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TAHITI ACID LIMES

A RESEARCH PROJECT BY FUNDECITRUS DETERMINES THE PERIOD 
OF SUSCEPTIBILITY OF FRUITS AND THE EFFICIENCY OF THE 

OPTIMIZED USE OF COPPER IN MANAGING THE DISEASE

Control of citrus 
canker in Tahiti 

acid limes

The Tahiti acid lime is at 
the top of the list of natio-
nal exports of fresh citrus 

products and is one of the most 
traded fruits from Brazil to other 
countries. More than half of the 
cultivated area is located in the 
state of São Paulo, where signi-
� cant incidence rates of citrus 
canker may be found. Despite 
the lower susceptibility when 
compared to oranges, the Tahiti 
acid lime is also vulnerable to 
this disease, which causes great 
concern in citrus farming, since 
it directly impacts yield levels.
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Since 2017, in several states of 
the country, including São Paulo, 
the risk mitigation system (SMR) 
for citrus canker has regulated 
the control of the disease by cer-
tifying the marketing of asymp-
tomatic fruits in order to prevent 
the spread of the causing agent. 
Some of the main provisions of 
the regulation include control 
measures in the � eld, permission 
to harvest in plots with up to 1% 
of symptomatic fruits, and sor-
ting and decontamination of the 
production in the packing house. 
At the end of the process, the lots 

which are traded must be free of 
fruits with citrus canker.

Therefore, the adoption of 
strict preventive measures is es-
sential to maintain the compe-
titiveness of Brazilian citrus gro-
wers in the trading of the Tahiti 
acid lime. 

Along this line, a survey carried 
out by Fundecitrus in the state of 
São Paulo, in partnership with 
Embrapa, evaluated the period 
of susceptibility of fruits to citrus 
canker and the ef� ciency of the 
optimized use of copper in ma-
naging the disease in the groves.
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with diameters greater than 5 
cm, the likelihood of develo-
ping symptoms was only 1.1%. 

The same pattern was seen 
in relation to the number of le-
sions. Fruits that were infected 
and measured 1 to 1.9 cm and 
2 to 2.9 cm in diameter had, 
on average, 3.4 and 3.5 lesions, 
respectively. In those fruits with 
3 to 3.9 cm and 4 to 4.9 cm of 
diameter, the average number 
of lesions dropped to 2.2 and 
1.3, respectively. Finally, the 
average of symptomatic lesions 
in limes with diameters above 
4.9 cm was 0.3 per fruit – in the 
case of this fruit size, only one 
lesion was observed in one of 
the nearly one hundred fruits 
evaluated.

“The results demonstrate that 
the susceptibility of the Tahiti 
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FRUIT SUSCEPTIBILITY
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lime to citrus canker decrea-
ses proportionally as the fruits 
grow, and, just like oranges, the 
limes become resistant when 
they reach 5 cm in diameter. 
The study also revealed that 
the fruits take about four mon-
ths to reach this size in spring 
and summer, a period in whi-
ch control must be rigorous,” 
notes Fundecitrus researcher, 
Franklin Behlau, coordinator 
of the research work.

MANAGEMENT

Fundecitrus research project 
also showed that the copper 
dose and mixture may be the 
similar to the recommended 
management parameters for 
citrus canker in orange gro-
ves. During two crop seasons, 

Incidence and severity of citrus canker in relation to the diameter of Tahiti acid lime fruits upon the 
spray inoculation with the Xanthomonas citri subsp. citri bacterium

Just like it is suitable for oran-
ges, copper is the most effi cient 
measure for managing citrus can-
ker in Tahiti acid limes.

FRUIT SUSCEPTIBILITY

Field experiments with fruits 
not protected with copper and 
inoculated by spraying with 
the bacterium that causes ci-
trus canker produced lesions in 
90.7% of young fruits, whose 
diameter measured between 1 
and 1.9 cm, and in 70.9% of 
fruits whose diameter was from 
2 to 2.9 cm. 

In limes with intermediate 
diameters, between 3 to 3.9 
cm and 4 to 4.9 cm, the pro-
bability of developing disease 
lesions decreased to 41.9% and 
19.1%, respectively. In fruits 
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applications were carried out 
from September to April every 
21 days with a turbo sprayer, 
using 1 kg of metallic copper/
ha and 70 ml of mixture/m³ of 
canopy per application.

At the end of the fi rst year, the 
plants treated with copper had 
an average incidence of leaves 
infected with citrus canker of 
1.3%, against 24.8% in untrea-
ted plants. At the end of the se-
cond crop season, these num-
bers were 1.1% and 12.2%, 
respectively. “In both seasons, 
the highest incidence of disea-
sed leaves in untreated plants 
was seen in January. Then, the-
re was a progressive reduction 
in the following months until 
very low levels were reached 

during late autumn and win-
ter, demonstrating that copper 
applications during this period 
are not necessary,” he underli-
nes.

Regarding the fruits, 2.2% 
of the treated plants showed 
symptoms, against 19.4% of 
the plants that did not receive 
copper in the fi rst year. In the 
following crop season, these 
numbers dropped to 1.0% and 
18.5%, respectively. These rates 
represent a control effi ciency of 
90%, achieved by the regular 
use of copper.

DIFFERENCES IN ORANGES

Research results indicate that 
citrus canker may be managed 
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successfully and sustainably in 
Tahiti acid limes, provided that 
control measures are properly 
employed. 

Behlau explains that the basic 
difference between citrus canker 
control in Tahiti acid limes and in 
orange trees is related to the pe-
riod of protection achieved with 
the use of copper. In orange trees, 
spraying begins in September or 
October and may continue until 
January, when most of the fruits 
are resistant, or until March, in 
developing groves or where a sig-
nifi cant number of young fruits is 
found. 

The lime control period is dif-
ferent due to the constant presen-
ce of young fruits, measuring up 
to fi ve centimeters, during spring, 

EFFICIENCY OF THE OPTIMIZED USE OF COPPER IN COMMERCIAL GROVES

Average incidence of leaves with 
citrus canker (%)

Without copper With copper

Average incidence of fruits harvested 
with citrus canker (%)

Ano 1 Ano 2

Ano 1 Ano 2

24,8

12,2

1,3 1,1

2,2

18,5

1,0

without copper

with copper

19,4

Citrus canker 

Citrus canker 
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TIME OF COPPER APPLICATION

COPPER DOSE

VOLUME OF COOPER MIXTURE 

EVERY 21 DAYS
40 mg of metallic copper/m³ of canopy per application 
until the recommended amount for adult groves is 
reached

EVERY 14 DAYS 
30 mg of metallic copper/m³ of canopy per application 
until the recommended amount for adult groves is 
reached

PERIOD WITHOUT APPLICATION: Copper applications are not necessary. 
During this period, rainfall is scarce or has little volume, temperatures are mild 

and plants have few susceptible fruits

ATTENTION PERIOD: Copper applications may be avoided
Observe rainfall pattern and grove conditions, 

such as disease level and fruit size

CRITICAL PERIOD: Perform frequent copper 
applications at � xed intervals due to the rainy 
season and the presence of susceptible fruits 

(up to 5 cm). Applications based on rain 
forecasts depend on the operational 

capacity of the property

Using these recommendations may result in copper cost savings of 
about 60%, without affecting the control level

summer, and autumn. In these 
months, as it is also the rain sea-
son, the continuous protection 
of both developing fruits and 
sprouts is indispensable. There-
fore, copper applications must 
be made from October to March. 

In September, when rains are 
sporadic, and in April and May, 
after the rainy season, it is possib-
le to skip some applications and 
reduce the cost of management. 
Hence, sprayings should only be 
done in the event of heavy rain-
fall and the presence of suscepti-
ble fruits. However, random and 
scarce rains are the most preva-
lent scenario in the state of São 
Paulo, therefore, the application 
of copper is very often dismissed 
at this time of the year. See the in-
fographics above and on the side 
for recommendations on the op-
timal use of copper in citrus can-
ker management for Tahiti acid 
limes. 

Jul Nov MarAug Dec AprSep Jan MayOct Feb Jun

ADULT GROVES

YOUNG GROVES

EVERY 21 DAYS
1 kg of metallic copper/ha per application

EVERY 14 DAYS  
0.7 kg of metallic copper/ha per application

40-70 ml of mixture/m³ of canopy in groves 
of any age
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HARMONY

A STUDY SHOWS THAT WHEN GOOD 
PRACTICES ARE FOLLOWED, CITRUS 

GROWING AND BEEKEEPING MAY COEXIST, 
WITH BOTH ACTIVITIES STANDING TO GAIN

T    he coexistence between 
citrus growing and bee-
keeping is not only pos-

sible, but it also represents the 
best way forward: this is the 
conclusion of a study conducted 
by bee specialists from Unesp 
and UFSCar with the support of 
Fundecitrus.  In order to identify 
ways to reconcile these two eco-
nomic activities and protect the 
bees, which are responsible for 
the important pollination pro-
cess for different cultures, the 
project, called “Coexistence”, 
installed apiaries near commer-
cial orange farms and showed 
that when good agricultural and 
beekeeping practices are follo-
wed, both activities may coexist 
and mutual benefits are reaped. 

“It is possible to manage the 
groves and conserve the bees: 
there was no adverse impact 
on the apiaries of the experi-
ment, which demonstrates that 
complying with good practices 
greatly minimizes problems,” 
highlights the co-coordinator 
of the research project, Rober-
ta Nocelli, from the Center for 
Agricultural Sciences at UFSCar 
Araras. 

In the monitored apiaries, the-
re was also an increase of honey 
production in the hives, which 
results from the great availabi-
lity of nectar in citrus plants, the 
higher amount of stored pollen 
(protein that serves as food for 
the bees), and the maintenance 
of the offspring, indicating no 

change in feeding and reproduc-
tive behavior. 

“There is a double gain poten-
tial for both activities: although 
the direct benefits for citrus far-
ming have not been evaluated, 
other research projects have re-
vealed that pollination by bees 
contributes to several aspects re-
lated to the production of oran-
ge trees,” she points out. 

BUILDING THE AGRICULTURE OF 
THE FUTURE

Osmar Malaspina, researcher 
at the Center for the Study of So-
cial Insects at Unesp Rio Claro, 
who is also the coordinator of 
the project, also emphasizes the 
potential for rolling out the ini-
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Living 
together is 

possible
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tiative into other citrus-produ-
cing areas. 

“The positive results obtained 
reinforce the importance of de-
veloping actions that promote 
the harmonious coexistence bet-
ween citrus farming and pollina-
tors. These are the actions that 
will guide the agriculture of the 
future, more sustainable and 
conservationist,” he says. 

THE BEST CONDITIONS FOR BEES

The study was carried out in 
four farms located in different 
municipalities of São Paulo sta-
te, between 2019 and 2020, with 
Africanized bees. The apiaries 
were installed 30 meters away 
from the borders of the crops, 

GOOD PRACTICES AND LEGISLATION: MAIN POINTS

TO LEARN MORE, 
ACCESS THE 
FUNDECITRUS BEST 
PRACTICES MANUAL

in native forests, savannas, and 
environmental recovery areas. 
All sites had local water availa-
bility, and shaded areas with the 
presence of trees, which acted as 
natural barriers against possible 
drifting of products. 

During the experiment, per-
formed during the blooming 
period, the hives were evaluated 
before and after the applications 
in terms of their honey produc-
tion, and mortality and repro-
duction rates. 

CITRICULTURE AND BEEKEEPING IN HARMONY: EXPERIMENT RESULTS

Coexistence between 
important agricultural 

activities, without 
causing bee mortality 

by the use of 
pesticides

Increased 
honey 

production, 
as citrus is a 
great source 

of nectar

Increased amounts of 
pollen and maintenance 
of the broods, with no 
changes in the bees 
feeding and breeding 

behavior

Wins for both 
activities and 
potential to

replicate 
the model 

Beekeepers 
should maintain 
a communication 
channel with 
citrus growers, 
informing them 
about the quantity 
and location of 
hives

Growers should 
advise beekeepers 
about spraying 
activities with enough 
anticipation in 
order to enable bee 
con� nement or the 
transfer of beehives 
to residue-free areas

Do not apply in plots 
that are in the bloom 
phase

Upon performing 
aerial spraying, 
respect the 
minimum required 
distances from risk 
areas.
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BENEFITS OF RESEARCH PROJECTS 

RESEARCH PROJECTS DEVELOPED IN THE LAST DECADE HAVE HELPED TO 
REDUCE THE USE OF COOPER BY HALF DURING APPLICATIONS TO CONTROL BOTH 
DISEASES

C opper spraying is one of the 
key measures used to con-
trol citrus canker and black 

spot, diseases that simultaneously 
affect the groves of the São Pau-
lo citrus farming areas and which 
may cause significant economic 
losses. 

Since 2012, Fundecitrus has 
been investing in several research 
projects to optimize the use of co-
pper in citrus farming. The studies 
were able to identify the critical 
control period and the optimal 
frequency and synchronization of 
applications. The results supported 
the dose reduction of products as 
well as the decrease in mixture vo-
lume used to manage citrus canker 
and black spot, with no reduction 
perceived in the effectiveness level 
of the treatments. 

These studies already demons-
trated considerable savings in 
the use of resources through the 

Savings with 
copper used in the 
management of
citrus canker and 
black spot is 
estimated at R$ 235 
million per year

adoption of a more sustainable 
management of these two specific 
diseases, however, the impacts on 
the citrus growing area had not yet 
been measured. This was done by 
researchers from Fundecitrus in 
partnership with the Center for 
Advanced Studies in Applied Eco-
nomics (Cepea/Esalq-USP), with a 
breakthrough approach, aimed at 
quantifying the potential for cost 
reduction by optimizing the use 
of copper, based on the recent fin-
dings.

In addition to addressing the 
protection period and the number 
of applications, the study conside-
red the different scenarios and took 
into account the cultivated area 
and the distribution of different 
age strata in the groves, according 
to the Fundecitrus Crop Estimate 
Survey (PES), in order to estimate 
the average copper dose used per 
hectare and across the citrus belt.

SIGNIFICANT SAVINGS 

The results revealed that the use 
of optimized joint management 
for citrus canker and black spot 
may reduce the amount of copper 
required per hectare by 56%: on 
average, a drop from 18 to 8 kg 
per year. 

For the sake of comparison, the 
amount spent on copper in tradi-
tional management in one hecta-
re is enough to protect more than 
twice the area if the optimized ma-
nagement is implemented. 

“Without implementing the re-
search results, the average cost in-
curred by producers with copper 
applications, considering the last 
five crop seasons, could reach R$ 
920 per hectare per year, based on 
traditional management. By using 
the optimized, more sustainable 
management, this cost drops to R$ 
400, resulting in average savings of 
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RESEARCH RESULTS FOR OPTIMIZING 
THE USE OF COPPER IN THE JOINT 

MANAGEMENT OF CITRUS CANKER AND 
BLACK SPOT  

R$ 520,” explains Fundecitrus re-
searcher, Franklin Behlau.

With the adjustments spurred 
by the studies, the use of metallic 
copper per crop season in the en-
tire citrus belt should not exceed 
3,600 tons.

“The price of copper has increa-
sed dramatically in recent years. 
This scenario could be even more 
challenging for producers if the re-
search project had not enabled a 
more sustainable use of this input. 
Although the cost of copper in op-
timized management increased to 
R$ 664 per hectare, according to 
the last crop season assessment, 
the savings increased at the same 
rate, amounting to R$ 864," em-
phasizes researcher and post-doc-
toral fellow from Fundecitrus, Ra-
faele Moreira. 

In ten years, Fundecitrus and 
funding agencies, such as FAPESP 
and CNPq, invested approxima-
tely R$ 3.2 million in research 
projects addressing the optimized 
use of copper to manage these two 
diseases, which is equivalent to R$ 
0.70 per hectare per year. “This in-

Reduction of up to 
56% in the amount of 

copper used per hectare

The amount spent on copper 
in traditional management 
is enough to protect more 

than twice the area 
by utilizing the optimized 

management

Savings of 
R$ 235 million* 
per crop season

Since 2017, every 
Brazilian real 
invested in research 
has yielded potential 
copper savings of at least
R$ 380In 10 years, R$ 3.2 

million ewere invested in 
research, which amounts to

R$ 0,70/ha/year
in this period

Investments 
in research 
account for just 
1.4% of the total 
savings earned 
in a single crop 
season through 
the adoption of the 
optimized use of 
copper

The amount invested in 10 
years of research  is 

equivalent to the copper cost in 
a crop season of a single farm of

4,500 ha, or just 1% of the 
citrus farming fi elds

*This is equivalent to approximately US$ 49.4 million (based on the May/2022 
exchange rate of R$ 4.75 to US$ 1.00)
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vestment in research is relatively low 
compared to its benefi ts, as it accou-
nts for just 1.4% of the savings whi-
ch may be earned in a single crop 
season by implementing the new 
guidelines,” highlights Fundecitrus 
researcher, Geraldo Silva Jr.

CITRUS GROWING AREA

Since 2017, the adjustments made 
in the use of copper have generated 
an average savings potential of R$ 

235 million per crop season across 
the citrus belt. With optimized ma-
nagement, the sector average spen-
ding on copper in recent years was 
estimated at R$ 185 million/crop 
(US$ 42 million), but it could have 
been twice as much if research in this 
fi eld had not been developed. 

It is worth mentioning that the 
study estimated the copper use re-
duction in the citrus belt based on 
the migration of all producers from 
the traditional, high-cost manage-

TRADITIONAL AND OPTIMIZED COPPER SPRAYING PROGRAMS FOR THE JOINT 
MANAGEMENT OF CITRUS CANKER AND BLACK SPOT

ment to the optimized copper use 
program. “The actual savings will 
depend on the engagement of citrus 
growers in using this more sustaina-
ble control method over the years,” 
clarifi es Behlau. 

RELEVANCE OF THE RESEARCH

This study also demonstrates the 
importance of investments in re-
search projects, since the cost-bene-
fi t ratio is highly advantageous. As 

VARIABLE TRADITIONAL MANAGEMENT OPTIMIZED MANAGEMENT

Spraying period

Spraying interval 
(days)

Copper dose 
(kg of metallic copper/ha/application)

Total amount of copper*
(kg of metallic copper/ha/crop)

August to May

30

0,7 a 2,3

18

September to March

21

0,5 a 1

8

ECONOMIC IMPACT OF OPTIMIZING THE USE OF COPPER PER HECTARE

Nominal values, without deducting inflation

Average 2017-2021 
(per hectare)

2017 2018 2019 2020 2021

R$ US$

311 349
420

664

343

275

920 210

400 90

700
787

956

618
389

120520

-56%
438

536

864

Cost of copper in traditional management (R$/ha)

Cost of copper in optimized management (R$/ha)

Reduction (R$/ha)

* Weighted average dose as a function of the grove age and distribution of the diff erent age strata of all citrus cultures which make up the 
citrus belt according to PES data

1.528

BENEFITS OF RESEARCH PROJECTS 
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of 2017 - when the adoption of the 
joint management for citrus canker 
and black spot became offi cial - to 
this day, every Brazilian real inves-
ted in research to optimize the use 
of copper has resulted in potential 
savings of around R$ 380. The re-
turn on investment in research is ex-
pected to continue to increase with 
the accumulated economic benefi ts 
yielded by future crops.

“The investment made in re-
search is equivalent to the cost of 

copper to control both diseases in 
an area covering just 1% of the ci-
trus farming groves in a single crop 
season. This percentage represents a 
farm with approximately 4,500 hec-
tares, but we should bear in mind 
that the belt covers an area of arou-
nd 450,000 hectares cultivated with 
oranges, lemons, limes, tangerines, 
and other citrus groves, which also 
benefi t from the results achieved,” 
says Silva Jr. 

According to the Cepea resear-

cher, Andréia Adami, the economic-
-fi nancial analysis is a fundamental 
tool to demonstrate to agricultural 
sectors the importance of investing 
in research oriented to the develop-
ment and sustainability of produc-
tion chains. “By conducting this stu-
dy, we realized that the repercussion 
of the work developed by Fundeci-
trus and partner institutions had a 
profound impact on the reduction 
of copper use and its costs in citrus 
farming,” she evaluates.

PRICE OF METALLIC COPPER (R$/KG)

Based on a 50% metallic copper formulation. Nominal values, without deducting inflation

2017 2018 2019 2020 2021

R$ 34
R$ 39

R$ 43
R$ 53

R$ 84

+ 15% + 10%
+ 23% + 58%

Average of 
3,600 tons of 

metallic copper 
in the citrus belt 
per crop season

ECONOMIC IMPACT OF OPTIMIZING COPPER USE 
IN THE SÃO PAULO CITRUS BELT

Nominal values, without deducting inflation

Average 2017-2021 
(million)

2017 2018 2019 2020 2021

R$ US$

145 160
193

299202
246

391

154

124

420 96

185 42

326
362

439

278
181

54235

Cost of copper in traditional management (million R$)

Cost of copper in optimized management (million R$)

Reduction (million R$)

-56%

690


