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8 Abstract

9  Differences in soil quality linked to differences in the diversity of residues returned to the soil were
10  assessed in nine pairs of farm fields in central Michigan. To assure that management was the main
11 difference in soil forming factors, sites were selected that mapped to the same soil series and were
12 located as closely as possible. ANOVA using subsamples as replicates for all nine comparisons
13 revealed significantly higher maize yield and total N for the high diversity sites, but significantly
14  higher extractable P and mineralizable N/total C for the low diversity sites. Manuring history
15 reported by farmers was difficult to reconcile with levels of C, N and extractable P. To account for
16  manuring, comparisons were separated into two sets: those in which the ratio of extractable P in
17  the high diversity site to the low diversity site was > 1 [high div P> low div P], and those in
18  which that ratio was < 1 [low div P> high div P. ANOVA using subsambles as replicates for the
19  [high div P > low div P] set (5 X 2, n = 60), revealed significant improvements in 9 of 22 soil
20  quality indices measured. Strong negative relationships were found between total C and bulk
21  density and log(infiltration time), but these same relationships were strongly positive for
22  extractable P. This suggests an antagonism between C and P; with high extractable P levels linked
23 to higher bulk density and slower infiltration. The slopes of the regression lines differed
24  significantly between the high and low diversity bulk density and infiltration time when data from '
25  all sites were considered together. Significantly different slopes were also found for the
26  relationship between those two soil properties and the weight ratio (total C/extractable P) for the
27  [high div P> low div P] set. This indicates that the high and low diversity data points originated
28  from distinctly different populations. A similar pattern was found for microbial biomass, but
29  correlations were lower and slopes did not differ. These results suggest a strong interaction
30 between soil C and extractable P that is also influenced by residue diversity. A high residue
31 diversity seems to permit additional accumulation of soil C, thus reducing the C:P ratio; this leads
32 toimproved soil quality by lowering bulk densities and increasing infiltration rates and microbial
33  biomass.

34



O 0 9 A L A W N =

e
S I IR I N T N TR N

W W W W Ww N N DN N

w W
A W

Introduction

Management strategies to sustain or improve soil quality usually call for increasing the diversity
of cropping by intercropping and using cover crops in rotations. Increasing the amount and
diversity of residues returned by cover crops, intercrops, and manure can improve soil quality by
protecting the soil and increasing organic matter. This can reduce soil erosion, increase water
retention, and improve the efficiency of nitrogen utilization in the soil (Karlen et al. 1992).
However, the poverty of species in cropping systems greatly restricts the potential for spatial
diversity, and highlights the importance for temporal diversity in rotations.

It is now recognized that the linkage between plant diversity and the decomposers may be a
keystone process in managed ecosystems (Swift and Anderson 1993). Because decomposition
processes are regulated to a large extent by the physical and chemical properties of residues and
exudates, a wide range in properties can result in a diversity of decomposition rates. This diversity
in decomposition rates been hypothesized to directly control the availability of nutrients to plants
and the stability of nutrient cycling in agricultural systems (Swift and Anderson 1993).

While it is thought that the robustness of agricultural systems can be improved by imitating the
variety of natural ecosystems, little information is available about how diversity in crop rotations,
and thus the mix of residues returned to the soil over several growing seasons, affects soil quality.
The aim of this research was to utilize methods proposed for estimating soil quality to test whether
diversity in residues returned to the soil during a single cycle in maize rotations can be linked to
improvements in physical, chemical, and biological properties of soils.

Materials and Methods

In selecting sites for comparison, we attempted to minimize differences in soil forming factors
except management. The candidate sites' histories of main and cover cropping and manuring were
recorded for the years 1989-93 by interviewing farmers and extension agents. To verify that the
potential paired sites were on the same soil series and had similar aspect and topographic position,
we consulted soil survey maps and made observations in the field. Paired sites were selected that
mapped to the same soil series and were located as closely as possible, although distances between
them varied from 0.1 to 2 km (Table 1).

Diversity in residues returned to the soil was estimated by considering each crop and cover crop
species, and manure applied, as one source of diversity. To be selected for comparison, field pairs
were required to have a minimum difference of two points in residue diversity. Some experience
in selecting and sampling sites had been gained in 1992 (Willson et al. 1993) Cropping and
manuring histories were mostly reconstructed from farm records, but in some instances were based
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on memory. This led to selections being made in the field on the basis of information which was
later discovered to be erroneous, and resulted in two comparisons that had differences of only one
point. The selection process was often made difficult by the presence of extensive inclusions of
other soil series in the mapped unit, the inability to match aspect and topographic position, the
presence of features such as poorly drained spots in one field and not the other, etc. Moreover, the
size of the areas of matching conditions was often surprisingly small due to restrictions due to the
geometry of cropped fields, the patchiness of the soil series, and the need to work in the maize
phase of the rotation.

Once a field pair was selected for study, three pairs of sampling stations were installed at each
site. Stations were separated 6.8 m along the inter-row space, and the three station pairs were
separated by 12 rows (approx. 10 m); study plots were thus ~0.01 ha. Sampling stations
consisted of the area within 50 cm of the single-ring aluminum respirometer/infiltrometer (18 cm
diameter X 15 cm height) installed ~ 7.5 cm deep in the center of the inter-row space. Sampling
stations were located in the center of the inter-row because differences in the geometry of ridges,
on which maize was generally planted, made matching the placement of the
infiltrometer/respirometer difficult otherwise. Another reason for selecting the inter-row space was
our interest in testing for the legacy of residues returned during the past five growing seasons; this
effect would likely be less noticeable within the maize row. Inter-rows were selected only after
considerable trial-and-error, and were generally non-wheel track rows, free from obvious
disturbances such as fertilizer bands, etc.

Personnel were trained by conducting a trial run in a satellite maize field of the Living Field
Laboratory (LFL, Kellogg Biological Station, Michigan) managed identically to one of the
experimental treatments at the LFL.. Measurements were taken in two locations in that field, which
although separated by distance of ~40 m and on supposedly "uniform" soil, differed visibly in
maize growth. Those measurements, which highlight spatial variability in soils, were used as
controls for the nine comparisons (Tables 2-4).

Methods were as in Doran (1993); but in addition, we measured surface penetration resistance,
and installed two additional double-ring infiltrometers (data not shown). Soil samples (0-20 cm),
as well as other measurements, were taken from the inter-row area 30-50 cm from the
respirometer/infiltrometer (e.g. sampling station). Samples were kept over ice in the field until
transported to the laboratory, where portions to be used for measuring biological properties were
stored at ~4 °C. Although some measurements were also made in soil samples in the field, only
laboratory results are reported here. Soil properties were analyzed as follows: bulk density by
pushing a small, bottomless aerosol can approximately 7.5 cm into the soil, and removing the soil
quantitatively after measuring the length of head space; percent gravel by sieving (2 mm); texture
by the hygrometer method; water-holding capacity by using pressure plates to determine water
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content in undisturbed soil cores at 30 kPa and in packed samples bulked from the six soil samples
at each plot at 1.5 MPa; penetration resistance by using a Soiltest CL-700A pocket penetrometer (n
= 6 at each station); depth of topsoil and of maize rooting by digging two small pits at each station;
infiltfation rate by measuring the time required for 2.5 cm of water added at once to enter the soil in
the (single-ring) infiltrometer; inorganic N (NO3+ + NO2- + NHy") by extracting with 2 M KCl and
using automated colorimetry, mineralizable N by anaerobic incubation at 37 °C for 7 days; total C
by high temperature combustion (Dohrmann DC 190); total N by the Kjeldahl procedure;
extractable P by the Bray procedure; soil respiration by taking samples in the infiltrometer
headspace after 1 h incubation and measuring CO2 by gas chromatography; microbial biomass by
measuring CO evolved by 20 g subsamples of moist soil during 10 d following fumigation with
chloroform; CO; evolved by unfumigated subsamples during the same period was used as a
measure of respiration rate of the soil microbial biomass. The soil infiltration and respiration rate
measurements were made in the early morning and repeated in the early afternoon 4-6 h after the
first irrigation. Infiltration data were transformed to the log;o, and microbial biomass C to the
square-root form in order to obtain normal distributions for analysis. Statistical significance
reported refers to the transformed data. Infiltration rates were calculated back from the transformed
data. Maize yield was measured by hand-harvesting 6.8 m of row (n = 4) within each study site.

Results and Discussion

Soils were generally of medium texture and density, non-saline (EC < 0.1 dSm-!, data not
shown), slightly acid to neutral, and fertile (Tables 2-4). Even though the sites were selected such
that they mapped to the same soil series, textures differed significantly in two of the nine
comparisons. Gravel content, which significantly affects soil water relations, also differed in
several comparisons. Nonetheless, the quality of the nine comparisons seems reasonably good.

The six sampling-station measurements were used to compare within-site means by the paired
comparison t-test, and variances by the F-test (Tables 2-4). Some significant differences in means
and variances were found for nearly all indices. Only the means of total C and N, mineralizable N,
and extractable P, and the variances of pH and extractable N differed in the majority of
comparisons. Few patterns could be discerned in these within-site comparisons. Nevertheless,
the majority of significant differences in means lay in the direction of improved soil quality for the
fields receiving a high diversity of residues. Overall, significantly hi gher variances were about
evenly divided between high and low diversity fields. Except for lower pH, the means of the
controls were similar to the average soil properties for the nine comparisons (Table 5). Of 22
indices measured, the controls differed significantly in six, while the average for the nine
comparisons was eight.



O 0 9 O Lt h W N =

W NN NN NN N ke e e e et e ek e e

At some sites, high and variable concentrations of extractable N and P, and mineralizable N,
were encountered. In the case of N, this may have been due to unintentionally sampling near
fertilizer bands. But the high concentrations of extractable P were likely due to long-term
manuring, which in some cases may have occurred more than five growing seasons before our
study. It was difficult to reconcile manuring history reported by farmers with levels of C, N, or
extractable P. Spatial variability in manure application may explain the high variability in
concentrations of extractable P found at some sites.

When means were compared across sites by ANOVA in a 9 X 2 block design (n = 18), no
significant differences were found between high- and low-diversity farming systems (not shown).
The data were then analyzed in a similar 9 X 2 ANOVA, but using a procedure that treats
subsamples as replicates (n = 108). The use of subsamples as replicates in paired comparisons of
soil quality has been criticized (Wardle 1994). Pseudoreplication cannot be avoided in comparing
adjacent farm fields, but interpretation by making simple comparisons can be justified (Reganold
1994). The ANOVA procedure revealed significantly higher maize yield and total N for the high
diversity sites, but significantly higher extractable P and mineralizable N/total C for the low
diversity sites (Table 5). This suggests that past manuring may have confounded this ANOVA.
Note that in at least three comparisons, one field received manure much more frequently than its
neighbor (Table 1, comparisons 2,4, and 5).

To account for manuring, comparisons were separated into two sets: those in which the ratio of
extractable P in the high diversity site to the low diversity site was > 1 [high div P > low div P,
and those in which that ratio was < 1 [low div > high div P]. ANOVA using subsambles as
replicates for the [high div P > low div P] set (5 X 2, n = 60), revealed significant improvements
in 9 of 22 soil quality indices measured (Table 5). In contrast, the only significant difference
found for the [low div P> high div P] set (4 X 2, n = 48) was faster infiltration after irrigation
associated with low input diversity. Of course, significant differences in extractable P cannot be
counted in either of these two analyses because that was how the comparisons were selected.
These results revealed an interaction between manuring (i.e. high levels of extractable P) and
residue diversity which strongly influenced soil quality.

Strong negative correlations were found between soil C concentration (and thus N) and bulk
density, log(infiltration time), mineralizable N, and microbial C (Table 6). On the other hand,
extractable P was strongly positively correlated with soil bulk density and log(infiltration time) in
the high diversity sites, but these relationships were meaningless for the low diversity sites.
Moreover, for extractable P, the slopes of the high and low diversity lines for both bulk density
and log(infiltration time) differed significantly (P < 0.05, Table 7), indicating that these originated
from distinctly different populations. Thus, soil quality appears to improve with soil C
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concentration; but it decreases as extractable P increases for the high diversity sites, and has no
effect in the low diversity sites.

Examination of the soil C scattergrams showed the population of high dlversxty data points was
slightly shifted towards a higher soil C content relative to the low diversity data points (not
shown). Interestingly, the highest soil C concentrations were recorded in the high diversity side of
comparison 2, which did not receive manure during the period under study. To account for this
shift, soil properties were correlated with the weight ratio of total C/extractable P. The behavior of
this index combined aspects of both C and P (Tables 6 and 7). For example, soil C seems to be
unequivocally related to soil microbial biomass, but the ratio total C/extractable P correlates weakly
with both microbial biomass and specific microbial respiration (qCO3). A significant difference in
the slopes of high vs. low diversity lines was also discovered for the relationships between the
ratio total C/extractable P and both bulk density and log(infiltration time) for the [high diversity P >
low diversity P] set (Table 7). Again, this indicates that these originated from different populations
and underscores the complex interaction between soil C, extractable P, and residue diversity.

Examination of the relationship between soil C and the ratio total C/extractable showed that this
index generally trended higher as soil C increased (not shown). This suggests that C accumulates
faster than extractable P, and thus dilutes the ostensibly negative effect of extractable P on soil
quality. Interestingly, for the high diversity sites of the [Low diversity P> High diversity P] set,
this trend was lower. This may explain how these sites differed from the other high diversity sites,
and may justify segregating them.

Results presented here indicate that increased diversity of residues returned to the soil during a
single rotation cycle resulted in improved soil quality by increasing total soil C and N. This in turn
apparently led to lower bulk densities and higher infiltration rates and microbial biomass. This
effect seemed to be counteracted by high levels of extractable P in the soil. In contrast, a low
diversity of residues did not result in improvement in soil quality even though soil C and
extractable P concentrations were similar to those of the high diversity sites. Our results are
generally consistent with those of Reganold et al. (1993), who compared conventional and
biodynamic farms in New Zealand. The biodynamic farms, which likely used manure and cover
crops to a greater extent than the conventional farms, had significantly lower bulk density and
thicker topsoil, as well as higher soil C and N. However, in contrast to our results, they also
reported higher soil respiration, mineralizable N and ratio of mineralizable N to C in the
biodynamic farms. Results presented here support the hypothesis that a higher resource variety (in
conjunction with resource amount) can improve the availability of nutrients as well as the stability
of nutrient cycling by increasing soil organic matter and microbial biomass and improving soil tilth.



O 0 N O Lt A W N =

L e el e
REBNRBE8SxIcarrE®R =3

Acknowledgements
This research was supported by the C. S. Mott Foundation. We thank Tom Willson, Hugh
Smeltekop, Todd Martin, Christie McGrath, Brian Cook, Elaine Parker, and Curtis Beard for help
with field and laboratory work, and Jack Knorek and Dr. Richard Leep for help in selecting farms.

References

Doran, J. 1993. On-farm measurement of soil quality indices— bulk density, soil water content,
water-filled pore space, EC, pH, NO3-N, infiltration, water holding capacity, and soil
respiration. Unpublished ms. 11 pp.

Karlen, D. L., N. S. Eash, and P. W. Unger. 1992. Soil and crop managements effects on soil
quality indicators. American Journal of Alternative Agriculture 7:48-55.

Reganold, J. P., A. S. Palmer, J. C. Lockhart, and A. N. Macgregor. 1993. Soil quality and
financial performance of biodynamic and conventional farms in New Zealand. Science
260:344-349.

1994. Statistical analyses of soil quality. Science 264:282-83
Swift, M. J., and J. M. Anderson. 1993. Biodiversity and ecosystem function in agricultural
' systems. pp. 15-41 In: E.-D. Schulze and H. A. Mooney (eds.) Biodiversity and
Ecosystem Function. Ecological Studies: Analysis and Synthesis. Vol. 99. Springer-
Verlag, Berlin. 525 pp. :

Wardle, D.A. 1994. Statistical analyses of soil quality. Science 264:281-82.

Willson, T.C., E. Franco-Vizcaino, C. M. McGrath, M.E. Jones and R. R. Harwood. 1993.
Microbial activity and soil quality: A comparsion of high and low diversity farming systems
in Michigan. Agronomy Abstracts, p. 263.



‘sjjepnjdeH onuswuresq
oI1sowl ‘paxiw ‘Apues :syjuidg ‘sjpepnssojn o1jdel] oisow ‘paxiu ‘Aureoj-outj :anapey ‘sjrepnjdey o1d£ 1, oisow ‘poxrw ‘Aureoj-autj
:oozewreey] ‘sjrepnidey ombesso[n ‘disow ‘paxIwl ‘oulj seoey] ‘sjrenbeiyop ousy oisaul ‘paxiw ‘Awreo-aulj :oede)) “1eak 0} Jedk wolj
a8ueypd j0u pip parjdde ad4) ays jey) pawnsse sem 11 pue ‘suonerado Joy Jo AIrep uLrej-uo wolj A[[eIausd sem ainuejy Yoo = A ‘sseid
pieyo1o =80 ‘19AOD = [0 ‘MO[[B] = ‘SISqUINOND =) ‘suedg = g ‘Q[edNUL =1L “IRYM= M ‘BJ[eJIV =V ‘sueaqhog = S ‘9ZIeN = I

WSIWAM

g . e ——p-- %9-C IS] 3TN [louy [[euss ‘Japjnoys S MO[ 6
L ——-ST— A— —A8 WNWSWMV  %9-CIsjandpeN (1104 [jouy [[ewss ‘13p[noys § Y3y 6
€ ~—REE - ————~— NNNINN %¢€-0 | oede) suone[npun [fews MO[ 8
9 — —6TSTST — P——— WMOdWN %€-0 | dede) 0001 suone[npun [fews ysy g
I = e WIWINININ  %9-T Is cozewrees] suone[npun [fews MO[ L
14 ——6T—ST ——P—— WWMNANW %z0Isoozeurrey  000T [9A9] AjreaN ysy L
€ e e o WIS %€-0 | eoey)] suone[npun [fewg MO 9
S -st——— ————- WSIWMD %€-0 | BRY)] 0ST suone[npun [[ews Y3y 9
€ —GTETSLSe ———— — NWNINVVV %€-0 | oedeD [9A3] ApreaN Mo[ g
e PP P—— WHANMSN %€-0 | oede) 0001 [9A3] ApreaN Y3y g
4 CTETCTSLEE — —— —— WINIWININ  %9-T IS 1[I . adojspru ‘3urfjoy MO ¢
14 ——6T—— ———— 1P WSWSWN  %9-TIs)amdenN 001 adoyspru ‘urfjoy Y3y ¢
E ————— ———-—- WNINMSIN %€-0 | oede) [9A3] A[reaN MO[ €
VP == PP——P NWMSHN %€-0 [ oede) 001 [9A9] ApEaN ysy ¢
(4 STSTSTSTST — — — — — NNNINNW %€-0 | oede) woyoq [943] ATeaN Mo[ T
P == PRP—— P WMSHAN %E€-0 | dede) 002 wonoq [9A3] A[redN ydy g
(4 - ——6tsT ————- W  %9-0 s syuldg [jouy [[ews ‘Jop[noys § Mo |
14 =EE=KL— = =s— o= WSISIL  %9-0 s syuidg 002 [louY [[ews ‘Jop[noys § Y3y |
E ——=—== ———— WVVVV %20 Is cozeureey] or [oA3] AjreaN jonuo)
K1ISISAIP -84 3N ~ (adojs %) (w ~) says Apmys uonisod
anpIsay aInuep sdo1o JaA0) 8uiddorp SOLISS [IOS  U29Mm)aq 0ue)SI(] adeospue] uosuedwio)

“ue3IyoI [eNUD YInos ul sAIs Apms Jo Suunuew pue Suiddod Jo L101SIY €661-6861 pue ‘sonsudldRIRYD [I0S pue adeospue ‘| J|qe],



“(onfea Joydiy oy uo paoeid Ajueniqie sjoquifs) Ajpanoadsal ‘sjPAd] [00°0 PUE ‘10°0 ‘S0°0 ‘O1°0 Y 12 1UIJJIp APUBDLJIUSIS yyx'sx's ‘#
‘pauluLIap 10 ; :(peay Juljjej) uonedLu 1s11j J9)Je Y 94 OTH WD T *j-uiw wo y {(peay Suljje)) OZH Wd g Ul Wd g {wd | t7.wod §Y ‘9dens 4 tjios wod oz Jaddn ur wo p ‘ipdap w
S'L-05 ‘1 =u ddwes Jnq q ‘s1eak 241 snotaaid uunp K1o)sty Juiddoro swes yum jios ,uuojiun, uo “JA ‘uonelg eoidojoig 33ojjey ‘Aloteioqe piaty Juiar e uostredwod [eu .

(91°0) (L0'0) (01'0) (90'0) (L0'0) (£0'0) (ST°0) (21°0) (92°€) (10'1) (Z60) (H'0) (SO0)#(61'T) (bS°T) (9TH) wxx(20) (OO) (1€0) (61°0)  guonedul

vp'0 920 610 €10 vI'0 O01I'0 vEO0 6T0 6€L S6T 99T 160 800 *xv'e vTL 1¥6 80 LEO 880 €p0Idjeaet Yy

(1€0) (z€0) (880) (0F0) (11°0) (S1°0) (09°0) (9€0) #(95°S) (8L'1) (T6'1) (S9°0) (8€0) ++01'®) (H0'€) (109) (100) (S0°0) (+0°0) (St°0) o
TT1T ¥8'1T €€€ $60 TEOD €€0 6T1 660 TTI T8L S9E LT 090 «SLI Y11 TEX OI'0 000 LI'0 =sL9°€  uonenjyuj
o) G0 (60 0o (1) @0 #L1) o) G0 ©0) 1) o @) a2 #81) o 60 o0 1 ©72) j wdop
«3€C (174 1T €C TT  x18C 14 ST ST € HE€T 0z - € ST (44 7 €T €C 9z GZ Sunooraziey
S0 wo o) 1 @o) 00 #L1) o) W) (€0) 1) (€0 @0 a1 1 o @0 (S0 jindop
N (4 w 174 9 LT  x0€ v ST 8C 6C €C ST 8¢ 0  xI€ 9C  #6T 9z U 1pu uozuoy y
o) (To o (o (€o0) (€0 G0 o0 (€0 a0 o) (o) (S0 (1o (10 x(€0) (€0) (z0)  eduUEsIsA
L0 01 90 «I'l S'1 60 xx80 +0 81 6’1 1’1 61 *x'T L0 SO 60 0~1m 0~1Mm Q] 60  uonenaudyd

(Lro) (1zo) o) (Lro) (og0) (g€0) (zzo) (2z0) (S1°0) (Z1'0) (62°0) (92°0) (61°0) (8C'0) (61°0) (6€0) (80°0) (E£1°0)#(@81°0) (90°0) phipedeo
00°'T +81°CT #9€T TLT 8ET x66'1 x6¥'1 OI'T IST TSI 02T 8PT +vET 0TI 691 62T TT 860 STT #06'1 8uipjoy sorepm

(€00) (b00) (20'0) (€0'0) (€0°0) (#0°0) (+0'0) (€0°0) (L0°0) (#0°0) #(z0'0) (10°0) ++(900) (10°0) (b0'0) (+0°0) x(20'0) (10°0) #(#00) (TO0) P
0TT LTT ST'T £x6T1 OV'1 w1 €1 STI1 6T1T SI'T STI 9T1 %621 90T €01 101 #€P'1  8ET xxST 1T  SO°[ 2ANSUp yng

(61-€C (91-0T (81-8C (62-€€ (81-97 (L1-sT (Lz-1T (1€-2 (cz-sT (8z-Lz (11T (01-€C (9z-€ (62-12 (6281 (Sevz (9L (L (Sz-€€ (0gtp (Aep-iis-pues
85-01) v9-LI) $S9) 6€9) 95-9) 8S-I) TSI) 9p-8) €5-€) Sre€) 99-9) L9-0I) IS¥) 6v91) €5-1) Ob1) [8T) 98T twsSI) 9Z-1) -_MMMWN
q

Is Is Is P Is Is Ios Ios Ios Ios Is Is 1os 198 108 P S| S| I )
Mol Yy mo1  ydiy Mo ydip o mor ydyp o o morp o oyl oaop o ydyp o morp gl o aop o ydiyp ao i wlonuo)
6 8 L 9 S |4 t C |
uosuedwo) Auddoud j10g

1591 9y) £q pasedwod a1om sadueLiea pue ‘ounpadold uosuedwod-poared oy Aq polsol 910 SULIL UDDANOG SIOUIIDJJI “patou se 1dIdXD ‘g = u ‘(urow
Y} JO JOLID pIepue)s) SULIW JIE SAN[EA “€6-6861 JuLnp [10s ) 0] POLLINGdL SINPISII JO ANSIOAIP MO Jo Y31y i spoty oziew ur sonsodoid esisAyd [ios jo suosuedwio) -z ajqeL



: . "(anjeA Jay3iy oy uo paoejd Ajuenique sjoquiks) Kanoadsal ‘sjaaa] 100°0 PUE ‘10°0 ‘SO0 ‘01°0 Y} 18 WAIYJIP APUEIIUSIS 4y sx's ‘# |1 ARIH o 1By 8Yp
.._.E 83N> ‘OtH:os I:1q *s1eaf 31 snotaaid Suunp Kioisiy Suiddoo swes ‘jios ,wojiun, uo ‘[ ‘uonels eaidojorg 33ojja3] ‘A1oreroqe ppot Suiar] je uosuedwod feu ] g

«n G (19 OF) (D wslerd) 6D (1) 6D ©exzen) (€0 D D 09 W ®) O O «un
#38LT O6'V8 #48LS  LLT 807 1908 TLI 9T 881 €91 ==s01S1  (O8€ Il  #OPI  T61 09T  SLO «8SL  LSI  #€9I opd dlquIoenxy

@1 #82) We) (19) (56) (89) O OVaxx6S) @D (D O (6D asxl€) (06) Daxx09) ©T) (0€) (1D PN
IPE 1SSV €6V 69y LOS +8LL 6€E LIy #4651 I'€E 1'6L VL9 TLP TOl 6TS #L19 981 O'1€ Tvr TIS QAquaieouyy

£308)  (617)  (LP)aax(SE) xx(96) BT (6D (1D eerl6) (€T 0T %@L L1 walss) (€9) (@)xxxls9) (67) (01) (58)
+£8S1 0Ty €15 #1€l LSE 6T I1'€L 186 SEE OPS O0SP I'LE TEC #OYE V65 xS€8 x6C S'Ey G6S  €0LpN2quoenxy

90 (z0) ﬂ.ov o) Wwo) (0 (g0 (@0 (0 @Wo) (g0 #co0) (o) (€0 (€0 0 (0 (©1) (g0 (€0)
TOI 10T LOI 601 O0O0I SOIsssL0l I'6 66 801 801 611 x£0I 6 x66 v8 9T LYl 901 €01 ones N:D

(80'0) (Z1'0) (SZ'0) (b1°0) (91°0) (L1'0) (L1'0)#(0v'0) (bT'0) (L1'0) (Z1°0) x(9€0) (LI'0) (w1'0) (IS®) (01 (11°0) (11'0) w10) (11°0)
»xEV'E  TO'E VTS 669G 6TE I8V PEV #ISSsaI6S 00V P6'E 1€V LbS LSS TSL #186 x69T 661 8TE LTV s N [EIoL

(LzT) (op1) (sL1) (zre) (soT) (s82) (197) (1€ (01'€) (Wr1) (881) x(L1'9) (€€T7) (96°1) (0Tv) (ss'€) (8€T) (eg1) (0S°1) (LT'1)
#LYE 90E 8SS 619 67TE x1S0S 99 #8861V xxC'8 6T STP 8IS SS9 0TS IPL 108 #3€EE. 06T 9VE sxl'EV 2D EIoL

@0) (1°0) (€0°0) sx@® (1°0) «(z0) (1'0) (100 (0 (2T0) (€00) #(1°0) (10)*x(T0) (1°0) (10 (10 #00) (10 (10
6'S 8'S 89 8¢ 19 9% 8¢ 9 €9 $9 LS 6S €S9 €9 xIL 69 8S #59 ¥S TS qHd

mo1 ydqigy mog ydiy moT Yy mo ydyp o aop oyl mop oyl o mop oyl a0 gyl a0 ydyg wlonuo)
6 8 L 9 S 4 £ C I

uostedwo) Kodoud Jlog

159)- oY1 £q pasediuiod a1oa sadueLEA put ‘unpadold uosuedwod-paated o) £q Paiso) 210 SUTOW UIIMIDG SQIUAIYYJI] 9 = U (Uedw
3y} JO JOLID pIEpUE]S) SUBDW JIE SINEA '€6-6861 SULINp [10S 311 0) POUINDI SONPISAI JO KNISIOAIP MO] Jo Y31y (ia spjoyy dziew ul sonsddoad [edrwayd [1os Jo suosuedwo) g djqe ],



*(anjea 1ay31y sy) uo paoeld Ajueniqie sjoquids) A[oAnoadsal ‘s[aAd] 1000 PUB ‘10°0 ‘SO°0 ‘O1°0 Y1 18 JUAIIJJIP APURDIJIUSIS 444 ¢ x'x ‘# USWITCURW JWES
3y Japun sjewn [ejudwLIAdxa {7 Juaoelpe 1e ey SN £5°8 padesaae pjalk 1nq ‘pauluLIdoOP J0U; iy = Uy (0001 X 3 ‘% j ‘0001 X (Ssewolq [elqodiw [1os/uoneidsal feiqoioiut ios), ¢
ey 3N 5 (£ep &Y D-ZOD 8Y q ‘s1eak 941 snotaaid Suunp Lioisiy Juiddoo swes ‘fios ,uuiojiun, uo “JN ‘uoneig [edrdojolg 830123 ‘Alojesoqe piard Sular 1e uostredwod U ¢

(6v°0) (0s°0) (€€0) (91°0) (£5°0) (9¥°0) (6L°0) (LET) (OI'T) (9€0) (6€0) (85°0) (OL0) (01°0) (S9°0) (9¥°0) (9p°0) (20°0) <
«CC8 8¥'S LOI €01 SIL €28 +vL6 €01 8P9 xI'1I 101 LOI +8CS «xI'l1 068 x80I #SE€L 9SG PU iPU 1 PIRIA SZIRN

(50°0) #(€1°0) (L0'0) (L0'0) (80°0) (S1°0) (60°0) (90°0) sx+TV (200) (1IT°0) (62°0) (F0O'0) xxx(90) (L0°0) (LO°0) *+(6T) (90°0) x(€1°0) (b0°0) 8D IBIOL/N
10T #IST 680 SLO SS'1 LST €L0 #S80 8T LLO €81 6€1 #80 161 TLO LLO ¥89 LOT OET LI'T dqezieiauin

(LE0) (LZ'0) (S1°0) (61°0) w810 (FO'0) (61°0) (S1°0) wx(s€0) (80°0) (FP0) (SH0) (€€0) (85°0) (1TO) (VI1°0) (59°0) (£50) (e4°0) (9T0)
PL'T IS'E #€6'T €TT 69T 8ST S8l TOT 9I'E TWE SI'E LET 6LT LI'E 8ST LLT I8E€ LLE TLE TTE JBODPUUD

600) (L1'0) (b1°0) (€1'0) Wwz'0) (8T0) (€2°0) (1+'0) (£0°0) x(21°0) (€0°0) #(90°0) (00 (SO'0) (£0°0) k1) (S9°0) (b€0) (12°0) (€£1°0) oANANE KiOtE
oF0 PP0 OLO0 L90 6L0 €01 +90 SLO 0SO 6V0 #pv0 I€0 ¥r0 vr0 TEO #0L'0 60T 0S1 €01 SLO -Wdsaroijadg

(bL'1) «89Y) (L8Y) (LTS) (88°€) (0S'8) (BOP) (6L°S) (S80) (508) (£27) (S6'1) (LET) (STH) (TO'1) sxx(69) (01'6) (68°L) (€9°S) (pS°S) quoOnEids
698 91l 99T 61T LSI 1T 9T ¢€vl TIT 8Ll 8Pl 988 L9l GSLI €Vl x99 TIS 8SE TOE L'ST [eIqOIN

(90°0) (Lo'0) (L00) (€1°0) (LO'0) (80°0) (#0°0) #(60°0) x(S1°0) (S0°0) (91°0) (01°0) (S1°0) (Sz'0) (O1°0) (60°0) (0Z0) (ST°0) (F1'0) (O1°0) > D ssew
S60 901 T91 8EI 880+:0€1 +80 #I0'1 #I81T Ob'1 €€1 €1'T SST 1971 881 #0TT LTIT LO'1 LTT OVl -0q [elqoIN
#87) (€6'0) (0£T) (US'E) (61°1) *x(6T9) xsleZ1) (0E°0) »+LTS) (00°1) (85°1) (O1°€) (19%) (8T'€) (20T W6'1) (8T€E) (0sT) (SS¥) (86'€)  quoneduwi
OII STI ¥II $SI 0SI x96T 989 179 x«PTE 80E 899 858 6€l 6Ll #.S1 901 €88 801 98I LpTidage dsajog
(80°¢) #b6'L) (€8Y) (b99) (S1°€) (LLe) (601) (189) (L0O1) (2s9) (ST'L) (909) (SS°S) (91°6) (Stdy) (£0°€) x(28L) (090 (129) (9p°€) q uon
LSy TP9 TLT T'LE T1'1€ L'LT #€09 66€ #8VvE 861 QLT 8TE L6T v POE 8€ 6€1 TLI PeEEe 80y -wudsajog

Mo ydigy  mo ’ ydy Mo ydr o mop ySyp o mop ydyg omop ydg o o moq ydyg o mop o ydig o mo ydiyg glonuo)
6 8 L 9 S v € [4 1

uosuedwo) Kuadoad jiog

1591~ a1 £q pasedwod a1om sadueLeA pue ‘aunpadold uostredwod-paried oY) £q PoISO) 219M SUBIU UIIMIIQ SIOUAIDYJIJ "Patou se 1dadxa ‘9 = u t(uedw dY) Jo JOLIS prepuels)
sueawl are sanjep “€6-6861 SuLnp [0S 91y O} POUINIIL SINPISOI JO ANSIDAIP MO] JO Y3 YIIAL SPJOILJ dZIvW Ul poIk d1woundd pue sonsodoad [eaidojoiq jlos jo suostredwo) “ ajqe,



*(anfea 1931e] uo paoeid Ajueniqre sjoquiAs) A[eAanoadsal ‘S[PAd] 100°0 PUB ‘100 ‘SO0 ‘1°0 Y3 18 WAISJJIP APUeOLJIUSIS yxx ‘xx ‘x ‘#

90'1 168 V6 61°1 OL'L x€T6 (AN 8T8 66 1-84 SN ‘Pl azrey
890 €1 Il LSO #6T 111 190 IS8T  II'T (0001X) I /N dlqe[reAy
860  LL'T ILT SO'T 85T OLT 001 98T  L8T 9 ‘TE101)) IEIqORIH
860 ¥S0 €S0 €01 8L0 080 001 0L'0  OL0 (0001 X) uoneidsai [eiqoxiw d1jioads
680 L9T 61 LT I'61  €%C 80°1 1'0c 812 1-Aep ey O 8Y ‘uoneridsal [eIqOIOIN
60  I€T 1T 48! T #LET 10°1 SET  9¢T 1-8Y SN D Ssewolq [eIqOIoNA
oL0 6€l  O0OL6 YTl LTl 8SI L60  9€l  TEl uonegdLut J9)Je uonesidsar flog
L60  L'€E  9TE 660  ¥0€ TOE 80 6'1¢ TIE 1-Aep 1-ey D 3y ‘uonenidsal [log
EV'0  xxsSPS  SEC L1 LET x%x60¥ 80 #9¢€r  6S€ 1-8Y 3y ‘d s|qevenxy
790 TLL T8 S80 OvL L'T9 SLO  bSL €95 1-8Y 8 ‘N d[qeziersuny
340) 91T 199 TET L96 8Tl ¥8°0 611 001 1-8Y 8 ‘N a[qeidenxy
101 S0 901 L60 601 90l 001 901  9°0I onel N:D
860 LSt 0SSV 61°1 €SV xxIt'S LO'T SOv  #96'v 1-84 SN ‘N [e10L
860 8Ly 89 LO'T 88y #£TS €01 €8y  86b 1-84 S D [el0L,
860 09 6S T0°1 09 19 . 00T 09 09 Hd
€90 680 9SS0 00'€  LTO0 xI80 LY'1 LY'0 690 j-utu wo ‘uoned LU Js)je djel uonen[yu]
90  S9E  €0T €ET  S60 «xITT ST1 w1 SIT [-UIu W “ajer uonenjyu]
ST°1 w1 861 60°1 6T IS'1 (AN vS' T TLT wn ‘Ayoeded 3uipjoy sarem
SOl ovT  €5ST 80'1 L'TT  x9C 10°1 T9T S99 wn ‘yydop uozuoy v
€6°0 I'ec vIe 860 08 S'LT 1071 67C 1€ wo ‘yidop Sunoos azre
€L0  T0T L1 SS'0  %x€0T LSO 990 LVl  L60 z-Wo 8y “‘Apiqenauay
20°1 W1 Tl 960 #8T1 €T 660  STI  PTI1 ¢-wo 3 “yadap o g*L-0 ANisuap yng
AP CAIp AP CAIp AP CAIp
oney Mol Y3y ongy  moT yY3iH oney moT YySiy
(6'8'S"p suosuredwo)) (L'9'e'T'1 suosuedwo))
d AIp Y31H < d A1IS10AIp MO d AIp MO < d A11s19A1p YS1H suosuedwod autu [y Kyadoud (108

‘soyeorjdal se sojdwesqns Suisn sainpasoid YAONYV Aem-om)
Aq pazATeue ‘[10S 9y} 0} paUINIaI SANPISI JO ANSISAIP MO JO Y31y Yiim suonejol paseq-azrew ui santadoid [1os jo uosuedwo) g 9jqe],



*A[9A103dsal ‘S[PA] 100°0 PUB “10°0 ‘S0°0 9Y) 18 IUBOIUTIS yux “xx ‘x

*x£€°0~ *xxCV 0~ oro- *%xSS°0+ x1€°0~ o uoneridsal [eiqooru d1jadg
STOo- €1°0- 60°0+ *x6€0+ LOO— oco+ uonexndsar [eIqOIOTA
*x9¢°0+ xx[V'0+ 10°0— ST0- *xx69°0t **xx89°0+ O SSewolq [eIqOIdIA
VE0+ 60°0— *S€0— €20+ : ST°0+ 00— uonedLui 19)Je uonelidsal [log
120+ vcot 0co- 144\ oro+ vio- uopelidsal [log
- - — - ST°0+ 10— d dIqeenxg
v0°0+ SO'0+ *xSP'0+ €ro+ *x0P'0+ *xx87'0+ N dlqez!erauriy
00— x1€0+ 80°0— (44 €ro— 10+ N s[qeenxy
xxx[9°0+ *xLE0t 0T 0 o *xxL6°0t *xxC6'0+ N [eioL
= mwh S1°0+ 12°0- =5 - D EIoL
LO0- *xCE0— 60°0— 9C'0+ *¥x6€°0— *xx6P°0— (91ed L 1oyje ayenjyur o) swn)3o]
11°0- **xxLS°0— 80°0— *x*xSP°0+ *xxx6V°0— *%xLS 0~ (OTH Wo ¢°Z aren|ijul o} swn)3o|
600~ L1°0+ *€EE°0+ 80°0— xxxCE0+ €20+ Anoedeo 3uipjoy Jorepm
*x05°0+ S1°0— **xLE0- vco+ **8€°0+ vyC o+ yidop uozuoy v
¥0°0+ *8C°0— y0'0— x0€°0+ 90°0+ 10°0— yidap Bunoor wio)
*xxSP 0+ ST°0+ 120- 9C°0— 10°0> 61°0+ Anqiqenausq
*x8C0— *xx09°0— 00+ *xx5S 0+ *99°0— xx%x£9°0— Ayisuap yng
KAnsioa1p ANSIoAIp KANis1oA1p Ans1oA1p Ans1oAIp ANs1oA1p
Mmo] ysiH MO Y31y Mo ySiH
d d1qeoenxg/) oL, (8y/3w) suoydsoyd sjqeroenxyg (8%/8wr) uoqre) [e10, £1adoxd [log

‘(S = u) snuoydsoyd 3jqejornxa 0] uoqred [ejo} Jo onel JyIom

a1 pue ‘snioydsoyd sjqeoenxa ‘uoqies [e10) pue sonsadoid 10 Pajoajas uIIMIAq sdiysuoneal ay) 10 SHUIIDIJJ0D UOHR]OLIOD) °Q dqe



‘KjoAnoadsal ‘s[aAs] 100°0 PU® ‘100 ‘S0°0 341 18 JUBOHIUTIS yyx ‘xx ‘%

I1€0— €S000°0+ 69€00°0— S0°0+ 1¥000°0+ CTE€000°0— (4 (a1p m0T) d AIp YSTH < d AIp MO
20°'0— 081000+ 1610070~ €0°'0+ 9€000°0+ T€000°0— ve (A1p Y31H) d AIp Y3IH <d AIp MO
9C2°'0— 0LO00'0— LLEOOO— *xSS°'0—  €2000°0— 68000°0— ]9 (A1p mO) d Alp MOT < d AP Y3IH
+xx€8'0— S6€00°0— 1L900°0— *xx.8°0— 160000~ I¥100°0— 0€ (A1p Y31H) d Alp MOTT < d AIp Y3IH
IT°'0— T6000°0— €1200°0— *8C°0— 10000°0— 6+000°0— 129 AyIsIaAIp MO [V
*xxLS'0— 88100°0— I¥00°0— *xx09'0—  1$000°0— 160000~ vs Ans1oalp ysny ||
d d1qeenxd/) oL
80°0+ TTTOO'0+ 9S100°0— 20°0+ T€000°0+ 0€000°0— e (A1p mOT) d AP YSTH < d AIp MO
I1T°0+ 000100+ LSE000— 10°'0— <TZ100°0+ 81000~ 1 {4 (A1p Y31H) d AIp Y31H < d Alp MO
Z1'0+ 001100+ 6LS00°0— ve'0+  €9200°0+ 010000~ o€ (A1p MOT) d AIp MO <d AIp YSTH
x9S0+ 001100+ €82000+ xxxPL’0+  CST00°0+ 0CI00'0+ o€ (a1p y31H) J AIp MO < d Alp Y31H
80°0— 9S100°0+ 8LTO00- 20°0+ 8€000°0+ t€000°0— 129 ANISISAIp MO] [V
+xxSV°0+  80800°0+ 1€200°0+ *%x65°0+  C8100°0+ L0000+ 123 Ans1oalp y3uy [
(33/3w) g 3[qE0enYd
1 Joddn Iomoj 1 Ioddn Iomoj u
(O%H wo gz Aenjyui o awn)3o] Ayisuap ying

"auwn uonen|iyul 1o A)suap YInq Jios pue (d 3|qeoenxy /D [E10L)
oner ySom ay ‘snuoydsoyd sjqeroenxa usamiaq ‘aul] Yy Jo adojs 9y JO SHWI| IOUIPIJUOD %G6 PUR “SIUIIOIJJ0D UOHB[ALIOD */ dqeL



O 00 9 O i Hh WD =

W W W W W W W NN DD NN [ S I N T N R S e e o e T e T T S Sy ey
O\Ul-hwN'—‘O\OOO\)O\M-QBN'—-O\DOO\IO\UIAU)NHO

'Figure Legends
Figure 1. Relationships between soil extractable phosphorus (0-20 cm) and bulk density (0-7.5
cm). Slopes followed by the same letter are not significantly different (P < 0.05).
Circles: All high diversity, (BD) = 1.12 + 0.00128a X (extP), r = 0.55*** (pictured).
Triangles: All low diversity, (BD) = 1.25 + 0.00002b X (extP), r = 0.02NS (pictured).
High div P> Low div P (High div): (BD) = 1.02 + 0.00186a (extP), r = 0.74***_ n =24,
High div P > Low div P (L ow div): (BD) = 1.19 + 0.00127ab X (extP), r = 0.34NS, n = 30.
Low div P > High div P (High div): (BD) = 1.25 - 0.00003ab X (extP), r < 0.0INS, n = 24.
Low div P > High div P (Low div): (BD) = 1.22 + 0.00001b X (extP), r = 0.02NS, n = 24.

Figure 2. Relationships between soil extractable phosphorus (0-20 cm) and Log(infiltration time in
seconds). Slopes followed by the same letter are not significantly different (P < 0.05).

Circles: All high diversity, (Log time) = 1.37 + 0.00519a X (ext P), r = 0.45*%** n =54
(pictured).

Triangles: All low diversity, (Log time) = 2.00 — 0.00061b X (extP), r= 0.08 NS, n = 54
(pictured). _

High div P> Low div P (High div): (Log time) = 1.07 + 0.00674a X (extP), r = 0.56**, n = 30.
High div P> Low div P (Low div): (Log time) = 2.01 + 0.0026ab X (extP), r = 0.12 NS, n = 30.
Low div P> High div P (High div): (Log time) = 1.64 + 0.0033ab X (extP), r = 0.2INS, n = 24.
Low div P> High div P (Low div): (Log time) = 1.56 + 0.0003b X (extP), r = 0.08NS, n = 24.

Figure 3. Relationships between the weight ratio (total C/extractable P) and bulk density. Slopes
followed by the same letter are not significantly different (P < 0.05).

Circles: All high diversity, (BD) = 1.39 - 0.00066a X (totC/extP), r = 0.59%** n = 54,
Triangles: All low diversity, (BD) = 1.31 -0.00025ab X (totC/extP), r = 0.28*, n = 54.

High div P> Low div P (High div): (BD) = 1.46 — 0.00116¢ X (totC/extP), r = 0.87*** n =30
(pictured). '

High div P> Low div P (Low div): (BD) = 1.43 — 0.00056ab X (totC/extP), r = 0.55%* n =30
(pictured).

Low div P > High div P (High div): (BD) = 1.24 + 0.00003b X (totC/extP), r = 0.03NS, n = 24.
Low div P > High div P (Low div): (BD) = 1.22 + 0.00004b X (totC/extP), r = 0.05NS, n = 24.
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Figure 4. Relationships between the weight ratio (total C/extractable P) and bulk density. Slopes
followed by the same letter are not significantly different (P < 0.05).

Circles: All high diversity, (Log time) = 2.56 — 0.00315ab X (totC/extP), r = 0.57*** n = 54,
Triangles: All low diversity, (Log time) = 2.07 — 0.00060a (totC/ extP), r = 0.1INS, n = 54.
High div P> Low div P (High div): (Log time) = 2.90 — 0.00533b X (totC/extP), r = 0.83*#¥* p
= 30 (pictured).

High div P> Low div P (Low div): (Log time) = 2.61 — 0.00153a X (totC/extP), r = 0.26NS, n =
30 (pictured).

Low div P > High div P (High div): (Log time) = 1.86 — 0.00009a X (totC/extP), r = 0.02NS, n

=24,

Low div P > High div P (I ow div): (Log time) = 1.85 - 0.00158a X (totC/extP), r = 0.3INS, n=
24.
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SOIL BULK DENSITY (0-7.5 cm)
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LOG(TIME TO INFILTRATE 2.5 cm WATER)
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SOIL BULK DENSITY
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