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 Summary
Introduction  –  Stone pine (Pinus pinea L.) is a spe-

cies of economic interest for its pine nuts. Despite this 
market, cones are harvested mostly from natural for-
ests. Advances in semi-intensive or intensive manage-
ment for cultivating it as a fruit tree have been scarce. 
Fruit development is characterized by a 3-year cycle 
since pollination to harvesting, making nutritional 
and hydric management highly challenging. Materi-
als and methods   –   We studied the main and interac-
tion effects of fertilization and irrigation on growth 
and fruiting by a factorial design laid out in an adult 
stone pine plantation located in central Chile. Results 
and discussion  –  Mineral fertilization had an effect one 
year later on height growth (+23.5% increase) and 
one-year-old conelet production (+82.3% increase). 
After two consecutive years of mineral fertilization, 
significant positive impacts on diameter growth, 
height growth and one-year-old conelet production 
were observed. Irrigation enhanced fruiting but did 
not impact growth significantly. The highest conelet 
number was observed in the fertilized and irrigated 
experimental plots. Conclusion   –   Both cultural prac-
tices, applied either individually or combined, are ef-
ficient techniques to enhance fruit production of the 
stone pine.
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Résumé
Effets de la fertilisation minérale et de 
l’irrigation sur la croissance et la production 
fruitière du pin pignon (Pinus pinea L.).

Introduction   –  Le pin parasol (Pinus pinea L.) est 
une espèce d’intérêt économique pour ses pignons. 
Malgré ce débouché, les cônes sont récoltés essen-
tiellement à partir de forêts naturelles. Rares sont les 
progrès en gestion semi-intensive ou intensive pour 
le cultiver comme un arbre fruitier. Le développe-
ment des fruits se caractérise par un cycle de 3 ans 
depuis la pollinisation jusqu’à la récolte, rendant la 
gestion minérale et hydrique particulièrement diffi-

cile. Matériel et méthodes    –   Nous avons étudié les 
effets principaux et en interaction de la fertilisation 
minérale et de l’irrigation sur la croissance et la fruc-
tification selon un plan d’essai factoriel aménagé 
dans une plantation adulte de pins parasols située au 
centre du Chili. Résultats et discussion  –  La fertilisation 
minérale a eu un effet après un an d’application sur 
la croissance en hauteur (+23,5%) et sur la produc-
tion de cônes d’un an (+82,3%). Après deux années 
consécutives de fertilisation minérale, des effets po-
sitifs notables ont été observés sur la croissance du 
diamètre de l’arbre, la croissance en hauteur et la 
production de cônes d’un an. L’irrigation a amélioré 
la fructification mais n’a pas eu d’impact significatif 
sur la croissance des arbres. Le nombre de cônes le 
plus élevé a été observé dans les parcelles expérimen-
tales fertilisées et irriguées. Conclusion    –    Les deux 
pratiques culturales appliquées individuellement ou 
combinées sont des techniques efficaces pour amélio-
rer la production fruitière du pin à pignon.

Mots-clés
Chili, pin parasol, Pinus pinea, pignon de pin, cône de pin, 
gestion de la nutrition minérale, gestion de l’eau
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Significance of this study
What is already known on this subject?
•	 This is the first study on fertilization and irrigation in 

an adult intensive P. pinea plantation, providing a first 
management proposal for the species.

What are the new findings?
•	 Fertilization enhanced fruit production (> 82.3%) 

and vegetative growth while irrigation enhanced only 
fruiting. Best fruit production was recorded in fertil-
ized and irrigated plots (> 60%).

What is the expected impact on horticulture?
•	 Pine nuts can be produced in orchards applying hor-

ticulture techniques as in other fruit crops, improving 
production quality and quantity, overcoming the tradi-
tional view as a non-timber forest product (NTFP).
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Introduction
Stone pine (Pinus pinea L.) is an important species for 

its pine nuts, which have a high nutritional value (Segura 
and Lizarraga, 2006). It is one of the most expensive nuts 
worldwide and the oldest dry fruit tree, as demonstrated by 
archaeological remains that evidence its cultivation in the 
pre-Christian era (Rottoli and Castiglioni, 2011). Despite the 
traditional use of this nut, fruits are harvested mostly from 
natural forests located in the Mediterranean Basin. Advanc-
es in semi- or intensive cultivation techniques as a fruit tree 
have been scarce (Mutke et al., 2012). Stone pine is charac-
terized by a long cycle of cone development (42 months), 
with one-, two- and three-year-old cones occurring simulta-
neously on the tree, a characteristic that makes nutritional 
and hydric management more complex than in traditional 
fruit trees (Loewe and Delard, 2012).

The species has been widely planted in European Med-
iterranean areas and managed as a forest tree. Given its re-
sistance to drought and low soil fertility, it has been planted 
across a wide range of environments, not always adequate 
for the species, which often expose the trees to multiple 
stresses. Irrigation and fertilization during the productive 
stage can help to surpass the seasonal water shortage and 
compensate nutritional deficits, but only a few studies have 
addressed this topic.

The appropriate management of fertilization and irriga-
tion is essential for cropping fruiting species (Calama et al., 
2007; Tagliavini, 2014) as well as for pine species, such as 
Pinus pinaster (Zas and Fernández-López, 2005), P. edulis and 
P. monophylla, to stimulate cone production (McLain, 2008), 
but information about P.  pinea is scarce (Marschner, 2012; 
Sansavini and Ranalli, 2012). Some authors have studied 
fertilization effect on stone pine plant production in nurs-
ery (Borrero, 2004; Ruano, 2008) and immediately after 
plantation (Cañellas et al., 1999), showing that the use of 
slow release NPK fertilizers increases height growth during 
the first years, although it reduces shoot frost resistance 
(Villar-Salvador et al., 2005) as in other Pinus species (Li et 
al., 2016). In the species’ young or adult plantations or for-
ests, the existing information is only for forest management 
while effects on cone production have not been previously 
referred. Cone production and quality expressed as size was 
monitored in a 45-year-old forest, and found a positive re-
sponse to fertilization in the quantity and quality of cones, 
especially under a high dose of dolomite (calcium magne-
sium carbonate) (Calama et al., 2007). Nutrient effect was 
studied in Turkey, showing a positive correlation between 
nitrogen, phosphorus, calcium and manganese depletion in 
needles and cone loss (Kilci, 2013). Kilci (2013) recommend-
ed not applying phosphorus and calcium in drought-strick-
en areas, since they might contribute to cone loss. In Chile, a 
significant effect has been reported of fertilization on female 
flower production in a 16-year-old plantation, with 41 and 
54% increase in strobili one and two years after fertilization, 
respectively (Loewe et al., 2012).

The impact of micronutrients on P. pinea is unknown. Iron 
deficiency was studied in Israel, and found to significantly 
decrease root growth and to induce a reduction in chloro-
phyll concentration on needles in soils with high concentra-
tion of calcium carbonate, a high soil pH being the cause for 
reduced iron absorption (Malchi and Shenker, 2011).

Irrigation is extremely important for cultivated Mediter-
ranean fruit trees (Lodolini et al., 2014) even if the species 
is drought resistant (Loewe and Delard, 2012; Castaño et al., 
2004). Stone pine has been reported as hydraulic superior to 

other Mediterranean species in terms of water use efficien-
cy (Oliveras et al., 2003). However, water deficit was found 
to limit cone production along a climatic gradient in Chile, 
especially related to spring hydric index (HI; Hydric index = 
Rainfall – Potential Evapotranspiration) (Loewe et al., 2016). 
Accordingly, minimum average temperature and hydric in-
dex affected female flowering, annual rainfall affected male 
flowering, and thermal oscillation influenced differentiation 
of reproductive shoots. Winter rainfall is also very important 
in flowering and fruiting in Mediterranean areas (Calama et 
al., 2007).

The objective of this study was to quantify the effect of 
fertilization and irrigation in growth and fruiting in a stone 
pine adult plantation, based on the hypothesis that fertiliza-
tion and irrigation, if applied in combination, would enhance 
fruiting more than if applied separately, since fruiting would 
strongly correlate to plant growth and nutrient storage.

Materials and methods

Experimental trial
The experiment was conducted in a 30-years-old stone 

pine plantation located in Cáhuil (34°30’S, 71°59’W), Chile, 
at 125  m a.s.l., on smooth hills with silty clay loam soil of 
granitic origin (UF2 according to FAO soil description). The 
plantation was established with one-year-old Pinus pinea 
seedlings, with minimum local soil preparation, in winter 
1983, with the aim of controlling erosion. A first thinning 
was applied 20 years after establishment, extracting 50% of 
trees, and the first pruning and a second thinning extracting 
65% of trees were conducted 30 years after establishment, 
leaving an average density of 285 trees ha-1, prior to the fer-
tilization and irrigation experiment beginning.

The climate in the area is typically Mediterranean, 
characterized by long dry summers and short intense 
winter rainfall, with maritime influence given its closeness 
to the Pacific Ocean. Average annual climate data (2004 to 
2014) indicate annual rainfall is 416.3 mm, with an annual 
evapotranspiration of 1,201.2  mm, 8.6 dry months [dry 
month  = (monthly rainfall/monthly evapotranspiration) 
< 0.5] per year, and annual average temperature of 13.2  °C 
(www.dga.cl; www.inia.cl). Average initial soil properties, 
including nutrient composition, were determined by a 
composite of 6 subsamples, following a zigzag transect at 
three depths (Table 1). The soil is slightly acid (pH = 5.85), 
medium organic matter content (3.6%), and no salt (E.C. 
0.11 mmho  cm-1). Mineral content consisted of very low 
phosphorus, boron and sulphur content; low nitrogen and 
potassium content; medium copper, zinc and iron, and high 
manganese content.

The experimental trial was installed in 2013, testing the 
following treatments: control, irrigation in spring and sum-
mer, fertilization applied in spring and fall, and the combina-
tion of both, using a 2 × 2 factorial treatment arrangement in 
a split-plot block design with three replicates. The primary 
treatment was fertilization and the secondary treatment irri-
gation; finally, the combined treatments were as follows:

T0: control;
T1: only fertilized;
T2: only irrigated; and 
T3: fertilized and irrigated.
Control received neither fertilization nor irrigation. Each 

block had 25 trees per treatment, totaling 300 trees for the 
whole trial. In 2015 we assessed the effect of two years of 
fertilization for the fertilized plots and one year of irrigation.
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Rates and application dates of fertilized plots were de-
termined according to soil deficiencies identified through 
soil analyses. In spring 2013 (September), trees of fertilized 
treatments were treated with nitrogen (360 g plant-1), phos-
phorus (75 g  plant-1), potassium (75 g  plant-1), magnesium 
(30 g plant-1), sulphur (77 g plant-1), boron (7 g plant-1), iron 
(1 g plant-1) and zinc (5 g plant-1). During the following au-
tumn (March), and in an attempt to obtain nutrient load (Li 
et al., 2016), these plots received a second fertilization appli-
cation with phosphorus (161 g plant-1), calcium (49 g plant-1) 
and nitrogen (92 g  plant-1). In the second year, both fertil-
izations (spring and autumn) were repeated. Fertilizers were 
applied locally in two lateral strips located at the edge of the 
crown projection at 5 cm depth. 

Irrigation treatments were established in spring 2014 
and involved a drip irrigation system. The irrigation rate was 
defined according to the hydric deficit (HI) as an indicator of 
water deficit (HI = Rainfall – Potential Evapotranspiration), 
and was applied daily from spring 2014 to the end of sum-
mer 2015 (6 months), totaling 753 L tree-1.

Growth and fruiting measurements
Growth and fruit production variables were recorded at 

the beginning of the trial, before fertilizing (spring 2013), 
and during the springs of 2014 and 2015. Diameter at breast 
height (DBH, cm), total height (m) and crown diameter (m) 
were measured in all trees. Diameters were measured to the 
nearest 0.1 cm with a graduated caliper in two perpendicu-
lar directions. A paint mark was made at 1.30 m above the 
ground line to ensure that diameter measurements were 
taken at the same point. Tree height was measured to the 
nearest 0.1 m with a hypsometer. Crown diameter was de-
fined as the distance between the crown projections of living 
branches. In spring (November) all conelets from each tree 
were counted using a ladder to ensure that the entire crown 
was assessed. One-year old conelets were identified by their 
position in the terminal apexes and by their length (below 
3 cm).

Statistical analysis
From 2015 data, effects of two years of fertilization, one 

year of irrigation and their interactions were assessed us-
ing analysis of variance (ANOVA) for a split-plot design with 
complete blocks as repetitions. Linear mixed models were 
used for biannual height, DBH and crown growth, and a gen-
eralized linear mixed model for the number of one-year-old 
conelets (Poisson distribution, log link). Initial growth mea-
surements (2013) were used as covariates. When ANOVA 
results showed significant effects, a post-hoc LSD’s test was 

performed for multiple comparisons among adjusted means 
(α = 0.05). Residual analyses were performed and observa-
tions with standardized residuals outside (-3  –  3) interval 
were dropped. Correlations between growth measurements 
and one-year-old conelet number were explored using Re-
gression Tree algorithm (Breiman, 2001). As confirmatory 
analysis we performed a non-parametric ANOVA to evaluate 
statistical significance of differences between yield mean 
groups suggested by the thresholds of the first RT nodes. Sta-
tistical analyses were performed using the software Infostat 
(Di Rienzo et al., 2013) and its interface with R (www.r- 
project.org).

Results and discussion

Effects of treatments on vegetative growth
The interaction of irrigation and fertilization was not sig-

nificant (P > 0.05) for any of the growth and production vari-
ables (Table 1). However, irrigation and fertilization promot-
ed diameter at breast height (DBH) growth differently, with 
fertilization having the strongest effect. Fertilization showed 
a significant effect on biannual DBH growth (P = 0.0045) 
and height (P < 0.05), whereas irrigation effect on DBH and 
height growth was not significant (P > 0.05). The significant 
effect of fertilization on height growth (P < 0.0001) was 
observed already in the first year after application, being 
height 23.5% higher in fertilized than in non-fertilized plots. 
Two years after the application, this increase was less pro-
nounced (13.6%; Figure  1). The effects of fertilization and 
irrigation, individually or combined, on biannual crown di-
ameter growth (P > 0.05) were also non-significant (Table 1; 
Figure 2).

Cultural treatments in stone pine – fertilization and irri-
gation – have been scarcely studied and applied in produc-
tion plantations, even though they are recognized as useful 
tools for enhancing growth and fruiting in most of the cul-
tivated fruit trees (Tagliavini, 2014; Xyloyannis, 2014). We 
observed an important impact of fertilization on vegetative 
growth.

Regarding tree growth, one year after treatment, fertil-
ized trees exhibited statistically higher height growth than 
non-fertilized trees (17 vs. 21 cm  year-1), representing a 
23.5% increase. These results are consistent with Ravazi et 
al. (2006), who reported a significant effect of macronutri-
ent fertilization on height and needle growth in poor soils 
in Iran, indicating that nitrogen is the most limiting element, 
and with Rapp et al. (1979) who reported that in a French 
stone pine forest aged 35 years, the nitrogen uptake from the 
soil was 46 kg ha-1 year-1.

Table 1.  Response of vegetative growth and fruiting to the application of fertilization, irrigation and their combination in an 
adult stone pine plantation.

Treatment
Height 

(m)
DBH 
(cm)

Crown diameter 
(m)

1-year-old 
conelet number 

tree-1

2013 Growth 2013/15 2013 Growth 2013/15 2013 Growth 2013/15 2015
Control 5.5 0.44 bc ± 0.03 15.9 2.75   c  ± 0.18 3.4 0.68 ± 0.14   9.9 d ± 0.10
Irrigation 5.8 0.40   c ± 0.03 16.1 2.78 bc  ± 0.18 3.7 0.79 ± 0.14 11.4 c ± 0.10
Fertilization 6.1 0.53   a ± 0.03 16.8 3.23 ab  ± 0.18 3.6 0.74 ± 0.14 13.5 b ± 0.10
Irrigation & Fertilization 5.5 0.48 ab ± 0.03 15.8 3.28   a  ± 0.18 3.3 0.80 ± 0.14 15.8 a ± 0.10
Average 5.7 0.47 16.2 3.01 3.5 0.76 12.71

Different letters indicate significant differences between treatments (P < 0.05). Deviation expressed as standard error of mean (SE).
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Nutrition impact on P. tropicalis Morelet was studied by 
Ferrer et al. (2004), indicating that NPK deficiencies affect 
diameter growth and leaf dry weight, with P being the main 
limiting nutrient. In addition, Schlatter and Gerding (1984a, 
1984b) concluded that boron deficiencies in P. radiata D. Don 
plantations in Chile limited growth and could cause malfor-
mations.

In the studied plantation, tree size observed at age 30 
years was similar to values reported by Calderón et al. (2008) 
for irrigated 17-year-old stone pine trees in a dense planta-
tion in Mendoza province, Argentina (DBH = 17 cm, height = 
6.6 m), where climate and soil conditions are similar, indicat-
ing the relevance of water availability for stone pine growth.

In Chile, a positive effect of irrigation on DBH and height 
growth was previously observed (Loewe et al., 2015). In fact, 

irrigation can increase height growth up to 75% in the north 
of Chile, where temperatures and water deficits are high. 
Even in moist environments (with annual rainfall between 
524 mm and 1,400 mm), irrigation increased height growth 
by 21% and DBH growth by 25%.

Our results on DBH, height and crown diameter were not 
favored by the irrigation treatment; although, first-year sum-
mer irrigation appeared to be a positive and not excessively 
expensive option (Pardos et al., 2015) to maintain soil wa-
ter content above a threshold of survival. In this context, the 
effect of irrigation on growth in an adult plantation differs 
from Butler et al. (1997), who conclude that drip irrigation 
on a weekly basis has a positive effect on growth (up to 85% 
increase in DBH and up to 48% in crown diameter).

Regarding the combined effect of fertilization and irriga-
tion, Pestaña (2000) evaluated the impact of fertirrigation 
in a 75-year-old plantation established in a clay-sand soil, 
using a sprinkler irrigation system with increasing doses 
from 2,460 to 5,480  m3 ha-1 year-1, and obtained a positive 
diameter growth response, increasing from 1 to 7 mm year-1. 
Our results are in agreement but of lower magnitude, i.e., an 
increase of 9% in height growth, 19% in DBH growth and 
18% in crown diameter growth.

Effects of treatments on fruiting performance
We observed significant effects of fertilization 

(P < 0.0001) and irrigation (P = 0.0276) on one-year-old 
conelets production, with the highest conelet number ob-
served in the combined treatment (Figure 2; Table 1). Fertil-
ization effect was greater than irrigation effect. The positive 
effect of fertilization was observed one year after applica-
tion, when a higher number of one-year-old conelets was re-
corded in fertilized plots than in the control (Figure 3). Two 
years after applications, fertilized plots had a one-year-old 
conelet production on average 36% higher than the control 
plot (P < 0.0001). The effect of both fertilization and irriga-
tion had a more pronounced effect on one-year-old conelet 
production (59.6% increase) in comparison with untreated 
plots.

We observed an important impact of fertilization on fruit 
production. In fact, individual production ranged between 
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FIGURE 1.  Height growth in fertilized and non-fertilized plots one (black) and two (grey) years after fertilizer 
application in an adult stone pine plantation. Different letters indicate statistically significant differences 
(P < 0.05). 
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FIGURE 2.  Fertilization and irrigation effects on diameter at breast height (DBH)	growth and fruiting in a 32-year-
old stone pine plantation in Chile. Different letters indicate statistically significant differences (P < 0.05). Irr: 
Irrigated plots; Fert: fertilized plots; Irr&Fert: Irrigated and fertilized plots. 
 
 
  

Figure 1.  Height growth in fertilized and non-fertilized plots 
one (black) and two (grey) years after fertilizer application 
in an adult stone pine plantation. Different letters indicate 
statistically significant differences (P < 0.05).

Figure 2.  Fertilization and irrigation effects on diameter at breast height (DBH) growth and fruiting in a 32-year-old stone 
pine plantation in Chile. Different letters indicate statistically significant differences (P < 0.05). Irr: Irrigated plots; Fert: 
fertilized plots; Irr&Fert: Irrigated and fertilized plots.
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9.9 and 15.8 one-year-old conelet tree-1, depending on the 
treatment; these values, however, are below the national 
production level of 57 cones tree-1 quantified by Loewe et al. 
(2016), which could be due to the high density at which the 
plantation was maintained before management and trial es-
tablishment.

Fertilization also increased fruiting one year after appli-
cation (0.79 vs. 1.44 conelet tree-1), 1.44 representing an in-
crease of 82.3% compared to the control. The effect after two 
consecutive years of fertilization was also significant (9.9 vs. 
13.5 conelet tree-1), representing a 36.4% higher production.

These results are consistent with and higher than find-
ings reported by Loewe et al. (2012) and are also in agree-
ment, though to a lower degree, with Calama et al. (2007), 
who analyzed the effect of repeated fertilization on cone 
production and quality during 3 years in a 45-year-old forest 
located on poorly drained, slightly acidic soils. The authors 
tested different rates of lime superphosphate, dolomite (cal-
cium magnesium carbonate) and potassium chloride, and 
found a positive response of cone number to fertilization (up 
to 3.2 times higher cone production than in the control in the 
best-performing treatment, amounting to 1,500 kg ha-1) and 
quality of cones produced, expressed as size, especially when 
more dolomite was incorporated. The authors observed that 
the best cone production was achieved 4 and 5 years after 
fertilization with high rates of phosphorus, potassium chlo-
ride and dolomite, with the latter being the most influential 
mineral. However, they consider this effect to derive from the 
higher vegetative growth and carbohydrate availability rath-
er than to a direct nutritional effect.

According to Codesido and Merlo (2007), nitrogen sup-
ply influences flower induction in P.  radiata; this effect is 
more pronounced if nitrogen is applied in early spring, when 
male and female flowering occur, favoring pollen production. 
In addition, nitrogen enhances tree vigor, which is correlated 
to strobili number (Mutke, 2005). Thus, we concentrated ni-
trogen supply in the spring rate, and our results confirm the 
observations of these authors.

In Turkey, Loewe and Delard (2015) found that fertiliza-

tion increased cone weight by 33% and also number of pine 
nuts per cone.

Irrigation also increased the cone number tree-1, cone 
weight and in-shell pine nut number cone-1, with a significant 
effect on stone pine cone production (35% compared with 
non-watered trees) (Loewe et al., 2016).

Our results on irrigation effect agree with those reported 
by Butler et al. (1997), who conclude that drip irrigation on 
a weekly basis has a positive effect on fruit production (up 
to 15 times higher cone production), but are of lower magni-
tude. This difference could be due to the effect of the ocean 
proximity, which tends to reduce vapor pressure deficits and 
water stress (Larcher, 2003), or to the high soil lime content 
that could interfere with the effects of irrigation.

While we only assessed the number of conelets, there is 
evidence that irrigation not only increases number of cones 
but also cone weight, which can be up to 15% higher in irri-
gated plantations (Bono and Aleta, 2013). This information 
shows the need for further research in order to learn how to 
optimize fertilization and irrigation in pine nut production in 
plantations. Moreover, in light of climate change, we consid-
er that irrigation can mitigate the impacts of elevated tem-
peratures on tree mortality and vitality. These management 
options, especially irrigation, will depend upon local water 
reservoirs and future climate change projections.
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FIGURE 3.  One-year-old conelet production in fertilized and non-fertilized plots one (black) and two (grey) years 
after fertilization application in an adult stone pine plantation. Different letters indicate statistically significant 
differences (P < 0.05). 
 
 
  

14 

(n=285)

DBH(<=15.55; n=34) DBH(>15.55; n=251)

DBH grow th(<=4.37; n=208) DBH grow th(>4.37; n=43)

(n=285)

DBH(<=15.55; n=34) DBH(>15.55; n=251)

DBH grow th(<=4.37; n=208) DBH grow th(>4.37; n=43)

Node Growth predictor 
variable 

Conelet nr.
tree-1 

1 DBH (≤15.55)   6.8 
2 DBH (>15.55)  13.0 
2.1 DBH growth 2013/15 (≤4.37) 12.4 
2.2 DBH growth 2013/15 (>4.37) 16.1 
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pine plantation located in Chile. Nodes represent DBH values or growth identified as relevant to explain 
productivity. Total conelet production data were first split into two subsets based on the DBH threshold. Each 
subset, or node, was then analyzed independently using the same procedure. Variables forming the top nodes are 
the most important to explain fruiting. Conelet number at each node is reported in the embedded table. 
 
 
 

Figure  3.    One-year-old conelet production in fertilized 
and non-fertilized plots one (black) and two (grey) years 
after fertilization application in an adult stone pine 
plantation. Different letters indicate statistically significant 
differences (P < 0.05).

Figure 4.  Diameter at breast height (DBH) values that best 
explain one-year-old conelet tree-1 in an adult stone pine 
plantation located in Chile. Nodes represent DBH values or 
growth identified as relevant to explain productivity. Total 
conelet production data were first split into two subsets 
based on the DBH threshold. Each subset, or node, was then 
analyzed independently using the same procedure. Variables 
forming the top nodes are the most important to explain 
fruiting. Conelet number at each node is reported in the 
embedded table.
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Finally, we studied the relationships between growth 
and one-year-old conelet production using a regression tree 
algorithm (Figure  4); the results showed with statistical 
significance that fruiting performance was correlated 
to vegetative growth in adult trees. In fact, one-year-old 
conelet number was influenced by DBH, with thicker trees 
(> 15.6 cm) bearing a higher number of one-year-old conelets 
than thinner trees (13 vs. 7 one-year-old conelet tree-1) 
(P < 0.0001). Thicker trees that grew faster also produced a 
higher number of one-year-old conelets; in fact, if biannual 
growth was above 4.4 cm, production was 33% higher (16 vs. 
12 one-year-old conelet tree-1).

Here, we evaluated irrigation and fertilization for a short 
period (one and two years); for this purpose, field trials 
should be implemented, maintained and evaluated over a 
long period under different environmental conditions, to 
assess their impact also on the masting habit characteristic of 
the species (Calama et al., 2011) and to optimize application 
rates and their combination with other cultural practices.

Future studies should also address the use of 
fertirrigation on pine nut quality, considering that Borrero 
(2004) reported an increase in pine nuts concentrations of 
fat, copper, magnesium and sodium in fertilized plots.

Considering field performance, fertilization costs are 
more affordable than those of combined fertilization and 
irrigation. In fact, irrigation systems are expensive and would 
make stone pine less competitive than other crops (McLain, 
2008; Castaño et al., 2004). However, there are innovative 
irrigation systems that should be evaluated because they do 
not require electricity supply or urban water access (Omodei, 
2014).

Conclusion
Based on growth and production measurements, our 

results indicate that stone pine fertilization applied during 
two consecutive years is a useful tool to enhance DBH and 
height, and one year-old conelet production. This effect 
was independent of water availability, being an important 
practice in zones with soil limitations; these results confirm 
the advantage of establishing fertilized plantations for 
increasing growth and fruit production.

Irrigation had an important effect on fruiting, but effects 
on vegetative growth were non-significant. Maximum 
one-year-old conelet number tree-1 and vegetative growth 
(diameter at breast height and crown diameter) values 
were observed in the combined fertilization and irrigation 
treatment.

Understanding the effects of fertilization and irrigation on 
the species will require implementing and monitoring field 
trials over a longer period under different environmental 
conditions.
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