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Appendix 2: Compound effects of rust and downy mildew on growth and yield of soybean under

Chiang Mati conditions.
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O Paper
Compound effects of rust and downy mildew on growth

and yield of soybean grown under Chiang Mai conditions

Sunthom Buranaviriyakull, Paul S. Tcngz and Sombat Srichuwong :

ABSTACT

Three soybean cultivars with different in susceptibility to downy mildew and rust were grown in Qctober 1996
under natural inoculum. Ridomil MZ and Dithane M-45 were applied individuatly or together but alternately to control
the diseases after the disease onset. Relative area under the disease progress curve was used for coraparison. OCB was
about 3.8 times more susceptible to downy mildew than Sukotai-1, For rust cv.7608 was the most susceptible which
was about 1.62 and 1.38 times more than that of OCB and Sukotai-1, respectively. Ridomil MZ ard Dithane M~435
individually pave about equal control on rust but together they produced an effective control. Dithane M-45 alone gave
less conirol on downy mildew in comparison to Ridomil MZ. There was a tendency but inconsistent among cultivars
that an effective rust control to produce a higher leaf and shoot weight than unsprayed treatment from growth stage R6
to R7. A considerabie yield toss occurred in 2] cuttivars (39-61%) when no fungicide was sprayed; and the loss was
reduced to about 25% or less when a single fungicide was applied. The effect of rust or in combination with downy
mildew on yield worked thirough a reduction in seed size and increase in unfilled pods or unfitled seed which was
related to a slower rate of seed development, while pods/plant and seeds/pod were not significantly affected. The effect

due to downy mildew alone could not yet be accurately estimated.

Key words: Soybean rust, downy mildew, yield loss
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INTRODUCTION

Soybean rust is caused by Phakospora parchyrhizi it widely occurs in tropics and subtropics
(Bromfield,1984; Sinclair, 1989). A significant yield loss caused by the disease bad been reported in
many Asean ¢countries: 20-30% in Taiwan {Liu, 1966), and as much as 80% in China (Hsu and
Wu,1968). The disease also oceurs in several parts of Thaitand (Poonpunkul, 1976}, and is considered
to be quite serious. A survey reporied that soybean rust caused a yield loss of 10-30% (Sangawongse,
1973). A field cxpeﬁment at Phrao and Chomtong, Chiang Mai showed a yield loss of about 15%
{Charumas, 1988), Plant discase control through pesticide is one of the means, and an important one, in
an integrated system of pest management, Numerous papers report on the use of fungicides to control
rust. Bayleton 25 WP (not available now in Thailand) was found o give the best control, whereas
Mancozeb (Dithane M-45) was, though better than many others, less effective (AVRDC, 1992). Ogle et
al. (1979) also concluded that Mancozeb was partially effective. Downy mildew{Peronospora
manshurica) is a common disease in the north of Thailand (Suzut, 1976) and an experimental yield loss
was estimated to be 15% or less (Poonpunkul et al, 1977).

Information on level of disease resistance of commercial varieties is useful for disease
management. Quantitative analysis of relative susceptibility of soybean cultivars to rust and downy
mildew, based on natural occurrence in the field experiment, is rarely made in Thailand. This report
attempted to guantify susceptibility of three culiivars to soybean rust and downy mildew. In relation to
disease susceptibility, one is also concerning with yield loss. The vield loss assessment resulting from
foliar diseases is difficult to be accurately evaluated in field experiment, especially if more than one
foliar diseases that can influence crop growth occur together; an estimate of actual yield loss cannot be
" made unless there is an effective method to control a specific disease or there is a cultivar specifically
resistant to the disease. The following experiment reports the effectiveness of fungicides in controlling

rust and downy mildew and their effect on yicld components and yield loss.
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MATERIALS AND METHODS

A field experiment was conducted at Multiple cropping Center, Chiang Mai University,
Chiang Mai, using natural inocuium. The experiment was started on October, 2, 1996 using split-plot
design with three replications. Twenty kg N/ha of urea and 131 kg/ha of potasium sulphate were
applied at sowing. The main-plot treatments consisted of: 1) no fungicide spray for rust nor downy
mildew(CO), 2) spray Dithane M-45 80% WP and metalaxyl (Ridom} MZ 25% WP) alternately 1o
control both rust and downy mildew(CC), 3) spray Ridomil MZ 25% WP to control downy mildew
(DNY), and 4) spray Dithane M-45 to control rust (RUS). Sub-plot treatments consist of three
cultivars: Sukotai-1, OCB both of which are susceptible to both rust and downy mildew, and cv.7608 is
susceptible fo rust oniy. Corn strips were planted between main-plot to reduce possible inter-plot
interference. The size of subplot was 5.5x5.5 m. Plant density was 20x40 cm with two plants per hill
(after thinning). The fungicide was applied 18 days after sowing (DAS) for Ridomil MZ, and 27 DAS
for Dithane M-45 and four applications were madc for bath chemicals but not on the same day.
Insecticide was sprayed whenever necessary. Six plants were sampled and rating was made for all
leaves the severity was the average over the number of leaflets. Soybean growth stage (Fehr et al.,
1971) was recorded. Dry plant weighis were measured at certain growth stages starting from V4. For
seed components good and unfilled seeds were separated. Unfilied pods (containg no filled seed) were
counted. Leaf and seed nitrogen content was determined at R7. At barvest, seed yield was taken from
two squaré meters, number of filled seeds and 1000 dry weight were also recorded. Fraction of filled
seed and yield loss was estimated. The proportion of defoliation was roughly estimated from the
petioles without leaves. Average seed growth rate (gm/day) was estimated by taking the difference
between seed weights at R5 and R7.

To compare disease severity among fungicide conlrols, relative area under the disease

progress curve (RAUDPC) was estimated (Fry, 1978; and Yang et al., 1990} as follows:
RAUDPC = Z(YM + YRt - 12 - t)

where Y, is percent leaf area infected at time

. Logistic function was used to estimate the rate of disease development in each cultivars, where
the dependent variable was a proportion of lesion arca, and then used the function to estimate
RAUDPC up to R7 for comparison among cultivars and to combine the effect of rust and downy

mildew. The absolute rate of disease progress (Park and Lim, 1985), A*K/(2Zm+2), was also calculated
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for cultivars comparison, where A 1s a maximum disease level, k is a rate parameter and 1a is a shape

parameter, which equals to 2 in the case of logistic function.

RESULTS AND DISCUSSION
Disease severity: The occurrence of downy mildew was quite early after sowing (12-13 DAS).
-‘ It took about 20 days for downy mildew f© cover about 16% of leaf area in OCB and it had never gone
beyond that throughout the growing season (Fig. 1). For Sukotai-1 the development of downy mildew
was much lower and its maximum value was less than 6% this indicate that the cultivar is much more
resistant to the disease in this growing petiod; expressing discase severity in terms of RAUDEC, it
was 14.7% for OCB but only 3.9% for Sukotai-1(Table la). One may be tempted to express the
relative resistance to downy mildew of the two cultivars by the ratio of the RAUDPCs, which in this

case OCB was about 3.8 time more susceplible than Skotai-1. Although downy mildew appears to
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Fig.1. Progress of soybean downy mildew on OCB and Sukotai-1

in different fungicide treatments.
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have no agronomic effect in this experimeny, the disease control gave a significant lower severity, the
values of RAUDPC showed that Ridomil MZ alone was effective in suppressing the disease, whereas

Dithane M-45 had little effect (Table 1a).

Table 1a. Observed RAUDPC (%) for downy mildew and rust of three

soybean cultivars in four treatments.

1
Treatment Downy* Rust

OCB Sukotai-1| OCB Sukotai-1 7608

CO 14.7 3.9 35.6. 29.9 489
CT 7.3 1.8 7.5 4.0 4.5
DNY 7.1 1.5 217 8.6 16.8
RUS 105 33 20.2 102 21.2

# CC=No spray, DNY = spray Ridomil MZ, RUS = spray Dithane M-435, CC = spray both
* cv.7608 is resistant to downy mildew
LSD {5%) for rust; main factor is 14,7 (approximately (Steef and Torrie, 1930 )).

1.8D (5%) for doway mildew: main factor is 3.9 (approximately).

Table 1b. RAUDPC (%) for rust estimated from logistic function up to R7 and the

- combined rust and downy mildew effects in three cultivars.

. | Treatment OCB Sukotai-1 Rust
{(combine)  (combine) OCB Sukotai-] 7608
CO 454 39.8 ' 307 359 49.7
DNY 271 H3 | 200 9.8 18.8
RUS 27.8 14.3 173 11.3 22.9

For rust development, although the disease occurred 24-26 days after sowing but 1t remained
low until the growth stage has gone beyond R5 (Fig. 2), which was true for all cultivars. To compare
the degree of resistance to rust among cultivars, the mean absolute rate (r,) was used; the disease
dcvelopn_lcnt in no spray condition was greatest in ¢v.7608 with r, value of 0.0375/day, 2nd lowest in
OCB (r, = 0.0238), whereas Sukotai-1 had a value of 0.0342/day, indicating that cv.7608 was the most
susceptible to the disease and not much greater than that of Sukotai-1. The same conclusion was

derived using an estimated RAUDPC (Table 1b) but now the difference in susceptibility o rust
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between Sukotai-1 and cv.7608 is morc obvious {Table 1a). Ridomil MZ has not been recommended
for rust control in soybean but it had about the same effect as Dithane M-45 in all cultivars {Table 1a)
but to keep the rust really low it is necessary to apply both fungicides, It should also be noted that the
relative susceptibility of cultivars to rust appear to change when soybean received a fungicide. Since
both fungicides were not sprayed at the same time, in practice it still nceds to defermine the number of
sprays recii;ircd in keeping the disease below the economic threshoid. The results of a complete
fungicide control show that no symptom condition is not possible even with effective control but the

level would have no impact on plant performance.

Vegetative growth: Leaf and shoot weights in all fungicide trcatments were very similar up to growth
stage R5 for Sukotai-1 and OCB (Fig. 3, Fig. 4) as was expected since rust severity did not start until
after R5. Italso indicated that downy mildew which infected 15% leaf area in OCB since the onset up
to RS had no influence at all on vegetative growih. Due to large variation in variances among cultivars,
a separated analysis of variance was performied for each cuilivar at growth stage R6 and R7 the
difference between spray and no spray treatments varied with cultivars, whick showed a significant
reduction in leaf and shoot weight at R6 for OCB whereas cv.7608 had 2 significant leaf weight
reduction at R7 only even though the differeace was aiso obvious at R6 this was due to large
experimental error. Although the results showed no conclusive evidence that soybean rust caused a
significant r;aducti011 n feaf and shoot weight in all cultivars, there was a tendency for the CC treatment
to have higher weights in OCB and 7608. A reduction tn the weight was expected for CO treatment due
to premature yellowing of leaves duning the R6 stage; the estimated f)crcentagc of defoliation of OCB

was 43 for CO treatment compared to 29 for CC one at R7. For Sukotai-1 and 7608 the defoliation was

Table 2, Proportion of defoliation in four treatments of three cultivars at

growth stage R6 and R7.

Treatmen OCB 0CB Sukotai-1 7608
(R6) (R7) (R6) (R6)

Cco 128 434 246 463
CC 106 286 151 098
DNY 178 343 138 153
RUS 164 306 156 120
LSD{.05) NS 093 075 158
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25% and 46%, respectively, just after Ré, in CO treatment, compared to 15% and 10% in CC one
(Table 2). It will also be noted that defoliation at growth stage R6 in OCB was not significantly
different among treatments. Ogle et al. (1979) reported a non-significant effect of rust on stem
thickness and height but it had a significant impact on non-seed dry weight only when the rust became
severe. Yang et al. (1991,1992) also found no consistent reduction in leaf and shoot weights even of the

sensitive cultivars.

Yield and yield components

All cultivars showed a mark decline in seed yicld when no fugicide was used. Among the three
cuitivars infected by rust, ¢v.7608 had the highest yield reduction of 61% and the lowest was 39% in
Sukotai-1 between no spray and complete control. A reduction in yield appeared to be related mostly 1o
a decrease in seed size (Table 3)- 34% for cv7608 and 24-25% for the other two cultivars, such
reduction could be attributed to a slower seed growth rate which declined by 29 % for cv.7608 and
about 13% for Sukotai-1. Other factors contributed significantly to lower yield in unsprayed t;ealment
as a result of rust were unfilled pods/plaut or fraction of unfilled seeds (Table 3). Although rust did not
affect sceds/pod and pods/plant significanily it showed the tendency for no control treatment to have
lower value-a decline was 1n the range of 5-7% for secds/pod depending on cultivars, in the opposite
pods/plant tend 10 be higher. Ogle et al. (1979) found that yield loss was associated with reductions in
the: number of pods per plaat, number of filied seeds and sced weight. Yang et al. (1991) reported a
significant effect of rust on pods/plant but not seeds/pod. Yang et al. (1992) using path analysis showed
that a reduction in seed size but not in sceds/pod was the most important cause of yield loss.

The effect of downy mildew on yield and yield components are not obvious since its seventy
was rather low, By itself, the downy appeared to have no effect, especially in Sukotai-1, but in
combination with rust it could have additive effect. As shown by values of RAUDPC in Table 1b, the
rust severity alone of the CO treatment on OCB was less than that of Sukotai-1 but together with
downy mildew gave a higher value of RAUDPC which explained a greater vield loss. A rough estimate
of yield loss due to downy mildew in unsprayed treatment of OCB was 17% (from the ratio of
RAUDPC). There were no significant differences in yield between DNY and RUST treatments in all

cultivars as delineated in Fig. 2, and the yield loss in cach of those treatments was about the same

except for Sukotai-1 (Table 3).
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Table 3. Dry seed weight, fraction of good seed (FRAC), 1000 seed weight (§1000), unfilled
pods/plant, seeds/pod at R7, and pods/plant at R7 and mean seed growth rate of three cultivars
(Sukotail (1), OCB (2), and 7608 (3)) in four treatments.

CULT | TRT' | FRAC | Seed/pod | Pod/plant | Unfilled | Yield | Yield | $1000 | Growth
R8 R7 R7 Pod/plant | kg/rai |[loss(%)| gm rate

1| co| 0913 232 452 22| 2708 393| 1062 734

1| cc| 0986 2.45 38.1 08| 445.8 of 1392 912

1| DNY| 0983 2.21 38.8 10| 3802 147 1290 849

1| RUS| 0966 2.46 39.2 0.6| 4032 9.5 1321 840

2| co|l 0956 1.82 33.0 34| 1838 526| 1408| 653

2| cc| 0980 1.95 31.8 15| 3875 0| 1867 8.12

2| DNY 0.960 1.94 29.2 1.9 286.5 26.1 [74.2 7.04

2| RUS| 0.976 1.85 29.0 23| 2805 27.6| 163.1] 6.8

3| Co|l 0883 2.17 45.7 55|  206.5| 606|977 697

3] cC| 0990 233 40.4 17| 5246 0| 1483/ 981

3| DNY| 0.990 2.22 41.2 22| 3845 267 1301 838

3| RUS| 0.980 2.33 38.5 20| 3958 246 1307 814
LSD** 0.057 NS NS 13| 1081 -l 124 201

# CO=No spray, DNY = spray Ridomil MZ, RUS = spray Dithane M-45, CC = spray both

**[ SD($%) for comparing main-plot level of the same cultivar

CONCLUSIONS

Although the resuits of the experiment provided an estimate of relative resistance of soybean
cultivars to soybean rust and downy mildew but this was derived from only one data set. In order to
have better conclusive evidence, more data are needed to evaluate how the relative susceptibility
change with environments. Since both diseases occur in many soybean growing areas, rnore studies
over wider environmental conditions are necessary to estimate economic threshold of both diseases as
the level of damage at Chiang Mai, especially caused by downy mildew, may not large enough to
justify the spray, Lastly, more elaborate evaluation of both fungicides used in controlling serious

disease such as rust is also impertant to increase cfliciency of control management.
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Appendix 3: Studies on Charcoal rot (Macrophomina phaseolina) of soybean
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Table 1 Growth of Macrophoming phaseolina  (colony diameter) on various media,

measured al 24 and 48 nour after moculation.

Media® diameter of colony (cm)'
24 h. 48 h.
VA 3.835a° 8.285 a
PDA 3.455 b 7.610b
SLA 3.4000 b 7.660 b
Cz 2.735¢ 5.300¢
SSA 2.195d 5.050 ¢
MA 1.825e 1.845 d
WA 1.800 e 2.573e ‘

'Average from 10 replication
*The difference were compared by Duncan's new multiple range test
‘Media: VA = V-Bjuice agar, PDA = Potato dextrose agar

SLA = Soybean leaf agar, Cz = Czapek agar

SSA = Soybean seed agar, MA = Mali extract agar

WA = Water agar
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Table 2 Growth of Macrophoming phaseolina (colony diameter) on PDA

under 4 levels of lemperature, measured at 24 and 48 hour after

inoculation.
Temperature {*C} Diameter of colony (cm)’
24 h. 48 h.
20 2.7353° 4.930 a
25 5188 b 8.957 b
30 4.705¢c 8.887 b
Room {2513) 3.455 d 7610¢
‘Average from 10 replications
- The difference were compared by Duncan’s new mulliple range test

Table 3 Growth of Macrophoming phaseciina (colony diameter) on PDA

under 4 sourses of light, measured at 24 and 48 hour after

inoculation.
Light* Diameter of colony (cra)i
24 h. 48 h.
F 3.307 2° 7.740 a
Cark 3.355a 7.610 ab
Natural 2.895b 7016 b
NUV 3.780¢ 9.000 ¢

‘Average from 10 replicates; The difference were comparsd by Duncan's
new multiple range test; “Light:  F = fluorescent, Dark = darkness

Natural = natural lighl;, NUV = near ultra violet (black light lamp)
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Table 4 Effectiveness of five fungicides mixed with PDA on growth reduction of

Macrophomina phaseolina; recorded al 1, 2 and 3 days after inoculation

Fungicides Colony in diameter (cm)’
1 day 2 days 3 days’
Benlate 0.30 .30 0.30
Vitavax 0.48 0.59 0.78
Brassicol 0.40 0.76 1.25 ‘
Captan 0.80 1.27 2.56
Cupravit 2.89 4.63 6.75
Control 317 7.43 8.96

'Average from 10 replications; “Stafistical avalysis LSD p 0.05 = 0.53
p 0.01 = 0.69
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Table & Percentage of Macrophoming phaseoling and some fungi associated with

soybean seeds, delected by blotler method

Kind of fungi differert portions of plant

base middle top

A B A B A B

Macrophomina phaseofina 800" 500 350 150 100 0.50
Cladosporium sp. 91.00 8750 $0.00 80.00 71.00 7450
Fusarium spp. 4500 1250 4050 11.50 28.00 10.50

'Average value from 4 replicalions {400 seeds)

A = Soybean cuitivar - ine 7608, B = Soybean cuitivar ~ Sukhothai

Table 8 The effect of seed trealment with fungicides and biofungicides on incidence
of Macrophoming phaseolina and some fungi associated with soybean

seed and seed germination after bloller test.

Treatments kind of fungt (%)" seed

germination (%)

M. phaseoling Cladosporium sp. Fusarium spp.

Fungicides
» Benlate - 28.00 - 82.00
Brassicol - 47.00 - 87.00
Captan - - - 87.00
Vitavax - 9.00 - 88.00
Biotungicides
Larminar 2.25 97.00 1.00 87.00
Rotary - 98.00 2.00 87.00
Trisan - 98.00 17.00 86.00
Control 7.75 98.00 65.00 85.00

*Average value from 4 replications (400 seeds)

- 1 ] =y o’ [ [] by 5 a =5
Wenfiugnsdu  wilitis@niaowannds taedotaamsRadsumsdaain 7.25 % wie 2.25 % (Table 6)

: -t 1 - r..' J1 = P A’ ] -
uanmnuumwm'\mﬁmwuq 4] mﬁﬂmmum?ﬁfgnmmn‘nuﬂum'mqanmmlm -4% mmﬂ"mmﬁemnuwﬁm
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. A v = ]
flaisunsagnansia o Jaiawsen 85 % lan Benlate Winngean Ae 89 % sewsnlfun Vitavax (88 %),

Brassicol (87 %), Rolary (87 %), Captan (86 %) uat Trisan (86 %) (Table 6)

52 mitlesruindalsanhreiurasiauieshudeunizdd
amnatieiidagnaidaiudinviaeulgn  snz0muRNMaRalsanine
fuiiAnanden M. phaseolina 18 Tnpdusevitldansfailiimunnsagnansla | uansenmstesizageda
43.5 % ﬁqus'l’u‘ii@ufiwan‘a'mmﬁﬂﬁmummqnm?sjmﬁﬂm Benlate, Captan, Brassical LRX Vitavax iR
Tsauiiens 1.25 %, 1.75 %, 2.25 % wsr 3.00 % swmasu  wignsyngde Wnalunsauaulsaldliunnsaaiy
(Table 7) fwiusnsiafisita Trisan deldagnmdalinsiunnluneaunuisaninemianfuseuuans
2 nsaeslsniias 6.00 % éthu,ﬁnshqmnn'\s'lﬁ'ms‘ej%’%ﬂ?mnﬁﬁﬂ faus? Larminar unx Rotary o4
aanadmawrrnaAnisaldtunes Tewulsn 17.50 % upy 28.75 % i &nsiaAnueia i

e X v e
Winalunsasumulsabivensaiu wiwandnangssindaruaratsdosiue Trsan (Table 7)

Table 7 The effect of seed trealment with fungicides and biofungicides on incidence -

of damping off of soybean seedling. The test was done after 2 weeks of

planting.
Treaiments percentage of
damping off'
Fungicides
Beniate 1.25¢°
Brassicol 1.75¢
Captan 225¢
Vilavax 3.00c¢c
Biofungicides
Laminar 17.50 b
Rotary 28.75b
Trisan 6.00¢c
Conlro! 43.5C a

1. Aversge value from 4 replications (400 seeds)

2. The difference were compared by Duncan’s new multipie range test.
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Appendix 4-5: Listing of RUSCAST and MILCAST MODELS

The program was written using Quick Basic version 4. The daily weather data input
contains many variables some of which are not used in running the model but they are inciuded
for the easc of file management and a possible future use; some of the statements may not be
used but they are included for future modification. The data file, an ASCII format, must contain
part of first few months of the second year if planting date 15 in Octaber or NOvember. The
variables that are required are maximum, minimum temperature, relative humidity (RH), and/or
no. of hours of RH »>= 30%. The RUSCAST modcl] ts built on cultivars 7608, OCB, and Sukotai
1, whereas MILCAST model is for OCB. Quick Basic has not been commercially available after
the invention of Visual Basic, but the models can be used as a stand alone executable program.

Since the model is still under validation process, more adjusiment is necessary before it could be

utilized.



Appendix 4: RUSCAST MODEL

COMMON SHARED ISOW?%, NPE%, IROQ%. JOAS%. IEND%, CVARS, CULT%, SOCH
COMMON SHARED HURS, HURS, HURY, HURG7. COEF2, COEF3, ONSET%
DECLARE FUNCTION YDLOS (RAUDPC)
DECLARE FUNCTION ONRSCAL (MTM, MRH)
DECLARE FUNCTION RHTMINV (MTM, MRH)
DECLARE FUNCTION RATERS (MTM, MRH)
DECLARE FUNCTION RATRS2 (MTM, MRH)
DECLARE FUNCTION RATERD {MTM, MRH)
DECLARE FUNCTION RESIST (MTh, MRH)
DECLARE FUNCYION CEPTER {MTM, MRH}
DECLARE SUB AUDPC (RAUDP)
DECLARE SUB CHKRSON (IFAG%)
DECLARE SUB CUMDISR {DISCH. RATEL, SPRADAY %, FLAG%)
DECLARE SUB GSRSRE (10A5%, KFAGO%)
DECLARE SUB JULIAN (DS, M3, YRS, NDAY)
DECLARE SUB RSPRAY (FLAGY%, N3PRA)
DECLARE SUB RUSTSEV (FLAG%)
DECLARE SUB YLOSCRI ({CRIDAS%, CRIDIS, PTYLOS)
DI SHARED ATM(1 TO 366), JOAY(Y TO 366), RH(1 TO 366). HRW(1 TO 366}
DiM SHARED MTM, MRH, MHRW. RF(1 TO 200), HRH9{1 TO 366)
DIM SHARED GDD(366), TDCH{200), TDISVo%(200)
HM SHARED SPRAYS(100), SPRADAY %, NSPRA
DIM SHARED MN{12)
CLS
PRINT "PROG check favorable weather factors for Scybean disease warning”
REM Prog slored in the file -~ RUSCAST — lhe program read daily wealherdata andslore in arrays
REM 1o be used in subprog. This prog will include subprog to estimate time of rust onset and Yield loss
FORI1=1TO 12
READ MN{l): NEXT
DATA 31,28,31,30.31,30,31,31.30,31,30.31
PRINT : PRINT
FRINT "
PRINT * Forecasting Systemn for Soybean Rust *
PRINT " —rm=oEohktasssmm=TT BT
PRINT
PRINT"
PRINT * Sunthorn Buranavirtyakut *
PRINT " Faculy of Agriculture, CMU ~ *

PRINT "
PRINT : PRINT: PRINT * Press any key to continue
IKEYS = INPUTH(1)
PRINT "i: Enter the SOWING date of the experiment{DD MN,YR(BC) "
INPUT *~=> *; DDE, MNE, YRE
JDAY = 365 YRS = YRE: DAYN =0
IF YRE MOD 4 = 0 THEN JDAY = 366: MN(2) = 29
CALL JULIAN(DDE. MNE, YRE. DAYN)
1I50W% = DAYN: JOAYF = JDAY: PRINT " SOWING DATE * 1IS0wW%
PRINT: PRINT * 2: ENTER the dale you want lo STOP reading{dd.mn.yr) *
INPUT "~> ™ DDE, MNE. YRE
JDAY = 365: DAYN =G
iF YRE MOD 4 = 6 THEN
JDAY = 366: MN(2) = 29
END IF
CALL JULIAN(DDE, MNE, YRE, DAYN}
PRINT " Stop date JDAYF ™ DAYN, JDAYF
IF YRE = YRS THEN
IEND% = DAYN
ELSE
IEND% = JDAYF + DAYN
END IF
PRINT "Ending time " SEND%
PRINT " Press any key to conlinue ™
IKEYS = INPUTS(1)
PRINT
INPUT "3:* Enter & file name of CLIMATE dala( With Extension) ™ WTHNS
RESTAR:
PRINT: PRINT "4:* Enter any information you need (limiled to one ling)”
INPUT TI$
PRINT: CLS
PRINT * 5:* Which variely does farmer plant 7"
PRINT " ————er——"
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PRINT® 1. 7608" ‘Long season crop CMB0
PRINT " 2. OCB® "Short season crop
PRINT® 3. Sukolai 1"
PRINT" ——o——r««——
INPUT "6:* Select one of them —> ™ CULT%
PRINT: PRINT " The following susceplive coefficient to rust should be used: *
COEF2=92: COEF3 = .85
PRINT “Sensitive Coef for QCB = 82 FOR §K = 85"
PRINT
IF CULT% = 1 THEN
CVARS = "7608"
ELSEIF CULTY% =2 THEN
CVARS = "QCB"
ELSE
CVARS = "SK1*
END IF "CULT%
PRINT
REENTS:
PRINT ** ENTER the #DAYS to find AVERAGE of weather(Range:4-5 days) ",
INPUT "> NPE%
IF NPE% < 4 OR NPE% > 5 THEN
PRINT ™ Try again *
GOTO REENTS
END IF
PRINT : PRINT: PRINT "8:* DO you know the dale of disease onsel {¥/N) 7"
INPUT RS$
{F UCASES(RSS) = "Y" THEN
PRINT; PRINT "2:* Enter the ONSET dale of the disease{DD.MN,YR(BC) "
INPUT *—> ", DDE, MNE. YRE
JDAY = 365: DAYN =0
IF YRE MOD 4 = 0 THEN JDAY = 366: MN(2) = 20
CALL JULIAN(ODE, MNE, YRE, DAYN)
IF YRE = YRS + 1 THEN
ONSET% = DAYN + JDAYF
ELSE
ONSET% = DAYN
ENC IF
IRO% = ONSET% - 1I50W% + 1 'DAS of ONSET
JDAS% = IRO%: RSONS ="v"
PRINT “ ONSET, AS DAS ™ CNSET%, tRO%
IKEYS = INPUTS(1}

END IF 'R3% onsel
CLs
FOR 1% = 1 TO 100
GDD(%) =0
NEXT 1%

REM SET TEMPERATURE LIMIT OF SOYBEAN
TOPT = 30: LTEM = 7: XTEM = 45; GDD(0) = 0: NSPRA =0
OPEN WTHNS FOR INPUT AS 11
iINPUT #1, LINA1S
INPUT #1, LINAZS
FSTART:
INPUT #1, JOATE, TMX, TMIN, ATM, RF, RHA, HLWETO, TEMWQ, SR, HRRHS8, HRRHS
INPUT #1. NTEMP, DTEMP
YR = VAL{LEFTS(STR${JDATE), 31
DAYS% = VALRIGHTS(STRI(JDATE]), 3)}
PRINT "DATE before sowing:"; DAYS%
IF YR > YRS THEN
CHKD% = DAYS% + JDAYF
ELSE CHKD% = DAYS%
ENDIF
REM store wealher in arrays afler sowing
IF CHKD% < 1S0OW% - 1 THEN GOTQ FSTART
CHKBE% = CHKD% + 1 ‘increase ong lo make it=isow to read isow record
ND% =0~
NSTART:
INPUT #1, JDATE, TMX, TMIN, ATM, RF, RHA, HLWET, TEMWO, SR, HRRH8, HRRH9
INPUT #1, NTEMP, DTEMP
YR = VAL{LEFTS(STRS(JDATE), 3))
DAYS% = VAL(RIGHTS(STRB(JDATE). 3)}
PRINT " YR.DAYS = YR; SPC(3), DAYS%
IF YR > YRS THEN
CHKD1% = DAYS% + JOAYF
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ELSE
CHKD1% = DAYS%
ENDIF
K% = CHKD1% - ISOW% + 1 “Inilialize sowing as 1
ATM(K%) = {TMX + TMIN) /2 'Store wih at sowing as day 1
RH{K%) = RHA: RF(K%) = RF
HRW(K%) = HLWET: HRH9{K%) = HRRHg
JDAY{K%) = CHKD1% ‘store jday starling from sowning
IF ATM(K%]) < LTEM OR ATM(K%) > XTEM THEN PDAY = 0
IF ATM{K%) < TOPT AND ATM(K%) > LTEM THEN
PDAY = (ATM(K%) - LTEM) / (TOPT -LTEM}  ‘Physiol. day
ELSEIF ATM(KY%) > TOPT AND ATM(K%) < XTEM THEN
PDAY = (XTEM - ATM(K%)) / {XTEM - TOPT)
ENDIF
GOO(K%) = GDD(K% - 1) + PDAY 'Sum of heat unit
ND% = ND% + 1 ‘Count #idays read
IF CHKD1% <= {END% THEN GOTO NSTART
CLOSE #1
REM Check the no. of 2 days of conseculive rainfalls, Lhe values oblained
REM will be 1 day less than NRF(in 5 days period} except the series yynyy
REM Catc Physiological day at Ry RS RS R7 for a given sowning dale for
REM 7608(HU3R1) SUKOTAIN use the same values as 7608. It is hmited to 26 Nov
IF ISOW% < 31 AND 150W3% > 0 THEN 1ISOW% = JDAY + 150W%
IF 1ISOW% <= 330 THEN
HU3R1 = 43.461 - .D603 * 1SOW%: HU3RS = 74.976 -.13265 * ISOW%
HU3RE = 94.541 - 1324 * (SOW%: HU3R? = 117.849 - .1932 * ISOW%
HUZ2R1 = 37.49 - 0469 * IS0OW%: HU2R5 = 52,447 - 06803 * IS0W%
HUZRE = 78.664 - 1051 * (SOW%: HUZRT = 95277 -.1366 * 150W%

' HU3RS = 120.76 - 1916 * ISOW% 'R2=.98
' HUZRB = EXP(4.8316 - .00266 * 1ISOW%) 'R2=.929
ELSE

HU3R1 = 10.56 + .0436 * ISOW9%: HU3RS = -30.65 + .1986 * (SOW%

HU3RE = 5.985 + .1488 * 150W%: HU3R7 = 610.7 * ISOW%% / (2881.8 + 1SOW%)
HU2R1 = 37.49 - 0489 * ISOW%: HU2RS = 0945 * [50W%

HUZRE = 1467 * ISOW%: HUZR? = 22.617 + 1071 * IS0OW%

" HU3BRS = 120.76 - .1916 * 1ISOW% *R2=98
' HU2RS = EXP(4.8316 - 00266 * ISOW%) 'R2=929
END If

REM Calc gdd between B-r7
IF CULT% = § OR CULT% = 3 TREN
HUR1T = INT(HU3R1): HURS = INT(HU3R5): HURS = INT{HU3RS)
HURG7 = INT{{{HU3RG + HU3R7)/2} + .3}
HURT? = INT{HU3R? +.3)
END IF
IF CULT% =2 THEN
HURT = INT(HU2R1): HURS = INT(HU2R5): HURS = INT{HU2RE)
HURS? = INT({(HUZ2R6 + HUZR7)/2) + 3}
HUR? = INT(HU2R? + .3)
END iF
PRINT " HURS, HURS, HURGE? " HURS; SPC(5). HURS; SPC(5); HURGT
IKEYS = iNPUTS(1)
REM estimate rust onset
JF UCASES{RSS) = "N" THEN
CAILL CHKRSON{IFAGS%)
IF IFAG% = 2 THEN
JOAS% = IRO%: RSONS =Y
PRINT * Rust onsel(IROW%IM/P) : *; IRO%
ELSEIF IFAGS: = 1 THEN
RSONS ="y
PRINT
PRINT* GDD : *: GDO(JDAS%)
PRINT “ Rusl oceurs late there is no need to spray *
ELSEIF IFAG% = -1 THEN

RSONS = "N"
PRINT ; PRINT * No rust occur ™
ENC IF ‘FLAG

IKEYS = INPUTS(1)
PRINT : PRINT " Press any key "
END IF ' Ask Onset
' Call subprogram 1o calculate cust progress
{F RSONS ="Y" THEN
IF GOD(JDAS%) <= BURG THEN 'if GS nol beyond r6(700AS) calc severe
CALL RUSTSEV(FLAG%)
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CLS
PRINT “JDAS after est sev % JDAS%

PRINT * »
PRINT " RUST "
PRINT*  DAS  SEVERITY "
PRINT " "

FORI = IRO% TO JDASY% STEP NPE%
PRINT SPC(7); TDISVe(I); SPC(B); TOCH()
NEXT
PRINT - "
PRINT
INPUT “Want to save oupul {Y/N). % OP$
IF UCASE${OP3) = "Y" THEN
PRINT : INPUT "Enter file name (wio “.ox) > " NAMS
NAMS = NAMS + ".0IS"
OPEN NAMS FOR OUTPUT AS #1
PRINT #1, " Ti$
PRINT #1,™ DAS  %RUST
FOR | = IRO% TO JDAS"% STEP NPE%
PRINT #1, USING “##85" TDISVY%();
PRINT #1, USING “Hag. g™ TDCH()
MNEXT I
CLOSE#
ENDIF 'OP3
REM Cail subpro to calc area under the diseased curve when rusl occurs
CALL AUDPC(RAUDP)
PRINT: PRINT * ** Area Under the Curve{Rust severity) > " RAUDP
REM Calculate yield loss due o rusl effect 2lone
1F RAUDP »= 17 THEN
RAUDOPC = RAUDP
RSYLOS = YDLOS(RAUOPC)

PRINT
ELSE
PRINT
PRINT ™ Rust severity(RAUDPC) is below 17% no yield loss is estimaled *
END IF ‘RAUDP

REM calcuiale vield loss using % rust at lime |
IF CULT% = 1 OR CULT% = 3 THEN
CRIDAS% =60
ELSEIF CULY% = 2 THEN
CRIDAS% = 55
END IF
CALL YLOSCRI{CRIDAS%, CRIDIS, PTYLOS)
PRINT " YIELD LOSS estiamted using point value ™ PTYLOS
CRIDIS = CRIDIS * 100
REM save raudpc and % rust in the file
IF CVARS ="0CB" THEN
RAUS ="RALDVZ. RUS"
ELSEIF CVARS = "SK1" THEN
RAUS = "RAUDV1.RUS"
ELSE
RAUS ="
END IF
IF RAUS <> " THEN
OPEN RAUS FOR QUTPUT AS #1
PRINT #1, Ti$
PRINT #1, USING " a4, RAUDP
PRINT #1, USING "#t#4.47 CRIDIS

CLOSE #1
END iF '‘RAUS
ELSE
PRINT : PRINT ™* There is rust but it occurs late “**
ENDIF ‘GpD
ELSE

PRINT " There is no rust "

IKEYS = INPUTS(1)
END IF ' RSONS
END "MP
R ot L e L e R L e e R R L R R
SUB AUDPGC (RAUDP} STATIC
REM Calculate area under the progress curve
STATIC AUDP, COUNT%, KLAS%
AUDP =0: COUNT% =0
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REM Calculale area under the curve It checks thal the second value <> 0
FOR K% = IRD% TO JDAS% - NPE% STEP NPE%
IF CULT% = 1 OR CULT% = 3 THEN

IF TOISVI(K%) >= 35 AND TDISV%(K%) <= 78 THEN
KEAS% =K% + NPE%

IF TOCH(K%} = ¢ AND TDCH(KLAS%) = 0 THEN GOTO NEXROUN

COUNT% = COUNT% + 1: IF COUNT% = 1 THEN DAY1% = TDISV%(K %)

¥1 = TOCH{K%): Y2 = TDCH(KLASY%)
AREAF = (Y1 + Y2) * (TDISVU%{KLAS%) - TDISV%(K%)) / 2
AUDP = AUDP + AREAF
PRINT * K AUDP V1 : = K%: SPC(S). AUDR

END IF TIME < 78

ELSEIF CULT% = 2 THEN

tF TDISV%(K%) »= 35 AND TDISV%(K%) <= 68 THEN
COUNT% = COUNT% + 1: KLAS% = K% + NPE%

IF TDCH(K%) = 0 AND TDCH(KLAS%) = 0 THEN GOTO NEXROUN

fF COUNT% = 1 THEN DAY 1% = TDISV%(K%)
Y1 = TDCH{K%): Y2 = TDCH(KLAS%)
AREAF = (Y1 + ¥2) * (TDISV3%H{KLASS%) - TDISV%({K%)) / 2
AUDP = AUDP + AREAF
PRINT " KAUDP V2 . K%; SPC(5); AUDP

END IF ' TIME < 68
END IF 'CULT%
NEXROUN:
NEXT K%

RAUDP = AUDP * 100/ {TOISV%(KLAS%) - DAY1%)
PRINT " RAUDPC{%) under no cantrol > RAUDP
PRINT “ Firsl and last dale * DAY1%. TDISV%(KLAS%)
SKEYS = INPUTS{1)
END SUB ' AUDPC

FUNCTION CEPTER {(MTM, MRH)
STATIC CEP2
* Calculate intercept for tess favorable condilions
iF MTM <= 10 THEN MTM = 10.1
IF MRH <= 40 THEN MRH = 40.1
TRH = (MTM - 10} * (MRH - 40) "TEM* RH
IF TRH < 648 THEN
CEP2 = EXP{1.1755 + 001856 * TRH) 'Calc rale having y=1
ELSE
CEP2 = EXP(1.1755 + .00186 * TRH - .00786 * (TRH - 610))
END IF
PRINT™ * (nterceptin FN2: % CEP2
IKEYS = INPUTS{1)
IFRUS <O THEN RUS =0
CEPYER = CEP2
END FUNCTION ‘BO
4+ ++
SUB CHKRSON (IFAG%) STATIC
SHARED FKAGO%
STATIC lI%%, IDAY%
REM Sub prog o estimate time of rust onsst
REM SPROAY-for counting # days from the start of processing
REM IFAG% = 1 for onset signal BUT the piant is oo old io be worried
REM {FAG% =-1 for the NO disease onset and IFAG%=2 Downy Onset
REM IDAS% H days afler sowing that calc the onset but it is not the DAS
REM that the ONSET is esimated so cannot set JOAS=IDAS af the end
NDiF% = IEND% - ISOW%: L1% = NDIF% MOD NPE%
ENDON% = {END% - L1% '‘Calc new value of stopping date
DLENO% = ENDON% - 1ISOW%: GLENON% = IS0WS% + DLENO%
PRINT “Ad; stopping time(CHK) " GLENON%
PRINT “CULT # = CULT%
IKEYS = INPUT$(1)
NFAV = 0: UNFAV = 0: IDAY% = ISOW%
- READCYC:
STM = 0: SRH = 0! NRF =0t SHR9 = 0: 1% = IDAY%
IF 1% > GLENON% THEN
IFAG% = -1 RSONS ="N"
PRINT " End of estim ™, IDAY%
IKEYS = INPUTS(1)
EXIT 5U8
END IF
FOR J% = 1 TO NPE%
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L% = {1% + J% - ISOWT%
STM = STM + ATM(L%)

‘Calc mean temp over NPE% days
SRH = SRH + RB({L%) *starting from SOWING
SHR9 = SHRY + HRHI(L%)
NEXT j%

IDAY% = IDAY% + NPE%
IDASY% = |DAY% - ISOW% + 1 "True OAS
PRINT : PRINT * ++++ NEW ROUND +++++"
PRINT tDAS% in SUB{chkrs)} % 10AS%
IKEYS$ = INPUTS{1)
MTM = STM / NPE%: MRH = SRH / NPE%; MHRS = SHRS / NPE%
PRINT "MTh, MRH, MHRS : % MTM. MRH, MHR9
REM If sowing is early than 16 July then use Hrrh@ for calc anset
IF 150W% <= 198 AND I150wW% >= 122 THEN
tF MTM >=28 OR MTM < 18 THEN
PRINT *Temp is unfavorable low or hight *
UNFAV = UNFAV + 1: IFAG% = -1
PRINT "IDAS% = IDAS%

GOTOD READCYC
ELSE T>280R <19 --on-—1
NFAV = NFAV +1

IF iDAS% > 40 THEN
IF MBR2 > 15 THEN GOTC READCYC
IF MRH >= 84 THEN
IRQ% = RHTMINV{MTM, MRH)

PRINT “ONSET TIME when sowing is before July " IRO%
BEEP
IKEYS = INPUTS(1)
CALL GSRSR&(IDAS%, KFAGD%)
IFAG% = KFAGO%
ELSE

PRINT * RH is unfavorable for rust development ©
UNFAY = UNFAY + 1: IFAG% = -1
PRINT " IDAS% = IDAS%

GOTO READCYC
END IF 'MRH > 84
ELSE
GOTO READCYC ' When das < 40
ENDIF 'JDAS > 40
END tF 'T>28
ENG IF

‘ "1 MAY< SOWING < 16 JLY
IF 1SOW% > 198 AND ISOW% < 350 THEN

IF MTM >= 28 OR MTM < 19 THEN
PRINT "Jemg is unfavorable for rust development *
UNFAV = UNFAV + 1: IFAG% = -1
PRINT " IDAS% " 10AS%
GOYO READCYC
END IF T>280R <19 —-on——2
IF MTM > 26 AND MTM < 28 THEN
IF MRH > 90 THEN GOTO READCYC
IF MRH > 75 THEN
NFAV = NFAVY + 1
PRINT * 1DAS% :* IDAS%
IF IDASS% >= 14 THEN
IRC% = ONRSCAL{MTM, MRH}
IDASY% = IR0%
PRINT
PRINT " Das RUST({IRQ) is on, 2: % IRO%
BEEP
IKEYS = INPUTS(1)
CALL GSRSRE(1DASY., KFAGO%)
IFAG% = KFAGO%
ELSE

GOTO READCYC

ENO IF 'IDAS% > 10
ELSE

PRINT "RH is unfavorable for rust development "
UNFAV = UNFAV + 3: IFAG% = -3
PRINT " IDAS% ™ IDAS%

GOTO READCYC
END IF

END IF
IF MTM <= 25 AND MTM > 22.5 THEN

‘RH > 75
T>250R <28 ~-on-3
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IF MRH > 90 THEN GOTO READCYC
IF MRH == 71 THEN
NFAV = NFAV + §
PRINT " IDAS%, NFAY 3 " iDAS%, NFAV
IF IBAS% >= 15 THEN
IRO% = ONRSCAL{MTM, MRH}

1DAS% = IRO%
PRINT : PRINT " Das RUST(IRO) is on,3: *, IRO%
BEEP

IKEYS = INPUTH(1)
CALL GSRSR&(IDASY, KFAGO%)
IFAGY% = KFAGO%
ELSE
GOTO READCYC
END IF JDAS% >15
ELSE
PRINT “RH is unfavorable for rust development ”
UNFAY = UNFAV + 1. \FAG% = -1
PRINT *1DAS% ™ IDAS%
GOTO READCYC
END IF "RH = 71
ENDIF T»2250R <25 --on-—4
IF MTM <= 225 AND MTM >= 19 THEN
IF MRH > 90 THEN GOTO READCYC
IFf MRH > 68 THEN
NFAY = NFAV + 1
PRINT " IDAS%, NFAV 3 17 I0AS%. NFAY
IF IDAS% >= 20 THEN
IRQ% = ONRSCALMMTM. MRH)
1DAS% = IRG%
PRINT : PRINT * Das RUST(IRO) is on.4. " IRD%
BEEP: IKEYS = INPUTS(1}
CALL GSRSRE{DAS%. KFAGO%)
IFAG% = KFAGO%
ELSE
GOTO READCYC
END IF ‘jdast =20
ELSE
PRINT "RH is unfavorable for rusl developmenl”
UNFAV = UNFAV + 1: IFAG% = -1
PRINT * 1DAS% %, IDAS%
GOTO READCYC

END IF 'RH > 68
END IF 1y < T <=22.5 --on-—-5
END IF * SOWNING > 16 JULY
BEEP

REM cannot sel onset=jdas since IRD is estimaled which not coincide
REM JBAS% in this sub cannol ba used in other sub
QNSET% = IRO% + 150W%: JDAS% = IRO%
PRINT " RUST onsei{JOAY),JOAS% ;" ONSET%. JDAS%
PRINT " Flag IN CHKRSON > IFAG%
PRINT : PRINT "PRESS ANY KEY TO CONTINUE"
IKEYS = INPUTS(1)
END SUB ‘CHKRSON
e ++
SUB CUMDISR (DISCH, RATEL, SPRADAY%, FLAG%) STATIC
REM Subprog to accumulate rusl%

REM TDISV%() is DAS at which disease level is assessed
REM check RS and 8 to prevent over estimate
iF JDAS% - IRO% = NPE% THEN ‘Al this pt JDAS%>IR0% by NPE%

TDISV9%(IRO%) = iRO%
IF DISCH <= 0 THEN

TOCH=0
ELSE
TOCH =.0003
END IF
END IF

TDD = TDCH(JDAS% - NPE%)
{F CULT% = 1 OR CULT% = 3 THEN
IF GOD{DAS%) < HURS THEN
If DISCH >= 03 THEN
DISCH = RATEL * DISCH
ELSEIF DISCH <0 THEN
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DISCH =0
END IF
ELSEIF GDD{JDAS%) >= HURS AND GDD(JDAS%) <= HURG? THEN
If DISCH > .265 OR DISCH < 0 THEN DISCH = RATEL * TDD * (1 - TOD)
END IF ' GDD < HURS
IF GDD(JDAS%) > HURG7 THEN 56
IF DISCH == .07 OR DISCH < 0 THEN
DISCH = RATEL * TDD * (1 - TDD)
END IF ‘DISCH
END IF 'GDD »R67
ELSEIF CULY% =2 THEN
iF GDD{IDAS%) < HURS THEN
IF DISCH »= .03 THEN
DISCH = RATEL * DISCH * for early period
ELSE!F DISCH < 0 THEN
DISCH =0
END IF
ELSEIF GDD(JDAS%) >= HURS AND GDD(JDAS%) <= HURG7 THEN
IF DISCH > .265 OR DISCH < 0 THEN DISCH = RATEL * TDD * {1 - TDD)
END IF 'GDOD < HURS
F GDD(JIDAS%) > HURGY AND DISCH >= .07 THEN
IF DISCH »>= 07 OR OISCH < 0 THEN
DISCH =RATEL* TOD = (1 - TOD)

END IF ‘DISCH
ENDIF 'GDD
ENDIF ‘CULT

$DCH = SDCH + DISCH
PRINT "Check final SDCH " SDCH
IF SOCH <« 0 THEN SDCH = 0
TOCH =TDCH + DISCH
IFTDCH <O THEN TDCH =0
TDCH(JDAS%) = TDCH ' total disease severity at DAS
* TDISV%() fime when severity is recorded
TDISV%{JOAS%) = JOAS%
PRINT *BuR8.Hus7. R7 " HURB: SPC({3); HURST: SPC(3Y. HURY
PRINT * Disch in CUM =" DISCH
PRINT : PRINT "TOCH() At DAS in CUM sub " TDCH{JDAS%), TDISV%{JOAS%)
IKEYS = INPUTS(1)
if SDCH »= .1 THEN
IF 3PRADAYS% > 8 THEN
GDD = GDD{JIDAS%)
IF GDD <= HURS AND GDD > 0 THEN
CALL RSPRAY(FLAGY%, NSPRA)
SPRAYS(JDAS%) = "Y"
ELSEIF GDO > HURS THEN

BEEP

PRINT

PRINT “+ +
PRINT *+ +

PRINT "+ NO Spray the plant is beyond crilical age. +*
FRINT "+ 4 4k e 4 e bk b b bbb bbbt bbb+ 4"
PRINT : PRINT " Press any key to conlinug *

IKEYS = INPUTSH(1)

SPRAYS(IDASY%) = “N”

SDCH =0
END iF ‘GDD
ELSEIF SPRADAY% <= & THEN
FLAGY% = 1 ‘spraying time not due
END IF 'SPRAY>8
ELSE
FLAG% =1 ‘Severily is slill low <.17
END IF 'SDCH=.17
END SUB 'SUB CUMDISRS
4+ ++4

SUB GSRSR6 (IDAS%, KFAGO%)
REM Check whether onset time is beyond threshold age
REM use this sub to check whether onsel is late

IF GDDEDASY%) > HURE THEN

KFAGO% =1 "'SK1 group
ELSE
KFAGQ% =2
END IF ‘GDD
END 5UB ‘GSRSRE
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g - +-+
SUB JULIAN (DS, M3, YRS, NDAY) STATIC
REM To calculate Julian day
REM PRINT " SUB TRANS (DS,MS) * DS, MS
FORIT =170 12: NOY = MN()
IF | < M5 THEN
FORJ =1 TO NDY
NDAY = NDAY + 1
NEXT J
ELSEIF | = MS THEN
FORJ=1T0DS
NDAY = NDAY + 1
NEXT J
END IF
NEXT I
END SUB "Julian

44 o+

FUNCTION ONRSCAL (MTM. MRH)

* Caleulate onsel time of rust using 7608 as basic cultivar during late rainy season sowing
IF 8T <= 10 THEN MTM =101

IF MRH <= 40 THEN MRH = 40.1

TRH = (MTM - 10) * (MRH - 40) "TEM* RH

REM PRINT"RH'TIN FN: " TRH

If TRH < 745 THEN

ONRS = 33.245 - .0162 * TRH '‘Calc onsel having y=1
ELSE
ONRS = 33.245 - .0162 * TRH + .2492 * (TRH - 745}
ENDIF

PRINT "Onset IN FN: ", ONRS
IKEYS = INPUTS(1)
ONRSCAL = CINT(ONRS)

END FUNCTION
4 ++
FUNCTION RATERO (MTh, MRH)
* Cafculate intercept of the logislic funclion
IF MTW <= 10 THEN MTi = 10.1
IF MRH <= 40 THEN MRH = 40.1

TRH = (MTM - 10) * (MRH - 40) TEM* RH
IF TRH < 570 THEN
RUS = EXP(1.0424 + .00231 * TRH) ‘Calc rale having y=1
"ELSE
RUS = EXP(1.0424 + 00231 * TRH - .00709 * (TRH - 570))
END IF

PRINT * * Inlerceptin FN : *; RUS
IKEYS = INPUTS(1)
(FRUS <O THEN RUS =0
RATERO = RUS
END FUNCTION ‘a0
b+ LS
FUNCTION RATERS (MTM, MRH)
‘Calculate apparenl infeclion rate
IF MTM <= 10 THEN MTM = 10.1
IF MRH <= 40 THEN MRH = 40,1
TRH = (MTM - 10) * (MRH - 40) ‘TEM* RH
IF TRH < 570 THEN
RUS = EXP(-3.64 + .00342 * TRH)
ELSE
RUS = EXP(-3.64 + 00342 * TRH - .0103 * (TRH - §70))
END IF
RATERS = RUS
END FUNCTION ‘Rate
4 ++
FUNCTION RATRS2 (MTM, MRH)
. STATIC RS2
' Calculate apparent rate for less favorable conditions
IF MTM <= 10 THEN MTM = 10.1
iF MRH <= 40 THEN MRH = 40.1
TRH = {MTM - 10) * (MR - 40) ‘TEM* RH
IF TRH < 648 THEN
RUS2 = EXP(-3.47 + .00228 * TRR}
ELSE
RUS2 = EXP(-3.47 + .00228 * TRH - 0133 * {TRH - 646))
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END IF
RATRS2 = RUS2
END FUNCTION
bt ++++
FUNCTION RESIS1 (MTM , MRH}
STATIC SUSt
' Calculate the ratio a/b of logistic parameters
1F MTM <= 10 THEN MTM = 10.1
IF MRBE <= 40 THEN MRH = 40.1
TRH = (MTH - 10 ) * (MRH - 40) "TEM*RH
IF TRH < 610 THEN
SUST =127.486 - 1229 * TRH

ELSE
SUSt = 127.486 - 1228 " TRH + 4537 * (TRH - 610)
ENDIF
PRINT ™ coeffin FN : % SUS1
RESIS1 = SUs1
END FUNCTION
"kt ++++

FUNCTION RHTMINY (MTiM, MRH)
* Caleulate rust onset for early planting dates
IF MTM <= 10 THEN MTM = 10.1
IF MRH <= 40 THEN MRH = 40.1
TRH = (MTM - 10) * (MRH - 40)
ONRST = 04713 -22.213 /TRH
ONRS = 1/ONRST
PRINT “RS onsel for early pd = * ONRS
RHTMINY = CINT(ONRS)
END FUNCTION ‘rhiminy
"+ ++
SUB RSPRAY (FLAG%. NSPRA)
! Check whether to SPRAY or not and keep records of 4sprays

IF NSPRA < 5 THEN
BEEP
=] =] 1l i S S R ——— T T R A A A
PRINT "+ Warning " -
PRINT "+ Spray now if il looks serious ORin +*
PRINT "+ the next few days +"

PRINT "+ +++++++++ Rt
PRINT : PRINT ** Waring on day(DAS) = JDAS%
PRINT "Press any key to conlinue”

tKEYS = INPUTS(1)

NSPRA = NSPRA + 1 WSPRAYS
FLAGS = 2 ‘Spray is needed
ELSE .,
PRINT

PRINT "Don't Spray becavse it has sprayed »=5 limes”
PRINT * Press any key to continue *
IKEYS = INPUTS{1)

FLAGY% = -1
ENDIF
END SUB 'RSpray warning
4+ +4
SUB RUSTSEY (FLAGY%) STATIC
STATIC 1%

' Estimate rust development using fogistic model
REM FLAG%=-1 if no spray is neaded due fo plantis aging or enough sprays have been done
REM SPRADAY% ¥OAYS between two sprays, NSPRA=#sprays
REM FLAG%=2 for spray needed and FLAG%=1 no spray because time is nol due
REM GETDATAY after spray is done GETDATAZ spray conditien is nol met
REM IRO% disease onset{DAS%) 11% also DAS
1% = ONSET%: NSPRA = 0: NFAV = 0; JDAS% = IRC0% JDAS%<>1
GLENG% = IEND% 'Calc new value of stopping date
PRINT " GLENG%. l1%{onsel) :" GLENG%, 1%
PRINT * HUR7 in RUSTSEV ™ HURY
IKEYS = INPUTS(1)
TDCH(RG%) = .0003
GETDATAT:
PRINT “GDD 1 : % GDD{JDAS%)
IF GDD{JDAS%) <= HURY + .8 THEN
SPRADAY% = NPE%: SDCH =0
ELSEIF GDD(JOAS%) = 0 THEN
PRINT “End of epdemic 1 at™ JDAS%
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PRINT "Prass any key lo conlinue *
IKEYS = INPUT$())
EXIT SUB
END IF
PRINT" GETDATA 1 1{% >" SPRADAY%. 1i%
GOTO CONTNU
GETDATA2:

IF GDD(JOAS%) = 0 THEN EXIT SUB
PRINT "GOO in RSEV 2 ;™ GDD{IDAS%)
If GDD{IDAS%) <= HURT + .8 THEN

SPRADAYY% = SPRADAY% + NPE%

ELSE
PRINT " Eng of epidemic2 ™ 1%
IKEYS = INPUT$(1)
EXIT SUB 'nol appear 1o work
END IF
PRINT* GETDATA 2,1l > ™ SPRADAY%. l1%
CONTNU:
STM = 0: 3RH = 0: NRF = 0: % = JDAS%: SHRH = 0: SHRW =0
FORJ% =1 TO NPE%
ST = STM + ATM(I1% + J% - 1) ‘Calc mean lemp over 5 days
‘starting from ONSET

SREH = SRH + RH({I1% + J% - 1)
SHRH = SHRH + HRHS(1% + J% - 1)
SHRW = SHRW + HRW(I% + J% - 1)
NEXT J%
0% = 1% + NPE%
JDAS% = JDASY% + NPE%
NDAS% = JOAS% - NPE% ‘Check lhe rel records
PRINT: PRINT “ ++ 44 NEW ROUND ++ +++"
PRINT “JDAS% SPRAYD in SUBSEV ™, JDAS%, SPRADAYY%

IKEYS = INPUT$(1)
MTM = STM/ NPE%: MRH = $RH / NPE%: MHRG = SHRH / NPE%: MHRW = SHRW / NPE%

FPRINT
PRINT "MTM, RH HRHO,HRW ™ MTi, SPC(4); MRH: SPC(4); MHRS: SPC(4): MRRW
PRINT™ RH"T in rsev: " (MTM - 10} * (MRH - 40}

(KEYS = INPUTS(1)
IF MTM > 28 OR MTM < 18 THEN e SEV—t

DISCH=0
CALL CUMDISR(DISCH, RATEL, SPRADAY%. FLAGS%)

IF FLAG% = -1 THEN

EXIT SUB
ELSESF FLAGY = 1 THEN
GOTO GETDATAZ
ELSE
GOTO GETDATAT
ENDIF ‘FLAG
END iF ‘MIM > 28
—SEV—2

IF MTM <= 28 AND MTM >= 26 THEN

IF MRH > 75 THEN
RATEL = RATRS2(MTM. MRH): RATED = CEPTER(MTM, MRH)

PRINT * ratel before adj. 1:" RATEL
If CULT% = 1 THEN ,

RATEL = RATEL: RATEG = RATED

ELSEIF CULTS% =2 THEN
NRATE = RESIS1(MTM, MRH). RATEO = .95 * COEF2 * NRATE * RATEL
RATEL = COEF2 * RATEL

ELSE

NRATE = RESIS1(MTM, MRH): RATED = KOE * COEF3 * NRATE * RATEL

RATEL = COEF3 * RATEL
END fF 'CULT%
PRINT " * BO, RATEL IN SUB1 : "; RATED, RATEL

IKEYS = INPUTS(1)
YMAXW = 1. YPREV = TDCH(NDAS%)
DISEV = YMAXW / {1 + EXP(RATED - RATEL " JOAS%))

PRINT = DISEV{Yt) 1 : = DISEV
OISCH = (DISEV - YPREV)
PRINT "DISCH, TOCH(1-1) i: 7~ DISCH, YPREV
CALL CUMDISR(DISCH, RATEL. S8PRADAY %, FLAG%)

ELSE
DISCH =0
CALL CUMDISRIDISCH, RATEL, SPRADAY%, FLAG%)
ENDIF 'RH >75

PRINT " JOAS, TDCH() in sub 1:% JDAS%, TDCH(JDASY%)
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IF FLAG% = -1 THEN
EXIT SUB
ELSEIF FLAG% = 1 THEN
GOTO GETDATAZ
ELSEIF FLAG% = 2 THEN
GOTO GETDATA]
END IF 'FLAG
PRINT * Check FLAG(TEM(25,28) 1 = " FLAG%
PRINT " Press any key lo continue *
END IF 25< T <=28
IF MTM < 28 AND MTM > 24.5 THEN —SEV—-3
IF MRH > 69 THEN
RATEL = RATERS(MTM. MRHY. RATEO = RATERO(MTM, MRH)
PRINT " Ratel before adj. 2 :; RATEL
IF CULT% = 1 THEN
RATEL = RATEL: RATED = RATEQ
ELSEIF CULT% = 2 THEN
NRATE = RESIS1(MTM, MRH): RATED = .95 * COEF2 * NRATE * RATEL
RATEL = COEF2 * RATEL
ELSE
NRATE = RESIS1{MTM, MRH): RATEQ = KQE * COEF3 * NRATE * RATEL
RATEL = COEF3 * RATEL
END IF ‘CULT%
PRINT * = BO, RATEL IN SUB2_1 :  RATEO, RATEL
YMAXW = 1: YPREV = TDCH(NDASY%)
DISEV = YMAXW / (1 + EXP(RATED - RATEL * JDAS%)) 'Calc new sev
PRINT " DISEV(Y1) 2 : 7; DISEV
DISCH = (DISEV - YPREV)
PRINT "Daily DIS.TDCH(-1) 2: *; DISCH, YPREV
CALL CUMDISR{DISCH, RATEL, SPRADAY%, FLAG%)
ELSEIF MRH > 48 AND MRE <= 69 THEN
RATEL = RATRS2(MTM, MRH) : RATED = CEPTER(MTM. MRH)
PRINT " Ratel before adj. 2_2 ™ RATEL
IF CULT% = 1 THEN
RATEL = RATEL: RATED = RATED
ELSEIF CULT% = 2 THEN
NRATE = RESISI(MTM, MRH): RATED = .95 * COEF3 * NRATE * RATEL
RATEL = COEF2 * RATEL
ELSE
NRATE = RESIST(MTM, MRH): RATEQ = KOE * COEF3 * NRATE * RATEL
RATEL = COEF3 * RATEL
END IF TCULT%
PRINT ™ BG, RATEL IN 3U8 2_2 : = RATEQ. RATEL
YMAXW = 1: YPREV = TDCH(NDAS%)
DISEV = YMAXW / (1 + EXP(RATED - RATEL * JDAS%)) ‘Calc new sev
DISCH = DISEV - YPREV
PRINT " DISEV(Yt) 2_2: " DISEV
PRINT *Daily DIS, TDCH(-1)2_2 : % DISCH, YPREV
CALL CUMDISR(DISCH, RATEL, SPRADAY%. FLAG%)

ELSE

DISCH=0

CALL CUMDISR(DISCH, RATEL 3PRADAY%. FLAG%)
END iF ‘RH > 67

PRINT " JDAS, TDCH() in sub 2_2 : ;. JDAS%, TDCH(JDASY)
IF FLAG% = -1 THEN
EXIT SUB
ELSEIF FLAG% = 1 THEN
GOTO GETDATAZ
ELSE
GOTO GETDATAA
END IF 'FLAG
PRINT * Check FLAG(TEM(17,25} 2 =" FLAG%
PRINT " Press any key to continue *
IKEYS = INPUTS(1)
ENDIF - 245<T <26
IF MTM <= 24.5 AND MTM >= 23 THEN " SEVeg
if MRH >= 73 THEN
RATEL = RATERS(MTM, MRH): RATED = RATERO(MTM, MRH)
PRINT * * Ratef before adj.3 " RATEL
IF CULT% = 3 THEN
RATEL = RATEL: RATED = RATEG
ELSEIF CULT% = 2 THEN
RATE = RESIS1(MTM. MRHY: RATEO = .95 * COEF2 * NRATE * RATEL
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RATEL = COEF2 * RATEL
ELSE
NRATE = RESIS1(MTM, MRH): RATEQ = KOE * COEF3 * NRATE * RATEL
RATEL = COEF30 * RATEL
ENDIF "CULT%
PRINT ™ B0, RATEL IN SUB 3:% RATEO, RATEL
YMAW = 1 YPREV = TDCH{NDAS%)
DISEV = YMAXW / (1 + EXP{RATEQ - RATEL * JOAS%))
PRINT " DISEV(Yt) 3: " DISEV
DISCH = (DISEV - YPREV)
PRINT "DISCH, TDCH(-1) 3: 7, DISCH, YPREV
CALL CUMDISR(DISCH. RATEL, SPRADAY%, FLAG%)
ELSEIF MRH < 73 AND MRH > 50 THEN
RATEL = RATRS2(MTM, MRR) : RATED = CEPTER{MTM, MRH)
PRINT * Ratel before adj. 3_2 " RATEL
IF CULT% =1 THEN
RATEL = RATEL: RATEC = RATED
ELSEIF CULT% = 2 THEN :
NRATE = RESIST(MTM, MRHY. RATEQ = .85 * COEF2 * NRATE * RATEL
RATEL = COEF2 * RATEL
ELSE
NRATE = RESIST(MTM, MRH}): RATED = KOE * COEF3 * NRATE * RATEL
RATEL = COEF3 * RATEL
END tF 'CULT%
FPRINT ™80, RATEL IN SUB 3_2: ™ RATEQ. RATEL
YiAXW = 1: YPREV = TDCH(NDAS%)
DISEV = YMAXW / (1 + EXP{RATED - RATEL * JDAS%)} ‘Calc new sev
DISCH = (DISEV - YPREV)
PRINT "DISEV(Y1) 3_2 : " DISEV
PRINT "Daity DIS, TOCH{-1) 3_2: " DISCH. YPREV
CALL CUMOISR(DISCH, RATEL. SPRADAY%, FLAG%)

ELSE
DISCH =0
CALL CUMDISR(DISCH, RATEL. SPRADAY%. FLAG%)
END IF 'RH =70

PRINT * JDAS, TDCH() in sub 3. JOAS%, TDCH(JDAS%)
IF FLAG% = -1 THEN
EXIT SUB
ELSEIF FLAG% = 1 THEN
GOTO GETOATA2
ELSE
GOTO GETDATAI
ENOIF FLAG
PRINT * Check FLAG(TEM(17,25) 3 = * FLAG%
PRINT " Press any key 1o conlinue "
ICEYS = INPUTS(1)
END IF 23<T <245
tF MTM < 23 AND MTM >= 19 THEN o §EVe—-b
IF MRH »= 67 THEN '
RATEL = RATERS(MTM, MRH): RATEQ = RATERO(MTM, MRH)
PRINT " *B0 ,Ratel before adj.4 ;™ RATED. RATEL
IF CULT% = 1 THEN
RATEL = RATEL: RATED = RATED
ELSEIF CULT% =2 THEN
NRATE = RESIS1(MTM, MRH): RATEQ = .95 * COEF2 * NRATE * RATEL
RATEL = COEF2 * RATEL
ELSE
NRATE = RESIS1(MTM, MRH): RATEQ = KOE * COEF3 * NRATE * RATEL
RATEL = COEF3 * RATEL
END IF *CULT%
PRINT "BO.RATEL. SUB 4: " RATEO, RATEL
YMAXW = 1: YPREV = TOCH(NDAS%}
DISEY = YMAXW / (1 + EXP(RATED - RATEL “ JOAS%))
FRINT " DISEV(Yt} 4 : ™ DISEV
DISCH = {DISEV - YPREV)
PRINT “Daily DIS, TDCH(-1) 4: . DISCH. YPREV
CALL CUMDISR(DISCH, RATEL. SPRADAY%, FLAG%)
ELSEIF MRH < 657 AND MRH > 48 THEN
RATEL = RATRS2(MTM. MRH) : RATEQ = CEPTER(MTiM, MRH)
PRINY ™ Ratel before adj. 4_2 : *; RATEL
iF CULT% = 1 THEN
RATEL = RATEL: RATED = RATED
ELSEIF CULT% = 2 THEN
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NRATE = RESIS1(MTM, MRH): RATEO = .95 * COEF2 * NRATE ¢ RATEL
RATEL = COEF2 * RATEL
ELSE
NRATE = RESIS1(MTM, MRH): RATEC = KOE * COEF3 * NRATE * RATEL
RATEL = COEF3 * RATEL
END IF "CULT%
PRINT ™ BO, RATELin SUB 4_2: % RATEL
YMAXW = 1: YPREV = TDCH(NDAS%)
DISEV = YMAXW / (1 + EXP(RATED - RATEL * JDAS%))
DISCH = (DISEV - YPREV)
PRINT * Daily DIS, TDCH(-1) 4_2 : ; DISCH, YPREV
CALL CUMDISR(DISCH. RATEL, SPRADAY%, FLAG%)

ELSE
DISCH=0
CALL CUMDISR(DISCH, RATEL, SPRADAY%. FLAG%)
END IF 'RH =70

PRINT " JDAS, TOCH() in sub 4_2:" JOAS%, TDCH{JOAS%)
IF FLAG% = -1 THEN
EXIT suB
ELSEIF FLAG% = 1 THEN
GOTO GETDATAZ
ELSE
GOTO GETDATA1
END IF 'FLAG
PRINT " Check FLAG(TEM{17.25) 4 = ™ FLAG%
PRINT “ Press any key lo conlinug "
IKEYS = INPUT${1)

END IF "19< T <23
END SUB 'RETSEV
et -+

FUNCTION YDLOS (RAUDPC) STATIC

STATIC SQROO

' Estimate yield loss due to rust alone using cv 7608 as reference, lhe estimation uses area under the curve
IF CULTS =1 THEN
SQRCO =.1522 * RAUDPC
LOSS = SQROO * SQROO 'cv. 7608
ELSEIF CULT% = 3 THEN
SQRO0O = .1622 * RAUDPC ' 3K
L0885 = SQROO * SQROO
ENDIF
YDLOS = L0OSS
PRINT " Yield toss{%) : " USING "##s 4™ LOSS
END FUNCTION
‘4 ++
SUB YLASCRI {CRIDAS%, CRIDIS, PTYLOS) STATIC
STATIC DISDIF, TOIFF, SQRCO
' Estimate vield loss due to rusl alone using single point of the curve
IR5% = IRO% + NPE%
FOR 1% = IRS% 7O JDAS% - NPE% STEP NPE%
IF 1% = CRIDAS% THEN
CRIENS = TDCH(I%)

EXIT FOR
ELSEIF 1% > CRIDASY% THEN
DISDIF = TDCH({1%) - TBCH{1% - NPE%) 'dis difference
TOIFF = TEHSV%{1%) - TDISV% (1% - NPE%) Time diff
DISCR = DISDIF * (CRIDASY% - TDISV%(1% - NPE%))/ TDIFF ‘dis increm
CRIDS = TDCH(I1% - NPE%) + DISCR 'dis 21 CRIDAS
EXIT FOR
END iF
NEXT 19

i CULT% = 1 THEN
SQROO =135 * CRIDIS * 100
ELSEIF CULT% = 3 THEN
SQRO0O = .1399 * CRIDIS * 100
ENDIF
PTYLOS = SQROO * SQROO
PRINT " % Rust at 2 given time : " CRIDIS * 100
PRINT " YIELD LOSS estimated 2t ™ CRIDAS"%: " DAS =" PTYLOS
PRINT: PRINT * This value is likely to be under estimated if there are olher diseases as well *
IKEYS = INPUTS(1)
END SUB
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Appendix 5 MILCAST MODEL

COMMON SHARED ISOW%, NPE%, IRO%, JDAS%. IEND%, CVARS
COMMON SHARED HURS, HURG, HUR7, HURB7, HURS6,0NSET%, CULT%, SDCH
OECLARE FUNCTION CEPTER2 (MTM, MRH)
DECLARE FUNCTION FHRRHZ (MHRI)
DECLARE FUNCTION ONDYCAL (MTM, MRH)
DECLARE FUNCTION ONDYCSK (MRH)
DECLARE FUNCTION ONDSK (MTi, MRH)
DECLARE FUNCTION YLOSCRI {CRIDAS%, PTRUS)
DECLARE FUNCTION YLGSS (RAUDPC, RAUDY)
DECLARE FUNCTION RATERS (MTM, MRH}
DECLARE FUNCTION RATER2 (MTM, MRH}
DECLARE FUNCTION RATERQ (MTM, MRH}
DECLARE SUB DNYCUM (DISCH, RATEL, SPRADAYY%, FLAGY%!)
DECLARE SUB GSRS (1DAS%. KFAGO%)
DECLARE 3UB JULIAN (DS, M3, YRS. NDAY)
DECLARE SUS AUDPC (RAUDY)
DECLARE 3UB DYSPRAY (FLAG%, NSPRA)
DECLARE SUB DNYORNS (IFAG%)
DECLARE SUB SKDYONS (IFAG%)
DECLARE 3UB DNYSEV (FLAG%)
DIM SHARED ATM{1 TO 366), JDAY(1 TO 386), RH(1 TO 266), HRW(1 TO 2&6)
DIM SHARED MTM, MRH, MHRW, RF(1 TO 300), HRHS(1 TO 200)
DIM SHARED GDD(366), TDCH(200). TDISVI(200), MN(12)
DiM SHARED SPRAYS(100), SPRaDAY%, DISEV(t TO 100)
PRINT “PROG for eslimating the occurrence of downy mildew and calculate”™
PRINT ~ downy severily, and estimale yield loss of Soybean”™
REM Prog slored in the file MILCAST.BAS. Lhe program read daily wth and store in arrays to be used in subprog.
PRINT : PRINT
PRINT * “ “
PRINT* * Forecasting Systemn for Downy Mildew of Soybean * *
PRINT" ====s=ss=====—o-ssssssss=Sxzoz=c==zsa’
PRINT
PRINT * e 3
PRINT * Sunthorn Buranaviriyakul v
PRINT * Facuty of Agricullure, CMU 7
PRINT " "
PRINT
PRINT " Press any key ta conlinue *
IKEYS = iINPUTS(1)
FORI=1TO 12
READ MN(Iy. NEXT
DATA 31,28,31,30,31.30,31,31.30.31.30.31
CLS
PRINT : PRINT
PRINT "1: Enter the SOWING date of the experiment{OD.MN.YR(BC) *
INPUT "—=> " DDE, MND, YRE
JDAY = 365. YRS = YRE: DAYN =0
IF YRE MOD 4 = 0 THEN JDAY = 366: MN{2) = 29
CALL JULIAN(DDE, MND, YRE, DAYN)
ISOW% = DAYN: JOAYF = JDAY: PRINT " SOWING DATE ™ ISOW%
PRINT
PRINT "2: ENTER the date you want t¢ STOP reading{dd.mn,y¢) *
INPUT "> DDE, MND, YRE
JDAY = 365 DAYN =0
IF YRE MOD 4 =0 THEN
JDAY = 366: MN{2) = 28
END IF
CALL JULIAN(DDE, MND, YRE, DAYN)
PRINT " Stop date, JDAYF " DAYN, JOAYF
IF YRE = YRS THEN
IEND% = DAYN
ELSE
IEND% = JDAYF + DAYN
ENDIF
PRINT "Ending time ™ IEND%
PRINT * Press any key o conlinue
KKEYS = INPUTS(1)
PRINT
INPUT *3: Enler a file name of * CLIMATE dala( With Extension) *; WTHNS
RESTAR:
PRINT * 4: Enter any information you need( imited (o one lina): *
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INPUT TI§
PRINT : PRINT " 5: Which variety does farmer plant 7"

PRINT * o
PRINT" 1: OCB” 'Shorl season crop CME0
PRINT® 2: Jukotai 1" 'Long season crop
PRINT " —m——— "

INPUT *5: Enter the number —="* CULT%
IF CULT% = 1 THEN
CVARS = "0CB"
ELSE CVARS ="8K1*
END IF
PRINT
PRINT " 6: ENTER the #DAYS 1o find the AVERAGE OVER({4-5 days) ™
INPUT "=> " NPE%
CLS
PRINT : PRINT " 7: DO you know the dale of downy onsel (Y/N) 7~
INFUT DY$
{F BCASES(DYS) = "¥" THEN
PRINT
PRINT * 8 Enter the ONSET date of the disease(DD,MN, YR(BC) *
INPUT " > * DDE. MND, YRE
JOAY = 365 DAYN=0
iIF YRE MOD 4 = 0 THEN JDAY = 366: MN{2) = 29
CALL JULIAN(DDE, MND, YRE, DAYN)
IF YRE = YRS1 + 1 THEN
ONSET% = DAYN + JDAYF
ELSE
ONSET% = DAYN
ENDIF ’
IRO% = ONSET% - 1SOW%  'DAS of ONSET
JDAS% = IRJ%: DYONS ="y
PRINT " ONSET, AS DAS = ONSET%, tR0O%
IKEYS = INPUTS(1)
END iF 'DYE ONST
CLS
FOR{% =1 T3 100
GOD(i%) =0
NEXT 1%
NCOU =0
REM SET TEMPERATURE LIMIT OF SOYBEAN
TOPT = 30: LTEM = 7: XTEM = 45 GDO(©0Y = 0
OPEN WTHNS FOR INPUT AS #9
INPUT #1, LINA1S
INPUT #1, LINAZS
FSTART?
INPUT #1, JOATE, TMX, TMIN, ATiM, RF, RBA, HLWETO, TEMWO. SR, HRRHS, HRRH2
INPUT #1, NTEMP, DTEMP
YR = VAL(LEFT$(STRE(JDATE), 3))
DAYS% = VAL(RIGHTS(STR3(JDATE), 30
PRINT "“DATE before sowing:" DAYS%
iF YR > YRS THEN
CHKD% = DAYS% + JDAYF
ELSE CHKD% = DAYS%
ENDIF
REM store weather in arrays after sowing
IF CHKD% < I50W% - 1 THEN GOTO FSTART
CHKD% = CHKD% + 1 ‘increase one lo make il=isow lo read isow record
ND% =0
NSTART:
INPUT #1, JDATE, TMX, TMIN, ATM, RF, RHA, HLWET, TEMWO, SR HRRHS, HRRHY
INPUT #1, NTEMP, DTEMP
YR = VAL(LEFT$(STRS(JDATE), 3))
DAYS% = VAL(RIGHTS(STRS(JDATE), 3))
PRINT " YR,DAYS =" YR: SPC(3), DAYS%
IF YR > YRS THEN
CHKD1% = DAYS% + JOAYF
ELSE
CHKD1% = DAYS%
END IF
K% = CHKD1% - 150W% + 1 'Inilialize sowing as 1
ATM(K%) = (TMX + TMIN) /2 'Store wth at sowing as day 1
RH{K%) = RHA: RF(K%) = RF
HRW(K%) = HLWET: HRH3(K%) = HRRHS
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JDAY(K%) = CHKD1% ‘slore joay starling from sowning
IF ATM(K%) < LTEM OR ATM(K%) > XTEM THEN PDAY = 0
iF ATM(K3%) < TOPT AND ATM(K%) > LTEM THEN
PDAY = (ATM(KS%) - LTEM) / (TOPT - LTEM) ‘Physiol. day
ELSEIF ATM{K%) > TOPT AND ATM(K%) < XTEM THEN
PDAY = (XTEM - ATM(K%)) / (XTEM - TOPT)
END IF
GDD(K%) = GDB{K% - 1) + PDAY "Sum of heat unit
ND% = ND% + 1 ‘Counl #days read
IF CHKD1% < IEND% THEN GOTO NSTART
CLOSE #1
PRINT "DAS,JDAY(K) : % K%, JDAY(K%)
IKEYS = INPUT$(1)
PRINT
REM Calculsle heat unil as biological scale, HU is limited lo plantin date before 26 Nov
REM SUKOTA# use the same values as 7608
IF IS0W% <= 330 THEN
HU3R1 = 43.819 - .06239 * SOW%: HU3RS = 75.068 - .13107 * 1I50W%
HU3R6 = 95.013 - 1337 * 1ISOW%: HU3R7? = 117.849 - 1932 * ISOW%
HU2R1 = 37.49 - .0469 * 150W%: HU2R5 = 52.821 - .0699 * IS0OW%
HUZR6 = 78.664 - . 1051 * ISOW%: HU2R7 = 95.277 - .1366 ~ ISOW%

' HU3R8 = 120.76 - .1916 * ISOW% 'R2=.98
* HU2RS8 = EXP(4.8316 - 00266 * ISOWS%) 'R2=.929
ELSE

HU3R1 = 10.56 + 0436 * 1ISOW%: HU3RS = -30.65 + .1986 * ISOW%

HU3R6 = 5.985 + .1488 * ISOW%: HU3R7 = 610.7 * 1ISOW% / (2881.8 + ISOW%)
HUZRT = 37.49 - 0469 * ISOW%: HUZRS = .0945 * |S0W%

HU2R6 = 1467 * ISOW%: HUZRY = 22,617 + 1071 * 1SOW%

' HU3RS = 120.76 - . 1816 " 1S0W% ‘R2=.08
' HU2R8 = EXP(4.8316 - 00266 * ISOW%) 'R2=.929
END IF

PRINT " GDD R1 * HU3R1
REM Calc gdd between r6-r7
IF CULT% =1 THEN
HUR1 = HU2R1: HURS = HU2RS: HURG = HU2R6: HURY = HU2R?
HURG? = INT{(HU2RG + HU2R7) /2 + .3) 'OC8
HURS6 = INT{{HU2R5 + BU2R&) /2 + .3)
' HURG = INT{HU2RS + .3)
ENDIF
IF CULT% = 2 THEN
HUR1 = HU3R1: HURS = HU3RS: HURG = HU3R6: HUR? = HU3R7
" HURB7 = INT{(HU3R6 + HU3R7)/ 2 + .3) 'SK1
HURS6 = INT{{HU3R5 + HU3RB) / 2 + .3}
' HURS = INT{HU3RS + .3)
END IF
PRINT " HURS, HURS,HURGT :™ HURS, HURS. HURET
IKEYS = INPUTS{1)
REM Eslimate downy onset when it is not known
IF BCASES(DY$) = "N" THEN
IF CULT% = 1 THEN CALL DNYONS(IFAG %)
IF CULT% = 2 THEN CALL SKDYONS(IFAG%)
IF IFAG% = 2 THEN
JDAS% = IRO%: DYONS ="Y"
PRINT * Downy onset(IRO%)(M/P) of CULT% : % IRO%, CVARS
ELSEIF IFAG% = 1 THEN
DYONS ="
PRINT : PRINT " GDD : *.GDD(JDAS%)
PRINT " Downy accurs lale there is no need to spray ©
ELSEIF IFAGY% = -1 THEN

DYONS = "N"
PRINT ; PRINT * No downy occur ™
END IF ‘FLAG

IKEYS = INPUTS(T)
PRINT : PRINT * Press any key *
END IF 'ifdy$= N
IF IRO% >= 25 THEN
PRINT ™ Since Downy starts at or afler 25 DAS. it is most likely "
PRINT © thal the disease will not be serious”
END IF
ROCOU=0C
I[F DYONS = "Y" THEN
IF GDD{JDAS%) <= HURS THEN
CALL DNYSEV(FLAG%)
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IRS% = IRO% + NPE%

CcLS
PRINT - "
PRINT " %DOWNY -
PRINT* DAS  SEVERITY *
PRINT .

FOR | = IRS% TO JDASY% STEP NPE%
PRINT SPC(7); TOISVY(Y, SPC(E), TDCH(}
ROCOU = ROCOU + 1

NEXT

PRINT ™

PRINT

INPUT "Want to save ouput {¥/N): “, OP%

IF UCASES(OFPS) = ™" THEN
PRINT : INPUT "Enter file name(W/Q *.xxx) > " NAMS
NAMS = NAMS + ".0I8"
QOPEN NAMS FOR QUTPUT AS #1
PRINT #1, "% TI%
PRIMT #1, " DAS %DOWNY ATM RH"
FOR | = IR$% TO JDAS% STEP NPE%
PRINT #1, USING “##8&™ TDISVIS{Y:
PRINT #1, USING "##a# 168 TDCH(®)
NEXT §
CLOSE #1
END iF 'OP%
'‘Cail subpro to calc area under the diseased curve when downy occurs
CALL AUDPC(RAUDY)
PRINT )
PRINT * ** Area under Lhe curve (of Downy) = " RAULY
REM Retrieve Raudpc of rust from the file
{F CULT% = 1 THEN RAUS = "RAUDV2. RUS"
IF CULT% = 2 THEN RAUS = "RAUDV1.RUS"
PRINT " File rust name : ™ RAUS
" INPUT "Enler rust fila name : " RAUS
OPEN RAUS FOR INPUT AS #1
INPUT #1. TIS
INPUT #1, Ti25
INPUT #1, AURS, PTRUS
CLOSE #1
RAUCPC = AURS
PRINT " Area under the curve(from rust file} ;" RAUDPC
REM Caclculate yield loss by combining the effect of two diseases

DYLOS = YLOSS{RAUDPC. RAUDY}

PRINT
PRINT * * Yiald Loss(%) due to dawny and sust 1 > 7
PRINT , USING “#xan #% DYLOS
print

REM CALL function to estimate % downy mildew at 85 or 60(SK1) DAS
{F CULT% =1 THEN
CRIDAS% = 55
ELSEIF CULT% = 2 THEN
CRIDAS% =60
END IF
PTYLOS = YLOSCRICRIDAS%, PTRUS)
PRINT * YIELD LOSS esliamied using point value > ™
PRINT , USING “##4.4™ PTYLOS
IKEYS = INPUTS{1)

ELSE
PRINT : PRINT * ** Downy onset occurs but it is late ***
END IF 'GHOD
ELSE
PRINT * ** No Downy Mildew occur =™
ENDIF *DYONS
END
B o o o o S o T ot o o
SUB AUDPC (RAUDY) STATIC

' Calculate relative area under the disease progress curve
STATIC AUDP, COUNT%, KLAS%
AUDP =0 COUNT% =0 KOUT =0
FOR K% = iR0% TO JDAS% - NPE% STEP NPE%
tF CULT% = 1 THEN
iF TDISV%(K%) >= 25 AND TD{5V%(K%) <= 58 THEN
KLASY% = K% + NPE%
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IF TOCH(K%) = 0 AND TDCH(KLAS%) = 0 THEN GOTO NEXROUN
COUNT% = COUNT% + 1: IF COUNT% = 1 THEN DAY1% = TDISV%(K%)
¥1 = TDCH(K%): Y2 = TDCH(KLAS%)
AREAF = (Y1 + Y2} * (TOISV%(KLAS%) - TDISV%(K%)) / 2
AUDP = AUDP + AREAF
PRINT * K,AUDP : % K%. AUDP
END IF TIME <58
ELSEIF CULT% = 2 THEN
IF TDISV%(K%) >= 28 AND TDISV%(K%) <= 68 THEN
COUNT% = COUNT% + 1: KLAS% = K% + NPE%
IF TDCH(K%) = 0 AND TDCH(KLAS%) = 0 THEN GOTO NEXROUN
IF COUNT% = 1 THEN DAY1% = TDISV%(K%)
Y1 = TOCH(K%): Y2 = TDCH(KLAS%)
AREAF = (Y1 + Y2) * (TDISV%(KLAS%) - TDISVS%(K%)} / 2
AUDP = AUDP + AREAF

ENDIF "TOCH < 74
END IF 'CULT%
NEXROUN:
NEXT K%

RAUDY = AUDP * 100 / {TDISV%(KLAS%) - DAY1%)
PRINT * RAUDPC(%) under no Downy conirol > *, RAUDY
PRINT " Belong 1o Cultivar :"; CVARS
PRINT " First and lasl date ™ DAY 1%, TDISV%({KLAS%)
PRINT : PRINT * * Press any key 1o continue *

SKEYS = INPUTS(1)

END SUB "AUDPC

T T +4 44+ ++4++
FUNCTICN CEPTER2 (MTM. MRH)

STATIC CEPTZ

' Estimate intercept of logistic funclion under less favorable candilions
IF MTH <= 10 THEN MTiM = 10.1
IF MRH <= 40 THEN MRH = 40.1
TRH = (MTM - 10} * (MRH - 40) TEM* RH
IF TRH < 506 THEN
CEPT2 = EXP( 7387 + .001357 - TRH) 'Cale rate having y=1
ELSE
CEPT2 = EXP(.7387 + .001357 * TRH - 001413 * {TRH - 506))
END IF
PRINT " * Interceptin FN ; *, CEPT2
IF CEPT2 < 0 THEN CEFT2 = 0
CEPTER2 = CEPT2
END FUNCTION ‘raterQ n
"4 ++
SUB DNYCUM (DISCH, RATEL. SPRADAY%, FLAG%) STATIC
' To accurnulate downy mildew
REM TDISV() lime when saverity is recorded
IF JDAS% - IRO% = NPE% THEN. ‘Al this pl JDAS%>IR0% by NPE%
TOISV%{IRO%) = IRO%
IF DISCH <= 0 THEN

TOCH=0
ELSE
TDCH = .00G3
END IF
END IF

PRINT * HURS, HURS6 ™ HURS, HURS6
TDD = TDCH(JDAS% - NPE%)
IF GDDWDAS%) >= 17 AND CINT(DISCH * 1000) < ~014 THEN
DISCH = RATEL * (1 - TDD) * TDD
END IF
IF CVARS = “OCB" THEN
IF GDO(DAS%) < 17 THEN
If DISCH > .03 THEN
DISCH = RATEL * DISCH
ELSEIF DISCH < 0 THEN
DISCH =0
END §F
END iF .
IF GDD(JDAS%) > HURSE AND DISCH > .065 THEN
DISCH = RATEL * TDD * (1 - TDD)
ENO IF
ELSEIF CVARS = "SK1* THEN
(F GOD(IDAS%) < 17 THEN
IF DISCH > .03 THEN
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DiSCH = RATEL * DISCH
ELSEIF DISCH < 0 THEN
DISCH =0
END IF
ELSEIF GDD(JDAS%) » HURSE AND DISCH > .065 THEN
DISCH = RATEL = TOD
END If
END iF
If GDD(JDAS%) >= HURS AND DISCH < 0 THEN
SDCH = 8DCH
ELSE
SDCH = 50CH + DISCH
END#F
TDCH = TDCH + DISCH
IF S8DCH <0 THEN SDCH =0

TOCH(JDASY%) = TOCH * lofat disease severily at DAS
IF GDD{JDAS%) > HURSS AND TDCH(JDAS%) > 1 THEN
FLAGY% = 1
EXIT SUB
END IF

TDISV%(JDASY) = JDASY%
PRINT " DISCH in CUM: ™ DISCH
PRINT " SDCH, JOAS% in CUM > * SDCH, JDAS%
PRINT “TDCH(t) at DAS in CUM sub ™ TOCH(JDAS%)
IF SDCH >=.085 THEN
IF SPRADAY% > (6 + NSPRA) THEN
IF GDD{JDAS%) <= HURSS THEN
CALL DYSPRAY(FLAG%. NSPRA)
SPRAYS(JDAS%) = Y

ELSE

BEEP

PRINT

PRINT ™+ +”
PRINT + +*

PRINT “+ NQ Spray. the plantis beyond critical age  +*
PRINT "4ttt bttt rr bbbttt rrtrdattd b
PRINT ; PRINT " Press any key lo conlinue ”

IKEYS = INPUTS{1)

SDCH = 0 SPRAYS(IDAS) = "N

ENDIF 'GD < 51
ELSEIF SPRADAY% <= (6 + NSPRA) THEN
FLAG% =1 ‘spraying time not due
END IF 'SPRAY>8
ELSE
FLAGY = 4 ‘Severity is still low <.12
END IF
END SUB 'SUB DNYCUM
"+ ++
SUB DNYONS (IFAG%) STATIC
SHARED KFAGO%

STATIC i1%, IDAY%
! Estirnate tirne of downy mildew onset for OCB
REM SPRDAY-for counting # days from the start of processing
REM IFAG% = 1 for onset signal and the plant is too old
REM IFAG% =-1 for the NU disease onsel and IFAG%=2 Downy Onset
NDIF% = IEND% - ISOW%: L1% = NDIF % MOD NPE%
ENDON% = IEND% - L1% 'Cale new value of slopping dale
DLENO% = ENDON% - ISOW%: GLENON% = ISOW% + DLENO%
PRINT "Adj growing season , GLENON%
PRINT " CULT #:* CULT%
IKEY$ = INPUTS(1)
NFAV = 0: UNFAV = 0: IDAY% = ISOW%
READCY!:
S5TM = 0: SRH = 0: NRF = 0: SHR2 = 0: 11% = 10AY%
iF 1% > GLENON% THEN
IFAG% = -1: DYONS = "N"
PRINT ~ End of estimalion * IDAY%
EXIT SUB
END IF
FOR J% = 1 TO NPE%
L% = 1% + J% - [SOW%
STM = STM + ATM(L%) ‘Calc mean lemp over NPE% days
SRH = S5RH + RH{L %) . ‘starting from SOWING

108



SHRQ = SHRY + HRHY(L%)

NEXT J%
IDAY% = IDAY% + NPE%
I0A5% = IDAY% - IS0W% 'True DAS used lo +1

PRINT : PRINT " ++++ NEW ROUND +++-++"
PRINT "IDAS% in 3U8 % IDAS%
IKEYS = INPUT$(1)
MTM = STM / NPE%: MRH = SRH / NPE%: MHR9 = SHR9 / NPE%
PRINT “MTM, MRH, MHRSZ : " MTM, MRH, MHRS
REM If sawing is garly han 16 July then use HRBS lor cale onset
IF 150W% < 198 AND ISOW% >= 122 THEN
IF MTM == 29 OR MTM < 18 THEN
PRINT: PRINT “Temp is unfavorable for downy development ®
UNFAV = UNFAV + 1: IFAGS% = -1
PRINT " JDAS% ) IDAS%
GQTO READCYI
ELSE T>290R <18 —on—1
IF IDAS% > 25 THEN
IF MHRZ > 15 THEN MHR9 = 15
IF MHR9 >= 6 THEN
NFAY = NFAV + 1
IF NFAV >=2 THEN
IRO% = FHRRHS({MHRI)
IF IRO% < IDAS% YHEN IRO% = IDAS%
BEEF: IDAS% = IRO%
PRINT ' ONSET TIME when pd before July " IRO%
BEEP
IKEYS = INPUTS(1)
CALL GSR5(IDAS%, KFAGD%)
IFAG% = KFAGO%
ELSE
GOTO READCY!
END IF
ELSE “of hrh@
PRINT
PRINT * RH is unfavorable for downy development ~
UNFAV = UNFAV + 1 IFAG% = -1
PRINT " IDAS% " IDAS%

GOTO READCYI
ENDIF ‘MHRY > &
ELSE
GOTO READCYI "When das <25
ENG IF 'IDAS > 25
END IF ‘T>29
END IF "1 MAY< SOWING <16 JLY

IF 1ISOW?% >= 198 AND ISOW?% < 360 THEN
IF MTM >= 26 OR MTM < 18 THEN
PRINT
PRINT "Temp is unfavarable for downy development”
UNFAY = UNFAV + 1: IFAG% = -1
PRINT " IDAS% :~ IDAS%
GOTO READCY
END iF T>280R <18 ~-on—2
IF MTM > 25 AND MTM < 28 THEN
IF MRH > 75 THEN
PRINT " IDAS% " IDAS%
IF IDAS% > 10 THEN
NFAV = NFAV + 14
IRO% = ONDYCAL{MTM. MRH)
IF IRQ% < IDAS% THEN IRD% = IDAS%
BEEP: {DAS% = IRO%
PRINT
PRINT " Das DOWNY is on,DAYS, 2: ™ [RO%. TDISV%(iDAS%)
BEEP
IKEYS = INPUTS(1)
CALL GSRS(IDAS%, KFAGO%)
IFAG% = KFAGO%
ELSE
GOTO READCYI
END IF ‘IDASY% > 10
ELSE
PRINT
PRINT “Temyp is unfavorable for downy development ®
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UNFAY = UNFAV + 1: IFAG% = -1
PRINT *IDAS% = 1DAS%
GOTO READCYY
END IF ‘RH =75
ENDIF T>250R <29 —on-—3
IF MTM <= 25 AND MTM > 21 THEN
IF MRH >= 67 THEN
PRINT *1DAS% ™ IDAS%
iF IDAS% > 10 THEN
MFAV = NFAV + 4
IRQ% = ONDYCAL{MTM, MRH)
{F IRO% < IDAS% THEN IRO% = IDAS%
BEEP: IDAS% = IRO%
PRINT
PRINT * Das DOWNY is on,3: " IRC%, TOISV(IDAS%)
IKEYS$ = INPUTS(1)
CALL GSR5{IDAS%, KFAGO%)
IFAG% = KFAGO%
ELSE
GOTO READCYI
END IF ‘1DAS% =10
ELSE
PRINT
PRINT "Temp is unfavorable for downy development *
UNFAY = UNFAV + 1: IFAG% = -1
PRINT "1DAS% " IDAS%
GOTO READCYI
END IF ‘RH > 87
END IF T>210R <25 -—on-—4
IF MTM <= 21 AND MTM > 18 THEN
IF MRH > 55 THEN
PRINT " IDAS% : IDAS%
fF IDAS% >= 14 THEN
NFAY = NFAV + 1
IR0O% = ONDYCAL(MTM, MRH)
IF IRD% < IDAS% THEN IRO% = IDAS%
BEEP: IDAS% = {RO%
PRINT
PRINT * Das DOWNY(IRO) is on,4: ™ IRO%
IKEYS = INPUTS(1)
CALL GSR5({I[0AS%, KFAGO%)
IFAG% = KFAGO%
ELSE
GOTO READCY
oND IF 'Idas% >14
ELSE
PRINT
PRINT “Temp is unfavorable for downy development *
UNFAY = UNFAY + 1: IFAG% = -1
PRINT "10A8% " IDAS%

GOTO READCY!
END IF 'RH > &5
END IF 18 < T <=2% ~on—5
ENDF ‘ SOWNING = 16 JULY

BEEP
REM cannot set onset=idas since IR0 is estimaled which not coincide
REM JDAS% in this sub cannot be used in other sub

ONSET% = IRO% + I50W%: JOAS% = IDAS%

PRINT “ Downy onset(DAS.JDAY) IRO%, ONSET%

PRINT " Flag IN DYON > " iIFAG%

PRINT : PRINT "PRESS ANY KEY TO CONTINUE"

IKEYS = INPUTS(1)

END SUB 'DYNON och
e+ et

3UB DNYSEV (FLAG%) STATIC

STATIC 1%

* Estimate downy mildew progres using logislic funclion

REM FLAG%=-1 no spray is needed due to plant is aging or

REM encugh sprays have been done

REM SPRADAY% #OAYS between two sprays, NSPRA=#sprays

REM FLAG%=2 for spray needed and FLAG%=1 no spray because time is not due
REM GETDATA1 after spray is done GETDATAZ2 spray condilion is nat met

REM IRO% diseasa onset{DAS%) (1% also DAS
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11% = ONSET%: NSPRA = 0: NFAV = 0: JDAS% = IR0% JDAS% <>

COEFS = 594 ‘Susceptibility to downy of 5K
HUNI =15 ‘ Define heat unit for v3 onward
TOCH(IRO%) = .0005
GETDATAXT:

iF GDD{JDAS%) <= HURB THEN
SPRADAY% = NPE%Y: SOCH =0
ELSE
PRINT "End of epidemic 1 ~ 1%
PRINT "Press any key to continue ™
IKEYS = INPUTS(1)

EXIT SUB
END (F N%
PRINT * GETDATA 1(SPRADAY%) > " SPRADAY%
GOTO CONTNU
GETDATAZ:

IF GOD{JDAS%) <= HURS THEN
SPRADAY% = SPRADAY% + NPE%
ELSE
PRINT * End of epidemic 2 * (1%
EXIT SUB
ENDIF
PRINT " GETDATA 2(SPRADAY%%) > " SPRADAY%
PRINT® GOD in DNYSEV " GDD(JDAS%)
IKEYS = INPUTS(1}
CONTNU:
STii=0: SRH = 0: NRF = 0: 1% = JOAS%: SHRW = 0: SHRg =0
FOR J% =1 TO NPE%
M% =1% + J% -1
STM = STM + ATM(M%)  'Calc mean temp over 5 days
SRH = SRH + RH(M%)  ‘starling from ONSET
SHR9 = SHRS + HRHY(M%)
NEXT J%

1% = 11% + NPE%

JOAS% = JDAS% + NPE%

NDAS% = JOAS% - NPE% ‘Check the rel records
PRINT : PRINT " +++4+++ NEW ROUND $++++ ++++++++4"
PRINT : PRINT " JDASY% in DSEY " JDAS%

MTM = 5TM / NPE%: MRH = SRH / NPE%: MHRS = SHR2 / NPE%
PRINT "MTM, RH, BRHS : ", MTM; SPC{4); MRH; 3PC(4); MHR9
PRINT* RH'T in D¥Ysev: " (MTM - 10) * (MRH - 40)
FMTM > 28.5 OR MTM < 19 THEN taemg Y —-1
DISCH =0
CALL DNYCUM{DISCH, RATEL, SPRADAY%. FLAG%}
IF FLAG% = -1 THEN
EXIT SUB
ELSEIF FLAG% = 1 THEN
GOT0 GETDATAZ
ELSEIF FLAG% = 2 THEN
GOTO GETDATAT
END IF 'FLAG
ENDIF WMTM > 28
IF MTM <= 28.5 AND MTM >= 25.9 THEN ‘—-gev-—2
iF MRH > 75 THEN
RATEL = RATERZ2(MTM, MRH): RATEQ = CEPTERZ{MTM. MRH)
PRINT “RATEL IN SUB 1 : " RATEL
YMAXW = 1 YPREV = TDCH(NDAS%)
DISEV = YMAXW/ (1 + EXP{RATED - RATEL * JOAS%))
IF CULT% = 1 THEN
DISEV = DISEV
ELSE
DISEV = COEFS * DISEV
ENDIF 'CULT%
DISCH = DISEV - YPREV
PRINT "DISCH, TOCH(t-1) SUB 1: " DiSCH, YPREV
CALL DNYCUM(DISCH, RATEL. SPRADAY%, FLAGY%)
ELSEIF MRH < 75 AND MRH > 85 THEN
DISCH = .005
CALL DNYCUM(DISCH, RATEL. SPRADAY %, FLAG%)
ELSE

DISCH =0
CALL DNYCUM(DISCH, RATEL. SPRADAY%. FLAG%)
END IF 'RH >75
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PRINT "JOAS, TDIS() TOCH(L) in sub ™ JOAS%, TDISV%(IDAS%). TDCH{JDAS%)
IF FLAG% = -1 THEN
EXIT SuB
ELSEIF FLAG% = 1 THEN
GOTO GETOATAZ
ELSEIF FLAG% =2 THEN
GOTO GETDATA1
END IF 'FLAG
PRINT * Check FLAG(TEM(25,28) = “ FLAG%
PRINT " Press any key 1o continue *
IKEYS = INPUTS(1)
ENG IF 265« T «=28
IF MTM < 25,9 AND MTM >= 24,5 THEN e —goy-—-3
IF MRH >= 72 THEN
RATEL = RATERS{MTM, MRH). RATED = RATERO(MTM, MRH)
PRINT "RATEL IN U8 3: " RATEL
YMAXW = 1: YPREV = TDCH(NDAS%)

DISEY = YMAXW / (1 + EXP{RATED - RATEL * JDAS%)) ‘Calc new sev
IF CULT% = 1 THEN
DISEV = DISEV
ELSE
DISEV = COEFS * DISEV
END IF ' CULT%

DISCH = DISEV - YPREV
PRINT "Daily DIS, TOCH(1-1) SUB 2: % DISCH, YPREY
CALL DNYCUM(DISCH, RATEL, SPRADAY%. FLAG%}
ELSEIF MRH < 72 ANO MRH >= 65 THEN
RATEL = RATERZ(MTM. MRH); RATED = CEPTER2(MTM. MRH)
PRINT “RATEL IN SUB 2_2: * RATEL
YMAXW = 1; YPREV = TDCH{NDAS%)
DISEV = YMAXW / (1 + EXP{RATED - RATEL * JDAS%)) ‘Cak: new sev
IF CULT% = 1 THEN
DISEV = DISEV
ELSE
DISEV = COEFS * DISEV
END IF “CULT%
DISCH = DISEV - YPREV
PRINT “Daily DIS, TDCH(t-1) SUB 2_2: * DISCH, YPREV
CALL DNYCUM(DISCH. RATEL, SPRADAY%, FLAG%)

ELSE
DISCH=0
CALL DNYCUIM(DISCH. RATEL, SPRADAY %, FLAGY%)
END IF ‘RH =55

PRINT " TDIS() TDCH(} in sub 2 TDISV%{JDAS%). TODCH{JDAS%)
IF FLA@% = -1 THEN
EXIT SuB
ELSEIF FLAGY% = 1 THEN
GOTO GETDATA2
ELSE
GOTO GETDATAY
END iF 'FLAG
PRINT " Check FLAG(TEM(17,25) = * FLAG%
PRINT * Press any key to conlinue ©
IKEY$ = INPLUTS(1)
END IF '245<T <259
IF MTM < 24.5 AND MTM > 23 THEN ey ——d
IF MRH »>= 70 THEN
RATEL = RATERS(MTM. MRH): RATED = RATERO(MTM, MRH)
PRINT “RATEL, IN SUB 3: "; RATEL
YMAXW = 1; YPREY = TDCH{NDAS%)

DISEV = YMAXW / (1 + EXP(RATED - RATEL * JDAS%)) 'Calc new sav
IF CULT% = 1 THEN
DISEV = DISEV
ELSE
BISEV = COEFS * DISEV
END IF 'CULT%

DISCH = DISEV - YPREV
PRINT *Daily DIS,TOCH(1-1) SUB 3: % DISCH, YPREV
CALL DNYCUM(DISCH, RATEL, SPRADAY%, FLAG%)
ELSEIF MRH < 70 AND MRH >= 85 THEN
RATEL = RATER2(MTM. MRH): RATEQ = CEPTERZ(MTM, MRH)
PRINT "RATEL IN SUB 3_2: " RATEL
YMAXW = 1: YPREV = TDCH(NDAS%)
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DISEV = YMAXW / (1 + EXP(RATEO - RATEL * JDA3%)) ‘Calc new sav
IF CULT% = 1 THEN
DISEV = DISEY
ELSE
DISEV = COEFS * DISEV
END IF 'CULT%
DISCH = $ISEV - YPREV
PRINT “Daily DIS,TOCH(1-1) 3UB 3_2: * DISCH. YPREV
CALL DNYCUM(DISCH, RATEL, 3PRADAY%, FLAG)

ELsSE
DISCH =0
CALL DNYCUM(DISCH, RATEL, SPRADAY%, FLAG%)
END IF ‘RH >55

PRINT " TOIS{) TDCH{) in sub 3" TDISVS%({J0ASY), TDCH(JOASY%)
IF FLAGY% = -1 THEN
EXIT SUB
ELSEIF FLAG% = 1 THEN
GOTO GETOATAZ
ELSE
GOTO GETDATAI
END IF 'FLAG
PRINT " Check FLAG(TEM(17,25) = ™ FLAG%
PRINT " Press any key to conlinue “
IKEYS = INPUT$(1)
END IF 23<T w245
IF MTM <= 23 AND MTM > 19 THEN fereg@Y---5
IF MRH »>= 71 THEN
REM no cases have happened when ch »75
RATEL = RATERS(MTM, MRH): RATEQ = RATERG(MTM. MRH)
PRINT "RATEL IN SUB 4 : *; RATEL
YMAW = 1: YPREV = TDCH{NDAS%)
DISEV = YMAXW / (1 + EXP(RATED - RATEL * JDAS%))
DISCH = DISEV - YPREY
PRINT "DISCH.TDCH(1-1) 4: . DISCH, YPREY
CALL DNYCUM(DISCH. RATEL. SPRADAY%. FLAG%}
ELSEIF MRH < 71 AND MRH »= 57 THEN
RATEL = RATER2(MTM, MRH)
RATEOD = CEPTER2(MTHM, MRH)
PRINT "RATEL, YMAX IN SUB 4_2: " RATEL
YMAXW = 1: YPREV = TDCH(NDAS%)

DISEV = YMAXW / (1 + EXP(RATED - RATEL * JDAS%)) ‘Calc new sev
IF CULT% = 1 THEN
DISEV = DISEV
ELSE
DISEV = COEFS * DISEV
END IF 'CULT%

DISCH = DISEV - YPREV
PRINT "Daily OIS, TDCH(t-1) SUB 4_2: "; DISCH, YPREY
CALL ONYCUM(DISCH, RATEL, SPRADAY%%, FLAGY%)

ELSE
BISCH=0
CALL DNYCUM(DISCH, RATEL, SPRADAY%. FLAG%)
END iF 'RH >70

PRINT " TDIS() TOCHY() in sub 4.7 TDISV%{(JDAS%). TDCH(JDASY)
IF FLAG® = -1 THEN
EXIT SUB
ELSEIF FLAG% = 1 THEN
GOTO GETDATAZ
ELSE
GOTO GETDATAN
END IF ‘FLAG
PRINT * Chack FLAG(TEM(17,25) = " FLAG%
PRINT " Press any key to conlinue *
IKEY$ = INPUTS(1)

- ENMDIF M9« T <23
END SUB ‘ONYSEY
"+ 4 + 4

SUB DYSPRAY (FLAGY. NSPRA}
' Check whether lo SPRAY or not
IF NSPRA < 4 THEN
IF GDD(JDAS%) <= HURS6 THEM
BEEP

PRINT "4+ ++ 4+ bt #ommom ook bbb bbb b b bt
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PRINT “+ Warning "
PRINT “+ Spray now if it looks serious OR in +"
PRINT “+  the next few days *"
PRINT *+4++++++++4 SN S A R S
PRINT : PRINT ™ Waring on day(DAS) ™ JDAS%
PRINT "Press aay key to conlinue”

IKEYS = INPUTS(1)

NSPRA = NSPRA + 1 "HSPRAYS

FLAG% = 2 'Spray is needed
ELSE

PRINT ™+++ T

PRINT "+ There is no need to spray the -
PRINT "+ plantis beyond crilical stage "
PRINT "4+ ot
ENO IF
ELSE
PRINT
PRINT * Don't Spray because it has sprayed >=4 limes"
PRINT " Press any key to continue ”
IKEYS = INPUTS(1)

FLAG% = -1
END IF
END SUB 'DYSpray
4 +4

FUNCTION FHRRHS (MHRS)
* Estlimate downy mildew onset for early rainy season sowing dates for
gole:]
AHRHS = MHRY - 6
QONDY = 55.67 - (9.0899 - 9272 * AHRHS) * AHRHZ
FHRRHO = CINT(ONDY)
END FUNCTION
jEE 4
SUB GSR5 (IDAS%, KFAGO%)
' Check whether DOWNY onset is too lale lo go on predicling disease progress
IF GOXIDAS%) > HURS THEN

KFAGO% =1 "DYONS = N OCB group
ELSE
KFAGQ% =2 'DYONS =Y
END IF ‘GDD
END SUB 'GSR5
Tk + 4

SUB JULIAN (DS, MS, YRS, NDAY) STATIC
* To convert date to Julian day
NDAY =0
FORI=1TO 12: NDY = MN(I)
IF 1 < M3 THEN
FORJ =170 NDY
NDAY = NDAY + 1
NEXT 4
ELSEIF | = MS THEN
FORJ=1TODS
NDAY = NDAY + 1
NEXT J
END IF
NEXT |
END SUB “Julian
“++ ++
FUNCTION ONDSK (MTM, MRH)
‘ Estimate DOWNY onsel for sowing dates before July 16, for Sukolai1
IF MTM <= 10 THEN MTM = 10.1
If MRH <= 40 THEN MRH = 40.1
TRH = (MTM - 10) * (MRH - 40} 'TEM* RH
PRINT “RM*T IN FN : % TRH
ONDY = EXP(7.007 - .00424 * TRH) ‘Calc onsel having y=1
PRINT “Onsel skin FN: % ONOY
IKEYS = INPUTS(1)
ONDSK = CINT(ONDY)
ENG FUNCTION ‘ondsk
“++ ++
FUNCTION ONDYCAL (MTM, MRH}
‘Estimate onset en QCB for sowing date after 16 July season sowing
IF MTM <= 10 THEN MTM = 10.1
IF MRH <= 40 THEN MRH = 40.%
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TRH = (MTM - 10} * (MRH - 40) TEM* RA
REM PRINT"RH'TINFN:" TRH
IF TRH < 785 THEN
ONDY = EXP(3.271 - .00063 * TRH} ‘Calc onset having y=1
ELSE
ONDY = EXP(3.271 - 00063 * TRH + .00581 * (TRH - 785))
ENG IF
PRINT "Onset IN FN: % ONDY
HEYS = INPUTS(1)
ONDYCAL = CINT{ONDY)
END FUNCTION
"+ +-k
FUNCTION CHNDYCSK (MRH}
' Estimate downy ONSET for sowing dales afier July 16 for Sukotai 1
ONDY = EXP{4.1161 - 01477 * MRH) ‘Cale onset having y=1
PRINT "Onset sk in FN: %, ONOY
IKEYS = INPUTS(1)
ONDYCSK = CINT(ONDY)
END FUNCTION ‘sk onset
RS ++
FUNCTION RATERO (MTM, MRH)
' Calculsate infercent of lagistic funclicn
IF MTM <= 10 THEN MTi = 10.1
IF MRRE <= 40 THEN MRH = 40.1
TRH = (MTM - 10) * (MRH - 40) ‘TEM* RH
INVW = 1/TRH
IF TRH <= 542 THEN
DNY(D = EXP(.4932 + 00209 * TRH) ‘Calc rale having y=1
ELSE
DNYO = EXP(4932 + .00209 " TRH - .00179 * (TRH - 542))
END IF
REM An afternalive FUNCTION
PRINT ** Inlerceplin FN : " DNYQ
IF DNYO <0 THEN DNY0 = 0

RATERO = DNYQ
END FUNCTION ‘raler) fn
et ++
FUNCTION RATER2 (MTi, MRH}
STATIC RAT2

* Calculate apparent rate of downy mildew for less favorable condilions
IF MTM <= 10 THEN MT8 = 70.1
IF MRH <= 40 THEN MRH = 40.9
TRE = (MTM - 10) * (MRH - 40) TEM* RH
IF TRH < 600 THEN
RATZ = EXP(-4.844 + 003354 * TRH} ‘Rate for ymx=1 use lin
ELSE
RAT2 = EXP(-4.844 + 003354 * TRH - .01335 * (TRH - 600Y)
END IF
PRINT ™ RATE IN FN: " RAT2
{F RAT2 <0 THEN RAT2 =0

RATER2 = RAT2
END FUNCTION ‘raters fn
) +4

FUNCTION RATERS {MTM, MRH)
* Calcuizte apparent rate of downy mildew for more favorable conditions
IF MTH <= 10 THEN MTi = 10.1
IF MRH <= 40 THEN MRH = 40.1
TRH = (MTM - 10) * (MRH - 40) "TEM* RH
INWV = 3/ TRH: TRH2 = TRH * TRH
If TRH < 530.6 THEN
RAT1 = EXP{-5.2387 + 00485 * TRH)
ELSE
RAT1 = EXP(-5.2997 + .00485 * TRH - .00687 * (TRH - 538.6})
END IF
- REM An alternative
PRINT ™ RATE N FN: " RATY
IF RATY < 0 THEN RATi =0

RATERS = RAT1
END FUNCTION ‘raters fn
ot +

SUB SKDYONS (IFAG%) STATIC
STATIC H%A. \DAY%
SHARED KFAGO%
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* Estimale downy anset for Sukotai 1
REM SPROAY-for counling ¥ days from the stani of processing
REM IFAG% = 1 for onset signal and the plani is not (oo old
REM IFAG% =-1 for the NO disease onsel and IFAG%=2 Downy Onset
NDIF% = IEND% - 150W%: L1% = NDIF% MOD NPE%
ENDON% = 1END% - Li% ‘Cale new value of stopping date
DLENO% = ENOON% - 1SOW%: GLENON% = 150W% + DLENO%
PRINT “Adj growing season :*, GLENON%
PRINT*CULT # % CULT%
IKEY$ = INPUTS(1)

NFAV = 0: UNFAV = 0: IDAY% = ISOW%
READCYS:
5T = 0: SRH = 0: NRF = 0: S3HR9 = 0 11% = IDAY%
tF 1% > GLENON% THEN

IFAGY% = -1: DYONS = "N"

PRINT " End of estimation * 1DAY%

EXIT SUB
ENO IF
FORJ% = t TO NPE%

L% = U% + J% - 150W%

STM = STM + ATM(L %) ‘Calc mean temp over NPE% days
SRH = SRH + RH{L%) ‘slarling from SOWING
SHRS = SHRY + HRH9{L%)

NEXT J%

IDAY% = IDAY% + NPE%

IDAS% = IDAY% - ISOW% + 1 ‘True DAS

PRINT : PRINT " ++4+ NEW ROUND +++++~
PRINT "IDAS% in SUB % IDAS%
IKEYS = INPUTS(1}
MTM = STM / NPE%: MRH = SRH / NPE%: MHR9 = SHRS / NPE%
PRINT "MTM, MRH. MHRS : ™ MTM, MRH, MHR9
'If sowing is early than 16 July then use Hreh for calc onset
IF {SOW% < 198 AND ISOW% >= 122 THEN
IF MTM == 29 OR MTM < 18 THEN
PRINT "Temp is unfavorable for downy development”
UNFAY = UNFAY + 1: IFAG% = -1
PRINT " IDAS% ", IDAS%
GOTO READCYS

ELSE T>29 OR 21§ —sko---1
IF IDASY% > 40 THEN
IF MHRS > 15 THEN MHR9 =15 ‘indicale lot of rain

IF MHRg >= 6 THEN
NFAV = NFAY + 1
iF NFAV >= 2 THEN
IR@% = ONDSK(MTM, MRH)
(F IRO% < IDAS% THEN IRO% = IDAS%
BEEP: IDAS% = IRO%
PRINT * ONSET when pd before JulIDAS 1 : IRO%.IDAS%
BEEP
IKEYS = INPUTS(")
CALL GSRS(IDAS%, KFAGO%)
IFAG% = KFAGO%

ELSE
GOTO READCYS
END IF NFAV
ELSE ‘OF HRH9

PRINT * BH is unfavorable too tow “
UNFAY = UNFAY + 1 [FAG% = -1
PRINT * IDAS% ™ 1DASY%
GOTO READCYS

END iF 'MHRO > 6
ELSE
GOTO READCYS 'When das < 25
END IF *JDAS > 40
ENDIF - ‘T>29
END IF ' MAY< SOWING < 16 JLY

I 1SOW% >= 198 AND ISOW% < 360 THEN
iF MTM == 28.5 OR MTM <= 18 THEN
PRINT "Temp is unfavorable for downy developmenl *
UNFAY = UNFAV + 1; IFAG% = -1
PRINT " IDAS% " IDAS%
GOTO READCYS
END I T>230R <18 --sko---2
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IF MTM >= 26.5 AND MTM <= 28.5 THEN
IF MRH > 80 THEN
PRINT " IDAS% : IDAS%
IF IDAS% >= 4D THEN
IRO% = ONDYCSK(MRH}
IF IRG% < IDAS% THEN IRO% = IDAS%
BEEP: IDAS% = IRO%
PRINT
PRINT * Das DOWNY(IRO) is on, 2: ~ IRO%
IKEYS = INPUTS(1)
CALL GSR5(IDAS%. KFAGO%)
IFAG% = KFAGO%
ELSE
GOTO READCYS
END IF "JOAS% > 25
ELSEIF MRH > 75 AND MRK <= 80 THEN
PRINT “IDAS% " IDAS%
IF JOAS% >= 35 THEN
IRO% = ONDYCSK(MRH)
IF IRO% < IDAS% THEN IR0% = iDAS%
BEEP: IDAS% = IRO%
PRINT
PRINT * Das DOWNY(IRO) is on. 2.2 : *: IRO%
IKEYS = INPUTS(1)
CALL GSR5(IDAS%, KFAGO%)
IFAG% = KFAGO%

ELSE
GOTO READCYS
END IF "JOASY > 30
ELSE

PRINT “Temp is unfavorable ico low ar hight ™
UNFAY = UNFAV + 1 IFAG% = -1
PRINT " IDAS% ", IDAS%
GOTO READCYS
END IF ‘RH > 76
END IF ‘T>2650R <28 --SKo-3
IF MTid >= 24 AND MTM < 26.5 THEN
IF MRH > 76 THEN
PRINT " 1DAS% *; IDAS%
IF IDAS% > 12 THEN
IRC% = ONDYCSK(MRR)
IF IRO% < IDAS% THEN IRO% = 1DAS%
BEEP: IDAS% = IRO%
PRINT
PRINT * Das DOWNY(IRQ)is on, 3: % IRO%
IKEYS = INPUTS(1)
CALL GSR5(IDAS%, KFAGO%)
IFAGY = KFAGO%

ELSE
GOTO REARCYS
END IF JDAS% > 12
ELSE

PRINT Temp is unfavorable for downy development ”
UNFAV = UNFAV + 1: IFAG% = -1
PRINT " [DAS% :* IDAS%
GOTO READCYS
END IF "RH>76
END IF T> 24 OR < 26.5 -SK0O-—- 3
IF MTM < 24 AND MTM > 18 THEN
iF MRH > 71 THEN
PRINT " IDAS% :* IDAS%
IF IDAS% > 12 THEN
IRD% = ONDYCSK{MRH}
IF IRO% < IDAS% THEN IR0% = IDAS%
BEEP: IDAS% = IRD%
PRINT : PRINT * Das DOWNY(IRO) is on.4: ™ IRC%
IKEYS = INPUTS(1)
CALL GSR5(1DAS%. KFAGO%)
IFAG% = KFAGO%
ELSE
GOTO REAOCYS

END IF “IDASY >10
ELSE
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PRINT "Temp is unfavorable too fow or hight
UNFAY = UNFAV + 1: IFAG% = 1
PRINT " IDAS% =" IDAS%

GOTO READCYS

END IF "RH > 79
END #F ‘T>16 0R <24 —-3KO— 4
NDF ' SOWNING > 16 JULY

ONSET% = IRQ% + 150W%: JDAS% = IDAS%

FRINT * Downy onset{DAS jday) ;™ IRO%, ONSET%

PRINT * Flag iN DYNON >~ (FAG%

PRINT : PRINT "PRESS ANY KEY TO CONTINUE"

IKEYS = INPUTS{1)
ND SUB "SKDYNON
b+ +++
UNCTION YLOSCRI (CRIDASY%, PTRUS)
TATIC DISDIF, TDIFF, SQROG, PTDNY, PTLOS
Estimale yietd loss due to rust and downy mildew using single-poinl rmodel
5% = IRC% + NPE%
OR I% = IRS% TO JDAS% - NPE% STEP NPE%

IF 1% = CRIDAS% THEN
PTDNY = TOCH(1%}

EXIT FOR
ELSEIF 1% > CRIDAS% THEN
DISDIF = TOCH(1%) - TDCH{1% - NPE%) 'dis difference
TDIFF = TDISV%(1%) - TDISV%(1% - NPE%) Time diff
DISCR = DISDIF * (CRIDAS% - TDISV%(1% - NPE%)) / TDIFF  dis increm
PTDNY = TOCH(i% - NPE%) + DISCR 'dis al CRIDAS
EXIT FOR
END IF
[EXT 1%

IF CULT% = 1 THEN
SQROO = .1276 * PTRUS + .0939 * PTONY * 100
PTLOS = SQROQ * SQROD ‘oce
ELSEIF CULT% = 2 THEN
SQROC = 1864 * PTRUS + 0872 * PTONY * 100
PILOS = SQRCO * SQROO "SK
END IF
YLOSCRI = PTLOS
PRINT * % Downy al a given time : *; PTONY * 100
PRINT " YIELD LOSS estimated at ; CRIDAS%: © DAS =" PTLCS
IKEYS = INPUTS(1)

ND FUNCTION
EE L R R e T F T e R Rl ok ok kil B ke ol o v ok o H ot mhatate e b o ok
UNCTION YLOSS (RAUDPC, RAUDY)
TATIC SQROO. SAREA
Eslimate yiald loss when RAUDPC is the sum of downy and rust using
SAREA = RAUDPC + RAUDY
F CULT% = 1 THEN
SQROC = 1377 * SAREA ‘acb
LOSS = SOROO * SQRA0O
ELSEIF CULT% = 2 THEN

SQRO0 = 1611 " SAREA 'SK1
LOSS = SQROO * 3QROO
END IF
YLOSS = LOSS
ND FUNCTION YLOSS
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