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Like many other shallow-rooted vegeta-
bles, cabbage needs an ample supply of
water and nutrients to sustain its rapid
growth during the last part of the growing
cycle. In a field study, we investigated the
amounts of nutrients absorbed at differ-
ent stages of cabbage growth, as affected
by rates and timing of nitrogen fertilizer
and by addition of the nitrification inhibi-
tor nitrapyrin. Our purpose was to ex-
plore ways of reducing nitrogen fertilizer
costs and of avoiding nitrate losses from
denitrification and leaching.

Cabbage experiment

Some 2,400 acres of cabbage are pro-
duced each year in California’s Central
Coast on a wide variety of soil types, pri-
marily coarser textured soils. The experi-
mental plots were on a Baywood sand.
Soil pH was 7.1 and nutrient levels (in
parts per million) were 146 for bicarbon-
ate soluble phosphorus, 218 for acetate
extractable potassium, and 3.7 for DTPA
extractable zinc, indicating a generally
sufficient supply of these elements for
normal growth.

Each plot was 50 feet long and four
beds wide with two plant rows per bed.
The fertilizer treatments were replicated
four times in a randomized complete
block design. Nitrogen fertilizer (ammo-
nium sulfate) was banded into the beds 16
days before transplanting. In the split ni-
trogen treatments, the second half of the
nitrogen was applied after 14 days and
two irrigations had occurred following
transplanting. The treatments, in pounds
of nitrogen per acre, were 0, 45 split, 45 +
nitrapyrin, 90, 90 + nitrapyrin, 90 split,
135, 135 + nitrapyrin, 135 split, and 180
split. Nitrapyrin was injected into the am-
monium sulfate band at the rate of 0.5
pound per acre in a 10 percent aqueous
solution.

Midrib leaf samples were taken before
heading, at early heading, and before har-
vest. Whole top samples were taken from
0, 45, 90, 135, and 180 split plots at two-
week intervals from transplanting
through harvest; dry weights of oven-
dried samples were determined. This
plant material was analyzed for total con-
centrations of nitrogen, phosphorus, po-
tassium, calcium, and magnesium.

TABLE 1. Cabbage midrib nitrate-nitrogen levels and yields as affected by nitrogen rates, timing, and

nitrapyrin

Nitrogen Midrib nitrate-nitrogen*
rate Preheading Heading Preharvest Yield*t
Ib/acrel R PR R R tons/acre

3,812 a 1,770 a 357 a 12.7 a
45 split 5,900 b 2,940 b 525 a 176 b
45 single + nitrapyrint 8,207 cd 5,605 c 1,195 b 22.0¢c
90 single 7,310 c 5,167 ¢ 890 ab 212c
90 single + nitrapyrin 1,207 e 6,735 de 1,492 b 26.7 d
90 split 9,462 d 6,165 cd 1,397 b 26.7 d
135 single + nitrapyrin 12,645 e 7,799 ef 2,825d 28.6d
135 single 9,637 d 6,532 d 2,105 ¢ 25.2d
135 split 10,832 ed 7,790 ef 2,167 ¢ 27.8d
180 split 11,322 e 8,210 f 2,542 cd 29.0d

* Means followed by different letters down columns are significantly different by Duncan’s multiple range test at the 1
percent level.

1 Fresh weight.

1 Rate of 0.5 pound per acre.

TABLE 2. Cabbage aboveground dry matter production as influenced by nitrogen rates

Nitrogen split application (Ib/acre)*

Days from
transplanting 0 45 90 135 180
........................... 1D /aCrON R e S o
0 27 a 27 a 27 a 27 a 27 a
14 142 a 152 a 243 b 268 b 272 b
28 704 a 788 b 1,605 ¢ 1,598 ¢ 1,584 ¢
42 1,432 a 2,332 b 3,573 ¢ 3,369 ¢ 3,516 ¢
56 2,641 a 4,265 b 8,174 c 8,091 ¢ 8,164 c

* Means followed by different letters by row were determined to be significantly different by Duncan’s multiple range test
at 1% level.

TABLE 3. Nutrient uptake by cabbage, as influenced by nitrogen application rates

Uptake under nitrogen (Ib/acre)

Nutrient, split application*
days after
transplanting 0 45 90 135 180
........................... 1B acrer S
0
Nitrogen 0.83 a 0.82 a 0.81a 0.83 a 0.83 a
Phosporus 0.1 a 0.1 a 0.1 a 0.1 a 0.1 a
Potassium 04 a 05 a 04 a 05 a 05 a
Calcium 05 a 05 a 05 a 05 a 05 a
Magnesium 0.15a 0.15a 0.15a 0.15a 0.15 a
14
Nitrogen 3.6 a 55 b 98 ¢ 11.0 ¢ 119 ¢
Phosphorus 0.6 a 0.7 a 11 b 14 b 14 b
Potassium 23 a 35 b ST 6.5 ¢ 6.1 ¢
Calcium 23 a 3.7 b 7.0 ¢ 8.1 ¢ 88 c
Magnesium 0.7 a 12 b 26 ¢ 290¢c 30 ¢
28
Nitrogen 30.7 a 386 b 80.2 c 80.0 ¢ 80.1 ¢
Phosphorus 29 a 35 b 71 ¢ 6.7 ¢ 6.8 ¢
Potassium 209 a 286 b 486 c 478 c 50.3 ¢
Calcium 23.0 a 36.0 b 522 c 548 c Bl ©
Magnesium 86 a 108 b 193 ¢ 210 ¢ 201 ¢
42
Nitrogen 430 a 725 b 156.1 ¢ 155.0 ¢ 158.2 ¢
Phosphorus 54 a 96 b 15.7 ¢ 142 c U] @
Potassium 338 a 532 b 936 c 93.7 ¢ 914 ¢
Calcium 422 a 618 b 1100 c 104.8 c 1104 c
Magnesium 142 a 205 b 313 ¢ 347 c 331 ¢
56
Nitrogen 50.0 a 1216 b 2440 c 2615 ¢ 270.8 ¢
Phosphorus 13.7 a 252 b 49.0 ¢ 49.4 c 49.1 ¢
Potassium 858 a 1522 b 3079 c 306.5 c 302.0 ¢
Calcium 475 a 725 b 176.7 ¢ 183.7 ¢ 186.1 ¢
Magnesium 17.7 a 273 b 58.0 c 66.3 ¢ 629 c

* Means followed by different letters across a row are significantly different by Duncan's multiple range test at the 1
percent level.
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Cabbage heads were harvested from
50 feet of bed in three harvests as they
reached market size.

Midrib nitrate-nitrogen (NO,-N) levels
proved to be a reliable guide to the nitro-
gen status of this crop when compared
with yield (table 1). On the first two sam-
pling dates, plots with significantly lower
yield also had significantly lower nitrate-
nitrogen levels. In the third sampling,
near harvest, some of these differences
had diminished.

Cabbage yields increased significantly
as the nitrogen was increased to the 90
split and 90 + nitrapyrin rates. At higher
rates, there was a trend toward higher
yields, but also toward undesirable larger
head sizes. At the 45-pound rate, plots
with nitrapyrin yielded significantly more
than those without nitrapyrin, producing
about the same yield and head size as are
common in commercial fields. At the 90-
pound rate, yields in single-application ni-
trogen plots with nitrapyrin were signifi-
cantly higher than in those without it, but
not higher than in split-application nitro-
gen-only plots.

Dry matter production increased sig-
nificantly, starting 14 days after trans-

planting as nitrogen rates increased to 90
pounds per acre (table 2).

Nitrogen uptake increased significant-
ly with rates up to 90 pounds and showed
a trend toward increases at higher appli-
cation rates (table 3). Uptake of phospho-
rus, potassium, and, to a lesser extent,
calcium and magnesium increased sig-
nificantly with time and with increases in
nitrogen rates up to 90 pounds, then lev-
eled off. The results indicate very rapid
absorption of these nutrients during the
last part of the growing season.

The common use of triple fertilizer
combinations such as 12-12-12 is not vali-
dated by this study. Plants take up nitro-
gen and potassium in roughly equal
amounts, and they take up about 80 per-
cent less phosphorus than nitrogen or po-
tassium. Our soil analyses over the years
in this region show rising levels of soil
phosphorus and a trend toward lower po-
tassium levels. Calcium and magnesium
deficiencies are unknown in the area.
Both elements are essential for plant
growth, however, and significant amounts
are taken up with each crop, indicating a
need to maintain adequate levels in the
soil.

Conclusions

A single application of nitrogen before
transplanting proved to be the least effec-
tive method of fertilizing cabbage at rates
of 90 and 135 pounds per acre. Cabbage
yields increased significantly as rates in-
creased from 0 to 90 pounds nitrogen per
acre in split applications and 90 pounds
nitrogen single application plus nitra-
pyrin. Adding nitrapyrin to ammonium
sulfate bands in single pretransplant ap-
plications resulted in significant yield in-
creases over split treatments at 45 pounds
of nitrogen and over 90 pounds of nitrogen
in a single application.

Absorption of nitrogen, phosphorus,
potassium, calcium, and magnesium was
significantly increased by nitrogen appli-
cation to 90 pounds per acre. Approxi-
mately two-thirds of the absorption of nu-
trients and dry weight production
occurred during the last part of the grow-
ing period.

Norman C. Welch is Farm Advisor, Santa Cruz and
Monterey counties; Kent B. Tyler is Cooperative Ex-
tension Vegetable Specialist, Kearney Agricultural
Center, Parlier; and David Ririe is County Director
and Farm Advisor, Monterey County.

Publications of interest

Postharvest Pathology of Fruits and Vegetables: Post-
harvest Losses in Perishable Crops. Causes and control of
postharvest decay of fruits and vegetables in marketing perish-
able produce. Twelve chapters, describing cooperative research
efforts by plant pathologists throughout the United States under
Northeastern Regional Research Project 87. 84 pages. NE-87
(UC Bulletin 1914), $7.

The Board of Directors of Cooperatives. Concepts and
characteristics of a board of directors, its decision-making re-
sponsibilities, organization and operation, issues of growth and
finances, and the role of delegates and members. 224 pages.
Pub. 4060C, $6.

Wildlife Pest Control Around Gardens and Homes. Prac-
tical solutions to problems caused by birds, deer, ground squir-
rels, meadow voles, moles, pocket gophers, rabbits, rats and
mice, and tree squirrels. A chapter on each pest describes iden-
tification by footprints, tracks, or mounds, and discusses control
methods. 96 pages, with 16 pages of color photographs. Pub.
21385C, $8.

A Handbook for Raising Small Numbers of Sheep. Man-
agement practices, reproduction, nutrition, diseases, and wool
quality in small flocks. Contains plans for barn and feed equip-
ment and a glossary of sheep terms. Includes photographs of
breeds and of the birthing of a lamb, as well as sketches of life
cycles of eight parasites. 55 pages. Pub. 21389C, $5.

Livestock Injection Procedures. Step-by-step procedures,
including photographs, for injecting cattle, sheep, goats, and
horses with drugs and vaccines; handling and disposal tech-
niques for needles and syringes. Opens up from 4%- by 10%-
inch folded size for convenient reference. Pub. 21396C, $1.

Planning Dairy Wastewater Systems for Mosquito Con-
trol. Functions of the wastewater system, the basics of good

design, and management of effluent from the source to disposal
to help eliminate mosquitoes, flies, and gnats. Includes dia-
grams of physical-plant components, safety tips in handling and
storing liquefied dairy waste, a reminder list of nine basic con-
trols, and description of the life cycle of the house mosquito. 12
pages. Pub. 21398C, $1.75.

Soilless Culture of Greenhouse Vegetables. Describes
different types of soilless culture: liquid-medium (nutrient-flow
techniques and gravel-bed culture) and solid-medium. Discusses
containers (bags, pots, or troughs), irrigation, systems, the ap-
propriate medium, nutrient-solution formulas, and analysis of
solution, tissue, and media. 12 pages. Pub. 21402C, $1.

Laws Affecting Farm Employment in California. A refer-
ence on state and federal laws regulating farm personnel man-
agement in California. Covers recruitment and hiring, the em-
ployment contract and collective bargaining, worksite
supervision, and wages and benefits. Includes a five-page chart
of the major laws, administrative agencies, employers covered
by the laws, and requirements compliance. 84 pages. Pub.
21404C, $5.

To order

Send check or money order payable to The Regents, Univer-
sity of California to:

ANR Publications

University of California

6701 San Pablo Avenue

Oakland, CA 94608-1239
Foreign orders: Request ordering information and pro forma
invoice, indicating number of copies and method of shipment
(surface or air) desired. Do not send payment.

CALIFORNIA AGRICULTURE, JULY-AUGUST 1985 31





