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Abstract. Conventional and alternative systems for the establishment of apple
trees were compared on a replicated, whole-orchard scale. The alternative
system consisted of a K-31 fescue sod rotation followed by planting of trees
directly into sod that had been killed with herbicide. The conventional
system consisted of a standard corn rotation, accompanied by application of
fertilizer and nematicide. Orchard floor management in the three years
following tree planting was based on the use of both pre- and post-emergence
herbicides in the conventional system, and contact herbicide only in the
alternative system. The study documented tree growth, pest incidence and
nitrate-N mobility in the two systems. The alternative system compared
favorably with the conventional system for the growth and establishment of
four apple cultivars. Many advantages accompanied the killed sod system,
including less subsurface leaching of nitrate-N and lower costs (largely due
to decreased herbicide use). The alternative system provided an economical
alternative to the problem of soil organic matter depletion in conventional
orchard soils, without the increased use of commercial fertilizers. Grower
concerns regarding increased potential for vole damage and poor initial tree

growth were unsubstantiated.

Key words: apples, orchard, rotation, economcs, nitrate nobility, pest

popul ati ons, nenatodes, tree grow h and devel opnent, vol es

I nt roducti on

In the Md-Atlantic appl e-growi ng region conprising Virginia, West
Virginia, Maryland, and Pennsylvania, there are approximately 23,000 hectares
of appl es (Malus domestica Borkh.) currently planted, with fruit for the

processi ng mar ket accounting for approximately 50 - 60% of the tota
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producti on. Because npst processing apples can be marketed with higher |evels
of insect and disease injury than would be acceptable for fresh market fruit,
reductions in pesticide inputs can be a realistic managenent reconmendati on

t hat woul d have substantial positive inpacts on the environment. In addition
risks to human health are of greater concern on processed and concentrated
food than on their parent raw conmodities (National Research Council, 1987).

I ntegrated orchard managenent systens can offer the potential to reduce
i npacts on the environnment and human health with a potential for maintaining
or increasing net incone to growers. This research is being conducted to
conpare an advanced integrated orchard managenment program and conventi ona
managenent practices on a whol e-orchard scale. |In a previously published
paper, we evaluated two rotation crop systens, in replicated plots on a 5.6-ha
site, for their inpact on plant-parasitic nematode popul ati ons, nenatode
bi ocontrol agents, and soil structure and fertility (Biggs et al., 1994). The
goal was to conpare the conventional crop rotation system (corn + nematicide)
with an alternative system (Kentucky-31 tall fescue) that would create a
parasitic nemat ode-suppressive soil prior to planting the apple orchard. The
alternative system exhi bited i ncreased nunbers of nemat ode bi ocontrol
organi sns, higher soil organic matter, and elevated soil fertility (Biggs et
al ., 1994).

The objective of this paper is to describe the growh and establishment
of four apple cultivars followng the two crop rotation systems. Soil organic
matter and fertility, nitrate nobility, tree nutritional status, and pest
popul ati ons are docunented and a cost analysis of the two orchard systens is

conduct ed.

Met hods

Site history and preparation. The study site and rotation treatnents
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have been described previously (Biggs et al., 1994). Briefly, in spring,

1990, the 5.6-ha site was divided into six 0.8-ha main plots with each pl ot
random y assigned one of two treatnments, e.g., conventional or alternative
production practices. A Kentucky-31 (K-31) tall fescue (Festuca arundinacea)
sod, seeded at 28.2 kg of seed/ha, was established in the alternative plots in
May, 1990. The sod was mmintained for two growi ng seasons to increase Soi
organic matter and to favor devel opnent of nemat ode-suppressive soils (denn
and Wl ker, 1989a, 1989b). Conventional plots were disked and planted to corn
in May, 1990 and 1991, and received fertilizer, nematicide, and herbicide
treatnments. In April, 1992, before planting the trees, the sod was killed in
the tree rows of alternative plots with the herbicide gl yphosate (Mnsanto
Corp, St. Louis, M) at 2.3 kg a.i./ha. Alleys in the conventional plots were
planted with K-31 and a herbicide-treated strip 2.4 mw de was mai nt ai ned
under the trees.

Each main plot was divided into four subplots that were planted in
April, 1992, with one of four apple cultivars, 'York', 'Colden Delicious',
"Liberty' (resistant to apple scab), or '"Fuji' on M 26 rootstock. Cultivars
were chosen to represent current uses (‘York’ and ‘CGolden Delicious’), to
eval uate the potential for use of scab-resistant cultivars (‘Liberty’ ), and to
eval uate the potential uses of a new cultivar (‘Fuji’). Trees were trained
using the West Virginia slender spindle system (Baugher et al. 1992) and were
established at 2.5 x 5.5 neters with every tenth tree a pollinizing cultivar.
Pol l'inizing cultivars included 'Jonafree' (early, md-season bloon), 'Gala
(early, md-season bloon), and 'Braeburn' (md-season, |ate bloom) on M9 EMLA
rootstock. Trees were approximately 16 mmdianeter at the tinme of planting.
Al trees were headed to 86 cm height with an average of four scaffold
branches. Soil suction |lysineters (Mdel 1900 Soil Water Sanplers,

Soi | noi sture Equi prent Co., Santa Barbara, CA) were installed in each subpl ot

to collect soil water sanples at three depths (0.3, 0.9, and 1.8 m) to
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determ ne the concentration of soil solution nitrogen. Soil type at the
experinmental site is Hagerstown silt loam (fine, mxed, nesic Typic
Hapl udal f s) .

Soil organic matter and fertility, fertilizer use efficiency, and
nitrate mobility. Soil sanples were collected fromeach subplot in April of
each year (1992 - 1994) for determ nation of soil organic matter content, pH
and nutrient analysis. Soil organic matter was determ ned by carbon | oss on
ignition. Soil nutritional anal yses were conducted at the West Virginia
University Soil Testing Laboratory with atom c absorption spectrophotonetry.
Deci sions on fertilizer applications were based on soil, water and tissue
sanmpling. In 1992, calciumnitrate was applied two weeks after planting at
hal f the currently reconmended rate (56 g (1/8 Ib) per tree per year of tree
age). Leaf nitrogen content was determ ned nmonthly from April to July of 1992
- 1994 and based on the results, calciumnitrate was applied (1/8 Ib/tree) to
all plots as needed. No nitrogen was applied to the trees in 1993 or 1994.
Leaf sanples for determination of the status of macro- and micronutrients were
collected in July of each year. Leaf sanples were washed with distilled water
and then sent to the Pennsylvania State University Agricultural Analytica
Servi ces Laboratory (University Park, PA) for I1CP analysis. Suction |ysineter
sanmpl es were collected periodically (approximtely nmonthly) during May through
Cct ober of each year following rainfall events to assess nitrogen
i mobilization in the two systens.

Tree growt h and pest incidence. During the first growi ng season, a 2.4-
mw de weed-free strip was nmaintained in the tree rows in all plots through
judicious use of contact herbicides. In 1993 and 1994, residual (Simzine 80%
at 2.8 kg/ha, Surflan 2.8 kg/ha, applied in md-My) and contact (G anoxone
3.0 I /ha, applied in md-July) herbicides were applied to the conventiona
system and contact herbicides (G anoxone 3.0 I/ha, applied in md-My and

md-July) only were applied to the alternative system Trees in both systens
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recei ved uni form arthropod pest and di sease control progranms (Hognmire et al.
1992) during the study period. Nematode popul ation densities were assayed
fromsoil samples (Hogmire, 1995) collected fromeach plot in My, 1992
Decenmber, 1992; May, 1993; Cctober, 1993; and May, 1994; and the results were
conpared to those from sanples collected during the rotati on phase of the
study (Biggs et al., 1994). Nenaticides were not applied to any plots during
the orchard establishment phase of the study (1992 - 1994). Ten trees per
subpl ot were selected randomy for routine nonitoring of insect and mte
popul ati ons, foliar disease incidence, weed popul ations, and tree growmh. The
same ten trees were used during the 3-year period. Tree growh was determ ned
by measuring: 1) trunk cross-sectional area (TCA) at 20 cm above soil |evel,
2) tree height, 3) tree width, and 4) nunber of l|ateral branches. Voles were
nmoni tored in Decenmber of each year at bait stations established in the center
three rows in each subplot.

Cost analysis. Farmlevel costs of orchard establishment were collected
for alternative and conventional systenms. Costs included trees, |abor
machi nery, fuel, pesticides, fertilizers, and training aides.

Data analysis. The experinent is arranged as a random zed bl ock, split
pl ot design with managenent systens as whole plot treatnments and appl e
cultivars as subplot treatnments. For nutrients, organic matter, nematodes,
nitrates in soil pore water, insects, mtes, diseases, weeds, tree growth and
vol es, data were anal yzed with analysis of variance (SAS, Cary, NC). Means
for systens were separated with Fisher's LSD and neans for cultivars were

separated with Duncan's nultiple range test.

Results

Soil organic matter and fertility, fertilizer use efficiency, and

nitrate nmobility. Organic matter (% and soil magnesi um were higher in the
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alternative systemin 1992 and 1993, but not in 1994 (Table 1). Soi

pot assi um was higher in the alternative systemin 1992 only (Table 1). Soi
pH, phosphorus, and calciumwere simlar in both systens in all years of the
st udy.

Leaf nitrogen (% was higher in the alternative systemin July, 1992;
was simlar in July, 1993; and higher in the conventional systemin July, 1994
(Table 2). In 1993, |eaf zinc was higher and | eaf manganese was |ower in the
alternative system (Table 2). Leaf phosphorus, potassium calcium nmagnesium
boron, copper and iron levels did not differ between managenent systens (Table
2). Among cultivars, there were few differences that were consistent over the
3-year period. Fuji had higher leaf N than York in all three years, and York
had consistently higher |evels of Ieaf Fe than the other cultivars (data not
shown) .

Nitrate concentrations in soil pore water fluctuated during the season
in each year, but were usually higher in the topsoil than in the subsoil and
were higher in the conventional systemthan in the alternative system O the
14 sets of lysineter sanples that were collected over the 3-year period, depth
was statistically significant in 1 of 3 1992 sanples, 3 of 5 1993 sanples, and
6 of 6 1994 sanples. The depth x systeminteraction, which would test the
hypot hesis that the alternative systemheld nitrate in the higher soil |ayers
whereas the conventional systemwould lose nitrate to the deeper soil |ayers,
was significant on 3 occasions, 28 May 1992; 7 Sept. 1993; and 8 August 1994.
On the first sanpling date in 1992, which was one week following nitrate
fertilizer application, the alternative systemretained a higher |evel of
nitrates in soil pore water in the top 0.3 mof soil and | eached fewer
nitrates to the 0.9 mand 1.8 mdepths than did the conventional system (Fig.
1).

In 1993, nitrate concentrations tended to be lower in sanmples fromthe

alternative systemconpared with the conventional treatnment plots at al
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sanmpl e depths (Fig. 2), and were significantly lower at 0.9 mat 23 April, at
1.8 mat 18 August, and at 0.9 and 1.8 mat 7 Septenber. 1In all plots, nmean
nitrate concentrations at the 0.9 and 1.8 mdepths ranged from54 to 218 ppm
At the 0.3 mdepth, April sanples obtained prior to fertilization averaged 9
ppm and i ncreased steadily through the season, reaching an average of 295 ppm
by 28 Septenmber. April through August nitrate concentrations obtai ned under
Fuji and Liberty cultivars were consistently higher than those under Col den
Del i cious and York, a finding consistent with trends in |leaf nitrogen |evels.

In 1994, nitrate concentrations were higher initially at 1.8 mrelative
to 0.9 and 0.3 mon 20 April and 26 May (Fig. 3). For the remai nder of the
season, however, nitrate levels were generally higher at 0.3 m System
di fferences occurred on 20 April, 8 August, 18 August, and 26 Septenber at 1.8
m and at the latter three dates at 0.3 m(Fig. 3). Were systemdifferences
occurred, in all instances the conventional system exhibited increased nitrate
| eaching relative to the alternative system

Lysi meter sanples from 28 Septenber 1993 al so were anal yzed (West
Virginia Dept. Agriculture Pesticide Analysis Laboratory, Charleston, W) for
t he presence of twenty-one pesticides that had been used on the plots since
1988, and none were detected.

Tree growh. Tree growh and devel opnent was excellent in all plots
during this study because rainfall was adequate to above normal in all three
seasons. No differences in growmh (change in TCA) were found between trees in
conventional and alternative systens (Table 3).

There were no significant differences between systens for total fruit
wei ght (kg/ha) in 1994 and 1995 (Table 4), or for fruit weight (kg/tree) or
mean fruit weight (kg/fruit) (data not shown). Total harvest in 1994 and
1995 showed that CGol den Delicious provided higher early yields in years 3 and
4 relative to York, with no differences in nean fruit weight anmong the

cultivars.
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Pest Incidence. Incidence of arthropod pests did not differ between
managenment systenms in 1992 (Table 5). 1In 1993, spirea aphid (Aphis spiraecola
Pat ch) was nore abundant in the conventional system (Table 5). In 1994,
| evel s of rose | eaf hopper (Edwardsiana rosae (L.)) and spotted tentiform
| eaf mi ner (Phyllonorycter blancardella (F.)) were higher in the alternative
system (Table 5). No differences between systens were observed for European
red mte (Panonychus ulmi (Koch)) or Japanese beetle (Popillia japonica
Newman). I ncidence of Japanese beetle injury, white apple | eaf hopper
(Typhlocyba pomaria MAtee), and rose | eaf hopper did not differ anong the four
cultivars in the subplots in 1993. However, in 1994, Liberty exhibited higher
| evel s of Japanese beetle injury and hi gher nunbers of rose |eafhopper than
the other cultivars. European red nmite was nost abundant on York, followed
by Fuji, and | east abundant on Gol den Delicious and Liberty in 1992 and 1993.

Fol i ar incidences of scab (Venturia inaequalis (Cooke) G Wnt.),
powdery m | dew (Podosphaera leucotricha (Ellis and Everh.) E. S. Sal non)),
cedar - appl e rust (Gymnosporangium juniperi-virginianae Schwei n.)and frogeye
| eaf spot (Botryosphaeria obtusa (Schwein.) Shoemaker)did not differ anong
managenment systens at any tine during the study (Table 6). Apple scab foliar
i nci dence was hi ghest on Fuji and | owest on Liberty in 1992 and 1993, although
York did not differ fromLiberty in 1993. There were no differences in scab
anong the cultivars in 1994. Powdery mldewin all three years was | owest on
Fuji (although not significantly different fromYork in 1992 or Liberty and
York in 1994); cedar-apple rust was highest on Golden Delicious in 1992 and on
York in 1993.

Nunber of active vole sites and nunber of meadow (Microtus
pennsylvanicus Ord.) and pi ne (Microtus Pitymyspinetorum LeConte) vol es caught
were quite lowin 1992, but the activity which was detected occurred in the

alternative system(Table 7). 1In 1993 and 1994, there were no active vole
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sites in either treatnent.

At the start of the 1993 season, higher popul ati ons of birdseye
speedwel | (Veronica peregrina L.) existed in the alternative system whereas
hi gher popul ati ons of comon chi ckweed (Stellaria media (L.) Vill.) existed in
t he conventional system (Table 8). At the end of the 1993 season, higher
popul ati ons of prostrate knotweed (Polygonum aviculare L.)existed in the
conventional system By August, 1994, the alternative system had hi gher
| evel s of four weed species (prostrate knotweed, false buckwheat (Polygonum
convolvulus L.), dandelion (Taraxacum officinale Wgg.), and smartweed
(Polygonum pensylanicum L.)). O these, only fal se buckwheat is known to
conpete significantly with apple trees.

Popul ati on densities of plant parasitic nematodes, which had increased
on the corn and fescue rotation crops, declined rapidly after apple trees were
planted in spring, 1992 (Table 9). Differences in popul ation densities of
dagger nenmat odes, Xiphinema spp., between managenent systens were not
significant at any sanpling date. Population densities of root |esion
nemat odes, primarily Pratylenchus neglectus, were greater after the fescue
rotation than after the conventional corn rotation when sanpled in My, 1992.
Subsequent sanples after the sod in the tree rows was killed showed simlar
| evel s P. neglectus (Table 9). This nematode is a known pat hogen of grasses,
but its pathogenicity on apple is unknown. Popul ation densities of predatory
(beneficial) nematodes were higher in soil fromkilled sod plots than from
conventional plots in May and Decenber, 1992, and May, 1993. Later sanples
showed sinmilar |levels of predatory nenatodes (Table 9).

Cost analysis. Over the three years considered in this study (1992-
1994), the alternative managenent system costs were $245 per ha lower (a 2. 7%
cost reduction) than the conventional system (Table 10). This cost conparison

utilized 1992 prices and 1992 as the base year for discounting. The bul k of
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the cost savings in the alternative systemcane from orchard establishment
costs in 1992. These costs were $211 per ha lower (a 3.2%cost reduction) in
the alternative managenent system conpared to the conventional system (Table
10).

The cost difference in orchard establishnent was primarily attributed to
reduced machi nery and chemical use in the alternative system Machinery use
was hi gher in the conventional plots during establishnment because the corn
pl ots had to be brush-hogged, disked and then seeded to fescue. Conventiona
system chemi cal costs were substantially higher due to the use of a residua
her bi ci de versus contact herbicides only in the alternative system Planting
| abor costs, however, were lower in the conventional systemdue to greater
ease of planting trees in tilled soil versus killed sod.

In 1993, costs continued to be | ower ($56 per ha) in the alternative
system as | ower chem cal costs (mainly no use of residual herbicide) offset
hi gher | abor costs. 1In 1994, alternative systemcosts were only slightly
hi gher ($18 per ha) due to higher |abor and machinery costs. |In addition, the
difference in chem cal costs between the two systens was | essened in 1994 due
to increased weed conpetition in the alternative system Revenues fromfruit

did not differ significantly between systens in 1994 and 1995.

Di scussi on

Soil organic matter continued to be higher in the alternative system as
was observed in 1990 and 1991, during the rotation phase of the experinment
(Biggs et al., 1994). However, by 1994, soil organic matter in the two
systens was simlar. It is possible that, by the beginning of the third
growi ng season, the residual organic material fromthe killed sod in the
alternative system had been degraded by soil mcrobes and other natura

processes. Higher soil organic matter levels may explain, in part, the
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hi gher | eaf nitrogen levels detected in the alternative systemin 1992.
I ncreased weed conpetition (see below probably contributed to the | ower | eaf
N levels in the alternative systemin 1994.

Leaf nutrient levels were within range that is considered normal for
optimum growt h of apple trees in West Virginia (Baugher and Si ngha, 1984). It
is interesting to note that |eaf phosphorus, potassium calcium mnagnesium
boron, copper and iron levels did not differ between managenent systens, even
t hough no soil anendnments were added to the alternative plots during the
fescue rotati on phase and heavy use of fertilizers acconpanied two years of
corn rotation (see Biggs et al. 1994). The systemdifferences in foliar Zn,
observed in 1993, and foliar M), observed in 1993 and 1994, did not appear to
be related to soil pH since pH was simlar between systens in these years.
One explanation could be related to I evels of soil vesicul ar-arbuscul ar
mycor hi zzae (VAM that contribute to the uptake of zinc. VAMfungi can be
sensitive to the residual herbicides used in the conventional system thus
there may have been reduced Zn uptake in 1993. VAM have been found at hi gher
| evel s in organically-managed appl e orchards when conpared with a conventiona
system (Swezy et al. 1994). The differences in Wnh could be related to |evels
of soil organic matter. It is possible that the increased organic matter
observed in the alternative system could have contributed toward maki ng Wh
| ess available for uptake by the tree root systens via the formation of
organi ¢ Mh conmpl exes (Stevenson and Ardakani, 1972). Sone of the cultivar
differences in leaf nutrient content were transient.

Subsoil nitrate levels were very high (exceeding U S. EPA health
advisory limts for potable water on each occasion) at all depths in 1992
because lysineters were positioned within the area where | ocalized treatnents
of fertilizer had been applied (20 to 60 cmfromtree trunks, and over root
zones, which is less than 5% area per ha). Assessnment of nitrogen inputs and

| osses suggests that significant nitrate i mobilization may have occurred in
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the alternative systemdue to increased organic matter |evels and, that
following fertilization, nore nitrogen was held in the topsoil for uptake by
the apple trees and weeds in this systemrelative to the conventional system
resulting in less nitrate | eaching during the growi ng season. The increase in
nitrate levels during the growi ng season could be due to the mneralization of
organic matter. Qur observations of generally higher nitrate-N levels in the
conventional system of pre- + post-energence herbicides, conpared to the
alternative system of post-energence herbicides only, is in agreement with the
findings of Merwin et al. (1996) where greater subsurface nitrate | eachi ng was
observed in apple orchard plots receiving residual herbicides conpared to

t hose receiving post-energence herbi ci des.

No concl usions can be drawn fromthe yield data that were collected in
1994; however, yield in 1995 showed no differences in total fruit weight
(kg/ ha) between the two systens. The presence of harvestable fruit from
ol den Delicious and Liberty in 1994, and Col den Delicious and Fuji in 1995,
may make these cultivars nore profitable in the short term especially in
conparison to York, but nore data are needed to nake this concl usion
definitively.

Si nce arthoropod pest control progranms were uniformy inplenented across
systens so that tree growth and establishment differences would be nore
clearly elucidated, few strong differences were noted in arthropod and di sease
i nci dence between systens. Spirea aphid populations were |low in both
managenent systens in 1993, but were significantly higher in the conventiona
system One possible explanation for the difference could be related to
di fferences in weed popul ations that may have influenced aphi d predators.

Al t hough spirea aphid has a wi de host range, including vegetables, it is not
known whet her conmon chi ckweed, which was nore abundant in the conventiona
system could have influenced spirea aphid popul ations. Wth the exception of

noder at e powdery m | dew susceptibility, Liberty appears to be best suited to
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t he reduced fungi ci de spray program which was initiated in the alternative
system begi nning in 1995.

Popul ati on densities of plant parasitic nematodes, which had increased
on the corn and fescue rotation crops, declined after apple trees were pl anted
in spring, 1992. The decline may have been due to the much reduced root
bi omass avail abl e for nemat ode feeding. Either the high root biomass and
organic matter fromthe fescue rotation resulted in favorable environnenta
conditions for predatory nematodes, or their nunbers were suppressed by
nemati cide treatnent in the corn rotation, or both. Wile there is no direct
evi dence that predatory nemat odes were suppressing plant parasitic nematode
popul ati ons, the higher popul ation densities of predatory nematodes indicate a
nore di verse and stable soil conmunity was established in the killed sod,
alternative system

For weed suppression, it seens that the benefit of killed sod | asted
approximately 2 years, and had | ess of an inpact on weed density in 1994,
relative to 1992 and 1993. The establishnment of weeds in the alternative
system coul d have contributed to depletion of soil Nin this system

Biggs et al. (1994) reported that preplant costs over the previous two
years (1990 & 1991) were $107 per ha higher in the alternative system versus
t he conventional system \When the 1992-94 cost savings per ha are conbi ned
with the cost analysis results reported in Biggs et al. (1994), inplenentation
of the alternative managenent systemresults in an overall cost savings.

Di scounted costs over this five year establishnent period were 1.3% I ower for
the alternative managenent system \Wile a conplete econom c analysis of both
these systens awaits additional years data on orchard returns, this cost

anal ysis suggests that, under the terns of this experinent, the overal

prepl ant and establishment costs for the alternative managenent system were
slightly Iower than the conventional nanagenent system Based on these early

results, the preplant fescue system appears to be a reasonable alternative to
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t he conventional system

In summary, we have denonstrated on a whol e-orchard scal e that an
alternative systemconsisting of a sod rotation foll owed by establishnent of
trees into killed sod conpares favorably with the conventional systemfor the
growm h and establishnent of four apple cultivars. Mny advantages acconpani ed
the killed sod system including | ess subsurface |eaching of nitrate-N and
| ower costs (largely due to decreased herbicide use). The alternative system
provi ded an economical alternative to the problemof soil organic matter
depletion in conventional orchard soils, w thout the increased use of
commercial fertilizers. G ower concerns regarding increased potential for

vol e damage and poor initial tree growth and yield were unsubstanti at ed.
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Table 1. Soil pH

managenent systens.

organic matter,

and nutrient analyses fromalternative and conventi onal

Year/ System pH

M (% P (ppm

K (meq/ 100 g)

Ca (neq/ 100 g) My (meqg/ 100 g)

1992
Conventi onal 7.
Al ternative 7.
1993
Conventi onal 7.
Al ternative 7.
1994
Conventi onal 7.
Al ternative 7.

or w w

w w

a2 3.1
a 3.9
a 2.7
a 3.1
a 3.1
a 3.5

o o

a
a

53.
60.

anN

61.9

59.

61.
58.

8
8

S

fsV]

a
a

0.
0.

oo
o~

oo
ININ

v T

V]

4 a
4 a

15. 4
17.3

13.1
13.5

13.3
14. 8

a
a

1.
1.

a
a

1 Values are the neans of 12 observations from

soi |

sanpl es collected in April

of each year.

2Different letters in colums w thin years denote significant differences according to Fisher's

LSD (P < 0.05).
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Table 2. Apple leaf nutrient analyses fromtrees grown under alternative and conventi onal managenent
syst ens.

Per cent ppm
Year/ System N P K Ca My B Cu Zn Fe Vh
1992
Convent i onal 2.0a*2? 3194 221a 1.2a 0.32a 34 a 6 a 38 a 77 101 a
Al ternative 2.6 b 0.18a 2.0a 1.1 a 0.34 a 34 a 7 a 37 a 77 95 a
1993
Conventi onal 3.0a 0.26a 1.9a 1.1 a 0.29 a 47 a 9 a 40 b 73 110 a
Al ternative 2.8a 0.23a 1.7a 1.3 a 0.28 a 45 a 8 a 61 a 75 93 b
1994
Conventi onal 2.5a 0.18a 1.5a 1.0a 0.27 a 32 a 29 a 36 a 68 81 a
Al ternative 2.3 b 0.18a 1.5a 1.0a 0.28 a 29 a 22 a 31 a 63 70 b

! Val ues are the neans of 12 observations

2Different
0. 05) .

from sanples collected in July of each year.

letters in colums within years denote significant differences based on Fisher's LSD (P <
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Table 3. Change in trunk cross sectional area (aTCA), height, spread, and nunber of laterals for
apple trees grown in alternative and conventional systens.

Year/ System a Trunk TCA (cnf)? Tree height (cm Tree spread (cm Lateral s
1992

Convent i onal 0.6 a? 155 a 88 a 6 a
Al ternative 0.6 a 152 a 88 a 6 a
1993

Conventi onal 6.1 a 198 a 159 a 11 a
Al ternative 5.5 a 203 a 162 a 10 a
1994

Conventi onal 7.4 a 222 a 215 a 12 a
Al ternative 6.8 a 220 a 212 a 12 a
1995

Conventi onal 11.9 a 276 a 245 a 12 a
Alternative 13.5 a 273 a 232 b 13 a

1 Change in TCA fromend of previous season to terninal bud set of the current season.
Measurenents taken 20 cm above ground | evel. Values are the means of 10 observations.

2Different letters in colums wi thin years denote significant differences according to Fisher's
LSD test (P < 0.05).
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Table 4. Total fruit weight (kg/ha) and yield efficiency (g/ TCA) from
alternative and conventional systens and from four apple cultivars in 1994 and
1995.

Total fruit weight (kg/ha)! Yield efficiency(g/TCA):?

System Cul tivar 1994 1995 1994 1995
Convent i onal 934.2 a3 4,169 a 108. 4 a 222.8 a
Al ternative 825.5 a 3,526 a 99.9 a 188.3 a
Fuj i 251.0 b3 2,705 a 21.9 c 117.3 b
Col den Del . 1,411.5 a 2,827 a 142.8 b 160.1 a
Li berty 1,427.5 a 1,231 b 204.3 a 82.9 c
Yor k 429.0 b 931 b 47.4 c 50.8 ¢

1 Total fruit weight/ha is the nmean total fruit weight fromthree replicate
main plots (0.8 ha per main plot) per systemand six replicate subplots (0.2
ha per subplot)per cultivar.

2Yield efficiency is calculated fromyield (g) per TCA (cnf) from 40 trees per
main plot or 60 trees per cultivar.

SDifferent letters in colums for system denote significant differences
according to Fisher's LSD (P < 0.05). Different letters in colums for
cul tivar denote significant differences according to Duncan's multiple
range test (P < 0.05).
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Table 5. Incidence of arthropod pests on apple in alternative and conventional nanagenent

systens.?!

Year/ System Spirea Wiite apple Eur opean Rose Japanese Spotted
aphid | eaf hopper red mte | eaf hopper beetl e tentiform

| eaf m ner

1992

Convent i onal --- --- 10.2 a2 29. --- ---

Al ternative --- --- 19.4 a 21 --- ---

1993

Convent i onal 1.7a 0.5 a 10.0 a 0.6 a 0.8 a ---

Al ternative 1.0b 0.9 a 10.4 a 0.5 a 0.4 a ---

1994

Convent i onal 34.1 a --- --- 2.7b 55.0 a 4.0 b

Al ternative 43.8 a --- --- 5.5 a 38.4 a 8.2 a

11 nsect managenent practices were not variabl e between systens.

sanpl i ng protocol: Spirea aphid (no./nopst
| eaf hopper (nynphs/25 | eaves/tree),
beetle (injured | eaves/tree),

| eaf m ner (no.

2Different

LSD (P < 0.05).

infested |eaf,

5 termnal s/tree),
European red nmite (notile stages/10 | eaves/tree), Japanese
rose | eaf hopper (nynphs/25 | eaves/tree),
mnes/5 mn/tree).

Data obtained fromthe follow ng
white apple

and spotted tentiform

letters in colums and within years denote significant differences based on Fishers's
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Table 6. Foliar disease incidence on apple fromalternative and conventi ona
nmanagenment systens.?

Year/ system Appl e Powdery Cedar - appl e Frogeye
Scab m | dew rust | eaf spot

1992

Convent i onal 16. 3 a2 8.9 a 13.8 a 17.3 a
Al ternative 13.2 a 7.3 a 11.9 a 15.1 a
1993

Convent i onal 5.1 a 16.9 a 0.7a  -----

Al ternative 5.9 a 16.1 a 0.7a  -----
1994

Convent i onal 0.4 a 0.8 a 6.4 a 0 -----

Al ternative 0.3 a 0.2 a 7.3 a  -----

1 Di sease nanagenent

per cent of

and 10 trees/cul tivar

2 Different

i nfected | eaves per term na
(40 trees/systenm.

di fferences based on Fisher's LSD
on arcsin-transformed percentages.

(P < 0.05).

practices were not variable between systens.
shoot from 3 term nal shoots/tree

Data are

letters in colums and within years denote the significance of
Mean separati on based
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Table 7. Pine and neadow vole activity in alternative and conventional plots

(Nov. - Dec.

1992-1994).

Year/ system

No. active
Vol e sites

No. neadow
vol es caught

No. pine
vol es caught

1992
Convent i onal
Al ternative

1993
Convent i onal
Al ternative

1994
Convent i onal
Al ternative

0/ 1082
5/ 108

0/ 108
0/ 108

0/ 108
0/ 108

1 Apples placed in runs and holes 5 to 15 cm bel ow the soil surface were

exam ned 24 hr after placement.

with vole tooth marks on the apples.

2 No significant differences.

Nunbers of active sites refers to sites

Biggs et al. - 24



Tabl e 8. Wed species and nunber of units per 1.5 square neters occurring in conventional

systenms in April and August, 1993 and 1994.

1993 1994
April August April August
Weed Conv At Conv At Conv At Conv At
Allvi? 1.3 a2 2.0a -- -- 1.5a 1.3 -- --
Capbu -- -- -- -- 2.6a 1.9 -- --
Car hi 1.4a 3.8a -- -- -- -- -- --
Car pa -- -- -- -- 4.4 a 1.7 -- --
Conca -- -- -- -- 2.1 a 0.0 -- --
Fesar -- -- 0.7a 0.0 a -- -- -- --
Gerca -- -- -- -- 1.7 a 1.2 -- --
Lamam -- -- -- -- 0.6 a 0.4 -- --
Lanmpu 7.6 a 10.3 a -- -- -- -- -- --
Lepvi -- -- -- -- 7.9 a 6.4 -- --
Pol av -- -- 8.5a 4.6b -- -- 0.1b 1.9
Pol co -- -- -- -- -- -- 0.0 b 0.6
Pol pe -- -- -- -- -- -- 0.1 b 1.1
St eme 8.3a 0.9b -- -- 0.9 a 0.9 -- --
Tar of -- -- -- -- -- -- 0.3 b 1.3
Thl ar 2.7a 4.1a -- -- 0.0a 0.2 -- --
Ver pe 1.1 b 3.3 a -- -- 0.0 b 2.5 -- --

and alternative

1 Weed species as designated by the BAYER code as follows: Allvi
Carhi = hairy bittercress; Carpa = cardam ne; Conca = horseweed; Fesar

gerani um Lamam = henbit; Lanpu = purple dead nettle; Lepvi

wild garlic;
= tall

Pol co = fal se buckwheat; Pol pe = smartweed; Steme = common chi ckweed; Tar of
pennycress; Verpe = birdseye speedwell. Only species with density greater than 0.5 units/1.5 sq nmeter are

present ed.

Capbu = shepherd's purse;
Gerca = Carolina
= pepperweed; Polav = prostrate knotweed;

= dandel i on;

Thlar = field

2 Different letters in rows denote the significance of differences between treatnents within year and nonth

based on DMRT (P < 0.05).
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Table 9. Soi

popul ati on densities of plant
on apple in alternative and conventi ona

parasitic and predatory nematodes
nmanagenment systens.!?

Dat e/ Syst em Pratylenchus Xiphinema  Predatory Nenat odes?
May 1992

Convent i onal 33 a3 19 a 13

Al ternative 80 b 16 a 23

Dec. 1992

Convent i onal 18 a 5 a 8

Al ternative 33 a 3 a 15

May 1993

Convent i onal 9 a 4 a 9

Al ternative 12 a 6 a 20

Dec. 1993

Convent i onal 3 a 7 a 4

Al ternative 4 a 9 a 5

May 1994

Convent i onal 33 a 25 a 36

Al ternative 29 a 21 a 38

I Nunber of nenatodes per 100 cnf soil. Soil sanples were collected by

conpositing cores fromthe root

zone of trees.

2 Predatory nemat odes were predonm nantly Clarkus papillatus wi th occasi ona

speci nmens of Mylonchulus obliquus,

3 Different
di fferences

based on Fisher's LSD (P < 0.05).

lotonchus brachylaimus, and Discolaimus spp

letters in colums and within year and nonth denote significant
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Tabl e 10. Orchard planting and establishnent costs (nearest whol e dollars per
ha) for conventional and alternative systens.!?

Dol | ar s/ ha Di scounted dol | ars/ ha?

1992 1993 1994 1992 - 1994
Cost category Conv Al't Conv Al't Conv Al't Conv Al't
Tr ees 3,545 3,545 0 0 0 0 3,545 3,545
Labor 880 967 353 360 491 513 1,652 1, 766
Machi nery?3 560 457 268 268 237 267 1, 025 949
Chemi cal s 377 276 818 755 488 446 1,586 1, 388
Condui t st akes 920 920 0 0 0 0 920 920
Fertilizer 130 130 27 27 0 0 155 156
O her 199 105 0 0 178 178 358 264
Tot al 6,611 6,400 1,466 1,410 1,394 1,404 9,243 8,788
(net revenues) - 65 -57
Costs - 6,611 6,400 1,466 1,410 1, 329 1, 347 9,185 8, 937

revenues

1 Data sources for the costs included: Funt et al. (1992), H nman et al. (1991),
Travis (1992), and material suppliers.

2 Areal discount rate of 5.78% was used. This rate was conputed fromthe
average interest rate for agricultural non-real estate debt m nus the G\P
deflator for inflation.

3 I ncludes variable and fixed costs of tractors and equipnment. Fixed cost based
on machi nery use for a 200-ha farm
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Fi gure | egends:

Fig. 1. Nitrate-N fromsoil suction |lysinmeters at three depths fromalternative and
conventional apple production systens in 1992. Each value is the nmean 12
observations. Different letters within date denote the significance of differences
based on Duncan's nultiple range test (P < 0.05).

Fig. 2. Ntrate-Nfromsoil suction lysineters at three depths fromalternative and
conventional apple production systens in 1993. Each value is the nmean 12
observations. Different letters within date denote the significance of differences
based on Duncan's nultiple range test (P < 0.05).

Fig. 3. Ntrate-Nfromsoil suction lysineters at three depths fromalternative and
conventional apple production systens in 1994. Each value is the nmean 12
observations. Different letters within date denote the significance of differences
based on Duncan's nultiple range test (P < 0.05).
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