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Abstract: ‘IAC Sempre Verde’ is a medium-seeded runner-type peanut highly
resistant to late leaf spot and rust, the main diseases in peanut cultivation in
Brazil. The newly released cultivar showed remarkable yield advantage over
controls when diseases were not controlled and represents the first possibility
for peanut cultivation under “Organic” management.
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INTRODUCTION

Peanut production in Brazil is highly concentrated in the state of Sdo Paulo. In
2021/2022, Sdo Paulo produced 630,000 tons of unshelled peanuts (about 90%
of the Brazilian peanut production), of which more than 50% were shelled and
processed for export (CONAB 2022). The crop has significantly improved in both

quality and productivity over the past ten years. Average yields increased from *Corresponding author:
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the adoption of runner-type cultivars. With the modern technologies available ORCID: 0000-0002-2728-6104
to growers, the yield potential of the present runner cultivars in Brazil exceeds

6,000 kg ha (Godoy et al. 2017). The area planted with peanut has increased Received: 22 February 2022
from 84,000 to 160,000 hectares from 2009/10 to 2020/21 (CONAB 2022). Accepted: 06 July 2022
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The high performance of runner cultivars can only be achieved when the
crop is well protected against foliar diseases. Late leaf spot (LLS), caused by .
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important. More sporadic in occurrence, the disease develops very quickly Norte, s/n, 70770-917, Brasilia, DF, Brazil
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and can cause devastating losses. Control of these diseases involves seven to egécios, Av. Miguel Estefno, 3900, 04301-000,
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eight fungicide sprayings during the crop cycle, which imposes a high cost to Vila da Sadde, S30 Paulo, SP, Brazil
the production, along with environmental costs. Disease resistance is the best * Instituto Agrondmico de Campinas, Centro
strategy to minimize or reduce the use of agrochemicals and the fuel used in de Seringueira e Sistemas Agroflorestais,
applications. Some cultivars, moderately resistant to foliar diseases are alread Rodovia Péricles Belini, km 121 + 6 km terra,

pp. ST ’ v ) y 15505-970, Votuporanga, SP, Brazil
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High levels of resistance can be found in wild Arachis species. However, introgression of wild species resistance
into cultivated peanut involves overcoming a ploidy barrier between the mostly diploid wild species and the cultivated
tetraploid. The complexity of this process, and linkage drag from wild alleles means that it takes years to obtain
lineages derived from interspecific hybrids with desirable agronomic traits. During the 1960s, Arachis cardenasii, a wild
species with high resistance to pests and diseases was used to obtain interspecific hybrids and develop agronomically
adapted peanut lines with introgressed wild species resistances (Simpson et al. 1993, Stalker 2017). Some of these
lines, developed in North Carolina State University (USA) were sent to ICRISAT (International Crops Research Institute
for the Semi-Arid Tropics), India, where a number of lines with resistance to LLS and rust were selected. One of these
lines, ICGV 86687 was introduced to the germplasm collection of Campinas Agronomic Institute (IAC) and used as
a source of resistance to foliar diseases (Bertioli et al. 2021). By crossing this introgressed line with a high yielding
locally-adapted cultivar, we produced ‘IAC Sempre Verde’ (meaning “Always Green”) recommended for cultivation
under “Organic” management.

BREEDING METHOD

The breeding line ICGV 86687 was received from ICRISAT in 1980s. ICGV 86687 is a fastigiata-type (A. hypogaea
subsp. fastigiata), dark seeded advanced peanut line, and a sister line of ICGV 86855, progenitor of GPBD-4, a cultivar
developed in India, with multiple resistances (Gowda et al. 2002). ICGV 86687 derives from CS 16, a line produced in
North Carolina, using a purple-seeded cultivated tetraploid peanut, A. hypogaea subsp. fastigiata (PI 261942), collected
from Paraguay and the wild species A. cardenasii GKP 10017 (Bertioli et al. 2021). To follow standard IAC nomenclature,
the line was renamed IAC 69007 upon receipt. IAC 69007 was crossed with ‘Runner IAC 886’, a runner type (A. hypogaea
subsp. hypogaea), high yielding local cultivar, susceptible to foliar diseases, derived from a component line of ‘Florunner’.
Generations were advanced by single-seed descent, in a total of five generations in field without control of foliar diseases.
Selections were made in the district of Pindorama, Sdo Paulo, Brazil, on F, progenies for resistance to LLS and rust, growth
habit and productivity. Out of the various lines produced, IAC 322 was considered the most promising.

AGRONOMIC PERFORMANCE

Four experiments were carried out in peanut growing areas of Sdo Paulo during three growth seasons, to evaluate
the selected line IAC 322 (later named ‘IAC Sempre Verde’) compared to five control cultivars (IAC 113, IAC 147, IAC 503,
IAC 886 and IAC Caiapd), without fungicide application. ‘Runner IAC 886’, ‘IAC 113’ and ‘IAC 147’ are susceptible to late
leaf spot and rust, while ‘IAC Caiapd’ and ‘IAC 503’ have moderate resistance against both diseases. Each experiment
was planted in a randomized complete block design without disease control; and plots consisted of five 4 m rows, spaced
0.90 m apart from each other and containing 75 seeds, with four replications.

Disease was assessed in each plot at 90, 100 and 120 days after sowing (DAS). LLS was the prevalent disease and its
severity was rated using a 1-9 visual scale based on defoliation and number of fungal lesions (see Subrahmanyam 1982).
LLS was rated in Adamantina (2010/11), Colina (2010/11) and Pindorama (2009/10, 2010/11). Rust was also observed
and evaluated using the 1-9 visual scale in Pindorama (2009/10). In the districts of Pindorama, Adamantina and Colina,
during the 2010/2011 season, the disease was evaluated in detached leaves (Moraes and Salgado 1982). Ten leaves of
each plot were collected from the median part of the primary branches and rated in a 1-5 scale, considering the number
and size of the lesions of each leaf. For data comparison and analysis, the values of the three dates of evaluation were
plotted to estimate the Area Under the Disease Progress Curve, AUDPC (Tables 1 and 2). The software GENES (Cruz
2013) was used to perform the analyses of variance and Tukey’s tests at 5% probability.

LLS and rust incidence were affected by the location and year of evaluation (Tables 1 and 2). The genotype x environment
interaction was significant for AUDPC for both diseases. The AUDPC values observed for LLS on ‘IAC Sempre Verde’ were
significantly lower than the values observed for the five control cultivars tested (Table 1). For the field evaluation of rust
(Pindorama 2009/2010), the AUDPC value of ‘IAC Sempre Verde’ (190.0) was also significantly lower than the values
observed for the other cultivars, which ranged from 281.8 to 430.3 (Table 2). In the 2010/2011 trials, performed in
Pindorama, Adamantina and Colina, the disease was evaluated in detached leaves. The AUDPC values for ‘IAC Sempre
Verde’ were, in general, lower than the values observed for the five control cultivars, although not significantly different
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‘IAC SEMPRE VERDE’: a wild-derived peanut cultivar highly resistant to foliar diseases

Table 1. Values of Area Under Disease Progress Curve (AUDPC) for late leaf spot in ‘IAC Sempre Verde’ and five controls under natural
field infestation without disease control

Pindorama Adamantina Colina

Genotype

2009/10 2010/11 2010/11 2010/11
IAC Sempre Verde 164.542 180.4 A2 324,98 324,582
IAC 113 293.14b 369.7 8 420.3 80 531.0¢°
IAC 147 317.3 7 382.68° 441.4 8 531.0 ¢
IAC 503 315.2 A 382.68° 466.2 ¢ 494.1 ¢®
IAC Caiapo 301.3 4 313.74b 413.28° 494.1 ¢v
Runner IAC 886 372.047¢ 462.8 8¢ 501.5 B¢c 531.0 ¢
F(GxL) 2.04*
Average 293.9 348.6 427.9 484.3
Coefficient of variation (%) 7.7 6.4 6.4 11.9

Means followed by the same upper case in rows and lowercase in columns are not significantly different by the Tukey test at 5% probability. F (G x L) — F test for genotype
(G) versus locations (L) interaction. * Significant at 5% by the F test.

Table 2. Values of Area Under Disease Progress Curve (AUDPC) for rust in ‘IAC Sempre Verde’ and five controls under field natural infes-
tation (Pindorama 2009/2010) and three experiments evaluated in detached leaves (Pindorama, Adamantina and Colina 2010/2011)

Field Detached leaves

Genotype Pindorama Adamantina Colina

2009/10 2010/11 2010/11 2010/11
IAC Sempre Verde 190.0° 81.542 65.3 A2 118.042
IAC 113 283.5° 144.3 A# 80.5Ab2 243.48°
IAC 147 307.3° 169.0 82 103.5A 295.0 ¢P
IAC 503 281.8° 189.5 Bbe 72.042 118.04
IAC Caiapo 305.8° 150.0 & 68.542 59.042
Runner IAC 886 430.3¢ 264.8 8¢ 138.8 4P 295.0 8®
F (GxL) 7.2%%
Average 299.8 166.5 166.5 188.1
Coefficient of variation (%) 11.6 23.1 23.1 23.3

Means followed by the same upper case in rows and lowercase in columns are not significantly different by the Tukey test at 5% probability. F (G x L) — F test for interaction
genotype (G) versus locations (L). ** Significant at 1% by the test F.

from the values observed for some cultivars and locations. Assessments on detached leaves are complementary in the
absence of high disease pressure.

Yield of unshelled peanuts was evaluated in each plot and expressed in kg ha, except for Colina (2010/11),
for which yield data was not available (Table 3). The genotype x environment interaction was not significant (at
5% probability). Without fungicide control, the average yield of the three experiments was significantly higher
for ‘IAC Sempre Verde’ (3,838.8 kg ha') than the average yield of the other cultivars, which ranged from 1,346.2
to 2,518.6 kg ha™.

In 2019 and 2020, the year of ‘IAC Sempre Verde’ release in Brazil, two experiments were performed in Pindorama
and Votuporanga. Productivity and LLS resistance of Sempre Verde were compared with three high-yielding high oleic
cultivars, widely grown in S3o Paulo: ‘IAC 503’, ‘IAC OL 3’ and ‘IAC OL 5'. Late leaf spot was evaluated at 120 DAS as
described above, but with and without foliar disease control. On treated plots, chlorotalonil (Bravonil 720) at the dosage
of 2.0 L ha of the commercial product and pyraclostrobin and epoxiconazole (Opera) at the dosage of 0.6 L ha of the
commercial product were applied 45 DAS and then, every 15 days to a total of six applications. The experiments were
carried out in a split-plot scheme, in randomized block designs, and plots consisted of four 5 m rows, spaced 0.90 m
apart and containing 100 seeds, with four replications. Cultivars were arranged into main plots and the chemical control
of foliar diseases (with or without) into the sub-plots. The software GENES (Cruz 2013) was used to perform the analyses
of variance and Tukey’s tests at 5% probability.
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Under the field conditions tested, ‘IAC Sempre Verde’ was consistently more resistant to LLS than the three local
cultivars tested (Table 4) and had good yield performance under no spray conditions (Table 5). In the presence of
chemical control, the yield of the high oleic cultivars increased significantly, in contrast to ‘IAC Sempre Verde’. However,
it is important to note that ‘IAC Sempre Verde’ was as productive as ‘IAC OL 5’, with fungicide application (Table 5). Its
remarkable resistance to foliar diseases and yielding capacity under high disease pressure motivated us to recommend
using this cultivar in low cost, fungicide-suppressed environments or to be used in “Organic” cropping systems. It has
been registered in Brazil as ‘IAC Sempre Verde’, under the number RNC 41535.

TECHNOLOGICAL TRAITS

‘IAC Sempre Verde’ is of runner growth type (Arachis hypogaea subsp. hypogaea), has a growth cycle of 130-140
days (from planting to harvesting) and two seeded pods. Seeds are small to medium in size (52 g of 100-seed weight),
red testa, moderate reticulation and 47-48% oil content. No objective sensorial evaluation was performed with ‘1AC

Table 3. Grain yield (kg ha?) in trials carried out without chemical control of foliar diseases

Yield (kg ha?)

Genotype Pindorama Adamantina Pindorama Average

2009/10 2010/11 2010/11 kg ha
IAC Sempre Verde 4666.8 3586.0 3263.8 3838.8°
IAC 113 2169.5 2047.5 1347.3 1854.8 b¢
IAC 147 2700.3 2672.3 12445 2205.7°
IAC 503 1755.3 2633.5 1383.5 1924.1 %
IAC Caiapo 2617.0 3225.0 1713.8 2518.6°
Runner IAC 886 1261.0 2036.0 741.5 1346.2 ¢
F(GxL) 8.11
Means 2528.3 2700.0 1615.7 2281.3
Coefficient of variation (%) 22.7 18.0 28.6

Means followed by the same letter in columns are not significantly different by the Tukey test at 5% probability. F (G x L) — F test for interaction genotype (G) versus loca-
tions (L). ns - not significant at 5% by the test F.

Table 4. Values of LLS susceptibility (1-9 score) in ‘IAC Sempre Verde’ and three local cultivars under field natural infestation. Experi-
ments were performed in two environments (Pindorama and Votuporanga) in the 2019/2020 season with and without fungicide
application. Sprayings were done at 45 days after sowing (DAS) and every 15 days (D)

Genotype Pindorama 2019/2020 Votuporanga 2019/2020

No control 45DAS+15D No control 45DAS+15D
IAC Sempre Verde 552 2.8° 41° 2.0°
IAC 503 7.5° 46° 7.2° 4.0°
IACOL3 9.0°¢ 7.4°¢ 8.9¢ 55¢
IACOLS 8.6 5.4° 7.8 3.0%®

Means followed by the same letter in columns are not significantly different by the Tukey test at 5% probability.

Table 5. Average pod yield (kg ha?) from ‘IAC Sempre Verde’ and three local cultivars. Experiments were performed in two environ-
ments (Pindorama and Votuporanga) in the 2019/2020 season with and without fungicide application. Sprayings were done at 45
days after sowing (DAS) and every 15 days (D)

Genotype Pindorama 2019/2020 Votuporanga 2019/2020

No control 45 DAS + 15D No control 45 DAS + 15D
IAC Sempre Verde 3296.4° 4366.0° 5386.4° 5646.7°
IAC 503 1990.5° 4247.6° 3515.7° 5653.5°
IACOL3 1180.0° 3831.4° 3509.5° 6946.4°
IACOLS5 1673.5° 341252 4457.8 2 6248.5 2
Average 2035.1 3964.4 4217.4 6123.8
CV (%) 18.1 16.9 8.8 9.5

Means followed by the same letter in columns are not significantly different by the Tukey test at 5% probability. CV - coefficient of variation (%).
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Sempre Verde’, but in preliminary subjective testing in the candy industry, it was reported that the kernels have flavor
and taste resembling runner peanuts. The cultivation of ‘IAC Sempre Verde’ allows the lowering of inputs and offers
a unique opportunity to growers of “Organic” peanuts. The need for fungicide applications to control foliar diseases
is a severe constraint for growing “Organic” peanuts, and ‘IAC Sempre Verde’ presents the first possibility available to

growers of cultivation without chemical control combined with remarkable yield performance.

Seed production

IAC Sempre Verde was registered in Registro Nacional de Cultivares (Ministry of Agriculture, Brazil) in 2021; IAC is
the creator and maintainer of the cultivar, and produces the genetic (breeder’s) seeds.

ACKNOWLEDGMENTS

The authors would like to acknowledge Dr. Sergio A. Moraes for his help in evaluating disease resistance of the
parental germplasm that gave rise to ‘IAC Sempre Verde'. This work, including the field activities and the genotyping,

was funded by MARS-Wrigley Inc.

REFERENCES

Bertioli DJ, Clevenger J, Godoy I, Stalker HT, Wood S, Santos JF, Ballén-
Taborda C, Abernathy BL, Azevedo V, Campbell J, Chavarro C, Chu
Y, Farmer AD, Fonceka D, Gao D, Grimwood J, Halpin N, Korani W,
Michelotto MD, Ozias-Akins P, Vaughn V, Youngblood C, Moretzsohn
MC, Wright GC, Jackson SA, Cannon SB, Scheffler SB and Leal-
Bertioli SCM (2021) Legacy genetics of Arachis cardenasii in the
peanut crop shows the profound benefits of international seed
exchange. Proceedings of the National Academy of Sciences USA
118: €2104899118.

CONAB - Companhia Nacional de Abastecimento (2022) Amendoim.
Available at <https://www.conab.gov.br/info-agro/safras/graos/
boletim-da-safra-de-graos>. Accessed on 11 April, 2022.

Cruz CD (2013) GENES — A software package for analysis in experimental
statistics and quantitative genetics. Acta Scientiarum. Agronomy
35:271-276.

Godoy IJ, Michelotto MD, Bolonhezi D, Santos JF, Moraes ARA, Martins
ALM, Finoto EL, Freitas RS, Gallo PB and Nakayama FT (2019)
Inovagdes na cultura do amendoim: a pesquisa integrada com o setor
produtivo. O Agrondmico 71: 68-81.

Godoy 1J, Santos JF, Michelotto MD, Moraes ARA, Bolonhezi D, Freitas
RS, Carvalho CRL, Finoto EL and Martins ALM (2017) IACOL 5 -

New high oleic runner peanut cultivar. Crop Breeding and Applied
Biotechnology 17: 289-292.

Gowda MVC, Motagi BN, Naidu GK, Diddimani SB and Sheshagiri R (2002)
GPBD 4: a Spanish bunch groundnut genotype resistant to rust and
late leaf spot. International Arachis Newsletter 22: 29-32.

Moraes AS and Salgado CL (1982) Utilizagdo da técnica de folhas
destacadas de amendoim (Arachis hypogaea L.) para inoculagdes
com Cercospora arachidicola Hori e Cercospora personata (Berk. &
Curt.) Ell. & Ev. Summa Phytopathologica 8: 39-55

Santos JF, Godoy 1), Moraes RAM, Michelotto MD, Bolonhezi D, Cavichioli
JC and Martins ALM (2018) Productivity, adaptability and stability
of high oleic peanut lines in the state of Sdo Paulo. Bragantia 77:
265-272.

Simpson CE, Nelson SC, Starr JL, Woodard KE and Smith OD (1993)
Registration of TxAG-6 and TxAG-7 peanut germplasm lines. Crop
Science 33: 1418.

Stalker HT (2017) Utilizing wild species for peanut improvement. Crop
Science 57: 1102-1120.

Subrahmanyam P, McDonald D, Gibbons RW, Nigam SN and Nevill
DL (1982) Resistance to rust and late leaf spot diseases in some
genotypes of Arachis hypogaea. Peanut Science 9: 6-10.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work is properly cited.

Crop Breeding and Applied Biotechnology - 22(3): e41252232, 2022 5



