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ABSTRACT

Juniperus flaccida Schltdl. is a very important forest species which is severely affected
by Phoradendron juniperinum Engelm. at El Cardonal, Hidalgo, Mexico. The objective
of this research was to evaluate the response, in terms of tree twig biomass and
nutrient status of both the tree and its parasitic species, to fertilization with nitrogen
(N), phosphorus (P), and potassium (K), in a natural forest of J. flaccida. The fertilizer
rates and sources were 0,1000; 0, 300 and 0, 450, 900 g tree! of urea, phosphoric
acid and potassium sulphate, respectively. The experimental design was a completely
randomized factorial (2x2x3) with six replicates. Soil analysis showed low levels of N
and P, and adequate levels of K in the site. Nitrogen or phosphorus alone did not
significantly affect twig biomass, despite of being deficient nutrients in the study site.
J. flaccida displayed higher concentrations of N, Mg, Cu, Mn, and B than P.
juniperinum and the latter, showed higher concentrations of P, K, Ca, Fe, and Zn
than its host species. Application of nitrogen significantly decreased the concentration
of K in P. juniperinum and influenced the partition of foliar P between J. flaccida and
P. juniperinum, in favor of the host tree and to the detriment of the parasitic species.
Application of K increased foliar N in J. flaccida. Vector analysis showed that the
combination of phosphorus with the highest dose of potassium led to an increase in
twig biomass of J. flaccida.

Keywords: Soil analysis; Vector analysis; Fertilizers; Parasitic plant.
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RESUMEN

Juniperus flaccida Schltdl. es una especie forestal muy importante que, en El
Cardonal, Hidalgo, México es fuertemente atacada por Phoradendron juniperinum
Engelm. El objetivo de esta investigacion fue evaluar la respuesta de ramillas de J.
flaccida en cuanto a su biomasa, su estado nutrimental y el de su planta parasita,
con relacién a las aplicaciones de nitrogeno (N), fésforo (P) y potasio (K), en un
bosque natural de Juniperus flaccida. Las dosis y fuentes de fertilizantes fueron 0 y
1000; 0 y 300; y 0, 450 y 900 g arbol! de urea; acido fosforico y sulfato de potasio,
respectivamente. El disefio experimental utilizado fue completamente al azar con
arreglo factorial 2x2x3, con seis repeticiones. Los andlisis de suelo mostraron bajos
niveles de N y P, y suficientes de K en el sitio. Las aplicaciones individuales de Ny P
no tuvieron efectos significativos en biomasa, a pesar de ser deficientes en el area
experimental. J. flaccida presentd mayores concentraciones foliares de N, Mg, Cu,
Mn y B que P. juniperinum, y éste presentd mayores concentraciones de P, K, Ca, Fe
y Zn que su hospedero. La aplicacion de nitrégeno disminuyd significativamente la
concentracion de K en P. juniperinum e influyé en la particion de P foliar entre J.
flaccida y P. juniperinum, en favor de la hospedera y en detrimento de la parasita. El
aporte de K incrementd la concentracion de N del follaje de J. flaccida. Los analisis
de vectores mostraron que la combinacién de fosforo con la dosis alta de potasio
propicié un incremento en biomasa de J. flaccida.

Palabras clave: Analisis de suelos; Analisis de vectores; Fertilizantes; planta
parasita.

RESUMO

Juniperus flaccida Schitdl. E uma espécie florestal muito importante que, em El
Cardonal, Hidalgo, México, é fortemente atacada por Phoradendron juniperinum
Engelm. O objectivo desta investigacao foi avaliar a resposta dos ramais de J. flaccida
em termos da sua biomassa, do seu estado nutricional e do da sua planta parasita,
em relacdo as aplicacdes de nitrogénio (N), fosforo (P) e potassio (K), numa floresta
natural de Juniperus flaccida. As doses e fontes de fertilizantes foram 0 e 1000; 0 e
300; e 0, 450 e 900 g de ureia de arvore 1; acido fosforico e sulfato de potassio,
respectivamente. O desenho experimental utilizado foi completamente aleatério num
arranjo fatorial 2X2X3, com seis réplicas. As analises do solo mostraram niveis baixos
de N e P, e K suficiente no local. As aplicagdes individuais de N e P ndao tiveram um
efeito significativo na biomassa, apesar de serem deficientes na area experimental.
J. flaccida apresentou concentragoes foliares de N, Mg, Cu, Mn e B mais elevadas do
gue P. juniperinum, e este Ultimo apresentou concentracdes mais elevadas de P, K,
Ca, Fe e Zn do que o seu hospedeiro. A aplicacao de azoto diminuiu significativamente
a concentracdo de K em P. juniperinum e influenciou a divisao do foliar P entre J.
flaccida e P. juniperinum, em favor do hospedeiro e em detrimento do parasita. A
contribuicdao de K aumentou a concentracdao de N da folhagem de J. flaccida. As
analises vectoriais mostraram que a combinacgao do fésforo com a elevada dose de
potassio levou a um aumento da biomassa de J. flaccida.

Palavras-chave: Andlise dos solos; Analise de vetores; Fertilizantes; Planta
parasita.
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INTRODUCTION

Biotic disturbances affect a wide range of tree species in all climates and contribute
to increasing global tree mortality rates (Szmidla et al., 2019). Mistletoe belongs to
a large group of parasitic plants that establish long-lasting relationships with a wide
range of host tree species. With climate change, ecophysiological stress is increasing,
which may make trees more susceptible to mistletoe infection and may even lead to
higher mortality rates in forest stands (Griebel et al., 2017).

Phoradendron juniperinun (muérgado del tascaste) is currently parasitizing Juniperus
flaccida (tascate) in the region of El Cardonal, in the State of Hidalgo, Mexico;
according to the literature there are no records of distribution of this mistletoe species
in the study area (Geils et al., 2002), which means that it is spreading by finding
suitable conditions for its establishment. This interaction between P. juniperinum and
J. flaccida is causing serious disturbance to the natural forest of J. flaccida in the
region. Among the most important physiological interactions between host plants and
plants are nutrient and water relationships (Glatzel and Geils 2009). Despite the
importance of such relationships between host trees and mistletoes, relatively little
is known, especially regarding nutritional requirements and their supply to parasite
plants (Okubamichael et al., 2011; Raya-Pérez et al., 2014).

Velasco (1999), mentions that carrying out nutritional management of trees through
chemical fertilization, represents an important activity in the control of pests and
diseases, as well as an integral component in productivity whether in the agricultural
or forestry area. When trees are established in poor or nutrient deficient soils, they
will respond by showing poor growth and development, as well as susceptibility to
pathogen attack. According to Reyes-Pozo et al. (2018), plants whose nutritional
conditions are balanced become more tolerant or less susceptible to the attack of
pests and/or diseases, since they can protect themselves from possible infections
and/or limit those present.

The nutritional status and vigor of mistletoes depends largely on the nutritional status
of the hosts from which they absorb nutrients, so a thorough understanding of
parasite-host nutritional relationships can lead to possible nutritional management
strategies for trees to decrease their susceptibility to attack by parasitic plants. In
this context, the present study aimed to evaluate the nutritional response of J.
flaccida and P. juniperinum, its parasitic plant in the region, to chemical fertilization
of the host with N, P and K individually and in combination.

MATERIALS AND METHODS

The experiment was conducted from August 2018 to September 2019, in the town of
San Miguel Tlazintla, El Cardonal, Hidalgo, Mexico, in a natural forest of Juniperus
flaccida Schitdl. The site is located at coordinates 18° 42' 20.2" north latitude and
90° 44' 09.0" west longitude and at an altitude of 2 094 m. The site has a temperature
range between 12 - 22°C and an average rainfall of 430 mm. It has a semi-dry
temperate climate with summer rains; the dominant soil is leptosol (INEGI 2009)
(Figure 1).

http://cfores.upr.edu.cu/index.php/cfores/article/view/530
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Figure 1. - Study Area; Bienes Comunales San Miguel Tlazintla, El Cardonal,
Hidalgo, Mexico

Experimental and treatment design

A 2x2x3 factorial experiment was performed, with six repetitions, taking a tree as
the experimental unit. Table 1 shows the factors (nutrients) of variation that were
tested, such as, nitrogen (N), phosphorus (P) and potassium (K). The factors studied
were defined based on a previously conducted chemical soil analysis, while the levels
(fertilization rates) of each was determined based on the published results of a
fertilization trial on a 12-year-old plantation of Cupressus lusitanica in Colombia
(Tschinkel, 1972).

Table 1. - Variation factors of the fertilization factorial experiment established in
the Ejido of San Miguel Tlazintla, Municipality of El Cardonal, Hidalgo

Factors
N P K
Levels 0 0 0
(g. tree) 1000 300 450

900

Fertilizing material Urea Phosphoric acid Potassium sulphate

N=nitrogen, P=phosphorus, K=potassium

The combination of the levels of the factors studied produced 12 treatments
mentioned below, whose values in brackets correspond to the quantities applied
(g.tree!) of urea, phosphoric acid and potassium sulphate, in that order: T1 (0,0,0);
T2 (0,0,450); T3 (0,0,900); T4 (0,300). 0); T5 (0,300,450); T6 (0,300,900); T7
(1000,0,0); T8 (1000,0,450); T9 (1000,0,900); T10 (1000,300,0); T11
(1000,300,450) and T12 (1000,300,900).

http://cfores.upr.edu.cu/index.php/cfores/article/view/530
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Fertilization

The application of treatments was carried out starting with the selection of the
experimental units, trying to make them homogeneous in terms of diameter, in order
to avoid effects due to differences in size. In addition, we tried to ensure that all the
experimental units had the same degree of mistletoe incidence. Once the trees were
selected, the diameter at breast height (DBH) of each individual was measured with
the help of a tape measure, the fertilization treatment was applied according to a
previously performed randomization and the trees were labeled. The DBH was
measured only to ensure uniformity of the dimensions of the experimental trees.

The fertilizers were applied in granulated form for the case of nitrogen (urea) and
potassium (potassium sulfate), in the case of phosphorus (phosphoric acid) it was
applied in liquid form mixing the dose determined in five liters of water and pouring
the solution over the dripping area, with a watering can.

Variables evaluated

The variables evaluated were: soil fertility (chemical analysis), water potential for
both species; growth variable (increase in biomass of branches of J. flaccida) and
physiological variables (nutritional concentration in the foliage of J. flaccida and P.
Juniperinum).

The water potential was taken with the help of a Scholander pressure chamber, model
3005 Soil Moisture. For this purpose, four individuals of J. flaccida were selected and
a branch was selected in each of them. Within each selected branch, a mature and
biotic free branch was collected, close to a P. juniperinum plant, from which a branch
was also collected. The cut of the samples was made in a uniform way collecting a
bunch of approximately 10 cm; later this was introduced in the pressure chamber,
opening the gas valve and taking the measurement at the moment that a bubble of
sap emerged from the base of the bunch.

Obtaining biomass from twigs was taken by removing, with the use of a telescopic
scissor, five twigs from the last growth flow. These were distinguished by their light
coloring. The samples were taken to the laboratory where they were dried in a FELISA
drying oven at 709c for 72 hours. Once the samples were dry, they were weighed on
an analytical balance, thus obtaining the biomass of the branches of each of the trees
belonging to the fertilization experiment.

The initial nutritional status was determined by collecting foliage of both species from
nine randomly selected trees within the experimental area, following the protocol of
Wells and Allen (1985). The samples were processed and sent to the Plant Nutrition
Laboratory of the Postgraduate School, to determine the foliar concentrations of N,
P, K, Ca, Mg, Fe, Cu, Zn, Mn and B.

Twelve months after the fertilization experiment was established, foliage samples
were taken from three individuals per treatment, which were obtained from the upper
third of the crown. These samples were analyzed for the determination of N, P and
K, in order to know the response of the trees to the application of the treatments.

During the soil sampling carried out before the application of the treatments, eight
samples were taken at random within the study area, at a depth of 30 cm. From
these samples, four composite samples were formed, which were taken to the same
laboratory as the leaf samples, for the determination of pH, MO, CIC, N, P, K Ca, Mg,
Zn, Fe, Mn and Cu. The soil results obtained were interpreted with the help of NOM-

http://cfores.upr.edu.cu/index.php/cfores/article/view/530
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021 SEMARNAT 2001 and were the basis for deciding the nutrients to be tested in
the experiment.

Methods of chemical analysis

The determination of P and K concentrations was performed on the extract resulting
from the wet digestion of dry plant material with sulfuric acid, perchloric acid and
hydrogen peroxide (1.3:0.7:1, v:v:v), as described by Alcantar and Sandoval (1999).
The extracts were read on a plasma induction and emission spectrometry machine
(Agilent 725 Series ICP-OES).

The N concentration was determined in a 10 mL aliquot of the digestate described
above, by distillation of the sample and titration with sulfuric acid.

Statistical analysis

With the help of the SAS statistical package (version 9.0), the statistical analysis
consisting of an Analysis of Variance (ANAVA) and a Tukey mean comparison test
(d=0.05) was carried out for the effects of treatments on the concentration of N, P
and K in the foliage of J. flaccida and P. juniperinum after fertilization treatments.
Branch biomass, along with concentrations and nutrient contents were analyzed
using the vector graphic analysis technique (Timmer and Stone, 1978). Using
regression analysis, the dependence of leaf concentrations of P. juniperinum on those
of Juniperus flaccida was examined. The water potentials of J. flaccida and P.
juniperinum were compared using a T-test.

RESULTS AND DISCUSSION

Preliminary soil and leaf analysis

According to Table 2, the soils of the study site, interpreted in accordance with the
Mexican Official Standard 021 of SEMARNAT (Ministry of Environment and Natural
Resources 2002) only present low levels of nitrogen and phosphorus, while the other
properties analyzed are at adequate or slightly high levels.

Table 2. - Chemical properties of the soil in the Juniperus flaccida forest of the
Ejido of San Miguel Tlazintla, El Cardonal, Hidalgo

pH CIC K Ca Mg N P Zn Fe Mn Cu
Meq/100 g % Ppm
media 8.11 15.5 1.02 41.1 1.45 0.23 2.97 1.47 10.7 9.4 1.28
NOM-021 ME A E E A B B A A A A

SEMARNAT

ME: Moderate Alkaline; A: Adequate; B: Low; E: High.

The results of the preliminary leaf analysis (before the application of the treatments),
regarding the macro-elements (N, P, K, Ca and Mg) are shown in Figure 2; while
those regarding the concentrations of the micro-elements (Fe, Cu, Zn, Mn and B) are
presented in Figure 3.

http://cfores.upr.edu.cu/index.php/cfores/article/view/530
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Figure 2. - N, P, K, Ca and Mg concentrations in the foliage of J. flaccida and P.
juniperinum, before application of fertilization treatments

The Figure 2 shows that mistletoes have high concentrations of P (0.182 %), K (1.146
%) and Ca (1188 %), compared with the corresponding concentrations in J. flaccida.
These results are consistent with those obtained by Raya-Pérez et al., 2014, who
observed that mistletoes (Psittacanthus calyculatus) accumulated high levels of
potassium, a nutrient that in the present investigation is 253 % above the
concentration presented by the host (J. flaccida). On the other hand, Glatzel (1983),
investigated the concentrations of other nutrients and observed that N was the only
nutrient not accumulated by mistletoes at higher levels than their hosts, coinciding
with what was obtained in the analyses reflected in Figure 2, where J. flaccida
presents a foliar concentration of N that is 8.78 % higher than the concentration of
this nutrient in P. juniperinum. As in the case of N, in the present study, the
concentration of Mg in the host was 34 % higher than the concentration of the same
nutrient in the host plant.

The analyses obtained in the present investigation agree with a study carried out by
Panvini and Eickmeier (1993), who obtained the mineral concentrations of
Phoradendron leucarpum and several host species, finding that mistletoe had nutrient
concentrations from 0.97 to 2.88 times higher than its host trees. In that study the
data collected showed higher concentrations of K, N, Ca, Mg, P, Na, Fe, Zn and Cu in
the host.

http://cfores.upr.edu.cu/index.php/cfores/article/view/530
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Figure 3. - Concentrations of Fe, Cu, Zn, Mn and B in the foliage of J. flaccida and
P. juniperinum, before the application of fertilization treatments

The Figure 3 shows the concentrations of microelements and shows higher
concentrations of Cu (4.47 ppm), Mn (16.81 ppm) and B (43.35 ppm), in P.
juniperinum compared to those found in J. flaccida (1.98, 9.11 and 16.11 ppm,
respectively). These microelements are found 66, 46 and 63 % in lower concentration
in the host species than in the parasite plant.

It is very likely that the higher concentrations of most nutrients found in mistletoe,
relative to those in the host, are an adaptation related to the host's need to absorb
water from the host (Raftoyannis et al., 2015); i.e., the host plant (mistletoe) needs
to absorb water from the xylem of the host tree. Since water always moves from
higher water potentials to sites with lower water potentials, in order for the mistletoe
to take up water from the host tree, the water potentials of the mistletoe need to be
lower (more negative) than those of the host. The high concentrations of salts in
mistletoe tissues contribute to this condition, generating a flow of water from the
tree (in this case J. flaccida), to the mistletoe (P. juniperinum).

Determinations of water potentials (¥) in host tree and plant branches indicated that
the average W in P. juniperinum (-36.12 bar) is significantly lower (Pr>0.009; Table
3) than that of J. flaccida (W=-29.75 bar). These results corroborate what has been
obtained in other research where it has been shown that mistletoes maintain higher
transpiration rates and are less efficient in water use than their hosts (Garkoti et al.,
2002). Hosseini et al., (2007), observed that Viscum album, a parasitic species of
Carpinus betulus, maintains a higher transpiration rate in order to achieve mainly
nitrogen absorption. On the other hand, Glatzel and Geils (2009), mentioned that
mistletoes maintain a more negative water potential than their host species, in order
to avoid stomatal closure and withering, which may explain the results obtained in
the present research, which corroborates the low water potential that P. juniperinum
maintains with respect to J. flaccida.

http://cfores.upr.edu.cu/index.php/cfores/article/view/530
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Table 3. - Test of t for the water potential of Juniperus flaccida and Phoradendron
juniperinum in the Ejido San Miguel Tlazintla, El Cardonal, Hidalgo, Mexico

Method DF Value F Pr>=F Variances ValueT Pr=|T|

Double F 3 2.38  0.4951

Grouped data
[s] --- --- equal -1.92 0.009

DF: Degree of freedom
Nutritional status of J. flaccida and P. juniperinum

The Figures 4 a, b and c present the leaf concentrations of N, P and K, respectively
for the species of interest. In the case of nitrogen (Figure 4a), in all treatments J.
flaccida presented the highest concentrations compared to P. juniperinum,
highlighting the T6 (P 300-K 900) and T12 (N 1000-P 300-K 900) treatments, which
presented the highest concentrations of this nutrient in J. flaccida.

According to Figure 4a, in all treatments, including those that did not contemplate
nitrogen application, the leaf concentration of this nutrient in the host is, on average,
18% below the concentration of the same nutrient in the host tree. These results are
consistent with those obtained by Bowie and Ward (2004), who determined that N is
the only nutrient found in lower concentrations in mistletoe (65 %), a condition that
is consistent with the theory of passive nutrient absorption.

The results obtained in this research differ from those obtained by Ture et al., (2010),
since the analyses carried out by these authors showed that nitrogen was stored in
a higher concentration in the mistletoe Viscum album than in the host species under
observation. This means that the proportions between N concentrations in host plants
and hosts can be characteristics associated with the very combination of host species
and hosts.

Panvini and Eickmeier (1993) suggest that N is a nutrient that limits the growth of
mistletoe and that the mechanism they use to access this nutrient is to maintain high
transpiration rates. This coincides with the results of the present study, which show
that mistletoes maintain lower water potentials than their host species.

http://cfores.upr.edu.cu/index.php/cfores/article/view/530
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Figure 4. - Foliar concentration of N, P and K in J. flaccida and P. juniperinum,
in a fertilization experiment in Ejido San Miguel Tlazintla, municipality of El
Cardonal, Hidalgo

Figure 4b shows the phosphorus concentrations for the twelve treatments in both
species. J. flaccida presents on average, 33 % lower phosphorus concentration than
P. juniperinum. Within the treatments analyzed, the second (450 g of K) and control
treatments stand out, both of which present a higher concentration of P, even though
this nutrient was not supplied to the trees in those treatments. The application of P
to the trees did not show increases in the concentrations of this nutrient in the foliage
of either species (J. flaccida or P. juniperinum; Figure 4b), probably due to the fact
that the applied P was converted into calcium phosphate, as a consequence of the
high alkalinity conditions of the site (Hopkins and Ellsworth 2005); however, Figure
4b clearly shows that the application of N did affect the distribution of P between host
and host, noting that the application of 1000 g of urea per tree favored the
accumulation of P in the host, to the detriment of the foliar P of the parasite plant
(Table 4).

There are no references in the literature related to the above effect; however, this
finding suggests that the application of N in infested areas similar to the site studied
could lead to improved P partitioning between host species and host in favor of the
former, which could ultimately improve tree vigor, especially in P-deficient sites. The
results of the present research are consistent with those obtained by authors such as
Glatzel (1983), Panvini and Eickmeier (1993), Bowie and Ward (2004) and Tlre et
al, (2010), who found that P, is one of the nutrients that is stored in greater
concentration in mistletoe tissue compared to the host species analyzed.

http://cfores.upr.edu.cu/index.php/cfores/article/view/530
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Table 4. - Effects of nitrogen application on leaf N, P and K partitioning between
Juniperus flaccida and Phoradendron juniperinum

NP/N] PP/P] KP/KJ]
Mean Pr<t Mean Pr<t Mean Pr<t

g of urea applied per tree

0 0.81 1.70 8.34
0.96 017 0.476
1000 0.82 1.50 7.55

NP: Foliar concentration of N in P. juniperinum; NJ: Leaf concentration of N in Junuperus flaccida; PP: Foliar
concentration of P in P. juniperinum; PJ: Foliar concentration of P in J. flaccida; KP: Foliar concentration of K in
P. juniperinum; KJ: Foliar concentration of K in J. flaccida.

Potassium (Figure 4c) is one of the main nutrients in mistletoe invaded tree scenarios,
which is stored in very high concentrations, within the parasite plant (Glatzel 1983;
Ture et al., 2010 and Tennakoon et al., 2011). The authors mentioned above
maintain that most plant species have a preference for the absorption of this nutrient,
since it plays a role as a carrier of other elements, in addition to being essential for
osmoregulation and stomata control.

The analysis of variance in Table 5 shows the effects of fertilization treatments on
the concentrations of nitrogen, phosphorus and potassium in the foliage of J. flaccida
and P. juniperinum.

Analysis of variance indicates that leaf concentrations of N, P and K were affected by
the treatments (Table 5). It is observed that N had significant effects on phosphorus
and potassium concentrations in the foliage of P. juniperinum (Pr = 0.03 and Pr =
0.01, respectively). On the other hand, K, influenced the nitrogen concentration in
the foliage of J. flaccida (Pr=0.01).

In the case of interactions between nutrients, no significant effects on the
concentrations of N, P and K in the foliage of any of the species were found. However,
the interaction of N*P stands out, which had a slight influence on the concentrations
of N in J. flaccida (Pr=0.07) and P in P. juniperinum (Pr=0.07; Table 5).
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Table 5. - Significance, according to the analysis of variance, of the effects of
fertilization treatments on the concentrations of N, P and K in the foliage of J.
flaccida and P. juniperinum, in the Ejido of San Miguel Tlazintla, Municipality of El
Cardonal, Hidalgo

Juniperus flaccida Phoradendron juniperinum

Source of CN cpP CK CN CcpP CK
variation Pr<F

Model 0.12 0.70 0.50 0.57 0.37 0.30

M 0.29 0.67 0.47 0.39 0.03 0.01

P 0.89 0.80 0.67 0.44 0.74 0.32

K 0.01 0.43 0.87 0.18 0.47 0.46

N*P 0.07 0.52 0.12 0.09 0.07 0.35

N*K 0.41 0.91 0.14 0.81 0.80 0.98

P=K 0.42 0.19 0.28 0.95 0.64 0.34

N*P=K 0.64 0.40 0.82 0.57 0.55 0.68

Mean (%) 0.96 0.11 0.21 0.78 0.18 2.38

Pr<F (a=0.05); N: Nitrogen; P: Phosphorus; K: Potassium; CN: Foliar nitrogen concentration;
CP: Foliar phosphorus concentration; CK: Foliar potassium concentration.

Comparison of Tukey's means (a = 0.05, Table 6), shows that phosphorus application
had no significant effect on N, P and K concentrations in the foliage of either study
species; however, when N was applied to the trees, a lower mean potassium
concentration in the foliage of P. juniperinum was presented, suggesting that this
practice may contribute to reduce mistletoe vigor, by decreasing the concentration
of solutes in the individual, hindering the flow of water and ions from the host tree.
On the other hand, it is observed that with the application of 900 g of K, there was a
significant increase in the foliar concentration of N in the J. flaccida foliage (Table 6).
This effect could have implications on the nutritional management decisions of J.
flaccida forests affected by mistletoes, since the supply of K to the host tree improves
the nutrition of N, while the application of N decreases the uptake of K by the parasite
plant.
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Table 6. - Tukey test (a=0.05) for N, P and K concentrations in the foliage of J.
flaccida and P. juniperinum, after fertilization treatments

Juniperus flaccida Phoradendron juniperinum

Trat. levels CHN cp CK CN cp CK

1000 g 0.9843 a .1168a 0.2973 a | 0.8050 a .1748a 2.1954 b

N
0g 0.9357 a .1145a 0.3263 a | 0.7622 a .1967 a 2.5678 a
30049 0.9630 a .1150a 0.3034a | 0.7641 a .1841a 2.4503a

p

1874 a 2.3129a

1207 a 0.3265a | 0.8429 a
.1138a 0.3069a | 0.7816 a

.1936a 2.4503 a
1786 a 2.2608 a

900 g 1.0446 a
K 450 g 0.9659 ab
0g 0.8696b

o o o o o o O

0
0
0
0g 0.9571a 0.1163a 0.3202a | 0.8020a
0
0
0

.1125a 0.3020a | 0.7262 a .1850a 2.4338a

N: Nitrogen; P: Phosphorus; K: Potassium; CN: Foliar nitrogen concentration; CP: Foliar phosphorus
concentration; CK: Foliar potassium concentration; within a treatment and a foliar nutrient, same letters are
not significantly different (a=0.05).

The Figure 5 (a, b and c) shows the behavior of the increase in biomass, concentration
and content of N, P and K in the foliage of J. flaccida, with respect to fertilization
treatments.

The P*K2 treatment (300 g P * 900 g K per tree) presented the highest growth in
terms of biomass of five branches of J. flaccida, compared to the rest of the
treatments (Figure 5). This coincides with the diameter data obtained for the trees
that received this treatment, which presented greater increases in diameter or
avoided the decrease of this variable than in other treatments that caused the
drought that occurred in the area of study during the experimental year (2018).

In the case of N (Figure 5a), it can be seen that three of the twelve treatments (P*K1,
N and P) present lower nitrogen concentrations than the critical concentration (0.826
%) generated for J. flaccida (Gonzalez-Torralva 2020). The lack of response of the
other treatments was perhaps due to some other limiting factor, since some
treatments such as N*P*K2 (1000 g N, 300 g P and 900 g K), N*K1 (1000 g N and
450 g K), K2 (900 g K), N*P*K1 (1000 g N, 300 g P and 450 g K) and N*P (1000 g
N and 300 g P), generated high concentrations of N, but no response was obtained
from the increase in branch biomass. This could be due to the drought condition to
which the experimental area was subjected, or to some other limiting factor. As for
the treatments where N*K was combined, the low response could perhaps be due to
the antagonism that exists between these nutrients (Mengel and Kirkby 1982).
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Figure 5. - Effect of treatments on the biomass of five branches, concentration and
nutrient content in an experiment of fertilization with N, P and K in a natural forest
of J. flaccida, in El Cardonal, Hidalgo

As for P, soil analysis indicated a deficiency of this element. According to this, adding
phosphorus would be expected to increase tree growth; however, this did not happen
significantly. In Figure 5b, it is observed that the P*K2 treatment (300 g P * 900 g K
per tree), presented a considerable increase in branch biomass (3.33 g), compared
to the rest of the treatments, which presented biomass even below the control
treatment, as well as a decrease in phosphorus uptake, even when this nutrient was
applied. A possible explanation for this behavior is that the soil within the study area
presents high levels of calcium, which when phosphorus is applied, contributes to the
formation of calcium phosphates, which makes the phosphorus unavailable to the
plant (Mengel and Kirkby 1982). This treatment (P*K2) presents a concentration of
P (0.115 %) very close to the critical concentration (0.11 %) reported for this species
(Gonzalez-Torralva, 2020).

With regard to potassium, soil analysis in the study area indicates that there is a high
level of this nutrient, so it would be expected that when K is applied, there would be
no response from individuals in terms of growth. In Figure 5c, it can be seen that the
best treatment in terms of increase in biomass of five branches is P*K2 (300 g P *
900 g K), but it resulted low in K concentration, since it presents 0.274 % of K in the
foliage of J. flaccida, a concentration lower than the critical one reported for this
species (0.301 %; Gonzalez-Torralva, 2020). In the case of the K1 and K2
treatments, (450 and 900 g of K, respectively), their increase in biomass was even
below that of the control treatment; especially the K2 treatment, but the K
concentration for both treatments was almost 0.100 % above the critical
concentration of the species of interest. These high concentrations of K in the foliage
and low growth are consistent with the diagnosis of K sufficiency at the site (soil
analysis), but are contrary to the higher growth in diameter, recorded in the trees
that received K, in which case, it is likely that the K supply contributed to the
conservation of the turgidity of the tree stem cells, thus avoiding the reduction in
diameter experienced by the trees that did not receive this treatment. Vazquez-
Cisneros et al., (2018) reported that an experimental plantation of Pinus greggii,
growing in soil with sufficient potassium, showed positive growth responses when
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this nutrient was applied, concluding that potassium possibly improved cell turgidity
in the plants and the incorporation of carbon.

By doing an integration of the results of soil, foliage and tree growth analysis it can
be stated that on the site, despite the fact that the soil analysis indicates high levels
of potassium, the best diameters were obtained when applying this nutrient.

Functional relationships between foliar concentrations of N, P and K
between J. flaccida and P. juniperinum

The Figure 6 (a, b and c¢) shows the behavior of the foliar concentration of nutrients
in Phoradendron juniperinum, as a function of the corresponding nutrient
concentrations in Juniperus flaccida.

The relationship between foliar N in P. juniperinum and the corresponding N in J.
flaccida (Figure 6a) is described by a saturation curve (R?=0.77) which indicates that
when the foliar N concentration in J. flaccida is less than 0.975 %, the concentration
of the same nutrient in the P. juniperinum increases as that of J flaccida.; however,
when the N concentration in the host tree reaches the mentioned N concentration,
the parasite plant becomes unable to accumulate more nitrogen in its foliage. This
behavior may be relevant from the point of view of nutritional management and
control of the parasitic plant, since it suggests that N application is a practice that
can help manage the status of this nutrient in the tree, even in the presence of the
parasitic plant, with the additional effect of lowering the concentration of K in the
mistletoe (Table 6). The R? value indicates that 77 % of the nitrogen concentration
present in mistletoe foliage depends on the nutrient concentration of the host. This
explains that when there is little nitrogen in the tissues of J. flaccida, as the
concentration of N in this species increases, it also increases in the mistletoe, but
when the host has abundant N, this nutrient probably becomes sufficient for the
parasite plant and the concentrations of nitrogen in the plant become more variable,
possibly because other factors limiting the growth of the plant appear.

In the case of P (Figure 6b), the behavior is similar to that of nitrogen, only in this
case, the model that best represented the relationship between tree leaf P and
mistletoe was of the linear type, with an R? of 0.1106. That is, by increasing the host
P leaf concentration, the concentration of the nutrient in the mistletoe increases,
although in this case, the leaf concentration of P in J. flaccida only explains 11 % of
the P concentration in the mistletoe. This means that P uptake by mistletoe is
influenced by a larger number of factors and is more complex than in the case of N.

Figure 6c shows that when K concentrations in the foliage of J. flaccida. are low, in
the mistletoe they can be low or high, but when such host concentrations are high,
apparently in the mistletoe they are low; if this is consistent, then it indicates that in
this region of the state of Hidalgo, the application of K to the soil would raise the
concentrations of this nutrient in J. flaccida. If this is consistent, then it indicates that
in this region of Hidalgo state, application of K to the soil would raise the
concentrations of this nutrient in J. flaccida without generating major increases in the
concentration of the same in the mistletoe, which could contribute to increasing the
differentials of water potentials between the host and the parasite, in favor of the
former (lower potentials in J. flaccida than in P. juniperinum), which could hinder the
absorption of water and other nutrients by the mistletoe and promote its weakening.
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Figure 6. - Behavior of nutrient concentration (N, P and K) in P. juniperinum as a
function of corresponding concentrations in J. flaccida

It was previously mentioned that mistletoe has very high K requirements, so by
decreasing the concentration of this nutrient in the parasite plant tissue, a nutritional
imbalance would be generated, which could decrease the mistletoe's vigor and
increase the trees' vigor. In the present study, this behavior was reflected in the fact
that the trees that received K showed an increase in diameter or at least a decrease
was avoided due to drought conditions, as occurred in trees that did not receive this
nutrient.

P, K, Ca, Fe and Zn show higher concentrations in mistletoe foliage than in J. flaccida,
the opposite is true for N and Mg, Cu, Mn and B.

The water potential is lower in leaf of P. juniperinum than in J. flaccida branches
located near the base of the mistletoe.

The application of N influences the partition of P foliar between J. flaccida and P.
juniperinum, favoring of the host species and to the detriment of the parasite.

The application of N significantly decreases the foliar concentration of K in the
parasitic plant, while the supply of K increases the concentration of N in J. flaccida.

The correlation between the foliar concentration of N in J. flaccida and the
corresponding concentration in P. juniperinum is lost when N concentrations in J.
flaccida are high.

There is no correlation between the foliar concentration of K in J. flaccida and the
corresponding in P. juniperinum.

The combination of P with the high dose of K is the only treatment that promotes the
increase in branch biomass in J. flaccida in the study area.
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