UC Berkeley

Technical Completion Reports

Title

Part Il: Potential Usefullness of Antitranspirants for Increasing Water Use Efficiency in Plants:
Applied Investigations with Antitranspirants

Permalink

https://escholarship.org/uc/item/44d7z7vd

Authors
Davenport, David C
Martin, Paul E

Hagan, Robert M

Publication Date
1971-09-01

eScholarship.org Powered by the California Diqgital Library

University of California


https://escholarship.org/uc/item/44d7z7vq
https://escholarship.org/uc/item/44d7z7vq#author
https://escholarship.org
http://www.cdlib.org/

UCAL~WRC-W-174-11

RESEARCH PROJECT TECHNICAL COMPLETION REPORT

OWRR No. B~054-CAL

WRC No. 174

POTENTIAL USEFULNESS OF ANTITRANSPIRANTS FOR INCREASING

WATER USE EFFICIENCY IN PLANTS
IT. APPLIED INVESTIGATIONS WITH ANTITRANSPIRANTS

BY

David C. Davenport
Paul E. Martin
Robert M. Hagan, Project Leader

Mary Ann Fisher

Department of Water Science and Engineering
University of California, Davis
Davis, California 95616

J
i |

The research leading to this report was supported by the
QFFICE OF WATER RESOURCES RESEARCH, USDI, under the Grant
Agreement No. 14-01-0001-1428 Program of Public Law 88-379,
as amended, and by the University of California, Water
Resources Center. It is a part of Office of Water Resources
Research Project No. B-054-CAL (Water Resources Center
Project W-174).



APPLIED INVESTIGATIONS WITH ANTITRANSPIRANTS

Contents

SOIL WATER CONSERVATION , . . . . ., . .

-

Reduction of irrigarion requirement of oleanders

Reduction of irrigation requirement of turf grasgs

PLANT-WATER STATUS AND GROWTH

Survival of transplants P e e e e s

Growth and vield of snap beans . . « . .

Orchard studles . . .v ¢ ¢ o « ¢ ¢ + & =

Almond £€rees! . « ¢ ¢ v s 0 o« e & o+

PeaChéﬁ : + & . o+ . . LI I N I

Halford peaches

Vivian peaches

Halford peachesg

Olives: ., . . ¢« v & v 4« ¢« & & &

OTHER INVESTIGATICNS ., . . . . . . .« .

Fruit crackin_& P R A T T T Y

Prunes: € % e st e e 4 e s s s 4 e
Chevries: e 4 e s e e e e e e e e

Christmas trees

Plossom drop . . . . .

TiE bum * - . - * . L] L] LI - L4 * * L -
Bedding plants

. ¥ “« # s . & & & L L .

Vase life of roses e s e 4 e s

-

10
10
13
13
16
16
17a
19
23

23

36
36
36
37
49
42
43
43
43



SUMMARY OF APPLIED INVESTIGATIONS WITH ANTITRANSPIRANTS , , . . ., . . . .

FUTURE INVESTIGATIONS , , ., . .

PUBLICATIONS . v & &« v o o 4 W

Paperd in preparatiocn P

Reports . . o 4 v v v o o 4 o

Yapers presented at conferences

-

Page

46

46

47
47
&7

48



APPLIED INVESTIGATIONS WITH ANTITRANSPIRANTS

Antitranspirants can be useful in achieving the following broad objectives:
1) soil-water conservation; 2) ilmprovement of plant performance via increased
plant-water potential; and 3) miscellaneous uses, e.g., prevention of frult
cracking.

SOIL~-WATER CONSERVATION

Reduciion of irrigation requirement of oleandexs (in cooperation with the
California State Division of Highways).

The California State Division of Highways, at the present time, spends about
$3 pillion dollars annually (out of their landscape maintenance budget) for
irrigation of ormamental plantings along California Highways. Projected costs
for future years are much higher. 1In addition to being costly, plant-watering
operations are hazardous, since oleanders grown in the dividing styip of the
freeways are irrigated by slow-moving tank txucks which must maneuver in and
out of the fast lanes of traffic. Any method resulting in reduced irrigation
requirements of the 1,000 miles of oleander plantings on California highways
would consequently be of great significance,

Initial studies on the effects of antitranspirants on oleander plants
involved pot experiments in greenmhouse and laboratory measurements of the rates
of transpiration and photosynthesis, The latter measurements, which were pre-
sented in Table 9 in Part I (Basic Investigatioms) of this repert, showed reduc-
tions of 15 to 50% resulting from phenylmercuric acetate (stomata closing) or
CS~6432 (film-forming) antitrxanspirant treatment. Transpiration data from pot
experiments were given in Table 16 where antitranspirants reduced daytime
transpiration losses by as much as 70%. Other evidence of reduced water losses
from potted oleanders in the greenhouse was shown in Figures 8 and 17 to 19. The
studies involving interaction of antitranspirvant effect and soil moisture
suggested that antitranspirants would be most efficient in conserving soil
moisture 1f applied soon after an irrigation, rather than when soil molsture
was already severely depleted.

These preliminary studies laid the groundwork for measurements of the
effects of antitranspirants on plantings along a highway during summer, 1968.
In an experiment near Davis, randomized blocks of ovleanders in the median styip
of Interstate 80 were treated with phenylmercuric acetate (PMA, 110 ppm) or
CS-6432 (3%Z) just after an irrigation. About 1/4 gallon of diluted spray was
applied per bush by a mist blower, and particular attention was glven to wetting
the lower surfaces of the leaves where all of the stomata are located. Gypsum
blocks at 1, 2 and 3-foot depths were used to record the changes in soll-matric
suction, Three weeks after spraying, the matric suctions at the Z~foot depth
in the antitranspirant-treated plots were about 407 lower than in the .control
plots (Table 1). The average reductions over the 3-foot depth were 25 to 30%.
Because of the reduced rate of water loss from the antitranspirant-treated
plants, the relative water contents of these leaves, sampled in the late after-
noon, were higher than in the control plants. These experiments with oleanders
on the freeway suggested that, on the basis of the rates of soll-moisture
depletion, irrigation intervals may be increased by ome to two weeks by the use
of antitranspirants, However, it should be kept in mind that no standards have



been experimentally determined for the optimum irrigation time of oleanders.
Furthermore, the plants along the freeways are extremely variable because of
genetic heterogeneity and varying soil textures in the back-filled trenches in
which the oleanders are planted. However, the need for protection against
excessive water loss is probably much greater on the freeway than in other
locations because 1) the isolated (and therefore unprotected) nature of the
plantings and the turbulence created by fast-moving traffic on either side of
the med{an strip enhances water loss; and 2) the variable texture, and rooting
depth of the soill, limits water availability to the plants in localized areas,

Table 1

Effects of antitranspirant sprayed on oleanders in a freeway medlan strip on
soll-matric suctions (atm) at three soil depths, measured by gypsum blocks
three weeks after application. Numbers in parenthesis are values relative to
control (100).

Matric suction (atm)

Average
1 foot 2 feet 3 feet © {1-3 feet)
Control 2,95 (100} 2.50 (100) 1.70 (100) 2,38 (100)
PMA (110 ppm) 2.65 ( %0) 1.40 ( 56) 1.30 ( %7) 1.78 { 75)
CS~-6432 (3%) 1.80 ( 61) 1.45 ( 58) 1.75 (103) 1.67 ?Q)

Because of the extreme variability of soil along the freeways, a line of
oleanders was planted in autumn 1968, at the Davis experimental farm, where it
was known that the soil was much more uniform and would therefore enable more
accurate determinations of soll-moisture extraction rates as affected by anti~
transpirants. The oleanders, planted six feet apart in a single line, were
divided into treatment plots. Each plot had three plants and was replicated
four times, In the summer of 1969, soil-moisture extraction was measured by
gypsum blocks at 8-, L4~ and 20~inch depths, tensiometers at 1b- and 26~inch
depths, and a neutron moisture meter to a depth of three feet, Only the center
plant of each plot was instrumented. The oleanders were irrigated and fertilized
with  NH,NOg in mid May, 1969 and were given three more irrigations before
spraying on August 21. The sprays were 1) control (water + X=77 surfactant);

2) PMA (110 ppm + X~77 surfactant); and 3) CS-6432 (2%), given in two light con-
secutive sprays. Abocut one liter of diluted material was sprayed ou each plant,
The plots were re-irrigated on Septembexr 15 and resprayed on September 18,

Resistances of gypsum blocks at the 8~inch depth increased far more rapidly
than those at the 14~ and 20~inch depths because of solle~surface evaporation. The
effectiveness of the antitranspirants in decreasing soil-water suction at the
8~inch depth was, therefore, small or nonexistent. However, at 14 and 20
inchee, the antitranspirants did decrease soil-matric suction between August 21
and Septewmber 15 (Figure 1). Similarly, tensiometers (which are sensitive only
in the wet soil-moisture range, up to 0.8 atm) indicated that PMA and C8-6432
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decreased soll-matric sucticons at the 14~ and 26-inch depths (Figure 2)}. Thus at
the 26-~inch soll depth, when control plants had depleted soll moisture to a matric
suction of 0.6 atm, the sntitranspirant-treated plots were about 0.4 atm, l.e.,

a 337 decrease in soil-matric suction resulted.

Changes In soil-water content (volume percentage of P ) with time at the
12-, 18-, 24~ and 36-inch depths are shown in Flgure 3, A-D. At 12 inches
during the first drying cycle, C$-6432 gave the most noticeable reduction in
the rate of soil-meisture depletion. Thus, P, in the C3-6432 plots was depleted
to 25 by September 15, whereas the controls had reached this level of depletion
abowt 10 days earlier on September 4. The September 15 irrigation wetted the
(3~6432 plots more thoroughly than the control and PMA plots, presumably because
of the already high P, in the former. The rate of soill-water depletlon during
the gecond drying cycle was again reduced by C8-6432, PMA appeared to have no
effect.

During the first cycle, both CS~6432 and PMA decveased the rate of soll-
moisture depletion, so that P values at the 18 inch depth on Sept. 15 for
control, PMA and CS-6432 were 18, 20 and 227, respectively., Lf we arbitrarily
select 187 soil-water content (percent by wvolume)} as the critical allowable
depletion level at the 18~inch depth before re-~irvrigation of the oleanders
becomes necessary, control plots reached this level on September 15, However,
for the C8-6432 plots it would probsbly not reach this ecritical level until
eavly October, i.e., about two to three weeks later than the controls {(obtained
by extrapolation of the (8-6432 curve). In the second drying cvele, the anti-
transpirants again reduced soil-~water depletion rates, so that by the end of
October, the CS-6432 and PMA plots had, respectively, 20 and 67 higher soil-
walay convents than controls.

At 24 inches, reductions in goil-molsture deplerion rates were similar to
those observed at the 18~inch depth. The apparent greater effectiveness of PMA
wag partly due to initially higher soll-water contents in these plots at both
irvigations.

At 36 inches, it was obvious that insufficient irripation water was applied
ro thoroughly wet the soil, except in the PMA plots, Nevertheless, the reduced
rates of depletion in the (5~6432 plots, relative to controls, indicateg the
presence of some roots at this depth., By September 15, the roots appeared to
be partlcularly active at the 24~ and 18-inch depths where control plants
depleted soll water to Py 17 to 18%, Although there was adequate water available
at 12 inches, the depletion at this depth was not as great as at 18 and 24 inches,
In this soil, the roots rendaed to be confined o the center of the plant at
shallow depths {8 to 12 inches) and to spread away from the center with increasing
depth, Therefore, 1f the neutron probe access fube had been located closer to
the plant, greater molsture depletions might have been obszerved at the 12«inch
depth,

The amounts cof soil-moisture depletion at the four soll depths measured is
given in Table 2 for both irrdgation cycles. TIn each cyele, the depletion of
P, between the day of spraying (which was usually two days after irrigation)
and the last day before re-irrigation was dve, was always greatest for control
and least for CS-6432. The average water use (inches of water from 36 inches
of soll) was reduced 36X by C3~6432 and 13% by PMA in the first cycle; cor-
vegponding veductions in the second ceycle were 35 and 9%, {It should be kept
in mind that the calculated soil-water depletions were hased on average P, over
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Figure 3 (A-D)}: Effects of phenylmercuric acetate
{PMA) and CS8-6432, sprayed on oleanders, on soil
water content (volume percentage) measured by a
neutron moisture meter at depths of 12, 18, 24

and 36 inches.
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Table 2

Effects of PMA (110 ppm) and CS$S-6432 (2%) on soil water depletionm (D) by ixrigated
cleanders over two drying cycles in 1963,

lst Cycle
SOIL WATER 4 (Py) .
Control PMA C8-6432

Depth (in) 8/21  9/i5 D 8/21  9/15 D 8/21 9/15 D
12 32,1 22,1 10.0 31.8 22,7 9.1 32.0 25,6 7.0
18 31.8 18.0 13.8 3.0 19.9  1i.l 31.5  21.9 9.6
24 28.0  17.1  10.9 - 29.4  20.5 8.9 27.4 20,6 6.4
36 24,1 20.0 fal 28.5 23.9 4,6 4.1 2z2.6 1.5

Average Pv 8.70 8.43 6.23

Watrer use from

36" profile (inchesg) _3.49 3,04 2.24

Depth (in) 9/18 10/31 D 9/18  10/31 _b 8/18  1G/31 D
12 31.5 25.1% 6.4 31.5 24.5 7.0 32.9 27.6 5.3
18 30,8 21.3 9.5 30,4 22,6 7.8 3L.3  253.7 5.6
24 27,7 20.5 7.2 29.5 22,7 6.8 28,1 22.8 5.3
36 25.6  21.5 4.1 27.7 24,5 3.2 5.3 23.9 1.4

Average

depietion

in 36" profile
@) 6.8 6.2 4.4
(Inches) 2.45 2,23 1,58

*p_ on 9/28, due to delaved water
penetration to this depth.
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all depths measured, and did net include measurements in the O~ to 12~inch
layer, where water losses by surface evaporation were probably high. Bovever,
the omission does not affect the relatlve depletions between treatments.)

About three miles of a 3~foot-wide cleander-planted medisn strip is
equivalent to 1 acre, and l-acre~inch of water = 27,600 gallens. Therefores, in
the first irrigation cycle, the 3.49 inches of water used by contvol plants is
equivalent to 96,300 gallons per acre or per three wiles, compared to $1,800
gallone for the C8~6432-treated plants., This is the same as 32,100 gsllons per
mile for contvol and 20,600 gallons per mile for (8~6432, i,e., a saving of
over 10,000 gallons of water per mile of oleander strip. 7This is equivalent
toe a saving of nearly three trips per mile for a 4,000 gallon irrigation truck.
At 1/4 gallon of dlluted spray per bush and 880 bushes per mile, about 220
gallong of gpray would be required per mile. The water use figures given sbove
are based on a deep rooting depth system, and therefore probably exceed the
water application rates normally applied on freeway oleander plantings.
However, the teal value of the antitranspirants probably liss in prelonging
the interval between irrigations, rather than applving less water each time.
Thus, extrapolation of the antitranspivsot curves In Figures 1 1o 3, iIndicares
that antltranspirants can delay irrigations by two te three weeks.

In 1970, half the line of oleanders planted on the Davis farm were used
in an experiment in which no irrigation was given throughout the summeyr, the
only source of water being soll moisture from the winter raing. It should be
kept in mind that because of the virtually uwnilmited rocting depth and the good
molsture storage of the Davis famm sofil, this experiment gave & somewhat
unrealisclc comparison with highway oleander plantings whare soll-moisture
storage capacities are pooy, and where roots are usuazlly limited by narrow,
shallow trenches and Lmpenetvable clay layers. The experiment involved pericdic
measurements of soil moisture from April to October 1970, using the neutren
moisture probe., A fllw~forming aavitranspirant, Mobilea¥ (provided by the Mobil
011 Corperation), was sprayed at @ concentration of cne part Mobileaf (ML) in
five parts water, One liter of diluted zpray was applied per plant on Hay 18
and again on July 15. here were four plots each of contrel {unsprayed) and
antitranspivant~sprayed plants, each plet containing three plauts.

The last major rain for rhe winter season occurved between March 1 to 16
(1.75 inches}, bringing the total winter rain for 19691970 to 16.5 inches.
Thus, when the flrst neutron meter readings were made on Apyil 1, 1876, the
soll-water content (7 volume or ¥y,) vanged from 2&,5% at the 12-inch depth to
I3% at the 60-inch depth, By mid May, at the time of the filrst spray, soil
water was depleted to 20 to 22% at the shallower depehe {12 to 24 idnches) and
29 to 30% at deeper depths (48 to 60 inches). The "availablie" range of P, for
the Davis~Yolo loam goil is from 33 to 13%, though this may vary siightly with
depth. Thus, at the beglnning of the spray pericd, over 50% of the availsble
water was already depleted from the upper soil layers. As a result, the anti-
transpirant did not reduce the rates of gofl-water depletion at the 12~ 24~
and 36~-inch depths (Figure 4, A~C) and in fact, tended to increase the rate
of water use at these depths. This Is in accordanmce with the {indings in
Part 1 of thig report on the intevactions with soil molsture, At the 48~ and
60-inch depths, where wore soil water was available at the time of freatment
(May 18), the first Moblleaf spray reduced the rates of soil-water depletion
{Figure 4, D and E). When over 50% of the available soil water had been
depleted frow theee depthe (around early July) the rates of soll-water depletion



Pigure 4 (A-B): Effects of Mobileaf (ML},

sprayed on oleanders, on soil water content
(volume pevcentage) measurad by a neutron
molsture meter at depths of 12, 24, 36, 48

and 60 inches.
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were no longer reduced by the sntitranspirant and, therefore, the second Mobilead
spray was not effective, However, because of the ssvings of water during the
latter part of May and in June, the final soil-water contemts were higher in

the antitranspirant~treated plots,

The soil-water depletions (in terms of P.) for the two spray periods ave
given in Table 3. The effectiveness of the Mobilesf in reducing depletion in
apparent only at the 48~ and 60-inch depths in the first peried. Thus, the
average depletion in P, over the €0-inch soll depth was slightly reduced by
Mobileaf only in the first spray period, but the total depletion for the supmer
(5/21 to 10/28) was slightly increased by the antitranspirant, i.e., aboutr 7.0
iaches for control and 7.3 inches for Mobileaf. By cowmparisoa, the total
depletion between 5/21 and 10/28/70 from the &0-inch profile, by a companion
set of irrigated oleanders was twice as great, i.e., shout lb& inches,

Table 3

Effect of Mobileaf (1:3) on soil-water depletion by un-irrigated oleanders
during two spray periods in 1970. (Spraving dates were 5/18 and 7/15.)

Soil~Water Depletion (P 3
L 4

Ist spray period 2ud spray period
(5/21 to 7/15) (7/15 to 10/28)
S0il Depth
(inches) Control Mobfileaf Control Mobileaf

12 3.0 3.3 b oty 6.4
24 6.1 7.0 2.4 2.3
36 9.8 10.7 i.3 1.8
48 16.5 9.0 4.2 5.1
60 10.2 8.5 £.3 7.5

Average

depletion

in 60" pro-

£1laes (PV) 7.9 7.7 3.7 4.5

{inches) 4.74 G.62 2.22 2.70

Total average

depletion in

60" profile

from 5/21-10/28 Control Mobileaf

(Pv} 11.6 12,2

{inches) 6.96 7.32




By Septembev, there was @ distivet difference In appedrance belwecen the
irrigated and wirvigated plasits, for the fermer were greenar, denser In
follage (an asset for screenisg headlight glare oo highwaya), and generally
had a wove pleasiog appeavance. The differences berween jrvigated and unirgi-
gated oleanders under most highway conditions, where yYooting depths aad water
avallability are cften limtted, would be much more obvious. Therefore,
irvigation of highway oleanders is deslrsble fnsplte of their xeraphytic
features., Furthermdre, since retardation of Cranspivation is useful for con-
sarving soll water only when the water i readily available for plant use,
i.e., vnder irvigated conditions (c.f. Tables 2 and 3), antitranspirant sprays
will be valvable for raducing frrigation freguency by nrevepnting unvecessarily
rapid depletion of soil molsture,

Since antitvanmspirants arve known te reduce photosynthesis, (¢ was thought
that this would result in raduced growth of the oleander shoots. This 15 a
desirvable effect, since excessive growth is uvsually not wanted on highway
plantings, Measurements weva, therefore, msde in 1970 on olesndexs dn one-
gallon contsiners in a greeunhouse to determine the effects of G8-6432 (2%}, and
of the growth retvarvdant Alar (3,000 ppm) incorporated fn the (5-6432 emulsion,
o shoot growth., Aiter & unlformicy tvial, five shoots, distributed over
three pots, were selected for each treatment for growth measurements. Defore
spraying, the rates of interode pgrowth were the game for all treastmenty
{Figure 5). After spraying, the internodes of these plants which were treated
with CS5-6432 grew more rapldly than controls. The incorperation of Alar,
however, veduced the rate of internode growth, The (85-6432 also inercased the
growth of leaves (Figure 6), but as expected, Alar did not suppress leaf growth.
The reason for the increase iu shoot growth, ia spite of reductions in photo-
synthesis as 2 resuly of C8-6432 treatment, was that the antitranspirant
Increased planu-wateyr porential and therzby enabled more repid elengation,
Thus spraying an sntitrauspirant, such as (8-6432, with an {ncorporaced groweh
retardant should decrease the Irvigalion reguirements os well as sxcessive
growth of highway plantings., The effect of Alar alone was not assessed in this
experiment. The largs locresses in intervode growth of antitranspirant-treated
platts over control planis way alse be due o partial solli-moisture stress
developing in the control, but sof 50 much in the 56432 pots, in the course
of the day., This stress may not have developed in lsrger contaivers, in whiclh
case growth responses to CSH-6432 may not be as large.

The effects of an antitravnspirant and growth retavdast on shool growth
were also tested in the fileld oa ilrvigsted oleanders at the Davis experimencal
farm, The treatments weve 1) contrel (watey + 0,1% X-77 surfesctanty; 2) Alar
(500G ppm + 0,1% X=77); 3) Mobileaf (1:5); &) Mebileaf (1:5) 4+ Alar (5000 ppm).
One Lliter of solutlon was sprayed on each planit, Thers were thrée replicate
plants for each treatwment, asud five shoors were tagged and measzured on each
plant for internode and leaf elongaticon. Measurements were made on the upper-
most internode and leaf which weve infitially about 0.5 ow and 5.0 co in leugth,
re¢spectively, Increases inm length over given time periods were then deterninad
with & ruler,

In Figure 7, the variatien in internode growth {relative to shoots which
were designated as coatrols) prior to treabtient was about + 10% betwecen 5722
and 5/29. In the three dyy perioda just after sprayiag on 5729, there were
marked reductions in ifnternode growth in those treatwents which included Aley,
wheress the Mobileaf had no effect. However, in the following eight days,
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Mobileaf alone increased growth slightly and Alar alone decreased internode
growth by about 40%, The Mobileaf~Alar mixture decreased growth to a lesser
extent (nearly 20%), i.e., the effect was intermediate between the increase by
the antitranspirant and the decrease by the growth retardant., This may have
been due to 1) compensating effects, or 2) chemical or physical Interaction
between the Alar and Mobileaf solutions.

In Figure 8, pretreatment variations in leaf elongation were small between
5/22 and 5/26, but relatively larger between 5/26 and 5/29. However, after
spraying, a definite pattern emerged so that by 6/3 to 6/9 leaf elongation was
greatest for antltranspirant-~treated plants, and least for growth retardant-treated
plants, though the effect of Alar on leaves was not as severe as on internodes,

& new series of shoot measurements was started on June 1 on the same plants,
using the new internodes and leaves just above the ones measured for the data
in Figures 7 and 8. 1In the periods 6/3 to 6/9 and 6/9 to 6/15, there wers
distinct reductions in internode growth by all treatments, these being about 207
by Mobileaf, 33 to 45% by Alar, and 50 to 60% by the Mobileaf-Alar mixture.
Thus, in this case, the Mobileaf actually depressed growth, and gave the greatest
growth reduction when combined with Alar, growth being reduced more by the com-
bination than by Alar alope. The depression in internode growth between 6/1 and
6/15, but not between 5/29 and 6/9, resulting from the antitranspirant spray on
5/29, may have been due to a delayed reaction of the young internodes to reduced
photosynthesis., In other words, soon after spraying Mobileaf (i.e., around 6/1),
the increase in plant-water potential had an overriding effect and growth of th-
young internodes (about 3 com in length) was enhanced, but several days later (i.e..
around 6/9), the reduced rates of photosynthesis had an overriding effect, and
growth of the young internodes (also about 3 em in length) was decreased.

The June 1 to 15 measurements on the new leaves indicated that elongation was
reduced (by about 25%) only 1f Alar wag present in the spray. Meobileaf alone
did not reduce leaf length, possibly because photosynthates for growth were
produced in these new leaves which had no antitranspirant on them, f.e., unlike
the internodes, they did not depend on translocation of photosynthates.

The measurements described above dealt with the effects of Mobileaf and
Alar on growth of individual internodes and leaves, The effects of these
treatments on total sheot grewth, i.e., the integrated lemgth of all the inter-
nodes above the point where measurements were initiated om 5/22 are shown in
Table 4, By August 10, shoot elongation was wmaffected by Mobileaf but was
reduced 15% by the Mobileaf-Alar mixture and 30% by Alar alone.

Table 4§

Effects of Mobileaf (1:3), Alar (5000 ppm) and their mixture, sprayed on
5/29/70, on the growth of oleander shoots between 5/22 and 8/10/70.

Growth (cm)

(5/22-8/10) &

Control 40,72 100

. Mobileaf 40,89 100
Mobileaf + Alar 34.55 85

Alar 28.85 71
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Reduction of irrvigation:rpquirement of turf prass

Turf grass is used in a wvariety of situations dncluding home lawns,
play fields, golf courses, and orchard sod, and in most cases requires frequent
irrigations Reduction of transpiration and therefore irrigation frequency,
may be useful for comserving water and prolonging irrigation intervals, parti-
cularly for home gardens when owners are away on vacation.

Perrenial ryegrass was grown in 30-foot square plots and was moved
regularly to form complete swards. Gypsum blocks were installed to measure
changes In soil-matric suction at depths of 15 and 30 cm, where most of the
roots were located, The plots were sprayed with 1) water + 0,1% X~77 (control);
2) PMA (100 ppm) + 0.1% X-77; and 3) PMA (150 ppm) + 0.1% X-77; or 4) £8~-6432
(3%} N

On the day of spraying, soil-matric suctions were about 0.1 atm in all the
plots at the 15~cm depth, Table 5 shows that the greatest suctions developed
in the control plots, and that most of the moisture loss was from the top 15 cm
of soil. At this depth, C8~6432 conserved the most moisture in the first week,
but by the end of the second week, PMA (150 ppm) appeared to be the most
efficient (lowest soil-matric suction). Also, at the 30-cm depth higher suctions
developed in the control tham in the treated plots, PMA (150 ppm) being the most
effective at the end of the two-week observation period.

Table 5

Effects of antitvamspirants, sprayed on perennial ryegrass, on soil-matric
suctions (atm) at two soll depths.

Days after spraying 6 i3

S011 depth (cm) 15 30 A5 30
Control 1.07 0.21 8.70 1.01
PMA (100 ppm) 0.95 0.10 6.38 0.89
PMA (150 ppm) 0.82 0,13 6.23 0.63
CS~6432 (3%) 0.78 0.18 6.87 0.77

The grass was not mowed during this observation pericd. The effectiveness
of an antitrangpirant would be expected to decrease as new growth appeared on
the grass, and respraying after moving would be necessary if maximum effectiveness
were to be maintained. However, addition of a suitable growth retardant in the
antitranspirant spray may not only reduce the vate of appearance of new unsprayed
leaf surface, but may also reduce mowing frequency,
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FLANT~WATER STATUS AND GROWTH

Survival of Transplants

When a seedling is uprooted and then replanted, there 1s always some damage
to the reots and 'transplant shoek' results, The reason for this is that water
loss from the leaves often exceeds uptake by the root system which has been
damaged. Application of an antitranspirant to the foliage of seedlings should
therefore increase the survival of transplants, as well as enable quicker
establishment. Apart from increasing survival percentage, the treatment should
result in a move uniforn stand since the number of replants is decreased. Only
one experiment was carried out to demonstrate the effectiveness of an
antitranspirant fovr increasing transplant survival,

Seedlings of pinto beans were divided Into large, wedium, and small size
groups. Seedlings from each group were uprooted, and the tops were dipped in
C8~6432 (27) for five seconds, and allowed to drain with thelr tops pointed
down on an inclined plane to avold contact of the antitranspirant with the
roots. At the same time, five seedlings from each size group were also uprooted
and lald alongside the treated seedlings for the duration of the drying time to
serve as controls. When the $85~6432 on the treated seedlings had completely
dried, all of the szedlings were transplanted in a tray of wet vermiculite,
There were three pairs of rows of five plants each, corresponding to the large,
medium, and small size groups. Each peir in each group comprised a control
and an antitrsnspirant-treated row. Aftrer transplanting in the greenhouse, the
tray was placed in the sun (about 1Q000 foot candles of light and 85°F tempera-
wure). After half an hour, the control seedlings In the large size group begen
showing signs of wilt. Two hours after transplanting, these seedlings were
geverely wilted, and many of the untreated seedlings in the medium-sized group
showed signs of wilt. WNone of the antitranspirant-treated seedlings showed any
signs of wilt in the large and medium-sized groups. In the small~sized group,
there was wvery little wilt, even in the untreated seedlings. It, therefore,
appears that an antitranspirant would be more useful in increasing survival of
bigger plants whare the ratio of leaf surface to root is relatively large. If
trangplanted seedlings in a field vary in size, the uniformity of seedling
establishwent would be greatly improved by antitranspirant treatment,

Growth and yield of snap beans {in cooperation with Dr., W. L. Simms, Vegetable
Crops Extension Sexrvice, UCD).

4 field experiment with the Tendercrop variety of snap beans was conducted in
July to September 1368 to note the effects of 56432 (3%) and PMA (110 ppu)
sprays, applied 38 days after sowing. A second (5-6432 spray was given 1l days
later., Each treatment plot consisted of a 20~foot length of row, replicated
four times. The PMA was phytotoxic, $¢ no measurements on leaf expansion were
made for this treatment.
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C8-6432 decreased the vate of leaf expansion by about 25% for small
leaflets and 507 for medium—-sized leaflets (Table 6). Presumably, the C8~6432
did not reduce leaflet expansion as much in the small as in the medium-sized
leaflets because the rate of development. of new untreated leaf surface was
faster for the former, Both (S-6432 and PMA reduced the final height, vield,
and number of beans per plant (Table 7),

Table 6
Effect of C8-6432 (3%Z) on leaf area expansion of snap beans,

Leaf area (cmz)

August 23 August 30 Gain Qégzégi
Small Leaflets
Control 5.4 58.5 53.1 100
C8-6432 5.3 45,8 40.5 76
Medium Leaflets
Control 24.1 89.8 65,7 100
CS~6432 27.6 60.2 32.6 50

Fable 7

Effects of C8~64132 (3%) and PMA (110 ppm) onm final height, yield, and number of
beans per plant.

Helght Yield Number
(em/plant) (g/plant) (beans/plant )
Control 73 141 37
C8~6432 65 101 31
PMA 57 66 24

Some interesting observations on tha effects of the antitranspirants om
rates of pod maturity were noticed because harvests were made on twe separate
dates, September 19 and 23. In Table 8, it can be seen that yields were greater
on the second harvest date than on the first--by 28% for CS-6432, 87% for PMA,
but only 8% for control. This therefore suggests that part of the yield
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reduction by the antitranspirants can be attributed to a delay in maturity
resulting from the antitranspirant treatment., (The final yield values in
Table 7 are the averages of the ylelds of the two harvest dates.) The green
beans were also graded into various size groups at both harvest dates, and it
was interesting that only a relatively small proportion of the antitranspirant
vield (about 20%) fell in the over-mature grade size at the first harvest,
whereas about 40% of the yleld from control plots was in the over-mature
category at the first harvest.

Table 8

Effects of C8~6432 (3%) and PMA (110 ppm} on yield of green snap beans on two
harvest dates,

Yield {(g/plant)

% yield increase

September 19 (A) September 23 (B) of (B) over (&)
Control 134 148 6
C8~6432 84 114 _ 28
PMA 46 &6 87

Observatrions were also made on resistance to water vapor diffusion from
the snap bean leaves, and on changes in seil matrie suction (measured by
gypsum blocks). The antltranspirants increased diffusive resistances of the
leaves and therefore decreased rates of soll-moisture depletion, However, all
irrigations were scheduled to ensure that severe soll-water deficits did not
occur, and all treatments were irrigated on the same date regardless of dif-
ferential rates of water extraction. It is, therefore, possible that the
reduction in vegetative growth agd yield caused by antitranspirant treatment
would not have been so severe if the untreated plots had not been irrigated as
frequently. The growth reductions by the antitramspirants were undoubtedly
due to their effects on reducing photosynthesis, and for PMA, to phytotoxicity.
{(This would suggest that a lower councentration should have been used.} The
growth reductions in this experiment with an annual field crop are in contrast
to increases in growth observed by us on established peremnmial crops such as
oleanders and fruit trees. A probable veason for this is that growth in annual
crops 1s more heavily dependent upon photosynthetic production, whereas that in
the perennial crops, where large reserves of photosynthates already exlst in
storage tissues, is more heavily dependent upon maintaining high plant-water
potentlsls. It should, however, be kept in mind that continucus use of an
antitranspirant vear after year on a peremnial crop such as a fruilt tree, while
glving seasonal increases in growth, may result in long term growth decreases
which might show up as diminished rates of trunk expansion from year to year.
The long-~term effects on growth require further investigation.
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Orchard studies

Almond trees:

By decreasing transpiration losses with an antitranspirant, water uptake
by the roots is more easily able to keep pace with its loss through the leaves,
and thls results in an improved water status of the plant. One method of
asgessing this effect is by the use of dendrometers which measure radial
expansion and contraction of tree trunks., Since daytime shrinkage of tree
trunks is caused by excessive transpiration, it is postulated than an anti-
transpirant, by reducing water loss from the leaves, would reduce shrinkage
of the tree trunks,

Verner-type dendrometers were installed on 30 Nonpareil almond trees
selected out of five rows in an orchard, with six trees instrumented per row,
Trunk shrinkage and growth patterns were obtained for six weeks before treat-
ment, and post-treatment data were adjusted to compensate for the inherent
variations., Diurnal patterns of trunk radial changes were also obtained as a
basle for comparison of tree response before and after treatment.

Changes 1n soil matric suction were measured by gypsum blocks installed
about two to three feet from the trees at 1~, 2~ and 3-foot depths. For each
treatment and depth there were five replicates, The antitranspirant materials
were applied with a Solo Mist Blower with special attention given to coverage
of the underside of leaves where stomata are exclusively located. About 3 1/2
liters of diluted spray were applied ver tree. In the first experiment, there
were five replicates of the following treatments: 1) distilled water + X~77:
2) C8~6432%(274); 3) Allied®*(2%); &) PMA*®K(34 ppm); 5) CHM&%%% (15 ppm), and
6) unsprayed.

In spite of considerable variation in daytime trunk shrinkage among the
trees, it was obvious that on the day of spraying (July 22), the greatest
shrinkage occurred on the unspraved itrees because their foliage had not been
wetted. For three days after spraying, the largest reduction of shrinkage was
achleved by (8~6432, but thereafter, the effect disappeared. The other treat-
ments appeared to have little, if any, effect on reducing trumk shrinkage.

Radial expansion of the tree trunks depends on 1) overnight rehydration
of daytime shrinkage, and 2) accumulation of photosynthates, i.e., growth.
Growth of the tree trunks was reduced by the film-forming sprays, particularly
C5~6432, by up to 30%. The reduction in radial expansion did not occur until
three days after spraying, this presumably belng the time reqgulred for the
reduction in photosynthesis and translocation of metabolites to become evident.
Growth continued to be reduced for about two weeks., The other treatments did
not signlficantly reduce growth, and CHM appeared to increase it, though no
explanation can be given for this.

% Chevron Chemical Co., Richmond, Calif, - experimental f£ilm antitranspirant
*% Allied Chemical Co., New York - experimental film antitranspirant
*%% Phenylmercuric Acetate = stomata~closing antitvanspirant

**%% Cycloheximide ~ protein inhibitor fungicide
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Relative water content (RWC) of the aluond leaves was measured one day
after spraying., In the worning, all of the treatments showed higher RWCs than
controls (Table 2)., In the evening (a little before sunset) when RWCs are
generally low because of continuous transpiration during the day, only the film
antitranspirant increased RWC, whereas PMA and CHM reduced it, A possible
explanation for the evening data is that PMA and CHM retarded stomatal closure
{see Part 1 for effects of PMA}, which had probably already started in the
leaves of control trees, thereby delaying restoration of their water balance
and RWC. On the other hand, CS$~6432 and Allied had reduced water loss from the
leaves throughout the day, and therefore produced higher relative water contents.

Table 9

Effects of various sprays on relative water contents (RW(C) of almond leaves,
measured one day after sprayving.

Relative water content (%)

AM_(0830) Py L1900
Control 85.4 82.7
PMA (34 ppm) 86.9 ' 81.7
CHM (15 ppm) 87.6 81.6
Allied (2%) 87.3 83.8
C8-6432 (2%) 87.7 84.1

The first orchard experiment on almond trees described above showed that
1} at the low dilution used, PMA and CHM were not effective antitranspirants;
2) only the film-forming sprays, and particularly C8-6432, produced the effects
expected of an effective sutitranspirant, i.e., improved the water status of
the tree (reduced trunk shrinkage and Increased RWC) and decreased growth
dependent on photosynthate accumulation (reduced trunk expansion). Therefore,
in the second experiment on almond trees, only antitrvanspirants of the film-
forming type were used.

The second experiment was carried out in the same alwond orchard. Pre-~
treatment dendrometer readings were made frowm August 17 to 21, 1567, to establish
growth and shrinkage patterns for the tree trunks. On August 31, the following
treatments were spraved at three liters per tree: 1) control (unsprayed);
2y Wilt-Pruf (1:4); a polywvinyl chloride complex produced by Wursery Specialty
Products, Ine., N.¥.; 3) single spray of C5~6432 (2%); 4) double spray of
C8-6432 (2%), i.e,, a second spray being given as socon as the first had dried.
On the day before spraying, the daytime shrinkage patterns of the trees were
very similar, but on the day after spraving, the patterns showed that all the
antitranspirant treatments were effective, the two-spray applications of C8~6432
giving the greatest reduction (about 30%) in shrinkage (Figure 9). This was
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probably due to a greater amount of coverage and fo the thicker films resulting
from the double spray, By the second day after apraying, Wilt~Pruf was con-
sistently more effective than the single spray of CS~6432, but the double
(86432 spray continued to give the greatest shrinkage reductions. The long~
term effects of these gprays on maximum daytime shrinkage (which occurred at
about 1700~1730 hours in September) are expressed in Figure 10 as percentage
reductions below control., Initial reduction in shrinkage was over 50% by the
double spray of (CS-6432 and about 35% by the single spray and Wilt-Pruf. The
treatments continued to reduce shrinkage for as long as 1 1/2 months., This was
encouraging, but somewhat surprising in view of the previous results on almond
trunk shrinkage., The absence cof new foliar growth at this late stage of the
season might be a plausible explanation for this more persistent effect,

The percentage increases or decreases in radial trumk growth, relative to
control, are shown in Figure 11, The antitranspirants produced slight increases
in growth during the first two days after spraying, probably because of an
fmproved plant-water balance. Thereafter, trunk growth was retarded as a result
of suppressed photosynthesis and the consequent reduced accumulation of photo-
synthates, The double spray of (S$~6432 reduced growth by 30 to 35% between the
4th and 10th days after spraying; the other treatments also decreased growth,
but to a lesser degree, However, by late September, the daily trunk expansion
of antitranspirant-treated trees exceeded that of controls, probably because
depletion of soill moisture was reducing growth rates, particularly for the
controls, The average soll-matric suction in the 1 to 3 foot profile increased
from about 2 atm on Asgust 31 (day of spraying) to about 5 atm on September 22
and about 6 atm on October 18, The cumulative changes in soil-matric suction
(averaged for measurements at l~, 2~ and 3-foot depths) after spraying on
August 31 are shown in Figure 12. The amount of increase in matric suction was
always greater for comntrol than for the antifranspirant treatments. By the end
of September, this effect was noted only in the deeper soll lavers since most
of the moisture in the upper foot had already been depleted.

The presentation of growth data in Figure 11, as percentage increases or
decreases around the controls, is useful for assessing relative effects at
any one time, but can be a little misleading when comparing effects at different
times., Thus, on September 6, the actual magnitudes of growth per day (in
dendrometer wmits) were about 17 for control and sbout 11 1/2 for CS-6432
(double spray), i.e., a reduction of 5 1/2 units; on September 24 corresponding
values were about 11 and 13 units, i.e., an increase of only 2 wnits: and on
October 15 they were about 7 1/2 and 5 1/2 units, i.e., a decrease of 2 units,
Thus in abgolute units, the growth reduction in early September, scon after
antitranspirant applicatlon, were greater than the growth increases which
occurred in late September and early October, and rhe total radial growth of
the trunk, from August 31 to October 18, was reduced by 60 units {(about 0.3 wm)
by the (8-~6432 (double spray). The single spray of C8-6437 reduced total
radial growth by 40 units, and Wilt-Pruf reduced it by 70 units, Thus, although
Wilt-Pruf initially did not reduce growth as much as 0S-6432, its growth sup~-
pressing effect persisted (unlike C8-6432) through the latter part of September,

Relative water contents (relative turgidities} of leaves from treated
trees, sampled in the late afternoon when shrinkage was maximum, were always
from 4 to 7% (actual RWC units) greater than those of the untreated trees,
indicating that lower plant woisture stress resulted from the antitranspirant
treatments (Figure 13). It is noteworthy that this effect on relative
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probably due to a greater amount of coverage and to the thicker films resulting
from the double spray. By the second day after spraying, Wilt~Pruf was con-
sistently more effective than the single spray of C5-6432, but the douwble
C8~6432 spray continued to give the greatest shrinkage reductions., The long~
term effects of these sprays on maximum daytime shrinkage (which occurred at
about 1700~-1730 hours in Septeuber) are expressed In Figure 10 as percentage
reductions below control. Initial reduction in shrinkage was over 507 by the
double spray of (5-6432 and about 25% by the single spray and Wile-Pruf., The
treatments continued to reduce shrinkage for as long as 1 1/2 months. This was
encouraging, but somewhat surprising in view of the previous results on almond
trunk shrinkage. The absence of new foliar growth at this late stage of the
season might be a plausible explanation for this more persistent effect.

The percentage increases or decreases in radial trumk growth, relative to
control, are shown in Figure 11, The antitranspirants produced slight increases
in growth during the first two days after apraying, probably hecause of an
ilmproved plant-water balance, Thereafter, trunk growith was retarded as a result
of suppressed photosynthesis and the consequent reduced accumulation of photo-
synthates, The double spray of C8-6432 reduced growth by 30 to 35% between the
4th and 10th days after spraylug; the other treatments also decreased growth,
but to a lesser degree. However, by late September, the daily trunk expansion
of antitranspirant-treated trees exceeded that of contrels, probably because
depletion of soill modsture was reducing growth rates, particularly for the
controls, The average soil-matric suction in the 1 to 3 Ffoot profile increased
from about 2 atm on August 31 (day of spraying) te about 5 atm on September 22
and about 6 atm on October 18. The cumulative changes in soil-matric suction
(averaged for measurements at l~, 2~ and 3-foot depths) after spraying on
August 31 are shown in Figure 12. The amount of increase in matric suction was
always greater for control than for the antitrauspirant treatments. By the end
of September, this effect was noted only in the deeper soll lavers since most
of the moisture in the upper foot had already been depleted.

The presentation of growth data in Figure 11, as percentage increases orv
decreases around the controls, is useful for assessing relative effects at
any one time, but can be a2 little misleading when comparing effects at different
times, Thus, on September 6, the actual magnitudes of growth per day (in
dendrometer units) were about 17 for control and about 11 1/2 for (CS«6432
(double spray), if.e., a reduction of 5 1/2 units; on September 24 corresponding
values were about 11 and 13 units, i.e., an increase of only 2 wnits: and on
October 15 they were about 7 1/2 and 5 1/2 units, i.e., a decrease of 2 wunits.
Thus in absolute units, the growth reduction in early September, svon after
antitranspirant application, were greater thaem the growth increases which
occurred in late September and early October, and the total radial growth of
the trunk, from August 31 to Octcher 18, was reduced by 60 wnits {about 0.3 mum)
by the (S~6432 (double spray). The single spray of C8-6432 reduced total
radial growth by 40 units, and Wilt-Pruf reduced it by 70 units, Thus, although
Wilt~Pruf dnitially did not reduce growth as much as C8-6432, its growth sup-
pressing effect persisted (unlike CS-6432) through the latter part of September,

Relative water contents (relative turgidities) of leaves from treated
trees, sampled in the late afternoon when shrinkage was maximum, were always
from 4 to 7% (actual RUC unlts) greater than those of the untreated trees,
indicating that lower plant moisture stress resulted from the antitranspirant
treatments (Figure 13). It is noteworthy that this effect on rvelative
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turgidity continued for 2 1/2 months after spraying, thereby lending support
to the long-term effects on shrinkage.

These experiments with almond trees gave us sufficient experimental
evidence to believe that certain antitranspirent sprays reduce transpiration
and thus improve the water status of the tree, 1t was postulated that, inspite
of reductions in photosynthesis and trunk growth, this mway result in increased
fruit growth, if the trees were sprayed during the latter stages of the matura-
tion period of the fruit, when increase in fruit silze is more dependent on
maintenance of plant turgidity than on photosynthesis. Increase in fruit size
not only results in greater tomnage, but alsc puts more fruit in higher size
grades. This is particularly important if a large percentage of the fruit tend
to be around the minimum acceptable size for canning or marketing.

Peaches: (in cooperation with Dr. K. Uriu, Pomology Dept., UcD) .

Halford peaches - 1969

In August 1969, an experiment with Halford peaches, consisting of the fol-
lowing treatments, was conducted in a commercial orchard near Yuba City, California.
Twelve trees were divided into two groups of six, one group being a wet and the
other a dry treatment. Each group of six was divided into two subgroups, l.e.,
control (water + 0.1% ¥~77) and CS-6432 (1%). The trees in the wet group were
irrigated on August 3, 12, 17 and 24. Those in the dry group were lrrigated
only on August 3 and 12. Tensiometers at 24" and 36" measured soile-matric
suction. Before the start of the experiment, all trees were treated uniformly.
Dendrometers were used to measure trunk growth and contraction., The rate
hygrometer and pressure bomb measured leaf resistance and pressure potential,
respectively, Resistance readings were made on one or two spots on an attached
teaf. The leaf was then detached and put in the pressure bomb., Vernler calipers
were used to measure diameters of 15 fruit on each tree. The diameters weve
later converted to volumes, assuming the frult to be a sphere. Since each fruit
was tagged, it was possible to measure the same fruit periodically to establish
its growth curve, including pre- and post—treatment measurements., At the start
of the experiment on August 1, the fruit were still green and were about 30 tam
in diamerer. Fruit were harvested on Auvgust 29, Soluble solid content in the
juice expressed from the fruit was determined refractometrically. The trees
sprayed on August, 16 and again on August 97 at the rate of 10 to 15 gallous per
tree at 400 1b/in” pressure, using a commercial orchard sprayer.

No attempt was made to determine differential rates of soil-moisture
depletion between sprayed and unsprayed trees. However, the differences in
soil-matric suction between plots which received the 8/17 and 8/24 irrigations,
and those which were not irrigated after 8/12 is shown In Figure 14, Matric
suctions were maintained at .10 to .15 atm at 2 to 3 foot depths for irrigated
trees, but rose to .50 to .75 for unlrrigated trees.

Maximum daytime trunk shrinkage before and after spraying, are shown in
Figure 15. After the sprays on August 16 and 27, shrinkage was decreased, but
this effect was small and temporary for the irrlgated trees since the magnitude
of shrinkage was not large. On the other hand, in the trees which did not
receive the August 17 and 27 irrigations, trunk shrinkage was large, and the
effects of CS~6432 in decreasing this shrinkage was very noticeable after each
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spray. In Figure 16, the patterns of trunk shrinkage during the day, on
August 28 and part of August 29 indicated greater rates of shrinkage for
unsprayed wmirrigated trees than for the other treatments.

Radial trunk growth of the peach trees at this time of year was small,
making it difficult to accurately assess the effects of the antitranspirant on
this aspect of growth. Radial growth may have been larger if younger trees
were used. However, trunk growth reductions were noticeable on the unirrigated
trees after 8f/17. These reductions were often in the form of negative growth.
Thus, after the spray on 8/27, the radial trunk growths from 8/28 to 8/29 for
control and treated irrigated trees were 0.7 and -~0.7 dendrometer units,
regpectively, whereas corresponding values for the unirrigated trees were
-1.3 and ~1.0.

The effects of the antitranspirant spray and irrvigation on 1) resistance
to water vapor diffusion from the leaf lower surface, and 2) pressure potential
of the same leaf are shown in Table 10. In general, the antitranspizant
increased resistance and pressure potential (less negative values} for both the
Irrigated and unirrigated trees, It was a little surprising that there was
very little difference in resistance and potential between the leaves from
irrigated and unirri%ated control trees until 8/29 when the aftern.on resistance
rose to 0,27 min ecm™* and potential to ~20 atm for unirrigated trees. Treatument
effects on resistance and potential of leaves in the course of the day on 8/29
{one day after the second CS-6432 spray) are shown in Figure 17. During most
of the day, leaf resistances were highest for antitranspirant-treated unirrigated
trees. However, by evening, partial stomatal closure ocecurred in the control
leaves (particularly for wmirrigated trees) though it was still light, but not
in the sprayed lsaves. Thus, the reduction of plant stress earlier in the day,
regulting from antitranspirant treatment, prevented early stomatzal closure.
Pressure potentials were always greater than ~15 atm for leaves of irrigated
sprayed trees, whereas the contyols dropped to less than -20 atm by noon. By
mid afternoon, only the sprayed irrigated trees were able vo malutaln relatively
high water potentials. By evening, water potentials of control leaves increased
to about ~12 atm, presumably as a result of thair early atemntal closure.

The rates of growth of fruit on the warlous trees prinr to spraying was
fairly similar, TFigure 18 shows the percent increase in volume for the varlous
treatments after spraying on August 16 {about twoe weeks before harvaest) and
again about two days before harvest. The increase in velume was smallest for
the untreated dry trees, and largest for the C5-6432 treated trees. In the dry
plots, it was interesting to note the response of the treated trees to the
first spray, but after August 22 the dry soil drastically reduced the rate of
volume increase. The final dips in the curves were due to partial shrinkage
of the frult by hot, dry weather. ¥Figure 18 does not show absolute sizes of
the fruit. However, based on volumes, the amount of growth between the first
spray and harvest in the wet plots was 447% more for the antitransplrant-treated
fruit than for the controls. The actual increase in final wvolume of the fruit,
attributable to the antitranspirant, was 8.3%. An estimate of the returns resulting
from, say, a 7% increase iIn final volume (v weight) of peach fruits is given
below,
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Yield 15 tons/acre

Extra yield due to antitramspirant = .07 x 15 = about 1 ton/acre
At $60/ton, gross extra returns 1 % 60 = about $60/acre

[

Using a2 mist blower to apply 2 gal. of diluted (1%) C5-6432 spray per tree,
the amount of (S~6432 concentrate used was 0.04 gal./tree.
CS-6432 concentrate = .04 gal/tree x 100 trees/ac, = 4 gal./acre.
(since CS85-6432 is an experimental material, its cost has not as yet
been determined.)
Spraying cost (excluding material) = about $10/acre,
Therefore, net extra returns per acre due to the CS5-6432 spray = $60/acre
minus $10/acre, minus cost of 4 gal. C5-6437Z,

The possibility of incorporating the antitranspirant with a normally applied
insecticide or funglcide spray prior to harvest should be kept in mind; this would
eliminate the spraying cost. The antitranspirant has been used only on canning
peach varieties. Since the skin is removed (by immersion in hot lve) before
canning, the problem of removing the film from the fruit does not arise. When
a sample of antitranspirant~treated fruit was put through the lye process, there
was no noticeable affect on the taste of the skinned fruit.

Caliper measurements of the fruit on a hot day (August 29, when maximum
air temperature was 96°F) showed that CS8~6432 reduced shrinkage of the peach
fruit, as measured between 9 a.m. and 2 p.m. (Figure 19). Frult from the
unsprayed unirrigated trees showed the greatest shrinkage, and those from
the antitranspirant~sprayed irrigated trees the least, 1t is algo interesting
to mote that the fruit from the antitranspirant-sprayed unizrigated trees did
not shrink as much as the irrigsted control trees.

The fruit soluble solids content from 8/1L to 8/29 varied between 9 and
11%, indicating that the accumonlation of solids was largely complete by the
time the spray was applied. However, there appeared to be about a 10%Z reduc-
tion in soluble solids resulting from the C$-6432 spray {(Table 11). It is
believed that this was probably a dilution effect resulting from higher water
contents (manifested as increased pressure potentials in the leaves) in the
fruit from antitramnspirant-treated trees. However, the effects of photosynthetic
reductions, caused by antitranspiranis, on accumulation of photosynthates in
fruirs and elsewhere {n the tree regquires investigatilon,

Vivian Peaches ~ 1970

In July 1970, another experiment on peaches near Yuba City was carried
cut. In this case, an early variety, Viwvian, was used and only one spray of
056432 (1 1/27%) was applied one week before harvest. The treatments were
similar to the experiment on Halfords in that there were wet and dry plots,
with unsprayed and sprayed treed in each., However, in this case, the differen-
tial irrigation began only one week before harvest, l.e., all of the trees were
irrigated on July 6, but only the wet plot treses were irrigated on July 18;
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Table 10
Effects of CS-6432 (1%), sprayed on 8/16 and 8/27, and irrigation applied on

8/17 and 8/24, on diffusive resistance to water vapor (R, in min cwl) and
pressure potential (P, in atm) of Halford peach leaves.

Irrigated Nonirrigated
Control 8 Control -G8
R P R P R P R P
8/17 (1100-1300) .08  -15.2 L1 -10.4 .10 ~15.3 L1700 -9
8/24 (0940-1050) .06 e 08 06 e .08 e
8/28 (0935-1100) .05 ~17.3 09 ~12.4 .04 ~15.0 A7 =121
{1130~1215) .08  -~22.4 20 -14.8 .07 =20.3 L33 =15.1
{1430~1540) .09 ~19,0 J15 =14.8 .11 ~19.0 24 ~18.7
(1740-1830) .34  ~12.2 19 ~13.8 .51 -13.6 24 ~16.7
8/29 (1000-1100) .03  -18.2 L08 -l4.6 .08 -17.2 L1000 -i2.2
(1330~1430) .09 16,4 L1 -15.4 0,27 ~19.6 18 -~19.7
Table 11

Effects of CS-6432 (1%) on soluble solids (%) of fruit from irrigated and
unirrigated trees.

Irrigated Unirgigated
Control C8-6432 Control C8~6432

8/15 (pre-spray) 10.47 10.53 9.97 9.97
8/29 (after

spraying

on 8/16

and 8/27) 10,47 9.43 9.97 8.93
Reduction o 1.10 0 1.04
Percentage

reduction 0 10.4 0 10.4
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harvest was on July 23. At harvest, average soil-moisture percentages (dry
weight basis) sampled at Z-foot intexrvals to siz feet were about 117 in the
unirrigated end 167 in the irrigated plots,

Dendrometer measurements showed that, like the Halford peach trees in
1869, the antitranspirant was more effective in reducing daytime trunk shrinkage
of the unirrigated than irrigated trees. Trunk shrinkage of trees which did
not receive an irrigation on 7/18 was about two to three times greater than
that of the irrigated trees., There was very little radial growth of the tree
trunks making it difficult to assess the effect of the C5-6432 on trunk expan-
sion. However, trunk growth was greatly decreased by witholding the last
irrigation (Figure 20).

In Figure 21, the cumulative increases in frult volume for the various
treatments are plotted., The response to the final irrigation is clearly visible
as an increase in the growth curves of the wet plot trees, compared with the
flattening of the growth curves of the wet plot trees, compared with the
flattening of the curves of the dry plot trees after July 20. The response to
C8~6432 after the gpray on July 16 is also clearly visible, the larges response
being for irvigated trees. Tt is also interesting to note that the final
volumes cof fruilt from the unirrigared antlitranspirant-treated trees were
approximately the same as those from the irrigated control trees, In other
words, the antitranspirant appears to have substituted for the final Irrvigation.
The significance of this finding is that an antitranspirant may be used to at
least maintain fruit growth rates during the final days before harvest, and
eliminate the need for a final irrigation. This would not only reduce the cost
for water and labor, but would alse allow the grower to disc in his irrigationm
contours and have his field ready for mechanical harvesters {which are becoming
neceggary because of increasing labor costs) without being hampered by wet soil
at the critiecal harvest dates. Although the C5-6432 gave a 40% increase in
volume growth between the date of spraving and harvest in both the wet and the
dry plots, the actual increase in final fruilt volume was only about 3 1/2%,
compared with 8 1/2% for the Halfords in the previous year. WNevertheless, the
increase in fruit size was clearly demonstrated, as was also the decrease in
fruit shrinkage during the day, as measured between %:30 a.m., and 5:30 p.m. on
July 22 (Figure 223, The greatest fruit shrinkage occurred on the unirrigated
trees, and the least on the irrigated trees. In each of these groups, fruit
from the antitranspirant-treated trees shrank the least, and there was very
little difference between the amount of shrinkage of CS5-6432~treated fruit in
the dry plots and control fruit in the wet plots.

Halford peaches - 1970

Another experiment with Halford peaches was initiated in late July 1970.
The purpose was to note the effects of Mobileaf, a wax antitranspirant from
the Mobil 011 Co., on fruit sizing., Diameter measurements with vernier
callipers were made om 20 frult per tree on five replicate trees of each treat-
ment. The treatments were an early spray (E) on 8/3, a late spray (L) on 8/14,
and an early + late spray (E + L). Harvest was on 8/21. A toxicity trial
indicated that concentrations of 1:5 (1 part Mobileaf in 5 parts water), 1:6
and 1:7 caused some leafl yellowing, but 1:9 did not. Laboratory measurements
of transpiration and photosynthesis of sugar beet leaves showed that the 1:9
concentration was effective as an antitranspirant, Mobileaf (1:9) emulsions
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were therefore applicd by a mist blower at 7 liters per tree. Observations

of leaf samples collected on 8/18, umder a scanning electron microscope indi-
cated that the Mobileaf film coverage on the upper and lower surfaces of the
leaves was satisfactory, However, it is unlikely that there was complete film
coverage on the stomatal bearing surfaces of all leaves of a sprayed tree.
Dendrometers were attached to the trees to pick up radial changes in trunk size,
but the large inherent variability from tree to tree prevented detection of
significant treatment effects on trunk radial changes. The orchard was irrigated
on 7/29, 8/7 and 8/15.

Measurements of resistance to water vapor diffusion from the lower surfaces
of the leaves of control and antitranspirant (E) trees were made on the after—~
noon of 8/5, two days after spraying. These measurements were usually made on
leaves on the shady side of each tree, after which the leaves were put in a
pressure bomb for determination of pressure potential, A few measurements were
also made on leaves on the sunny side of the tree. Resistance and pressure
potential were increased by Mobileaf spray (Table 12). These parameters were
lowey for leaves in the sun,

Table 12

Effect of Mobileaf (1:9) on resistance to water vapor diffusion and pressure
potential of Halford peach leaves. Trees were sprayed on 8/3/70 and measurements
were made on 8/5.

Resistance Potential
(win cm~1) {atm)
Shade
Control .07 ~14.6
Mobileaf (E) .19 ~12.3
Sun
Control .03 ~20.7
Mobileaf (E) .08 ~19.1

Resistance and pressure potential of leaves in the shade were measured
again on 8/21 in the early and late afternoon to assess the effects of the E,
L, and E+L sprays. Mobileaf increased resistance and potential, the E+L
treatment being the most effective (Table 13).
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Table 13

Effects of early (E) and late (L) and E+L sprays on Mobileaf (1:9) on resistance
to water vapor diffusion and pressure potential of Halford peach leaves. Trees
were sprayed on 8/3/70 (E) and 8/14 (L), and measurements made om 8/21.

1330 -~ 1430 1520 -~ 1620 -

Resistance Potential Resistance Potential

(min cm“lz (atm) (min ew~1) {atm)
Control 04 ~20.2 .08 -15.9
Mobileaf {E) .11 ~14.9 .20 -13.6
Mobileaf (L) .09 ~14.2 23 -11.1
Mobileaf (E+L) .83 - 9.9 $42 -~10.1

The effects of the antitranspiremts on fruit growth, expressed as percentage
increase in volume growth since measurements were initiated on 7/24, are shown
in Figure 23. The rates of growth of fruit from the contrel, E and E+L trees
prior to the spray on 8/3 were approximately the same. Thereafter fruit from
the sprayed trees (treatments E and E+L) grew at an enhanced rate, However,
the additional spray on 8/14 did not give a further boost to growth in the E+L
treatment. Fruit from the L treatment had an inherently highexr growth rate
than controls prior to being sprayed on 8/14, Nevertheless, the rate of fruit
growth after spraying these trees was greatly enhanced. The relatively greater
flattening of the growth curve of control than of treated fruit during the
final week is quite evident in Flgure 23.

The actual fruit volumes and volume changes during pre— and post~treatment
periods are shown in Table l4. Adjustments of post-~treatment fruit growth rates
of sprayed trees weve made on the basis of their pre-treatment variations from
control growth rates, From 8/3 to 8/21 the E spray gave 6.07 emd more volume
enlargement per fruit than controls, whereas the E+L spray produced only
5.45 cm3 extra volume in the same period, suggesting that the second spray hgd
no additional benefit in increasing fruit size. In other words, the 2.29 cm
increase from B/14 to 8/21 should be attributed to the E, rather than to the L
of the E+L spray. In fact, the growth increase from 8/14 to 8/21 for the E
treatment (nor shown in Table 14) was 3.21 cm3, indicating that the 8/3/70
spray continued to be effective during the final week before harvest. From
8/14 to 8/21 the L spray produced 5,32 em’ more volume per fruit than control.

The data in Table 14 are adjusted increases im fruit growth during post-
treatment periods. However, the actual increases in final fruit volume
attributable to the sprays were determined after subtracting from the final
volumes of fruit from sprayed trees, the amount by which they exceeded the
volumes of control fruit just before treatment. Thus, the Mobileaf sprays
increased final fruit volumes by &4 to 5% (Table 15). Although this increase
was not as large as that observed in 1969 on Halford peaches, it demonstrated
once again the potential of antitranspirants for sizing of fruic.
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on percent increase in volume of Halford Peach

fruits.
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Table 15

Effects of early (E) and late (L) and E+L sprays on Mobileaf (1:9) on final
fruit volumes of Halford peaches after adjusting for pretreatment size
differences. '

Adjusted final Increase
volume/fruit on aver
8/21 (cm3) © control (4
Control 146.57 0
Mobileaf (B) 153,85 5.0
Mobileaf (1) 152.85 4.3
Mobileaf (E+L) 153.20 4,5

Oiives: (in cooperation with Dr. K. Uriu, Pomology Dept., uch) .,

Manzanillo olives - 1969

0live growers have observed that rainfall occurring during, or jmmediately
prior to harvest increases olive size and dollar returns. This precipitation
1s, therefore, aptly called “million dollar rain." The increase in fruit sige
ig attributed entirely to the rain, and not to increased soil moisture, There-
fore, the fruit either absorbs rainwater, or the high ambient humidity during
the days of rainfall drastically reduces the rate of water loss. If the latter
occurs, an antitranspirant would alsoc be expected to increase fruit size. Since
‘there was no guarantee of rain occurring during our experimental period, some
of the trees were sprayed during the daylight hours for 1 1/2 days with distilled
water to simulate rain. The water spraying was continuous go that most of the
foliage and fruit on the trees was always wet during the day.

The following treatments were used in an experiment on Manzanillo olive
trees: 1) control (no spray); 2) water control (water plus X~77 surfactant);
3) artificial rain (continuous distilled water spraying); 4) CS5-6432 sprayed on
October 6 (23 days before harvest); 5) CS-6432 sprayed on October 13 (36 days
before harvest); 6) CS5-6432 sprayed on October 6 and 13. The CS~6432 was
applied as 1 1/2% solution by a Bean orchard sprayer at a pressure of about 400
vounds per square inch, using approximately 10 to 15 gallons per tree, depend-
ing on the size of the tree. The October 6 and October 13 sprays were referred
to as the early {E) and late (L) sprays, respectively. Aall of the trees in
the six treatments mentioned above were irrigated on September 24. However,
this irrigation was withheld from another group of trees, half of which were
used as water controls and the other half sprayed with CS-6432 (1 1/2%) on
October 6 and 13 (E + L)}. Each tree was replicated three times, giving a total
of 24 trees in the experiment, imcluding the dry plot. Growth of fruit,
measured by Vernier calipers, was made on 20 fruit per tree, i.e., 60 fruit
per treatment,

Soil moisture changes were determined gravimetrically by soil sampling at
one~foot intervals to a depth of four feet (Table 16). Samples were taken
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periodically at two locations each in the irrigated and unirrigated plots. No
attempt was made to assess the effects of antitranspirants on soil moisture
depletion.

Table 16

Soil moisture contents (%, dry weilght basis) in the irrigated (I) and unirrigated
{(U) sections of the Manzanille Olive orchard. (The irrigated plot was watevad
on Septenber 24, 1969. Rain occurred on October 14-16.)

So1l Moisture (%) Ave,

Depth (In.): Q=12 12-24 254736 36748 0-48
10/2 I 12.4 19.0 2L.6 19.1 18.0
U 5.5 12,2 15,1 13.3 11.5

10/6 1 14.5 20,0 17.0 14.1 16.4
u 5.4 11,3 16.5 15.0 12,1

16/14 1 11.8 16.8 15.9 16.9 15.3
[H 9.3 2.4 14.6 14,5 12.7

10/20 1 17.4 20.2 11.1 18.1 16,7
U 12,3 13.5 16,9 6.7 14.8

10/27 1 5.1 16.6 16,9 i8.6 16.8
4] 11.4 12.7 15,6 15.3 13.7

Because of the irregular shapes of the trunks, dendrometers had to be
installed on one 1imb per tree, Thus, radial changes were more a function of
the activity of the leaves and frult on that limb, than of the tree as a whole.
Resistance to water vapor diffusion from the leaves was measured by a rate
hygrometer, and pressure potentials of leaves and frult by a pressure bhomb,

Radial growth of the limbs was either small or negative at this time of
the year, and any positive growth was probably due more to hydration than to
accumulation of photosynthates. The effect of hydration on growth was evident
after two days of cloudy weather and vain (October 14~15) when the limbs of
all the trees swelled {(Table 17). Further evidence of the effects of hydration
{resulting from antitranspirant treatment) on radlal growth can be seen in
Table 17: 1) on October 6-~7 for those trees sprayed with CS-6432 on Octoberw 6,
and 2) on Octeober 13-14 for those trees Spraved with C8-6432 on October 13,

The large negative growth values on October 28-29 were caused by warm, dry
winds which tended to desliccate the trees during the night of October 28.



25

(Measurements with the rate hygrometer showed that the stomata on olive leaves
do not close completely at night.) However, the relatively larger growth
reductions for the CS-6432 treated trees on October 28-29 is difficult to
reconcile with the expected role of an antitranspivant., The cumulative growth
from October 1-28 (excluding the larger shrinkages on the final day) was
greatest for the CS-6432 treated trees in the wnirvigated plot and least for
the uwnirrigated controls,

Table 17

Radial growth of limbs of Manzanillo olive trees as affected by antitvanspirant
(AT) sprays on 10/6 (E) and 10/13 (L), and by rain and irrigation,

Not Irrigated Irrigated on September 24
Contrel AT Control Rain AT AT AT
1969 (H,0)  (BFL)  Unsprayed (H,0) =~ (L) (E) (L) (L)
Cet, 1~2 -4.3 ~2.7 -3.3 2.7 -3,0 ~3.0 ~3.3 -2.7
2-3 2.0 ~1.7 -1.3 ~1,0 1.7 0.7 6.7 0.3
3-6 3.7 1.3 3.3 2.0 .7 3.7 ~243 1.3
Spray (E)
10/6
Oct, 6=~7 -2.0 9.7 =-0.3 0 0 9.3 -G.7 3.7
7-9 ~1.7 6.7 G 1.3 2.0 4.0 0.3 2.0
4-10 2.0 0 2.3 3.0 2.3 0.7 2.0 1,7
10-13 -3.3 ~2.5 ~2.0 ~3.5 -1.3 ~243 ~1.0 ~1.,3
Spray (L)
10/13
Oct. 13-14 2.3 4.3 0 0.3 3.3 8.7 3.3 2.0
Rain - Oct.
1415
Oct. 14~16 15.0 19.0 13.0 14.3 17.7 15.0 16.7 15.7
16-17 -5.7 ~2.9 ~5.3 -5.7 ~6.3 6.7 ~4.7 -3.7
17-20 ~1.,7 ~4.0 ~-2.0 -3.3 -5.0 w7 ~2.3 -1.0
20-23 0 ~2.3 ~2.3 ~2.0 -1,3 wly, 7 -6,3 -5.7
23-27 0 -1.3 2.0 1.3 2.3 2.7 0.3 0.3
27~28 ~5 ~2.3 -1,0 ~2.3 -2.0 ~0.3 ~1.3 -1.0
28~29 -6,.3 =17.0 ~11.7 ~9.0 -9.7 35,7 -12.7 ~13,0
Cumulative
growth _

(Oce., 1-28; ~2.7 22.2 3.1 1.7 11.1 5.1 7.4 11.6
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In the irrigated plot, the least cumulative growth was for control limbs, and

the greatest for the early ($-6432 spray, If an antitranspirant had been applied
earlier in the year when photosynthates were being channelled into the trunk and
limbs, some reductions in radial growth would probably have occurred.

Treatment effects on daytime shriumkage of the limbs were also measured by
the dendrometers. The reductions in shrinkage, resulting from curtailed tran-
spiration after spraying CS-6432, are shown in Figure 24 for irrigated trees.
Before the early spray on October 6, the maximum variation in limb shrinkage
among the trees was + 104, After spraying, shrinkage was reduced by as much as
70%. Shrinkage of llimbs on the late spray (L) trees was similar to that of
control limbs prior to the October 13 spray, hut was reduced by about 507 after
the L spray. In the E+L treatment, shrinkage remained relatively small after
the second spray, whereas the E spray alone appeared to lose some of its
effectiveness with time, Limb shrinkage, relative to that of control unirrigated
trees 1s shown in Figure 25. Prior to the October 6 spray, all the unirvigated
trees showed similar limb shrinkage, but thereafter shrinkage of the treated trees wa
reduced by 40%. Limbs of the control irrigated trees did not shrink as much as
those of the control wirrigated trees., Figure 23 shows that shrinkage of
C8~6432 sprayed trees in the irrigated plots was reduced by as much as 85%,
relative to that of control unirrigated trees, thereby emphasizing the benefit
of adequate soil and plant water potentials for reducing daytime water depletion
in the tree.

Whereas Figures 24 and 25 show waximum daily shrinkage of the limbs, Figure
26 shows the shrinkage pattern on a single day (October 29). Shrinkage of the
control liwbs began by (800 , and of the sprayed limbs, after 0900 By
noon, shrinkage for the contrel unirrigated trees was about 1.5 times greater
than that for control irvigated trees, and three times greater than for the
antitranspirant-treated trees. Maximum shrinkage occurred arouad 1530 (PST),
with the control irrigated trees shrinking the most (33 dendrometer units or
0.168 mm), and the CS-6432 irrigated trees the least (20 units or 0.102 mm).
Maximum shrinkage in the treated unirrigated trees was the same as that of
control irrigated trees {24 wnits or 0.122 mm), suggesting that the antitran~
spirant offset the deficiency of soil moisture. Recovery of the water balance
of the liwbs began after 1730.

Continuous diurnal observatioms on radial changes of tree limbs and size
changes of olive fruit were made from 0800 on October 28 to 1800 on October
29. A hygrothermograph in the orchard alsc gave contilnuous records of tempera-
ture and relative humidity. Fruit diameters were measured with callipers on 30
fruit (15 fruit per tree on two trees) per treatment, Only the Control and
C5~6432 (E+L) trees in the irrigated plot were measured, The data are shown in
Figure 27 as contraction or expansion of fruit and liwbs, using 0800 {PST} on
October 28 as a starting veference. During daylight hours, when the temperature
was around 70°F (21°C), and relative humidity about 23~30%, shrinkage of both
limbs and fruit occurred, However, the reduction of daytime shrinkage by the
antitranspirant was more pronounced for the fruit than for the limbs. (The
reduction of 1imb shrinkage by C5-6432 on October 29 can be seen more clearly
in Figure 26 in which the moxning reference point is common for control and
treated trees.,) In the evening when temperature was dropping and humidity
rising, rehydvation of the tree began. The recovery of the fruit began about
one hour later than that of the limbs. One of the most interesting cbservations
in Figure 27 was the occurrence of a warm, dry north wind during the night which
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Figure 26: Effects of irrigation and (5-6432 (1%%) antitranspirant on -
: daytime shrinkage patterns of Manzanillo olive limbs,



Figure 27: Bffects of CS$-6432 (13%4) on diurnal con-
traction and expansion of fruit and limbs of Manza-
nillo olives. (Fluctuations in ambient temperature
and humidity for the two observation days are also

shown.)
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ralsed the temperature from 50°F to 58°F at midnight and lowered amblent humidity
from 70% to 25%. This curtailed vehydration, so that neither the fruit or limbs
expanded to thelr original size at the starting reference (0800 on 10/28), The
incomplete overnight rehydration was due to: 1) relatively slow water uptake

by the roots, since the trees had not been irrigated for six weeks, and 2) night
transpiration, which was enhanced by the low humidities.

An interesting observation in Figure 27 is the relatively smaller overnight
recovery of treated than control fruit and limbs. Thus, the overnight fruit
expansion, between 1720 on 10/28 and 0900 on 10/29 was 0,22 mm for control, but
only 0.08 mm for CS5-6432. The corresponding overnight limb expansions for
control and CS5~6432 were, respectively, 17 and 8 dendrometer wnits (0.087 and
0.041 mm). The explanation for this may be found in one, or a combination of,
the following reaseons: 1) during the preceeding daylight hours the controls
experienced greater deficits, which gave a large water potemtial gradient from
source to sink; 2) reduced photosynthate accumulation in the antitranspirant
treatment} and 3) relatively more open stomata, and therefore greater night
water loss, from the C8-6432 leaves ~ (the antitranspirant increases leaf
turgidity, causing wider stomatal apertures and greater water loss from those
portions of leaves not covered by the film). It will also be noticed in
Figure 27 that during the night: 1) the limbs and fruit of treated trees were
more responsive to changes in humidity than were those of controls; and 2) this
response lagged about a half hour behind the commencement of the humidity changes.
The reversals in rehydration of treated, but not control, trees are particularly
noticeable: 1} at 2100 hours when only the treated fruit shrank in response to
the temporary humidity drop at 2030 hours; and 2) after midnight when only
treated limbs shrank in response to the humidity drop a little before midnight.
The increased humidity between 0600 and 0900 on 10/29 enhanced the rate of
fruit rehydration., Thereafter, humidity dropped and daytime shrinkage occurred.

The explanation for the nighttime responses to low humidity described
above are based on the premise that the stomata of olive leaves do not close
fully at night, oxr that cuticular water losses from leaves and fruit ave large
at night. Using the rate hygrometer, it was found that water vapor diffusion
from the upper nonstomata bearing surfaces of olive leaves was nil, or at
least so small that it could not be detected by the instrument's bumidity sensor,
The loss of water from the tree at night was, therefore, stomatal rather than
cuticular. This was confirmed by making measurements on the lower (stomata
bearing) surfaces of leaves at night., A shield was used to ensure that no
light from the flashlight, used for reading the instrument, fell on the leaves,
Normally, plant stomata close at night, and the humidity sensor of the rate
hygrometer shows no response, l.e., resistance = infinity. During the day, the
rate at which the sensor is humidified by water vapor leaving the leaf, clocked
over a given meter range (tr%nsit time), may be about 6 sec., corresponding to
a resistance of 0,05 min cm ™ at a day temperature of 31°C. At night, the
transit time may be 30 sec., and resistance 0,06 min cm — at a night temperature
of 10°C. Thus, the day and night transit times differ by a factor of 5, but
resistance 1s increased by only 0,01 wmin em™L,  The strong dependence of the
resistance diffusion calibration on temperature is clearly evident, and this
casts some doubt on the validity of comparisons of absolute resistance values
measured at widely differing temperatures, Nevertheless, a 30 sec., transit
time in the dark is ample evidence that olive stomata vemain partially open at
night, (The range of night transit times recorded for the olive leaves was 16
to 18 seconds, the average being 29 seconis). Some night and day values of
leaf diffusive
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resigtances are given in Table 18, Keeping in mind the comments above, night
regsistances were not much greater then day resistances, and were sometimes even
lower, Moonlight was not responsible for opening of stomata at night,

Table 18

Night and day resistances to diffusion of water vapor from the lower surface of
olive leaves, (¥ach value {8 the average of measurements on three leaves,)

Time Resistance
Condition . Date (PST) (min_en~1)
Twilight 10/29 1715 0.027
bark 10/29 1745 0.063
Dark 110/29 1800 0.090
Derk 10/29 1900 0.070
Dark (Moonlight) 10/30 2320 0.040
Dark (No Moonlight) 10/30 2330 0.040
Light (Sun) 10/31 1000 0.027
Light (Shade) 10/31 1015 0.060
Light (Sun) 10/31 1300 0.050
Light (Shade) /3 1315 0.070

Treatment effects on resistance to water vapor diffusion and pressure
potentials of leaves on variocus dates gre shown in Table 19, (Time did not
permit measurements for all treatments on each date.) Experimental varilation
was wminimized by: 1) making alternate measurements on control and treated
trees to avold confounding time effects with treatment effects on resistance
and potential; and 2) selecting leaves from the same silde of each tree,
usually the shady side., On October 9 (3 days after the early spray), resistance
was doubled by the C5-6432 in the irrigated plot. On October 10 in the irri-
gated plots, there was virtually no difference in resistance and potential
between control unsprayed trees, and control trees sprayed with water +
surfactant on October 6, Resistance and pressure potential were increased by
the antitranspirant for both the irrigated and unirrigated trees. It is
interesting that the pressure potential of C8~6432 treated leaves of unirri-
gated trees (~16.3 atm) was slightly higher than that of control irrigated
trees (~17.9 atm), On October 16 (3 days after the late spray), resistances
were higher for C5-6432 treated leaves (0,09 to 0.27 min em ~) than for controls
or those given artificlal rain 6.03 to 0,04 min em~1l), On October 17 and 24,
the increase in resistance and pressure potential resulting from the early and
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the late antitranspirant sprays were more pronounced for the unirrigated than
for the irrigated trees. By October 29 (harvest date), only the E+L sprayed
trees appeared to manifest continued increases in resistance and pressure
potential. Post~harvest measurements on -November 12, indicated that leaf
pressure poetentials were still slightly higher for (S5~6432 treated trees. The
potential of leaves from mumirrigated sprayed trees was about 3 atm. greater
than that of unirrigated controls, but was about the same as that of irrigated
controls,

Pressure potential measurements were also made on olive fruits on various
dates, Table 20 shows the effects of the early spray (10/6) on leaves and
fruit, as determined by the pressure bomb on 10/10. The CS-6432 was more
effective in preventing low pressure potentials in the leaves than in the fruit.
The antitranspirant effect was more pronounced for the irrigated trees. In
Table 21, the potentilals of frult on the trees on, and after the harvest date
(10/29) are presented. With the exception of measurements on 10/30, all fruit
were sampled from the shady side of the tree, At the end of October, CS5-6432
raised frult pressure potentials by 4 to 5 atm, for the unirrigated trees, and
to a lesser extent for the irrigated trees, where untreated fruit had relatively
higher potentials (about =20 atm. cf ~26 atm, for unirrigated controls). How~
ever, on 11/12, (nearly one month after the late spray) fruit potentials of the
control irrigated trees had dropped to -28.6 atm,) whereas those of the sprayed
irrigated trees were about 5 atm, higher.

Table 20

Effects of €8~6432 (1 1/2%) and irrigation on pressure potentials of leaves and
fruit of Manzanillo olives, as found by the pressure bomb on October 10, 1869,

Pressure potentials (atm)

Leaves Fruit
Time Control  CS-6432 Tiwe Control  CS5-6432
Unirrigated 1530 ~21.3 ~11.3 1600 ~21.7 ~20.7
1605 -19.9 ~11.4 1700 ~22.6 -19.6
Irrigated 1550 ~20,6 -%.1 1630 ~19.8 ~15.3

1620 -17.1 -8.0 1645 -18.8 ~14,0
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Table 21

Effects of C5-6432 (1 1/2%) and irrigation on pressure potentials {(atm} of
Manzanillo olive fruits at, and after, the normal harvest date (10/29). The
early (E) and late (L) sprays were given on 10/6 and 10/13, respectively.
Fach value is based on measurements of five leaves.

Date 10/29 10/30 10/31 11/12
Time (1600~ (0930~ (1215~ (1300~ (1445~
1645} 1030) 1300} 1315) 1530) (1600)
Unirrigated
Control -27.2 o -26.,7 l~25.2 ~26.5 e
CS(E+L) -22.0 — ~22.0 ~20.0 -~21.9 —
Irrigated
Control 24,4 -20.3 -20.3 - ~21,6 ~28.6
CS(E) ~22.0 wl7.6 s ——— - -
CS(L) - -18.8 — — e e
CS(E+L) -19,7 ~17.8 -20.,0 e -20.1 -23.5

_ Daytime changes in fruit diameter were measured periodically for all
treatments by making calliper readings on all tagged fruit in the morning (0900~
1000) and evening (1600-1700)-~Figure 28, On 9/29, before spraying the anti-
transpirant, fruit shrinkage was relatively large on all trees, with a tendency
for greater shrinkage in the wmirrigated plot. On the day of the early spray
(10/6), and on the following days, diameter changes were elther positive or only
slightly negative for fruit on (S~6432 sprayed trees. It will be noticed that
fruit from the control trees which were sprayed with water + surfactant {(treat-
ments A and D in the unirrigated and irrigated plots, respectively) did not
behave very differently from the fruit of completely unsprayed control trees
(treatment C). On the day of the late spray {10/13), shrinkage was generally
low., However, fruit from all trees sprayed with antitranspirant on this day
(treatments B, G and H) increased in size. The simulated rain (continual wetting
with distilled water) produced the greatest frult swelling. On the subsequent
measuring days fruit of the "rain" trees behaved essentially the same as controls.
The C5-6432 continued to reduce daytime shrinkage up to harvest (10/29), and
there was a tendency for two sprays (10/6 and 10/13) to be more effective than
one spray in this respect. By 10/29 there appeared to be no difference between
fruit shrinkage of the irrigated and wnirrigated trees, and the antitranspirant
was equally effective in both cases. The reduction, and in some Instances pre-
vention, of daytime fruilt shrinkage as a result of antitranspirant treatment
indicates improvement in the water status of the tree and suggests the potential
for increasing fruit growth,
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The sizing of the olive fruits was followed from September 24, when their
volumes ranged from 3.1 to 3.4 cm3, antil Sept. 29, when the range was 3.7 to
4.6 cm3, depending on treatment (Figure 29), The initial size differences were
due te chance, and treatment effects are therefore asseased by growth rates,
i.e., the slopes of the curves, Thus, the absence of a Sept. 24 dirrigation
reduced the growth rates (c.f. slopes of lower two curves with upper 6 curves
in Fig. 29). Prior to 10/6, the slopes of the curves within the two irrigation
treatments were falrly similar, but aftex the sprays on 10/6 and 10/13, the
antitranspirant effects are manifested as increased growth rates. In the
irrigated plot, the approximately identical shapes of the tweo controls (unsprayed
and water + surfactant) shows that the antitranspivant effect was produced by
the CS-6432 film and not by wmere wetting of the foliage.

The various treatment effects can be seen more clearly, when expressed as
percent volume increase from the date of the early (10/6) spray (Fig. 30, A-C).
The effects of the B, 1 and ¥+l sprays on fruit growth of irrigated trees is
shown in Figure 30A, Between Oct. 6 and 13, the E and E+L fruit increased in
volume by about 11% compared to a 5% increase for the water-gprayved control and
L treatments., However, from Cct. 13 to 29, the L spray on 10/13 greatly enhanced
fruit expansion, relative to control. Much of the rapid increase in fruolt size
occurred immediately after spraying. Thus, on 10/13, the additional L spray on
the E+L treatment increased growth relative to the T treatment. In fact, the
absence of any foliar wetting on 10/13 of the early antitransplrant treatment
appeared to slightly decrease growth rate relative to the water sprayed control,
between 10/13 and 10/14.

In Figure 30B, the effects on fruit growth of the antitranspirant (L) and
simulated rain sprays, both applied on 10/13, are compared to the unsprayed
control in the irrigated plet. Prior to 10713, fruit growth rates on these
trees were very similar. From 10/13 to 10/14 both the simulated rain and the
CS-6432 increased growth rates, thus substantiating the claims ahout "million
‘dollar rain™ mentioned earlier. Natural rain between Oct, 14 and 16 enhanced
fruit growth and provided further evidence of fruirt swelling due to precipita-
tion and cloudy humid weather, However, with the passing of the rain and the
re~emergence of the sun after 10/16, those trees which were not gprayed with
antitranspirant, lost most of the absorbed rain watew {probably via the leaf
stomata) and the frult resumed growth at the rates which were observed prior
to the rain. Neverthelese, the slight boost in growth rate from 10/13 to 10/14,
resulting from the simulated ralm, did enhance final fruit size somewhat., On
the other hand, fruit on the antitranspirant treated trees, did not lose the
benefit of the rain by decveasing in slze, but continued gxpansion at an
enhanced rate. Thus, olive fruit swelling due to rain is a real, but largely
temporary response, Thus, the "million dollax rain' is benefilcial only if it
oceurs at harvest, whereas the persistence of retarded transpiration {and the
resulting increase in plant water potential) due to an effective antitranspirant
applied 2 to 3 weeks before harvest, provides a wmore reliable means of dncreasing
frult size,

In Figure 30C, the effects on fruit growth of early + late applications
of C8-6432 are compared for the irrigated and unirrigated trees. Growth rates
of irrigated fruit were slightly greater than those of unirrigated fruit after
10/6. As already pointed out, much of the response to the 9/24 irrigation
occurred before 10/6. The response to C$-6432 sprayed on 10/6 1s very clear
in both the irrigated and unirvigated trees. The final reductions in growth
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were due to the low night humidity reported in Figure 27. Note that these growth
reductions occurred for all treatments except the L and E+L sprays on irrigated
trees. Finally, between 10/6 and 10/29 the smallest increase in frult volume
(13.7%) occurred in the unirrigated control trees, and the largest increase
(27.2%) in the irrigated trees sprayed with C$~6432 on 10/13.

Although the amount of fruit growth between spraying and harvest was
enhanced several fold by the antitranspirant, the most meaningful assessment
of treatment effect is the actual increase in final fruit volume, Differences
in initial frult volumes on 9/24 (see Figure 29) were used to adjust the final
fruit volumes to compensate for inherent pre~treatment gize differences
(Table 22). ,

Table 22

Treatment effects on final fruit volumes of Manzanillo olives. Com-
.parisons are relative to unsprayed controls in the irrigated plet.
_Final volumes were adjusted for initial size differences from the

control. (AT = antitranspirant {C$-6432); E = early spray;

and I = late spray)

Initial (9/24/69) Final (10/29/69)
Actual Ad justed
Actual Vol, Nifference from Vol, Volume
(cm3) control (cm3) (cm3) (cmg) )A % Effect
Irrigated '
Control 3.22 0 4 .04 4,04 100 G
(Unsprayed}
Control 3.24 + 0.02 4,04 4 .02 99.5 - 0.5
(Water)}
“Rain" 3,37 + 0.15 4,35 4.20 103.9 + 3.9
AT (E) 3.27 + 0.05 4,32 4,27 105.7 + 3.7
AT (L) 3.286 4+ .04 4.59 4 .55 112.6 12,6
AT (E+L) 3.26 + 0.04 4.91 & 47 110.86 + 10.6
Unirzigated
Control 3.09 - 0.13 3.66 3.79 93.8 ~6H.7
(Water)
AT (E+L) 3.05 - 0,17 3.87 & .04 100.0 G
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In the irrigated plot, increase in final volume of fruit was about 11 to 13%

due to the L and E+lL CS~6432 sprays, whereas the early spray alone was only

half as effective (6% increase in final volume). The temporary boost from the
simulated "rain" increased final volume by 4%, but the water + surfactant control
showed no effect. In the unirrigated plot, the absence of the 9/24 irrigation
reduced final fruit size by 6%, but the antitranspirant (E+L) compensated for
this, so that no reduction in final size occurred. 1In other words, the anti-
transpirant substituted for the irrigation on 9/24. The increase In final

fruit size due to the E+L antitranspirant spray (not shown in Table 22}, was 7%
for the wnirrigated, compared with 11% for the irrigated trees.

An estimate of the returns resulting from, say, a 10% increase in final
volume and weight of olive fruits is given below:

Yield 4 tons/acre
Extra yield due to C8-6432 0.4 ton/acre
At $300/ton, gross extra returns = 0.4 x 300 = $120/acre

Olives are priced on various size grades (large, extra-large, jumbo, ate, ) with

a $20 average price differential between grades, and assuming that the antitran-

spirant puts more fruit in a higher grade slze equivalent to, say, a conservative
increase of 1/2 a grade, we would have an increase of 1/2 x $20 = $10/ton. Thus,
with a 4 ton yield, we would get 4 x $10 = $40 extra/acre.

Therefore total gross gain = $120 + $40 = §160/acre.

In this experiment, about 12 gallons of C8-6432 spray was applied per tree. At

a concentration of 1 1/2% (active ingredient), this is equivalent to 0,36 gallons
of CS-6432 concentrate/tree, and with 60 trees/acre, 21.6 gallons concentrate/
acre, However, with more efficient spraying techniques, such as the use of a
mist blower, it may be possible to achieve the same effects with only 4 gallons
of spray/tree, {only 1/3 as much antitranspirant/acre), i.e., only 7.2 gallons

of CS-6432 concentrate/acre. Since C8-6432 is an experimental material, its

cost has not as yet been determined. Normal spraying costs (excluding material
applied) are about $10/acre.

Therefore net extra returns per acre due to the CS8-6432 spray
» $160/acre wminus $10/acre minus cost of 7.2 gal. CS5-6432 concentrate,

The moisture content of the fruit from the various treatments sampled on
the afternoon of the harvest date, indicated that the ($5-6432 conserved more
moisture within the fruit (Figure 31). A texture rating test, based on the
resistance offered by a 35 g sample of olive fruir flesh, showed that fruit
from C8-6432 trees had slightly lower resistance pressures.

The rates of moisture loss from harvested fruit from control and CS-6432
treated trees, determined by weight loss between November 3 and 13, are shown
in Pigure 32. The rate of water loss from the sprayed fruit (from trees which
had been treated with (S-6432 three weeks earlier) was about 530% less than that
from control fruit, and as a result the latter were completely shriveled by
November 10, whereas the treated frult remained smooth and plump., However,
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In the irrigated plot, increase in final volume of fruit was about 11 to 13%

due to the L and E+L CS-6432 sprays, wheteas the early spray aleone was only

half as effective (6% increase in final volume). The temporary boost from the
gsimulated "rain' increased final volume by 4%, but the water + surfactant control
showed no effect. In the unirrigated plot, the absence of the 9/24 irrigation
reduced final fruit size by 6%, but the antitranspirant (E+L) compensated for
this, so that no reduction in final size occurred. In other words, the anti~
transpirant substituted for the irrigation on 9/24. The increase in final

fruit size due to the E+L antitranspirant spray (not shown in Table 22), was 7%
for the unirrigated, compared with 11% for the irrigated trees.

An estimate of the returns resulting from, say, a 10% increase in final
volume and welght of olive frults is given below:

Yield 4 tons/acre
Extra yleld due to CS8~6432 0.4 ton/acre
At $300/ton, gross extra returns = 0.4 x 300 = §120/acre

Olives are priced on various size grades (large, extra-large, jumbo, ete,) with

a $20 average price differential between grades, snd assuming that the antitran-
spirant puts more fruilt in a higher grade size equivalent to, say, a conservative
increase of 1/2 a grade, we would have an increase of 1/2 x $20 = §$10/ton, Thus,
with a 4 ton yield, we would get 4 x $10 = $40 extra/acre.

Therefore total gross gain = $120 + $40 = $160/acre.

In this experiment, about 12 gallons of CS-6432 spray was applied per tree, AL

a concentration of 1 1/2% (active ingredient), this is equivalent to 0.36 gallens
of CS5-6432 concentrate/tree, and with 60 trees/acre, 21.6 gallons concentrate/
acre. However, with more efficient spraying techniques, such as the use of a
mist blower, it may be possible to achieve the same effects with only 4 galloms
of spray/tree, (only 1/3 as much antitranspirant/acre), i.e., only 7.2 gallons

of C8-6432 concentrate/acre. Since CS-6432 is an experimental materisl, its

cost has not as yet been determined. Normal spraying costs (excluding material
applied) are about $10/acre.

Therefore net extra returns per acre due to the CS~6432 spray
= $160/acre minus 3$10/acre minus cost of 7.2 gal. (8~6432 concentrate.

The moisture content of the fruilt from the various treatments sampled on
the afterncon of the harvest date, indicated that the C8-6432 comserved more
moisture within the frult (Figure 31)., A texture rating test, based on the
resistance offered by a 35 g sample of olive fruit flesh, showed that fruit
from CS~6432 trees had slightly lower resistance pressures.

The rates of moisture loss from harvested fruit from control and C8-6432
treated trees, determined by welght loss between November 3 and 13, are shown
in Flgure 32. The rate of water loss from the sprayed frult (from trees waich
had been treated with CS-6432 three weeks earlier) was about 3507 less than that
from control frult, and as a result the latter weve completely shriveled by
November 10, whereas the treated fruit remained smooth and plump. However,
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post-haxrvest shrivel of olive fruit is not normally a problem, since the time
from harvest to processing is usually short, and only fruit on the upper surfaces
of the crates are subject to severe drying. Upon arrival at the processing plant
the frult are put in brine to hold them until they can be processed, The reduc~
tion in post-harvest water loss from the fruit, as a result of previous anti-
transpirant treatment of the trees, is therefore only a demonstration of the
efficiency of (S-6432 as a water vapor barrier. Also, the increases in pressure
potential and fruit growth by antitransplrant treatment were probably more a
function of retarded water loss from the leaves than from the fruit.

Since the harvested olive fruits still had C8-6432 flim on their surfaces,
experiments were run to see whether the normal lye and water washing process,
to which they are subjected before marketing, would remove the film, Preliminary
small-scale trials indicated that the film could be removed, but when a larger
scale investigation was tried by the Department of Food Science, at Davis where
the black ripe clive process was used, a certain amount of the film still
adhered to the frult at the end of the processing. Although most of the film
was removed (enhanced by agitation from the aeration process) many fruit still
had a circle of film adhering to theilr lower ends, where the antitranspirant
had obviously accumulated and dried in a drop at the time of applicatrion. BHow-
aver, the partial removal of the film frowm most of the fruit is a promising sign
that at least some modification of the process (possibly a detergent wash) will
totally remove the CS~6432 film. Furthermore, if the ingredients of C8-6432
have EPA clearance, the use of this material for increasing fruit size appears
very promising,
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OTHER INVESTIGATIONS

Frult cracking (in cooperation with Dr. K. Uriu, Pomology Dept., uch).

Primes:

Side cracking of prunes appears to be related to fluctuating temperatures,
the moisture status of the growing fruic, and soluble solid levels. S8ince
antitranspirants may affect at least the latter two factors, €5-6432 (1%) was
sprayed on prune trees to note its effects. A spray of the growth retardant,
Alar, (2000 ppm), was also included as a treatment, Sprays were made on June
19 on one set of trees and on July 7 on another set. Comparlsons were made
with control trees (sprayed with water + 0.1% ¥-77 surfactant).

Increases in resistance to water vapor diffusion and pressure potential of
leaves resulted from treatment with CS-6432, but not with Alar (Table 23). The
C8~6432 also reduced daytime trunk shrinkage and day to day trunk growth.

Table 23

Effects of a film-antitranspirant (CS~6432) and Alar on diffusive resistance
and water potential of prune leaves.

Pressure

Resistance Potential
(min cmflz (atm)
Control | .03 - 9,5
Alar (2000 ppm) 04 -10.7
CS"‘6432 (1%) .15 - 60?

It was noted that after spraying the antitranspirant, soluble solids in the
fruit were decreased., Since soluble solid measurements were measured by a
refractometer, this was probably a dilution effect resulting from increased plant
water potential. It was also noted that the moisture content of fruit from
CS8~6432 treated trees was greater than that of controls. During a critical 10
to 14 day period, when fruit soluble solids begin to increase, any additional
water may increase turgidity and cause the prunme to rupture, Therefore, if an
antitranspirant is to be used as a means of isclating the causes of side crackinp,
the timing of its application and its effects should be such that it falls within
this critical period. Unfortunately, since there was very little cracking of
the fruit that year, and since the critical period for cracking was not properly
predicted, the chief cutcomes from this experiment were that CS5-6432: 1) tem-
porarily reduced soluble solids in the fruit, and 2) increased water potential,
With these observations in mind, an antitranspirant may be useful in future
studies as a research tool for further isolating the causes of side cracking.

It is also possible that cracking may be increased by the uptake of dew by the
fruit. In this case, an antitranspirant and film on the fruit may prevent this
uptake and thereby reduce cracking.
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Cherriles:

Rainfall just before harvest often cccurs in many cherry growing areas, such
as Oregon, Washington and sometimes in California. This results In cracking of
the cherry due to direct water absorption by the fruit., Since the cherry crop
is valued at about $5,000/acre, and since 50% of the fruit is often damaged by
eracking, this amounts to a $2,500/acre loss. Experiments were therefore con-
ducted with film asntitranspirants to see whether a film on the fruit would
reduce the uptake of external water and thereby reduce cracking.

In prelimlnary laboratoary tests in May-June 1970 Mobileaf (1:5) was used tc
determine from which parts of the cherry fruit most of the water is: 1) lost,
acd 2) absorbed. The water loss experiment was done over a 2-week period in
the laboratory at ambient temperatures of about 65 to 75°F and relative humidities
of 40 to 50%. Water loss was determined as cumulatlive welght changes from pairsy
of cherry fruits hanging from a wire., There were four replicates of the following
treatments: control {(fruit dipped in water); Mobileaf (1:53) on the top, bottom,
top + bottom, or over the entlire fruit surface. The basis for the various
partial £1lm coverings on the fruit was the belief that cherry cracking may be
due to water uptake primarily from: 1} the top of the fruit where the stem is
attached and where a drop of rain water can accumulate in the 'cup', and/or 2)
from the bottom (apical end) of the fruit where drops of rain may bang and be
absorbed. It was hoped that curtailment of water loss from various parts of
the fruit by an antitranspirant would provide an indication as to which parts
of the fruit offer the least resistance to the passage of water. In Filgure 33,
rates of water loss were greatest from controls, least from fruit which were
entirely treated (dipped) with Mobileaf, and intermediate from the various
partially treated fruits. Thus, curtailment of the rate of water passage appears
to be more closely related to the amount of skin surface covered, than te any
specific regiom of the fruit covered by the antiltranspirant, (Since the amcunt
of water lost from a frult dipped in the Mobileaf was reduced by over 50%, the
potential for using such meterials te prevent post-~harvest desiccation of
chervies is promizing

The next step was to make a direct measure of water uptake by the cherry
fruit, and to note the ¢fiscts of an antitranspirant film in curtalling this
uptake. The fruity were treated with Mobileaf (1:5), as before, and four
replicates were used, but in this case each replicate of each treatment com~
prised eight frults, Afier the antitranspirant had dried, the batches of eight
fruit were weighed and then completely immersed in beakers of distilled water,
At suitable time intervals the fruits were removed from the water, blotted, and
again weighed in batches of eight to determine weight increases, il.e., water
uptake. The uptake rates wers expressed as grams water per gram of initial
fresh weight of fruit (Figure 34). Water intake was not curtailed by treatment
at the top of the fruit, and only siightly curtailed by treatment of the botrom.
However, treating the entire fruit with Mobileaf greatly curtailed the amount
of water taken intoc the fruit., Thus after 12 hours, water uptake was reduced
by about 30%. Water uptake was severely retarded by the entire Mobileaf coating
only after an iwnitial rapid uptake, which was probably due to hydration of the
wax £ilm itself during the first hour., This initial hydration, plus whatever
water was entering the fruit at a retarded rate, was of the order of about 10
milligrams per frult. Assuming a 507 retardarion in watex intake to the fruit,
the actual quantity of water retained by the film itself, or trapped under the
film, would be about 5 milligrams per fruit.
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Observations were also made on the water immersed cherries to determine
Initiation of fruit cracking. However, it should be kept in mind that the number
of frult involved in this experiment was too small to obtain a reliable estimate
of cracking percentage, and that complete immersion of the fruit in water is a
somewhat unrealistic means of inducing cracking, Nevertheless, the first cracks
were observed on control fruit within 3 hours of immersion, whereas fruit entirely
coated with Mobilleaf showed cracking after about eight hours of immersion. All
of the fruits showed some cracks at the end of 12 hours. The predominant type
of crack was on the bottom of the fruit, but many of the fruit also had top and

side cracks as well.

The experiwent just described invelved complete or partial antitranspirant
treatment of the fruit surface, and complete immersion of all fruits in distilled
water. In the next experiment, described below, the effects on water uptake of
partial immersion in distilled water of fruit entirely treated with Mobileaf
(1:4) were investigated. Three immersion treatwents were used: 1) fruit com-
pletely immersed, 2) conly the apical ends of the fruit immersed, and 3) drops
of water placed in the cups of the cherries at the point where the stem joins
the fruit. 1In each of these immersion situvations a pair of untreated fruit and
a palr of Mobileaf-treated fruit was used. Fach treatment pair was replicated
four times. As water was belng continuously absorbed by the fruit, it had to be
replaced with fresh distilled water, particularly in the top immersion situation
where only a drop of water could be placed at a time. The accumulative water
uptake, expressed as mg water uptake/cherry, is shown in Figure 35, In each of
the three immersion systems the greatest water intake was by fruilt mot treated
with antitranspirant., Water intake in the complete immersion system was about
three times greater than in the two partial immersion systems. However, the
Mobileaf-treated fruit in the complete immersion system absorbed water at about
the same rate as the untreated frult in the partial immersion system. The lowest
rates of absorption were from the antitrvanspirant treated fruit :in the partial
immersion system, there being very little difference between bottom and top
immersion. Thus, once again it appears that water Intake occurs through the
entire fruit surface, and that coating the surface with an antitranspirant such
as Mobileaf does curtail the rate of water intake,

Before conducting the field experiment on cherry cracking a phytotoxicity
trial involving CS-6432 at 1, 2, and 4%, and Mobileaf at 1:6, 1:3, and 1:2 con-
centrations was carried out. The CS5-6432 produced a ring on the bottom of the
frult, and very slight browning on some of the frult at the 2 and 4% concentra-
tions. There was no significant damage to the leaves. The Mobileaf resulted
in slight browning of the leaf margins and some of the veins at all conmcentrations,
but there waes no damage visible on the fruit. On the basis of this phytotoxicicy
trial the following treatments were selected for spraying on frults of selected
iimbs on cherry trees in the orchard: 1) control (distilled water plus 0.1%
X=77 surfactant); 2) CS-6432 (1%); 3) Mobileaf (1:53); 4) Mobileaf (1:3).

Three Bing cherry trees were selected in the oxchard and each treatment was
sprayed on two limbs of each tree. Approximately one liter of spray solution
was applied only to the fruit of the six limbs of each treatwent. No attempt
was made to spray the leaves, although some of the leaves around the clusters
of fruit were inevitably wetted by the antitranspirant. Two days later, i.e.,
on May 27, 1970, simulated rain was applied to the three trees by spraying them
at half-hour intervals with distilled water at the rate of about 6 gallons pex
tree per spray. The simulated rain was sprayed from 0830 to 1943 .
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on the first day, 0800 to 1700 on the second day, and from 0545

to 1045 on the third day. The frequent sprays ensured that the follage
and frults remained wet throughout the three days of simulated rain. The first
fruit cracking was observed on the second day of simulated rain, but it was
difficult to make an accurate count of cracked fruit while they were still on
the tree. Therefore, on the third day (May 29) one treatment limb was harvested
on each of the first two trees. (Frult on the third tree were less mature than
on the first two and harvest of this tree was delayed until June 4.) On June 4
the remaining treatment limbs on the first two trees and all of the limbs on the
third tree were harvested,

The following categories of cracking were used in making the cracking counts:
1) top cracks (usually in concentric circles along the shoulder of the fruit);
2) bottom cracks (the most severe type, occurring at the apical end of the cherry);
3) top and bottom cracks (occurring simultaneously on the same fruit); 4) suture
cracksy and 5) no cracks. Since the suture cracks were often only small, and
also occurred on frult from trees which were not subjected to the simulated rain,
the suture cracks were grouped with the no~cracks. Also, to simplify the final
analysis any fruit which had a top, bottom, or both types of cracke were placed
in a broad category labelled cracked, and were expressed as a percentage of the
total number of fruit harvested from the treatment limbs, Thus a cracking per-
centage of 30 indicates that out of 100 fruit counted, 30 of them had top and/or
bottom cracks and 70 had no cracks ovr only suture cracks.

The data for the first harvest (just after 2 1/2 days of simulated rain),
based on two limbs per treatment, are given in Table 24A. The total number of
cherries per treatment varied from 109 to 157. It appeared that only the two
Mobileaf concentrations significantly reduced the amownt of cracking. The 1%
concentration of C8-6432 was not effective, but if higher concentrations had
been used they might have reduced cracking. The final analysis was based on
data from all the treatment limbs and included both harvest dates (Table 24B).
Once again Mobileaf reduced the percent of cracked fruit, whereas the C5-6432
(1%) did not. The percentage of cracked fruit in all treatments was greater in
Table 248, than in 24A, suggested that a significant amount of cracking occurred
between May 29 and June 4. This was possibly due to an increased susceptibility
to cracking as maturity advanced. This observation was substantiated by comparing
the percentage cracked fruit between two limbs of the same treatment on the
third tree on June 4th. Thus, of the two control limbs the one with the more
mature fruit had a cracking percentage of 75, compared with 54 on the control
limb with less mature fruit, Similavily, in the CS-6432 treatment the limb with
more mature fruit had 70% cracked, compared with 64% cracked on the less mature
1imb,
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Table 24

Effects of antitranspirant film on cracking of cherry fruits. (A) Just after
simulated rain, and (B) for the total experiment.

A. lst harvest 5/29/70 B. Complete harvest 5/29 & 6/4
No. of fruit 4 No. of fruit %
Cracked Total Cracked Cracked Total  Cracked
Control 50 19 42 264 458 58
C8~6432 (1%) 42 109 38 241 429 56
Mobileaf (1:5) 41 157 26 181 502 36
Mobileaf (1:3) 3z 110 29 175 4013 43

Natural rain occurred on June 8 and 9, and qualitative observations in the
cherry orchard indicated that bottom and top cracks occurred on the fruit as a
result of the rainfall. On June 12, an article in the Sacramento Bee indicated
that "the cherry crop is in danger of splitting, due to the untimely rains which
hit the Sacramentc Valley this week." The article went on to say that "....the
cherry crop nearly harvested, will be affected by splitting if hot weather is
intense enough, Cherry crop damage is also feared in El Dorado and Sutter
Courtties." Thus, natural rainfall during the cherry harvest season is a danger
not only in the Northern states but also in California. Furthermors, there Is
an indication that increased cherry vields can be cvbtained by the use of over
head sprinklers, If this system of irrigation is adopted, the change of cherry
cracking are greatly increased, and the need for a means for preventing cracking,
such as by the use of antitranspirant films, cannot be overemphasized.

Christmas trees

Desiccation and needle drop from cut Christmas trees is a perennial problem,
which might conceivably be alleviated by antitranspirants, Young Douglas Fir
trees, cut in the Silervas north of Auburn, California, were treated with CS~-6432
(3%), and were kept in a greenhouse where observations were made on tramspiraticn,
needle drop and needle desiccation. In one experiment, 12-inch Douglas Fir twigs
were placed with their stems in jars of water and transplration rates were
measured by weight differences. Four replicates of the following treatments were
used: 1) control (water + X-77 surfactant); 2) C5~6432 (3%); and 3) Wilt Pruf,

a polyvinyl chloride in an aerosol dispenser. Transpiration rates from treated
twigs in each replicate were adiusted by a factor which was based on the fresh
welght of the twigs, relative to the fresh weight of the control twig in that
replicate. This procedure compensated for differences in transpiring surface
ameng the twigs.

During the first week (November 29 to December 6), CS5~6432 and Wilt Pruf
reduced transpiration by 40 to 70% and 10 to 30%, respectively (Figure 36).
However, after cutting the ends of the stems and changing the water in the jars,
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trangpiration rates from the treated twigs ware not consistently suppressed
during the following two weeks., Thereafter transpiration was again reduced,

by about 30%. Since the ends of the stems were not cut under water, it is
iikely that there was air blockage in the xylem, and that the confused results
during the second and third weeks were due to differential water uptake, rather
than to differences in water loss.

In the first experiment with 3 to 4 foot Douglas Fir trees, the bases of the
trees were not kept in water. The treatments were: unsprayed trees (control);
CS~6432 (3%) spraved before cutting the trees; C8-6432 (3%) sprayed 24 hours
after cutting the trees. Three replicate trees of each treatment were set up
in the greenhouse in pots of dry gravel. During the first two weeks C5-6432
reduced transpiration, relative to umsprayed trees. However, during the next
three weeks the rates of water losg from treated trees exceeded those from the
controls., Since there was a definite relationship between tree size and tran-~
spiration (larger trees transpiring more water), the transpiration rates wers
divided by the initial fresh weights of the trees to compensate for differences
in transpiring surfaces. These ratios are presented in Table 25 for the total
five-week period (November 26 to December 30), as well as for the first two-
weeks (November 26 to December 11) and the last three weeks (December 11 to
December 30)., During the first two weeks, the control trees showed the largest
ratios (greatest water loss per unit of tree weight) and the post-cut spray
trees, the smallest, However, during the following three weeks this relation-
ship was reversed. This occurred because the trees still had sufficient water
within them during the first period te lose 8 to 9 grams per day, but thereafter
desiccation set in and water loss rates were greatly reduced {2 to 3 grams perv
day). Thus, for the total observatilon pericd of five weeks there was no net
gain in water conservation by the (S~6432 treatment (0.510 ratio for C5-6432
post~cut spray, compared with 0.504 ratio for control), The pre-cut spray
resulted in a saving of water from the plant, in spite of showing little
effectiveness initially.

Table 28

Effects of pre~cut and post—cut sprays of CS-6432 (3%) on ratios of total tran-
gspiration (g/tree) to initial tree freshweights (g/tree) for glven time periods,

Nov, 26~ Dec, li- Nov, 26~

Dec. 11 Dec. 30 Dec. 30
Control 0.368 0.136 0.504
(8~6432 (Pre-cut) 0,304 0.123 0,487
C8-6432 (Post-cut) 0.320 G.190 0.510

In the second experiment with Douglas Fir, half of the trees had their bases
in water, and the other half did not. Each of these groups had control and
08-6432 (3%)~spraved trees, The aatitranspirant did not reduce tramspivation
in either the wet or the dry group of trees, and in fact appeared to Increase
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the rate of water loss. The most striking differences were between the watered
and the wwatered trees. Thus, after about two weeks, the transpiration
(g/tree/day) was 22 for the watered and only 7 for the uvnwatered trees. FPurther-
more, those trees which had their bases in water were green and healthy looking
at the end of this period, whereas the needles of the unwatered trees were
visibly brown. It would therefore appear that greater benefit would be obtained
by ensuring that cut Christmas t{rees are adequately watered, tham by applying

an antitranspirzant., Severe needle drop did not cccur from any of the Douglas
Fir trees, so no assessment could be made on the effects of (S~6432 on needle
drop. During the course of this ewperiment, periodic sampling of needles was
made to determine their moisture pevcentage (dry weight basis)., The CS-6432

had no significant effect on molsture content of the needles. However, whereas
the needles from all of the trees had the same initial molsture content on
January 17, by the end of the experiment on January 31, the moisture content

of needles from the watered trees were about 90%, compared with only 10% from
the unwatered trees.

It was thought that the inconsistent, and often complete lack of, effect of
CS~6432 was possibly due to poor film coverage onm the naturally waxy needles.
Twigs of Douglas Fir were therefore sprayed with C85-6432 or CS~7784 (the wax
component of (8~6432). After the spray had dried the twigs were placed in a 2%
solutlon of sodium hydroxide for 24 hours and were then transferred to distilled
water for another 24 hours. This treatment made the antitranspirant visible,
by separating the films from the needles, Film coverage was fairly complete
with both CS8~6432 and €5~7784.. Part of the explanation for the lack of effective~
ness may lie in the expeximental procedure, since our facilities did not allow
enough uniform space for sufficient replication of these trees., Part of the
problem was probably due to xylem blockage and rotting of the stems which were
in water. It is possible that an antitranspirant spray may be most useful for
those trees which are harvested early in the season, i.e., in late summer in
areas which do not receive summsr rain or irrigation. A summer application of
antitranepirant may ensure harvest of turgid, rather than water deficient trees,
and thereby increase thelr post-harvest life,

Blossom drop (In cooperation with Dr. W. L., Simms, Vegetable Crops Bxtension
Service, UCD)

It has been cbserved under field conditions that blossom drop from snap
beans can be quite high, with the result that fruit set is greatly reduced.
The reason for blossom drop is unknown, but it may be dependent upon the water
status of the plant, especially under conditions of high radiation and desiccating
winds. Inflorescence counts were therefore made in untreated and CS~6432 (3%)
treated plots of two popular snap bean varieties {(Cornelli 14 and G.V. -50).
The experiment was carried out in early July 1968 when maximum alr temperatures
were 90 to 95°F, and minimum relative humidities about 50%. Observations were
made both in moderately dry soil (soil water potential in the root zone varied
from about ~0.4 to -0.8 atmospheres) and just afrer an irrigation (soll water
potential approximately ~0.1 to -0,3 atmospheres). The €8-7432 had virtually
no effect in reducing blossom drop under the conditions prevailing. {(The most
interesting outcome of this experiment was that blossom drop was significantly
more severe for G.V, ~350 than for Cornelldl 14.)
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Tip burn (in cooperation with Dr. V. E. Rubatzky, Vegetable Crops Extension
Servicé: ucpy,

Tip burn in lettuce usuvally occurs when weather conduclve for high tran-
spiration rates follows a cool spell, A preliminary experiment with lettuce in
the field was carried oul with CS-6432 spraved on each letiuce head. The treat-
ment did not reduce the ineidence of tip burn under the warm weather conditions
prevailing at Davis at the time. This would suggest that the physiological
cause of this disorvder should be investigated wore deeply; an antitranspirant
may prove to be a useful research tool in such investigations.

Bedding plants {in cooperation with Dr. W. P. Hackett, Dept. of Environmental
Horriculrure, UCD),

Wholesale nurservymen have indicated that an extension of shipping time by
as little as 24 hours would substantially enlarge the market area avallable to
bedding plant growers. Preliminary tests were conducted with Mobileaf on com-
mercial packs of economlcally fwmportant bedding plants: warigeld, petunia,
zimnmia and tomato., In experiments simulating trucking conditdicns (low light
and temperature}, antitranspirant treated plants showed excellent stovage
quality, but their ability to respond to normal light and temperature following
storage was severely impalred. Application techniques must be worked out to
achieve more cowplete coverage consistently before meaningful experiments can
be conducted oa transplant survival of the bedding plants.

(in cooperation with Dr, H. (. Kohl, Dept, of Euvironmental

Horticulture, UCDJ.

In California alone, cut roses constitute a $60,000,000/year crop. Experi-
ments were done to determine the usefulness of C8~6432 for extending the vase
life of florists' cut voses. These differ from garden cut roses in that fthey
are given commercial chilling and holding temperatures until sold to the public.
A commercial floral preservative, Floralife, was added to the water in all of
the experiments. It was latter reporied to partially close stomates in and of
itself,

In a preliminary experiment with excised rose leaves dipped in C8~6432 (37%),
the foliage was laild ocut on paper towels in the lab between hourly weighings.
After seven hours, one of the coutrol leaves was nearly dried te the pojint of
crumbling., The eight hour total water losses were 0.7/g for control and 0.27g
for C5~6432.

A subsequent experiment gsing 'Forever Yours' cut red roses, replicated in
two enviromments, showed no readily observable differvence in the opening pattern
of the ones treated with CS-6432 (4%) and those treated treated with distilled
water. However, after five days, some “oldar toxicity was evident on the
C3-6432 treated lesves,

Using bouquets of nine stems, each «with two lesaves, water consumption was
recorded for five and a half days, The :rems were treated by plunging them bud
flrst into & vat of 1% C8-5432, 7The con'rol plants were similarly dipped in
distilled water plus 0,17 ¥~77., One szt was defoliated, All bouquets opened
equally, but there were differences ip water loss (Table 26},
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Table 2

bt et ot e .

Effects of C8~6432 and defoliation on water loss (ml) from rose bouquets.

Periodic water losses (ml/bouquet)

April 14-15 15~16 16-17 17-20 Total
Time 1645~ 1530~ 1620 1600~
1530 1620 1600 2900 {5 L/2 davs) %
Treatment
Control 77.0 80.8 71.0 136.2 365.0 1040
$8=6432 (1% 31.0 60.5 68.1 145.2 304.8 583.3
Defoliated 45.0 39.5 44,1 85.4 214.0 58.6

When applied as an aerosol spray, C$-6432 (1%) was effective in reducing
water loss from the follage, again without a marked increase in the keeping
quality of the flower (Table 27j.

Table 27

Ccumulacive water loss (ml) from six stems per treatment for seven days following
applicacion.

Control 560.7
Decapitated 432.2
Defoliated 254.8
CS~-6432 (1%) {(spray) 503.1

When CS8~6432 (1%) was applied as a dip to stems which had been left out of
water until the flower neck began to be limp, the treated stems covered well
when agaln put in water. Cne of the control stems collapsed completely and the
other did not open successiully.

Trials with another antitranspirant, Mobileaf, iIndicated that the favorable
water balance produced by antitranspirant treatment tended to accelerate the
early stages of flower opening except when the flower buds were dipped, thus
‘pluing' the petals closed. When Mobileaf was applied to wilted cut roses the
petals stayed on longer than on the controls although they used more water,
possibly indicating a more complete recovery from the stress,



Experiments are planned in which the antitranspivants will be tested In the
absence of floral preservatives, thus more closely simulating home use. Also
tests will be run at the grower to wholesaler point of productiom, during which
time the cut stems are occasionally completely out of water.
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SUMMARY OF APPLIED INVESTIGATIONS WITH ANTITRANSPIRANTS

Antitranspirants retarded the rates of water use by oleanders grown along
California's highways, and therefore have a potential for reducing the frequency
of their irrigation as well as the associated costs and hazards. Antitransplirants
also showed a potential for reducing the watering requirements of turf grass.

Apart from water conservation, antitranspivants also proved useful in
improving plent performance by increasing plant water potentlial, Thus, 1) survival
of transplanted seedlings was increased; 2) water potentials in fruit trees ware
raised, leading to higher growth rates of fruit, final wolumes of peaches being
increased by 8% and of olives by 13%; 3) shoot growth of oleanders was increasad,
but this could be partly offset by incorporating a growth retardant (Alax) in the
spray. On the other hand, antitransplrants decreased vegetative growth and yield
of an annual field crop (snap beans), but also had the aeffect of delaying the
maturity of the crop. Miscellaneous investigations included attempts to reduce
blossom drop of beans, increase the life of cut Christmas trees, reduce lettuce
tip burn, reduce the cracking of prune and cherry fruit, and increase the shipping
life of bedding plantg and the vase life of roses.

FUTURE INVESTIGATIONS

The potential uses for antitwanspirants which gtill require investigation
are many and varied. They include 1} comservation of water by decreasing
transpiration from watershed and riparlan vegetation, thereby increasing streau-
flow; 2) decrease of plant water sltress at moisture sensitive stages of crop
growth; 3) extension o¢f the range of environmental adaptability by reducing
plant desiccation; 4} substitution for irrigation to rveduce root rot and also
to enable farm machinery (e.g., harvesters) to enter the field; 5} retard post-
harvest drying of fruits and vegetables; 6) decrease plant damage caused by
‘pests, fungi and smog and salt spray by forming a prophylactic film.

Current experiments with antitranspirants at the University of Califomia,
Davis inmclude: 1) continued investigations on basic aspects such as improvement
of antitranspirant materisls, optimum concenirations, application methods, follar
coverage and duration of =ffects; 2} uses in ornamental horticulture {e.8.,
continued cooperation with the Califoraia Highway Landscaping Department, aod
further experiments on extension of vase life of cut flowersy: 3) inecreased
survival of both yowng and mature transplants (we arve currently cooperating
with a large farming concern near Bakersfield in increasing survival and performmmce
of several thousand S-vear—cld tramspianted citrus trees): &) decrease russetting
of pears! 5) decrease cherry fruit cracking caused by rainfall and/or over-
tree sprinklers; and 6) continue efforts to maximize frult size.
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