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(ABSTRACT) 

Fresh market broccoli (Brassica oleracea L. var ital-

ica) production is increasing in southcentral Virginia 

because it provides growers with a new economic opportunity 

while complementing the traditional tobacco growing in that 

region. Little research data is available for vegetable 

fertilization on these southern Piedmont soils. The objec-

tives of this study were to amend the current recommended 

nitrogen rates for broccoli production, and to measure 

plant N uptake and soil nitrate status throughout the grow-

ing season in order to develop an efficient N fertilization 

program for this emerging industry. A preliminary study in 

1985 indicated no significant yield response to eight 

treatments varying in amount of total N applied from 56 to 

290 kg N/ba. A more detailed study was conducted in 1986 

with N treatments expanded as follows: main plot factor of 



bas~ rate Nat 0, 56, 112, and 168 kg N/ha, and 3 subplot 

factors of 0, 1, or 2 sidedressings at 56 kg N/ha each 

applied at 3 and 6 weeks after seeding. Yield differences 

for base rate N were significant at the first harvest only, 

while sidedressing effects on yield were significantly dif-

ferent for 3 of the 4 harvests and total yield. Nitrogen 

uptake during the first 32 days after seeding (DAS) was 

minimal, 0.17 kg N/ha/day, but increased to 8.05 kg 

N/ha/day during head formation (55 to 77 DAS). Initial 

soil nitrate status was 52 kg NO3-N/ha in the top 25 cm and 

decreased to 10.6 kg NO3-N/ha in the control plot by the 

end of the season. Total N uptake of broccoli with no fer-

tilizer applied averaged 200 kg N/ha demonstrating the 

capability of these soils to supply N. These results sug-

gest the current practice of applying the first sidedress-

ing at 3 weeks after seeding may not be necessary. However, 

later sidedressings, prior to and during head formation, 

are recommended to maintain an adequate available nitrogen 

supply throughout the growing season. 
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INTRODUCTION 

The acreage of fresh market broccoli (Brassica olera-

cea L. var italica) grown in south central Virginia has 

been steadily increasing over the last four years. In the 

four seasons since a pilot project began in 1983, area has 

increased from 12 to 200 hectares. Broccoli production 

complements the traditional tobacco production in this 

region and provides growers with a new profitable opportu-

nity. Virginia has a "market window" for fall broccoli. 

In October and November, the only other state producing 

fresh broccoli is California. This means Virginia broccoli 

can compete in the large East coast markets because trans-

portation costs are lower and shelf life is 3 days longer 

than for California broccoli (Graham, 1985). In addition, 

demand for fresh broccoli has increased 279% from 0.34 kg 

per capita consumed in 1973 to the 1985 figure of 1.31 kg. 

American lifestyles and eating habits have changed as con-

sumers have become more conscious of diet, nutrition, and 

physical fitness (Doran, 1986). 

Broccoli is an intensively managed, high value crop. 

Proper fertilization and irrigation practices are essential 

to the crop's success. Growers are being furnished with 

cultural management information derived from other vegeta-

ble growing areas of the Mid-Atlantic region. These areas 
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have typically been on the sandy soils of the Coastal Plain 

and consequently, fertilizer recommendations may be higher 

than is necessary for the heavier soils of the Piedmont 

region. 

In order for producers to achieve maximum economic 

yields and produce high quality broccoli, current recommen-

dations need to be tailored to the specific growing condi-

tions of the southern Piedmont region. However, little 

research data is available for vegetable fertilization on 

these soils. In 1985, a preliminary study was conducted at 

two sites in Halifax county, VA to determine the general 

response of fall broccoli to nitrogen applications. 

Results indicated no significant yield response to eight 

treatments varying in amount of total nitrogen applied from 

56 kg N/ha to 290 kg N/ha. To substantiate those results, a 

more detailed study was designed in 1986 to accomplish the 

following objectives: 

1) To amend the current recommended nitrogen rates 
for production of quality broccoli in the southern 
Piedmont region of Virginia. 

2) To measure effects of different rates and timing 
of nitrogen fertilizer application on yield, nitro-
gen uptake, and growth pattern of broccoli. 

3) To monitor nitrate-nitrogen content of soil 
throughout the growing season to gain a better un-
derstanding of the nitrogen retaining capacity of 
southern Piedmont soils. 



LITERATURE REVIEW 

Broccoli growth and development to the proper stage 

for harvesting is primarily vegetative and needs to be mod-

erately rapid and continuous for production of marketable 

heads (Konsler et al., 1980). If growth is too rapid and 

prolific, the heads become loose and hollow sterns may 

occur, and if too slow, the yields will be low (Nieuwhof, 

1969). Therefore, proper nitrogen fertilization of the 

broccoli is crucial for economic production. 

Nitrogen is one of the most important plant nutrients 

for producing reliable and optimal yield and quality of 

vegetables. It is the most difficult element to manage in a 

fertilization system when trying to ensure an adequate, but 

not excessive amount of available nitrogen from planting to 

harvest (Peck, 1981). Ideally, the nitrogen fertilization 

program should be evaluated on the basis of residual 

nitrogen in the soil, nutrient requirements, and growth 

patterns of a crop (Lorenz & Bartz, 1968). 

current recommended rates of nitrogen may be too high 

for broccoli production on Piedmont soil types. For 

example, a study conducted on a sandy loam soil in New Jer-

sey (Patterson, 1982) indicated 336 kg N/ha supported the 

highest yields and percentage of quality broccoli. How-

ever, in 1984, several producers in Halifax county, Virgi-

3 
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nia experienced stem splitting when they applied 112 kg 

N/ha preplant incorporated and sidedressings of 90 kg N/ha 

applied at 3 weeks and 6 weeks after seeding (VA coop Extn 

Serv, 1984). Stem splitting consists of longitudinal cracks 

in the stalks about 1.25 to 3.5 cm in length and in severe 

cases may affect the leaf petioles. The stem splitting was 

attributed to very rapid, vigorous vegetative growth 

brought on by excessive N applied as sidedressings and/or 

from high N residual from previous crops (O'Dell, 1985). 

Therefore, broccoli fertilization should supplement the 

nitroge~ that becomes available in the soil during the 

growing season in order to provide optimum yield and 

quality of the produce (Peck et al., 1974). Plants with 

split stems are unmarketable since the Virginia broccoli is 

grown for the Eastern fresh market and not for processing. 

High quality produce is very important for this emerging 

vegetable industry that is attempting to gain a share in 

the market from established suppliers in California and 

Texas. 

Soil Types 

The major vegetable producing region of Virginia has 

been centered in the Eastern Shore area for many years. 

Sassafras sandy loam is an agriculturally important and 

widespread soil type in the vegetable producing counties of 
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Accomac and Northampton. The surface soil is a light brown 

sandy loam ranging from 20-38 cm deep. It is characterized 

by a fairly even distribution of coarse, medium and fine 

grades of sand, and contains a relatively large proportion 

of silt. The subsoil, a reddish-brown heavy loam, ranges 

to a depth from 76-90 cm, has an average clay content 

between 18 and 27% and a silt content between 20 and 35%. 

These soils have good surface drainage and the stratified 

sandy sediments of the substratum allows for a thoroughly 

aerated soil (Lietzke, 1977; Stevens, 1920). 

In comparison to the coarse textured soils of the 

Coastal Plain, it was assumed the heavier soils of the 

Piedmont may have the ability to retain nitrogen. Some 

characteristics of a prevalent soil series of the region, 

Cecil fine sandy loam, are as follows: a surface soil of 

15-20 cm of friable fine sandy loam underlain by friable 

clay loam or heavy fine sandy loam which continues to a 

depth ranging from 30-38 cm. The subsoil is a red stiff 

brittle clay continuing to a depth of 75-90 cm. Average 

percentage of clay for this B2 horizon is 53% (Lietzke, 

1977; Va Agric. Expt. Stn., 1959). 

Movement of nitrate nitrogen through soils is related 

to porosity or texture of a soil and the amount of water 

percolating through the profile (Bates and Tisdale, 1957). 

Boswell and Anderson (1964) found the mean movement of 
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nitrogen in a Marlboro loamy sand (Coastal Plain) was con-

sistently greater than in a Lloyd sandy clay loam (Pied-

mont). Matthews (1942) observed that even under extremely 

wet conditions, most of the nitrate nitrogen in a Cecil 

sandy clay loam remains in the surface (30 cm) soil. During 

his study, over 3 inches of rain fell during one week in 

June and removed only a small part of the nitrate in the 

top 15 cm of the soil. seven inches of rain in 10 days in 

July caused the nitrate to leach slightly, but most of it 

was still within 30 cm of the surface. His data, along 

with others, (Mooers et al., 1927; Thomas, 1970) indicate a 

red clay subsoil retards the migration of nitrates. The 

greater amount of small pore space in clays limits downward 

movement of water, and subsequent movement of nitrates. In 

addition, Matthews (1942) observed that when these surface 

layers begin to dry out, some of the soil nitrate can move 

back up to or near the surface. Therefore, if broccoli is 

planted in a field previously fertilized with nitrogen, the 

shallow, fibrous root system of broccoli could have access 

to a soil nitrate supply that has moved up from deeper in 

the profile. 

Crop rotation and previous fertilization must be con-

sidered with soils that retain nitrogen (Lorenz and Bartz, 

1968). With such soils, nitrogen fertilizer practices 

should be based on a cropping systems approach rather than 
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attempting to fertilize a single crop. Broccoli is typi-

cally grown in rotation with tobacco and these fields are 

generally maintained at a high level of fertility. 

Ideally, when making nitrogen fertilization recommendations 

for these soils, the initial content of NO -N 3 should be 

taken into account. However, soil samples for nitrate ana-

lysis require special handling to stop microbial activity 

and rapid processing time in the laboratory is necessary to 

ensure the grower receives the proper recommendation on 

time. Due to these limitations, a reliable, practical soil 

nitrate test procedure has not been widely adopted by most 

humid-region soil testing laboratories (Magdoff et al., 

1984). 

Nitrogen Fertilization Studies 

Assessing initial nitrate-N content of the soil is 

essential when conducting nitrogen fertilization studies 

(Peterson and Attoe, 1965). Of the studies done on broccoli 

only a few have monitored soil N status at the onset of the 

experiment (Beverly et al., 1986; Hipp, 1972; Kowalenko 

and Hall, 1987a; Letey et al., 1983. ). Others have assumed 

low residual N because a cover crop was grown in the previ-

ous season (Dufault and waters, 1985; Greenwood et al., 

1980). 

In a study by Kowalenko and Hall (1987a), initial lev-
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els of readily available N were quite low and they assumed 

the broccoli would require considerable N mineralization 

from the soil organic matter and/or fertilizer for its 

growth requirements. Their results indicated the net min-

eralization of soil nitrogen tended to be less than the 

average plant N uptake and thus broccoli responded to N 

applications up to 250 kg N/ha. Hipp (1972) and Beverly et 

al. (1986) also showed yield responses to increasing rates 

of nitrogen on soils with low residual nitrogen. 

In comparison to broccoli in the Kowalenko and Hall 

(1987a) study, sweet corn did not respond to nitrogen 

applications. The net mineralization rate of organic Nin 

the corn trial (0.8 to 1.0 kg/ha (per day)) was similar to 

the average N uptake rate over the whole season (1.1 to 1.2 

kg/ha (per day)). Since the total N uptake of broccoli and 

sweet corn was similar (118 to 157 kg/ha vs. 127 to 141 

kg/ha) the differential N response between the two crops 

was attributed to a difference in Nuse or uptake effi-

ciency. 

Growth Patterns and Timing of N Applications 

Knowledge of the seasonal nutrient uptake pattern of 

the crop is also important in planning a fertilization pro-

gram. The overall nitrogen uptake value does not reflect 

the important variations that occur throughout the season 



(Kowalenko and Hall, 1987a). The seasonal nutrient uptake 

of a crop generally parallels the plant growth rate and is 

measured by either fresh or dry weight for all growth peri-

ods except maturation. During maturation, the rate of 

nutrient absorption is less than the rate of growth. How-

ever, many vegetables are harvested in the vegetative stage 

which coincides with the maximum rate of growth and associ-

ated nutrient uptake (Lorenz and Bartz, 1968). 

Studies by Zink (1963, 1965) on nutrient absorption of 

celery and spinach demonstrate nutrient removal to be very 

slow in the early phases of growth, with maximum uptake 

occurring about one month before harvest. Similarly, Peck 

(1981) showed the rate of N uptake by cabbage plants to be 

slow during the seedling stage, high during midseason, and 

moderate as plants approached harvest as long as nitrogen 

from the soil and/or fertilizer was available in the rhizo-

sphere. 

Magnifico et al. (1979) conducted a comparable growth 

pattern study on broccoli. Unfortunately, the study was 

performed over a 173 day growing period in Italy which is 

not representative of the growing period of broccoli in the 

United States. Average days to maturity varies between 60 

to 95 days in the U.S. (Lorenz and Maynard, 1980). How-

ever, Magnifico's results indicated the rate of nitrogen 

uptake was at a maximum during head formation. Kowalenko 
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and Hall (1987b) and Letey (1983) reported similar find-

ings. A study by Beverly et al. (1986) found the shape of 

growth curves varied with nitrogen and sprinkler irrigation 

treatments. In general, growth rates increased with both 

increasing water and nitrogen application. 

Nitrogen is most effective when applied shortly before 

the period of most rapid growth and greatest demand by crop 

(Olson and Kurtz, 1982). Welch et al. (1985) found that 

split nitrogen application increased yields of cauliflower. 

They claim an abundant supply of N is needed close to harv-

est for high yields and top quality. In a comparable study 

with cabbage, they found yields increased significantly as 

nitrogen rates increased from Oto 100 kg N/ha in split 

applications (Welch et al., 1986). 

Data on split applications of nitrogen for direct 

seeded broccoli are limited. Due to the high demand for 

nitrogen during head formation, Kowalenko and Hall (1987b) 

suggest N application just prior to bud initiation may 

result in increased head yield. No studies have been con-

ducted to substantiate this claim. 

Using transplants, Konsler et al. (1980) compared 224 

kg N/ha applied preplant to split application of the same 

amount being applied as 112 kg N/ha preplant with two side-

dressings of 56 kg N/ha applied at 3 and 5 weeks, and 168 

kg N/ha preplant with one sidedressing of 56 kg N/ha at 
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three weeks. Their results showed total yield and sideshoot 

yield was higher with both sidedressing treatments than 

with the 224 kg N/ha preplant application. In a direct 

seeding study, Letey et al. (1983) found soil applied side-

dress N application provided significantly higher yields of 

heads than injection of comparable amounts of N with irri-

gation water. Using two nitrogen rates, 115 and 225 kg 

N/ha, they applied one-third of it preplant and the other 

two-thirds as either soil applied sidedressings or injected 

in irrigation water. The soil sidedressing treatments were 

applied at 42 and 56 days after seeding, while the injected 

N treatments were divided over 6 successive irrigations 

between 42 and 72 days after seeding. They concluded 

placement of nitrogen close to the root zone by the soil 

sidedress operation made N available earlier in the growth 

cycle, and thereby contributed to higher yields compared to 

injected nitrogen. 

The current recommendations (Va coop Extn Serv, 1986) 

for Virginia broccoli production include a preplant appli-

cation of 56 to 112 kg N/ha and sidedressing applications 

of 56 kg N/ha at 2-3 weeks and 4-6 weeks after seeding. It 

is not known specifically what growth stages of the broc-

coli plant they represent other than early seedling and one 

month before harvest stages. Most vegetables take up maxi-

mum amount of nutrients in the midseason stage and in the 
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month prior to harvest, and sidedressings should be timed 

accordingly. In fertilization studies using transplants, 

sidedressings of nitrogen were applied much later in the 

growing season. For example, Dufault and Waters (1985) and 

Konsler et al. (1980) applied sidedressings when plants 

were 6 weeks old and again at 8 weeks of age. Beverly et 

al. (1986) with direct seeded broccoli applied sidedress-

ings at 42 and 56 days after seeding, as did Letey et al. 

(1983). These later applications of nitrogen are more 

likely to remain within the rooting zone and to be avail-

able to the broccoli plant during head formation. 

The Virginia recommendations for sidedressings at 

14-21 and 28-42 days after seeding may be too early for 

efficient utilization of the nitrogen. Early and/or mul-

tiple sidedressings are generally used where vegetables are 

grown on sandy soils to replenish leaching losses and to 

ensure an adequate supply of nutrients throughout the grow-

ing season. If preplant nitrogen is applied and these 

Piedmont soils retain nitrogen, the 2-3 week sidedressing 

may not be necessary for broccoli production on certain 

soils. 

However, before current recommendations are revised, 

the residual N status and nitrogen uptake pattern of broc-

coli should be examined under southern Piedmont Virginia 

conditions. Optimum nitrogen rates, along with best appli-
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cation times for sidedressings could be derived from such 

information. 

High nitrogen fertilization of plants has become a 

common agricultural practice to improve both yield and 

appearance of crops. Optimum growth is usually accompanied 

by the highest quality. An efficient nitrogen fertiliza-

tion program would enable producers to deliver higher 

quality and greater yields of broccoli to the Eastern fresh 

market. Properly timed application of nitrogen, at optimum 

levels for crop production would be of economic benefit to 

the grower and would reduce the chances of groundwater pol-

lution. The goal of greater nitrogen use efficiency should 

be incorporated into the development of every new ferti-

lizer recommendation program. 



MATERIALS AND METHODS 

Autumn 1985 

A preliminary study was conducted at two sites in Hali-

fax County, VA. The soil type at site #1 was a Cecil clay 

loam (clayey, kaolinitic, thermic, Typic Hapludult) that 

had been cropped to soybeans the previous season and was 

fallowed in 1985 until fall planting. Prior to planting, 

4.5 MT/ha of agricultural lime was applied and incorporated 

into the surface 30 cm. A custom liquid fertilizer-

pesticide blend was broadcast and incorporated with a disk-

ing operation. This mixture consisted of 56, 48, 93 and 

2.2 kg/ha of N, P, and Kand boron, respectively, plus tri-

fluralin, 4EC (a,a,a-trifluoro-2,6-dinitro-N-N-dipropyl-p-

toluidine) at 0.72 kg a.i./ha and disulfoton (O,O-diethyl 

S{2-ethylthio)thyl} phosphorodithioate) at 1.12 kg a.i./ha. 

Eight nitrogen fertilization treatments were arranged in a 

randomized complete block design with four replications. 

The 8 treatments included varying the rates of preplant 

nitrogen (kg/ha) and sidedressing nitrogen as follows: 1) 

56-0-0, 2) 134-0-0, 3) 56-78-0, 4) 134-78-0, 5) 56-78-40, 

6) 56-78-78, 7) 56-156-0, 8) 56-156-78. For the two treat-

ments with the 134 kg N/ha base rate, an additional 78 kg 

N/ha as NH4No3 was broadcast over the top of the bed at 

seeding. 

14 
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Broccoli ('Emperor') was planted on August 5 at 15 cm 

spacing within the row, on 2 row beds (30 cm between rows) 

spaced 1.2 m apart center to center. Each individual plot 

consisted of 2 beds (4 rows) each 6 m long. Sprinkler 

irrigation was applied daily until seedlings became estab-

lished. overhead irrigation was applied as needed through-

out the growing season to provide adequate soil moisture as 

determined by the growers experience. 

The first sidedressing treatments of 78 kg N/ha and 156 

kg N/ha as NH4No3 were applied 24 days after seeding (DAS) 

in a band between the 2 rows on the bed, and the second 

sidedressing of 40 kg N/ha or 78 kg N/ha as NH4No3 was 

applied at 45 DAS. Timing of the sidedressings was coinci-

dent with the cooperating grower's sidedressing operation 

in order to keep practices similar. 

Tissue samples, consisting of two young mature leaves 

per plant, were taken at 66 DAS as broccoli heads were 

becoming visible at the plant apex. Samples were dried in 

a forced draft oven at 70°c for 24 hours, ground, and 

analyzed for N concentration using the micro-Kjeldahl tech-

nique (Peterson and Chesters, 1964). Primary heads were 

harvested from all 4 rows within a plot as they reached a 

marketable size of 8-10 cm in diameter. Heads were cut 

with a 15 cm stalk at 4 harvests during a 3 week period. 

The experiment at Site #2 was conducted on an Appling 
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sandy loam soil (clayey, kaolinitic, thermic, Typic Haplud-

ult) that had been planted to a fescue-clover mixture for 

several years. Lime was applied at a rate of 6.7 MT/ha and 

incorporated with the plowing operation. Fertilizer and 

pesticides were applied as at Site #1, with only the rate 

of phosphorus changing to 24 kg P/ha. Six of the 8 

nitrogen fertilization treatments were arranged in a ran-

domized complete block with 4 replications. Two treat-

ments, 134-0-0 and 134-78-0, were omitted due to rainfall 

immediately after seeding that prevented application of the 

additional base rate nitrogen. Broccoli ('Emperor') was 

seeded on July 24 at the same spacings as at Site #1. The 

first sidedressing treatments were applied 14 days after 

seeding and the second sidedressings at 43 DAS coinciding 

with the grower's practice. 

Tissue samples were taken at 62 DAS as described for 

site #1. Primary heads were harvested at 3 harvests in a 3 

week period. 

Autumn 1986 

A third experiment was conducted in Halifax County at a 

different site than used in the 1985 study. Soil type was 

a Cecil sandy loam and the field had been planted to 

muskmelons (Cucumis melo, L. var reticulata) from May 

through July 1986. In late April, the field received 4.5 
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MT/ha of lime and broadcast fertilizer at a rate of 90 kg 

N, 48 kg P, and 93 kg K per hectare. 

Because a control treatment was to be included in this 

study, no nitrogen was broadcast over the field prior to 

broccoli planting, but 72 kg P, 139 kg Kand 2.2 kg boron 

per hectare were broadcast and incorporated into the sur-

face 30 cm by the cooperating grower. Triflualin 4EC at 

0.72 kg a.i./ha and disulfoton at 1.12 kg a.i./ha were 

applied in a separate operation for weed and insect con-

trol, respectively. The field was then listed and shaped 

into beds spaced 1.2 m apart. 

The experimental design was a split plot with 4 repli-

cations. Main plot treatments consisted of 4 base rate or 

preplant rates of nitrogen at 0, 56, 112, or 168 kg N/ha. 

The base rates of N as NH4No3 were broadcast uniformly over 

the top of 2 beds, 16.5 min length, and incorporated with 

a rake. The 3 subplots, 5.5 min length, corresponded to 

the number (0, 1, or 2) of sidedressings of 56 kg N/ha 

applied as NH4No3 . 

Two varieties of broccoli 'Emperor' and 'Green Val-

iant', were seeded on August 7 at 8 cm spacing within the 

row and rows were 30 cm apart on a bed. Twenty days after 

seeding, plants were thinned to a spacing of 15 cm between 

plants. Sprinkler irrigation was applied daily until seed-

lings emerged and then throughout the season as needed 
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based on grower experience. 

Twenty one DAS, 56 kg N/ha as NH4No3 was applied in a 

band between the 2 rows on a bed for those plots receiving 

1 and 2 sidedressings. At 42 DAS, 56 kg N/ha as NH4No3 was 

applied in the same manner to those plots receiving 2 side-

dressings. 

Plant Samples 

Plants were sampled at 20, 32, 42, and 55 DAS and at 

the second, third, and fourth harvests or 77, 84 and 92 

DAS, respectively. Samples were not taken at the first 

harvest since the amount of harvestable heads was quite 

low. Additional samplings would have been conducted but 

temperatures dropped to -13° cat 98 DAS and the remaining 

plants were killed. An average of 56% of the stand in each 

plot of 'Emperor' was recovered before the frost. The 

Green Valiant' had only been harvested once and therefore 

no harvest plant samples were taken. 

Due to a small plant size at the 20 DAS sampling, whole 

plants from a 0.93 m2 area of 3 subplots (or 1 main or base 

rate plot) were cut off at the soil line, and the fresh 

weight was recorded. Samples at 32, 42 and 55 days were 

taken from a 0.93 m2 area of one subplot, cut off at the 

soil line, and fresh weights measured. All samples were 

dried in forced air drying ovens at 70° C for 24-48 hours 
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depending on sample size. Dry weights were recorded, and 

the tissue was ground and analyzed for N concentration 

using the micro-Kjeldahl technique. 

At the harvest samplings, marketable sized heads (8-10 

cm diameter) were cut with a 15 cm stalk and yield data was 

recorded. The remainder of the plant was then cut at 

ground level and weighed. Since broccoli heads mature at 

different times, harvested "area" was calculated as fol-

lows: (number of marketable heads/number of plants in sub-

plot) x (area of the subplot (4.46 m2 )) to give the best 

approximation of the area occupied by the harvested plants. 

Subsamples of head and vegetative tissue were taken sepa-

rately for dry weight determination and N analysis. Tissue 

was dried at 70° c for 24-72 hours, weights were recorded, 

and tissue was ground and analyzed for N concentration 

using the micro-Kjedahl technique. 

Soil Samples 

Prior to base rate fertilizer application, a represent-

ative soil sample of the experimental area was taken at two 

depths, 0-25 cm and 25-50 cm, to measure preplant N03-N 

levels. These two depths were chosen because 0-25 cm is the 

average depth of the sandy loam surface horizon and red 

clay is generally found below 25 cm. The 50 cm depth was 

thought to be an average maximum rooting depth of broccoli 
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in these soils. Soil samples were taken in the 'Emperor' 

plots only because no differences were anticipated between 

the two varieties. At 20 DAS, (pre-sidedressing #1) soil 

samples were taken from main plots only (0, 56, 112, and 

168) at the two depths. At 42 DAS (pre-sidedressing #2) 

soil samples at two depths were taken from all plots except 

those receiving two sidedressings because at that date the 

1 sidedressing and 2 sidedressing plots had received equi-

valent amounts of nitrogen. Soil samples at the two depths 

were taken from all plots at the end of the season or 99 

DAS. All samples were placed in plastic bags and kept 

frozen with dry ice while being transported from the field 

to the laboratory. Samples were stored in a freezer until 

laboratory analysis was conducted. Soils were extracted in 

2M KCl in a 10:1 (volume:weight) ratio of solution to soil. 

Nitrate content of the extracts were determined by the col-

orimetric Greis-Ilosvey procedure (Keeney and Nelson, 

1982). 

Data were statistically analyzed by analysis of vari-

ance using the General Linear Models procedure on SAS (SAS 

Institute, 1985). 



RESULTS AND DISCUSSION 

Autumn 1985 

Nitrogen concentration in the leaf tissue at heading 

(65 days after seeding (DAS) and 62 DAS for Site 1 & 2 

respectively) ranged from 5.72% to 6.56% with no signifi-

cant differences among the 8 treatments (Table 1). These 

nitrogen concentrations are similar to those reported by 

Hipp (1972) for samples taken 55 days after emergence. 

In that study, Hipp also reported a linear response in 

yield to N application rates of up to 168 kg/ha. However, 

our yield data do not agree with Hipp's findings. Our data 

show no significant effect of total N applied (range of 

56-290 kg N/ha) on yield, head number, or average head 

weight except for head number at site 2 (Table 2). These 

data also do not agree with the findings of other N ferti-

lization studies where increases in yield were obtained 

with increases in N rate up to 168 kg/ha (Arjona, 1980; 

Hipp, 1974); up to 224 kg N/ha (Dufault and waters, 1985); 

and up to 248 kg N/ha (Greenwood et al., 1980). 

Total N applied did not seem to affect the number of 

marketable heads at each harvest at either location (Appen-

dix, Tables 10 and 11). Other studies have reported delays 

in maturity by higher rates of N (Cutcliffe et al., 1968) 

and yet others report earlier yields from plants grown in 

21 
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Table 1. Nitrogen concentration of broccoli leaf tissue 
at heading, 1985. 

Nitrogen 
treatment 
(kg N/ha) 

56-0-0 

134-0-0 

56-78-0 

134-78-0 

56-78-40 

56-78-78 

56-156-0 

56-156-78 

Significance 
SE 

z 

z 

Tissue N (%) 

Site 1 5.74 
Site 2 5.84 

Site 1 5.72 
Site 2 NA 

Site 1 6.14 
Site 2 6.56 

Site 1 5.78 
Site 2 NA 

Site 1 6.19 
Site 2 6.29 

Site 1 6.41 
Site 2 6.56 

Site 1 6.07 
Site 2 6.23 

Site 1 6.33 
Site 2 5.93 

Site 1 NS 
0.23 

Site 2 NS 
0.23 

NS - Nonsignificant at 5% level 
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Table 2. Total yield, head number, and head weight of 
broccoli in response to 8 nitrogen treatments 
at 2 sites, 1985. 

Nitrogen 
treatment 
(kg N/ha) 

56-0-0 Site 1 
Site 2 

134-0-0 Site 1 
Site 2 

56-78-0 Site 1 
Site 2 

134-78-0 Site 1 
Site 2 

56-78-40 Site 1 
Site 2 

56-78-78 Site 1 
Site 2 

56-156-0 Site 1 
Site 2 

56-156-78 Site 1 
Site 2 

z 
Significance Site 1 

SE 

Site 2 

z 

Total 
yield 

(MT/ha) 

11.6 
13.0 

11. 6 
NA 

14.4 
10.9 

12.5 
NA 

14.9 
10.4 

13.5 
12.6 

13.8 
11.2 

14.4 
12.1 

NS 
1.2 

NS 
0. 7 

Total 
head no. 

(1,000/ha) 

48.4 
50.9 

47.4 
NA 

52.8 
42.0 

53.6 
NA 

56.3 
42.0 

50.0 
50.7 

55.3 
46.9 

52.2 
47.5 

NS 
3. 2 

* 
2.15 

Average 
head wt. 

(kg) 

0.23 
0.22 

0.24 
NA 

0.26 
0.23 

0.23 
NA 

0.26 
0.23 

0.26 
0.23 

0.25 
0.23 

0.26 
0.23 

NS 
0.05 

NS 
0.05 

*, NS Significant at 5% level or nonsignificant 
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soil with a large supply of available N (Hipp, 1972). 

Because the lowest N treatment (56 kg N/ha) produced yields 

comparable to higher N treatments, the soil must be supply-

ing substantial amounts of nitrogen. The previous crops 

grown at these sites, soybeans and fescue-clover, would 

indicate the potential exists for the soil to supply N. No 

soil N parameters were measured in this preliminary study 

to substantiate this claim. 

Autumn 1986 - Yield 

There was no significant interaction between base rate 

nitrogen and the number of sidedressings. Regardless of 

the amount of base rate applied, the sidedress effects were 

the same. 

The main effect of base rate Non yield ind head number 

was significant at the first harvest only (Table 3). Yield 

at the O base rate was considerably lower than the other 

three base rates indicating a delay in maturity with 

reduced amounts of N. This is in agreement with Hipp's 

findings (1974). Total yield for the O base rate as well 

as the other rates would have been even higher were it not 

for the November 14 freeze which left an average of 44% of 

the stand in the field (Appendix, Table 12). However, the 

1985 data suggest a more extensive harvest would not have 

changed the overall low response to Nin 1986. No response 
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Table 3. Broccoli yield, head number and weight for indi-
vidual and total harvests in response to base N rat~s 
averaged over three sidedressing treatments, 1986. 

Base rate Harvest date 
nitrogen --------------------------------------------

(kg/ha) 10/17 10/23 10/31 11/7 Total 
-----------------------------------------------------------

Yield (MT/ha) 

0 1.28 1.49 5.36 3.64 11. 8 
56 2.01 1. 98 4.21 4.93 13.1 

112 1.95 2.31 4.72 4.53 13.5 
168 2.34 1. 70 4.63 4.48 13.2 

y 
Significance * NS NS NS NS 

SE 0.18 0.32 0.58 0.44 0.98 

Head number (1,000/ha) 

0 4.02 4.69 15.1 10.5 34.3 
56 6.72 6.23 12.0 13.5 38.4 

112 6.42 7.44 13.0 11. 5 38.4 
168 7.54 5.20 12.1 10.3 35.2 

Significance * NS NS NS * 
SE 0.58 0.96 1.31 1.18 2.45 

Head weight (kg/head) 

0 0.31 0.31 0.34 0.37 0.33 
56 0.30 0.32 0.35 0.37 0.34 

112 0.30 0.31 0.36 0.39 0.34 
168 0.32 0.32 0.38 0.44 0.37 

Significance NS NS NS + * 
SE 0.01 0.01 0.01 0.02 0.01 

----------------------------------------------------------
z 

y 
No base rate x sidedressing interaction 

*,+,NS Significant at the 5% or 10% levels, 
or nonsignificant. 
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to N application was observed in the 1985 study where 83% 

of the stand had been harvested for yield (Appendix, Table 

13). 

The main effect of number of sidedressings on yield was 

significant for the first three harvests and for the total 

yield (Table 4). Head number was significantly different 

at the second and third harvest and head weight at the 

first and total harvest. These data agree with the results 

observed by Konsler et al. (1980) with transplanted broc-

coli. They found total yield, sideshoot yield and average 

head weight were greater when 224 kg N/ha was applied as 

base plus one or two sidedressings than when it was applied 

entirely at preplant. This improvement in yield with side-

dressings may be attributed to maintaining adequate avail-

able nitrogen throughout the growing season. 

Plant Dry Matter Production and N Concentration - 1986 

The total nitrogen uptake curves (Figures 1-4) for the 

4 base rates with O, 1, or 2 sidedressings demonstrate the 

sigmoidal increase in nutrient uptake that occurs during 

the season. Actual uptake values are reported in Table 5. 

As stated by Kowalenko and Hall (1987a) these uptake values 

measured over the entire growing season are much more mean-

ingful in planning a fertilization program than just an 

overall N uptake value measured at the end of the season. 
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Table 4. Yield, head number and weight of broccoli for in-
dividual and total harvests in response to 0, 1, and 2 
sidedr~ssings as averaged over all base rates of N, 
1986. 

Number of 
sidedressings 
(at 56 kg/ha) 

0 
1 
2 

y 
Significance 

SE 

0 
1 
2 

Significance 
SE 

0 
1 
2 

Significance 
SE 

z 

10/17 

1.43 
2.04 
2.17 

* 
0.21 

5.31 
6.57 
6.52 

NS 
0.56 

0.28 
0.31 
0.33 

* 
0.01 

Harvest date 

10/23 10/31 11/7 

Yield (MT/ha) 

1. 59 3.89 4.15 
1. 71 5.17 4.19 
2.25 5.18 4.75 

* * NS 
0.17 0.39 0.29 

Head number (1, 000/ha) 

5.12 11. 2 11. 7 
5.29 14.3 10.3 
7.08 13.9 12.1 

* * NS 
0.52 0.84 0.77 

Head weight (kg/head) 

0.30 0.34 0.36 
0.32 0.36 0.42 
0.32 0.37 0.41 

NS NS NS 
0.01 0.01 0.02 

No base rate x sidedressing interaction 
y 

Total 

11.1 
13.1 
14.4 

* 
0.64 

33.3 
36.5 
39.6 

NS 
1.40 

0.32 
0.35 
0.36 

* 
0.01 

*, NS Signifcant at the 5% level or nonsignificant 
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Table 5. Total nitrogen uptake, dry matter production, 
and nitrogen concentration of whole plant tissue at 7 
sampling dates in response to base rate N averaged over 
3 sidedressings, 1986. 

Treatment 

Base rate 
nitrogen 

0 
56 

112 
168 

Signifi-
cance 

SE 

0 
56 

112 
168 

Signifi-
cance 

SE 

0 
56 

112 
168 

Signifi-
cance 

SE 

z 

z 

20 

0.5 
0.6 
0.7 
0.6 

+ 

0.1 

11 
12 
14 
11 

NS 

1.1 

4.9 
5.2 
5.4 
5.3 

* 
0.1 

32 

4.7 
6.1 
5.2 
5.4 

NS 

0.6 

100 
126 
113 
113 

NS 

10 

4.8 
4.8 
4.6 
4.8 

NS 

0.1 

Days after seeding 

42 55 77 

Total plant N (kg N/ha) 

22 
27 
28 
24 

NS 

1. 9 

61 
61 
67 
66 

* 
2.9 

225 
244 
242 
255 

NS 

8.0 

Dry matter (kg/ha) 

447 
606 
619 
497 

+ 

36 

1390 
1393 
1451 
1803 

* 
81 

Tissue N (%) 

4.6 
4.5 
4. 5 
4.9 

NS 

0.1 

4.4 
4.4 
4.4 
4.5 

NS 

0.1 

6602 
6612 
6961 
6817 

NS 

185 

3.4 
3.7 
3.4 
3. 8 

+ 

0.2 

*,+,NS Significant at 5% or 10% levels, 
or nonsignificant 

84 

217 
215 
231 
237 

NS 

12 

5860 
5770 
6434 
6175 

NS 

201 

3.7 
3.7 
3. 6 
3.8 

NS 

0.1 

92 

234 
217 
248 
282 

NS 

15 

6121 
5538 
6092 
6394 

NS 

233 

3. 8 
3.9 
4.1 
4.4 

NS 

0.2 



The four figures illustrate the similarity in the total 

N uptake pattern across all base rates, with the O base 

rate totals being slightly less than the 56, 112, and 168 

kg N/ha totals (Table 5). Since there is no significant 

difference between the main effect of base rate on total N 

uptake levels except at the Day 55 sampling, the mean value 

of the base rates at each date was used to calculate the 

following: N uptake is negligible between O and 20 days, 

0.031 kg N/ha/day, and increases slightly between 20 and 32 

days to 0.40 kg N/ha/day. There is a significant uptake 

increase to 2.0 kg N/ha/day during the 32 to 42 day period, 

and again between 42 and 55 days uptake increases to 2.95 

kg N/ha/day. The largest N uptake, 8.08 kg N/ha/day, 

occurs between Day 55 and Day 77 or the second harvest. 

This large increase is in agreement with the literature 

that the maximum rate of N uptake occurs during head forma-

tion. The value is slightly higher than that measured by 

Magnifico (1979) and Letey et al. (1983) which was 6.0 kg 

N/ha/day and Sander's (1985) value of 7.3 kg N/ha/day. 

Dry matter production for the main effect of base rate 

parallels total N uptake (Table 5). Like total N uptake, 

the only significant difference occurs at the day 55 samp-

ling. There are no significant differences in N concentra-

tion for the whole plant tissue except for the day 20 samp-

ling. Therefore, the differences in N uptake at Day 55 are 
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due to differences in dry matter produced and not N content 

of the tissue. 

Total N uptake, however, is significantly different for 

the sidedressing main effect at 4 of the sampling dates 

(Table 6). Dry matter production is not significantly dif-

ferent for the sidedressings except at day 55 (Table 6). 

Because nitrogen concentration does differ significantly at 

5 of the sampling dates for the sidedressing effect, dif-

ferences in total N uptake can be attributed to changes in 

the N concentration in the tissue. One and two sidedress-

ings produce consistently higher nitrogen concentration in 

the whole plant tissue and influence N content more than 

base rate nitrogen. 

For samples taken at harvest, results are inconsistent 

for total N uptake, dry matter production, and N concentra-

tion in head vs. vegetative tissue (Tables 7 and 8). The 

nitrogen concentration in whole plant tissue decreased at 

harvest samplings due to higher concentration of Nin head 

tissue vs. vegetative tissue. At 77 days, 34% of nitrogen 

in the plant is in the head tissue and it increases to 40 

and 41% at 84 and 92 days. These values agree with that 

found by Kowalenko and Hall (1987b), 36 to 38%, and their 

conclusion that the proportion of N uptake into the head 

was not influenced by N rate. In our study, the proportion 

of N uptake into the head appears to be related to harvest 
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Table 6. Total nitrogen uptake, dry matter production, and 
nitrogen concentration of whole plant tissue at 7 samp-
ling dates in response to 0, 1, and 2 sidedressings as 
averaged over all base rates of N, 1986. 

Treatment 

Number of side-
dressings 

0 
1 
2 

Significance 
SE 

0 
1 
2 

Significance 
SE 

0 
1 
2 

Significance 
SE 

z 

z 

20 

NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 

NA 
NA 

32 

5.6 
5.7 
4.9 

NS 
0.5 

119 
119 
101 

NS 
9.3 

4.6 
4.8 
4.8 

NS 
0.1 

Days after seeding 

42 55 77 84 

Total plant N (kg N/ha) 

22 
26 
28 

* 
1.5 

55 
74 
72 

* 
3.5 

226 
237 
255 

NS 
12 

209 
227 
237 

* 
8.3 

Dry matter (kg/ha) 

502 
547 
598 

NS 
35 

4.4 
4.8 
4.8 

* 
0.1 

1310 
1622 
1590 

* 
68 

6765 
6758 
6752 

NS 
246 

Tissue N (%) 

4.2 
4.6 
4.5 

* 
0.1 

3.3 
3.5 
3.8 

* 
0.1 

5906 
6282 
5997 

NS 
181 

3.5 
3.6 
4.0 

* 0.1 

*, NS Significant at 5% level, or nonsignificant 

92 

222 
241 
270 

* 
10 

5834 
5983 
6279 

NS 
218 

3.8 
4.0 
4.3 

* 0.1 
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Table 7. Total nitrogen uptake, dry matter production, and 
nitrogen concentration of vegetative and head tissue of 
broccoli at 3 harvests as influenced by base rate N 
treatments averaged over 3 sidedressings, 1986. 

Days after seeding 

77 84 92 77 Treatment 

Base rate 
nitrogen 

Total N (kg N/ha) 

Vegetative 

0 150 
56 159 

112 158 
168 174 

z 
Significance NS 

SE 7.0 

132 
126 
134 
148 

NS 
9.1 

144 
125 
141 
167 

+ 
8.6 

75 
85 
83 
81 

NS 
3.2 

Dry matter (kg/ha) 

84 

Head 

85 
90 
97 
89 

NS 
5.8 

Vegetative Head 

0 4828 
56 4714 

112 5019 
168 4992 

z 
Significance NS 

SE 170 

0 3.1 
56 3.4 

112 3.1 
168 3.5 

z 
Significance NS 

SE 0.1 

z 

4089 
3936 
4407 
4333 

NS 
163 

Vegetative 

3.2 
3.2 
3.1 
3.4 

NS 
0.1 

4036 
3626 
3905 
4194 

NS 
169 

1774 
1897 
1942 
1825 

NS 
58 

Tissue N (%) 

3.6 
3.5 
3.6 
4.0 

NS 
0.2 

4.2 
4.5 
4.3 
4.5 

NS 
0.1 

*, + ,NS Significant at 5% or 10% levels, 
or nonsignificant 

1770 
1834 
2027 
1842 

* 
50 

Head 

4.8 
4.9 
4.7 
4.8 

NS 
0.2 

92 

90 
92 

107 
115 

+ 
6.5 

2086 
1912 
2187 
2200 

NS 
82 

4.4 
4.8 
4.8 
5.2 

+ 
0.2 
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Table 8. Total nitrogen uptake, dry matter production, and 
tissue concentration of broccoli vegetative and head tis-
sue at 3 harvests as influenced by 3 sidedressings aver-
aged over base rate N, 1986. 

Treatment 77 

Number of 
sidedressings 

0 149 
1 158 
2 169 

z 
Significance NS 

SE 8.9 

0 4865 
1 4889 
2 4915 

z 
Significance NS 

SE 189 

0 3.1 
1 3.2 
2 3.4 

z 
Significance * 

0.1 

z 

Days after seeding 

84 92 77 84 

Total N (kg N/ha) 

Vegetative 

122 
139 
144 

+ 
6. 2 

127 
142 
162 

* 
7.3 

76 
79 
86 

NS 
3.9 

Head 

86 
89 
94 

NS 
3. 3 

Dry matter (kg/ha) 

Vegetative 

4072 
4387 
4126 

NS 
146 

3847 
3903 
4066 

NS 
173 

1900 
1869 
1838 

NS 
67 

Tissue N (%) 

Vegetative 

3.0 
3.2 
3.5 

* 
0.1 

3. 3 
3.7 
4.0 

* 
0.1 

4.0 
4.2 
4.7 

* 
0.1 

Head 

1834 
1896 
1870 

NS 
57 

Head 

4.7 
4.7 
5.0 

NS 
0.1 

*, +, NS Significant at 5% or 10% levels, 
or nonsignificant 

92 

95 
98 

108 

NS 
4.7 

1987 
2080 
2212 

* 
64 

4.7 
4.7 
4.9 

NS 
0.2 
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date. As the season progresses, broccoli heads continue to 

be a strong sink for nitrogen as evidenced by the trend of 

increased total N uptake into the head tissue. Harvest 

index (head dry matter/total dry matter) also increases 

from 0.28 at 77 days to to 0.31 at 84 days and 0.35 at 92 

days. This continued head development demonstrates the 

need to maintain a sufficient supply of Nin the soil 

throughout the growing season. 

Soil Nitrate Content - 1986 

The total nitrogen uptake curve for the zero N control 

plots indicates almost 200 kg N/ha was removed by plants 

that had received no additional fertilizer N. This implies 

the soil supplied a large amount of N. Nitrate-N content 

for this soil at the onset of the experiment was approxi-

mately 52.5 kg/ha in the 0-25 cm layer and 29.7 kg NO3-N/ha 

in the 25-50 layer (Table 9). These values are consider-

ably higher than levels of initial NO3-N measured in other 

studies and helps to explain why there was little response 

to N application in this study. Beverly et al. (1986) 

measured 5.28 kg NO3-N/ha in the surface 30 cm. Kowalenko 

and Hall (1987a) measured 19-26 kg NO3-N/ha in the surface 

60 cm and Hipp (1972) reported 96-110 kg NO3-N in the top 

122 cm. In all 3 of these studies, broccoli responded to 

increasing nitrogen applications. It should be noted that 



Table 9. Soil nitrate status of a Cecil sandy loam cropped to broccoli (1986). 

Time of Depth Nitrate-N 
Sampling (in cm) (kg NO3-N/ha) 
---------------------------------------------------------------------------------

Preplant 
Day 0 0-25 52.5 

25-50 29.7 

Base rate only applied 
0 56 112 168 

Day 21 0-25 54.7 102.8 171. 8 206.3 * 
25-50 29.7 37.8 41. 8 63.1 NS 

Base rate and 1 sidedressing applied w 
0-0 0-56 56-0 56-56 112-0 112-56 168-0 168-56 

Day 42 0-25 27.9 182.8 41. 5 159.3 53.2 166.6 109.0 269.4 * 
25-50 30.5 84.0 41. 8 120.4 34.1 120.0 65.7 131. 8 * 

Base rate and 2 sidedressings applied 
0-0-0 0-56-0 0-56-56 56-0-0 56-56-0 56-56-56 

Day 99 0-25 10.6 15.4 18.0 12.8 26.4 17.2 * 
25-50 9. 5 14.7 21. 3 16.9 24.6 26.8 NS 

112-0-0 112-56-0 112-56-56 168-0-0 168-56-0 168-56-56 

Day 99 0-25 11. 0 14.7 29.7 15.4 55.0 25.0 * 
25-50 11. 0 20.2 24.2 17.6 39.3 24.6 NS 

z 
*, NS Significant at 5% level, or nonsignificant 
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while Hipp's nitrate value was high, it was for the entire 

122 cm profile and was not divided into 15 or 30 cm incre-

ments. Therefore, the location in the soil profile of the 

bulk of the nitrate cannot be ascertained. Broccoli is a 

shallow rooted crop with most roots generally found in the 

upper 60 cm of soil (Lorenz and Bartz, 1968). If much of 

the measured nitrate in Hipp's study was located below 60 

cm, it probably was of limited value to the broccoli crop 

and thus the response to N applications. While it is pos-

sible for nitrates to move to the soil surface with upward 

water movement, broccoli acreage is generally irrigated and 

so nitrate movement would tend to be downward in the pro-

file. 

At Day 20, N03-N content was significantly different in 

the 0-25 cm layer but nonsignificant for the 4 base rates 

in the 25-50 cm layer. By Day 42, nitrate content was sig-

nificantly different in both layers for plots that had 

received base rate only and base rate plus one sidedress-

ing. In plots receiving no base rate nitrogen, N03-N in 

the top 0-25 cm decreased by 26.8 kg/ha, and remained the 

same in the 25-50 cm layer. Total nitrogen uptake of the 

plant at day 42 was about 22 kg N/ha and could account for 

that decrease in N. However, at base rates of 56, 112, and 

168 kg N/ha, total N uptake by the plants at day 42 aver-

aged about 27 kg N/ha and represents only a small portion 
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of the change in soil N03 content between day 20 and day 

42. Nitrogen reactions in the soil are complex and some 

possible explanations include the following: 1) Field plots 

were being irrigated to supplement rainfall and although 

N03 may have moved below the 50 cm sampling depth, plant 

roots may still have had access to this N03 supply. 2) In 

fine textured soils such as the clay subsoil of a Cecil 

sandy loam, losses of N to the air may occur as a result of 

denitrification in soil aggregates or anaerobic pockets 

(Allison, 1966). Gilliam et al. (1978} found that signif-

icant amounts of denitrification could occur at depths of 

30 to 75 cm and was supported by a carbon supply at those 

depths or by carbon input from percolating waters. Their 

study also indicated that any profile characteristic caus-

ing impedance of water movement could be expected to 

increase potential denitrification. The potential then 

exists for denitrification to occur in these Piedmont sub-

soils since the small pore space retards water movement. 

3) Immobilization of the applied N by microorganisms may 

have occurred due to the fact muskmelon (Cucumis melo L. 

var reticulata} residue had been incorporated into the soil 

l week prior to broccoli planting. However, many studies 

have shown that fertilizer N added to the soil does lead to 

an increase in net mineralization of soil N, with 

subsequent consumption of the mineralized N by the crop 
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(Jansson and Perrson, 1982). 

Even if these reactions were removing significant 

amounts of N03 from the profile, there still was adequate 

amounts of N available to the broccoli during the season as 

evidenced by the lack of response to N application and the 

final nitrogen uptake values. Post harvest samples showed 

a decrease in No3-N levels below initial levels with sig-

nificant differences in the N03 content only in the 0-25 cm 

layer. 
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Proposed Changes for N Fertilization Program 

Results from this study support the continued practice 

of splitting total N rate into a preplant application with 

2 sidedressings for optimal yields of broccoli in Southside 

Virginia. Data indicate a base rate application of 56-112 

kg N/ha with 2 sidedressings at 56 kg N/ha each provided 

the highest yields. Although yields at the O base rate 

were not statistically different from the other 3, a grower 

would be interested in the yield increase attained with a 

base nitrogen application. For example, the 112 kg N/ha 

base rate gives a 13% yield increase over the O base rate 

(13.5 MT/ha vs. 11.8 MT/ha). This additional 138 boxes of 

broccoli per hectare, at $9 per box, would amount to an 

additional $1242 per hectare in gross income. A small 

investment of $37/ha (cost of 112 kg of Nat $0.33 per kg) 

would give a grower an additional $1205 per hectare. 

Higher base rate N application offer another possible 

advantage to growers by increasing the rate at which broc-

coli matures. Early maturity is an important consideration 

to the Virginia broccoli industry. Killing frosts have 

ruined late plantings of broccoli in the 1985 and 1986 sea-

sons. To avoid such losses in the future, seeding date 

recommendations have been changed, (O'Dell et al., 1987) 

earlier maturing varieties are being evaluated, and perhaps 

based on these results fertilization practices can be 
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manipulated to achieve higher yields at earlier harvests. 

The importance of applying N as sidedressings during 

the growing season was repeatedly demonstrated in this 

study. Sidedressing applications increased yields by pro-

viding an available nitrogen supply at a time when ~emand 

for N by the plant was high. As reported by Kowalenko and 

Hall (1987a), the soil N mineralization rate did not match 

the plant requirement for N, and thus the yield response to 

applications of sidedressing N. Olson and Kurtz (1982) 

summarized that nitrogen is most effective when applied 

shortly before the period of most rapid growth and greatest 

demand by crop. Therefore, it is suggested that changing 

the timings of the two sidedressings could result in even 

greater Nuse efficiency and higher yields. The first 

sidedressing currently recommended at 14-21 days does not 

appear to be necessary for broccoli production on Piedmont 

soils. Total nitrogen uptake from day Oto day 20 is 

negligible and the plant's demand for N can be met by 

residual N supply or that applied as base rate nitrogen. 

These two nitrogen sources could most likely furnish an 

adequate supply of N during the day 20 to day 32 period 

also. It is between day 32 and day 42 that nitrogen uptake 

by the broccoli plant begins to increases substantially and 

during which time the first sidedressing of 56 kg N/ha 

should be applied. A sidedressing at day 42 has been used 
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in other broccoli studies using both transplants and direct 

seeded crops, (Beverly et al., 1986; Dufault and waters, 

1985; Konsler et al., 1980; Letey et al., 1983). and is 

followed with another sidedressing at 56 days after seed-

ing. 

There is ample data to support the fact that demand for 

N is high during head formation and so the 56 day side-

dressing should be tested in Virginia. By waiting later in 

the season to apply N, the root system is larger and more 

active and would tend to reduce losses of N by leaching, 

runoff, and denitrification (Olson and Kurtz, 1982). 

Another advantage for these later sidedressings is to 

encourage more rapid growth of the later maturing plants 

within a field. Growers now harvest a field an average of 6 

times within a period of 4-6 weeks and labor represents the 

highest production cost a grower must incur. Perhaps if 

more N were made available during head formation, it would 

increase the rate at which heads reach marketable maturity. 

This could mean a reduction in the number of harvests, 

lower production costs, and reduce the risk of crop loss 

due to early freezes. Additional research on these side-

dress timings needs to be conducted to substantiate this 

reasoning. 

This research has indicated the importance of a crop-

ping systems approach when making N fertilization recommen-
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dations. Previous fertilization and crop rotations con-

tributed to the lack of response to N application observed 

in both years of this study. Growers are planting broccoli 

on high fertility soils and need to be made aware of the 

potential residual nitrogen pool that exists. Broccoli is 

able to utilize soil N effectively as evidenced by the high 

yields achieved with no fertilizer additions. Greenwood et 

al. (1980) offer an explanation for why crops harvested in 

autumn are usually less responsive to N fertilization than 

those grown in spring and summer. They suggest the warmer 

soil temperatures allow crops to satisfy a greater propor-

tion of their N requirements from mineralization of soil 

organic matter. 

Baethegan and Alley (1987) proposed that another poten-

tial source of plant available Nin these soil types could 

be nonexchangeable NH4-N. Their study on a Piedmont soil 

type, Elioak, (clayey, kaolinitic, mesic Typic Hapuldult) 

found high contents of nonexchangeable NH4-N were present 

in these. fine textured soils and in soils that had pre-

viously received large amounts of fertilizers. They con-

cluded nonexchangeable NH4-N should be considered as an N 

source when interpreting data from N fertilizer exper-

iments. 

While it has generally been believed that little carry-

over of fertilizer N occurs from season to season in the 



47 

humid climate of the Eastern United States, studies con-

ducted on sandy soils in Eastern Virginia have indicated 

fertilizer N may be accumulating. Evanylo and Midkiff 

(1986) found limited yield response to N fertilization on 

potatoes grown on a site previously cropped to potatoes. 

Their conclusions stress the importance of assessing resid-

ual soil N when conducting fertilizer studies. 

In addition, growers need to be aware of the potential 

residual nitrogen that can remain in a soil after a broc-

coli crop. An average of 40% of.the total N taken up by 

broccoli is removed from the field with the marketable 

heads. The 60% remaining in vegetative tissue can contain 

approximately 150 kg N/ha, which ought to decompose quite 

readily, and thereby supply N to the next crop. This 

residual N would be a benefit to growers if their rotation 

included a grain crop, but could be a detriment to a 

tobacco crop following broccoli in a rotation. 

An assessment of soil N would be ideal for producers. 

Unfortunately, no reliable, practical soil test is avail-

able to growers to quantify these N sources. Therefore, 

awareness of the sources, continuing research, and experi-

ence in growing broccoli and other new crops, will be keys 

to establishing a successful vegetable industry in south 

central Virginia. 
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Table 10. Broccoli yield for individual and total har-
vests as influenced by 8 nitrogen fertilization treat-
ments at site 1, 1985. 

Nitrogen 
treatment 
(kg N/ha) 

56-0-0 
134-0-0 
56-78-0 

134-78-0 
56-78-78 
56-78-40 
56-156-0 

56-156-78 

Significance 
SE 

z 

10/18 10/24 

2.06 5.84 
1. 74 5.95 
2.79 7.57 
2.42 5.69 
2.82 6.71 
3.15 7.94 
1.98 7.09 
2.59 7.13 

NS NS 
0.72 0.95 

Harvest date 

10/29 11/11 Total 

1.84 1.84 11.6 
1. 57 2.34 11.6 
1.98 2.02 14.4 
1.89 2.48 12.5 
2.02 1.97 13.5 
1.90 1.98 15.0 
2.06 2.72 13.8 
2.37 2.34 14.4 

NS NS NS 
0.31 0.35 1.19 -------------------------------------·------· ------------

z 
NS Nonsignificant at the 5% level 
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Table 11. Broccoli yield for individual and total har-
vests as influenced by 6 nitrogen fertilization treat-
ments at site 2, 1985. 

Nitrogen 
treatment 
(kg N/ha) 

56-0-0 
56-78-0 

56-78-78 
56-78-40 
56-156-0 

56-156-78 

Significance 
SE 

z 

10/7 

8.21 
7.65 
8.01 
6.58 
7.12 
7.04 

z 
NS 

1.02 

Harvest date 

10/14 10/21 Total 

Yield (MT/ha) 

4.20 0.55 13.0 
2.67 0.59 10.9 
3.89 0.73 12.6 
3.11 0.69 10.4 
3.19 0.91 11. 2 
4.18 0.81 12.0 

* NS NS 
0.50 0.21 0.67 

*, NS Significant at the 5% level, or nonsignificant 
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Table 12. Percent of stand harvested for yield data in 
1986. 

Treatment 

0-0-0 
0-56-0 

0-56-56 

56-0-0 
56-56-0 

56-56-56 

112-0-0 
112-56-0 

112-56-56 

168-0-0 
168-56-0 

168-56-56 

Percentage 
harvested 

43 
59 
50 

51 
47 
72 

61 
54 
60 

54 
57 
60 
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Table 13. Percent of stand harvested for yield at two 
sites in 1985. 

Treatment 

56-0-0 Site 
Site 

134-0-0 Site 
Site 

56-78-0 Site 
Site 

134-78-0 Site 
Site 

56-78-40 Site 
Site 

56-78-78 Site 
Site 

56-156-0 Site 
Site 

56-156-78 Site 
Site 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

Percentage 
harvested 

83 
72 

83 
NA 

87 
79 

78 
NA 

88 
92 

87 
87 

84 
75 

85 
87 
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