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Abstract

Fine roots have the function of water and nutrient uptake specially a critical role on carbon delivery from plant to soil. Spatial and
temporal variability of fine roots characteristic have affected by environmental and genetic factors. The aim was comparatively
investigated of temporal and spatial distribution of fine root lengths of Quercus castaneifolia and Cupressus arizonica seedlings. Soil
samplings have done in different distance and direction of 10 seedlings in 11 different interval periods with auger sampler in 0-20 cm
soil depth. Fine roots separated by washing and root lengths determined by Newman method. Results showed two species seedlings
were not same fine roots spatial distributions also significantly differences were observed in temporal variability. Total fine root
length of cypress seedlings was more than oak seedlings. Finally we concluded environmental parameters have more affected on
growing fine roots than genetic factors.
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Introduction

Fine roots mediate C delivery from plants to soil microbes via exudation (Qualls et al, 1991; Grayston et al, 1997). Investigation of
fine root dynamics is very important because fine roots may be short lived, but are replaced by the plant in an ongoing process of root
‘turnover'. Fine roots may input more carbon to soil that from leaves (Stover et al, 2010; Chen et al, 2003, Jackson et al, 1997), have
the function of water and nutrient uptake (Zobel, 2008). They are often heavily branched and support mycorrhizas, therefor temporal
and spatial distribution of fine roots is of especial interest (Kochsiek et al, 2013).

Trenches, monoliths and cores that are used most commonly by many investigators (Jackson et al, 1996; Atkinson, 1985) in contrast,
root tracing techniques which constrain root growth along a transparent viewing surface (Glinski et al, 1993) and rhizotron viewing
panes (Atkinson, 1985; Taylor & Klepper, 1971; Taylor et al, 1971) are modern technique and may be the best choice for study of
changes in root abundance over time because high spatial variability confounds the use of destructive sampling (Atkinson, 1985).
Anyway because lack of technical facilities we chose to use cores to examine temporal and spatial changes in fine root length in
Quercus castaneifolia and Cupressus arizonica seedlings.

Quercus castaneifolia is an endemic species of Hyrcanian forest. This species compose pure and mixed association with Carpinus
betulus. Oak seedling has tap root and in adults has fibrous root system. This species is planted very wide in plantations (Sabeti,
2004).

Cupressus arizonica is exotic species that has significant resistance against drought, severe aridity, corn snow and air pollution
because of vigorous and depth root system. This species in wet sites with heavy soils may create shallow root system (Zare, 2002).
This species were also widely planted in north forestation of Iran. In destroyed forest land are well established because of resistant.
Millikin and Bledsoe (1999) investigated root systems of six blue oak trees using soil cores. Rooting depth for the main root system
ranged from 0.5 to 1.5 m, with an average of 70% of excavated root biomass located above 0.5 m. Fine root biomass decreased with
depth while at surface depths (0-20 cm), small-fine (< 0.5 mm diameter) roots accounted for 71%, large-fine (0.5-2.0 mm) for 25%,
and coarse (> 2 mm) for 4% of total root biomass collected with cores.

John et al, (2001) studied vertical distribution and seasonal changes of fine root mass in pine forests. Their results confirmed that
vertical distribution of fine roots are limited to top of 30cm of soil profile. Results also revealed that soil humidity has important role
on fine root distribution. The most and least amount of fine root mass were in rainy season and autumn respectively.

These studies have mainly focused on differences in fine root length, fine root temporal and spatial distribution of roots between
chestnut-leaved oak and Arizona cypress. The objective of the present study is to comparative investigation of the spatial and
temporal variability in fine root length of oak and cypress.

Methods and materials

The selected area are located on flatted slopes (<5°), hill landform at elevations of between 200 and 250 m a.s.l in Naman village near
to Gorgan city. The soil types are generally weak-drained Cambisols (WRB classification) and soil structure was granular and
angular. The climate is moderate humid, and based on Domarton climatic methods is semi-humid (Shamooshak Forestry plan, 2004).
Root sampling and analyses
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We randomly selected 5 healthy seedlings of each two species, allometric characteristic were measured. To record fine root length in
the two species we did an inventory in each of the 8 radial direction and 3 intervals distance (20, 50, 100 cm) of collar seedlings. At 8
randomly selected sampling locations of around collar species, root samples were taken with a soil corer (5.5 cm in diameter) from
the mineral soil down to 20 cm soil depth. In order to avoid clumping of the sampling locations, while at the same time minimizing
soil heterogeneity effects, all subsequent samples were taken at a 15° compared to earlier sampling. After sampling, the trench was
filled with soil. The soil samples were transported to the laboratory at the GAUSNR University, where the stored samples (4°C) were
processed within 12 weeks. In the laboratory, the samples were soaked in water and cleaned of soil residues using a sieve with a mesh
size of 0.25 mm (Bohm, 1979). Then they were kept in 0.9% NaCl solution until investigated using a dissecting microscope. Large
root fractions (> 10 mm in length) were picked out by hand. Only fine roots (roots < 2 mm in diameter) were included in the analyses.
In order to make an estimation of temporal changes in fine root length, fine root sampling with the sequential coring method (Persson,
1978; Vogt & Persson, 1991; Fahey & Hughes, 1994; Yang et al, 2004) was carried from March 2009 until June 2009.

Fine root length was calculated by Newman (1966) method. The intersections of roots with axes of vertical and horizontal graph
paper were counted. The intersections according to dimensions of graph paper were multiplied by the specific factor (Bohm, 1979,
Alizadeh, 2001; Rafiee, 2004; Taylor et al, 2013).

L=0786N (1)

L= root length (cm)

N= number of intersections with axes of graph paper.

Differences between species were examined with independent sample T- Test, temporal and spatial variability of fine root length were
analyzed by repeated measurements ANOVA test. Statistical analyses were conducted using SPSS Statistical Software (version 16.0).
Normality of data distribution was analyzed with Kolmogorov- Smirinov test.

Results

Five healthy seedlings of each species were selected, cutting and allometric characteristics were measured (table. 1). Aboveground
biomass of oak seedling was ranged 64.6-84.0 while cypress was ranged 70.3- 86.4 gr.m? that were split to stem and canopy biomass.
Oak seedlings have more stem biomass than cypress, while cypress canopy biomass was more and differences were significant in
0.001 confident levels (table. 1). Seedling cypress height was significantly more than oak.

Table 1. Mean allometric seedling characteristics (g.m2, mean + SD) in oak and cypress stands. Values followed by different letters
on the same row indicate significant differences at P < 0.001.

Seedling allometric  Oak Cypress Oak Cypress Oak Cypress
characteristic Mean * Std.Dev Coef.Var. Range
Stem Biomass 16.2+3.8° 9.6+1.4b 5.8 3.6 11.5-21.3 7.6-11.4
(gr/m?)

g’:?rﬁ%y Biomass 57.8+£35°" 68.1+4.92 15 18 53.1-62.7 62.7-75.0
Zﬁ/"r; g'omass 451+4.92 426+4.32 2.7 25 40.0-53.2 37.5-48.2
Aboveground 740+7.22 77.7+6.2° 2.4 2.0 64.6-84.0 70.3-86.4
Biomass (gr/m?)

Height (Cm) 345+10° 483+432 0.7 2.3 33.0-35.5 425525
Canopy Diameter 59+072 6.7+05¢2 2.9 1.9 5.0-6.7 6.3-75

(cm)

Spatial variability of fine root length

Horizontal spatial variability of fine root length density around collar seedlings was analyzed with one way ANOVA revealed
significantly differences for cypress and not significantly differences for oak (20, 50, 100cm) in 95% confidence level (Figurel). This
result revealed oak and cypress were not same horizontal fine root distribution around the seedlings collar while distribution in
different geographic direction were same.
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Fig 1. The root length density around collar seedlings of oak (left) and Cypress (right). different letters on the histogram
indicate significant differences at P < 0.05
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Temporal variability of fine root length

We used repeated measures ANOVA to determine the effects of sampling directions and distance to collar over time, results showed
in table 2.

Table 2 Repeated measures ANOVA for Oak and Cypress. Multivariate Tests of Significance, Sigma-restricted parameterization. **
indicate significant difference at p<0.001

Value F p
Effect Oak Cypress Oak Cypress df Oak Cypress
Intercept 0.33 0.38 294.37 232.05 2 0.00 0.00
Time 0.70 0.61 11.10™ 15.98™ 10 0.00 0.00
Distance 0.99 0.95 0.66 4.08™ 2 0.62 0.00
Direction 0.98 0.98 0.81 0.97 7 0.56 0.44
Time*Distance 0.96 0.90 0.63 1.62™ 10 0.89 0.04
Time*Direction 0.89 0.88 1.14 131 35 0.28 0.13
Distance*Direction 0.96 0.96 0.88 1.03 6 0.57 0.42
Time*Distance*Direction 0.85 0.81 0.84 1.05 49 0.80 0.39

According to results of table 2, the effects of time (temporal variability) on fine root length density for both species (Quercus
castaneifolia and Cupressus arizonica) were significant. Figure 2 revealed significantly differences of fine root length between
growing and dormant season in two species.
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Fig 2. Temporal variability of fine root length in cypress and oak species. Different letters on the histogram indicate
significant differences at P < 0.05

The time interval and distance to collar seedling (temporal & spatial variability) were significantly affected on fine root length of
Cypress in 95% confidence level whereas in the oak species only temporal variability was true. In the 0—20 cm soil layers there were
consistent differences between oak and cypress fine root length. Thus, cypress had a more shallow fine roots length than cypress

(figure 3).
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Figure 3. Mean fine root length of Quercus castaneifolia and Cupressus arizonica. Different letters on the histogram indicate
significant differences at P < 0.05

Conclusion

The distribution of fine roots within soil depends on plant form, the spatial and temporal availability of water and nutrients, and the
physical properties of the soil (Millikin & Bledsoe, 1999; John et al, 2001). The deepest roots are generally found in temperate
broadleaves forests; the shallowest in boreal forest (Stone, 1975). Some roots can grow as deep as the tree is high. The majority of
roots on most plants are however found relatively close to the surface where nutrient availability and aeration are more favorable for
growth (Tamm, 1991; Persson & Wiren, 1995; Finer et al, 2011).

Many studied reported deeply vertical fine root distribution in oak (Stuart, 1979; Millikin & Bledsoe, 1999). The other hypothesis, the
fine root distribution of hardwoods has deeper than softwoods. This study indicates that cypress in young pure stands has more fine
root lengths is concentrated to the forest floor (humus layer, 0—10 cm) and upper mineral soil horizons (10-20 cm). Thus, our results
as well as support the hypothesis that broad-leaved tree species generally have deeper fine root distribution than conifers.

Siren (1955), who investigated the distribution of birch and spruce total fine root length in the soil profile in older mixed stands (>70
years), found a tendency for birch to have proportionally more fine roots in the mineral soil than Norway spruce. In contrast,
Brandtberg et al, (2000) who investigated the distribution of birch and spruce fine root mass in young (35-40 years) mixed stands and
in pure spruce stands, found that the fine roots of both birch and spruce were concentrated to the humus layer and upper mineral soil
and that there were no significant differences between birch and spruce or stand types in the vertical distribution of fine roots.

Results showed fine root lengths were same extent in different geographical directions so the both species have same fine root radial
distribution around the collar seedlings in this age. We conclude gentle slope in the study area (< 8%) caused same radial rooting
distribution in both species. Ji et al, (2012) assigned the effects of spatial variation of tree root characteristics on slope stability. They
explained root density, root length, root architecture, root tension are very important parameter that should be assayed for
improvement slope stability by plants. These parameters have dependence to the ecological, physiological and genetic characteristics
of plants that should be assayed accompanied by site characteristics such as soil type, soil depth, soil hydrological situations, soil
nutrient, water and air for get to purpose of control and low depth massed movement during in a long period.

Although genetic structure effects on fine root distribution and root system architecture in initial ages of seedling but environmental
factors could modify effect of genetic structure that is related to the circumstances so, it is possible different species had similar root
distribution. John et al, (2001) expressed decreasing fine roots in increasing age of forest stands that could be showed genetic factors
were dominated on environmental parameters in higher ages of forest stands.

Quan et al, (2010) showed that fine root depth, production and biomass had important differences among 5 understudied moderate
forest types even if climate and age were similar. This showed that genetic factors in high ages of forest trees. Cheng et al, (2005)
proved and expressed that fine root production is variable and dependent to environmental circumstances.

Zobel (2008) 's studies on root system distribution fo forest species showed that more than 95% of total root length had diameter less
than 0.1 mm, fine root distribution of hardwoods and softwoods species are intensively sensitive to environmental factors somehow
fine root diameter were showing their environmental circumstances. He concluded that environmental factors are very more important
than genetic factors or root growth of species that can be expressed evenly root distribution around the colar seedlings of two species
more clearly in this study. Wang xiao et al, (2008) assayed that some environmental factors xuch as rains and temperature are very
important on fine root production. Ganzhuo et al, (2010) emphasized on root length density and water soil content. Baker (1999)
issued on potential of the root production ad indicator of forest ecosystem sustainability. Kramer et al, (1996) expressed height as
effective factor on some parameter such as biomass, length, penetration of tip roots and lateral roots. John et al, (2001) know depth
and extend are related to environment and genetic. They expressed that environmental factors usually effect on root growth are
texture, structure, aeration, humidity and temperature soil as well as competition with other plants.

Van Hees & Clerkx (2000) studied root to shoot ratio and shade in three sapling of silver birch, pendunculate Oak and beech, they
concluded that shading would cause decreasing root to shoot ratio and fine root biomass. So, this research studied another role of
environmental factors on root growth and emphasized that environmental factors have large proportion on inter-specific root growth
differences and it's comparison with other species.

References:

Alizadeh A (2001). Soil-Water- Plant relationship. Imam Reza University, second edition. 353 p.

Atkinson D (1985). Spatial and temporal aspects of root distribution as indicated by the use of a root observation laboratory. Pp. 43-65 in Fitter AH,
Atkinson D, Read DJ, Usher MB (eds.). Ecological interactions in soil. Blackwell Scientific Publications, Oxford.

Baker MB (1999). Fine-root parameters as indicators of sustainability of forest ecosystems. For. Ecol. Manage. 122: 7-16.

Bohm W (1979). Methods of Studying Root Systems. Springer-Verlag.Berlin Heidelberg New York. 188p.

Brandtberg PO, Lundkvist H, Bengtsson J (2000). Changes in forest-floor chemistry caused by a birch admixture in Norway spruce stands. For. Ecol.
Manage. 130, 253-264.

Chen X, Hutley LB, Eamus D (2003). Carbon balance of a tropical savanna of northern Australia. Oecologia. 137:405-416.

Cheng Y H, Han YZ, Wang QC, Wang ZQ (2005). Seasonal dynamics of fine root biomass, root length density, specific root length and soil resource
availability in a Larix gmeliniplantation. Acta Phytoecologica Sinica, 29:403-410.

Fahey TJ, Hughes JW (1994). Fine-Root Dynamics in a Northern Hardwood Forest Ecosystem, Hubbard Brook Experimental Forest, NH. Journal of
Ecology. 82:533-548.

Finer L, Ohashi M, Noguchi K, Hirano Y (2011).Fine root production and turnover in forest ecosystems in relation to stand and environmental
characteristicse. For. Ecol. Manage. 262: 2008-2023.

Ganzhuo T, Zhou Zh, LIU W (2010). Vertical distribution and seasonal dynamics of fine root parameters for apple trees of different ages on loess
plateau of China. Agricultural science of china. 9(1): 46-55.

Glinski DS, Karnok KJ, Carrow RN (1993). Comparison of reporting methods for root growth data from transparent-interface measurements. Crop
Science. 33:310-314.

Shabestar, Iran | 4



International Journal of Forest, Soil and Erosion (1JFSE), 2017 7 (1) www.ijfse.com

Grayston SJ, Vaughan D, Jones D (1997). Rhizosphere carbon flow in trees, in comparison with annual plants: The importance of root exudation and
its impact on microbial activity and nutrient availability. Applied Soil Ecology. 5:29-56.

Jackson RB, Canadell J, Ehleringer JR, Mooney HA, Sala OE, Schulze ED (1996). A global analysis of root distributions for terrestrial biomes.
Oecologia. 108:389-411.

Jackson RB, Mooney HA, Schulze ED (1997). A global budget for fine root biomass, surface area, and nutrient contents. Proceedings of the National
Academy of Sciences USA 94:7362-7366.

Ji J, Kokutse N, Genet M, Fourcaud T, Zhang Z (2012). Effect of spatial variation of tree root characteristics on slope stability. A case study on Black
Locust (Robinia pseudoacacia) and Arborvitae (Platycladus orientalis) stands on the Loess Plateau, China. Catena, 92:139-154.

John B, Harendra H, Pandey N, Tripathi RS (2001). Vertical distribution and seasonal changes of fine and coarse root mass in Pinus kesiya Royle
Ex.Gordon forest of three different ages. Acta Oecologica. 22: 293-300.

Kochsiek A, Tan S, Russo SE (2013). Fine root dynamics in relation to nutrients in oligotrophic Bornean rain forest soils. Plant ecology. 9:1-16.
Kramer S, Miller PM, Eddleman LE (1996). Root system morphology and development of seedling and juvenile Juniperus occidentalis. For. Ecol.
Manage. 86: 229-240.

Millikin CS, Bledsoe CS (1999). Biomass and distribution of fine and coarse roots from blue oak (Quercus douglasii) trees in the northern Sierra
Nevada foothills of California. Plant and Soil. 214:27-38.

Newman EI (1966). A method of estimating the total length of root in sample. J. Appl. Ecol. 3: 139-145.

Persson H, (1978) Root dynamics in a young Scots pine stand in central Sweden, Oikos. 30: 508-519.

Persson T, Wiren A, (1995). Nitrogen mineralization and potential nitrification at different depths in acid forest soils. Plant AND Soil. 168:55-65.
Qualls RG, Haines BL, Swank WT (1991). Fluxes of dissolved organic nutrients and humic substances in a deciduous forest. Ecology. 72:254-266.
Quan X, Wang X, Wang C, Luo Y, Zhang Q, Lamberty BB (2010). Dynamics of fine roots in five Chinese temperate forests. J Plant Res. DOI
10.1007/510265-010-0322-9.

Rafiee F (2004). Investigation of radicle pruning of Quercus castaneifolia effects on root system oak seedlings, Thesis for degree of M.Sc. Gorgan
University of Agricultural Sciences and Natural Resourses, 484 p.

Sabeti H (2004). Forests, Trees and Shrubs of Iran. Yazd university.Pp: 806.

Shamooshak Forestry plan (2004). Natural Resource Office of Golestan province. 342 p.

Siren G (1955). The development of spruce forest on raw humus sites in northern Finland and its ecology. Acta For. Fenn. 62(4):1-408.

Stone E (1975). Effect of species on nutrient cycles and soil change. Philos. Trans. R. Soc. London B 271:149-162.

Stover DB, Day FP, Drake BG, Hinkle CR (2010). The long-term effects of CO enrichment on fine root productivity, mortality, and survivorship in a
scrub-oak ecosystem at Kennedy Space Center, Florida, USA. Environmental and Experimental Botany. 69: 214222

Stuart K (1979). Oak root and stem growth as influenced by an Ozark fragipan. M.S. thesis, Univ. of Missouri, Columbia, MO.

Tamm CO (1991). Nitrogen in Terrestrial Ecosystems. Ecological Studies, vol. 81. Springer-Verlag, Berlin, 116 pp.

Taylor BN, Beidler KV, Cooper ER, Strand AE, Pritchard SG (2013). Sampling volume in root studies: the pitfalls of under-sampling exposed using
accumulation curves. Ecology letters, doi: 10.1111/ele.12119. Pp: 1-8.

Taylor HM, Kleleper B (1971). Water uptake by cotton roots during an irrigation cycle. Australian Journal of Biological Science. 24:853-859.

Taylor HM, Huck MG, Klelpper B, Lund ZF (1970). Measurement of soil-grown roots in a rhizotron. Agronomy Journal. 62:807-809.

Van Hees AF, Clerkx M (2000). Shading and root relation in sapling of silver birch, pendunculate oak and beech. For. Ecol. Manage. 176:394-448.
Vogt KA, Persson HA (1991). Measuring growth and development of roots. In Techniques and Approaches in Forest Tree Ecophysiology. Eds. JP
Lassoie and T Hincley. pp 477. CRS Press, Inc, Florida, USA.

Wang Xiao C, Sang WG, Wang RZ (2008). Fine root dynamics and turnover rate in an Asia white birch forest of Donglingshan Mountain, China. For.
Ecol. Manage. 255:765-773

Yang YS, Chen GS, Lin P, Xie JS, Guo JF (2004). Fine root distribution, seasonal pattern and production in four plantations compared with a natural
forest in subtropical China. Ann. For. Sci. 61: 617-627.

Zare H (2002). Introduce and native conifers in Iran. Research Institute of Forests and Rangelands. 498 p.

Zobel RW (2008). Hardware and software efficacy in assessment of fine root diameter distributions. Computers and Electronics in Agriculture.
60:178-189.

Shabestar, Iran | 5



