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ABSTRACT 

An i n v e s t i g a t i o n was" c a r r i e d out i n order t o 

evaluate some of the f a c t o r s which i n f l u e n c e the use 

of dwarf and semi-dwarf apple t r e e s i n commercial 

orchards i n the Okanagan V a l l e y of B r i t i s h Columbia. 

Three d e t e r m i n i n g f a c t o r s were found t o be- o f 

prime importance: the p l a n t i n g d e n s i t y o f the t r e e s 

i n the o r c h a r d , the t r e e form as determined by the 

p r u n i n g and t r a i n i n g system c a r r i e d out and the 

nature o f the r o o t s t o c k used. 

In the Doornberg Orchards at Okanagan Centre 

where the experiments were conducted, semi-dwarf 

t r e e s on M a i l i n g VII r o o t s t o c k t r a i n e d as hedgerows 

and p l a n t e d at a h i g h d e n s i t y p e r acre gave the 

optimum e a r l i e s t and t o t a l y i e l d s and. r e t u r n s . 

The experiments were c a r r i e d out from p l a n t i n g 

time up to the end of the s i x t h growing season. The 

v a r i e t y of apple used i n the experiment was Golden D e l i c i o u s . 
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INTRODUCTION 

World p r o d u c t i o n o f apples has been r i s i n g s t e a d i l y f o r 

the p a s t 30 y e a r s , from some lj.00 m i l l i o n bushels (1926 - 1930 

average) to a peak of 671). m i l l i o n bushels i n 1950 of which 

about 150 m i l l i o n btishels may be c o n s i d e r e d as c i d e r apples (20)<» 

I t i s noteworthy that the l a r g e s t i n c r e a s e has occured i n Euro

pean c o u n t r i e s , where, from a prewar l e v e l of c l o s e to 121}. m i l l 

i o n bushels the p r o d u c t i o n jumped to 3&0 m i l l i o n bushels in 

I960, D u r i n g t h i s p e r i o d I t a l y has i n c r e a s e d i t s p r o d u c t i o n 

s i x times, Denmark and Holland f o u r times, A u s t r i a , England, 

Germany, Sweden and S w i t z e r l a n d between two and three times (20)• 

P r o d u c t i o n on the North American Continent (U.S.A. and 

Canada) on the o t h e r hand has been s l o w l y d e c l i n i n g from llj.1 

m i l l i o n bushels (1935-1939 average) to 12lj..5, , m i l l i o n bush

e l s (1955-1959 average). 

I t i s apparent t h a t the c o m p e t i t i o n f o r the world mark

et i s on the i n c r e a s e . The B.C. apple producer, along w i t h 

others on t h i s c o n t i n e n t , must be prepared to meet the c h a l l 

enge of European c o m p e t i t i o n . T h i s c o u l d n e c e s s i t a t e , amongst 

other, t h i n g s , changes i n p r o d u c t i o n t e c h n i q u e s . 

MacPhee (20) who conducted a Royal Commission i n q u i r y 

i n t o the d i f f e r e n t f a c e t s of t h e f r u i t i n d u s t r y i n the Okan

agan V a l l e y o f B r i t i s h Columbia d u r i n g the years 1957-58 

suggested some improvements which c o u l d be made in c o - o r d i n a t -
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ion and streamlining of certain services and some possible 

s i m p l i f i c a t i o n s i n organizational phases of the industry. 

He also l a i d emphasis on the f a c t that the f i n a l remedy 

for the f r u i t growers i l l s would have to be found i n the orch

ards themselves. In many cases besides being marginal as 

a r e s u l t of ecological factors, the land units were too small 

f o r economical and p r o f i t a b l e operation. In some instances 

the crops were inadequate i n nature, q u a l i t y and o v e r a l l ton

nage. 

Intensive and high density planting techniques using 

clon a l Paradise and Doucin root stocks, p a r t i c u l a r l y of the 

dwarfing types as developed and c l a s s i f i e d by the East-Mailing 

Research Station In England, does not appear to have been 

thoroughly evaluated i n North America. In contrast p r a c t i c a l l y 

a l l Western European Commercial orchards have now adopted new 

planting concepts evolved from the use of such growth reg

u l a t i n g rootstocks a 

The object of thi s investigation was to experiment with 

s i m i l a r methods and to evaluate some of the factors involved, 

t h e i r advantages and disadvantages, t h e i r p o s s i b i l i t i e s and 

t h e i r economic significance with special reference to comm

e r c i a l f r u i t growing i n the Okanagan Valley of B r i t i s h Colum

b i a . 
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CHAPTER I  

REVIEW OF LITERATURE 

Brase and Way ( 2 ) mention that i n Europe f r u i t treer: 

dwarfing techniques, using growth r e s t r i c t i n g root stocks, 

go back many centuries. The ancient Greeks, l i v i n g at the 

time of Theophrastos knew about dwarfing apple rootstocks, 

as l a t e r on did the Romans.1 The word "paradise", according 

to Bunyard ( 2 ) comes from the Persian word " p a i r i d i z e a " , 

meaning a park or a garden, the word appears to have been men 

tioned f o r the f i r s t time toward the end of the XVth century. 

The word "doucin" has been traced as f a r back as 1 5 > 1 9 » In 

1 6 5 2 Le Gendre i n France recommended that apple trees should 

be grown on "paradise" or "doucin" rootstock and pear trees 

on quince root. De l a Quintinye i n 1 6 9 0 seems to have been 

the f i r s t to emphasize the importance of using the proper 

rootstock i n r e l a t i o n to the form and size of tree onein

tends to grow. 

Fey and Wirth ( 9 ) report that the French h o r i t c u l t u r i s t 

Fanon i n I78O described a modified dwarf pyramid tree with 

"arched branches", (Pyramid mit Gebogenen Zweigen) which, i n 

a l l p r o b a b i l i t y , was the present day "spindel-bush" tree, so 

widely spread presently i n Germany and Holland. A l l through 

the XVIIIth and XlXth century, paradise, doucin and quince 

were widely used over most of Western Europe as growth 

c o n t r o l l i n g rootstocks. 

Theophrastos: Plato and A r i s t o t e l s ' s d i s c i p l e , Greek 
s c i e n t i s t and philosopher born on Lesbos around 3 7 2 B.C. 
Known f o r his learned writings on plants. 
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Nevertheless, only during the l a s t $0 years have new com

mercial p l a n t i n g methods a f f e c t i n g tree form, siz e , planting 

distances, pruning systems, etc. come to the fore. In the 

beginning of t h i s century small production units where apples, 

pears and peaches were grown on dwarfing stock, c l o s e l y planted, 

often trained along walls or t r e l l i s e s , were common i n the 

neighbourhood of large European c i t i e s . These "fruit-gardens" 

as they were c a l l e d i n Prance, Belgium and Switzerland, were 

conceived to supply highly p a r t i c u l a r markets with luxury f r u i t . 

They were highly intensive operations i n contrast with the high-

stem, standard-tree orchards, which then produced the bulk of 

the t o t a l apple and pear erop. These extensive, often not too 

well cared-for orchards were also used as pasture, where grazing 

was often considered of more value than the f r u i t crop i t s e l f (30), 

The large standard trees used, were planted 35 to l\$ feet apart 

and the crown was usually ca r r i e d on a 6 to 7 foot high stem. 

The root stock was a seedling, sometimes a wild seedling dug 

out of the nearby woods. Sprenger (30) states that up to 1930, 

most of the apple and pear orchards of Holland comprised these 

high-headed trees, shading grazing c a t t l e i n the pastures. 

Later on the pastures gave way to berry andv egetable production, 

and the c a t t l e were excluded from the orchards. I t then became 

evident that there was no necessity f o r such high-headed trees, 

and that low bush trees would si m p l i f y operations. Seedling 

rootstock began to be replaced by doucin, sometimes paradise 

rootstocks. Gradually, sometime between the old time grazed 
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orchards of the country side and the intensive e s p a l i e r -

trained trees of the suburban commercial f r u i t gardens of 

prewar days, altogether d i f f e r e n t new types of orchards, 

more or less intensive i n character, made th e i r appearance. 

They were spindles or pyramid pear orchards of dwarf or semi-

dwarf siz e , grown on quince roots; open vases, informal pyr

amids or simply bush-type trees f o r apple trees grown on 

doucin or paradise stock, A most s i g n i f i c a n t step forward 

for the future of the industry, came about with the replace

ment of the variable doucins, paradises and quinces by the , 

properly i d e n t i f i e d Mailing type clonal rootstocks. Hatton's 

c l a s s i f i c a t i o n work (3k-) brought an end to the chronic con

fusion that had existed for years in the designation of apple 

and pear c l o n a l rootstocks. The Mailing nomenclature, with 

i t s s p e c i f i c Mailing types, began an era of s c i e n t i f i c 

experimentation, which resulted i n new planting concepts i n 

the more progressive European orchards. Each rootstock was 

c l e a r l y s p e c i f i e d and i d e n t i f i e d by a roman numeral to 

which exactly defined morphological and p h y s i o l o g i c a l char

a c t e r i s t i c s corresponded. The two elements of the symbiontic 

tree being thus both g e n e t i c a l l y defined and stable, i t formed 

a uniform and f a i r l y predictable u n i t . 

Out of some seventy l o t s of apple rootstocks gathered from 

commercial establishments a l l over Europe were sorted some 

sixteen "types" which were given the Mailing i n i t i a l and 

roman numbers I to XVI. Gradually the series was increased 



- 6 -

by new productions such as M XXV and M 26pthe l a t e s t add

i t i o n being the woolly aphis r e s i s t a n t clones of the Malling-

Merton series bred by Tydeman and Crane ( 3 8 ) ( 3 5 ) « Although 

these roots have shown generally good compatibility with most 

of the commercial apple v a r i e t i e s many have nonetheless been 

discarded as unsuitable. Scions grown on these d i f f e r e n t 

clones show l i t t l e vegetative difference i n the nursery, but' 

before long, i n the orchard they show considerable v a r i a t i o n 

i n the size of tree they w i l l grow. For a l l p r a c t i c a l purpose 

they can be grouped i n four categories of increasing vigour! 

1 . The very dwarfing rootstocks such as M VIII, M IX and M 26. 

2 . The semi dwarfing stocks such as MM 1 0 6 , M VII and M IV. 

3 . The vigorous types producing semi-standard sized trees, 

more or less 2 / 3 of a large standard tree, such as MM 1 1 1 , 

M 1 1 , M I and MM 1 0 9 and MM 10/+. 

4.. The very vigorous types such as M XLT, M XXV and M7XVI, 

who w i l l grow trees at l e a s t equal to the common standard 

orchard tree. 

Highly s k i l l e d and imaginative h o r t i c u l t u r i s t s i n quest 

for evermore e f f i c i e n t production ways - Fey and Wirth ( 9 ) , 

Schmitz-Hubsch, Mac Leans, Seabrook i n England; Sprenger, van 

Oosten and Spoor i n the Netherlands; van Cauwenberghe ( 3 2 ) i n 

Belgium, and many more who deserve tribute for the services 

they rendered, pioneered a number of new avenues during the 

two decades that followed the f i r s t World War. As a r e s u l t , 



- 7 -

i n E u r o p e , t h e o l d s t a n d a r d t r e e o r c h a r d s o f t h e p a s t gave 

way g r a d u a l l y t o t h e new h i g h l y i n t e n s i v e dwarf t r e e o r c h a r d s 

o f t o d a y . 

I n H o l l a n d , S p r e n g e r (30) i n "Het L e e r b o e k d e r F r u i t t e e l t " 

d i d show an e a r l y a w a r e n e s s o f the i n c i d e n c e o f t r e e - f o r m , 

r o o t s t o c k t y p e , v a r i e t y and p l a n t i n g s y s t e m upon t h e r e i i t a b i l -

i t y o f t h e c a p i t a l i n v e s t m e n t i n c o m m e r c i a l o r c h a r d s . He 

p o i n t e d o u t t h a t t h i s c a p i t a l i n v e s t m e n t i n an o r c h a r d i s made: 

1) o f t h e i n i t i a l e s t a b l i s h m e n t e x p e n d i t u r e s , p l u s 
2) t h e y e a r l y o p e r a t i o n a l l o s s e s , up t o t h e time t h e 

o r c h a r d o p e r a t i o n becomes s e l f - s u p p o r t i n g . 

He shows f u r t h e r t h a t i n t h e L o w - C o u n t r i e s I t t a k e s b e t w e e n 

12 and 20 y e a r s f o r a s t a n d a r d t r e e a p p l e o r c h a r d t o r e a c h t h e 

" s e l f - s u p p o r t i n g " s t a g e , w h e r e a s , f o r b u s h t r e e s on t y p e -

r o o t s t o c k s t h i s s t a g e may be a t t a i n e d between t h e 6th and t h e 

1 3 t h y e a r , d e p e n d i n g o n t h e n a t u r e o f t h e r o o t s t o c k , t h e 

v a r i e t y and t h e p l a n t i n g s y s t e m . He e s t i m a t e s t h a t a perm

a n e n t - t e m p o r a r y ( f i l l e r ) t r e e c o m b i n a t i o n w i l l r e a c h t h e 

s e l f - s u p p o r t i n g s t a g e i n 6 y e a r s and i f the o r c h a r d c o n s i s t s 

o f a s i m p l e b u s h t r e e p l a n t i n g on M.I o r M. I I r o o t s i t w i l l 

t a k e I I y e a r s , F o r p e a r t r e e s , as s t a n d a r d s on s e e d l i n g r o o t , 

t h e s e l f - s u p p o r t i n g s t a g e w i l l be r e a c h e d between the 1 2 t h and 

t h e 15th y e a r , w h i l e o n q u i n c e r o o t s , t h e same v a r i e t i e s , i n 

t h e same e n v i r o n m e n t , t r a i n e d as c o m m e r c i a l p y r a m i d s , w i l l 

e q u a t e t h e o p e r a t i o n c o s t s f r o m t h e i r 8th y e a r on. Hedgerows, 

adds P r o f e s s o r S p r e n g e r , w o u l d e v e n t u a l l y s h o r t e n t h e w a i t i n g 

p e r i o d t o ij. t o 5 y e a r s i f one r e s o r t e d t o a p e r m a n e n t - f i l l e r 

c o m b i n a t i o n grown on t h e a p p r o p r i a t e r o o t s t o c k . New s p i n d l e -
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bush planting, LL to 6 feet i n the row with 1 0 to 1 2 feet 

between rows, on M IV roots, could reduce even further the 

unbalanced-costs period, probably to 3 to 1). years. An 

i n t e r e s t i n g comparison of investment costs f o r 3 d i f f e r e n t 

apple planting concepts - high headed standard tree, perm

anent temporary bush trees on M II or M I root, and a t r e l l 

ised hedgerow system with "very close planting" (distances 

not given, but l i k e l y to be about 5 or 6 feet i n the rows and 

1 0 to 1 2 feet between the rows, or 8 7 1 to 6o5 trees per aere)j 

i s calculated i n Dutch Guilders, of prewar value ( 1 9 3 9 ) , at 

the time of the i n i t i a l establishment cost and at the stage 

they become self-supporting. This self-supporting stage was 

reached at 1 9 years f o r the standards, at $ years f o r the 

semi-standard temporary f i l l e r trees combination. Pi n a l 

figures f o r the dwarf hedgerows were not yet available 

unfortunately, 

TABLE I 

I n i t i a l establishment and f i n a l investment costs 
f o r one acre of orchard (Dutch Guilders 1 9 3 9 ) 

I n i t i a l investment: F i n a l investment; 

Standard trees D.G. 1,526 D.G. 8,108 
Semi-standard trees " 1,844. " 2 ,5OIL 
Dwarf hedgerows trees ... " 4,, 1 9 0 unavailable at 

p r i n t i n g time 

From these figures i t appears that although the standard 

tree orchard was i n i t i a l l y the cheapest to establish, by 

the time i t s annual returns f i n a l l y equate the yearly 

operational expenditures i t may become the most expensive. 



Van Oosten and Spoor (34.) are of the opinion that 

too much emphasis has been put on "production per acre" 

while l o s i n g sight of the much more s i g n i f i c a n t element, of 

the "labour-productivity" r e l a t i o n s h i p . They estimate that 

i n 1952 the man-hour production i n a good average Dutch bush-

tree orchard was approximately 20 Kg. of apples, or 50,000 
Kg. per man-year. This was equivalent to twice the labour-

p r o d u c t i v i t y of prewar (1939) years. Their b e l i e f i s that 

t h i s figure would reach 25 Kg. per man-hour by 1957 and would 

continue to r i s e up to 30 Kg. They are of the opinion that 

al though mechanisation and improved working methods have 

played an important part i n t h i s increase of man-hour output, 

i t i s the tree-form and the planting concept t h a t are of 

major significance i n the economy of the orchard operation. 

They emphasise that present day planting methods with small 

and low growing trees trained i n hedgerows systems allow for 

maximum u t i l i s a t i o n of orchard machinery, and that whatever 

hand-Tirork there i s l e f t can be done at a much faster pace, 

thus cheaper than with the former large and high standard or 

even seni-standard type of trees. As mechanisation and labour 

p r o d u c t i v i t y improve the number of acres that one man can 

handle by himself w i l l increase, which, i n turn w i l l a f f e c t 

the size of the "economic u n i t " . The economic size for a 

two man intensive orchard i n Holland, was considered to be 

from 10 to 12% acres (I}.-5 Ha.) i n 1957. The writers express 

the view that i t i s probable that i n the near future the same 
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unit must be enlarged to 1$ and eventually to 20 acres i n 

order to remain an economic unit y i e l d i n g optimum returns. 

Referring to the evolution of the commercial tree-form i n 

the Low-Countries, van Oosten and Spoor believe that i n 

the new orchards the bush tree on vigorous type rootstocks 

( M I - M II) i s fa s t disappearing and i s being replaced by 

the "free-spindle" formed trees on M VII, IV and IX roots. 

They add that new trends are also evident, tending to modify 

the round free-spindle tree to a flattened form, nearing the 

Belgian hedge system, which growers think w i l l allow f o r a 

maximum of sun exposed surfaces besides other advantages that 
2 

can be gained from wire support. They draw a comparison 

between permanent x f i l l e r bush tree orchards and what they 

c a l l a modern spindle-tree operation. The cost of es t a b l i s h 

ment, plus the f i r s t year of upkeep was of D.G.I. 1,280 (post

war values) f o r the bush-tree semi-standard orchard against 

D.G.I.(880 f o r the spindle-bush planting, a It 1,47 r a t i o . 

C u l tural operation expenditures were covered by f r u i t returns 

at the end of the l\.th year for the spindle-bush trees, but 

only a f t e r the 6th year f o r the permanent-temporary f i l l e r -

bush trees, at which time the spindle orchard had already 

accumulated D.G. 480 of surplus, above operational expend

i t u r e s , per acre. This corresponds quite c l o s e l y with the 

e a r l i e r figures of Sprenger. Comparing semi-standard i n t e r -

planted with f i l l e r trees and spindle-bush plantings van Oosten 

and Spoor add that further advantages i n favour of the dwarf 

The Belgian hedge i s a form of dwarf, c l o s e l y planted 
loosely formed t r e l l i s , established on 3 or II superposed 
wires. 
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spindle trees can be expected a f t e r a s i x or seven year 

period, because at that time i t w i l l be necessary to st a r t 

pulling,-out the temporary trees, operation which w i l l r e s u l t 

i n a new production set-back f o r another two or three years. 

The authors conclude by doubting that there be any future 

f o r non-dwarf tree plantings i n the Netherlands. 

Lysten (18) commenting on the apple-tree population of 

Holland, reports that the standard sized trees on seedling 

roots accounted s t i l l f or 22.6 per cent of a l l the commercial 

trees during the 1950-51 period, but that by 1957-58 a survey 

showed that t h i s value had dropped to 2.3 per cent. Over the 

same lapse of time the percentage of M IX type roots declined 

s l i g h t l y from 16.6 to 13.8 per cent, while apple trees on 

M II roots remained p r a c t i c a l l y unchanged, showing a per

centage of 10.5 and 10.1 respectively f o r 1951 and 1958 

s t a t i s t i c a l surveys. For pear trees i t i s of int e r e s t to 

read, i n the same report, that standards on seedling roots 

amounted to 58.6 per cent of the t o t a l pear tree population 

i n 1951 and that by 1958 t h e i r proportion had dropped to 

2l|.9 per cent, while trees on quince type roots had r i s e n to 

75.1 per cent. These figures indicate the obvious trend tow

ard the smaller tree forms i n the Low Countries i n recent 

years 0 

In Germany i t appears that the evolution of the planting 

systems has been following a s i m i l a r pattern to that i n the 

Lowlands. Schmitz-Hubsch and Furst (29) state that the 

f i r s t attempt to plant a commercial orchard of bush-formed, 
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l o w - s t e m a p p l e t r e e s d a t e s "back t o t h e y e a r 1900, b e i n g 

i n a u g u r a t e d i n t h e J o h a n n e s B o t t n e r o r c h a r d s n e a r F r a n k f u r t -

on-Oder and a t t h e same t i m e i n t h e S c h m i t z - H u b s c h o r c h a r d s , 

n e a r M e r t e n . Soon a f t e r t h e f i r s t w o r l d - w a r , a b o u t 1920, i n 

t h e same S c h m i t z - H u b s c h o r c h a r d s , improvements o n t h e o r d i n a r y ; 

b u s h t r e e s were made, w h i c h , e v e n t u a l l y l e d t o t h e s p i n d l e -

b u s h f o r m o f t r e e . The a u t h o r s r e f e r t o t h e l a t e s t t e n d e n c y 

as l e a n i n g t o w a r d t h e h e d g e - f o r m , w i t h t h e e x p e c t a t i o n o f 

improvement i n c o l o r , q u a l i t y and g r a d e o f f r u i t as w e l l as 

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

more e f f i c i e n c y and s a v i n g s i n s p r a y i n g o p e r a t i o n s , and 

e a s i e r p r u n i n g o f t r e e s , t h i n n i n g and h a r v e s t i n g o f f r u i t ; 

t h e y show h e r e w i t h a p a r a l l e l t r e n d o f t h o u g h t w i t h v a n O o s t e n 

and S p o o r i n H o l l a n d . 

P e y and W i r t h (9) r e p o r t t h a t C h r i s t i a n P e y i n t r o d u c e d 

as e a r l y as 1916, what t h e y c a l l t h e " s c h n u r b a u m m i t l a n g e n 

P r u c h t h o l z " , l a t e r on c a l l e d a s p i n d l e - b u s h t r e e , r e - d i s c o v 

e r i n g t h e f o r m Panon ha d a l r e a d y d e s c r i b e d and recommended 

some 160 y e a r s e a r l i e r . The a u t h o r s s t a t e t h a t , s i n c e a r o u n d 

1950, t h e s t a n d a r d t r e e s as w e l l as t h e l a r g e r s e m i - s t a n d a r d 

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

a r d s b y dwarf f o r m s o f t r e e s a l l o v e r W e s t e r n E u r o p e , f r o m 

I t a l y t o Sweden and f r o m P r a n c e t o H o l l a n d . T h e y warn t h e 

German f r u i t g r o w e r s t h a t i f t h e y want t o r e m a i n i n a p o s i t i o n 

t o compete f o r t h e f r u i t m a r k e t s t h e y c a n o n l y hope t o s u c c e e d 

i f t h e y change o v e r , as q u i c k l y as p o s s i b l e , f r o m t h e s t a n 

d a r d t r e e o r c h a r d s t o t h e i n t e n s i v e d w a r f - t r e e o p e r a t i o n s , , 
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They mention that in many "bleiber-weicher" or "perman
e n t - f i l l e r tree" combinations, the f i l l e r tree had often 
been formed as a spindle-bush tree and that over the years 
It became apparent that these were not short lived trees, 
as i t had often been claimed, and when the time came to 
uproot them on account of over-crowding, growers often 
changed their minds and decided instead to remove the perm
anent bush trees, replacing them eventually by new spindles. 

Karnatz (16) reports that during the 1930-37 period, 34-'! 
per cent of the apple production in Germany was grown on 
clonal rootstock trees. Twenty years later, for the period 
1954--58, the proportion of clonal trees had risen to 67.9 
per cent in West Germany (Bundesgebiet: no figures available 
from East Germany). The break down of the rootstock types 
used in West Germany between 1950 and 1958 shows the f o l l 
owing trends: 

M IX: drops from 30.1$ to 21.8$ 
M IV: rises from 16.3$ to 22.1$ 
M II: drops from 13.6$ to 9.5$ 
M I: drops from 6.0$ to 0.0$ 
M XI: rises from 29.7$ to 37.1$ 

Commenting about these figures the author interprets them 
as a tendency for M IV to replace M IX on account of i t s 
better behaviour in average to poor soils and for i t s 
greater winter hardiness, rather than because of a change 
In planting concept. The semi-standard M I trees have prac
t i c a l l y disappeared while the M II rooted trees are losing 
ground in favour of the A2 and particularly to the M XI which 
is i n demand because of i t s specific winter hardiness in the 
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colder climates.-^ The quince rootstock f o r pear trees, 

states Karnatz, i s unsuitable for most of West Germany, 

because of i t s lack of cold hardiness. Although Karnatz's 

figures are not e n t i r e l y similar 'with the trends observed i n 

Holland i n regard to rootstock types, they nevertheless 

i l l u s t r a t e again the same trends toward more i n t e n s i f i c a t i o n 

and smaller tree-form plantings. 

Hilkenbaumer (15) does not question the economical 

advantages of dwarf-tree orchards but d i f f e r s merely with 

Schmitz-Hubsch and Purst regarding spindle-bush trees versus 

t r e l l i s e d hedgerows. His opinion i s that hedges appear to 

produce somewhat less per tree than the spindles. Further 

he seems to think that the color of the apples was s l i g h t l y 

better on spindles but only when these had been trained with 

horizontal rather than with bent-down, drooping primaries. 

Schmitz-Hubsch (29) disputes t h i s view claiming that f r u i t 

on large spindles i s often shaded by over-hanging branches, 

and f o r t h i s reason not so well colored than those on 

t r e l l i s e d trees where branches are supported by wire. 

In England^ reference has already been made to the out

standing contribution from the East Mailing Research 

Station, Maidstone, Kent. Walker (35) reviewing f o r t y years 

of work at this station and looking back at Hatton's basic 

root c l a s s i f i c a t i o n s , points out the important role which 

his nomenclature has played in the f r u i t industry. He 

JA2, a selection from Alnarp (Sweden), vigorous 
rootstock p a r t i c u l a r l y suited to cold climates. 
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reviews the development of the more recently created types 

of c l o n a l rootstocks, such as the Malling-Merton types, 

r e s i s t a n t to the Woolly Aphid, and the d i f f e r e n t M IX 

crosses. The importance of rootstock, tree-form and pruning 

systems and their e f f e c t on early returns i s emphasized and 

r e l a t e d to economic orchard operation. Preston (25) enters 

into more detailed information about the new MM (Malling-

Merton) and the other recently released rootstock se l e c t 

ions and the f r u i t yields to be expected from them following 

a seven year experiment with three scion v a r i e t i e s . It i s 

apparent that B r i t i s h f r u i t growers seem to have r e a l i z e d at 

an early date the economic advantages to be gained i n s h i f t 

ing from the standard sized trees to the more intensive 

semi-standards, which they grew very widely on M II root. 

Fisher (10), as a r e s u l t of a v i s i t to England i n 1955 

reports that for commercial operations p r a c t i c a l l y a l l the 

apple trees appear to be grown on M II stock, M VII being 

also used but to a more l i m i t e d extent, while Ltrees on M IX 

are being s t r i c t l y considered as u a home-garden" proposition. 

A modified t r a i n i n g and pruning system f o r semi-standard and 

semi-dwarf bush t r e e s has been suggested by Preston (2IL) i n 

1954 c a l l e d the "Regulated pruning method". From a seven 

year long production experiment with apple trees on c l o n a l 

rootstocks he succeeded i n obtaining four times larger y i e l d s 

by applying the "Regulated method" of t r a i n i n g and pruning 

than with the c l a s s i c a l spur-pruning system and twice as 

much f r u i t as with the renewal pruning method. 
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G. Mac Lean (19), an English, commercial f r u i t grower, 

proposed an Imaginative and e n t i r e l y new, unorthodox, t r a i n 

ing and pruning idea based on continual renewal of the primary 

branches as soon as they have produced a set of f r u i t , i . e . 

every t h i r d year. The tree following such treatment develops 

a rather columnar form. He c a l l s h i s method the " P i l l a r system". 

The trees are grown preferably on a rather vigorous type of 

rootstock - M II or MM iOlj. - and planted at a f a i r l y high 

rate of density, up to 605> trees per acre when planted 6 feet 

apart i n the row and 12 feet between the rows. Mac Lean claims 

that h i s system has many advantages such as early and heavy 

cropping - 600 bushels per acre at f u l l production age with 

the Cox's Orange v a r i e t y . Such trees appear to be quite 

s a t i s f a c t o r y under B r i t i s h conditions and produce high grade 

f r u i t because of a maximum of l i g h t exposure and because 

they are always obtained on young wood. They are easy to 

prune, spray and harvest, and have the advantage of not 

requiring any of the expensive posts and wire i n s t a l l a t i o n s 

of the t r e l l i s e d systems. From experience he considers his 

system f i n a n c i a l l y sound and remarks that "the grower who 

s t i l l p e r s i s t s i n the old idea of planting the obsolete large 

bush-trees loses time, f i r s t while he waits f o r h i s bush-

trees to come into production, and again l a t e r on when they 

w i l l overcrowd, and must be thinned out. In h i s opinion the 

s l i g h t l y larger i n i t i a l c a p i t a l investment required f o r a 

" p i l l a r - t r e e " orchard i s far outweighed by the subsequent 
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savings i n c u l t u r a l operations, plus the added advantages 

of e a r l i e r and larger net returns per acre. 

Marshall (21) (22), who v i s i t e d European orchards i n 

195>9> reports that he saw i n England a planting of the Lord 

Derby apple v a r i e t y trained as t r e l l i s e d cordons on M IX 

rootstock, planted i n 1908 and continuing to average yields 

of 500 bushels per acre yearly. This led him to remark that 

small trees are not necessarily short l i v e d trees. Quoting 

and English h o r t i c u l t u r i s t he mentions that there were i n 

1959 approximately 5,000 acres of commercial dwarf pyramid 

apple and pear trees i n England. In Bedfordshire the " B r i t 

i s h Wholesale Society" had apparently over 1,000 acres i n 

close planted dwarf pyramids, consisting of nearly 2 m i l l i o n 

trees. Prom th i s report i t would appear that the planting 

concepts i n England are also undergoing c h a r a c t e r i s t i c a l 

changes, and that here again the trend i s toward smaller 

trees, higher desnity per acre and more intensive methods 

of handling. 

In Belgium, Switzerland, Prance and I t a l y the evolution 

i n planting methods appear to follow the same d i r e c t i o n . 

Marshall (21) states that he found In Belgium, M IX and M IV 

and quince A were the most commonly used understocks i n 

apple and pear orchards, and that, by and large, f r u i t 

growers a l l over the Continent were "getting r i d of the large 

tree as f a s t as possible".. Pisher (10) noted that most 

of the pear trees i n Belgium and Holland were grown on quince 

stock, and he examined some of them Jr5 years old, which 
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a p p e a r e d t o be i n " e x c e l l e n t h e a l t h and s t i l l b e a r i n g f i n e 

c r o p s " , 

S w i t z e r l a n d h a s a h i g h l y i n t e n s i v e a n d s p e c i a l i z e d f r u i t 

p r o d u c i n g d i s t r i c t s i t u a t e d i n t h e U p p e r Rhone V a l l e y , i n t h e 

m i d s t o f t h e A l p s , b etween M a r t i g n y and S i e r r e ( V a l a i s ) . The 

c l i m a t e f e a t u r e s o f t h i s v a l l e y a p p e a r i n many ways v e r y 

s i m i l a r t o t h o s e o f t h e Okanagan V a l l e y ; s u b a r i d , m a k i n g 

i r r i g a t i o n c o m p u l s o r y , w i t h a c o n s i d e r a b l e amount o f s u n 

s h i n e d u r i n g t h e summertime; warm d a y s a l t e r n a t i n g w i t h c o o l 

n i g h t s ; l o n g , c o l d and d a n g e r o u s l y u n p r e d i c t a b l e w i n t e r s . 

P r o p e r t y i s e x t r e m e l y s u b d i v i d e d , l a n d s c a r c e and v e r y 

e x p e n s i v e t o a c q u i r e . H i g h q u a l i t y a p p l e s , p e a r s , p r u n e s and 

a p r i c o t s a r e p r o d u c e d t h e r e b y h i g h l y s k i l l e d f r u i t g r o w e r s . 

R a w i t s c h e r (26) d e s c r i b e s i t s f r u i t i n d u s t r y and d i s c u s s e s 

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

t o t h e i n t e n s i v e d e n s e l y p l a n t e d d w a r f - t r e e p l a n t i n g s , w h i c h 

he s t i l l c a l l s " f r u i t g a r d e n s " - " j a r d i n s - f r u i t i e r s " . He 

examines p r o d u c t i o n r e c o r d s and s t a t e s t h a t p r o v i d i n g t h e 

" d w a r f - f r u i t - t r e e - g a r d e n " h a s p r o p e r l y b e e n e s t a b l i s h e d , 

m e a n i n g b y t h i s t h e p r o p e r v a r i e t i e s on t h e r i g h t t y p e o f 

r o o t s t o c k , p l a n t e d a t t h e r i g h t d i s t a n c e s , w e l l i t r a i n e d 

and p r u n e d , t h e p r o d u c t i o n w i l l u n d o u b t e d l y s t a r t much 

e a r l i e r a nd o u t y i e l d t h e s t a n d a r d - t r e e p o t e n t i a l on an 

a c r e b a s i s , as t h e s t a n d a r d - t r e e s a r e v e r y s l o w t o come i n t o 

p r o d u c t i o n . He shows t h a t t r e l l i s e d c o r d o n s and s p i n d l e trees., 

p r o d u c e d i n t h e i r e i g h t h y e a r f r o m p l a n t i n g , f r o m 30,000 t o 
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luD,000 Kg. per Ha., e q u i v a l e n t to 826 to 1,102 l o o s e 

apple boxes per acre, i n the V a l a i s f r u i t b e l t . Standard 

t r e e orchards o f the same v a r i e t y - i n t h i s case R e i n e t t e 

du Canada - the main apple v a r i e t y grown at the time i n the 

v a l l e y - y i e l d e d o n l y an average o f lj.,14-00 Kg. per Ha. or 121 

l o o s e b u s h e l boxes per acre, f o r the p e r i o d extending from 

the e i g h t h to the twenty second year, to r e a c h o n l y 17,000 
Kgs. or lj.56 l o o s e apple boxes per acre at the t h i r t y e i g h t h 

y e a r . I t i s a l s o of i n t e r e s t to read i n h i s study that the 

annual o p e r a t i o n c o s t s o f an i n t e n s i v e dwarf t r e e orchard 

d i f f e r s v e r y l i t t l e from the o p e r a t i o n a l c o s t s o f a standard 

t r e e o r c h a r d . The e x t r a work e n t a i l e d i n the i n t e n s i v e 

orchards b e i n g compensated by the more d i f f i c u l t task of 

c a r i n g and h a r v e s t i n g l a r g e and h i g h s t a n d a r d t r e e s . 

P e r r a u d i n (23) s t a t e s t h a t t h e r e i s p r e s e n t l y over 

p r o d u c t i o n o f f r u i t i n S w i t z e r l a n d , e s p e c i a l l y of apples and 

t h a t Swiss p r o d u c e r s , l i k e the other f r u i t growers a l l over 

the world, hope that export trade w i l l e v e n t u a l l y a c t as a 

safeguard to m a i n t a i n the i n d u s t r y . He f o r e c a s t s t h a t b e f o r e 

l o n g , number two grade o f f r u i t w i l l become p r a c t i c a l l y un

s a l a b l e . In o r d e r to remain c o m p e t i t i v e , the p r e s e n t day 

f r u i t grower should t h e r e f o r e spare no e f f o r t to lower 

p r o d u c t i o n c o s t s , while a t the same time he must aim at prod

u c i n g o n l y e x t r a - f a n c y grade f r u i t . He s t a t e s that the p r e 

r e q u i s i t e s c o n s i d e r e d b a s i c f o r economic s u r v i v a l are going 
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to be: 1 ) the l o c a l i s a t i o n of commercial f r u i t growing 

only i n the better climatic and topographic locations: 

2) the technical arrangement and organization of orchards 

to obtain maximum use of mechanisation, maximum economy i n 

spraying operations and optimum hand labour e f f i c i e n c y 

and output when i t comes to pruning, thinning and harvesting: 

3) the maximum possible shortening of the i n i t i a l period of 

time during which orchards are costing more than they return • 

These basic requirements he claims, depend to a great extent 

on the nature of the rootstock, the var i e t y , the nature of 

the ttree form and the pruning system followed. Perraudin 

states further that f r u i t growing i s becoming a more and 

more complex enterprise, r e q u i r i n g a high degree of tech

n i c a l s p e c i a l i z a t i o n and considerably more professional 

knowledge and s k i l l than was previously required f o r the 

handling of the former extensive type of orchards. 

Experimental orchards i n the Swiss Rhone Valley of 

the Valais country revealed that y i e l d s obtained from Red 

Delicious trees during t h e i r eighth year depended on the 

adopted tree form, the per acre density of trees and the 

rootstock type. They varied a l l the way from 10IL-| loose 

bushel boxes f o r bush trees on M IV roots, planted at the 

density rate of 160 trees per acre (distance: 16§- x 16|-

feet on the square), to 805 loose bushel boxes per acre 

for trees of the s ame variety and on the same rootstock 

but trained as spindle-trees and planted at the rate of 
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435 trees per acre (10 x 10 feet on the square). Bart

l e t t trees on quince A rootstock, trained as commercial 

pyramids and planted at the r a t e of 257 trees per acre 

(13 x 13 feet on the square) produced i n t h e i r eighth 

year 358 loose bushel boxes, while the same v a r i e t y on the . 

same rootstock but trained as Perragutti cordons, at the 

rate of 726 trees per acre (6 x 10 feet i n t r e l l i s e d hedges) 

produced at the same age 997 bushel boxes per acre.^ The 

same author reports also that insofar as the Swiss Rhone 

Valley i s concerned the dwarf-intensive methods of planting 

have r i g h t l y been adopted by the great majority of commercial 

f r u i t growers and that the former standard tree i s now def

i n i t e l y obsolete. But, he adds, when i t comes to what type 

of dwarf tree planting to recommend i t undoubtedly remains 

very d i f f i c u l t to decide. Much more f a c t u a l information 

i s needed, p a r t i c u l a r l y regarding t h e i r a daptability to 

l o c a l conditions. 

On the American continent i t appears that planting 

concepts did not follow the same l i n e of thought as i n 

Europe. Brase and Way (2) point out that the a v a i l a b i l i t y 

of r e l a t i v e l y inexpensive land and labour i n America 

tended toward rather extensive than intensive type of orch-

"arding, as a r e s u l t most American orchards are of the 

standard, seedling-root type. Nevertheless they acknowledge 

P e r r a g u t t i cordons: I t a l i a n method of t r a i n i n g 
t r e l l i s e d hedgerows developed by Professor Perragutti i n 
the early 30 !s. Three to four horizontal wires on which 
primaries are t i e d by arching down. 
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the fact that conditions are now changing r a p i d l y . They 

think that maintenance costs and mechanisation make i t 

desirable to s t r i v e f o r smaller sized trees which would 

come into bearing at a much e a r l i e r age. 

Weiss and Fisher (36) state that apple and pear trees 

in commercial orchards of North America have t r a d i t i o n a l l y 

been grown on seedling roots as standard trees, often reach

ing over 20 feet high with a 25 to 30 foot spread. Their 

management leads to a rather extensive than intensive type 

of operation, 

Zeiger and Tukey (37) i n a h i s t o r i c a l review of the 

Mailing apple rootstock i n America, mention Patrick Barry, 

Georges Ellwanger and C.M. Hovey as the e a r l i e s t proponants 

of dwarf apple t r e e culture In the U.S.A. In New York state 

Barry recommended, as early as i n the middle of the XlXth 

century, the use of apple trees on paradise or doucin root-

stock, f o r early production and as f i l l e r t r e e s . I t was 

reported that t h i r t y year old apple trees on French paradise 

stock were producing 3 to LL bushels of f r u i t per tree i n the 

Ellwanger orchard. These observations seem to discard the 

common notion that dwarf trees were unproductive and short 

l i v e d . Pear trees on quince roots and grown as dwarf trees 

comprised about 50 per cent of the pear orchards of New York 

state up to the end of the XlXth century. Notwithstanding 

such an early s t a r t dwarf apple and pear plantings did not 

seem to f i n d favour i n commercial orchards. The reason f o r 
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t h i s , a c c o r d i n g to Z e i g e r and Tuckey, are hard t o make 

out. They suggest that c u l t u r a l recommendations, mostly 

r e p r i n t s from European a r t i c l e s about s m a l l garden p r a c t i c e s 

m i s l e a d the American f r u i t growers, al t h o u g h they cannot 

understand why there was not more thought given to t r a i n i n g 

these dwarf t r e e s i n ways adapted t o l o c a l c o n d i t i o n s . The 

Geneva Experimental S t a t i o n i n New York S t a t e d i d begin ex

t e n s i v e experimentation w i t h p a r a d i s e and doucin r o o t s t o c k s 

around 1897, but they claimed, without much su c c e s s . Pour 

or f i v e years l a t e r the San Jose s c a l e menace broke out, and 

as the o n l y way to c o n t r o l the p e s t at t h a t time was by 

f u m i g a t i o n with cyanide under canvas, I t appeared obvious 

that i t would be e a s i e r to t r e a t small t r e e s than l a r g e 

standards, hence a renewed i n t e r e s t i n the s m a l l e r t r e e forms 

took p l a c e about 1906, wit h the event of the lime sulphur 

treatment which kept the San Jose s c a l e f a i r l y w e l l under 

c o n t r o l , the dwarf t r e e experimental p l o t s l o s t a good d e a l 

of t h e i r intended purpose and i t does not appear that they were 

co n s i d e r e d of any f u r t h e r commercial i n t e r e s t . F o l l o w i n g 

the w r i t e r s H e d r i c k r e p o r t e d that the r o o t s t o c k s i n the 

c o l l e c t i o n s l a c k e d u n i f o r m i t y to the p o i n t that many t r e e s 

were not dwarf a t a l l , and some not even semi-dwarf. Many 

had, no doubt, j u s t s c i o n r o o t e d , others l a c k e d proper 

anchorage, and a great many of the t r e e s appeared to have 

been v e r y p o o r l y handled or b a d l y n e g l e c t e d . I t was a l s o 
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s a i d t h a t the l o c a t i o n had been an u n f o r t u n a t e c h o i c e . In 

America as i n Europe the era of r o o t s t o c k c o n f u s i o n came o n l y 

to an end around 1930 f o l l o w i n g Hatton's c l a s s i f i c a t i o n 

work at East M a i l i n g , The f i r s t experimental orchards to be 

p l a n t e d on d u l y s p e c i f i e d M a i l i n g types were set out i n 1928 

a t the Massachussett's Experimental S t a t i o n . The f o l l o w i n g 

year one was p l a n t e d a t the P e n n s y l v a n i a State C o l l e g e . Prom 

these p l a n t i n g s the f i r s t s ystematic and r e l i a b l e i n f o r m a t i o n 

on dwarf and semi-dwarf and semi-standard t r e e s was obtained 

on the American c o n t i n e n t . 

Waugh i n 1906, Thornton i n 1909 and more r e c e n t l y South-

x-jlck (30) are amongst the few American garden H o r t i c u l t u r i s t s 

to have devoted s p e c i a l i z e d books to dwarf f r u i t t r e e s . T h e i r 

w r i t i n g s were more d i r e c t e d to the home garden amateur, r e 

p e a t i n g the o l d European Gardeners techniques, than tox^ard 

the commercial f r u i t grower. Nev e r t h e l e s s Southwick portends 

some v a l u a b l e advantages i n f a v o r of dwarf t r e e c u l t u r e , such 

as : e a s i e r h a n d l i n g , e a s i e r and more economical to spray or 

to dust, e a r l i n e s s of the p r o d u c t i v i t y , h i g h y i e l d s , q u a l i t y 

f r u i t , ease of h a r v e s t i n g , e t c . 

As l a t e as 1956, the U.S. Department of A g r i c u l t u r e 

p u b l i s h e d a l e a f l e t (32) about "Dwarf f r u i t t r e e s , t h e i r 

s e l e c t i o n and c a r e " , i n which i t i s s t a t e d t h a t dwarf f r u i t 

t r e e s are o n l y d e s i r a b l e when growing space i s l i m i t e d and 

hand l a b o u r q u i t e i n e x p e n s i v e . D e a l i n g w i t h commercial f r u i t 
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growing on dwarf t r e e s , t h i s p u b l i c a t i o n s t a t e s t h a t t h e i r 

main disadvantages are: l ) t h e h i g h cost o f dwarf t r e e s , at 

l e a s t twice the c o s t o f standar d t r e e s , combined wi t h the 

need of more t r e e s per acre to get y i e l d s that pay; 2) the 

i m p o s s i b i l i t y of employing l a r g e poxirer machinery f o r c u l t 

i v a t i o n , s p r a y i n g , e t c : 3) "the need f o r s t a k i n g or wire 

support. Yet i t i s admitted t h a t the use of dwarf t r e e s may 

perhaps be j u s t i f i e d as temporary f i l l e r t r e e s between s t a n 

dards i n order to i n c r e a s e the f r u i t p r o d u c t i o n d u r i n g the 

e a r l y years of the o r c h a r d . 

G h i l d e r s (6) i s o f the o p i n i o n that c o n s i d e r a b l e -.research 

needs to be done i n order to assess the r e a c t i o n of the 

v a r i o u s M a i l i n g type r o o t s under d i f f e r e n t s o i l and c l i m a t i c 

c o n d i t i o n s and t h a t , although l i t t l e used at present In 

commercial o p e r a t i o n s , they n e v e r t h e l e s s show c o n s i d e r a b l e 

promise f o r the f u t u r e . D i s c u s s i n g the equipment r e q u i r e d 

f o r h a r v e s t i n g o p e r a t i o n s , i t i s of i n t e r e s t to note t h a t 

he w r i t e s "'too much time and energy i s spent c l i m b i n g up and 

down t a l l l a d d e r s " , and on account of t h i s , the cost o f 

p i c k i n g t a l l t r e e s i s "almost double the c o s t of h a r v e s t i n g 

low t r e e s " . C h i l d e r s s t a t e s a l s o t h a t s.ome commercial 

dwarf or semi-dwarf pear orchards on quince r o o t s do e x i s t 

i n C a l i f o r n i a and t h a t these t r e e s have been known f o r t h e i r 

e a r l i n e s s to come i n t o b e a r i n g , t h e i r ease o f management, 

t h e i r r e g u l a r crops, t h e i r l a r g e r b e t t e r shaped and e x c e l l e n t 
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q u a l i t y f r u i t , b ut t h a t they have the f o l l o w i n g d i s a d v a n t 

ages: tendency to sucker, s u s c e p t i b i l i t y to b l i g h t , and 

g r e a t e r c o s t of establishment p e r acre. In s p i t e of t h i s 

he s t i l l c o n s i d e r s t h a t , i n s o f a r as C a l i f o r n i a i s concerned, 

the quince s t o c k i s to be recommended f o r commercial pear 

orchards• 

Gourley and Howlett (12) express the o p i n i o n t h a t w h i l e 

dwarf and semi-dwarf apple and pear t r e e s are e x t e n s i v e l y 

used abroad, they have never appeared, to have been s u c c e s s f u l 

as commercial orchards on t h i s c o n t i n e n t . They conclude that 

they are o f i n t e r e s t only where s m a l l q u a n t i t i e s o f s e v e r a l 

v a r i e t i e s o f f r u i t are wanted and f o r home gardens. 

Gardner, B r a d f o r d and Hooker (11), although more 

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

than i n orchard economics or f r u i t b e a r i n g performances, 

d i s c u s s some p o i n t s o f i n t e r e s t to the commercial f r u i t 

grower. Amongst them, the r o o t s t o c k i n f l u e n c e on t r e e h a r d 

i n e s s and on f r u i t q u a l i t y . They p o i n t out t h a t h a r d i n e s s 

has been shown to be i n d i r e c t r e l a t i o n s h i p t o the water 

r e t a i n i n g c a p a c i t y , which, i n t u r n depends on m a t u r i t y . The 

water r e l a t i o n s h i p may be i n f l u e n c e d by c u l t u r a l p r a c t i c e s , 

but i t can a l s o depend, to a l a r g e e x t e n t , on the r o o t s t o c k 

e f f e c t . Mahaleb r o o t - a dwarfing type - i s r e p o r t e d to i n d 

uce h a r d i n e s s i n sweet c h e r r y tops on account o f the e a r l i e r 

r i p e n i n g of the s c i o n ' s wood t i s s u e s . D i s c u s s i n g the poss

i b l e e f f e c t s of the r o o t s t o c k t y p e on f r u i t q u a l i t y , Gardener 

et a l mention a two year i n v e s t i g a t i o n by R i v i e r e and B a i l h a c h e 
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on the sugar content of pears grown on quince roots i n 

comparison with the same pear variety grown on seedling 

roots. Doyenne d'Hiver pears showed 11.59 per cent sugar 

content i n t h e i r j u i c e when obtained from trees on quince 

root against only 9.OI4. per cent i n the juice of f r u i t grown 

on trees with seedling roots. No sugar values are given f o r 

apples on dwarfing stock., 

Harris and Woods (13) report that from t h e i r investigations 

at the Canada Department of Agriculture, Experimental Farm 

Saanichton, B.C., apple trees on M IX rootstock grow well, 

produce heavily with high qu a l i t y f r u i t at an age when stand

ard trees were f a r from being i n a state of commercial prod

uction. They state that f o r commercial operations hedgerows 

trees on M IX planted between lj. and 7 feet i n the row and 10 

feet between rows, appear to be proper spacings. For small 

bush-trees, distances over 7i feet were not economical. The 

closer the trees were planted, the higher was the y i e l d on 

an- acre basis and thi s p a r t i c u l a r l y during the f i r s t ten -

year period of the orchard l i f e . The old country spindle-bush, 

the hedgerow, the formal cordon and espalier methods were used. 

On hedgerows planted at ij. x 12 feet distance, or 907 trees 

per acre, on M IX root, production of over 5 T or 300 loose 

bushel,boxes f o r the fourth growing season was recorded, 

while on standard trees of the same variety and s t r a i n , i n 

the same environment, no crop to speak of was anticipated 
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b e f o r e e i g h t or more y e a r s . The e s p a l i e r formed t r e e s , 

f o l l o w i n g more or l e s s the K n i f f e n t r a i n i n g method used 

f o r grapes, t r a i n e d a l o n g two wires at f o u r years o l d 

averaged 4.0 l b s . of apples per t r e e w i t h i n d i v i d u a l y i e l d s up 

to 100 l b s . per t r e e . Commenting on management o f dwarf 

t r e e systems o f orchards they suggest t h a t p l a n t i n g d i s t a n c e s 

should, as much as p o s s i b l e , be planned i n accordance w i t h 

the mechanical equipment which the grower has a v a i l a b l e , 

although, c o n s i d e r i n g the very h i g h cost of l a n d and i r r i g a t 

i o n equipment, c l o s e p l a n t i n g , even i f i t n e c e s s i t a t e s the 

purchase of s p e c i a l l y adapted equipment, may be a d v i s a b l e . 

Prom t h e i r experience they found the h a r v e s t i n g of dwarf trees 

a v e r y easy task, s i n c e no l a d d e r work was e n t a i l e d , a l s o 

t h a t a minimum of g r a d i n g was r e q u i r e d as the f r u i t produced 

was u n i f o r m l y of h i g h grade and q u a l i t y . D i s c u s s i n g the 

matter of l o n g e v i t y of dwarf t r e e orchards, the authors 

suggest that i n order to keep up the v i g o r of the .tree,, a 

r o t a t i o n of p e r i o d i c a l t r e e renewal should perhaps be con

s i d e r e d , because young t r e e s g e n e r a l l y produce the b e s t grade 

of f r u i t . E s t i m a t i n g the c o s t of e s t a b l i s h m e n t of an acre 

of dwarf hedgerows, t r e l l i s e d on one s t r a n d of wire, p l a n t e d 

at 7 f e e t i n the row and 10 f e e t between rows, or 620 t r e e s 

per a c r e , the l a n d b e i n g r e n t e d , the authors estimate t h a t 

the t o t a l i n i t i a l o u t l a y would amount to some $1,119.00 f o r 

t r e e s , m a t e r i a l s and l a b o u r i n c l u d e d - but without i r r i g a t i o n 
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i n s t a l l a t i o n s . For the y e a r l y maintenance c o s t s , they a l l o w 

$250.00 per a c r e , c o v e r i n g l a n d r e n t a l , f e r t i l i z e r s , spray 

m a t e r i a l s and l a b o u r . 

Weiss and F i s h e r ( 3 6 ) c o n s i d e r t h a t r i s i n g c o s t s of labour 

and c a p i t a l investment may induce growers to be more i n t e r e s t e d 

i n the f u t u r e i n more i n t e n s i v e methods of o r c h a r d i n g . They 

show comparative cumulative y i e l d s o b tained over a 20 year 

p e r i o d at the Canada Department of A g r i c u l t u r e , Research 

S t a t i o n of Summerland, B.C., f o r standard, semi-standard and 

dwarf t r e e p l a n t i n g s of the Red D e l i c i o u s and Macintosh 

v a r i e t i e s , the d a t a a l s o i n d i c a t e s the r e l a t i v e e a r l i n e s s 

of p r o d u c t i o n by showing the accumulated y i e l d s every f i v e 

years 

TABLE I I 

Cumulative y i e l d s per acre i n 1+0 l b . boxes f o r D e l i c i o u s 
and Macintosh , on Ij. r o o t s t o c k s . 

(Research S t a t i o n , Summerland, B.C.) 

Rootstock No. of t r e e s No. of kO l b . boxes per acre 
per acre f o r the p e r i o d : 

Red D e l i c i o u s 

S e e d l i n g 
M XVI 
M I I 
M IX 

1+8 
IL8 
7 0 

3 6 3 

1-5 y r s . 1 - 1 0 1-15 1 - 2 0 1 6 - 2 0 Red D e l i c i o u s 

S e e d l i n g 
M XVI 
M I I 
M IX 

1+8 
IL8 
7 0 

3 6 3 

0 3 6 8 1 3 8 k 2 9 7 2 1 5 8 8 
0 [|56 1 6 2 8 3 6 6 8 201+0 
6 5 7 8 1 9 7 0 1+293 2 3 2 3 

2 1 0 1 2 8 7 3 8 2 8 698I+ 3 1 5 6 

Macintosh 

S e e d l i n g 
M XVI 
M I I 
M IX 

kQ 
kQ 
7 0 

3 6 3 

2 0 9 2 6 2 4 3 9 1 ^ 1 8 2 1 7 9 

2 0 9 7 1 2402 5 0 5 6 265)4. 
7 5 1 3 3 9 3714-1 6 3 3 1 2 9 9 0 

4 2 3 167k 1+797 9 3 3 3 1+536 
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I t appears t h a t i n both v a r i e t i e s dwarf t r e e s on M IX 

p l a n t e d i n the hedgerow system, have outproduced the semi-

standards on M I I r o o t s , as w e l l as the standards on seed

l i n g or M XVI type r o o t s t o c k . Semi-standards a l t h o u g h they 

were p l a n t e d at o n l y 70 t r e e s per acre s t i l l take second 

p l a c e f o r e a r l i n e s s and t o t a l p r o d u c t i v i t y . The standard 

t r e e s on c l o n a l r o o t s t o c k outproduced (with both v a r i e t i e s ) 

the standard or s e e d l i n g r o o t s . 

Brase and Way (2) found that the s m a l l e r t r e e s , because 

of reduced b e a r i n g area, w i l l produce l e s s f r u i t per u n i t 

when compared on t h a t b a s i s w i t h the l a r g e standard t r e e , but 

as more tr e e s can be p l a n t e d per acre w i t h the dwarfs, the 

acre y i e l d can be l a r g e r , or a t l e a s t as l a r g e . F u r t h e r 

they add t h a t even i f y i e l d s were not l a r g e r , t h e r e would s t i l l 

be an advantage w i t h the s m a l l e r t r e e because of e a s i e r 

c u l t u r a l and h a r v e s t i n g o p e r a t i o n s and "most important, 

because of e a r l i e r p r o d u c t i o n " . 

Roberts (27) working at the Oregon Experimental S t a t i o n 

notes t h a t although the dwarfing roostock induces e a r l i e r 

b e a r i n g i n any v a r i e t y , i t does not e l i m i n a t e the v a r i e t a l 

tendency to e a r l y or l a t e b e a r i n g , nor does i t e l i m i n a t e 

tendencies toward a l t e r n a t e b e a r i n g h a b i t s . He concluded, 

however, t h a t the advantages of e a r l i e r p r o d u c t i o n and the 

l a r g e r t o t a l p r o d u c t i o n per acre i s becoming i n c r e a s i n g l y 
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evident and that t h i s , added to the advantages of ease of 

management and labour saving practices w i l l undoubtedly 

continue to encourage the introduction of dwarf trees i n 

the "orchards of tomorrow". He sums up by stating that: 

" I f the smaller than standard tree i s to have 
a place i n solving the problem of r i s i n g costs 
in the orchard, i t w i l l be on the basis of 
e a r l i e r and heavier production with less labour 
and expense. If such an approach i s to be 
successful, orchard management must f i n d the 
answer to two questions: 

(1) What unit-stock scion - or what combin
ation of units i s most productive per 
u n i t area? 

(2) How to arrange these units i n the orch
ards for maximum e f f i c i e n c y i n product
ion and management." 

Results obtained by Roberts at C o r v a l l i s , Oregon, on 

dwarf hedgerows on M IX, semi-dwarf bush trees on M VII, 

and from standard trees on M XVI f o r a 12 year period are 

shown below. The accumulated y i e l d s are added- i n 5 year 

periods f o r purposes of comparison with data obtained at 

Summerland, B.C. ( c f r . Table II) 

TABLE III 
, Calculated per acre y i e l d of Golden and Red 
Delicious Apples at suggested planting d i s 
tances f o r several Mailing rootstocks. 
(Based on average tree y i e l d for the past 
12 years). 

-GOLDEN DELICTOUS-
Planting systems: 
Rootstock: 
PI. distances: 
No. trees per 

acre: 

Hedgerow Semi-dwarf bush tree 
M IX M VII 
8 x 15 f t . 18 x 2l\. f t . 
363 100 

Standard 
M XVI 
36 x 36 f t , 
3k 

ANNUAL YIELD PER ACRE IN liQ LB. BOXES 

year it 1st. 
2nd. 
3rd. 
1+th. 
5th. 
Acc. f i r s t 5 years 

tt 
tt 
tt 

6tb. year 
7th. " 
8th. " 
9th. " 
10th. " 
Sec, 5 yr. period 
Acc. 1st 10 yrs. 
11th.year 
12th. " 
Total Acc. prod, 
for 12 years 

20 
100 
254 

82 
w 
1007 
880 

1661 
790 

1906 
62I+T+ 
6700 

808 
2577 

10085 

12 
155 
27 

191+ 
1+92 
95 

1151; 
165 

1U62 
J365 
3562 
425 

1377 

5364 

8 
77 
106 
191 
269 
463 
501 
1+79 
376 

208T 
2279 

378 
lt-78 

3135 

-RED DELICIOUS-

Planting system: 
Rootstock: 
PI. distance: 
No. trees 
per acre: 

Hedgerow 
M IX 
8 x 15 f t . 
363 

Semi-dwarf 
M VII 
18 x 21+ f t . 
100 

1 s t . year 
2 n d . vear 
3rd. » 
1+tb. " 272 
5th. " 109 
Accum. 1st 5 yrs. 38I 

6 t h . year 617 
7th. " 263 
8th. " 1080 
9 t h . " 826 
1 0 t h . " IJ4I6 
Sec. 5 yr. period 1+202 
Acc. 1 s t 10 yrs. I+583 
1 1 t h .year 871 
1 2 t h . " 1697 

Total Acc. prod. 
for 12 years 7151 

52 

# 
87 
77 

577 
1+00 
9k2 

208T 
2172 

1+60 
885 

3517 

Standard bush 
M XVI 
36 x 36 f t . 
3)+ 

ANNUAL YIELD PER ACRE IN 1+0 LB. BOXES 

-* 
13 
28 

301 
56 

296 

699 
231 
355 

1285 
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It can be seen from Table III that for the Red Delicious 

v a r i e t y Roberts recorded greater and e a r l i e r y i e l d s than were 

recorded at Summerland, B.C. 

MacPhee (20) r e f e r r i n g to winter damage and the high 

rate of mortality of the f r u i t trees i n the Okanagan, stresses 

the importance of the factor of earliness i n bearing. He 

states that growers should be able to have trees into prod

uction as soon as possible a f t e r they have been planted. 

They should endeavour to obtain maximum production i n the 

early years because s t a t i s t i c a l evidence shows that once 

trees are over 20 years of age they have les s than £0$ chance 

of s u r v i v a l . Every p r a c t i c e that would bring f r u i t trees 

e a r l i e r into production should be considered as of great 

importance in the economies of the Okanagan orchards. I f 

trees could be induced to s t a r t to y i e l d at 3 years of age 

and continue to bear f o r 20 years, then they could be p r o f i t 

able; however, i f one has to wait 8 to 10 years for trees 

to come into production, and the chances are that 50$ w i l l 

only survive beyond the 20 year age, then the p r o b a b i l i t y 

f o r p r o f i t a b l e production becomes very low indeed. 

The tree census, taken by the B.C. Department of 

Agriculture (3), shows the trend i n the Okanagan Valley i s 

towards planting more apple trees on dwarfing rootstocks. 

In 1951 there were no more than a few hundred trees on 
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M a i l i n g type r o o t s t o c k s i n the whole V a l l e y . The 1955 

census reco r d e d some 37,000 t r e e s on c l o n a l type r o o t s t o c k s . 

By i960, out o f a t o t a l of li79,65l t r e e s r e c o r d e d f o r the 

e n t i r e Okanagan, 231,576 were now on M a i l i n g type r o o t s . 

The semi-standard t r e e s (mostly on M I I , M I, and very few 

on MM 109, MM I I I , MM IO4. type r o o t s ) accounted f o r 70.16 

per cent of them, the semi-dwarfs (on M V I I I , M IV, and MM 106 

r o o t s ) f o r 23.77 per cent, the true dwarfs (on M IX and M V I I I ) 

f o r 3.57 per cent and the c l o n a l standards (on M XVI and M XXV) 

f o r 2.57 per cent o f the t o t a l c l o n a l apple t r e e p o p u l a t i o n . 

I t would appear t h a t a l t h o u g h there has been a s h i f t i n the 

Okanagan from the p l a n t i n g of l a r g e standard t r e e s on seed

l i n g r o o t s to the p l a n t i n g of s m a l l e r t r e e s on c l o n a l r o o t -

stock, f r u i t growers are s t i l l p l a n t i n g more semi-standard 

t r e e s i n p r e f e r e n c e to e i t h e r the semi-dwarf or the true 

dwarf t r e e s . 
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CHAPTER I I  

MATERIALS AND METHODS 

The experiments were c a r r i e d out at "Doornberg 

Orchards", which are l o c a t e d one m i l e North o f Okanagan 

Centre, some twenty m i l e s N o r t h of»the C i t y o f Kelowna, 

approximately f o u r m i l e s above the 5 0 degree p a r a l l e l N., 

i n the Northern p a r t o f the Okanagan V a l l e y , The a l t i t u d e 

above sea l e v e l b e i n g 1 , 3 1 0 f e e t . 

The s o i l of the lower p a r t slope belongs t o the Glenmore 

Clay-loam f o r m a t i o n ; the s o i l of the upper p a r t belongs to 

the Oyama loamy-sand f o r m a t i o n . Both are c l a s s i f i e d as 

dark brown s o i l s by K e l l e y and S p i l l s b u r y ( 1 7 ) . The 

experimental p l o t s were s i t u a t e d on the Oyama loamy-sand 

s e r i e s . In t h i s p a r t i c u l a r case the Oyama loamy-sand form

a t i o n were l i g h t , coarse and very g r a v e l l y i n p l a c e s , r e s t 

i n g on i r r e g u l a r s t r a t a of g r a v e l , s i l t or c l a y i n the sub

s o i l . 

The l o c a l m i c r o - c l i m a t e i s con s i d e r e d as v e r y f a v o u r a b l e 

i n the Okanagan V a l l e y , which i t s e l f i s one of the m i l d e s t 

In Canada ( 1 7 ) . Summers are b r i g h t , sunny and warm. Day 

temperatures r e a c h i n g o f t e n 1 0 0 degrees P. w i t h a maximum 

of 1 0 3 degrees P . , while n i g h t temperatures u s u a l l y c o n t r a s t 

by t h e i r c o o l n e s s . Winters are r e l a t i v e l y m i l d w i t h overcast 

s k i e s and o c c a s i o n a l c o l d s p e l l s , l a s t i n g from a few days to 
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a few weeks, when temperatures hover around 0 degree P. 

On one o c c a s i o n , however, an e x c e p t i o n a l l y low temperature 

of minus 22 degrees P. was reached i n January 1950. W i t h i n 

lj? to 2 m i l e s d i s t a n c e the deep waters o f the Okanagan Lake 

a c t as temperature r e g u l a t o r s as long as they remain f r e e 

of i c e , which i s g e n e r a l l y the case. Although snow-protection 

i s by and l a r g e p r e v a l e n t i n the Northern h a l f of the V a l l e y 

d u r i n g the c o l d e s t p e r i o d o f the w i n t e r , i t happens occas

i o n a l l y t h a t orchards remain bare and without any p r o t e c t i v e 

cover r i g h t through the c o l d season. The f r o s t - f r e e p e r i o d 

f o r f r o n t l a k e benches a t Okanagan Centre i s of l8 i i days. 

P r e c i p i t a t i o n occurs mostly d u r i n g Winter time and S p r i n g , 

a t t a i n i n g a y e a r l y average of 13.35 i n c h e s , corresponding to 

s e m i - a r i d c o n d i t i o n s r e q u i r i n g i r r i g a t i o n p r a c t i c e s to com

pensate f o r the n a t u r a l s o i l and atmospheric a r i d i t y d u r i n g 

most of the a c t i v e growing season. 

The orchards have a N.W. exposure and s l o p e down c l o s e 

to the E a s t e r n shore of Okanagan Lake. 

EXPERIMENTAL OUTLAY 

In order to e v a l u a t e the r e l a t i v e economic p o t e n t i a l s 

of apple orchards managed under d i f f e r e n t p l a n t i n g and 

t r a i n i n g systems and grown on d i f f e r e n t r o o t s t o c k s , the 

f o l l o w i n g procedure was c a r r i e d out: 
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1. Semi-standard bush, trees; 
In the spring of 1953 one year whips of Spartan and 

Jubilee v a r i e t i e s on Mailing II rootstock were planted 

between 50 year old Macintosh trees spaced 30 x 30 feet. 

The trees were interplanted between the old trees i n 

both d i r e c t i o n s , giving a t o t a l of 96 trees to the 

acre, planted on the square 21% feet apart. 

Once the s t r u c t u r a l primaries had been obtained i n 

order to form a II to 5 leader delayed-open-centre tree, 

the future leaders were budded over i n the Summer of 

1955 and 1956 with the Golden Delicious v a r i e t y . The 

old trees were removed during the Winter of 1955-56, 

2. Spindle-bush trees; 

In the Spring of 1956 one year old Golden Delicious 

trees on M VII rootstock were planted as f i l l e r trees 

between the serai-standard bush trees mentioned above, 

i n the place where the old trees had been removed. 

These were staked and trained as spindle-bush trees. 

The area now contained permanent bush type trees on 

M II rootstock with a l t e r n a t i n g f i l l e r trees as spindle-

bush trees on M VII rootstock. 

The planting pattern remained on the square but 

with trees 15 feet apart i n both d i r e c t i o n s , or 192 

trees per acre, with 96 trees of each type. 
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Semi-dwarf bush trees; 

One year old Golden Delicious trees on M VII roots 

were planted i n the Spring of 1956, 18 feet apart on 

the t r i a n g l e system, giving 134 trees per acre. The 

area had previously been planted to peach and apricot 

trees. 

T r e l l i s e d hedgerow trees; 

In the Spring of 1956 Golden Delicious trees on 

M IX, M VII and M IV roots were planted i n rows 430 

feet long i n a N.S. d i r e c t i o n . They were planted 6 

feet apart i n the rows with 11 feet between the rows, 

giving a planting density of 660 trees per acre,, 

End and intermediate posts 30 feet apart and 8̂  

feet high above the ground l e v e l supported a iL-wire 

t r e l l i s . The f i r s t wire was 30 inches above the 

ground, the other three wires were spaced 2IL inches 

apart. 

An overhead sprinkler system was i n s t a l l e d . 

Standard trees: 

A block of Golden Delicious trees worked over 

hardy Lodi frame and on Macintosh seedling rootstock, 

planted i n the 30 feet square pattern i n the Spring 

of 1952 was selected. The planting density was of 

48 trees per acre. The block had never been planted 

with trees previously. 
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CULTURAL MANAGEMENT 

S o l i management: 

For the f i r s t f o u r year p e r i o d , trees i n b l o c k s 

I, 2 , 3, l\. and f? were kept under c l e a n - c u l t i v a t i o n . 

D u r i n g the f i f t h and s i x t h year b l o c k I, w i t h the 

semi-standards and b l o c k 1+ p l a n t e d w i t h the hedge

rows, were maintained under c l e a n c u l t i v a t i o n , b l o c k 

3, the semi-dwarfs and b l o c k 5 j the standards b e i n g 

brought under grass cover, mown down three or f o u r 

times d u r i n g the season. 

F e r t i l i z a t i o n : 

R i g h t a f t e r p l a n t i n g , a l l t r e e s r e c e i v e d a c h i c k e n -

l i t t e r manure d r e s s i n g two or thr e e inches t h i c k 

c o v e r i n g the root-zone. In the standard t r e e b l o c k 

t h i s d r e s s i n g was of o r d i n a r y cow manure. 

A l l c l o n a l - r o o t t r e e s r e c e i v e d a y e a r l y F a l l 

a p p l i c a t i o n of n i t r o g e n i n the f o r m o f Ammonium n i t 

r a t e , 33-0-0 , s c a t t e r e d over t h e r o o t zone, at the 

r a t e o f 2 l b s . p e r t r e e f o r t h e semi-standards and 

the semi-dwarfs, the s p i n d l e bush t r e e s r e c e i v e d 

one l b . per t r e e and the hedgerow t r e e s only one-half 

l b . p er t r e e . The standard s e e d l i n g r o o t t r e e s r e c 

e i v e d a supplementary l a t e F a l l a p p l i c a t i o n of bl o o d 

and bone meal 7-11-0 at the r a t e of two l b s . per t r e e . 
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Every other season boron, magnesium and z i n c were 

s u p p l i e d at the recommended r a t e i n order to prevent 

m i n e r a l d e f i c i e n c i e s . 

I r r i g a t i o n : 

I r r i g a t i o n water was s u p p l i e d from the middle o f May 

to the end of August by way of a s p r i n k l e system. For 

the hedgerow b l o c k , d i t c h i r r i g a t i o n was t r i e d out 

d u r i n g the f i r s t t h ree seasons but as t h i s was found to 

be very i m p r a c t i c a l and i r r e g u l a r , on account of the 

ex c e s s i v e p e r m e a b i l i t y of the s o i l , a semi-permanent 

system o f over-head s p r i n k l e s was d e v i s e d and set up 

i n the S p r i n g of 1959. 

The standard t r e e b l o c k was d i t c h i r r i g a t e d from 

1952 t i l l i960 when s p r i n k l e r i r r i g a t i o n was i n s t a l l e d 

t h ere a l s o . 

Pruning methods: 

The standard, semi-standard and semi-dwarf t r e e s 

were formed as delayed open-centre t r e e s w i t h LL to 5 

l e a d e r s , s t a r t e d about 30 to LuO inches above ground 

l e v e l . Secondary growth was l e f t unpruned when p o s s 

i b l e , but i t was shortened or removed where i n the 

presence o f competing branches. 

The s p i n d l e bush t r e e s were t r a i n e d f o l l o w i n g 'the 

c l a s s i c a l methods i n g e n e r a l use i n C o n t i n e n t a l Europe. 
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The one year whips were headed back about 30 inches 

above s o i l l e v e l . Pour or f i v e p r i m a r i e s with wide 

angled crotches were s e l e c t e d a l l around the t r e e and 

f o r c e d to grow to the h o r i z o n t a l w i t h the he l p of 

s t r i n g s t i e d t o the base of the stake f o r a few weeks. 

Once the f i r s t t i e r of branches appeared w e l l e s t a b l i s h e d 

the c e n t r a l l e a d e r was allowed to grow another 2LL to 30 

inches where i t was t i p p e d i n order to f o r c e a new t i e r 

of 3 o r h' p r i m a r i e s . As soon as these had grown two 

or three f e e t l o n g they were again bent down to the 

h o r i z o n t a l by t i e i n g or c l i p p i n g to the lower branches 

f o r two or three weeks. T h i s process w i l l be continued 

u n t i l the t r e e reaches 10 to 12 f e e t h i g h , when the 

c e n t r a l l e a d e r w i l l f i n a l l y be headed back to a v o i d the 

s p i n d l e becoming too h i g h , l a d d e r work not b e i n g d e s i r e d . 

Secondary growth was shortened to 6 or 8 buds; upward 

growing shoots were e n t i r e l y removed. 

The t r e l l i s e d hedgerow t r e e s , r e g a r d l e s s of the 

r o o t s t o c k type they were on, were headed back at 

p l a n t i n g time about 28 inches above ground l e v e l , which 

was about 2 inches below the f i r s t h o r i z o n t a l w i r e . Two 

primary l a t e r a l s , as much as p o s s i b l e o r i e n t e d i n the 

a x i a l d i r e c t i o n o f the row, one on each s i d e , were 

alloitfed to grow, p l u s a c e n t r a l l e a d e r . When the 
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l a t e r a l l e a d e r s were considered l o n g enough. - two or 

three f e e t - they were bent down and t i e d to the 

h o r i z o n t a l wire w i t h the h e l p of c l o t h e s p i n s or p l a s 

t i c t i e s . Once the f i r s t t i e r was w e l l e s t a b l i s h e d 

the c e n t r a l l e a d e r was allowed to re a c h the next wire, 

at which l e v e l i t was again headed back. Two p r i m 

a r i e s were s e l e c t e d and again t r a i n e d i n both d i r e c t i o n s 

along the second wire, the p r o c e s s b e i n g repeated f o r 

each w i r e . P r i m a r i e s growing p e r p e n d i c u l a r to the wire 

were shortened t o 8 to 10 buds or bent down to the 

h o r i z o n t a l and shortened i n order to a v o i d the hedge 

becoming wider than d e s i r e d . Secondary growth on both 

s i d e s of the l e a d e r s was shortened to 8 - 10 buds; a l l 

v e r t i c a l shoots were completely removed. The width of 

the hedges v a r i e d between 3& and Jj.0 Inches f o r the 

tr e e s grown on M IV and M VII!, and somewhat l e s s f o r 

the t r e e s on M IX. 

No summer p r u n i n g has been experimented w i t h so 

f a r , o n l y o c c a s i o n a l l y some branches were t i e d to the 

wires or bent to the h o r i z o n t a l when i t was f e l t i t 

was time to do so. 

Thinning? 

Excess of f r u i t was removed every year by hand 

t h i n n i n g . The o p e r a t i o n was g e n e r a l l y done between 

June 15-30. The amount o f f r u i t removed depended on 
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t h e f r u i t s e t . The g e n e r a l r u l e s f o l l o w e d w e r e : 

I ) e l i m i n a t i o n o f f r u i t s howing any k i n d o f d e f e c t 

s u c h as s c a b , m e c h a n i c a l b r u i s i n g , e x c e s s i v e r u s s e t t i n g , 

d e f o r m i t i e s , e t c . 2) b r e a k i n g up o f a l l c l u s t e r s , 

l e a v i n g o n l y one a p p l e p e r f r u i t s p u r and 3) when t h e 

s e t s t i l l a p p e a r e d t o be t o o h e a v y , t h e s m a l l e r s i z e d 

f r u i t was t a k e n o f f l e a v i n g a t l e a s t 5 t o 6 i n c h e s 

between t h e a p p l e s • 

S p r a y i n g : 

A l l s e m i - s t a n d a r d , s e m i - d w a r f and d w a r f t r e e s were 

s u b m i t t e d t o t h e same p r o t e c t i v e s p r a y s . The s p r a y s 

were a p p l i e d f o l l o w i n g a medium volume t e c h n i q u e u n t i l 

1958, and a t a low volume (50 g a l l o n s p e r a c r e ) f r o m 

t h e n on. The s t a n d a r d t r e e b l o c k was t r e a t e d w i t h 

t h e same m a t e r i a l s b u t b y t h e h i g h volume (300 g a l l o n s 

p e r a c r e ) method t h r o u g h o u t . 

H a r v e s t i n g : 

A l l a p p l e s f r o m t h e t r e e s u n d e r i n v e s t i g a t i o n 

were p i c k e d s i m u l t a n e o u s l y . F r u i t b e l o w 2 i n c h e s i n 

d i a m e t e r was c o n s i d e r e d as n o n c o m m e r c i a l and e l i m i n a t e d ; 

t h e r e were v e r y few o f them. W i n d f a l l s were i n c l u d e d i n 

t h e r e c o r d s p r o v i d i n g t h e y were w i t h o u t l a r g e marks o f 

d e c a y and w i t h i n t h e s i z e l i m i t . R e c o r d i n g e n t r i e s were 

t a k e n on t h e i n d i v i d u a l t r e e b a s i s , f r o m rows c h o s e n a t 

random. The a p p l e s were c o l l e c t e d i n s t a n d a r d wooden 

b u s h e l a p p l e b o x e s . 
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CHAPTER III 

RESULTS 

Semi-standard bush trees: 

The i n d i v i d u a l production per tree, the t o t a l y i e l d 

per acre f o r each year, i n loose bushel boxes together 

with the accumulated yie l d s are shown i n Table IV. 

TABLE IV 

Yields for 9 consecutive- years of Golden D e l i c 
ious apples from trees grown on M II rootstock 
and with hardy intermediate frame, pruned to a 
delayed open-centre form. 

Growing 
Season 

No. of 
trees rec, 

Y i e l d 
bu. 

Prod. 
per tree 

Prod. 
per acre 

Acc. prod. 
per acre 

F i r s t to 
Fourth 

15 0 0 0 0 

F i f t h 1 5 6.00 0.40 38.40 38.40 
Sixth 1 5 29.00 1.93 185.60 224.00 
Seventh 1 5 2 7 . 0 0 1.60 1714-.60 398.60 
Eighth 1 0 6 3 . 5 0 6.35 609.60 1 , 0 0 8 . 2 0 
Ninth 1 0 •42.00 l i . 2 0 4 0 3 . 2 0 1,411,4-0 

It would appear that the semi-standard tree, double 

worked, came into bearing on the f i f t h year but did not 

approach a commercial crop u n t i l the eighth year after 

planting, from then on the y i e l d appears to be s a t i s f a c t 

ory. 

Spindle-bush as f i l l e r trees: 

Individual yields per tree, t o t a l production per acre 

and accumulated y i e l d s In loose bushel boxes are given i n 

Table V. 
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TABLE V 

Yields f o r 6 consecutive years of Golden Del 
icious trees, d i r e c t l y on M VII rootstock, 
trained as spindle-bush trees and used as 
f i l l e r trees in the semi-standard block. 

Groxtfing 
Season 

No. of 
trees rec. 

Y i e l d 
i n Bu. 

Prod. 
per tree 

Prod. 
per acre 

Acc. prod. 
per acre 

F i r s t & 
Sec. inc 

2 3 
• 

0 0 0 0 

Third 23 3 . 0 0 0 . 1 3 12.52- 1 2 . 5 2 

Fourth 20 11.25 0 , 5 6 5 3 . 9 5 6 6 . kl 

F i f t h 20 2 2 . 0 0 1 . 1 0 1 0 5 . 6 0 172.07 

Sixth 2 0 £l.£0 2 . 5 7 21*2.20 I H 9 . 2 7 . 

These trees started bearing i n t h e i r t h i r d growing 

season but their crop did not become of commercial import

ance before the s i x t h year. It should be remembered that 

the planting density was of only 96 trees per acre, as 

they were used as f i l l e r s between the semi-standards. 

Semi-standards as permanent trees combined with spindle- 

bush trees as f i l l e r trees. 

Aggregate yields per acre of the combined production 

of semi-standard and spindle-bush trees, projected as for 

trees planted during the same season. In order to show 

the production p o t e n t i a l over the f i r s t s i x growing 

seasons from a permanent f i l l e r type of orchard. 
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TABLE VI 

Y i e l d s i n bushel boxes per acre and accum
u l a t e d from a permanent temporary t r e e com
b i n a t i o n . The permanents b e i n g s e m i - s t a n d 
ards on M I I r o o t s t o c k s double -T^orked, the 
f i l l e r s b e i n g s p i n d l e - b u s h t r e e s d i r e c t l y 
on M VII r o o t . Record f o r the f i r s t s i x 
growing seasons. 

Growing 
Season 

Semi-standard 
on M I I 
bu. per acre 

Spindle-bush 
on M VII 
bu. per acre 

Permanent 
f i l l e r com. 
bu. per acre 

Acc. 
aggreg. 
bu.-acre 

F i r s t & 
Sec, i n c l . • 0 0 0 0 

T h i r d 0 12.52 12.52 12.52 
F o u r t h 0 53.95 53.95 66.1+7 

F i f t h 38-U-O 105.60 11+4.00 210.1+7 

S i x t h 185.60 21+7.20 I+32.80 643.27 

T o t a l s Bu, 221+.00 i|J.9.27 61+3.27 -

Commercial p r o d u c t i o n s t a r t e d at the end of the f i f t h 

growing season; the l a r g e s t p a r t - 105.6 Bu. - b e i n g 

produced from the s p i n d l e - b u s h f i l l e r t r e e s . At the end 

of the s i x t h growing season out of the accumulated combined 

p r o d u c t i o n o f 643.27 bushel boxes, 1+19.27 came from f i l l e r 

t r e e s a g a i n s t 224.00 b u s h e l boxes from the semi-standards. 

The p a r t p l a y e d by the temporary s p i n d l e s appears to 

j u s t i f y the a d d i t i o n a l expenses they caused. 



- LL6 -

Semi-dwarf bush trees 

Yields in bushel boxes per tree per acre and 
accumulated up to the sixth growing season inclusive, are 
shown in Table VII. 

TABLE VII 
Yield in bushel boxes for the f i r s t 6 growing 
seasons of Golden Delicious trees trained as 
delayed open-centre bush-trees and grox-m on 
M VII rootstock. Planting density: 1 3 4 trees 
per acre. 

Growing 
Season 

No. of 
trees rec. 

Yield 
Bu. 

Prod. 
per tree 

Prod. 
,per acre 

Acc. prod, 
per acre 

F i r s t & 
Sec. inc. 4 6 

Third 4 6 2 , 5 0 0 . 0 5 7 . 2 8 7.28 

Fourth I4.6 3 2 . 0 0 0.70 9 3 . 2 2 1 0 0 . 5 0 

F i f t h 2 6 5 3 . 0 0 2.Oil 2 7 3 . 1 5 3 7 3 . 6 5 

Sixth 26 8 8 . 5 0 3 . 4 1 4 5 6 . 1 5 8 2 9 . 8 0 

Production In this block started the third season 
and reached a commercial level the f i f t h year. 

The hedgerows 
Average yields for individual trees, their projected 

yield per acre and the accumulated yields are shown in 
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bushel boxes f o r Golden Delicious A) on M IX, B) on 

M VII, C) on M IV rootstock f o r the f i r s t 6 growing 

seasons, i n Table VIII-A, VIII-B and VIII-C. 

TABLE VIII-A 

Yields i n bushel boxes per tree, per'acre, and 
accumulated over the f i r s t s i x growing seasons 
for Golden Delicious trees on M IX rootstock, 
planted at the density of 660 trees per acre 
and formed as t r e l l i s e d hedgerow. 

Growing 
Season 

NO. or 
trees r ec. 

Yield 
Bu. bxs. 

Prod. 
per tre 

> rroa., 
e per acre 

Acc. proa. 
per acre 

F i r s t & 
Sec. i n c . 

11+3 0 ,0 0 0 

Third l>J-3 26 0.18 120.00 120.00 

.,Fourth 1+0 13.50 0.31+ 222.75 342.75 

F i f t h 10 7.50 0.75 1+95.00 837.75 

Sixth 10 9 .00 0 .90 591+. 00 1,1+31.75 

TABLE VIII-B 

Same as for Table VII-A except for the rootstock 
which was M VII. 

Growing 
Season 

No. of 
trees rec. 

Yi e l d 
Bu. bxs. 

Prod. 
per tre 

Prod. 
3 per acre 

Acc. prod. 
per acre 

F i r s t & 
Sec. i n c . 

li+5 0 0 0 0 

' Third 11+5 19.00 0.13 86.51 86.51 

. Fourth 70 1+7.25 . 0.67 i+i+5.70 532.21 

F i f t h 70 8 l . 5 o 1.16 768 J+3 1,300.61+ 

Sixth • To " 
> 

107.00 1.53 1,008.86 2,309.50 



TABLE VIII-C 

C f r . the i n t r o d u c t i o n to Table VII-A, except 
f o r the r o o t s t o c k type which i s M IV i n t h i s 
case. 

Growing 
Season 

No. o f 
t r e e s r e c . 

Y i e l d 
Bu. bxs. 

Prod. 
per t r e e 

Prod. 
per acre 

Acc. prod. 
per acre 

F i r s t Zc 
Sec. inc, 

0 0 0 0 0 

T h i r d 71 2 . 0 0 0 . 0 3 1 8 . 5 9 1 8 . 5 9 

F o u r t h 71 2 2 . 7 5 0 . 3 2 2 1 1 . IL8 2 3 0 . 0 7 

F i f t h 70 89*00 1 . 2 9 839. 1 , 0 6 9 . 0 0 

S i x t h 68 8 9 . 5 0 1 .32 8 6 8 . 6 8 1 , 9 3 7 . 8 9 

Tables VII-A and. VII-C show t h a t p r o d u c t i o n f o r the 

three d i f f e r e n t r o o t s t o c k s s t a r t e d d u r i n g the t h i r d grow

i n g season. The t r e e s on M IX, the l e s s vigorous type o f the 

t h r e e , showed the e a r l i e s t p r o d u c t i o n but were soon passed 

by the M V I I t r e e s - i n the f o u r t h growing season and by 

the t r e e s on M IV d u r i n g the f i f t h growing year, E a r l i n e s s 

of p r o d u c t i o n was i n ve r s e r a t i o to the v i g o u r o f the 

adopted r o o t s t o c k . At the end o f the s i x t h growing season 

the accumulated y i e l d s show wide d i f f e r e n c e s which appear 

d i r e c t l y r e l a t e d w i t h the nature of the r o o t s t o c k type. 

The t r e e s on M VII are l e a d i n g to date but they are c l o s e l y 

f o l l o w e d by the trees on M IV, 
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Yields of 1 , 0 0 8 . 8 6 or even of 8 6 8 . 6 8 Bu. boxes per 

acre obtained re s p e c t i v e l y by trees on M VII and M IV 

which have hardly attained h a l f their expected develop-

ment, are very promising. Ofr. Pig. 2 

Standard trees 

Yields i n Bu. boxes, per acre and accumulated up to 

the tenth growing season are recorded i n Table IX. 

TABLE IX 

Yields from double-worked Golden Delicious trees 
grown on seedling rootstocks during the f i r s t ten 
year period - trained as delayed open centre trees 
and planted at the r a t e of 4 8 trees per acre. 

Season No. of 
trees rec. 

Y i e l d 
Bu. bxs. 

Prod. 
per tree 

Prod. 
per acre 

Acc. prod. 
per acre 

F i r s t -
F i f t h i r 

0 

1C . 
0 0 0 0 

Sixth 2 7 5 0 1 . 8 5 8 8 . 8 8 8 8 . 8 8 

Seventh 2 7 1 2 1 II.ILS 2 1 5 . 1 1 3 0 3 . 9 9 

Eighth 2 7 1 7 1 6 . 3 3 3 0 i i . 0 0 6 0 7 . 9 9 

Ninth 2 7 3 1 4 1 1 . 6 3 5 5 8 . 2 2 1 , 1 6 6 . 2 1 

Tenth 2 7 1 3 6 5.01+ 2 i i l . 7 7 1 , 4 0 7 . 9 8 

Although i n this study the crop figures are only 

compared up to the si x t h year i n c l u s i v e , which i n the case 

of the standard trees corresponds with their f i r s t f r u i t 
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returns, records are nevertheless given up to the tenth 

growing season as a matter of general interest i n comparison 

with the yie l d s shown fo r the semi-standards on M II which 

are given up to the ninth growing season i n Table IV. 

The r e l a t i v e l y low crop of the tenth-growing season suggests 

an alternate-bearing e f f e c t . The semi-standards on M II 

appear to have been a f f e c t i n g also but to a much lesser 

degree. The trees on less vigorous rootstocks, those on 

M IX and M VII do not indicate any alternate bearing e f f e c t , 

but those on M IV may have been somewhat affected i n the 

s i x t h year as the increase i n production was lower than 

anticipated. 

C f r . Pig. 1+ 

Spindle-bush trees as a permanent planting. 

Although widespread i n European plantings, Doornberg 

Orchards has at present no block made up e n t i r e l y of 

spindle-bush trees. However, p o t e n t i a l yields of such a 

planting can be projected, based on the records of the 

spindle-bush trees used as f i l l e r trees i n the semi-standard 

block, as shown i n Table IV. Under p r e v a i l i n g conditions 

and f o r the Golden Delicious v a r i e t y on M VII root, the 

planting distances would have to be ten feet by f i f t e e n 

feet, giving a density of 290 trees per acre. 
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TABLE X 

Yields i n Bu. boxes per tree, and projected 
yields per acre and accumulated per acre, up 
to the s i x t h year f o r a Golden Delicious 
spindle-bush planting on M VII rootstock at 
a density of 290 trees per acre. 

Season No. of 
trees rec. 

Y i e l d ' 
Bu. bxs. 

Prod. 
per tree 

Prod, 
per acre 

Acc. prod, 
per acre 

F i r s t & 
Sec. inc, 

0 0 0 0 0 

Third 23 0.13 37.82 37 .82 

Fourth 20 11.25 0.56 163.12 200.9*+ 

F i f t h 20 2 2 . 0 0 1.10 3 1 9 . 0 0 5 1 9 . 9ij-

Sixth 20 5 i . 5 o 2.57 71+6.75 1 ,266.69 

The importance of the optimum planting distance and 

the planting density i s apparent. At 96 trees per acre, 

the accumulative y i e l d of 1+19.27 boxes was obtained i n 

s i x years, whereas, i f a density of 290 trees per acre had 

been used the y i e l d would have been 1,266.99 boxes. 

, A s o l i d planting of spindle-bush trees on M VII 

rootstock would have been more advantageous than using 

them merely as f i l l e r trees between the semi-standards. 

The actual production per tree i n loose bushel boxes 

up to the end of the s i x t h growing season, i s shown i n 

Table XI, and the t o t a l y i e l d f o r the period compared as 
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a r a t i o w i t h t h a t of the standard t r e e s on s e e d l i n g r o o t s . 

The data i n t h i s t a b l e does not take i n t o account the 

p l a n t i n g d e n s i t y per a c r e , which, as seen i n Table IX i s 

a v e r y important f a c t o r . 

TABLE XI 

Y i e l d i n l o o s e Bu. boxes p e r t r e e up to the end 
of the s i x t h growing season i n r e l a t i o n to r o o t -
stock type and t r e e form. 

Season Standard 
S e e d l i n g 

Semi 
Standard 
M I I 

Bush 
Semi-dwarf 
M V I I 

S p i n d i e 

M VII 

Hedgerows 

M IX MVII M IV 

F i r s t & 
Sec. Yr. 

0 0 0 0 0 0 0 

T h i r d 0 0 o.o5 0.13 0.18 0.13 0.03 

F o u r t h 0 0 0.70 0.56 0 . 3 4 0.67 0.32 

F i f t h 0 O . 4 O 2.04 1.10 0.75 1.16 1.29 

S i x t h 1.85 1.93 3 . 1 A 2.57 0.90 1.53 1.32 

T o t a l Bu. 

R a t i o 

1.85 
1:1 

2.33 
1.25 

6.20 
3.35 

4.36 
2.35 

2.17 
1.17 

3.49 
1.83 

2.96 
1.60 

T r e e 3 p l a n t e d as hedgerows on M IX (dwarfs) gave the 

h i g h e s t e a r l y p r o d u c t i o n per t r e e but soon l o s t t h e i r 

advantage because o f t h e i r r e l a t i v e l y s m a l l b e a r i n g surface*. 
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Trees on M VII (semi-dwarf), r e g a r d l e s s of the 

t r a i n i n g system used, were second i n e a r l i n e s s of p r o d u c t i o n . 

D u r i n g the f o u r t h year they took the l e a d and maintained 

i t u n t i l the end of the experiment. 

Trees p l a n t e d as hedgerows on M IV (semi-dwarf) d i d 

not bear as w e l l as those on M V I I up to the end of the 

f o u r t h season, but d u r i n g the f i f t h and s i x t h season there 

was l i t t l e d i f f e r e n c e i n t h e i r y i e l d . There was, however, 

a s l i g h t tendency toward a l t e r n a t e b e a r i n g w i t h the t r e e s 

on M IV r o o t s t o c k . 

There was l i t t l e d i f f e r e n c e a t the end o f the s i x t h 

year i n y i e l d per t r e e between the semi-standard t r e e s on 

M I I and the standard t r e e s on s e e d l i n g r o o t s . However, 

as mentioned p r e v i o u s l y , the d e n s i t y o f p l a n t i n g comes 

i n t o the p i c t u r e . Standard t r e e s are p l a n t e d at 4.8 t r e e s 

per acre whereas semi-standard t r e e s can be p l a n t e d a t a 

d e n s i t y of 96 t r e e s per a c r e . 

Of the three t r e e forms on M V I i : r o o t s t o c k - b u s h , 

s p i n d l e - b u s h and hedgerow - i t would appear that the l e a s t 

pruned t r e e s (bush) produced the h i g h e s t y i e l d , the mod

e r a t e l y pruned t r e e s (spindle-bush) produced a medium y i e l d 

and the most s e v e r e l y pruned' t r e e s ( t r e l l i s e d ) produced 

the lowest y i e l d . 
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RECAPITULATION 

In o r d e r to b r i n g a l l the data from the p r e c e d i n g 

t a b l e s more c l o s e l y i n t o f o c u s , the accumulated y i e l d s 

p e r acre of Golden D e l i c i o u s apples up to the end o f the 

s i x t h growing season are shown i n Table XXI. These data 

take i n t o c o n s i d e r a t i o n the f i v e d i f f e r e n t types of r o o t -

stocks used i n con n e c t i o n w i t h the s e v e r a l p l a n t i n g con

cepts I n v o l v e d , The y i e l d s are arranged i n ascending o r d e r . 

The y i e l d s r a t i o shown i s obtained by t a k i n g the y i e l d of 

the standard t r e e s as u n i t y , C f r , P i g , 5 

TABLE X I I 

P l a n t i n g Concept Accum, Prod. per acre R a t i o 

1. Standard t r e e s , hardy i n t e r m e d i a t e , 
s e e d l i n g r o o t , 1+8 t r e e s per a c r e . . . Bu. 88.88 I t I 

2. Semi-standard t r e e s , hardy i n t e r 
mediate, M I I r o o t : 9b t r e e s p.a... Bu, 221+. 00 I : 2.52 

3. Spindle-bush on M VII r o o t , as 
Bu. 1+19.27 I : 1L.76 

h. Combination of semi-standard perm
anent t r e e s on M I I and s p i n d l e b, 
f i l l e r s on M VII 
T o t a l t r e e s combined - 192 per acre Bu. 61(3.27 I : 7 .28 

5. Semi-dwarf t r e e s on M VII r o o t , 
Bu. 829.80 I : 9.33 

6. S p i n d l e - b u s h t r e e s on M VII r o o t , 
Bu. 1,266.69 I : I1+.25 

7. Hedgerow t r e e s on M IX 
Bu. 1,431.75 I :I6. 33 

8, Hedgerow t r e e s on M IV r o o t , 
Bu. 1,937.89 I : 21.75 

9. Hedgerow tr e e s on M VII r o o t , 
Bu. 2,309.50 I : 25.59 
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At the end of the s i x t h growing season, on an acre 

basis, there was a wide v a r i a t i o n i n y i e l d s from each of 

the d i f f e r e n t p l a n t i n g concepts. The trees planted as 

hedgerows on M VII rootstock at the density used had 

produced 25.9 times more f r u i t than the standard trees. 

The y i e l d was related to the planting concept, the number 

of trees per acre, the system of pruning and t r a i n i n g 

followed and the type of rootstock used. 

The data i n the table indicate that s i x years a f t e r 

planting one can expect a healthy return from either dwarf 

or semi-dwarf trees, whereas, l i t t l e or no return can be 

expected from standard or semi-standard trees. Furthermore, 

the s o l i d planting of dwarf or semi-dwarf trees should 

produce a more substantial return than a, combination plant

ing of standard or semi-standard trees as permanent trees 

and dwarf or semi-dwarf trees as f i l l e r trees. 

To Follow? 

1, Photographical i l l u s t r a t i o n s of tree forms and 

planting systems: F i g s . I to 12 

2. Production charts: Figs, I to 5 
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F i g . 1 
Double worked Golden D e l i c i o u s 
standard t r e e on s e e d l i n g 
s t o c k i n i t s 10th growing 
season. Crop: 7 bu. loose 
Per acre y i e l d the 6th grow
i n g season; 89 bu. 
Per acre y i e l d the 8th grow
i n g season; 301L b u . 1 

Accumulated p r o d u c t i o n end 
of 8th growing year; 608 bu. 
P l a n t i n g d e n s i t y - IL8 t r e e s 
per a c r e . 

F i g . 2 

Double worked Golden D e l i c i o u s 
semi-standard on M I I stock 
i n i t s 8th growing season. 
Crop: loir bu. l o o s e . 
Per acre y i e l d the 6th grow
i n g season; 22li bu. 
Per acre y i e l d the 8th grow
ing season; 609i' bu. 
Accumulated p r o d u c t i o n end 
of 8th growing year^; 1,008-| 
bu. 
P l a n t i n g d e n s i t y ; 96 t r e e s 
per a c r e . 

Fio> 3 
Semi-dwarf Golden D e l i c i o u s 
bush-formed t r e e on M VII 
r o o t s t o c k i n i t s 6th growing 
season. Crop 6-§- bu. l o o s e . 
Per acre y i e l d the 6th grow
i n g season; ii56|- bu. 
Accumulated p r o d u c t i o n end of 
6th growing season; R29.3/LL 
bu. 
No. of t r e e s per a c r e : I 3 I 1 . 

"''Acre y i e l d and per acre accumulated p r o d u c t i o n f o r the 8th 
^rowing season are g i v e n f o r the Double worked t r e e s as they 
should be compared w i t h the 6th growing season f o r o r d i n a r y grown 
t r e e s . 



g i g * h 
Semi-dwarf Golden D e l i c i o u s 
bush-tree orchard on M VII 
r o o t s t o c k i n i t s 6th growing 
season; 13)4. bu. per acre 

C f r . F i g . 3 f o r y i e l d s 

F i g * * 
Golden D e l i c i o u s on M VII as 
staked s p i n d l e - b u s h tree i n 
i t s 6th growing season. 
Crop: 1| bu. l o o s e . 
96 t r e e s p e r acre, as f i l l e r -
t r e e s between semi-standards 
on M I I . 
Y i e l d per acre of the f i l l e r s , 
the 6th growing season; 2\\?v bu. 
Accumulated p r o d u c t i o n end of 
the 6th growing season; hl9% bu. 
290 t r e e s per acre, as perm-
anents i n f u l l s p i n d l e - b u s h orch 
C a l c u l a t e d y i e l d the 6th groxtf-
i n g season; 7l|-6. 3/k- D U » 

Acc. prod, end of 6th growing 
season; 1,266. 3/k- bu. 

T r e l l i s e d hedgerow orchard of 
Golden D e l i c i o u s trees on 
M VII stock i n i t s 3rd grow
in g season. I r r i g a t i o n by 
overhead s p r i n k l e r s . 
Crop - the 3rd growing season; 
86|- bu. 
P l a n t i n g d i s t a n c e s : 11 by 6 f t . 
No. of t r e e s per acre; 660 



F i g . 7 
T r e l l i s e d hedgerow of Golden 
D e l i c i o u s on M IX i n t h e i r 
6th growing season. 
Crop per acr e ; 594- bu. 
Accumulated p r o d u c t i o n a t the 
end of 6th growing season; 
1,1+31. 3 A bu. 
No. of t r e e s per acre; 660 

F i g . 8 
T r e l l i s e d hedgerow Golden 
D e l i c i o u s t r e e s on M VII 
r o o t i n I t s 6th growing season. 
Crop; 3 bu. l o o s e . 
Y i e l d per acre i n i t s 6th year; 
1,008. 3/1+ bu. 
Accumulated p r o d u c t i o n per 
acre - end of 6th growing 
season; 2,309:i- bu. 
No. of t r e e s p e r acre; 660 

T r e l l i s e d hedgerow of Golden 
D e l i c i o u s t r e e s on M IV stock 
i n t h e i r 6th growing season. 
Y i e l d per acre i n the 6th 
grovring year; 868. 3/1+ bu. 
Accumulated p r o d u c t i o n per 
acre - end of 6th year; 1,938 
bu. 
No. o f t r e e s per acre; 660 



F i g . 10 
D e f o l i a t e d Golden D e l i c i o u s 
t r e e s on M IV s t o c k i n t h e i r 
4th growing season. 
Crop; r e s p e c t i v e l y 1^ and 
3 bu. f o r 1st and 2nd t r e e s 
i n the row, counted from the 
r i g h t . 

F i g . 11 
T r e l l i s e d hedgerow of Red 
D e l i c i o u s (Shotwell) on M IX 
r o o t i n t h e i r 9th growing 
season. 
C a l c u l t e d y i e l d f o r 9th year; 
8l6 bu, per a c r e . 
Four f e e t i n the rows; 12 
f e e t between the rows. 
907 t r e e s per a c r e . 

Red D e l i c i o u s (Starking) on 
M IV stock as a spindle-bush 
t r e e i n i t s 6th growing 
season. 
Crop 3. 3/4. bu. l o o s e . 
Average i n d i v i d u a l p r o d u c t i o n 
t h i s 6th year x-xas 2 . 3/4 bu. 
P l a n t e d a t 290 t r e e s per a c r e ; 
797i=r bu. d u r i n g the 6th growing 
season. 
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CHAPTER IV  

DISCUSSION 

I t c o u l d be i n f e r r e d t h a t the e a r l i n e s s of p r o d u c t i o n , 

as w e l l as the r e l a t i v e l y h i g h y i e l d s , obtained i n these 

experiments were unduly i n f l u e n c e d because o f the v a r i e t y 

used. Golden D e l i c i o u s i s a n a t u r a l l y e a r l y b e a r i n g and 

f e r t i l e v a r i e t y . However^shy and l a t e b e a r i n g v a r i e t i e s , 

as a consequence of v a r i e t a l b e h a v i o r , show the same 

n a t u r a l tendency r e g a r d l e s s of t r e e form or r o o t - t y p e . 

Rootstock e f f e c t does not a l t e r the g e n o t y p i c a l c h a r a c t e r 

i s t i c s of the e p i b i o t e . P a r a l l e l o b s e r v a t i o n s i n the 

Doornberg orchards on the Red D e l i c i o u s ( S t a r k i n g ) v a r i e t y , 

a l a t e and shy b e a r i n g t r e e , have shown c o n s i s t e n t l y sim

i l a r t r e n d s . They came i n t o b e a r i n g a l i t t l e l a t e r than 

Golden D e l i c i o u s but the same r e l a t i v e d i f f e r e n c e s were 

observed between t r e e form and r o o t - t y p e . 

T r e l l i s e d hedgerows on M IX, M IV and M VII r o o t s t o c k ;  

660 t r e e s per a c r e : 

The t r e l l i s e d hedgerow t r e e s p l a n t e d at h i g h d e n s i t y , 

r e g a r d l e s s of r o o t s t o c k type, on an acre b a s i s o u t y i e l d e d 

a l l other t r e e forms and combinations o f p l a n t i n g at the 

end of the s i x t h growing season., 

The hedges on M IX had accumulated 1,431.75 b u s h e l s 

per acre i n s p i t e of the low per t r e e average accumulated 
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y i e l d of o n l y 2.17 b u s h e l s . T h i s p l a c e d them i n the 

t h i r d p o s i t i o n f o r y i e l d i n the experiment (16.33 g r e a t e r 

y i e l d than the standard t r e e s ) . These t r e e s were a l s o 

the e a r l i e s t to come i n t o b e a r i n g , y i e l d i n g 120 boxes 

per acre by t h e i r t h i r d y e a r . 

I t i s b e l i e v e d t h a t t h i s l e a d was not maintained due 

to the s o i l inadequacy to support them. P r e s t o n (25) 

suggested t h a t the l i g h t e r s o i l s are not s u i t a b l e f o r 

t r e e s on M IX r o o t s t o c k . They need the 'stronger* s o i l s . 

I t i s not the i n t e n t i o n here to d i s c o u n t the value of 

M IX hedgerows as these experiments do not r e f l e c t the 

s p e c i f i c value of t h i s r o o t s t o c k type. I t merely i n d i c a t e s 

that under the p r e v a i l i n g c o n d i t i o n s i n the Doornberg 

orchards and w i t h Golden D e l i c i o u s as e p i b i o t e the M IX 

type r o o t l a c k e d the n e c e s s a r y s t r e n g t h to a l l o w f o r 

s u f f i c i e n t v e g e t a t i v e growth and f r u i t p r o d u c t i o n at the 

same time. Under s i m i l a r c o n d i t i o n s i n these orchards 

and on the same M IX r o o t s t o c k , Red D e l i c i o u s grew l a r g e r 

and outperformed the Golden D e l i c i o u s , by the end of the 

s i x t h y e a r . 

I t i s p e r t i n e n t , at t h i s p o i n t , to mention t h a t i n 

the i r r i g a t e d -loams of the Columbia B a s i n a t Ciuincy, 

Washington, Golden D e l i c i o u s hedges on M IX r o o t s t o c k , 

p l a n t e d a t a d e n s i t y of 605 t r e e s per a c r e , and f o l l o w i n g 
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the same d i r e c t i v e as i n the Doornberg orchards, produced 

y i e l d s of 907 bushels per acre i n t h e i r t h i r d year, 665 

b u s h e l s per a c r e i n t h e i r f o u r t h year and 1,343 b u s h e l s 

per acre i n t h e i r f i f t h y e a r . (11+) 

At the end of the f o u r t h year the t r e l l i s e d hedgerows 

on M VII took the l e a d i n y i e l d , although the M IV hedges 

remained ahead of a l l other combinations f o r another y e a r . 

The M VII hedges showed the h i g h e s t accumulated y i e l d per 

acre of a l l groups i n the experiment w i t h a t o t a l of 

2,309.5 bushels at the end of the s i x t h year, or 25.59 
times t h a t of the standard t r e e s . 

Hedgerows on M IV r o o t s t o c k gave a good performance, 

f i n i s h i n g up, a t the end of the s i x t h year, w i t h the s e c 

ond h i g h e s t y i e l d i n the experiment r e a c h i n g a t o t a l 

accumulated y i e l d of 1,937.8 bushels p e r acre or 19 times 

t h a t of the s t a n d a r d t r e e s . 

To i l l u s t r a t e the r e l a t i v e s i z e of the t r e e s on these 

three d i f f e r e n t r o o t s t o c k s , by the end o f the s i x t h year, 

the t r e e s on M IX covered the f i r s t h o r i z o n t a l wire of 

the t r e l l i s . Those on M VII were w e l l e s t a b l i s h e d along 

the f i r s t and second wires and were p r o c e e d i n g towards 

the t h i r d w i r e . While those on M IV had covered the f i r s t 

t h r e e wires and were approaching the f o u r t h w i r e . 

T e c h n i c a l h a n d l i n g of the t r e l l i s e d row b l o c k s proved 

both convenient and economical w i t h two r e s e r v a t i o n s : 
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1) the hand hoeing i n the rows d u r i n g the f i r s t p a r t 

of the growing p e r i o d was c o s t l y . 2) the eleven f o o t 

i n t e r - r o w s p a c i n g proved to be too narrow f o r the 

standard orchard equipment; t r a c t o r , s p r a y e r s , and b u l k 

b i n s f o r h a r v e s t i n g . 

I t i s a n t i c i p a t e d that mechanical h o e i n g hox\rever, 

or chemical weeding w i l l soon obviate the n e c e s s i t y 

of t h i s hand hoeing and by i n c r e a s i n g somewhat the 

width between the roi^s, from eleven to twelve and a 

h a l f f e e t or t h i r t e e n f e e t , the second problem c o u l d be 

overcome. On the other hand, the l a r g e equipment f o r 

standard orchards w i t h which the Doornberg orchards 

are equipped, i s not necessary f o r h a n d l i n g a dwarf 

t r e e e n t e r p r i s e . For such an o p e r a t i o n , s m a l l e r and 

p r o b a b l y cheaper equipment would be a d v i s e a b l e . 

The s p a c i n g of s i x f e e t between t r e e s i n the row 

appeared to be wider than necessary f o r t r e e s on the 

M IX r o o t s t o c k . By r e d u c i n g t h i s space more tr e e s 

c o u l d have been p l a n t e d per acre w i t h a c o r r e s p o n d i n g 

i n c r e a s e i n y i e l d . On the other hand, the same s i x 

f o o t s p a c i n g appeared to be j u s t r i g h t f o r the t r e e s 

on M VII r o o t s t o c k but a t l e a s t one f o o t too c l o s e f o r 

t r e e s on M IV r o o t s t o c k . 

Pruning to date has been done from the ground l e v e l , 

but the t r e e s on M VII and M IV may r e q u i r e the use 

of a s h o r t step l a d d e r , or a mobile low p l a t f o r m i n the 

f u t u r e y e a r s . 
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Hand t h i n n i n g o f f r u i t was done e a s i l y on the 

semi-dwarf and dwarf t r e e s as compared w i t h the standard 

t r e e s and spot p i c k i n g , d i f f i c u l t and c o s t l y w i t h l a r g e 

t r e e s , p r e s e n t e d no problem. 

Sp r a y i n g was performed w i t h a maximum o f t e c h n i c a l 

e f f i c i e n c y and w i t h a minimum of p h y s i c a l s t r a i n or 

waste of m a t e r i a l s . 

Because o f the t r e l l i s wire support, p r o p p i n g was not 

r e q u i r e d d u r i n g the summer and w i n d f a l l s were reduced. In 

the case of a salvage o p e r a t i o n there i s a minimum of 

b r u i s i n g on w i n d f a l l s due to on l y a shor t drop t o the 

ground. 

On one o c c a s i o n the lower branches of the hedgerows 

at a lower edge of the orchard were s l i g h t l y a f f e c t e d 

by f r o s t damage (1959), The c l o s e r to the ground l e v e l 

the blossoms, the more they are exposed to damage from 

r a d i a t i o n f r o s t s i n the S p r i n g , T h e r e f o r e the p l a n t i n g 

of Dwarf t r e e s should o n l y be recommended In f r o s t f r e e 

l o c a t i o n s , 

The c o s t of e s t a b l i s h i n g such an acre of t r e l l i s e d 

hedgerows may appear p r o h i b i t i v e at f i r s t g l a n c e . In 

the pr e s e n t case, the i n i t i a l investment c o s t - m a t e r i a l s 

and l a b o u r , e x c l u d i n g the owner's s u p e r v i s i o n but i n c l u d i n g 

the o p e r a t i o n a l d e f i c i t s o f the three f i r s t growing seasons, 

a r r i v e d In round f i g u r e s , c l o s e t o three thousand d o l l a r s . 
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Such h i g h i n i t i a l c a p i t a l investment may d e t e r many from 

t h i s i n t e n s i v e p l a n t i n g method. Neve r t h e l e s s i t was 

c o n s i d e r e d t h a t p o t e n t i a l y i e l d s , the a n t i c i p a t e d h i g h 

q u a l i t y of the f r u i t , the e a r l i n e s s of r e t u r n s , p l u s a l l 

the other t e c h n i c a l advantages d e r i v e d from the form 

would j u s t i f y the i n i t i a l expenses. The experience gained 

f o l l o w i n g the f i r s t s i x growing seasons i s encouraging 

and i t c o u l d w e l l be t h a t the t r e l l i s e d hedgeroitfs system 

w i l l prove to be one of the more economical and rewarding 

of the p l a n t i n g concepts under t r i a l . 

The semi-dwarf bush t r e e s on M VII r o o t s t o c k ;  

134 t r e e s p e r a c r e : 

The semi-dwarf bush t r e e s on M VII r o o t s t o c k y i e l d e d 

829.8 bushels to the acre as a g a i n s t 2,309.5 f o r the 

hedgerows on the same r o o t s t o c k , although f o r i n d i v i d u a l 

t r e e performance they were the h i g h e s t i n the experiment. 

One t r e e i n the s i x t h year produced a crop of 6 3/4, b u s h e l s . 

I t i s p o s s i b l e t h a t by narrowing the d i s t a n c e from 

18 to 12 f e e t i n the row, the w i d t h of the working row 

remaining the same, the number o f t r e e s c o u l d have been 

i n c r e a s e d to a 201 t r e e d e n s i t y , and, when f u l l grown, the 

p l a n t i n g would become a c l o s e hedgerow o r c h a r d . T h i s 

would have r a i s e d the y i e l d to 121+6 b u s h e l s per a c r e , 
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without any major in c o n v e n i e n c e . 

The S p i n d l e - b u s h t r e e on M VII r o o t s t o c k ;  

290 t r e e s per acre; 

The p r o j e c t e d y i e l d of the s p i n d l e - b u s h t r e e s p l a n t e d 

at a d i s t a n c e of 10 x 15 f e e t was 1,267 bushels per a c r e . 

On the b a s i s of these y i e l d s , t h i s p l a n t i n g arrangement 

came second to t h a t of the hedgerows. 

Such a p l a n t i n g i s cheaper t o e s t a b l i s h and to 

m a i n t a i n , at l e a s t d u r i n g the e a r l i e r y e a r s , than a hedgerow. 

I t c o u l d be c o n s i d e r e d as i n t e r m e d i a t e i n i n t e n s i t y between 

the t r e l l i s e d hedgerow and the bush t r e e hedgerows. Here, 

adequate sp a c i n g i s p r o v i d e d f o r mechanical o p e r a t i o n s , 

i n c l u d i n g b u l k - h a n d l i n g of f r u i t . 

The Semi-standard t r e e s on M I I r o o t s t o c k :  

96 t r e e s per acre; 

The semi-standard t r e e s on M I I r o o t s t o c k , w i t h 

hardy i n t e r m e d i a t e , are those which appear to be f i n d i n g 

f avour w i t h the Okanagan growers f o r t h e i r new p l a n t i n g s . 

Up to the end o f the s i x t h year, these t r e e s only bore 

22i+ bushels but t h i s was o n l y t h e i r second b e a r i n g y e a r . 

The accumulated y i e l d a t the e i g h t h year was 1,008.20 
b u s h e l s per acre, r e a c h i n g l , i | l l , 4 bushels by the end of 

n i n t h y e a r . T h i s y i e l d s t i l l f a l l s below t h a t o f the 

semi-dwarfs and dwarf hedgerows, and o n l y approximates 
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t h a t of the s p i n d l e - b u s h t r e e s on M VII, at the end of 

t h e i r s i x t h y e a r . 

The standard t r e e s on s e e d l i n g r o o t s t o c k s ; 

1+8 t r e e s per a c r e ; 

The standard t r e e s on s e e d l i n g r o o t s s t a r t e d to 

bear i n t h e i r s i x t h year but o n l y produced a y i e l d of 

88.88 b u s h e l s per a c r e . At the end of the e i g h t h year, 

they had produced and accumulated a y i e l d of 607»99 
b u s h e l s per acre; at the end of n i n t h year they had 

reached a y i e l d of 1,166.21 b u s h e l s and by the t e n t h year 

approximated the y i e l d , of the M I I t r e e s i n the n i n t h 

year, namely - 1,1+07.98 b u s h e l s . Here again the y i e l d , 

even i n the t e n t h year d i d not equal t h a t of the semi-

dwarf and dwarf t r e e s at the end of t h e i r s i x t h y e a r . 

The p l a n t i n g c o s t s of c l a s s i c a l standard apple t r e e 

orchards f o l l o w i n g the u s u a l 1+8 t r e e s per acre p a t t e r n are 

u n q u e s t i o n a b l y the lowest. But i f the o p e r a t i o n a l l o s s e s 

accumulated d u r i n g the d e f i c i t years have to be added, 

b e i n g a c t u a l l y an i n t e g r a l p a r t o f the i n i t i a l c a p i t a l 

investment as mentioned by Spenger (31), t h i s d e f i c i t 

p e r i o d f o r a standard t r e e orchard can l a s t from e i g h t 

to twelve years i n the- Okanagan, depending on the v a r i e t y . 

I t w i l l r e a d i l y appear that the i n i t i a l advantage i s going 

to be c o n s i d e r a b l y d i m i n i s h e d . 
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The permanent semi-standard bush t r e e s on M I I r o o t s t o c k  

combined w i t h temporary s p i n d l e - b u s h t r e e s on M VII r o o t s t o c k . 

At the end o f the s i x t h growing season the accumulated 

y i e l d s of the semi-standard t r e e s and the semi-dwarf s p i n d l e 

t r e e s , combined was 61+3.27 bushels p e r a c r e . Of t h i s 

t o t a l , o n l y 221+ bushels had been produced by the semi-

standard t r e e s as a g a i n s t 1+19 bushels by the semi-dwarf 

s p i n d l e s . Judging by the performance of the t r e e s on 

M'VII r o o t s t o c k , i t Is f e l t t h a t they might b e t t e r have 

been used as the permanent t r e e s . In any case, e v e n t u a l l y 

a grower would be f a c e d w i t h a d i f f i c u l t d e c i s i o n as to 

which t r e e s to remove. The data obtained i n t h i s experiment 

i n d i c a t e t h a t a s o l i d p l a n t i n g of s p i n d l e s on M VII r o o t -

s t o c k would have been a b e t t e r concept than the combination 

p l a n t i n g . 
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CHAPTER V  

CONCLUSION 

The B.C. Department of A g r i c u l t u r e ' s most r e c e n t 

survey o f the Okanagan orchards (3) shows t h a t i t i s the 

semi-standard t r e e s on M I I r o o t s t o c k that are becoming 

r a p i d l y the most poul a r i n the new p l a n t i n g s a t p r e s e n t , 

and t h a t the more i n t e n s i v e types, although i n c r e a s i n g i n 

numbers, do not appear to have been accepted t o any great 

extent to date. 

S p e c u l a t i n g as t o why t h i s i s so, the f o l l o w i n g 

views are expressed. In the f i r s t p l a c e , t h e r e i s a 

p s y c h o l o g i c a l reason. The Okanagan f r u i t g r o w e r s are 

used to l a r g e t r e e s ; to suddenly change to dwarf t r e e s 

may appear t o them as 'too b i g a jump'. I t may seem l e s s 

d i s t u r b i n g and more reasonable to them to change over, 

g r a d u a l l y , from the v e r y l a r g e standard t r e e s they were 

used to h a n d l i n g i n the t r a d i t i o n a l manner, to the somewhat 

s m a l l e r semi-standards. T e c h n i c a l l y , the shape o f the 

M I I t r e e s d i f f e r s l i t t l e from what they were used to and 

t h e i r l a r g e orchard equipment remains u s a b l e throughout, 

without s e r i o u s a l t e r a t i o n s . F i n a n c i a l l y , the advances 

r e q u i r e d f o r r e j u v e n a t i n g t h e i r orchards appears as a 

much l e s s e r burden than w i t h the r a t h e r c o s t l y i n t e n s i v e 

h i g h - d e n s i t y p l a n t i n g s . Semi-standards on M I I are known 
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as r e l i a b l e t r e e s and may w e l l remain f o r some time 

a sound economical p r o p o s i t i o n , p a r t i c u l a r l y where 

orchard u n i t s are of f a i r s i z e , meaning by t h i s - a t 

l e a s t 15 a c r e s , under p r e s e n t p r o d u c t i o n c o n j u n c t u r e . 

In i t s e l f , the change from the l a r g e standard t r e e on 

s e e d l i n g r o o t s to a semi-standard t r e e on c l o n a l r o o t -

stock can be i n t e r p r e t e d as a f i r s t step towards more 

i n t e n s i f i c a t i o n and as the b e g i n n i n g of a t r e n d toward 

the s m a l l e r t r e e , which t r e n d c o u l d continue t o the 

p o i n t where the semi-dwarf or even the dwarf t r e e forms 

may e v e n t u a l l y shape the orchards of the f u t u r e . 

The evidence, as a r e s u l t of the experiments c a r r i e d 

over the l a s t twelve year p e r i o d i n the 'Doornberg Orchards', 

has shown t h a t optimum r e s u l t s were obtained from the 

more i n t e n s i v e p l a n t i n g concepts, i . e . the semi-dwarf 

hedgerow p l a n t i n g on M V I I , the s p i n d l e - b u s h , and above 

a l l by the t r e l l i s e d hedgerow on M VII or M IV. 

I f , as s t a t e d by Mac Phee (20), i t i s d e s i r a b l e f o r 

the f r u i t g r o w e r to get h i s orchard i n t o f u l l p r o d u c t i o n 

as e a r l y as p o s s i b l e and w i t h i n ten y e a r s , the experiments 

show a l s o t h a t the most f e a s i b l e method of e f f e c t i n g t h i s 

i s by the use of dwarf or semi-dwarf type t r e e s . 

Hence i t appears that i n t e n s i v e p l a n t i n g concepts, 

w i t h a l l the f l e x i b i l i t y they o f f e r , c o u l d be of major 

i n t e r e s t , p a r t i c u l a r l y f o r the Okanagan where the s m a l l e r 

acreages are i n the m a j o r i t y 1 . To manage small orchard 

I t i s s t a t e d i n the Report of the Royal Commission 
on the F r u i t I n d u s t r y i n B.C. (20) t h a t 70% of the 
Okanagan V a l l e y orchards are 10 acres or l e s s i n a r e a . 
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u n i t s - ten a c r e s or l e s s - by ex t e n s i v e c u l t u r a l 

p r a c t i c e s does not a l l o w f o r maximum la b o u r p r o d u c t i v i t y . 

E c o n o m i c a l l y t h i s means onl y p a r t c a p a c i t y e f f i c i e n c y , 

w i t h as a r e s u l t o n l y incomplete earnings f o r the operator 

and a l l i t s o c i a l l y i m p l i e s , not o n l y f o r the l i v i n g 

standard o f the f r u i t g r o w e r and h i s f a m i l y but to the 

whole economy o f the v a l l e y . 
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