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A Preliminary Study
of the

FRUITING HABIT OF THE BLACK
RASPBERRY*

Rubus occtdentalis
By GErorGE A. BEAacCIL

Most of the work in this field has been done where natural rain-
fall is depended upon to grow the erop. In Colorado, rainfall is usually
insufficient and the crop is irrigated. In the East, brambles often
suffer from drouth if too much fruiting wood is left in the plants after
pruning. Possibly, where ample water is available at fruiting time,
the blackcap would be able to support a greater amount of fruiting
wood than it is otherwise advisable to leave.

The common practice in Colorado is to do no summer pruning.
Some growers cut back the new canes just before picking. This prac-
tice is erroneously referred to as pinching; but being done so late, it
encourages a weaker type of branching than proper pinching produces.
Tt does facilitate picking to have this rank new growth removed, but
it probably also reduces the vield and quality that might have been
expected the next year. Whether to do no summer pruning and
encourage growth of main canes, or to pinch properly and promote
stout branches is another question that hinges upon knowledge of
fruiting habit.

Since knowledge of fruiting habit is so fundamental, it will enable
growers to solve many of their own particular problems. Suech a basic
study as the one reported here, should then, be more generally useful
than a study of some special problem in growing the erop.

LiTERATURE REVIEW

Many have investigated the merits of summer pinching, altho
?ittle apparently has been done toward determining the natural fruit-
g habit of blackcaps. Goff (3) said pinching was not commercially
worth while. Card (2) indicates that, all things considered, pinching
is the best commereial practice. Card tells how blackeaps are damaged
by leaving too much fruiting wood in the plant. Marshall (8) shows
ﬂllat there is a direct relationship between rainfall and both size and
vield of fruit for the season. Johnston (5) recommends short pruning
to make even-sized pickings.

Aside from its value in interpreting past work, many problems
that will arise hereafter are certain to hinge more or less closely upon
a knowledge of the fruiting habit, of which we now know so little.
Brierly (1) found that thick-set laterals on the ved raspberry en-

*This bulletin is the second of a i ar 4 's C cperi-
ment Station Bulletin s6o C [ series started by R. V. Lott's Colorado Experi
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couraged formation of new xylem to a greater extent than where
laterals were more widely scattered. This fact would probably hold
with blackcaps and so offer a possible argument in favor of pinching,
since pinching produces thick-set laterals.

Goff' (3) says: ‘‘There seems to be evidence to show that in such
plants as * * * raspberry * * * in which no flower buds can be dis.
tinguished in autumn, these plants unquestionably form their flower
buds during that season.”” MacDaniels (7) cites fruit-bud differentia.
tion in October in the variety Cumberland, which he studied by dis-
section with 15 to 20 X magnification. This question has a practical
bearing on pruning practices. Spring pruning is essentially fruit
thinning if differentiation of fruit begins before spring pruning is
done ; otherwise, it is simply a shaping of the plant. Marshall (8)
says the season of fertilizer application makes no yield difference;
(which it might be expected to make, if fruit bud differentiation were
confined to any definite season).

Marshall’s (8) statement that blackcaps are extremely sensitive
to soil heterogeneity is borne out by the differences between hills
selected for their relative uniformity in this experiment on soil ap-
parently quite homogeneous.

NOMENCLATURE

L. H. Bailey’s distinetion between canes of different ages, before
and after reaching bearing age—as primocanes and floricanes—is used
here; and W. G. Brierly’s (1) definitions of branch and lateral:
Branch.—A division of the young cane, developed in the first year.
Essentially the same as a yvoung cane, but arising from it instead of
from the erown or voot. Laferal.—A leafy shoot of the old cane or
branches, developing from a winter bud and usually bearing flowers
and fruits. Many of the laterals may produce neither flowers nor
fruits. To distinguish between them on the basis of performance they
may be called fruiting laterals or barren laterals.

MATERIALS AND METIIODS

Plants studied in the experiment were grown on clay loam with
a slight slope to the north. An analysis from the station soils labora-
tory showed it to lack nothing with the exception of a very slight
deficiency in potash. Three varieties were established by 2 years’
growth on a tenth acre at the beginning of the experiment. These were
Cumberland, Honeysweet and Plum Farmer; one north-south row (60
hills) of each variety, spaced 3 by 8 feet.

Plum Farmer, being a widely grown commercial variety, was
chosen for detailed records, tho all varieties were prepared by pinch-
ing and thinning primocanes in the event that Plum Farmer should
fail.
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Table 1.—Mean Point (M) of Origin of Branches

1931 1932
M S.D. C.V. M S$.D. C.V.

Inches Inches Inches Inches
Pinched . 21.91 3.82 17.43 24.72 3.75 15.17
Pinched and thinned .. 22.44 3.84 17.11 24.36 3.19 13.09
Tnpinched and unth d.. 52.61 11.56 21.97 79.62 10.25 12.87

1t is evident from this table, that branches are more widely scattered over the
untreated plants than they are on pinched plants.

By departing from strictly natural growth only in the fore-
shortening of primocanes, and allowing fruiting to progress naturally
therveafter, a plant is produced which is shorter, broader and much
easier to handle, as it requires almost mo support. Such fore-
shortening of primocanes (pinching) was practiced on two of the
three treatments, (‘‘pinched’” and ‘‘pinched and thinned’”). These
two treatments were almost identical in fruiting response.

While main canes were more fruitful than branches if primocanes
had not been summer pruned; the reverse was true when summer
pruning had been done. No pinched treatment in either of the two
seasons yielded more than 10 percent of the total number of berries on
main canes, and one treatment bore less than 2.5 pereent of its erop on
main canes.

Observation of floricanes during the growing season showed
pinched plants to be more vigorous vegetatively, thruout, and that
the resulting competition for light was overcome to a considerable
extent by the fact that the lowest buds gave rise to the longest laterals.

YizLp REecorps~—In the Appendix is a calculation (Fisher’s
Variance Method) of the significance of the difference in number of
berries produced, between the three treatments. Since little significance
was found in 1931 and none in 1932, there is probably little, if any,
acrtual difference between treatments in respeet to number of berries
produced.

A similar caleulation was made for yvield by weight, which showed
no significant difference between treatments.

The relation of berry size to distribution is more clearly expressed
by Figure 5 than by a caleculated correlation. Largest berries were
produced nearest the base of canes and branches. There is a fairly
regular decrease in berry size as distance from base of cane or branch
mereases, except near the ends where size again increases slightly.
)Incroased size of berries here, however, is negligible, because rvelatively
few fruits are borne near cane ends.

The average berry size for each treatment and for the whole ex-
periment 1s represented by straight lines on the graph in Figure 5.
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BERRY WEIGHT RELATION OF BERRY S1ZE TO DISTRIBUTION
Y CENTICRAMS (AVEERAGES OF 1931 AND 1932)
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Figure 5.

On pinched plants, main-cane fruit, and that borne on the first 12
to 18 inches of branches was above average size. On untreated plants,
only the first 7 sections, or 42 inches of main cane, produced berries
above average size for the treatment. However, if the average berry
size for all three treatments is considered, 9 sections or 54 inches of
main cane and the first foot of branches on untreated plants produced
above-average-sized berries.
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The relation of number of berries to distribution is shown in
Figure 6. The largest number of berries was produced near the base
of branches and just below the mean point of origin of branches on
the main cane.

The portions of cane which produced the largest mumbers of
herries coineided in every case, with those producing ahove-average-
sized herries. But, as Tables 2, 3 and 4 show, the mean point at which
fruit is borne is farther out on canes and branches in each case than
the point (F'ig. 5) where the berry size curve goes below average. The
high coefficients of variability, make the mean fruiting point an un-
reliable figure, however, as a measure of the actual point of highest
production.

Table 2—Calculation (Harris’ Method) of Mean Distance from Ground at Which
Fruit Was Borne on Main Canes of Unpinched, Unthinned Hills.
In the following table, “V" is number of 6-inch section on main cane. Section

1 is O to 6 inches and bore no fruit; 2 is 6 to 12 inches from ground, etc.; “‘f is
season’s total of berries borne on all canes in 5 hills, except branches.

v f X(=fV) X:(=FV'V)

2 27 54 108

3 123 366 1,008

1 250 300 3,200

5 261 1,306 6.5%5 Mor X = 31,139/3,631

i 367 2.202 13.212

7 363 2.541 17,787 — 857

N 144 3.552 S%.410

9 341 3,069 27,621 -

10 349 3.490 31.900 306,197 R
1] 340 3.740 {1,140 S.D. "\/ 3631 73.4449
12 332 3,084 47.80%

13 232 3,016 39.208

EE 108 1512 21.168 =33
15 i) 600 §.000
15 28 445 7188 C\V. =385
17 26 442 7514
is 1 T3 324
N = 3,631 31,139 306,197

. ft(;on\'ggting G-inch sections to inches from the ground: Fruiting range (6 in. to
41ty = 8.5 ft.

AMean = 51.4 in.
S.D. = 19.8 in.
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Table 3.—Caiculation of Mean Distance from Main Cane, at which Branch Fruit
was Borne in Pinched Hills.
In 1932, less than 10 percent of the yield of these five hills (and only 2.5 percent

on pinched and thinned hills) was borne on main canes. Therefore, only the yieig
of branches is considered here.

\" f X X*
M = 14,579/4,231 = 3.445
1 1.100 1.100 1,100
2 634 1,368 2.736
3 655 1,965 5805 o /70-943
S, — — — § — 9919
[ 430 1760 T P TNy TS s
5 523 2,615 13.075
[ 368 2,208 13.248 ~
7 221 1547 10.529 CV = 6413
S 157 1.256 10,048 Converting to inches:
9 71 639 5.751 Fruitine ranse — 5.5 f
10 11 70 1100 ruiting range = 5.5 ft.
11 1 T 121 M = 20.67 in.
S.D. = 13.28 in.
4,231 14.579 70.943

Table 4.—Mean Distance from Main Cane at which Fruit was Borne on
Branches of Pinched and Thinned Hills.

\ f X Xz M = 14,828/4,274 = 3.469
1 923 923 923

2 836 1.650 3.340 72,400

3 744 2239 6,696 S.D. = —12.03
4 602 2908 9.632 4.274

5 342 1,710 $.550 — 2916

[ 392 2352 12112

7 171 1.197 3379 C.V. = 63.88

3 11; ng 7488 Converting to inches:
9 3 72 6.430

- Fruiting range = 5 ft.
0 B N 3
10 § 630 5.800 AL = 20.81 in.
4,274 14.828 72,400 8.D. = 13.30 in.

MicroscorIicAL STUDY OF BuUDs

Camera lucida outline sketches of fresh freehand sections (Fig. 3)
gave a means of comparing bud development on different dates thru
the fall of 1932, with permanent mounts of seetions made in 1931
Branching was evident in these sketches, which shows the compound
nature of the primary bud (more properly called an ‘‘eye’’). Six
months before the several laterals appear on the cane with a common
origin, this compoundness is noticeable in the sections. Examination
of floricanes during the growing season shows that from one to a half
dozen laterals commonly arise from a single eye. One or several of
these may be fruitful, or all may be barren.

Branching, therefore, does not indicate the beginning of flower-
bud differentiation in this compound type of bud, as it might in single
buds which give rise to only one shoot with a compound inflorescense.

The appearance of lobing at and near the growing point at m’.St
seemed to indicate flower primordia (as noted by Watkins (9) 1D






14 COLORADO EXPERIMENT STATION

Quality in this fruit is largely a matter of size. Largest fruit is
borne lowest on main eanes and branches. Since decrease in size or
quality, as well as quantity, shows a tendency to continue with in-
creased length of cane and branch (except for a negligible incyease
of berry size near ends) it seems that spring pruning should remow:
wood which produces the low-quality fruit.

Taking average berry size as the smallest consistent with good
quality, Figure 5 indicates that when primocanes have not been sum-
mer pruned, main canes should be pruned in spring to 54 inches with
the remaining branches shortened to 12 inches; and that when primo-
canes have been pinched, plants should be pruned in spring so as to
leave branches 12 to 18 inches long. The high coefficients of variability
found in calculating the mean fruiting point, show the mean to be
capable of such wide fluetuation that even more pruning might he
done without greatly reducing the vield.

This procedure requires testing to determine whether such spring
pruning would have any other effect than simply removing potentially
undesirable fruit. As mentioned in the Literature Review, date of
fruit-bud differentiation has a practical bearing on this question, for
if it takes place before spring, such pruning definitely reduces the
vield by removing potentially undesirable fruit; but, if it does not
occur until after spring growth has begun there may be as much fruit
formed on the stub of a branch left after spring pruning as would
normally be produced over the entire branch, had it been left wn-
pruned.

Lott (6) shows that eane heading removes undesirable fruit in red
raspberries. Branching is not common with red raspberries in (‘olo-
rado as it is with blacks, and this may alter the effect of heading upm
hlackcaps as eompared to the reds.

As flower and leaf primordia are indistinguishable until relatively
late, differentiation may actually take place before primordia become
distinguishable by the simple inspection employed here. Miero-
chemical determinations might reveal a method of making the distine-
tion between primordia identieal in form, or definitely prove that
differentiation does not take place until it is apparent upon inspection.

CONCLUSIONS

1. There is little or no significant difference in yield between
pinched, pinched and thinned, and untreated plants of Plum Farmer
blackcaps, with respect to either numbers or weight of berries pro-
duced under the conditions of this experiment.

2. Pinching concentrates between 1 foot and 3 feet from the base
of canes, the bulk of the fruiting area, which is otherwise widely scat-
tered over the entire length of cane.

3. Largest-sized fruit is borne lowest on canes and branches in
all three treatments mentioned in 1.
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4. The largest number of fruits and the highest-quality fruits
are horne nearest the base of branches, and just below the lower
hranches on main canes, in all three treatments.

5. Pinched plants produced above-average-sized fruit on main
sanes and the first 12 to 18 inches of branches. Unpinched plants
produced above-average-sized fruit on the first 54 inches of main cane
aud the first 12 inches of branches. All wood beyond these limits pro-
ducerd below-average-sized fruit,

6. Differentiation may possibly begin before flower primordia are
distinguishable by simple microscopic examination of bud sections, but
flower primordia are indistinguishable by form alone, until relatively
late because of their similarity to the three-lobed leaf primordia.
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APPENDIX

NUMBER OF BERRIES IN 1931

_ P = pinched. PT = pinched and thinned. When new canes reached 30 in. in
height, they were pinched to 24 in. Thinning consisted of removing all but the
seven best canes per hill. U = Untreated.

- _Jr
P PT U Total
661 940 541 2,142
428 926 348 1,702
747 1,163 506 2,416
546 817 836 2,199
873 678 S44 2,395
Tv 3,255 4,524 3,075 10,854
Te2
P2 PT? u? Total®
436,900 883,600 292,700 4,589,000
183,200 857,500 121,100 2,897,000
558,000 1,353,000 256,000 5,837,000
298,100 667,500 698,500 4,835,000
762,100 459,700 712,300 5,735,000
23,893,000 = = T2
Tv? 10.590,000 20,470,000 9,455,000 40,515,000 = 3 Tv?
X2 = 8,540,600
T?/MN = 7,853,954
T = 117,809,316
Total = 2 (X)? — T2/MN = 686,646
Varieties = Z(Tv)2/N — T?/MN = 249,046
Replicates = S(Tr)*/M — T!/MN = 108,379
Deg.
Variance Sum of Squares Freedom Mean. Sq. S.E.
Repl. .ol 108,379 4
Var. . . 249,046 2
Er. .. ... 329,221 S 41,153 202.8
Total ... 686,646 14
General mean = T/MN = 10854/15 = 723.6
S.E. ea. treatment = SE./VN = 202.8/2.236 = 90.7
S.E. of a Dif. =90.7xV 2 =128.25
2 S.E. = 256.5
Mean number of berries:
PT = 905 651 (Number berries on P treatment)
P — 651 256 (2 S.E.)
U = 615 907 (Approximate number herries on PT treatment)

0dds are 30 to 1 that PT is a better treatment than either P or U. There is no
significant difference between P and U.
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NUMBER OF BERRIES IN 1932

- _Tr_
P U Total
1,205 978 3,748
430 541 1,159
832 1,152 2,772
1,265 662 2,763
953 706 2,707
Tv 4,685 4,034 13,149
Tr?
p? PT? u? Total®
1,452,025 2,419,225 956,484
184,909 35,344 232,681
692,224 620,944 1,327,104
1,600,225 698,896 438,244
908,209 1,098,304 498,436
= X Tr?
Tv? 21,949,225 19,580,625 16,313,521 = 3 Tv?
IX® = 13,253,245
T/MN = 11,526,413
T2 = 172,896,201
Total = IT(X)* — T/MN = 1,726,832
Varieties = Z(Tv)*/N— T%DMN = 42,261
Replicates = 3(Tr)>/M — T?/AMN = 1,152,316
X Sum of
Variance Squares Deg. Freedom Mean Sq. S.E.
Repl. ... 1,152,516
Var, 42,261 2
Br. e 532,055 8 66,507 237.9
Total ... 1,726,832 14
General Mean = T/MN = 13149/15 = 876.%
S.E. ea. treatment = SE/V N = 257 9/2.236 = 115.3
S.E. of a Dif. = 1153xV2 = 163.0342
2 S.IE. =326
Mean number of berries:
P =937 SO% (Number berries on lowest producer)
PT = 385 326 (2 8. B
U = 308 1,134

No significant diffevence between treatments.



18 COLORADO EXPERIMENT STATION

SUMMARY

Determination of the fruiting habit of blackeaps in Colorado w as
considered necessary as a basis for determining the proper pruning
practices for the state.

Fruiting habit was studied under three different sets of condi.
tions: (1) ‘‘Pinched,”” in whieh primocanes were shortened to “4
inches when they reached 30 inches; (2) ‘‘pinched and thinned," the
same as ‘‘pinched’’ except that only the seven best canes were allowe
to remain in each hill; and (3) ‘‘untreated,”’” where all canes were
allowed to grow naturally. Lengths and diameters of canes and
branches were measured at the beginning of each growing season (1931
and 1932). Numbers and weights of fruits from each 6-inch section
of canes and branches were recorded for each picking. Ten pickings
were made both seasons, 2 to 3 days apart.

Statistical interpretation of the data shows little or no significant
difference between treatments in e.ther weights or numbers of fruits
produced ; but a decided difference in distribution of fruit on pinched
and unpineched plants. The largest size as well as the greatest numbers
of fruits were produced on the lower portions of plants. This habit,
coupled with the fact that pinching makes the plant shorter and
broader, concentrates the bulk of yield on branches and between 1 foot
and 3 feet from the ground on pinched plants; while unpinched plants
bear the bulk of their crop on main canes and more widely scattered.

Several hundred buds taken periodically, summer and swinter,
over both seasons, were studied from permanent mounts and fresh
freehand sections.

Leaf and flower primordia were found to be indistinguishable, by
form alone, until spring. Evidence indicates that differentiation may
begin hefore any change of form takes place in the primordia.
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