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INTRODUCTION

Vegetative or asexual propagation enables man to
keep and perpetuate the desirable characteristics of a
plant, which might be lost through sexusal propagation.

In the case of cacao, the most interesting charact=
eristics to be reproduced are the following: high producte
ivity, resistance to diseases and pests, and superior
quality. Among various methods of asexual reproduction
two, up to now, have given good results; they are: a) root=
ing of cuttings and b) budding. A successful method of
budding involves two conditions: %) a high percentage of
"set™ of the buds, and 2) a quick and vigorous growth of
éha ﬁew plants. Attaimment of these objectlves has been
the oiject of many investigations,

During the past two years, the Cacao Center of the
Inter~American Institute of Agricultwural Sclences at Turrial-
ba, Costa Rica, has developed a system of budding, the in=-
verted U,'which has been very satisfactory on chupones,
However, information concerning its possibillities of success,
when applied to seedlings was inconclusive. This study
was initiated to extend the knowledge of the advantages and
limitations of the "Inverted U" method of budding upon ca-
cao seedlings, with special reference to the post-budding
treatment of the budded stocks,



LIT URE REVIEW

The literature pertéiﬂing to the budding of cacao has
been reviewed recently by Paredes (15) and Veldsquez (23),
however, the most outstanding investigations in that fleld
are recorded here, especially in regard to the subsequent
treatment of the stock plants,

Je Te Harris (10) in Jamaica, in 1903 described his
method of budding. He recommended that the part of the stock
above the bud be cut back after the union of stock and scion
had been completed. According to Freeman (5), Casse in Haiti,
in 1905, was successful in budding on seedling stocks; his
opinion on subsequent treatment of the stock was not reported.
In Trinidad, Tobago and Dominica, (11) attempts to bud on
cacao seedlings were started, during this same period. In |
1915, Jones (12) recommended the patch=budding system as a
method of budding cacao, A new step toward the improvement
of budding was done by Gerold Stahel, in Surinam. His
method of budding was described by Van Hall (22)., One of
the most impor tant features of his method was the posterior
treatment of the budded stock. According to this author,
the stock should be bent over after budding, and severed
back only when the bud had sprouted. Van Hall agreed with
him. This system was successfully applied in the Belglan
Congo (2) in 1933, 1In 1934, and 1943, Pound (17 and 18),

" published a detailed description of the patchebudding system



as applied to cacao. A8 regard to the posterior treatment

of the stock he said, "Generally, as soon as the bud shows
signs of sprouting the.stock can be topped back, leaving
only a few leaves. In the plot nursery, cutting back can

be done much more rapidly except, in the driest weather,

when the bud is in danger of drying out. Dormant bud patches
often fall to sprout at all until the stock is cut back
severely, and this can be done without risk if the patch

is well healed onto the stock."

An attempt to determine tﬁs effect of different post-
treatments of the stock was done by Paredes (15). This ine
vestigator, using the "Inverted U™ method, cempared two
treatments: a) cutting'back the cﬁnpon stock at 10 cm. above
the bud immediately after budding, and b) girdling the stock,
by taking out a piece of bark in a ring form 10 cm. above
the bud also immediately after budding. Paredes did not
obtain any significant difference for the number of buds

¥set™ 4n either group. A very marked difference in the sub=-

_sequent growth was noted however, after 6 months, in favor

-

of the firat group (cutting back immediately).

Later, Veldsquez (23) also working on chupones, compared
three different times of severing the stock at a point
approximately 10 cms. above the buds; 1) cutting back one
week before budding, 2) cutting back immediately after budding,
and %) cutting back 2 weeks after budding. No important
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differences were noted between these treatments, but
cutting back immediately after budding resulted in a great-
er number of budded unions as well as in subsequent growth.

In a survey of the literature dealing with budding of
either temperate or tropical fruit trees, most writers (1),
4y, (12), (13), (19), have recommended the cutting back
of the stock after union of the stock and sclon.

MATERI METHODS

The investigations were conducted in two locations:
at the Institute and at La Lola Farme The Institute 1is
located about 6 Kms.‘fram Turrialba, at an elevation of
approximately 600 meters, The amount of rainfall is appréx-
imately 2,800 m/m per yeap and the mean annual temperature
is 22.7® Ce La Lola Farm is situated on the Atlantic Coast
of COstg Rica about 55 Kms. from Turrialba by railroade.

The elevation varies from Zh‘to 58 meters. The precipita-
tion which was well diatributed over the year, was h,035 n/m
in 1949; the mean maximum temperature was 328 C., and the
mean minimum temperature was 228 C.

Seedlings in nursery plots were used as stock material
in both locations. The budwood was obtained from "E1l Chino",
an experimental and demonstration plot at the Institute, .
where selected clones of the United Fruit Co. are grown.

A budding=knife, small pruning shears and wrapping tape



comprised the equipment. The wrapping material was pre=
pared, by dipping ordinary muslin cloth in a hot solution
of paraffin and beeswax (1000 g. of paraffin, 500 g. of
beeswax) . _

The me thod of budding used in these experiments was t
the®Invertad U™ which is described briefly as followss
Two parallel cuts of equal length are made in the stock
approximﬁtely 10 om. above the soil surface. The upper
ends aré then joined by a straight cut and the bark gently
lifted, forming a rectangular flap'still attached below to
the stocke The flap 18 2.5 to 8.0.cm. long. A plece of
bark with one bud but no wood is cut to fit the space from
a budstick and inserted ﬁen.ath the flape The flap 1s cut
of f immediately below the bud, so that the bud itself will
not be covered. The budded area 1s wrapped firmly with the
wrapping tape. Budwood was prepared one week before budding
by cutting off the growing point and the leaves of the
selected branches,

In the experiment carried out at the Institute, 500
seedlings about 1l months old were used as stocks and bud-
wood was taken from 5 different clones namely: 22%, 613,
650, 667 and 677. Five post=budding treatments of the
stock were compared: (A) the stock.was half=gsevered 10 cms,
above the bud and bent over immediately after budding;

(B) the stock was left untouched after budding; (C) the



stock was cut back 10 cms. above fhe bud 2 weeks after
budding; (D) the stock was cut off 10 cms. above the bud
immediately after budding, and (E) the stock was girdled
by removing a ring of bark 10 cms. above the bud immediate-
ly after budding. The budding was done during five different
periods in 1949: 1) August 22 to 28; 2) September 11 to 17;
3) September 26 to October 2; L) October 10 to 16, and
5) October 17 to 20, Four buddings were made per clone =
per treatment - per time period; thus 100 buddings were
made during each time =~ period. All buds were unwrapped
one week after the date of budding. |

At La Lola, 270 seedlings about 18 months of age were
used as stocksa; these seedlings were growing in rows about
75 cms. apart and were naturally shaded by Inga trees.
The plants were spaced about 20 cms. apart in the rows.
Budwood was obtained only from clone #6506

Thé experimental design was a randomized block with
3 post-budding treatments, 5 replications, and % periods
of time. These treatments were: (A) the stock was cut 2/3
through the stem and bent over at a joint 10 cms. above the
bud immediately after budding; (B) the stock was cut off
10 cms. above the bud immediately after budding, and (C)
the stock was cut off 10 cms. above the bud 1l days after
budding. There were 6 plants per replication. The time=
periods were: February 9, 16, and 23 of 1950. Ninety



buddings were made during each time period. The buds were
unwrapped 1l days after they were made. The plants were
sprayed with a 3=3=50 Bordeaux mixture at intervals of 1l
days during a periéd of 2 months after budding, so as to
prevent losses from infection of the leaves and growing
points by Phytophthora. The diameter of the stock at the
point where the budding was done (approximately 10 cms,
above the ground) was recorded at the moment of:bﬁdding,

- also the presence or absence of a flush on the stocks The
sprouting buds were carefully maintained with only one whip,
so that their heights could be used as & measure of growth,

EXPERIMENTAL RESULTS

Investigations at the Institute:

The data recorded for this part of the experiment are
limited to the sprouting of the buds, for several reasons
such as: a relatively low number of successful unions, some
mechanical injurles caused by the artificlal shade falling
on the plﬁnts, and infection of the new growth by a fungus,
probably Phytophthora.

The results presented in table 1 indicate the number
of buds sprouted by clone, post=budding treatment and the
time=period of budding. These data were obtained two months
after the budding period. All buds which were still green

- but had not sprouted by this time were recorded as dormant buds,
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The data presented above were analysed by the R x 2
method of @hi-square analysis (21). The results of the
analysis indicated the following:

1) Cutting back of the stock 1l days after budding
(Treatment C) was significantly better than ringing the
stock (treatment B) and also significantly better than leav=-
ing the stock untouched (treatment B).

2) Cutting back 1mmediately after budding (treatment
D), cutting .and bending over the stock immediately after
budding (treatment A) and treatment E, were significantly
better than treatment B; but there were no important dife
ferences between A, D, and E. |

No significant differences were found between clones

nor between the time periods.

Investigation at La Lola:

The data obtained from the preliminary experiment con-
ducted at the Institute indicated that at least 3 of the
treatments weme worthy of further investigation. These‘3
treatments,! A) cutting and bending over the stock imme-
diately after budding; C) cutting of the stock 1L days
after budding, and D) cutting off the stock immediately
after budding), were investigated further at La Lola under
more favorable conditions,

In addition to obtaining data on the number of success=
ful bud-unions, data was obtained concerning the effect of

the presence or absence of a flush on the stock at the time
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of budding, the relationship of diameter of stock to the
number of bud unions and subsequent growth of #sprouts,

the effect of precipitation upon number of bud unions, and
the effect of treatment upon the number of days required

for sprouting and subsequent growth of the sprouts. A4ll

of the data were analyzed statistically by the R x 2 method
of Chi-square analysis or the method of pooled variance (21).

The effect of treatment upon the number of successful

bud unions:s Of the 270 budded plants, 203 sprouted which

gave a total of 75.18% success. By treatment the percentages
were: 1) Stock cut and bent over immediately after budding
(treatment A) 82.,224; 2) Stock cut back immediately after
budding (treatment B) Sh.LL%; and 3) Stock cut off 1l days
after budding (treatment C) 88,884,

The data on the number of successful bud unions are
presented in Table 2, The analysis indicated that:

For time=period I (Feb. 9)‘there were no significant
differences between treatments A and C, but both were
significantly better than treatment B, For time-period II
(Febe 16) treatments A and C were again approximately equi-
dalent and both were significantly better than treatment B.
However, for time-period III (Feb. 23), there were no sig=-
nificant differences between the three treatments., When
the totals of the treatments for the entire experiment were

compared treatments A and C were both significantly better
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Table 2, The number of successful bud unions obe
tained in the experiment conducted at La Lola
in 1950. The data are arranged according té time
of budding and post-budding treatments.

Time Treatment Treatment Totals Treatment Means
A 21 L.20
I B 1 2.20
c 27 5140
(FObo 9)
Total . 59 3.93
A 26 5620
II B 1% 2.80
c 2 520
(Feb. 16) )
Total 66 )-I.oll.o
A 2 0
III B ZK E.ZO
c 27 540
(FObo 23)
Total 78 ' 5620
Totals A (" L.9%
B %g 3.27
c 533

yhgn tfegtment B, but there was no important difference
b;éwéeﬁ ‘ and C.
The effect of the time=~period of budding on the number
of successful unions was analysed also,
Time period III (Feb. 23) was significantly better
~- than time-period I (Feb, 9). There was no significant dif=-
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ference between time-periods I and II, nor between II and

III.

The effect of the presence or the absence of a flush

on the stock when the budding was dones: The data shown in

table 3 were obtained at the time the planﬁl were budded

to determine whether the presence or the ebsence of a flush
of new leaves on the stock had an effect on the union of
the stock and the scion. Analysis of the data did not re-
veal any significant differsnces that could be!attributed
to the presence or absence of flushes, |

Table 3. The number of plants with and without
flushes at the moment of buddinge.

Conditions of Tetal N® of Total N8 of Percentage

the stocks _plants buds set
Flushing 172 127 ™ £
Not flushing 98 76 78 %
Total 270 203

The relationship of diameter of the stock to the number
of successful bud-unions: The diameter of the stocks was

measured at the point where budding was done, to determine
i1f the size of the stock had an effect upon the number of
successful bud-unions. In Table l; are presented the number
of successful unions according to the different diameters

recorded,
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Table L+ Stock diameters in cm. of the area budded
redorded at the time of budding.

Diameter of the stock N2 of Plants Percentage of buds set

(cm)

1.0 37 62,2 %
1.5 122 80.3 %
2.0 9 e %
2.5 22 72.7 %
3,0 9 66.6 4
3.5 1 100.0 %

Total 270

The result of the analysis of these data did not
indicate any significant differences between the different

sizes of stockse.

The effect of rainfall upon the number of successful

bud-unions: The amount of rainfall for the 14 day period

following each budding time was obtaineds This data and
the number of successful bud unions for each time-period of
budding are presented in Table 5 and deplicted graphically
in figure 1.
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Table 5, The amount of rainfall recorded during
the 1l} days after the budding was done, and
the number of buds set per time=period of budding.

__Period Rainfall m/m N® of buds set
Time I 307.2 59
Time II 33145 66
Time III 9545 78
Total 7342 20%

The results of the analysis of these data indicated
that there was no significant correlation between the amount

of rainfall and the number of buds set.

The effect of treatment upon the number of days for

sprouting: The time of sprouting of the buds was believed
to be related to the post-budding treatments, so the number
days required by each bud to start its initial growth was
recorded, Thése data are pressented in Table 6.

Table 6., The number of developed buds in each treat=

ment and the mean number of days required to
start growth,

Treatment N8 of Plants X N# of days

A Th 2777
B Lo 26,71
c 80 26491

Total 203
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The analysis did not reveal any significant differences
between the treatments,
The average number of days required for sprouting was

practically the same for each of the post-budding teeatments,

The effect of treatment upon the growth of the sprouts:

The measurements of the growth of the sprouted buds were
taken at the end of the first, secord and third months after
their initial start. Only the length of buds was obtained,
Due to injuries of several kinds, the number of growing buwds
measured was less than the 205 which actually sprouted.

The growth measurements are presented in table 7 and figure
2 The data were analysed by the method of pooled.variance
(21).
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Table Te Growth measureméhts of the buds arranged
by treatments for the three months.

Treatment  N® of plants measured X Growth (cm)
First month

A 5T 12439

B 45 10,78

c 5 13,89

Second month

A 53 18,00

B 4o 14428

c | . 63 18,74
Third month

A 51 25.96

B ' Lo 20417

c 60 26,06

For the first month, cutting back of the stock 1l days
after budding (treatment C) was significantly better than
cutting back immediately after budding (treatment B), and
there ias no significant difference between cutting and
bending over the stock immediately after budding (treat-

ment A) and treatment C. There was no significant difference
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between treatments A and B During the second and third
months, the growth measurements of trectments A and C were
approximately equal and both were significantly better
than treatment B,

The effect of size of the stock on the growth of the

sprouts: The growth measurements of the buds were recorded
also according to the diameter of the stock at the time of
budding.

These data are presented in Table 8,

Table 8. Growth measurements in cm, of the buds for

each of the three months, in relation to the
diameter of the stocks,

: First Month ; Second Month ; Third Month
gg:;r: g]‘.a::s X Growth: g;aggs X Growth: g]..agg s X Growth
1.0 18 9.67 17 12,58 - 17 15.94
1.5 88 11.79 T 15.69 “ 69 21463 -
2,0 52 14..79 L9 19.65 © 47 28,93
2.5 W 1336 Al 20.85 2.7 13 27437
340 5 12.40 N 18,75 ¢ L 35,00 /¢
3e5 1 16,00 1 23,00 1 38.00

The results of the analysis of these data were as
follows: During the first month the growth of the buds
which sprouted on the stocks of 2.0 cms, dlameter was sig-
nificantly better (1 € level) than on the stocks of 1.0

aid
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-and 1.5 cms., diameter. 'Thé'growth on 1.5 cm. and 2.5 cm,
stocks was better (5 4 level) than the 1.0 cm. Stocke There
were no other significant differences.

During the second month, the growth of the buds on the
2.0 and 2,5 cm. stocks was approximately equal and significant-
1y better (14 level) than the growth on the 1.0 and 1.5 cm. |
stocks; the growth on the 1.5 cm stock was better.(s% level)
tﬁan the 1.0 cm. stock.

In the third month of growth the 1.5 cm. stock was
better (5% level) than the 1.0 cm. stocke The 2.0, 2,5,
and %.0 cm., stocks were approximately equal and all were
significantly better (14 level) than the 1.0 and 1.5 cm,
stocks

The 3.5 cm. stock measurement was not included in the
analysis because there was only one plant of that size.

The preceding results are presented more clearly in
figure 3 which shows the monthly growth for each diameter

of stocke

DISCUSSION

The success of any method of budding depends upon the
union of the stock and scion. The exact physiological
nature of this union is not well known, but the union is
possible only through the activity of the cambium layer

located between the bark and the wood of both stock and scion,
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®The cambium produces the outgrowth of young tender callus
éissues, which 18 so essential to the success of budding
and grafting.” (1)

Posteriof treatments of the stocks are just attempts
to force the buds into growth., This may be accomplished in
several ways: éutting-back the stock, bending over, or gird-
ling; the pwrpose being to give to the bud a terminal posi=
tion from a physiological standpoint.

The necessity of post=budding treatment of cacao appeared
to be justified by the results obtalned for treatment B
(stock left untouched) in the experiment at the Institute,
since, after two months, only 2 buds sprouted, from 77 that
sets '

As regards . - the effect of the stock on the setting
of the buds the lack of constancy in the results of the ex-
periment makes 1ts explanation more difficult, Indeed, in
the investigations at La Lola Farm, it was observed that,
cutting back the stock 1l days after budding (treatment C),
and cutting and bending over immediately after budding
(treatment A) were approximately equal and both significantly
better than cutting back immediately after budding (treat=
ment B) for 2 time=-periods: Period I (Feb. 9) and period II
(Feb, 16)s However, for time=period III (Feb. 23%.) these
three trestments (A, B, and C) were all approximately equal.

A tentative explanation of such results may be the
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following: when the stock 1s cut back immedlately after
budding, a disturbance takes place in the whole system of

the stock.. There 1s a 1loss of reserves (observed by a bleed-
ing, or sap exudation as soon as cutting wasvachieved) and
also the stock is unable to bulld up new reserves because of
the loss of 1ts leaves. On the other hand, it may be that
such a treatment stimulates cell activity but this activity
may be used in healing the wound at the upper surface of the
stump, where the cut was done. It 1s known that callus forma-
tion depends largely on the vigor of the plant. If a plant
is vigorous enough, there should be no danger of interference
of the healing of the wound and the union of stock and scion,
When the stock is not severed immediately after budding, such
a problem does not exist, and union between stock and scion
seems to be more likely.

The effect of the presence or absence of new leaves on
the stock at the time of budding on the set of the buds
may be explained by the fact that cacao, as most of the
tropical crops, does not have a marked dormancy period; the
cells are active at all seasons of the year,

The average period of time required by the buds to sprout
was not affected by the treatments in the inveatigations con=-
ducted at La Lola Farm, It is believed that any differences
obtained were due to the physiological sonditions of the
buds at the time of budding.

- The absence of any relationship between the amount of
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rainfall in the 1l days period after budding, and the number
of successful bud-unions, suggests that this rainfall in it~
self does not affect the budding., The results would probably
have been different if the wrapping material had not been
-waterproof.

The aize of the stock did not have any apparent effect
on the setting of the buds; this indicates that the morpho=
logical conditions necessary for union of stock and scion
were present in all the different sizex of stockse, Any marked
influence of the size of the stock on the setting of the buds
is probably dusé to the ability of the operator to handle the
stocks of different sizes.

The post-budding treatments, cutting back 1l days after
budding (treatment C) and cutting off and bending over (treat-
menf 4A) showed more growth during the second and third months
than cutting back immediately after budding (treatment B).

The disturbance caused in stocks where treatment B was applied,
as discussed above, may be responsible for such resultse.
However, it i1s believed that the size of the stock also
played a part in the increase of growth for these two treat-
ments, . .

The effect of the size of the stocks on the subsequent
growth of the sprouts 1s a direct effect of stock on scion,
The results indicated that the greater the diameter of the

stock, the greater the growth of the sproutses It is believed

——
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that the larger atocks had a greater capacity for supplying

the sprouts with nutrient material,

SUMMARY

1. The literature pertaining to the budding of cacao espe~
cially in regard to the post~budding treatment of the

stock plants has been reviewed.

2e In the preliminary experiment conducted at the Institute
cutting off the stock 14 days after budding was the best
tredtment. Cutting and bending over the stock immedia te~
ly after budding wse almoat as satisfactory. Leaving
the stock ﬁntouched, and ringing the stock immediately

after budding was generally unsatisfactory.

3¢ In the experiment conducted at La Lola it was found that:

a, Cutting off the stock 14 days after budding, and
cutting and bending the stock immediately after
budding resulted in a significantly greater number
of successful bud=unions than cutting off the
stock 1mmediately after budding.

be The presence or absence of a flush of new leaves
on the stock at the time of budding had no effect
upon the number of successful bud=-unions,

ce The diameter of the stocks had no effect upon the

o number of bud=unions but that stocks of from 2,0
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to 3.0 cm. resulted in greater subsequent growth
of the sprouts than stock of 1.0 to 1.5 cm.

There was no apparent relationship between the a=
mount of rainfall during the 1l; days following
budding and the number of bud-unions.

There was no effect of treatment upon the number
of days required for initial sprouting of the buds.
The growth of the sprouts that developed in treat=
ments C (cutting off stock tl, days after budding)
and A (cutting and bending over immediately after
budding) was significantly better than the growth
in treatment B (cutting off immediately after
budding).

L The significance of the results are discussed and attempts

made to explain the various phenomena.

CONCLUSIONS

From the data presented and discussed herein, thé follow~

ing conclusions may be drawn:

1¢= The "Inverted U™ method of budding may be used on

cacao aeedlingé successfuily.

2."

Of the post~budding treatments investigated, cutting

back the stock 1l days after budding, and cutting and bending
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over the stock immediately after budding are preferable to
cutting back the stock immediately after budding.

3= Budding can be done on cacao seedlings of 1,0 to

3¢5 cm., diameter at the budded area,
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SUMARIO

La literatura sobre el injerto de cacao, con especial referencia al
tratamiento posterior de los patrones, ha sido revisada, -

En el experimento preliminar llevado a cabo en el Instituto se obser-
vé que al cortar el patrén 14 dfias después de ser injertado, resulté
ser el mejor tratamiento. Cortar y doblar el patrén inmediatamente
después de ser injertado resulté ser casi tan satisfactorio. En el
patrén no forzado, y en el patrén anillado inmediatamente despuds de
ser injertado, no se observaron resultados satisfactorios.

&n el experimento llevado a cabo en "La Lola"™ se encontré que:

a. Los tratamientos de cortar 14 dfas después de ipjertar y covtar.

y doblar el patrdn inmediatamente después de ser injertado resultaron
en un nfmero de prendimientos significativamente mis grande que en el
método de cortar inmediatamente después de injertar.

b. La presencia o ausencia de una nueva brotacién en el patrén al mo-
mento de ser injertado, no tuvo efecto sobre el prendimiento.

c. £1 difmetro de los patrones no tuvo ninguna relacién con el n@me-
ro de prendimientos, pero patrones 2.0 cm. a 3.0 cm, resultaron en un
mayor crecimiento de las yemas que los de patrones de 1.0 cm. a 1.5 cm,

d. No se observd minguna relacion entre la cantidad de lluvia durante
los 14 dias siguientes al injerto, y el nfimero de prendimientos.

e. No obstante el tratamiento usado, el nfinero de dfas requeridos par:
la primera brotacién de los injertos fué aproximadamente igual.

f. El crecimiento de los brotes en los tratamientos C(cortar 14 dias
después de injertar) y A(cortar y doblar inmediatamente después de in-
jertar) resultd significativamente mejor que en el tratamiento B(cor-
tar inmediatamente después de injertar).

Se ha discutido la significacibn de los resultados, y se traté de
explicar los diferentes fenémenos.





