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A rotational rheometer with a parallel-plate measydevice is used to achieve stress-strain
parameters, which define soil as viscoelastic nataccording to rheological theory. Hence,
data deriving from conducted amplitude sweep tedtscontrolled shear deformation on
Rothamsted Soils (Broadbalk long-term experimerif)og presented. The application of farm
yard manure over more than 120 years led to amadetion of organic carbon, resulting into a
more rigid microstructural stability — with respeéatthe three-phase system soil — primarily due
to a network of micro roots, and an increased wadégting capacity and cation exchange
capacity. Water content, texture, organic matbenmounds, fungi and hyphae, contents and
kinds of clay minerals, carbonates, (hydr)oxides] eations have an effect on the
microstructural stability (rigidity, stiffness), dishear behaviour. Storage modulus G’
(elasticity) and loss modulus G” (viscosity), tireebr viscoelastic range (LVE), pre-yielding and
yield point (intersection of G’ and G”) characterihie three stages of microstructural
degradation of soil on the particle-to-particlelecaA semi-quantitative classification of rigid-
nonrigid or elastic-viscous material is appliedsidering the loss factor tanand integral z,
delivering fundamental information about microstrmal strength of investigated soil samples

and their ‘internal network’.

Material and Methods
A silty loam from Rothamsted, UK (Table 1) (PowlIst®B4; Watts et al. 2006), was taken and
analysed, considering different properties suctexsire, clay mineralogy, soil organic carbon (SOC)

content, and manure application.

According to the method introduced by Markgrafle{2006), amplitude sweep tests were conducted
with a modular compact rheometer MCR 300 to achéate of stress-strain correlations on the micro
scale (particle-particle contact). Representaieerded plots of an amplitude sweep test are shown
in Figures 1a and gMarkgraf and Horn 2009). If tatx1, G’ prevails G”, a gel character is given.
Viscous behaviour is defined in case of d&afi, G” predominates G’. Furthermore, a correlation
between in Figure 1a presented stages (Phas@sahtiphases of stiffness degradation in Figure 1b
become obvious. Due to a decrease of G’, the 0c&t®’/G’ (= tan §) increases; if tag=1 is reached,

elastic and viscous parts are equivalent, and aolate yield point (=cross-over) is given at a wei
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deformation (%). For further comparison, the inég of tand(y) lim y=0.001% to limy="cross over

point”, with tand=1 as defined limit on the y-axis can be calculated

Table 1. Physicochemical characteristics of ingaséd substrates, Rothamsted (Broadbalk)

Sand Silt Clay SOC
(%)

FYM*+ N, 2.7
EYM 21 58 21 )8 *FYM farm yard manure

' (since 1885; Bladded since 1968)
N;PK(Na)Mg 1.0 *since 1968
N,PK(Na)Mg 1.0 'since 1985
NPK(Na)Md 19 58 23 11 SBare fallow — plough/autumn
NGPK(Na)Mg 192 (since 1959)
Wilderness (grass) 21 57 22 4.0 N1, Nb, N, Ng = 48, 96, 192, 284 kg N
Bare fallov? (Highfield) 7 68 25 1.1 as ammonium nitrate
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Fig. 1a. Idealised generated plots of storage tnsds’ (Pa) and loss modulus G” (Pa) vs. defornmai().
In general, three stages of elasticity loss caddiimed, showing a gradual transition of an elg&icG”) to a
viscous (G’<G”) character.

Fig. 1b. Deriving from one data set, results campliotted in a loss factor vs. deformation coortirsystem.
Loss factor ta ( - ) equals the ratio of loss modulus to stonagelulus (=G”/G’), and may function as
analogue expression of elastic (6x1), viscoelastic (taf <1) or viscous (tad >1) behaviour.

Results

Collected rheological data from conducted AST wseduto achieve information about the influence
of different manure applications on microstructwstability, in dependence on soil organic carbon
(SOC) as well as inorganic nitrogen applicationsambination with farmyard manure (FYM). In
Figures 2and b results from conducted AST with samples degifrom the Rothamsted Broadbalk
long term experiment are shown. In general, cahagacteristics are influenced by (i) water content
saturated (Fig. 2a); unsaturated (Fig. 2b), (iifreatments: NPK(Na)Mg, farm yard manure (FYM),
bare fallow or wilderness (grass), (ii) SOC comtemd (iv) texture. In comparison, different ceirv
shapes are characteristic: in Figure 2adjaimCreases slightly within the sectionyef0.01...1%; an
intersection with the tadj=1-line does occur in few cases onlyPK(Na)Mg, NPK(Na)Mg, and
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bare fallow (unsaturated) variations. Furthermarslight increase in structural stability can denfd

as given in Figure 2a: FYM+N> FYM >> NsPK(Na)Mg> N,PK(Na)Mg > NPK(Na)Mg>
N;PK(Na)Mg; samples which have been treated with fgaind manure since 1885 show a higher
degree of stiffness compared to those which haga breated with lPK(Na)Mg within the last 40
years (e.g. BPK(Na)Mg). Secondly, differences in soil organggtmon content may have an effect on
the microstructural stability as organic mattedieto a higher water retention, which results ato
more stable system. This instant is well defimeBligure 2b. Pre-drained samples of wilderness
(grass) show a higher microstructural stabilityntbare fallow, and FfPK(Na)Mg. If, in addition,

FYM (pre-drained) plots in Figure 2a are considethd influence of SOC becomes even more
obvious: wilderness plots have the highest SOCertat(4.0%), followed by FYM (2.7%), bare
fallow, and NPK(Na)Mg (Table 1). Although bare fallow andMK(Na)Mg have similar SOC
contents (1.1%), textural differences affect shesdraviour, and, deriving from this, stiffness
degradation: a more silty texture in case of ballew (68% silt) occurs to be less rigid than anhya
clay (\LPK(Na)Mg, 56% silt). By calculating integralthese structural differences can be expressed
in absolute numbers; according to Figure 2a, #ssits into:

Z N,PK(Na)Mg saturated Z FYM; FYM+N2 -150hPay

in case of Figure 2imto:

Z pare fallow -60hPa< Z NZPK(Na)Mg -60hPa< Z wildemess -60 hPa
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Fig. 2a. Resulting graphs with tarfy) of conducted amplitude sweep tests (AST) withhRotsted Broadbalk
samples: WPK(Na)Mg (saturated), and farm yard manure (FYM:-grained) treatments.

Fig. 2b. Resulting graphs with tér(y) of conducted amplitude sweep tests (AST) withhRotsted Broadbalk
samples under unsaturated conditions (pre-draine€8DaPa): bare fallow, ;?K(Na)Mg, and wilderness
(grass).
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Conclusions

Investigated Rothamsted samples, which have beatett with farmyard manure since 1885, showed
a high degree in microstructural stability, as vesliwilderness plots. As Haynes and Naidu (1998)
pointed out, that ‘there is a strong correlatiotwsen the amount of fertilizer N applied annualha
the quantity of organic C accumulated in the sallhis instant is also true, if,RK(Na)Mg-treated
plots are considered, higher N-contents are cae@ko a slight increase in C; due to this,
microstructural stability is increased stepwisenrfrid;, N,, to Ny, and NPK(Na)Mg treatments. In
general, soil organic carbon improves soil strietund its functionality (Lemmermann and Behrens
1935, Tisdall and Oades, 1982; Haynes and Naid8,\&tts et al., 2006). Occurring menisci
forces, which are formed due to drainage, mairgane continuity, and as mentioned above, soil
structure. It can be concluded, that rheologieehhiques and resulting parameters such as G’, G”,
tan ©) andz are a useful tool not only to describe and quamtiicrostructural stability, but also to
link structuring processes, which are relevanufmiscaling considerations e.g. improving soil

aggregation.
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