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FOREWORD 

Th~G thesis is submitted in the [orm of originnl pnpcrs 

',~uité"ble . ''1' JOUl'na l pUblications. Chaptcr:.? is il 1 itcraturc 

cevi" '1'1 l'r.: '" ' ting previous work do ne which is relevant to the 

.~xpe.l.. ,~ '1 , " u;,derta)t;.en for this thesis. Chaptcrs 3 and 4 arc 

presE.':ltcd .LI' lanuscript forro. Ch.Jpter 5 is <ln ovcra Il 

dÜ1cussion ùf '_he, results from the se exper:mcnts and a slllUl1lùry 

of the c,:mclusj~.. and çontributlon~; to knowlcdqe. Chilptt'J" () 

:'s a l.ist -, , '~ ',' ':ions for future rc:search. 

Th' \ I!" ',' ,t h(ls necn approved by the Filcul ty of 

Graduü e ',t '"";,,. ;,r.' , search of McGill Univers] ty and foJ )ow:::; 

the condi t.. '",,> (,,, ,. ) ,led in the Guidelines Concel nl nq 'l'hcSl S 

Preparation, se,-,~ J...Jn 2" "Manuscripts and Authorship" which arc 

as follows: 

"The candidate has the option, subject to the approval of 
their Department, of including as part of the thesis the text, 
or duplicated published text, of an original paper or papcrs. 

- Manuscript-style theses must still conform Lü dll other 
requirements explained in the Guide] ines Conc0.rni nq 'l'he!;] ~~ 
Preparation. 
- Addition='ll material (procedural and dcsiqn delta il:; wC'11 il!; 

descriptions of equipment) must lX' pro',ided ln :;lIf flcj(>nt 
detail (eg. in appendices) to alJow clcilr and prccj~0 
judgement to be made of the importilncc and orlgincll jty uf t:h.! 
research reported. 

The thesis should be more lhan a mcrc co]] cct: j on of 
rnanuscripts published or ta be publ ish~d. Jt __ J!l_ust_i-'J.~;)l.l~j~-,~ 
genera 1 abstrdct 1 a full introduc_tLQD_ ~r:lLLi tcr-.':!.t_uxs~ .--J __ ~v_i_ C~vl 
and a final overall_ concluslon. Conncctlnq l<:!xtf:; vltdch 
provide logical bridges betwcen cU f f crcnt milnm;cr j pt!. iJr0 
usually desirablc .in the intcrc~,t 01 col1C:,ion. 

It is acceptable for theses to include, as chapterG, authcnti c 
copies of papers already pub] ishcd, providcd the~~(~ arc 
duplicated clearly and bound as an integral pnrt. of t.he 
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thcsis. In such instances, connecting texts are manda~ory and 
supplcmentary explanatory rnaterial is always necessary. 
- Photographs or other materials which do not duplicate weIl 
must be included in their original forrn. 

While th~ inclusion of manuscripts co-authored by the 
candidate and others is acceptable, the candidate is reguired 
to mélke an exp] icit statement in the thesis of ~who contributed 
to such_~ork and to what extent, and supervisors must attest 
to the accuracy of the claims at the Ph.D. Oral Defense. 
Since the task of thu Examiners is made more diff icult in 
theGe cases, it ]s in the candidate's interest to make the 
responsi bill t i es of authors perfectly clear." 

'l'he work presented here was the responsibility of the 

candidate (except as stated in the prefaces to chapters 3 and 

4). The project was supervised by Dr. D.J. Buszard, 

Oepartment of Plant Science, McGi11 Uni versi ty. The two 

manuscripts are co-authored by S.s. Salrnins, D.J. Buszard, 

A.F. MacKenzie, and B.D. Walsh. For consistency and 

convenience the rnanuscripts follow the same format, however, 

when submitted for publication, they will follow the 

requirements of the journal. Both rnanuscripts will be sent to 

the journal, Hortscience . 
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GENERAL ABSTRACT 

Dwarf apple tree growth and yield undcr ~;('vcr(\l non­

herbicidal ground management systems were comp"red. sj x 

ground cover systems were establishcd in two Ilew] y plilntC'd 

orchards. After two gro·wing !o. qasons, tret~S in the strilw mu l ch 

and geotextile mulch treatments had larger trunk cros:;­

sectional areas and more shoot qrowth than trecs in lhe red 

fescue and insectary plant cover treatments. Growth ot trC'p:; 

under the manure mulch and cultivation treatmcntn Wiln 

intermediate. Wh en four of the systems \,'ere cstabli shed a] on<J 

rows of five-year old trees in an existing orchard, the 

increase in trunk cross-sectiona l area over two grow in!) 

seasons was greatest for trees in the manure mulch and straw 

mulch followed by tose in geotextile mulch, trces in thr rcd 

fesaue grew least. The use of a mulch, such as straw or 

geotextile, has a favourable effect on growth and han 

potential for use in organic orchards . 

) l 1 



• 

• 

".. ... 
RESUME 

La croissance et le rendement de pommiers nains ont ~t~ 

comparés sous plusiers systèmes de gestion de sol sans 

herbicide. six tra i tements ont été mis en place dans deux 

vergers nouvellement plantés, et, quatre d'entre eux 

seulement, dans un velnger âgé de cl.nq ans. Les résultats 

après deux ans montrent que dans les vergers nouvellement 

plantés, les pommiers dont le sol était recouvert de paille ou 

d'un géotextile avaient une surface de la section transversale 

du tronc plus large et des tiges plus longues que ceux des 

pommiers dont le sol ~tai t recouvert de la fétuque rouge ou de 

la culture de couverture de plantes mixtes. Les pommiers 

ayant recu comme traitement le paillis de fumier ou le 
~ 

sarclage obtenaient une croissance intermédiaire. Dans le 

verger mature, les résultats après deux ans indiquent une plus 

grande surface transversale de la section du tronc pour les 

arbres ayant recu le paillis de fumier et le paillis de paille 
) 

suivis du paillis de geotextile. La fétuque rouge a eu comme 

effet de reduire la croissance des pommiers. L'ut.ilisation de 

paillis comme la paille ou le géotextile produit un effet 

favorable sur la croissance des pommiers et offre un potentiel 

pour les vergers organiques . 
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CHAPTER 1 

INTRODUCTION 

Apples are the most widely produced and consumed fruit in 

North Amer ica . 'l'he establ ishment of an apple orchard requires 

a large initial capital investment. Furthernlore, it takes at 

least five years to begin to reali7.e a return on this 

investment, with dwarf trees beginning to bear three to five 

years after planting (Guy Jalbert, J. C. Spenard, personal 

communication). To minimize this tirne, by promoting early, 

vigorous growth and precocious, heavy yielding trees, good 

soil management is critical. Many apple growers rely on 

herbicides along the tree row to reduce competition for 

moisture and nutrients from unwanted vegetation; however, 

concern for the environment, soil degradation and pollution of 

groundwater associated with long-term chernical use, has led 

sorne researchers to search for alternatives to herbicides for 

orchard soil management. 

Cultivation is one method used by orchardists' to control 

weeds (Westwood, 1978). Results from Shribbs and Skroch's 

(1986a) study, found growth and yield of trees under 

cul ti vation to be comparable wi th that of those under bare 

ground mainta ined by herbicides. However, a major concern 

with this practice is the detrimental effect it has on the 

soil over the long terme Cultivation has been found to 

decrease soil stability and organic matter levels (Hipps et 
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al., 1990; Jordan and Jordan, 1984; \voolcirid<Jp and lIarri:-;, 

1989), and to lead to increased soil ero~-;ioll (,lord.1I1 and 

Jordan, 1984). ThesE: factors may in turn lead ta decreaGed 

productivity. 

Straw mulch is another option currently used (or wced 

control in sorne orchards (LISA, 1990) and has bpcn t OllJ1d to 

stimulate tree growth and promote high yields (Uaxt0r, ]910; 

Shribbs and Skroch, 1986a). It also providc!> onJdllic matt,pr 

and nutrients ta the soil (Haynes, 1980; White and lIo11oway, 

1967) and has been found to decrease soil tpmperaturc 

fluctuations (Baxter, 1970), conserve soil mOl:;t\lre (S1,roch 

and Shribbs, 1986), and overall, to help maintain qood soi] 

structural stability (Hipps et al, 1990). 

Various grasses have also been studied for thcir 

suitability as in-row caver for ryrchards and are used by sorne 

growers (member of COG, personal communication; Shribbs and 

Skroch, 1986a). Grass sod helps to improve soil structural 

stability, aeration, and friability (Jordan and Jordan, ]984; 

Skroch and Shribbs .. 1986), and to make conditions filvourahlc 

for soil biological activity (Haynes, 1980). 1I0wcver, 

researchers have overwhelmingly found tree growth to he 

inhibited, and yields to be decreased under th i s type of 

management system (Johnson and Samuelson, ]9~O; Shrihhs and 

Skroch, 1986a). 

One of the newest techniques bei ng investi gated for 

orchard use, is that of woven polypropy lene geotcxtil cs. '1'h i s 

2 



• filbdc-]jke material allows the soil to "breathe", while 

protect:ing it from erosion and conserving soi1 moisture. The 

use of this type of cover should be expected ta favour tree 

growth as it blacks most weeds, thus reducing their 

competitive effect. It is an expensive rnateriaJ; however, 

should it be proven effective, as we move ta higher density 

orch~rds, and if its cost is amortized over a lifespan of at 

lcast five years (Alain Chaisse, Materiaux Technique Cote, 

Boucherville, Quebec, personal communication), and possibly 

even eight years (E.J. flogue, Agriculture Canada, Summerland, 

B.C., personol communication), it may becorne an economically 

viable and interesting option. 

Two other covers investigated in this ~tudy are manure 

mulch and a living cover comprised of plants favouring 

beneficial insect activity. We can expect the manure n.ulch to 

provide the benefits of an organic mulch (ie., sotl moisture 

conservation, improved sail structural stability, addition of 

organic matter and nutrierlts, and decreased erosion); 

however, its effect on growth and yield compared with the 

other systems :is unknown. The effect of a plant cover should 

be expected ta henef1t. soil structural stability and both soil 

and above-ground biological activjLYi however, due to its 

competi ti ve effect, i t is reasonable to expect that tree 

growth may be inhibited under this system,. 

The goal of this study is to examine several soil 

• management systems in the context of organically managed apple 
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orchards, to find the bcst progr<lnl ta enl1<lnCC the orchùrd 

environment, while at the same time promoti ng growth and high 

yields. One experiment compares the effects on the growth of 

newly planted apple trees on dwarf rootstocks, of cultivation, 

straw mulch, geotextile, manure mulch, rcd fescue cover 

(Festuca rubra) , and an insectary plant cover consisting of a 

rnix of lupin (Lupinus albus) and wild carrot (Daucus carota). 

The second experiment investigates the affects on growth ùnd 

yield of mature, bearing, dwarf trees, of four of tllC'fiC 

treatments, including red fescue cover, straw mu] ch, 

geotextile, and manure mulch, applied five ycar's aftC'r 

planting, subsequent to conventional weed control with 

herbicides . 

4 
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CHAPT ER 2 

GENERAL LITERATURE REVIEW 

2.1 Cu1tivation 

The rnanual removal of weeds and use of cultivating 

machinery to disturb weeds and germinating weed seeds has 

been, and still is, widely used in agriculture. According to 

Jordan and Jordan (1984), the prac:tice of culti vating in 

orchards should help to break surfaCE' crusts, allowing better 

water penetration and aeration, facilitate irrigation, pest 

control, and harvcsting, and is easy to perforrn wi th equipment 

generally being readily available. In reviewing the studies 

that have been done to assess the effectiveness of cultivation 

in orchards, although sorne found an advantage to cultivation, 

many found lhe practice to be detrimenta1 to the soi1, and to 

the growth of the tree and its ultirnate productivity. 

Of prirnary concern worldwide is the loss of soil to wind 

and water erosion. Soils left bare by cultivation will be far 

more susceptible to erosion, which may increase the likelihood 

of the tree roots near the surface being exposed and 

potentially damaged by cultivation equiprnent (Baxter, 1970; 

Haynes, 1980; Hipps et al, 1990; Jordan and Jordan, 1984; Lord 

and Vlach, 1973). Even without erosion playing a part, 

Greenham and White (1968), Shribbs and Skroch (1986a), and 

White and Hollowùy (1967) state that cultivation rnachh,8ry may 

cut surface roots, and, according to Haynes (1980), this may 

5 



• 

• 

be an important cause of dieback in apple troos. 'l'he damage 

to surface roots will reduce the amount of nutr~cnts tnken 

from the upper portion of the soil. 'l'hese damaoed roots will 

also be more susceptible to insect and disease attack (Jordnn 

and Jordan, 1984). White and Holloway (1967) found that applc 

trees in completely cultivated areas had the fcwest rootf; 

near the trunk, and the roots were shortor whon compnrod ta 

those in mUlch, sod, and simazine treatments. AIso, tilIng0 

equipment may break branches and damage the trunk, permitting 

insects and disease to invade the broken bnrk (Jordan and 

Jordan, 1984). 

2.1.1 Effects on growth and yield 

To date, most studies measuring performance of frui t 

trees under different sail management regimes, have compared 

cultivation with herbicide, sad, and cover crop (generally 

legume) treatments. When compared with these programs 

Wooldridge and Harris (1989) found that, over a two year 

study, mE!chanical cul ti vation using discing and rotovë1t i nq 

tended to ~ucrease stem circumferenccs by approximntcly ]6% 

annually relative to herbicide treatments. However, Lord and 

Vlach (1973) found that the growth and yield of peach trecs 

under cultivation were comparable to those in the herbicide 

treatment. Bollard (1957), found that yields of applc trec~ 

under clean cultivation were always higher than undcr grass . 

6 
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Trunk girth increase of apple trees, over a three year 

per j ad, was 10und to be greatest under cul ti vation when 

compared with cover crops of grass, clover, alfalfa, and weeds 

(Rogers and Raptopoulos, 1945). Rogers and Raptopoulos (1945) 

also fCl1nd that the trees under cultivation had the most new 

wood cach year compared with other treatments. 

BlossoPling was found to be ear liest under cultivation 

compared with caver crops of grass, alfalfa, and weeds (Rogers 

and Raptopoulos, 1945), and in comparison with straw mulch and 

sod treatments (Greenham and White, 1968). 

2.1.2 Effects on soil 

In his review, Haynes (1980) observes that cultivation 

has been found to promote good aeration, which increases 

biological activity and organic matter decomposition. 

Cultivation redistributes the organic matter down the soil 

profile resulting in a lower concentration in the surface 

layers and higher concentrations in lower levels. However, 

Greenham and White (1968) and Rogers et al (1948), report that 

cultivation tends to destroy soil structure. In the short 

term, bulk densj ty may be reduced and porosity increased. 

Infiltration capacity was increased compared with grassed and 

herbicide treatments (Haynes, 1980). Over the long term, 

howcver, many researchers found that both soil aggregation and 

organic matter levels were decreased (Haynes, 1980; Haynes, 

1981; Hipps et al, 1990; Jordan and Jordan, 1984; Rogers and 

7 
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Raptopoulos, 1945). Thus, Haynes (1980), Jord~n and ,lord,1Il 

(1984), Rogers and Raptopoulos (1945), Roge>rs et a] (194H), 

and Wooldridge and Harris (1989), found that cultivatrd ~oil~ 

had a smaller percentage of organic matter than zcro-til1 and 

sod treatmentsi and Wooldridge and Harris (] 989) found that 

mechanical cultivation led to a ]3% dccrcas(' in organic 

matter, and a decrease in the cation exchangc capac i ty 01 tlH' 

soil. 

Cultivation was found to lead to crust formation, 

decreasing water infiltration and impeding aeration, leil(li nq 

to surface runoff (Haynes, 1980; Haynes, 198]; .Jordan and 

Jordan, 1984), promoting compacted layers (Jordnn and Jordan, 

1984), and ultimately reducing the amount of watcr ilvailah10 

to the trees (Jordan and Jordan, 1984). 

2.1.3 Effects on leaf nutrients 

Potassium (K) concentration in leaves was oftcn fmllld to 

be lower in cultivated treatments. Lord and Vlach (1973), 

found K content to be lower in the cultivated trcatm~nt wh~n 

compared with herbicide, hay mulch, and frcqucntly mowcd nod 

treatments. Similarly, K content in apple ] eaves wa~, ] owerit 

in the cul tivated treatment when compared wi th straw mulch and 

sod treatments (Greenham and Whlte, 1968), and with herh1Ci(j(· 

and sod (Haynes and Goh, 1980) . 
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According to Rogers and Raptopoulos (1945), the highest 

incjdcnce of interveinal leaf scorch, a result of magnesium 

dCficiency, was found in clean cultivated plots. 

2.1.4 Effects on arthropods and earthworms 

Cul ti vation rnay have the advantage of destroying soil 

arthropod pests by mechanical injury or exposure (Haynes, 

1980); however, this rnechanical disturbance will also kill 

larger soil animaIs (Haynes, 1980) and has been found to 

reduce earthworm (Lumbricus spp.) populations (Haynes, 1981). 

This dccline in earthworm activity may cause a lowering of 

soil pH which has been found ta lead to Mg toxicity in the 

tree, affecting storage potential of the fruit and making the 

tree more susceptible to diseases su ch as bark measles 

(Haynes, 1981). 

BeneficiaI arthropods may be killed by the inert dusts, 

produced by repeated cultivation, through enhanced dessication 

(Jordan and Jordan, 1984). Dust on the leaves has also been 

found to inhibit the activity of beneficials (Jordan and 

Jordan, 1984; William, 1981). A higher level of dust tends to 

increase the populations of destructive arthropods, including 

mites (Tetranychus spp.), scale (Quadraspidiotus perniciosus 

Comstock and Lepidosaphes ulmi L.), mealybugs (Pseudococcus 

cOl/lstocki Comstock) and aphids (Aphis pomi DeGeer, Dysaphis 

plantaginea Passer ini, and Erisoma lanigerum Hausmann) (Haynes, 

1980; Jordan and Jordan, 1984; William, 1981), thus increasing 

9 



• the severity of leaf damage. According to Willinm (1981), ~ 

bare sail background acts as a eue and may ùctlln 1] Y iltt r,1Ct 

certain species of aphids. 

Greater fluctuations in temperature and moistllre round 

under cul ti vated conditions may crea te a harsh environment_ and 
\ 

reduce the growth and survival of permanent :.,oi 1 faunù 

(Haynes, 1980; Haynes, 1981). Furthermore 1 thc~ l ack of any 

caver plants may destroy habitats, ovcrwintering retuges, and 

alternate hast food sources of natural enemies and bcneficials 

(Haynes, 1980). 

2.1.5 Effects on diseases 

Cultivated, bare sail may increase the risk of infection 

of the fruit or tree ta rots caused by the fungu~;, PllyLopthorA 

cactorum, if either becomes contaminated with the sail 

(Bollard, 1957, Haynes, 1980). 

2.1.6 Effects on vertebrate pests 

Cultivation may have the advantage of rcducinq vole 

(M.lcrotus spp.) and other rodent populations by destroying the 

surface runway system, reducing food supply, and destroying 

sorne surface nesting sites (Curtis and Merwin, 199]). 

2.1.7 Effects on weeds 

Timing of cultivation can determine whether it incrcases 

• or decreases weed problems, and it may result in a shift from 

10 
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~nnUil] woods to a stand of perennials, which are more 

di 11 i cult to control (Jordan and Jordan, 1984). In one study, 

tlllage increased weed populations by more than 50% over a no­

till area and increased the weed biomass to almost double 

(Putnam et al, 1983). 

2.2 straw Mulch 

straw mulch remains a popular method to suppress weeds in 

orchards. It is particularly popular with organic growers and 

thus warrants careful examination in this study. As one of 

the more established soil management systems, rnuch scientific 

literature exists on this subject. 

2.2.1 Effects on growth and yield 

Many researchers have found that straw mulch has a 

favourable effect on growth and yield of apple trees (Baxter, 

1970; Boynton and Anderson, 1956; Fisher et al, 1961; Greenham 

and White, 1968; White and Holloway, 1967). When compared to 

8 other treatments over 8 years, tree growth was found to be 

fastest under the straw mulcb (Fisher et al, 1961). Trunk 

girth increment was found to be greater in these treatments 

than in sad and crown vetch (Coronilla varia L.) treatments 

(Merwin, 1991), and over ryegrass (Lolium perenne L.) and 

cultivation treatments (Greenham and White, 1968). Judkins 

and Rollins (1943) found that when a straw mulch was used on 

top of sod, the trunk girth increment was greater over the 
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first 3 years of establishment than tor thO!3l' undt'l" :;011 \V 1 t Il 

no mulch layer. peach and apple trocs wor(' 1 DunI! tu qrn\.J 

faster, having larger trunk glrth j nCrC11l0Ilt:, dlhl morL' 

vegetative growth, than trees under permanent P,l!;tlln' (BlIxt.C."", 

1970) and herbicide (Baxter, 1970; Lord and Vlacll, 1913). 

Annual shoot growth of apple trccs undcr hdy lllulch W,t!; 

greater than for trees under seaweed, sawdll:; t, ,lI1d :;oc! 

treatments (Latimer and percival, ]94"1). Silllll.u-Iy, ~;}\I-ib\J:; 

and Skroch (1986a) found trees in a 10 cm rye>-:,t.rdw Illui ch Ln 

have greater shoot lengths than trees in lcqul1lP dlHl orch.lnl 

grass treatments. Total leaf area 01 trce:-:; unùcr :,tldW nllJ]cl! 

was found to be greater than for trees undcr hcrb ici de, !;uc] , 

and cultivation treatments (White and Holloway, ]961). 

Fruit yields of mulched apple and peach trocs were round 

to be consistently higher than under other treatmcnts. Apple 

yield per tree in the first harvest was higher for mulched 

trees than for sod and crown vetch (Merwin, ] 99]) ilnd :;od and 

herbicide (Baxter, 1970) treatments. 

(1986a) found that in the f irst year of bea d ng, t rc'e!; in il 

rye-straw mulch had 10 fruit per troe wh j J c tho!-;(~ in othf'r 

treatments were virtually unfruitful. ln the :.;('cond yCdr, 

these trees had more than 40 fru i t per trec wld J c tn~cf; ] n <ln 

orchard grass (Dactylis gloPlerata) trcatmcnt hdÙ no fruit. ln 

a peach trial, trees under straw mulch had hi<Jhr>r yir>ld:-; (Jv(~r 

two years of study, compared to bath herbi ci de iJnd cu J t i va tian 

treatments (Baxter, 1970) . Baxter (1970) found pr!ilch trens 
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under straw mulch to yield almost twice the weight of fruit ar; 

those under sod treatments. In an older, 4 year study of 

standard apple trees, hay mulched trees yielded comparably to 

seaweed treatments but both were more productive than trees in 

the sawdust and sod treatments (Latimer and Percival, 1947). 

Flower bud formation was greater under straw mulch 

(Baxter, 1970; Haynes, 1980) and even after heavy yields, 

mulched trees had higher bloom densities in the following year 

than trees where cultivation was practised (Baxter, 1970; 

Latimer and Percival, 1947). 

Many authors agree that root growth near the soil surface 

is encouraged under a straw rnulch (Baxter, 1970; Greenham and 

white, 1968; Haynes, 1980; Latimer and Percival, 1947; White 

and Holloway, 1967). White and Holloway (1967) found that 

under straw mulch, apple tree roots were larger and more 

numerous compared with those in the simazine, cultivation, and 

sod treatments. 

2.2.2 Effects on soil 

It is widely accepted that adding a layer of straw is of 

benefit to the soil. Straw mulch has been found to reduce 

erosion (Haynes, 1980; Hipps et al, 1990; Skroch and Shribbs, 

1986) . By absorbing the impact of rain, velocity of the 

surface flow is reduced and soil particles are not as likely 

to be washed away (Hipps et al, 1990). Slaking and sealing of 

the surface is slowed down, thus helping to rnaintain soil 

13 
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structural stability (Haynes, 1980; Hipps et al, ]990). 'J'Il<' 

layer of straw has been found to help conserve !-;oi] moi ~-;tlll'l' 

and decrease soil evaporation by protecting the ~;oi l from sun 

and wind (Baxter, 1970; Boynton and Anderson, 1956; Grecnham 

and White, 1968; Haynes, 1980; Skroch and Shribbs, 1986; Tuk('y 

and Schoff, 1963; White and Holloway, 1967). According to 

Skroch and Shribbs (1986) and Tukey and Schoff (1963), waler 

infiltration rates were also incrcased. 

Sail temperature fluctuations were found to be !,mû Il er 

under the protecti ve layer (Baxter, 1970; Hayncr;, ] 9BO) llnd 

according to Baxter (1970), Haynes (] 980), ilnd 'l'ukcy and 

Schoff (1963), overall soil temperaturcs have bcen lound 1"0 

decrease, thus protecting the roots from dessi cat .. on. 

Straw mulch has been found ta add nutrients and organic 

matter to the sail (Haynes, 1980; Latimer and percival, 1947; 

White and Holloway, 1967). Latimer and percival (1947) found 

that the lower two inches of a hay mulch consisted of hiqhly 

broken down organic matter of which mu ch had bccomc adm i x"d 

with the top 2 cm of soil. Haynes (1980) suq~V'>;.ts tha1" il 

higher level of microbial acti vi ty occurs under il Gtraw mu] ch. 

Increased amounts of available forms of nutr i nnb; 

including nitrogen, phosphorus, potassium, and magnesium wcrc 

found under straw mulch (Latimer and Percival, 1947; 'l'Ily.r~y and 

Schoff, 1963). Soil nitrate content was found to be tdqher in 

straw mulch treatments compared with cultivation (Latimer and 

Percival, 1947; Shribbs and Skroch, 1986b) • 
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2.2.3 Effects on leaf nutrients 

In gcncra], ]cavcs of trees under straw mulch were found 

to have highcr than norma l leve ls of nitrogen and potassium, 

with phosphorus jn a normal range (Shribbs and Skroch, 1986b). 

Tukcy and Schoff (1963) speculated that increased amounts of 

availabl e nutr ients includ ing ni trogen, phosphorus, potassium, 

and magnesium are to be found in soils under decomposable 

mulchcs. 

Over two years, Shribbs and Skroch (1986b) found trees in 

rye-straw mulch had higher nitrogen (N) contents than orchard 

grass treatments. similarly, over 4 years of study, mulch 

treatment tended to increase leaf N (Boynton and Anderson, 

1956). Mulched trees were found to have more pre-harvest drop 

of fruit compared to cultivation and sod treatments (Greenharn 

and White, 1968). Boynton and Anderson (1956) aiso found 

mulched trees ~t"opped their fruit earlier and attributed it to 

the elevated levels of nitrogen. Baxter (1970) and Haynes 

(1980) speculate that under a straw mulch, shoot growth may 

continue longer into the fall, for the same l:eason, thus 

increasing thE' risk of frost damage to the trees. The 

increased ni trogen concentrations may also induce earlier 

flowering and again increase the risk of frost damage in the 

spring (Baxter, 1970; Haynes, 1980); however, Greenham and 

Whi te ( 1968) found that mulched trees blossomed later than 

those in sod anci cul tivation treatments, possibly due to the 
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lower soil temperatures under the mulch and slowcr w,lrminq of 

the soil in the spring. 

Leaf potassium concentrations were found to be highcr 

under muich than under sod or culti vat ion (Greenham and Whi te, 

1968; White ard Holloway, 1967), and cornpared wi th vilrious 

other treatments (Boynton and Anderson, 1956). 'l'hi s was round 

to be true for peach trees as weIl (Baxtcr, 1970; Lord and 

Vlach, 1973). 

2.2.4 Effects on arthropods and earthworms 

The stable soil environment created by il mulch l ayt'r ilnct 

the presence of organic matter from the dccompor;Î ng Btraw, 

tends to favour arthropod and earthworrn acti vit Y (Hilyncs, 

1980) 

2.2 • 5 Ef f ects on diseases 

Recently, Merwin (1992) found that trees in straw mulch 

treatments had higher susceptibi li ty to crown or root rot::; 

caused by Phytopthora cactorum. These rots devclopp-d on 3~% 

of the trees in the straw mulch trcatments compared ta an 

incidence of only 0 - 6% in five other treatments, includi ng 

crown vetch, close mawed sad, chernically growth rcCJu] rltcd sod, 

herbicide, and cultivated . 
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2.2.6 Effects on vertebrate pests 

Strilw mu] ch provides an ideal habitat for rodents. 

Hodent popu] ati ons and aeti v i ty have been found to increase in 

areas 01 straw rnulch, thus increasing the risk of damage ta 

trees (Haynes, 1980; curtis and Merwin, 1991) .Curtis and 

Mcrwin (1991) found damage to be greatec::t in straw mulch 

treatments over 7 other ground cover systems. 

2.2.7 Effects on weeds 

Many rcsearchers claim that straw mulch has been found to 

be an etficient method of weed control in orchards, decreasing 

the competition between tree roots and weeds for moi sture and 

nutrients (Baxter, 1970; Greenharn and White, 1968; Haynes, 

1980; Latimer and perei val, 1947). Sorne researchers looked at 

the possibility that residues from straw may have an 

alle10pathic effect on weeds. It was found that, upon 

breakdown, mature straw from cereal grains released a variety 

of al ipath ie and phenol ie aeids which may inhibi tweed growth 

(Putnam et al, 1983). In greenhouse experiments, Putnam et al 

(1983) found that the pereentage of 4 weed species ernerged was 

reduced by 43 - 100% under surface residues of rye-straw. 

They also found that weE'd densi ti_es under rye, wheat, and 

barley straw residues w(. reduced by close to 90% over 

conventionally tillecl areas . 
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2.2.8 Effects on fruit sizc and quality 

Average fruit size was found ta bc largcr in st.l'i1\'] muleh 

treatments than in others (Baxter, 1970; Boynton and Ander~on, 

1956; Fisher et al, 1961; Greenham and White, 19(8). Pcachc!.:; 

from mulched trees were also found to be larger (Baxtcr, 

1970). Latimer and percival (1947) found that in year!.; of 

higher yields, fruit size of mulched trces was 1:dm.ilar tu 

other treesi however, in years of lower average y.i cl ùs, 1'ru i t 

size in hay mulch and seaweed treatments was largcr thdn lur 

sad and sawdust treatments. 

Boynton and Anderson (1956), Greenham and WhiLc (19GB), 

and Latimer and Percival (1947) claim that reù co10u1" 

development on the fruit surface was reduced by mulch 

treatments; whereas, Fisher et al (1961) round it b) be 

similar to other treatrnents. According to Engel (1974), the 

incidence of bitter pit was increased in apples from mulch 

treated plots, pr, ~umably due ta the higher potassium content 

of these apples. 

2.3 Geotextile 

Over the last 10 - 15 years, fabric-like "geotextilcs", 

most often made of polypropylene (a polymerized pctroleurn 

byproduct), have been developed for use in horti cu l tura 1 

practice as an aid in controlllng wceds. '1'0 date, th,-.!y have 

most often been used in landscaping and are rnost sujtabJc in 

plantations where they will not be disturbed for approx.i matcly 
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.~ t-_o 5 ycars. Very little scientific documentation, 

pdrtjcuJarly as pertains to orchard management, is available; 

thcrclorc, thlS section presents a very general view of the 

propcrties of the fabric, its advantages and disadvantages, in 

an effort to help understand i ts potential for use in the 

establishment years of an orchard. 

Hriefly, installation involves laying out sheets of the 

gcotextile over the area where weed control is needed, 

allowing for ho les where the desired plants are to be grown. 

Once installed, the fabric should la st 3 to 5 years. 

Geotextiles are porous, thus they allow rain through and 

allow gas exchange in the soil. According to Lytton (1990), 

they help to insulate the ground and rninimize temperature 

fluctuations. They are said to block the rnajority of weeds; 

however, Lytton (1990) and Appleton and Derr (1990) state that 

perennial weeds such as nutsedge, crabgrass and Bermuda grass 

will often grow through the geotextile. Weed seeds also 

germinate in the layers above the fabric and must be pulled 

out early. If they have time to anchor in the fabric they 

will tear it when pulled (Lytton, 1990). This obviously 

increases the arnount of time needed to manage the area, in 

terms of vigilance and labour. Herbicide application before 

installation is recomrnended (Lytton, 1990); however, this 

practicc is in direct conflict with the goals of organic 

agr ieul ture . 
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Installation, as described earlier 1 is time consumi ng ilnd 

labour intensive, as specific machinery for qC'otextile 

installation in orchards has r.:~t yet been developed ilnd the 

procedure needs the precision of human hands. 'l'he cost of the 

fabric itself is quite high at approximetely $3.00 pC'r square 

metre, althaugh this cost and the initial cast of i nsta 11 ation 

can be spread over the length of tirne of its etfcctivcness 

(ie. approximetely 3 to 5 years). 

2.4 Manure mulch 

No specifie references to the use of farmyard manure as 

a mulch for apple trees and its effect on growth ilnd yield of 

the trees were found. The large amounts required for a 

commercial orchard, applied as a weed controlling mulch to a 

depth of approximately 15 cm., extending to a radius of 

roughly 1 metre from the tree, may be difficult to obtain and 

expensive ta apply. Another drawback is that air-borne weed 

seeds and any not killed in the composting process tind the 

manure an ideal place to root and graw. 

2.4.1 Effects on growth and yield 

Trials involving a coyer crop of soybean in combinatian 

with peultry manure provide sorne information. standard trecs 

under this treatrnent grew faster in the f irst eiqht ycars 

compared te seven other treatrnents (Fisher et al, 1961) • 
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'l'hese trees alsa had the highest cumulative yield over s ixteen 

yeilrs (Fisher et al, 1961). 

According ta Haynes (1980) this layer of rnulch could be 

expected to encourage root growth near the surface of the 

sail. 

2.4.2 Effects on soil 

As a muIch, this layer may have many benef icial effects 

on the sail which may ul timately have an effect on the growth 

and yield of the trees. Mulch layer::: have been found to help 

absorb the impact of rain, theret'Y helping ta rnaintain soil 

structural stability, retarding the slaking and sealing of the 

surface and thus decreasing erosion (Haynes, 1980) while 

prornoting water infiltration rates (Skroch and Shribbs, 1986). 

Mulches have also been found ta help reduce evaporation by 

protecting the soil from sun and wind, while helping to keep 

the sail moist (Haynes, 1980; Skroch and Shribbs, 1986). 

Soil under rnulches was found to stay at a more uniform 

temperature wi th 

(Haynes , 1980). 

increased protection from freezing 

However, high ni trogen levels late 

damage 

in the 

season may delay hardening of the tree and increase the risk 

of winter damage (Haynes, 1980). By using this type of mulch, 

organic matter is added to the soil (Rogers and Raptopoulos, 

1945) with the upper few centimetres of soil tending to become 

richer in organic matter (Haynes, 1980) . 
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2.4.3 Effects on arthropods and earthworms 

The environment created by Cl rnulch, ic., more stc1blC' 

moisture levels and temperatures, as weIl as highcr levcls of 

organic matter and increased soi 1 structural stabil ity 

contribute to greater arthropod and earthworm acti vi ty 

(Haynes, 1980). 

2.4.4 Effects on fruit quality 

Tao much nitrogen during ripening has becn found to 

reduc€ fruit colouring and fruit quality (Fisher et al, ]9h1, 

Haynes, 1980). 

2 • 5 Red fescue cover 

The use of various species of grass to form a sod is a 

well-established cultural prac.tice in many orchards. One of 

the primary reasons for the development of this system is ttHlt 

i t is better for traff ic, making i t easier ta acccss the 

orchard for operations such as harvesting, pruni nq, nnd 

irrigation. 

2.5.1 Effects on growth and yield 

It is weIl documented that a major problem in usi ng a 

complete sod cover in the establ ishment years of an orchard i s 

the competition between trees and grass for water (Greenhrtm 

and White, 1968; SkrochandShr1.bbs, 1986; stott etal, ]977; 

White and Holloway 1 1967) and nutrients (Baxter, 1970; Bou Id 
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et al, 1972; Greenham and White, 1968; Haynes and Goh, 1980; 

,Johnson and Samuelson, 1990; Jordan and Jordan, 1984; Shribbs 

and Skroch, 1986a; stott, 1976). Johnson and Samuelson (1990) 

speculate that trees on dwarf rootstocks, in more intensive 

plantings might suffer Even more from competition with grass 

than more widely spaced, deeper rooted standard trees. An 

overwhelming majority of researchers found tree growth to be 

inhibited under sod coyer compared to other treatments tested 

(Bould et al, 1972; Bould and Jarrett, 1962; Fisher et al, 

1961; Greenham and White, 1968; Haynes, 1980; Johnson and 

Samuelson, 1990; Latimer and Percival, 1947; Rogers et al, 

1948; Shribbs and Skroch, 1986a; stott, 1976; White and 

Holloway, 1967). 

White and Holloway (1967) concluded that moisture stress, 

especially in dry years, was the main cause of growth 

depressian under sod. Greenham and White (1968), Skroch and 

Shribbs (1986), and stott et al (1977) found that the sod 

tended ta deplete the available water wi thin the root zone to 

depths of about 50 cm. 

Others found the competition for ni trogen to be severely 

limiting (Bould et al, 1972; Bould and Jarrett, 1962; Greenham 

and White, 1968; Johnson and Samuelson, 1990; Latimer and 

percival, 1947; Shribbs and Skroch, 1986b; stott, 1976; Rogers 

and Raptopoulos, 1945; Rogers et al, 1948). Concentrations of 

leaf nitrogen in trees under sod were reduced when compared 

with trials using herbicide (stott, 1976) (in peach, Lord and 
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Vlach, 1973), mulch and cultivation (Shribbs and Skroch, 

1986b) (in peach, Lord and Vlach, 1973) and b<1rc ground 

(Bould et al, 1972; Greenham and White, 1968; ,10hnson ùnd 

Samuelson, 1990). Some researchers found that adding nitrogcn 

can overcome sod competition (Bollard, 1951; Grecnhùm and 

White, 1968) while others argue that i t do('s not (Atkinson and 

Lipecki, 1980; Shribbs and Skroch, 198Gb). 

Research overwhelmingly indlcates that:. applC' trec qrowth 

is inh ibited under grass covers. 'l'hcse trces tcnded to be 

less vigorous, have smaller trunk growth incrcmcnts, and ]owcr 

yields of fruit (Atkinson and Lipeckl, 19RO; Bould ct al, 

1972; Fisher et al, 1961; Greenham and White, 1968; Johnfion 

and Samuelson, 1990; Latimer and percivdl, 1947; Rogers et dl, 

1948; stott, 1976) _ Peach trees in grass wcrc also found to 

grow less and produce fewer fruit than those in herbicide, hay 

mulch, and cultivation treatments (Lord and Vlach, 1973). ]n 

1964 and 1965, Cox' s Orange Pippin trecs undcr grass cover had 

yields reduced by 56% and 43% respecti vely, compared to other 

treatrnents (Bould et al, 1972). stott (1~n6) lound thilt 

yields of Golden Delicious and Cox on MMI06 rootstock were 

srnaller under grass treatment thùn under both uncut clover and 

herbicide treatments. In elaborate stud ies mea sud ng trec 

roots, White and Holloway (1967) round that the totdl wcjght 

of roots was less under grassed down arcils thdn undcr 

herbicided, straw rnulched or cul tivated areas. Wooldddgc and 
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Hf1rd r.; (1989) speculnte that grass 1ng down may reduce the 

number of root lateraJs and the degree of mycorrhizatjon. 

2.5.2 Effects on soil 

A sod cover helps to control erosion (Bollard, 1957; 

Skroch and Shribbs, 1986) and irnprove water retention and 

1980; Haynes, 1981; Jordan and infil tration rates (Haynes, 

Jordan, 1984; Merwjn, 1991). Merwin (1991) measured water 

infiltration rates and found them to be higher under 

vegetative covers inc] uding grass sod and crown vetch when 

cornpared to bare soil. 

Soil compact ion at depths of 2 - 10 cm was found to be 

lower in the grass treatment cornpared to herbicided areas 

(Haynes, 1980; Haynes, 1981; Merwin, 1991b). The grass roots 

thernselves provide large amounts of dry matter for slow, 

steady decomposition, increasing the level of organic matter 

(Haynes, 1980; Haynes, 1981; Jordan and Jordan, 1984; Rogers 

and Raptopoulos, 1J45i Skroch and Shribbs, 1986). According 

to Haynes (1980), this supplies an energy source to soil 

microflora in the rhizosphere, encourages earthworm activity, 

and improves the growth of fungal and actinomycete hyphae. 

Bence, soil structural stability, aeration, and friability are 

aJl improvcd (Haynes, 1980; Haynes, 1981; Jordan and Jordan, 

1984; Skroch and Shribbs, 1986). Unde-::- these conditions, 

roots are encouraged to branch and forrn more fibrous systems 
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at aIl depths, enabling them ta expIait a qrC'at_C'l" L~oi 1 V01Ullll' 

than trees under cultivation (llaynes, 1980). 

According to Jordan and Jordan (19B4), tlH' COVl'l" m"y 

restrict heat radiation from the soi l thus incrcélsi ng the ri <ok 

of fLost damage while Skroch and Shribbs (1986) claim thnt tlH' 

cover will limit extremes of climé1tic condition~~ thus 

favouring grO\l1th. 

2.5.3 Effects on cree nutrients 

Visual examination showed that leé1ves of tr0e!~ \Inde!" :,or) 

were paler, showing signs of nitrogen dcfici0nr.y (Latiml\r ilnd 

percival, 1947; Rogers and Raptopoulos, 1945; Roger~ pt al, 

1948). Shribbs and Skroch (1986b) measured nutlient levelr; in 

apple twigs and again found the ni tragcn concentrilti on ta bp 

lower. Haynes (1980) and Skroch and Shribbs (1986) speculnte 

that a foliar spray to the trees may be able to compen~ntp for 

the use of nitrogen by the sod. 

Studies examining lea[ and tw ig conc0.ntrat i on:~ nI 

potassium (K) and phosphorus (P) indlcatc that 1 (~v('J:; 01 t IH':;(> 

nutrients in leaves of trecs under God t.rPiltm(~ntr~ il r-(' Il i qhl'r-

than under various other treatments includinq muleh, 

herbicide, and clean cultivation, (Bauld et al, 19n; Crppntlilnl 

and White, 19(')8; Johnson and Samuel~on, ]990; ~;Ilrihl>:~ dnd 

Skroch, 1986b). stott (1976) found incre,l:~(\d JI l(>v('l:~ whi 1(· 

K levels were simi) ar ta those in hcrbi c j de 1. r(>d t m('nt-:;. 

Shribbs and Skroch (1986b) found thi s for hoth 1 e.· "P:; ilnd 
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twjgs, and specu]ate that the hjgh levels may be due to a 

concentration of P and K as a result of poor growth related to 

N deficiency. Johnson and Samuelson (1990), on the other 

hand, bclieve that the grass coyer may encourage endogenous 

mycorrhizae populations and in this way help the tree to take 

up more phosphorous and potassium. Bould et al (1972) found 

that P and K levels dropped initially, and only later 

(approxlmately 6 years) began ta increase. It is suggested 

that P and K gradually became mobilized and released over 

time. 

2.5.4 Effects on arthropods and earthworms 

Grass cover reduces dust and according to William (1981), 

this shouid have the effect of rlecreasing mite infestations as 

weIl as other arthropod pests of apple orchards. 

As mentioned earlier (see above, sect., 3.5.2) 1 the 

stable soi 1 environment and slow, steady decomposition of 

grass roots encourages sail micro-arthropod and earthworm 

activity (Haynes, 1980). 

2.5.5 Effects on vertebrate pests 

Grass coyer provides protectj on for rodents which can 

increase the risk 0f damage ta trees grown in this type of 

environment (Curtis and Merwin, 1991; Jordan and Jordan, 

1984) . 
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2.5.6 Effects on fruit and tree characteristics 

Frui t of trees under grassed areas has gcneral J y Lwen 

found to be smaller (Fisher et al, 1961; Greenham and Whitt', 

1968) but more highly coloured (Greenham and Wh i te, ] 9GB; 

Latimer and Percival, 1947; RogC!rs and Raptopoulos, 194!.>; 

Rogers et al, 1948; stott, 1976) than that of trC!es under 

other management systems, with the exception 01 FishC!r ct al 

(1961), who found fruit colour to be the same a~, under 

different treatments. 

Trees under sod tended to retain their fruit longer when 

compared with mulch and cultivation (Greenham and Whit:c, 19(IB; 

Rogers et al, 1948). Haynes (1980) states that the~~ trces 

have a reduced tendency to biennial bearing and usually form 

fruit spurs more easily. According ta Rogers and Raptopau]as 

(1945), trees tended ta blossom later under sad treatments 

compared to clean cultivation. Delver (1974) Warns that the 

incidence of bitter pit may be increased in fruit of trC!C!s 

under sod due to the higher concentration of potassium. 

2.6 Insectary plant cover 

The data obtained from the effects of a lupin (Lupinus 

albus)jwild carrot (Daucus carota) cover crop on app]e tree 

growth are likely to be original in nature. In rC!viewinq the 

literature 1 have, therefore, considered the effect~ of other 

leguminous plants in cropping systems in order to extrapol~te 

the effects Lupinus al bus may have on soj 1 propertjcs and 
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applc trcc growth and have made sorne notes on general 

attrihutcs of Daucus carota. Lupin species are used as food 

for livestock and as green manures. wild carrot is considered 

a noxious weed in Canada. 

2.6.1 Effects on growth and yield 

Bould and Jarrett (1962) found that 

increments 01 apple trees were higher under 

trunk girth 

a wild white 

clover (Trifolium repens) cover crop treatment than under both 

timothy (Phleum pratense) and perennial ryegrass (Lolium 

perenne) treatments. Furthermore, bloom density and yields of 

Cox's Orange Pippin were also higher under the clover 

treatment (Bould and Jarrett, 1962). These trees were found 

to bloom earlier, possibly due to a higher leaf nitrogen 

content (Bould and Jarrett, 1962). 

In a three year study by Shribbs and Skroch (1986), trunk 

diameters of apple trees increased dramatically after the 

legume plots were tilled in and then kept bare. 

According to Jordan and Jordan (1984), the deep taproot 

of leguminous plants is more competitive with the tree than 

f ibrous-rooted grasses. Bould and Jarrett (1962), Haynes 

(1980), Jordan and Jordan (1984), and Skroch and Shribbs 

(1986) agree that competition with fruit ~rees for water is 

increased in the presence of a leguminous cover crop. 

Finally, in studies of allelopathy, Haynes (1980) cites 

Bergamini' s greenhouse trials in which legume (clover and 
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alfalfa) roots seemed to be exerting sorne [orm of biological 

antagonism, inhibi ting the growth of young peach tree~ •. 

2.6.2 Effects on soil 

Leguminous cover crops have been shown to maintain soil 

structural stability and to reducc erosjon (Haynes, 19BOi 

Jordan and Jordan, 1984; Skroch and Shr1bbs, 1986) whilc aJso 

retarding the leaching of nutrients (Skroch ilnd Shrihb~;, 

1986). According to Skroch and Shribbs (1986), cover cropG 

have been shawn ta accelerate the recycling of nutricntfj. 

They also increase the level of organic matter (Jordan ~nd 

Jordan, 1984; Rogers and Raptopoulos, 1945; Skroch <lIld 

Shribbs, 1986) while controlling the rate of its decompo~ition 

(Skroch and Shribbs, 1986). 

It is weIl known that leguminous plants [ix nitrogen and 

provide extra nitrogen to the soil; however, Jordan and Jordan 

(1984), Rogers et al (1945), and Rogers and Raptopou1os (1948) 

found that a Iegurne crop seldom produced enough nitrogen 10r 

itself and the fruit trees. 

2.6.3 Effects on arthropods 

The presence of the cover crop near the troc may increasc 

shelter sites for insects and help to attract b0nC!fici,11 

insect predators and parasites (Wllliam, 198]), cr0ating il 

balance and allowing better natural control of pest insccts jn 

orchards . According to William (1981), wildflownrs and 
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cspccjùlJy Daucus carota jn an abandoned orchard were 

attracLjvc ta several parasitic wasps and parasitization of 

codJing moth and tent caterpillar were increased. The lower 

level of dust, achieved by a cover crop, also tended to 

decrease mite infestation (William, 1981). 

2.6.4 Effects on diseases 

In studies of host plants of tomato ringspot virus (which 

can affect apple trees), Powell et al (1984) found Daucus 

carota to be a good hosto 

2.6.5 Effects on vertebrate pests 

The presence of the cover crop near the tree may serve as 

shelter, encauraging rodent activity, and increasing the 

likelihood of damage to the trees (Curtis and Merwin, 1991; 

Jordan and Jordan, 1984). 

2.6.6 Effects on weeds 

Leguminous crops tend to favour the development of weeds. 

According to Bauld et al (1972), Jordan and Jordan (1984), and 

Shribbs and Skroch (1986), grasses may invade legumes within 

a short time . 
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Preface to Chapter 3 

The data on soil volumetrie water content ,"lnd Boi 1 

nitrate and ammonium were collected and analyzed by B. D. Walsh 

and is provided in this chapter ta show how trcndB in tree 

growth compare wi th those of sail character istics. simi larly, 

it was hoped ta present leaf nutrient analyses; however, lhis 

data was not yet available. Observations on wecd qrowth and 

arthropods, and data collection and analysis of trce growth 

measurernents were carried out by s.s. Salmins. Aliliteraturc 

cited in this chapter is listed in chapter 7 of this thcsis . 
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3.1 Abstract 

CHAPT ER 3 

APPLE TREE ESTABLISHMENT 

IN SIX GROUND MANAGEMENT SYSTEMS 

IN TWO ORGANIC ORCHARDS 

In the spring of 1991, six ground management systems were 

established in two newly planted apple orchards. At the end 

of two growing seasons, trees under geotextile and straw mulch 

treatments showed the most vigorous growth. In orchard 1, 

trees in straw mulch, geotextile, and cultivation had the 

greatest incrernents in trunk cross-sectional areai while in 

orchard 2, trees in straw mulch, geotextile, and manure mulch 

were found to have the greatest increments. Trees in the red 

fescue and insectary plant treatrnents showed the least growth 

compared to trees in aIl other treatments. 

3.2 Introduction 

The production of apples in North America currently 

depends on large amounts of chernical inputs including 

herbicides, insecticides, and fungicides. However, current 

public concern about chemical use, in terms of individual 

health and the global environrnent has led to an increased 

interest in developing sustainable techniques in agriculture 

(MacRae et al, 1990). Producers are being asked to maintain 
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the quality and quantity of fruit produced while, at the s~mp 

time, decreasing the amount of chemicals used (Merwin 1991). 

With the use of dwarf rootstocks, apple trees corne into 

bearing only three to five years after planting. However, 

their small root systems are sensitive to competition for 

water and nutrients from ground vegetation. stronger, better 

nourished trees bear fruit earlier in their liîe and have 

higher yields than weaker trees. Thus, the control of weeds 

is an important aspect of orchard management in establishment 

years ta insure that tree growth is not inhibited. 

Increas ing land, labour, and capi ta l costf> , and the 

decreasing availability of labour, means that growers have to 

become more and more efficient to stay in business (Autio et 

al 1991). One response has been to search for a management 

system that encourages tree growth and promotes early 

production. This includes finding a ground cover management 

system that is economically feasible, is beneficial to the 

long-term stability of the soil and the above-ground 

environment, eliminates chemical inputs, and yet does not 

innibit tree growth. 

This study compares the effects on growth of newly 

planted dwarf apple trees of a straw mulch, cultivation, rcd 

fescue cover, an insectary plant cover of lupi n and wild 

carrot, geotextile, or a manure mulch . 
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3.3 Materials and Methods 

'l'wo expcrimental orchards were established at the 

Horticultural H.esearch Center of Macdonald Campus, McGill 

University in ste. Anne de Bellevue, Quebec. 

Orchard 1, covering an area 31.5m x 60m consisted of 300 

trces (JO trees/row x 10 rows) on M.9 rootstocks, planted on 

a mixed Chateauguay clay loam/ st. Bernard loam in October 

1990. Five scab-resistant cultivars were selected and 

arranged north to south in paired rows, 3.0 metres apart, with 

2 metres between trees. The five outer trees aL the ends of 

each row, one tree between each treatment along the row, and 

the two rows of the cultivar "Novamac" , along the east side of 

the orchard, served as guard trees. The 144 experimental 

trees comprised the cultivars "Brightgold", "Freedom", 

"Liberty", and "Murray" arranged from west to east in that 

order. 

Orchard 2 , cover ing an area 52 metres x 85 metres, 

consisted of 304 trees (16 trees/row x 19 rows) on M. 26 

rootstock, planted on a st. Bernard clay loam in May 1991. 

Rows, running north to south, were 3.5 metres apart, with 3.0 

metres between trees. 

paired rows, were 

The 144 experimental trees, arranged in 

aIl of the scab-resistant cultivar 

"Mi'lcfree". Tree rows, between each pair of experimental tree 

rows, and the outermost rows of the o~chard (1 row on the 

west, south, and east sides, and 2 rows on the north side) 

pollinator trees, serving also r.lS guard rows, were used . 
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These cornprised the scab-resistant cul t i val'S "L, i hOl·ty" , 

"Moira", "637", "Rouville", "Richelieu", and "Olympie". l\lol1q 

each row of experimental trees, one "Mac[rü('" sL'rvcd a~; a 

guard tree between each treatment plot of six trees. 

Each orchard had 24 plots of six trees, arrangcd in <1 

randomized complete block design, with the six trcatnl0nts 

replicated 4 times. The four inner trees 01 e<1cll plot wcr'c 

considered an experimental unit and average mC(l!-;urC'l1wnt!-; wpre 

taken, in order to compensa te for differences in vi<Jour 

between trees. 

Management of both orchards was identica 1 . Fert. i 1 i zC'n-;, 

which complied with organic standards, i ncludi ng fC<1thcl"mC'ill, 

blood rneal, fish ernulsion, and compost (detai]s in Appendix ]) 

were applied around the base of each tree. Pest insccts wcrc 

controlled using rotenone, Safer's soap, pyrethrum, and 

Bacillus thuringiensis (Appendix 2). Alleys were sown with il 

mixture of ryegrass (Lollium perenne L.) and red feseue 

(Festuca rubra) in the spring of 199] and mown ùG required (?-

4 times) throughout each summer. sprinkler irrigat:ion w,,~ 

provided to supplement natural rainfall to providC', on avC'rél<jr> 

2.5 cm/week. In 1991, extension growth from the bud WélS kcpt 

to a single shoot, while in late spring of 1992, sidr> shoots 

at and below 40 cm were removed once, after which rcmaininq 

shoots and new seasonal growth was loft intact . 
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Ground management treatments 

The sjx graund management treatments were established in 

both orchards jn the spring of 1991 and maintained and/or 

rcapplied as necessary (details in Table 3.1). Each treatment 

was applied as a 1 rnetre wide strip along the length of the 6 

trec plot, and extended to 1 rnetre beyond the end trees. 

Growth measurements and data analysis 

Mid-terminal leaves were sampled in mid-July in 1991 and 

1992. Leaves were rneasured using a Paton electronic 

planimcter ta dcterrnine average leaf area. In October 1991, 

trunk diamcter was measured at JO cm from the soil surface and 

subsequcntly converted into trunk cross-sectional area (TCSA 

in square centimetres) before analysis. 'l'he length of the 

single extension shoot was rneasured from the point of the 

grafted bud to the tip of the shoot ir. October 1991. In 

October 1992, trunk diarneter was again rneasured. In addition, 

the number of shoots per tree were counted and their lengths 

measured. 

Data were analysed using the Analysis of Variance 

procedure of the SAS PC 6.04 software package (SAS Institute, 

Cary, N. C. ) . When the ANOVA was signif icant, differences 

betwcen rneans were cornpared using Duncan's new multiple range 

test using SAS software (as above) . 
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Table 3.1 Methods of establishment and mointenoncp of 
treatrnents 

Ground cover 
treatrnent 

1 Cultivation 

2 Geotextile mulch 

3 Straw mulch 

4 Manure mulch 

5 Red fescue caver 

6 Insectary plant 
cover 

Establishment and maintenance 

Tilled at ini tiation and throllqlwut 
summers 1991 and 1992 as need('d (4-(, 
times) using 'Grùvely' cultivato,", to 
depth of about 5-10crn. At 0.3 m0trp 
radius around trees, weed~-; wen' rPIlHlvl'd 
manually and using hand-held h00. 

1991: 'Atnoco' wavell polypropylplI'-' 
landscapc fabr i c appl i (~d. 
1992: 'Amoca' deteriorated; n~l11()vI'd dlHI 

replaced with 'Exxon Sunbplt' 1 UV 
resistant WOVen polypropy 1 elw cJl·oLext 1 il' 
to last 5 years. 

15 cm layer (approx. 2.~) kgj::;qllan:' 
metre) opplicd at initiotion. :;,111\(' 

amount rcapplied spring ]992. 

15 cm layer (Orchard 1, 0.28 cubic 
metresjtreatment; Orchard 2, o.rJ culJic 
metrcsftreatment) of semi-compostcd 
manure applied at initi",tion. O.Fl ,tI1d 
0.4 cubic metres/ trcatrncnt, t-o orclldrd:; 
1 and 2 rcspectively, ilpp]ied ~'p.-inq 
1992 to re-establish 1~ cm layer. 

Seed sown spring 199] (3() 9rilm:~f!~4uilrr' 
metre). Mowed as needed; 2-4 t i m('!; pp.­
year. 

Mixture of Lupinus albun/DaucuD carola 
sowed spring 1991 at rates of 26 gfsq. 
metre and 1 g/sq. mctre rc~spectively. 
Cut down at end of season. IJllfJi 1111{; 

albus resown spring ]992 . 
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3.4 Results and Discussion 

Wccd control 

BdGcd on visual examination, weed growth was best 

controlled under the geotextile and straw mulch treatments. 

Some weeds did emerge where the geotextile (Treatment 2) 

was eut around the tree base, however, thcse were easily 

removcd manually. Along the outer edge of the geotextile, 

thcrc was also sorne weed growth, with dandelion (Taraxacum 

olficinale Weber) being particularly predominant. 

One mon th after initial application, the straw (Treatment 

3) had m~ttcd considerably with very little weed emergence, 

howcvcr, some viable oat seed in the straw produced some 

seedlings which were easily removed by hand as they were only 

loosely rooted in the straw. 

In the earlier part of the 1991 growing season, weeds 

were scarce in the cultivated areas (Treatment 1), as it had 

been very dry. However, later in the season, redroot pigweed 

(AmarantlJUs retroflexus L.) , dandelion, pineappleweed 

(Matricaria matricariaides Less.), lamb's-quarter's 

(Chenopodium album L.), quack grass (Agrapyron repens L.) 1 and 

red clover (Trifolium pratense L.) were present. In 1992 , 

repeated shallow cultivation kept most species under control, 

however 1 quack grass, which spreads by rhizomes 1 did not 

respond well ta this treatment and re-emerged on a regular 

basis . 
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The manure mulch (Treatment 4) \Vi1~; not 1 \11 1 Y l'ompn:;t-{'d 

and harbourcd many vlable weed s('cds. 1 n 1!)l) 1, l u~~h qrLl\vt-h l)! 

lamb' s-quarter' s, redroot pig\veed, dlHi d.lIld(' l 101} \V.1:; 

particularly predominant at a11 sites. In 1l)9~), commo" lllallo\V 

(Malva neglecta Wallr.) predominated. It Wd~; a] ]owc'd ta qrow 

ta a height of approximately one metrc i1nct Wd:; t-hPll choppt'd 

with a bush scythe and left in place to help ~;llppr('!;!; JWW 

growth with reasonable success. 

The red fescue caver (Treatmcnt 5) Wi1S rc1.1t ivply t }"PI' nt 

weeds, al though sorne dande lion, lamb' s-qua rtcr'!., il nct n'cl root 

pigweed wcre present. Regular mowing kepl Ul<'!;{' pldllt!. lr-clll1 

going ta seed. 

In 1991, the insectary plant cover ('1'reatmpnt (1) !j1"f'W d:. 

tall as the trees (approximetely O. Sm to O. 7 1)m) . 1 n hot h 

years these plots were charactel ized by the prenonce' of qUilck 

grass, dandelion, broad-leaved plantain (PlanLago major I..), 

lamb's-quarter's, and red clover. 

Arthropods 

In 1991, the predominant arthropod ref;t~; 1 n ttlf> t"WO 

orchards were those associated with very younfJ trr>p!; ) n ,Î 

nursery. Apple aphid (Aphis pomi) was ob;;crv0(j ta lx> PV011 ) y 

distributed at both sites i however, wherc Cf~Cilp(>d hllcJ.:wh(l.} t 

was growing in the alleys, it served as <ln <l]tcrn<l1ivr> food 

source and fewer aphids were present on the trce;;. Te n t 

caterpillar (Malacosoma americanum), ob] iquebi'lnded ] r>il f ro] ] (Or 

40 



• 

• 

(ClJori:,to!loura rosaccana) 1 and green fruitworm (Lithophane 

il Il 1 (!IJlJi1 t.a) \-/crc a Iso observed but not a t high enough densi ties 

to CdW;C serjous damage. Among benet lcials 1 lady beetle 

(Hippodamia convergens) and lady beetle larvae were present 

throughout 1 and were observed to be feeding on th~' aphids. 

Overd]], thcre seemed to be more general insect activity in 

the areas of the insectary plant and the manure mulch 

trcatmcnts. ln 1992, apple aphids were again present but at 

a ]ower dcnsity than in 1991. Redbanded leafroller (Archips 

argyrospilus) was the rnost serious pest in both orchards in 

1992. 

Tree qrowth 

In both orehards 1 and 2 (Tables 3.2 and 3.3, 

rcspeetively), trees under straw mulch and geotextile showed 

the greatest increases in trunk cross-seetional area (TCSA) 

over the two first seasons of growth. In orchard 1, TCSA of 

trees under eultivation cornpared favourably with those in 

other treatments, however, in orehard 2, trees in geotextile 

grew more in 1992 than those under cultivation. Trees in the 

rcd feseue and insectary plant treatments eonsistently showed 

the least amount of trunk radial growth. 

In 1991, shoot growth in orchard 1 (Table 3.2), was 

qreater on trees under geotextile, straw mulch, and rnanure 

muleh treatments, than on those in the red feseue and 

inscetary plant treatments, although there was no differenee 
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Table 3.2. Effects of sail management treatl1lCllt~-; on the 
growth of 'Liberty', 'Freedom', 'Murray', and 'Briqht<Jold' 
apple trees on M.9 rootstock planted in fall ]990 (Orchanl 
1)"-. TCSA, Shoot growth, and Shoots/Trec mca:'llr~d ilt end 
of each growing season. Average Leaf Arca samp1in<J lakcn 
mid-July each year. 

TREATMENT 

Cuillvallon 

GeolcXlile 

Slraw Mulch 

Manure Mulch 

Red Fescue Cover 

Insee la ry PianI Cover 

TCSA 
(eml.) 

0468 ah 

0617 a 

0.620 a 

0472 ah 

o 350b 

0329 b 

1088 abc 

1714 ah 

1974 a 

0770 he 

0714 he 

0579 e 

Sho"l !!Il"'lh 
( .. Ill) 

74 25 ah 231 3 h .. 

8900a 4621/1 

7850 a 3980 ah 

78008 1800 he 

5315 Il !)llle 

5415 h 119 (J c 

" Means are of 24 observations 

AVl·I.I:'~ Il',el Ah',. 

('111 1 ) 

24 ()~ 11 11/11> 

2641 29 ~2 .. Ill 

23 5~ J~ ft'i Il 

2724 31 (JO ah 

221,7 2641 hL 

21 47 22 (JI! .. 

(II) 

7 ! III 

Il 1 ~ 

Il ') nh 

'i 4 t 

1,7 hl 

(t 1 1" 

Mean separation within columns by Duncan's n0W mult.iplp 
range test 

ns, *, nonsignificant, or significant at p ~ O.O~ 
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Table 3.3. Effects of sail management treatments on the 
growth of 'Macfree' /M26 apple trees planted in spring 1991 
(Orchard 2) "-. TCSA, shoot growth, and Shoots/Tree 
mcasured at end of cach growing season. Average Leaf Area 
sampling taken mid-July each year. 

TREATMENT 

1991n\ 1992··· 

CuhivallOIl 0279 0560h 

Geolexllic 0.275 0815 a 

Siraw MuIch 0322 0712 ab 

Mallure Muleh 0221 o SllS ah 

Red Fescue Cover 0181 o 280c 

InMoclary Piani Cov~r 0199 0226 c 

Shool l.!rowth 
(cm) 

7482 2218 b 

79.89 3155 a 

80.22 284.0 ab 

73.54 2500 b 

59.52 1138 c 

5374 92.3 c 

" Means are of 24 observations 

Awrag<! Leaf Ar<!a 
(cm 1 ) 

1991ns 

2J 43 2J IO a 

2162 2323 a 

18.85 23.62 a 

2054 2352 a 

20.46 1823 b 

1949 1751 b 

Shool ~rrr~~ 
(If) 

1992ns 

8.1 

8.2 

7.8 

7.3 

6.0 

5.3 

Mean separation within columns by Duncan' s new multiple 
range test 

ns, *,**,*** nonsignificant, or significant at p = 0.05, 
0.01, 0.001 respecti vely 
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cornpared with those under cultivat_ion. ln orch<lni 2 ('l'clbl c 

3.3), al though not significantly dit f ('rt'>r1t élt p---O. O~.>, :~hoot 

growth followed a simi lar trend, wherc in t rcc!-; in tilt' l'pd 

fescue and insectary plant treatments showcd the least êlmount 

of growth compared with those in the other tour treatrncnts. 

In the second year of the experiment, in orchélrd~ 1 ilnd 

2 (Tables 3.2 and 3.3), the geotcxti le and r;traw mulch 

treatments continued ta stirnu late inerca~.;C'd growth. Ai both 

sites, shoot gro"lth of trees in the strilw muleh did not diffcr 

significantly from that of those undcr cul tivati on illld manurc 

mulch treatments; however, trces undcr gcot~xtj le êlnd nt:raw 

mulch did have significantly more shoot growth pet" trcC' thiln 

trees in the red fescue and insectary plant trcatment:,. ln 

1992, shoot growth of trees under geotexti le was signi f icantl y 

greater than for those under culti vatlon. 

In 1992, shoot number per tree was dctcrmincd. Tn 

orchard 1 (Table 3.2), trees in the geotcxtile and straw mu] ch 

treatments produced the greatest nurnber of shoots 1 avcnlCJ i ng 

11.1 and 8.9 shoots per tree respecti vely. '1'rces \Inùcr 

geotextile had significantly morc shoots per troc than thœjp 

under cultivation which averaged only 7. 1 shoots pcr trcc.::>_ 

Trees in the other four trea tments produceù Gorncwhat f cwcr 

shoots on average. In crchard 2 ('rable 1 _ 3), trccfi avcr,lqr:-d 

7.1 shoots per tree and although thcrc were no ~;j(Jn j 1lcilnt_ 

differences at p=O.05, trees in the red fescue and inscctilry 
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pJanttreatmcnts agajn producedfewershootsper tree, 6.0 and 

').3 respect] vc] y, than trecs in the other four treatments. 

ln 1991, no significant differences in average leaf area 

were found at either site but leaves af trees in the red 

fescue, insectary plant, and straw rnulch treatments were found 

to be slightly smaller than those af trees under culti vation, 

geotextile, and rnanure mulch. Hawevet. in 1992, leaves on 

trccs in straw rnulch were found ta be the largest campared 

with those from trecs in all other treatments in both orchards 

(Tables 3.2 and 3.3). In 1992, trees under culti vation, 

geotextile, straw mulch, and rnanure mulch, in bath orchards, 

aIl produced leaves of similar size. Hawever, in orchard 2, 

average leaf area was found to be significantly lawer for 

trees in the red fescue and mixed f lora treatments compared to 

the other four treatments. 

soil water content 

In July 1992, data on sail volumetrie water content at a 

depth of O-Ah (Table 3.4), indicate that in orchard l, at 

distances of both 10 and 50 cm from the tree, the % water 

content of soils under the straw mulch was signif icantly 

higher than for sail under the cul ti vation, red "fescue grass, 

and insectary plant treatments, al though not different from 

that in the manure and geotextile treatments. In o.::"chard 2, 

soil in the straw, geotextile, and rnanure mulch treatments had 

the highest % volumetrie water content, although not 
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Table 3.". Effects of soi l management trcatments on 
soil vo1umetric water content at depth O-Ah in orchards 
1 and 2; Soils sarnpled July 1992, 10 and 50 ccntimetrcs 
froID the tree. "* 

Volumetrie Water Content (~) 

orchard 1 Orchard ? 

Location from trcc (cm) 

TREATMENT 10 50 ]0 50 

cultivation Il he 12 bc Il ab 12 ab 

Geotextile 12 abc 12 ab 12 a ]2 ab 

Straw Mulch 14 a 15 a 13 a 13 a 

Manure Muleh 12 ab 13 ab 12 a 11 ab 

Red Fescue 10 he 12 bc 10 b Il ab 

Insectary Plants 9.5 e 10 c ]0 b 10 b 

" Means within each orehard and location sharing a common 
letter are not significantly diffcrent at p=-O. 05 
according ta Tukey's mUltiple comparison tpst. 

* Means are of 24 observations and arc antilogs of transforrncd 
data 
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signifjcantJy grcatcr than that under eUltivation, it was 

hjgher than for sail in the red feseue grass and inseetary 

pl ant trcatments. ln september 1992, there were no 

signifieant differences in sail volumetrie water content in 

either orchard at this depth (data not shown). At a depth of 

Ah-30 cm, sail volumetrie water content was similar at aIl 

sampling locations and dates (data not shawn). 

sail nitrate and ammonium content 

soil nitrate content in both orchards, at aIl sarnpling 

dates, locations, and depths was almost always found to be 

highest under the manure mulch treatment, although in most 

cases it was not signifieantly different from that under the 

straw mulch, geotextile, and cultivation treatments, which 

consistently had levels similar ta each other (see Tables 3.5 

ta 3.8). sail under the red feseue grass and insectary plant 

treatments was found ta have the lowest sail nitrate content 

which was frequently significantly lower than that under the 

rnanure mulch treatment. 

sail ammonium content, measured in 1992, was found ta be 

very similar among aIl treatments (data not shawn); onlyone 

signi f ieant difference in ammonium levels was found. In 

orchard 1, in July, 50 cm from the tree, at sail depth Ah-30 

cm, sail in the manure mulch treatrnent was found ta have 

signifieantly higher ammonium levels, at 1.3 kg/ha, than that 

under the red feseue grass treatment which had 0.51 kg/ha . 
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Table 3. S. Effects of soi 1 management treatments on :.-;oi l 
nitrate levels at depth O-Ah in orchard 1; Soils sampled July 
and September 1992, 10 and 50 centimetres [rom the trce. A

• 

==============================================~~==-====== 

Nitrate Level (kg/ha) 

July 1992 September 1992 

Location [rom tree (cm) 

TREATMENT 10 50 10 50 

cultivation 33 a 16 ab 18.0 ab 25.0 il 

Geotextile 34 a 23 ab 33.0 a 15.0 a 

Straw Mulch 37 a 18 ab 26.0 a 13.0 ab 

Manure Mulch 62 a 30 a 36.0 a 32.0 a 

Red Fescue 14 b 13 b 6.2 b 4.4 b 

Insectary Plants 15 b 15 ab 11.0 ab ]4.0 a 

" Means within each date and location sharing a common letter 
are not significantly different at p = 0.05 according ta 
Tukey's multiple comparison test. 

* Means are of 24 observations and are anti 10gs of translormec] 
data 
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Table 3.6. Effects of soil management treatments on soil 
nitrate levels at depth Ah-30 in orchard li soils sampled July 
and September 1992, 10 and 50 centimetres from the tree. A * 

Nitrate Level (kg/ha) 

July 1992 September 1992 

Location from tree (cm) 

TRr;ATMENT 10 50 10 ns 50 ns 

Cultivation 7.6 bc 7.3 b 3.0 4.6 

GeotextilC' 8.0 bc 7.5 b 4.1 6.9 

Straw Mulch 10.0 ab 5.4 b 4.2 4.1 

Manure Mulch 29.0 a 43.0 a 14.0 14.0 

Red Fescue 2.8 cd 2.2 bc 1.4 2.4 

Insectary Plants 2.0 d 1.5 c 1.4 2.1 

A Means within each date and location sharing a common letter 
are not significantly different at p = 0.05 according ta 
Tukey's multiple comparison test. 

ns non-significant at p=0.05 
* Means are of 24 observations and are antilogs of transformed 

data 
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Table 3.7. Effects of soi l management treatl1lcnts on soil 
nitrate levels at depth O-Ah in orchard 2; Soils samp)co .July 
and September 1992/ 10 and 50 centimetres from the' U·et"~. A * 

Nitrate Level (kg/ha) 

July 1992 Septcmbcr 1997. 

Location [rom treo (cm) 

TREATMENT 10 50 ]0 !JO 

Cultivation 18 ab 15 e 31 abc 26 abc 

Geotextile 36 ab 32 ab 76 a 45 ab 

Straw Muleh 41 ab 20 be 21 be 25 be 

Manure Muleh 56 a 42 a 54 ab 73 a 

Red Feseue 13 b 12 e 24 bc ]2 e 

Insectary Plants 16 ab 11 e 14 e 22 he 

,.. Means wi thin each date and location shad ng a common ] etter 
are not significantly different at p = 0.05 aeeording to 
Tukey's multiple comparison test. 

* Means are of 24 observations and are antilogs of tram;f ormed 
data 
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Table 3.8. Effects of soil management treatments on soil 
nitrate levels at depth Ah-30 cm in orchard 2; Soils sampled 
July and Septernber 1992, 10 and 50 centimetres from the 
tree."* 

Nitrate Level (kg/ha) 

July 1992 September 1992 

Location from tree (cm) 

'l'REA'fMEN'f 10 50 10 ns 50 ns 

Cultivation 7.3 b 5.4 ab 8.0 7.7 

Geotextile 7.3 b 8.3 ab 11.0 14.0 

Straw Mulch 8.3 b 8.4 ab 3.0 2.8 

Manure Mulch 34.0 a 19.0 a 20.0 20.0 

Red Fescue 4.1 b 2.9 b 4.1 2.6 

Insectary Plants 3.8 b 3.9 b 4.0 5.1 

" Means wi thin each date and location sharing a common letter 
are not significantly different at p = 0.05 according to 
'fukey's multiple comparison test. 

ns non-significant at p=O. 05 
* Means are of 24 observations and are antilogs of transformed 

data 

51 



• 

• 

summary 

The effects of geotextile on applc trec growth have Ilot 

previously been documentedi however, early results of this 

experiment concur with work being done at Agriculture Canadil's 

Summerland Research station, B.C., (E.J. Hogue, pC'rsonal 

communication), which indicates that the use of gf'ob:>xt i 1('[; 

promotes growth of apple trees. preliminary resu) b~ from th i f; 

experiment suggest that the use of geotexti le promot(~~~ mon' 

vigorous early tree growth than culti vation, as S0en by tt10 

significantly greater TCSA in orchard 2 in 1992, grc'at0r Ghoot 

growth per tree in both orchards in 1992, élnd il qn:c1tcr 11\1111})0}" 

of shoots per tree recorded in orchard 1 in 199~, for trocs in 

the geotextile treatment (Tables 3.2 and 3.3). 

Results from this trial are similar to thosc reported by 

other researchers, in which the use of a hay or strilw mulch 

around apple trees has been found to result in more viqorous 

growth and greater trunk girth increases whcn comparcd with 

trees under sod (Baxter, 1970; Merwin, 19<)1), crown vetch 

(Merwin, 1991), ryegrass, and cultivation treatmcnt:G (Grccnham 

and White, 1968). Over the first two ycnrn of th)::; 

experiment, trees in the straw mulch showed s 1 i ghtly marc 

vigorous growth than trees under cultivation, howcvcr, thp 

difference was not significant at this staqe. 

Although the initial cost of materiaJs and inGtnl1ation 

of a geotextile or a straw mulch i5 high, thcy rcquire Jess 

work to maintain throughout the season than does cultivation . 
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Weed qrowth 

ql'otcxtilc 

W<lS 

and 

a Iso found to 

straw muich 

be better controlled in the 

treatments than through 

cultivation. A consideration of the relative advantages and 

disadvantages of these systems is aiso important, especially 

in the realm of sustainable agriculture, where long-term 

stabi] i ty of the soi l and the above-ground environment must be 

considered alongside short-term production efficiency. 

Findings in this experiment show soil under the straw 

mulch treatment to have the highest soil volumetrie water 

content among treatments (Table 3.4). This is supported by 

other studj cs which have found hay and straw mulches to 

conserve soi 1 moisture and to reduce evapol:ation (Baxter, 

1970; Boynton and Anderson, 1956; Greenham and White, 1968; 

Haynes, 1980; Skroch and Shribbs, 1986; Tukey and Schoff, 

1963; White and Holloway, 1967). previous research has also 

found straw mulches to add nutrients and organic matter ta the 

soil as the rnuich breaks down (Haynes, 1980; Latimer and 

pcrcival, 1947; White and Hoiloway, 1967), to reduce erosion, 

by protecting the soil surface (Haynes, 1980; Hipps et al, 

1990; Skroch and Shribbs, 1986), and to increase water 

infiltration rates (Skroch and Shribbs, 1986; Tukey and 

Schoff, 1963). Latimer and Percival (1947) and Tukey and 

Schoff (1963) aiso found increased amounts of available 

nutrients, including nitrogen, phosphorus, potassium, and 

rnagnesium under stra~ mulches . 
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The use of a geotextile over the' soi 1 !~tlrt de(' C'\I1 lx' 

expected to protect the soi land to con~-:l'rV(' ~~o i 1 moi ~;hl1"l', 

and indeed, soil under it was found ta have one of thf' 

greatest soil volumetrie water contents, similar to straw 

mulch, cultivation and manure mulch trcatments. One of thr 

most serious drawbacks in consideration of lOIlCJ-t:t'rm 

sustainability of the soil, is that thi s trcatmcnt- dol'!; not" 

add organic matter or nutrients to the soi 1. 'l'hr cl i 1 ri cul t-y 

of proper disposal of the product, aftel' its l'Clllovill, mu!-:t 

also be weighed in evaluation of i ts ovel'''!] env i ronment"i1 l 

effects. 

Repeated cultivation is considered to be detr h\pntétl t () 

the soi1. It has been found to increase sUGceptibi l it-y of t"lH' 

soil to erosion, to decrease soil aggregation, org<:mj c l1lé1tt.cr" 

levels, and water infiltration, ta impede acration, and to 

promote the developrnent of compacted ] ayers (Jordan <Incl 

Jordan, 1984). It has also been found to reduce the divcr~ity 

and density of rnicroarthropod populations (W~]]work, 197G). 

In tenus of growth, trees in the geotcxU 10 trrat I1lpnt 

followed by those in the straw mul ch and Cil 11. i Vol t j on 

treatments are rnost vigorous at thjs stage. contimJPù 

monitoring in these two orchards, over the ncxt ycar!;, wi 1] 

provide data on long term tree growth, as wc]] 

on precoci ty of bear ing, y ie] d, and rcturn 

results, a10ng with the findings from the 

i1~; information 

b100m. 

~;oi 1 i)nù J ('ri f 

analyses, and soil microarthropod studies from the oth0r i'lr,....;j~; 
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bcjng jnvcstjgatcd in this mUlti-disciplinary project, will 

aid in forming a sound ground management system for organic 

orchards . 

55 



• 

• 

Preface to Chapter 4 

Results from the experiments reportcd in Chaptcr J, wh i ch 

examined the effects on tree growth of various grollnd 

management treatments on newly planted trees, cOlild hclp to 

plan the management practices employed in ncwly est;)bl j stH'd 

organic orchards. The next exper iment (Ctlapter Il), w;):; 

initiated to assess how a change from convC'nt i 011 il 1 wppd 

control using herbicides in the first five growing sca:>ün::.;, ln 

various non-herbicide ground manaqement systems, will ilffC'ct 

tree growth in subsequent years. It is hoped thal rf'!:'lIH:; 

from this trial will provide a sound basis for dccidinq 011 ~ 

new management strategy, particularly for orcha·-di:~t:. 

considering a transition from conventionill 

management in an existing orchard. 

ta organ i c 

Data on sail water content and soil nj trate and ammoni \lm 

levels were collected and analyzed by B. Walsh. AU other 

work was carried out by s.s. Salmins. AlI literaturc citcd in 

this chapter is listed in Chapter 7 of this thesiG . 
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4.1 Abstract 

CHAPTER 4 

GROWTH AND YIELD OF BEARING 

'SPARTAN'/M.9 APPLE TREES 

IN FOUR GROUND MANAGEMENT SYSTEMS 

In the spring of 1991, four ground management systems 

wcre established in an orchard planted in 1987. Trees in 

manure mulch and straw mulch, followed by those in the 

geotextile mulch grew most vigorously in the first two seasons 

of growth. 'l'rees in the red fescue cover grew less than those 

in manure or straw mulch. Average Ieaf areas of trees in aIl 

treatments were similar. Yield and percent fruit set data 

indicate that the use of geotextile or straw mulch along tree 

rows may have a beneficial effect, resulting in increased 

fruit set and higher yields. 

4.2 Introduction 

with the growing demand in North America for organic 

produce, and a shift in aproach to agriculture, where long­

terrn stability of the overall environment is considered 

important, many apple growers are rnaking, or are considering 

making, a transition from conventional (predominantly chemical 

depcndent) practices, to more sustainable (ie. less chemically 

dependent) approaches. One way to reduce chemical use in 

orchards, is to eliminate the use of herbicides, and ta employ 
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a different strategy for weed control. Howcw:!r, this d('cüdon 

is accompanied by a very real concern, as to how tlds practicc 

will affect production. Production capaci ty of llpplc trcl's if; 

dependent on the health and vigour of the trC'c, and l' ,­
~, 

directly proportional to the size of thc trcc trunk (\\l0!-;twood, 

1978); thus, if management practiccs promotc th0 growth 01 

healthy trees which grow quickly, high yields should b0 

expected. 

In the orchard used for this study, trce rows had b('0n 

treated with herbicides for weed control sinee thcir 

establishment in 1987. In 1991, four alternative in-row 

treatments were applied to determinc thcir cff ects on !.-;oi 1 

quality (moisture, temperature, nutrient lcvcls, organic 

matter, bulk density) , and tree growth and yicld. ln this 

paper, the effects on tree growth and yield, of the four 

systems, including straw mulch, polypropylene geotcxtilc 

mUlch, manure mulch, and a red fescue cover, are examlned. 

4.2 Materials and Methods 

In 1991, four rows of 19 'Spartan'/M.9 applc trees wcr0 

selected within an orchard planted in a st. Bernard clay lOdm 

in 1987 at the Horticultural Research Center of Macdonald 

Campus, McGill University in ste. Anne de Bellevuo, Qucbcc. 

Tree rows were 3.5 metres apart wi th /. rnctrc!"-; b(>tw~(!n t~r(>p;, 

within rows. Two trees at each end of the rowG, and one trcc 

between each treatment a long the row, served as untrcated 
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glwrd trec~:;. The cxperiment was arranged in a randomized 

campJ~te black d~sign with 8 plots of 7 trees, where the 4 

treatments wcrc each rcplicated 2 times. An experimental unit 

was considercd the average of measurements taken from the five 

inner trees of each treatment. 

The orchard was managed according to conventional 

practi ce, using chemical fungicides, insecticides, and 

fcrtilizers (see Appendix 3), herbicides, fungicides, 

insecticides, and miticides (Appendix 4). During the 

exper.i ment, Paraquat was appl ied as a str ip along tree rows in 

non-exper imenta 1 areas wi thin the orchard; however, no 

herbicide was used within the experimental area. WeIl 

established alleys, comprised of a mixture of perennial red 

fescue and several colonized native weed species were mown as 

required throughout each summer (approximately 2-4 times). No 

supplimental irrigation was supplied in 1991 or 1992. Trees 

were trained to the central leader system. 

Ground management treatments 

Four ground management treatments were established in 

spring 1991, and maintained and/or reapplied as necessary 

(Table 4.1). Each treatment was applied as a 1 metre wide 

strip along the length of 7 trees and extended to 1 metre 

beyond the end trees . 
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Table 4.1. Methods of establishment and m~intenal~e 
of treatments 

Ground cover 
treatrnent 

1 Geotextile rnulch 

2 straw rnulch 

3 Manure rnulch 

4 Red fescue cover 

Establishment and m~intcnanc0 

1991: 'Amoco' woven pol ypropyl <>Il(' 

landscape fabric applied. 
1992: ' Amoco' deter ioratcd; removl'tl Olnù 
replaced with 'Exxon Sunbclt' UV 
resistant WOVen polypropy l elw g00b'xt il (' 
to last 5 years. 

15 cm layer (approximntely 2. ~ kg/:;qlJan~ 
metre) applied at initiation. Same 
amount reapplicd spring 1992. 

15 cm layer (0.33 cubic rnctrcs 
/treatrnent) of semi-composted rnanurp 
applied at ini tiati on. 0.2"' cllbi c 
rnetres/treatment applied spring 1992 ta 
re-establish 15 cm layer. 

Seed sown spring 1991 (36 grams/square 
rnetre). Mowcd as nceùedi /-4 timn:-; 1>01" 

year . 
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Apple growth measurements and data analysis 

I~avcG woro sampled in mid-July in 1991 and 1992. Seven 

mi d-termina 1 leaves were taken from each of the f ive inner 

troos of oach treatment and were then measured using a Paton 

electronic planimeter to determine average leaf area. At the 

beginning of the experirnent, ie. June 1991, trunk diameter, 35 

cm from the soil surface, was measured using calipers, and 

th(m converted into trunk cross-sectional area (TCSA cm ), 

before analysis, to determine whether there were any initial 

di[[crences in trunk girth. Trunk girth was then measured at 

the ond of two growing seasons, ie. in October 1992, and again 

converted into trunk cross-sectional area before analysis. In 

October 1991, fruit on the tree and fruit which had fallen 

were harvested to determine yield in kilograrns. In the spring 

of 1992, percent fruit set was determined (number of fruitlets 

set/total number of blossoms x 100%). In October 1992, yield 

and fruit size was deterrnined. In addition, in 1992, fruit 

were graded by hand into four size categories (under 4 cm, 4 -

6 cm, 6 - Sem, and over S cm diarneter). 

with the exception of size grouping, data were analysed 

using the Analysis of Variance procedure of the SAS PC 6.04 

software package (SAS Institute, Cary, N.C.). When the ANOVA 

was signifi cant, differences between means were compared using 

Duncan' s ncw multiple range test uslng SAS software (as 

above) . Fruit yield in 1992 was very low, therpfore the 

sample size for purposes of grading the fruit into four size 
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categories was tao small for statistical ill1al)'~,is. Th i:, 

information is presented onl)' to show the possl ln l i ty 01 illl 

emerging trend. 

Results and Discussion 

At the outset of the experiment i t WilS detenn i 11("'<1 tllilt 

there were no significant differences in t:runk 'Ji rth~~ of 

experimental trees. However, after two growing !-:ca!,on:-:, t l'p(':. 

in the manure mulch and straw mulch treatmcnt~-: had gn~(lt('r 

trunk girths than those in the red fescue treatm('nt ('l'.lh 1 (' 

4.2) . It is widely aceepted that [avourau] e 1110 i :;tun' .md 

nutrient conditions (partieularly the availabi 1 i ty of 

nitrogen) favour apple tree growth (Bould and ,]arn~t:t~, l ')()2; 

Shribbs and Skroch, 1986b; stott, 1976; Westwood, 191R). ln 

this experiment, 1992 data reveal no signi[icant djll~rences 

among aIl treatments, in either soil volumetrie water content 

(Table 4.3) or soil nitrate levels (Table 4.4); albeit nitrate 

levels were found to be somewhat higher undcr the geot('xt:ile 

and manure mulch treatments. Latimer and Pcrciva] (1947) and 

Tukey and Sehoff (1963) speeulated that the prcr;'mc(' of a 

straw mulch may make nutrients more availablc 10r trcc uptake, 

and found inereased amounts of available forms of nutrj~nta, 

including ni trogen, under straw mulch treatments. Th j fj mily he 

attributed to greater soil biological activjty clssociatpd with 

decomposing organic mulehes (Baynes, 1980; Seastcdt, 19H01), 

which, in turn, might help to explain the vigorous growth of 
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Table 4.2. Effects of sail management treatments on the 
growth, yield, and percent fruit set of 'Spartan'/M.9 
applc trees planted in 1987 A

-

TCSA Av~rag~ udf Area Vldd Fnlll Set 
(cm~) (cm:!. ) (\.g/5 Irecs) ('Xl) 

10IIIai Incrl!at;;c! 

llŒATMENT 1991n' 1992" 1991n5 1 992n' 1991n5 1992n5 1992n5 

Red fc~eu~ 5761 1080 b 2994 2524 408 2.4 88 

GellleXhle 6557 1 597 ab 3136 2571 43 1 56 122 

Straw Muleh 6503 1998 a 2889 2500 412 36 15.1 

Manurc Muleh 6.251 2069a 2879 2551 36.0 28 9.9 

Means are of 8 observations 
Mean separation within columns by Duncan's new multiple 

range test 
ns, * non-significant or significant at p=O.05 respectively 
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Table 4.3. Effeets of sail management trcatrncnts on 
soil volumetrie water content, at depth a-Ah; 10, 50, 
and 100 eentimetres from the tree.~* 

Volumetrlc Yater Content (%) -----
July 1992 ~eptelllbl'I 199.' 

location trom trce (cm) 

TREATHENT 10 50 100 10 50 100 - -- ---- ----

Red Fescue 16 16 17 12 15 1.5 

Geotextile 17 19 19 14 13 n 

Straw Hulch 19 21 20 16 14 1.5 

Manure Mulch 17 18 17 14 13 15 

A Means within eaeh date and location are no~ 
significantly different at p = 0.05 aecordjng to 
Tukey's multiple eomparison test. 

* Means are of 8 observations and are antj]ogs of 
transformed data 
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Table ...... Effects of sail management treatments on soi l 
nitrate levels at depth O-Ahi Soils sampled July and September 
1992, 10 and 50 centimetres from the tree.~* 

TREATMENT 

Red fescue 

Geotextile 

Straw Mulch 

Manure Mulch 

10 

22 

74 

25 

32 

Nitrate Level (kg/ha) 

July 1992 September 1992 

Location from tree (cm) 

50 

22 

64 

30 

50 

10 

42 

120 

34 

65 

50 

39 

220 

21 

96 

~ Means within each date and location are not significantly 
different at p = 0.05 according ta Tukey' s multiple 
comparison test. 

* Means are of 8 observations and are antilogs of transformed 
data 
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trees in the straw mulch treatment . One ndqht ,11:;11 

extrapolate from this that a simi lar procC's:, OCCUl"('d 11l1d('l" tlw 

manure mu lch . Trees 1n the gcotextilc tro.lt.I1H.'nt-, wh i Il' 

comparable to those in the straw and manurc mulch trc~tmcnls, 

had slightly smaller girth increments, and, al though Ilot 

significant, soil nitrate levels werc highcf=;l undcr th i f; 

treatment (Table 4.4). As mentioncd carl icr, !,oi l wab'r 

content was very similar among treatments ('l\:ll.) 1 (' 4. J). 'l'hw;, 

we might speculate that the inorganic na turc of thi::; 'mnIch' 

may not stimulate soil biological activity, and thcrcforc not 

increase amounts of ava i lable forms of nutr i(~nts t 0 thp!~(, 

trees. Further studies are needed ta support tld s hypothc~;j:~. 

The red fescue, although considered among the le:,:; competi ti vc 

grasses, obviously exerted sorne competition wi th the treos for 

nutrients and/or moisture, thus inhibj ting the i r growth 

compared with that of trees in the other treatmcnts. 

No significant differences in average leaf arCrt, fruit 

yield, or percent fruit set were found (Table 4.2). 

Interestingly, in 1992, when fruit was graded into four 

size groups (Table 4.5), it was found that troes in the manuro 

mulch, straw mulch, and geotextile treatments produced tllC' 

highest proportion (approximately 50%) of fruit in the 0-8 cm 

range; while trees in the red feseue treatmcnt produccd 77~ of 

fruit in the smaller, 4-6 cm range, with very few fruit in tlF' 

two larger size groups. Furthermore, while trecs in straw and 

manure mulch, produced sorne fruit in the> 8 cm group (23% and 
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Table 4.5. Percent harvest by size groups (in diameter) of 
'Spartan'/M.9 apples in 1992 

'l'reatment < 4 cm 4 - 6 cm 6 - 8 cm > 8 cm 

Red fescue 14 % 77 % 10 % o 

Geotextile 9 % 40 % 45 % 6 % 

straw mulch 2 % 25 % 50 % 23 % 

Manure mulch 22 % 9 % 56 % 13 % 
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13% respectively), those in grass produced no fruit of this 

size category. Although inconclusivc· at this stage, th i ~~ 

trend concurs with the findings of other rescarchers, thilt~ 

fruit size tended to be greater under mulches than under other 

treatments including grass (Baxter, 1970; Boynton and 

Anderson, 1956; Fisher et al, ]961; Grecnham and Wldte, 19GB). 

A red fescue sod should not be uscd if promoting vigorou~, 

growth is the only goal. However, from the ~-;tcll1dpoi nt 01 

increasing soil biological activity and improvi ng ~oi l ClUill j ty 

in the long-term, as weIl as in terms of the low cm-;tG 

associated with the establishment and maintenance of il !.od, 

the use of red fescue grass could be a good choicc ilnd of 

interest to organic growers seeking a low input-low output 

system and a good, stable soil environment. 

In this study, manure mulch was found to be difficult to 

use. Its application was not only slow, but a1;,0 il ]arqc 

population of weed species became established qu ickl y élnd gr0w 

very vigorously, complicating maintenance 01 the orchilrd. 

Trees grew weIl in this treatment, however, il very seri ou:, 

risk is that i ts use may lead to excessive ni troqen ] eV01~; 

which has been found to be detrimental to apple production, 

promoting fruit drop and decreasing storage quaUty of the 

apples (Westwood, 1978). 

It is reasonable ta expect a geotey,t i] c mu 1 ch to 

encourage tree growth and promote high yields by eliminatins 

competition from weeds; however, although an alternative to 
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h(.!rbi cide u~;c, poJ ypropylene geotextiles do not add organic 

matter to the SOl.]. In this respect it not is likely to be of 

interest to growcrs who want ta 

develop long-term biological 

environment. 

improve soil structure and 

stability of the soil 

When considering the many effects of a ground management 

system, the bcst choice from the four systems investigated 

here, for a grower making a transition to organic practices, 

might be that of straw mulch. straw mulches have consistently 

been found ta promote vigorous apple tree growth (Baxter, 

1970; Greenhdm and White, 1968;) and also benefit long-term 

sail stability, both in terms of promoting soil biological 

activity (Haynes, 1980) , and improving soil structure 

(Haynes, 1980; Hipps et al, 1990). From a management 

perspective, it is easy to maintain, although requiring 

periodic reapplication as it decomposes. Tree guards must be 

used to prevent rodent damage, however, this is standard 

practice ln the majoricy cf North American orchards, 

regardless of the ground management system used. 

Early resul ts indicate that the straw mulch, manure 

muleh, and the geotcxtile muleh treatments resulted in the 

greatest inereases in girth of estv~lished apple trees when 

eompared with red feseue soda Cal' 'nued observation in this 

orchard will provide more conclusl 2 results on growth and 

yield of these trees, and the effects of the four treatments 

on bloOlll density, fruit set, élnd fruit size, to help determine 
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which treatment, if any, will best prol1\otC' t-rC'C' gl"O\.Jt h .11 Hi 

fruit yields in the long term . 
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CHAPTER 5 

GENERAL DISCUSSION AND CONCLUSIONS 

Much previous rest~ar(.h work has assessed ground 

management systems for apple orchards, however, the emphasis 

ha~j been primarily on finding ways ta maximize production. 

'l'he goal of this multi-discipl inary study was broader, and 

stemmcd from a need ta evaluate the impact of several organic 

ground management systems for orchards not on ly on production 

ef1iciency, but also on the soil environment, in terms of soil 

structure and nutrient content, and sail fauna activity, and 

thus, overall stability, and therefore sustainability, of the 

system. Sorne apple growers ôlready practice organic methods 

of production but there is a growing need for scientific 

evaluation of these systems and investigation of ne'W ones, so 

that sound management decis it.!1s, which take into consideration 

as many factors as possible, can be made. Al though the focus 

of the work in this thesis has been to evaluate the (.'!ffects of 

ground management systems on tree growth and yield, i t is 

important that discussion of these results be considered 

wi thin the context of the greater scope of the aims of the 

overall project. 

After only two years of observation, trends in tree 

growth and v igour ullder the ground management systems 

investigated have emerged. 

is inhibited under the 

Results indicate that tree growth 

red fescue and insectary plant 
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treatrnents, while that in the gcotcxti.1 C' "nd !.tt-,\W mlll ch 

treatrnents is most vigorous. Based on pn~viol\~~ \,fol-k, thi!~ W.t~ 

to be expected, as the use of" in-row living coven; (v,ll-iolH-; 

grass, broadleaf, and leguminous species) ha!> rcpcatC'dly bef'n 

found ta result in slower growth and lower yiclds of applC' 

trees when compared with bare graund and mu lch sysh'm:. (Boul ct 

et al, 1972; Bould and Jarrett, 196?; Fisher C't"_ ill, 19h]i 

Greenham and White, 1968; Johnson and SllJ11l10] son, 1990; J.atil1l1'r 

and Percival, 1947; Rogers et al, 1948; Shribbs ilnd Skroch, 

1986a; stott, 1976; White and Holloway, 19(7). Fir;lwr C't al 

(1961) and Greenham and White (196B) found 1ruit of tn"I'~; 

under grass treatment to be smaller than thosc llnrlcr oth0r 

management systems and, although it is still tao carly j n lhi~j 

trial for def initi ve conclusions on d iffercnces in frui t-:. ~. i;/,o, 

preliminary observation found fruit of the ' Spdrtan' lM. 9 tn'(~!. 

under the red fescue trea tment to be somewha t sma Il cr oV0rill ] , 

when compared with those from trees under the manur-{) mu]ch, 

straw mulch and geotextile mulch treatmcnts. Jt ha" boc'n 

suggested that, due to lower tree nitrogcn ]cvc];., fruit-, 

retention by the tree may be bettcr and, that f ru i t qllil 1 i Cy , 

in terrns of colour devclopment, tastc, and textllre, i s 

irnproved under systems of grass caver compared wi th mu l ch and 

cultivation treatments (Greenham and White, 19GB; HOfJr~r;. it 

al, 1948). The importance of con~,ideration of Il rcd 1 P~,C1W or 

an insectary plant caver system i5 ] arge l y bilsed on "thel r 

beneficial influence on the stability of the soi 1 envi ronment . 
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Both of thcsc treatments provide coyer for the soil, thus 

reducinfj croslon (AoJlard, 1957; Skroch and Shribbs, 1.986), 

and, have becn [ound to improve soi l structure over the long 

term (llaynes, 1981; Jordan and Jordan, 1984; Skroch and 

Shribbs, 1986). organic matter is provided by the grass roots 

and clippings, encouraging earthworm and other soil fauna 

activity, and improving the growth of fungal and actinornycete 

hyphac (llaynes, 1980). 

111 mcùsurements of growth, the trees in the cu] ti vation 

and manure mulch treatments fell in the mid-range, although we 

cannot be sure whether this trend will continue or, over tirne, 

thcir growth rates will increase or decrease compared with 

those of trees in the other treatments. Growth data coneur 

with those of other studies in which cultivation was found to 

promote more vigorous tree growth than that of trees under 

living plant eovers, including grass and various legurnes 

(Bollard, 1957; Rogers and Raptopoulos, 1945). Past r~search 

also round that trees under eul tivation grew more slowly than 

those under a straw mulch system (Greenham and White, 1968), 

and while no signif icant differences between the cultivation 

and straw mulch treatments were fQund in the first two 

establ ishment years of the newly planted trees (orchards 1 and 

2), trees under cultivation consistently had srnaller trunk 

girths and 1ess shoot growth than those under straw mulch. 

Repeated eul tivation tends to be detrimental to soil structure 

in the long terrn (Grecnham and White, 1968; Rogers et al, 
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1948) and has been found to contribute to soil compilction and 

erosion (Jordan and Jordan, 1984) _ 'l'he surf <lep t l'IHh; t n t 01 m 

a crust which impedes water infil tration and iorcC'~; w,lt cr to 

runoff. In 1992, a very noticeable crust did Jorm in the 

cul tivation treatment, and although wa ter inf" i Itrilt ion ratcs 

were not measured, in orchard 1, in July, soi l undcl- the 

cultivation treatment, at depth O-Ah, did hilve Cl ~;ilJl1il iCdnt ly 

lower volumetrie water content than thal Undl') ttw :;trdw 

mulch. The samples at other dates and location!; did nol 

differ signif icantly, however, sa i l vo l umetr ic wdll' t- cunt.cut 

was cons istently lower under the cul ti Vil t l 011 t_l (,tlt.lllcnl 

cornpared with the straw mulch. It might be expcct ed that the 

long-term effects of compaction and reduccd wùtcr dVil j J dui ] j ty 

may further i nhibi t growth of trees u nder cu l t i Vd t j on over 

time. Cultivation machinery can damage tree roub~ and/or the 

trunk and branches, leading to a greater risk of insect and 

disease invasion (Jordan and Jordan, 1984). Damage to ::mrface 

roots will also reduce nutrient uptake from the upper portjon 

of the soil (Haynes, 1980). similarly, cuJtivdUon machinery 

can kill both benefieial and /wrmi ul arthropod(; and 

earthworms, thus upsetting the natural population:; dnd bal ance 

of the system. Increased levels ot dust aSGociated wjth thü; 

practice has been found to favour population growth of 

destrueti ve arthropod pests in orchanJ:.; 1 and, to j nh j hJ t thp 

activity of beneficials (Jordan and Jordan, lYBl\j WjJliam, 

1981). In 1992, weed species in the cul tjvated p/otr; !ihi f ted 
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[rom mixcù annual and sorne perennial species ta an increasing 

popuJat::.ion 01 hard to control perennial plants, with quack 

gras::; being particularly predominant, this is in agreement 

with the findings of Jordan and Jordan (1984). 

Manure mulch, on the other hand, adds organic matter and 

provides a protcctive layer to the soil which helps to reduce 

erosj on and to conserve soil moisture (Haynes, 1980). Soil 

volumetric w~tcr content under manure mulch in 1992 did not 

differ sjgni fici:mtly from that under the straw mulch, which 

consistently provided the highest water level of aIl 

treatments. Unfortunately, this type of mulch is likely to 

contain viable weed seeds if not composted properly and/or can 

provide an Ideal growth medium for arriving weed seeds. In 

this study these plots were characterized by heavy stands of 

mixcd weed species which flourished abundantly and thus 

required extra vigilance and time to prevent their reseeding 

thcmselves. From this perspective, it is unlikely that a 

grower would be interested in this type of system; which wou Id 

involve more complex management and thus more time and money. 

Another consideration is the risk of supplying too much 

nitrogen. In this study, nitrate levels were found to be 

highest undcr the manure mulch treatment. Excessive amounts 

of nj trogen appl icd to apple trees wi Il have adverse effects, 

s incc tao much ni trogen has been found ta increase pre-harvest 

drop (Greenham and White, 1968), reduce fruit colouring and 
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fruit quality (Fisher et al, 1961; Bnyncs, 1980), nnd d('l"y 

hardening (Westwood, 1978). 

While it is possible that trccs in the gC'otpxt i h'" .\lld/or 

the straw mulch treatments will bear fruit carlier and pnxhlcP 

higher yields than trees in the other trcatm0nts, ql\otC'xt i 1 ( ... 

mulch, although it does help to rcduc0 erosiol1, d00~; Ilot ,,<id 

any organic matter to the soi 1. Rcr;u I t r.; from thL~ !~tlldy 

concur with work currentIy being donc at AgriclIl t.ur·c Canada'~, 

Summerland research station in British Columbia in which t-hc'y 

are f inding that trees under geotcxt il (' mu) ch qrow v j qorOIlf> 1 y . 

In this experiment, the growth of ncwIy l'~;tahl jr;hf'd t:r('0~; 

(orchards 1 and 2) under geotextile rnulch did not dif fpr Irom 

that of those under straw mulch. 'l'rees] n both t-h('~~0 

treatments were characterized by large radia l qr'owth and 

vigorous shoot growth. In the establishcd, 'Spartan'/M.9 

orchard, the results were slightly different; trunk qrowth of 

trees under geotextile was simiIar, although ~,omnwhat 1(':;:-; 

than that of trees under manure mul ch i'lne] ~)trilw mu l ch. 

Although results indicate that trcc:. in both gcotrxti1n ilnd 

straw mulch compare favourably in terms of growth, qnotcxt i 1 e~; 

must be further evaluated from thc persp~ctivc of Jong-tcrm 

sustainability of the environment and their t:!coloqicilJ 

effects. It is not yet known how thcir use wi]] il11 cct :;oi 1 

quality and soil fauna activity. Another con:;ideriltion i~; 

that of their proper disposaI after their ur;eflll life. Thc:.p 
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factor::;; must be eva luated in the context of the goals of 

organic agriculture. 

It is impossible at this stage to state which system is 

best in thc long-terrn, since the evaluation involves so many 

complex f"'1ctors, includinq the means, and the philosophy and 

ideals of thc individual grower, the location, the soil, and 

the topography. However, when taking into consideration the 

aspccts which have been evaluated in this experiment, from the 

perspecti vc of growing apples organically, the use of a straw 

mulch SDcrns to come closest to the ideal. Straw mulches add 

nutrients and organic matter ta the sail (Haynes, 1980; 

Latimer and Percival, 1947; White and Holloway, 1967), and 

have been found to irnprove soil structure (Haynes, 1980; Hipps 

et al, 1990). Their use helps to reduce erosion (Hipps et al, 

1990; Skroch and Shribbs, 1986}, and to conserve soil rnoisture 

(Baxter, 1970; Greenharn and White, 1968; Skroch and Shribbs, 

1986). This stable environment and the availability of 

organic matter has also been found to favour arthropod and 

earthworm activity (Haynes, 1980). In addition to the merits 

of a straw mulch to the system as a whole, as mentioned 

earlier, it was found that trees in the straw mulch were the 

most vjgorous, along with those in the geotextile rnulch. 

These results concur with previous work in which the use of a 

straw mulch was consistently found to promote tree growth 

(Baxter, 1970; Boynton and Anderson, 1956; Fisher et al, 1961; 

Greenham and White, 1968; White and Holloway, 1967). Should 
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1..his trend continue, and folloY.' that of other ~,t\ld i t's, i t: can 

be expected that trees in the straw mulch wi 11 bN1111 to hl',\! 

fruit earlier and have higher yields thdll thosc in thf' 

cul ti vation, manure mUlch, red fescue, and i nscctary plant 

treatments. Visual observation throughout th 1 r; ~;tudy 

indicated that straw mulches prov ide good wef'd l'ont ro 1 in 

agreement wi th the f indings of Baxtcr (] 970) and Grl'l'nham ,1Il!! 

White (1968). There are however several drawback!; ta tll(' lI!;I' 

of a straw mulch. Among them is the i ncrcéwcd ri !;k 01 

infection of trees in this type of system to crown or ront 

rots caused by Phytopthora cactorul1I (Merw in, ] c)9/), pn-'~;ul1l,lh 1 y 

because of increased humidity around the trcc. 1\1:.0, thl!' 

habitat is conducive to increased vole activity dnd i:; idpétl 

for vole nesting (Merwin, 1991), which may put the trp(~!~ i Il 

greater danger of being damaged by winter bark fccding. 'l'hi!. 

problem is usually alleviated by the use of distar;toful paint 

and/or tree guards on the trunk, which is standard prdcticf' 

for young trees in most North American orchilrdr; undf'r a II 

types of ground management systems. Anotlwr concorn j!; t il.ü 

elevated levels of nitrogen have been found j n trpp:, undpr 

straw mulch and are implicated in increasl ng pre-harvf1!;t drop. 

At this stage, resul ts from thi s study woul cl b(~ of mo!;t 

use to a grower eatablishing a new orchard, a:-; drlLI f rnm th,. 

establ ished orchard revea led very l j ttJ c d j f f erenc(~ i.llTIonrJ thp 

four treatments evaluated there. An organ:i c growcr p] ant i n<j 

an orchard on dwarf rootstock, might considcr using a r;traw 
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mulch, geotextj]e mulch, or cultivation as in-row ground 

management. Thcse treatments aIl promoted tree growth, and, 

depending on the means and objectives of the grower, can be 

considered realistic methods of organic orchard ground 

management. 
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CHAPT ER 6 

SUGGESTIONS FOR FUTURE RESEARCH 

1. precocity of bearing, percent fruit set, ilnd yicld:. of 

the newIy established trees necd ta be invcstiqatrd. 

2. Time of blossoming and thus r lsk of spr i nc] 1 ro:;t ddllldlJP 

and the potential effects on y ie Id~; ~;llOU] d Ll(~ 

evaluated. 

3. The tendency of trees, under the di[fcrent. tre.ltm('n1-:;, 10 

pre-harvest drop shouid he studied. 

4. The tendency ta bienniai bearing might 

investigated in each system. 

5. Hardening off in the faii needs to be evaluatcd, ilS ~ome 

treatrnents rnay stimulate Iate growth and j ncreil:;p Uw 

risk of cold in jury. 

6. Fruit quality, in terms of size, colouring, and ta:,Le 

shouid be evaluted. 

7. Susceptibilityof truit grown under dif feront tn~dt~m(-,nt:;, 

to diseases in storage and overa Il storage qUd 1 i t~y ne0d 

to be determined . 
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Appendix 1. Fertilizers uscd in management or 
orchards 1 and 2, 1991 and 1992 

~ertilizer 

feathermeal 

blood meal 

fish emulsion 

compost 

Maker 

Floradale Ltd. 

McGinnis 

Wilson 

Macdonald 
Campus, da i ry 
division 

Rate applied 

150g/trcc 
1 appl. 
May 199] 

lOOg/trcc 
1 ilppl. 
May ]992 

3 litres/trcc 
May 1991 
r~ ~y 1992 

500gjtree 
1 appl. 
May 1991 

* compost analyzed as parts pcr mi Il ion 
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l\ppendix 2. organic pest controls used in management of 
orchards ] and 2, 1991 and 1')92 

l',"oducl Maker Rate applied Composi tion 

rotenonc Wilson 30mlj3l water 1% rotenone 
sprayed to wet extracted from 
leaf surface roots of 
as required tropical plant 

spccies 

Saier' s soap Safer' s Ltd. 1 part: 50 potassium 
parts water salts of fatty 
sprayed to wet acids 50.50% 
leaf surface 
as required 

pyrethrum Wilson sprayed as 0.02% 
needed to wet pyrethrins 
leaf surface 0.20% 

piperonyl 
butoxide 

Dipel Abbott sprayed as Baci~lus 
Laboratories needed to wet thuringiensis 

leaf surface 16,000 1. U. 
potency per 
mg . 
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Appendix 3. Fertilizers used in 'Spartan' IM.~) on:I1.)1"<I 
planted in 1987 

=================== -0_-=--==_-_-:--

Year 

1990 

1990 

1991 

1991 

1992 

1992 

SuppliE!r 

CIL 

CIL 

CIL 

CIL 

CIL 

CIL 

Rate* 
(gramsjtree) 

GO 

100 

120 

100 

150 

150 

Compo~; i t i 0/1 

14-0-0 

0-2 0- ;~O--3 Mq 

31J-O-() 

0-;;> 0-20-:JMrJ 

34 -o-() 

Q-20-20-3M<j 

* 1 application per season, applied in May 01 <J i vC'n ypi1r 
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Appendix 4. Pesticides used in 'Spartan'/M.9 orchard 
plantcd jn 1987 

Product Chemical name Supplier Rate* 

Roundup- glyphosate Monsantù lkg/ha 

Gramoxone- paraquat Chipman lkg/ha 

Equal" dodine Chipman 1. 75kgjha 

Captan80W" cê.1ptan Chipman 2.25kgjha 

Guthion+ azinphosmethyl Chipman 2kg/ha-O 

Imidan+ phosmet Chipman 5kg/ha 

CarsolSP** formetanate Nor-PM lkg/ha 
hydrochloride 

* Rate as wettable powder in 1000 litres water per hectare 
Herbicide 
Fungicide 

+ Insecticide 
** Miticide 
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