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Abstract.This study compared various conventional and alternative orchard groundcover management systems (GMSs)—
including a crownvetch “living mulch” (CNVCH), close-mowed (MWSOD) and chemically growth-regulated (GRSOD)
sodgrasses, pre-emergence (NDPQT) and two widths of postemergence (GLY1.5 and GLY2.5) herbicides, hay-straw
mulch (STMCH), and monthly rototillage (tilled)—during 6 years in a newly established appleMalus domesticaorkh.)
planting. Trunk cross-sectional area and fruit yield were higher in STMCH, GLY, and NDPQT, intermediate in tilled,
and lowerin GRSOD, MWSOD, and CNVCH treatments after 5 years. Despite N and K fertilizer applications, extractable
soil N and leaf N concentrations were reduced under MWSOD and GRSOD, and soil K, P, and B concentrations were
greater under STMCH. Leaf K concentrations were usually highest in STMCH trees, even when heavily cropped; leaf K
declined below the sufficiency range in GLY, NDPQT, and tilled trees as they began to bear fruit. Leaf Ca was marginally
deficient in all trees and was unaffected by GMS. Foliar Mn, Zn, and B concentrations declined rapidly in all treatments
during 2 years without micronutrient fertilizers. Leaf Cu was higher in herbicide and tilled treatments where seasonal soll
water content was intermediate (22% to 27%) and lower where soil was very wet or dry for most of the 1988 growing
season. Multiple regression analysis indicated that leaf N and B and soil organic matter in 1990, and mean soil water
content during the unusually dry Summer 1988, were the best predictors of fruit yield in 1990. Phytophthora root rot and
meadow vole depredation were serious problemsin STMCH and CNVCH trees. GMSs greatly affected tree establishment,
nutrition, and yield; each system involves tradeoffs among important short- and long-term impacts on the orchard
agroecosystem.

Increasing attention is being paid to orchard floor managemeight different GMSs on soil physical conditions and water avail-
in order to minimize weed competition and bring today’s highbbility have been reported elsewhere (Merwin, 1990; Merwin et
capitalized plantings into full production more quickly. In thal., 1994). In this article we report the portion of this study
humid regions of North America and Europe, herbicided tree ropertaining to tree growth and yield and nutrient availability and
with mowed-grass drive lanes have become the most comraptake during the first 6 years.
orchard groundcover management system (GMS). Past studies
have demonstrated that tree growth, productivity, and nutrient Materials and Methods
uptake during orchard establishment are maximized at least cost by
herbicide GMSs (Haynes, 1980; Hogue and Neilsen, 1987).The experiment was established in a former apple orchard site
Currently, serious questions are being asked about the long-tatithaca, N.Y., which had been without trees during the previous
sustainability of herbicide usage (National Research Counéilyears and was not fumigated before replanting. The soil is a
1989) and the possibility that alternative systems using differéhidson silty-clay loam (mixed mesic Udic Hapludalf) with 2% to
groundcover species or management strategies might prowéeslopes. At the beginning of this study, mean topsoil organic
some of the soil conservation benefits of vegetative ground covagtter content was 53 g-kgnd pH was 5.8. In Apr. 1985, a 70:30
age without excessive weed-crop competition (Skroch and Shribhisture of ‘Elka’ perennial ryegrasd.olium perennel.) and
1986). Several studies of orchard floor management have alswsylva’ creeping red fescuEgstuca rubrd..) was seeded at 50
indicated the need for more information about specific effectskgf-ha® over the entire site with an odena sativd.. cv. Astro)
GMSs on critical factors such as micronutrient availability amdirse-crop. In Apr. 1986, alternate rows of ‘Empire’ and ‘Jonagold’
uptake by fruit trees (Atkinson and White, 1981; Haynes, 19&pple on MM.111 rootstock were planted in augered holes, spaced
Hogue and Neilsen, 1987). In 1985, we initiated a long-term ficddn within rows and 6 m across sod alleyways. GMS treatments
experiment to evaluate the relative impacts of alternative orcharete randomly assigned to strips centered on the tree rows in
GMSs on apple tree growth, nutrient uptake and yield, soil physieaperimental units of eight adjacent trees, in a blocked design (split
conditions and fertility, and the apple pest complex. The effectdgf apple cultivars) with six replications of the following: 1)

CNVCH—a 2.5-m-wide “living mulch” leguminous groundcover
_— of ‘Penngift’ crownvetchCoronillavarial.); 2) GLY1.5—a 1.5-
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(diuron) tank-mixed at 3.0, 2.5, and 0.5 kg a.i. per treated hectaagh plot and composited for determination of foliar nutrient
respectively, each May; 5) MWSOD—the sodgrass mixture of redgncentrations. Leaf samples were oven-dried in paper bags at 90C
fescue and perennial ryegrass, mowed to maintain a height of ®teeach constant weight and ground in a Wiley mill. Nitrogen
10 cm; 6) GRSOD—a 2.5-m-wide strip of the same sodgrasmcentrations were then analyzed by a Kjeldahl procedure. Other
mixture, treated annually in May and July with the growtblements were extracted from dry-ashed samples in ammonium
suppressant 1,2-dihydro-3, 6-pyridazinedione (maleic hydrazidegtate, and concentrations on a dry weight basis were determined
applied at 5 kg a.i. per treated hectare, and a broadleaf seledtimasing aninductively coupled argon-plasma spectrograph (model
herbicide 2,4-dichlorophenoxyacetic acid (2,4-D amine) appli®@5 Plasma Atomcomp with ICAP 61 Update; Jarrell-Ash, Pitts-
at 1.5kg a.i. per treated hectare during 1986—89; beginning in 1886gh). Trees were trained to a modified vertical axe system with
an ultra-low rate of glyphosate (0.2 kg a.i. per treated hectare) wasimal pruning, and fruit were not thinned. Data were subjected
substituted for the previous GRSOD treatment in these plotsi@analysis of variance and multiple regression using the Statview
STMCH—a 2.5-m-wide hay-straw mulch strip 15 cm deep (30 karid SuperANOVA statistical packages (Abacus Concepts, Berke-
tree), renewed annually in May; and 8) tilled—a 2.5-m-wide cledny, Calif.). The treatmemnt year interaction was significant in
cultivated strip provided by rototilling to 10 cm deep monthlynost yearsK < 0.05), while the treatmemt cultivar interaction

May through August each year. was not. For most of the statistical analyses, data for the two apple

Before establishing the experiment, 12 Mg of dolomitic limeultivars were therefore pooled, while treatment effects were
per hectare was applied to the site. During the initial yeajNit  determined individually within years.
was broadcast over the entire orchard floor at the rate of 140 kg N/
hain early June. During subsequent years, supplemental nutrients Results
were provided by foliar application and/or distribution in a circular
pattern beneath each tree. In 1986, K was applied at 56kiilba  Trunk cross-sectional areas (TCSAs) 30 cm above the scion—
at 35 kg-hd, B at 1.7 kg-hd to soil and 0.7 kg-hain foliar rootstock union did not differ at the time of planting or after the first
applications, Zn-EDTA chelate in four foliar applications totallingrowing season in 1986 (Table 1). After the second growing
0.7 kg-hd, and Cu at 0.9 kg-Han prebloom fungicides. In 1987 season (1987), TCSA differed significantly among treatments,
and 1988, N (as NJMO,)was applied at 100 kg-H@0.15 kg/tree), ranking in the order STMCH > NDPQIGLY2.5> GLY1.52
and applications of K, Mg, B, Zn, and Cu were continued tiled > CNVCH > GRSOD> MWSOD. Relative TCSA rankings
in 1986. In 1989 and 1990, N (as NND,) was applied at 167 remained remarkably constant during subsequent years, except for
kg-ha (0.25 kg/tree), but all other nutrient fertilizers were discotrees in CNVCH, which lagged behind others after the crownvetch
tinued in order to better detect the relative impacts of each GEKame fully established in 1987. Relative trunk growth rate
treatment on nutrient availability. (RGR), calculated each growing season as [log(TCOA—

In mid-August each year, soil cores were augered from 0 tol@Q(TCSA, .. )1/0.150 days, exhibited a different trend (Table 1).
and 20 to 40 cm deep in four locations between trees (avoidirigere were no treatment differences in the first year, but in 1987
locations where fertilizers had been applied to soil) in each plot arehtments ranked STMCH > NDPQT = GLY2.5 > GLY%5
composited for analysis. Soil organic matter content was detdled = CNVCH > GRSOD > MWSOD. However, in 1988 the
mined by loss on ignition at 500C for 2h. Soil pH was measuredRGR of trees in CNVCH was significantly lower than all other
a 1 soil : 1 water solution. Soil nutrient concentrations weireatments, which were equivalent. In subsequentyears, there were
determined by extraction in Morgan’s solution at a 1 soil :r® detectable treatment effects on annual RGR, despite the sus-
solution ratio, and analysis by atomic absorption flame spectramined differences in cumulative TCSA.
etry; water-soluble B was extracted by boiling in a 0.125% solution Trees in all treatments produced a few applesin 1988 (Table 1).
of barium chloride (Greweling and Peech, 1965). Because of winter injury to flower buds (attributed to a rapid freeze

In early August each year, four recently matured lateral sho6t—30C in Dec. 1988), there was a negligible crop in 1989,
leaves were removed from different sides of the six center treealthough trees in STMCH and NDPQT produced more fruit. The

Table 1. Yearly increase in trunk cross-sectional area (TCSA), relative growth rate (RGR), and fruit yield per tree from 1986 to 1991 among differe
groundcover management systems (GMSs).

TCSA (cnf) RGR (cnt-day?) x 1000 Yield (kg/tree)

GMS 1986 1987 1988 1989 1990 1991 1986 1987 1988 1989 1990 1991 1986 1987 1988 1989 1990 1991
MWSOD' 5.2 80 137 238 331 444 07 12 16 16 09 0.8 0.10 0.20 9.11 10.02
GRSOD 5.2 84 150 266 369 484 05 14 17 16 09 08 0.04 0.18 8.87 10.51
CNVCH 4.8 96 141 240 325 413 05 20 11 15 09 06 0.12 059 952 8.04
STMCH 52 127 220 376 489 620 07 26 16 16 08 0.6 0.02 269 21.20 10.73
Tilled 50 100 173 308 411 514 05 20 16 17 08 0.6 0.03 0.15 13.79 9.01
GLY1.5 49 103 184 321 413 525 05 21 17 16 07 0.7 0.11 0.54 2085 9.94
GLY2.5 49 110 195 352 452 582 06 23 17 17 07 0.7 0.10 0.30 22.38 10.12
NDPQT 50 111 202 343 442 562 06 23 17 15 07 07 0.23 1.38 21.37 10.00
LSD, X NS 1.2 1.6 3.3 3.6 6.3 Ns 0.2 0.2 NS NS NS NS NS NS 1.00 3.78 Ns

(P<0.05)

“Relative growth rate calculated as [log(TGf — log(TCSA, ;,))/0.150 days, where TCSA, and TCSA, , are values at the beginning and end

of each 150-day growing season, for each successive year.

YTreatment abbreviations: GLY1.5 and GLY2.5 = glyphosate herbicide strip, 1.5- and 2.5-m-wide; CNVCH = crownvetch “living mulch”; NDPQT
= norflurazon + diuron + paraquat herbicides; MWSOD = mowed sod-grass; STMCH = hay-straw mulch; GRSOD = growth-regulated sod; and tille
= rototilled.

*Protected.sp for means of six replicates per treatmests nonsignificant.
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first major crop was harvested in 1990, and fruit production omarvestable crop in 1990, leaf K decreased in the three herbicide
per-tree basis ranked GLYZ2INDPQT= STMCH= GLY1.5 > andtilled treatments, butremained higherin STMCH and sodgrass
tilled > CNVCH = MWSOD = GRSOD. Yields in 1991 were treatments. Leaf Ca was below recommended levels in all treat-
considerably reduced in those treatments that had producedntieats during every year despite preplant liming of the site, and Ca
highest yields the previous year, and there were no differenaptake appeared unaffected by GMS. Leaf Mg concentrations
among treatments. Tree mortality after 6 years in CNVCH amngre lower in STMCH trees, a result we attributed to the elevated
STMCH (14% and 38% respectively) was much greater thaneaf and soil K concentrations in this treatment (Tables 2 and 3).
other treatments, because of root disease caudelytyphthora Foliar concentrations of micronutrients differed among GMS
spp. (Merwin et al., 1992) and depredation by meadow votesatments during some years (Table 4). Foliar Mn and Zn concen-
(Microtus pennsylvanicumyYield on a per-hectare basis in therations were probably confounded by residues of these elements
CRNVCH and STMCH treatments would therefore be lower thanthe dithiocarbamate (EBDC) fungicides applied to the orchard
the per-tree values (Table 1), since trees that died were not inclutigthg 1988. The highest concentrations were observed in CNVCH
in subsequent yield-per-tree calculations. The yield efficiencytoées, which also had the least increase in TCSA (Tables 1 and 4).
trees varied linearly with TCSA—Iarger trees also produced mdétaliar Mn and Zn concentrations declined in all GMSs from 1988
kilograms of fruit per unit TCSA. ‘Jonagold’ trees were larger than 1990, when applications of EBDC fungicides were discontinued
‘Empire’ but the yield efficiency was greater for ‘Empire’; henc 1989. No differences in leaf Fe were observed among GMS
the cumulative yields of both varieties were equivalent. treatments. Foliar Cu concentrations were lower in MWSOD and
Concentrations of essential nutrients and soil pH in the uppeiGRSOD trees during 1987 and higher in GLY, NDPQT, and tilled
cm of soil were affected by GMS (Table 2). Extractable nitrateeees during 1988. Regression analysis indicated that leaf Cu
were greater in tilled and STMCH soil than in the two sodgrassncentrations reflected soil water content averaged over the 1988
GMSs after 5 years. Soil P increased substantially under STM@kgwing season (Fig. 2). Foliar Cu was higher in treatments where
and decreased or remained unchanged under all other treatrggatgmetric soil water content averaged 22% to 27%. Leaf Cu and
from 1986 to 1990. Soil K increased4¥5% under most GMSs, B fell below critical levels in all GMSs during 1989 and 1990, with
but was more than eight times greater in STMCH soil after 5 yedh® cessation of foliar micronutrient applications and the advent of
With the exception of soil Mn and B, extractable concentrationshafavier cropping.
the minor elements generally appeared to be unaffected by GMSThe relationship between yield per tree and selected variables
Soil Mn decreased in all treatments from 1986 to 1990, but vedfected by GMS treatments was analyzed using a backward—
higher under STMCH than NDPQT and GLY1.5 in 1990. Soil #®rward elimination stepwise-multiple-regression model, with F
declined in all treatments when foliar and soil-applied B fertilizets-enter or remove set at 4.0 (Table 5). Twenty-four variables—
were discontinued in 1989 and 1990 (Fig. 1), but there was lesmoluding leaf and soil nutrient concentrations in 1990, soil organic
a decline under STMCH. Soil pH increased by 0.3 to 0.9 unitgtter content in 1990, and average seasonal soil water content
under all treatments from 1986 to 1990, but treatment effects onqaling the 3 years preceding the first harvestable crop—were
were absent (Table 2). evaluated as predictors of fruit yield. Only four predictor vari-
Leaf N concentrations were lower in MWSOD and GRSO&bles—soil water content during the drought year of 1988, leaf N
trees in 1987 and 1990 (Table 3), and were below desired rarage$sB in the current crop year, and soil organic matter content—
in most GMSs during 1989 and 1990 (Stiles and Reid, 19%&jmained in the final regression model. The correlation coeffi-
despite supplemental N fertilization. The hypothetical N-fixatiarients among these four variables were not significah&al.05;
by root nodules of the CNVCH legume was not evident in apple therefore considered them sufficiently independent for mul-
leaf N concentrations during any year. Four-year-average leafgdR regression.
contentwas higherintreesin MWSOD, and GRSOD, intermediate
in CNVCH and STMCH, and lower in tilled and herbicide treat- Discussion
ments, although foliar P concentrations were considered adequate
in all GMSs. Average leaf K values were highest in the STMCH The impacts of grass and legume groundcovers on tree size and
trees during most years, and generally within optimal ranges infalit production in this study confirm previous reports of the
GMSs until the trees began to bear fruit (Table 3). With the fikgitical importance of weed suppression in establishing deciduous

Table 2. Extractable concentrations of nutrients and soil pH in the upper 20 cm of orchard soil after 5 years under different
groundcover management systems, and the changes in extractable soil concentrations of these nutrients from 1986 to 1990.

NO,-N* P @& change) Ki£change) Caf{change) Mg+£change) Mni£ change)

GMS kg-ha kg-ha kg-ha kg-ha kg-ha kg-ha' pH (* change)
MWSOD 6.3 5.7 (-5.8) 209 (+93) 3487 (-100) 396 (-62) 35 (-38) 6.7 (+0.6)
GRSOD 5.4 6.7 (-5.8) 165 (+72) 3114 (-150) 381 (-110) 33 (-29) 6.5 (+0.4)
CNVCH 7.9 6.8 (-0.1) 187 (+85) 3486 (+210) 413 (-47) 39 (-25) 6.7 (+0.5)
STMCH 37.6 28.5(+18.3) 1230 (+1120) 3748 (+645) 409 (—20) 44 (-20) 6.7 (+0.9)
Tilled 53.2 4.7 (-3.4) 188 (+88) 3037 (-90) 357 (-96) 40 (-24) 6.3 (+0.3)
GLY 1.5 8.3 6.4 (-1.2) 201 (+103) 3042 (+370) 373 (-42) 29 (-29) 6.6 (+0.8)
GLY 2.5 16.2 5.0 (-2.8) 216 (+118) 3988 (-200) 439 (-86) 36 (-31) 6.9 (+0.5)
NDPQT 24.6 4.9 (-2.7) 173 (+71) 3297 (+300) 365 (-98) 28 (-39) 6.5 (+0.6)
LSD X 30.1 12.0 (10.4) 163 (158) NS (NS) NS (NS) 10 (NS) NS (NS)

(P <0.05)
ZSoil nitrate-N was not measured in 1986.
YTreatment abbreviations as described in Table 1.
*Protected.sp for means of six replicatess = nonsignificant.
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Fig. 1. Effects of groundcover management system on extractable soil B during twi
growing seasons (1989 and 1990) without B fertilizer applications. Each valu¥

orchards (Atkinson and White, 1981; Hogue and Neilsen, 1987;
Robinson and O’Kennedy, 1978; Welker and Glenn, 1988). The
sodgrass “Companion” mixture in the MWSOD and GRSOD plots
of this study has been chosen by many fruit growers because it is
purportedly less competitive with trees than other grasses, but even
these low-vigor sod species caused N deficits in trees during most
years, despite banded N fertilization at rates up to 166 &grha
regulation of sod growth by chemical rather than mechanical
means did reduce moisture competition with the trees (Merwin,
1991) but did not increase nutrient availability or yield relative to
mowing. The 0.2 kg-harate of glyphosate applied in GRSOD
treatments during 1990 and 1991 appeared promising, because it
provided equivalent grass control without the need for frequent
mowing. The CNVCH “living mulch” was difficult to establish
and required hand-weeding in 1987. This legume groundcover
failed to increase N availability to the trees, exacerbated meadow
qﬁe depredation, and was associated with the lowest tree growth

the mean of six replications per treatment. Columns beneath the same letté#d yield. When we attempted to suppress resource competition
1990 are not significantly differentBt 0.05; none were significantly different and increase root nodule N release in the crownvetch by early and

in 1989.

mid-summer mowing in 1991, the vetch was overrun by several

Table 3. Leaf concentrations (percent w/w) of macronutrients during mid-Aug. 1987 to 1990, and four-year mean foliar concentrations in trees w

N P K

Treatment 1987 1988 1989 1990 1987—3J 1987 1988 1989 1990 19%0,-90 1987 1988 1989 1990 1987-90
(%)

MWSOD? 2.08 243 206 189 212 0.22 0.20 0.17 0.20 0.20 1.61 152 1.44 147 151
GRSOD 214 248 202 175 210 0.20 0.20 0.17 0.19 0.19 155 148 136 158 1.49
CNVCH 238 244 197 196 2.26 0.16 0.21 0.16 0.18 0.18 164 142 136 132 1.43
STMCH 252 226 209 205 223 0.20 0.20 0.16 0.17 0.18 194 200 1.71 153 1.79
Tilled 244 244 194 192 219 0.17 0.20 0.15 0.15 0.17 157 149 137 120 141
GLY1.5 233 245 196 2.02 219 0.16 0.20 0.16 0.15 0.17 160 1.67 1.39 120 1.46
GLY25 244 251 214 210 230 0.18 0.20 0.16 0.14 0.17 160 166 128 119 143
NDPQT 249 248 210 210 2.29 0.18 0.20 0.14 0.16 0.17 162 161 126 114 141
LSDp o.05) 0.23 0.14 0.18 0.17 0.09 0.03ns 0.02 0.03 0.01 0.19 0.17 0.20 0.15 0.11
Optimal rangé 22-24 0.13-0.33 1.35-1.85

“Treatment abbreviations are as described in Table 1.
YProtectedsp for means of six replicates per treatmests nonsignificant.
*Nutrient ranges recommended for apple by Dept. of Fruit and Vegetable Science at Cornell Univ. (Stiles and Reid, 1991).

Table 4. Leaf concentrations (ppm w/w) of micronutrients during mid-Aug. 1987 to 1990, and 4-year average foliar concentrations in trees withir

Mn Fe Cu

Treatment 1987 1988 1989 1990 1987-90 1987 1988 1989 1990 198/-90 1987 1988 1989 1990 1987-90
(ppm)

MWSOD? 52 276 148 48 131 83 91 82 61 79 55 65 48 54 5.5
GRSOD 56 291 137 55 135 83 88 89 62 81 58 6.9 47 48 5.6
CNVCH 47 393 151 47 159 77 98 83 63 80 6.3 54 50 54 5.5
STMCH 72 277 145 54 137 79 80 84 62 76 69 6.0 43 55 5.7
Tilled 58 279 138 45 130 81 94 78 57 77 6.8 74 54 56 6.3
GLY1.5 50 258 164 48 130 79 80 84 62 76 6.2 7.8 49 55 6.1
GLY2.5 49 254 179 45 132 74 81 92 61 77 72 78 53 538 6.5
NDPQT 53 259 162 54 132 76 80 81 69 76 69 76 48 58 6.2
LSD o .05 12 54 NS NS 19 NS 11 NS NS NS 11 08 NS Ns 0.4
Optimal rangé& 50-150 50-350 7-12

“Treatment abbreviations are as described in Table 1.
YProtectedsp for means of six replicates per treatmests nonsignificant.
*Nutrient ranges recommended for apple by Dept. of Fruit and Vegetable Science at Cornell Univ. (Stiles and Reid, 1991).
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weeds, especially quackgraggyfopyron repens.). alization as soil organic matter oxidized after cultivation. As
The differences in TCSA increase, nutrition, and yield betwesgported by Merwin et al. (1994), the soil organic matter contentin
the GLY1.5 and 2.5-m-wide tree-row strips were generally ntilted and NDPQT treatments declined by 18% and 13%, respec-
significant atP < 0.05. However, there was a trend towartively, after 5 years of treatments. The STMCH treatment allowed
somewhat greater growth, nutrient uptake, and yield of trees inétxeellent tree growth, nutrient uptake, and fruit yield. The in-
wider glyphosate band, which is consistent with previous repasteased soil K and P in mulched plots were especially noteworthy
by others (Welker and Glenn, 1985, 1989). A comparison of eqaat consistent with other reports of mulching benefits (Pool et al.,
width strips of pre-emergence (NDPQT) and postemergerd@90; Shribbs and Skroch, 1986a, 1986b; White and Holloway,
(GLY2.5) herbicides indicated no significant differences in tre®67). After 2 years without K fertilizers, the trees in NDPQT and
growth, nutrition, or yield, despite our observations that s@LY plots bearing substantial croploads in 1990 had suboptimal
physical conditions and rainfall infiltration were more favorable ieaf K, while leaf K remained within optimal range in the heavily
the sparse weed-cover of GLY2.5 plots than in the bare soilcobpped trees of STMCH plots and the lighter-cropped MWSOD
NDPQT plots (Merwin et al., 1994). A persistent moss groundad GRSOD trees. These observations emphasize the effect of
cover and annual weed regrowth between herbicide applicationsrivpload on leaf K, and the possibility that soil K availability can
the glyphosate plots appeared to provide some of the soil conbermaximized by straw mulching. However, the straw-mulch
vation benefits of the “killed sod” system described by Welker a@MS was the most expensive to establish and maintain, and tree
Glenn (1988). mortalities caused by phytophthora root disease and meadow voles
The higher soil nitrate concentrations in tilled plots in 1998ere unacceptably high in STMCH plots, despite extensive pre-
apparently did not increase leaf N relative to other GMS treptant site drainage improvements and a rigorous vole control
ments, and probably represented a transient increase in N mipergram. In other sites where meadow voles are less problematic,
and soil texture, drier climate, or both minimize the likelihood of
phytophthora root disease, straw-mulch GMS might provide im-

Table 3 continued portant edaphic benefits.
each groundcover management system. In a comprehensive review of the literature, Hogue and Neilsen
Ca Mg (1987) remarked on the insufficient information about soil man-

1657 1988 1980 1990 1987-40 1987 1988 1989 1990 1oa7_Qgement system impacts on micronutrient supply and uptake in

chards. We observed a precipitous decline in leaf Mn, Cu, B, and
Zn in all GMS treatments during the 2 years without additions of
0.37 these nutrients in fungicides or fertilizers. This indicates the need
0.38 for supplemental provisions of these essential elements regardless
0.38 ©f soil management systems in bearing orchards of the northeast-
0.32 ern United States. Except for the apparentincrease in Cu uptake by
0.39 trees in herbicide and tilled plots with intermediate soil water
0.37 content during Summer 1988, there appeared to be few differential
0.38 effects of GMS on soil micronutrient availability in most years of
7 our study. This elevated Cu uptake may have been related to
enhanced release of complexed Cu from soil organic matter

0.91 1.04 090 1.03 097 040 0.42 0.33 0.32
0.90 1.04 0.83 1.04 095 043 045 0.33 0.33
0.91 099 094 1.03 097 040 0.40 0.37 0.37
0.99 082 0.78 1.11 092 0.36 0.32 0.30 0.32
0.94 1.08 0.78 1.04 096 041 0.44 0.33 0.38
0.92 0.89 0.87 1.03 092 041 0.40 0.33 0.36
0.89 093 0.84 1.00 092 0.39 0.40 0.34 0.36
0.87 092 0.75 1.09 091 040 0.40 0.32 0.37
NS 0.14 Ns NS NS Ns 0.03 0.04 0.03 0.02

1.3-2.0 0.35-0.50 oxidized as a consequence of the more frequent wetting—drying
cycles and soil temperature fluctuations in these GMSs (Barber,
1984; Merwin et al., 1994).
o GLYLS
9 3 CNVCH u
Table 4 continued gs] ¢ NpRQT e ¢
each groundcover management system. O GLY235 . a
ol A mwsop Il
Zn B g + STMCH " * .,
1987 1988 1989 1990 1987-90 1987 1988 1989 1990 1987—%) 751 :g;j;‘; & i
B 7
68 52 24 12 39 72 35 30 31 42 8 65
65 52 22 11 38 71 36 30 31 42 E ’
68 62 24 11 41 73 38 27 29 42 =
66 49 20 12 36 87 35 27 27 44
69 52 23 12 37 72 36 30 30 42 331
79 50 27 13 42 79 35 30 28 43 54
80 51 27 13 43 90 36 30 27 46
79 48 24 13 41 8 36 28 29 44 e e 18 20 22w 5 3% 0 2
NS 6 NS NS NS 12 NS 2 2 NS SOIL WATER CONTENT (%)
35-50 35-50

Fig. 2. The relationship between average soil water content during the growing

season and leaf Cu concentrations in 1988. Regression model (y =—9.41 + 1.38x
— 0.028%) for standardized values was significantPak 0.001, linear and
quadratic trends @< 0.001.
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Table 5. Analysis of variance tabley&ues, and standardized regression coefficients of the four edaphic variables remaining in
a stepwise regression of 1990 fruit yield on essential soil nutrients and organic matter, leaf nutrient concentrations, and yearly
average soil water content under different groundcover management systems during three growing seasons preceding the 1990

crop.
Source df Sum of squares F value Adjusted
Regression 4 30.4 23.6 0.68
Residual 39 12.6

Variables in model Standardized coefficient Partial F value
Mean soil water content, 1988 0.42 18.8
Leaf N concentration, 1990 0.38 15.6
Leaf B concentration, 1990 -0.38 14.9
Soil organic matter content, 1990 -0.38 155

ZFour soil samples were excluded from this regression model because of heavy metal contaminants unrelated to treatments.
YF-to-enter and remove variables from regression modelset using a forward—backward stepwise elimination procedure.
Correlation coefficients between independent variables in model were not signifian0ad5 for 43 df.
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