AU

UNIVERSIDADE FEDERAL DE LAVRAS
JULIANA MARIA ESPi NDOLA LIMA

ETHYLENE REGULATION OF Coffea arabicaFLOWERING INDUCED BY 1 -
METHYLCYCLOPROPENE

LAVRAS -MG
2021



JULIANA MARIA ESPINDOLA LIMA

ETHYLENE REGULATION OF Coffea arabicaFLOWERING INDUCED BY 1 -
METHYLCYCLO PROPENE

Trabalho de Conclusédo de Curso apresentado a
Universidade Federal de Lavras, como parte das
exigéncias do Curso de Agronomia, para a
obtencao do titulo de Bacharel.

Prof. Dr. Antonio Chalfun Junior
Orientador
Dra. lasminy Silva Sanso
Co-orientadora

LAVRAS -MG
2021



JULIANA MARIA ESPINDOLA LIMA

ETHYLENE REGULATION OF Coffea arabicaFLOWERING INDUCED BY 1 -
METHYLCYCLOPROPENE

REGULACAO DE ETILENO EM Coffea arabicaNDUZIDO PELO 1 -
METILCICLOPROPANO

Trabalho de @nclusdo de Curso apresentado a
Universidade Federal de Lavras, como parte das
exigéncias do Curso de Agronomia, para a
obtencéo do titulo de Bacharel.

APROVADA em 17de novembro de 2021.
Dr. Marlon Enrique Lopez Torres

Dr. André Almeida Lima

Dra. lagniny Silva Santos

Prof. Dr.Antonio Chalfun Junior

Prof. Dr. Antonio Chalfun Junior
Orientador

LAVRAS -MG
2021



There is no greater example of dedication than our
family. To my deastfamily, whom | admire so much,
| dedicak the results of the effort made along this
journey.



ACKNOWLEDGMENT

To the teaching institution Universidade Federal de Lavras, essential in my professional
training process, for the dedication, and for everything | learned over thedyeaugthe cours.

To the Agrofresch Company, for the junior researcher scholarship and foojeet funding
that was very useful for the elaboration of this scientific work.

To ProfessoAntonio Chalfun Junior, for being my advisor and for having performed this
excelentrole with dedication and friendship.

To lasminy Silva Santos, for the -sopervision that improved my knowledge about plant
physiology and friendship.

To my friends, who have always been by my side, for their unconditional friendship and for
the suppdrshown throughout thigme that | dedicated myself to this waekd college degree

To my fellow students, with whom | have lived intensely over the last few years, for the
companionship and exchange of experiences that allowed me to grow not arggsasn, but also
as a professional

To everyone who participated, directly or indirectly, in trevelopment of this research
enriching my learning process.

To me, for the strength of overcoming all the obstacleswerieced during this work and
course.



ABSTRACT

Plant flowering is orchestrated by hormones triggering a series of physiological events to induce
anthesis. In coffee plants, it has been shown that ethylene plays an important role during flower
opening among all hormones. Anthesiswsalfter flower budlormancyis broken, which involves

the period of water defit followed by rain, and increase ethylene production.-inethylcycloprone
(1-MCP) is an inhibitor of endogenous ethylene production largebdun fruit storage to enlarge

shelf life. However, in coffee plants;MCP happens to modulate ethylene biosynthesis eymakng
pathways and promofeowering. The objective of this work was to determine the effe®tdP has

in Coffea arabiceplants by analyzing phenological respes, ethylene and ACC production, ACO
activity, and gene expression of the ethylene biosynthetic and signaling pathways. The experiment
was a completely randomized design divided into two factorials of 2 x 2 x 3 and 2 x 2 x 2 (treatments
x application x phnt tissues) with four replicates. The first factorial was designed for ethylene, ACC,
and ACO activity quantification, and the second one for ethylene biosynthetic and signaling pathways
gene expression. The treatments used were water (control)-Bi@PX150 mg a.i.), applications
(before and aftgy and the plant tissues collected were leaf, flower bud, and root two hours later the
spray. Each replicate had two coffee plants presenting mostly gommore) lengttflower buds;

two plants were used for phenotyping, ané ohthem to collect plant tissues. Flower bud, leaf, and
root were used to analyathylene, ACQevels and ACQ and for gene expression (R[PCR) of

the ethylene biosynthetic pathwaygACS3andCaACO3, perceptionCaETR1CaETR2CaETR4
CaEIN4andCaERS), and signalingCaCTR), only flower bud and leaf were analyzed. The results
showed enhance ethylene and\CC productionlevels ACO activity, andevels ofgere expression

of the biosynthesiand signaling pathways aftefMCP applicationn leaf and flower budThe t

MCP is efficient in promoting flowering i€. arabica The water treatment did not promeatethesis

in coffee plantsin conclusion, hte *MCP binding induces more receptors productiGaETR1
CaETR2CaETR4CaERSlandCaEIN4. Ethylene production is ineased byegativefeedbackn

the biosynthesipathway CaACS3and CaACO3. ACC and ACO activity @ increased by the-1

MCP effect, which conforms the indirect correlation betweeMdP receptors binding to induce
ethylene production and flowering.

Keywords: coffee; anthesis; receptorsMCP; water deficitACC.



RESUMO

O florescimento das plantas é orquestrado por horménios que desencadeiam uma série de evento:
fisiologicos para induzir a antese. No cafeeiro, foi demonstrado que o etileno desempgalpalum
importante durante a abertura da flor entre todos os horménios. A antese ocoaegapbsa da
dorméncia das gemdisrais, que envolve o periodo de déficit hidrico seguido de chuva e aumento
da producado de etileno. A-rhetilcicloprgpeno (1-MCP) é um inibidor da producédo de etileno
enddgeno amplamente utilizado no armazenamento de frutas para aumentar a vida util. No entanto,
no cafeeiro, o IMCP modula a biossintese do etileno e as vias de sinalizagdo e promove o0
florescimento. O objetivo desteatralho foi determinar o efeito doMCP em plantas d€offea
arabicapor meio da andlise de respostas fenoldgicas, producao de etileno e ACC, atividade de ACO
e expressdo génica das vids biossntesee de sinalizacdo do etileno. O experimento foi em
delineamento inteiramente casualizado dividido em dois fatoriais de 2 x 2 x 3 e 2 x 2 x 2 (tratamentos
x aplicacdo x tecidos vegetais) com quatro repetices. O primeiro fatorial foi desenhado para a
guantificacdo da atividade do etileno, ACC e ACO, e 0 segpadba expressao génica das vias de
sinalizacao e biossintese do etileno. Os tratamentos utilizados foram agua (conthd@P&30 mg

a.i.), as aplicacoe@ntes e depaise 0s tecidos vegetais coletados foram fofjeana florale raiz

duas horas apd a pulverizacdo. Cada repeticdo tinha duas plantas de café apresentando
principalmentegemasde flores de 3 mm (ou mais) de comprimento; duas plantas foram utilizadas
para fenotipagem e uma delas paoketa de tecidos vegetais. A gefiaaal, folha e raz foram usados

para analisar etileno, ACC e ACO, e para expressao génicgRRR) da viade biosgntesedo

etileno CaACS3e CaACO3, percepcdo GaETR1 CaETR2 CaETR4 CaEIN4 e CaERS), e
sinalizacdo CaCTR), apenas gemada flor e a folha foram arniahdos. Os resultados mostraram
aumentmos riveisda producéo de etileno e ACC, atividade de AG<riveis daexpressao génica

das viasde biosdntesee de sinalizacdo apés aplicacdo edl@P em folhas ggemasflorais. O t

MCP ¢é eficiente na promocéo do florescimento®rarabica. O tratamento com agua ndo promoveu

a anteseo cafeeiroEm concluséo, a ligacdo deMCP induz mais producéo de recepto@aETR1
CaETR2 CaETR4 CaERS1e CaEIN4. A producédo de etileno é aumentada feedbackegativo

na viade biossintes¢ CaACS3e CaACO3J. A atividade de ACC e ACO é aumentada pelo efeito 1
MCP, gue conforma a correlacdo indireta entre a ligacdo dos receptdt@® para induzir a
producao de etileno e o florescimento.

Palavras-chave:café; antese; receptoresMICP; déficit hidrco; ACC.
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1 INTRODUCTION

Coffee as one of the most important crops around the world has flowering as annmporta
challenge to be understood physiologically. Ethylene the key hormone involved in coffee flowering
is the main interest in this work since it is responsible for increasing flower bud kgrisilzinthesis
in coffee.

Nowadays1-MCP has been studied as an aiggive toolthatcould help induaig flowering
in coffee plantsThe chemicalmolecules binds with the ethylene receptors in tegnalingpathway
andindirectly as a negativieedbaclactsin thebiosynthesigpathwayinducingethylene production.

Understanding how-MCP work physiologicallyin coffee plang will help the development
of applicationtechnologiesn favor of concentrating floweringnd managing plant health to improve
coffee bean production, as Mehorten the differences betwegmoductivity ofthebiennialyeas.

The objective of this work was to determine the effebt@P has inCoffea arabicglants by
analyzing phenological responses, ethylene and ACC production, ACO activity, and geneaxpress
of the ethylene biosynthesasd signaling pathways.

2 LITERATURE REVIEW

2.1  Coffee economic aspects

Coffee species originates from Ethiopia, Africa, and when brought to Brazil by Francisco de
Mello Palheta in 1727 the cultivation spread fast because of the optimum climatic conditioas in t
country. Coffee production started in Maranh&o and later in Bahia, Rio de Janeiro, Sdo Paulo, Parana
and Minas Gerais. The great acceptance of coffee in Brazil made it one of the economic base products
up to nowadays (OLIVEIRA et al., 2012).

Since ths discovery of coffee in Ethiopia, consumption has changed over the years as
Afiwaveso. The first wave started after the Fir
the high production. The second wave came between the 60s and 90s, which kesk byahe
espresso coffee machines together with a concept of more quality and sophistication, followed by the
act of consumption outside in cafeterias. The third wave, bring us to current days where the act of
tasting superior quality of special coffeand the differentiated service provided by coffee shops with
blend coffee is highly demanded by the consumers (RICARDI, 2016; LAGES, 2017; SAMPAIO,
2019).
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The most consumed coffee species around the world are Ar@loiffad arabicaand Conilon
(Coffeacanephora. The differences between the two are about the more aromatic, slightly sweetened
with flavor notes of chocolate and more acidity of Arabica, compared to the stronger, harsber, mo
bitter taste of Conilon, thas more soluble and widely usednmanufacturing instant drinks (BUNN
et al., 2015; RODRIGUES; DIAS et al., 2015; DURAN et al., 2017).

C. arabicaandC. canephoran Brazil represent an area of 2.16 million hectares in 2020, from
this, a total of 277.3 thousand hectares were crop in fmmand 1.88 million hectares in production,
Minas Gerais has the largest planted area in the country. Although Brazil has a large cultivated area,
coffee production is affected by the physiological biennial cycle of the plants, which consists of a
year wih great flowering followed by another year with less intense flowering, such influence reflects
on the average productivity resutachyear. As 2020 was a positive biennial year especially for
Coffea arabicahe productivity reached 32.18 bhg! representing an increase of 36% compared to
2019 (23.66 babpal) (CONAB, 2020).

In 2021, the combination of a negative biennial year and adverse weather conditions such as
drought, and frost in many regions increased the perspective for the average redyctoliction
due to lower blossoming, fruit setting, apldntdevelopment. The estimated productivityGiffea
arabicafor 2021 is 21.6 baba?, 33% less tha2020 (CONAB, 2021). Theelling price per bag
reachedJS$ 214.16in September as a reflectiontbe damages caused by the weather conditions in
2021 (CEPEA, 2021). Besides the decrease in production, the exportagi@enfcoffee beans has
enhanced over the pdste years (2017 to 2021) in Brazil ranging from 33,081 to 45,026 million bags
(60 kg),and the estimation for 2022 is 56,3 million bags which maintain Brazil as the biggeat
beanproducer and exporter in the world (USDA, 2021).

2.2  Coffee biennial cycle

Rubkiaceae family has 103 species describethe genusCoffeal., with most species being
diploid and allogamasi(DAVIS et al., 2006)Coffea arabicas an allotetraploid that comes from two
diploid speciesC. canephoraand C. eugenioideg2n=2x=22) (LASHERMES et al., 1999). The
reproduction ofC. arabicais mostly by seHfertilization that represents 90% of the flowers
(FAZUOLI et al, 2000).

C.arabicais a small tree with the potential to reach 9 to 12 meters in height and grow at 1,300
to 2,000 m of altitude above sea level. The maturity of the tree takes three years to be achieved from

seed to fruit production. The fruit is a cherry with a seed inside commonly known as a bean. The
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coffee plant structure has open branches system with a ontiotropic stem and plagiotropic
branches. Each branch will generate a series of buds that can become flowers or orthotropic suckers.
The flowers are white, with a fiviebed corolla, a calyx, five stamens, and a pistil. The ovary consists

of ovules thaafter selifertilization become beans (WINTGENS, 2009).

In Brazil, the climatic conditions divide the coffee cycle into six major phases (Figutg 1):
phase- vegetation and foliar bud formation’®hase- induction and maturation of floral bud'®3
phase blossom, # phase- fruit growth and development"hase- fruit maturation and 6 phase
- rest and senescence of the tertiand quaterary branches (CAMARGO; CAMARGO, 2001).

The first phase consists of the growth and development of nodes with axillary buds that will
form the lateral branches responsible for fruit production in the next year. This phase takes place
during September throiarch of the first phenological year, algphysiologically prepares the plant
for the following year. The second phase is characterized by the induction of axillary vegetative buds
(1% phase) to floral buds, and their development until buttoning, traseptakes place during the
period of short days (April to August) and closes the first phenological year of the coffee plant. At
the end of phase two (JuBugust), the plants enter a period of dormancy (rest). The second
physiological year begins withddsoming (September to December), after rain or irrigation, followed
by fruit growth and development (January to March), and fruit maturation (April and June). In phase
six (July to August) the branches enter a period of rest, senescence, and fall (CAMARGO
CAMARGO, 2001).

These two phenological cycles Coffee are called biennial effegthich creates alternation
between large and small bean production over time. This event is more pronouri€ed in
arabicathanC. canephorathe alternation is a natural giglogical response from coffee plants that
need to vegetate more in one year to recover their energy and produce well in the following year
(RENA; MAESTRI, 1985)In years of lgh praductivity, photosynthesiss directs mostto fruit
formationand filling, and plantenergy reserves will decreasmaking arecovery period necessarin
the next year when the plant spends more energy developing new plagiotropic branches, which
consequently will lower fruit production (MENDONCA et,&011; PEREIRA et al., 2011).

12



Figure 1. Scheme of the two phenological year€ oérabicaplants cultivated in tropical climatic

conditions of Brazil.

15t Phenological year 2 Phenological year
15t Phase 2" Phase 3" Phase 4 Phase 5 Phase | 6 Phase
Vegetation and foliar Induction and Blossom (after | Fruit growth Fruit Plantrest,
buds formation maturation of de increase of and maturation | and tertiary
floral buds buds water development and
potential) and quaternary
fruit expansion branch
senescence
Long days Short days
+«——— 7months ———«——ETP +350 mm—«——————————ETP £ 70 mm
Small
leaves
Sep. |Or.( |Nov |Dec |Jan |Feb | Mar. | Apr. | May. | Jun Jul | Ago Sepl Oct | Nov. |Dec‘ Jan |Feh |Mar Apr| May. |Jun Jul | Ago
Vegetative period Rest j«——————Reproductive period ———| Self-
New vegetative period pruning

SourceCamargo an€Camargo, (2001).

The physiological changes in the coffee bienniality can be influenced by fadews, and
the weather is an important one because it affects the growth and development of the plants
(CAMARGO; CAMARGO, 2001). For instance, drought influences the development and
productivity therefore will affect bienniality, since the plant neeagetto recover from extreme
periods of water deficit (COELHO; SILVA, 2005). The next factor that can affect bienniality is
managemengrowth; the nutritional supply can reduce the impact of the biennial production cycle
(VALADARES et al., 2013).

The coffeeplant's most required nutrient within the first eighteen months in order of need is
nitrogen, potassium, calcium, magnesium, phosphorus, sulfur, iron, manganese, copper, boron, and
zinc. As the crop gets older, the nutritiomafjuirementsvill increase making anadequate fertilizer
supplyimportant, inaccora@nceto the crop growth and productigBANZONOWICZ et al., 2003).

This information shows the high correlation between nutrient management and bienniality, as
in the year of high production the plants aepleted due to high metabolism, and to reduce the
oscillation in fruit production, the nutrient replacement must be done to replenish solil fertility and
make nutrients available for the coffee plants. Thus, wheplénéresumption retabolisn finds a
well-fertilized soil it will make recovery faster than under conditions of low soil fertility availability
(MATIELLO et al., 2002; MATIELLO et al., 2008; MENDONCA et al., 2011).

Another factor related to bienniality is rust severity in coffee plants, higduption demand

higher expenses, which makes plants weaker due to low energy allocation in plant defense
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mechanisms. This condition will increase the severity of the disease causing a fall of the damaged
leaves, harm of flower buds formation, and intensiflt e bi enni al effect for
(ZAMBOLIM, 2016; ZAMBOLIM et al., 2005).

Plant density has been used for greater stability in coffee production, as can reduce biennial
cycles by inducing lower production per plant and lesser stressyitattie. The recovery time needed
will be less in the next season, because the minor production in smaller spacing can condition plant
to reduce the biennial effect due to less depletion per plant (MATIELLO, 2002; PREZOTTI; ROCHA,
2004; PEREIRA et 812011 DAMATTA et al., 2007).

Further studies are trying to use irrigation management to decrease the biennial effect in coffee
plants; the volume of supplied water determines productivity and stability throughout the seasons. In
irrigated crops, the biennialffects appear in the third or fourth year of production, however,
depending on the increased production this effect can be anticipated by taking place in the first years
(MATIELLO et al., 2002).

2.3  Coffee flowering

The plant reproductive stage has floimgras a crucial moment for species survival, and
economically in agricultural crops. The success of fecundation guarantees the yield and quality of the
finished product sold in the market (LIMA et al., 2021).

Flowering is associated with internal plaotimonal regulation and external sensitivity to the
environment, baseon these two factors plants ararefully regulatd when the optimal moment to
flowering is in order to succeed. Photoperiodism and vernalization are the two most important
environmentamechanisms for floral evocation, however, quality of light, temperature, and abiotic
stress can influence as weUSIN et al.,2005.

In coffee plants, photoperiodism is controversial; some authors believe coffee needs short days
with critical photopend of 13 to 14 hours (FRANCO, 1940, PIRINGER; BORTHWICK, 1955).
However, some researchers have been point out that coffee is a neutral day plant, since in coffee
regions throughout theorld; the length of the day does not exceed the critical photopdtrischard
to imagine coffee as a shatay plant in an environment where the photoperiod is practically constant
the whole year (RENA; MAESTRI, 1987, MAJEROWICZ; SONDAHI005).

The asynchronism during flowering is another characteristic of coffee pllamer buds will
develop along the branches during vegetative and reproductive pleasdsg in buds with different
stages of development (OLIVERA et al., 2014; MAJEROWICZ;SONDAHL, 2005). This
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asynchronism associated with environmental factansiead to multiple blooms if low rain showers
happen during the dry season (SILVA et al., 2009; GUERRA et al., 2005). The consequence of the
asynchronism is uneven fruit maturation, where branches will have buds, open flowers, green and
ripe fruits at thesame time (CRISOSTO et al., 1992; SOARES et al., 2005). This uneven flowering
creates difficulties during harvest, disease, and pest control, besides reflects in reducing grain quality
and increasing harvest costs (DAMATTA, 2007).

In addition, the bud flver after complete differentiation (4 to 6 mm) enters dormancy until
environmental conditions are favorable for blooming. In Brazil, the period when coffee flower buds
get dormat is during the dry seasothey will return the competence of flower, aptogress to
anthesis after the rainy season starts (ALVIM, 1960; BARROS et al., 1978; CRISOSTO et al., 1992;
MAGALHAES; ANGELOCCI, 1976; RONCHI; MIRANDA, 2020).

The flower bud development is divided into seven phases to its size (Figure 2). Where, G1
refers to nodes with undifferentiated buds; -G#bdes with swollen buds; G3uds up to 3 mm in
length; G4- buds with 3.1 to 6 mm in length; G%.1 to 10 mm bud length (light green coloration);

G6 - buds larger than 10 mm and white color; andiFtlowers. The flowers open early in the
morning, which wiits on the second day and falls on the third (MORAIS et al., 2008).

Figure 2. Coffee flower bud development stages- Gddifferentiated buds, G2swollen buds, G3
- <3 mm buds, G43.1 to 6 mm budg55- 6.1 to 10 mm bud, G6> 10 mm buds and Flower.

FLOWER

Source: author

Water stress participates as an important factosidered mandatory to concentrate flowering

and reduce bud asynchism. After dormancy is broken, the rain or irrigation stimulates growth
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resumption of the flower buds to anthesis within 8 to 12 days (CANNELL, 1985, MES, 1957,
ALVIM, 1960, PIRINGER; BORTHWICK, 1955, ALVIM, 1958, BROWNING, 1975, VAN DER
VEEN, 1968).

Eventhough drought is mandatory for coffee plants, an accentuated and prolonged water
deficit can negatively affect the phenological cycle and productivity of the plants, especially when
associated with high temperatures (ALVIM, 1960; CAMARGO, 2001; DAMATTB0®). Coffee
plants can have flowering stimulatierhen leaves' water potential aae®und-0.8 MPa, or0.3 to-

0.5 MPa when impose for a longer period, like two weeks (CRISOSTO et al., 1992). Likewise, the
leaf water potential of2.0MPa for 70 days caaiso induce anthesis and uniform flowering of about
80%, which is ideal for fruit harvest (GUERRA et al., 2005).

Environmental conditions such as drought undergo changes in a series of processes at
physiological, biochemical, and molecular levels, suclptagosynthesis, nutrient absorption, and
changes in gene expression (FAROOQ et al., 2009). The hormones play a crucial role in the adaptation
of plants to environmental stresses (PELEG; BLUMWALD, 2011), and it has $fesmn that
abscisic acid and ethgme are the two main hormones that link their responses to stress (ALBACETE
et al., 2014; DOLFERUS, 2014), and flowering.

2.4  Ethylene biosynthesis and signaling path

A plant growth hormone is a substance produced within the plant at low concengagisn |
alsocan beransported to another padf the plant where it promotesresponse; however, similar,
if not identical, compounds can be synthesized by other organisms or by man (OPIK; ROLFE, 2005).
The gaseous plant hormone ethylene is an important regufgitand growth, development,
and responses to abiotic/biotic stresses. Although all plants produce ethylene, the overall ethylene
level is generally low. During various developmental stages and stress evené&)esgrpduction
caninduce plat senesence, fruit ripeningor favors root cutback and infectionssprea; all of which
can affect local or neighboring cells (YANG; HOFFMAN, 1984; KENDE, 1993; WANG et al., 2002).
The identification of methionine (Figure 3), SAM-&8enosylmethionine), and ACC-(1
aminocyclgropanel-carboxylic acid) as pathway precursors/intermediates were major advances in
defining the ethylene biosynthetic pathway in higher plants (LIEBERMAN et al., 1966, ADAMS;
YANG 1977; 1979). Ethylene is synthesized from SAM, an activated form of omatlei and a

common precursor to many biosynthetic pathways. SAM is converted to ACC by the enzyme ACS
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(ACC synthase), and ACC is then oxidized by the enzyme ACO (ACC oxidase) to form ethylene
(YANG; HOFFMAN, 1984, KENDE, 1993).

Two main reactions that aspecific to the ethylene biosynthesis pathway are the conversion
of SAM to ACC and then ACC to ethylene, catalyzed by ACS and ACO, respectively (KENDE,
1993). ACS activity is unstable and presents at lower levels in tissues that do not produce large
amouns of ethylene, although its activity is high under conditions that promote the formation of
ethylene. In contrast, ACO is constitutively present in most vegetative tissues. As a result, ACS is
thought to be primarily compromising and generally-fatating enzyme of ethylene biosynthesis
(YANG; HOFFMAN, 1984, SATO; THEOLOGIS, 1989, ZAREMBINSKI; THEOLOGIS, 1994,
WANG et al., 2002).

Figure 3.Ethylene biognthetic pathway and Yang cycl¢SAM) S-adenosyL-methionine, (SANS)
SAM synthase, (ACCG}Y-aminocyclopropanel-carboxylic acid,(MTA) 5'-methyltHoadenosine,
(ACS) ACC synthase an@dCO) ACCoxidase.
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Source: Vanderstraetemd Straeter{2017)

Hormones act as internal signals within the plant. In the same way as environments) signal
they must be noticed arnitiate a series of responses. The steps between initial perception and final
response are known as signal transductianother set of chemical changes, this time taking place
within the cell, that alter the biochemistry and/or gene expression patterns of that cell. These changes

can then act as signals initiating even more respai@elIK; ROLFE, 2005).
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Plant cells must have receptors on molecules that can detect varying amounts of ethylene. The
effectiveness of ethylene at nanomolar concentrations indicates that some receptors have a high
binding affinity to it (Figure 4). Its encled proteins are divided into subfamily 1 consisting of ETR1
and ERSL1 receptors and subfamily 2 consisting of ETR2, EIN4, and ERS2 receptors. All of them
have a similar unique f&&rminal domain, a histidine kinatike domain, and show histidine kinase
actvity in vitro. ETR1, ETR2, and EIN4 have degenerate histidine kinase domains and show
serine/threonine kinase activity vitro (WEN, 2015, MOUSSATCHE et al., 2004).

Ethylene receptors can be found in all plant tissues, which means any part of the plant
responsive to ethylene, and since ethylene is lipophilic can diffuse in an aqueous and lipid
environment, the endomembrane location does not prevent perception. Although, the response and
sensitivity are dependable on the plant development stage aawl pegception capacity of each
species, that will be regulated according to receptors expression (BARRY; GIOVANNONI, 2007,
CIARDI; KLEE, 2001, JONES et al., 2001, LACEY; BINDER, 2014)

Figure 4 Ethylene receptor structure and subfamilies in Arabidopsis.
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Lumen 1 | i | Signal Sequence

l
| 23 I |
ER IC u Cy|| Ethylene Binding
Membrane Domain

GAF domain

Cytosol
Kinase Domain

Receiver Domain

Source: Lacey and Binder (2014)

When ethylends presentthe signaling pathwayorks negatively because each receptoais
negative regulator in the presence of ethylene. However, when etlig/laysent thaeceptorswill
remain active and interact \witthe Nterminal region of the protein kinase Constitutive Triple
Response 1 (CTR1)Figure 5) CTR1 works as anegativeregulatorin the signaling pathway
phosphorylating the @rminal domain of the Ethylene Insensitive protein 2 (Bli#vnstream of
thereceptors. Thughe via 26S proteosonwdll degradethe transcription factor Ethylene Insensitive
3 (EIN3) or EIN3like 1 (EIL1) inside of the nucleus. The proteiRdox will bind with EIN3 1/2
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(EBF1/2), repressinthe ethyleneesporsesn the tissueHUANG etal., 2003KIEBER et al., 1993,
AN et al, 2010POTUSCHA et al., 2003, JU et al., 201%/EN et al., 2012ALONSO et al. 1999,
HUA; MEYEROWITZ, 1998; KIEBER et al., 1993; TIEMAN et al., 1999

Figure 5.Model of the core ethylengignaling pathwayTop: in the absence of the ethylene signal,
the ethylene receptofsepresented by the isoform ETR1) activate the CTR1 protein kinase, which
represses EIN2 function. In the nucleus, the master transcription f&tMB84EIL1 are degraded.
Bottom: when ethylene is detected, the ethylene receptors no longer activate €LRihg in the
proteolytic release ofhe EIN2 GEND, which inhibits protein translation of theb®x proteins
EBF1/2. EIN3/EIL1 are consequently stabilized and regulate an extemsnseriptional cascade
involving the ERF1 transcription factor. Othdements that regulatine pathway can be found in
MERCHANTE et al(2013.
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According to Opik and Rolfe (2005) plant cells will respond in different ways (or not) to a
given hormone, which raises tthatis, whetha a@gventypd 0 c
of cell will regpond to a given concentratiofia plant hormoner not. Thisprocessave the potential
to be regulated by the environment, it can be seen that plant growth hormones act as a means of
integrating environmental signals and distributing them aroundiné p
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2.5  1-methylcyclopropene

1-MCP (1-methylcycloprgene) is a cyclic olefin, which binds to ethylene receptors and
prevents ethylene from inducing a conformatioctzingein the plant The compound is netoxic,
odorless, stable at roo@mperature, and has been usegrotect cut flowers, potted plants andesth
vegetables against senescence ethylene eS&LER; SEREK1997; 2003).

The EMCP is the first nontoxic patented product that inhibits the action of ethylene, which
was developed for commercial use by tmmerican companies FloraLife Inc. and AgroFresh Inc.
(Rohmand Haas) under the names EthylBloc® and SmalntFreg , respectivel y.
especially developed foornamerdl crops, while Sma#f r e s hfor é&dible product. Both
compounds were produces powderswherel-MCP wasc o mp | e x eayclodekxtrin hwhen
mixed with water or buffer solutiont, releases the gas (SEREBISLER 2005).

The efficiency of IMCP comes from the 10 times greater affinity to the ethylene receptors
than the ethylene itdelOnly lower concentrations of theMCP is needed for a fasten diffusion in
plant tissues, alsahe time where it stays bonded to the recepsogseater than the ethylgrebout
7 to 12 @dys (BLANKENSHIP; DOLE, 2003; KEBENEI et al., 2003)

The effectof 1-MCP treatment idimited in duration due to a breakdown of the receptor
protein and the synthesis by the cell of new receptamiecules, which isnducedby the absence of
the ethylene in the signaling pathwggiSLER et al., 1996)According toLima et al. (2021)and
Santos (2016)chemical treatment with-MCP mightovercome the need foemydration of water
restrictedC. arabicaplantsto promoteflowering, justified by the loss of regulation byegetive
feedbackin biosynthesigpathwayand perceptionThis information suggests that-MCP could be

working as a stress factor blocking the receptors and indirectly inducing ethylene production.
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1 INTRODUCTION

Coffee is the worl doés most witlaBrarzibals thebiggegtr i c u
producer and exporter. The advantage frapical hi gh
climate, which provides the optimum condition for coffee plants to grow in substantial rainfall, and
temperature (TOPIK, 2019, VOIL®t. al., 2019). The estimation @bffea arabicgroduction for
2022 is 56,3 million bags, which will maintain Brazil as the biggest producer and exporter in the
world (USDA, 2021).

The importance of coffee around the world has increased the reseabolests phenology
and physiology characteristics. Today there are 130 species of Coffee cataloged, however, only two
species are economically producéd arabicaandC. canephorgRobusta) (DAVIS;
RAKOTONASOLO, 2021, DAVIS et al., 2019%. arabicahas asuperior taste characterized as
aromatic, slightly sweetened with flavor notes of chocolate, this superiority makes it more cultivated
thanC. canephordBUNN et al., 2015).

Coffee is classified as a perennial crop with bienniality growth that affectagtron because
of high and low years of productivity, related to a natural physiological response from the need to
vegetate more in one year tecover energy and produdetter in the following year (RENA;
MAESTRI, 1985, CARVALHO et al., 2020).

Floweringin coffee plants as directly related to the bienniality has been the subject of studies
because of its asynchronism in flower lelelopmentwhat consequentlyowersbean production
and quality. The flowering event can happen multiple times where tis not a marked period of
drought, which is mandatory to concentrate coffee bloom (DA MATTA et al., 2007).

The period of water deficit necessary for a coffee plant to flower has been related to ethylene
production.Changes in ethylene sensitivityasbeencontribuing for coffee flower buds acquiring
the competence to flower in response to drought and rehydration (LIMA et al,,lZDRPEZ et al.,

2021). In citrus, dought seems to stimulate the accumulation of ACC (the precursor of ethylene) in
the rods, while rehydration stimulates the transportation of ACC tostieot causing ethylene
production (G'OMEZCADENAS et al., 1996yvhich is a similar mechanism that happens in coffee
plants.

1-MCP (1-methylcycloprgpene) a cyclic olefin has been used ie tmarket to avoid flower
abscission in roses and lilies (WEI et al., 2020RDEIRO et al., 2020) by binding withe receptors
of the ethylenesignaling pathway (SISLER; SEREK997,2003). However, in coffee plantsMCP

30



seems to have the inverse effant induces flowering as observed by Lima et al. (202&puld be
hypothesized that whenNMICP binds with the receptors makes it unavailable for ethylene binding,
coffee plants would sense the lack of ethylene binding in the signaling pathway, aadtiyndiy
feedback stimulating more biosynthesis of ethylene, which would enhance flower bud sensitivity and
promote flowering. Identifying which receptoraMCP binds and associate with ethylene and ACC
production, and ACO activity could help to understamow this process works afterMCP
application in the coffee plants.

Economically inducing flowering in coffee plants with-MICP could be an alternative for
irrigated systems, since water restrictmould be better manageAlso, could help reduce diagses
incidence by promoting flowering before the rainy season arrives. The coffee flower when opened
during the rainy season provides a microclimate around the branches elevating humiditgpwiich
favordiseases inciden¢ggAMBOLIN, 2016). Using EMCPto help with the uniformity of flowering
could be promising to coffee crops especially during negative years of production.

The improvement that-MCP could have in coffee flowering makes necessary a deep
understanding of how ethylene production is inficed phenologically and physiologically by this
chemical compound. The objective of this work was to determine the effdCPLhas inCoffea
arabicaplants by analyzing phenological responses, ethylene and ACC production, ACO activity,

and gene express of the ethylene biosynthesasid signaling pathways.

2 MATERIAL AND METHODS

2.1 Field experiment

The experiment was carried out in a coffee plantation (1 hectare) located at the Federal
University of Lavras, Lavras, Minas Gerais, Brazilin 2021. Thé ¢ i var wused was AN
characterized as a hybridization of #fACadt6uda 2z A
low height, resistance to rudtdémileia vastatri¥, intermediate maturation, yellow fruit, and high
drink quality. The plantbad an average of 1.2 m in height. The soil texture in the area was 71.4%
clay, 6.5% silt, and 22.1% sand, and fertility is described in Table 1.
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Table 1. Analyses of the soil fertility in a coffee plantation at the Federal University of Lavral, Braz
2021.

Soil depth pH Al Ca Mg K P O.M. @
(cm) (water) cmloc/dn? mg/dn? %
0-20 51 0.2 3.3 0.5 32.5 8.4 2.5
2040 51 0.7 2.1 0.4 37.6 28.9 2.8

@) ExtractorP-mehlichl ) Loss ofweightper combustion method. O.Morganic matter

Thetemperature, relative humidity, and precipitation data were collected from the university
weather station (January to October 2021) to track the period of the dry and rainy Jerasiawen
leaf water potential was measured by the end of the dry season withn8elrblpe pressure chamber
equipment to analyze the level of plant stress, the measures (MPa) were taken between 4:00 to 5:00
am before sunrise, two le@s of each treatment were used, collected from the myteof the

coffee planiFigure 1).

Figure 1. Means of temperature ( ), maxi mum &
(%), precipitation (mm) anBredawnLeafwater potential (MPa) of a Coffee plantation at the Federal
University of Lavra, Brazil, 2021.
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The experiment was a randomized dasfactorial of 2 x 2 x 3 with four replicates, the

treatments were the application eMICP and Water (control), two periods of plant tissue collection

(before and two hours after spraying, August 2021), and tissue collection (leaf, flower bud, and root).

The analyses were Ethylene, ACC, and ACO activity quantifications. In gene expression, the factorial

was changed to 2 x 2 x 2 with four replicates where the tissue collection was from leaf and flower
bud.
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The :MCP named HarvistaiM from AgroFresh Inc. hh17.15 g.[* of the active ingredient.
A dilution of 50 mg a. i. ! was prepared according to Lima et al. (2021) and 200 mL}biaas
sprayed for 20 asing abacksprayer pumpin each planat 800 am

2.2Phenotypiccharacterization

Two coffee plants with a predominance of 3 mm (or bigtiewer buds per replicate of each
treatment wereandomlychosenn the area. Four branches were identified around the middle third
part of the plant (two on eaclpposite side) for a phenotipoount of the flower buds' development
before and after ggtication for 12 days. After the first rainfglbn Septembér the control treatment
was counted again for 12 days to track the development of the flower buds under the influence of the
rain. Each branch had three nodes identified for counting. Classification by sizele@ed to count
the flower buds used by Moraes et al. (2008), where<B33nm flower bud, G43.1 to 6 mm flower
bud, G5 6.1 to 10 mm flower bud, G6> 10 mm flower bud and flower (anthesi§he results were

presented as theverage of the numbef flower buds and flowers per node in easfaluationday.

2.3Physiological and Biochemical analyses

2.3.1 Ethylene quantification

Ethylene quantification was made by collecting flower buds, leaves, and roots and storing
them inside of 10 mL glass vial, @areplicate was composed of two sub replicates of each tissue.
Each tube was stored with ~10 flower buds, one(lealdle part of the plajtand ~10 cm root (from
10 to 20 cm soil depth) and sealed with the vial cap for 24 hours:980 Portable Ethylene analyzer
(Felix Instrurmment, USA) was used to quantify ethylene, a syringe (10 mL) was used to remove the
headspace gas inside of the vials, a total of 6 mL of gas was removed (3 mL from each sub replicate)
and injected into the equipment operating under the GC (gas chromaiggrapliation mode. After
guantification, the glass viat®ntaining the tissuesere weighted to express ethylene evolution rate
as ppm.gl.FW. h! (fresh weight per hour) (LIMA et al., 2021).

2.3.2 ACC (1-aminocyclopropanel-carboxylic acid) quantification

ACC quantificationrwas performed according to the Bulens et al. (2011) method with a few
modifications. Flower buds, leaves, and roots from each treatment were collected in {inrafieldt

in nitroger), grinded in nitrogen with 50 mg of polyvinylpolypyrrolidone using mortar and pestle, and
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stored at-8 6 deep freezer. To extraction, 200 mg o
mL microtube and 1 mL of sulfosalicylic acid 5% (p/v) was added and homogenized in a vortex and
kept at 4 for 30 min. with ge betévgrySmnyTde rsiagrotubes wecef t
centrifuged at 15,200 g for 10 min, and 300 pL of the supernatant was transferred to a 10 mL glass
vial along with 100 pL of 10 mM Hg&lnd sealed with the vial cap. To start the reaction, 300 pL of
cold NaOH 6M and NACI 1.2M solution (proportion of 2:1) was added in sequence with a gyring
homogenized in a vortex fos5nd incubated for 4 min in ice. Aftemdin., the vial was vortex for

5s and 6 mL headspace was withdrawn with a syringe and injected irRO0@ Fotable Ethylene
Analyzer equipment operating under GC emulation mode. The ethylene ppm values were transformed

to nmol using the gases equation, and the ACC content was expressed a$ Divo{dry weight).

2.3.3 ACO (ACC oxidase) enzymatic activity quanification

ACO quantification was performed according to the Bulens et al. (2011) method with a few
modifications. Flower buds, leaves, and roots from each treatment were collected in the field, grinded
in nitrogen with 50 mg of polyvinylpolypyrrolidone ugj mortar and pestle, and storeeBt deep
freezer. To extraction, 250 mg each the grinded treatmasitransferred to a 2 mL microtube, and
1mL of extraction buffer (MPOS 400 mM pH 7.2, Ascorbic acid 30 mM, and Glycerol 10% (v/v))
was added, homoged in a vortex, and centrifuged at 22,000 g. for 30 min. The supernatant (800
pL) was collected and stored &6 deep f rgassrid (10 mL) 36 m& of a reaction
buffer was added containing: 2.8 mL of MOPS buffer (MOPS 64.3 mM pH 7.2, GlyceroP42.86
(v/v), sodium bicarbonate 25.8 mM and iron sulfate 26 uM), 0.4 mL of ascorbic acid 45 mM, 0.1 mL
of ACC 36 mM and 0.3 mL fadithiothreitol 12 mM. Forthe quantification 0.4 mL of the stored
extract was added into the vial and a gentle homogenization for 5s befdrsatinguthe vial for 20
minat30 . Anot her homogenization for 5s was made
with a syringe and injected in thed©0 Portable Ethylene Analyzer equipment operating under GC
emulation mode. The ethylene ppm data was transformed to nmol by theegaséisn and the
protein content from the remaining extraction was determined by the Bradford method (BRADFORD,
1976) in duplicates, bovine serum albumin was used as standard. One unit of ACO activity was
defined as one nmol of ACC converted to 1nmol bf/letne permin.at30 ( DONG et al . ,

The results were expressed in Uhag protein.
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2.4Molecular analysis

2.4.11In silico analysis

The genes receptors of the ethylene signaling pathway identifiédffaa arabicaound in
the literature and used wef@aETR1 (Ethylene receptor 1)CaETR4 (Ethylene receptor), and
CaEIN4(Ethylene insensitive 4). However, to cover all receptors that could be binding-Mi@Pla
search for the missing genes of the subfamilies 1 and 2 of the ethylene signaling pathway was done
by doing a gene encoding search Amabidopsis thalianaand retrieved from The Arabidopsis
Information Resource (https://www.arabidopsis.org/index.jsp) database. The genes encoding of
CaETR2 (Ethylene receptor 2)CaERS1(Ethylene response sensor 1), &DaERS2(Ethylene
response sensor 2) were found and the protein sequence of these genes were used as input to perfort
similarity searches with the genome of plant species incluGimifea arabica The geneoprotein
search was made by the Protein Basic Locafjhient Tool (BLASTp), at National Center for
Biotechnology Information (NCBI, http://www.ncbi. nim.nih.gov/). The sequences with significant
similarity (evalue <10°) were selected and the predicted proteins in which the inputted sequence
identity was below 70% were removed. No similarity was found for the gene pGdERS2in
Coffea arabicaand was removed from the in silico analysis.

The CaERSland CaETR2amino acid sequences were aligned by the Clustal W program
(THOMPSON et al., 1994) and the phylogenetic tree wastrused for each one using the
Neighbourjoining method using MEGA software (TAMURA et al., 2013) and bootstrap values from
5,000 randomizatiomeplicates to agss the robustness of the trébe species used to align with
CaERSlandCaETR2and in the phylogenetic trees are identified in figures 2 and 3.
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Figure 2Phylogenetic tree ohe probable Ehylene Response Sens&RIS) gene inCoffea arabica
(Car) and homologous sequences from 17 spekiemas comosy#c), Arabidopsis thaliangAth),
Brassica rapgBra), Cannabis sativgCas),Coffea canephoréCc), Cucumis sativugCus),Glycine
max(Gma ),Hordeum vulgargHvu), Malus domesticgMd), Manihot esculentgMe), Medicago
truncatula (Mtr), Nicotiana tabacum(Nta), Oryza sativa(Osa), Setaria italica (Sit), Solanum
lycopersicunm(Sol), Solanum pennelli{Vv), Vitis vinifera(Vv), Zea maygZma).
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Figure 3.Phylogenetic tree of the probable Ehylene Recept&TRD gene inCoffea arabicgCar)
and homologous sequences of 16 speclesmnas comosugAc), Arabidopsis thaliana(Ath),
Brassica rapgBra), Cannabis sativ§Cas),Coffea canephoréCc), Cucumis sativugCus),Glycine
max(Gma),Malus domesticdMd), Manihot esculentdMe), Medicago truncatulgMtr), Nicotiana
tabacum(Nta), Oryza sativgOsa),Setaria italica(Sit),, Solanum pennelli{vv), Vitis vinifera(Vv),
Zea maygZma).
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To make sure the ethylene signaling pathway was blockedM@R the gene expression of

CaCTR1(Constitutive triple respon3evas analyzed. Also, to track ethylene productiorda&CO3

(1-aminocyclopropand-carboxylate oxidse 3 and CaACS3(1-aminocyclopropané-carboxylate

synthase B genes were analyzed as well. Two reference genes were MBét (Malate
dehydrogenageandRLP39(Ribosomal Protein L39

The primers forward and reverse were performed usingtbidico andliterature sequences

and designed using ORFfinddrttfs://www.ncbi.nlm.nih.gov/orffindey/and IDT (OligoAnalyzer)

(https://www.idtdnacom/pages/tools/oligoanalyjdable 2)

Table 2. Gengrimerssequenceised for amplification of cDNA fragments via RJPCR.Conc.:

Concentration, Vol.: Volume, TM: Temperature of Melting, E: Efficiency.

Conc.

Vol.

™

E

Gene Sequence of primers {38’ References
a primers (3) ) W) () ()
Ethylene receptor1  F:GATGGGTGCTTGTGCAGTTT 1.5 2.25 gg 67 Santos (2020)
(CaETR) R: AGCATTAGAGCTGTCGCACAT
Ethylene receptor 2 F: TTGCCTTCATCGTCCTGTGT 15 2925 2/ 83 This study
(CaETR2 R:ACCAGAGCTGTGAGCGTTTTA 57
Ethylene receptor 4  F: TTGGTCCATTCAGGAACTCG 02 o3 29 79 Lima et al.
(CaETR} R: GCATCCTGTTTTGCTTGTTG 60 (2021)
Ethylene response F: TTGGAGACTCTCTCGCACTTT 15 2.25 56 100 This study
sensor 1CaERS) R:GGAAGAGGGTGCCAAGATTGA 57
Ethylene insensitive 4 F:TATTTGGGACTGGGGTTTGGG 2 3 g; 93  Santos (2020)
(CaEIN4) R: AGCAGCCCCTTTTCAATCCAT
Constitutive triple F:TAAGCCAACCGAAACCTCCTG 2 3 g; 93  Santos (2020)
response@aCTR) R:TGGAAACCCTAAAAGCAGCCAT
1-aminocyclopropane 59
1-carboxylate synthast F: GCTGCTTCTTCTCTTTTTGCCT 2 3 60 93 Santos (2020)
3 (CaACS3 R: CTGCCATCCCAGGAAGTACG
1-aminocyclopropane 56 S4dio et al
1-carboxylate oxidase F: ACGTGGAAGCCAATGTTACC 1 1.5 55 96 (301 4)
3 (CaACO3 R:GAGGGAGAAGAAAACATCCTAGC
Malate dehydrogenas¢ F: CCTGATGTCAACCACGCAACT 2 3 99 g DeCavalhoet
60 . (2013
(MDH) R:GTGGTTATGAACTCTCCATTCAACC al. (2013)
Fernandes
Ribosomal Protein ~ F: GCGAAGAAGCAGAGGCAGAA 2 3 28 100  Brumetal
L39 (RPL39 R: TTGGCATTGTAGCGGATGGT (2017)
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2.4.2 RNA extraction, cDAN synthesis and RTqPCR assay

Leaves and flower buds of each treatment were collected and grinded in nitrogen with 50 mg
of polyvinylpolypyrrolidone for total RNA extraction according to Oliveira et al. (2015) protocol.
RNA samples (7.5 pg) were treated with DNase | from timd DNAfree kit (Ambion) to eliminate
DNA contamination. A 1% agarose gel was prepared to infer RNA integrity, and to analyze the
content and quality of the RNA samples (OD 260/280 and OD 260/230 > 1.8)

SpectroscopyNano Vue GE Healthcare, Munich, Geany) was used. One ug of the total
RNA was reverse transcribed into cDNA, the Highpacity cDNA Reverse Transcription
Kit( Ther mo Fisher Scientific, Waltham, USA) was

Realtime quantitative PCR (R§PCR) wasperformed using 15 ng of cDNA, with Rotor
Gene SYBR® Green PCR Kit (Qiagen), using a Rotor &g thrermocycler (Venlo, Netherlands).
Reactions were carried out i n IdgeenfdQuantiFastAYBR r e a
Green PCRKitQi agen) , 1.5 L of c¢cDNA at 10 nglelL, |
specific primers volume are dedwd in (Table 2) when necessary RNBd¢asefree water was
added to complete the final volume. For each biological replicate of the treatments, a technical
triplicate reaction was to run. Amplification was performed with the following reaction conditions:
enzyme activation with 5 min at 95 UC, then 4
completed by a melting curve analysis to assess the specificity of the reaction by raising the
temperature from 60 to 9 Sure@@ry5 svRdatve fbld diferences c r e
were calculated based on the @PCT met hod (PFA

genes. The results were presented in relative expression.

2.5 Statistical analyses

The phenotypicdata were analyzed bsneans, no statistical analyses were made. The
Ethylene, ACC, and ACO activity quantification results were submitted to analysis of variance by the
F test, and comparison of means by Tukey test at 95% of probability. The SISVAR software was used
as a comptational aid for data analysis (FERREIRA, 2014). Gene expression statistical analyses were
performed by the R software (R Core Team, 2019). The expression rate and the confidence intervals
were calculated according to the method proposed by Steibe(20@9). Graphics were performed

with SigmaPlot v. 14 (Systat Software Inc.).
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3 RESULTS

Phenotypiacharacterization

The results obtained from the flower bud count development after-tW€PL and Water

application had a direct relation to theMCP effect (Figure 4). It took an average of six days for

flower buds to break dormancy and increase size moving from G3 and G4 to anthesis (flower) in 12
days after the spray (A), while the control maintained flower buds dormant in G3 and G4 stages (B).

Figure4. Number of flower buds (G3, G4, G5 and G6) and flowersmpeéeafter 1-MCP and vater
application inC. Arabicaplants located at the Federal University of Lavras, 2021.
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When the first rainfall arrived (Figure 5), the control plants that kept tbeief buds dormant

were counted again to observe how fast rain stimulate flower buds to anthesis compaM@Ro 1

The resultresented showednly two days after rain stimulation was already happening to move

all flower bud to the G4 stage, and siysdater flowers were almost finished blooming. An average

of six days was necessary for the control treatment to blossom under the effect of the rain.
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Figure 5 Number of flower buds (G3, G4, G5 and G6) and flowers per node aft@liréontrol-
water)in C. Arabicaplants located at the Federal University of Lavras, 2021.
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Physiological and Biochemical analyses

Ethylene quantification results (Figure 6) were statistically diffeiretiie tride interaction
between thestudied factorsThe 1- MCP treatment before and after (two hours later) application was
different in leaf and flower bud, not changing in roots. An increase of ethylene porducis
observed after the spraip, leaf increased 4 ppmigW.h'! compared to before applidan, while
flower buds increased around 8 pprhFW.h* compared to before. The water treatment results were
not different in ethylene production, except in flower bud that had a decrease of ethylene production
after application.The difference of ethyle production after application ofMCP compared to
Water in leaf was 5 ppniigFW.ht and flower bud® ppm.gt.FW.h.
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Figure 6.Ethylenequantificationin leaf, flower budand root beforéOM CP andOWatel) and after
(MCP andWatein 1-MCP and vater applicationri C. arabicaplanslocated at the Federal University
of Lavras, 2021.
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*Means followed by distinct lowercase letters differ from different tissues in the ajgjptieationperiod and application
treatmentuppercase lettediffer in the same tissydetweerapplicationperiodin the sameapplicationtreatment and
superscript lettes differ in the same tissusameapplicationperiod and different applicatiotreatmenty Tukey test at
P<0.05 Coefficient of variation: 11.16%.

The quantification of ACC (Figure 7.A) a mugsor of ethylene production as well had results
with triple significant interaction between the treatments. The applicatioAMER increased by
341.69 nmol.g DW in leaf and 107.21 nmolsiddW in flower buds compared to no treatment. The
root had 4%9 nmol.g* DW before the application and none two hours later, which could be an
indication of ACC translocation to the areal part of the plant.

The water application also showed an increase of ACC production-Nk€H, however, in
lower levels. In théeaf, ACC was higher at 180.26 nmot.BW and flower buds 39.12 nmotdWwW
compared to no treatment. The ACC in the root tissue was not detected before and after water
application. The difference betweesfMICP and Water application (after) showed high€C levels
in the EMCP treatment, where the leaf had 250.03 nmidDiV and flower bud 68.15 nmoligpwW

against the Water control.
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Figure 7. ACC(A) and ACO activity (B)quantification in leaf, flower bydand root before and after
(two hours) IMCP and vater application irC. arabica plants located at the Federal University of
Lavras, 2021.
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treatment; uppercase letters differ ie tame tissue, between applicatpmmiod in the same application treatment; and
superscript letters diffen the same tissue, same applicat@riod and different application treatment by Tukey test at
P<0.05 Coefficient of variation19.84% (ACC) and 33.2%. (ACO).

The ACO enzymatic activity (Figure 7.B) had triple interaction between the treatments and
no activity was detected before the application-M@P and water treatment for leaf and flower bud,
however, ACO activity was observed in the root tissue bdfor spray. After-MCP and water were
applied enzymatic activity increased especially in the water treatment plants for all tissues. While no
difference was detected in the leaf afteMCP was applied, a significant increase was verified in
flower bud ad root, which represent six and nine times more activity compared to before application,
respectively. The water treatment plants showed an increase of ACO activity after application in leaf,

flower bud, and root, where there was 10, 9, and 2 times rativé\g respectively.

Molecular analyses

The molecular analyses for the geb@ETR1(Figure 8.A) showed an increase of the gene
expression after the-IMCP application in leaf and flower bud, the increase was higher in leaf with
three times more expr@sn compared to before application. The water treatment was not different in
expression in leaf tissue; however, there was more expression after water spray in flower bud, this
increase was four times more compared to no treatment.

CaETRZFigure 8.B expressiorshowedsimilar differences between the treatments, although
the expression wdsgher in leaf tissue, whefeMCP expression wasix times more expressefter
two hours of the spray. The flower bud did not differ betwee@P applicatios. Waer treatment

only upregulatedCaETRZ2eading tofour times more express comparedo before theapplication
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Figure 8.CaETR1(A), CaETR2(B), CaETR4(C), andCaERS1(D) relative expression in leaf and
flower bud beforeand after (two hours)-MCP and vater application irC. arabica plants located at
the Federal University of Lavras, 2021.

*Means followed by distinct lowercase letters differ fronfetiént tissues in the same applicatmariod and application
treatment; upgrcase letters diffenithe same tissue, between applicapeniod in the same application treatment; and
superscript letters diffein the same tissue, same applicatp@niod and different application treatmeat P<0.001 of
significance.

In CaETR4(Figure 8.C)pnly leaf treated with-MCP showed a difference in gene expression
where after application there was seven times more expression compared to before, which maintain
the tendency observed in thenge described previouslYCaERSIFigure 8.D) was mar expressed
before applicatiorf1-MCP) in the leaf tissue for both treatments and decreasedagipdicationas
well. The expression kept the same in flower bud #MAP (before and aftegnd increased after
water applicationCaEIN4(Figure 9.A) followed the sanmatternof CaETR1CaETR2andCaETR4

with 1-MCP application increasing the gene expression in leaf tissue but not in flower bud. The same
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