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Effect of Mulch Type and Width on Soil Water Potential and Plant
Survivorship in a Semi-Arid Riparian Ecosystem

Abstract
Restoraljon ol riparirn ecos)sleln\ afier long terin ngnculrural practice generall! requircs ihc rc en|blishment of shrubs and
trees. Sinthctic nulche\ e ofien used to enhance cnablishment \ihefe natural rainfall is nol al\_als sufllcienr. We cxamined
thc cffccl of plasdc nulch llpe (permeable and non penneable) and distance fro thc ccnter ofthe mulch to the edgc (hall fie
rldth) on soil water potential and plant surlivorship. Penne:rble squares ( 1.8 nr $idc). plus naffolv ( L6 m wide) and $ider ('1
m widel nrips c'f brrlh t)'pes \rere used. ln lhe soil moisture experinent, \\rater Marko scnsors \!ere placed at 10, 10, and 60 cm
depths in each of 12.rperinenlal units in late N{arch 2002. Mulch type had no effect on soil moisture rerenrion. Wide srrip!
held !\,atef longer than nano$ stfips. Seedlings ofponderosa pinc and sro$beffJ \!efe used tbr thc sur!ilorslip experilnent and
rere planted into other mulch \lrips in late Nlafch. Plani\ lvere placcd near |he center of narro$ strips and in lhree Locarions
(center and aboui I m in iiom thc two edges) in r ide \tripr. Survivors w ere cou nted on 3 I August. Survi\ al c'f pondefosa I i ne
and sno$befft $as slgnifican!I,"- greater on ride strips than on narrow srips wider \trips likelv reducc thc number of roors of
\urounding plants that can rcrch lhe stofed water. Under lhe condidons oi the tesr, the best stratcgv for succe\sf-ul restoration of
ponderosa plne and snowbcny is to plani them into $ide nrulch ndps. The type of mulch ras rot impo(ant in this stLrd). rhus
the least  exDensivc mulch r \De should be used.

Introduction

Restoration in ripadan ecosystems afier long telm
agriculture otien requires planting native trees and
shrubs (Swccney et al. 2002). Restomtion ofnative
t ree '  lnd  shntb .  in  .cmi -a r id  ( \  u \ ) . lem.  i .  more
successlul u,hen c0mpetition for $,ater is rcduced
(Ross and Walstad 1986). Hand removal ofcom
petitive plants within a0.6 m radius around plantccl
ponderosa pine (Pinus pozrlerosa) was necessary
for establishment in a grassy area in Idaho (Cleary
et al. 1978 ). Hand removal of competit ive plants
ir n,rt l i l ,elr t, '  iL,ntrol rhi,,,om ou: (omperir r\
and does not providc long-term control. Chemical
control of competitive plants improves the vigor
of planted trees in forcst ecosystem! (Cleary et
al. 1978). While chemical control is succcssful,
there is the dsk that residucs can enter stream
watcr (Abu-Hamdeh and Abu-Qudais 2001).
Thu. .  hc rb ic ide  usc  is  rc . t r i . teL l  in  r ipar ian  zones
(Oester2000) anddepends on the distance to water.
Plastic mulches provide long-term (5 to 7 ycars)
control of competitive vegetation (Atchison and
Ricke 1996: Bond and Grundy 2001) and can be
used ncar $,ater.

LAuthor to $hom con!spoDdence \hould be addressed.
Emai l :  s l ink(atr ic i t ! . r  !u cdu
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Plastic mulches suppress weeds (Abu Hamdeh
and Abu Qudais 2001) and reduce the evapora-
tion ofwater (Li et al. 1999, Jin et al. 1999) from
scmi-arid soils (Fisher 1995). Various plastic
mulch types (Geycr 2001 ) and widths are used
to improve the success of shrub and tree plant
ings (Adams 1997; Bendfeldt et al. 200I ). Plastic
mulches vary in their permeabil ity to water and
air depending on pore size and density. Pennc-
able rnulches are nore commonly used because
they promote infiltration of precipitation and al
low fbr significant air exchange. Non-permeable
plastic mulches do not allow water to infiltritte
directly through the mulch. but prccipitation can
be directed to planting holcs. Non-permeable
plastic mulch is commonly used in agriculture
applications in dry climatcs to direct prccipitation
to plantings (Fishcr 1995). Plastic vapor traps are
used to direct water to plantings in dry clinates
(Munshower 1993). Non-permeable plastic nulch
may also increasc the risk ofpathogenic inf'ection
because ofhigh humidity and the lack of adequate
air exchange. The risk of pathogcnic infection is
higher in nurseries when plants are subjected to
high huniditv and lack of adequate air exchange
(Dole andWilkins 1999). We tested the hypothesis
that thcre is a dilference between non-permeable
and pemreablc plastic mulch in their abil itv to



restrict evaporative loss of water and their effect
on survivorship of pli inted trees and shrubs.

Mulch sizcs and conligurations range from
narro$ strips to squares to wide strips. Narrow
widths n.ray not offer adequate protection ftom
competitors, rvhile wide strips are ditf icult to
handle (Atchison and Rickc 1996). We investi-
gated the relationship between mulch dimension
(distance tiom the center ofthe mulch to the edge)
and soil water potential and survivorship.

The amount of riparian habitat restored depends
on the suNivo$hip ofplanted trees and shmbs. the
diiiiculty ofapplying tnulch. and the cost ofmulch.
The cost of plastic mulch dcpcnds on type and
size. The purpose of this study $,as to determine
the effect of orulch type and width on seil water
poteDtial and survivorship ofponderosa pine and
snowberry ( Sy mpho r ic a rpos al btL).

Methods

Study S te

The site chosen tbrthe experiment is in the Touchet
River floodplain about 5 km west of Prescott,
Washington. Yearly precipitation is about 375 n]m
(\!'alla Walla County Conservation District 2002).
Thc studics wcrc conducted in a cultivated area
that had recently growD alfalfa (Med icago sdti\'().
The cultivated area contained altalta plus several
invasivc spccies including tumbleweed (Solsola
kali), yellow starthistle (Centarrza solstit ialis),
common mullein (Verbasctrm thapsus). Canada
thistle (Cir.rlimr arvense), bul,\ thistlc (Cir.rim
r.ulgare). mayweed (Antlrcmis crlr14), common
ta\s.\ (To .lcetwn \,Lrlgarc), and burr chervil (Ar-
thriscL!s caucalis).The soil is a silt-loam with few
rocks. The experiment rvas conducted in a field
surounded by trees, of which black cotton$'ood
(Popultrs triclututrpa) was common. The study
area is approximatcly 3(1100 m lrom the river'.

Experimental Treatments

Th.  p l r . t re  n ru lch  used fo r  I rec tments  came in
two widths, narow (1.8 m) and wide (4.6 m).
The narrow non-pcrmeable mulch is a reinforced
polyethylene Layfieldo plastic 0.30 mm thick.
The rvider non pemeable mulch is a rcinforced
polyethylene Brento plastic also 0.30 mm thick.
The perrneable mulch is a black woven polypro
pylene Lumiteo plastic 0.,16 nm thick (Atchison

and Ricke 1996). In this experiment perneable
squarcs. plus naffow and widcr stfips ofpcnncab]e
and non-pemeable types were used. The nulches
were rolled onto the soil surface. uncultivated
tbr at lerst one yeat with soil phced along the
edges for stability. After placement in the field.
the dimensions above ground were about L8 m
fbr the squares, L2 m x 1 8.8-20 m fbr thc narrow,
and,+ x 9 12 m for the \\"ider stdps. For anal]'sis,
mulch dimension is defined as the distance to soil
water potential sensors from the nearest edge of
the mulch. For example, nafio\\ 'slrips thal arc
1.2 m rvide have a mulch dimension of 0.6 m.
In the soil water cxperiment! two rcplicates ol
each nano* mulch type, two each of the square
and rvide perrneable mulch type. and one of the
wide non-pemreable mulch were used along u'ith
three no mulch controls totaling 12 experimen-
tal units. In the suryivorship expedment four
permeable narrorv, four pcrmcablc widc, thrcc
non perneable nanor'. and three non permeable
wide strips were used. The experiment began in
thc third week of March 2002 with the random
placement of mulch.

In the soil moisture experiment Water Marko
soil moisture sensors (Shock et al. 1993) were
placed at 10. 30, and 60 cm depths in each of
experimental units between the 23rd and 26th of
March. Each sensor \r 'as placed in its own hole
about 25 cm from the adjacent sensor. Sensors
were placed in a line neiu the niddle ofeach strip.
Thc holc was crcatcd using a 2.54-cm diamctcr
rod pushed down to a few cantimeters above the
desiled depth. The sensor was then placed in the
hole and pushed through the remaining soil with
a pipc that llt the end of the sensor. This fomrs a
tight seal between the sensor and the soil. Breaks
in the rnulch around the soil sensor holes were
sealed with Silicon Sealo. Soil temperature used
to calculatc soil $,atcr potcntial was mcasurcd on
top of each sensor u'ith thermocouple wrre.

Ponderosa pine and snowbeny were used tbr
the survivorship cxpcrirncnt. Plants wcrc raisccl
in a nursery in tubes ftublings). In late March.
plants $ere placed near the center of the narrow
sffips and in three locations (center and about I m
in fiom the two edgcs) in thc widc strips. Plants
were planted about 1 .2 m apart in all mulch treat-
mcnls. Ponderosa pine plants were less than 50
cm tall and snowberry plants were less than 20
cm tall on 23 April.
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Soil watcr potential obsen'ations were takcn in the
late afternoon on 30 March. 23 April. J9 May, 29
June. 2l July, ancl29August. Soilwaterpotential
datl $ ithin each experimental unit were averxged
across dcpths. The init ial count of plants for the
sun'ir,orship experimcnt was done on 23April. The
count of survivol's was done on 31 August.

Analvses were done using JMP version 5, soti-
\\'are (SAS Institute, 2002). Analysis of variance
(ANOVA). rcgrcssion with the lack of f it test,
the Tukey-Kramer HSD test, and Student s t-test
rvere used 1o conrpare treatments and means. Enor
tenns iue one standard crrorofthe mean. Statistical
significance is set at the P = 0.05 lcvcl.

Results

So Vloisture

Thc rclation between average soil watcr potential
and tine. the square of time, mulch dimension,
and the interaction between time and mulch di-
mension was significant (P< 0.001) byANOVA.
Thc squlre of t ime accounts for curvature in the
relation between soil water potential and time
(Figurc 1). Mulch type had no significant clfect
on soil \\"ater potential (Table 1).

TABLE l. Thc citucr ol rilne, mulch type (pcrmcable. non-
permcablc). mulch dinlemsion, and thc inrlaclion
betwccn limc and nulch dimension on soil $ater
potential.

r ime (days)

Figurc 1. The relation bet$een lime since lhc llrst re.rdirg
ol] \{arch 30. 2{l0l and mean (across dcplh and
mulch l,""pc) \oil $arer potential 1or control (no
nNlch) and lhrcc mulchdimensions defined b,v ihe
drnancc lioln lhe soil noistufe sensor to the nearcst
cdgc ol lhe mulch. Bars lr|e one standard crror of
thc l11c!n.

336 Link and Bo$'er

. l l .16 <0.0001

29.93 <0.0001

16.87 0.0001

21.11 <0.0001

0 .13  0 .7159

Becausc there u,as no differencc between
permeable and non-permeable mulch types on
soil water potential. these data were pooled to
examine the rciation between mulch dimension
and soil water potential over time. Control plots
(dimension zero) bcgan to dry earlier than mulch
plots. By day 9 | (29 June), control plots had dried
to -100.,+ t 24.9 kPa (n = 3), significantly drier
than all mulch plots (-23.2 t 1 .6 kPa. n = 9) by the
Tukey Klamcr HSD test (Figure l). By day 1,14
(29 August), square (0.9 m) and narrow (0.6 m)
mulch plots were as dry as the control plots with
a pooled soil water potential of -l 55.:l I I 5.5 kPa
(n = 9) by the Tukcy-Krarner HSD test (Figurc 1).
The widenrulch plots (2 m) remaincd wet at-24.6
I L9 kPa (n = 3) on day 144 (Figure 1).

The effect of mulch dimension on soil water
potential became sbonger as the season progressed
(Figure 21. There v",as no linear relationship befbre
June 29. On 29 June, the relation lsoil water po-
tential = ( 29.8 t 2.17) + (5.8 t 1.68) dimensionl
was significant (t '  = 0.63, P = 0.0103.). On 2I Jul),

0 . 5  1  1 . 5  2

Dimension (m)

Figure 2. The relaljon belween nulch d imen sion (thc di naDce
liom thc soil noisture sensorto rhe ncaresl cdge of
thcmulch) and soil rvrter poienti al $ hcn soils \r ere
drying. Bars are one srandard error oflhe mern.
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the relation [soi] $'ater potential = C65.1 a I | .82)
+ (22.3 ! 9.11) dimensionl was also significant
0r = 0,16. P = 0.0.1,19). The diflerence between
these tu o slopes was not signiiicantly different
from zero. By 29 August, the relation lsoil \\,atcr
po ten t ia l  =  ( -213.1  t  30 .16)  +  (94 .6  t  23 .32)
dimensionl renrained significant (r: = 0.70, P =
0.00.18) with the dit'ference belween the slope
and that of 2l July, significantly differcnt fiom
zero. On all three dates. the lack-of-lit test lbr the
linear model was insignificant indicrting that the
IineeLr rnodel is adequate. Thus. as the summer
progrcsscs and cvaporativc dcmand increases, the
effect ofmulch dimension on soil water potential
bec0mes stronger.

Survivorship

The inil ial count of pondcrosa pinc rangcd from
.1 to 32 individuals in each plastic mulch strip.
Survivorship ofponderosa pine ranged l'rom zcro
to 94 Tr depending on mulch dimension. The ini
t ial count of snowberry ranged tiom 6 to 12 with
sun'ival ranging from I I to 100% depending on
mulch  d imens ion .

The effect of mulch dimcnsion ancl typc on
survivorship was terted $'ith ANOVA tbr both
species. There was no effect of nulch type on
ponderosa pine or snowberry suruivorship, thus
mulch type data were pooled. Survivorship ofboth
ponderosa pine and snowberry were signilicantly
grerter on wide than on narrou' mulch (Table 2).
Sur-r''ivorship of sno*bery is about twice that of
pondcrosa pinc.

- l :AtsLE 
2.  Ihe ef fect  of  mulch dimenr ion on mean ?

surr ivorshjp (1 \c.  . )  of  pondcro\a pinc and
sno$bcrrv.

Mulch Ditndtsi tntl
).lafro\i (0.6 m) \Vide (2.0 m)

Soils dried through the period with control
plots drying laster than thosc covered by mulch.
This is expected bec use plastic mulch leduces
moisture loss by reducing evaporation (Atchison
and Rickc 1996) andby reducing water lostthrough
sunounding plants. The increased rate of watcr
lo . .  l r  m lhe  nr  rmu l (h  (un t ro l .  i \  due .  in  p r r t .  lo
the presence ofnumcrous carly successional plart
species (Larcher 1995). There was no el' lect of
mulch typc on soil watcr potential. The per-meable
and non-permeable plastic mulches used in this
study have the same net elfect on soil watcrbalance
even though the nrater-ii,rls difler in their perme
abil ity to water. Thc width of mulch had a strong
effect on soil water potential. Wide rlulch strips
can keep roots of surrounding plants au,ay from
stored moistule. A1l mulch strips were sunounded
by green vegetation that \\'ai taller than vegeta
tion further away fron the mulch edge withoul
access to the waler slorcd undcr the nrulch. The
linear relation between dimension and soil water'
potential suggests thrt a plastic mulch dinension
of 2 m is needed to eliminate watcr loss in this
environment. A better estimate of the minimal
mulch dimension needed to prevenl wiltcr loss
would requ ire investigations between 0.9 and 2 m.
The true form of the lelation may be curvilinear
with a minimunr dimension less than 2 m.

There was no eft'ect of mulch type on surui
vorship of pondelosa pine or snorvbcrry. Given
that there was no eflect of mulch type on soil
water potential there may bc no dit'lbrence be-
tween the mulch types fbr the risk ofpathogenic
loss of plants. Non permeable mulch had holcs
whcre thc plants were placed that llray allow lbr
suflicient exchange of air to reducc thc risk of
pathogens. More experineltation is required to
detcrminc i l ' thcrc is any risk of pathogenic loss
of plants placed in non permeable mulch in dry
climates. We did not attcmpt to positive ly identif_v
the cause ()f death.

Survival of both species in wide mulch strips
was much grealerthan in nanow strips. Survivor-
ship ofponderosa pine in nanow strips was only
16.77r. Plastic mulch needs to be wide enough to
keep roots ofplanrs growing along the edge fronr
accessing watcr nctu thc transplant. The recom-
mended d imens ions  (1 .2  x  1 .2  m)  o f  p lan t ing
squales in Manhattan, KS (Atchison and Ricke
1996) is eclual to a distance of 0.6 m fron the
midL l l c  lo  rn  eJCe.  Th i .  i .  the . . rme J imen. ion  l .

Ponderosa plne l6.1 1 1.77.  7
Sno$ben) 35.1 t  9.78. .1

50.3 18.,11. 7 0.003.1
98 .1 t1 .67 .5  <0 .0001

Discussion

The main findings ol'this study wcrc that plastic
mulch type had no efl-ect on soil water potential
or survival and that there is a lineal relationship
between mulch dimension and soil water potential.
Plant survivorship rvas signilicantly greater on
rvide conpared to narrow mulch.
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thc na-rro$ strips in ourexpedmcnt.In the semi-add
climate of Prescott. WA, tbe optimal dimension
of plastic mulch is between 0.9 and 2 rn. The
smaller dimension for Manhattan may be adequate
becru .e  o fg rca ter leur l )  (760 mm )  p rcc i l i ra l ion
(Geyer 2001) while a larger dimension is needed
in the lower (375 mm) precipitation of Prescort.
It is likely that the optimal dimension of plastic
nrulch depends on yearly precipitation.

Non-permerble plastic mulchcs cQuld have
the advantage if plants are placed in formed
depfessions so that water can be directed to the
transplant. Using non-peImeable mulchesformed
to dircct \\'ater to the transplant may also reduce
t h e  I n i n i r n u m  n r u l L h  ' i z e  n e e d e d  r o  o p r i m i z e
survivorship in dry clinates.

Under the conditions ofthe |cst, the best strat
egy for restoration success ofponderosapine and
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snowberry is to plant thcm into 4 m wide plastic
mulch stdps. Wide strips retained soil water Ionger
than narrow strips. The optimal width of plastic
mulch likely depends on yearly precipitation. The
type of mulch was not impofiant. thus the least
expensive mulch type should be used. The least
costly method ofrestoration will be a function of
material and the survival of transplants.
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