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Effect of Phymatotrichum Root Rot on Cotton Yield and Quality

Jim Mueller, Ed Mulrean, Dick Hine, Plant Pathologists
S.J. Ingle and M.R. Davis, U.S.D.A.

Fruit Protection and Production Laboratory, Weslaco, Texas

Summary

Crop Loss Assessment Project: During October of 1978, 1979, 1980, and 1981 the Marana and Avra
Valley agricultural areas (Pima Co.) were aerially photographed in order to determine the distribution
and severity of Phymatotrichum root rot of cotton. Photographs were taken from 3050 m above ground
level (covering approximately 175 sq km of land) and from 1025 m elevation (covering about 85 sq km).
Phymatotrichum root rot infestations are clearly visible on the photographs, as are other areas of
plant stress, including water stress, hail damage, and Verticillium wilt.

* * * * * * * * * * * **

Image Analysis: Base maps of the study area were obtained from the Department of Soils, Water
and Engineering at the University of Arizona. Each field is outlined on one of the maps, and the
acreage of each field is recorded. The fields were assigned numbers and a field survey was performed
to determine the crop being grown in each of the 209 fields during the 1981 crop year. For each of
the 125 fields cropped to cotton, a transparent acetate overlay was prepared using the 1981 aerial
photographs. Darkened areas on the overlays covered all of the Phymatotrichum infestations. These
overlays were analyzed with a scanning densitometer (density profile display system) to determine
the proportion of each cotton field infested with Phymatotrichum. The percentage infestation values
determined in this manner were canbined with the acreages reported on the base maps to express the
areas of the infestations in acres. The overlay technique was used rather than scanning densitometry
of the photographs themselves to make photo interpretation possible. Lighter colored areas caused
by factors other than root rot were not included in the density profile analysis. The scanning
densitometer itself cannot make these distinctions, but an experienced photo interpreter can.

Principles of Scanning Densitanetry in Photo Interpretation: The Model 704 Density Profile
Display System (Spatial Data Systems, Inc., Box 249, 500 South Fairview, Goleta, CA 93017) analyzes
the grey scale of transparencies and displays the density values by means of color television. The
transparency is illuminated fran beneath, and a black and white television camera scans the trans-
parency and sends the scan signals to an analog- digital converter. The converter separates these
density signals into 12 levels. It then encodes color video signals for each level. A color
generator generates fixed proportions of red, green, and blue video signals for each of the 12 levels,
and a color television monitor reproduces the color analysis. An electronic planimeter controls
the color analysis levels and can be used to measure the percent area of any one or more colors in
the analysis.

Field Sampling: Yield estimates based on boll counts and hand harvested seed cotton samples
for quality analysis have been obtained fran 37 fields of Upland cotton and 10 fields of Pima
cotton in 1981. The statistical analysis of the yield data has been completed. The seed and lint
quality data will not be available until April, but the computes program for analysis of the data
has been written.

Analysis of variance indicated that there were large location effects in both Upland and Pima
cotton. There were also significant treatment- location interactions; i.e., the amount of yield
reduction caused by root rot varied considerably from location to location. In order to canpensate
for the large location effect, a large number of fields were sampled in 1981. The replication effect
was negligible; i.e., the samples taken within a single area are highly reproducible. These results
confirm those obtained in the 1980 crop year.

Calculations: The optimum yield for each field was calculated as:

0 = acreage x (B/97.82),
and the actual yield was estimated as:

A = (0 x N) + (0 x I x R) , where

A = estimated actual yield
B = average number of bolls per 6.52 feet of noninfested row
I = infested acreage
N = noninfested acreage
0 = estimated optimum yield
R = yield per acre in infested areas /yield per acre in noninfested areas.
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The formula for yield reduction was derived using the approximation that 15 bolls per foot of row
is roughly equivalent to 1 bale of seed cotton per acre. The number of bolls per 6.52 ft of row
(1/2000 acre) was determined in field surveys for 37 fields of Upland cotton and 10 fields of Pima
cotton. For the other 69 fields of Upland cotton and 9 fields of Pima cotton, the average of the
37 (Upland) or 10 (Pima) sampled fields was used as an estimate of the yield obtained from the
noninfested areas.

Results: The yield data and infestation data are summarized in Tables 1 and 2, respectively.
Of the 6,890 acres planted to Upland cotton in 1981, 1,389 acres were infested with Phymatotrichum.
Root rot caused an estimated loss of 753 bales of seed cotton. This represents a revenue loss of
at least $244,725, assuming a seed cotton price of $0.65 per pound. Pima cotton acreage totaled

1,007 acres in the study area, of which 245 acres were infested. Loss on these infested acres was
estimated to be 160 bales, or $80,000, assuming a price of $1.00 per pound. Of the 7,897 acres

planted to cotton in 1981, 20.7% was infested with Phymatotrichum, and the revenue loss to
Phymatotrichum root rot is very conservatively estimated to be $324,725. Losses on the infested

areas themselves average $198.73 per acre.

Discussion: The economic losses reported here are very conservative estimates of the impact of

this disease. They actually represent minimum values for losses due to root rot because they do not
take into account several other factors which reduce profits:

1) The estimated losses are based solely on estimated reductions in seed cotton yield and
do not include fiber and seed quality reductions which in some cases may affect the price received

for the crop. The extensive field sampling done in the 1980 crop year demonstrated that root rot
causes highly significant reductions in fiber and seed quality (see Table 3).

2) The yield estimation method used in the 1981 field sampling procedure tends to underestimate
the differences in yield between infested and adjacent noninfested areas. Subjectivity, or "operator

error ", is frequently a problem in field studies. To avoid this problem in our samples, we chose

to measure a parameter which did not require judgement on the part of the field personnel. All of

the bolls in each 1/2000 acre plot were counted. It was not necessary for the field personnel to
decide whether a given boll was likely to produce cotton during the four to six weeks before

harvest. Sane of the bolls on the diseased plants would not have produced any cotton, and the healthy
plants would have continued to produce a "top crop" for at least one month after the boll counts

had been made.

3) Interviews with growers and custom harvesters have revealed that additional losses are
incurred if the infested areas are harvested later in the season. The diseased plants tend to

shatter and drop their bolls. Also, the tap roots deteriorate and the plants are often pulled

into the spindle -type harvesting equipment. The cotton then contains a larger amount of crop debris.
This lowers the grade of the cotton and consequently, lowers the price received for the crop. Many

man-hours are lost while the machinery is cleared of the cotton stalks.

Crop Rotation Study: Crop history information for the past six years has been assembled for

nearly all of the 209 fields in the study area. This information was obtained by interviewing the

growers in the area and by consulting crop survey records maintained by the Department of Soils,
Water and Engineering, University of Arizona and the Arizona Soil Conservation Service. Percent

infestation measurements (determined by scanning densitanetry) were compared for 64 fields in
cotton monoculture, 13 in cotton - small grain rotation, 9 in cotton - lettuce rotation, 7 in

cotton - alfalfa rotation, 3 in cotton - grain sorghum rotation, and 29 in other rotations.

There is a large amount of variability from field to field in the amount of Phymatotrichum

infestation, and the amount of infested land in a given field is not necessarily related to cropping

history. The amount of infestation in fields with a history of cotton monoculture ranged from 0%

to 63 %. The levels of infestation for most of the other rotations had similar ranges (Table 2).
This large amount of variability within groups of fields with the same cropping history would
obscure any differences which might exist between different cropping histories. When this study

was initiated, it was not known that this type of variability would be encountered, so the approach

appeared to be a logical one. This study measured the areas of the root rot infestations in fields
with various crop histories. Amore effective approach might be to compare the "intensity" or

severity of disease in fields with various crop histories. The photographs and crop histories

are available. All that is needed is an accurate method for measuring the relative severities

of the infestations.
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Table 1. Effect of Phymatotrichum root rot on seed cotton yield and profitability.

Optimum Actual
Upland Cotton Infested Yield Yield Crop Loss
(106 fields) Acres Acres (bales) (bales) Bales $

Total 6890 1389 9540 8787 753 244,725

Average 65.0 13.1 90.0 82.9 7.10 2,308

Pima Cotton
(19 fields)

Total 1007 245 1397 1237 160 80,0002

Average 53.0 12.9 73.5 65.1 8.40 4,200

Grand Total 7897 1634 10,937 10,024 913 324,725

1Based on a price of $325 per 500 -pound bale ($0.65 per pound).

2Based on a price of $500 per 500 -pound bale ($1.00 per pound).

Table 2. Extent of Phymatotrichum infestation in fields with various cotton cropping histories.

Crop in Total Number of Percent Infestation Yield Reduction In1
Rotation Acreage Fields Average Ran e Infestations

Monoculture 4,097 64 21 0 -63 42%

Lettuce 869 9 31 5.0 -70 43%

Small grain 762 13 18 0 -55 27%

Alfalfa 471 7 22 17 -30 --

Grain sorghum 158 3 28 0 -54 47%

Other 1,541 29 23 0 -62 39%

Total 7,898 125 0 -70

1Average of estimates based on field samples fran 25 fields in monoculture, 4 in lettuce rotation,
3 in small grain rotation, 2 in grain sorghum rotation, and 10 in other rotations. Data for alfalfa
rotation not available.

Table 3. Effect of Phymatotrichum root rot on seed cotton yield and lint quality in Gossypium
hirsutum (Upland cotton) and G. barbadense (Pima cotton).

Gossypium hirsutum Gossypium barbadense

Percent Percent
Healthy Diseased Reduction Healthy Diseased ReductionParameter

seed cotton
(kg/ha)

weight (g)
per 100 seeds

percent lint
fiber length
(2.5% span)

fiber length
(50% span)

fiber uniformity
ratio
fiber strength
(Tl)

fiber fineness
(micronaire)

36171

10.5

36.1
1.15

0.514

44.7

3.02

4.41

11081

8.5

36.5
1.09

0.473

43.1

2.85

3.64

69%

19

__2
5

8

4

6

17

2670
1

12.2

36.6
1.38

0.673

48.7

29.8

3.64

6611

9.98

36.8
1.30

0.596

46.4

28.7

3.15

75%

18

__2
6

11

5

4

13

lAverage of five locations, five replications per location
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-Values for this parameter are not significantly different. Values for all other parameters are
significantly different (p= 0.01).

Studies on the Use of CGA -64250 (triazole derivative, systemic fungicide)
for Control of Phymatotrichum Root Rot of Cotton

Dick Hine and Jim Mueller

Summary

This is the first report of control of Phymatotrichum root rot of cotton in the field with a

downward- translocated systemic fungicide. Three treatments (0.5 lbs, a.i. /acre, 1.0 lbs, a.i. /acre

and 2.0 lbs, a.i. /acre applied as a side dress) gave significant disease control.

The systemic triazolefungicide CGA -64250 has been sham in laboratory tests in Arizona to be
highly active against Phymatotrichum annivorumu, the causal fungus of Phymatotrichum root rot of

cotton. Complete inhibition of mycelial growth of 6 isolates of the fungus (Safford, Marana,
Queen Creek, Texas (Weslaco), Sacaton and Elgin) occurs at 1 ppm active material in standard

laboratory tests. This information led us to evaluate the fungicide for control of the disease at

3 locations in Marana, Pima Co. The tests were initiated as randomized complete block experiments

in heavily infested clay loam soil in Marana. Projected yield (based on number of bolls per 1/2000

acre) and percent plant death per 1/2000 acre were the parameters used to assess the effects of the

fungicide. Data were analyzed with the lease significant difference test at the 95% and 99% confidence

levels. One of the four replications was eliminated because of extensive herbicide damage. Three

treatments resulted in significantly fewer dead plants and significantly higher projected yields than

the untreated controls. These were the side dress treatments with water suspensions of the 3.6
emulsifiable formulation of compound CG 64250 at rates equivalent to 0.5, 1.0, and 2.0 pounds of

active ingredient per acre (Table 1). This is the first report of control of Phymatotrichum root

rot of cotton in the field with a downward- translocated systemic fungicide. Although this is only

a preliminary test, the results are encouraging, and justify more extensive field testing next

season. It must be pointed out, however, that the same treatments were apparently ineffective in

a severely infested sandy loam soil.

These studies in cooperation with the CIBA- GF.TGY Corporation, will be continued in the field

in several locations in Arizona and Texas during the 1982 season.

* * * * * * * * * * * * * *

Table 1. Root rot severity and projected seed cotton yield

Treatment Yield

* * * * * * * * * * **

of plots treated with CG 64250, 3.6E
Percent
Disease

Untreated check 1.2 bales /a1 a2 49% a

CG64250, 0.5 lb A.I./Acre3 1.6 b 1.3 b

CG 64250, 1.0 lb A.I. /Acre3 1.6 b 5.0 b

CG64250, 2.0 lb A.I./Acre4 1.4 a b 1.7 b

Projected seed cotton yield based on nuMber of bolls per 1/2000 acre.

Means not followed by same letter are significantly different (LSD, 10=0.05); means of 3

replications.

3Applied as side dress, 6 inches from base on plants, in equivalent of 350 gals H2O /acre.

4Applied in equivalent of 700 gals H2O /acre.
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