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Abstract

Background and Objective: Plants’ root exudates have diverse effects on structural stability and water repellency of
their surrounding soil. Few studies have been available about the effect of rangeland plants on soil physical quality.
Therefore, this study was conducted to investigate the root zone’s structural stability and water repellency of selected
rangeland plants in a greenhouse experiment.

Methods: Tillers of tall fescue (F. arundinacea genotypes 75B and 75C), B. inermis and B. tomentellus were planted in
the columns of a sandy clay loam soil with three replicates in a completely randomized design. Six months later,
undisturbed soil samples were collected from the root zone and bulk soil in the planted and non-planted (control) columns,
respectively. Soil water repellency was determined by the intrinsic sorptivity method. Soil structural stability was
measured by high energy moisture characteristic (HEMC) and wet single-sieve methods.

Results: Presence of rangeland plants’ roots increased ethanol sorptivity (Sg) and decreased water sorptivity (Sw) in the
rhizosphere. Water repellency index (R) in the rhizosphere was, on average, about two times greater than that in the bulk
soil. The highest R was recorded in the root zone of B. inermis, followed by tall fescue genotype 75C, B. tomentellus, and
tall fescue genotype 75B, and the lowest value was measured in the non-planted soil. The HEMC indices were greater in
the rhizosphere when compared to the control soil. The presence of plant roots significantly increased the percent of
water-stable aggregates (WSA) in comparison with the control soil. The root zone of B. inermis had the highest WSA,
while no significant difference with tall fescue was observed. The positive and significant correlation between HEMC
and WSA indices with R indicates a strong linear relationship between sub-critical water repellency and soil structural
stability.

Conclusion: The findings of this study indicated the beneficial influence of rangeland plants’ roots on soil physical quality
and structural stability. Slight (sub-critical) water repellency in the rhizospheric soil triggers aggregate stability against
environmental stresses. Overall, B. inermis and tall fescue genotype 75C had greater effects on improving soil physical
quality and structural stability among the studied species.

Keywords: Rhizosphere, Soil sorptivity, Water repellency index, High energy moisture characteristic, Soil stability ratio,
Percent of water-stable aggregates.
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Fig. 1. Mean data for cumulative adsorption (/) of water (a) and ethanol (b) versus time (¢) for the rhizosphere of plant species F.
arundinacea (genotypes 75B and 75C), B. inermis and B. tomentellus, and the bulk soil without plant (control).
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Table 1. Analysis of variance (ANOVA) for the effects of plant species on stability ratio (SR), volume of drainable pores ratio
(VDPR), ratio of slopes at the inflection point of HEMC (SiR), percent of water-stable aggregates (WSA), water sorptivity (Sw),
ethanol sorptivity (Sk), water repellency index (R) and soil-water contact angle (f).

B R SE Sw WSA SR SR VDPR  df et mbe
(Mean squares) Sle o - S0ke Sources of variation
L§ ]
3342 37.6" 115 3.63° 122.5" 2110 33 0.03 4 s
Plant species
(1P
426 0.05 0.004 0.003 17.85 0.014 0.022 0016 10
Error

el Ao53 V50 ezl 2 sha 53l gae SBT3 s sme e 1 Sl s S e 5 % s

ns, * and * * represent non-significant effect and significant effects at 5 and 1 percent probability levels, respectively.

ibe abad 55 b slie Sl (VDPR) 2S5 LG dsl e (SR) sl s 5 ALS G S 3 JKJL.A anolis Y Jgu>

S eled wsly 5 R) s Sl Laxla (Se) bl 5 Sw) o g pdocds (WSA) Ol s Il slbealiS= dws s (SiR) HEMC
B ol

Table 2. Mean comparisons of the effects of plant species on stability ratio (SR), volume of drainable pores ratio (VDPR), ratio of

slopes at the inflection point of HEMC (SiR), percent of water-stable aggregates (WSA), water sorptivity (Sw), ethanol sorptivity
(SE), water repellency index (R) and soil-water contact angle (f3).

B R Sk Sw WSA SR SR VDPR Sl

© e em §703 cmmeeeeen % - - - Treatment
63.3¢ 2.22b 0.16% 0.1420 83.6% 0.492 0.42b  0.37b F. arundinacea 75B
70.72 3.032 0.142 0.09° 82.0% 0.57° 0.60® (.42 F. arundinacea 75C
71.92 3.192 0.182 0.112 86.12 0.60* 0.67% 0.39° B. inermis
68.9° 2.73b 0.14? 0.10° 77.0° 0.582 0.46° 0.49° B. tomentellus
44 84 1.40¢ 0.132 0.182 22.3¢ 0.402 0.36¢ 0.27¢ (Control) Jali

ALSD, p <o/20) X, (g by gme Do3liS S mie B S Bla boslael O g o 5o

In each column, the numbers with at least one similar letter are not significantly different (LSD, p < 0.05).
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Fig. 2. High energy moisture characteristic (HEMC) curves of fast-wetted aggregates (a) and corresponding specific water
capacity (|dd/dh|) curves (b) in the rhizosphere of plant species of B. tomentellus, B. inermis and F. arundinacea (genotypes 75B and
75C) and bulk soil (control).
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Fig. 3. High energy moisture characteristic (HEMC) curves of slow-wetted aggregates (a) and corresponding specific water
capacity (|d6/dh|) curves (b) in the rhizosphere of plant species of B. tomentellus, B. inermis and F. arundinacea (genotypes 75B and

75C) and bulk soil (control).
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Table 3. Pearson pair-wise correlations between stability ratio (SR), volume of drainable pores ratio (VDPR), ratio of slopes at the
inflection point of HEMC (SiR), percent of water-stable aggregates (WSA), water sorptivity (Sw), ethanol sorptivity (Sg), water

repellency index (R), soil-water contact angle (B) and number of roots (Nioot) (number of data = 15).

Niroot B R Sk Sw WSA SR SR VDPR ol
1.00 VDPR

1.00 0.66™ SR

1.00 0.65** 0.67** SR

1.00 0.36" 0.42m 0.35m WSA

1.00 —0.44m —0.43m 0.321 —0.10m Sw

1.00 0.86™ 0.020 —0.19m —0.03m 0.14" Sg

1.00 —0.35m —0.69** 0.67* 0.53" 0.61* 0.17m R

1.00 0.91** —0.17m -0.61* 0.89** 0.56" 0.59* 0.34m B

1.00 0.91* 0.74** —0.02 —0.44ms 0.97* 0.35m 0.43m 0.31m Nroot

el Loy ) 50 JW\CJE_.A):)\:&MMJKEL:{%JS@**)*
* and ** stand for significant correlations at 5 and 1 percents probability levels, respectively.
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