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Abstract

The field performance of fifteen peach and plum based rootstocks of different vigour
(Adesoto, Evrica, Garnem, GF 677, HM-2, Krymsk® 1, PAC 9801-02, PAC 960, PAC
9907-02, PAC 9917-26, PAC-MUT, PADAC 9907-23, ROOTPAC® 40, ROOTPAC"
70 and Tetra) grafted with ‘Calrico’ cultivar was compared after 7 years of
establishment on an Armillaria infested replant site. ‘Calrico’ is a selected clone of
“Calanda” late peach cultivar. Differences in parameters such as tree survival, leaf
chlorophyll content, vigour, yield, cumulative yield, yield efficiency and fruit size were

analyzed among rootstocks. All PAC 9801-02 and Tetra trees survived and the mortality
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rate was low in Evrica, PADAC 9907-23 and ROOTPAC™ 40. The rest of genotypes
showed higher mortality rates. Leaf chlorophyll concentration was higher when grafted
on Adesoto and Evrica and lower when grafted on PAC 9907-02 and PAC 9917-26.
Garnem and PADAC 9907-23 were the most vigorous rootstocks. The highest yield
efficiency was induced by Krymsk® 1 and PAC 9801-02 due to their lower vigour. The
highest fruit weight was also induced by Krymsk® 1 but its cumulative yield was low.
Other rootstocks that showed high fruit weight and cumulative yields were ROOTPAC®
70 and Tetra. Overall, Evrica, PAC 9801-02, ROOTPAC® 40 and Tetra were among the
best adapted to soil sickness and calcareous soil showing a good agronomic
performance. The first three rootstocks (Evrica, PAC 9801-02, ROOTPAC® 40) also

exhibited a high capacity to control tree vigour associated with high yield efficiency.

Keywords: Armillaria mellea, Iron chlorosis, Prunus, Replant, Rootstock, Vigour

1. Introduction

“Calanda” peach [Prunus persica (L.) Batsch.] is a native Spanish variety highly
profitable and very much appreciated in Europe due to the large size, non melting flesh,
clingstone and late harvest of fruits (Fernandez et al., 2009; Ferrer et al., 2005). Its
production is concentrated in the Calanda area (Ebro Valley, Spain), a region that
suffers, among other problems, replant disease and iron chlorosis, such as almost all the
Mediterranean area.

Replant disease in stone fruits often occurs when trees are grown in a soil that
had previously supported the same or similar plant species leading to reductions in plant
growth, crop yields and shortening of the productive life of the orchard (Bent et al.,

2009; Reighard et al., 2008). Biotic factors, such as soil-borne pathogens, adverse soil
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microbiota and decomposition of the remaining roots from the previous crop, as well as
abiotic factors, such as soil nutrition, structure and decline in soil organic matter
content, have been suggested to additionally contribute to replant disease etiology
(Calvet et al., 2000; Manici and Caputo, 2010; Bent et al., 2009). In Prunus trees,
species of Armillaria fungus genus has been implicated in root rot and peach tree
mortality (Beekman and Pusey, 2001). Much research has been conducted on soil
fumigation as a solution to replant disease in the past decades (Browne et al., 2006;
Utkhede, 2006). However, research is needed to breed and evaluate disease resistant or
tolerant crops as a more sound and environmental friendly approach (Browne, 2009;
Utkhede, 2006). Replant disease is becoming a primary challenge in peach production
as the industry moves forward replanting orchards with a newer generation of vigour-
controlling rootstocks better adapted to adverse conditions.

Iron chlorosis is mainly the result of the low iron bioavailability in calcareous
soils and the difficulty of Fe acquisition by the roots (Hell and Stephan, 2003). Iron is
an essential micronutrient for plant growth and development because of its importance
in numerous cellular functions (Jiménez et al., 2008). The development of iron chlorosis
symptoms in peach orchards is known to affect tree growth and to reduce fruit yield and
quality (Almaliotis et al., 1995; Alvarez-Fernandez et al., 2003). If amended, it
increases orchard management costs derived from Fe-quelate treatments (Abadia et al.,
2004; Sanz et al., 1992). The genetic approach to prevent iron chlorosis is based on the
use of tolerant rootstocks (Gogorcena et al., 2004; Rombola and Tagliavini, 2006).

The use of new rootstocks that are more resistant to abiotic and biotic stresses as
well as inducing adequate growth represents the best solution to increase orchard
productivity and efficiency (Reighard et al., 2008). In the Mediterranean area, the

almond X peach hybrid GF 677 has been one the most utilized rootstocks in the last
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decades. It has high tolerance to iron deficiency, but induces excess of vigour (Cinelli
and Loreti, 2004; Zarrouk et al., 2005). Early experimental data indicated that other
rootstocks (e.g. Barrier and Cadaman) show equally satisfying, if not actually better,
field performance under replanting conditions (Massai and Loreti, 2004). New
rootstocks recently released or under selection may improve peach production with
reduction of labour costs.

The present study was carried out with ‘Calrico’ late peach cultivar, grafted onto
peach and plum based rootstocks of different vigour and grown on heavy and calcareous
soil in a replant site. The objective was to evaluate the performance of the rootstocks in
these conditions, through tree survival, leaf SPAD value, vegetative growth, yield and

fruit size analysis.

2. Materials and methods
2.1. Plant material

Fifteen peach rootstocks were compared in one trial established in February
2002. Rootstock under evaluation included peach and plum hybrids (Table 1). Most
rootstocks are experimental genotypes in their late stages of selection or new commercial
Prunus rootstocks of Spanish, Italian and Russian origin. Some of them are inter-specific
hybrids bred specifically for several resistance and tolerance traits. Adesoto and GF 677
rootstocks were used as medium and high vigour reference rootstocks. They were
grafted with the late ripening non-melting clingstone ‘Calrico’ peach cultivar in

September 2002.

2.2. Field trial
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The trial was carried out in the Experimental Farm of Woody Plants of the
Department of Food and Agriculture of the Aragon Government in Alcafiz (Teruel,
Spain), in the “Calanda” peach denomination growing area, on a calcareous soil, with
48% total calcium carbonate, 11-12% active lime, pH in water 8.2 and a silt-loam
texture. Trees were planted at 6.5 m x 5 m and trained in the central leader system. Trial
was established one year after uprooting a 14-year-old peach orchard that was grafted
on GF 677. The replant site had a history of high mortality rate among trees caused by
the oak root fungus Armillaria mellea Vahl P. Kumm. The orchard was drip irrigated
and managed following the usual local procedures. The experiment was established in a
randomized block design with eight single-tree replications for each rootstock. Guard

rows were used to preclude edge effects.

2.3. Chlorophyll analysis

The chlorophyll (Chl) concentration per unit leaf area was estimated in the field,
using a SPAD 502 meter (Minolta Co., Osaka, Japan). Thirty leaves per tree, selected
from the middle of bearing shoots located all around the tree canopy, were measured
with the SPAD to obtain an average leaf Chl concentration representative of the leaves
belonging to the outer part of the tree canopy. Measurements were carried out at the
beginning and end of the trial evaluation: at 122 and 172 after full bloom (DAFB) in

2005 and 2009, respectively.

2.4. Growth measurement and yield
Trunk girths were measured during the dormant season since 2005 at 20 cm
above the graft union, and the trunk cross-sectional area (TCSA, in cm?) was calculated.

Dead trees were recorded each year at the time when growth measurements were taken.
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Cumulative yield per tree and yield efficiency (cumulative yield in kg per final TCSA)
of each rootstock were computed from the harvest data. At each harvest, 50 fruits were

sampled from each tree and they were used to determine fruit weight (g).

2.5. Analysis of data

Data were evaluated by two-way variance (ANOVA) analysis with the program
SPSS 17.0.0 (SPSS, Inc., Chicago, USA). When the F test was significant, means were
separated using Duncan’s multiple range test (P < 0.05). Regression analysis was

carried out by Pearson’s correlation.

3. Results
3.1. Tree mortality

At the seventh year after grafting, replant conditions generated varying levels of
tree mortality, being higher with the peach based rootstocks (Fig. 1). PAC 960 rootstock
experienced the highest tree mortality with 75% of dead trees (only 2 trees survived);
thereby it was not included in the rest of the study. Other rootstocks that suffered high
tree mortality were HM-2 and PAC 9907-02 with 63% and 50% of dead trees,
respectively. HM-2 experienced progressive tree mortality with 38 % and 50 % of dead
trees in 2007 and 2008, respectively (Fig.1). However, PAC 9907-02 suffered high tree
mortality at the end of the experiment with 0% and 13% of dead trees in 2007 and 2008,
respectively. At the seventh year after grafting, low mortality was found in Evrica,
PADAC 9907-23 and ROOTPAC® 40 with only a single dead tree (13%). In contrast,
all trees grafted on the plums PAC 9801-02 and Tetra survived well exhibiting
homogenous growth. Isolations from root samples taken from dying trees confirmed the

presence of the fungus A. mellea in most cases.
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3.2. SPAD values

Chlorophyll concentration, as determined by SPAD, was significantly affected
by rootstocks the years it was measured (Table 2). In the first bearing year, ‘Calrico’
leaf chlorophyll concentration was significantly lower when grafted on PAC 9907-02
and PAC 9917-26. In 2009, ‘Calrico’ showed a significant higher leaf chlorophyll
concentration on Adesoto and Evrica, followed by GF 677 and PAC 9801-02, and again
a lower concentration on PAC 9917-26, followed by PAC 9907-02 (Table 2). On the
remaining rootstocks chlorophyll concentration was intermediate with SPAD values

ranging from 36.9 to 38.0 (Table 2).

3.3. Vegetative growth

Tree size, as measured by TCSA, was significantly affected by rootstocks
starting from the third year after grafting, 2005 (Fig. 2). In 2009, ‘Calrico’ showed the
higher TCSA values on Garnem and PADAC 9907-23 (239.6 and 239.0 cm’?,
respectively) and lower values on Krymsk®™ 1 and PAC 9801-02 (58.7 and 76.5 cm?,

respectively); on the other rootstocks tree growth was intermediate (Table 3 and Fig. 2).

3.4. Tree yield

In the first bearing year (2005), yield was very low, and there were no
significant differences among rootstocks (Table 4). However, after 2005, differences
among rootstocks became evident. In the seventh year after grafting (2009), HM-2 and
PAC 9917-26 produced the highest yield per tree, followed by Garnem, GF 677, PAC
9907-02, PADAC 9907-23, ROOTPAC® 40, ROOTPAC® 70 and Tetra (Table 4). The

lowest yield was recorded on Krymsk® 1, followed by PAC 9801-02. A significant high
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correlation (P < 0.001) was observed between yield and vigour in 2006 and 2009 (r =
0.709 and r = 0.728, respectively).

By year seventh year after grafting, the cumulative yield was greater on HM-2
and ROOTPAC® 70 rootstocks (191.4 and 196.9 kg tree”’, respectively), followed by
GF 677, PADAC 9907-23 and Tetra, whereas the highest yield efficiency was recorded
on PAC 9801-02 (1.62 kg cm™), followed by Evrica, Krymsk® 1 and ROOTPAC® 40
(Table 3). In contrast, Garnem induced the lowest yield efficiency (0.66 kg cm™),

followed by PAC 9907-02, PAC 9917-26, PAC-MUT and PADAC 9907-23 (Table 3).

3.5. Fruit weight

Fruit weight was affected by rootstock except in 2009 (Table 5). In previous
years, Krymsk® 1 showed the tendency to induce bigger fruit size, followed by Garnem,
ROOTPAC® 40, ROOTPAC® 70 and Tetra. In contrast, PAC 9907-02 induced the
lowest fruit weight, followed by GF 677 and HM-2 (Table 5). Fruit weight was variable
over the years. In general, smaller fruits were harvested in 2009 when yield was higher.
No significant correlation was found between yield and fruit weight over the 5 years of

study.

4. Discussion

The performance of ‘Calrico’ late peach cultivar grafted onto fifteen peach and
plum based rootstocks grown on a calcareous replant soil, one of the most important
problems of the Mediterranean area, derived from the intensive cropping of pome and
stone fruit production, was assessed in the present study.

Prunus species are considered highly sensitive to replant problems (Browne et

al., 2006). Mortality rate was very high for some of the rootstocks tested, i.e. PAC 960,
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HM-2 and PAC 9907-02, seven years after planting probably due to the replant disease.
However, Evrica, PADAC 9907-23, ROOTPAC™ 40, and especially Tetra and PAC
9801-02 rootstocks (all trees survived) seem to tolerate better replant conditions. In this
study, GF 677, a rootstock considered resistant to this anomaly (Loreti and Massai,
2006a; Massai and Loreti, 2004), experienced a 25% mortality rate. From the genetic
standpoint, it is noteworthy that the plum based rootstocks (no more of 25% mortality
rate) had a better survival rate than the peach based rootstocks.

The indirect measurement of leaf chlorophyll concentration by SPAD readings
has been used as an indicator of iron chlorosis tolerance in Prunus trees (Jiménez et al.,
2008). The high SPAD readings of Adesoto, Evrica and Tetra were previously reported
in a plum trial established on a calcareous soil (Zarrouk et al., 2006). Adesoto and other
rootstocks that in the present study induced high SPAD values in leaves, i.e. GF 677,
were previously classified as tolerant to iron chlorosis according to their capacity to
reduce iron from the soil (Jiménez et al., 2008). PAC 9907-02, a rootstock classified as
sensitive (Jiménez et al., 2008), showed the lowest SPAD values with clear visual
symptoms of iron deficiency.

Tree vigour was affected by rootstocks, being Krymsk® 1 and PAC 9801-02 the
most vigour-controlling rootstocks. The low vigour of Krymsk® 1 has already been
reported (Peppelman et al., 2007; Reighard et al., 2008). In contrast, Garnem was the
most invigorating rootstock, in agreement with the genotype description (Felipe, 2009)
and field evaluation (Zarrouk et al., 2005). Tetra showed a similar vigour in comparison
to GF 677. However, in a preliminary study on Japanese plum (‘Shiro’ cultivar), Tetra
resulted in a very low vigour (31 % of GF 677 vigour; Sottile et al., 2007). This could
be explained by a better adaptation of Tetra to replanted soils that leads to minimal

reductions in plant growth.
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The dwarfing rootstock Krymsk® 1 also induced the lowest yield, but it was
among the most yield efficient rootstocks. On the contrary, Krymsk® 1 has shown low
yield efficiencies in another peach trial (Reighard et al., 2008). The low vigour and high
yield efficiency of PAC 9801-02, Evrica, Krymsk® 1 and ROOTPAC® 40 make them
ideal for high density peach orchards allowing the possibility of establishing pedestrian
orchards with the benefits of reducing labour costs, especially at pruning and harvest.
The last rootstock, ROOTPAC" 40, also induced high yield per tree, not different to
more invigorating rootstocks such as Garnem, GF 677, ROOTPAC® 70 and Tetra.
Unfortunately, the plum dwarfing rootstocks Evrica and Krymsk® 1 are incompatible
with many peach cultivars (Zarrouk et al., 2006) reducing their potential use as
rootstocks for peach and nectarine cultivars.

For decades a more efficient production system has been considered a priority
for the peach industry in Spain. Low vigour rootstocks for use with peach do exist
commercially, but their use is very limited in warm Mediterranean environments (Loreti
and Massai, 2006b). Their main drawbacks are the excessive needs of chill units, lack of
compatibility with many peach and nectarine cultivars (in the case of plums and plum
hybrids), and susceptibility to iron chlorosis and soil-borne pathogens, such as fungi and
root-knot nematodes, so common in many peach growing regions of Spain (Pinochet,
1997). The introduction of PAC 9801-02 and the recently released ROOTPAC® 40 open
the possibility of establishing more efficient peach production systems in regions where
high density orchards were not feasible mainly due to the lack of adequate genetic
material.

Regarding fruit quality, Krymsk® 1 showed the tendency to induce bigger fruit
size, followed by Tetra, ROOTPAC® 40, ROOTPAC® 70 and Garnem. However, all

rootstocks exhibited acceptable fruit weight similar to “Calanda” type peaches harvested

10
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at appropriate maturity stage (Ferrer et al., 2005). ‘Calrico’ cultivar induced higher fruit
weight in comparison to other peach cultivars established in similar calcareous soil
conditions, such as ‘Catherina’, ‘Flavortop’ (Albas et al., 2004) and other breeding

progenies (Cantin et al., 2010).

5. Conclusions

Late peach cultivar trees grafted on Evrica, PAC 9801-02 and ROOTPAC® 40
appear to control tree size and to induce high yield efficiency. Tetra, a more
invigorating rootstock, seems to induce high yields. The four rootstocks seem to be well
adapted to calcareous and replanted soil conditions and can perform even better than the

commonly used genotype GF 677.

Acknowledgments

Financial support was provided by the Spanish MICINN (Ministerio de Ciencia
e Innovacion, grant AGL-2008-00283) and DGA (grant A44). Sergio Jiménez was
supported by a JAE-Doc contract from CSIC/FSE (Consejo Superior de Investigaciones
Cientificas/Fondo Social Europeo). We gratefully acknowledge Silvia Segura for
technical assistance. We thank Drs. Gennady Eremin of the Krymsk Breeding Station,
Russian Federation, and Antonino Nicotra of the CRA-Centro di Ricerca per la

Frutticoltura, Rome, Italy, for providing rootstock material.

References

Abadia, J., Alvarez-Fernandez, A., Rombola, A.D., Sanz, M., Tagliavini, M., Abadia,
A., 2004. Technologies for the diagnosis and remediation of Fe deficiency. Soil Sci.

Plant Nutr. 50, 965-971.

11



275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308

Albés, E.S., Jiménez, S., Aparicio, J., Betran, J.A., Moreno, M.A., 2004. Effect of
several peach x almond hybrid rootstocks on fruit quality of peaches. Acta Hortic. 658,
321-326.

Almaliotis, D.D., Manganaris, A.G., Simonis, A.D., Bladenopoulou, S.B., 1995.
Rootstock effect on yield and mineral nutrition of ‘Maycrest’ peach trees under
conditions of lime-induced chlorosis, in: Abadia, A. (Ed.) Iron nutrition in soils and
plants. Kluwer Academic Publishers, Dordrecht, The Netherlands, pp. 301-306.
Alvarez-Fernandez, A., Paniagua, P., Abadia, J., Abadia, A., 2003. Effects of Fe
deficiency chlorosis on yield and fruit quality in peach (Prunus persica L. Batsch). J.
Agric. Food Chem. 51, 5738-5744.

Beekman, T.G., Pusey, P.L., 2001. Field testing peach rootstocks for resistance to
Armillaria root rot. HortScience 36, 101-103.

Bent, E., Loffredo, A., Yang, J.I., McKenry, M.V., Becker, J.O., Borneman, J., 2009.
Investigations into peach seedling stunting caused by a replant soil. FEMS Microbiol.
Ecol. 68, 192-200.

Browne, G.T., Connell, J.H., Schneider, S.M., 2006. Almond replant disease and its
management with alternative pre-plant soil fumigation treatments and rootstocks. Plant
Dis. 90, 869-876.

Browne, G.T., 2009. Towards reduced dependence on fumigants for management of
Prunus replant problems: Opportunities and challenges. Phytopathology 99, S173-S173.
Calvet, C., Estaun, V., Camprubi, A., Pinochet, J., 2000. Enfermedades de replantacion
en los frutales, in: Montesinos, E., Melgarejo, P., M.A., C., Pinochet, J. (Eds.),
Enfermedades de los Frutales de Pepita y Hueso. Monografia de la Sociedad Espafiola
de Fitopatologia N° 3. Ediciones Mundi-Prensa, Madrid, pp. 107-109.

Cantin, C.M., Gogorcena, Y., Moreno, M.A., 2010. Phenotypic diversity and
relationships of fruit quality traits in peach and nectarine [Prunus persica (L.) Batsch]
breeding progenies. Euphytica 171, 211-226.

Cinelli, F., Loreti, F., 2004. Evaluation of some plum rootstocks in relation to lime-
induced chlorosis by hydroponic culture. Acta Hortic. 658, 421-427.

Felipe, A.J., 2009. 'Felinem', 'Garnem', and 'Monegro' almond x peach hybrid
rootstocks. HortScience 44, 196-197.

Fernandez, V., Diaz, A., Blanco, A., Val, J., 2009. Surface application of calcium-
containing gels to improve quality of late maturing peach cultivars. J. Sci. Food Agric.

89, 2323-2330.

12



309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342

Ferrer, A., Remon, S., Negueruela, A.I., Oria, R., 2005. Changes during the ripening of
the very late season Spanish peach cultivar Calanda - Feasibility of using CIELAB
coordinates as maturity indices. Sci. Hortic. 105, 435-446.

Gogorcena, Y., Abadia, J., Abadia, A., 2004. A new technique for screening iron-
efricient genotypes in peach rootstocks: Elicitation of root ferric chelate reductase by
manipulation of external iron concentrations. J. Plant Nutr. 27, 1701-1715.

Hell, R., Stephan, U.W., 2003. Iron uptake, trafficking and homeostasis in plants. Planta
216, 541-551.

Jiménez, S., Pinochet, J., Abadia, A., Moreno, M.A., Gogorcena, Y., 2008. Tolerance
response to iron chlorosis of Prunus selections as rootstocks. HortScience 43, 304-309.
Loreti, F., Massai, R., 2006a. State of the art on peach rootstocks and orchard systems.
Acta Hortic. 713, 253-268.

Loreti, F., Massai, R., 2006b. Bioagronomic evaluation of peach rootstocks by the
Italian MiPAF Targeted Project. Acta Hortic. 713, 295-302.

Manici, L.M., Caputo, F., 2010. Soil fungal communities as indicators for replanting
new peach orchards in intensively cultivated areas. Eur. J. Agron. 33, 188-196.

Massai, R., Loreti, F., 2004. Preliminary observations on nine peach rootstocks grown
in a replant soil. Acta Hortic. 658, 185-192.

Peppelman, G., Kemp, H., Balkhoven-Baart, J.M.T., Groot, M.J., 2007. Towards high
density plum growing - Agronomic and economic performance of plum (Prunus
domestica L.) on "VVA-1' rootstock. Acta Hortic. 734, 225-233.

Pinochet, J., 1997. Breeding and selection for resistance to root-knot and lesion
nematodes in Prunus rootstocks adapted to Mediterranean conditions. Phytoparasitica
25, 271-274.

Reighard, G., Ouellette, D., Brock, K., 2008. Performance of new Prunus rootstocks for
peach in South Carolina. Acta Hortic. 772, 237-240.

Rombola, A.D., Tagliavini, M., 2006. Iron nutrition of fruit tree crops, in: Barton, L.L.,
Abadia, J. (Eds.), Iron Nutrition in Plants and Rizhospheric Microorganisms. Springer,
Dordrecht, Netherlands, pp. 61-83.

Sanz, M., Cavero, J., Abadia, J., 1992. Iron chlorosis in the Ebro river basin, Spain. J.
Plant Nutr. 15, 1971-1981.

Sottile, F., Monte, M., De Michele, A., 2007. Effect of different rootstocks on
vegetative growth of Japanese and European plum cultivars in Southern Italy:

Preliminary results. Acta Hortic. 734, 375-380.

13



343
344
345
346
347
348
349
350
351

Utkhede, R.S., 2006. Soil sickness, replant problem or replant disease and its integrated
control. Allelopathy J. 18, 23-38.

Zarrouk, O., Gogorcena, Y., Gébmez-Aparisi, J., Betran, J.A., Moreno, M.A., 2005.
Influence of almond x peach hybrids rootstocks on flower and leaf mineral
concentration, yield and vigour of two peach cultivars. Sci. Hortic. 106, 502-514.
Zarrouk, O., Gogorcena, Y., Moreno, M.A., Pinochet, J., 2006. Graft compatibility

between peach cultivars and Prunus rootstocks. HortScience 41, 1389-1394.

14



352

353

354

355

356

357

358

359

360

Figure captions

Fig. 1. Tree mortality rate (%) from the third (2005) to the seventh (2009) year after

grafting. Percentage values right side of the bars indicate accumulated mortality rate in

2009.

Fig. 2. Effect of rootstock on trunk cross-sectional area (TCSA) of ‘Calrico’ peach
cultivar from the third (2005) to the seventh (2009) year after grafting. Vertical lines

indicate LSD (P < 0.05)

15
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362  List of studied rootstocks, description and origin.

Rootstock Species Origin®
Adesoto P. insititia CSIC, Spain
Evrica (P. besseyi x P. salicina) x P. cerasifera KEBS, Russia
Garnem P. persica x P. amygdalus CITA, Spain
GF 677 P. persica x P. amygdalus INRA, France
HM-2 (P. persica x P. amygdalus) x (P. persica x P. amygdalus) Al, Spain
Krymsk® 1° P. tomentosa x P. cerasifera KEBS, Russia
PAC 9801-02 P. besseyi x P. cerasifera Al, Spain
PAC 960 P. persica x P. amygdalus Al, Spain
PAC 9907-02 (P. persica x P. amygdalus) x (P. persica) Al, Spain
PAC 9917-26 (P. persica x P. amygdalus) x (P. persica) Al, Spain
PAC-MUT P. persica x P. amygdalus Al, Spain
PADAC 9907-23 (P. persica x P. amygdalus) x (P. persica) CSIC-AL Spain
ROOTPAC" 40 (P. persica x P. amygdalus) x (P. persica x P. amygdalus) Al, Spain
ROOTPAC"® 70 (P. persica x P. amygdalus) x (P. persica x P. davidiana) Al, Spain
Tetra P. domestica CREF, Italy

363 * Al = Agromillora Iberia, S.L. private nursery, Spain; CITA = Centro de Investigacion y Tecnologia
364  Agroalimentaria de Aragon; CRF = Centro di Ricerca per la Frutticoltura; CSIC = Consejo Superior de
365 Investigaciones Cientificas; INRA = Institut National de la Recherche Agronomique; KEBS = Krymsk

366  Experimental Breeding Station;

367  °Formerly known as VVA-1
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369

370

371
372

373

Table 2

Effect of rootstock on leaf chlorophyll concentration, measured as SPAD values, of

‘Calrico’ peach cultivar, the third (2005) and the seventh (2009) year after grafting.

Rootstock 2005 2009
Adesoto 39.1 bede 410 e
Evrica 40.4 de 414 ¢
Garnem 38.4 bed 37.1 bed
GF 677 39.3 cde 39.8 de
HM-2 410 e 37.1 bed
Krymsk® 1 37.0 ab 36.9 be
PAC 9801-02 40.3 de 39.2 cde
PAC 9907-02 355 a 36.2 ab
PAC 9917-26 355 a 342 a
PAC-MUT 40.3 de 37.3 bed
PADAC 9907-23 37.9 be 37.0 bed
ROOTPAC"® 40 N/A 37.3 bed
ROOTPAC" 70 38.3 bed 37.8 bed
Tetra 40.3 de 38.0 bed

Means within a column followed by the same letter are not significantly different at P < 0.05 by Duncan’s

Multiple Range Test.

N/A: not available.
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376
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378

Table 3

Effect of rootstock on TCSA (trunk cross-sectional area), cumulative yield and yield

efficiency of ‘Calrico’ peach cultivar in the seventh (2009) year after grafting.

Rootstock TCSZA Cumulative_ lyield Yield efﬁc_izency
(cm”) (kg tree™) (kg cm™)
Adesoto 127.4 cd 149.1 cd 1.18 def
Evrica 91.1 b 124.9 be 1.39 fgh
Garnem 239.6 h 1554 cd 0.66 a
GF 677 167.0 ef 166.1 de 0.98 bed
HM-2 2075 ¢g 1914 ¢ 0.93 bc
Krymsk® 1 578 a 824 a 1.44 gh
PAC 9801-02 76.5 ab 123.8 be 1.62 h
PAC 9907-02 1799 fg 129.0 be 0.73 ab
PAC 9917-26 186.7 fg 155.4 cd 0.83 abc
PAC-MUT 144.1 de 100.6 ab 0.76 ab
PADAC 9907-23 239.0 h 175.3 de 0.74 ab
ROOTPAC" 40 103.2 be 149.6 cd 1.46 gh
ROOTPAC" 70 157.1 def 1969 e 1.27 efg
Tetra 174.2 ef 183.1 de 1.06 cde

Means within a column followed by the same letter are not significantly different at P < 0.05 by Duncan’s

Multiple Range Test.
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384

Table 4

Effect of rootstock on yield (kg) of ‘Calrico’ peach cultivar, from the third (2005) to the

seventh (2009) year after grafting.

Rootstock 2005 2006 2007 2008 2009 Zgggfgg&
Adesoto 8.6 a 27.1 abc 27.5 de 39.8 cde 519 cd 36.6 cd
Evrica 74 a 27.1 abc 24.7 bede 29.1 abc 40.9 be 30.4 be
Garnem 7.8 a 41.6 de 15.7 ab 29.4 abed 65.5 de 38.1 cde
GF 677 12.7 a 39.8 cde 18.2 abc 36.7 bede 65.2 de 39.9 def
HM-2 112 a 48.1 e 23.0 bede 435 e 69.3 e 46.0 ef
Krymsk® 1 85 a 148 a 17.4 abc 20.7 a 252 a 19.6 a
PAC 9801-02 73 a 27.5 abc 24.6 bede 31.8 abced 36.2 ab 30.0 be
PAC 9907-02 6.4 a 23.6 ab 134 a 34.2 bede 54.6 cde 31.4 be
PAC 9917-26 83 a 38.5 cde 135 a 30.6 abed 70.0 e 38.2 cde
PAC-MUT N/A 15.1 a 109 a 27.7 ab 47.0 be 25.2 ab
PADAC 9907-23 129 a 445 e 19.5 abced 39.6 cde 64.4 de 42.0 def
ROOTPAC" 40 48 a 29.9 bed 25.9 cde 37.7 bede 54.0 cde 36.9 cd
ROOTPAC" 70 204 a 50.0 e 29.0 e 40.5 cde 67.2 de 46.7 £
Tetra 16.6 a 42.0 de 27.4 de 41.0 de 64.5 de 43.7 def

Means within a column followed by the same letter are not significantly different at P < 0.05 by Duncan’s

Multiple Range Test.

N/A: not available.
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Table 5

Effect of rootstock on fruit weight (g) of ‘Calrico’ peach cultivar, from the third (2005)

to the seventh (2009) year after grafting.

Rootstock 2005 2006 2007 2008 2009 Zgggfgg&
Adesoto 269.5 be 254.0 be 289.0 cde 245.8 abc 241.7 a 257.6 bedef
Evrica 265.3 abc 275.0 cd 271.0 bed 256.7 bed 237.0 a 259.9 bedef
Garnem 241.5 ab 272.6 cd 264.6 bed 283.8 def 272.6 a 273.4 defgh
GF 677 236.0 ab 245.2 be 256.7 be 240.7 ab 246.7 a 247.3 abc
HM-2 243.5 ab 236.0 b 244.0 ab 240.7 ab 2437 a 241.1 ab
Krymsk® 1 263.0 abc 293.8 d 3150 e 3172 f 257.8 a 296.0 h
PAC 9801-02 294.0 ¢ 2894 d 292.4 de 263.6 bede 236.5 a 270.5 cdefg
PAC 9907-02 223.0 a 209.3 a 2255 a 232.5 ab 2393 a 226.6 a
PAC 9917-26 260.0 abc 252.2 be 261.2 bed 256.7 bed 267.0 a 259.3 bedef
PAC-MUT N/A 282.7 ¢b 262.8 bed 2272 a 2442 a 254.2 bede
PADAC 9907-23 2453 ab 249.9 be 2474 ab 255.0 bed 248.0 a 250.1 bed
ROOTPAC" 40 360.7 d 298.1 d 282.1 cde 276.0 cdef 266.6 a 280.7 fgh
ROOTPAC" 70 255.7 abc 268.2 cd 269.8 bed 310.0 ef 256.3 a 276.1 efgh
Tetra 244.0 ab 264.3 bed 291.0 de 3120 f 278.6 a 286.5 gh

Means within a column followed by the same letter are not significantly different at P < 0.05 by Duncan’s

Multiple Range Test

N/A: not available.
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393 Fig. 2
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