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Abstract 
• Key message This document provides valuable environmental information about a triplets’ essay of Scots pine and 
Maritime pine in Spain. The dataset characterizes the soil profile (physicochemical parameters of organic and min-
eral horizons), climate, physiography, understory and overstory. Dataset access is at https ://doi.org/10.5281/zenod o. 
43845 30 and associated metadata is available at https ://metad ata-afs.nancy .inra.fr/geone twork /srv/fre/catal og.searc h#/
metad ata/21cca 830-daf9-4913-9b5b-a185d 77943 d5

Keywords Mixed stand · Pinus sylvestris · Pinus pinaster · Physicochemical soil profile parameters · Climatic parameters · 
Overstory features

1  Background

Many of the studies that highlight the role of mixed 
vs monospecific forests to supply ecosystem services 
are focused on mixtures that combine tree species with 
contrasting traits (Gamfeldt et al. 2013; Carnol et al. 2014; 
Almeida et al. 2018). However, little is known on the effect 
of mixing species that belong to the same genus (Forrester 

and Smith 2012; Mestre et  al. 2017). Environmental 
parameters included here have contributed to increase 
knowledge on the functioning of six triplets of Scots pine 
(Pinus sylvestris L.) and Maritime pine (Pinus pinaster Ait.) 
in Spain. Soil characterization allowed to describe fertility 
and carbon dynamic along soil profile (López-Marcos et al. 
2018), and the study of the understory and overstory features 
provided information about biodiversity functioning (López-
Marcos et al. 2020a) and its relationship with soil properties 
(López-Marcos et al. 2019).

The essay, located in North-Central Spain, consists of 
eighteen forest plots divided in six triplets. Each triplet 
includes three circular plots of 15-m radius located less than 
1 km from each other: two monospecific plots dominated 
by P. sylvestris or P. pinaster, and one mixed plot of both 
species. In each plot, one pit up to 50 cm depth, one 15-m 
radius overstory features inventory and ten understory 
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1 × 1  m inventories were carried out. Additionally, 
physiographic and climatic variables were collected per plot.

2  Methods

2.1  Study area

The experimental area is located in North-Central Spain (41° 
47′ 35″ N and 41° 53′ 41″ N latitude and 2° 56′ 12″ W and 3° 
20′ 46″ W longitude; Table 1). It consists of eighteen forest 
plots distributed in six triplets located along an east-west 
axis of about 33 km and a north-south axis of about 11 km 
(Fig. 1). Each triplet comprises three circular plots of 15 m 
radius, including a plot dominated by P. sylvestris, another 
one by P. pinaster, and finally one mixed plot that contained 
both species. Plots within triplet are located less than 1 km 
from each other.

In this area, the forest management traditionally has 
consisted of strip clear-cutting with soil movement 
and planting or sowing when necessary and moderate 
thinning from below (Riofrío et  al. 2019) benefiting 
P. sylvestris (López-Marcos et  al. 2019). The stands 
have had no silvicultural intervention or damage in the 
last 10 years in an attempt to minimize the effect of 
the thinning or another type of intervention in what is 
intended to study either growth, floristic richness or soil 
nutrients. Triplets belong to the network of permanent 
plots of the Sustainable Forest Management Research 
Institute UVa-INIA (iuFOR). In this network, the mixture 

effect has been analysed on growth efficiency (Riofrío 
et al. 2017b; Cattaneo et al. 2020), crown morphology 
(Cattaneo et al. 2020), carbon stocks and exchangeable 
cations along the soil profile (López-Marcos et  al. 
2018), understory response to overstory (López-Marcos 
et al. 2019), understory richness and forest regeneration 
(López-Marcos et al. 2020a), height diameter and basal 
area increment (Riofrío et  al. 2019) and changes in 
structural heterogeneity and stand productivity (Riofrío 
et al. 2017a).

2.2  Sampling and data collection

2.2.1  Physiographic and climatic data collection

The location, as Province, Municipality, Forest and geo-
graphical and UTM coordinates were obtained from ETRS 
1989 UTM Zone 30N. The altitude was measured with GPS, 
the steepness with a clinometer and the orientation with a 
compass in the direction of maximum slope.

The Agroclimatic Atlas of Castilla y León (Nafría-García 
et al. 2013) was used to obtain precipitation and temperature 
data: rainfall and mean temperature in different months as 
well as accumulated rainfall and annual mean temperature 
for the period 1981–2010 (30 years; Nafría-García et al. 
2013). The climate was classified according to the Köppen 
(1936) classification for the Iberian Peninsula.

Soil parent material and geological age were obtained 
from Spanish Geological Map (IGME 2015). The potential 
vegetation was derived from the Vegetation Series Map of 

Table 1  Location and main characteristics of plots. aUnits: m (UTM Projection; Datum ETRS89)

Type of stand Triplet XUTMa YUTMa Altitude (m) Slope (%) Orientation (º)

Pinus sylvestris monospecific stand 1 30T 471506 4638241 1146 6.60 48
2 30T 489013 4636689 1173 10.00 181
3 30T 498764 4636648 1277 15.60 202
4 30T 504084 4637638 1169 14.00 255
5 30T 503643 4631290 1145 0.01 250
6 30T 504905 4626883 1093 2.00 306

Mixed stand 1 30T 471516 4638068 1154 6.20 23
2 30T 489048 4636639 1173 10.00 181
3 30T 498442 4636427 1241 18.70 200
4 30T 504572 4637209 1206 0.09 155
5 30T 503574 4631241 1159 0.04 100
6 30T 505080 4627036 1119 11.00 184

Pinus pinaster monospecific stand 1 30T 471288 4638228 1154 6.20 23
2 30T 489066 4636618 1144 7.00 166
3 30T 498466 4636473 1277 19.00 200
4 30T 504454 4637173 1165 0.20 208
5 30T 503661 4631229 1145 0.01 250
6 30T 505265 4627124 1116 12.00 222
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Spain (Rivas-Martínez 2011) and current vegetation from 
WMS service of MAPAMA.

2.2.2  Soil sampling and analyses

Soils were sampled in the spring of 2016. One soil pit of 
at least 50 cm depth was dug at each plot for organic and 
mineral soil horizon characterization. To collect, the forest 
was used a 25 × 25 cm quadrant placed at the top of the 
pit. Coarse woody materials, such as large branches, were 
carefully removed from the forest floor before sampling 
(Andivia et al. 2016). The forest floor was separated into 
three fractions according to Van Delft et al. (2006): fresh, 
fragmented and humified fraction. The thickness of each 
horizon was measured, and one disturbed sample and two 
undisturbed soil samples were collected per horizon. The 
undisturbed soil samples were collected with steel cylinders 
keeping their original structure (López-Marcos et al. 2018, 
2019). At the time of digging the soil pit, we estimated 
visually in each mineral horizon the moist and dry matrix 
colour for each horizon was determined with Munsell Charts 
(Munsell Color Company 2000; López-Marcos et al. 2018). 
Soil sampling and analyses were done as detailed in López-
Marcos et al. (2018, 2019).

Physical analyses included percentage by weight of coarse 
fraction (> 2 mm; stones), particle distribution determined 
by the pipette method (Van-Reeuwijk 2002) and subsequent 
determination of clay, sand and silt contents, and textural 
classification according to USDA criteria. Available water was 
determined as the difference between water content at field 
capacity and the permanent wilting point determined using a pF 

equipment (Bueis et al. 2016). Undisturbed mineral soil samples 
were weighed (± 0.001 g) and used to calculate the soil bulk 
density. The particle density was calculated with a pycnometer 
according to (Van-Reeuwijk 2002) and the porosity was 
calculated for each horizon using the bulk and particle densities.

Chemical parameters analysed for each mineral 
horizon included exchangeable cations  (Ca+2,  Mg+2,  K+, 
 Na+) extracted with 1  M ammonium acetate at pH = 7 
(Schollenberger and Simon 1945) and determined using an 
atomic absorption/emission spectrometer; cation exchange 
capacity according to Mehlich (1953); total organic carbon 
and total nitrogen quantified by dry combustion using a Leco 
CHN 2000 elemental analyser; easily oxidizable carbon 
analysed using the K-dichromate oxidation method (Walkley 
1947); available phosphorus using the Olsen method (Olsen 
and Sommers 1982); and pH and electrical conductivity 
determined in a soil/water suspension in a ratio of 1:2.5 
according to Van-Reeuwijk (2002).

In addition, the ratio of total organic carbon to total 
nitrogen of each horizon was calculated according to López-
Marcos et al. (2018), as well as the stocks of total organic 
carbon, easily oxidizable carbon, total nitrogen, available 
phosphorus, exchangeable sodium, potassium, calcium, 
magnesium and sum of bases according to López-Marcos 
et al. (2019). Water holding capacity per horizon and for 
the whole soil profile up to 50 cm depth was also calculated 
according to López-Marcos et al. (2019).

Once all the information per horizon was extracted, each 
horizon and soil type was named according to Soil-Survey-
Staff (2014).

Fig. 1  Location of the triplets in the ‘Sierra de la Demanda’ in the North-Central Spain. Pinus sylvestris monospecific stands: red dots; Pinus 
pinaster monospecific stand: yellow dots; mixed stand of P. sylvestris and P. pinaster: blue dots
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2.2.3  Overstory sampling

The overstory was sampled in 2014–2015 (Riofrío et al. 
2017a). In each plot, the number, diameter and height of all 
stems > 7.5 cm DBH (diameter at the breast height) for every 
Pinus species were measured. The basal area was calculated 
as the sum of the sections at breast height and expressed per 
hectare. The age was determined from dendrochronological 
analysis of cores extracted with Pressler core-borer. The 
site index of both Pinus species was calculated with the 
dominant height of the plot and the related at age 100 for 
total plot; for Pinus sylvestris according to Rojo and Montero 
(1996) and for Pinus pinaster according to Bravo-Oviedo 
et al. (2007). In addition, the percentages of basal area of 
each Pinus species from total basal area were calculated.

2.2.4  Understory sampling

The sampling was carried out in June 2016 by the same 
observer to encompass and better identify the maximum 
number of vascular plant species (Martínez-Ruiz and 
Fernández-Santos 2005; Alday et al. 2010). In each plot, 
10 quadrats of 1 m × 1 m were randomly located to record 
the understory vegetation. In each quadrat, the cover 
percentages of leaf litter, vascular plant species (including 
tree regeneration) and of bryophytes were recorded.

The cover percentage of every vascular plant species in each 
quadrat was estimated visually “in situ” whenever possible. 
Specimens of the unknown or doubtful species were collected 
for later identification in the laboratory with the help of 
botanical keys such as Aizpiru et al. (2007) and Castroviejo 
et  al. (1986–2012). Vascular plant species nomenclature 
follows Tutin et al. (1964–1980), and bryophytes nomenclature 
follows Crosby et al. (1992). Then, vascular plant species were 
classified by taxonomical groups (families) to estimate the 
cover percentage of each one. Also was calculated the most 
abundant specie of understory vegetation. All these variables 
are expressed as the average of ten quadrats per plot.

3  Access to the data and metadata 
description

The dataset (López-Marcos et  al. 2020b) is available at 
Zenodo digital repository: https ://doi.org/10.5281/zenod o. 
43845 30 and associated metadata is available at https ://
metad ata-afs.nancy .inra.fr/geone twork /srv/fre/catal og. 
searc h#/metad ata/21cca 830-daf9-4913-9b5b-a185d 77943 d5. 
The dataset covers a file whose filename is Dataset.csv. 
The file Dataset.csv contains information about the 218 
environmental variables studied in the eighteen forest plots 
(18 columns). The first row (Plot) of the file Dataset.csv 
identifies the plot, the second row identifies the triplet to 

which it belongs (Triplet: 1-triplet 1; 2-triplet 2; 3-triplet 3; 
4-triplet 4; 5-triplet 5; 6-triplet 6), and the third row identifies 
the stand type (Stand_type: PS-monospecific stand of Pinus 
sylvestris; MM-mixed stand; PP-monospecific stand of Pinus 
pinaster).

Plot characteristics include information about 
physiography, climate, soil profile, overstory and understory 
features. The physiographic data included the province 
(Province), the municipality (Municipality) and the name of 
the forest (Forest) where every plot is located, as well as the 
geographical coordinates (Lat and Long). Also included the 
altitude (Alti), the steepness (Slope), the orientation (Ori) 
and the potential (Pot_veg) and current (Cur_veg) vegetation 
of each plot.

The climate parameters include the climate Köppen 
classification (Clim), and the rainfall (R) and mean temperature 
(T) of different months (J: January; F: February; M: March; A: 
April; My: May; Jn: June; Jl: July; A: August; S: September; O: 
October; N: November; D: December). Also, the accumulated 
rainfall (XR) and the annual mean temperature (XT) are 
provided.

The soil data include some general information of the soil 
profile, as the soil parent material (Par_mat) and geological 
age (Geo_age) and the soil type (Soil).

The forest floor characterization was described by the 
forest floor thickness (FF_Th), the total leaf litter biomass 
(Litter_B) and the percentage of each litter fraction (fresh-
Fs; fragmented-Fg; humified-Hm). In addition, the total 
organic carbon (TOC), total nitrogen (TN) and the ratio of 
total organic carbon to total nitrogen (C/N) of each fraction 
were analysed.

The mineral characterization was carried out per horizon. 
In general, three mineral horizons were described up to 50 cm 
depth (first soil horizon: H1; second soil horizon: H2; third soil 
horizon: H3), so each variable analysed is tripled in the dataset. 
The variables analysed in each horizon were the thickness (Th); 
the moist (moistCol) and dry (dryCol) matrix colour; the coarse 
fraction (Stones); the clay (Clay), sand (Sand) and silt (Silt) 
contents; the textural classification (Tex); the field capacity 
(FC), the permanent wilting point (PWP) and the available 
water (AW); the soil bulk (bD) and particle (pD) density and 
porosity (Poro); the exchangeable sodium  (Na+), potassium 
 (K+), calcium  (Ca+2) and magnesium  (Mg+2), the sum of bases 
(SB) and the cation exchange capacity (CEC); the total organic 
carbon (TOC), total nitrogen (TN), easily oxidizable carbon 
(OxC) and the ratio of total organic carbon to total nitrogen 
(C/N); the available phosphorus (avP), the pH and the electrical 
conductivity (EC). Also, the names of the genetic horizons (G) 
were included following the Soil-Survey-Staff (2014) criteria. 
In addition, the stocks of some variables were calculated per 
horizon (first soil horizon: H1; second soil horizon: H2; third 
soil horizon: H3) and for the whole soil profile up to 50 cm 
depth (H50): total organic carbon stock (TOCstock), easily 
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oxidizable carbon stock (OxCstock), total nitrogen stock 
(TNstock) available phosphorus stock (avPstock), exchangeable 
sodium stock  (Na+stock), exchangeable potassium stock 
 (K+stock), exchangeable calcium stock  (Ca+2stock), 
exchangeable magnesium stock  (Mg+2stock), sum of bases 
stock (SBstock) and water holding capacity (WHC).

The overstory variables analysed in each plot are density 
(N), basal area (G), diameter (dg) and height (Ho) for every 
Pinus species (Pinus sylvestris-Ps and Pinus pinaster-Pp) 
and for the total plot (T). In addition, this information 
includes the age (Age) and the site index (SI) of every Pinus 
species and the percentage of basal area of every Pinus 
species (%PS-Pinus sylvestris; %PP-Pinus pinaster).

The understory characterization includes the cover 
percentage of leaf litter (Litter_Cov), vascular plant 
species (Vasc) and bryophytes (Bryo). Also, it includes 
the cover percentage of each family (Aqu-Aquifoliaceae, 
Aste-Asteraceae, Cari-Caryophyllaceae, Cist-Cistaceae, 
Cupr-Cupressaceae, Eric-Ericaceae, Faba-Fabaceae, Faga-
Fagaceae, Junc-Juncaceae, Lili-Liliaceae, Pina- Pinaceae, 
Poac-Poaceae, Poli- Polygalaceae, Rosa-Rosaceae, Rubi-
Rubiaceae, Scro- Scrophulariaceae, Viol-Violaceae, Xant-
Xanthorrhoeaceae), and of the most abundant specie of the 
understory (Under_sp).

4  Technical validation

The validation of the dataset was carried out through a first 
by hand verification and complemented by numerical and 
graphical analyses. Laboratory equipment was regularly 
calibrated, and standards were used on each analysis. Soil 
analyses were conducted in duplicate and mean values 
are presented. Understory analyses were conducted in ten 
quadrats per plot and the average values are presented. Every 
record was revised in relation to the normal range of values 
for each variable. Related variables were examined and tested 
for inconsistencies basing on their correlations and corrected 
when necessary.

5  Reuse potential and limits

The original dataset brings valuable information about a 
triplets’ essay of Scots pine and Maritime pine in North-
Central Spain. The dataset addresses the physicochemical 
characterization of the organic and mineral horizons of 
the soil profile, physiography, climate, understory and 
overstory features.

The reuse of the data presented here is simple. This is 
a.csv file ready to be loaded into Software as R. For more 
information, users can refer to the metadata description files.

Part of these data has already been used successfully in 
previous studies. First of all, when the carbon storage and 

exchangeable cations along the soil profile were studied, 
two trends were found: in the topsoil, higher values 
of carbon stock and total organic carbon were found 
in P. sylvestris stands, lower in P. pinaster stands and 
intermediate in mixed stands; this pattern was related to 
the C/N ratio of the forest floor. In the intermediate soil 
layers, carbon stock and total organic carbon tended to 
be higher in mixed stands and it was related to the higher 
percentage of fine roots and greater thickness of the 
first mineral horizon. Differences in soil exchangeable 
cations among stands were related to the total organic 
carbon content (López-Marcos et al. 2018). When the 
understory composition and its relationship with the soil 
status were assessed, a water-stress gradient associated 
with the overstory composition indicated that P. pinaster 
tolerates lower soil water content than P. sylvestris. 
Mixed stands were under greater water stress conditions 
than P. sylvestris monospecific stands but maintained 
the same level of understory richness. In addition, a 
soil fertility gradient defined by organic carbon and 
exchangeable-magnesium stocks was identified (López-
Marcos et al. 2019). Finally, when understory species 
composition was analysed, the percentage of the basal 
area of both Pinus species was found to be the only 
characteristic of the stand that significantly influenced 
the understory composition. Species characteristics 
of humid and temperate zones, including P. sylvestris 
regeneration, dominated in P. sylvestris monospecific 
stands. Typical species of well-drained Mediterranean 
areas, including P. pinaster regeneration, dominated in 
P. pinaster monospecific stands. In mixed stands, the 
highest regeneration of the native Pyrenean oak (Quercus 
pyrenaica Willd.) was accompanied by typical species 
that share the same regeneration niche (López-Marcos 
et al. 2020a).
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