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perature as the callusing room, allowing the sawdust to take in
enough water thru capillary action to bring it to its former condi-
tion of saturation.

HEAT AND CALLUS FORMATION

For the past three seasons we have conducted carefully controlled
experiments having to do with a study of the amount of heat neces-
sary to callus cutting and root grafts properly. It is suggested
from these studies that there is considerable variation among the
different varieties in this respect. Vinifera sorts and some American
varieties derived from species that are indigenous to the warmer parts
of the United States require greater heat to bring about the forma-
tion of good callus pads. It is also evident that the quantity of heat
required in one season may not be sufficient another year. In short,
the growing season which produced the root or the cutting, may
have been such that a good reserve of plant food was stored, or the
fruit crop may have been so large that all the vine's energies were
exhausted in the maturing of the fruit. We have noted that the
length of the resting period greatly influences the length of time and
the quantity of heat necessary to start grape tissues into activity.
Cuttings taken shortly after leaf fall require much greater heat to
start them than others taken from the same vines and of the same
weight after a portion of the resting period has been passed. These
studies suggest that grape cuttings which are to be used either
for stocks or scions should not be taken from the parent vines until
some time after mid-winter. The lower illustration in Plate IV
shows cutting grafts which have been subjected to heat and humidity
in the callusing boxes 21 days.

In 1922, Iona, Campbell, Delaware, Worden, and Concord grafted
on the cuttings of different stocks were found to be well callused
after 27 days in the boxes at a mean interior box temperature of
76°F. These temperatures were recorded on self-registering maxi-
mum and minimum thermometers so placed that the lower ends
were on a level with the graft union. In order that this mean tem-
perature may be reached on the inside of the box, the mean tem-
perature of the room must be several degrees higher.

In 1923, excellent callusing resulted after 21 days at a mean inside
temperature of the boxes of 70°F. To hold this temperature, it was
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necessary to maintain a mean room temperature of 78.2°F. It is
possible that by using a heated room designed for the purpose and
provided with a more uniform heat supply, the length of the callusing
period could be materially shortened. While the interior tempera-
tures of the boxes did not fluctuate so widely as the room readings,
yet the depression of the room temperature resulted in a consider-
able lowering of the box temperatures. The irregular heat supply,
especially during cold spells, no doubt retarded the progressive for-
mation of cicatricial tissue.

In 1924, a mean interior box temperature of 74.6°F., over a period
of 22 days, was required to heal well Concord grafted on one-year
Riparia Gloire roots. Concord on Gloire cuttings were well callused
two days earlier under practically the same mean temperature.
Campbell on Gloire cuttings were well callused with a daily mean
temperature of 73.8°F. for the 22 days. Niagara and Worden re-
quired 22 days with a daily mean of 74.6°F. The mean room tem-
perature for the period was 81.4°F.

From our studies during the past several seasons of the effective
temperatures required to bring' grape cuttings of many varieties into
growth, it has been noted that with fairly constant greenhouse heat
the period from dormancy to the beginning of foliation is much less
than 21 days, the minimum period that was required in the tests for
complete callus formation.

The use of higher and more uniform heat is desirable in graft
callusing, since the scion buds are less likely to put out to such an
extent as they do over a more prolonged period. Holding in the
callusing boxes is fatal to the expanding buds, especially if the layer of
sawdust in contact with them is too wet. In the later days of box
callusing it is better to allow this layer to become a trifle dry. Fre-
quent examination after two weeks have elapsed will tell one on
which side he is erring.

PLANTING IN THE NURSERY

The grafts should be planted in the nursery row as ordinary grape
cuttings, with few exceptions. Greater care must be taken that the
grafts do not dry out excessively thru exposure to sunlight or to
warm, dry winds. It is a good plan to keep them covered with
moistened burlap bagging, if they are taken from the callusing boxes
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faster than they are planted and covered. They should be so placed
in the trench or furrow that the place of union will stand but an inch
or two below the surface of the soil when the trench is filled. A
slight ridge should then be thrown up so that the bud on the scion is
just exposed. Later in the season this ridge of soil is taken down.
The soil should be thoroly compacted as the trench is filled. Two or
more times during the growing season it is necessary to remove the
soil down to the depth at which the union stands and cut away
cleanly and completely all roots that may have started from the
scion. If this is not done, insufficient plant food reaches the roots of
the stock and, consequently, they do not function normally. It
then follows that the stock dies and the scion grows from its own
roots, thus thwarting the purpose of grafting. Plate V, left, pictures
hand-grafted cuttings with scion roots and a shoot arising on one
stock, at the right in Plate V is shown a one-year grafted cutting dug
from the nursery.

The French report that from 80 to 90 per cent of their grafted
roots and cuttings grow and make desirable plants. Our work thus
far has not shown this percentage of successes. A fair average,
year in and year out, approximates 50 per cent. In some seasons it
has been much higher, while iri 1923 the successes were much lower.
The grape nurseryman figures on 40 per cent of his Concord cuttings
striking root. The increased costs in making grafts and growing them
offsets many times the greater percentage of salable grafted plants.

CONCLUSIONS

The conclusions to be drawn from the practices and tests that have
been discussed in this bulletin would clearly indicate that the failures
from cleft-grafting in the vineyard are due in part to attempts to
graft varieties that lack affinity, to grafting at unfavorable periods,
to the exclusion of air thru the use of wax or other materials, and to the
presence of excessive moisture—a drowning out—that excludes good
air circulation. A satisfactory percentage of successes may be as-
sured if the grafting is done before vigorous sap flow begins in the
spring or after this flow is past. The cambium layer of both stock
and scion must be brought in contact at least at one point. Only one
or two turns of a strong string are needed to hold the stock and scion
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together firmly, and no grafting wax should be used. That the
joined parts do not dry out, a mound of soil should be heaped around
the stub and scion to the upper bud of the scion. If thé season is wet,
the mound should be removed occasionally in order that the soil in
contact with the union may dry thoroly. The mound is then put up
again. All suckers must be kept off the stock and all scion roots should
be cut away from time to time. This can usually be done best when
the mound has been leveled for aeration.

It is believed that bench-grafting of grapes can be more success-
fully done if cuttings from one-year canes are used as stocks. The
stocks, if cuttings, are cleanly dis-budded before the scions are
fitted. It is emphasized that whether cuttings or one-year roots are
used as stocks, they must be of the same diameter as the scion.
The length of the stock is somewhat dependent on the depth of the
nursery soil in which the grafts are grown, and also on the nature of
the soil of the vineyard that is to support them in the future. The
deeper the soil, the longer the stock that may be used. As a rule,
the stock should be from 8 to 9 inches in length. A one-bud scion is
probably preferable to a two-bud scion.

The English whip-and-tongue method has been found very satis-
factory for bench-grafting the grape. The joined parts may be held
firmly in contact with a minimum of waxed string. Of equal im-
portance to exact matching of stock and scion is the treatment of the
grafts from the time of making to the graft planting. Our tests indicate
that a very satisfactory plan for the promotion of healing tissue is the
storage of the grafts in an upright position in wooden boxes that are
lined on all sides, bottom, and top with water-saturated sawdust.
This handling provided a humid chamber, while at the same time
the heat was more evenly maintained in the interior than was possible
otherwise. The temperatures necessary to induce a good growth of
callus probably vary with the species and varieties concerned as well
as with the previous season in relation to its influence on stored plant
food in the stock and scion and the maturity that has been reached by
each.

Our tests over a three-year period show that Iona, Campbell,
Delaware, Worden, and Concord as scions were well callused after 27
days in the boxes at a daily mean interior temperature of 76°F. in
1922; after 21 days with a daily mean interior temperature of 70°F.,
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in 1923; while, in 1924, Concord on Gloire roots had formed a
goodly amount of callus after 22 days at a daily mean of 74.6°F.

The grafted cuttings and roots are planted in the nursery row as
ordinary grape cuttings, but care must be taken that the grafts are
not, exposed to sunlight or dry winds for any length of time. They
should be so planted that when the trench or furrow is filled the
joined parts will stand an inch or two below the soil level. From
time to time it is necessary to break out any suckers that may arise
from the stock, and it is also imperative that all scion roots be kept
cut away.

It is believed that 50 per cent of well-made and callused cutting
grafts of Concord, Catawba, etc., may be reasonably expected to
grow and become satisfactory plants for vineyard planting. Under
better controlled conditions for callusing and with more knowledge
of the necessary nursery practices, it is probable that a higher per-
centage will be possible.








