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ABSTRACT

The following variables were analyzed at different soil depths, during one phenological cycle: root density,
root dry matter percentage, root accumulation, both growing and absorbing roots, and intermediate and
conducting roots. The aim of the study was to determine the root phenology of Myrobalan plum tree grafted
with Methley Japanese plum. A quota sampling was used to select five trees from the experimental orchard.
Within the volume of soil adjacent to tree’s roots, 330 em” of soil were sampled and collected each month, in
order to identify root type, quantify their fresh and dry weight, and carry out statistical analyses. The highest
densities of growing and absorbing roots were observed at 0-25 cm soil depth during the phenological cycle. A
higher density of intermediate and conducting roots was recorded at 25-50 cm soil depth, just at the beginning
of the ecodormancy. The highest root accumulation was recorded when moisture and soil temperature were
not optimal but the cultivar did not record a significant vegetative and reproductive growth.

Keywords: Prunus cerasifera, Prunus salicina, root density, root accumulation.

INTRODUCTION

In the face of climate change and the limitation of natural resources, an interest has
arisen to increase agricultural production without increasing crop areas (Lynch, 2007;
Gregory et al., 2013). Fruit trees have growing, absorbent, intermediate, and conducting
roots (Kolesnikov, 1971), and some of the root functions include: water and nutrient
uptake, reserve storage, and substance synthesis (Becerril et al., 2009). Moreover, the
roots of fruit species can be found at a soil depth of 10-90 cm, and 30 cm away from the
trunk, depending on the vigor of the rootstock, biomass distribution (Ovando et al, 1993),
rootstock-cultivar combination, soil characteristics, orchard management (Gutiérrez et al.,
2006), and mulching and irrigation system (Wet ez al., 2002). Furthermore, deciduous fruit
trees have three fluxes of root growth in each phenological cycle: 1) before bud swelling;
2) during flowering; 3) and after leaf abscission (Ryugo, 1988; Shaw, 1998). Specifically,
the roots of fruit trees from the Prunus genus requires between 40 and 50 cm of soil depth
(Silva and Alonso, 1976), and they tend to grow right under soil surface (Agusti, 2004). As a
result of its successful growth in a wide range of soils (including sandy soils), the Myrobalan
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plum tree is frequently used as rootstock for plum cultivars (Popescu and Caudullo, 2016).
Nevertheless, unlike the canopy management, the management of the root system of fruit
trees 1s still limited, because of the roots biology has not been entirely understood, and
sustainable soil management has not been adapted to improve media conditions related
with plant development (Becerril et al., 2009), to achieve an efficient use of soil resources
(Thorup and Kirkegaard, 2016) and optimize fertilization (Salazar ez al., 2015). Therefore,
the phenology of the root as well as the rootstock-cultivar interactions must be studied, in
order to determine if root development is a limiting factor and, if that is the case, how to
overcome it (Thorup and Kirkegaard, 2016). Consequently, the objective of this study was
to determine the root phenology of the Myrobalan plum tree during a phenological cycle.

MATERIALS AND METHODS

Experimental site and plant material. The research was carried out from
September 2015 to August 2016, in the Colegio de Postgraduados (19° 29’ N, 98° 54° W,
and 2,252 m.a.s.l.). The climate is semi-dry temperate, with warm summers, and a 15.2°C
mean annual temperature. The region has summer rains, with a 590 mm mean annual
precipitation and a low percentage of winter rains (5%). It has a low thermal oscillation
and its annual temperature progress is similar to the Ganges (Garcia, 1988). The orchard
is planted with Methley Japanese plum grafted on Myrobalan plum tree. The trees were
4 years-old (first year of a consistent fruit production, with a mean of 14.5 kg tree ™).
They were planted in a 4X4 m square planting pattern, with a Tatura trellis. The soil is
sandy loam, with 1.95% organic matter, 6.68 pH, and a 46.05% total porosity. Its color is
brownish-grey when it is dry and darker grey when it is wet.

Suckers were removed continuously, and weedings were made with a manual weed
remover or a chain brush cutter. Empirical fertilizations were carried out evenly spreading
granular N, P, and K fertilizer around the trunk of the trees and under organic soil covers.
The last ones, were permanently maintained. Soil moisture was monitored using a HH2
Delta-T Devices®™ (UK); in addition, water was sprayed, using two mini sprinklers per
tree (water use: 16 Lh™" 40 em ™ h™"), in order to maintain the moisture levels of the soil
permanently close to field capacity (FC) (Figure 1).

Minimum temperature (MinT) and maximum temperature (Max) of the soil (Figure
2) were recorded daily, at 7:00 am and 3:30 pm, respectively. Both temperatures were
measured at a depth of 25 and 50 cm, using a 1,450 mm digital thermometer with a fixed
long probe (model 91000-021, Alla France®, France).

Treatments and experimental design. In the first study the treatments were the soil
depths; a set of roots extracted at a depth of 0-25 and 26-50 cm, in the same sampling date,
were analyzed. In the second study the treatments were certain phenological stages; a set
of roots extracted at the same depth, during different phenological stages, were analyzed.
A completely randomized experimental design was used. Through a quota sampling, five
trees (EU) were selected for this study. The trees were 1.8 m tall and had a 1.7 m canopy,
they were healthy and did not suffer nutritional disorders. Monthly, 330 cm” root samples
were extracted with a California sampler (Figure 3A), at a depth of 0-25 and 26-50 cm,
at 40 cm away from the trunk following the cardinal points (Figure 3B). The soil particles
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Figure 1. Soil moisture content of an orchard with drip irrigation system, planted with Myrobalan plum tree
grafted with Methley Japanese plum.
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Figure 2. Temperature at a 25 and 50 cm depth in the soil of an orchard planted with Myrobalan plum tree
grafted with Methley Japanese plum.

Figure 3. A) Sampling of the roots was made with a California Sampler; B) 330 cm® root sample extracted
from a specific depth, at 40 cm away from the trunk following the cardinal points.
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in the roots were separated using a #2 sieve, following a modified version of the method
described by Cossio ¢t al. (2008). Subsequently, the roots were washed with running water
in the lab. Two groups of roots were created: a group of white growing roots and light
brown absorbing roots (<5 mm thick) (GA) and a group of intermediate and conducting
roots (= 5 mm thick) (IC) (Becerril et al., 2009; Kolesnikov, 1971).

Response of the variables

Thermal regime of the soil. Considering 4.5 °C as the root base temperature
(Kolesnikov, 1971), the MinT and MaxT of the soil were replaced in the Residual Method
proposed by Snyder (1985).

Root density. The GA and IC root groups were measured with an EY-2200a digital
scale (Asleep®, USA); afterwards, they were dried in a 620 forced air stove (Napco®, USA)
for 72 h, at 70 °C, in order to establish dry weight (g). Root density was equal to the g of
root dry matter found in 330 cm ™.

Root accumulation. Root accumulation was determined transforming the root
densities into relative percentages (Cossio et al., 2008).

Phenology of the cultivar. The phenology stages of the cultivar Methley used in this
study were based on Gonzdlez-Pérez et al. (2018).

Statistical analysis

In order to determine potential significant differences, an ANOVA and a Student’s
t-test were used to analyze the depth of the extraction of the roots for the treatment. The
data about the phenological stages treatment were analyzed with an ANOVA and a Tukey
Multiple Comparison Test (P=0.05). The SAS 9.4 statistical package was used.

RESULTS AND DISCUSSION

The soil moisture content was influenced by the soil texture and the organic matter
content of the soil, as well as the irrigation. It fluctuated between FC and MPMC
(Minimum Permissible Moisture Content). This condition was appropriate for the growth
of roots of fruit trees (Ley, 1994). On the other hand, the color of the soil affected its
temperature: darker (wet) soils absorbed a higher solar radiation, and even more warmer
as the dates in which sun rays hits the place in a perpendicular angle got closer (Forsythe,
2002). From May to September, soil temperature was closer to the optimum T  shape of the
root of the plum tree (23-25 °C) (Ley, 1994) and it was permanently higher than the Th of
the root (4.5 °C) (Kolesnikov, 1971). Consequently, the thermal regime of the soil during
the study recorded 4,631.8 heat units. This physiological period allowed the formation of
root mass and the monitoring of the development of the root during the phenological cycle.
This thermal period can replaces the use of the calendar (Snyder, 1985), which does not
accurately predict root development (Mendoza et al., 2004; Slafer and Savin, 1991).

Root density. The density of the GA roots during the phenological cycle was higher
at a depth of 0-25 cm than at a depth of 26-50 cm (Table 1), as a consequence of the
tendency of the plum roots to grow right under soil surface (Agusti, 2004). In addition,

mulching and irrigation promote the growth of the root in the upper layer of the soil (Wei
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et al., 2002), through the increase of temperature and the reduction of water percolation
(Zhang et al., 2017). In fact, roots can adapt to the environment through the formation
and elongation of lateral roots, which help them to survive changing nutritional conditions
(Malamy, 2005). This difference in root density at both depths can be the consequence of
the high variability of the vigor of the Myrobalan plum tree (Popescu and Caudullo, 2016)
and the distribution and availability of nutrients in the soil (Hodge, 2006).

Meanwhile, the IC roots recorded the highest density at a depth of 0-25 cm, at the
beginning of the ecodormancy (21/09/15) and leaf abscission (27/11/15) (Table 1). This
biological response was consequence of the caulinar origin of the roots of the rootstocks
(given their clonal propagation) and their tendency to develop horizontal roots (Barlow,
1986). In addition, the organic soil cover caused roots to grow closer to the surface (Gutiérrez
et al., 2006). During the rest of the sampling dates, similar root densities were recorded in
IC roots, at both depths. Concerning these observations, a significant proportion of the
total root system is composed of suberized roots (Azcén-Bieto and Talén 2000), which
allow to maintain the fruit set (Becerril ez al., 2009; Gutiérrez et al., 2006); this explains why
the roots of fruit trees are found at a depth of 25-50 cm.

Although the Myrobalan plum tree can successfully grow in sandy soils (Popescu and
Caudullo, 2016), no GA or IC roots were found at a depth of >50 cm. These data confirm
that an appropriate development of the plum trees requires a depth of 40-50 cm (Silva and
Alonso, 1976). Nevertheless, Gutiérrez et al. (2006) have reported a different scenario, in
which the highest root densities of fruit trees are found at a depth of 10-90 cm.

Regarding root density affected by the phenological stage of the cultivar, GA recorded
the greatest root densities during bud swelling (18/02/2016), at both depths (Table 2).
These results are similar to root formation before budding (Ryugo, 1988; Shaw, 1998).
Consequently, the maximum root growth rates recorded during flowering (Ryugo,
1988; Shaw, 1998) seem to be the result of the roots that appeared during bud swelling
and budding. Although the Myrobalan plum tree can successfully grow in sandy soils

Table 1. Root density based on soil depth.

Date Root density (g 330 cm_a)

GA 0-25 GA 25-50 1C 0-25 1C 25-50
21/09/15 0.199 a 0.031b 1.735 a 0.415b
26/10/15 0.143 a 0.264 a 1.642 a 0.939 a
27/11/15 1.286 a 0.173b 2.706 a 2.845a
28/12/15 0.747 a 0.09b 2421 a 2938 a
18/02/16 1.479 a 0.658 a 1.592 a 1.655 a
21/03/16 0.56 a 0.046 a 1.399 a 1.569 a
6/06/16 0.877 a 0.169b 0.517 a 0.714 a
11/07/16 1.422 a 0.48b 1.496 a 0.59b
4/08/16 1.161 a 0.454 b 0.357 a 0.988 a

GA 0-25 = growing and absorbing roots at a depth of 0-25 cm. GA 25-50 = growing and absorbing roots
at a depth of 25-50 cm. IC 0-25 = intermediate and conducting roots at a depth of 0-25 cm. IC 25-50 =
intermediate and conducting roots at a depth of 25-50 cm. According to the Student’s t-test, the values with
the same letter are equal for each group of roots (GA, IC) at both depths.
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Table 2. Root density based on the phenological stage of the cultivar.

. Root density (g 330cm_3)
Phenological stage
GA 0-25 GA 25-50 IC 0-25 1C 25-50
Beginning ecoletargy 0.199 ab 0.031 ¢ 1.735 a 0.415a
Beginning endoletargy 0.143 b 0.264 abc 1.642 a 0.939 a
Beginning endoletargy 1.286 ab 0.173 be 2.706 a 2.845 a
Middle of endoletagy 0.747 ab 0.09 be 2421 a 2.938 a
Bud swelling 1.479 a 0.658 a 1.592 a 1.655 a
Full bloom 0.56 ab 0.046 be 1.399 a 1.569 a
3rd stage of fruit development 0.877 ab 0.169 bc 0.517 a 0.714 a
Foliar abscission 1.422 ab 0.48 ab 0.59 a 1.496 a
Foliar abscission 1.161 ab 0.454 abc 0.357 a 0.988 a

GA 0-25 = growing and absorbing roots at a depth of 0-25 cm. GA 25-50 = growing and absorbing roots
at a depth of 25-50 cm. IC 0-25 = intermediate and conducting roots at a depth of 0-25 cm. IC 25-50 =
intermediate and conducting roots at a depth of 25-50 cm. Based on the Tukey’s Test (P=0.05), values with
the same letter are equal for both GA and IC groups, in each phenological stage.

(Popescu and Caudullo, 2016), the lowest root density rates were recorded during the
ecodormancy (21/09/2015) and endodormancy (26/10/2015), at a depth of 0-25 and 25-
50, respectively.

Meanwhile, no significant differences in IC root density were recorded at both depths
(Table 2), during the phenological stages. Most of the root system of woody species is
composed of suberized roots (Azcén-Bieto and Talén 2000), which are a permanent
conducting structure of the plant (Esau, 1976; Robbins et al., 1976). In addition, they
store reserves and absorb water (Becerril et al., 2009), which could have standardized their
densities.

Root growth accumulation. Irom the beginning of both the ecodormancy
(21/09/2015) and during the endodormancy (27/11/2015), a constant root accumulation
took place in all the different types of roots (Figures 4-7). During full endodormancy
(28/12/2015), the accumulation of GA roots decreased, while the IC roots recorded a
considerable accumulation. During bud swelling (18/02/2016), the GA roots increased
their root accumulation, while the IC roots decreased theirs. These tendencies were the
result of the highly variable vigor of the Myrobalan plum tree (Popescu and Caudullo,
2016) and the capacity of the simultaneous primary and secondary growth of the different
parts of the tree (Eshel and Beeckman, 2013).

Consequently, the overall maximum root accumulation was recorded from the
beginning of the ecodormancyto the bud swelling, when the acrial growth and development
decreased. During that period, soil moisture content fluctuated between MPMC and
CF, while the temperature was closer to the Tbh of the root (4.5 °C, Kolesnikov, 1971)
and very distant from the optimal root temperature (23-25 °C, Ley, 1994). These results
show that the dormancy of the cultivar is more influential on the root accumulation than
soil temperature. These findings are different from those obtained by Ryugo (1988) and

Shaw (1998), who pointed out that the root grows more during flowering, regardless of
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the type of fruit tree. In addition, both authors reported significant root growth fluxes
before leaf abscission.

During flowering (21/02/2016), GA recorded a high and a medium root accumulation,
ata depth of 0-25 cm and 26-50 cm, respectively (Figures 4 and 5). Meanwhile, the IC roots
recorded a medium root accumulation at both depths. This difference in root accumulation
is the result of the biomass distribution relationship between organs (Ovando et al., 1993).

During fruit development (06/06/2016) until the harvest ripeness, a medium increase
of root accumulation was recorded in GA roots, determined by the presence of fruits
(Palmer e al., 1991). These results differ from the findings of Ledn (1994), who reported
that the root development of the Japanese plum tree is highly limited by plant activity
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and reproductive processes, as well as root accumulation only occurs in the absence of
canopy growth or reproductive stages, or when both have decreased. In this regard, the
proportion of photo assimilates aimed to the roots diminishes as the tree bears a greater
fruit load (Palmer et al., 1991). This phenomenon was also recorded in this study,
despite the appropriate water condition of the soil, which favored root accumulation
(Shock et al., 1998). The presence of intermediate roots during the whole phenological
cycle (Iigures 6 and 7), shows that the growing roots formed in previous phenological
phases experienced a secondary growth (Esau, 1976; Robbins et al., 1976). In addition,
during the endodormancy, the trees generated the greatest portion of conducting roots,

which is normal considering the high vigor of Myrobalan plum (Popescu and Caudullo,
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2016). These roots are the anchorage structure of the root system (Esau, 1976; Robbins
et al., 1976).

Finally, the uninterrupted generation of root material during the study period —even
during the simultaneous phenological stages that took place in the canopy— is important,
because roots synthesize cytokines, which carry information about the nutrient status of
the root system (particularly nitrogen) to the aerial part of the tree (Sakakibara et al., 1998;
Yong et al., 2000).

CONCLUSIONS

The results reported in this study are useful to plan agronomic activities such as
fertilization and irrigation. This is due to the punctual identification of development
stages where roots carry out primary and secondary growth (with their respective
proportions) during the phenological cycle in certain soil depth. In conjunction with
development stages of the canopy, for example, flowering or fruit development, allow
to have a complete notion about the most appropriated moments to supply nutrients

and water.

REFERENCES

Agusti M. 2004. Fruticultura. Ed. Mundi-Prensa. Barcelona, Espafia. p.p. 33, 62-63, 280-281, 284-285.

Azcén B. J., Talén M. 2008. Fundamentos de Fisiologia Vegetal. 2da edicién Ed. McGraw Hill. Barcelona,
Espaifia. p.p. 581, 630.

Barlow P. W. 1986. Adventitious roots of whole plants: their forms, functions and evolution. Developments in
Plant and Soil Sciences 20:67-110.

Becerril R. AL E., Jaén C. D., Parra Q. R. A, Ibdniez M. A., Rebolledo M. A., Gutiérrez R. N. 2009. El sistema
radical, ¢’héroe desconocido’ en la agricultura sostenible (especies frutales)’? Agricultura Sostenible vol. 6.
Ed. Universidad Auténoma de Chiapas y Sociedad Mexicana de Agricultura Sostenible. 12p.

Cossio V. L. E., Salazar G. S., Gonzalez D. 1. J. L., Medina T. R. 2008. Fenologia del Aguacate ‘Hass’ en el
Clima Semicdlido de Nayarit, México. Revista Chapingo Serie Horticultura 714(3): 325-330.

Esau K. 1976. Anatomia Vegetal. Ed. Omega, S.A. Barcelona, Espana. 779p.

Eshel A., Beeckman T. 2013. The plant roots: The Hidden Half. 4th ed. CRCPress. Florida, U.S.A. p.p. 1-8.

Forsyte W. 2002. Parametros ambientales que afectan la temperatura del suelo en Turrialba, Costa Rica y sus
consecuencias para la produccién de cultivos. Agronomia Costarricense 26(1): 43-62.

Garcia, E. 1988. Modificaciones al Sistema Climatico de Koppen. 4ta ediciéon Ed. UNAM. 217p.

Gonzalez-Pérez, J. S., Quevedo-Nolasco, A., Becerril-Roman, A. E., Velasco-Cruz, C., Jaén-Contreras, D.
2018. Phenology of the japanese plum cv. Methley grafted on myrobolan plum, in Texcoco, México.
Agroproductividad, 77(10): 33-41.

Gutiérrez R. N., Tjerina-Chavez L., Becerril R. A. E., Castillo M. A., Lépez C. C., Pena V. C. B. 2006.
Régimen de humedad, portainjerto, manejo de suelo y produccién forzada en el desarrollo radical de
duraznero. Terra Latinoamericana 24(1): 37-46.

Hodge, A. 2006. Plastic plants and patchy soils. Journal of Experimental Botany 57: 401-411.

Kolesnikov V. 1971. The root system of fruit plants. Ed. Mir Publishers. Moscow, Russia. 287p.

Leén G. A. G. 1994. Primera aproximacion al ciclo fenolégico del ciruelo (Prunus salicina Lindl.) cv. Songold
en la zona de San Felipe, quinta Region, Chile. Universidad Catdlica de Valparaiso. Valparaiso
Chile. Disponible en: Base de Informacién Bibliografica Agricola Chilena. INIA. http://www.sidalc.
net/cgi- bin/wxis.exe/?IsisScript=BIBACL.xis&method=post&formato=2&cantidad=1&expresion=m
fn=018513

Ley T. W. 1994. Soil water monitoring and measurement. In: Williams, K.M. and T.W. Ley (Eds.) Tree Fruit
Irrigation. Good Fruit Grower. Yakima, Washington, USA. p. 51-64.

Malamy J. E. 2005. Intrinsic and environmental response pathways that regulate root system architecture.
Plant Cell Environ 28: 67-77.

Mendoza L. M. R., Aguilar A. L., Castillo O. S. F. 2004. Guayaba (Psidium guajava L.), su cultivo en el oriente
de Michoacédn. Centro de Investigaciones del Pacifico Ceentro. Campo experimental Uruapan. Folleto
técnico No. 4. Uruapan, Michoacan. 49p.



AGRO PRODUCTIVIDAD 2024. https://doi.org/10.32854/agrop.v17i5.2645 48

Ovando C., Becerril R. A. E., Mosqueda V. R., Serrano A. V. 1993. Analisis del crecimiento de tres portainjertos
y dos cultivares de limén mexicano en vivero. Agrociencia Serie Fitociencia 4(4): 59-70.

Palmer J. W., Cai Y. L., Edjamo L. 1991. Effect of part-tree flower thinning on fruiting, vegetative growth and
leaf photosynthesis in ‘Cox’s Orange Pippin’ apple. Journal Horticultural Science 66: 319-325.

Popescu 1., Caudullo G. 2016. Prunus cerasifera in Europe: distribution, habitat, usage and threats. In: San-
Miguel-Ayanz J., de Rigo D., Caudullo G., Houston D. T., Mauri A. Ed. European Atlas of Forest Tree
Species. Publ. Off. EU, Luxembourg, 142p.

Portd J., Lépez M., Roquero C. 2003. Edafologia para la agricultura y el medio ambiente. Ed. Mundi-Prensa.
Madrid, Espana, 929p.

Robbins W. W., Elliot T. E., Stocking C. R. 1976. Botanica. Ed. Limusa. México, 608p.

Ryugo K. 1988. Fruit Culture, Its Science and Art. Ed. John Wiley & Sons. New York, U.S.A., 344p.

Shaw P. E., Chan H. T. Jr., Steven N. 1998. Tropical and Subtropical Fruits. Agscience Inc. Auburndale,
Florida. U.S.A., 568p.

Sakakibara H., Suzuli M., Takei K., Deji A., Taniguchi M., Sugiyama T. 1998. A response-regulator homologue
possibly involved in nitrogen signal transduction mediated by cytokinin in mayze. Plant Journal 14: 337-
344.

Shock C. C., Feibert E. B. G., Saunders L. D. 1998. Onion yield and quality affected by soil water potential as
irrigation threshold. HortScience 33: 1188-1191.

Salazar, G. S., Rocha, A. J. L., Ibarra, E. M. E., Bdrcenas, O. A. E. 2015. Fenologia de la raiz del aguacate
‘Hass’ en varios climas de Michoacan. Proceedings. VIII Congreso mundial de la palta. Lima, Peru,
Septiembre 13-18. pp. 277-283.

Silva C. ., Alonso H. J. 1976. El ciruelo. Publicaciones de Extensién Agraria. Serie Técnica No. 54. Madrid,
Espafia. p.p. 10-11, 40.

Slafer G. A., Savin R. 1991. Developmental base temperature in different phonological phases of wheat
(Triticum aestivum). Journal of Experimental Botany 42: 1077-1082.

Snyder R. L., 1985. Hand calculating degree days. Agricultural Forest Meteorology 35: 353-358.

Thorup, K. K., Kirkegaard, J. 2016. Roor system-based limits to agricultura productivity and efficiency: the
marming systems context. Annals of Botany. 118: 573-592.

Trudgill D. L., Honek A, Li D., Van Straalen N. M. 2005. Thermal time — Concepts and utility. Annals of
Applied Biology 146(1): 1-14.

WeiC.Z.,MaF. Y, Lei Y. W,, Li]. H., Ye J., Zhang F. S. 2002. Study on cotton root development and spatial
distribution under film mulch and drip irrigation. Cotton Sci.14. 209-214.

Yong J. W. H., Wong S. C., Letham D. S., Hocart C. H., Farquhar G. D. 2000. Effects of elevated [CO2] and
nitrogen nutrition on cytokinins in the xylem sap and leaves of cotton. Plant physiology 124: 767-779.

Zhang H., Khan A., Tan D. K. Y., Luo H. 2017. Rational Water and Nitrogen Management Improves Root
Growth, Increases Yield and Maintains Water Use Efficiency of Cotton under Mulch Drip Irrigation.
Frontiers in Plant Sciences 8: 912.



	_GoBack
	_Hlk34137943
	_Hlk67225462
	_Hlk66625406
	_Hlk156152290
	_Hlk135124183
	_Hlk159688226
	_Hlk159686677
	_Hlk159686704
	_Hlk159687716
	_Hlk159319033
	_Hlk159323641
	_Hlk159321167
	_Hlk159421783
	_Hlk159420825
	_Hlk159356796

