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Introduction
Louisiana provides a warm, humid climate favorable for endemic and
epidemic development of many rice diseases. Rice is frequently damaged
by these diseases, resulting in significant reductions in yield, grain quality,
and income to growers. The grower also suffers indirect losses from the
expense of applying fungicides to manage these diseases. The most important
and common foliar diseases in Louisiana include sheath blight (Fig. 1-2)
caused by the fungus Thanatephorus cucumeris (Frank) Donk. (Rhizoctonia
solani Kuhn) , blast (Fig. 3-4) caused by the fungus Pyricularia grisea Sacc.,
narrow brown leaf spot (Fig. 5) caused by the fungus Sphaerulina oryzina
Hara (Cercospora janseana (Racib) 0 . Const.), brown leaf spot (Fig. 6)
caused by the fungus Cochiobolus miyabeanus (Ito & Kur.) Drech., leaf
smut (Fig. 7) caused by the fungu Entyloma oryzae H. & D. Sydow, and
stem rot (Fig. 8) caused by the fungus Magnaporthe salvinii (Catt.) Krause
& Webster (Sclerotium oryzae Catt.) (9, 11 ). Undernorrnal circumstances,
heath blight and blast are the primary diseases that become severe enough
to justify using a fungicide. However, occa ionally, stem rot and narrow
brown leaf spot are serious enough to warrant treatment. Often these and
other minor diseases are reduced by fungicide applications directed toward
sheath blight and blast management. Management of these minor diseases
can contribute to the total yield and quality increase produced by fungicidal
sprays.
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Sheath blight is the most serious rice di sease in Louisiana because of its
epidemic development each year and the significant yield loss (10-25%) it
produces (9, 11 , 17,42) . This di sease requires hot, humid conditions, high
fe rtility levels, and dense crop canopies to develop. Sheath blight has
become a majar di sease in the last two decades because of the increase in 1)
acreage of susceptible long-grain varieties (9), 2) use of soybeans in rotation
with rice (29), 3) use of high rates of nitrogen fertilizer(2 ,3,4), and 4) use of
semi-dwarf varieties (26). These practices have led to the build-up of large
populations in soils of the fungal survival structures called sclerotia. These
small dark brown fungal structures survive between crops in the soil. The
sclerotia then float in the flood water, come in contact with rice tillers, and
infect plants at or near the water line (Fig. I). Primary inoculum in the spring
al o includes fungal mycelium in floating plant debri s from the previous
year's crop. The disease progresses up the plants, forming a "snakeskin"
pattern of banding on the stem and leaf surfaces (Fig. 2). The pathogen
spreads from tiller to tiller among plants, by hyphal growth across the water,
or from leaf to leaf, causing circular areas of dead and collapsing rice plants.
The di sease develops most rapidly during the boot through grain filling
stages of growth. In general , medium-grain varieties are more resistant than
long-grain varieties.
Blast is the second most important rice di sease in the United States
(9, 11 ,27,42). Blast outbreaks are also dependent on climatic conditions, but
they tend to be more sporadic in occurrence than sheath blight. The longgrai n cul ti vars grown in the southern United States tend to have higher levels
of partial re istance to blast than sheath blight ( 11 ,27). The blast fungus
overwinters in rice straw, stubble, and on seeds. The di sease spreads rapidly
in the field by means of airborne spores. From seeding to maximum tillering,
elongated, spindle-shaped lesions with brown borders appear on the leaves
(Fig. 3). Severe infestations can lead to large areas of dead plants. Leaf blast
development is usuall y assoc iated with loss of the flood or prolonged delay
of flooding ( 15). Excessive nitrogen (N) level s may also increase disease
severity (42). Correct water management and application of a foliar
fungicide are the most important management measures during the leaf blast
phase. After heading, brownish lesions can develop on the node at the base
of the head, causi ng em pty or partiall y filled florets or "blasting," followed
by breaking over of the head to produce the " rotten-neck" symptom (Fig. 4 ).
Symptoms occ ur also on the nodes of the stem and at the collar of the flagleaf blade. Preventi ve fungicidal sprays at boot and heading can suppress
rotten-neck sym ptoms, although the primary management tool used is
di ease res istance. Cul ti vars differ greatl y in their level of host-resistance,
4

and selection of resistant cul ti vars is one of the most important management
decisions a farmer makes (11).
Brown spot is associated with rice stressed by low fertility, root rot,
insect feeding on roots, poor soil conditions, and other management problems
(11,42). The pathogen can be seedbome or can survive in rice straw or
stubble. It is spread by wind-blown spores. The disease is characterized by
circular to oval reddish brown lesions on the leaf, often surrounded by a
yellow or gold halo (Fig. 5). Under favorable conditions for disease
development, spots can enlarge and have grey necrotic centers (42). Most
varieties have adequate levels of resistance. The most important management
practice is avoiding crop stress through good management including N
fertilization and weed and water management ( 11 ).
Narrow brown leaf spot is caused by a fungus that overwinters in rice
straw, stubble, and seeds (11,42). The fungus spreads by wind-blown
spores. Symptoms develop late in the season and appear as linear brown
lesions on the leaves (Fig. 6), leaf sheaths, and floral parts. Sometimes
disease develops on the base of the panic le causing damage similar to rottenneck blast except that the intemode, instead of the node, is affected and
diseased tissue turns straw colored. Symptoms also appear on the sheaths
oflower leaves just below the leaf collar ( 11 ), causing death of the leaf blade.
Premature ripening, lodging, and yield loss may occur. New cultivars are
usually bred to be resistant; however, after 3 to 4 years, new races of the
fungus develop allowing the pathogen to cause significant damage (42).
Leaf smut is common in the southern United States but rarely causes
significant damage ( 11,42). The disease is mainly a cosmetic problem and
farmers tend to be overly concerned by thi disease. It is most serious when
high N rates are used. The flag leaf may tum necrotic from the tip before
grain filling is completed. The fungus overwinters in soil and rice debris.
The fungus is spread by airborne spore called poridia. Typical small,
slightly raised black spots appear on both ides of the leaves (Fig. 7) and
sometimes on the sheath. Leaf smut occurs late in the eason, and although
no control measures are currently recommended, several fungicides used for
sheath blight management also reduce leaf smut ( l 0, 13).
Stem rot is a major disease in the southern United States, but its
occurrence has become sporadic in the last few years (9) . The fungus
survives as pin-head size fungal clerotia in rice straw and in the soil.
Sclerotia float in the flood water, attach to the plant, germinate, and cause
infection on the lower sheath. Black angular lesions with a yellowish border
develop on the leaf sheath near the water surface (Fig. 8). The infection
progresses into the culm and may lead to breaking or collapsing of the cul ms,
5

causing lodging. Sclerotia develop inside the leaf sheaths and culms before
and after maturity. Stem rot is most severe when rice is potassium deficient,
but this seldom occurs because of extensive fertilization programs and a
moderate level of resistance in many cultivars (42).
Disease management studies using pesticides have been conducted at
Louisiana State University for many years ( 13, 18, 19). More recently, foliar
fungicide studies have been conducted by rice pathologists at Texas A&M
University, University of Arkansas, and University of California at Davis
( 1, 14, 16,41,43,44 ). Many chemical management studies have been carried
out in the major rice producing areas of the world (28), especially in Japan
(45) . When chemical management studies were initiated in Louisiana,
rice blast wa considered the most destructive disease. Although blast is a
seriou s di sease of rice (1,26,28,42), sheath blight is now the most serious
di ease in Louisiana rice each year(9, 11 , 17,42). In addition, stem rot, brown
spot, narrow brown spot, sheath rot (Saroc/adium oryzae Garns & Hawksw .),
and leaf scald (Gerlachia oryzae Garns) have the potential to be very serious
diseases in a given year (9, 11,42). In recent years, sheath blight on the
commercial long-grain cultivars Gulfmont, Labelle, Lacassine, Lemont,
Maybelle, and Tebonnet has caused more yield loss than any other single
disease (9, 17). In general, multiple diseases affect Louisiana rice at the same
time with individual fields affected by many diseases. Blast, sheath blight,
brown spot, narrow brown spot, and leaf smut are commonly found in the
same field, and it is not uncommon to find single plants affected with several
or all of these diseases (9). These diseases are all subject to control by the
use of pesticides in combination with other management measures used in
a disease management program.
Several fungicides have been tested in the past for rice blast management.
Most of the effective agents were heavy metals solutions, including phenyl
mercuric acetate, triphenyltin hydroxide, and several copper compounds,
including Bordeaux mixture ( 1, 13, 18). Several antibiotics have also been
tested; however, none of these compounds is currently labeled. The copperbased fungicides tend to be phytotoxic on rice, and if disease is not serious,
damage exceeds disease control benefits. Benomyl was the first modern
fungicide registered on rice in the United States (39). In the last several
years, most activity in fungicide development in the United State has been
ai med at sheath blight control. At present, there are five fungicides
registered for rice in the United States. These are benomyl (Benlate 50 WP
& 50 OF), iprodione (Rovral 4 F & 50 WP), propiconazole (Tilt 3.6 EC),
thiabendazole (Mertect 340 Falso sold as Folatec), and copper plus sulfur
(Top-Cop). The fungicide flutolanil (Moncut 50 WP) appears to be close to
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registration. Several other experimental fungicides are progressing toward
registration (10,13).
Ultimately, management of rice diseases will involve an integrated pest
management (IPM) system using a combination of disease resistance,
pesticides, cultural practices, biological controls, and regulatory procedures.
To manage diseases, farmers must first be able to identify rice diseases
correctly, and secondly, they must scout their fields regularly for disease
occurrence. Current management practices include the use of resistant
cultivars, fungicides, and cultural practices that reduce disease and lower
inoculum survival rate. Resistant, commercially acceptable cul ti vars are not
currently available for all rice diseases, and cultural management may be
ineffective, impractical or counter-productive in some cases. The rice
producer must then rely on the use of fungicides as the main line of defense.
Therefore, it is important that safe, effective fungicides are identified,
developed, and made available to rice growers for use in disease management
programs. One objective of the rice pathology program at the LSU
Agricultural Center/ Louisiana Agricultural Experiment Station has been to
evaluate new fungicides for their effectiveness in reducing various rice
diseases and for their ability to increase yields.

Materials and Methods
Field testing of rice foliar fungicides was conducted at the Rice Research
Station in Crowley, LA between 1985 and 1992 and on the Errol Lounsberry
Farm in Lake Arthur, LA between 1986 and 1992 ( 13). Susceptible cul ti vars
have been used over the years, including the sister lines Lemont and
Gulfmont for sheath blight evaluations and M201 for blast evaluations.
Plots consisted of either seven drill rows 16 to 25 ft long with 7-in spacing
or 7 X 25 ft water-seeded plots. Experiments were arranged in randomized
complete block designs with four to six replications. Standard agronomic
practices were used to manage the te ts. Plots for sheath blight evaluations
were inoculated with a culture of R. solani (Isolate LR-172) grown on a
moist, autoclaved rice grain:rice hull ( 1:2) medium applied by hand at 5 to
7 weeks after seedling emergence (shortly before the first internode elongation
stage of growth) . Inoculum was applied at the rate of 1 to 2 ml of inoculum
per square foot of plot. lnoculum for other diseases was from natural
sources. At the Lake Arthur off- tation trial, all disease originated from
natural sources. Fungicides were applied in water at 10 to 20 GPA with a
co2pressurized, backpack type sprayer equipped with either a 2- or 4nozzle boom, depending on plot width. Flat fan or cone tip nozzles were
7

used . Fungicides were applied at various growth stages of the rice plant.
These growth stages included panicle initiation (PI)( first intemode starting
to elongate), panicle differentiation (PD) (panicle 0.125 in), boot (B)
(panicle l-2 in), and heading (H) (80-90 percent of panicles emerging).
Fungicides were applied singularly, in combinations, or sequentially to
plots. In general , these treatments were app lied between June 15 and August
15.
Benlate 50 WP was app lied as two I-lb/A (0.5 lb ai/A) applications of
formulated fungicide , one at boot and the second at heading. Mertect
340 F was applied as two 12-oz/A (0.26 lb ai/A) app lications at boot and
heading. Top-Cop 7.25 Fwas app lied as two 12-oz (0.7 lbai/A) applications
at boot and heading. Rovral was applied as two 0.5-lb ai/A ( I lb/A for the
50 WP or I pt/A for the 4 F formulation ) app lications, one at boot and one
at heading. Tilt was applied either as two 6-fl oz/A (0.17 lb ai/A)
applications, with the first application beginning at PI up to boot and the
second application applied 7- 10 days later, but before boot split, or as a
single I 0-fl oz/A (0.28 lb ai/A) treatment app lied starting from PD up to head
emergence. The Tilt I0-oz boot treatment was also followed with l lb/A
Benlate at heading. Monceren (Pencycuron) was applied as two 0.25-lb ai/
A (0.5 lb/A of 50 WP) applications at boot and heading. Moncut (Flutolanil)
was applied as two, 0.35-lb ai/A (0.7 lb/A of 50 WP)applications at PD and
boot.
Subjective disease ratings were taken wi thin 2 weeks of harvest usi ng 0
to 9 severity rating scales for sheath blight, brown leaf spot, narrow brown
leaf spot, and leaf smut (A ppendix I). In addition, infestation levels of
sheath blight (percent till ers infected and percent tillers dead at maturity)
and blast (percent rotten-neck and/or percent panicles infected) were
recorded. Sheath blight and blast activity were normally evaluated in
separate trial s on different cultivars. The center four rows or the center 28in water-seeded plots were harvested with a small plot combine. Sample
weight and moisture were determined, and rough rice grain yie lds were
calculated as lb/A at 12% moi sture for each treatment. Subsamples were
collected for selected treatments, dried , and milling evaluations were
performed. In 1986, 1987, and 1992, plots were fertilized after harvest,
reflood ed, and a ratoon crop was grown . Although both labe led and
ex perimental fungicides were tested, most of the results and di sc ussion will
be based on the performance of labeled fungicides or fungicides in the
proce s of be ing labeled. For more detailed information on these trials refer
to the Rice Re earch Stat ion Annual Progress Reports (2-8, 20-25, 30-38).
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All yield and disease data were analyzed using general linear models
procedures in SAS . If a significant F test (Probability= 0.05) was detected,
mean separations were conducted using Tukey ' s Studentized Range test
expressed as a minimum significant difference (MSD). Yields were
converted to yield increase (or decrease) over the unsprayed checks for ease
of discussion. Location effects (i.e. off- station, naturally infested plots vs
on-station inoculated plots) on yield and disease severity were not significantly
different, and therefore locations were analyzed together.

Results
Yield response - sheath blight
Yield performances of currently labeled fungicides and select
experimental fungicides are presented in figures 9, l 0, and 11. Base yield
of the unsprayed check was 5537 lb/A. Benlate has consistently increased
yields, resulting in a 663 lb/A average yield increase (fig. 9 and 10) over 8
years in 18 tests. Mertect has consistently been less effective than Benlate,
giving a 348 lb/A yield response (Fig. 9). Mertect is not recommended
because of its poor performance. Top-Cop is a copper- containing fungicide
that has performed poorly in increasing yield (Table 1). In some cases,
yields of Top-Cop-treated plots were actually below the inoculated unsprayed
check. This suggests that this fungicide is phytotoxic on rice (13). Rovral
applications have resulted in an average 604 lb/A yield increase in these
studies (Fig. 9). Rovral has been more consi tent in increasing yield over
the unsprayed check than other labeled fungicides (Fig. 10). Tilt averaged
555 and 601 lb/A increases over the unsprayed controls (Fig. 9) for the 6+6
and the single 10 oz applications, respectively. Yield performance of Tilt
has been more erratic than the other labeled fungicides (fig. 10 and 11 );
however, the averagemulti-year/multi-te t yield increases are not significantly
different from the other recommended fungicides. If disease starts to
develop during heading, another regi tered fungicide should be used at
heading as Tilt cannot be applied to exposed panicles because of label
restrictions. If Tilt timing were optimum (that i , applied just as the disease
began to develop upward during the late jointing stages of growth), and
environmental condition were not too conducive for disease development,
high yield increases were achieved with the label use rates (Fig. I 0 , 1986 and
1987). Significant yield increase were not achieved when disease pressure
was high (indicated by extensive sheath blight development in the unsprayed
checks) (Fig. 10, 1988 and 1991 ). Tilt followed by Benlate had the highest
yield of the labeled fungicide combination , yielding 778 lb/A.
9

Figure 9. Yield increases due primarily to sheath blight control by
Benlate (BENL), Mertect (MERT), Rovral (ROVR), Tilt (either two 6-oz
applications (TIL6) or one 10-oz application (TL 10), Tilt followed by
Benlate (TL/B), Moncut (MCUT), and Monceren (MNCR) fungicide
applications compared with the untreated check. Data are the average
of 8 years/18 tests conducted in Louisiana, 1985-1992. (Tukey's MSD
= 270, P:0.05).
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Table 1.--Effect of Top-Cop, Benlate, Rovral , and Tilt on sheath blight
level and yield of Lemont rice. Average of 3 years of testing, 1989 to
1991 , Rice Research Station, Crowley, Louisiana

Treatment
Unsprayed
check
Top-Cop
Ben late
Rovral
Tilt
Tukey's MSD (P=0.05)

Rate of
fungicide
(Product/A)

12 oz/A
1 lb/A
1 pt/A
10 oz/A

Timing•
of
Application

B+H
B+H
B+H
B

•B=booting growth stage and H=heading growth stage.
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(0-9)

Sheath
Blight
(% infected)

7.3

77

6.8
6.0
5.8
6.3
1.1

80
64
61
65
20

Yield
Increase
(LB/A)

51
718
647
455
576

Figure 10. Yield increase due primarily to sheath blight control by
Benlate, Mertect, Rovral, and Tilt as two 6-oz applications (TIL 6+6)
over the untreated check (UNTR) for the period 1986 to 1991. Data for
each year are the average of all tests conducted in Louisiana.
YIELD INCREASE OVER UNSPRAYED CHECK (LB/A)
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MERTEC
BEN LATE
ROVRAL
TILT 6 + 6

1986

1987

1988

1989

1990

1991

399
600
680
983

268
411
690
839

350
840
617
318

250
753
568
675

315
595
592
583

432
601
559
188

Of the experimental fungicide , Monceren gave the highest average
yield increase of794 lb/A (Fig.9). Yield increa e have been very consistent
with thi fungic i ~e when sheath blight ha been the primary disease. When
blast or other disease have been present, yield performance was reduced.
Monceren was also applied as a ingle boot application followed by the
broad spectrum fungicide Benlate at heading (Table 2). This eliminated
some of the problems as ociated with the narrow pectrum of fungici dal
activ ity of Monceren but reduced yield when sheath blight was the primary
disease. Moncut was similar to Monceren in activity and produced an
average yield increase of 758 lb/A (Fig. 9). Yield increa es over the years
have been more erratic than with Monceren (Fig 11 ). Monceren and Moncut
were not labeled for use on rice when this bulletin was written.
Second-crop yields we.re determined in sheath blight fungicide trials in
1986, 1987, and 1992 and are pre ented in Figure 12. Fungicides were not
applied to the second crop. All fungicide ignificantly increased secondcrop yields over the unsprayed check except for Mertect, Benlate, Rovral,
and Tilt followed by Benlate. Plants in plot treated with fungicides in the
11

Figure 11. Yield increase due primarily to sheath blight control by 1O
oz of Tilt followed by Benlate (TIL/BEN), Tilt as one 10-oz application
(TILT 10), Moncut, and Monceren on yield performance over the
untreated check for the period 1986 to 1991. Data for each year are the
average of all tests conducted in Louisiana.
YI ELD INCREAS E OVER UNSPRAYED CHECK (LB/ A)

\
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1986

1987
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648
838
735
1200

685
758
643
703

466
318
823
935

956
738
599
8 24

724
457
699
643

871
515
411
661

Table 2.--Effect of single and sequential applications of fungicides on
sheath blight development and yield performance over the unsprayed
inoculated check. Data are the average of 6 years/10 tests conducted
at the Rice Research Station, Crowley, Louisiana, 1986-1991
Fungicide(s)•
used

Rate of
fungicide
LB ai/A

Timingb
of
Application

Unsprayed check

Sheatb 61igbl
Rating
Infestation
(0-9)
(% tillers)
7.3

80

Yield
Increase
(LB/A)

Ben late

0.55

B+H

5.6

62

669

Tilt

0.4-0.5

B

5.7

61

679

Tilt/
Ben late

0.4-0.5
0.55

B
H

5.0

50

751

Monceren

0.28

B+H

3.7

32

941

Monceren/
Ben late

0.28
0.55

B
H

3.9

37

776

1.3

15

378

Tukey's MSD (P=0.05)

I = a sequential spray of two different fungicides .
"' B = booting growth stage and H = heading growth stage.

a1

12

Figure 12. Yield increases in the second crop due primarily to sheath
blight control by Mertect (MERT), Ben late (BENL), Rovral (ROVR), Tilt
(either two 6-oz applications (TIL6) or one 10-oz application (TL 10), Tilt
followed by Benlate (TL/B), Moncut (MCUT), and Monceren (MNCR)
applications to the first crop compared with the untreated check. Data
are the average of three tests conducted in Louisiana from 1986 to
1992. (Tukey's MSD 275, P:0.05).
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first crop had significantly more ratoon tiller than in untreated plots. Few,
if any, differences in disease severitie were noted between treated and
untreated plots in the second crop (Fig 16). However, in 1992, treatments
that included Ben late exhibited delayed econd crop maturity, and grain
filling was reduced by cool temperature during boot and heading.
In years when natural sheath blight infe tation were low (background
sheath blight) , yield reductions in the first crop averaged 1222 lb/A in the
unsprayed inoculated treatment compared with the unsprayed uninoculated
check, whi ch averaged 5672 lb/A in the e tests (Table 3). During those same
years, Ben late increased yields an average of 692 lb/A and Monceren by an
average of 972 lb/A, which repre ented a return of 57 and 79 percent of the
potential yie ld loss, re pectively. The total yield increase from Benlate
app lication was due probably to a combination of sheath blight suppression
13

Table 3.--Comparison of uninoculated , inoculated, Benlate, and
Monceren treatments for control of sheath blight on rice and for
increased yield over inoculated , unsprayed plots, in years when there
was little disease development in the untreated check, Rice Research
Station, Crowley, LA
Inoculated
Rating
Years
(0-9)

Yield
(lb/A)

1984
1985
1986
1988
1989
1990

4842
5711
6366
5373
4908
6837

8.3
6.6
7.5
6.8
6.2
4.6

Uninoculated
Rating
Yield (lb/A) •
(0-9)
Increase
1.9
2.4
1.8
3.0
0.8
1.8

1003
1032
1479
1377
1625
813

Ben late
Monceren
Rating Yield•
Rating
(0-9)
(lb/A)
(0-9)
5.0
4.6
5.5
5.0
5.0
3.4

700
698
621
783
949
349

1.8
1222
Mean
6.7
5672
4.8
692
Mean % return of uninoculated plot yield
(57%)
Sheath blight rating = 1.3
Yield = 339
Tukey's MSD (P=0.05)

Yield•
(lb/A)

2.1
2.6
3.3
3.5
2.4
2.4

868
1049
1464
1056
728
666

2.7

972
(79%)

• Increase in yield over inoculated control plots.

and control of other di seases. Yields of plots treated with the specific
Monceren probably would have been higher, but damage from diseases
present in the plots, other than sheath blight, may have reduced yields.
Milling yields, ex pressed as percent whole grains (head rice) and total
milled rice for fungicide treatments, are listed in Table 4. There were on ly
slight significant differences in total milled rice yields, but all fungicides
increased head rice percentages by one to three percentage points. Benlate
Table 4.--Comparison of fung icide applications on milling yields of
rice. Average of 5 years of testing (1987-1992) in inoculated plots, Rice
Research Station, Crowley, LA

Treatment
Unsprayed Ck
Mertec
Ben late
Rovral
Tilt
Tilt
Ti IV
Ben late
Moncut
Monceren
Tukey's MSD (P=0.05)

Rate of
Fungicide
ProducVA

Timing
of
Application•

12 oz/A
1 lb/A
1 pVA
6 oz/A
10 oz/A
10 oz/A
1 lb/A
0.5 lb/A
0.5 lb/A

B+H
B+H
B+H
PD+B
B
B
H
PD+B
B+H

Head
Rice
(%)

Total
Milled rice
(%)

59.2
60.7
62.4
61 .3
60.6
60.9
63.0

70.1
70.8
70.8
70.4
70.5
70 .3
71 .1

61 .0
61 .8
1.3

70.4
70.7
0.7

•PD=Panicle differentiation growth stage, B=Booting growth stage, and H=Heading
growth stage.
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Figure 13. Effects of Benlate at 1 lb/A (BEN1) and 2 lb/A (BEN2) and
Beam at 0.25 lb ai/A on rotten neck blast (RNB) incidence and yield
increase compared with the untreated check (UNTR). Data are the
average of 4 years (4 tests) conducted in Louisiana from 1988-1992.
(Tukey's MSD for RNB = 18 and Yield= 861, P:0.05)
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treatments increased milling yields the most, averaging more than three
percentage points higher than the unsprayed check. Milling increases were
highest in years when blast was severe. Although physical milling yields
between treatments were only marginal in terms of statistical significance,
economic analysis showed that returns for some treatments were very
significant when quality premiums as ociated with higher milling were
added to yield increases.

Yield response - blast
Yield increases associated with blast control by applications of Benlate
and tricyclazole (Beam) fungicides are presented in Figure 13. Benlate was
applied as 1- or 2-lb/A applications of formulated fungicide, one at boot and
the second at heading. Benlate consistently produced good yield increases,
resulting in 833 and 1207 lb/A average increases, respectively, for the low
and high rates over 4 years. Beam fungicide was applied as two
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0.25-lb ai/A applications at boot and heading, resulting in a 1104 lb/Ayield
increase. Base yield levels (2885 lb/A) were low in these trials due to high
levels of disease pressure from blast, which was not completely controlled
by these fungicides (Fig. 13). The experimental fungicide R043-2664,
tested in 1991 , completely controlled blast and yie lded over 3700 lb/A
higher than the unsprayed check. This provided a good indication of the
potential for yield loss from blast. These losses were much higher than
los e expected from severe sheath blight damage (Table 3).

Disease control - sheath blight
Benlate was fairly active against sheath blight producing lower disease
ratings (Fig. 14 ), lower number of tillers infected (Fig. 15), and a higher
survival rate of tillers at harvest (Fig . 16). This last factor had a major effect
on the yield performance of the second or ratoon crop (Fig. 12). Mertect was
weak on all aspects of sheath blight control (figs. 14- 16). Tilt, Rovral, and
Moncut all showed activity against sheath blight si milar to that of Benlate.
When Tilt was applied early in the season, its residual activity was not long
enough, and sheath blight began developing rapidly late in the season (40).
Monceren had excellent activity against sheath blight, reducing disease
rating , infestation levels, and numbers of dead tillers.
There was a consistent highly significant correlation over 7 years among
the three sheath blight evaluation methods that were used (Table 5). There
was often a strong correlation between disease reductions as expressed by
the three disea e ratings and yield increases (Table 6). In some years,
correlations between di sease ratings and yield were not significant because
l ) there were experimental fungicides in these tests that did not control
sheath blight but did give a yield response; 2) some fungicides controlled
sheath blight but did not increase yields due to phytotoxic effects; and 3)
some fungicides actually increa ed sheath blight ( 13). The increase in
sheath blight due to fungicide application may be due to the elimination of
antagoni tic microorganisms that naturally suppress the di sease (40). Since
disease ratings were significantly correlated with each other, any one of the
rating cales could be used if time is limited, but with a lower degree of
acc uracy ( 13).

Disease control - blast
Benlate was the mo t effective against rice blast of the presently labeled
fungicides in the United States in these tests (Fig. 13). This fungicide
suppres ed bla t signifi cantly but did not control the disease completely.
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Figure 14. Sheath blight ratings (0-9 scale) on plots treated with the
fungicides Mertect (MEAT), Ben late (BENL), Rovral (ROVR), Tilt as two
6-oz applications (TIL6) or one 10-oz application (TL 10), Tilt followed
by Benlate (TUB), Moncut (MCUT), and Monceren (MNCR) compared
with the untreated check (UNTR). Data are the average of 8 years/18
tests conducted in Louisiana, from 1985-1992. (Tukey's MSD 0.9, P
0.05). See appendix for rating scale.
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Table 5.--Correlation among sheath blight rating types

Year

1981
1982
1983
1984
1985
1986
1987

Infected X
Killed

0.86.. b
0.78..
0.98 ..
0.91 ••
0.93 ..
0.82..
0.79 ..

Rating Method X Rating Method•
Infected X
Killed X

0-9
0.96 ..
0.96 ..

0-9

o.8r

0.95 ..
0.95 ..

0.95 ..
0.95 ..

0.92 ..

0.92 ..

0.88 ..

•Rating methods were infected = percent of tillers infected at maturity, Killed= percent
tillers dead at maturity, and 0-9 = the 0 to 9 rating scale listed in Appendix.
b•• indicates that the correlation was significant at the 1% level.
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Figure 15. Reduction in infection of rice by sheath blight (expressed
as percent tillers infected) given by Mertect (MERT), Benlate (BENL),
Rovral (ROVR), Tilt as two 6-oz applications (TIL6) or one 10-oz
application (TL 10), Tilt followed by Benlate (TL/B), Moncut (MCUT),
and Monceren (MNCR) fungicide applications compared with the
untreated check (UNTR). Data are the average of 8 years/18 tests
conducted in Louisiana from 1985-1992. (Tukey's MSD 11 , P:0.05)
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Table 6.--Correlation of yield with sheath blight ratings

Year

YieldX
Infected

1981
1982
1983
1984
1985
1986
1987

-0.71 .. b
-0.56 ..
-0.47°
-0.89**
-a.so··
-0.18ns
0.13ns

Yield X Bating Methods•
Yield X
Killed
-0.80 ..
-0.80 ..
-0.49**
-o.s5··
-0.82**
-0.23ns
0.07ns

Yield X
0-9
-0.65..
-0.65 ..
-0.84**
-0.79**
0.34ns

•Bating methods were infected = percent of tillers infected at maturity, Killed = percent
tillers dead at maturity, and 0-9 = the 0 to 9 rating scale listed in Appendix. Mean yields
for each treatment in a test correlated with each method of measuring disease on each
treatment.
b**lndicates that correlations are significant at the 1% level.
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Figure 16. Percent tillers dead at maturity in plots treated with the
fungicides Mertect (MEAT), Benlate (BENL), Rovral (ROVR), Tilt as two
6-oz applications (TIL6) or one 10-oz application (TL 10), Tilt followed
by Benlate (TL/B), Moncut (MCUT), and Monceren (MNCR) compared
with the untreated check (UNTR). Data are the average of 7 years/7
tests conducted in Louisiana from 1985-1991. (Tukey's MSD = 17,
P:0.05)
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Benl ate was also effective for leaf bla t control, but reestablishing the flood
on a drained fie ld often was as effective on reducing disease development
(15). Two 2-lb/A applications of Benlate 50 DF were more effective for
controlling rotten-neck blast than the 1-lb/A application, but the cost may
prohibit using this rate. The only other registered fungicide with activity
against rice blast is Mertect. It has been con istently less effective than
Benlate and has not been recommended in Louisiana (12). Tilt, Rovral,
Moncut, and Monceren have little or no effect on blast. The fungicide Beam
has perfo rmed very well against blast in most trials, but this fungicide is not
labeled for use in the United State . Other fungicide have been tested for
blast control with varying levels of activity (Table 7), but none is near
registration at this time.
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Table 7.--Disease control activity of experimental fungicides that gave
significant yield increases when tested at the Rice Research Station,
1983-1992

CHEMICAL

COMPANY

Leaf
smut

DU -TER
BRAVO
HINOSAN
DIFOLATAN
DITHANE
RH-3928
BEAM
SUPERTIN
BAYCOR
FOLICUR
BAYLETON
DPX H6573
DPX 965
Mon-24000
BAS-480
SAN 619
CGA-455
Moncut
Monceren
R043-2664
R043-1056
EXP10064

Griffin
Diamond
Miles
Valent
Rohm&Hass

+
+
+
NS
+

Elanco
Griffin
Bayer
Miles
Dupont
Monsanto
BASF
Sandoz
Ciba-Geigy
NorAm
Miles
Maag
Maag
Rhone Poul.

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

Narrow
Brown
spot
+
NT
+
+
+
+
+
+
+
NS
+
NT
+
+
NS
NT
NS
NS
+
+
+

Brown
spot
+
+
NT
NT
+
+
+
+
+
+
+
+
+
+
+
+
NT
NS
NS
+
+
+

Sheath
blight
+
NT
NT
NT
+
NT
NT
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

Blast
+
NT
+
NT
NT
NT
+
+
NT
NS
NT
NT
+
NT
NT
NT
NT
NS
NS
+
+

+ = Significant (P=0 .05) decrease in disease.
- = significant increase in disease.
NS = no significant effect.
NT = Not tested.

Disease control - brown leaf spot
Rovral , Tilt, and Benlate suppressed brown leaf spot slightly (Fig. 17).
Under norm al (unstres ed) conditions in the field, as in these trials, brown
spot is not a eriou s problem and not enough di sease was expressed to
accurate ly compare activity of these fungicides against brown spot. When
brown spot is a significant problem in growers' field s, yield potential is low
and yie ld response to fungicide application may also be low. Fungicide
app lications directed at other di seases often reduced brown leaf spot, and
thi may contribute to inc reased yield performance.

Disease control - narrow brown leaf spot
Ben late and Tilt treatments had excellent activity against narrow brown
leaf pot (Fig. 18). This disease can be very evere and reduce yie lds. A
portion of the yield increa es these fungicides produce was probably due to
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Figure 17. Brown spot ratings (see appendix) on plots treated with the
fungicides Mertect (MERT), Benlate (BENL), Rovral (ROVR), Tilt as two
6-oz applications (TIL6) or one 10-oz application (TL 10), Tilt followed
by Ben late (TL/B), Moncut (MCUT), and Monceren (MNCR) applications
compared with the untreated check (UNTR). Data are the average of 6
years/7 tests conducted in Louisiana from 1985-1990. (Tukey's MSD
0.9, P:0.05)
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control of this disease. Lack of activity again t narrow brown leaf spot can
also explain poor yield response when fungicides controlled sheath blight
but did not control this disease (e.g. Rovral).

Disease control - leaf smut
All fungicides tested had some activity against leaf smut except Mertec
and Monceren (Fig. 19). Monceren had the weakest activity, whereas Tilt
almost eliminated leaf smut. Leaf smut is not considered an important
disease in the United States, and lack of control is not considered important
in fungicide selection.
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Figure 18. Narrow brown leaf spot ratings (see appendix) on plots
treated with the fungicides Mertect (MERT), Benlate (BENL), Rovral
(ROVR), Tilt as two 6-oz applications (TIL6) or one 10-oz application
(TL 10), Tilt followed by Ben late (TUB), Moncut (MCUT), and Monceren
(MNCR) compared with the untreated check (UNTR). Data are the
average of 7 years/9 tests conducted in Louisiana from 1985-1991.
(Tukey's MSD = 0.9, P:0.05)
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Disease control - stem rot
Based on two tests in I year, Benlate provided the best control of stem
rot (Fig. 20). Rovral , Mertect, and the 6+6 Tilt treatments also had
signifi cant acti vity against tern rot. Stem rot has not been severe enough
the last few years to warrant spray ing, although several field s were detected
with treatable levels of stem rot ( 11).

Disease control - leaf scald
Ba ed on I year of testi ng, Benlate had the highest level of activity
against leaf cald (Fig. 2 1). Rovral and the 6+6 Tilt treatments also appeared
to have some activ ity against leaf scald.
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Figure 19. Leaf smut ratings (see appendix) on plots treated with the
fungicides Mertect (MERT), Ben late (BENL), Rovral (ROVR), Tilt as two
6-oz applications (TIL6) or one 10-oz application (TL 10), Tilt followed
by Benlate (TL/B), Moncut (MCUT), and Monceren (MNCR) compared
with the untreated check (UNTR). Data are the average of 8 years/12
tests conducted in Louisiana from 1985-1992. (Tukey's MSD = 1.0,
P:0.05)
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A list of experimental fungicides that have given positive yield increases
and their ranges of disease control activity is presented in Table 7. For more
detailed information on individual tests refer to the Rice Research Station
Annual Progress Reports (2-8,20-25 ,30-38).

Discussion
The use of a foliar fungicide to reduce rice diseases is often justified
under severe disease conditions (10,11 ,13,14,40). Some factors that favor
the use of a fungicide include: 1) extensive history of disease in the field , 2)
varietal susceptibility, 3) high yield potential, 4) rice is being grown for seed,
5) rice was planted late, and 6) rice ratooned. Since the list of labeled
fungicides may change, contact your local Cooperative Extension agent for
current fungicide recommendations.
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Figure 20. Stem rot ratings (0-9 scale) on plots treated with the
fungicides Benlate (BENL), Mertect (MEAT), Rovral (ROVR), Tilt as two
6-oz applications (TIL6) or one 10-oz application (TL 10), Tilt followed
by Benlate (TL/B), Moncut (MCUT), and Monceren (MNCR) compared
with the untreated check (UNTR). Data are the average of two tests
conducted in Louisiana in 1988. (Tukey's MSD = 1.1, P:0.05) A zero
rating meant no disease, and a 9 rating indicated most plants collapsed.
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All of the fungicides tested have benefits and disadvantages. Ben late has
broad-spectrum activity but is weak on sheath blight. Mertect and Top-Cop
are the least ex pen ive of the labe led fungicides but have the poorest activity.
Tilt give good sheath blight control but no control of blast. Another
limitation of Tilt i that the low rates allowed by the labe l are the minimum
effective rates for di ease control, and sheath blight tends to increase rapidl y
after the Tilt activity decreases. This also happens when Tilt is applied too
early in the eason, even if higher rate are used (40) . Rovra l had good
activity against heath blight and good yie ld stabi lity but no activity aga inst
bla t and little activity agai nst narrow brown leaf spot. Thi could explain
Rovral 's lower yie ld performance. The experimen tal fungicides Moncut
and Monceren have the best activity aga inst sheath blight, but they have the
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Figure 21. Leaf scald symptoms on upper leaves in plots treated with
the fungicides Benlate (BENL), Mertect (MERT), Rovral (ROVR), Tilt as
two 6-oz applications (TIL6) or one 10-oz application (TL 10), Tilt
followed by Benlate (TUB), Moncut (MCUT), and Monceren (MNCR)
compared with the untreated check (UNTR). Disease was rated on a 09 scale where 0 no disease and 9 maximum disease development.
Data are from one year's testing conducted in Louisiana in 1991.
(Tukey's MSD 1.8, P:0.05)
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narrowest di sease control spectrum. Using Benlate at heading after a boot
application of one of these compounds or one of the other labeled fungicides
combines excellent sheath blight material with a broad spectrum fungicide
to control other diseases that may limit the expected yield increase due to
sheath blight control (Table 3). This is e pecially true when blast is present
in the field. A sequential spray with a different fungicide can also retard the
development of fungicide-resistant pathogen populations.
Fungicides are not 100 percent effective in controlling di seases, and
often, rice farmers are not sati fied with the performance of fungicide
applications. This is usually due to sheath blight symptoms appearing late
in the season after heading. In this study, even though the disease developed
late in the season after fungicide activity had decrea ed, consistently high
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yield increases have been obtained. Apparently, thi s late season disease
developing after grain filling does not significantly affect yield performance.
The presently registered fungicides are not completely effective against
sheath blight at labeled rates, and more effective fungicides are needed if
sheath blight is to be completely controlled. Higher rates of regi stered
fungicides are more effective, but cost and label restrictions prevent their use
(13).
Many other factors affect fungicide efficacy, including application
timing, cultural practices, inoculum level s, weather, varietal resistance,
spray volume, type of adjuvants added to the spray solution, and the
application method used. Problems can develop from these factors that limit
fungicide activity. One problem occurs when fungicides are applied by air.
Most of the material is deposited on the upper third of the canopy.
Redistri bution by rain and dew are then required to move the fungicide into
the lower canopy where most of the di sease is present. Redi stri bution into
the lower canopy is necessary since these fungicides are either non-systemic
or if systemic, they are only locally systemic or only move upward in the
plant. Weathering associated with redistribution is also detrimental since
some fungicidal activity is lost. Other conditions that limit fungicide
activity include drift, volatility, and calibration errors. Rainfall immediately
after application, before the fungicide can dry on the plant or be absorbed by
the plant, can remove significant amounts of fungicides from the foliage and
impair yield performance (4). Improvements in fungicide application
methods and adjuvants for use with fungicides are needed.
Since all fungicides labeled are very specific a to the diseases they
control , scouting rice is extremely important to determine disease incidence
and severity. Fields should be scouted weekly for disease development
beginning when the first tillers begin to develop and continuing through
heading. Rice should be ampled at several (20 or more) locations
throughout the field. The size of the field and the disease distribution will
determine the extent of sampling. At each sampling location, 25 to 50 till ers
should be examined for disease symptoms (refer to Loui siana Agricultural
Experiment Station Bulletin No. 828 , Rice Diseases and Disorders in
Louisiana) ( I l ). Other diseases that require fungicides for control, especially
the rice blast di sease, must be noted between scouting stops as damaging
levels can develop from light infestations that were not detected at the
scouting stop . For sheath blight, the percentage of tillers infected at the
sampling locations should be averaged to determine the di sease incidence
for the field. Spraying a fungicide for sheath blight is warranted if an average
of 5 to I 0% of the tillers are infected during joint elongation stage of growth
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in susceptible vaneties. Spraying moderately susceptible vaneties is
warranted if more than 15% of the tillers are infected (11). Unfortunately,
there is no good scouting/prediction system for blast at this time, and when
blast is found, preventative sprays to protect the head are recommended for
susceptible varieties.
In 1990, fungicide application yield responses were low due to light
initial disease levels. Determining the need for fungicidal sprays by
scouting fields early can be an effective way to utilize fungicides only when
needed. It is important to apply fungicides late enough in the season to
extend activity through grain filling. This is especially true with sheath
blight, which develops rapidly after fungicide effectiveness diminishes( 40).
Another important factor to remember is to apply the fungicide before
disease is too widespread and severe. In general, salvage sprays (sprays
applied after extensive disease development has occurred) do not produce
high yield responses because plant tissue has already been killed. If a
salvage spray is required, higher than recommended rates may be necessary
to obtain a good yield response (4,5,6,7). The best way to avoid salvage
sprays is to scout rice fields on a 7- to 10-day schedule, as explained above.
Consult your local Cooperative Extension agent for the latest information on
fungicide usage.
It is extremely critical that a grower receives a profit from a fungicide
application. When considering a fungicide application, a farmer must
evaluate several factors, including application cost, projected yield increase
in first and second crop, increased milling, and the potential for reduced
inoculum production that can reduce the amount of disease in subsequent
crops. In some cases, fungicide applications are not justified. This usually
occurs when either prices are low or yield potential is low due to poor stands,
weed problems, or there is not enough disease present to warrant a fungicide
application. In general, when yield potential is high and disease pressure
exceeds treatment thresholds (expres ed as percent tillers infected), the
farmer will receive enough yield increase, improvement in harvestability,
and increase in grain quality to justify applying a fungicide. Farmers can
reduce their inputs by not using a fungicide and accepting lower yields. Most
rice diseases reduce yield and grain quality but do not completely destroy the
crop. There are exceptions, especially when dealing with blast, where near
complete crop failures can occur. An economic analysis, using first and
second crop yields and milling data, of fungicide applications is presented
in Table 8. It is important for farmers to evaluate fungicide needs based on
their specific circumstances. The grower must also consider additional
benefits including protecting the crop against evere disease outbreaks and
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Table 8.--Economic analysis of fungicide applications to rice comparing
average yield increase, application costs, and net returns per acre
among fung icide treatments, Rice Research Station, Crowley, and the
Errol Lounsberry farm , Lake Arthur, LA. Yield increases per acre (A)
are the average of from small plot experiments for the years 1986
through 1992. Application costs are projections made by the
Department of Ag ricultural Economics and Agribusiness for southwest
Louisiana, 1991
Yield'
Increase
(lb/A)
Rate
Formulated (Range•
Treatment Timing Product
First Crop)

Ben late
Mertect
Rovral
Tilt
Tilt
Mo neut

1 lb/A

679
(277-959)
B+H 12 oz/A 376
(-205-879)
609
B+H 1 pVA
(405-884)
PD+B 6 oz/A
565
(-11 6-1 439)
B
10 oz/A 668
(-51 -976)
PD+B 0.5 lb/A 702
(1 46-1230)
B+H

Yield'
Increase
(lb/A)
(Range
Second
Crop)

236
(-297-521)
25
(-25-60)
245
(1 99-208)
464
(36 1-664)
319
(205-451)
319
(122-485)

~el

Appl. '
Costs
($/A)

36.50
33 .60
41.00
38.19
28.63
37 .60

First crop

0.5
(-22.71-15.77)
-13.11
(-44 .77-14 .31 )
-7. 81
(- 18.63-7.18)
-7.39
(-44 .51 -40 .24)
7.78
(-31.41 -24.56)
0.66
(-29 .64-29.44)

Ba111rn (:SlAl'
First +'
Second
Crop

First +"
Second
First+'
+
Milling Milling

14.56
38.75
(- 16.56-28.02)
-4.55
(-14.20-(-)19 .57)
5.59
17.86
(3.04-10.12)
17.89
8.80
(12.28-28.80)
25.43
28.56
(1 8.95-32 .36)
18.26
22.87
(7 .31 -27.09)

51 .61

31 .21
34 .09
45.95
40.92

• Yield increase over unsprayed check and fungicides applied to first crop only.
• Application costs include fungicide and airplane costs .
c Net returns equal gross returns ($6.50/1OOwt-1.05 drying charges) from yield increase
minus application costs.
d Lowest yields occurred when disease pressure was low or when blast was present and
fungicide had no activity on blast.
• First + second crop net return range was determined using average of first crop net
return.
1 Quality premium equals 2.98% increase in value for head rice and 1.33% increase in
value for brokens (see Table 4 for milling data) .
g Net return of first crop with milling and second crop equals (average net return
first+milling) + average second crop net returns .

reducing the amount of inoculum to infect subsequent crops.
A majority of the results from this study are based on susceptible varieties
in small plots. Care hould always be taken when extrapolating small plot
data to field situations. In general, trends demon strated in small -plot
research translate into field situations. This is especially true when multiple
location te ts are conducted over several years as was done in thi s study.
Yield increa es due to fungicide applications and levels of di sease
development were very imilar between the Rice Research Station (inoculated
sheath blight trials) and the off-station location (natural infestations in
commercial fields). Differences in varietal susceptibility are al o accounted
for by couting treatment threshold s (pe rcent tiller infected) that increase
with increa ing di sease res istance.
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Fungicides must be evaluated using all data from several years of testing.
Variation between years and locations, due to disease and environmental
differences, could bias the results concerning the performance of one
fungicide compared with another during any one year. The recommendations
for fungicide use on rice given by the LSU Agricultural Center are always
based on data from several years of testing prior to registration of the
fungicide. In the near future , several new fungicides may be registered for
use on rice in the United States. Unfortunately, registration is a long-term,
expensive process. Development of improved disease prediction or scouting
techniques, along with improvement of application technologies for existing
compounds, will complement the present chemical disease management
program. Major research emphasis is being devoted to these areas of
research, along with the breeding of disease resistance in commercial
varieties.

Pesticide Safety
Modem fungicides have been developed and tested to be effective and
environmentally safe; however, misuse can lead to contamination, illegal
residues, and poor performance. Observing several simple safety precautions
and following label directions allow for the safe use of fungicides . First,
select an approved and recommended fungicide and read the label. Next,
follow label directions exactly regarding dosage, use, limitations, and
cautions. Fu.ngicides should be measured and prepared for application in a
well ventilated area, and proper protective clothing should be worn. Never
spray on a windy day or when rain is imminent. Clean application
equipment before and after use to avoid contamination. Be sure the
application equipment is correctly calibrated and in good working order.
Carefully dispose of properly cleaned containers, and avoid contamination
of streams, ponds, other water supplies, food, or feeds . Store pesticides
tightly closed in their original container in a locked storage area. Keep all
pesticides out of the reach of children! Clean up any spills. When in doubt
about any aspect of fungicide use, contact your local Cooperative Extension
agent.
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Glossary
Activator - Material added to a pesticide to increase its activity.
Active ingredient (ai) - Component of a pesticide that has toxic activity
against the pest in contrast to the inert or inactive ingredients.
Adjuvant - Component that improves the properties of a pesticide
formulation.
Antagonistic - decreased activity of an organism from the effect of another
organism or compound.
Biological Control - Disease control by means of predators, parasites,
competitive microorganisms, and antibiotic producing microorganisms,
which restrict or reduce the population of the pathogen.
Boot (B) - Growth stage of rice when the panicle is over l inch long but
before emergence (heading).
Carrier - Inert liquid or solid material to which an active ingredient is
absorbed, adsorbed, or in which it is suspended when a pesticide formulation
is prepared.
Chlorosis - Yellowing of normally green tissue caused by the destruction of
the chlorophyll or failure of the chlorophyll to develop.
Coalesce - The coming together of two or more lesions to form a large spot
or blotch or the joining of diseased areas in a field to form larger affected
areas.
Concentration - Amount of active ingredient in a given volume or weight
of formulation .
Contact fungicide - Fungicide that only has activity on the surface of a
plant.
Culm - The hollow stem of the rice plant.
Debris - The crop residues left in a field from the previous crop.
Diluent - Any liquid or solid material used to dilute an active ingredient.
Dispersing agent - A material that reduces the attraction between particles
in a formulation .

30

Drift - The spread of airborne spray droplets to adjacent, non-target areas.
Dry flowable (DF) - Pesticide formulation in granular or pellet form that can
easily be pored out with little dust, usually mixed with water to form a
suspension, e.g., 50 DF formulation contains 0.5 lb active ingredient per
pound.
Emulsifiable concentrate (EC) - Concentrated pesticide formulation
containing organic solvent and emulsifier to facilitate mixing with water,
e.g. an 8 EC formulation contains 8 lb active ingredient per gallon.
Endemic - The normal presence of a disease in a crop year after year in less
than epidemic amounts.
Epidemic - The extensive development of a disease on a crop.
Flowable (F) - A pesticide formulation with finely ground solid particles
suspended in a liquid, e.g. a 4F formulation has 4 lbs active ingredient per
gallon.
Foliar - Dealing with the foliage of a plant.
Formulation - Combination of active and inactive components that is ready
to apply.
Fungicide - A pesticide that kills fungi.
Fungus (pl. fungi) - A filamentou s microorganism lacking chlorophyll.
GPA - Gallons per acre.
Green ring (GR) - Growth stage of the rice plant when the first internode
begins to form and is detected by a dark green zone seen around the stem
when cut longitudinally.
Heading (H) - Growth stage of the rice plant associated with the emergence
of the panicle through the collar of the flag leaf, usually 70-80% of the heads
emerged or 80-90% of the heads emerging is used for rice fungicide timing.
Hypha (pl. hyphae) - A single thread or filament of a fungus.
Inert ingredient - Inactive material used to dilute active ingredient in a
pesticide formulation.
Infestation level - Percent of the population affected by a pathogen.

IPM - Integrated pest management.
Leaf collar - The point at which the leaf blade is attached to the leaf sheath
s in grasses such as rice.
Lesion - A localized area of diseased tissue of a host plant.
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Label - Document accompanying a pesticide container givijig spec ific
information about a pesticide, also a legal document specifying how and
when the product can be used for a specific use.
Main Shoot - The first noticeable above-ground portion of a ri ce plant
originating directly from the seed.
Management - The reduction of disease through the combined use of
control practices.
Mycelium (pl. mycelia) - A mass of fun gus hyphae; the vegetative body of
a fungus.
N - Nitrogen.
Necrotic - Dead.
Panicle - A many branched inflorescence composed of several to many
specialized spikelets and/or florets and their supporting structure, the
flowering head in rice
Panicle differentiation (PD) - Growth stage of the rice plant when the
panicle is fi rst visually identifiable (0. 125 in long) inside of the main stem
by longitudinal dissection.
Panicle initiation (Pl)-Microscopic growth stage of the rice plant when the
rice panicle first starts to form and is associated with the initial stages of
intemode formation.
Pathogen - A specific living agent that causes infectious disease.
Photosynthesis - The process by which plants absorb light energy and
convert it to carbohydrate.
Phytotoxic - Causes toxic or harmful effect on a plant.
Ratoon Crop (second crop) - Regrowth ofrice from the stubble of the first
crop, which grew from seed.
Redistribution - The movement of pesticide on the plant, usual1y caused by
dew, rain, and rubbing of foliage.
Registration -Approval fora specific pesticide use (Crop/Pest combination,
timing, etc.) by the Environmental Protection Agency.
Resistance - The inherent abi lity of a host plant to suppress, retard, or
prevent entry or subsequent activ ity of a pathogen or other injurious facto r.
Also the abi lity of a pest to tolerate the poisonous effects of a pesticide.
Sclerotium (pl. sclerotia) - Dense, compacted mass of hyphae, re istant to
unfavorable environmental conditions, capable of remaining dormant for
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long periods, and able to germinate upon the return of favorable conditions.
Senescence- The process of aging leading to death following the completion
of growth in plants and individual plant parts.
Shoot - An immature stem made up of leaves originating from the crown of
the rice plant before stem elongation.
Solution - Mixture of two or more substances in which all ingredients are
completely dissolved.
Spreader - Ingredient added to a spray mixture to improve contact between
pesticide and plant surface.
Spore - A minute propagative unit of fungi that functions as a seed, but
differs from a seed in that a spore does not contain a preformed embryo.
Sticker - Ingredient added to a pesticide to' increase its adherence.
Suppression - The act of reducing or holding back rather than completely
eliminating.
Surfactant-A chemical that increases the emulsifying, dispersing, spreading,
and wetting properties of a pesticide.
Susceptibility - The inability of a plant to resist the effect of a pathogen or
other damaging factor.
Suspension - Finely divided solid particles dispersed in a liquid.
Systemic fungicide - Fungicide that is absorbed and translocated within the
plant.
Timing - When fungicides are applied, usually in relation to growth stages
of the plant or number of days between treatments.
Tolerance - Amount of pesticide that may safely remain in or on raw farm
products at time of sale.
Tukey's Studentized Range Test - Statistical procedure used to separate
means using a minimum significant difference value. Controls the Type I
error rate.
Volatility - The ability to form a gas or vapor phase.
Wettable powder - Pesticide formulation in dust form that mixes readily
with water and forms a suspension; e.g. a 75 WP has 0.75 lb active ingredient
per pound of formulation.
Wetting agent - Compound that allows a liquid to contact surfaces more
thoroughly.
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Appendix A
Disease Assessment Scales for Sheath Blight,
Brown Spot, Narrow Brown Leaf Spot, and Leaf Smut

Rating System for Determining Sheath Blight Severity
on Rice at or Near Maturit
0
I

2
3
4

5

6

7

8

9

Plants healthv no svmotoms.
Restricted oval lesions at waterline or infection points, lesion centers greygreen to nearly white, margin oflesion has a red-brown or purple-brown border
usually broader than necrotic center, less than 2.5% of tissues affected.
Few oval or coalesced lesions on lower sheaths or at infection points, lesions
with broad red-brown border, 5% or less of tissues affected.
Lesion on lower leaf sheaths or at infection points, lesions with moderatebrown border, coalesci ng, less than I0% of tissues affected.
Lesions mainly restricted to sheaths on lower third of plant, lowest leaves, or
other infection points, lesions discrete or coalescing with narrow red-brown
border, IO to 15% of leaf and sheath tissues affected.
Lesions mainly restricted to sheaths and leaves of lower half of plants, lesions
usually coalescing with large necrotic centers and narrow red-brown borders,
15 to 25% of ti ssues affected, culm not injured.
Lesions usually coalescing and affecting lower 2/3 of sheath area of plant,
lesions extending to blades of lower leaves or lower leaves killed by injury to
sheath, 25 to 40% of tissues affected, culm of infected tillers usually not
affected.
Lesions usually coale cing and affecting lower 3/4 of sheath area of plant,
lesions extending to leaf blade of lower 2/3 of plant, 40 to 60% of ti ssues
affected, outer portion of culm may be brown or have brown streaks near waterline.
Lesions reaching to flag leaf, lower sheaths with coalesced lesions covering
most of tissue, lower and middle leaves dead or dying, 60 to 80% of tissues
affected, cu lms with brown streaks or turning light brown to center and watersoaked, severely affected tillers lodging, florets in lower I/3 of panicle often not
filling .
Lesions reaching to flag leaf, lower leave mostly dead, sheaths dried, culms
brown, collapsi ng, mo t of tiller lodged, florets in lower I/3 to I/2 of panic le
not filling .
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Rating System for Determining Brown Spot Severity on
Rice Made at or Near Maturity on the Upper Two Leaves
0
1
2
3
4
5
6

7

8
9

Plants healthy, no symptoms
Few to many dark specks of pin-head size, no necrosis (collapsed cells).
Dark brown specks, 0.5 to 1 mm in diameter, no necrosis.
Small round or oval brown spots, 1 to 2 mm in diameter, no necrosis or grey in
centers.
A few ( I 0/leaf or less) dark brown spots, 2 to 3 mm in diameter, grey necrotic
area in center.
Less than 15 lesions/leaf of typical circular or oval spots, spots 2 to 4 mm with
grey necrotic centers and brown margin , may have a chlorotic halo around spot.
Fifteen to 25 typical brown spot lesions/leaf; circular, oval,or ometimes linear,
3 to 5 mm in diameter or length, with necrotic center and brown margin, often
with yellow or gold halo around lesion.
Les than 50 lesions/leaf, lesions oval to elongated, 4 to 6 mm in diameter or
length, lesions mainly with grey necrotic centers, narrow brown margin.
Many (50 to 75) lesions/leaf of group 7 size or larger, le than 25 % of leaf area
killed by coalescence of lesions.
More than 75 lesions/leaf of group 7 size or larger (usually 6 to 10 mm), more
than 25% of leaf area killed by coale cence of lesions.
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Rating System for Determining Leaf Smut on Rice
Normally Made at or Near Maturity
on the Uppermost Two Leaves
0
1
2

3
4
5
6
7
8

9

Plants healthy , no symptoms.
Only one to three lesions of minute size, less than 0.5 mm in length and 0.1 mm
in width, produced on the flag leaf.
About 4 to 10 lesions of minute size, less than 0.5 mm in length and 0.1 mm in
width, produced on the flag leaf and distributed over 1.0 to 2.0% of the total flag
leaf area.
Not more than 100 sori (black lesions) of about the same size as class 2, and
distributed over up to 10% of the total flag leaf area.
More than 100 sori 1.0 mm in length and 0.5 mm in width distributed over about
l 0 to 30% of the total flag leaf area.
Medium size sori, about 1.5 mm in length and 1.0 mm in width, distributed over
about 30 to 50% of the total flag leaf or penultimate leaf area.
Larger sori, about 2.0 mm in length and 1.0 mm in width, distributed over about
50 to 60% of the total flag leaf area.
Class 5 and 6 sori distributed over 60 to 70% of the total flag leaf area. Ten to
25 % of the flag leaf turning necrotic from the blade tips .
Large sori, 2.5 to 3.5 mm in length and 2.0 mm in width distributed over 70 to
80% of the total flag leaf area. About 25 to 30% of the flag leaf turning necrotic
from the tips .
Almost all sori coalesce and the size of the lesion is not discernible. The flag
leaf area is covered by sori with 30 to 60% of the leaf turning necrotic from the
tip.
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Rating System for Determining Narrow Brown Leaf Spot
Severity on Rice Made at or Near Maturity on the
Uppermost Two Leaves
0
1
2
3
4
5
6
7

8

9

Plants healthy, no symptoms.
Few to many dark specks of pin-head size, no necrosis (collapsed cells).
Dark brown specks, 0.5 to 1 mm in diameter, no necrosis.
Small linear reddish-brown spots, 1 to 2 mm in length, about 0.5 mm wide.
A few ( 15/leaf or less) reddish-brown spots, 3 to 4 mm in length, less than 1 mm
wide.
Less than 25 lesions/leaf of typical reddish-brown linear spots, spots 5 to 6 mm
long and less than 1 mm wide.
Twenty-five to 50 typical narrow brown spot lesions/leaf; linear, 7 to 10 mm
in length, 1 mm wide.
Less than 75 lesions/leaf, lesions 10 to 20 mm in length, some lesions may have
grey necrotic centers with. narrow brown margin, 1 to 1.5 mm wide.
Many (7 5 to 100) lesions/leaf of group 7 size or larger, less than 25 % of leaf area
killed by coalescence of lesions.
More than 100 lesions/leaf of group 7 size or larger (usually I 0 to 20 mm) more
than 25% of leaf area killed by coalescence of lesions.
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:igure 4. Rotten-neck blast symptoms.

Figure 5. Brown spot symptoms.

Figure 6. Narrow brown leaf spot symptoms.

Figures 1-8

,

Figure 1. Initial sheath blight infection showing water soaked lesions.

Figure 2. Typical sheath blight symptoms on the sheath and leaf.

Figure 3. Leaf blast symptoms.

Figure 8. Stem rot symptoms.
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