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ABSTRACT

Studies on nutritional efficiency of phosphorus in conilon coffee plants are important tools to unravel the high
limitation that natural low levels of this nutrient in soil impose to these species cultivars. Therefore, this study aimed
at evaluating the nutritional efficiency and the response to phosphorus of conilon coffee clones. Plants were managed
during 150 days in pots containing 10 ‘dof soil, in greenhous@ factorial scheme 13 x 2 was used, with three
replications, being the factors: 13 clones constituting the clonal cultivegrid/Incaper 8142” and two levels of
phosphate fertilization (0% and 150% of th@Rusualy recommended), in a completely randomized design (CRD). The
results indicate a differentiated response of dry matter production and of phosphorus content on each level of
phosphate fertilization for the conilon é&é clones and that G8, C\:05 and CW08 clones are nutritionally fdient
and responsive to the phosphate fertilization.
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RESUMO

Eficiéncia e resposta de clones de cafeeiro conilon ao fosforo

Estudos de eficiéncia nutricional de fésforo, em cafeeiro conilon, sdo ferramentas importantes para contornar a
elevada limitac&o que os baixos niveis naturais desse nutriente trazem aos cultivares dessa espécie. Objetivou-se, com
este trabalho, estudar a eficiéncia nutricional e a resposta ao fésforo por clones de cafeeirdsqhalotas foram
conduzidas durante 150 dias em vasos, contendo d@edsolo, em casa de vegetaddiilizou-se o esquema fatorial
13 x 2, com trés repeticdes, sendo os fatores: 13 clones que compdem o cultivar dlnalfi¢aper 8142” e dois
niveis de adubacgéo fosfatada (0 e 150% do recomendad@gdedPa a cultura), em delineamento inteiramente
casualizado. Os resultados indicam resposta diferenciada de producdo de massa de matéria seca e de contetido de
fésforo a cada nivel de adubacéo fosfatada, para os clones de cafeeiro conilon e que 0s-ObNES0%e CV08
apresentam-se nutricionalmente eficientes e responsivos a adubacéo fosfatada.

Palavras-chaveCoffea canephorRierre eA. Froehnernutricdo mineral, parametro alfa.
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INTRODUCTION MATERIALS AND METHODS

The mffee plant crop has expanded to extensive areas The experiment was conducted in greenhouse in the
with natural low fertility (Amaraét al, 2011), mainly related experimental area of the Centro de Ciéngigsarias of
to phosphorus (P). Such agricultural frontier advance hese Universidade Federal do Espirito Santo (CCA-UFES),
evidenced a difficulty in handling, the cultivar fertilization,located af\legre municipality — ES, with a latitude of 20°45’
due to the high limitation in biomass and coffee bea, a longitude of 41°33’ W and altitude of 277,41 m. The
productivity caused by P shortage in Brazilian soil (Novaisoil used was collected at the experimental research area
etal, 2007). Such combination made recurrent the use 6f the CCA-UFES, at 10 to 40cm depth, eliminating the
phosphate fertilizerincreasing production costs andfirst 10 cm of the soil profile to decrease the effect of
knowledge needs to mitigate the situation. organic matter of this superficial layex sample was
Although literature presents relevant information offorwarded to chemical and physical analysia(€ 1),
growth, development and nutrition of the coffee plant crofurther characterized as dystrophic red-yellow clay loam -
(Fonsecat al, 2004; DaMatt@t al, 2007; Ferrdetal, LVAarg (Embrapa, 1997).
2008; Bragancat al,, 2010), little is known aboutthe crop  The entire soil volume was dried in shadow
nutritional eficiency. homogenized using a 2.0 mm mesh sieve and separated in
The concept of nutritional efficiency is applied aimingsamples of 10 dfrvolume by weighting in precision ba-
at characterizing the plants regarding its capacity @dnce and packed in 14 liter sealed plastic pots.
nutrient absorption and usage, an extremely important The experiment was set up using a 13 x 2 factorial
concept to the investigation of genotypes with potentigjistribution with 3 replications, being the factors: 13 clones
to adapt to limited nutritional conditions (Machagi@l  of the clonal cultivar “#6ria Incaper 8142" (C\01, C\*
2004;Tomazet al, 2011). 02, C\A03, C\04, CV-05, CV-06, CV-07, CV-08, GB9, CV*
The main solution given, of a preventive aspect, forp, C\t11, C\t12 e C\¥13) and two levels of phosphate
the increase in productivity and decrease on fertilizegrtilization (0% and 150% of the,®, recommended
usage is the selection of tolerant genotypes adaptedgi@ording to Lanet al, 2007), in a completely randomized

low nutrient availability; another one, the adequacy afesign (CRD), being each experimental unity constituted
nutritional levels to make the crop more nutritionally,y 5 seedling of each genotype per pot.

efficient (Silvaet al, 2010;Amaral et al., 2012). Such

tolerance is assoglated to the efficiency Oh absorptlof%ble 1 Physical and chemical characteristic of the soil used as
and usage of nutrients for biomass production, a fundgjpstrate

mental aspect for the adaptation of the plants to soils

limited in terms of fertility (Lan&t al, 2006; Rotiliet al, Characteristics LvAarg
2010). Coarse sand (g K 395.30
An efficient plant on using phosphorus developing iﬁl'ne Sanfj (gkg* 157.70
. o - - ¥ Silt (g kg')t 43.60
an environment with insufficient availability of the nutrlentClay (g kg)* 403.40
for maX|mum_prodgchwtyproducmg high quantity of dry Soil density (kg dmy? 1.20
matter per unit of time and area (Fox, 1978). pH? 540
According to Fageria (1998), there is a genetic variatigs (mg dmi)* 200
related to phosphorus nutritional efficiency of genotypeg (mg dnr)s 93.0
of the same species. On the above, studies seekingc@(cmoldms)e 1.70
understand phosphorus nutrition of the coffee plant axgg (cmol dnr)® 1.10
essential, aiming at establishing initial criteria allowingAl (cmol_dnr)° 0.00
for the maximization of Rutritional eficiency. H+AIl (cmol_dnT)® 2.10
On studies about mineral nutrition, parameters muSrganic matter (g kg§’ 19.10
be used that not only measure nutritional efficiency b&Im of bases (cmadnt) 3.37
also helps obtaining indices of genotypes response & Potencial (cmetint) 5.45
the nutrient applicatiorAccordingly, it is important to gEC Sliecive (Em(gldmo} 6?'3(7)
apply the alfa @) parameter which is an estimator of aturaqon per ase_s( %) '
Saturation per aluminum (%) 0.00

nutritional efficiency and of the@esponse to the —— _ :
1 Pipette method (slow mixing}; Graduated cylinder methoé;pH

fertilization (FOX’ 1978)' in water (relation 1:2.5)* Extracted by Mehlich 1 and determined
For this reason, the objective of the present work wag colorimetry;5 Extracted by Mehlich 1 and determined by flame
to study the nutritional efficiency and the response tj1otometry;® Extracted with 1 mol L potassium chloride and
. L determined by titration!- Extracted by oxidation, humid route,
phOSphOI’US of conilon coffee clones constituting th\%ith potassium dichromate in sulfuric medium and determined by
clonal cultivar “Vitoria Incaper 8142”. titration (Embrapa, 1997).
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Levels of P used in the study were chosen based famtilization. Difference between phosphate levels was 9.45
recommendations for conilon coffee crop proposed hky/pot, by subtracting B_quantity applied on the soil of
Laniet al.(2007), using zero level as control and the 150%he portion related to the 0% level (0 g/pot) from the one
level aiming at effectively differentiating the response taith the recommended®,level of 150% (9.45 g/pot).

P besides nutritional &€iency. For this, 9.45 g of @/ Thea parameter results of each clone were arranged
pot was applied in the form of salt p.a. ({#0,), diluted in quadrants together with mean SDM values, related to
in distilled water and totally homogenized into the soilhe reference level. Genotypes were then classified
volume of the pot. according to 4 groups: ER — efficient and responsive

After P,0, application, conilon coffee seedlingsclones; ENR — efficient and non-responsive clones; NER
provided by Instituto Capixaba de Pesquisssisténcia - non-efficient and responsive clones; NENR — non-
Técnica e Extensdo Rural — INCAPER, produced at Fazezfficient and non-responsive clones.
da Experimental de Marilandia-ES, were seeded (120 days Data was subjected to analysis of variance Q05),
of development with two pairs of leaves and goodsing SISWR statistic software (Ferreira, 2008) and, when
phytosanitary and nutritional aspects). the sources of variation were significant, Tukey test (p

The amount of potassium provided to all experiment&.05) was used to compare phosphate levels for each
units was 5.20 g O / pot, where, for treatments withoutconilon coffee clone and Scott-Knott test{[®.05) to
fertilization with P (KHPO, p.a.), potassium fertilization compare clones inside each phosphate level.

was done with the addition of KCl p.a., diluted in distilled
water and totally homogenized to the soil volume in thRESULTS AND DISCUSSION

pot during planting. Altogether it can be verified in table 2, comparing each
Nitrogen fertilization with NHCONH, p.a. was cjone for P levels that the greatests SDM, RDM and TDM
conducted according to Lagii al.(2007). Nitrogen diluted productions were obtained in high phosphate level (P2).
in distilled water was applied on the surface in circles, 10 This is due to the fact that the P available in the soil
cm away from the plant crown, with the fertilization (17.3 g, aximizes the photosynthetic performance, inducing a
of nitrogen per pot) divided into five applications: theyreater stomatal opening and a greater biochemical and
first one on the first day and the others periodically at 3Bhotochemical activity in the coffee plant, what will
60, 90 and 120 days after planting. provide greater energy availability as carbohydrates for
At 150 days of cultivation, plants were cut, separatinghe plant. Results that show the relation previously cited
the stem from the branches, leaves and roots. These pgjése found on arabica coffee plant by Siétal.(2010),
were removed from the pots, washed, weighted and drigghich showed that the greater phosphorus availability in
in shadow further separately packed in paper bags anfle soil promoted high dry matter production and was
taken to stove with forced air circulation at a temperatuipked to the greater Capacity of ||ght capture and stomatal
of 65°C until a constant weight was obtained to determingening.
the dry matter Low phosphorus availability in the soil must also be
To determine the shoot dry matter (SDM) and the rogjoted that became evident by the decrease on total dry
dry matter (RDM), the material was weighted on amatter of coffee plant clones, confirming some literature
analytical precision balance, obtaining results on granggta (Critchley1998; Shubhrat al, 2004:Torres Nettaet
per plantAs SDM is the sum of the dry matter weight ofa|., 2005; Silvaet al, 2010), showing that TDM decrease
leaves, stem and branches, total dry matter (TDM) was associated to a lower stomatal conductivity and,
obtained by the sum of the SDM to the RDM. consequentlylow CO, absorption; lower light capture
(resulted from a FSII degradation), resulting on the
decrease on photosynthetic pigment content, and also,
reduced electron transport rate that influences for the

The determination of P content in the root, shod®wer NADPH production.
(stem plus branches) and leaves in experimental units were Similar results with jatropha were reporteddrgaral
done according to methods described by Embrapa (199¢yal. (2012), that found greater vegetative development,
Theéa parametewas calculated as reported by Fox (1978)ry matter accumulation, content and efficiency of
in order to classify clones according to nutritionafbsorption and P translocation in the high level of available
efficiency and response to phosphate fertilization witR in the soil.
the equation: The analysis of the shoot dry matter (SDM) mean
For such calculation, SDM mean values were usedalues of the 13 conilon coffee clones presents the
corresponding to control and 150% phosphat®rmation of 7 different mean groups on low phosphorus

o parameter=(SDM at150%level- SDM at0%leve)
Difference on the applied P levels
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level (P1) and of 5 mean groups, significantly different, owhat will influence growth rate, biomass partition between
high phosphorus level (P2). For RDM mean values, threot and shoot and thedbsorption rate per root unity
formation of 5 different mean groups on low phosphorus Studying P content mean values of conilon coffee
level and 7 different mean groups, on high phosphoresones in each phosphorus level, the formation of 5
level occurred. Regarding TDM, the formation of 8 meadifferent groups of mean values of phosphorus in the
groups was verified for low level and of 6 different meashoot part, root and total was verified, in the lower
groups for the superior level of phosphorus recommendptiosphorus level. In phosphorus higher level, the
for the crop (@ble 2). formation of 6 mean groups occurred, statistically
It can be noted that conilon coffee clones presedifferent, according to phosphorus content in the roots
different responses of dry matter production (RDM, SDMind seven different groups in relation to phosphorus to-
and TDM) in each level of phosphate fertilization. Fagerital content (&ble 3).
(1999) stated that, commonldifferent dry matter It can be noted that G®9, in the lower phosphorus
production is observed under the same soil fertilitievel in the soil (P1), settled on the higher mean group for
condition for cultivars from the same speciescording  all variables of dry matter mass and P content, showing
to Amaralet al. (2011), such diferences are genetically the capacity of this clone to adapt to phosphorus soil
determined and controlled by various characteristicdeficiency i.e., C\V09 clone presented a potential
which are related to nutrient absorption, transport arefficiency on P absorption and translocation.
usage by plants of the same species. On the contraryCV-11 presented lower results
Thereby results of the present study may be justifiedomparing to the others, making it possible to infer that it
by genetic and phenotypic variability in conilon coffegresents low adaptability to soils poor in phosphorus,
clones, respectively described by Ferefial.(2008) and what characterizes a low nutritional efficiency related to P
Fonsecat al.(2004). Studying 40 genetic parameters ofTable 2 and 3).
conilon coffee clones, Ferr&bal.(2008) reported a wide It was verified that conilon coffee clones present
genetic variability between genotypes. Fonsetal. different P content in their dry biomass. This distinction
(2004), studying 8 production cycles, reported that conildmetween genotypes of the same species can be caused by
coffee clones, constituting the clonal cultivaritdfia the root system morphologpy the ratio between root
Incaper 8142, present wide phenotypic variahility and shoot and by the rogtistribution, architecture and
Similarly to dry matter mean values, it can be seen faliameter (Amaradt al, 2011).This difference in P content
all conilon coffee clones in high phosphorus levelin conilon coffee clones’ dry matter may influence the
statistically higher mean values of P content in the shophosphorus nutritional #fiency. Sudying the dfciency
part (CSP), root (CR) and total (CT)af@le 3)According on phosphorus absorption and usage in corn, Machado
to Novais et al. (2007), different phosphorus et al.(2004) found high correlation between P content in
concentration in the soil may affect its content in the planplant and phosphorus absorptiofiaéncy.

Table 2 Mean values of shoot (SDM), root (RDM) and total (TDM) dry matter mass (g/plant) of conifea clunes constituting
“Vitoria Incaper 8142" cultivar in two levels of phosphorus (0 and 150% of the recommended values for the crop, respectively P1
and P2)

SDM RDM TDM
Clones
P1 P2 P1 P2 P1 P2

CVv-01 34.07 bB 63.44 cA 7.37 cB 16.10 gA 41.41 bB 79.65 fA
CV-02 22.94 fB 52.06 eA 7.33 cB 19.40 fA 31.42 eB 71.43 gA
CV-03 28.59 dB 62.30 cA 6.10 dB 29.91 aA 34.71 dB 92.03 cA
CV-04 26,83 eB 63.69 cCA 5.57 dB 16.44 gA 32.39eB 80.13 fA
CV-05 27.73 dB 65.34 bA 9.67 bB 28.66 bA 37.38cB 93.62 bA
CV-06 26.34 eB 69.61 aA 5.73 dB 20.78 eA 32.06 eB 90.59 cA
CV-07 31.35cB 66.72 bA 9.27 bB 30.04 aA 40.74 bB 96.97 aA
CV-08 29.97 cB 65.49 bA 8.30 cB 24.45 dA 38.33¢cB 90.03 cA
CV-09 38.63 aB 60.93 dA 11.4 aB 26.71 cA 50.05 aB 87.50 dA
CV-10 26.33 eB 63.25 cA 5.47 dB 22.33 eA 29.37 fB 85.47 eA
CVv-11 18.93¢gB 62.71 cA 1.73 eB 25.69 cA 20.59 hB 88.12 dA
CV-12 23.65 fB 64.17 cA 2.43 eB 19.48 fA 26.07 gB 83.51 eA
CV-13 2491 eB 60.56 dA 4.40 dB 23.80 dA 29.37 fB 84.46 eA

Means followed by the same letter in each variable, uppercase letters in lines (Tukey) and lowercase letters in columns (Scott-Knott), are
not different (p< 0.05).
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Figure 1 presents the nutritional efficiency andutritionally eficient and responsive to, Bhere the
response of conilon coffee clones, related to the levelsdéssification of the jatropha access as ER was linked to
0 and 150% of the recommende@E, according to the the high dry matter value, as well as a reduced value of
concept proposed by Fox (1978). total Pcontent, maximizing the index oiBage diciency.

CV-04, C\-05 and CV08 clones behaved as  Now, the conilon cdke clones C\W6, C\A10, C\+11
nutritionally efficient and responsive (ER). Clonesaand C\{12 were classified as nonfiefent and responsive
characterized as ER are those producing the most(MER).Although they have responded well to the increase
conditions of low phosphorus content in the soil andn phosphorus level, they did not reach dry matter mass
also, responded to the increase of this element in the spiloduction of the clones classified as ER and ENR in
Similar results were found Bymaralet al.(2012), studying phosphorus low level.
jatropha, where the authors observed that the alfa CV-01, C\V03, C\M07 and CW9 clones are grouped in
parameter was effective to differentiate genotypethe quadrant that classifies clones as nutritionally efficient

Table 3 Mean values of Bontent (mg/planta) of the shoot part (CSP), root (CR) and total (CT) of conifer ctifnes constituting
the “Vitdria Incaper 8142” cultivaiin two levels of phosphorus (0 and 150% of the recommended values for the crop, respectively
P1 and P2)

CsP CR CT
Clones
P1 P2 P1 P2 P1 P2

CVv-01 35.54 bB 102.43 eA 6.45 cA 20.93 hA 42.00 bB 123.37 fA
CV-02 32.46 bB 89.80 fA 8.16 bA 29.35 eA 40.62 bB 119.159gA
CV-03 35.97 bB 118.39 cA 6.31 cA 39.50 bA 42.29 bB 157.89 bA
CV-04 33.47 bB 113.92 dA 6.18 cA 23.19¢A 39.66 bB 137.11 eA
CV-05 29.41 cB 120.64 bA 9.17 bA 45.34 aA 38.59 bB 165.99 aA
CV-06 27.70 cB 126.67 aA 0.89 eA 21.43 hA 28.59 dB 148.10 dA
CV-07 34.01 bB 117.74 cA 9.52 bA 43.81 aA 43.54 bB 161.55 bA
CV-08 31.40 bB 105.43 eA 9.27 bA 30.37 dA 40.67 bB 135.80 eA
CV-09 40.52 aB 120.21 bA 11.0 aA 40.14 bA 51.54 aB 160.36 bA
CV-10 24.32 dB 120.96 bA 1.97 eA 28.69 eA 26.29 dB 149.66 cA
Cv-11 20.11 eB 114.84 dA 1.37 eA 36.91 cA 21.49 eB 151.76 cA
CV-12 25.32 dB 120.32 bA 0.89 eA 25.00 fA 26.22 dB 145.33 dA
CV-13 29.59 cB 116.00 dA 4.07 dA 31.30 dA 33.67 cB 147.31 dA

Means followed by the same letter in each variable, uppercase letters in lines (Tukey) and lowercase letters in columns (Scott-Knott), are
not different (p< 0.05).
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Figure 1. Classification of conilon coffee clones according to nutritional efficiency and response to phosphate fertilERton.
efficient and responsive; ENR = efficient and non-responsive; NER = non-efficient and responsive; and NENR = non-efficient and
non-responsive.
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and non-responsive (ENR), , making it possible to inféfraganca SM, Martinez, HER eite HG Santos LP, Lani, JA,

P . . Sediyama CS &lvarez VH (2010)Acumulagdo de matéria seca
that, although they have a significant production in pelo cafeeiro conilon. Revista Ceres, 57.48-52,

hosphorus low level, they respond less to the increase in
P P y P Critchley C (1998) Photoinhibition In: Raghavendk& (Ed.)

soil phosphorus suppl;CV-OZ and CV13 clones were Photosynthesis: a comprehensive treatise. Cambridge,
classified as nutritionally non-efficient and non-responsive Cambridge University Press. p.264-272.
for the low matter mass production of the shoot part. Damatta FM, Ronchi CPMaestri M & Barros RS (2007)

In literature, the study parameter of nutritional Ecophysiology of coffee growth and production. Brazilian
efficiency and response to nutrients by different J0uma! of Plant Phys'?'°9ﬂ9'485'510j _
genotypes, proposed by Fox (1978) is widely used §g1brapa - Empresa Brasileira de Pesquigaopecuaria (1997)

. T " " “"Manual de métodos de anélises e classificagdo de solo. 22ed. Rio
cited by Fageria (1998), Laeaal.(2006) and Rotilet al. de Janeiro, MAR. 306p.
(20]._(.)); howe_\/?nhere IS NG consensus on Wh.at index 0I'Iageria NK (1998) Otimizagéo da eficiéncia nutricional na produ-
nutritional efficiency represents the greatest influence. c¢ao das culturas. Revista Brasileira de Engenhagidcola e

According to Lanat al.(2006), P translocation efficiency ~Ambiental, 2:6-16.
was the one that mostly influenced bean response aheiréao RGCruz CD, Ferreira, Cecon PR, Ferrdo MAG-onseca
according to Rotilet al.(2010), efficiency on phosphorus AFA, Carneiro, PCS & Silva MF (2008) Parametros genéticos

e . em café Conilon. Pesquigegropecuaria Brasileira, 43:61-69.
usage presented greater influence on the response of rice

ieti ltivated in irrigated lowland soil Ferreira, DF (2008) Sisvar: um programa para analises e ensino de
varieues cuflivated In imgatea lowland Soil. estatistica. Revista Symposium, 6:36-41.

Overall, Fageria (1998) repprted a p.OS.Itlve Correla_ltloponsecaAFA, Ferrdo MAG Ferrdo RGVerdin FilhoAC, Volpi OS
between all forms of nutritional efficiency studies g zucateli F (2004) ‘Conilorvitéria - Incaper 8142’: improved
regarding the responsiveness of genotypes of the same@offea canephoravar. kouillou clone cultivar for the state of
species to nutritional stress. Howethe author considers ~ ESPirito Santo. Crop Breeding argpplied Biotechnology 4:

. . o . . . 503-505.
that, in conditions of soil in Brazil, improving P absorption ) o )
.. . . Fox RH (1978) Selection for phosphorus efficiency in corn.
eff|C|ency may be the main strategy to obtain reSPONS€S:ommunications in Soil Science and Plamalysis, 9:13-37.

related to the growth and production of crop, given the, . pyio. zano LA, Correia NM & LanaMQ (2006) Variabi-
capacity of root system to adapt to adverse conditions. jidade entre genétipos de feijoeiro na eficiéncia no uso do fés-
foro. Ciéncia Rural, 36:778-784.

CONCLUSION Lani JA, Prezotti LC & Bragangca SM (2007) Cafeeiro In: Prezotti

. . LC, Gomes JA, Dadalto GG & Oliveira JA (Eds.) Manual de
Conilon coffee clones present different responses 0f;ecomendacéo de calagem e adubagéo para o Estado do Espitito

dry matter mass production and phosphorus content insanto (5 aproximagaoYitéria, SEEA/INCAPER/CEDAGRO.

each level of phosphorus fertilization. p.111-118.
. Machado CTT MachadoAT & Furlani AC (2004) Variagéo
The conilon cdiee clones CW4, C\:05 and CW08 intrapopulacional em milho para caracteristicas relacionadas

presented nutritionally efficient and responsive to com a eficiéncia de absorgéo e utilizagéo de fésforo. Revista

phosphate fertilization Brasileira de Milho e Sorgo, 3:77-91.
Novais RF SmythTJ & Nunes FN (2007) Foésforo. In: Novais ,RF
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