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ABSTRACT 

I n t e n s i v e  p o t a t o  p r o d u c t i o n  o c c u p i e s  m u c h  o f  t h e  

s l op in g  arable  land o f  P r i n c e  Edward  Is land,  Canada,  

and i s  at  t h e  c e n t e r  o f  s o i l  e r o s i o n  c o n c e r n s  in  t h i s  

p r o v i n c e .  C o r r e c t i v e  c o n s i d e r a t i o n s  h a v e  t u r n e d  

r e c e n t  a t t e n t i o n  t o  m u l c h i n g ,  b u t  t h e r e  i s  l i m i t e d  

k n o w l e d g e  o f  i t s  w o r k a b i l i t y  or  e f f e c t i v e n e s s  in p o t a t o  

s y s t e m s .  This  s tudy  l o o k s  a t  the  e f f e c t  o f  m u l c h i n g  o n  

s o i l  l o s s  f r o m  p o t a t o e s  g r o w n  on  s t a n d a r d  e r o s i o n  

p l o t s ,  and  e x a m i n e s  a r e l a t i v e l y  s i m p l e  a p p r o a c h  t o  

a s s e s s i n g  sof t - surface  sp la sh  d e t a c h m e n t  ( s p l a s h  ero -  

s i o n )  u n d e r  m u l c h - m a n a g e m e n t  s y s t e m s  w i t h  p o t a -  

t o e s .  T h r e e  s i z e s  o f  sp lash  cup (25 ,  50, and 100 m m  in 

d i a m e t e r )  w e r e  u s e d  u n d e r  s i m u l a t e d  rainfal l  at  150 

m m . h  -1 for  10 m i n u t e s  t o  m e a s u r e  sp lash  e r o s i o n  o n  

p o t a t o  p l o t s  under  m u l c h - m a n a g e m e n t  s y s t e m s  which ,  

r e s p e c t i v e l y ,  l e f t  sur face  c o v e r a g e  o f  ~ 5%, ~ 15%, and 

~ 20%. T h e  l o w e s t  s t r a w  c o v e r a g e  g a v e  up  t o  56% 

m o r e  e r o s i o n  than e i t h e r  o f  t h e  t w o  h igher  c o v e r a g e s .  

T h e  2 5 - m m  s p l a s h  cup y i e l d e d  14% m o r e  s e d i m e n t  

sp lash  than the  100-mm sp lash  cup on  the  bas i s  o f  un i t  

s u r f a c e  a r e a  o f  s o i l  in  t h e  s p l a s h  cup ( u n i t  a r e a ) .  

R e g r e s s i o n  m o d e l i n g  o f  un i t -area  sp lash  aga ins t  s t r a w  

c o v e r  s h o w e d  an e x p o n e n t i a l  d e c a y  in sp lash  de tach-  

m e n t  w i t h  i n c r e a s i n g  s t r a w  c o v e r .  On t h e  e r o s i o n  

p lo t s ,  so i l  l o s s  w i th  m u l c h i n g  w a s  ha l f  o f  w h a t  i t  w a s  

w i t h o u t  mulch ing;  and  s o i l  w a t e r  r e t e n t i o n  w a s  5% 

g r e a t e r  w i t h  mulching .  

INTRODUCTION 

Sur face  mulch ing  is one  o f  the  mos t  cos t  e f fec t ive  
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means of crop residue usage against  soil  erosion in annual 

row-cropping on sloping lands (Dickey et al. 1985; Shelton et 

a/. 1995). Thus, mulching management  is the basis of  a resur- 

gent soil conservat ion ethic in much of  the  USA (Shelton et 

al. 1995). It makes  use of crop residues and is not  limited by 

field conditions. In Prince Edward Island (PEI) where annual 

row-cropping is dominated by potatoes,  mulching is strongly 

p romoted  based  on the results  of local  scientif ic research  

and field observat ions (Edwards et al. 1995). 

As o b s e r v e d  by  Shel ton et  al. (1995), the  concep t  of  

mulch managemen t  and associa ted  ti l lage is new to many 

farmers. In many cases, farmers expect  to get full soft-pro- 

tec t ion benef i t  of  a given quant i ty  of  appl ied  mulch  af ter  

tillage. Only no-till systems approach  this ideal (Shelton et 

al. 1995). Fo r  crops  like potatoes,  which do not  easily adapt  

to surface mulch application after the main crop is planted 

and where some form of mulch usage is perceived as benefi- 

cial, it would be useful to have some ready and demonstrable 

measure  of  the effectiveness of  soil conservat ion  manage- 

ment  systems that  are farmer friendly. 

Measurement  of  soil conservation effectiveness can be 

accomplished using natural  erosion plots  (Wischmeier and 

Smith 1978) or  simulated-rainfall  field plots  (Meyer 1965). 

Both methods have been used in PEI for direct measurement  

of soft loss in potato production (Burney and Edwards 1994b; 

Parsons et al. 1994); but  these methods exact  much time and 

labor. Where the required resources  or  condit ions are lim- 

ited, s imple techniques such as splash measurements  may 

provide beneficial  relative information and demonstrate  the 

effectiveness of specific management  practices.  The authors 

recognize the difficulty of translating splash data into farmer- 

friendly, soft-loss information, but  we consider  it useful for 

purposes  of  ranking t reatment  effectiveness. 

Splash detachment  of  soil by raindrop impact  is a major 

factor in soft-surface disruption on cultivated farmland. It is 

a motivating effect for sediment product ion on interrill areas 
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(Meyer et al. 1975; Foster 1982) and can be a major cause of 

crusting. Splash detachment is implicated, therefore, in inter- 

rill erosion and in the extent of  runoff from crusting soils. 

Because of its pivotal role in the erosion process, variations 

in splash detachment could be justifiably estimated relative 

to soil-surface conditions (Govers 1991). 

Quantitatively, splash (interrill) erosion is commonly  

defined for bare soil by the equation (Schwab et al. 1993): 

D i = K i i ~ Sy (1) 
where: 

D i = interrill erosion rate, kg-m~.s ~, 

I~ = intelTill erodibility of  soil, kg~176 ~, 
i = rainfall intensity, m~ -1, 

Sf = slope factor = 1.05 - 0.85 e ~ 0, and 0 

= slope angle in degrees. 

Increased  mulch  coverage  reduces  splash  eros ion  

(Schwab et al. 1993) exponentially with increasing ground 

coverage (Mati 1994) and this effect may be incorporated in 

Equation 1 through mutiplication by a crop-management fac- 

tor, Ct, where C i < 1 (Burney and Edwards 1996). Mulching 

works by reducing splash detachment and subsequent trans- 

port; it also intercepts the splashed soil, thus limiting its tra- 

jectory movement (Schwab et al. 1993). 

Splash erosion measurement  is versatile and, as accom- 

plished in the present study, splash studies can be readily 

superimposed on existing (host) field experiments. Measur- 

ing equipment range in size and complexi ty f rom splash 

traps (Mati 1994) to splash cups (Bolline 1980; Morgan 1981; 

Poesen and Torri 1988). Splash cups have been used under 

varying research  c i r cums tances  as sed iment  r ecep to r s  

(Bolline 1980; Boiffin 1984; Poesen 1986) or as soil targets 

(Seiler 1980; Morgan 1983) and have been studied in a range 

of  diameters (Poesen and Torri 1988). From these, splash 

loss data have emerged, and splash mass funct ions have 

been developed relative to cup size. Most of  this informa- 

tion, however, is limited in its validity or direct applicability 

to PEI soils, and might not  account  for the changes in soil 

surface conditions under  local influences of  climate and 

management. 

The objectives of  the present study were to assess the 

relative effectiveness of  mulching on (i) plot erosion; and (ii) 

splash erosion (splash detachment)  under the systems of  

mulching management most  often used in farm demonstra- 

tions. The first objective was achieved using existing erosion 

plot facilities, and the second, using a target splash cup that 

we designed for this purpose. 

MATERIALS AND METHODS 

The study sites were both characterized by a Charlotte- 

town fine sandy loam (Orthic Podzol) developed on medium 

to strongly acidic glacial till (MacDougall et al. 1988) under 

an average annual precipitation of  1097 mm. The average soil 

C content was 16.0 g C.kg ~ and the pH varied from 6.2 to 6.7. 

Eros ion  P lo t s  

These facilities comprise two sets of three contiguous 

22.1-m-long by 4-m-wide plots bordered at the top and along 

the sides, having a covered flow concentrator  at the lower 

end as described by Burney and Edwards (1994b). The plots 

form par t  o f  a long-term wa te r shed  s tudy (Burney and 

Edwards 1994a) and are used to measure erosion under dif- 

ferent cropping or soil management  systems. The present 

study (1996-1997)--part of  a medium-term natural-amend- 

ments study--util ized two sets (reps) of  three plots (treat- 

ments )  p lan ted  to Russet  Burbank  po ta toes  ( S o l a n u m  

tuberosum L.) in a randomized complete block design. The 

plots had a history of three-year potato rotations with barley 

(Hordeum vulgare L.) and mixed forages, and were under 

two blanket years of potatoes just preceding this study. The 

sets of  plots came as three t reatments  with each rep viz. 

straw mulch, compost,  and a control, but  only the mulch 

treatment was considered for the purpose of this study. The 

mulch material (barley straw) was applied (4 mg .h  -1) by hand 

after the potatoes were planted and before hilling. Planting 

and subsequent field operations followed regional recom- 

menda t ions  for  commercia l  g rowers  (Anonymous  1993; 

Anonymous 1998). Straw mulch coverage, measured by line 

transect after the final hilling operation, averaged more than 

20%. Erosion was measured on an event basis as nmoff  vol- 

ume and sediment dry mass sampled from a sequence of  col- 

lection barrels (Burney and Edwards 1994b). 

Some measurements were made of  soil physical char- 

acteristics related to soil erosion, and comprised water con- 

tent, aggrega te  stability, pene t ra t ion  resis tance,  shear  

strength, and bulk density. Penetration resistance and shear 

strength were measured i n  s i tu  using a penetrometer and a 

torvane (respectively), and bulk density was measured using 

cylindrical cores (80 mm i.d. x 80 ram). Soil aggregate stabil- 

ity, adopted as a measure of soil structure was determined 

by wet sieving. Sampling was done in the spring and fall of  

each year when soil water was at field capacity. Measure- 

ment  p rocedures  were as adopted in an earlier study by 
Edwards (1988). 



2000 EDWARDS, et al.: STRAW MULCH 227 

FIGURE 1. Sec t iona l  v i e w  o f  the  100 m m  d i a m e t e r  sp lash  cup e n c l o s e d  in i t s  hous ing .  

Splash Erosion 
For  the second  par t  of  this  study, we used a splash  cup 

tha t  we  des igned and bui l t  f rom pe r spex  tubing to s t and  

vert ical ly on a pe rspex  base  and hold the test  soil  (Figure 

1). It was  fi t ted with a plug near  the bo t tom to al low satu- 

rat ion or  drainage, and designed with a vee-notch at the top  

to a l low the escape  of  wa te r  f rom the surface of  the soil. 

Three  cup sizes were  used, wi th  d iameters  of  25, 50, and  

100 mm. The cup was  se t  in a meta l  c h a m b e r  (hous ing)  

des igned to contain  all of  the  sp lash  and exclude  rainfal l  

superf luous  to the specif ic  sp lash  test.  The chamber  was  

conical  and made  of  galvanized s teel  sheeting open at  the 

top  only sufficiently (for respect ive  cup sizes) to admi t  the 

adminis te red  rainfall. The sp lash  unit, compris ing cup and 

housing, was about  250 m m  in max imum diameter  and 170 

m m  in height. 

A small  rainfall  s imulator  (Burney and Edwards  1989) 

was used to apply simulated rainfall, and consis ted of a 1 m 

sq f lame subtended by telescopic legs of  1 to 1.5 m tall. The 

frame held a nozzle of the type used by Tossell et al. (1990) at 

the center  (Figure 2). During the splash tests,  nozzle pres- 

sure was 70 kPa, which p roduced  a spray  intensi ty of 150 

mm*h ~. Rainfall durat ion was 10 min for  each splash test. 

The test  soil (original soil) was placed intact  in the perspex 

tubing up to about  20 mm from the top and became the tar- 

get for ra indrops  while the metal  chamber  became the sedi- 

ment  splash receptor.  

Soil samples  were  extracted in August  1995 from a site 

that  was in barley under-seeded to clover for  one year  before 

the initiation of  a mulch management  exper iment  (the host  

experiment)  in the fall of 1994. This exper iment  consisted of 

three replicates of  a randomized complete  block design with 
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FIGURE 2. Ra infa l l  s i m u l a t o r  s e t  up ove r  a sp l a sh  cup e n c l o s e d  in  t h e  hous ing  shown.  

the  following three  t r ea tmen t s  for managing bar ley  s t raw 

mulch: 

i. fall moldboard plowing and conventional spring tillage 

comprising one pass  with discs and one pass  with har- 

rows, leaving approximate ly  5% straw coverage; 

ii. a single fall pass  with a chisel plough, and conventional  

spring tillage, leaving approximate ly  15% s t raw cover- 

age; and, 

iii. a fall and  a spr ing  p a s s  wi th  a chisel  p lough  leaving 

approximately 20% st raw coverage. 

A blanket  application of  barley straw at a rate of  4 t . h a  1 

preceded  tillage in all treatments.  Slxaw mulch coverage was 

es t imated by line quadrat.  Pota toes  were planted in sp~ing 

1995. 

Sampling Procedure 
Soil sampling for splash testing took place during August 

1995 when the soil was close to field capacity. Five samples  

were taken from the top of  the potato rows from each of the 

nine plots  on a diagonal t ransect  using hollow stainless steel 

soil corers. The soft corers  were knife-edged and sized appro- 

priately to facilitate carefifl extract ion of intact soil columns 

and their respective t ransfer  to the perspex cyl inder  of  the 

splash cups without  disturbance. At each sampling station, 

the potato vegetation was carefully cut close to the ground to 

facilitate sampling. 

Splash Testing Procedure 
The splash cups with soil were taken  to a closed labora- 

tory that  housed  a rainfall s imulator  connected to the main 

water  supply via a serf-regulating pump to maintain an even 

water  pressure  to the nozzle. The s imulator  was calibrated 

to deliver  rainfall  at 150 mm*h -1 for which nozzle pressure  

was set at  about  70 kPa at a nozzle exit  height of  1 m. Recal- 

ibrat ion,  to  ensure  cons tan t  in tens i ty  of  appl icat ion,  was  

done after every second run. 

Splash test samples were saturated overnight and drained 

for at least  30 min before splash testing. Duplicate samples  

were randomly selected from each plot  for splash tests. Each 

splash cup was fitted with appropriate chambers and splash 

units p laced immediately beneath the nozzle. The simulator 

was then  tu rned  on for 10 rain. The conten t  of  the sp lash  

chamber  was transferred to beakers  and filtered to secure the 

sediment, which, together with filter paper  of known dry mass, 

was oven dried (105 C) to constant mass. The filter paper  was 

stabilized overnight in a desiccator before and after filtration 

to minimize errors due to spontaneous water  absorption from 
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the atmosphere. Sediment dry mass was used to compute sed- 

iment  yield as mass of sediment  produced per unit  surface 

area of the target (original) soil (in t ,ha  1). 

Stat is t ical  Analys is  

Experimental  data were subjected to analysis of vari- 

ance and mean separation (LSD). Regression analysis was 

done to assess the relation of splashed sediment to (i) splash 

cup diameter  and (ii) s traw coverage. The level of signifi- 

cance used was P<0.05 unless otherwise stated. 

RESULTS AND DISCUSSION 

Erosion Plots 

Soil loss from erosion plots of mulched potatoes was  

only half as much as it was from unmulched (control) plots 

(Table 1). These results confirm a basic expectation (Man- 

nering and Meyer 1963; Singer and Blackard 1978; Foster et 

al. 1985), and are thus not  surprising at any level of agro- 

nomic or hydrologic scrutiny. 

Runoff volume in the present  study was not  affected by 

mulching.  A similar observa t ion  was made in a previous  

mulching study with 0.9-m-long by 0.3-m-wide mini-plots  

(Edwards et al. 1995) where straw was surface-incorporated 

at rates ranging from 2 to 8 t . h a  -1 in the same Charlottetown 

fme sandy loam soil as used in this study. 

Straw mulching afforded a significant increase in soil 

moisture retention, which was 5.3% greater than it was for 

the control  plots. This bears  out  the general  pr inciple  of 

mulching for soil-water conservation (Russell 1973). Dryland 

TABLE 1.--Effect of straw mulching on soil erosion and 

soil physical characteristics of potato plots, t 

Treatment 

Response Sampling Straw Control Significance 
depth (cm) mulch level (P) 

Soil loss (kg.hgLyr ~) 137Co) a 270(a) <0.05 
Runoff (mm.yr ') 24(a) 37(a) N.S. 
Penetration resistance 
(t.m 2) 0-15 5.3(a) 4.8(b) <0.001 

Shear strength (t.m ~) 0 - 15 8.1(a) 8.4(a) N.S. 
Moisture (%) 0 - 15 24 .0 (a )  22.8(b) <0�9 
Aggregate stability (%) 0 - 15 74 .9 (a )  72.2(a) N.S. 

7Standard length (Wischmeier 1976) erosion plots: 22.1 m (72.6 ft) long 
by 4 m wide. 
"Values in the same row followed by the same letter are not significantly 
different. 

TABLE 2.~Straw mulch management: effect of straw cover 

percentage on splash erosion (mg sediment dry 

mass) in potatoes�9 

Straw cover (%) 

-5 -15 -20 

Dry weightt (mg) 202(a) 144(ab) 130(b) 

tDry weight values in the same row followed by the same letter are not 
significantly different. 

potato production in PEI is naturally subjected to some mois- 

ture stress on an approximate five year recurrence interval, 

and mulching has the potential to alleviate the effects of at 

least the lesser of these drier years. 

Of the soil physical characteristics examined, only pen- 

e t ra t ion  r e s i s t a n c e - - a s  a measure  of c o m p a c t i o n - - w a s  

affected (Table 1), and was 15% greater in the presence of 

straw than in its absence.'This might reflect an increased soil 

strength, in terms of vertical resistance, that the straw (par- 

tially incorporated) imparts. 

Splash Erosion 

Straw coverage had a significant effect on sediment dry 

mass due to splash, which was 36% less with 20~ straw cov- 

erage than with 5% straw coverage (Table 2). Tillage was, 

undoubtedly, a major confounding factor in the effect that 

surface straw had on splash amounts, but, at a practical level, 

it forms the basis of the mulch management  systems tested 

and in-use on some farms. 

Splash cup size (diameter) had a significant effect on 

sediment, and in absolute terms, the largest (100 mm) cup 

yielded twice the mass of sediment as did the smallest (25 

mm) cup (Table 3). However, on the basis of sediment pro- 

TABLE 3 . - ~ t r a w  mulch management: effect of  splash cup 

size ( m m  diameter) on splash erosion (mg 

sediment dry mass) in potatoes. 

Splash cup diameter 

Large Medium Small 
(1O0mm) (50ram) (25ram) 

Dry weightt (mg) 220(a) 156(ab) 100(b) 

tDry weight values in the same row followed by the same letter are not 
significantly different. 
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FIGURE 3. S e d i m e n t  in  sp lash  as  a f u n c t i o n  o f  sp lash  cup d i a m e t e r  for  varying s t r a w  cover .  

duced per unit of target (soil surface) area, the largest splash 

cup yielded only 14% of that from the smallest cup, and 35% 

of that from the mid-size cup (Table 4). 

Sediment splash per unit area was plotted against splash 

cup diameter for each of the straw cover levels and extrapo- 

lated to zero cup diameter to obtain an estimate of point 

losses (Figure 3). These zero splash cup diameter values 

were then plotted as the upper curve in Figure 4. Extrapola- 

tion of this curve to zero cover provides an estimate of the 

soil interrill erodibility, Ki, as given in Equation 1, and is 5.7 

Gg,s ,m ~ for this study. This value is slightly higher than the 

range of 0.6 to 3.5 Gg , s .m ~ fitted by use of the COSSEM 

model (Burney and Edwards 1996) on recorded hydrographs 

and sedigraphs obtained from laboratory and field rainfall 

simulator runs and watershed recordings on the same soil. 

The remaining portion of this upper curve (point loss) in Fig- 

ure 4 indicates an expected exponential decay in splash 

detachment with increasing levels of straw cover. 

PERSPECTIVE 

On the assumption that mulch usage has a place in 

potato agronomy, whether to minimize erosion and soil-sur- 

face crusting or to build soil organic matter, the concept of 

mulch management has to be sold to farmers and appropri- 

ate field practices recommended based on the main compo- 

nents, viz. mulching material and tillage. Adoption of mulch 

usage in potatoes may be determined by how much surface 

cover is ultimately needed in a particular situation. Further- 

more, the level of adoption is foreseen to be limited by the 

maximum quantity of mulching material that is manageable 

by the farmer while achieving or maintaining the desired 
seedbed. 

Since tillage is the other main variable in mulch man- 

agement, any adoption strategy used must consider the lower 

limits of tillage that will provide the required mulch cover- 

age. It is questionable that these lower limits of tillage will be 
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TABLE 4.--Straw mulch management: sediment dry mass 

in tonnes/ha/l O min. for  @lash erosion 

measurements f l v m  three splash cup sizes 

(diameters) under three levels of straw cover 

in potatoes. 

Straw cover Splash cup diameter (mm) 

(% area cover) 100 50 25 

5 0.29 c,a 1.17 b,a 3.12 a,a 
15 0.28 c,b 0.64 b,b 1.73 a,a 
20 0.27 c,b 0.58 b,b 1.24 a,a 

Mean 0.28 c,- 0.79 b,- 2.03 a,- 

x,YDiffermg x values in a given row indicate significant cup diameter 
effects: differing y values in a given column indicate significant treat- 
ment effects within each management system. 

acceptable or even practical in a set  cul ture of intensive 

potato cultivation, as in Prince Edward Island. However, the 

cultivation of potatoes is at the center of this province's soil 

erosion problems (Edwards et al. 1998). This puts an onus 

on researchers, extension agents, and all producers to define 

and to adhere to a system of balances or accommodations 

that minimize soil erosion, while allowing high crop output. 

Expanding  marke t  oppor tuni t ies  for potatoes  tempt 

local farmers to relax soil conservation vigilance, or to ignore 

even simple agronomic procedures that are fundamental to 

soil-surface stability. The value of monitoring or assessing 

soil-surface stability is considerable because potato cropping 

under present PEI circumstances could lead to a soil that is 

so degraded by tillage and heavy vehicular  traffic that it 

becomes a structureless medium with little intrinsic value to 
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area 
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the  p o t a t o  plant .  P e r h a p s  t h e  t ime  is r ight  fo r  a re la t ive ly  

s imple  sp l a sh  d e t a c h m e n t  p r o c e d u r e ,  as d e v e l o p e d  in th is  

s tudy  as a d iagnost ic  tool,  t ha t  f a rmers  can u n d e r s t a n d  and  

e x t e n s i o n  agents  can  use  to  gene ra t e  ind ices  o f  soi l -surface 

phys ica l  health.  The e q u i p m e n t  u s e d  here  can  be  a d a p t e d  to  

l abo ra to ry  or  field u se  (wi th  na tura l  or  s imu la t ed  rain).  Its 

ope ra t i on  is, therefore ,  w i t h o u t  limit by s e a s o n  or  wea the r .  
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