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ABSTRACT

Grafting has been used in passion fruit as a promising strategy for the improvement of traditional cultivars, which
have roots susceptible to several soil pathogens. Howbeesfect of grafting on gas exchange, water relations, and
photochemical efficiency in passion fruit is still not understood. The objective of this study was to evaluate the
photosynthetic capacityvater relations, and the growth of seed-propagated (PPS) and grafted (PPG) passion fruit
under drought stress. Ungrafted seedling®assiflora edulisf. flavicarpa and seedlings dPassiflora edulisf.
flavicarpa(scion) grafted ont®assiflora muaonata(rootstock) were cultivated in a greenhouse in 3.5oits At
37 days after transplanting (DA one-half of the seed-propagated plants had the watering suspended (PPSDS, plant
propagated by seed under drought stress) as well as one-half of the grafted plants (PPGDS, plant propagated by
grafting under drought stresg&nother group of plants was kept in soil at field capa&tgs exchanges, chlorophyll
fluorescence emission, chlorophyll content, and leaf and soil water potentials were determined during the experiment.
Drought-stressed plants (PPSDS and PPGDS) reduced the stomatal conductance, incident quangmayield (
root dry mass in relation to the respective watered controls (PPS and PPG). Up to -50 kPa of soil water potential, both
PPSDS and PPGDS reduced the photosynthetic rate by 50%, without reducing leaf water potential. The seed-propagated
plants showed higher growth characteristics than the grafted plants in both conditions, at the field capacity and in the
substrate with water limitation. Grafting showed no effect on water status, fluorescence emission, and gas exchange.

Keywords: stomatal conductance; water stress; fluorescence; photosynthesis; leaf water potential; transpiration.

RESUMO

Relacdes hidricas, metabolismo fotossintético e medidas biométricas em plantas de
maracujazeiros Passifloraedulis Sims f.flavicarpa Deg.): plantas seminais
e plantas enxertadas
A utilizacao da técnica de enxertia em maracujazeiros tem sido uma estratégia promissora para o desenvolvimento

de cultivares tradicionais de maracujazeiros que, por sua vez, apresentam raizes suscetiveis a varios patégenos dc
solo. Contudo, ndo se conhece o efeito desta técnica sobre as trocas gasosas, as relagdes hidricas e a eficiénci
fotoquimica em plantas desta espécie. O objetivo deste trabalho foi estudar a capacidade fotossintética, as relacdes
hidricas e o crescimento de maracujazeiros propagados por semente (PPS) e propagados por enxertia (PPG), submeti
dos a limitacdo da disponibilidade de agua no solo. O presente estudo foi realizado em casa de vegetacéo, utilizando
mudas dePassiflora edulid. flavicarpae mudas enxertadaBdssiflora edulid. flavicarpa(enxerto) ePassiflora

muconata (porta-enxerto)] cultivadas em potes de 3,5.dxns 37 dias apds o transplantio (DAfoi suspensa a
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136 Mara de Menezes dessis Gomest al.

irrigacdo em metade das plantas propagadas por sementes (PPSDS, plantas propagadas por sementes em condi¢des de
deficiéncia hidrica) e em metade das plantas propagadas por enxertia (PPGDS, plantas propagadas por enxertia em
condigbes de deficiéncia hidrica). Em um outro grupo de plantas, o solo foi mantido na capacidade As taTgs.

gasosas, a emissao da fluorescéncia da clorofila, a estimativa do teor de clorofilas e os potenciais hidricos foliar e do
solo foram determinadas durante o experimento. Nas plantas PPSDS e PPGDS, a restricdo hidrica reduziu os valores da
condutancia estomatica, o rendimento quantico incidebjee(a massa seca da raiz em relagdo aos respectivos
controles mantidos irrigados (PPS e PH@Nto para as PPSDS e PPGDS, até os valores de —50 kPa de potencial hidrico

do solo, houve reducao da taxa fotossintética em 50%, sem haver reducdo do potencial hidriem fidlacéo as

plantas enxertadas, as plantas propagadas por semente apresentaram maiores valores das medidas biométricas, tanto
cultivadas na condi¢édo de capacidade de campo, como cultivadas na condicao de limitacdo de agua né substrato.
técnica de enxertia ndo comprometeu o estado hidrico, a emissao da fluorescéncia e as trocas gasosas.

Palavras-chave:condutancia estomatica; estresse hidrico; fluorescéncia; fotossintese; potencial hidrico foliar;
transpiracgéo.

Symbols:A, net photosynthetic rate;,gstomatal conductance; E, instant transpiration; VPDvapor pessue deficit in the air; WUE,
water use efficiency (A/E); IWUE, intrinsic water use efficiency JARPFD, photosynthetic photon flux densi/F _, maximum
photochemical efficiency of photosystem II, @Rotochemical quenching, gNé&nd NPQ, non-photochemical quenchings;, F
maximum fluorescence, Finitial fluorescence; PCM, portable chlorophyll meter; PSII, photosyste®_ |, soil water potential;¥,

leaf’
leaf water potential.

INTRODUCTION rootstocks such aB muconataare positive since the
raft has no effect on fruit commercial quality (Salastar
Brazil is the worlds laigest producerfoellow passion gl 2016) quality (

fruit, with an approximate production of 776,000 tons in

} ) Drought stress is one of the environmental factors
approximately 58,000 ha (Agrianual, 2015). The states fﬁ

at can affect the growth and development of passion

Bahla, Ceara, Espmto Santo, and Minas Gera|.s are tPrﬁit (Menzelet al, 1986; $aveley &Wolstenholme, 1990;
main producers in the countifoweverthe expansion of Menzel & Simpson, 1994). In plants of the hybrid E-23

the passion fruit cultivation area has been followed b(¥)urple passion fruit x yellow passion fruit, b&tredulis

the onset and aggravation of various diseases (FiSCheéims) grafted ontc. edulis flavicarpa the net

al, 2_005)' (_)n_e of the main diseases affecting yeIIOYyhotosynthetic rate decreased at leaf water potentials
passion fruit is the collar rot caused by the fungu ) below -1.5 MPa (Menzel & Simpson, 1994)
leaf ) ! :

Eusarllum solan(Fischer & Reze_;de, 200?_)' This ?'Seasiccording to the authors, water restriction may decrease
as already been reportedfassiflora edulis. edulisf. passion fruit production due to leaf area reduction and

flavicarpa, P. alata P ligularis, P. maliformis,andP. 45 by initiation. The growth of new leaves reduced at
quadrangularis(Fischer & Rezende, 2008), causing & pelow-1.5MPa and leaves droppet¥at = -2.0MPa

decrease in yield and the continuous migration of the Cr?glegnzel & Simpson, 1994). Menzetial (19323) discussed
to pathogen-free regions (Bueetal.,2014). that drought stress influences the development of nodes

The main control practices are preventive and hayg passion fruit and, consequentlffects its yield.
not been effective in eliminating the pathogen once it igaveley &Wolstenholme (1990) pointed out that drought
already in the soil (Roncatét al, 2004). Thus, the use of stress considered moderat ( = -0.2 to -0.5MPa) in the
resistant rootstocks can be an interesting alternative fgfitical phenological states of the species may cause
the disease control (Siled al, 2013; Santost al, 2004).  severe yield reduction.

Production of passion fruit seedlings by grafting onto  There is no information about the differences in water
rooted soft cuttings is technically feasible (Cavichatli relations between seed-propagated plants and grafted
al., 2010, Corréat al, 2010; Chavest al al., 2004). plants in passion fruit. Most studies have focused on the
Therefore, this technique can be used to produce seedlirgsnparison of efficiency in water relations between
for commercial crops. In S&o Francisco do Itabapoan@otstocks that have different effects on grafts (Cohen &
RJ, farmers have been usiRgssiflora mucronataas Naor, 2002; Clearwategt al, 2004). In cdiee grown in
rootstock to reduce the effects of soil diseases on yieldfigld conditions, Fahét al. (2001) found that, under soil
passion fruit. The results of the iatluction of rustic drought stress (dry period), ti@offea arabicagrafted
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onto Coffea canephor&ad higher transpiration, higherproduced in plastic tubes containing the substrate
stomatal conductance, and higher growth than ungraft@tantmaX. The seedlings were transferred to 3 gwis
coffee. The authors suggested that, during the dry peridifled with RedYellow Podzolic soil fertilized with 3.0 g of

the best performance of the grafted plants was due tdN®K (4-14-8) per difof soil.At the time of transplanting,
greater capacity of the root of the rootsto€loffea the seed-propagated seedlings had in average 27.5 cm
canephora in supplying water to the shoots, thusheight (approximately sixty days after sowing) and grafted
optimizing the gas exchanges and increasing thgtants had 26.5 cm (approximately sixty days after grafting).
photosynthetic assimilation of carbon. Passiflora mucronatavas used as rootstock, using full-

In passion fruit, few studies (Menztlal, 1986) are rift cleft grafting at 45 days after sowing, in which two
related to the effects of soil water limitation on growthrootstocks were used for each graft. The seedlings were
and photosynthetic processes between seed-propagdtegt with the same management and in the same
plants and grafted plants. Gamtaal (2013) studied the conditions in the greenhouse after transplanting.
photosynthetic metabolism in five genotype®aédulis Soil water potential was monitored M/atermark
Sims f. flavicarpa in the field. They found that sensors (Spectruifechnologies, USA) placed at 15 cm
photosynthesis, chlorophyll fluorescence, anthdepth and5 cm distant from the plant. Each sensor was
photosynthetic pigment content can be used as reliabtestalled in one of the two plants that formed each
markers for genetic improvement. repetition in the treatment, that is, four sensors were used

Thus, this study aimed to assess the photosynthefis each treatment.
and water relations of seedlings propagated by seed (PPS)After transplanting, the plants were conducted on
and seedlings propagated by grafting (PPG) undespalier system and watered daily with a watering can

drought stress. until percolation was observed at the bottom of each pot.
At 23 and 30 days after transplanting (DAL.0 and 0.5 g
MATERIAL AND METHODS of calcium nitrate was applied in top dressing on each

. . . ot, respectivelyAt 37 DAT, the group of PPSDS and
The experiment was carried outin a greenhouse att E’GDS lants were subjected to drought stress. The plants
State University of Norte Fluminense (UENF), Campos b ) 9 ' P

dos Goytacazes, RJ (21°45' 44" South, 41° 1T\10 m were not watered for seven consecutive days and the

. . . watering was resumed at 43 DA
altitude), with 30% photosynthetic photon flux .
. ) ° P y b Between 38 and 42 DA netphotosynthetic rate’]
interception. The average temperature, vapor press

re -2 o1 2l
deficit (VPD), and relative air humidity within the (M0l CO, ms), stomatal conductance)gnol mes?,

greenhouse during the experimental period were 26.2 ?rgr?;oiz;;gglfmfnhocl)xznslf)l\lxjv);rz222:;@25E;)rz, ta;]r;d
(+1.20 °C), 0.46 kPa(50 kPa) and 88.6%8.44%), b 9

. : ortable gas exchange system (LI-6200, Litar., USA).
respectivelyThe average soil temperature was 25.1 ° he evaluations were performed with the natural incident
(x2.51 °C). These climatic variables were obtained q P

WatchDog data logger sensors, Model 450, Spectrur}:qht on the sampl.ed leaf area (6 rm the apparatus
. chamber Then, it was possible to measure the
Technologies, USA.

The VPD_ was calculated by the equation proposeghqtosynthetm rates in d|ff(_arent light intensities, as it
ar .. varies throughout the dawhich allowed us to plot the
by Jones (1992): . . . . .
rate photosynthesis against light intensity
Leaf water potential,_,) was determined at 7:00 p.m.,
RHO/O . leal ]
* [ 1, 100 )] using a pressure pump (ELLE International, England)
(Scholandekt al., 1965) on the leaf opposite to the one
. . : .used to measure the gas exchange and while the gas
where T is the air temperature (° C) and RH is the relatnye ; g X . g wh 9
. exchanges were determin@tbng with the measurements
humidity (%). . . .
of leaf water potential, the intensity of leaf greenness was
The experiment was arranged in a completelgletermined with a portable chlorophyll meter (PCMABP
randomized design with four treatments and fou$02 (Minolta, Japan). The fluorescence variablg@ijfial
replications (two plants per replicate): PPS - plant§uorescence), F (maximum fluorescence), F_
propagated by seed (Control); PPG - plants propagat@taximum PSII quantum yield), gN, gP and NPQ were
by grafting; PPSDS, plants propagated by seed und#gtermined using the MiniAM Walz fluorometerThe
drought stress and PPGDS, plants propagated by graftapgantum yield was evaluated by the slope in the
under drought stress. photosynthesis curve against the photosynthetic photon
Seedlings oPassiflora edulid. flavicarpaprovided flux. Prior to the determination of the fluorescence
by EMATER-RJ (S&o0 Francisco de Itabapoana, RJ) wevariables, the area in which the fluorescence was

(17,502 T)

DPVar=0,61137 . ex
()(240,97) +T)
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determined was kept in the dark for 30 minutes, so that all In both treatments under drought stress (PPSDS and
photosystems were open (oxidized). The coefficienBPGDS), the reduced values ¥f, (approximately - 60
related to quenchings were defined gs(g —F)/(F - kPa for grafted plants and - 80 kPa for seed-propagated
F): a=(F -F )I(F -F,), and NPQ=(E-F _)/F . (Schreiber plants) corresponded to net photosynthetic rate around
etal, 1994). 2 to4 um m2 st (Figure 3). The substrate in the pots of

The evaluation of photosynthesis and chlorophylPPSDS plants had greater drought stress (-80kPa), shown
fluorescence were performed on the first fully expandday the lower soil water potentials (Figure 1). Staveley &
leaf (4"or 5" leaf from the apex of the main branch), betweewolstenholme (1990), working with grafted passion fruit,
8.00 a.m. and 10:00 awit the end of the experiment (49 argued that the soil water potential should not be less
DAT), growth characteristics such as leaf area, leaf dtlan -20 kPa during critical stages of the crop (floral
mass, stem dry mass, and root dry mass were determindiferentiation and fruit fixation). Menzel & Simpson (1994)
The total leaf area of the plant was determined using tekowed that the net photosynthetic rate in grafted plants
LI1-3100 leaf area metgli-Cor, USA. The root, stem, and reduced at/_ values below -1.5 MPa.
leaf dry mass were determined by drying the material in an For PPSDS and PPGDS there was a marked reduction
air circulation oven (48 hours, 80°C) and then weighing i ¥__ from ¢__ = -50 kPa (Figure 2). Up to thig__, the

The statistical analysis of the data was performeakt photosynthetic rate in PPSDS and PPGDS reduced in
using theANOVA procedure of the program SAE&d approximately 50% (Figure 3). This reduction was

means were compared by fhgkey’s test (1%) (Ribeiro associated with stomatal closure (Figure 4), but not with

Junior 2001). the compromised photochemical efficiency of PSII (Figu-
re 5). The effect of low soil water availability on stomatal
RESULTSAND DISCUSSION conductance and quantum yield was similar in both

treatments, PPSDS and PPGDS (Figures 4 and 5).

Six days after the suspension of watering, the decrease This result was verified for the intrinsic water use
in soil water availability caused a reduction in soil wategfficiency (IWUE, slope of the curve éfagainst g and
potential ¥ ), leaf water potential ¥ ), and plant for water use efficiency (WUE, slope of the curvefof
photosynthetic rateA) of seed-propagated and graftechgainsiE) (Figure 4). Both type of plants (PPS and PPG)
plants. The lowest values ®f  (approx. -80kPa) were showed IWUE and WUE values aroundi@fol mof*
obtained on the last day of water restriction (42TPA and 0.8Qumol mmot, respectively (Figure 4).

(Figure 1), which corresponded to the lower values of The maintenance of the photochemical processes
leaf water potentia¥,_ [approx. -2.2 MPa for PPS and -under drought stress can be confirmed by the constant

2.0 MPa for PPG] (Figure 2). values of the energy dissipators (photochemical

\'/.\'\.\/ ] o /‘\9533?2\

\
\ii.

Soil water potential (kPa)

01 _o—ppGDS

—@—PPSDS
-80 -

L L L L . L. L
30 32 34 36 38 40 42 4 46 48

Days after transplanting (DAT)

Figure 1: Soil water potential of passion fruit plants cultivation propagated by seed (PPSDS) and propagated by grafting (PPGDS)
subjected to drought stress. The control plants propagated by seed and propagated by grafting had soil water potential of 0 kPa
throughout the experimerithe arrows represent the beginning of the watering suspension {3 abdthe start of re-watering (43

DAT), n = 4.
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Figure 2: Relationship between soil water potential (kPa) and leaf water potential (MPa) of passion fruit plants propagated by seed
and propagated by grafting as a function of water availability in the substrate.

quenchings (gp) and non-photochemical quenchings After suspending the watering, the drought stressed
(9., and NPQ) (Figure 5). Lu & Zhang (1999) showeglants (PPSDS and PPGDS) showed no reduction in the
that there was no effect of drought stress in the substraeen intensities obtained with the portable chlorophyll
on these fluorescence variables, demonstrating a naneter (PCM) (Figure 6). Howeveafter re-watering the
impairment in the re-oxidative capacity of quinén@a), plants, all treatments showed a reduction in this value,
as well as a non-impairment in the formation of the trans-
thylakoid proton gradient (Hl and in the xanthophyll 14

cycle, which is represented by, and q,/NPQ, . [ o Grafting ——y=0,1139x + 10,759 R’=0,9475
respectively | & Seed—-—--y=0,1281x + 11,439 R™=0,8586

Furthermore, the fluorescence emitted by the anten 4,
system (FO) and the maximum fluorescence emitte
showed no variation between the treatments as a functi
of the drought stress in the substrate (Figure 5). Th 49 [
finding showed a resistance of the photochemici ~
apparatus of the passion fruit leaf tissue to drought stre.”
However other authors found i. edulis Sims., £
approximately 30 days after emergence, that the droug
stress (suspension of watering for 11 days) affected t
ratios F/F _andABS/RC (light enegy absorbed per
reaction center) on the day of maximum restriction. The
related the reduced values of these fluorescence variak £
with the reduction in the activity of photosystem Il (Go- =
meset al, 2012). L)

Havaux (1992) and Lu & Zhang (1999) showed the 3
the photosystem Il (PSIl) has a significant tolerance 1 5 [
drought stress. Havaux (1992) observed that the ve
strong drought stress in the leaf tissue (relative wat
content around 40% and leaf water potential around ol e
MPa) had no effect on the performance of PSII. One oftf  -100 -0 -80 -70 -60 -50 -40 -30 -20 -10 0 10
mechanisms related to the possible resistance of PSII Soil water potential (kPa)
drought stress is the ability of oxygen to become aTﬂgure 3: Relationship between net photosynthetic rate and

acceptor during the electron flow in the photochemicabil water potential of passion fruit plants propagated by seed
phase of photosynthesis (Cornic & Briantais, 1991). and propagated by grafting in two substrate water conditions.

1+

osynthesis (it mol n

Ne
S
—

1k
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possibly related to the increase in senescence of the leafThe drought stress caused no changes in the green
taken for measurements. This reduction may be relatedmbensity values of grafted-plants subjected to drought
the degradation of the chlorophyll molecules in the leaftress (Figure 6)According to Martinez and Guiamet
lamina, since there is a high positive correlation betwedB004), the reduced relative water content in the leaf lamina
nitrogen, total chlorophyll content, and PCM reading (Fogauses a greater light reflectance in the cellular spaces of
et al, 1994; Chang & Robison, 200Brres-Nettcet al  the cell wall-air interface. Protoplast dehydration can
2005). The green intensity read by the portable chlorophyticrease the total surface area of the cell wall-air interface,
meter (PCM) can be related to the concentration of theereby increasing the reflectance in the visible region
photosynthetic pigments in many speciegr(@s Netto (400-700 nm). Howevegthis efect of dehydration, causing
etal, 2002 and 2005; Marquard & Tipton, 1987; Schapem increase in the PCM reading was not verified in PPSDS
& Chacko, 1991). plants.
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Figure 4:Relationship between net photosynthetic rate, photosynthetic photon flux gdetosittal conductance, and transpiration
in passion fruit plants propagated by seed (left column) and propagated by grafting (right column) grown in two substrate water
regimes (field capacity and drought stress).
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Figure 5:Variables of fluorescence in leaves of seed-propagated and grafted passion fruit plants grown in two water regimes. PPGDS
(plants propagated by grafting subjected to drought stress); PPG (plants propagated by grafting grown at field capacity); PPSDS
(plants propagated by seed subject to drought stress); PPS (plants propagated by seed grown at field capacity). The arrows represent
the beginning of the watering suspension (37 p#nd the start of re-watering (43 DAVertical bars represent the standard error

62
60
] —e—PPS
58 1 —m—PPSDS
% 56 —0—PPG
= 1 —0—PPGDS
=1
A 544
E -
R |
% 50 /“
o 4
8 4]
Ny ]
S 46 °
— 1 ol
44 1
42 _—
40 -——
37 39 41 43 47 48 49

Days after transplanting (DAT)

Figure 6: Readings of portable chlorophyll meter in leaves of seed-propagated and grafted passion fruit plants in two water regimes.
PPGDS (plants propagated by grafting subjected to drought stress); PPG (plants propagated by grafting grown at field capacity);
PPSDS (plants propagated by seed subject to drought stress); PPS (plants propagated by seed grown at field capacity). The arrows
represent the beginning of the watering suspension (37) BAd the start of re-watering (43 DA Vertical bars represent the

standard error
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Table 1: Dry mass of stem, leaf, and root and leaf area of passion fruit plants propagated by seed and propagated by grafting
cultivated in two water regimes. Treatments: PPGDS (plants propagated by grafting subjected to drought stress); PPG (plants
propagated by grafting grown at field capacity); PPSDS (plants propagated by seed subject to drought stress); PPS (plants propagated
by seed grown at field capacity)

Dry Mass (g) LeafArea
Treatment
Stem Leaf Root (cm?)
PPS 6.9a 10.0a 10.3a 1634.5a
PPSDS 57a 6.3 ab 7.1b 1191.2b
PPG 5.4 ab 6.3 ab 75b 12376b
PPGDS 47b 47b 53¢ 944.2 b

Means followed by the same letter are not significantlfeckht by theTukey’s test at 1% probability level. Data collected at the end of
the experiment.

At the end of the experiment (49 DA we found that Cohen S & NaoA (2002) The efect of three rootstocks on water

: se, canopy conductance and hydraulic parameters of apple
the PPS plants had the hlgheSt root dry mass and th?rees and predicting canopy from hydraulic conductance. Plant,

greatest leaf area than the other treatmerdbléT1). Cell and Environment, 25:17-28.

drought stress in the substrate of PPSDS causett@ea Ls, cavichioli JC, Oliveira JC & BoliadiC (2010) Use

reduction of 31% in the dry mass of root and 27% in leaf of humid chamber in conventional grafting of yellow passion

area. in relation to PPS Drought stress in the substrate c,fruit on three rootstocks. Revista Brasileira de Fruticultura,
’ N ; : 32:591-598.

PPGDS caused significant differences only in root drg

mass, in relation to PPG ornic G & Briantais JM (1991) Partitioning of photosynthetic

electron flow between CQand Q reduction in a C3 leaf
(Phaseolus vulgarid..) at different CQ concentrations and
CONCLUSION during drought stress. Planta, 183:178-184.

Th t ohot theti t d di | lt:ahl JI, Carelli MLC, Menezes HC, Gallo PB & Trivelin PCO
€ net photosynineuc rate was reduced in plan S(2001) Gas exchange, growth, yield and beverage quality of

propagated by seed and plants propagated by graftin@offea arabicacultivars grafted on te. canephoraand C.
before the reduction in leaf water potentials. congensis ExperimentalAgriculture, 37:241-252.

There was no effect of the treatments on thléischer IH, Lourenco SA, Martins MC, Kimati H &morim L
(2005) Selecao de plantas resistentes e de fungicidas para o

photochemical efficiency evaluated by the fluorescence ontrole da podridso do colo do maracujazeiro causada por
emission of chlorophyk. Nectria hematococcaFitopatologia Brasileira, 30:250-258.

Grafting of passion fruit reduced root dry mass anfgischer IH & Rezende JAM (2008) Diseases of passion flower
. . - Passifl .). PeStechnol 2:01-19.
leaf area in comparison with plants propagated by seeq (Passifiora spp.). Pedtechnology
Fox RH, Piekielek WP & MacNeal KM (1994) Using a chlorophyll
meter to predict nitrogen fertilizer needs of winter wheat.
REFERENCES Communication in Soil Science and Plamalysis, 25:171-181.

Agrianual (2015) Anuéario dégricultura Brasileira. Sdo Paulo, GamaVN, Cunha JT Lima IM, Bacarin MA& Silva DM (2013)
Instituto AgraFNP 344p. Photosynthetic characteristics and quality of five passion fruit

Bueno CJ, Fischer IH, Rosa DD, FirmiA€, Harakava R, Olivei- \égr.igltliisglir;der field condition#cta Physiologiae Plantarum,
ra CMG & Furtado EL (2014frusarium solanif. sp. passiflorae ' ) '
a new forma specialis causing collar rot in yellow passionfruitSomes MTG Luz AC, Santos MR, Batitucci MGPSilva DM &
Plant Pathology63:382-389. Falqueto (2012) Drought tolerance of passion fruit plants
assessed by the OJIP chlorophyll a fluorescence transient.

Cavichioli JC, Kasai FS & Nasser MD (2014) Productivity and Scientia Horticulturae, 142:49-56.

physical characteristics of fruits d¢fassiflora edulisgrafted o
Passiflora gibertiiin different planting densities. Revista Brasi- Havaux M (1992) Stress tolerance of photosystem Il in vivo.

leira de Fruticultura, 36:243-247. Plant Physiology 100:424-432.

Chang SX & Robison DJ (2003) Nondestructive and rapicﬂones HG (1992) Plants and microclimate: a quantitative approach
estimation of hardwood foliar nitrogen status using thasP  to environmental plant physiologg® Ed. Cambridge, Cambridge
502 chlorophyll meterForest Ecology and Management, University Press. 85p.

6215:1-8. Lu C & Zhang J (1999) Effects of water stress on photosystem |l

Chaves RCC, Junqueira NTJ, Manica |, Peixoto JR, Pefeir& photochemistry and its thermostability in wheat plants. Journal

Fialho JF (2004) Enxertia em maracujazeiro-azedo em estaca®f Experimental Botany50:1199-1206.
herbaceas enraizadas de espécies de passifloras nativas. ReWriaquard RD & Tipton JL (1987) Relationship between
Brasileira de Fruticultura, 26:120-123. extractable chlorophyll anéh situ methods to estimate leaf

Clearwater MJ, Lowe RGHofstee BJ, Barclay C, Mandenmaker 9réenness. HortScience, 22:1327.
AJ & Blattmann P (2004) Hydraulic conductance and rootstocklartinez DE & Guiamet JJ (2004) Distortion of theAEP502
effects in grafted vines of kiwifruit. Journal of Experimental chlorophyll meter readings by changes in irradiance and leaf
Botany 55:1371-1382. water statusAgronomie, 24:41-46

Rev CeresVicosa, v65, n.2, p. 135-143, mar/al2018



Water relations, photosynthetic capaciand growth in passion fruit... 143

Menzel CM, Simpson & DowlincAJ (1986)Water relations in  Schaper H & Chacko EK (1991) Relation between extractable
passionfruit: efffect of moisture stress on growth, flowering chlorophyll and portable chlorophyll meter readings in leaves
and nutrient uptake. Scientia Horticulturae, 29:239-249. of light tropical and subtropical fruit-tree species. Journal of

Menzel CM & Simpson DR (1994) Passionfruit. In: Schaffer B & Plant Physiology 138:674-677.
Andersen PC (Eds.) Handbook of environmental physiology oscholander PFHammel HT Bradstreet ED & Hemmingsen EA

fruit crops. Boca Raton, CRC Press. p.225-241. (1965) Sap pressure in vascular plants. Science, 148:339-346.
Ribeiro Jr JI (2001)Andlises estatisticas no SAE&igosa, Uni- Schreiber U, Bilger W & Neubauer C (1994) Chlorophyll
versidade Federal deicosa. 301p. fluorescence as a nonintrusive indicator for rapid assessment of

Roncatto GOliveira JC, Ruggiero C, Nogueira Filho GC, Centurion in vivo photosynthesis. In: Schulze E.D & Caldwell MM (Eds.)

MAPC & Ferreira FR (2004) Comportamento de maracujazei- Ec;ghyglology of photosynthesis. HeidelpeSpringeiverlag.
ros (Passifloraspp.) quanto a morte prematura. Revista Brasi- p.49-70.
leira de Fruticultura, 26:552-555. Staveley GW& Wolstenholme BN (1990) Edcts of water stress

Roncatto GAssis GML, OliveiraTK & Lessa LS (201a)Vegetative on growth and rowering_oPassiflora edulis(Sims) grafted to
features of combinations scion/rootstock in passion fruit plant. P. Caeulea L. Acta Horticulturae, 275:551-558.
Revista Brasileira de Fruticultura, 33:791-797. Silva AS, Oliveira EJ, Haddad, Faranjeira FFJesus ON, Oliveira
Roncatto GAssis GML, OliveiraTK & Lessa LS (201b) Grafting SAS, Costa MAPC & Freitas JXF (2013) Identification of passion

success in diferente combinations of species and varieties usecIrUIt _genotypes_ resistant tgusarium oxysporunt. sp.

as scion and the rootstock of passion fruit plant. Revista Brasi- Passiflorae Tropical Plant Pathology38:236-242.

leira de Fruticultura, 33:948-953. Torres NetoA, Campostrini E, Oliveira JG & Bressan-Smith (2005)
SalazarAH, Silva DFP& Bruckner CH (2016) Eéct of two wild Photosynthetic pig_ment_s, nitrogen, chlorqpl‘gll‘luore_scence

rootstocks of genuRassifloraL. on the content of antioxidants and .SRD'SOZ readings in Cééa leaves. Scientia Horticulturae,

and fruit quality of yellow passion fruit. Bragantia, 75:164- 104:199-209.

172. Torres NetoA, Campostrini E, Oliveira JG &amanishi OK

SantosVA, Ramos JD, Chagas EA, Dias MM, Locatelli G & Oli- (2002) Portable chlorophyll meter for the quantification of

veira MC (2014) Grafting of different combinations of scions photosynthtetlfctﬁlgmhentts,hnltr_oglen and éh.e. possible uLse for
and rootstocks of passion fruit plants. Semina, Cién&gasiri- asse;;men or the photoc emlcg processanca papayal.
as. 35:1201-1208. Brazilian Journal of Plant Physiology4:203-210.

Rev CeresVicosa, v65, n.2, p. 135-143, mar/at2018



