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ABSTRACT

Production Passiflora edulis f. edulis Sms. (purple passion fruit) in Kenya is limited by the root fungus Fusarium.
Some ornamental and wild Passiflora species have been found to be Fusarium-resistant though not compatible with
Passiflora edulis f. edulis. This experiment was conducted to determine; graft compatibility between Passiflora
edulis f. edulis scions and eight (P. altinis. P. biflora, P. caerulea, P. citrina, P. edulis, P. incarnata and P.
yukatanensis) Passiflora species of two subgenera all cleft grafted and cyanohydrin glycoside type and content
present in the foliage, stems of rootstalks and scion. Cyanohydrin glycoside analysis was carried out using a
colorimetric assay of frozen stem and leaf samples. Passiflora incarnata and P. caerulea both members of the
Passiflora subgenera had high percent (> 89%) graft success with P. edulisf. edulis scions. Species within the same
subgenera (P. incarnata, P. caerulea and P edulis) and having the lowest concentration < 2.0 umols amygdalin
equivalents/g fresh weight of cyanohydrin glycoside had the greatest grafting success. Only P. edulis had type IV
cynohydrin glycoside while P. altinis. P. biflora, P. caerulea, P. citrine and P. incarnata had type Il cynohydrin
glycoside.
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INTRODUCTION

Passion fruit . edulis f. edulis) is rich in vitamins A (700 1.U/100g), riboflavi(0.13 mg/100g), niacin (1.5
mg/100g) and ascorbic acid (30 mg/100g), proted ¢/fruit), and minerals potassium 348 mg/108gyium (28
mg/100g), iron (1.6 mg/100g), phosphorous (64 m@g)lland calcium (13 mg/100g) [14]. It also has salve
industrial uses (juice, pectin, oil, extraction aradtle and poultry feed preparation). For seveealrs, passion fruit
growing has been declining in many parts of theldvalue toFusarium wilt infection and the passion fruit
woodiness disease complex [3]. Resistant rootst@rks needed becausisarium wilt control using methyl
bromide fumigation is now banned world wide becao$ets greenhouse gas effect. Also, fumigationnat
economically feasible for small-scale producerseeilly in Kenya. Currently, yellow passion frugesllings are
used as rootstocks because they offer short tesistaace td-usarium wilt. Resistance té-usarium wilt has been
reported in a few ornamental species withinRhassifloraceae family [15].

Breeding for new resistant rootstocks is being dankustralia [20]. Important results of breedirgg fesistance are
the hybrid purple passion fruit which show consadbbe Fusarium wilt resistance. However, reports of new virulent
Fusarium races appear within a few years after commereititin of resistant cultivars [1]. Other methods of
control that are being tested include use of amtistjo micro-organismsAhtagonistic Fusarium) [4] and soil
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nutrition. Soil nutrition involves the use of nigenous fertilizers with an aim of enhancing plamvgh while the
use of antagonistic microorganisms involves the afskeneficial microorganisms isolated from suppiés soils.
Since these micro-organisms suppress the develdmhére pathogenic types, they represent an ateenmethod
of managing the populations of pathogefigsarium types in soil [1]. Unfortunately, this method hbeen
successful only in greenhouse environments witpigrown in soil-less substrates in containersrefiresearch
in Kenya is geared towards finding a control metlioat can be used under field conditions. Possid¢hods
include the use of soil amendments such as limind finding alternativePassiflora species that are both
compatible with the purple passion fruit and toherep Fusarium wilt [15]. Grafting aimed at taking advantage of
the Fusarium resistant passion fruit species is an establishiédral practice in many fruits. Some ornamental a
wild Passiflora species have been found to Heusarium resistant though not compatible witassiflora edulis f.
edulis. Several grafting techniques have been used ier @tops. These techniques include whip, splick deft
grafting. The cleft grafting method is the oldestlahe most widely used method of grafting [10JefChrafting is
popular with passion fruit propagators becausévieggexcellent results. It is also relatively inerpive and simple
to make. Compatibility refers to the ability of theion and the rootstock to join and grow as oaetdl10]. Usually,
incompatibility results when the scion and rootkt@re distantly related genetically. Incompatiilibetween
Passiflora edulisf. edulis and other ornamental and wiRdssiflora species that been found to lbgsarium-resistant
has been speculated to be caused by the type ament@f the cyanohydrin glycoside compounds in plent
tissues. There are four common structural typesyahohydrin glycoside compounds in tRessiflora genera:
cyanohydrins with either a rare sugar residue,lfatsugroup, or additional oxygenetion of the cy®atane ring,
linamarin or prunacin [11].

MATERIALSAND METHODS

2.1. Plant material

Plant material: EighPassiflora species R. altinis, P. biflora, P. caerulea, P. citrina, P. edulis, P. incarnate, P.
suberosa and P. yukatanensis) were obtained from a commercial source (Glasssddtorks, Athens, OH). The
plants were potted in one gallon containers angvgrim a glass glazed greenhouse. The substratewessdletro
Mix 360 (Scotts-Miracle Gro, Maryville, OH). Irrigan with 200 mg/L of 20N-12.4K-4.5P water solulidgtilizer
(Peters fertilizer, Scotts Miracle-Gro, MarysvilH) was carried out approximately 3 times per watken the
vine length of the shortest species was 20 cm ¢(eqpiately eight weeks after potting), the vines eveut back to
15 cm length above the substrate surface. Fhedulis scions 8 cm long with three-to-five buds were tgdifon to
each rootstock. Typically the diameter of the rtmtk stem matched the diameter of the scion. Oh eamtstock,
two graft combinations were made on separate bemPhedulis scion was grafted onto the rootstock and a self-
graft where the scion and rootstock were of theesapecies was made. There were three plants incédbb three
replicates per graft combination. The 8 cm sciomsensexually mature and obtained from the stocktplérom
which the cuttings were made. All grafts were clpfafts. Before grafting, all the leaves were reatbfrom the
scion and after grafting the plants were covereith wiear 16 x 12 cm polythene bags. The lower sidihe bags
was tied below the graft union with a rubber baAfter two weeks, the bags were removed. Five wesdter
grafting data on number of successful grafts wdeced. At this time one hundred grams of leaf atem fresh
weight was collected from the scion and rootstdlkach plant. The leaves and stems were placethatipbags,
sealed and frozen at L@ until analyzed. Analysis was carried out at Thlio Agricultural Research and
Development Center in Wooster, Ohio. Spinach irypapylene bags was purchased at a local grocenyde as a
negative control.

2.2. Colorimetric assay

Frozen plant samples were divided into two 30+0.&xgaction replicates; replicate weights were sidid for
species with limited supply. Replicates with simitertions of stem and leaf tissue were placed ghaas blender
chamber containing 100 ml of 0.1M phosphoric acapped, pulsed until liquefied, then homogenizathér at
high speed from the predominance of fibrous madtevia gravity filtration using Spectra/Mesh woven
polypropylene filter disks, transferred to largeese-capped test tubes and temporarily stored omitié assayed
for cyanohydrin glycosides. These samples weret lggben in color, opaque and contained suspendiédace
material. The chloramines T assay procedure ofk€d6]; [7] was used with modifications. BrieflySLmL of
sodium phosphate buffer (pH 6.0) and 0.5 mL of ezfcine two non-specific glycoside enzymdsglycuronidase
from Helix aspera (snail gut enzyme in phosphatffeb-pH 6.8; 1925.5 IU/mL; [13]; [18]were added &d
inherent, cyanohydrin compound-specific glycosigessent in the extract or replace them if not. Aéddition of
enzyme, the tubes were capped and incubated irtexr Wwath at 3DC for 15 minutes. After incubation, reactions
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were stopped by addition of 1 mL of NaOH, tubesemercapped and placed in an ice bath for 10 mindies
colorimetric procedure was initiated after remofram ice bath by adding 4 mL of phosphate bufféd g0) and
0.5 mL of the oxidizing agent. A barbituric acidrigine reagent was added [12] [3]. To prepare th&égent, 3 g of
barbituric acid was dissolved in approximately 20 of boiling DDH,O and stored in actinic glass. Exactly 1.5 mL
of the barbituric acid-pyridine reagent was addedach sample and the samples were recapped. dilelopment
was allowed to proceed for 60 min in the dark. Ptiospectrophotometry, the samples were clarifisthg 0.45
micron nylon syringe filters. The resultant redlgtocolor (indicating the presence of cynide) wead at 575 nm
against a phosphate buffer (pH 6.0) blank in atspeic 20 using glass cuvetts. Absorbance unitewemsformed
to umols of amygdalin equivalents on a standarslec(Y = 3.1789x + 0.036; correlation 0.996).

2.3. Data analysis

Data was subjected to multivariate analysis ofarase test (MANOVA) using the GLM procedure withiretSPSS
the version for personal computers (SPSS 15.0, SR§SUniversity of Chicago). Means were separaisihg
Waller-Duncan test at p = 0.05 level of significanc

RESULTS

3.1. Cyanohydrin glycoside type and content

All Passiflora species had some cyanohydrin glycoside (Tabléli¢. speciesR. incarnata, P. caerulea and P
edulis) with the lowest concentration of cyanohydrin glgides gmols amygdalin equivalents per g fresh weight)
had the greatest grafting success exceptPfobiflora (Table 2). The greatest scion growth rate was giftgr
combinations where the scion and rootstalk belonigethe same subgenera and both had less thamds
amygdalin equivalents per g fresh weight of cyamlsimyglycosides (Table 2).

Pasiflora species within théecaloba subgenera had either type | or a mixture of tyad type Il cynohydrin
glycoside while those species within tRassiflora subgenera had mainly low concentrations ghils amygdalin
equivalents per g fresh weight type Il with oty edulis having 0.007umols amygdalin equivalents per g fresh
weight type IV cynohydrin glycoside (Table 2).

3.2. The relationship between subgenera, the type and content of cyanohydrin glycoside, grafting success,
scion growth rate and yield

Generally there appeared to be a relationship leiwsibgenera, the type of cyanohydrin glycosideftigg
success and scion growth rate (dry weight accuioolaay) (Table 2). Passiflora edulis having type IV
cynohydrin glycoside when self grafted had a higiftang success and a corresponding high scion tiroste five
weeks after grafting (Table 2). Species with lovarayhydrin glycoside and belonging in the same subigeas the
scion had high grafting successes and subsequgnsbion growth rate.

Ten weeks after grafting scions & edulis self grafts had the highest leaf humbers whileo#ifler scions on
rootstocks belonging in the decaloba subgenera wenmeted (Table 3). Scions on rootstocks belonginghe
Passiflora subgenera but having low concentrations of typeyinohydrin glycosides had small but more leaves
compared to those on rootstalks in the same subgdng having higher concentrations of type Il ayydrin
glycoside. Scion length, leaf number and fruit nembne year after grafting was highestFinedulis self grafts
(Table 4).

DISCUSSION

Apart from the genetic differences, the most imaatrtcauses of incompatibility are the physiologieald

biochemical differences between the rootstock aidns[10]. Spenceet al [19], Olafsdottiret al [16] [17],

Jaroszewsket al [11] and Clausergt al [5] showed that cyclopentanoid cyanohydrin gludesi (cyanohydrin
glucosides) are synthesized by all genera in thélyePassifloraceae. They also reported that tpe tf cryohydrin
glucosides produced were distinct at subgenus.l@hgse results were consistent with the presedings.

According to Jaroszewskt al. [11], P. caerulea andP. incarnata synthesizes type Il cryohydrin glucosidédso,
P. muraja, P. citrina andP. mixta synthesizes type | and Il. In the present stBdgitrina was found to have type I
cryohydrin glucosides. Since one of the main physocical difference in the genuRassiflora is caused by
cryohydrin glucosides [16] [17] and incompatibility associated with the presence of different pthyemnicals in
the scion and stock [2]; grafting successPinincarnata and P. caerulea both species with type Il cryohydrin
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glucoside as opposed to type IV cryohydrin glucediound in the scion suggested that cyanohydricagides
produced by the rootstock was tolerated by thenscidoreover, it has been reported that chemieatiments that
reduce the amount of the cyanohydrin glycosidersavéhe development of incompatibility and grafintdnations
producing relative equal amounts or types of cygddh glycosides are compatible [9].

Table1: Colorimetric assay of cyanohydrin glycoside content in the aerial portions of eight Passiflora spp. and spinach (Spinaceae

oleraceae)

Sample Mean * S.Epfols amygdalin equivalents/g fresh weigft)
Spinach -0.07 £ 0.00
Passiflora spp.

P. altinis 2.32+0.10
P. biflora 0.27 +£0.03
P. caerulea 1.52+0.12
P. citrina 2.18+0.03
P. edulis 0.07 + 0.06
P. incarnate 1.58 £0.02
P. suberosa 7.23+0.28
P. yukatanenesis 1.33+£0.09

*Spinach analyzed as a control.
Walueisessentially zero.

Table 2: Subgenera, grafting success, amygdalin equivalents/g fresh weight, scion growth rate five weeks after grafting and type of
cyanohydrin glycoside in eight Passiflora species

. Graftin mols amygdalin Scion dry weight ~ Type of cyanohydrin
Species Subgenera success%%) equi}\l/alents/g lyrgesh weight accumulat?/on (g%day) ypglycosyide (s%l

P. altinis Passiflora 23.3¢ 2.32k 0.01c 1l

P. biflora Decaloba 66k 1.27¢ 0.03b 1

P. caerulea Passiflora 89a 1.52c 0.77a 1l

P. citrina Decaloba 66b 2.18b 0.02c 1]

P. edulis Passiflora 100a 0.007d 0.81ab \Y

P. incarnata Passiflora 100a 1.58¢c 0.52abc 1]

P. suberosa Decaloba 43.3cd 7.23a 0.07a 1,1

P. yukatanenesis Decaloba 56h¢ 1.33« 0.03b¢ 1,11

Table 3: Subgenera, grafting success, amygdalin equivalents/g fresh weight, scion leaf number and total leaf area (cm®) in eight Passiflora

speciesten weeks after grafting

Species Subgenera Grafting umols amygdalin Scion leaf Total leaf
success (%) equivalents/g fresh weight number  area (cr)
P. altinis Passiflora 23.3d 2.32b 2c 52.78cd
P. biflora Decaloba 66b 1.27¢ 2.5¢ 34.11de
P. caerulea Passiflora 89a 1.52¢ 5b 81.89b
P. citrina Decaloba 66b 2.18b 2c 30.22e
P. edulis Passiflora 100a 0.007d 8a 511.994
P. incarnata Passiflora 100a 1.58¢ 5.5b 67.33bq
P. suberosa Decaloba 43.3cd 7.23a 2c 24.36e
P. yukatanenesis  Decaloba 56bc 1.33c 2c 32.78e

Table 4: Subgenera, scion length, leaf number and fruit number in eight grafted Passiflora species one year after grafting

Species Subgenera  Scion length (cm)  Scion leaf aumkFruit number per plant
P. altinis Passiflora 13c 5¢ 0
P. biflora Decaloba 13.5¢ 4c 0
P. caerulea Passiflora 32b 25b 5b
P. citrina Decaloba 12¢ 4c 0
P. edulis Passiflora 130¢ 108¢ 30¢
P. incarnata Passiflora 45b 28b 10b
P. suberosa Decaloba 11c 4c 0
P. yukatanenesis Decaloba 13.3 Ac 0

According to Hartmanret al. [10] a high percent grafting success does noessarily mean compatibility as
incompatibility can manifest itself later. This wdse case in the present study since scions grafteotstalks
belonging in the decaloba subgenera had only taxele ten weeks and 5 cm growth one year afteriggattack of
growth and inability to fruit indicated stuntingcammon sign of incompatibility. Self grafts had tim@st rapid
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growth rates whild®. caerulea andP. incarnate showed moderate growth and yielthis finding agreed with Guet
al., [9]'s observation that some rootstalks had dingreffects on scions. In the present st&dyncarnata andP.
caerulea rootstocks had a dwarfing effect Bnedulis scions.

CONCLUSION

Results from the present study indicated that hgbdishing the cyanohydrin glycoside type and conia the
rootstalk and foliage withifPassiflora species a rapid rootstock screening techniquealf gompatibility can be
developed.

Passiflora incarnata and P. caerulea need to be screened further fewsarium wilt resistance since they showed
potential of becoming alternative rootstalks Foedulis.
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