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INTRODUCTION 

The diagnosis of mineral deficiencies of crops is an important problem 

in agricultural and horticultural practice. Although the appearance of 

mineral deficiency symptoms may be of use, they usually appear when the 

deficiencies are already severe. Sometimes the symptoms are not character

istic, or else they may be masked when there are multiple deficiencies. Leaf 

analysis of perennial crops has been successfully employed for diagnostic 

purposes, particularly in the tropics. It is possible to standardize the 

sampling techniques as regards to time of year, morphological position of 

the leaves and physiological age. Under these conditions, analysis can be 

used as a diagnostic tool and it affords a useful check on any fertilizer 

policy adopted. 

Where annual crops are concerned, the possibilities of leaf analysis 

are much more restricted. Sampling and diagnosis has to be done at a stage 

of deyelopment which is early enough to enable nutritional disorders to be 

corrected. The chemical composition of annual crops may change during the 

growing season as a result of climatic conditions, fluctuations in the 

composition of the soil solution and the stage of development of the crop. 

In making leaf analyses of annual crops we are thereire faced with the 

problem of obtaining comparable samples of rapidly growing crops. 

Potato plants, in particular, in the production of tubers remove 

substantial amounts of nitrogen, phosphorus and potassium from the soil. In 

Saskatchewan nitrogen and phosphorus often must be increased in the soil by 

addition of these fertilizers. The obdectives of this study were to relate 

foliar nutrient levels to the levels of applied fertilizer, as well as to such 

parameters as yield and quality. 



2. 

REVIEW OF LITERATURE 

Development of Plant Analysis as a Guide to Fertilization. 

The Role of Mineral Elements in Plant Growth 

Hewitt (29), as well as Nason and McElroy (47), indicated that the 

plant required a wide variety of minerals in addition to the organic materials 

produced in photosynthesis. According to the latter workers, these elements, 

absorbed from the soil by the root system and transported upward in both 

xylem and phloem, were required for structural purposes in the cell and for 

the formation of specific catalytic molecules called enzymes, which regulate 

the metabolism of cells. 

Drake (12) and Russel (54) reported that sixteen elements have been 

found to be essential to plant growth. Drake (12) also noted that these 

were arbitrarily divided into two groups, namely macronutrients and micro

nutrients, based on the relative quantities required for normal plant growth. 

He further added that the essential elements were classified as nutritive or 

regulatory 6f which some serve both roles. Carbon, hydrogen, nitrogen, 

oxygen, phosphorus and sulfur were found to be nutritive, whereas, calcium, 

magnesium, phosphorus, potassium and other essential elements have been 

found to be primarily regulatoryo Hewitt (29) noted that the micronutrient 

elements required by plants were boron, copper, iron, manganese, molybdenum, 

vanadium and zinc. Wallace (73) indicated that a plant grown in a soil or 

mineral solution lacking adequate quantities of some essential element became 

unhealthy and it developed typical deficiency symptoms for the element in 

short supply. 



The Theory Behind Plant Analysis 

According to Ulrich and Hills (70), in simplest terms plant analysis 

has been viewe~ as a study of the relationship of the nutrient content of 

3. 

the plant to its growth. Ulrich (69), as well as Ulrich~.§..!. (71), summarized 

the basic idea behind plant analysis as follows: 

"An element essential for the growth of a plant should be contained 

in the plant and at a concentration sufficient for plant growth. Without 

these elements growth decreased and finally failed completely during the 

vegetative and reproductive cycle of the plant. The exact concentration 

at which the plant became deficient in a nutrient depended upon the functions 

which that element performed within the plant. If the exact function of a 

nutrient was known then the concentration that was necessary for the plant 

to grow would also be known. Since the exact function of each element 

within the cell was not known, the practicality of plant analysis had to be 

ascertained imperically through comparison of nutrient concentrations of 

plants restricted in growth to those of plants not so restricted by lack of 

the particular nutrient. By such comparisons and correlation studies, the 

critical nutrient levels or standard values for each element and for each 

crop could be established." 

Ulrich (69) defined "critical nutrient level" as that range of con

centrations at which growth of the plant was restricted in comparison to 

that of plants·at a higher nutrient level. He stated that when one or more 

of the nutrients reached the critical level, any change in nutrient balance 

would affect the growth of the planto 
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Objectives of Plant Analysis 

The objectives of plant analysis, according to a summary of Jones (34) 

and Krantz~ ~1 (36), were as follows: 

(a) to aid in determining the nutrient supplying power of the soil, 

(b) to study the relc:1tionship between the nutrient status of the 

plant and crop performance as an aid in predicting fertilizer 

requirements, 

(c) to diagnose suspected nutrient deficiencies or imbalances, and 

(d) to help lay the foundation for approaching new problems or 

surveying unknown regions to determine where plant nutritional 

experiments should be conducted. 

Sampling Techniques 

Goodall and Gregory (23) suggested that the investigator entering for 

the first time upon the use of plant analysis for diangosis of the nutri

tional status of a particular crop plant had a. wide choice of possible alter

native techniques to adopt, such as various times during £he season at which 

samples might be best taken, whether the whole plant or some particular organ 

should be collected, whether the analysis should be conducted on the material 

from the entire plant extract or on some particular fraction, and finally, how 

best the analytical results when obtained could be interpreted. The same 

authors noted that decisions should be made for all these questions. 

According to Thomas (64), the part of the plant selected for analysis 

should reflect the general status of the plant with respect to nutrients under 

consideration. He also added that in order to accomplish this objective 



effectively the part selected should be of a definite physiological age and 

furthermore, it should be as uniform as possible. Ulrich ~ al (71) stated 

that in taking leaf samples in particular, it was important to use a plant 

part that gave a sharp transition from a concentration which reflected a 

deficiency of the nutrient in question to one that indicated an adequate 

supply of the nutrient. They (71) also added that, if there were distinct 

differences, each area should be sampled independently in order to ascertain 

possible reasons for such differences. 

Selection of Plant Part 

Ulrich (69) indicated that the best p~rt of the plant to be used for 

chemical analysis has been found to depend upon the objectives of plant 

analysis. He also added that when the objective was to serve as a guide to 

fertilization the problem was ~ore complex. He pointed out that critical 

plant levels for each nutrient should be established experimentally for each 

area because of the effects of such factors as varying climatic and soil 

conditions. · Lundeg'ardh (42) pointed out that analyzing the whole plant was 

undesirable because mineral in active tissues could mask the functional 

differences. Comparisons of different plant parts of peach by Roger ~ al 

(53) and strawberry by Ballinger and Mason (2) have shown that the leaf 

s. 

was as sensitive as any other fraction as an indicator of the nutritional 

status of several elements. These latter workers also added that with annual 

crops much greater success appeared to lie L.1 the direction of selecting 

specific parts of plants, such as petioles or blades from specific leaves 

taken from definite parts of the growing plant. 



Position and Age of Tissue 

Tyler ~ al (68) stated that since the length of the potato growing 

season varied greatly, even within the same aistrict, it was advisable to 

classify plants and samples according to their physiological age rather than 

the age from planting. 

Care-should be taken in collecting representative samples of plant 

materials growing in the field. Procedures for sampling potatoes have been 

outlined by Hill and Cannon (30), Lorenz (38), Terman et ~ (63), as well as 

Tyler~ al (68). For potatoes, Tyler et al (68) suggested the fourth leaf 

petiole below the growing tip of the plant, and they added the fourth leaf 

has been found to be the youngest fully expanded leaf of the plant. Terman 

et !! (63) always used the fifth leaf from the top of the stem. Hill and 

Cannon (30) used petioles from the lower third portion of a plant, Nelson 

and Hawkins (48) used samples of petioles consisting of the fifth petiole 

from the bottom, whereas Beauchamp (3,4) in his experiments used the entire 

leaves of potatoes, but he did not specify from which plant area they were 

taken. 

Frequency of Sampling 

Ulrich (69) reported that at least two, but preferably four samplings 

should be taken to show the nutrient changes taking place within the plant 

during the growth cycle. He also added that for short-term crops frequent 

sampling has been found to be necessary. Kenworthy (35) reported also that 

for annual crops sampling should be done early in the season in order to be 

practical. In studying nitrogen fertility Bray (7) reported that it was not 

sufficient to run one soil or tissue test for the presence of nitrates. 

Instead he said the nitrate levels should be studied in the soil and in the 

6. 



plant growing on the soil during the whole season. Terman ~ !1 (63) in 

their foliar analysis with potatoes showed that only in samples taken at 

the early bud stage was the content of soluble phosphorus in the petioles 

consistently related to the yield of tubers. Terman eta~ (63), as well as 

Tyler£! al (68), also showed that at later sampling dates the content of 

soluble phosphorus decreased and was not consistent with treatments. 

Tyler ~ ~ (68) arranged the sampling of potatoes into three categories 

with respect to the age of the plant as follows: 

(a) Early season - this was from four to eight weeks after plant 

emergence, from the stage when plants were large enough to 

provide appropriate samples until blossoming. 

(b) Mid-season - this was from blossoming or early tuber set until 

tubers were half-grown. This was generally from six to ten 

weeks after plant emergence. 

(c) Late season - this was from the time that tubers were half

grown until maturity. 

Preparation of Material for Analysis 

7. 

Smith ~ !1 (57) stated that where trace elements were concerned a 

very small amount of contamination could invalidate the analytical results. 

Tyler £! !1 (68) also stated that plant material should be freed of con

tamination by washing it in tap water and rinsing with distilled water in 

order to remove soil particles, dusts, sprays and other possible contaminants. 

These authors also stated that when cleaned, the material should be dried 

rapidly at about 70 degrees C in a forced-draft oven to avoid respiratory 

losses and then should be ground to pass a 40-mesh screen and stored in 

hermetically sealed containers until analyzed. 



Potatoes 

Environment and Growth of Potatoes 

Hansen (26) and Mclean (44) noted that the potato evolved as a cool

season crop~ and has been considered a short-day plant. Mclean (44) stated 

there were three important factors in vegetative growth, tuberization and 

tuber enlargement. These were length of the day, temperature and the amount 

of nitrogen available to the plant. According to him (44), the greatest 

plant growth occurred if plants emerged under long days or under increasing 

day lengths when the temperature was increasing. Tuberization on the other 

hand was encouraged by opposite conditions, such as short days or a decrease 

8. 

in day lengths, lower temperatures or a decrease in temperatures, low nitrogen 

or a decreasing level of nitrogen in the soil. 

According to Edmond~ al (16), the optimum temperature range was 

considered to be between seven and 18 degrees C. Engel and Raeuber (19), 

as well as Hansen (26), reported, however, that optimum day temperatures for 

growth were 20 degrees C and optimum night temperatures were 14 degrees C 

for all varieties. 

As to the texture of the soil, Dubetz et al (13} indicated that -- --
potatoes grew best on loam or sandy loam soils, but heavier soils were 

satisfactory if they were fertilized and carefully prepared. 

Verne~~ (72) noted that, in ordinary practice, rows were spaced 

from 86 to 91 centimeters apart. They also noted that, commonly 25 centi-

meters have been used by table-stock growers as the desirable distance 

between seed-pieces and they should be covered with about five centimeters 

of soilo 



9. 

Fertilizer Requirements, Placement and Timing 

Ware and McCollum (74) indicated that the potato belonged to the group 

of vegetable crops having the highest fertilizer requirement. The amount of 

fertilizer that could be applied profitably depended not only upon soil type 

and fertility, but also on the environmental conditions affecting yield. 

In Alberta Dubetz et al (13) showed that the use· of 112 kilograms of 

ammonium phosphate (11-48-0) per hectare on the heavier soils increased 

potato yield, whereas on lighter soils additional nitrogen was necessary. 

Parks (50) reported that on the brown and black soils 112 kilograms per 

hectare of 11-48-0 fertilizer were beneficial if sufficient moisture was 

available for the crop. He also added that on the grey wooded soils an 

application of 224 kilograms per hectare of 16-20-0 fertilizer was preferable, 

since these soils often required nitrogen, phosphorus and sulfur, each of 

which was supplied by this fertilizer. 

A large amount of research has been done to determine the best type 

of application or placement of fertilizer on potatoes. Tisdale and Nelson (66) 

noted that not all the fertilizer applied WpS utilized by the plants. The 

amount taken up by the plant should depend on several factors, the most 

important of which was placement. Proper placement of fertilizer has always 

been a problem and several studies have been done involving the use of radio-

active elements. 32 The use of radioactive phosphorus, P for example, has 

made it possible to estimate the amount of phosphorus in the plant that came 

from the fertilizer (66). Lorenz~~ (39), as well as Tyler et al (68), 

found that banding of fertilizer along the side of the row, five centimeters 

from the seed-piece and just below it, was superior to broadcast applications. 

Furthermore, Tyler and co-workers stated that fertilizer should be applied 

at planting time. In their experiments when fertilizer ~as applied after 



planting, usually within two days, the fertilizers were side-dressed five 

centimeters below and 10 to 13 centimeters to each side of the seed row. 

·parks (50) suggested that the most economical method of applying fertilizer 

for potatoes was with a potato planter equipped to place fertilizer in the 

soil in bands, as explained by Lorenz et ~ (39), and he warned that 

commercial fertilizer should not come in contact with seed-pieces in the 

soil because of danger of injury during germination. 

Effectsof Irrigation on Potatoes 

According to Ware and McCollum (74) potatoes responded well to irri-

gation and grew best when the soil was kept close to field capacity. They 

added that the final yield of the crop depended upon many factors, such as 

seed, soil type (texture), soil management, fertilizer and climate. 

Fulton and Murwin (21), as well as Struchtemeyer et al (60), found -- --

10. 

that increases of potato yield because of irrigation resulted from increased 

tuber size, not from increased tuber numbers. · This was true, except in cases 

where potato plants suffered drought stress at the time of tuber set. The 

number of tubers were then substantially reduced. Haddock (24) stated that 

yield and quality of potatoes increased when frequency and quantity of irri

gation was increased. Palmer (49) claimed that a good crop of potatoes 

could be raised in Alberta without irrigation during the growing season in 

years of above average rainfall, provided the land had been irrigated the 

previous autumno He also stated that in drier areas the yield was increased 

by irrigation applied soon after plants started to flower. Harris and Pittman 

(27) showed that during a dry season moderate irrigation given at regular 

intervals and discontinued a month before harvesting gave the best resultso 
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They also went on to say that excessive irrigation produced a large number of 

small potatoes and suggested the importance of an even supply of moisture 

during the middle portion of the life of the potato. Salter and Goode (55) 

also concluded that an adequate supply of water was required by potato-plants 

from the time of tuber initiation until tubers were mature if good yields 

were to be obtained. Jacob ~ ~ (33) found that irrigation very seldom 

reduced the specific gravity of potatoes and concluded that potatoes should 

be irrigated when the soil moisture level reached 50 to 60 per cent of field 

capacity. Prince and Blood (51) showed also that irrigation increased the 

yield of potatoes in dry years and concluded that irrigation might lower the 

specific gravity of potatoes, but not enough.to effect the marketability. 

Struchtemeyer (59) showed in hi~ experiment that a shortage of soil moisture 

early or late in the growth cycle reduced the yield of po~atoes. 

Effects of Nitrogen on Potatoes 

According to Purvis and Carolus (52), plant roots absorbed nitrogen in 

the form of ammonium and nitrate ions from the soil water. They indicated 

that inside the plant these ions were converted into amino acids and then the 

amino acids were recombined to form proteins, but they added that any imbalance 

in the supply of nutrients whether from insufficiency or excess would upset 

this process. According to them (52), nitrogen has been found to be the 

most important food element used in the synthesis of proteins and is used 

in such large quantities that a deficiency o£ nitrogen was commonly found in 

plants. 

Benepal (5), as well as Lorenz (37), stated that nitrogen was a potent 

factor for increasing tuber yields. Benepal also stated that there was a 

progressive increase in vegetative growth with-successive increments of 
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nitrogen, while other nutrients were less important. Fineman {20) using levels 

of 16.8 to 50.4 kilograms per hectare of nitrogen and Gausman et al {22) using 

89.6 to 179;2 kilograms per hectare of nitrogen reported that at the.higher 

rates of nitrogen applications tuber yields were increased. They stated, 

however, that in contrast to the increase in yield, the dry matter level or 

the specific gravity was constantly reduced. They also added that the reduc

tion of dry matter with high nitrogen levels was probably due to the delay of 

maturity. Carolus (9) indicated that amounts of nitrogen in excess of 67 

kilograms per hectare decreased the yield of tubers, but total plant weight 

was significantly increased when nitrogen application was increased from 67 

to 134 kilograms per hectare. Emmert (18) also shows that there was an increase 

in the nitrogen content of the tubers. 

Tyler et al {68), in their foliar analysis results, stated that as 

the potato growing season progressed, nitrate nitrogen decreased rapidly. 

In many fields nitrate nitrogen was relatively high in leaf petioles in the 

early· season, but decreased rapidly with growth and maturity. Even though 

nitrogen concentrations were at low levels during the late season, yields 

generally remained unaffected if sufficient nitrogen was maintained through

out the mid-season growth period. Similar results were also reported by 

Terman et al (63). They indicated that the content of nitrate nitrogen at 

sampling dates of two, three and five weeks after full bloom all increased 

with increasing rate of nitrogen fertilization and tended to decrease with 

the age of the plant. Furthermore, they found that the lower leaves of the 

plant fertilized with lower rates of nitrogen began to die after the plants 
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passed the full bloom stage, which frequently indicated nitrogen deficiency. 

These workers also found that dry matter levels tended to increase with the 

age of the plant, particularly at lower nitrogen rates. 

Smith and Kelley{56) found that the correlation of nitrogen content 

of petioles at each date of sampling with the yield of potatoes was highly 

significant. Their data also showed that potatoes fertilized with a rate 

of 1,344 kilogramsof 5-10-10 per hectare produced tubers with a signficantly 

higher specific gravity than those produced with 2,688 kilograms per hectare 

of the same fertilizero They (56) concluded that all treatments which tended 

to increase the yield of potatoes had a tendency to decrease the specific 

gravity of tubers. On the other hand, Dunn and Nylund (14) stated that 

nitrogen had no apparent influence on specific gravity. 

Symptoms of Nitrogen Deficiency in Potatoes 

According to Houghland {31) and McMurtrey (45), a nitrogen shortage 

caused the en~ire plant to be stunted and reduced both the yield and quality 

of potatoes. Houghland also stated that plant leaves were a light-green to 

yellowish-green colour in a mild deficiency stage. He also stated that with 

a serious nitrogen shortage the margins of the lower leaves lost their chloro

phyll, a pale yellow colour developed and some foliage usually dropped offo 

According to him {31), plants in sandy soils which were low in.organic matter 

and sufficiently acidic to limit the action of nitrification bacteria often 

showed nitrogen deficiency. 

Effects of Phosphorus on Potatoes 

Drake (12) reported that phosphorus was found to have several essential 
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functions in plant growth. Purvis and Carolus (52) noted that phosphorus was 

associated with the accumulation and release of energy for plant metabolic 

functions, and was also a component of ~any plant protein complexes. They 

(52) also noted that because of the function of phosphorrn in energy trans

formation, plants growing in soils that were deficient in phosphorus were 

initially retarded in root development and this eventually resulted in reduced 

top growth and delayed maturity. 

It was indicated by Houghland (31) that phosphorus deficiency occurred 

on a wide range of soils, on heavy soils because of the fixation which made 

phosphorus unavailable, on light soils because of naturally low phosphorus 

content, and on both types because of crop removal. He also added that lack 

of available phosphorus was often reflected more in low yields and poor quality 

than in distinctive foliage symptoms. Benepal (5) stated that phosphorus 

caused a greater output of carbohydrates, which increased tuber size and weight. 

In contrast, Zandstra et al (77) showed that increased rates of phosphorus 

fertilizer did not increase early yield, but resulted in lower specific 

gravity. Blood and Haddock (6), as well as Fineman (20) and Lorenz (37), 

reported small yield increases as a result of phosphorus fertilization, 

whereas Dunn and Nylund (14), as well as Smith and Kell~y (56), stated that 

phosphate fertilizer caused a small, but significant increase in specific 

gravity, particularly when used at higher rates of applications. Furthermore, 

Smith and Kell~(56) went on to say that the method of placement of fertilizer 

also had a significant effect on specific gravity of tubers and had no affect 

on the yield. They (56) obtained higher specific gravity of tubers grown 

with all the fertilizer i.n bands compared to the other methods of application. 

Teich and Menzies (62) noted that besides an increase in specific gravity, 

phosphorus also tended to give a lighter chip c~lor. 
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Results reported by Carolus (8) expressed as per cent in plant sap 

showed that minimum levels of soluble phosphorus of 150 ppm at the beginning 

and 60 ppm at the close of the season were necessary for maintaining high 

potato yields. In his experiments he showed that omission of nitrogen from 

fertilizer greatly reduced the absorption of phosphorus by all parts of the 

plants analyz.a~.. The investigation of Gausman~ al (22) has shown that 

phosphorus was critical in the early development of the plant. Also, they 

found phosphorus to be importi:Jnt in dry matter production, with a definite 

. relationship existing between the amount of phosphorus translocated downward 

to the tubers and the amount of dry matter produced. 

Symptoms of Phosphorus Deficiency in Potatoes 

Houghland (31) and McMurtrey (45) reported that phosphorus deficiency 

resulted in plants smaller than normal, somewhat spindly and definitely 

retarded in growth. Terminal growth ceased during the early stage of devel

opment and resulted in lowyields and poor tuber quality. They also stated 

that affected ·tubers developed brown flecks or radial streaks in the flesh 

without external abnormal appearances. Phosphorus deficiency symptoms could 

be noticed by the upward turning of leaf stalks, leaflets and their margins, 

as well as by leaflets which were smaller and darker than normal (31,45). 

Effects of Potassium on Potatoes 

According to Purvis and Carolus (52), potassium had many functions in 

the potato plant, one of which facilitates the translocation of products of 

photosynthesis and iron from one part of the plant to another. It acted as 

a "lubricant" in maintaining a high level of metabolic activity. According 

to them (52), potassium also has been found to be essent-ial for the production 
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of auxin, the growth regulator which has been found to be abundant in all 

meristematic tissue. 

Hough,land (31) indicated that the potato must have a continuous supply 

of potassium for .normal growth. He noted that yield decreased proportionally 

as the shortage of potassium increased. Fineman (20) s·howed that potassium 

fertilizers, and particularly those containing chlorides, caused a lower 

specific gravity. Gausman et al (22) stated that -- applications of 

up to 280 kilograms per hectare tended to decrease the per cent dry matter 

and specific gravity of tubers, but only slight increases in the yield were 

obtained. They found, however, that a maximum rate of 168 kilograms of 

potassium per hectare gave tubers with a consistently high specific gravity. 

Similar results were also found by Dunn and Nylund (14), and Sweetman (61), 

as well as by Terman~ al {63). They (14) stated that potash fertilizer 

containing chlorides caused a marked reduction in specific gravity, whereas 

sulfate potash did not reduce specific gravity of tubers. In their plot 

experiments Smith and Kelley {56) showed that plants receiving all the potash 

in the form of potassium chloride matured and dried earlier than did those 

containing a portion of their potassium in either the magnesium or sulfate 

form. 

Loughlin (41) reported that soil and spray applications, irrespective 

of potassium source, decreased foliar breakdown and increased tuber yield. 

Symptoms of Potassium Deficiency in Potatoes 

Houghland (31), as well as McMurtrey {45), noted that a potassium deficiency 

resulted in abnormally dark green leaves. The leaves were reduced in size and 

the plant had shortened internodes. Both of these workers (31,45) stated that 
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the early appearance of abnormally dark green foliage was one of the most 

dependable deficiency symptoms. According to these authors, the lower leaves 

became yello~ish, then a brown or bronze colour developed starting from the 

tip and edges, and finally death occurred. They also reported that plants 

with a lack of potassium showed a distinct purplish cast under certain light 

conditions. Their yields decreased proportionally as the deficiency of 

potassium increased, and potash starvation caused the flesh of the tubers to 

turn to a bluish colour. 

Critical Plant Nutrient Levels of Potatoes 

Lorenz ~ ~ (40) indicated that the concentration of all major nutrients 

would vary greatly with stage of growth and maturity, therefore, any criteria 

defining the nutrient level of the plant must take into account the age of the 

plant. Furthermore, they found that it was rather difficult to compare 

nutrient levels of many workers because of such variables as time of sampling, 

portion of plant used for analysis, methods of preparing the plant tissue and 

the method of analysis used. 

McCollum (43) reported results of analyses of petioles of the fourth 

leaf from the top of the potato plant. Nitrate -·nitrogen levels of less 

than 800 ppm and phosphorus levels of less than 400 ppm, both expressed on a 

fresh weight basis, as well as potassium levels of less than 50,000 ppm, 

expressed on a dry weight basis, were considered to be deficient. He suggested 

that double these values were considered to be sufficient. 

Emmert (17) used the lower stems of potato a month after emergence and 

showed that if the per cent nitrogen on a fresh weight basis was greater than 

1,000 ppm it was considered as optimum. If the amount of phosphorus at the stag~ 

of tuberization was greater than 200 ppm in the lower stems of the potato, it 
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was also considered as optimum. 

For samples taken at mid-season Lorenz ~ al (40) reported that on a 

dry weight basis, nitrogen levels below 50,000 ppm in leaf blades, 30,000 ppm 

in the stem and petioles, 25,000 ppm in the roots and 10,000 ppm in the tubers 

were associated with poor yields. For phosphorus, however, they found that 

the deficiency levels were approximately 5,000 ppm in the leaf blades, 6,000 

ppm in stem and petioles, 6,000 ppm in the roots and 3,000 ppm in the tubers. 

Petioles from the mid-portion of the main stem, which coincided with the 

fifth petiole from the top of the plant, were used by Terman~ al (63). The 

percentages of nitrogen, phosphorus and potassium all decreased as the plant 

matured. Their data suggested that critical values on a dry weight basis for 

total nitrogen were 40,000 ppm at full bloom and 10,000 ppm at three weeks 

after bloom. They (63) furthermore suggested that phosphorus was deficient 

if the sodium acetate soluble phosphorus was below 8,000 ppm at full bloom, 

while soluble potassium levels below 80,000 ppm at full bloom and 40,000 ppm 

three weeks after full bloom were considered deficient. 

Leaf blades of the fourth or fifth leaf from the top of the plant, taken 

35 to 45 days after planting, were used by Tremblay (67). In relating plant 

analysis to yields from field experiments, he suggested that critical levels, 

expressed on a dry weight basis, were 60,000 ppm for total nitrogen, 45,000 

ppm for potassium, 10,000 ppm for calcium and 400 ppm of acetic acid soluble 

P04~P for phosphorus. Thomas et al (65) reported an optimum value for total 

phosphorus of 3,000 ppm on a dry weight basis for the fourth leaf from the 

base of the stem sampled approximately seven weeks after planting. 



Radishes 

Environment and Growth of Radishes 

Wiebe (76) indicated that the radish evolved as a cool-season crop. 

Growth was very rapid in greenhouse production except in mid-winter, so a 

number of crops could be harvested during one growing season. He also noted 

that it was sometimes possible to grow a crop of radish between the rows of 

tomatoes (while the tomatoes were still small). For greenhouse production he 

recommended day time temperatures of 15 to 21 degrees C on bright days and 10 

to 15 degrees C on dull days with a night temperature of about 13 degrees C. 

If higher temperatures were used during dull weather, leggy, thin undesirable 

growth resulted (76). 

Moisture and Soil Requirements of Radishes 

According to Ware and McCollum (75), radishes generally produced 

·satisfactory crops on well-drained, moderately to slightly acid sandy loam 

to clay loam soils. They further stated that sandy learns were preferred for 

spring market crops, while well-drained silt and clay learns were preferred 
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for summer and winter crops. Wiebe (76) suggested that the soil should be 

well moistened just before seeding_and the surface kept moist until the plants 

had emerged. He also noted that during dull weather, overwatering resulted 

in heavy top growth and poor roots. Wiebe (76) also stated that water con

sumption of the radish crop was not high, but to encourage smooth growth, an 

adequate supply of moisture was necessary all the timeo 

Fertilizer Requirements, Placement and Timing 

Stephan and Thompson (58) reported that since radishes were a short 

season crop they usually followed a crop that had been previously fertilized, 
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such as sweet corn and celery.. If this was not the case, Wiebe (76) suggested 

that an application of three to f~ur kilograms of 20-20-20 per 100 square 

meters every two weeks shou~d be sufficient and extra nitrogen should be added 

only if nitrogen deficiency had been indicated by pale foliage. He also added 

that excess nitrogen could result in large leaves and poorly developed roots. 

As the placement and timing, Stephan and Thompson (58), as well as 

Ware and McCollum (75), suggested that a rich, fertile soil has been found to 

be necessary for rapid growth and they added that if fertilizer were necessary, 

it should be applied to the soil before seeding and incorporated to a depth of 

15 centimeters by means of a roto-tiller. 

Effects. of Nitrogen, Phosphorus and Potassium' on Radishes 

Only a relatively small amount of information was available based on 

systematic research dealing with the optimum fertilizer requirements of 

·radishes. Dhesi ~ al (11) used the No. 5 variety of white radishes in their 

experiments on a soil containing 300 ppm of total nitrogen and showed that 

84 kilograms of nitrogen per hectare consistently increased the yield 

significantly over lower rates of nitrogen. ,Additions of phosphorus and 

potassium were found to be consistently ineffective and uneconomical in 

their trials. Stephan and Thompson (58) used the variety Cherry Belle 

in their fertility experiments and found that the greatest yield effects 

were due to time of planting and moisture level. The rates of nitrogen 

application that they tested had no effect on the yield, and additions of 

potassium affected yield only if the soil moisture level was high. Hagiya 

and Takagi (25) reported that radishes sprayed three times with a foliar spray 

of a complete fertilizer showed some degree of pithiness compared to the 



untreated roots. 

Nutrient Deficiency Symptoms of Radishes 

According to McMurtrey (45), as well as Purvis and Carolus (52), 

nitrogen deficiency was indicated by retarded growth and by leaves which 

were narrow, thin and which finally became yellow in colour. The roots in 

both of these experiments were small and irregular and had a faded reddish 

colour when compared to the roots developed with an abundant supply of 

nitrogen. These same authors stated that a phosphorus deficiency in radishes 

was exhibited by stunted plants showing purplish coloured undersides to the 

leaves and having poorly developed roots. They also stated that a potassium 

deficiency showed mainly in the leaves. Such leaves exhibited a dark green 

colour in their centers, the edges were curled downwards and became pale 

yellow to brown in colour. 

21. 
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MATERIALS AND METHODS 

During the winter of 1969-70 and the summer of 1970 a number of trials 

in greenhouse and field were carried out to relate foliar analysis of potato 

and radish plants to soil nutrient levels, fertilizer application and subsequent 

yield. 

The first trial for potatoes was conducted in the winter of 1970 in the 

greenhouse at the Department of Horticulture Science, University of Saskatchewan, 

Saskatoon. Field trials of potatoes and radishes were conducted on the Canada 

Department of Agriculture Irrigation Research Farm in the summer of 1970. 

This area is located approximately one kilometer north of the University Campus. 

Foundation seed stock of the Norland potato variety and seed of the 

Champion variety of radish were used for these trials. 

Potato Greenhouse Trial 

Containers and Soil Mixture 

Plastic waste baskets (depth 23.2 em, top diameter of 20.4 em, and 

bottom diameter of 19.1 em) were used as containers in the greenhouse trials. 

Each container held approximately 6145 cubic centimeters of soil which had 

an air-dry weight of 6,500 grans. About 2,700 ml of water were required 

to initially wet this mass of soil to field capacity. 

The soil mixture used for this trial was in the ratio of 1 part peat 

moss 1 part sand : and 1 part soil, by volume. 

Trials, Desig~, Fertilizer Rates and Method of Sampling 

The lay-out of the trials was a 4 x 3 design, arranged in a random-

ized block of twelve treatments (one plant per treatment) with nine replications. 

Four levels of nitrogen, namely 168, 224, 280, 336 kilograms per hectare as 



ammonium nitrate (34 per cent nitrogen) and three levels of P
2
o

5
, namely, 28, 56 

and 112 kilograms per hectare as a triple super-phosphate (48 per cent of P2o5) 

were used in.a11 possible treatment combinations within each replicate as 

s.hown in Table 1. Due to high potassium levels in the soil potassium fertilizers 

were not added. Fertilizers were incorporated in the soil mix with a mechanical 

soil mixer prior to being placed in the pots~ Planting was done on February 23, 

1970. 

Sampling was done on three separate occasions according to the physiolo

gical stages of growth namely, before flowering (March 23 ) after flowering 

(April' 21) and before harvest (May 22). Because of insufficj_ent plant material 

to allow for petiole sampling the plants were divided equally into upper, middle 

and lower parts and analyses were made on both leaf and stem material. For the 

last sampling tubers were also included. For each sampling plants were removed 

from the three replications in a randomized manner. 

Cultural Practices 

The initial soil nutrient level was determined prior to any fertilizer 

application. This consisted of three samples from the soil mixture and these 

values were averaged. The average soil nutrient levels were 31.0 kgs/ha. of 

N0
3

-N, 26o6 kgs/ha. of NaHC0
3

-P and 453.9 kgs/ha. of NH
4

0AC-K. 

The potato seed-pieces were covered with 2.5 centimeters of soil. Each 

seed-piece carried at least two good eyes. Only one stem per container was 

allowed to grow through the whole growing season. 
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Table 1. Fertilizer treatments used for the potato greenhouse trial, 1970 

Treatment Levels ~of Amount of N Amount of P2o5 
Number Nand p added per added per 

hectare hectare 

(in· kgs.) (in kgs.) 

1 NlPl 168 28 

2 NlP2 168 56 

3 NlP3 168 112 

4 N2Pl 224 28 

5 N2P2 224 56 

6 N2P3 224 112 

7 N3Pl 280 28 

8 N3P2 280 56 

9 N3P3 280 112 

10 N~Pl 336 28 

11 N4P2 336 56 

12 N4P3 336 112 
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Potato Field Trial 

Trial Design, Fertilizer Rates and Method of Sampling 

The design was the same as that for the greenhouse potato pot trial, 

excepting that the field trial consisted of four replications. Each treat

ment consisted of a row 9.75 meters long and the rows were 0.91 meters apart, 

thus giving an area of 8.88 square meters per row. The plants within the rows 

were spaced at 30 centimeter intervals, giving a maximum of 32 plants per row. 

The treatments were separated by a single guard row. Also the end plants of 

each row were considered guard plants, leaving a maximum of 30 treatment plants 

per row. Fertilizer levels were also the same as for the earlier greenhouse 

trial (Table 1). 

Sampling was done on three separate occasions, according to the.phy~io

logical stages of growth, namely, during flowering (July 10), after flowering 

(August 4) and before harvest (August 28). At each sampling date samples were 

taken from each replicate of the treatments. 

Each sample consisted of 40 to 45 petioles of the fifth leaf below the 

growing tip of a plant. In general, the fifth leaf has been considered the 

youngest fully expanded leaf of the plant. The petiole samples consiste~ of 

that portion of the plant between the stem and the base of the first leaflet. 

Cultural Practices 

The Asquith.fine sandy loam area used in 1970 had been planted to oats 

in 1969. A complete set of soil samples was taken prior to the application of 

the fertilizer treatments. This consisted of a soil sample which was taken 

with a soil probe from each of the 0 to 15 centimeter, 15 to 30 centimeter and 
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30 to 61 centimeter depths of every treatment. A composite sample was then 

prepared for each of the three depthso These initial nutrient levels are 

given in Table. 2. 

The potatoes were planted on May 15, 1970 to an exact spacing of 30 

centimeters apart in the rows with seed-pieces cut so that each had at least 

two good eyes. Hand spades and planting strings were used to ensure accuracy 

of planting. The fertilizer was applied with a V-belt seeder on June 18 after 

crop emergence in double bands approximately 5 centimeters to either side of 

the row and as deep as, or slightly deeper than, the seed. The furrowing for 

irrigation was carried out soon after the plants were well up. The soil moisture 

level was maintained at a minimum level of 70 per cent of field capacity. The 

potatoes were top-killed with Reglone on August 29 and were harvested on 

September 8 with a one-row potato digger. All tubers were picked up by hand 

regardless of size, shape or condition. 

Radish Field Tri~l 

Trial Design, Fertilizer Rates and Method of Sampling 

The lay-out of the trial was the same as for the potato trial. The 

length and width of the rows were also the same excepting for plant spacing. 

The plants within the rows were spaced at 2.5 centimeter intervals, giving a 

maximum of 380 plants per row. There was one guard row at either end of each 

replicate. Also the end plants of each row were considered guard plants leaving 

an average of 360 treatment plants per row. 

Four levels of nitrogen, namely 0, 56, 112 and 168 kilograms as ammonium 

nit.rate (34 per cent nitrogen) and three levels of p 0 , namely 0, 56, and 
2 5 

112 kilograms per hectare as a triple super-phosphate (48 per cent of P
2
o

5
) 



Table 2. Average initial soil nutrient levels of potato field trial in 

Area 

1970 

Potatoes 

kilograms per hectare (Saskatchewan Soil Testing Laboratory), 

Depth 

0-15 em. 

15-30 em. 

30-61 Cmo 

1970. 

NO -N 
3 

7.8 

8.9 

22.4 

NaHC0
3

-P 

19.0 

8.9 

4.5 

27. 

425.6 

443.5 

470.4 



wemused, as shown in Table 3. All fertilizer combinations were included 

in each replicate. Planting was done on July 31, 1970. 

28. 

Sampling was done on three separate occasions according to the physio

logical stages of growth, namely, after emergence (August 21), beginning of 

root enlargement (August 31) and shortly before harvest (September 9). At 

each sampling period samples were taken from each treatment of each of the 

four replicates. Each sample consisted of 45 to 50 petioles taken from the 

fourth leaf. This type of leaf is located about mid-way between the young 

centre leaves and the leaves of the oldest whorl. In general, the fourth 

leaf has been eonsidered the youngest fully expanded leaf of the radish plant. 

The petiole samples consisted of that portion of the plant between the root 

and the base of the first leaflet. 

Cultural Practices 

The Asquith fine sandy loam area used in 1970 had been planted to oats 

in 1969. A complete set of soil samples was taken for nutrient analysis prior 

to fertilizer applications and consisted of two soil samples from the 0 to 15 

centimeter depth, and these values were averaged. The initial soil levels were 

39.7 kgs/ha. of N0
3

-N, 19.1 kgs/ha. of NaHC0
3

-P and 470.4 kgs/ha. of NH40AC-K. 

Seeding was done with a V-belt seeder to a depth of about 0.6 centi

meters. Fertilizer treatments were also applied at the same time with the 

V-belt seeder in double bands approximately 2.5 centimeters deep and about 

2.5 centimeters to either side of the seed. Irrigation was carried out with 

an aluminum sprinkler system and the soil moisture level was maintained. at a 

minimum of 50 per cent of field capacity. Plants were thinned one week after 

emergence to give a maximum stand of 380 plants per row. 



Table 3. Fertilizer treatments used for the radish field trials, 1970 

Treat~ent 

Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Levels of 

N and P 

N1Pl 

NlP2 

NlP3 

N2Pl 

N2P2 

N2P3 

N3Pl 

N3P2 

N3P3 

N4P1 

N4P2 

N4P3 

Amount of N 

added per 

hectare 

(in kgs.) 

0 

0 

0 

56 

56 

56 

112 

112 

112 

168 

168 

168 

Amount of P
2
o

5 
added per 

hectare 

(in kgs.) 

0 

56 

112 

0 

56 

112 

0 

56 

112 

0 

56 

i12 

29. 
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Sample Preparation and Methods of Analysis 

After sampling, petioles from the potato and radish field trials were 

separated from the leaflets with a razor bladt. These leaf petioles and the 

sections of pot~to plants from the greenhouse trial were thoroughly washed in 

tap w~ter and were then rinsed under distilled water for complete removal of 

soil particles, and any other surface contaminants. Drying was accomplished 

in a forced - draft oven over night at 65 degrees C. After drying the samples 

were ground in a Wiley Mill with a 20 - mesh screen and were stored in 6 oz. 

Whirl-paks (zipper-closed plastic bags) until analyzed. 

The samples were routinely analyzed for total nitrogen, phosphorus and 

potassium on a dry weight basis, as described by Jackson (32). Total nitrogen 

determination was carried out using the semi-micro Kjeldal method. Phosphorus 

content was determined using a wet-ash combustion method followed by analysis 

in an AutoAnalyzer using the molybdo-phosphoric blue method. Potassium content 

was determined using a wet-ash combustion method followed by analysis with a 

flame photometer (I.L. Model 143) using 15 meq. of lithium as an internal 

standard._ The above techniques were suggestad by the staff of the Saskatchewan 

Soil Testing Laboratory and the final analyses for phosphorus and potassium 

were conducted by them. 

Analysis of Data 

The initial analysis of variance was performed for all collected data. 

Duncan's Multiple Range Test of significance was used only where the variance 

ratio was significant at the one or five per cent level. Where applicable, the 

correlation coefficients were calculated. 



RESULTS AND DISCUSSION 

Greenhouse Potato Trial 

Effects of Fertilizer Rates on the Yield of Tubers 

The effect of fertilizer on the total yield of potatoes is shown in 

Table 4. None of the fertilizer combinations significantly affected the 

yield of potatoes. The highest yield obtained from the treatment N2P1 (224 kg 

N, 28 kg P
2
o

5
/ha. added to the soil) was close to the best fertilizer rates 

obtained from the later field experiment. Due to the high rates of nitrogen 

fertilizer there were no deficiency symptoms apparent in any of the plants. 

Problems were experienced in the greenhouse trial, mainly during the second 

half of the growing season, which corresponded to the time of tuberization. 

Plant growth and subsequent tuber yields were both adversely affected by 

insufficient light intensity and by aphid damage. 

Chemical Composition of Potato Plants 

Changing levels of nitrogen, phosphorus and potassium in different 

parts of the potato plants, representing three physiological stages of growth, 

namely, before flowering, after flowering and before harvest were found. 

Figures 1 and 2, as well as Table 5, show the seasonal changes of nitrogen in 

the tubers, as well as in the upper, middle and lower parts of the plants. 

Total nitrogen content in the tubers increased with increased levels of 

nitrogen application. There was a positive correlation of 0.734 and this 

was significant at the one per cent level (Figure la). 
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Table 4. Effect of fertilizer rates on the yield of Norland potatoes 

in greenhouse trials 

1970 

Nutrient applied Total yield 

(kg/ha.) 

N P205 K
2 

0 gms/pot. 

168 28 0 57.1 

168 56 0 49.1 

168 112 0 95.0 

224 28 0 121.1 

224 56 0 105.0 

224 "112 0 46.0 

280 28 0 50.0 

280 56 0 65.0 

280 112 0 72.1 

336 28 0 53.0 

336 56 0 82.2 

336 112 0 50.1 
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Table s. Seasonal changes of nitrogen content in upper, middle and lower plant parts and tubers of 

Norland potatoes in greenhouse trials, (Figures are per cent nitrogen on a dry weight basis). 

1970 

Nutrients 

applied 
Upper Part Middle Part Lower Part 

Tuber 
(kg/ha.) 

Time of sampling Time of sampling Time of sampling 

N P205 K20 1st 2nd 3rd 1st 2nd 3rd · 1st 2nd 3rd 3rd 

168 28 0 5.85 2.98 1.60 4.14 2.53 1.36 2.69 2.14 1.62 2.23 

168 56 0 6.14 2o61 1.51 4.03 2 .. 65 lo71 2o66 1.84 1.92 2.29 

168 112 o· 6.36 2.72 1.37 4.16 2.47 1.10 2.83 1.94 1.39 2.08 

224 28 0 5.94 3.52 1. 41 3.72 2.87 1.'12 2.46 2.04 1.54 2.28 

224 56 0 5.90 3.18 1.62 4.10 2.84 1.63 2o73 2.02 1.45 1.91 

224 112 0 5.66 2.94 1.95 4.55 2.80 r.96 3.42 2.48 2.21 2.31 

280 28 0 5.96 3.26 . 2.12 4.12 2.92 2.07 2o69 2.17 1.76 2.57 

280 56 0 5.75 3.79 2.27 4.11 2.96 2.03 2.74 1.53 1.69 2.38 

280 112 ·0 6o37 3.65 1.77 4.15 3.03 1.69 2.86 2o37 1.78 2. 35 

336 28 0 5.62 4.09 2.22 4.33 3.16 1.84 2.72 1.85 2.08 2.68 

336 56 0 5.82 3.92 2.06 4.19 3.09 2.08 3.59 2.45 1.18 2.66 

336 112 0 5.80 3.53 2.33 4.22 2.99 1.80 3.15 2.06 1.85 3.04 VJ 
Vl . 



Total nitrogen content of the upper plant parts sampled at three 

different sampling dates decreased uniformly with increasing maturity with 

levels of 5.85, 2.98 and 1.60 per cent, respectively,, for treatment N
1

P1• 

Increased rates of nitrogen application did not significantly increase the 

nitrogen content at first and second sampling~, however, at the third sampling 

there was a positive correlation of 0.984 and this was significant at the one 

per cent level Figure 2 illustrates the trends using the varying levels of 

nitrogen with no additional phosphorus (P
1

) as an example. Although varying 

levels of nitrogen at the two other levels of phosphorus have not been included 

in graphic form, the trends were similar. 

Total nitrogen content of the middle plant parts, at the same time as 

above, decreased uniformly with increasing plant maturity. These values were 

4.14, 2.53 and 1.36 per cent nitrogen, respectively, for treatment N
1

P
1

• 

Increased rates of nitrogen application did not significantly increase the 

nitrogen content. At the first sampling date the amount of nitrogen obtained 

was 30 per cent lower than for the first sampling of the upper plant part. 

At the second and third sampling dates this decrease was of a much lower 

magnitude (Figure 2b). 

In the lower plant parts total nitrogen content decreased only slightly 

with increasing maturity. These values were 2.69, 2.14 and 1.62 per cent 

nitrogen, respectively, for treatment N
1

P
1

• Increased rates of nitrogen 

application did not significantly increase the nitrogen content (Figure 2c). 

It is apparent that there was a uniform decrease in nitrogen levels from 

the upper to the lower plant parts (Figure 2 a, b, c,). 

Because of limited tissue and the necessity of using tissue other than 

petioles, it was not possible to compare these results with others reported in 

the literature. Further discussion is included for the potato field trials 



37. 

where the techniques used were more like those used by other workers. 

Figures 1 and 3, as well as Table 6, show the seasonal changes of phosphorus 

in the tubers, as well as in the upper, middle and lower parts of the plant. 

Increased rates of phosphorus application did not significantly increase the 

phosphorus content of the tubers. Figure lb illustrates the effects of vary-

ing levels ·of phosphorus application at the low level of nitrogen (168 kg/ha.) 

as an example of the trends. Total phosphorus content in the upper plant parts 

decreased sharply from the first to the second sampling date and then nearly 

levelled off. Increased rates of phosphorus application did not significantly 

increase the phosphorus content of the plant (yigure 3a), again using the low 

level of nitrogen application as an example. 

The amount of phosphorus in the middle part of the plant at the first 

sampling period was only about 50 per cent as high as in the upper plant parts 

at the same date, whereas, the phosphorus levels at the two later sampling 

dates were similar to those obtained for the upper plant parts. In contrast to 

this, Tyler ~ al (68) found that the relative rate of decrease with increasing 

plant maturity was about the same as for nitrate-nitrogen. 

In the lower plant parts the amount of total phosphorus at the first 

sampling date was considerably less than in the middle plant parts at the same 

sampling date, whereas, the phosphorus levels at the second and third sampling 

dates were similpr to those at the same dates in the middle and upper plant 

parts (Figure 3c). 

There was a relatively rapid decrease in phosphorus content of the 

upper plant part between the first and second sampling date~ but the decrease 

was not as great between the second and third dates (Figure 3a, b, and c). 

The highest amount of phosphorus was obtained in the upper plant part 

at the first sampling date and there was a considerable de·crease after the 
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Table 6. Seasonal changes of phosphorus content in upper, middle and lower plant parts and tubers of 

Norland potatoes in greenhouse trials (Figures are per cent phosphorus on a dry weight basis) 

1970 

Nutrients 

applied Upper part Middle Part Lower Part 
Tuber 

(kg/hao) 
Time of sampling Time of sampling Time of sampling 

N P205- K
2
o 1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd 3rd 

168 28 0 Oo81 0.16 0.19 0.42 0.13 0.12 Oo27 0.13 Ool4 Oo29 

168 56 0 0.84. 0.17 0.16 0.43 0.15 0.15 0.27 0.12 0.18 0.34 

168 112 0 0.87 0.21 Ool6 0.45 0.15 Ool3 0.32 0.15 0.14 0.31 

224 28 0 0.78 0.21 0.14 0.39 Ool4 o.·lo 0.22 0.13 0.11 0.24 

224 56 0 0.89 0.18 0.13 Oo41 0.14 0.13 0.29 Oo13 Oo11 0.20 

224 112 0 0.88 0.23 0.20 0.48 0.19 0.19 0.32 0.15 0.17 0.29 

280 28 0 0.90 0.17 0.17 0.39 0.13 0.14 0.23 0.13 0.12 0.30 

280 56 0 0.82 0.21 0.16 0.35 0.15 0.14 0.24 0.12 0.12 0.29 

280 112 0 0.92 0.22 0.17 0.34 0.16 0.13 0.31 0.16 0.13 0.29 

336 28 0 0.82 0.19 Ool8 0.40 0.13 0.14 0.27 0.11 0.1'4 o. 29 

336 56 0 0.88 0.19 0.17 0.38 0.13 0.14 0.46 0.13 0.09 0.28 

336 112 0 0.78 Oo19 0.20 0.45 0.15 0.12 0.44 0.14 0.15 
w 

0.35 1..0 . 



cessation of vegetative growth. This indicated that phosphorus was necessary for 

vegetative growth and sampling the upper part at early stages of growth may give 

the best- indication of the phosphorus content of the plant. Tyler ~ al (68) 

reported that petioles sampled after the potatoes began to bloom gave very little 

information as to the phosphorus status of the plant. 

Figures 1 and 4, as well as Table 7, show the seasonal changes of potas

sium levels in the tubers, as well as in the upper, middle and the lower parts 

of the plant. In tubers the amount of total potassium varied only from 2o40 to 

2.96 per cent for the various fertilizer levels. This was approximately the 

same level as for nitrogen and indicated that a considerable amount of potassium 

was needed for the tuberso 

The total potassium content in the upper plant parts decreased uniformly 

with increasing plant maturity. These levels were 6.10, 4.53 and 3.36 per cent 

potassiu~,respectively, for treatment N
1

P
1

. (Figure 4a) used as an example. 

The total potassium content in the middle part of the plants showed a 

higher level in the first sampling date than did either the upper or lower parts 

of the plant. These levels were 8.20, 6.10 and 5.90 per cent,respectively, 

(Figure 3b). 

In the lower plant parts the potassium showed a slightly decreased level 

for each increasing stage of maturity. The amount of potassium obtained in the 

lower plant parts at the second and third sampling dates was usually higher in 

comparison to the second and third sampling dates of the upper and middle plant 

parts (Figure 4c). This may be due to the cessation of growth after the blossom 

stage when potassium tends to move downwards in the plant. 
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Table 7. Seasonal changes of potassium content in upper, middle and lower plant parts and tubers of 

Norland potatoes ~n greenhouse trials. (Figures are per cent potassium on a dry weight basis). 

1970 

Nutrients 

applied 
Upper Part Middle Part Lower Part 

Tuber 
(kg/ha.) 

Time of sampling Time of sampling Time of sampling 

N P205 K
2
o 1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd 3rd 

168 28 0 6.10 4.53 3.36 8.20 5.23 3.80 5.90 5.53 5.00 2.86 

168 56 0 5.90 4.03 3.26 8.00 4.86 3.96 6.20 4.80 5.00 2.76 

168 112 0 5.70 4.63 3.33 7.30 5.00 4.13 6.20 4.60 4.13 2.80 

224 28 0 6.80 4.36 3.80 8.50 5.40 4.63 6.20 5.63 4.23 2.60 

224 56 0 6.10 4.70 3.46 6.50 5.03 3.73 6.10 5.30 4.50 2.46 

224 112 0 6.90 3.60 3.20 7.40 4.43 3.63 6.40 5. 20 5.03 2.40 

28 0 6.80 4.20 2.70 8.30 4.43 4.43 6.80 5.50 4.66 2.96 

28() 56 0 6.10 4.53 3.03 7.50 5.16 4.30 6.80 5.13 4.43 2.93 

280 112 0 5.80 4.13 2.96 7.30 4.66 4.13 7.10 5.36 4.50 2.76 

336 28 0 6.00 4.36 3.30 7.60 4.60 5.16 5.80 4.93 4.70 2.76 

336' 56 0 6.80 3.80 3.00 7.10 4.46 4.13 6.80 5.46 4.43 2.83 

336 112 0 6.80 3.86 3.01 6.80 4.16 4.46 6.30 4.70 4.83 2.83 ~ 
N . 



The content of potassium was highest in the middle part of the plant 

shortly prior to flowering and was considerably higher than in the upper and 

lower parts of the plant. The potassium content was as high as the nitrogen 

levels. This indicated that potassium was necessary for vegetative growth 

and especially for the tubers. 

Nutrient Composition in Relation to Yield 

In the present study none of the levels of nitrogen, phosphorus and 

potassium in the different plant parts were related to tuber yield. The 

results also indicated that increasing nitrogen and phosphorus fertilizer 

rates did not significantly increase the nitrogen and phosphorus content of 

the above-ground parts of the plant. In contrast to this, an increasing 

nitrogen level in the soil resulted in an increased nitrogen content of the 

tubers. 

Potato Field Trial 

Effect of Fertilizer Rates on the Yield of Tubers 

43. 

The effect of fertilizer treatments on the total yield of potatoes is 

shown in Figure 5 and Table 8. There were no statistically significant differ

ences in yield between the treatment combinations. The yield in treatments N1P1 

and N4P
3 

was about 41,000 kilograms per hectare each, indicating that increasing 

the amount of added nitrogen from 168 to 336 kilograms per hectare and added 

phosphorus from 28 to 112 kilograms per hectare did not increase the yield of 

tubers. This indicates that nitrogen levels used in this experiment were 

probably too high and that more levels below 168 kilograms per hectare of 

added nitrogen should have been used in order to give a gradual response. 
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Table 8. Effect of ni{:rogen, phosphorus and r-otassiuin on the yield of 

Norland potatoes grown in field trials-

Nutrient applied 

(kg/ha.) 

N P205 

168 28 

168 56 

168 112 

224 28 

224 56 

224 112 

280 28 

280 56 

280 112 

336 28 

336 56 

336 112 

1970 

Yield 

K2o kg/ha. 

0 40,903 

0 44,387 

0 44,747 

0 41,388 

0 37,669 

0 38,388 

0 40,548 

0 38,148 

0 42,827 

0 35,269 

0 40,545 

0 41,148 

45. 



46. 

Increments of 56 kilograms per hectare may have served the purpose best in these 

studies. 

Evidently sufficient available phosphorus was also present in all treat

ments as there were no significant differences in the yield with different 

rates of this element. In the present study, the highest yield of tubers 

(44,747 kilograms per hectare) obtained with the N
1

P
3 

treatment was not statis

tically higher than the yield of the N
1

P
1 

and N
1
P

2 
treatments at 40,903 and 

44,387 kilograms per hectare, respectively. There was some indication that 

phosphorus increased the yield of tubers, however, these-differences were not 

statistically significant. The results in the present study tend to agree with 

the results of such other workers as Lorenz (37) and Loughlin (42) who showed 

that phosphorus slightly increased the yield of potatoes in most soils. 

Of the several potato areas that have recently been studied and have 

be-en reported by Murphy et al (46) the rates of nitrogen used varied from 

67.2 kilograms per hectare under dry conditions to as high as 268.8 kilo

grams per hectare where potatoes were irrigated. In the areas where quality 

was improved Murphy et al (46) reported that the average nitrogen application 

was in the 134.4 to 179.2 kilograms per hectare range. In Saskatchewan, 

recommended rates for 1971 are in the range of 168 kilograms per hectare of 

nitrogen and 84 kilograms per hectare of phosphorus (Saskatchewan Advisory 

Fertilizer Council, December 1970). 

Chemical Composition of Potato Petioles 

Changing levels of nitrogen, phosphorus, and potassium in potato 

petioles at three sampling dates, namely at the beginning of flowering, after 

flowering and before harvest were found. Figure 6 and Table 9 shows how 

fertilizer treatments affected the nitrogen content of petioles. On the first 
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Table 9. Fertilizer levels a~d petiole content of total nitrogen, phosphorus and potassium of 

Norland potatoes a~ three stages of growth in field trials 

1970 

-
Nutrient applied Per cent Per cent Per cent 

(kg/ha.) nitrogen phosphorus potassium 

N P205 K
2
0 1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd 

168 28 0 2.65 1.91 1.19 0.39 0.14 0.07 9.80 7.10 4.65 

168 56 0 2.64 1.88 1.10 0.35 0.14 0.06 9.70 7.15 4.50 

168 112 0 2.78 1.87 1.05 0.44 0.15 0.07 9.95 7.20 5.15 

224 .. 28 0 2.71 1.99 1. 25 0.35 0.16 0.07 9.55 7.70 5.07 

224 56· 0 2.59 2.09 1.30 0.38 0.17 0.08 9.70 7.37 4.85 

224 112 0 2.71 2.00 1.20 0.42 0.16 0.08 9.80 7.55 4.70 

280 28 0 2.67 2.08 1.36 0.36 0.18 0.07 9.55 8.20 5.17 

280 56 0 2.77 2.00 1.29 0.34 0.14 0.07 9.50 7. 25 5.27 

280 112 0 2.89 2.06 1.23 0.42 0.16 0.08 ·9. 65 7.65 5.35 . 
336 28 0 2.71 2.66 1.30 0.36 0.15 0.07 9.75 8.20 5.50 

336 56 0 2.67 2.09 1.29 0.35 0.16 0.08 10.00 8.15 5.70 

336 112 0 2.65 2.21 1.33 0.37 0.18 0.08 9.55 7.90 5.50 
+'-
(X) . 



~. 

sampling date the amount of nitrogen in the petioles was not statistically 

different in the treatment combinations. Additions of nitrogen or phosphorus 

to the soil did ~ot influence the per cent of nitrogen in petiole dry matter 

at the first sampling. At later samplings, however, the differences in the 

amount of nitrogen between the treatments were statistically significant. 

At the second and third sampling dates increasing the rate of nitrogen ferti

lization to the soil increased the amount of nitrogen in the petioles. Although 

the Duncan's Multiple Range Test showed various co~binations to be signifi

cantly different, the only significant differences between treatments involving 

single increments were N
2 

significantly higher than N
1 

in the s~cond sampling 

and the same results were obtained in the third sampling. There were also 

positive correlations of 0.940 and 0.944 between the levels of nitrogen in 

the soil and the amount of nitrogen in the plant at the second and third 

sampling dates, respectively.· These correlation coefficients were significant 

at the one per cent level. Nitrogen was relatively high in the early season, 

but decreased uniformly as the season advanced. This is in accordance with 

the findings of Terman ~ al (63) who reported that increased nitrog:n 

fertilizer applications increased the nitrogen petiole content, but these 

levels decreased with plant maturity. No correlation was found between the 

levels of.phosphorus in the soil and the amount of nitrogen in the plant. 

The results suggest that nitrogen is needed by the plant in early 

stages for the growth of the tops and possibly nitrogen accumulation in other 

parts of the plant later in the season. This is in accordance with the find

ings of Carpenter (10) who reported that at maturity, potato plants accumulate 

about 168 kilograms of nitrogen, 16.8 kilogr~ms of phosphorus and 224 kilo

grams of potassium per hectare. He further stated that fifty per cent of the 

accumulated nitrogen and potassium was found in the tubers compared to thirty 



five per cent of the phosphorus. This was also generally in accordance with 

the findings of Emmert (18) which indicated that potatoes make their greatest 

demands on soil nitrogen during the tuber-sizing period. 

Figure 7 and Table 9 shows how the fertilizer treatments affected the 

phosphorus content of petioles. Increasing levels of phosphorus in the soil 

increased the amount of phosphorus in the petioles only at, the first sampling 

and had no effect on the amount of phosphorus in later samplings. Although 

the Duncan's Multiple Range Test showed various combinations to be signficantly 

different, the only significant difference; between treatments involving 

single increments was P
3 

significantly highe~ than P
2 

in the first sampling. 

There was a positive correlation of 0.906 between the levels of phosphorus in 

the soil and the amount of phosphorus in petiole dry matter during the first 

sampling period. This was significant at the one per cent level. This is in 

accordance with the findings of Terman_~ al (63) who reported that only in 

samples taken at the early bud stage was the content of soluble phosphorus in 

the petioles c9nsistently related to the amount of phosphorus applied ferti

lizer or to the yield of tubers. In their fertility experiments Smith and 

Kelley (56) found no significant differences, however, in the concentration 

of phosphorus in leaf petioles between different levels of fertilizer appli

cations at any time during the growing season. No correlation was found 

between different levels of nitrogen in the soil and the amount of phosphorus 

in the plant petiole. 

Total phosphorus in petiole dry matter also decreased during the growing 

season, b~t even more rapidly than did nitrogen. The rate of decrease was

rapid from the first to the second sampling, however, the rate was slower 

between the second and third samplings (Figure 7). 

The results suggest that phosphorus is needed mostly at early stages 
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sz. 

of vegetative growth. Tyler et ~ (68) reported that petioles sampled after 

the potatoes began to bloom gave very little information as to the phosphorus 

status of the plant. 

The effect of ~itrogen and phosphorus fertilizer on the amount of 

potassium is ~hown in Figure 8 and Table.9. At the first and third sampling 

dates no significant differencrswere obtained in the potassium content of 

petioles as a result of differential treatments. At. the second sampling 

date increasing the rate of nitrogen fertilization to the soil increased the 

amount of potassium in the petioles. AlthQugh the Duncan's Multiple Range 

Test showed various combinations to be signif~cantly different, there were 

no significant differences between treatments involving single increments. 

There w~a positive correlation ~f 0.987, between the rate of nitrogen 

application and the amount of potassium in the petioles. This was significant 

at the one per cent level. The different levels of phosphorus in the soil did 

not influence the amount of potassium in the plant. In contrast to this, 

Lorenz (37) reported that potassium levels were high in all samples that he 

analyzed and these levels were unaffected by any of the fertilizer treatments 

that were applied. Similar to nitrogen, there was a uniform decrease in per 

cent potassium content of leaf petiole dry matter throughout the season. 

The results suggest that, like nitrogen, potassium is needed by plants 

in early stages for the growth of the tops and possibly it accumulates in the 

lower plant parts later in the season. This was generally in accordance with 

the findings of Emmert (18) which stated that potatoes not only have their 

greatest demands for nitrogen in th~ tuber-sizing period after bloom,but also 

use the largest quantity of potassium during this period. 
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Figure 8. Potassium content of Norland potato petiolesfrom field trials as related 

to the rates of nitrogen (N
1 

= 168, N
2 

= 224, N
3 

= 280 and N
4 

= 336 kg/ha.) 

and phosphorus fertilizer applications during the growing se8son, 1970. 
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Nutrient Composition.in Relation to Yield 

In the present study no correlation was found between fertilizer levels 

in the soil and yield of potatoes nor between nutrient levels of petioles a~d 

tuber yields. Under such circumstances it is difficult to set standard values 

of nutrients in petioles and relate them to yield. In foliar analysis it is 

important to obtain significant differences in yield and relate the low yield with 

the amount of nutrients in the plant. In most cases Kenworthy (35) and Lorenz (38) 

stated that a low yield in plants coincided with low levels of nutrients in the 

petioles. According to them, the yield of plants will be below norw.al unless 

the plants contain a certain value of nutrient elements. The principles of 

foliar analysis are. difficult to apply in the present experiment because the 

fertilizer levels chosen were in the hJgh range of commercial usage and were 

not sufficiently divergent to create noticeable differences. 

Effects of Fertilizer Rates on Specific Gravity 

Akeley and·Stevenson (1), as well as Eastwood and Watts (15), indicated 

that the specific gravity has been found to be the best single criterion of· 

potato quality, being highly correlated with dry matter content, as well as 

baking and chipping quality. 

In this peresent study there were no significant differences in specific 

gravity or dry matter levels with the high rates of nitrogen and phosphorus 

application. As can be seen from Table 10, nitrogen applications higher than 

168 kilograms per hectare appeared to have a slight influence on lowering the 

specific gravity, but this decrease was not statistically significant. This is 

in agreement with results obtained by Dunn and Nylund (14), as well as by 

Hawkins ~ !1 (28), but is in contrast to the findings of Smith and Kelley (56), 

as well as those of Fineman (20) and Zandstra (77), who have reported that 



Table 10. Effect of nitrogen, phosphorus and potassium on the per cent dry 

matter of Norland potatoes grown in field trials, 

Nutrient applied 

(kg/ha.) 

N P205 K20 

168 28 0 

168 56 0 

168 112 0 

224 28 0 

224 56 0 

224 112 0 

280 28 0 

280 56 0 

280 112 0 

336 28 0 

336 :56 0 

336 112 0 

1970 

Dry Matter 

Per Cent 

22.65 

22.82 

22.82 

22.50 

22.40 

22.20 

22.05 

22.47 

22.25 

22.07 

22.35 

':22. 20 

55. 
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nitrogen fertilizer tended to lower the specific gravity. These variables were 

probably caused by the range of fertilizer lev~ls used, as well as by different 

climatic and soil conditions under which the experiments were conducted, ancl 

also probably by the size of tubers. Teich and Menzies (62) suggested that 

potato quality in response to fertilizer was negligible when compared to the 

responses to climatic and edaphic factors. 

Radish Field Trial 

Effects of Fertilizer Rates on the Yield of Roots 

The effect of fertilizer on the yield of radishes is shown in Table 11. 

Although none of the fertilizer combinations significantly affect~d the yield 

the highest yields were obtained from treatments in which no nitrogen 

fertilizer was added. Sufficient available phosphorus was apparently also 

present in all treatments as there were no significant differences in the yield 

with different rates of phosphorus fertilizer. There was some indication that 

phosphorus ma1 have influenced slightly the yield of radishes where nitrogen 

applications were not added, however, these differences were not statistically 

significant. These results generally agreed with those of Stephan and Thompson 

(58) who suggested that, since radishes were a short season crop which was 

normally grown following a crop that had been previously fertilized, the need 

for fertilizers was very small. Dhesi ~ al (11), however, in their experiments 

showed that nitrogen increased the yield of radishes, whereas, phosphorus and 

potassium had no effect on the yield. The inherent N, P and K levels in the soil 

in the present experiment were 39.7 kgs/ha. of NO-N, 19.1 kgs/ha. of NaHC03-P 
3 

and 470.4 kgs/ha. of NH
4

0AC-K and these apparently were high enough for a maxi-

mum yield of radishes. 
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Table 11. Effect of fertilizer rates on the yield of Champion radishes 

in field trials 

1970 

Nutrient applied Total yield 

(kg/ha.) kgs/9.14 

N P2o5 K 0 meter row 
2 

0 0 0 5.98 

0 56 0 6.13 

0 112 0 6.11 

56 0 0 5.69 

56 56 0 5.80 

56 112 0 5.49 

112 0 0 5.49 

112 56 0 5.60 

112 112 0 5.26 

168 0 0 4.49 

168 56 0 5.01 

168 112 0 4.97 
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Chemical Composition of Radish Petioles 

Changes in nitrogen, phosphorus and potassium. levels were found in radish 

petioles at three sampling dates representing three physiological stages of 

growth, namely, after emergence, beginning of root development and shortly 

before harvest. Figure 9, as well as Table 12, shows how the fertilizer treat

ments affected the nitrogen content of petioles. Increased rates of nitrogen 

fertilizer application significantly increased the total nitrogen content of 

the petioles at the first, second and third sampling dates. Although the Duncan's 

Multiple Range Test showed various combinations to be significantly different, 

the only significant differences between treatments involving single increments 

were N3 significantly higher than N
2 

in the first sampling, N
2 

significantly 

higher than N
1 

in the second sampl~ng and N
2 

significantly higher than N
1

, as well 

as N4 significantly higher than N
3 

in the third sampling. There were also 

positive correlations of 0.772, 0.960 and 0.542, respectively,.between the levels 

of applied nitrogen and nitrogen in the petioles for these three sampling dates. 

The differences were significant at the one per cent level for the first and 

second sampling dates, whereas at the third sampling these differences were 

significant only at the five per cent level. Increasing the levels of phosphorus 

·did not influence the total nitrogen content of petioles. 

The total nitrogen content of radish petioles changes considerably during 

the growing season. Nitrogen was relatively high in the early seaso~ and decreased 

very rapidly from the first to the second sampling, however, the decline was 

much slower between the second and third samplings (Figure 9 and Table 12). The 

results suggest that nitrogen is needed mostly at the early stages of vegetative 

growth, but no supporting literature references were found. 

Figure 10, as well as, Table 12, shows now the feJ;tilizer treatments 

affected the phosphorus cpntent of petioles. Increased rates of phosphorus 
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Table 12. Fertilizer levels and petiole content of total nitrogen, phosphorus and potassium of 

Champion radishes at three stages of growth in field trials. 

1970 

Nutrient applied Per cent Per cent Per cent 

(kg/ha.) nitrogen phosphorus potassium 

N P205 K2o . 1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd 

0 0 0 5.14 2. 96 2.66 0.39 0.32 0.24 3.60 5.72 4.20 

0 56 0 5.37 3.04 2.71 0.47 0.36 0.26 3.60 5.47 4.17 

0 112 0 5.48 3.00 2.65 0.49 0.39 0.27 3.80 5.50 4.17 

56 0 0 5.27 2.99 2"91 0.39 0.33 0.24 3.57 5.60 4.15 

56 56 0 5.49 3.23 2.91 0.44 0.40 0.30 3.62 5.45 4.20 

56 112 0 5.60 3.30 2.83 0.50 0.42 0.30 3.57 5.37 4.20 

112 0 0 5.73 3.22 2.82 0.40 0.35 0.24 3.47 5.27 4.20 

112 56 0 5.85 3.49 2.87 0.51 0.45 0.29 3.32 5.42 4.12 

112 112 0 5.51 3.23 2.60 0.46 0.'39 0.30 3.45 5.32 4.25 

168 0 0 5.60 3.53 2.78 0.39 0.34 o. 25 3.37 5.27 4.10 

168 56 0 5.57 3.39 3.09 0.43 0.37 0.30 3.12 5.17 3.90 

168 112 0 5.61 3.29 2.88 0.47 0.40 0.28 3.47 5.30 4.12 0'\ 
0 
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related to the rates of phosphorus (P
1 

= 0, P
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= 112 kg/hao) 

and nitrogen fertilizer applications during the growing season, 1970 
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fertilizer_application significantly increased the total phosphorus content of the 

petioles at the first, second and third sampling dates. Although the Duncan's 

Multiple range test showed various combinatious to be significantly different, 

the only significant differences between treatments involving single increments 

were P
2 

significantly higher th~n P
1 

in the first sampling, and the same results 

were obtained in the second sampling as well as in the third sampling. There 

were positive correlations of 0.965, 0.929 and 0.853, respectively~ for levels 

of applied phosphorus and phosphorus in the petioles at the first, second and 

third sampling dates, and these were significant at the one per cent level. 

Increased nitrogen rates did not have any affect on the ton[ phosphorus content 

of petioles. 

Total phosphorus content of radish petioles was relatively high in the 

early season and decreased with maturity. Th.is decrease was slow between the 

first and the second sampling, however, at the third samp~ing the decrease was 

of a ,g:ceater magnitude. The results suggest that phosphorus content of the 

petioles should be relatively high until at least the initiation of root 

enlargmento 

Total potassium levels in the petioles (Figure 11 and Table 12) were 

not significantly affected by any of the fertilizer treatments. In contrast to 

nitrogen and phosphorus, the potassium levels we.reconsiderably higher at the 

second sampling compared to the first and third sampling dates. The results 

suggest that potassium was needed mostly for root development rather than for 

vegetative growth. 
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Relation Between Petiole Analysis and Yield 

Although increasing soil application rates of nitrogen and phosphorus 

increased the total nitrogen and phosphorus levels in the petioles~ no significant 

correlations were obtained between petiole content and yield. 
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SUMMARY AND CONCLUSIONS 

During the winter and summer of 1970 a number of fertility trials in 

greenhouse and field were carried out on irrigated Norland poatoes and Champion 

radishes. In each trial four levels of nitrogen and three levels of phosphorus 

were used. 

In potato trials, both in the greenhouse and in the field, none of the 

fertilizer combinations significantly affected the yield of potatoes. In 

greenhouse trials increasing nitrogen and phosphorus fertilizer rates did not 

signficantly increase the nitrogen content in the various plant parts, 

excepting for nitrogen at the third sampling of the upper plant parts and the 

tubers, where positive correlations were obtained between the rates of nitrogen 

applications and the levels of this same element in these plant parts. No 

significant differences were obtained in potassium plant levels as a result of 

differential, treatments. In potato field trials the only significant differences 

in petiole levels of nitrogen due to increased rates of nitrogen application 

were obtained at the second and third sampling dates where positive correlations 

were obtained between the rates of nitrogen applications and the petiole levels 

of this same element. Significant differences in petiole levels of phosphoru~ 

due to increased rates of phosphqrus application were obtained only at the first 

sampling date where positive correlations were obtained between the rates of 

phosphorus applications and the petiole levels of this element. Similar to 

nitrogen, significant differences in petiole levels of potassium due to increased 

rates of nitrogen application were also obtained only at the second sampling 

date where positive correlations were obtained between the rates of nitrogen 

applications and the petiole levels of this element. 
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In the radish trials also none of the fertilizer combinations signifi

cantly affected the yield of radishes. Increased rates of nitrogen application 

increased the nitrogen content of the petioles at each of the three sampling 

dates where positive correlations were obtained between the rates of nitrogen 

application and the petiole levels of this same element. Similar to nitrogen, 

increased rates of phosphorus application increased the phosphorus content of 

the petioles at each of the three sampling dates where positive correlations 

were obtained between the rates of phosphorus application and the petiole 

levels of this same element. No differences were obtained in potassium 

petiole content as a result of differential treatments. 

It is suspected that the high levels of nutrient applications used in 

these studies were responsible for the lack of correlations between foliar 

analyses and tuber yields. 
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