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Fine Root Distribution Characteristics of Populus cathayana Planta-

tions at Different Ages in Alpine Sandy Land
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Abstract [ Objectives | The paper was to study the fine root distribution characteristics of Populus cathayana plantations at different ages in
alpine sandy land. [ Methods] With 5, 10, 15, 20, and 25 years old P. cathayana plantation in the eastern margin of Gonghe Basin, Qinghai
Province as the research objects, fine roots were collected by root core drilling method, and the differences of fine root biomass, root length
density, average diameter and root tip number at the soil depths of 0 =20, 20 —40, 40 - 60, 60 — 80 and 80 — 100 cm were analyzed.
[Results ] The total biomass density of P. cathayana plantation was mainly distributed in the soil layer of 0 —60 cm, accounting for 76% of
the entire soil layer, and its value increased with the increase in forest age. With the increase in different forest ages, the root length density,
average diameter and root tip number of living fine roots in the soil layer of 0 —60 cm accounted for 74% —81% of the entire soil layer, and
the proportions in the soil layers of 60 —80 and 80 — 100 cm were 9% —11% . The biomass density, root length density, average diameter and
root tip number of living and dead fine roots of P. cathayana plantation increased with the increase of forest age. The root length density, aver-
age diameter and root tip number of P. cathayana fine roots showed a linear function change trend with the growth of forest age, which could
be described by the linear function equation y =ax +b(a >0). The analysis results showed that the root length density, average diameter and
root tip number of P. cathayana were significantly correlated with the total biomass density of fine roots, and the root length density and aver-
age diameter had an extremely positive correlation with the total biomass density. [ Conclusions] In the future, P. cathayana plantation

should be properly tended to promote the development of fine roots and maximize its ecological benefits.
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1 Introduction
As the most active functional organ of forest trees, fine root (di-
ameter < 2.0 mm) is the main source of water and nutrient ab-
sorption of forest trees. Due to large surface area for water and nu-
trient absorption and strong physiological activity, fine root plays
an important role in maintaining soil and water conservation, im-
proving soil structure and promoting nutrient cycling' . The
study of fine root biomass and morphological characteristics, one
of the parameters of vegetation underground ecosystem, is the ba-
sis of the structure and function of the entire underground ecosys-
tem, and also an important index to measure the ability of artificial
vegetation community to obtain corresponding resources' . Forest
trees can adapt to interspecific competition by adjusting the bio-
mass and morphological indexes of fine roots, thus influencing the
growth and development of forest trees and the composition of com-
munity dynamic structure”’’. Therefore, it is of great significance
to understand forest growth and underground ecological process by
studying the distribution characteristics of fine root biomass.
Populus cathayana is a constructive species of vegetations in
Gonghe Basin in the northeast of the Qinghai — Tibet Plateau, and
it is the preferred primary native tree for water conservation and
sand-fixation vegetation in the region'® ™. The distribution char-
acteristics of its fine roots can reflect the adaptability to the sur-
rounding environment and the acquisition of resources. At pres-
ent, most studies on fine root biomass and morphological charac-

teristics of artificial vegetation communities focus on soil charac-
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[l , while less efforts have been

teristics and environmental factors
dedicated to fine root biomass and morphological characteristics of
plantations at different ages. In recent years, there have been
more and more researches on fine root biomass in different re-
gions. For example, Li Hao et al. """ studied the distribution
characteristics of fine roots in plantations in hilly areas; Zhang Mi
et al. '™ searched the fine root biomass of plantations in the Loess
Plateau; Wang Kai et al. "' figured out the distribution character-
istics of fine roots of P. sylvesiris plantation in the southeastern
part of Horqin sandy land. However, the fine roots biomass and
morphological characteristics of plantations at different ages in
alpine sandy land have not been studied thoroughly and need fur-
ther study.

The eastern margin of Gonghe Basin is one of the typical are-
as of alpine sandy land, dominated by moving dunes. Special en-
vironmental conditions and excessive grazing have led to severe
soil desertification. However, with the increase in vegetation res-
toration years, the local microclimate has been improved "',
Therefore, the biomass and morphological characteristics of living
and dead fine roots of P. cathayana plantations at 5 different ages
in the eastern margin of Gonghe Basin were studied, in order to
provide a theoretical basis for studying fine root biomass and mor-

phological characteristics of alpine desert ecosystems.

2 Materials and methods
2.1 Overview of survey site The research was conducted in
the Qinghai Guinan Desert Ecosystem Positioning Observation and
Research Station of the National Forestry and Grassland Adminis-

tration Land Ecological Observation System. The site is located in
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Huangshatou comprehensive desertification control pilot area of
Guinan County, Qinghai Province in Gonghe Basin in the north-
eastern part of the Qinghai — Tibet Plateau, and it is the most ac-
tive part of southeastward sand movement on the eastern edge of
Gonghe Basin, 35°30" -=35°59' N, 101°03’ - 101°06" E, with an
altitude of about 3 200 —3 400 m. The region belongs to the alpine
and semi-arid grassland climate zone, with an average annual tem-
perature of 2.3 °C, an average annual rainfall of 380 mm, and an
average annual evaporation of 1 400 mm, as well as long sunshine
hours, strong radiation and large evaporation, but insufficient
rainfall. Aeolian sandy soil is the dominated soil in the region,
and P. cathayana is the major local plantation tree.

2.2 Plot setting and sample collection This study was con-

Table 1 Basic information of survey site

ducted in August 2022, and representative P. cathayana planta-
tions of 5, 10, 15, 20 and 25 years old were selected in Gonghe
Basin sand control experimental station. Three quadrats of 20 m x
20 m were set in each plantation at different ages, with a total of
15 quadrats, and the quadrats were spaced by more than 300 m.
According to the overall average growth level, 5 plants with similar
growth were selected as replicates in each plot. Five representative
P. cathayana plants with good and similar growth were selected
from each plot, and fine roots were collected at the lower edge of
their crown width about half of the standard plant. Soil cores of
0-20, 20 -40, 40 -60, 60 —80, and 80 — 100 cm were collect-
ed by using a soil drill with an inner diameter of 9 ¢cm. The basic

information of survey site is shown in Table 1.

Forest age//years old ~ Average DBH//cm  Average crown width // m?

Canopy density

Stand density /hm?  Altitude /m

Latitude and longitude

5 (2.03+0.13) ¢ (0.64 x0.68) ¢ 0.10 £0.03 (805 £36) e 3360 35°3320" N, 101°3'20" E
10 (3.3320.19) ¢ (0.95 x0.93) ¢ 0.14 +0.06 (775 £52) d 3347 35°35'45" N, 101°4'13" E
15 (4.94+0.08) ¢ (1.64x1.68) b 0.24 +0.04 (750 £63) ¢ 3342 35°3025" N, 101°5'50" E
20 (7.79 +0.09) b (2.18x2.06) a 0.44 £0.05 (717 +46) b 3336 35°31'30" N, 101°3'35" E
25 (8.26 £0.47) a (2.94%2.69) a 0.43 +0.03 (625 £25) a 3334 35°30'14" N, 101°5'15" E

Note: Different lowercase letters in the same column represent significant differences among forest ages (P <0.05).

2.3 Sample processing The collected soil core samples were
initially sieved (sieve diameter 0.45 c¢m) to eliminate sandy soil
and rinsed with running water for 3 times to remove plant residues
and grass roots. The fine roots with the diameter < 2 mm were
picked out with a vernier caliper. P. cathayana fine roots were
picked out according to the appearance of fine roots and the color
characteristics of root bark. Epson v850 root scanner was used to
scan and store fine root images, and WinRHIZO Pro2019 plant
root image analysis system was used for corresponding analysis.
The root length (m) , average diameter (mm) and root tip number
(individual ) of fine roots were obtained successively. Then, the
fine roots obtained from each forest age were put into an envelope
and baked in an oven at 85 °C to a constant weight (g). Based on
the soil sampling volume (m’), the root length density and fine
root biomass density were calculated by an algorithm. The algo-
rithm formula is as follows

Fine root biomass density (g/m’) = Fine root biomass (g)/
Volume (m’);

Root length density (m/m’) = Root length ( m)/Volume
()=
2.4 Data analysis

statistics and calculation of data. SPSS 26 ( Chinese version) was

Excel 2018 was used to conduct preliminary

selected to conduct one-way ANOVA analysis of fine roots biomass
density at different ages and various morphological parameters, and
correlation analysis between morphological parameters and biomass
density. Duncan’s multiple range test was applied to conduct mul-
tiple comparisons of the data. The charts were plotted using Origin

2019.

3 Results and analysis
3.1 Fine roots biomass density of P. cathayana As shown in
Fig. 1, the total biomass density of fine roots, the biomass density

of living fine roots and dead fine roots in P. cathayana plantations
of 5 different ages in the soil layers of 0 — 100 cm all increased
with the increase of forest age, and the specific performance was
5 years old < 10 years old < 15 years old < 20 years old < 25
years old. The total biomass density of fine roots ranged from
216.40 to 687. 00 g/m’; the biomass density of living fine roots
ranged from 166. 00 to 588.33 g/m’, and that of dead fine roots
ranged from 50.40 t0 98.60 g/m’. The biomass densities of living
and dead fine roots accounted for 76.71% —85.96% and 14.04% —
23.31% of the total biomass density of fine roots, respectively.
Variance analysis showed that the total biomass density of fine
roots, total biomass density of living fine roots and dead fine roots
differed significantly among different forest ages (P <0.05). The
biomass densities of fine roots, living fine roots and dead fine roots
of 25 years old P. cathayana were significantly higher than those
at other forest ages. There was a significant difference in total bio-
mass density of fine roots and biomass density of living fine roots
between 15 and 20 years old P. cathayana (P <0.05), and a sig-
nificant difference in biomass density of dead fine roots between 20
and 25 years old P. cathayana (P <0.05), but no significant
difference in biomass density of dead fine roots between 15 and 20
years old P. cathayana.

The vertical distribution of fine roots is influenced by multiple
factors, such as environment and tree species. As shown in Fig. 2,
with the increase in soil depth in vertical structure, the total bio-
mass density of fine roots and the biomass density of dead fine roots
at different forest ages showed a decreasing trend in the soil layers
of 0 =60 and 60 —80 c¢m, and the biomass density of fine roots in
20 and 25 years old P. cathayana showed an increasing trend in
the soil layers of 80 — 100 cm, with significant differences among
soil layers (P <0.05). The analysis results showed that the bio-
mass density of fine roots at different forest ages in the soil layer of
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0 —40 c¢m was significantly higher than that in the soil layer of
60 - 100 cm, and the total biomass density of P. cathayana fine
roots mainly concentrated in the soil layer of 0 —60 ¢m, accounting
for 76.92% —73.20% of the total biomass density in the soil layer
of 0 — 100 cm. The fine root biomass density of P. cathayana
plantation in each soil layer and the proportions in total fine root
biomass density varied among different ages. The total biomass
densities of fine roots in the soil layer of 0 —20 cm were 25 years
old > 20 years old > 15 years old > 10 years old > 5 years old,
accounting for 32.90% —30.92% of the total biomass density of
fine roots in the soil layer of 0 —100 cm; the total biomass densi-
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ties of fine roots in the soil layer of 20 —40 cm were 25 years old
> 20 years old > 15 years old > 10 years old > 5 years old, ac-
counting for 25.04% —28.81% of the total biomass density of fine
roots in the soil layer of 0 —100 cm. The total biomass densities of
fine roots in the soil layers of 0 =20 and 20 =40 c¢m accounted for
33.0% and 27.8% of the total biomass density in the soil layer of
0 -100 em, which were significantly higher than that in other soil
layers, indicating that the fine root biomass of P. cathayana plan-
tation is mainly distributed in the surface soil, and with the in-
crease in forest age, the root system of P. cathayana plantation
has the tendency of developing to the deep soil.
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Note: Different lowercase letters indicate significant differences among different forest ages (P <0.05).

Fig.1 Fine root biomass density of Populus cathayana plantations at different forest ages
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Note: Different lowercase letters indicate significant differences among different soil layers (P <0.05).
Fig.2 Fine root biomass density of Populus cathayana plantations at different forest ages in different soil layers

3.2 Morphological characteristics of fine roots of P. cathay-
ana As shown in Fig. 3, the root length density, average diame-
ter and root tip number of living and dead fine roots of P. cathay-
ana plantations at different ages increased with the increase in
age, and there were no significant differences among other forest
ages except for the significant difference between 15 and 20 years
old (P <0.05), generally 5 years old < 10 years old < 15 years
old < 20 years old < 25 years old; the root length densities of liv-
ing fine oots were 1 197, 1711, 2396, 4 552 and 5 400 m/m’ ; the
average diameter and root tip number were 6.26 —19. 1 mm and
417 -3 533, respectively. The growth rate of living fine root
length density of 15 and 20 years old plantations was the largest of
22% , which had a significant difference with those of other forest
ages (P <0.05), indicating that 15 — 20 years old was a rapid

growth period for P. cathayana plantations, and there was no sig-
nificant difference among other different forest ages. And the
growth rates were 5% (5 - 10 years old), 7% (10 - 15 years
old) , and 8% (20 —25 years old).

The root length density, average diameter and root tip number
of living and dead fine roots of P. cathayana plantations at differ-
ent ages decreased with the deepening of soil depth, and gradually
developed to the deep layer with the increase in growth years, and
there were significant differences among soil layers (P <0.05).
Comprehensive analysis demonstrated that the root length density,
average diameter and root tip number of living fine roots were
mainly distributed in the soil layer of 0 —60 c¢m, and others were
successively distributed in the soil layers of 60 —80 and 80 — 100
cm. The root length density of living fine roots in the soil layer of
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0 -60 cm accounted for 79% —81% of the total depth of soil lay-
er. The average diameter and root tip number of living fine roots
accounted for about 74% - 81% , and the proportion in the soil
layers of 60 —80 and 80 — 100 ¢cm were 9% —11% , indicating that
the roots of P. cathayana plantation are distributed in the middle
and upper soil, and gradually develop to the deep layer with the
increase in forest age, showing a vertical distribution law. The
above results showed that the root length density, average diameter
and root tip number of living fine roots decreased with the deepe-

ning of soil layer, and the root length density, average diameter
and root tip number of living fine roots in deep soil plantation grad-
ually increased with the increase in growing years, and there were
significant differences among soil layers (P <0.05). With the in-
crease in forest age, the root length density, average diameter and
root tip number of dead fine roots gradually increased in the deep
soil. In general, the deepening of soil layer of P. cathayana planta-
tion can significantly increase the root length density, average diam-
eter and root tip number of fine roots of P. cathayana plantation.
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Note: Different capital letters indicate significant differences among different forest ages in the same soil layer (P <0.05) ; different lowercase letters indicate

significant differences among different soil layers at the same forest age (P <0.05).

Fig.3 Morphological characteristics of fine roots of Populus cathayana at different ages

3.3 Relationship between morphological characteristics and
biomass of fine roots As shown in Fig. 4, correlation analysis
between total biomass density and total fine root length density,
average diameter and root tip number of P. cathayana plantations
at different ages showed that the total fine root length density, av-
erage diameter and root tip number had linear function change
trend with the total biomass density (y =ax +b, a >0). The total
fine root length density, average diameter and root tip number in-
creased with the increase in total biomass density. The analysis re-
sults showed that the pairwise correlation of total fine root biomass

density, total fine root length density and average diameter reached
an extremely significant level, and the correlation coefficients were
0.90 and 0.96. There was no extremely significant correlation be-
tween root tip number and total biomass density of fine roots, and
the correlation coefficient was 0. 86. Due to the complex relation-
ship between total fine root morphology and total biomass density,
it is necessary to further study this relationship, because fine root
function is not only affected by root length density, average diame-
ter and root tip number, but also related to fine root morphology in
the whole root network structure.
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Fig.4 Correlation analysis between fine root index and biomass density of Populus cathayana at different ages
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4 Conclusions and discussion

The biomass density of fine roots is influenced by both habitat and
18-19]

forest age . The biomass density of fine roots in P. cathayana
plantations at different ages increased with the increase of forest
age and decreased with the deepening of soil layer, which was sim-
ilar to the characteristics of fine roots in Salix cheilophila planta-
tions at different ages reported by Yu Yang et al. ™. Generally
speaking, with the deepening of soil layer, soil nutrients gradually
decrease, while spatial differences in soil stability, etc. will affect
fine roots, and the biomass density of fine roots will decrease cor-
respondingly ™. At the same time, relevant studies have shown
that in arid areas, water is the main limiting factor for plant
growth. In sandy land with bad habitats, high evaporation and low
rainfall all year long result in great soil water shortage during vege-
tation recovery period, and water determines the distribution char-
acteristics of plant roots'™ . A large number of fine roots are dis-
tributed in shallow middle-layer soil, which is conducive to full
absorption and utilization of quantitative rainfall by plants in arid

[23-26]
areas

. The biomass density of fine roots varies significantly
in vertical space. The fine root biomass density of P. cathayana
plantation is mainly distributed in the shallow middle-layer soil of
0 -60 cm, accounting for 73.20% —76.92% of the total biomass
density, which may be due to the fact that the carbohydrates ob-
tained by vegetation during plant photosynthesis are distributed to
the shallow middle-layer soil according to the principle of proximi-
ty. Particularly under the adverse effect of local environment, the
transport cost of organic matter by vegetation is reduced, which is
also helpful to improving the fast absorption of nutrients that pene-
trate into shallow middle-layer soil by sand-fixing vegetation'” '
The biomass density of living and dead fine roots decreased with
the deepening of soil layer, but the biomass density of living fine
roots at the age of 20 — 25 years old gradually increased in the soil
layer of 80 — 100 c¢m. This is similar to the research results of
Zhang Liheng et al. ™ on fine root characteristics of Caragana
sinica plantations at different ages in alpine sandy land. The rea-
son may be that this region belongs to alpine region, with perennial
drought climate, high evaporation and high radiation, and water
and nutrient resources are extremely scarce. The scarce seasonal
rainfall is easily absorbed by shallow fine roots in the first time,
and the infiltration water of soil decreases accordingly, resulting in
relatively high soil water content at the soil layer of 0 —60 ¢m. In
conclusion, factors affecting the fine root biomass density and ver-
tical characteristic distribution are not only related to their own
heritability, but also closely related to site factors™" .

The morphology of fine roots is an important index of the
functional shape of fine roots and the absorption of nutrients and
water by plants, reflecting the adaptability of fine roots to the un-
derground environment*"’. The results showed that the root length
density, average diameter and root tip number of P. cathayana
plantations at different ages increased with the increase in forest

age, and the fine root indexes changed greatly in the recovery rap-

id growth stage of vegetation; and the root length density, average
diameter and root tip number were mainly distributed in the soil
layer of 0 =60 c¢m. This is in agreement with the conclusion of Hu
Hui et al. "' and Zhang Liheng et al. ™™ on the characteristics of
fine roots of cultivated tree species and C. sinica plantation in
Minjiang River. With the increase in recovery years, the average
diameter and root tip number increased successively, which promo-
ted the absorption of nutrients by fine roots and increased the ab-
sorption efficiency. In order to obtain sufficient nutrients, the fine
roots of P. cathayana increased the absorption rate by changing
the unit root length density and average diameter through morpho-
logical plasticity, so as to better adapt to the local harsh environ-
ment. 15 and 20 years old P. cathayana plantations are middle-
age and mature forests. At this rapid growth stage, the canopy
density of vegetation increases, and more photosynthetic products
and nutrients are distributed by plant photosynthesis to the under-
ground part, which promotes the absorption, utilization and turn-
over of fine root nutrients, resulting in greater energy flow between
the ground and underground of P. cathayana, and the maximum of
fine root indexes in the recovery rapid growth stage of vegetation.
Through the plasticity of fine root morphology, plants can enhance
the adaptability of roots to habitat changes, and still meet the nu-
trient supply required for plant growth in the case of large differ-
ences in site factors such as stand density, canopy density of forest
and altitude. This is a high-efficiency nutrient acquisition strategy
used by plants in alpine regions to adapt to harsh habitats.

In general, the fine root biomass density of forest trees gradu-

[34-36]

ally decreases with the deepening of soil layer , which is

mainly attributed to the availability of soil resources and the role of

trees >

. In this study, the total biomass density of fine roots
decreased with the deepening of soil layer, and the root length
density, average diameter and root tip number of living and dead
fine roots decreased with the deepening of soil layer. The fine root
parameters concentrated in the soil layer of 0 —60 cm, which may
be because the middle and upper layers of the soil had better
growth conditions for fine roots. Further analysis showed that the
morphological parameters and biomass density of P. cathayana
plantations varied with different ages, and the biomass density had
an extremely significant correlation with root length density and av-
erage diameter. Therefore, the study on the morphological charac-
teristics of fine roots is not always related to the distribution law,
but also closely related to the biomass density, which needs to be
studied in detail.

The results showed that the total fine root biomass density,
root length density, average diameter and root tip number of
P. cathayana plantation increased with the increase in forest age,
mainly distributed in the soil layer of 0 — 60 cm, accounting for
about 76% of the whole soil layer; the indexes in the soil layer of
60 - 100 c¢m accounted for about 24% , and that at the soil layer of
80 — 100 cm accounted for about 14% , indicating that fine roots
gradually develop into deeper layers. After 20 years of develop-
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ment, P. cathayana plantation grows slowly, so it is necessary to
carry out reasonable tending and management to promote the devel-
opment of fine roots and maximize the ecological benefits, so as to

achieve the purpose of ecological restoration.
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Province and applied in large areas are mainly selected as parents.
For example, the two wheat varieties, Yumai 54 and Zhoumai 16,
have been approved and applied in large areas, with good perform-
ance. Yumai 54 is a medium early maturity variety, with lodging
resistance, more ears per unit area, but slightly less grains.
Zhoumai 16 is a medium and late mature variety with large grains
and general lodging resistance. With the hybridization of these two
varieties, the large spike of Zhoumai 16 can supplement the small
spike characteristics of Yumai 54. The trait of good inverted resist-
ance of Yumai 54 can supplement the disadvantage of weak invert-
ed resistance of Zhoumai 16, and simultaneously ensure high num-
ber of ears per unit area, laying a foundation for high yield, stable
yield and fast breeding.

6.2 Adhering to the principle of early generation testing and
production selection At present, most breeders will conduct
yield testing in the high generation, and in the early single plant
selection period, there are not many practices for yield screening
for the early generation. According to the determined breeding ob-
jectives, we determined to adopt the mixed pedigree method. The
main point was that high yield was the main goal from beginning to
end in the early generation (F,-F,). F, generation was used for
single plant harvest, threshing, planting, while F, generation con-
ducted on-demand selection and strip broadcast measurement sim-
ultaneously. The single plants with good comprehensive perform-
ance in the field were harvested and measured, and high-yield
lines were screened out, to determine the key combination quickly
and accurately. The excellent single plant system was selected in
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[32] HU H, BAO WK, LI FL. Differential vertical distribution of functional
traits of fine roots of four cultivated tree species in the upper reaches of
Minjiang River[ J]. Chinese Journal of Ecology, 2020, 39(1): 46 —
56. (in Chinese).

[33] ZHANG LH, LI QX, WANG XQ, et al. Root distribution and soil
properties under Caragana intermedia plantations in alpine sandy land
[J]. Chinese Journal of Soil Science, 2019, 50(4): 840 —846. (in
Chinese) .

[34] DAVIS JP, HAINES B, COLEMAN D, et al. Fine root dynamics along
an elevational gradient in the southern Appalachian mountains[ J]. USA
For Ecol Manage, 2004 (187) :19 - 34.

[35] CAIN ML, SUBLER S, EVANS JP, et al. 1999. Sampling spatial &

temporal variation in soil nitrogen availability [ J]. Oecologia (118 ) ;

advance, and the organic combination of homozygosity optimiza-
tion, artificial selection and directional cultivation was realized
through strain selection and production measurement. By the F,
generation, the excellent sister line group can be obtained, and the
excellent single strain can be selected in the selected lines. After
the F-F, generation, the stable strain with good performance can
be harvested, and then the strain yield and comprehensive charac-
ter identification test can be carried out.
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