant N x  P interaction occurred in sample 1, 

the addition of phosphorus fertilizer significantly reducing 

the percentage nitrogen content of the plants when no 
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Figure  1 

Seasonal fluctuations in the percentage nitrogen 
content of the plants of the Individual treatments of 1952 
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nitrogen was added, but having no significant effect at the 

N-1 level. 

Table 11 

Effects of Nitrogen, Phosphorus and Potassium Fertilization 
on the Percentage Nitrogen Content of Pole Bean Plants 

(Sample 1 - 1953) 

Means of Individual Treatments 
Level P-0 P-l P-2 

fc-0    K-l K-0    K-l K-0 K-l 

N-0 
N-1 

4.20   4.01 
4.61   4.53 

4.00   3.92 
4.59   4.53 

3.81 
4.48 

3.75 
4.59 

L.S.D. (.05) - 0.22 L.S.D. (.01) - 0.29 

Means of Main Effects 
Level N-Means P-Means K-Me ana 

0 
1 
2 

3.95 
4.55 

4.34 
4.26 
4.16 

4.28 
4.22 

L.S.D. 
L.S.D. 

(.05)     0.09 
(.01)     0.12 

6.11 
0.15 

N.S.D. 
N.S.D. 

Means of N x P Combinations 
P-0 P-l P-2 

N-0 
N-1 

4.11 
4.57 

3.96 
4.56 

3.78 
4.54 

L.S.D. 1.05J - 0.16 L.S.D. (.01J - 0.21 

Table 12 

Effects of Nitrogen, Phosphorus and Potassium Fertilization 
on the Percentage Nitrogen Content of Pole Bean Plants 

(Sample 2 - 1953) 
Means of Individual Treatments 

Level P-0 P-l P-2 
k-0    k-l k-0    K-l k-0    k-l 

N-0 
N-1 

4.06   4.13 
4.35   4.21 

4.15   4.06 
4.34   4.13 

4.14   4.01 
4.34   4.18 

L.S.D. T .05) - 0.19    L. .S.D. (.01) - 0.25 
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Table 12 (continued) 

    Means of Main Sffects      
Level         •              M-Means                        P-Meana K-Means 

0 4.09             4.19 4.23 
1 4.26             4.17 4.12 
2 4.17 

L.S.D. 1.05)      ?nS5             N.S.D. 0.08 
L.S.D. («Q1)   __ 0*10 H.S.D. 0.10 

Interactive effects not significant 

Table 13 

Effects of Nitrogen, Phosphorus and Potassium Fertilization 
on the Percentage Nitrogen Content of Pole Bean Plants 

(Sample 3 - 1953) 
Means  of Individual Treatments 

I^vel P-0 P-I P-2 
  t-t         K-l              Z-0         K»l           g-6 K-T" 

N-0 4.34 4.28 4.32 4.22 4.27 4.10 
N-l 4.61 4.45 4.56 4.46 4.41 4.46 

L.S.D.   (.05)   -  0.21 L.S.D.   (.01)  - 0.29 

 Means of Main Effects     
Level M-Means P-Maans K-Means 

0 4.26 4.42 4.42 
1 4.49 4.39 4.33 
2 4.31 

L.S.D. (.05;      S70S N.S.D. 0.09 
L.S.D. (»01)     0.12 N.S.D. N.S.D. 

Interactive effects not significant   -——----—-————-----— 
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Table 14 

Effects of Nitrogen, Phosphorus and Potassium Fertilization 
on the Percentage Nitrogen Content of Pole Bean Plants 

' (Sample 4 - 1953) 
Means of Individual Treatments 

Level P-0 P-l P-2 
K-6          K-l K-0          K-l £-6 K-l 

N-0 
N-1 

3.89         3.88 
4*28         4.27 

3.88         4.04 
4.10         4.09 

3.88 
4.21 

3.85 
4.10 

L.S.D. ( .05) - O.'M L.S.D.   (.01)  - 0.32 

Means of Main Effects 
Level N-Means P-Meana K-Means 

0 
1 
2 

3.91 
4.18 

4.08 
4.03 
4.01 

4.04 
4.04 

L.S.D. 
L.S.D. 

( 
JL 

.05)              0.10 

.01)              0,13 
N.S.D. 
N.S.D. 

N.S.D. 
N.S.D. 

Interactive effects not slgnifIcanE 

In Figure 2 the seasonal fluctuations of the nitrogen 

content of the plants of the Individual treatments are 

presented. The largest differences in plant nitrogen 

percentage between-the treatments were present in the first 

sample. The range of the percentage nitrogen content of 

the plants of the first sample was 3.75 to 4.61 per cent 

and for the fourth sample, 3.85 to 4.28. 

1954 - Date of the percentage nitrogen content of the 

samples of 1954 are presented in Table 15. Significant 

differences in the percentage nitrogen content due to 

treatment were noted in samples 1, 2a and 5. There were no 

significant differences in the percentage nitrogen content 

in samples 2b, 3 and 4. 
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content of the plants of the individual treatments of 1953 



47 

Table 15 

Effects of Hltrogen, Phosphorus and Potassium Fertilization 
on the Percentage Nitrogen Content of Pole Bean Plants-1954 
Lbs Per Acre                  Sample 
B-P2O5-K2O 1 2a     2b 5 4 5_ 

50-0-0 4.12 4.20 5.51 4.18 4.01 3.25 
50-120-0 4.42 4.24 5.37 4.19 3.75 3.03 
100-0-0 4.65 4.52 5.55 4.16 4.12 3.46 
100-120-0 4.92 4.39 5.64 4.30 3.96 3.39 
100-120-60 4.56 4.30 5«52 4.29 3.85 3.26 
100-60-0 4.65 4.57 5.66 4.14 3.95 3.38 

L.S.£>. (.05) 5750 5717 fc.s.b. fc.s.D. it.s.i). U72I 
L.S.D. (.01)   0.41   0.24   N.S.D.  N.S.D.  N.S.D.   0*28 

The seasonal fluctuations of the percentage nitrogen 

content of the six treatments of 1954 are presented In 

Figure 3. There Is a considerable drop In the percentage 

nitrogen content of the plants of sample 5. 

Correlation Coefficients - 1952-1953-1954 - Correla- 

tion coefficients of the percentage nitrogen content of the 

plants and yields are presented In Table 16. In 1952 there 

was a significant negative correlation In samples 3 and 4 

between the treatment means of percentage nitrogen content 

and yields. In 1953 a significant positive correlation was 

present In samples 2 and 4.  Correlation coefficients In 

1954 were not significant. 
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Table 16 

Correlation Coefficients of the Percentage Hltrogen 
Content and Yields of Pole Beans 

(Treatment Means) 

1952 1953 1954 

1 
2 
3 
4 

-.027 
-.027 
-.539* 
-.633*« 

1 
2 
5 
4 

.057 

.683* 

.534 

.586* 

1    .619 
2a   .096 
2b   .234 
3 .575 
4 -.633 
5 -.165 

• 

* significant at 
** significant at 

.05 

.01 
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Effects of Nitrogen, Phosphorus and Potassium Fertilization 
on the Percentage Phospnorua Content of Pole Bean Plants 

1952 - The data in Tables 17 to 20 Indicate that the 

addition of phosphorus fertilizers significantly increased 

the percentage phosphorus content of the plants in all four 

of the samples* 

Nitrogen main effects were present In the first three 

samples# The addition of 50 pounds of nitrogen resulted in 

a slight but statistically Insignificant Increase In the 

plant phosphorus percentage in the first sample. On the 

other hand, 100 pounds of added nitrogen significantly 

decreased the percentage phosphorus content of the plants 

of treatments receiving no nitrogen. In the second sample 

additions of 50 and 100 pounds of nitrogen significantly 

increased the plant phosphorus percentage, although there 

was no significant difference between the 50 and 100 pound 

nitrogen rates- The percentage phosphorus content was sig- 

nificantly increased in the plants of the third sample 

(Table 19) by the addition of 100 pounds of nitrogen, the 

addition of 50 pounds of nitrogen resulting in no sig- 

nificant increase as compared with those treatments receiv- 

ing no nitrogen. The main effects of nitrogen were not 

significant in the fourth sample. 

The addition of potassium significantly decreased the 

percentage phosphorus content of the plants in the first 
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and second samples but Increased the percentage phosphorus 

content of plants of the third sample. No significant 

effects of potassium fertilization on the phosphorus per- 

centage of the plants were observed in the fourth sample* 

The remaining effects were confined to various Inter- 

actions* Significant P x K interactions were found in the 

first, third and fourth samples. Data in Table 17 indicate 

that the addition of potassium significantly reduced the 

percentage phosphorus content of plants of treatments 

receiving 120 and 240 pounds of phosphoric acid (P205^ tout 

had no effects when no phosphorus was added* The addition 

of potassium significantly Increased the percentage plant 

phosphorus content at the 120 and 240 pound rates of PgOg 

In the third sample, but had no effect when no phosphorus 

was added* In the fourth sample (Table 20), added potas- 

sium significantly reduced the plant phosphorus percentage 

when no phosphorus fertilizer was added, but had no sig- 

nifleant effect at the 120 and 240 pound rates of PgOg 

addition* 

Significant N x  P interactions occurred in the second, 

third and fourth samples*  In sample 2 (Table 18) 50 pounds 

of added nitrogen significantly decreased the percentage 

phosphorus content of plants when no phosphorus was added, 

but significantly Increased the plant phosphorus percentage 

when 120 and 240 pounds of P2O5 were added* In sample 5 

addition of nitrogen at the P-0 level had no significant 
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effect, although there was a reduction In phosphorus per- 

centage* At P-1 and P-2 added nitrogen Increased the 

percentage phosphorus content.  In sample 4 no significant 

effects of added nitrogen were indicated at phosphorus 

levels of P-0 and P-1, but at P-2, 100 pounds of added N 

significantly Increased the percentage phosphorus content 

of the plants at the .05 level. 

Table 17 

Effects of Nitrogen, Phosphorus and Potassium PertlllzatIon 
on the Percentage Phosphorus Content of Pole Bean Plants 

(Sample 1 - 1952) 

Means of Individual Treatments 
Level P-0 P-1 P-2 

K-0 K-1 K-0          K-1 K-0 K-1 

N-0 
N-1 
N-2 

.187 

.180 

.161 

.178 

.170 

.162 

.364         .322 

.441         .307 

.373          .257 

.422 

.481 

.394 

.317 

.372 

.223 
L.S.D. { .OS)  -   < .07$ L.S.D .   (.01) -  .059 

Means of Main Effects 
Level N-Means P-Means K-Maana 

0 
1 
2 

.298 

.325 

.262 

.173 

.344 

.368 

.334 

.256 

L.S.D* 
L.S.D. 

( 
( 

.05) 

.01) 
.030 
.040 

.030 

.040 
.0S5 
♦033 

Means of P x K Combinations 
P-0 P-1 P-2 

K-0 
K-1 

.176 

.170 
.393 
.296 

.433 

.304 
L.S.D. ( .05)  -  -i ►045 L. .S.fc .  (.01) -  .0S7 
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Table 18 

Effects of Nitrogen, Phosphorus and Potassium Fertilization 
on the Percentage Phosphorus Content of Pole Bean Plants 

(Sample 2 - 1952) 
Means of Individual Treatments 

Level P-0 P-l P-2 
K-o K-l K-0    fc-1 K-0 K-l 

N-O 
N-1 
N-2 

.261 

.203 

.212 

.223 

.209 

.208 

.317   .288 

.374   .312 

.376   .368 

.342 

.414 

.419 

.308 

.379 

.329 
L.S.D. ( .05) - , ,061 L.S.D. (.01) - .067 

Means of Main Effects 
Level N- Means P-Means K-Means 

0 
1 
2 

.290 

.315 

.319 

.219 

.339 

.365 

.324 

.292 

L.S.D. 
L.S.D. i .05) ,01) 

.021 

.027 
.021 
.027 

.017 

.022 

Means of N x P Combinations 
P-0 P-l P-2 

N-O 
N-1 
N-2 

.242 

.206 

.210 

.302 

.343 

.372 

.325 

.397 

.374 

L.S.D. -L :o5) - . .036 L. .S.D. (.01) - .047 

Table 19 

Effects of Nitrogen, Phosphorus and Potassium Fertilization 
on the Percentage Phosphorus Content of Pole Bean Plants 

(Sample 3 -  1952) 

Level "F=0 
T&T 

Means of Individual Treatments 

TET TZV TPT "E^T 
T=S- 

XT 
N-O .332 
N-1 .323 
N-2 .298 

L.S.D.   (.05)   -   .048 

.312 .279 .316 

.310 .288 .337 

.312 .316 .355 

L.S.D.   (.01) -   .064 

.311 
♦331 
.381 

.326 

.396 

.426 
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Table 19 (continued) 

Means of Main Effects 
Level N-Means P-Means K-Means 

0 
1 
2 

.313 

.331 

.348 

.315 

.315 

.362 

.318 

.343 

L.S.D. 
L.S.D. 

(.05) 
(.01) 

.020 

.026 
.020 
.026 

.016 

.021 

Me lansof N x P Combinations 
P-0 P-l P-2 

N-O 
N-1 
N-2 

.322 

.317 

.305 

.297 

.312 

.336 

.318 
,363 
.404 

L.S.D. (.05) - .054 L. .S.D,  (.01) -  .045 

Means of P x K Combinations 
P-0 P-l P-2 

K-0 
K-1 

.318 

.312 
.294 
.336 

•341 
.383 

L.S.D. (.05)  - .028 L. ,S.D.   (.01)  -   .03V 

Table 20 

Effects of Nitrogen, Phosphorus and Potassium Fertilization 
on the Percentage Phosphorus Content of Pole Bean Plants 

(Sample 4 - 1952) 

Means of Individual Treatments 
Level P-0 P-l P-2 

K-0 K-1 K-0 K-1 K-0 K-1 

N-0 
N-1 
N-2 

.330 

.334 

.292 

.274 

.288 

.291 

.293 

.273 

.307 

.298 

.312 

.313 

.303 

.297 

.333 

.303 

.320 

.343 
L.S.D. ( .05)  -   , .034           L. .S.D.   (.01)  -   .045 

Means  < of Main Effects 
Level N-Means P-Means K-Means 

0 
1 
2 

.300 
.304 
.313 

.301 

.300 

.316 

.307 
.305 

L.S.D. 
L.S.D. 

( 
JL 

.05) 

.01) 
N.S.D. 
N.S.D. 

.014 
N.S.D. 

N.S.D. 
N.S.D. 
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Table 20 (continued) 

Means of N x P Combinations 
P-0 P-l P-S 

K-0 
N-1 
H-2 

.302 

.311 

.292 

.296 

.293 

.310 

.303 

.308 

.338 
L.S.D. (.05)  - .024 L.S.D.  (.01) - rt.6.&. 

Means of P x K Combinations 
P-0 P-l P-2 

K-0 
K-l 

.319 

.284 
.291 
.308 

.311 

.322 

L.S.D. (.05)   - .020 L.S.D.   (.01)   -   .026 

The seasonal fluctuations of the percentage phosphorus 

content of the plants of the Individual treatments of the 

complete factorial are shown in Figure 4. The first sample 

consisted of the above-ground portion of the plant while 

the others were composed of trifoliate leaves. In general 

the curves fall into three different patterns. Those 

treatments with no phosphorus fertilizers banded at plant- 

ing time Increase in percentage phosphorus content up to 

the time of the third sampling and then level off or 

decrease, but those treatments in which phosphorus is a 

constituent decrease in percentage phosphorus throughout 

the season. Treatments including potassium as well as 

phosphorus tend to show lower levels of percentage phos- 

phorus content in sample 1 as compared to those not includ- 

ing the potassium with phosphorus. The range in percentage 

phosphorus content of the Individual treatments is .161 to 

.481 in sample 1 but only .273 to .343 in sample 4. 
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Seasonal fluctuations in the percentage phosphorus 
content of the plants of the individual treatments of 1952 
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1953 - Data of the percentage phosphorus content of 

samples taken In 1953 are presented In Tables 21 to 24. 

The addition of nitrogen fertilizers resulted in a sig- 

nificant Increase in the percentage phosphorus content of 

plants of sample 1 (Table 21), decreased phosphorus content 

in sample 2 (Table 22), had no effect in sample 3 (Table 

23), and increased the percentage phosphorus content in 

sample 4 (Table 24).  The addition Of phosphorus ferti- 

lizers Increased the percentage phosphorus content of 

plants of sample 1, decreased percentage phosphorus in 

sample 2, had no effect in sample 3, and tended to reduce 

the percentage phosphorus content at the P-l level in 

sample 4. 

The main effects of potassium were not significant in 

any of the samples but interactions involving potassium 

were evident.  In sample 1 there was a significant N x P 

Interaction, nitrogen at the N-1 level resulting in a 

significant reduction in the percentage phosphorus content 

of the plants at P-0, but in an Increase in the percentage 

phosphorus content at P-l and P-2 (Table 21). Potassium 

addition increased the percentage phosphorus content at 

N-0 but reduced the percentage phosphorus at N-1 resulting 

In a significant N X K interaction in sample 2 (Table 22). 

This same type of interaction was found in sample 4. As 

mentioned previously, treatments had no significant effects 
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on the percentage phosphorus content of the plants of 

sample 5. 

Table 21 

Effects of Nitrogen, Phosphorus and Potassium Fertilization 
on the Percentage Phosphorus Content of Pole Bean Plants 

(Sample 1 - 1953) 
Means of Individual Treatments 

Level P-0 P-l P-2 
K-0 K-l K-d          fc-1 ^6 K-l 

N-0 
N-1 

♦279 
.250 

.275 

.242 
.361         .359 
.403         .405 

.375 

.446 
.379 
.431 

L.S.D. ( .05)  -   . ►026 L. .S.D.   (.01)  -   .035 

Means of Main Effects 
Level It-Means P-Means K-Means 

0 
1 
2 

.338 

.363 
.262 
.382 
.408 

.352 

.349 

L.S.D. 
L.S.D. 

< 
( 
.05) 
.01) 

.011 

.015 
.013 
.018 

N.S.D. 
N.S.D. 

Means of N x P Combinations 
P-0 £-1 P-2 

N-0 
N-1 

.277 

.246 
.360 
.404 

.377 

.439 
L.S.D. ( .05)  -   , .019 L. .S.D.   (.01)  -   .025 

Table 22 

Effects of Nitrogen, Phosphorus and Potassium Fertilization 
on the Percentage Phosphorus Content of Pole Bean Plants 

(Sample 2 - 1953) 
Means of Individual Treatments 

Level P-0 P-l P-2 
R-6         £-1 K-0           K-l K-6          K-l 

N-0 
N-1 

.320         .346 

.331         .321 
.318          .335 
.297          .276 

.317         .323 

.321          .288 

L.S.D. (.05)  -   .030           L, .S.D.   (.01)  -   .040 
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Table 22 (continued) 

Means of Main Effects 
Level N-Means P-Means K-Means 

0 
1 
2 

.327 
..306 

.329 

.307 

.312 

.317 

.315 

L.S.D. 
L.S.D. 

(.05) 
(.01) 

.012 

.017 
.015 
N.S.D. 

N.S.D-. 
N.S.D. 

Means of N x K Combinations 
Jf-O N-l 

K-0 
K-1 

.318 

.335 
.317 
.295 

L.S.D. (.05) - .018 L.S.D. . ( .01) - .024 

Table 23 

Effects of Nitrogen, Phosphorus and Potassium Fertilization 
on the Percentage Phosphorus Content of Pole Bean Plants 

(Sample 3 - 1953) 

Means of Individual Treatments 
Level P-0 

"E^T T=T 
T=r 

x^r xrr 
-p^r 

i&r TTT 

N-0 
N-l 

.418 

.460 
.422 
•415 

.433 

.442 
.426 
.431 

.447 

.414 
.437 
.421 

Level N-Means" 
Means of Main Effects 

P-Means K-Means 
IT 
1 
2 

.430 

.431 
.429 
.433 
.430 

.436 

.425 

Main and interactive effects not significant 
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Table 24 

Effects of Nitrogen, Phosphorus and Potassium Fertilization 
on the Percentage Phosphorus Content of Pole Bean Plants 

(Sample 4 - 1953) 

Means of '. Individual Treatments 
Level P-0 P-l P-£ 

K-6 K-1 K-0           K-l K-6 K-1 

N-O   . 
11*1 

•378 
•409 

.382 
•399 

•362          .392 
.381          .383 

.378 

.411 
.398 
.403 

L.S.D. (•05)  - •025 L.S.D .   (.01)   -   ,034 

Means of Main Effects 
Level K-Means P-Means K-Means 

0 
1 
2 

.381 

.398 
.392 
.380 
•397 

.386 

.393 

L.S.D. 
L.S.D. 

(.05) 
(.01) 

•010 
.014 

.013 
N.S.D. 

N.S.D. 
N.S.D. 

Means of N x K Combinations 
N-0 N-l 

K-0 
K-1 

.372 

.391 
.401 
.395 

L.S.D. (.05)  - .015 L.S.D .   (.01) -  N.S.D. 

Seasonal fluctuations of the percentage phosphorus 

content of the 12 Individual treatments are shown In 

Figure 5* The four treatments with no phosphorus fer- 

tilizer added increase in percentage phosphorus content in 

samples 2 and 3, then decrease in sample 4. Treatments in 

which phosphorus fertilizer was Included show a decrease in 

the percentage phosphorus content in sample 2,  increase in 

sample 3 and then decrease in sample 4. With the increase 

in percentage phosphorus in sample 3, plants of all treat- 

ments were relatively high in the percentage phosphorus 
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Seasonal fluctuations in the percentage phosphorus 
content of the plants of the individual treatments of 1953 
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content until the first picking. The range in percentage 

phosphorus content of the Individual treatments in sample 1 

was .242 to .446, and in sample 4 the range was .362 to 

.411 per cent. 

1954 - The percentage phosphorus content of pole beans 

sampled at various times throughout the 1954 season are 

presented in Table 25. There were significant differences 

in the percentage phosphorus content between treatments in 

all but the last sample * 

Table 25 

Effects of Nitrogen, Phosphorus and Potassium Fertilization 
on the Percentage Phosphorus Content of Pole Bean Plants-1954 

lbs Per Acre Sample 
li-P205-K20 1 2a 2b 3 4 5 

5O0-0 .261 .250 .358 .516 .496 .363 
50-120-0 .458 • 604 •797 •578 .435 .327 
100-0-0 .261 •240 .348 .496 .521 .360 
100-120-0 .498 • 601 .811 .497 .499 .366 
100-120-60 .401 .590 .822 -523 .441 .324 
100-60-0 .576 .541 .762 .453 .478 •352 

L«S.D.   (.05) .071 .017 .029 .(tefc .049 N.S.D. 
L.S.D.   (.01) .096 .024 •040 .071 •066 N.S.D. 

In Figure 6 the seasonal fluctuations in the percent- 

age phosphorus content of plants of the six individual 

treatments are given. In Figure 7 the percentage phos- 

phorus content of the individual treatments of samples in 

which the trifoliate leaves were taken, samples 2, 3, 4 and 

5 are presented. The seasonal fluctuation in the percent- 

age phosphorus content of the trifoliate leaves is shown 
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and does not include the entire plant samples as does 

Figure 6. 

Correlation Coefficients - 1952-1953->1954 - Correla- 

tion coefficients of the percentage phosphorus content and 

yields are presented in Table 26* In 1952 treatment means 

of samples 1 and 2 gave significant correlations* No 

significant correlation was obtained at any of the sam- 

pling dates in 1953. In 1954 samples 1, 2a and 2b gave 

significant positive correlations of the percentage phos- 

phorus content of the plants and yields of pole beans* 

Table 26 

Correlation Coefficients of the Percentage 
Phosphorus Content and Yields of Pole Beans 

(Treatment Means) 

1952 1953 1954 

1 .905** 1 .436 
2 .922** 2 -.328 
3 .241 3 -.054 
4 .176 4 .382 

■*  Significant at .05 
»» Significant at .01 

1 .944*» 
2a .967** 
2b .970** 
3 -.013 
4 -.518 
5 -.344 
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Effects of Nitrogen, Phosphorus and Potassium Fertilization 
on the Percentage Potassium Content of Pole Bean Plants 

1952 - The addition of potassium fertilizer signifi- 

cantly increased the percentage potassium content of the 

plants in all of the samples taken In 1952 (Tables 27-30). 

The main effects of phosphorus were to significantly 

Increase the percentage potassium content in samples 1 and 

2 (Tables 27 and 28), and to decrease the percentage 

potassium content in samples 5 and 4 (Tables 29 and 30). 

Nitrogen additions decreased the percentage potassium con- 

tent in samples 1 and 2,  but increased the percentage 

potassium content In sample 4.  No significant effect of 

nitrogen was observed in sample 3.  Only one significant 

Interaction was found, an N x P interaction in sample 2 

(Table 28). The percentage potassium content was depend- 

ent upon both the nitrogen and phosphorus levels, since at 

the N-0 level addition of phosphorus fertilizer decreased 

the percentage potassium content, while at the N-l and N-2 

levels, added phosphorus increased the percentage potas- 

sium content* 
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Table 27 

Effects of Nitrogen, Phosphorus and Potassium Fertilization 
on the Percentage Potassium Content of Pole Bean Plants 

(Sample 1 - 1952) 

Means of Individual Treatments 
Level P- -0 P- 1 P-2 

K-d X-l K-O K-l     K-0 K-l 

N-0 
N-1 
N-2 

2.83 
2.03 
2.00 

2.77 
2.30 
2.00 

2.79 
2.40 
2.22 

2.97   2.76 
2.67   2.42 
2.36   2.25 

2.99 
2.28 
2.31 

L.S.D. (.05) - 0.29 L. .S.D. (.01J 1 - 0.39 

Means of Main Effects 
Level N-Means P- Means K-Means 

0 2.85 2.32 2.41 
1 2.35 2.57 2.52 
2 2.19 2.50 

L.S.D. (.05)     0712 0.12 0.10 
L.S.D. (.01) 0.16 0.16 0.13 

Interactive effects not significant 

Table 28 

Effects of Nitrogen, Phosphorus and Potassium Fertilization 
on the Percentage Potassium Content of Pole Bean Plants 

(Sample 2 - 1952) 
Means of Individual Treatments 

Level f>-0 P-l t-2 
K-0 K-l K-0 K-l K-0 K-l 

N-0 
N-1 
N-2 

2.86 
2.36 
2.40 

2.80 
2.50 
2.40 

2.66 
2.67 
2.68 

2.72 
2.90 
2.80 

2.78 
2.66 
2.43 

2.74 
2.84 
2.68 

L.S.D. ( .05) - 0.26    L. .S.D. (.01) - 0.35 

Means of Main Effects 
Level N-Means P-Means K-Means 

0 
1 
2 

2.76 
2.66 
2.56 

2.55 
2.74 
2.69 

2.61 
2.71 

L.S.D. 
L.S.D. 

T 
-1 

.OS) 

.01) 
0.11 
0.14 

0.11 
0,14 

0.09 
0.12 
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Table 28 (continued) 

Means of K x  P Combinations 
P-0 ip-1 P-£ 

N-0 
H-l 
N-2 

2.83 
2.43 
2.40 

2.69 
2.79 
2.74 

2.76 
2.75 
2.55 

L*S.D. V.05|  - 0.18 L. ► 6. .D. (.Olj  - 0.24 

Table 29 

Effects of Nitrogen, Phosphorus and Potassium Fertilization 
on the Percentage Potassium Content of Pole Bean Plants 

(Sample 3 - 1952) 
Means of Individual Treatments 

Level P-0 P-l P-2 
K-0 K-l K-6 K-l K-6 K-l 

N-0 
N-1 
N-2 

2.27 
2.37 
2.32 

2.83 
2.76 
2.48 

2*20 
2.16 
1.90 

2.57 
2.52 
2.60 

2.31 
1.95 
2.02 

2.53 
2.64 
2.49 

L.S.D. (.05)  - 0.52           L. .S.D.   (.01)  - 0.42 

Means  < rf Main Effects 
Level N-Means P-Means K-Means 

0 
1 
2 

2.45 
2.40 
2.30 

2.50 
2.33 
2.32 

2.17 
2.60 

L.S.D. 
L.S.D. 

(.05) 
(.01) 

N.S.D. 
N.S.D. 

0.13 
0.17 

6.11 
0.14 

Interactive effects not significant 
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Table 30 

Effects of Nitrogen, Phosphorus and Potassium Fertilization 
on the Percentage Potassium Content of Pole Bean Plants 

(Sample 4 - 1952) 
Us cms of Individual Treatments 

Level P-O P-l P-2 
K-6 K-l K-0 K-l K-6 K-l 

N-0 
N-1 
N-2 

2.35 
2.65 
2.44 

2.47 
2.61 
2.65 

2.19 
2.23 
2.31 

2.44 
2.46 
2.49 

2.22 
2.24 
2.31 

2.48 
2.43 
2.69 

L.S.D. 1 .05) - 0,23 L.S.1>.   (.01) - 0.30 

Means  of Main Effects 
Level N-lteans P- -Means K-Means 

0 
1 
2 

2*36 
2.44 
2*48 

2.53 
2.35 
2.39 

2.32 
2.52 

L.S.D. 
L.S.D. 

( 
( 
.05) 
.01) 

0.09 
0.12 

0.09 
0.12 

0.08 
0.10 

Interactive effects not significant 

In Figure 8 the seasonal fluctuations of the percent- 

age potassium content for the 18 individual treatments are 

presented. All treatments were relatively high in the 

percentage potassium content throughout the season. In 

sample 1 the range vas 2.00 to 2.99 per cent potassium and 

in sample 4 the range vas 2.19 to 2.69 per cent potassium* 

1953 - In 1953 the addition of potassium fertilizers 

resulted in significant main effects of potassium in 

increasing the percentage potassium content in plants in 

all four of the samples (Tables 51 to 34). Neither nitro- 

gen nor phosphorus main effects were significant. There 

was a significant P x K interaction in sample 1, at K-0 
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Figure  8 

Seasonal fluctuations in the percentage potassium 
content of plants of the individual treatments of 1952 
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added phosphorus reducing the percentage potassium content 

while at K-l the addition of phosphorus Increased the per- 

centage potassium content (Table 31). 

Table 31 

Effects of Nitrogen* Phosphorus and Potassium Fertilization 
on the Percentage Potassium Content of Pole Bean Plants 

(Sample 1 - 1953) 
Means of Individual Treatmsnts 

Level JP-0 P-l P-S 
fc-6          K-l K-0          K-l K-d K-l 

N-0 
N-1 

2.94         3.47 
2.86         2.94 

2.77        3.70 
2.68         3.61 

2.60 
2.56 

3.54 
3.54 

L.S.D. ( .05)  -  0.39 L« .S.D.   (.01)  -  0.52 

Means of Main Effects 
Level N-Means P-Means K- Means 

0 
1 
2 

3.17 
3.03 

3.05 
3.19 
3.06 

2.74 
3.47 

Means of P x K Combinations 
P-0 P-l P-2 

K-0 
K-l 

2.90 
3.21 

2.73 
3.66 

2.58 
3.54 

L.S.D. ( .05)  - 0.2S L. .S.£>.   (.01) - 0.37 

Table 32 

Effects of Nitrogen, Phosphorus and Potassium Fertilization 
on the Percentage Potassium Content of Pole Bean Plants 

(Sample 2 - 1953) 
Means of Individual Treatments 

Level P-0 P-l P-2 
K-0           K-l fc-6          K-l K-0           K-l 

N-0 
N-1 

2.07         2.36 
2.16         2.21 

2.02         2.45 
2*03         2.26 

2.10         2.30 
1.94         2.45 

L.S.D. (.05)  - 0.28           L, .S. D.   (.01)  - 0.38 
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Uable 32 (continued) 

 ^ Means of Main Effects 
Level                        N-Means                        P-i&eane K-Me ana 

0 2.22            2.20 2.05 
1 2.17            2.19 2.34 
2 2.20 

L.S,D. (.05J     N.S.D.           N.S.D. 0.12 
L.S.D* <.01)    N.S.D. N.S.D. 0.15 

Interactive effects not significant 

Table 33 

Effects of Nitrogen, Phosphorus and Potassium Fertilization 
on the Percentage Potassium Content Of Pole Bean Plants 

(Sample 3 - 1953) 
Means of Individual Treatments 

Level P-0 P-l P-2 
~S "<J K-l K-0   K-l K-0 K-l 

N-0 
N-1 

2.; 
2.- 

33 
12 

2.50 
2.26 

2.34   2.51 
2.40   2.45 

2.29 
2.33 

2.51 
2.68 

Means of Main Effects 
Level N-Means P-Means K-Meana 

0 
1 
2 

2.41 
2.42 

2.38 
2.43 
2.45 

2.35 
2.48 

L.S.D. 
L.S.D. 

(.06) 
(.01) 

H.S.D. 
N.S.D. 

N.S.fc. 
N.S.D. 

0.11 
N.S.D. 

Interactive effects not significant 

Table 34 

Effects of Nitrogen, Phosphorus and Potassium Fertilization 
on the Percentage Potassium Content of Pole Bean Plants 

(Sample 4 - 1953) 
Means of Individual Treatments 

Level P-0 P-l P-2 
K-0    K-l K-0    K-l K-0    K-l 

N-0 
N-1 

1.99   2.10 
2.11   2.19 

1.89   2.10 
2.01   2.07 

2.02   2.06 
1.88   2.10 
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Table 34 (continued) 

 Means of Main Effects  
Level N-Means P*Means        K-Meana 

0 2.03 2.10 1.98 
1 2*06 2.02 2.10 
2 2.02 

L.S.D. (.05)     N.S.D. N.S.D. 0.08 
L^S^D. (.01)     NiS.D. N.S.D. 0.10 

Interactive effects not significant 

The fluctuations in the percentage potassium content 

of the plants of the 12 Individual treatments in the 1953 

season are presented in Figure 9. In sample 1 the range in 

the percentage potassium content was 2.56 to 3.70. A 

distinct separation of the potassium treatments from those 

treatments receiving no potassium was noted and is 

indicated by the percentage potassium content. In sample 4 

the range In the percentage potassium content was 1.88 to 

2.19. 

1954 - Data of the percentage potassium content of 

plants at the different sampling dates are given in 

Table 35. Significant differences between treatment means 

were found in all but sample 4. In comparing the two 

treatments,. 100-120-0 and 100-120-60, the addition of 

potassium resulted in a significant Increase in the potas- 

sium percentage in all samples except samples 4 and 5. 
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Seasonal fluctuations in the percentage potassium 
content of plants of the individual treatments of 1953 
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Table 35 

Effects of Nitrogen, Phosphorus and Potassium Fertilization 
on the Percentage Potassium Content of Pole Bean Plants -1954 

Lbs Per Acre Sample . 
N-P205-K20 1 . 2ft 2b 3 4 5 

50-0-0 1.50 2*07 2.51 2.53 2.18 1.86 
50-120-0 1.45 2.16 2.52 2.42 1.97 1.65 
100-0-0 1.36 1.87 2.34 2*56 2.16 1.80 
100-120-0 1.40 1.97 2.39 2.34 2.19 1.85 
100-120-60 1.85 2.56 3.10 2.62 2.24 1.86 
100-60-0 1.43 2.07 2.45 2.30 2.14 1.72 

L.S.b. (.05) 0.1S 0.15 0.15 0.15 H.S.I). 0*14 
L.S.I>. (.01) 0.24 0.21 0*21 0.21 N.S.D. 0*18 

The seasonal fluctuations of the percentage potassium 

content of the six individual treatments are presented in 

Figure 10. The treatment in which potassium fertilizer was 

added was consistently higher in percentage potassium con- 

tent throughout the season than the other treatments. 

Correlation Ooefflclents - 1952-1953-1954 - Correla- 

tion coefficients of the percentage potassium content of 

the plants and yields are presented in Table 36. There 

were significant correlations In samples 2,  3 and 4 in 

1952. In 1953 and 1954 correlation coefficients of the 

percentage potassium content of plants and yield were not 

significant. 
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Table 36 

Correlation Coefficients of the Percentage Potassium 
Content and Yields of Pole Beans 

(Treatment Means) 

1952 1953 1954 

1  .332 1 - .434 1 .200 
2  .493* 2 - .442 2a .357 
3 -♦486« 3 - .245 2b .254 
4 -.654** 4 -.267 • 3 

4 
5 

-.569 
-.059 
-.225 

*  Significant at .05 
*» Significant at .01 
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Seasonal fluctuations in the percentage potassium 
content of plants of the individual treatments of 1954 
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DISCffSSIOH 

Percentage Phosphorus Content of the Plants in Belatlon 
to Yield Response from Fertilizer Application 

Phosphorus fertilizer effects * In two out of three 

years of this study the application of phosphorus fer- 

tilizer banded at the time of planting resulted In sig- 

nificant yield increases over those plots which received 

no phosphorus fertilizer at planting time* In 1955 there 

was no significant yield increase due to the handed appli- 

cation of phosphorus fertilizer at planting time. That 

sulfur was not a factor in the observed yield response of 

pole beans was Indicated by data presented in Appendix 

Table 3. That the time of application of phosphorus 

fertilizer was Important was evidenced by treatments 

included in which a late sidedress of phosphorus was 

applied (Appendix Table 3). 

In all three seasons, additions of phosphorus fer- 

tilizer in a band at planting significantly Increased the 

dry weights of bean plants sampled at the first trifoli- 

ate leaf stage of growth* The phosphorus effects on growth 

were noted early in the season and this is reflected in 

the dry weight data. Dry weights were correlated with 

yield responses in 1952 and 1954, but not In 1953. The 

most pronounced differences in growth and general vigor 

were noted early in the season six to eight weeks after 
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planting* Dean and Pried (16, p*45) stated that a common 

observation is that, under conditions of moderate phos- 

phate deficiency, growth increases resulting from phos- 

phate fertilization are observed only in the very early 

stages of growth* Later in the growing season of the 

experiments herein reported, the differences in growth of 

the plants of the different treatments were less apparent, 

and at the time of harvest the differences in growth and 

general vigor were difficult to observe*  Observations of 

the effects of phosphorus on the early growth of the bean 

plants would indicate that early vigorous growth is 

indicative in most instances of high yields* 

The effect of the application of phosphorus fertilizer 

on the plant phosphorus content was particularly apparent 

early in the growing season, although small and in some 

cases significant differences were evident at the last 

sampling dates. The early samples more accurately 

reflected the yield response when various treatments were 

compared, giving an indication as to the relative rank in 

yields of the treatments. 

In 1952 the mean phosphorus content of the plants of 

the three phosphorus levels varied from *173 to .368 per 

cent in sample 1 and from .300 to .316 per cent in sample 

4. The range In phosphorus content of plants of the 

individual treatments was .161 to .481 per cent in sample 1 

and .273 to .343 per cent in sample 4.  The mean phosphorus 
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content of the plants of the three phosphorus levels of 

1953 varied from .262 to .408 per cent in sample 1 and 

.380 to .397 per cent in sample 4.  Individual treatment 

values of phosphorus content were from .242 to .446 per 

cent in sample 1 and from .362 to .411 per cent In sample 

4. In 1954 the range in phosphorus content of plants of 

the individual treatment means was from .240 to .604 per 

cent In sample 2 and from .324 to .366 per cent in sample 

5. It can be seen then that differences in phosphorus 

content were not as great toward the end of the growing 

season prior to harvest as they were early in the season 

at the first sampling dates. Sldwell (43) in working with 

pole beans found that although the yield responses were 

significant due to added phosphorus, phosphorus fertiliza- 

tion did not significantly affect the phosphorus content of 

the bean pods. 

Soil temperature effects may in part aid in the 

explanation of the differences found in the phosphorus 

content of the plants, in the differences in response to 

phosphorus application observed from year to year and also 

in the different times of application during the same 

season* Although there were no distinct Indications of the 

effects of soil temperatures in the field on the phosphorus 

absorption in these experiments (Appendix Table 2),  the 

factor of soil temperature should be kept in mind. Apple 
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and Butts (2, pp.331-332) worked with pole beans grown on 

Chehalls soil In the greenhouse at two different soil 

temperatures (63 and 820F.), with and without adding phos- 

phorus. The effect of soil applied phosphorus In increas- 

ing the percentage phosphorus in the plants was signifi- 

cantly greater at the lower soil temperature than at the 

higher soil temperature. The effect of soil temperature 

on the percentage phosphorus content was significantly 

greater when no phosphorus was applied than when phosphorus 

was applied. 

In 1954 the percentage phosphorus content of the 

samples was, in general, higher than the other two years* 

One of the factors which may have contributed to this was 

the use of a different variety In 1954, the Aagrow 231 

variety being used in 1952 and 1953, and the PM-1 variety 

in 1954*  In a greenhouse experiment in 1954 it was found 

that at the first trifoliate leaf stage of growth, there 

was a significant difference In the percentage phosphorus 

content of the two varieties, the PM-1 variety having a 

significantly higher phosphorus content than Asgrow 231. 

The data (Appendix Table 6) were the result of a single 

experiment under greenhouse conditions using a Chehalis 

soil at constant root temperatures. The data of Goodall 

and Gregory (21), Harvey (23), Pope and Munger (38 and 39) 

and Kenworthy (26) have indicated that genetlcal constitu- 

tion between varieties of cultivated plants may include 
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differences affecting their mineral composition when grown 

under the same conditions* Their data also Indicated that 

in many cases the varietal differences in composition 

represent simply a differing ability to absorb nutrients 

from the substrate in question, and not a differing reaction 

to a given internal concentration. 

Nitrogen fertilizer effects - The effects of the 

application of nitrogen fertilizer at the time of plant- 

ing on the percentage phosphorus content varied with the 

sampling dates. There was also some variation from year 

to year.  In 1952 and 1953 nitrogen fertilization increased 

the percentage phosphorus content of the plants of the 

first sample, with the exception of the high rate of 

nitrogen application (100 pounds) in 1952. This high rate 

decreased the percentage phosphorus content* This decrease 

may have been due to the direct effects of the high rate 

of nitrogen application in close proximity to the seed 

resulting in a check or reduction in growth, and thus a 

reduction in the phosphorus content of the plants. The dry 

weights of the plants were also reduced at this high rate 

of nitrogen application. With this exception, the effects 

of nitrogen in increasing the phosphorus content Is in 

agreement with work of Bennett, Stanford and Dumenll 

(7, p.255) who found an Increase in phosphorus content of 

the leaves of corn associated with nitrogen fertilization. 

According to these workers, the Increase In phosphorus 
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content of the leaf might reasonably be explained, in part, 

by assuming that the application of nitrogen gave rise to 

a more extensive root system than was present when no 

nitrogen was applied. Viets, Nelson and Crawford {57, 

p*301) found as nitrogen fertilizers were applied to soils 

which were low in available nitrogen, the phosphorus con- 

tent of corn leaves increased. They reasoned that this 

effect due to added nitrogen may have been due to the 

development of more extensive root systems that contacted 

more soil phosphate. Russell, Bourg and Hhoades {40, 

p»295) stated that a greater effect of nitrogen fertilizer 

on root than on top development during the early stages of 

growth could account for increased phosphorus percentage in 

the forage with higher rates of nitrogen fertilizer. 

Although data are not conclusive as to the relation of 

nitrogen fertilizer effects on the phosphorus content of 

plants and yields, they Indicated that the nitrogen 

fertilizers may have affected yield through the effect on 

the phosphorus content of the plants. 

Potassium fertilizer effects - The effects of potas- 

sium fertilization on the percentage phosphorus content of 

the plants and how these potassium effects were reflected 

in the yield response are of considerable Interest. As 

mentioned previously, the main effects of added potassium 

resulted in a significant decrease in yield in 1952. In 
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1953 and 1954 added potassium decreased yields, but not 

significantly. 

In samples 1 and 2 of 1952 the main effects of added 

potassium were significant in decreasing the percentage 

phosphorus content of the plants* This effect was also 

found In sample 1 of 1954. In 1953 main effects of potas- 

sium In reducing the phosphorus content were not signifi- 

cant, although there was a slight decrease in phosphorus 

content of plants of sample 1, In a preliminary sampling 

in 1951, it is interesting to note that similar results to 

those of 1952 were obtained in relation to the percentage 

phosphorus content of plants at the first trifoliate leaf 

stage of growth (Appendix Table 5). The main effects of 

added potassium were significant in reducing the percent- 

age phosphorus content of plants, while the addition of 

phosphorus fertilizers resulted in significant increases 

in the phosphorus percentage of the plants. Nitrogen main 

effects on plant phosphorus were not significant. Data of 

the yields and the phosphorus content of plants of the same 

treatments indicated that the depressive effects of 

potassium fertilization may have been due to the depressive 

effect on the phosphorus content of the plants. Leich- 

senrlng and Donelson (28, pp.194-201) concluded from a 

statistical analysis of their data that potassium fertili- 

zation resulted in lower phosphorus concentrations of 
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potato tubers, but differences were very small. Eriksson 

(18) found a depressive effect of potassium fertilization 

on phosphorus content of barley plants. This reduction of 

phosphorus content was found even on those soils where no 

reduction in yield was apparent» The view was propounded 

that addition of potassium restricted hydrolysis of the 

amphoteric soil complexes and Increased for mation and 

precipitation of the iron and aluminum phosphates* Mulder 

(35, p,116) related the depressive effect of potassium on 

phosphorus to a depressive effect of potassium on magne- 

sium, which he believed to be more directly related to the 

absorption of phosphorus* 

Seasonal trends and critical levels of phosphorus - 

The seasonal trends in the percentage phosphorus content of 

plants were much the same for the three seasons. Plants 

low in phosphorus content at the first sampling dates 

tended to increase in phosphorus content, while those where 

phosphorus fertilizer was added at the time of planting 

usually decreased, so that differences in the percentage 

phosphorus content between treatments were not great at the 

end of the season prior to harvest. In 1953 plant phos- 

phorus values of plants that received phosphorus as well 

as those receiving no phosphorus were higher than In 1952. 

These differences were more apparent at the beginning and 

end of the season. Soil phosphorus values were slightly 

higher in 1953 than in 1952 (Appendix Table 1). 
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Comparison of the mean percentage phosphorus contents 

of the individual fertility treatments with the yields of 

those same treatments indicates that increases in yield 

from the banded application of phosphorus at planting time 

may be expected when the percentage phosphorus content of 

pole bean plants at the first trifoliate leaf stage of 

growth is ,200 or less. No increase in yield from phos- 

phorus in a band at planting may be expected when the 

phosphorus content of the plants is ,300 or greater. In 

the seasons in which there was a significant increase due 

to phosphorus fertilization, the phosphorus content of 

plants (trifoliate leaf stage) from the plots receiving no 

phosphorus was .161 to .187 per cent (1952), Plants from 

plots receiving phosphorus ranged from .223 to .481 per 

cent phosphorus content. In the preliminary sampling of 

1951, plants from plots receiving no phosphorus fertilizer 

contained ,147 to .163 per cent phosphorus and a signifi- 

cant yield increase was obtained due to banded phosphorus 

fertilizer at planting in 1951. In 1954 when the variety 

Flf-1 was used, the range in phosphorus content of plants 

receiving no phosphorus fertilizer was ,240 to .250 per 

cent, while that of plants receiving phosphorus was .541 

to .604 per cent.  It is obvious that additional data are 

needed to clarify the response when the phosphorus content 

of plants at the trifoliate leaf stage of growth is 

between .200 said .300 per cent.  Ulrich (53, p.159) stated 
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that whether the critical nutrient concentration la confined 

to a relatively narrow range of values or fluctuates widely 

Is still a subject of Investigation. Lundegardh (31) 

suggested that when the nutrient values are approaching 

critical levels or above, definite relationships between 

yield response and nutrient content are rather difficult 

to establish* 

Ulrlch (52) found the critical level of phosphorus 

In Lad1no clover to be about 600 ppm acetic acid soluble 

phosphate phosphorus at the prebloom stage of growth. The 

critical concentration of phosphorus in the sixth leaf of 

corn at the bloom stage was *295 per cent according to 

Tyner (50). Tremblay and Baur (49) found the critical 

phosphorus concentration to be 2000 ppm phosphorus (acetic 

acid soluble) in pea plants at the four to eight node stage 

of growth. Hill, et al. (24, p.649) stated that the total 

phosphorus content of leaf blades of adequately nourished 

potato plants should probably not be less than .35 per cent 

(dry weight). 

Correlations between the percentage phosphorus 

content and yield were of more value at the trifoliate leaf 

stage of growth than later In the season, as has been 

pointed out previously. 
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Percentage Nitrogen Content of the Plants in Relation 
to "Yield Response from Fertilizer Application 

Nitrogen fertilizer effects - Seasonal trends in the 

percentage nitrogen content of the plants of the various 

treatments were similar in the three seasons in which this 

study was made. Differences in the percentage nitrogen 

content were greatest at the first sampling dates and 

tended to become smaller at the later sampling dates* The 

plant nitrogen content of treatments in 1952 in general was 

higher than in 1953 and 1954 at the earlier sampling dates, 

although there were no marked differences* 

The addition of nitrogen fertilizers resulted in 

significant increases in the percentage nitrogen content 

of the plants in the 1952 and 1953 seasons regardless of 

sampling time.  In 1954, however, significant Increases in 

the nitrogen content of the plants were found only in the 

first two and the last samples. Since yield increases from 

the application of nitrogen fertilizer were significant 

only in the 1953 season, it is obvious that yields were not 

consistently correlated with plant nitrogen content under 

the limitations of the experimental methods used in this 

study. 

There was no apparent consistent correlation between 

dry weights of the plants harvested at the first sampling 

date and yield response to nitrogen, nor between dry 

weights and the nitrogen content of the plants. 
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It Is not clear from data obtained in this study why 

variations occurred in the percentage nitrogen content of 

the plants and yield responses due to the addition of 

nitrogen fertilizer. Many factors undoubtedly were 

involved. Nightingale (36), Kraus and Kraybill (27) and 

other workers have pointed out the fact that nitrogen 

nutrition and effectiveness of nitrogen fertilizer may be 

affected by temperature, sunlight, carbohydrate-nitrogen 

relationship and other factors. Consideration should per- 

haps also be given to the factor of nodulat ion and fixation 

of nitrogen by pole bean plants In regard to any response 

to applied nitrogen fertilizer* Shields (42, p.358) stated 

that the effect of the addition of any particular element 

on organisms important in the nitrogen cycle depends upon 

whether that element is otherwise deficient or present in 

excess, and to some extent upon the soil reaction. Data 

in Appendix Table 1 show that organic matter values of the 

soil samples of the surface soil (0-6 inches) were lower in 

1953 than in 1352 and 1954. The low organic matter values 

and effects of cool temperature may have contributed to the 

importance of added-nltrogen fertilizer in producing sig- 

nificant yield increases in 1953. 

Critical levels of nitrogen - No conclusions can be 

drawn as to critical levels of plant nitrogen in the bean 

plants of these experiments. In 1953 the application of 

nitrogen that resulted in a significant yield increase 
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significantly increased the mean percentage nitrogen con- 

tent of the plants from 5.95 to 4.55 at the first sampling. 

On the other hand, in 1952 the application of nitrogen 

fertilizer did not result in a significant yield increase 

although the mean nitrogen percentage was increased from 

3.91 to 4.87 at the first sampling date. Ulrich (54, 

pp.291-309) reported the critical level of nitrogen in 

petioles of sugar beets sampled in mldseason to be 1000 

ppm nitrate nitrogen. Tyner (50, p.322) estimated the 

critical level of nitrogen in the sixth leaf of corn at the 

bloom stage to be 2*90 per cent while Bennett, Stanford 

and Dumenil (7, p.256) reported the critical range of 

nitrogen in the sixth leaf of corn sampled at the bloom 

stage to be from 2.8 to 3.0 per cent. No data were 

reported on critical levels of plant nitrogen in beans. 

Phosphorus and potassium fertilizer effects - The 

addition of phosphorus fertilizer reduced the percentage 

nitrogen content of the plants of samples 2, 3 and 4 of 

1952, of sample 1 of 1953 and of the last sample of 1954. 

Other workers have reported depressive effects of added 

phosphorus on plant nitrogen content, including work with 

pineapple by Nightingale (56, p.221), and others reviewed 

by Beeson (5, p.42). 

Significant effects of potassium fertilization on the 

nitrogen content of the plants were limited to the second 
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and third samples of the 1953 season. Added potassium 

fertilizer depressed the plant nitrogen content in these 

instances* 



92 

Percentage Potassium Content of the Plants In Relation 
to Yield Response from Fertilizer Application 

Potassium fertilizer effects - Potassium fertilization 

significantly decreased yields In 1952, and slightly 

reduced yields In 1953 and 1954, although not signifi- 

cantly* Dry weights of plants were also reduced when the 

effects of potassium fertilization were considered* 

The addition of potassium fertilizers at planting time 

resulted in significant increases in the percentage potas- 

sium content of the pole bean plants sampled in the seasons 

of 1952 and 1953. In 1954 potassium fertilization Increased 

the percentage potassium content of the plants of the early 

samples but was not significant in increasing the percent- 

age potassium content of the last two samples. Potassium 

was the only added fertilizer In which main effects were 

significant in affecting the percentage potassium content 

of the plants in 1953 and 1954. The potassium percentage 

of plants receiving potassium at planting was higher in 

the early samples than in plants receiving no potassium. 

Plants of treatments which received no potassium fertili- 

zer contained 2.00 to 2.83 per cent potassium in sample 1 

of 1952 and from 2.56 to 2.94 per cent potassium In sample 

1 of 1953. The potassium content of the plants of treat- 

ments which received potassium fertilizer waa 2.00 to 2.99 

per cent in sample 1 of 1952 and 2.94 to 3.70 per cent in 

1953. Differences in potassium content of plants were 
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small toward the end of the season. Potassium apparently 

was not limiting growth since the plants were relatively 

high in potassliaa content and no yield responses were 

obtained from the addition of potassium fertilizers. 

Hitrogen and phosphorus fertilizer effects - Main 

effects of added nitrogen depressed the potassium content 

of plants of samples 1 and 2 of 1952, increased potassium 

in sample 4 of 1952, had no significant effects in 1955 and 

depressed potassium content in sample 2a of 1954. 

In 1952, the addition of phosphorus fertilizers 

Increased the percentage potassium content of the plants 

in samples 1 and 2, hut significantly reduced the potas- 

sium content in samples 5 and 4. Phosphorus fertilizers 

had no significant main effects on the potass itun content of 

plants in 1955 and 1954. 

Seasonal trends and critical levels of potassium - The 

seasonal trends in potassium content of plants were similar 

in the three seasons. In general there was an Increase In 

potassium content after the first sampling followed by a 

leveling off to a decrease at the end of the season prior 

to harvest. The potassium content of the plants was 

relatively high prior to harvest, averaging approximately 

two per cent and above throughout the three seasons. As 

has been mentioned previously, no yield responses from the 

addition of potassium fertilizers were observed. Appar- 
ently potassium was not limiting growth. 
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Suggestion of a critical level for potassium content 

of pole beans grown in this study would not be valid from 

data obtained* Goodall and Gregory (21, p.92) stated 

that until the investigator has data on yield response of 

plants at varying levels of nutrition, and on their com- 

position, he is hardly in a position to consider setting 

up standard values for internal nutrient concentrations. 

Some workers have reported critical concentrations of 

potassium including Tremblay and Baur (48, pp.945-959) who 

estimated the critical potassium content of peas to be 

1.3 per cent at the prebloom stage of growth and 1.1 per 

cent at the bloom stage. Ulrich (52, pp.150-161) con- 

sidered the critical potassium content of Ladino clover to 

be 0*8 per cent. 
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SUMMARY 

A study of the effects of nitrogen, phosphorus and 

potassium fertilization on the yield and chemical composi- 

tion of pole bean plants grown under field conditions was 

made in 1952,  1953 and 1954. Data of yields and dry 

weights of plants were obtained and nitrogen, phosphorus 

and potassium analyses determined on plants on an individ- 

ual plot basis* Results were statistically analyzed.- 

The data may be summarized as follows: 

1. The addition of nitrogen fertilizer in a band at 

planting significantly Increased the yield of pole beans 

in 1953, but had no significant effects on yield in 1952 

and 1954.  Nitrogen fertilizers were generally more effec- 

tive in combination with phosphorus fertilizers in Increas- 

ing yield of pole beans. 

2. Nitrogen fertilization significantly increased the 

plant nitrogen content in samples taken early in the sea- 

son, but had no significant effect in some of the samples 

taken late in the season. 

3. No consistent correlations were obtained between 

the nitrogen content of plants and yield responses to 

nitrogen fertilization. 

4. The banded application of phosphorus fertilizer at 

the time of planting significantly Increased the yields of 

pole beans In 1952 and 1954.  Dry weights of plants sampled 



96 

at the trifoliate leaf stage of growth were significantly 

increased by the addition of phosphorus fertilizer in all 

three seasons* 

5* Plant phosphorus content was significantly 

increased early in the season by the addition of phosphorus 

fertilizer banded at planting, but effects were less marked 

at the end of the season prior to harvest. Seasonal trends 

of plant phosphorus were similar in all seasons. 

6» Significant positive correlations were obtained 

between yields and phosphorus content of plants of the 

first samples of 1952 and 1954. Although phosphorus fer- 

tilizers significantly increased the plant phosphorus con- 

tent of plants of the first sample of 1953, no significant 

correlation between the plant phosphorus content and yield 

was obtained. 

7. Data Indicate that a yield response due to banded 

application of phosphorus fertilizer at planting time may 

be expected when the phosphorus content of pole bean 

plants at the first trifoliate leaf stage of growth is 

.200 per cent or less* No response in yield is likely if 

the phosphorus content is .300 per cent or higher. 

8. The addition of potassium fertilizer at planting 

significantly reduced yields in 1952, and slightly reduced 

yields in 1955 and 1954. Similar effects of potassium on 

dry weights of plants were observed. 



97 

9. The addition of potassium fertilizer significantly 

Increased the plant potassium content in all samples of 

1952 and 1953, but only In early samplings of 1954. 

10. The potassium content of plants was not con- 

sistently correlated with yield response In 1952, and no 

significant correlations were obtained in 1953 and 1954. 
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Appendix Table 1 

Soil Analyses of Chehalls Silt Loam Surface Soil 
{0-6 inch Depth) 

Phosphorus Potassium Organic Matter 
ppm ppm Per Cent 

Replication 1952 Season 

1 11.0 509 2.35 
2 12*0 397 2.41 
3 12,7 308 2.35 
4 10,6 372 2.38 
5 10.6 335 

1953 Season 

2.31 

1 14.6 215 1.80 
2 16.3 170 1.65 
3 12.0 158 1.80, 
4 17.5 228 1.80 
5 15.8 190 

1954 Season 

1.94 

1 11.5 173 2.43 
2 12.3 200 2.43 
3 13.3 150 2.43 
4 12.3 150 2.19 
5 10.3 156 2.09 

1 - Phosphorus - sodium bicarbonate method 
2 - Potassium - flame photometer method 
3 - Organic matter - Walkley-Black method 
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Appendix Table 2 

Monthly Heat Unit Accumulation Data of Air and Soil 
Temperatures - Vegetable Crops Farm, Corvallls 

40*^. Base 50^. Base 

1952 Air 2-3l,Soll 5- •e^soii Air 2-3l,Soll 5-6nSoil 

May 
June 
July 

554 
600 
892 

744 
811 

1159 

701 
811 

1104 

264 
300 
582 

454 
511 
849 

411 
511 
794 

1953 

May 
June 
July 

453 
553 
819 

536 
720 
1074 

523 
688 
1024 

149 
253 
509 

226 
420 
764 - 

213 
388 
714 

1954 

May 
June 
July 

559 
562 
757 

737 
724 
982 

694 
692 
981 

251 
262 
447 

427 
424 
672 

384 
392 
671 
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Appendix Table 3 

The Percentage Phosphorus Content and Yield of Pole 
Bean Plants of Selected Treatments 

I&s Per Acre                     Yield Sample 
N-P205-Kg0    Tons Per Acre 12 3 

1952 

0-0-0 9.62 ♦187 .261 .332 .330 
100-120-0 11.83 .373 .376 .316 .307 
100-120-0 (S.D*) 10.00 .187 .307 .384 .345 
100-120-0 (CP.) 12.89 

1953 

.437 .377 .267 •286 

0-0-0 10.33 .279 .320 .418 .378 
50-120-0 11.39 .446 .321 .414 .411 
50-120-0 (S.D.) 10.25 .273 .329 .427 .412 
50-120-0 (C.P.) 10.85 .328 .305 .421 .401 

S.D. - Fertilizer sidedressed 30 to 45 days after 
planting 

C.P. - Chemically pure dlammonium phosphate containing 
•001 per cent sulfur as SO4 
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Appendix Table 4 

The Percentage Nitrogen Content and Yield of Pole 
Bean Plants of Selected Treatments 

Lbs Per Acre 
N-p205*K20 

Held 
Tons Per Acre 

Per Cent Nitrogen-Sample 
12          3           4 

1952 

50-120-0 
50-120-0 plus 

2-25#N S.D. 
100-120-0 

12.17 

12.05 
11.83 

1953 

4.71 

4.88 
5.01 

4.74 

5.04 
5.01 

4.27 

4.36 
4.61 

3.62 

3.63 
3.78 

50-120-0 
50-120-0 plus 

2-25#N S.D. 
100-120-0 

11.39 

10.96 
11.08 

4.48 

4.62 
4.74 

4.34 

4.27 
4.32 

4.41 

4.55 
4.42 

4.21 

4.11 
4.37 
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Appendix Table 5 

Effects of Nitrogen, Phosphorus and Potassium Fertilization 
on the Percentage Phosphorus Content of Pole Bean Plants 

(Sample 1 - 1951) 
Means of Individual Treatments 

Level P-0 P-l P-2 
K-0 K-l K-0 K-l K-0 K-l 

N-0 
N-1 
N-2 

.160 

.163 

.158 

.147 

.162 

.148 

.326 

.484 

.445 

.291 

.301 

.246 

.380 

.541 

.358 

.284 

.283 

.288 

L.S.D. (.05) - < .064    L. .S.D. (.01) - .085 

Means < af Main Effects 
Level N-Means P-Me ana K-Means 

0 .265 .156 .335 
1 .322 .349 .239 

* 2             .274             .356 

L.S.D. (.05)   N.S.D. ^526 7523" 
L.S.D. (.01)   N.S.p* .035 .051 

N x P x K interaction significant 
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Appendix Table 6 

Greenhouse Soil Temperature Study 
Percentage Phosphorus Content of Plants at the First 

Trifoliate Leaf Stage of Growth 

No Phosphorus     Added Phosphorus 

ROOI?  Asgrow 231 .162 .237 
62°F.  pj^i .223 .319 

Asgrow 231 .283 .297 
770F.  pji.! #332 .33! 
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Appendix Table 7 

Mean Squares of Analysis of Variance Calculations of 
Nitrogen Content of Pole Bean Plants 

Source of Degrees of 
Freedom 

Sample 
Variation 1 2 3 4 

1952 

Replications 4 0«397 0.122 .1477 .1013 
Nitrogen 2 8.958 4.873 .1614 .3140 
Phosphorus 2 0.059 2.302 .2624 .3991 
Potassium 1 0.662 0.002 .0822 .0528 
N x P 4 0.223 0.225 .0695 .1100 
N x K 2 0*038 0.125 .0299 .0019 
P x K 2 0.130 0.150 .1538 .2227 
N x P x K 4 0.197 0.031 .0687 .0749 
Error 68 0.051 

1953 

0.044 .0296 .0210 

Replications 4 0.151 .1482 .2937 0.157 
Nitrogen 1 5.496 .4117 .8378 1.096 
Phosphorus 2 0.164 .0030 .0625 0.026 
Potassium 1 0.054 .1848 .1170 0.001 
N x P 2 0.104 .0047 .0015 0.083 
N x K 1 0.034 .0534 .0062 0.028 
P x K 2 0.033 .0211 .0044 0.027 
N x P x K 2 0.008 .0109 .0346 0.010 
Error 44 0.029 .0218 .0281 0.034 

1954 

Replications 4 
Treatments 5 
Error 20 

2a 2b 
•0209 .0150 .0232 .0365 .0254 .0606 
,3620 .1127 .0552 .0233 .0811 .1136 
.0466 .0172 .0242 .0299 .0300 .0247 



112 

Appendix Table 8 

Mean Squares of Analysis of Variance Calculations of 
Phosphorus Content of Pole Bean Plants 

Source of Degrees of Sample 
Variation Freedom 1 2 3 4 

1952 

Replications 4 .0147 .0016 .0017 .0014 
Nitrogen 2 .0301 ,0074 .0094 .0013 
Phosphorus 2 .3405 .1816 .0219 .0025 
Potassium 1 • 1345 .0237 .0149 .0001 
N x  P 4 .0070 ,0111 .0065 .0020 
N x K 2 .0038 .0001 .0011 .0012 
P x K 2 .0302 .0031 .0056 .0058 
N x P x K. 4 .0028 .0028 .0006 .0010 
Error 68 .0035 

1953 

.0016 .0014 .0007 

Replications 4 .0015 .0005 .0021 .0026 
Nitrogen 1 .0093 .0064 .0001 .0039 
Phosphorus 2 .1217 .0028 .0001 ,0016 
Potassium 1 .0001 .0001 .0015 .0006 
N x P 2 .0121 .0014 .0023 .0005 
N x K 1 .0001 .0053 .0005 .0022 
P x K 2 .0001 .0005 .0004 .0004 
N x P x K 2 .0002 .0001 .0014 .0001 
Error 44 .0004 .0005 .0013 .0004 

1954 

Replications 4 
Treatments 5 
Error 20 

1    2a   2b   3    4    5 
.0026 .0001 .0015 .0026 .0021 .0004 
.0485 .1553 .2662 .0083 .0058 .0017 
.0028 .0001 .0004 .0015 .0013 .0006 
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Appendix Table 9 

Mean Squares of Analysis of Variance Calculations of 
Potassium Content of Pole Bean Plants 

Source of Degrees of Sampl e 
Variation Freedom 1 2 3 4 

1952 

Replications 4 0,103 .2264 0.279 .1913 
Hitrogen 2 3*613 .2875 0.174 .1249 
Phosphorus 2 0.495 ,2832 0.324 .2521 
Potassium 1 0.249 .2074 4.290 .8900 
N x P 4 0.072 .2270 0.014 .0522 
N x K 2 0.010 .0761 0^019 .0327 
P x X 2 0.049 .0291 0.026 .0643 
N x P x K 4 0.080 .0123 0.157 .0174 
Error 68 0.053 

1953 

,0425 0.063 .0321 

Replications 4 0.147 0.094 .1203 .0814 
Nitrogen 1 0.289 0.026 .0011 .0157 
Phosphorus 2 0.122 0.001 .0288 .0433 
Potassium 1 8.030 1.218 .2535 .2124 
N x P 2 0.106 0.008 .0393 .0288 
H x K 1 0.070 0.006 .0417 .0001 
P x K 2 0.671 0.047 .0998 .0020 
N x P x K 2 0.092 0.117 .0685 .0337 
Error 44 0.094 0.049 .0460 .0218 

1954 

Replications 4 
Treatments 5 
Error 20 

2a 2b 
.0584 .024S .0755 .0203 .0185 .008S 
.1622 .2902 .3853 .0810 .0427 ,0368 
.0178 .0133 .0135 .0123 .0216 .0106 


