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ABSTRACT
THE INFLUENCE OF NITROGEN AND PLANT
POPULATIONS ON SEVERAL CULTIVARS OF
PICKLING CUCUMBERS
By

Christopher John Rajzer

Early and late plantings of several cultivars of

pickling cucumbers Cucumlis sativus L, were evaluated

under various levels of preplant N and plant populations.
Cultivars responded to treatments differently in fruit
ylelds, sex expression, frult set, and length to dlameter
ratios. Increasing nitrogen rates to 67 kg/ha increased
yields (metric tons and dollars/ha) in the early planting
only, and 101 kg/ha appeared to suppress yields in both
plantings. High nitrogen rates (67 and 101 kg/ha) reduced
the percent cull fruilt in the first planting. Increasing
the plant populations increased yields only when N was
sufficient. Increasing populations from 99,000 to 296,000
plants/ha increased the percent culls, but oversize fruit
decreased with increasing plant populations. Yield was
positively correlated to percent plstillate flowers and
fruit number per vine,

Cucumber plants and frult were analyzed at harvest to

determine the plant nutrient content and nutrient removal
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by frult. Factors studied were time of planting, culti-
vars, N levels, and plant populations. The mean plant
nutrient content of N, P, and K was 103, 9, and 147 kg/ha,
respectively, with mean nutrient removal of 22, 3, and

38 kg/ha, respectively. The nutrient levels of three
cultivars were increased by added N and increasing plant
populations. Nitrogen treatments influenced plant nutrient
content. Yields and percent cull fruilt were also affected.
As plant population 1increased, both total nutrient con-
tent in the plants and nutrlent removal by fruilt decreased.
Nutrient removal from a field by cucumber frult is about

25 percent of the total plant's content at harvest.
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INTRODUCTION

There are many factors influencing the yields of pickling
cucumbers (Cucumis sativus L.). Some of these factors are
cultivars, nutrients, or plant populations which are somewhat
controllable, or local environmental factors which are variable.
Cultivars may respond differently to various fertilizers and
plant population. The nutrient concentration of pickling cucum-
bers varies with application of fertilizers, spacing, and the
physiological age of plants.

The invention of a mechanical once-over harvester aroused
interest in new cultural practices. Plant populations changed
to increase yields. Monoecious cultivars were replaced with
earlier maturing cultivars which were predominantly female.
Therefore, nutrient requirements and uptake by plants grown
under these practices should be different. |

The objective of this study was to examine the response
of cultivars as well as the influence of plant populations and
nitrogen, and how their main effects and interactions may be
related to cucumber growth, sex expression, yields, and to

evaluate plant and fruit nutrient contents.






LITERATURE REVIEW

Hoglund (1958) stated that there are many factors that
can interact to influence the overall yield of pickling cucum-
bers. These determinate factors are local environment over
which we have little control, cultivars and nutrition, as
well as plant populations which man can alter to influence
yield.

Before the early 60's most of the pickling cucumbers were
harvested by hand several times throughout the growing season.
About this time a once-over machine harvester was developed
that required higher plant populations and different fertilizer
rates to obtain maximum yields. The literature does not
provide adequate information on optimum growth determinates
and their interaction for machine harvested cucumbers. However,
it does describe the responses of the pickling cucumber plants

to several growth factors.

Nutritional Requirements of Cucumber

One of the earliest studies on nutritional requirements
of pickling cucumbers was by Magrude (1933) in southern Ohio.
After a long study, he indicated that cucumbers benefitted from
the application of 1.0 T/A of limestone and the application of
manure yearly. Magrude did not report on the pH of the soil
nor the organic matter content but one might suspect that it

was sandy acidic soil. When commercial fertilizers became

2
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available, researchers compared their effectiveness to
established practices. This led to Comin and Bushnell's
(1928) work with slicing cucumber. With the application of
lime during the early years of their experiment, no increase
in yield was observed even though the initial pH was 5.6. A
marked increase in yield was recorded with the use of 77 1b/A
of N supplemented with superphosphate. With the application
of 160 1b/A of N (nitrate of soda) and manure, yields were
still greatly increased with no indication of leveling off. K
application was not profitable and only small quantities of P
were needed. In contrast, two years later, Bushnell (1930)
reported that his cucumber crop showed the highest response to
K and that this had now become the limiting element.

With the development of complete fertilizers, nutrition
studies became more numerous. Seaton et al. (1936) indicated
that 16 T/A of manure gave a slightly better yield than 1220
1b of 4-10-4 fertilizer. Two years later in New York, Dearborn
(1936) had the foresight to see that commercial fertilizers
would some day become an important tool to vegetable growers.
He observed that high N levels increased vegetative growth and
fruit size of cucumbers.

Anderson (1941) recommended 800 to 1000 1b/A of 6-8-8 for
land not previously cropped, and 800 to 1000 1b of 6-8-12 for
land already in production. No specific amount of supplemen-
tary nitrogen was recommended, although its use was suggested.
Later, Anderson (1943) indicated increased yields were received
with 500 and 1000 1b/A of 6-8-6 fertilizer with little diff-

erence between rates. More recent work by Wittwer and Tyson



(1950) from a fertilizer trial at three locations in
Michigan concluded that a band application of 500 1b/A

of 3-12-12 would be profitable on fertile soils, and that
the application of N was beneficlal only on poorly drained
solls. They concluded that fertlle soils needed smaller
amounts of fertilizer, than previously reported, in the

area of 500 1b/A of 3-12-12 to obtain yilelds of 237 Bu/A.
Soils of low fertility produced lower yilelds, however,

they could produce up to 200 Bu/A with applications of

800 1b/A of 3-12-12. Where drainage i1s poor, nitrigication
is low, or if sod is plowed down, one should side dress with
200 1b/A of ammonium nitrate, and for better earlier growth
and production, band placement of fertilizer should be
practiced. For higher late season yields, fertilizer should
be broadcasted.

Comparing growth responses to various levels of ferti-
lizer in Maryland, Reynolds (1954) was unable to observe any
different responses in yield of pickling cucumbers, In Michi-
gan, Miller (1957) noted that 200 and 400 1b/A of 5-20-20
placed 2 inches under the seed would reduce stand and ylelds.
This was one of the first studies on the effects of fertilizer
placement for pickling cucumbers. He also reported that 100
1b/A of K2O depressed yilelds. The highest ylelds were ob-
tained with 100 or 200 1b/A of 5-20-20 fertilizer placed
2 Inches to the side and below the seed or with 300 1b/A of
5-20-20 broadcasted before planting.

A more iIntensified nutritional study by Rles and Carolus

(1959) indicated that 20 1b/A of N and 80 to 160 1b/A of P,0O

275
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with 80 1b of K,0 would produce yields of over Loo Bu/A.

With 160 1b/A of P2O5 compared to 80 1b/A, no reduction in
ylelds was observed. They concluded that soill potassium levels
of 150 to 200 1b/A K,0 would be sufficient. Good yields (361
to 440 Bu/A were obtained by broadcasting 400 1b/A of 5-20-20
fertilizer prior to planting.

In the 1960's, the invention of a mechanical once-over
harvester aroused interest in new cultural practices. 1In
Canada, Bishop (1960) with a complex study found P is of
more relative importance than either N or K. He also found
that yields were not always increased but were never decreased
by N, P, or K.

By the early 1970's, most of the research dealt with ex-
cess mlnerals decreasing ylelds. In North Carolina, McCollum
and Miller (1971) studied different rates of N, P, and K only
to find that few of the yleld differences were assignable to
treatments. Postitive yleld trends from the addition of in-
creasing increments of N and K20 up to 80 1b/A and for P205
up to 63 1b/A were observed.

Bishop et al. (1969) reported that at 3 locatilons there
were variable yields without applied N. However, at 2 of
these locations, ylelds were not significantly increased with
additional N, but were significantly decreased by more than
56 kg/ha. It is an important observation that yields can be
decreased without an observed reduction in plant growth.

At the Pledmont Substation in Alabama, Johnson et al.
(1973) concluded that responses to N fertilizer were variable

depending on soll area and fertility., Added P205 provided large
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6

increases in yield with increasing increments at several
different locations. K20 gave indications of yield in-
creases. Downes and Lucas (1966) have also reported yield
responses from applied K which quantitatively is the pre-
dominate element in cucumbers according to Ward (1967).

Cantliffe (1977) reported the results of a 3 year study
which supported earlier findings. His work dealt only with
N applied in the form of urea or ammonium nitrate, side-
dressed or broadcasted on plantings for once-over harvesting.
The use of N rates of 67 or 134 kg/ha increased yields with
no differences between forms. These findings are similar to
those of McCollum and Miller (1971) and Bishop et al. (1969)
and McCall et al. (1958) who obtained maximum yields with
50 kg/ha and 56 kg/ha respectively of N.

The results of extra side dressing showed basically no
benefit as Ries and Carolus (1958) also reported. Cantliffe
(1977) concluded that applications of 67 to 134 kg/ha of N
broadcasted and incorporated into the soil would produce maxi-
mum yields for once-over harvesting of pickling cucumbers.

The nutrient requirements for the gynoecious hybrid pick-
ling cucumbers appear different than those of the monecious
cultivars. Motes (1975) indicated that hybrid cucumber
cultivars which mature in 50-60 days require less nitrogen
than monecious cultivars which were hand harvested over longer
periods of time.

There is a variation in fertilizer recommendations and
responses of pickling cucumbers. However, we can conclude

from these readings that much of the variation is due to the
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initial soil fertility, cultural practices, or local envir-
onmental effects. Furthermore, N may not be the main limit-
ing factor to yields. It is the one element most commonly

over-applied that results in a reduction of yields. If on5

and KZO are at adequate levels in the soil, less variation

in yields will be observed.

Effect of Plant Population on Cucumber Growth

With the adoption of mechanical harvesting, plant pop-
ulations have been increased drastically to obtain yields
comparable to hand harvesting. Banadyga (1949) summarized
research on spacing of hand-picked cucumbers as follows:
"Varying results have been obtained with spacing tests. It
is recognized that rows should be 5 to 7 ft. apart, but much
controversy exists on the spacing of plants in the rows."
Three years later, Ware et al. (1953) conducted a spacing
trial with rows 3 ft. apart and plants 12, 24, and 36 inches
apart in the row. With no supplemental irrigation, the high-
est yields were obtained from the 12 inch spacing.

A 3 year spacing trial by Ries (1957) reported that with
spacings of 6, 12, 18, and 24 inches apart in 5 ft. rows,
yields were highest at the 6 inch spacing with no differences
between 12 and 18 inches. Yields were lower with the 24 inch
spacing. Plots were harvested by hand and higher yields were
due primarily to higher earlier yields. In a later planting,
there was no effect of plant density on yields.

When even higher plant densities were observed, it seemed

as if there was no limit that would result in increased yields.
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Putnam (1963) evaluated populations for once-over harvest-
ing varying from 22,000 to 87,000 plants/A. The highest
yields with greatest number of fruit per plant were from a

1 ft. spacing irregardless of the distance between rows.
Morrison et al. (1967) with similar work indicated that

plant populations of 77,800 plants/A at 9 inch spacing in

9 inch rows consistently produced the highest dollar value.
Cantliffe et al. (1975) observed two different cultivars
under 8 populations ranging from 50,000 to 850,000 plants/ha.
Yields as dollar and tonnage/ha increased with populations of
50,000 to 100,000 and 250,000 to 500,000 plants/ha. Delaying
harvest for 4 days doubled the tonnage but did not affect the
dollar value with both cultivars reacting similarly. Cantliffe
(1977) reported that in a fertilizer study, the mean yield in
dollars/ha was higher at 450,000 plants than at 250,000
plants/ha.

With the application of nitrogen, an increase in plant
density will increase both tonnage and dollar yield. However,
there is much more controversy on the limits one can go with
density. It appears there may be interactions between the

nitrogen and population levels.

Nutrient Uptake

Some of the first chemical analyses of cucumbers were
performed by Wilkins (1917). He showed that Ca was 10 times
higher in vines than in the fruit, with Mg only 2 to 3 times

higher. P content was slightly higher in the fruit compared
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to vines whereas K and N levels were similar in both.

Friedrich and Schmidt (1954) analyzed plants every 10
days for N, P, K, Ca and Mg. They found that there was a
high Ca content in the leaves. N was stored in leaves as
protein, and the fruit contained high amounts of soluble N.
There was a large increase in nutrient uptake during the
flowering and fruiting phase.

Campbell (1953) found that Ca levels in pickling cucum-
ber vines were not changed by soil applications of Ca, but
the K levels would increase with added K. Reynolds (1954)
growing cucumbers under varying rates of N, P, K, Ca, and
Mg observed significant differences in the amounts of all of
these elements except N in the leaves and fruit.

Ries (1957) in a spacing trial, observed an inverse corre-
lation between spacing and concentration of N03-N in cucumber
petioles. He also observed that P would increase in plant
tissue as spacing and N levels decreased. Petiole K levels
were higher in low fertilized plots (300 1b/A of 12-12-12 plus
side-dressing 100 1b/A of NHM) than those with a higher ferti-
lization rate. In the higher fertilized plot (300 1b/A of
12-12-12 plus side-dressing 200-275 1b/A of 12-12-12), K
increased in the petiole as spacing increased.

Miller (1957) found an inverse relationship between the
soluble N and soluble P in cucumbers. Both nutrients increased
in the petioles during the season. The largest yields were
associated with moderate levels of soluble NO,-N (892 ppm)
and P (59 ppm) in petioles at harvest. Mg increased sharply
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10

as the season progressed.

In a study of the nutrient levels in lamlnae and
petlioles of cucumbers grown at low populations for multiple
harvesting, Bishop et al. (1969) found the yield response
to applied P205 to be of much greater relative 1mportance

than applied N or K,0. The study indicated that N and

2

K20 each at 50 kg/ha and P at 100 kg/ha would be adequate.

2%
El-Sheikh and Broyer (1970) reported that total N content
was less satisfactory than N03—N content to determine
critical N concentration for optimum growth. Cantliffe (1977)
indicated that total N within the blade or petiole of pick-
ling cucumbers did not appear to be a good indicator of yields,
but highest yields were obtalned when the leaf blade contained
from 4 to 5% total N. The concentration of NO3-N in leaf
blade and petiole tissue rapidly decreased during the fruit
sizing period. When preplant and side dress N fertilizers
were used, this led to an increased tissue concentration of
NO3-N and total N. The source of N fertilizer had 1little
influence on tlssue concentration. The tissue concentration
of K, Ca, Mg, Fe and Mn were higher in tissue when treated
prior to planting with 67 to 207 kg/ha of N.

McCollum and Miller (1971) found that after 72 days
the N, P, and K uptake by cucumber plants was 90, 12, and 145
1b/A respectively. The nutrient fruilt removal with multiple
harvesting was 40 1b N, 6 1b P, and 55 1b K/A with yields of
8.7 to 11.9 T/A. The maximum rate of growth and nutrient

accumulation occurred about 50 days after seeding.
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With once-over harvesting, plants generally take only
50 days to obtain maximum dollar yields. If the plants are
grown for shorter periods of time, nutrient content and
requirements should vary. However, there are no indications

of research in this area.

Other Plant Responses to Nutrition

Reynolds and Stark (1953) reported that in comparing
growth response to N, Ca, K, and Mg, N levels produced the
greatest effect on vegetative growth. The greatest number of
fruit occurred on plants receiving a medium supply of N compared
to very low or high amounts. Similar results were reported
earlier by Dearborn (1936) and Cantliffe (1977), while Tiedjens
(1926) found that high N improved fruit shape. Cantliffe
(1975) observed that the number of fruit per plant decreased
with increasing plant populations. However, varying the pop-
ulation did not affect fruit shape or color.

Miller (1957) in a greenhouse study, found that high
amounts of N increased the length to diameter ratio of fruit.
Cantliffe et al. (1975) reported that with "Premier" the length
to diameter ratio (L/D) was decreased at lower plant populations.

N levels have also been found to affect sex expression of
cucumbers. Dearborn (1936) indicated that high N supply
produced more pistillate flowers. Miller (1957) reported that
both pistillate and staminate flower production were increased.
However, the staminate to pistillate ratio was decreased with

high N levels. Vaile (1938, 1942) indicated that the set and
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number of marketable fruits were greater under high as
compared to low nutrient conditions.

Reynolds and Stark (1953) reported that the dry weight
of cucumber plants grown on sand increased with increasing
increments of N, but there were more fruit at the medium N
level.

Cantliffe (1977) reported that the addition of preplant
N up to 134 kg/ha resulted in a greater number of pistillate
flowers per plant. However, the percent of off-shape fruits
were also highest for the highest N treatment, while L/D
ratios were not influenced. Similar results were reported by
Lloyd and McCollum (1940). It appears that both nutrient
levels and plant populations can influence the quality of the

cucumber fruit under different local environmental conditions.
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The Influence of Nitrogen and Plant Populations on Several

Cultivars of Pickling Cucumbers I. Fruit Yields.

Christopher J. Rajzer
Department of Horticulture, Michigan State University,
East Lansing, MI L8824

Abstract: Early and late plantings of several cultivars of
pickling cucumbers (Cucumis sativus L.) were evaluated under
various levels of preplant N and plant populations. Cultivars
responded to treatments differently in fruit yields, sex express-
ion, fruit set, and length to diameter ratios. Increasing the
nitrogen rate to 67 kg/ha increased yields (metric tons and
dollars/ha) in the early planting only, and 101 kg/ha appeared
to suppress yields in both plantings. High nitrogen rates (67
and 101 kg N/ha) reduced the percent cull fruit in the first
Planting. Increasing the plant populations increased yields
only when N was sufficient. Increasing populations from 99,000
to 296,000 plants/ha, increased the percent culls but decreased
the percent oversize fruit. Both fresh and dry weight per

vine decreased with increasing plant populations. Yield was
positively correlated to percent pistillate flowers and fruit

number per vine.

INTRODUCTION
Previous studies indicate that there are many factors

influencing the yields of pickling cucumbers (Cucumis sativus L.)

18
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Some of these factors are cultivars, nutrients, or popula-
tions which are somewhat controllable, or local environmental
factors which are variable.

Previous nutritional studies indicated that increased
yields of cucumbers were obtained by broadcasting 448 kg/ha
of 5-20-20 prior to planting (10). Nitrogen applied side-
dressed or broadcasted as urea or ammonium nitrate at rates
of 67 or 134 kg/ha produced maximum yields for a once-over
harvest on a coarse sandy loam soil (2).

Others (6) have indicated that various rates of N, P, and
K, did not significantly increase yields, although, increasing
trends were observed with an increase of N and K up to 90 and
71 kg/ha respectively. There are some indications (1, 15)
that yields can be increased by addition of various individual
elements, although yield increases were not consistent.

Comparing vegetative growth responses, increasing incre-
ments of N produced the greatest effects on growth and dry wt.
(9). The maximum number of fruit was produced with a median
level of N compared to a very low or high rate (2, 4, 9).
Fruit per vine decreased with increasing plant populations (3).
High N also improved fruit shape (11) in some studies, while
others found the percent off-shape fruit and length to diameter
ratios (L/D) to be increased (2, 7). Sex expression can be
altered by increasing nitrogen levels, forming more pistillate
flowers, although the ratio of pistillate to staminate flowers
decreased (4, 7). Fruit set and numbers of marketable fruit

were greatest under high nutrient conditions (12, 13).
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Other studies (3) with 2 cultivars and 8 populations
from 50,000 to 850,000 plants/ha indicated that yields in
dollars and tons/ha increased with increasing populations
from 50,000 to 100,000 and from 250,000 to 500,000, A delay
in harvest of 4 days doubled the tonnage but dollars/ha values
did not change.

By increasing plant populations, yields can be increased
for once-over harvesting. Highest yields with the greatest
number of fruits per vine were obtained from a 30 cm spacing
with up to 215,000 plants/ha regardless of the distance between
the rows (8).

Most of the published data deals with cucumbers grown in
a multiple-harvesting system and examines various levels of
controllable factors on yield. The objective of this study
was to examine the influence of cultivar, populations, and
nitrogen, and how their main effects and interactions may be

related to cucumber growth, sex expression, and yields.

MATERIALS AND METHODS

Cucumbers were planted in both early and late season tests
in 1976. The May 25 planting consisted of 2 cultivars, Green
Star and Premier, grown at 3 plant populations, 99,000, 148,000,
and 198,000 plants/ha. The Conover sandy loam soil contained
11.5 kg/ha of residual NOB-N and 3.0% organic matter. The late
planting on July 22 had 3 cultivars, Green Star, Premier, and
MSU-76 with plant populations of 99,000, 198,000, and 296,000

plants/ha. The Conover sandy loam soil tested 37.3 kg/ha of
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residual N03-N and 2.0/% organic matter. The soils for both
plantings were medium to high in P, K, Ca, and Mg, with a

pH of 5.9. The pollinators for cultivars were adjusted to

7 percent and planted with a Dahlman seeder in rows 40 cm
apart, and the appropriate spacing within rows was obtained
by thinning at emergence to acheive the desired populations.
Seeds were planted in beds 5.5 m long and 2.0 m wide with 4
rows to a bed. Four levels of N (urea) 0, 34, 67, and 101
kg/ha were applied with a Gandy spreader and incorporated
preplant along with 62 kg/ha of P and 116 kg/ha of K. The
experiment was designed as a split-split plot with cultivars
as main plots, N levels as subplots and populations as sub
subplots, each replicated 3 times. Chloramben methyl ester
at 2.0 kg/ha was applied immediately after seeding for weed
control. Carbaryl at 2.0 kg/ha was applied twice in each
planting for beetle control. Irrigation of 15 cm was applied
during each season. A hive of bees was supplied to insure
adequate pollination.

At 35 to 40 days after seeding (DAS), 10 plants per plot
were randomly selected and flower type characterized for the
first 10 nodes. Forty-five to 50 DAS, fruit set on these
nodes was determined by the swelling of the ovary. The early
planting was harvested 53 and 55 DAS for Premier and Green
Star respectivély. The late planting was harvested 53, 54,
and 57 DAS for Premier, MSU-76, and Green Star respectively.
The cucumbers were harvested by hand simulating once-over

mechanical harvesting. Fresh vine weight was recorded, and
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fruit were graded and weighed. The grade and dollar values
were calculated from standards established by the Pickling
Cucumber Improvement Committee (PCIC), i.e. less than 2.0

cm diameter ($132/metric ton), 2.7 to 3.8 cm ($66/metric ton),
3.8 to 5.1 cm ($44/metric ton), and over 5.1 cm ($11/metric
ton). The percentage of fruit culls, "nubs” and "crooks”

was calculated for each plot. L/D ratios were measured on 10
randomly selected fruit between 3.8 and 5.1 cm in length. The
fruit dry weight was determined from fruit that were removed

and dried at 70°C.

RESULTS AND DISCUSSION

Cultivar Influence

Cultivars responded in only the wt. per vine and L/D
ratio for the early planting, with Green Star the more vig-
orous cultivar (Table 1). Different cultivar responses were
observed in the late planting with Green Star being the poor-
est yielder in both weight and value/ha (Table 2). These
lower yields corresponded to lower fruit numbers per vine.
Green Star and MSU-76 had the highest number of pistillate
flowers but the former cultivar had only 23 percent fruit set
versus 39 percent with MSU-76. Either poor pollination or the
abortion of the ovary after pollination were 2 possibilities
for yield differences between these cultivars in the later
planting. In the first planting yields correlated closely
with sex expression. As expected, cultivars respond differ-

ently when grown under different environmental conditions.
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The time of planting had a pronounced effect on the
yields of pickling cucumbers. The early planting (May 25)
responded differently to both N and populations than the
late planting (July 22). These differences may have been
related to local environmental factors or the differences in
soil NO3-N'

Differences were noted in vegetative growth between
cultivars. In the early planting, the fresh wt. of Green
Star was greater than that of Premier, while there was no
significant difference in their dry wt. (Table 3). This indi-
cates that Green Star makes more vigorous growth and may have
a higher water requirement.

For the late planting, vine wt. and L/D ratio did not
differ among cultivars, but Premier and MSU-76 yielded sig-

nificantly more than Green Star. The percent oversize fruit

data does not support the idea of later maturity.

Nitrogen Influence

Nitrogen had its greatest influence on the early plant-
ing. Yields increased as N levels increased up to 67 kg/ha
after which there was no additional benefit (Table 1). The
greatest percent culls were obtained with low rates of N, while
less oversize fruit occurred with 0 and 101 kg N/ha. Increased
fruit dry wt. was associated with higher rates of N. A signi-
ficant interaction indicates that both cultivars were not
different in fruit dry wt. at 0 and 34 kg N/ha, however,

Premier was significantly higher at 67 and 101 kg N/ha. No
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differences in sex expression were observed in the early
planting that could account for a difference in yield
(Table 3). |

In the late planting, nitrogen affected sex expression
but not yields. The lowest number of staminate flowers were
produced with 101 kg N/ha. An interaction between cultivars
and nitrogen levels for marketable fruit per vine shows
Premier and MSU-76 both significantly better at 0 to 67 kg N/ha
with only MSU-76 greater at 101 kg N/ha.

Cultivars varied in sex expression, and with more pis-
tillate flowers produced, the yields were increased. Nitrogen
increased percent pistillate flowers and fruit set while
staminate flowers decreased with increasing increments in the
late planting. The lower plant populations did produce more
pistillate flowers in the late planting only, but the differ-
erces were so small they may be of no importance.

Increasing rates of preplant N increased dollars and metric
tons/ha in the early planting with no significant differences
in the late planting. There are indications that at 101 kg
N/ha fruit tonnage is depressed. McCollum and Miller (6) ob-
served a positive yield response with increasing increments
of N fertilizer up to 90 kg/ha, while Wittwer and Tyson (14)
and Ries and Carolus (10) found no benefit of supplemental N,
except on low fertility soils.

In these tests, residual NOB-N for early and late plant-
ings was 11.5 and 37.3 kg/ha, respectively. Cantliffe (2)

observed that the percentages of off-shape fruit were greater
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for higher rates of applied nitrogen, with no ¢ffect on L/D
ratios. In the early study which was influenced by N,
percent culls decreased with 67 and 101 kg N/ha compared to
0 and 34 kg N/ha, with no effect on L/D ratio in either
planting.

The differential responses to N between plantings could
have been influenced by the daily mean temp. and amount of
residual NOB—N in the soil or nitrification. With the higher
temp. that occurred during growth of the early planting, the
growth rate was rapid, requiring more N. With lower temp.
and higher N03-N level in the soil, differences were not
noted.

There were indications that increasing increments of N
increased both vine fresh and dry wt. when yields were influ-
enced by N. This confirms Reynolds and Stark's (9) work.
However, when yields were not changed by N, there were no

differences in vine wts.

Population Effects

There were no influences of populations on yield or
dollar value for the early planting (Table 1). However, per-
cent culls was increased with an increase in population. Over-
size fruit was reduced with 198,000 plants/ha. Green Star
fruit size decreased linearly with an increase in population
while in Premier size leveled off at 148,000 plants/ha.

There was an inverse relationship between the fresh wt.
per vine and population. An interaction indicated that Green

Star was a vigorous cultivar producing more fresh wt. at all
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populations. However, the dry wt. per vine did not differ
with changes in populations.

Both marketable and total fruit per vine decreased as
populations increased. The greatest effect of population
was in the late planting, with yield and dollar values
showing similar trends. The highest yields were obtained
with 198,000 and 296,000 plants/ha (Table 2). These yield
differences attributed to population also correspond to the
fruit produced per vine (Table 4). The total fruit per vine
varied from 30 to 60% of the actual fruit set which was about
one-third of the total pistillate flowers which indicate that
yield is not necessarily related to this parameter.

As plant population increased, in the late planting, the
percent culls increased (Table 2) while oversize fruit de-
creased. At 99,000 and 198,000 plants/ha Green Star had the
greatest percent of oversize fruit, while MSU-76 had the low-
est. There were no cultivar differences at the highest pop-
ulation.

Cantliffe and Phatak (3) reported that increasing the
plant populations could increase yields. Yields in both
dollars and metric tons/ha increased with increasing popula-
tions for the late planting, with no effect observed in the
early planting. However, in both plantings increasing the
population increased the percent culls and decreased percent
oversize fruit. Weights of fresh and dry vines decreased with
increasing plant populations, while L/D ratios of fruit were
not affected.

Relationships between both fresh and dry wt. per vine and
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dry wt. of fruit was noted (Table 2). As plant populations
increased, the plant and fruit wt. decreased. Populations
appeared to have the greatest influence on yields when
nitrogen levels were not limiting.

Although increasing the plant population increased the
total yield, it decreased marketable and total fruit per
vine. Cantliffe and Phatak (3) observed similar results.

It also appears that there are differences in sex expression
which can be attributed to planting dates and cultivars. N
will enhance yield when not present in the soil in abundant
supply, however, when the supply is adequate, plant population
may then become the factor limiting yield. Although higher
plant populations provide less fruit per vine, the net result

is increased marketable yield.
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The Influence of Nitrogen and Plant Populations on Several
Cultivars of Pickling Cucumbers II. Nutrient Content and

Removal

Christopher J. Rajzer

Department of Horticulture., Michigan State University,
E L i MI
Abstract: Pickling cucumber (Cucumis sativus L.) plants and

fruit were analyzed at harvest to determine the plant nutrient
content and nutrient removal by fruit. Factors studied were
time of planting, cultivars, N levels, and plant populations.
The mean plant nutrient content of N, P, and K was 103, 9,

147 kg/ha, respectively, with mean nutrient removal of 22, 3,
38 kg/ha, respectively. The nutrient levels of three cultivars
were increased by added N and increasing plant populations.
Nitrogen treatments influenced plant nutrient content. Yields
and percent cull fruit were also affected. As plant population
increased, both total nutrient content in the plants and nutri-
ent removal by fruit increased. Nutrient removal from a field
by cucumber fruit is about 25 percent of the total plant's

nutrient content at harvest.

INTRODUCTION

Nutrient concn of pickling cucumbers vary with applica-
tion of fertilizer, spacing, and the physiological age of

plants. Inverse relationships between soluble N and soluble P
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with yleld have been reported (10). The total N in the
lamina and petioles does not correlate with yields, concn
of NO3-N in the tissue rapidly decreasing during the perlod
of fruit development (4),

With multiple harvesting and moderate yields (9), total
N, P, and X uptake was 101, 13, and 163 kg/ha, respectively.
At low plant populations, N fertillzer was found to increase
tissue concn of N, K, Ca and Mg (2),

An inverse correlation exists between spacing and the
concn of NO3-N in cucumber petiloles. P increased as spacing
and N levels decreased, K levels were higher in plots re-
celving low fertilizer levels, but at higher fertilizer
rates K 1ncreased in petioles as spacing increased (13).

The objective of this study was to evaluate nutrient concent
and removal with various cultivars, nitrogen levels, popula-

tilons, and planting dates.
MATERIALS AND METHODS

This 1s the second part of a two-~part paper, The pro-
cedures utilized, experimental design, and frult ylelds have
been previously reported for these experiments (11). Plant
tissues were collected at 3 periods throughout the growing
season: First at tip-over (6-7 leaves), secondly between
tip~over and harvest, and thirdly at harvest, with fruit and
plants analyzed separately, Tissue was dried at 70°C, weighed
and ground in a Wiley Mill to pass a 20-mesh screen. The

tissue (,10g) was assayed for NO3-N using an Orion nitrate
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electrode (5). Total N was determined by Macro-Kjeldahl

1, and

procedure (1), K with the flame spectrophotometer
other elements with the spark emission spectograph® (6).
Soil samples were taken at tip-over and analyzed for
pH, BpH, P, K, Mg, and Ca by standard techniques. The
nutrient content of whole plants and removal by fruit is
reported in kg/ha or g/ha, and takes into consideration

differences in dry wt. due to treatments and the content of

nutrient in the plants/ha, rather than the concn.

RESULTS AND DISCUSSION
Both plantings were made on soils similar in nutrient
levels (Table 1). Therefore, any difference in nutrient concn
of the plant or fruit are assumed to result from the assigned

treatments or local environmental factors.

Cultivar Regponses

There were essentially no differences in the nutrient
content of fruit (Table 2 and 3) or plants (Table 4 and 5)
attributable to cultivars in the early and late plantings.
No relationship existed between nutrient content and yields
of these same cultivars. Cultivars tested appear to be
efficient in their ability to use available nutrients in the
goil (Table 4 and 5). However, differences were noted within

a cultivar between different planting dates and various N and

éBeckman model B, Beckman Instruments, Inc., South Pasadena,
alif.

2Quantograph, Applied Research Laboratories, Glendale, Calif.
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population treatments. This could be related to their

adaptability to local environmental factors.

Nitrogen Influences

With increasing rates of N in the early planting, N, K,
Ca, Mg, Mn, Zn, and N03—N content of the plant increased
(Table 4), and N, P, K, Ca, Mg, Mn, Fe, B, Zn, and N03-N was
significantly higher in Green Star at 101 kg/ha than Premier.
While an interaction of nutrient removal of N, K, and B, in
Premier were significantly higher at 67 kg/ha and 101 kg/ha
than Green Star. There was a concurrent increase in the yields
and a decrease in the percent culls with increasing increments
of N, for the early planting (11).

For the late planting, N had no effect on fruit yields
(11) and no influence on the nutrient content of the plant
and fruit other than N03—N which increased with increasing
increments of applied N in the plant tissue. It appears that
in plant tissue, N03—N does not correlate with yields. El-
Sheikh and Broyer (8) found N03-N values to be more satis-
factory than total N to determine the critical N concn for
maximum growth. Comparing both the early and late planting,
the total N or N03-N values (Table 2 and 3) can not be a satis-
factory indicator of growth since there is no consistent re-
lationship with yields, vine weights, culls, or sex expression
(11). Cantliffe (3,4) observed that N03-N was high in plants
receiving high N, but also found it reduced yields. This

supports the idea that NOB-N is not a good indicator of growth.
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When N was limited (early planting), uptake of applied
N increased linearly. When N levels were adequate (late
planting) for growth, then the additional uptake of N was
suppressed. Reynolds (12), growing cucumbers under varying
rates of N, P, K, Ca, and Mg observed significant differences
in the amounts of these elements in the leaves and fruit of
all except N. Also, no yield responses were observed when
N levels were adequate for growth. This indicates that N may
influence the uptake of other elements and become a limiting
factor of yields. The mean values of N, P, and K removed by
plants for the early and late plantings were 98, 8, 150 and
108, 10, 144 kg/ha, respectively. Nutrient removal by fruit
was 20, 2, 39 and 24, 3, 37 kg/ha, respectively.

Higher nutrient content in the late planting compared to
the early planting are associated with a higher percentage of
pistillate flowers among both cultivars and N treatments.
Dearborn (7) and Miller (10) reported similar findings.
Tiedjens (14) found that high N improved fruit shape. Consid-
ering percent culls as a characteristic of fruit shape, there
was a decrease in culls with increased applications of N in
the early planting. The shape of cull fruit indicated that
pollination was not the cause but that nutritional content can

become an influencing factor.

Plant Population Influences
In plant tissue at harvest for both plantings all mineral

elements were found to increase with increasing plant
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populations (Tables 4 and 5) except for NOB—N in the early
planting. ''ne lack of change in NOB-N could have been the
result of rapid growth and metabolism. Ries (13), found an
inverse correlation in N03—N concn and plant population.

This indicated that the plants were not receiving adequate N
or that the metabolism of NO3 was increasing with an increas-
ing population.

Fruit nutrient removal increased in both plantings with
increasing populations, with Premier having significantly
higher levels of P and Mg at 198000 plants/ha than Green Star.
Nutrient removal had linear relationships between increasing
yields (11) and populations in both plantings. When populations
increase, the nutrients removed by plants and fruit may increase
because of the increase in root to soil surface area. There-
fore, higher plant populations require more of the available
soil nutrients if higher yields are to be obtained. As pop-

ulations increase, nutrient content of the fruit becomes about

25 percent of the total plant nutrient content at harvest.
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Table 1. Soil analyses at tip-over.

Planting pH Bph P K Ca Mg
(kg/ha)

Early 5.8 6.5 208.1 342.4 1554.5 301.6

Late 6.1 6.7 166.9 326.4 1390.0 213.9
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Table A-33, Daily extreme and mean temperature data recorded from the
Horticulture Research Station, East Lansing, MI.

Date Max., Min, Mean Date Max, Min, Mean
May 15 73 59 66 23 79 57 68
16 66 60 63 24 80 60 70
17 69 54 62 25 73 65 69
18 57 50 49 26 76 60 68
19 60 35 48 27 85 62 74
20 64 46 55 28 85 66 76
21 76 49 62 29 82 62 72
22 69 39 54 30 78 56 67
23 63 41 52
24 60 38 49 July 1 65 55 60
25 62 43 53 2 75 53 64
26 64 43 54 3 76 52 64
27 68 42 55 4 73 54 64
28 74 52 63 5 84 55 70
29 72 59 66 6 85 60 73
30 65 57 61 7 86 61 74
31 74 59 67 8 85 60 73
9 79 55 67
June 1 74 58 66 10 81 68 75
2 70 47 59 11 89 78 84
3 73 45 59 12 89 56 73
4 76 53 65 13 76 48 62
5 80 50 65 14 78 58 68
6 81 52 67 15 94 64 79
7 83 56 70 16 90 65 78
8 85 55 70 17 75 52 64
9 86 59 73 18 85 58 72
10 89 63 76 19 83 57 70
11 88 68 78 20 85 66 76
12 88 56 72 21 84 64 74
13 84 65 75 22 80 58 69
14 89 67 78 23 83 63 73
15 90 73 82 24 84 64 74
16 80 61 71 25 80 57 69
17 73 52 63 26 84 61 73
18 78 55 67 27 87 67 77
19 85 62 74 28 86 57 72
20 72 48 60 29 80 65 73
21 78 56 67 30 71 57 64

22 73 62 68 31 76 63 70
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Table A-33. Daily extreme and mean temperature data recorded from
the Horticulture Research Station, East Lansing, MI

Date Max. Min. Mean Date Max. Min. Mean
August 1 71 50 61 10 72 48 60
2 73 48 61 11 67 52 60
3 70 44 57 12 80 55 68
4 80 49 65 13 83 52 68
5 78 62 70 14 84 58 71
6 80 59 69 15 87 57 72
7 72 50 61 16 59 58 59
8 72 48 60 17 68 59 64
9 77 48 63 18 74 52 63
10 81 52 67 19 76 49 63
11 85 65 75 20 79 58 69
12 84 70 77
13 86 68 77
14 82 62 72
15 68 50 59
16 72 44 58
17 73 46 60
18 80 48 64
19 85 50 68
20 88 57 73
21 88 58 73
22 87 57 72
23 90 56 73
24 82 56 69
25 85 57 71
26 84 61 73
27 85 63 74
28 86 65 76
29 80 49 65
30 70 38 54
31 69 51 60
Sept. 1 86 60 73
2 68 40 54
3 72 50 61
4 83 62 73
5 79 47 63
6 67 39 53
7 78 52 65
8 88 61 75
9 92 61 77
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