BEDDING IN THE FIELD.
By C. E. T. MANN.
1. INTrRODUCTION.

Tn present plantation practice it is recognised that the budding
of Hevea may be carried out either in nurseries or in the field.
It is not intended in the present paper to discuss the rival merits
of the two methods; it iz sufficient to state that in Malaya at least
field budding is carried on to a great extent. It is therefors im-
portant to gain more detailed knowledge of the factors affecting
the success of the operation under field conditions. Clearly, there
will be some factors to be considered which are common to hoth
field and nursery praciice and in these instances any information
obtained may prove of equal value in both cases.

2. FimLn Work.

In April of this year the writer was afforded an opportunity
to carry out a budding programme on an area of 50 acres. The
results obtained and observations made during the course of the
work form the subjéct of the present account.

3. Stocus.

The clearing was planted in February 1927 with basket plants
alternating with stumps, the whole of the planting material being
raised from seed collected from a recorded, high yielding area
on the estate, DPlanting was on the square system, the planting
ihstances being 20 ft. x 10 ft, Where the original basket plants
had failed “‘stumped” plants had been used as supplies.

4. Bupwoob.

Budwood was obtained from an adjoining area of vigorous
voung budded trees planted as “‘stumps’ in late 1924. Tesi tap-
ping experiments were in progress on this area and the three most
promising clones were selected {or use in the new clearing. Suffi-
clent budwood was cut in the early morning for each day’s work
and any excess wag used on the following day before a fresh supply
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was cut. In this way material in the best possible condition for
use was obtained and the risk of failure due to dry or bruised
budwood was minimised. Having been sawn into convenient
lengths the sticks of budwood were rolled in damp sacking for
removal to the clearing where care was taken to protect the bundles
from expesure to the sun.

3. BuppINg.

The original basket plants or the “‘stumps’ supplied if these
were well established, were budded. In the first period of the
work two experienced men were employed; later a third man of
similar experience and a fourth who had received a short training
were alse employed. The usual ‘‘patch and tongue” method was
used throughout. Each budder was followed by a cooly who tied
a shade of leaves in position over eacl. completed budding and
also fixed around the base of the plant a wire hoop bearing a metal
1abel stamped with the clone number (and the number of the tree
in the clone from which the budwood had been taken). It may
be mentioned that this method allows a skilled man to carry on
his work without interruption and the man who does the ineidental
work 13 able to learn a good deal by observation. In this way an

efficient gang may be buili up from a small nucleus of skilled
budders.

It should be stated that the work was not continuous, the four
men being employed for short intervals as they became available.
Budding was therefore carried out under ¥arying conditions,

G. REecouwping.

To facilitate the work of recording and supervision ihe area
was divided into smaller blocks of about ten acres each. Buddings
in each block were made fromiiwo clones and the combination was
changed for each successive block to obtain the desired distribution
of the three clones used. A permanent stake bearing a board on
which was stencilled in correct order the numbers of the clones
used was placed opposite the first tree of each block. This method
of subdivision simplifies the work of recording and labelling and
avoids the confusion which aitends the use of unwieldy numbers,
A small plan of the area showing subdivisions and the numbers
of the clones unsed in each small area can be used both for quick
reference during the actual budding operations and at later stages.
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During the progress of the work the following observations and
records were made:-—

1. Source of budwood, clone nuwmber and the number of the
tree from which the wood was taken, with observations on
on its condition.

4]

Notes on growth condition of individual stocks whether
stumps or basket plants, at the time of budding and later
when the buddings were opened.

3. Individual records of the work of each man.

4. The complete record of successes and failures at “opening™,
at‘‘ringing”’ and again at the first pruning of the stock
about ten days after ringing,

5, The daily rainfall .obhservations over the whole period ob-
tained from the estate records,

7. Resvrnrys.

For the purpose of this account the men employed in budding
will be referred to as A, B, € and D, and the clones uzed as Clone
No. 1, No. 2 and No. 3, . As the results are to a great extent
numerical they are hest presented in tabular form,

Table 1. Swmmary of the results obtained in a field budding
experiment with three clones.

SUCCESRES AT | SUCCESBES AT J RUCCIRSES
Number of OPENING - RINGING Fixar.
Clone, | Boddings |[————F——|—— = —|———
Made. No. o o ‘ o No. o
. SN T 8! o e N
1 1518 1404 a2 ¢ 1125 74 1101 72
2 | 1257 944 5 666 | 53 664 [ 53
3 TTY 8T+ | 74 172 \ Gl 471 | 60
f A SO R f
Total and '
mean. percent- §ho4 2932 | 82 | 2264 1 64 | 2286 | 68
ages, : i \
| :

The figures summarised above show to what extent the success
obtained varied for the three clones used. Clone 1 appears to bud
more successfully than either of the other clones, A second point
of special note is the very serious loss which occurred between the
opening and ringing operations. Budding was carried on during
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part of April, May and June and the losses varied greatly in
different periods. This point will be further discussed when the
effects pf weather conditions and growth of the stock are considered
in more detail.

8. FacTors AFFECTING SUCCESS.

(1} The Personal Factor.

In such an operation as budding the personal factor, the skill
of the operator, is of the first importance. In the work under
review, A, B and C were all skilled men of considerable experience.
It is therefore interesting to compare individual results where work
was carried out with analogous material under the same general
conditions. KFxamples of such comparisons, {Table 2) taken from
the complete records, show thui even with skilled men the varia-
tion in success attained may be considerable, It is likely that the
variation will be even greater with less experienced budders. The
examples quoted show that the quality of the work varies from day
to day but this may be due partly to differences in the material
used or to different working conditions, or to a combination of
both. The work of B is consistently better than that of A and B’s
superiority 1s most marked in work with Clone 2, the one which
was most difficult te bud successfully.

(2) The Condition of the Stock and the relation between growth
and success in budding.

It is generally stated that with suitable budwood best results
are ohtained when the plants budded (stocks) are in active growth
or when there is a “‘strong flow of sap’’. The growth of a voung
rubber plant in the first two or three vears is somewhat peculiar,
Ixtension growth is carried on by a vigorous terminal bud which
passes through phases of very vigorous activity, each active period
being followed by a period of rest or dormancy. During the
vigorous phase young leaves are formed, the intervals between them
becoming smaller as growth slows down until with the eessation
of terminal activity the leaves are crowded together forming the
typical ‘““whor]”” which marks the close of a single growth phase.
The terminal bud becomes dormani some time before the leaves
reach their full size and the reddish green drooping foliage of the
““new storey’’ or growth phase, is a characteristic feature of vigor-
ous young seedlings at this stage.

In the present work notes were taken on the individual growth
condition of about two thousand stocks, both seedlings and stumps,
at the date of budding and again when the buddings were opened
from seventeen to twenty-one days later. From these observations
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A comparison

of the results obtained in budding by different operators under comparable conditions.

A. B. C. D.
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opening. | SUCCEsE. opening. SUCCEss. opeuing, | Bucuess. openiny.
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the stocks have been divided into five wain groups or growth
classes, and the number of successful buddings made in each class
have been recorded. The results are summarised in Table 3.

Table 3. Results obtained in budding of stocks tn varying
stages of growth activity. (Swccess is based on the final number
of growing buddings).

GROWTH CONDITION OF HTOCKS, REsULTE,

Clags, | - ] ?/

Ab Budding. ‘ At Opening. 'No,Budded| Successes. Failures, Buccess,
: i ;

N | ‘ ~ e

I. Normant Dormant 437 174 268 - 4O

II. | Dormant Terminal 321 198 123 i1

growth begin-
ning

II1. Dormant : Vigorous 413 206 117 T2

1¥V. | Vigorous - Yigorous 252 184 hat ™

Y. ‘ Vigorous i Dormant 927 | 260 158 63

| |

The figures presented in Table 3 show that the best results
were obtained on vigorously growing stocks. The comparatively
poor results obtained on stocks in a dormant condition are of parti-
cular interest and a further referemce to this ohservation will he
made when the influence of weather conditions iz considered.

In the accompanying figure (Fig. 2) the normal growth curve
of 'a young rubber plant between {wo periods of rest is diagram-
matically represented. This curve may be divided into sections
corresponding with the growth classification given above. (Table
3).* The results obtained in budding plants falling within each
class are shown in the diagram and the striking relationships het-
ween the vigour of the stock and the success of the operation is
clearly shown.

(8) Type of Stock.

Where stump supplies had made good growth they were budded
at the same time as the original basket planted stocks. Apprex-
imately six hundred stump supply plants were budded in the first.

*For the purpose of diagrammatic presentation Classes Il and IV in Table
3 have been combined.
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three blocks (28 acres) and a comparison of the results obtained
with those obtained on seedling stocks is made in Table 4.

Table 4. Comparison of the results obtatned in budding with
three clones on “‘stumps” and seedling stucks.

Stocks, STUMPS, SEEDLINGR.
‘ ]
Number | Spcceas Buccesses ! Namber | Success Successes
Clone. oh % % on % A
Budded. { Opening Final, Budded. | Opening. Final,
No. 1 190 161 (85 127 67} 467 402 |86 308 |66
No, 2 183 127 |69 112 61} 569 407 (71 376 65
I
No. 3 212 52 ]72 124 |59 565 418 |74, 342 61
Totals &
nean
‘,’{,ages. 385 140 7h 8363 |62} 1601 | 1227 |77 1026 |64

Examination of the results summarised in Table 4 shows that
in the present experiments there is little significant difference in
the results obtained on the two different types of stock. The small
apparent superiority of seedlings over ‘‘slumps’”, amounting to
about two per cent., cannot be regarded as sufficiently large to be
significant.

(4) Condition of Budwood.

It has already been shown (Table 1) that the suecess ob-
tained varied with the three clones from which budwood was taken.
Further, the results summarised in Table 2 indicate that within
a single clone the degree of success atiained may vary with in-
dividual trees from which budwood is obtained. Although in
many respects hudded trees of the same clone show much greater
uniformity than seedling trees of mixed parentage yet botb bud-
dings and seedlings are equally subject to environmental influences.
Thus in an area planted with trees of a single clone differences in
vigour due to soil differences or special advantages of position will
be encountered. It has been noted that trees of the same clone
growing under apparently uniform conditions do not flower at the
same time neither do they all go through the wintering stage to-
gether. Both flowering and leaf fall are the outward evidences
of changes in internal condition, Such differences will affect the
quality of the budwood obtained from different trees.



B

Examples have been selected from the full records illusirating
this possible variable factor., Tn the cases summarised in Table o
each set of buddings was made by the same man working under
the same conditions with budwood obtained from different trees of
the clone specified.

Table 5. Variatzon tn the success oblained in budding under
uniform conditions with budwood from different trees of the same
clone,

Number of S o o
S R R s
I

1| 29 7 17.4.28 38 87 24
30 --J> " 83 97 83
| 118 19.4.28 20 95 80
157 } ” 42 90 T4
45 1y 23.4.28 122 89 Th
115 f . 69 78 60
f-—1-45_-1 12.5.28 12 100 95
© 187 J> woo 62 98 94
3 | 276 25.4.28 n3 85 77
287 " 119 82 64
2 | 870 J 20.4.28 176 52 40
{ { 28.6.28 151 51| 40
368 21.4.28 90 67 62
1 { 29.6.28 44 77 ! T

| |

*Rebudding. Resulis obtained with budwood. from the same two trees.

In the examples given above those given for Clone 2 need a
further word of explanation. Failures and supply plants not suit-
able for budding in April, were budded in late June with buds
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obtained from the same two trees. The budwood from tree 370}
gave consistently poorer results than that from tree 358.

(b) The Influence of Weather Conditions.

Tt is common knowledge that the suecess of the budding opera-
tion depends to a certain extent om weather conditions. Fer
example, during rain or heavy morning mists it is impossible to
ensure the degree of cleanliness in the actual operation which is
essential for success. During the heat of midday, the physical
discomfort of the operator makes for poor work and it is often
advisable when budding under field conditions, to stop work early
and start again in the cooler hours of the afternoon. But these
are conditions affecting the actual budding operation and further
information is required on the conditions which make for success
or failure between the time of budding and the commencement of
growth of the grafted bud.

In the present work it has been shown that the margin of
failure varies considerably with the skill of the operator, and the
quality of the material used. 1t is therefore impossible to make
a close comparison between success and daily weather conditions.
The whole pericd over which the work was carried out is divisible
inte two well defined showery and drought periods. From the
middle of April to the middle of May there were fourteen rainy
days and the total rainfall was 11.23 inches. From the middle of
May to the middie of June a total of 1.25 inches of rain fell on
seven days. In the whole month of June rain fell on only 5 days
and totalled 0.88 inches. It is of interest in view of these records
to examine the results obtained in budding in the two periods
April—May : —showery ; May—June:—drought. (Table 6).

fable 6. Influence of weather conditions on budding in the
field.

Percentogre | Percentage | L05%¢8 after

Clone. ' Bodaing. | Buddings, | Infel | Fimal | 2ERREES
uecess Success.  yitial guccess,
|
No.1 ! Showery 493 08 | &4 14
. Drought 190 99 ’ 70 29
No. 2 Showery | 3¢1 88 85 3
\ Drought | a02 80 35 56

Cantion must be exercised 1n any attempt to separate one factor
trom the complex of factors whieh influence the success of such
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an operation as budding but the results obtained under the diverse
weather conditions described above are very suggestive. The high
initial success at the first examination {success at opening) shows
that the guality of the sctual techmique did not change very appre-
ciably. The greatest losses occourred between the first and second
examination (at ringing) and point to the ihfluence of come externnl
factor or complex of factors.

(6) Losses After Opening,

In field- budding it is the usual practice to protect the com-
pleted budding from exposure to sun and rain by tying a shade
of leaves atound the freshly budded stock immediately above the
waxed binding. As a further precaution, in exposed situations this
protective shade is renewed after the budding is opened and the
bud-patch proves to be alive. In all the buddings made in April
the first of these precautions was made the rule and the second.
shading after opening, was practiced where the exposure seemed
to warrant extra protection. When the first buddings were ringed
o May 21st a large percentage of losses was recorded. More atten-
tion was subsequently paid to shading after opening, more leaves
were used to make a thick shade, the ‘‘tongune’ was not cut or
broken off but allowed to cover the bud lightly, and in addition a
split bamboo, about eighteen inches long and semi-circular in cross-
section, was foreed into the seil close to the stock and opposite
the point of budding. By this means losses after opening were
considerably reduced which is shown by the results summarised in

Table 7.

>

Table 7. The effect of shading youny buddings at “opening’
on the final success obtained....{Figures do not include buddings
made under drought conditions of June).

‘Extent Number of | Percentage | Percentage l gossgs after
Clones,- of Boddings of Initial of Final Pepen:lt;g “__ sf
Shading. Made, Huooess. Success, Inil't‘;:l :{iiezs
!
Nos. 1, 2, i Tight or 1659 70 32 19
& 3. none
No. 1l & 2.1 Heavy 60 U] 81 10
No. 1. Light or | 348 9 70 23
nonRe |
Heavy 283 99 R7 12
) i - ' M
Xo. 2, Light or | 269 By 48 - 17
nnne :
Heavy 302 BR . &4 4
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FIGURE IIT.—An area of 12 acres is divided inw 10 sirips of equal area.
The character of the soil changes from a deep loam to a washed
sandy soil in the direction indicated in the diagram. The perceniages
ol suceesstul buddings made in each strip are shown. Buddings of
Clone 1 were made in a showery period and those of Clone II were
made under drought conditions. There is & general increase 1 the
percentage of supply plants with the change of the soil from loam
1o sand.
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Under the severe drought conditions which obtained in June,
even though the shading precautions deseribed above were employ-
ed, heavy losses of apparently successful buddings were experienced.
For example, in one block alternate rows were budded with Clone
1 in May: 493 buddings were made, 485 were alive on opening,
giving finally 416 growing buddings. The remaining rows were
budded in June with Clone 2; 502 buddings were made of which
411 were alive on opening but of these only 178 survived.

The effect of the drought on the growth of the stock plants
during this period merits special description, In numerous in-
stances terminal growth had just commenced early in the dry
period. The subsequent growth of these planis was very different
from the usual growth of a “‘new storey’’. TFExtension was very
slow and in place of the usual, drooping reddish green foliage small
dwarf leaves were produced whick failed to mature and dropped
in a few days. The new ‘‘storey’ of growth, which under normal
growing conditions would have been at least two feet in length,
wag represented by & slightly swollen cork-covered dwarf shool de-
void of leaves and seldom more than six inches long. On these
shoots numerous small buds were present in a close spiral formation
as shown in the accompanying illustrations, (Plates T and TI).
The close relation between the vigour of the stock growth and
success in budding has already been shown. It is therefore of
especial interest to note the peor results obtained under drought
conditions which produce such a <evere check to normal growth as
that described above.

) The Influence of Soul Character,

In a bloek of 12 acres, which was one of the sub-divisions com-
prising the area budded, it was noted in passing through the area
from the left to the right that the character of the s0il changed
markedly. The soil on the left side of the block was a deep medium
loam, on the right the soil was practically a pure white quartz
sand containing very little clay, The growth of the stock plants
was poor in this region but improved gradually towards the Jeft
of the area with the change in the character of the s0il. There
had been considerable difficuliy in establishing young plants in
the very sandy :0il as evidenced by the large mumber of recently
planted supply plants recorded.

In budding on this block the largest number of failures was
recorded in the white sand region. With Clone 1, budded in good
weather conditions this was clearly shown and in budding with
Clone 2 in the drought conditions of late May and June the losses
in the same region were heavy., These vecords are graphically
represented 1 Figure 3.
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9. Drscussion or REsULTS.

In the foregoing account of results and observations it has
been possible to analyse and coinpare the results obtained in bud-
ding in the field under a variety of different conditions.

Given good technique and a reasonably high standard of work
on the part of the operators, success depends on two main sets of
factors, The first group includes such factors as (a) the condition
of the planis to be budded, their state of growth and general vigour
during the early stages of the union of the bud and the stock and
(b) the condition of the budwood. The second group includes those
factors which are best described as environmental and the infiuence
of weather conditions and soil characters will be considered under
this head. Failure may be due to a combination of environmental
factors and defective material, for example dry conditions may so
curtail the growth of the stocks as to make them unsuitable for
budding. The distinction between the two seis of factors is there-
fore not a hard one and a combination of factors of both groups
may influence the results obtained.

The results obtained and ohservations made on stocks of  differ-
eni typer in varying siages of growih (Tables If and IV, Figure
2} show the most important factor which influences the success
obtained is that of growth vigour. Whether the stocks budded
were stumped plants or seedlings the success attained in budding
varied in direct ratio with the observed vigour of growth during
the important early stages of union of the tissues of the bud pateh
with those of the stock. In the field, where a small number of
stocks are seattered over a comparatively large area, the differences
in vigour of growth are far greater than those observed in a nursery
established for budding. ¥Under nursery conditions it is possible
to choose stocks in the hest stage of growth for the operation ; under
fisld econditions choice is much restricted and failures are more
numerons in consequence,

Budwood from different ciones has been shown to give varying
degrees of success, This variation suggests inherent differences in
the characters of the clones used. From anatomical work at present
in progress it appears hikely that peculiarities of bud structure may
account in part for these differences. For example, examinalion
of samples of budwood of different origin reveals differences in the
character of the bud formation. In some cases there is a marked
swelling of the shoot at each bud, so that when a bud patch is
prepared the inuner. cambium surface iz markedly concave with
the core of the bud projecting slightly from the base of the hollow.



hi

When such a bud patch is placed in posttion against the cambium
of the stock this hollow musi be filled with new living cells before
union can be established. Further, in binding a budding of this
type there is moze risk of damaging the delicate cambiwm tissues
by uneven pressure and thus 1educing the chances of a successful
union.

Just as the trees in the ordinary plantation show a wide range
of vigour so different clones, each derived from a single mother
tree, show similar wide differences. Where budwood is cut from
more mature hudded trees these differences will be reflected in the
quality of the material obtained. Apart from this general varia-
1ion between different clones differences have been shown to exist
between different trees of the same clone (Table V). The reasons
for this variation between individuals of the same clone require
further investigation. In part 1hey are no doubt due to the normal
variation in the vigour of different trees which results from differ.
ences in soil character and position but this is probably not the
complete explanation. It is well known in other branches of
agriculture where budding and gratting methods are extensively
employed that the growth vigour of hudded plants of a single
variety can be greatly modified by budding on mixed seedling
storks.  Where budwood is obtained from mmultiplication nurseries
more uniform results may be expected since the differences in
vigour which characterise the trees in later years are hardly
noticeable in the first year of vigorous growth.

Tt 1y evident that the success of the budding operation is de-
pendent to a greal extent on the condition of development both of
the buds used and the stocks budded., TFactors influencing this
development will affect indireesly the success of the budding opera-
tion. For vigorous growth a plentiful, available supply of water is
a first essential and where the supply is restricted, owing to un-
favourahle weather or soil conditions, growth will be impaired.
The results obtained in budding under drought conditions, sum-
+marised in Table VI, show clearly the marked increase in the
number of failures compared with the number recorded under less
dry conditions. The effects of the drought were most marked in
plants growing on o loose sandy soil with a low water holding
capacity and it is of interest in this connection that the largest
number of failures in budding was recorded in the same area
{(Figure 3). Little can be done in extensive field operations io
counteract lhe effects of drought and budding is best discontinued
until conditions become more favourable.

Climatic factors may have a more direct influence on 1he sue-
cesz of budding operations in the field. On opening a young bud-



64

ding a partially healed wound is exposed. Unless this wound is
protected from direct exposure to the sun rapid drying of the newly
formed, wound healing cells (callus) takes place and the bud patch
frequently dies. If the operation is not carefully carried out in
the first place so that wide gaps separate the edges of the patch
from the cut edges of the bark of the stock the danger of loss from
exposure after opening is increased. A good fit of patch and punel
leaves only a small amount of wouud healing tissue exposed and
dangers of drying out are proportionately reduced. Careful atten-
tion to shading the freshly opened buddings has been shown to
reduce the percentage of subsequent losses (Table YII). The split
bamboo used in this comnection is allowed to remain in position
during the early stages of growth of the bud. By this means erect
growth of the budding is obtained and the extra support of the
bamboo in the early stages of growth prevents losses from mecha-
nical damage.

SuMMARY.

1. 1In the foregoing the results obtained in a field budding experi-
ment are presented and discussed.

(e

The percentage of successful buddings made varied with the
three clones used and with the condition of the budwaood
obtained from different trees of the same clone.

3. Best results were obtained where the stocks budded were in a
condition of vigorous growth during the period between bud-
ding and opening.

4. There was no significant difference in the degree of success
obtained with basket planted seedling stocks and stumped
plants where these were well established.

5. By the careful shading of buddings immediately after opening
losses from exposure were greatly reduced.

6. Budding under drought conditions gave poor results,

7. The severe check to growth due to dry conditions, especially
on a sandy soil, is discussed in relation to the success of the
budding operation.

8. Reasons are advanced to account for the lower percentage of
success attained in budding in the field as compared with
budding in the nursery.

Received October, 1928.
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DESCRIPTION OF PLATES.

Plate 7.—(a) Shows the effect of drought conditions on the growth
of a young rubber plant. The main shoot and lateral shoots
show much resiricted growth and aumercus small buds in &
close spiral formation are present,

(b} Detail of abnormal bud formation on the terminal shoot
of the seedling shown in (a).

Plate I1.—(a) Further example of the drought effect described in
the text.

{b) Recommencement of growth. The terminal shoot grows
slowly and vigorous young lateral branches are frequently
developed.
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