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ABSTRACT

cations of fungicides per crop with cvs.
Alpha or Atlantic, both of which are sus-

Grunwald, N. J., Rubio-Covarrubias, O. A., and Fry, W. E. 2000. Potato late-blight managemesptible to the pathogen, but comprise

in the Toluca Valley: Forecasts and resistant cultivars. Plant D&1®4:16.

around 50% of the potato acreage (25).
Integration of host resistance and fore-

We evaluated host resistance and fungicidedasting as coponents of integrated manage- casting could considerably reduce the cur-

ment in the Toluca Valley of central Mexico. Potato cvs. Rosita and Nortefia showed high leye
of resistance (20 and 4% final disease severity, respectively) in the no-spray controls, where
susceptible cv. Alpha was at 90% defoliation well before the end of the season. Disease orhé -
pha was well managed with a weekly spray of chlorothalonil. None of plufgleshed forecast
systems was entirely appropriate for this pathosystem. SIM-CAST accurately allagzged f
cide for a susceptible cultivar but needs to be adapted for the high level of resistance of R
and Nortefia. TOM-CAST and BLITECAST did not recommend the initiagitide application

fit production costs (10,15).

e Mexican national breeding program
produced several cultivars with high
levels of field resistance (7). Cultivars like
MNpgefia and Rosita express levels of field
resistance that seem to be higher than those

until after disease was well established in the plots. We believe that the low-temperaturef@orted in American cultivars. These cul-

sponse oPhytophthora infestans needs to be reevaluated for the highland tropics.

Additional keywords: epidemiology, yield loss

tivars produce 20 to 30 tons/ha without a
single fungicide application (7).

On the other hand, forecasting systems
such as BLITECAST (20) and calendar

The Highlands of central Mexico are
considered to be the center of origin of the
potato late-blight pathogen Phytophthora
infestans (Mont.) de Bary (22). This hy-
pothesis is based on restriction fragment
length polymorphism (RFLP) fingerprint-
ing using the RG-57 probe, isozyme analy-
sis at the Peptidase and Glucose-6-phos-
phate isomerase loci, mating type fre-
guency, and severa other characters such
as metalaxyl resistance, race structure, and
growth morphology (12,14,22). More
evidence supporting this hypothesis comes
from the presence of genesfor resistance in
native Solanum spp. All named magjor
genes for resistance to potato late blight
have been found in S demissum Lindl. and
S stoloniferum (22). Both of these species
can easily be found in rural areas of central
Mexico. Further support comes from the
fact that oospores are commonly produced
in nature on cultivated and wild Solanum

spp. (16,21; Flier, N. J. Griinwald, and W.

E. Fry, unpublished results). Because
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spray schedules have been used with suc-

cess in temperate climates to control late
oospores were rare in the field outside of blight. BLITECAST (19), TOM-CAST
central Mexico, the biology, ecology, and (17), and other forecasting systems, such
epidemiology of oospores remains basic- as SIM-CAST (11), were developed for
ally unexplored (1). All of these facts temperate climates such as those that occur
strongly support the hypothesis that centralin upstate New York and Pennsylvania,
Mexico is the center of genetic diversity of where periods that are both conducive and
this pathogen. non-conducive for epidemic development

Most research oR. infestans in central  occur. It is not clear whether these fore-

Mexico has been conducted in the Toluca casting systems would be of benefit in the
Valley. The Toluca Valley offers a tropical Toluca Valley. TOM-CAST was originally
highland climate due to the latitude developed to control early blight, Septoria
(19°14N, 99°34E) and altitude of the area leaf blight, and anthracnose rot of tomatoes
(2,640 m above sea level). This valley is (17). Both TOM-CAST and BLITECAST
characterized by monthly average tem- forecast the first spray and include subse-
peratures in the range of 12 to 17°C and aquent spray scheduling. SIM-CAST uses a
yearly rainfall of approximately 800 to 900 decision rule structure similar to that of
mm. Potatoes Slanum tuberosum) are  BLITECAST and TOM-CAST by accu-
grown during the summer months, which mulating disease severity values, but does
are characterized by cool (daily average not forecast the occurrence of the first
temperature: 15 to 16°C) and wet (averagespray. In addition, SIM-CAST explicitly
daily precipitation: 5 to 8 mm/day) weather includes levels of resistance and degree of
(2,23). In addition to foregoing the need fungicide weathering in the decision rules.
for irrigation, growing potatoes in the rainy To the best of our knowledge, within
season helps avoid Purple Top becauseMexico, only TOM-CAST has been used
leafhopper vectors are adversely affected successfully in Northern Mexico (R. Félix-
by rain. However, the long hours of pro- Castélumpersonal communication).
longed leaf wetness, almost daily rains in  Our objective was to initiate integrated
the late afternoons, and low average tem-management strategies for control of po-

peratures make conditions ideal every daytato late blight in the Toluca Valley. The
for late-blight development during the first steps were to evaluate existing fore-
potato-growing season. cast systems and to quantify host resistance
Late blight has become one of the most available in the Toluca Valley. To this end,
expensive diseases worldwide, both in four forecasting systems for control of po-
terms of disease control and yield and post-tato late blight and two calendar spray
harvest losses (12,13). This is particularly schedules were evaluated using potato culti-
true for the Toluca Valley. Under normal vars considered to be susceptible, moder-
circumstances, growers use 16 to 24 appli-ately susceptible, and resistant to late blight.
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MATERIALSAND METHODS (TC; 17). The modifications to BLITE- downloaded daily to produce forecasts.
Cultural procedures. Field experiments CAST resulted from the observation during Forecasting was started on 6 July at 50%
were conducted at the Instituto Nacional de the beginning of the 1997 field season that crop emergence.
Investigaciones Forestales, Agricolas y disease severity values were not accumu- Disease estimates. Percent disease se-
Pecuarias (INIFAP) field station in Mete- lating fast enough for an initial spray. To verity was assessed on a plot basis and was
pec, Toluca Valley, in 1997 and 1998. accumulate disease severity values moreestimated visually as described previously
Whole tubers of cv. Alpha were planted on quickly, daily average temperatures, rather (9). Assessments were made every three to
11 June 1997 and of cvs. Alpha, Rosita, than average temperatures during hours offive days starting on 3 July 1997 or 16 July
and Nortefia on 18 June 1998. Cvs. Rositarelative humidity above 90%, were used 1998 until application of a vine Killer.
and Nortefia, provided by INIFAP, emerge for forecasting. In both years, fungicide Scouting for disease was initiated at emer-
later and over a longer period and mature applications in the standard grower prac- gence of the crop, so that onset could be
later than cv. Alpha. A private company tice treatments were initiated on the day determined accurately.
provided Alpha seed tubers. Experimental when the first late blight lesions were de-  Fungicide efficiency. The ratio of yield
plots were 4 by 3.7 m wide (4 rows/plot; tected in the area. (1C° kg ha?) to fungicide applied (kg a.i.
16 plants/row). Treatments were random- In 1998, we included three forecasting ha) was calculated to reflect fungicide
ized in complete blocks with four replica- systems, the original BLITECAST (BC), efficiency (10° kg of tuberskg a.i. of fun-
tions. Plots were separated from each otherthe modification of BLITECAST (BCM) gicide). This ratio allows comparison only
by 4 m. Yields were estimated by harvest- and SIM-CAST (SIM; 11), in combination within a single cultivar, because potential
ing tubers and re-scaling yields to kilo- with three potato varieties (Table 1). The yield and growing period differ among cvs.
grams per hectare without adjusting for the first fungicide application using SIM was Alpha, Rosita, and Nortefia.
effect that small plot sizes have on yields. set to occur as soon as 40 blight units were Statistical analyses. Variables included
Potatoes were not graded for quality. reached. Cvs. Alpha, Rosita, and Nortefiain the data analysis were relative area un-
Fertilization and non-experimental pes- were considered to be susceptible, moder-der disease progress curve (RAUDPC),
ticide applications were applied according ately susceptible, and moderately resistant,highest disease severity of the seaspg)
to standard grower practice in the region. respectively, to late blight. (both a measure of disease severity), and
Tubers were treated with benomyl (Ben- Weather data. In 1997, canopy air tem- total tuber yield. RAUDPC in units of
late; 1 kg a.i./ha) and Captan (Captan 50perature and humidity were monitored percent-days (possible range of 0 to 100%-
PH; 1 kg a.i./ha) in the planting hole with a using a hygrothermograph sheltered in adays) were calculated using the midpoint
hand sprayer. Fertilizer was applied at time white wooden house placed within the method (5) and dividing the AUDPC by
of planting (120 kg of N, 180 kg of P, 120 potato canopy about 15 cm off the ground. length of the assessment period (9) to en-
kg of K, and 20 kg of Ca and Mg per Rainfall was measured using a rain gaugeable comparison between treatments with
hectare) together with the granulated placed above the canopy. Data were re-different assessment periods. Analyses of
insecticide terbufos (Counter FZ-15; 1.05 corded manually every morning to enable variance, including orthogonal contrasts
kg a.i./ha). A second fertilizer application forecasting. Forecasting was started on 1(CONTRAST statement in PROC GLM),
(60 kg of N) was applied at hilling on 17 July at 50% crop emergence. were conducted on yields, RAUDPCs, and
July 1997 and on 23 July 1998. The fungi- In 1998, canopy air temperature and final levels of disease severity at the end of
cide chlorothalonil (Bravo 720) was ap- humidity were measured with a shielded the seasonyf,) (SAS User’'s Guide: Sta-
plied at a rate of 1.15 kg a.i./ha with a hand thermistor and a sulfonated polystyrene tistics, SAS Institute, Cary, NC). Only
sprayer. The herbicide metribuzin (Lexone) humidity transducer, respectively (207 RAUDPCs are presented, becaugg,y
was applied at a rate of 525 g a.i./ha whenprobe, Campbell Scientific, Logan, UT). behaved qualitatively the same in every
needed. Several insecticides were appliedThe probe was placed 0.5 m above soil analysis as RAUDPC.
weekly in rotation as needed (methami- level inside the canopy of cv. Alpha in a
dophos, dimethoate, oxamyl, monocroto- plot corresponding to the SIM treatment. RESULTS
phon, methomyl, and endosulfan). Rainfall was measured with an automated Weather. In both 1997 and 1998, most
Fungicide spray forecasting. In 1997,  TE525 tipping-bucket rain gage (Texas days exhibited a climate favorable to late-
five treatments were included (Table 1). Instruments, Dallas), located in a fully blight development. In both years, mean
These consisted of a no-spray control (0-automated weather station approximately daily temperature remained around 15°C,
S), two scheduled applications (once 100 m from the plots. All sensor signals with a daily minimum around 5 to 10°C
weekly [1-S] and twice weekly [2-S]) and were sampled at 5-min intervals, and 60- and a daily maximum temperature around
two forecasting systems: a modification of min averages were calculated to enable20 to 25°C (Fig. 1). In 1997, relative hu-
BLITECAST (BCM; 19) and TOM-CAST daily forecasting. Weather data were midity remained above 90% for at least 10

Table 1. Definition of abbreviations for treatments applied to experiments conducted at the Experimental Field Station of the Mexican National Potato
Program of INIFAP in the Toluca Valley in 1997 and 1998

Abbreviation Cultivar Fungicide treatment Year Description Reference for forecasting system
0-S-AL Alpha None 1997-1998 Control

1-S-AL Alpha Weekly 1997-1998 Weekly spray

2-S-AL Alpha Twice weekly 1997-1998 Spray twice weekly

BCM-AL Alpha BLITECAST mod. 1997-1998 Forecast Modified from 19
TC-AL Alpha TOM-CAST 1997 Forecast 17

SIM-AL Alpha Simulator 1998 Forecast 11

0-S-RO Rosita None 1998 Control

1-S-RO Rosita Weekly 1998 Weekly spray

2-S-RO Rosita Twice weekly 1998 Spray twice weekly

BCM-RO Rosita BLITECAST mod. 1998 Forecast Modified from 19
BC-RO Rosita BLITECAST 1998 Forecast 19

SIM-RO Rosita Simulator 1998 Forecast 11

0-S-NO Nortefia None 1998 Control

1-S-NO Nortefia Weekly 1998 Weekly spray

SIM-NO Nortefia Twice weekly 1998 Forecast 11
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h on 77% of days and rainfall was recorded
on 68% of days. In 1998, rains were un-
usually late, which resulted in delayed
planting and in alater appearance of blight.
Once rains started, rainfall was recorded on
90% of days and relative humidity re-
mained above 90% for at least 10 h on
88% of days.

Epidemic development. Late-blight
epidemics started shortly after the rainy
season started and progressed steadily (Fig.
2A and B). Disease onset was not accu-
rately predicted by any of the forecasting
schemes. Thefirst late-blight lesions in the
general experimental area were observed
on 3 July 1997 and on 16 July 1998 within

the experimental plots. BCM accumulated
18 disease severity values on 17 July 1997
(mean disease severity + SD = 0.9 + 0.9%)
and, in 1998, both BCM and BC accumu-
lated 18 severity values on 23 July (mean
disease severity £ SD = 0.3+ 0.2% and 3.3
+ 3.9%, respectively). The first spray with
SIM was initiated on 17 July after 44
blight units had accumulated. Most initial
infections in both years were on leaves on
the top of the canopy, indicating a pre-
dominance of air-borne inoculum. In both
Seasons, some primary stem lesions at the
base of the plant were present, indicating
that infection from oospores could have
occurred. Due to the fact that inoculation is
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natural and some plots show first lesions 2
weeks after first symptoms appear in other
plots, error bars (standard deviations) are
largest around the inflection point of the
disease progress curves of the 0-S cv. Al-
phatreatment (Figs. 2 and 3).

Cv. Alpha. Although cv. Alpha is very
susceptible, the calendar spray schedules
effectively suppressed late blight. Weekly
applications (1-S) of chlorothalonil pro-
vided excellent suppression of late blight.
This trestment had the best combination of
low daily chlorothaonil dose, high fungi-
cide efficiency, good yield, and low per-
centage of tuber blight (Table 2). The
twice-weekly applications (2-S; standard
grower practice) also resulted in good dis-
ease control but required 15 fungicide ap-
plications per season in both years (Table
2; Fig. 2). The 1-S treatment received half
the applications (seven in 1997 or eight in
1998; Table 2). The forecasting treatments
were less successful in suppressing late
blight. In both years, most BCM spray
recommendations were for a 5-day spray
schedule, resulting in a total of eight and
nine chlorothalonil applications in 1997
and 1998, respectively (Table 2). In 1997,
TC predicted the first application on 6
August when 35 disease severity values
had accumulated and mean disease severity
was at 61% (= 19). TC was abandoned
after this, because another 20 disease se-
verity values would have to accumulate for
another fungicide application to take place,
which would have resulted in a total of two
sprays for the season. SIM resulted in 10
fungicide applications on a 5-day schedule.

In 1997, disease severity and RAUDPC
a the end of the growing season were
highest in the 0-S and the TC treatments,
followed by BCM and finaly the 1-S and
2-S fungicide application treatments (Fig.
2A, Table 2). In 1998, disease severity and
RAUDPC at the end of the season were
highest in the 0-S, followed by BC and
finaly the SIM, 1-S, and 2-S fungicide
application treatments (Fig. 2B, Table 2).
Results from an orthogonal contrast on
RAUDPCs indicate that in both field sea
sons, the 1-S and 2-S fungicide treatments
were not significantly different from each
other, and that 0-S was significantly higher
than the different fungicide applications
(Tables 3 and 4). TC, BC, and BCM were
significantly worse than the scheduled
fungicide applications (Tables 3 and 4).
SIM was significantly better than both
versions of BC and not significantly differ-
ent from 1-S and 2-S (Table 4).

The highest yields were obtained in the
scheduled 1-S and 2-S fungicide applica
tions followed by SIM, BC, and BCM and,
finally, TC and the 0-S treatment (Tables 3

Fig. 1. Daily rainfall (mm), average daily temperature (°C), and number of hours during whichhd 4). Results from an orthogonal contrast

relative humidity is above 90% (Hrs RH > 90%) during the period in which disease severity w
assessedA) In 1997, microclimate was measured with a hygrothermograph placed within the pot
canopy and a rain gage placed above the carBpyn 1998, microclimate was measured using a
Campbell 21-X weather station with a relative humidity and air temperature sensor placed within $8

icated that yields were significantly
Pgher in the sprayed compared to the un-
rayed treatments, the scheduled versus

canopy. Rainfall was measured with an automated tipping bucket rain gage located at a fully af@ecast fungicide applications, and BCM

mated weather station 100 m from the plots.
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seasons, no significant difference was de-
tected between 1-S and 2-S (Tables 3 and
4).

We found no relationship between tuber
blight and foliar disease severity (either
RAUDPC or Yy Table 2). In 1997, tuber
blight was hardly detected, but in 1998,
there were unseasonably wet conditions
throughout the season and severe tuber
blight (up to 13%) was observed (Table 2).
The SIM treatment had the highest level of
tuber blight, followed by BC, 1-S, and 2-S
and, finally, O-S.

Correlations  between  yiedd and
RAUDPC in 1997 (r = —-0.94;P < 0.001)
and 1998 i = —-0.90;P < 0.0001) were

negative and highly significant. Regres-

sions between vyieldy (10° kg/ha) and

RAUDPC X (proportion-days) resulted in
the following relationships for cv. Alpha in

1998 and 1997, respectively:= 31.22 —
50.3X (R? = 0.81) andY = 27.27 — 438
(R2=0.89).

Cvs. Rosita and Nortefia Disease pro-
gressed much more slowly in these two
cultivars than in cv. Alpha. In the case of
Rosita, the 2-S treatment received 18 ap-
plications, and al other treatments, ex-

100

cluding 0-S, received 10 applications Yields of cvs. Rosita and Nortefia were
(Table 2). Nortefia received 11 applications not affected by disease severity (Table 4).
in the 1-S treatment and 8 in the SIM Even in the absence of fungicide, Rosita
treatment (Table 2). Because spraying wasyielded 19 tons/ha (Table 2). Yields in
initiated before rows were actually closed unsprayed control treatments were consid-
and the cultivars are later maturing, both erably higher for the two resistant cultivars
Rosita and Nortefia received more spraysthan for cv. Alpha (Table 2). For the resis-
than Alpha. For both cultivars, the highest tant cultivars, correlations between yield
fungicide efficiency was recorded in the and RAUDPC were negative and not sig-
SIM treatment (Table 2). Tuber blight was nificant.
not severe, being either undetectable or
staying below 1% in fungicide treatments DISCUSSION
and below 2% in the no-spray control. Cvs. Rosita and Nortefia showed a high
Both cultivars showed a high level of re- level of resistance td®. infestans. Both
sistance to late blight (Fig. 3). In the ab- varieties had less than 20% disease at the
sence of any fungicide, cv. Rosita had aend of the field season without a single
final disease severity of 12 to 25%, while fungicide application. Rosita was released
all other treatments had between 0.01 andin 1971 (release #PA-4/71) and Nortefia in
2% disease (Fig. 3). Orthogonal contrasts1992 (release #PAP-080592-011). Rosita
on RAUDPCs indicated that the control and Nortefia are currently grown on 18%
treatment was significantly higher than the and approximately 5% (INIFAP National
other five treatmentsP(< 0.05), and that Potato Progranpersonal communication),
no other significant differences among respectively, of the national acreage. Rosita
treatments occurred (Table 4). For cv. and Nortefia rarely reach 50 or 20% dis-
Nortefia, there was only 2 to 8% final dis- ease severity at the end of the season, re-
ease severity in the absence of fungicidespectively (O. A. Rubio-Covarrubiaper-
(Fig. 3) and there were no significant dif- sonal communication), and our results
ferences among treatments (Table 4). correspond well to informal reports by the
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Fig. 2. Late blight progress curves on potato cv. Alphain (A) 1997 and
(B) 1998. Treatments were an unsprayed control, two scheduled
fungicide applications (weekly and twice-weekly), and either two
forecasting systems in 1997 (modified BLITECAST and TOM-CAST)
or three forecasting systems in 1998 (BLITECAST, modified BLITE-
CAST, and SIM-CAST). Shown are means and standard deviations
from visual disease severity assessments, in four replicate plots,
starting 4 July 1997 and 16 July 1998 when first symptoms were

observed in the area.

Days

Fig. 3. Disease progress curves of potato late blight on (A) moderately
susceptible cv. Rosita and (B) resistant cv. Nortefia in 1998. With Rosita,
treatments included an unsprayed control, two scheduled fungicide
applications (weekly and twice-weekly), and three forecasting systems
(BLITECAST, modified BLITECAST, and SIM-CAST). With Nortefia, only
three treatments were included: an unsprayed control, a weekly fungicide
application, and the SIM-CAST forecasting system. Shown are means and
standard deviations from visual disease severity assessments on four replicate
plots starting 16 July 1998, when first symptoms were observed in the area.
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national potato program (INIFAP). Rosita
has been grown commercially for 27 years
and its resistance to late blight has not
changed (O. A. Rubio-Covarrubias, per-
sonal communication).

Of the forecasting systems tested, SIM
performed best. In al cases, use of SIM
predictions resulted in excellent disease
control (in terms of RAUDPC and VY
values) and was equal to the weekly spray
treatment. With increasing level of resis-
tance (from cv. Alpha to cvs. Rosita and

Nortefia), the number of fungicide applica-

Rosita and Nortefia were considered to becompared with Sebago (6.3), Hudson (9.8),
moderately susceptible and moderately and Superior (11.1) based on mean
resistant, respectively. Moderately suscep-AUDPC (24). Disease progress based on
tible and moderately resistant are the high-RAUDPC or final disease cannot be com-
est levels of resistance taken into accountpared across locations and seasons; how-
by SIM (11). Varieties considered to be ever, the strong difference in level of re-
moderately resistant in SIM, such as cvs. sistance of Rosita and Nortefia indicates
NY59 (52.1 and 67% final disease severity that SIM should be modified to include the
and RAUDPC = 13 and 18%-days; data resistance level of these two Mexican cul-
from 1979 and 1980, respectively), Rosa tivars. Based on our results and consulta-
(100 and 92.5% final disease severity andtion with INIFAP, Rosita and Nortefia
RAUDPC = 49 and 23%-days; data from could be considered to be resistant and
two independent experiments in 1981), and highly resistant, respectively.

tions declined, even though the growing Sebago (82.7% final disease severity and Potato late blight on susceptible cv. Al-

cycle was longest for Nortefa, followed by
Rosita and then Alpha. The initial spray
threshold was arbitrarily set to 40 accu-
mulated blight units. This value seems
optimal for use with Alpha in the Toluca
Valley, but will need further validation in

the future.

SIM will need to be modified for use

RAUDPC = 18%-days; data from 1981) in pha was well suppressed with one to two
upstate NY experiments (11) are more applications of chlorothalonil per week.

susceptible than Rosita (20% final diseaseFungicide applications made by SIM con-
severity and RAUDPC = 7.5%-days) and trolled disease well, but resulted in one
Nortefia (4% final disease severity and more application in the season. Based on
RAUDPC = 2.4%-days). In a 1-year trial our results from two field seasons, it ap-
in which cv. Alpha was grown together pears that a weekly, scheduled fungicide
with cvs. Sebago, Hudson, and Superior inapplication is optimal. This result will have

with cvs. Rosita and Nortefia. These culti- Toluca, Mexico, using the same isolate of to be validated in larger field trials, due to

vars do not need 10 or 8 applications of P. infestans, Alpha (AUDPC 8.3) showed

the fact that our results are based on plots

fungicide per season. For use with SIM, an intermediate level of resistance whenof 4 by 4 m and applications with hand

Table 2. Evaluation of different fungicide application treatments with three levels of host resistance

Treatment! Year No. applications Chlorothalonil'  Fungicide efficiency¥ RAUDPC% YieldX Tuber blight (%)Y
0-SAL 1997 0 0 40.7£ 4.6 8.3+ 0.6

1998 0 0 58.8 10.8 21+ 1.7 1.0+1.2d
1-S-AL 1997 7 0.14 33 1209 26.7£ 0.6

1998 8 0.16 3.6 1406 33.5+2.3 3.4+ 2.2 bc
2-S-AL 1997 15 0.29 1.7 030.2 28.8+5.0

1998 15 0.29 21 1305 35.4+ 3.4 3.1+ 1.7 bc
TC 1997 z 0.04 35 43.86.2 8.1+ 0.9
BCM-AL 1997 8 0.16 2.2 15.313.2 20.0t 4.2

1998 9 0.18 1.8 15577 18.1+ 7.1 5.1+ 05b
BC-AL 1998 9 0.18 21 19.4 15.6 21.4+9.3 4.4+ 1.8 bc
SIM-AL 1998 10 0.19 23 3.e1.2 26.8+2.5 13.1+3.1a
0-S-RO 1998 0 0 6.823 19.4+ 4.7 1.0£09d
1-S-RO 1998 10 0.19 1.8 0#0.2 20.8+4.0 0.2+ 0.4d
2-S-RO 1998 18 0.34 1.0 040.1 21.4+ 2.4 0.0£0.0d
BCM-RO 1998 10 0.19 1.9 1411 21.3+2.2 0.0x0.0d
BC-RO 1998 10 0.19 1.9 040.5 21.4+ 6.3 0.0£0.0d
SIM-RO 1998 10 0.19 2.0 080.4 23324 0.0x0.0d
0-S-NO 1998 0 0 2213 253t 4.2 0.1+ 0.3d
1-S-NO 1998 11 0.16 2.3 040.1 29.1+ 4.4 0.8+x1.6d
SIM-NO 1998 8 0.12 2.8 0.80.4 26.1+ 3.4 0.0£0.0d

t 0-S = no treatment, 1-S = weekly, 2-S = twice weekly, TC = TOM-CAST, BC = BLITECAST, BCM = modified BLITECAST, SIM = SIM-BAST,
cv. Alpha, RO = cv. Rosita, and NO = cv. Nortefia.

U Measured at kg a.i. heday.

v Fungicide efficiency (10° kg tubers/kg a.i. fungicide) = yield in (10° kg/ha) / total amount of fungicide applied (kg a.i./ha).
WRelative area under the disease progress curve, mean + standard deviation (SD) in percent-days.

X Mean + SD, 108 kg ha™.

Y Mean + SD. In 1997, tuber blight was not recorded because it was observed at less than 1% and most plots had no tuber blight. Values followed by the
same letter are not significantly different (P = 0.05) using a Fisher’s protected least significant difference (LSD = d.Z9pur replications per treat-
ment). No transformation was applied for percentages of tubers blighted.

2 TC: the second application was only forecast and not applied.

Table 3. Orthogonal contrasts on relative area under the disease progress curves (RAUDPC) and yield

RAUDPC* YieldY
Orthogonal contrast? MS F value P>F M S (109 F value P>F
0-S-AL versus other ALs 2085.6 375 0.0001 51194.5 51.3 0.0001
1-S/2-Sversus BCM-AL/TC-AL 3326.1 59.8 0.0001 7442.6 74.6 0.0001
1-S-AL versus 2-S-AL 19 0.03 0.8569 825 0.8 0.3810
TC-AL versus BCM-AL 1623.6 29.18 0.0002 2790.7 28.0 0.0002

* RAUDPC; percent-days. Maximum level of disease severity (Yma) behaved the samein all analyses as RAUDPC and is therefore not presented.

Y Yield 103 kg ha L.

z Untreated control (0-S), once (1-S), or twice-weekly (2-S) fungicide applications or fungicide applications based on modified BLITECAST (BCM) or
TOM-CAST (TC) forecasts for cv. Alpha (AL) for the 1997 experiment (n = four replications per treatment).

414 Plant Disease / Vol. 84 No. 4



sprayers. Current practice is to apply 16 to
24 applications to the cycle (25); therefore,
we see potential for reduction in numbers
of fungicide applications.

All initial spray advisoriesin BC, BCM,
and TC failed; therefore, we evaluated
several additional existing forecasting
systems for date of initial spray forecast
using the weather data from 1997 and 1998
(34,27). Each of these additional fore-
casting systems failed to predict a first
spray sufficiently early by amargin similar
to that of BC, ranging anywhere from 8 to
15 days after disease was first observed.

A fourth forecasting system, NEGFRY
(18), had potential. NEGFRY is a fore-
casting system that incorporates the nega-
tive prognosis method (26,28) to predict
the first spray and SIM for fungicide
scheduling once the first spray has been
recommended. We caculated the first
spray using the 150 threshold of the nege-
tive prognosis method, which would have
resulted in a first application on 27 July
1998. Using a threshold of 40 accumulated
blight units for SIM without use of the
negative prognosis method allowed us to
control disease as well as minimize num-
bers of spray applications, with the first
spray occurring on 13 July.

Severa factors might be responsible for
the poor timing of the initial spray forecast.
The source of primary inoculum is not
known. The weather in Toluca is very cool
and it rains most days in the late afternoon.
Thus, most days have periods of relative
humidity above 90% for at least 10to 12 h,
but the temperature during those periods is

rather low (4 to 13°C). Often, a heavy fog

is present until about 9:00.mM. Thus, re-

quirements for leaf wetness are met onseason starts. Thus, potatoes are grown

All forecasting models mentioned above field resistance, such as Rosita and
were developed for northern, temperate Nortefia, in combination with a properly
climates with warmer daytime tempera- adapted fungicide forecasting system like
tures. While late blight always occurs in SIM, show promise for use in the Toluca
Toluca, and conditions during the rainy Valley. Cultivars such as Alpha are best
season are consistently favorable, diseasemanaged with weekly or 5-day calendar
seems to progress more slowly than it spray applications.

sometimes does in temperate climates such

as upstate New York, where an epidemic ACKNOWLEDGMENTS
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accumulation of disease severity values. blight. Use of cultivars with high levels of

M. A. 1996. Evaluation of horizontal resis-

Table 4. Orthogonal contrasts for relative area under the disease progress curves (RAUDPC) and yield

RAUDPCX YieldY
Orthogonal contrast? MS F value P>F M S (10°) F value P>F
Level of resistance
0-S-AL versus 0-S-RO/0-S-NO 7,868.2 264.9 0.0001 10,909.7 53.03 0.0001
0-S-RO versus 0-S-NO 42.98 145 0.2358 7014 341 0.0719
Alpha
0-S-AL versus other ALs 8,565.8 287.2 0.0001 20,687.8 100.56 0.0001
BC-AL versus BCM-AL 315 1.06 0.3088 217.4 1.06 0.3099
SIM-AL versus BC-AL 541.2 18.14 0.0001 587.9 2.86 0.0983
SIM-AL versus 1-S-AL 4.99 0.17 0.6845 877.8 4.27 0.0451
1-S-AL versus 2-S-AL 0.034 0.0 0.9733 75.1 0.36 0.5490
Rosita
0-S-RO versus other ROs 138.0 4.656 0.0369 169.2 0.82 0.3696
BC-RO versus BCM-RO 0.753 0.03 0.8743 0.396 0.00 0.9652
SIM-RO versus BC-RO 0.023 0.0 0.9782 715 0.35 0.5587
SIM-RO versus 1-S-RO 0.053 0.0 0.9667 122.9 0.59 0.4458
1-S-RO versus 2-S-RO 0.00001 0.0 0.9995 71 0.03 0.8540
Nortefia
0-S-NO versus other NOs 7.79 0.26 0.6112 136.9 0.67 0.4193
SIM-NO versus 1-S-NO 1.12 0.04 0.8469 176.3 0.86 0.3599

* RAUDPC; percent-days. Maximum level of disease seveyity)(behaved the same in all analyses as RAUDPC and is therefore not presented.

Y Yield 1 kg ha.

z Untreated control (0-S), once (1-S), or twice-weekly (2-S) fungicide applications or fungicide applications based on BLITECAST (BC), modified
BLITECAST (BCM), or SIM-CAST (SIM) with cvs. Alpha (AL; susceptible), Rosita (RO; moderately susceptible), and Nortefia {sté@nt)efer the
1998 experimentn(= four replications per treatment).
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