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A Comparison of Four Systems of 
Pruning Grapes 

DoN FAuROT AND T. ]. TALBERT 

Abstract.- There is a variation in the response of a variety of grapes to different systems of training and of different varieties to the same system. Under the conditions of these trials, the Single-trunk Kniffin or Y-trunk Kniffin systems are in general the most satisfactory methods of training grapes. There is hardly any difference between the two systems in production and quality of fruit. The Single-trunk andY-trunk Kniffin systems are the most economical of the four used, for the following re;1sons: Only a two-wire trellis is necessary while both the Recurve and High Renewal systems require a three-wire trellis. They are more economical of time and labor in pruning, spraying, and harvesting; and they require little summer tying ofshoots, which is an important point to consider in choosing a system for commercial purposes. Under the prevailing conditions canes 7 to 9 feet long and of medium size were the most productive. Pruning may be done any time during the dormant period, but in 1926 higher yields were secured from vines pruned in January and February than from earlier or later pruning. There is a rather definite relation between growth and production, up to a certain point, after which production decreases as growth increases. Vines pruned to 40 or 50 buds will probably give the best average yield and maintain the best balance between growth and production. The optimum number of buds may, of course, vary with such factors as the soil fertility and vigor of individual vines. Due to the stronger growth and consequent greater productive capacity of the upper canes, one or two more buds may be left on each of them than on the lower canes. 

The grape, unlike other fruit plants, thrives best and produces most 
profitable crops when subjected to heavy cutting and pruning. In fact, 
the principle purposes of pruning are (1) to establish framework, (2) to 
control growth, and (3) to regulate bearing. The first purpose has to do 
primarily with training or the establishment of a particular system, the 
second with the disposition of the wood and the confinement of plants 
to their allotted space on a trellis, while the third has to do with the limit
ing and disposition of fruiting-wood of a given plant or a given variety 
by providing the amount of wood that will give greatest regular produc
tion considering the conditions under which the plant is growing. 

There are many systems of training and pruning grapes. In general, 
a particular system is likely to be peculiar to a particular district. Sys
tems of pruning have become established through habit and long use. 
Growers as a rule train their vines in accordance with the ideas, opinions 

*The material for this bulletin has been taken from the thesis prepared and submitted by Don Faurot in partial fulfillment of the requirements for the degree of Master of Arts, Graduate School, University of Missouri, 1927. The vineyard in which the investigations and observations were made is located on the grounds of the Missouri State Fruit Experiment Station at Mountain Grove, Missouri. The data submitted, observations described, and investigations reported have been made possible by the generous cooperation and assistance of the Director, F. W. Faurot. 
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or traditions that prevail in the particular district in which they reside. 
Systems of pruning, once established, are changed only after positive 
demonstration that another system is more practical and profitable. 

The field trials on which this report is based were designed for the 
purpose of comparing the behavior and production of some of the most 
common commercial varieties when they are trained to some of the 
systems in general use, and for determining, if possible, to what extent 
certain systems may be preferable to others for training the Concord 
and other commercial sorts under Ozark conditions. 

FRUITING HABIT OF THE GRAPE 
The fruit of the grape is borne on the current season's growth, or 

shoots. These shoots develop from buds formed the previous summer 
in the axils of the leaves on that year's growing shoots which, after they· 
drop their foliage in the fall, are termed canes. A shoot may produce 
from one to five clusters, but with most of the ordinary sorts about two 
or three clusters generally develop. Shoots from wood older than one 
year are generally held to be less productive. Canes of medium size, 
about the size of a lead pencil and four to eight feet long, with medium 
nodes are generally considered more productive than larger or smaller 
canes. 

Grape vines growing under usual vineyard conditions can produce 
only a limited number of good clusters, while vines growing under un
restricted conditions of trellis space and food supply may be almost un
limited in production. The number of good clusters will vary with the 
age, the size and the vigor of the vine, and the character and the fertility 
of the soil. Each vine should be pruned to suit its own physical condition; 
that is, a weak vine should be pruned relatively more heavily than a 
strong vigorous one, since a strong vine will mature a larger number of 
good clusters than a weak one. This applies both to strong and weak 
growing varieties and to individual vines within a given variety. 

Average healthy vines under favorable seasonal and vineyard 
conditions may produce from 60 to 100 good clusters, which means that 
about half that number of buds should be left on the fruit-bearing wood 
each year in pruning. All the wood over one year old and not necessary 
for the maintenance of the framework of the vine should be removed. 
Renewal spurs should be left from which new canes for the next year's 
fruiting-wood may be taken. 

REVIEW OF LITERATURE 
E. C. Auchter and W. R. Ballard1 at Maryland Agricultural Experi

ment Station, carried on an experiment with five different systems of 
training. Twenty vines each of three different varieties were used: 
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Worden, Concord, and Lutie. The vines were set in 1911 and were train
ed to the various systems in 1915 and the fi rst data were recorded in 1916. 

Five systems were used: Munson, Single-trunk Kniffin, Single-trunk 
Two-cane Kniffin, Umbrella Kniffin, and the fan. Records of yield were 
secured four out of six years by the senior author, E . C. Auchter, who 
took charge of the experiment in 1919. No records were secured in 1918 
due to war conditions, nor in 1921 due to severe freezes. 

Concerning the results Auchter says2 : "As a rule, the best yields 
were secured from those vines trained to the Single-trunk Four-cane 
Kniffin system. The Munson system has, however, returned good yields. 
In fact the yield was slightly higher under the Munson system than in 
any of the others in the case of the Lutie variety. 

"Size and compactness of cluster has been approximately the same 
in the fruit from both systems. Likewise the fruit has matured equally 
well under both systems and has been of good grade. 

"The trellis system used in the Munson method is, however, too ex
pensive and complicated to compete with that used in the Single-trunk 
Kniffin under commercial conditions. Although it is especially easy to 
cultivate the ground thoroughly under the Munson system and the fruit 
is held up where it is seldom injured by the cultivating implements, still 
it is more difficult and somewhat more expensive to pick the fruit under 
this system than in the case of the Single-trunk Kniffin. The fruit being 
high from the ground never becomes splashed with mud, and good air 
circulf.tion is allowed. It is more difficult, however, to do a thorough 
job of spraying when vines are trained to the Munson system and it 
must be done with a trailing hose, while in the Single-trunk system the 
usual stationary rods and nozzles on the grape sprayer are sufficient." 

"Summarizing the advantages and disadvantages of the two sys
tems in addition to the yield records, it can be seen that the Single-trunk 
Four-cane Kniffin system is preferred to the Munson system, especially 
with the Concord and Worden, our most important commercial varie
ties." 

In the comparison of the Two-cane Kniffin system and the Umbrella 
Kniffin with the Four-cane Kniffin, Auchter says, "even if the yields were 
made to approximate the Four-cane Kniffin system, the clusters would 
be crowded and would not have a chance to develop as fully as they 
would in the Four-cane Kniffin system." He lists several disadvantages 
of the Fan system which was next to the Four-cane Kniffin and Munson 
systems in yield. One is that the old arms become lengthened and crook
ed and hard to manage. Another is the fruit, which is often borne very 
low, becomes splashed with mud causing a large percentage of the fruit 
to be of low market value. And still another drawback is the poor cross 
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circulation of air in this system and in humid, rainy seasons black-rot is 
usually troublesome. 

Auchter's conclusion regarding the Fan system is that, "Due to the 
above mentioned disadvantage, the necessity for summer tying of shoots 
and the slightly lessened yields, this method is inferior to the Four-cane 
Kniffin system for Maryland vineyards." 

J. H. Clark3 in New Jersey, found that canes of medium size and 
length with medium length internodes were more fruitful than canes of 
large or small diameter and of greater or shorter length and with long or 
short internodes. He also found that canes 7 to 9 feet long were more 
productive than longer or shorter ones, while A. L. Shrader4 in Maryland, 
found the canes four to five feet long gave the largest clusters. 

Partridge5 found that productivity declined toward the top of the 
larger canes more rapidly than in case of medium or smaller canes. 
Clark3 also found the diameter to be closely correlated with length. 
A foot in length of cane varies only 2-100 of an inch in diameter. He 
recommends choosing canes by their length. 

A. S. Colby6, at the University of Illinois, carried on an experiment 
with two hundred Concord vines, using four systems of training, the 
Single-trunk Kniffin, Munson, Chautauqua, and Fan. He also carried 
on experiments with vines pruned to different bud numbers. 

In summarizing, Colby states that on a three-year average the 
Single-trunk Kniffin system seems to out-yield slightly the other three 
systems and that the Fan system shows the lowest production. The ad
vantage the Kniffin system possesses appears greatly increased when we 
consider that it is much easier and more economical of time, labor and 
expense in the establishment and maintenance of the vineyard, than 
any of the other systems. 

In considering the total number of buds to be left on the vine, he 
found that as the number of buds is increased so does the production 
from that vine increase in all the systems up to a certain point which was 
not determined. Along that line Colby says, "The Chautauqua system 
was the only one in which more than 65 buds were left. The increase in 
production on vines trained to that system was not as rapid after the 65 
bud number was reached, as it had been previously. The point at which 
this would begin to level off would be expected, of course, to vary with 
the conditions of growth, with such factors as initial soil fertility, or
ganic matter and moisture playing a large part." 

Colby also believes that Concord vines under Illinois conditions 
should in ordinary seasons be pruned to 45 to 50 buds if the greatest num
ber of clusters of maximum size is desired and the yield is not to be re
duced. 
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F. E. Gladwin8 describes an experiment in the Chautauqua Grape 
Belt. Concord variety was used in this experiment and trained to the 
seven following methods: 

Munson, 
Single-trunk Four-cane Kniffin, 
Chautauqua, 
Umbrella Kniffin, 
High Renewal, 
Twa-trunk Kniffin. 
Horizontal Arm changed to Hudson River Umbrella. 

Gladwin's data covers eight years, 1911 to 1918. He makes the follow
ing statements: "It must be kept in mind that other results than yield 
are of prime importance. Thus by reason of its cane disposal, one method 
might bring forth as much fruit but of better quality; another method 
might possess characters that would facilitate various vineyard opera
tions. Some of the methods, by reason of the restriction upon their 
bearing-wood, necessarily bear less fruit. Others have borne an excessive 
number of under-ripe clusters." 

These results show that the Single-trunk Kniffin gave the highest 
quantity of fruit, with Chautauqua next and the High Renewal system 
lowest. Gladwin also found that in the years of severe frost the vines 
trained to the drooping method seemed to fare better than those of the 
upright methods. He also states that "six of eight methods under test 
are approximately equal in value so far as quantity of fruit yielded is 
concerned." In another publication9 he makes this statement: "The 
choice of a system of training is largely a matter of taste with the vine
yardist. One type may be suited for his conditions or at least appeal to 
him as the ideal one. Select the system that is best suited for the variety 
to be grown; and here a knowledge of the varietal habits is indispensable. 
In commercial vineyards the expense of trellis, of pruning and tying be
comes an important factor." 

In the comparison of the spur system and the long cane systems of 
pruning, T. J. Maney10 found that the long cane system out-yielded the 
short spur method by 41 percent; that is, it showed a 41 percent increase 
in production over the short spur method of pruning. Maney also found 
that fruiting-canes the size of a lead pencil were more productive th~m 
larger ones. 

Partridge 11 states, "Canes for fruiting should be selected because 
of their diameter and the length of their joint, rather than for their char
acter alone." Buds on quarter inch canes that have the joint between the 
fifth and sixth buds from 5 to 8 inches in length, are more productive 
than those on canes where the joint is shorter or longer. The least pro
ductive canes are those that are of small diameter and which have short 
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Jomts. Buds on a cane 1-16 or 1-8 of an inch larger than the ideal size 
are more productive than those on a cane which is relatively smaller. 
Diameter is usu::~lly a better indication of productivity than distance 
between buds. The buds near the base and tip are less productive than 
the intervening ones. The decline in productivity towards the tip is more 
rapid on the smaller canes than on the one-fourth inch or larger sized 
ones; consequently, "Smaller canes should be pruned shorter. Not more 
than six or seven buds should be left on a very small cane. A quarter 
inch cane may be permitted to carry nine or ten buds. 

"As a rule, it is safer to prune a weak vine too severely rather than 
too lightly; but the reverse is true in the case of a strong vigorous vine. 
The weak vine, whose prunings weigh about a pound, should never be per
mitted to carry a total of more than 30 buds, using its largest canes." 
Partridge18 also states that, "It is apparently good practice to prune 
canes so they will have from 8 to 12 buds. Better results both in shoot 
growth and crop yield may be expected if any increase in buds above 
48 per vine is taken care of through an increase in number of canes 
rather than lengthening the original four beyond 12 buds." 

LOCATION AND DESCRIPTION OF FIELD TRIALS 

Condition of Trials. The vineyard in which the investigations re
ported in this bulletin were made was set in 1919. The vines are 8 
feet apart in rows 10 feet apart, making 544 vines to the acre. The soil 
is of the Clarksville gravel type, merging into Lebanon silt at the north
west corner and the surface has a gentle slope to the southeast. The 
plot is situated rather high in relation to the surrounding country and 
is a desirable location for grape growing. 

The entire vineyard contains about eight acres and is located at 
Mountain Grove, Missouri. The vines included in this discussion consist 
of five rows of forty vines each, running north and south. Each row is 
a different variety. The varieties are Concord, Moore, Champion, 
Hartford and Herbert. The Concord, Moore, Champion and Hartford 
are pure Labrusca varieties. Herbert is a Lubrusca Vinifera hybrid. 

The varieties have been pruned to their respective systems since the 
time they were set. Each row and variety is trained to four systems. 
Vines 1 to 10 are trained to the Single-trunk Kniffin system; vines 11 to 
20 to theY-trunk Kniffin; vines 21 to 30 to the Recurve-fan, and vines 
31 to 40 to a High Renewal system, as described on pages 12 to 20. Thus 
each variety has ten vines trained to each of the four systems used. These 
vines have all been pruned in February each year and have received uni
form prunings; that is, approximately the same number of buds put up 
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for fruiting on each system. They have been sprayed each year accord
ing to the spray calendar for grapes followed in that section and have 
been reasonably free from disease throughout the test period. 

Since the vines produced only a small crop in 1921 the yield records 
for that year are not included. The report includes the yields of 1922 to 
1926, five years' records on the production from the various plots. The 
weight of the prunings, the length and circumference of the canes, to
gether with number of buds on each cane and on the renewal spurs have 
been recorded each year. In full crop years a record of the arm or cane 
yield was made, and on off years or partial-crop years a record of the 
vine yield only was made. In 1924 a late frost cut the crop to a small 
yield, but as the damage was general throughout the vineyard, that 
year's crop was averaged in with the other four. 

Description of Systems of Pruning and Training. -of the several 
methods or systems of training that might have been used four were 
selected which are either most generally used in the Ozark region or 
apparently should be practical and well suited to Ozark conditions, 
namely: 

Single-trunk Kniffin, 
Y-trunk Kniffin 
Recurve 
High Renewal 

In the disposition of shoots, the four systems fall naturally into two 
classes, those with shoots upright, which usually require considerable 
summer tying, and those with shoots drooping, which require but com
paratively little tying. 

Shoots Drooping: 
Single-trunk Kniffin system 
Y-trunk Kniffin system. 

Shoots Upright: 
High Renewal system. 
Recurve system. 

The Recurve system, however, is intermediate between the two, as some 
of the shoots are drooping and some are upright and require tying. 

Single-trunk Kniffin System.-The Single-trunk Kniffin system is 
probably the system most generally used in regions where American 
grapes are grown. It is simple, easily established and requires but a two
wire trellis. The trellis may be put up either at the beginning or at the 
end of the second growing season, so it may be available for carrying the 
growth during the third season. The posts are set every second or third 
vine. A few growers set the posts every fourth vine but that distance is 
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too great and allows too much sag in the wires under the weight of a crop. 

Under Ozark conditions the top wire should be about 5 feet from the 

ground and the lower wire about 20 to 22 inches below the top wire in 

order to insure good aeration and to prevent as far as possible the fruit 

on the lower wire becoming covered with dirt from rains or otherwise. 

Galvanized No. 9 or 10 wire is best for this type of trellis, although No. 

12 wire is frequently used. 
The young vines are trained as follows: They are set out in the 

the spring, at the specified distance apart. The most centrally located 

and most vigorous cane is selected and cut back to two buds and all 

others removed. The vine should be set so the lower bud of the two is just 

above the ground level. The first season the shoots that develop should 

be tied to a stake driven beside each vine, so they may not be broken off 

in cultivation. At the end of the first season's growth it is best to cut 

back again the best cane to a spur of two or three buds and the following 

season's growth should be tied up either to a stake or to the lower wire 

of the trellis. 
On second pruning, the strongest, straightest and most vigorous 

cane is selected, carried to the top wire and tied tightly to it and then 

fastened rather loosely to the bottom wire. All other canes are removed. 

During the third growing season the vine will produce several shoots 

which will be used in the further construction of framework. Some fruit 

will be borne this year. This bearing will not harm the vine if it makes 

plenty of wood growth. If, however, the growth is scant, the clusters 

should be thinned or removed. 
The pruning at the end of the third growing season is perhaps the 

most important one in the entire process of training, for it is the one that 

determines the location of the permanent arms. It should consist of 

selecting two canes, at or just below the lower wire. These should be 

shortened back to about four buds each and trained one to the left and 

one to the right of the trunk along the wire. Two canes should also be 

selected just below the top wire, cut to about five or six buds each, and 

similarly trained in each direction from the trunk (Fig. 2). This provides 

about 20 buds, which will be sufficient for a normal 3-year-old vine for 

the first commercial crop. 
The number of buds to be left for fruiting at this time is not definite 

for this or for any other system, but is determined by the relative vigor 

of each vine. Some vines may lack vigor to such an extent that 12 or 15 

buds will be sufficient; on the other hand, some may be so over-vigorous 

that 25 cir even 30 buds may be required to maintain a proper balance in 

the. activities of the plant. 
The vine at the beginning of the fourth growing season consists of 

the completed permanent trunk and four canes. Two canes have been 



A CoMPARISON oF FouR SYSTEMS OF PRUNING GRAPES 11 

trained along the lower wire, one to the right and one to the left, and two 

along the upper wire, in the same manner. All the shoots that come out 

on the trunk below the lower arms and between the arms should be re

moved. It is during this fourth growing season that the vines produce 

their first commercial crop. 
Pruning at the close of the fourth growing season is similar to the 

preceding pruning. The canes that were tied to the wire at the close of 

the third year now become the permanent arms. The first cane on each 

arm, that is, one nearest the trunk, is cut back to two buds for a renewal 

spur. The second cane from the trunk on each arm is cut to the desired 

length, usually five to eight buds according to the vigor of the vine, and 

these canes are tied one each way from the trunk to the top and lower 

wires. A normal vine at this time should carry about 25 to 35 buds. 

After the fourth season the vines may be considered as fully ma

ture and the pruning from then on is essentially the same as the pruning 

following the fourth season's growth, excepting that occasional attention 

will need to be given to renewal of the arms, particularly when they be

come so long as to bring about an over-lapping or crowded condition of 

the fruiting-wood on the trellis. 
In this connection, owing to the tendency of strongest growth to 

take place towards the terminals, every opportunity should be taken 

advantage of to shorten the arm by taking the fruiting-wood from re

newal spurs. It is advisable, whenever possible, to locate spurs on the 

older wood of the arms or even the trunk close to the arm. Although 

shoots on such wood seldom bear well, when spurred they do produce 

good fruiting-canes for the following year. 
The amount of wood or number of buds to leave for fruiting may 

vary from year to year and will depend upon several factors, such as age 

and vigor of the vine, weather and soil conditions. Good average, vig

orous, mature vines, growing in average good soil, should support from 

thirty-five to fifty buds, which should produce 60 to 100 clusters. 

Fig. 2 shows a Concord vine trained to the Single-trunk Kniffin system. 

The fruiting canes are trained horizontally along the wires and the renew

al spurs are on the arms. 
As the vineyard becomes aged it is sometimes necessary to form a 

new trunk, in case the old one has become weakened by freezes, mechan

ical injury or disease. This may be done without complete loss of any 

one crop, by tying up a cane or sucker from the base of the trunk in the 

same manner as starting a young vine. The second season, the arms may 

be taken off each way from this new trunk and the third season, the old 

trunk removed entirely. 
Y-trunk Four-cane Kniffin System.-TheY-trunk Kniffin is a mod

ification of the Single-trunk Kniffin system. The trellis is arranged exact-
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ly the same as for the Single-trunk Kniffin and is put up at the end of 

the first or second growing season, before the second pruning occurs. 

The first pruning, which comes at the end of the fi rst growing season, is 

the same as for the Kniffin system, in that the vines are cut back to two 

buds. 
During the second growing season two shoots are selected and are 

tied to a stake or to the lower wire and all the other shoots removed. If 

the growth is normal, the pruning at the end of this growing season 

consists of training one cane to the top wire and tying it securely. The 

other cane is trained laterally t o the lower wire and tied there (Fig. 3). 

All other canes, if there are any, are removed. If the growth is weak, one 

cane is tied to the lower wire, the others removed and theY developed the 

following year. 
The pruning at the end of the third growing season consists of the 

selection of two canes at the top of each trunk to be trained, one to the 

right and the other to the left, along the wires. Those on the top wire 

are shortened to five or six buds. Those on the lower trunk of the Y 

should be cut back to four or five buds and become permanent arms the 

following season. The ideal location of the Y is from two to six inches 

above the ground. 
The fourth season the first commercial crop will be produced. Prun

ing at the end of that season, which is the fourth pruning, is the same as 

for the Single-trunk Kniffin and consists of selecting two canes on each 

arm, one for a renewal spur, the other for a fruiting cane to be trained 

to its respective position on the trellis. In case of weak vines it takes a 

year longer to develop the arms in this system than in the Single-trunk 

Kniffin system. All subsequent pruning is the same as with the Single

trunk, Four-cane Kniffin system, except that the Y is maintained. 

The advantage claimed by advocates of this system is that it equal

izes the sap flow to two portions of the trunk and thereby increases the 

production of the lower canes. Fig. 4 shows the disposition of canes and 

spurs on a vine after pruning to theY-trunk Kniffin system. 

Recurve System.-The Recurve system as used in these trials is in 

a measure a combination of the Eastern High Renewal and the Kniffin. 

Its training requires a three-wire trellis. Posts are set the same as for 

the Single-trunk andY-trunk Kniffin systems. The top wire is about 5 
feet high, the middle one about a foot below the top, and the bottom 

wire one foot below the middle one. The advantages claimed by advo

cates of this more or less complicated system is the assumption that 

the twisting or bending of the canes has a similar effect to girdling of 

canes and tends to increase production. This system of training is 'used 

extensively in vineyards in the I tali an settlements, especially those 

near Knobview in Missouri and Tontitown in Northwest Arkansas. 
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The first two years of pruning are exactly like the Single-trunk 

Kniffin system. The first crop, which comes the third growing season, 

is produced on the single stem tied up during the previous pruning. The 

third pruning consists in training two or three canes, according to the 

vigor of the vines, over the top or the middle wire and tying the end to 

the wire below. The trunk is terminated at about the height of the middle 

wire and no arms are maintained. In this system the canes trained over 

the top wire are bent down and tied to the middle wire and those trained 

over the middle wire are tied to the lower wire. 
The fourth pruning consists of selecting two canes which originate 

near the lower wire and training one in each direction over the middle 

wire, tying them to the lower wire. They are shortened to about six or 

eight buds. Two other canes are selected which originate near the middle 

wire and are pruned to about seven or eight buds. These are trained up 

over the top wire, bent back to the middle wire and tied. In this and 

subsequent prunings renewal sp-urs may be left at the level of, or below, 

the middle and the lower wires to insure the possibility of renewal of 

fruiting-wood in a desirable location and to afford means of preventing 

undesirable extension of the trunk. Fig. 5 shows a Concord vine, trained 

and pruned to the Recurve system. 

High Renewal System.-The High Renewal system used is really 

a modified Chautauqua system, the chief difference being in the length 

of the arms. The plan to which the vines are trained under this system 

provides for two permanent arms just below the lower wire, and these 

are to be kept headed back as short as conditions will permit and still 

maintain a definite framework. Each arm carries two fruiting-canes and 

two renewal spurs. All the old wood is kept below the lower wire. The 

same three-wire trellis as that described under the Recurve system is 

used in training to this system. The shoots are upright and require con

siderable summer tying. 
This system differs from the Keuka High Renewal system in that 

four and sometimes five canes are put up instead of three (Fig. 6) and 

35 to 50 buds are left. The canes are designated as right, right center, 

left center and left for convenience in recording. The canes are trained 

obliquely to the top wire and are tied to all three wires. The first two 

years the pruning is exactly the same as for the Single-trunk Kniffin 

system. 
The third pruning, done at the end of the third growing season, 

consists of bending the trunk down and tying it to the lower wire to form 

one of the permanent arms. Two canes are selected and tied up for 

fruiting and the remainder of the wood is cut away, excepting that one 

or two spurs may be left. Fig. 12 shows the development of the High 
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Renewal at this stage. The two canes that are tied up should be short
ened to about eight or ten buds and the spurs cut back to two buds. 

The fourth growing season the vine will produce its first commercial 
crop. Pruning at the end of this season will include the development of 
the other arm below the lower wire. This is accomplished by bending 
down one of the old canes tied up the. preceding year and tying it to the 
lower wire in the opposite direction from the first arm. Three or four 
fruiting canes should be put up at this time, according to the vigor of 
the vine. (Fig. 6). When only three are put up, two should come from 
the arm developed the previous year and only one from the new arm. 
These fruiting-canes are, of course, tied to all three wires and cut six to 
eight buds long. It is essential in this and in later prunings that at least 
two renewals spurs be left on each arm, one of them as close to the trunk 
as possible, to check undesirable extension of the arms. 

Pruning the fifth year and later years is essentially the same as the 
fourth, excepting that as the vines become older the canes are cut longer 
and it is sometimes necessary to renew one or the other of the arms by 
bending down a new cane from the opposite side. Fig. 7 shows a Concord 
vine trained and pruned to the High Renewal system. 
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RESULTS SECURED UNDER THE DIFFERENT TRIALS 

Comparisons of Systems of Pruning and Training.-As previously 
stated,. yield records were obtained in five successive years, 1922, 1923, 
1924, 1925, and 1926. In 1924 a late freeze at the time the shoots were 
several inches long made the yields rather small for that year. A sum
mary of the yields of the five varieties is given in Tables 1 to 5, and the 
five~year averages in Table 6. 

The data for the Concord, the Herbert, and the Champion are com
plete for the five-year period. The rather light crop of the Moore in 1924 
was stolen, this necessitating a computation for this variety on a four
year basis. The 1922 yield record of the High Renewal system for the 
Hartford has been lost but since the High Renewal averages for all va
rieties are so much below those of the other sysi:ems, this deficiency is 
ignored in the discussion of results. 

TABLE I.-YIELD IN ToNs PER AcRE (CoNCORD VARIETY) 

Yield Yield Yield Yield Yield 5-Year 
System of Training 1922 1923 1924 1925 1926 Average 

Single-trunk Kniffin 2.006 2.737 1.343 .663 8.402 3.030 
Y-trunk Kniffin 2. 788 3.072 1.038 .629 7.395 2.984 
Recurve 2.839 4.182 1.156 1.054 6.800 3.206 
High Renewal 2.006 2.941 .428 1.003 5.899 2.455 

The data given in Table 1 indicate that with the Concord variety 
the Recurve system slightly out-yielded the Single-trunk Kniffin andY
trunk Kniffin systems, and the vines trained to the High Renewal 
gave decidedly the lowest yield over the five-year period. In the best 
year, 1926, the Single-trunk Kniffin out-yielded the other three by 
over a ton to the acre and again in the year of the heavy freeze, in 1924, 
this system showed the highest yield. 

TABLE 2.-YIELD IN ToNs PER AcRE (HARTFORD VARIETY) 

Yield Yield Yield Yield Yield 5-Year 
Systel)1 of Training 1922 1923 1924 1925 1926 Average 

Single-trunk Kniffin 5.950 2.941 .935 2.193 10 .166 4.437 
Y-trunk Kniffin 6 . 817 2.125 .731 2.652 10.0301 4.471 
Recurve 5.780 2.619 .799 2. 811 7.701 3.942 
High Renewal 2.465 1.122 1.921 7.582 3.272 

Table 2 gives the yield of Hartford, which is the heaviest producer 
among thirty-two varieties set at the same time and included in the 
vineyard. It is easily the largest yielder of the five varieties under 
consideration. With this variety the vines trained to the Y-trunk 
Kniffin hold a slight advantage in yield, with the Single-trunk Kniffin 
such a close second that the advantage is practically negligible; the 



16 MISSOURI AcR. ExP. STA. RESEARCH BuLLETIN 121 

Recurve is third, and the High Renewal a poor fourth. With this variety 
(Hartford) theY-trunk Kniffin has out-yielded the Single-trunk Kniffin 
at the rate of an average of eighty pounds of fruit per acre per year. It 
has exceeded the yield of the Recurve by an average of approximately 
1000 pounds per acre per year, and the High Renewal at the rate of al
most a ton and a quarter per year. A striking observation in connection 
with the behavior of this variety is that in 1924, which was the year of 
the heavy frost, the vine trained to the High Renewal out-yielded 
those trained to other systems by a small margin, which is contrary 
to the finding of other investigators. However, Hartford was the only 
variety in which this condition occurred. 

TABLE 3.-YIELD IN ToNs PER AcRE (HERBERT VARIETY) 

Yield Yield Yield Yield Yield 5-Year 
System of Training 1922 1923 1924 1925 1926 Average 

Single-trunk Kniffin 2.992 1.411 .255 2.703 7.089 2.890 
Y-trunk Kniffin 3.026 1.649 .527 2.210 7.752 3.032 
Recurve 2. 771 2.023 .425 2.499 6.498 2.843 
High Renewal 1. 717 1.084 .323 1.698 5.730 2.110 

Table 3, which exhibits the data obtained from the Herbert va
riety indicates the same differences shown in Table 2 with the Hartford 
variety, but to a less degree. The Y-trunk Kniffin again ranks first; 
the Single-trunk Kniffin holding a very slight advantage over the Re
curve, and the High Renewal again showing the low yield. With this 
variety the vines trained to theY-trunk yielded at the rate of284 pounds 
annually per acre more than those trained to the Single-trunk Kniffin 
and 378 pounds annually per acre more than those trained to High 
Renewal. With this variety theY-trunk Kniffin also made the largest 
production in both the poorest year (1924) and the best year (1926). 

TABLE 4.-YIELD IN ToNs PER ACRE (CHAMPION VARIETY) 

Yield Yield Yield Yield Yield 5-Year 
System ofTraining 1922 1923 1924 1925 1926 Average 

Single-trunk Kniffin 3.223 3.366 .527 2.023 8.568 3.541 
Y-trunk Kniffin 4.506 3.383 .442 1.292 8.415 3.607 
Recurve 5.032 5.083 .204 1.394 7.531 3.849 
High ~enewal 3.463 3 .Ill .272 .935 5.865 2.729 

Table 4 gives the yield of Champion, which ranks next to Hart
ford in production in the vineyard. It is the opinion of the writers 
that this variety is even a better yielder than its past five-year record 
indicates. With this variety the vines trained to the Recurve system 
led in average production for the period; the Y -trunk Kniffin is second, 
the Single-trunk Kniffin a close third and the High Renewal a low fourth. 
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The Single-trunk Kniffin, although third in the five-year average, was 
first in both 1924 and 1926, which were the light crop year and heavy 

crop year respectively. With this variety vines trained to the Recurve 

system exceeded the annual yield of those trained to the Y-trunk 

Kniffin by 484 pounds per acre, those trained to the Single-trunk 

Kniffin by 616 pounds per acre and those trained to the High Renewal 

by 2240 pounds per acre. 

TABLE 5.-YrELD IN ToNs PER AcRE (MooRE VARIETY) 

Yield Yield Yield Yield Yield 5-Year 
System of Training 1922 1923 1924* 1925 1926 Average 

Single-trunk Kniffin .935 .391 ------ .340 5.061 1.682 
Y-trunk Kniffin 1.224 .816 --- --- .527 5.144 1.928 
Recurve 2.482 .765 ------ .493 3.757 1. 874 
High Renewal 1.598 .986 ------ .340 4.080 1. 751 

* Records lost. 

Table 5 shows Moore to be the lowest in production of the five 

varieties. For the four years of which the averages ~ere taken, the vines 

trained to the Y-trunk Kniffin led in yield; Recurve was second, the 
High Renewal third and the Single-trunk Kniffin was last. The vines 

of Moore trained to the High Renewal system, in comparison with 

the vines of other varieties trained to the same system, yielded relatively 

much higher. Vines trained to this system out-yielded those trained to 

Single-trunk Kniffin two of the four seasons recorded, and those trained 

to the Y-trunk Kniffin two of the four seasons. In two of the four 
seasons the High Renewal system out-yielded the Recurve system, 

and in the light crop year of 1923 it out-yielded all the other three 

systems. This is in accordance with the assumption that weaker grow

ing varieties may do better when trained to a system with upright 

shoots. 

TABLE 6.-FIVE-YEAR AVERAGE YIELD IN TONS PER ACRE OF 

FouR SYSTEMS 

Moore Concord Hartford Herbert Champion Av. Yield 
System of Training 4-yr. Av. 5-yr. Av. 5-yr. Av. 5-yr. Av. 5-yr. Av. of 5 Varie-

ties 

Single-trunk Kniffin • 1.682 3.030 4.437 2.890 3.541 3.116 
Y-trunk Kniffin 1.928 2.984 4.471 3.055 3.607 3 . 127 
Recurve 1.874 3.206 3.942 2.843 3.849 3.068 
High Renewal 1. 751 2.455 3.267 2.110 2.729 2.462 

In Table 6 is given the average yield of all the vines in the five 

varieties trained to the four systems for the five-year period. The 

table shows that theY-trunk Kniffin holds the largest total average yield, 

the Single-trunk Kniffin being second, the Recurve third, and the High 
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Renewal fourth. The average of all varieties trained to the Y-trunk 
Kniffin, was 22 pounds per acre per year more than the Single-trunk 
Kniffin: 118 pounds per acre per year more than the Recurve, and 
1330 pounds per acre per year more than the vines of all varieties 
trained to the High Renewal. 

Yield of the Upper and Lower Canes of Single-trunk Kniffin and 
Y-trunk Knif:fin.-Since the Y-trunk Kniffin out-yielded the Single
trunk Kniffin over a five-year period, the following table was compiled 
to determine whether or not the Y-trunk Kniffin was more favorable 
for growth and yield on the lower canes. 

TABLE 7.-COMPARISON OF THE YIELD OF UPPER AND LOWER CANES ON THE 
Y-TRUNK AND SINGLE-TRUNK KNIFFIN SYSTEMS IN PouNDS AND OuNCES 

Concord I Champion Herbert Moore Total Av. 
System of Training of All 

Up- Low-
. 
Up- Low- Up- Low-Up- Low- Up- Low-

per er per er per er per er per er --------------------
Single-trunk Kniffin 9-13 4-14 7-9 5-4 6-2 4-11 4-5 4 6-3 4-15 
Y-trunk Kniffin 5-14 5-3 7-3 4-6 7-11 4-6 4-13 3-12 6-6 4-7 

In Table 7 is given the average yield of the canes on the upper 
and lower arms of Concord, Champion, Herbert, and Moore respective
ly, of vines trained to the Single-trunk Kniffin and the Y-trunk Kniffin. 
These data indicate that on the average the fruiting-canes on the 
lower arms of the Y-trunk Kniffin did not out-yield the canes on the 
lower arms of the Single-trunk Kniffin, and only in case of the Con
cord variety was the yield of the lower canes higher than for those of the 
Single-trunk Kniffin. The total average yield of the canes on the lower 
arms of the two systems is almost equal, with a slight advantage in 
favor of the canes on the lower arms of the Single-trunk Kniffin system. 
The total average yield of the canes on the upper arms of theY-trunk 
Kniffin is slightly higher than for canes in the same position on the 
Single-trunk Kniffin. The number of buds on the corresponding arms 
of the two systems was approximately the same. 

Influence of Time of Pruning on Yield.-A test was carried out to 
determine if there is a relation between the time of pruning and yield. 
Three rows, containing 120 Concord vines, were used in this trial, 
which began in December 1925 and ran through January, February, 
and March 1926. The vines were pruned between the lOth and 15th 
of each month. Every fourth vine in the rows was pruned in Dec
ember. The same plan of procedure was followed in each of the three 
succeeding months, so that about one-fourth of the total number 
of vines were pruned each month. This arrangement in the location 
of the vines pruned at different times should in a great measure 
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eliminate any influence which might arise from variation in the 
character of the soil at opposite ends of the rows. The results of the 
test are included in the following table: . 

TABLE 8.-!NFLUENCE OF TIME OF PRUNING ON YIELD-CONCORD VARIETY 

Month No. of No. of Av. Wt. Prunings Av. Yield in 
Vines Canes Pounds per Acre Tons per Acre 

Dec. 30 132 1428 6.375 
Jan. 26 104 1564 7.072 
Feb. :2 8 112 1258 6 .834 
March 28 111 1394 6.392 

The results shown in the above table indicate that for the se.ason 
of 1926 there was a slight advantage in yield in favor of the vines pruned 
in January. The yield of those pruned in February was second, being 
476 pounds per acre lower than that of vines pruned in January. It 
appears in this instance that pruning in December or in March may 
have had a tendency to reduce yields. With the apparent difference of 
nearly a ton per acre between January and March pruning, a question 
might arise as to the advisability of late pruning, even at risk of some 
loss through winter injury to the canes. 

Relation of Weight of Prunings to Yield.-The weight of the prun
ings for the five varieties in each system was recorded in pounds per 
vine for 1924, 1925 and 1926, with the exception of Moore variety 
for which the record of the weight of the prunings for 1924 could not 
be found. 
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I 
TABLE 9.-CONCORD VARIETY 

1924 

I 
1925 1926 

1700 2210 1938 
2006 

l 
2176 2278 

1734 2584 2278 
2312 3094 2686 

TABLE 10.-HARTFORD VARIETY 

1924 1925 1926 

1360 2346 2312 
1802 2448 2720 
1426 2414 1768 
1870 2958 2210 

TABLE 11.-HERBERT VARIETY 

1924 1925 1926 

2142 3332 2414 
2210 3808 2924 
2278 3910 3162 
2448 4114 2550 

3-Yr. Av. 

1949 
2153 
2199 
2697 

3-Yr. Av. 

2006 
2323 
1869 
2346 

3-Yr. Av. 

2629 
2981 
3117 
3037 

I 
I 

1927 

1927 
1666 
1666 
2244 

1927 

1054 
1224 
952 

1462 

1927 

1802 
1870 
1802 
2210 
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TABLE 12.-CHAMPION VARIETY 

System 1924 1925 1926 3-Yr. Av. 1927 

Single-trunk Kniffin 2244 3094 2414 2584 1530 
Y-trunk Kniffin 2074 3026 2346 2482 1598 
Recurve 1870 3808 3170 2949 2448 
High Renewal 2040 3638 2788 2822 2788 

TABLE 13.-MooRE VARIETY 

System 1924 1925 1926 2 Yr. Av. 1927 

Single-trunk Kniffin ------ 1700 1530 1615 952 
Y-trunk Kniffin ------ 1802 1496 1649 1122 
Recurve ------ 2006 1564 1785 850 
High Renewal ------ 2380 2210 2295 1122 

These tables give the weight in pounds of the prunings from Con
cord, Hartford, Herbert, Champion and Moore varieties. The largest 
amount of wood was removed from the vines trained to the High Re
newal system In case of the Concord, Moore and Hartford varieties, while 
in the Champion and Herbert varieties the greatest weight of prunings · 
came from vines trained to the Recurve system. The amount of wood 
removed each year has run high because of the vigorous condition of 
the vines, possibly due to the light cropping two or three years in suc
cession. The column containing the weight of the prunings for the spring 
of 1927 is inserted merely to indicate relative reduction in the weight 
of wood removed that year. This reduction in wood growth is prob
ably due to the unusually heavy crop of 1926. 

TABLE 14.-THREE YEAR AVERAGE OF PRUNINGS OF FIVE VARIETIES AND 
FouR SYSTEMS 

System of Training Concord Moore Herbert Hartford Champion Av. of 
3-Yr. Av. 3-Yr. Av. 3-Yr. Av. 3-Yr. Av. 3-Yr. Av. 5 Var. 

Single-trunk Kniffin 1949 1615 2629 2006 2584 2156 
Y-trunk Kniffin 2153 1649 2981 2323 2482 2318 
Recurve 2199 1785 3117 1869 2949 2384 
High Renewal 2697 2295 3037 2346 2822 2640 

Table 14, gives the three years' average weight of prunings for 
each of the five varieties trained to the different systems. This table 
indicates that the High Renewal has the greatest weight of wood re
moved, for the average of the five varieties over the three year period, 
with 2640 pounds per acre, and it suffered relatively less reduction 
in weight in 1927 than the other systems. The Recurve is second 
with 2384 pounds, lacking only 256 pounds to the acre of having as much 
wood removed as the High Renewal. The Y-trunk Kniffin ranked 
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third.in total pounds removed with 2318 pounds per acre, while the least 

amount of wood was removed from the Single-trunk Kniffin. The Single

trunk Kniffin had an average of 484 pounds per acre less wood removed 

in pruning than was removed with the High Renewal system. The wood 

removed in pruning the vines of the Recurve system was 228 pounds 

per acre greater than that removed from the Single-trunk Kniffin, and 
only 66 pounds per acre more than that removed from vines pruned 

to the Y-trunk KniffilJ. Thus it seems that in the three high yielding 

systems the largest amount of wood was removed from vines trained 

to the Recurve system. 

Influence of Number of Buds per Vine on Yield.-This trial relat

ing to the influence of numbers of buds per vine on yield included 50 
vines of the Concord variety pruned from 20 to 100 buds per vine. 

Vines pruned to different numbers of buds were so distributed through

out the row that other varying conditions, such as soil fertility, would 

not materially influence the yield. Table 15 gives the average number 

of clusters per vine, the yield per vine, the yield in tons per acre and the 

weight of wood removed in pounds per acre, in 1926, and 1927. 

--
No. 
Vines 

--
11 
10 
10 
10 
10 

TABLE 15.-lNFLUENCE oF NuMBER OF Buos PER VINE ON YIELD 

(Average Number of Clusters Per Vine) 

No. Buds Avg. No. Avg. Wt. Yield Yield T ons Weight of Prunings 
Per Vine Clusters Clusters Per Vine Per Acre 1926 1927 

Per Vine Ounces Lbs. Oz. 

20 69 4.4 19-4 5.236 952 1162 
40 87 4.9 27-2 7.378 1054 1105 
60 148 3.8 35-4 9.588 1156 986 
80 178 3.1 34-8 9 .384 918 748 

100 198 2.0 33-10 9.146 884 612 

The largest total yield was obtained from vines carrying 60 buds. 

These vines yielded at the rate of 4.35 tons per acre more than the vines 

pruned to 20 buds, and at the rate of 2.21 tons per acre more than those 

pruned to-40 buds, and 408 pounds per acre more than those pruned 

to 80 buds and 884 pounds per acre more than vines pruned to 100 buds. 

The table indicates a regular increase in production up to 60 buds and 

a regular decrease in production as the number of buds increased 

beyond 60. It also indicates, in the case of vines pruned to 80 buds 

and those pruned to 100, the draining effect of under-pruning as is 

expressed in the regular decreased weight of pruning,s for 1927. There 

is also some decrease in the weight of prunings for 1927 from the vines 

pruned to 60 buds, while those pruned to 20 and 40 buds show a reg

ular increase over the weight of the prunings for 1926. The number 

of clusters increase almost regularly as the number of buds was increased, 
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but in the case of 60, 80 and 100 buds the weight of the clusters decreas
ed, the heaviest clusters being produced on the vines pruned to 40 buds. 

It was also noted that almost the same relative ratio existed in 
the production of individual canes carrying varying numbers of buds. 
That is, an increased number of buds would increase the yield of the 
cane and the number of clusters, but the size of the clusters would 
be reduced if more than twelve or fourteen buds were put up. The put
ting up of an extra number of buds on one ca,ne did not materially 
affect the yield of the vine, if the total number of buds on the vine 
was not excessive. 

Fig. 9 and, Fig. 10 illustrate the production and distribution of 
the fruit on canes of different bud lengths. The canes illustrated are 
representative of canes receiving similar treatment. For example, 
in Fig. 9 is shown a cane on which twenty-three buds were put up for 
fruiting. This particular cane produced 20 shoots, 45 well formed, 
medium sized clusters which weighed 6;4 pounds, the average weight 
of the clusters being 2.3 ounces. In Fig. 10 is shown a cane on which 
ten buds were put up at pruning time. This cane produced 13 shoots 
(several nodes having more than one shoot) and 32 clusters which weigh
ed 5;,i pounds, an average of 2.6 ounces per cluster. The illustrations 
indicate that increasing the number of buds per cane will increase 
the production of the cane for one year, at least, but that the average 
weight of the clusters will be correspondingly reduced. They also 
illustrate the extent to which shoot growth for the current year may 
be lessened on canes carrying an extreme number of buds, and the 
possibility of the production of the arm being reduced the following 
year, unless the renewal spurs have produced vigorous growth. 

Influence of the Length of Cane on Yield.-To determine some
thing of the influence of the length of a cane on its production, weights 
were taken of the yield of single canes of various lengths. One year's 
record for the Concord variety is given in Table 16. 

TABLE 16.-INFLUENCE OF LENGTH OF CANES ON YIELD 
Average of Twenty-five Canes (1926) 

Length of Canes Upper Arm Yield per 
Cane. Lbs. and Ozs. 

Lower Arm Yield per Cane 
Lbs. and Ozs. 

3-4 5-14 5-0 
5-6 7-3 5-4 
7-8 6-7 5-5 
9-10 7-13 4-15 

12-13 6-12 4-8 
15-16 5-13 4-2 

The table indicates that the canes on the upper arms out-yielded 
those on the lower ones at every length. The 9 to 10-foot canes were 
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the most productive of those on the upper arms, with an average of 
7 pounds and 13 ounces to the cane, while the 7 to 8-foot canes gave 
the highest yield of the canes on the lower arms, with 5 pounds and 5 
ounces pe_r cane. The yield of the canes on both upper and lower arms 
increased regularly as the length of the cane increased up to the point 
of maximum production, and from that point it decreased regularly 
as the cane length increased. 

Data from 100 renewal spurs, taken in order as they occur, indicate 
that they produced 380 clusters with the average weight of 1.3 ounces 
per cluster, which is distinctly less than the average weight of clusters 
on good fruiting-canes. 

DISCUSSION OF RESULTS 

In the analysis of the results of field trials of crop production 
operations that are to become regular field practices, something besides 
mere yield must be considered. This is especially true in the training 
of grapes. A certain method of training might give a better yield than 
some other method in pounds of fruit per acre, but there also might 
be some peculiarity about the high yielding system that would make 
it undesirable as a regular field practice. The expense of maintenance, 
the cost of construction or the possible interference with some other 
important operation might make it less desirable than another system 
of training. 

Field trials of the comparative merits of different methods or systems 
of pruning and training grapes have been made by horticulturists 
at various institutions and the findings obtained in these trials have 
done much to improve the methods of training followed in many lo
calities. 

The tables previously given of the trials under consideration 
indicate that under Ozark conditions there is not a great deal of choice 
between the three highest yielding systems of training used, so far 
as production alone is concerned. The results set forth, however, are 
not altogether in accord with the findings of similar work in some 
other localities. For example, in these trials, vines trained to the Y
trunk Kniffin out-yielded those trained to other systems in the case 
of Moore, Hartford and Herbert, three of the five varieties compared. 
They also ranked second in point of yield with the Champion variety 
and third with the Concord. This is not quite in accord with the find
ings of Gladwin8• In the trials reported by him, vines of the Concord 
variety trained to the Single-trunk Kniffin out-yielded those trained 
to six other systems over a period of eight years For the same period 
the Chautauqua system was second, while of all the other systems 
the High Renewal was the lowest in production. In commenting on 
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his results Gladwin says, "There is not much choice, so far as quality 
of fruit is concerned, between the Munson, Chautauqua, Umbrella 
Kniffin, Two-stem Kniffin, and Hudson River Umbrella." He also 
says that "Six of the eight methods under test are of practically equal 
value so far as quantity of fruit yielded is concerned," and that "The 
High Renewal and Horizontal Arm Spur methods are not adapted 
for training the Concord under conditions that favor vigorous growth." 

Relative to the quality of the fruit Gladwin states that,"For com
pactness and size of cluster, the Umbrella Kniffin ranks a little ahead 
of the Chautauqua and Single-Stem Kniffin, but the total weight of 
fruit from the Umbrella has been less by reason of fewer clusters." 

Auchter1 also found the Single-trunk Kniffin to be the best pro
ducer of five systems on both Worden and Concord. Comparing the 
production of vines of those trained to the Single-trunk Kniffin with 
those trained to other systems, he found that the Single-trunk Kniffin 
showed the best yields. The size and compactness of the clusters were 
approximately the same in the fruit of the Single-trunk and Munson 
systems; but he concluded that the trellis used in the Munson system 
was too expensive and complicated to compete with that used in the 
Single-trunk Kniffin method, under commercial conditions. He also 
states that the Fan system was less productive than the Single-trunk 
Kniffin or the Munson system and had the disadvantages of having 
some of the fruit borne close to the ground which caused it to be splashed 
with mud during rain; that cross circulation of air was very poor and 
in rainy seasons black-rot was usually troublesome in vineyards using 
this method." 

Colby of Illinois7 found the vines trained to the Y-trunk system 
to produce better than those trained to two other Kniffin systems on 
the Worden variety, but with the Moore variety the Single-trunk 
out-yielded the Y-trunk and the Double trunk system in his test. He 
also found the Kniffin to out-yield vines trained to three other systems. 
Hedrick13 also points out that the Single-trunk Kniffin is preferable 
to other forms of Kniffin and is generally more productive. The Single
trunk Kniffin, which seems to have been conducive to highest yields 
in comparison with other systems in other states, ranks second by a 
small margin, in our trials. 

The theory that vines trained to theY-trunk Kniffin will have 
greater production on the lower wire than vines trained to the Single
trunk system is not borne out in our trials. While the vines trained to 
the Y-trunk gave a greater total average yield for Moore, Herbert, 
and Hartford, the table giving the yield of the two systems for upper 
and lower arms separately, indicates that in this case less fruit was 
borne on the lower arms of vines trained to theY-trunk system than 
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on canes of the lower arms of vines trained to the Single-trunk system 
and that the increase in yield of vines trained to the Y-trunk is due 
rather to a heavier production on canes of the upper arms, as is indicated 
in Table 7. 

Relative to the production of vines trained to the Recurve system, 
the tables indicate that there may be some measure of foundation 
for the theory or presumption that the method of training the canes 
in the Recurve system may have some influence on production. The 
vines trained to this system out-yielded those trained to other systems 
in case of Concord and Champion and were second in the case of Moore 
and third in the case of Hartford and Herbert. There is no striking 
difference in yield between vines pruned to this system and those 
pruned to either of the Kniffin systems. Considering yield alone, 
one might choose the system that appealed to his own fancy without 
probability of any material gain or loss in yield~ 

The serious objection to the Recurve system is that the method 
of training the canes is such that they naturally interfere with spraying 
and other work. The horizontal training of the canes with the Kniffin 
systems provides for perhaps the best possible disposition of both the 
permanent and the fruiting-wood, as far as interference with spraying 
equipment is concerned, and makes that work very convenient. The 
nozzles may be directed along the wire so that with one sweep the 
upper or the lower arms may be completely sprayed. In the case of 
Recurve training the network of fruiting-wood formed by bending the 
canes over one wire and tying them down to one below, makes it nec
essary to move the nozzle in and out, changing its position several 
times during the process of spraying a vine. 

The tendency of the shoots on the basal extremities of the canes 
to assume an upright position, while those toward the terminals are 
more inclined to be drooping, also adds to the entanglement of canes 
and shoots to such an extent that it is almost impossible to do a thor
ough job of spraying without taking a much greater amount of time 
than is required for spraying vines trained to a system whose canes 
are tied horizontally along the wires. The same objection and disadvan
tages arise in connection with the operation of picking. There is such 
an entanglement of growth that it is difficult to locate all the fruit, 
particularly during a season in which the wood growth is vigorous. 

There is also the cost .of the extra wire, though this adds only a 
very few dollars per acre to the initial cost. If this were the only objec
tion it might be easily overlooked. Somewhat more summer tying 
is required with the Recurve than with the Kniffin system, particularly 
early in the summer when the shoots are making their strongest growth 
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and when they are very turgid and easily broken off by the strong 
winds which usually prevail at that season of the year. 

The tables indicate that the High Renewal system of training 
is not practical for the commercial production of such varieties as 
Concord, Hartford, Champion and perhaps other fairly strong growing 
varieties. The findings in these trials indicate that vines trained to this 
system have fallen below those trained to other systems in yield. 

To the use of the High Renewal system of training in commercial 
vineyards there are the same general objections that were stated in 
the discussion of the Recurve system; that is, an extra wire is required 
in the trellis, the manner in which the canes are trained and tied to the 
wires interferes with such operations as spraying, picking is not as con
veniently and as economically done, and much more summer tying of 
shoots is necessary than with systems whose canes are trained horizon
tally. These objections alone are sufficient to eliminate both the High 
Renewal and the Recurve from Commercial use, even if they were 
comparable to other methods of training in yield. 

There is one thing evident, however, in connection with vines 
trained to the High Renewal in case of the Moore variety, which is in 
accordance with the findings of Burroughs14 and others, relative to the 
tendency of vertically trained shoots to increase in vegetative vigor. 
The fact that the vines of this variety trained to the High Renewal 
very nearly approach the yield of those trained to the Y-trunk Kniffin 
and the Recurve and exceed the yield of those trained to the Single
trunk Kniffin by about the same margin, might be taken to indicate 
that this system of training may be practical for use in small vineyards 
or gardens where less vigorously growing varieties are cultivated. 

The average annual yield of the five varieties of vines trained to 
the High Renewal system, for the five-year period, was nearly three
quarters of a ton per acre below the yields of vines trained to other 
systems. In fact, there was but a few pounds variation in the average 
annual yield of the five ~arieties trained to the Single-trunk Kniffin, 
the Y-trunk Kniffin and the Recurve systems during the five-year 
period, as indicated in Table 6. In total average the vines trained 
to the Y-trunk Kniffin exceeded those trained to the Recurve, 118 
pounds per acre per year, and those trained to the Single-trunk Kniffin 
22 pounds per acre per year which, so far as yield is concerned, is in
significant when considered from a commercial standpoint. 

In consideration of the effect of the systems of pruning on the 
amount of wood removed from the vines, the tables indicate that 
in almost every instance the weight of prunings has varied with each 
variety through the period of years, the different systems ranking 
in the order stated in the tables. That is, the lowest average of weight 
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of prunings for the period came from those vines trained to the Single
trunk Kniffin system, then follow the Y-trunk Kniffin,_ the Recurve · 
and High Renewal in order stated. There have been a few cases when, 
for a single season with some varieties, variation has not been exactly 
in the order stated. But when the weights of the prunings for all vari
eties for each system are combined, as indicated in Table 14, the varia
tion becomes more regular; for in that table the average weight of 
prunings for all varieties through the period of years is lowest for the 
Single-trunk Kniffin, the Y-trunk Kniffin next and the Recurve third 
and High Renewal highest. 

The data here given pertaining to pruning suggest nothing of 
significance further than to indicate that vines trained to some systems 
have a greater tendency to wood growth than vines trained to other 
systems, and that there is a relation between the wood growth and pro
duction. The figures given in the table correspond to those given by 
Gladwin8 on the same point, excepting that for the six-year period the 
weight of the prunings of the vines trained to the Munson system 
averaged four pounds per acre per year more than the weight of the prun
ings from the High Renewal. Perhaps those systems giving most 
wood may not have been pruned to enough buds to give the highest 
possible yield. The lower yielding systems may have more closely 
approached the higher ones if more of the surplus wood they produced 
had been left. 

This relation is shown more definitely, however, in the weight 
of prunings of individual vines, details of which are not included in 
the tables. That is, those vines that under a given system of training 
were vigorous and whose prunings were relatively heavy, in almost 
every instance out-yielded those vines which were noticeably less 
vigorous and the weight of whose prunings was distinctly less. This 
is true when the comparison was made between vines pruned to the same 
system. It was distinctly so with those trained to the Kniffin systems. 

In checking over the weights of fruit and prunings for individual 
vines under the same treatment, the writers found that those vines 
of whicli the prunings ranged from less than a pound and up to one and 
one-half pounds, yielded relatively less fruit than those vines whose 
prunings ranged from two or three pounds up to four or five pounds 
per vine. On the other hand, in a different plat, on vines located under 
more favorable conditions for vegetative growth and whose prunings 
ranged from six to ten pounds per vine, the production was relatively 
less than on those vines that were of moderate or average vigor. 

This also agrees with the findings of Partridge12 in Michigan. · 
He states that, "There is an evident increase in yield as the vigor 
of the vine increases, but there also seems to be some tendency for the 
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most vigorous vines to be less productive than the moderately vigorous 
ones of the same plats." He also states that this condition varies some
what with different soil types. 

The data in Table 15 are significant in that they indicate definitely 
that a positive relation exists between production and the number 
of buds put up in pruning. It also indicates further the relationship 
between wood growth and production. A vine of given vigor is capable 
of holding a certain balance under a given rate of production, unless 
something occurs which interferes with its normal functional activities. 
The table indicates that over-pruned vines may have a tendency 
to over-vegetative activity and that under-pruned vines may have 
a tendency to under-vegetative activity. The table indicates that, 
for the season of 1926 at least, the ideal number of buds, that is, the 
number most likely to maintain the proper balance between growth 
and productive activity, is somewhere between 40 and 60, probably 
nearer 40 than 60. 

The highest yield per acre was obtained from vines pruned to 60 
buds. The greatest average weight of clusters was obtained from vines 
pruned to 40 buds. There was a decided reduction in the size of clusters 
on vines pruned to 80 or 100 buds, although the total number of clusters 
was considerably greater than on vines pruned to 60 buds. There 
was also a slight reduction in yield per acre on vines pruned to 80 
buds, although the number of clusters was considerably greater than 
the number for vines pruned to 60 buds. 

This same variation is noted to an evengreaterextenton vines pruned 
to 100 buds, while vines pruned to 20 buds were decidedly lower in their 
yield than those pruned to 40 and 60. The average weight of the clusters 
on vines pruned to 20 buds was slightly less than the average weight 
of clusters on vines pruned to 40 buds, while the number of clusters 
per bud on vines pruned to 20 buds was distinctly greater. The slightly 
lower average in weight of the clusters on the heavily pruned vines is 
apparently due to the relatively greater vegetative activity of these 
vines rather than to the increased number of clusters per bud. The 
weight per vine of the 1927 prunings indicates this to be the case. 
Vines pruned to 40 buds, just about, or a little better than maintained 
their vegetative activity as expressed by the weight of prunings; while 
vines pruned to 20 buds increased their vegetative activity by about 
22 per cent or nearly one-fourth. On the other hand the vines pruned 
to 60, eighty and 100 buds show almost a regularly graduated reduction 
of vegetative activity as indicated by the weight of the prunings of 

· the vines in these different groups. In fact, on many of the vines pruned 
to a high number of buds, it was impossible to find enough wood to put 
up the same number of buds again for the spring of 1927. 
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These results correspond in general to those reported by Colby7 

concerning the effect of the number of buds per vine on the size of clus
ters. In his table of comparisons, he indicates that vines trained to 2 5 
to 55 buds per year, show a gradual increase in production as the number 
of buds was increased, but that the rate of increase was much slower 
after the number has reached 45 than before. The table of results also 
shows .that as the number of buds and total yield per vine was increased 
the average weight of the cluster decreased and that after the number 
of buds reached 50 the decrease in weight of clusters was more rapid. 
He suggests that vines should be pruned to between 45 and 50 buds. 

The data in Table 16, relative to the influence of length of canes 
on production, are in accord with the data given by Partridge11 and 
others, except for minor variations in length. They are, however, at 
variance with the recent report of Pickett15 in which he concludes 
that there is little correlation between the length or diameter of canes 
and crop production, and that careful selection of canes is not necessary. 
The table does indicate that there is probably an optimum length 
of canes to be considered in the selection of fruiting-wood. 

The relation of length of cane to production should be considered 
further in its relation to the total number of buds left on the vine. 
Data collected indicate that so long as the total number of buds on a 
vine is not excessive, the length of an individual cane may not mate
rially affect the yield of the vine, but the yield and size of the clusters 
on the cane will be affected. The data given indicate that increased 
numbers of buds per cane will have a tendency to increase the yield of a 
cane, but the increase in yield is likely to come at the expense of the size 
of the cluster. In case of extreme length of cane where the production 
is uniformly distributed as in Fig. 9 the wood growth for that year is 
likely to be meager. The production of that arm may be materially 
lessened the following year. 

One other point to be considered in connection with the influence 
of cane length, or perhaps an optimum length, is the location of the high 
producing bud on the cane. From a hundred canes, selected in order 
as they occur on the vines, and which range from eight to twelve buds 
in length, the high producing node on •eleven canes was bud No. 5, on 
eleven it was No. 6, on twelve it was No.7, on fourteen canes it was 
No. 8, on fourteen it was No. 9, on twelve it was No. 10, on three it 
was No. 11 and on four it was No. 12. It might be added that on the 
long cane shown in Fig. 9 the high producing node was No. 14. 

These data indicate that along with tendency of greatest growth 
to take place towards the terminals, there is also a tendency for greatest 
production to take place along the median portion or toward the end , 
of the cane. 
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The data indicates that the optimum length of cane will range 
between 5 and 10 feet and that the optimum number of buds per cane 
will range between eight and twelve. They also indicate that, owing 
to the tendency for strongest growth to occur towards the terminals, 
it is advisable in practice to cut the fruiting canes as short as possible, 
and yet leave a total number of buds consistent with the vigor of the 
vme. 

As to the influence of time of pruning on production, Table 8 in
dicates that vines pruned in January and February gave better yields 
than vines pruned earlier or later. 
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Fig. 1.-The third yearly pruning in the development o f the single-trunk 
Kniffin system. 

Fig. 2.-A Concord vine in full bearing trained and pruned to the single
trunk Kniffin system. 
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Fig. 3.-The second pruning in the development of the Y-trunk Kniffin 
system. 
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Fig. 4-A Concord vine trained and pruned to the Y -trunk Kniffin system. 
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Fig. 5.-A Concord vine trained and pruned to the Recurve system. 

Fig. 6.-Thc fourth pruning of a Concord vine in the development of the 
High Renewal system used. 
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Fig. 7.-A Concord vine pruned and trained to the High Renewal system. 

· Fig. 8.-A Concord cane pruned to 23 buds, showing good production 
the entire length. It has 20 shoots and 45 clusters weighing 6% pounds. 
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Fig-. 9.- _'\ Concord cane pruned to 14 buds, showing good production. 
It has 13 shoots, three of which are barren and 23 clusters which weigh 
40 pounds. 

Fig. 10.-A Concord cane pruned to 10 buds, showing unusually good 
yield and clusters. Thirteen shoots contain 32 clusters and weigh 5 ~~ 
pounds. 
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