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RESUMEN E SPANOL, p. 310 

Use of the Poncirus trifoliata Flying Dragon as dwarfing rootstock for citrus 
under tropical climatic conditions. 
Abstract - Introduction. Citrus fru it trees grown under tropical climatic conditions have a 
high level of vigour, and, consequently, late fruit-bearing and low productivity. Using Pon­
cirus tr(foliata Flying Dragon CP tFD) rootstock, which makes it possible to obtain smaller trees 
and earlier production, could solve this problem. Materials and methods. Trials comprising 
eight commercial varieties were begun in December, 1992, in an irrigated plo t on Grande-Terre 
Island, New Caledonia. Growth of the trees was observed over a 5 year periocl through twice­
a-year measurements of tree height, of frondescence between and in the rows and of trunk 
diameter at a point 10 cm above that of grafting . Production was weighed as of fruit devel­
opment 2 years after planting. Results . Uncler the climatic and peclological conditions at the 
experimental site, trees graftecl onto PtFD could , depending on the variety, be planted in den­
sities of from 800 to 1,400 trees·ha·1. Cumulative planting and maintenance costs over the 
5 years were 1.8 time those of traditional orchards for a density 5 times as great and a level 
of productivity per hectare 5.2 times that of a standard orchard. Conclusion. Using P tFD, 
which is selclom used in the Mediterranean zone due to its dwarfing effects in this climatic 
region, couic! prove interesting in tropical zones. Further observation will make it possible to 
assess tree longevity and fruit quality granted by this rootstock. © Éditions scientifiques et 
médicales Elsevier SAS 

New Caledonia / Citrus / variety trials / dwarf / rootstocks / crop yie lds / plant response 

Utilisation de Poncirus trifoliata Flying Dragon comme porte-greffe 
nanifiant des agrumes sous climat tropical. 
Résumé - Introduction. Les agrumes cultivés sous climat tropical présentent une vigueur 
importante et, par conséquent, une mise à fruits retardée et une fa ible productivité. L'utilisa­
tion du porte-greffe Poncirus trifoliata Flying Dragon CP tFD), qui permet d 'obtenir des arbres 
d 'un volume réduit e t une production précoce, pourrait pallier ce problème. Matériel e t 
méthodes. Un essai comprenant huit variétés commerciales a été implanté en décembre 1992 
sur une parcelle irriguée de l'île de la Grande-Terre en Nouvelle-Calédonie. La croissance des 
arbres a été suivie pendant 5 ans par la mesure, cieux fois par an , de la hauteur de l'arbre, du 
diamètre de la frondaison entre rangs et sur le rang et du diamètre du tronc à 10 cm au-dessus 
et au-dessous du po int de greffe . Les récoltes ont é té pesées dès l'apparition des fruits 
2 ans après la plantation. Résultats . Dans les conditions climatiques et pédologiques du site 
expérimental, les arbres greffés sur P tFD autorisent, selon les varié tés testées, des densités de 
plantation de 800 à 1 400 arbres-ha·1. Les coûts d'implantation et d 'entretien cumulés sur 
5 ans dépassent de 1,8 fois ceux d 'un verger traditionnel, pour une densité 5 fois plus élevée 
et une productivité à l'hectare égale à 5,2 fo is celle d 'un verger standard. Conclusion. L'uti­
lisation de PtFD , peu développée en zone méditerranéenne en raison de l'effet nanifiant trop 
important de ce porte-greffe sous ce climat, pourrait donc être intéressante en zone tropicale . 
Les observations futures permettront d 'évaluer la longévité de ces arbres et la qualité des fruits 
induites par le porte-greffe. © Éditions scientifiques et médicales Elsevier SAS 
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1. introduction 

In tropical climatic zones, the vigou r 
observed in citrus fruit trees represents a 
handicap for orchard development and lim­
its yield increase of cultivated surface area. 
This situation obliges nurserymen to plant 
in low densities - 150 to 200 plants·ha-1 -
leading to poor sanitary conditions linked 
to the sizes of the trees to treat; pruning and 
harvesting operations for such trees result 
in high culture costs. Such constraints 
become particularly troublesome when site 
topography hinders mechanical harvesting 
techniques. 

To solve this problem of excess vigou r, 
various procedures based on the use o f 
pathogenic agents, of specific horticultural 
or cultural techniques, or of certain dwarf­
ing rootstock are ail a pt to redu ce tree 
development. 

1.1. pathogenic agents 

Use of pathogenic agents was developed 
in Australia [1] and Israel [2]. It involves 
using the tristeza (CTV) virus and the exo­
cortis (CEV) causal agent. The results 
obta ined after inoculatio n vary substantially 
depending on the rootstock used and the 
variety associations / rootstock sensitivity. 
This technique presents numerous draw­
backs and is not transposable , particularly, 
to zones in which tristeza is not present. 
Moreover, one cannot ignore the risk of 
pathogenic agent mutation towards more 
virulent forms. 

1.2. horticultural 
and cultural techniques 

Tree development can be reduced by 
using the so-called "sandwich" (interstock) 
method which consists in placing a piece 
of stem frorn a third variety be tween the 
rootstock and the scion. This procedure is 
used for training certain te rnpe rate-zone 
fruit trees and makes it possible to insert a 
dwarfing variety between a well adapted 
rootstock and a commercially interesting 
varie ty. In the case of citrus fruit trees, 
trials in Flo rida [3] have shown the effi­
ciency of the technique. The approach has 
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not yet, however, been exploited by nurs­
e1ymen. 

In Israel [2], tree development has been 
recluced by rationing irrigation, thus mak­
ing it possible to provoke early and abun­
dant production. Such a technique, how­
ever, cannot be transposed to zones with a 
humid clirnate. 

Other techniques, such as pruning o r 
angle planting of trees, can be used, but up 
to now they have not resultecl in the train­
ing of trees w ith sufficiently reduced devel­
opment to faci lita te the establishment o f 
very high density o rchards [4]. 

1.3. use of dwarfing rootstock 

The term 'dwarfing' can only be appliecl 
to rootstock which recluces tree volume by 
at least 75%, thus limiting tree height to 
2.5 m at adult age. The Poncirus trifoliata 
Flying Dragon cultivar would be one such 
dwarfing rootstock [5]. 

The first trials using this cul tivar were 
run in 1972 at the South coast fie ld statio n 
in California. In 14 yea rs , Valencia Late 
o range trees graftecl onto this rootstock 
reachecl a he ight of 1.9 m and a foliation 
diameter of 1.8 m for an average yie lcl of 
33 kg per tree. The fruit is of good quality 
[6]. In Floricla, the Flying Dragon, tested in 
comparison with the Cleopatre mandarin 
tree , reduced the canopy volume of Min­
neola tangelo trees by 30%. 

The Flying Dragon originated in Japan, 
·where it is usecl to procluce ornamental 
pottecl plants. Introclucecl in the U.S.A. by 
Walter S. Swingle in 1915, it long remained 
a botanical curiosity. Thereafter, economic 
consiclerations lecl resea rchers to identify 
clwarfing rootstock w hich would make it 
possible to increase planting densities and, 
consequently, yield. Like the Poncirus trifo­
liata, of which it is a mutant [7], the Flying 
Dragon has tolerance traits towards the tris­
te za virus, resistance traits towards Phy­
tophthora spp. and citrus fruit nematocles, 
as well as a good level of tolerance for cul­
ture in heavy soils. It also allows production 
of good quality fruit [5] lts use requires the 
selection of scions which are free of exo-



cortis, a clegenerative illness to which 
Poncirus and their hybricls are very sensitive . 
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165° East 

This overall set of characte ristics was i 
usec.l in c.le fining a trial protocol which macle 
it possile to test Flying Drago n clwarfing 
rootstock in New Caleclonia , under the con-
ditio ns at the Pocquereux fruit research sta-
tion. 

2. materials and methods 

2.1. presentation of the environment 

New Caledonia , an archipelago situatecl 
in the no rth o f the Tropic o f Capricorn 
between 19° and 23° south latitude and 158° 
and 172° east longitude, is at 18,000 km 
from metropolitan France (/ïgure 1) . Its 
to ta l surface area of 19,100 km2 is approx­
imately twice that of Corsica . The archipel­
ago is composecl of a principa l islancl ori­
e ntatecl no rth-west by south-est - the 
Grande-Terre, 16,900 km2 - and of clepencl­
encies: Pins Island, the Loyalty Islands, the 
Bélep Islands, together covering 2,200 km2 
[9] 

Grande-Te rre , approximately 400 km 
lo ng and 50 km wicle, has a mountainous 
central zone peaking at 1,628 m and slicecl 
by cleep valleys running perpendicular to 
the east and west coasts . These valleys are 
at low altitudes (iess than 200 m) and are 
lo nge r near the east coast than near the 
west coast. The cle pe nclencies are com­
posed of coral atolls built up o n volcanoes. 

The Pocquereux station , in the La Foa 
commune, is at 15 km from the sea and at 
an altitude ranging from 18 m to 50 m. Sit­
uatecl in the miclclle of one of the Grande­
Terre coastal valleys with an east-west o ri­
entation, it is 120 km to the north-west of 
Noumea. 

2.1.1. climate 

The archipelago has a transitional di­
mate between that of a tropical zone and 
that of a Meclite rranean zone . One part of 
the year it is uncler the influe nce of the 
intertropical convergence zone (ITCZ) and 
the rest o f the year it .is uncler the influence 
o f temperate lows: 

- The period from micl-December to miel­
April corresponds to the season of tropical 
lows and cyclones. This is the major hot, 
humicl season w hich ends in February­
March. 

- From miel-April to miel-May, there is a 
short dry season cluring which the precipi­
tation and temperature clecrease d ue to the 
rising of the ITCZ towards the north. 

- From miel -May to mid-Septembe r, 
there is a cool season which is sometimes 
rainy due to the rising of polar colcl fronts 
which can provoke ternperate lows. 

- Du ring the major dry season frorn mid­
September to micl-December, the tempera­
ture rises as the ITCZ begins its clescent 
towarcls the south. 

2.1.2. temperatures 

The temperature curve is a determining 
ele me nt in the study o f citrus fruit tree 
behaviour as this parameter influences both 
the internai and external q uality of the fruit, 
particularly the co lo ur. Temperatures col­
lected at the La Foa weather station are very 
contrastive. Over 34 years of observatio n 
0 956 to 1991), the annual average was 
22.5 °C, with an average maximum of 
28.5 °C and a minimum of 16.4 °C (/ïgure 2). 

Such temperatures, which have a relatively 
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Figure 1. 
Map of New Caledonia. 

Fruits, vol. 54 (5) 301 



F. Mademba-Sy et al. 

35 500 

30 
400 

25 

~ Ê 
300 -S 

Q) 20 ------
' 

, 
è ::i ' ' 

, , 

~ ' ' 
, , 1i> 

' ' 
, , E Q) 

' 
, 

a. 15 ' / 0 

E / 
, 

200 '> 
' ' / 

/ ::, 
Q) ' 

.... ______ 
0:: 1--

10 

100 
5 

0 0 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

-- Maximum temperature 
- - - - Minimum temperature 

Average temperature Rain 

Figure 2. 
Pluviometric and temperature averages recorded from 1956 to 1991 at the La Foa 
experimental site (ait. 18 m, lat. 21 °40' S, long. 169°49' E) in New Caledonia. 

Figure 3. 
Comparison between average temperatures in La Foa (New Caledonia), 
in Martinique (Antilles, humid tropical climate) and in Corsica (France, 
Mediterranean climate). 
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low minimum level in spite of the low alti­
tude , the geographica l position and the 
insularity, are intermediary between those 
of a tropical climate and those of a Mediter­
ranean climate (fïgure 3). 

2.1.3. hygrometry, evaporation 
and precipitation 

Average hygrometry varies from 40 to 
96%. The average annual evapotranspira­
tion potential is 1,463 mm with a minimum 
level of 65 mm in June and a maximum 
level of 177 mm during the month of 
December. The pluviometric annual aver­
age is 1,155 mm, but this parameter varies 
extensively as, in 1967, the annual pluvio­
metric level dropped to just 610 mm while , 
in 1973, it reached 2,292 mm. 

The precipitation is grouped into an 84 d 
period. This insufficient yearly distribution 
makes it necessary to use irrigation tech­
niques. 

2.2 soils 

The trees observed during the experi­
rnentation were planted on a hilly, pied­
mont plot in non-clirnatic , poorly devel­
oped soi! with colluvia l deposits. The soi! 
texture was heavy (sandy-loarn clay) with 
the clay-loarn combination equalling 66%. 
Such soi! is average (2%) in organic sub­
stance content, very rich in magnesium, but 
very poor in potassium and calcium. It con­
tains no sodium and the pH is 5.6. 

2.2.1. cultural technique 

Before improvement, the chosen, flat 
plot had been covered by a dry forest com­
posed of niaouli (Melaleuca quirzquerz­
eruia). After bulldozer clearing, the soi! was 
strongly enriched with 6 t·Ju-1 of lime crusts 
giving a 48% calcium oxyde (CaO) dosage. 
The basic fertilisation consisted of a 2 t·ha-1 
deposit of NPK 0-32-16 fertiliser. The 
ground was subsoiled with a ripper to a 
depth of 1 m (three teeth 1 m apart). Till­
ing was carried out to a depth of 45 cm with 
a four blade plow, then the planting bed 
was banked up by positioning the soi! in 
the planting rows through repeated runs 
with the four blade plow. 



The double rows of trees were situated 
in beds which were 4 m long and 80 cm 
high along the central axis. The soi! of the 
banked beds was heavily strawed (10 cm) 
every year, in August, using baies of "Rhodes 
grass" C Ch loris gayana) produced on spe­
cially designed plots at the experimental 
station. 

2.2.2. fertilisation 

The annual fertilisation of 1,500 g urea 
and 2,500 g NPK 13-13-21 fertiliser for the 
5-yea r-old trees was divided into three seg­
ments per year: 

- 50% of the fertilisation was deposited 
in July, that is to say 1 month before flow­
ering, 

- 25% was deposited 2 months later, in 
September, 

- 25% 4 months later, in November. 

2.3. experimental design 

The experimentation was put in place in 
December, 1992. Poncirus trifoliata Flying 
Dragon cultivar rootstock seeds had been 
supplied for the testing by Willits and New­
comb (U.S.A.) in 1990. 

Trial groups were made up of eight vari­
eties grafted onto this rootstock . These vari­
eties were introduced in New Caledonia by 
the San Giuliano, Corsica Inra-Cirad agro­
nomie research station (ARS). Testing con­
cerned Lis bon lemon trees ( Citrus limon 
(L.) Burm. F.) (ARS 16), Tahiti lime trees 
(C latifolia Tan .) (ARS 58) , Washington 
Navel (ARS 203) and Valencia Late (ARS 
105) orange trees ( C sinensis (L.) Osb.), 
Saint John satsuma mandarin trees (C. uns/Jiu 
Marc.) (ARS 108), Star Ruby grapefruit trees 
CC. paradisi Macf.) (ARS 293), Ortanique 
tangor trees ( C. reticulata Blanco x C. sinen­
sis (L.) Osb.) (ARS 110) and Orlando tan­
gelo trees ( C. reticulata Blanco x C. para­
disi Macf.) (ARS 46) 

Contrai trees were made up using the 
Citrus volkameriana species as rootstock 
for lemon and lime trees and the Troyer cit­
range as rootstock for the other varieties. 

Citrus frui t tree rootstock can be multi­
plied by sowing when the plants are 
apomictic . In the case of the Flying Dragon 
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cultivar, however, zygotic original plants are 
frequent. Their percentage, varying from 0 
to 75%, runs at an average of 50% [6]. Even 
if visual sorting makes it possible to distin­
guish nucellar subjects (bent thorns and 
spiral growth of shoots), certa in zygotic 
plants as well have phenotypic features like 
those of nucellar p lants. Identification of 
atypical subjects can be made very reliably 
on the basis of isoenzymatic polymorphism 
since the Poncirus tri/oliata species has 
four heterozygotic loci on its enzymatic sys­
tem: ma late dehydrogenate (MDH), phos­
phoglucose isomerase (PGI), aspartate trans­
aminase (GOT) and phosphoglucomutase 
(PGM) [10] Enzymatic analysis carried out 
at the Pocquereux station laboratory in 1997 
made it possible to identify five zygotic sub­
jects out of the 149 plants of the trial a pos­
te riori , that is to say 2.7% of the plants. 
Visua l sorting in the nursery, is , thus, rela­
tively efficient. · 

Planting density was 1,000 trees· ha -1. 
Trees were planted in twin rows: 5 m sep­
arated each double row, with 3 m between 
rows and 2.5 m between plants in each 
row . The eight groups were distributed in 
complete random blocks in four repetitions . 
Each block was made up of four trees. The 
global unit was surrounded by rows of trees 
made up of plants which were identical to 
chose in the groups. 

2.4. observations carried out 

2.4.1. production characteristics 

Every 6 months, from January to July , 
beginning with planting, five measurements 
were taksen: 

- canopy diameter along the planting 
line (Dline), 

- canopy diameter perpendicular to the 
planting line (Dperp), 

- trunk diameter at 10 cm above the 
level of the graft, 

- trunk diameter at 10 cm below the 
level of the graft, 

- tree height (H) . 

Canopy volume was calculated using the 
results of these measurements in the for­
mula: 
V ; 1/6 n:HD2 [11] , where D ; (Dline + Dperp) / 2 
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Figure 4. 
Development of average 
height over the first 5 years 
after planting for trees tram 
citrus tree commercial 
varieties grafted onto dwarfing 
Poncirus trifoliata 
cv. Flying Dragon rootstock 
(New Caledonia). 
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We ighing of the p roduction harvests 
began as of appearance of the first fruit at 
the end of the second year afte r planting . 

2.4.2. fruit quality characteristics 

Quality analyses were ru n on the har­
vested fruits using parameters laid out in 
international specifications [12]. These 
analyses were macle on samples macle up 
of 10 fruits per tree, p ickecl every 3 weeks. 

After the harvest, al! the fruits from the 
trial trees were calibratecl in orcler to juclge 
the commercial interest of the harvest. 
Batches of 30 fruits per variety macle it pos­
sible to characterise these calibration classes. 

3. results 

Tree growth was slow over the 5 years 
of observatio n V zgure 4). 

At 5 years of age, the dwarfing effect is 
obvious, no matter what varie ty bas been 
graftecl onto Flying Dragon roo tstock . 
Canopy volume of the trees from [Valencia 

·' / 
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,.- -- ·-·-·---/· 

2 3 4 

Years after planting 

Washington Navel orange 
Ortanique tangor 
Valencia orange 
Orlando tangelo 

5 
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Late orange / Flying Dragon] and [Orlando 
tangelo / Flying Dragon] couples is reclucecl 
from 11 to 16 times, respectively, in com­
parison to the control couples ( table!). The 
recluctio n is approximately 6 rimes for the 
Star Ruby grapefruit, Ortanique tangor and 
Washington Navel varieties and 4 times for 
the Tahiti lime , the Saint John satsuma and 
the Lisbon lemon. 

Twin-row planting is not the most appro­
pria te technique because inter-row inter­
ventio ns cannot be mechanisecl. This is 
especially true as far as weecling is con­
cernecl. On the basis of the ratio between 
tree volume and occupiecl ground surface 
and consiclering single row planting, the 
measurements make it possible to recom­
mend specific planting clensities according 
to the varieties chosen (table JI). 

3.1. effect of the climate 

To bring to light any possible incidence 
of climatic conditions on the Flying Dragon 
cultivar clwarfing effect, growth measure­
ments obtainecl for the [Tahiti lime / Flying 
Dragon] crossing in Ne,v Caleclonia were 
compared to those for a similar variety / 
rootstock crossing made in the Antilles in 
1988 uncler humicl tropical climatic condi­
tions (50 m of altitude , lat. 14°40' N and 
long. 61 °01 ' E) [13]. This comparison shows 
that recluction of the clevelopment of trees 
graftecl o nto the Flying Dragon is more 
extensive in New Caleclonia than in Mar­
tinique Vzgure 5) due to the climate. 

3.2. productivity 

3.2.1. yield 

The comparison of the cumulated har­
vests per tree from the second to the fifth 
yea rs on trees graftecl o nto the Flying 
Dragon and those resulting from the pro­
duction of control trees shows a ratio vary­
ing from 0.4 to 1.1 (table III). Flying Dragon 
rootstock leads to early production, thus 
compensating for the reclucecl development 
of the trees. 

Shifting these yields pe r tree to those 
which would be obta ined w ith planting 
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Table 1. 
Canopy volume (in m3), for 5-year-old trees of citrus commercial varieties grafted onto dwarfing rootstock (Pon­
cirus trifoliata cv. Flying Dragon), under New Caledonian climatic conditions. 

Variety grafted Aootstock Aeduction in volume 
(m3) 

Control1 Flying Dragon 

Lisbon lemon 64.0 17.0 a 3.8 
Tahiti lime 48.1 11 .1 b 4.3 
Saint John satsuma 20.9 5.4 C 3.9 
Washington Navel orange 19.8 3.6 d 5.5 
Star Auby grapefruit 19.4 3.3 d 5.9 
Ortanique tangor 17.9 3.2 d 5.6 
Orlando tangelo 29.6 1.8 e 16.4 
Valencia Late orange 17.8 1.6 e 11.1 

1 Contrai: Citrus volkameriana for lemons and limes, Troyer citrange for the other varieties. The values which are not followed by the 
same letter are different at a 5% threshold, using the Newman Keuls test. 

densities in orchards using Flying Dragon 
rootstock (1 ,000 plants ·ha-1) , the cumula­
tive harvest results put the usage of the 
Flying Dragon into a much more favourab le 
light (table IV). Five yea rs afte r planting, the 
cumulative harvest results, ca lculated at the 
level of the planted surface, would be 2 to 
5.7 cimes as much fo r the va rieties grafted 
onto the dwa rfing rootstock. 

Thus , for example, yie ld from Crees fro m 
the [Tahiti lime / Flying Dragon] association 
we re 1.5 kg, 7.4 kg , 40.4 kg and 45 .7 kg per 
tree for the years 2, 3, 4 and 5, lead ing to a 
cumulative result of 94 t·ha-1 for an orchard 
planted at high density, ·whereas, in a con­
ventional orchard , the same citrus tree vari­
ety grafted onto C. volkamericma produces 
9 kg, 37 kg and 54 kg per tree in the yea rs 
3, 4 and 5, that is to say a cumulative har­
vest result of 20.8 t· ha-1. 

Another parameter displaying the effi ­
ciency of the Flying Dragon is the ca lcula­
tion of the ratio between fruit production 
and tree canopy volume (table V). Produc­
tion per surface unit va ries fro m 2.5 
to 9.8 kg- m-3 for va rieties grafted onto the 
Flying Dragon , whereas it va ries from 1 to 
4.8 kg-m-3 for the control trees . Graftings 
using the Flying Dragon as rootstock are 
chus from 1.4 to 5.8 rimes more productive 
chan chose concerning the C. volkamericma 
and Troyer citrange graftings . 

Table Il. 
Surface occupied at 5 years of age by trees from commercial 
varieties of citrus fruit trees grafted onto dwarfing rootstock 
(Poncirus trifoliata cv. Flying Dragon) and proposed planting density 
(New Caledonia). 

Variety grafted Surface occupied 

Lisbon lemon 
Tahiti lime 
Saint John satsuma 
Washington Navel orange 
Star Auby grapefruit 
Ortanique tangor 
Orlando tangelo 
Valencia Late orange 

8 

0 

6 12 

----
18 

Tree age (month) 

-- Martinique 
- - - - New Caledonia 

(m2) 

8.8 
6.9 
4.7 
3.4 
3.1 
3.1 
2.0 
1.9 

24 

Proposed planting density 
(plants·ha-1) 

800 
800 

1 000 
1 200 
1 200 
1 200 
1 400 
1 400 

Figure 5. 
Climatic effect on the growth 
of Tahiti lime trees grafted 
onto Flying Dragon dwarfing 
rootstock through the 
comparison of canopy 
volumes for trees planted in 
Martinique (humid tropical 
climate, lat. 15° N, ait. 50 m) 
and in New Caledonia. 
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Table Ill. 
Cumulated harvest for 5-year-old trees from citrus fruit commercial varieties grafted 
onto dwarfing rootstock (Poncirus trifo/iata cv. Flying Dragon) and ratios of comparison 
with the production of conventional orchards (New Caledonia). 

Variety grafted Cumulated harvest (kg per tree) Ratio 
Flying Dragon / 

onto Flying Dragon onto control1 contrai 

Saint John satsuma 
Tahiti lime 
Lisbon lemon 
Ortanique tangor 
Valencia Late orange 
Star Auby grapefruit 
Orlando tangelo 
Washington Navel orange 

57 
94 
74 
39 
28 
76 
40 
28 

50 1.1 
100 0.9 
103 0.7 
67 0.6 
48 0.6 

122 0.6 
80 0.5 
66 0.4 

1 Contrai: Citrus volkameriana for lemors and limes, Troyer citrange for the other varieties. 

Table IV. 
Theoretical harvest for 5-year-old trees from citrus fruit commercial varieties grafted 
onto dwarfing rootstock (Poncirus trifoliata cv. Flying Dragon) and planted at high 
densities made possible by the reduced canopy expanse, and ratios of comparison 
with the production of conventional orchards (New Caledonia) . 

Variety grafted Cumulated harvest (t·ha-1) Ratio 
Flying Dragon / 

onto Flying Dragon onto control1 contrai 

Saint John satsuma 
Tahiti lime 
Washington Navel orange 
Star Auby grapefruit 
Ortanique tangor 
Valencia Late orange 
Orlando tangelo 
Lisbon lemon 

57 
94 
74 
76 
39 
28 
40 
28 

10 5.7 
21 4.5 
21 3.5 
25 3.0 
14 2.8 
10 2 . .8 
17 2.4 
14 2.0 

1 Contrai: Citrus vo/kameriana for lemons and limes, Troyer citrange for the other varieties. 

It sho uld be noted chat using Flying 
Dragon rootstock had no derogato1y effect 
on fruit size (results not shown). 

3.2.2. fruit quality 

For graftings using varieties producing 
sweet fruits (oranges , satsumas , tangelos, 
tangors) grafted onto the Flying Dragon , 
the maturing of fruits was slowed down but 
the fruits themselves were sweeter and 
juicier (results not shown). 
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3.3. costs 

As the goa l of the experimentation was 
to increase the profitability of New Cale­
donian citrus fruit tree orchards by using 
new rootstock , a compa rison was made 
between implementing and running a high 
density orchard (1 ,000 plants-ha-1) , foresee­
able using the dwarfing rootstock, and a 
traditional orchard (208 plants-ha-!) for the 
Tahiti lime . 
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Table V. 
Production per unit of volume, 5 years after planting, for trees from grafts 
of commercial varieties of citrus fruit trees onto dwarfing rootstock (Poncirus trifoliata 
Flying Dragon cultivar) and ratios of comparison with the production of conventional 
orchards (New Caledonia). 

Variety grafted Harvest (kg)/ foliation volum (m3) Ratio 
Flying Dragon / 

onto Flying Dragon onto control1 control 

Orlando tangelo 9.8 1.7 5.8 
Tahiti lime 4.1 1.1 3.7 
Valencia Lateorange 7.3 2.2 3.3 
Saint John satsuma 4.8 1.7 2.8 
Star Ruby grapefruit 9.5 4.8 2.0 
Lisbon lemon 2.5 1.0 2.5 
Ortanique tangor 5.2 3.1 1.7 
Washington! Navel orange 3.6 2.5 1.4 

1 Control: Citrus olkameriana for lemorls and limes, Troyer citrange for the other varieties. 

Table VI. 
Comparison of installation costs (in US $) for a Tahiti lime tree pedestrian orchard 
at a high planting density (1,000 plants-ha·1) and for a conventional orchard at 
a low density (208 plants-ha-1) in New Caledonia. 

Considered expenditure Pedestrian Convention al 
orchard cost (Cp0 ) orchard cost (Cc0 ) 

(Cpo) / Cco) 

Sail preparation 290 
Basic fertilisation 2,180 
Banked bed construction 237 
Plant costs 10,500 
Planting 2,31 8 
Irrigation 5,596 

Global costs 21,121 

3.3.1. installing a pedestrian orchard 

The dwarfing effect of Flying Dragon 
rootstock makes it possible to obtain trees 
of reduced size on which technical inter­
ventions are simplified. Orchards com­
posed of such trees are called "pedestrian 
o rchards". 

When creating a pedestrian orchard, soi! 
preparation costs - basic fertilisation and 
ground works - remain the same no matter 
what planting density is adopted. Direct 
costs proportional to the number of trees 

290 1.0 
2,1 80 1.0 

211 1.1 
2,140 5.0 

464 5.0 
4,889 1.1 

10,174 2.1 

planted thus concern only the works related 
to installing tree supports and planting the 
plot. Moreover, costs for install ing an irri­
gation network increase only 1.1 time, given 
the modification of the network to use one 
microje t for four trees (table Vl) . 

On the basis of the costs analysis of the 
different posts consiclered , it thus appears 
that the imple mentation of a pedestrian 
orcharcl is 2. 1 rimes more expensive than 
that of a traditional o rchard , whereas its 
density is 5 times higher. 
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Table VII. 
Comparison of the maintenance costs (in US $) cumulated over 5 years for a Tahiti lime tree pedestrlan orchard 
at a high density (1,000 plants·ha-1) and for a conventional orchard at a low density (208 plants·ha-1) in New 
Caledonia. 

Considered 
expenditure 

Labour 

Products 
Tilling 

Harvesting 

Global costs 

Pedestrian orchard Conventional orchard (Cpo) I Cco) 

cost (Cp0 ) % of global cost cost (Cc0 ) % of global cost 

8,105 34 5,297 35 1.5 

6,503 17 4,613 30 1.4 

4,638 19 4,295 28 1.1 

4,700 20 1,040 7 4.5 

23,946 100 15,245 100 1.6 

3.3.2. maintenance of a pedestrian 
orchard 

For an o rchard made up o f varie ties 
grafted onto the Flying Dragon (pedestrian 
orchard), maintenance cost components do 
not increase proportionally to p lant density. 
They are: 

- maintenance and weeding of the plot, 
where the number of aisles to maintain is 
the same as with normal density, 

- plant pruning, which amounts to $1,446 
for the peclestrian orchard and $1,175 for a 
conventio nal orchard , a cost rnultiplied by 
a factor of only 1.2, 

- phytosanitary protection , w here the 
difficulty to properly treat the crowns of 
trees in a plot with no rmal density is com­
pensated fo r by the reduced size o f the 
trees in a pedestrian orchard, the volume of 
spray thus remaining practically the same. 

Table VIII. 

On the other band, fe rtilisation costs, 
which increase by a factor of 6.1, and har­
vest costs, multiplied by 4.5 , are two cost 
components which increase significantly. 
They are not, however, pro portional to den­
sity, if the 5 year observation period is ta ken 
into account. 

Globally, maintenance costs of a pedes­
trian orchard , curnulated over 5 years, are 
1.6 rime, higher tha n those of a normal 
orchard (table VII). 

When the costs of orchard installation 
and the cumulative maintenance costs over 
5 years (table VII) are acldecl up, per hectare 
costs fo r a high cle nsity or pedestrian 
o rchard (S45,066) are 1.8 time higher than 
those of a conventiona l orcharcl ($25,417) 
for a 5 rimes higher p lant density. At the 
same time, the quantity of production is 
4.5 rimes higher with a pedestrian orchard 
than with a conventio nal orchard. These 

Comparison of the gross margin per hectare (in US $) cumulated over 5 years for 
a Tahiti lime tree pedestrian orchard planted at a high density (1,000 plants-ha-1) 
and for a conventional orchard at a low density (208 plants-ha-1) in New Caledonia. 

Considered expenditure Pedestrian orchard Conventional orchard (PO) / (CO) 
(PO) (CO) cost ratio 

Costs 45,066 25,417 1.8 

Products 184,240 40,768 4.5 

Gross margin per ha for 5 years 139,174 15,351 9.1 

Direct cost per kg for 5 years 0.48 1.22 -2.5 
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results give a gross marg in pe r hecta re, 
cumulated over 5 years, 9 cimes higher for 
the high clensity o rcha rcl chan for chat with 
usual clensity (table VIII). 

The clevelo prnent of the gross margin 
(ligure 6) inclicates chat the thresholcl of 
profitability is reached c.luring the fou rth 
year of exp lo itation for the [Tahiti lime / 
Flying Dragon] association, o n the basis of 
an average selling price o f $1.96 pe r kg 
[source: Institut territorial de la statistique et 
des études économiques (ITSEE)]. It shou lcl , 
however, be notecl chat this rough estimate 
concerns only the d irect costs fo r the plot, 
which are paramete rs to integrate into the 
explo itation structure case hy case. 

4. conclusion 

To rnake up for the excessive vigour of 
trees grown une.Ie r tropica l climatic condi­
tio ns, using rootstock resulting in Jess vol­
ume w hile meeting sanitary requirernents 
can be promising as it makes it possible to 
improve: 

- fruit yielcl per hectare , 

- harvested fruit quantity per surface unit, 

- intervention e fficiency, 

- labou r yie lcl. 

Aclopting Flying Dragon rootstock, a cul­
tiva r of the Poncirus trifoliata species , 
makes it possible to plant in c.lensities of 800 
to 1,400 trees ·ha-1 accorcl ing to the variety. 
The approach contributes to the insta llation 
o f "peclestrian" o rchards in which interven­
tions are simplified and the beginning of 
production is ea rly, thus resulting in rapid 
depreciation of insta llat ion and mainte­
nance costs . 

Even though this rootstock has not expe­
rie nced extensive commercial c.levelopment 
in the Medite rranean zone due to its exces­
sive clwarfing effect in this climate, it woulcl 
seem interesting for a tropical zone. Further 
observations w ill make it possible to assess 
the longevity of these trees as well as the 
e ffect of this rootstock on fruit quality (size, 
juice and sugar content, acid ity) accorc.l ing 
to the tree age. 
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Utilizaci6n de Poncirus trifoliata « Flying Dragon » como porta-injerto 
que vuelve enanos los agrios en clima tropical. 
Resumen - Introducciôn. Los agrios cultivados en clima tropical presentan un gran vigor 
y, por consiguiente , una puesta en frutos atrasada y una baja productividad. El uso de por­
tainjerto Poncints tr/foliata Flying Dragon (PtFD), que permite lograr arboles de un volumen 
reducido y una producci6n precoz, podrîa paliar este problema. Material y métodos . Un 
ensayo incluyendo ocho variedades comerciales fue instalado en diciembre de 1992 en una 
parcela irrigada en la isla de la Grande-Terre en Nueva-Caledonia. El crecimiento de los arbo­
les fu e vigilando durante 5 an.os mediante medici6n, dos veces por an.os, de la altura del arbol, 
del diametro de la fronda entre rangos y en el rango y del diarnetro del tronco a los 10 cm 
encima y abajo del punto de injerto . Las cosechas se pesaron a partir de la aparici6n de los 
frutos 2 an.os después de la siembra. Resultados . En las condiciones clirnaticas y pedol6gicas 
del sitio experimental, los arboles injertados sobre P tFD au torizan , acorde a las variedades 
sometidas a test, densidades de siernbra de 800 a 1.400 arboles -ha-1. Los costos de implanta­
ci6n y de rnantenimiento cumulados sobre 5 an.os son superiores de 1,8 veces a los de un ver­
ge! tradicional, para una densidad 5 veces mas elevada y una productividad por hectarea igual 
a 5,2 veces a la de un verge! estandar. Conclusiôn. El uso de PtFD, poco desarrollado en 
zona mediterranea debido al dernasiado gran efecto reductor de tarnano de este porta-injerto 
en este clima, podrîa pues resultar interesante en zona tropical. Las observaciones futuras per­
rnitiran evaluar la longevidad de estas arboles y la calidad de los frutos inducidos por e l porta­
injerto. © Éditions scientifiques et médicales Elsevier SAS 

Nueva Caledonia / Citrus / ensayos de variedades / enano / portainjertos / rendimiento 
de cultivos / respuesta de la planta 
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