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INTRODUCTICN

Broccolli (Brassica oleracea L. var. italica Plenck) whose

green shoots have been esteemed as an important vegetable by
the Italians for centuries (3) has become a popular and widely
grown crop in many countries. As a vegetable, broccoli is an
important source of Ca, P, Fe, vitamins A, C, thiamine, ribo-
flavin and niacin (22, 25, 31).

The commercial production of broccoli in the U.S. began
around the 1930's when Italian immigrants started demanding it
in considerable amounts (22). Since then, its importance as
a vegetable crop either for fresh market or for the freezing
industry has increased greatly. According to the U.S. Depart-
ment of Commerce (30) there were 68,300 acres grown in 1978
in the U.S.A. which produced 287,600 short tons for a total
value of $102,100,000. The main producing states are: Cali-
fornia, Texas, and Oregon.

Within the last 50 years limited research has been done
on this crop, and several aspects of the crop still need addi-
tional study. Among those are certain cultural practices
including plant spacing, fertilization, harvesting etc. because
of the great effects that they have on yields, quality, hand
labor and in general cost and returns of the crop.

Studies involving the already mentioned aspects have been
conducted in California, Arkansas and a few other states. How-

ever, no reports in the literature involving broccoli production



in Kansas were found, although the crop thrives well under
Kansas conditions and it has a potential as a commercial vege-
table crop in the state.

For this reason, and given the importance of the cultural
aspects on the crop, the present study was conducted in order
to accomplish the following objectives:

l. To determine the effects of 4 nitrogen fertilizer
levels and 4 plant spacings on yield of broccoli.

2. To determine the effects of nitrogen and plant spac-
ing on size and weight of central heads of broccoli.

3. To determine the effects of nitrogen and plant spac-
ing on the number and weight of lateral shoots per plant.

4. To determine the effects of 4 nitrogen fertilizer
levels on chlorophyll content and nitrate reductase enzyme
activity on leaves of broccoli plants, as an indication of

nitrogen uptake by the plant.



LITERATURE REVIEW

Plant populations, spatial arrangement, nitrogen fertilizer
rates, variety trials and other aspects of broccoli production
have been reported in the literature by several authors.

These studies have been conducted under different experimental
conditions in Canada, the United Kingdom, Israel, Costa Rica,
the United States, and others. A common purpose in these
studies was to determine the most appropriate combination of
cultural practices under each particular circumstance to ob-
tain the best yield and quality of harvested product.

Zink and Akana (32) working on the effect of spacing on
broccoli reported that the size of central heads and yield of
shoots per plant decreased as the distance between plants in
single rows decreased from 91 to 46 cm at 15 cm intervals.
However, the total yield per hectare increased as the plant
density increased at the closer spacings. The same authors
reported that the number and size of lateral shoots depends to
a certain extent on the length of the center stem left after
cutting the central head, as well as on the plant density.
They found an optimum plant spacing of 20 cm. At wider spac-
ings the yield was reduced significantly and closer spacings
produced small size heads and stems.

Aldrich et al (1) observed in a two-year experiment on
plant spacing on broccoli that the total vield per unit area
drops off abruptly if the space between plants is reduced only

a few inches below the optimum, which depends on season and



variety. They found an optimum between 20 and 28 cm apart.
They also found that, as the plant spacing is reduced, the
plant weight and the diameter of the heads and the shoots de-
creases while the average rate of maturity is delayed due prob-
ably to competition among plants. They observed that when the
number of plants per area is reduced within certain limits,

the increase in yield per plant offsets the reduction in number
of plants.

Massey et al (20) reported significant differences in the
yield of central heads and lateral shoots, edible leaves and
total edible material when the distance between plants in rows
91 cm apart was reduced from 45 to 30 cm. In the same study
they did not find significant differences in ascorbic acid
and carotene content bf leaves, central and lateral inflores-
cences between the two plant spacings.

Mack and Baggett (21) studying the effect of row spacing
on yield of central heads of broccoli in Oregon, found signi-
ficant differences when the spacing was reduced from 107 to
45 cm. They noted that the formation of poor heads and the
welight of unacceptable central heads tended to be greater as
row spacing was reduced.

In a study conducted in Arkansas from 1961 to 1964
Bradley et al (5) indicated that in broccoli for the freezing
industry it is necessary to plant the crop reasonably close
within and between rows in order to get the maximum yield of
central heads. They suggest direct seeding rather than trans-

planting for the closer spacings to reduce costs of hand labor.



Campbell and Thomas (8) studying the effect of plant spac-
ing and harvesting time found that increases in plant population
consistently increased the yield per unit area 1f the plants
were harvested when 10 to 15% of the inflorescences are over-
mature.

Tereshkovich (27) observed that plants spaced 20 and 30
cm apart produced terminal heads smaller in size and weighed
less than plants spaced further apart. He attributed this
diminution in size and weight of heads to a shading effect be-
tween plants when they are grown at the closer spacings. He
found optimum yvields when plants were spaced 20 cm in rows
1.0 m apart.

Palevitch (23) combining two different distances between
rows (50 and 70 cm) with three distances between plants (20,
30, and 40 cm) showed that a square arrangement approaching
equidistant spaces between rows and between plants increased
the yield of central heads of proper size more than a rectan-
gular plant pattern. He noted that high yields of central
heads of adequate size were obtained by reducing the space
between plants rather than the space between rows.

Several studies involving nitrogen, plant spacing and cul-
tivars and their effects on yield and guality on single-harvested
broccoli have been conducted by Cutcliffe in Canada (11, 12,
13, 14). Although the spacing effect varies among the dif-
ferent cultivars, he found that in general single harvest yield
increased and central head weight decreased as the distance be-

tween plants decreased. He observed that the increase in yield



due to higher nitrogen application rates was greater when
broccoli was single-harvested than when harvested sequentially.
He also found that nitrogen had more effect on yield than plant
spacing and that plant spacing has only a slight effect on
marketable yield. He did not find a nitrogen-space interaction.

Maturity is reported by Cutcliffe (12) to be influenced
by nitrogen and spacing. He found that the percentage of
overmature heads generally decreased as spacing decreased and
that maturity was delayed by high nitrogen rates. Aldrich et
al (1) also found a delay in maturity at the closer spacings.

Ramos and Martinez (25) found in an experiment involving
8 different cultivars and 3 different spatial arrangements
that the yield per unit area decreased in a linear relation-
ship as the distance between plants and rows increased. They
obtained high yields at a distance of 20 cm between plants and
40 cm between rows. However, for practical purposes they re-
commended a distance of 20 x 60 cm.

Thompson and Tayleor (29) observed that yield and inflores-
cence size may differ between single harvest and successive
harvested crops. They noted that the maturity of secondary
inflorescences was delayed as population increased and that
the number of these per plant declined with increasing popula-
tions. They did not find significant differences in yield be-
tween 3.5 and 19 plants per square meter. Contrary to Aldrich
(1) and Cutcliffe (12), they observed that plants from low
population densities reached maturity later than plants from

higher populations. Their results agreed with those of Ramos



and Martinez (25) in that a decrease in population below the
critical level result in a linear decrease in yield.

From the results obtained by Thompson and Taylor (29),
and those obtained by other researchers [Zink and Akana (32),
Palevitch (23) ], Thompson and Taylor indicated that little in-
crease in yield of broccoli would be expected from populations
greater than 10 plants per square meter. They also stated
that the major determining factor in choice of a plant popu-~
lation for a commercial crop is the inflorescence size re-
guired for the market. They observed that increases in plant
population densities reduce "bractiness," as well as axillary
bud development and that the wvisual quality of the inflores-
cence improved as density increased. Contrary to Palevitch
(23) , they found similar yields for square and rectangular

patterns of plant arrangements.

Chlorophyll

Nitrogen is a component of the chlorophyll molecule.
Therefore, a deficiency of nitrogen results in lighter colored
leaves (Greig et al, 16). It may also result in lighter
colored fruits like apples, as it was reported by Boynton
et al (4).

In an experiment with nitrogen levels and micronutrients
on chlorophyll content of spinach Greig et al (16) found that
although it was difficult to see the effect of nitrogen levels

on color of spinach, nitrogen significantly increased the



chlorophyvll content of the leaves as well as the content of
Ca, Mg, and K at the high nitrogen levels, increasing conse-
quently the food value. They found a significant linear in-
crease of chlorophyll content in leaves with increased nitro-
gen levels.

The guantitative method to determine chlorophyll content
by light absorbance is based on the strong absorption band in
the red end of the spectrum for chlorophyll (640 nm). At
this wave length there is no carotenoid pigments absorption
and therefore there is no cumulative absorbance effect due to

these pigments (Compton and Boynton, 4).

Nitrate Reductase Enzyme

Nitrate is the most common form of nitrogen available to
plants since the reduced forms of nitrogen commonly applied
rapidly undergo nitrification in well aerated soils above
5% (Thompson, 28). However, after being absorbed by the
plant, the nitrate has to be reduced to the ammoniacal form
before nitrogen is fixed in organic compounds (Elrich and
Hageman, 15). The enzyme that catalyzes the first step in
this assimilatory process i1s called nitrate reductase.

This enzyme is substrate-inducible and its concentration
and activity in plants is a limiting step in the reduction
of nitrate to ammonia (26). Being a substrate-inducible
enzyme, 1t is expected that nitrogen treatments enhance the

nitrate concentration of the plant tissues, causing induction



of the enzyme and increasing its level of activity. Higher
levels of the enzyme in turn would increase the amount of
ammoniacal nitrogen which would increase the synthesis of ni-
trogen compounds in the plant.

| Croy and Hageman {(10) showed that spring applications of
nitrogen increased N.R. activity, soluble protein concentra-
tion of leaf tissue and yield of grain protein per hectare in
wheat.

Nitrate reductase has been extracted from diverse plant
tissues such as leaves, petioles, stems, shoots, roots, barley
aleurone layer, corn scutella, cotyledons, glumes from seeds
of pod corn, corn husks, and culturéd cells (l17). However,
higher activities are obtained from chlorophyllous than from
non-chlorophyllous tissues. The amount of extractable enzyme
varies drastically with: a. plant species, b. varieties within
a species, c¢. plant age, d. cultural techniques, and e. nitrate
supply and environment (17).

The enzyme exhibits diurnal variation and therefore
Hageman and Hucklesby (17) suggest allowing 3 to 4 hours of
illumination before taking samples.

Broccoli leaves are reported by Hageman and Hucklesby
(17) as good sources of nitrate reductase (22). Jaworski (19)
reported that nitrate reductase could be measured in green
leaf disks wvacuum infiltrated with a nitrate containing phos-
phate buffer. These disks incubated in the dark rapidly ac-

cumulated nitrate. The measurement of enzyme activity in

intact plant tissue is based on reduction of NOE to N02
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(Jaworski, 19). The in vivo assay has proven to be an accept-
able method to determine N.R. activity, since it estimates
closer the actual amount of nitrogen accumulated, compared to
the in vitro assay (Brunetti and Hageman, 7).

Al-Shaibani (2) studying the nitrate reductase activity
in honeydew melon leaves did not find any significant change
in enzyme activity with increased application rates of nitro-
gen fertilizer. He found an increase in the enzyme activity
as fruits started ripening and then a decrease in plants that

had produced overripe fruits.
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MATERIALS AND METHODS

Seeds of broccoli (Brassica oleracea L., var. italica

Plenck) of the hybrid 'Green Comet' were seeded during the
Spring of 1980 in plastic trays containing a mixture of 1

part sand and 1 part vermiculite. Two weeks after germination,
the seedlings were transplanted to jiffy pots (5.76 x 5.76 cm
square) containing a mixture of 1 part perlite, 1 part peat,

1l part sand and 2 parts soil. The pots were kept in a green-
house and the seedlings were watered when necessary.

Six weeks from seeding they were transplanted into the
field at the Ashland Horticultural Farm, Kansas State Univer-
-sity.

The field was prepared for transplanting, but no fertili-
zer was supplied since a soil analysis showed an adequate fer-
tility level except for a low nitrogen level (See Appendix
Table 11).

Nitrogen as ammonium nitrate was supplied at 4 different
rates (0, 56, 112, and 168 kg/ha). Plants were spaced 22, 30,
38, and 46 cm apart. A 91 cm between row spacing was used
for all four plant spacings. Nitrogen and plant spacing
treatments were combined in a split-plot design. The nitrogen
levels were assigned at random for each plot and each plot was
sudbivided in four subplots in which plants were spaced at
different distances. The experiment was replicated four times.

Ammonium nitrate was applied in 56 kg/ha increments one

week, three weeks and six weeks ‘after transplanting, as side



12

dressing applications.

The crop was cultivated at the third and fifth weeks
after transplanting and three applications of insecticide
were necessary to control aphids and cabbage loopers. The
plants were overhead irrigated when necessary, at intervals
of about two weeks.

Harvesting was initiated six weeks after transplanting
and the plots were hand harvested every two davs. The central
heads were cut close to the first developing axillary shoot
and classified in two groups: 1. greater than 5.0 cm in
diameter and 2. smaller than 5.0 cm in diameter. Number of
heads and total weight of heads were recorded for each subplot.

Lateral shoots 2.5 cm in diameter or greater were har-
vested by cutting them at the base and, number and weight
recorded for each subplot. 8Shoots smaller than 2.5 cm in
diameter were not considered of commercial size so harvesting
was stopped when the laterals produced were smaller than this
diameter,

A week after the last side dressing, leaf samples were
taken from the different subplots for chlorophyll content and

nitrate reductase analysis.

Chlorophyll Analysis

Twenty 0.5 square centimeter disks were taken from each
subplot from plants at random for chlorophyll content analysis.

The samples were taken from the closest fully developed leaf
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to the central head. The disks were put in bottles containing
from 40 to 50 cc¢ of methanol and the bottles were kept in an
ice chest for further analysis in the laboratory.

The next day, the disks were blended for 1 minute in a
Sorvall Omnimixer, filtéred and brought to 100 ml volume. Ab-
sorbance was read in a spectrophotometer Beckman model 25 at
a wave length of 650 nm. Chlorophyll content obtained from
a standard curve was expressed as mg of chlorophyll per square

centimeter of leaf tissue.

Nitrate Reductase Activity Analysis

Young leaves close to the central head were sampled from
plants at random in each subplot for nitrate reductase activity
analysis. The leaves were put in plastic bags, put immediately
in an ice chest and taken to the laboratory for nitrate reduc-
tase activity analysis.

The leaves were immersed in 75% ethanol for 30 seconds
to destroy micr?-orqanisms on the leaf surface which may inter-
fere with the determination. The leaves were dried and cut
into approximately 0.5 cm long sections and app;oximately 0.3
grams of leaf tissue were weighed for each sample and put into
50 ml Erlenmeyer flasks. The samples were refrigerated until
all samples were weighed. Five ml of incubation medium was
added to each flask and they were vaccuum-infiltrated for a
periocod of 60 second.

The samples were incubated at 25°C in darkness for one
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hour. Then a 1.0 ml aliquot was transfered to a 13 x 100 mm
tube and 2.0 ml sulfanilamide reagent and 2.0 ml N-l-naphtyl-
ethylenediamine di HCl reagent were added. After 10 minutes
absorbance of solutions was read at 540 nm. A standard curve
was prepared énd used to establish nitrate reductase enzyme
activity as micromoles NOE per gram of fresh weight per hour.
The procedure followed was described by Paulsen (24) and re-
agent compositions are shown in Appendix Table 12.

All variables studied were subjected to thé appropriate
statistical analysis for a split-plot design. An analysis of
variance was obtained for each variable with the factors being

nitrogen fertilizer rate and plant spacing.



15

EXPERIMENTAL RESULTS

Analysis of wvariance tables of the variables studied are
shown in the Appendix (Tables 4-10). Of the variables studied,
only the weight of central heads per unit area and the nitrate
reductase content per gram of leaf tissue showed a significant
nitrogen-space interaction.

A linear relationship was found between the nitrogen
fertilizer rate and yield, number and weight of shoots per
plant, leaf chlorophyll content, and nitrate reductase activity.
A quadratic relationship was found between N fertilizer rate
and the variables weight of central heads per plant and number
of central heads greater than 5.0 c¢m in diameter per unit
area. All the variables studied were related linearly to the
distance between plants. The results of the statistical analy-
sis are shown on Tables 1-3. Figures 1-7 show relationships
between the two independent variables (nitrogen fertilizer

rate and plant spacing) and the dependent wvariables studied.

1. Yield

Total yield per unit area (central heads plus lateral
shoots) increased significantly as the rate of nitrogen fer-
tilizer increased from 0 to 112 kg/ha at any given plant
spacing but no difference in total yield was obtained between
112 and 168 kg/ha of nitrogen fertilizer (Table 1).

Yield increased dramatically between 0 and 56 kg/ha of N
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fertilizer and the increase between 56 and 112 kg/ha although
significant, was not as pronounced as between 0 and 56 kg/ha
{(Fig. 1).

No significant difference was found in total yield when
plants were spaced 30, 38, and 46 cm but total yield per plot
increased significantly when plants were spaced 22 cm apart.
No difference in total yield was found between the 22 and 30

cm spacing (Table 2).

2. Central Heads

The number of central heads greater than 5.0 cm in di-
ameter increased significantly per plot as N fertilizer rate
increased from 0 to 56 kg/ha at any given plant spacing.
Further increases in fertilizer did not affect the number of
heads greater than 5.0 cm in diameter at the different plant
spacings (Table 1). At 56, 112, and 168 kg/ha of nitrogen
fertilizer more than 75% of the heads in each plot were greater
than 5.0 cm for any given plant spacing. At 0 kg/ha of fer-
tilizer the percentage of heads greater than 5.0 cm in diameter
varied at the different plant spacings, and although no signi-
ficant differences in the ratio of heads greater than 5.0 cm
were found among the different plant spacings for any given
N fertilizer rate, A trend to produce larger heads at the
widest spacings (38 and 46 cm) was observed.

The average weight of central head per plant increased

significantly as N fertilizer rate increased from 0 to 56 kg/ha
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but no change in weight was noticed as the fertilizer rate
increased further from 56 to 168 kg/ha for any given plant
spacing (Table 1).

Average welight of cent;al heads did not wvary significantly
in plants spaced 22, 30, and 38 cm apart but it increased
significantly between plants spaced 46 cm apart and those
spaced 22 and 30 cm. ©No significant increase in central head
weight was found when the distance between plants was increased
from 38 to 46 cm (Table 2). The number of central heads
greater than 5.0 cm diameter per unit area decreased signifi-
cantly as plant spacing increased from 22 up to 46 cm (Table
2), but it is difficult to determine if the decrease is due
to the spacing effect in itself or to the lower number of

plants at the wider spacings.

3. Lateral Shoots

The average number of lateral shoots per plant did not
change significantly between plants receiving 0 and 56 kg/ha
of N fertilizer or between those receiving 112 and 168 kg/ha
at any plant spacing (Table 1l). However, as the N fertili-
zer rate increased from 112 to 168 kg/ha, the average number
of shoots per plant decreased causing no significant differ-
ence between 56 and 168 kg/ha (Table 1 and Fig. 4).

The average number of lateral shoots per plant increased
as the distance between plants increased but significant 4if-

ferences were not found between a given distance and the distance

immediately below or above., Further increases or decreases in
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distance gave significant differences (Table 2).

The average weight of total lateral shoots per plant in-
creased as N fertilizer rate increased, showing significant
differences between plants receiving the equivalent of 0 kg/ha
and those receiving 112 and 168 kg/ha. No significant dif-
ferences were found at rates of 56, 112, and 168 kg/ha (Table
1).

Average weight of total lateral shoots per plant increased
significantly as plant spacing increased from 30, 38, and 46
cm. No significant difference in average weight of shoots

was found between plants spaced 22 and 30 cm apart (Table 2).

4. Chlorophyll Content

Chlorophyll content in leaves increased significantly in
a linear relationship as N fertilizer rate increased from 0
to 112 kg/ha. No significant change in chlorophyll content
was found as the fertilizer rate was increased from 112 to
168 kg/ha (Table 1).

Chlorophyll content in leaves increased significantly
in a linear relationship as the space between plants increased
from 22 to 30 cm. Further increases in plant spacing did not
have any significant effect in chlorophyll content of leaves

(Table 2).
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5. Nitrate Reductase

Nitrate reductase activity in leaves indicated a nitrogen-
space interaction. The differences in N.R. activity in leaves
for the different nitrogen and plant spacing treatments are
shown in Table 3.

Nitrate reductase activity increased significantly as N
fertilizer rate increased from 0 to 112 kg/ha at 30 and 46
cm between plants. Then the enzyme activity decreased with
further N applications to a point in which there was no dif-
ference between the N.R. activity in leaves of plants that
received 56 kg/ha of N fertilizer and those that received 168
kg/ha (Fig. 7).

Nitrate reductase activity did not change significantly
between 0 and 56 and between 0 and 112 kg/ha of N fertilizer
when plants were spaced 22 and 38 cm respectively (Table 3).

At 22 cm spacing the activity of N.R. increased from
56 to 112 kg of N fertilizer/ha but the increase became sig-
nificant only between 0 and 112 kg/ha and not between 56 and
112 kg/ha. With further N application the N.R. activity de-
creased and no significant difference was found between 0 and
168 kg/ha (Fig. 7).

When plants.were spaced 38 cm apart, the only significant

difference in N.R. activity occurred between 0 and 168 kg/ha.
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DISCUSSION
1. Yield

The results obtained in this experiment show that there
is no nitrogen-space interaction on yield. This agrees with
the results obtained by Cutcliffe in a similar study (13). It
was found that total yield per unit area increases in a linear
relationship as nitrogen increases and as the distance between
plants decreases as it was reported by Hipp (21) and by Ramos
and Martinez (25). However, from the results obtained in the
present study and those obtained by Cutcliffe (12, 13) it is
possible to see that the effect on yield due to N is greater
than the effect due to plant spacing. Yield consistently in-
creased significantly as the N fertilizer rate increased from
0 to 112 kg/ha, whereas yield did not change significantly as
the distance between plants was reduced from 46 to 30 cm at
8 cm intervals (Fig. 1). The highest yield was cbtained when
plants were spaced only 22 cm apart. Ramos and Martinez (25)
found the highest yield with plants spaced 20 cm in rows 60

cm apart.

2. Central Heads

A gquadratic relationship between N fertilizer and number
of central heads greater than 5.0 cm per unit area as well as

the average weight of central heads per plant is shown in
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Fig. 2 and 3. For both variables, nitrogen has a marked effect
between 0 and 56 kg/ha but further increases in fertilizer
did not affect the two variables. Therefore, it would appear
from this experiment that in single-harvest crops nitrogen
fertilizer applications greater than 56 kg/ha may be unneces-
sary.

The average weight of central heads increased linearly
as plant spacing increased (Fig. 2). This result agrees with
those reported by Zink and Akana (32), Aldrich (1), and
Tereshkovich (27).

At rates above 56 kg/ha of N fertilizer all the heads
harvested at the largest spacing (46 cm) between plants were
larger than 5.0 cm in diameter, while at the closest spacing
(22 cm) the percentage of heads greater than 5.0 cm diameter
varied from 83 to 100% among the plots. However, the larger
number of plants at the closer spacings (22 and 30 cm) compen-
sates for the decrease in weight per head and the total yield
per unit area increases when plants are spaced 22 or 30 cm

apart.

3. Lateral Shoots

Both number of shoots per plant as well as weight of
shoots per plant showed a linear relationship with nitrogen
fertilizer (Figs. 4 and 5). However, the lack of significant
differences between 56 and 168 kg/ha may not justify applica-

tions of N fertilizer greater than 112 kg/ha in crops in which
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the lateral shoots are going to be harvested. As plant spac-
ing increased number and weight of lateral shoots per plant
also increased resulting in a linear relationship. However,
the larger number of plants at the closer spacings (22 and

30 cm) offsets this effect and total yield per unit area was
greater at these spacings than at 38 or 46 cm between plants.
Therefore, distances of 22 or 30 cm between plants seem to

be more appropriate than greater plant spacings.

4, Chlorophyll Content

Chlorophyll content in leaves increased in a linear re-
lationship as N fertilizer increased from 0 up to 112 kg/ha
(Fig. 6). Above 112 kg/ha the content of chlorophyll de-
creased alsoc linearly but this decrease was not significant
(Table 1). Greig et al (18) working with N fertilizer levels
on spinach also found a significant linear increase of chloro-
phyll content in leaves with increased N levels. This result
shows that increases in N fertilizer rates within certain
levels tend to increase the N uptake by the plant as nitrogen
is incorporated into chlorophyll.

A significant linear increase in chlorophyll content in
leaves was found as the distance between plants increased
from 22 to 30 cm (Table 2). Plants spaced more than 30 cm
apart did not show any significant change in chlorophyll con-
tent of leaves as plant spacing increased. The increase be-

tween 22 and 30 cm may be due to a shading effect between
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plants at the closest spacing which produces a diminution of

chlorophyll content of the leaves.

5. Nitrate Reductase Activity

Nitrate reductase activity in leaves exhibited a common
pattern in plants spaced 22, 30, and 46 cm apart (Fig. 7).
The enzyme activity in leaves increased as N fertilizer rates
increased from 0 up to 112 kg/ha. However, further increases
in N fertilizer caused a decrease in the enzyme activity which
was significant only when plants were spaced 46 cm apart. To
explain the drop in N.R. activity in plants receiving more than
112 kg/ha is difficult, three factors may be responsible. One
factor may be water stress. Plants receiving 168 kg/ha are
expected to have more vegetative growth, especially the top
part of the plant, than those receiving less nitrogen. This
in turn implies a greater water demand and with it a greater
water stress. N.R. enzyme activity is very sensitive to
- water stress since the snythesis of NADH which is used as the
electron donor (reducing agent) in the reduction of NOS, is
affected under water stress conditions. As a result of this,
the enzyme activity decreases under such conditions.

A second factor may be a shading effect in plants re-
ceiving the highest nitrogen level. The inner leaves in
these plants may have been shaded by the outer leaves, and
also some shading may have caused by the big central inflores-

cence produced in these plants. Since the N.R. enzyme is light
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sensitive, a decrease in light intensity causes a decrease in
the enzyme activity.

The pattern obtained in plants spaced 38 cm was quite
different from that described for the other spacings. No sig-
nificant changes in N.R. activity in leaves were found between
0 and 112 kg/ha, although a slight decrease in content oc-
curred between 56 and 112 kg/ha. Contrary to the other spac-
ings, a significant increase occurred between 112 and 168 kg/ha.

A third factor may be an accumulation of NO, at the higher

fertilizer rate which may inhibit the enzyme activity.



25

SUMMARY AND CONCLUSIONS

Except for nitrate reductase activity in leaves, no
nitrogen-space interaction was found for all the variables
studied in this experiment.

Total yield per unit area increased linearly as N fertili-
zer rate increased for any given plant spacing. Total yield
per unit area increased linearly as plant spacing decreased
for any given N fertilizer rate. However, it was observed
that nitrogen has a greater effect on yield than plant spac-
ing. The highest yields were obtained when plants were
spaced 22 or 30 cm apart and when the plots received the equ-
ivalent of 112 or 168 kg of N fertilizer.

Both number of central heads greater than 5.0 cm in di--
ameter and weight of central heads per plant increased in a
quadratic relationship as N fertilizer rate increased from 0
to 56 kg/ha. Further increases in N fertilizer d4id not affect
these two variables. Therefore, N fertilizer applications
greater than 56 kg/ha would be unnecessary in single+harvest
crops.

The average weight of central heads per plant decreases
linearly as the distance between plants decreases. However,
the greater plant densities at the closer spacings (22 and 30
cm apart) offsets the decrease in weight per head and the
total yield per unit area increases at these spacings.

Both number and weight of shoots per plant increased

linearly as nitrogen fertilizer rates increased from 0 to 112
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and from 0 to 168 kg/ha respectively. The number of shoots
per plant decreased slightly between 112 and 168 kg/ha of N
fertilizer. Since the increase in weight of shoots per plant
between 112 and 168 kg/ha of N fertilizer was not significant,
nitrogen fertilizer rates greater than 112 kg/ha should not
be recommended when both central and lateral inflorescences
are harvested.

Both number and weight of shoots per plant increased
linearly as plant spacing increased. However, the larger
number of plants at the closer spacings (22 and 30 cm) off-
sets the larger number and the greater weight of shoots per
plant at the wider spacings (38 and 46 cm), so that greater
yields are obtained at the closer spacings. Consequently,
distances of 22 or 30 cm between plants were optimum.

Chlorophyll content in leaves increased linearly as N
fertilizer rates increased from 0 up to 112 kg/ha. The leaf
chlorophyll content increased as nitrogen fertilizer rates
increased, showing that some increases in N uptake by the
plant occur as the N level in the soil increases within cer-
tain limits.

Leaf chlorophyll content increased linearly as the dis-
tance between plants increased from 22 to 30 cm but no changes
in chlorophyll content were noticed as plants were spaced
further apart. The difference in chlorophyll content between
plants spaced 22 cm and those spaced 30 cm may be due to a
shading effect occurring when plants are spaced only 22 cm.

A nitrogen-space interaction was found for nitrate
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reductase activity in leaves. At 22, 30, and 46 cm spacings
the enzyme activity increased as the fertilizer rate increased
from 0 up to 112 kg/ha. Further increases in fertilizer
caused a decrease in enzyme activity. This decrease was sig-
nificant only when plants were spaced 46 cm apart. Greater
water stress as well as some shading effect of the inner
leaves due to a more vigorous vegetative growth in plants re-
ceiving the highest fertilizer rate may be responsible for the
enzyme activity decrease. In plants spaced 38 cm the enzyme
activity pattern was irreqular compared to those of plants
spaced 22, 30, and 46 cm.

The consistent increase in the leaf enzyme activity as
the fertilizer rate increases shows that the NOS concentration
in the plant increases, and therefore the nitrogen uptake by
the plant increases as the concentration of nitrogen fertili-
zer increases in the soil within certain limits.

The results obtained in this experiment showed that the
optimum spacing for broccoli plants is 30 cm aparﬁ and that
fertilizer rates larger than 112 kg/ha are unnecessary when
crops are grown in similar conditions to those described in

this experiment.
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Table 3, Effect of nitrogen fertilizer rates and plant spacing on nitrate
reductase activity in broccoli leaves,
NH4N03 PLANT SPACING cm
kg/ha 22 30 38 46
00 .0321 ab 0144 a 0476 b L0477 b
a o o o
56 .0609 a .0615 a 0719 a .0847 a
o 8 aB B
112 .0715 a L1005 b .0662 a .1320 ¢
B Y aB Y
168 L0597 a .0839 ab .094 b .0872 b
ap By B g
L.8.D. within rows .0267
L.5.D. within columns .0305

Mean separation by L.S5.D., 5% level.

Rows with the same arabic letters are not significantly different.
Columns with the same greek letters are not significantly different.
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Table 4, Analysis of variance table for the dependent wvariable : Yield

SOURCE DF 58 F VALUE PR > F
REP 3 4806251.81 13.01 0.0001
N 3 17365729.56 46.99 0.0001
REP * N 9 22357152.05 2.02 0.0660
SPACE 3 1156329.06 3.13 0.0375
ERROR 36 4434301.12 - -

N & SPACE 9 1079056.31 0.97 0.4777

Table 5. Analysis of variance table for the dependent variable :; Number
of central heads greater than 5.0 cm diameter/unit area.

SOURCE DF S8 F VALUE PR > F
REP 3 6.3125 1.07 0.3760

N 3 68.5625 11.57 0.0001

REP % N 9 12,5625 0.71 0.6989

SPACE 3 681.8125 115,03 0.0001

N % SPACE 9 10.0625 0.57 0.8156

ERROR 36 71.1250

Table 6. Analysis of variance table for the dependent variahle ; Weight
of central heads/plant,

SOURCE DF 88 F VALUE PR > F
REP 3 6731.84 8.17 0.0003
N 3 29961.13 36.35 0.0001
REP # N 9 4524,62 1.83 0.0%963
SPACE 3 3921.31 4.76 0.0068
N * SPACE 9 3351.67 1.36 0.2443
ERRCR 36 9889,65
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Table 7., Analysis of variance table for the dependent variable : Number
of shoots/plant.,

SOURCE DF Ss F VALUE PR > F
REP 3 29.8492 8.17 0.0003

N 3 47.0994 12.90 0.0001
REP # N 9 19,1148 1.74 0.1144
SPACE 3 24,4246 6.69 0.0011

N * SPACE 9 6.3105 0.58 0,8077
ERROR 36 43,8295

Table 8, Analysis of variance table for the dependent variable: Weight
of shoots/plant.

SOURCE DF ) F VALUE PR > F
REP 3 16771.414 16.88 0.0001
N 3 18025,309 18,14 0,0001
REP #*# N 9 7236.910 2,43 0.0285
SPACE 3 10082.960 10,15 0,0001
N * SPACE 9 2024 ,453 0.68 0,7223
ERROR 36 11923,081

Table 9, Analysis of variance table for the dependent variahble ; Leaf

chlorophyll content,

SOURCE DF S8 F VALUE PR >F
REP 3 1740.750 7.69 0.0004
N 3 4642.125 20.50 0.0001
REP # N 9 824.125 1.21 0.3176
SPACE 3 1388.125 6.13 ¢.0018
N * SPACE 9 600, 250 0.88 0,5488
ERROR 36 11913.000
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Table 10, Analysis of variance table for the dependent variable : Nitrate
reductase activity.

SOURCE DF 58 F VALUE PR > F
REP 3 0,0099 9.33 0.0001
N 3 0.0292 27.36 0.0001
REP # N 9 0.0043 1.35 0.2454
SPACE 3 0.0086 8.08 0.0003
N * SPACE 9 0.0096 2.99 0.0091
ERROR 36 0.0128

Table 11, Analysis of soil used in transplant production and the field

planting.
Sample No. Soil pH Available  Exchang, Available
K N
1b/A ppm
*
1 6.7 200 58.0
3 * 7.9 508 5 1

Soil mixture used in the Jiffy pots to grow the transplants,

* Soil from the field where the plants were grown,
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Table 12, Reagents used in nitrate reductase activity in vivo assay .

1. Incubation medium; Prepare one liter of pH 7.5 0.05 M phosphate buffer
containing 0.05 KNO3 and 0.1% (v/v) Triton X-100 by dissolving 5.75 g
K,HPO,; 3.6 g K,PO,”; 5.06 g KNO, and 1,0 ml Triton X~100, adjusting the
solution to pH 7.5 and diluting it to one liter.

2. Sulfanilamide reagent: Prepare one liter of 1% (w/v) sulfanilamide in
1.5 N HCL by dissolving 10 g sulfanilamide with 124,5 ml concentrated

HCL and diluting the solution to one liter.

3. N-l-naphthylethylenediamine reagent: Prepare one liter of 0.02%Z (w/v)
N-l-naphthylethylenediamine by dissolving 0.2 g of the compound in one
liter and storing the solution in a dark bottle in the refrigerator.
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Fig., 8 NITRATE REDUCTASE ACTIVITY CALIBRATION CURVE IN BROCCOLI

2.000

1.750 <

1.500 4

1.250 1

1.000 <

-750 -

.250 3

| L3 L} L L] 1

0 0.01 0.02 0.03 0.04 0.05 0.06

u moles NO5; per hour



Absorbance

Fig.

9

CHLOROPHYLL CALIBRATION CURVE

48

Mg. Total Chlorophyll per 100 ml. Solution



EFFECT QOF PLANT SPACING AND NITROGEN FERTILIZATION LEVELS
ON YIELD, LEAF CHLOROPHYLL CONTENT AND NITRATE REDUCTASE ACTIVITY

OF BROCCOLI (Brassica oleracea L. var. italica, Plenck)

by

HARVEY ERNESTO ARJONA

B. S., Colombian National University, 1974

AN ABSTRACT OF A MASTER'S THESIS

submitted in partial fulfillment of the

requirements for the degree

MASTER OF SCIENCE

Department of Horticulture

KANSAS STATE UNIVERSITY
Manhattan, Kansas

1980



A field and laboratory study was conducted in oxder to determine the e -
ffect of plant population and nitrogen fertilizer rates on yield, leaf
chlorophyll content and nitrate reductase activity in broccoli ( Brassica
oleracea L., var italica ), ' Green Comet ' hybrid. Observations concern-—
ing total 'yield per unit area, size and weight of central inflorescences,
number and weight of lateral inflorescences, leaf chlorophyll content and

nitrate reductase activity were recorded.

Linear relationships were found between nitrogen fertilizer rate and the
variables yield, number and weight of shoots per plant, nitrate reductase
activity and chlorophyll content. Quadratic relationships were found
between N ferilizer rate and the variables weight of central heads per
plant and number of central heads greater than 5.0 c¢m diameter per unit
area. All the varilables studied were related linearly to the distance
between plants. Of all the variables studied, only weight of central in-
florescence per unit area and nitrate reductase activity showed a nitro-

gen space interaction.

Total yield per unit area increased linearly as N fertilizer rate increased
for any given plant spacing. Total yield also increased as plant spacing
decreased for any given N fertilizer rate. A greater effect on yield due

to fertilizer rate than to plant spacing was observed.

Number of central heads greater than 5.0 cm diameter and weight of central
heads per plant increased significantly as the fertilizer rate increased
from Q to 56 kg/ha but no changes were observed with further fertilizer

applications.

The average weight of central heads per plant decreased linearly as the



" distance between plants decreased, The greater plant densities at the
closer spacings offset the decrease in weight and total yield per unit

area increased at these spacings.

Number and weight of lateral shoots Increased linearly as nitrogen ferti-
lizer rate increased, but non significant differences between 112 and 168
kg/ha were observed, so that fertilizer rates greater than 112 kg/ha are

considered unnecessary.

Number and weight of lateral shoots increased linearly as plant spacing
increased but the total yield per unit area decreased at the lower densi-

ties.

Leaf chlorophyll content increased as N fertilizer rate increased, show-
ing that some increases in N uptake by the plant occur as the N level in
the soil increases within certain limits. Leaf chlorophyll content also
increased as the distance between plants increased from 22 to 30 cm, but
no changes were observed at wider spacings. A shading effect occurring

when plants are spaced only 22 cm may be the cause of this difference in

chlorophyll content.

A consistent increase in nitrate reductase activity was observed as the
fertilizer rate increased when plants were spaced 22, 30 and 46 cm apart,
indicating a correlation between fertilizer rate and Nog concentration in
the plant.

Broccoll plants spaced 30 cm apart in rows 91 cm between rows and receiv-

ing fertilizer rates no larger than 112 kg/ha gave the optimum yields.



