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THE PEAR AS APFCTED BY MOISTURE SUPPLY

Orchardists in many of the important fruit sections

of the West have come to realize that for the most satie-

factory results in fruit production it is frequently nec-

essary, or at any rate best, to supplement the natural

moisture supply in the soil with artificial irrigation.

Many investigators have carried on experiments, In this

connection, to determine the effect on the fruit itself

and on the total crop production, of applying water by

various systems an& in varying amounts. As far as is

known, however, little has been recorded as to the ef-

fect of irrigation upon the tree or its fruiting habits.

In order to meet the need of an understanding of this

phase of the irrigation problem, an investigation was

commenced in December, 1912, by the research section of

the Horticultural department of the Oregon Agricultural

Experiment Station, for the purpose of determining the

effect of varying amounts of water upon the growth and

tissue structure of the pear tree.
As a contribution to the general problem as stated

above, this paper contains a discussion of particular ex-

periments conducted with a view to determining the gross

effects of supplying different amounts of water under

controlled conditions. Although the experiments were, in
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the present instance, necessarily conducted under condi-

tions far from those found in the orchard, yet the re-

sults are such%o warrant the opinion that'they may be

of value when applied to genera]. orchard irrigation.

Strictly speaking, however, no matter how siiificant

the results reported in this paper may appear, they should

be tested out under natural orchard conditions before an

attempt is made to establish any final ruLe:.

The experiment was established and conducted through

part of one season by Mr. C. C. Starring, at that time a

research assistant in the department of Horticulture. A

brief review of Mr. Starrings work will be necessary to

an understanding of the work of the second season. Forty-

eight uniform Bartlett pear trees, dwarfed on Angers

quince roots, three years old from the bud, were set in

12-inch pots December 10, 1912, and taken into the green-

house December 28, 1912. These were then divided into

four lots of twelve trees each, the lots to receive

identically the same treatment in every respect save one,

the application of water, which was to be varied in the

following manner. The trees in lot L were to be given

as .nuch water as they could utilize; those in lot P were

were to receive the same total amount of water as L but

in twice as frequent applications of one-halfthe quan-

tity each time. The trees in lot M were to receive half

as much water as lot L (or lot F); while the final twelve
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trees, nak1ng up lot 5, were to receive as little water

as possible and yet remain alive.

Throughout the first. season, careful record was

made of any differences that were apparent in the behav-

ior of the trees in the lots, and these observations have

been embodied in a report recently submitted by Mr. Star-

ring. At various times through the year, also, samples

of the wood were taken and preserved for future study to

see what effect, if any, the different amounts of water

might have on the tissues. After July 24, all water was

withheld to force the trees into dormancy, and on July

30, 1913, they were removed from the greenhouse to a

covered shed. During the time they remained there, all

the trees were given a little water on three different

dates to keep them from shriveling too badly; a total of

3 3/4 quarts -to each tree.

The following is the swnnary taken from Mr. Star-

ring's report, on the first year's work.

SUJ1MARY OP FIRST YEAR' S WORK

1. Different amounts of water produced no percepti-

ble difference in the time required for the trees to leaf

out fully.

2. Trees receiving the maximum amount of water devel-

oped larger and more brightly colored leaves than trees

receiving half the amount, although the latter developed

good, healthy leaves. Trees given the minimum amount of
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water developed small, dull, grayish-green leaves.

3. Trees in. all lots started to form terminal buds at

the same time, buds so formed growing out again on some

trees in lots L and P.
4. Large increases in amount of water above the mini-

mum required by the trees, lengthened the growing season.

A snia],1 increase in the amount of water did not lengthen

the growing season.

5. Trees receiving water up to their full capacity,

made greatest wood growth; trees ranking second in the
amount of water received, ranked second in growth. A

small Increase above the amount of water required by the

trees did not produce an apparent increase in wood growth.

Increase in growth was with great increases in amount of

water applied.

6. Lenticels of trees receiving the greatest amounts

of water were larger and more consp

treec receiving half the amount, or
minimum arnou.nt of water. There was

ference in lenticels between lots L

lots S and M

7. Growing wood on lots L and P

icuous than those on

trees receiving a
no perceptible dif-
and F, or between

showed more green

than that of lots $ and M. When iQatured and dormant,

the wood on lots L and P was darker than wood on lots

S and M and showed less green, the color being nedium

dark greenish brown in the former and light greenish

brown In the latter. Late growths, put out by L,
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remained green through the winter.

THE SECOND SEASON'S ¶ORK

The second season for the experiment cormnenced De-

cember 22, 1913, with the transferring of the trees from

the shed, back to the same position in the greenhouse

which they had occupied the previous ye.r. At the same

time a Winter Nelis tree was brought in to serve as a

pollinator. For purposes of record, a brief outline of

the treatment given the trees during this second year fol-

lows.

No pruning of any kind was attented; the trees were

left just as they had grown the year before. On Decem-

ber 23, the entire lot was sprayed with lime-sulphur,

290 Beaume', 1-12, as a clean-up spray. Decerber 24, a

uniform amount, about one quart, of compost and manure

was Dut in each pot.

All lots were given two quarts of water to the tree

on January 2, 1914, to start growth. After that the lots

received exactly the same treatment as outlined by Mr.

Starring, at the beginning of the experiment, save for

three light overhead sprayings, in January, to prevent

excessive drying out in the sudden transfer from the cold

shed to the arnier greenhouse.

The total water applied to each tree between De-

cember 22, 1913 and May 1, 1914 was--



Lot L F M S

Am't. Li
Quarts 23. 22.0 12.0 4.

There Is one factor which enters in to affect the

lots and which must be kept in mind as the effect of the

water is discussed. The smaller application of water to

lots M and 5, means that these trees were probably not

able to make as much use of the fertilizer added to the

sol]. as those lots receiving more water. This disadvan-

tage undoubtedly accounts in part for the relatively much

smaller growth In these lots than in lots L and F and

must be taken into consideration as an influencing fac-

tor. It is probable that this factor would be equally

operative in actual field practice.

The first samples for histological study were taken

on December 27, 1913, and were put aside to be sectioned

later on. Further collections of samples occurred on

March 4, and April 3, 1914.

Photographs were taken, from time to time, to bring

out differences in the lots as they beeame particularly

noticeable, while careful measurements and observations

were made at frequent intervals.

The thermograph was started on December 26, and a

continuous temperature record has been obtained since

that date.

The trees blossomed quite freely, and as the flow-

ers matured, they were pollinated, by hand with Winter
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Nëlis pollen which has been found to fertilize Bartlett

satisfactorily. The first application of pollen was made

February 9, and after that avery two or three days until

every blossom was pollinated, a period of about four weeks,

altogether. Some cases of delayed blooming which occurred

later than that also received pollen the same as the rest.

Green aphids became quite troublesome at one time,

especiafly on lot M; a thorough spraying with "Black Leaf

40," i-800, March 6 and 14, on all lots, completely con-

trolled them.

As at first, the different lots were given the fol-

lowing designations. The letter "L" denotes the lot re-

coiving the Largest amount of water in the less frequent

applications; the letter "F" denotes the lot receiving

the same total amount of water as "L" but in twice as Fre-

quent applications of one-half the wnount at a time; "M"

denotes the lot receiving the Moderate amount of water,

half as much s "L" or "F"; while "5" denotes the lot re-
ceiving the Scanty supply of water, as little as possi-

'ole and still keep the trees alive.

C0i'TDIT IQT OF TREES AITD START 11W OF GROWTH

Very little change was noticed at the beginning of

the second year's work from the general appearance and

conditian of the four lots when they became dormant. Any

differences which existed have been brought out by Mr.

Starring in the report on the first year's work. It will



'ce sufficient here merely to state that all the trees

seemed to be in very good condition, and while the bark

on those in jot 3 seemed to be somewhat more shriveled

than in the other lots, this was quite to be expected

and was due, no doubt, to the fact that these trees had

been kept without water so much longer than the others.

Throughout all the lots, it was noticeable that the

branches which had rade a second growth during 1913 or

which did not conerice growing until late in that season,

were still green in color, fairly tender in texture and

in many cases had died back some distance from the tip.

The buds on such twigs were siall and poorly developed.

Then brought into the greenhouse, all the trees

were absolutely dormant, and for the first four weeks all

lots were subjected to the Caine identical moisture and

temperature conditions, with the result that all four

lots seemed to start almost evenly. In one month from

the time the eeriment was set up for the second sea-

son, that is, by January 22, the fruit buds were begin-

ning to swell and show a little green. By January 2,

nearly all fruit buds in all lots were beginning to un-

fold. On a limited number of trees in all of the lots,

it was noticed that few or none of the buds made a start

at this time. Lack of vigor was at first suspected but

later observation showed the presence of no living fruit

buds or at ost only a few, while the leaf buds opened

later at the proper time.
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STUDY OP BLOOMING

Differences in blooming among the lots were more

noticeble with respect to the number and size of th
clusters than to the time of blossoming. The blooming

extended over a total period of 30 days or from Febru-

ary 5, when the first flowers opened, to March 4. If
we except a few retarded blooms or scattering second
blooms that appeared, the main blossoming period was two
vieeks in length, from February 8 to 22. There was no

apparent difference between the four lots in the time

of blooming.

The differences in the nwiber, location and size
of the clusters will appear in tables 1 and 2, which were
worked out from the observations made during February

and March.

Table 1

Study of Clusters
Lot L P M S

Total ITo. clusters 75 75 66 29

Av. No. per tree 6.25 6.25 5.5 2.4

No. terminal 31 41.3% 30 40.0% 20 30.3% 8 27.6%

lo. axillary 12 i6.o% 11 14.7% - - 1 34fi

No. on spurs 32 42.7% 34 45.3% 46 69.7% 20 69.0



Table 2

Study of Flowers

Lot L F

Total ITo. causters 75 75

Total ITo. f1o'ers 393 395

Av. ITo. flowers per
cluster 5.23 5.26

10

M S

29

405 179

6.13 6.17

These tables are self-explanatory, showing merely

the nuiiber of clusters, the number of flowers to each

cluster, and the location of clusters, whether on the tip
of last year's wood, from axillary buds, or on spurs
borne on wood older than one year.

Prom table 1, it appears that the lot receiving the
least water had the lowest number of clusters and these

were largely found on spurs. The other lots did not dif-
fer from one another a great deal; lots L and F being al-

most identical, while M had a lower nwnber of clusters
with a higher perca.ritage of thexii borne on spurs, than in
L and P.

Table 2 shows that the lots receiving the most

water had the lowest average niifoer of blossoms to a
cluster. It may not be possible to give a positive ax-
pl.anatiDn for this, but it seems probable that the lower

average per cluster in L and F Is due largely to the pres-
ence of so many small one or two-flowered buds, as shown

in table 3, rather than to any reduction in the number
of those with five, six and seven flowers to the cluster.
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This condition may be due in some measure to the large

number of axillary buds present in Lots L and F and to

the blasting of weaker buds in the other lots, which un-

der more favorable conditions in L and F were kept alive

and forced into growth. The averages were gained from

wide extremes both in number of flowers in individual
clusters and in number of clusters to the tree. As high

as eighteen flowers were found in one instance in a single

bud, while many trees did not show a single blossom. The

highest average for any one tree in all lots was tree

M-2 which in its clusters had 49 flowers, or an aver-

age of 9.8 flowers per cluster.

Table 3 Table 4

Giving the number of Giving the number of

buds showing certain numbers trees in each lot which had

of flowers to the single bud. a certain number of clusters.

No. of No. of
Flowers L F M S Clusters L F M S

1 8 4 3 2 0 2 - - 3

2 6 7 4 - 1-2 1 3 2 3

3 2 - 3-4 1 1 2

4 6 i -6 2 4 3 -

11 14 7 7 7-8 2 1 3 1

6 i6 17 19 6 9-10 2 1 1 -

7 12 12 15 6 11-12 1 - 1 -

8 6 9 2 3 13-14 - 1 - -

9 5 - 3 4 15 1 1 - -

10 1 1 2 -

11 - 3 -

18 - - 1 -
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In table 3 the total fruit buds have been arranged

according to the number of cases of one, two, three, etc.,

flowers to the single bud or cluster. It is seen that

the lot receiving the least water had only three clusters

with less than five flowers and none with more than nine.

The other lots, on the other hand, all had a large number

of few-flowered clusters, that is, clusters with less than

five flowers, as well as a large number of the clusters

with from five to ten or more flowers.

Table 4 shows the relative distribution of the clus-

ters to the twelve trees in each lot; lots L, F, and M

rank together in nwnber of trees with five or more clus-

ters1 whereas lot S has but one tree with over four clus-

ters, due no doubt to the blasting of so many fruit buds.

It is interesting to compare the estimate of bios-

earn buds, made during the sumer, with the actual number

of blossom buds which opened in the greenhouse during

February. From appearances, it was estimated that lot S

would have the greatest number of fruit buds to the tree

while L and F would have the fewest. The contrary was

true, as will be noted in the tables. This is explained

by the fact that while blighting of blossom buds occurred

to a slight extent in lots L, F, and M, yet in lot S it

was much more frequent. This may probably be attributed

to the reduced water supply.

STUDY OF FRUIT DEV1OPMT

In the matter of setting of fruit, other factors
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be8ides the water supply might noticeably affect the re-

suite. The effect of these other factors, however, need

not enter into consideration

equal influence in all lots.

as previously mentioned, was

with the others, was used as

som in all the lots was hand

since they probably were of

The Winter ilelis tree, which,

brought in and forced aleflg

a pollinator and every bios-

pollinated when it reached

the proper stage. A few days after the pollen was ap-

plied, it was noticed that quite a large percentage of

the blossoms showed signs of having been fertilized.

On account of the difference in the time of opening, how-

ever, no count of the setting was attempted until March

9. Even at this date there were still 3 blossoms in

lot L, 34 in F, 34 in M, and i6 in S, which gave no posi-

tive indication as to whether they had set or not.

Table

Fruit Count March 9, 1914

Lot L F M S

Total No. flowers 393 39 4O 179

No. apparently set 7 111 91 2

Per cent. set 19% 28% 22% 14%

This table () shows that the fail of blossoms was

very large, but not enough difference appears among the.

lots in this respect to cafl for special comment.

By the end of another two weeks, a big change was

evident. Many fruits which were apparently well started,
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fell during this time. All but a few of these were cut

open, and it was found that seeds had already begun to

develop.

Two more fruit counts are recorded in table 6.

Table 6

Fruit count for March 25' and April 4

Lot L F M S

No. of fruits Mar. 25' i8 15' 27 14

No. of fruits Apr. 4 i6 8 24 2

Mr. diem. fruit Apr. 4
(In mm.) 22.6 24.25' 21.0 15'.4

This table shows the total fruits still attached to

the trees on March 25' and April 4, with their relative

sizes on April 4. On comparing this record with the pre-

vious table, it seems that while the dropping was very

large in all lots, there was a general tendency for more

fruit to set and to continue development in lot M than in

the others. There was little difference between L and

F, but excessive dropping occurred in lot S which can

hardly be attributed to anything else than to a lack of

water. By April 4, all but two fruits had fallen in this

lot (S); both of these fel]. two days later, and this ex-

plains why this lot i not reported in the fruit measure-

ments as given in table 7. Lot S, then, had one hundred

per cent drop.

It was noticeable that the circumstances attending
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the drop in lot S were distinctly different from those ob-

served in the other lots. In lot 5, these fruits grew

quite normally for aproximately three weeks but from that

time on increased very little in size. In color, they

were a dull green and showed a decided lack of vitality
in every way. The stem was undersized and did not sup-

po't the fruit well, usually appearing half limp. Before

the fruit finally dropped, it had generally hung for some

time in a shriveled, withered condition. In lots L, F,

and M, on the other hand, the fruit which was about to

fail, turned yellow near the point of attachment, and.

dropped soon after, while still quite turgid. In lot S,

there seemed to be a falling from lack of sufficient sap,

while in the other lots dropping seemed to come with a

rather sudden shutting off of nourishment and an active

pushing off.

The fruits still hanging throughout April were ex-

amined and measured from time to time. A summary is given

in table 7.

Table 7

Fruit measurements in April. (in mm.)

Lot L F

Total no. of pears 13 8 20

No. terminal 7 4 8

No. axillary - 1 -

No. on spurs 6 3 12

ITo. of trees borne on 6 7

S



Table 7 (Continued)

Lot L P

X Av. diana. Apr. 4 24.40 24.2
(in mm.)

Av. diem. April i8

Av. increase over
April 4

Av. diem. April 25

Av. increase over
April 18

M S

22.23

31.76 31.73 28,38

7.36 7.48 6.l

35.5O 3.7O 30.90

3.74 3.97 2.2..

i6

X 1[ote: The measurements here given for April 4 do not in-

clude the we fruits which soon dropped.

This table shows the location of the fruit on the

trees as terminal, axillary, or on spurs, and the number

of trees which were bearing this fruit. The lower half

of the table giea the diameter of the fruit n milli-.

meters and the average increase over the previous meas-

urements. In both size of fruit and rate of growing,

lots L and P were found to be identical, while lot M fell

considerably below.

The fruits in lots L and F were so nearly alike in

general. appearance that no distinctions could be made.

On comparing the fruits in these two lots, however, with

those in lot M, several differences were noticeable. The

fruits in lot M had a dull, greyish-green color with a

reddening of the skin where exposed to the direct sun-

light. The fruits in lots L and P had this same redden-

ing, where exposed to the sun, but they differed from

those in M in having a brighter, livelier green color with
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a yellowish tinge to it.

In size, the fruits in M were much smaller than those

in L and F as tables 6 and 7 show; some of the fruits in

the latter being so large as to appear abnormal, over-

grown. The moderately watered lot M also seemed to pro-

duce fruits with smoother skins and finer texture than the

fruits in lots L and F. The fruits in the latter lots had,

for the most part, rough skins and were noticeably ridged

on the surface suggesting a coarser texture.

In considering the development of the leaf buds in

respect to the character of the growth that ensued, all

growths which exceeded l. cm. in length will be desig-

nated vegetative shoots or branches; those which made a

growth shorter than this, spurs, including even those

which did little more than to develop one or two leaves.

Besides the simple leaf bud there is, however, in

the pear, a kind of bud which makes a combination growth.

This compound bud or "cluster bud" as it is sometimes

called, contains within itself the possibility of both

flower and vegetative growths. From such a bud there may

develop blossoms, branches or spurs, or almost any com-

bination of these. Sometimes only one of these types of

growth will develop from a bud. Where flowers are pro-

duced from such a bud, the blossoms developed are con-

sidered as a flower cluster, while shoots and spurs are

designated in the tables in the usual way.

On studying the new growths during the second



season, the question arose as to whether or not the

amount of water applied to the trees would affect the

number of buds which started growth or influence the rela-

tive number of flower clusters, shoots, or spurs produced.

In table 8 appears a summary of all growths which

occurred prior to March 26.

Table 8

Total number of growths in all lots.

Lot L F M S

Flower clusters 75 15% 75 14% 66 14% 29 7%

Shoots 146 28% 163 28% ii6 25% 95 22%

Spurs 293 57% 333 58% 286 6i% 309 71%

Total 514 571 468 433

Ày. no. growths
per tree 43 48 39 36

This table (8) shows that the lots which received

the most water started the greatest number of buds in-

to growth, and the lot which had least water started the

fewest buds. In the total number of buds to start, the

lots stand in the order F, L, M, S. It is also shown in

the table that the reduction of the water supply diminish-

ed the percentage of shoots or branches, which resulted

in a proportionate increase in the percentage of spurs.

The small number of 'flower clusters in lot S was due to

the blasting of the flower parts in many of the cluster

buds.
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STUDY OP NEW BRANCH GROWTH

The greatest variation in response to the applica-

tion of different amounts of water', was found in the de-

velopment of new wood. Not alone in length of growth

was there a difference, but variation occurred in many

other respects, as will appear in tables which are to

follow.

Al]. four lots started vegetative growth at about the

same time and in about the same general manner during the

first rush of sap under the influence of the warm tern-

perature in the greenhouse and of the water applied dur-

ing January.

The measurements as taken from time to time, are

here tabulated and averages given for the four lots. The

measurements were made uniformly throughout and include

the growth from the end of the older wood to the last dis-

tinct node on the new shoot.

Table 9

X
Branch growth on March 5

Lot L P M S

Tot. branch growth
(in cm) 96.25 1116.5 663.25 494.25

Av. growth per tree
(in cm) 79.7 93.0 55.3 41.2

Tot. no. of branches 148.0 154.0 118.0 104.0

Av. no. of branches
per tree 12.3 12.8 9.8 8.7

Av.growth per br.nch 6.46 7.25 5.62 4.75
(in cm)
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X
Any linear growth l.2 cm or over is here regarded as a

branch. Measurements incIude samples taken March 4.

Table 10

X
Branch growth on March 26

Lot L P

Tot. br.:ach çrowth 193.00 239.
(in cm)

Av. growth per tree 162.70 196.6
(in cm)

Tot. no. of branches 140.00 17.0

Av. no. of branches

M S

92l.2 29.2

76.77 44.10

110.00 89.00

per tree 11.70 13.08 9.2 7.40

Av. growth per branch
(in cm) 13.9 l.02 8.37 .94

X A branch is considered here as any growth 1.7 cm or

above in length. Measurements do not include samples taken

March 4.

Table 11

x
Branch growth on April 22

Lot L F U S

Tot. branch growth
(in cm) 2248.0 268.00 939.7 No

Av. growth per tree l87.3 223.7 78.31 change

Tot. no. of branches 138.00 14.00 111.00 from

Av. no. of branches
per tree 1l.0 12.80 9.2 March

Av. growth per branch
(in cm) 16.22 17.43 8.46 26

X
Measurements include samples cut off April 3.
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On comparing these three tables, the lots are found

to be arranged in every respect in the descending order

F, L, M, S. The differences among the lots were not ex-

tremely pronounced on March 5, but a comparison with the

figures taken three weeks later shows a decided change hav-

ing taken place, widely separating the four lots. For in-

stance, where on March 5 the difference in average amount

of growth per tree between S and P was in the proportion

of 44 to 100, by March 26 it had become 22 to 100. From

these tables it appears that no new shoots developed af-

ter March 26, but there was a material increase in the

length of growth of the existing shoots; large in lots

L and F, slight in lot M, but none in lot S.

Besides the differences in length of growth and

number of vegetative shoots, there was a difference in

the length of the internode. The average internodal

length was estimated by counting the leaves and divid-

ing the total linear growth by the number thus obtained.

This ethod is not beyond criticin, but gives some ba-

sis for comparison. The resulting figures, which may be

designated as the average wood growth to the leaf on the

new shoots, are as follows;

L P M S

1.246 cm 1.305 cm 0.896 cm 0.703 cm

The difference was really much more xnarked than the

figures would tend to show. Accurate measurements of the

internoda]. spaces near the middle of several new shoots
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in each lot, showed that in both lots L and F, a few inter-

nodes were 3j to 4 cm long, while a greater number aver-

aged 2k to 3k cm. On the other hand, in lots M and S, which

were nearly alike in this respect, the iriternodal space

rarely reached greater than 2. cm while the average was

very nw.ch less.

A not inconsiderable difference occurred in the dia-

meter of the new growth. Measurements were made of a large

number of the more vigorous growths

a caliper. Each shoot was measured

proximately 2 cm. from the base; at

cm. below the tip, care being taken

a node or any abnormally swollen or

measurements appear in table 12.

Table 12

in all four lots with

in three places; at ap-

the mid point; and 2

to avoid measuring at

shrunken place. These

Average diameter (in mm.) of new

branch growth on Apr. 9.

Lot L F M S

Near base u.].]. 4.66 3.92 3.32

Midway 3.83 3.64 2.98 2.41

Near tip 3.07 2.87 2.61 2.02

Av. diam. 4.00 3.72 3.17 2.8

The lots are here found to be arranged according

to diameter in the descending order L, F, li, S. The di-

minishing of the supply of water apparently caused the

new growth to be not only shorter but much more slender,
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than where a large nount of water was applied.

In addition to the differences already noted, another

slight difference was seen in the number of cases where

more than one vegetative shoot, or where a shoot and fruit

grew from a single bud. Many of the cluster buds blossom

ed and also put forth a vegetative shoot or branch, but

later all the flowers or fruits dropped, leaving only the

shoot. Such cases were not counted as multiple growths.

On March , the number of cases of a vegetative shoot and

fruit from a single bud were as follows:

L P M S

43 47 42 16

A count, on April 16, of these cases, showed the

fruit still remaining in connection with a shoot, as fol-

lows:

L P M S

4 6 II o

On April i6, cases of more than one vegetative shoot,

but no fruit, from a single bud were recorded as follows:

L P M S

17 21 7 3

The number of the cases of multiple growths from

single buds was greatest in F, and nearly as large in L

and M, but very much less in S. It is also noticeable

that in such cases, more fruit persisted in lot M than

in any of the others; none remained in S. Apparently a

large supply of water tends to favor vegetative develop-
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rnent at the expense of fruit development, while the lack

of water results in a reduction of both vegetative and

fruit growth.

TIlE RAPIDITY OF GROWTH AND LENGTH OF GROWING SEASON

The three tables which follow viill, help to show the

differences in rapidity of growth and length of growing

season.

Table 13

Showing average gain (in cm) per tree

at different periods

Lot L F M S

Mar. to Mar. 26 83.06 103.9 21. 2.9

Mar. 26 to Apr.22 24.6 27.1 l. 0.0

From table 13, it appears that the amount o± growth

is greatly increased by adding the larger amounts of wa-

ter. Inasmuch as the actual shoot growth did not com-

mence until about February 17 in any of the lots, it is

apparent that the bulk of the growth in lot S, especial-

ly, and to a considerable extent in lot M as well, was

made within the space of two weeks. In the other two lots,

L and F, growth continued until much later.

Upon the gain for each tree between successive meas-

urements, are based the following important tables.

The number of trees in the different lots showing

different amounts of growth during the two periods.
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Table 14 Table 15

Mar. 5 to Mar. 26 Mar. 26 to Apr. 22

Amt.of L P M SAmt.of L F M S
growth growth
in cm. in cm.

0 - - - 70 1 1 5 12

1-10 1 - 2 3 1-10 6 2 7 -

11-25 1 - 7 2 11-25 1 5 - -

26-50 1 3 3 - 26-50 2 2 - -

51-75 4 - - - 51-75 1 - - -

76-100 1 4 - - 76-100 1 2 - -

101-150 2 3 - -

151-200 1 1 - -

2O- 1 1 - -

Prom these tables and from the results of the meas-

urements of a number of the more vigorous branches in all

lots made, every two or three days, in order to determine

the rate of growth more exactly,, it is very evident that

the larger ount of water tends to extend materially the

growing period of the trees.

It appears that between March 5 and 26, seventy-five

per cent of the trees in both lots L and P made a gain

of over 50 cm. to the tree whereas none of the trees in

either of the other lots did so. Lot F, generally speak-

ing, continued growing later than lot L, and with great-

er vigor. So, too, lot M continued growing longer than

lot S, as a general rule, but even so, most of the shoots

in M had stopped growing bg March 19; after March 26
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only seven trees made any growth. No shoots in lot S

grew at all after March 12. With the exception of one

tree in each lot, lots L and F continued growing long af-

ter most of the trees in the other lOts had stopped; but

even in these lots about half the trees had practically

ceased growing by March 26.

On April 22, a few branches in both lots L and F

were still growing fairly strongly, while in these same

two lots the development of a new, second growth was

staiting In many trees. The terminal bud and frequent-

ly the first one or two axillary buds below the terminal

were swelling, turning a pale green color, and showing

siis of actively starting growth. No such development

occurred in M or S.

It is evident, then, that the larger application of

water not only produced morewood growth, but It in-

creased the rate of growing and extended the growing sea-

son. Furthermore, F with the more frequent application

of water, showed a slight increase in all these points

over L, with the same total amount of water but applied

at 'wIder intervals.

On comparing the new wood as to general appearance,

except in size, little difference was noticed during the

first two weeks or even the first month. Later on, how-

ever, it was. found that in lot S especially, and to some

extent in IL, the wood was maturing rapidly and taking on

a bronze-green color, whereas a bright green predominated
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throughout L and P. The pubescence was more noticeable

on the lower part of the new growth in lots S and Mthan

in the same relative location in L and F, although this

may have been due merely to the smaller size of the

branches. 11ear the tip, this downy condition was long

noticeable on L and. F because of the late growing and ma-

turing of the branches in these lots. A further differ-

ence worth noting was the apparent increase in both the

number and size of the lenticels in the bark of the trees

in lots L and F as compared with M and S. In fact, the

lenticels in both M and S are, in general, few in number,

and what there are, are very inconspicuous, though some-

what more easily seen in M than in S.

Briefly reviewing, then, the effect upon the new

branch or shoot growth of varying the moisture supply,

it was found that there was very little difference be-

tween L and F, the two lots receiving water to their full

capacity. Any advantage that may have existed, was in

favor of lot F, the lot which received the most frequent

applications in smaller quantities. On comparing these

two lots L and F, in turn, with the other two, It was

found that greater total branch growth was made, a great-

er number of branches developed, and wood of a greater

diameter produced in lots L and F, than in M and S. In

all of these respects, M, in turn, exceeded S. It was

also noticed that increasing the supply of water caused

a considerable lengthening of the growing season; in-



creased the rate of growing; and not infrequently caused

a new second growth after buds had once formed.

STUDY OP NEW SPUR GROWTH

In order to have a definite understanding as to just

what was to be called a spur and what not a spur, it was

decided arbitrarily, as has been said on a previous page,

to designate as a spur, any growth which did not exceed

cm. in linear growth. Very many of these spurs seem

to be just a whorl of leaves with a bud developed in the

center, others appear rather to be very much shortened

branches. Al]. of these are to be called spurs in the fol-

lowing discussion.

In studying the spur growth, the question arose as

to whether or not the trees receiving the greater supply

of water would form more spurs than those trees receiving

less water. This question was answered in connection with

table 8 where no very material difference showed up in t1

actual number of spurs. The fignres as they appeared In

that table showed the following number of spurs in the

four lots.

Lot L F M S

Number of spurs 293 333 286 309

The large total,of spurs in lot S can prooably be

accounted for by the low number of buds that :iiade growths

long enough to be considered branches. It seems probable

that under the retarding influence of the reduced supply
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of moisture in lot 5, many of the new growths remained

spurs, whereas corresponding growths in lots L and F,

under the stimulus of the additional supply of water, kept

on growing and so became shoots.

In regard to the general condition of the spurs,

it may be said that the spurs in lots L and P were in

every case, larger, healthier and more vigorous than those

in lots M and S. Between the spurs in lots L and P there

was no noticeable difference. In M, the spurs seemed to

be somewhat la'rger than those in S, otherwise there was

little rfarked difference. In both M and 5, the spurs

seemed to reach their full outward development very early,

and to become hardened much sooner than in the other lots.

On April 22, the bud. and spur body were a bronze-green col-

or in M and S while they were both a bright green color,

in most cases, in L and P.

STUDY OP FOLIAGE

In considering the effect of irrigation on the foli-

age, an attempt was made, not only to find any differences

that might exist in size, shape and appearance of the

leaves, but also to determine whether or not the amount

of water applied had any influence on the number of leaves

which developed on spurs and on shoots. A count of the

leaves on all the spurs gave the following average number

of leaves to the spur in the four lots.
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4.32 4.16 4.42 4.09

From these figures it is apparent that there is no defi-

nite rule that can be laid down to determine the number

of eavee that will develop to a spur under varying amounts

of water.

On counting the leaves on the shoots or branch

growths on March 26, the following averages were obtained.

Table 17

Average length of shoot and averae

numbers of leaves to the shoot.

Lot L P

Av. length of shoot (in.cm) 13.95 l.02

Ày. no. leaves per shoot 11.19 11.5].

Prom table 17 it is clear that the pro

shoot to leaf growth was not the same in all

M S

8.40 5.94

9.37 8.45

portion of

lots. Instead,

lot S averaged considerably shorter in linear growth to

each leaf than did the other lots. The four lots werear-

ranged in respect to the amount of linear growth per leaf

in the descending order F, L, M, S. This makes it appear

that, to a certain extent, the number of leaves was deter-

mined within the bud before growth started rather than up-

on the length of the growth afterwards.

In order to bring out any differences that might

exist in the weight of the leaves in the four lots, all

the leaves on the samples collected April 3 were stripped

off and weighed. Table i8 gives the results.



31

Table 18

Green weight of leaves Apr. 3, 1914

Lot L F M S

No. of leaves 143 16]. 108 83

GIeen wt. (in grams) 8.3 60.3 34.9 22.78

Av. green wt. per leaf 0.4076 0.374 0.323 0.274

From this tab].e (18) it is apparent that, on the

average, the leaves in the lots receiving most water were

far heavier than those in the lots receiving less water.

Of the two lots L and F, the former seemed to have the

greater weight to its leaves. Between M and 8, lot M had

the heavier leaves.

A further difference in the leaves in the four lots

became noticeable toward the last of April. Q1uite a large
/

number of leaves began to show a blackening in large ir-

regular spots which were soft at first but later became

brittle. The cause of this charring was not definitely

known, but it seemed like the effect of a sun burn due to

the intense heat under the glass, since there was no pro-

tection over the trees to keep off the direct rays of the

sun. This phenomenon occurred with equal severity in lots

L and F, whereas but one tree in lot M and none in S was

affected. This makes it appear that there is a physical

difference in the structure of the leaves in the lots, at

least as to their ability to withstand intense sunlight.

The gross differences between the leaves in the

several lots did not show up when all were starting, but
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became noticeable when the trees began to be affected by

their special treatment. Little if any difference was

found between lots L and F. Both had very vigorous leaves,

averaging large, rather coarse in texture, more or less

uniform in shape, and longer and broader than the leaves

in M and S. Also, in L and F the newer leaves were light,

yellowish-green in color and covered with abundant pubes-

cence. The older leaves, after they attained full size,

lost this or else it was distributed over so 'arge a sur-

face as to be less noticeable, and they became a bright,

shiny, dark green. These leaves were always turgid and

remained flat open, standing away from the branch.

In lot M, the leaves averaged generally smaller, al-

though fairly uniform in size; they also remained flat

open. The chief difference, other than size, was the col-

or which was a dull green rather than a bright, dark green

as in lots L and P.

In lot S, the leaves occurred in all sizes and shapes;

those trees which made the most vigorous growth showing

the greatest uniformity in this respect. Generally speak-

ing, the leaves were much smaller than in L and F, and

even than in M, with the greater number rather pointed

and narrow, though many were almost circular. The under

sides showed considerably more pubescence than in the

other lots. In lot 5, too, the leaves tended to stay half

closed and their petioles were very slender, weak and

flaccid, so that the leaves hung partially limp most of
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the time after the trees first began to be affected by

drought. The genera). color of the whole lot was dull green,

with a dusty grey effect, due to the backs of so many

leaves showing.

T*o other differences that occurred among the lots

were differences in the formation of buds and in the for-

i-nation of callus tissue over cuts. The terminal buds in

lots L and F were formed much later than in M or S be-

cause of the longer growing season of the former. Be-

sides this, all the buds that developed in lots L and F
were much larger, plumper, more vigorous and of a less in-

durated apDearance than the corresponding buds in the oth-

er lots. Lots L and F were very similar in bud charac-

ters. The trees in lot M had buds slightly larger and

more vigorous than in lot 6, in which they were all very

smal3r, especially those in the axils of the leaves, and

of a reddish-black color.

In respect to vigor of callus formation, it was found,

on examining the cuts made previous to the present season,

that most of the wounds in lot L had nearly, if not en-

tirely, healed over. In F almost as large a number were

well covered. In M, however, there were only a few cases

where callus formation had evei$started; while in S there

was not the sightest sign of a single cut being covered

over. The cuts made this season showed the seine differ-

ences. In L and F some of the cuts rnad.e as late as March

3mpletely callused over by May 1; healing had also
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begun in some cases in lot M, but in 6, none of the cuts

showed any sie of callus formation.

The results of the experiments described in this re-

port may be summarized as follows:

1. The water supply did not influence the time of

starting of buds.

2. In a comparison of the four lots, those which

received an excess of water, L and F, showed greatest num-

ber of blossom clusters; greatest average diameter of

fruit; greatest total amount of wood growth; greatest num-

ber of branches; greatest average linear growth per branch;

greatest average diameter of wood growth; longest inter-

nodal spaces; greatest number of cases of multiple growths

from single buds; the only cases of second growth; largest,

most conspicuous and greatest number of lenticele; great-

est size, weight and vigor of leaves; greatest number of

leaves affected with the apparent "sunburn"; longest grow-

ing season; largest, healthiest and most vigorous buds;

readiest formation of callus tissue.

3. The moderately watered lot, M, exceeded the other

lots in having the largest total number of blossoms and

greatest number of fruits.

4. The scantily watered lot, 6, led the others on-

ly in having the largest average number of flowers to the

cluster.

. Although the figures in the moderately watered
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lot were considerably lower than the figures obtained in

the lote receiving thttfull capacity of water, still this

lot, M, exceeded the scantily watered lot in every instance,

save the one just mentioned.

6. Of the lots which recei.ved the excess of water,

the one which received water less frequently showed a su-

periority only in that it had the greater number of fruits,

greater average weight per leaf, and greater average dia-

meter of new growth. On the othr hand, the lot watered

more frequently slightly exceeded the other in all other

respects.
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EXPLANATION OF .LTES

LTE I.

Fig. 1. Tree No. 2 in lot M just after potting,

December, 1912.

Fig. 2. Same tree as in Fig. 1, after pruning.

This tree is representative of all the trees in the ex-

periment.

LTE II.

Fig. 1. Two tytical trees from lot F (outside

trees) and one typical tree from lot IvL (center).

Photograph taken February 14, 1913.

Pig. 2. Three typical trees from lot S. Photo-

graph taken February 14, 1913.

PLJTE III.

Fig. 1. Four typical trees, lot L, June 26, 1913.
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PITE IV.

Fig. 1. Four typical trees, lot LI, June 26, 1913.

Fig. 2. II VT VT IT IT It

.I?LTE V.

Fig. 1. Three typical trees, lot h, February 17,

1914.

Fig. 2. Three typical trees, lot 1, February 17,

1914.
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PLATE VI.

Fig. 1. Three typical trees, lot 5, February 17,

Pig. 2. Three typical trees, lot F, February 17,

PLATE VII.

Pig. 1. Three typical trees, lot L, April 1, 1914.
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PLATE VIII.

Fig. 1. Three typical trees, lot M, April 1, 1914.
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PLATE IX.

Pig. 1. A comparison of the best representative

trees, one from each lot. The trees are arranged from

left to right in the orderL, F, M, S. Photograph

taken April 1, 1914.

Fig. 2. A comparison of all the trees involved

in the experiment. Photograph taken in the greenhouse

July 6, 1914.
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Fig. 1.
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PLATE I.

Pig. 3.

I

Fig. 2.



PLATE II.

Fig. 1.



PLATE III.

Fig. 1.

Fig. 2.



PLATE TV.

Fig. 1.



PLATE V.
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PLATE Yl.

Fig. 1.

Fig.. 2.
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