index were relaxed to a level double that of
the base standard, district costs would be
minimized by continuing the spraying program and significantly curtailing the source
reduction program.
The linear programming model was also
used to evaluate the impact on mosquito
population indices, district costs, and the
least-cost combination of control methods
when pesticide effectiveness (resistance) was
varied. In the model, district costs increased
rapidly when pesticide effectiveness dropped
below 50 percent (resistance increased) (table
3). As effectiveness declined, greater and
greater reliance would have to be placed on
constructing sumps, ponds, and ditches tc
minimize costs while maintaining populatior
indices within acceptable limits. Interestingly, the model indicates that A . nigromri.
culis light-trap night counts would drop tc
zero with this heavy emphasis on source
reduction.

Implications
The findings of the abatement models im
ply that, even though pesticides used foi
mosquito control usually reduced mosquitc
population levels, they were too extensivel!
used, given the alternatives. Although sourcc
reduction activities were generally morc
economically efficient in controlling mos
quitoes, the models suggest that the effect o
these activities was underestimated and tha
they were not efficiently substituted fo
chemical control in the district. Based on thi
models, we recommend that mosquito con
trol districts deemphasize pesticides an(
substitute various source reduction activitie
for unnecessary pesticide applications. Thi
recommendation does not mean completi
substitution of source reduction for use o
pesticides in the control agencies’ abatemen
programs, because in emergency cases, sucl
as epidemics, pesticides must be employed ti
reduce mosquito populations immediately.
In the past, pesticides to replace those tha
have become ineffective against mosquitoe
were more readily available than they are i
present or will be in the future. I t can be er
pected that the substitution of more sourc
reduction for Unnecessary pesticide applia
tions would help in preserving pesticid
effectiveness by reducing the amount c
selection pressure on mosquitoes.
Mrihumtned E. Surhun is Assisrunt Professor <
Agriculturul Economics, University qf lllinoi
Urhunu; Hichurd E. Howitl is Assistunt Profe
sor qf A.yricrtliurul Econotnic.s. University I
Culiforniu, Dovis; Charles V. Moore
Agriculturul Econotnist, Econoinica, Stulislic
und Cooperuiives Service, U.S. Deparimeni 4
Agriculiure, stutirined (11 Duvi.sr; and Curl
Mitchell i.s He.seurch Eniornologisi, U.S. Pub1
Heolth Service, For1 Collins, Colorudo.

24

Tomatoes make efficient
use of applied nitrogen
Francis E. Broadbent 0 Kent B. Tyler 0 Donald M. May

P r o c e s s i n g tomatoes in California typi- dates except 15 days. Thc most responsive
cally d o not require heavy applications of index of nitrogen status of the plants was
nitrogen to attain maximum yields, presuni- fertilizer-derived nitrate-N in the petioles.
ably because they are able to use available The pattern of decrease in labeled nitrate-N
soil nitrogen efficiently. A field trial was in petioles during the course of the season
conducted in 1979 on Panoche clay loam at was influenced to a pronounced degree by
the University of California West Side Field the level of N supplied (fig. 1.).
At the 50- and 100-pound application
Station using I5N-depleted ammonium sulfate to measure fertilizer uptake efficiency rates, the quantity of labeled nitrate-N in the
and to distinguish between soil and fertilizer petioles could be described quite well by an
equation of the form
nitrogen utilized by the crop.
N = atb
The variety UC 82 B was planted on 60-inch
beds on March 7 and sprinkler-irrigated the where N = nitrate-N derived from the added
following day to germinate the seed. Furrow fertilizer, t = days since the fertilizer was
irrigation was used after seedling emergence applied, and a and b are constants. The rate
and stand establishment. All plots received of decrease of labeled N in petiole nitrate
100 pounds of starter fertilizer 11-48-0 per calculated from these equations for the
acre at planting and 100 pounds phosphorus 50-pound N application fell from 2,025 ppm
(P) as treble superphosphate at thinning N per day at 15 days to 52 ppm N per day at
time. The plants were thinned to clumps 10 30 days. The corresponding rates of decrease
to 12 inches apart and fertilized on April 25 for the 100-pound N level were 2,480 ppm N
with labeled nitrogen (N) at 0, 50, 100, 150 per day at 15 days and 83 ppm N per day at
and 200 pounds per acre. Additional plots 30 days. At the 150- and 200-pound N levels,
received 50 or 100 pounds N per acre plus 1 the kinetics of petiole nitrate were more compound per acre of nitrapyrin nitrification in- plex, but the rates of decrease were much
hibitor. Petioles were sampled at approx- smaller and the decline delayed in compariimately three-week intervals during the son with the lower fertilizer levels. It is clear
season and analyzed for total and nitrate-N.
from the very rapid changes in petiole nitrate
Measurement of the isotopic composition of that, if this value is used as an index of
these forms of N permitted calculation of the nitrogen sufficiency, the time of sampling is
amount of fertilizer-derived N present.
critical. Moreover, it is not surprising that
The tomatoes were harvested on August 1. the variability among replicate samples is
In 25-square-foot sub-plots, whole plant
high. The overall coefficients of variation for
samples were taken by pulling plants and estimates of petiole nitrate varied from 14.4
shaking off the fruit for analysis of tissue to 38.1 percent, and the corresponding values
and fruit. Fruit yields were obtained by for labeled petiole nitrate from 20.9 to 74.6
harvesting the remaining 300 square feet of percent.
In this experiment, the persistence of fertieach plot with a mechanical harvester. Yield
and quality determinations included total lizer N in petiole nitrate beyond 55 days after
fertilization was an indication that the crop
yield; average fruit weight; percentages of
had more N than it needed.
red, green, and cull fruit; soluble solids; pH;
and color

Yield

Petiole analyses
Except on the 35-day sampling date (May
30). total N in the petioles did not provide a
basis of differentiating between fertilizer
treatments. However, there were significant
differences in fertilizer N in petioles on all

CALIFORNIA AGRICULTURE. NOVEMBEWDECEMBER 1980

Fruit yields increased up to the 150-pound
N level (fig. 2), but yield increases beyond
the 43.8 tons obtained with 50 pounds N
were not statistically significant. Yields
obtained through use of nitrapyrin in conjunction with the 50- and 100-pound N appli-

Efficiencies of Fertilizer N Uptake by
Tomatoes Calculated by the Isotope and
Difference Methods

N uptake efficiency
Isotope
Difference
method
method
%
%
53.7
12.2
50.6
63.5
59.5
47.2
59.8
41.O
56.7
21.6
60.5
58.1

Fertilizer
Applied

Iblacre
50
100
150
200
50
100

+
+

nitrapyrin
nitrapyrin

Processing tomatoes at early growth stage show differences due to fertilizer nitrogen application. The bed to t h e right received no nitrogen fertilizer.
cations did not differ significantly from
yields obtained without the nitrification
inhibitor. None of the fruit quality indicators
measured was affected significantly by fertilizer treatment.

N uptake
The ability of the tomato crop to utilize
soil N is clear. Even at the highest rate of
applied N , the amount of soil N in the crop
exceeded that derived from fertilizer (fig. 3).
It may be noted that, although tomatoes are
not considered as responsive to applied N as
are other crops, such as corn, total utilization of N by the tomato crop is as great. At
the 100-pound N rate, the above-ground portions of the crop used a total of 244 pounds
N per acre, equivalent to 45 pounds N per
ton of dry matter produced. Corn requires
about 20 pounds N per ton dry matter. Of
the 45 pounds per ton utilized by the tomato
crop, only 11.7 pounds were obtained from

the applied fertilizer. Nitrogen in the fruit
accounted for 69 percent of the total.
Although the crop was not strongly dependent on fertilizer N, its uptake of the
applied N was quite efficient, as shown in the
table, in which all values obtained by the
isotope method are above 50 percent. It is
interesting to note that the presence of
nitrapyrin did not significantly change uptake efficiency. At the 50-pound N level,
efficiency was about 3 percent higher with
nitrapyrin than without it; at the 100-pound
N level, efficiency was about 3 percent lower
with nitrapyrin.
The value of using isotopically labeled fertilizer to evaluate a given management practice is illustrated by comparing the efficiency
values obtained by the isotope method as opposed to the traditional difference method.
In the latter, N uptake by an unfertilized
control is subtracted from that in fertilized
plots as a measure of the fertilizer contribu-

tion. Although the difference method often
overestimates N-utilization efficiency, in this
case it gave values much lower than the actual ones. On the basis of the difference
method data it might be concluded that
nitrapyrin produced a significant advantage,
whereas in fact this was not the case. The
relatively low cost of ISN-labeled fertilizer
makes its use attractive for field trials with
other crops, and the method provides information not otherwise obtainable.
Francis E. Broadbent is Professor of Soil
Microbiology, Department of Land, Air, and
Water Resources, University of California, Davis;
Kent B. Tyler is Extension Vegetable Specialist,
San Joaquin Valley Agricultural Research and Extension Center, Parlier; and Donald M. May is
Farm Advisor, Fresno County.
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Fig. 2. Influence of applied N on yield.
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Fig. 1. Fertilizer N in petiole nitrate as affected by N application and time.

Fig. 3. Crop's uptake of soil and fertilizer
N a s affected by N applied.
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