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A technique for collecting petiole samples from sugar beet fields for 
nutrient assay has been used in California for several years (9, l l ) 3 . This 
procedure appears to correlate well with observed growth differences and 
the results of field experiments, particularly with respect to nitrogen, the 
principal nutrient limiting yields (10) . Aside from the work of Brown (1) 
in Colorado, there has been little emphasis on the size of sample necessary 
to estimate with sufficient accuracy the nutrient status of a given field for 
practical fertilizer recommendations. 

With the increasing use of petiole analysis, it seemed desirable to in
vestigate more thoroughly the sources of variation involved in this procedure 
and, if possible, to improve the overall technique. T h e procedure used 
until now to collect petiole samples from commercial fields in California 
has been described (8) . Briefly, it consists of dividing the field to be 
sampled into equal parts of approximately 10 acres or less; walking across 
each section at right angles to the rows and collecting 30 to 40 petioles at 
equally spaced intervals. Fields up to 40 acres in size are represented by 
four samples each and larger fields by more, each 10 acres being represented 
by a separate sample. 

Procedure 
Over a three-year period, 17 different fields were selected for petiole 

sampling in the following counties: eight in Yolo, five in Monterey and 
four in Kern. Each field was sampled by collecting individual petioles at 
uniform intervals while walking across the rows in the middle of a 10-acre 
area. Such an area would normally constitute a sampling unit from which 
30 to 40 petioles would be taken. Each petiole selected for analysis was 
from a leaf defined by Ulrich (8, 9) as "a youngest mature leaf." 

In three of the fields four petioles were collected at each of 25 locations. 
At each location two of the petioles were taken from the same plant and 
two taken from another plant located within a few feet of the first. In the 
remaining fields 25 petioles were taken at equally spaced intervals. 

The petioles were bagged separately in the order of their collection, 
dried, ground and analyzed for nitrate-nitrogen (5, 8) , phosphate-phosphorus 
(8) , and sodium. After the plant material had been ashed as previously 

described (8) , the ash was taken up in nitric acid (0.16N, final concentra
tion) and analyzed for potassium and sodium by the lithium internal stand
ard method for a flame photometer (Perkin-Elmer, Model 52A) . Two deter
minations, one on one day and the other on another day, were made on 
each petiole. 

The results of the petiole analyses were analyzed statistically by the 
usual methods of analysis of variance. T h e components of variance, vari
ance of a single determination, confidence limits and coefficients of variation 
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were determined by the procedures outlined by Brownlee (2) , Cochran and 
Cox (4) and Snedecor (6) . Specific examples of the calculations are given 
as footnotes to Table 2. 

Results of Intensive Sampling 

The components of variance associated with petiole sampling of sugar 
beet fields, expressed as percentages of the total variation, are given in 
Table 1 for the nitrate, phosphate, potassium, and sodium determinations of 
three fields sampled intensively. Of the two main sources of variation in 
the field and in the laboratory, those in the field, as expected, greatly ex
ceeded the variations in the laboratory. Within the field, surprisingly enough, 
the variations from petiole to petiole within a beet exceeded those from 
beet to beet or from location to location, particularly the nitrate determina
tion of field HY. Large variations between petioles within a beet also 
appeared in the other fields in the nitrate, phosphate, potassium and sodium 
determinations. Surprising, too, was the fact that in some instances there 
was no significant component of variation for locations within a field, which 
indicated that the variations from beet to beet within a location were as 
great as those of locations within a field. 

The components of variance of the chemical analyses of the petiole 
samples were minute compared to the components of variation within the 
field. In all instances, except for nitrate-nitrogen in field HY, the analytical 
variation was less than 2 percent of the total variation, sampling plus 
analysis. Within the analytical variations the component between dates 
was significant in most cases, but this constituted less than half the total 
analytical variation of the nitrate determination, except in field HY where 
the variation for analysis was exceptionally large. With the possible excep
tion of nitrate analyses made of high-nitrate samples, there is little to be 
gained from further improvements in analytical methods to increase the 
precision of petiole sampling of sugar beet fields. This conclusion is sup
ported by the results of sampling 14 more fields in Yolo, Monterey and 
Kern counties in which the variations of field sampling and of laboratory 
analysis are compared (Tables 2, 3, 4 and 5) . 

Since the components of variation between petioles within a beet and 
between beets within a location proved to be highly significant in all cases, 
this might imply that the order of selecting two petioles from a single beet 
or from two adjacent beets could be important in the petiole sampling 
of sugar beet fields. Once a leaf is selected from a plant, the second leaf 
selected might conceivably be less desirable for analysis than the first. Sim
ilarly, once a beet is selected for sampling within a location, the second 
beet might differ consistently in some significant manner from the first. 
Considering these as possibilities, statistical analyses were made of the results 
of the first petiole compared with the second petiole of each beet, and of 
the petioles of the first beet with the second beet. These proved to be non
significant. Apparently, there is no consistent pattern followed by a field 
man in selecting the first beet to be sampled or in selecting the first petiole 
on a beet for analysis. This conclusion, however, may not be true of all 
field men or of all fields to be sampled. 



Table 1.—Components of Variance as Percent of Total Variance for Nitrate, Phosphate, Potassium and Sodium Determinations for Dried Petioles 
of Recently Matured Leaves. 

1 See Table 2 for field designations. 
2 Total variance values for NO3-N and for PO4-P have been multiplied by 1/100. 
'Components of variance were calculated according to procedure by Brownlee (2). 
4 Significant at the 5% level. 
5 Significant at the 1% level. 
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Results of Extensive Sampling 
Although the intensive sampling of three sugar beet fields, involving 

2,400 separate chemical analyses, showed conclusively that the bulk of the 
variation in petiole sampling was in the field rather than in the laboratory, 
more information about the nature and extent of the field and laboratory 
variations seemed desirable. For this study a single petiole from each of 
25 locations in a field were taken at equidistant intervals across the plant 
rows in five more fields in Yolo county, five in Monterey county and four 
in Kern county. Each petiole was analyzed for the same constituent on two 
different days: nitrate-nitrogen, phosphate-phosphorus, potassium and sod
ium. The analytical results of these fields along with those of the three 
original fields intensively sampled are given in Tables 2, 3, 4 and 5. 

Nitrate-Nitrogen 
The results tabulated in Table 2 give the ranges in nitrate-nitrogen 

values, the confidence limits of the mean, the components of variance, the 
gains in precision of different numbers of petioles per sample and times 
of analysis, the variances of single determinations and the coefficients of 
variation of each field. Of particular interest in Table 2 is the wide range in 
nitrate-nitrogen values from field to field and within fields. For example, 
in field HY the average value is 19,600 ppm., the highest 28,400 and the 
lowest 13,700. If the critical petiole nitrogen concentration at which a 
response to nitrogen fertilization may be expected is 1,000 ppm. on a dry 
basis, then the entire field in HY is amply supplied with nitrogen at the 
time the petiole samples were taken. Proceeding down the list and judging 
by the mean values alone, all fields are adequately supplied with nitrogen 
except field 10Y. Logically, though, nitrogen adequacy would decrease with 
a decrease in the mean nitrogen values. Thus, mean values of less than 
3,000 ppm. nitrate-nitrogen would be considered as approaching the danger 
line and additional petiole samples should be taken frequently if an ade
quate supply of nitrogen is to be maintained within the beets at all times. 
Experience has shown that once the nitrate-nitrogen values fall below a 
mean value of 1,000 ppm., the beets grow less than those above this value (10) . 

Decisions as to the desirability of adding nitrogen to a field of beets 
must also consider the degree of reliability or confidence which may be 
placed in mean values obtained by petiole sampling. When nitrate values 
are determined from samples consisting of 25 petioles and one analysis, 
the decision to observe or not to observe a field more closely is influenced 
by the variability of the individual plants in the field. This is definitely 
true for fields in Kern county where the petiole samples were collected from 
fields which were obviously spotty as shown by visual observations, by 
petiole tests in the field for nitrate with diphenylamine reagent (7) , and 
finally by the chemical analysis of the petioles themselves. 

The great importance of the individual petiole nitrate values was 
not fully realized until the laboratory analyses for nitrate were completed 
and tabulated. Thus, similar mean nitrate values of different fields re
flected entirely different distributions of the petiole nitrate values in the 
field, as in fields 13 K and 7 Y. In field 13 K, which had a mean value of 
4,130, 36 percent of the beets sampled were below 1,000 ppm., and field 
7 Y, which had a lower mean value, 3,610 ppm., had only 8 percent of the 



Table 2.—Nitrate-Nitrogen in Petioles Expressed in Parts Per Million on a Dry Basis for 17 Sugar Beet Fields as Related to the Ranges of Values, 
Confidence Limits, Components of Variance, Variances of Single Determinations, Gains in Precison and Coefficients of Variation. 

2 
3Confidence limits = mean ±t (Variance of technique)1/2, e.g., for single analysis on composite of 25 petioles, 19,600 ± 1.96 (24,172)1/2 = 19,600 

3,050; for duplicate analyses on composite of 50 petioles, 19,600 + 1.96 (12,086)1/2 = 19,600 + 2,155. 
4 Using the limit of error for single analysis, 25 petioles composited, as 100%; the gain in precision for a 50-petiole sample, one analysis, equals 3,050 

- 2,954 x 100 = 103.2% or a gain of 3.2%. 
5 Gain in precision for duplicate analyses, 50 petioles, equals 41.4% for all fields. 
8 Coefficient of variation (C. V.) = (Variance for single analysis, 25 petioles composited)1/2 mean x 100. 
7 Significant at the 5% level. 
8 Significant at the 1% level. 
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beets below 1,000 ppm. Accordingly, for greater precision in judging the 
nitrogen status of a field of beets, the testing of individual plants or at 
least observing them closely in the field should be encouraged, particularly 
in areas sampled for the first time. 

A review of the confidence limits of the nitrate means in relation to 
the number of petioles taken per sample and to the number of times each 
sample is analyzed is informative. On the average, more precision is gained 
by taking more petioles in the field rather than by making more analyses 
of the same sample in the laboratory. Only when the nitrate vaiues are 
exceptionally high is there an appreciable gain in precision by making 
duplicate analyses of the same sample. In no case does this gain in pre
cision by more analyses of high-nitrate samples have an effect on the in
terpretation of the results. Even when the number of petioles taken for a 
sample is doubled the maximum gain in precision in any one field is less 
than 40 percent. This improvement in precision, however, occurs mainly 
in the low-nitrate samples when an increase in precision is highly desirable, 
so more petioles per sample should be taken in the field whenever possible. 

Still more important for an accurate evaluation of the nutrient status 
of a field of beets, however, is the taking of more samples from the same 
field; for example, one from each quarter section of a field. This yields 
much more useful information than the collection of 50 petioles per 
sample with two analyses per sample, because in the taking of more samples 
per field a measure of the variation of the plants in each field is obtained, 
an important consideration in the selection of a fertilizer program for a 
field of sugar beets. 

The components of variance found in the 14 fields sampled extensively 
agree with the findings for the three sugar beet fields sampled intensively. 
Again, most of the variations are from petiole to petiole in the field and 
not in the laboratory analyses. The coefficients of variation indicate con
siderable variation in this statistic from field to field but there is no con
sistent trend in the values which might offer a better treatment of the 
results in the present sampling technique studies. 

Phosphate-Phosphorus 
The range in phosphate-phosphorus values of the 17 fields recorded 

in Table 3 differs just as strikingly as the nitrate values already discussed. 
If the critical phosphate-phosphorus concentration in the dry petioles is 
taken to be 750 ppm., then only one field has an average value below this 
figure, even though all but six fields sampled have some petioles con
siderably less than this value. If the phosphate-phosphorus value of the 
17 fields should have been found at the lower confidence limit for each 
mean, this would have changed the interpretation of the phosphorus status 
of only one field; namely, field 8 Y, from a low phosphorus status to one 
that is below the critical concentration. At the upper confidence limit the 
single field now below the critical concentration would be just above the 
critical phosphate-phosphorus concentration. In either case the beets would 
be classified as low in phosphorus, and methods of raising the phosphorus 
levels within the plants would be considered carefully, particularly if later 
samplings should show further declines in phosphorus status. 

Deciding whether or not to fertilize a field of beets with phosphorus 
on the basis of a single sample may not be justified unless the variability 



Table 3.—Phosphate-Phosphorus Expressed in Parts Per Milion on a Dry Basis for 17 Sugar Beet Fields as Related to Ranges of Values, Confidence 
Limits, Components of Variance, Variance of Single Determinations, Gains in Precision and Coefficients of Variation. 

12 3 4 56 7 8 Forr explanation see Table 2. 
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of the phosphorus status of the beets within the field is also known. Just 
as in the nitrate-nitrogen values, similar mean values were observed for 
different ranges in phosphate values. In field 13 K, with a mean value of 
1,572, 12 percent of the petioles were below the critical concentration, 
while in field 5 M, with an average value of 1,523, no values were below 
the critical concentration. Thus, the likelihood of an increase in average 
yield in field 13 K is better than in field 5 M. Again, it should be emph
asized that in fields sampled for the first time a measure of the within-field 
variation should be obtained in order to evaluate the likelihood of response 
to phosphatic fertilizers. Timing is also important in the successful fer
tilization of beets, particularly the stage of development of the plants at 
the time of the deficiency, the duration of the deficiency and the timing 
of the fertilizer applications. 

Increasing the number of petioles taken per sample from 25 to 50 
appreciably decreased the limits of error of the mean, while increasing the 
number of analyses per sample from one to two just slightly decreased 
these limits. The gain in precision of a 50-petiole sample over a 25-petiole 
sample was approximately 25 percent, duplicate analyses over a single 
analysis 9 percent, and for both a 50-petiole sample and duplicate analyses, 
41 percent. 

The components of variance, just as for nitrate, were made up mostly 
of variations from petiole to petiole in the 25 locations in the field and not 
from the variations of analysis in the laboratory, except in field 3 S. Even 
in this field the component of variation for analysis was only 10.4 percent 
of the total variation, in contrast with an average variation of 1.7 percent 
in the remaining fields. The coefficients of variation on the average were 
considerably less than those of the nitrate determination. 
Potassium Analyses 

The potassium values of the individual petioles also differed greatly 
from each other (Table 4) . The highest potassium value, 11.44 percent, 
was observed in field 10Y and the lowest, 0.76 percent, observed in 
field 4 M. The means of these fields ranged from 7.26 percent to 1.50 per
cent. If the critical potassium concentration at which a response to potassium 
fertilization may be expected is tentatively set at 1.00 percent, then none 
of the fields sampled was below this value. Individual petioles in field 
4 M, however, were below the 1.00 percent level in 16 percent of the petioles 
sampled. If potassium is added to this field and the increased growth in 
the deficient beets is large enough to give a significant increase in yield for 
all the beets in the field, deficient and non-deficient, then a higher mean 
potassium value is indicated at which a response may be obtained under 
field conditions. Thus, the interpretation of the mean values of field samples 
could well depend upon the degree of variation of the beets sampled. Critical 
concentrations of fields of uniform beets would be lower than those of 
fields with highly irregular beets. 

The limits of error of the mean potassium values (Table 4) are so small 
that no change in the interpretation of the results appears necessary, even 
if the mean values are taken at the lower confidence limit. At the higher 
confidence limit the interpretation of the mean values also remains the 
same since none of the values is below the 1.00 percent level. Again, the 



Table 4.—Potassium in Petioles Expressed in Percentages on a Dry Basis for 17 Sugar Beet Fields as Related to Ranges of Values, Conadence 
Limits, Components of Variance, Variance of Single Determinations, Gains in Precision and Coefficients of Variation. 

12 3 4 5 6 7 8 For explanation see Table 2. 
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gains in precision are increased by taking more petioles per sample than 
by making duplicate analyses of either a 25- or 50-petiole sample. Appar
ently, by using a flame photometer the analysis of the plant material for 
potassium and for sodium is so precise that little is gained by making more 
analyses of the same sample. This fact and the low coefficients of variation 
of a single analysis of a 25-petiole sample again indicate that more useful 
information about the nutrient status of a field of beets would be gained 
by analyzing individual petioles or by taking more 25-petiole samples than 
by taking more petioles per sample. 
Sodium Analyses 

The recent interest in the sodium content of beets as a means of im
proving beet varieties, the possible essential nature of sodium as a plant 
nutrient, and the ease of determining sodium with a flame photometer 
make the inclusion of this element in the present petiole-sampling technique 
study highly desirable. The results of these analyses and their statistical 
evalutaion are given in Table 5. Again, there is a wide range of sodium 
values in the petioles, 9.00 percent in field 8 Y and only 0.35 percent in 
field HDY. The sodium means of these fields were as high as 5.60 percent 
and as low as 1.84 percent. 

The confidence limits of the means of all fields are exceptionally nar
row and, accordingly, many of the differences between the means are statistic
ally significant even though the biological significance of the values is not 
known at present. Biologically, there seems to be an inverse relationship 
between potassium and sodium; for example, the petioles with the highest 
potassium content (Table 4) have the lowest sodium content (Table 5) , 
and those with the highest sodium content have the lowest potassium con
tent. This inverse relationship is not consistent, however, since the petioles 
with the third highest potassium content also have the third highest sodium 
content, showing that there is no simple relationship between potassium 
and sodium under field conditions. 

A review of the components of variance in the field and in the labora
tory again points conclusively to the fact that the variations from petiole 
to petiole in the field are far greater than the variations within the laboratory. 
Improvements in precision can be made by taking more petioles per sample, 
but at present more useful information is gained by taking more samples 
per field instead of taking more petioles per sample. 

Discussion 
The number of individuals which must be selected at random in order 

to characterize a population within satisfactory limits of error depends upon 
the variability of the individuals within the population. In petiole sampling 
of beet fields, the variability of the petioles is largely composed of three 
components of variation, of which the variation from beet to beet within 
the field and between the petioles within the beet are the largest, while the 
variations between replicated analyses for nitrate, phosphate, potassium 
and sodium are relatively small. Theoretically, once the overall variability 
of the petioles from beet to beet within a field has been determined the 
number of petioles required for a given precision can be calculated readily. 
Basically, sampling precision increases with the square root of the number 
of petioles taken per sample. 



Table 5.—Sodium in Petioles Expressed in Percentages on a Dry Basis for 17 Sugar Beet Fields as Related to Ranges of Values, Confidence Limits, 
Components of Variance, Vaiances of Single Determinations, Gains in Precision and Coefficients of Variation. 

12 3 4 5 6 7 8 For explanation see Table 2. 
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Because of this relationship, the greatest increase in precision results 
from adding the first few petioles to the number of petioles already taken 
per sample, and thereafter the gain in precision is relatively small unless 
the error variance is large. Even with the large error variances present in 
petiole sampling of sugar beet fields, the gain in precision of a 50-petiole 
sample over a 25-petiole sample is on the average only 28.3 percent for 
nitrate, 25.1 percent for phosphate, 25.8 percent for potassium and 28.5 
percent for sodium (Tables 2, 3, 4 and 5) . The gains of a 100-petiole sample 
over a 50 petiole sample are still less. Thus, when more petioles are to be 
taken from a field, especially more than 50 petioles, it would be better to 
take more samples from a field than to take more petioles per sample. 

This conclusion contradicts that offered by Brown (1) ; he stresses the 
need for greater precision per sample rather than the gaining of information 
about the variability of the nutrient status of a field. By knowing the 
nutrient variability of the beets in a field, the fertilizer requirements of the 
crop can be estimated much more accurately than otherwise. In practice this 
means that higher critical nutrient levels will be observed in highly vari
able fields and lower critical levels in uniform fields. 

Under some conditions the use of critical nutrient concentrations as 
a guide to the fertilization of sugar beet fields might be improved by using 
a rapid procedure to estimate the proportion of the plants in the fields 
below or above the critical nutrient level. 

For example, this can be done easily for nitrogen by using the di-
phenylamine test for nitrate on petioles of recently matured leaves (7) . When
ever 25 percent or more of the field is deficient in nitrogen by this test, 
i.e. below the critical concentration, nitrogenous fertilizers should be added 
to the field. This procedure is especially important in very spotty fields 
such as those observed in Kern county. In field 13 K, as already mentioned, 
36 percent of the petiole nitrate values were less than 1,000 ppm., and yet 
the average value was 4,130 ppm., a figure well above the critical concen
tration. In another field, 2 S, with an average value of 2,984 ppm., only 
12 percent of the samples were less than 1,000 ppm. 

Thus, blind adherence to the interpretation of the nutrient status of 
beet crops based solely on petiole analyses of composite samples without 
field observations would certainly lead to faulty recommendations in spotty 
fields. In this particular case field notes included the observation that the 
pattern of field 13 K was extremely irregular and would require the col
lection of two distinct samples, one from lush green plants and the other 
from stunted plants with yellow leaves. The results of the samples taken 
separately, as shown by an analysis of the individual petioles, would have 
shown that the samples from the green plants were high in nitrate and 
the other from the yellow plants much less than 1,000 ppm. of nitrate-
nitrogen. 

In the case of potassium nutrition field variability, supported by field 
or laboratory analysis, may be disclosed by the amount of leaf scorch present 
in the beet field. The amount of necrotic spotting in alfalfa has been found 
to correlate closely with potassium deficiency in the field (3)-, and a similar 
procedure-may be found satisfactory for sugar beets whenever areas deficient 
in potassium are studied intensively. Unfortunately, phosphorus-deficient 
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plants have no clearly defined deficiency symptoms, except possibly small 
dark green leaves, which can be used readily to estimate the proportion of 
phosphorus-deficient plants in a beet field. Fortunately, field and laboratory 
tests for phosphorus are not difficult to make and can be relied upon for 
petiole variability studies. 

Summary 
A detailed study of the technique used in petiole sampling of sugar 

beet fields for evaluating the nutrient status of beet crops was made on 
17 different fields selected over a three-year period in Yolo, Monterey and 
Kern counties of California. 

A statistical analysis of the nitrate, phosphate, potassium and sodium 
contents of the individual petioles showed that the components of vari
ance between petioles within a beet, between petioles of adjacent beets 
and between petioles of beets at different locations within a field were 
large, and furthermore were not related to the order of selecting the petioles 
within a beet or of beets within a field location. The components of vari
ance for the chemical analyses of the petioles, within and between dates 
of analysis in the laboratory, were exceedingly small, averaging less than 
2.5 percent of the total variance of sampling. 

From these observations it seems that the greatest gains in precision 
are obtained by increasing the number of petioles taken per sample and 
not by analyzing the same sample more times. Even though the largest 
gains in precision are made by taking more petioles per sample, the gains 
are confined mainly to the first few petioles added to the sample. Thus, 
the average gain for a 50-petiole sample over a 25-petiole sample is only 
25 percent, and for more than 50 petioles the gains over a 50-petiole sample 
are still less. In a further consideration of the sampling problem, particularly 
in relation to critical nutrient levels, more useful information is obtained 
by taking more samples per field than by taking more petioles per sample. 

T h e ultimate in sampling procedure is the testing of individual petioles 
so that the proportion of deficient to non-deficient plants within a field 
can be estimated accurately. By knowing the proportion of deficient to 
non-deficient plants within a field, a better evaluation of the nutrient re
quirements of the crop can be made than by using mean nutrient values 
alone. 
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