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Abstract

Cotton is a crop with a high economic value, usually sprayed with large amounts of pesticides
to control pests and diseases. Ramularia spot is a foliar disease that cause early defoliation
and can compromise cotton yield; however, there is a need of information about the
interaction of cultivars and plant height as a tool to improve ramularia control and increase
yield. The objective of this study was to evaluate the effects of the interaction between plant
height, cultivar, and fungicides applied to the severity of the leaf spot and cotton yield. The
experiment was carried on during the 2014/15 crop season in Chapad& do Sul, MS, Brazil. A
randomized complete block design in a 2 < 3 x 3 factorial scheme was used, where the
factors were plant heights (1 and 1.5 m), cultivar (FMT 701, FM 975, and FM 944) and type
of fungicide (Negative control , FT1, and FT2). The fungicidal treatments consisted of
sequential sprays of different fungicides, including the triazole, strobilurin, and carboxamide
groups, recommended to farmers. The cultivar FM 975 showed greater ramularia spot
progress curve when grown at 1 m height and without fungicide spray. The fungicides were
efficient in reducing the severity of the ramularia spot and their use in shorter plants (1 m)
increased yield. The cultivar FM 975 had the highest total yield.

Keywords: Ramularia areola, Gossypium hirsutum, sustainability, management
1. Introduction

Cotton (Gossypium hirsutum L.) is a crop of great importance to many countries worldwide;
however the use of large amounts of pesticides can cause environmental imbalance and
economic losses (Pimentel, 2005). Around the world, there is an emerging trend in the
demand for generic products from sustainable companies, especially in the textile industry
sector (Garcia et al., 2019), which has encouraged the search for methodologies for
sustainable cotton crops (Zulfigar and Thapa, 2018).

The challenge in reaching sustainable crops is the need to fertilize and protect plants against a
large number of pests and diseases with the lowest possible use of pesticides (Prakash et al.,
2019; Guazina et al., 2020). Ramularia areola is the agent causal of one of the main diseases
that cause damage to cotton (Ascari et al., 2016), especially in cities located in Midwest
Brazil, where cotton is a very important crop (Silva et al., 2010), because the climatic
conditions are suitable for its development (Lima et al., 2010).

In high severity conditions, ramularia spot can cause premature defoliation, especially in the
lower part where the onset of symptoms is observed and it may result in reduced yield and
fiber quality (Johnson et al., 2013; Suassuna & Coutinho, 2015). The control of ramularia
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spot has been accomplished mainly through the use of fungicides, for which from five to
eight sprays are recommended (Girotto et al., 2013). Although practical, this control method
should be carefully employed to avoid the occurrence of fungicide-resistant pathogen
populations (Volponi et al., 2014). According to Silva et al. (2017), although chemical control
is efficient to control leaf spot, the development of new strategies is essential to achieve
efficient and sustainable integrated disease control. Thus, it is necessary to adopt
management that integrates all control methods (Dias and Theodoro, 2017).

Cultural control is based on the use of procedures that can act on the relationship between
pathogen, host, and the environment to make the establishment and development of the
disease less favorable (Agrios, 2005). Manipulation of plant size is a technique that can assist
in the control of leaf spot. According to Monteith and Unsworth (1990), plant height,
architecture, and leaf area directly interfere with the microclimate inside the plant canopy.
Another very important tool in the control of leaf spot is the use of cultivars with disease
resistance (Shete et al., 2018). However, resistant commercial cultivars have shown different
reactions to ramularia spot as a function of the environment, indicating the existence of
genetic variability of the pathogen (Cia et al., 2013; Silva et al., 2017).

The integration of cotton disease control methods can improve leaf spot control and
complement or reduce the number of chemical sprays (Dias and Theodoro, 2017). The
objective of this work was to evaluate the interaction effects among plant height, cotton
cultivar, and fungicide spray for the control of the leaf spot and their effects on cotton yield.

2. Material and Methods

The experiment was carried on under field conditions from December 2014 to August 2015,
in Chapadao do Sul, MS, Brazil, located at 18°41'33"S, 52°40'45"W, at an altitude of 810 m
with a typical tropical climate, with prolonged dry periods during winter. The soil of the area
was classified as Dystrophic Red Latosol and samples were collected from the superficial soil
layer, at a depth from 0 to 0.20 m. Its chemical characteristics were pH (CaCl,) 5.0, Ca 5.15
cmol..dm™, Mg 0.80 cmol..dm™, Al 0.04 cmol..dm™, K (Mehlich) 87 mg.dm™, P (Resin)
46.55 mg.dm™, Organic Matter 43.20 g.dm™ and Base Saturation 57.10 %. Subsequently, the
soil was fertilized according to the crop recommendations proposed by Sousa and Lobato
(2004). Sowing was on December 22, 2014, in a conventional crop system in an area
previously cultivated with corn. There was 0.90 m between rows and a population of 90,000
plants ha™ for each cultivar.

The experimental design was a randomized complete block, arranged in a 2 %3 x3 factorial
scheme, where the factors were plant height (1 m and 1.5 m), cultivar (FMT 701, FM 975,
and FM 944) and fungicidal treatments (Table 1), recommended to farmers, sprayed in
specific phenological stages defined by Marur and Ruano (2001), with four repetitions. The
plots consisted of four 12 m long plant lines, and the useful area was the two central lines
excluding four meters from each end. The desired plant heights were obtained using mepiquat
chloride with 150 g of the active ingredient (a.i.) for the cultivars FMT 701 and FM 975 and
100 g. of i.a. for the cultivar FM 944 (Cord& Sobrinho et al., 2007).
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Table 1. Fungicidal treatments and active ingredients used in cotton crop. Chapad&
do Sul, MS, Brazil. Crop season 2014/5

Fungicides Active Phenological stage Active ingredient
treatments (FT) ingredients (+days) in spray dose (g.L™)

Negative Control - - -

Pyraclostrobin + B1 333 + 167
Fluxapyroxad
Trifloxystrobin Bl + 15 150 + 175
+ Protioconazol
Pyraclostrobin B1 + 30 333 + 167
+Fluxapyroxad
FT1
Pyraclostrobin + Bl + 45 333 + 167
Fluxapyroxad
Pyraclostrobin + B1 + 60 333 + 167
Fluxapyroxad
Triflo>_<ystrobin Bl + 75 150 + 175
+ Protioconazol
Azoxystrobin + B1 200 + 125
Difenoconazole
Difenoconazole B1+15 250
Azoxystrobin + B1+30 200 + 125
Difenoconazole
FT2

A.zoxystrobin + B1+45 200 + 125
Difenoconazole

Azoxystrobin + B1+60 200 + 125
Difenoconazole

Difenoconazole B1+75 250

Fungicide and growth regulator sprays were applied with a constant pressure CO, sprayer with
a 3 m boom and six spray tips (XR 11002) spaced 0.50 m apart. A working pressure of 300 kPa
was used and the spray volume was 150 L ha™. Pest management in the experimental area was
similarly done for the three cultivars, in accordance with the recommendations available from
the Ministry of Agriculture, Livestock and Supply (Mapa, 2019).
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Disease severity assessments were performed using the diagrammatic scale proposed by
Aquino et al. (2008). Five severity assessments were performed on 20 random leaves in both
the lower portion and the upper portion of all plants located in the two central lines of each plot.
After quantification of severity, the area under the disease progress curve (AUDPC) was
estimated, according to Campbell and Madden (1990), in the lower portion (SVLOW), upper
portion (SVUP) and whole cotton plants (SVWH). To determine yield, the harvest of bolls was
manually and separately done for the upper (YUP) and lower (YLOW) portion of the plants on
August 24, 2015.

Data were subjected to analysis of variance and the means compared by the Scott Knott test at
5% significance.

3. Results and Discussion

The symptoms of ramularia spot were detected at 89 days after plant emergence, as there
were favorable climatic conditions for the occurrence of the disease during this study
(climatic data obtained from Chapad& do Sul, MS, not shown). Temperatures were between
25 and 30 <C and relative air humidity was 80% (Rathaiah, 1977).

Plant height, cultivar, and fungicidal treatment interacted with the severity of leaf spot in the
upper portion and whole plant (Table 2). However, this behavior was not observed in the
lower portion, which exhibited significant differences for plant height, cultivar, and fungicide
treatment factors alone.

Table 2. F values for area under ramularia spot progress curve in the lower portion (SVLOW),
upper portion (SVUP) and whole cotton plants (SVWH). Chapad& do Sul, MS. Crop season
2014/5

Variation factors F value

SVLOW SVUP SVWH
Plant height (H) 41,5429 " 62,5748 " 52,4355 "
Cultivar (C) 24,9398 " 78,6604 " 35,7202 "
Fungicide treatment (FT) 2224805 " 110,0359 237,6669
HxC 1,6629 ™ 13,8221 " 3,1639 "
HxFT 2,3774 "™ 6,8609 3,5227"
FTxC 2,5027 " 6,1109 3,1857 "
HxCxFT 2,5425 " 4,0825 " 2,9382"
VC (%) 16,70 13,55 14,78

* significant to 5% probability; ns: not significant

In Table 3 there are the results of disease progression in the lower portion of the plant. Plant
height influenced the development of the lower leaf portion, such that cotton plants with a
lower height (1 m) presented higher SVLOW values than did the taller plants. Marois et al.
(2004) reported that cotton height was highly correlated with relative humidity and
temperature inside the plant canopy and the change in plant size directly influenced these
factors. Agrios (2005) determined that these factors are essential for the development of
diseases and may favor or prevent their development.

The cultivar FMT 701 had a lower SVLOW value, followed by cultivars FM 944 and FM 975
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(Table 3). The difference between the behavior of cotton cultivars in relation to disease
severity according to Punit et al. (1997) may be related to the histochemical, morphological,
and anatomical characteristics of each cultivar; thus, these factors may result in higher or
lower susceptibility of the cultivars to the disease.

The use of FT1 and FT2 reduced the SVLOW values in relation to that of the control,
demonstrating that these fungicides were efficient in reducing the severity of leaf spot. FT1
and FT2 have as a constituent that was efficient in the first spray; it is a strobilurin group
fungicide, which allowed for efficient control. According to Suassuna and Coutinho (2015),
the use of strobilurin group fungicide as soon as the first symptoms appear allows for the
efficient control of leaf spot.

Table 3. Area under ramularia spot progress curve in the lower portion (SVLOW) in two
cotton plants height, three cultivars and three fungicides treatments. Chapad& do Sul, MS,
Brazil. Crop season 2014/5

Plant height (m) SVLOW
1,0 291,052
15 180,90 °
Cultivar

FMT 701 157,44 ¢
FM 975 313,332
FM 944 237,16 °
Fungicide treatment *

Negative Control 501,332
FT1 93,78 °

FT2 112,81°
VC % 16,70

Means followed by the same lowercase letter in the row and upper case in the column do not
differ by Scott-Knott's test at the 5% probability level. Data has been transformed into Vx.
*Negative Control; FT1- Active ingredients and sprays starting at B1 every 15 days until 75
days as follow: Pyraclostrobin +Fluxapyroxad (B1), Trifloxystrobin + Protioconazol (B1+15),
Pyraclostrobin ~ + Fluxapyroxad (B1+30), Pyraclostrobin+Fluxapyroxad (B1+45),
Pyraclostrobin+Fluxapyroxad (B1+60), Trifloxystrobin + Protioconazol (B1+75); FT2-
Active ingredients and sprays starting at Bl every 15 days until 75 days as follow:
Azoxystrobin+  Difenoconazole  (B1), Difenoconazole (B1+15), Azoxystrobin+
Difenoconazole (B1+30), Azoxystrobin+ Difenoconazole (B1+45), Azoxystrobin+
Difenoconazole (B1+60), Difenoconazole (B1+75).

The highest values of SVWH and SVUP in shorter plants were obtained when no fungicides
were used in all cultivars; in particular, FM 975 exhibited high SVWH values (Table 4).

The use of FT1 and FT2 treatments promoted a reduction in SVWH values for the cultivars
used, with greater reduction of SVWH values primarily in the cultivars FM 944 and FMT 701.
It is likely that the reduction in the efficiency of FT1 and FT2 in cultivar FM 975 relative to
that of other cultivars was caused by a greater infection by the pathogen in the lower part of
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the plant. This promotes an increase in the inoculum, and consequently, the progression of the
disease.

The behavior of cultivars and fungicide treatments in plants grown at 1.5 m height in the
whole plant and the upper part showed that the cultivars FM 975 and FM 994 for which there
was no spray of fungicide (negative control) had higher SYWH and SVUP values. The FT1
and FT2 treatments were efficient in reducing disease severity in the FMT 701 and FM 944
cultivars. However, in the FM 975 cultivar, FT2 was less efficient than was the FT1 treatment
(Table 4).

Table 4. Area under ramularia spot progress curve in whole plants (SVWH) and upper portion
(SVUP) in two plants height, three cultivars and three fungicides treatments. Chapad& do
Sul, MS, Brazil. Crop season 2014/5

Cultivar X Fungicide SVWH - SVUP
treatment * Plant height (m)
1m 15m 1m 15m

FMT 701 X Negative control 265,51 *A 124,88 65,93 PA 39,58 B
FMT 701 X FT1 55,50 94 31,714 28,06 A 16,60 A
FMT 701 X FT2 57,37 A 39,15 A 28,84 A 23,314
FM 975 X Negative control 537,11 269,37 %8 227,66 A 80,65 %8
FM 975 X FT1 102,05 A 62,46 A 61,68 *A 35,66 "B
FM 975 X FT2 143,25 A 83,62 "B 70,41 A 39,69 "B
FM 944 X Negative control 296,03 PA 282,03 68,93 PA 58,91 %A
FM 944 X FT1 81,42 9A 45,94 A 28,62 A 23,76 A
FM 944 X FT2 75,72 94 44,48 A 28,26 A 19,83 A
VC (%) 14,78 13,55

Means followed by the same lowercase letter in the row and upper case in the column do not
differ by Scott-Knott's test at the 5% probability level. *Negative Control; FT1- Active
ingredients and sprays starting at B1 every 15 days until 75 days as follow: Pyraclostrobin
+Fluxapyroxad (B1), Trifloxystrobin + Protioconazol (B1+15), Pyraclostrobin +
Fluxapyroxad (B1+30), Pyraclostrobin+Fluxapyroxad (B1+45),
Pyraclostrobin+Fluxapyroxad (B1+60), Trifloxystrobin + Protioconazol (B1+75); FT2-
Active ingredients and sprays starting at Bl every 15 days until 75 days as follow:
Azoxystrobin+  Difenoconazole  (B1), Difenoconazole (B1+15), Azoxystrobin+
Difenoconazole (B1+30), Azoxystrobin+ Difenoconazole (B1+45), Azoxystrobin+
Difenoconazole (B1+60), Difenoconazole (B1+75).

The plant height factor directly influenced the progression of the disease in the whole plant
and in the upper part. In the upper portion, cultivar FMT 701 exhibited the greatest
progression of the disease in the absence of fungicide (control) in shorter plants. Cultivar FM
975 presented a higher SVUP value in 1 m plants for all fungicide treatments. In the whole
plant, cultivar FMT 701 showed greater disease progression in shorter plants in the absence
of fungicides. For cultivar FM 975, the highest SVWH values were obtained in the control
and in shorter FT2 plants. It is hypothesized that because of the shortening of the internodes,
the distance between the youngest and oldest leaves of the plants was reduced, favoring the
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dispersion of the pathogenic conidia produced in the lower part of the plants. In addition, it
may be that plants with lower height provided greater light penetration within the canopy
because they had fewer leaves than larger plants (Sobrinho et al., 2007). As a result, there
could have been a higher average daily temperature in the older leaves, and consequently, a
more favorable environment for the occurrence of leaf spot (Rathaiah, 1977).

In analyzing the performance of cultivar FM 944 in conjunction with fungicidal treatments
(Negative control, FT1, and FT2) at both plant heights in the upper portion and whole plant,
similar behavior was noted. SVWH and SVUP values for this cultivar were not influenced by
plant height. Yield in the upper portion and in the whole plant exhibited an interaction
between plant height and fungicidal treatment. In the lower portion, there were interaction
effects between the height of plants and cultivars, and fungicide treatments and cultivars on
the yield of cotton boll (Table 5).

Table 5. F values for cotton boll yield in the upper portion (YUP), lower portion (YLOW)
and whole cotton plants (YWH). Chapad& do Sul, MS. Crop season 2014/5

Variation factors Fvalue

YUP YLOW YWH
Plant height (H) 9,8297 " 0,7422 ™ 3,7615 ™
Cultivar (C) 8.0612 " 8.9931 " 10.5746 ~
Funaicide treatment (FT) 24732 0,6381 "™ 0.6318 ™
HxC 1,1215" 4,2390 1,3931"™
HxFT 4,2373" 0,2194 ™ 3,5976
FTxC 2,0666 ™ 54522 " 1,2636 "
HxCXFT 0,5229 " 0,7867 "™ 0,9222 ™
VC (%) 11,67 11,57 8,28

* significant to 5% probability; ns: not significant.

The negative control showed no difference in yield in the upper part of the plants based on
plant height. However, the use of FT1 and FT2 fungicide treatments increased yield by
15.54% and 14.62% in the upper portion of shorter plants compared to that of larger ones,
respectively (Table 6). Rosolem (2001) found that a greater intensity in the occurrence of
pests and diseases in the lower part of the plant impairs the yield of cotton, such that the plant
seeks to compensate for the loss by increasing the number of bolls in the upper part of the
plant. It is believed that because the shorter plants exhibit higher severity of leaf spot
(especially in the lower part), the production of a larger amount of bolls was induced in the
upper part.

The use of fungicide treatments did not increase the yield of the upper part of the plant
relative to that of the treatment with no spray of fungicide to larger plants (1.5 m). It is
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hypothesized that the leaf spot did not affect plant yield in the upper portion because the
SVUP values were low. In shorter plants, FT1 and FT2 treatments yielded yield gains when
compared to that of the treatment with no spray of fungicide to either the upper or whole
plant (Table 6). Ascari et al. (2016) reported that chemical control is an important
management practice in cotton production because the lower severity of leaf spot may reflect
a higher yield.

Table 6. Cotton boll yield (kg.ha™) in upper portion (YUP) and whole cotton plants (YWH)
submitted to two cotton plants heigh and three fungicides treatments. Chapad& do Sul, MS.
Crop season 2014/5

Plant YUP
heiaht (m) Negative control FT1 FT2
1,0 2767,2 3238,0 30772
15 28447 2802,4 A 2684,6 A
o I —— o] e ——
YWH
Negative control FT1 FT2
1,0 5047,7 *® 54838 5332,2
15 5232,6 A 5055,1 PA 4986,6
o I ———— ) R —————

Means followed by the same lowercase letter in the row and upper case in the column do not
differ by Scott-Knott's test at the 5% probability level. *Negative Control; FT1- Active
ingredients and sprays starting at B1 every 15 days until 75 days as follow: Pyraclostrobin
+Fluxapyroxad (B1), Trifloxystrobin + Protioconazol (B1+15), Pyraclostrobin +
Fluxapyroxad (B1+30), Pyraclostrobin+Fluxapyroxad (B1+45),
Pyraclostrobin+Fluxapyroxad (B1+60), Trifloxystrobin + Protioconazol (B1+75); FT2-
Active ingredients and sprays starting at B1 every 15 days until 75 days as follow:
Azoxystrobin+  Difenoconazole (B1), Difenoconazole (B1+15), Azoxystrobin+
Difenoconazole (B1+30), Azoxystrobin+ Difenoconazole (B1+45), Azoxystrobin+
Difenoconazole (B1+60), Difenoconazole (B1+75).

The total yield of the plants receiving the FT1 fungicide treatment increased by 8.48% in the
shorter plants in relation to that of the taller ones (Table 6). The use of a growth regulator to
reduce plant size provides a greater balance between reproductive and vegetative parts, which
favors reduced competition for photoassimilates between vegetative and reproductive growth
(Lamas and Ferreira, 2015). Furthermore, it promotes higher fruit retention in the first
positions, a fact that culminates in higher yield (Echer and Rosolem, 2012). The cultivar FM
975 produced the largest amount of cotton boll relative to that of the other cultivars (Table 7),
although it was the genotype that presented the highest severity of leaf spot (Table 4).
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Table 7. Cotton boll yield (kg.ha™) in upper portion (YUP) and whole plant (YWH) of three
cotton cultivars. Chapad& do Sul, MS, Brazil. Crop season 2014/5

Cotton boll yield (kg.ha)

Cultivar YUP YWH
FMT 701 2884,9° 4988,4°
FM 975 3106,7 2 5516,2 2
FM 944 2715,9° 5064,3 "
VC (%) 11,68 8,51

Means followed by the same letter do not differ by Scott-Knott's test at the 5% probability
level

There was an interaction between cultivars and fungicide treatments for yield in the lower
plant portion (Table 8). The cultivar FMT 701 was not influenced by fungicidal treatments.
and the cultivar FM 944 showed higher yield with the use of the FT2 fungicide treatment.
Silva et al. (2017) verified that the severity of ramularia spot was reduced using varieties
tolerant or resistant in combination with another control method, such as biological control or
a chemical fungicide. They concluded that an integrated management, with an emphasis on
the strategies of adopting resistant cotton varieties and spraying fungicides and biocontrol
agents such as Trichoderma asperellum, was desirable for efficient control of ramularia spot
on cotton.

Table 8. Cotton boll yield (kg.ha™) in lower portion (YLOW) of three cultivars submitted to
three fungicides treatments and two plants height. Chapad& do Sul, MS. Crop season 2014/5

Fungicide YLO.W
treatment= Cultivar

FMT 701 FM 975 FM 944
Negative control 2097,0 28 2709,0 A 2196,4 "B
FT1 2175,2 A 22259 PA 2317,2 "A
FT2 2038,0 %8 22642 "B 2532,9 3
Plant height (m)
1,0 2185,0 2268,7 "A 23274 A
15 2021,9 %8 2550,2 A 2370,4 A
VoL e — (S —

Means followed by the same lowercase letter in the row and upper case in the column do not
differ by Scott-Knott's test at the 5% probability level. *Negative Control; FT1- Active
ingredients and sprays starting at B1 every 15 days until 75 days as follow: Pyraclostrobin
+Fluxapyroxad (B1), Trifloxystrobin + Protioconazol (B1+15), Pyraclostrobin +
Fluxapyroxad (B1+30), Pyraclostrobin+Fluxapyroxad (B1+45),
Pyraclostrobin+Fluxapyroxad (B1+60), Trifloxystrobin + Protioconazol (B1+75); FT2-
Active ingredients and sprays starting at Bl every 15 days until 75 days as follow:
Azoxystrobin+  Difenoconazole (B1), Difenoconazole (B1+15), Azoxystrobin+
Difenoconazole (B1+30), Azoxystrobin+ Difenoconazole (B1+45), Azoxystrobin+
Difenoconazole (B1+60), Difenoconazole (B1+75).
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In general, the cultivars presented different results regarding yield in the lower portion. Thus,
yield improvement with fungicidal treatment appeared to be dependent upon the cultivar
under study. Dias and Theodoro (2017) obtained similar results and showed that yield in the
lower portion was directly influenced by the fungicide program and cultivar. Plant height
influenced yield only in cultivar FM 975, for which larger plants had higher yields than
shorter ones. This result may be caused by the lower severity in taller plants, a fact that
allowed cultivar FM 975 to produce a higher yield (Table 8). The interactions between
cultivar, plant height, and fungicidal treatment could generate specific and more efficient
strategies for the control of leaf spot and may guarantee higher yields. In addition, this study
produced important information to better elucidate the disease process in plants grown at
different times, showing the importance of the correct use of growth regulators.

4. Conclusions

Cultivar FM 975, when cultivated at 1 m height and without fungicide spray, showed a
greater progression of leaf spot disease. The use of fungicides was efficient in reducing the
severity of leaf spot. The use of fungicides in shorter plants (1 m) increased yield. Cultivar
FM 975 obtained the highest total yield.
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